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ABSTRACT 
 
 A pot experiment was conducted in the greenhouse of the National Research Center, Dokki, and Cairo, 
Egypt to investigate the effect of irrigation by agricultural drainage water (ADW) and K foliar fertilizer on the 
growth, photosynthetic pigments of jatropha plants.  Area of leaves increased when fresh water mixed with 25% 
ADW and then decreased with water contains 50% ADW but still more than the control. No of leaves showed 
the same response with 25% ADW treatment but decreased by the increase in mixing 50 % to be less than the 
control. Dry weight of leaves or stem responded negatively to the increase in ADW % in irrigation water. The 
increase in number of leaves and area of leaves/plant accompanied the increasing in rate of K fertilizer while 
plant height, stem and leaves fresh weight and dry weight of stem reached its higher value when plant fertilized 
with100 ppm in the sprayed solution where the values under 100 or 200 ppm K foliar fertilizer seemed to be 
without differences. 

 
Key words: Jatropha (Jatropha curcas L), Agricultural drainage water, Potassium foliar fertilizer, Growth, 

Chlorophyll, Carotenoids. 

                                                                                                    
Introduction 

 
 Agricultural, industrial and sewage treated wastewater are commonly used for irrigating agricultural fields 
in developing countries (Nagajyothi, et al. 2009 and Yassen, et al. 2011). Continuous use of wastewater leads to 
the enrichment of soil with essential macro and micro-nutrients (Kanan, et al.2005). Micro-nutrients are 
beneficial for the growth and metabolism of the plants at lower concentrations, but become toxic at excess than 
the requirement (Sing and Agrawal, 2010). Several micronutrients are heavy metals and known to produce 
undesirable effects on plants at higher concentrations (Kocak, et al. 2005). Potassium (K) is an essential plant 
nutrient that plays a very important role in plant growth and development. Its role is well documented in 
photosynthesis, increasing enzyme activity, improving synthesis of protein, carbohydrates and fats, translocation 
of photosynthetic, enabling their ability to resist pests and diseases. Also, potassium is considered as a major 
osmotically active cation of plant cell (Mehdi, et al. 2007) where it enhances water uptake and root permeability 
and acts as a guard cell controller, beside its role in increasing water use efficiency (Zekri and Obreza, 2009). 
Potassium is a macronutrient essential to the performance of multiple plant enzyme functions. Studies have 
indicated higher yield and disease resistance with increased levels of K in certain extent (Sij and Turner, 1985). 
Although the mechanisms are not completely understood, this effect may be attributed to increased plant energy.  
 Application of potassium fertilizer had a positive effect on the physiological status and improved the 
activity of the enzyme (Marshener, 1995). Several researches are being done on supplying fertilizer through the 
leaves and on viable fertilization alternatives on a number of nutrients like potassium (Weir, 1998), boron 
(Shaaban, et al. 2006), phosphorus (Ekelof, 2007) and silicon (Buck, et al. 2008) using lower amounts that 
would provide the needed nutrient or else stimulate its beneficial effects. Elwan (2010) mentioned that spraying 
of di-potassium hydrogen orthophosphate (K2HPO4) ameliorated the negative effects of salinity on plant growth, 
fruit yield and fruit total sugar content of eggplant. Reuveni and Reuveni (2001) and Hussein, et al. (2010) 
confirmed this finding. 
 Therefore, this work designed to investigate the effect of K foliar fertilizer and mixed agricultural drainage 
water on growth, chlorophyll and carotenoids in jatropha plants. 
 

