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Abstract: This experiment was set up to understand the mechanisms causing yield limitations on crops
subjected to water deficiency. The units were set out as a randomized complete block design with a split-plot
arrangement with 4 repetitions at Azad Islamic University Research Center-Varamin-Pishva during the growing
seasons of 2008 and 2009. The main factors tested drought stress at four stages (50, 100, 150 and 200 mm
evaporation from the evaporation pan) and the sub factors were applications of nitrogen fertilizer at 3 levels
(80,130,180 kg/ha). The experiment demonstrated that with increasing severity of drought stress, grain yield
decreased sharply but increased with nitrogen fertilizer, the time taken for pollination, grain weight and total
number of grains/ear were also affected. Results for plant height and diameter of first internode and total number
of leaves above the ear (201.8 cm) were most affected by nitrogen fertilizer application of 180 kg/ha and 50 mm
evaporation. Proline also increased significantly under drought stress conditions showing that osmotic
adjustment mechanism had been activated. The highest level of leaf proline (180.2 µmol/g NT) was achieved
with 200 mm evaporation and 80 kg/ha of nitrogen fertilizer. Grain protein content was undesirably affected
under extreme drought stress and fertilizer treatment.
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INTRODUCTION Edmeads et al. [5] asserted that corn yield in tropical

Drought occurs when moisture around the roots is so drought but depending on the severity and time of
reduced that a plant is not able to absorb enough water, occurrence of the drought, yield reduction could reach
or in other words with transpiration of water absorption 80%. According to Edmeads et al. [5], Classen and Shaw
[1]. Under drought stress, a plant’s ability to absorb and [6], Nesmith and Ritchei [7] and Grant et al. [8] maize is
transfer materials is disturbed which affects the access to more resilient to water shortage during the vegetative
food [2]. In a study on corn and sorghum grain, under stage rather than during the reproductive phase. So that
stress conditions it was shown that high levels of nitrate the corn yield, was affected by drought stress and water
lowered grain quality [3]. Potential yield of corn was shortages at 25% before the appearance of male flowers
closely related to water availability. Although other and up to 50 % during the week silk ear and 21% silk week
factors such as fertilizer can influence the performance after the ear. 
potential of this plant these factors are restricted by the Water shortage not only affects leaves and stems at
amount of water available to the plant during the growing the vegetative stage but also affects other important
season so that the potential for maize production under developmental events such as the emergence of four male
conditions of adequate fertility and correct management flowers, silk ear in the fifth week and the start and end of
is mainly in terms of the water storage capacity of the soil linear growth in the grain filling stage [7]. Nesmith and
to maintain a suitable water supply for the plant [4]. Rithcie [8, 9] reported delay in the emergence of male

regions decreased on average by about 17% as a result of
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flowers, silk and cob development (linear growth) and MATERIALS AND METHODS
pollen in corn plants due to a week of water deficiency.
Other scholars have also reported delay in the emergence Plant Material  and Location: This study used the corn
of silk ear as a result of eight days of water shortage Hybrid SC704. The experiments were carried out at
during the period. In severe stress, silk emergence may Varamin-Iran, during the growing seasons of 2008-2009.
end at the critical ear pollination period due to lack of The site location was 35°19'N latitude, 51°39'E longitude,
adequate water supply for growth of ear silk cells [9]. at an altitude of 1000 m above sea level.

Based on studies conducted by different researches,
drought stress affects the metabolism of nitrogen in Weather and Soil: This region has a semi-arid climate,
plants and other studies have shown that under drought with mean annual maximum and minimum daily air
stress samples began the process of hydrolysis of temperatures of 30.8°C and 4.6°C, respectively. The
proteins, which leads to an increase in amino acids in the precipitation  during    the   growing   season   of  corn
plant [10]. was 6 mm, as show by the long-term (1978-2008)

During severe water shortage, amino acids especially meteorological   data    for    Varamin,    Iran   (Table  1).
proline will accumulate in plant tissue. This resistance to The soil was a clay loam, low in total nitrogen (4-5 g/kg),
drought stress sometimes results in the production of very low in organic matter (6-9 g/kg) with a pH of 6.9 and
over 100 times the normal level of amino acid [9] On the Ec = 0.73 ds/m.
basis of reactions of different hybrids of corn to the same
dehydration conditions, it was observed that proline Experimental Design: The field experiment was laid out in
accumulation had a positive correlation to yield stability a randomized complete block-design with split plot
[9]. Proline increased to reduce plant water potential. arrangement with four replications. Water regimes were
Protein synthesis was very sensitive to water stress and allotted to the main plots and various nitrogen levels to
protein-building activities decreased under drought stress the sub-plots.
conditions [9].

