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Black coffee twig borer is a new but rapidly spreading insect pest of coffee in Uganda. Female beetles
bore into primary branches/twigs and cultivate an ambrosia fungus for feeding their larvae. Thus,
controlling the fungus means depriving the brood a source of food. Three fungicides, chlorothalonil
(Glider), tebuconazole (Orius 25EW) and dimethomorph + mancozeb (Volar) were evaluated in vitro for
their effectiveness in inhibiting mycelial growth of ambrosia fungus associated with the beetle. The
pathogen was exposed to four concentrations (1.5x, 1.25x, 1.0x and 0.5x times the manufacturer
recommended rate) incorporated into potato dextrose agar using inhibition and food poisoning
techniques. The three fungicides inhibited fungal growth to some extent, even at the lowest
concentration (0.5x) and percentage inhibition was significantly different (P<0.05) from each other.
Tebucozanole caused 100% growth inhibition irrespective of concentration and technique used while
chlorothalonil and dimethomorph + mancozeb caused less than 40% inhibition for both techniques.
Therefore, research should determine effectiveness of tebucozanole for suppressing fungal growth
under field conditions for diminishing beetle incidence and fungal pathogenic effects in infested
branches. This will pave way for integration of use of tebucozanole into overall Integrated Pest
Management package (IPM) for the beetle in Uganda.

Key words:Ambrosia-fungus, black-coffee-twig-borer, chlorothalonil, dimethomorph + mancozeb, fungicides,
tebuconazole, Xylosandrus-compactus.

INTRODUCTION

Coffee plays a vital role in the economy of Uganda, being the main export crop and a major source of
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foreign currency. It is estimated that the coffee sub-sector
in Uganda provides livelihood to over 1.3 million
households and about 5 million people in various
businesses along the coffee value chain (UCDA, 2010).
Despite its importance, coffee production has been
declining for over a decade due to a number of
constraints, in particular, the Coffee Wilt Disease (CWD)
(Adipala-Ekwamu et al., 2001). Just as the sustained
effort to manage CWD led to recent release of 7 CWD
resistant Robusta coffee varieties (Musoli et al,
unpublished), the threat of the black coffee twig borer
(hereafter abbreviated as BCTB), Xylosandrus
compactus Eichhoff (Coleoptera: Curculionidae) has
emerged (Egonyu et al., 2009). BCTB is a highly invasive
and damaging pest that spreads far and wide over a
short period of time. A survey carried out in 2011/2012
shows that the pest is rapidly spreading countrywide
causing severe damage on coffee particularly in central,
Busoga and southwestern regions (Kagezi et al.,
unpublished data). These regions produce the bulk of the
country’s Robusta coffee (Musoli et al., 2001).

The female beetle bores into the primary branches
(twigs), causing them to wilt and die within a few weeks
(Egonyu et al., 2009). The beetle cultivates an ambrosia
fungus in the bored coffee galleries for feeding its larvae
(Hara and Beardsley, 1976; Ngoan et al., 1976). The
ambrosia fungus found in the BCTB is Fusarium solani
(Martius) Saccardo (Egonyu et al., 2009). However, little
is known about the actual cause of the wilting and
eventually death of the attacked twigs exists. This could
be due to either disruption of water and nutrient
movement across the galleries made by the pest or
pathogenicity of the ambrosia fungus to coffee. Fusarium
spp. are among the most important plant pathogens in
the world (Nelson et al., 1983). F. solani has been
isolated from coffee plant tissues (Serani et al., 2007,
Tshilenge et al., 2010) and has been reported to cause
cankers, root rot, wilt and dieback symptoms on coffee
(Baker, 1972; Venkatasubbaiah et al., 1984; Dudley et
al., 2008). Thus, in addition to being a source of food for
the young beetles (Hara and Beardsley, 1976; Ngoan et
al., 1976), it is most probable that the ambrosia fungus
might be pathogenic to the coffee. Fungal pathogens are
normally controlled by use of fungicides (Murdoch and
Wood, 1972) and a number of in vitro studies have
demonstrated that some fungicides may restrict or
prevent mycelial growth of many Fusaria. For example,
Mancozeb gave 100% inhibition of mycelia growth of F.
solani at 0.2 and 0.3% concentrations in vitro (Chavan et
al., 2009). However, sensitivity of the ambrosia fungus
associated with X. compactus in Uganda to fungicides
has not yet been determined. This information will
provide a baseline for evaluating the potentiality of these
fungicides for field use to suppress the ambrosia fungus,
hence control the twig borer. Consequently, successful
candidate fungicides shall be incorporated into the overall
IPM strategy for X. compactus in Uganda, since
controlling the fungus means depriving the young beetles
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their exclusive source of food. Pursuant to the above
therefore, we conducted in vitro experiments to evaluate
the effect of three fungicides viz chlorothalonil (Glider),
tebuconazole (Orius) and dimethomorph + mancozeb
(Volar) on the mycelial growth of ambrosia fungus
isolated from female beetle mycangium, and from its
associated coffee galleries.

MATERIALS AND METHODS
Study site

The study was conducted at the Coffee Research Center (COREC),
Kituza located about 40 km from Kampala in Mukono district, south-
central Uganda. Kituza lies on the longitude 32°45'0" E and latitude
0°22'0" N. Mukono district experiences two rainy seasons (March-
May and September-December) with a mean annual rainfall of
1400 to 1600 mm. The mean annual maximum temperature is 25 to
27.5°C and the mean annual minimum is 15 to 17.5°C. The
predominant soils types are mainly ferralic with sandy clay- loams
as the main constituents (DSER, 1997).

Isolation of the ambrosia fungus, media preparation and
fungicides used

The ambrosia fungus used in this study were isolated from the
mycangium of the female beetles and the debris in the associated
coffee galleries collected from coffee fields at COREC in 2011. To
isolate the ambrosia fungus, the beetles were chopped into small
pieces and plated on tap water agar (2% Agar technical-Oxoid in
1000 ml tap water). The debris from the galleries was also scrapped
with surgical blades and sprinkled on solidified tap water agar
(TWA). Both cultures (from the beetle and the galleries) were
incubated separately at 25°C for three days and then sub-cultured
on synthetic nutrient agar (SNA) (Nirenberg, 1976) and potato
dextrose agar to reveal the characteristic conidia shapes and
pigmentation respectively. The cultures were incubated under 12 h
fluorescence light and dark cycles at room temperature for 10 days.
Evaluation of fungicide against the fungus was done by two
methods, namely: inhibition techniques (Meah et al., 2002) and
food poisoning (Borum and Sinclair, 1968) as described below.

Three fungicides, chlorothalonil (Glider), 720 g/L with a dosage of
2 to 2.5 ml/L, tebuconazole (Orius 25 EW) 250 g/L with a dosage of
70 ml/L and dimethomorph + mancozeb (Volar), 690 g/kg with a
dosage of 2.7 g/L at four concentrations (1.5x, 1.25x, 1.0x and 0.5x:
where x is the field rate recommended by the manufacturer) were
used in this study. The fungicides were mixed into 10 ml of sterile
water before application and allowed to set to obtain concentrations
of 3.6, 7 and 2.6 mg/L for chlorothalonil, tebuconazole and
dimethomorph + mancozeb respectively.

The inhibition technique

A plug of the ambrosia fungus (4 x 4 mm) from a 10 day-old culture
was placed in the middle of a Petri dish containing potato dextrose
agar (PDA). Three sterile pieces of filter paper squares (5 x 5 mm)
were placed on the surface of solidified agar at a distance of about
30 mm from the inoculum in a radial pattern in each Petri dish
(Plates 1a, 2a, 3a). The fungicides were then applied on the filter
paper in order to defuse into the agar. The experiment was laid in
completely randomized design (CRD) with the fungicide
concentration as the treatment. Each treatment was replicated 4
times. The radial growth of the fungus was measured after 14 days
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Plate 1. In vitro effect of fungicide chlorothalonil (Glider) on the mycelial growth of
ambrosia fungus isolated from mycangium of female beetles and debris in the
associated coffee galleries using the inhibition technique (a) and food poisoning

technique (b).

Plate 2. In vitro effect of fungicide tebuconazole (Orius 25 EW) on the mycelial growth
of ambrosia fungus isolated from mycangium of female beetles and debris in the
associated coffee galleries using the inhibition technique (a) and food poisoning

technique (b).

of growth (when the fungus completely covered the plates in the
control). The percentage growth inhibition (I) for the different
fungicides was assessed as follows (Fokkema, 1973):

_rl-r2x100
rl

Where: I=percentage growth inhibition, rl=radius of the pathogen
away from the fungicide (mm/cm) and r2=radius of the pathogen
towards the fungicide (mm/cm).

Food poisoning technique

This was done by incorporating the fungicides into the medium
before setting in Petri dishes. A 5 mm diameter agar disk of the test
fungus was extracted from a 10 day-old PDA culture plate using a
sterile surgical blade and placed in the centre of Petri plates that
contained the fungicides incorporated into the PDA at the various
concentrations levels (Plates 1b, 2b, 3b). The plate without
fungicides served as the control (Plate 4). The plate without

fungicides served as the control (Plate 4). The experiment was laid
in a completely randomized design (CRD) with fungicide type and
concentration as the treatments. These were replicated four times.
The radial fungal growth was recorded after 45 to 50 days (when
the fungus completely covered the plates in the control). The
percentage inhibition (PI) of the fungus over control was calculated
using the following formula:

_A-B

PI x100

Where: A=colony growth of the fungus in control plate and
B=colony growth of the fungus in treated plate.

Data analysis

Before the analysis, the percentage inhibition data were arcsine-
transformed to reduce non-normality and heterogeneity of
variances. The analysis of variance (ANOVA) was performed with
the general linear model (GLM) procedure of the Statistical Analysis
System (SAS) software (SAS Institute, 2008). Means were
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Plate 3. In vitro effect of fungicide dimethomorph + mancozeb (Volar) on the mycelial
growth of ambrosia fungus isolated from mycangium of female beetles and debris in the
associated coffee galleries using the inhibition technique (a) and food poisoning technique

(b).

Plate 4. In vitro effect of the control (without fungicide) on the mycelial growth of
ambrosia fungus isolated from mycangium of female beetles and debris in the
associated coffee galleries using the food poisoning technique.

separated by the Tukey test at 5%. Note that the data for fungicide
tebucozanole (Orius) were omitted when analysing for the effect of
fungicidal concentration on mycelial growth of the fungus because
100% inhibition was attained for all the concentrations irrespective
of the technique used.

RESULTS

Our results clearly show that irrespective of the
concentration level and technique used, all the three
fungicides tested in the study were able to inhibit growth
of the ambrosia fungus to some extent (at least >20%;
Tables 1 and 2). The percentage fungal growth inhibition
varied across the fungicides and they were highly
significantly different (P<0.05) from each other for both
techniques (food poisoning and inhibition). Of the three

fungicides, tebucozanole (Orius) was the most effective
in inhibiting the mycelial fungal growth, causing 100%
inhibition in both techniques (Table 1). Overall, for both
techniques, fungicides chlorothalonil (Glider) and
dimethomorph + mancozeb (Volar) caused less than 40%
inhibition of mycelial fungal growth (Table 1). Further, the
inhibitory effect of fungicides, chlorothalonil (Glider) and
dimethomorph + mancozeb (Volar) increased significantly
with increasing fungicidal concentrations in both
techniques. However, the inhibitory effect of
chlorothalonil (Glider) did not differ significantly for
concentrations 1.5x and 1.25x, and also for 1.25x and
1.0x. Similarly, the inhibitory effect of dimethomorph +
mancozeb (Volar) did not differ significantly for
concentrations 1.5x and 1.25x, and, 1.0x and 0.5x (Table
2).
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Table 1. Percentage inhibition of radial mycelial growth of ambrosia fungus isolated from
mycangium of female beetles and debris in the associated coffee galleries by fungicides,
tebucozanole (Orius), chlorothalonil (Glider) and dimethomorph + mancozeb (Volar) using
food poisoning and inhibition techniques. Same letters within a column indicate means
(after arcsine transformation) are not significantly different by Tukey’s test (*P<0.05). Values
in parenthesis are the untransformed means.
Fungicide Food poisoning technique Inhibition technique
Orius 7.9 (100.0)% 7.9 (100.0)°
Glider 4.4 (31.8)" 4.8 (37.4)°
Volar 3.7 (23.3)° 4.3 (29.6)°
F value 361.74** 234.53**
CV 8.78 9.0
Table 2. Percentage inhibition of radial mycelial growth of ambrosia fungus isolated from mycangium of female beetles and
debris in the associated coffee galleries using food poisoning and inhibition techniques by fungicides, chlorothalonil (Glider)
and dimethomorph + mancozeb (Volar) at varying concentration using food poisoning and inhibition techniques. Same
letters within a column indicate means (after arcsine transformation) are not significantly different by Tukey’s test (*P<0.05).
Values in parenthesis are the untransformed means.
Food poisoning technique Inhibition technique
Concentration - D g d - d
Glider Volar Glider Volar
0.5X 3.6 (22.5)° 2.8 (12.5)"° 3.8 (23.6)° 3.7 (21.4)"°
1.0X 4.2 (28.4)° 3.5(19.7)° 4.7 (36.2)° 3.8 (22.5)"
1.25X 4.6 (34.4)° 4.0 (25.9)° 5.2 (42.6)* 4.8 (36.7)°
1.5X 5.1 (41.9)° 4.4 (31.3) 5.5 (48.3)a 4.9 (37.6)°
F value 156.51** 208.10** 34.88** 597.56**
Ccv 2.07 2.58 5.05 1.28
DISCUSSION The high effectiveness of tebucozanole (Orius) is of great

This study evaluated the efficacy of three fungicides,
chlorothalonil (Glider), tebuconazole (Orius 25 EW) and
dimethomorph + mancozeb (Volar) in vitro for inhibiting
radial mycelial growth of ambrosia fungus using the
inhibition and food poisoning techniques. Our data show
that all the three fungicides tested were able to inhibit
mycelial growth of the fungus, even at the lowest
concentration (0.5x) irrespective of the technique used.
These results are in agreement with a number of earlier
in vitro studies which have demonstrated that various
fungicides may restrict or prevent growth of F. solani and
other Fusaria (Tepper et al., 1983; Chavan et al., 2009;
Sultana and Ghaffar, 2010). Tebucozanole (Orius) had
the greatest inhibitory effect, causing 100% inhibition
irrespective of the fungicide concentration or techniques
employed. These results are in line with earlier research
studies which reported very strong in vitro inhibition
effects of tebuconazole-based fungicides on fungal
mycelial growth of several Fusarium species. For
example, F. avenaceum (Simpson et al., 2001; lvi¢ et al.,
2011), F. culmorum (Simpson et al., 2001), F.
graminearum (Ramirez et al., 2004 ; lvi¢ et al., 2011) and
F. verticillioides (lvicetal., 2011) among others.

importance in the management of the ambrosia fungal
gardens and thus the twig borer. First of all,
tebucozanole-based products are is highly systemic with
protective, curative, and eradicant action (Shtienberg and
Dreishpoun, 1991; Labrinos and Nutter, 1993). The
fungicide is absorbed rapidly into the vegetative parts of
the plants by the leaves and stems and is translocated
acropetally upward in the plants. Thus, the fungicide can
easily reach the ambrosia fungal gardens located deep
inside the galleries/tunnels in the coffee twigs (Hara and
Beardsley, 1976; Ngoan et al., 1976). Secondly, the fact
that tebucozanole is equally effective even at half the
manufacturer's recommended rate implies that future
research can explore the possibilities of using even lower
dosages that would minimize costs. One of the major
limitations of using tebucozanole in disease management
is its cost. Currently, a liter of tebucozanole costs
150,000 Uganda shillings (approximately US$ 60) on the
market which is definitely too high for the small scale
coffee farmers who produce more than 80% of the coffee
in the country (Musoli et al., 2001).

Our data further show that chlorothalonil (Glider) and
dimethomorph + mancozeb (Volar) caused far less fungal
growth inhibitory effect (<40%) compared to tebucozanole



(Orius) irrespective of the inhibition technique used.
These results are in agreement with earlier in vitro
studies which reported low fungal mycelial inhibitory
effect (>25%) by chlorothalonil-based fungicides on
several Fusarium species including F. oxysporum f. sp.
cumini (Bardia and Rai, 2007) and Fusarium avenaceum
(Kopacki and Wagner, 2006). Similarly, Kim et al. (2005),
Cha et al. (2007) and Mamza et al. (2008) reported low
inhibitory effect of dimethomorph- and mancozeb-based
fungicides on mycelial growth of F. pallidoroseum and F.
oxysporum respectively. However, our results contradict
studies by Tepper et al. (1983) who reported complete
(100%) in vitro inhibition of mycelial growth of F. solani by
chlorothalonil-based fungicides at 1000 mg/L. Similarly,
Tepper et al. (1983), Chavan et al. (2009) and Sultana
and Ghaffar (2010) reported that mancozeb-based
fungicides caused complete (100%) in vitro inhibition of
mycelial growth of F. solani at 100 mg/L, 0.2 and 0.3%
concentrations respectively. The contradiction in the
results could have been due to the difference in the
content of the fungicides in final commercial products and
also the source of the fungicide. Incidentally, counterfeit
or adulterated chemicals including fungicides are very
common on Ugandan market (MAAIF, 2009).

Further, the inhibitory effect of chlorothalonil (Glider)
and dimethomorph + mancozeb (Volar) increased
significantly with increasing fungicidal concentrations in
both techniques. These results are in agreement with
earlier studies which reported that the fungal inhibitory
effect of the chlorothalonil-, mancozeb- and
dimethomorph-based fungicides increased with
increasing concentration of the fungicide (Kopacki and
Wagner, 2006; Bardia and Rai, 2007; Cha et al., 2007;
Mamza et al., 2008).

In conclusion, our results clearly show that fungicide
tebucozanole (Orius25 EW) caused 100% inhibition of
the mycelial growth of the ambrosia fungus. Thus, further
research should concentrate on determining the
effectiveness of this fungicide for controlling ambrosia
under field conditions. Secondly, this fungicide should be
combined with candidate insecticides (tank mixture) and
integrated it into the chemical control option and the
overall Integrated Pest Management (IPM) strategies for
managing the ambrosia fungus and thus its associated
beetle.
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Soybean growth in Brazil relies solely on biological fixation for nitrogen nutrition, However, the
effective establishment of the symbiosis between plants and elite strains of Bradyrhizobium is
jeopardized by current agricultural practices, such as seed treatment with pesticides that can be toxic
to the bacteria. In addition, global climatic changes have altered temperature and rainfall patterns,
which, in turn, may affect the early stages of the symbiosis and, consequently, nodulation, N2 fixation,
and yield, especially when drought and high temperatures occur right after sowing. New technologies
to improve nodulation and N, fixation must be developed. In this study, we evaluated the effects of
spraying diluted inoculants towards the seeds at sowing, or on the soil-root interface after seedling
emergence on attributes relative to soybean N, fixation and yield. Field experiments were set up at
different locations, in a randomized block design according to standard Brazilian protocols. Inoculant
application in the soil resulted in benefits for both nodulation and yield when plants faced adverse
conditions at the initial stages of growth, and the inclusion of Azospirillum in co-inoculation with
Bradyrhizobium also helped plants bypass initial adverse situations. The results also revealed that
when adverse situations to nodulation occur, it may be possible to perform corrective inoculation by
spraying diluted inoculant at sowing or after seedling emergence, even though some degree of yield
loss may be expected. However, more information is necessary to establish inoculation frames.

Key words: Spray-inoculation, plant growth-promoting rhizobacteria (PGPR), Azospirillum, Bradyrhizobium.

INTRODUCTION

Many legumes can establish symbiotic relationships with
specific soil bacteria collectively referred as rhizobia,
which possess the dinitrogenase enzyme complex
capable of capturing atmospheric nitrogen (N,) and fixing
it into ammonium, which is incorporated into carbon
skeletons to form nitrogenous organic acids that can be
readily assimilated by plants (Ormefio-Orrillo et al.,
2013). Brazil stands as a model country in benefiting from

biological N, fixation (BNF), especially from the
inoculation of soybeans [Glycine max (L.) Merr.] with elite
strains of the genus Bradyrhizobium, a symbiotic
combination capable of fully supply the crop demand for
nitrogen (Hungria et al., 2005a, 2006a,b; Hungria and
Mendes, 2014). Another group of beneficial soll
microorganisms comprises plant growth-promoting
rhizobacteria (PGPR). These may produce plant growth
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hormones (auxins, giberellins, cytokinines, and ethylene),
induce the plant’s systemic resistance to diseases and or
stresses, act as biocontrol agents, and solubilize
phosphates, besides performing non-symbiotic biological
N fixation (Hartmann and Zimmer, 1994; Compant et al.,
2005; Cassan et al., 2008; Bassan et al., 2012;
Bhattacharyya and Jha, 2012; Fibach-Paldi et al., 2012).
Bacteria belonging to the genus Azospirillum are the best
studied and most employed worldwide as PGPR
inoculants for agriculture (Okon and Labandera-
Gonzalez, 1994; Bashan and Holguin, 1997), including
Brazil (Hungria et al., 2010). Co-inoculation of rhizobia
and Azospirillum results not only in soybean grain yield
increase (Hungria et al., 2013), but also in pathogen
control as satisfactory as the action of fungicides (Cassan
et al., 2008).

The soybean crop is of utmost economic importance for
Brazil. The fixation of over 300 kg of N per hectare, in
every cropping season, and the delivery, to the soil, of
about 20 to 30 kg of N per hectare, which remain
available for the following crop, are certainly key
elements for the success of soybean in the country
(Hungria et al., 2005a, 2006a, b; Hungria and Mendes,
2014). However, more investigation is necessary to
extend these benefits to the new soybean cultivars, as
well as to make them compatible with modern soil and
crop management techniques (Hungria and Mendes,
2014).

The global climatic changes also threaten the
contribution of BNF to agriculture, as longer periods of
drought and high temperatures have become more
frequent, and Brazil is not an exception (Zullu Jr et al.,
2008). Environmental stresses have marked negative
effects on nodulation and BNF (Hungria and Franco,
1993; Hungria and Vargas 2000; Hungria and Kaschuk,
2014). Moreover, climatic changes increase plant
susceptibility to diseases and pests, demanding more
intensive seed treatment with chemicals that may be
highly toxic to rhizobia, such as fungicides, insecticides,
and nematicides; the use of pesticides is a common
practice for over 90% of the soybeans grown in Brazil
(Campo et al., 2009).

Any factor that reduces the population of inoculum
rhizobia on the seeds and, consequently, nodulation, may
decrease the contribution of BNF. Therefore, scientists
must develop new technologies that minimize the
negative impacts of seed treatment with chemicals on
inoculated rhizobia. One technology is in-furrow delivery
of Bradyrhizobium inoculants. This technology has long
been proposed (Brockwell et al., 1988) as an effective
possibility to release soybean rhizobia into the soil. This
alternative is currently under successful utilization,
although still by few farmers in Brazil, as long as larger
doses of inoculant than those recommended for seed
inoculation are employed (Vieira Neto et al., 2008;
Campo et al., 2010).

Another palliative technology, especially in cases of

failure or limitations to seed inoculation, is spray
inoculation, which can promote, at least, partial recovery
of nodulation and BNF (Zilli et al., 2008). However, this
technology must be analyzed very carefully, especially if
performed after seedling emergence. The successful
establishment of the legume-rhizobia symbiosis starts
with an intricate exchange of molecular signals between
the partners (Hungria et al., 1996; Hungria and Stacey,
1997; Geurts and Bisseling, 2002; Desbrosses and
Stougaard, 2011), triggered by seed germination,
resulting in root hair deformations that are visible right
after exposure of bradyrhizobia to soybean root exudates
(Hungria et al., 1996). As new root segments are only
transiently susceptible to rhizobial infection
(Bhuvaneswari et al., 1981), delayed contact between the
bacteria and the roots may result in poor nodulation and
BNF. Therefore, it is essential to gain information about
doses and timeframe for delayed inoculation, as well as
about when such practice would be viable.

The increasing use of pesticides for soybean seed
treatment at sowing jeopardizes the maintenance of
adequate numbers of viable rhizobial cells on the seed
surface (Campo et al., 2009). This situation is even more
critical in the case of sowing pre-inoculated seeds, a
practice that is becoming more common and popular in
South America (Hungria and Mendes, 2014). The
objectives of this study were to evaluate soybean spray
inoculation as an alternative to traditional seed or in-
furrow inoculation, and investigate the effects of co-
inoculation with Azospirillum on soybean growth and
yield.

MATERIALS AND METHODS
Site description and procedures before sowing

Four field experiments were conducted in the 2012/2013 cropping
season. Geographic information about each experimental location
is presented in Table 1.

At each location, 20 soil subsamples were collected at 0-20 cm
soil layer about 40 days before experimental setup. Subsamples
were combined and one composite sample from each location was
analyzed for chemical, granulometry and microbiological
characteristics. For chemical analysis (Pavan et al., 1992), samples
were oven-dried (60°C, 48 h) and sieved (2 mm). Soil pH was
determined in 0.01 M CaCl; (1:2.5; soil:solution) after 1 h shaking.
Ca, Mg, and Al contents were determined in the extract obtained
with 1 M KCI (1:10; soil:solution) after 10 min shaking. P and K
contents were determined en Mehlich-1 extract (0.05 M HCI +
0.0125 M H2SOy4; 1:10 soil:solution) after shaking for 10 min. Al was
determined by titration with 0.015 N NaOH, with bromthymol blue
as indicator. Ca and Mg concentrations were determined in an
atomic absorption spectrophotometer, K in a flame photometer, and
P by colorimetry, by the molybdenum blue/ascorbic acid method. C
was determined by dichromate oxidation. Soil chemical
characteristics are presented in Table 2.

Soil granulometry at each experimental site was determined
according to Embrapa (1997), and soil rhizobial populations were
estimated by the plant-infection most probable number technique
(Vincent 1970), with soybean cultivar BMX Poténcia RR as the
trapping host, using statistical tables based on Andrade and
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Table 1. Geographic and climatic information about the locations where experiments were conducted.

Location Coordinates® Altitude (m) Climatic Classification”
Rio Verde 17°47' S; 50°54’ W 730 Aw
Cachoeira Dourada 18°29' S; 49°28' W 450 Aw
Luiz Eduardo Magalhaes 12°05' S; 45°48' W 720 Aw
Ponta Grossa 25°05'S; 50°09' W 950 Cfa

2 Latitude and longitude; ® According to the Képpen-Geiger system of classification.

Table 2. Chemical characteristics of the soils (0-20 cm) at the locations where experiments were conducted. All analyses were performed

before sowing.

Location pH | Al [H+All K [ca|mg| P | c | B | s |Sumofbases| v [zn]|cu| mn | Fe
CaCl, cmolc dm3 g dm* mg dm-3 cmolc dm- % mg dm-3

Rio Verde 514 | 000 364 080 165 178|956 2255| 029 587 423 |53.75(|295 221 115.85 3242

Cachoeira Dourada 540 | 000 307 037 355 173|171 1855| 020 7.3 565  |64.79|141 827 146.84 38.09

Luiz Eduardo Magalhaes | 557 | 000 103 003 294 077 [1036 572 | 005 168 374 |7841]024 025 457 49.99

Ponta Grossa 460 | 026 7.89 015 202 130|080 3050| 030 5.0 347 |3055(1.10 1.40 41.00 56.00

Table 3. Soil granulometry and soybean rhizobial population of the soils at the locations where

experiments were conducted.

Soil granulometry (%)

. . . -1 .
Location Clay Silt Sand No. of rhizobia g™ soil
Rio Verde 36.35 9.55 54.10 <10
Cachoeira Dourada 57.75 18.20 24.05 <10

Luiz Eduardo Magalhaes 13.55 1.00 88.45 <10

Ponta Grossa 58.45 15.70 25.85 1 x 10°

Hamakawa (1994). Soil granulometry and rhizobial populations at
each location are shown in Table 3.

Lime was applied to the soil at each location about 50 days
before sowing. The amounts of lime to be applied were determined
on the basis of soil base saturation as specified by Embrapa Soja
(2011), so as to obtain 70%. Still before sowing, all sites received
300 kg ha™ of N-P-K (0-28-20) fertilizer, applied in-furrow. No N
fertilizer was applied, except where specified (in the control with N-
fertilizer).

