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Abstract
Irrigation water shortage is considered one of the limiting factors affect the extension of new
cultivating areas towards the desert. In addition to, Jatropha (Jatropha curcas L.) fertilization has yet not
been well studied. Therefore, this study focuses on using low quality water in irrigation of jatropha plant
under different rates of combined fertilizer. A pot experiment was undertaken in the greenhouse of the
National Research Center, Dokki, Giza, Egypt using three rates of NPK fertilization (N0P0K0, N3P3K3 and
N6P6K6) and irrigation by four mixtures of industrial drainage water (S0= 0 IDW + 100% fresh water, S1 =
25% IDW + 75% fresh water, S2 = 50% IDW + 50% fresh water and S3 = 75% IDW + 25% fresh water) on
mineral concentration and content of jatropha plants. Leaves dry weight responded negatively with
increasing IDW percentage and posi<vely to the applica<on of combined fer<lizer. Treatment of 75%
mixed drainage water lowered the concentration of macronutrients more than the other mixed water.
The highest depression was shown in N and P concentrations. A negative relationship was observed
between the increase of drainage water percentage in irrigation water and nutrients content. All nutrients
content increased significantly by addition of combined fertilizer in its both rates compared to control
(N0P0K0). Reduction in K:Na ratio under S2 treatment was observed, while, Ca:(K+Na) ratio was increased
gradually with increasing IDW percentage. Combined fertilizer application improved the K:Na in parallel to
the increase of fertilizer rate but depressed Ca:Na and Ca:(Na+K) ratios. Application of N6P6K6 could be
beneficial for improved plant ability to survival with abiotic stress like irrigation with low quality water.
Keywords: Jatropha, Drainage water, Industrial, NPK fertilizers, Nutrient.

Introduction
Because of growing demand for fresh water
supply with increasing energy prices and depletion
of water sources, farmers are forced to use
efficient irrigation systems and/or to consider
water stress practices or deficit irrigation to
alleviate water shortage. Therefore, many
attempts have been made to us the nontraditional
water resources such as agriculture and industrial
drainage water and sewage water in new or
contaminated soils (Jamil et al., 2009). Many
objections for use of these types of water
particularly its contents of heavy metals beside the
contamination with pasogenic micro-organisms.
Thus, several investigators suggested the use of
these nontraditional water resources in biofuel
crops production. Yet consequently, brackish
water or recycled wastewater can be used for
irrigation, minimizing the exploitation of natural

water resources (Bedbabis et al., 2010). Industrial
drainage water is considered one from the nonconventional resource of water can use in growing
bio-fuel crops (Farook et al., 2006; Glenn et al.,
2009; Bedbabis et al., 2010)
Energy availability and energy use are issues of
global concern and have been under research
worldwide for a long time. Attention is mostly
given to reduce energy consumption and to detect
new and renewable energy resources, in order to
cope with the world energy crisis. Two main
processes are responsible for this situation: first,
the increasing population and development rates
are rapidly multiplying the global energy demand
in many countries; secondly, the great share that
traditional fossil fuels occupy on the global energy
consumption can hardly be sustained. In fact, the
ongoing fossil fuels depletion has reached a stage
where the current reserves seem not enough for
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future needs. Furthermore, the role of fossil fuels
on climate change and global warming can no
longer be neglected (Da Schio, 2010).
Jatropha (Jatropha curcas L.) has fruits contains
a considerable content of oil and survive the heavy
metals and can grow under adverse environmental
conditions which raise the possibility to use it in
production of biofuel under irrigation by poor
quality water (World Agro-forestry Centre, 2007
and Trabucco et al., 2010) and also can grow in
contaminated soils (Jamil et al., 2009). Different
Fertilization of urban trees is one cultural practice
that lacks substantial research and tends to be
governed by traditional forestry objectives and
rule of thumb (Harris, 1992). While traditional
Forestry and Pomology have used addition of
nutrients to maximize growth, size, fiber and fruit
yield of trees, arboriculturists are more apt to
fertilize trees to ameliorate nutrient deficiencies.
Lack of water and inadequate soil volumes are
responsible for many of the problems that beset
urban trees. More research is needed in water
deficit mitigation, establishing nutrient sufficiency
and deficiency levels in urban trees the role of
fertilization in disease remediation and increased
pathogenesis, and the effects of long term
fertilization on trees in the urban landscape
(Watkins, 1998).
Several studies had been done for increasing
the oil productivity and quality of oil in oil crops
(Kalannavar, 2008; Yin et al., 2010; Suriharn et al.,
2011). Thus, this study was conducted to evaluate
the growth response of jatropha shrubs to
combined fertilizer and irrigation by mixed
industrial drainage water.