Materials and Methods 
 
 A pot experiments was conducted in the greenhouse of the National Research Centre, Dokki, Cairo, Egypt 
during 2011 summer season to evaluate the effect of potassium foliar fertilizer and irrigation by different 
percentage of mixed agricultural drainage water with fresh water on growth characters and photosynthetic 
pigments of jatropha plants. The treatments were as follows: (a) Irrigation by drainage water:(Fresh water, 25% 
drainage water +75% fresh   water and 50 % drainage water+50 % fresh water) (b) Application of combined 
fertilizer: (Distilled water, 100 and 200 ppm MKP/L).  The control treatment was sprayed by the same quantity 
of distilled water.   

http://scialert.net/fulltext/?doi=ijar.2011.593.600&org=10#23137_ja#23137_ja
http://scialert.net/fulltext/?doi=ijar.2011.593.600&org=10#41902_an#41902_an
http://scialert.net/fulltext/?doi=ijar.2011.593.600&org=10#770668_ja#770668_ja
http://scialert.net/fulltext/?doi=ijar.2011.593.600&org=10#200172_ja#200172_ja
http://scialert.net/fulltext/?doi=ijar.2011.593.600&org=10#41473_an#41473_an
http://scialert.net/fulltext/?doi=ijar.2011.593.600&org=10#749790_ja#749790_ja
http://scialert.net/fulltext/?doi=ijar.2011.593.600&org=10#756946_ja#756946_ja
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 The experiment included 3 percentages of mixed drainage water in combination with three foliar fertilizer 

treatments i.e. 9 treatments in 6 replicates. Metallic ten pots 35 cm. in diameter and 50 cm. in depth were used. 

Every pot contained 30 Kg. of air dried clay loam soil. The inner surface of the pots was coated with three layers 

of bitumen to prevent direct contact between the soil and metal. In this system, 2 kg. of gravel (particles about 2-

3 cm. in diameter), were putted on the surface to prevent the movement of water go from the base to upward.                     

 Jatropha seeds (Jatropha curcas L.) were sown at May, 1, 2011 in the summer season Plants were thinned 

twice, the 1st days after sowing and the 2nd two weeks latter to leave three plants / pot. Calcium super phosphate 

(15.5 % P2O5) and potassium sulfate (48.5 % K2O) as treatments were added before sowing. Ammonium sulfate 

(20.5 % N) as a treatment was added in two equal portions, the 1st after two weeks of transplanting and the 2nd 

two weeks latter. Irrigation with mixed drainage water in different concentrations was started 21days after 

sowing (one irrigation by mixed drainage water and the next irrigation by fresh water only alternative. Tables 

(1),(2) present the physical and chemical analysis of the soil used in the experiment       and Table (3) present 

agricultural drainage water chemical analysis 

 
Table 1: Soil physical analysis. 

Sand  

Silt 

20-2 µ 

% 

 

Clay 

< 2 µ 

% 

 

Soil 

Texture 
Course 

>200 µ 

% 

Fine 

200-20µ 

% 

7.20 14.25 30.22 48.33 clay 

 

Table 2: Soil chemical analysis. 

pH 

1:2.

5 

EC 

dSm -1 

1:5 

CaCO3 

% 

CEC 

C mole 
Kg-1 

OM 

% 

Soluble cations  and anions  meq/100 g soil 

Na+ K+ Ca2+ Mg2+ CO-3 HCO-3 Cl-1 SO4-2 

7.15 1.3 2.53 33.5 1.3 1.82 0.23 2.38 1.27 0.0 0.91 1.9 1.89 

Available macro-nutrients % Available micro-nutrients ppm 

N P K Zn Fe Mn Cu 

0.47 0.25 0.95 3.1 4.8 7.3 5.2 

 

Table 3: Agricultural drainage water chemical analysis. 

pH 

 

EC 

dSm -1 

Soluble cations  and anions  meq/100 g soil 

Na+ K+ Ca2+ Mg2+ CO-3 HCO-3 Cl-1 SO4-2 

8.66 1.6 12.2 0.09 2.0 2.5 0.0 5.8 5.0 5.99 

 

 Data collected were subjected to the proper statistical analysis with methods described by Snedecor and 

Cochran (1990).  

