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Soil macrofauna organisms are recognized as ecological indicators of soil management practices. 
Sugarcane monoculture can have negative impacts on soil, including biodiversity loss, which should be 
evaluated. In that sense, the aim of this was to determine the diversity macrofauna under sugarcane 
(Saccharum spp.) annual growth cycle (2012-2013) comparing two different natural vegetation areas 
(Sandbank and Atlantic forest). The study areas are located at Usina Santa Teresa in Goiana 
municipality, in Zona Mata Norte of the Pernambuco State (Brazil). Soil macrofauna samples were 
collected in January, April and August 2013. In order to collect soil macrofauna samples, 5 pitfall traps 
were placed in the field for 7 days. Descriptive statistics and biodiversity indices were used to carry out 
data analysis. The presence and biodiversity indices were affected by the hydrological regime. 
Sugarcane harvest with straw burning initially promoted soil macrofauna taxa better adapted to system 
drastic changes. Moreover, as sugarcane growth year went by, soil macrofauna biodiversity indices 
similar to those reported at natural vegetation areas (Sandbank and Atlantic Forest) were observed. 
 
Key words: Bioindicator, burnt sugarcane, functional groups, soil macrofauna. 

 
 
INTRODUCTION 
 
Brazil is the largest producer of sugarcane in the world 
(Cerri et al., 2011). The main product of sugarcane is 
sucrose which is  used  as  raw  material  in  human  food 

industries or is fermented to produce ethanol (Mello et al., 
2014; Siqueira et al., 2015). Despite its economic 
importance, the  intensive  cultivation  and  processing  of  
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sugar has negative environmental impacts. According to 
Rossetto et al. (2010), sugarcane monoculture leads to 
biodiversity loss and affects local and regional fauna and 
flora. Furthermore, soil tillage is traditionally with use of 
various agricultural machinery mainly made with disc 
plows, dish harrows and subsoilers (Portilho et al., 2011; 
Tavares et al., 2015; Surendran et al., 2016) that 
negatively affect soil aggregation and reduce biological 
activity (Benito et al., 2008). In addition to modifying soil 
physico-chemical characteristics, sugarcane cultivation 
also produces environmental chemical contamination and 
soil compaction (Iwai et al., 2008; Nurhidayati et al., 
2012; Siqueira et al., 2013). 

Soil is the habitat of different organisms that constantly 
interact and move thus influencing physic, chemical and 
biological properties of soil (Siqueira et al., 2014, Frouz et 
al., 2015).  Soil macrofauna includes a great variety of 
edaphic organisms larger than 2 mm in size (Baretta, 
2007; Bardgett and van der Putten, 2014) that contribute 
to soil homogenization, soil structure improvement 
(Siqueira et al., 2014) and therefore increase root 
penetration and air and water internal fluxes (Brussaard 
et al., 2007; Oliveira, 2008; Moura et al., 2015). 

Edaphic macrofauna components include the following 
taxonomic groups: termites (Isoptera), woodlice 
(Isopoda), spiders (Arachnida), centipedes (Chilopoda), 
millipedes (Diplopoda), earthworms (Oligochaeta), slugs 
and snails (Mollusca), and ants (Hymenoptera) (Baretta, 
2007; Bardgett and van der Putten, 2014). As those 
organisms have a large influence on soil physical, 
chemical and biological properties they are considered as 
"ecosystem engineers" (Lavelle et al., 2006; Kampichler 
and Bruckner, 2009; Garcia-Palacios et al., 2013). Some 
groups, like earthworms, have a key role in plant growth, 
nutrient cycling, productivity, soil properties improvement 
and clay transfer to soil surface (Baretta, 2007, Lubbers 
et al., 2013; Oliveira et al., 2014, Wagg et al., 2014). 
Furthermore, because of their strong interaction with soil, 
macrofauna communities are also profoundly affected by 
agricultural practices, such as land-use change, tillage or 
fertilizers. Since soil macrofauna is very sensitive to both 
chemical and physical soil parameters, it may be used as 
ecological indicators of agricultural practices (Merlim 
2005; Siqueira et al., 2014). According to Schmidt et al. 
(2005), ants are good ecological indicators due to their 
vast abundance and species richness, large geographic 
distribution, sensitivity to environmental changes, ease to 
rear and perform morpho species identification (Siqueira 
et al., 2014; Cordeiro et al., 2004). 

Soil macrofauna abundance depends on management 
practices, fertilization, liming, soil compaction, soil 
porosity, nutrient and minerals availability and osmotic 
pressure, among others (Baretta, 2007; Cividanes et al., 
2009). Compacted soil becomes anaerobe, with reduced 
air  and  water  circulation,   being  unsuitable   for   some  

 
 
 
 
organisms (Siqueira et al., 2014). Thus agricultural 
practices that promote soil compaction lead to soil 
macrofauna decrease. 

The study of soil macrofauna communities in each 
habitat fraction contributes to understanding the role of 
those organisms in the soil. Their response to soil 
management practices, environmental interactions or 
habitat changes occurs quickly (Correia and Oliveira, 
2000). In that sense, their abundance, diversity and 
spatial variability allow the comprehension of their 
dynamics, the development of biodiversity indicators and 
therefore the adoption of agricultural practices in 
accordance with soil macrofauna ecological function. 

Despite the essential role of soil macrofauna in soil 
management, only few studies relating to soil macrofauna 
and sugarcane culture have been conducted (Pasqualin 
et al., 2012; Benazzi et al., 2013). Thus, the present 
study aims to determine diversity of soil macrofauna 
under sugarcane (Saccharum spp.) annual growth cycle 
(2012-2013) and two different natural vegetation areas 
(Sandbank and Atlantic Forest). 
 
 
MATERIALS AND METHODS 
 
Study area 
 
In the present study, soil macrofauna biodiversity was evaluated 
under different land uses: sugarcane monoculture (Saccharum 
spp.) and natural vegetations (Sandbank and Atlantic Forest). The 
study area is located in Usina Santa Teresa in Goiana municipality, 
in Zona Mata Norte of the Pernambuco State (Brazil) (Figure 1), 
whose geographic coordinates are 07°33’39’’S and 35°00’10’’W. 

In this study, the area under sugarcane monoculture has 6.5 ha, 
a mean altitude of 8.5 m and has been cultivated with sugarcane for 
at least 24 years. The sugarcane management practices include 
burning of harvest residues. In 2010-2011, soil was ploughed and 
power harrowed, and sugarcane was replanted. Adjacent to the 
sugarcane area, there is the Sandbank area, with 260 ha, virtually 
unchanged due to its intrinsic characteristics. Most of the time, the 
water table is above the surface and during high tide periods, the 
Sandbank area is affected by saline waters. The Atlantic forest area 
belongs to a natural reserve in Usina Santa Teresa in Goiana, and 
in the present study 448 ha of it were used. 
 
 
Soil and climate characterization 
 
The soils in the study area region is derived from “Barreiras group”, 
comprising final tertiary sediments from continental origin and 
presenting sandy to clay texture (Brazil 1969,1972). In the lowland 
study areas, Spodosols (Soil Survey Staff 2010) with sugarcane 
plantations are found and in the Sandbank area, there are clay 
Gleysoils (Soil Survey Staff 2010). This lowland study area, located 
10 km in land from the Atlantic Ocean, is representative of a 
regional lowland landscape whose soils are affected by seawater 
salinity and where sugarcane plantations are the main economic 
activity. On the other hand, in the upland study area (altitude above 
55.7 m – Figure 1), cohesive Ultisols and Oxisol soils exist (Soil 
Survey Staff 2010). Specifically in the Atlantic forest area Oxisol 
soils are dominant, having a good structure and homogeneity along 
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Figure 1. Geographic location of the study areas. 

 
 
 

 
 
Figure 2. Rainfall and mean temperature during sugarcane growth year. 

 
 
 
soil profile. 

The climate in the study area region is pseudo tropical or humid 
tropical As type according to Koppen Climate Classification, with a 
rainy period during fall/winter and a mean annual temperature of 
24°C (Figure 2). 
 
 
Soil macrofauna sampling 
 
Soil macrofauna sampling took place during the third sugarcane 
growth year (2012-2013) on the following dates: January 10, 2013; 
April 19, 2013 and August 07,  2013 . At  the  same  time,  soil  

macrofauna samples were collected in the natural vegetation areas. 
In each area and sampling time, 5 pitfall traps were installed for 7 

days in order to collect soil macrofauna samples (Siqueira et al., 
2014). A pitfall trap is a plastic pot (9 cm high and 8 cm in diameter) 
placed at soil level and filled with 200 ml of 4% formolin to preserve 
collected individuals (Aquino et al., 2008; Siqueira et al., 2014). To 
reduce rain and surface flow damages, a plastic cover with a plastic 
dish was used and rails were made around the trap. 

After 7 days, the traps were collected and voucher individuals 
were preserved in 70% alcohol. At the laboratory, individuals were 
identified with binocular lens into upper taxonomic levels 
(class/order/family) using taxonomic keys. After the individuals were  

 
 

Dec, 2012- Aug, 2013 
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identified, they were stored and separated into functional groups. 
 
 
Data analysis 
 
Initially, the data concerning soil macrofauna communities was 
analyzed using statistical descriptors to determine the main 
statistical moments to the total number of taxa in each area 
[number of taxa, minimum value, maximum value, mean, variance, 
standard deviation, coefficient of variation (%), skewness, kurtosis 
and Kolmogorov-Smirnov test (p<0.05)]. 

Then, abundance (individuals trap-1 day-1), Shannon index, total 
richness, mean richness and Pielou index were determined 
(Magurran, 2004). 

Species abundance and diversity are expressed in biodiversity 
indices. Abundance refers to how common or rare a species is 
relative to other species in a defined location or community. 
Diversity takes into account both species richness (number of 
different species from the same community) and species evenness 
(individuals’ distribution in each species) (Siqueira et al., 2014). 
Shannon index is represented in Equation 1: 
 
    ∑                          (1) 
 
Where pi is the taxa i relative frequency.  
Total richness (S) corresponds to the number of taxa present in the 
different land use areas. Mean richness is the mean number of taxa 
present in each land use. Pielou index indicates soil macrofauna 
community evenness and is calculated as follows (Equation 2): 
 

  
  

     
                   (2) 

 
where H’ is the Shannon index result and S is the total richness in 
every land use area. Pielou index varies between 0 (a taxonomic 
group is dominant) and 1 (relative abundance is similar between 
taxonomic groups). 

Finally, in order to relate biodiversity parameters and to identify 
biodiversity patterns or dominant taxa, bar graphics were made. 
 
 

RESULTS AND DISCUSSION 
 

Since sugarcane management practices included straw 
burning, a lower biodiversity was expected in that area 
(Pasqualin et al., 2012; Benazzi et al., 2013). Indeed, the 
sugarcane area presented the lowest number of taxa at 
every sampling time (Table 1). In turn, the Sandbank 
area presented the highest number of taxa (Table 1). 
That was also expected because this area is situated in 
the lowland (Figure 1) where water table is very close to 
the surface allowing the preservation of organic matter 
contents, thus contributing to epigenic soil fauna feeding. 
This fact was also reported by Leite-Rossi and Trivinho-
Strixino (2012) at riverbanks areas in São Paulo state 
(Brazil). At the beginning of this study, the Atlantic forest 
area presented a number of taxa with values in between 
the other land use areas (Table 1). 

The natural vegetation areas (Sandbank and Atlantic 
forest) presented the same number of taxa at the time of 
the second and third sampling (Table 1). Moreover, the 
taxa present in each land use area  differed  according  to  

 
 
 
 
the intrinsic characteristic of each area that result from 
differences in decomposition material, land cover type 
and macrofauna species dominance (Leite-Rossi and 
Trivinho-Strixino, 2012; Abbas et al., 2013). 

The taxa richness at the sugarcane and the Atlantic 
forest areas increased over time (Table 1), probably 
reflecting a climatic impact on soil macrofauna. The 
Climograph drawn during the sugarcane growth season 
has confirmed that the first sampling took place during 
the dry season, a period of low rainfall (Figure 2). At the 
sugarcane area, the negative effect on taxa diversity was 
worse due to the recent crop harvest with burning of 
harvest residues (Portilho et al., 2011; Nurhidayati, 
2012). Soil macrofauna communities at the Atlantic forest 
area, situated in the upland part of the study area, were 
more affected by climatic conditions than the Sandbank 
ones. In that area, soil organisms showed a seasonal 
behaviour with lower activity during the dry period 
(Menezes et al., 2009). 

Table 2 represents statistical descriptors and measures 
of central tendency for the total abundance of individuals 
in different land use areas at every sampling time. Each 
time sampling took place, the data concerning soil 
macrofauna communities presented a lognormal 
distribution, according to Kolmogorov-Smirnov test, and 
great differences between skewness and kurtosis values 
(Table 2). The similar fitting of lognormal distribution 
observed at both the sugarcane area and the natural 
vegetation areas could indicate that sugarcane cultivation 
did not have a severe negative impact on the 
communities assessed in this study. At the time of the 
first sampling, the abundance of individuals was very low 
in the Sandbank area (Table 2). In the Atlantic forest and 
the sugarcane areas, greater data dispersion was 
observed (Table 2). This could be a sign of a lower 
biological stability in those areas (some taxa were 
favoured depending on the ecological context). 

At the time of the last sampling, the number of 
individuals decreased in all land use area (Table 2). The 
highest values were recorded at the Sandbank area 
(Table 2). This could indicate a greater biological stability 
in that area. In turn, at the sugarcane and the Atlantic 
forest areas the soil macrofauna taxa, affected by the 
lack of rainfall, presented a quick development, possibly 
reflecting an ecosystem response to drought conditions 
attenuation (Souto et al., 2008; Siqueira et al., 2014) 
reported that soil macrofauna individuals able to survive 
during drought periods are better adapted to extrinsic 
environmental processes. Moreover, this disorderly 
increase in soil macrofauna individuals at the sugarcane 
and the Atlantic forest areas had perhaps promoted 
competition among trophic groups. 

Considering the daily abundance of individuals per trap, 
the sugarcane and the Atlantic forest areas had a great 
number  of  individuals  on  the  first sampling   time,  with 
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Table 1. Taxa richness of soil macrofauna communities in different land use areas at 
every sampling time. 
 

Sampling time Sugarcane Sandbank Atlantic Forest 

Jan 10, 2013 

Acari 
Araneae 
Diplura 
Entomobryomorpha 
Formicidae 
Isoptera 

Acari 
Araneae 
Coleoptera 
Diplura 
Entomobryomorpha 
Formicidae 
Isoptera 
Poduromorpha 
Sternorrhyncha 
Symphyla 
Thysanoptera 
Anura 

Araneae 
Coleoptera 
Diplopoda 
Diptera 
Entomobryomorpha 
Formicidae 
Isoptera 
Orthoptera 

Number of taxa 6 12 8 
    

Apr 19, 2013 

Acari 
Araneae 
Coleoptera 
Diplura 
Formicidae 
Isoptera 
Orthoptera 
Poduromorpha 
Anura 

Acari 
Araneae 
Blattodea 
Coleoptera 
Formicidae 
Gastropoda 
Isopoda 
Isoptera 
Orthoptera 
Poduromorpha 
Thysanoptera 

Acari 
Araneae 
Chilopoda 
Coleoptera 
Diplura 
Formicidae 
Heteroptera 
Isoptera 
Orthoptera 
Poduromorpha 
Anura 

Number of taxa 9 11 11 
    

Aug 07, 2013 

Aranae 
Coleoptera 
Diplopoda 
Diptera 
Entomobryomorpha 
Formicidae 
Hymenoptera 
Orthoptera 

Acari 
Araneae 
Blattodea 
Chilopoda 
Coleptera 
Dermaptera 
Diptera 
Entomobryomorpha 
Formicidae 
Isopoda 
Orthoptera 
Poduromorpha 

Acari 
Araneae 
Coleoptera 
Diplura 
Diptera 
Entomobryomorpha 
Formicidae 
Heteroptera 
Isoptera 
Larva neuroptera 
Orthoptera 
Thysanoptera 

Number of taxa 8 12 12 

 
 
 
4.457 and 12.429 individuals, respectively (Table 3). This 
agrees with the greater mean standard deviation and 
variance recorded in Table 2. In those areas, soil 
macrofauna individuals reacted to drought conditions by 
long-distance travelling looking for feed, enhancing the 
probability of being captured by traps. At the Sandbank 
area, this could not have occurred due to permanent 
good feeding conditions. 

At the time of the second sampling, daily abundance 
per trap was similar between all land uses. This could be 
related to the disorderly increase in soil macrofauna 
individuals less adapted to drought conditions in the 
sugarcane and  the  Atlantic  forest  areas  (Souto  et  al., 

2008), as previously discussed. On the last sampling day, 
the Sandbank area presented the highest daily number of 
individuals per trap (10.914), probably reflecting better 
ecological stability during the rainy season. In this area, 
soil macrofauna individuals were well adapted to the 
usual water table fluctuations and to stable feed 
availability. 

Shannon index indicates species abundance 
distribution, highlighting less common species (Magurran, 
2004). The lower the value of this Shannon index, the 
higher dominance can one particular species have on the 
study community (Magurran, 2004). The lower value at 
the  sugarcane  (1.641)  and  the  Atlantic  forest   (1.582)   
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Table 2. Statistical descriptors of the total abundance of individuals in different land use areas at every sampling time. 
 

 

Jan 10, 2013  
 

Apr 19, 2013  
 

Aug 07, 2013 

Sugarcane Sandbank Atlantic forest  
 

Sugarcane Sandbank Atlantic forest  
 

Sugarcane Sandbank Atlantic forest 

Minimum 1 1 3  
 

3 3 3  
 

1 2 1 

Maximum 87 11 193  
 

185 214 355  
 

10 297 99 

Mean 26.167 3.917 55.250  
 

54.778 46.818 55.182  
 

4.875 31.833 24.500 

Variance 1116.567 15.356 6930.214  
 

3933.694 5025.164 11012.164  
 

11.554 7005.788 1023.545 

Standard deviation 33.415 3.919 83.248  
 

62.719 70.888 104.939  
 

3.399 83.701 31.993 

Coefficient of variation 127.701 100.051 150.675  
 

114.497 151.412 190.169  
 

69.724 262.934 130.583 

Skew 1.546 1.162 1.305  
 

1.292 1.844 2.768  
 

0.87 3.436 1.567 

Kurtosis 1.957 -0.222 -0.229  
 

0.976 2.535 8.121  
 

-0.567 11.855 1.731 

Kolmogorov-Smirnov test 0.275Ln 0.271Ln 0.356Ln  
 

0.247Ln 0.288Ln 0.329Ln  
 

0.235Ln 0.468Ln 0.231Ln 

 
 
 

Table 3. Daily abundance, taxa richness and biodiversity indices of soil macrofauna communities in different land use areas at every sampling 
time. 
 

Sampling time Land use Individuals.trap
-1

.day
-1

 Standard deviation Shannon Total richness Mean richness Pielou 

Jan 10, 2013 

Sugarcane 4.457 2.071 1.641 6 2.4 0.635 

Sandbank 1.343 1.883 2.991 12 3.0 0.834 

Atlantic Forest 12.429 6.999 1.582 8 4.4 0.527 

        

Apr 19, 2013 

Sugarcane 14.714 4.898 2.514 11 5.20 0.727 

Sandbank 14.429 8.321 2.148 11 5.00 0.621 

Atlantic Forest 17.114 7.403 1.832 11 6.00 0.530 

        

Aug 07, 2013 

Sugarcane 1.114 0.566 2.744 8 3.8 0.915 

Sandbank 10.914 6.304 1.453 12 8.2 0.405 

Atlantic Forest 8.400 10.954 2.581 12 5.2 0.720 

 
 
 
areas on the first sampling time (dry season) 
confirms the dominance of a few numbers of taxa, 
better adapted to drought conditions (Table 3).  At 

the Sandbank area (2.991), a great contribution 
and interconnection between present taxa could 
have taken place,  not  highlighting  any  dominant 

taxa. On the last sampling time, the opposite 
pattern occurred, revealing a great evenness in 
taxa abundances  at  the  sugarcane  (2.744)  and  
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Figure 3. Proportional specimen distribution among taxa in different land use areas at every sampling time. 

 
 
 
the Atlantic forest (2.581) areas (Table 3). 

Pielou’s index is constrained between 0 and 1 with the 
larger index value indicating a more even community 
(Maguran, 2004). As for Shannon index, its values were 
lower in the sugarcane (0.635) and the Atlantic forest 
(0.527) areas at the first sampling time (dry season), but 
the opposite occurred at the time of the last sampling 
(Table 3). 

In fact, the sugarcane area presented the highest 
values of biodiversity indices at the end of this study. This 
result suggests that at the beginning of the sugarcane 
growth year, soil macrofauna communities undergo an 
initial selection and only individuals better adapted to 
sugarcane management practices and climatic conditions 
persist (Portilho et al., 2011; Moura et al., 2015). 

Regarding proportional specimen distribution it’s 
evident that, initially, no dominant taxa existed in the 
Sandbank area (Figure 3). In turn, Formicidae (55%), 
general predators of less frequent taxa, were dominant in 
the sugarcane area. Ants play important functions in 
maintaining soil health (Del Toro et al., 2012; Ribeiro et 
al., 2016). And it has been used as soil quality 
bioindicators in areas with anthropogenic interference 
and in this situation they could act as less frequent taxa 
predators (Andersen and Majer, 2004; Schmidt et al., 
2005). Similar results were also reported by Pasqualin et 
al. (2012) at sugarcane areas under different crop 
management practices. Coleoptera (43%) and Isoptera 
(41%) were dominant in the Atlantic forest areas; the 
flying individuals can travel over longer distances  looking 
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for feed. 

On the second sampling time, Isoptera (37%) were 
dominant at the sugarcane area; soil cover with plant 
residues promoted organic matter decomposers. 
Formicidae were dominant at the Sandbank area (42%). 
Poduromorpha were dominant at the Atlantic forest area 
(58%). These last taxa have a key role in organic matter 
decomposition and are an excellent soil quality indicator 
(Rovedder et al., 2009). The abundance of this order rose 
in the Atlantic forest area with the improvement in 
hydrological conditions. 

Finally, at the end of the study, individuals were more 
evenly distributed among taxa in the sugarcane area 
(Figure 3) corroborating the biodiversity indices values 
(Table 3). Even so, the predators (Formicidae - 26% and 
Aranae - 13%) had great abundances, probably revealing 
that ecological equilibrium had been achieved under the 
intensive cultivation of sugarcane. In the Sandbank area, 
Formicidae were dominant (78%), probably reflecting the 
great feed availability in that area, and not an ecological 
adaptation as described by Schmidt et al. (2005). These 
results agree with the lowest observed values of 
Shannon and Pielou indices (Table 3). 
 
 
Conclusions 
 
Soil macrofauna communities under different land uses 
were affected by the hydrological regime in the study 
area. Sugarcane cultivation with straw burning initially 
promoted those taxa better adapted to drastic changes in 
the system (such as Formicidae). Moreover, as the 
sugarcane growth year went by, a biological equilibrium 
as compared to that of the natural vegetation areas was 
achieved. Biodiversity indices showed that every land use 
presented dominant patterns with different relevance 
degrees to the ecosystem. The biodiversity increase at 
the sugarcane area during its growth year has allowed 
the description of a food chain setting: Formicidae 
dominance at the beginning, followed by predators 
emergence, until finally an evenly distributed community 
was reached. 
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Gelatin extraction process from Kumakuma (Brachyplathystoma filamentosum) skin was optimized 
using a calcium hydroxide solution. The gelatin obtained was characterized through scanning electron 
microscopy and analyses of yield, gel strength, color, viscosity, amino acid profile, melting point, 
foaming capacity, and emulsifying capacity. The optimized conditions were defined over ten days of 
pre-treatment at 50°C. This condition resulted in desirability of 0.965 and yield and gel strength values 
of 20.24% and 221 g, respectively. Glycine was the main amino acid both in the fish skin (11.68%) and in 
the gelatin obtained (23.39%). Gelatin had extendable and consistent gel characteristics and its 
microstructure showed even threads with small gaps throughout, which is favorable for the food 
industry. 
 
Key words: Residue, fish, pre-treatment, gelatin, gel strength. 

 
 
INTRODUCTION 
 
Gelatin is a valuable protein derived from animal by-
products obtained through partial hydrolysis of collagen 
originated from cartilages, bones, tendons and skins of 
cold-water (cod, king weakfish, salmon, among others), 
and warm-water fish (tuna, catfish, tilapia, among others) 
(Sakr, 1997). However, no study has been carried out 
with the Amazon species Kumakuma (Brachyplathystoma 
filamentosum), a large-size fish that can reach over 1.5 m 
in the overall length and weigh  100  kg,  which  is  widely 

used in the filleting industry (Gonçalves et al., 2003). 
The procedures used to extract collagen from fish 

normally involve chemical pre-treatment of the raw 
material and mild temperature during the process (Karim 
and Bhat, 2009). Depending on the method employed in 
the pre-treatment, two types of gelatin with different 
characteristics can be produced. Type-A gelatin 
(isoelectric point at pH 6 to 9) is produced by acid 
treatment of the collagen, while type-B gelatin (isoelectric
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point at pH 5) is produced by alkaline treatment 
(Stainsby, 1987). Gelatin is a protein derived from the 
partial hydrolysis of collagen and is made up of 
approximately 19 amino acids (Osborne et al., 1990). 
Collagen’s thermal stability is related to its imino acid 
content (proline and hydroxyproline). The higher this 
content, the greater the stability of the bonds among 
proteins. Collagen is denatured at temperatures above 
40°C, which produces a mix of species with one, two, or 
three randomly weaved polypeptide chains. On the other 
hand, the controlled cooling of collagen (below its melting 
point) causes the recovery of the helicoidal structure 
(Wong, 1994). 

The liming process, which uses calcium hydroxide 
(Ca(OH)2) in the collagen pre-treatment, was especially 
designed to extract gelatin from the skin and bones of 
mammals. This type of process normally takes days or 
months depending on the calcium hydroxide 
concentration and temperature employed (Schreiber and 
Gareis, 2007). An alkaline extraction process of type-B 
gelatin from fish was patented by Stanley (2002). This 
process consists of an initial extraction through liming for 
42 days followed by an acid extraction process. The use 
of Ca(OH)2 is usually preferred for its ability to regulate 
alkalinity, which does not allow the collagen to elongate 
and lose firmness (Ockerman and Hansen, 1999). In 
addition, the gelatin yield and bloom strength are much 
higher (Jamilah et al., 2011). Response surface 
methodology (RSM) has been an effective tool to control 
food processes. It is an important experimental design 
and a critical technology in process optimization (Cho et 
al., 2004). 

The worldwide production of gelatin was approximately 
326,000 metric tons, 46% which is from pig skins, 29.4% 
from bovine hide, 23.1% from bones, and 1.5% from 
other parts (GME, 2008). However, the common 
occurrence of bovine spongiform encephalopathy (BSE) 
has caused problems to human health and, therefore, the 
use of by-products from mammals has been limited in the 
processing of foods, cosmetics, and pharmaceuticals 
(Cho et al., 2005). Thus, research on processes to obtain 
gelatin from fish, particularly from skin and bones, has 
increased the aim to obtain a product with properties 
equivalent to those of gelatin from mammals 
(Gudmundsson, 2002). The present study aimed to 
obtain gelatin from fish skin using the liming method, as 
well as to determine the ideal processing conditions using 
the response surface methodology, besides assessing 
desirability function and characterizing the properties of 
the gelatin obtained. 
 
 
MATERIALS AND METHODS 
 
The study used fresh skins from Kumakuma (B. filamentosum) fish 
purchased at the Ver-o-Peso fish market in the city of Belém, PA, 
Brazil. The raw material was transported under refrigeration (2 to 
4°C) in isothermic boxes to the laboratory of products of animal 
origin (Laboratório de Produtos the Origem Animal – LAPOA) of the 
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Federal University of Pará (UFPA), where the trials were carried 
out. 
 
 
Obtaining gelatin 
 
The gelatin was obtained by the liming method based on the 
methodology proposed by Jamilah et al. (2011). The fish skins were 
washed in running water to remove undesirable materials, and after 
excess water was drained, the skins were immersed in a saturated 
Ca(OH)2 solution at a concentration of 27 g/L at 20°C. For each 
kilogram of wet skin, 2 L saturated solution were used as 
impregnation medium. After pre-treatment  (6 to 14 days), the skins 
were removed and washed in ten parts of water (m/m) to remove 
excess alkali, maintaining the skins at pH 10. For each 20 g of skin, 
100 ml distilled water were added and the system was maintained 
in a water bath (36 to 64°C) for collagen extraction. Next, 
hydrochloric acid was used to lower the solution’s pH to 
approximately 5. The solution was then filtered in Whatman no. 4 
filter paper and the denatured collagen (gelatin) collected was 
placed in trays, frozen at -50°C, and lyophilized for 30 h. The 
lyophilized product (gelatin) was vacuum packaged in polyethylene 
bags, stored at -22°C, and later subjected to the assays in the 
experimental design.  
 
 
Analytical determinations 
 
Analyses were performed for moisture (method no. 950.46), total 
proteins with correction factor 5.55 (method no. 928.08), lipids 
(method no. 960.39), and ashes (method no. 920.153) according to 
the AOAC (2002). Skin pH was determined through AOAC method 
no. 981.12 and gelatin pH, using the methodology proposed by 
Schrieber and Gareis (2007). The amino acid profile was 
determined using a Waters-PICO Tag™ high-performance liquid 
chromatograph (Waters model 712 WISP, Watford, Herts, UK) 
according to White et al. (1986). Water activity was determined with 
an Aqualab 3TE electronic hygrometer (Decagon Devices Inc., 
USA). All analyses were performed in triplicate. Instrumental color 
was determined with a CR 310 colorimeter (Minolta, Japan) using 
the Commission Internationale de L’Éclairage (CIE) L*, a*, and b* 
space, where L* is luminosity, a* is red color intensity, and b* is 
yellow color intensity. The chroma index (c*) and hue angle (h°) 
were calculated (Hunterlab, 2008). 
 
 
Determining the technological properties 
 
The total yield and gelatin yield (%) were calculated from the ratio 
between gelatin weight and skin wet weight (Binsi et al., 2009). Gel 
strength (Bloom) was determined in a texture analyzer using a 
cylindrical Teflon probe 12.5 mm in diameter pressing 4 mm into the 
gelatin at 1 mm/s (Choi and Regenstein, 2000). The morphological 
analyses were carried out in a LEO-1430 (LEO, USA) scanning 
electron microscope. The samples were metallized with gold using 
a coating time of 1.5 min. The analysis conditions for the secondary 
electron images were: electron beam current = 90 µA, constant 
acceleration voltage = 10 kV, and work distance = 15 mm. The 
melting point was investigated based on the methodology by Choi 
and Regenstein (2000). The foaming capacity (FC) was determined 
in gelatin solutions at different concentrations (1, 2, and 3%) and 
homogenized at 1,750 rpm for 1 min at room temperature (24°C). 
FC was calculated from the ratio between the volumes before and 
after homogenization (Shahiri et al., 2010). 

The emulsifying capacity (EC) was determined according to 
Shahiri et al. (2010), with modifications. Twenty milliliters of 3.3% 
gelatin solution were mixed with 20 ml soybean oil. The mix was 
homogenized at 1,750 rpm for 30 s and then centrifuged at 2,000 g
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Table 1. 22 experimental design matrix with the results obtained for yield (%) and gel strength (g). 
 

Test 
Coded  Real  Response 

A B  Time (h) Temperature (°C)  Yield (%) Gel strength (g) 

1 -1.00 -1.00  7.0 40.0  14.0 70.0 

2 -1.00 1.00  7.0 60.0  30.0 39.0 

3 1.00 -1.00  13.0 40.0  10.0 78.0 

4 1.00 1.00  13.0 60.0  23.5 57.0 

5 -1.41 0.00  6.0 50.0  21.0 89.0 

6 1.41 0.00  14.0 50.0  16.0 163.0 

7 0.00 -1.41  10.0 36.0  12.0 80.0 

8 0.00 1.41  10.0 64.0  26.0 75.0 

9 0.00 0.00  10.0 50.0  25.1 243.0 

10 0.00 0.00  10.0 50.0  21.0 240.0 

11 0.00 0.00  10.0 50.0  24.9 200.0 

 
 
 
for 5 min. EC was calculated as the ratio between the volume of the 
emulsified portion and the initial volume. Viscosity was determined 
according to Yang et al. (2008). The sample was placed in a water 
bath at 45°C and transferred to the Ostwald-Fensk Viscosimeter 
(no. 100), which was placed in a water bath at 60°C for 10 min for 
temperature stabilization. The reading was expressed in centipoise 
(cP). 
 
 
Experimental design 
 
A central rotatable composite design (CRCD) and the surface 
response methodology (SRM) were used to define the best 
conditions for the responses of total process yield and gel strength 
allied to the appropriate viscosity conditions for the product’s 
commercial purposes. Eleven (11) assays (Table 1) were 
performed, four were factorial (combination among the levels ±1), 
three in the central point (two variables at level 0), and four axial 
(one variable at level ±α and the other variable at level 0). For each 
response, variable significance or interactions were verified using 
the polynomial equation described in Equation 1. 
 

          
                                                                                                       (1) 
 
where Y is the dependent variable (gel yield and strength); β0 is the 
constant; βi, βii, and βij are regression coefficients; Xi and Xj are the 
level of the independent variables. 
The deviations and relative deviations between the experimental 
values and those predicted by the models for each response 
variable at the optimal condition were calculated by Equations 2 
and 3, respectively: 
 
Deviation = Y - Ῡ                                                                            (2) 
 
Relative deviation = Y-Ŷ/Y × 100                                                   (3) 
 
where Y is the experimental response and Ῡ is the response 
predicted by the model. 
 
 
Statistical analysis 
 
The experimental data of the design and analysis of variance 
(ANOVA) and the determination of the optimal point of the design 

through the desirability function were analyzed using the software 
Statistica 7.0 for Windows. 

 
 

RESULTS AND DISCUSSION 
 
Optimizing the gelatin obtention process 
 
The last two columns of Table 1 presented the 
experimental results obtained for yield (%) and gel 
strength (g). The estimated coefficients of the factors for 
the model of each response assessed are shown in 
Table 2. The effects in bold indicated that the variable 
had a significant effect (p ≤ 0.05). Obtaining higher yields 
in gelatin extraction processes was the key to enable its 
use as a potential source of production. The effect on 
total yield was significant and positive for linear extraction 
temperature (B), that is, the higher this factor, the greater 
the yield. Figure 1 shows higher yields in the ranges in 
which higher extraction temperatures were employed, 
which may have allowed for more pronounced collagen 
hydrolysis and led to higher yields.  

For gel strength (Table 2), the effects were significant 
and negative for quadratic pre-treatment time (AA) and 
quadratic extraction temperature (BB), that is, the higher 
these factors, the lower the gel strength will be. It can 
also be seen that the linear pre-treatment time (A) had 
the greatest effect on gel strength. The increase in 
temperature lead to greater gel strength, however, as 
temperature increased, gel strength tended to decrease 
with the consequent formation of low-molecular-weight 
peptides. It had been known that gel strength and the 
other functional properties of gelatins (viscosity, melting 
point, and gelling point) were dependent on the gelatins’ 
molecular weight distribution and amino acid composition 
(Johnston-Banks, 1990). The highest gel strength values 
were obtained when temperatures around 50°C were 
employed (Figure 2).  

ANOVA resulted in R
2
 values of 0.93 and 0.92 for gel
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Table 2. Estimate of the variables of second-order polynomials (eq. 1) associated with the significance for each response 
studied (pure error). 
 

Factors 
Yield (%) Gel strength (g) 

Effects p-Value Effects p-Value 

Constant 23.622 0.003 229.032 0.003 

A -4.544 0.114 33.000 0.199 

AA -5.216 0.132 -136.306 0.025 

B 12.301 0.017 -15.639 0.454 

BB -4.143 0.164 -167.531 0.013 

AB -1.250 0.642 5.000 0.854 
 

A = Extraction time (h); B = Extraction temperature (°C). The effects in bold indicate the variable had a significant effect (p < 0.05). 

 
 
 

  
 

Figure 1. Yield response surface as a function of time (days) and temperature (°C). 

 
 
 
yield and gel strength, respectively (Table 3), which 
showed the model adequately predicted the process 
behavior by explaining over 92% of the experimental 
data. The lack-of-fit for the equation of gel yield and gel 
strength response was not significant (Table 3) since 
Fcal>Ftab, which suggested that the predictive equation 

can be used for any combination of the values of the 
variables studied. The increase in yield was proportional 
to the increase in extraction temperature, which caused 
greater collagen hydrolysis and reduced gel strength. The 
severity in the extraction treatment is crucial for the 
gelatin’s functional properties (Montero et al., 2002). Gel



2682          Afr. J. Agric. Res. 
 
 
 

 
 

Figure 2. Gel strength response surface as a function of time (days) and temperature (°C). 
 
 
 

Table 3. Analysis of variance (ANOVA) for gel yield and strength as functions of the independent variance (pre-treatment 
time and temperature), F test, and R2. 
 

Sources SS DF MS F cal. F tab. R
2
 

Yield 

Regression 292.10 1 292.1 21.36 18.51 0.93 

Residue 123.05 9 13.67 - - - 

L. F 112.37 7 16.05 3.0 19.35 - 

Error 10.68 2 5.343 - - - 

Total 415.15 10 41.51564 - 
 

- 

Model                   23.6228+6.1505(B) 

 

Gel strength 

Regression 50126.82 2 25063.41 28.26 19.0 0.92 

Residue 7093.36 8 886.67 
 

- - 

L. F 5940.69 6 990.11 1.71 19.3 - 

Error 1152.67 2 576.33 - - - 

Total 57220.18 10 5722.01 - - - 

Model             229.03 -68.15(AA)-83.76(BB) 

 
 
 
consistency decreased for extraction temperatures above 
50°C, which matches Ledward (1986), Norman et al. 

(2000), and Cho et al. (2004). According to these 
authors, higher extraction temperatures cause the



da Silva et al.          2683 
 
 
 

  
 

Figure 3. Desirability function for yield (%) and gel strength (g). 

 
 
 
breakdown of properties and the protein fragments 
produced decrease the gelling capacity and, 
consequently, gel strength. Thus, employing high 
temperatures and long pre-treatment times is desirable to 
obtain higher yields, but cause the fragmentation of alpha 
(α) chains in the collagen, which reduces gel strength 
(Johnston-Banks, 1990; Cho et al., 2004). The increase 
in pre-treatment time close to the optimal point (10 days) 
caused an increase both in yield and gel strength. A 
similar result was found by Johnston-Banks (1990) and 
Poppe (1992), who reported that the number of cross 
bonds must be weakened enough to convert the collagen 
into a form appropriate for extraction. According to the 
desirability function for the gel yield and gel strength 
responses (Figure 3), over 10 days of pre-treatment and 
extraction temperature of 50°C can be obtained for 
maximum desirability condition (0.96), 23.62% yield and 
229.14 g gel strength. According to Jamilah and 
Harvinder (2002), the yield of gelatin from fish varies from 

6 to 19% and gel strength, from 250 to 260 g. Assays 
were carried out at the optimal temperature (50°C) and 
pre-treatment time (10 days) so that the experimental 
values of gel yield and strength were compared to those 
predicted by the regression models. The difference 
between the experimental and predicted values resulted 
in a relative deviation of -3.6% for yield and -16.6% for 
gel strength, which shows that the method can be used to 
predict the yield and gel strength of gelatin within the 
experimental domain. 
 
 
Characterization of the skin and gelatin 
 
Table 4 shows the values of composition and 
physicochemical parameters determined for the skin and 
the gelatin obtained. Skin moisture was at the same 
magnitude observed for corvina (Johnius dussumieri, 
62.3%) and shortfin scad (Decapterus macrosoma,
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Table 4. Physicochemical properties of the skin and gelatin extracted from kumakuma skin.* 
 

Components Skin* Gelatin* 

Moisture (%) 58.83 ± 0.57 11.37 ± 0.98 

Lipid (%) 14.25 ± 0.22 5.39 ± 0.21 

Protein (%) 31.08 ± 0.99 81.67 ± 0.83 

Ash (%) 0.37 ± 0.04 0.34 ± 0.06 

pH 6.72 ± 0.01 4.50 ± 0.08 

Water activity 0.98 ±0.06 0.25 ± 0.01 
 

*3 replicate. 

 
 
 
60.4%) (Cheow et al., 2007). For the gelatin, moisture 
was within the range observed for commercial gelatins (9 
to 14%) (Eastoe and Leach, 1977). The fat content in the 
skins was high (14.25 ± 0.22%) since the fish used had a 
high fat content. Ribeiro et al. (2013) found 14.5 ± 0.3% 
fat in Kumakuma muscle. Shahiri et al. (2012) found 
13.12 ± 0.20% fat in the skin and 0.31 ± 0.07% in the 
collagen of rainbow trout (Onchorhynchus mykiss). The 
fat content of 5.39 ± 0.21% found in the gelatin shows 
that the treatments prior to the extraction with Ca (OH)2 
was efficient in reducing this component. The protein 
contents in the skin (31.08 ± 0.99%) and gelatin (81.67 ± 
0.83%) were similar to those observed in the skin (30.6 ± 
0.9%) and gelatin (84.28 ± 5.39%) of Nile tilapia 
(Rawdkuen et al., 2013). Jamilah et al. (2011) found 
proteins contents of 31.01 ± 0.48 and 80.02 ± 0.33%, 
respectively, in the skin and gelatin extracted from the 
skin of freshwater fish using the liming method. The ash 
content in the skin was lower than that reported by Bueno 
et al. (2011) (1.9 ± 0.3%) in tilapia skin. In turn, the ash 
content of the gelatin was close to that found by 
Ratnasari et al. (2013) (0.20%) in the gelatin from red tail 
catfish (Phractocephalus hemioliopterus) extracted with 
Ca(OH)2 and by Sarbon et al. (2013) for gelatin from 
chicken skin (0.37%). According to Jones (1977) and 
Muyonga et al. (2004), the maximum ash content 
recommended for gelatins is 2.6%. However, Benjakul et 
al. (2009) indicated that high-quality gelatin must not 
have over 0.5% ashes. Jongiareonrak et al. (2006) 
suggested that the high protein content and the lower 
content of moisture, ashes, and fat in gelatin are 
determined by the raw material or by the residual 
chemical products after processing. The low pH of the 
gelatin obtained (4.5 ± 0.08) is attributed to the extraction 
process, in which the pH of the gelatin solution was 
reduced with a strong acid. Cheow et al. (2007) also 
reported low pH values for the gelatin extracted from 
corvina (3.35) and shortfin scad (4.87). The low water 
activity value suggests good gelatin stability regarding 
microbiological degradation. 

Table 5 shows the amino acids profile in Kumakuma 
skin and gelatin. The imino acids proline (Pro) and 
hydroxyproline (Hyp), which represented 13.59 and 
14.40% of the total amino acids in the skin and gelatin, 

were directly correlated with gel strength (Holzer, 1996) 
since they play a role in the stabilization of the triple helix 
(Ramachandran, 1988). Actually, the amino acid 
composition is key for the physical properties of the 
gelatin. Gelatins with limited imino acid content tend to 
have lower melting points (Ratnasari, 2013). The values 
of hydroxyproline in the skin (8.40%) and in the gelatin 
(9.35%) matched those reported by Nalinanon et al. 
(2008) of hydroxyproline representing 7 to 10% of the 
total amino acids. Glycine was the main amino acid in the 
skin (23.77%) and in the gelatin (24.97%), which matches 
the results observed by Cho et al. (2004) and Silva et al. 
(2014), who found, respectively, 27.54% glycine in gelatin 
from shark cartilage and 30.7% in gelatin from cobia. 
According to Nagarajan et al. (2012), one third of 
collagen is made up of glycine. In order to close the triple 
helix structure, the small glycine molecules are needed to 
occupy every third position (Te Nijenhuis, 1977). 
According to Piez and Sherman (1970), the formation 
and effective stabilization of the triple helix structure in 
the collagen requires the repetition of the sequence Gly 
X-Y, in which X and Y can be any amino acid with at least 
one proline or hydroxyproline in any other triplet. Thus, 
GLY-PRO-Y, X-GLY-HYP, and GLY-PRO-HYP are 
important for the stabilization of the collagen structure 
(Privalov, 1982). 

Small amounts of cysteine (0.01%) and methionine 
(1.77%) were identified in the gelatin, similarly to what 
was reported by Hou et al. (2009). These amino acids 
play a crucial role in the formation of disulfide bonds 
(Foegeding et al., 1996). The presence of cysteine might 
indicate that the gelatin contained a small amount of 
protein from the stroma (Duan et al., 2011; Bougatef et 
al., 2012). Lysine stabilizes the gelatin structure by 
forming structures between the cross-link chains. The 
percentage of lysine in the gelatin was 3.02%, a result 
close to that found by Cho et al. (2004) in gelatin from 
shark cartilage (2.27%) and from pigs (2.32%). 

The yield (Table 6) obtained for gelatin from 
Kumakuma skin pre-treated with Ca (OH)2 was 20.24 ± 
0.02%. The results were close to those observed by 
Ratnasari et al. (2014) (23.12%), who used Ca(OH)2 in 
pre-treatment. Jamilah et al. (2011), using the extraction 
process with liming for 14 days, obtained yield of 39.97%.
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Table 5. Total amino acid profile in kumakuma skin and gelatin (g/100 g protein). 
 

Amino acids (g/100 g) Skin* Gelatin* 

Aspartic acid Asp 5.91 5.07 

Glutamic acid Glu 9.30 9.07 

Hydroxyproline Hyp 8.40 9.35 

Serine Ser 1.85 1.84 

Glycine Gly 23.77 24.97 

Histidine Hys 0.36 0.28 

Taurine Tau 2.74 2.93 

Arginine Arg 5.13 5.06 

Threonine The 10.60 10.57 

Alanine Ala 10.36 11.70 

Proline Pro 5.19 5.05 

Tyrosine Tyr 0.63 0.33 

Valine Val 2.70 2.38 

Methionine Met 1.61 1.77 

Cysteine Cys 0.04 0.01 

Isoleucine Ileu 1.34 1.13 

Leucine Leu 3.86 3.06 

Phenylalanine Phe 2.42 1.34 

Lysine Lys 3.48 3.02 

Triptofane Trp 0.08 0.18 

Total 99.77 99.11 

 
 
 
Table 6. Technological characterization. 
 

Components Gelatin Ca(OH)2 

Yield (%) 20.24 ± 0.02 

Gel strength (g) 221.00 ± 9.93 

Viscosity (cP) 3.10 ± 0.26 

Melting temperature (°C) 23.16 ± 0.23 

Emulsifying capacity (%) 51.35±0.02 

Foaming capacity  

Solution 1% 106±0.04 

Solution 2% 110±0.02 

Solution 3% 116±0.01 

L* (lightness) 83.41 ± 2.42 

a* (green to red) -4.93 ± 0.19 

b* (blue to yellow) 9.63 ± 0.10 

c* (chroma) 10.82 ± 0.15 

h* (hue angle) 117.09 ± 0.80 
 

Tukey’s test with 95% confidence interval (p < 0.05). Means of three 
determinations. 

 
 
 

The use of Ca(OH)2 to condition the skin prior to 
extraction resulted in great gelatin recovery in water. The 
type of skin, the concentration of the acid in the pre-
treatment, the pH conditions, the collagen to be 
solubilized, the washing treatment, and the swelling 
process are among the factors that may impact gelatin 

extraction yield (Ratnasari et al., 2013). Gomez-Guillen et 
al. (2001) observed that gelatins from different fish 
species had different structures and physical properties. 
That is due to the differences in collagen molecules in the 
skin (Jamilah and Harvinder, 2002). Karim and Bhat 
(2009) observed that gelatin productivity and quality are 
influenced by fish species and age, extraction process, 
and pre-treatment temperature. Gel consistency is one of 
the most important functional properties of gelatin. The 
data found suggest that the gel strength of the gelatin 
pre-treated with Ca(OH)2 (221 ± 9.93 g) favors a firm and 
resistant gel within the desirable range for foods, which is 
between 50 and 300 g (GMIA, 2003). A similar result was 
observed for Nile tilapia (Oreochromis niloticus, 263 g) 
(Grossman and Bergman, 1992), carp (Cyprinus carpio, 
267 g) (Kansakala et al., 2007), and catfish (Ictalurus 
punctatus, 252 g) (Yang et al., 2007). The viscosity of the 
gelatin treated with Ca(OH)2 (3.1 ± 0.262 cP) favored a 
consistent gelatin and expandable gel. The increase in 
viscosity is followed by the increase in gel strength, 
melting temperature, and pH (Sperling, 1985; Stainsby, 
1987). Grossman and Bergman (1992) observed 
viscosity of 6.28 cP for gel from red tail catfish 
(Phractocephalus hemioliopterus), whereas Yang et al. 
(2007) found viscosity below 3.0 cP in gelatin from 
channel catfish. The results indicate that variations in 
viscosity may also be related to the different freshwater 
fish species and to the extraction method. 

The melting point of the gelatin treated with Ca(OH)2
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Figure 4. Electron micrographs of kumakuma gelatin at 50 (A) and 200x (B) magnification. 

 
 
 
was 23.16 ± 0.23, which was directly related to the Amino 
acid content in the original collagen molecule. Melting 
point in this range results in quick-dissolving gelatin, 
which defines the possible applications in the food 
industry. Cho et al. (2005) observed melting points of 
24.3°C for gelatin from tuna (Thunnus albacares), 33.8°C 
for gelatin from bovines, and 36.5°C for gelatin from pigs. 
The gelatin had emulsifying power, a parameter that is 
dependent on the level of exposition of hydrophobic 
residues in the gelatin’s interior (Shyni et al., 2014). The 
content of the hydrophobic amino acid tyrosine (Table 5) 
in gelatin from Kumakuma skin was 0.33%. Shyni et al. 
(2014) mentioned values of 0.25 and 0.26% in gelatin 
from rohu and tuna skin, respectively. The amount of 
tyrosine is likely responsible for the high emulsifying 
power of the gelatins. The solutions of the gelatins 
obtained for the same protein concentration had foaming 
capacity, which increased with higher protein 
concentrations in all gelatin solutions. The hydrophobic 
surfaces of the peptide chain are responsible for the 
gelatin’s emulsifying and foaming properties (Galazka et 
al., 1999; Cole, 2008). The gelatin extracted through the 
liming method had a shiny whitish color. Jamilah et al. 
(2011), when performing extraction using the liming 
method, found values of L* were 79.45 ± 1.10, a* were -
0.71± 0.09, and b* were 5.75 ± 0.14 in gelatin from 
striped catfish skin. The c* value far from zero means 
clear color. The h° defines the hue itself, and when 
positive, indicates a tendency for clear color (Cheow et 
al., 2007; Hunterlab Inc, 2008). Such values correspond 
to the gelatin color, however, this does not impact other 
functional properties. Figure 4 shows the 
electromicrographies of gelatin from Kumakuma skin 
obtained through scanning electron microscopy (MEV). 
The gelatin’s microstructure had even thin threads and 
small gaps throughout.  Overall, the arrangement and 
combination of protein molecules in the gel matrix directly 
contributes to the gelatin’s gel strength since the 
microstructure of the gel tissue is related with the 

gelatin’s properties (Yang et al., 2008; Benjakul, 2009). 
Gels with fewer inter-chain bonds or thinner chains may 
be more easily degraded by applying force, which results 
in lower gel strength (Kaewruang et al., 2014). 
 
 
Conclusion 
 
According to the model proposed, the optimal extraction 
conditions were established at 10 days of pre-treatment 
and extraction temperature of 50°C. The use of high 
temperatures was desirable for obtaining higher yields, 
but caused a decrease in the gelatin’s gel strength. 
Glycine was the amino acid found in the highest amount 
both in the skin and gelatin. Gelatin had expandable and 
consistent gel characteristic and its microstructure 
showed even threads with small gaps throughout, which 
is favorable for the food industry. 
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Monitoring the physical quality of soils under intensive sugarcane production requires sustainable 
forms of use and soil management. Thus, the objective of this research was to evaluate the influence of 
soil tillage systems on soil porosity and density in ratoon-cane cultivation, in addition to possible 
changes which may occur during the season. The experiment was carried out in the state of Goiás, 
Brazil. The Experimental design was randomized blocks with four replications. The following tillage 
systems were evaluated: 1. Moldboard plow + Harrow; 2. Subsoiler + Harrow; 3. Direct planting; 4. 
Subsoiler + Direct planting; 5. Stubble thrasher + Subsoiler; 6. Stubble thrasher + Harrow + Moldboard 
plow + Harrow, in soil layers 0-0.2; 0.2-0.4 and 0.4-0.6 m. Regardless of the tillage system used during 
sugarcane cultivation, the ratoon crop showed reduced total soil pore volume and macroporosity, as 
well as increased soil density in the 0.4-0.6 m layer. However, the use of direct planting resulted in 
+higher soil macroporosity values in the 0-0.2 m layer and yields similar to conventional systems which 
use the moldboard plow. Therefore, it is recommended for producers to adopt conservation soil tillage 
systems, combining productivity and soil quality. 
 
Key words: Soil management, ratoon-cane, soil compaction, conservation system.  

 
 
INTRODUCTION 
 
The current sugarcane crop management techniques 
involve vigorous soil disturbance at planting, by using 
plows, harrows and subsoilers  (Centurion  et  al.,  2007). 

Thus, in recent years, soil preparation under sugarcane 
has been questioned, searching for an alternative to 
adopt  a   conservation  system  that  prioritizes  minimum  
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tillage (Arruda et al., 2015). 

Among the management components, perhaps the 
initial soil preparation influences soil physical quality 
indicators the most, because it directly acts on the 
structure (Hamza and Anderson, 2005), influencing the 
aggregation processes (Choudhurya et al., 2014), 
compression (Cunha et al., 2009; Bangita and Rao, 
2012), soil porosity and density (Tormena et al., 2004; 
Domingues, 2012) in addition to pores size and water 
availability to plants (Machado et al., 2008). Therefore, 
understanding and quantification of the impact of these 
factors on soil physical properties are important to 
establish sustainable farming systems (Tormena et al., 
2004). 

The longevity of the sugarcane production cycle is 
largely dependent on mechanization. Some producers 
conduct up to 10 cuts in one area while maintaining 
satisfactory yields (Domingues, 2012). However, negative 
effects on sugarcane yield in terms of use and soil 
management are difficult to measure, especially to isolate 
the soil compaction factor (Mazurana et al., 2011). In 
addition to that, there is little research work on sugarcane 
reporting physical changes over the years regarding 
ratoon crops. 

