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Tabel 1- Soil physical and chemical properties of the experimental site
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Table 2- Variance analysis (mean of squares) of the effects of intergropping patterns with green bean and nitrogen on growth
and yield of potato
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S.0.V. d.f Plant height Tuber yield Number of tuber.plant’ Tuber dry matter  Harvest index
)5S 2 2513™ 9.84" 0.07" 7000 ™ 26.81™
Replication
S 55 50.12° 101.85™ 0.43™ 59115%* 492"™
Planting pattern
0397 2 374947  486.00" 0.49™ 151320%* 51.54%*
Nitrogen
Dlize 31
Planting 6 37.32" 11.52" 0.32" 6828* 15.11"
patternxNitrogen
e 22 13.25 3.84 0.52 2648 8.26
Error
Ol o b
. 4.54 . 12.14 7. 4,
oV (%) 5 9.56 50 98
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Table 3- Mean comparisons for the effects of of intercropping patterns with green bean x nitrogen interaction on
plant height, tuber yield and tuber dry matter of potato
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Treatment Plant height (cm) Tuber yield (t.ha®) Tuber dry matter (g.m?)
M;xN, 74.33" 23677 4879
M;xNgo 84.62 ¢ 33.49°¢ 642 ¢
M ;%N 91.59 ® 37.67° 720 @
M,xNqg 83.01 % 31.02 @ 636 %
M,%Ngo 85.81 " 41,512 8742
M,xNig0 88.22 ¥° 42502 8772
M3xN 76.84 9" 27.33° 597
M3xNgg 89.59 ¢ 34.17°¢ 735"
M3%N 60 92.63°2 33.70 ¢ 647 «
M4xNg 78.48 " 28.53 % 609 ¢
MxNgg 80.52 ¢ 37.51° 763"
M,xN1g0 84.42 % 41.67 2 8762
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M3, My, M3 and My: sole cropping of potato, green bean intercrops between potato rows, within potato rows and between

and within potato rows, respectively, and Ng, Ngo and Nygo: 0, 80 and 160 kg N ha™, respectively.
In each column, averages with at least one common alphabet have no significant difference based on LSD test.
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Fig. 1- Mean comparison for the effect of nitrogen on potato harvest index
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Table 4- Variance analysis (mean of squares) of the effects of intercropping patterns with patato and nitrogen on
green pod yield, number of pods per plant and biological yield of green bean

Ol pnid 2abio @il s AYE 5 ,Slos gy 45 BYE dluwi SS9 2,5es
S.0.V. d.f Green pod yield Number of pods.plant®  Biological yield
<
’_’g’_ 2 1286 ™ 0.44 "™ 315"™
Replication
w; e 2 38331** 7.44%* 10125**
Planting pattern
‘””‘” 2 21574** 8.11** 5280**
Nitrogen
S 6 3632* 2.05* 907%*
Planting patternxNitrogen
(ks 16 919 0.61 223
Error
Olyass o b
v (%) 9.25 10.13 8.51

**x *
¢

Psreps 5 lod K o yd gy Jlois] e )3 )b pze a5 4y NS
*, ** and ns: significant in 5%, 1% and non-significant, respectively.
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Table 5- Mean comparisons for the effect of planting pattern with patato xnitrogen interaction on green pod yield, number of
pods per plant and biological yield of green bean

slowd e L > Slos gy > AL lani SS90 gm 3 Sdos
Treatment Green pod yield (g.m™) Number of pods.plant™ Biological yield (g.m™)
M,xN, 432" 9.01° 213.02°
M,xNgo 5152 10.72 2 254.00
M,xNgo 345« 7.29 % 170.11
M3xN, 316¢ 7.71 b 153.95 ¢
M3xNgg 328¢ 7.73 158.69 ¢
M3%N;60 260 ¢ 6.33 ¢ 124.71°¢
M %N, 331¢ 7.02¢ 161.33 ¢
M,xNgo 390 ™ 8.69 * 189.69 ™
M%N160 333¢ 7.74 ¢ 162.32 ¢

pIS V5 g A o ot N160 9 Nao No g (mejicams (slaciudy (595 9 o 9 (njimm ks (59 comnjiomms slociud) o oo bog) ot cosse My s Mg My
S 55 (5950
)5 LSD gl bl o )l sine R ciyls S i By Ky Bl 85 oo ySilis (gt o 3 %
M,, M3 and M,: green bean intercrops between potato rows, within potato rows and between and within potato rows, respectively,

and Ng, Ngo and Nigo: 0, 80 and 160 kg N ha™?, respectively.
* In each column, averages with at least one common alphabet have no significant difference based on LSD test.
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Table 6- Values of land equivalent ratio (LER) and relative value total (RVT) indices in intercropping of green
bean and potato

s 00 (82l ¢ S o lag) o 3,80es dmejum o 38008 o (9] Eg0ome

Treatment LER LER reen bean LERpotato RVT
M,XNg 1.18 0.36 0.82 1.11
M5XNgq 1.53 0.43 1.10 1.45
M5%N 160 1.42 0.29 1.13 1.36
M3XNg 0.99 0.26 0.73 0.94
M3XNgq 1.18 0.27 0.91 1.13
M3%N1g0 1.09 0.22 0.88 1.05
M;XNg 1.03 0.28 0.76 0.98
M,XNgg 1.32 0.33 1.00 1.26
M4%N1g0 1.38 0.28 1.11 1.33

