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Introduction

At present, farmers are facing problems of shrinking landholding size, degradation of natural resources,
climatic vulnerabilities, and low financial returns due to escalating costs of cultivation and inefficient utilization
of agro-inputs. Thus, production per unit area of land, time, and inputs needs to be improved by efficiently
capturing the solar energy and carbon dioxide for conversion into economic products. In recent years, there has
been increased interest in agricultural production systems in order to achieve high productivity and promote
sustainability over time. Intercropping, as a common method in sustainable agricultural systems, plays an
important role in increasing productivity and yield stability to improve the utilization of resources. One of the
most important benefits of intercropping is increasing production per unit area compared with sole cropping. The
reason for increasing the yield in the intercropping is the better use of environmental factors such as water,
nutrients, and light. The present study was designed to investigate the effects of mixed and row intercropping on
yield and yield components of sunflower, cotton, and fodder beet.

Materials and Methods

In order to study the effects of mixed and row intercropping of cotton, sunflower, and fodder beet on yield
and yield components in three species, a split-plot experiment based on randomized complete blocks design with
three replicates was performed in research farm of Ferdowsi University of Mashhad in 2017-2018. Cropping
pattern (mixed or row intercropping) was allocated to the main plots and different planting ratios (50% Cotton
+37.5% Sunflower +12.5% fodder beet, 50% Cotton +37.5% fodder beet +12.5% Sunflower, 33.3% Cotton
+33.3% Sunflower +33.3% fodder beet, sole cropping of Cotton, sole cropping of Sunflower and sole cropping
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of fodder beet) were assigned to the sub-plots. Yield and yield components, as well as indices such as Land
Equivalent Ratio (LER) and Water Use Efficiency (WUE), were measured. SAS ver.9.1 was used to analyze
data, and mean comparison was performed based on the Duncan test.

Results and Discussion

The results indicated that in the intercropping of cotton, fodder beet, and sunflower and in all plant ratios, the
total LER was more than one. The highest LER was obtained in 50% cotton + 37.5% sunflower + 12.5% fodder
beet ratio and in both mixed and row intercropping patterns. The lowest LER was observed in the ratio of 50%
cotton + 37.5% fodder beet + 12.5% sunflower and the mixed intercropping pattern. The highest amount of LER
in cotton was obtained in the ratio of 50% cotton + 37.5% fodder beet + 12.5% sunflower and in both methods of
mixed and row intercropping and in the ratio of 50% cotton + 37.5% sunflower + 12.5 % fodder beet was
obtained in row intercropping pattern. In 33.3% cotton + 33.3% fodder beet + 33.3% sunflower ratio, cotton had
the lowest partial LER in both mix and row intercropping patterns. Among different ratios of cotton planting,
sole cropping, with 0.32 kg / m3, had the highest and ratio of 33.3% cotton + 33.3% fodder beet + 33.3%
sunflower, with 0.13 kg / m3, had the lowest water use efficiency.

Conclusions

Due to the different morphology, phenology, and growth type of plants used in the present study, it seems
that the intercropping of cotton-sunflower and fodder beet can increase the efficiency of using resources,
especially water. So, intercropping is one of the highly promising approaches for enhancing agricultural
productivity and profitability that can provide sustainability in the agricultural ecosystem. Intercropping reduces
the risk of crop failure, improves productivity per unit area, improves profitability, and can provide a pathway
to food security in vulnerable production systems.
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Table 3- Mean comparison of yield and yield components of cotton in intercropped cotton, sunflower and fodder beet

EL?’;" &gy )d 0398 dani L;:La:s!.:,i.lo& ‘5'1’9"9"' ")S_J'“' Sl p1 o L
Height No. bolls per plant Economic yield Biological yield Harvest index (%)
(cm) ) (kg.ha) (kg.ha™)
cusls 53
Planting pattern
o) S ) 80.42 11.8° 1738.22 6563.82 26.82
Row intercropping
RS 67.2" 9.4b 1263.2" 5172.7b 24.9b
Mixed intercropping
culs LgLa:c..e.mj
Planting ratios
la 743 11.22 1476.6 5594.5b 26.62
Ib 73.2bc 10.5% 1428.8" 5523.4b 25.92
Ic 69.5¢ 9.2b 906.1° 3504.9¢ 25.92
Is 78.32 11.52 2191.4¢ 8850.32 252