Treatments, inoculation and field management

The experimental protocol adopted for the experiments reported
here followed the guidelines established by the Ministry of
Agriculture, Livestock and Food Supply (MAPA) in all tests of
agronomic efficiency of new products or technologies making use of
biological nitrogen fixation with legumes (MAPA, 2011). All
experiments had 12 treatments, and treatments 1, 2, and 3 are
mandatory in Brazil, as controls required by guidelines mentioned
above. The treatments were:

Treatment 1 (T1) = Non-inoculated control;

T2 = T1 + 200 kg N ha® (100 kg N ha™ at sowing + 100 kg N ha™
as side dressing around 35 days after seedling emergence);

T3 = Standard peat-based Bradyrhizobium inoculant applied to
seeds at sowing to provide 1.2 x 10° cells seed™ (1 dose);

T4 = Liquid Bradyrhizobium inoculant applied to seeds at sowing (1
dose);

T5 = Liquid Bradyrhizobium inoculant applied in-furrow at sowing (3
doses);

T6 = Liquid Bradyrhizobium inoculant sprayed close to the sowing
line at sowing (3 doses);

T7 = T6, but with 5 doses;

T8 = Three doses of liquid Bradyrhiobium inoculant + two doses of
liquid Azospirillum inoculant, sprayed close to the sowing line at
sowing;

T9 = T8, but with five doses of liquid Bradyrhizobium inoculant +
two doses of liquid Azospirillum inoculant;

T10 Liquid Bradyrhizobium inoculant sprayed towards the
root/stem interface region between VC and V1 (3 doses);

T11 =T 10, but with 5 doses;

T12 = T10, but with 10 doses

All bacterial inoculants employed in this study were analyzed for
purity and cell concentration. Inoculants with Bradyrhizobium were
counted by spread-plating on yeast extract-manitol agar with Congo
red (Vincent, 1970), while inoculants containing Azospirillum were
counted by spread-plating on RC agar medium (Cassan et al.,
2010). In all cases, bacterial colony morphology was compared to
expected patterns to confirm the absence of contaminants. The
results of cell concentrations and purity of the inoculants are
presented in Table 4.

Standard peat-based inoculant was prepared at a concentration
of 5 x 10° cells g*, and contained the commercial strains B.
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Table 4. Composition, concentration®, and purityb of the inoculants used in the experiments.

Inoculant Bacterial species Strains Concentration®  Contaminants®
Standard peat-based B. japonicum/B. diazoefficiens 5079 + 5080 4.14 x 10° Absent
Standard liquid B. japonicum/B. diazoefficiens 5079 + 5080 7.33x10° Absent
Standard liquid A. brasilense Ab-V5 + Ab-V6 2.97 x 10° Absent

% Number of colony forming units (CFU) per g or mL of product. ® Characterized as presence (present) or absence (absent) of detectable
contaminants at the 10° dilution of the products spread on plates with appropriate media.

Table 5. Agronomic information about the experiments.

Location Cultivar Sowing Harvest Plot size Area for yield evaluation
(m?) (m?)

Rio Verde BMX-Poténcia (RR) 28/11/2012 19/03/2013 24.3 6

Cachoeira Dourada BRS-GO-8360 (Conv.) 22/11/2012 22/03/2013 24 5.6

Luiz Eduardo Magalhaes BMX-Poténcia (RR) 06/12/2013 no harvest 24 6

Ponta Grossa BMX-Poténcia (RR) 05/12/2012 08/05/2013 24 6

japonicum SEMIA 5079 (=CPAC 15) and B. diazoefficiens SEMIA
5080 (=CPAC 7) (Table 4). The doses of both liquid and peat-based
Bradyrhizobium inoculants were adjusted to provide 1.2 x 10° viable
cells of bradyrhizobia per seed, according to Brazilian regulations
(Embrapa, 2011), and the peat-based inoculant was applied to the
seeds with 10% sucrose solution to improve adherence, as
described before (Hungria et al., 2006b). For Azospirillum liquid
inoculant, one dose was considered as 1.2 x 10° viable cells per
seed (10-fold less than bradyrhizobia)

The non-inoculated control treatment with N fertilizer (T2)
received 200 kg N ha™ as urea, split in two broadcast applications
of 100 kg N ha™ at sowing, and 100 kg N ha™ as side dressing
around 35 days after seedling emergence.

For in-furrow inoculation at sowing, the liquid inoculant was
diluted in water to make up a final volume of 150 L ha™®, and the
mixture was applied directly over the seeds in the sowing furrow.
For spray inoculations, the appropriate amounts of inoculants were
mixed with water to make up a final volume of 150 L ha, and the
mixtures were applied by spraying either towards the sowing line (at
sowing), or towards the root/stem interface region between stages
VC and V1 (Fehr and Caviness, 1977), both with a coastal sprayer.

Information about cultivars, sowing dates, and sampling dates at
each location are shown on Table 5. At all locations, row spacing
was 50 cm, with 18 plants m™, and a final population of
approximately 300,000 plants ha™. All experiments were set in a
completely randomized block design with six replicates. Plot sizes
varied from 24 m? to 24.3 m? (Table 5). At all locations the plots
were separated by 0.5 m-wide rows and 1.5 m-wide terraces to
avoid cross contamination from surface flushes containing bacteria
or fertilizers that may occur in consequence of heavy rainfall.

All plants received leaf sprays of Mo (20 g ha™) and Co (2 g ha™)
at the V4 stage (Fehr and Caviness, 1977). Weeds were controlled
with herbicides in all treatments. Glyphosate was employed when
the transgenic cultivar was grown, whereas conventional herbicides
were employed with the non-transgenic cultivar. Insect control was
accomplished by means of biological and chemical insecticides
(Embrapa, 2011).

Sampling, harvest and analyses performed

Thirty-five to 50 days after sowing, five plants were collected from

each plot for evaluation of nodulation (nodule number and dry
weight), plant biomass, and N content and accumulation in shoots.
Roots and shoots were separated in the laboratory, carefully
washed and oven-dried at 65°C for approximately 72 h. Nodules
were then removed from roots and allowed to dry for another 72 h
before counting and weighing. Dry shoots were also weighed and
then employed for determination of N content and accumulation by
the Kjeldahl technique.

At harvest, the central area from each plot (Table 5) was
harvested to estimate grain yield. Seeds from the harvested plants
were collected, cleaned, weighed, and seed moisture was
determined and adjusted to 13%.

All data from each experiment were first tested for normality and
for variance homogeneity. If necessary, data were transformed to
the square root of (x+1) before analysis of variance (ANOVA) (SAS,
1999). In cases where statistical significance was detected, a post
hoc test with p < 0.1 was performed. For multiple comparisons,
Duncan test was employed.

RESULTS

In areas cropped for the first time with soybean, in Rio
Verde (Table 6), Cachoeira Dourada (Table 7) and Luiz
Eduardo Magalhdes (Table 8) nodulation evaluated
during vegetative growth was, in general, low, especially
when liquid inoculants were employed. These areas
suffered from drought immediately after sowing and
between sowing and early flowering, which may have
reflected negatively on the process of root infection and
nodule development.

In Rio Verde the number and dry weight of nodules
from plant samples collected at 40 DAS was far superior
when peat-based inoculant was employed, compared to
the liquid inoculant (Table 6). The application of a triple
dose of inoculant in-furrow at sowing also promoted
nodule dry weight, even though no significant differences
relative to the non-inoculated control were observed
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Table 6. Nodule number (NN) and dry weight (NDW), shoot dry weight (SDW), nitrogen content (NC) and total nitrogen accumulated in
shoots (TNS) 40 days after sowing, and grain yield at final harvest of the soybean in Rio Verde.

Treatments > NN plant™® = NDW (mg plant™) = SDW (g plant®) = NC(gkg™) = TNS (mg Nplant®) Yield (kg ha™)

T1 05 bc® 125 c 6.6 a 271 d 177 A 2762  ab
T2 0.2 c 2.4 c 6.7 a 31.0 bc 200 A 3035 a
T3 16.1 a 148.7 a 6.6 a 282 cd 186 A 3074 a
T4 1.7  bc 21.0 bc 6.6 a 201 cd 191 A 2842  ab
T5 2.2 b 37.6 b 6.3 a 28.1 cd 177 A 2705 b
T6 0.3 c 6.7 c 6.2 a 293 cd 182 A 2678 b
T7 1.4 bc 12.8 c 6.8 a 336 ab 231 A 2698 b
T8 0.8  bc 17.0 bc 6.2 a 344 a 215 A 2655 b
T9 0.4  bc 8.0 c 6.0 a 307 bc 188 A 2532 b
T10 0.2 c 2.8 c 6.4 a 288 cd 182 A 2825  ab
T11 09 bc 26.4 bc 6.3 a 331 ab 207 A 2507 b
T12 1.0  bc 15.8 bc 5.5 a 336 ab 189 A 2824  ab
p value <0.001 <0.001 0.9841 <0.001 0.7869 0.0369
Mean 2.13 25.97 6.36 30.60 193.7 2761
CV (%) 77.8 85.0 24.3 9.1 26.2 10.6

2T1 = Non-inoculated control; T2 = T1 + 200 kg N ha™; T3 = Standard peat-based Bradyrhizobium inoculant applied to seeds at sowing to provide
1.2 x 10° cells seed™ (1 dose); T4 = Liquid Bradyrhizobium inoculant applied to seeds at sowing (1 dose); T5 = Liquid Bradyrhizobium inoculant
applied in-furrow at sowing (3 doses); T6 = Liquid Bradyrhizobium inoculant sprayed close to the sowing line at sowing (3 doses); T7 = T6, but with
5 doses; T8 = Three doses of Bradyrhizobium inoculant + two doses of Azospirillum inoculant, sprayed close to the sowing line at sowing; T9 = T8,
but with five doses of Bradyrhizobium inoculant + two doses of Azospirillum inoculant; T10 = Liquid Bradyrhizobium inoculant sprayed towards the
root/stem interface region between VC and V1 (3 doses); T11 = T 10, but with 5 doses; T12 = T10, but with 10 doses. b Analyzed after
transformation to square root of (x + 1). © Means (n=6) on the same column which are followed by different letters are significantly different (p<0,10,
Duncan test).

Table 7. Nodule number (NN) and dry weight (NDW), shoot dry weight (SDW), nitrogen content (NC) and total nitrogen accumulated in
shoots (TNS) 50 days after sowing, and grain yield at final harvest of the soybean in Cachoeira Dourada.

Treatments ® NN plant®®  NDW (mg plant®) SDW (g plant®) = NC(gkg?) = TNS(mg Nplant?)  Yield (kg ha®)
T1 1.5 a‘ 8.4 a 8.6 a 23.0 a 195 a 3000 a
T2 0.9 a 3.2 a 8.9 a 26.6 a 237 a 3054 a
T3 2.7 a 17.7 a 6.7 a 24.1 a 172 a 2543 a
T4 1.1 a 13.6 a 8.1 a 22.4 a 182 a 2563 a
T5 1.5 a 7.6 a 7.7 a 23.3 a 179 a 2880 a
T6 1.1 a 5.8 a 7.1 a 22.5 a 155 a 2662 a
T7 1.0 a 9.9 a 7.3 a 25.0 a 185 a 2499 a
T8 1.4 a 10.1 a 7.0 a 22.7 a 159 a 2792 a
T9 1.1 a 7.8 a 6.3 a 26.2 a 164 a 2767 a
T10 0.8 a 6.6 a 7.3 a 23.4 a 171 a 2991 a
T11 1.3 a 7.9 a 7.1 a 26.4 a 184 a 2726 a
T12 1.7 a 18.3 a 8.6 a 21.6 a 182 a 2826 a

p value 0.2971 0.2523 0.9050 0.6134 0.9346 0.4100
Mean 1.344 9.73 7.55 23.94 180.45 2775
CV (%) 85.4 110.3 38.3 19.3 43.7 12.9

® The same as Table 6; bAnalyzed after transformation to square root of (x + 1); Means (n=6) on the same column which are followed by different
letters are significantly different (p<0,10, Duncan test).

(Table 6). treatments did not differ from the non-inoculated control
A probable more intense effect of nodulation-limiting when sampled at 50 DAS (Table 7). When ten doses of
factors was observed in Cachoeira Dourada, where Bradyrhizobium-containing inoculant were sprayed during



2334 Afr. J. Agric. Res.

Table 8. Nodule number (NN) and dry weight (NDW), shoot dry weight (SDW), nitrogen content (NC) and total nitrogen accumulated in shoots
(TNS) 38 days after sowing, and grain yield at final harvest of the soybean in Luiz Eduardo Magalhées.

Treatments® = NNplant®®  NDW (mgplant®) SDW (gplant’) = NC(gkg?) | TNS (mg Nplant™) | Yield (kg ha™)
T1 3.6 defg © 14.7 de 4.6 a 12.4 c 58.1 a nd °
T2 0.4 h 25 e 4.6 a 18.4 85.9 a nd
T3 42.1 a 106.2 a 35 a 18.0 ab 62.8 a nd
T4 15.7 b 57.2 b 4.9 a 15.1 73.9 a nd
T5 6.1 cde 33.8 bcd 4.4 a 14.7 65.1 a nd
T6 11.9 bc 40.0 bc 4.4 a 13.2 58.0 a nd
T7 5.7 cdef 22.4 cde 4.3 a 15.4 bc 64.1 a nd
T8 8.6 bcd 355 bcd 4.1 a 18.2 ab 71.3 a nd
T9 12.1 bc 53.3 b 3.8 a 15.1 56.1 a nd
T10 1.9 efg 11.6 de 4.0 a 13.8 c 56.0 a nd
T11 1.0 h 5.0 e 4.6 a 18.1 ab 83.8 a nd
T12 1.3 fg 8.9 e 4.0 a 13.9 C 54.5 a nd

p value <0.001 <0.001 0.9515 <0.001 0.3421 -
Mean 9.2 32.6 4.3 15.5 65.8 -
CV (%) 80.8 69.0 34.4 17.6 37.3 -

® The same as Table 6. bAnalyzed after transformation to square root of (x + 1). * Means (n=6) on the same column which are followed by different
letters are significantly different (p<0,10, Duncan test). “Yield was not determined (nd) due to drought effects on plant development.

VC-V1, or when seeds received either liquid or peat-
based inoculant, there was an improvement in nodule dry
weight, but with no statistical difference from the other
treatments.

Seed inoculation with peat-based inoculant promoted
significantly more nodulation at 38 DAS in Luiz Eduardo
Magalh@es too (Table 8). In addition, significant gains in
nodulation were also obtained by inoculating seeds with
liquid inoculant, and by spraying Bradyrhizobium alone or
in combination with Azospirillum in-furrow at sowing, in
comparison with the non-inoculated controls (Table 8).

In Ponta Grossa, soybean had been cropped before
the experiment, thus the soil had a naturalized population
of Bradyrhizobium (Table 3). At 35 DAS, no differences in
nodule number were observed relative to the non-
inoculated control, except when 10 doses of
Bradyrhizobium inoculant were sprayed in VC-V1, and no
differences whatsoever were observed in nodule mass
(Table 9). The use of N fertilizer, however, caused a
significant decrease in both nodule number and dry
weight (Table 9). Negative effects of N fertilizer on
nodulation were also observed in the other sites (Tables
6, 8 and 9).

Plant biomass and total N accumulated in shoots were
not significantly affected across treatments and locations
(Tables 6 to 9), and the differences observed at some
locations (Rio Verde, Luiz Eduardo Magalhdes, and
Ponta Grossa) in N content (%) reflect the dilution caused
by variations in plant growth.

No significant differences in grain yield were observed
at any of the locations. In Rio Verde, however, the
standard practice of seed inoculation with peat-based
inoculants resulted in a 292 kgha' gain in grain

yield (Table 6). N fertilizer had no effect on grain yield
either. The same situation was observed in Cachoeira
Dourada (Table 7). No grains were produced in Luiz
Eduardo Magalhdes, where soybean was mostly affected
by water deficit. The Ponta Grossa location also suffered
the effects of recurrent dry spells, resulting in low yields.
However, although not showing statistical difference, in
Ponta  Grossa the combined inoculation  of
Bradyrhizobium and Azospirillum by spraying at sowing
(T9) promoted more gain in grain yield than did soil
rhizobia (T1) or N fertilizer (T2) (Table 9).

DISCUSSION

The ever-increasing world population and the awareness
of potential impacts of human activities on global weather
changes demand that agriculture becomes more efficient.
Technologies must be developed that guarantee
production and food supply, but cause the least, if none,
alterations on the natural landscape, and make the area
already claimed by agricultural activities more productive.
The increasing use of chemicals to protect seeds and
seedlings from pests and diseases (Campo et al., 2001,
2009), and the demand for seeds with anticipate
inoculation challenge scientists to develop technologies
that not only do not affect survival of inoculated bacteria
(Ferreira et al.,, 2011), but also contribute to yield
increase.

Fertilization has long been known to increase efficiency
in agriculture, as a means to improve plant nutrition. N
deficiency is a limiting factor in many places of the world,
demanding heavy fertilization, but the supply of N to
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Table 9. Nodule number (NN) and dry weight (NDW), shoot dry weight (SDW), nitrogen content (NC) and total nitrogen accumulated in shoots
(TNS) 35 days after sowing, and grain yield at final harvest of the soybean in Ponta Grossa.

Treatments ® = NNplant®® = NDW (mg plant™ = SDW (g plant™) NC (g kg™ TNS (mg N plant™ | Yield (kg ha™)
T1 26.3 a‘ 55.9 a 0.9 a 34.6 A 29.7 a 1796 a
T2 5.6 c 7.6 b 0.9 a 34.8 a 28.8 a 1881 a
T3 24.2 a 53.8 a 1.0 a 31.3 b 32.9 a 1685 a
T4 23.9 a 51.7 a 1.0 a 32.3 ab 30.9 a 1741 a
T5 23.3 a 50.9 a 0.8 a 34.6 a 26.9 a 1858 a
T6 22.2 a 55.5 a 0.9 a 31.7 b 29.7 a 1607 a
T7 27.6 a 39.3 a 0.8 a 325 ab 24.5 a 1759 a
T8 27.1 a 53.2 a 0.7 a 31.1 b 22.7 a 1844 a
T9 21.3 ab 53.2 a 0.7 a 32.7 ab 22.0 a 2088 a
T10 21.4 ab 44.9 a 2.6 a 34.6 a 92.9 a 1771 a
T11 23.0 a 53.6 a 0.8 a 32.3 ab 26.4 a 1759 a
T12 15.5 b 40.2 a 0.9 a 32,5 ab 28.0 a 1643 a

p value <0.001 0.001 0.4273 0.0334 0.3954 0.6172
Mean 21.8 44.2 1.00 32.9 33.0 1786
CV (%) 26.3 41.2 127.2 7.0 137.1 19.1

2The same as Table 6; ° Analyzed after transformation to square root of (x + 1); *Means (n=6) on the same column which are followed by different letters

are significantly different (p<0,10, Duncan test).

plants can be increased by using BNF, especially when
legumes are the main crop or take part in rotations with
cereals (Ormefo-Orrillo et al., 2013). Successful soybean
crops in Brazil rely solely on BNF as N source, but yield
gains are still possible by the development of new
cultivars and of technologies which increase either
nodulation (number and mass) or its efficiency (Hungria
et al., 2006a, b; Hungria and Mendes, 2014). The
inoculation of a combination containing the traditional
soybean BNF partner, Bradyrhizobium, and the plant
growth-promoting Azospirillum may improve such
benefits (Hungria et al., 2013), so that we tested this
approach for soybean inoculation in comparison with
traditional seed coating with peat-based or liquid
inoculants.

Three of our experiments were carried in central Brazil
(Rio Verde, Cachoeira Dourada and Luiz Eduardo
Magalhdes) which were severely affected by drought
before and right after sowing. The hydric stress at sowing
and at such an early growth stage affects root infection
and nodule formation, and does not favor survival of
inoculated rhizobia in the soil. In addition, all were first
crop areas, and no naturalized population of rhizobia was
present to guarantee a secondary nodulation after stress
cessation. This explains why so few nodules were
observed at the three locations. Indeed, hydric and
thermic stresses are amongst the most limiting factors to
BNF in the tropics, seriously affecting stages such as root
infection, nodule formation and N fixation (Hungria and
Franco, 1993; Hungria and Vargas, 2000; Hungria and
Kaschuk, 2014).

Although without statistical difference, in Rio Verde the
application of triple doses of the inoculant in-furrow at

sowing, in comparison to seed inoculation, resulted in
positive effects and, in addition to previous reports (Vieira
Neto et al.,, 2008; Campo et al.,, 2010), reinforces its
usefulness as an alternative inoculation procedure.
Indeed, this alternative inoculation method has been
recommended and used by Brazilian farmers, especially
when pesticides are used in seed treatment in areas
without naturalized bradyrhizobia population (Embrapa,
2011).

In our studies, we dedicated more attention to
nodulation parameters because it has been shown that
especially nodule dry weight is most well-correlated to
symbiotic behavior and performance of soybean-
Brayrhizobium associations in the field (Souza et al.,
2008a, b). Nodulation results from the three locations, all
first crop areas and under hydric stress, confirmed the
superiority of peat-based inoculants under adverse
conditions, evidencing the protective effect of peat
(Hungria et al., 2005b). These results highlight that
although the liquid inoculant market represents most of
the commercialized products, e.g. about 80% of the 27
million doses for the soybean crop in Brazil in the last
crop season, there is still much to be improved in liquid
formulations to achieve the high and secure standards of
using peat inoculants. Noteworthy is to reanalyze pioneer
studies and to observe that the same observations and
concerns date from decades ago (e.g. Burton and Curley,
1965; Burton, 1975). For example, Burton and Curley
(1965) report that higher soybean yields and superior
nodulation were obtained when peat-base inoculum was
used, in comparison to liquid inoculum containing 2.5
times as many rhizobia. The authors speculate that the
superiority of peat-inoculant could be because of
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sheltering rhizobia from toxic substances, or to some
protective action of peat after the seeds are in the soil
(Burton and Curley, 1965). Almost half a century later, we
are still not aware of the peat properties which lead to its
superior performance, such that the technology can be
transferred to liquid inoculants.

When the same treatments were evaluated in Ponta
Grossa in a soil with naturalized population of
Bradyrhizobium established by previous inoculations and
soybean cropping, no differences were observed in
nodulation. Even though the crop was subjected to some
degree of water stress, soil bradyrhizobia were able to
nodulate plants satisfactorily. A decrease in nodulation
was observed only when inoculation, even with a high
dose of Bradyrhizobium, was performed after seedlings
had emerged. In this case nodulation was probably
hampered by the transient susceptibility of roots to
infection (Bhuvaneswari et al., 1981). It is well known that
the first steps of the symbiosis rely on the existence of
molecules present in seed exudates, responsible for
turning on important genes in both partners (Hungria et
al.,, 1996; Hungria and Stacey, 1997; Geurts and
Bisseling, 2002; Desbrosses and Stougaard, 2011).
Therefore, it is crucial that rhizobia be in contact with the
plant roots at the right place, at the appropriate time.

Experiments performed in first crop locations such as in
Rio Verde, Cachoeira Dourada and Luiz Eduardo
Magalhdes allow us to identify and confirm positive
effects of new products and technologies, which may not
be observed when there is a naturalized population of
rhizobia in the soil. Indeed, the importance of evaluating
strains, inoculants and inoculation in soils void of
compatible rhizobia has also been long recognized
(Burton and Curley, 1965) and our study reinforces this
importance. However, in such areas very frequently no
differences are detected in parameters such as plant
biomass and N accumulation in the shoots. This might be
attributed to the intense mineralization of organic N in
these areas, which are generally covered with grass
pastures or forests prior to experiment set up. Such
process may be able to supply almost all N plants
demand during a first year crop.

Due to the water stresses that affected negatively all
experiments, no treatment improved grain yield
significantly. In Rio Verde, however, considerable
increase (292 kg ha™ = ca. 5 bags) was observed when
peat-based inoculant was applied to seeds, relative to
non-inoculation. It is worth mentioning that no effect of N
fertilizer on yield was observed, and plants responded
better to inoculation, with an emphasis on peat
inoculants, than to mineral N fertilization. These findings
support the statement that under the experimental
conditions at Rio Verde, the BNF accomplished by the
bradyrhizobia is able to supply all N demanded by the
soybean crop.

No significant differences among treatments were
observed in Cachoeira Dourada either, and no positive

effects of N fertilizer occurred. In Ponta Grossa periods of
drought occurred recurrently during the plant growth
cycle, also affecting grain yield. It is well known that the
occurrence of adverse conditions to both plant and
bacteria at sowing or during early stages of the plant
developmental cycle will reflect on yield. In this case, the
negative effect of adverse conditions affected nodulation,
which, in turn, was defective and could not supply proper
amounts of N to reach higher yields.

The availability of technologies that alleviate adverse
conditions for plants and bacteria at early stages of the
growth cycle would be welcome. For example, placement
of rhizobia in the soil nearby the seed could avoid contact
between the sensible bacteria and the pesticides,
micronutrients and other chemical used in seed
treatment, especially if drougth occurs. Inoculants could
also be sprayed at sowing, or later on after seedling
emergence. However, the delay between sowing and
spray inoculation may affect nodulation, especially if
inoculated bacteria reach infection sites on the roots after
they are no longer susceptible to infection (Bhuvaneswari
et al., 1981). Zilli et al. (2008) have demonstrated that
spray inoculation up to 18 days after sowing can partially
promote recovery of soybean nodulation and grain yield,
but longer delays may seriously compromise the crop.

Alternatively, the inclusion of one or more plant growth-
promoting species in the inoculant or in the soil might
help plants bypass the initial negative effects, form more
nodules, and increase yield. In our experiments, the
benefits of including A. brasilense strains produced good
results. In Ponta Grossa, when five doses of
Bradyrhizobium inoculant were combined with two doses
of Azospirillum and applied by spraying at sowing, yield
was superior, although not significantly, than that of the
non-inoculated (nodulated by soil rhizobia), and of the
non-inoculated + N (200 kg ha™) controls. These findings
agree with recent reports (Hungria et al., 2013) of
increased yield resulting from combined inoculation of
soybeans with Bradyrhizobium (seeds) and Azospirillum
(in-furrow) in soils containing naturalized rhizobia.

Even though our results have confirmed previous
reports that peat-based inoculants are by far superior to
liquid formulations (e.g. Campo et al., 2001), especially in
first year crops or when situations adverse to nodulation
establishment occur, it has been shown that in some
situations it may be possible to remedy inoculation by
spraying diluted inoculant after sowing or after seedling
emergence, even though some degree of vyield
compromise may be expected. However, more
information is necessary in order to establish inoculation
frames so as to take the most benefits from the new
technology.
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Every state always motivate tourism to revenue and also exchange of culture. A huge biodiversity
across the world exploring by the peoples in last few decades. And this trends is more in developing
countries like India. India is having vast cultural, social, religious immense diversity. It is intermixing of
various cultures like British, Mugals and local kings for a long period of time. Nowadays these
situations transform in to tourism hub and it is a key development strategy. The survey was carried out
in the area of Sariska Tiger Project area and also secondary data collected from Alwar tourist
department of Rajasthan, India. From the results showing that the total number of tourist decline 2005
to 2009 were 70% in Alwar district whereas in Rajasthan it was increased to 33%. If we analyzed the
domestic and foreign tourist there will be a huge declined in domestic tourist at Alwar region compared

to Rajasthan.

Key words: Agriculture, biodiversity, India, tourism.

INTRODUCTION

Alwar district of Rajasthan famous for lakes, old forts and
mix culture of adjoining state Haryana and national
capital of India. Apart from this Sariska tiger reserve also
located, and it is main attraction for tourist in Alwar,
having vast biodiversity. India is agricultural state
beginning of the days, its nature and diversity in religion,
ethnicity, and a huge mass of peoples living in villages
adding the essence of flavor in biodiversity. The
biodiversity means variety of life found on earth and all of
the natural processes. This includes ecosystem, genetic
and cultural diversity, and the connections between these
and all species. Biodiversity conservation in India, and
across the globe, is complex and often contentious (Torri,
2010; Torri and Herrmann, 2010). It decreased with the

speedy rate due to fast growing population and industrial
growth. Dense forest areas shrinking with faster rates.
More urbanization and agricultural practices dominating
in natural habitat of animals (Yadav and Gupta, 2006). It
created the disturbance for the animals which affected
the animal’s routine and specially breeding activities in
that habitat. In many national parks, reserved forest was
facing the declining rate of breeding and population of
animals. One way local governmental agencies
popularized the tourism, to get state revenue with
harmonization in nature. A number of law and official
policies governing the wildlife and conservation of
ecosystem, but it hardly taken consideration of local
population and their environment.

*Corresponding author. E-mail: mlata1988@gmail.com

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution

License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

2340 Afr. J. Agric. Res.

Temperature (°C)

(ot 3 2 SO I Y RS R S S|
DLW oo O D
| | | | | | | | |

A
|

]

Min

Jan Feb par Apr pMay june july Aug Sept Oct Nov Dec

Month

Figure 1. Temperature variation during the study period.

Table 1. Total number of tourist came to Rajasthan.