The successive ratoon cultivation occurring in the same 
production area (monoculture) and soil disturbance at the 
time of field reform have prevented the implementation of 
no-tillage system in sugarcane. Therefore, researchers 
should develop new minimum tillage systems or even 
adopt conventional systems with little impact on the 
environment, with emphasis on soil quality. 

The long-term effect of soil preparation systems is not 
well documented, especially when such preparation 
involves soil conservation tillage systems and changes in 
sugarcane ratoon. According to Tormena et al. (2004) 
understanding and quantifying the impacts of different 
soil tillage systems on physical quality, such as 
influences on sugarcane productivity, are fundamental for 
the development of sustainable agricultural systems. 

Thus, the objective of this research was to evaluate the 
influence of soil tillage systems on soil porosity and 
density in ratoon-cane cultivation, in addition to possible 
changes during the plant-cane season. 
 
 
MATERIALS AND METHODS 
 

The research was conducted during 2009-2010 and 2011-2012 
seasons of plant-cane and ratoon-cane respectively, in an 
experimental area of the Jalles Machado Mill, in the municipality of 
Goianésia, the state of Goiás, Brazil, at coordinates 15°10'02" 
south latitude and 49°15'12" west longitude. The climate is 
classified as Aw type (megathermal) or tropical savannah, with dry 
winters and rainy summers, according to the Köppen classification. 
The altitude of this area is 640 m and the average annual rainfall is 
1600 mm (Figure 1). The soil was classified as Dystrophic Yellow 
Red Latosol (Embrapa, 2013). The sieve analysis of the soil 
showed 432, 450 and 452 g kg-1 of clay in the 0-0.2; 0.2-0.4 and 
0.4-0.6 m layers, respectively (Embrapa, 2009).  Chemical  analysis  

 
 
 
 
of the soil under plant-cane and the ratoon crop can be seen in 
Table 1. Historically, the area was intended for grain production 
(soybean, maize and sorghum) until 2003, when sugarcane was 
planted. The experiment was established during the reform of the 
plantation at soil preparation time, before planting for the 2009-
2010 seasons. 

The experimental units were 19.5 m wide x 50 m long, made up 
of 13 lines of sugarcane spaced at 1.5 m apart. The total area of 
the plots was 975 m2. The useful area had 5 central lines and was 
10 m long, totaling 300 m2. The experimental design was 
randomized blocks with four replications. Assessments during the 
ratoon crop (2011-2012) were performed with factorial 6 x 3 in split 
plots (plot factors were the soil tillage systems and subplot factors 
were the soil layers). However, evaluations comparing ratoon-cane 
season with the plant-cane season were conducted with a factorial 
6 x 2 in split plots (plot factors were the soil tillage systems and 
subplot factors were the harvest season), in isolation for each layer 
of soil (0-0.2; 0.2-0.4 and 0.4-0.6 m). Treatments consisted of tillage 
systems used in soil preparation as following: 1. Moldboard plow + 
harrow (MP+H); 2. Subsoiler + harrow (S+H); 3. Desiccation + 
Direct planting (DP); 4. Subsoiler + Direct planting (S+DP); 5. 
Stubble thrasher + Subsoiler (ST+S); 6. Stubble thrasher + harrow 
+ Moldboard plow+ harrow (HMPH). 

At the beginning, soil acidity correction was performed using 
dolomitic limestone at a dose of 1.5 t ha-1. Gypsum was applied on 
the soil surface at a dose of 800 kg ha-1. Manual planting of 
sugarcane was performed with furrowing (average depth of 0.35 to 
0.4 m), placing 18 buds per m-2 of the CTC 02 variety. Fertilization 
with 250 kg ha-1 of monoammonium phosphate, equivalent to 120 
kg ha-1 of P2O5 and 27 kg ha-1of nitrogen (N-NH4

+), was done at 
planting. Cover fertilization of the crop was done in September 
2009 with liquid formulation N-P-K of 05-00-13 + 0.3 % zinc + 0.3 % 
Boron. The fertilization for ratoon-cane (2010-2011 and 2011-2012 
crop seasons) was performed according to the requirements of the 
plant and estimated productivity by surface application of 90 kg ha-1 
N, 30 kg ha-1 P2O5 and 110 kg ha-1 of K2O in both seasons. 

The evaluations were performed after the plant-cane (2009-2010) 
and ratoon-cane (2011-2012) were harvested, by collecting 
undisturbed soil samples from the layers 0-0.2; 0.2-0.4 and 0.4-0.6 
m.  Uhland-type sampler and a Koppecky metal ring with an internal 
volume defined to determine the total porosity, macroporosity, 
microporosity and soil density were used. All determinations were 
carried out according to the methodology of Embrapa (1997). 

The sugarcane harvest was done manually and without burning, 
considering a useful area with five central lines and length of 40 m 
of the parcel, totaling 300 m2. Subsequently, the plants were 
weighed (kg) using a scale attached to a stem loader. Later, the 
data were extrapolated to a hectare (average productivity in tons of 
stems per hectare). 

 
 
Statistical analysis 

 
Statistical analysis was performed by analysis of variance (F test), 
and when significant (P<0.05), comparisons of means were made 
using the Tukey test (Ferreira, 2008). 

 
 
RESULTS AND DISCUSSION 
 
Porosity and density of soil under ratoon-cane 
 
Soil macroporosity values showed statistical difference 
(P<0.05) between tillage systems and layers (Table 2). 
The highest  soil  macroporosity  values were observed in  
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Figure 1. Geographical location of the area that was conducted the survey, Brazil. 
 
 
 

Table 1. Chemical analysis of soil from the experimental area of the Jalles Machado Mill, Goianésia, state of Goiás, 
Brazil, during the 2009-2010 and 2011-2012, under plant-cane and ratoon-cane, respectively. 
 

   pH 
Ca Mg P K Al H + Al V MOS 

cmolc dm
−3

 mg dm
−3

 cmolc dm
−3

 % g kg
−1

 

Plant-cane 

0 – 0.2 m 

4.01 0.45 0.29 1.4 78.0 1.6 8.25 10.2 19.2 

0.2 – 0.4 m 

3.97 0.23 0.17 0.7 19.2 2.0 8.70 4.8 10.4 

0.4 – 0.6 m 

3.24 0.17 0.12 0.4 18.7 2.4 9.23 3.9 10.2 

 

Ratoon-cane 

0 – 0.2 m 

6.02 1.40 0.78 3.26 52.0 0.04 2.22 50.7 23.8 

0.2 – 0.4 m 

5.21 2.30 0.32 2.24 24.7 0.24 2.70 49.8 16.7 

0.4 – 0.6 m 

5.21 0.30 0.24 0.48 19.1 0.17 2.30 21.5 13.9 
 

pH in H2O; Ca
+2

, Mg
+2

 and Al
+3

 in KCl (1 mol L
-1
); P and K

+ 
in HCl (0.05 mol L

-1
) + H2SO4 (0.0125 mol L

-1
); H + Al in Buffer 

(SMP at pH 7.0); Base saturation (V); O.M: Organic Matter (Colorimetric Method). Embrapa (2009). The  Ca
+2

, Mg
+2

 and Al
+3

 
in cmolcdm

−3
; P and K

+
 in mg dm

−3
; H+Al in cmolcdm

−3
. 

 
 
 

the 0-0.2 m layer in Direct planting (DP), Subsoiler + 
direct planting (S+DP) and Stubble thrasher + harrow + 
moldboard plow + harrow (HMPH) systems. 

The highest soil macroporosity in minimum tillage 
systems (DP and S+DP) may occur due to higher 
contribution of organic material, which these conservation  
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Table 2. Total volume of pores, macroporosity, microporosity and soil density in ratoon-cane under different 
tillage systems in the cerrado region, in Goianésia – the State of Goiás, Brazil, crop 2011-2012. 
 

Layers (m) 
Soil preparation systems 

MP+H S+H DP S+DP ST+S HMPH 

Total volume of pores (m
3
 m

-3
) 

0.0 – 0.2 0.45 0.44 0.47 0.47 0.44 0.49 

0.2 – 0.4 0.49 0.46 0.43 0.44 0.45 0.46 

0.4 – 0.6 0.46 0.47 0.43 0.47 0.46 0.45 

       

Macroporosity (m
3
 m

-3
) 

0.0 – 0.2 0.08
bA

 0.09
bA

 0.14
aA

 0.12
abA

 0.09
bA

 0.12
abA

 

0.2 – 0.4 0.09
aA

 0.11
aA

 0.09
aB

 0.10
aA

 0.11
aA

 0.11
A
 

0.4 – 0.6 0.08
aA

 0.09
aA

 0.09
aB

 0.10
aA

 0.10
aA

 0.09
A
 

       

Microporosity (m
3
 m

-3
) 

0.0 – 0.2 0.36 0.35 0.34 0.35 0.35 0.38 

0.2 – 0.4 0.39 0.34 0.34 0.33 0.34 0.34 

0.4 – 0.6 0.38 0.37 0.35 0.38 0.35 0.36 

       

Soil density (g cm
-3

) 

0.0 – 0.2 1.29 1.32 1.30 1.29 1.40 1.25 

0.2 – 0.4 1.29 1.38 1.40 1.42 1.42 1.39 

0.4 – 0.6 1.36 1.30 1.38 1.31 1.38 1.43 
 

MP+H: Moldboard plow + harrow; S+H: subsoiler + harrow; DP: direct planting; S+DP: subsoiler + direct planting; ST+S: 
stubble thrasher + subsoiler; HMPH: stubble thrasher + harrow + moldboard plow + harrow. Means followed by different 
letters in the upper column (compare depths within treatments) and lower in line (compare treatments) differ by Tukey test 
(P<0.05). 

 
 
 
systems provide (Arruda et al., 2015), and also due to 
high sugarcane root accumulation in the 0-0.2 m layer 
(Blackburn, 1984), especially in ratoon (Faroni and 
Trivelin, 2006) which favors the formation of macropores 
(Mazurana et al., 2011). The root system residue of 
sugarcane from the previous production cycle and the 
continuous root renewal process among the ratoons of 
the current cycle, through the decomposition of secondary 
roots, was expected to promote the emergence of new 
pores (biopores). 

Similar results were found by Paulino et al. (2004) who, 
when researching soil tillage systems in ratoon, found 
higher soil macroporosity values in minimum tillage. 
Similar results were also found by Camilotti et al. (2005), 
studying conventional tillage and no-tillage, including the 
subsoil, but statistical difference in soil macroporosity 
was not identified. 

The HMPH system also showed high soil 
macroporosity levels, being statistically similar to DP and 
S+DP. Tormena et al. (2004) in a study of dystrophic red 
Latosol detected increased soil macroporosity values in 
areas cultivated under conventional systems (moldboard 
plow and light harrow), compared with those cultivated 
under conservation system (direct planting) and minimum 
tillage (scarification and light harrow). 

Only the DP system showed statistical difference 
(P<0.05) among soil layers where 0-0.2 m showed higher 
soil macroporosity values in relation to the 0.2-0.4 and 
0.4-0.6 m layers. This fact can be attributed to soil 
disturbance in conservation systems in the surface 
layers. The lack of statistical difference (P>0.05) in soil 
macroporosity for conventional systems probably 
occurred via the action of agricultural implements in the 
deeper soil layers, homogenizing the soil profile, which 
usually does not happen in conservation tillage systems 
(DP). 
The soil preparation system with moldboard plow + 
harrow (MP+H) showed low soil macroporosity values 
(close to 0.08 m

3
 m

-3
), values below this limit are 

considered critical, signaling soil compaction process. 
The minimum amount of pore space occupied by air 
should be 0.10 m

3
 m

-3
 (Dexter, 1988; Tormena et al., 

2004), which still allows for normal sugarcane root 
system development (Vomocil and Flocker, 1961) and 
that of most crops (Argenton et al., 2005). Other tillage 
systems had average values over 0.10 m

3
 m

-3
, and this 

indicates that the aeration and water availability 
conditions were adequate for the sugarcane 
development. 

The  microporosity  values  and  soil  density   were  not  
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Figure 2. Total volume of pores in soil (m3 m-3) layers under plant-cane and ratoon-
cane in the Brazilian Cerrado region, in 2010 and 2012 respectively. Means 
followed by lower case letters differ among themselves between growing seasons, 
by Tukey test (P<0.05). 

 
 
 
statistically different (P>0.05) between soil tillage systems 
and soil layers (Table 2). Similar results were found by 
Centurion et al. (2007) and Cunha et al. (2009), 
respectively. 

The average soil density values were found to be 1.32 
g cm

-3
. According to Argenton et al. (2005), the average 

values considered critical for clay soils are 1.30 g dm
-3

. 
Displaying said textured soils from 200 to 550 g kg

-1
 clay 

can reach the critical density of 1.55 g cm
-3

 (Reinert et al., 
2001) and texture soils of about 480 g kg

-1
 can reach 

1.36 and 1.64 g cm
-3

 (Silva et al., 2008). The 
performance of sugar cane roots may be damaged as the 
values exceed 1.20 g cm

-3
 (Segato et al., 2006). 

 
 
Porosity and density of soil under ratoon-cane in 
relation to plant-cane 
 
Significant differences were found between the total pore 
volume, macroporosity and soil density of ratoon-cane’s  
growing seasons and plant-cane cultivation, and this 
difference was only found in the 0.4-0.6 m layer of soil 
(P<0.05). However, there were no significant differences 
between tillage systems (P>0.05). 

The total volume of pores in soil under the ratoon-cane 
crop decreased by 7% (0.45 m m

-3
) in comparison to the 

previous plant-cane crop (0.48 m m
-3

) in the 0.4 to 0.6 m 
soil layer (Figure 2). Soil macroporosity under ratoon-
cane showed a reduction of 18% (0.09 m

-3
) when 

compared  to  the  plant-cane  crop (0.12 m
-3

)   in   0.4  to 

0.6 m soil layer (Figure 3). 
Centurion et al. (2007), in their plant-cane cultivation 

research, observed reduction in total porosity and soil 
macroporosity only in the fourth year of ratoon crop. The 
authors did not find any difference between plant-cane 
and second ratoon-cane crop, which may be due to the 
short cultivation time of sugarcane. The difference 
between plant-cane and the fourth ratoon-cane season 
probably occurred because of heavy traffic of agricultural 
machinery and implements on the sugarcane plantation. 
Camillotti et al. (2005), when evaluating the effect of soil 
tillage systems over time, also observed reduced soil 
macroporosity after the fourth year of sugarcane 
cultivation in the subsurface layers, regardless of the soil 
preparation system studied (P>0.05). 

An increase of 8.8% in the mean of soil density 
wasobserved under the ratoon-cane crop (1.36 g cm

-3
) 

when compared to that of the plant-cane crop which was 
1.24 g cm

-3
 in the 0.4-0.6 m soil layer (Figure 4). Soil 

density tends to increase with the greater depths of the 
soil profile, which is probably due to reduced presence of 
organic matter, aggregation and amount of roots, in 
addition to compression caused by the soil layers above 
(Reinert and Reichert, 2006). 

The results of soil density of this research agree with 
those of Centurion et al. (2007), who observed increases 
in soil density values in the second ratoon-cane season 
in relation to the plant-cane season. Camilotti et al. 
(2005) observed increased soil density after the fourth 
sugarcane  harvest  in the 0.2-0.5 m soil layer, regardless  
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Figure 3. Macroporosity in soil (m3 m-3) layers under plant-cane and ratoon-cane 
in the Brazilian Cerrado region, in 2010 and 2012 respectively. Means followed 
by lower case letters differ among themselves between growing seasons, by 
Tukey test (P<0.05). 

 
 
 

 
 

Figure 4. Density in soil (g cm-3) layers under plant-cane and ratoon-cane in the Brazilian 
Cerrado region, in 2010 and 2012 respectively. Means followed by lower case letters 
differ among themselves between growing seasons, by Tukey test (P<0.05). 

 
 
 

of soil tillage system used. Soil microporosity values were 
not statistically different (P>0.05) in the assessments of 
soil layers (Figure 5). Similar results were obtained by 
Tormena et al. (2004) and  Centurion  et  al.  (2007).  Soil 

microporosity is strongly influenced by texture and 
organic carbon content and is little influenced by 
increased soil density caused by traffic of agricultural 
machinery and equipment (Araújo et al., 2004). 
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Figure 5. Microporosity in soil (m3 m-3) layers under plant-cane and ratoon-cane in the 
Brazilian Cerrado region, in 2010 and 2012 respectively. Means followed by lower case 
letters differ between themselves among growing seasons, by Tukey test (P<0.05). 

 
 
 

Table 3. Productivity of sugarcane culms (Mg ha-1) during plant-cane and ratoon-cane production 
seasons under different tillage systems in the Brazilian cerrado region. 
 

Growing  

Season 

Tillage systems 

MP+H S+H DP S+DP ST+S HMPH 

Plant-cane 104.8
aA

 94.4
abA

 98.9
abA

 93.6
bA

 93.5
bA

 105.2
aA

 

Ratoon-cane 65.7
aB

 54.9
bB

 58.7
abB

 55.2
bB

 59.8
abB

 65.9
aB

 
 

MP+H: Moldboard plow + Harrow; S+H: Subsoiler + Harrow; DP: Direct planting; S+DP: Subsoiler + Direct 
planting; ST+S: Stubble thrasher + Subsoiler; HMPH: Stubble thrasher + Harrow + Moldboard plow + Harrow. 
Means followed by different uppercase letters in the column (compare growing seasons within the same 
treatment) and lowercase in line (compare tillage systems) differ by Tukey test (P<0.05). 

 
 
 
Yield of culms in plant-cane and ratoon-cane 
 
The productivity of sugarcane stalks (Mg ha

-1
) showed a 

significant interaction between tillage systems and crop 
seasons (P<0.05). The plant-cane season showed higher 
yields with MP+H and HMPH tillage systems, but not 
statistically different from S+H and DP. The ratoon-cane 
season showed that the highest yields continued to 
prevail with MP+H and HMPH tillage systems, but 
statistically did not differ from ST+S and DP (Table 3).  

The fact that the conservation system (DP) presented 
productivity statistically similar to conventional systems 
(MP+H and HMPH) for both plant-cane and ratoon-cane 
is a positive sign for the sugarcane production due to low 
production costs with: energy  (diesel  oil),  manual  labor, 

depreciation of agricultural machinery, among others 
(Arruda et al., 2015). The advantages of DP should also 
be pointed out regarding soil physical quality, as with the 
higher macroporosity values verified under ratoon-cane 
crop (Table 2). 

During the plant-cane season, the S+DP and ST+S 
systems presented lower productivity compared to HMPH 
system. During the ratoon-cane season the S+DP and 
S+H systems produced lower yields compared with the 
HMPH system. The fact that the minimum tillage system 
(S+DP) showed lower plant-cane and ratoon-cane 
productivity when compared with the conventional system 
(HMPH) can be attributed to the use of subsoiler in these 
tillage systems, which also occurred in S+DP (plant-cane) 
and  S+H  (ratoon-cane).  The  deep  soil  decompression  
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with a subsoiler can have negative effects on sugarcane 
growth. The formation of large clumps in the soil reduces 
the stem contact with the soil, which in turn reduces 
budding and initial root growth (Arruda et al., 2015). 

The average plant-cane stalk yields in the 2009-2010 
seasons (98.46 Mg ha

-1
) were higher than those found in 

ratoon-cane in the 2011-2012 season (60.08 Mg ha
-1

). 
The drop in ratoon-cane productivity may be related to 
lower total porosity and macroporosity in soil, and the 
subsequent increase of soil density in the 0.4-0.6 m layer. 
Some destructive evaluations of plant root system 
development, for a study also held in the same area of 
research, may have also contributed to the low 
productivity during the ratoon-cane season. 
 
 

Conclusions 
 

Regardless of the planting system used during the 
preparations for sugarcane plantation, the ratoon-cane 
season showed reduced total pore volume and soil 
macroporosity, as well as increased soil density in the 0.4 
to 0.6 m layer. However, the use of direct planting 
presented higher soil macroporosity values in the 0-0.2 m 
layer, and yields similar to conventional systems with the 
use of the moldboard plow.  

Therefore, producers are recommended to adopt soil 
conservation tillage systems, combining productivity and 
soil quality. 
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The purpose of this research was to evaluate the effects of P and Si fertilizer rates in dynamic of P 
fractions in clay soil under greenhouse. The research was carried out in a Dystroferric Red Latosol of a 
very loamy texture from Lavras city, Minas Gerais State, Brazil. The experimental design was entirely 
randomized, arranged in 4 × 3 factorial design, with four repetitions. The treatments included four 
inorganic fertilizer P rates (0, 110, 330 and 560 mg dm

-3
) and three Si rates (0, 110, 330 and 560 mg dm

-3
). 

The preview application of Si fertilizer did not contribute to decrease P desorption. Possibly, the silicate 
has lower affinity with the bound sites of adsorption than phosphates. The effects of inorganic fertilizer 
P were higher in increasing the moderately labile and labile P inorganic fractions. Among the organic P 
fractions, the NaHCO3-Po fraction was the only one that contributes to plant nutrition. The Hedley 
sequential phosphorus fractionation promoted information about different pools where P was 
accumulated in the soil after common bean cultivation. The highest amount of P was obtained in stable 
P fraction, followed by moderately labile and labile P fraction. The moderately labile P fraction 
decreased after common bean cultivation possibly due to the time of P contact in the soil and 
redistribution to stable P fraction. The labile form was the lowest P pool in soil; nevertheless the 
increase in fertilizer P rates increases the amount of P content in labile fraction.  
 
Key words: P fertilizer, Si fertilizer, nutrients interaction, Phaseolus vulgaris.  

 
 
INTRODUCTION 
 
Most Brazilian soils are characterized as low natural 
fertility due to high weathering through soil formation. 

Phosphorus (P) is the most limited nutrient for crop 
production  in  highly  weathering  soil  in  tropical  climate 
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(Daroub et al., 2003). The P distributions in soil are 
presented in organic and inorganic P fractions, which 
combined to define the total soil P (Hedley et al., 1982; 
Alovisi et al., 2011).  

The highly weathering soil shows high capacity of P 
adsorption and results in small available P in soil solution 
(Guedes et al., 2012, 2016). The P supply is quite 
important in early stage of plant growth and the P supply 
is affected by many factors in the soil, as example: P 
fertilizer rates, soil mineralogy, cropping systems, and 
other environment conditions (Grant et al., 2004). 
Opposing to the other nutrients, the P fertilizer might be 
applied in overdose in most occasions to saturate the 
adsorptions sites in soil to remain enough P supply for 
plant growth (Furtini Neto et al., 2001). The 
recommendation of P fertilizer is directly related to soil 
mineralogy, due to P capacity in adsorption in Fe/Al oxy-
hydroxides (Wang et al., 2015), as the case of inner 
sphere complexes formation (Fe

3+
–O– P), and surface 

bound in Fe–OH groups (Kim et al., 2011). 
Furthermore, the clay composition affects the capacity 

of P adsorption in soil (Tokura et al., 2002). The 
adequate offer of P to crops in highly weathering soil is 
always a challenge, due to complexity in P interactions. 
The interactions of phosphate (P) ions may form complex 
minerals in association with cations (Ca, Al, and Fe) 
(Hinsinger, 2001).  The link between P and Fe speciation 
affects the P concentration in soil (Sundman et al., 2016), 
as the case of maximum P adsorption capacity correlated 
with clay, sand, silt, soil organic matter, base saturation, 
and pH (Pinto et al., 2013). Thus, the knowledge of P 
interactions in soil and its availability associated with the 
possibility of reverse P adsorption is quite important to 
improve P fertilizer recommendation in cropping systems.  

The possibility to use another fertilizer source to 
improve the availability of P in soil solution may be 
profitable. The silicon (Si) has been studied as a 
possibility to improve P availability in soil solution due to 
similarity of silicate anion (H3SiO4

-
) with phosphate 

(H2PO4
-
). Lee and Kim (2007) reported silicate as a 

competitor of phosphate and its possibility to exchange 
phosphate from adsorption sites, resulting in increasing 
availability of phosphate in soil solution. The Si is present 
in solid phase of the soil in many types of clay and other 
mineral compounds, but in highly weathering soil as the 
case of oxisols its content in soil solution is limited 
(Guedes et al., 2016).  

The possibility to increase Si content in soil solution 
seems to be a profitable alternative to reduce P 
adsorption and consequently increases P availability. As 
observed by Cartes et al. (2015),  the  presence  of  Si  in 

 
 
 
 
solution showed slight reduction in capacity of P sorption. 
Nevertheless, many unknown factors about Si and P 
adsorption are still necessary to disclose, as the case of 
environment factors, soil physical-chemical reactions, soil 
mineralogy, and Si-P interactions (Alovisi et al., 2014). 
Thus, the knowledge of nature and P forms distribution in 
soil may offer important information to the process of 
evaluation and P availability.  

The sequential P fractionation may contribute to identify 
the P forms retention in soil and its capacity of P supply 
to soil solution. The sequential P fractionation proposed 
by Hedley et al. (1982) allows having information about P 
availability in short and long-term through the P 
fractionation with different extractor from the weakest to 
the strongest extractor. These extractors allow the 
removing of P from solid soil phase and possibility to 
determine labile, moderately labile, and stable P forms. 
The purpose of this research was to evaluate the effects 
of P and Si fertilizer rates in dynamic of P fractions in clay 
soil under greenhouse. 
 
 
MATERIALS AND METHODS 
 
Location and soil description 
 
The research was carried out in a soil with a very loamy texture and 
clay mineralogy constituted mainly by Al/Fe oxy-hydroxides, 
classified according to Santos et al. (2013) as Dystroferric Red 
Latosol (LVdf). The greenhouse location was the campus of 
Universidade Federal de Lavras located in the city of Lavras, State 
of Minas Gerais, Brazil (approximately 21°13’46.54’’S and 
44°58’26.30’’W, average altitude 932 m above sea level).  
 
 
Soil properties evaluations 
 
The soil was collected in 0 to 20 cm depth under native vegetation 
of Brazilian Cerrado biome. After collection, the soil was air-dried, 
broke up and passed through a 5 mm sieve for the greenhouse 
experiments. A portion of the samples was passed through a 2 mm 
sieve and then subjected to physical, chemical and mineralogical 
analyses. The physical analysis involved the determination of the 
granulometric fractions of the air-dried soil (ADS) using the pipette 
method (Day, 1965).  

The chemical analyses included the pH, sorption complex, 
organic C, macronutrients and micronutrients content. The 
availability of P was evaluated using the Mehlich-1 extractor 
(Claessen, 1997) and ion-exchange resin (Raij and Feitosa, 1980). 
The free Fe oxy-hydroxides from the clay fraction were obtained by 
dissolution with dithionite-citratebicarbonate (Fed) (Mehra and 
Jackson, 1960). The less crystalline Fe oxy-hydroxides of the clay 
fraction was obtained with ammonium oxalate acid (FeO) according 
to Schwertman et al. (1986), and the iron and aluminium oxy-
hydroxides by ADS sulphuric attack were determined according to 
Claessen (1997).  
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Table 1. Chemical, physical and mineralogical soil properties. 
 

Soil properties % 

pHH2O 4.8 

Al
+3 

(cmolc dm
-3

) 1.1 

Ca
+2

 (cmolc dm
-3

) 0.4 

Mg
2+ 

(cmolc dm
-3

)
  

0.2 

K
+
(mg dm

-3
)
 

30 

H
+ 

+ Al
3+

(cmolc dm
-3

)
 

9.5 

Mehlich1-P (mg dm
-3

) 1.1 

Resin-P (mg dm
-3

) 12.9 

SB (cmolc dm
-3

) 0.7 

Effective CEC (cmolc.dm
-3

) 1.7 

CEC to pH 7.0 (cmolc. dm
-3

) 10.2 

BS (%) 7 

m (%) 61 

SOM (dag kg
-1

) 3.9 

Si (mg dm
-3

) 6.2 

B (mg dm
-3

) 0.4 

Cu (mg dm
-3

) 2.1 

Fe (mg dm
-3

) 73.1 

Mn (mg dm
-3

) 11.4 

Zn (mg dm
-3

) 0.1 

Coarse sand (g kg
-1

) 110 

Thin sand (g kg
-1

) 60 

Silt (g kg
-1

) 110 

Clay (g kg
-1

) 720 

SiO2 (g kg
-1

) 153 

Al2O3 (g kg
-1

) 262 

Fe2O3 (g kg
-1

) 237 

TiO2 (g kg
-1

) 202 

P2O5 (g kg
-1

) 1.4 

Fed (g kg
-1

) 138.8 

Feo (g kg
-1

) 2.8 

Ct (g kg
-1

) 160 

Gb (g kg
-1

) 310 
 

CEC: Cation exchange capacity; total acidity pH 7.0 (H+ +Al
3+

); Exchangeable 
(KCl 1 mol L

-1
) Ca

2+
, Mg

2+
 and Al

3+
; BS: Base Saturation=(Σ cations/CEC)×100. 

 
 
 

In the free clay, the gibbsite and kaolinite contents were quantified 
using differential thermal analysis. The determination of the soluble 
Si in the soils was conducted according to the method proposed by 
McKeaque and Cline (1963). The results of the physical, chemical 
and mineralogical characterization of the studied soil before the 
application of the treatments are presented in Table 1. 
 
 
Experimental design and treatments implementation 
 
The experimental design used was entirely random, arranged in a 4 
× 3 factorial, with four repetitions, with amount of 48 experimental 
units. The treatments included four P rates (0, 110, 330 and 560 mg 
dm-3) and four Si rates (0, 110, 330 and 560 mg dm-3). The P 
fertilizer rates were defined by the remaining P (Alvarez et al., 
2000). Vases with a soil capacity of 3 dm3 were filled with 2.7 dm3 
of soil.  

The soil samples were then subjected to three sequential 
incubations for a period of 30 days each under humidity conditions 
equivalent to 60% of the total pore volume (TPV) occupied by water 
(Freire et al., 1980), which was controlled by daily weighing. The 
three incubations followed this sequence: (1) incubation after 
dolomitic limestone application, which was through the 
micropulverised calcined dolomitic limestone (35% CaO and 14% 
MgO) applied to the soils in sufficient quantity to elevate the value 
of the base saturation to 70%; (2) incubation after Si application, 
the silicic acid was applied in the form of H4SiO4 (60% SiO2) at the 
rates of 0, 110, 330 and 560 mg dm-3 of Si, as defined based on the 
P rates; and (3) incubation after basic fertilization corresponded to 
the following nutrient contents in the form of salts p.a. in mg dm-3 of 
soil: 100 of N; 150 of K; 62 of S; 0.81 of B; 1.3 of Cu; 5.0 of Zn; 3.6 
of Mn; 1.6 of Fe; and 0.15 of Mo.  

The nutrients were applied in a solution form and mixed into the 
soil for a higher uniformity. The sources of nutrients were: K2SO4; 
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Table 2. Soil properties after soil acidity correction, basic fertilizing and treatment applications. 
 

Treatment
1 

pH
 K Ca Mg Al H+Al CEC m BS Resin-P

 
Si 

mg dm
-3

 cmolc dm
-3

 % mg dm
-3

 

P0Si0 5.2 126 3.3 2.1 0.1 4.0 9.8 2.0 59.1 11.2 6.69 

P0Si330 5.2 128 3.4 2.2 0.1 4.0 9.8 2.0 59.4 11.5 19.91 

P0Si560 5.2 123 3.3 2.1 0.1 3.7 9.5 2.0 60.8 11.5 27.79 

P110Si0 5.3 130 3.3 2.2 0.1 3.7 9.9 1.0 62.2 24.5 6.65 

P110Si330 5.2 121 3.3 2.2 0.1 4.3 10.2 2.0 57.5 27.8 20.62 

P110Si560 5.1 124 3.4 2.0 0.2 4.5 10.3 3.0 56.3 25.4 27.29 

P330Si0 5.3 129 3.1 2.1 0.1 4.2 9.7 2.3 57.2 81.8 7.99 

P330 Si330 5.1 134 3.4 2.2 0.1 5.0 11.0 2.0 54.3 83.4 22.92 

P330Si560 5.2 131 3.3 2.0 0.1 4.5 10.2 2.0 55.8 81.0 25.37 

P560Si0 5.3 129 3.3 2.2 0.1 4.7 10.5 2.0 55.4 126.1 13.90 

P560Si330 5.1 135 3.4 2.4 0.1 5.6 11.7 2.0 52.1 131.4 18.78 

P560Si560 5.1 135 3.4 2.1 0.1 5.4 11.2 2.0 51.8 127.8 25.25 
 
1
The rates of P and Si are in mg dm

-3
. CEC: Cation exchange capacity; total acidity pH 7.0 (H+ +Al

3+
); Exchangeable (KCl 1 mol L

-1
) Ca

2+
, Mg

2+
 and 

Al
3+

; BS: Base Saturation=(Σcations/CEC) × 100. 

 
 
 
(NH4)2HPO4; NH4NO3; KH2PO4; H3PO4; MnSO4.2H2O; 
CuSO4.5H2O; (NH4)6MO7O24.4H2O; ZnSO4.7H2O; FeSO4.7H2O; 
and H3BO3. After the incubation period of the soils with the 
treatments in the greenhouse, soil subsamples of each  
experimental unit (vases) were collected for the analytical 
determinations (Table 2).  

Planting was performed 30 days after the last incubation. Five 
common bean seeds per vase were sown. After 20 days, the plants 
were thinned, leaving two plants per vase. The vases were 
maintained with the humidity at 60% of the TPV (Freire et al., 1980) 
through the daily weighing of the vases and the addition of 
deionized water. The cultivar of the common bean plant used was 
ESAL 168. Topdressing fertilization with N and K were conducted 
according to the growth of the plants. The treatments received 200 
and 170 mg dm-3 of N and K, respectively, parceled out in seven 
applications, in addition to the application of 20 mg of sulphur.  
 
 
Plant and measurement 
 
The first mature leaves at the tip of the common bean plant branch 
were collected at the onset of flowering (Malavolta et al., 1997) from 
each vase and the whole plants were harvested at the physiological 
maturation of the grains by cutting the plants at ground level. The 
vegetable matter was dried in a forced-air oven at a temperature 
between 65 and 70°C and ground in Willey-type mill. The total P 
content was determined through the mineralisation with nitric-
perchloric digestion (Malavolta et al., 1997) and the extracts were 
measured using colorimetry (Braga and Defelipo, 1974). The aerial 
part dry matter (APDM) and grains dry matter (GDM) were 
determined in the plants harvested at the end of the growth cycle. 
The P accumulated in the aerial part was calculated by multiplying 
the APDM value by the content of P and dividing this value by 
1,000.  
 
 
Phosphorus fractionation in the soil 

 
The phosphorus fractionation in soil was carried before and after 
the common bean cultivation, the collection of samples were carried 
out in each experimental units to analytical determinations and for 
Hedley sequential Po (P organic) and Pi (P inorganic) fractionations 

(resin-Pi, NaHCO3-Po, NaHCO3-Pi, NaOH 0.1M-Po, NaOH 0.1M-Pi, 
NaOH 0.5M-Po, NaOH 0.5M-Pi, HCl-Pi, and residual-Pi), following 
the methodology of Hedley et al. (1982). The P forms were 
determined as follow: labile P forms (resin-Pi, NaHCO3-Po, and 
NaHCO3-Pi), moderately labile (NaOH 0.1M-Po, NaOH 0.1M-Pi, 
NaOH 0.5M-Po, and NaOH 0.5M-Pi), and stable P fractions (HCl-
Pi, and residual-Pi). 
 
 
Statistical analysis 
 
The variables evaluated in the experiment were submitted to the 
analysis of variance (ANOVA) by the F-test (P≤0.01) using the 
SISVAR statistical analyses software. In the case of significant 
(P≤0.01) difference in Si and P fertilizer rates, the polynomial 
equation was adjusted. Simple Pearson’s correlations were applied 
between P forms, soil organic and inorganic P fractions with APDM, 
DMG, and P-APDM. 

 
 
RESULTS AND DISCUSSION 
 
Soil inorganic phosphorus (Pi) fractions  

 
The variables (P and Si fertilizer rates) showed significant 
interactions in the results of Pi fractions in the soil. 
Inorganic P in NaOH 0.5M, residual-Pi and HCl-Pi even 
with significant effects of the interactions did not adjust 
any equation to the data. The labile inorganic P fractions, 
NaHCO3-Pi, HCl-Pi and resin-Pi were the lower soil P 
fractions, which were expected due to high weathering in 
Oxisol (Table 3).  

The NaOH 0.1M-Pi and NaOH 0.5M-Pi considered 
moderately labile for plants showed higher concentration 
in comparison to labile fraction, as well as observed by 
Tiessen et al. (1984). These results confirmed the 
presence of Fe/Al oxy-hydroxides, as goethite and 
gibbsite, and clay mineralogy composed by kaolinite
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Table 3. Soil inorganic P fractions after common bean cultivated. 
 

Treatment
1
 

Inorganic P fractions (mg dm
-3

) 

Resin-Pi (%)
 

NaHCO3-Pi (%)
 

NaOH 0.1 M-Pi (%)
 

NaOH 0.5 M-Pi (%)
 

HCl-Pi (%)
 

P0Si0 2.7 (+69) 23.5 (+91) 63.5 (+22) 90.6 (+17) 5.1 (+87) 

P0Si330 1.7(+17) 15.8 (+90) 59.3 (+17) 96.0 (+26) 2.4 (+70) 

P0Si560 1.6 (+46) 9.4 (+85) 58.5 (+25) 99.7 (+30) 2.2 (+80) 

P110Si0 4.4 (-9) 6.0 (-6) 109.0 (+15) 114.7 (+25) 2.4 (+26) 

P110Si330 5.3 (+19) 6.3 (-16) 100.8 (+17) 105.3 (+18) 3.0 (+29) 

P110Si560 4.3 (-43) 5.6 (-21) 101.1 (+4) 105.1 (+19) 3.0 (+33) 

P330Si0 19.4 (-39) 28.0 (-6) 190.8 (-3) 133.2 (+22) 4.3 (+40) 

P330 Si330 16.2 (-52) 30.5 (-13) 185.9 (-6) 129.1 (+18) 3.6 (+23) 

P330Si560 26.3 (-22) 26.5 (-13) 182.7 (-7) 133.9 (+21) 9.1 (+73) 

P560Si0 71.2(+13) 51.4 (-15) 215.3 (-11) 145.9 (+11) 6.4 (+41) 

P560Si330 70.3 (+7) 57.8 (-11) 227.5 (-5) 138.1 (+9) 5.6 (+31) 

P560Si560 79.3 (-3) 62.0 (-8) 173.4 (-38) 143.2 (+14) 7.8 (+53) 

CV.(%) 9.33 3.26 7.70 22.26 13.52 

Soil form native vegetation 1.68 1.13 40.42 2.83 25.05 
 
1
The rates of Si and P-fertiliser applications are in mg dm

-3
. Values between parentheses indicate percentage of decreasing (-) or increasing (+) in the 

P fractions after the common bean cultivation. 

 
 
 
(Table 1), may result in high capacity of generated bond 
highly energetic with P. Thus, the NaOH 0.1M-Pi and 
NaOH 0.5M-Pi fractions act as sink for the P fertilizer in 
soil. Furthermore, the absence of P fertilizer and the 110 
kg P2O5 ha

-1
 showed the lowest resin-P due to majority 

uptake and exportation by common bean plant and low 
replacement of the Pi uptake to the soil solution.  

The rates of P fertilizer increased the availability of Pi in 
the labile (resin-P and NaHCO3-Pi) and moderately labile 
fractions (NaOH 0.1M-Pi) (Figure 1); these results 
indicated that the application of P fertilizer saturated the 
adsorption site of P, as it was observed by Conte et al. 
(2003). The rates of silicate fertilizer increased the 
availability of Pi before the cultivation of common bean. 
Possibly, the Si fertilizer applied increased the availability 
of Pi due to decreasing of bond energy of phosphate to 
soil colloids (Carvalho et al., 2001). The labile (resin-Pi 
and NaHCO3-Pi) and moderately labile fractions (NaOH 
0.1M-Pi) decreased after common bean cultivated (Figure 
1), which may reassure the increase in P availability and 
uptake by common bean plant with the application of Si 
fertilizer, which was more evident in the treatments with 
higher rates of P fertilizer (Table 3). The uptake of P by 
common bean from resin-Pi and NaHCO3-Pi fractions 
ensure the lability of these Pi fractions (Figure 1), as well 
as attained by Hedley et al. (1982).  

As reported by Lilienfein et al. (2000), the effects of P 
uptake by plant in short-time are more evident in labile 
and moderately labile P fractions. In relation to NaOH 
0.1M-Pi and NaOH 0.5M-Pi, moderately labile fractions, 
this comprises the P bound in Fe/Al oxy-hydroxides, the 
content of both fractions increased with the increment of 
P fertilizer rates. These increase in moderately labile 

fractions indicated that these fractions accumulate the 
excess of P fertilizer applied. As reported by Tokura et al. 
(2011), the moderately labile fractions (NaOH 0.1M-Pi 
and NaOH 0.5M-Pi) act as sink of P in the soil, majority in 
the soils with high content of Fe and Al oxy-hydroxides.  

The highest content of NaOH 0.5M-Pi after common 
bean cultivated may be associated with more time of 
contact between Pi from fertilizer applied and Fe/Al oxy-
hydroxides in the soil. The soil of the experiment had high 
content of Fe/Al oxy-hydroxides (Table 1); these oxides 
pursue high capacity of P immobilization forming complex 
of high energy and hard reversibility (Tokura et al., 2002, 
2011). Nevertheless, these moderately labile fractions 
may show lability, working as a factor of the buffer 
amount of soil P (Rheinheimer et al., 2000).  

The decrease of NaOH 0.1M-Pi after common bean 
cultivated suggested this fraction as the major buffer 
amount of the labile fractions, which may replace the P in 
soil solution after plant uptake extract. This fact may be 
reassured by the significant and positive correlation of 
NaOH 0.1M-Pi

 
with aerial part dry matter (APDM), grain 

dry matter (GDM) and phosphorus accumulated in P-
APDM (Table 4). The content of P extracted with HCl 
showed little modifications with the application of P 
fertilizer (Table 3), indicating little amount of P from 
fertilizer accumulates in the stable P fraction (HCl-P). The 
HCl extract preferably the P bound in Ca, however, in 
Oxisol due to weathering the Ca exchangeable tend to be 
small, resulting in small content of P bound with Ca. 
Nevertheless, the cultivation of common bean increased 
the content of P extracted by HCl, indicating that a small 
part of the P fertilizer accumulated in HCl-P fraction, 
which did not contribute to common bean nutrition as
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Figure 1. Soil inorganic P fractions affected by P and Si fertilizer rates under common bean cultivation. 

 
 
 
observed in Table 4, due to absence of correlation with 
APDM, GDM and phosphorus in the P-APDM.  

Comparing the soil P content extracted to HCl before 
and after common bean cultivation, decrease in HCl-P   
content after common bean cultivation was observed 
(Table 3). Possibly, the decrease may be associated with 
common bean uptake of Ca and P through the plant 
cycle, which may favored the dissolution of Ca 
phosphates. As reported by Novais et al. (2007), soil with 
higher cations exchange capacity (CEC) and higher soil 
organic matter may increase the capacity of Ca sink, thus 
favours the dissolutions of Ca phosphates. 

Soil organic P fractions 
 
The treatments (Si and P fertilizer rates) evaluated 
showed significant (p<0.01) interactions. The data of 
NaOH 0.5M-Po fraction did not adjust regression 
equations even with the significant effect of P fertilizer 
rates. The NaOH 0.1M-Po fraction predominates organic 
P fractions, in accordance with Cassagne and Remaury 
(2000). Before or after common bean cultivation, the Po 
decreased with the increase in P fertilizer rates (Figure 
2).  

The reduction may be due to higher organic matter
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Table 4. Person´s correlations between P fractions and forms with the dry matter aerial 
part (DMAP), grain dry matter (GDM), P accumulate in DMAP (P-DMAP). 
 

P fractions and forms DMAP GDM P-DMAP 

Resin-Pi 0.92** 0.94** 0.83** 

NaHCO3-Pi 0.92** 0.94** 0.84** 

NaHCO3-Po 0.50** 0.56** 0.50** 

NaOH 0.1M-Pi 0.90** 0.92** 0.83** 

NaOH 0.1M-Po -0.57** -0.55** -0.43** 

NaOH 0.5M-Pi 0.53** 0.60** 0.57** 

NaOH 0.5M-Po 0.02
ns

 -0.01
ns

 0.14
ns

 

HCl-Pi -0.16
ns

 -0.13
ns

 -0.06
ns

 

Residual-Pi -0.28n
s
 -0.21

ns
 -0.21

ns
 

Labile-P
1
 0.92** 0.94** 0.84** 

Moderately labile-P
2
  0.64** 0.63** 0.69** 

Stable-P
3
 -0.30

ns
 -0.23

ns
 -0.23

ns
 

 

**Significant at 1% of probability. *Significant at 5% of probability. NS: No-significant. 
1
Labile P 

forms (resin-Pi, NaHCO3-Po, and NaHCO3-Pi), 
2
moderately labile (NaOH 0.1M-Po, NaOH 

0.1M-Pi, NaOH 0.5M-Po, and NaOH 0.5M-Pi), and 
3
stable P fractions (HCl-Pi, and residual-Pi). 
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Figure 2. Soil organic P fractions affected by P and Si fertilizer under common bean cultivation. 

 
 
 
mineralization promoted by increase in P content and 
uptake of P by plants (Araújo et al., 1993;  Tokura  et  al., 

2011). The decrease in Po fractions was higher than Pi 
fractions (Table 3). This can occur because of the



2704          Afr. J. Agric. Res. 
 
 
 

Table 5. Soil organic P fractions after common bean cultivated.  
 

Treatment
1
 

Po fractions 

NaHCO3-Po NaOH 0.1 M -Po NaOH 0.5 M -Po 

mg dm
-3

  

P0Si0 16.7 (-76) 54.2 (-18) 7.0 (-78) 

P0Si330 22.6 (-60) 59.1 (-28) 4.8 (-86) 

P0Si560 17.2 (-60) 55.7 (+37) 8.8 (-64) 

P110Si0 21.9 (-21) 43.5 (-61) 10.9 (-74) 

P110Si330 17.1 (-18) 48.8 (-60) 8.9 (-78) 

P110Si560 13.3 (-2) 60.6 (-43) 12.6 (-63) 

P330Si0 7.9 (-25) 14.8 (-86) 13.3 (-65) 

P330 Si330 9.7 (-57) 24.0 (-72) 12.3 (-74) 

P330Si560 11.1 (-64) 22.5 (-74) 11.6 (-80) 

P560Si0  4.5 (-81) 94.3 (-37) 9.9 (-92) 

P560Si330 3.3 (-87) 53.2 (-64) 7.6 (-85) 

P560Si560 1.9 (-92) 102.80 (-4) 18.9 (-63) 

C.V. (%) 14.12 11.96 10.40 

Soil form native vegetation 48.81 183.84 69.20 
 
1
The rates of Si and P-fertilizer applications are in mg dm

-3
. Values between parentheses indicate percentage of 

decreasing (-) or increasing (+) in the P fractions after the common bean cultivation.  

 
 
 
association of Po accumulation with the increase in soil 
organic matter; what did not occur during the 
experimental time. Besides, the NaHCO3-Po fractions 
are related to the organic compounds of easy 
decomposition, which sustains and is regulator by 
microbial biomass of soil (Lourente et al., 2016). Seybold 
et al. (1999) reported that transformation of Pi to Po in 
clay soils is more difficult than sand soil, due to higher 
activity of adsorptions site in clay soils conferring to clay 
soil lower resilience than sand soil. This performance was 
observed in the results (Tables 3 and 4), which resulted 
in higher proportion of Pi fractions than Po fractions. As 
reported by Kämpf and Curi (2000), the organic 
compounds imply an inhibitor effect in the crystallization 
process of Fe/Al oxy-hydroxides favoring the formation of 
microcrystalline forms with high specific surface.  

The specific surface has the capacity of P adsorption, 
but many organic compounds are concurrent with 
orthophosphates by the adsorptions sites (Lopez-
Hernandez et al., 1986; Guedes et al., 2016). Tokura et 
al. (2002) reported lower P desorption in the mineral soil 
fraction with the increase of weathering process which 
compensated the increase of soil organic matter 
participation in supply P for plants uptake. Thus, the Po 
fractions may have relevant participation as source of P 
for plants uptake, through the release of P from 
mineralization of Po (Novais and Smyth, 1999; Cunha et 
al., 2007).  

Even though the reactions of precipitation and P 
adsorption which regulates retention and releases P in 
the soil; generally, these reactions act with great intensity 
and fast, the mineralization remains of the organic 

compounds of P and also contributes to the remains in 
the medium-term and long-term of the levels of labile P in 
the soil available for plants (Novais et al., 2007). The 
negative and significant results of correlation between the 
NaOH 0.1M-Po and APDM, GDM and phosphorus in 
APDM (Table 4), indicate these fractions buffer the labile 
P fractions in soil, once the decrease in NaOH 0.1M-Po 
after the common bean cultivation (Table 5). All the Po 
fractions decreased its content, even in the treatment 
with absence of P fertilizer (Table 5). Thus, the P bound 
in soil organic matter compounds can be considered the 
major quantity factor of P in no fertilizer soil. While in soil 
P fertilizer, the balance of P in solution remained by both 
Po and Pi fractions. 
 
 
Phosphorus forms in the soil 
 
The moderately labile and stable forms of P were 
predominant (Table 6), which is in accordance with the 
fact of the magnitude of P adsorption depending on 
quantity of constituents with capacity of adsorption 
molecules in soil. Oxisols tend to prime the Pi fractions 
bound to mineral fractions with high energy and the 
inorganic forms stabilized physically and chemically 
(Rheinheimer et al., 2008).  

The results indicate that the application of P fertilizer 
accumulated majority in moderately labile and stable P 
fractions. The P forms in the soil were affected after 
common bean cultivation. The decrease of P after 
common bean cultivation occurred in the labile and 
moderately labile P fractions (Figure 3). The reduction of
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Table 6. Soil phosphorus forms after common bean cultivated.  
 

Treatment
1
 

P forms 

Labile P
2
 Moderately labile P

3
 Stable P

4
 

mg dm
-3

 

P0Si0 42.9 (-41) 215.4 (-3) 443.0 (+14) 

P0Si330 40.1 (-33) 219.2 (-7) 459.0 (+19) 

P0Si560 28.3 (-37) 222.8 (+22) 431.6 (+11) 

P110Si0 32.3 (-17) 278.0 (-16) 439.7 (+10) 

P110Si330 28.7 (-6) 263.8 (-21) 439.2 (+6) 

P110Si560 23.3 (-18) 279.4 (-13) 405.3 (+7) 

P330Si0 55.4 (-23) 352.1 (-21) 432.86 (+5) 

P330 Si330 56.3 (-38) 351.3 (-20) 444.1 (+7) 

P330Si560 63.9 (-33) 350.7 (-21) 423.6 (+1) 

P560Si0 127.1 (-13) 465.4 (-29) 417.4 (-0.4) 

P560Si330 131.4 (-15) 426.4 (-24) 421.8 (+11) 

P560Si560 143.3 (-17) 438.3 (-22) 418.1 (+18) 

C.V. (%) 7.56 4.36 17.36 

Soil from native vegetation 51.62 296.29 186.72 
 
1
The rates of Si and P-fertilizer applications are in mg dm

-3
. 

2
Labile P forms (resin-P, NaHCO3-Po, and NaHCO3-Pi), 

3
moderately labile 

(NaOH 0.1M-Po, NaOH 0.1M-Pi, NaOH 0.5M-Po, and NaOH 0.5M-Pi), and 
4
stable P fractions (HCl-Pi, and residual-Pi). Values between 

parentheses indicate percentage of decreasing (-) or increasing (+) in the P fractions after the common bean cultivation. 
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Figure 3. Effects of Si and P-fertilization on soil P fractions before and after common bean cultivated. 1Labile P forms 
(resin-Pi, NaHCO3-Po, and NaHCO3-Pi), 2moderately labile (NaOH 0.1M-Po, NaOH 0.1M-Pi, NaOH 0.5M-Po, and 
NaOH 0.5M-Pi), and 3stable P fractions (HCl-Pi, and residual-Pi). 

 
 
 
P is the consequence of the plant uptake due to the 
positive correlation between the labile and moderately 
labile P fraction with the APDM, GDM and P accumulated 
in the aerial part (Table 4). As reported by Rheinheimer 
et al. (2000) and Alovisi et al. (2011), the moderately 
labile   P  fraction   is   dynamic   and   participates  in  the 

 
availability of P for plant nutrition once moderately labile 
fraction decreased its participation in total P in soil 
through time. On the other hand, increment occurred in 
stable P forms (Figure 3); this P form did not contribute to  
common bean nutrition as observed by the absence of 
correlation between  stable  P  forms  with  APDM,  GDM, 



2706          Afr. J. Agric. Res. 
 
 
 
and P accumulated in P-APDM (Table 4).  

Generally, the P fertilizer applied was slowly 
redistributed to moderately labile and stable P forms in 
the soil due to the reactions with clay-minerals and Fe/Al  
oxy-hydroxides in the soil. As reported by Novais and 
Smyth (1999), the contact of P in soil with clay-minerals 
and Fe/Al oxy-hydroxides through time results in 
formation of inter sphere complex with high energy of 
bound. The Si fertilizer affected little quantity the 
alteration in P forms (Table 6). The preview application of 
Si fertilizer did not contribute to decrease P fixation. 
Possibly, the silicate has lower affinity with the bound 
sites of adsorption than phosphates. Carvalho et al. 
(2001) observed in soil less weathering higher effects of 
Si in desorption of P than in soil more weathering as the 
case of Oxisol.  

The moderately labile and stable P forms showed 
higher amount of P (Figure 3), which is related to high 
amount of Fe/Al oxy-hydroxides in the soil. The total 
content of P after common bean cultivation was higher 
than in the soil without P fertilizer. Basically, the highest 
amount of total P is due to the exportation by grain to be 
less than the amount of P fertilizer applied. The increase 
in total P content may affect some soil chemical as: the 
natural balance among P forms in soil, its relations with 
the other nutrients, the microbial biomass, and the rate 
transfer among environments (Sharpley et al., 1995).  
 
