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Abstract
Water scarcity and drought are the main constraints of crop production. Many technologies have been developed to cope with
this environmental problem. So improve crop management under limited amount of available water is a measure issue to
maximize the return by unit of water (water productivity). To achieve the aforementioned objectives, a pot experiment was
conducted in the greenhouse of the National Research Centre at summer season of 2013 to evaluate the effect of foliar application
of potassium sulphate (K2SO4), mono potassium phosphate (KHPO4) and ferrous sulphate (Fe SO4) at the rate of 1% in addition
to distilled water as a control treatment. on growth, and mineral status of Moringa plants grown under different water regimes
(irrigation after depletion of 40 % of the maximum water holding capacity of the soil (W.H.C.) i.e. normal water supply, 60 % of
(W.H.C.) i.e. moderate soil moisture stress and 80 % of (W.H.C.) i.e. severe moisture stress. However, severe moisture stress
cause depression in growth characters i.e. plant height, number of branches, dry weight of stem, leaves, top and whole plant. The
highest dry weight of root, stem, leaves, top and whole plant were obtained by irrigation after depletion of 40 % available soil
moisture. On the other hand, the dry weight of the root and shoot/root ratio was positively responded with the decreased in
availability of moisture before irrigation. Application of foliar fertilizers enhanced all the vegetative growth characters of
Moringa plants i.e. plant height, number of branches, root, and stem, leaves and whole plant fresh weight. Data also showed that
MKP treatment surpass all the other foliar treatments (except for top/root ratio) which were recorded under Fe treatment. The
lowest values were recorded in plants sprayed with distilled water. Moreover, Increasing the percentage of moisture depletion
before irrigation, significantly decreased the percentage of phosphorus, potassium and magnesium in Moringa plants. On the
contrary water stress treatments significantly increase the content of N, Ca and Na. Application of foliar fertilizers enhancing the
content of N, P, K and Mg.
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1 Introduction1

vitamin C than oranges, and more potassium than bananas,
and that the protein quality of Moringa leaves rivals that of
milk and egg [3]. In addition more than its use in water
purification, biofuel and pesticides [4].
Globally as well as locally, scarcity of land and water
for agriculture facing crop yields decline is of major
concern to feed ever increasing population. Water stress
affects plants growth and productivity in many ways such
as effect on germination [5], cell growth is one of the most
drought-sensitive physiological processes due to reduction
in turger pressure [6], photosynthesis, carbohydrate and
protein building [7], water adjustment and mineral [8]
absorption and oxidative defense [9 & 10].
Potassium is an important macronutrients and the most
abundant cation in higher plants. Potassium is the target of
many researches mainly because it is essential for enzymes
activation, protein synthesis and photosynthesis [11 & 12],
and it mediates osmoregulation during cell expansion,
stomatal movements and tropism. Furthermore, K is
necessary for phloem solute transport and for the
maintenance of catain: anion balance in the cytozol as well
as in the vacuole. K supply from soil can be rate limiting

Moringa oleifera L., belonging to the Moringaceae
family, consists of only one genus (Moringa) and fourteen
recognized species. It is a native plant from North of India
and it has been cultivated in several tropical countries.
Moringa is a multiple-use plant but it has been more
intensely used in the industry, medicine and in the feeding
human and animal as protein source [1]. Moringa (Moringa
oleifera) trees have been used to combat malnutrition,
especially among infants and nursing mothers. Leaves can
be eaten fresh, cooked or stored as dry powder for many
months without refrigeration, and reportedly without loss of
nutritional value. Moringa is especially promising as a food
source in the tropics because the tree is in full leaf at the
end of the dry season when other foods are typically scarce
[2]. Moringa leaves contain more vitamin A than carrots,
more calcium than milk, more iron than spinach, more
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for agriculture production. Potassium nutrition to plants
stimulates root growth and hence, efficient exploration of
soil water [13]. Further, it decreases the loss of soil
moisture by reducing the transpiration and increasing the
retention of water in plants [14]. Keeping these facts in
view, feasibility of K nutrition in augmenting the
performance of the crops namely, mustard, sorghum and
groundnut was tested under water stress conditions.
Iron is abundant in most part of the soils, it is insoluble
almost in ferric form, hence unavailable to plant [15]. Fe
chlorosis is the third field scale disorder after zinc and
boron in micronutrients [16]. In Egypt, most of Fe disorder
showed at the new cultivated areas especially in calcareous
soils. Fe solitary or in combination with other
micronutrients or commercial foliar fertilizers was applied
for correct Fe deficiency and/or to face the needs of plants
to this element in soils with high pH which the plants
suffering from less availability of Fe in these soils [8 & 17].
Therefore, this work aimed to investigate the effect of foliar
application with potassium sulphate (K2SO4), mono
potassium phosphate (KHPO4) and ferrous sulphate (Fe
SO4) on growth and mineral status of Moringa plants grown
under water stress condition.

