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2- Pepo equivalent yield
3- Water use efficiency
4- Nitrogen use efficiency
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1- Additive series intercropping
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Table 1- Physical and chemical characteristics of experimental field soil
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Fig. 1- Diagram for the implementation of the sole cropping and intercropping of bean and pepo
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Table 2- Competition indices in intercropping

ol dalzo
Index Equation

el
Reference

35S o) Sl s
7o O X LERp = ¥pb/Y
Pepo land equivalent ratio of pepo P pofYe
Leg) (o (el o
Bean land equivalent ratio
8 owej nln s
Total land equivalent ratio

LERL = ¥bp/Vh

TIER = IFRp + IFRh

XS By Cos .
97 T CRp = (LERp/LERb) x (Zbp/Zph)
Pepo competitive ratio Rp = (LERp/ ) % (Zbp/Zpb)
bag) By G
Bean competitive ratio
v 5 ooy Joleo s
Area time equivalent ratio

CRb = (LERb [LERp) % (Zph/Zbp)

ATER = ¥pb [(Yp X Tp) + (Vbp Vb x Th)T

e 3l ealawl oI,
00 o LUE (%) = [(LER + ATER)/2]® 100
Land use efficiency (%) = [ /2]
95 (ol plodjl o
Pepo relative crowding coefficient
log) (s P23l o 5o
Bean relative crowding coefficient
5w plo3l o
Relative crowding coefficient
i 6908 0ASLS
System productivity index
TS g 03jL Ll RElc=Kp[Kh
Cumulative relative efficiency index Kp = ¥pbt2/YPbtl; Kb = Ybpt2 /Vhptl
codl asls
Aggressivity
935" Jaleo 3 Slos
Pepo equivalent yield
(e O] Egeme
Relative value Total
N Gpan S
Water use efficiency

Kp =¥pbh xZbp/(¥p — ¥pb)Iph
KEb=¥bp xZphf(¥h — ¥bp)Ibp
KE=FKp x Kb

SPI = (Yp[VB)¥bp + Ypb

4Gp= 2 ¥ (LERp—- LERK) = —AGh
PEY =Y¥pb + Yop % (Pb [Pp)
AVT = (¥pb x Pp +Ybp = P0)fYpFp

WUE = Grain viold /Water concumption (kg/fmm)

iers Spas )

MUE = vield /(N consumption)
Nitrogen use efficiency yieta/( paan)

XV ohlSen 5 s y5id
Lithourgidis et al., 2011

(Y1) ol 5 (e y5d
Lithourgidis et al., 2011

(0ava) Lly
Willey, 1979

(YY) ohlen 5 Ko
Singh et al., 2013
(Veo2) ohlSen 5 S
Banik et al., 2006

(Ve-F) ohlon 5 gt
Agegnehu et al., 2006
(VAAY) Jgils
Connolly, 1987
(122Y) eyl
Snaydon, 1991
(Y++5) ohlSan 5 St
Banik et al., 2006
(Y1) ol 5 (a5
Lithourgidis et al., 2011
(YY) oo g alie — i
Al-Mefleh et al., 2012
(1Y) ohiSen 5 Jse
Moll et al., 1982

Ypb and Ybp: Yield of pepo and bean in intercropping, respectively.

Yp and Yb: Yield of pepo and bean in sole cropping, respectively.

Tp, Tb and T: Growth duration of pepo, bean and intercropping,
respectively.
Zpb and Zbp: Proportion of pepo and bean in intercropping,
respectively.