5 80y gy St s 53 ()l stme ST (S0 (90l olsl o e stalesl y5516 10 4y by (ysis s 5> Sy Sy (gl Sla oo
LYY cgladgle jaiia 7 XY il Z¥YC L gladgle jasin TAY/O ¢ olo, Kokl 7 YV/O cay 70+ oAb o) S0l LAY/ (gladole juiia 7 YYD sy T :la
a4y palls s e o, o]

* Similar letters in each column and for each experimental factor show non-significant differences according to Duncan’s
Multiple Range Test at 5% probability level.
la: 50% cotton, 37.5% fodder beet and 12.5% sunflower, I1b: 50% cotton, 37.5% sunflower and 12.5% fodder beet, Ic: 33%
cotton, 33% fodder beet and 33% sunflower, Is: Pur cotton.
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2 bglw il Gz clbacuws ¢ 5g,u0 35 il zolaw
Loy e lieeds ds (o515 Lials b oS a alas Mo 35 4y olS
aiy Seilom 3 ,8kas boglie cutS 53 &3 ol L o (Sl
ly3l )y 0 [(Koocheki et al., 2016) cél jials as ) FA
o=l &Sl i 58 bl cutS” alises glacuns 5 oI Dlaze
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oLS opl doyd 55 9 0+ oS15 ialS b e o o, S0kl ss )y
a8l il Loy 0% 4 YO (olaidl oy Sles ()B4 s
inloj] Aol L 5 (Rafei et al., 2017) o, Kan 5 sl ol
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Table 5- Mean comparison of yield and yield components of sunflower in intercropped cotton, sunflower and fodder beet

3 &l dlaxs 3 Sos 3 Shos ol

) byl alyVee b9 . .
Height Head diameter ~ 100-seed &b 4"'3_ ;”9] ! Cesl>
(cm) (cm) weight (g) No.seeds  Seed yield Biological Harvest
per head (kg.ha!)  yield (kg.hah)  index (%)
cusls ‘59§J|
Planting pattern
iy S 180.3¢ 9.9 144 887,52 3299.4° 10608 32
Row intercropping
o2 i . 178.1° 9.70 14.92 850.52 3024.22 9918+ 30.1°
Mixed intercropping
il glacaws
Planting ratios
la 174.012 9.4b 1472 845.62 1628.5¢ 5306° 30.52
Ib 181.2° 9.6 15.0® 889.72 3241° 9883° 33.28
Ic 180.62 9.8% 1472 887.82 3136.1° 9909° 32.42
Is 180.72 10.5° 14.2° 852.92 4641.6° 159542 29.6%

55 oy gy Jlein] grdans 53 (65 ine M) (Sl (903l ulil y estalejl ;oS Loy e (ygias b 53 S e gy sl (slacpSibie
TXY (slddgle jaiin XYty 7YY IC L gladgle jaiin/l WW/O ¢ oo, SolsT 7 ¥V gy 70 :ID oI5 ) SLs VY0 (sladgle jaiia T ¥VID g, /0 dla
4 LAl cuss e ol Kol
* Similar letters in each column and for each experimental factor show non-significant differences according to Duncan’s Multiple
Range Test at 5% probability level.
la: 50% cotton, 37.5% fodder beet, and 12.5% sunflower; 1b: 50% cotton, 37.5% sunflower, and 12.5% fodder beet, Ic: 33%
cotton, 33% fodder beet and 33% sunflower, Is: Pur cotton.

