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Introduction

Mixed cropping is one of the ways to increase the crop yield in the form of multiculturalism on a farm in one crop
season. This method of cultivation improves the efficiency of the use of environmental resources such as light, water
and nutrients by plants. Guar (Cyamopsis tetragonoloba L.) is a plant of the legume family and is compatible with
tropical regions, which due to its coexistence with nitrogen-fixing bacteria, can be an effective plant in mixing crops in
warm regions. Sunflower (Helianthus annus L.) is an important oil crop that is also grown as a forage crop in some
areas and seasons. Biological fertilizers, eco-friendly fertilizers, have beneficial effects on plant growth characteristics
as well as the physical, chemical and biological characteristics of the soil. Mycorrhizal fungi increase the uptake of
water and nutrients by increasing the level of adsorption of the plant’s root system, and ultimately increase the growth
and yield of the crop. In the present study, the cultivation of sunflower mixed with guar was investigated under the
influence of mycorrhizal inoculation.

Materials and Methods

In order to evaluate the effect of planting proportions and mycorrhizal inoculation on sunflower (Helianthus annus L.)
and guar (Cyamopsis tetragonoloba L.) yield and effectiveness indices, an experiment was conducted at Khuzestan
University of Agricultural Sciences and Natural Resources in the spring of 2018 using a factorial trial in randomized
complete blocks (RCBD) with four replications. Experimental factors included five ratios of mixed planting of guar and
sunflower as alternate series in inoculation conditions and non-inoculation of mycorrhiza. Mixed culture ratios included
I. Pure sunflower cultivation, Il. 75 percent sunflower + 25 percent guar, Ill. 50 percent sunflower + 50 percent guar,
IV. 25 percent sunflower + 75 percent guar, and pure guar cultivation. The studied traits included plant height, number
of branches, stem and leaves weight, number of leaves, dry and fresh forage yield, as well as effectiveness and
competiveness indices. The Land Equality Ratio (LER) and Competitiveness Ratio (CR) were evaluated as indicators of
the usefulness assessment of mixed cultivation. Both sunflower and guar plants were planted on March 15, 2018.
Harvesting of sunflower and guar plants took place on June 1 and June 23, 2018, respectively.

Results and Discussion

The results of statistical analysis showed that the growth, yield and efficiency indices of mixed cropping of sunflower
and guar were significantly affected. The height of the plant, the number of leaves, the weight of the leaves and stems,
as well as the number of branches were significantly affected by the experimental factors, especially the planting
proportions. The highest yield of fresh forage (21391 kg.ha') was obtained in the treatment of pure sunflower
cultivation and the highest yield of dry forage (2618 kg.ha') was obtained from the treatment of 75 percent sunflower
+ 25 percent guar. The highest LER (1.34) was obtained from the treatment of 75 percent sunflower + 25 percent guar.
The combination of 75 percent sunflower + 25 percent guar caused the lowest competition ratio for sunflower, and the
combination of 75 percent guar + 25 percent sunflower caused the lowest competition ratio for guar.

19


https://www.sciencedirect.com/journal/postharvest-biology-and-technology/vol/207/suppl/C
https://doi.org/
https://doi.org/
mailto:moraditelavat@asnrukh.ac.ir

Aalipour et al., Response of Growth, Yield and Forage Quality and ...

Conclusion

As mentioned, the highest yield of mixed cropping was obtained when the planting composition included 75 percent
sunflower and 25 percent guar. Under the conditions of this experiment, the growth of guar plants was significantly
affected by the ability of the sunflower to compete. As a result, due to the lower competitiveness of guar against
sunflower, it is necessary to consider other methods of mixed cropping. Including delayed mixed cropping. In general,
mixed cropping flattered different growth factors and the accumulation of dry matter significantly changed forage yield
and morphological traits.