Year Indian Foreigner Total

2005 18787298 1131164 19918462
2006 23483287 1220164 24703451
2007 25920529 1401042 27321571
2008 28358918 1477646 29836564
2009 25558691 1073414 26632107

The insite living poor people’s degradation of forest and
land erosion due to poor alternatives source of income,
which forced them to over exploitation of natural
resources. The increasing population in rural villages
associated significant cost with the adjoin national park or
natural habitat. It may be loss of animals, forest, reduced
social and political. Saberwal (2001) described in the
book ‘Peoples, Parks and Wildlife: Towards coexistence’
that decline in biodiversity and change in land use pattern
are due to diversion of ground and surface water,
resulting in the drying up streams and other water bodies
from saltation, and pollution from pesticides and other
chemicals. In another case, biodiversity decline trends
published by Vasan in 2005 in the ‘Journal of Economic
and political weekly’ and told that some areas biodiversity
decline due to invasion of exotic species of plants that is,
Prosopis juliflora in dry parts of North India replaced the
species Acacia nitotica. So in this backdrop, we
conducted a primary survey to find out the people’s views
regarding biodiversity of the Sariska and tourist effect on
their economic growth.

MATERIALS AND METHODS

The field work took place January to April, 2011 in the Alwar district
of Rajasthan. Data collected from individual and group interview as
well as from participative observation and informal interviews,
government agencies like district tourism office etc. The effect of

geographical location on tourism and agricultural production system
are also affecting the state revenue generation (Lata, 2013b). Alwar
is having all amenities and well connected to country capital Delhi.
It is having many historical and tourist places that is, Neelkant,
Bhangarh, Jain temple and Kakadi fort. Apart from it is famous only
for Sariska (Chandel, 2011). Sariska Tiger Reserve was created in
1978, situated at Alwar district of Rajasthan. The present area of
the reserve is 866 sqg. km. Having three core area and buffer zone.
Forest mainly tropical dry deciduous and tropical thorn. It 180
various birds sp., 23 types of mammals, 33 types of grasses and
more than 200 tree species including shrubs and herns, in other
side according to the 1991 census 24 village with 10, 344
population identified inside the core area and 246 village with
243667 population were identified in the buffer zone (Sultana,
2013). Alwar in a hilly mountain of natural beauty called Singh Door
of Rajasthan. Geographically situated in North east, having 27°4" -
28°4’ N to 76°7 to 77°13 E. It is located around 160 km south of
Delhi, and about 150 km north of Jaipur, the capital of Rajasthan.
Alwar is part of National Capital Region (NCR). During the study
period was fluctuation in temperature was observed (Figure 1).
Data analyzed with the help of central tendency parameters.

RESULTS AND DISCUSSION

The number of tourist in Rajasthan during the course of
study was increasing 24703451 in the year 2006, which
is 24% higher than the year 2005, and this trends were
increased 10 and 9% in the years 2007 and 2008
respectively (Table 1). But if we see the tourist growth
year 2008 to 2009, was decreased 10%, which showing
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Figure 3. Number of tourist in Alwar, Rajasthan.

the drastic deduction in the tourist number. Indian tourists
were increased from 2005 to 2006, 2006 to 2007, 2007 to
2008 were 4695987, 2437242 and 2438389, whereas
decreased 2008 to 2009 was 2800227 (Figure 2). The
increasing growth of tourist was due to favorable
condition for the tourist and enormous interest by the
global mass. At Alwar tourist population was also
positively increased since 2005 to 2007 , which was
234846 to 244221 but after it decreasing with 60 and
75% from the base year of 2005 (Figure 3).

In the primary survey the view of the core area peoples
saying that the biodiversity of the region was decline due
to more interfere by the villagers. In 2000, Kumar et al.,
wrote a book ‘ Setting Biodiversity Conservation priorities
for India’ and described that threats to species are
principally due to a decline in the area of their habitats,
fragmentation of habitats and declines in

habitats quality, and in the case of some mammals,
hunting. Fragmentation raises the extinction risks
because isolated subpopulation can go extinct one by
one without being repopulated (Lata, 2013a; Kevin,
2000). Stochastic declines in small subpopulation make it
more likely that they will go extinct, and this is further
exacerbated by the reduction of genetic variability in sub
population resulting from isolation species with already
restricted range are particularly vulnerable to these
threats (Clay, 1988). Conversion of lands to agriculture in
the Canada prairies has resulted in the loss of 87% of
native short grass prairie habitat, 81% of native mixed-
grass prairie habitat, almost all the tall grass prairie
habitat and 84% of the native aspen parkland habitat
(CBIN, 1998; Behera and Nayak, 2013). Unfortunately,
increased demands for food production are further
accelerating the rate of conversion of lands with
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moderate agricultural value to farmland.

Conclusion

Biodiversity is the degree of variation of life. This can
refer to genetic variation, species variation, or ecosystem
variation within an area, biome, or planet. It is proving the
ample source of revenue for the region so that a region
can economically developed. From the study the
interference of human activities, affected the biodiversity
of Sariska Tiger Reserve, which is directly affected by the
number of tourist. With the help of awareness among the
peoples which is living in the core area, can save the
biodiversity of Sariska and tourist scope in Alwar.
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Farmers’ Organizations’ (FOs) play a significant role as an institutional vehicle for promoting
agricultural development through helping farmers solve common problems in relation to agricultural
inputs, credit, technical knowledge and marketing of produce. All these services aim at improving
farming activities and enabling them to gain economic benefits to sustain their well-being. Based on the
above, this paper assessed the contribution of FOs to smallholder farmers’ well-being in Kasulu
district. Specifically, the study assessed farmers’ perception towards FOs, identified goods and
services accrued by farmers from the organizations, and the contribution of goods and services from
the same to farmers’ well-being. A cross-sectional research design was employed whereby data was
collected from 160 randomly selected farm households. Primary data was collected using a pre-
structured questionnaire with both open and close-ended questions. Both quantitative and qualitative
information was collected. Observations from the study showed that FOs contributed positively to their
members’ well-being. Generally, FO’s members had a relatively higher income compared to the non-
members, based on t-test analysis; the difference was shown to be statistically significant. Generally,
the results indicated that extension services and the use of inorganic fertilizers and pesticides were
positively associated with a household’s income and assets ownership. Therefore, it is recommended
that, rural farm households be encouraged to form or join farmers’ organizations as these have a great
potential of solving their problems.

Key words: Farmers’ Organization, smallholder farmers, well-being.

INTRODUCTION

Farmers’ Organizations (FOs) emerged in the world due (credit, input supply, and advisory services) or for purely
to farmer-felt needs such as sharing of local resources social reasons (social security, food security) (Wennink et
(land, labour, water) and market pressures (prices and al., 2007). Before the era of liberalization, cooperatives
access to markets). Other needs are access to services were the main farmers’ organizations in Sub-Saharan
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Africa (SSA). However, most of these cooperatives were
created and managed under government directives
(Chilongo, 2005). Due to state control, these
cooperatives lacked accountability, became dependent
on state subsidies and hence were uneconomically
viable. Nonetheless, due to the withdrawal of the state
from being a provider of many services through
privatization, democratization and liberalization, most
cooperatives failed to compete in the open-market
economies, and eventually collapsed (World Bank, 1995
cited by Abaru et al., 2006). The decline of cooperatives
and other FOs, lead to farmers’ lack of a collective voice.
Consequently, farmers cannot access inputs and
technologies at affordable prices. Subsequently, a
number of small-scale farmers remain poor and cannot
influence policies that affect their well-being: hence, the
need for formulation of farmers’ organizations.

Generally, cooperation among farmers in search for
common solutions to their problems is seen as one of the
major ways in promoting the well-being of small-scale
farmers, even if cooperatives encounter shortcomings
(Grigoryan et al., 2008). Accordingly, during the 1990s
developing countries, Tanzania included, encouraged
formulation of farmers’ organizations at different levels in
order to enable their incorporation into research,
extension system and other services (Carney, 1996). The
formation of FOs is an important tool of assuring
smallholder farmers improve their standard of living. FOs
provide a wide range of services such as sourcing of
agricultural inputs, access to knowledge and information,
reducing transaction costs associated with marketing,
allow collective lobbying for desired changes and as such
they have the potential to positively influence agricultural
policy outcome (Hellin et al., 2007, cited by Mapila et al.,
2010). Furthermore, FOs might be a good vehicle for
donors to reach small-scale farmers, as a group living in
sparsely populated rural areas with weak infrastructure;
this could in turn facilitate assistance in terms of grants or
loans that can enable these farmers improve their well-
being (Bachke, 2009).

Despite the fact that FOs play a crucial role in the
development of rural agriculture and farmers’ well-being,
there is nonetheless a lack of clear indication on their
contribution to the well-being of individual farmers,
especially for Kasulu District, the study area. The paper
therefore aims to; assess farmers’ perception of FOs;
identify goods and services accrued by farmers from FOs
and to assess the contributions of goods and services
obtained from FOs towards farm households’ well-being.

METHODOLOGY

A cross-sectional research design was used to generate data for
the study on which the paper is based. The study was conducted in
Kasulu district, which is divided into 7 divisions. The divisions are
further sub-divided into 30 wards and 90 villages. To obtain
respondents, both purposive and simple random sampling
techniques were used. Purposive sampling was used to select

wards and villages in the study area. The selected wards were
Munanila and Nyakitonto. The villages selected from the two wards
were Mkatanga, Kibwigwa, Nyakitonto and Kitagata. From each
village, 40 respondents were randomly selected, out of whom 20
respondents were FOs members and 20 were non-members. The
study also involved five key informants (Ward Extension officer
(WEO), District Cooperative Officer (DCO), and village leaders)
selected purposively to explain or further clarify issues related to
the FOs in the study area. Purposive sampling was also used to
select Focus Group Discussion (FGDs) participants, 4 FGDs each
involving 10 participants (5 males and 5 females) were conducted.

The study involved 160 respondents (80 FOs members and 80
non-members). In order to address the specific objectives, both
primary and secondary data were collected. A structured
questionnaire and interview checklist/guide were used for primary
data collection. Qualitative data was analysed using content
analysis. Quantitative information from the questionnaires was
coded and analysed using Statistical Package for Social Science
(SPSS) software. Descriptive statistics such as frequencies,
percentages, mean and standard deviation were determined in
order to answer objectives one and two. Inferential statistics, t-test,
Chi-square and multiple linear regressions were carried out to
answer objective three. The study’s unit of analysis was the
household. The regression model used is shown below:

Y = Bo + B1 Xi 1+ B2Xiz + BaXiz + BaXi 4 + BsXis + BeXie + B7Xiz +B
BeXig + BoXio + €1

Y = dependent variable (farmers well-being determined by income
and asset ownership)

B, = constant

B1-Bo = are regression coefficient which is a determinant of change
toY.

X1 — X¢ = Independent variables e - error term

X1 = Access to market information (information on price and
demand), X, = Access to extension service, X3 = Use of inorganic
fertilizers, X4 = Use of pesticides, Xs = Access to credit, X¢ = Use
of herbicide, X; = Use of Improved seeds, Xs= Respondents
education level, Xo= Respondents marital status.

RESULTS AND DISCUSSION

Respondents’ socio-economic aspects such as age, sex,
marital status, education level, household size and
respondent’s occupation are as shown in Table 1.
Generally, these characteristics have some influence on
farmers’ involvement in farming and decision to join
Farmers’ Organization (FOs). For example, age is a
variable, which can determine the period of one’s entry
into agricultural production and other activities. In
addition, one’'s age can influence an individual's
preferences of whether or not to participate in certain
activities. Results from the study (Table 1) show that
more than half of the respondents (both FOs members
and non-members) were above 35 years; 83.8 and
77.5% of both FOs members and non-members were
males. Additionally, more than 84% of both FOs
members and non-members were married and had
completed primary school education. Table 1 also shows
that farming was the main economic activity of all (100%)
the respondents (FOs members and non-members).
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FOs members (nyo = 80)

Non-members (nm -g0)

Characteristic

Frequency Percent Frequency Percent

23-35 31 38.8 38 47.5

Age of respondents 36 -60 47 58.8 42 52.5
6land above 2 2.5 - -

, Male 67 83.8 62 77.5

Respondents’ Sex Female 17 16.2 18 22.5

Married 72 90.0 73 91.2

Respondents’ Marital status Widow 7 8.8 7 8.8
Single 1 1.2 - -

Adult education 6 7.5 4 5.0

. Primary education 68 85.0 71 88.8

R "E level

espondents’ Education leve Secondary education 6 7.5 5 6.2
Diploma and above - - - -

Below 3 3 3.8 2 2.5

, . 3-5 30 375 35. 43.8

Respondents’ Household size 6-9 46 575 a1 512

10 and above 1 1.2 2 2.5

Respondents’ main occupation Farming 80 100 80 100

Petty trade 32 40.0 39 48.8

Respondents other activities Livestock keeping 40 50.0 37 46.2

P Wage employment 6 7.5 4 5.0
Carpentry 2 2.5 - -

NB: ny, = sample size for FOs members and n,n, = sample size for the non-members. Source: Field data 2012.

Table 2. Farmers’ perception of FOs (n=160).

FOs members

Non-members

Statements (n=80) (nnm=80)
Disagree Agree Disagree Agree
1.FOs helps farmers to seek  agricultural service e.g. credit 3(3.8) 75(93.8) 12(16.7) 67(83.7)
2.FOs members access market information through FOs 6(7.4) 4(92.6) 14(17.5) 66(82.5)
3. New agricultural technology disseminated through group approach 18(22.5) 62(77.5) 31(38.8) 49(61.2)
4. Farmers join FOs gain  experience and knowledge 4(5.0) 76(95.0) 16(20.0) 64(80.0)
5. Working in FOs is better than working individually 3(3.7) 77(96.3) 40(25.0) 60(75.0)
6.Through FOs members get agricultural training through farmers field school 15(18.7) 65(81.3) 24(30.0) 56(70.0)
7. Farmers in FOs were access more to extension services than non-members 6(7.6) 74(92.4) 14(17.5) 66(82.5)
8. Ind_ividual farmers have low bargaining power enabling traders impose low price 38(45) 52(65.0) 39(48.8) 41(51.2)
to their products
9. There is no difference betwgen FO§ members and non-members in accessing 69(83.2) 11(16.8) 46(57.5) 34(42.5)
services (e.g. Loan and extension services
10.Farmers working in FOs access agricultural inputs i.e. fertilizers, pesticides and 0 80(100) 8(11.3) 72(88.7)

improved seeds compared to non-members

Numbers in brackets indicate percentage. Source: Field data 2012.

Farmers’ perception of FOs

determined farmers’ perception.

Observations from the

study (Table 2) show that more than 70% of both FOs
A Likert scale type of statements as shown in Table 2 members and non-members agreed with the statements
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that favour services offered by FOs to its members.
Mapila et al. (2010) and Kassam et al. (2011) reported a
similar observation. As regards with the services offered
to farmers from other development partners through FOs,
more than three quarters of the respondents (both FOs
members and non-members) agreed with the statement,
that development partners such as NGOs (Non-
governmental Organizations) reach farmers through FOs;
hence, farmers in such organizations are more likely to
get more services than those with no affiliation. This
finding is in line with Nshimirimana (2009) and Jason
(2008) who reported that farmers in FOs were linked to
development partners such as NGOs, and these had
access to agricultural services. Also 83.3 and 57.5% of
FOs members and non-members respectively disagreed
with the statement that there was no difference between
FOs members and non-members in accessing services
through FOs. These results imply that most of the
respondents had a positive perception towards services
provided by FOs to members.

Goods and services obtained from FOs

Goods and services accessed by the FOs members
interviewed include; inorganic fertilizers, pesticides,
improved seeds, herbicides, credit, extension services,
and market information. Generally, literature has shown
that use of these goods and services has an influence on
crop production, hence increased crop yield. Results
show that 62.5 and 45% of both FOs members and non-
members received between 50 to 200 kg of fertilizers.
These results imply that there were more FOs members
than non-member who used inorganic fertilizer. The
above observation seems to be in line with a study by
Alemayehu (2008) which reported that FOs provide credit
for agricultural inputs such as fertilizers; hence, members
are more likely to use fertilizers in their production thus
increasing their yield or productivity in terms of product
per unit of land used (kgs/ha). Non-members use less
fertilizer due to high costs despite the Tanzanian
government subsidizing input prices.

Observations from the study further show that 68.8 and
48.8% of both FO’s members and non-members used
pesticides in the range of 1 to 5 L to spray their crops in
particular coffee trees. As regards access to the
extension services, observations from the study show
that most (93.8%) of the FOs members and a few
(12.5%) of non-members use extension services. This
observation generally conforms to the stated benefits of
farmers organizations that, FOs enable integration of
farmers with extension services (Carney, 1996).
Observations from the study further show that 66% of the
FOs members and 27.5% of the non-members received
credit in the range of 50 000 — 250 000 Tanzanian
Shillings (TZS). These findings generally suggest that
FOs members had more access to goods and services in

comparison to non-members. Therefore, this observation
implies that the FOs members have better chances of
raising their crop productivity and income if the goods
and service offered are put into use (Demaine, 2008).

Contribution of goods and services from FOs on farm
production and income

Access to goods and services from FOs has a positive
impact on farmers’ production and productivity (Demaine,
2008). Access to goods and services enables FOs
members to increase the area (acreage) under
cultivation. This is justified by the results of the t- test
(Table 3) which show that there was a significant
difference (P<0.05) in the acres the farmers cultivated
before and after joining FOs.

Observations on estimated income levels from both
farm production and off-farm activities show that, income
of 67.5% of the FOs members’ had increased after
joining FOs as compared to before joining. The results
further show that 67.5% of the FOs members earned an
income of above 2 000 000 TZS, while non-members
45% earned incomes of between 1 000 000 and 1 500
000 TZS per annum. This result suggests that goods and
services received by farmers from FOs contributed
positively to farmers’ incomes. Similar observations have
been reported by Bachke (2009) in Mozambique, Jason
(2008) in Malawi and by Mushi (2000) in Mvomero
district. In addition, the results of a t-test (Table 4) show a
significant difference in the income earned (p < 0.05)
before and after joining FOs, and among the groups.

Improvement of respondents’ well-being

Well-being was determined by a household’s ability to
meet its children’s education costs, its asset ownership,
and a households’ food security status. The results
(Table 5) of the study reveal that 67.8 and 83.3% of both
members and non-members of FOs had children in
primary school. This result implies that the respondents
interviewed were able to meet the costs of education
offered in public schools and not in private schools. This
can be attributed to school fees paid in public schools
and the selection criterion for joining secondary education
in public school. In addition, Table 5 shows that almost all
the children attending secondary schools went to public
schools. Generally, the fees in public schools are lower
than those in the private sector hence many
parents/guardians with limited resource will pay for public
education. Moreover, the Chi-square test results (Table
6) show a lack of a significant association (P> 0.05)
between children’s attendance to both public and private
schools and parents’ memberships to FOs.

Household assets are the components of a household’s
physical capital and can be used to measure a
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Table 3. t-test results on acres allocated to coffee and tobacco farming before and after joining FOs.

Characteristic Mean Std.Dev P- value
Acres for coffee before joining FOs 0.3750 0.45138 0.001*
Acres for coffee after joining FOs 1.000 1.8271 ’
Acres for tobacco before joining FOs 0.3175 0.480 0.001*
Acres for tobacco after joining FOs 1.6250 1.190

*Significant at the 5% level, Source: Field data 2012.
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Table 4. t-test results on income (TZS) earned by farmers before and after joining FO’s and between FOs members and non-

members.
Characteristic Mean (‘000) Std.Dev (‘000) P- value
Income before joining FOs 2,645 2,410 0.001%
Income after joining FOs 6,306 1,104 '
Income of FOs members 2,325 1,105 0.001%
Income of nhon-member 1,130 5,822 )
*Significant at the 5% level, Source: Field data 2012.
Table 5. Distribution of respondents by type of school attended by children (n=160).
FO members Non members
Type school
Frequency Frequency Percent
Public primary school 65 83.3
Private primary school - -
Public secondary school 13 16.7

Private secondary school

Source: Field data 2012.

Table 6. Chi-square test results on food security, houses owned and children’s education based on FOs

membership.
Characteristic Chi-Square value P- value
Number of meals consumed 15.185 0.001*
Education attained by children 1.096 0.296
Types of house owned 42.977 0.001*

*Significant at the 5% level.

household’s well-being. According to Komba (2008),
assets provide people with the opportunities and options
in the face of impoverishing forces. Moreover, being
asset poor limits people’s capacity to improve and
safeguard their well-being. The study’s findings show that
the majority (85%) of FOs members owned a house with
walls made of burnt bricks, mud floor and corrugated iron
sheets (CIS) roofing after joining the FOs. These results
imply that after joining the FOs, members were in a good
position to improve their houses. A similar study by Pinto

(2009) shows that farmers in organizations have been
able to register improved production and access to
marketing, which enables them, build modern houses.
This is further reflected by Chi-square test results (Table
6) which shows a significant association (P<0.05) existed
between the types of the house owned and membership
to FOs.

Food security is critical for peace and social stability;
and according to FAO (2011), a household’s food
security is more than food production. Generally, a
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Table 7. Multiple linear regression results for respondents’ income and asset ownerships after joining FOs.

Income Assets
Variables Coefficient Coefficient
Beta Std.E t Sig. level Beta Std.E t Sig. level

Constant 0.991 6.240 000 0.344 6.240 0.000
Fertilizers 0.204 0.544 2.455 0.015* 0.204 0.544 2.455 0.015*
Pesticides 0.235 0.633 2.154 0.033* 0.258 0.612 2.201 0.029*
Improved seeds - 0.067 0.295 -0.972 0.333 0.083 0.034 1.162 0.247
Herbicides -0.121 0.425 -1.199 0.232 -0.226 0.862 -2.118 0.036*
Credit services -0.051 0.212 0.716 0.475 0.073 0.238 0.994 0.322
Extension services 0.538 0.311 6.707 0.000* 0.291 0.354 3.505 0.001*
Market information -0.003 0.361 -0.038 0.970 0.065 0.062 0.880 0.380
Marital status 0.171 0.670 2.200 0.029* 0.051 0.540 0.648 0.518
Education level -0.025 0.281 -0.384 0.702 0.072 0.868 1.044 0.298

Adjusted R. Square (Rz) =0.346, F-value = 8.010*

Adjusted R. Square (R%) = 0.297, F-value = 6.610*

* = statistically significant at the 0.05 significance level.

household is food secure if it has the ability to access and
utilize sufficient quantities and quality of food to support a
healthy and active lifestyle. Findings from the study show
that 62.5 and 3.8% of FOs members and non-members
respectively are able to consume three meals per day.
This result implies that being a member of a farmer’s
organization enables one to have the opportunity to be
food secure because the income obtained from
commodities produced is used to sustain other household
requirements such as construction of modern houses and
paying for school fees. In addition, where a household
produces both food crops and cash crops it then
becomes easy for the household to retain all or most of
the food produced for own consumption. Therefore, food
produced by the household can then be used for own
consumption. As stated earlier, membership to FOs
enables easy access to inputs, which are important in
raising crop productivity and eventually households’
income. Generally, the extra income from crop sales can
allow a household to buy enough food or other food stuffs
not produced by the household. Furthermore, the results
of the Chi-square test (Table 6) shows a significant
(P<0.05) association existed between the number of
meals consumed by households and membership to
FOs.

Results of the multiple linear regression analysis on
membership to FOs and households’ well-being

A multiple linear regression model was employed to
determine the contribution of goods and services accrued
by FOs members to their well-being. The well-being of
members was determined by considering income and
assets ownership before and after joining FOs; two
separate models were run using the same set of

variables (Table 7). Results in Table 7 show that
extension services, use of inorganic fertilizers and
pesticides were positively associated with a household’s
income and assets ownership. Extension services had a
regression coefficient of 0.538 (significant P<0.05). This
implies that an increase in access to extension services
by FOs members enables farmers to improve farming
which leads to increased crop yields as well as income
and assets ownership by 53.8%. Generally, access to
extension services by FOs members created awareness
particularly of modern farming techniques, which helped
them to improve agricultural productivity and increase
income and assets ownership. This observation conforms
to what was reported by Mushi (2000) that access to
extension services assists farmers to solve farming
problems. Based on the regression analysis results
(Table 7), a household’s use of pesticides and fertilizers
were positively related to FOs members’ assets
ownership, with regression coefficients of 0.258 and
0.204 respectively (significant at P<0.05). These results
imply that an increase in the use of pesticides and
fertilizers would increase agricultural productivity as well
as FOs members’ ownership of assets. This is consistent
with FAO’s (2002) observation that use of fertilizers
would supply the nutrients needed by the crops and
thereby increases crop yields. Moreover, pest
management techniques (both conventional and the
integrated pest management practice (IPM) learned or
obtained through FO’s could lead to a reduction of
incidences of diseases and pests and thereby improve
the quality and gquantity of agricultural produce.

Conclusion

Farmers’ Organizations’ (FOs) are important in farming



households’ agricultural development. The paper
therefore aimed at assessing farmers’ perception of FOs;
identify goods and services accrued by farmers from FOs
and to assess the contributions of goods and services
obtained from FOs towards farm households’ well-being.
Based on the findings from the study it can be concluded
that FOs members access more services than is the case
with non-members, as a result this enables them to raise
their productivity. It can also be concluded that goods and
services farmers obtained through FOs contributed
positively to increasing farm production as is proven by t-
test analysis whereby crop yields of FOs members were
significantly (P < 0.05) higher compared to non-
members. Generally, the higher yields were a result of a
combination of factors, these include, easy access to
agricultural inputs, extension services and marketing
information, which are core objectives of farmers
organizations. Lastly, it is concluded that, membership to
FOs brought positive changes in the well-being of its
members and that access to extension services, use of
pesticides and inorganic fertilizers were positively and
significantly associated with FOs members’ income and
assets ownership.

Based on the study’s observations and conclusions it is
recommended that, rural farm households be encouraged
to form or join farmers organizations as these have a
great potential of increasing farmer’s income and asset
ownership. It is also recommended that village/ward
agricultural  extension  officers and village/ward
community development officers do their best to ensure
farmers join farmers’ organization. Doing this will not only
allow farming households to have a common voice but
will also allow them to improve their productivity based on
the various services provided by FOs.
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For the study of genetic variability and correlation analysis among grain yield and its contributing traits
an experiment was conducted in the research area of Department of Plant Breeding and Genetics,
University of Agriculture Faisalabad, Pakistan during crop season of 2011. The heritability was found
96.06 to 99.99% while genetic advance was from 15.939 to 63.439%. Significant genotypic correlation
was found for grain yield per plant with stem diameter, cob diameter, cob length, cob weight, 100-seed
weight, dry matter yield, leaves per plant, chlorophyll contents, grain rows per cob and cobs per plant.
It was accomplished that higher heritability and genetic advance was found. It was suggested that
selection of higher grain yielding genotypes may be helpful to enhance crop yield and productivity.

Key words: Zea mays, heritability, genetic advance, genotypic, phenotypic, correlation.

INTRODUCTION

Maize (Zea mays L) is an imperative cereal food crop all
over the world with extra impact for developing countries
like Pakistan. Maize is the third essential cereal in
Pakistan following to wheat and rice. It contributes 5.67%
in the worth of agriculture outputs. It was grown on 1083
thousands hectares with annual production of 4271
thousands tons and average vyield 3940 kg/ha
(Anonymous, 2011-12). Maize is dilapidated as food for
human while feed for livestock and also worn as an
industrial raw material to produce various types of by-
products. It has highest 9.9% crude protein at early and
at full blooming stages that lower down to 7% at milk
stage (grain formation stage) and to 6% at maturity. It
contains 72% starch, 10% protein, 4.80% oil, 9.50% fiber,
3.0% sugar, 1.70% ash, 82% endosperm, 12% embryo,
5% testa bran and 1% tip cap (Chaudhary, 1983; Bureau

of Chemistry, U.S., 2010). Maize production of Pakistan
is lower as compared to other maize growing countries
due to non-availability of quality inputs and timely
availability. Grain vyield is related with diverse
physiological, morphological and agronomic traits of
maize. By improving these traits the production of maize
genotypes may be improved. Heritability, genetic
advance and genotypic correlation provide a great
prospect to a plant breeder to select genotypes on the
basis of strong correlation among grain yield and its
contributing traits (Mehdi and Ahsan, 1999; Mehdi and
Ahsan, 2000a; Grzesiak et al., 2007; Ali et al., 2011; Al
et al., 2012a, b, 2013a, b). On the basis of above said
views, present study was conducted to evaluate maize
accessions for morphological and physiological traits of
maize for grain yield.
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Table 1. Genetic components for various grain yielding and its contributing traits of maize.
gfo e Cobs per rOSVrSfJl Ir?er I(—:Fr:%tzh diameter C ob lO_O-seed S_tover GF:::anellﬁltd Leaves dii;[ﬁg;er C:L%rtoeﬁ?sy ! T%tg’:tg:y
variation plant cob (cm) weight (g) weight (g) weight (g) ©) per plant (cm) (mgg"‘fr.wt.) (g/mz)
M.S 0.53629* 7.283** 21.786** 0.0409** 3029.114** 17.773** 160.501**  2118.833** 2.661* 0.0491* 79.655** 241213.392**
G.M 1.989 14.113 18.848 1.515 121.845 31.141 33.823 90.185 11.333 0.856 45.735 1091.501
S.E 0.05477 0.09747 0.1049 0.03162 5.244 0.5177 0.3536 0.7071 0.1936 0.0413 1.00 4.703
GV 0.265 3.632 10.887 0.0197 1514.816 8.599 80.175 1059.381 1.293 0.0244 39.291 120584.6
GCV 25.89 13.50 17.51 31.94 9.42 26.47 36.09 10.03 18.25 13.71 31.81
PV 0.268 3.642 10.898 0.0205 1514.856 8.867 80.251 1059.417 1.330 0.0245 39.827 120606.7
PCV 26.03 13.52 17.51 31.94 9.56 26.49 36.09 10.180 18.30 13.80 31.82
EV 0.0031 0.00938 0.011 0.0008 0.0393 0.268 0.0756 0.0357 0.038 0.000133 0.537 22.115
ECV 2.79 0.69 0.56 0.16 1.66 0.81 0.21 1.71 1.35 1.60 0.43
h’bs % 98.88 99.72 99.89 96.09 99.99 96.97 99.90 99.99 97.20 99.50 98.65 99.98
S.E hhs 0.2157 0.0583 0.0337 0.7917 0.002855 0.03787 0.0124 0.003414 0.0977 0.711 0.017724 0.00032
GA% 45.167 23.667 30.712 15.939 56.059 16.274 46.439 63.439 17.362 31.960 23.891 56.465

** = Significance at 5% level, * = Significance at 1% level, mean sum of squares (M.S), grand mean (G.M), standard error (S.E), genotypic variance (GV), genotypic coefficient of variance (GCV %),
phenotypic variance (PV), phenotypic coefficient of variance (PCV %), environmental Variance (EV), environmental coefficient of variance (ECV %), broad sense heritability (hzbs %), Standard error for

broad sense heritability (S.E hzbs), genetic advance (GA).

