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ABSTRACT 

A field experiment was conducted at the Agricultural Experiments and Researches Station, Faculty of 

Agriculture, Cairo University, Giza, Egypt, during 2008 season. The study aimed to investigate the effect 

of skipping irrigation water at some corn growth stages with the application of surface cover on grain 

yield, some yield attributes and water use efficiency. Five irrigation treatments were applied, viz. control 

treatment (T1), skipping irrigation at, the vegetative stage (T2), grain filling stage (T3), during both 

vegetative and grain filling stages (T4) and after every irrigation event throughout the crop growth period 

(T5). Results showed that skipping irrigation was combined with a reduction in yield components and 

yield. The highest and lowest reductions in the yield were recorded with T5 and T2, respectively compared 

to T1. Water deficit during vegetative stage had little effect on yield components and grain yield of corn. 

Mulched soil increased corn yield and its components compared with un-mulched one. Seasonal water 

evapotranspiration (ETa) was affected by skipping irrigation. The control (T1), recorded the highest (ETa) 

value while, (T5) recorded the lowest one. Mulching reduced (ETa) and increased water use efficiency 

(WUE). The highest (WUE) was achieved with (T2) followed by (T4) and (T5), under un-mulched and 

mulched soil, compared with (T1). Mulch enhanced the (WUE) as compared to the un-mulched one at all 

studied growth stages.  
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1. INTRODUCTION 

One of the important issues in the agriculture 

sector is how to save irrigation water and increase 

water use efficiencies in order to cultivate more 

areas. Since the agriculture sector is the major 

water user, new techniques and practices are 

needed to achieve water save. Skipping irrigation 

is one of such practices which can be used to save 

irrigation water by subjecting crops to a period of 

moisture stress with minimal effects on yield. 

Majumdar (2002) reported that the interval 

between two irrigations should be as wide as 

possible to save irrigation water without any 

adverse effect on the growth and yield. Also, 

Irmak et al. (2000) stated that eliminating 

unnecessary irrigations might improve corn 

production economics.  Martin et al. (1984) 

pointed out that different irrigation strategies, soils 

and irrigation systems would require different 

amounts of irrigation to produce maximum yields. 

Irrigation schedules can be classified as full and 

deficit irrigation based on plant, soil, and climate 

conditions, Martin et al. (1990). Claassen and 

Shaw (1970), Mallett and De Jager (1971) showed 

that moisture stress occurring at various vegetative 

and reproductive stages of growth and 

development of a corn plant may reduce final 

grain yield, and that the extent of grain yield 

reduction depends not only on the severity of the 

stress but also on the stage of plant development 

when the stress occurs. Otegui et al. (1995) and 

Pandey et al. (2000) found that maize is 

particularly sensitive to water and other 

environmental stresses around flowering. 

Musick and Dusek (1980) found that stress 

during grain filling was more harmful than stress 

during vegetative growth. Eck (1984) found that 

14 and 28 days of stress during the vegetative 

stage of corn reduced its yield by about 23 and 

46%, respectively. Frey (1982) proposed that the 

most critical period for yield determination in the 

life cycle of corn begins approximately 2 weeks 

before silking and continues until 2 for 3 weeks 

after silking. Major stress before silking may 

cause failure in ear development, while stress after 

pollination results in limitation of kernel numbers 

or kernel abortion, Tollenaar (1977).  

 Zwart and Bastiaanssen (2004) reported that  
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   increases in water use efficiency can be achieved 

by different strategies. One of these strategies is to 

change crops capable of producing acceptable 

yields under deficit irrigation. Deficit irrigation 

provides a means of reducing water consumption 

while minimizing adverse effects on yield. The 

basic information needed to adopt this technique 

is the response of water deficit for various stages 

of the crops, Mao et al. (2003), Panda et al. (2003) 

and Zhang et al. (2004). Lamm et al. (1995) found 

that evapotranspiration demand by corn varies 

during its life cycle. To increase the water use 

efficiency of maize crop before implementing a 

deficit irrigation programme, it is necessary to 

know crop yield responses to water stress, either 

during defined growth stages or throughout the 

whole season, Kirda et al. (1999).  

The objective of this study was to evaluate 

the effect of skipping irrigation at some growth 

stages of corn, on yield, some yield attributes and 

water use efficiency under surface cover (rice 

straw mulch) and without it. 

 

2. MATERIALS AND METHODS 

A field experiment was carried out at the 

Experiments and Researches Station, Faculty of 

Agriculture, Cairo University during the summer 

season of 2008. 

