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ABSTRACT 
 

In order to examine the effects of different levels of drip irrigation and plant density on yield and yield 
components of corn in single cross number 700 variety in one-row and  wo-row cultivation. This experiment 
was conducted filed conditions, with 24 treatments which they are included: Three planting densities (60,000, 
70,000, and  80,000 plants per hectare), 4 levels of irrigation (55, 75, 100 and 125 percent of the full water 
requirements) and two types of cultivation (one-row and two-row) in farm of agriculture faculty of Shoushtar 
University in Khozestan province (Iran) In spring and summer of 2010 during a crop year. Pilot project was 
conducted in three replicates by completely randomized block design in Strip split plot. Plant water demand was 
determined by using the Penman-Muntit formula and the crop coefficient corresponding (Net water 
requirements). In order to estimate the water requirements of plants, meteorological data of days before were 
used and also irrigation was performed three times per week on certain days. The planting, preparation, and 
harvesting operations were same in all treatments and also irrigation treatments were applied from third week 
onwards. The results of statistical analysis of this study suggest that programming and low-irrigation 
management was risky in compare to full-irrigation in addition it needs to care so much. Applying any humidity 
stress in Stages of developing organs calving of corn will be caused yield reducing. So that treatment ET50% 
with yield equal to 0.425 ton per hectare had minimum yield that has significant difference in comparison with 
treatment ET125% with yield equal to 13.92 ton per hectare. Planting density and planting pattern treatments 
had no significant effect on the most traits which were examined. 
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Introduction 
 
 As it has been reported that the average annual 
rainfall of world 860 mm in year. Therefore, Iran, 
with an average annual rainfall of about 240 mm is 
considered of arid and semiarid. In addition to the 
lack of rain, its time distribution and location 
distribution is non-uniform as well. So even, the 
rainiest parts of the country require irrigation in 
summer as well. Necessary to achieve self-
sufficiency in agricultural production, needless to 
import and food security will require to be increased 
the rate of agricultural production in the country 
possibly. Hence water is the first and most important 
restriction factor in increasing agricultural production 
[2,3,5,8,9]. Therefore, it feels for optimal using of 
available water resources is required to program 
more accurately; specially in Agriculture which 
consumes major part of the water resources of the 

country (Iran). To solve this problem can Use new 
methods of irrigation for giving available water to 
plants beneficially. This research has been 
conducted, in order To estimate the effect of low-
irrigation on corn yield, Water consumption per 
hectare, and studying and evaluation of cost of this 
method [1,6,10]. 
 Research of Musick and Dusek, 1980 shows that 
low-irrigation is caused of reducing Product at a rate 
of 172 to 287 kg / ha per every centimeter of water. 
The average efficiency of water consumption will 
decrease rate of% 67 to 94% in comparison to 
irrigation by adequate water. Their research shows 
that low-irrigation on corn should not be done in 
areas where temperatures and evaporation and 
transpiration are high. Hergert and colleague, 1993 
Reported in Nebraska Corn yield is equal to 5600, 
10,100 and 11,800 kg / ha for dry farming, low-
irrigation, and full water irrigation respectively. Also 
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Huang and Zhong, [8] reported Values of  3179 kg 
per hectare for control treatment without irrigation 
And 11,798 kg per hectare for full irrigation 
treatments. Howell and colleagues reported Seasonal 
water use of corn in the range 465 to 802 mm and 
water use efficiency (WUE) between 1.65 and 1.68 
kg/m3 under good conditions that the field is 
irrigated. Linear relationship between corn yield and 
the rate of evaporation and plant transpiration has 
reported by Hillel and Guuron, [6]. Gencoglan, 1996 
reported Total irrigation water for corn from 752 to 
823 mm and seasonal water use from 999 to 1052 
mm is variable. 

Materials and Methods 
 
 The experiment was conducted at Shuoshtar 
region (49º 14′ E and 23º 2′ N), 90 Km north of 
khozestan, province, Iran. In order to determine the 
physical and chemical properties of soil land which 
is on the test, before planting in soil samples were 
taken in depth of 0-20 and 20-40 and 40-60 and 60- 
80 cm [19, 10]. The average daily temperature is 
26.6 ° C. Some physical and chemical properties of 
tested soil are shown in the table 1 and also Chemical 
properties of water irrigation in Table 2. 

 
Table 1: Physical and chemical properties of tested soil. 