Keywords: Ash, Forage, Branch, Cluster bean, Symbiosis

ﬂitations: Aalipour, F., Moradi-Telavat, M. R., Siadat, S. A. & Khodaei Joghan, A. (2024). Response of Growth,\
Yield and Forage Quality and Indices of Effectiveness and Competitiveness to Mycorrhizal Inoculation in Mixed
Intercropping  of  Sunflower and  Guar. Plant  Production  Technology,  24(1), 19-34.
https://doi.org/10.22084/ppt.2024.28708.2119

© 2022 The Author(s). Bu- Ali Sina University Publication. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Online ISSN: 2476-5651 Print ISSN: 2476-6321

= /

20


https://doi.org/10.22084/ppt.2023.23939.2039
https://doi.org/10.22084/ppt.2023.23939.2039
http://creativecommons.org/licenses/by-nc-nd/4.0/

VEY Ol g 5l ME-VA Sl /51 55kt /o5l 5 oy M /(AL Sl 5 Sosls -~
d)) https://doi.org/10.22084/PPT.2024.28708.2119 o

205Nk dli 4 Sl 5 e g sl patli 5 dgle CoaS g 5 Sles s, STy
Ols BT 5,188 b glses ciS s

Response of Growth, Yield and Forage Quality and and Indices of Effectiveness and
Competitiveness to Mycorrhizal Inoculation in Mixed Intercropping of Sunflower and
Guar

iQLa_}e- g;.’.l")é— u.lv\..vj E) YQJL:..» cC\\l;.Ua.OJW e*YCJJW 6:\]0 L.é).lw \‘)ﬁ:g_;b d.q.:g_‘a

\i~¥“/~i/\\‘:uiﬂl4@)‘5 \2~Y/\~/~\‘:¢,~élﬂ);@)b
(;;:.A_p}.: 45\3.4)

oS>

.

Helianthus annus ) ols ST (sdws s sla ol 5 5 Shee 1 13,50l il 5 bslove S Gla S 31 o 5 slaieey
ek @twj Soosles (’ﬁk oKls as 50 53 WVAY Sl 53 Jiossu J':iuj < «(Cyamopsis tetragonoloba L.) ;IS 5 (L.
(il pde 5 madl) 10,550k gl Jold LislasT alse s S 1t 5SS Jler b ol JolS glacsph LJB s Ol
+ 013 KT doys Y0) (G158 Ao ys YO + 0ls Sl o3 VO) (18 doys Vo) o(Ols ST o3 Vov) CoilS glacoans
oo Slio g 15,550l mdls 5 CuiS Glacad sy (1S Aops 00 + Ols ST A3 04) 5 (G158 dsys VO
Qo VO LS 5l Gl 1S Ao 00+ Ol T Ass 00 Sles 4 L) s 60l S VL g Sls s
Ol Kl dsys YO + 18 doys VO cnd s s Ol T gl p ol aslis p Soml 1S dos Yo+ ol Kbl
VO + ols Kl ds s Y0 5l 51 (doys YIFE) wogle 055 25 deos V0 el sy 1S (gl culs,y e ls op 5ol
00 o 3 15sSSle il pe e 31 Ol Sl ot b Ao ys op 5t el s 155,500 il pde 5 LIS doss
Vo sl 5l o e S wiple 3 Shes op 50S 5 p S ke S ol /80 o Sle b IS a0 4 Ol ST s
A ol OSa Js p S S AYY) IS aoys Ver Sl 5 (s s p SHLS YN84) LIS A s Yo+ Ol Sl ds )
opo 348 3pE S e CkS 5 S Rl LIS e SIS 5 O ST bl i8S e e (IS sbe

3 ge5 oslizad asy ol 55 LS A3 YO Lol e 0ls Skl Ao ,3 VO s 51 O 5 e 2SS

o st Sl G Jd s NS S g adS glassly

/}6.&».}}« slaerls g abde CoaS 55 Shae A, L[Sl (VE0Y) J 0l s TN U E SR T LR PO NP Sl 4 tbjl\

YENA DT el o)y gl abee OBKWE 5 JS byl oS s Gl Sl a4 G,
https://doi.org/10.22084/ppt.2024.28708.2119
Commons Creative LiCENSE 5, »s oo ok nsi 5 o ul (O8) ol ng o o lane 25 3 >