MATERIALS AND METHODS

The current study was carried out in the experimental field
area of the Department of Plant Breeding and Genetics,
University of Agriculture Faisalabad to levy the maize
genotypes for fodder yielding traits for the period of the
crop season in February 2011. The experimental material
was comprising of 80 accessions including ten check
varieties namely: F-150, F-142, EV-334, EV-330, EV-343,
BF-248, EV-338, B-314, F-147, BF-212, B-308, F-118, B-
304, F-143, F-113, F-111, F-105, F-121, F-130, F-140, F-
128, EV-347, F-96, F-134, F-135, F-117, B-326, BF-236,
B-312, EV-344, E-352, F-148, E-341, E-351, E-349, B-121,
E-336, F-122, B-316, EV-324, EV-335, EV-310, EV-323, B-
321, F-151, Pop/209, B-306, B-303, B-313, EV-342, B-305,
Sh-139, F-114, F-136, BF-238, B-15, E-322, Sh-213, F-98,
B-96, F-146, B-303, B-327, BF-337, VB-06, EV-329, EV-
340, E-346, B-11, SWL-2002, Pak-Afgoee, Islamabad W,
EV-7004Q, EV-1097, Raka-Poshi, VB-51, Gold
Isalamabad, Sawan-3, BS-2 and Pop/2007). The
accessions were grown in the field following three
replications incompletely randomized block design. The

plant-to-plant and row-to-row distances were kept 25 and
75 cm, respectively. The data of 10 randomly selected
plants were recorded for stem diameter, cob diameter, cob
length measured by vernier caliper (Model RS232), plant
height measured by using meter rod, cob weight, 100-seed
weight, grain yield per plant, dry matter yield, stover weight
measured with the help of electronic balance (OHAUS-
GT4000, USA), chlorophyll contents by using chlorophyll
meter, grain rows per cob, leaves per plant and cobs per
plant. The data was statistically analyzed by using analysis
of variance technique (Steel et al., 1997). The genotypic
and phenotypic correlations were calculated as given by
Kwon and Torrie (1964). The genetic advance was
calculated as described by Falconer (1989). Heritability
was computed according to Burton (1951).

RESULTS AND DISCUSSION

It was suggested from Table 1 that significant
differences were found for all traits. It was

persuaded that higher heritability (98.88%) and
genetic advance (45.167%) was found for leaves
per plant, cob length (h°=99.89%, GA=30.712%),
cob  weight (h°=99.99%, GA=56.059%), stover
weight (h*=99.90%, GA=46.439%), grain yield per
plant (h*=99.99%, GA=63.439%) and total dry
matter (h?=99.98%, GA=56.465%), respectively.
Higher heritability and genetic advance indicated
that selection of higher grain and fodder yield may
be helpful to perk up crop yield and production.
The genotypes that showed higher cob weight,
cob length and cob diameter indicated that grain
may be improved by selecting such genotypes.
Higher leaves per plant, stover weight and total
dry matter indicated that the genotypes may be
selected for the improvement of fodder yield of
maize. The findings were similar as reported by
Mehdi and Ahsan (1999), Mehdi and Ahsan
(20004, 2000b), Afarinesh et al. (2005), Ali et al.
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Table 2. Genotypic correlations of various morphological and physiological and grain yielding traits of maize.

Traits NGRPC CL CD HSW SW SD TDM Chl.C NLP PH GYP

NCP 0.2215** 0.3269* 0.1959* 0.3543* -0.1199 0.1063* 0.1454 0.1179* 0.2706* 0.1754 0.2923* 0.3150*
NGRPC 0.0333 0.5933* 0.4712* -0.2172* -0.0246 0.1019 0.1705* 0.3182* 0.1437* 0.2096* 0.4245*
CL 0.2022* 0.4497* 0.1831* 0.2962* 0.1815* 0.1364* 0.1676* 0.1772* 0.3014* 0.3061*
CD 0.7592* 0.0640 0.3262* 0.1699* 0.1599* 0.4141* 0.2467* 0.1383* 0.6166*
Ccw 0.2352* 0.2772* 0.1947* 0.1905* 0.5088* 0.2302* 0.3563* 0.8933*
HSW 0.1264* 0.1173 0.0622 -0.1462 -0.0516 0.1110* 0.2075*
SW 0.3545* 0.0409 -0.0118 0.4089* 0.0114 0.0067
SD 0.2210* 0.1960* 0.4471* 0.2919* 0.0866
TDM 0.1722* 0.062 0.3495* 0.1267*
Chl.C 0.0923 0.3754* 0.4505*
NLP 0.3069* 0.0640
PH 0.3512*

** = Significance at 5% level; * = significance at 1% level; NLP = leaves per plant; PH = plant height; SD = stem diameter; Chl. C = chlorophyll contents; NCP = Cobs per plant; NGRPC = grain
rows per cob; CL = Cob length; CD = Cob diameter; CW = Cob weight; SW = Stover weight; HSW = 100-seed weight; GYP = grain yield per plant; TDM = total dry matter.

(2013), Grzesiak et al. (2007), Ali et al. (2011) and
Ali et al. (2012a, b).

It was convinced from Tables 2 and 3 that
significant positive genotypic and phenotypic
correlation coefficients of chlorophyll contents
were found with leaves per plant, cob weight,
stem diameter, grain yield per plant, total dry
matter, plant height, cobs per plant, grain rows
per cob and cob diameter while leaves per plant
were significantly correlated at genotypic and
phenotypic levels with cob weight, stem diameter,
chlorophyll contents, grain yield per plant, total dry
matter, plant height, grain rows per cob and cob
diameter. Higher and significant correlation of
chlorophyll contents with leaves per plant, plant
height and total dry matter indicated that
photosynthetic rate was higher that caused for the
accumulation of organic compounds in the plant
body and hence helped in the improvement of
grain yield (Jension et al., 1981; Mehdi and
Ahsan, 2000a; Afarinesh et al., 2005; Grzesiak et

al., 2007; Moulin et al., 2009; Ali et al., 2011; Ali et
al.,, 2012a; Ali et al.,, 2013). Plant height was
positively and significantly correlated at genotypic
and phenotypic levels with all traits while non-
significant at phenotypic level with 100-seed
weight and stover weight. Higher 100-seed weight
indicated that overall grain vyield per plant
increased. Total dry matter was positively and
significantly  correlated at genotypic and
phenotypic levels with all traits but non-significant
with 100-seed weight, cobs per plant and stover
weight. The significant correlation of total dry
matter with grain yield, grain rows per cob and
chlorophyll contents suggested that the crop plant
vigor is higher that may be helpful to improve
grain yield. Results were found similar as reported
by Jension et al. (1981); Mehdi and Ahsan
(2000a); Mehdi and Ahsan (2000b); Afarinesh et
al. (2005), Ali et al. (2013), Grzesiak et al. (2007),
Moulin et al. (2009); Ali and Ahsan (2011), Ali et
al. (2011) and Ali et al. (2014a, b, c). It was

persuaded that stem diameter was positively and
significantly  correlated at genotypic and
phenotypic levels with leaves per plant while with
cob weight, chlorophyll contents, grain yield per
plant, total dry matter, stover weight, plant height,
cob weight, leaves per plant and cob diameter
while stover weight was positively and significantly
correlated with cob weight, cob length, 100-seed
weight, grain yield per plant, total dry matter, cob
diameter and plant height. The genotypes with
higher stem diameter indicated that
photosynthetic rate is higher that caused in the
increase of accumulation of organic compounds,
leaves per plant, total dry matter and hence the
crop yield and productivity. Selection of genotypes
on the basis of stem diameter may be helpful to
improve maize grain yield. The cob diameter and
cob weight also contributed great role in the grain
yield per plant. Greater diameter, greater will be
the grain rows per cob and grain yield per plant.
Findings were similar as reported by Mehdi and
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Table 3. Phenotypic correlations of various morphological and physiological and grain yielding traits of maize.
Traits NGRPC CL CD HSW SW SD TDM Chl.C NLP PH GYP
NCP 0.2189** 0.3251** 0.1935* 0.3532** -0.1192 0.1062 0.1448 0.1170 0.2669** 0.1716* 0.2905** 0.3133**
NGRPC 0.0328 0.5816** 0.4706** -0.2128**  -0.0247 0.1016 0.1703* 0.3135** 0.1413 0.2093** 0.4239**
CL 0.1975* 0.4494** 0.1806* 0.2961* 0.1808* 0.1364 0.1655* 0.1745* 0.3011** 0.3060**
CD 0.7441* 0.0629 0.3190** 0.1663* 0.1566* 0.4034** 0.2412** 0.1356 0.6044**
Cw 0.2316**  0.2771** 0.1941* 0.1905* 0.5053** 0.2270** 0.3562** 0.8932**
HSW 0.1241 0.1150 0.0610 -0.1408 -0.0513 0.1089 0.2044**
SW 0.3536** 0.0408 -0.0120 0.4031** 0.0113 0.0067
SD 0.2205** 0.1956* 0.4374** 0.2911** 0.0864
TDM 0.1706* 0.0619 0.3494** 0.1267
Chl.C 0.0926 0.3731** 0.4473**
NLP 0.3026** 0.0632
PH 0.3511**

** = Significance at 5% level; * = significance at 1% level; NLP = leaves per plant; PH = plant height; SD = stem diameter; Chl. C = chlorophyll contents; NCP = Cobs per plant; NGRPC = grain rows per
cob; CL = Cob length; CD = Cob diameter; CW = Cob weight; SW = Stover weight; HSW = 100-seed weight; GYP = grain yield per plant; TDM = total dry matter.

Ahsan (2000a); Afarinesh et al. (2005); Wang et
al. (2007); Ali et al. (2013) and Ali et al. (2012a,
b). 100-seed weight was positively and
significantly correlated with cob length, cob weight
and grain yield per plant. Cob weight and cob
diameter were positively and significantly
correlated with each other and also with stem
diameter, cob length, 100-seed weight, dry matter
yield, leaves per plant, chlorophyll contents, grain
rows per cob and cobs per plant. Higher 100-
seed weight indicated that the individual grain size
was higher. 100-seed weight directly effect grain
yield per plant and selection on the basis of 100-
seed weight may be helpful to improve crop plant
yield and production. Cob length was positively
and significant correlated with all traits at
genotypic and phenotypic levels expect grain rows
per cob while cobs per plant was significantly
correlated with grain rows per cob, cob length,
cob diameter, cob weight, stem diameter,
chlorophyll contents, plant height, grain yield per

plant and total dry matter. The genotypes with
higher cob length indicated that the grain rows per
cob may be higher, due to which the grains per
cob will also be increased. Due to increase in
grain rows and grains per ear row the overall grain
yield may be improved and selection of genotypes
on the basis of cob length, grain rows per cob,
grains per ear row, 100-seed weight and grain
yield per plant may be helpful to improve crop
yield and production (Mehdi and Ahsan, 1999,
2000a; Afarinesh et al., 2005; Ali et al., 2013;
Grzesiak et al., 2007; Ali and Ahsan, 2011; Ali et
al., 2014b, c; Ali et al., 2012a, b).

Conclusions

It was concluded from present study that higher
heritability and genetic advance was found for
grain yield per plant and its contributing traits
leaves per plant, cob length, cob weight, stover

weight and total dry matter. Positive and
significant genotypic correlation was found for
grain yield per plant with stem diameter, cob
diameter, cob length, cob weight, 100-seed
weight, dry matter vyield, leaves per plant,
chlorophyll contents, grain rows per cob and cobs
per plant. Hence selection of higher grain yielding
maize genotypes may be useful on the basis of
these traits.
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The effect of seed halopriming with potassium nitrate on germination and emergence traits of Cercis
siliquastrum L seeds, in two experiments were evaluated, one in the laboratory and the other in a
greenhouse. The studies were a completely randomized design and 4 replications. The treatments
included non-priming and halopriming with potassium nitrate at one of four concentrations (0, 100, 250,
500 and 750 mM) for 48 h, for all treatments the seeds were boiled in water per 24 h. The results showed
that seed halopriming with KNO;3 at the 750 mM concentration in the laboratory significantly increased
several characteristics of germination. Emergence characteristics also were increased by pretreatment
of seeds with potassium nitrate when planting in greenhouse. The highest emergence percentage
(57%), speed of germination (1.54 seeds per day) emergence energy (44.8%) and lowest mean
germination time (13.9 days) were showed in 100 mM treatment. The best halopriming level for seedling
characteristics was detected in 100 mM KNO3; However, haloprimed achenes resulted in maximum final
emergence and shoot length, root length, collar diameter, shoot dry weight, root dry weight, number of
leaves, leaf area and seedling quality index treated with primed techniques were increased and
compared with non-prime treatment.

Key words: Afforestation, Cercis siliquastrum, germination, Potassium nitrate, regeneration, seedling quality
index.

INTRODUCTION

Increasing global consumption of natural resources has
caused ecological degradation in some area. The annual
area has decreased with about 5.2 million hectares of
forestlands worldwide over the past ten years (FAO,
2010). Therefore, restoration projects are very important
in forest management for increasing forestlands,
especially in arid and semi-arid areas. Last year, the

amount of forest degradation in Iran reached 2 million
hectares according to FAO (Kouhgardi et al., 2012). Iran
is a country with an arid and semi-arid climate and
restoration of deforested and desertified areas have been
done with native tree species such as (Haloxylon
persicum), (Quercus persica), (Pistasia atlantica) and
(Olea europaea) (Jazirei, 2001). Current interest is
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increasing for using Judas tree (Cercis siliquastrum L.), a
celsipeanacea species with ornamental-conservational
importance, for restoration (Jazirei, 2001). Judas trees
are also used for protection against soil losses caused by
wind and water erosion (Gebre and Karam, 2004;
Zahreddine et al., 2007). This deciduous species may
also be used in reforestation of disturbed lands to
improve the landscape. Judas trees occur most often on
the borders of broadleaved or coniferous forests in
valleys of streams and rivers in maquis communities
(Boratynski et al., 1992).

Like many other woody plants, the artificial
regeneration of Judas trees is most commonly by seed
propagation, as this method is a cost-effective method
(Pipinis et al., 2011). Cuttings are rarely used, but some
varieties are propagated by grafting (Ana-Felicia, 1998).
The seed of this species, as in many Leguminosae, has a
hard seed coat that is impermeable to water, which
causes a physical dormancy. Judas trees require a long
growing season, have good drought tolerance and are
sensitive to frost (Sabina and Cornelia, 2012). They are
distributed in Thermo-Mediterranean zones at elevations
up to 0-800 m, and on soils with pH above 7.5
(Sternberg, 2012). In Iran Judas tree grows in Giulan,
Hamedan, Lorestan and Fars as wild plant. Tree growth
is high in soils with gypsum and limestone. It is also
resistant to drought and needs direct sunlight for growth
(Sabety, 1994).

Nursery production of high quality seedlings is
important in forestry for successful regeneration. Cercis
seeds generally require pre-germination treatment to
overcome dormancy, because of their impermeable seed
coat and embryo dormancy (Hamilton and Carpenter,
1976; Geneve, 1991; Tipton, 1992; Jones and Geneve,
1995; Rascio et al., 1998). There are different methods
for breaking seed dormancy such as thermo-stratification,
acid exposure, scarification and chemical treatment
(Kermode, 2011). Much research has been done on
breaking the dormancy of Judas tree seeds. Geneve
(1991) and Dirr and Heuser (1987) tried to break the
dormancy of Judas tree seed by cold stratification to
allow imbibitions of the hard seed coat, but this method
requires a long exposure period to cold temperatures to
improve germination efficiency. Judas seeds treated with
sulfuric acid and follow stratification had high germination
rates, but there were subsequent negative physiological
side effects on seedling growth rate (Frett and Dirr, 1979;
Liu et al., 1981). In addition, the method required a long
time to complete the germinability.

Recently, the priming method has been presented for
breaking seed dormancy and improving seedling growth
of crops and trees (Bradford, 1986). During osmotic
priming (halopriming), ions in a potassium nitrate and
sodium chloride solution accumulate within the seeds,
increasing water absorption by reducing water potential
(Parera and Cantliffe, 1994). Potassium nitrate as one of
the main compounds in halopriming increases the

concentrations of potassium and nitrogen in seeds
(Alevarado and Bradford, 1988; Bellti et al., 1993).
Advantages of halopriming include high germination
efficiency (Taylor et al., 1998), more rapid germination
(Bhan and Sharma, 2011), enhanced growth rates (Geo
et al.,, 2012), and more uniformity of germination that
collectively result in higher seedlings quality (Basra et al.,
2005).

There are increased opportunities for the application of
such seed treatment method in forestry, especially in the
restoration of arid and semi-arid lands. But there are
many problems with Judas tree seed germination and
seedling production that limit its use in restoration. The
purpose of this research is to evaluate the effectiveness
of treating Judas tree seed with boiling water and
halopriming technique followed by soaking in a potassium
nitrate solution to break the double dormancy and
promote germination simultaneously. We also followed
the seedlings in greenhouse conditions obtained from
non-priming with primed seeds in order to determine how
seedling characteristics are affected by priming
treatments conducted by different KNO3 concentrations.

MATERIALS AND METHODS
Seed characterization or traits

The seeds of Judas tree were received from the Central Seed
Center of Caspian (Amol) for this research. The seeds were
obtained from Zanjan (Iran), seed of physic-chemical characteristics
such as weight, purity, humidity and viability was determined. Also,
habitat characteristics of the seeds produced are given in Table 1.

Seed priming

The experiments were performed in College of Natural Resource,
Tarbiat Modares University, Iran. The treatments included non-
priming and halopriming with potassium nitrate at four
concentrations (0, 100, 250, 500 and 750 mM) for 48 h and 4
replications. For all treatments, the seeds were boiled in water per
24 h. After boiling in water (sowing in water with 100°C), they were
left up to 24 h until the water temperature reached ambient air
temperature. For priming with Potassium nitrate, two hundred seeds
were selected randomly for each concentration and were placed in
a 10-cm diameter plastic Petri dish on a filterpaper (Whatman filter
paper No. 1). The Petri dishes were covered by aluminum foil in
order to prevent waste solution and were placed in a germinator
(with a temperature of 20°C and in constant darkness). A period of
2 days was allocated to their growth. In order to wash off the
solutions from the surface of the seeds, after the 2 days, seeds
were rinsed in distilled deionized water for 2 min. Seeds were dried
slowly at room temperature for 48 h to reach the initial moisture
(control) (Demir and Mavi, 2004). Unprimed seeds (only sowed in
boiling water) and control seeds (no seed handling) were used in
research.

Seed germination in the laboratory

For seed germination analysis, four replicates of 25 seeds of non-
primed, primed (potassium nitrate treatment) and control
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Table 1. seeds features from Judas tree (Cercis siliquastrum L., Caesalpiniaceae) seeds originated from Zanjan (Iran) and commercialized by forest seed center
from Central Seed Center of Caspian (Amol)

Description the area and laboratory characteristic

. . . . . . — - Numbers of seed One thousand grain Purity
0,
Specie Origin Latitude Longitude Altitude (M) Climate Viability (%) Humidity per kg sight (g) (%)
C. siliquastrum Zanjan 36.66° N 48.48° E 1663 Semiarid ultra cold 85 4.4 36630 21.7 97

Table 2. Seed germination measurements utilized to characterize seeds from Judas tree (Cercis siliquastrum L., Caesalpiniaceae) and their mathematical
expressions.

Germination indices Mathematical expressions

FG, FE = n/N*100

(n- The total number of seeds germinated in the period N- The
number of seeds planted)

Germinability

SG,SE=NV1+n2/2+..... +nx/x =N
(N1 = Nx are the no. of seed germinated on day 1to day x, 1 = X
are the no. of days)

Speed of germination, emergence (Maguire, 1962)

GE, EE = Mng/N *100
(Mng- Accumulative maximum percentage of germinated seeds N-
The number of seeds planted)

Germination energy, emergence energy (Czabator, 1962)

MGT, MET =X Dn/ 2n

Mean germination time, Mean emergence time (Ellis and Roberts, 1981) (where n is the number of seeds which were germinated on day D)

treatments were placed on filter papers in Petri dishes and
were kept moist daily (20 ml). The Petri dishes were
transferred to a germinator where the temperature was
maintained at 20°C, under the 16 h light and 8 h of dark,
light intensity of 1000 Lux and 60% humidity (ISTA, 1985).
The papers were replaced every 3 days to prevent fungal
growth. Seed germination was recorded daily in a certain
time. A seed was considered as germinated when its
radicle emerged by about 2 mm in length (Mohammadi,
2009).

Seedling emergence in the greenhouse

Pots with 35 cm diameter contain silt loamy soil with 0.3 dS

m electrical conductivity was prepared. In each pot, twenty-
five seeds were planted 2 cm in depth and irrigated when
soil moisture was slightly below field capacity. There were
four replications for each KNOj; concentration. The
experiment was conducted in a greenhouse where daily air
temperatures averaged was 20 + 10°C (ranging from 7 to
15°C at night), and natural light that varied from 6000-
10000 lux during the day. Counts of germinating seeds
were made daily, starting on the first day of stem
emergence. The progress of seedling emergence was
measured at 24 h intervals for 45 days. After 45 days of
start of the experiment, final germination percentage and
final emergence percentage (FGP, FEP), germination
speed (GS), mean germination time and emergence time
(MGT, MET), germination and emergence energy (GE, EE)

were calculated according to the equations (Table 2).

Measurement of growth characteristics in greenhouse

Seedlings obtained from greenhouse condition were
planted in pots with dimensions 15 x 20 cm and were
irrigated to field capacity once every 2 days for 4 months in
greenhouse conditions listed above. Plants were randomly
selected per replication in each treatment, a total of 8
plants for each treatment, to determine seedling growth
characteristics such as the length of the shoot and root (to
the nearest mm). Root collar diameter was measured with
a caliper. Shoot and root dry weight, and leaf fresh weight
were measured with a microbalance to
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Table 3. Comparison of the mean (+ standard devaluation in parentheses) of seed germination and seedling emergence of Judas tree (Cercis
siliquastrum L., Caesalpiniaceae) obtained of seeds from Laboratory and Greenhouse and primed with KNO3 and non-primed seed.

Germination environment  Treatment G, E (%) GS, ES (seed per day) GE, EE (%) MGT, EGT (day)
Non-primed 18 (2.3)° 0.26 (0.04)° 2.6 (1.2 19.7 (1.6)
100 mM KNo3 39 (2)° 0.61 (0.06)" 12.12 (2.6)* 19.2 (1.4)
250 mM KNo3 61 (6)° 1.16 (0.07)° 26.9 (14.4) 16.4 (1.6)"

Laboratory a b a b
500 mM KNo3 70 (7.6) 1.41 (0.17) 33.8(18.3) 15.9 (0.7)
750 mM KNo3 72 (6.5)% 1.61 (0.05)% 35.2 (8.4)% 13.6 (0.58)°
F value 72.61% 143.146* 6.48* 17.91%*
Non-primed 25 (3.8)° 0.24 (0.03)° 4.5 (1.5) 26.3 (2.1)%
100 mM KNo3 82 (9.2 1.8 (0.2)* 49.3 (11.8)% 12.4 (1)°
250 mM KNo3 66 (6.9)° 1(0.2)° 26.7 (7.5)° 17.7 (1.1)°

Greenhouse c b b b
500 mM KNo3 53 (3.8) 0.89 (0.06) 17.2 (8.8) 17.3 (1.7)
750 mM KNo3 59 (3.8)° 0.97 (0.5)" 18 (7.5)° 18.8 (4.9)°
F value 47.8* 67.8* 16.46%* 25.05**

** P < 0.01; Means with different letters superscripts in a column to each environment indicate significant difference among seed treatment means
according to Duncan's multiple range test (P < 0.01). G, E: Germinability, Emergency, GS, ES: Speed of germination, emergence, GE: Germination
energy, emergence energy, MGT, MET: Mean germination time, Mean emergence time.

a precision of 0.001 gr. Leaf surface was measured with a Cl202
Area meter, CID, Inc. For each plant, expanded leaf area of
randomly selected leaves was measured and leaf number was
counted by treatment. Leaf area was computed using the formula
for specific leaf area (specific leaf area = leaf area (cm?2) / leaf dry
weight (gr)) according to Arias et al. (2007). Seedling quality (QI)
was calculated for each seedling using the formula: QI = TDW /
((SL / SD) + (SDW / RDW)), where TDW s total dry weight, SL is
shoot length, SD root collar diameter, SDW shoot dry weight and
RDW is root dry weight (Mckay et al., 1999).

Statistical analysis

Experiments were set up in a completely randomized design. Data
normality was explored by kolmogorov-smirnov Test. The mean and
one-way ANOVA were calculated using SPSS (version 18)
software. The mean separations were carried out using Duncan’s
multiple range tests (Duncan, 1955) and significance was
determined at p < 0.05.

RESULTS
Germination in the laboratory

Control seeds (no seed handling) did not show
germination in two substrates, Therefore, they were not
involved in computing. The results indicated that
halopriming treatments significantly (P < 0.01) affected all
the measured parameters (Table 3). The largest
improvement was achieved when seeds were primed
with 750 mM KNO;. Haloprimed seeds had significantly
higher final germination percentage (64%), germination
speed (1.34 seed per day), germination energy (32.6%)
and mean germination time (6.1 day) compared to un-
primed seeds.

Germination in greenhouse

Similar results to the laboratory experiment were
observed when seeds were treated and the seedling
emergence was evaluated in the greenhouse for 45 days
in similar environmental conditions. The KNO3 treatment
had a significant effect on all the response variables
(Table 3, P < 0.01). Maximum improvement was recorded
when seeds were primed with 100 mM KNO;. Seeds
primed had a higher emergence percentage (57%) than
those in the unprimed. The highest emergence speed
was observed for seeds primed in the 100 mM KNOs. For
unprimed seeds, emergence energy was recorded at
about 4.5% compared to about 49.3% for seeds primed
with 100 mM KNOs (Table 3). Seeds primed with 100 mM
KNO3 had significantly shorter germination times than any
other treatment.

Mean cumulative germination in the laboratory

Mean cumulative germination of Cercis seeds in the
germinator showed that seeds primed in any of the KNO3
concentrations had faster germination compared to seeds
in the control (Figure 1). Seeds primed with 750 mM
KNO; had the fastest germination start time among tree
seeds, and the highest speed of germination.
Germination began in non primed treatment later 7 days
compared to primed treatment of 750 mM.

Mean cumulative emergence in greenhouse

Similarly, mean cumulative emergence of C. siliquastrum
seeds grown in the greenhouse germinated faster for
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Figure 1. Cumulative mean of seed germinationin the laboratory for C. Siliqguastrum L. seed obtained from from

Zanjan (Iran) in 2011.
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Figure 2. Effects of various concentrations of KNO; under seedling emergence of Judas tree (Cercis
siliguastrum L., Caesalpiniaceae) seed obtained from from Zanjan (Iran) in 2012.

primed seeds compared to those in the control. Seeds
primed in each of the KNOj; solutions had the fastest
emergence. Seed in the 100 mM KNOj treatment had the
fastest emergence start time in any of the treatment, also
it completed the emergence period sooner than seed in
any other treatments. Seeds in the boiling water of
treatment were the most delayed in initiating emergence
in 17 days (Figure 2).