PH 
Field capacity 

FC% 
Wilting point 

WP% 
Bulk density 

(g/cm3) 

Organic 
matter % 

 

EC 
 

Soil depth 
Cm 
 

7.62 22.5 9.8 1.42 1.1 1.43 0-20 
7.79 22.41 9.6 1.42 1 1.71 20-40 
7.59 22.37 9.5 1.42 0.8 1.81 40-60 
7.54 22.1 9.45 1.42 0.8 2.76 60-80 

 
Table 2: Results of water quality analysis. 

Parameter 
 

Anions in solution 
)meq/lit ( 

Cations in solution 
(meq/lit) 

 PH EC (106) 

 HCO3+CO3 SO4 Cl K Ca Mg Na   

Sample of water 
irrigation 

2.35 1.8 - - 2.4 2.4 3 7.8 3.6 

 
 In this study has used single cross 700 one of the 
corn verities. Pilot project was conducted in three 
replicates by completely randomized block design in 
Strip split plot. In this study whole plots are 
consisted of four irrigation treatments and three plant 
densities which are designed perpendicular to each 
other. Vertical plots are included four irrigation 
levels 55, 75, 100, and 125 percent of total water 
requirements. Horizontal plots of plant densities are 
included 65, 75, and 85 thousand plants per hectare. 
Plots are considered two planting pattern, one row on 
the stack and two rows (with a distance of 20 cm) on 
the stack. Distance is 1.5 among repetition which is 
perpendicular to each other. Length of line planting 
and distance among stacks from each other are 6 m 
and 75 cm respectively. The amount of fertilizer was 
similar in all treatments and in this experiment 
required 300 kg phosphate fertilizer Simultaneous 
with planting for corn and 350 kg of nitrogen 
fertilizer calculated after planting per hectare which 
were injected through irrigation (drip) into the field. 
The first irrigation was done based on lack of soil 
moisture to a depth of 40 cm were the same for all 
treatments. Harvesting was performed of two midline 
of each plot on 14th November. In this study, 
irrigation was conducted three days per week that 
they are Sunday, Monday, and Wednesday. To 
estimate the water requirements of plants were used 
of Meteorological Data which belonged in few days 
ago. For estimating water requirements of plants 
were used of Penman-Mantit formula that was 
corrected by FAO and plant coefficient (Kc) of corn. 

Water consumption is calculated by equation (1) for 
all treatments [9,3]. 
  
ET = P + I - Rf - Dp ± ∆s              (1) 
 
 Where ET is water consumption of product 
(mm); P values of precipitation (mm); I water 
irrigation (mm); Rf runoff surface (mm); Dp depth 
penetration (mm); Δs change in volume of soil water 
in depth of root (mm). In this study, because of total 
water irrigation was not higher than field capacity 
therefore; depth penetration (Dp) and runoff surface 
(Rf) were assumed negligible in equation (1). Gross 
volume of water needed for each plant or tree per day 
is also an important factor in choosing Dubai of 
dropper that its value is obtained by following 
equation [11,15,16,17]. 
 
G= (K) (d/f) (Sp) (Sr)             (2)  
 
Where are:  
 
G: Gross volume of water required per plant or per 
unit length of row crop in terms of liters per day. 
K = Coefficient related to units which its value is 
equal to one in the metric system. 
f = Irrigation period (days) 
Sp = Space between plant rows (mm) 
Sr = Space between plants on the row (mm) 
  
 The amount of water irrigation is measured by 
water meter (water gauge). On this basis, volume of 
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water requirements for each plant is calculated by 
knowing the number of rows which are connected to 
each water meter and the number of plants on each 
row. Correlation between performances of water 
consumption was estimated by the Stewart model in 
which was used dimensionless parameters of the 
relative reduction in product and the relative water 
consumption [1]. 
 
1 - (Ya/Ym) = Ky *(1 - (ETa/ETm))                      (3) 
 
 Where Ya is actual yield (ton per hectare); Ym 
the maximum yield (ton per hectare); Ya / Ym 
relative yield; 1 - (Ya / Ym) decrease in relative 
yield; ETa actual water consumption (mm); ETm 
maximum water consumption (mm); ETa / ETm the 
relative water consumption; 1 - (ETa / Etm) the 
relative reduction in water consumption; Ky Yield 
response factor [1,17]. 
  
