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Abstract

This study has been performed to determine Grain N, P, K concentrations in wheat as affected by potassium and zinc
sulfate fertilization to cope with drought conditions in Zahak agricultural research station, at weather condition of
Sistan’s area. Experimental design was for two years (2005-2007) with three replications. The water stress included:
three irrigation treatments (I1, I2 and I3 are irrigation after 50, 70 and 90% soil water depletion (SWD), respectively),
three level of potassium sulfate intake fertilizer (K0, K1 and K2 are Control, 150 and 250 Kg/ha, respectively) and
three level of zinc sulfate intake (Z0, Z1 and Z2 are Control, 50 and 80 Kg/ha, respectively). The results showed that
the grain N concentrations are not affected by water stress, but, decreased with an increase in potassium consumption.
Also, zinc consumption increased the grain N concentration. Increasing zinc consumption caused an increase in N
consumption in case of moisture availability (irrigation after 50% soil water depletion). Moreover, the grain
phosphorus concentration declined with an increase in zinc consumption, but enhanced by potassium increase of the
soil around the roots and hard stress conditions (irrigation after 50% soil water depletion). In this study, continued soil
available water depletion up to 90% soil water depletion associated with increased potassium consumption resulted in
improved potassium concentration of the grain.
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1. Introduction

Wheat is the most widely used staple food grain
of the world. Wheat is also a very important
internationally traded commodity [69]. Mineral
concentrations in wheat grain are dependent on the
interaction of a number of factors including weather
conditions, soil type, fertilizer management, and
genotype [50, 62]. Crop fertilizer response is strongly
associated with water availability in semi-arid
conditions [14]. Many tropical and temperate soils are
not able to provide enough potassium for crops [17].
K play important role in improvement of the
growthindices. Increasing K amount in wheat grain
increased dry matter, 1000-grain weigh and
proteincontents and grain yield [16]. Potassium
fertilizers also increasedcrop quality, plant nutrition,
and increased protein content [70].
Potassiumapplication also significantly helped uptake
of N andP in straw as well as wheat grain [59]. The
interaction between N and K had positive
significanteffects on grain yield and quality

[65].Potassium is a macronutrient element which is
required for higherconcentration for the growth of
plants. It playsan important role in the activation of
enzyme,stomata opening and closing, tropisms,
photosynthesis [21]. It helps tomaintain the osmotic
adjustment more than Na+ and Cl- in the plants under
salineconditions [4, 32]. Alsoapplication of potassium
showed a positive effect on Zinc (Zn) is an important
micronutrient in biological systemsand is receiving
growing attention worldwide because of
increasingreports about Zn deficiencies in human
populations and crop plants[2, 14, 30]. Zinc
deficiencyis considered one of the top five
micronutrient deficiencies inhumans and is
conservatively estimated to negatively affect
nearly1/3 of the world’s populations [30, 63].

Water scarcity increases potassium concentration
in wheat grain rather than full irrigation. There is a
positive correlation between lack of water and grain
nitrogen content in a way that its rate inclines due to
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dryness [45]. In addition, increase wheat protein has
been reported by Malakouti and Saghebi (1999) to
increase up to 14.33% with the application of zinc and
potassium sulfate fertilizers [39]. Nitrogen is a major
component of protein, with approximately 17% of
protein being composed of N. [49]. During grain
filling, starch synthesis is initiated prior to protein
deposition. Therefore application of N after a thesis
may have a greater influence on protein accumulation
than starch accumulation [62, 72].Application of
potassium showed a positive effect on thousand kernel
weight (TKW) and enhanced the assimilation and
remobilization of other elements like nitrogen and
phosphorus [15]. Researchers have found a positive
effect of zinc on the increase of protein percentage in
grains[7, 49]. Hussein and Faiyad (1996) were found
with zinc application of 60 Kg/ha, grain nitrogen
concentration increased from 1.2 in the control
treatment to 2%. Reports indicate that irrigation
management has different effects on wheat flour
nitrogen through tillering to pollination stages [29].
However, along with increasing irrigation, wheat
grain protein content inclines [25]. In other study, zinc
application (10 Kg/ha) reduced phosphorus in a way
that the grain phosphorus concentration declined from
0.44 to 0.38% in the control treatment [58], indicating
plant phosphorus and zinc interactions [41]. In another
experiment, phosphorus/zinc ratio decreased from
150.41 in the control group to 70 in the 10 Kg/ha
treatment [57]. Also wheat balanced phosphorus/zinc
ratio has been reported to be 50 [44].

