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Abstract: In order to study the effect of K foliar fertilizer under different irrigation treatments, a pot experiment
was conducted in the greenhouse of the National Research Centre, Dokki, Giza, Egypt. Results revealed that
increasing the depletion of available soil moisture before irrigation caused decreases in plant height and area
of green leaves. Stem, leaves, top and whole plant dry weight were not significantly affected by these irrigation
treatments. Spraying with both concentrations of potassium citrate (KC) significantly an increased growth
criterion i.e. plant height, number and area of green leaves, roots, stem and leaves fresh weight of jatropha
plants. The highest increment as a result of spraying jatropha plants with KC was in roots as well as stem dry
matter and the lowest was in leaves dry weight. The enhancing effect may be due to that KC act as fertilizer and
as antioxidant. Potassium spraying was more effective under irrigation after depletion of 60% (D2) of available
soil moisture and followed by that irrigated after depletion of 40% (D3) available soil moisture and the treatment
80% depletion (D1) before irrigation came later. Chlorophyll and carotenoids concentrations were decreased
with the drought treatments, while total chlorophyll concentration only decreased by D1 and slightly increased
with D2 compared to that of the regularly irrigated treatment. Nevertheless, chl. b was quietly decreased with
D1 and tended to increase to be more than the control. Furthermore, Chl. a: Chl. b ratio was lowered sharply with
drought treatment and the reverse was true for Chl. a + Chl b: carotenoids ratio. Chl. b was decreased with both
K treatments but the decrement was more with F2 (spraying of potassium citrate in the rate of 1.5 g/l) in
comparable with D1 or that of plants sprayed by distilled water. On the other hand, the Chl. a + Chl. b ratio
showed the opposite trend. Carotenoids was slightly increased with moisture stress treatment, however, the
highest values of Chl.a was obtained with K1 treatment meanhile, Chl. a + Chl. b: carotenoids ratio was not
affected by F1 (spraying of potassium citrate in the rate of 0.75 g/l) but was decreased with F2 (spraying of
potassium citrate in the rate of 1.5 g/l) treatment.
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INTRODUCTION higher rate under the stressful environment and quantify

To avoid the competition of food production, producers can make the right decision [1]. Water shortage
marginal and waste lands are targeted for producing and the increasing consumption of water resources for
biofuel crops. Marginal lands are most likely located in agriculture and other sectors compel adaptation of
arid and semi-arid zones in many parts of the world where irrigation strategies in semi arid regions which may allow
water with high quality is not available and extremely saving irrigation water and still  maintain  satisfactory
limited. Marginal land are characterized by high soil level of production [2]. Drought is the most important
salinity, low fertility and limited supply of high quality environmental stress that limits agricultural production
water. Before exploiting any plant for commercial [3]. Some investigations were conducted to study the
production in marginal lands it is imperative to investigate effect of different level of irrigation water and drought on
if selected plants will survive and grow at reasonably growth of jatropha plants [4-6]. In spite of that jatropha

impact of the stresses on plant growth and yield so that
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plants are known as drought resistance plants but twice with two weeks in-between. Chl. a and Chl. b and
drought affects some physiological processes such as total carotenoids concentration were determined
photosynthesis [7, 8], mineral uptake [9-11] and oxidative according to the methods described by Von Wettistine
defense [12, 13]. Jatropha (Jatropha curcas L.) is a soft- [22].
woody oil-seed plant that has emerges as a potential
source of biodiesel [14]. Jatropha curcas has potential to Statistical Analysis: All collected data were subjected to
be cultivated under semi-arid and poor soil [15, 16]. the proper statistical analysis as described by Snedecor
Despite the internal resistance of plants to drought stress, and Cochran [23]. 
the detrimental effect of drought can be minimized by the
adequate and balanced supply of mineral nutrients. RESULTS AND DISCUSSION
Increasing evidence suggests that mineral-nutrition of
plants has important role in increasing plants resistance Growth
to drought [17]. Application of fertilizers improved the Irrigation: Increasing depletion of available soil moisture
growth and yield of jatropha plants as found by: Yong et before irrigation caused significant decreases in plant
al. [18] and Mohapatra and Panda [19]. Addition of height and area of green leaves. Stem, leaves, top and
fertilizers via leaves enhanced growth and yield of trees whole plant dry weight were not significantly affected by
under abiotic stresses [9, 20, 21]. these irrigation treatments. The response of jatropha