Growth characteristics in greenhouse

Halopriming with KNO; affected the growth characteristics
compared to non-primed seeds, significantly. Seed
priming increased shoot, root length and collar diameter
seedlings as compared to unprimed seedling. Also 100
mM concentrate indicated the highest lenght of shoot,
root and highest collar diameter compared to unprimed
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Table 4. Comparison of the seedling growth characteristics of Judas tree (Cercis siliguastrum L., Caesalpiniaceae) obtained of seeds from Greenhouse and primed with

KNO3 and non-primed seed.

Treatments 100 mM 250 mM 500 mM 750 mM Non-primed F

Shoot length (mm) 24.7(5.9) 19.1(3.6)" 17.3(3.5)™ 14.6(3.2)™ 11.7(1.7) 12.88**
Root length (mm) 27.7(6.2) 20.8(6.0)" 20.7(5.7)" 19.2(4.9)" 12.0(0.9)° .43
Collar diameter (mm) 1.7(0.5) 1.2(0.3)° 1.1(0.3)™ 1.2(0.4)™ 0.84(0.2)° 5.64%*
Shoot fresh weight (g) 1.84(0.5) 0.78(0.5)* 0.66(0.4)™ 0.79(0.4)%® 0.31(0.1)° 4.28%*
Root fresh weight (g) 1.21(0.5) 0.58(0.3)° 0.44(0.1)° 0.54(0.2)° 0.29(0.1)° 11.14%+
Root dry weight (g) 0.32(0.1) 0.21(0.1)® 0.15(0.1)™ 0.26(0.1)™ 0.07(0.04)° 4.98*
Shoot dry weight (g) 0.51(0.03)* 0.16(0.05)" 0.23(0.03)° 0.16(0.06)" 0.07(0.03)° 13.16%*
No. of leaves 9.1(1.2 6.2(1.9)° 5.1(1.3)* 5.6(1)" 3.8(0.8)° 19.83**
Leaf area (cm?) 6.06(2)* 5.11(1.1)%* 3.8(1.4)" 4.3(1)° 3.8(0.7)° 3.90%*
Specific leaf area (cm?/g) 117.7(36.4)° 127.8(53.7)° 148.4(58.7)° 128.2(35.2)° 417.3(98.88)% 35.45%*
Seedling quality index 0.0061(0.003)* 0.0026(0.001)*® 0.0029(0.002)" 0.0039(0.002)*® 0.0011(0.0007)° 5.33%*

** P < 0.01; Means with different letters superscripts in a line indicate significant difference among seed treatment means according to Duncan's multiple range test (P < 0.01).

treatment, 13, 15.7 cm and 0.86 mm, respectively.
Halopriming increased fresh weight shoot and root
of seedling (P < 0.01) compared to unprimed
seedling, and 100 mM treatment had the highest
fresh weight shoot and root compared to other
concentrations and non-primed treatments, 1.53
and 0.92 g, respectively. Similar trend was
observed in weight of dry shoot and root in
seedlings. Particularly, concentrate of 100 mM
was better than other concentrates and unprimed
treatment (Table 4). Haloprimig increased the
number of leafs and leaf area for seedlings,
significantly (P < 0.01).

However, the seedlings primed by 100 mM
KNO; had highest number of leaf and leaf area for
seedlings, compared to unprimed seedlings, 5.3
and 2.2 cm?, respectively.

Although, unprimed treatment had the highest
specific leaf area, the Seedlings primed by 100
mM concentration had highest seedling quality
index among other concentrate and unprimed
treatment (Table 4).

DISCUSSION

Germination characteristics of holoprimed
seed in germinator

The required time for emergence of seedlings has
an important role in survival and for
competitiveness with other plants; and delays in
seedling germination can affect total biomass and
sapling growth, especially under competitive
conditions (Ross and Harper, 1972). A dormant
seed is one that is unable to germinate in a
specified period of time under a combination of
environmental factors that are normally suitable
for the germination of the non-dormant seed
(Baskin and Baskin, 1998). Dormancy is a
mechanism to prevent germination during
unsuitable ecological conditions, when the
probability of seedling survival is low (Bewley and
Black, 1994). Affordable methods that can
improve seed germination and increase the
chance of seedling success in establishment and

dominance in regeneration are valuable. Priming
treatments have much promise to improve seed
germination and emergence of hard to regenerate
species such as the Judas tree (Heydecker and
Coolbear, 1977); these two traits, germination and
rapid early growth, are important parameters that
determine seedling competitiveness and ability to
dominate in regeneration (Alizadeh and Jafari,
2006).

In this study, we hypothesized that enhancing
germination and early growth of Judas trees can
be achieved with the seed halopriming technique.
We observed that Halopriming with KNO3 caused
increased seed germination percentage, speed,
and energy, while decreasing mean germination
time. In the laboratory study, the highest rate of
germination occurred when seed was treated with
a 750 mM KNO; solution, and the highest
germination in the greenhouse was in the 100 mM
KNOs; treatment. These results are consistent with
other studies (Afzal et al., 2009; Khan et al., 2009;
Bhan and Sharma, 2011; Guo et al., 2012).



Increased germination percentage may be due to the
effect of KNOj; on biochemical changes involving
hydrolysis and increased synthesis of enzyme activity
that increases cell wall elasticity, thus promoting
germination.

Another biochemical mechanism of seed priming is the
increased activity of andobetabanaz enzymes that act to
weaken cell walls, permitting rapid emergence of the
rootlet (McDonald, 1999). Increased germination speed in
seed treated by halopriming may be related to the
production and of metabolites important to germination
(Lee and Kim, 2000; Basra et al., 2005), or it may be
associated with the synthesis of DNA, RNA and proteins
during priming (Bray et al., 1989). For seed in the
laboratory experiment, germination energy of the seed
that was haloprimed was significantly larger than it was
for seed treated with boiling water only. This may be due
to the effect of boiling water on dormancy breaking of the
seed coat and removing endosperm dormancy and
decomposition of Frulic acid layer surrounding the
endosperm (Christine et al., 1992). Halopriming effect on
seed germination energy showed significant improvement
in comparison with control in both experiments, however,
the increase in seed germination energy was higher in
the greenhouse study perhaps due to the amount of
nitrogen in the soil pots compared to the filter paper
medium in the laboratory study (Sivritepe et al., 2003). It
may also be related to differences in nutritional elements
such as NO; in the soil, the uptake of nutrients, and the
rate of seedling growth during the germination period
(Wang et al., 2003).

In this study, we found that increases in the
germination percentage, germination speed and
germination energy of haloprimed seed can short the
seed germination period, thus decreasing mean
germination time. Decreased mean germination time in
Judas tree seed may be also due to water absorption that
promotes earlier germination. Similar results were
reported by Afzal et al. (2009) who investigated the effect
of halopriming treatments on seed germination of
marigold. Also, others have reported that the mean of
seed germination time was improved in halopriming
treatments with KNO3 (Afzal et al., 2009; Guo et al.,
2012). Results of mean cumulative seed germination of
Judas tree showed that using the halopriming technique
quickened the initiation of germination and reduced the
overall germination period compared to non-haloprimed
seed. More rapid onset and completion of germination
may be due to the priming effect on seed condition, Seed
priming improves the performance of heterogeneous
seeds and uniformity of germination (Olouch and
Welbaum, 1996).

Most previous research done on breaking dormancy in
Judas tree seed had emphasized treatments of chemical
scarification with sulfuric acid for 20 to 30 min and cold
stratification for a period of 90 to 120 days (Piotto et al.,
2004; Pipinis et al., 2011; Zenkirkiran et al., 2010).

Haroni et al. 2361

We found that seed dormancy could be broken using
the halopriming technique with potassium nitrate salt so
that in a 30 days period in laboratory conditions or 45
days in the greenhouse germination was complete, thus
shortening the time required compared to the other
chemical and cold stratification methods.

Using a solution of 750 mM KNO; to haloprime Judas
tree seed in the laboratory increased average
germination by 54%, germination speed by 1.35 and
germination energy by 32.6% over germination
performance in the unprimed.

Seed germination and seedlings characteristics in
greenhouse

In the greenhouse study, use of the halopriming
technigue with a solution of 100 mM KNOj; increased the
average germination percentage by 57%, germination
speed by 1.56, germination energy by 44.8%, and
decreased the average time of germination by nearly 14
days compared to seed in the control treatment (without
halopriming). Our results indicated that by halopriming
seed of the Judas tree that germination increased
significantly, and also, the length of the main and
secondary roots were increased, which may increase root
fresh and dry biomass of emerging seedlings.
Halopriming also reduced the mean duration of
germination by 6.1 days. Halopriming with KNO3; may
affect root nutrition and enhance growth. Increases in leaf
number and area in seedlings from haloprimed seed can
improve the absorbtion of nitrogen compared to seedlings
from unprimed seed (Rouhi et al., 2012).

The overall effect of potassium nitrate is to stimulate
the growth and development of roots by improved
nutrition and higher absorption capacity, which enhances
the growth and establishment of Judas tree seedlings.
Hadinezhad et al. (2013) studied the effect of potassium
nitrate on seedling emergence and improvement in
growth of Quercus castaneifolia. They observed
properties of KNOs that could improve germination and
seedling growth when seeds were haloprimed compared
with no-primed seed.

Other studies have reported that halopriming with
boiling water and KNOj; increased the speed of
germination and growth (Riggio-Bevilacqua et al., 1985;
Rascio et al., 1998; Smiris et al., 2006; Afanasiev, 1944,
Frett and Dirr, 1979; Liu et al., 1981; Zencirkiran, 2010;
Gebre and Karam, 2004). The authors found positive
effects of stratification with boiling water and halopriming
with KNO3 on Judas tree seed germination and seedling
development. Finally, it can be concluded that
halopriming with KNOj3; salt solution can improve and
invigorate the germination of Judas tree seed, thus
increasing growth potential of seedlings and improving
seedling competitiveness in a shorter time compared with
non-haloprimed seed.
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Musca domestica maggots were produced from poultry dung for five weeks, and its meal utilized as a
replacement for fishmeal in the diet of the fingerlings of Nile tilapia, Oreochromis niloticus. The
maggots were cultured in four different enclosures: aluminium mobile maggotry, aluminium, plastic and
wooden boxes. They were harvested at the end of the culture period, processed by oven-drying, and
grinding into powdery form as maggot meal. The produced maggot meal was used to replace fishmeal
in eight compounded isonitrogenous diets at levels of 0% (Control diet), 20, 30, 40, 50, 60, 70 and 80%.
The diets were fed to O. niloticus fingerlings to determine the effects of maggot meal in comparison
with fishmeal on the growth, nutrient utilization and survival of the fingerlings. The feeding experiment
was carried out in 40 L plastic tank in triplicates, with 20 Nile tilapia fingerlings per tank. The fingerlings
were fed 5% of their body weight on a daily ration for 10 weeks. Aluminium culture box was best for
maggot production with the highest weight, and the most cost-effective. Highest mean weight gain,
relative growth rate and specific growth rate was in fingerlings fed 50% maggot meal diet, and lowest in
the control diet. Food conversion ratio was lowest in fish fed 60% maggot meal diet, and highest in fish
fed the control diet. The protein efficiency ratio was highest in fish fed 60% maggot meal diet, and
lowest in fish fed the control diet. Survival was higher, 100% in fish fed maggot meal-based diets, and
lower, 95% in fish fed the control diet. These results indicate that replacement of fishmeal with maggot
meal at 50 to 60% inclusion level is suitable for optimal growth performance, nutrient utilization and
survival in O. niloticus fingerlings.

Key words: Maggot meal, feeding trial, cost-effectiveness, nutrient utilization, growth rate.

INTRODUCTION

Aquaculture has the same target as agriculture, namely,
to increase the production of food above the level that
would be produced naturally. This brings about
competition in the use of fish as food for direct human
consumption and in animal husbandry for feed

production. Shortages of major feedstuff has been on the
increase in recent times in Nigeria (FDF, 2008), and with
poultry and farm animals industry expanding at the rate of
10% annually, the aquaculture industry is finding it more
difficult to source for critical feed ingredients (Gao and
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Lee, 2012; Nzeka, 2013).

The future growth of the aquaculture industry depends
upon the availability of suitable and economical feeds.
The cost of feeding is a major factor affecting the
development of aquaculture in Nigeria (FAO, 2007).
Fagbenro et al. (2003) reported that the use of
commercial pellets and supplementary fish feeds
accounts for about 60 and 40% respectively of the cost of
fish farming venture in Nigeria, because fishmeal, a major
protein source for many commercial feeds is expensive
and scarce. In 2015, the cost of imported fishmeal in
Nigeria ranged from US$2800-3050 per tonne, while the
cost of locally produced fishmeal was US$1270-1550 per
tonne. At present, around 10% of global fish production
goes to fishmeal (either whole fish or fish remains
resulting from processing) and is used mainly in
aquaculture (FAO, 2012). Recent high demand and
consequent high prices for fishmeal, together with
increasing production pressure on aquaculture, has led to
the research on non-conventional animal proteins for
aquaculture and livestock (which could eventually
supplement or replace fishmeal).Meanwhile, aquaculture
is growing and fishmeal production is declining rapidly as
a source of feed because of decreased supplies of
caught fish (FAO, 2012). The search for alternative and
sustainable proteins is an issue of major importance that
needs viable solutions in the short term, making insects
an increasingly attractive feed option.

Musca domestica maggots have  potentially
supplemented fishmeal in the diet of fish including
Oreochromis niloticus and mud catfish fingerlings
(Ugwumba and Abumoye, 1998; Ugwumba et al., 2001,
Ajani et al., 2004; Sogbesanet al., 2005; Ogunji et al.,
2006, 2008). Culture of maggots is used in converting
wastes (of low economic value) e.g. animal dung into
valuable animal protein (Calvert, 1976; Ugwumba et al.,
2001; Omoyinmi et al., 2005). The major problem with
maggot production is harvesting/collection of the maggots
from dung, hence, the need for Aluminium mobile
maggotry which makes harvesting/collection easier. This
study was carried out to investigate the suitability of
different culture enclosure for the production of maggots
and to determine the effect of replacement of fishmeal
with maggot meal in the diet of O. niloticus, which is
popularly cultured in Nigeria.

MATERIALS AND METHODS

Production of maggots

Maggots were produced from poultry dung (which was collected
from Oluwalonse Farm, Lanniba Village, Ajibode, Ibadan, Oyo State
from March to May, 2013) using four culture enclosures namely:
Aluminium Mobile Maggotry, aluminium, wooden and plastic boxes.

Aluminiummobile maggotry

The mobile maggotry (1.2x0.8x0.5 m) was made with aluminum

sheets and consisted of three chambers: the top, middle and
bottom chambers. The top chamber of the maggotry was the culture
chamber and it had a lid at the top and at the front for easy
introduction of the culture substrate. The lids were left open for
access to M. domestica adult for egg-laying on the exposed dung.
The base of the culture chamber was screened with 3mm wire
mesh net to allow dropping of the maggots. Mosquito netting of
1.8mm mesh size was placed on the wire mesh to overcome the
problem of dung dropping with the maggots. The middle chamber
was the cleaning chamber for maggots emerging from the culture
chamber. The base of this chamber was also screened with 3mm
wire mesh for cleaning of maggots from the remains of the culture
substrate. The bottom chamber was the collection chamber where
the maggots were collected.

Aluminium, plastic and wooden culture boxes

The  Aluminium  boxes (0.2x0.33x0.5m), plastic  boxes
(0.5%0.35x0.22m), and the wooden boxes (0.6x0.5x0.3m) were
perforated at the sides to allow adequate aeration and the
perforations were screened on the inside with mosquito mesh net
(2.8mm mesh size) to prevent escape of maggots. The upper part
of each box was open while the bottom which was also perforated
to allow dropping of maggots and was placed on an aluminium tray
to serve as collection platform for the dropping maggots. The inner
sides of the collection trays were painted black as maggots are
known to be negatively photo-tactic (Ugwumba et al., 2001). All the
culture boxes were placed on a constructed long wooden table.

Experimental set-up for maggot production

The culture enclosures were set-up in quadruplicates for the
experiment. A shed was constructed over the enclosures to avoid
direct effect of rainfall and sunlight. Freshly collected dung was tied
in air tight sacks for two days in order to kill any maggots before
loading into the culture enclosures. Twenty kilogrammes of dung
was placed in the culture chamber of each maggotry, wooden,
plastic and aluminium boxes and exposed to flies for egg-laying.
The dungs were moistened with half a litre of water every day to
prevent them from drying up. The set-up was checked every day for
collection of maggots. The dung was collected weekly for a period
of five weeks, from March to May 2013. The production was done in
the Animal House of the Department of Zoology, University of
Ibadan, Ibadan, Nigeria.

Harvesting and processing of maggots

Maggots were harvested daily once they emerge from the dung.
Harvesting of maggots from the mobile maggotry was done by
collecting the maggots from the outlet of the maggotry, while in the
boxes, it was done by lifting each box and collecting the maggots
from the collection tray that was placed beneath each box.
Harvested maggots were rinsed with water to remove any dung on
them and then weighed. The maggots were then blanched with hot
water and re-weighed. The maggots were oven-dried at 60°C for 24
h, cooled, processed into powdery form as maggot meal using
pestle and mortar. The maggot meal was packed in an air-tight
plastic container and stored at 4°C till when needed.

Feeding trial with O. niloticus
Experimental diet

Eight dry isonitrogenous feeds were formulated based on the
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Table 1. Percentage composition (% dry weight) of experimental diets.
) Experimental diets

Ingredients - - - - - - - -

Diet A Diet B Diet C Diet D Diet E Diet F Diet G Diet H
Fishmeal (g) 28.71 25.20 22.86 20.53 17.97 15.14 11.99 8.47
Maggot meal (g) - 6.30 9.79 13.69 17.97 22.71 27.98 33.87
Corn meal (Q) 61.29 58.50 57.34 55.78 54.06 52.16 50.03 47.66
*Vitamin & Mineral Premix (g) 0.05 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Soybean oil (g) 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Cassava starch binder (g) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
Total (g) 100 100 100 100 100 100 100 100
Calculated crude protein (%) 30 30 30 30 30 30 30 30
Inclusion levels of maggot meal (%) 0 20 30 40 50 60 70 80

"Vitamins and Minerals Premix: 2.5kg of premix contained: Vitamin A- 12,500,000.00 I.U, Vitamin D3- 2,500,000.00 I.U, Vitamin E — 40,000.00 mg,
Vitamin K3 - 2,000.00 mg, Vitamin B1 - 3,000.00 mg, Vitamin B2 - 5,500.00 mg, Niacin - 55,000.00 mg, Calcium pantothenate - 11,500.00 mg, Vitamin
B6 - 5,000.00 mg, Vitamin B12 - 25.00 mg, Folic acid - 1,000 mg, Choline chloride - 500,000.00 mg, Biotin - 80.0 mg, Manganese - 120,000.00 mg,
Iron - 100,000.00 mg, Zinc - 80,000.00 mg, Copper- 8,500.00 mg, lodine - 1,500.00 mg, Cobalt - 300.00 mg, Selenium - 120.00 mg, Anti-oxidant -

120,000.00 mg.

protein content of the major feed ingredients namely fishmeal,
maggot meal and corn meal using the Pearson Square Method
described by Pearson (1976). Fishmeal was replaced in the diets
with increasing levels of inclusion of maggot meal at 0% (Diet A,
Control Diet), 20% (Diet B), 30% (Diet C), 40% (Diet D), 50% (Diet
E), 60% (Diet F), 70% (Diet G), 80% (Diet H). Table 1 shows the
percentage composition of experimental diets.

Fishmeal, corn meal, mineral and vitamin premix were purchased
from Kesmac Feeds, Orogun, Ibadan, Nigeria; while starch (binder)
and soybean oil were purchased from Bodija Market, Ibadan,
Nigeria. Appropriate quantities of ingredients in each diet were
weighed and mixed thoroughly in a bowl before adding gelatinized
starch. The feeds were sun-dried for five days, after which, they
were packed in air-tight plastic bags and stored at 4°C in the
laboratory. Proximate analyses of maggot meal, fishmeal, corn
meal and the compounded diets were carried out using the
methods of AOAC (2012).

Experimental procedure

Fingerlings of Oreochromis niloticus with mean weight of
0.95+0.03g, and mean length of 3.63+0.160cm were acclimatized in
the laboratory for one week, during which they were fed with
fishmeal. They were then starved for 24 h before the
commencement of the experiment, after which, the standard length
and weight of each fingerling was measured and randomly
assigned to plastic culture tanks at a stocking density of 20
fingerlings per tank, giving a total of 60 fingerlings per experimental
diet. Total and average lengths and weights of fish for each tank
were calculated and recorded as initial lengths and weights. The
length and weight of five randomly selected fingerlings from each
tank were measured weekly to access growth rate and to calculate
feed rations from estimated total fingerling weight in each tank. The
fish were fed diet corresponding to 5% of their body weight daily for
ten weeks, from June to September 2013; half of the ration was fed
at 09.00 h and the other half at 18.00 h. Feeding was done
manually at a particular point in each tank and visual observations
of the fingerlings were made during this process. The tanks were
monitored daily for mortality; dead fish were removed, and counted.
At the end of the experiment, final lengths and weights of all O.
niloticus fingerlings left in each tank were measured, and total and
average final lengths and weights were calculated.

Economic evaluations of diets formulated

The economic evaluations of the diets formulated were calculated
using the formulae reported in Sogbesan et al. (2006).

Estimated investment cost analysis= Cost of feed ($) + Cost of
fingerlings stocked ($)

Value of fish ($)

Profit Index =
Cost of feed ($)

Cost of feed ($)

Incident of cost =
Mean weight gain of fish produced (g)

Net profit = Total cost of fish cropped ($) - Total Expenditure ($)

Total cost of fish cropped ($)

Cost: Benefit ratio (C: Br) =
Total Expenditure ($)

Monitoring of water quality

Temperature was taken daily between 07.00 to 08.00h with
Mercury-in-glass thermometer. Dissolved oxygen was determined
using the Winkler's Method described by Boyd (1990) and pH with
a pH meter (JENWAY 3510) weekly. During the experimental
period, water temperature ranged from 26.1 to 26.5°C, dissolved
oxygen 5.0 to 5.9 mg/L and pH 8.01 to 8.10.

Evaluation of growth and nutrient utilization of fish
The following growth, nutrient utilization and survival of fish were
computed for fingerlings on each diet using the following formulae

reported in Monebi and Ugwumba (2013).

Mean weight gain = FMW— IMW
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Where FMW = final mean weight (g/fish), IMW = initial mean weight
(g/fish)

Wi — W, x 100

Relative growth rate (RGR) % =
Wi

Where W; = initial weight of fish (g), Ws= final weight of fish (g).

Specific Growth Rate (SGR) % = logeWs — logeW; x 100
t

Where Loge = the natural logarithm, t = duration of experiment in
days.

Total food supplied to fish (g)

Food conversion ratio (FCR) % =
Total weight gain by fish (g)

Protein Intake = Food supplied (g) x % crude protein of feed.

Mean weight gain by fish (g)

Protein efficiency ratio (PER) % =
Mean protein intake (g)

B—Bo x 100
Protein productive value (PPV) %=
PI

Where B= Final body protein (at the end of experiment), Bo = Initial
body protein (at the beginning of experiment), and Pl= Protein
Intake.

Nf x 100

Survival (S) =
N;

Where N; - Number of fish at the beginning of the experiment, and
N = Number of cultured fish at the end of the experiment.

Economic evaluation of maggot production

Economic evaluation of maggot production was calculated using
the formula reported in Sogbesan et al. (2006) as:

Cost of constructing culture enclosure ($)

Cost of production=
Quantity of maggot produced (g)

Statistical analysis

All data collected were subjected to descriptive statistics, student’s
t-test and one-way analysis of variance (ANOVA).

RESULTS
Production of maggots

There was a gradual increase in the weight of maggots

followed by a drop in the third week after which
production is increased in the third and fifth weeks for
maggots cultured in aluminium and wooden boxes.
Production from plastic box decrease steadily from the
first to the fourth week, followed by an increase in the
fifth week.

Production from the aluminium mobile maggotry was
relatively the same throughout the culture period. (Figure
1).

Maggots produced fom aluminium box had the highest
total quantity of 1.603 kg maggot/5 weeks while the
lowest value, 0.230 kg maggot/5 week was recorded in
aluminium mobile maggotry (Table 2). There was
significant difference (p== 0.05) between the mean
weight of maggots produced in all the four culture
enclosures. Also, aluminium box was found to be the
most cost-effective, 0.002%/kg maggot, while the least
cost-effective, 0.081$/kg was recorded in aluminium
mobile maggotry (Table 2). There was significant
difference (p=< 0.05) in the cost-effectiveness of the four
culture enclosures. The result of the production from
proximate composition of maggots produced showed that
crude protein content was 45.5%, crude lipid, 9.0%;
crude fibre, 3.0% and ash content, 12.0%.

Feeding trial with O. niloticus

The crude protein content of the eight experimental diets
ranged from 37.60 to 37.70% and were not significantly
different (p>0.05) (Table 3). The weekly changes in
weight of the fingerlings fed the different diets are
illustrated in Figure 2. There was progressive increase in
the weight gain of fish fed all the experimental diets.
Results on the growth and nutrient utilization of
fingerlings are shown in Table 4. The mean weight gain,
relative and specific growth rates were highest, 9.29
g/fish, 967.7 and 1.47%) in fish fed 50% maggot meal
diet and lowest, 4.05g/fish, 430.85% and 1.04%
respectively in fish fed control diet. Differences in growth
rates between the diets were significantly different
(p<0.05).

The food conversion ratio was highest (3.01) in fish fed
the control diet while the lowest (2.37) was in fish fed
60% maggot meal diet and the differences were
significant (p<0.05). The highest protein intake (8.38g)
was obtained in fish fed 50% maggot meal diet while the
lowest value (4.59g) was in fish fed the control diet and
the differences were significant (p<0.05). Protein
efficiency ratio was highest (1.12) in fish fed 60% maggot
meal diet and lowest (0.88)in fish fed the control diet and
the differences were significant (p<0.05). There was no
mortality, that is, 100% survival in the maggot-based
diets unlike the control, where survival was 95%. The
difference was significant (p<0.05).

The carcass composition before and after the
experiment is shown in Table 5. There was significant
difference between the crude protein, lipid, fibore and ash



450 -
400 -
350 +
300 -
250

200

Weight (g)

150 -+

100 5

Ezewudo et al. 2367

=== Aluminium Mobile maggotry
== Aluminium box
Wooden box

==>é=Plastic box

SOT < <

1 2 3
Weeks
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Figure 2. Weekly weight changes of O. niloticus fingerlings fed the various experimental diets.

contents of the initial and final carcass composition of O.
niloticus. At the end of the experiment, the highest
percentage crude protein (76.75%) was obtained in fish
fed 50% maggot meal diet, while the lowest (69.30%)
was in fish fed the control diet and the differences were
significant (p< 0.05).

Economic evaluations of experimental diets
Results on the economic evaluation of experimental diets

are shown in Table 6. At the end of the experiment, the
best net profit of $12.97 and cost: benefit ratio of 2.90

was obtained in fish fed 50% maggot meal diet while the
lowest net profit value of $1.89 and cost: benefit ratio of
1.48 was in fish fed the control diet.

DISCUSSION

The water parameters monitored during the study were
within the suitable range for tropical fish indicating that
the environmental conditions of the fish during the
experimental period were adequate. Recommended
temperature range for optimum growth of tilapias is 22 to
29°C (Sarig, 1969; Mires, 1995) while Magid and Babiker
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Table 2. Cost effectiveness of maggot production from the different enclosures.

