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ABSTRACT

To assessment of water use efficiency in related to yield and yield components of corn in deficit irrigation condition,
this field experimental was conducted in 2008 and 2009 cropping seasons in the under semi-warm climate
condition in south west of Iran. The treatments were consisted three irrigation levels (based on 100, 80, 60 percent
of full irrigation) and water stress in five levels (full irrigation and irrigation-off at the 8-leaf, the 12 leaf, the
tasselling and grain milky stages) applied in factorial experiment, using randomize complete block design with three
replications. Results showed that the effect of deficit irrigation and water stress were significant on grain yield.
Both grain and biological yields reduced in response to stress intensity.. The highest grain and biological yields
were obtained in full irrigation. The combination treatment of 60 percent of full irrigation with irrigation-off at the
tasselling stage reduced the grain yield by 93% compared to the optimum irrigation condition. The highest rates of
harvest index (HI) and water use efficiency (WUE) were obtained in full irrigation treatment. According to the
results of this study to achieve simultaneously higher water use efficiency and lower grain yield reduction, irrigation
based on 80% of full demand of the plant is recommended.
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INTRODUCTION

Water deficit is one of the main causes of yielduion in arid and semi-arid areas. Nowadays defitgation
technique is a practical and effective method siifyi the minimum use of water with economic andeqtable
yield.

The main purpose of deficit irrigation is to incseavater use efficiency by reducing the volumeasfstimed water.
Lak [15] reported that grain yield and dry mattécorn reduced. In response to the severe drougrgsscompared
to optimal irrigation. Alizadelet al., [2] showed that water stress reduced the acatiool of dry matter in corn
stress during the reproduction stage reduced thim growth period while stress at pre-pollinatidage and 50
percent flowering, post pollination stage and gridlimg was due to disorder in pollination and theesation of
grains hallow and also due to disorder in transfgrphotosynthesis matters to the corn grains,tsss that the
accumulation of dry matter reduced in corn. Khotempour and Hamidi [14] showed that the grain yiedduced
15, 40, and 60 percent respectively due to stresmgl at the vegetative growth, pollination andigrélling.
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Mojadam [17] concluded that biological yield, graield, dry matter of ear, cob, stem, leaves, pleaight, and ear
length significantly reduced in response to watfiait stress. Olaoye [21] reported that biologigiald reduced 61
to 71 percent due to water stress. Alavi Fazellaald[1] reported that the highest grain yield wésained at the
optimum irrigation and grain yield reduced up tofBScent due to stress at the pollination. Jonighamd Pikini
[11] reported that grain yield increased with iatign increasing grain yield increased. The resefitthe research
conducted by Payeret al., [23] indicated that there was a linear relatiopsbetween irrigation and grain yield.
Kalantar Ahmadet al., [12] stated that delay in irrigation up to 120mewaporation was recommendable with little
reduction in the yield. Higher Corn grain yieldaributed to higher number of rows and numberrafrgs per row.
El-Hendawy et al., [6] reported that grain yieltglgt components and water use efficiency increagtdincreasing
irrigation increment, yield, yield components andter use efficiency increased. Mansouridaal., [16] showed
that the optimum irrigation efficiency obtained ertbe water stress was enforced during the vegetstiage . They
also reported that water stress during the reptamiustage reduced the grain yield more than thesstduring
vegetative stage in comparison to control treatraedtthe grain weight was more sensitive to deffidgation than
any other yield components. Fateehial., [7] and Khaliliet al., [13] reported that yield more decline undeessr
condition at the reproductive stage than that afetative stage and grain filling. Mosetral., [18] examined the
effect of pre-anthesis drought on the yield, yietsnponents and the corn’s harvest index. They stdthet water
stress at vegetative stage reduced the grain giglthuch as 32, 13, and 21 percent respectively aosgm to
optimal irrigation. Under semi-warm climate condiitiof Iran, water resources is going to be limii@dcrops such
as corn mainly due to farm area increment. Undeh sucondition, in order to achieve less graindyieduction
with lower water usage, deficit irrigation might lae beneficial water management. To practice watdicid
management it is necessary to determine the sensiiiges of plant growth and favorable water mamegt due
to evaporation potential. The main objective oktreésearch is to determine the sensitivity of iages to water
deficit stress and design deficit irrigation pramr. This research was aimed to study the effectgatédr stress and
deficit irrigation on corn.

MATERIALSAND METHODS

This field experimental was conducted in 2008 add%2cropping seasons in under semi-warm climatelition in
south west of Iran(48°:20'E and 32°:20'N). Treatte@vere consisted of three irrigation levels (based 00, 80, 60
percent of full irrigation) and water stress inefikevels (full irrigation and irrigation-off at tteleaf, the 12 leaf, the
tasselling and grain milky stages) which were agplin factorial experiment consisted of a factoegperiment,
using randomize complete block design with threadications.

