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Extended Abstract

Introduction

Beans are the second largest source of human food after cereals, and beans are considered one of the most
important legumes in the world and in Iran. Beans are one of the most important types of legumes from an
economic and nutritional point of view. The amount of beans required is 250 thousand tons, and their production
in the country is between 270 and 280 thousand tons. The cultivated area of beans in Iran is more than 100 thousand
hectares and has a production of more than 200 thousand tons. Markazi province, with 24,713 hectares, is the
second most productive province in the country. On average, beans contain 20-23% protein and have a high
nutritional value in the diet, which can be considered a good meat substitute, especially in low-income areas.
Agricultural mechanization is considered a basic approach in the production of agricultural products. With the
development of mechanized row planting of beans, one of the most important issues among farmers is determining
the right row on the ridge. In many countries that produce beans, including Latin American countries, the planting
method of this product is in rows or stacks in the fields. However, the dominant cultivation method in Iran is flat
or linear cultivation, and with the development of drip-tape irrigation in recent years, a change in the cultivation
method is necessary. The present research was carried out to investigate the effect of deficit irrigation on the yield
of beans in two methods of drip-tape and furrow irrigation under two and three-row cultivation methods on the
ridge.

Materials and Methods

In order to investigate the effect of full irrigation and deficit irrigation on the yield of beans and its components in
two methods of drip-tape irrigation and furrow irrigation in two-row and three-row planting conditions, this
research was carried out. This experiment was conducted in the years 2015 and 2016 at the National Research
Station of Lubia Khomein. This station is located at an altitude of 1930 meters above sea level with a longitude of
49 degrees and 57 minutes and a latitude of 33 degrees and 39 minutes. The experiment was carried out in the
form of split-plots in the form of a randomized complete block design in three replications. The irrigation method
treatments (furrow and drip-tape) were selected as the main factor, and different amounts of irrigation water as a
secondary factor. Planting method treatments were implemented as a sub-factor. The treatments and irrigation
methods included drip-tape and furrow irrigation. Deficit irrigation treatments, including irrigation at 100% of the
water requirement, at 75% of the water requirement and irrigation at 55% of the water requirement were
considered.

Results and Discussion

The results showed that the effect of the irrigation method, the effect of water consumption management, the effect
of planting, the interaction effect of planting method and irrigation method, and the interaction effect of planting
method and irrigation amount at the level of 5% on seed yield were significant. The seed yield in the drip-tape
irrigation method was associated with an increase of 8.8% compared to the furrow irrigation method. The effect
of water consumption management showed that the seed yield in the full irrigation treatment with an average of
4245 kg/ha was associated with an increase of 7.7 and 69.8 percent, respectively, compared to the 75 and 55
percent water requirement treatments. Considering that seed yield is a part of the total dry matter produced by the
plant, the reduction of plant dry matter under stress conditions can justify a part of the decrease in seed yield. The
probable reason for this issue is that at the end of the growth period, due to the lack of available water, the ability
to transfer nutrients to the seed is reduced, which leads to a drop in seed yield. The seed yield in the conditions of
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two rows of cultivation on each stack had an increase of 20.9% compared to three rows of cultivation on each
stack. The mutual effect of planting method and irrigation method on grain yield showed that the drip-strip
irrigation method was associated with an average of 2144 kg/ha under the condition of two rows of crops on each
stack. The interaction effect of planting method and amount of irrigation on seed yield indicated the superiority of
the treatments of two rows of planting on the ridge and full irrigation, with an average of 2383 kg/ha. The effect
of the year on none of the investigated parameters was significant, which shows that the effect of the uncontrollable
factor did not cause a significant difference in the test results.

Conclusion

The combined review of the results regarding productivity shows that two-row crops were less productive than
four-row crops, both in furrow irrigation and drip irrigation, so it is necessary to consider this type of cultivation
in every irrigation method. On the other hand, the highest efficiency was observed in 75% of the water requirement.
Therefore, 75% of the water requirement can be considered to achieve higher physical productivity. Of course, in
terms of the amount of yield, the drip method is very profitable and suitable for the farmer, and the farmer can
achieve the highest physical water productivity by using the scenario of 75% water requirement and two-row
cultivation.
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Table 1- Meteorological information of the study area

