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Abstract.  Study established that best method to propagate Jatropha curcus plant is via sapling rather than seed germination in agro-
climatic conditions of Lahore, Pakistan having suitable temperature range. Moreover efficiency of drain water (DW) was compared 
with canal water (CW) and ground water (GW) on physical growth parameters, seed contents and seed oil quality of J.curcus. 
Impact of water quality was also assessed on the soil quality in terms of electrical conductivity (EC in dSm-1), sodium adsorption 
ratio (SAR) and exchangeable sodium percentage (ESP). A significant increase in Plant height, stem diameter, number of branches, 
number of fruit balls, 100 seed weight, fresh seed weight per plant and %age oil yield was observed where DW was applied 
followed by CW and GW. Proximate analysis indicated the statistically high protein and carbohydrate contents of seed from plants 
irrigated with DW. However, there was no conspicuous variation in ash contents (%age) and moisture contents (%age) of seed.  
Similarly positive effects of DW were came out for peroxide value (PV),free fatty acids (FFA), conjugated dienes and conjugated 
trienes of seed oil. However, water quality did not depict any noteworthy impact on iodine value of seed oil. 
 

 

Key words: water quality, Jatropha curcus, proximate analysis, Pakistan. 
 

 
Introduction 
 
Continuously increasing industrialization population de-
mands high production of energy throughout the globe. To 
meet this exceeding rate of energy demand, fossil fuels are 
being consumed at very high rate and on the cost of envi-
ronment too. Sustainability in energy production and to 
minimize the burden on fossil fuels is the need of hour. Bio-
diesel production from various sources compensates the in-
tensifying concern about the issues of alternate energy re-
sources, reduction in greenhouse gases and to decrease bur-
den on fossil fuels (Ahmad et al. 2007, Parawira 2010). Bio-
diesel production from vegetable origin is of great concern 
and efforts are being made to improve the technologies to 
yield best quality and to maximize the production rate of 
biodiesel. Jatropha curcus L (J. curcus) plant member of family 
Euphorbiaceae is under extensive study due to potential 
source of biodiesel production throughout the world includ-
ing eastern Asia (Meher et al. 2006). Successful esterification 
of seed and waste oils was carried out in Pakistan to produce 
biodiesel and its impact assessment on environment (Saqib 
et al. 2012). It was also reported that J. curcus can tolerate the 
drought conditions and nutrient deficiency very soundly 
and can be grown on marginal land(Gressel et al. 2008). 
Countries like Pakistan has vast agricultural land and 
farmer’s community may exploit the biodiesel production 
potential of J. curcus comprehensively to meet the energy re-
quirements. A lot of work has been performed on the bioac-
tive ingredients of J. curcus but very few efforts were made 
in real sense regarding acclimatization and optimization of 
conditions for plant growth in various areas of country. A 
research finding from Srilanka indicated that J. curcus may-
stand with drought conditions and can also grow on mar-
ginal land being highly beneficial to utilize the marginal 
lands (Niu et al. 2012). Moreover the development of plant 
from seeds and stem cuttings also needs attention having 
growth and oil content attributes. Water quality impact may 

also provide fruitful information to increase the yield of seed 
oil of J. curcus. In Pakistan a joint venture was successfully 
completed by Pakistan Council for Agricultural Research 
(PARC) and Pakistan State Oil (PSO) near Karachi in 2009 
(Chakraberti et al. 2016)and useful outcomes were achieved 
regarding growth conditions optimizations. But these find-
ings were in the agro-climatic conditions of Karachi and 
what about the rest of land in country. Impact of climate and 
soil quality on growth of J. curcus and its oil contents was 
carried out in India and it was established that marginal 
change in climate and soil could abruptly effect the plant 
growth (Kumar et al. 2011). But unfortunately not many au-
thentic reports are available from Pakistan in view of testing 
the plant in agro-climatic conditions of Lahore (Punjab Prov-
ince), Pakistan. The peer reviewed literature is lacking in es-
tablishment of plants, cropping strategies, water quality im-
pact and field management in various agro-climatic condi-
tions of country. Uncertain information on growing technol-
ogy and futuristic scenario of energy deficiency in order to 
achieve sustainable environment acts as an impetus to focus 
on the development of methods and technologies to get 
maximum benefit from J. curcus seed oil as this oil may be 
used in raw form as well as the fuel qualities may be en-
hanced by transesterification process. So current study was 
designed with the following objectives,  

a.) Germination comparison from seed and sapling and 
acclimatization of J. curcus plant in prevailing agro-climatic 
conditions of Lahore, Pakistan. 

