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In conditions where don't have enough water for irrigation, intercropping
of forage plants is one of the ways to achieve sustainable agriculture.
Biochemical and physical properties of soil tillage system can affect the
yield of plants in intercropping. Therefore, with the aim of investigating
the forage yield and competitive indices of intercropping, this experiment
was performed in the cropping seasons of 2020-2021. Treatments included
conventional, minimum, and no tillage system. Intercropping patterns also
included monoculture of forage sorghum and maize, alternate row
cultivation maize and forage sorghum and alternate cultivation on planting
rows. The results showed that the highest plant height (295 cm) and leaf
area (6.88) was obtained in intercropping and conventional tillage. The
highest forage yield was also observed in sorghum monoculture. However,
the land equivalent ratio of mix intercropping with 1.17 showed the
superiority of intercropping over monoculture. Evaluation of competitive
indicators such as dominance index, relative crowding coefficient, and
competitive ratio showed that forage maize is the predominant plant in
intercropping conditions. The system productivity index with 8.11 showed
that intermediate cultivation on planting rows was superior to other
treatments in conventional tillage conditions. The results showed that in
conventional tillage and intercropping conditions, acceptable yield was
obtained; this advantage can increase water efficiency and use of sorghum
in intercropping.
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(Ranjbar et al., 2017) cuol pguw yo

Wgle SS9 i 039 F1-F

(Y Jgiz) 8l o sime digle SS9 35 (jg Co 1 bajlog GiiSamyy g ool Sl il ob (i Salojl uilyly 458
OSle duglie gl (¥ J9a2) 3,05 (65,56 jl edaw p2 )3 €t 598l Jlowd ()3 gime Jl L5 5 e I 31 (235
sol sty p35 yp0 (AIB 5 pgusye CutS )3 (gyo 2o 3 £ SIS WI-A) digle 5 (59 03Vl o (Lt oo 2iSem
L5 odalie ©)3 palld CuiS g 6y S bulpd ) @ye yio 3 p)SOlS VPP L s adgle 5 s cn S (B J5i2)
dyisr 5 4 (0 Jgia) iy palld cliS 4 cans (VL 3 Shos bgliee ciS 5))5 S 5l e a2 )30 J5a2)
P ope Vb 3)Sdae JUS )3 (8 Joi2) Sy e Sl (ppiomen g blse Laulpd o (V JS8) @5 g elisl il
bl cuis )3 ddgle 5 ()jg 3o (6555 BpS Laulpd 13 4 Al & Cosd bglsie S 3 5 adgle ialjdl el
ol oyl bl yials 0o VIVY 9 F/VD (ol p 4 pow yo CulS & G Lsdy (95 o )05 CuiiS 5 ylo )0 d) S
Suid 5y VLo QLS gl (B Joix) 835 elyen (6303 Vo /W g VIV (alS b i 5 4 (5)p9S B Ll 5
035 28kes el sy powpe (55,5515 Lalid )3 poS 0 5 )3 bglse CulS 1> e o 53 pSolS YIFF L adgle
yad (53 VIBY 5 SIEY LinlS L o s pomsye (535S 41 Comd (653905 5 5 (39S oS g o ddgle (St
(6 Jgu) 392



1P il jlais ommiy g oloety 6,59 o)) ) GlobS pale Ao AY
ladsle p35 5w 5 ) Slao p Oslie (555515 s 5 S o il s 45 Y S
Probability level
Dry ; -
S.0.V. df Plant Stem Leaf area Fresh hay df l\/llalze Sorghum Maize Sorghum
height diameter index orage ield plant plant height stem stem
yield yie height diameter  diameter
Block 2 0.9648  0.2282 <.0001 <.0001 <0001 2 0.4862 0.8530 0.3304 0.5560
Tillage (T) 2 0.0015  0.3223 0.0003 0.0001 0.0004 2 0.0070 0.0167 0.4600 0.4731
Ea 4 0.8118  0.2093 0.8019 0.8552 0.8619 4 0.0985 0.0147 0.1528 0.0003
Intercropping pattern (P) 3 <.0001  <.0001 <.0001 <.0001 <0001 2 <.0001 0.0442 <.0001 0.6399
TxP 6 0.1164  0.9874 0.0443 0.0275 0.0041 4 0.0053 0.0059 0.7965 0.9381
Ec 18 - - - - 12 - - - -
C.V. - 4.31 7.70 5.46 8.90 7.41 - 5.48 6.14 5.71 3.96
Sladsle p55 )5 9 035 Slao (55,95 B golaw > bgloe cutS gl 235 Y Jg
Dry ; .
. Plant Stem Leaf area Fresh ha Maize Sorghum Maize Sorghum
Tillage df height diameter index forage > df plant lant height stem stem
g yield yield height P g diameter  diameter
Conventional tillage 2 <.0001 <.0001 <.0001 <.0001 <0001 2 <.0001 0.0221 0.0256 0.9947
Minimum tillage 2 <.0001 <.0001 <.0001 <.0001 <0001 2 0.0202 0.0022 0.0033 0.5582
No tillage 2 0.0004 <.0001 <.0001 <.0001 <0001 2 0.0202 0.5758 0.0013 0.7986