Fertilizer were used based on the soil test armlidanting was carried out in early July.

According to Saremi and Siadat [26] and Kalantamali et al., [12] and based on corn crop coefficigrater
requirement was calculated as follow:

ET, =ET, xK,
ET,_ . -

= potential evapotranspiration (mm)
ET,

P = evaporation from class A pan (mm)

K

P = pan coefficient

ET. = ET, xK¢

ETc = crop evapotranspiration (mm)
TO: potential evapotranspiration (mm)

C = crop coefficient

|, =ETe =P,
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I .
n= total water requirements
ET. _ crop evapotranspiration (mm)

€= effective rain (Effective rain with %80 confidex)dimm)

Irrigation treatments was carried out evenly by nseaf pump, contour, and tubes. During final harydsological
yield and the grains of each plot were weighed. Wejght of stem , leaves , tassel , corn-cob , t@seline , corn
sheat were measured. To measure dry weight, thpleamere placed in oven with 7fr 48 hours. Harvest index
was calculated based on the Ratio of grain yielditdogical yield. Water use efficiency was cald¢athbased on
the grain yield and the volume of consumed walta were analyzed using Advanced Statistical Softw

RESULTS

The analysis variance of data showed that the teffleaeficit irrigation and water stress were $iigant for traits
which were studied in this research (Table 1).dptdwo traits including ear diameter and numbetoafs per ear
interaction effect of water stress and deficitgation was significant all other traits. Means canmgon (Table 2)
showed that grain yield reduced 53, 67, 78, angdet8ent in response to water stress, at 8-lealedf2 pollination
and grain milky stages respectively, comparingutbifrigation. The results of this research wassistent with the
results reported by Alavi Fazel and Lak [1] , Edridlawyet al.,[6] , Alizadehet al., [2]. Setteret al.,[28] stated that
water stress at pollination stage affected graimétion process in the corn through reducing legyegosynthesis
and reduced the number of grains per ear due teasmg the production of sterile pollen which wesulted from
assimilate deficiency. The lowest number of grgoes row was obtained under irrigation-off at 12fleamd
pollination stages (Table 2) which was consisteith the results of Alavi Fazel and Lak [1] and Jaera[10].
Nesmith and Ritchie [19] stated that drought strasthe grain filling stage leads to the reductidndry matter
accumulation in the grain which results from therstning of effective vegetative period. Considgrihe results
of this research which are consistent with thos®ktam [20], deficit irrigation reduced the yiekh that deficit
irrigation and supplying 80 and 60 percent of faligation. Decline of grain yield was mainly due number of
grains per ear and the number of grains per rowatgzh. Both drought stress and deficit irrigatadffected the total
biomass. Maximum reduction of biological yield wastained to drought stress at 8-leaf and 12-ledafest with 25
and 28 percent respectively reduction comparinfufioirrigation. In deficit irrigation treatment of60 percent of
required irrigation grain yield declined up to 78rgent compare to full irrigation. Gardneiral., [8] stated that
stress during at the vegetative growth stage edginaller leaves and reduced the leaf area indebat maturity
and also reduced the light absorption by the pliansevere stress, stomata were closed which mreauced the
uptake of carbon dioxide and the dry matter pradactand the continuance of stress led to drastitiction of
photosynthesis. It seems that the reason of dryemegduction under deficit irrigation, is mainlyelto less leaf
area expansion which did not provide a sufficighysiological source for absorbing more light amg chatter
producing. These findings confirmed the researdiesther researchers who reported that droughsstreduceed
the biological yield (Classen and Shaw [5], Alizadeal ., [2], Alavi Fazel and Lak [1]).

The highest number of grains per row and numbegrains per ear were belonged to full irrigation amdught
stress at milky stage. The lowest number of grg@srow and per ear were obtained from drougigsstat
vegetative growth stage and pollination. Alizad®hal.,[2] pointed out that that the most important cao$e
biological yield reduction was the reduction of #&’'s length and diameter. The results of thisasesh showed
that stress at vegetative growth stage and pdbinaeduced the grain yield by reducing the nunddgrains, while
water stress at milky stage reduced the grain Yaglceducing the weight of the grain. These resutise consistent
Alizadehet al.,[2].

The results of this research showed that the eaneatier reduced In response to drought stress atatag growth
and pollination stages, but the effect of droudghgss on diameter of the ear at milky stage wassigptificant. It
seems that water stress causes the reduction @&athdiameter through reducing the supply of asaimifor the
growth of corn. The findings Of this research tewhshe reduction of the ear diameter due to wsitierss were in
consistent with the findings of Imam and Ranjbdr (3 the other hand , as Rashidi [24] reporteztiuced growth
of grain as a result of current photosynthesis egdn in stress treatments due to irrigation-oféduced the ear
(source) demand to receive assimilate and theréfssedry matter was stored in the ear. Irrigatiéfrat vegetative
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growth stage resulted in the reduction of the ptare and photosynthesizing areas , which in titimately led to
the reduction of produced assimilate during thegeawth and thus reduced the weight of the ear coapts.