b.) Impact of various water qualities on growth of plant, 
seed contents and on yield of seed oil. 

 
 

Materials and Methods 
 
Seed sowing and sapling transplantation 
Imported seed of J. curcus (Thailand variety TH1) was procured from 
Market and saplings of J. curcus were also arranged from open mar-
ket. Seeds were sown at 6 feet row to row and seed to seed distance 
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in laboratory field experimental area of Directorate of Land Reclama-
tion Lahore in February 2013. Same protocol was followed for sap-
ling transplantation (6x6 ft) at 60% soil moisture contents.  Seed ger-
mination in soil was compared with sapling development to assess 
the success rate of both propagation techniques. 
 
Irrigation water analysis, frequency and soil analysis 
Three types of water qualities, canal water (CW), ground water (GR) 
and drain water (DW) were used as treatments in triplicate to test 
the performance of J. curcus in agro-climatic conditions of Lahore, 
Pakistan. Water quality parameters like electrical conductivity (EC), 
sodium adsorption ratio (SAR), residual sodium carbonate (RSC), 
Exchangeable sodium percentage (ESP) and pH were determined 
regularly on each irrigation. First four irrigations were on the inter-
val of 15 days each and subsequent irrigations were made after every 
30 days period. SAR and RSC were determined by using following 
mathematical relationships, 

 
RSC = (HCO˗

3 + CO2 ˗3 - Ca2+ + Mg2+) (Richards 1954) 
ESP = {Na+/Ca2++Mg2++Na++K+}×100 
Soil analysis was performed to find out the soil quality and tex-

ture. Soil quality and texture are very important parameters for 
proper growth of any plant. EC, SAR, RSC and pH and texture of 
soil was determined to check the fitness level of soil for better 
growth of J.curcus. The EC, SAR, RSC and pH are quantified quality 
parameters for both soil and water quality and are determined in 
every soil and water related studies especially when quality is the 
main factor under discussion (Ali et al. 2009, Nishanthiny et al. 2010, 
Qureshi et al. 2010, Khatak et al. 2012). Lead (Pb), cadmium (Cd), 
Nickel (Ni), Zinc (Zn) and Copper (Cu) were also determined both in 
soil and water by atomic absorption spectrophotometer (Perkin 
Elmer 2280). 

 
Physical growth parameters 
Plant height, girth, number of shoots, number of fruit balls, weight of 
mature fruit balls, seed weight, and % age seed oil yield were calcu-
lated and statistically analyzed. 
 
Oil extraction 
Seed oil extraction was made by using Soxhlet extraction method 
with hexane as solvent in 500 ml flask for 8 hours on water bath. Af-
ter extraction hexane was removed at rotary evaporator at 45 0C. 
Yield of oil was calculated and oil was stored at 4 0C for further use. 
Soxhlet solvent extraction was preferred over cold pressing as for-
mer technique proved better than cold pressing in previous studies 
regarding oil yield (Nadeem et al. 2015). 
 
