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Crambe (Crambe abyssinica Hoschst) is a winter oilseed crop with yield potential of 1500 kg ha
-1

. It is 
indicated for crop rotation systems and tolerates moderate frost. However, crambe presents thermal 
and water limitations that influence sowing dates since it needs water at blooming and at least 200 mm 
rainfall until it reaches the flowering stage. This study aimed to assess the performance of a crambe 
crop in different sowing dates. The experiment was conducted on the experimental farm of Assis 
Gurgacz College (Faculdade Assis Gurgacz – FAG) Cascavel – Paraná, at an altitude of 700 m, within 
latitudes 24°56’25.39” S and 24°56’45.39” S and longitudes 53°30'9.89" W and 53°31'17.01" W. The 
experimental design consisted of randomized blocks with three sowing dates (April, June and July) and 
five replications. Phenometric parameters such as plant height, dry mass, plants per meter, grain yield 
and mass of 1000 grains were assessed and data were subjected to Tukey’s test at 5% probability. 
Phenometric variables were influenced by sowing dates. Degree days and rainfall influenced the 
results. April has proven to be the best month for sowing. 
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INTRODUCTION 
 
Crambe (Crambe abyssinica Hochst) is an oilseed native 
to the Mediterranean area from Ethiopia to Tanzania that 
is tamed and adapted to dry and cold areas of that 
region. It is a winter species sown after the harvest of 
soybean from March to May, with total oil content of 26 - 
38% (Pitol, 2008). Therefore, crambe has stood out as an 
alternative to be used in biodiesel processing and as a 

provider of feedstock for insulating fluids used in high 
voltage electric equipment (Laghetti, 1995; Lazzeri et al., 
1997; Souza et al., 2009). 

Crambe also presents low incidence of pests due to the 
presence of glucosinolate, and reduction of diseases in 
dry weather (Pitol et al., 2010). Its yield potential ranges 
from 1,000 to 1,500 kg ha

-1  
and  it  is  sensitive  to  strong  
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frosts during the seedling and flowering stages. Crambe 
has a short growing season as it blooms at 35 days after 
sowing (DAS) and can be harvested at 90 DAS, 
depending on the maturation of plants

 
(Pitol, 2008; 

Carneiro et al., 2009; Falasca et al., 2010). It can also be 
used in crop rotation systems as an alternative for soil 
cover in no-tillage, with sowing densities that ranges from 
12 to 15 kg ha

-1
 (Pitol, 2008).      

Despite showing good adaptation and use of no-tillage, 
initially expansion was not successful in mass production 
for ground cover. However, since its inclusion in the 
country, it showed good yield potential of grain and oil, 
stimulating the creation of a single cultivar available in 
Brazil, Brilhante FMS. With the creation of PNPB, 
National Program for Biodiesel Production and Use, 
intensified its cultivation, mostly in the Midwest and South 
of the country (Pitol et al., 2010). 

In order to determine the most adequate sowing date in 
each region, water restrictions and temperature must be 
taken into account (Pitol et al., 2010). Water conditions 
and solar radiation levels are important factors in the 
development of a plant, but even when such factors are 
ideal, plant growth may be affected by temperatures that 
differ from those tolerated by it (Went, 1953). Plant 
development can be influenced by the interaction 
between photoperiod and temperature, sowing date and 
latitude (Wallis

 
et al., 1981). 

As reported by Falasca et al. (2010), ideal temperature 
for crambe development during the vegetative phase 
ranges from 15 to 25°C and plants can tolerate up to -6°C 
for a few hours without suffering significant damage 
(Fowler, 1991). Its thermal needs were defined with 
approximately 1350°C degree days accumulated 
between sowing and physiological maturation, 
considering temperatures above 2.5°C for the sum (Kmec 
et al., 1998). 

Crambe demands good soil humidity for germination 
and plant establishment, as well as rainfall between 150 
and 200 mm until reaching the flowering stage. After this 
period, absence of rain prevents the occurrence of 
diseases (Graser, 1996; Pitol et al., 2010). 

According to Pereira et al. (1992), the interaction 
between species and sowing dates has been an 
important tool for researchers to assess and improve the 
agronomic capability of tropical leguminous plants. Thus, 
acquiring information on the climatic requirements of 
plants allows the execution of a crop cycle planning in 
order to define the best sowing dates in locations where 
cultivation does not take place but meets climatic 
requirements (Pilau et al., 2011). Therefore, this work 
aimed to assess the development of a crambe crop under 
no-tillage on three sowing dates. 
 