AY SisSE Gslito pabw yo slddsle 055 5w 9 C1yd balio ClS Cigliio slogS] )

sol ady) 5 Ol S8 Gas (iRl & e (535S B o bl 1> e JYsbo Sl 0315 (L 3 S0 slo s

Li et al., 2015; ) dgus o0 3,los ]38l el (65,581 Laylyd (pl )0 gy aled olyan 5 Slas (ialS b jol (pl 48”0

A Cand powipo (6595 B Lol 13 oS yomw 3,Sles o LS 50 (6,500 aalllas ol .(Ren et al., 2018; Séle et al., 2015

Gladsgle )3 5, Slos a5 2l 4lis 35 (6,555 adllas ((Ramadhan & Muhsin, 2021) cul YL (65,08 B o 5 (55,55 S
(Ranjbar et al., 2017) cusl sYL Jolaio (65,01 Loyl )

SISl 5505 €5 iy it (55,5051 i 5 B 555 iiSany (e ol 0 Join

Treatment Level Leaf area index max Fresh fzorage yield Dry h_‘";y yield
(kg m™) (kg m™)
Maize mono culture 6.23 % 8.14 9 2.21f
Conventional Sorghum mono culture 5.12¢9 11.082 2.50%
tillage Row intercropping 6.70® 9.894 2.64°
Mix intercropping 6.88° 10.26 ¢ 2.61%
Maize mono culture 6.17 % 8.069 2.139
Minimum Sorghum mono culture 49509 10.86° 2,530
tillage Row intercropping 6.33 9.42 ¢ 2.47%
Mix intercropping 6.50 ™ 9.53°¢ 2.58%¢
Maize mono culture 6.02f 7.66" 2.05¢
. Sorghum mono culture 480" 10.53° 2.26f
Notillage Row intercropping 6.09 °f 9.18f 2.44¢
Mix intercropping 6.20 %f 9.22f 2.45°

Means followed by similar letters in columns are not significantly different at 5% probability level by LSD test.

Lol cuis byl s ol Y-Y

(LER) im0 5 815 o =¥ 1

L poe e CulS 53 Ciad) 59y Oleepd Sy S (5551 )3 (Sladgle poFy5m 5 &> bglie S sl (Ui LER adls ulis
ol (Y JS) cusls 1y (V) LER (a8 (65,981 o Loty 50 le jd <230, bgleo ¢S g LER (o 5YL VAV
Cons bglee S gy cpl 5l el 1 SO SYLLER (e (65598 balyds g cuisS (slagSl oles (o oy lis sy po o)
5 Ol > @) bobe cutS LER (65,05 B 0 9 55,95 S ¥ JS) sl 5308 0 5VL oo ) palls 4
dasy oo ka5 & (Y JSS) b ials aoyd VIFA S1AD 5 VIV oA (il S pow po S & S |y Cidy (59 (yleo )05
g 2l olS 45) p SB Ll U 5 B2 5 )Slae (EalS s 4 e(55y9 8B (19 9 o8 Larlpd 0 LER [adls ials
5 () JS3) g )] Gl el 4 Wil e & ey YL LER o) 55y gl 9 €S 35 (65)5 S ) s s
253 s 1) olS 93 cole 5 hnd) S Cand ) (g9 Ol Sy cldST Bl blpd ol )5 (B Jgan) Sy s
10 Jpio 91 JS8) ol 005 g5 930 oy Lnly 3 o] St 5 53 gl il cely 515 (gl S e
LER 5 (5 oty il 423l 3,80a it 51 IS5l onl 05 il om0 9 555 ol (So3olgts canled (i
St ) 5Vl o5 s el 38k 31 L5 Sbsle 255 5 9 553 bslie CadS gyt (Y ) 232 S SV o
Ay olis Cligdss o5 gols (Samarappuli & Berti, 2018) 39 V/Y ] bglswo i LER Jbs opl b adib oo )] bglso
50 V¥ T LER g cusly g5 (alls cuiS a4 s Beds S Cuns ) (gladole poS ygm g (sl @)d bgle cuiS
(Hasanvand et al., 2019)