Min - Min = Max — Max M?n' Mi.n. Mi.ix. ng. Wind = Wind - Sunshine Sunshine Precipitation Precipitation
Month  Temp Temp Temp Temp Humidity Humidity Humidity Humidity Speed Speed (hrs/day) (hrs/day) (mm) (mm)
O (O O (O (%) (%) (%) (%) (m/s) (m/s) 2016
Year 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
June 12.20  12.40 29.90 30.90 11.80 11.90 35.70 36.70 1.87 1.87 12.20 12.30 0.00 0.00
July 18.30 18.60 35.50 36.80 12.50 12.60 28.80 29.60 1.79 1.80 10.30 10.40 0.00 0.00
August 16.80 17.10 34.80 35.90 11.60 11.70 28.20 29.10 1.82 1.83 11.40 11.50 0.00 0.00
September  14.10  14.20 32.30 33.20 11.70 11.90 31.40 32.70 1.72 1.72 10.40 10.50 0.20 0.30
allae 3,90 ilaio 3 &yl OF CuaS 9 ST oy Luowad 9 o5 jud Slaadeniio =¥ Jgio
Table 2- Physical and chemical properties of the soil and irrigation water quality in the study area
Soil Physical and Chemical Properties Irrigation Water Quality
Parameter Depth 0-30 cm Depth 3060 cm pH (Water) 7.00
Soil Texture Loam Loam Electrical Conductivity of Water (dS/m) 2.50
Clay (%) 18.00 20.00 Water Potassium (mg/L) 6.60
Silt (%) 38.00 38.00 Water Calcium (mg/L) 11.43
Sand (%) 44.00 42.00 Water Zinc (mg/L) 0.01
Nitrogen (%) 0.18 0.19 Water Manganese (mg/L) 0.02
Phosphorus (mg/kg) 25.00 22.00 Water Iron (mg/L) 0.01
Potassium (mg/kg) 491.00 473.00 - -
Organic Matter (%) - - - -
Field Capacity (%) 26.30 27.60 - -
Permanent Wilting Point (%) 12.60 13.70 - -
Electrical Conductivity (dS/m) 1.20 1.10 - -
Bulk Density (g/cm?) 1.44 1.44 — —
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Table 3- Growth stages and measured evapotranspiration of
the bean plant
Decade Evapotranspiration (mm)

Month
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Table 4. Volume of water used in the experimental treatments during the study years
Year Irrigation Method Treatment 55% (m*/ha) Treatment 75% (m3/ha) Treatment 100% (m*/ha)
First Year F urrow Irrigatiqn 6160 8400 11200
Drip Tape Irrigation 3850 5250 7000
Second Year Furrow Irrigation 6273 8554 11406
Drip Tape Irrigation 3866 5272 7030
Two-Year Average F_urrow lrrigatiqn 6217 8477 11303
Drip Tape Irrigation 3858 5261 7015
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Table 5- Combined analysis of variance for the measured traits in the study area

Source of Variation Df Mean Squares-  Mean Squares- Harvest  100-Grain 21;?:? (e)rf Number of  Plant Greenness  Irrigation Water
Biological Yield  Grain Yield Index Weight Po dp Pods per Plant Height  Percentage Use Efficiency
Block 1 177359 179055 16.27 1688 0.96 1.84 3.01 12.13 0.0047
Year 1 3115424 5610133 316.6 2618 0.198 50.5 512 37.12 0.147
Errora 2 85122 76306 235 3542 0.942 8.64 475 484 0.0016
Irigation Method 1 5017584* 456649*  249ns  2142* 0.126 1.3 18 33.7 0.45*
Year x Irrigation 15.12 109668 15.12 1870 0.14 0.25 26.8 0.04 0.0169
Method
Error b 2 13047 3577 0.44 3677 0.108 1.28 36.7 1.96 0.0001
Irrigation Amount 2 12672114* 5749743*  7337*  2667* 5.77% 111.7% 0.05 1032.6* 0.022%
Irrigation Amount 931 23603 6.07 1879 0.045 434 10.16 84.9% 0.0021 ns
x Method
lmga‘;"g eAaim’“m 2 32002 110156 0.2 1907 0.087 1.16 35 11.59 0.0005
Imga“f';;ﬁ/le‘h(’d 2 13074 3577 0.44 1838 0.108 1.28 18.38 1.99 0.0005
Error ¢ 8 163179 9853 2.8 1923 0.195 3.13 52.7 17.83 0.00001
Planting Method 1 5880884* 2265610%  1027ns  2541* 1274 ns 33.2% 35 513.6 ns 0.060*
P lant‘“f,i\:fth"d 1 3974 98272 3.64 1934 0.247 0.133 18 5.95 0.002
Planting Method x 51253 18688* 15 1841 0.046 0.133 0.22 0.45 0.007 ns
Irrigation
_ Planting x 2 3574% 45.82% 1.67 1804 0.187 241 40.05* 1.21 0.002*
Irrigation Amount
Planting x 956 35511 04 2004 0.158 1.62 10.16 0.82 0.00005
Irrigation x Year
Planting 42128 3511 2.24 1756 0.051 1.46 5.05 3.62 0.0016*