The experiment was laid out in a randomized 

Complete Blocks Design with 3 replicates. Plot 

area  was 70 m
2
 (3.5 x 20.0 m). Corn (hybrid Giza 

122) grains were planted on June the 4
th
. Distances 

between rows and hills were 70 and 30 cm, 

respectively. Agricultural practices including NPK 

application were done as recommended by the 

Ministry of Agriculture (2005). Some soil 

properties of the experimental site were measured 

and presented in Table (1). Field capacity, 

permanent wilting point, bulk density and particle 

size distribution, were determined according to 

Klute (1986).The electrical conductivity of the soil 

and the pH in the saturated soil paste were 

measured according to Page et al. (1982).  

2.1. Experimental treatments description 
Five irrigation treatments were applied, the 

control of 12-day irrigation intervals (T1), the 

skipping irrigation treatments were, during 

vegetative stage (T2), grain filling stage (T3), both 

vegetative and grain filling stages (T4) and after 

every irrigation event (T5). All plots were irrigated 

20 days after planting, then watering was followed 

the skipping schedule as previously mentioned. 

Rice straw mulch was imposed 20 days after 

sowing.  

2.2. Soil moisture content 

 In order to assess the changes in soil 

moisture status, soil samples were taken just 

before and 48 hours after each irrigation with 

auger at the soil depth intervals of 0-15, 15-30, 

30-45 and 45-60 cm from each plot. Soil moisture 

content was measured by gravimetric method 

(oven dry basis). 

2.3. Water relation  

2.3.1. Actual water evapotranspiration (ETa) 

   Water evapotranspiration was calculated 

according to the following equation by Hansen et 

al. (1979): 
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Where: 

  ETa = Evapotranspiration (cm) in the effective   

root zone (60 cm). 

Di   = Soil layer depth (15 cm). 

Dbi  = Soil bulk density, (g.cm-
3
) for this depth. 

Ө1  = Soil moisture content % before irrigation (by 

weight). 

  Ө2   = Moisture content %, 48 hours after irrigation   

(by weight). 

I     = Number of soil layers (15 cm). 

2.3.2. Water use efficiency (WUE) 

Water use efficiency was calculated 

according to Jensen (1983):  

WUE = Y / ETa 

Where:  

Y    = Seed yield in kg/fed. 

ETa = Seasonal water evapotranspiration in cm. 

2.3.3. Yield response factor (ky) 

The water use-yield relationship was 

determined using the model of Stewart et al. 

(1975): 

1-( ya/ ym) = ky 1-( ETa/ ETm), 

Where:  

ya = The actual yield (ton/fed.).  

ym = The maximum yield ( ton/fed.).            

 1-( ya/ ym) = The decrease in relative yield. 

ky = The yield response factor. 

ETa = The actual evapotranspiration (cm).  

ETm = The maximum evapotranspiration (cm).  

1-( ETa/ ETm) = The decrease in relative 

evapotranspiration. 

2.4. Studied traits 

 At harvest, on the 30
th
 of September six 

traits were studied. Ten guarded plants were 
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randomly taken from the center of each plot, for 

measuring the following five traits:- 

1- Ear weight (gm). 

2-Ear length (cm). 

3-No.of rows/ear. 

4-No.of grains/row. 

5-The 100–grain weight (gm). 

6- Grain yield/feddan (ton), was estimated from 

three rows in each plot. Corn grain yield was 

adjusted to 15.5% moisture content then grain 

yield/fed. was calculated. 

2.5. Statistical analysis  

All data were statistically analyzed following 

the procedure outlined by Snedecor and Cochran 

(1980) using “COSTAT program. The differences 

between mean values were compared according to 

multiple F-test and Duncan’s Multiple Range Test 

(L.S.D) at 0.05 level of significance.  

 

3. RESULTS AND DISCUSSION 

3.1. Effect of irrigation skipping on yield 

contributors 

Table (2) represents the means of ear weight 

(gm), ear length (cm), number of rows per ear, 

number of grains per row and 100–grain weight 

(gm), under mulched and un-mulched soil. Data 

show that skipping irrigation significantly affected 

all components of corn yield. The highest and 

lowest values of the studied components of corn 

are obtained with (T1) and (T5), respectively. 