 

Results and Discussion 

 

1. Effect of Irrigation by Mixed Agricultural Drainage Water on the Growth and Photosynthetic Pigments of 

jatropha plants:   

 

Growth Parameters: 

 

 Data presented in Table (4) indicated that area of leaves increased when fresh water mixed with 25 % ADW 

and then decreased with water contains 50 % ADW but still more than the control. No of leaves showed the 

same response with 25 % ADW treatment but decreased by the increase in mixing percentage to be less than the 

control (Table 4). Dry weight of leaves or stem responded negatively to the increase in ADW percentage in 

irrigation water. Thapliyal, et al. (2011) irrigated Abelmoschus esculentus L. (Ladyfinger) using untreated 

wastewater (T1), treated wastewater (T2) and rainwater (T3) in pot experiments The effect was seen on nutrient 

fortication,  growth and yield of the plant and the nutrient status of the soil. Additionally the build up of Cr, Cu 

and Zn from the irrigation water were analyzed in different parts of the plant biomass and in the soil. The 

sampling survival rate was found to be 87% in T1 followed by T2 and T3. Root shoot ratio under different 

treatments was found in the order T3 (0.46) >T2 (0.35) >T1 (0.31). The trend was found in case of total dry 

matter (g) T1 (6.3) >T2 (3.7) >T3 (2.3) at p<0.05. They added that irrigation with wastewater generally 

increased soil fertility. Only a small percentage of the heavy metal was bio-accumulated by the plant parts from 

the irrigation water. There was hardly any metal accumulation in fruits. Bulk of the metal ions remained in the 

soil. Alikhan, et al. (2010) reported that the effect of treated wastewater and equivalent basal fertilizer on 

growth, yield and nutrient quality of sorghum (Sorghum bicolor (L.) Moench) was investigated under field 

conditions. Treated wastewater significantly increased plant height, stem thickness, number of grain/panicle, 

grain weight/panicle and 1000 grain weight of sorghum, while basal fertilizer only elevated grain weight/panicle 

compared to controls. Among the nutrient quality parameters only total sugar content was significantly 

increased by the treated wastewater over the controls. Other nutrient quality parameters including crude 
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proteins, nitrogen free extract, ether extract and crude ash remained unchanged following the treatments. 

Nevertheless, AL‐Nabulsi, et al. (1991) noticed that drainage water decreased mean straw yield from 666 to 460 

g m‐2, plant height from 0.88 to 0.73 m, tillers per plant from 8.2 to 5.3 Kernel yield was reduced from 546 to 

201 g m‐1, spikes from 336 to 251 m‐2, number of kernels from 37.9 to 30.4 per spike, and 100‐kernel weight 

from 4.2 to 2.5 g. Drainage water could be affect positively the growth and yield of plants grown in the new 

cultivated area might be through its contain of nutrients as mentioned by: Nagajyothi, et al. (2009) and Sing and 

Agrawal (2010). On the other side, it could adversely affect  growth characters  and yield and its traits through 

toxicity from its contents of heavy metals and/or from the dissolved salts as salinity stress (Al-Nabaolsi,  et al. 

1991and Cakmak, 2004). 

 

Photosynthetic Pigments Parameters: 

 

 A negative correlation was found between the mixed percentage of agricultural drainage water in water of 

irrigation and photosynthetic pigments i.e. chl.a, chl.b and carotenoids. However, Chl.a:chl.b and Chl.a+chl.b: 

carotenoids ratios were slightly affected (Table 5). Singh and Singh (2006) emphasized that at 72 and 96 hr of 

Lemna minor L. plants industrial wastewater exposure, decrease in chlorophyll content was significant in 

comparison to control. Thapliyal, et al. (2011) irrigated Abelmoschus esculentus L. (Ladyfinger) using untreated 

wastewater (T1), treated wastewater (T2) and rainwater (T3) in pot experiments and found that the chlorophyll 

a, b and carotene content in the leaves (mg g-1) was found to be 6.3, 0.5, 0.9 under T1, 4.8, 0.4, 0.8 under T2 

and 3.2, 0.3, 0.5 under T3, respectively and all the three varied in the order T1>T2>T3. The effects of waste 

water irrigation on the chemical constituents were observed by several authors: Guo and Sims (2000); Bedbabis, 

et al. (2010) and Segala, et al. (2011).  Salts which can be found in waste water could affect the photosynthetic 

pigments Doganlar , et al. (2010) and Hussein, et al. (20011). 