Irrigation x Method
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P lam‘ﬂg;egfeth(’d 1 40280 3146 0.53 1925 0.019 3.25 3.55 0.10 0.00039
Planting x
Irrigation x Method 2 25556 4063 0.193 1809 0.13 0.87 13.38 9.9 0.00091
x Year
Error d 12 118610 2944 2.9 1871 0.12 1.65 11.46 6.5 0.00005
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Table 6- Comparison of mean values of the studied traits under different irrigation methods, water management practices, and

planting methods
Treatments Biological Yield  Grain Yield Harvest 100-Grain Number of Number of Pods  Greenness Water Use
(kg/ha) (kg/ha) Index (%) Weight (g) Grains per Pod per Plant (%) Efficiency (kg/m?)

Irrigation Furrow 3430b 1791b 3.28a 36.7b 3.4a 8.6a 63.8a
Method Drip Tape 3958a 1950a 32.6a 47.6a 33a 8.3a 65.2a
Irrigation Full Irrigation 4245a 2229a 34.4a 54.3a 3.7a 9.8a 68.8a
Amount 75% 3367b 2070b 34.1a 37.9b 3.6b 9.6a 67.7a
55% 2871c 1313¢ 31.2a 34.2b 2.8b 6.0b 57.0b
‘ Two Rows on 3980a 2048a 33.6b 48.1a 3.5 9.2a 62.2a

Planting Ridge
Method Thref{ilz‘;”s on 3408b 1693b 32.8a 36.2b 3.2a 7.8b 61.9a
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Table 7. Interaction effect of water management and planting method on the studied traits during the study years

Planting and Irrigation Management Treatments Grain Yield (kg/ha) Plant Height (cm) Water Use Efficiency (kg/m?)
Full Irrigation 2383a 83ab
Two Rows Planting on Ridge 75% Water Requirement 2076¢ 8lc
55% Water Requirement 2298b 81c
Full Irrigation 1843d 84a
Three Rows Planting on Ridge 75% Water Requirement 1465e 82bc
55% Water Requirement 1162f 82bc
. A\ & A 2500
gy 4 AYE Sl —T-Y 51442
. . . oale s : T o 0 1953b
sy o pd gy e 50 S il g (B yae Ol e il 2000 1757¢
yas o Capte J D Join) b bolis wigy o M 2 1630d
= T - 5 1500
oSk b JolS (oylol jlows jo g jo Ve sluas &S s> LS 5
b ey o 5L 1o 00 3 VO Hles & cous 22 A/A :_:j 1000
S
I K g PREN YV WP X WS P 4 A NP FAR I St Z 00
. . . s
WA iol38l cdidy p (69) p S Casdy 90 kol 40 &gy yd &
Al g -5 G . 0
J9A>) cudly Dl TPy 3 A & S ($2) Two Rows | Three Rows [ Two Rows | Three Rows
s . . a2 . . . Planting on | Planting on | Planting on | Planting on
Cdio (p Pk Sgy 50 AN Dl 0 Slae glinl o 0 (7 Ridgge Ridgge Ridgge Ridgge
)I uS" .(Khoshvaghti, 2006) ] 1...,9] b)ﬂa.c L)"“"" 2 Fgrrqw Fgrroyv Dri'p Tgpe Drip T?pe
Irrigation Irrigation Irrigation Irrigation

5y Jobo idlS” Wlgi o yd digy jd O slawy ialS LYo
obals (oiwgsd dlge Wy ol dous o a5 wib ol A, aild 5,50os g g5kl g, 9 CdlS Wig, Jilike W1 -Y JSWS

Figure 2- Interaction effect of planting method and irrigation
method on grain yield
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Figure 2- Interaction effect of irrigation amount and method
on greenness percentage
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Figure 3. Triple interaction effect of planting method, irrigation amount, and irrigation method on water use efficiency
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