When comparing (T1) with (T2), (T3), (T4) and 

(T5), ear weight was reduced by 9.10%, 28.71%, 

32.19% and 41.14%, respectively. While, 100-

grain weight was reduced by 6.39% 16.51% 

20.63% and 25.26%, respectively, under un-

mulched soil. The reduction under mulched soil 

for the same order which gave for ear weight 

under un-mulched soil were 7.11%, 25.70%, 

31.38% and 40.69%, respectively. For 100-grain 

weight the percentage reductions were 6.61%, 

11.45%, 16.16% and 24.42%,respectively The 

data indicate that treatments which experienced 

deficits during grain filling stage and during both 

vegetative and grain filling stages recorded less 

ear weight and 100-grain weight than those 

treatments that experienced deficits during 

vegetative growth stage. Bajwa et al. (1987) 

indicated that water stress at different growth 

stages affect grain weight per ear to a greater or 

less degree depending on stage of growth. Wilson 

(1968) stated that stress during the vegetative 

growth stage is less critical than during grain 

filling stage. Skipping irrigation after every 

irrigation event (T5) enlarged the reduction 

percentage of ear weight and 100-grain weight 

with respects to the control (T1). In both ear 

weight and 100-grain weight there was no 

significant difference between the control and 

skipping during the vegetative growth. However, 

the two treatments (T1 and T2) were significantly 

different from the other treatments. The data also 

show that, ear length and number of rows per ear 

were reduced in (T4) and (T5) compared to the 

other treatments. A significant difference between 

the two treatments (T4 and T5) and the other 

treatments was obtained. Pandey et al. (2000) 

found that water stress reduced kernel number and 

weight/ear. Moreover, the number of grains per 

row also declined from (T2) to (T5). Number of 

kernels per ear is a yield component that varies 

markedly with stress, Fischer and Palmer (1984). 

No significant difference between (T1) and (T2) 

was found in ear length, no. of rows per ear and 

no. of grains per row under un-mulched soil. 

However, under mulched soil a significant 

difference between (T1) and (T2) in no. of grains 

per row was found.  

3.2.Effect of irrigation skipping on grain yield 

The grain yield of the different irrigation 

treatments are presented in Table (3). Under un-

mulched soil, the control (T1) produced the 

highest grain yield, i.e. 3.923 ton/feddan. This 

increase was result of the higher yield components 

such as ear weight, number of grains per row and 

weight of 100-grains. The treatment that imposed 

skipping after every irrigation event (T5) gave the 

lowest yield, i.e. 2.295 ton/feddan. Yield 

reduction in (T5) was associated with a decrease in 

ear weight, grain number and weight. Among the 

other treatments, skipping irrigation at the 

vegetative growth period (T2) gave the highest 

grain yield of 3.549 ton/feddan, followed by the 

treatment of skipping irrigation during grain 

filling period (T3), i.e. 3.083 ton/feddan and by 

(T4) of skipping during both the vegetative and 

grain filling stages, i.e. 2.663 ton/feddan. Fischer 

and Palme (1984) reported that corn is relatively 

tolerant to water stress in the vegetative stage, 

very sensitive during the silking and moderately 

sensitive during the grain filling stage. Treatments 

(T2), (T3), (T4) and (T5) under un-mulching 

reduced grain yield by 9.51%, 21.40%, 32.12% 

and 41.55%, respectively compared to the control 

(T1). NeSmith and Ritchie (1992) found a 21-40% 

grain yield reduction due to severe water stress at 

grain filling. Under mulched soil, the grain yield  

is arranged in a descending order from (T2) to 

(T5). Skipping  irrigation  caused  a  reduction  in 

grain yield of (T2), (T3), (T4) and (T5) compared to 

the control (T1)  by 4.26%,  20.94%, 30.80%, and 
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Table (1): Physical and chemical properties of soil. 

Soil 

depth 

(cm) 

Field 

capacity 

(vol %) 

Wilting 

point  

(vol %) 

Available 

soil 

moisture 

capacity 

(vol %) 

Bulk 

density 

(g.cm-3) 

pH EC 

(dS.m-1) 

Total 

sand 

(%) 

Silt 

(%) 

Clay 

(%) 

Texture 

class 

0-15 37.61 15.68 21.93 1.24 7.72 2.36 43.2 35.1 21.7 Loamy 

15-30 36.41 16.57 19.84 1.27 7.65 2.17 51.7 23.1 25.2 S.C.l 

30-45 33.26 13.81 19.45 1.31 7.84 1.82 58.6 22.2 19.2 S.L 

45-60 32.27 13.17 19.10 1.41 7.91 1.75 62.8 20.7 16.5 S.L 

 

 

 
   Table (2): Corn yield components of un-mulched and mulched soils as affected by 

                      irrigation skip scheduling.  

