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Abstract
Introduction
Improper management of irrigation and fertilizing methods cause large amounts of chemical
fertilizers to be removed from the reach of plants and enter water sources through leaching.

Materials and Methods

The research was conducted in the Research Farm of the Campus of Agriculture and Natural
Resources of Razi University. The experiment was carried out in two crop years (2020-2021) and
factorial in the randomized complete block design with three replicates. Experimental treatments
included four levels of irrigation (wick irrigation, furrow irrigation with 50, 70, and 100% of the
plant's water requirement) and two levels of nitrogen fertilizer (50 and 100% of the recommended
fertilizer through urea). In the wick irrigation method, fertilizer was provided to the plant through
tanks and in solution. While in the furrow irrigation method, fertilizer was used as topdressing.
The amount of urea fertilizer required for each treatment was calculated based on the soil test.
CROPWAT 8.0 program and Penman-Monteith method were used to calculate the volume of
water consumption and potential evapotranspiration (ETo). The studied traits included number of
nodes, internode length, number of yellow leaves, number of green leaves, total number of
leaves, plant height, ear height, stem diameter, leaf area, leaf area index, specific leaf weight,
fresh fodder yield, dry fodder yield, water consumption, the relationship between water
consumption and fresh fodder yield, and the relationship between water consumption and dry
fodder yield. Data were compared using LSD test at the 5% probability level.
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Results and Discussion

The results of variance analysis showed that the number of yellow leaves, ear height, leaf area
index, leaf area, specific leaf weight, fresh forage yield, and dry forage yield were affected by
year, fertilizer, and irrigation treatments. The interaction effect of fertilizer and irrigation on the
total number of leaves, stem diameter, and plant height was significant. The mean comparison
showed that wick irrigation with 100% fertilizer consumption had the highest stem diameter and
plant height at the 5% probability level. In each year, there was a slight difference between the
treatments in terms of dry fodder yield. In the first year, wick irrigation with 100% fertilizer
had higher dry fodder yield compared to furrow irrigation with 50% water consumption and 50 or
100% fertilizer consumption and wick irrigation with 50% fertilizer consumption. In the second
year, wick irrigation with 100% fertilizer consumption was superior to furrow irrigation with
70% water consumption and 100% fertilizer consumption and furrow irrigation with 50% water
and 50% fertilizer consumption. In the first year, furrow irrigation with 100% water consumption
and 100% fertilizer and wick irrigation with 100% fertilizer had more leaf area index than other
treatments. The water consumption in the wick irrigation method was less than that of the furrow
irrigation with 70% of the plant's water requirement. The reduction of water consumption in the
wick method can be due to the reduction of the wet surface of the soil, which reduces
evaporation, because this irrigation method spreads water on a limited surface.

Conclusion

In total, wick irrigation with 50% fertilizer consumption was recommended as the best treatment
due to the saving in water (58%) and fertilizer. Although wick irrigation has a higher cost than
furrow irrigation, but due to the dry climate of Iran and the high value of water, this irrigation
method is useful.

Keywords:: Capillary irrigation, Fertigation, Forage yield, Leaf area, Topdressing
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Table 1. Some meteorological parameters of the studied site during the maize growing season.

. Temperature (°C) Humidity (%) Wind Speed (mph)
Year Time
Max Min Max Min Max Min
May 335 3.7 75.0 20.0 16.1 0.45
June 37.6 9.8 39.0 4.0 16.8 0.46
2020 July 42.7 13.1 31.0 6.0 15.9 0.06
August 422 14.3 31.0 4.0 14.8 0.00
September  37.8 115 29.0 4.0 15.7 0.00
May 36.3 5.5 50.0 9.0 17.2 0.00
June 42.3 9.8 31.0 3.0 18.2 0.00
2021 July 41.3 15.3 22.0 3.0 17.7 0.00
August 42.6 15.8 28.0 5.0 19.06 0.00
September  39.7 10.4 25.0 3.0 18.5 0.00
Table 2. Some physical and chemical characteristics of the soil of the experimental site (0-30 cm
depth).
. Field Wilting
Sand Clay Silt . : EC Total OoC OM
Year %) ) (%) Texture C;p();:)lt p((g/lor;t pH (ds.m-1) Nitrogen (%) (%)
2020 14.40 44.00 41.60 Silty-Clay 4090 26.30 7.95 0.36 012 120 208
2021 19.40 37.20 43.40 S”Eg;:]ay' 3940 2380 736 0.82 021 211 363
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Table 3. The combined variance analysis of the effect of fertilizer and irrigation on the

morphological characteristics of maize over two years.