55 1y eds Ol gallis das e o3| s s Attribution (http://creativecommons.org/licenses/by-nc-nd/4.0/) @ o))

B MG

i o)Ll il ol s A Jlie gl Sl s 5 i S Cidge B 4ol b o35 STzl 4 wlil

K YEVIITY b bl YEV1-07101: S 5 2SI g\.y

5 SoslES psle oKl (g3,5LaS saiils ( alS Kih 5 A5 05 S bkl 5 slial QL i) el )8 Ble (gomdils i ja .t 5T Y )

Email: moraditelavat@asnrukh.ac.ir = J e oy 5 13

Al


https://doi.org/
https://doi.org/
mailto:moraditelavat@asnrukh.ac.ir
https://doi.org/10.22084/ppt.2023.23939.2039
https://doi.org/10.22084/ppt.2023.23939.2039
http://creativecommons.org/licenses/by-nc-nd/4.0/

e (GRS g dudaa-u}u_,l& C,.:&.:S}.:JS.L.G -3 J‘:‘.‘S‘} :D‘JKMJJ_,?’J&

L glaptanw ST s e gla Shs 5l (S g
(Heichol & Henjum, 1991) 555 o sz £l)3
A 31 Se (Helianthus annuns L) ols Sl
Lo 0S| me o) ot &5 Sl Ol o855 OLALS
S s e 5o 3l G Slesl @ 358 5 486 5 2u8 oyl
PR JT(’S 5% glacsl,; & sl s 53 edd
3 OSan ene lpe S ol ool S wsle
DL 4.5)15« g]‘f.l )‘ oalaiul g]‘f.l)’L’ c&:»—wl Q)b )‘ JSL;& (..:..JS
J‘jajbte) LS\J" JL{L;‘Q.%J\J\};L;& Lhr\b &(J..O o
IS (Siadat & Moradi-Telavat, 2013) wb ool lie
¢b 5 Cluster bean , Guar eS| oL glad= sl b
oYa eslgls 51 Cyamopsis tetragonoloba  ule
Joms a5 ol €l 5 Jle S LalS (Leguminose)
Aile Ol (S e Saad bl 3 5 55l S a4 YU
5 ) ol g 5 Ol OSt tis o p e
(Whistler & Hymowitz, 1979) 44 . <25 (Lads |
“ L}.}'Yb Ja}rj S ol onS)'j) 9 ml;‘MuU L;M.“.S/ )\j§
Sles e =Ty B p.f Slsa s ;.ﬂ s sl SKis
J")‘l’”"’l""” a3 Y U Yo ol.zg O'l\ Lf.j‘\'.'\f LS\J-.' u_}l.b
3ok Gl boady Glasy, Al epss dsb s ol
3 IS USE e S s gl LosliS glasy,
ol (Ghulam Nabi, 2013) Wsd o olS 5l 55 S
st pl e Ol e i b oS Gl
Lg QY}L eb\yb- )\ JAL\; ub:b\ J}JL;A O gnes LS
LS sl 31 coslie S54580
byl cls clls dalg gldaDe LB glagties g

st ls

D3 e gasse 5eS Vs olslt 5l alS Olses IS
Sy b bsle S aallae s Jm il bl 4 S
ol Bl 028 4S5 a8 s Shee (Rl o OIS
Shahbazi et al., ) ws 3 als gl sl oS L oS
(2021
wiey 53 dgmge el S 5 lal 5l S
RPN PPN TS ZIS Y- VIR Cw A TP Y- PPy Bl
05k e e (ol skel 5 gy JlSS 053 (b oS