Pp and Pb: Price of pepo and bean, respectively.
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Os9yses 9 (Mohammadi et al., 2014) ya b 05y5dy slic
PR R SR INCAY W AJg g o (Heidari & Karami, 2014)
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Table 3- Analysis of variance for the effect of intercropping pattern with bean and inoculation with mycorrhiza on yield and
yield components of pepo

152,950 b gl Slagyo pSibe
Inoculation with mycorrhiza M S
(+M) ean of squares
5 abe )’ digs 4D Dgme dlaxs gme 4D &ld dluas MO39 sl L jod o 4D
A 31 Fruit numbers per  Seed numbers per Seed " Symbiosis
S.0.V. . . Seed yield
d.f plant fruit weight percentage
R ;"&t 2 0.11* 347ns 800.89* 519.00* 76.47"
€plication
- ‘TS ‘591 3 0.14* 209 705.15% 1214.99%* 283.92%%*
anting patter
s
E 6 0.02 1337 114.65 97.13 23.91
1101
ug:(:;)’” - 10.37 17.06 7.20 11.16 9.32
0
¢ ‘}5’#?;)’”5 i 4g) 4D dgao dlu Dga0 4D Al dlua PRORST 1 3,1 LS joBd o 43
. . d.f Fruit numbers per  Seed numbers per Seed s Symbiosis
Without myacorrhiza . B Seed yield
lant fruit weight percentage
)‘)ﬁ * ns sk % ns
Replication 2 0.13 509 446.27 764.19 0.18
Pl TMS d’i‘ 3 0.23%* 29" 362.84** 935.01** 0.52"
anting pattern
s
E 6 0.03 585 3541 74.72 0.64
Iror
et - 14.23 10.85 4.49 12.78 18.72

CV (%)
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Table 4- Mean comparision for the effect of intercropping pattern with bean and inoculation with mycorrhiza on yield and
yield components of pepo

5850 Ll boldtwo CulS (o)1 gy 3 ogmodland ogae pdaild i,k PR Sles S jed b2y
Inoculation with Intercropping Fruit numbers Seed numbers  Seed weight  Seed yield Symbiosis
mycorrhiza pattern per plant per fruit (mg) (g m?) percentage
™ 100:00 (P:B) 1.44 208.52 160.90 101.42 41.51
100:20 (P:B) 1.50 206.83 159.05 100.32 47.35
100:40 (P:B) 1.48 216.89 147.12 92.89 62.57
100:60 (P:B) 1.04 224.96 127.55 58.68 58.42
LSD (5%) 0.28 ns 21.39 19.67 9.77
-M 100:00 (P:B) 1.31 220.27 141.75 82.58 3.72
100:20 (P:B) 1.27 227.42 141.55 79.34 4.73
100:40 (P:B) 0.94 221.57 127.00 64.80 4.31
100:60 (P:B) 0.73 222.66 119.65 43.83 4.28
LSD (5%) 0.30 ns 11.89 17.27 ns

B: Bean : x> Ly

P: Pepo : ciels cusgy 918

bl doyd gy Jlesis ! pdaw 3 (gl gxe pis o LS S
ns: is non-significant at the 0.05 of probability level.

oS U jlew ol Jg el s 935 b Log) o pd Ve o3l
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Sl VY ialS w908 L Lo duopd £ iuljél bl
935 L Lugl 20> Ve (I3l bglove cudS Ly dulio 13 9357 (489
5 2hisSee GLalS )3 948 -89y 2, Shes (P Jgaz) 23
S o8 8l o ao > o Jlois] o 3 2152 )Ssaé
3pSdas o ydan [2ysSee 308 g0 3 (0 Joia) €85 )13
Ao Ve (alBl bolse cuiS I (@yapie p p)S YVIEY) ()
iS5 938 Lalls ceiS Ul opl el conday 918 L Lo
B solel 09,5 Sy 3 98 L gl oy Fo iyl bl
Jbosi Sl 55 (@epesie 2 )5 YYNA) (9, 3 )Shoe (a8 s
a5 gyobds s Juols a8 L Loy duoyy £o i lidl bglbe cuis
bl S d sty S0 1y 0 2,Sles Hlaws ()
SlS pae cdls o o ialS a8 b Lug) doyy Yoo iliél
95t oo s 235 Y1V o (e (i TS
Slega S L Lug doyd Ve inlidl bgloe cuiS b s e cogles
)5 VEIPY) Cduo ol e (o yieS el Comday 938 Lalls cusS