 
Conclusions 
 
The preview application of Si fertilizer did not contribute 
to decrease desorption of P in soil. Possibly, the silicate 
has lower affinity with the bound sites of adsorption than 
phosphates. The P fertilizer applied increase majority the 
moderate labile P fraction followed by labile P fraction. 
Among the organic P fractions, the NaHCO3-Po fraction 
was the only one that contributed to the plant nutrition. 
The Hedley sequential fractionation promoted information 
about different pools where P was accumulated in the soil 
after common bean cultivation. The highest amount of P 
was obtained in stable P fraction, followed by moderately 
labile and labile P fraction. The moderately labile P 
fraction decreased after common bean cultivation 
possibly due to the contact time and redistribution to 
stable P fraction. The labile form was the lowest P pool in 
soil; nevertheless, the increase in P fertilizer rates 
increases the amount of P in labile fraction.  
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Fertilizer use in Malawi is limited due to the relatively high fertilizer price, improvement of fertilizer 
efficiency is therefore necessary to enhance both maize yield and soil fertility. 2-years compost 
application was conducted to evaluate its effectiveness in improving soil fertility and enhancing maize 
yields. Compost application was shown to be effective even at the early stage of application in 
improving soil fertility and consequently enhancing maize yields. Before compost application, soil 
fertility was quite poor reflected in a low maize yield (0 to 1.5 t/ha), however compost application made 2 
to 4 times larger maize yields. Despite the sufficient amount of N (92 kgN/ha), single application of 
chemical fertilizer adversely affected maize yield coupled with the poor initial growths. Soil moisture 
content became 4 times larger with compost application with a shift from 5 to 20%. Moreover, CEC was 
improved from 10.2 meq/100mg to 13.7 meq/100mg by compost application, resulting in an increase of 
nutrient retention capacity. Soil C % decreased in 2.5 years if no compost was applied, but soil C % 
increased by compost application. As such compost application can be effective to maintain soil C % 
for enhancement of soil fertility. Nitrogen use efficiency (NUE) was greatly improved 2 to 5 times larger 
when chemical fertilizer (46 kgN) was applied mixed with compost while a single chemical fertilizer 
application (92 kgN) represented lower NUE than mixed application.   
 
Keywords: compost, maize yield, soil fertility, CEC, soil C, nitrogen use efficiency 

 
 
INTRODUCTION  
 
Soil fertility and land productivity have been declining and 
becoming a significant problem in the sub-Saharan 
African countries including Malawi. This problem is now 
explicitly perceived as major constraint by farmers 
(Budelman and Defoer,   2000; Tully et al., 2015). Malawi 

government started the Farm Input Subsidy Program 
(FISP) in 2005 which was a large scale, national program 
aimed at enhancing household food security. However, 
fertilizer prices rose dramatically in 2007 and 2008 (Yara, 
2008), doubling the cost  of  the  FISP  and  leading  to  a  
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projected budget shortfall of almost US$80 million. This 
rise in fertilizer prices is caused by the vulnerability of 
Malawi to international market, which is exacerbated by 
being landlocked (Denning et al., 2009) illustrated by the 
fact that a metric ton of urea which cost about U.S. $90 
FOB (free on board) in Europe, arrive in Malawi at 8 
times higher price of $770 (Sanchez, 2002). Given the 
high cost of fertilizer, efficient use of N fertilizer is of both 
agroeconomic and environmental importance.  

According to the study conducted by IFA (1992), 50% 
of total arable land for maize was fertilized with the 
amount of 26 kg/ha in Malawi. This figure is rather low 
considering that the average value of fertilizer rate 
between 1994 and 1996 was 136 kg/ha in the world, and 
55 kg/ha in Africa (FAO, 2006). Besides a low application 
rate of fertilizer, many Malawian farmers find fertilizer use 
to be of limited profitability or even negative effect 
(Ricker-Gilbert and Jayne, 2011; Kamanga et al., 2014). 
A profitability of fertilizer use is a constraint to its use on 
maize so that fertilizer efficiency, especially N use 
efficiency shall be improved.  

The improvement of soil fertility status through the use 
of organic matter applications has been demonstrated by 
a number of researchers in Malawi (Sakala, 2003; 
Mustafa-Msukwa et al, 2011; Thierfelder et al. 2015). 
Compost application shall be a promising measure for 
enhancing soil fertility as a part of organic matter based 
technologies (Kumwenda et al., 1997; Scotti et al. 2015; 
Solomon and Jafer 2015). Since soils in Malawi are 
inherently poor in organic matter, nutrient retention 
capacity is low, and a leaching rate is high. An increase 
of the N-use efficiency by compost application is 
therefore quite necessary to decrease leaching loss.  

Sustainable land management promotion (SLMP) 
project started in November, 2011 by the collaboration 
between Malawi and Japanese Governments with the 
objective of “Enforcement of technology to increase soil 
fertility” through compost application. Towards this, this 
study was carried out to evaluate its effectiveness of 
compost application both to improve soil fertility and to 
enhance maize growths in two crop seasons at 2013/14 
and 2014/15.   
 
 
MATERIALS AND METHODS 
 
Experiment locations 
 
The 2 years maize growing study was conducted to evaluate effects 
of compost application in the four stations, Lunyangwa (LNG), 
Banga (BNG), Mkondezi (MKD) and Ntchenachena (NTC) of the 
Department of Agricultural Research Services (DARS) in the 
northern Malawi (Figure 1). Average rainfall in the cropping season 
between October and May during 2002 to 2013 was 1,008 mm in 
LNG, 1,219 mm in BNG, 1,439 mm in MKD and 1,346 mm in NTC. 
Variety SC637 was cultivated for the maize growing test in both 
cropping seasons of 2013/14 and 2014/15. Split-plot having 3 x 3.5 
m was designed with three replications. In order to avoid the border 
effects, two middle rows of each split-plot were harvested and 
weighted fresh maize grain in situ was converted to dry yield (t/ha)  
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after drying.   
 
 
Compost preparation 
 
Different methods were adopted for compost making as shown in 
Figure 2. Windrow was made by placing the mixture of raw 
materials in a long narrow piled called wind-row while Changu was 
made by piling in a circle forming a conical shape. Application rates 
of composts were calculated based on N content which aims to 
determine the analysis. N content was adjusted to 92 kgN/ha which 
is the Malawian recommendation level described in the Guide to 
Agricultural Production (Ministry of Agriculture; MOA 1991). 46 kgN 
at basal and the remaining 46 kgN was applied at top dressing 
(Table 1). In a single chemical fertilizer application, two different 
application rates, recommended rate (RCF) (92 kgN/ha) and 
conventional rate (CCF) (46 kgN/ha) were applied by NPK at basal 
and urea at top dressing.   
 
 
Soil analysis 
 
Soil analysis was carried out to determine both current soil fertility 
level and effects of compost application on soil fertility. For the 
analysis, the analytical laboratory was established for the first time 
in the northern region of Malawi in SLMP. Moisture content was 
measured from samples collected with a 100 cc stainless steel 
cylinder. Sand content was measured by the nylon mesh method 
(Moritsuka et al. 2015). pH, Na and EC were measured after 
shaking soil samples for 1 h at a soil-to-water ratio of 1:5. K, NO3, 
Na were measured by the Ion meters (HORIBA LAQUA twin, the 
model B-731 for K, B-741 for NO3 and B-722 for Na). Available P 
was determined using the spectrophotometer (BELLSTONE WSP-
UV800A) with the extraction solution by Mehlich III (Mehlich, 1984). 
Total C and N contents were determined by the Walkley-Black 
method (Walkley and Black, 1934) and by micro Kjeldahl method 
(AOAC 1995), respectively. Cation exchange capacity (CEC), 
calcium and magnesium were measured by Kjeldahl Ammonia 
Distillation method and by Complexometric Determination (Niina, 
1960). For the results of maize yields and soil analysis, statistical 
analysis was conducted using the software JMP 8.0.2 version for 
Windows (SAS Inc., 2009). Tukey-kramer HSD test was performed 
for F-test at a significance level either at 0.1 or 0.5. N efficiency has 
been defined in different terms and at different scales by various 
researchers, but the concept of N efficiency is very useful for 
implementing a wise fertilizer use. The study adopted the definition 
used in Zimbabwe (Vanlauwe et al., 2011) in which an increase of 
grain yield per unit of fertilizer N applied over the unfertilized 
production is defined as Nitrogen Use Efficiency (NUE).  

 
 
RESULTS, DISCUSSION AND CONCLUSION 
 
Maize yield 
 

Table 2 and Table 3 showed the yield results (dry grain 
weight) from the maize growing test at the four stations in 
2014 and 2015. In 2-years experiment, higher average 
yields in the compost application were recorded in BNG, 
NTC while the lowest yield was recorded in MKD. Effects 
of compost application didn’t vary a lot between two 
methods and among the three environments. Yields in 
mixture were notably high, and which were higher than 
chemical fertilizer application (RCF, CCF) except for LNG 
2014 (Table 2). 
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Figure 1. Locations of the four research stations where this study was conducted.  

 
 
 
 The yields in no treatment plot can be considered as the 
current soil fertility which is not influenced by any 
treatments, and which increased in the order of MKD 
(0.00 t/ha) < LNG (0.82 t/ha) < BNG (0.95 t/ha) < NTC 
(1.51 t/ha). These figures are low considering that 
average maize yield (t/ha) in 2008 to 2010 was 5.15 for 
world and 1.81 for Sub-Sharan Africa (FAOSTAT, 2013).  
No yield was recorded in MKD showing the current soil 
fertility is extremely low. Maize yields of other stations 
were almost as same as national average yield which 
was 1.3 metric tons per hectare (t/ha) during the 20 years 
from 1998 to 2007 (FAO, 2008).  

Comparing to the existing soil fertility, compost 
application produced higher yields and their effects were 
as high  as  those  of   chemical   fertilizer.  RCF  was  the 

second lowest yield despite having the same N content 
as compost application. RCF was two times higher in N 
application rates than CCF, but yields of RCF were 
inferior than those of CCF. This fact indicates that N 
amount was not a determinant factor for maize yield in 
the studied soils. Moreover, the current soil fertility (No 
treatment) was almost the same in LNG and BNG but 
effects of compost application on maize yields were 
significantly higher in BNG, showing that there is a 
certain condition to activate effects of compost 
application. 

Yields in 2015 increased from 2014 in most of stations 
except for MKD. In 2014, compost application produced 
high yields as chemical fertilizer in BNG, NTC and even 
superior yields  in  LNG,  MKD.  RCF  showed a quite low 
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Figure 2. Three different environments and two methods examined in this study. 

 
 
 
yield and survival rate in LNG while the mixture plot 
produced the highest yield (Figure 3). Growth difference 
among treatments became relevant 4 weeks after 
germination in MKD (Figure 4) as shown by poor crop 
developments in CCF, RCF in contrast to compost 
(Changu and Windrow) and Mixture.  

Two years comparison showed different tendency 
regarding compost application effects (Figure 5). A 
significant decline of yield together with quite low survival 
rate was observed in RCF at LNG while both yield and 
survival rate were highest in Mixture. Rainfall in 10 to 15 
days between male flowering and silk emergence is 
considered to be most important for maize growths since 
it influences effective growth and grain formation (Araus 

et al., 2012). Rainfall during this period in 2014 was 101 
mm but only 61 mm in 2015 in MKD. Lesser amount of 
rainfall was attributable to the decline of maize yield from 
2014 to 2015. NTC also showed highest yield in mixture 
which was 4 times higher than no-treatment (Control).    
 
 
Changes of soil properties in two years 
 
Soil chemical properties 
 
Soil chemical properties determined before and after 2 
seasons of compost application, were compared. Soils 
were  weakly  acidic  to acidic before compost application 

3 environments 

Open 

Shade 

Plastic 

Windrow 

Changu 

2 methods 
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Table 1. Application and rates of compost and inorganic fertilizer and its application. 
 

Treatment Category and Symbol 

Results of Analysis Application Rate 

Total Nitrogen  
(%) 

Available P  
(ppm) 

Available K  
(mg/l) 

Moisture  
(%) 

Basal 
(kg/plot) 

Top Dressing 
(kg/plot) 

Compost 

CO  + L 

       – L 

1.13 

0.74 

6.28 

3.45 

270 

400 

33.4 

33.4 

6.4 

9.8 

6.4 

9.8 

CS  + L 

       – L 

1.13 

0.78 

3.58 

4.94 

270 

340 

25.6 

25.6 

5.7 

8.3 

5.7 

8.3 

CP  + L 

       – L 

1.12 

1.12 

4.73 

9.45 

380 

340 

26.9 

26.9 

5.9 

5.9 

5.9 

5.9 

WO  + L 

        – L 

1.10 

0.89 

4.64 

2.12 

370 

460 

33.4 

33.4 

6.6 

8.1 

6.6 

8.1 

WS  + L 

        – L 

1.11 

0.76 

3.79 

3.03 

480 

220 

25.6 

25.6 

5.8 

8.5 

5.8 

8.5 

WP  + L 

        – L 

1.13 

1.00 

4.49 

3.58 

210 

360 

26.9 

26.9 

5.8 

6.6 

5.8 

6.6 

        

Chemical fertilizer (%) (%) (%)    

RCF NPK 23-21-0 

Urea 

23 

46 

21 

0 

0 

0 

 0.11 

0.05 

 

0.11 

CCF NPK 23-21-0 

Urea 

23 

46 

21 

0 

0 

0 

 0.21 

 

 

0.11 

Mixture Compost 

Urea 

1.32 

46 

 

 

 19.8 

 

4.6 

 

 

0.11 

No treatment No composts and no chemical fertilizers 
 

CO = Changu Open, CS = Changu Shade, CP = Changu Plastic, WO = Windrow Open, WS = Windrow Shade, WP = Windrow Plastic, +L 
= With Legume Biomass, –L = without Legume Biomass; RCF = Recommended Chemical Fertilizer (92 kgN/ha); CCF = Conventional 
Chemical Fertilizer (46 kgN/ha); Mixture = Chemical Fertilizer (Urea) 50% + Compost 50%. 

 
 
 

Table 2. Average yield (t/ha) between different composting methods and environments by stations (2014). 
 

Composting methods and Environments LNG BNG MKD NTC 

Methods Changu 1.46
a
 3.29

ab
 0.67

a
 3.24

a
 

 Windrow 1.26
a
 3.53

ab
 0.36

a
 2.35

a
 

      

Environment Open 1.55 3.49 0.52 2.04 

 Shade 1.47 3.69 0.39 3.28 

 Plastic 1.07 3.03 0.63 3.07 
      

Legume With legume 1.36 3.63 0.21 3.29 

 Without legume 1.36 3.14 0.82 2.31 
      

Chemical fertilizer RCF 0.98
a
 2.29

ab
 0.09

a
 2.92

a
 

 CCF 2.03
a
 3.21

ab
 0.57

a
 2.54

a
 

Mixture  1.63
a
 5.48

a
 1.70

a
 5.77

a
 

No treatment  0.82
a
 0.95

b
 0.00

a
 1.51

a
 

      

 P value 0.34 0.02 0.57 0.24 
 

Different letters mean statistically significant at 5% level. 
 
 
 

and pH was the lowest in LNG (Table 4). Compost 
application  increased  soil  pH  in  most  of   the   stations 

except for BNG. A most significant change of pH was 
observed  in  LNG,  with  the  change  from  4.93  to 6.36.   
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Table 3. Average yield (t/ha) between different composting methods and environments by stations 
(2015). 
 

Composting methods and Environments LNG BNG MKD NTC 

Methods Changu 2.78
ab

 6.28
a
 0.46

a
 5.24

b
 

 Windrow 2.04
abc

 5.63
a
 0.35

a
 5.08

b
 

      

Environment Open 2.41 5.52 0.26 4.73 

 Shade 2.27 5.33 0.44 5.69 

 Plastic 2.55 5.51 0.45 5.06 

      

Legume With legume 2.49 6.08 0.36 5.27 

 Without legume 2.33 5.70 0.46 5.05 

      

Chemical fertilizer RCF 0.11
c
 6.44

a
 0.03

a
 4.00

bc
 

 CCF 1.84
abc

 5.81
a
 0.07

a
 3.72

bc
 

Mixture  3.45
a
 6.75

a
 0.77

a
 8.03

a
 

No treatment  0.86
bc

 2.65
a
 0.08

a
 1.75

c
 

      

 P value < 0.001 0.33 0.20 < 0.001 
 

Different letters mean statistically significant at 5% level. 

 
 
 

 
 

Figure 3. Growths conditions of the trials, mixture (left) and in RCF plot (right) in LNG, 2015. 

 
 
 

Acidity amelioration by compost application would be 
more effective if soils are quite acidic and not coarse 
texture.  

pH also significantly changed by chemical fertilizer 
application (CCF and RCF), and by mixed application of 
compost and chemical fertilizer. Since pH in no treatment 
plot showed no significant difference in two years, pH 
increase in chemical fertilizer plots would be due to the 
fact that one H

+
 ion is absorbed by the plant (or OH

-
 

excreted) at the uptake of nitrate.  
Good quality topsoil should have EC within the range of 

100 to 1500 μS/cm (Bardgett, 2005). EC before and even 
after compost application were mostly less than 100 
µS/cm showing soil fertility level was low. Low soil  fertility 

also was reflected in low content of NO3, K and P. Since 
changes of EC in two years were only significant in BNG, 
soil fertility improvement was not sufficient by 2-yrs 
compost application. 

Soil C % is the key of soil fertility and all stations 
showed C % was less than 1.0 % (Table 4). In 2.5 years 
from December , 2012 to May,  2015 soil C % decreased 
significantly in no treatment and CCF while no significant 
change was recorded in Changu and significant increase 
was recorded in Windrow (Table 5). 15 ton/ha of compost 
was applied in this study however this amount was not 
enough to increase soil C in Changu and Mixture, but 
was only able to maintain current soil C level. Since soil 
C level was  quite  low  in  the study area, further study to  
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Figure 4. Growths conditions at the different treatments 4 weeks after germination in MKD (No: no treatment, RCF; 
recommended chemical fertilizer, CCF: conventional chemical fertilizer, C + CF: mixture of compost and chemical 
fertilizer). 

 
 
 
increase current C % by compost application will be 
necessary in terms of application amount and compost 
quality. 
 
 

Soil physical properties 
 
Soil moisture content  
 

Keeping a good range of soil moisture content is 
important for agriculture practice. When a moisture 
content is low, microbial activity is hampered and then 
important N source as microbial biomass cannot be 
expected. Compost can be counter-measure against 
drought. US compost council (2008) has stated that the 
frequency and intensity of irrigation may be reduced by 
compost because of its drought resistance and efficient 
water use. Water holding capacity can be increased even 
in sandy soils with the addition of compost. As most of 
project site soils are sandy, effect of compost application 
would be highly expected.  

Soil moisture content changed after compost application 
in MKD and BNG (Figure 6). At MKD, soil water contents 
before compost application were around 5%, but it 
increased over 20 % which is almost 4 times higher. 
Likewise, 10% increase in Changu and Windrow, and 15 
% in Bokasi at BNG. As over 20% of moisture content 
was reported as an appropriate maize growth (Quaye et 
al., 2009), an increased soil water content by compost 
application in this study could have attributed to an 
increased in maize yield.  
 
 

Improvement of CEC 
 

Sandy soils such as this study soils are subject to a 
significant nutrient leaching unless proper measure is not 
provided. Compost application will help to refrain the soil 
from leaching because negatively charged compost 
attracts positively charged bases such as Mg

++
, Ca

++
 and 

K
+
. Also, compost indirectly reserve N in soils. 
Microorganisms  digest  organic matter (composts) and  

No RCF CCF Changu Mixture 

C + CF 
Windrow 
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Figure 5. Maize yields and survival rates in the growing tests at the four stations in 2014 and 2015. Different letters among the 
treatments indicate the significance at the 5% level. 
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Low yield in MKD could be attributable to a shortage of rainfall. 
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Table 4. Soil analysis results in three times (n = 23 in 2012 Dec, n = 16 in 2015 May) 
 

Station Collection time Sand content (%) pH EC (µS/cm) NO3 (mg/I) P (µg/g) C (%) N (%) K (mg/l) 

LNG 
2012 Dec 

54.5 
4.93

a
 54.1

a
 34.5

a
 - 0.39

a
 0.10

a
 4.2

a
 

2015 May 6.36
b
 57.8

a
 28.8

a
 2.89 0.33

a
 0.18

a
 37.6

b
 

          

BNG 
2012 Dec 

73.8 
5.72

a
 20.3

a
 314.6

a
 0.94

a
 0.39

a
 0.17

a
 12.1

a
 

2015 May 5.63
a
 152.8

b
 24.1

b
 5.03

b
 0.42

a
 0.22

a
 24.3

a
 

          

MKD 
2012 Dec 

71.4 
5.69

a
 44.1

a
 51.9

a
 1.37

a
 0.63

a
 0.12

a
 43.2

a
 

2015 May 6.26
b
 39.3

a
 19.3

a
 1.76

a
 0.17

b
 0.15

a
 25.3

a
 

          

NTC 
2012 Dec 

70.3 
5.22

a
 28.3

a
 97.7

a
 3.59

a
 0.52

a
 0.13

a
 56.9

a
 

2015 May 6.25
b
 51.9

b
 17.9

b
 1.50

b
 0.20

b
 0.12

a
 31.2

b
 

 
 
 

Table 5. Changes of soil C % before and after compost application (n = 55 in all treatments, n = 17 in Changu, n = 14 in Windrow, 
n = 4 in Mixture, n = 6 in CCF, n = 4 in No treatment). 
 

Collection time  All treatments Changu Windrow CCF Mixture No treatment 

2012 Dec 0.48a 0.43
a
 0.34

b
 0.42

a
 0.52

a
 0.43

a
 

2015 May 0.28a 0.43
a
 0.63

b
 0.21

b
 0.47

a
 0.12

b
 

 

Different letters mean statistically significant at 5% level. 

 
 
 

 
 

Figure 6. Changes of soil moisture content after compost application at MKD and BNG. 

 
 
 
entrain into its body which becomes N reservoir. Cation 
exchange capacity (CEC) is an important soil property 
influencing soil structure stability, nutrient availability, soil 

pH and the soil’s reaction to fertilizers and other 
ameliorants (Hazelton and Murphy, 2007). CEC is greatly 
determined by organic matter and clay content,  but  both  



Matsui et al.          2717 

 

 

 

 
 

Figure 7. CEC before compost trial and after compost application in LNG. 

 
 
 

Table 6. Base saturation of each station soil. 
 

 BS (%) Ca (%) Mg (%) K (%) 

LNG 71.6 42.0 28.8 0.7 

MKD 116.7 68.4 47.8 0.5 

BNG 89.1 59.0 29.6 0.5 

NTC 84.3 57.1 26.6 0.6 

 
 
 

are quite low in the studied soils. Before starting compost 
trial, the mean CEC in LNG was 10.2 meq/100mg but it 
increased to 13.7 meq/100mg after compost application 
since compost had higher CEC values (Figure 7). 
Retention of nutrients in the topsoil can be promoted by 
an increased CEC stimulated by compost application. 
 
 
Base saturation 
 
Measured values of CEC (=13), base elements (K, Mg, 
Ca) and base saturation (BS) were calculated for each 
stations assuming that bulk density is 1.2, and thickness 
of soil is 10 cm (JICA SLMP Expert work report, March 
2013, unpublished). Consequently, 71.6±22.1 meq/100g 
for  LNG,   116.7±55.2  meq/100g   for   MKD,   89.1±23.3 
meq/100g for BNG, and 84.3±22.1 meq/100g for NTC 
were obtained (Table 6). BS values ranged between 80 
and 100, which were within the optimal range.  

 Optimal Ca saturation is between 60 and 80% but LNG 
showed only 42%. Moreover, K % was quite low at all 
stations considering that optimal range is over 2. The 
mean K value in LNG was 4.5 mg/100g. Since the 
required K value is 12.2 mg/100g, 7.7 mg/100g which is 
approximately 77 kg/ha are required. Mean K value of 
prepared composts was 55.8 mg/100g, and then 67 
kg/ha which will be provided if 12 ton/ha of compost is 
applied in the application rate of Changu in SLMP.   
 
 
Nitrogen use efficiency (NUE) 
 
Leaching loss was reported as much as 53.6% of applied 
N inorganic fertilizer in Dedza, Malawi (Snapp et al. 
2001), which is close to the values shown on sandy soils 
in Zimbabwe (Hagmann, 1994; Vogel et al., 1994). 
Nitrogen use efficiency (NUE) was estimated for the full 
rate and the half rate of chemical fertilizer compared with 
the conventional fertilizer rate. NUE was 44 in the 
conventional rate at Dedza, and ranged between -0.2 and 
35 in 92 kgN application rates (Table 7). Even lower N 
rate (46 kgN) produced higher NUE than those of high 
rate (92 kgN).  

This results is consistent with the finding of Whitbread 
et al. (2013) that NUE decreases with increasing in N rate 
and the highest NUE with moderate levels of N fertilizer 
rates (15 to 30 kgN/ha). NUE was much higher at mixture 
trials indicating  that  compost  application  is  effective  in  
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Table 7. Nitrogen balance and N use efficiency (NUE) in Dedza and SLMP project (Upper row; conventional 92 kgN, lower row; compost 
mixed 46 kgN). 
 

 LNG 2014/15 BNG  2014/15 MKD  2014/15 NTC  2014/15 Dedza (Snapp et al. 2001) 

Fertilizer rate (kg N ha
-1

) 
92 92 92 92 

69 
46 46 46 46 

      

Maize yield (kg N ha
-1

) 
1.836 6.214 72 3.716 

3.033 
3.453 6.443 812 8.035 

      

Removal N by harvest (kg N ha
-1

) 
32 105 3.1 63 

52 
59 108 15 135 

      

 N leached  (kg N ha
-1

) - - - - 37 

      

 NUE (kg maize/kg N applied) 
10.6 35 -0.2 21.4 

44 
56.3 75 15 136.6 

 
 
 
increasing NUE. 
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Noni has been introduced in Brazil just over a decade ago. Therefore, the information regarding crop 
fertilization and its influence on fruit quality is rare in the literature. Among macronutrients, potassium 
is highly concentrated in noni plants, and fertilization with cattle manure contributes to plant nutrition 
and fruit quality. This study sought to evaluate the effect of potassium fertilizer and cattle manure on 
the physical and physicochemical attributes of noni fruits. The treatments were distributed in 
randomized blocks, with four replications and two plants per plot, arranged in a factorial design 5 × 2 
related to 0, 13.2, 37.5, 61.5 and 69.6 g plant

-1 
potassium chloride doses in soils without and with 12 kg 

plant
-1

 of cattle manure, with a C/N = 18:1 ratio. Cattle manure increased the average fruit weight from 
99.6 to 113.4 g, expressing an increase of 13.9% for plants without and with organic compounds. 
Potassium chloride provided an increase of 61% in fruit weight and 31.25% in titratable acidity in fruits 
of plants without and with the highest dose of potassium chloride. Potassium chloride and cattle 
manure increased fruit mass, fruit length, fruit diameter, pulp mass, vitamin C and glucose contents in 
noni fruits. 
 
Key words: Fruit quality, Morinda citrifolia L., organic mineral fertilizer.  

 
 
INTRODUCTION 
 
Noni (Morinda citrifolia L.) is a tropical fruit tree widely 
distributed in the islands of the South Pacific, Southeast 
Asia, Central America and parts of India (West et al., 
2011). In these regions, its fruit has been used as an 
alternative  source  of medicine  for  centuries  to  combat 

several diseases (Macpherson et al., 2007; West et al., 
2011). The fruit of noni, classified as syncarp, has whitish-
yellow to white coloring and a characteristic strong odor. 
It has a high concentration of vitamin C, antioxidants, 
proteins and carbohydrates (Canuto et al., 2010; Costa et  



 

 
 
 
 
al., 2013; Palioto et al., 2015). It is used as a medicament, 
especially its concentrated juice. The culture of noni has 
been recently introduced in Brazil, therefore, the 
information about its cultivation and the quality of the 
achieved yield is still scarce in the literature (Silva et al., 
2012; Silva et al., 2014a). 

Among the macronutrients, potassium is highly 
concentrated in noni plants, being the second most 
abundant element in leaves and the first most abundant 
element in fruits (Cavalcante et al., 2014; Silva et al., 
2014b). This is due to the importance of potassium in 
various physiological processes of the plant, such as the 
synthesis and translocation of carbohydrates, activation 
of enzymes and the formation of organic compounds, 
with an effect on fruit production and fruit quality (Gross, 
1991; Jifon and Lester, 2009; Lester et al., 2010; 
Marschner, 2012). 

Cattle manure is a major source of organic raw material. 
It is used in the Brazilian family farming, including in the 
northeastern semiarid. This activity, according to Galvão 
et al. (2008), is associated with its high availability on 
most farms, and the purchasing value in many cases 
does not significantly increase production costs. Kumar 
and Ponnuswami (2013) and Silva et al. (2014b) attribute 
to cattle manure, an adequate supply of organic matter, 
the nutrition of noni plants and may therefore contribute 
to the quality of the fruit, since the organic input improves 
the soil's physical and chemical properties and increases 
biochemical and edaphic microbiological activity (Mandal 
et al., 2007; Dunjana et al., 2012). 

In soil fertilization, the use of organic materials added 
to mineral fertilizers, which significantly influence the root 
system architecture and the nutritional stage is crucial to 
the success of fruit production (Brito et al., 2005), for the 
application of organic sources and mineral fertilization 
influence on fruit quality of passion fruit plants. However, 
has little information about the effect of the organic and 
mineral fertilization on the physical and physicochemical 
quality noni fruit. Thus, this study sought to evaluate the 
effect of mineral fertilization with potassium chloride and 
organic fertilization, with cattle manure on the physical 
and physicochemical attributes of noni fruits. 
 
 
MATERIALS AND METHODS 

 
The experiment was conducted from July 2012 to November 2013 
in a 40 m × 30 m experimental area in the Agriculture Sector of the 
Human, Social and Agricultural Sciences Centre of the Federal 
University of Paraíba, Bananeiras City, and Paraiba State, Brazil. 

The rainy season is concentrated from April to August and the 
dry period is from September to January. The accumulated rainfall 
during the experiment was 1,175 mm. During the same period, daily 
temperature  values   and   relative   humidity   were  recorded   and 
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average monthly data were obtained as shown in Figure 1. The 
values of average temperature and relative humidity of the air 
during the experimental period were, 25°C and 65%, respectively.ds  

The soil of the area, according to the criteria of the Brazilian 
System of Soil Classification -SiBCS (Embrapa, 2013), was 
classified as an Oxisoil Dystrophic. Before the experiment 
installation, soil samples were collected for analysis of physical and 
chemical attributes as fertility (Table 1) and determined using the 
methods described by (Donagema et al., 2011). 

Before the experiment, a liming with 3.3 t ha-1 of limestone (47% 
of CaO, 2% of MgO and 91% of PRNT) was performed across the 
experimental area in the layer 0 to 20 cm to increase the 
percentage of soil saturation by exchangeable bases from 39.7 to 
80.0%. After the limestone reaction, 40 cm × 40 cm × 40 cm holes, 
spaced 4 m between plants and between rows, were opened, the 
seedlings were transplanted 60 d after the seed planting. The 
treatments were distributed in randomized blocks with four 
replications and two plants of noni (Morinda citrifolia L.) cv. citrifolia 
per plot. They were arranged in a 5 × 2 factorial design related to 0, 
13.2, 37.5, 61.5 and 69.6 g plant-1 potassium chloride doses in 
order to increase the previous soil’s K content from 20 to 45, 90, 
135 and 150 mg dm-3, in soils without and with 12 kg plant-1 of cattle 
manure with a C/N ratio of 18:1, as estimated by Donagema et al. 
(2011). This dose was used to increase the organic matter content 
of the soil from 1.69 to 4.00%. The result of the chemical analysis of 
the manure used is shown in Table 2. 

The fertilization with potassium chloride and organic matter was 
made in three equal applications of 0, 4.4, 12.5, 20.5 and 23.2 g 
plant-1 of KCl and 4 kg plant-1 of cattle manure, adding another 200 
g related to 5% humidity. The first fertilization was performed pre 
plant during the whole filling on July 7, 2012. The second and the 
third fertilizations were performed during the growing period at 30 
(August 1, 2012) and 270 days after transplanting the seedlings 
(July 4, 2013). In all three fertilizations, 40 g plant-1 of P2O5 from 
single superphosphate (20% of P2O5, 10% of S and 18% of Ca) 
were applied. Nitrogen fertilization corresponded to the applications 
of 30 g plant-1 of N as ammonium sulfate (20% of N, 21% of S) at 
30 days after transplanting (August 2012) and in April and June 
2013, as suggested by Cavalcante et al.  (2014) for noni crops in 
2010. At 510 days after the installation of the experiment, in 
November 2013, eight fruits per treatment were collected at the 
physiological maturity stage. After reaching commercial maturity, 
that is, a white-porcelain color (Silva et al., 2012; Silva et al., 
2014a), fruits were packed in polystyrene trays, then taken to the 
laboratory to measure length and diameter with a Digimess@ digital 
caliper. The mass of the fruit and the pulp was measured in a semi-
analytical balance. After pulping fruits, the physicochemical 
properties of soluble solids (SS) were determined by direct readings 
of the juice with a digital portable refractometer model RHB0-80B. 
The titratable acidity (TA) was measured in a 10 mL juice sample by 
adding 1 ml of phenolphthalein and titration with NaOH at 0.1 N. 
The ratio SS/TA was obtained by the ratio between soluble solids 
and titratable acidity. Vitamin C was determined by titration of DFI 
solution (2, 6-diclofenolindofenol) in 1 ml of juice diluted in 50 ml of 
0.5% oxalic acid. The levels of glucose and sucrose were obtained 
in juice by the Lane Enyon method (AOAC, 2005) and identified 
bythe Somogyi-Nelson method (Southgate, 1991). 

Data were submitted to analysis of variance by "F" test at 5% 
probability. The means concerning cattle manure were compared 
by "F" test, which is conclusive for two factors, and means referring 
to doses of potassium chloride were compared by polynomial 
regression   using   the   statistical   software   SISVAR  version  5.3 
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Figure 1. Average monthly values of relative humidity (―), air temperature (∙∙∙∙) and rainfall (- - -) from June 2012 to November 2013 
during the experiment. 

 
 
 

Table 1. Characterization of the chemical attributes as fertility and physical soil before the experiment. 
 

Chemical atributes - fertility Physical attributes 

pH in H2O (1:2.5) 5.23 Sand (g kg
-1

) 653 

P (mg kg
-1

) 3.30 Silt (g kg
-1

) 229 

K
+
 (cmolc kg

-1
) 0.05 Clay (g kg

-1
) 118 

Ca
2+

 (cmolc kg
-1

) 1.80 Ada (g kg
-1

) 24.8 

Mg
2+

 (cmolc kg
-1

) 1.16 Soil density (g cm
-3

) 1.29 

Na
+
 (cmolc kg

-1
) 0.01 Particle density (g cm

-3
)  2.71 

SB (cmolc kg
-1

) 3.01 Degree of flocculation (%) 78.9 

Al
3+

 + H
+
 (cmolc kg

-1
)  4.58 Index of dispersion (%) 21.1 

Al
3+

 (cmolc kg
-1

) 0.46 Total porosity (%) 52.4 

CEC (cmolc kg
-1

) 7.59 Macroporosity (%) 40.1 

V (%) 39.7 Microporosity (%) 12.3 

N (%) 0.09 UFC – 0.01 MPa (%) 12.3 

OC (%) 0.98 UPWP – 1.50 MPa (%) 3.8 

OM (%) 1.69 Available water (%) 8.5 

ECse (dmS cm
-1

) 0.05 Textural classification: Sand loam 
 

SB = Sum of bases; CEC = Cation exchange capacity; V = Exchangeable base saturation; OC = Organic carbon; OM = Organic 
matter in the soil; ECse = Electrical conductivity in the soil saturation extract; Ada = Clay dispersed in water; UFC = Water content at 
field capacity, tension of -0.01 MPa; Upwp = Water content at the permanent wilting point, tension of -1.50 MPa. 
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Table 2. Chemical characterization of the cattle manure used in the experiment. 
 

Chemical characterization 

pH OM N P K
+
 Ca

2+
 Mg

2+
 Na

+
 C:N 

H2O (1:2.5) -----g dm
-3

----- -mg dm
-3

- ---------------cmolcdm
-3

---------------  

8.58 323.86 10.44 2.07 2.49 4.65 5.25 1.19 18:1 
 

OM = Organic matter in the cattle manure; C:N = Carbon/nitrogen ratio. 
 
 
 
(Ferreira, 2014). 

 
 
RESULTS AND DISCUSSION 

 
According to the summary of variance analyses (Table 
3), the interaction between cattle manure × doses of 
potassium (M × K) had significant effects on fruit diameter 
(FD) and pulp mass (PM) of noni fruits. It is also stated 
that average fruit weight (FW) and fruit length (FL) were 
not influenced by this interaction, but responded to single 
effects of cattle manure (M) and potassium chloride 
doses (K). 

The application of cattle manure in the soil provided the 
plants develop of increased mass (133.4 g) over the 
plants without the organic fertilizer (99.6 g), as observed 
in Figure 2a. Thus, it appears that the organic fertilizer 
application in the form of cattle manure promoted an 
increase of 33.93% on average fruit weight compared to 
treatment without their manure. Cattle manure, despite a 
low chemical composition in terms of nitrogen and 
potassium, but high on calcium and magnesium (Table 
2), increases the soil fertility level and the availability of 
nutrients to plants (Galvão et al., 2008; Silva et al., 
2014b). This input, in addition to improving soil structure, 
increases the pore space of the soil, and stimulates root 
development (Mosaddeghi et al., 2009) and promotes the 
absorption of water and nutrients by plants, thus, 
reflecting in fruits with an increased mass, such as in noni 
fruits.  

These results are in accordance with the results 
obtained by Costa et al. (2015) in pitaia red (Hylocereus 
undatus (Haw.) Britton and Rose), where the authors 
observed that the application of organic fertilizer in the 
form of cattle manure, provided the formation of fruits 
with high mass, which was attributed to the high 
concentration of nutrients such as nitrogen and 
phosphorus. The addition of potassium chloride resulted 
in a linear increase of 0.709 g

-1
 in fruit mass per unit 

increase of mineral fertilizer to the soil (Figure 2b). The 
values increased from 80.7  to 130 g and represented an 
increase of 61.1% in fruits of plants in soils with and 
without the maximum KCl dose of 69.6 g plant

-1
 in each 

application and 0.88% per unit increase in potassium 
chloride. This is due to a higher outflow of sucrose to the 
apoplast in function of the availability of potassium, 
increasing the translocation of sugars to  drain-tissues,  in 

this case, the fruit promotes further growth (Taiz and 
Zeiger, 2013). 

The highest fruit mass of plants treated with cattle 
manure (Figure 2a) and with the highest potassium 
chloride dose (Figure 2b) exceeded the value of 50 g 
fruit

-1
 obtained by Silva et al. (2012) for noni plants in an 

unfertilized soil and indicates the feasibility of the 
respective inputs. Organic manure according to Kumar 
and Ponnuswami (2013) is responsible also for improving 
other physical traits in noni fruits like size, diameter, 
length and volume. The effects of cattle manure and 
potassium chloride on fruit length (Figure 3) were similar 
to those observed for the average noni fruit mass. The 
fertilization with cattle manure promoted increase in the 
length of the fruit noni with values of 75.5 mm, compared 
to treatments without fertilization - 69.2 mm; the 
application of fertilizer increased by 9.1% the length of 
the fruits (Figure 3a). At potassium chloride doses 
promoted a linear growth in fruit length (Figure 3b). 
Values increased from 65.5 mm in plants without KCl to 
67.8, 72.2, 76.6 and 78.0 mm, respectively, in plants 
fertilized with 13.2, 37.5, 61.5 and 69.6 g plant

-1
 of KCl. 

The values are in the range 40 to 100 mm observed for 
noni fruits harvested by Macpherson et al. (2007) and 
Cavalcante et al. (2014) in Australia and in Brazil. 

The increase in potassium chloride doses stimulated 
the development of the diameter of noni fruits. They were 
greater in fruits of plants treated with cattle manure 
(Figure 4). Plants In the soil without cattle manure, the 
increase was from 48.7 to 54.4 mm in plants with and 
without the highest potassium chloride dose. On the other 
hand, plants in the soil with the organic compound, fruit 
diameter increased linearly from 49.9 to 55.3 mm in 
plants of the soil without the highest dose of KCl.  

By comparison, the results resemble the 50 to 60 mm 
variation in fruit diameter presented by Silva et al. 
(2014a) upon fertilizing noni plants with cattle manure 
with and without potassium fertilization. In the situations 
with absence and presence of cattle manure, there were 
increase of 11.70 and 10.82%, respectively, in plants with 
the highest dose of KCl and without this mineral fertilizer. 
The highest values of length and fruit diameter in plants 
treated with KCl and cattle manure express the require-
ment of potassium for growth, yield, quality, participation 
in various metabolic processes and the highest 
concentration of cations in fruits (Jifon and Lester, 2009; 
Marschner, 2012). As for cattle manure, besides promoting  
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Table 3. Analysis of variance of physical characters of noni fruits in soils with or without cattle manure (M) as a function of 
potassium chloride (K). 
 

SV DF 
Mean Square 

FW FL FD MP 

Blocks 3 355.17
ns

 0.55
ns

 0.18
ns

 264.25* 

Cattle manure (M) 1 1905.50** 3.96** 0.32* 1005.30** 

Potassium chloride (K) 4 4056.96** 2.97** 0.76** 3021.13** 

M × K 4 257.79
ns

 0.46
ns

 0.31** 361.13** 

Residue 27 131.20 0.30 0.07 80.92 

Total 39     

Mean  106.49 7.64 5.18 77.05 

CV (%)  10.76 7.23 5.12 11.71 
 

SV = Source of variation; DF = Degree of freedom; CV = Coefficient of variation; ns = Not significant. 
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Figure 2. Average mass of noni fruits in soils without and with cattle manure (A) and potassium chloride doses 
(B). 

 
 
 
the physical improvement due to soil structuring, 
aggregate stability and increase of soil’s macroporous 
space (Dunjana et al., 2012), it encourages root growth 
and biochemical and microbiological activity of the soil 
(Mandal et al., 2007), promoting nutrient absorption and 
resulting in larger fruits. Regardless of the presence or 
absence of cattle manure, the pulp mass of noni fruits 
increased linearly by 0.546 and 0.680 g per unit increase 
of potassium chloride, being higher in fruits of plants with 
cattle manure (Figure 5).  

The pulp mass from treatments with and without 
manure increased from 52.14 to 90.14 g fruit

-1
 and from 

57.3 to 104.63 g fruit
-1

 in plants with and without the 
highest dose of KCl. These increase due to higher 
potassium fertilization, account for 72.9 and 82.6% 
increases, respectively, in plants with and without organic 
fertilization. The results are in agreement with Silva et al. 
(2014a) upon establishing the fertilization with potassium 
chloride, and  cattle  manure  which  promotes  significant 

increases in pulp yield of noni fruits. According to the 
summary of analyses of variance, the interaction cattle 
manure × potassium doses, except from acidity, 
interfered significantly on the chemical characteristics of 
noni fruits, as indicated in Table 4. 

In plants treated without soil organic fertilizer, the 
soluble solid contents in fruits, with increasing doses of 
potassium chloride, did not adjust to any type of 
regression which has the mean value of 4.84°Brix. In 
treatments with cattle manure, the contents increased up 
to a dose of 41.14 g plant

-1 
of KCl, with a maximum value 

of 5.31°Brix (Figure 6a). By relating the values of 5.31 to 
4.84, it is verified that soluble solid content in the pulp of 
noni fruits increased by 9.71% due to cattle manure 
application.  The application of potassium chloride with 
cattle manure contributed to the increase in solid soluble 
contents of noni fruits due to the induction of synthesis 
and translocation of carbohydrates and activation of 
enzymes. It  also  contributed  to  the formation of organic  
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Figure 3. Average length of noni fruits in soils without and with cattle manure (A) and potassium chloride doses (B). 
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Figure 4. Noni fruit diameter in soils with (―) or without (- - -) cattle manure as a 
function of potassium chloride. 

 
 
 
acids, which was also found for yellow passion and 
melon fruits (Brito et al., 2005; Jifon and Lester, 2009). 
Even considering the soluble solid contents in the fruits, 
the values were lower than all values obtained by Kumar 
e Ponnuswami (2013) in fruits of noni under different 
irrigation regimes and sources of organic manure, which 
ranged from 7.21 to 10.53°Brix. 

The titratable acidity increased linearly by 0.0020% in 
citric acid per unit increase of potassium fertilization. The 
values increased from 0.48 to 0.63% in fruits of plants 
with and without the highest dose  of  potassium  chloride 

(69.6 g plant
-1

), which is equivalent to an increase of 
31.25% (Figure 6b). These results are above the 0.39% 
value obtained by Silva et al. (2012) and the 0.32% value 
obtained by Canuto et al. (2010) for noni fruits without 
any mineral or organic fertilization. The soluble 
solids/titratable acidity ratio of fruits of treatments with 
cattle manure (Figure 7) decreased linearly by 0.0521 per 
unit increase of KCl, from 10.5395 to 6.9133, when he 
linked the lowest and highest dose of potassium fertilizer, 
with losses of 34.40%. Fortaleza et al. (2005) presented 
a  similar   decrease   upon  verifying  a  reduction  in  the  
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Figure 5. Noni fruit pulp in soils with (―) or without (- - -) cattle manure as a function 
of potassium chloride.  
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Figure 6. Soluble solid (A) and Titratable acidity (B) of noni fruits in soils with (―) or without (- - -) cattle manure as a 
function of potassium chloride. 

 
 
 
SS/TA ratio value in fruit pulps of sour passion fruit 
genotypes with an increase in K2O doses applied to the 
soil. In the treatments without cattle manure, the SS/TA 
ratio increased up to the estimated potassium dose of 
29.11 g plant

-1
, reaching the maximum value of 9.4858 

(Figure 7). Despite the increase in treatments without 
organic matter, the results of SS/TA of noni fruits were 
lower than the 28.12 value obtained by Canuto et al. 
(2010) and the 26.69 value obtained by Silva et al. 
(2012).  This   lower  value  is  the  response  of  the  high  

titratable acidity, as indicated in Figure 6b. 
In treatments without cattle manure, the increase in 

potassium fertilization increased the levels of vitamin C to 
135.6 mg 100 mL

-1
 of juice at the estimated maximum 

dose of 53.6 g plant
-1

 of KCl. Higher doses compromise 
of the vitamin C content of fruits (Figure 8). The beneficial 
effects of K supplementation through potassic fertilization 
to plants can be related to a series of factors, such as 
improving the photosynthetic CO2 assimilation by leaves, 
higher translocation assimilates and there is improvement  
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Figure 7. SS/TA (soluble solids/titrable acidity) ratio of noni fruits in soils with (―) 
or without (- - -) cattle manure as a function of potassium chloride. 
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Figure 8. Vitamin C of noni fruits in soils with (―) or without (- - -) cattle manure as a 
function of potassium chloride. 

 
 
 
in water relations between the leaves and the fruits, thus, 
contributing to higher enzyme activity which interferes in 
the availability of substrate for the biosynthesis of vitamin 
C  (Gross,   1991).   Similar   results   were  presented  by 

Consta'n-Aguilar et al. (2014) in a study of the physical 
and chemical quality of tomato cherry (Solanum 
lycopersicum L.), where they observed that increased 
doses of K2O,  increased  vitamin C content of fruit. In the  
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Figure 9. Glucose (A) and Sucrose (B) of noni fruits in soils with (―) or without (- - -) cattle manure as a function of 
potassium chloride. 

 
 
 
soil with cattle manure, the vitamin C content increased 
linearly by 0.793 mg 100 mL

-1
 per unit increase of 

potassium fertilization, reaching the maximum value of 
132.74 mg 100 mL

-1
 of juice at the highest KCl dose of 

69.6 g plant
-1

. 
The highest values of vitamin C in fruits of plants 

fertilized with 53.6 and 69.6 g plant
-1

 of potassium 
chloride in treatments with and without cattle manure 
corresponded to increase of 147 and 71.16% in the 
vitamin C content compared to fruits of plants not 
fertilized with potassium. Jifon and Lester (2009) and Ali 
et al. (2012) recorded similar tendencies upon verifying 
that the potassium fertilization of melons (Cucumis melo 
L.) and blackberries (Rubus spp.) increased the vitamin C 
content of fruits. Comparing the results, vitamin C 
contents at 113.00, 23.10 and 12.16 mg 100 mL

-1
 were 

higher than contents obtained by West et al. (2011), 
Costa et al. (2013) and Palioto et al. (2015) for noni fruits 
without any mineral or organic fertilization. These values 
express the importance of mineral and organic 
fertilization for the quality of noni fruits. Except for 
glucose levels of fruits from plants of treatments with 
cattle manure, glucose and sucrose contents did not 
adjust to any mathematical model with the increase of 
potassium chloride doses applied to the soil (Figure 9).  

Glucose values, under organic fertilization conditions, 
increased up to 1.36 g 100 g

-1
 of pulp at the estimated 

maximum KCl dose of 20 g plant
-1

. However, values 
decreased with higher doses of the mineral fertilizer. As 
to absence of cattle manure, data were represented by 
the average content of 1.15 g 100 g

-1
 of pulp, and 

indicated an inferiority of 18.26% of fruits of treatments 
with and without cattle manure (Figure 9a).  

The increase in glucose in noni fruits in function of 
potassium chloride doses is associated with photo-
synthesis in leaves, resulting in the production of  sugars, 

photoassimilate transports from leaves to fruits, activation 
of enzymes and substrate availability for ascorbic acid 
and β-carotene biosynthesis (Jifon and Lester, 2009; 
Lester et al., 2010). As for sucrose (Figure 9b), average 
levels were 9.06 and 8.75 g 100 g

-1
 of pulp with the 

increase in potassium doses, expressing a modest 
superiority of 3.54% of fruits of treatments with and 
without cattle manure. In comparison, the contents 1.36 
and 9.06 g 100 g

-1
 of glucose and sucrose in fruits of 

treatments with cattle manure and potassium exceed 
1.30 and 0.99 g 100 g

-1
 of glucose and sucrose, 

respectively, as reported by West et al. (2011) for noni 
fruit pulps. 
 
 
Conclusion 
 
The dose of 69.6 g plant

-1
 of potassium chloride and 

cattle manure increased fruit mass, fruit length, fruit 
diameter, pulp mass, vitamin C and glucose contents in 
noni fruits. The increase in potassium chloride increased 
the titratable acidity and decreased the soluble 
solids/titratable acidity ratio in the pulp of fruits. The cattle 
manure increased the weight and length in noni fruits.  
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The semi-arid region of Tunisia is characterized by a low and erratic rainfall. This makes year-round 
maintenance of pasture and forage production under non-irrigated conditions both costly and difficult. 
In order to fill the winter feed gap in the livestock cycle; some cereals can be used as dual-purpose. 
This study aimed at evaluating agronomic performances and grain quality of two dual-purposes cereal 
crops, Barley and Triticale, cut at the pseudo stem erect stage (C30). The trial was conducted during 
2010-2011 and 2011-2012 seasons under a semi-arid environment. Yields did not significantly differ 
between years and although barley yielded more forage crop than triticale the yield was not 
significantly different.  Crude protein in the plant was significantly higher in barley (18.2%) compared to 
triticale (17.4%). Defoliation has caused a significant grain yield reduction for both cereals and was 
about 22% for triticale and 28% for barley; grain yield after forage removal was statistically higher for 
triticale (3.47 T/ha) than barley (2.85 T/ha). As average for the two seasons of the trial, grain protein was 
significantly higher after clipping for barley (11.35% for dual purpose and 10.17% for grain production 
only) and was not affected for triticale  (9.38% versus 9.55%). Under Tunisian semi-arid environment, 
triticale and barley have comparable yields with a small superiority for triticale in grain yield after forage 
use and higher plant and grain protein contents in barley.  
 
Key words: Cereals defoliation, forage, protein, grain. 

 
 
INTRODUCTION 
 
In Tunisia, farmers face serious problems of low quantity 
and quality of forage to feed their animals. The year-
round maintenance of pastures and production of forage 
crops is difficult to achieve in rain fed areas. This is 
caused by low and erratic rainfall and poor soil fertility 
conditions, which characterize the semi-arid and arid 
regions. One of the solutions, used mainly by local and 
small farmers, is the practice of dual-purpose cereals; 
these  cereals   are   grazed  or   cut   at  a  young   stage 

(tillering) and then allowed to re-grow up to grain 
production. This will provide forage during winter season 
which is known as a forage deficit, reduce pressure on 
other feed resources and allow farmers to harvest grain 
and straw at the end of plant cycle. In Tunisia, dual-
purpose use of cereals is commonly practised by Small 
ruminent breeders. The main crop serving as winter 
grazing and grain for feed is barley with 45000 ha 
annually which represents about 20% of total forage area  
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(Ouji et al., 2010) 

The most frequently used species for dual-purpose 
cropping in the Mediterranean context are barley, oats 
and triticale (Epplin et al., 2000). Biomass productivity 
before grazing and grain yield after regrowth define the 
suitability of these cereal species to dual-purpose 
practice. Researches about cereals dual-purpose for 
seeds and forage have given widely varying results 
according to the climate, to fertilization to the specie, to 
seed rate and date and to the cut or grazing stage. In 
fact, the practice of first use by cutting or grazing helps to 
gain a certain amount of nutritious forage, but may 
reduce straw and grain production particularly when 
conducted in late growth stage. This practice is common 
in Morocco (Belaird and Morris, 1991); Syria (Mazid and 
Hallagian, 1983) and Tunisia (Amara et al., 1985). In 
Mediterranean environments, Hadjichristodoulou (1991) 
reported that grazing affected grain yield of dual-purpose 
barley in rain fed conditions, while the same effect was 
not detectable in irrigated conditions. According to the 
same author, one clipping at tillering stage reduced total 
dry matter yield by 12 to 64% and crude protein by 30%. 
Thus, the management of cutting stage influences the 
forage and grain yield. Royo et al. (1997) have reported 
that, when cut at the first detectable node stage (C. 31) 
triticale and barley forage yield was almost double the 
yield at the pseudo-stem erect stage (C. 30). Defoliation 
during early growth stages optimizes seed yield and 
forage quantity and quality (El-Shatnawi et al., 2004). 
According to Giunta et al. (2015), understanding 
phenology is critical for the success of a dual- purpose 
crop as it determines both the duration of the grazing 
period and affects the recovery period. Decreases in 
grain yield after clipping have been attributed to a 
reduced number of spikes/m² at harvest in barley (Scott 
et al., 1988) and triticale (Royo et al., 1993) and also to a 
reduced grain number (Bonachela et al., 1995) and 
kernel weight (Royo et al., 1994).  

