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Abstract 

There is a lack of information on basic agronomic properties of Jatropha curcas L. (jatropha) cultivation on the marginal lands in 
the semi-arids. Evaluation of agronomic performance of identified elite strains of J. curcas in marginal lands would be of paramount 
importance for addressing gap areas in their agronomic properties and subsequently for harnessing their optimum economic potentials. 
The present study undertook the task of analysing the growth performance of a high oil bearing elite strain of J. curcas–DARL-2 in 
degraded land in semi-arid zone of Deccan Plateau, India. While undertaking the assessment of growth performance of elite strain 
DARL-2, two other native (wild) strains (namely AHN-1 and AHN-2) of J. curcas were also considered so that a comparative evaluation 
could be carried out. The role of gypsum was also investigated on J. curcas in the nursery stage as well its carry over effects on growth 
performance of transplanted trees in the field. Two types of substrates, gypsum-treated soil (GS) and untreated soil (SL) were used for 
growing seedlings of all the three jatropha strains. Seedlings (120-days-old) of DARL-2 exhibited greater plant height, collar diameter 
and number of branches but root length was greater in the local strains. In the second year of field transplantation, DARL-2 strain 
exhibited significantly (p<0.05) greater plant height and number of branches/plant. No carry over effects of gypsum treatment were 
observed in field transplanted plants as none of the growth parameters significantly varied among the substrate types. 
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Introduction

Jatropha curcas L. (physic nut), a small tree or a woody 
shrub of Central American origin is a notably valuable 
biofuel crop. With its seeds bearing 30 to 40% oil content 
(King et al., 2009) that can be easily converted into bio-
diesel, J. curcas has emerged as a promising biofuel crop. 
Biodiesel obtained from jatropha meets international 
standards (Azam et al., 2005) and is reported to exhibit 
better performance than conventional petroleum diesel 
(Mandpe et al., 2005). Because of the above-mentioned 
properties and applications and its great adaptability to 
arid and semi-arid environments (Abou Kheira and Atta, 
2009), potential for wasteland reclamation, mitigating en-
vironmental problems, supporting socio-economic devel-
opment (Francis et al., 2005), short gestation period and 
being unpalatable to grazers, J. curcas remains a preferred 
feedstock for bio-diesel production. Therefore, standard-
ization of agronomic properties for growing jatropha on 
marginal lands is highly desirable. Furthermore, testing 
the suitability of the elite clones of jatropha in marginal 
lands is also important for obtaining profuse yield.  

Although jatropha exhibits considerable survival in 
marginal lands, obtaining profuse oil yields under such 
conditions may not be possible (Moore et al., 2011). 

Realizing the role of fertilizers in thriving cultivation of 
jatropha, research on identifying fertilizer (N, P, K) re-
quirements have been undertaken (Mohapatra and Panda, 
2011) though the number of such studies is less. In addi-
tion to the fertilizers, there are certain substances, which 
affect the growth of plants. Apart from its important role 
as a soil amendment, gypsum (CaSO4.2H2O)–a source of 
sulphur (Hoeft et al., 1985) is reported to possess several 
growth and yield promoting properties for plants (Viator 
et al., 2002; Toma et al., 1999; Sanderson et al., 1996) by 
undertaking significant changes in soil environments. As 
such, the role of sulphur, a fourth most important nutrient 
required for crop productivity, is critical for oilseed crops 
(Tandon, 1986). Therefore, studying the role of gypsusm 
in influencing the growth and yield of J. curcas is desir-
able.  

In the recent years, several elite genotypes of J. curcas 
have been identified worldwide. In the Indian context, 
DARL-2 (IC No. 569095), one of the elite strains of J. 
curcas bearing 36.5% oil content, has been identified as 
promising lines by a committee constituted by the Min-
istry of New and Renewable Energy, Govt. of India. The 
strain DARL-2 was collected from Uttarakhand, India. 
Keeping in view the high oil content of the strain DARL-
2, the present study envisaged to undertake its preliminary 
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Seed germination and nursery growth performance 
The seed germination experiment was conducted using 