1. Mycorrhizal fungi

Yy

dadle .\
gl Ay 03 M5 R b lee w28l 0 S )
il lame Jalge 51 g eslinal Jdsay 225 ST 4 s
Banik et al,, ) sl S 5 350 50 olde 3l 5 O 5
Lol I8 eslizal am (bhse ciS U581 g5 (2006
S Ol byl ciS iomes el Jas b
Sl s bgles 5 bl ol 2alS e glacils
WdsS el s Wl WIS Sy S e g
e ol 53 g Jlie B 5 s Sl i el
S & pame $3,50 Gla Shs Al w8 4 o
Mao et al., 2014; Nassiri Mahallati et ) »;L. . el
.@al., 2015; Wang et al., 2015

S ol OF bglsne CiS Glagtenn 53 3l S
Ll 53 5 syt oS SV oS L SV
SS S w Cad byl ClS 65 e SN
N gy b § 05355 et S 20 0T W 340
Siadat & ) 5,15 Jlisey Slsl 3 54581 (slaca jo 45
Gile ol s, 4 4> gL (Moradi-Telavat, 2014
S el (B3I 5 JeSe Glis w4 el Ly onle
Slaimelis 5 idne s s el 55 SV b bl
oz Sl spd e pamde LAl Oae el 53 S
ﬁéwlw\kjbuwjzzﬂwzﬁw&Y;
S Sy daulsn S Lo 1) GUls ol 0LLS 51 S
iy Ges b s oS plil S Sl S ) sl
s L e b 5105525 (S95 5050 colS U155
5 akex 31 (Sadeghpour et al., 2013) &S sslewal (6 g
wWled 5 byl iS5 S 5 ML byl s
Bale CuhS 3 g ol bdiie S8 a5 ol sl sdalie
3o 0San Gl (IS esd Gl s sde
Sl lyme 5 Gl ST 5 sk aoldas S
Azl ialS (ADF) sael 5 (NDF) 2 oy
.(Ghanbari Bonjar & Lee, 2003 & Ghanbari et al., 2016)
byl i8S 53 OV i oS Sl el 0L L tles] ol
Solde L3l 5 dneen WiSs 5 05555 4 5L &, Bl

el s Jasl 50 bglsee ciS s OlalS sl 4 O35 %8



VPe¥ bl g yles / FF-1A Slxino | Jgl 8 yloss /oyl 9 o > [ LS Sludgi (5908

sl sl lea B s LSt O sen bl Lol
i3l belse s S Ll LSS Sl b sl LS
S 5 (=il pde 5 =D 15,500~k ol
OIS don Vo) (01, KT dos Vo) ol cusls
doys YO) (S Aoy YO+ Ol Kl asys VO)
0r + Ols sl doys 00) 5 (1S dwoys VO + Ols Sbsl
day 3 oS 55 enls 03 O3 ST Ldy 3 GLS A
by S el g Mow 5 cl 2855 o35 S
Sllas 3,8 3 e 550 55 dsle W5 sl Ll 5 s
JEERPENT RIS ENINTER RSN SO
G e 02 65280 510 e IS 5 0l ST slas 5
g3 S 53 oSS Yo Ulpans s el Silind 5S35
b gL b U bl St b st 4 o gty 2SS
Olojen ssba bl iS55 SN0 Olgen IS o
Coloe 3,8 S50 QLS Slisyse 055,55 5 sied el
Jslas LS 2 (8l 1 (S pmas — (G md = o (glinl js ils
sle VY s 0l ST (gl s b s e e K
aosls (g bl g s 4§ L s oo L3 ¥ 1S 5 oo
5le 5 5l eslinal b e SSle anglie ¢ ilisly 5o ol
oz mlas 3 S5l 0031 L aesls . Kls auslis 5 SAS
FlEs 1 0Us e Sops 3 A bl Ao O
3 A el Blae 1 oas S s e sla)sSU
D58 e S A0 bl Sl el

a.\J)' JQ-\} u<4_. Q)}.ﬁ‘u E‘)B L AL’:§ 4..:4") QT )J 45 C,..A‘
Ghaboli et al., ) &, o 55w KooK 5l 5 oS o Clad
L gl ol iegyen Sl ool sl o egs 51 (2012
shon @M pols 5 Ol ol SRl & Ol eSS
o s S el 4 OIS Cuslie il aud
5 Gosd B el e sl 4 LT fess e
Zyetal, ) 5,8 o lil St C3L ssp imes (S
st S5 e e sl e ges (2006
ol aes s sl e Cawdlasee Bl jhusns s 0 S
Azul et al., ) 5108 o il Al amels S5 el