Other studies have reported a grain yield increase after 
a cutting or grazing during green stage. This increase has 
been associated to the decrease of lodging (Droushiotis, 
1984). Other results showed also that a properly 
managed grazing does not reduce grain yield in the dual-
purpose system. It shows that the stocking pressure and 
number of cuts have been shown as important factors 
that influence the subsequent grain yield (Arzadun et al., 
2003; Hossain et al., 2003). Epplin et al. (2000) and 
Hossain et al. (2003) also suggested that an optimal 
choice of planting date and density is crucial if cereal is to 
produce high forage and grain yields. 

Other studies dealt with the influence of dual-purpose 
cereals on quality traits (Royo et al., 1994; Garcia del 
Moral et al., 1995; Royo and Pares, 1996; Royo et al., 
1997; Royo and Tribó, 1997; Khalil et al., 2002b). With 
the exception of kernel weight, Khalil et al. (2002b) did 
not find detrimental effects of dual-purpose management 
on wheat grain protein or on dough strength  parameters,  
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nor was grain protein content affected by forage removal 
in barley and triticale (Royo et al., 1997). Royo et al. 
(1993) reported that triticale was seen to be good for 
forage production compared with other cereals, and 
barley had the highest crude protein content. The results 
also showed that different varieties of the species 
investigated had different behaviors with respect to their 
dual-purpose capacity. This result was contrary to that 
found by Khalil et al. (2002a) who found no significant 
differences among wheat cultivars due to the 
management system. 

The objective of this study was to investigate the effect 
of defoliation on grain production and quality of two dual-
purpose species, triticale and barley under rainfall 
conditions in a semi-arid region of Tunisia. 

 
 
MATERIALS AND METHODS 

 
The present study was carried out over 2 years (2010-2011 and 
2011-2012) in el Kef region, in the experimental field of the higher 
Institute of Agriculture Kef (36° 11’ 9’’ N, Longitude 8° 42’ 59’’ E ; 
Altitude 652 m). The trial was carried out in a clay-sandy-loamy soil 
with about 25 cm ploughable soil and with low organic matter 
content (1.8%). The climate is Mediterranean, with rainfall 
concentrated in the autumn and winter. The average annual rainfall 
is 419 mm on the basis of 20 years.  

Monthly rainfall as well as maximum and minimum temperatures 
of the two seasons of trial are reported in Figure 1. Rainfall from 
October to June was 496 mm in 2010/2011 and 508 mm in 
2011/2012, which is above the annual average (419 mm). Both 
seasons had a wet winter (December, January and February) with 
167 mm during first year and 244 mm for the second year. But 
greater rainfall was registered during March and April of the second 
year (143 mm) compared to same period of the first year (51 mm). 
It supposes that the regrowth of tested cereals will be better during 
2011/2012 season. 

The experiment assessed the response of two cereal species to 
winter clipping. Triticale (triticosecale Wittmack) variety Tcl 83 and 
barley (Hordeum vulgare L) variety Martin. In Northwest region of 
Tunisia, Triticale has been introduced as an alternative to barley by 
local farmers during last decade. The two chosen cultivars, Martin 
for barley and Tcl 83 for Triticale are very common in Tunisia. They 
are used for forage or for grain. Ben Youssef et al. (2001) and Ouji 
et al. (2010) have reported that Martin cultivar is good to be used in 
dual-purpose management.  

The experimental design was a split plot with four replications 
and each plot measured 6 m² in which the main factor was the 
species and the secondary one the treatment. The two 
management systems (treatments) experimented were: (i) control 
plots which were only clipped at plant maturity in order to estimate 
the grain yield and (ii) dual purpose plots which were clipped first 
time and harvested as forage at the stem erect stage (C30) and 
then let regrowth up to plant maturity. For both treatments the 
whole plant was hand harvested at maturity and straw and grain 
yields (SY and GY) were estimated. Sowing was carried out early 
October (06 October 2010 and 08 October 2011 respectively for the 
first year and second year of the experiment) at a density of 300 
viable seeds/m². The soil was chisel plowed in September and just 
prior to sowing. Pre-sowing fertilization rates for all plots were 46 kg 
P/ha and 18 kg N/ha. During growth cycle 2 fertilizations were 
provided: 40 Kg N/ha in 3 leafs stage and 50 kg N/ha after clipping 
for dual-purpose treatments and in elongation stage for grain only 
use treatments. Weeds and diseases were chemically controlled.  
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Figure 1. Rainfall and average of monthly maximum temperature and minimum temperatures during 2010/2011 and 2011/2012 
in the location of trials. 

 
 
 
Forage harvest was done on 13 February 2011 and 19 February 
2012 for barley and 24 February 2011 and 26 February 2012 for 
triticale respectively for the first year and second year of the 
experiment. Plants were cut about 12 cm above ground level. Grain 
harvest was made at plant maturity on 28 June 2011 and 01 July 
2012 for both species. 

Fresh biomass production from each dual-purpose plot was 
determined at harvest and it’s reported in tones of dry matter per 
hectare (TDM/ha). A 500 g sample was also taken for chemical 
analysis. The samples were dried to constant weight at 65°C in a 
forced-air oven. Milk feed units (MFU) were calculated after the 
energy production equations of Chase (1981). Forage and grain 
crude protein content were evaluated by means of the standards 
micro-kjeldahl procedure. Grain yield (GY), number of spikes/m² 
(NS/m²), number of grains per spike (NG/Sp) and thousand-kernel 
weight (TKW) were determined for each plot at seed maturity. 
Analyses of variance (ANOVA) were performed using (1985) and 
means were separated using Duncan Test. 
 
 

RESULTS  
 

Influence of defoliation at C30 stage and species on 
grain yield, straw production, yield components and 
forage production  
 

Results of forage quantity harvested in C30 are shown in 
Table 1. Forage yield did not depend on the species. 
Barley and triticale has given comparable quantities of 
forage and only a slight superiority was noticed for barley 
compared to triticale, respectively 2.45 and 2.3 t/ha as 
average of the two years of trial. For both species, 
herbage dry matter was superior during the first year of 
the experiment (2010/2011) but without being statistically 
different.  

The results of the analysis of variance for grain yield 
and its components are shown in Table 1. Cutting at the 
green stage (C30) has caused reduction of grain yield for 
dual-purpose use comparing to grain use only 

management system. This reduction was more 
pronounced for barley (-28 and -27% respectively for 
2010/2011 and 2011/2012) than for triticale (-19 and - 
23% respectively for 2010/2011 and 2011/2012). For 
both species this reduction was statistically significant (P 
<0.01). In the other hand, when they were not cut in C30 
stage, barley and triticale had similar yields, which were 
not statistically different (3.92 t/ha for barley and 4.41 t/ha 
for triticale as average yields for the two years). For dual-
purpose management system, triticale seems to be more 
adapted and has given a grain yield of 3.47 t/ha which is 
significantly higher (P <0.05) than barley grain yield (2.85 
t/ha). The interaction treatment x species was significant 
(P <0.05) for grain yield. 

The spike number/m² increased from 330 to 394 spikes 
/m² for barley and from 310 to 332 spikes/m² for triticale 
as average for the two years of experiment. This range of 
variation was statistically significant (P <0.05).  In the 
other hand, spike fertility was significantly affected only 
by treatment (P <0.05). Number of grains/spike has 
decreased after clipping by 30% for barley and 20% for 
triticale. The third yield component, thousand-kernel 
weight, was a very stable variable, being similar for both 
treatments. It was not significantly affected by forage use 
neither by the species. 

Straw quantity is also important for cereals producers in 
general and for animal keepers in particular, as it 
constitutes an alternative nutrition resource mainly during 
deficit period. With this trial, it appears that triticale gives 
more straw quantity in both managements systems (P 
<0.01). Clipping has affected significantly straw 
production, and reduced it by (33%) for barley and (28%) 
for triticale (P <0.05). For both cereals, this reduction was 
more pronounced during the second year of the 
experiment 2011/2012. The interaction  between  species  
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Table 1. Forage yield, straw production, grain yield and related components in different managements systems of dual-purpose barley and 
triticale. 
 

Forage yield Year  
Forage DM 

(T/ha) 
SY (T/ha) NS/m² NG/Sp TGW (g) GY (T/ha) 

Barley one use (grain only) 
2010/2011 - 4.83 

b
 333 

cb
 27 

ab
 40.05 

a
 3.85 

a
 

2011/2013  5.14 
ab

 327 
cb

 31 
a
 40.20 

a
 4.01 

a
 

        

Barley dual-Purpose 
2010/2011 2.43 

a
 3.12 

c
 401 

a
 20  

c
 39.42 

a
 2.74 

c
 

2011/2013 2.46 
a
 3.43 

c
 487 

a
 22  

c
 39.18 

a
 2.95 

c
 

        

Triticale one use (grain only) 
2010/2011 - 5.88 

a
 304 

c
 34  

a
 40.66 

a
 4.38

a
 

2011/2013  5.62 
a
 314 

c
 32  

a
 40.81 

a
 4.44 

a
 

        

Triticale dual-Purpose 
2010/2011 2.29 

a
 4.31 

c
 305 

c
 25 

b
 39.95 

a
 3.45 

b
 

2011/2013 2.35 
a
 3.97 

c
 357 

b
 28 

ab
 40.08 

a
 3.48 

b
 

        

CV (%)  5.76 8.43 7.45 8.45 7.17 6.68 

Species  NS ** NS NS NS * 

Treatment  - * * * NS ** 

Year   NS NS * NS NS NS 

Treatment x Year  NS NS NS NS NS NS 

Treatment x Species  NS * NS NS NS * 

Species x Year  NS NS NS NS NS NS 

Treatment x Year x Species  NS NS NS NS NS NS 
 

Distinct letters in the row indicate significant differences according to Duncan test (*P ≤ 0.05, ** P ≤ 0.01, NS: not significant).SY: Straw yield; 
NS/m²: Number of spike per m²; NG/Sp: Number of grains per spike; Number of grains per spike NG/Sp and TKW: Thousand-kernel weight; GY: 
Grain yield.  

 
 
 

and harvesting treatment was significant (P <0.05). The 
higher straw quantity was obtained with triticale used for 
grain only. 
 
 

Influence of defoliation at C30 stage and species 
grain and forage protein content 
 

Results of this study indicated that forage barley has 
ahigher protein content (182.6 g/kg DM) than forage 
triticale (174.2 g/kg DM) when it is cut at C30 stage. 
Analysis of variance has shown that this difference is 
significant (P <0.05) (Table 2).  

This experiment has also shown that in two years of 
trial, dual-purpose cultivation affected positively the grain 
protein content of the two tested species. Clipped plant in 
C30 stage has given grain more rich in protein: 113.56 
g/kg DM Vs 101.76 g/kg DM for barley and 95.57 g/kg 
DM Vs 93.88 g/kg DM for triticale. This increase of grain 
protein content between treatments was significant only 
for barley (P <0.05). The forage nutritional value, 
expressed as MFU/kg DM, was on average 0.78 MFU/kg 
DM  for triticale and 0.68 MFU/ kg DM for barley and 
showed statistical variation linked to the specie (P <0.05). 
 
 

DISCUSSION 
 
Winter cereals were grown for the dual-purpose of forage 

and grain as an alternative to grain production only in a 
semi arid climate. The objective was to produce forage 
during winter (a season of scarce forage supply in the 
area) and to evaluate effects of clipping on grain 
production, which have been usually observed 
(Hadjichristodoulou, 1991; Royo et al., 1997; El-Shatnawi 
et al., 2004; Droushiotis, 1984). 

In our experiment, triticale and barley have given 
similar forage production, between 2.29 and 2.46 DM t/ha 
for both species and during the two experimental years. 
This could be attributed to the fact that the cutting stage 
(C30) is too early and that different species could not 
express differences in biomass production. Specific traits 
for each species will be more observable after cutting 
with regrowth. Royo et al. (1997) have reported, under 
Mediterranean conditions, similar forage yields in first 
detectable node stage for triticale (2.03 t/ha) and barley 
(2.11 t/ha).  

Yield components were differently affected by dual-
purpose treatment. Thus, Clipping at C30 stage has 
enhanced spike number production barley and triticale. 
This is explained by the removal of the apical domination 
during final stage of the tillering period. In fact, with 
defoliation the predominant apex is eliminated and then 
tiller production restarts again and could drive to a higher 
number of productive tillers per plant (Briske and 
Richards, 1994). Bonachela et al. (1995) have also found 
that forage use during  winter  makes  the  tillering  period  
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Table 2. Forage crude protein, milk feed units in green forage and Grain Crude protein in relation to management system. 
 

Forage yield Year FCP (g/kg DM) MFU/kg DM GCP (g/kg DM) 

Barley one use (grain only) 
2010/2011 -  99.45 

b
 

2011/2012   102.82 
b
 

     

Barley dual-Purpose 
2010/2011 181.1

a
 0.67 

b
 111.52 

a
 

2011/2012 183.5 
a
 0.70 

b
 114.97 

a
 

     

Triticale one use (grain only) 
2010/2011 -  93.58 

c
 

2011/2012   94.17 
c
 

     

Triticale dual-Purpose 
2010/2011 176.2 

b
 0.79 

a
 95.07 

c
 

2011/2012 173.7 
b
 0.77 

a
 95.90 

c
 

     

CV (%)  9,2 8.21 8,79 

Species   ** ** * 

Year   NS NS * 

Treatment   - - * 

Treatment x species   - - NS 

Treatment x Year  NS NS NS 

Treatment x Year x Species  NS NS NS 

 
 
 
longer and then capacity to make fertile tiller and spike 
greater. Compared with cereals species grown in 
temperate regions, triticale and barley cultivars adapted 
to Mediterranean climates have relatively short life 
cycles, especially in the phases before terminal spikelet 
(Kirby, 1991), Thus a longer life cycle before the stage of 
maximum spikes number could increase tillering potential 
and, thereby, spikes number. 

As for the number of grains per spike triticale and 
barley showed smaller grain number under dual-purpose 
treatment. The decrease in grain number in the clipped 
treatment can be explained by a reduction in the 
carbohydrate supply to the developing ears between 
clipping and anthesis, decreasing the number of of fertile 
tillers (Dunphy et al., 1982; Winter and Thompson, 1990). 

The current study confirmed the shortage of grain yield 
for both cereals when they are used in dual-purpose 
compared to grain only management as found by 
Hadjichristodoulou (1991) who has reported a reduction 
in barley grain yield under rain fed conditions. Royo and 
Tribó (1997) found a reduction in grain yield ranging from 
7 to 70%, by comparison to losses of triticale of 8 to 24%. 
Bonachela et al. (1995) recorded a grain yield reduction 
of 11% in Southern Spain, averaged over cultivars and 3 
years. Royo et al. (1997) has reported, for barley, similar 
reduction of 23% when forage was cut at stage C30 and 
42% when forage was cut at stage C31. 

Grain yield reduction after forage removal is attributed, 
in our trial, to the reduction of spike fertility, thus the grain 
number per spike in both cereals was statistically 
reduced after forage removal. The good rainfall 

conditions during February and March have allowed a 
good restart of tillering and then more spikes per plant, 
which was associated with a reduction of grain number 
per spike.  

In our study, protein produced in forage was superior in 
Barley compared to Triticale and averaged 182.3 g/kg 
DM for barley and 174.9 g/kg DM for triticale and This is 
in accordance with Royo et al. (1997) results who have 
measured around 172 g/kg DM for triticale cut in C30 and 
C31 stages and around 189 g/kg DM for barley cut at 
same stages. In the contrary, triticale forage has shown 
better energy content than triticale 0.78 MFU/kg DM vs 
0.68 MFU/kg DM. In the other hand, grain protein content 
was positively affected by defoliation for both species. 
The significant increase of grain protein after defoliation 
in C30 stage could be attributed to the dilution effect, 
since the grain yield was decreasing after clipping and 
the number of spikes per plant was higher. The higher 
content of grain protein for dual-purpose use could also 
be explained by a higher consumption of nutrients than in 
only grain use. This conclusion joins results of Francia et 
al. (2006) who have reported also an increase of grain 
protein content after clipping during green stage for 
barley and oat.  
 
 
Conclusions 
 
Of the two crops studied, triticale demonstrates clear 
superiority in the grain yield, milk feed units value and 
straw production over barley in the  dual-purpose  system  



 
 
 
 
in the semi-arid region of Tunisia. Triticale has shown 
good regrowth after clipping in green stage and reduction 
of grain yield did not exceed 22%, although barley grain 
yield was reduced by 29% after forage removal during 
tillering stage. In the other hand, barley has given grain 
and forage more rich in protein than triticale and this for 
both management systems.  

Triticale has specific morpho-physiological traits that 
make it more suitable to dual-purpose cultivation than 
other cereals. It is highly efficient in the utilization of water 
and nutrients in limiting conditions, a good capacity for 
tillering, and high capacity for regrowth after forage use; 
that, in addition to its capacity to compete, enables a fast 
and large accumulation of biomass. Further research 
which study the economic impact of dual purpose 
management of Triticale compared to only grain use may 
aid to make the choice for the dual or single use of 
triticale and barley. 
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The statistical process control applied in the irrigation systems allows the visualization of process to 
reduce wastage of inputs, such as water and energy quality, which contributes to assessing its proper 
functioning, and feasibility of implementation and operation. That is why it is necessary to evaluate the 
self-compensating emitters using saline water at different concentrations. This experiment was applied 
in the greenhouse, agricultural engineering academic unit, Federal University of Campina Grande. The 
treatments consisted of five salinity levels of irrigation water (ECwi) (0.6, 1.5, 2.5, 3.5 and 4.5 dS m

-1
 at 

25°C), set in pressure of 160 kPa during 15 irrigation  trials for new  emitters, with 350 h of operation. 
The use of statistical process control tool has shown promise in identifying emitters’ problems due to 
the use of lower quality water for irrigation. The inferior quality of water does not influence the flow and 
Christiansen uniformity coefficient of self-compensating emitters, but after 350 h of operation, there is 
need management operations and maintenance of the system to be made. The uniformity coefficient 
Christiansen (CUC) for new and used emitters above 90% was rated as excellent in all treatments saline. 
The Shewhart control charts allowed diagnosing of about 350 h of operation which is necessary for the 
maintenance of the irrigation system when operating with saline water. 
 
Key words: Quality engineering, Shewhart charts, electrical conductivity. 

 
 
INTRODUCTION 
 
Statistical process control is a tool in scientific 
experiments, used to assess product quality and can 
submit changes so as to generate information to improve 
it (Montgomery, 2009). This information helps to verify 
that the process is within an acceptable standard of 
quality (Werkema, 1995). 

Irrigation  systems    are    perfectly    adapted    to   the 

application of statistical quality control, since with the 
fixed elimination of waste water in the operation and 
maintenance there are cost reduction and increased 
efficiency of the systems (Justi et al., 2010). 

One of the main tools of statistical control are the 
Shewhart charts that allow monitoring of the average and 
the variability of the evaluated data quality characteristics 
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inherent in any product or process (Saldanha et al., 
2013;Ide et al., 2009; Roldan et al., 2013). It is also 
important to point out that, regardless of the process, it 
will hardly be the null variability. 

In Brazil, there are few places that have enough 
structure to make a detailed assessment of irrigation 
systems in order to be able to carry out the improvement 
of such equipment, and it is necessary for the 
construction of test benches designed for laboratory 
testing in order to compare with the field conditions 
(Valnir Júnior et al., 2011). 

The deployments of increasing frequent environmental 
laws and stringent rules on the classification of water 
bodies and environmental guidelines were made to frame 
CONAMA RESOLUTION nº 357, on 17 March 2005. 
Technological development for systems that make use of 
low-quality water is increasingly necessary, considering 
the rationing of this well increasingly scarce on the planet 
(Orssatto et al., 2014). Faced with the problem of scarcity 
of water resources, saline water irrigation system applied 
to crops was used as an alternative; aimed to save water 
resources of good quality (Busato and Soares, 2010). 

Therefore, the use of the control tools in identifying 
problems caused by emitters on the basis of low-quality 
water usage in irrigation is of utmost importance, since 
the methodology used for the evaluation of uniformity 
based on coefficients of uniformity can be subjected to 
errors. In this way, the Shewhart control charts rise as an 
alternative to identifying random variations, common 
causes, systematic variations, and the special causes of 
continuous adjustment process allowed.  

The aim of this study is to evaluate self-compensating 
emitters submitted to the use of different saline water 
concentrations through the application of statistical 
process control tools. 
 
 
MATERIALS AND METHODS  
 
The experiment was conducted in a greenhouse owned by an 
academic unit of agricultural engineering, Federal University of 
Campina Grande - PB, 7° 12 ' 88 "South latitude, 35° 54 ' 40" West 
longitude and an average elevation of 532 m.  

The pressurization system used in the experiment consisted of a 
motorcycle 0.5 HP centrifugal pump. The operation of pump 
operation, with start time 6.00 h and end each cycle of application 
at 11.00 h, was performed manually following the start times, 
duration of application and flow test. To prevent the entry of 
suspended particles in the system with size greater than the 
diameter of the exit of the emitters, a 1 "screen filter with a capacity 
of 5 m3 h-1 was used. The five sidelines were composed of masonry 
structure with 8 m long, 1 m wide and 0.11 m tall, with three 
experimental modules, five reservoirs and Bourdon type gauge 1, 
connected to the input of the emitters. The drip hose used in the 
experiment is self-compensating, with emitters spacing of 0.30 m 
and a recommended operating pressure in the range of 60 to 420 
kPa. 

The treatments were composed of five levels of irrigation water 
salinity (ECw) (0.6, 1.5, 2.5, 3.5 and 4.5 dS m-1 at 25°C) and three 
repetitions, to 160 pressure (kPa) provided to the system. The 
waters    of    different     concentrations     saline    were    prepared  
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methodology as proposed by Richards (1954). 

The flow rates of the emitters were sampled comparable to the 
method proposed by Deniculi et al. (1980). 15 evaluations in each 
collection to new emitters and 350 h of operation at each level of 
salinity of the water were carried out. The flow data determined the 
coefficient of the uniformity of Christiansen CUC (Equation 1): 
                                                                                                  

      (  
∑ |    |
 
 

   
)                                                                 (1) 

 

In that, Qi = flow collected on each emitter (L h-1);  ̅ = average flow 
rates collected from all the emitters (L h-1); n = number of emitters. 
The application of the tools provided by the statistical process 
control emphasized the need to determine the normality of the data 
by the Kolmogorov-Smirnov test, with the modification of Lilliefors, 
then the stages of statistical process control was applied through 
the Shewhart control charts of individual samples, with the aid of 
Minitab 16 software. 

The "X - R" graphic was used in monitoring the mean value (X) 
and its variability. The model uses the arithmetic mean of the values 
resulting from the measurements of sample form as a process of 
position measurement, securing three standard deviations, 
increased average standards and setting the Upper Control Limit 
(UCL). According to Equation 2, three fallen deviations from the 
average as Equation 3 sets the Lower Control Limit (LCL) of the 
process; thus, the center line represents the mean value of quality 
according to the state under control (Lima et al., 2006).  
 

                                                                                         (2) 
 
                                                                                          (3) 
 
In that, UCL = upper bound of control;   X = is the control chart axis 
and corresponds to the average value of flows;   σ = is the 
estimator of the population standard deviation; LCL = lower bound 
of control. 

 
 
RESULTS AND DISCUSSION 
 
Normality tests 
 
The results of applying the Kolmogorov-Smirnov test for 
normality with the modification of Lilliefors (Lilliefors, 
1967), to flow and the Christiansen Uniformity coefficient 
(CUC) of new issuers, are in Table 1 with uniformity 
coefficient of Christiansen (CUC) of new emitters. It was 
found that only the flow parameter from issuers to S2 
treatment (1.5 dS m

-1
) did not obtained a normal 

distribution; this fact occurred because the level of 
significance observed is lower than 10%. Possibly, this 
could have occurred because of differences between the 
data, but as the samples were always collected in pairs, 
the difference may be due to the clogging of the holes, 
providing flow with uneven distribution. 

Saldanha et al. (2013) opine that the process has a 
normal distribution of their frequencies that can carry out 
a proper assessment of process capability. If these 
prerequisites are not met, it is not possible to make any 
inference about the process capability. 

The normality of the data by the Kolmogorov-Smirnov 
with modifying Lilliefors (Lilliefors, 1967) to the flow and 
the coefficient  of  uniformity  of   Christiansen   (CUC)  to 
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Table 1. Descriptive statistics of parameters evaluated according to the Kolmogorov-Smirnov test with the Lilliefors modification (1967) 
for flow and Christiansen uniformity coefficient in the new emitter. 
 

Parameter 
Maximum 

value 

Minimum 
value 

Average 
Standard 
deviation 

CV 
Normality 

Value V Crit P- Valor Normal 

S1 (0.6 dSm
-1

)          

FLOW 2.45 2.21 2.39 0.064 0.69 0.12 0.22 0.15 Yes 

CUC 99.98 98.53 99.41 0.46 0.47 0.10 0.22 0.15 Yes 
          

S2(1.5 dSm
-1

) 

FLOW 3.64 2.21 2.45 0.33 13.76 0.42 0.22 0.01 No 

CUC 99.89 97.00 98.92 0.87 0.88 0.13 0.22 0.15 Yes 
          

S3(2.5 dSm
-1

) 

FLOW 2.45 2.21 2.37 0.07 3.28 0.15 0.22 0.15 Yes 

CUC 99.94 97.47 99.20 0.67 0.68 0.13 0.22 0.15 Yes 
          

S4(3.5 dSm
-1

) 

FLOW 2.45 2.21 2.38 0.06 2.53 0.12 0.22 0.15 Yes 

CUC 99.97 99.06 99.56 0.32 0.32 0.12 0.22 0.15 Yes 
          

S5(4.5 dSm
-1

) 

FLOW 2.45 2.21 2.38 0.06 2.66 0.19 0.22 0.10 Yes 

CUC 99.98 98.75 99.49 0.41 0.42 0.12 0.22 0.15 Yes 
 

p-valor, The observed significance level. Vcrit:, critical value. 

 
 
 

Table 2. Descriptive statistics of parameters evaluated according to the Kolmogorov-Smirnov test with the Lilliefors modification (1967) 
for flow and Christiansen uniformity coefficient in drippers with 350 h of operation. 
 

Parameter 
Maximum 

value 
Minimum 

value 
Average 

Standard 
deviation 

CV 
Normality 

Value V Crit P- Valor Normal 

S1 (0.6 dSm
-1

)          

FLOW 2.57 2.09 2.32 0.15 6.65 0.13 0.22 0.15 Yes 

CUC 99.88 96.58 98.57 0.92 0.93 0.15 0.22 0.15 Yes 
          

S2(1.5 dSm
-1

) 

FLOW 2.60 2.21 2.41 0.12 4.98 0.13 0.22 0.15 Yes 

CUC 99.93 90.00 97.71 2.35 2.38 0.19 0.22 0.10 Yes 
          

S3(2.5 dSm
-1

) 

FLOW 2.63 2.27 2.47 0.10 4.30 0.09 0.22 0.15 Yes 

CUC 99.88 97.75 98.77 0.74 0.75 0.11 0.22 0.15 Yes 
          

S4(3.5 dSm
-1

) 

FLOW 2.61 2.15 2.49 0.13 5.45 0.22 0.22 0.05 No 

CUC 99.94 94.34 98.61 1.34 1.36 0.17 0.22 0.15 Yes 
          

S5(4.5 dSm
-1

) 

FLOW 2.75 2.27 2.49 0.15 6.03 0.19 0.22 0.10 Yes 

CUC 99.69 97.00 98.53 0.84 0.85 0.08 0.22 0.15 Yes 
 

p-valor, The observed significance level. Vcrit:, critical value. 
 
 
 
emitters with 350 h of operation are shown in Table 2. 
Note that the flow to the emitters in S4 (3.5 dSm

-1
) did not 

show a normal distribution, since the observed level of 
significance was 0.05. This can be explained by sediment  
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Figure 1. Control charts of individual flow measurements for the S1 treatment (A), S3 (B), S4 (C) and S5 (D) in the new 
emitters. 

 
 
 

buildup forming a white crust through the water reflected 
in the hole observed in differences flows. Vasconcelos et 
al. (2013) found similar results for the electrical 
conductivity of water, using the same Lilliefors 
modification test. 
 
 
Application of statistical process control 
 
The Shewhart control chart for individual measurements 
over 15 tests for evaluation of the emitters is given in 
Figure 1. It was observed that the testing for the flow of 
the new emitters in the S1 treatment (0.6 dS m

-1
); S3 (2.5 

dS m
-1

) and S5 (4.5 dS m
-1

) are within the control limits, 
that is they did not show variation, >3σ or <3σ which 
were the limits for the process, and the UCL control 
upper limit of approximately (2.66 L h

-1
) and lower control 

limit LCL (2.09 L h
-1

). The process was under control and 
the distributed flow near the observed mean line (2,3 h L

-

1
) was indicated. Thus, there was no particular factor that 

promotes a process that behaves differently than usual or 
could result in a displacement of the expected quality 
level (Figure 1A, B and D). 

The S4 treatment (3.5 dS m
-1

) test 2 was close to the 
lower control limit, that is, out of statistical control  (Figure 

1C). According Werkema (1995), this fact is indicative of 
the lack of control of a process due to special causes that 
account for 15% of the problems in the process. The 
removal of these special causes may be done by trained 
operatives and maintenance personnel through local 
actions such pressure variation correction, cleaning 
emitter obstructed, the energy oscillation control and 
others that do not involve significant investment, that is, 
there is a point at which maintenance needs for the 
irrigation system may be used efficiently. 

If special causes responsible for process variation are 
eliminated, and even present in a normal distribution, 
then it can be considered that the process is in statistical 
control, which means it is a stable process. Even so, the 
process still produces defective items and it is essential 
to evaluate the process capability to meet the 
specifications laid down in accordance with customer 
requirements (Gonçalez and Werner, 2009). 

A similar result was gotten by Juchen et al. (2013) 
while studying drip irrigation for the production of 
fertigated lettuce with agro-industrial wastewaters. The 
limits control specification (ECL) were among 6,069 L h

-1
 

m
-1

 for the lower limit (LCL) and 8,058 L h
-1 

m
-1

 to the 
upper limit (UCL); four treatments applied work were 
observed  and  the  flows  were  distributed  close   to  the 

                             S1 (0.6 dS m
-1

)                              S3 (2.5 dS m
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) 
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Figure 2. Control charts of individual flow measurements for the S1 treatment (A), S2 (B), S3 (C) and S5 (D) applied to 
emitter with 350 h of operation. 

 
 
 
average of 7,063 L h

-1
m

-1
. As for the S2 (1.5 dS m

-1
) 

points of the tests, they were not normally distributed 
and, therefore, could not get a control chart with the 
same. 

The data collected for the preparation of Shewhart 
charts with 350 operating hours over 15 trials are shown 
in Figure 2. It is noted that the S1 treatment (0.6 dS m

-1
) 

and S2 (1.5 dS m
-1

) flow of data remains within the 
control limits (Figure 2A and B), but for the S1treatment 
(0.6 dS m

-1
) test 4 to 8, the data represented an average 

line sequence above and as for the S2 treatment (1.5 dS 
m

-1
) test 7 to 11, the data are in the following midline 

above; therefore, such processes were considered out of 
quality statistical control (Figure 2A and B). 

A similar result was that of Giron et al. (2014) who 
studied the application of statistical process control in a 
company poultry sector. Such observations may be the 
result of one or a few related causes that produces large 
variations in the process and occur as a result of 
behavior deviations from "normal" process, and lack of 
timely evaluation agreement with the criteria 
recommended by Werkema (1995), which may happen 
due  to   changes   in  temperature  conditions  inside  the 

greenhouse or even destabilization of the pressure 
supplied to the system. 

In S3 treatment (2.5 dS m
-1

), it is observed that test 6 is 
above the upper control limit and the test 13 below the 
control lower limit outside. Therefore, for the process to 
S5 treatment (4.5 dS m

-1
), test 2 is above the upper 

control limit, similar to the S3 treatment (2.5 dS m
-1

) 
which process remains out of control (Figure 2C and D). 
These variations of controlled irrigation may be the result 
of variations in the irrigation system as an oscillation in 
the emitter operating pressure during operation 
(Montgomery, 2009). Also according to the author, points 
that are under the lower control limit (LCL) recommended 
denouncement of the existence of some problems in the 
process and, in the case of evaluation of irrigation, they 
can be explained by factors such as pressure variation 
system, clogging, water temperature, and many other 
factors. 

Figure 3 displays the results for individual measures 
with the distribution of 15 tests for the Christiansen 
uniformity of coefficient (CUC). There is, for the S1 
treatments (0.6 dS m

-1
); S2 (1.5 dS m

-1
); S4 (3.5 dS m

-1
) 

and  S5  (4.5 dS m
-1

).  The  CUC results were satisfactory  
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Figure 3. Control charts for individual averages and Christiansen uniformity coefficient (CUC) as a function of salinity  of 
irrigation water  S1(A), S2 (B), S3 (C), S4(D) and S5 (E) in new emitters. 

 
 
 
although some trials were very close to the UCL and the 
data distribution was random to the median line lying 
within the control limits. However, only the S1 and S5 are 
under control treatments. S2 treatment (1.5 dS m

-1
) is 

from test 4 to 9; sequence points such as the S4 (3.5 dS 
m

-1
) have a non-random point sequence 11 to 15 (Figure 

3 A, B, D and E). 
Juchen et al. (2013) also noted in their study, the 

existence of a type of points sequence below the central 
line configuration between samples 22 to 27, suggesting 
therefore that there may be a special  problem  cause  for 

the process and promotes a different behavior as usual 
or may result in a displacement of the expected quality 
level. 

For S3 treatment (2.5 dS m
-1

) it is found that the test 6 
is below the lower control limit (LCL = 97.54%) and this is 
considered an extreme variation for having a point 
outside the limit, that is, the process is out of  quality 
control, but no value was greater than the upper control 
limit (UCL = 100%) (Figure 3C). Similar results were 
found by Hermes et al. (2013) in his work on quality 
control  in   drip   irrigation   with   a  wastewater  cassava 
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Figure 4.  Control charts for individual averages and Christiansen uniformity coefficient (CUC) as a function of salinity  
of irrigation water  S1(A), S2 (B), S3 (C), S4(D)and S5 (E) with 350 h operation. 

 
 
 
processing system. 

Another observation was indications of lack of control in 
the S2 treatments process (1.5 dS m

-1
); S3 (2.5 dS m

-1
) 

and S4 (3.5 dS m
-1

) with the existence of consecutive 
sequences values both above and below the middle line, 
besides the very occurrence points outside the control 
limits (Figure 3B, C and D). It is emphasized, however, 
that all assays over 90% were rated as excellent Justi et 

al. (2010) applied control chart  ̅ for Christiansen 
uniformity coefficient in a sprinkler irrigation system and 
observed  the   existence   of  a  point  outside  the  upper 

control limit, and the graph had behaved so similar to that 
described in this study. Frigo et al. (2013) states that the 
values above the upper control limit should be considered 
acceptable because the higher the values, the better the 
irrigation of evaluated coefficients. 

The control chart for the CUC in 15 tests, with five 
irrigation water salinity levels with 350 operating hours is 
seen in Figure 4. Note that S1; S3 and S5 were 
approximately between 95% for the lower limit (LCL) and 
100% for the upper limit (UCL) and by observing 3 
treatments, it is  seen  that the CUC is distributed close to  
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the average of 98% while the S1 treatment and S3 were 
under control. However, in the S5 treatment the existence 
of a sequence values setting type, such as the increase 
of the Christiansen uniformity coefficient, 9 to 13 was 
observed (Figure 4A, C, and E).  

Juchen et al. (2013) also found the same effect 
studying quality control in drip irrigation for the production 
of lettuce fertigated with agro industrial wastewaters. 
For Gonçalves and Antoniassi (2010), the estimation 
uncertainty is a term that refers to statistical control 
maintenance as a survey conducted by a testing 
laboratory that can only return to the specific or random 
causes, while significant changes in the object usually 
analyzed occur in uncertainty. 

In S2 treatments (1.5 dS m
-1

) and S4 (3.5 dS m
-1

) the 
existence of a sequence of values of the type which also 
have points outside the lower limit setting control (LCL = 
98 46 and 95.82%, respectively) (Figure 4B and D) was 
observed. When observing some point outside the control 
limits, when the point is below the lower control limit, it 
indicates that this should be given special attention and 
be investigated (Souza et al., 2009). Also, according to 
the authors one process is out of control when one or 
more points are outside the limits; under the random 
configuration or when there are special settings with 
points inside or outside the control limits. 

In this context, the use of statistical methods does not 
guarantee the solution of all the problems of a process, 
but it is a rational, logical and organized way to determine 
where the problems are and to find ways to solve them. 
These methods can help in getting systems to ensure 
continuous improvement of quality and productivity at the 
same time (Lima et al., 2006). 
 
 
Conclusions  
 
1. The use of statistical process control tool has shown 
promises in identifying emitters’ problems due to the use 
of lower quality water for irrigation. 
2. The inferior quality of water does not influence the flow 
and Christiansen uniformity coefficient of self-
compensating emitters, but after 350 h of operation, 
management operations and maintenance of the system 
should be made. 
3. The uniformity coefficient Christiansen (CUC) for new 
and used emitters above 90% rated were excellent in all 
treatments S1 saline (0.6 dS m

-1
), S2 (1.5 dS m

-1
), S3 

(2.5 dS m
-1

), S4 (3.5 dS m
-1

) and S5 (4.5 dS m
-1

). 
4. The Shewhart control charts allowed diagnosing of 
about 350 h of operation which is necessary for the 
maintenance of the irrigation system when operating with 
saline water. 
 
 

Conflict of Interests  
 
The authors have not declared any conflict of interests. 

da Silva et al.          2743 
 
 
 
REFERENCES 
 
Busato CCM, Soares AA (2010). Desempenho de gotejadores, 

utilizando água de baixa qualidade química e biológica. Biosci. J. 
26(5):739-746. 

Deniculi W, Bernardo S, Thiébaut JTL, Sediyama GC (1980). 
Uniformidade de distribuição de água, em condições de campo num 
sistema de irrigação por gotejamento. Rev. Ceres. 27(150):155-162.  

Frigo JP, Vilas Boas MA, Frigo EP,  Hermes E, Tessaro E (2013) .  
Irrigação diurna e noturna em um sistema de aspersão convencional 
em Palotina-PR. Braz. J. Irrigation and Drainage 18(2): 318-327. 

Giron E, Opazo MAU, Rocha Junior WF, Gimenes RM (2014). 
Aplicação do controle estatístico de processo em uma empresa do 
setor avícola. RAI: Rev. de Administração e Inovação 10(4):38- 62. 

Gonçalez PU, Werner L (2009). Comparação dos índices de 
capacidade do processo para distribuições não-normais. Rev. Gest. 
e Produção 16 (01):121-132. 

Gonçalves E B, Antoniassi R (2010). Incerteza em resultados analíticos 
e verificação de conformidade de qualidade de alimentos. Ciênc. e 
Tecn. de Alimentos. 30(4):917-927. 

Hermes E, Vilas Boas MA, Gomes SD, Gomes BM, Reis CF (2013). 
Quality control in irrigation and fertigation with cassava processing 
wastewater into drip system. Int. J. Food Agric. Environ. (Print) 
11(2):841-845. 

Ide MS,  Ribeiro JRJI, Souza LM (2009). Gráficos de controle com uma 
abordagem de séries temporais. Rev. Elet. Produção  Engenharia 
2(1):69-84. 

Juchen CR, Suzek FL, Vilas Boas MA (2013). Irrigação por gotejamento 
para produção de alface fertirrigada com águas residuárias 
agroindustriais. Braz. J. Irrigation Drainage 18(1):243-256. 

Justi AL, Vilas Boas MA, Sampaio SC.(2010) Índice de capacidade do 
processo na avaliação da irrigação por aspersão. Engenharia Agríc. 
30(2):264-270. 

Lilliefors HW (1967). On the Kolmogorov-Smirnov test for normality with 
mean and variance unknown. J. Am. Stat. Assoc. 62(318):399-402. 

Lima AAN, Lima JR, Silva JL (2006). Aplicação do controle estatístico 
de processo na indústria farmacêutica. Rev. Ciênc. Farm. Básica 
Aplicada 27(3):177-187. 

Montgomery DC (2009). Introdução ao controle estatístico da 
qualidade. Tradução Ana Maria Lima de Farias, Vera Regina Lima de 
Farias e Flores; Revisão técnica Luiz da Costa Laurencel. – Rio de 
Janeiro: LTC, 4 ed reimpressa 513 p. 

Orssatto F, Vilas Boas MA, Nagamine R, Uribe-Opazo  MA (2014). 
Shewhart's control charts and process capability ratio applied to a 
sewage treatment station. Engenharia Agríc. 34(4):770-77. 

Richards LA (1954). Diagnosis and improvement of saline and alkali 
soils. Washington: United States Salinity Laboratory 160 p 
(Agriculture Handbook, 60). 

Roldan VPS, Cabral ACQ, Filho JCLS, Santos SM, Pessoa MNM 
(2013). Inovação em serviços: análise do caso de uma empresa de 
médio porte no nordeste brasileiro. Rev. Gest. Ind. 9(1):1-23. 

Saldanha P, Rothe, CK, Benedett FR, Pacheco  DAJ,  Jung CF, Ten 
Caten CS (2013.) Analisando a aplicação do Controle Estatístico de 
Processos na indústria química: Um estudo de caso. Rev. Espacios 
34(11):1-17. 

Souza LM, Júnior JIR, Reis GM, Ide MS (2009). Eficiência dos gráficos 
de controle xbarra, ewma e cusum. Eletrônica Engenharia 1(1):81-
94. 

Valnir Junior M, Carvalho CM, Carvalho CM, Santos Neto AM, Soares 
JI, Lima SCRV, Carvalho MR (2011). Análise de desempenho em 
laboratório de linha gotejadora nova e após sua utilização em campo. 
Rev.bras. de agric. irrigada. 5(4):351-360. 

Vasconcelos NS, Dantas Neto J, Medeiros JF, Lima CJGS (2013). 
Qualidade Das Águas Subterrâneas De Área Irrigada Da 
Comunidade De Pau Branco Em Mossoró (RN). Rev. Holos. 
1(29):11-23. 

Werkema MCC (1995). Ferramentas da qualidade: ferramentas 
estatísticas básicas para o gerenciamento de processos. FCO - 
UFMG 404 p. 



 

 

 
Vol. 11(30), pp. 2744-2760, 28 July, 2016 

DOI: 10.5897/AJAR2016.11128 

Article  Number: 84DA18B59758 

ISSN 1991-637X 

Copyright ©2016 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJAR 

African Journal of Agricultural  
Research 

 
 
 
 
 

Full Length Research Paper 

 

Exchangeable cations and available phosphorus in 
soils with variable charge after application of special 

liming materials 
 

Jessica Alves dos Santos1*, Adriel Ferreira da Fonseca1, Domenico Zocco2 and Igor Vieira3 
 

1
State University of Ponta Grossa, Av. Carlos Cavalcanti, Ponta Grossa, Paraná, Brazil. 
2
Omya International AG, PO Box 335, Baslerstrasse 42, 4665 Oftringen, Switzerland. 
3
Omya do Brasil Ltda, Av. Angélica, 2220, 2° andar, São Paulo, São Paulo, Brazil. 

 
Received 13 April, 2016; Accepted 14 July, 2016 

 

Special liming materials have the potential to control soil acidity and constitute a source of nutrients for 
plant development. In this study, the efficiency of special liming materials was evaluated. Their effects 
in soil exchangeable cations and available P concentrations were compared with the ones of dolomitic 
limestone (DL). Samples of Typic Distrudept and Rhodic Hapludox were collected from 0 to 20 cm layer. 
Two experiments were conducted in a completely randomized block of 4x4x8 factorial design. Four 
liming materials were studied: DL, granulated micronized calcite (GMC), granulated micronized 
dolomite (GMD) and carbonated suspension (CS). The liming materials were added to the soils doses 
that increase the soil bases saturation (V) to 50, 70 and 90%; and a control treatment. The treated soil 
samples were incubated at 23 ± 2°C and 60% of soil water retention capacity for eight periods (0, 7, 15, 
30, 45, 60, 75 and 90 days). Exchangeable Ca, Mg and K, and available P were determined. All liming 
materials increase exchangeable Ca and Mg, and available P. However, the most efficient source that 
increased exchangeable Ca in the studied soils were CS followed by GMC. 
 
Key words: Special liming materials, micronized limestone, carbonated suspension, availability of nutrients, 
Inceptisol, Oxisol. 

 
 
INTRODUCTION 
 
Soil acidity is a severe agricultural problem in the world. 
Firstly, soil acidity is mainly due to: the removal of basic 
cations (Ca

2+
, Mg

2+
 and K

+
), cation exchange capacity 

(CEC) from the soil and their substitution with 
exchangeable   aluminum   (Al

3+
)    and    non-dissociated 

hydrogen (H
+
). Secondly, soil acidity is caused by Ca, Mg 

and K uptake and exportation by the harvested crops 
(Nagy and Kónya, 2007; Souza et al., 2007; Raij, 2011). 
Acidity might result in accumulation of rich soil particles in 
Al

3+
  and  iron  (Fe)  oxide,  Al

3+
   and   manganese   (Mn)  
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toxicity and Ca, Mg, K and phosphorus (P) deficiency in 
the soil (Hue, 2011). Therefore, in acid soils, the plants 
have no opportunity to grow adequately and their yields 
are negatively affected, mainly in situations of water 
stress (Joris et al., 2013). 

Liming controls acidity, reestablishes or provides high 
productivity, make nutrients available, reduce Al

3+
 and 

consequently supply the soil with Ca and Mg (Caires et 
al., 2001). However, the most used liming material in the 
Brazilian agriculture presents low solubility as compared 
to the special liming materials for soil acidity control 
(Oliveira et al., 2014). The special liming materials 
comprised calcium and/or magnesium carbonates 
[CaCO3, MgCO3 and (Ca,Mg)CO3] called granulated 
micronized calcite or dolomite and carbonated 
suspension. However, there are few studies that show 
the capacity of providing nutrients such as Ca and Mg, 
and make K and P available as a  result of special liming 
material application in soils with variable charges (such 
as the Typic Distrudept and Rhodic Hapludox). Also, 
these special liming materials can be a strategy to fast 
increase the soil relationship Ca/Mg, due to the present 
of very fine particle size (< 7.0 µm) as compared to a 
limestone (< 500.0 µm) (Coelho, 2004). 

The objective of this study was to evaluate the 
efficiency of special liming materials as compared to 
dolomitic limestone (DL), on exchangeable Ca, Mg, and 
K and available P concentrations in Typic Distrudept and 
Rhodic Hapludox. 
 
 
MATERIALS AND METHODS 
 
Two soils with variable charges, Typic Distrudept and Rhodic 
Hapludox, were collected in the region of Paraná Campos Gerais, 
Brazil. Typic Distrudept had the follow attributes in the 0-20 cm 
layer: 4.3 of pH (CaCl2), 103.3, 11.3, 30.8, 9.3 and 2.3 mmolc dm-3 
of H+Al, Al, Ca, Mg and K, respectively; and 23.4 mg dm-3 of P; 
21.0 g dm-3 and 29.0% of organic carbon (OC) by Walkey-black 
method (Pavan et al., 1992) and soil base saturation (V), 
respectively; 200.0, 255.2 and 544.8 g kg-1 of clay, silt and sand, 
respectively; 1.2 g cm-3 and 1.5 cm3 cm-3 of bulk density (BD) and 
water saturation (S) (EMBRAPA, 1997), respectively. This soil was 
managed in no-tillage for 15 years and crops succession between 
black oat and soybean for the last 4 years. The other soil (without 
previous cropping), Rhodic Hapludox, had the follow attributes in 
the 0-20 cm layer: 3.8 of pH (CaCl2), 151.6, 26.0, 6.0, 7.0 and 1.5 
mmolc dm-3 of H+Al, Al, Ca, Mg and K, respectively; and 1.6 mg dm-

3 of P; 33.0 g dm-3 and 8.7% of OC by Walkey-black method (Pavan 
et al., 1992) and V, respectively; 736.0, 174.2 and 89.8 g kg-1 of 
clay, silt and sand, respectively; 1.0 g cm-3 and 1.0 cm3 cm-3 of BD 
and S (EMBRAPA, 1997), respectively. After collection, the soil 
samples were dried in oven with forced air circulation at 40°C for 48 
h. Thereafter, they were ground and sieved in a 2.0 mm mesh 
sieve. Each experimental unit consisted of 500 g of the sieved soil, 
weighed on a precision scale (Balmak ELP 10 and 5000.0 g of 
maximum and 20.0 g of minimum ± 1.0 g). Two experiments were 
conducted separately with Typic Distrudept and Rhodic Hapludox.  

The design used in both experiments, was completely 
randomized in a 4x4x8 in factorial design with four replications. 
Four liming materials were studied: dolomitic limestone  (DL – 898.7  
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g kg-1 of effective calcium carbonate (ECC)), granulated micronized 
calcite (GMC – 962.7 g kg-1 of ECC), granulated micronized 
dolomite (GMD – 1006.5 g kg-1 of ECC) and carbonated suspension 
(CS – 770.0 g kg-1 of ECC), whose physical and chemical 
characteristics liming materials were performed according to MAPA 
(2007). The specific surface area (SSA) of the liming materials 
determined with the method of França and Couto (2007) were 
306.6; 1055.0; 1099.0 and 1559 m2 kg-1 for DL, GMC, GMD and 
CS, respectively. The liming materials contents in CaO and MgO, 
analyzed according to MAPA (2007), were respectively 265.9 and 
257.6 g kg-1 for DL; 462.2 and 15.5 g kg-1 for GMC; 345.9 and 121.5 
g kg-1 for GMD and 361.1 and 8.30 g kg-1 for CS.  

For each liming material, three doses that are supposed to 
increase V to 50, 70 and 90% were studied. Also, a control 
treatment was included, that is, untreated check. The doses of the 
liming material were determined using the equation of Raij et al. 
(1996):  
 

 
 
Where: LR: lime requirement (Mg ha-1) for layer 0-20 cm; CEC: 
cation exchange capacity (mmolc dm-3); V1: base saturation (%) 
obtained; and V2: targeted base saturation (%). The ECC was 
estimated using the equation according to Raij (1977): 
 

 
 
Where: ECC (%): effective calcium carbonate; NP: neutralizing 
power, calculated with the equation [CaO (%) x 1.79 + MgO (%) x 
2.48] and RE: relative efficiency of the liming.  

The 100% RE was adopted for the special liming materials, due 
to the fact that they present very low particle size (< 7.0 µm) as 
compared to good quality limestone with particles size < 300.0 µm – 
according to the scale of MAPA (2007). The doses of each liming 
materials applied in each experimental unit and in each soil were 
calculated taking into consideration the soil volume and BD of each 
soil study.  

The doses estimated to increase V to 50, 70 and 90% of Typic 
Distrudept were of 3.41, 6.65 and 9.89 Mg ha-1 for DL, respectively; 
3.18, 6.21 and 9.23 Mg ha-1 for GMC, respectively; 3.05, 5.94 and 
8.83 Mg ha-1 for GMD, respectively; and 3.98, 7.76 and 11.54 Mg 
ha-1 for CS, respectively. The doses estimated to increase V to 50, 
70 and 90% of Rhodic Hapludox were of 7.63, 11.33 and 15.03 Mg 
ha-1 for DL, respectively; 7.13, 10.58 and 14.03 Mg ha-1 for GMC, 
respectively; 6.82, 10.12 and 13.42 Mg ha-1 for GMD, respectively; 
and 8.91, 13.22 and 17.54 Mg ha-1 for CS, respectively.  

The liming materials were duly homogenized with the soil and 
incubated for 0, 7, 15, 30, 45, 60, 75 and 90 days. Constant 
temperature of 23±2°C and soil humidity of 60% soil water retention 
capacity, were maintained 339.0 and 224.0 mL kg-1 deionized water 
with an average electrical conductivity of 0.5 µS cm-1 were added to 
Typic Distrudept and Rhodic Hapludox, respectively.  

At the end of each incubation period (0, 7, 15, 30, 45, 60, 75 and 
90 days), the experimental units of both soils were removed from 
the incubation room and taken to the laboratory, dried in oven at 
40°C with forced air circulation, ground and sieved in a 2.0 mm 
mesh sieve. Then, the attributes exchangeable Ca2+, Mg2+ and K+, 
and available P were determined with the methods suggest by 
Pavan et al. (1992).  

The data was submitted to statistical analysis employing the 
computer program SAS Version 9.1.2 (SAS 2004). The program 
suggested transformations  of  exchangeable  Mg  and  available  P  

           CEC x (V2 – V1) 
LR =  
             (10 x ECC) 

             (NP x RE) 
ECC =  
                 100  
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Table 1. Interactions significant effects (F values) (p < 0.0001) between liming materials (dolomitic limestone, 
granulated micronized calcite, granulated micronized dolomite and carbonated suspension) after application of 50, 
70 and 90% dose to increase soil base saturation and a control treatment, for eight incubation periods (0, 7, 15, 30, 
45, 60, 75 and 90 days) on exchangeable calcium (Ca), magnesium (Mg) and potassium (K), and available 
phosphorus (P) in two different soils (Typic Distrudept and Rhodic Hapludox).  
 

Soils Ca Mg K P 

Typic Distrudept 

Liming material x Dose applied 121.73 333.69 397.95 245.45 

Liming material x Incubation period  33.52 41.64 74.50 185.32 

Dose applied x Incubation period 25.95 120.33 126.04 105.23 

Liming material x Dose applied x Incubation period 14.75 39.89 48.63 59.03 

     
Rhodic Hapludox 

Liming material x Dose applied 551.59 809.31 4.07 17.68 

Liming material x Incubation period  89.92 219.94 32.59 46.30 

Dose applied x Incubation period 53.18 247.75 6.99 115.00 

Liming material x Dose applied x Incubation period 42.22 142.79 10.50 49.27 

 
 
 
concentrations of both soils into square root. Three factors were 
considered in the statistical model: (i) four liming materials (DL, 
GMC, GMD and CS), (ii) four doses (a control treatment, V to 50, 
70 and 90%) and (iii) eight incubation periods (0, 7, 15, 30, 45, 60, 
75 and 90 days). The effect of predictive variables (dose of liming 
materials) was adjusted to the response variables (soil attributes) 
for each incubation period, using the regression models (linear or 
quadratic). The profile analysis was also used to compare the 
effects of each dose of liming material used during the periods of 
incubation. 