According to Girardin et al. [11] nitrogen is an Irrigation Regimes and Soil Water Control: During the
important element involved in the building of many growing season, moderately irrigated plants were irrigated
compounds found in plant cells and levels can be when the water soil content reached 75% of the available
adjusted manually. The fact that only oxygen, carbon and amount (SWC), corresponding to the difference between
hydrogen predominate over nitrogen in plant cells, the SWC at field capacity ( FC) and wilting point ( WP).
determines the importance of this element. Drought
reduces the amount of chlorophyll in the cells of the
vascular sheath. Also, drought reduces levels of single
leaves, numbers of leaves and leaf area indeces in corn.
Consequently, the percentage of light penetration under
the shadow of the plant significantly increased [12].

Available soil water content (SWC) = FC- WP

Where: FC and WP are volumetric soil water contents
(%) at FC and WP, respectively.

Table 1: Long-term (1978-2008) meteorological data in Varamin, Iran

Average of temperature (°C) Average of relative humidity (%)
--------------------------------------------------- -----------------------------------------------
Minimum maximum Monthly total of precipitation (mm) Minimum maximum

May 12.8 32.5 22.5 38 59
June 17.4 38.7 1 33 51
July 20.2 48.7 0.2 31 51
Aug 20.3 44.3 0.9 29 56
Sep 14.6 35.7 0.2 35 56
Annual 9.1 26.6 126.3 42 64

Table 2: Field soil test results

Test Type EC ds/m PH TNT % OC % Total N % Ava. P ppm Ava. K ppm Clay % Silt % Sand % Texture

About desirable <5 7-7.5 15 2-2.5 0.2 15 400 25 25 50 Loamy
Values 2.53 7.68 13.79 1.03 0.1 24 350 25 30 45 Loamy
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In plots under water stress (W2), short severe water
stress periods were applied at V8 and tasseling stages,
which reduced the soil water content to 25% of the
available soil water content. So, two weeks of water stress
were imposed on plants at each of the two short water
stress periods. The volumetric water contents at field
capacity ( FC) and permanent wilting points ( WP) were
38 and 18% on a per volume basis, respectively.
Therefore, the available soil water content (SWC),
volumetric soil water content before irrigation in deficit
( WP + 25% SWC) and fully irrigated ( WP + 75% SWC)
plots were 20, 23 and 33% on a per volume basis,
respectively. Soil sampling was employed to determine the
soil moisture contents of experimental fields before the Fig. 1: Relationship between 1000-grain Weight grain
growing seasons. The following formulas were used to yield under severe soil water stress
measure the gravimetric soil water content and soil bulk
density (BD): Nitrogen application. Nitrogen fertilizer (urea) at the

Gravimetric soil water content = MW/MS × 100%
Soil bulk density (BD) = MS/VS = 1.63 g/cm Agronomic Practices and Sampling: Subplots of 3.75 m2

Where: MW, MS and VS are the masses of water present done on 20th May, 2007 and 30th May, 2008 at the rate of
in soil mass (g), the mass of soil solids (g) and the volume 7 plants per square meter. Uniformity of sowing depth was
of soil sample. achieved with a hand dibbler to make holes 5 cm deep.