sl 4 o 45 Do (glabgle juiie o )3 WW/B + ol Ko
5 oS Jlie 51 sy 53 il ialS Lo YA Lalls
e (i oS 05 dasMe 55 S 5 (g g CdlS (Sl
D+ a5 ol Mo 208 g o) Ll S 3 S 5
labgle jaie 0o WY/ + oo, Kolsl Ao > YV/D + ady sy
ey o Aol Coddy o3 5 i3y ClS 56501 93y 5
o=l 2 Sp 5 g ol s e Yleis! & e oS gl
OilS Ao AV/D 5 sl oS WS ials byl I s
9 OVD (e Sy 5 (g (il Cge s (nl )3 obS 18T
AL 4 s o3 9 () CulS 6ol ) e o )3 BO/D
(Chobforoosh et l,Kes ¢ (y55,8 o (3856 guli .ol ol
2 A58 e WS15 de e b als as o ol s al., 2019)
Dracocephalum ) g0l g s oS ol bgdowe s
,» (Panicum millaceum L.) g—wgy; 3, o (MOldavica L.
oS ol Sy a1 o mine w3l Al S b duglio

5 by loe ctS 53 ) Solsdl olS cutlyyy (Sl o)y

25U 93 ol lite @l 31 g bglste (slacams ¢ by, il & sl olis
a3l (yp (P Joia) il (adls ool g gyl ne
J55 Ly ol sl byt e o ol 5oLl oS el s
o=l 4o lis ol s (Cyamopsis tetragonoloba L.)
+ 565 103 VO bgbro clacuns j pliSona pib cov asls
YO g 0,50l as ) 0 + g5 doyd Be o1, 50k8] sy YO
(Momen Keykha 8,55 )5 15,50L8] 1o )s YO + 165 as )
Seimloan @ly i |y yol ol s e 5 1 al., 2018)

(Rahimi et wishy o plaw dnly 13 S5eam 3 Slas g aily 5 Slas
al., 2002)

Sladgle jasda o Slas
ladsle jaiiz olS 1> Sy i 0y p bl 5 S
2y S ol sl GlagSUl o 53 - (FJ9a2) 391 )P sine
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Table 6- Analysis of variance for planting pattern and different planting ratios of cotton, sunflower, and fodder beet on
yield and yield components of fodder beet

[CHJOVES 37 WP o3l 4 o S g 0 ,5das Ay y 3 ySdos S59 g 35 os Ol dpae 2,8
S.0.V. d.f Leaf yield Root yield Biological yield WUE
)‘)SJ . 2 1.14™ 2.36M 11.8™ 0.438"™
Replication
3l o) 1 4.16* 138.2™ 189.2* 6.89%*
Planting pattern (P)
(@) sl 2 0.557 0.585 0.321 0.281
A error
WK ‘Smw 3 95.6™ 929.2 ** 1586.2 ** 23.0**
Planting ratios (R)
S e xSl 3 0.674" 70.0%* 754" 6.61%*
PxR
(b) st 6 0.966 6.59 458 0.652
B error

s ows NS

oy gy g S Jlensl waw ) )b ne 5 Syt T

ms, **and"; are non -significant and significant at a=0.05 and 0=0.01 respectively.

Pl ol WSho i 58 LAY Lials 5 0b ials asp
WA+ glasgle juiss o) YV + ay duo ) B0 sl
ladsle Jaiin 0o d YYIY + 4y o> YY/Y 5 o, 50k as
55 3 3oyd YA 39as 1y 5, Shas (oo, KoLl s p> YY/Y +
3y 5,8 55U Cod vy cuiS oS g3 doyd Fr g nd, cutS
5 0992 yieS by L1 3 )90 5, Shoe (28 Sl 50 ] 45
o ol ) gl €S o samO S At (ol ol

