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Introduction

Agriculture plays an essential role in providing food, and in order to achieve sustainability in the agricultural
sector, resources must be used in the best possible way. In order to achieve the maximum possible yield, it is
necessary for the crop plant to use the environmental factors, water, nutrients, light, and carbon dioxide, with the
maximum possible efficiency. The maximum use of the required factors for growth is achieved only when the
plant community exerts maximum pressure on these factors. In general, intercropping is one of the ways to
achieve sustainable agriculture, with higher yields without increasing agricultural inputs, absorption, and
environmental factors productivity. Researchers for the intercropping of corn and mung bean have reported that
the mixed cultivation systems used environmental resources more effectively compared to the sole cropping of
corn and mung bean. For this reason, nowadays, many plants, especially legumes, are cultivated in an
intercropping form due to their ability to fix nitrogen. Due to the lack of resources regarding the effect of
planting direction on plant yield, this study was conducted in order to evaluate resources and soil nutrients by
changing the planting direction and replacing the intercropping system of the sunflower with cowpea.

Materials and Methods

This research was conducted in the field of the Agricultural Research Station of Zabol University during
2015-2016. The experiment was performed as a split-plot based on a randomized complete block design with

three replications at the Research Farm of the Agricultural Research Institute of Zabol University. The main
factor was two levels of planting direction (North-South and East-West), and the secondary factor was
intercropping system in five levels, including (100% pure sunflower), (100% pure cowpea ), (50% sunflower +
50% cowpea ) (25% cowpea + 75% sunflower) and (75 % cowpea + 25%sunflower) were considered. Data for
studied traits were measured as follows: radiation, temperature, volumetric humidity, calcium, phosphorus,
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magnesium, potassium, and the land equality ratio. Statistical analysis including, analysis of variance and mean
comparisons (least significant difference (LSD) test at the 5% level), were applied to evaluated traits.

Results and Discussion

The variance analysis results indicated a significant difference (P<0.01) for the active photosynthetic
radiation trait. The maximum absorption of photosynthetically active radiation (PAR) was in the east-west
cultivation direction (77.90%) compared to the north-south treatment, which was 24.6% more than the north-
south direction. The analysis of variance indicated that the cultivation direction and intercropping systems on the
amount of phosphorus in the soil after harvest were significant at 1% probability level. The comparison of means
treatments showed that the amount of phosphorus in the soil in the direction of east-west cultivation was 15%
higher compared to the direction of north-south cultivation.

The highest amount of soil potassium was obtained in the east-west treatment and the intercropping system of
50% sunflower plus 50% cowpea (24.7 ppm). The lowest amount of soil potassium (16.15 ppm) was obtained in
the treatment of east-west cultivation and the intercropping system of 75% sunflower plus 25% cowpea. The
relative advantage of intercropping is expressed by the land equivalent ratio. The increase in the ratio of equal
land per unit shows the relative usefulness of intercropping compared to sole cropping of each of the mixed
components. The comparison of means of the intercropping system showed that among the treatments, the
mixture of 75% sunflower plus 25% cowpea had the highest land equivalent ratio (2.54).

Conclusion
It seems that in order to maintain humidity make maximum use of limited water resources, and obtain high
yield, the intercropping system of 75% sunflower plus 25% cowpea and planting direction the prevailing wind of
the region (east-west) should be suitable for this region and regions with similar climate and windy conditions.
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{F Jgie) €85 )18 s & oz o

slacas SIS Loy o ol (uilyly a5jo0 )3 (5> simo
OSlee dmlia Lol el 329 (2% =By b gt = Jlosd
e wen i s 0 SBglod a5 ol L b Lo

(Rigi etal., 2020) > (2, — B pb >

S e dugb,
s Laosly (il yly 4556 Jgan 3l osel Camdes ol 3ub
Hlao ) SO Jlain] paw 0 bl cuiS pimw ks a5 ol
Gl Sy |V Jpi) cth S ez Cugh) 2 (5l ne
Lol oliss flis SIS ez Camgby liee 2 (63 sime glis
Cowddy ()5 —(Spd Sz P SB oo Cugb) e (il
d9m i Ao > Jlaz g0 g Jlod Cap 4 Cus &5
45 Lagl pall @ bogrpe o> Cusb) e cpyidn (Y Jgi2)
bl BLsd 5l Logl o )d YO g o, 50L8] as)s YO bglsa L

IR S Sliao 2 il ly 525 - € Sy
Table 4- The analysis of variance on the qualitative traits of sunflower