and then, subjected to various levels of irrigation. The
treatments were as follows:
Irrigation treatments: Irrigation after depletion of 40, 60
and 80 % of available soil moisture represent (normal
irrigation, moderate and severe water stress).
Foliar fertilizers: Foliar spraying of potassium sulphate
(K2SO4), mono potassium phosphate (KHPO4) and ferrous
sulphate (Fe SO4) at the rate of 1 %.in addition to distilled
water as control.
The experiment included 12 treatments which were the
combination between three irrigation regimes and 4 foliar
fertilizers treatments. The design of the experiment was
complete randomized block design (CRBD) in 8 replicates.
Table 1 shows soil physical and chemical analysis of soil
using the methods described by Cottenie et al., (1982) [18].
Each pot received 8 kg soil, 1.80g of ammonium sulphate
(20.6%N), 1.5 g calcium super phosphate (15.5% P2O5) and
0.5 g potassium sulfate (48.5% K2O). Moringa (Moringa
oleifara L.) seeds were sown in the 1st of April, 2013.,
thinned twice after one and two weeks from sowing, and
left one plant/pot in 8 replicates for each treatment. Foliar
application treatments were applied at 60 and 90 days after
sowing. At 180 day from sowing, three plants were picked
from each treatment. The following measurements were
recorded: plant height (cm) and number of branches. Plant
samples were cleaned dried in electric oven at 70°C, dry
weight of root, stem, leaves and shoot (above ground parts).
Shoot/root ratio were calculated for each treatment. Leaves
samples were ground in stainless steel mill. Dry powder
was digested and analyzed for N, P, K, Na, Ca and Mg as
described by Cottenie et al., (1982) [18]. Analysis of
variance (ANOVA) and least significant difference (LSD)
at 0.05 probability level was computed using the Co-Stat
program and applied as described by Gomez and Gomez
(1984) [19].

2 Materials & Methods
A pot experiment was conducted in the green house of
the National Research Centre in Dokki, Cairo, Egypt.
During summer season of 2013 to investigate the impact of
foliar application with potassium sulphate (K2SO4), mono
potassium phosphate (KHPO4) and ferrous sulphate (Fe
SO4) at the rate of 1 % in addition to distilled water as a
control treatment on growth and mineral status of Moringa
plants grown under water stress conditions. During the first
35 days of pre-treatment, plants were sufficiently irrigated

Tables 1: Some physical and chemical characteristics of the soil used in this study.
A- Soil mechanical analysis.
Course >200 µ
%

Fine 200-20 µ
%

Silt 200-2 µ
%

Clay <2µ
%

Soil texture

10.2

16.8

29.5

40.6

Clay loam

B- Soil chemical analysis
pH
1:2.5

EC
dSm-1

CaCO3
%

7.87

2.21

2.43

N
0.76

OM
%
0.97

Available macro-nutrients%
P
K
0.19
0.98

Soluble cations
Meq/100g soil

Soluble anions
Meq/100g soil

Na+

K+

Ca++

Mg++

2.43

0.44

2.58

1.24
0.0
0.94
Available micro-nutrients ppm
Zn
Mn
3.8
8.6

Fe
4.9

CO3--

HCO3-

Cl-

SO4--

1.96

3.79

Cu
3.98

growth are well known, and have been documented for
number of plant species (Farooq et al., 2009) [7]. In this
regards, Youssef et al., (2012) [20] revealed that irrigation
treatment every fifteen days, in general, was more effective
on increasing, plant height, number of leaves and branches
as well as number of nodes on the stem followed by
irrigation every three weeks compared to other irrigation
intervals. Bryle et al., (2003) [21] noticed that with furrow
and micro jet treatments irrigation frequency had little