 

2. Effect of Potassium Foliar Fertilizer on the Growth and Photosynthetic Pigments of jatropha plants:   

 

Growth Parameters: 

 

 The increase in number of leaves and area of leaves/plant accompanied the increasing in rate of K fertilizer 

while plant height, stem and leaves fresh weight and dry weight of stem reached its higher value when plant 

fertilized with100 ppm in the sprayed solution where the values under 100 or 200 ppm K foliar fertilizer seemed 

to be without differences (Table 4). Dkhil, et al. (2011) noticed that increasing potassium nitrate rates resulted in 

a significant increase (p<0.05) in    plant height, leaves number, leaf area, leaf relative water content and 

chlorophyll a concentration with values of 79.1 cm, 70 leaves plant-1, 400 cm2, 93% and 0.71 mg L-1, 

respectively at 95 Days After Planting (DAP).  El-Latif, et al. (2011) mentioned that adequate potassium levels 

in the plant help it to (withstand water stress during periods of drought. Potassium regulates the osmotic turgor 

of the cells and the water balance. Crops grown with adequate potassium availability use less water per unit 

weight of plant biomass and are therefore better able to survive periods of drought. Saher, et al. (2004) 

concluded that it could be induce a Fenton reaction generating extremely reactive hydroxyl radicals that can 

damage cell molecules, membranes, and other structures. Alikhan, et al. (2010) reported that the effect of 

equivalent basal fertilizer on growth, yield and nutrient quality of sorghum (Sorghum bicolor (L.) Moench) was 

investigated under field conditions. Basal fertilizer only elevated grain weight/panicle compared to controls. Al-

Nabolisi, et al. (1991) noted that yield and yield component increases were noted for alt fertilizer treatments; 

however, yield increases due to fertilizer nitrogen were reduced rapidly as water salinity levels increased. 

Generally, the application of 150–200 kg N ha‐1 significantly improved performance and yield through its effect 

on growth traits. However, with drainage water, even up to 200 kg N ha‐1 will not produce kernel yields as high 

as those produced with normal irrigation water and 0 kg N.                                                                                                

 

Photosynthetic Pigments Parameters: 

 

 Examination data in Table (5) showed that no differences were detected  between application and control 

plants in the concentration of chl.a,  chl.a+ chl.b and carotenoids in leaves of jatropha plants. Meanwhile, chl. 

was significantly responded as K concentration increased. Mono potassium Phosphate (MKP) is a cost effective 

and readily available fertilizer. Among the potassium and phosphate fertilizers used in foliar applications, MKP 

is the formulation with the lowest salt index and thus the foliar fertilizer of choice for many crops (Ankorion, 

1998). It is an excellent and fast source of P and K when applied as a foliar fertilizer. Additionally, it controls 

powdery mildew in fruit trees and grapevines (Reuveni and Reuveni, 2001). KP also reduces fruit retention 

force during olive ripening, which facilitates easier mechanical harvesting (Barranco, et al. 2004). Furthermore, 

although both stresses caused significant decreases on the leaf chlorophyll content, the photochemical activity 

was not affected. Since the plants subjected to mild water and salt stresses showed a rapid and almost complete 

http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(AL%E2%80%90Nabulsi%2C+Y.+A.)
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=relative+water+content
http://scialert.net/fulltext/?doi=ijar.2011.593.600&org=10#749784_ja#749784_ja
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recovery, these physiological alterations could represent a set of adaptive mechanisms employed by J. curcas to 

cope with these stressful conditions (Silva, et al. 2010). Ma and Shi (2011) revealed that potassium is a 

macronutrient essential to the performance of multiple plant enzyme functions. However, little is known about 

its impact on Stevia rebaudiana Bertoni. In the present study, they determined the Chlorophyll content of Stevia 

rebaudiana Bertoni subjected to five potassium levels (0, 90, 120 and 150 kg K2O/ha). Fertilization of 

potassium increased photosynthetic rate.  