Ola o (1Kile
Means of squares

Ol ge @Mjlaayy e hed el eely
S.0.V. d.f Mg P Ca K
“_f’l*_ 2 1.76™  0.00024™ 133.98"  7.88"
Replication
““‘5%’ 1 139.75"  0.0040™ 906.84"  4.12™
Planting direction (P)
kel sl 2 1.88 0.00056  5.438 8.74
Error (a)
byl ““‘5 4 505.39"  0.0093™  46.03™  15.45"
Intercropping (1)
o X : s
— = XJ”I’*"" cuis 4 2873 0.00002% 160.84 26.82"
e 16 3335  0.00014 2367 412
Error (b)
S8y oy 13.83 9.54 5.05 10.42
C.V (%)

doyd S Jlain] o )3 5 dme FF 5 )b Jze g NS
ns: Non significant different and ™ significant at 1% probability level

slacis ey jd b L ) e e jlide op i (p)SekS
S L o), Solsl aops 0+ sgMeds Log) dops 0+ jlowd bglske

OS]y ke liee 25Vl pS5LS S Shee YEINY
Loy 2o )3 YO ogMeds ), K0l3] so)s YO jlod )3 o juie )ljue

Olime b 0y = B Caa a5 o lis boodly (Sl duslie

9> Jod S 4 Cud p)SolS 05 Lo YV/-F o500
B Jodn) 290 10505 1 (6 b o juie 5 o pd WY l5sedy YY/VY
S 00/0Y) Logd (alls e el laptuns o 5
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(Kheirabadi et al., 2018; >, o)Ll SB odols jials 4
bowy olie , ole jlolawl § wis Sirjani et al., 2019)
)_pl O_).] 3)& Oygo \/14 u.ﬂ)lf b Olfw‘ o b .\;L uc]))' QU:LS
il g (HoSe SIS L Wil o bglste cllS slapiis )

b 3855 4565 90 ([ SuiS

IRET 1o )3 YO o by gyl sime gl (o )lel Ll I oS 5
i il Yain] (B Jsas) el Lug) duoys VO sgdeay
90k Cae o RS el ()8 —( By CulS S ) SB mjsie
bis 5 ol plalw b oyt Ol jl S 9 l> cpimen
Ol b il @ Oles dex Il 0l S (il

SB i polis p plalol (S )lowi (ke dunlie -0 Joo
Table 5- Comparison of means experiments treatments on soil nutrients

ol lojl gl slows
Experiment treatments

s Coa
Planting direction

GE TS
East-west
e —Jled
North-south

LSD 5%

b’b@ = .‘.s
Intercropping

oKl yalls
Sole crop of sunflower
by pals
Sole crop of cowpea
Lug) 70+ + o, S0l81 70+

50% sunflower + 50% cowpea

Lug) 7¥0 + b, 50l31 7va

75% sunflower + 25% cowpea

Lug) Y0 + ), S0li3T /v

25% sunflower + 75% cowpea

LSD 5%

2 o pr
Mg (mg.kg™) P (mg.kg™)
37.04 0.13
32.73 0.11
2.16 0.037
31.75 0.081
50.11 0.081
36.22 0.145
29.45 0.15
26.90 0.16
5.91 0.014

probability level.

S
(F Jgien) Laodls Luslo g asos Jodo 5l odel Cawndts gulis

g 55 by lke S (Lot g S g 48 s s
il ) o SB i ine p soldisine il doys o Jleis]
P S 0 ud e oS o Glis byl (15Ske duslie (il
CitS gyl b 203 V0 (lieds (2)8 —( By CuiS Caa
A o1y 5 Inlas (sSiks Al < ppizmas 2291 Lszgt — e
Iyl ao > YO o i bt cutS clapiwmw oy
o0 5 (o 55 s S e 1) Ll 2o VB oDy
(e534S 1 S iron +110) Lugd s Y2 oDty ol St
CidS Ay Cud &S Wb olaid) agd a1y jauwd e op YL

,» (Eskandari & Ghanbari, 2011) (¢, 8 5 (5,88 !
olie Gis a8 oy ol L et Lugd @3 blses cuis
o G by dste S )3 jaud 5 mawlly o jute uanlS (2138
Lo gols 51 51 ol Slge ol (3l il (ljdl alls s
ady) ) (NI Chadl 4 lge 1) A8y S e lags S
DL bl g 4ty i Jsbo ol Gl g lalS
(Mahanta et al., s> Caus odid gudli lalS ady, YL Sl
Ol Hlaie a8 1S ) J8lie 55 395 L 1y y65ee (slog, 5 .2014)
o e polis Clr Gl cage )l 58 VL Gl LB
(Seyed sharifi & Namvar, 2015) >4
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S i Syt (s b {F Jpi2) 33 e s S
e 0 S oS 5o o yiin &5 00,8 et by les
ogdedsy 15,50L8] do)d VO bglste oS 5 (0)é — B CuisS
Cp oS el Candds ()5S )5 Juo VV/VF) Lug) o> YO
L ool S 5ty iy €5 ot 9 S ol
15 Jpia) ] st (oSS 1 2.5 ko AFAVY)