Results: 
 
 Amount of seasonal potential of evaporation and 
transpiration were determined (ETa) between 1241 
mm (125% water requirement) and 496.5 mm (50% 
of water requirement). The maximum total water 
consumption for product was obtained 1063.2 mm 
(for water requirement125%) and 447.3 mm (for 
water requirement 50%) after using plant coefficient 
of corn (Kc). Total water consumption for other 
treatments was between these two values. According 

to ANOVA analysis of different levels of irrigation 
treatments on yield has had a significant effect, (P 
<1%), (Table 4). So that, level irrigation 125% and 
level irrigation 50% with average yield 13.92 and 
0.435 ton per hectare were the highest and lowest 
yields respectively. Linear correlation has been 
considering between the total water consumption 
(W) and yield (Ya) in the regression analysis. As it 
has been considering in Figure (1) the equation for 
this correlation is Ya = 0.0213W - 9.77 with R2 = 
0.9851. Also, a linear correlation between seasonal 
potential of evaporation and transpiration (ETa) and 
yield (Ya) can be seen in fig (2) the equation for this 
correlation is Ya = 0.0189ETa - 8.4433 with R2 = 
0.9851. Stewart et al., 1975 and Musick et al., 1994 
have reported correlation between seasonal potential 
of evaporation and transpiration (ETa) and yield 
(Ya). 
 Important components of a single ear of corn 
hybrids are number of seeds per row, number of Seed 
Rows, and weight of thousand seeds. Factors of 
planting density and interaction between density and 
levels of irrigation did not have a significant effect 
on the above parameters. But different levels of 
irrigation showed quite significant effect at level of 
1%. So that, by increasing level of water, the number 
of seeds per row, numbers of seed row, and weight of 
thousand seeds were also increased (table 4). It is 
also there was no significant difference between 
irrigation levels of ET 125%, ET 100%, and ET 75% 
on the above parameters according to Duncan Test.

 
 

 
Fig. 1: Linear correlation between water irrigation (W) and yield (Ya). 

 
 

Fig. 2: Linear correlation between seasonal potential of evaporation and transpiration (ETa) and yield (Ya). 
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Table 3: Comparison of average yield and yield components of different levels of irrigation (by Duncan). 
Weight of thousand 

seeds 
gr 

Numbers of seed row Numbers of seeds on 
row performance  t/ha Characteristics 

Treatment 

193.5 b 9.57b13.2 b0.425c ET % 55 
a 286.3 17.45a34.11 a5.14bc ET % 75 
a 287.2 18.21a18.78 a10.34b ET % 100 
a 299.3 18.83a43.17 a13.82a ET % 125 

266.79 16.1132.356.78 Total average 
Similar letters which are shown after averages in each column represent, there is no significant difference in Duncan test. 
 
Discussion and Conclusion: 
 
 According to the results was determined that the 
Most yield have been obtained 13.92 tons per hectare 
which was belonged to plant density % 125 and of 
85,000 plants per hectare. On the other hand, yield 
was reduced significantly by applying low irrigation 
treatments. So that, a minimum of yield was 0.435 
ton per hectare which is belonged to ET 50% and 
plant density 85,000 plants per hectare. These results 
are Similar to results of Musick and Dusek, [12] and 
also Howell et al, [7] in their researches. This reason 
can be expressed in this way that the roots of plants 
will absorb, food and water from the upper levels of 
soil in conditions that there is no water stress [13]. 
The first 25 cm of the root zone of plants in soil 
profiles gives plant 40% of absorbed water [11]. 
Therefore, in this study have been considering that 
yield will increase in ET 125% treatment by using 
better of nutrients and water in the soil. Also, 
according to ET 125% treatment that had the highest 
yield and with knowledge that the maximum product 
must obtain if you give plant 100% of its water 
requirement. Probably can this difference in yield 
attribute to climate condition of area which has been 
weird to obtain the actual water requirement for corn 
which is supposed to use of drip tape irrigation 
system, cannot use Penman - muntit formula and 
plant coefficient (Kc) directly. Therefore, ET 125% 
can be considered as real requirement of corn in the 
region. According to obtained results, amount of 
irrigation which is lesser than ET 100% by Using 
drip tape irrigation system will reduce the yield in 
tropical and subtropical regions. Therefore, in these 
areas using of drip tape irrigation for corn cannot be 
recommended. 
 
References 
 
1. Doorenbo, A.H., J. Kassam, 1979. Yield 

Response to Water. FAO Irrigation and 
Drainage. Paper No. 33, rome. 