Proximate analysis 
After extraction the remaining seed residue was subjected to ash, 
protein, moisture and carbohydrate contents. Ash contents (AC) 
were determined by using muffle furnace with temperature pro-
gramming.An established method was used with little modification 
until complete calcination leading to constant weight (100 0C for 3 
hours, 300 0C for 3 hours, 600 0C for 9 hours and 950 0C for 3 
hours)(Montes et al. 2011). Protein contents (PC) were found by 
Kjeldahl apparatus through multiplication of nitrogen %age with 
factor 6.25 (Iqbal et al. 2014). Moisture contents (MC) were deter-
mined by heating in oven at 100 0C till constant weight. Carbohy-
drate contents (CH) were calculated by difference method (Saetae &  
Suntornsuk 2011) 

%CH = 100 % - (%AC + %MC + %Oil + %PC) 
 

Physicochemical properties of seed oil 
Color, refractive index, density, iodine value, saponification value, 
free fatty acids, peroxides and conjugated dienes and trienes were 
determined by diluting the sample with iso-octane and measuring 
the measuring the absorbance at 232 nm and 268 nm respectively us-

ing Hitachi Spectrophotometer U-2001, model 7400 Tokyo, Japan 
.Colorimetric determination of phospholipids was based uponreac-
tion with ammonium ferrothiocyanate (AOCS 1997). 
 
 
Results 
 
Germination rate 
Month of March was propagation of plant with minimum 
temperature average temperature 22.19±0.5oC and maxi-
mum average temperature of 32.05±0.4oC at 63±1.5% relative 
humidity. From the findings it was concluded that the ger-
mination rate of seed was very low as compared to plant de-
velopment from sapling where the success rate was 93%. 
The numerical values of the observations were given in Ta-
ble 1.  The statistical analysis showed the no significant dif-
ference of germination from seeds under three treatments 
and same was the observation for propagation from sam-
pling. However the cross comparison between the values of 
germination %age from seed and sapling were highly differ-
ent. 
 
Irrigation water quality 
Quality analysis of CW, GW and DW was made on all irriga-
tion months each during study period of two years. The av-
erage water quality analysis results were compiled upon the 
cumulative basis from four irrigations. The results com-
prised of various water quality parameters were shown in 
Table 2. 

Comparative evaluation of water quality parameters in-
dicated that canal water was the only water source found fit 
for irrigation purposes. The average value of RSC in GW and 
DW water were 6.1 mmol/L and 3.4 mmol/L respectively 
(Table 2). Soil texture came out to be clay loam and effects of 
water quality used in experiment on soil properties were 
represented in Table 3.  

The SAR in upper horizon of soil receiving GW withhigh 
RSC climbed from 4.0 to 7.8 within two years.  The value of 
ESP in same horizon was 10.4 which was also high where 
GW application was done. Impact of water quality on physi-
cal growth parameters of J. curcus were presented in Table 4. 

Water quality impacts on physical growth parameters of 
J. curcus for two years were shown in Table 4. Plant height 
(cm), stem diameter (cm), number of branches, number of 
fruit balls, 100 seed weight (g), fresh seed weight per plant 
(g) and %age oil yield were found statistically significant 
keeping in view the treatments.   Plant height (cm), number 
of branches, number of fruit balls, fresh seed weight per 
plant (g) and %age oil yield were climbing at high rate as 
compared with previous year 2013-14. In year 2013-14, 
maximum %age oil yield was obtained from plant under ir-
rigation with DW was 28.7% which was 14.81% higher than 
the yield from plant under CW irrigation.  In year 2014-15 
this increment was 12.54% minutely differing from previous 
year findings. 

 
Proximate analysis 
The chemical analysis of J. curcus seed indicated that the pro-
tein contents and carbohydrate contents were significantly 
high in DW irrigation treatment as followed by CW and GW, 
however no effect was observed on ash and moisture con- 
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Table 1. Two different germination techniques under different water qualities used for irrigation. 
 

Germination Rate (%age) Germination  
Propagation  
Technique 

Irrigated with Canal 
Water 

Irrigated with 
Drain/Sewage Water 

Irrigated with Ground 
Water 

From Seeds 31%Ns 29%Ns 29%Ns 
From Saplings 95%Ns 94%Ns 95%Ns 

 

Ns indicated the term statistically non-significant       
 
 

Table 2. Chemical analysis of different qualities of water for irrigation purpose. 
 