Number Number  Total
SOV df Number Internode of of areen  number Stem Plant Ear heiaht
o of nodes  length yellow 9 diameter height 9
leaves leaves of leaves
Year (Y) 1 13337 1.03™ 11.75 1.88™ 4237 29.25 1678.38" 7163.85
Block (year) 4  16.287 25177 2997 056" 148" 4.77** 505597 480.72"
N't(ﬁ?e” 1 063 8117 141" 008" 218 4307 713.027 243"
Irrigation (1) 3 0.15™ 19227 1.877 1.65™ 0.04™ 9747 1484.10" 408.40"
YxN 1 0.63™ 1.97™  0.37™ 0.17™ 0.22™ 0.85™ 29.29™ 182.91"
Y x| 3 0.79™ 327 3577 0.91™ 0.99® 045" 302.93° 17.82"™
Nx| 3 0.5™ 1.5 1.84™ 0.78® 1.15 225  238.48" 134.92"
Y xNx| 3 1.05™ 3.86™ 1977 4637 066™ 0.17™ 141.45™ 104.13"
Error 28 3.12 1.84 0.19 0.70 0.36 0.55 71.15 22.25
CV (%) 11.97 8.97 19.25  7.10 4.23 8.95 4.43 5.29
ns, *, ** and ***: Non significant and significant at the 0.05, 0.01 and 0.001 probability level,
respectively.
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Figure 2. Mean comparison of the interaction
of fertilizer and irrigation on maize total
number of leaves. Means with at least one
similar letter are not significantly different at
a 5% probability level using LSD Test. W
(wick irrigation), Fio (Furrow irrigation
100%), F; (Furrow irrigation 70%), Fxo
(Furrow irrigation 50%).Nyo (Nitrogen
100%0), Ns, (Nitrogen 50%6).

F100

Figure 1. Mean comparison of the simple
effect irrigation on internode length of maize.
Means with at least one similar letter are not
significantly different at a 5% probability
level using LSD Test. W (wick irrigation), Fig
(Furrow irrigation 100%), F; (Furrow
irrigation 70%0), Fso (Furrow irrigation 50%b).
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Figure 3. Mean comparison of the interaction
effect of fertilizer and irrigation on plant
height of maize. Means with at least one
similar letter are not significantly different at
a 5% probability level using LSD Test. W
(wick irrigation), Fio (Furrow irrigation
100%), Fso (Furrow irrigation 70%), Fs
(Furrow irrigation 509%). N (Nitrogen
100%), N5, (Nitrogen 509%6).
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Figure 4. Mean comparison of the interaction
effect of fertilizer and irrigation on stem
diameter of maize. Means with at least one
similar letter are not significantly different at
a 5% probability level using LSD Test. W
(wick irrigation), Fio (Furrow irrigation
100%), F; (Furrow irrigation 70%), Fx,
(Furrow irrigation 50%). N (Nitrogen
100%0), Ns, (Nitrogen 50%6).
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Table 4. The combined variance analysis of the effect of fertilizer and irrigation on the
morphological characteristics of maize over two years.

S.0V df Leaf area L(ﬁg:)r(ea Le?:/esi% ethlfIC Fres;?iefﬁjrage dry forage yield
Year (Y) 1 13539™ 0.013™ 0.00004™ 6019.77 1169.59"
Block (year) 4 36143 0.036" 0.00052™ 247.337 98.197"
Nitrogen (N) 1 81189™ 0.080™ 0.00052" 475.90" 60.07"
Irrigation (1) 3 112015 0.110™"  0.00037"™ 771447 86.80"
YxN 1 63068 0.064" 0.00256" 15.12™ 2.75"™
Yx| 3 27718" 0.027" 0.00003" 34.41"™ 11.21™
Nx| 3 40233™ 0.039" 0.00095" 164.72" 24.03™
YxNx| 3 23439" 0.023" 0.00101" 84.05" 53.29"
Error 28 6716 0.006 0.0031 27.14 0.98
CV (%) 14.51 14.53 20.69 9.16 9.84

ns, *, ** and ***: Non significant and significant at the 0.05, 0.01 and 0.001 probability level, respectively.