3 Results & Discussion
3.1 Effect of water stress and foliar fertilizers on some
growth characters
3.1.1 Effect of water stress
Data in Table (2) showed that increase percentage of
moisture depletion before irrigation ( i.e. increase water
stress) led to decrease the growth characters i.e. plant
height, number of branches, dry weight of stem, leaves, top
and whole plant. Deleterious effects of drought on plant
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effect on tree development performance with the exception
that furrow irrigation every 3 weeks, which produced
smaller trees than furrow irrigation every one or two weeks.
Inadequate irrigation reduced canopy by development and
lengthens the time to reach full production while overirrigation limits root development and led to groundwater
contamination by leaching of soil nitrates and pesticides
[22]. Moreover, Campo (2010) [23] found that shoot
growth, trunk diameter, leaves area density of olive trees
negatively affected by water stress treatment. The highest
values of, root stem, leaves, top and whole plant dry mass
were obtained by irrigation after depletion of 40 %
available soil moisture. These dry weights of plant parts
were decreased parallel to the depression in available soil
moisture except for root dry weight, the depression were
more under the treatment, irrigation after depletion of 80%
available soil moisture. This may be due to the effect of
water stress on photosynthetic activity [24] and protein
building [7]. Zhu et al., (2007) [25] revealed that drought
affected growth through its effect on stomatal movement
which intern affect photosynthesis as a result of drought
through its effect on carbon assimilation which decreased
progressively with increase water deficit as a result of both
stomatal and metabolic limitation. Nonami (1998) [26]
stated that, under severe water deficiency, cell elongation of
higher plants can be inhibited by interruption of water flow
from the xylem to the surrounding elongating cells. Taiz
and Zeiger (2006) [6] found that, cell growth is one of the
most drought-sensitive physiological processes due to the
reduction in turgor pressure. Water deficit affects plant
biomass production partly through its negative effects on
leaf area, by limiting leaf area development, water deficits
reduce radiation interception by the crop and consequently
less biomass is produced [27]. Furthermore, water deficits
can reduce stomatal conductance, leading to reduced
carbon assimilation and consequently give low biomass
production [28].

and so drought conditions may result in limiting K uptake
[31].
3.1.3 Interaction effect of water stress and foliar fertilizers
The interaction effect of soil moisture and foliar
application of some fertilizers on growth criteria were
illustrated in Table 2. Generally, the application of different
foliar fertilizers enhanced the dry weight of different
Moringa plants parts. The highest values of the whole plant
dry mass were achieved by application of MKP. This was
true under different irrigation treatments (Table 2). Similar
results were obtained by Chen et al., (2011) [32] who
mentioned that an appropriate of amount of fertilizers could
alleviate the negative impact of drought on the growth of
P. vulgaris. They added that, fertilizer treatments
significantly influenced vegetative, dry matter and
reproductive parts dry weight. Beside mechanisms for
abiotic stress tolerant, foliar spraying of K under drought
conditions can improve plants tolerance, it is also improved
subsequent growth and yield. Application of K under
drought stress enhanced tolerance of wheat and improving
the physiological efficiency [33]. Mengel and Kirkby
(2001) [34] reported that K improves physiological
processes of plant by regulation of turgor pressure and
photosynthesis; translocation of cations and enzymes
activation. Cakmak (2005) [35] also observed that plant
suffering from water stress required more internal K. In
legumes, devastating effects of drought can be alleviated by
rich K supply [36]. Yield limiting effect of water deficit
could be overcome by increasing K supply [37&33].
Potassium ions contribute significantly to the osmotic
potential of the vacuoles even under drought conditions [8].
Thus, adequate K fertilization of crop plants may facilitate
osmotic adjustment, which maintains turgor pressure at
lower leaf water potentials and can improve the ability of
plants to tolerate drought stress [38]. Currently, it is evident
that crop yields can be substantially improved by enhancing
the plant nutrient efficiency under limited moisture supply
[39].

3.1.2 Effect of foliar fertilizers
Application of foliar fertilizers enhanced the vegetative
growth of Moringa plants i.e. plant height, number of
branches, root, and stem, leaves and whole plant fresh
weight. (Table, 2). Data also showed that MKP treatment
surpass all the other foliar treatments (except for top/root
ratio) which were recorded under Fe treatment. The lowest
values were recorded in plants sprayed with distilled water.
Similar results were obtained by Baraktuallah et al., (2012)
[29]. Potassium (K+) is an essential element for plant
growth and development and is the most abundant cation in
plants, making up 3–5% of a plant’s total dry weight
[8]. This macronutrient is essential for many plant
processes such as enzyme activation, protein synthesis
photosynthesis, osmoregulation during cell expansion,
stomatal movements, solute phloem transport, electrical
neutralization, regulation of membrane potential,
cotransport of sugars, and the maintenance of cation–anion
balance in the cytosol as well as in the vacuole
[30]. Potassium is essential to plants, as it increases
drought tolerance, stem strength and plant growth. Soil
water content is a key factor influencing the diffusion rate,