Karimian (1995) found that by increasing zinc
concentration of wheat grain, its potassium
concentration decreases, but its nitrogen and
phosphorus concentrations increase [31]. The study
further revealed that zinc application has no effects on

total phosphorus concentration and absorption in corn.
A close relationship between P and N concentrations
in theshoot biomass has been reported inmaize [75],
timothy[8], and spring wheat [74]. In a report a
critical grain N concentration of 12.6 mg N g−1 DM
was determinedin maize by using the relationship
between grain yield andgrain N concentration
[35].Also in cereal crops, criticalgrain P
concentrations ranging from 1.3 to 3.9 mg P g−1 DM
wasdetermined by using the relationship between
relative grain yieldand grain P concentration [7, 9, 28,
53]. Also reported thegrain P concentration tended to
decrease with increasing N concentration [1].

This investigation aimed to assess the Grain N,
P, K concentrations in wheat arid area using zinc and
potassium sulfate fertilizers to cope with drought
conditions during two cropping seasons.

2. Material and Methods

This study was conducted to effects of potassium
and zinc in conditions of the water stress on
quantitative characteristics of Hamoun wheat cultivars
in the Zahak Research Station located 25 kilometers
southeast of the city of Zabol (30° 53 ̍38̎ N, 61° 40 ̍49̎
E ) with an altitude of483 meters above sea level. The
average annual rainfall of the area is 55 mm, and the
annual evaporation rate is 4000 to 5000 mm. Average
annual rainfall in the area is 55 mm, the mean annual
temperature is 22.6 C° and the average relative
humidity is 38%. According to the classification
Domarten and Ambrgeh with indices of 1.68 and 12.9,
respectively, the area is classified as extra dry and hot
desert. Soil andwater characteristics arepresented in
Tables 1 and 2.

Table 1. Characteristics of top 30 Cm of soil at experimental sites

MnZnCuFeK (A.V)P(A.V)OC (%)
pHEc (ds/m)Depth (Cm)

(ppm)

16.20.50.926.81403.20.548.12.10-30

Table 2. Water chemical characteristics at experimental sites

NaClMg+CaCO3HCO3
pHEc (ds/m)

(meq/lit)

3.235.604.48.20.9

Experimental design was a split plot
arrangement based on a randomized complete block

design with three replications with three irrigation
treatments (I1, I2 and I3 are irrigation after 50, 70 and
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90% soil water depletion (SWD), respectively), three
level of potassium sulfate intake fertilizer (K0, K1 and
K2 are Control, 150 and 250 Kg/ha, respectively) and
three level of zinc sulfate intake (Z0, Z1 and Z2 are
Control, 50 and 80 Kg/ha, respectively). Application
of chemical fertilizer was performed based on soil
analysis. The size of the main plots were 12 m2
(5×2.4 m), including 12 planting lines with 20 cm
distance for each sort, and 2.5 m length in each main
treatment, and also there was 3.5 m distance between
replications in which the areas of sideway plots. All
fertilizers were applied to the soil before planting.
Irrigation was provided from river water around the
station, and measurement of needed water in each test
plot was done by a volumetric flow. To determine the
depth of the required water for irrigation, before each
irrigation procedure, soil samples were extracted from
0-50 Cm depth of every test plots, and in this way the
amount of the humidity weight was evaluated. Then,
based on the humidity percentage before irrigation,
the maximum development of plant’s root and the soil
physical parameters, the amount of irrigation water
was measured by the following formula (1), and this
formula was used untilreaching the desired depth to
the field capacity (FC).