Gravimetric soil water content was multiplied by soil The spaces between the rows were 75 cm wide. From each
bulk density to obtain volumetric soil water content. The plot, an area of 3.5 m2 was hand harvested on 30th
relation between soil resistivity (R) and volumetric water September to estimate the grain and biomass yields. Dry
content (W) in experimental field at 23°C was found to be weights were recorded after the plant material was oven-
given as W = 36.3e-0.01R; R2 = 0.75; P < 0.01 (Figure not dried at 70°C for 48 h. At harvest, a random sample of 15
shown). During the growth season, this equation was plants was chosen from two middle rows for recording the
used to convert measured soil resistivity (R) by installed number of grains per ear and 1000-grain weight. Harvest
granular matrix sensors (Watermark Soil Moisture index was calculated as the ratio of grain yield to biomass.
Sensors, Irrometer Co. Inc., Riverside, CA) to volumetric Source strength was defined as contribution of current
soil water content. Granular matrix sensors were located at photosynthesis for grain filling (%), which was also used
two depths (30 and50 cm) in the soil profile near the by Madani et al. [14].
fibrous root zone. For sensor installations, the hole was
augured at a 45 degree angle with a horizontal plane to Statistical Analysis: Data were statistically analyzed
prevent preferential water penetration down the using analysis of variance, a technique appropriate for
backfilled-augured hole. The net irrigation amount was randomized complete block-design with nitrogen factor
determined for all of the plots during different vegetative split on water regime. Duncan’s multiple range test (P <
and reproductive stages of deficit and fully irrigated 0.05) was applied for mean separation when F values were
plants to bring soil water content to field capacity ( FC). significant.

The amount of irrigation under both stress and
moderate irrigation plots was determined by the method Assessing Free Proline Content of Leaf: Five grams of
described by Madani et al. [13]. The amount of irrigation fresh leaves were added to 10 ml of sulfuric acid (3%) to
during the experimental period for the moderately irrigated be completely mixed in a mixer to form a homogenized
plots and those and under water stress was 7500 and 6000 combination. The mixture was filtered through Watmane
m /ha, respectively. According to the attained grain yields filter paper No. 1 into a container. To each 10 ml of the3

for these two irrigation regimes (Table 1), the values for resulting essences 2 ml of nin hydrine and 2 ml glacial
water use efficiency for the moderately irrigated and under ascetic acid was added. Samples were then placed in a
water stress plots were 1.2 and 0.9 kg/m3, respectively. Bonmary machine for an hour at 100°C. Then 4ml of

rate of 80, 130, 180 kg ha  was applied.1

× 7 m, in 5 rows were used for planting and sowing was
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toluene was added to each of the samples that were then Table 3 shows the results of the yield variance and the
mixed for 15-20s in a Shaker machine, followed by effects of water stress treatments of significant
disaggregating the colored portion of the mixture proportions, evaporation from evaporation pan  (at  1%)
containing toluene. The photo absorbance capacity by on  yield. Table 4 shows average grain yields in different
toluene at 520nm wavelength was measured by spectro- properties.  Comparisons  by  Duncan's  multiple  range
photometer. test showed that there were significant differences

Nin hydrine produced using 1.25g nin hydrin, 30ml between the ratios of vapor evaporation from the pans.
pure ascetic acid and 20ml phosphoric acid-6m and According to Table 4 the higher performances were
gradual warming up on magnet shaker with heater in achieved  with 50 and 100 mm levels of evaporation.
capped container. Ratios between the levels of evaporation of 50 and 100

Following formula yields volume of proline in and 200 mm and 150 mm showed significant difference of
samples [15]. 100%  and the  lowest  yield  was from the treatment of

Toluene (ml) x proline (mg/ml) samples (g)
Proline (ml) on fresh leaf = ------------------------------------------- x -------------

115.13 ml/mol 5

Protein Measurement: Kjeldah method was used to
measure protein levels; a powder produced from the plant
sample was put into high intensity sulfuric acid in the
presence of copper ion catalyst at 100°C in order to extract
the nitrogen. The generated ammoniac was absorbed by
boric acid. Ammonium ions were tittered with chloridric
acid and then with sodium solution. There was about
14gr. of nitrogen in the plant tissue per each mole of
chloridric acid. The volume of protein was measurable
with coefficient of 6.25 [16].

RESULT AND DISCUSSION

Grain Yield: The effect of drought stress and nitrogen
fertilizer on grain yield was significant. These two factors
also affected the total number of grains per ear and the
1000-grains weight. The fertile floret survival rate and the
active tank (the rate of grain filling) and ??the
performances of these two components, as affected by
drought stress and nitrogen showed that characteristics
had   non-significant   interaction   from   the   effect  of
the   nitrogen    fertilizer    in   different  irrigation  regimes.