3.2. Effect of water stress and foliar fertilizers on mineral
status of Moringa plant
3.2.1 Effect of water stress
Data in Fig. 1 showed that the increased in percentage
of moisture depletion before irrigation, significantly
decreased the percentage of phosphorus, potassium and
magnesium in Moringa plants, however the least values
(0.72, 2.08 and 0.98% of P, K and Mg respectively) were
recorded in Moringa plants subjected to severe water stress
i.e. irrigated after depletion of 80% of irrigation water. On
the contrary water stress treatments significantly increase
the content of N, Ca and Na in Moringa plant. Similar
results were obtained by Baraktuallah et al., (2012) [29]. In
this concern, Fani (2013) [40] indicated a significant
differences in mineral content of leaves of alfalfa under
stress conditions. The upward frequency and duration of
drought in arid and semi-arid regions in many parts of
world and the problems related to the water constraints in
water- applying systems and areas may affect the
bioavailability and mobility of minerals and mineralnutrient relations in plants [41].
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in all organisms. Iron is incorporated in the heme group of
some proteins such as hemoglobin, myoglobin and
cytochromes, or is associated with non
non-hememoieties or
Fe–S
S motifs. It is required in essential processes for life
such as oxygen transport,
port, respiration, photosynthesis,
hormone production and DNA synthesis [48]. This led to
concluded that application of foliar fertilizers can improve
the drought tolerance of Moringa plants. Iron also acts as a
catalyst which is essential for the formation of the
chlorophyll molecule. In addition, it is an activating
element in enzymes known as a coenzyme. This elemental
coenzyme is used as an oxygen carrier for plant respiration
[48].

Na %

3.5
3.0
2.5
2.0
1.5
1.0
0.5

3.2.3 Effect of interaction between water stress and foliar
fertilizers
Data presented in Fig. 3 show that the highest values
for N and K amounted to 4.18 and 2.40% respectively
respe
were
recorded in Moringa plants irrigated after depletion of 60%
soil moisture and sprayed with NKP. Meanwhile, the
highest value for Mg 1.27% was recorded under the
treatment of 40% IDASM and spraying with Fe. The same
fig also shows that, the highest
ghest content of P amounted to
0.91 was recorded under treatment 60% IDASM and
spraying with K. On the other hand, the highest content of
Na amounted to 1.13 was recorded under the treatment of
80% IDASM and sprayed with distilled water.Similar
results were obtained by Hu et al.,
al (2008) [41] who showed
that drought reduced the uptake of K, Ca, Mg and P, which
may be attributed to decreased transpiration. Increased Na
concentration in plants (due to drought) may cause ion
toxicity, with the application of K ion toxicity could be
reduced because K is involved in osmotic regulation,
maintenance of cell turgor pressure and can effectively
compete with Na [50].

0.0
IDASM
40%

IDASM
60%

IDASM
80%

Fig 1: Effect of soil moisture content on mineral status of Moringa
Mo
plant
(LSD
LSD 5% N: 0.28, P: 0.05, K: 0.19, Mg: 0.09, Ca: 0.18, Na: 0.07 )

Raza et al., (2013) [33] reported that nutrients (N, P, K,
Ca and Na) uptake in the plant was considerably affected
by the drought stress. The plants under water deficit have
high N concentration which may be, because of the free
amino acids accumulation
ulation that are not synthesized into
protein [42] since under drought stress nitrate reductase
(enzyme responsible for assimilation of nitrate into amino
acid) is adversely affected [43].
3.2.2 Effect of foliar fertilizers
Application of foliar fertilizers enhancing the content of
N, P, K and Mg in Moringa plants (Fig
(
2). Data also
showed that MKP treatment
eatment recorded the highest values for
N and K, while KS application recorded the highest values
for P. Application of Fe recorded the highest values of Mg
and Ca. Meanwhile, the highest values of Na were recorded
in plants sprayed with distilled water. However,
H
the lowest
values of N, P and K content were recorded in the control
plants. This means that the fertilizers application enhances
most of minerals status but decreased sodium
concentration. Similar results were obtained by (2012) [20].
[20]
Mineral elements
ments are necessary to enable various enzymes
for biological responses. Sustainability of life is dependent
upon the body’s ability to provide balance between the
minerals [44]. Youssef et al., (2012) [20] emphasized that
foliar fertilizer increased the concentration of different
nutrients. They added that N, P and Mn uptake were
increased as fertilizer level increase. Nevertheless, the
scientific literature shown that many forest species do not
response to the application of K+ suggesting they adapted to
reduced availability of this nutrients possibly due to an
efficient uptake or and use [45]. The antagonistic
relationship between K and Na uptake has been observed
by many researcher [46].. Shabala and Hariadi (2005) [47]
explained that the ions K+ and Na+ compete for the same
non-selective
selective cation channels for uptake. It is possible that
a surplus of K+ ions lowered the uptake potential for Na+
ions and resulted in less Na content in plant tissues. Iron is
an essential cofactor for a wide variety of cellular
cellul functions