(1)

Where, FC and W are the moisture contents
(based on weights) corresponding to the field capacity
and Soil moisture before watering (gr/gr),
respectively, ρb is the soil bulk density (gr/Cm3) and
D is the soil-root depth (mm). The performed
calculation during two years (2006-2007) of the
experiment consisted of height of the plant, grain
yield, water use efficiency (WUE) and the biologic
yield.

Total nitrogen concentration was determined
using modified Kjeldahl method [14], phosphorus
measured, after dry ashing, through the Vanadad-
molybdate method [48] and potassium concentration
was determined using flame photometer method [5].

3. Results and Discussion

3.1. Grain K concentration
The effect of year on Grain potassium concentration
was not significant and the effect of irrigation
treatments was significant (P < 0.01) (Table 3).

Table 3. Results of ANOVA on the effects of year (Y), treatment irrigation (A), potassium fertilizer (B) and zinc fertilizer
(C) on K, N and P Concentration in grain wheat

MS
dfS.O.V Concentration (%)

PNK
0.00ns0.004ns0.00ns1Year
0.001ns0.007ns0.023**2A
0.001ns0.001ns0.001ns2Year×A
0.002ns0.24*0.007*2B
0.00ns0.001ns0.00ns2Year×B
0.008**0.27**0.01**4A×B
0.00ns0.00ns0.001ns4Year×A×B
0.007**0.19**0.01**2C
0.001ns0.002ns0.00ns2Year×C
0.002ns0.19**0.003ns4A×C
0.003ns0.28**0.012**4B×C
0.002ns018**0.005ns8A×B×C

*- F values and significance levels (**P < 0.01, *P < 0.05 and nsP ≥ 0.05).

Furthermore, a biennial average potassium
concentration of the grain demonstrated that
potassium concentration enhances by increasing stress
and prolonged irrigation in such a way that the grain
potassium concentration inclined to 7.32% in the

irrigation after 90% soil water depletion treatment (I3)
compared to non-stressed conditions (irrigation after
50% soil water depletion (I1)) (Figure 1A). The
reasons for increased potassium concentration with
increasing stress [45] were related to dilution effects
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and the grain yield reduced in these treatments [51,
52].

Figure 1.The effect of irrigation treatments (A) and levels of potassium sulfate intake fertilizer (B) on grain K concentration.

The effect of potassium sulfate intake was
significant (P < 0.05) on grain K concentration (Table
3). Maximum amount of the grain potassium
concentration (0.562%) was found with the
application of 150 kg/ha potassium (K1) (Figure 1B),
which did not create a significant difference from the
rate of K2 treatment. Enhancement of the grain
potassium concentration has been reported to be
caused by increasing potassium chloride consumption
[57]. Regarding area texture which is often clay
minerals of type (ILLITE), potassium ions are
stabilized in crystal textures of clay and prevent
releasing of potassium and its absorption by plant
roots that continued use of potassium fertilizer leads

to saturation of the colloids and the remaining is
absorbed by plant root [52]. However, excessive
consumption of this element led to its stability and
subsequent decline of adsorption in K2 treatment [47].

Lack of proper placement of potassium fertilizers
has been reported to be the reason for lack of or low
plant response to their applications [10, 67, 68].
According to the results obtained by the researchers,
surface distribution of potassium fertilizers can lower
their efficiency. Interactive effects of irrigation
treatments in levels of potassium were significant (P <
0.01) (Table 3). The highest potassium concentration
was obtained in irrigation stress conditions (I3) and
K2 treatment (Figure 2A).
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Lack of proper placement of potassium fertilizers
has been reported to be the reason for lack of or low
plant response to their applications [10, 67, 68].
According to the results obtained by the researchers,
surface distribution of potassium fertilizers can lower

their efficiency. Interactive effects of irrigation
treatments in levels of potassium were significant (P <
0.01) (Table 3). The highest potassium concentration
was obtained in irrigation stress conditions (I3) and
K2 treatment (Figure 2A).

Figure 2. Interactive effects of irrigation treatments in levels of potassium (A) and levels of Zinc sulfate intake
fertilizer (B) on grain K concentration.