Materials and Methods
A pot experiments was conducted in
greenhouse of the National Research Centre,
Dokki, Giza, Egypt during 2011 summer season to
evaluate the effect of combined fertilizer (NPK
fertilizers) and irrigation by mixture of industrial
drainage water (IDW) on mineral status of
jatropha plants. The treatments were as follow:-

a) Irrigation by IDW:
1. S0= 0 IDW + 100% fresh water
2. S1 = 25% IDW + 75% fresh water
3. S2 = 50% IDW + 50% fresh water
4. S3 = 75% IDW + 25% fresh water
b) Combined fertilizer:
1. N0P0K0= Without mineral fertilizers
2. N3P3K3= 3g N+3g P+3g K / pot (100ppm of N,
P and K)
3. N6P6K6 = 6N+6g P+6g K / pot (200ppm of N, P
and K)
Metallic pots were used; every one contained
30 Kg of air dried clay soil taken from Kerdasa
region, Giza Governorate. The inner surface of the
pots was coated with three layers of bitumen to
prevent direct contact between the soil and metal.
Jatropha seeds (Jatropha curcas L.) were sown at
May, 1, 2011 in the summer season. Plants were
thinned twice, the 1st 21 days aFer sowing and the
nd
2 two weeks later. Ammonium sulfate (20.5% N),
Calcium super phosphate (15.5% P2O5) and
potassium sulfate (48.5% K2O) were used in
preparing the combined fertilizer. Irrigation with
mixed drainage water in different concentrations
was started 21days days aFer sowing. Some
physical and chemical properties of the used soil
are determined as described by Klute (1986) and
Page et al. (1982) and provided in Table (1).
Leaves dry weight (g/plant), N, P, K, Ca and Na
concentrations (%) and content (mg/plant) were
recorded and Na, K and Ca ratios (K:Na, Ca:Na and
Ca:(Na+K)) were calculated. Leaves samples were
collected, cleaned, dried in an electric oven at 70
ºC and ground in a stainless steel mill. Portions of
dried plant materials were ground and wetdigested and analyzed for nitrogen, phosphorus,
potassium, sodium and calcium were done using
the methods described by Cottenee et al. (1982).
Experimental treatments were replicated six
times. Analysis of variance (ANOVA) was used to
separate means and significant differences at P <
0.05 were determined by the least significant
difference (LSD) test Snedecor and Cochran (1989).
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Table (1): Physical and chemical proper7es of used soil.
A: Soil physical
Sand
Silt
Course
Fine
7.20