 
MATERIALS AND METHODS 

 
The experiment was carried out in 2012 on the experimental farm of 
Assis   Gurgacz   College  –  (Faculdade   Assis   Gurgacz –   FAG),  
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located in the city of Cascavel – Paraná, at an altitude of 700 m, 
within latitudes 24°56’25.39” S and 24°56’45.39” S and longitudes 
53°30'9.89" W and 53°31'17.01" W. Local climate is classified as 
subtropical Cfa, according to Köppen’s classification, with average 
annual rainfall over 1800 mm with no defined dry season and 
possibility of frosts during winter. 

The experiment area was cultivated under no tillage for more 
than 20 years, with soybean or maize in summer crops and wheat 
or oat in fall/winter crops. Soil is classified as eutroferric Red 
Latosol – (LVef - Oxisol) with clayey texture (EMBRAPA, 2006). Soil 
was sampled from 0 to 0.02 m depth and taken to a soil analysis 
laboratory. Table 1 presents the results of the chemical features 
analysis. Accumulated rainfall, sum of degree days and sowing 
period cycles are presented in Table 2.  

Figure 1 depicts levels of rainfall as well as minimum and 
maximum air temperature during crambe development under 
different sowing dates. Weeds in the area were desiccated with 
glyphosate herbicide in the rate of 2.5 L ha-1 before sowing. Sowing 
of crambe cultivar FMS Brilhante, developed by Fundação MS was 
performed on three different dates (23/04/2012, 14/06/2012 and 
19/07/2012) in no-tillage system, with a tractor and a 
seeder/fertilizer set at a depth of 0.03 m, with inter-row spacing of 
0.45 m, no base and cover fertilization, and seed density of 12 kg 
ha-1. 

The occurrence of pests and diseases was monitored during the 
entire crop cycle. On the eleventh day after sowing, 0.2 L.ha-1 of 
Lambda-cyhalothrin + Thiamethoxam insecticide, was applied with 
the aid of a 20 L knapsack sprayer to effectively control Diabrotica 
speciosa (Germar).  

Others weed controls was made according to the needs and 
technical recommendation of culture. The experimental design 
consisted of randomized 4 x 5 m blocks. Seeds were sown on three 
different dates (April, June and July) and each treatment had five 
replications. The following phenometric features were assessed 
during crambe cycle: 
 
 
Plant height 
 
Assessment under all sowing dates was performed during flowering 
stage. Five plants were randomly collected from each plot and 
measured from ground level to their apex with a graduated ruler 
(Jasper, 2009). 
 
 
Plant dry mass 
 
Plants were dried up at 65°C for 72 h in oven with air recirculation 
and weighed in a precision balance. After determining dry mass in 
grams (g), data were converted into kg ha-1 (Freitas, 2010). 
 
 
Plants per meter 
 
The number of plants per meter was counted during harvest with 
the aid of a 5-m measuring tape. Measurement was randomly 
performed in each experimental unit. 
 
 
Grain yield 
 
Samples were collected from each unit by using a wooden frame 
measuring 1 m2. All plants within the frame were collected. Grains 
were manually removed from plants and put in empty fertilizer bags. 
Later, grains were cleaned with the aid of sieves. Humidity was 
determined by drying grains in oven at 110°C for 24 h. The material 
was then weighed on an analytical balance for the obtainment of 
grain mass data (BRASIL, 1992).  
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Table 1. Chemical features of soil samples collected 
from 0 to 0.02 m depth in the experiment area. 
 

Soil attributes cmolc dm
-3

 Reading 

Calcium (Ca
+2

) 5.39 High 

Magnesium (Mg
2+

) 2.30 High 

Potassium (K
+
) 0.30 Medium 

Aluminum (Al
+3

) 0.00 Low 

H + Aluminum (H
+ 

+ Al
3+

) 5.76 High 

Sum of bases (S) 7.99 High 

CEC (T)  13.75 High 

 g dm
-3

  

Carbon (C) 27.12 High 

Organic matter (OM) 46.65 High 

 %  

Base saturation (V) 58.11 Medium 

 mg  dm
-3

  

Phosphorus (P) 7.50 High 

pH CaCl2 (0.01 mol L
-1

) 5.20  
 

Source: EMBRAPA (2009).
 

 
 
 

Table 2. Sowing period cycles, sum of degree days and 
accumulated rainfall. 
 