200 mm of evaporation. Due to the changes table
attributes (Table 6) variations between 50 and 200 mm
evaporation  from  the evaporation basin were about
60.22. Zenislimer et al. [17] stated that the drought effect
on number of grains per and 1000-grain weight, grain yield
was reduced. Nitrogen fertilizer treatments had a
significant impact on yield  (at  1%). Table 4 shows the
average yield at different levels of nitrogen fertilizer, the
results show that the highest yield was from180 kg/ha of
nitrogen and the lowest yield from 80kg/ha nitrogen.
Subedi et al. [18] reported that increased nitrogen levels
resulted in an exponential increase in yield to a maximum
nitrogen application 225 kg/ha. The interaction between
irrigation and  nitrogen  fertilizer  is   not   significant
(Table  3).  The  correlation Table (5) demonstrates
observations for grain yield per ear, grain weight, plant
height, number of leaves per plant, total number of leaves
above the ear, first internode diameter, protein and proline
significant correlation. 

Thousand Grain Weight: Overall yield is the collective
sum of all the yield components that are influenced by
environmental and genetic factors. Table 3 shows the
results of variance analysis for yield and yield
characteristics. The results indicated that the changes in
yield stress in different ratios, different levels of nitrogen
fertilizer    had    a   significant   difference   at   1%   on all

Table 3: Analysis variance of agronomical characteristic

1000 grains number of Total number
s.o.v Df Yield (kg/h) weight (g) grain per ear Plant height of bush’s calycle Proline Grain protein

Replication 3 1813758.74 243.161 9322.514 58.033 0.371 16.499 0.011ns ns ns ns  ns  ns ns

Factor A 3 99813641.655 8656.629 181468.551 3144.491 1.607 19263.810 6.947** ** ** ** ** ** **

Error(a) 9 1296593.507 135.066 3180.603 65.461 0.220 6.144 0.027
Factor B 2 15210054.732 1072.457 6719.383 845.255 0.173 6717.009 11.211** ** ** **  ns ** **

AB 6 704512.480 73.521 2988.505 97.945 0.82 1340.870 0.092ns ns ns ** ns ** ns

Error(b) 24 383222.188 54.848 1476.460 23.362 0.052 9.227 0.038
CV% - 9.87 2.44 8.30 2.70 2 4.11 2.16

Ns,*, **: Non-significant and significant at in 0.05 and 0.01 level of probability respectively
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Table 4: Means comparison of agronomical characteristic

s.o.v Yield (Kg/h) 1000 grains weight (g) Number of grains per ear Plant height Total number of bush’s calycle Proline Grain protein

Factor A - - - - - - -
T1 8919a 318.6b 607.1a 195.6a 12.13a 37.55 d 9.551a
T2 8603a 332.7a 522.7b 190.0a 12.07a 53.92 c 9.673a
T3 4015b 285.3c 359.4c 166.7b 11.54b 74.65 b 8.947b
T4 3548b 276.1c 361.5c 163.5b 11.41b 129.5 a 8.007c

Factor B - - - - - - -
N1 5188c 295.2b 449.0b 172.1c 11.83ab 97.55 a 8.191c
N2 6549b 302.8b 452.8b 178.2b 11.67b 63.01 b 9.078 b
N3 7078a 311.5a 486.2a 186.6a 11.86a 61.18 b 9.864a

Means with the same letter in each column have not statistically significant difference.

Table 5: Correlation

1 2 3 4 5 8 9

Yield 1
1000 grains weight 0.882 1
Number of grains per ear 0.864 0.774 1
Plant height 0.912 0.840 0.844 1
Total number of bush’s calycle 0.612 0.584 0.618 0.685 1
Proline -0.763 -0.707 -0.626 -0.738 -.0517 1
Grain protein 0.756 0.728 0.591 0.756 0.440 -0.846 1