14.25

analysis

30.22

Clay

Soil texture

48.33

Clay

B: Soil chemical analysis
pH
1:2.5

EC
-1
dSm
1:5

CaCO3
%

CEC
C mole
-1
Kg

OM
%

Soluble ca<ons and anions me/100 g soil
Na

7.15

1.3

N
0.47

2.53

33.5

1.3

+

K

1.82

+

0.23

Available macro-nutrients %
P
K
0.25
0.95

2+

Mg

CO3

2.38

1.27

0.0

Ca

2+

2-

HCO3

-

0.91

Available micro-nutrients ppm
Fe
Mn
4.8
7.3

Zn
3.1

-

SO4

1.9

1.89

Cl

Cu
5.2

Table (2): Industrial drainage water analysis.
Cations and anions me./L
pH

EC
-1
dSm

Na

7.19

1.12

6.5

+

K

+

Ca

2.0

++

2.5

Results and Discussion
Leaves dry weight (g/plant): Leaves dry weight
responded negatively with increasing IDW
percentage and positively to the application of
combined fertilizer (Figure 1). Hashemi et al.
(2010) reported that salinity decreased plant
growth parameters such as tissue fresh and dry
weights. These decreases were accompanied by
increased lignin contents, Na+ ion accumulation,
increased lipid peroxidation and decreased

++

Mg

CO3

2.5

--

--

HCO3
5.9

-

-

SO4

5.0

0.8

Cl

chlorophyll
contents
in
plants.
The
physicochemical analysis of the waste waters
+
+
+2
+2
revealed that the amount of Na , K , Ca Zn ,
+2
+2
–2
Cu , Fe , Cl , SO4 and the degree of electrical
conductivity were often above the limits of the
standard for irrigation water, and some of these
properties would be severely detrimental to crop
growth (Gadallah, 1996). In contrast, Wu et al.
(1996) men<oned that wastewater irrigation did
not affect the growth rates of the turf grass.
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Figure (1): Effect of NPK fertilization and irrigation by mixed industrial drainage water on leaves dry
weight of jatropha.
N0P0K0= without mineral fertilizer, N3P3K3= 3g N+3g P+3g K/ pot and N6P6K6 = 6N+6g P+6g K / pot, S0 S1 S2
and S3 are 0, 25, 50 and 75% IDW, respec<vely.

The improving effect of NPK fertilizer on dry
weight may be related to 1) enhancing of mineral
absorption and distribution in different organs in
plants as well as the effect of these elements in
different metabolic processes in plant tissues and
also on the environment, microbial activity and soil
properties (Li et al., 2010; Agbede, 2010; Zhai et
al., 2011), 2) increasing rate of new cell formation
(Mohapatra and Panda, 2011).
The highest value was that of the control (S0)
with addition of N6P6K6 fertilizer, while, the
irrigation with S3 mixture without fertilizer
addition gave the lowest dry weight. It can be
observed that, addition of mineral fertilizer led to
decrease the differences between treatments
especially with irrigation by S3 mixture (high IDW
percentage) and convert the severity of decline
caused by salinity stress to become smoother. This
may be refer to, mineral fertilization promotes the
growth and the plant become more healthy,
consequently, increase plant ability to alleviate the
effects of abiotic stresses including salt stress,
metal toxicity and nutrient imbalance. With
adequate nutrient supply, plants that are limited in
growth due to salinity stress would have a higher
content of mineral nutrients than plants under
comparable fertility but not limited in growth by
salinity stress, these results are in line with those

