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Table 1- Physical and chemical analysis of the soil (0-30 cm) at Gonbad Kavoos and Sari regions
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Table 2- Weather charactristics in Gonbad Kavoos and Sari regions during growing seasons of 2013-2014

G JPNPraT el olelw Yoy s Cagh, el W
Temperature (°C) Sunny hours Rainfall (mm) Relative humidity Evaporation
sole P y mean(%6) (mm)
oy Juad ; KWy E S S
Months <995 %5 o\, &5l &5l &5l ™
Gonbad 7T gl T - T T ™
Kavoos Sari Gonbad Sari Gonbad Sari Gonbad Sari Gonbad Sari
Kavoos Kavoos Kavoos Kavoos
% 23.03 21.75 214.05 176.7 44.3 223.8 61 78 112.9 98.9
October
g
o= 15.8 15.25 164.4 1375 155 99 68 81 50.5 52.5
November
» 10.85 11.05 124.3 136.6 70.8 85.6 73 80.25 28.8 31
December
< 7.2 7.75 163.9 162 6.5 6.5 71 77.75 23.7 26.7
January
ook 6.5 6.85 168.1 149 25.7 36.8 74 78.25 25.9 28.6
February
ol
- 10.75 10.35 123.8 113.2 46.8 27.9 76.5 78.25 433 53.4
March
X;;I’: 10.8 1445  227.8 213.2 55.4 50.5 725 76,5 773 89.2
. oa l
M:;) 22.85 21.75 255.5 222.2 28.4 5.3 61.5 72 147.1 147
- tJI§ 107.8 109.2 1441.6 1310.4 293.4 535.45 557.5 622 509.5 527.3
ota
elo
13.46 13.65 180.2 163.8 36.68 66.93 69.69 77.75 63.69 65.91

Mean




IWAA 3l ¥ oylods o)) ale (659l (bl pgo s 25 Ve QY

s ool b, P smesl o puilyly (316 g ool
slad MS) s SO0 S oo 90 (sled MS &S ja0 s
g by dulie Fr by (5Sss slad MS el 55,5
o3zl b ool Cawnd s (slmodly v uilylg (3195 398 I3 dne
Alia £33 5 S 0 4355 3190 (/) e5ud) SAS I3lp 5
Eblis LSD) o ine csbis s gaeil gy J oSk

A edlawl EXCel ol y 5l o JSi pay s g (045

Mead & Willey, ) e (6)olp Cans slayadls Lbj)
L Lialil (Willey & Rao, 1980) s plsdjl oy > (1980
oLS Jslas 3, Slee «(Banik et al., 2006) 5,Slos 8y ials
codle (Vandermeer, 1990) siieqw (Banik et al., 2006)
Willey & Rao, ) 8, cous 5 (Chetty & Reddy, 1987)
(¥ Jods) b duwloee A b Y (slaalsles jl oaliul L (1980

29 &5 e ) obS 93 Jpaze I3 Slee 2]
L iy Joame mye yio So Colue o (BN (K3 3550
M 355 ) S A5 i o8 1) 2B b g Sl il

bolses CulS byl pd edliw! 5 50 saldlae -Y Jgan
Table 3- Equations used to evaluate the intercropping

LER = (Yab/Yaa) + (Yba /Ybb)
K=KaxKb
Ka = (Yab x Zba)/(Yaa — Yab)( Zab)
Kb = (Yba x Zab)/(Ybb — Yba)( Zba)
AYL=AYLa+ AYLb
AYLa= ((Yab/zab)/(Yaa/Zaa))-1

AYLb= ((Yba/Zba)/(Ybb / Zbb )
EYb= Yab x (Pa/Pb)
IA=1Aa + IAb
IAa= AYLa x Pa
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Table 4- Analysis of variance for yield and yield components of garlic and peas in intercropping
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*, ** and ns: significant at probability levels of 5 and 1 percent and non- significant, respectively.
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Fig. 1- The interaction between location and planting pattern on garlic yield intercropped with pea
G100: 100% garlic, G75+P25:75% garlic + 25% peas, G50+P50:50% garlic + 50% peas, G25+P75:25% garlic + 75% peas, G100+

P25: 100% garlic + 25% peas, G100+P50: 100% garlic + 50% peas, G100+P75: 100% garlic + 75% peas, G100+P100: 100% garlic +