 
 

RESULTS 
 

Typic Distrudept  
 

This study was conducted to observe the efficiency of 
liming materials in the variation of exchangeable Ca, Mg 
and K, and available P concentrations. Significant effects 
(p < 0.0001) were observed in Typic Distrudept on Ca, 
Mg, K and P content from the interactions between the 
liming materials, doses applied and incubation periods 
(Table 1).  

All liming materials increased exchangeable Ca 
concentration in soil (Figure 1). The DL, GMC, GMD and 
CS increased from 30.8 mmolc dm

-3
 (soil initial condition) 

to 66.5, 81.7, 71.0 and 103.0 mmolc dm
-3

 in the dose to 
increased V (DIV) to 90%, respectively. The CS in DIV to 
70 and 90% resulted in higher exchangeable Ca 
concentration in soil than the others (liming materials and 
doses) at the end of 90 days incubation period (Figure 1). 
However, between 7 and 60 days of incubation, the CS 
with the DIV of 90% presented higher exchangeable Ca 
concentration than the other liming materials (Figure 3).  

During the incubation period, the DL provided the 
highest exchangeable Mg concentration in  all  the  doses 

(Figure 1). Also, DL, applied with the DIV of 70 and 90%, 
efficiently increased Mg in DIV to 70 and 90%, more 
clearly at 90 days of incubation (Figure 4).  

The exchangeable K concentrations after DL application 
were changed along the time (Figure 2). The doses of CS 
applied at 50 and 70% DIV resulted in higher 
exchangeable K concentrations in all the incubation 
periods (Figures 2 and 5). This increase was also 
observed with GMD (applied at 90% DIV). For GMC dose 
of 70% DIV, this special liming material increased 
exchangeable K concentration at the end of the incubation 
period of 90 days.  

The available P concentrations were highly increased 
by special liming materials (GMC, GMD and CS) than DL 
(Figure 2). This increase was more evident with the 
application of GMC at 90% DIV, between 75 and 90 days 
(Figure 6).  
 
 
Study in Rhodic Hapludox 
 
Significant effects (p < 0.0001) were observed in Rhodic 
Hapludox from the interactions between the liming 
materials, doses applied and incubation periods (Table 
1). GMC and CS were more efficient in increasing 
exchangeable Ca concentrations than DL and GMD. 
After application of GMC at 70 and 90% DIV, the 
exchangeable Ca concentrations increased to 66.4 and 
76.0 mmolc dm

-3
, respectively (Figure 7). When CS was 

applied at 70 and 90% DIV, the exchangeable Ca 
concentrations increased to 75.5 and 85.6 mmolc dm

-3
, 

respectively (Figure 7). Moreover, these increases of the 
exchangeable Ca concentrations in CS treatment soil 
were more evident after 75 days of incubation (Figure 9).   
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Figure 1. Liming materials effects on exchangeable calcium (Ca2+) and magnesium (Mg2+) concentrations in Typic 
Distrudept (n = 4 ± standard deviation) at different periods of incubation (90 days) for the control treatment and after 
application of 50, 70 and 90% dose to increase soil base saturation (DIV). (♦) Dolomitic limestone. (■) Granu lated 
micronized calcite. (▲) Granulated micronized dolomite. (●) Carbonated suspension. Coefficient of variation: 5.2 and 
4.5% to Ca and Mg, respectively. 

 

 
 

All liming materials (DL, CMG, DMG and SC) increased 
the exchangeable Mg concentration in soil (Figure 7). 
However, DL doses of 70 and 90% DIV were more 
efficient than others in increasing and maintaining 

exchangeable Mg concentrations all the time (Figure 10).  
All liming materials and doses application, generally, 

resulted in slight increase of exchangeable K and their 
concentrations were maintained in all the times (Figures  
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Figure 3. Response of Typic Distrudept (n = 4) to different doses of liming materials (control treatment and 
after application of 50, 70 and 90% dose to increase soil base saturation (DIV)) through exchangeable 
calcium (Ca2+) concentrations at different periods of incubation (days). (♦) Dolomitic limestone. (■) 
Granulated micronized calcite. (▲) Granulated micronized dolomite. (●) Carbonated suspension. Vertical 
bars indicate the least significant difference (LSD). *: P < 0.05. **: P < 0.01.     

 

 

 

 
 

 

0

38

75

113

150

0 4 8 12

0 day 

0

38

75

113

150

0 4 8 12

7 days 

0

38

75

113

150

0 4 8 12

15 days 

0

38

75

113

150

0 4 8 12

30 days 

0

38

75

113

150

0 4 8 12

45 days 

0

38

75

113

150

0 4 8 12

60 days 

0

38

75

113

150

0 4 8 12

75 days 

0

38

75

113

150

0 4 8 12

90 days 

E
x
ch

a
n

g
ea

b
le

 c
al

ci
u

m
 (

C
a

2
+
) 

(m
m

o
l c

 d
m

-3
) 

Dose of liming materials (Mg ha
-1

)  

♦ ŷ = 54.60 + 6.32x - 0.54x2          R² = 0.54** 

 ■ ŷ = 53.61 + 4.82x - 0.06x2          R² = 0.93** 

▲ ŷ = 50.57 + 3.21x + 0.17x2              R² = 0.96** 

 ● ŷ = 52.99 + 7.58x - 0.32x2                R² = 0.98** 

♦ ŷ = 56.86 + 2.11x        R² = 0.64** 

 ■ ŷ = ȳ = 82.92 

▲ ŷ = ȳ = 61.55 

● ŷ = 53.40 + 6.86x - 0.18x2  R² = 0.96** 

♦ ŷ = 49.76 - 6.13x + 0.82x2  R² = 0.48**  

 ■ ŷ = 53.17 + 4.22x + 0.06x2 R² = 0.95** 

▲ ŷ = 56.40 + 4.63x - 0.37x2  R² = 0.65*  

● ŷ = 53.77 + 5.31x - 0.07x2  R² = 0.99** 

♦ ŷ = ȳ = 62.41 

 ■ ŷ = ȳ = 68.39 

▲ ŷ = 61.78 + 3.89x -0.47x2  R² = 0.59** 

● ŷ = 62.48 + 2.54x + 0.07x2 R² = 0.98* 

♦ ŷ = 56.47 - 0.56x + 0.10x2               R² = 0.20** 

 ■ ŷ = ȳ = 57.44 

▲ ŷ = 55.96 + 4.52x - 0.47x2          R² = 0.75** 

● ŷ = 4.09x + 55.5  R² = 0.99** 

♦ ŷ = ȳ = 61.24 

 ■ ŷ = + 55.71 - 0.36x + 0.16x2  R² = 0.89* 

▲ ŷ = ȳ = 66.96 

● ŷ = 57.34 + 3.70x   R² = 0.99** 

♦ ŷ = ȳ = 62.51 

 ■ ŷ = ȳ = 65.54 

▲ ŷ = 53.24 + 7.75x - 0.59x2 R² = 0.73** 

● ŷ = ȳ = 81.11 

♦ ŷ = 61.61 + 4.55x - 0.37x2 R² = 0.59** 

 ■ ŷ= 58.83 - 1.71x + 0.39x2 R² = 0.92** 

▲ ŷ = ȳ = 66.45 

● ŷ= 58.37 + 5.31x - 0.09x2 R² = 0.97* 

LSD 
LSD 

LSD LSD 

LSD LSD 

LSD LSD 



 

 

dos Santos et al.          2749 
 
 
 

 
 

Figure 4. Response of Typic Distrudept (n = 4) to different doses of liming materials (control 
treatment and after application of 50, 70 and 90 % dose to increase soil base saturation 
(DIV)) through exchangeable magnesium (Mg2+) concentrations at different periods of 
incubation (days). (♦) Dolomitic limestone. (■) Granulated micronized calcite. (▲) 
Granulated micronized dolomite. (●) Carbonated suspension. Vertical bars indicate the least 
significant difference (LSD). *: P < 0.05. **: P < 0.01.    

 
 
 
8 and 11). However, CS at 90% DIV led to little increase 
of exchangeable K concentrations until 45 days of 
incubation (Figure 11). Available P concentrations were 
increased highly by GMC, GMD and CS (in all doses) 
than DL (Figure 8), mainly after 15 days (Figure 12). 

 
 
 
DISCUSSION  
 
Liming in Typic Distrudept  
 
All    liming    materials    increased    exchangeable     Ca  
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Figure 2. Liming materials effects on exchangeable potassium (K+) and available phosphorus (P) concentrations on a 
Typic Distrudept (n = 4 ± standard deviation) at different periods of incubation (90 days) for the control treatment and after 
application of 50, 70 and 90% dose to increase soil base saturation (DIV). (♦) Dolomitic limestone. (■) Granulated 
micronized calcite. (▲) Granulated micronized dolomite. (●) Carbonated suspension. Coefficient of variation: 4.5 and 5.2% 
to K and P, respectively. 

 
 
 
concentration in soil. Oleynik et al. (1998) considered 
concentrations of Ca above 40.0 mmolc dm

-3
 as high 

level. At the end of 90 days incubation, CS applied  at  70  

 
 
 
and 90% DIV resulted in higher exchangeable Ca 
concentration in soil than the others (liming materials and 
doses). Then, the CS efficiency regarding fast and  major  
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Figure 5. Response of Typic Distrudept (n = 4) to different doses of liming materials (control treatment and after 
application of 50, 70 and 90% dose to increase soil base saturation (DIV)) through exchangeable potassium (K+) 
concentrations at different periods of incubation (days). (♦) Dolomitic limestone. (■) Granulated micronized calcite. 
(▲) Granulated micronized dolomite. (●) Carbonated suspension. Vertical bars indicate the least significant 
difference (LSD). *: P < 0.05. **: P < 0.01.    
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Figure 6. Response of Typic Distrudept (n = 4) to different doses of liming materials (control treatment and after 
application of 50, 70 and 90% dose to increase soil base saturation (DIV)) through available phosphorus (P) 
concentrations at different periods of incubation (days). (♦) Dolomitic limestone. (■) Granulated micronized calcite. 
(▲) Granulated micronized dolomite. (●) Carbonated suspension. Vertical bars indicate the least significant 
difference (LSD). *: P < 0.05. **: P < 0.01.    
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Figure 7. Liming materials effects on exchangeable calcium (Ca2+) and magnesium (Mg2+) concentrations in 
Rhodic Hapludox (n = 4 ± standard deviation) ) at different periods of incubation (90 days) for the control 
treatment and after application of 50, 70 and 90 % dose to increase soil base saturation (DIV). (♦) Dolomitic 
limestone. (■) Granulated micronized calcite. (▲) Granulated micronized dolomite. (●) Carbonated 
suspension. Coefficient of variation: 6.0 and 2.9% to Ca and Mg, respectively. 

 
 
 
soil Ca availability can be due to the following factors: 
finer particle size (in order < 7.0 µm), higher SSA (1559.0 
m

2
 kg

-1
) and higher CaO content (361.1 g kg

-1
 of CaO).  

DL applied at 90% DIV increased the exchangeable Mg 
concentration from 9.3 (soil initial condition) to 36.7 
mmolc dm

-3
 (at the end of the  experimental  period  of  90  

 
 
 
days). The high efficiency of DL in MgO concentration 
increase could be due to its higher content of MgO (257.6 
g kg

-1
) than other liming materials. In fact, Mg could have 

been released from DL during the incubation period 
(Alcarde, 2005). However, these increases had few 
practical    implications    because     exchangeable     Mg  
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Figure 9. Response of Rhodic Hapludox (n = 4) to different doses of liming materials (control 
treatment and after application of 50, 70 and 90% dose to increase soil base saturation (DIV)) 
through exchangeable calcium (Ca2+) concentrations at different periods of incubation (days). (♦) 
Dolomitic limestone. (■) Granulated micronized calcite. (▲) Granulated micronized dolomite. (●) 
Carbonated suspension. Vertical bars indicate the least significant difference (LSD). *: P < 0.05. 
**: P < 0.01. 

 
 
 
concentrations higher than 8.0 mmolc dm

-3
 has been 

considered to  be  sufficiently  high  level  (Oleynik  et  al.,  

 
 
 
1998).  

The   exchangeable   K   concentrations    after    liming  

 

0

38

75

113

150

0 7 13 20

0 day 

0

38

75

113

150

0 7 13 20

7 days 

0

38

75

113

150

0 7 13 20

15 days 

0

38

75

113

150

0 7 13 20

30 days 

0

38

75

113

150

0 7 13 20

45 days 

0

38

75

113

150

0 7 13 20

60 days 

0

38

75

113

150

0 7 13 20

75 days 

0

38

75

113

150

0 7 13 20

90 days 

E
x
ch

a
n

g
ea

b
le

 c
al

ci
u

m
 (

C
a

2
+
) 

(m
m

o
l c

 d
m

-3
) 

Dose of limimg materials (Mg ha
-1

) 

♦ ŷ = 7.36 + 3.11x - 0.05x2 R² = 0.97** 

 ■ ŷ = 12.95 + 5.24x  R² = 0.94** 

▲ ŷ = 7.58 + 2.82x - 0.01x2 R² = 0.99** 

 ● ŷ = 8.73 + 6.54x - 0.08x2 R² = 0.98** 

♦ ŷ = 8.77 + 2.77x - 0.07x2 R² = 0.98** 

 ■ ŷ = 5.86 + 11.15x - 0.33x2 R² = 0.86** 

▲ ŷ = 9.30 + 4.09x - 0.13x2 R² = 0.89** 

 ● ŷ = 6.67 + 6.14x - 0.07x2 R² = 0.91** 

♦ ŷ = 13.95 + 1.41x  R² = 0.99** 

 ■ ŷ = 13.16 + 7.17x - 0.18x2 R² = 0.99** 

▲ ŷ = 12.95 + 3.27x - 0.12x2 R² = 0.87** 

 ● ŷ = 13.14 + 2.59x + 0.08x2 R² = 0.99** 

♦ ŷ = 8.26 + 3.17x - 0.12x2 R² = 0.99*  

 ■ ŷ = 2.55 + 5.90x  R² = 0.95** 

▲ ŷ = 8.90 + 3.42x  R² = 0.99** 

 ● ŷ = 11.01 + 4.60x  R² = 0.99** 

♦ ŷ = 8.23 + 4.52x - 0.20x2 R² = 0.94** 

 ■ ŷ = 6.92 + 10.08x - 0.52x2 R² = 0.95** 

▲ ŷ = 7.43 + 2.74x + 0.0009x2 R² = 0.98** 

 ● ŷ = 7.28 + 4.05x - 0.004x2 R² = 0.99** 

♦ ŷ = 9.92 + 1.39x   R² = 0.94*  

 ■ ŷ = 6.15 + 4.73x   R² = 0.98* 

▲ ŷ = 8.70 + 4.97x - 0.19x2 R² = 0.99* 

 ● ŷ = 8.84 + 5.72x -0.11x2  R² = 0.99** 

♦ ŷ = 14.22 + 4.44x - 0.20x2 R² = 0.99** 

 ■ ŷ = 14.90 - 0.39x + 0.34x2 R² = 0.96** 

▲ ŷ = 14.55 + 4.60x - 0.12x2 R² = 0.96** 

 ● ŷ = 13.09 + 4.59x - 0.02x2 R² = 0.97** 

♦ ŷ = 20.95 + 3.37x  R² = 0.83** 

 ■ ŷ= 15.57 + 8.72x - 0.36x2 R² = 0.93** 

▲ ŷ = ȳ = 14.56 

 ● ŷ = 13.61 + 9.64x - 0.29x2 R² = 0.98** 

LSD 
LSD 

LSD LSD 

LSD LSD 

LSD LSD 



 

 

dos Santos et al.          2755 
 
 
 

 
 

Figure 101. Response of Rhodic Hapludox (n = 4) to different doses of liming materials 
(control treatment and after application of 50, 70 and 90% dose to increase soil base 
saturation (DIV)) through exchangeable magnesium (Mg2+) concentrations at different periods 
of incubation (days). (♦) Dolomitic limestone. (■) Granulated micronized calcite. (▲) 
Granulated micronized dolomite. (●) Carbonated suspension. Vertical bars indicate the least 
significant difference (LSD). *: P < 0.05. **: P < 0.01. 

 
 
 
material application had few changes together with time. 
These changes in exchangeable K concentrations can be  

 
 
 
ascribed to soil pH increase (Malavolta, 2006). Besides, 
the high Ca and Mg concentrations  in  soil  can  increase  
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Figure 11. Response of Rhodic Hapludox (n = 4) to different doses of liming materials (control 
treatment and after application of 50, 70 and 90 % dose to increase soil base saturation (DIV)) 
through exchangeable potassium (K+) concentrations at different periods of incubation (days). (♦) 
Dolomitic limestone. (■) Granulated micronized calcite. (▲) Granulated micronized dolomite. (●) 
Carbonated suspension. Vertical bars indicate the least significant difference (LSD). *: P < 0.05. **: 
P < 0.01. 

 
 
 
desorption and availability of soil K (Havlin et al., 2014). However, these exchangeable K concentrations  normally  
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Figure 8. Liming materials effects on exchangeable potassium (K+) and available phosphorus (P) 
concentrations in Rhodic Hapludox (n = 4 ± standard deviation) at different periods of incubation (90 days) 
for the control treatment and after application of 50, 70 and 90% dose to increase soil base saturation (DIV). 
(♦) Dolomitic limestone. (■) Granulated micronized calcite. (▲) Granulated micronized dolomite. (●) 
Carbonated suspension. Coefficient of variation: 12.6 and 3.7% to K and P, respectively. 

 
 
 
vary in the medium sufficient levels (between 1.1 and 3.0 
mmolc dm

-3
) required for grain (maize) crops (Oliveira, 

2003). 
Changes in available P concentrations were also 

consequence of soil pH increase due to special liming 
materials   application.   The   special    liming    materials  

 
 
 
increased pH values in short-term (up to 90 days). That 
could have resulted in the release of adsorbed 
phosphates and increased this availability (Barrow, 
1985). However, these available P concentrations 
changed in the high sufficient level (between 9.1 and 36.0 
mg dm

-3
) required for grain (maize) cropped in  soils  with  
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Figure 12. Response of Rhodic Hapludox (n = 4) to different doses of liming materials 
(control treatment and after application of 50, 70 and 90 % dose to increase soil base 
saturation (DIV)) through available phosphorus (P) concentrations at different periods of 
incubation (days). (♦) Dolomitic limestone. (■) Granulated micronized calcite. (▲) Granulated 
micronized dolomite. (●) Carbonated suspension. Vertical bars indicate the least significant 
difference (LSD). *: P < 0.05. **: P < 0.01. 

 
 
 
clay concentrations below 360 g kg

-1
 (Oliveira, 2003). 

 
 
Liming in Rhodic Hapludox 
 
At the begging of the experiment,  the  exchangeable  Ca 

concentration was 6.0 mmolc dm
-3

 as considered by 
Oleynik et al. (1998) to be low sufficient level (< 20.0 
mmolc dm

-3
). At the end of the experiment, soil samples 

treated with liming material (DL, CMG, DMG and CS), 
increased the exchangeable Ca concentrations in the soil 
(Figure 7)  to  high   sufficient   level   (> 40.0 mmolc dm

-3
)  
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(Oleynik et al., 1998) varying from 24.03 to 109.00 mmolc 
dm

-3
. However, the CS can be an important source of Ca 

for production systems and makes them similar (Fraser 
and Scott, 2011; Oliveira et al., 2014) or superior (as 
observed in this study) to commercial limestone used for 
liming purposes.  

Particularly, exchangeable Mg concentrations were 
increased from medium sufficient level (7.0 mmolc dm

-3
) 

to high sufficient level (> 8.0 mmolc dm
-3

) according to the 
scale of Oleynik et al. (1998). DL was reported to be 
effective material to increase exchangeable Mg 
concentrations (Hou et al., 2012) because of its higher 
higher MgO concentration of 257.6 g kg

-1
. 

The changes in exchangeable K concentrations can be 
ascribed to the increases of the pH, Ca and Mg 
concentrations that favored the soil K solubility 
(Malavolta, 2006) and release (Havlin et al., 2014). 
Exchangeable K concentrations [between 1.1 and 3.0 
mmolc dm

-3
 required for grain (maize) crops (Oliveira, 

2003)] were in the medium sufficient level and good as 
per grain (maize) crops (Oliveira, 2003).   

The soil pH increased (from around 4.0 to 6.5) in short 
period of 90 days because of the treatments. That can 
have resulted in more P desorption (Silva et al., 2000; 
Motta et al., 2002) and/or labile-P (Calegari et al., 2013) 
concentrations, widely seen in others clayed soils (Raij, 
2011). In addition, the available P concentrations were 
along the time increased from low of 1.6 mg dm

-3
 to high 

sufficient levels varying from 4.6 to 11.0 mg dm
-3

. Thus, 
through the available P increase, liming could contribute 
efficiently to the cultivation of cereals crop (maize) in soils 
with clay concentrations above 360 g kg

-1 
(Oliveira, 

2003). 
Therefore, it can be concluded that all the liming 

materials increased exchangeable Ca and Mg, and 
available P concentrations in soils with variable charges 
(Typic Distrudept and Rhodic Hapludox). The application 
of liming materials (except GMD) at the dose of 70% DIV 
was efficient to promote this increase of available 
nutrients. The DL was efficient to improve exchangeable 
Ca and Mg concentrations in soils with variable charge. 
However, CS followed by GMC were more efficient than 
DL regarding exchangeable Ca increases in both soils.   
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Tamarind (Tamarindus indica L.) is a fruit species native to Equatorial Africa, India and Southeast Asia. 
Its seeds experience slow germination, thus, study on the influence of environmental factors, such 
as water and salt stresses, on seed germination, is required to assess the tolerance of these seeds 
to storage, and to maintain the vigor and the viability in the period between harvesting and sowing. 
The objective of this study was to evaluate the performance of tamarind seeds subjected to salt and 
water stresses and to storage. Three experiments were carried out in a completely randomized 
design with four replications of 25 seeds, totaling 100 seeds per treatment. For stress conditions, 
treatments consisted of moistening of the substrate with different concentrations of PEG 6000 
(experiment 1) and NaCl (experiment 2) - 0 (control); -0.3; -0.6; -1.2. For the storage trial (experiment 3), 
seeds remained stored for 0 (control), 12, 24, 36 and 48 months. In the germination test, the 
percentage of germination, the speed of germination index, the mean speed and the mean germination 
time were assessed. All variables were influenced by the water and salt stress, and the seeds of 
tamarind sensitive to potential used in this work. As in the test with water and saline potential storage 
trials showed that the physiological seed quality was impaired when they were subjected to long 
storage period. 
 
Key words: Tamarindus indica L, salinity, polyethyleneglycol, stress, storage. 

 
 
INTRODUCTION 
 
Tamarind (Tamarindus indica L.) is a fruit species of the 
Fabaceae family, native to Equatorial Africa, India and 
Southeast Asia. It occurs in tropical and subtropical 
regions, and is considered ideal to be grown in semi-
arid regions, since it tolerates 5 to 6 months of drought 

(Pereira et al., 2007). 
The species has wide use, and can be employed in 

environment decoration (Donadio et al., 1988). However, 
the main product is the fruit, and its bittersweet 
flavored pulp can be used  in  the  preparation  of  jam,  
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ice creams, liqueurs, concentrated juices and 
seasoning for several foods (Gurjão et al., 2006), and in 
folk medicine (Komutarin et al., 2004). In natura seeds 
are used as forage for domestic animals, and as 
gum for fabric or paper. Its trunk provides good quality 
wood for construction (Bourou et al., 2013), although it 
is difficult to work with due to its hardness (Silva et al., 
2011). 

Tamarind seed is orthodox, and the seedlings have 
epigeal germination, occurring between 15 to 45 days 
after sowing, with 65 to 75% germination of both 
freshly harvested and stored seeds (El-Siddig, 2006). 
Germination occurs under favorable conditions of light, 
temperature, water, salt and oxygen concentration 
(Carvalho and Nakagawa, 2012). Thus, one of the 
objectives of this study on seed germination is to verify 
the influence of these environmental factors on the 
germination process (Guan et al., 2009). 

Environmental factors, denominated stress, or 
environmental disorders, which limit crop productivity 
(Ashraf and Harris, 2004), such as water or salt stress, 
may influence the germination and the development of 
several species in different regions (Nogueira et al., 
2005). In saline soils, the salts affect the plants due 
to water osmotic retention and the specific ionic effect 
on the protoplasm. Saline solutions retain water and 
thereby reduce water potential, making this resource 
increasingly less available to plants (Nasr et al., 2011). 

Water stress may adversely affect germination, 
vegetative growth, plant stand, yield, and in severe 
cases, it may cause seedlings death (Silva and Pruski, 
1997) since water stress leads to the reduction of 
enzyme activity, and consequently to the reduction of 
the meristem development (Popinigis, 1985; Hadas, 
1976). Very negative osmotic potential, especially at the 
beginning of imbibing, promotes drastic reduction of 
water uptake by seeds, and may derail the sequence of 
events of the germination process (Bansal et al., 1980). 

Physiological quality of seeds has recently been one of 
the most studied aspects, since they are subjected to 
several degenerative changes that occur after maturity, 
which may be of biochemical,  physiological  and  
physical  origin,  and  are  associated  with  vigor  
reduction (Alizaga et al., 1990). The storage is a very 
important practice to maintain the physiological quality 
of seeds, and to ensure the maintenance of vigor 
and viability during the period between harvesting and 
sowing (Azevedo et al., 2003). 

Thus, studies involving the germination behavior of 
seeds subjected to the condition of artificial stresses are 
instruments that provide a better understanding of the 
capacity for survival and adaptation of these species in 
conditions  of  natural  stresses,  such  as  drought   and  

 
 
 
 
saline soils (Pereira et al., 2012). 

Thus, given the lack of information on the germination 
of tamarind seeds under stress conditions, as well as 
the influence of storage on seeds vigor, the objective of 
this study was to evaluate the behavior of tamarind seed 
subjected to stress conditions and storage. 
 
 
MATERIALS AND METHODS 
 
Three experiments were carried out in the Plant Physiology 
Laboratory of the Applied Biology Department of FCAV/UNESP, 
Campos de Jaboticabal-SP, with T. indica seeds. Before the 
establishment of the three trials, seeds were mechanically 
scarified with sandpaper (220 grit), on both surfaces of the seed 
coat. In all the trials, the experimental design was completely 
randomized with four replications of 25 seeds, totaling 100 seeds 
per treatment. 
 
 
Experiment 1 (water stress) 

 
To verify the effect of different water potentials in the germination 
process, polyethylene glycol (PEG 6000) was used as osmotic 
agent. Seeds were sown on a sheet of paper moistened with 
distilled water (control treatment) and PEG solution (polyethylene 
glycol) of 2.5 times the weight of the paper, at the potential of -
0.3; -0.6; -1.2 Mpa, placed in gerbox-type boxes with four 
replications of 25 seeds. The boxes remained in biochemical 
oxygen demand (B.O.D) chambers, equipped with fluorescent 
lamps, under constant temperature of 30°C. 

The concentrations of the different potentials of PEG 
solutions used for 30°C were obtained based on the equation of 
Michel and Kayfmann (1973). 
 
 
Experiment 2 (salt stress)  
 
To simulate salt stress, seeds were sown on a sheet of paper 
moistened with distilled (control treatment) and NaCl solution 
(sodium chloride) of 2.5 times the paper weight, at potentials of -
0.3; -0.6; -1.2 Mpa, placed in gerbox-type boxes with four 
replications of 25 seeds. The boxes remained in B.O.D chambers, 
equipped with fluorescent lamps, under constant temperature of 
30°C. 

NaCl solutions used to simulate salt stress and determine the 
tolerance limit of tamarind seeds to NaCl were prepared using 
the Van’t Hoff equation (Salisbury and Ross, 1992). 
 
 
Experiment 3 (storage)  
 
To verify the influence of storage on tamarind seed germination, 
seeds were stored in cold chamber at a temperature of 10°C 
and 50% relative humidity (RH) for different times: 0 (freshly 
harvested), 12, 24, 36 and 48 months.  
Germination tests in the three trials were carried out according 
to the recommendations of the Rules for Seeds Analysis – 
RAS” (Brasil, 2009), using B.O.D chambers, equipped with 
fluorescent lamps, under constant temperature of 30°C. 

Germination percentage was performed at 30 days after  sowing, 
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Figure 1. Germination (♦) and germination speed index (■) of T. indica seeds subjected to water 
stress. 

 
 
 
considering as normal the seedlings which had all the essential 
structures well-developed (Brasil, 2009). In the germination test, 
the following were evaluated: 
 
1. Germination speed index (GSI), calculated according to the 
formula: GSI = G1 / N1+ G2 / N2 + ... Gn / Nn, in which GSI= 
germination speed index, G1, G2 and Gn = number of normal 
seedlings, computed in the first, second ... and last count, 
respectively; N1, N2, Nn = number of days from the sowing to the 
first, second ... and last count, respectively (Maguire, 1962); 
2. Mean germination time (MGT), calculated according to the 
formula cited by Labourial and Valadares (1976): T= (∑niti)/ 
∑ni, in which T = germination time; ni = number of germinated 
seeds per day; ti = incubation time; 
3. Mean germination speed (MGS), calculated according to the 
formula cited by Labourial and Valadares (1976): V = 1/t, in 
which V = mean germination speed; T = mean germination time. 
For all t h e  trials, the data obtained from the variables 
measured in the experiment were subjected to analysis of 
variance using the F test, and the means were compared by the 
Tukey test at 5% probability. Quantitative data were subjected to 
polynomial regression analysis, by testing the linear and quadratic 
models, choosing the highest R2. The analyses were carried out 
using the software System for Analysis of Variance - SISVAR 
(Ferreira, 2000). 

 
 
RESULTS AND DISCUSSION 
 

Experiment 1 
 

Influence of PEG solutions on the variables analyzed was 
observed. Figure 1 shows the results for germination 
and germination speed index of tamarind seeds 
subjected to water stress. It was found that PEG 
solutions reduced the percentage and the speed 
germination index with the increase of water stress, and 
there was no germination from potential of -0.6 MPa. 

When seeds are subjected  to  contact  with  a  given  

concentration of aqueous solutions containing solutes, 
water soaking occurs naturally. However, the process is 
interrupted when there is equilibrium with the osmotic 
potential of the external solution, without radicle 
protrusion. Low enough potential inhibits radicle 
growth, even if the seed is metabolically active for 
germination and cell elongation (Fonseca and Perez, 
2003). 

In a study with genipap seeds (Genipa americana L.), 
Santos et al. (2011) obtained similar results, when 
germination percentage and germination speed index 
reduced with the increase of water stress, with no 
radicle emergency at potential of -0.3 and -0.4 MPa. 
For mangabeira seeds (H. speciosa Gomes), the 
increase of PEG osmotic solutions caused drastic 
reductions when the seeds were submitted to osmotic 
potential of -0.6 (Maseto and Scalon, 2012). The 
germination of mimosa-de-calf (Piptadenia moniliformis 
Benth) was committed from potential water below -0.6 
MPa PEG 6000 (Azerêdo et. al., 2016). In Jatropha 
seeds (Jatropha curcas) there was marked decrease in 
germination rate in the potential of 0.2 MPa, reaching 
zero at the potential of 0.8 MPa (Pereira and Lopes, 
2011). 

The Figure 2 shows the values of mean germination 
time and mean germination speed of T. indica. The 
increase in water stress induced by the increase in PEG 
6000 concentration in the substrate solution was 
responsible for the reduction of mean germination 
speed and for significant increase in the mean 
germination time. The reduction of the osmotic potential 
of the substrate solution influenced the slow and uneven 
germination over time. 

This fact can be explained by the decrease in the 
metabolism of the seeds in  function  of  the  low  water  



 

 

2 7 6 4           A f r .  J .  A g r i c .  R e s .  
 
 
 

  
 

Figure 2. Mean germination time (♦) and mean speed germination (■) of T. indica seeds subjected to 
water stress. 

 
 
 
availability for the digestion of reserves and 
translocation of metabolized products. Water stress can 
reduce both the percentage and the germination speed, 
with a wide range of responses between the most 
sensitive and the resistant species (Bewley and Black, 
1994). Therefore, it is necessary to provide adequate 
level of hydration during seeds imbibition stage, in order 
to allow the reactivation of the metabolic processes, 
culminating in the growth of the embryonic axis (Marcos, 
2005). 

Similar results were found by Teixeira et al. (2011) 
in a study with crambe seeds (Crambe abyssinica 
Hochst), in which the increase in PEG 6000 
concentrations in the substrate solution caused 
significant increase in the mean germination time, and 
reduction in germination speed. Avila et al. (2007) 
concluded that with the reduction of the osmotic 
potential, there was an increase in the number of days 
to the initial germination of canola seeds (Brassica 
napus L.). Rabbani et al. (2012) found a decrease in 
the mean germination speed and mean germination 
time of moringa seeds (Moringa oleífera), with the 
increase in water stress. 
 
 
Experiment 2 
 
Figure 3 shows the results of germination (A), germination 
speed index (B) and mean germination speed (C) of 
tamarind seeds subjected to salt stress with NaCl 
solutions. The germination behavior of seeds was 
similar to those that were  subjected  to  PEG  6000 

solutions, with reduction in the germination potential. 
There was reduction in germination and in the mean 
germination speed when the seeds were submitted 
to NaCl solutions, from the potential of -0.3 MPa. 
However, unlike water stress in saline, there was no 
germination for any of the treatments, showing that the 
tamarind seed are more sensitive to drought stress to 
saline. 

The high concentration of salts is a stress factor in 
plants, as water is osmotically retained in saline, thus 
increasing the salt concentration becomes less and 
less available to plants (Munns, 2002). The species 
are sensitive to salinity and when sown in saline, 
initially a decrease in water absorption was observed, 
which acts by reducing the speed of the physiological 
and biochemical processes (Flowers, 2004), so the 
presence of higher levels of ions in plants less tolerant 
to water stress, can have adverse effects on the 
permeability of cell membranes (Greenway and Munns, 
1980), also causing a reduction in the germination 
process in terms of higher levels of salt stress, pointing 
out that these levels vary with the species (Pereira et 
al., 2012). This information become important for 
purposes of recommendations for the planting of 
species able to withstand different conditions of 
osmotic potential in various ecological situations, 
especially when considering the saline soils and areas 
with low water availability (Rego et al., 2011). 

Martins et al. (2011) also observed an adverse effect 
on speed and percentage of seed germination melaleuca 
(Melaleuca quinquenervia) according to the increase of 
the  amount  of  NaCl  in  the  solution.  In  cedar  seeds  
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Figure 3. Germination (A), germination speed index (B) and mean germination speed (C) of T. indica seeds subjected to salt stress. 

 
 
 
(Cedrela odorata L.) the adverse effects of salt stress on 
seed germination was evident at concentrations of 25 
mM NaCl, KCl and CaCl2 (Ferreira et al., 2013). In a 
study on okra seeds (Abelmoschus esculentus L.) 
Dkhil and Denden (2010) found that germination was 
impaired when the seeds were subjected to solutions 
of 80 and 100 mM NaCl. 
 
 
Experiment 3 
 
Figure 4 shows the influence of storage times on the 
germination (A) and on the germination speed index (B) 
of tamarind seeds stored for different times. It was 
found that storage caused reduction in percentage and 
in germination speed in all storage times, and 
tamarind seeds are sensitive to prolonged storage. 

Probably this reduction in germination is related to 
the fluctuations in water content, which was enough to 
promote higher respiratory rates, resulting in increased 
consumption of seeds reserves during respiration, and 
thus accelerating the deterioration speed (Guedes et al., 
2010). Decreases in viability and vigor during the 
storage time can be attributed to degenerative changes,  

 
 
 
which are typical of deterioration, reflecting the reduction 
of physiological quality (Corvello et al., 1999). 

Similar results were observed by Scalon et al. 
(2012) in a study on the storage of uvaia seeds 
(Eugenia pyriformis Cambess), in which the percentage 
of freshly harvested seed germination was higher when 
compared with those subjected to storage. Contrary 
results were reported by Höring et al. (2011) in 
jatropha seeds, in which stored seeds presented 
higher GSI. Souza et al. (2016) found that in quinoa 
seeds (Chenopodium quinoa Willdenow), the 
physiological quality was not affected by prolonged 
storage for over 300 days. 

Understandimg the dynamics of seed germination is 
essential to add information that is necessary to promote 
improvements in working conditions and germination. 
Overall, the results presented in the 'experiment 3' 
provided a better understanding of the survivability of the 
tamarind seeds in conditions of natural stress. 
 
 
Conclusion 
 
The  tamarind  seeds  are  sensitive  to  water   and   salt  
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Figure 4. Germination (A) and germination speed index (B) of T. indica seeds subjected to storage. 

 
 
 
stress, but water stress caused major damage to the 
seeds with the increase of osmotic solutions of PEG, 
being sensitive from the potential of -0.6 MPa. The 
seeds were sensitive to prolonged storage, this is not 
recommended for species. 
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Studies to characterize goat production system and identify breeding practices and trait preferences of 
goat keepers were conducted in three districts (Sheko, Shey Bench and Meanit Shasha) of Bench Maji 
zone, southwestern Ethiopia. Semi-structured questionnaires and own-flock ranking experiments were 
employed for data collection. The results of the analyses revealed that the average goat flock size was 
9.8±9.3. The flock structure constituted females (42.7%), intact males (19.0%), castrates (1.9%) and kids 
of both sex (36.5%). Goat production was rated highest for income and then as source of meat, with 
lowest rating as a means of saving. Most of respondents practiced selection for breeding does than 
bucks. Mating was predominantly uncontrolled. Twinning ability (I=0.29) for female and body size (I= 
0.35) for male were the most highly rated traits at own flock ranking. The goat production system in 
Sheko and Shey Bench districts was characterized by mixed crop-livestock, while in Meanit Shasha, 
agro-pastoralism was dominant. Thus, the breeding objectives of the communities are to improve meat 
production and increase income through increased number of goat flocks. 
 
Key words: Agro-pastoralism, breeding objectives, breeding practices, mixed crop-livestock. 

 
 
INTRODUCTION  
 
Goats are kept in a wide range of agro-ecological zones 
and management systems in Africa. They are found in 
small herds on mixed farms all over Africa, from the 
humid coastal zones in West Africa to the highlands of 
Ethiopia  (Peacock,   2005).   The   majority   of  the  goat 

population is found in large flocks in the arid and semi-
arid lowlands which are the characteristics of pastoral 
and agro–pastoral production systems. Goats are kept by 
nearly all pastoralists, often in mixed flocks with sheep, 
freely grazing or  browsing in the  rangelands  of  Ethiopia  
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(FARM Africa, 1996; Yoseph, 2007). Goats are among 
the most important livestock species in Ethiopia. The 
population of goats in the country is estimated to be 
22.78 million (CSA, 2011). Based on physical 
characteristics differences, four families and 13 breeds of 
goats have been identified in Ethiopia (FARM Africa, 
1996; DAGRIS, 2007).  

Goat production over the years is one of the major 
means of improving the livelihoods of poor livestock 
keepers, reducing poverty and attaining sustainable 
agriculture and universal food security due to their nature 
to produce in harsh climate with low quality roughages 
(Peacock, 2005; Madsen et al., 2007; Abdul-Aziz, 2010). 
Goats provide their owners with a broad range of 
products and socio-economic services and have played 
an important role in the social life of many African people 
(Tesfaye, 2004; Peacock, 2005). Goats can play a vital 
role in ensuring the food security of a household, often 
being the only asset possessed by a poor family. In times 
of disaster, such as crop failure or family illness, goats 
can be sold to purchase food or medicine (Peacock, 
2005; Solaiman, 2010; CSA, 2011).  

A good understanding of a production system is 
important for initiating programs that are meant to 
improve goat productivity including genetic improvement 
programs (Kosgey et al., 2006). Farmers in different 
production systems have different trait preferences due to 
the varying production activities and available resources 
(Ouma et al., 2004; Duguma et al., 2010). Definition of 
breeding objective should be a follow up activity, after 
defining the production system, in designing genetic 
improvement strategies (Duguma et al., 2010), since it 
would provide guidance for people involved in genetic 
improvement programmes (Kosgey, 2004). Involvement 
of farmers and pastoralists in defining breeding objectives 
and identifying traits to be targeted helps to increase the 
success of breed improvement programs (Getachew et 
al., 2010). 

Bench Maji is known with diversified ethnic groups, 
varying agro climatic condition, different production 
systems and a variety of livestock genetic resources. Yet 
the goat production system and trait preferences of goat 
keepers in the area were not studied. Therefore, the 
objective of this study was to characterize the goat 
production systems and identify trait preference of goat 
keepers. 
 
 
MATERIALS AND METHODS 
 
Study site 
 
Bench Maji Zone (BMZ) is located in south western Ethiopia at 
34°45’ to 36°10’E longitude and 5°40’ to 7°40’N latitude. The 
altitude ranges from 500 to 3,000 masl. The annual average 
temperature range from 15.1 to 27.5°C, while the annual rainfall 
range from 400 to 2,000 mm (BMZFED, 2012). The study area 
consisted of three districts namely Sheko, Shey Bench and Meanit 
Shasha.  
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Sampling techniques and data collection methods  
 
The study was conducted from December 2011 to August 2012. A 
total of 180 (60 per district) goat owners were selected by using 
stratified sampling techniques. The selected respondents were 
interviewed by semi-structured questionnaires. General information 
list of FAO (2011) and Oromiya livestock breed survey 
questionnaire (Workneh et al., 2004) were used as a checklist in 
designing the questionnaire. In addition, own-flock ranking was 
used to identify trait preferences and the breeding objectives as 
used earlier by Tadele (2010) and Duguma et al. (2010).  
 
 
Data analysis  
 
Descriptive statistics, Chi-square tests and multiple mean 
comparisons using Bonferroni’s correction were employed to 
analyze the data by Statistical Analysis System (SAS 9.0, 2002). 
Indexes were also calculated for all rankings data according to the 
following formula: Index = sum of (3 for rank 1 + 2 for rank 2 + 1 for 
rank 3) given for an individual reason (attribute) divided by the sum 
of (3 for rank 1 + 2 for rank 2 + 1 for rank 3) for overall reasons 
(attributes).  

 
 
RESULTS  
 
Household socio-economic characteristics 
 
The average family size of the households sampled in the 
study was about 7.4 (SD=2.91). The average reported 
age of the respondents was 40.6 (SD=12.35) years with a 
range of 19-81 years. The majority of respondent 
households were male headed (93.3%) and only 6.7% of 
the households were female headed. In terms of literacy 
of respondents, higher proportion of illiterate (44.4%) was 
found followed by respondents which could read and 
write (28.9%).  

On average, respondents in the three districts ranked 
their main source of cash income into sale of crops 
(I=0.52) as the first, while livestock and livestock products 
(I=0.35) ranked the second. Sale of homemade 
beverages was ranked as third source of income (I=0.11). 
In contrast to Sheko and SheyBench districts, the 
respondents in Meanit Shasha ranked their source of 
cash income into sale livestock and livestock products as 
the first (I=0.57) while sales of crops (I=0.35) ranked the 
second. Sale of homemade beverages was ranked as 
third source of income (I=0.08).  
 
 

Livestock holding  
 
The livestock species maintained in the area were cattle, 
sheep, goats, chickens and equines. The average 
reported livestock possessions are presented in Table 1. 
Respondents at Meanit Shasha had significantly higher 
(P<0.05) number of cattle, goat and chicken, while 
respondents at Shey Bench had significantly higher 
(P<0.05) number of sheep than their counterparts. 
However,  there  was  no  significant  difference  (P<0.05)  
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Table 1. Livestock holdings per household in the study areas. 
 

Animal 
Sheko Shey Bench Meanit Shasha Overall 

Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Cattle  4.50 ±2.82
b
 5.25±3.31

b
 8.95±5.45

a
 6.23±4.42 

Goat 6.10 ± 2.31
b
 4.55±1.73

b
 18.75±11.51

a
 9.80±9.30 

Sheep  1.60 ±1.46
b
 5.85± 3.12

a
 2.60±2.21

b
 3.35±2.98 

Chicken 4.45±4.50
b
 6.15±5.13

b
 12.50±8.29

a
 7.70±7.03 

Donkey 0.05±0.22
a
 0.25±0.44

a
 0.20±0.41

a
 0.17±0.37 

Mule 0.20±0.52
a
 0.10±0.31

a
 0

a
 0.10±0.35 

Horse  0
b
 0.35±0.58

a
 0

b
 0.12±0.37 

 
a,b

Means on the same row with different superscripts are significantly different (P<0.05). 

 
 
 

 
 

Figure 1. Goat flock size and structures in the study areas. 

 
 
 
between the three districts in horse, mule and donkey 
holding.  
 
 
Goat flock structure 
 
The flock structure obtained in the study is presented 
according to age and sex classes in Figure 1. In total, the 
proportion of females older than six months constituted 
42.7%, while intact and castrate males in the same age 
constituted 19.0 and 1.9% of the whole flock, 
respectively. Kids (both sexes) less than 6 months of age 

constituted 36.5%, while females older than one year of 
age and 6 months to 1 year of age accounted for 28.2 
and 14. 5% of the population, respectively and ranked 
first, second and third from the whole flock. 
 
 
Purpose of keeping goat 
 
The respondents in the three districts were ranked 
according to the reason why they kept goats, accordingly, 
goat production has been serving as source of income, 
meat, saving,  wealth storage and cultural ceremonies for  
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Table 2. Ranked constraints of goat production in the study areas. 
 

Constraints 
Sheko  Shey Bench  Meanit Shasha  

Overall Index 
Index Rank  Index Rank  Index Rank  

Feed shortage  0.35 1  0.34 1  0.33 2  0.33 

Water shortage  0 
 

 0.04 5  0.15 3  0.06 

Disease  0.05 4  0.25 2  0.41 1  0.24 

Drought 0 
 

 0 
 

 0.04 4  0.009 

Market 0.04 5  0.02 6  0.01 6  0.02 

Mobility  0.02 6  0 
 

 0.04 4  0.015 

Labor shortage 0.34 2  0.22 3  0.01 6  0.2 

Predator  0.2 3  0.13 4  0.02 5  0.15 

 
 
 
the goat keepers of the study areas. The overall index 
result indicated that majority of the respondents (index 
value of 0.42) rated goat was primarily kept for income 
source, meat was the second with index value of 0.32 
and saving was rated as third having index value 0.16.  
 
 
Breeding practices  
 
Mating was predominantly uncontrolled in the area. About 
23.3, 20 and 76.7% of respondents in Sheko, Shey 
Bench and Meanit Shasha, respectively, kept their own 
breeding buck. Majority of respondents at Meanit Shasha 
(86.7%), Sheko (75%) and Shey Bench (73.3%) reported 
breeding bucks were originated from own flock while the 
rest of them reported that bucks were purchased from 
market. The majority (about 83.3% at Sheko, 58.3% at 
Meanit Shasha and 76.7% at Shey Bench) of 
respondents keep bucks for fattening while others 
reported that they were maintaining bucks for both 
fattening as well as mating purpose. When the flocks did 
not have a breeding male, the majority (93 to 100%) of 
the goat keepers relied on bucks from neighbors’ flocks 
to service the females.  

Moreover, few of the respondents at Sheko reported 
that they got the service by taking their does to a local 
market where bucks for sale can be used and paying the 
buck owner an amount of money. 
 
 
Selection of breeding goats  
 
Selection of parents of the next generation for both males 
and females was practiced at varying rate. Out of the 
whole respondents, 77.8% were interested in selection 
for females while only 37.2% have interest in selecting for 
males. Majority of the respondents (78.3% at Sheko, 
81.7% at Meanit Shasha and 73.3% at Shey Bench) gave 
attention and practice selection of breeding females. On 
the other hand, only 38.5, 47.6 and 36.7% reported 
practicing selection of breeding males at Sheko, Meanit 
Shasha and Shey Bench, respectively.  

Castration  
 
Castration was practiced by 81.7% of respondents at 
Meanit Shasha, 68.3% at Sheko and 65% at Shey 
Bench. Male kids of more than six months old were 
commonly castrated. The respondents have multiple 
castration objectives such as for improving fattening 
potential and temperament of buck and indirectly 
controlling breeding. Male kids of more than six months 
old were commonly castrated. Castration was entirely 
done through traditional method using local materials 
such as wood and stone. Majority of the respondents did 
not supplement castrated bucks.  
 
 
Goat production constraints  
 
Constraints of goat production in the study area are 
presented in Table 2. The constraints were reported 
across the districts and some of them may not have 
appeared on the first to third rank lists according to 
respondents’ prioritization. Feed shortage was the most 
frequently mentioned production constraint and ranked as 
the first with index value of 0.33. Disease ranked the 
second mentioned as important constraints threatening 
goat production (I=0.24) while labor shortage for goatherd 
shepherding was the third frequently mentioned 
constraint with index value of 0.20.  
 
 
Trait preference and breeding objectives 
 
The results obtained on the trait preference from own 
flock ranking for female and male goats are presented in 
Tables 3 and 4, respectively. Twinning ability (I=0.31), kid 
growth (0.21), mothering character (I=0.13) and body size 
(I=0.13) were the most highly rated traits for selecting 
female goat from their own flocks. On the other hand, 
body size and growth rate were ranked as first and 
second preferred traits with overall index value of 0.42 
and 0.27, correspondingly to the selection of best male 
from their own flocks.  
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Table 3. Reasons for ranking preferred female goats within own flock. 
 

Characters 
Sheko  Shey Bench  Meanit Shasha  

Overall Index 
Index Rank  Index Rank  Index Rank  

Body size 0.1 5  0.2 3  0.12 5  0.13 

Color 0.05 6  0.06 5  0.04 6  0.05 

Mothering character 0.11 4  0.12 4  0.16 3  0.13 

Kid growth 0.22 2  0.21 2  0.2 2  0.21 

Age at first Kidding 0.03 8  0.02 7  0.02 8  0.02 

Kidding interval 0.12 3  0.05 6  0.14 4  0.10 

Twining ability 0.3 1  0.36 1  0.27 1  0.31 

Adaptive 0.02 7  0.02 7  0.03 7  0.02 

Longevity 0.01 9  0.02 7  0.03 7  0.02 

Temperament 0.01 10  0.02 7  0 
 

 0.01 

 
 
 

Table 4. Reasons for ranking preferred male goats within own flock. 
 

Preferred traits 
Sheko  Shey Bench  Meanit Shasha  

Overall Index 
Index Rank  Index Rank  Index Rank  

Body size 0.45 1  0.46 1  0.35 1  0.42 

Color  0.19 3  0.15 3  0.15 4  0.16 

Horn 0.04 5  0   0.02 6  0.02 

Growth rate 0.27 2  0.3 2  0.24 2  0.27 

Adaptability 0 
 

 0.02 6  0.17 3  0.07 

Mating ability 0.05 4  0.03 5  0.06 5  0.05 

Temperament  0 
 

 0.04 4  0 
 

 0.01 

 
 
 

Twinning ability for female and body size for male were 
the most highly rated traits for selecting goat at own flock 
ranking experiment. The production objectives of goat 
keeper are income sources, meat and saving. Therefore, 
breeding objectives of the community are to improve 
growth of goat thereby improving meat production 
potential of goats and increased income through 
increased number of kid crops in goat flocks.  
 
 
DISCUSSION 
 
From the results, higher number of goat population was 
obtained at Meanit Shasha (18.75±11.51) which is 
significantly different from both Sheko (6.10±2.31) and 
Shey Bench (4.55±1.73). This is because Meanit Shasha 
area is characterized as that of agro-pastoral having 
huge goat population. The average goat flock size (9.8) is 
higher than the case reported for FARM Africa (1996) 
which suggested a mean flock size of 7 for Arsi-Bale 
goats, 4 for Hararghe Highland goats, and 6 for Keffa 
goats. The result closely relates with average flock sizes 
of 10 for Central Highland, 11 for Woyto-Guji and 11 for 
Western lowland goats as reported by the same author. 
In contrast, Grum (2010) reported  average  flock  size  of 

32.8 for Short Eared Somali goat population which is 
quite higher than flock size reported by this study.  

The study showed that goats were not milked in the 
study areas, because no respondents reported they keep 
goats for milk. This is in agreement with the report for 
FARM Africa (1996) that goats were not milked in parts of 
Gojam, Wellega, Keffa and Wolayta. However, reports of 
Girum (2010) for Short Eared Somali Goats and (FARM 
Africa, 1996) showed goats are milked in all other parts of 
the country except in the parts of the country indicated 
above. 

Castration was mainly practiced to improve the 
fattening potential, thereby it is a means of getting higher 
sale prices at a later date. It was also practiced to 
improve temperament of buck and the respondents 
believe that castrated goats can be raised with females 
together without problem. Male kids more than six month 
old were commonly castrated. In agreement with this 
report, different findings indicated that castration at early 
age has positive impact on weight gain (Singh, 2000; 
Wondwosen, 2007). Usually better bucks with good body 
conformation and having potential for fattening are 
subjected to castration at early age which results in loss 
of important gene (negative selection).  

Good  understanding  on  the relative importance of the  



 
 
 
 
different constraints is fundamental prior to initiating any 
genetic improvement programme (Baker and Gray, 
2003). Across districts, different constraints with variable 
rank were reported for instance feed shortage ranked as 
the first most limiting production constraint at Sheko and 
Shey Bench, while disease occurrence was ranked as 
the first followed by feed shortage at Meanit Shasha. 
Water shortage was third ranked problem at Meanit 
Shasha. On average, index value, in this finding in 
agreement with Takele (2005) report that feed shortage, 
disease and shortage labor for herding is the most 
limiting production constraints in the same study area. 
Similarly, in other parts of the country, feed shortage was 
also the most frequently mentioned goat production 
constraint (Grum, 2010).  
 
 
Conclusion 
 
In conclusion, the goat production system in the Sheko 
and the Shey Bench areas were characterized by mixed 
crop-livestock, whereas the Meanit Shasha area was 
characterized by agro-pastoral. Goats in the mixed crop-
livestock production system were characterized by small 
flock size than the agro-pastoral. Goats are kept in the 
areas for multiple production objectives contributing to 
household income and food security. Does having high 
twinning ability with best kid growth and bucks with large 
body size with good growth rate were the most preferred 
traits. Higher twinning rate was obtained from the goat 
flocks because of higher preference for twinning by goat 
owners. This showed that the goat populations are 
relatively productive. Thus, the breeding objectives of the 
communities are to improve meat production and 
increase income through increased number of kid crops 
and improved growth. 
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The objective of this study is to evaluate the effect of water deficit and the recovery potential following 
rehydration, on the metabolism of Campomanesia xanthocarpa seedlings. The seedlings were 
distributed in two groups: the first group was the control, in which, plants were hydrated periodically in 
order to maintain 70% water holding capacity and the second was the treatment group characterized by 
stress, in which irrigation was suspended until the photosynthetic rate showed levels close to zero, at 
which point the plants were once again rehydrated with subsequent daily irrigation for one week, 
maintaining the water holding capacity at 70%. C. xanthocarpa shows a reduction in stomatal 
conductance and photosystem PSII efficiency. Water deficit decreases the water potential in the leaves 
and all the traits of the photosynthetic metabolism in C. xanthocarpa seedlings in twenty days of 
suspension of irrigation. These are later recovered with the re-establishment of the water supply. 
However, exposure of the seedlings to a second cycle of water deficit during the evaluation period 
demonstrated that the metabolism traits do not re-establish equilibrium. 
 