Treatments 

Un-mulched soil 

Ear weight 

(gm) 

Ear length 

(cm) 

No. of 

rows/ear 

No. of 

Grains/row 

100-grain 

weight (gm) 

T1 190.82 18.00 14.0 42.00 27.87 

T2 173.47 18.50 14.0 38.33 26.09 

T3 136.03 17.10 16.0 34.67 23.27 

T4 129.40 14.20 12.0 30.33 22.12 

T5 112.32 11.00 11.0 26.33 20.83 

L.S.D. 0.05 17.25 1.50 0.94 3.93 3.45 

 Mulched soil 

T1 212.72 19.60 14.0 44.67 29.52 

T2 197.59 18.70 14.0 41.00 27.57 

T3 158.05 17.30 14.0 38.00 26.14 

T4 145.97 16.21 15.0 37.33 24.75 

T5 126.15 12.30 12.0 29.67 22.31 

L.S.D. 0.05 16.15 1.83 0.47                                                  2.57 2.63 

 
 

 

Table (3): Corn grain yield (ton/fed.) of un-mulched and mulched soils as affected by  

                  irrigation skip scheduling. 
Treatments Un-mulched treatments Mulched treatments 

T1 3.923 4.311 

T2 3.549 4.127 

T3 3.083 3.408 

T4 2.663 2.983 

T5 2.295 2.572 

L.S.D. 0.05 0.427 0.243 
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   Fig. (1): Actual evapotranspiration (ETa) of un-mulched (un-m) and   

mulched (m) treatments. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                      Fig. (2): Water use efficiency (kg/cm) of un-mulched and mulched corn. 
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40.32%, respectively. The data also show that 

mulched treatments increased grain yield by 

9.89%, 16.29%, 10.54%, 12.02% and 12.07% 

over the un-mulched treatments of (T1), (T2), (T3), 

(T4) and (T5), respectively. The difference 

between the control and each of the other 

treatments are significant except irrigation 

skipping at vegetative stage (T2). In general, the 

results indicate that corn could produce adequate 

yield when skipping irrigation is used during the 

vegetative stage which was less affected by 

skipping irrigation than the other growth stages. 

Moutonnet (2002) reported that timing the water 

deficit appropriately is a tool for scheduling 

irrigation for minimal yield reductions. 

3.3. Water relationships  

3.3.1. Actual  water evapotranspiration (ETa)   

    Fig.(1)  illustrates the actual evapotranspiration 

(ETa). The (ETa) values were varying from 

treatment to another. The variation in (ETa) values 

was due to the irrigation skipping scheduling at 

different growth periods and to the application of 

rice straw mulch. Maximum actual 

evapotranspiration (ETa) under both mulched and 

un-mulched conditions was obtained with the 

control (T1) followed by (T2), (T3), (T4) and (T5), 

respectively. Mulched soil reduced (ETa) 

comparing with un-mulched soil. 

3.3.2. Water use efficiency (WUE)  

The calculated water use efficiency values for 

mulched and un-mulched corn at the different 

growth stages are shown in Fig.(2). Water use 

efficiency gave its highest value with (T1) 

followed by (T2), (T4), (T5) and (T3) under both 

mulched and un-mulched corn. The good 

performance of treatment (T2) was due to the 

relative increase in grain yield. The increase in 

(WUE) values of (T4) and (T5) over the control 

was due to the reduction in (ETa) and increased 

the (WUE) of these treatments. The presence of 

surface cover increased (WUE) for all treatments 

compared with those treatments without surface 

cover. Karam et al. (2003) reported that stressed 

plants have higher (WUE) values than well-

watered plants. This increase in efficiency is due 

to a large decline in plant transpiration because of 

reduced green leaf area as a consequence of water 

stress, which probably also reduced the 

evaporation from the dry soil.  

3.3.3. Yield response factor (ky) 

Yield response factor (ky) is defined as the 

decrease in relative yield with respect to the 

decrease in relative water evapotranspiration (ET), 

Doorenbos and Kassam (1979). The crop yield 

response factor gives an indication of whether the 

crop is tolerant to water stress. A response factor 

greater than the unit indicates that, the expected 

relative yield decrease for a given 

evapotranspiration deficit is proportionately 

greater than the relative decrease in 

evapotranspiration, Kirda et al. (1999). The (ky) 

calculated for (T2), (T3), (T4) and (T5) were 1.38, 

1.27, 1.07 and 1.08, respectively under un-

mulched soil and 1.48, 1.39, 1.08 and 1.07, under 

mulched soil, respectively. The obtained data 

show that, (ky) for all treatments was greater than 

the unit therefore, the relative decrease in yield 

was greater than the relative decrease in 

evapotranspiration. Among treatments, (ky) showed 

that the relative yield decreases is more important 

than the relative decrease in (ET) for (T2) 

followed by (T3) while, the relative decrease in 

(ET) is gradually becoming more important in (T4) 

and (T5) under un-mulched and mulched corn. 