100% peas
*Means with the same letter are not significantly different according to LSD test at p<0.05.
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Fig. 2- The interaction between location and planting pattern on pod yield of peas intercropped with garlic
P100: 100% peas, G75+P25:75% garlic + 25% peas, G50+P50:50% garlic + 50% peas, G25+P75:25% garlic + 75% peas, G100+

P25: 100% garlic + 25% peas, G100+P50: 100% garlic + 50% peas, G100+P75: 100% garlic + 75% peas, G100+P100: 100% garlic +

100% peas

*Means with the same letter are not significantly different according to LSD test at p<0.05.
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Fig. 3- The interaction between location and planting patterns on seed yield of peas intercropped with garlic
P100: 100% peas, G75+P25:75% garlic + 25% peas, G50+P50:50% garlic + 50% peas, G25+P75:25% garlic 75% peas, G100+ P25:

100% garlic + 25% peas, G100+P50: 100% garlic + 50% peas, G100+P75: 100% garlic + 75% peas, G100+P100: 100% garlic +

100% peas

*Means with the same letter are not significantly different according to LSD test at p<0.05.
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Table 5- Analysis of variance for measuredindices of garlic and andintercropped peas

o

NS B . cops Pl b el
e @y Gl Cond - S . o a1 e -
Ol &vo PRE IR WeR oy pl3jl 3955 (o P Sk dgm
SOV p] o - Z. s P . Z. .
df LERGariic &N LER Pl and w2 K= @3‘5 3, s
LERpeas Kagarlic Kpeas KoxKop AY Ltotal
(A) u&o ns ns ns ns ns ns ns
1 0.01 0.006 0.03 0.078 0.03 0.097 28.03
place (A)
1229
4 0.002 0.011 0.01 0.081 0.02 0.16 1.81
Error (a)
(B) cusls’ ]
Intercropping 6 0.54** 0.81** 0.63** 9.3** 0.041"™ 0.05™ 62.3**
(B)
AXB 6 0.008** 0.027* 0.031** 1.06** 0.03™ 0.06™ 390**
ks 24 2 0.01 0.014 0.084 0.023 0.07 12.15
Error
Oyt 5 7.43 16.99 9.13 22.33 21.06 24.82 18.14
CV (%)
3 s glis (el 9 Mo y> So g gy Jles] zglaw 53 I3 e cui sy NS gFF K
* **and ns: significant at probability levels of 5 and 1 percent and non- significant, respectively.
58 3955 5 e Dol CuS 53 51 3590 (S aSLS (Slaz e Sl ) il ly 42325 -0 Jgan ol
Continue the Table 5- Analysis of variance for measuredindices of garlic and peas in intercropping
st o o
Slro 3 ,5os , ) Sod Sed
Oy g o3l as 3 slredde i e cgll,  Sedgw  CTTIT SRR
yuR e S35 ay 1) =B 55 53955 byl
S.0V df il Acarlic 7 s TS RIS 1AGric yaw e
EYGarlic IAPeas 1A
CRGarlic CRPeas
(A) UKA £ 3 ns ns ns ns ns ns
1 131800184 0.008 0.117 0.007 11941 2435 19476
place (A)
ks 4 91427 0.004 0.38 0.12 28445 672.6 24278
Error (a)
(B) cuals’ Lol
Intercropping 6 48394308** 0.86** 1.4* 0.62** 9506723**  230932**  1486089**
(B)
AXB 6 10588636 0.01™ 0.29™ 0.09™ 19117"™ 2251 19393 ™
k> 24 181603 0.004 0.4 0.054 13.89 11.67 8.73
Error
ettt 9.1 14.16 17.91 18.3 23.9 2041 29
CV (%)
3 g gl el 5 Mo yd So g gy Jlosn] zglaw 53 I3 e cus iy NS $FF K
* ** and ns: significant at probability levels of 5 and 1 percent and non- significant, respectively.
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Table 6- The interaction between location and planting patterns of the LER and RCC of density in garlic with intercropped
peas
Sl 003 Sy S 515 o pb35] o g
Teratments LER RCC

ol Cadls’ il I e N e
Regian Planting arrangements  Garlic Pea Total Garlic Pea Total
G75Pys 0.69 0.47 1.16 0.86 0.06 0.05