Key words: Cerrado, guabiroba, photosynthesis.  

 
 
INTRODUCTON 
 
Plants are frequently exposed to multiple stress 
conditions, which limit their growth and development. 
Among the environmental factors, water deficiency is one 
of the stress factors that cause more damage to the 
physiological and metabolic processes of plants (Larcher, 

2006; Taiz and Zeiger, 2013), thus determining their 
distribution (Sakamoto and Murata, 2002). 

Several physiological and biochemical responses are 
observed as a result of water deficit. CO2 assimilation by 
the  leaves   is  reduced   mainly   because   of    stomatal
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closure, damage to the membranes, and impaired 
enzymatic activity, especially that of enzymes involved in 
CO2 fixation and ATP synthesis. Meanwhile, it has also 
been reported that under severe water stress, in addition 
to stomatal restrictions to CO2 uptake, limitations can 
occur in non-stomatal components, such as reduction in 
RuBisCO activity, CO2 availability in chloroplasts, and 
damage to the reaction centers of photosystem II, 
however, the extent of the effects of water deficiency will 
depend, among other factors, on its intensity and duration 
and on their recovery potential, as it requires adaptive 
changes and/or deleterious effects (Flexas et al., 2006; 
Xu et al., 2009). 

Brazil has a rich and diversified flora regarding fruit 
species especially those producing edible and 
commercially useful fruits. Campomanesia xanthocarpa 
Mart. ex O. Berg, commonly known as „gabiroba‟, which 
belongs to the family Myrtaceae, is native to Brazil and 
found in almost all forest formations from the state of 
Minas Gerais to the southernmost edge of Rio Grande do 
Sul (Lorenzi, 1992). The fruit presents an abundant and 
succulent pulp, and is appreciated regionally. It is used in 
the production of refreshments, ice cream, liqueurs, and 
homemade sweets, owing to the presence of significant 
levels of pectic substances. Gabiroba fruits have good 
nutritional value owing to the high level of vitamin C, 
minerals, and phenolic compounds, which allows them to 
be considered a functional food (Santos et al., 2009). The 
species is also important for the production of coal and 
good-quality firewood. 

Few studies have focused on the effect of water deficit 
on the physiological processes in native plants. This is an 
important area for research, since this abiotic stress has 
effects on various plant processes, many of which reflect 
mechanisms of adaptation to different habitats. Such 
knowledge of C. xanthocarpa metabolism will allow the 
production of quality seedlings. This will be useful since 
there is a need to replant owing to high mortality rates 
when the plants are exposed to environmental stresses 
to which they are not adapted (Carvalho et al., 2003), in 
addition to permitting sustainable exploration, and the 
possibility of regeneration of degraded areas. 

Considering the natural habitat of C. xanthocarpa, it is 
believed that their occurrence is related to increased 
photosynthetic efficiency and the plant‟s capacity for 
recuperation, following periods of water stress sustained 
in their natural environment. In light of this, the present 
work aimed to evaluate the effect of water deficit and the 
recovery potential following rehydration, on the 
metabolism of C. xanthocarpa seedlings. 
 
 
MATERIALS AND METHODS  
 
C. xanthocarpa fruits were collected at the beginning of the month 
of December 2013, using matrices distributed in the Cerrado areas, 
located near the municipality of Dourados/Mato Grosso do Sul 
State. After collection, the fruits were manually processed and the 
seeds  extracted  and  selected  according   to   their   integrity   and  

 
 
 
 
uniformity. The selected seeds were washed in running water to 
eliminate pulp remains and then dried using Germitest® paper 
tissues. 

In order to obtain the seedlings, the seeds were sown in tubes of 
50 × 190 mm at a depth of one centimeter, which contained 
distroferric red latosol, sand, and Bioplant® commercial substrate, at 
the proportion of 1:1:1. The seedlings, measuring about 15 cm, 
were transplanted into 5 kg capacity pots in the same soil, where 
they were acclimatized for 30 days, with irrigation at 70% water 
holding capacity and kept in a 40% shade (Sombrite®) greenhouse. 
During the course of the experiment, the plants were protected from 
pluviometric precipitation by a plastic cover. 

The pots were distributed in two groups. The first group was the 
control, in which, plants were hydrated periodically in order to 
maintain 70% water holding capacity. The second was the 
treatment group characterized by stress, in which irrigation was 
suspended until the photosynthetic rate showed levels close to 
zero, at which point the plants were once again rehydrated with 
subsequent daily irrigation for one week, maintaining the water 
holding capacity at 70%. This treatment was applied twice. The 
seedlings were evaluated up to 172 days since the start of the 
treatments. 

To evaluate the effect of intermittent water deficit, the plants were 
monitored every two days, until the photosynthetic rate was at 
levels close to zero, and following rehydration with daily hydration 
for one week, at which point the following characteristics were 
evaluated: 
 
1. Chlorophyll index: Obtained with the help of a chlorophyll meter 
(Konica Minolta, SPAD 502). 
2. Gas exchanges: The photosynthetic rate - A (µmol m-2 s-1), foliar 
transpiration - E (mmol m-2 s-1), stomatal conductance 3. Gs (mol m-

2 s-1) and internal CO2 concentration - Ci (µmol mol-1) were 
measured using an infrared gas analyzer (IRGA) (Model LCi PRO; 
Analytical Development Co. Ltd., Hoddesdon, UK). The 
measurements were performed on three seedlings per treatment in 
the morning, between 08:00 h and 11:00 h, and were recorded from 
two fully extended previously marked leaves. All measurements 
were taken from these marked leaves. Only the data measured 
under a photosynthetic photon flux (PPF) above 700 mmol m−2 s−1 

were considered. From the gas exchange data, the following ratios 
were calculated: instantaneous water-use efficiency (WUE µmol 
CO2/ mmol-1 H2O), intrinsic water-use efficiency (IWUE µmol CO2/ 
mmol-1 H2O), and instantaneous carboxylation efficiency (A/Ci µmol 
m-2 s-1/ µmol mol-1). 
4. Chlorophyll a fluorescence: A portable fluorometer (model OS-
30p) (Opti-Sciences Chlorophyll Fluorometer, Hudson, USA), was 
used to measure the initial fluorescence (F0), the maximum 
fluorescence (Fm), and the potential quantum efficiency of 
photosystem II (Fv/Fm). From these fluorescence data, the following 
parameters were calculated: variable fluorescence (Fv = Fm − F0) 
and effective absorbed energy conversion efficiency of 
photosystem II (Fv/F0). Fluorescence determinations were 
performed between 08:00 h and 11:00 h, on the same leaves used 
to evaluate gas exchanges, and they were submitted to a 30-minute 
dark adaptation period using leaf-clip holders, so that all the 
reaction centers in that foliar region acquired the „open‟ 
configuration, indicating the complete oxidation of the 
photosynthetic electron transport system. 
5. Leaf water potential (Ψω): Obtained from readings performed on 
the second pair of fully extended leaves from the apex to the base, 
between 10:00 h and 11:00 h, using pressure chamber Scholander 
(Portable Plant water status console - modelo 3115) (Scholander et 
al., 1964), immediately after leaf collection. The values were 
obtained in bar and later converted to MPa. 

For gas exchanges, the design was completely randomized with 
two water regimes (control - irrigated periodically and stress) and 
four repetitions, in which each one corresponded to one seedling.  
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Figure 1. Average temperature data (°C) (A) and relative humidity (RH) (B) during 
the months of February to July 2015, in Dourados/Mato Grosso do Sul State, Brazil. 

 
 
 
The results were submitted to analysis of variance and where there 
was a statistical significance, the means of each treatment were 
submitted to a t test at 5 % probability. 

For the other reviews, the design was completely randomized 
design in factorial scheme 2 water regimes (control - irrigated 
periodically and stress) x 6 evaluation periods (Time zero - T0, first 
and second photosynthesis - 1° P0 and 2° P0, first and second cycle 
of drought/rehydration - 1°D/R and 2°D/R, and 90 days after 
rehydration - 90 d/R) and four repetitions, in which each one 
corresponded to one seedling. The results were submitted to 
analysis of variance and statistical effect to water regimes; the 
averages were compared by t test and interaction between 
treatments by Scott Knott, both 5% probability. 

During the experimental period, relative humidity (RH) and 
temperature (ºC) data were recorded and collected from the 
database of the Embrapa Western Region Agriculture, located in 
Dourados/Mato Grosso do Sul State (Figure 1). 
 
 

RESULTS 
 
The water potential (Ψw) of C. xanthocarpa seedlings 
was influenced by the treatment (Figure 2). Seedlings 
subjected to water deficit showed significant reduction in 
Ψw in the periods referring to the first and second cycles 
of null photosynthesis (first and second P0) with mean 
values of −2.6 and −2.3 MPa respectively. These were 26 
times lower than those for control plants, which permitted 
us to infer that the leaf wilting was caused by a reduction 
in water availability. After 90 days of rehydration, the 
stressed seedlings did not differ from the controls. 

During the experimental period, the control seedlings 
presented mean photosynthesis  rates  (A)  of  6.81  µmol 

m
−2

 s
−1

 (Figure 2B). The photosynthesis rates of 
seedlings under water deficit showed significant variation, 
with reductions from the 23rd day that intensified until the 
28th day, averaging 0.79 µmol m

−2
 s

−1 
during the first 

cycle of drought/rehydration (D/R). This was on an 
average 0.60 µmol m

−2
 s

−1
 during the second cycle, from 

the 58th until the 64th day, when the rate reached values 
close to zero and irrigation was resumed. 

After rehydration, the seedlings exposed to water deficit 
rapidly recovered their photosynthetic metabolism in such 
a way that the values reached control levels by the 38th 
day (8.42 µmol m

−2
 s

−1
) necessitating only 7 days for the 

photosynthesis rate to recover. However, this recovery 
reached control seedling values only in the first D/R 
cycle, and in the remaining days, including the second 
D/R cycle, the rate remained lower until the end of the 
experimental period (Figure 3A).  

In the first D/R cycle, the transpiration rate (E) values of 
the seedlings without irrigation remained close to the 
values of control seedlings until the 13th day (Figure 3B). 
From that day, significant reductions in the E rate of 
stressed seedlings were observed up to the 27th day, 
averaging 0.4 mmol m

−2
 s

−1
 when they were rehydrated. 

In the second D/R cycle however, these reductions were 
observed from the 35th to the 65th day, averaging 0.38 
mmol m

−2
 s

−1
. Similar to the photosynthesis rate, the 

transpiration rate recovered after irrigation was re-
established, but the values remained lower to those 
observed for control seedlings, averaging 2.98 mmol m

−2
 

s
−1

 during the whole evaluation period. 
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Figure 2. Water potential - Ψw of seedlings Campomanesia xanthocarpa in 
function water regimes. Small letters compare treatments (stressed and control) 
and capital letters compare control and capital letters in italics compare the 
stressed seedlings within the evaluation periods.  

 
 
 
Regarding the water use efficiency (A/E) ratio, no 
significant differences were observed in seedlings from 
both treatments until the 23rd day of evaluation (Figure 
3C). After the 35

th
 day, fluctuations in the average A/E of 

the seedlings under water deficit were observed, 
indicating values lower than those observed in the 
controls until the end of the evaluation period, with the 
exception of day 65 (2.9 µmol CO2/mmol H2O) when a 
higher A/E was observed in stressed seedlings than in 
control seedlings.  

The mean internal CO2 concentration (Ci) fluctuated 
during the whole experiment (Figure 4A). The stressed 
seedlings showed a significant increase in concentration 
of this gas at the 9th day of suspension of irrigation (322 
μmol mol

−1
), a behavior that was also observed on the 

38th and 65th days, averaging 326 μmol mol
−1

, until the 
end of the experiment. It is worthwhile to note that the 
28th and 65th days were when the seedlings under 
stress showed photosynthesis rates close to zero, in 
addition to showing the biggest reductions in transpiration 
and stomatal conductance. 

The mean values of instantaneous carboxylation 
efficiency (A/Ci) were similar in both treatments until the 
23rd day (Figure 4B). However, the plants under water 
stress showed a marked decline until the 28th day (0.014 
μmol m

−2
 s

−1
/μmol mol

−1
) during the first DR cycle, and in 

the second cycle, this reduction was most pronounced on 
the 65th day (0.001 μmol m

−2
 s

−1
/μmol mol

−1
) regardless 

of the re-establishment of irrigation, and this condition 
was maintained until the end of the experiment. 

The stressed seedlings showed significant reductions 
in stomatal conductance (Gs) from the 23rd to the 27th 
day in the first D/R cycle, when rehydration then occurred 
and a rapid recovery was observed (Figure 4C). 

However, in the second cycle this reduction was 
noticeable from the 38th until the 65th day. The observed 
behavior denotes slow recovery following rehydration 
and, in both cycles, the levels detected remained below 
control levels until the 137th day of evaluation, 
suggesting that the stomata of this species need time to 
recover their hydration and/or the leaves their water 
potential. 

With respect to the intrinsic water-use efficiency (A/Gs), 
the means observed showed oscillations during the 
whole evaluation period, but a trend was observed in 
which the values were higher in stressed seedling, except 
on days 9 and 38 (Figure 4D), when they were 
significantly reduced, averaging 16.03 and 26.95 µmol 
CO2/mol H2O, respectively. 

With respect to the chlorophyll index (SPAD), a 
significant interaction was observed between the 
irrigation strategies and the evaluation periods (Figure 
5A). The seedlings under water deficit showed reductions 
in chlorophyll index in the periods referring to the first D/R 
cycle, second P0 cycle, and second D/R cycle. After 90 
days of rehydration, no difference was observed in the 
stressed seedlings compared to the control. 

Generally, chlorophyll a fluorescence parameters were 
influenced by the interaction between the treatments 
(Figure 5), with the exception of the initial fluorescence 
(F0), which did not significantly differ between the periods 
evaluated, with an average of 0.274 electrons quantum

−1
, 

but was higher in the seedlings under stress when 
compared to control seedlings (Figure 5B). 

Maximum fluorescence (Fm) and variable fluorescence 
(Fv) were negatively influenced by water deficit (Figures 
5C and D), which led to significant reductions during the 
first P0 and second P0, with the Fm averaging  0.597  and  
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Figure 3. Photosynthetic rate - A (A), transpiration rate - E (B), water use efficiency - A/E (C) 
depending on the evaluation days between irrigated seedlings Campomanesia xanthocarpa and 
subject to conditions water stress.  

 
 
 
0.590 electrons quantum

−1
 and the Fv 0.276 and 0.287 

electrons quantum
−1

. After 90 days rehydration, stressed 
seedlings differed from the control, showing an increase 
in Fm and Fv (Figures 5C and D). 

The quantum efficiency of photosystem II (Fv/Fm) was 
reduced as a consequence of the stress caused by water 
deficiency. The lowest values (0.431 and 0.435 electrons 
quantum

−1
) occurred in the periods during which the 

seedlings   reached    null    photosynthesis    (Figure 5E), 

however in the second
 
rehydration (R) the seedlings 

previously under stress showed significant recovery for 
this trait (0.431 and 0.435 electrons quantum

−1
), which 

was maintained until the end of the evaluation. 
The same response behavior was observed for the 

effective absorbed energy conversion efficiency of the 
photosystem II (Fv/F0) as for Fv/Fm (Figure 5E), in which 
this variable recovered in the second R (3993.16 
electrons quantum

−1
) (Figure 5F). 
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Figure 4. Mean values of internal CO2 concentration - Ci (A), instantaneous carboxylation efficiency of 
CO2 -A/Ci (B), stomatal conductance - Gs (C) and intrinsic efficiency of water use - A/Gs (D) in the light 
of day evaluation of seedlings irrigated Campomanesia xanthocarpa and under water stress conditions 
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Figure 5. Chlorophyll index (A), F0 - minimum fluorescence (B); Fm - maximum fluorescence (C); Fv - variable fluorescence 
(D); Fv/Fm - quantum efficiency of photosystem II (E) and Fv/F0 - efficiency of photosystem effective the absorbed energy 
conversion (F) of seedlings Campomanesia xanthocarpa in function water regimes. Small letters compare treatments 
(stressed and control) and capital letters compare control and capital letters in italics compare the stressed seedlings within 
the evaluation periods.  

 
 
 
DISCUSSION 
 
C. xanthocarpa seedlings under water restriction showed 
a  reduction  in  water  potential  (Ψw),  reaching  a  mean 

value of −2.4 MPa when the photosynthesis rate was 
lowered to values close to zero, along with the loss of 
turgidity in the leaves (Figure 2). These Ψw values are 
considered  critical  for  ligneous  plants  of  the   Cerrado  
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(Franco et al., 2005), and are sufficient to promote 
alterations in content and in the free energy of the water 
in the soil and in the plants. This reduction subsequently 
affects physiological processes, initially interrupting cell 
expansion, introducing stomatal closure, lowering 
photosynthesis, in addition to interfering in various other 
basic metabolic processes such as synthesis and 
degradation of carbohydrates and proteins, and the 
accumulation of solutes, which will have an impact on 
plant growth and productivity (Kumar and Sing, 1998). 

Following rehydration, the Ψw of the seedlings 
previously kept under water restriction, recovered and 
reached values close to the control. However, the values 
observed both for the irrigated seedlings as well as for 
those maintained under water restriction remained above 
levels considered critical (−1.5 MPa) until the end of the 
experiment, which could have affected photosynthesis in 
field conditions (Da Matta et al., 2007). This fact is 
probably related to the lower relative air humidity (Figure 
1) observed in the days around the evaluation periods, 
promoting water loss by the leaves. Environmental 
factors are known to not only act directly on water loss, 
but they can also act indirectly by controlling stomatal 
behavior, as is the case of air humidity (Seixas, 2009). 

The initial decrease in photosynthesis, accompanied by 
stomatal conductance (Gs) and increase in internal CO2 
concentration (Ci) after the suspension of irrigation on 
day 23, suggests that stomatal restriction is initially 
responsible for the reduction in CO2 uptake in the 
seedlings during the first days of water deficiency (Figure 
3 and 4). This occurs because of the partial closure of the 
stomata, controlled either by dehydration of the guard 
cells or by hormonal response, which restricts water loss 
in the leaves due to transpiration. Our experiment 
showed that transpiration had already reduced 
significantly by the 13

th
 day. At the same time, the partial 

closure of the stomata leads to a drop in CO2 entry and 
assimilation, thus compromising the photosynthetic 
process (Magalhães et al., 2008; Araújo and Deminicis, 
2009). 

However, even under low Gs values, it was observed 
that during the longest stress period, when the 
photosynthesis rate was near zero, the stressed 
seedlings presented levels of internal CO2 concentration 
similar to those of irrigated seedlings in the first D/R 
cycle, and an increase in the concentration of this gas in 
the second cycle (Figure 3). This behavior indicated that 
other factors influence CO2 uptake. Further, it suggests 
the presence of chemical signals in the plants, such as 
abscisic acid, which control the stomatal opening during 
drought periods (Hirayama and Shinozaki, 2010; Oliveira 
et al., 2011). It constitutes a strategy used by the plants 
to reduce excessive water loss due to transpiration 
(Albuquerque et al., 2013) and therefore avoiding tissue 
dehydration, in addition to permitting the maintenance of 
the integrity of the water transport system and the 
development   of   water   potential,   when   the    soil    is  

 
 
 
 
undergoing progressive drought (Magalhães et al., 2008). 

Similarly, the reduction in transpiration rate (E), an 
anticipated effect to the low Gs and the action of intrinsic 
factors (abscisic acid) was also demonstrated through the  
instantaneous water-use efficiency, which remained 
similar to the control during the first days of suspension of 
irrigation, until the 23

rd
 day (Figura 3A, B). This occurs 

because instantaneous water-use efficiency (A/E) can 
increase when water deficiency is first established, since 
the partial closure of the stomata has a stronger effect on 
the exit of water molecules than on the quantity of CO2 
fixed (Pompelli et al., 2010; Silva et al., 2010). 

It has been proposed that both stomatal (resistance to 
CO2 entry) and non-stomatal factors (low enzymatic 
activity for CO2 assimilation) may be the main causes for 
the reduction in carbon assimilation, reflecting changes in 
stomatal conductance patterns and internal carbon 
(Farquhar and Sharkey, 1982; Mielke et al., 2003; 
Herrera et al., 2008). Additionally, non-stomatal 
limitations gradually progress with the intensity and 
duration of the water stress, such as the decrease in 
RuBisCo activity, CO2 availability in the chloroplast and 
photochemical efficiency of PSII (Flexas et al., 2006; Xu 
et al., 2009). 

As such, the drop in photosynthesis in C. xanthocarpa 
seedlings can be attributed to the initial reduction in 
stomatal conductance associated with the reduction in 
CO2 carboxylation efficiency (A/Ci) by RuBisCo (Figure 
4B) as the duration and intensity of the stress increased. 
Values below 0.05 mol m

−2
 s

−1
, observed in this study, 

are indicative of severe water deficit and are 
accompanied by non-stomatal limitations (Medrano et al., 
2002; Sircelj et al., 2007) such as damage to the 
photochemical apparatus, through thylakoid membrane 
de-structuring (Dias and Bruggermann, 2010), and 
reduction in the activity of enzymes involved in 
photosynthetic reactions, such as RuBisCo, leading to 
the interruption of photosynthetic processes (Tang et al., 
2002; Ghannoum et al., 2003; Liu et al., 2014). 

The capacity of the plants to recover their 
photosynthetic rate (A) following rehydration is of 
fundamental importance. This, along with their capacity to 
avoid and/or withstand water stress represent the 
resistance of the plants to drought, in addition to its ability 
to prevent decrease in productivity of plant cultivations 
(Chaves et al., 2009; Pinheiro and Chaves, 2011). 

Following rehydration, total recovery of carbon 
assimilation by the seedlings was observed in the first 
D/R cycle; however, this recovery was partial in the 
second cycle, with 70% recovery in relation to the 
seedlings maintained under irrigation (Figure 3B). 
Usually, plants submitted to water stress present a 
maximum photosynthetic rate recovery of 40–60% after 
rehydration, whereby the recovery continues in the 
following days, yet the maximum photosynthesis rate is 
not always reached (Flexas et al., 2004; Sofo et al., 2004; 
Souza et al., 2004). This occurs because the carbon gain  



 
 
 
 
obtained during the period of water stress and 
rehydration may depend on both the speed and degree of 
photosynthetic recovery, as well as on the degree and 
speed of the decline in photosynthesis during low water 
availability (Flexas et al., 2006; Xu et al., 2009). 

In the case of the C. xanthocarpa seedlings, a total 
recovery of A in seven days is considered to be fast. This 
was similar to observations recorded for Hancornia 
speciosa Gomes (Scalon et al., 2015), Myracrodruon 
urundeuva Allemão (Costa et al., 2015), Khaya ivorensis  
A. Chev (Albuquerque et al., 2013), Eucalyptus and 
Acacia spp. (Warren et al., 2011), Tabebuia aurea S. 
Manso (Oliveria et al., 2011), and Carapa guianensis 
Fusée-Aublet (Gonçalves et al., 2009) seedlings. For 
other species, the recovery of photosynthetic traits 
occurred only after fourteen days after rehydration (Calbo 
and Moraes, 2000). 

As the stress prolonged, C. xanthocarpa seedlings 
showed a marked decrease in Gs (from the 23

rd
 day of 

suspension of irrigation) (Figure 4C), leading to reduction 
in A due to the low intracellular CO2 concentrations (Ci) 
and the inhibition of foliar metabolism (non-stomatal 
factors) (Ben et al., 2009; Ashraf, 2010). Such reductions 
in A were reflected in lower A/E for the stressed 
seedlings, in which they remained at levels below those 
of the control, even after rehydration, throughout the 
experimental period. 

In some species, the maintenance of lower stomatal 
conductance following rehydration imposes a substantial 
limitation for photosynthesis (Gallé and Feller, 2007; 
Galmés et al., 2007) and transpiration recovery. In the 
present work, it was possible to observe such behavior, 
since even after seven days of rehydration the recovery 
of stomatal conductance was partial and lower in both 
D/R cycles when compared to the irrigated seedlings, 
reaching a maximum of 63% (Figure 3C). 

Similar results to those obtained for C. xanthocarpa 
were observed in other species. In H. speciosa, stomatal 
conductance recovery (63%) occurred six days after 
rehydration, yet at lower levels when compared to 
irrigated plants, suggesting that the stomata in those 
species are slow in recuperating hydration (Scalon et al., 
2015). Likewise, 60% recovery of stomatal conductance 
was observed in Populus euphratica after six days of 
rehydration (Bogeat-Triboulot et al., 2007), while in 
Bactris gasipaes Kunth seedlings, 50% recovery of 
stomatal conductance occurred three days after water 
was added back to the soil (Oliveira et al., 2002). 

In the case of C. xanthocarpa seedlings, considering 
that the recovery of stomatal conductance was partial 
and lower when compared to the control, it is noteworthy 
that, such recovery was much slower in the second D/R 
cycle, suggesting that prolonged stress on the seedlings 
may have created water tension in the xylem, which 
affected the water transport system. According to 
Manzoni et al. (2012), both stomatal as well as xylem 
conductance  are  reduced  when   water   is   limiting,   in  
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comparison to well-hydrated plants. This is because, the 
regulation of foliar water conductance depends on 
cavitations and on the recovery of xylem vessels, and 
these vessels are more sensitive in leaf veins (Cochard 
et al., 2002). Under water stress, chlorophyll levels in the 
leaves may be reduced, which will affect photosynthesis 
 (Din et al., 2011; Asharaf and Harris, 2013).  

In the present study, maintenance of chlorophyll levels 
in the seedlings grown under suspension of irrigation 
during one of the periods of higher stress (1° F0) may  
have been due to the lower hydration state of the cells in 
the leaves. This could have caused the pigment to 
concentrate and contribute to a higher chlorophyll 
quantification, thus masking the effect of the stress, while 
explaining the observed reduction in photosynthetic rate 
in the same period. 

However, in the first D/R, the stressed seedlings 
showed reduction in chlorophyll levels, which was also 
observed in the second P0 and second

 
D/R, indicating 

that the water deficit led to a reduction in the efficiency of 
the photosynthetic apparatus, which was maintained 
even after irrigation was re-established. These data 
usually result from the degradation of chlorophyll 
molecules or from impaired chlorophyll synthesis 
(Dalmolin, 2013). The reduction in chlorophyll index in C. 
xanthocarpa seedlings seems to have occurred in a more 
pronounced way as the result of reduced pigment 
synthesis, since yellowing of the leaves, a typical 
indication of chlorosis resulting from chlorophyll 
degradation, was not observed. Meanwhile, in these 
seedlings, the chlorophyll levels were recovered 90 days 
after rehydration. 

The increase in initial photosynthesis (F0) in the 
seedlings cultivated under suspension of irrigation 
indicates that the functionality of the photosynthetic 
apparatus is compromised, as a consequence of damage 
to the reaction center of photosystem II (PSII) or the 
reduction of the capacity of excitation energy transfer 
from the antenna to the reaction center (Maxwell and 
Johnson, 2000; Baker, 2008). With the decrease in 
chlorophyll content in the leaves, it is believed that a 
lower amount of energy was absorbed by the antenna 
complex, meaning it was not transmitted, causing 
increased alterations in the photosynthetic capacity 
because of the stress caused by water deficiency. 

In addition, the photochemical quantum efficiency of 
PSII (Fv/Fm) also decreased as a function of the water 
deficit, averaging 0.433 electrons quantum

−1
, suggesting 

the occurrence of photo-inhibitory damage to the reaction 
centers of PSII (Figure 5). When intact, the observed 
values of Fv/Fm remained between 0.75 and 0.85 
electrons quantum

−1 
(Baker and Rosenqvst, 2004). Under 

severe water stress, plants frequently present a marked 
photo-inhibitory effect characterized by a significant 
decrease in quantum yield (Araújo and Deminicis, 2009). 
The damage to the photosynthetic apparatus occurs due 
to photo-oxidation of D1 proteins in  the  PSII,  which  are  
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localized in the thylakoid membranes and show high 
sensitivity to oxygen reactive species, produced during 
the photochemical stage of photosynthesis (Biswall et al., 
2011) which increase due to water deficit. This is proved 
by the reduction in Fm and the reduction in electron flux 
between the photosystems (Tatagiba et al., 2014) and 
confirmed by the decrease in Fv during the periods of 
increased water stress (1° P0 and 2° P0). 

Similarly, the Fv/F0 ratio was reduced, with the mean 
value observed (0.901 electrons quantum

−1
) being much  

lower than 4 to 6 electrons quantum
−1

, the levels at which 
the functionality of the reaction centers of PSII are 
preserved when facing water stress (Rohácek, 2002). As 
such, the values verified for the ratio Fv/F0 confirm the 
damage to the photosynthetic apparatus, since this ratio 
has been widely used to amplify small variations detected 
in Fv/Fm (Reis and Campostrini, 2011), being an indicator 
more sensitive to perturbations in PSII functionality. 

At the end of the 90 days after re-establishment of 
irrigation, the plants previously submitted to stress 
presented normal PSII functionality, evidenced by the 
recovery in Fv/Fm and Fv/F0 ratios, demonstrating that the 
damage caused by water stress was reversible. 
However, the time spent in this recovery indicates that 
the type of photo-inhibition developed by the stressed 
seedlings was chronic, in which the lower water content 
in the leaves, damages the photosynthetic system by 
intensifying the damage from light exposure. This in turn 
reduces the quantum efficiency and the maximum 
photosynthetic rate, exhibiting effects with relatively long 
duration, persisting for weeks or months (Taiz and 
Zeiger, 2013). 
 
 

Conclusion 
 

C. xanthocarpa shows a reduction in stomatal 
conductance as the first line of defense against water 
deficit; however, as the intensity and duration of the 
stress increase, non-stomatal factors are observed, 
presenting a reduction in photosystem PSII efficiency, 
which is repaired after irrigation is resumed. Water deficit 
decreases the water potential in the leaves and all the 
traits of the photosynthetic metabolism in C. xanthocarpa 
seedlings in twenty days of suspension of irrigation. 
These are later recovered with the re-establishment of 
the water supply. 

However, exposure of the seedlings to a second cycle 
of water deficit during the evaluation period demonstrated 
that the metabolism traits do not re-establish equilibrium.  
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The use of inoculants containing growth-promoting diazotrophic bacteria can stimulate mass and 
nutrient accumulation in sugarcane. The purpose of this study was to evaluate plant growth and 
accumulation of macroelements in sugarcane, variety RB92579, under bacterial inoculation with or 
without N fertilization. The field experiment was carried out in a Red-Yellow Podzolic soil in Seropédica, 
RJ, in a randomized block design with four replications. The treatments consisted of 50 kg N ha

-1
; 50 kg 

N ha
-1 

+ inoculation; inoculation; and an absolute control. The following bacteria were inoculated: 
Gluconacetobacter diazotrophicus, Herbaspirillum seropedicae, Herbaspirillum rubrisubalbicans, 
Azospirillum amazonense, and Burkholderia tropica. The plants were sampled at 100, 130, 168, 212, 261, 
and 295 days after planting (DAP), and growth and nutrient accumulation rates were estimated by 
functional analysis of plant growth. Nutrient accumulation rates were highest around 180 DAP for N and 
P, and around 160 DAP for K, in the different treatments, preceding the maximal crop growth rate 
(between 210 and 220 DAP). The accumulation of biomass, N, P and K was greater and crop growth 
rates were higher in the treatments with bacterial inoculation fertilized or not with 50 kg N ha

-1
, 

compared with the control. 
 
Key words: Saccharum species, inoculum, growth promotion. 

 
 
INTRODUCTION 
 
The release of new sugarcane varieties contributed to 
this increase in cultivated area and productivity. The 
selection of varieties was based on various parameters 
related to growth patterns, e.g., shoot dry matter 
accumulation throughout the cycle. In the case of 
sugarcane, this pattern is represented by a sigmoid curve 
which shows an initial phase of slow growth followed by 

an exponential growth phase and finally maturation, when 
growth becomes slow and eventually stagnant (Oliveira 
et al., 2010).  

Nitrogen is one of the most required nutrients for 
sugarcane growth, along with potassium. The N fertilizer 
rates used on Brazilian fields are on average 40 kg ha

-1
 N 

for plant cane and 80 kg ha
-1

 N for ratoon crops (Nunes
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Figure 1. Accumulated precipitation and average monthly temperature from January 2011 to 
August 2012.  Source: Instituto Nacional de Meteorologia. Estação Pesagro, RJ. 

 
 
 
et al., 2005). However, the low use efficiency of N 
fertilizer in commercial sugarcane crops (Trivelin et al., 
2002), calling for an increase in the efficiency of these 
fertilizers is a challenge to improve the profitability and 
sustainability of this crop.  

The use of organic inputs in agriculture has increased 
in recent decades. Among the microorganisms that can 
stimulate plant growth, the growth-promoting diazotrophic 
bacteria have been the subject of several studies. These 
bacteria can contribute to plant N metabolism in different 
ways: aside from the proper fixation of atmospheric N2, 
they can modify nutrient uptake from the soil, indirectly, 
by increasing the root system, or directly, by stimulating 
the N transport system of plants (Spaepen et al., 2007). 
Bacteria isolated from the rhizosphere have the particular 
capacity of producing growth regulators that stimulate the 
root development, resulting in greater soil exploitation 
and nutrient uptake (Dobbelaere et al., 1999). Studies 
indicate that sugarcane plants inoculated with bacteria of 
the genus Azospirillum may have a greater drought 
tolerance (Moutia et al., 2010), higher matric potential 
and leaf water content, as well as a lower canopy 
temperature than non-inoculated plants (Dobbelaere et 
al., 2003).  

The quantitative analysis of plant growth is based on 
the evaluation of data obtained from sequential 
samplings to describe changes in dry matter production 
in function of time, by calculating growth rates. Its 
application has been extended to studies on nutrient 
uptake and utilization based on data from nutrient 
accumulation at different crop stages (Araújo and 
Rossiello, 2013). Growth analysis in sugarcane is a tool 
for assessing the sequential dry matter accumulation and 

nutrients and relate them to environmental parameters 
such as irradiance, water availability, soil fertility, among 
others (Santos et al., 2009; Silva et al., 2012; Batista, 
2013).  

However, studies on the effect of diazotrophic 
inoculation using growth analysis in sugarcane are 
scarce. In order to evaluate the effect of nitrogen and 
diazotrophic inoculation, growth rate parameters were 
tested using the Brazilian variety RB92579. This genotype 
was selected for all production evironments since yield 
levels are good under the different soil-climate conditions 
of Brazil (RIDESA 2003). It is an important variety 
nowadays and is been planted in most of the sugarcane 
regions.  

Based on these potential beneficial effects of the 
application of organic inputs in sugarcane, this study 
aimed to evaluate biomass and macroelements 
accumulation in sugarcane variety RB92579 throughout 
the early growth stages plant cane cycle under field 
conditions, when subjected to application of microbial 
inoculants in the presence or absence of nitrogen 
fertilization.  
 
 

MATERIALS AND METHODS 
 
Site location and characterization 

 
The experiment was carried out on an experimental field of 
Embrapa Agrobiologia in Seropédica-RJ, in May 2011, in a Red-
Yellow Podzolic soil. The climate is Aw, according to the Köppen 
classification, with hot, dry summers and wet winters, and an 
average annual temperature of 23.7°C. Climatic data of the 
experimental period were provided by the National Institute of 
Meteorology  (INMET)  (Figure   1).   Prior  to   soil   tilling,  the   soil 
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chemical properties in the 0 to 20 cm layer were analyzed with the 
following results:  pH (H2O) 5.7; 0.1 cmolc dm-3 Al; 2.7 cmolc dm-3 
Ca; 1.3 cmolc dm-3 Mg; 45 mg L-1 K and 18 mg L-1 P. In the 20 to 40 
cm  layer: pH (H2O) 5.3;  0.1 cmolc dm-3 Al; 2.0 cmolc dm-3 Ca; 0.8 
cmolc dm-3 Mg; 26 mg L-1 K, and 5.5 mg L-1 P. Soil tillage consisted 
of plowing, harrowing and liming with 1 Mg ha-1 dolomitic limestone, 
incorporated by disking, followed by planting after 45 days. Planting 
fertilization was based on soil chemical analysis and crop nutrient 
requirements, as described by Rossetto et al. (2013). At the bottom 
of the furrow, 120 kg ha-1 P2O5 was applied as single 
superphosphate, 40 kg ha-1 of micronutrients as Fritted Trace 
Elements (FTE BR-12) and 0.4 kg ha-1 of ammonium molybdate at 
planting, and 160 kg ha-1 K2O as potassium chloride, 50% at the 
bottom of the furrow at planting and 50% after 60 days. Nitrogen 
was fertilized at planting in a single application at the bottom of the 
planting furrow, in the form of urea.  

The variety RB92579 used in the study has an upright growth 
habit, leaves with curved ends and wide limb, low flowering, a slow 
growth rate, average maturation, high sucrose content, as well as 
good sprouting, high tillering in plant cane, good canopy closure, 
and is equally suited for all production environments (RIDESA, 
2003). 

The experiment was arranged in a randomized block design with 
four replications, with four treatments: fertilization with 50 kg N ha-1 

as urea, 50 kg N ha-1 + inoculation, inoculation, and a control with 
no N fertilization or inoculation. The experimental plot consisted of 
four 4 m long rows spaced 1.2 m apart. The seedlings for planting 
(cuttings with three buds) were inoculated in the field at planting, as 
described by Schultz et al. (2012).  
 
 
Inoculation procedure 
 
The inoculated diazotrophic bacteria species were 
Gluconacetobacter diazotrophicus (PAL5T

 = BR11281), Azospirillum 
amazonense (Cbamc = BR11145), Herbaspirillum seropedicae 
(HRC54 = BR11335), Herbaspirillum rubrisubalbicans (HCC103 = 
BR11504) and Burkholderia tropica (PPe8T = BR 11366), previously 
selected by Oliveira et al. (2003, 2006). To obtain the inoculum, 
bacteria from the collection of diazotrophic bacteria of Embrapa 
Agrobiologia (with initials BR) were subcultured on DYGS medium 
(Baldani et al., 2014). The inoculum solution was prepared by 
diluting 100 ml of medium containing 109 cells ml-1 in 100 L of clean 
water. All strains with this bacterial density were mixed at planting. 
Cuttings (plantlets) with three buds were placed in raffia bags 
according to the quantity required per crop row (15 buds per meter), 
immersed for 30 min in the inoculum suspension in  200 L 
containers and left to stand under natural shade for 60 min after 
inoculation. 
 
 
Data analysis of growth rate 
 
Six biomass samples were taken monthly from August 2011 to 
February 2012 (100, 130, 168, 212, 261, and 295 days after 
planting). At each evaluation, the plants growing along 1 m of the 
two center rows per plot were sampled. Within each evaluated plant 
row, an internal boundary of 0.5 m between each sampled meter 
was established, resulting in three samplings per row.  

The leaf area was determined for the leaf blades on the 
representative stems of the clump of stalks (main stems), by 
counting the number of green leaves (fully expanded leaves with a 
minimum of 20% green area, counted from leaf zero and the 
measurements made on leaf blade +3, which is the first leaf blade 
with open ligule (Casagrande, 1991). The length and width of the 
middle portion of leaf blade +3 was measured according to the 
methodology described by Hermann and Hall (1999). The leaf area 
was estimated by the expression LA = L × W × 0.75 × (N+2), where  

 
 
 
 
LA is the leaf area per stem, L is the length of leaf blade +3, W is 
the width of leaf blade +3, 0.75 - form factor, and N is the number of 
open leaves with a green area of at least 20% (leaf blade 0 to +7). 
The leaf area index (LAI) was obtained (in m² m-²) based on the leaf 
area per tiller and number of tillers per m2 area, according to the 
methodology used by Larcher (2000).  

After each sampling, the plants were separated into stem, straw 
and flag leaf (green leaves). The samples were dried in a 
circulating-air oven at 65°C during 2 to 3 days until it reached 
constant weight. The material was ground and sent to a laboratory 
to determine the N, K, P, Ca and Mg concentrations (Nogueira and 
Souza, 2005). Nutrient accumulation in biomass was calculated as 
the product of the nutrient concentration by the dry weight of the 
material per unit of land area.  

To compute the rates of growth and nutrient accumulation, the 
method of functional plant growth analysis was applied (Araújo and 
Rossiello, 2013). The data of biomass, leaf area index and nutrient 
accumulation, with replications, were adjusted by linear regression 
to a second degree exponential polynomial, W = exp (a + bT + cT2), 
which was linearized by ln W = a + bT + cT2, where W corresponds 
to the observed data, T to the time in days after planting, and a, b 
and c to the coefficients obtained by regression. The second 
degree exponential polynomial model was chosen due to the 
observed R2 (greater than 70%), the simplicity of the model and the 
appropriate biological significance of the curves obtained.  

From the functions fitted to the primary data, the functions 
corresponding to the instantaneous growth rates were derived, e.g. 
crop growth rate, net assimilation rate and absolute nutrient 
accumulation rate (Hunt, 1982; Araújo and Rossiello, 2013). The 
crop growth rate (CGR) represents the variation in dry matter 
accumulation by the crop per unit land area in a time interval, the 
net assimilation rate (NAR) is the increase in dry matter per unit leaf 
area and time and the absolute rates of nutrient accumulation 
represent the variation in the nutrient amount accumulated by the 
crop per unit land area and time.  

Analysis of variance of primary data was performed as a factorial 
design between N sources and sampling dates, considering the 
evaluation times as subplots (Araújo, 2003). Due to the 
heteroscedasticity, the original data were transformed into natural 
logarithms prior to analysis of variance (Araújo, 2003).  
 
 

RESULTS  
 
The analysis of variance of natural-log transformed data 
indicated significant effects of interactions between N 
sources and sampling dates for data of accumulation of 
biomass, N, P, K, Ca, and Mg in the shoots. This 
indicates that the evaluated N sources modified the 
patterns of accumulation of biomass and nutrients by 
sugarcane plants and therefore the growth and nutrient 
accumulation rates (Araújo, 2003). The coefficients of the 
second degree exponential polynomial models fitted to 
the primary data in the four treatments are presented in 
Table 1. The R

2
 values of the model ranged from 0.91 to 

0.97 for shoot biomass, from 0.69 to 0.80 for leaf area 
index, and were consistently above 0.80 for shoot 
nutrient accumulation, indicating an adequate fit to the 
primary data.  

The curve of shoot biomass accumulation of variety 
RB92579 indicated that the months of the highest 
vegetative growth (Figure 2a) coincided with the summer 
months (between 200 and 250 DAP). This intensified 
growth was accompanied by greater leaf production, as
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Table 1. Coefficients of the polynomial exponential second order models (ln W = a + bt + ct2) fitted 
to the data of shoot dry matter, leaf area index, and accumulation of nitrogen, phosphorus, 
potassium, calcium and magnesium in shoots in sugarcane under four treatments of inoculation 
and nitrogen fertilization. 
 

Coefficent 50 kg ha
-1

 N Inoculation 50 kg ha
-1

 N + Inoculation Control 

Shoot dry matter 

A 3.01616 2.08679 2.64622 1.99155 

B 0.03155 0.042002 0.036924 0.039941 

C -4.60783 e-5 -7.07358 e-5 -5.85386 e-5 -6.36908 e-5 

R
2

 0.97655 0.97183 0.97497 0.91577 

     

Leaf area index 

A -2.66629 -2.62893 -3.45236 -2.53861 

B 0.032358 0.031927 0.044601 0.030176 

C -6.3187 e-5 -6.0486 e-5 -9.7061 e-5 -5.7165 e-5 

R
2

 0.75678 0.83963 0.69290 0.80139 

     

Nitrogen accumulation 

A -1.87628 -2.92432 -2.07834 -2.74933 

B 0.039227 0.050440 0.043102 0.046095 

C - 7.89332 e-5 -10.2512 e-5 -8.75183 e-5 -9.1912 e-5 

R
2

 0.91139 0.87896 0.93669 0.88511 

     

Phosphorus accumulation 

A -4.26377 -4.78127 -3.75275 -5.14993 

B 0.043359 0.047418 0.038768 0.050305 

C -8.88574 e-5 -9.32955 e-5 -7.43086 e-5 -10.1752 e-5 

R
2

 0.92062 0.87054 0.92697 0.86217 

     

Potassium accumulation 

A -0.8776 -2.335770244 -2.10233 -3.10984 

B 0.029572 0.045617291 0.045493 0.050165 

C -5.7044E-05 -9.65883E-05 -9.71342E-05 -0.000104814 

R
2

 0.89415 0.89820 0.96418 0.87242 

     

Calcium accumulation 

A -2.05901 -3.38103 -2.26855 -3.07062 

B 0.027623 0.042133 0.031635 0.035030 

C -4.81566 e-5 -8.19558 e-5 -5.82413 e-5 -6.17385 e-5 

R
2

 0.80420 0.87436 0.829910 0.85461 

     

Magnesium accumulation 

A -4.43944 -5.44985 -4.74746 -4.13817 

B 0.041572 0.053564 0.047306 0.036513 

C -87.53068 e-5 -105428 e-5 -9.18091 e-5 -6.19901 e-5 

R
2

 0.92317 0.95817 0.94965 0.89755 

 
 
 
shown by the higher values of LAI during this period 
(Figure 2b). In the treatments 50 kg N ha

-1 
 + inoculation 

and inoculation, shoot dry matter accumulation 240  DAP 
was around 3.4 and 3.3 kg m

-2
, respectively, that is, 17.6 

and 15.2% greater than in the treatments 50 kg N ha
-1

 

and control, respectively (Figure 2a). In the treatments 
inoculation and control, this dry matter accumulation was 
only reached approximately 25 days later. These results 
suggest that inoculation with growth-promoting bacteria 
improved  plant  vigor,  increasing  sugarcane  dry  matter
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Figure 2. Aboveground part (a) leaf area index (b), crop growth rate (c) and net 

assimilation rate (d) of sugarcane, RB92579 variety, grown in a Red-Yellow Podzolic 

soil in Seropédica-RJ, Brazil. Values estimated from the 2nd order exponential 

polynomial model fitted to the primary data set. 

 

 
 

Figure 2. Aboveground part (a) leaf area index (b), crop growth rate (c) and net assimilation rate (d) of 
sugarcane, RB92579 variety, grown in a Red-Yellow Podzolic soil in Seropédica-RJ, Brazil. Values estimated 
from the 2nd order exponential polynomial model fitted to the primary data set. 

 
 
 
accumulation.  

Unlike dry matter accumulation (Figure 2a), the LAI 
peaked around 220 DAP in the treatment 50 kg N ha

-1 
+ 

inoculation, whereas this peak occurred around 270 DAP 
in the other treatments (Figure 2b), with a reduction in 
leaf area at the end of the growth cycle due to leaf 
senescence.  

The initial crop growth rate (CGR, Figure 2c) of variety 
RB92579 100 DAP was lowest in the control treatment (6 
g m

-2
 day

-1
) and about 9 g m

-2
 day

-1 
in the treatment 50 kg 

N ha
-1 

+ inoculation. The CGR still differed between the 
two treatments at 220 DAP, 50 kg N ha

-1 
+ inoculation 

peaked with 33 g m
-2

 day
-1

, while the peak in the control 
treatment was 26 g m

-2
 day

-1
 (Figure 2c). The pattern of 

the net assimilation rate (NAR) differed from that of CGR 
(Figure 2d), because of the tendency of reduction in 
photosynthetic activity with increasing plant age (Hunt, 

1982). In the control treatment, the NAR was highest at 
190 DAP (9 g m

-2
 day

-1
) and in treatment 50 kg N ha

-1 
195 

DAP (7 g m
-2

 day
-1

). Although, the treatment fertilized with 
N + inoculation had a lower NAR curve than the other 
treatments, the larger LAI in this treatment may have 
offset these lower NAR values (Figure 2b).  

The treatments inoculation and 50 kg N ha
-1 

+ 
inoculation promoted the highest values of shoot N 
accumulation, observed around 240 DAP (Figure 3a), 
indicating that inoculation promoted an increase in N 
accumulation in relation to the treatments fertilization with 
50 kg N ha

-1
 and control. The N accumulation rate was 

highest at 170 DAP, and decreased continuously 
thereafter until 250 DAP in all treatments (Figure 3b). The 
control and fertilization with 50 kg N ha

-1
 had lower rates 

over the evaluation period (maximum values of 0.15 and 
0.16 g m

-2
 day

-1
, respectively). Inoculation resulted in the
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Figure 2. Aboveground part (a) leaf area index (b), crop growth rate (c) and net 

assimilation rate (d) of sugarcane, RB92579 variety, grown in a Red-Yellow Podzolic 

soil in Seropédica-RJ, Brazil. Values estimated from the 2nd order exponential 

polynomial model fitted to the primary data set. 

 

  
 

Figure 3. N accumulation (a), N accumulation rate (b), P accumulation (c), the accumulation 
rate of P (d), accumulation of K (e) and rate of accumulation of K (f) of sugarcane variety 
RB92579 grown in a Red-Yellow Podzolic soil in Seropédica-RJ, Brazil. Estimated values from 
the exponential polynomial model school set to primary data. 

 
 
 
highest N accumulation rate (0.23 g m

-2
 day

-1
), while 

fertilization with 50 kg N ha
-1 

+ inoculation in 0.20 g m
-2

 
day

-1
, indicating that inoculation stimulated N 

accumulation in sugarcane plants (Figure 3b).  
In the treatments control and fertilization with 50 kg N 

ha
-1

, P accumulation was similar in the evaluation period 
(Figure 3c). The association of inoculation with 50 kg N 
ha

-1 
fertilization resulted in increased P accumulation in 

the evaluation period, with maximal P accumulation 260 
DAP (3.68 gm

-2
). The P accumulation rate was highest 

around 180 DAP in all treatments. The rate of P 
accumulation was highest in the inoculation treatment 

(around 0.029  g m
-2

 day
-1

),  followed by 50 kg N ha
-1 

+ 
inoculation (maximum of 0.028 g m

-2
 day

-1
) (Figure 3d). 

Fertilization with 50 kg N ha
-1 

and control treatment 
reached maximum P accumulation rates of the order of 
0.025 to 0.022 g P m

-2
 day

-1
, respectively. The 

accumulation curve suggests that inoculation favored P 
accumulation by sugarcane plants more than the control 
and fertilization with 50 kg N ha

-1
. 

In the inoculation treatment, K accumulation was 20 g 
m

-2 
245 DAP, but the association of inoculation with 

fertilization with 50 kg N ha
-1 

had an additional effect on K 
accumulation (24 g m

-2
) (Figure 3e). Thus, these results
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Figure 4. Ca accumulation (a), Ca accumulation rate (b), Mg accumulation (c) Mg 
accumulation rate (d) of sugarcane, RB92579 variety, grown in a Red-Yellow 
Podzolic soil in Seropédica-RJ, Brazil. Values estimated from the exponential 
polynomial model school set to primary data. 

 
 
 
suggest that inoculation promoted greater K accumulation 
than the control treatment and 50 kg N ha

-1
. The K 

accumulation rate was highest at 160 DAP in all 
treatments (Figure 3f). The K accumulation rate was the 
highest in the treatment fertilized with 50 kg N ha

-1 
+ 

inoculation followed by the inoculation treatment (0.17 
and 0.21 g m

-2
 day

-1
, respectively), both higher than in the 

treatments with 50 kg N ha
-1

 and control, indicating a 
positive effect of the combination of 50 kg N ha

-1 
+ 

inoculation.  
The Ca and Mg accumulation by sugarcane also reflect 

the data of other accumulated macro elements. 
Inoculation increased Ca accumulation, so that the 
maximum accumulation of the treatments inoculation and 
50 kg N ha

-1 
+ inoculation occurred at 255 DAP, that is, 

25 days earlier than in the treatments control and 
fertilization with 50 kg N ha

-1 
(Figure 4a). The Ca 

accumulation rate was higher in the treatments inoculation 
and combination of N fertilizer with inoculant (Figure 4b). 
The maximum Ca accumulation rate in the treatments 
control and fertilization with 50 kg N ha

-1
 occurred at 185 

DAP (0.039 and 0.044 g m
-2

 day
-1

, respectively). 
Inoculation and the combination of 50 kg N ha

-1 
+ 

inoculation accumulated 0.059 and 0.049 g Ca m
-2

 day
-1

, 
180 DAP, respectively. These results show that the 

inoculant increased Ca accumulation, both when applied 
separately or together with 50 kg N ha

-1
, although the 

efficiency in the combined treatment was lower.  
In the treatments control and 50 kg N ha

-1
, Mg 

accumulation was lower than in the inoculation 
treatments and fertilization with 50 kg N ha

-1
 + inoculation 

until 275 DAP (Figure 4c). Thereafter, there was a 
decrease in Mg accumulation in the treatments 
inoculation and 50 kg N ha

-1
 + inoculation, with lower 

values than in the treatments  control and fertilization with 
50 kg N ha

-1
. The maximum Mg accumulation in the 

control and 50 kg N ha
-1

 occurred 275 DAP (3.4 and 3.7 g 
m

-2
, respectively). Magnesium accumulation was the 

same in the treatments inoculation and 50 kg N ha
-1

 + 
inoculation (maximum accumulation of 3.8 g m

-2
 255 

DAP). The Mg accumulation rate was improved by 
inoculation and by the combination of 50 kg N ha

-1
 + 

inoculation until 225 DAP (Figure 4d). The treatments 
control and 50 kg N ha

-1
 showed similar curves, with 

maximum values of the order of 0.026 g m
-2

 day
-1 

205 
DAP, indicating that fertilization with 50 kg N ha

-1
 had no 

additional effect on the Mg accumulation rate in 
comparison with the control. The Mg accumulation rate in 
the treatments inoculation and 50 kg N ha

-1 
+ inoculation 

peaked     190   DAP   (0.033   and    0.031   g  m
-2

  day
-1

,  



 
 
 
 
respectively). This shows that there was an additional 
effect of inoculum on Mg accumulation in relation to the 
treatment with 50 kg N ha

-1
 fertilizer only, although in the 

treatment with inoculant only, Mg accumulation was 
greater than in the combination of the two treatments.  
 