AVIBA) 938" i 3 )Sdoe gy s y9Sin 3 )18 pae b
bglsto i8S b a8 dol Conday 935 Lalls oS I (poyoyio p p)5
ey iy g )lal 09,8 Sy 918 L Lugl oy Ve sl
S 5l (amerie ym )5 YYIAY) o cnl jlde o oS
5 4 {F Jpin) 38 ol 335 L gl s 5+ il L
Sl 1) 5 S50 Jolse ol & S Byl ) 1i2y08e s 0
s Glhae 2980 (ljse olS 3 )Slae g 035 d9u0 csly ol S
O Lag) o515 Gl ) S S5 o BRI L cosel cusday
Ol BRIl ot 1 5 i polie 5 Ol el 250 2 1i2ysSee
adaly et 3 39800 Qlbles i laee G5 plp 53 98
i Slio y 5sen o I3l s o 0i S
iy 5y Slos Hli8l cumw WSS, (lgoee (RNl dlar I olS
.(Nazari-Nasi et al., 2018) >4 o
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ze Jleas] maw j> cuiS 8 o 89, Moy J 5l djsyeSe
152)6Su0 3,8 pae s 3 (Jg )l 093 Y sime olds do s
OBLS )3 (0 Jgio) 8,55 51,5 cusS o8 3B cod i) Ao
by lsta iS5l (0yd FVIFA) o) dopd oyt (2 yoSus
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(Bargaz et al., 2015; Latati et al., 2014) cul lapsSI

0595588 9 ST S pms (IS (guS Jalas 3 jSlac

93 ;2 30 9 S Jolso 3y Sloe o jl cusS calisee (5lagXl
Aoy i Jleisl gaw 53 9 ysSee 3 )8 pae 9 318 Sl
SlS edls o aS gyebdy (0 Jods) dmdly jb xe cglas
= S YAIYE) 50 S Jolso 5y Slos Jlds iy o5y 56500
el vty 935 b Logh dop> Fo il 38l bglste cuiS 5 (g pe e
iS5 (ampepio yu p)S VYY) Cis (ol Jhade oy jieS
FegVe bolswe e Ul opl Jg cdd Juols 95 (alls
sl JB glel 09,5 5 45 9a8 L Lug) doyd

S L b aop 7 (Sl bolse Sl 5 (rye e 2
3y Slos o &5 2V (Suor & 25 L (5 Joi2) 45 Jol
5y Slas Aoy doj¥ oS il by lgi e D)l 3939 (4Eg, 5 4l
15256Su0 3,3,LS" coplply sl gllas wls 5, Sloe cgllas o,
Tl 295 908 )3 -89y 9 4l 3)Slee (Rl coge Ml oo
g 3 OLjgl olS sy 3les cp pin oS 3 (LS Jios
Sepehri & Karami, ) sl cowddsy s sladgS jl oolimul
L by o S 3y50 o 0 plosl lalllas ¢ 8, 51.(2013
s9te) it 3 58l Lol s],8 4 w3 gm0l LnpsS)
i (otpmgS] Sl & (gwyiod JRlEl g (Jaxe by

adoy bwg (59500t 1 (LU PH 3 s < phd g (45950
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Table 5- Analysis of variance (mean of squares) for the effects of intercropping patterns with bean on resource use
efficiency, equivalent yield, sysbiosis percentage and seed quality of pepo