Cycle (days) Degree days (°C) Rainfall (mm) 

125 1070.00 468.9 

103 941.15 186.2 

  78 893.55 145.7 
 
 

 
Mass of 1000 grains 
 
After determining grain yield, 100 grains per sample were counted 
and weighed, and the results were multiplied by 10 (BRASIL, 1992). 
Weights were corrected to standard humidity of 13%. Data obtained 
were subjected to analysis of variance (ANOVA) and means 
comparison by Tukey’s test at 5% significance in ASSISTAT 
software. 
 
 

RESULTS AND DISCUSSION 
 
Results of the analysis of variance and mean comparison 
by Tukey’s test at 5% significance of plant height (H), dry 
mass (DM), number of plants per meter (P/M), mass of 
1000 grains (MTG) and grain yield under different sowing 
dates are shown in Table 3. 

All variables were significantly influenced by sowing 
dates. The coefficient of variation (CV) of all variables 
remained homogeneous according to classification 
proposed by Gomes and Garcia (2002). Plant height and 
number of plants per meter had homogeneous CV with 
low dispersion. Mass of 1000 grains and yield had 
coefficient of variation with medium dispersion. Dry mass 
presented CV with high dispersion, however, it presented 
the   highest    variability    among    data    classified    as  

 
 
 
 
heterogeneous CV.  
 
 
Plant height 
 
There was significant statistical difference at 1% 
probability. The highest increase was observed in the 
crop sown in July, with an average height of 111.92 cm. 
Similar data were observed by Barbisan et al. (2009), 
who studied the influence of different sowing dates on 
canola plant height. The results also match those 
obtained by Barni et al. (1995) and Capone et al. (2012), 
in an experiment on sunflowers. 
 
 

Plant dry mass 
 
This variable was influenced by the sowing date. The 
highest average dry mass yield of 14.47 t ha

-1
 was 

achieved when sowing was performed in April. Moreover, 
under the conditions in which this experiment was carried 
out, early sowing resulted in higher dry mass yield.  

Barbosa et al. (2011) achieved higher dry mass yield 
when performing sowing with cover plants in two different 
dates (March and April). Dry mass is important because it 
is used as straw in no tillage, protecting the soil from the 
impact of raindrops that cause erosion (Rangel et al., 
2003).   
 
 

Plants per meter 
 

Sowing in April and June resulted in 35.6 and 35.2 plants 
per meter respectively. These results differ statistically 
from the sowing performed in July (30.8 plants per 
meter). The difference in July can be because of rainfall 
inferior to 5 mm until the seventh day after sowing, which 
may have contributed to a decrease in the final plant 
density. 
 
 

Grain yield 
 

This variable was influenced by the sowing date. Highest 
average grain yield was achieved with sowing in April 
(1892.18 kg ha

-1
). The lowest yield occurred with sowing 

in July (530.73 kg ha
-1

). This difference represents a 
reduction of 71.95%. 

The same happened in experiments conducted by Pitol 
et al. (2010) in different locations in the state of Mato 
Grosso do Sul, in which sowing performed in April 
resulted in higher yield than that performed in May. There 
was also a decrease in yield with late sowing in studies 
carried out in the states of Goiás and Mato Grosso (Pitol 
et al., 2010). 

When choosing sowing dates, environmental factors 
such as temperature, soil humidity and photoperiod, 
which interact with plants and cause variations in their 
characteristics,  such  as  productivity   were   taken   into  
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Figure 1. Minimum and maximum air temperature and rainfall during crambe development under three different 
sowing dates in Cascavel, PR, 2012. P1: Sowing in April; P2: Sowing in June; P3: Sowing in July; C1: Harvest in 
August; C2: Harvest in September; C3: Harvest in October. 

 
 
 

Table 3. Analysis of variance of the crambe crop regarding plant height (H), dry mass (DM), 
number of plants per meter (P/M), mass of 1000 grains (MTG) and crambe yield under different 
sowing dates.  
 

Sowing dates 
Variables 

H (cm) DM (t ha
-1

) P/M MTG (g) Yield (kg ha
-1

) 

April 97.94
b
 14.47

a
 35.6

a
 7.82

a
 1892.18

a
 

June 111.92
a
 6.61

b
 35.2

a
 7.64

ab
 1350.72

b
 

July 65.04
c
 4.09

b
 30.8

b
 6.33

b
 530.73

c
 

      

F 278.01** 30.00**
 

6.00*
 

6.05* 42.99** 

CV (%) 3.52 26.35 7.90 10.22 18.97 

MSD 5.83 3.99 4.88 1.34 436.83 
 

**Significant at 1% probability (p < 0.01); *significant at 5% probability (0.01 =< p < 0.05). ns: non-
significant (p >= 0.05). CV: Coefficient of variation. MSD: minimum significant difference.  