 
DISCUSSION 
 
Inoculation using five selected diazotrophs showed 
positive effects on sugarcane growth parameters 
evaluated in the presence or not of N-fertilizer. These 
strains were previously selected by their functions based 
on plant growth regulators (Fuentes-Ramiréz et al., 1993; 
Muthukumarasamy et al., 2002; Radwan et al., 2002), 
phosphate solubilization as identified for G. 
diazotrophicus and B. tropica strains, antagonism to plant 
pathogens (Piñon et al., 2002; Muñoz-Rojas et al., 2005), 
among others.  But endophytic colonization was also an 
important attribute for these elected PGPR strains tested 
(Cavalcante and Döbereiner, 1988; Caballero-Melado 
and Martinez-Romero, 1994; Olivares et al., 1997; 
Oliveira et al., 2004). All these attributes can partially 
explain the observed growth rate curves and macro 
elements accumulated as described in Figures 2, 3 and 
4.  

Based on these several features, this higher plant vigor 
was also a result of better exploitation of soil and applied 
nutrients, resulting in a higher mass accumulation (Figure 
2). Although root growth was not assessed in this study, 
one can speculate that the treatments with diazotrophic 
bacterial inoculation producing growth regulators 
modified growth rates curves in response to the improved 
root development.  

The parameters of sugarcane growth evaluated were 
compatible with other data describing varieties planted in 
other regions of Brazil. For example, the highest LAI was 
reached at 215 DAP in the treatment 50 kg N ha

-1
 +  

inoculation (Figure 2b), which is different from the 
behavior observed by Gascho and Shih (1983) who 
reported a maximum LAI value in sugarcane 150 DAP. 
Similar growth pattern was described by Farias et al. 
(2007), who stated an increase in LAI until 210 days after 
sprouting in variety SP 79-1011 under different irrigation 
treatments in the first year of cultivation, reaching values 
of 4 m

2
 m

-2
, 150 days after sprouting in an irrigation 

treatment with 100% crop evapotranspiration replacement 
and of 5 m

2
 m

-2
, when combined with zinc fertilization. 

Oliveira et al. (2010) also observed the same growth for 
variety RB92579, divided into three phases also 
described by Machado et al. (1982), where in the first 200 
days, growth was slow, from 200 to 400 days, the plants 
accumulated 70 to 80% of dry matter and in the following 
100 days the remaining 10%. Averaged across all 
treatments, variety RB92579 accumulated about 14 Mg 
ha

-1
 dry weight of shoot at 212 DAP, to 42.3 Mg ha

-1
 at 

293    DAP  (Figure   2a),   with  a  growth  similar  to  that 
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observed by these authors. Based on the rates observed 
by Machado et al. (1982), at the end of the cycle the 
expected yield would be around 114 Mg ha

-1
 dry weight, 

which would represent 257 Mg ha
-1

 fresh shoots, based 
on the same proportions. Applying the same 
proportionality of dry matter/fresh matter of Machado et 
al. (1982), a final yield of 203 Mg ha

-1
 of fresh stalks of 

variety RB92579 at the end of the cycle 500 DAP can be 
estimated.  

The data of shoot biomass production observed in 
variety RB92579 are superior to those reported by Gava 
et al. (2001) in the third ratoon crop for var. SP80-1842 
on a similar soil to that used in this study (Typic 
Haplustult). According to these authors, the relative 
growth rate (RGR) of sugarcane is high in the beginning, 
followed by a decline, which is related, among other 
factors, to the increased intraspecific competition for light 
and nutrients. Santos et al. (2009) also used growth data 
to estimate the RGR of var. RB75126, 120 DAP, 
observing a linear decrease in RGR, ending growth 
around 240 DAP, with initial values of around 0.05 g g

-1
 

day
-1

 in the best treatment. 
Unlike dry matter (Figure 2a), the LAI peaked around 

220 DAP in the treatment 50 kg N ha
-1 

+ inoculation, 
whereas in the other treatments this maximum occurred 
around 270 DAP (Figure 2b). The maximum values of 
nutrient accumulation rates indicate the stage of greatest 
nutritional crop demand (Araújo and Rossiello, 2013). 
The highest accumulation rates of N and P were 
observed around 180 DAP, while K accumulation rate 
peaked around 160 DAP, in the different treatments 
(Figure 3). The crop growth rate peaked around 210 to 
220 DAP (Figure 2), evidencing that the maximum 
nutrient demand precedes the maximum sugarcane 
growth rate. Santos et al. (2009) also observed P 
influence on sugarcane growth in Brazilian condition. 
Thus, in the later stages of the growth cycle, nutrient 
accumulation decreases and phenomena of internal 
remobilization and nutrient translocation predominate 
(Gava et al., 2001; Oliveira et al., 2010, 2013). 

In general, the accumulation of macro elements was 
higher in the early growth stages (around 200 DAP), 
similar to dry matter accumulation, as also reported by 
Gava et al. (2001). Oliveira et al. (2013) observed critical 
limits of N in variety SP81-3250 in two growing seasons 
and three different soils and at all sites the N shoot 
concentration decreased during crop growth. Oliveira 
(2011) reported lower values of P accumulation rate, of 
0.15 g m

-2
 day

-1
 in an Hapludox soil (distrophic Red 

Latossol), under climatic conditions that may have 
decreased plant growth. Values of K accumulation rate 
were higher than those reported in soils of lower fertility, 
such as the K accumulation rate of 0.15 g m

-2
 day

-1
 

described by Leite (2011) in a treatment with ammonium 
nitrate application.  

The data presented here are similar to those obtained 
by Oliveira (2008), where the N and K accumulation rates 
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in sugarcane were practically zero 300 DAP, denoting 
that at the beginning of the maturation stage the nutrient 
uptake ceases and sugarcane plant improves the internal 
remobilization of nutrients (Gava et al., 2001). In this 
particular case, the application of diazotrophs modified 
this natural behavior of sugarcane variety RB92579. This 
crop starts to mobilize the nutrients and accumulate 
sugars after the fast growth phase as expected, but the 
inoculation delays this behavior, elongating the growth 
period (Figure 2a) and still increasing the rates of leaf 
area index (Figure 2b). Limitation at this point is the 
space between plants reducing sunlight acquisition by the 
green leaves, that start to decrease rapidly after 200 to 
250 DAP (Figure 2c). As the control and nitrogen 
treatments posses less leaf area at the beginning, they 
continue to accumulated biomass while the inoculated 
treatments were sunlight limited (Figure 2d). This 
particular movement of leaf area and crop growth rate will 
interfere on the final biomass at the end of this cane 
cycle, and also interfere on the crop yield at harvest as 
observed by other authors that used this same mixture of 
strains in different sugarcane locations using other 
varieties (Oliveira et al., 2006; Schultz et al., 2012).  It 
can be easily observed in Figures 3 and 4. So, based on 
this growth rate curves, it can be expected that sugarcane 
growth period can be modified by the inoculation, 
independent on the N-fertilization. But significant 
differences on cane yield will be controlled by the 
environmental conditions.       

Based on the data obtained, it is possible to conclude 
that inoculation with diazotrophic bacteria, in combination 
with N fertilization or not, increases the accumulation of 
shoot dry matter and leaf area index of the sugarcane 
variety RB92579 during the first crop year and can be 
used as an inoculant that increase nutrient accumulation 
in sugarcane RB92579, in particular of N, P and K.  
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Licania rigida Benth. (oiticica) is a native species from the Northeastern Brazil. In this sense, the aim of 
this study is to evaluate the effects of irrigation with saline water and organic matter on the growth and 
quality of oiticica seedlings. The experiments were laid out in randomized complete block using a 5 × 2 
factorial design related to electrical conductivity of irrigation water at 0.5, 1.5, 3.0, 4.5 and 6.0 dS m

-1
 in a 

substrate with and without organic castor bean compost (Ricinus communis) and soil in a volume ratio 
of 0:1 and 1:1 v/v. Growth in height, stem diameter, leaf number, leaf area, chlorophyll a and b and total 
chlorophyll indices, shoot and root dry matter and Dickson Quality Index were evaluated. The increase 
in water salinity inhibited biometric growth, seedlings production of root and shoot biomass, 
chlorophyll content and Dickson Quality Index. Increase in water salinity, except for root biomass, 
inhibited biometric growth, shoot biomass accumulation, chlorophyll a, b and total, chlorophyll indexes 
and quality index of oiticica seedlings. In the results, although the Dickson Quality Index did not 
decrease with increasing water salinity and did not vary among treatments with and without organic 
compost, the transplanting of seedlings in the field was found to be suitable.  
 
Key words: Salinity, organic compost, oiticica.  

 
 
INTRODUCTION 
 
Oiticica (Licania rigida Benth.), which belongs to the 
“Chrysobalanaceae family”, is an oilseed from Brazil. It is 
disseminated through the riparian forests of the Caatinga 
region of Sertão, Seridó, Brazilian Northeast Agreste and 

Ceará, as well as through the basins of Piauí, Ceará, Rio 
Grande do Norte and Paraíba (Beltrão and Oliveira, 
2007). This oleaginous species adapts to the water deficit 
of the soil possibly because of its deep root system, and 
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this ensures its green coloring throughout the year. Its 
production coincides with the driest period of the year in 
the semi-arid region of Paraíba (Diniz Neto et al., 2014).  
Among its uses, the most significant is the use of its seed 
oil as raw material in the siccative paint industry and soap 
factories (Maia, 2004). However, it also has medicinal 
properties (Roque and Loiola, 2013). 

Its importance as a raw material in the production of oil 
and soap clearly stands out. This highlights the need to 
evaluate the behavior of oiticica in relation to water 
salinity as an alternative to the semi-arid producer (Diniz 
Neto et al., 2014). Although the use of saline water in 
irrigation is considered as an alternative in the productive 
system due to the scarcity of water in quantity and 
quality, there are serious risks of adding salts to the soil 
at impairing levels for productive areas and plants (Matos 
et al., 2013). 

Due to water scarcity, the use of saline water in 
agriculture relies on the adoption of technological or 
chemical and organic methods (or both simultaneously) 
to reduce the degenerative effects of the salinity on the 
soil and plants (Cavalcante et al., 2007; Mesquita et al., 
2015). Organic matter is considered as important, as 
measured by Silva et al. (2008) for guava (Psidium 
guava) and Souza et al. (2014) for noni (Morinda 
citrifolia) plants irrigated with non-saline water and water 
with increasing salinity, ranging from 0.3 to 8 dS m

-1
. 

Organic inputs from plants and animals increase water 
retention capacity, soil aggregation and reduce soil 
density (Mgbeze and Abu, 2010). They also act in the 
soil’s chemical improvement, by providing an increase in 
nutrient concentrations (Nóbrega et al., 2008), and in 
soil’s microbiological improvement by increasing the 
population and the fauna diversity of saline soils and 
saline-sodic soils (Ndubuisinnaji et al., 2011; Sall et al., 
2015).  

Among organic material sources, there are organic 
compounds produced by the fermentation of plant part 
mixture with bovine manure, or manure from other types 
of flock, which may or may not contain other mineral 
components (Primo et al., 2010). In this sense, according 
to Cha-um and Kirdmanee (2011), the organic compost 
from castor beans in soils degraded by salts stimulates 
growth, biomass production and physiological efficiency 
of plants in saline environments. Changes in metabolism 
induced by salinity are the result of plants’ physiological 
responses such as: Stimulus to growth, photosynthetic 
capacity, and accumulation of chlorophyll (Souto et al., 
2015). 

Given the above, the aim of this study was to evaluate 
the effects of irrigation with saline water and organic 
matter on the growth and quality of oiticica seedlings. 
 
 
MATERIALS AND METHODS 

 
The experiment was conducted between February and May 2014 in 
a screened greenhouse at the Humanities,  Social  and  Agricultural 
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Center of the Federal University of Paraíba, Bananeiras, Paraíba 
state. 

Initially, the composting windrow was prepared with vegetative 
parts of castor bean plants (stem, branches and leaves), crushed 
and placed at a height of 20 cm, interspersed with cattle manure in 
5 cm thick layers. The piles were 1 m wide, 1.5 m high and 5 m 
long. The material was turned over every two weeks and 
temperatures were taken with a thermometer with a range of up to 
150°C. At 80 days after piling, the material showed a uniformed 
color and particle size, suitable for the preparation of the substrate. 

The experimental design was completly randomized with five 
replications and two plants per plot in a 5 × 2 factorial design 
related to irrigation water salinity levels at 0.5, 1.5, 3.0, 4.5 and 6.0 
dS m-1 in the presence and absence of castor bean organic 
compost + material from layers 20 to 40 cm, with lower content of 
organic matter. The soil was classified, following the criteria of the 
Brazilian System of Soil Classification (SiBCS) (EMBRAPA, 2013), 
as Dystrophic Yellow Latosol in volume proportions of 0:1 and 1:1 
v/v. The soil and the organic compost were characterized 
chemically according to methodologies suggested by the Brazilian 
Agricultural Research Corporation (EMBRAPA) (Donagema et al., 
2011). The results are shown in Table 1.  

Oiticica seeds were obtained from plants from the municipality of 
Catolé do Rocha, Catolé do Rocha microregion and Alto Sertão 
Paraibano mesoregion. Then the shells were manually eliminated 
with a knife and yhe seeds were placed in paper bags until sowing. 

The experimental units were 20 × 30 cm black polyethylene 
bags, with a maximum volume of 3 dm-3 of substrate. It contained 
two seeds per treatment. The first emergence occurred between 20 
and 30 days after sowing. Thinning was performed at 10 days after 
emergence, and the most vital plant of each experimental unit was 
excluded. 

Saline preparation of saline solution was done by adding 1.5 dS 
m-1 non-iodized sodium chloride to 92%   

The preparation of saline water from 1.5 dS m-1 was done by 
adding non-iodized sodium chloride with 92% purity to obtain the 
desired conductivity. The solution was measured with a digital 
portable CD 860 conductivity meter.  

At 60 days after the first emergence of seedlings, the growth in 
plant height was measured from the base of the plant to the end of 
the main stem with a graduated ruler. The stem diameter was 
measured at the base of the plant, 2 cm from the soil, with a digital 
caliper. The leaves were then counted after previous 
measurements of leaf number, leaf area, shoot dry matter, root dry 
matter (both were summed to obtain total dry matter), chlorophyll a 
and b and total chlorophyll content. The Dickson Quality Index was 
calculated for oiticica seedlings.  

The oiticica seedlings were collected, and then the shoot and 
root were separated. They were packed in paper bags and placed 
in a circulation air oven at 65ºC until they were constantly dried. 
Then, samples were weighed on an analytical balance to obtain 
shoot and root dry matter and subsequently the Dickson Quality 
Index (DQI). This index is a balanced formula including the relations 
among morphological characteristics, such as total dry matter 
(TDM), shoot dry matter (SDM), root dry matter (RDM), plant height 
(PHe) and stem diameter (SD) (DICKSON et al., 1960) using the 
equation:  
 

    
   

(
   

  
)  (

   

   
)
 

 
The results were submitted for variance analysis by F test. Means 
of soil with and without organic compost were compared by F test, 
which is conclusive to values between two factors, and means for 
electrical conductivity of irrigation water were calculated by 
regression using the t test with the statistical software ASSISTAT 
version 7.7 beta (Silva and Azevedo, 2002). 
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Table 1. Chemical characterization of the soil at the layer 20-40 cm and of the castor bean compost used to prepare the substrate for oiticica 
seedlings. 
 

Sources 

Chemical attributes 

*pH 
P K

+ 
Na

+
 H

+
Al

3+
 Al

3+
 Ca

2+
 Mg

2+
 BS CEC V OM 

mg dm
-1 

cmolc dm
-3

 % g kg
-1

 

Soil 5.7 19.1 0.23 0.1 0.2 0.0 4.4 0.4 5.1 5.3 96.9 10.4 

COC 8.2 921.0 12.3 1.5 0.8 0.0 14.1 4.2 - - - 259 
 

* = pH in water; COC = castor bean organic compost; BS = base sum (Ca
2+

 + Mg
2+

 + K
+
); CTC = cation exchange capacity [BS + (H

+
 + Al

3+
); V = 

saturation by exchangeable bases (BS/CTC)100; OM = Organic matter.  
 
 
 
RESULTS AND DISCUSSION  
 
Although the interaction between salinity and organic 
castor bean compost did not show significant effects on 
any of the variables (Table 2), the sources of variation 
significantly interfered with growth in height, stem 
diameter, leaf emergence and leaf area of oiticica 
seedlings. This interaction situation contradicted the 
findings of Cavalcante et al. (2007), who recorded 
significant effects for the interaction of irrigation water 
salinity x organic matter levels on the growth and 
production of yellow passion fruit. However, the result is 
in accordance with the findings of  Silva et al. (2008), 
Diniz et al. (2014) and Souza et al. (2014); they 
concluded that the isolated effects of irrigation water 
salinity inhibit and organic matter stimulates the growth of 
guava (P. guajava), oiticica (L. rigida) and noni (M. 
citrifolia) during the formation of seedlings.  

The growth in the height of oiticica seedlings reduced 
along with the electrical conductivity of irrigation water. 
However, in the same situation, it increased in the 
substrate with organic compost in comparison to the 
treatment without the organic input (Figure 1). The 
increase in the salt concentration of water inhibited 
linearly at a 1.023 cm level per unit increase of electrical 
conductivity. Growth in height promoted a 22.6% loss 
among plants irrigated with a higher and lower salt 
content water, and 4.11% per unit increase of irrigation 
water salinity (Figure 1A). According to these results, salt 
stress generally affects plant growth (including oiticica), 
by reducing the CO2 fixation, thus reducing the rate of 
plant cell division and elongation (Freire et al., 2010).  
As for the effects of the organic compost, when the value 
of the plants with organic input was compared to the 
value of those without (Figure 1B), there was an increase 
of 23.7% in the value of the plants with organic input. 
This is a result of the inhibition of aggression by organic 
compost salts to seedlings. This increase indicated that 
the organic input mitigates the adverse effects of salinity 
through benefits to physical properties by increasing the 
pore space (Mellek et al., 2010), to chemical properties 
by improving fertility (Bendouali et al., 2013), and to 
biological properties by increasing the population and the 
microbial diversity of soil (Sall et al., 2015; Ndubuisinnaji 

et al., 2011) thus, mitigating the degenerative actions of 
salts on plants. In this sense, organic inputs, according to 
Brahmaprakash and Sahu (2012), mitigate the negative 
effects of salinity on plants by releasing humic 
substances in the medium, which reduce the  osmotic  
pressure  inside  roots,  keeping  the superiority of the 
total potential energy of soil water, and providing the 
uptake of nutrients by plants.  

Similar to the decrease in height, the growth in stem 
diameter was also affected by the increase in the 
electrical conductivity of irrigation water and stimulated by 
the addition of the castor bean organic compost (Figure 
2). The decreases were from 4.17 to 4.08, 3.93, 3.80 and 
3.57 mm in plants irrigated with water at 0.5, 1.5, 3.0, 4.5 
and 6.0 dS m

-1
,
 
respectively, inducing a loss of 14.4% 

among plants treated with water at 6.0 and 0.5 dS m
-1

, 
and 2.62% increase in each unit of saline water irrigation 
(Figure 2A). Contrary to what was obtained in seedling in 
saline water, when compared on the other hand, the stem 
diameter of the seedling treated with organic compost 
exceeded the stem of the seedling not treated by 18.3% 
(Figure 2B). 

The increase in diameter growth of oiticica seedlings in 
soil with organic compost in a saline environment is a 
response to the physical improvement of the substrate 
and to the stimulating action of organic proteins and 
solutes which work by inhibiting the negative action of 
salinity and stimulating the growth of plants. This is also 
verified by Silva et al. (2008) and Mesquita et al. (2015), 
for guava (Psidium guajava) and neem plants 
(Azadirachta indica)  respectively, using irrigation with 
saline water in a substrate with solid and liquid cattle 
manure.  

The saline water hindered, while the addition of the 
organic compost to the substrate increased leaf 
production of oiticica seedlings respectively (Figure 3). 
The linear decrease was 0.199 leaf per unit increase of 
water salinity, with a loss of 18.21% among seedlings 
irrigated with water at 6.0 and 0.5 dS m

-1
, corresponding 

to 3.31% for each unit increase in water salt content 
(Figure 3A). As for the organic compost in substrate, 
there was a 12.24% increase in the number of leaves of 
seedlings with organic compost in comparison to those 
without  it  in  the  substrate  (Figure  3B).   It   may   have  
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Table 2. Summary of the analysis of variance for plant growth in height (PHe), stem diameter (SD), leaf number (LN) and leaf area (LA) of 
oiticica seedlings (L. rigida) irrigated with saline water and organic castor bean compost. 
 

SOV df 
Mean square 

PHe SD LN LA 

Blocks 4 1.44* 0.11
ns

 0.37
ns 

38.57
ns

 

Salinity (S) 4 53.22* 0.48* 2.02* 476.12** 

COC proportions (P) 1 435.13** 5.41** 6.48* 2,596.75** 

S x P 4 58.96
ns

 0.21
ns

 1.68
ns 

42.43
ns

 

Error 36 23.95 0.22 0.94 45.21 

Total 49 - - - - 

Linear Reg. 1 172.92* 1.53* 5.76*
 

1,787.01** 

Quadratic Reg. 1 18.94
ns

 0.24
ns

 0.71
ns 

53.11
ns

 

CV (%) - 17.60 11.94 17.53 11.09 
 

COC = castor bean organic compost; CV = Coefficient of variation; 
ns

 = not significant by Tukey test; * and ** = significant at 5 and 1% probability, 
respectively.  

 
 
 

 
 

Figure 1. Height of oiticica seedlings in saline water with (A) Soil with organic compost and (B) Soil without organic compost. 

 
 
 

 
 

Figure 2. Stem diameter of oiticica seedlings in saline water (A) in soil with and (B) in soil without organic compost.  

 
 
 
caused chemical (Nóbrega et al., 2008) and 
microbiological improvement by increasing the population 

and the fauna diversity of the soil (Ndubuisinnaji et al., 
2011).
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Figure 3. Comparison of leaf numbers of oiticica leaves in saline water which are in (A) soil with organic compost and (B) soil without organic 
compost. 

 
 
 

 
 

Figure 4. Leaf area of oiticica seedlings in saline water in (A) soil with organic compost and (B) without organic compost.  

 
 
 

The effects of water salinity and organic compost on 
leaf area were similar to those recorded for growth in 
height, stem diameter and number of leaves emitted, in 
which the increase in water salinity inhibited and the 
addition of organic compost increased the leaf area of 
seedlings (Figure 4B). The reduction was 2.986 cm

2
 per 

unit increase in the electrical conductivity of irrigation 
water, with a 24.05% loss among plants irrigated with 
water at 6.0 and 0.5 dS m

-1
 (Figure 4A), and 4.37% per 

unit increase in electrical conductivity.  
The salt stress caused by water loss is reflected in the 

loss of leaf expansion and consequently in the absorption 
of water and nutrients by plants, as found by Centeno et 
al. (2012) and Diniz et al. (2013). When evaluating water 
consumption in castor bean (Ricinus comunnis) and 
neem (Azadirachta indica) plants; which were irrigated 
with high saline water under stress conditions, according 
to Marschner (2012), the water has a concentration of 
salts so high that it causes nutritional imbalance. As in 

other variables, the organic compound also caused a 
26.97% increase in leaf area compared to plants in the 
substrate without the organic input (Figure 4B).  

Similar results were found by Souza et al. (2014), who 
also reported an increase in leaf area of noni plants in a 
substrate with organic matter in a saline environment. 
The reduction of leaf area, according to Sucre and 
Suáres (2011), may be an adaptive mechanism or an 
osmotic adjustment of plants grown under saline 
conditions. They also reported that there is transpiration 
in these conditions: The absorption of Na

+
 and Cl

-
 and its 

translocation through the xylem keep the tissues more 
hydrated and exert a diluting action of salts.  

The interaction between saline water and organic 
compost, as recorded for growth in height, stem 
diameter, number of leaves and leaf area, were not 
statistically influenced by the chlorophyll process, shoot 
and root biomass production and quality of oiticica 
seedlings (Table 3).  
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Table 3. Summary of analysis of variance for chlorophyll a (Cla), chlorophyll b (Clb), total chlorophyll index (Clt), shoot dry matter (SDM), 
root dry matter (RDM) and Dickson Quality Index (DQI) of oiticica seedlings (L. rigida) in saline water and proportions of castor bean 
organic compost. 
 

SOV df 
Mean square 

Cla CIb CIt SDM RDM DQI 

Blocks 4 3.27
ns 

0.29
ns 

4.12
ns

 2.06
ns 

0.45
ns 

0.44
ns 

Salinity (S) 4 165.18** 7.41** 231.05** 10.97**
 

0.51
ns 

1.99** 

COC Proportions (P) 1 1,332.31** 16.70** 1,661.18** 25.92** 22.45** 0.06
ns 

S × P 4 9.61
ns 

0.48
ns 

10.36
ns

 1.07
ns 

0.46
ns 

0.22
ns 

Error 36 7.59 0.58 6.05 2.16 0.50 0.35 

Total 49 - - - - - - 

Linear Reg. 1 568.82** 21.16** 816.24** 36.00** 0.02
ns 

6.39** 

Quadratic Reg. 1 91.05
** 

0.31
ns 

99.96
**
 1.03

ns 
0.64

ns 
0.08 

CV (%) - 12.27 11.99 8.54 21.68 22.48 14.27 

 
 
 

 
 

Figure 5. Chlorophyll a index of oiticica seedlings in saline water in (A) soil with organic compost and (B) soil without organic compost. 

 
 
 

The highest estimated index of chlorophyll a was 25.71, 
referring to the estimated maximum water electric 
conductivity at 0.8 dS m

-1
, but the irrigation with saline 

water above that level (1.5, 3.0, 4.5 and 6.0 dS m
-1

) 
hindered the production of chlorophyll a in oiticica by 
0.54, 6.46, 18.83 and 37.61% (Figure 5A). Going by 
these results, salinity changes the metabolism and 
physiology of plants, with negative effects on the 
photosynthetic capacity and chlorophyll a accumulation. 
This is in agreement with those obtained in the study of 
Freire et al. (2014) and Souto et al. (2015) for yellow 
passion fruits and noni plants, respectively, which were 
irrigated with saline water.  

Cattle manure unlike saline water, stimulates the 
production of chlorophyll a. This statement is based on a 
superiority of 59.79% more chlorophyll a in the leaves of 
plants from treatments with the organic compost in 
relation to soil without such organic input (Figure 5B). 
The organic input may have provided the release of liquid 
or solid humic substances to the substrate. This 

decreased the osmotic potential difference of the 
substrate, promoting the release of compounds such as 
humic acids, which stimulate the osmotic adjustment of 
plants growing in a saline environment (Brahmaprakash 
and Sahu, 2012). 

The increase in water salinity was linearly inhibited at a 
level of 0.373 per unit increase in the electrical 
conductivity of water. Chlorophyll b index decreased from 
7.35 to 5.29, inducing a 28.03% loss among plants 
irrigated with water at 0.5 and 6.0 dS m

-1
, and 5.11% per 

unit increase in saline water irrigation (Figure 6A). The 
behavior of data are compatible with Scalon et al. (2003), 
who concluded that water or soil salt stress hinders the 
activity of chlorophyll b. According to the authors, this 
chlorophyll pigment captures energy from other wave 
lengths and transfers it to the chlorophyll a, which uses it 
in photosynthesis photochemical reactions. This function 
can be inhibited by salinity. This on the other hand, 
contradicts Bezerra et al. (2013), who established that 
the  chlorophyll  content  in  Parkinsonia  aculeata   plants  
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Figure 6. Chlorophyll b index of oiticica seedlings in saline water with (A) soil with organic compost and (B) soil without organic compost.  

 
 
 

 
 

Figure 7. Total chlorophyll index of oiticica seedlings in saline water with (A) in soil with organic compost and (B) in soil without organic 
compost.   

 
 
 
was not reduced under salt stress. Cattle manure 
provided a 20% increase in the chlorophyll b contents of 
oiticica seedlings (Figure 6B) which is lower when 
compared to its effect on chlorophyll a. 

The effects of saline water and cattle manure on 
chlorophyll a and b are transferred to total chlorophyll, 
which is the sum of both. Thus, the increase in the 
electrical conductivity of the irrigation water decreased 
the total chlorophyll index of oiticica plants from 32.87 to 
32.44, 30.46, 26.78 and 21.42.  There was a record of 
1.22, 7.33, 18.53 and 34.83% losses among oiticica 
seedlings irrigated with water at 1.5, 3.0, 4.5 and 6.0 dS 
m

-1
, respectively, in comparison with plants irrigated with 

low-saline water (Figure 7A). Thus, the addition of the 
organic compost, similar to chlorophyll a and b, increased 
the total chlorophyll index of plants compared to plants in 
the substrate without organic compost (Figure 7B). 

Chlorophyll absorbs quanta of light incident on leaves. 
This function is hindered when plants such as oiticica 
seedlings are subjected to salt stress, and this hindrance 

results in photosynthetic deficiency. Similar results were 
reported by Mendonça et al. (2010), Silva et al. (2011), 
Matos et al. (2013), Freire et al. (2014), Souza et al. 
(2014) and Souto et al. (2015) for eucalyptus (Eucalyptus 
spp.), jatropha (Jatropha curcas), passion fruit and noni 
seedlings under irrigation with saline water. 

Root dry matter accumulation of the seedlings was the 
only variable that did not respond to the effects of water 
salinity (Table 3). The data did not fit any regression 
model but corresponded with the average value of 3.13 g 
plant

-1
 (Figure 8A). This behavior differs from that of the 

vast majority of food and non-food plants classified as 
sensitive, moderately sensitive and moderately tolerant to 
water or soil salt stress (Ayers and Westcot, 1999).  

These plants presented a hindered growth and yield 
potential due to either the increase in the salt content of 
the irrigation water, or of other recorded variables.  

The decrease in growth was as low as 54.47% in 
seedlings without organic compost (Figure 8B).  

The  increase  in  water  electrical  conductivity  did  not
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Figure 8. Root dry matter of oiticica seedlings in saline water in (A) soil with organic compost and (B) soil without organic compost. 

 
 
 

 
 

Figure 9. Shoot dry matter of oiticica seedlings in saline water in (A) soil with organic compost and (B) soil without organic compost. 

 
 
 
affect root dry matter accumulation, but inhibited the 
production of shoot dry matter of seedlings from 7.98 to 
5.42 g plant

-1
. This resulted in a 32.08% loss in seedlings 

irrigated with water with the highest salt content and 
5.83% loss in seedlings irrigated with water with the 
lowest salt content, per unit increase in the salt 
concentration (Figure 9A). A similar situation was 
recorded for the organic compost, with up to 23.76% 
biomass accumulated in the shoots of seedlings 
compared to those developed in treatments without the 
organic input (Figure 9B). This increase is a response to 
the positive action of the organic compost which provides 
an increase in biomass and physiological efficiency of 
plants grown in saline environments (Cha-Um and 
Kirdmanee, 2011). 

When the quality of the seedlings were evaluated by 
DQI, it was observed that increase in the salt content of 
the irrigation water consequently resulted in loss of 
electrical conductivity up to 0.196 per unit. According to 
the values in Figure 10A, the DQI decreased in the 

following order: 4.65, 4.46, 4.16, 3.87 and 3.57, with 
relative losses of 4.09, 10.54, 16.77 and 23.22% caused 
by water at 1.5, 3.0, 4.5 and 6.0 dS m

-1
 in comparison to 

plants irrigated with low-salinity water (0.5 dS m
-1

). If the 
indexes 3.57 and 4.65 are compared, there is a 23.22% 
loss among plants irrigated with water at 6.0 and 0.5 dS 
m

-1
, which is equivalent to a loss of 4.22% for each unit 

increase in the electrical conductivity of irrigation water. 
The organic compost was the only variable that did not 
decrease with the increase in salinity. The quality index of 
the seedlings was, among all, the variable that did not 
increase with the addition of organic input to the 
substrate (Figure 10B).  

The DQI of oiticica seedlings suffered a decrease from 
4.65 to 3.57 with increase in water salinity, but no 
difference was observed between those treated with and 
without organic compound. The average was between 
4.11 and 4.18, and they were suitable to be transplanted 
to the field (Hunt, 1990)  

DQI values above 0.2 are suitable for the production of
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Figure 10. Dickson quality index of oiticica seedlings in saline water in (A) soil with organic compost and (B) soil without organic compost. 

 
 
 
seedlings and despite its decrease with increasing water 
salt content; the equivalence of DQI values in the 
presence and absence of organic matter signifies the 
tolerance of this species to salts during the phase of 
seedling formation or the early growth of plants. Diniz 
Neto et al. (2014) also recognized that the change 
caused by the addition of biofertilizer; and irrigation with 
saline water of different salt levels was not significant on 
the oiticica seedlings.  

Growth inhibitions, chlorophyll index, production of 
shoot dry matter and quality index of seedlings are 
responses to the depressive action of water salinity in 
physiological processes. These physiological processes 
include: The opening and closing of stomata, carbon 
dioxide fixation, activity of chlorophyll and photosynthetic 
efficiency. This was stated by Taiz and Zeiger (2013) for 
plants in general and Souza et al. (2014, 2015) for noni 
plants. On the other hand, the increases in the variables 
are due to the high fertility potential of the organic 
compost provided by phosphorus, potassium, calcium 
and magnesium (Table 1). The increase is also due to 
the beneficial action of organic inputs which results in the 
physical improvement of the soil for the growth of the root 
system, as discussed by Mgbeze and Abu (2010) and 
Benbouali et al. (2013); and also the improvement in soil 
biological activity (Cha-Um and Kirdmanee, 2011).  
  
 
Conclusion 
 
The increase in water salinity inhibited biometric growth 
(except for root biomass), chlorophyll indexes, shoot dry 
matter and Dickson quality index of oiticica seedlings. 
The organic compost, except for the Dickson Quality 
Index, stimulated biometric growth; chlorophyll indexes 
and formation of shoot and root dry matter of seedlings. 
The quality index of seedlings did not decrease with the 
increase in salinity and did not vary with or without 
treatment with organic compost. The seedlings were also 

observed to be suitable to be transplanted to the field.    
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The objective of this research was to evaluate the biochemical changes in leaves from different 
genotypes of J. curcas in order to extend knowledge regarding the mechanisms of tolerance to water 
deficit and its variation in different genotypes. Potted plants of three genotypes (CNPAE 126, 137 and 
139) were cultivated under water deficit conditions for 66 days. Two watering regimes, as measured by 
the percentage of field capacity (FC), were imposed: Control plants (100% FC) and plants submitted to 
water deficit (70% FC). After 66 days, no significant effects of treatment and of genotype on leaf water 
potential (Ψw) were observed. While the water deficit treatment led to significant increments in foliar 
concentrations of proline and soluble sugars in all genotypes, no significant effects of genotype or 
treatment on K

+ 
concentration were detected. In addition, significant differences among treatments and 

genotypes in the activity of antioxidant enzymes (SOD, CAT and POD) and [ABA] in leaf and root were 
demonstrated. The genotypes exhibited an effective mechanism of response against the effects of 
water deficit, involving accumulation of compatible osmolytes, and increased antioxidants enzymes 
and ABA. Taken together, that results configure a strategy for maintenance of leaf hydration under 
moderate water deficit. 
 
Key words: Abiotic stress, antioxidant enzymes, compatible osmolytes, Euphorbiaceae, gas exchange. 

 
 
INTRODUCTION 
 
The development of human civilization and 
industrialization has long been based on fossil fuels 
utilization.  However, oil reserves  are  running  out  at  an 

ever-increasing speed, this being accompanied by a 
sharp increase of CO2 in the atmosphere, one of the main 
greenhouse  gases. In the quest for sustainable systems, 
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coupled with gradual reduction of oil reserves, productive 
alternatives are being studied, and Jatropha curcas L. 
stands out due to its high oil productivity per hectare 
(Dias et al., 2007) and development in areas of low 
rainfall (Maes et al., 2009). 

J. curcas, belonging to the Euphorbiaceae family, is 
native to the Americas and is widespread in tropical and 
subtropical regions of the globe, such as Asia, Africa and 
India (Divakara et al., 2010). Although it is considered to 
be a plant with the potential to provide raw material for 
fuel, this oilseed species is still in its domestication phase 
(Laviola et al., 2011). In recent years, a subject of special 
attention because of high oil content in seeds, which can 
easily be converted into biodiesel. Thus, J. curcas is 
being considered to be a source of energy and has 
attracted scientific and economic interest (Kumar and 
Sharma, 2008). 

Water deficit is considered to be the environmental 
factor that most significantly influences plant growth and 
yield (Kramer and Boyer, 1995). Therefore, understand-
ing the physiological and biochemical mechanisms that 
are involved with any level of plant response to water 
deficit is of uppermost interest (Slama et al., 2007). In 
order to increase their tolerance to dry conditions, some 
species develop some mechanisms such as, for 
example, accumulating osmotically active solutes in the 
cell cytoplasm, such as proline, soluble sugars and 
potassium (Silva et al., 2010a) as well as antioxidant 
enzymes such as superoxide dismutase (SOD; EC 
1.15.1.1), peroxidase (POD; EC 1.11.1.7) and catalase 
(CAT; EC 1.11.1.6) (Pompelli et al., 2010a). 

The mechanism of osmotic adjustment in plants has 
been considered as an important physiological strategy 
associated with drought tolerance (Hessine et al., 2009). 
It leads to increased water uptake and to increased cell 
growth of plants during drought stress associated with the 
partial opening of the stomata allowing CO2 assimilation 
at low water potential (Alves and Setter, 2004). According 
to Silva et al. (2010b), an efficient mechanism of osmotic 
adjustment was demonstrated in J. curcas in response to 
drought stress, which involved inorganic and organic 
osmolytes. 

The activity of antioxidant enzymes such as SOD, POD 
and CAT may be an important mechanism in response to 
environmental stresses such as drought. Arcoverde et al. 
(2011), working with young plants of J. curcas in 10 L 
pots, found that the antioxidant mechanism has been 
effective thus increasing their activity from moderate 
stress. 

The objective of the present work was to evaluate the 
biochemical responses in genotypes of J. curcas in order 
to generate additional information for the studies on 
physiological processes involved in plant tolerance to 
water deficit. We hypothesized that (1) accumulation of 
solutes osmotically active (osmotic adjustment) and 
stomatal control mediated by ABA are strategies used by 
J.   curcas    aimed  at  maintaining  the  hydration  status 
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under water stress conditions and (2) different genotypes 
show distinct responses to water deficit in terms of 
concentration of abscisic acid and antioxidant enzymes. 
 
 

MATERIALS AND METHODS 

 
Plant material and growing conditions 

 
The experiment was performed in a greenhouse, at the State 
University of Santa Cruz (UESC) campus, located in Ilhéus, Bahia 
(14°47'00" S, 39°02'00" W), between July and September 2011. 
The maximum and minimum values of air temperature measured 
during the experimental period were 27 and 22°C, respectively. The 
mean relative air humidity was recorded at 77%. The mean daily 
value of photosynthetically active radiation was 11.7 mol photons m-

2 day-1.  
J. curcas seeds from the genotypes CNPAE 126, 137 and 139 

were provided by the germplasm bank of EMBRAPA Agroenergia - 
Distrito Federal, Brazil. Seeds were germinated in pots containing 
50 dm³ of a soil:sand  (2:1) mixture, which was previously prepared 
according to chemical analysis of the substrate. After a germination 
period of 15 days, thinning was performed, leaving only one plant 
per pot. The pots were immediately covered with aluminum foil to 
prevent evaporation and heating of the soil and the water deficit 
treatment was set. Water deficit treatment was maintained for a 
period of 66 days. 

The treatments were made up of two watering regimes, which 
were adjusted as a percentage of field capacity (FC): control plants 
(100% FC) and plants submitted to water deficit (70% FC). 
Throughout the experimental period the control plants were 
irrigated close to field capacity (matric potential of -7.4 to -9.8 kPa). 
Water deficit plants were kept in the range between -99.0 and -33.5 
kPa. The water content and matric potential in the substrate were 
determined by use of the gravimetric method and of a characteristic 
water retention curve, respectively. 
 
 

Water relations parameters 
 

Pre-dawn (Ψpd) and midday (Ψmd) leaf water potential were 
measured weekly at 04:00 and 12:00, respectively. A PMS-1000 
pressure Chamber (PMS Instrument Company, USA) was used in 
accordance with the methodology proposed by Scholander et al. 
(1956) with some modifications. After placing the sheet on the 
cylinder, we used absorbent paper pressing lightly on incision to 
extract the excess latex. 

The leaf relative water content (RWC) was calculated using the 
formula: RWC = [(FW-DW)/(TW-DW)] × 100, where FW is the fresh 
weight, TW is the turgid weight measured after  24 h of saturation in 
deionized water in the dark, and DW is the dry weight determined 
after 48 h in an oven at 75°C. 
 
 

Leaf gas exchanges 
 

The leaf gas exchanges were evaluated 66 days after imposition of 
treatment (DAT) in fully mature leaves, between 8 and 11 h with a 
Li-6400 portable photosynthesis measurement system (Li-Cor, Inc., 
Lincoln, NE, USA) under artificial light saturating 1000 μmol 
photons m-2 s-1 and atmospheric CO2 concentration (CA) of 380 
μmol mol-1. The photosynthetic rate (PN, μmol m-2 s-1), the stomatal 
conductance to water vapor (gS, mol m-2 s-1), the transpiration rate 
(E, mmol m-2 s-1) and the ratio between the internal and 
atmospheric concentrations of CO2 (CI/CA) were calculated using 
the values of the variations of the concentrations of CO2 and H2O 
vapor inside the chamber.  Through  the  gas  exchange  data  were 
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estimated photosynthetic efficiency of water use, intrinsic (PN /gS, 
μmol mol-1) and instant (PN /E, μmol mmol-1). 
 
 
Osmotic potential and osmotic adjustment 
 
Five leaf disks (5 mm in diameter) were collected at 66 DAT from 
the leaves of the middle third of the shoot of four randomly chosen 
plants from each treatment. The discs were frozen in liquid nitrogen, 
and after thawing and temperature stabilization were placed in the 
chamber to obtain the osmotic potential (Ψs) readings. Osmotic 
potential was measured using a thermocouple psychrometer (C-52 
Chamber model, Wescor Inc., Logan, Utah, USA), connected to a 
dew point microvoltimeter (PsyPRO, Wescor Inc., Logan, USA) 
operating in a psychrometric method. The values Ψs were 
corrected to eliminate the effect of passive concentration of solutes 
caused by foliar dehydration, in accordance with Wilson et al. 
(1979). Osmotic adjustment was calculated as the difference in 
corrected Ψs of control and stressed plants. 
 
 
Antioxidant enzymes activities 
 
Antioxidant enzymes were determined at the end of the experiment 
(66 DAT). Leaf samples were collected from the third fully 
expanded mature leaf, immediately frozen in liquid nitrogen, 
lyophilized and stored in a freezer (-20°C) until the moment of 
analyses.  

Peroxidase activity (POD; EC 1.11.1.7) was determined in 
accordance with the method by Rehem et al. (2011). Microplates 
with 96 wells and a 300 μL capacity were used, containing 140 µl of 
POD reaction buffer 2× [40 mmol L-1 of guaiacol, H2O2 at 0.06% 
and sodium phosphate (20 mmol L-1, pH 6.0)], 139 μL of phosphate 
buffer (50 mmol L-1, pH 6.0) and 1 µL of enzyme extract which was 
previously diluted. The absorbance variation at 470 ηm was 
monitored for 60 s of reaction at 25°C, in a microplate 
spectrophotometer (VERSAmax). 

The superoxide dismutase (SOD; EC 1.15.1.1) was determined 
by measuring its ability to inhibit the photochemical reduction of 
nitro blue tetrazolium (NBT). 100 μL aliquots of the enzyme 
extraction were then transferred to test tubes and protected from 
light; these contained 50 mM of potassium phosphate buffer, pH 
7.8, 0.1 mM of EDTA, 13 mM of L-methionine and 75 μM of NBT. 
The reaction was initiated through the addition of 2 μM of riboflavin 
and the concomitant transfer of the tubes to a chamber lit by a 30 
Watt circular fluorescent lamp, for a 15 min period. Following this, 
the absorbance readings at 560 ηm were performed in a 
spectrophotometer. The activity was determined by calculating the 
amount of extract that inhibited 50% of NBT reduction (Beauchamp 
and Fridovich, 1971) and expressed in U kg-1 DM. 

The enzyme catalase activity (CAT; EC 1.11.1.6) was determined 
according to the methodology as described by Madhusudhan et al. 
(2003), whose activity is defined by the amount of enzyme required 
to catalyze the decomposition of H2O2. For the test, 20 μL of the 
enzymatic extract was added to 0.98 mL of sodium phosphate 
buffer 0.05 M pH 7.0, H2O2 0.0125 M  which was supplemented 
with hydrogen peroxide to a final concentration of 12.5 mM. CAT 
activity was determined through measuring the reduction in 
absorbance of samples at 240 ηm, this being a consequence of 
H2O2 consumption, using the molar extinction coefficient of 36 M-1 
cm-1. 
 
 
Determination of organic and inorganic solutes 
 
At 66 DAT, concentrations of compatible osmolytes were 
determined. Concentrations of proline were analyzed using the 
acidic Ninhydrin  method  (Bates  et  al.,  1973).  The  total   soluble 

 
 
 
 
sugar content was determined using the phenol-sulfuric method 
according to Clegg (1956) and potassium (K+), was analyzed by 
flame photometry, according to the methodology as described by 
Viégas et al. (2001). 
 
 
Abscisic acid concentration (ABA) 
 
ABA extraction was carried out at 66 DAT according to the method 
as described by Kato et al. (2006). ABA quantification in the 
extracts was performed by means of the ELISA test, using a 
commercial kit (Phytodetek® ABA Test Kit), in accordance with the 
manufacturers recommendations. Following this, optical density 
readings were taken by means of a microplate spectrophotometer 
(Biotek, ELX 800 Instruments, Inc, Winooski, VE, USA) using a 
wavelength of 405 ηm. 
 
 
Experimental design and statistical analysis 
 
The experimental design was completely randomized with a 2×3 
factorial scheme, made up of two levels of water availability and 
three genotypes of J. curcas, with four repetitions per treatment. 
The results were submitted to an F-test at a 5% significance level, 
by factorial ANOVA and, when indicated, the mean comparisons 
were performed by means of a Tukey test at the same significance 
level. 
 
 
RESULTS 
 
Substrate water content was 9.8 and 6.3%, on average, 
in control (well-watered) and water deficit (WD) 
treatments, respectively. The substrate matric potential 
(Ψm) calculated using the characteristic curve of water 
retention, varied between -9.8 and -7.4 kPa and -98.6 
and -33.5 kPa in control and WD, respectively. 

There were the significant differences (P<0.05) in pre-
dawn (Ψpd) and midday leaf water potential (Ψmd) and 
in RWC among genotypes after 66 DAT (Table 1). 
Despite non significant, plants of CNPAE-126 presented 
a smaller amplitude (-0.25 MPa) between the Ψpd and 
Ψmd when compared with other genotypes. On the other 
hand, a significant difference (P<0.05) between the 
genotypes for osmotic adjustment (OA) was detected. 
The genotypes CNPAE-126 and 139 showed no OA, as 
the values of Ψs were -0.80 and 0.02, respectively. 
However, the genotype CNPAE-137 showed a value 
0.30, which may indicate some degree of OA, despite no 
significant effect of treatments has been detected (Table 
1). 

No significant differences were observed (P<0.05) 
among the genotypes of J. curcas for the foliar 
concentration of proline (Figure 1A). Water deficit led to a 
significant (P<0.05) increase (58%) in foliar concentration 
of proline when compared to control plants. Genotype 
CNPAE-126 was the only in which significant differences 
(P<0.05) between treatments for total soluble sugars 
(TSS) were observed. Interestingly, high concentration 
(160.0 mg g

-1
) was measured in control, as compared to 

water deficit plants (94.5 mg g
-1

) (Figure 1B). There was 
no significant effect of genotype for TSS.  In  addition,  no
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Table 1. Pre-dawn (Ψpd) and midday (Ψmd) leaf water pontential, corrected osmotic potential (Ψsc) and osmotic 
adjustment (OA) in plants of J.curcas under different water conditions, control (C) and water defict (WD) at 66 
days after the imposition of treatment (DAT). Values are means (s.e.) of five replicates. 
 

Genotypes CNPAE-126 CNPAE-137 CNPAE-139 

 Ψpd (- MPA) 

C 0.47±0.04
Aa

 0.45±0.05
Aa

 0.46±0.03
Aa

 

WD 0.50±0.08
Aa

 0.46±0.13
Aa

 0.55±0.05
Aa

 
    

 Ψmd(-MPa) 

C 0.72±0.06
Aa

 0.81±0.04
Aa

 0.75±0.08
Aa

 

WD 0.75±0.09
Aa

 0.87±0.06
Aa

 0.95±0.01
Aa

 
    

 Ψsc(-MPa) 

C 2.40±1.26
Aa

 1.34±0.15
Ba

 1.41±0.14
Ba

 

WD 1.60±0.31
Ab

 1.64±0.12
Aa

 1.43±0.10
Aa

 
    

 OA 

 -0.80±0.10
b
 0.30±0.03

a
 0.02±0.07

a
 

 

Lower case letters indicate significant differences between treatments within each genotype and capital letters indicate 
significant differences by genotypes within each treatment by Tukey test (P<0.05). 

 
 
 
significant (P<0.05) differences were observed neither 
among the genotypes, nor between the treatments for the 
concentration of K

+
 in J. curcas leaves (Figure 1C). 

The values of PN, gS, E, and CI/CA at 66 DAT were 
significantly (P<0.05) reduced in stressed as compared to 
control plants. Such reduction reached 81, 90, 86 and 
37%, respectively (Figure 2). Moreover, the values of 
PN/gS and PN/E in WD plants increase of 52 and 74%, 
respectively, as compared to control plants (Figure 2). 

Water deficit led to a significant increase in the SOD, 
POD and CAT enzymes in J. curcas leaves 66 DAT. 
Regarding SOD, the genotype CNPAE-137 differed from 
the others, showing a lower activity of this enzyme. The 
values of SOD activity in genotype CNPAE-137 were, on 
average, 0.06 and 0.04 U kg

-1
 DM in WD and control 

plants, respectively (Figure 3A). Significant (P<0.05) 
effects of genotype and of treatments in POD activity 
were detected. Water stress led to increases of 25, 35 
and 2% in POD activity measured in WD plants of 
CNPAE-126, 137 and 139, respectively, as compared to 
their control plants (Figure 3B). Moreover, POD activity in 
WD plants was significantly (P<0.05) higher in CNPAE-
137 (0.690 mmol h

-1
 kg

-1
 DM) than in CNPAE-126 (0.598 

mmol h
-1

 kg
-1

 DM) and CNPAE-139 (0.604 mmol h
-1

 kg
-1

 
DM). There were significant differences (P<0.05) among 
genotypes, as well as between treatments in CAT activity 
(Figure 3C). Water stress led to 32% increase, on 
average, in CAT activity, when compared to control 
plants. CAT activity was significantly higher in genotype 
CNPAE-126 of the two treatments, than in the other two 
genotypes. The values of CAT activity measured in WD 
plants were 39% higher than in control plants. 

During the 66 DAT, there were significant differences 
(P<0.05) in ABA foliar concentration ([ABA]) among the 
water regimes, as well as  among  the  genotypes.  Water 

stress led to an increase in [ABA], of 136.4, 21.8 and 
15.7 for the genotypes CNPAE-126, 137 and 139, 
respectively. The higher [ABA] leaf was found in the 
genotype CNPAE-126 which showed 100.42 ng g

-1
 DM 

for WD leaves, when compared to their controls (Figure 
4A). Upon comparison, the J. curcas roots presented a 
lower [ABA] in relation to the leaves, presenting average 
values of 11.14, 13.19 and 10.09 ng g

-1
 DM for the 

genotypes CNPAE-126, 137 and 139, respectively 
(Figure 4B). 
 
 
DISCUSSION 
 
The lack of variation on the Ψw in J. curcas plants is 
probable explained by the internal redistribution of the 
water stored in the succulent stems. Therefore, water 
supply and conservation in order to foster a water deficit 
tolerance could be suggested as an important role for the 
succulent stem, as quoted by Maes et al. (2009). 

Water conservative behavior through an efficient 
stomatal regulation, as indicated by measurements of 
leaf RWC and Ψw, has been commonly observed in 
young and adult plants (Díaz-López et al., 2012; Fini et 
al., 2013; Sapeta et al., 2013). The water content in 
tissues in J. curcas reveals a conservation strategy for 
this species to tolerate dry periods. According to Silva et 
al. (2011), osmotic adjustment mechanism is responsible 
for maintaining a high RWC in J. curcas of tissues. 

In the present study, even though a tissue water 
maintenance strategy has been demonstrated, no 
significant osmotic adjustment was found. The genotypes 
avoided the loss of water in leaves through an efficient 
stomatal control of transpiration (Silva et al., 2010b). 
Rather than acting as an  osmoregulator,  in  the  present
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Figure 1. Foliar concentrations of proline (PRO, A), total soluble 
sugars (SST, B) and potassium (K+, C) in young plants of J. curcas 
subjected to water deficit for 66 days. The columns are mean values 
(n = 5) and bars represent the standard error of the mean. Capital 
letters indicate comparison between genotypes and lower case 
between water regimes by Tukey test (P<0.05). 

 
 
 

experiment, proline is suggested to be related to an 
osmoprotective role and can also serve as a reserve of 
carbon and nitrogen for growth (Silveira et al., 2003). It is 
worth noting that an increase in antioxidant activity, as 
well as lower growth (data not shown) were demonstrated 

when the plants were subjected to stress. However, there 
are other osmolytes which can accumulate in the cells 
and which were not quantified in this study, thus leading 
to the suggestion of OA in CNPAE-137 as an adaptation 
mechanism to tolerate the moderate water deficit.  
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Figure 2. Net photosynthetic rate (PN, A), stomatal conductance (gS, B), transpiration rate (E, C), intrinsic efficiency 
(PN / gS, D), instantaneous efficiency (PN/ E, E) e ratio of intercellular and atmospheric concentrations of CO2 (CI/CA, 
F) in young plants of J. curcas subjected to water deficit for 66 days. The columns are mean values (n = 4) and bars 
represent the standard error of the mean. Capital letters indicate comparison between genotypes and lower case 
between water regimes by Tukey test (P<0.05). 

