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Introduction

One of the bottlenecks in today's world is the lack of water for various uses; drinking, industry,
agriculture, and environmental needs. The agricultural sector is the largest consumer of water, so it
will be the first part that will be damaged by the water crisis. Therefore, using methods that increase
water productivity or, in other words, increase yield production per unit volume of water is essential.
Deficit irrigation is a low cost and simple method for this goal. Deficit irrigation is a method in which
the amount of water the plant receives is less than the amount needed for its potential growth (Chai et
al., 2016; Howell et al., 2007). This research was carried out to investigate the effect of deficit irrigation
and alternate furrow Irrigation on yield and water productivity of Maize in the Khorramabad climate.

Methodology

The treatments consisted of conventional irrigation with 100% water requirement (1100),
regulated deficit irrigation with supply of 80% of plant water requirement (D180), regulated deficit
irrigation by applying 60% of plant water requirement (D160) and using partial root-zone drying
(PRD), which was conducted in plots of 18 square meters in a complete randomized block design
with three replications at the Research Farm of Faculty of Agriculture and Natural Resources,
Lorestan University. The irrigation system of the farm was surface furrow and delivered water to
each plot through polyethylene pipes. The volume of water applied to each plot was measured by a
volumetric counter.
In this study, the net irrigation depth was calculated by measuring soil moisture deficiency in the root
zone relative to field capacity point. For this purpose, in the days before irrigation, soil samples were
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taken from the plant's root in all three replications of control treatment and after weighing, they were
placed in the oven and at 105 ° C for 24 hours. After drying, the samples were re-weighed and soil
moisture content was determined. At the beginning of the growing season and until June 12, the same
irrigation water was applied to all treatments until the plant was fully established and reached a 4 to 6
leaf stage. In fact, until the fifth irrigation, all experimental plots were irrigated equally. After this step
and assurance of plant establishment, the research treatments were applied. For the treatment of deficit
irrigation using partial root drying (PRD), the calculated water requirement based on 100% water
supply was applied to half of the furrows. In the next irrigation event, the remained half was irrigated
in the same way.

Results and Discussion

The total gross irrigation depth for the whole growth period was estimated at 705, 589, 472 and

414 mm in treatments 1100, DI80, D160, and PRD, respectively. A comparison of mean traits, water
productivity and final yield of forage corn is presented in table (1).
The average biomass yield in these treatments was 65133, 45034, 31722 and 35536 kg/ha, respectively.
However, the results of PRD treatment showed no significant difference with DI80 and DI60
treatments at 1% level. Also, the dry fodder yield was obtained 21560, 19609, 12562, 14868 kg/ha in
the same order. However, the results of 1100 and DI80 treatments and DI60 and PRD were not
significantly different at 1% level. The effect of different irrigation management on water productivity
was significant at 5% confidence level, so that the highest irrigation water productivity was in PRD
treatment with 3.6 kg dry forage per cubic meter of water, which increased by 15, 13 and 26 percent
compared with 1100, DI80 and DI60 treatments, respectively. The effect of the treatments on stem
diameter, leaf area and plant height were significant at 1% probability level and the highest values of
these features were at 1100.

Stem diameter decreased with deficit irrigation. The highest stem diameter was related to full
irrigation treatment with 22.97 mm and the smallest stem diameter to 60% water requirement treatment
with 17.77 mm. The stem diameter in DI8O0 treatment was 19.89 mm and 19.57 in PRD. Duncan's
analysis of variance showed that 1100 and DI80 treatments were at the same statistical level. It is
necessary to explain that stem diameter is one of the traits that have always challenged the production
of forage crops. In order to produce a plant with proper height that is not challenged during the growing
season, strong and firm stems are inevitable, but in contrast, the factors affecting the quality of the
forage stems are inversely related, since these tissues are often reduced quality.