GsoPsg 0.45 0.75 1.24 0.29 11 0.32
— GysPs 0.41 0.89 1.35 0.07 0.61 0.043
§ G100P25 0.87 0.32 1.19 25 0.11 0.028
G100Ps0 0.89 0.62 131 21 0.61 1.28

J GiooP75 0.76 0.5 1.26 2 1.16 2.32
9 G100P1oo 0.9 0.43 133 149 2.06 3.1
\3 " G75Pys 0.63 0.26 0.89 0.65 0.08 0.05
" 8 GsoPso 0.22 0.46 0.68 0.37 0.06 0.02
\—?;; < GysPs 0.19 0.62 0.81 0.13 0.93 0.12
2 G100Ps0 0.81 0.21 1.02 2.59 0.28 0.73

8 G100P75 0.75 0.43 1.18 231 1.02 2.36

| G100P1oo 0.81 0.29 1.1 2.04 2.8 5.71
LSD 0.06 0.12 0.13 0.72 1.4 3.76

A I3 gime Mo yd gy Jlein! g ) (glel BLlod 515, LSD 1 508 cglis a5 ol puSilio ygianyb )
* In each column, means that differ from LSD, are not significant different according at P<0.05.
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3956 o )d YO + ju0 Juo dYD CuslS 1G25+PT5 (55,8 0556 duo pd Dot o duo pd B+ CasslS :G50+P50 (55,3456 duo jd YO + ju duo pd YO ¢S :G75+ P25
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L5)5 LSD (yg0)] ool 3 oy gy g )3 (6o sime gl aulite g o b By gyl (gl Sl
Fig. 4- The interaction between location and planting pattern onactual yield loss
G75+P25:75% garlic + 25% peas, G50+P50:50% garlic + 50% peas, G25+P75:25% garlic + 75% peas, G100+ P25: 100% garlic +

25% peas, G100+P50: 100% garlic + 50% peas, G100+P75: 100% garlic + 75% peas, G100+P100: 100% garlic + 100% peas)
*Means with the same letter are not significantly different according to LSD test at p<0.05.
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sy Voo adlS L8l Jlag )5 e gl (+IAY) Cendle a3l
olbize By (5 JSb) del Canddy (55,8 5955 o yd YO + pew
oLt 3956 b Lglsea €25 3 o5 4SS A 3
(Banik et al., 200; Li et al., 2002) g 15,95 (6 5VYL

S5 o By g PS5 59y 32 3955 (Il b 9 VL oS
EME b Sl bgln S a3 sl 5,Slae il LY
S 3 (FeNTF) (Bly 3y Shos gaindg o b (335 e
S 3 (—oIYEE) ol oo oS 5 o> A0 + Sile /50 bglso
Dhimaetal., ) .5 sanlie pa5 /Y0 + Sile /50 by e
(2007
U 3,8kt a8 ) 5 ol s g S oy
o Jolas 3,5kt 05t o018 530 (oS Jol 3,S0ac) oo
A Caws &S A odbliie (g lw ddlain ) yuw el cuiS g )
A Sl ial38l duo pd YE d5un Jlosd et 3 ugglS A5 adlaie
S Hless 3 (533956 Jolao 3 Slas alS odes (B JSU5)
Jomame ol anly cand SMA) LB 4y b agliio > alls
115" 5 )3 bglse S (sdiodgm (lajasls obj)l 0 sl 0
SalS 1 IS L balswe cuiS o yd Jolee 2)Slos 2355 558
J-d> La ol (Namdari & Mahmoudi, 2012) cusls (g)ls gze
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3956 Lo )d YO + ju duo dYD CuslS :G25+PT5 (55,8 0556 duo pd Dot o duopd B+ CasslS :G50+P50 (55,3456 duo jd YO + juw duo pd YO cuiiS :G75+ P25

VO + paw duoydV e+ CublS :GLO0HPTS ¢ 55,3395 Mo jd B+ + juw duopd Voo CublS :GL00+P50 ¢ 55,8 3956 Mo pd YO + jow duo 2V v+ cuilS :G100+P25 ¢ 5,8