 

Conclusion 

The grain yield of corn varied according to 

skipping irrigation schedule. The reduction in 

grain yield was depending on the growth stage at 

which moisture stress occurs. The losses in grain 

yield and yield components in skipping treatments 

during vegetative growth stage (T2) were less than 

the other ones. No significant difference between 

the control and (T2) treatment was found. 

Skipping irrigation during grain filling stage (T3) 

was found to be most vulnerable to irrigation 

deficit than during the vegetative stage (T2). 

Although (T4) and (T5) did not increase the yield 

but they resulted in an increase in water use 

efficiency compared to (T3). It may be concluded 

that skipping irrigation can be practiced during the 

vegetative stage for higher crop or during both 

vegetative and grain filling stages for higher water 

use efficiency with relative reduction in grain 

yield. 
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وللتغطية بقش الأرز عند بعض مراحل النمو الذرة لنقص الماء محصول  أستجابة  

 

 طه اسماعيل برهام -النادي  منال أبو المعاطى

 

 مصر - الجيزة –جامعة القاهرة  –كلية الزراعة  -قسم الأراضى 

 

 ملخص

 

الطتت ر ) متتع عمتتر  اتتاة التت رة المراةتت    عتت  لتقيتتيم رتت مير ملتت  التتر  علتت  8002أجريتتت رجر تتة ةقليتتة ستتصي م  تتم  تتي  

وأيضتا التر  مترة و مترة ستصي م  تم  -T4)) معتاالحات ب  أمتتصءوط ر الخضر   الط ر – T3)) الحا ب أمتصءط ر  - (T2)الخضر 

 محصت ي واس تتكصا المتا ىالعلتى وذلت   غطاءال ه ا ع م وج د عل و( قش الأرز)وج د غطاء  اارى على  طح التر ة  عل ( T5) )اللم 

 .هل

 :ويمكع رلخيص اللتا ج فى الآرى

إلتى ةت ون  قتص فتى محصت ي  رحتت ال را تةسصي مراةت  اللمت   الر د  رعري   ااراة ال رة للإجكاد الرط  ى  تيجة مل  أ -1

 .مك  اره   ع  اللااة وفى

 .  رو ةمال المراة  يةعل  مل  الر  فى  ق هسصي فترة اللم  الخضر  أعلى مع  ظير محص ي عل  مل  الر الكان  -8

معتا وأيضتا فتى  الحات ب   ءمت ، اللمت  الخضتر  والحات ب  ءم سصي فتراة( عل  مل  الر )فى المحص ي معل يا  كان اللقص -3

عل   وذل  معل يا فى مرةلة اللم  الخضر  ه ا اللقص  يلما لم يكع سصي م  م اللم  أسر مرة  ع   الر  المعاملة التى يتم فيكا

 .المقار ة  معاملة الكلتروي

 تتكصا الت   سوقت  أد  ملت  التر  عامتة إلتى رلتاقص قتيم هت ا ا. معاملة المقار تة على مسجلة تكصا الما ى أعلى قيمة للأ تكا  -4

 (.مرة مل  ومرة ر ) الأسيرة م  المعاملة هرراج  إلى أد ا

متم T4)  ) المعاملتة و( T2) يليكتا المعاملتة (T1) المقار تة معاملتة مستجلة مت  لماء كا تتل تكصا أأوضحت اللتا ج أن أعلى كفاءة  -5

  . المقار ة  معاملة الكلتروي وذل أق  قيمة  T3))الحا ب   ءم تكصا الما ى سصي فترة لأاكفاءة   يلما كا ت  (T5) المعاملة

 .ءالغطتا كا علت  غيتاب ار تة  محصت ل المقلمعتامصة ا جميت  إلى زيادة محص ي( قش الأرز)وج د غطاء على  طح التر ة أد   -6

 المقار ة  قتيم  تكصا الماء أكفاءة  رف  وأد  وج د الغطاء على  طح التر ة أيضا إلى  .% 18و %10الزيادة ما يع  تورراوة

ملتة علتى التت الى وذلت   المقار تة  معا ,T5 (T3)))‚ (T4) رليكتا T2))وكا تت أعلتى قيمتة هتى للمعاملتة  .لمعتامصة غيتر المغطتاةا

 . T1))الكلتروي 

ستصي فتترة اللمت   ة تتكصا الميتاه وذلت   ج ولتة التر  ليكت ن مترة  عت  مترسلحص ي على أعلى كفتاءة يمكع ر فير مياه الر  و ا -7

  .الخضر 
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