Table 1- Comparison of mean traits, water productivity and final yield of forage corn

Treatment
l100 Dlgo Dleo PRD
Biomass yield (kg/ha) 65133a 45034b 31722¢ 35536bc
Dried yield (kg/ha) 21560a 19509a 12560b 14868b
Water productivity for biomass yield (kg/m3) 9.239% 7.651bc 6.718c 8.584ab
Water productivity for dried yield (kg/m3) 3.058b 3.315ab 2.660c 3.59a
Stem diameter (mm) 22.97a 19.89ab 17.87b 19.57b
Leaf area of shrub (cm?) 3769a 2731b 2304c 2579b

Shrub height (cm) 216.7a 201.5ab 163.2¢ 181.3bc
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Conclusion

It seems that severe deficit irrigation not only reduces yield but does not help increase water
productivity. If the goal is to maximize income and production per unit area, complete irrigation of
the forage maize crop would be a better approach. Even this way, the water productivity to produce
fresh forage will be greater. If the goal of agriculture is to produce more dry matter with higher water
productivity, PRD irrigation seems to be a better approach.
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Table 1- Quality characteristics of irrigation water research farm

SAR Na* Mg?* TDS EC H
(meg/¥2  (meg/l) (meg/l) (meg/l) (meg/l) @simy P
0.73 1.28 1.6 397 0.6 7
wrp I abed 5 (0 GBS 29T Jav
Table 2- Physical and chemical properties of farm soil
Organic Depth
carbon P K PH EC 3 EWP OFC Texture soil  of soil
(%) (ppm)  (ppm) (dS/m)  (gricm?®)  (%Om)  (%Om) (cm)
1.62 6.9 345 7.03 0.1019 9 25 Silt- Loam  0-30
0.7 2.4 218 701 0.12 11 26 Silt- Loam  30-60
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Table 3- Monthly averages of regional meteorological parameters during the growing period
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May 21  June 21 July 22 August 22 September 22
Maximum temperature (C) 29.36 35.81 40.90 41.45 39.08
Minimum Temperature (C) 11.25 13.6 20.27 21.79 18.40
Average relative humidity (%) 49.01 22.70 15.87 13.98 14.98
Wind speed (m/s) 7.7 7.3 6.26 5.93 5.7
Precipitation (mm) 1.09 0 0 0 0
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Table 4- Analysis of variance of product yield in different irrigation treatments
Average of squares

Sources of changes Degrees of Dry weight of Fresh weight of
freedom
forage forage
Replication 2 7046168.092 " 5338422.337"™
Treatment 3 51267598.928" 669544224.283
Error 6 1530806.165 11530753.465
Coefficient of variation(%) 7.22 7.66

ns: non-significant, and**: significant at 1% probability level

Sl Slsled T (5190 (ibsly 4 385 @i -0 Jgur
Table 5- Analysis of variance of water productivity of irrigation treatments
Average of squares

Sources of changes Degrees of Water productivity ~ Water productivity
freedom
of fresh forage of dry forage
Replication 2 0.154"s 0.245"
Treatment 3 3.631° 0.470™
Error 6 0.384 0.072
Coefficient of variation (%) 7.70 8.49

ns: non-significant, *: significant at 5% probability level, and**: significant at 1% probability level
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Table 6- Analysis of variance of the measured characteristics of irrigation treatments

Average of squares

Degrees of
Sources of changes freedom eaf :
Stem diameter eal area o Shrub height
shrub

Replication 17697.739 ™ 23.896 ™
Treatment 3 1229305.033" 1636.722"

Error 6 42149.779 74.035

Coefﬂuen(t(yo(); variation 791 451

ns: non-significant, *: significant at 5% probability level, and**: significant at 1% probability level
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Table 7- Comparison of mean traits, water productivity and final yield of forage corn

Treatment
l100 Dlgo Dleo PRD
Biomass yield (kg/ha) 65133a 45034b 31722c 35536hc
Dried yield (kg/ha) 21560a 19509a 12560b 14868b
Water productivity for biomass yield 9.239% 7.651bc 6.718c 8.584ab
Water productivitlyllnf(l)?ﬂa;ied yield (kg/m3) 3.058b 3.315ab 2.660c 3.59%
Stem diameter (mm) 22.97a 19.89ab 17.87b 19.57b
Leaf area of shrub (cm?) 3769a 2731b 2304c 2579b

Shrub height (cm) 216.7a 201.5ab 163.2¢ 181.3bc
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