A5 ol s Lyl 5 oy Sltl bgls ciS | Juols ol
oAl pun ()b gme jsba bglsie slacuiS )5 mls Gl
pordS pis g Sl )8 = B cutS Sz o lugd 5 o ol
L aolio )3 (pS5-LS j p )5 (koo AYIVY) Lg) Rl iS5
Ol (155 S ks SOIY-) ol Sl s s
Ctllas il glo b &S o Jodo) Bad Clo (g i
e s ywly 8l L, (Eskandari & Ghanbari, 2011) 5l
polis yiag @l 5 olS yia 1) wlipeprpw 538 Ol 1)
(Habibi et al., 2017) 53,5 o walyh paulS ogmids olic

Jlie )51 as 3,8 pasuie uib)ly 4 jo8 @l 4 4297 L

T > S)lne 5l bylote oS (slacuns > CulS Coa
O (¥ Jgia) il SB el plise g 2oyd S o
Ao B bylie cutS y (0)8 (b jlowi > S pawly Glie
(PSS 32 p S oo YEIV) Lisg) 203 0+ odleay o, S0l
= 205 e VD) S paly jliio oy oS sl Conday
Ao VB by e s g () —(Syd CuiS slass 53 (py55hS
A5 as (B Jgan) doel Cundts Lug) doyd YO sgMeds ol Sobisl
Gkl g — e cuiS cap 3 SB s Ol gaS sy 0
olis i SLE 3 gl polie S0 g ady; wi) )il
9 s laaSlys (5 il e LS by (Saxe
Dialidl g JB slages caslio Jidl carge bolke cutS > wisS
a8 20,8 o lali 5o ialS g o daly o Llie ol Qs
oo le polic ) osliul S e S5 13 Sl so sl 0l
aS _imey ,d (Rezvani Moghadam & Seyedi, 2014) .l
ploml Jgmamme iy il any S sy (e (o) pslaiods
S maoliy (e (ppteS 9 (il 45 AD asude od)S
@) pAlS S g (i e Loy palls cutS s e

o oy OlsSe (B Jsin) cudly (ool dre glis alls
(o~ S S S i lise il oS 28
Ce o Jodar cel oyl )8 saislyd 5 CIle ol Cqa 250 &S
bis 5 ool gl s oy Oyl S 9l> (piman 5 0L
s @b Liloyp Olas dlas I canl 0l S (g pdols
(Kheirabadi et al., 2018; 5,8 o,lil S gi5dols jials 4
LS Licdg (oS Cgby wile else Sirjani et al., 2019)
Jleinl was lasl g985 g S S58 Clooguad dgie
Sls= LLs (DU et al., 2018) aad o Lialidl ) o3l il
Ly e U oo e 550 ) 8 55 ol o
s g {Moradi et al., 2017) L6 5 jloj dn > Jaco
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Ca 9 051y bl 3 )b il LAmini Machiani et al., 2018)
(Morales et al., 2009) cuwl iy Kl CoiS” cawlin
L Ol o ba e cuilS slapimw o ol pole Cls
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1,3kl Lol cuss” 5> (Seyed Sharifi & Namvar, 2015)
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(Dahmardeh, 2010) s> jolaidlsgs 4 |y SB puolsy

Voo byl oS bolee cuiS clapiummw o ) g el Cundey
Ol oYL (b od Log doyd Vev opdledy &) oy

S el p1 Glulesl sl lowd olite & 51 uSKile duglio -1 Jguo
Table 6- The comparison of means interaction effects of experimental treatments on soil potassium

i lojl (s jlows

Experimental treatments

Planting direction

b,l"“ = :.s - -
Intercropping system

Ca K
(mg.kg?) (mg.kg™)

oSl ol 9520 2157
Sole crop of sunflower
) ol 8473 1866
Sole crop of cowpea

0t T b 13-+ (o, - 9268 2470

East-west 50% sunflower + 50% cowpea
Logd 7Y + )5, S3] Vo 110.14 16.15

75% sunflower + 25% cowpea
Logd 7Y + 5,03l v 103.72 18.19

25% sunflower + 75% cowpea
oSl s 94.99 17.75

Sole crop of sunflower
Loy alls 86.76 22.01
Sole crop of cowpea

woe —Jed Log 0+ + )b, Kokl 7 92,68 18.16

North-south 50% sunflower + 50% cowpea
Logd 7¥0 + )b, K30 v 105.05 18.22

75% sunflower + 25% cowpea
Lag) 70 + ), Sobi3] 7v 9797 19.41

25% sunflower + 75% cowpea
LSD 5% 9.76 3.51

395 I mime Jlite @l 5l g S caga il cos bl wd)S
(Y Jsi2)

O o a8 oy L bg e S pi (15S0le dulde
Lol dioyd YO ogMedry o5, K0Ls] so)s YO bglste dLa o
45 (A Jga) cutls 1) (VIOF) (enj sl o im0 5V
Cuol olie ol jlodlatul o olS 90 cpl (g JoSo oniad lis
2 oAllS S an cund bl ciS Il S e sl
Slodgy 3890 mlio 1 odlatul