Cost of enclosure
Enclosure

Quantity of maggot produced Incidence cost

%) (kg maggot/ 5 week) ($/kg maggot)
Aluminium mobile maggotry 18.67 0.230 0.081
Aluminium box 3.55 1.603 0.002
Plastic box 2.54 0.620 0.004
Wooden box 5.08 1.104 0.005
Table 3. Proximate composition of experimental diets (% dry weight).
DietB DO ow wow  eow 00w (oo
(Control, 0%MM) (20% MM) MM) MM) MM) MM) MM) MM)
Crude protein 37.70° 37.68% 37.66% 37.64° 37.65° 37.63° 37.62° 37.60°
Crude lipid 8.00° 7.00° 7.00° 7.00° 8.00° 7.00° 7.00° 7.00°
Crude fibre 4.00° 3.00° 4.00° 4.00° 4.00° 3.00° 4.00° 3.00°
Ash 5.00° 12.00° 12.00° 8.00° 12.00° 14.00° 8.00° 7.00°
Dry matter 90.25" 90.167 89.46" 89.12" 89.38° 88.74° 89.62' 89.55°
MM = Maggot Meal. Values on the same row with different superscript are significantly different (p <0.05).
Table 4. Growth and Nutrient Utilization of O. niloticus fed maggot meal diets for 10 weeks.
. Diet B Diet C Diet D Diet E Diet F Diet G Diet H
Parameters Diet A (,\C,Ii,l“)tm" 0% (20% (30% (40% (50% (60% (70% (80%
MM) MM) MM)) MM) MM) MM) MM)
Duration (Days) 70 70 70 70 70 70 70 70
No of fish stocked 60 60 60 60 60 60 60 60
No of fish left 57 60 60 60 60 60 60 60
IMW (g/fish) 0.94% 0.94% 1.0° 0.94% 0.96" 0.92% 0.96" 0.92%
FMW (gffish) 4.99° 5.87" 5.93° 6.18" 10.25" 9.16¢ 8.11' 7.97°
MWG (gffish) 4.05° 4.93° 4.93° 5.24° 9.29¢ 8.24' 7.15° 7.05¢
RGR (%) 430.85% 524.47° 493" 557.45° 967.7" 895.65%  744.79°  766.30
SGR (%) 1.04? 1.14° 1.1° 1.17° 1.47' 1.42° 1.33¢ 1.34¢
FCR 3.01' 2.74° 2.83° 2.71° 2.40%° 2.37° 2.47° 2.42°
PI 4.59° 5.09° 5.25% 5.38° 8.38¢ 7.35 6.64° 6.41¢
PER 0.88? 0.97° 0.94% 0.97° 1.11° 1.12° 1.08™ 1.10°
PPV 46° 75° 86° 115° 114° 116° 108¢ 106
Survival (%) 95.0° 100.0° 100.0° 100.0° 100.0° 100.0° 100.0° 100.0°

Values with different superscripts on the same row are significantly different (p< 0.05). Key: MM = Maggot meal; IMW = Initial Mean Weight; FMW =
Final Mean Weight; MWG = Mean Weight Gain; RGR = Relative Growth Rate; SGR = Specific Growth Rate; FCR = Food Conversion Ratio; Pl =
Protein Intake; PER = Protein Efficiency Ratio; PPV = Protein Productive Value.

(1975) and also Ross (2000) reported dissolved oxygen
values >3 mg/L as the standard range for optimum
growth of tilapias. Boyd and Lichtkoppler (1979) reported
dissolved oxygen concentration of 5.0 mg/L and above as
desirable for survival of fish. Ross (2000) recommended
pH range of 7-9 as the optimum for the growth of tilapias.

Maggot production

The four enclosures investigated were suitable for the
production of maggots. However, aluminium culture box
was the best enclosure for the production of maggots and
also the most cost-effective. The higher maggot



Ezewudo et al. 2369
Table 5. Carcass composition of O. niloticus fingerlings fed experimental diets at the beginning and end of feeding trial (% dry weight).
Experimental diets
Final carcass composition
. Initial carcass i i . i . i .
Nutrients composition Diet A (Control, [()Izi)t(VB E(’;%‘(VC Diet D [()EIS?JtWE Diet £ [2'7%'[0/6 Diet H
0 (] (] o (] 0 (] 0
0% MM) MM) MM) (40% MM) MM) (60% MM) MM) (80% MM)
Crude protein 67.20° 69.30" 71.00° 71.74° 73.35° 76.75" 75.70° 74.35° 74.00'
Crude lipid 7.00° 7.50° 8.00° 7.50° 7.50° 7.70° 7.50° 8.00° 7.50°
Crude fibre 2.00° 1.50% 1.50% 1.50% 1.50% 1.50% 1.50% 1.50% 1.50%
Ash 22.00° 21.00° 18.00°  19.00° 21.00° 18.00° 17.50% 19.00° 18.00"
MM= Maggot Meal. Values on the same row with different superscripts are significantly different (p<0.05).
Table 6. Economic analysis of experimental diets.
Parameter determined
. . . Profit . Net . .
Diets Estimated investment cost index Incident of profit Cost: Bengefit ratio
analysis ($ cost C:Br
Diet A (Control, 0% MM) 3.90 0.04 0.69 1.89 1.48
Diet B (20% MM) 4.45 0.02 0.93 2.25 1.51
Diet C (30% MM) 4.75 0.02 1.15 1.95 1.41
Diet D (40% MM) 5.09 0.02 1.28 4.04 1.79
Diet E (50% MM) 6.82 0.03 1.33 12.97 2.90
Diet F (60% MM) 6.86 0.02 1.52 11.42 2.67
Diet G (70% MM) 6.99 0.02 1.81 9.76 2.40
Diet H (80% MM) 7.40 0.02 2.03 8.75 2.18

production in aluminium, plastic and wooden boxes
compared to aluminium mobile maggotry in this present
study could be due to the use of collection trays
introduced for harvesting of maggots from the culture
boxes, thereby making harvesting easier.

The crude protein of maggots recorded in this study
(45.5%) is similar with that reported by Gado et al. (1982)
(45.0%), Atteh and Olegbenla (1993) (45.0%), close to
those reported by Ugwumba et al. (2001) (41.3%)and
Okah and Onwujiariri (2012) (44.44%) but at variance
with those of Calvert et al. (1971) (63%), Hwangbo et al.
(2009) (63.99%), Awoniyi et al. (2003) (55.1%),
Sogbesan et al. (2006) (55.4%). Also, the crude fibre
recorded in this study (3.0%) is also slightly similar with
that reported by Omoyinmiand Olaoye (2012) (2.41%) but
clearly at variance with those of Ugwumba et al. (2001)
(9.5%), Sogbesan et al. (2006) (1.56%), and Aniebo et al.
(2009) (7.5%). Variations in nutritional components of
maggot meal have been reported to be mostly due to
differences in age at harvest (Inoaka et al., 1999; Newton
et al.,, 2004; Aniebo et al., 2008; Aniebo and Owen,
2010), method of drying (Fasakin et al., 2003; Aniebo and
Owen, 2010) and larval feed substrate (Newton et al.,
1977). The age of the maggots in the present study was

not known. Poultry dung used for the production of the
maggots in the present study has been reported to be the
best substrate for maggot production (Omoyinmi et al.,
2005; Anene et al., 2013).

Feeding trial with O. niloticus

Progressive weight gain of O. niloticus recorded in all the
dietary treatments throughout the duration of the
experiment is an indication that the fish responded
positively to all the diets in terms of growth, and that the
protein content of the experimental diet was likely
adequate for growth of the fish. The results obtained from
this present study show that fingerlings fed 50% maggot
meal inclusion diet has the best growth performance, an
indication that they were able to properly convert their
food into body growth than those on all the other diets.
This result is in accordance with that recorded by
Omoruwou and Edema (2011), and Ajani et al. (2004),
who recorded the highest weight gain in 50% maggot
meal inclusion in the diet of ‘Heteroclarias’ and O.
niloticus fingerlings respectively.

Food conversion ratio was lowest in fish fed 60%
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maggot meal diet indicating that they were most efficient
in converting their food to body growth.Protein efficiency
ratio and protein productive value were highest in fish fed
60% maggot meal diet, an indication of good protein
digestibility and bioavailability for optimum body protein
increase and growth (Pellett, 1989). Survival was high for
all diets during the experiment, and was significantly
different (p<0.05) between fingerlings fed the control diet
and all the other maggot meal based diets, 100% survival
in the maggot-dependent diets, further indicates the
suitability of maggot meal diets for O. niloticus fingerlings.

The proximate composition of the fish carcass from all
the diets showed an increase in the values of crude
protein at the end of the experiment. This may be
attributed to the ability of O. niloticus to convert and
utilize the crude protein in their diets for body growth.The
economic evaluation of feeding O. niloticus fingerlings on
experimental diets shows that 50% maggot meal diet
recorded the highest net gain and cost: benefit ratio. The
positive net gain and cost: benefit ratio recorded in all the
diets indicate that O. niloticus can be economically reared
on all the diets. However, the replacement of fishmeal
with maggot meal from 40-80% in the diets of O. niloticus
showed better cost: benefit ratio with optimum at 50%
maggot meal inclusion. The cost of production and the
benefits positively favoured all treatments since the
values computed are > 1.0 which shows an increase in
the fish value above the amount invested. This is not
withstanding, more monetary profits awaits a farmer
when 50% of maggot meal is used to replace fishmeal in
the diet of O. niloticus. This agrees with the findings of
Sogbesan et al. (2006) who reported that cost of
production and benefits positively favoured (> 1.0) all
treatments when maggot meal was partially substituted at
0, 25, 50, 75 and 100% in the diet of ‘Heteroclarias’
fingerlings.Aluminium culture box is the best and most
cost-effective enclosure for the production of maggots.
The present study showed that though maggot meal can
completely replace fishmeal in the diet of O. niloticus
fingerlings, replacement of fishmeal with maggot meal is
best at 50% for optimum growth and 60% for optimum
nutrient utilization. Therefore, replacement of fishmeal
with maggot meal at 50 to 60% inclusion level is
recommended.
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A two year (2009-10 and 2010-11) field experiment was conducted on twelve wheat genotypes supplied
with four levels of nitrogen (recommended dose of nitrogen; RDN, RDN-50%, RDN-25% and RDN+25%)
to identify genotypes with maximum nitrogen use efficiency. Physiological parameters namely plant
height, tiller number, spikelet number, grain yield, thousand grain weight and biomass increased with
increases in nitrogen dose. During both years, yield and nitrogen use efficiency were higher in PBW 621
and PBW 636 while BW 9022 showed maximum thousand grain weight over other genotypes. Among all
genotypes, HD 2967 was the tallest and tiller number and spikelet number were maximum in BW 9183.

Key words: Nitrogen, yield, nitrogen use efficiency, wheat, genotypes.

INTRODUCTION

Nitrogen (N) is an essential element for both crop
development and biomass. The absorption of N by plants
plays an important role in their growth. However,
excessive use of N is economically costly (Ju et al., 2009)
as well as environmentally damaging with excess N lost
by leaching into groundwater and runoff into surface
water (Galloway et al., 2008; Gruber and Galloway, 2008;
Conley et al., 2009). Both to avoid pollution by nitrates
and to maintain economic balance, there is need to
identify genotypes that can efficiently use N. Efficient use
of N by wheat is needed to sustain or increase yield and
quality, while reducing the negative impacts of fertilizer
on the environment (Hirel et al., 2007; Foulkes et al.,
2009).

Assimilation of inorganic N into organic form has a
marked influence on plant productivity and crop vyield.

Grain yield is the main target of crop production.
Adequate N nutrition is required for full development of
tillers and leaves. Rahman et al. (2011) reported that N
application has a tremendous effect on tiller formation
and survival of tillers. Application of N at later stages of
maize (Amanullah et al., 2009) increased plant height,
kernel number and high biomass at maturity that results
in high yield (Amanullah et al. 2009; Hokmalipour et al.,
2010). Nitrogen use efficiency (NUE) is defined as the
grain yield per unit of available N in the soil (Moll et al.,
1982). NUE varies with the growth stage of the plant
(Woolfolk et al., 2002). NUE as reflected in grain yield of
winter wheat has also been shown to change with time
and rate of application (Woolfolk et al., 2002). Grain yield
and N content of cereal crops increase significantly with
applied N (Viller and Guillaumes, 2010).
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Efficient N utilization is crucial for economic wheat
production and protection of ground and surface water
(Vukovic et al., 2008). The genetic variation in both
acquisition and internal-use efficiencies indicates that
there is potential for increases in efficiency of nitrogen
use through plant selection, particularly in low nitrogen
environments (Giller et al., 2004). There is a need to
increase NUE of cereal crops by selecting new hybrids or
cultivars from the available ancient and modern
germplasm collection. These objectives can be met
through identification of varieties that have better NUE
while at least maintaining or optimally increasing crop
productivity. Field-based studies have shown differences
in the NUE of barley genotypes by Abeledo et al. (2008)
and Anbessa et al (2009). The study was conducted
under field conditions over two years with the objective to
assess the effect of different doses of N on wheat yield
and yield related traits and to identify genotype that
possesses high yield and NUE.

MATERIALS AND METHODS

Two year (2009-10 and 2010-11) experiment was conducted on the
fields of Department of Plant Breeding and Genetics, Punjab
Agricultural University, Ludhiana (30.91°N, 75.85°E and 252 m asl),
India. to study the response of twelve wheat genotypes namely
PBW 621, PBW 636, PBW 590, DBW 17, HD 2967, PBW 509, BW
9178, BW 9183, BW 8989, BW 9022, PBW 343 and PBW 550 to
four doses of N fertilizer. The crop was sown in plots consisting of 4
rows of 1 m each in 22.5 cm spaced rows and with 40 cm between
the plots. The experimental design was a split plot plots with three
replicates. The crop was raised under normal planting time, that is,
28"™ October, 2009 and 29™ October, 2010 in the field under 4
different N levels (in the form of urea) including the presently
recommended N dose (RDN) (120 Kg N/ha), two suboptimal N
doses [RDN-50% (60 Kg N/ha) and RDN-25% (90 Kg N/ha)] and
supra-optimal N dose [RDN+25% (150 Kg N/ha)]. NPK and
Diammonium Phosphate were applied as basal dose and urea was
applied in different doses as described earlier. N dose was added in
two split applications: First at the time of sowing and second at 1%
irrigation (almost month after sowing). In the results, mean values of
both years are discussed.

Grain yield was determined by recording the yield after shelling.
The grain yield of each plot was recorded and expressed as kg/m®.
Biomass was determined by taking the weight of above ground
dried plants along with the ears. The biomass was expressed as
kg/plant. Thousand grain weight was calculated by randomly
selecting sample from the pool of harvested seeds from each plot.
NUE was calculated by the formula given by Moll et al. (1982):

Grain yield

NUE =
Nitrogen fertilizer application

Statistical analysis

All the values were mean of three replicates. Data obtained was
subjected to split plot design at 5% level of critical difference using
CPCS1 software developed by department of Statistics, Punjab
Agricutural University, Ludhiana.
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RESULTS AND DISCUSSION
Yield and yield attributes

Mean values of both years showed an increase in grain
yield and its attributes supplied with higher doses of N.
Results showed that yield was in the range of 0.306 to
0.563 Kg/m2 (Table 1). The effect of genotypes- N levels
interaction was significant and for all genotypes, yield
was significantly affected by N levels. As reported earlier,
grain yield is significantly influenced by N application
(Singh et al., 2000; Sial et al., 2005). As compared to
recommended dose (RDN), under low N levels viz. RDN-
50% and RDN-25%, the reduction in yield was 41 and
9%, respectively. Increased grain yield with increase in N
application could be ascribed to increased biomass
production with N fertilization.

Ample nutrient supply results in enhancement in growth
and production of more reproductive structures per plant
(that is, tiller number — Table 2) thereby increasing overall
yield of the crop as reported by Lawlor (2002) and Valerol
et al. (2005). Genotype PBW 621 significantly produced
greatest grain yield at RDN-50% (0.385 Kg/m?) and RDN-
25% (0.605 Kg/m®), RDN (0.625 Kg/m® while at
RDN+25%, two genotypes PBW 621 and PBW 636 gave
the highest yields (0.635 Kg/m®). Genotype BW 8989
gave very low yield (0.306 Kg/sgm).

There was 6 and 2% decrease in thousand grain
weight with the application of RDN-50% and RDN - 25%,
respectively as compared to optimum N dose (Table 1).
The low N supply decreases grain weight due to less
supply of the grain with carbohydrates and amino
compounds during the lag phase when the number of
storage cells and starch granules are being formed as
reported by Paponov et al. (2005). Thousand grain
weight was in the range of 31.51 to 37.21 g and the
maximum thousand grain weight of 35.64 g (RDN-50%),
36.64 g (RDN-25%), 37.83 g (RDN) and 38.72 g
(RDN+25%) was recorded for the genotype BW 9022 as
depicted in Table 1. The interaction of genotypes and N
levels showed significant differences in thousand grain
weight. As observed in our study, reports in the literature
also indicate that thousand grain weight increases with
increasing dose of N in wheat (Gouis et al., 2000; Guarda
et al., 2004) and corn (Hokamlipour et al., 2010).

As compared to optimum N dose, the average
decrease in biomass at RDN-50% and RDN-25% was 25
and 8%, respectively. The highest biomass was recorded
in the treatment RDN+25% (Table 1). Similar to our
observations, biomass increased significantly with
increasing N level as reported in corn and sweet sorghum
by Almodares et al. (2009). Biomass varied in the range
of 1.32 to 1.84 Kg/plant (Table 1). In genotypes, PBW
621 and PBW 343 at RDN-50% (1.29 Kg/plant) and in
PBW 636 at RDN-25%, RDN and RDN+25%, the largest
biomasses were recorded. Results indicated that
decrease in biomass was proportional with the decrease
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Table 1. Effect of different doses of nitrogen on yield (Kg/sqm), thousand grain weight (g) and biomass (Kg/plant) during years and 2009-10 and 2010-11.

Afr. J. Agric. Res.

Yield (Kg/m?)

Thousand grain weight (g)

Biomass (Kg/plant)

- - + - - + - - +
swh oo FON gy Mean  go g, RON gy Mean gy po  RON  pgpy  Mean
PBW 621 0.385 0.605 0.625 0.635 0.563 32.64 33.31 34.00 34.78 33.68 1.27 1.44 1.70 1.99 1.60
PBW 636 0.350 0.530 0.545 0.635 0.515 32.87 33.45 34.36 34.64 33.83 1.29 1.79 1.96 2.34 1.84
PBW 590 0.320 0.435 0.455 0.470 0.420 33.29 34.53 35.73 36.92 35.11 1.17 1.44 1.50 1.64 1.44
DBW 17 0.280 0.415 0.470 0.485 0.413 31.72 32.92 34.26 36.34 33.81 1.14 1.40 1.54 1.89 1.49
HD 2967 0.295 0.410 0.450 0.480 0.409 33.50 35.95 36.85 37.89 36.05 1.08 1.44 1.48 1.97 1.49
PBW 509 0.240 0.300 0.480 0.510 0.383 34.03 35.28 35.50 36.73 35.38 1.27 1.43 1.54 1.67 1.47
BW 9178 0.195 0.375 0.390 0.485 0.361 32.73 33.66 34.31 37.06 34.44 1.17 1.54 1.68 1.87 1.56
BW 9183 0.215 0.330 0.360 0.410 0.329 33.50 34.47 34.64 36.27 34.72 1.17 1.73 1.80 1.99 1.67
BW 8989 0.200 0.310 0.335 0.380 0.306 34.87 35.47 35.67 36.59 35.65 1.02 1.20 1.30 1.77 1.32
BW 9022 0.190 0.360 0.375 0.405 0.333 35.64 36.64 37.83 38.72 37.21 1.25 1.39 1.68 1.90 1.55
PBW 343 0.205 0.325 0.355 0.440 0.331 29.34 31.50 32.39 32.81 31.51 1.29 1.37 1.55 1.77 1.49
PBW 550 0.215 0.395 0.415 0.465 0.373 32.78 33.92 35.66 35.78 34.53 1.22 1.57 1.64 1.92 1.58
Mean 0.258 0.399 0.438 0.483 0.395 33.08 34.26 35.10 36.21 34.66 1.20 1.48 1.61 1.89 1.54

CD (5%): A- 0.012, B- 0.020, AB- 0.041; A- 0.984, B- 1.704, AB- 1.964; A- 0.118, B- 0.204, AB- 0.738; A- N doses, B-Genotypes, AB-In.

Table 2. Effect of different doses of nitrogen tiller number (per m row length) and spikelet number during years 2009-10 and 2010-2011.

Doses
Genotype RDN-50%

Tiller number (per m row length)

Spikelet number

RDN-25% RDN RDN+25% Mean RDN-50% RDN-25% RDN RDN+25% Mean
PBW 621 81 84 89 95 87 17 19 19 20 19
PBW 636 80 84 99 102 91 18 18 20 21 19
PBW 590 61 75 84 86 76 15 18 17 19 17
DBW 17 69 82 78 95 81 18 18 18 19 18
HD 2967 62 80 88 91 80 18 18 19 20 19
PBW 509 68 81 83 94 81 17 18 18 18 17
BW 9178 72 87 96 98 88 16 18 18 18 17
BW 9183 69 87 93 99 87 18 19 19 19 19
BW 8989 66 66 79 95 76 18 19 19 19 19
BW 9022 69 82 85 95 82 18 18 19 19 18
PBW 343 72 76 85 87 80 17 17 18 18 18
PBW 550 71 76 79 87 78 16 18 18 19 17
Mean 70 80 87 94 82 17 18 19 19 18

CD (5%): A- 5.100, B- 8.828, AB- 13.224; A- 0.555, B- 0.962, AB- 1.567; A- N doses, B-Genotypes, AB-Interaction.



Kaur et al. 2375

Table 3. Effect of different nitrogen doses on variation in nitrogen use efficiency (NUE) (Kg Kg’

Y during years 2009-10 and 2010-11.

N Doses NUE (Kg Kg™)
Genotypes RDN-50%  RDN-25%  RDN RDN+ 25% Mean
PBW 621 64.2 67.3 50.9 42.0 56.1
PBW 636 58.4 58.9 45.4 42.4 51.3
PBW 590 53.4 48.4 37.9 31.4 427
DBW 17 46.7 46.1 39.2 32.3 41.1
HD 2967 49.2 45.6 37.5 32.0 41.1
PBW 509 40.0 33.4 40.0 34.0 36.8
BW 9178 32.5 41.7 32.5 32.4 34.8
BW 9183 35.9 36.7 30.0 27.4 32.5
BW 8989 34.2 36.1 29.6 29.4 32.3
BW 9022 31.7 40.0 31.3 27.0 32.5
PBW 343 33.4 34.5 28.0 25.4 30.3
PBW 550 35.9 43.9 34.6 31.0 36.3
Mean 39.0 40.2 33.6 29.7 35.6

CD (5%): A- 1.527, B- 2.646, AB- 5.291; A- N doses, B-Genotypes, AB-Interaction.

in sub optimal dose of N. Thousand grain weight and
biomass were significantly affected by different N levels
but no significant difference was found between control
(RDN) and RDN-25% (Table 1).

At RDN+25%, tiller number was maximum while
minimum tiller number was recorded in treatment RDN-
50% (Table 2). The increase in number of fertile tillers
with the increasing levels of N can be attributed to the
reduction in mortality of tillers and enabling the
production of more tillers from the main stem (Warraich et
al., 2002). Tiller number was found to lie in the range of
76 to 91 (Table 2) and highest number was recorded in
PBW 621 at RDN-50% (81) and in BW 9178 and BW
9183 at RDN-25% (87), respectively. There was a
marginal decrease in spikelet number at RDN-50% and
RDN-25%, respectively. PBW 621, PBW 636, DBW 17,
HD 2967, BW 9183, BW 8989 and BW 9022 showed
maximum spikelet nhumber at lower N doses (Table 2).
Spikelet number was affected significantly by different N
levels and significant difference was found between
treatment RDN-50% and RDN-25% as compared to
control.

Nitrogen use efficiency (NUE)

Nitrogen use efficiency is based on yield performance,
that is, on grain yield per N input. During both years
(2009-10 and 2010-11) of study, genotypic variation for
NUE was observed, however, it decreased with
increasing dose of N. A decrease in NUE with increasing
fertilizer rates is due to less increase in grain yield in
comparison to N supply as observed by Zhao et al.
(2006) in sorghum. Beatty et al. (2010) reported that the
NUE of barley genotypes grown in field depends on the

level of N supplied.

Nitrogen use efficiency varied from 30.3 to 56.1 Kg Kg™
as shown in Table 3. Highest NUE was recorded in PBW
621 at both RDN-50% (64.2 Kg Kg™) and RDN-25% (67.3
Kg Kg™). Several studies on maize have shown genetic
variability for NUE both at low and high N fertilization
levels (Presterl et al., 2002; Gallais and Coque, 2005).
Between N treatments, maximum NUE was recorded in
RDN-25% which was significantly higher than that of
control (RDN) but it was statistically close to RDN-50%.
Main focus of our study was not to deprive plants for
nutrients but to find a N dose up to which N fertilization
can be reduced with high yield and NUE. This study
confirmed that recently released cultivar by PAU viz.
PBW 621 is high yielding and is also efficient in
metabolizing N.

Correlation analysis between different physiological
traits and NUE indicated that NUE was positively and
significantly correlated with grain yield at all the four
levels of applied N for all genotypes. However, the
relationship of other physiological traits, that is, thousand
grain weight, biomass, plant height, tiller number and
spikelet number was non-significant. Positive and
significant correlation was observed between biomass
and tiller number (Table 4).

Mean values for studied parameters of twelve
genotypes during first year (2009-10) and second year
(2010-11) were grouped into clusters on the basis of all
studied physiological parameters. A cluster tree was
generated using NTSYS software (Rohlf, 1998).
Combined cluster analysis of both years showed that 12
genotypes were divided into three clusters (I, Il and Ill)
(Figure 1). In the cluster I, PBW 621 and PBW 636 were
clustered together. In Cluster Il, PBW 590 and HD 2967
while in cluster 1ll, DBW 17, PBW 550, PBW 509, BW
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Table 4. Correlation analysis between different yield attributes in wheat genotypes.

. Th
Parameter Yield ousand

grain weight

Plant Tiller
height number

Spikelet

Biomass
number

NUE 0.982 -0.163
Yield -0.243
Thousand grain weight

Biomass

Plant height

Tiller number

0.301
0.248
-0.013
0.257
0.373
0.325

0.447
0.499
-0.230

0.201 0.418
0.273 0.468
-0.308 -0.232
0.341 0.840

0.443

LEWLY
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—~—~—
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Figure 1. Cluster of twelve wheat genotypes by UPGMA clustering method for the years 2009-10 and 2010-2011.

9178, BW 9183, BW 8989, BW 9022 and PBW 343 were
grouped together. PBW 621 and PBW 343 were at the
opposite sides of the tree plot showing that they vary with
respect to N use as also reflected from the data.
Genotypes  clustered together showed  similar
physiological behavior for N use. From cluster analysis of
both years, it has been observed that PBW 621 and PBW
636 share similarity with respect to N use.

Conclusion

In conclusion, results of present study showed that PBW
621 and PBW 636 gave highest NUE and grain yield at

sub optimal doses of N while widely grown cultivar PBW
343 and advanced breeding lines BW 8989 and BW 9022
showed a lower efficiency for N use. 120 kg/ha is the
recommended N dose. However, considering
environmental and economic issues, it has been
observed that a decrease in N dose up to RDN-25% is
tolerated by N efficient genotypes without marked loss in
yield whereas further decrease from RDN-25% causes N
starvation. It would be particularly interesting to further
investigate the differential N responsiveness of
contrasting genotypes in terms of complex regulatory
network involved in NUE. These N efficient genotypes
may be used as donor stocks in wheat breeding
programs.
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Salinity stress, drought and the lack of water supply are major constraints limiting rice productivity in
rainfed lowland of the Sine Saloum region. To alleviate these constraints, several actions have been
undertaken including construction of anti-salt dykes and using of salt tolerant varieties. The objectives
of this study were: (a) analyze the hydraulic operation of these lowlands and salinity rate during wet
season. (b) To test, the response of new salt-tolerant varieties, with different fertilizers and to identify
the best suitable. Trials were conducted in two sites. The level of groundwater and salinity were
measured during two wet seasons in two sites. At least 100 mm of rainfall are required to decrease
salinity (EC) below 3 dS / m on a leveled land, before sowing. Before sowing, the management of water
flow at the anti-salt dam must take into account not only the leaching of salt, but also the groundwater
recharge. It is this groundwater that will allow rice to reach maturity, at the end of rains by mitigating
late season drought. In both sites, D14 and IR70870-B-P-2-2 were the most biomass productive
varieties.lAmong the eleven rice varieties tested, five have performed well with the average grain yields
of 4t.ha™.

Key words: Rainfall, groundwater, sea water, new salt-tolerant varieties, lowland.