Table 5. Mean comparison of year, fertilizer and irrigation interaction effect on some

morphophysiological characteristics of maize.

Number Number Ear  Leaf area Leaf Fresh dry
Year Treatment of green of yellow height  (cm? Leafarea specific  forage  forage
leaves  leaves cm) plant) index weight yield (ton yield (ton
(plant)  (plant) (gem®)  ha?) ha)
WNye  12.41° 250 84  g55° 0.853*  0.076™  64.80° 28.05°"
WNs, 1075 358" 7979 599 0.600  0.088° 46.57°® 19.71
FiooNigo ~ 12.33%  2.16% 80  849° 0.850° 0.058°  53.50° 24.83%f
2020 FiooNso 12.16®  1.08° 78"  489% 0.490%  0.130° 46.24°® 25.36%
F2oN100 9.58° 491 76" 469% 0.470  0.095"  40.45%" 23.19°"
FoNsg  12.08® 2.50°¢ 739 5o« 0.530%  0.084*  42.22%  18.51¢
FoNigo  11.50®  2.50°¢ 749" 460% 0.463°  0.074* 3878 19.87"
FsoNso  11.75% 283" 67" 398¢ 0.397  0.085° 32.82" 21.50"
WNy  11.91%  158%  114°  695P 0.693" 0.088°  77.58°  36.53°
WNs, 12,58  1.08° 99  575™ 0577  0.083*  71.91* 34.16%
FiooNio  12.50° 2.08°® 99*  515% 0517%  0.093° 72.41* 34.16®
o021 FiooNso 11.83* 1.66% 110* 552™ 0.553*  0.085°  70.75® 35.33%
FooNigo 1250  1.66% 95  490% 0.490°  0.088"  65.91° 30.33™
FroNs  11.25®  158% 107* 557 0.557°°  0.083°  71.00® 33.66™
FsoNigo  11.75%  2.08°®  89*  510¢ 0.510°  0.085°  66.73° 32.50™
FeoNso  11.41%  2.41% 94%  486™ 0.490%  0.071*  48.28% 23.33%"

Means in each column followed by similar letters are not significantly different at a 5% probability
level using LSD Test. W (wick irrigation), Fioo (furrow irrigation 100%), F7 (furrow irrigation 70%),
Fso (furrow irrigation 50%), N1go (Nitrogen100%), Nso (Nitrogen 50%).
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Table 6. Water consumption of furrow and
wick irrigation systems (m® ha).
100% 70% 50%

Year Wick
Furrow Furrow Furrow

2020 3474 2424 1737 1879
2021 3612 2528 1806 2222
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Figure 5. The relationship between water used and fresh forage yield (a) and, dry forage yield (b)

under furrow irrigation in maize.
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Figure 6. Water used and yield of dry forage in maize under different fertilizer and irrigation
treatments. W (wick irrigation), Fio (furrow irrigation 100%), F, (furrow irrigation 70%0), Fso
(furrow irrigation 50%), N1go (Nitrogen1009%), Nso (Nitrogen 50%6).

Table 7. Economic evaluation of wick irrigation and surface irrigation in maize in 2021

Irrigation system IFixed costs  Variable Fresh Maize price  Gross income  Net income
($ hah) costs ($ ha')  forage yield  ($ kg™?) ($ ha®) ($ ha®)
(kg ha™)
Wick irrigation 185.4 ®160.5 77580 0.0343 2660.99 2315.09
23urface irrigation 185.4 120.9 65910 0.0343 2260.71 1954.41

IFixed costs and variable costs were taken from Iran Statistics Center (2021).2Surface irrigation with the 70% plant
water requirement. 3 The cost of wick irrigation was considered for 5 years.
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