134 3950 b gl Slay po il
Inoculation with Meal{ of s ) a;‘es
mycorrhiza (+M) qu
oS alio i Spae @) Sl dpae )5 98 DlaedSles Lo of e
P d.f Nitrogen use Water use Pepo equivalent A 0il
S.0.vV .o . . Oil yield
efficiency efficiency yield percentage
"’SJ 2 5.29ns 0.37"s 1722ms 361.27** 17.20"s
Replication
"MS 5 3 11.84* 0.83* 38.36* 395.31%* 38.83*
Planting pattern
e 6 1.57 0.11 506 32.70 8.08
Error
R ahaad - 16.19 16.17 16.18 14.36 6.39
CV (%)
0J9 Spae @) Dl Span @S 98 BladSles g 0o
M d.f Nitrogen use Water use Pepo equivalent Oil vi Oil
.o . K il yield
efficiency efficiency yield percentage
"’SJ 2 4.41* 0.31* 1430* 114.51* 9.18"
Replication
"MS 5 3 3.10* 0.23* 1002* 236.43%* 19.83"
Planting pattern
s 6 0.64 0.04 208 12.36 12.15
Error
e hacad - 14.20 14.38 14.21 12.30 8.31
CV (%)

Al e oy S g g Jloin ] o )3 Jb dxe g I3 dme pE s ja FF 9 F as

ns, * and **: are non-significant and significant at the 0.05 and 0.01 of probability level, respectively.
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Table 6- Mean comparision for the effects of intercropping patterns with bean on resource use efficiency, equivalent
yield, sysbiosis percentage and seed quality of pepo

. 305 ] 1, (I 3
‘ﬂ;%‘e.@-ﬁb eSS «"“"hf“ W Span 2B Jatae 3, Sl ’g‘“‘ gy by
Inosvuiltziltlon Planting o9 zztgzl:lcse Pepo equivalent "99’ 0il
. pattern Nitrogen use 24 yield (g.m) Oil yield percentage
mycorrhiza efficiency (kg.kg™) (kg.mm™) (g.m?)
+M 100:00 (P:B) 5.63 1.49 101.42 47.26 46.59
100:20 (P:B) 8.12 2.15 146.10 47.62 47.49
100:40 (P:B) 10.29 2.72 185.26 41.27 44.50
100:60 (P:B) 6.88 1.82 123.71 23.18 39.45
LSD (%5) 2.50 0.66 44.96 11.43 5.67
-M 100:00 (P:B) 4.58 1.21 83.58 36.15 43.80
100:20 (P:B) 6.41 1.70 115.34 34.42 43.49
100:40 (P:B) 6.61 1.75 119.06 27.02 42.31
100:60 (P:B) 4.97 1.32 89.46 16.64 38.22
LSD (%5) 1.60 0.42 28.83 7.02 ns

bl o dopd gy Jleis] pdaw )3 gyl gime pas odima L NS
ns: is non-significant at the 0.05 of probability level.
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S Gosb jl mlis 51y ealatwl &) bayye diise o dque 1)
Bedoussac & Justes, 2011; Bedoussac et al., ) cul balsw
L bl cusS (0 2590 (sladisS o Cuwl o asuie (2015
Sgd e ) (glisS o oy (oS 5l plidy comnnsilSes I oolial
Gk jl balse cuis (Justes et al., 2014) o)l o)Ll glassS
L cdoe)d 5 D9 oo (5100 50 OT Slas (S e il
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o kS Galisee slagSJl 5. (Zegada-Lizarazu et al., 2006)
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Table 7- Analysis of variance for the effect of planting pattern on yield, yield components and sysbiosis percentage of bean

1525950 b il ey yo cSileo

Inoculation with
mycorrhiza (+M) Mean of squares

)’