INTRODUCTION

Rice is the most important food crop of the developing
world and the staple food in the Sahelian nations of West
Africa. Rice consumption in West Africa still increases,
due to accelerating urban population growth and
increasing levels of consumption per-capita (Seck et al.,

2012). Senegal is one of the biggest rice importers in
West Africa, (800,000 t per year) about 60% of local
consumption (FAO-stat, 2012). Nevertheless, the part of
imported rice can be reduced, by increasing local
production, when considering the potential of various
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agro-ecological conditions in which rice can be produced
(Lancon and Erenstein., 2002). In term of surface area,
the rainfed lowland system is the most important reaching
60% of total rice-farming in Senegal (SAED, 2012).
However, biophysical characteristics, rainfall hazard and
water provision infrastructures determine the availability
of water throughout the year (Kilian et al., 1999). Rice
yields are generally low (Yoshida and Benta, 1983). Also,
salt-stress, water deficiency and lack of best fertilizer
management destabilize further more this fragile situation
(Fukai et al., 1998; Diop et al., 2002). In Sine Saloum
region, western Senegal, lowlands cover more than
500,000 ha, representing important resources for rural
and national economy (Camara et al.,, 2007). Rice
farming remains one of the main agricultural activities in
this area (Mbodj, 2008). However, salinity stress caused
by intrusion of sea water in these lowlands is the major
constraint limiting rice-farming (Mbodj, 2001), (Camara et
al., 2007). As consequence of land degradation, farmers
are obliged to exploit upland areas, while the potential
yield of the upland is lower than that of lowland (Yoshida
and Benta, 1983), (Dingkhun and Sow, 1997). In
addition, water use efficiency on-farm is low, due to
meantime and late  season droughts, high
evapotranspiration and failure of water control
infrastructures (Tomar and Toole, 1980; Lilley and Fukai,
1994).

Rice crop suffers alternately from water excess and
deficits, thus leaching and volatilization of nutrients are
increased (Camara et al.,, 2008; Kaushal et al., 2009).
Low water use efficiency illustrates the priority for
improved water management in this region. To reduce
the vulnerability of rice-farming activities, anti-salt dams
have been built, in order to mitigate the salinity rate. Also,
the using of salt-tolerant rice varieties gives opportunity to
minimize salt effects and to produce higher yields than
existing local varieties in this environment (Camara et al.,
2008). It is in this context that Africa-Rice in collaboration
with National Agricultural Research Station has just set
up ten salt tolerant breeding lines for the Sahel Africa.
In addition, best agricultural practices (e.g water control,
management of fertilizer), contribute to reach that goal
(WARDA, 2004). Therefore, the objectives of this paper
were: (a) analyze the hydraulic operation of these
lowlands and salinity rate during wet season in the
presence of anti-salt dam. (b) To test, in these ecologies,
the response of new salt-tolerant varieties with different
types of fertilizers. (c) And to identify the best salt-tolerant
varieties, suitable for saline lowland conditions in the
Sahel.

MATERIALS AND METHODS
Experimental sites
Two field experiments were conducted during the wet season (from

June to November 2011) in Ndour ndour (14°06'N, 16°18'W) and
Nderderling (13°40'N, 16°24'W), located in Sine Saloum region,
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western Senegal. Sine Saloum region is located in Soudano
Sahelian zone. Climate is characterized by a wet season, between
600 and 800 mm rainfall from June to October and a dry season
from November to May. Average monthly maximum temperature is
39°C, reached between May-June. Average solar exposure is 9 h
per day. Air humidity is high all year long (ANSD, 2009). In Ndour
ndour, more than 50% of lowland areas are severely salt affected
while Ndinderling site is moderately saline. Evaporation is very
important about 2950 mm/year at Ndour ndour. Soil texture varies
from sandy to clay sandy at both sites (Mankeur, 1999).

Anti-salt dikes

An anti-salt dam is a structure of water retention made in the valley
of Sine Saloun to prevent the invasion of land by sea water and to
protect and recover saline soils upstream of the structure. It
includes a dike and evacuator regulated by a valve. The way of
operation is described hereafter. At the beginning of the wet
season, the valve remains closed to allow runoff to accumulate in
the basin. Part of the retained water infiltrates and contributes to
groundwater recharging. Salt accumulated in the soil dissolves in
standing water. The valve is then opened to allow drainage of salt
water. The capillary rise from the groundwater through layers of
saline soil and its evaporation lead to accumulation of salt on soil
surface. The valve is then closed to permit submersion again.
Processes of submersion and drainage will continue until the
threshold level of salinity (less than 3 dS/m) is obtained. At this
time, land preparation is undertaken, followed by sowing or
transplanting. At the end of wet season, the valve is closed to help
keeping water in the lowland. This allows rice to reach maturity and
also prevents capillarity rise of salt water.

Agronomic experiments

Trials were conducted during the wet season 2011 in the farmer
fields at Ndinderling and Ndour Ndour sites. A factorial design was
used with three replications, four fertilizer treatments as main plot,
measuring 54 m? (27 m x 2 m) each and eleven rice varieties as
sub plot, measuring 4 m? (2 m x 2 m) each. Direct sowing was done
with three grains per hill, using inter-row distance of 20 cm and
spacing of 20 cm within hills. Three fertilizers treatments were used
(Table 1). For the first treatment, manure (3,000 kg ha™) was
applied basally. For the second, mineral fertilizers used were urea
(46% N), triple super phosphate (20% P), and potassium chloride
(50% K). The third treatment was a combination of manure and
mineral fertilizers.

Plant materials

The salt-tolerant breeding lines (Table 2) used in these trials were
selected during the “Stress Tolerant Rice for Africa and South Asia”
(STRASA) project, after a long screening process, in research
station (Africa-Rice), and after experimentation in three countries
(Gambia, Senegal, Mali) for tolerance to salinity. The screening
program started with over 200 lines that were tested at 6 dS/m level
of salinity, in the research station of Africa Rice in Ndiaye. After that
screening, the salt-tolerant lines were selected and completed with
many salt-tolerant lines from International Rice Research Institute
(IRRI) which were screened also at 6 dS/m. The second step of this
screening process took place in farmer’s fields in Senegal, Gambia
and Mali between 2009 and 2010 during wet season.

Sampling, measurements and analyses

Three sub samples of top soil horizons (0 to 20 cm depth) were
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Table 1. Description of fertilizer treatments used in the two experimental sites.

Fertilizers treatment (kg ha™)

MF: Mineral Fertilizer

OF: Manure

OMF: Manure and Mineral Fertilizer
Control

90N-30P-30K

3000 kg ha™

3000 kg ha (OF)+ 90N-30P-30K (MF)
No fertilizers

Table 2. Origins of the eleven rice varieties used.

Plant material Origin

D14 IRRI
IR66946-3R-178-1-1 IRRI

WAS161-B-6-1 AfricaRice (Saint Louis)
IR70870-B-P-2-2 IRRI

IR67076-2R-15-3 IRRI

WAS197-B-8-2 AfricaRice (Saint Louis)
IKP IRRI

SAHEL 236 AfricaRice

IR4630 IRRI

Sahel 201 Africa Rice

IR31785 IRRI

taken in the center of each plot. Sub samples were mixed
thoroughly to get a composite sample, air dried and stored at 60°C
for one week at laboratory. Analyses included pHuo on 1:2.5
extract and electrical conductivity (EC) on the 1.5 extract. Soil
organic carbon was determined using the wet digestion method
(Walkley et al., 1934). Available phosphorus was determined with
the Bray 1 test (Bray and Kurtz., 1945). Groundwater’s levels were
measured using thirty piezometers at both sites. Electrical
conductivities of standing water were checked, daily, using a
portable conductivity meter during 2010 and 2011 wet season.
Contour maps of salinity level at Ndour ndour and Ndinderling
farms area were created using the Surfer 8.0 package before
setting up the trial. For determination of dry biomass, three plants
were harvested (cut flush to the ground) at the end of the vegetative
growth stage. These samples are then passed in oven at 60°C for
at least 3 days until complete dehydration. Then, the weight is
measured with an electronic weight sensor. Grain yields were
measured at 4 m? (2 m x 2 m). Analysis of variance (ANOVA) has
been performed and the mean values have been compared using
Student Newman Keuls (SNK) range test. Statistical procedures
have been performed using the 9.1 version of SAS software (SAS
Institute, 2004). Weather data were collected from stations near the
experiment sites and the daily reference evapotranspiration (ETo)
was estimated using Penman-Montieth method (Allen et al., 1998).
Water use efficiency (WUE) on biomass basis has been calculated
with respect to rainfall as follows:

WUE = BIOM

Y Rf

BIOM: total above-ground biomass on dry weight basis; Rf: Rainfall
during the cropping season.

RESULTS
Soil characteristics

Analyses of top soil horizon (0 to 20 cm) was done (Table
3). Soil in Ndour ndour was acidic with pH (H,O) and pH
(KCI) values of 4.74 and 4.46, respectively. In beginnin
of cropping season, the EC was already at 4.51 dS.m™,
the P level was 8.33 mg.kg’1 (Bray 1) and the organic
matter was 3.21%. While in Ndinderling, soil was slightly
acidic with pH (H,O) and pH (KCI) values of 6.19 and
5.11, respectively. EC was 0.54 dS.m™, P level was 8.59
mg.kg™ (Bray 1) and organic matter was 4.0%. Intrusion
of sea water in lowland has induced higher salinity in
Ndour ndour compared to Ndinderling. The acidity could
be explained by the nature of soils, and chemical
reactions between iron transported by water drained from
the continent and sea water (Maryse, 1991). However,
the soil organic matter was relatively high at both sites,
probably due to alluvial and colluvial deposits of organic
sediments in the bed of the stream (Perez, 1994).

Evolution of salinity in relation of rainfall

In Figure 1, the salinity in the lowland falls under 3 dS/m
after 103.5 mm of rainfall in June 2010 ending. In 2011,
after 150 mm of cumulative rainfalls, reached on 30th of
July, the salinity was approximately 2 dS/m. This shows
that at least 100 mm of rainfall is required for enough
leaching of salt in order to reach the threshold of 3 dS/m
before sowing. As seen in the contour map (Figures 2
and 3), salinity is not uniform, because leaching also is
not uniform due to the fact that terrain is not levelled.

Rain, groundwater, salinity dynamics and their
impacts on rice growth

Ndour Ndour: Rice roots are in 90% located in 0 to 30
cm depth. So long as the level of the groundwater is less
than 30 cm, it hardly contributes to the rice water supply.
In this lowland, the groundwater table, despite of a
gradual recharge, was less than 50 cm (Figure 4) during
the seed germination and young seedlings growth.
However, more than 80% of rains occurred during this
period. This allowed having relatively high moisture in the
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Table 3. Main characteristics of top soil horizon.

Parameter Ndour Ndour Ndinderling
pH (H20) 4.74 6.19
pH (KCI) 4.46 5.11
EC (dS.m™) 451 0.54
C (%) 1.87 2.34
MO (%) 3.21 4.03
P Bray 1 (mg.kg™) 8.33 8.59
wet season 2010
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Figure 1. Evolution of mean salinity in the lowland of Ndour Ndour, versus cumulated rainfalls

during the wet season 2010 and 2011.

soil. First rains have also allowed leaching of salt thanks
to anti-salt dam. Water stress was not very pronounced
during the end of vegetative growth at the beginning of
the reproductive phase (Figure 4). Rains having stopped
in October, this has resulted in a decrease in
groundwater table (Figure 4). During the end of the
reproductive phase, at maturity, soil moisture was near
the permanent wilting point.

As shown in the salinity map of Ndour Ndour (Figure 2),
average salinity was lower than 3 dS/m of sowing day.
From early June to late August (Figure 1: wet season
2011) lowland has received a significant quantity of rain:

371.3 mm which helped to lower the salt level (Figure 1,
wet season 2011).

This decrease is also emphasized by Figure 5. On the
opposite, after the end of August, the decline in rainfall
has resulted in an increased level of salt. This increase in
salinity (Figure 5) is due to the lack of standing water
(Figure 4) to prevent salt accumulation coming up from
the ground via capillarity and remaining after evaporation.

Ndinderling: Given that the salinity was below the
threshold during sowing (Figure 3), the valve stayed
closed. That led to keeping water for long time and
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Figure 2. Contour of spatial variability of electrical conductivity (dS.m™) in the early wet season
2011 at Ndour Ndour before sowing in 28 ha area (x scale: 1.0 inche = 119.865 m, y scale: 1.0

inche = 119.865).
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Figure 3. Contour of spatial variability of electrical conductivity (dS/m) in the early wet
season 2011 at Ndinderling before sowing in 56 ha area (x scale: 1.0 inche = 157.42

m, y scale: 1.0 inche = 157.42).

permitted its infiltration and deep leaching of salt. Indeed,
standing water has achieved the height of 100 cm at
surface between September and October. At this stage
the main issue is the risk of submersion: At least, one of
the leaves should stay out of water for respiration
purpose. From October to December, water table
decreased from 100 cm to -20 cm (Figure 6). The
abundance of rainfall (Figure 6) and the permanent
standing water have allowed a continuous leaching of salt
and the dilution of the concentration. This has resulted in
a low rate of salinity throughout the crop cycle (Figure 7).

Crops have used water of the groundwater table after the
end of the rains in October. In Ndinderling, rainfall of 758

mm exceeded ETo (554 mm). Finally, there was no salt
stress or rainfall deficit during the trial in the lowland of
Ndinderling, allowing subsequently, each variety to reach
maturity.

Biomass and grain yields

Ndour Ndour: Biomass production was significantly
influenced by the type of fertilizer and the different
varieties used, but no interaction was observed between
the type of fertilizer and variety (Table 4). The average
biomass produced was 4.68 tha™ and the control, OF,
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Figure 7. Trend of electrical conductivity (EC) during 80 days after seedling in Ndinderling.

Table 4. Analysis of the variance of the effects of fertilizer treatments, varieties, sites, and interactions

within factors on rice biomass production.

Source DF Mean square F Value Pr>F
Fertilizer 3 202.4307435 25.83 0.0001
Variety 10 20.7133373 2.64 0.0059
Site 1 512.0516156 65.34 0.0001
Treatment*Variety 30 7.165653 0.91 0.5982
Treatment*Site 3 2.2452228 0.29 0.8351
Variety*Site 10 6.4760474 0.83 0.6040
Treatment*Variety*Site 30 8.203849 1.05 0.4136
R-Square 0.683426

Coeff Var 49.72243

MF and OMF gave respectively 2.01, 3.7, 6.14, and 6.89
t.ha’. D14, IR4630 and IR70870-B-P-2-2 were the most
productive varieties, respectively 5.52, 5.37 and 5.19 t.ha’
! the sensitive check IR31785 produced 3.21 t.ha™(Table 5).

Ndinderling: Biomass production was significantly
influenced by the type of fertilizer and the different
varieties used, but no interaction was observed between
the type of fertilizer and variety (Table 4). The average
biomass was 7.79 tha™ and the control, OF, MF, and
OMF gave respectively 4.53, 6.94, 8.88, and 10.81 t.ha™.
Sahel 236, D14 and IR70870-B-P-2-2 varieties were the
most productive respectively 9.67, 9.10 and 8.92 t.ha™.
The sensitive check IR31785 produced 4.26 t.ha™ (Table
5). D14, WAS161-B-6-1, Sahel 236, Sahel 201 and
IR4630 varieties have performed well; they can produce
up to 4 tha™ grain yield in a salt water environment
(Figure 8) higher than average yield obtained by farmers
in this region (1.5 t.ha™) (Mbodj, 2008). Thus, this can
provide better alternatives for farmers.

Water use efficiency (WUE)

Ndour Ndour: WUE was significantly influenced by the
type of fertilizer and the variety. Difference between
tolerant varieties and the sensitive variety was significant
(P < 0.05), however no significant difference within
tolerant varieties was observed (P < 0.05). Average WUE
of sensitive variety (IR 31785) was 0.59 kg.m® and
among the tolerant varieties, D14 gave the greater WUE
(1.01 kg.m'3). Average WUE was 0.37; 0.68; 1.12 and
1.26 kg.m™ respectively under control, OF, MF and OMF
(Table 6). As comparison to control, OF and MF, average
WUE under OMF was increased by 71, 46 and 11%,
respectively.

Ndinderling: WUE was significantly influenced by the
type of fertilizer and the variety. Difference between
tolerant varieties and the sensitive variety was significant
(P < 0.05); however no significant difference within
tolerant varieties was observed (P < 0.05). Average WUE
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Table 5. Effects of fertilizer treatments on above-ground biomass production (t.ha™).
) i Ndour Ndour Ndinderling

Rice cultivar Ctrl OF MF OMF Mean Ctrl OF MF OMF Mean
D14 2.20 4.93 6.63 8.31 552° 499 7.90 9.58 13.93 9.10°
IR66946-3R-178-1-1 2.74 2.49 6.39 747  ATT™® 3.98 6.62 9.31 11.02 7.73%®
WAS161-B-6-1 1.30 3.90 5.66 595  4.20% 5.19 5.13 10.48 9.62 7.60%
IR70870-B-P-2-2 1.82 411 8.90 5.92 5.19° 4.95 9.40 10.13 11.18 8.92°
IR67076-2R-15-3 1.93 3.64 6.71 6.73  4.75% 5.19 7.10 9.81 10.05 8.04%
WAS197-B-8-2 2.22 4.33 5.92 6.42 4.72% 4.55 5.67 7.82 10.09 7.03%®
IKP 1.27 3.52 4.83 7.03  4.16% 4.47 6.01 6.50 8.85 6.46%
Sahel 236 3.10 3.00 6.37 7.13  4.90% 4.78 8.40 11.08 14.40 9.67°
IR4630 1.62 4.52 6.99 8.35 5.37° 3.80 8.48 9.32 12.56 8.54%
Sahel 201 2.27 4.56 4,72 730  4.71% 4.98 7.44 9.22 11.79 8.36%
IR31785 1.58 1.73 4.37 5.13 3.21° 3.00 4.23 4.40 5.40 4.26°
Mean 2.01° 3.70° 6.14° 6.89° 453" 6.94° 888"  10.81°

Mean with the same letters are not significantly different by Student Newman Keuls test at the 0.05 level.
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Figure 8. Average grain yields of the eleven rice varieties in moderate saline condition of Ndinderling with

statistical range equal 1.3 t/ha.

of sensitive variety (IR 31785) was 0.56 kg.m™ and
among the tolerant varieties, Sahel 236 gave the greater
WUE (1.28 kg.m™). Average WUE was 0.60, 0.92, 1.17,
and 1.43 kg.m™ under control, OF, MF and OMF (Table
6). As comparison to control, OF and MF, average WUE
under OMF was increased by 58, 36 and 18%
respectively.

DISCUSSION

In these lowlands degraded by salt, there should be a
gap between the beginning of the rainy season and

planting date. In fact, the sowing should intervene after
the lowlands have received rainfall of at least 100 mm.
This is much enough to leach the salt that has been
accumulated during the dry season under 3 dS/m which
is tolerable for rice. In these lowlands, rice water need
must therefore take into account that quantity needed for
the leaching of salt. As the map of salinity (Figure 2)
shows, the levelling is an essential element for the proper
salt leaching. The lowlands must have a low slope
(eg0.1%) descending toward the anti-salt dam. Once the
valve is closed there will be a uniform height of water
throughout the lowland and saline water can be
evacuated. Good leaching allows uniform salinity. Salinity
higher than 3 dS/m will have no effect on the germination
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Table 6. Effects of fertilizer treatments on the water use efficiency (WUE in kg.m™).

) ) Ndour ndour Ndinderling

Rice cultivars

Ctrl OF MF OMF Mean Ctrl OF MF OMF Mean
D14 0.40 0.90 1.21 1.52 1.01° 0.66 1.04 1.26 1.84 1.20°
IR66946-3R-178-1-1 0.50 0.46 1.17 1.37 0.87% 0.53 0.87 1.23 1.45 1.02°
WAS161-B-6-1 0.24 0.71 1.03 1.09 0.77° 0.68 0.68 1.38 1.27 1.00%
IR70870-B-P-2-2 0.33 0.75 1.63 1.08 0.95% 0.65 1.24 1.34 1.48 1.18°
IR67076-2R-15-3 0.35 0.66 1.23 1.23 0.87% 0.68 0.94 1.30 1.33 1.06°
WAS197-B-8-2 0.41 0.79 1.08 1.17 0.86° 0.60 0.75 1.03 1.33 0.93%
IKP 0.23 0.64 0.88 1.29 0.76° 0.59 0.79 0.86 1.17 0.85°
Sahel 236 0.57 0.55 1.16 1.30 0.90° 0.63 1.11 1.46 1.90 1.28°
IR4630 0.30 0.83 1.28 1.53 0.98% 0.50 1.12 1.23 1.66 1.13°
Sahel 201 0.42 0.83 0.86 1.34 0.86% 0.66 0.98 1.22 1.56 1.10%
IR31785 0.29 0.32 0.80 0.94 0.59° 0.40 0.56 0.58 0.71 0.56°
Mean 0.37° 0.68"> 1.12® 1.26° 0.60° 0922  1.17*  1.43*

Mean with the same letters are not significantly different by Student Newman Keuls test at the 0.05 level.

Table 7. Average young seedling survival rate (YSSR) in saline soil
of Ndour Ndour.

Rice varieties Average YSSR (%)

D14 822
WAS161-B-6-1 80°
WAS197-B-8-2 812
IR66946-3R-178-1-1 742
IR70870-B-P-2-2 782
IR67076-2R-15-3 79
IR4630 832
IKP 85°
Sahel 236 80°
Sahel 201 852
IR31785 58"

Values with the same letter are not significantly different by Student
Newman Keuls test at the 0.05 level.

rate but will result in death of seedlings. Soil moisture
was not used by the seedlings where the salinity exceeds
6 dS.m™ because its increase osmotic potential and the
varieties used have been selected at 6 dS/m. Indeed, at -
2.34 MPa (osmotic potential = -039EC) (Chinnusamy et
al., 2005), which is less than -1.5 MPa (soil water
potential at permanent wilting point) (Chinnusamy et al.,
2005) led to the death of many young seedlings (Table 7).
Indeed, the young seedlings were very sensitive to
salinity (Zeng et al., 2000). At this, salt stress is added to
hydric stress at the lowland Ndour Ndour. The effects of
drought on yield are most severe when paddies are
stressed by water deficit in the pre-flowering stage
(Tsubo et al.,, 2006). The rainfall deficit versus the rice
need for water was 18.3%. That does not include the
losses of water due to lateral and downward movement

(Tsubo et al., 2006). The impact of water deficit on rice is
much accentuated in saline soils. As consequences, rice
survival rate after seedling was decreased approximately
by 20% with tolerant varieties and by 42% with sensitive
variety (Table 7), and the number of tiller per plant was
decreased by 25%, in Ndour ndour compared to
Ndinderling (Table 8). This sensitivity of rice to salinity
and water deficit stresses have been emphasized by
some authors as (Tsubo et al., 2006; Walia et al., 2005;
Tabbal et al., 2002; Ceuppens et al., 1997).

This lower rate of tillering at Ndour Ndour, compared to
Ndinderling has affected biomass. Biomass production
was greater in Ndinderling compared to Ndour ndour. At
both sites, the OMF gave the best above-ground
biomass. In fact, this combination increases the capacity
of nutrient reserves and makes easy the availability of
nutrients to plants (Craswell and Lefroy., 2001; Bado et
al., 1997; Bationo and Mokwunye, 1991).

However, because of the relatively high organic matter
at both sites, only application of MF gave also greater
above-ground biomass compare to OF and the control
treatments. Low rainfall, after August was not sufficient to
prevent the capillary rise of water from the salt water
which led to the high salinity at the end of the season at
Ndour Ndour and resulted in the spikelets sterility.
Nevertheless, at Ndinderling site, the sensitive check
IR31785 produced 4.26 t.ha’. D14, WAS161-B-6-1,
Sahel 236, Sahel 201 and IR4630 varieties have
performed well; they can produce up to 4 t.ha™ grain yield
in a salt water environment, higher than average yield
obtained by farmers in this region (1.5 t.ha™) (Mbodij,
2008). Thus, this can provide better alternatives for
farmers.

Significant yield and WUE increase can be expected by
using both organic and mineral fertilizers and more water
supplies. Moreover, WUE in Ndour ndour was lower



Table 8. Average number of tillers per plant.

Rice varieties Ndour ndour Ndinderling
D14 21% 24%
WAS161-B-6-1 18° 26%
WAS197-B-8-2 222 26%
IR66946-3R-178-1-1 18° 21%
IR70870-B-P-2-2 19° 24%
IR67076-2R-15-3 20% 222
IR4630 20% 26%
IKP 172 22%
Sahel 236 20% 25%
Sahel 201 19% 22%
IR31785 13" 23

Values with the same letter per column are not significantly different by
Student Newman Keuls test at the 0.05 level.

than Ndinderling, respectively 0.86 and 1.03 kg.m'3 in
average.

Conclusion

Sowing at these salt lowlands must occur after a rainfall
of at least 100 mm. This amount of water should be
integrated into the rice water need. However, levelling the
lowlands allows a uniform leaching. After sowing, the
management of water flow at the anti-salt dam must take
into account, not only leaching of salt, but also
groundwater recharge. Indeed, it is this groundwater
table that will allow rice to reach maturity at the end of
rains in the rainfed lowlands, by mitigating late season
drought on the one hand. On the other hand, this
infiltration will reduce the salinity of water. Biomass
production was greater in Ndinderling compared to Ndour
ndour. In both sites, D14 and IR70870-B-P-2-2 were the
most biomass productive varieties, respectively 5.52,
5.19 t.ha™ in Ndour Ndour; and 9.10 and 8.92 t.ha™ in
Ndinderling. At both sites, OMF gave the best above-
ground biomass. Because this combination increases the
capacity of nutrient reserves and makes easy the
availability of nutrients to plants. Among the eleven rice
varieties tested, five have performed well: D14, WAS161-
B-6-1, Sahel 236, Sahel 201 and IR4630, with greater
average grain yields of 4 t.ha™ compared to the 1.5 t.ha™
obtained by farmers. Significant yield and WUE increase
can be expected by using both organic and mineral
fertilizers and more water supplies. Results of this study
provided useful information for integrated management of
tolerant rice varieties, water control and fertilizers in the
rainfed lowland rice. As perspective to improve this
system, using of high yielding tolerant rice varieties
associated with organic and mineral fertilizers and
additional irrigation source can help to recover the
abandoned land and improve rice productivity in this
region.
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Salinity affects ~ 950 million ha of the world’s land area. More importantly, this worldwide problem is
gradually increasing and limiting productivity. The aim of the present study was to investigate the
protective effects of Ca®" against NaCl induced salt stress in Lens culinaris. We comparatively analyzed
growth, oxidative stress, photosynthetic potential and antioxidant enzyme activities in red and green
lentils. Plants were allowed to germinate and then treated with or without NaCl (50, 200 mM) and/or
CaCl, (5, 10 mM) for seven days. NaCl treatment decreased growth, chlorophyll content, carotenoid
content and the activities of CAT and Ascorbate peroxidase (APX in both tested plants. Moreover MDA,
H,O, and proline levels were increased by NaCl treatment in red and green lentils, indicating that
antioxidant system was disrupted by salinity. This study indicated that Ca** ameliorated the inhibitory
effects of NaCl on growth and photosynthesis by regulating the activities of pivotal antioxidant
enzymes such as superoxide dismutase (SOD), APX and catalase (CAT) in red and green lentils. Further
studies are needed to investigate the underlying molecular mechanisms of Ca®* dependent protective

effects under salt stress.

Key words: Lens culinaris, calcium, salt stress, oxidative stress, antioxidant enzymes, lipid peroxidation.

INTRODUCTION

Salinity can be defined as the presence of soluble salts
with excessive levels in soils or waters. If these salts
contain a high proportion of sodium ions, it is called
sodicity. Over six percent of the world’'s land and
approximately one-third of agricultural areas are affected
by these two increasing environmental problems
(Laohavisit et al., 2013; Yadav et al., 2011). Decreasing
in crop productivity is one of the most harmful
consequences of salinity in particularly arid and semi-arid
areas of the world.

Several metabolical and physiologica processes

regulating plant growth can be damaged by salinity and
sodicity. At first, cellular ionic balance is disrupted. The
most common ions associated with salinity are Na*, Mg®",
ClI" and HCOj3;. Because of their dominant toxicity to
plants, Na" and CI" are considered the most important.
Increased concentrations of cellular Na* and CI* inhibit
most enzymes and interfere RNA binding (Serrano et al.,
1999). It is also shown that excessive uptake of Na®
disrupts Na'/K* homeostasis and may cause cellular
injury and even cell death (Lockhart., 2013). The main
phenotypic response of plantsto salinity is inhibition
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of growth (Romero et al., 2001; Hilal et al., 1998). The
mechanism underlying this response directly depends on
absorption of water. When dissolved salt concentration in
the soil is higher than inside the plant roots, water tends
to move from roots to soil via osmosis, as a result,
absorption of water to plant is reduced. Moreover, salt
accumulation causes premature senescence in leaves,
reduces the photosynthesis rate and directly affects vital
processes by generating reactive oxygen species (ROS)
such as hydrogen peroxide, nitric oxide, superoxide and
hydroxyl radicals. Despite low levels of ROS can mediate
salinity tolerance, excessive levels mostly damage to
lipids, proteins, and nucleic acids (Xue et al., 2008).
Conversely, plant cells have non-enzymatic antioxidants
such as proline and antioxidant enzymes such as
catalase (CAT) and superoxide dismutase (SOD) which
are protect cell from oxidative damage. Therefore, the
balance between ROS and antioxidants is crucial for
plant survival and is needed to keep on the side of
antioxidants (Munns, 2002; Tsuganea et al., 1999).