 

3. Effect Of Interaction Between Irrigation By Mixed Agricultural Drainage Water And Potassium Foliar 

Fertilizer on the Growth and Photosynthetic Pigments of jatropha plants:   

 

Growth Parameters: 

 

 The interaction effect of K sprayed via leaves and irrigation by mixed agricultural drainage water on growth 

criteria were reported in Table (4) and figs. (1), (2). Area of leaves  an d total plant dry weight increased parallel 

to the increase in K concentration in the sprayed solution compared to the control under irrigation by 0, 25 and 

50 mixed drainage water as well as irrigation regularly by fresh water. Furthermore, total fresh weight showed 

its maximum values using KP rate under different irrigation treatments. Alikhan, et al. (2010) revealed that the 

effect of treated wastewater and equivalent basal fertilizer on growth, yield and nutrient quality of sorghum 

(Sorghum bicolor (L.) Moench) was investigated under field conditions. Treated wastewater significantly 

increased plant height, stem thickness, number of grain/panicle, grain weight/panicle and 1000 grain weight of 

sorghum, while basal fertilizer only elevated grain weight/panicle compared to controls. Among the nutrient 

quality parameters only total sugar content was significantly increased by the treated wastewater over the 

controls. Other nutrient quality parameters including crude proteins, nitrogen free extract, ether extract and 

crude ash remained unchanged following the treatments. El-Nabolisi, et al. (1991) noted that drainage water 

decreased mean straw yield from 666 to 460 g m‐2, plant height from 0.88 to 0.73 m, tillers per plant from 8.2 to 

5.3, chlorophyll content of leaves from 4.4 to 3.3 mg g‐1, and nitrogen content of leaves from 37.2 to 24.9 mmol 

kg‐1. Kernel yield was reduced from 546 to 201 g m‐1, spikes from 336 to 251 m‐2, number of kernels from 37.9 

to 30.4 per spike, and 100‐kernel weight from 4.2 to 2.5 g. Yield and yield component increases were noted for 

all fertilizer treatments; however, yield increases due to fertilizer nitrogen were reduced rapidly as water salinity 

levels increased. Generally, the application of 150–200 kg N ha‐1 significantly improved crop performance and 

yield. However, with drainage water, even up to 200 kg N ha‐1 will not produce kernel yields as high as those 

produced with normal irrigation water and 0 kg N. 

 

 
 

Fig. 1: Effect of irrigation by mixed agricultural drainage water and potassium foliar fertilizer on the growth 

parameters of jatropha plants. 

 

Photosynthetic Pigments Parameters: 

 

 The interactive effect of mixed irrigation water and foliar fertilizer on chlorophyll a, chlorophyll b and total 

carotenoids did not significantly affecting the photosynthetic pigments i.e. chlorophyll and carotenoids in leaves 

of jatropha plants (Table 5) and fig.(3).  Naaz and Pandey (2010)  revealed that the pigment (chlorophyll a, b 

and carotenoids) and sugar contents were increased in plants exposed at 25 and 50% concentration of waste 

water, whereas they were less when plants were treated with undiluted waste water (100%) irrigation. 
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Fig. 2: Effect of irrigation by mixed drainage water and potassium foliar fertilizer on the leaves area of jatropha 

plants. 

 

 
 

Fig. 3: Effect of mixed agricultural drainage water and potassium foliar fertilizer on the chlorophyll and 

carotenoids in leaves of jatropha plants. 

 
Table 4: Effect of irrigation by mixed agricultural drainage water and potassium foliar fertilizer on the growth parameters of jatropha plants. 