reported by (Hussaini et al., 2008) under moisture
stress.
Macronutrients
concentrations
(%):
Data
presented in Figure (2) indicated that 75% mixed
drainage water lowered the concentration of
macronutrients more than the other mixed water.
The highest depression was shown in N and P
concentrations. Sodium concentration has shown
to be less affected by the mixtures of IDW. This
could be attributed to the ability of jatropha plants
to control Na level in leaves. Potassium and
calcium show a slight increase by S1 treatment and
tend to decrease with increasing IDW percentage
in irrigation water. This depression in nutrient
concentrations, caused by direct competition
between ions or by increased osmotic potential of
the solution reducing the mass flow of mineral
nutrients to the root surface (Zhu, 2001). In this
respect, Khorami et al. (2011) showed, with
+
increasing salt stress, Na concentration increased
but K and Ca concentration. Kchaou et al. (2010)
revealed that salinity increased Na and Cl
concentration and accumulation in olive leaves
and roots of 5 varie<es of one year old olive trees.
Maurer et al. (1995) showed, in trees irrigated by
different treated waste water, leaf nutrient levels
were generally within acceptable ranges for N, P,
K, Ca, Mg, and Na.
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As for fertilization effect, there are a continuous
increases in N and K concentrations, with
increasing fertilization rate, however P, Ca and K
gave the approximately the same values with both
fertilization rates. In contrast, Na concentration
decreased with addition of N6P6K6 than other
treatments especially under S0, S2 and S3 mixtures,
this may be due to increasing K absorption led to
decrease Na absorption. Tahir et al. (2006)
reported that potassium has a significant role in
improving plant water status and mitigating the
toxic effects of Na. Hussaini et al. (2008) found
that varying levels of nitrogen and phosphorus
influenced the concentration of nutrients in the
maize grain and stover significantly. Several
workers found that fertilization with nitrogen,
increased the concentrations of nitrogen and
phosphorus, in the plant tissue (Gastal and lemire,
2002; Lin et al., 2009 and Rahman et al., 2011), as
well as increasing potassium or phosphorus
concentra<ons (Beshara< and Ras<n, 1999). These
increments could be due to 1) Nitrogen is a major
nutritional
element
required
for
tissue
differentiation and it’s a component of many
important structural, genetic and metabolic
compounds in plant cells. It is a major component
of chlorophyll, the compound by which plants use
sunlight energy to produce sugars from water and
carbon dioxide (i.e. photosynthesis). It is also a
major component of amino acids, the building
blocks of proteins. Some proteins act as structural
units in plant cells while others act as enzymes,
making possible many of the biochemical reactions
on which life is based. 2) Phosphorus is a
component of energy-transfer compounds, such as
ATP (adenosine triphosphate) which allows cells to
conserve and use the energy released in

metabolism. Finally, P is a significant component
of nucleic acids such as DNA, the genetic material
that allows cells (and eventually whole plants) to
grow and reproduce (Marschner, 1995; Carelli et
al., 2006; Tcherkez and Hodges, 2008). 3)
Potassium is an essential element for plant growth
and reproduction as it activates several enzymes
especially in the metabolization of carbohydrates,
Protein synthesis is especially dependent on
potassium at several stages of amino acids
activation, It plays a potential role in the transport
of water and essential nutrient throughout the
plant in the xylem and Plants also depend upon
potassium to regulate the opening and closing of
stomata (the pores through which leaves exchange
carbon dioxide, water, vapor oxygen with the
atmosphere (Marschner, 1995; Armengaud et al.,
2004 and Ashley et al., 2005).
Examination of date in Figure (2) indicated that
the highest improving in the concentration of N
and K by N6P6K6 was shown under irrigation by
fresh water; however for P by N3P3K3 under fresh
water. Furthermore, for Na and Ca concentrations
response, the highest values were obtained by
N0P0K0 under irriga<on with 25% IDW.
Nevertheless, Na concentration, generally,
decreased with addition of N6P6K6 fertilizer rate in
comparable with unfertilized treatment. The
fluctuation in nutrients response to studied factors
may be attributed to nutrient concentrations
aﬀected by 1) the volume of plant growth, where,
increasing plant growth led to decrease nutrients
concentra<ons by dilu<on eﬀect 2) increasing
harmful stresses of IDW could affect root health
accordingly decreased nutrient uptake, although,
increasing nutrient concentrations in rhizosphere.
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Figure (2): Effect of NPK fertilization and irrigation by mixed industrial drainage water on macronutrient
concentrations.
N0P0K0= without mineral fertilizer, N3P3K3= 3g N+3g P+3g K/ pot and N6P6K6 = 6N+6g P+6g K / pot S0 S1 S2
and S3 are 0, 25, 50 and 75% IDW, respec<vely.
Macronutrients content: Data of nutrients content
were presented in Table (3). These data showed a
negative relationship was observed between the
increase of drainage water percentage in irrigation
water and nutrients content in jatropha plants,
where, the content of all determined nutrients
decreased profoundly with the increase in
drainage water mixed with the fresh irrigation
water. Therefore, Ca accumulation decreased by
12.6, 32.2 and 47.5 with irriga<on by S1, S2 and S3
treatments compared to control (S0). It seems that
+
2+
high Na concentration inhibits uptake of Ca . The
2+
Ca plays an important role in regulating ion
transfer into plant cells growing in saline medium.
Also, calcium can affect membrane stability and
ion translocations (Khorami et al., 2011). In
addition, calcium is a non-toxic inorganic nutrient
that is very effective in detoxifying high
concentrations of other elements in plants under