N%

P%

K%

Mg %

Ca %

Na %

3.0
2.5
2.0
1.5
1.0
0.5
0.0
DW

KS

MKP

Fe

Fig 2: Effect of foliar fertilization on mineral status of Moringa plant
p
(LSD
5% N: 0.26, P: 0.04, K: 0.17, Mg: 0.08, Ca: 0.15, Na: 0.06 )

Application of K reduced the adverse effect of drought
by reducing the excessive uptake of Na by the pl
plant under
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drought [33]. They added that, foliar applied K maintained
the turgor pressure and internal water balance of the leaves.
Alam (1994) [42]. revealed that water deficit has strong
damaging effect on the plants and it reduced the uptake of P
and Ca by plants. Kidambi et al., (1990) [51] observed no
effect of water stress on P uptake. On the other hand, higher
P uptake in wheat plants was reported under water stress by
Khondakar et al., (1983) [52] who stated that, foliar
application of K ameliorated the adverse effect of drought
on plants and improved the uptake of P by 36% and Ca by

18% in plants under water deficit at grain filling stage.
Potassium is essential to plants, as it increases drought
tolerance, stem strength and plant growth. Potassium is
made available primarily to the root by soil diffusion
processes controlling K movement to the root surface. Soil
water content is a key factor influencing the diffusion rate,
and so drought conditions may result in limiting K uptake
(Nelson et al., 2012).

Table 2: Effect of soil moisture content and foliar fertilizers on some growth characters of Moringa
Dry weight (g)
IDASM

40

Foliar fertilizer

Stem

Leaves

Top

Whole
plant

3.67

14.99

26.01

1.36

4.75

11.02

11.32

KS

119.5

7.08

16.87

14.29

7.2

21.49

38.36

1.27

MKP

126.6

7.59

17.56

16

8.63

24.63

42.19

1.40

Fe

126.6

6.37

12.35

15.62

6.34

21.96

34.31

1.78

121.5

6.45

14.45

14.31

6.46

20.77

35.22

1.45

DW

111.4

5.76

10.09

7.99

5.83

13.82

23.91

1.37

KS

112.4

5.76

15.35

13.65

6.55

20.2

35.55

1.32

MKP

127.3

6.78

18.72

15.34

6.88

22.22

40.94

1.19

Fe

101.2

6.07

13.24

14.02

3.16

17.18

30.42

1.30

113.1

6.09

14.35

12.75

5.61

18.36

32.71

1.29

DW

101.2

5.06

12.38

9.48

4.49

13.97

26.35

1.13

KS

103.3

5.36

15.44

12

5.77

17.77

33.21

1.15

MKP

108.3

7.38

18.67

14.02

5.58

19.6

38.27

1.05

Fe

102.3

5.06

14.36

13.05

4.68

17.73

32.09

1.23

103.8

5.71

15.21

12.14

5.13

17.27

32.48

1.14

DW

108.7

5.19

11.16

9.60

4.66

14.26

25.42

1.29

KS

111.7

6.07

15.89

13.31

6.51

19.82

35.71

1.25

MKP

120.7

7.25

18.32

15.12

7.03

22.15

40.47

1.21

Fe

110.0

5.83

13.32

14.23

4.73

18.96

32.27

1.44

5.32

0.31

0.45

0.41

0.29

0.98

1.87

0.07

7.35

0.42

0.75

0.74

0.37

1.23

2.36

0.09

9.88

0.65

0.98

0.88

0.55

1.78

3.89

0.13

Mean
Mean values of foliar fertilizer

Top/root ratio

Root
113.4

Mean

80

Number of
branches

DW

Mean

60

Plant
height (cm)

irrigation
LSD at 5%

Foliar fert.

Irrig X Fol
IDASM= Irrigation after depletion of available soil moisture percentages
DW= distilled water KS=Potassium sulfate MKP=Mono potassium phosphate Fe=Ferrous sulfate
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P

K

Mg

Ca

Na

4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0
DW

KS

MKP

Fe

DW

IDASM 40%

KS

MKP

IDASM 60%

Fe

DW

KS

MKP

Fe

IDASM 80%

Fig 3: Effect of interaction between water stress and foliar fertilization on mineral status of Moringa plant (LSD 5% N: 0.31, P: 0.06, K: 0.22, Mg: 0.11, Ca:
0.21, Na: 0.09)
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