Potassium can have a direct relationship with
significant soil water stress and reduction under the
influence of its concentration gradient even with the
presence of high levels of soil potassium since plant
release mechanism is important in its adsorption [41].
It is by this mechanism potassium movesfrom the area
of higher concentration to that of the lower
concentration under the influence of concentration
gradient [64]. Also the effect of zinc sulfate intake
was significant (P < 0.05) (Table 3). Zinc sulfate
increases grain potassium concentration (Figure 2B).

Zinc (Zn) is an essential nutrient element for plants
and plays role in photosynthesis,[71] and
photosynthesis enhances absorption of these elements
from soil [31, 58].

The highest (0.584%) and lowest (0.524%)
values of the grain potassium concentrations were
obtained by Zn0 and K1 treatments and Zn1 treatment
without potassium consumption, respectively (Figure
3A). The results [3, 58] were indicative of
insignificant interactive effects of zinc and potassium
on potassium concentration of wheat grain.

Figure 3.Interactive effects of zinc treatments in levels of potassium (A) on grain K concentration and levels of potassium
sulfate intake fertilizer (B) on grain N concentration.

3.2. Grain N concentration
Increasing consumption of potassium K1 treatment
compared to that of the control group enhanced the
grain N concentration to its maximum amount [39],
while high consumption of potassium K2 treatment
reduced it to its minimum amount (2.218%), however,
it falls in the same statistical group as the treatment

group based on the grain N concentration level with
no significant difference (Figure 3B). This has been
caused by potassium absorption by ILLITE clay
minerals due to high potassium concentrations of the
soil [47]. Increasing potassium consumption in the
absence of stress conditions (I1) generally led to an
increase in the grain N concentration; however, this
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increment in K2 treatment was not significant (Table
3) compared to that of the control group. Accordingly,
with increasing stress intensity and potassium
consumption, the grain N concentration decreased

compared to that of the control group (Figure 4A).
Similar results are reportedby Lopez-Bellido et al
(2001) and Flagella et al (2010) [19, 36].

Figure 4. Interactive effects of irrigation treatments in levels of potassium (A) and levels of zinc sulfate intake
fertilizer on grain N concentration.

In the treatment of maximum stress (I3), N
concentrations declined to 4.63% and 11.23% by an
incline in potassium consumption (K1 and K2)
compared to the control group, respectively. Also the
increment of N concentration at drought stress has
been reported by [26]. Generally, wheat grain N
concentration enhances with moderate increase in
potassium consumption in non-water stress
conditions, however, in case of excessive potassium
consumption even under adequate humidity
Conditions, grain N concentration takes a negative
gradient [24, 55]. Additionally, the grain N
concentration increased by the enhancement of zinc
consumption compared to the control group.
However, no significant difference was found

between treatments 50Kg/ha (Zn1) and 80Kg/ha (Zn2)
(Figure 4B). Several researchers have reported on the
increase of grain nitrogen due to zinc consumption [6,
12, 31, 33, 34, 39, 41, 44, 48].

Generally, under zinc deficiency conditions,
RNA polymerase enzymatic activities and transport of
amino acids into seeds decrease, while RNA
degradation increases, as a result of which protein
synthesis reduces drastically [27, 45]. The application
of zinc of these problems can be avoided [13, 45, 61,
62 73]. The reason for the incline of nitrogen
absorption has been known to be related to zinc
consumption due to the increment of shoot dry weight
[23].

Figure 5.Interactive effects of zinc treatments in levels of potassium (A) and interactive effects of irrigation treatments
in levels of zinc (B) on grain N concentration.