Therefore, the objective of this work was to plants to water deficit were reported by Hussein et al. [6].
investigate the effect of spraying with potassium citrate Furthermore, Sapeta et al. [16] subjected jatropha plants
under different irrigation treatments after depletion of to drought stress period followed by re-watering
available soil moisture. compared to well watered treatment and found that plant

MATERIALS AND METHODS that the drought response of Jatropha curcas categorized

In order to study the effect of K foliar fertilizer under state, drought stress induced leaf drop and limited root
different irrigation treatments, a pot experiment was growth. Achton et al. [25] reported that jatropha plants
conducted in the greenhouse of the National Research distributed its fine roots in the surface layer top be helpful
Centre, Dokki, Giza, Egypt. The treatments were as in utilizing of rainfall and to exploit relatively nutrient rich
follows: surface of the marginal lands. They concluded that

Irrigation: Irrigation after depletion of 40, 60 and 80 % of strategy with a conservative root system. The non
available soil moisture. significant effect of irrigation treatments on dry mass of

Potassium: Application of 0.75 and 1.5 g/l of potassium conclusion that jatropha plants tolerate water deficit in its
citrate and the control plants sprayed by the same early stages of growth. Moes et al. [4] pointed out that
quantity of distilled water. drought induced little differences in plant water relations

The experiment included 9 treatments which were the area and above ground parts dry weight. 
combination of 3 treatments of irrigation and three
treatments of potassium foliar fertilizer. The design of the Potassium Foliar Fertilization: Data in Table 1 showed
experiment was randomized complete blocks with 8 that both concentrations of potassium citrate (KC)
replicates. Seeds of Jatropha (Jatropha curcas L.) were significantly increased growth criteria i.e. plant height,
sown at April 15  2013. Transplants were transplanted number and area of green leaves and root, stem, leaves,th

after one month from sowing. Plants were thinned twice to top and total plant dry weight of jatropha plants. The
left two plants /pot. Calcium super phosphate (15.5% highest increment as a result of spraying jatropha plants
P O ) and potassium sulphate (48.5 % K O) were added with KC was shown in roots as well as stem dry matter2 4 2

before sowing in the rate of 10 and 5 g/ pot, respectively. and the lowest was in leaves dry weight. The enhancing
Ammonium sulphate (20.5% N) was added in two equal effect of KC may be due to that it acts as fertilizer and as
portions, the 1  was 15 days from sowing and the 2  two antioxidant. Application of K have stimulatory effect onst nd

weeks later. Potassium sulphate was applied via leaves most  of  growth  parameters  i.e.  leaves  and branches no

growth was reduced. Krishnamerthy et al. [24] concluded

as drought avoidance considering its regular, dormant

jatropha can be described to follow a drought avoidance

the aboveground parts of jatropha plants led to the

and had no effect on relative growth rate and specific leaf
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Table 1: Effect of irrigation after depletion of available soil moisture and potassium foliar fertilizer on growth of Jatropha plants

Dry weight (g)

Foliar Plant Leaves Leaves --------------------------------------------------------------- Total dry

Irrigation fertilizer height No./ plant area/ plant Root Stem Leaves Top weight / plant

40% depletion DW 91.7 13.0 776 2.04 5.43 1.63 7.06 9.10

F1 74.0 18.7 857 2.05 7.26 1.80 9.06 11.11

F2 78.6 19.0 1057 3.28 9.33 2.22 11.55 14.83

Mean 74.8 16.9 897 2.46 9.34 1.88 9.27 11.67

60% depletion DW 65.3 12.0 665 1.66 4.12 1.52 5.65 7.31

F1 70.4 15.3 865 1.87 5.53 1.99 7.52 9.39

F2 77.3 17.3 939 2.10 8.97 2.11 11.13 13.23

Mean 71.0 14.9 823 1.88 6.21 1.89 8.10 9.99

80% depletion DW 49.7 11.0 746 1.12 5.44 1.64 7.08 8.20

F1 64.3 14.3 750 1.99 6.08 1.43 7.51 9.50

F2 75.7 14.7 818 2.38 6.03 1.80 7.83 10.21

Mean 63.3 13.3 769 1.83 5.85 1.62 7.47 9.30

Mean values 

of fertilizer DW 62.2 12.0 729 1.61 5.00 1.60 6.60 8.21

F1 69.6 16.1 824 1.97 6.29 1.74 8.03 10.00

F2 77.2 17.0 937 2.59 8.11 2.06 10.17 12.78

LSD 0.05 I 7.47 N.S 109 0.92 N.S S.N. N.S N.S

F 8.61 0.37 124 0.58 1.84 0.45 2.52 2.57

I x F N.S N.S 212 N.S. 2.36 N.S N.S N.S

I = Irrigation, DW = distilled water, F1 = Spraying of potassium citrate in the rate of 0.75 g/ l and F2 = Spraying of potassium citrate in the rate of 1.5 g/l

and leaves, stem and whole plants dry weight of jatropha and are minimal when K is sufficient [30, 31]. Improving
plants [26, 21]. K plays an essential role in enzymes water adjustment in plant tissues by potassium treatment
activation, protein, energy transfer, phloem transport, was showed by Marschener [27] who mentioned that as
cation-anion balance and stress resistance [27]. one of the most prominent inorganic osmotic in plants, K+