ADW, % PK, 

g/pot 

Plant 

height, 

cm 

Leaves 

No 

Leaves 

area, 

cm2 

Fresh weigh, g Dry weight, g 

Root Stem Leaves Total Root Stem Leaves Total 

I1 0 76.0 26.5 890 7.28 41.9 45.8 94.98 2.66 6.62 7.84 17.12 

100 91.5 34.0 1320 10.65 84.4 58.7 153.75 4.65 9.34 9.11 23.11 

200 92.0 30.0 1404 8.36 57.7 50.2 116.26 5.59 18.18 8.30 32.07 

I2 0 77.0 24.0 782 5.83 60.5 68.0 134.33 2.04 7.46 6.64 16.14 

100 109 30.5 1180 7.95 124.5 105.5 237.95 3.37 6.84 8.27 18.48 

200 76.0 40.5 1316 7.35 34.4 37.9 79.65 3.76 7.47 9.00 20.23 

I3 0 67.5 22.0 502 3.68 20.9 24.7 49.28 1.41 6.24 4.97 12.62 

100 75.0 30.0 1121 5.54 40.9 47.8 94.24 2.33 6.42 6.79 15.54 

200 89.0 34.0 1432 5.77 44.5 38.1 88.37 2.89 5.18 8.14 16.21 

MVIT I1 86.5 30.2 935 8.76 61.3 46.2 116.26 4.30 11.38 8.42 24.10 

I2 87.3 31.7 1093 7.04 73.1 51.6 131.74 3.06 7.26 7.97 18.29 

I3 77.2 28.7 1018 5.00 35.4 36.9 77.30 2.21 5.95 6.63 14.79 

Mean 

values of 

K 

0 73.5 24.2 725 5.60 41.1 46.2 92.90 2.04 7.76 6.48 16.28 

100 91.8 31.5 1207 8.05 83.3 70.7 162.05 3.45 7.53 8.51 19.49 

200 82.8 34.8 1384 7.16 45.5 42.1 94.76 4.08 10.30 8.48 22.86 

LS.D at 5 

% 

AD

W 

N.S N.S N.S 1.31 N.S N.S 28.57 1.31 4.06 N.S 8.62 

PK N.S 9.20 191.2 0.82 36.8 N.S 55.18 0.82 N.S 2.81 9.29 

AD

W x 

PK 

N.S N.S N.S 1.91 N.S N.S 79.78 1.41 9.73 N.S 6.56 

ADW: Agricultural Drainage Water, PK: Potassium foliar fertilizer Levels, I1: Fresh water, I2: 25% drainage water +75% fresh   water, I3: 

50 % drainage water+50 % fresh water, MVIT: Mean Values of Irrigation Treatments 
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Table 5: Effect of irrigation by mixed agricultural drainage water and potassium foliar fertilizer on the chlorophyll and carotenoids in leaves 

of jatropha plants. 

ADW, % PK, 

g/pot 

Chl.a C.hl.b Carot. Chl.a+Chl.b Chl.a:Chl.b Chl.a:Chl.b: 

Carotenoids 

I1 0 7.69 3.02 1.88 10.71 2.55 5.70 

100 7.38 3.40 1.91 10.78 2.17 5.64 

200 7.48 3.88 2.35 11.35 1.93 4.83 

I2 0 7.97 2.34 2.08 10.31 3.41 4.96 

100 7.24 3.00 2.08 10.24 2.41 4.92 

200 6.67 3.15 1.68 9.82 2.12 5.85 

I3 0 6.23 2.73 1.50 8.96 2.28 5.97 

100 6.37 2.39 1.60 9.30 2.67 5.81 

200 6.70 2.53 1.46 9.23 2.65 6.32 

MVIT I1 7.52 3.43 2.05 10.95 2.19 5.34 

I2 7.29 2.83 1.95 10.12 2.58 5.23 

I3 6.43 2.56 1.52 8.97 2.51 5.72 

Mean values 

of K 

0 7.30 2.70 1.82 10.00 2.70 5.50 

 5.34 2.39 9.93 1.86 2.93 7.00آ 100

200 6,95 3.19 1.83 10.14 2.18 5.54 

LS.D at 5 % ADW N.S N.S N.S N.S .......... ......... 

PK N.S. 0.36 N.S. N.S ............... ......... 

ADWx

PK 

N.S N.S 0.86 N.S ......... ........ 

ADW: Agricultural Drainage Water, PK: Potassium foliar fertilizer Levels, I1: Fresh water, I2: 25% drainage water +75% fresh  water, I3: 50 

% drainage water+50 % fresh water, MVIT: Mean Values of Irrigation Treatments 
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