JRETIN Wgr > AV dlani VS ,d Aild Dy G Yo 49 &ls 5.5 LSt JoB a0 4D
“é o V &3 Pod numbers Seed numbers Weight of Seed vield Symbiosis
U d.f per plant per pod hundred seed y percentage
IS 2 13,770 0.420 47.34% 5567% 107.32%
Replication
S (555 3 15.48% 0.020 47.05% 15175%* 413.82%%
Planting pattern
s 6 2.95 0.16 6.37 1049 18.96
Error
R - 17.82 14.17 8.18 18.21 7.33
CV (%)
. Ags , BYE dlaxs UL > Alld dlaw &l Yer oy . S JoB 2 )3
1349500 339,15 pas af lz):i b g d’ b Weight ";9 ails 3 os Symbiosis
(-M) od numbers eed numbers eight o Seed yield percentage
per plant per pod hundred seed
el 2 13.58* 0.08" 68.45% 6647 2,88
Replication
S 555 3 15.02%* 0.03™ 42.24% 13495+ 1.69"
Planting pattern
s 6 1.38 0.19 8.18 328 0.94
Error
R - 14.25 16.08 11.03 15.05 16.68
CV (%)

Al e doyd S g gy Jlein] pdaw )0 I gxe gy gxe pE i ey

k%

9 * o8

ns, * and **: are non-significant and significant at the 0.05 and 0.01 of probability level, respectively.

2 g (s jod M2y g 4l 3ySdes 3,SMes (slial 1 ulS (G T (Sl Ao —A Jg>

Table 8- Mean comparision for the effect of planting pattern on yield, yield components and sysbiosis percentage of bean

305550 £S5y Wgr > AU Blawi YL > Aild daws Gl Yee 49 Wl aSlos dujod duoyd
M el . Pod numbers per Seed numbers Weight of hundred  Seed yield Symbiosis
ycorrhiza PP 2
plant per pod seed (g) (g m?) percentage
+M 00:100 (P:B) 7.96 2.71 32.00 265.14 44.92
100:20 (P:B) 12.12 2.85 33.48 91.55 54.87
100:40 (P:B) 11.01 2.95 32.81 184.74 70.17
100:60 (P:B) 7.48 2.82 24.93 170.05 67.64
LSD (%5) 3.43 ns 5.04 64.72 8.69
-M 00:100 (P:B) 6.68 2.74 28.24 219.52 498
100:20 (P:B) 10.87 2.67 28.79 72.00 5.92
100:40 (P:B) 9.31 2.85 26.09 98.51 6.79
100:60 (P:B) 6.12 2.62 20.57 91.26 5.62
LSD (%5) 2.35 ns 5.71 26.18 ns

bl oo dopd gy Jleis] pdaw 3 ()0 gixe pas odimd LS S
ns: is non-significant at the 0.05 of probability level.
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Table 9- Result of advantage indices of pepo and bean intercropping affected as mycorrhiza inoculation

bolso culs’ 5o w5 Sy Comnd Coldy Cond T s B33
Intercropping LER CR REI
patterns &y
PXCR VT R 95 by /Wy 9 Ly 955/ .y
LERp LERb LERt CRp CRb CRp/CRb  REIp REIb  REIp/REID s RV"T*’”
+M .
1(0})0_].32)0 099 034 133 2200 991 222 213 145 1.49 1.44
1(0})0_]:;1)0 092 069 1.6l 2136 1440 148 215 152 142 1.83
1(0}’0_]:36)0 058 049  1.07 18.09 1639  1.10 172 165 1.05 123
-M .
1(0P0_].32)0 096 032 128 1956 889 220 193 135 1.44 1.41
1(0})0_]:;1)0 079 049 127 1846 1270 145 187 150 126 1.44
I(OPO_]:;O 051 040 091 1557 1582 098 146 1.60 0.93 1.06
o @351 g 905 Cullé (sl o S el padls
K AG Jolxe MR
25 by B S by g, ol g 95 by
Kp Kb K AGp AGb . o}l g MRp  MRb MR
ATER LUE SP1
+M  Monoculture - - - - - - - - 2535.5 3314.2 -
I(OPO_]:;)O 406 265 671 093 -093 126 120.67 13528  2508.0 11444 36524
100:40
o) 0.11 356  3.67 064 -0.64 147 15427 16346 23222 23092 46314
100:60
oi5) 085 055 14 028 -028 097 10230 107.67  1467.0 16256  3092.6
-M  Monoculture - - - - - - - - 2064.5 2744.0 -
I(OPO_]:;)O 034 216 250 090 -090 122 12486 10527 19834 9000 28834
100:40
o) 154 145 2.9 059 -050 117 12230 10518 16200 13563 29763
100:60
078 030  1.09 027 -027 083 87.18 7727 10958 11408 22365