58 3955 doydV ¢ oV ¢+ CuslS :G100+P100 (¢ S5,83956 o yd

35,15 LSD (9051 wlaol 3 uoyd iy grdaws j3 (6500 ime cglis arliie g o b s gyl (gl Silios
Fig. 5- The interaction between location and planting pattern ongarlic- equivalent yield
G75+P25:75% garlic + 25% peas, G50+P50:50% garlic + 50% peas,G25+P75:25% garlic + 75% peas, G100+ P25: 100% garlic +
25% peas, G100+P50: 100% garlic + 50% peas, G100+P75: 100% garlic + 75% peas, G100+P100: 100% garlic + 100% peas
*Means with the same letter are not significantly different according to LSD test at p<0.05.
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333955 U balseo CuiS 45 (A) o Codlé (ad b CuldlS i)l i ol 51 -1 JSW
3956 Mo yd VO + yaa duo pd YO CuslS :G254PT5 ¢ (5513 3956 duoyd Dot yuaw Juoyd B+ CublS :GB0+P50 ¢ 55,83956 doyd YO + yuaw o yd VO cuiS :G75+ P25

VO 4y Lo >V e v CuslS (GLOOHPTS ¢ [55,83556 1o yd B+ + yus Aoy Vool GLOOHPE0 (K5 j5 3955 1o yd VO + yuuw oy )+ + c3lS :GL00+P25 ¢ 3,8
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Fig. 6- The interaction between location and planting pattern on garlic aggressivity index intercropped with peas
G75+P25:75% garlic + 25% peas, G50+P50:50% garlic + 50% peas, G25+P75:25% garlic + 75% peas, G100+ P25: 100% garlic +

25% peas, G100+P50: 100% garlic + 50% peas, G100+P75: 100% garlic + 75% peas, G100+P100: 100% garlic + 100% peas
*Means with the same letter are not significantly different according to LSD test at p<0.05.
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[(etal., 2016
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J(etal., 2008

PLS ol bwg j5 ©8byd oaimd (Ui (guiedgw jadli
09— Elo—e 5 L)) U] s 4y bglses cuiS cdn 13 5 035
ol y50S H95 B )i g cowlio SB by o g9l aw
i) cirkisie gl 35U Cnd po (S5 (siadge a3l
Nl & e (Sja edge (0 Gl (L85 18 cls
Al cd)S 3l 50,8 0456 Moy YO+ pw duopd YO sl
5 St s s> (adls l gl o uiSile o e
(3 JS3) w39 (e Gy gy ol sl )lass (oles

i) ilies oo 5B o5 (CRA) o 32 26y Coms
Bl i ey coms 2Loj)l iy 285 15 culs
Ghodgw pie 3 CR> Y polde Lol aad os lis |y Jouamo
o il oS polie Lol S o a8 culdy g dys g byl
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(Huetal., 2016; liu et al., 2014) >l .l
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Fig. 7- The interaction between location and planting pattern on garlic competitive ratio intercropped with pea

G75+P25:75% garlic + 25% peas, G50+P50:50% garlic + 50% peas, G25+P75:25% garlic + 75% peas, G100+ P25: 100% garlic +

25% peas, G100+P50: 100% garlic + 50% peas, G100+P75: 100% garlic + 75% peas, G100+P100: 100% garlic + 100% peas
*Means with the same letter are not significantly different according to LSD test at p<0.05.
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3956 o )d VO + yao duopd YO CuilS :G25+PT5 ¢ (K53 3956 doyd et yuaw Juoyd B+ CudlS :G50+P50 ¢ 55,83956 duoyd YO + yuaw o yd VO i :G75+ P25
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Fig. 8- The interaction between location and planting pattern on pea competitive ratio intercropped with garlic

G75+P25:75% garlic + 25% peas, G50+P50:50% garlic + 50% peas, G25+P75:25% garlic + 75% peas, G100+ P25: 100% garlic +

25% peas, G100+P50: 100% garlic + 50% peas, G100+P75: 100% garlic + 75% peas, G100+P100: 100% garlic + 100% peas
*Means with the same letter are not significantly different according to LSD test at p<0.05.
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Fig. 9- The interaction between location and planting pattern on garlic intercropping advantage with peas

G75+P25:75% garlic + 25% peas, G50+P50:50% garlic + 50% peas, G25+P75:25% garlic + 75% peas, G100+ P25: 100% garlic +
25% peas, G100+P50: 100% garlic + 50% peas, G100+P75: 100% garlic + 75% peas, G100+P100: 100% garlic + 100% peas

*Means with the same letter are not significantly different according to LSD test at p<0.05.
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Fig. 10- The interaction between location and planting pattern on pea intercropping advantage intercropped
with garlic