Treatments pH EC 
(dSm-1) 

SAR RSC 
(mmol/L) 

Status for 
Irrigation 

Pb 
mg/L 

Cu 
mg/L 

Zn 
mg/L 

Ni 
mg/L 

COD 
mg/L 

BOD 
mg/L 

Canal water 7.8 0.3 0.3 - Fit 0.01 0.01 0.02 0.02 12 4.3 
Ground water (250ft depth) 8.3 1.8 5.8 6.1 Unfit BDL 0.01 BDL BDL - - 
Drain water 8.2 2.1 9.8 3.4 Unfit 0.3 0.45 0.22 0.10 345 178 
 

Electrical Conductivity (EC) ≤ 1.5 
Sodium Absorption Ratio (SAR) ≤ 10 
Residual Sodium carbonate (RSC) ≤ 2.5 
BDL = Below detectable limit. 

 
 

Table 3.Effect of different qualities of water on soil properties during study period of two years. 
 

%age Soil Composition Sr. No. Water 
Type 

Depth 
(inch) 

SP 
(%) 

pH EC 
(dSm-1) 

SAR ESP* G.R 
(Tons Acre 6ʺ) Clay Silt Sand 

Soil Texture 

1 N/A 0-6 42 7.4 1.0 4.0 4.5 0.3 18 40 40 Clay loam 
2 N/A 6-12 39 7.3 0.7 2.5 2.7 - 16 40 42 Clay loam 
3 CW 0-6 43 7.5 1.2 5.0 6.9 0.5 18 40 42 Clay loam 
4 CW 6-12 39 7.4 0.9 3.1 4.5 - 16 40 44 Clay loam 
5 GW 0-6 44 8.2 1.9 7.8 10.4 0.3 18 38 44 Clay loam 
6 GW 6-12 40 7.8 1.6 6.4 8.7 - 16 36 48 Clay loam 
7 DW 0-6 42 7.9 1.8 5.5 7.5 NIL 20 38 42 Clay loam 
8 DW 6-12 38 7.6 1.5 4.0 5.7 - 18 38 44 Clay loam 

 

N/A= Soil properties at the start of experiment without receiving any irrigation (Control) 
 
 

Table 4. Effect of different water qualities on physical growth parameters of plant and oil yield %. 
 

Treatments Applied 
CW GW DW 

Growth Parameters 

2013-14 2014-15 2013-14 2014-15 2013-14 2014-15 
Plant height (cm) 188b 339b 160c 285c 213a 363a 
Stem Diameter (cm) 26.8b 31.2ab 22.6c 28.5c 31.4ab 35.3a 
Number of Branches 20b 43ab 14c 30b 25a 47a 
Number of balls per plant 84b 172b 56c 115c 108a 211a 
Weight of 100 fresh seed (g) 98b 97b 73c 71c 122a 124a 
Weight of fresh seed per plant (g) 128.7b 430.2ab 85.8c 403.5c 145.9a 498.7a 
%age Oil Yield 23.3b 25.5b 17.2c 17.5c 27.9a 28.7a 

 
 

Table 5. Proximate analysis of J. curcus seed and chemical parameters of seed oil (ρ=0.05). 
 

Treatments Applied 
Composition and chemical parameters 

CW GW DW 
Ash contents (AC) %w/w 4.58%Ns 4.55%Ns 4.58%Ns 
Moisture contents(MC) %w/w 6.2%Ns 5.9%Ns 6.2%Ns 
Protein contents (PC) %w/w 19.88%b 15.21%c 25.33%a 
Carbohydrate contents (CH) %w/w 41.21%b 38.56%c 46.50%a 
Peroxide value (PV) meq O2/kg of oil 0.59±0.10b 0.68±0.10c 0.54±0.11a 
Iodine value (Iv) g of I/100g of oil 98±1.40Ns 101±1.50Ns 100±1.50Ns 
Free Fatty Acid (FFA) %age 1.58±0.11b 2.10±0.17c 1.22±0.14a 
Conjugated dienes (Ɛ1%1cmʎ232) 0.82±0.11b 0.92±0.11c 0.78±0.11a 
Conjugated dienes (Ɛ1%1cmʎ232) 0.42±0.11bc 0.44±0.11c 0.38±0.11a 