(P:B)
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Introduction

Demand for food in the world is likely to be nearly two times the current level by 2030, while the amount of
new land for cultivating area is very limited (Marzban et al., 2014). Therefore, the design and implementation of
systems with stability and performance are highly felt (Hosseini et al., 2016). In agriculture, there are different
perspectives for imitation of nature, one example of which is sustainable agriculture. Intercropping is defined as
a sustainable agricultural operation in which two or more species grow simultaneously during a season on a
piece of land (Amani Machiani et al., 2018). By the way, the use of bio-fertilizers is a method to revive the
natural flora of the soil and it is considered as a path to sustainable agriculture (Baqual & Das, 2006).
Unfortunately, most conventional agricultural systems based on the high consumption of chemical fertilizers, are
deprived of the benefits of coexistence of useful microorganisms with the plant, such as mycorrhiza coexistence.
Therefore, it seems that using the intercropping and bio-fertilizer inoculation can be an effective step towards
sustainable production in the agricultural lands.

Materials and Methods

The experiment was conducted as factorial mode based on a randomized complete block design with three
replications at the research farm of the Faculty of Agriculture, Bu-Ali Sina University. Using and non-using of
mycorrhiza and 5 cultivation patterns including the pure crop of pumpkin, pure bean cultivation and additive
intercropping of 20, 40 and 60% beans with pumpkin were the experimental treatments. The cultivation of both
species was carried out on 9.3.2017. At the end of the growth period, harvest was done from each plot after
removing the marginal effect, and oil percentage, oil yield, Pepo equivalent yield (PEY), water use efficiency
(WUE) and nitrogen utilization efficiency (NUE), the percentage of root clonization, as well as the usefulness
indices of the intercropping were measured. The data were analyzed by SAS9.1 and the means were compared
using LSD test at a probability level of 5%.

Results and Discussion

The results indicated that the effect of crop pattern in both application and non-application of mycorrhiza
were significant on the number of fruits per plant, seed weight, seed yield, oil yield, equivalent yield, water use
efficiency and nitrogen use efficiency in pumpkin, as well as number of pods per plant, the weight of 100 seeds
and grain yield of the bean. The percentage of oil in pumpkin and the percentage of root clonization in both
plants were also significant in the case of mycorrhiza application. The highest amount of pumpkin equivalent
yield, water use efficiency, and nitrogen use efficiency were obtained from additive intercropping of 40% bean
with pumpkin under mycorrhiza application. The partial land equivalent ratio in the pumpkin was higher than
that of bean, which can be concluded that the pumpkin cropping is influenced positively by the intercropping
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with the bean. The highest values of land equivalent ratio (LER), relative value total (RVT) and
Cumulativerelative efficiency index (REIc) were obtained from 40% bean incropped with pumpkin treatment.

According to the results of CC, CR, and AG, it can be concluded that the bean is suitable for intercropping with
pumpkin. ATER values of more than 1 were obtained in all treatments, except for the additive intercropping of
60% bean with pumpkin in both application and non-application of mycorrhiza. The highest amount of LUE and
SPI in the case of application and non-application of mycorrhiza were obtained from additive intercropping of 40
and 20% bean with pumpkin, respectively, indicating the ability of the mycorrhiza to modify the competition of
pumpkin with beans.
Conclusion

According to the results of this study it was indicated that in the case of mycorrhiza application, the amount

of all traits in the same treatments increased, and the 40% bean intercropped with pumpkin together with the

application of mycorrhiza was determined as the superior treatment, which could be considered for the
sustainable agriculture development and maintaining the ecosystem health.
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