(SPI) i (5 390 38 2> Lo ¥ —Y—Y

cuiS bylyd j bglowe cusS 33 SPI e iulojl pl )0 il bl culS slapivnnw (5y50,m0 ;WS Laslls oy
2 55 (PIAA) SPI e (S 0gr 5V Iajlod 503 &) Connd LER (ygzmad pguspe (55)9515 5 od) (g9, oo
S Ll S [ J32) 390 S5l 5185 5555515 3] s ) 3 bsle it (555 5 o 332 (559055 2 Ly
Ao D IYIVY o WWIXA LialS el powpo (65) 1B & Comd (6559818 o bl )0 casdy (69 o105 g oo pd i,
bylys 5o olS 50,Sles yialS (5 Jgua) 291 doyd VIFY 5 Y/00 cuwipds (55)9SBpS 0 Lials pl b SPI s ls
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m Row intercroppin m Mix intercroppin
1.200 - pping pping

1.180 A 117
1.160 -
1.140 A
1.120 -
1.100 -
1.080 -
1.060 -
1.040 -
1.020 -
1.000 -

Land equivalent ratio

Conventional tillage Minimum tillage No tillage

Tillage
(S509S B Glagiuns ;3 bole CuiS (o) gyl p s pa3ls Y S

e sl 355 lio S0lS s o8 w3l o P fize inls' Y3 51 (B J5ix) pywye 53905 1s &t o (55,551
e slee o i b wyp Dg YL Gl D ) SO 4 Cond 3y 59y eSS S oSNy asls oyl
(Ghanbari et al., 2017) )b 3459 (g)b bz s daly, bglre S piwww (gy90000 5 SPI asls
ados o (Hordeum wulgare L.) o bgbwe cuiS SPlI 35 dadlles > (2017) Ghanbari et al.
A 5 bgle cuiS )3 35 (2021) Sadra & Hamzei .15l cuwdas YAYY/YA |, (Trigonella foenum-graecum L.)
bgloee cuiS oy ol 1o cldllas )00 ol .08 (i,l557 1) el zols (Vicia sativa) sl 4 (X Triticosecale Witt.)
Hodiani Mehr et al, 2021;) )b  asg b6 (odedgw ol YU SPI e 4 a5y L
.(Mojtabaie Zamani & Norouzi, 2017; Nakhzari Moghaddam, 2016

(CR) by cons ¥'—Y—Y

b lows zglaw (oolod ;> (inlojl ol )3 el bglste S byl ys )3 olS o <ol Ulyy sdimd L (0B, Cuns s li
Ll > slabsle @35 CR 0Vl (5 Jgia) 331 loys e 55Vl By s J) oS00 oS &0 o &3 ol
CR (3L 3 psS 00 ol 3 (35 jl 02 (65,080 Ll 5 55 ol o (2208 Blie o col Casday (65,55 S
PG Slas s 4y gladgle )5 oS w0 i 0 (P Jgin) 51 (6559508 klyd o ol (a8 9 6595 B
Orz 0 Cal 03g Jlay05 5 63Vl ) Ul I (O Jgun) bl kulid o 5YL Sy aw (gzmen ol Sk s
g > 5 (e & sl 03,5 gy I3 55 500 28y ols5 Blio )3 a3l iaS 0,9 oS (1B (5 S ol
5 Sl cutS alpd 5o amd e LS By Bl il oS 0w (1B Gl sl 503 4 S (65)9 S (e
o Ll > 5 (53095 LSSl by 13 45 6o il glite oS 13 B, s Ll S al3 L
4 095 3855 0 3 (2018) Raftari et al. .(Salehi Sheikhi et al., 2021) wzily 5V (0B, Cous gliawl olS uiol3dl
bolseo cuiS baylyds j3 (65208 By )a8 )l S il S CR &S ol aad o (L oy 033,80l polieo gl
bylyds po a0l L 55,505 adllas 4> .(Ghanbari et al., 2017) 30 &L sollas ol pad olS Wlgi o Jbb cpl b eyl
CuiS Gt 3 55,555 Slojled Lulyd 3 ©olis ul el oy (55U CR b8 Sy o e Lolses cuS
» YL ¢ (Vigna radiate L.) yblo o (Hibiscus sabdariffa) (55 sl o3l cuiS ) a8 g ysbay fabl o glite
[(Hodiani Mehr et al., 2021) cusls _coxiiame alaly olS ] YL CR L oLS
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(glite (6595 B g 5 SS90 )3 Gadole p5S 590 5 )3 blie cuiS ) (1B loasls T Jga

Treatment Level SPI CRwm CRs RCCwum RCCs RCCT Am As
Conventional Row intercropping  7.984 1.273 0.786 0.453 0.256 0.116 0.0691 -0.0691
tillage