Interaction: The interaction effect between potassium ability. In addition and the increasing extra chloroplastic
foliar fertilizer and soil moisture depletion on growth of K concentrations in plant cells as an excess of K  supply
jatropha plants is shown in Table 1. The effect was only could prevent photosynthesis inhibition under drought
significant on leaves area and stem dry weight. The stress. The effect on oxidative defense was reported by
highest significant values of the aforementioned Reddy et al. [32] and Cruz de Carvalho [33], who reported
parameters were obtained when plants were irrigated after that photosynthetic inhibition can further disturb the
40% depletion of the available soil moisture and sprayed balance between ROS production and antioxidant
by 1.5 g/ L potassium citrate. On the contrary, the lowest defense.
values in the same concern were detected when plants
were irrigated after 60% depletion of the available soil Photosynthetic Pigments
distilled water. Many researchers studied the effect of Irrigation: Data illustrated in Table 2 and Fig. 1 cleared
potassium spraying and found positive effects on  growth the response of chlorophyll and carotenoids
traits of studied plants; among them are Tomeori et al. concentration as affected by irrigation treatments. Either
[28] and Hussein et al. [10]. Out of all mineral nutrients, chlorophyll or carotenoids concentration decreased with
potassium  plays  a  particularly  critical role  in   plant the drought treatments, while total chlorophyll
growth and metabolism and it contributes greatly  to  the concentration only decreased by 60% depletion of
survival of plants under various biotic and abiotic available  moisture  water  (D1)  and  slightly  increased
stresses [29]. Decrease in photosynthesis caused by with 40% depletion of available moisture water (D2)
drought stress is particularly high in plants with low K compared  to  that  of the  regularly   irrigation  treatment.

plays a key role in information of the osmotic adjustment

+
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Table 2: Effect of irrigation after depletion of available soil moisture and potassium foliar fertilizer on photosynthetic pigments of Jatropha plants

Irrigation Foliar fertilizer Chl.a Chl.b Carotenoids

40% depletion DW 4.33 1.32 2.33
F1 5.11 0.80 3.37
F2 5.00 0.62 3.48

Mean 4.81 0.91 3.06

60% depletion DW 3.87 1.38 2.65
F1 4.05 1.16 2.46
F2 4.52 0.89 2.83

Mean 4.16 0.87 2.65

80% depletion DW 3.21 2.31 2.29
F1 5.88 1.27 2.24
F2 4.03 0.96 2.55

Mean 4.37 1.51 2.36

Mean values of K DW 3.80 1.67 2.42
F1 5.01 1.08 2.69
F2 4.52 0.82 2.95

LSD at 5% I 0.29 N.S N.S
F 0.50 N.S 0.39
I x F N.S 1.58 N.S

I = Irrigation, DW = distilled water, F1 = Spraying of potassium citrate in the rate of 0.75 g/l and F2 = Spraying of potassium citrate in the rate of 1.5 g/l.

Fig. 1: Effect of irrigation after depletion of available soil moisture and potassium foliar fertilizer on photosynthetic
pigments of Jatropha plants.
I = Irrigation, DW = distilled water, F1 = Spraying of potassium citrate in the rate of 0.75 g/ L and F2 = Spraying
of potassium citrate in the rate of 1.5 g/l.