Swgily e 3 0LS 93 aly) Gl 5 byl cuiS
L ol cpl 29 e (e polie enlp g Ol Gl coga
o 1525500 )8 5 amolty oaSOIT (sl Sy S5 4 g5 0
,» (Parsa-Motlagh et al., 2016) L Sea 5 5o Lyl 3l
4S5 05,8 odalitio g MiE jolie 152950 )6 b o)

A g S paly pate clale Jiolisl 4 e 1,650k 7,68

O Sl Sy
IS oy ly i (bl w328 Jgd s ulel
B aoyd SO i) paw 53 bylses cuiS piamw pil cov
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Table 7- Analysis of variance of LER in sunflower and local cowpea intercropping experiment

©lape 5a0be
Means of squares
O S e @3l ey Lugd ey Gl Cond 8RBT (nj (il 2 Comd S (0 (Sl 32 o
S.0.V. d.f LER cowpea LER sunflower Total LER
“,g’l* . 2 0.01 0.10 0.17
Replication
(S 0.0002 ns 0.10 ns 0.11ns
Planting direction (P)
ool sl 2 0.002 0.01 0.02
Error (a)
byl “”“f 0.03 * 6.14 ** 5.36 **
Intercropping (1)
P X1 2 0.003 ns 0.02 ns 0.04 ns
oo ks 4 0.001 0.01 0.03
Error (b)
b et - 6.68 8.71 13.95
C.V (%)

doyd S Jlein ] o )3 45 gme FF 5 ) pxe e NS
ns: Non significant different and ™ significant at 1% probability level

005 Syt Camd (812 CullS (a9 CulS g PTG (ele anolio A Jga
Table 8- Means comparison of the effect of cultivation direction and cultivation ratios for the ratio of land equality

olel sl o
Experiment treatments gl (o) (532l o (10, 50U81 (pa05 (Sl Comnd  JS (w0 (6l 52 Connad
Cuils Cpa LER cowpea LER sunflower Total LER
Planting direction

TS 0.23 1.39 1.62
East-west

iy s 0.22 1.24 1.46

North-south
LSD 5% 0.14 0.25 0.33

b,lb*m . s

Intercropping
Lag) 70+ + s, Solisl /o

0.31 0.35 0.66
50% sunflower + 50% cowpea
Logd Z¥0 + )b, K30 Vo 0.19 237 254
75% sunflower + 25% cowpea
Log V0 + (), ok /v 017 123 1.42
25% sunflower + 75% cowpea
LSD 5% 0.05 0.20 0.27
pMel (g9 .3l cdllas (Dahmardeh, 2010) o3y ond ilallles g drwes G ;0 Colds (udlS (1S1,5  ely; olS Wby ce o

Cyd o )d VO bl cuiS ilo 5 cuyd bl cuiS 3 &S 58 S il s coldy i g oS diid olse 1 ady;y oS5
Syl G lade op SYL VY Hlade b ile doyd YO 0gMeay b ool Cowdts gl 15,135 o )JL e jolie Byas )b bl
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Ao VB jless bole (sedS (y )3 0038 Jols (0)8
005 Sl S (3o 23V gl 210y Y0 oMoy oo el
g Cgby s Copa 4 sy oo a5 4 b plaidl agd 4 )
S YU 5, Shae S gl 391 me golis 51 55T oslial
3 ceislS g Lol do)d YO sgMeass )1,S0lsl ao)s VO bglse
g adbate (ol (sl ()8 —(B0) adbate LS Sl M e

5l e 39S 5280l 5 ol Ll el gl

d)'}iﬂ‘w
$5y9iS 00 idg sy p e LIS, g Sy 5l Abwwgin s
plyen 1y Lo ol 5Ll ol cslyal 5 Wlosans &8 bl olSisls

ol oo ST Wb g0l

(Saudy & Elmetwally, 2009) Jsal g (ol 551y (ye
Lo g 0,50l by lste S b oS 15,5 pMel inlejl o
OhlSar 5 (oalapl Cldllas ol .y VY'Y 4 LER jlaie
g bow 23y balse cuis ¢4, (Allahdadi et al., 2013)
S GloagSll )3 (o) (6l i (Rl e o Adicen
SO Gleedan b 1) JLasSis Copie ( IS jsbas g bl
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