9 A+ oo i 4 :N160 9 Nao No g ciwejonw o) 59y 9 o 5 (e jim Slocisd) (59 (smojomm Gacind) o jow bogd cuiS cus e :My 3 M3 M,
JESe )3 (5505 p Sl V5
M,, M3 and M,: green bean intercrops between potato rows, within potato rows and between and within potato rows,
respectively, and Ny, Ngo and Nygo: 0, 80 and 160 kg N ha™, respectively
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Table 7- Potato tuber yield, green bean pod yield and potato equivalent yield in different experimental treatments

S (0 js J3lro 3 ;Sos o Lrgd SUE 5 Slos (S0 js 838 3 Slos
Treatment Potato tuber yield (ton.ha™) Green bean pod yield (ton.ha?) Potato equivalent yield (ton.ha™)
M, xN, 23.67 - 23.67
M;xNgg 33.50 - 33.50
M;1XN1go 37.67 - 37.67
M,%XNg 41.80 4.32 31.00
M,xNgg 54.38 5.15 41.50
M,%XN1go 51.13 3.45 42.50
M3%xNg 35.23 3.16 27.33
M3xNgo 42.37 3.28 34.17
M3xN6q 39.48 2.61 32.97
M4xNg 36.82 3.32 25.53
M,xNgg 47.25 3.90 37.50
MsXN1g0 50.00 3.33 41.67

-4 :N160 5 Ngo No 5 injimms slcid;y 695 5 o 9 siwoios ocind) (55) siunjimms Sy o s bagd CalS csipojum Lalls cuiS C s :Myg s M3 M, My
S8 )3 Gy pySekS VP g Ar Gl
M3, M,, M3 and My sole cropping potato, green bean intercrops between potato rows, within potato rows and between and within
potato rows, respectively, and No, Ngo and Nigo: 0, 80 and 160 kg N ha™, respectively
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Introduction

One of the ways to move towards sustainable agriculture is to create diversity and using intercropping of crops,
cultivars and / or different isolines in agriculture. In order to increase productivity in the agricultural system, resource
management and inputs also play a key role. In addition, to preserve ecological balance and stability of the system, the
main goals in the intercropping systems are maximum exploitation of environmental resources such as water, soil, food,
the quantitative as well as qualitative increase of yield, and reduction of damage from pests, diseases, and weeds. In
addition, improvement social conditions, such as greater economic stability and adequate nutrition for humans are
pursued. Therefore, the present study aimed to exploit the agro-ecological benefits of additive intercropping of green
bean in reduction of nitrogen consumption in potato cultivation and improving the land use efficiency and potato
equivalent yield.

Materials and Methods

In order to evaluate the effects of additive intercropping of green bean on potato growth, tuber yield, nitrogen use
efficiency, land use efficiency, and potato equivalent yield as well as green bean yield, an experiment was conducted at
the Farm Research of Faculty Agriculture (latitude 35"1N, longitude 48°31E and 1690 m altitude), Bu-Ali Sina
University, Hamedan, Iran, in the growing season of 2016. Experiment was laid out as a factorial based on randomized
complete block design with three replications. Four planting patterns including sole cropping of potato (M,), green bean
intercrops between potato rows (M,), green bean intercrops within potato rows (M3) and green bean intercrops between
and within potato rows (M,) were applied in combination with three levels of nitrogen fertilizer (Ng, Ngg and Nigo: 0, 80
and 160 kg N ha*, respectively). Intercropping system was done using additive design. So that, the potato density was
kept constant and in all cropping patterns, 50% sole green bean planting density was added to potato plots. Traits of
plant height (PH), tuber yield (TY), number of tuber per plant (NTP), tuber dry matter (TDW), harvest index (HI), and
potato equivalent yield (PEY) for potato, and green bean pod yield (GPY), number of pods per plant (NPP), and
biological yield (BY) for green bean were evaluated. Land equivalent ratio (LER), relative value total (RVT) indices
were also studied.

Results and Discussion

Results demonstrate that planting pattern and N had the strongest influence on tuber equivalent yield as well as tuber
yield of winter wheat followed by interactions between these treatment factors. Accordingly, when normal and high N
levels were applied, potato equivalent yield values were comparable to, or higher than, those obtained without
consumption of N. The highest potato tuber yield (42. 50 t.ha™') was revealed at the treatment of green bean intercrops
between potato rows with consumption of 160 kg N ha™. This treatment did not show S|gn|f|cant difference with the
treatment of green bean intercrops between potato rows with consumptlon of 80 kg N ha™*, which had a yield of 41.51
t.ha™. Also, the highest values for yield of green beans (515 g.m?), the land equivalent ratlo (1.50), total relative value
(1.45) and the highest potato equivalent yield ﬂ 54.38 t.ha™) were obtained at M, x Ng, (green bean cultivation between
potato rows with consumption of 80 kg N ha™) treatment. Legumes have the ability to nitrogen fixation and using of
them in intercropped systems can be suitable for reduce nitrogen use as well as environmental problems. Therefore, in
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terms of growth, tuber yield, land use efficiency and nitrogen utilization efficiency, treatment of green bean intercrops
between potato rows with consumption of 80 kg N ha™ was the best treatment for potato production.

Conclusion

In general, the cultivation of green beans between potato rows due to ecological, morphological and nutritional
differences has cooperation aspects in intercropping. This will increase the productivity of the land, the light and food in
the unit area and the diversity in agricultural ecosystems.
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