2. Dow, E.W., T.B. Daynard, J.F. Muldoon, D.J. 
Major, G.W. Thurtell, 1984. Resistance to 
drought and density Stress in Canadian and 
European maize hybrids. Can. J. Plant Sci., 64: 
575-585. 

3. Garrity, P.D., D.G. Watts, C.Y. Sullivan, J.R. 
Gilley, 1982. Moisture deficits and grain 

sorghum performance evapotranspiration yield 
relationships. Agron. J., 74: 815-820. 

4. Gencoglan, C., 1996. Misir Bitkisinin Su -Verim  
Iliskileri, Kok Dagilimi  Ile  Bitki Su Stresi  
Indeksini    Belirlenmesi Ve CERES - Maize 
Bitki  Buyume  Modelinin  Yoreye  
Uyumlulugunun  Irdelenmesi. C.U. Fen 
Bilimleri Enstitusu, Tarimsal Yapilar Ve Sulama 
Anabilim Dali. Ph.D. Thesis, Adana, Turkey (in 
Turkish, With English abstract). 

5. Hergert, G.W., N.L. Klocke, P.T. Petersen, R.T. 
Norquist, Clarke and G.A. Wicks, 1993. 
Cropping system for stretching limited irrigation 
supplies .journal of Production Agriculture, 6: 
520-529. 

6. Hillel, d., Y. Guuron, 1973. Relation between 
evaporation and aspiration rate and maize yield. 
Water Resources  Research, 9(3): 743-748. 

7. Howell, T.A., J.A. Tolk, D.S. Arland, R. Evertt, 
1998. Evapotranspiration , yield and water use 
efficiency of   corn hybrids differing in 
maturity.Agron. J., 90: 3-9.   

8. Huang, M., L. Zhong and J. Gallichand, 2002. 
Irrigation treatments for corn with limited water 
supply in the loess Plateau,China. Canadian 
Biosystems Engineering, 44: 1.29 -1.34. 

9. James, L.G., 1988. Principles of Farm Irrigation 
System Design. New York, pp: 543. 

10. Jamshidi, A., M. Mahmoodzadeh, 2011. Effects 
of wheat stubble management on corn 
performance in north of khozestan province, 
Iran, Australian Journal of Basic and Applied 
Sciences, 5(9): 1671-1674. 

11. Kirtok, Y., 1998. Corn Production and Use. 
Kocaoluk, Istanbul, Turkey, pp: 445. 

12.  Musick, L.T.,  D.A. Dusek, 1980. Irrigated corn 
yield response to water. Trans. ASAE., 23: 92-
98. 

13. Musick, J.T., O.R. Jones, B.A. Stewart, D.A. 
Dusek, 1994. Water- yield relationship for 
irrigated and dry land Wheat in the US southern 
Plains. Agron. J., 86: 980-986. 

14. Rhoads, F.M., J.M. Bennett, 1990. Corn in 
irrigation of agricultural. Crops ASAE Agron. 
Monoger., 30: 569-596. 

15. Shaw, R.H., 1988. Climate requirement. In: 
Spraque ve G.F., Dudley J.W.(Eds) , Corn and 
Corn Improvement, Vol. 18. 3 rd end. ASAE, 
Madison, WI. 



318 
Adv. Environ. Biol., 6(1): 314-318, 2011 

 

 

16. Stewart, J.I., R.D. Misra, W.O. Pruitt, R.M. 
Hagan, 1975. Irrigation corn and sorghum with a 
deficient wate   Supply. Trans. ASAE., 18: 270-
280. 

17. Stewart, J.I., W.O. Pruitt, R.M. Hagan, R.E. 
Danielson, W.T. Franklin, R.J. Hanks, Rile, 17. 
J.P., Jackson, E. B., 1977. Optimizing crop 
production through control of water and salinity 
levels in the soil. PRWG151-1, September, 
1977. Utah water Research laboratory, College 
of Engineering, Utah state University, Logon. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

18. Swan, J.B., M.J. Shaffer, W.H. Paulson, A.E. 
Peterson, 1987. Simulating the effects of soil 
depth and climatic Factors on corn yield. Soil 
Sci. Am. J., 51: 1025-1032. 

19. Tayari, E., A. jamshidi, 2011. Effect of tillage 
methods and use magnetic water on greenhouse 
Cucumber yield in north of Khuzestan, 
Advances in Environmental Biology, 5(10): 
3384-3386.  