Mix intercropping ~ 8.116 1.261 0.793 0.468 0.268 0.125 0.0674 -0.0674

Row intercropping  7.780 1.285 0.778 0.441 0.247 0.109 0.0707 -0.0707
Minimum tillage

Mix intercropping ~ 7.919 1.281 0.781 0.455 0.254 0.115 0.0707 -0.0707

Row intercropping  6.987 1.240 0.806 0.363 0.229 0.083 0.0573 -0.0573
No tillage

Mix intercropping ~ 6.998 1.234 0.811 0.366 0.232 0.085 0.0563 -0.0563

SPI: System productivity index; CR: Competitive ratio; RCC: Relative crowding coefficient; A: Dominance; M: Maize; S: Sorghum
(RCC) i pooyl o go ¥ —Y—F
S PYL byles oled o (gladgle )d ol ;3 RCC lise 3l lis bglee cusS byl s o od pbodjl o 0L
3 1y g 1 (i e bglste cutS Ll 53 ol ol esladgle @5 YL RCC 4 drgi b g Conl ledgle po5 )5
Cle 4 S5 o SMbgle 55 30 4 s s 25y 3 (5 Jgaz) o 5V 1) s 5 shbsle 3 5V g el
T )3 ladsle ps5 50w 9 )3 RCC (e 3 (lis oy ol @l (5 Joda) Ll byl cuiss 3 o YL RCC
gokaw ol ) okS 93 2 YL 3yShos L5 @ ol (] 45 350 (65,95 B (o Ll 5 VL (65,95 S g pomye (55)9S S
Ol opyieS g pomye (6559 g Lsd)y (59 ey S ) (+/VYD) Hlade cp YL ol i 55 JS RCC )y ol
Lalyd )3 (7 Jgiz) ol ol 5 Slos I 5o gulis cul o 20 oo 0 i) S S 5 (65,95 a3 (+/+AY)
lolas 15l cov g ol glite blste CulS 5l sin 2 s cupd &S Conl 0 odaline 15 LS S0 bgbie cutS
S saiosg Sler ol ol 5 28ligm 5V gl IS5 4y s bogite S RCC Jlo ol b 2,5 o 5 il
Ghiodgw 0dmd L aS" 3 YL S RCC 0 aalllas oyl j> ((Fallah et al., 2014) cul L2l cuiS 4 Caws bolsr
0SS g By ol Grals snias il bglswe cuiS slial RCC jasli i ili8l IS jebay (sl bl cuis
Canddy 35 Sladss 500 5 (Zold i Cwl bylswe cusS o e oS o)y (£ 3YL RCC e &5 LS g il o
[(Ghanbari et al., 2017; Mashhadi et al., 2014; Sadra & Hamzei, 2021; Salehi Sheikhi et al., 2021) .l ool
(A) cadle a5l ¥-Y-0
J5i2) 35 51398 5 VL cadle 1 )b oS sladsle poFy5m 5 )5 bolies cuiS Ll )3 0y (i adld ol ol
S90S B oS a3 (+/+V) cudle p YL Jls opl b gy balore cutS j3 Lle ol b jlows  solad jd (gladsle )d oS (8
Luly )3 35 slabgle 5550 oS (5 J3ia) 31 isdy (53, bogoes S 5 (5,55 o bl 53 (+1+0) ol esieS
A4 a5 59 S35l o5 bglie culS (6581 > cdle e (5 J932) 35 510005 0 6 VL e Sl (5951508
9 8 Sy haw il jhB) (SoTgledyge sl 5l 5 e SRy o9 s b @) olS A ()l gne gl 0
25l bglte CulS’ (8 bgle S )3 ol 9l @ ot 45 bl (6550 pgS gm0 4 S (1 g Ay drrgs
b 1oy blol jo yuins ady JJs @ zlawl oL ol lis 35 (Spinacia oleracea) zliawl 5 (S5,80950 (uiulidl o
b5 ;%0 (sladlas > .(Salehi Sheikhi etal., 2021) w5 bolste cuiS 5 ol 3pdlé a4y oo g atily (6 pid (603 0540
Syt p YL cldle Cops I @y b bebswe <S> 30 (Phaseolus vulgaris) e Loy ob olis
S e olS g it slacund oled 2 LS 35 0958 5 g bglbie cuiS gl ((Mashhadi et al., 2014)
.(Mohavieh Asadi et al., 2019)
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390 Sl oo poSygm 9 > Agle LSy 3,8 5 Cutlyyy ogud ity (Slojen sy oo a4 bglie cuiS sla g,
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