 
 
 

account (Peixoto et al., 2000).  
 
 
Mass of 1000 grains 
 
The sowing date influenced this variable. Sowing 
performed in April resulted in the highest average among 
treatments (7.82 g). As stated by Guarienti et al. (2004), 
temperature favors a higher number of days with green 
plants, helps in photosynthesis and grain filling and 
subsequently increases their weight. Thermal sum 
presented higher value of degree days when sowing was 
performed in April, with 1070°C. Table 2 shows the 

relationship between sowing dates and degree days. 
Toebe et al.

 
(2010) considered the minimum temperature 

of 2.5°C and obtained results from 1165.3 to 1175.8°C 
between crambe emergence and senescence. In an 
experiment on crambe carried out in Rio Grande do Sul, 
the authors obtained an average of 690.64°C between 
plant emergence and maturation, based on the minimum 
basal temperature of 9.5°C (Pilau et al., 2011).  

 

Gilmore Jr and Rogers (1958) reported that the thermal 
sum is obtained by the sum of temperature during plant 
cycle, considering minimum basal temperature. Such 
parameter is relevant once basal temperature controls 
plant growth and development. It is important to highlight  
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the influence of the degree days level on crambe 
productivity and development, mainly when sown in July, 
which present the lowest sum of temperature and lower 
values as compared to other sowings regarding all 
variables analyzed. 

Throughout the study, there was large rainfall 
variability. With sowing in April, there were 468.9 mm of 
rainfall during crambe development; in other months, 
rainfall was much lower. In June, rainfall was 186.2 and 
145.7 mm in July (Figure 1). As rainfall in April was the 
most elevated, there was a considerable incidence of 
diseases during that period. During the month of June, 
there was a total rainfall of 186.2 mm concentrated 
between sowing and flowering. According to Pitol et al. 
(2010), crambe demands 150 to 200 mm of water until its 
complete flowering. 

During the third month of sowing, July, total rainfall was 
inferior to the minimum demanded by crambe. The 
concentration of rains occurred only during flowering and 
graining. Pitol et al. (2010) also state that after sowing, 
crambe needs at least 50 mm of water in order to 
develop and in this study, the rainfall that occurred during 
germination was lower than 10 mm, it might have 
contributed to the low results of the variables analyzed. 

CONAB
 

(2012) reports that Brazilian regions that 
obtained the best yields of vegetal species were the ones 
in which climatic conditions were favorable, however, 
regions that presented low rainfall levels had inferior yield 
in comparison with previous harvests. Another relevant 
factor presented in Table 2 shows the cycle difference 
with different sowing dates. The cycle started in April had 
125 days, whereas the ones started in June and July had 
103 and 78 days, respectively. Such variation must be 
highlighted to affect the planning of agricultural harvests. 

In the area of Maracaju-MS, where temperatures are 
elevated, the plant presents a cycle of 90 days, according 
to Pitol et al. (2010). Pilau et al. (2011) in a study 
conducted in 2009 and 2010 observed different cycles 
ranging from 77 to 136 days. According to the authors, air 
temperature was responsible for the variation in the 
development cycle. Thus, cycles under higher average 
temperature showed decreased plant development time, 
whereas inferior average temperature values extended 
the cycle.   

Sowing performed in April had the lowest average 
temperature (18.8°C) during the 125 days of 
development cycle. Sowing in July presented the highest 
average temperature (22.0°C) during the 78 days 
between crambe planting and harvest. These data match 
those obtained by Pilau et al. (2011). 

In general, the assessed variables in the three sowing 
dates were affected by rainfall and degree days. In the 
first period, rainfall contributed to the high incidence of 
diseases. As for the sowing performed in July, the low 
sum of degree days and rainfall affected the results 
negatively. Elevated average temperatures contributed to 
earlier cycles. 

 
 
 
 
Conclusion 
 
Different sowing dates affected the phenometric variables 
assessed. Rainfall and sum of degree days were the 
factors that most influenced the results of different sowing 
dates. April is proven to be the best period for sowing. 
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