saline medium (Greenway and Munns, 1980).The
highest percentage of increment was shown in N
and K content. On the other side, the lowest
percentage was shown in Na as well as P uptake
(Table 3). Irrespec<ve of irriga<on eﬀect, all
nutrients content increased significantly by
addition of combined fertilizer in its both rates
compared to control (N0P0K0). The second
fertilization rate (N6P6K6) was more superior than
the first one (N3P3K3). These results are consistent
with the findings of Li et al. (2010) reported that
the NPK combination was found to improve the
nutrients uptake, and the total N uptakes during
the above periods were 10.0, 14.8 and 10.6 <mes
higher than that of PK treatment, respectively, and
3.7, 1.8 and 5.1 <mes higher than those of NK
treatment, respectively, but, were similar to NP
treatment. The total P uptakes were 4.6, 6.8 and
5.3 <mes higher than those of PK treatment, and
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were 2.4, 2.3 and 2.9 <mes higher than those of
NK treatment, respectively, but were similar to NP
treatment. The uptake of nutrients and their
distribution to different parts of the maize plants
have been found too vary primarily with the
fertility of the native soil application of chemical
fertilizers, the growth stage of the, plant and the
environmental conditions (Marschner 1995). In
contrast, Wu et al. (1996) reported that no
2+
+
2+
significant increase of Ca , K , and Mg uptake
was detected under the wastewater irrigation
treatment. However, the Cl uptake was
significantly
different
between
irrigation
treatments. It was found that in the spring, in the

turf plots irrigated by 1/20 concentra<on
wastewater, an amount equivalent to 60% of the
applied Cl was taken up and removed in the
Kentucky blue grass and ray grass.
Data noted in Table (3) showed that generally,
NPK fertilization enhancing minerals content in
jatropha leaves. Under irrigation with water
contains 25% IDW, K content increased with
increasing fertilization rate, while Ca slightly
affected but P and Na seemed to be without
effect. Moreover, when the percentage of IDW
increased to be 50 and 75% the uptake of K, Na
and Ca sharply increased with increasing
fertilization rate compared to control (N0P0K0).

Table (3): Eﬀect of NPK fer7liza7on and irriga7on by mixed industrial drainage water on the mineral
content of jatropha leaves
Combined
Industrial
Macronutrients mg/plant
fertilizer
drainage water
g/pot
%
N
P
K
Na
Ca
N0P0K0
337.4
17.8
111.7
7.0
116.2
N3P3K3
717.8
54.5
265.7
16.2
269.0
N6P6K6
985.5
58.2
364.7
17.1
285.2
N0P0K0
259.0
11.8
95.6
5.9
99.7
S1
N3P3K3
604.8
23.9
202.9
12.0
200.3
N6P6K6
734.4
43.0
323.4
16.9
285.5
N0P0K0
176.7
9.4
55.0
4.0
59.2
S2
N3P3K3
329.3
18.8
135.0
7.5
124.5
N6P6K6
744.9
44.0
228.2
16.0
270.6
51.2
3.0
20.9
1.1
23.7
N0P0K0
S3
N3P3K3
253.9
16.4
81.3
5.9
97.7
N6P6K6
658.5
38.0
235.1
13.6
230.7
S0
680.2
43.5
247.4
13.4
223.4
Mean values of
S1
532.8
26.2
207.3
11.6
195.2
irrigation
S2
417.0
24.1
139.4
9.2
151.4
treatments
S3
321.2
19.1
112.4
6.8
117.3
N0P0K0
206.1
10.5
70.8
4.5
74.7
Mean values of
N3P3K3
476.4
28.4
171.2
10.4
172.9
NPK
N6P6K6
780.8
45.8
287.8
15.9
268.0
LSDat5%
Ir
261.0
6.54
N.S
7.91
87.2
Fer
204.0
10.0
56.1
3.27
30.2
IrXFer
N.S
17.4
112.2
7.38
60.4
N0P0K0= without mineral fertilizer, N3P3K3= 3g N+3g P+3g K/ pot and N6P6K6 = 6N+6g P+6g K / pot. S0 S1 S2
and S3 are 0, 25, 50 and 75% IDW, respec<vely.
S0