Unlike Na* and CI, it is well known that some ions such
as Ca'? increase the adaptation of plant to salt stress by
mainly regulating ion transport and exchange
mechanisms. Moreover, calcium can also act as a
second messenger in stress signaling, stabilizes cell wall
structure and restores photosynthesis under NaCl stress.
The underlying molecular mechanism of plant cell
response to salt stress is regulated by salt overly
sensitive (SOS) signaling pathway. Salt stress induces a
cytosolic calcium-signal that activates the calcium sensor
protein SOS3. SOS3 hinds and activates SOS2, which is
a member of serine/threonine kinase family. Activated
SOS2 regulates the activiies of Na'/H® antiporters
localized in both plasma membrane and vacuole. This
results in Na" efflux out of cytosol or vacuole (Hadia and
Karimib, 2012).

Lens culinaris is one of the first cultivated annual plants
in Middle East and Europe. The wild subspecies, L.
culinaris orientalis, is found in particularly Middle East
including Turkey. Since this ancient plant has high protein
content and is a good source of vitamin B, iron and
phosphorus, it is widely consumed as food (Faris et al.,
2013). The aim of the Eresent study is to investigate the
protective effects of Ca“* against NaCl induced salt stress
in red and green lentils.

MATERIALS AND METHODS

Plants Material and Metal Treatment

In this study, the red (yerli) and green (kislik pul 11) lentil (L
culinaris L.cv) cultivars seeds were provided by Field Crops Central
Research Institute, Ankara, Turkey. Seeds were surface disinfected
with sodium hypochloride (30%) for 10 min and washed with sterile
water thoroughly. After imbibition, approximately 15 to 20 seeds
were planted onto plastic trays covered with filter paper and cotton
containing half-strength Hoagland’s solution. They were grown for
10 days in a growth chamber at 23+2°C with 16-h light: 8-h dark
photo-cycle at a light intensity of 40 mmol m? s™. At the 7th day of

growth, salt stress treatment was initiated by applying half-strength
Hoagland’s solution containing 1.02 g/L KNOs3, 0.492 g/L Ca(NO3)2,
0.23 g/L KH2POg4, 0.49 g/L MgS04.7H,0, 1.81 mg/L MnCl,.4H,0,
0.08 mg/L CuS04.5H,0, 0.22 mg/L ZnS0O,.7H,O, 0.09 mg/L
NaMo0O4.H,O and FeS0,4.7H,0O (0.5%) contained 0.6 ml/L (0.4%)
tartaric acid to seedlings. Control plants, salt stressed (50, 200 mM
NaCl) and NaCl+CaCl, treated (50 mM NaCl+5 mM Ca, 50 mM
NaCl+10 mM Ca, 200 mM NaCl+5 mM Ca, 200 mM NaCl+10 mM
Ca) and plants were grown in the growth chamber with the same
physical parameters for another 7 days. The shoot and root tissues
of 7 days old seedlings were then freshly used in the experiments.

Growth analysis

After 0 and 7 days of metal treatment, 1 g plants for each group
were taken at random and divided into separate shoot and root
fractions. The fresh weights of shoots and roots were weighed, and
root lengths were measured. The samples were then dried in a
forced draft oven at 70°C for 24 h, and the dry weights (g/g FW)
were determined.

Determination of proline and H,O, content

Proline content was determined according to the modified method
of Bates et al. (1973). 0.5 g of shoot and root tissues from control
and NaCl, Ca®" treated plants were homogenized 1 ml of 5 %
sulfosalicylic acid solution using homogenizer. The homogenate
was then centrifuged at 13.000 g for 10 min. 1 ml of the supernatant
was then added into a test tube to which 1 ml of glacial acetic acid
and 1 ml of freshly prepared acid ninhydrin solution were added
(.25 g ninhydrin dissolved in 30 ml of glacial acetic acid and 20 ml
of 6 M orthophosphoric acid). Tubes were incubated in a water bath
for 1 h at 95°C and then allowed to cool to room temperature. 2 ml
of toluene was added and mixed on a vortex mixture for 20 s in a
fume hood. The test tubes were allowed to stand for at least 10 min
to allow the separation of toluene and aqueous phase. The toluene
phase was carefully pipetted out into a glass test tube and the
absorbance was measured at 520 nm in a spectrophotometer. The
concentration of proline was calculated from a proline standard
curve. The concentration of proline was expressed as umol/g FW.

The hydrogen peroxide content was determined according to
Jana and Choudhuri (1981). Aliguats of fresh shoots and roots were
homogenized in 50 mM potassium phosphate, pH 6.5 and
centrifuged at 10 000 g for 25 min. The solution was mixed with 1%
titanium chloride (in concentrated HCI) and then centrifuged at 10
000 g for 15 min The absorbance of the supernatant was measured
at 410 nm and the H,O; content calculated using 0.28 uM™cm™ as
extinction coefficient.

MDA content

Lipid peroxidation was evaluated by measuring the amount of MDA
amounts according to Heath and Packer (1968). 500 mg plant
material was homogenized with 3 ml of 0.5% TBA in 20% TCA
(W/V). The homogenized was incubated at 95°C for 30 min and the
reaction was stopped in ice. The plant samples were centrifuged at
10 000 g for 15 min and absorbance of the resulting supernatant
was recorded at 532 and 600 nm. The non-specific absorbance at
600 nm was subtracted from the 532 nm absorbance.

Chlorophyll and carotenoid contents

Concentration of chlorophylls and carotenoids were determined in
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Table 1. Effect of Ca?* enrichment on the fresh shoot weight, fresh root weight, shoot lenght root lenght and electrolyte leakage of 7-
day red lentil seedling treated with or without 5.0-10 mol L-1 CacCl,, 50 to 200 mmaol L™ NaCl. (a= compared to the control, b= compared

to the 50 mM NaCl , c= compared to the 200 mM NacCl).

Electrolyte Leakage

. Shoot Root Shoot Root
Red lentil . . (uS/cm)
length(cm length(cm weight weight
gth(cm) gth(cm) ght(g) ght(g) Shoot Root
Control 19.85 8.78 0.1426 0.0522 48.00 57.53
50 NaCl 18.44° 8.28% 0.13602 0.04702 75.14°2 83.12%
50 NaCl +5 Ca 18.872 8.90"° 0.1410° 0.0526" 60.98 % 72.11%
50 NaCl +10 Ca 19.71° 9.35% 0.1544%® 0.0639® 50.76 64.45%
200 NaCl 16.282 5.05°% 0.0698% 0.0417% 120.452 133.17°2
200 NaCl +5 Ca 17.30°% 5.42°% 0.0801 % 0.0462 * 110.66 * 112.10%¢
200 NaCl + 10 Ca 18.78°%*¢ 6.81°% 0.1057* 0.0676 * 98.70 % 107.11°%¢
RSD 0.36 0.06 0.004 0.003 1.25 3.38
DMSO extract of the young fully expanded leaf by the method of RESULTS

Lichtenthaler and Wellburn (1983). The homogenate was
centrifuged at 4000xg for 10 min to remove the residue. The color
intensity of clear supernatant was measured at 665, 645 and 470
nm for chlorophyll a, chlorophyll b and carotenoids, respectively.
Results have been expressed as mg chlorophyll or carotenoids
mg/g fresh weight.

Enzyme extracted and enzyme activities assays

Fresh shoot and root samples weighting about 1 g were
homogenized using chilled mortar and pestle in 5 ml of cold 20 mM
potassium phosphate buffer (pH 7.0) containing 1.0% insoluble
polyvinyl pyrolidone (PVP) in ice bath. The homogenates were
centrifuged at 12 000 g for 30 min. The supernatant was stored at
4°C and used for enzyme assays.

Ascorbate peroxidase (EC. 1.11.1.11) activity was measured
immediately in fresh extracts and was assayed as describes by
Nakano and Asada (1981) using a reaction mixture containing 25
mM potassium phosphate buffer (pH 7.0), 0.1 mM H,O,, 0.5 mM
ascorbate and 0.1 mM EDTA. The hydrogen peroxide-dependent
oxidation of as was followed by a decrease in the absorbance at
290 nm. The activity of APX was calculated using the extinction
coefficient of 2.8 mM™ cm™.

Catalase (EC 1.11.1.6) activity was determined by monitoring the
described of H,O, which was carried out by measuring the
decrease in absorbance at 240 nm of a reaction mixture containing
25 mM potassium phosphate buffer (pH 7.0), 10 mM H.O; and
enzyme extract (Aebi, 1984).

SOD (EC 1.15.1.1) activity was measured spectrophotometrically
as described by Beyer and Fridovich (1987). In this assay, 1 unit of
SOD is defined as the amount required to inhibit the photo
reduction of nitroblue tetrazolium by 50%. The activity of SOD was
expresed as Unit/g fresh weight.

Statistical analysis

All experiments were carried out in triplicate and results were
expressed as mean + S.D. Data analysis and graphs were done by
Graphpad Prism 6.0 software (La Jolla, CA, USA). Differences
were analyzed by using two-way ANOVA at level of significance of
p<0.05.

Growth analysis

For growth analysis, plants were allowed to germinate
and then treated with or without NaCl (50, 200 mM)
and/or CaCl, (5, 10 mM) for seven days in sand culture
under glass house conditions. At the end of the day 7,
growth of both red and green lentil was significantly
reduced by 50 and 200 mM NaCl treatment (Tables 1
and 2).

In 50 and 200 mM NacCl treated red lentil, shoot length
was decreased by 7.1 and 17%, while it was decreased
by 4.65 and 12% in green lentil, respectively, as
compared to untreated control. Combination of 200 mM
NaCl and 10 mM Ca®* treated resulted in an increased
shoot length in red and green lentils by 15 and 9%,
respectively as compared to 200 mM NaCl. Shoot weight
was decreased by 62 and 39% in red and green lentils
treated with 200 mM NaCl, respectively, as compared to
untreated control. Combination of 200 mM NaCl and 10
mM Ca®* treated resulted in increased shoot weight by 42
and 14% in red and green lentils, respectively as
compared to 200 mM NacCl.

Chlorophyll (Chl) content

The presence of NaCl decreased total chlorophyll (Chl a
+ Chl b) and total carotenoid levels in a concentration
dependent manner in the shoots of both plants. In red
lentil, 200 mM NacCl treatment decreased Chl a, Chl b,
and total carotenoid levels by 54, 58 and 61%,
respectively, as compared to untreated control.
Combination of 10 mM Ca” and 200 mM NaCl
significantly decreased the inhibitory effects of NaCl on
Chl a, Chl b and total carotenoid levels by 22, 76 and
34%, respectively, as compared to 200 mM NaCl (Table 3).

In green lentil, 200 mM NaCl treatment decreased Chl a,
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Table 2. Effect of Ca®" enrichment on the fresh shoot weight, fresh root weight, shoot lenght root lenght and electrolyte leakage of 7- day
green lentil seedling treated with or without 5.0 to 10 mol L™" caCl,, 50-200 mmol L™ NaCl. (a= compared to the control, b= compared to

the 50 mM NaCl , c= compared to the 200 mM NacCl).

Electrolyte Leakage (uS/cm)

Green lentil Sho?(t:rlne)ngth Root length (cm) Shoot weight (g) Root weight (g) Shoot Root
Control 21.04 8.24 0.2294 0.1422 73.02 86.26
50 NaCl 20.06° 5.01° 0.2029° 0.0826° 90.13° 102.23°
50 NaCl +5 Ca 24.85% 7.71% 0.2414%® 0.1200%® 72.33° 97.12%
50 NaCl +10 Ca 26.20% 7.90% 0.2602 % 0.1321% 63.16 90.10%
200 NaCl 1852 3.40° 0.13932 0.0706° 130.74° 148.65°
200 NaCl +5 Ca 19.35% 6.07% 0.1558 * 0.0810%* 122.23% 145.00%
200 NaCl +10 Ca 20.21%* 7.85°% 0.1686 * 0.0933* 111.39% 127.34%¢
RSD 0.32 0.05 0.007 0.004 2.26 4.28

Table 3. Effect of Ca®* enrichment on the photosynthetic pigments of 7- day red lentil seedling treated with or without 5.0 to 10 mol L—1
CaCl,, 50 to 200 mmol L™ NaCl. (a= compared to the control, b= compared to the 50 mM NaCl , c= compared to the 200 mM NacCl).

Total
Red lentil Chl a _ Chl b . Total Chl . Chl a/b . Carotenoid
(mg/g fresh weight) (mg/fresh weight) (mg/g fresh weight) (mg/g fresh weight)  (mg/g fresh
weight)
Control 6.31 1.97 8.28 3.20 1.96
50 NacCl 4522 1.252 5.77% 3.61° 1.662
50 NaCl + 5 Ca 4.70% 1.60% 6.33% 2.95% 1.74%
50 NaCl + 10 Ca 5.14% 1.87% 7.01% 2.74% 1.87%
200 NacCl 2.90° 0.82° 3.72° 3.53% 0.752
200 NaCl +5 Ca 3.14°% 0.94°% 4.08%* 3.34% 0.88%
200 NaCl + 10 Ca 3.56°% 1.45% 5.01°% 2.45% 1.01%*
RSD 0.08 0.04 0.09 0.04 0.03

Table 4. Effect of Ca2+ enrichment on the photosynthetic pigments of 7- day green lentil seedling treated with or without 5.0 to 10 mol L™
CaCly, 50 to 200 mmol L™ NaCl. (a= compared to the control, b= compared to the 50 mM NaCl , c= compared to the 200 mM NaCl).

Green lentil Chl a Chl b Total Chl Chl a/b Total Carotenoid
(mg/g fresh weight) (mag/g fresh weight) (mg/g fresh weight) (mg/g fresh weight) (mg/g fresh weight)

Control 5.56 291 8.47 1.91 1.65

50 NacCl 4.65° 1.31° 5.96° 3.54° 1.212

50 NaCl + 5 Ca 5.67° 2.84°%° 8.51°" 1.99% 1.55%

50 NaCl + 10 Ca 5.83% 2.98° 8.81%" 1.95° 1.66°

200 NacCl 2.58% 0.76% 3.34% 3.39° 0.86°

200 NaCl +5 Ca 2.79% 0.95% 3.74% 2.93% 0.99*

200 NaCl + 10 Ca 2.95% 1.13%* 4.08% 2.61% 1.11°%*

RSD 0.01 0.04 0.08 0.05 0.04

Chl b, and total carotenoid levels by 53, 73 and 47%, MDA, H,0O, and proline contents

respectively, as compared to untreated control.
Combination of 10 mM Ca®* and 200 mM NaCl The presence of NaCl led to an increase in MDA levels in

significantly decreased the inhibitory effects of NaCl on a concentration dependent manner in the shoots of both
Chl a, Chl b and total carotenoid levels by 14, 48 and plants. 200 mM NaCl treatment increased MDA levels by
29%, respectively, as compared to 200 mM NaCl (Table 4). 73 and 66% in the shoots of red and green lentils,
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Figure 1. Effect of Ca?" enrichment on the MDA content (mol/gFW) of 7-day old red and green lentil seedlings
treated with or without 5,10 mM CacCl,, 50, 200 mM NaCl. (A=Shoot, B=Root) (a= compared to the control, b=
compared to the 50 mM NaCl, c= compared to the 200 mM NaCl).
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Figure 2. Effect of Ca®" enrichment on the H,0. content (mol/gFW) of 7-day old red and green lentil seedlings
treated with or without 5,10 mM CacCl,, 50, 200 mM NaCl. (A=Shoot, B=Root) (a= compared to the control, b=
compared to the 50 mM NacCl, c= compared to the 200 mM NaCl).

respectively, as compared to untreated control.
Combination of 10 mM Ca** and 200 mM NaCl solution
reduced MDA levels by 33 and 26% in red and green
lentils, respectively, as compared to 200 mM NaCl
(Figure 1A). Same results were observed in the roots of
both plants. Combination of 10 mM Ca** and 200 mM
NaCl decreased MDA content by 44 and 20% in the
shoots of red and green lentils, respectively, as
compared to 200 mM NaCl (Figure 1B). H,O, content
also increased in a concentration dependent manner by
NaCl treatment in the shoots of both plants. In the shoots

of red lentil treated with 50 and 200 mM NaCl, H,0,
content was increased by 41 and 64%, respectively,
while it was increased by 29 and 50% in the leaves of
green lentil, as compared to untreated controls (Figure
2A). Combination of 10 mM Ca®* and 200 mM NaCl
decreased H,0, content by 28 and 27% in the shoots of
red and green lentils, as compared to 200 mM NacCl
(Figure 2B).

It was observed that proline content in both shoots and
roots were significantly increased by NaCl treatment in a
concentration dependent manner in red and green lentils
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Figure 3. Effect of Ca®* enrichment on the Prolin content (mol/gFW) of 7-day old red and green lentil seedlings
treated with or without 5,20 mM CacCl,, 50, 200 mM NacCl. (A=Shoot, B=Root) (a= compared to the control, b=
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Figure 4. Effect of Ca*" enrichment on the Superoxide Dismutase (SOD) Activity (U/gFW) of 7-day old red and green
lentil seedlings treated with or without 5,10 mM CaCl;, 50, 200 mM NaCl. (A=Shoot, B=Root) (a= compared to the
control, b= compared to the 50 mM NaCl , c= compared to the 200 mM NacCl).

(Figure 3A). In the shoots of red and green lentils,
combination of 10 mM Ca” and 200 mM NaCl
significantly decreased proline content by 43 and 24%,
respectively, as compared to 200 mM NaCl while in the
roots, proline content was decreased by 19 and 16%,
respectively, as compared to 200 mM NacCl (Figure 3B).

Activities of antioxidant enzymes

Activities of SOD, CAT and APX were measured by using
spectrophotometric methods.

Superoxide dismutase (SOD) activity

SOD activity was increased by 20 and 9% in the shoots
of green and red lentils treated with 50 mM NacCl,
respectively. Combination of 50 mM NaCl and 10 mM
Ca™ resulted in an increased SOD activity by 39 and
10%, respectively (Figure 4A). 200 mM NacCl treatment
increased SOD activity by 43 and 35%, respectively. In
the root of both red and green lentils, combination of 200
mM NaCl and 10 mM Ca”" resulted in an increased SOD
activity by 15 and 17.5%, respectively, as compared to
200 mM NacCl (Figure 4B).
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Figure 5. Effect of Ca®" enrichment on the Catalase (CAT) Activity (U/gFW) of 7-day old red and green lentil
seedlings treated with or without 5,10 mM CacCl,, 50, 200 mM NacCl. (A=Shoot, B=Root) (a= compared to the
control, b= compared to the 50 mM NaCl , c= compared to the 200 mM NacCl).
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Figure 6. Effect of Ca*" enrichment on the Ascorbat Peroxidase (APX) Activity (U/gFW) of 7-day old red and
green lentil seedlings treated with or without 5,10 mM CaCl,, 50, 200 mM NaCl. (A=Shoot, B=Root) (a=
compared to the control, b= compared to the 50 mM NaCl, c= compared to the 200 mM NacCl).

Catalase (CAT) activity

In the shoot of red lentil after treatment with 50 and 200
mM NaCl, CAT activity was reduced by 27 and 52%,
while in the stem of green lentil, it was reduced by 18 and
47%, respectively, as compared to untreated control.
Combination of 200 mM NaCl and 5 mM Ca** resulted in
an increased CAT activity in the shoot of red and green
lentils by 19 and 15%, respectively, as compared to 200
mM NacCl (Figure 5A).

Ascorbate peroxidase (APX) activity

It was found that APX activity was reduced in the shoots
and roots of both green and red lentils treated with NaCl
in a concentration dependent manner (Figure 6A). In the

shoot of red lentil treated with 50 mM and 200 mM NacCl,
APX activity was reduced by 26 and 44%, while in the
shoot of green lentil it was reduced by 18 and 35%,
respectively, as compared to untreated control.
Moreover, in the root of red lentil treated with 50 mM and
200 mM NaCl, APX activity was reduced by 51 and
76.9%, while in the root of green lentil it was reduced by
17 and 67%, respectively, as compared to untreated
control. Combination of 50 mM NaCl and 5 mM Ca*?
resulted in an increased APX activity in the root of red
and green lentils by 54 and 16%, respectively (Figure
6B).

DISCUSSION

Salinity affects approximately 950 million ha of the world’s
land area. More importantly, this worldwide problem is
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gradually increasing and limiting plant growth and
productivity. Currently, saline soil defined as having an
electrical conductivity of the saturation extract (ECe) of 4
dS m™ or more, and soils with ECe’s exceeding 15 dS m™
are considered strongly saline (Munns, 2002). From
bacteria to plants, organisms develop biochemical and
molecular mechanisms to adapt saline stress. In plants,
many cellular processes including photosynthesis,
membrane transport and protein synthesis are mainly
affected during development. Salt tolerance can be
defined as the ability of plant to complete its life cycle in
soil which contains high concentrations of soluble salt
(Parida and Das., 2005). It is well known that significant
differences are found between salt tolerant plant species
(Munns, 2002). Thus, every species and even
subspecies should be assessed individually. Lentil
species are considered extremely sensitive to salinity
(ECe < 2 dS/m) as compared to other legumes such as
soybean and broadbean (Sidari et al., 2008; Kateriji et al.,
2001). In this study, we investigated the protective effects
of Ca*? against NaCl induced salt stress in Lens culinaris,
which is widely consumed as food in Middle East and
Europe. We compared red and green lentils in terms of
several physiological parameters including growth,
chlorophyll content and antioxidant systems which are
affected by NaCl stress. Moreover, aside from the effects
of NaCl stress, ameliorative effects of Ca®* in both plants
were also investigated in this study.

The most common observed phenotypic response of
plants to salinity is reduction of growth (Romero et al.,
2001; Hilal et al., 1998). We found that NaCl (50 and 200
mM) treatment reduced growth parameters such as
length and weight of shoots and roots in both tested
plants in a dose dependent manner. Moreover, it was
interesting to find that red lentil was more sensitive than
green lentil to salt stress, according to our growth
analysis. In parallel with our study, Bandeoglu et al.
(2004) reported a dose dependent reduction in the
growth of lentil plant treated with 100 and 200 mM NacCl.
Kokten et al. (2010) were investigated the effects of
salinity on five lentil genotypes and they found that
increasing concentrations of NaCl (50 to 200 mg/L)
resulted in a significant decrease in length and weight of
shoots and roots.

Nutrient enrichment is one of the most useful
approaches to minimize the inhibitory effects of salinity
(Manaa et al., 2013). N, P, K, Mg and Ca are widely used
to reduce Na* and CI" dependent injuries in plants (Kaya
et al.,, 2003). In the present study, we examined the
effects of Ca®* to cope with NaCl dependent salinity in red
and green lentils.

Calcium is one of the essential elements for growth and
development of several organisms including plants. At
first, plants use calcium as a seconder messenger to
control numerous cellular processes including cell
expansion, elongation, proliferation, circadian rhythms
and fertilization. A lot of evidence suggest that calcium

plays a crucial role in the adaptation of plants to different
kinds of stresses including salt stress. It stabilizes cell
wall structure, induces proline synthesis, activates
antioxidant enzymes and restores photosynthesis under
NaCl stress (Reddy and Reddy., 2004; Yang and
Poovaiah., 2002). We showed that Ca®* significantly
reduced the growth inhibitory effects of NaCl in red and
green lentils. Combination of 10 mM Ca*? and 200 mM
NaCl increased length and weight of shoots and roots in
both tested plants as compared to 200 mM NacCl. Xue et
al. (2008) found that Ca®* enrichment (10 mol L%
significantly alleviated the inhibitory effect of NaCl on
growth of the Jerusalem artichoke. Cha-um et al. (2012)
were observed parallel results in Oryza sativa by using
1.98 mM CaCl, transferred to 200 mM NaCl solution.
Protective effects of calcium against NaCl stress were
also shown in soybean, Withania somnifera, linseed and
Rumex sp. (Arshi et al., 2010; Khan et al., 2010). After
the growth analysis, we measured chlorophyll and
carotenoid contents to determine the effects of NaCl on
the photosynthetic potential of red and green lentils. We
found that NaCl treatment significantly decreased Chl a,
Chl b, and total carotenoid levels in red and green lentils.
Combination of 10 mM Ca** and 200 mM NaCl reduced
the inhibitory effects of NaCl on Chl a, Chl b and total
carotenoid levels in red and green lentils. Xue et al.
(2008) found that NaCl-treated Jerusalem artichoke
showed 12% loss in leaf chlorophyll content after 5 days
of treatment. Moreover, they reported that addition of
calcium significantly decreased the chlorophyll loss in
NaCl-treated plants. Since salt stress is strongly
correlated with the generation of reactive oxygen species
and Ca*? activates the molecules of antioxidant system,
we measured the activities of three antioxidant enzymes
(SOD, CAT and APX ) and three well known indicators
(MDA, proline and H,0O,) of ROS generation by using
spectrophotometric methods. In shoots and roots of both
plants, NaCl treatment significantly increased MDA,
proline and H,O, levels in a concentration dependent
manner. In parallel with the growth results of this study,
we observed that red lentil was more sensitive than green
lentii to salt stress dependent ROS generation.
Combination of 10 mM Ca** and 200 mM NaCl reduced
the effects of NaCl on MDA, proline and H,O, levels in
roots and shoots of both tested plants. H,O, is one of the
most common ROS which generated in the cell under the
normal as well as stressed conditions (Sharma et al.,
2012). While it acts as a seconder messenger involved in
tolerance to various stresses at low concentrations, it is
highly toxic and leads to the programmed cell death at
high concentrations (Gill and Tuteja.,2010). Valderrama
et al. (2006) and Saha et al. (2010) showed that H,O,
content was increased in Olea europaea and Vigna
radiata under the salt stress. We have shown that Ca*
alleviated NaCl dependent excessive H,O, generation in
red and green lentils. Malondialdehyde (MDA) is one of
the final products of polyunsaturated fatty acid



peroxidation in the cell. Evaluation of MDA is commonly
used as a marker of oxidative stress (Sharma et al.,
2012). In parallel with this study, Tavallali et al. (2010)
and Ashraf et al. (2010) reported that MDA levels were
significantly increased in Pistacia vera and Triticum
aestivum under the salt stress. We also showed that Ca**
reduced NaCl dependent increased MDA levels in red
and green lentils. Proline, a non-enzymatic antioxidant, is
a scavenger of ROS under various stresses including
salinity in plants (Gill and Tuteja., 2010). Moreover,
accumulation of proline is an indicator of oxidative stress
(Hare et al., 1998). We found that increased proline
content under NaCl stressed red and green lentils was
attenuated by ca’" treatment.

It was reported that antioxidant enzymes can be
activated or inactivated under saline conditions. Xue et al.
(2008) also suggested that Ca** controlled the activities
of antioxidant enzymes in stressed plants. We have
shown that NaCl treatment increased SOD activity in both
tested lentils. However, CAT and APX activities were
found to be decreased in both NaCl treated plants. We
also found that in red and green lentils, Ca** regulated
these enzymes under saline conditions. SOD is the most
effective antioxidant enzyme and it provides the first line
of defense against ROS generation under various
environmental stresses including salt stress (Gill and
Tuteja., 2010). Significant increase in SOD activity under
saline stress has been reported in several plants such as
Lycopersicon esculentum (Gapinska et al., 2008),
Jerusalem artichoke ((Xue et al., 2008)), Chrysanthemum
morifolium (Hossain et al., 2004) and L. culinaris
(Bandeoglu et al., 2004). We found that Ca boosted SOD
activity in red and green lentils under saline stress. APX
plays an important role in scavenging particularly H,O, in
various organisms including plants. It has been shown
that increased APX levels enhanced salt tolerance in
many plants including L. culinaris (Bandeoglu et al.,
2004; Gill and Tuteja ., 2010). We have shown that Ca**
significantly increased APX activity which was reduced by
NaCl treatment in red and green lentils. Another
important H,O, scavenger is CAT, which has one of the
highest turnover rates in all enzymes. It can convert
approximately 6 million molecules of H,O, to H, and O,
per minute (Gill and Tuteja., 2010). We found that Ca**
increased the activity of CAT which was reduced by NaCl
treatment in red and green lentils. Our results suggest
that in salt stressed red and green lentils, inhibition of
MDA, H,O, and proline contents may be due to the
stimulatory effects of Ca®* on the activities of SOD, APX
and CAT.

In conclusion, this study indicated that Ca®* ameliorated
the inhibitory effects of NaCl on growth and
photosynthesis by regulating the activities of pivotal
antioxidant enzymes such as SOD, APX and CAT in red
and green lentils. Further studies are needed to
investigate the underlying molecular mechanisms of Ca**
dependent protective effects under salt stress.
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