Table 1. Results of the analysis of variance for studied traits based on square mean

S OV df & baldness _ear ear No. rows Np. grains No. grains G'rain Biolggical Hawest Wgt_er use
length diameter length per ear in row yield yield index efficiency
Y 1 86.32" 7.057 254955  0.07™ 93.27" 9060.1 1.527 189.77 470.97 0.0054™
D 2 35.92" 551" 104.39"  12.61"  221.98"  50890.2° 37.86°  100.62"  1123.37" 0.34"
D*y 2 1.17™ 1.0¢” 6.017 0.58¢" 0.52"™ 103.3:™ 0.07"™ 5.6~ 32.3¢" 0.009¢™
R (Y) 4 0.22" 1.377 0.41™ 1.24" 24.78" 3338.27 0.15™ 1.84" 8.43™ 0.0053™
S 4 48.56" 3.74” 41.77" 6.13" 588.25°  100683.6° 48.31°  37.09"  2147.64" 1.34"
D*S 8 282" 0.0€™ 1.4€" 0.1¢™ 10.0¢” 2554.¢" 3.3:" 1317 62.¢” 0.03"
S*Y 4 15.56" 0.09™ 4.87" 0.65" 7.18" 1101.57 12" 1.7 46.98 0.03"
Y*S*D 8 0.84"™ 0.03™ 0.28"™ 0.108™ 2.24™ 265.7"™ 0.22"™ 0.16™ 14.62" 0.013
Ec 56 1.0¢ 0.0¢ 0.64 0.1¢€ 2.07 317.3: 0.13¢ 0.2: 13.4¢ 0.004:
CV(%) 16.68 8.44 4.7 12.81 3.57 13.1 13.33 4.64 14.23 13.7
ns”and ~; Non significant, Significant at the 0.05 and 0.01 probability level, respectively
Y= Year, D= D#ficit irrigation, R=Replication, S=Drought stress.
Table 2: Comparing 2-year average of studied traits affected by treatments
ear baldness  Ear ear No. rows No. grains Grain  Biological Harvest Water use
Treatment length diameter length : °.9 No. grains  Yield yield Index  Efficiency
(cm) (cm)  (cm) Perear inrow (ton/ha)  (tonha) (%) (kg/n?)
Drought stres*
Without stage stress 4.45 4.05 19.18 12.53 19.3 243 5.4 12.7 40.88 0.9
Stress at 8-leaf stage 5.92 3.16 16.46 11.12 105 120 251 9.5 26.32 0.42
Stress at 1-leaf stag 6.5¢ 3.22 15.5¢ 11.5¢ 7.1¢ 86 1.7¢ 9.1 20.0¢ 0.2
Stress at tasselling stage 8.62 3.04 15.59 114 4.9 55 1.16 10.16 11.47 0.18
Stress at milky stage 4.45 3.86 17.55 12.09 14.16 176 3.09 10.48 29.25 0.52
LSD 3.65 0.28 2.04 0.75 2.47 30.7 1.02 1.02 6.34 0.16
Deficit irrigation **
100% full irrigation 5.13 3.93 18.77 12.36 13.47 170.87 3.7 12.2 29.72 0.53
80% of full irrigation 5.84 3.39 16.79 11.83 11.98 146.33 3.03 10.47 28.51 0.52
60% of full irrigation 7.28 3.08 15.05 11.06 8.2 90.5 1.56 8.5 18.57 0.34
LSD 1.2 1.16 2.7 0.84 0.79 11.28 0.29 2.64 6.32 0.11
*The average of each drought stress was obtained from the average of rate of each drought stressin deficit irrigation
** The average of each deficit irrigation was obtained fromthe average of rate of each deficit irrigation in drought stress
Table 3: comparing two-year average of interactive effects of deficit irrigation and drought stresson studied traits
ear baldness  ear No. No Grain  Biological Harvest Water use
Irrigation and drought stress treatment length length  grains . Yield yield index  Efficiency
(cm) (cm) inrow 9 (tonha) (tontha) (%) (kg/r?)
Deficit irrigation Drought stress
Without stage drought* 3.12 2198 22.8 299.83 7.5 15.8 49.18 1.07
100% supply of ~ Stress at 8-leaf stage 5.16 17.9912.35 1445 3.2 11.15 29.15 0.45
Water for the Stress at l-leaf stag 6.22 17.1¢ 8.6% 105.¢ 2.2 10.3¢ 22.7¢ 0.32
plant Stress at tasselling stage 7.8 17.17 6.56 79.3 1.6 11.79 13.89 0.23
Stress at milky sta 3.2 19.5¢ 17.0: 224.8: 4.t 12.3¢ 33.6: 0.5¢
Without stage stress* 3.9 18.87 21.03 2655 5.87 12.76 45.86 1
80% supply of Stress at -leaf stag 5.8 16.6% 11.0:  128.3¢ 2.8t 9.7 30.0¢ 0.4¢
Water for the Stress at 12-leaf stage 6.03 15.47 7.73 93.5 2.03 9.4 22.56 0.35
plant Stress at tasselling stage 9.05 15.68 4.98 59 1.34 10.14 13.82 0.23
Stress at milky sta 4.4 17.2¢ 15.1¢ 185.: 3.0¢ 10.32 30.2 0.5:
Without stage stress* 6.3 16.68 141 163.66 2.83 10.21 27.59 0.62
60% supply of Stress at 8-leaf stage 6.7 14.7 8.23 87.66 1.46 7.64 19.78 0.32
Water for the Stress at 12-leaf stage 7.3 14.06 5.21 57.33 1.03 7.56 14.94 0.22
plant Stress at tasselling stage 9 13.93 3.15 26.83 0.49 8.53 6.7 0.1
Stress at milky stage 6.92 15.87 10.3 117 2.02 8.78 23.83 0.44
LSD 1.17 0.92 1.66 20.6 0.43 0.55 4.24 0.07