two types of substrates. The first set contained the normal 
soil and the other set was the same soil with gypsum add-
ed. Gypsum-treated soil substrate were prepared by apply-
ing agriculture grade gypsum at the rate of 10 tons/ha to 
a selected plot in the study site. After removing boulders 
and grass residues, calculated amount of gypsum was uni-
formly applied to the soil in the 30-cm-deep tilled plot, 
which was then left for six months. At a distance of 3 m 
from the gypsum treated plot, another plot was marked 
and tilled after the removal of stones and grass residues in 
order to get untreated soil. The soils (0-15 cm depth) from 
the gypsum-treated as well as that from the untreated ad-
jacent plot were collected and used for seed germination 
experiment. Farm yard manure (FYM) was added in 1:1 
ratio (v/v) to both the types of substrates. Polythene bags 
(1.0 kg capacity) were filled with each substrate. Prior to 
sowing, the seeds were treated with a systemic fungicide 
carbendazim for five minutes and were soaked in tap water 
for 24 hours. Seeds were sown (one seed per each poly-
thene bag) on 15 June 2010. Mean monthly maximum 
and minimum temperatures during the experiment period 
( June to September) were 30.8ºC and 24.4ºC respectively. 
Daily observations were made to record the data on seed 
germination (percentage) until the fifteenth day after sow-
ing. After 120 days, plant height (cm), collar diameter 
(mm) and root length (cm) were recorded. Watering (100 
ml/plant) was done on alternate days from emergence to 
30 days after sowing. Thereafter, 200 ml/plant water was 
applied on every fourth day until 60th day after sowing. For 
the remaining period, watering (200 ml/plant) was done 
at weekly intervals. Weeding was done by hands. The seed 
germination experiment was conducted in a complete 
randomized design (CRD). There were three replicates 
for each strain sown in each of the substrate types. In each 
replicate, there were 25 seeds.

Growth performance in field 
Nursery seedlings (120-days-old) (hereinafter termed 

as plants), of J. curcas were transplanted into the field on 
October 2010. For the field experiment only one of the 
two local strains (i.e., AHN-2) was considered for com-
parative evaluation of growth performance along with the 
elite strain DARL-2 as the strain AHN-1 did not per-
form optimally in nursery stage. In order to analyze the 
carry over effect of the substrate types (i.e., GS and SL), in 
which the plants were grown in nursery stage, the nursery 
origin of the plants of both the strains were maintained at 
the time of their plantation in the field. Plants were trans-
planted into the degraded pasture. Each plant was trans-
planted in a 45 cm x 45 cm x 45 cm-sized pit at a spacing 
of 3 m x 3 m. To each plant, two kg FYM and 100 g di-
ammonium phosphate (DAP) (IFFCO, India; 46% P and 
18% N) was provided at the time of plantation. In addi-
tion to this, five gram phorate granules (Insecticides India 

agronomic evaluation in the semi-arid agro-ecological 
zone in Deccan Plateau, India. Moreover, in order to un-
dertake comparative analysis of the growth performance 
of DARL-2 strain on a typical marginal land in the semi-
arid zone of Deccan Plateau, two of the locally growing 
wild strains of J. curcas were also considered for growth 
performance evaluation studies. Further, considering the 
growth and yield promoting functions of gypsum, the 
present study also tested the effect of gypsum in promot-
ing early seedling growth in nursery and subsequently the 
performance of transplanted seedlings of the selected elite 
strain vis a vis locally growing strain in the field. 

The present study attempted to assess growth perfor-
mance of J. curcas strain DARL-2 along with two locally 
growing strains based on their seed germination, seedling 
growth in nursery, and field performance of the transplant-
ed plants. Furthermore, the effect of gypsum in influenc-
ing seedling growth in nursery and subsequently its carry 
over effect on transplanted plants was also studied. 

Materials and methods

Study site 
The present research work was carried out at the De-

fence Institute of Bio-Energy Research (DIBER) Project 
Site, Chichondi Patil, Ahmednagar, Maharastra, India 
(18º58’ N; 74º54’ E; 708 m a.s.l.). The study site repre-
sented a typical marginal land of the hot semi-arid ecosys-
tem of the Deccan Plateau. The experimental field was an 
undulating degraded pasture with shallow black soil hav-
ing low fertility levels (N-245.0 kg/ha, P-3.6 kg/ha and 
organic carbon-0.38%). In addition to this, occurrence of 
boulders and rocks were frequent throughout the pasture. 
Perennial grasses that grow luxuriantly during the rainy 
season ( June to September) were the dominant natural 
vegetation. These grasses were harvested during Novem-
ber-December for hay production. Mild and dry winters, 
hot and humid summers and low annual rainfall (300 to 
550 mm) are characteristics of the climate of the region. 
Mean annual temperature of the region was 26-27ºC. 