G75+P25:75% garlic + 25% peas, G50+P50:50% garlic + 50% peas, G25+P75:25% garlic + 75% peas, G100+ P25: 100% garlic +
25% peas, G100+P50: 100% garlic + 50% peas, G100+P75: 100% garlic + 75% peas, G100+P100: 100% garlic + 100% peas

*Means with the same letter are not significantly different according to LSD test at p<0.05.
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Fig. 9- The interaction between location and planting pattern on mixed intercropping advantage of garlic and peas
G75+P25:75% garlic + 25% peas, G50+P50:50% garlic + 50% peas, G25+P75:25% garlic + 75% peas, G100+ P25: 100% garlic +
25% peas, G100+P50: 100% garlic + 50% peas, G100+P75: 100% garlic + 75% peas, G100+P100: 100% garlic + 100% peas
*Means with the same letter are not significantly different according to LSD test at p<0.05.
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Introduction

In intercropping systems, inputs in a unit area have been reduced but use of available resources is optimized,
leading to increased production and promotion of evaluation indices. In a study on maize and peanut
intercropping, the highest index of land equivalent ratio (LER=1.04) was obtained in 100% corn + 100% peanut.
In addition, barley and peas as well as garlic and chickpea intercropping, improved the LER and the other
intercropping indices. Therefore, the main objective of this research was the estimation of the yield and
intercropping indices of garlic (Allium sativum L.) and peas (Pisum sativum L.) in two regions of Sari and
Gonbad Kavoos.

Materials and Methods

The present research was conducted at research farms of Gonbad Kavoos University and Sari region during
2013-2014. The experiment was arranged based on randomized complete block design with three replications.
Treatments were nine levels including sole cropping of garlic and pea, beside replacement series of 25:75, 50:50
and 75%:25% pea: garlic as well as additive series of 25, 50, 75 and 100% pea +100% garlic. Plot size was 1.8 x
6m with six rows of cultivation. Plant densities in the control treatment were the same for both garlic and peas,
with a 30 x 10 cm square and rectangular plant arrangement with six lines of six meters long and 360 plants per
plot. In the incremental mix of 25% pea + 100% garlic, 50% pea + 100% garlic, 75% pea + 100% and 100% pea
+ 100% garlic 90, 180, 270 and 360 plants of peas were added to each plot of garlic, respectively.

Results and Discussion

The results showed that the highest garlic yield (9800 kg ha™) was obtained in pure cropping in Sari region,
which increased 14% as compared to the Gonbad Kavoos region. The yield of pods (1060 kg. ha™) and seed
(348.3 kg.ha™) decreased (up to 64 and 61%, respectively) in pure cropping of peas in the Gonbad Kavoos
region. In additive series, LER and relative crowding coefficient in100% of garlic + 100% peas was 1.33 and
1.49 as well as 1.1 and 2.54 in Sari and Gonbad Kavoos, respectively. Actual yield loss (AYL=-0.15 and -0.20)
were observed only in Sari and in additive series of 75% peas + 100% garlic and 100% of peas + 100% garlic,
respectively. In contrast, the intercropping advantage (0.38) was observed in Sari where the 25% of peas
intercropped with 75% of garlic, increasing up to 15% as compared to the Gonbad Kavoos region. Furthermore,
partial competitive ratio (CRa) for pea and garlic was affected by different planting arrangements. The highest
CR value for garlic (1.55) was recorded when 25% pea was added to 100% garlic. The higher root system and
leaf area of pea helps to its advantage in intercropping system. The partial advantage of intercropping for garlic
was affected by planting arrangement. The maximum partial advantage was obtained in replacement series of
755 garlic +25% pea.
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Conclusion

In general, results of the present research clearly showed that intercropping of garlic and peas improved yield
performance and intercropping evaluation indices. In additive series, a mixture of 100% pea + 100% garlic with
relative crowding coefficient of 5.17 was the best combination of intercropping in terms of yield improvement in
both regions. The presence of garlic in the mixture, particularly in the Gonbad Kavoos region, dramatically
reduced the adverse effect of cold temperature on seed yield of peas and prevented the severe reduction of yield.
Therefore, in each region where it is possible to cultivate these two plants, it is recommended that garlic
considered as the main plant and peas with a density of 75% or more could add to the mixture.
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