Sodium, potassium and calcium ratios: The
concentrations of K Na and Ca in plants and their

ratios are widely used as screening parameters in
ranking varieties for their tolerance to salt toxicity
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(Eker et al., 2006). No considerable diﬀerences
were obtained in K:Na and Ca:Na ratios with
increasing IDW in irrigation water. Although,
reduction in K:Na ratio under S2 treatment was
observed, In addition to, Ca:(K+Na) ratio was
increased gradually with increasing IDW
percentage (Figure 3).
Combined fertilizer application improved the
K:Na in parallel to the increase of fertilizer rate but
depressed Ca:Na and Ca:(Na+K) ratios (Figure 3).
These results confirm that addition of the
combined fertilizer to jatropha plant led to
+
++
maintaining a better nutrition with K and Ca ,
+
limiting Na concentration and consequently

higher K:Na ratio, subsequently, increase jatropha
abiotic stress tolerance, this may be refer to a
direct effect of applied K, displacing Na, and
causing loss of Na from the root tissue.
Jampeetong and Brix (2009) indicated that Na+
+
competes with K for uptake into cells. S2
treatment was reveres the effect of combined
fertilizer, where K:Na ratio increased as the rate of
fer<lizer increased except under 50% mixed IDW
treatment. On reverse, Ca:(K+Na) was decreased
with increasing fertilization rate under S0, S1 and
S3, except under 50% mixing of IDW (S2) which
increased by N6P6K6 treatment (Figure 3).

25
Na ratios

20
15

K /Na

10
C a:Na

5

1.2
1
0.8
0.6
0.4
0.2
0

S0

S1

S2

N6P 6K 6

N3P 3K 3

N0P 0K 0

N6P 6K 6

N3P 3K 3

N0P 0K 0

N6P 6K 6

N3P 3K 3

N0P 0K 0

N6P 6K 6

N3P 3K 3

C a:(Na+ K )

N0P 0K 0

Ca:(Na+K)

0

S3

Treatemnts
Figure (3): Effect of NPK fertilization and irrigation by mixed industrial drainage water on sodium,
potassium and calcium concentrations of jatropha leaves.
N0P0K0= without mineral fertilizer, N3P3K3= 3g N+3g P+3g K/ pot and N6P6K6 = 6N+6g P+6g K / pot. S0 S1 S2
and S3 are 0, 25, 50 and 75% IDW, respec<vely.
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Values of K:Na, Ca:Na and Ca:(Na+K) ratios
ranged between (13.8-21.4), (14.8-22.6) and (0.751.12), respec<vely.
It can be concluded that, the balanced
fertilization is essential for enhancing growth,
nutrient status and mineral ratios in jatropha
plants and results reveal application of N6P6K6 to
be beneficial for improved plant ability to survival
with abiotic stress like irrigation with low quality
water. While, the fertilizer requirements studies
are need further long-term experiments using
more different combinations of N, P and K
fertilizers.
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