By “without stage stress” at each irrigation levels meant that there hasn't been irrigation-atfdifferent growth
stages in mentioned level
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The effect of irrigation treatments on biologicaéld was significant, irrigation-off at the tasseli stage had the
highest influence on the reduction of biologicalgli(Table 2 and 3 and figures 1 and 2). It sedratsthe reduction of
vegetative growth in such conditions was becausepsitivity to the processes of cell division gndwth in drought
stress. These results were in agreement with titenfys of cakir [4] and Alavi Fazel and Lak [1]. @pare to grain
yield in full irrigation (7.5 t/ha), grain yield deiced to 5.87 t/ha and 2.83 t/ha in deficit irrigatat a rate of 60 and 80
percent respectively (table3). This finding indesatthat the effect of deficit irrigation on econonyield was
significant. Drought stress at 8-leaf, 12-leaf lipation, and milky stage, reduced grain yieldte tate of 57, 69, 78,

and 44 percent respectively. Therefore both ddfiggation and drought stress severely affectgtan yield (Table 2
and figures 3 and 4).
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Figure 1: Meansof biological yield in deficit water treatment  Figure 2: Means of biological yield in drought stress at some stages
of corn growth

deficit irrigation treatment
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Figure3: Meansof grain yield in deficit water treatment Figure4: Meansof grain yield in drought stress at some

stagesof corn growth

Both drought stress and deficit irrigation had #igant effect on harvest index (Table 3 and figukeand 6), so that
by increasing the stress intensity or by decreaslirgvolume of consumed water, the harvest indduaed. Water
deficiency is a limiting factor in plant growth vdhi not only reduces dry matter, but also distuhesdistribution of
carbohydrates to the grain and thus reduces thee$tamdex. Imam and Ranjbar [9] reported thatsstrat corn
vegetative growth stages was associated with grefigiant increase of the harvest index in compueri®o the stress at
12-leaf stage and tasselling. Since the plant hackraccess to water during grain filling and redstion of stored
photosynthesis matters from vegetative parts t@tha, therefore the grain yield didn’t changeta These findings

are consistent with Pandelyal ., [22] Who reported that compare with vegetativendho reproductive growth is more
sensitive to adverse conditions.

Means comparison of water use efficiency in différeeatments showed that the highest water useesf€y (1.07
kg/m3) was belonged to full irrigation (Table 3dafigures 7 and 8). According to the result of ttésearch deficit

irrigation with 80 percent of full irrigation carelrecommended. These results are consistent vage tbf Salemi and
L. Mosharaf [25] and El-Hendavet al., [6].
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Figure5: Meansof harvest index in deficit water treatment Figure 6: Means of harvest index in drought stress at
some stages of corn growth
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Figure7: Means of water use efficiency in deficit water treatment Figure8: Means of water useefficiency in drought
stress at some stages of corn growth
DISCUSSION

According to the results of this research deficigation based on 80% of full corn water reguaient could be
recommended under dry years condition with lowsiirgyield reduction. Since anthesis was foundhashighest
sensitive stage to water stress, to avoid higmgiald reduction, favorable soil water conditiotust be provided in
irrigation schedual.
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