sy Gglite (GAD) b Jdody dusy oo Jlad 4l o RIS 4

9 01)_& L;Lmdu’; L Cuwd Q‘ P23 c,ui‘:b).g Osred g L;‘A.éy.c
slaoe @l jl oalaiw] ySTas Cunl diwilys oS (ol cbglswe cuis
Pz L ble i > aday 3 Slas o 200 plosl |,
—paS VY Caws jo oS 0b LS 0 pAS i slacuns b A3
pwjla‘_g)‘.)u.uw u5LOJJu.9)Ju.!> Dlﬁf).) Aoy ;0)9 PRV guvecs
=15 Liwlejl ls (Koocheki et al., 2017) culs ol
0 A e g 0yd byl culS (g9 0 (Khazaei., 2014)
Wy Aoy YO + 4B ji e Moy YO Couws jd 4 S ol o Lis
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Table 7- Mean comparison of yield and yield components of fodder beet in intercropped cotton, sunflower and

fodder beet
S 3, 5es Ay y 3,Slos SC59gm 3,Sdes Sl dpas l,8
Leaf yield (ton.ha!)  Root yield (ton.ha)  Biological yield (ton.ha) WUE (kg.m3)
cubls oSl
Planting pattern
2y S5 1200 433¢ 55.5° 13.1%
Row intercropping
e 11.42 38.5b 49.9b 12.0b
Mixed intercropping
cusls LgLa:c..e.mj
Planting ratios
la 11.45 36.1° 47.5P 11.9°
Ib 7.2¢ 31.3¢ 38.5¢ 15.42
Ic 11.7° 37.0° 48.6° 12.25
Is 16.92 59.22 76.12 10.9¢
Dlaze <l 3l
Interactions
) CulS
Row intercropping
la 11.6° 41.2b 52.8¢ 13.20
Ib 7.2d 29.0¢ 36.2¢ 14.55
Ic 12.1¢ 41.7° 53.8¢ 13.50
Is 17.82 61.32 79.12 11.3¢
o2 )d CulS
Mixed intercropping
la 11.1¢ 31.0¢ 42.19 10.5¢
Ib 7.14 33.7¢ 40.8¢ 16.32
Ic 11.2¢ 32.3¢ 4354 10.9¢
Is 16.0° 57.12 73.1° 10.5¢

5,15 sy g Jlessl gaw 53 (g me BMIB] SSl 905l ol ys e jiolojl S oy bgyyo gt o 53 S o g > (gl (olouSilo
TN glabsle jain ZNY ks ZYYHC L ladsle jaiin ZAY/D ¢« oo S0l L YV/O sy 7 e oD L ols ST/ YD (sladsle jaiis L YV/D @iyl 0. dla
iy Lalld cuss’ :c .Ol.\)ig\:é’l
* Similar letters in each column and for each experimental factor show non-significant differences according to Duncan’s
Multiple Range Test at 5% probability level.
la: 50% cotton, 37.5% fodder beet, and 12.5% sunflower, 1b: 50% cotton, 37.5% sunflower, and 12.5 % fodder beet; Ic:
33% cotton, 33% fodder beet, and 33% sunflower, Is: Pur cotton.
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Table 8- Mean comparison of water use efficiency (kg.m-) of species in intercropped cotton, sunflower, and
fodder beet (for fodder beet, WUE is calculated based on fresh weight)
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* Similar letters in each column and for each experimental factor show non-significant differences according to
Duncan’s Multiple Range Test at 5% probability level.
la: 50% cotton, 37.5% fodder beet, and 12.5% sunflower, 1b: 50% cotton, 37.5% sunflower, and 12.5 % fodder beet;
Ic: 33% Cotton, 33% fodder beet and 33% sunflower, Is: Pur cotton.
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Fig. 1- Partial and total land equivalent ratio for different arrangements of intercropped Cotton with Sunflower and
Fodder beet
Ima; 50% cotton, 37.5% fodder beet, 12.5% sunflower, Imb: 50% cotton, 37.5% sunflower, 12.5 % fodder beet, Imc: 33%
cotton, 33% fodder beet, 33% sunflower (Mix intercropping).
Ira;: 50% cotton, 37.5% fodder beet,12.5% sunflower, Irb: 50% cotton, 37.5% sunflower, 12.5 % fodder beet, Irc: 33%
cotton, 33% fodder beet, 33% sunflower (Row intercropping).
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