Furthermore, Chl.a: Chl. b ratio was lowered sharply with reduction of light harvesting pigments protein associated
drought treatment and the reverse was true for Chl. a + with photosystem II [36]. Carotenoids participate in
Chl. b: carotenoids ratio (Fig. 1). One of  plants  responses energy dissipation and can aid plants in drought
to drought stress is changes in  photosynthetic  pigments resistance [37]. Lui et al. [38] reported that drought stress
content. Photosynthetic pigments play important roles in significantly decreased pigment content but increased the
harvesting light. The content of chlorophyll a and Chl b ratio of carotenoids/total chlorophyll in six woody plants
was changed under drought [34]. Carotenoids play used. Under severe stress, beta-carotene contents
fundamental roles and help plants to resist drought [35]. decrease  on a dry-weight basis. Besides, chlorophyll loss
Drought stress inhibits Chl. a and  Chl.  b  and  synthesis reduces the amount of photons absorbed by leaves,
and decrease Chl. a: Chl. b binding protein, leading to which enhances the photoprotective and antioxidant
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capacity of leaves per amount of photons absorbed [39] water. On the reverse, the highest interaction value of
Chlorophyll and carotenoids content decreased in early
period of drought but increased in latter period of
Cetnanthe setoza plants. The decline in photosynthetic
pigments may be related to the decrease in relative water
content in leaves [40]. Moreover, Das et al. [41] showed
that jatropha plants can recover rapidly from the mid day
depression without any significant change in leaf
pigments.

Potassium Fertilization: The effects of potassium citrate
on chlorophyll and carotenoids were noted in Table 2.
Application of KC in the rate of 0.75 g/l showed the
highest concentration of Chl.a, also the rate of 1.5g/l
increased Chl.a concentration but the increment was less
than those obtained by 0.75 g/l. Chl.b was linearly
decreased with the increase in KC rate in comparable to
that in plants sprayed with distilled water (control).
Meanwhile, carotenoides concentration was slightly
affected with spraying of potassium fertilizer. Generally,
determination of chlorophyll as an indirect method for
estimating the productivity of vegetations represents
good way to gain an understanding photosynthesis
regime of the plants. Chlorophyll a, chlorophyll- b and
total chlorophyll increased while carotenoids content was
decreased with fertilization [42]. Hussein et al. [43]
reported that application of MKP in the rate of 100 ppm
increased significantly Chl.a in leaves of pepper. Further
increases in MPK did not showed any considerable
increases in these pigments. Borowski and Michalek [44]
studied the effect of different potassium sources in three
sprays and found that the treatment of spinach with
potassium salts resulted in an increase in chlorophyll and
protein content. Furthermore, Begum et al. [45] found that
spraying Knap (Potassium naphthenate) single failed to
induce significant effect on chlorophyll or carotenoids
content. Chl. a, Chl. b and carotenoids contents in rape
seed plants were positively affected with 1000 ppm KNp
+ Kixtalol in single or double sprays.

Interaction: The interaction effect between potassium
foliar fertilizer and soil moisture depletion on chlorophylls
and carotenoids of jatropha plants is shown in Table 2.
The effect was only significant on chlorophyll- b. The
highest interaction value of Chl. a was obtained when
plants were irrigated after 80% depletion of the available
soil moisture and sprayed by 0.75 g/l potassium citrate.
Moreover, the highest interaction value of Chl. b was also
obtained when plants were irrigated after 80% depletion
of  the  available  soil  moisture  but  sprayed  by  distilled

carotenoids was obtained when plants were irrigated after
40% depletion of the available soil moisture and sprayed
by 1.5 g/l potassium citrate. Regarding the lowest
interaction values, no obvious trend was detected and it
was different from one parameter to another. Reduction or
no change in chlorophyll content of plant under drought
stress has been observed in different plant species and its
intensity depends on stress rate and duration [46].
However, Ptovat et al. [47] found that by exerting severe
drought stress on wheat, chlorophyll of leaf was
significantly reduced. Water deficit can destroyed
chlorophyll and prevent making it. On the other hand,
Mensah et al. [48] found that subjecting sesame plants to
drought stress caused chlorophyll to increase and then
remained unchanged. Potassium plays an important role
of the survival of plants under environmental stress
condition. Potassium is essential for many physiological
processes, such as photosynthesis, translocation of
photosynthates into think organs, maintenance of turger,
activations of enzymes, reducing of some ions such as Na
and Fe in soils suffer from environmental stress [17]. Das
et al. [41] observed that the plant can recover rapidly from
mid day depression of photosynthesis or the photo-
inhibition without any significant change in leaf pigment
contents and this suggesting that jatropha adapt to
changing climatic conditions like high temperature, high
light and low soil moisture levels etc. of the mid day in the
tropic by efficient adaptation of photosynthesis in the
field. There is increasing evidence that plants suffering
from environmental stresses like drought have a larger
internal requirement of K [49] needed for maintenance of
photosynthetic CO fixation. Drought is associated with2

stomatal closure and thereby CO  fixation [50] and2

protective chloroplast from oxidative damages [51]. K also
plays an important role in water adjustment [52] and
metabolites of carbohydrate from source to sink [50].
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