Collection of seeds
Seeds of jatropha stain DARL-2 were collected in De-

cember 2009 from DIBER Project Site, Secunderabad, 
Andhra Pradesh (India), where mass-scale plantations of 
the strain DARL-2 have been established. However, seeds 
of the representative local strains of J. curcas were collected 
in December 2009 from naturally growing plants from 
two sites Nandur, district Beed, Maharashtra (hereinaf-
ter termed as AHN-1) and Aathwad, district Ahmedna-
gar, Maharashtra (hereinafter termed as AHN-2) located 
nearly 3 and 5 km respectively from the study site. The lo-
cal collection sites were situated at a distance of nearly five 
km from each other. Collected seeds were kept in muslin 
cloth bags and stored at room temperature until utilized 
for experimental work. 
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Ltd., New Delhi) were also placed in each pit in order to 
prevent infestation of pests. A basin of one meter diam-
eter was prepared around each plant in order to undertake 
time to time required intercultural practices like, weeding 
and hoeing. Rest of the space across the plantation field 
was kept undisturbed, i.e., grasses were allowed to grow in 
the pasture. Although adequate soil moisture was present 
at the time of plantation, water (approximately 15 liters/
plant) was applied to the plants immediately after trans-
planting. Irrigation (approximately 15 liters/plant) was 
also applied once in November 2010 and March 2011. In 
order to promote lateral branch formation, first pruning 
(at a height of 30 cm from ground), was done in first year 
in February 2011, when plants were dormant. Plants grew 
rapidly until October (2011) and shed their leaves during 
November (2011) and remained dormant during the win-
ters (December to February). In order to enhance branch 
formation in the second year, a second pruning was done 
by cutting the branches, developed after the first pruning, 
at a height of 40-45 cm from ground in February 2012. In 
the second year of growth in the field, plants were irrigated 
once in January 2012 and April 2012. During the rainy 
season, urea (50 g/plant) (IFFCO, India; 46% N) was ap-
plied twice to the plants (in first week of July and August, 
2012) in order to provide nitrogen fertilization for plant 
growth. The experiment was conducted in a randomized 
complete block design (RCBD). There were three repli-
cates (with five plants each) for each of the strains and sub-
strate types. Plant height (cm), collar diameter (mm) and 
number of branches/plant were recorded after two years in 
the field in October 2012.  

Data analysis
Data were subjected to two-way analysis of variance 

(ANOVA) for determination of significance. Data scored 
as percentage were subjected to arcsine transformation 
(Snedecor and Cochran, 1967) before statistical analysis 
and converted back to percentage for presentation in the 
figure.

Results 

Seed germination and nursery growth performance 
Among the strains, maximum seed germination was 

observed in AHN-2 (77.3% in GS), followed by DARL-2 
(72% in SL) and AHN-1 (36% in GS) (Fig. 1A). There 
were no significant differences in seedling height among 
the strains or between the substrate types (Fig. 1B). Maxi-
mum seedling height (44.5 cm) was observed in the strain 
DARL-2 grown in SL (Fig. 1B). Among all the strains, 
collar diameter was greater for DARL-2 (25.8 mm) than 
the local strains (Fig. 1C). DARL-2 strain produced the 
greatest number of branches/plant (0.9 branches in GS) 
among all the strains (Fig. 1D). More number of branches 

were formed in GS than SL. Although root length of seed-
lings did not vary significantly neither among the strains 
nor between the substrates, maximum root length was re-
corded in AHN-1 (39.3 cm in GS) followed by DARL-2 
(36.9 cm in SL) and AHN-2 (32.9 cm in GS) (Fig. 1E). 

Fig. 1. Seed germination (A); seedling height (B); collar diam-
eter (C); Number of branches/plant (D) and root length (E) of 
120-days-old seedlings of elite strain (DARL-2) and local strains 
(AHN-1 and AHN-2) of J. curcas grown on untreated and gyp-
sum-treated soil. Vertical bars represent ± S.E. of means.  
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Discussion

Seed source variation in seed germination and seedling 
growth of J. curcas has been reported earlier (Ginwal et al., 
2005). Seed germination percentage in the present study 
were quite variable (21.3% to 88.7%) among the strains. 
Successful seed germination ensures successful establish-
ment of plants (Gorai and Neffati, 2007), suggesting that 
the seed germination (68%) observed in the elite strain 
DARL-2 might influence its establishment in semi-arid 
zone of Deccan Plateau. Although, seeds of DARL-2 
strain possessed good germination properties, Kumari et 
al. (2010) described that up to 70% seed germination can 
be achieved in one-year-old seeds by using plant growth 
regulators.