Table 6: Percent change

50 mm evaporation 200 mm evaporation Percent change

Yield 8919 3548 60.22
1000 grains weight 318.6 276.1 13.34
Number of grains per ear 607.1 361.5 40.45
Plant height 195.6 163.5 16.41
Total number of bush’s calycle 12.13 11.41 5.93
Proline 37.55 129.5 -244.873
Grain protein 9.551 8.007 16.165

treatments available, but the interaction was not presence of nitrogen that increased the energy supply
significant. The information contained in Table 4 shows and increased availability of nitrogen for the remaining
the highest yield rate of 332.7g with 100 mm evaporation grains resulting in good grain weight and yield. As the
and the lowest 1000-grain weight 276.1g with the similar results have been reported by Sarajoughi et al. [19]
treatment of 200 mm of evaporation. Results for T1, T2 and Ebrahimi et al. [20].
showed that T2 = 100 mm, probably due to stress increase
induced floret abortion, thus allowing greater availability Total Number of Grains per Ear: Number of grains per ear
of photosynthetic materials for the remaining seeds which is most sensitive to water deficiency. A study reported
led to increased yield. In more severe stress (T3, T4), due that around the pollination stage (topping the cob) and
to a reduction in water, it was noted that grain yields two weeks after is the most critical period for damage from
decreased. The variation in traits between T1 and T4 was water stress [21, 22]. Evaporation pan evaporation ratios
approximately 13.34. High levels of nitrogen fertilizer of of the treatments effect were significant at 1% for the
180kg/ha produced 1000-grain weight of 311.5 grams and number of grains per ear (Table 3). The maximum value
the lower level of fertilizer 80 kg/ha produced 1000-grain 607.1 corresponds to 50 mm vaporization of the
weight of 295.2 grams. Increased nitrogen availability was evaporating pan and the lowest (361.5) number of grains
probably due to increased survival of fertile florets per per ear was achieved from the treatment evaporation of
ear, therefore grain numbers increased. The increased rate the evaporation pan at 200 mm (Table 4). According to
of photosynthesis per unit leaf area was due to the Table  6  yield  changes between T1 and  T4  was 40.45%.
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Fig. 2: Relationship between number of grain per ear and Fig. 4: Relationship between Total of bushes calycle and
grain yield under severe soil water stress

Fig. 3: Relationship between plant height and grain yield
under severe soil water stress

There was a relationship between performance and the
total number of grains per ear (Fig.2). Different levels of
nitrogen at 5% level significance for the number of grains
per ear is shown in Table 3 and the highest level 486.2 for
total number of grains per ear was with 180 kg Nha , with1

the lowest, 449 from 80 kg Nha  (Table 4). Increased1

nitrogen fertilizer affected grains number per ear, but in
terms of increasing the trait there was non significant
difference determined between the nitrogen levels of 80
and 130 kg ha . Number of grains per ear of corn is one1

of the important components that affect performance in
different crop management practices and changing
environmental conditions will show significant changes.
Table 3 shows the variance determined by the interaction,
not significant. Positive correlation was determined
between yield and the total number of grains per ear
(Table 5).

grain yield under severe soil water stress

Fig. 5: Proline in stress condition and nitrogen fertilizer

Plant Height: The results for plant height (Table 3) as
determined by the stress treatments, nitrogen and their
interactions were significant at 1%. The highest
measurement for plant height of 195.6cm was obtained by
evaporation of 50 mm and the lowest height measurement
of 163.5 cm was obtained at 200 mm evaporation. The
levels between 50 and 100 between 150 and 200 mm of
evaporation from the evaporation pan were not so distinct
(Table 4). The percentage change between T1 and T4
traits was 16.41 (Table 6). According to Table 4
comparison of the highest and lowest results for plant
height show that nitrogen fertilization at 180 kg/ha
achieved a height of 186.6 cm and 80 kg/ha of nitrogen
fertilizer achieved a height of 172.1 cm. Nitrogen fertilizer
increased plant height in normal conditions. The maximum
height of 201.8 cm to 50 mm evaporation from evaporation
pan was treated with 180 kg/ha nitrogen and the minimum
height of 152.3 cm resulted from 200 mm evaporation
treatment of the evaporation pan and nitrogen at 80 kg/ha
nitrogen. The results are in conformity with other studies
by Dhillon [23] and Campose et al. [24].
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Fig. 6: Relationship between prolin and grain yield under Grain Protein: The effect from the treatments on crude
severe soil water stress protein yield was significant (Table 3). The highest crude

Fig. 7: Relationship between grain protein and grain yield positive (Table 7). Figure 6 identifies the relationship
under severe soil water stress between grain yield and crude protein. 
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