 
 

tents of seed. Seed oil analysis diversified the PV and FFA of 
extracted oil significantly as minimum values were com-
puted for both parameters in case of DW. Similarly the con-
jugated dienes and trienes were also significantly different  

according to treatments. These significantly low values of PV 
and FFA reflected the improvement of oil quality when irri-
gated the plants with DW “Table 5”. 
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Discussion 
 
The germination rate of J. curcus from saplings was very 
high as compared with seed germination, so it can be estab-
lished that sapling application is much fruitful than seed 
germination for J. curcus propagation. The average tempera-
ture of 32.05±0.4 oC in month of March was best fit tempera-
ture range for plantation(Sunil et al. 2016).High amount of 
carbonates and bicarbonates in water is responsible for the 
soil deterioration due to salt accumulation. Water quality 
analysis showed that only canal water was the actual fit 
quality for proper growth of plants. High RSC water is 
known as unfit for irrigation to crops. An increase in RSC re-
sulted in high pH of water associated with precipitation of 
calcium and magnesium to increase the sodium contents in 
soil solution (Nishanthiny et al. 2010).  It was observed that 
GW and DW both were unfit for irrigation having high val-
ues of RSC (Table 2). The water quality impact was also seen 
on soil properties. Minimum salt deposition in soil was ob-
served in treatment set irrigated with CW obviously due to 
good quality. Maximum load of salts on soil were laid by 
GW having high RSC as higher values of SAR were observed 
in soil samples irrigated by GW (Table 3). It was confirmed 
by the soil analysis that water quality is responsible for soil 
deterioration as shown in terms of salt deposition. High val-
ues of SAR in soil were associated with poor soil quality ul-
timately leading to decline in crop growth and yield (Khatak 
et al. 2012). The findings and observations clearly indicated 
the high growth response of J. curcus when irrigated with 
DW followed by CW.  The increment in physical growth pa-
rameters of plant irrigated with DW was probably due to 
presence of high amounts of phosphorus and nitrogenous 
compounds present in DW. Similar findings were already 
reported in a study from Spain made use of treated sewage 
water and desalinized water to irrigate J. curcus (Santos et al. 
2014). Restricted plant growth was observed in case of GW 
in both years probably due to poor water quality used for ir-
rigation. Such stunted growth may also be due to salt accu-
mulation and nutrient agglomeration and trapping in soil 
due to high bicarbonate, sodium and chloride ion stress as 
indicated by the high values of EC and SAR. Low values of 
PV and FFA not only depicted the oxidative stability of oil 
but also provided improved status for its use in biodiesel 
production through chemical or biological esterification. The 
numeric figures of IV observed with no noticeable variation 
(Table 5). All these values were comparable with values al-
ready reported in similar contexts (Oladele et al. 2008, Azza 
et al. 2010, Inekwe et al 2012). So water quality impact was 
obvious on many components of seed and seed oil extracted. 
Proximate analysis of seed reflected that proteins and carbo-
hydrates concentrations were found maximum in seeds of 
plants irrigated with drain water. Propagation through sap-
lings is highly beneficial than seed germination to acclima-
tize the plant in agro-climatic conditions of Lahore, Pakistan 
in clay loam textured soil.  Optimizing the irrigation, DW 
exhibited positive impact on many physical growth parame-
ters of J. curcus plant followed by CW and GW. Further 
many seed contents and seed oil quality parameters were 
also improved upon using DW as irrigation source. It meant 
that water with very high RSC as was in GW found unfit to 
irrigate J.curcus. However moderately unfit RSC water (DW) 

might be harmful was sufficiently good to irrigate the J. cur-
cus and not lead to soil deterioration.  The study highlighted 
the hidden potential and efficient use of DW for sustainable 
cropping of non-edible J. curcus especially along the drains 
running with sewage water. Such efforts might be helpful to 
shift the use of DW for vegetables and fodder to J. curcus be-
ing as healthy and environment friendly approach. The limi-
tations do not exist as study may be extended by treating the 
enriched waste waters with some chemical and biological 
amendments to improve the water quality. 
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