Height and collar diameter of 120-days-old seedlings 
of J. curcas strains in the present study were higher than 
those reported by Ghosh and Singh (2011) for 180-days-
old seedlings of J. curcas grown from seeds collected from 
different provenances of semi-arid zone. In terms of seed-
ling height, DARL-2 strain performed optimally at the 
study site. This is reflected from the comparable height 
attained by seedlings of strain DARL-2 to those of the lo-
cal strain AHN-2. Furthermore, collar diameter was sig-
nificantly (p<0.01) greater in seedlings of DARL-2 (Fig. 
1C).  J. curcas is a stem succulent plant, in which succulent 
stem performs functions of balancing small water losses of 
the leaves during drought period (Maes et al., 2009). In 
this way, thicker shoots formed in DARL-2 in the pres-
ent study might have the potentials to perform optimally 
in the semi-arid climate. Although a number of studies on 
seedling growth of J. curcas have been reported (Ginwal et 
al., 2005; Zaidman et al., 2010; Ghosh and Singh, 2011), 
no study has described the number of branches formed 
during seedling growth stage. After field transplantation, 
seedlings with well-developed branching system may at-
tain optimum canopy architecture, important for seed 
yield, relatively earlier than unbranched seedlings. In the 
present study nearly one branch (0.9 branches) (signifi-
cantly higher than both the local strains) was formed per 
plant (seedling) in DARL-2 strain grown in GS substrate 
(Fig. 1D). More importantly, the number of branches/
plant was significantly (p<0.05) higher in GS than SL for 
both the strains. 

To the best of our knowledge, this is the first study 
that has investigated the role of gypsum on the seedling 
growth of J. curcas. Different patterns of response of gyp-
sum have been reported on growth and yield of different 
crops. Gypsum treatment to the soil is reported to increase 
yield of low bush blueberry (Sanderson et al., 1996), wheat 
and sorghum (Thomas et al., 1995) and corn and alfa-alfa 
(Toma et al., 1999). However, Viator et al. (2002) could 
not obtain any response of gypsum on yield and root 
growth in sugarcane and described that short duration 

Field performance
For evaluation of growth performance in the field, 

only one of the two local strains (AHN-2) was considered 
along with DARL-2 strain as the strain AHN-1 exhibited 
relatively very low seed germination percentage in com-
parison to the other two strains. Substrate types, on which 
the plants were grown in nursery stage, did not influence 
any of the three growth parameters after two years of field 
transplantation (Fig. 2). After two years of field transplan-
tation, DARL-2 strain, grown in GS, had greater plant 
height (121.7 cm) than AHN-2 (113.0 cm) grown in GS 
(Fig. 2A).  Plants of the strain DARL-2 grown in GS had 
slightly thicker stems with a collar diameter of 57.1 mm 
compared to AHN-2 (54.6 mm) in GS (Fig. 2B). DARL-
2 strain grown in GS substrate produced the most number 
of branches/plant (18.1 branches) among all the treat-
ments (Fig. 2C). 

Fig. 2. Growth performance of plants of elite strain (DARL-2) 
and local strain (AHN-2) of J. curcas after two years of field 
transplantation: Plant height (A); Collar diameter (B); Number 
of branches/plant (C). Seedlings of both the strains were grown 
on untreated and gypsum-treated soils. Vertical bars represent ± 
S.E. of means
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use of gypsum was the probable reason for such response. 
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Results of the growth performance of J. curcas plants 
after second year of their field transplantation revealed 
that the strain DARL-2 performed optimally as it exhib-
ited significantly (p<0.05) greater plant height and num-
ber of branches/plant than the local strain AHN-2 (Fig. 
2). Branch length and number of branches are considered 
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when it is cultivated under agroforestry systems (Mohapa-
tra and Panda, 2010). The number of branches formed in 
second year of field plantation in J. curcas strains DARL-2 
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by Saikia et al. (2009) in two-year-old plants, raised from 
rooted cuttings of different accessions. Furthermore, Be-
hera et al. (2010) could only achieved up to 13.2 branch-
es/plant under different interventions including applica-
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Findings of this study revealed that Jatropha strain 
DARL-2 has exhibited considerable seed germination 
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no significant effect on influencing branch number in the 
transplanted trees in the field. In field transplanted trees 
of strain DARL-2, significantly greater plant height and 
number of branches/plant were observed. These attributes 
of field transplanted trees of strain DARL-2 suggest that it 
could be a promising strain for efficient cultivation of jat-
ropha in semi-arids. However, data on subsequent vegeta-
tive and reproductive growth as well as on yield attributes 
of the plantation would be of paramount importance for 
drawing stronger conclusions for suitability of DARL-2 
for the semi-arid region. 
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