 
 
 

The accumulation of compatible osmolytes (TSS and 
proline) in J. curcas plants subjected to WD may be 
related to the mechanism that prevents the water loss. In 
another survey, Babita et  al.  (2010)  detected  increased 

concentration of osmolytes such as proline and soluble 
sugars in a drought tolerant genotype Ricinus communis 
L. under water deficit. Although our data do not show 
significant  differences   in   the   concentration   of   TSS,
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Figure 3. Activities of the enzymes superoxide dismutase (SOD, A), 
peroxidase (POD, B) and catalase (CAT, C) in leaves of three 
genotypes of J. curcas subjected to water deficit for 66 days. The 
columns are mean values (n = 5) and bars represent the standard 
error of the mean. Capital letters indicate comparison between 
genotypes and lower case between water regimes by Tukey test 
(P<0.05). 
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Figure 4. Concentration of ABA in leaves (A) and roots (B) in three genotypes of 
Jatropha curcas subjected to water deficit for 66 days. The columns are means (n 
= 5) and bars represent the standard error of the mean. Capital letters indicate 
comparison between genotypes and lower case between water regimes by Tukey 
test (P<0.05). 
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possibly by the stress applied, Silva et al. (2010b) report 
that the increase of this osmolyte is the largest 
contributor to OA. 

Even though there were no changes in foliar 
concentration of K

+
 in this research, this inorganic ion is 

involved in osmotic regulation for both WD as well as 
control plants. It has been demonstrated that, despite 
non-significantly changed in leaves, the content of K

+
 

contributed to 25% of the osmotic potential in stressed as 
compared to control plants (Silva et al., 2010b).  

Water deficit-induced stomatal closure, as observed in 
the present investigation, is a strong mechanism of 
response in J. curcas, being an important component of 
drought tolerance in this species. Similar studies were 
reported by Pompelli et al. (2010), Silva et al. (2012), 
Sapeta et al. (2013) and De Santana et al. (2015). 
Pompelli et al. (2010a) demonstrated a reduction of PN to 
values lower than 5 CO2 μmol m

-2
 s

-1
 when the water 

content of the soil has reached the level of 5%. With the 
significant effect on PN, gS and E the intrinsic water use 
efficiency (PN/gS) and instant (PN/E) had increases in 
stressed plants, demonstrating that the limitation of PN 
was mainly stomatal. Higher PN/gs and PN/E in plants 
under WD have been demonstrated elsewhere, under 
several levels of water deficit (Diaz-Lopez et al., 2012; 
Fini et al., 2013). 

Studies have shown a decline in the carbon cycle and 
increase of antioxidant enzymes when plants are water 
stressed (Da Matta et al., 2008). Among the several 
mechanisms of response to water deficit, the ability to 
maintain high levels of antioxidant enzymes such as 
SOD, POD and CAT, has been demonstrated 
(Zimmerman et al., 2006). The activity of one or more 
antioxidant enzymes generally increases in plants that 
are exposed to stress conditions, and this activity 
correlates with an increased tolerance to stress (Pilon et 
al., 2006). In this study, moderate water stress led to 
significant an increase in antioxidant enzymes.  

Some studies have reported that water shortage 
produces oxidative stress as a result of an increase in 
ROS and also that many plants are able to cope with this 
by activating their antioxidant enzymes (Simova-Stoilova 
et al., 2009). Lower SOD activity was measured in leaves 
from the genotype CNPAE-137, thus the genotypes 
CNPAE-126 and 139 can be considered as more efficient 
at removing O2

•-
 toxic radicals. Various abiotic stresses 

often led to an increase in ROS generation in which SOD 
has been an important enzyme for the plant stress 
tolerance, providing the first line of defense against the 
toxic effects of high levels of ROS (Gill and Tuteja, 2010). 

It has been reported that the activity of POD in J. 
curcas is sensitive to water deficit (Kumar and Sharma, 
2008). This means that the genotypes that were studied 
maintain a higher POD activity in plant leaves under WD, 
thereby giving rise to water deficit tolerance. The CAT 
antioxidant enzyme works to remove the H2O2 that is 
generated in  peroxisomes  by  oxidases  involved  in  the   

 
 
 
 
β-oxidation of fatty acids, photorespiration, purine 
catabolism and during oxidative stress (Vellosillo et al., 
2010). Our data show that CAT activity increased in 
plants subjected to WD, which suggest a more efficient 
system in the elimination of ROS and thus maintaining a 
balance between ROS production and antioxidant 
enzymes for preventing oxidative damage under water 
deficit. Pompelli et al. (2010a), studying J. curcas under 
two water regimes (control and water deficit) for 4, 8 and 
18 days, found that the WD induced the increase of 
antioxidant enzymes such as SOD, CAT and POD in 
leaves. The authors also report that the activity of these 
enzymes were more significant at 8 and 18 days of 
stress. 

In the present study, elevated activity of SOD (43.7%) 
have been demonstrated, which can be related to the 
regulation of the expression of isoforms of this enzyme. 
The POD increased by 19.5% in stressed plants, showing 
an efficient mechanism against the accumulation of ROS, 
especially H2O2 present in chloroplasts. CAT had already 
increased 33.3% in plants subjected to WD compared to 
control plants, support in the removal of H2O2 present in 
peroxisomes. Thus, our data show that the antioxidant 
enzymes are effective in the removal of ROS in leaves of 
J. curcas. Similar results were found by Pompelli et al. 
(2010a), studying J. curcas subjected to water deficit for 
18 days was found to increase SOD activity by 72.7%, 
POD by 45.0% and CAT by 20.0%, thus indicating that 
antioxidant enzymes are involved in the defense 
mechanism against oxidative stress during water deficit. 

ABA has a central role in plant responses to water 
deficit by means of a large number of processes, with 
signaling pathways that have not yet been completely 
understood, despite the discovery of putative ABA 
receptors (Pandey et al., 2009). At the cellular level it 
controls the enzyme synthesis that acts to protect cells 
under high stress, such as dehydration (Li et al., 2002), 
stomatal closure (Christmann et al., 2007), hydraulic 
conductivity (Parent et al., 2009) and also to protect the 
growth of roots and shoots (Sharp, 2002). Throughout 
this research, there was a buildup in leaf [ABA] in all J. 
curcas genotypes, thereby corroborating those results 
found in cassava (Alves and Setter, 2004) and castor 
beans (Jokhan et al., 1996) two other species of 
Euphorbiaceae. 

The concentration of ABA increased substantially roots 
of WD plants of all genotypes. However, only in CNPAE-
137 such increment corresponded to an increase of 
organic solutes such as sugars and proline. However, 
Wilkinson and Davies (2002) reported that once inside 
the root, ABA may be translocated by the symplast and 
then stored or degraded, or can be transferred from one 
cell to another through the vessels of xylem, or may be 
carried by the apoplast to the transpiration stream to the 
xylem. In this research, the [ABA] the roots may have 
contributed to the increase in hydraulic conductivity, 
occurring thus, increased water absorption in J. curcas of 



 
 
 
 
tissues under conditions of moderate water deficit. 
 
 
Conclusion 
 
The results revealed an efficient system for protection 
against drought-induced oxidative stress, through 
increased activity of antioxidant enzymes. Such strategy, 
observed in all the three genotypes, is suggested to be 
an important component of drought tolerance in J. 
curcas. Osmotic adjustment was not observed despite 
the increase in proline which apparently acts as an 
osmoprotector. Drought-induced increased foliar [ABA] 
was demonstrated and may have influenced stomatal 
control leading to the maintenance of foliar water status. 
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The study of photosynthetic responses in plants provides useful information for understanding the 
physiological processes involved in the salinity tolerance and susceptibility mechanisms of sunflower 
cultivars. The aim of the present study was to evaluate the gas exchange responses, water relations 
(stress hydric), and growth characteristics of two sunflower cultivars, Agrobel 963 and Aguará 4, 
subjected to different salt concentrations. The study was conducted in a randomized block 
experimental design through a 2 x 5 factorial arrangement, with the factors being two sunflower 
cultivars (Agrobel 963 and Aguará 4) and five salt concentrations (0, 25, 50, 100 and 150 mM NaCl) 
applied in Hoagland nutrient solution, with five replicates. Gas exchange, water relations and growth 
characteristics were evaluated. The gas exchange measurements showed that the two sunflower 
cultivars maintained the photosynthetic activity per unit of leaf area even at the highest NaCl 
concentration tested (150 mM). With the increasing salinity in the nutrient solution, the leaf water 
potential decreased, while the concentration of optically active substances increased in both the leaves 
and roots, which helped maintain the plant’s water status. Reduction on dry mass of sunflowers was 
response to decreasing on the leaf total area and not as effect of salinity on the photosynthetic rate by 
leaf area unity. 
 
Key words: Helianthus annuus L., gas exchange, NaCl, osmotic adjustment. 

 
 
INTRODUCTION 
 
Agriculture in the midwest region of Brazil is mainly 
dedicated to grain production. Over the last few years, 
however, large-scale sugarcane plantations have been 
established in the agricultural areas of this region. This 
increase is mostly a consequence of incentives for the 
production of alcohol as biofuel by the Alcohol National 
Program   (Programa   Nacional    do    Álcool -Proálcool) 

(Rodrigues and Ortiz, 2006).  
An increase in the production of vinasse, which is a 

byproduct of alcohol production, occurs concomitantly 
with the increase in sugarcane production. Vinasse is 
currently being used in irrigation as a fertilizer. However, 
if applied in excess, vinasse can cause damage to crops 
of commercial interest due to nutritional  imbalances  and

 

*Corresponding author. E-mail: alcarcos@pq.cnpq.br. 

  

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution 

License 4.0 International License 

mailto:alcarcos@pq.cnpq.br
http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


2818          Afr. J. Agric. Res. 
 
 
 
base saturation, leading to soil salinization (Lelis, 2008). 
The degree of salinization, however, depends on the type 
and physicochemical characteristics of the soil. 

Salinity is one of the abiotic stresses that induce 
changes and responses at all functional levels of the 
organism. These changes can be reversible in early 
stages or become irreversible under extreme conditions 
(Larcher, 2004). Excess salt can damage plants by 
causing osmotic stress, which leads to difficulties in water 
absorption, or because of ionic effects associated with 
specific ion toxicities (Dias and Blanco, 2010). Salinity 
leads to osmotic stress, which disrupts water relations 
and reduces growth, leaf area and dry matter production 
(Hussain et al., 2012). The ionic effects, which are mostly 
promoted by Na+, are a consequence of the 
accumulation of ions in the plant tissues and cause 
nutritional imbalances, toxicity and metabolic changes 
(Munns and Tester, 2008; Silva et al., 2009). 

Photosynthetic rates are also affected by salinity and 
may occur in response to stomatal closure, which is 
mediated by hormones, or by photochemical changes 
and changes in carbon metabolism (Chaves et al., 2009). 
Increasing, salinity results in plant growth changes with 
the leaf area being the most affected parameter. 
According to Steduto et al. (2000), leaf area modulation is 
the most important mechanism of stress avoidance in 
sunflower plants. This response suggests a strategy to 
reduce transpiration and, consequently, water loss by the 
plant. Morphological, anatomical and metabolic changes 
in sunflower plants depend on the genotype and salt 
content of the plant (Silva et al., 2009). 

However, some plants have the capacity to prevent the 
entry of salts or to minimize their concentration in the 
cytoplasm via vacuolar compartmentalization, thus 
avoiding the toxic effects of salts on photosynthesis and 
other metabolic processes (Chaves et al., 2009). 
Different tolerance mechanisms, however, can occur in 
different species or in different cultivars of the same 
species. 

The sunflower (Helianthus annuus L.) is a species 
originating from the southwestern USA and north of 
Mexico (Rossi, 1998). This crop has a high oleaginous 
potential and great economic and agricultural relevance. 
The sunflower is highly resistant to drought, cold and 
heat, and it is adaptable to soil-climate conditions 
(Gomes et al., 2006). However, the sunflower’s tolerance 
or sensitivity to salinity varies with the cultivar. 

Thus, understanding the physiological and 
morphological processes involved in the mechanisms of 
tolerance and susceptibility to salinity, such as gas 
exchange, water relations and growth, of sunflower plants 
is essential to elucidate the salt tolerance mechanisms 
and their use in saline soils. Therefore, the aim of the 
present study was to evaluate the gas exchange 
responses, water relations and growth characteristics of 
two sunflower cultivars, Agrobel 963 and Aguará 4, 
subjected to different salt concentrations. 

 
 
 
 
MATERIALS AND METHODS 
 

The experiment was conducted in a greenhouse at the 
Ecophysiology and Plant Productivity Laboratory of the Federal 
Institute of Goiás (Instituto Federal Goiano – IF Goiano) on the Rio 
Verde Campus (17°48’07”S, 50°54’20”W, 755-m altitude). 
 
 

Generation of seedlings and plant acclimation 
 
The sunflower seeds were germinated in Bioplant® commercial 
substrate in expanded polystyrene trays. Fifteen days following 
germination, healthy and uniform seedlings were selected and 
transferred to trays containing Hoagland and Arnon (1950) nutrient 
solution. After six days of plant acclimation, the plants were 
transferred into Styrofoam boxes, with two plants per box, 
containing 2.5 L of full-strength Hoagland and Arnon (1950) nutrient 
solution, which was aerated every 15 min. 
 
 
Treatment application and experimental conditions 
 
The salinity levels were gradually increased by adding 25 mM NaCl 
to the nutrient solution every 24 h until 25, 50, 100 and 150 mM 
NaCl solution concentrations were reached. The electrical 
conductivity (EC) was monitored every 48 h with a conductivity 
meter, model CD-850 (Instrutherm, Brazil), and maintained at 25% 
of the initial EC. The pH was maintained at approximately 6.0±0.05 
and monitored with a pH meter, model 221 (Lutron, Taiwan). 
 
 

Plant evaluation 
 

Five gas exchange measurements were performed on fully 
expanded sunflower leaves. The water potential (ψw), refractive 
index (RI), and growth characteristics, were measured at the end of 
the experiment, which was 26 days after the beginning of the 
treatment application. 
 
 

Gas exchange 
 
The gas exchange measurements were always performed between 
07:00 and 11:00 am. The photosynthetic rate (A, µmol m-2s-1), 
respiration rate (E, mmol m-2s-1), stomatal conductance (gs, mol H2O 
m-2 s-1) and the relationship between the internal and external CO2 
concentrations (Ci/Ca) were measured. The measurements were 
performed using a portable photosynthesis system with an LCi Light 
Systems light source (ADC Bioscientific, Herts, England), consisting 
of a ventilated chamber containing a 20-W dichroic halogen lamp 
with 1,000-µmol m-2 s-1 photon flux density. 
 
 

Water relations 
 
Fully expanded leaves that were inserted at the third node from the 
shoot tip were collected before dawn and used for the 
determination of Water potential (Ψw, MPa) using a Scholander 
pressure chamber. The Refractive index (RI) was measured with a 
manual refractometer (Abbe Atago, Japan) in leaf- and root-cell 
sap, which was extracted with a hand press. 
 
 

Growth characteristics  
 

The number of leaves and nodes, leaf area (LA), aerial part dry 
matter (APDM), root dry matter (RDM), total dry matter (TDM), 
specific leaf area (SLA) and leaf area ratio (LAR) were measured.  
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Figure 1. Photosynthetic rate (A) (A), stomatal conductance (gs) (B), transpiration rate (E) (C) and water-use efficiency (WUE) 
(D) of sunflower plants of the Aguará 4 and Agrobel 963 cultivars grown under different NaCl (mM) concentrations in the 
nutrient solution. Upper case letters in the figure stand for significant differences between cultivars, according to the Tukey’s 
test (p≤0.05). The effect of salinity within each cultivar was better explained by a quadratic and a linear model in (C) and a 
quadratic and a square root model in (D). Significance: *p<0.05; **p<0.01. 

 
 
 
The dry matter mass (g plant¹־) was obtained by drying the 
harvested material in a convection oven at 65°C until reaching a 
constant weight. The LA (cm2) was measured by scanning the leaf 
and using image-analysis software. The SLA and LAR were 
calculated using the following equations: SLA= LA/LDM and LAR= 
LA/TDM, respectively. 
 
 
Statistical analysis 
 
An analysis of variance was performed for the data obtained, and 
the means for different cultivars were compared using an F-test. 
When necessary, regression models were adjusted to the NaCl 
concentration levels using the Software Analysis and 
Experimentation Group (SAEG) 9.1 software (UFV, Viçosa, Brazil). 

 
 
RESULTS 
 
Gas exchange 
 
The increasing NaCl concentration did not result in 
significant changes in A (Figure 1A) or gs (Figure 1B) in 

either of the tested cultivars. However, a higher A (Figure 
1A) and E (Figure 1C) and lower water-use efficiency 
(WUE) (Figure 1D) were observed for cultivar Agrobel 
963 compared with Aguará 4. The Ci/Ca also did not 
change significantly with increasing salinity in the growth 
medium (Figure 2). A significant difference was only 
observed between cultivars, with Aguará 4 exhibiting the 
highest values for this ratio (Figure 2). 
 
 

Water relations 
 
The ψw of both Aguará 4 and Agrobel 963 decreased with 
increasing salinity in the growth medium, especially at the 
highest NaCl concentration. This decrease reached up to 
48% for Aguará 4 and up to 20% for Agrobel 963 
compared with control plants (Figure 3). The RI of both 
the leaf and root increased with increasing NaCl 
concentrations (Figure 4A and B). There were increases 
of 102% in the leaf (Figure 4A) and 34% in the root 
(Figure    4B)    in    plants    grown    at    150-mM    NaCl 
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Figure 2. Relationship between the internal and external CO2 
concentrations (Ci/Ca) in sunflower plants of the Aguará 4 and 
Agrobel 963 cultivars grown under different NaCl (mM) 
concentrations in the nutrient solution. Means followed by the same 
letter are not significantly different according to the F-test (p≤0.05). 
 
 
 

 
 

Figure 3. Leaf water potential (ψw) in sunflower plants of the 
Aguará 4 and Agrobel 963 cultivars grown under different NaCl 
(mM) concentrations in the nutrient solution. For each NaCl 
concentration tested, different upper case letters inside the figure 
indicate significant differences between the cultivars, according to 
the F-test (p≤0.05). The effect of salinity was better explained by a 
square root model for the Aguará cultivar 4 and by a linear model 
for the Agrobel 963 cultivar. Significance: *p<0.05; **p<0.01. 
 
 
 

concentration compared with control plants. 
 
 

Growth characteristics 
 
The interaction between the NaCl concentration and the 
type of sunflower cultivar influenced the growth 
characteristics. 

 
 
 
 

Increasing the NaCl concentration of the nutrient 
solution significantly reduced the number of leaves 
(Figure 5A) and nodes (Figure 5B), regardless of the 
cultivar. When evaluating the isolated effect of the cultivar 
on this characteristic, the reduction was more 
pronounced for the cultivar Agrobel 963 (Figure 6A and 
B). The SLA (Figure 7A), LAR (Figure 7B), LA (Figure 
8A) and RDM (Figure 8C) of the plants from both 
cultivars drastically decreased with increasing NaCl 
concentrations in the nutrient solution. Similar results 
were observed for the APDM (Figure 8B) and TDM 
(Figure 8D) of the plants from the Agrobel 963 cultivar. 
However, low NaCl concentrations (≤0.25 mM) led to 
significant increases in the APDM (Figure 8B) and TDM 
(Figure 8D) of the plants from the Aguará 4 cultivar. 
 
 

DISCUSSION 
 

The growth characteristics measured in the present 
study, namely the LA, SLA, LAR, APDM, TDM and RDM 
of the plants, for both tested cultivars decreased with 
increasing NaCl concentrations in the nutrient solution. 
Decreased in growth is one of the most commonly 
observed symptoms in plants grown in saline 
environments and has been well documented for 
Barbados nut (Silva et al., 2009) and some sunflower 
cultivars (Steduto et al., 2000; Hussain et al., 2012). The 
changes in plant growth may occur as a result of the 
external increase in osmotic pressure and the 
accumulation of Na

+
 in the leaves (Munns and Tester, 

2008). 
In the present study, the decreased LA may be related 

to an adaptation mechanism to salinity, allowing water 
conservation by reducing transpiration area. The 
decrease in leaf area has been observed in several plant 
species in response to increasing NaCl concentrations 
(Medeiros, et al., 2012; Araújo, et al., 2010; Neto and 
Tabosa, 2000). The lowest RDM values were observed 
for estimated concentrations of 106.7 and 100 mM NaCl 
in the nutrient solution for the Aguará 4 and Agrobel 963 
cultivars, respectively. For the Aguará 4 cultivar, a similar 
behavior was observed for the APDM and TDM, which 
increased with the NaCl content up to concentrations of 
22 and 13 mM, respectively. Júnior et al. (2011) and 
Nobre et al. (2010) had previously reported decreases in 
the APDM of 83 (9.0 dS m

-1
 EC) and 55% (4.9 dS m

-1
 

EC), respectively, in sunflower plants maintained under 
different salt concentrations. 

According to Nobre et al. (2010), salinity affects the 
plant dry matter production because the high salt 
concentrations at the root zone lead to decreased water 
availability. The growth decreases may therefore be 
associated with osmotic stress, resulting from an 
increase in solutes in the solution that hampers water 
absorption by the plant. The increase in solutes also led 
to a decreased leaf ψw and increased RI of leaf- and root-
cell  sap.  As  the  water  content  decreased,  the   turgor
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Figure 4. Refractive index of leaves (A) and roots (B) of sunflower plants of the Aguará 4 and Agrobel 
963 cultivars grown under different NaCl (mM) concentrations in the nutrient solution. The effect of 
salinity was better explained by a square root model in (A) and by a quadratic model in (B). 
Significance: *p<0.05; **p<0.01. 
 
 
 

 
 

Figure 5. Number of leaves (A) and nodes (B) of sunflower plants of the Aguará 4 and Agrobel 963 
cultivars grown under different NaCl (mM) concentrations in the nutrient solution. The effect of salinity was 
better explained by a quadratic model. Significance: *p<0.05. 

 
 
 

 
 

Figure 6. Number of leaves (A) and nodes (B) of sunflower plants of the Aguará 4 and Agrobel 963 
cultivars grown under different NaCl (mM) concentrations in the nutrient solution. Means followed by the 
same letter were not significantly different according to the F-test (p≤0.05). 
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Figure 7. Specific leaf area (SLA) and leaf area ratio (LAR) of sunflower plants of the Aguará 4 and Agrobel 963 
cultivars grown under different NaCl (mM) concentrations in the nutrient solution. For each NaCl concentration tested, 
different upper case letters inside the figure indicate significant differences between cultivars, according to the F-test 
(p≤0.05). The effect of salinity was better explained by a square root model in (A) and by a linear and a quadratic model 
in (B). Significance: **p<0.01. 

 
 
 

 
 

Figure 8. Leaf area (LA), aerial part dry matter (APDM), root dry matter (RDM) and total dry matter (TDM) in sunflower plants of the 
Aguará 4 and Agrobel 963 cultivars grown under different NaCl (mM) concentrations in the nutrient solution. For each NaCl concentration 
tested, different upper case letters inside the figure indicate significant differences between cultivars, according to the F-test (p≤0.05). The 
effect of salinity was better explained by a linear model in (A), by a square root and a quadratic model in (B), by a quadratic model in (C) 
and by a square root and a quadratic model in (D). Significance: *p<0.05; **p<0.01. 



 
 
 
 
pressure also decreased, resulting in a decrease in the 
number of elongating cells and, consequently, growth 
(Willadino and Camara, 2010). 

Thus, the results obtained indicate that the tested 
sunflower cultivars, Aguará 4 and Agrobel 963, 
underwent an osmotic adjustment, accumulating 
compatible solutes in the interior of the cells due to the 
increased RI and consequent reduction in ψw. This effect 
helped the maintenance of the ψw gradient between the 
medium and the interior of the plant (Taiz and Zeiger, 
2012). Increases in RI were also observed by Queiroz 
and Büll (2001) in cotton plants up to 24 dSm

-1
 soil 

salinity. 
The increase in NaCl concentration in the present study 

led to a reduction in the LAR, indicating that most of the 
photoassimilates were not translocated to the leaf area. 
Similar results were reported by Garcia et al. (2010) for 
bean genotypes under increasing salt concentrations. 
Silva et al. (2009) reported an increase in the LAR only at 
the early stages of ornamental sunflower cultivation, after 
which there was a decrease in the LAR.  

The lowest observed SLA values for both cultivars 
tested in the present study indicate a larger investment in 
leaf thickness than in leaf expansion. Similar results were 
observed by Silva et al. (2009) for leaves of ornamental 
sunflower plants subjected to 6.5 dSm

-1
 EC during 

fertigation and by Porto  et al. (2006) for melon plants 
grown at 4.5 dSm

-1
 EC. The decrease in SLA observed in 

the present study resulted from the more pronounced 
effect on LA than on LDM, which is in accordance with 
Porto et al. (2006). Therefore, the growth of both cultivars 
was negatively affected by salinity. The reduction in leaf 
area decreased transpiration surface, photosynthetic 
area and dry matter production compared with the control 
plants. The higher growth of the control plants of both 
cultivars was likely due to higher turgor pressure 
compared to the plants subjected to high NaCl 
concentrations. 

Those results are also confirmed by the fact that the RI 
of both the leaf and root increased with increasing NaCl 
concentrations, thus indicating the presence of optically 
active substances, such as glucose and fructose. The 
determination of the concentration of these substances is 
usually performed through the RI, which is based on how 
a given substance deflects polarized light (Bagatin et al., 
2005). The presence of optically active substances 
contributes to osmotic adjustment, to the maintenance of 
cell hydration and, consequently, to the protection of cell 
structures (Ashraf and Harris, 2004, Marcondes and 
Garcia, 2009). 

Changes to the metabolism, which are induced by 
excess ions, are consequence of several plant 
physiological responses, such as changes in ion balance, 
stomatal changes or changes to the photosynthetic 
capacity (Zanandrea et al., 2006). Although there was no 
alterations on photosynthetic rate by leaf area, reduction 
on  total  leaf  area  of  sunflower  plants  as  response  to  
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salinity was observed. As direct consequence, the small 
leaf area resulted to a small area water loss by 
transpiration, small area loss of carbon absorption on 
photosynthetic process, low values of dry mater mass 
and biometric measures of plants as observed in this 
study. 

The increase in NaCl concentrations did not result in 
stomatal closure, as indicated by the gs, which indicates 
that both studied cultivars adopted metabolic strategies to 
minimize the effect of salt. Among these possible 
strategies, osmotic adjustment with synthesis of 
osmotically is compatible with organic solutes and ion 
compartmentalization at the vacuole or ion storage in 
older leaves (Silveira et al., 2009). 

Steduto et al. (2000) found no changes in A or gs in 
sunflower hybrids under salinity conditions. The authors 
considered that CO2 assimilation in sunflower plants is 
controlled by leaf area modulation, that is, under saline 
conditions, sunflower plants adjust morphologically as 
opposed to physiologically. Conversely, the reduced LA 
led to a reduction in the total photosynthetic area, which 
negatively affected C accumulation, even though no 
decrease in the photosynthetic rate per leaf area was 
observed. 

In addition to the reductions in leaf area and 
transpiration area, other mechanisms may have been 
used to avoid water loss and maintain the functionality of 
physiological activities. One of these mechanisms was 
the increase in WUE, as observed in the Aguará 4 
cultivar for concentrations of up to 100 mM NaCl. The 
Aguará 4 cultivar exhibited better values than the Agrobel 
963 cultivar for this parameter. In the Agrobel 963 
cultivar, increasing the NaCl concentration led to 
decreased WUE and increased E at 50 mM NaCl, as 
compared with the control plants. By maintaining turgor, 
processes such as stomatal conductance, CO2 
assimilation rates and tissue expansion are also 
maintained for longer periods under stress conditions 
(Ludlow, 1987; Nepomuceno et al., 1998; Nepomuceno 
et al., 2001). In young Barbados nut plants, after seven 
days of treatment with 100 mM NaCl, significant 
decreases were observed in gs and E (Silva et al., 2011). 
Salt ions reached high concentrations in leaves after 14 
days, leading to pronounced photosynthetic damage 
(Silva et al., 2011). 
 
 

Conclusion 
 

The photosynthetic rates and the remaining gas 
exchange parameters remained constant in both the 
Aguará 4 and Agrobel 963 cultivars. The greater capacity 
of the Aguará 4 cultivar to reduce E and increase WUE 
indicates a higher tolerance of this cultivar to salt stress 
conditions compared to the Agrobel 963 cultivar. The 
increase in concentrations of optically active substances 
in Aguará 4 and Agrobel 963 was associated with the 
greater  osmotic  adjustment  capacity  of   these   plants,  
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favoring water absorption and the maintenance of the 
functionality of physiological activity. The decrease in dry 
matter accumulation in both cultivars was a result of the 
decrease in leaf area of the plants subjected to salt stress 
conditions and not due to a reduction in the 
photosynthetic activity by leaf area unity. 
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Being peculiar for its unique chemical and nutritional characteristics, sesame (Sesamum indicum L.) is 
a good option for farmers. It is used as human food, animal feed and has great potential for the 
production of bio diesel. Despite these potentials, studies on ideal maturity stage for harvesting and 
physiological quality of sesame seeds in different parts of the plant are rare and also there is 
insufficient information on it. In this context, this study aims to evaluate the physiological quality of 
sesame seeds harvested at different maturity stages and plant positions. It employs complete 
randomized design consisting of factorial scheme 2 × 3 × 3, with four replications. Treatments are 
composed of two beige and black sesame seed cultivars, harvested at three maturity stages (50, 70 and 
90%) and in three parts of the plant (superior, medial and inferior). The unproductive part was 
discharged and the productive part was divided into three equal parts. The evaluation of physiological 
quality of seeds in treatment was verified by the following tests: Standard Germination Test (TPG - 
Teste Padrão de Germinação), first count, plant length, speedy aging and electrical conductivity. The 
data were subjected to variation analysis, and when suitable, it was subjected to the Skott and Knott 
test at 5% probability. The results of physiological analysis indicated that the seeds harvested with 90% 
of mature capsules have higher percentages mean values for vigor and viability. Therefore, the 
realization of harvest in these conditions it is the most appropriate to obtain a high quality product. 
 
Key words: Sesamum indicum L., maturity stages, seed position viability, vigor. 

 
 
INTRODUCTION 
 
The sesame (Sesamum indicum L.) is from the 
Pedaliaceae family and considered to be one of the 
oldest oil seeds used by humans. There have been 
registers of its cropping since 5,000 B.C., in Asia and it is 
widely grown in tropical and subtropical regions (Ashri, 
1998; Banerjee and Kole, 2009). It thrives well in drained 
soil  with  moderate  fertility  at  pH  5.4  to  6.7   and   can 

effectively use stored soil moisture (Morris, 2009).  
In 2011, there was a worldwide production of 3.3 million 

tons in an area of 7.5 million hectare; India and Myanmar 
are the largest producers of sesame in the world, with a 
productivity of 443 kg ha

-1
 (FAO, 2012).  The crop 

production can be considered poor, mainly attributed to 
low yield of  the  cultivars  with  an  indeterminate  growth 
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habit, high cost of sowing, pests and diseases 
occurrence, insufficient weed control, uneven ripening of 
capsules, seed shattering, susceptibility to environmental 
stresses, lack of mechanized harvest and  lack of 
adequate research (Furat and Uzun, 2010; Azum et al., 
2012). However, the potential yields of sesame as high 
as 6000 kg ha

-1
,
 
as reported by Raikwar and Srivastva 

(2013). 
Its broad adaptability to edaphoclimatic conditions in 

countries with hot weather and with a good level of 
resistance to drought as well as its easy harvesting 
makes the sesame culture an excellent option for 
agricultural diversification with a great economic viability 
(Ashri, 2007). It is featured as an annual or perennial 
plant, with variable height between 0.5 and 3 m, straight 
stalk, with or without branching. Sesame seeds are hairy 
capsules with longitudinal dehiscence and episodes of 
indehiscence (Ashi et al., 2007; Morris, 2009).  

Its seeds vary in size between 2 and 8 cm long and 0.5 
and 2 cm of diameter; 100-seed weight ranges from 0.11 
to 0.46 g. The seed is a main source of edible oil and 
largely used as seasoning. It presents itself as a rich food 
source due to its high oil content that ranges from 34 to 
59%, of excellent nutritional, medicinal and cosmetic 
quality (Ashri, 1998; Morris, 2009). Its oil is rich in 
unsaturated oil, such as oleic (47%) and linoleic (41%), 
and it portrays several secondary components which are 
the most important for the definition of its chemical 
properties, like sesamol, sesamin and sesamolin (Arslan 
et al., 2007; Uzun et al., 2008). Sesamol, with its high 
antioxidant properties, grants the oil prominent chemical 
stability avoiding rancidity; it has the greatest resistance 
to oxidation amongst other oils of vegetal origin (Erbas et 
al., 2009; Emamgholizadeh et al., 2015).  

Most of the sesame traded in the world market is light 
seeded; only seed coats of landraces vary from white to 
black (Langham and Wiemers, 2008). In a study 
conducted by da Silva et al. (2011), comparing the 
chemical composition of beige and black sesame seeds, 
it was observed that black sesame seeds display the 
highest rates of soluble phenolic compounds and 
phytates, besides having a higher capacity of  holding 
free radicals and having a potential related to a 
significantly greater antioxidant activity. According to 
Queiroga et al. (2010a), black sesame seeds stand out in 
relation to others (BRS silk and CNPA 4) white and 
beige, for they show a high concentration of calcium (Ca) 
and sulphur (S) minerals.     

Amongst the developed operations with this culture, 
harvest is an operation of great relevance; product quality 
depends mostly on the careful way and the right moment 
of manual harvest of plants. The right harvest moment 
occurs when the seeds in the base of the stem start to 
open, yielding seeds in a greater number and size (Lago 
et al., 2001; Queiroga et al., 2009). This is the right 
harvesting time, because from this point the fruit located 
at the top of the plants (Doo et al., 2003).   

 
 
 
 

It is also noteworthy that determining the ideal harvest 
moment for dehiscent sesame is hard because capsule 
maturity is uneven, for it is a plant that has undetermined 
growth (Banerjee and Kole, 2009). Regarding the cultivar, 
premature super BRS silk, the quality of seeds in the 
apical part of the plant can be harmed because they have 
not reached physiological maturity in this stage of 
harvest. This seed prematurity is characterized as the 
stage in which it stops getting nutrients from the plant 
(Queiroga et al., 2008).  

A common feature in most cultivars, especially in 
dehiscent ones, is the speedy process of natural 
dehiscence of fruits (capsules), with eventual grain fall. 
This happens right after the best maturity stage, which, in 
case of late harvests, can mean great losses in 
production (Doo et al., 2003).  

According to Weiss (1983), sesame seeds rapidly lose 
quality when handled without proper care. Unseasonal 
harvests (the best is to plan harvests in absence of rain), 
mechanic damage during fanning, inappropriate drying 
(high humidity) and storage temperature seem to be the 
main agents which affect food quality of stored seeds 
(Popinigis, 1985). Whatever is the drying method, the 
most important is not to alter seed quality, such as its 
physical integrity (high purity), taste and chemical 
characteristics (Queiroga et al., 2008). 

Taking into account the aforementioned, one can 
assert that research on the physiological quality of beige 
and black sesame seeds, harvested with different 
maturity percentage and plant positioning, is of great 
relevance for technicians and producers. It will lead to a 
better data base on the correct procedures to obtain 
superior quality seeds. Currently, studies on ideal 
maturity percentage for harvesting and physiological 
quality of seeds are scarce. There is a need for a more 
detailed investigation which might transmit safety to 
producers in search of profit.   
 
 
MATERIALS AND METHODS  

 
Seeds used in the experiment were produced in Emater’s trial area 
in Anapolis - Goias, from December 2013 to April 2014. The 
produced cultivars were: BRS6/CNPA (beige) and black. The black 
cultivar is a local matter from late cycle (120 days), and the seeds 
used in the crop came from the Northern of Goias. After the 
harvest, both cultivars were stored in cool chamber at 10 ± 2°C and 
45% relative humidity, up to the kick off of tests.   

Tests were developed in the Laboratório de Secagem e 
Armazenamento de Produtos Vegetais from the Agricultural 
Engineering course in Anápolis-GO, from November 2014 to 
December 2014. Treatments consisted of two beige and black 
sesame seed cultivars, harvested at three maturity stages (50, 70 
and 90%) and in three parts of the plant (superior, medial and 
inferior). The unproductive part was discharged and the productive 
one was divided in three equal parts.    

Simultaneously with the physiological evaluation, the amount of 
water in the seeds was determined according to the Seed Analysis 
Rule (RAS - Regra de Análise de Sementes), using standard 
greenhouse method, where seeds were subjected  to  dry  at  105 ± 
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Table 1. Summary of the variation analysis from average germination sums (TPG), first count (PC), speedy aging (EV) electrical conductivity 
(CE) and plant length (CP) for sesame seeds (beige and black), harvested at different maturity stages and plant positioning.  
 

 Source of 
variation 

LG 
Mean square 

TPG PC EV CE CP 

Cultivar (C) 1 323.8513** 323.8513** 1671.3830** 56.5339
ns

 144.0050** 

Third (T) 2 129.5412* 129.5412* 71.4956
ns

 1005.8490** 97.1843** 

Stage (E) 2 59.2917
ns

 59.2917
ns

 35.0068
ns

 593.2154** 5.7906
ns

 

C x T 2 88.9054
ns

 88.9054
ns

 19.6622
ns

 97.0135* 27.5513* 

C x E 2 113.2717* 113.2717* 179.5443* 435.6110** 8.5717
ns

 

T x E 4 24.1692
ns

 24.1692
ns

 18.5116
ns

 65.7279* 37.3281** 

C x T x E 4 22.8833
ns

 22.8833
ns

 100.3612
ns

 35.4968
ns

 17.9954
ns

 

Error 54 34.7225 34.7225 42.4457 21.4745 6.7252 

C.V.(%) - 7.1726 7.1726 8.1923 7.6967 15.714 
 

L.G. Liberty grades; *Significant at 5% of probability by F test, ** Significant at 1% by F test;
 ns

 Not meaningful. 
 
 
 

3°C for 24 h. The results are displayed in percentage (Brasil, 2009).  
The evaluation of physiological quality of seeds in treatment was 

verified by the following tests: Standard Germination Test (TPG - 
Teste Padrão de Germinação), first count, plant length, speedy 
aging and electrical conductivity.  

With the Standard Germination Test (TPG), viability was 
evaluated, with four 50-seed replications placed in an acrylic box 
(gerbox), containing a substratum. The germitest paper, previously 
moisturized with distilled water, is equivalent to paper weight 
threefold. The gerboxes were stored in a germinator at 25°C. An 
evaluation was carried out on the sixth day after test performance. 
The percentage of normal plants was taken into account (Brasil, 
2009). 

The first count test for germinations was conducted with TPG, 
with the aim to evaluate vigor, considering the percentage of normal 
plants present in the third day after the beginning of tests.  

In order to reinforce vigor outcomes, the length of the plants was 
measured (radicle + hypocotyl) with four 10-seed replications. It 
was distributed in a straight longitudinal line, on the superior part of 
the germitest paper. It was cut to fit the gerbox (11 × 11 cm), 
previously moisturized with distilled water in threefold paper weight. 
Previously, they were placed in a germinator at 45º inclination and 
at 25ºC. After the third day, each plant size was measured with a 
millimeter rule (Nakagawa, 1999).         

The speedy aging test is also characterized as a vigor test, 
where a 100- seed/replication was distributed onto the surface of a 
metal net fixed inside the plastic box - gerbox containing 40 ml of 
water. It was kept at 42ºC inside a germinator (Krzyzanowski et al., 
1999). After this period, seeds were subjected to TPG, previously 
mentioned, to determine the percentage of normal plants after the 
third day of the test.  

In addition to vigor measures, procedures described by 
Krzyzanowski et al. (1999) were applied for electric conductivity 
test. Four 50-seed replications, previously weighted in precision 
scales at 0.01 g, were moisturized in plastic cups (200 ml) with 75 
ml of deionized water and stored in a germinator with steady 
temperature at 25ºC for 24 h. Electrical conductivity reading was 
performed using a field meter DIGIMED CD-21 and the outcomes 
were expressed in µS cm-3 g-1 of seeds.     

The data were subjected to variation analysis, and when suitable, 
it was subjected to the Skott and Knott test at 5% probability.  
 
 

RESULTS AND DISCUSSION 
 

It has been observed through variation  analysis  that  the 

cultivar factor (C) influenced the germination test (TPG), 
first count (PC), speedy aging (EV) and plant length (CP) 
at 1% probability; whereas the factor stage (E) influenced 
only the conductivity test (CE) at probability 1%. The 
factor third (T), influenced the test TPG and PC at 5% 
probability, CE and CP at 1% probability (Table 1).  The 
interactions C x T and T x E present significant difference 
only in the electrical conductivity test (at 5% probability) 
and plant length (at 5 and 1% probability, respectively), 
whereas the interaction C x E influenced the standard 
germination tests, first count and speedy aging at 5% 
probability and electrical conductivity at 1% probability. 
The triple interaction C x T x E has not significantly 
influenced the outcomes in any of the tests (Table 1).  

It was observed that seeds harvested with 90% of 
mature seed capsules, present a higher percentage 
average value for the test of first count (84.9%) (Table 2). 
Seeds harvested with 70 and 50% of mature seed 
capsules presented average figures for first count at 
81.95 and 79.61%, respectively. Premature seed harvest 
causes termination of physiological maturity process, 
bringing about loss in physiological quality, damaging 
vigor and viability. Sesame seeds that stay longer in the 
fields reach a higher uniformity in physiological maturity, 
yielding higher percentage values of physiological 
maturity. Similar results were found by Vidigal et al. 
(2009) for pepper seeds.  

The beige cultivar has not presented significant 
difference for the maturity stages in the study; on the 
other hand, the black cultivar differed statistically in 
relation to all maturity stages. There was a significant 
difference among cultivars for all maturity stages. The 
maturity stage where seeds were harvested with 90% of 
mature capsules could show higher average percentage 
germination figures than others. This is due to the fact 
that most seeds have reached physiological maturity; the 
higher the percentage of mature capsules, the lower is its 
seed immaturity (Langham and Wiemers, 2008). 

The  first  count  test   was   conducted   simultaneously  
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Table 2. Average percentage figures for first count of germination (%) applied to sesame seeds for 
interaction stage x cultivar. 
 

Cultivar 
Maturity stage (percentage of mature capsules) 

90% 70% 50% 

Beige 86.79
Aa

 83.81
Aa

 82.22
Aa

 

Black 83.00
Ab

 80.10
Bb

 77.00
Cb

 

Averages 84.90 81.95 79.61 
 

Averages followed by the same capital letter in line and lower case in column, do not differ statistically among 
themselves, by Scott and Knott test at 5% probability.  

 
 
 

Table 3. Average for germination (%) applied to sesame seeds for the interaction stage x cultivar. 
 

Cultivar 
Maturity stage (percentage of mature capsules) 

90% 70% 50% 

Beige 86.79
Aa

 83.81
Aa

 82.22
Aa

 

Black 83.00
Ab

 80.10
Bb

 77.00
Cb

 

Averagess 84.90 81.95 79.61 
 

Averages followed by the same capital letter in line and lower case in column, do not differ statistically among 
themselves, by Scott and Knott test at 5% probability.  

 
 
 

Table 4. Average percentage results for speeded aging (%) applied for sesame seed for the interaction 
stage x cultivar. 
 

Cultivar 
Maturity stage (percentage of mature capsules) 

90% 70% 50% 

Beige 87.12
Aa

 80.70
Aa

 85.21
Aa

 

Black 76.38
Ab

 71.66
Bb

 76.08
Ab

 

Averages 81.75 76.18 80.64 
 

Averages followed by the same capital letter in line and lower case in column, do not differ statistically among 
themselves, by Scott and Knott test at 5% probability.  

 
 
 
along with standard germination test. After that, seeds 
germinated mostly in the first count. The ones that 
remained in the second count, and for the registration of 
the standard germination test, presented themselves 
moldy or hard, delivering equal average percentage 
values either for the first count or for the standard 
germination test and for the interaction Stage x Cultivar 
(Table 3). The three maturity stages in the study 
presented average percentage germination figures above 
70%, highlighting that even seeds harvested with 50% of 
mature capsules could be commercialized. In Brazil, the 
legislation demands that the minimum percentage for 
sesame seed germination be at 70% (Brasil, 2009).  

In Table 4 it was observed that seeds harvested with 
90% of mature capsules presented higher percentage 
average figures for the speedy aging test (81.75%), 
followed by maturity stages at 50 and 70% with 80.64 
and 76.18, respectively. This means that, seeds 
harvested  with  90%  of  mature  capsules  deliver   more  

vigor, that is, higher potential in yielding normal plants, in 
relation to other maturity stages in the study (Pollock and 
Ross, 1972). 

The seeds of the beige cultivar did not differ statistically 
in relation to maturity stages in the study. Now the black 
cultivar presented significant difference between the 
maturity stages at 70 and 90% and 70 and 50%.  Maturity 
stages of 90 and 50% did not differ significantly. 
Regarding cultivars, there was a significant difference in 
this one than all other maturity stages in the study. 
Against the odds, the maturity stage at 50% presented 
higher measures than the maturity stage at 70%. Seeds 
harvested with 50% of mature capsules in the plant 
presented greater amount of immature seeds, yielding a 
less vigorous lot of seeds. This was not observed in this 
test.    

For electrical conductivity tests (Table 5), it has been 
observed that the inferior part presented higher average 
results (67.59%), followed by the  superior  (57.33%)  and 
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Table 5. Average percentage values for electrical conductivity (µS cm-1g-1) applied to sesame seeds in the 
interaction third x cultivar. 
 

Cultivar 
Third 

Superior Medial Inferior 

Beige 55.85
Bb

 53.12
Bb

 68.99
Ab

 

Black 59.21
Ba

 57.88
Ca

 69.19
Aa

 

Averages 57.53 55.50 67.59 
 

Averages followed by the same capital letter in line and lower case in column, do not differ statistically among 
themselves, by Scott and Knott test at 5% probability. 

 
 
 

Table 6. Average percentage values for electrical conductivity (µS cm-1g-1) applied to sesame seeds in the 
interaction stage x cultivar. 
 

Cultivar 
Maturity stage (percentage of mature capsules) 

90% 70% 50% 

Beige 51.08
Cb

 57.63
Bb

 69.26
Ab

 

Black 60.22
Ba

 60.93
Ba

 62.13
Aa

 

Averages 55.65 59.28 65.69 
 

Averages followed by the same capital letter in line and lower case in column, do not differ statistically among 
themselves, by Scott and Knott test at 5% probability. 

 
 
 
medial (55.5%) parts. From data presented in Table 5, it 
can be stated that seeds in the inferior part are less 
vigorous. The higher the value for electric conductivity, 
the lower is its seed vigor, revealing a higher intensity of 
membrane system disorder in the cells (Vieira et al., 
2002). Seeds in the superior part presented intermediate 
average results. This shows that behavior in capsule 
maturity for sesame seeds (starts from bottom to top) 
ends up in a greater number of immature seeds in the 
superior part. Consequently, the malformation of the 
tegmen results in a lesser seed vigor (Queiroga et al., 
2010b). This is due to the fact that seeds in the inferior 
part have matured first and undergone some kind of 
infield hazard while waiting for harvest; the superior part 
has a greater number of immature seeds. The medial 
part delivered more vigorous seeds; it presented the 
lowest average percentage values for electric 
conductivity test (Queiroga et al., 2009; Martins et al., 
2009). 

The beige cultivar seeds presented a significant 
difference between the inferior/superior and 
inferior/medial parts; on the other hand, the seeds of the 
black cultivar presented a significant difference among 
the parts in the study. The black cultivar presented a 
significant difference among the parts because this 
cultivar has a longer cycle, and harvest is performed 
three weeks after the beige one. In this period, there are 
drought and high temperatures, providing a sharp drop in 
humidity and seed breakage. This results in loss in their 
physiological quality (Lago et al., 2001).  

Table 6  presents  the  average  percentage  values  for 

electrical conductivity, where the maturity stages at 50, 
70, and 90% presented averages of 65.69, 59.28 and 
55.65% respectively. It was observed that the maturity 
stage at 50% presented the highest average for electrical 
conductivity test, highlighting that premature harvests 
jeopardize sesame seed vigor due to an early interruption 
in nutrient delivery by the plant (Queiroga et al., 2010b). 

The beige cultivar presented a significant difference for 
all maturity stages in the study, whereas the black ones 
differed significantly between maturity stage at 50 and 
70%, and between 50 and 90%. However, maturity 
stages at 90 and 70% did not differ significantly for this 
cultivar. There was a significant difference among 
cultivars for all different maturity stages. Black sesame 
seeds are more sensitive when harvest is performed in 
the maturity stages. Seeds’ maturity behavior does not 
occur in comparison to beige cultivar, since it has 
undergone genetic enhancement, and it has a more 
uniform behavior in relation to capsule maturity.  

Data presented in Table 7 indicated that seeds 
harvested at 50, 70 and 90% of mature capsules 
presented average percentage values for electrical 
conductivity at 65.70, 59.04 and 55.9% respectively. The 
maturity stage at 50% delivered the highest percentage 
value for electrical conductivity test, showing that seeds 
harvested in this stage are less vigorous than the others 
due to a higher intensity of disorder in the membrane 
system in the cells (Vieira et al., 2002). 

The superior, medial and inferior parts presented a 
significant difference for all maturity stages in the study. 
The maturity stage at 90% was the only one  that  did  not 
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Table 7. Average percentage values for electrical conductivity (µS cm-1g-1) applied to sesame seeds in the 
interaction stage x third. 
 

Third 
Maturity stage (percentage of mature capsules) 

90% 70% 50% 

Superior 54.14
Cb

 56.36
Bb

 62.09
Ab

 

Medial 53.59
Cb

 53.90
Bc

 59.02
Ac

 

Inferior 59.98
Ca

 66.86
Ba

 75.98
Aa

 

Averages 55.9 59.04 65.70 
 

Averages followed by the same capital letter in line and lower case in column, do not differ statistically among 
themselves, by Scott and Knott test at 5% probability. 

 
 
 

Table 8. Average percentage values for plant length (mm) applied to sesame seeds in the interaction third 
x cultivar. 
 

Cultivar 
Third 

Superior Medial Inferior 

Beige 19.71
Aa

 17.34
Ba

 16.23
Ba

 

Black 17.27
Ab

 16.27
Bb

 12.19
Cb

 

Averages 18.49 16.80 14.21 
 

Averages followed by the same capital letter in line and lower case in column, do not differ statistically among 
themselves, by Scott and Knott test at 5% probability. 

 
 
 

differ statistically in relation to superior and medial parts. 
This outcome can be explained due to the fact that seeds 
harvested with 90% of mature capsules present well 
formed tegmen and higher percentage of mature seeds in 
all parts, delivering more vigorous seeds than the other 
maturity stages in the study (França Neto and Potts, 
1979). 

In the plant length test (Table 8), seeds harvested in 
the superior, medial and inferior parts presented average 
percentage values of 19.49, 16.80 and 14.21 mm, 
respectively. The superior part presented the highest 
average percentage value for plant length, highlighting 
that seeds harvested in this part are more vigorous. 
Consequently, they will deliver plants with a higher 
growth rate, because they present a higher capacity of 
transformation in the storage tissue reserves and higher 
share by the embryo axel (Dan et al., 1987). 

The seeds from the beige cultivar presented a 
significant difference between superior/medial and 
superior/inferior parts, whereas the black cultivar 
presented significant difference for all parts in the study. 
The black sesame seeds portrayed more sensitivity 
regarding positioning of capsules in the plant, since the 
lower the position, the shorter is the plant; consequently, 
the lower the vigor. The seeds of the beige cultivar also 
presented shortage in plant growth, provided that the 
capsule was closer to the inferior part. However, this 
shortage was smaller than that of the black cultivar, 
showing that they are more vigorous, independent of 
plant position. Capsules that develop in the inferior part of 
the plant are prematurely exposed to agents such as high 

temperature and humidity, leading to seed deterioration 
in field and vigor depletion.  

In Table 9 it has been observed that seeds harvested 
with 90, 50 and 70% of the capsules in mature plants 
presented average percentage values for plant length of 
18..26, 16.17 and 15.08 mm, respectively. Seeds 
harvested with 90% of mature capsules presented the 
highest average percentage value for plant length, 
depicting that this maturity stage has more vigorous 
seeds. This is because plant growth test indicates that 
samples which present higher values of average length 
for normal plants or parts of them are considered to be 
more vigorous (Nakagawa, 1994). Against all odds, 
seeds harvested with 50% of mature capsules had higher 
averages than the ones harvested at 70%, because the 
higher the number of mature seeds, the better the 
chances of them to present higher vigor (Vidigal et al., 
2009).  

The superior, medial and inferior parts present 
significant differences for all maturity stages in the study; 
all maturity stages differ statistically among the parts. 
These results strengthen that there is sensitivity from 
seeds regarding positioning of capsules in the plant and 
maturity stages for plant length. Even with all external 
and intrinsic agents of the plant, the seeds harvested with 
90% of mature capsules show higher vigor.  
 
 
Conclusions 
 
The  maturity  stage  at  90%  had  the  lowest  vigor  and 
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Table 9. Average percentage values for plant length (mm) applied to sesame seeds in the interaction 
stage x third. 
 

Third 
Maturity stage (Percentage of mature capsules) 

90% 70% 50% 

Superior 20.66
Aa

 15.19
Ca

 18.11
Ba

 

Medial 18.70
Ab

 16.51
Cb

 16.71
Bb

 

Inferior 15.41
Ac

 13.53
Cb

 13.70
Bc

 

Averages 18.26 15.08 16.17 
 

Averages followed by the same capital letter in line and lower case in column, do not differ statistically among 
themselves, by Scott and Knott test at 5% probability. 

 
 
 
viability loss for both cultivars. Beige cultivar seeds 
presented more viability than black cultivar seeds, 
independent of maturity stages. For speedy aging test, 
seeds harvested with 90% of mature capsules presented 
higher vigor than the remaining parts for both cultivars. 
The electrical conductivity test has pointed out the seeds 
of both cultivars are less vigorous when harvested in the 
inferior part and with 50% of mature capsules in the plant. 
Black sesame seeds showed more sensitivity to 
positioning of capsules in the plant, since the lower its 
positioning, the shorter the plant and therefore, lower 
vigor. The beige cultivar seeds also presented shortage 
in plant length, as the position of the capsule was closer 
to the inferior part; however, this shortage was lesser 
than that of the black cultivar, showing that those seeds 
are more vigorous, independent of plant positioning. 
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