Also, in an experiment conducted on the use of
zinc sulfate, wheat grain protein content has been
observed to be increased from 10.6% to 14% [60]. In
our research, the grain N concentration was found to

decrease from 50 to 80 kg/ha with increasing zinc
consumption in both potassium treatments (K1 and
K2) (Figure 5A). The highest and lowest values of the
grain N concentration were achieved by K1 and Zn0
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(2.475%), and Zn1 and K0 (2.063%), respectively.
This is due to the dilution effect caused by enhanced
grain performance and the effect of potassium
consumption on the increase of Nadsorption and
transfer to the grain [51, 52] Moreover, the grain N
concentration incremented only in non-water stress
conditions created by increasing zinc consumption
compared to that of the control group (Figure 5B).
Generally, wheat grain N concentration decrease in
the treatments of stress (I2 and I3) by an incline in
zinc consumption (Z1 and Z2) compared to the
control group.

3.3. Grain P concentration

The effect of zinc sulfate intake and interactive
effects of irrigation treatments in levels of potassium
were significant (P < 0.01) on grain P concentration
(Table 3). An increase in Zn consumption causes
wheat grain phosphorus concentration to reduce to
0.440% (Figure 6A). Maximum reduction of 0.420%
happened in Zn2 treatment. Nevertheless, based on
the effects on the grain P concentration, Zn2 and Zn1
treatments lay in the same statistical group with no
significant differences. Decreased grain P
concentration with increasing zinc has also been
reported by Savabeghi et al (2003) and Savabeghi and
Malakouti (2000) [57, 58].

Figure 6.Effect of zinc sulfate intake fertilizer (A) and interactive effects of irrigation treatments in levels of potassium
(B) on grain P concentration.

Also, Schwartz et al (1987) observed that zinc
application causes reduced phosphorus concentration
in barley [59], indicating negative interaction of zinc
and the plant phosphorus content [17, 20, 22]. The
interaction occurs in absorption and transport phases
in the soil for plant physiological use [30, 40]. With
zinc fertilizer, grain phytic acid content and thus
phytic acid/zinc ratio decrease. Phytic acid
(C6H18O24P6) is the storage form of grain organic
phosphorus, the amount of which is influenced by
environmental and plant factors such as plant nutrition
[57, 66]. Research results Masoni et al (2007), reveal
that wheat phosphorus and nitrogen concentrations
decline gradually with time [42]. An optimal level of
phosphorus per soil has been identified to be 30 to 50
mg/kg [5]. Yet, Karimian 1995, no significant effect
of zinc on phosphorus in corn was observed [31].
Also, Alfoldi et al. 1994, reported thegrain P
concentration tended to decrease with increasing N
concentration [1].

In case of not being exposed to limited moisture
conditions (I1), grain phosphorus concentration
enhances by increasing potassium consumption. With

this condition, reductions of the grain phosphorus
concentrations for each of K1 and K2 treatments were
obtained to be 7.01 and 4.52% compared to the
control group, respectively (Figure 6B). Accordingly,
increasing stress intensity (of I1 to I2) and potassium
consumption (K1) enhanced the grain P concentration
to its highest value. This result is compatible with
Daly Aissa and Mhiri (2002) [15]. Also, Maleki et al.
2011, reported at drought stress the level of P was
raised as compared to control [40].Water deficit
during seed development increased grain protein, P, N
and micronutrient concentrations except for Fe [26].
Still, this increment was not significant in K1 and K2.
In this study, the lowest value of 0.402% was
achieved for the grain phosphorus concentration with
increasing severity of SWD (I3) without potassium
consumption.

4. Conclusions

Enhanced potassium concentration in the soil and
reduced soil moisture induced by depletion treatment
(90% of soil available water) increased the grain
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potassium due to proper ventilation, leading to incline
of the grain N concentration; however, potassium
increase to 250 kg/ha decreased this concentration.
Moreover, zinc sulfate consumption of up to 50 kg/ha
caused enhancement of potassium transfer to the grain
and subsequent increase in its potassium
concentration. Nonetheless, the interactive effects of
zinc and potassium reduced the grain N concentration.
Accordingly, the grain phosphorus concentration
decreased due to increased zinc consumption.
Furthermore, inclined soil potassium did not enhance
the grain phosphorus concentration in sufficient soil
moisture conditions (50% depletion of soil available
water). However, severe stress conditions (soil water
depletion of 90%) associated with increased
potassium consumption resulted in improved P
concentration of the grain.
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