(2010
Ols Kl b b dve o) pots diken 5 00 oS K
St ST 55 LS £ 55 slml e le Ll 5 e &S 5y
3505 4 0l b 53 Sk Sk absle el o ol

53,5 das o (55 Ol s 5o wle

L fg,y 93l .Y
esle oKy 4z 53 WAV UL le s SRl (gl
SAkS TN 5 Bl Ol b sl 5 g5oslS
WS YN 5 s T W e U sial 3 Jlad
c]ad)'ljz,a\’\’ Cw)\jd.:é;OV)o.-): EA oLl x> J b

sl (V' Jsd) 53 4z St b A plnil L)

Table 1: Physical and chemical properties of experimental farm soil

Sampling depth (cm)  Organic matter (%) K (mg.kg?) P (mg.kg?) N (%) pHasy EC (ds/m) Texture
0-30 0.78 224 8.31 0.026 7.32 3.7 Clay-
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Table 2: Analysis of variance of guar morphological traits affected by mycorrhiza and planting proportions

Sum of squares

Source of variance f Plant height Weight of leaves per plant Number of leaves
Replication 3 54.6 2.97" 0.07
Planting proportion (P) 3 558.68™ 34.8™ 1.92™
Mychorriza (M) 1 4.1 8.90™ 0.16"
MxP 3 33.85 3.55" 0.74™
Error 21 223.0 5.59 0.49
CV (%) 16.8 27.55 31.48

*and **: Significant at 5 and 1 % of Probability, respectively
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Table 3: Comparison of mean morphological traits of guar affected by mycorrhiza and planting proportions

Plant height (cm) Treatments
Mycorrhiza
19.03" Mo
19.75" M;
Planting proportions
26.382 P10o
15.60° P2s
16.91° Pso
18.67° Ps

Similar letters in each column mean no significant difference based on the Duncan test at the 5% level

Table 4: Comparison of mean weight of sunflower leaves and stem under planting proportions and mycorrhiza based on

physical slicing

Stem weight (g) Leaves weight per plant (g) Planting propotion Mycorrhiza
0.93? 1.752 P100 M
1.378 1.512 P2s
1.652 1.612 Pso
0.872 1.718 P75
1.278 2.582 P10o Mo
1.052 0.62° P2s
2.352 1.222 Pso
0.40° 0.962 Pzs

Similar.letters.in each column mean no significant difference based on the Duncan test at the 5% level
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Table 5: Analysis of the variance of sunflower morphological traits under the influence of mycorrhiza and planting

proportions

Sum of squares

Source of variance df Leaf weight per plant Stem weight Plant height
Replication 3 71.3" 4552 2045.4™
Planting proportion (P) 3 148.0™ 904.3" 995.8"
Mychorriza (M) 1 2978.1" 8068.2" 346.5™
MxP 3 1450.4™ 7676.6™ 581.0™
Error 21 448.5 1859.1 2032.2
CV (%) 6.7 7.9 8.9

*and **: Significant at 5 and 1 % of Probability, respectively
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Table 6: Comparison of mean weight of sunflower leaves and stem under planting proportions and mycorrhiza based on

physical slicing

Stem weight (g) Leaves weight per plant (g) Planting propotion Mycorrhiza
117.6° 67.7¢ Ps100 My
105.7° 56.7° Pso
109.8° 58.9° Psrs
81.2° 52.7° Ps2s

1092 64.72 Ps100 Mo
127.92 78.22 Ps 50
130.72 852 Ps7s
117.22 85.32 Ps2s

Similar letters in each column mean no significant difference based on the Duncan test at the 5 Percentage level

Table 7: Comparison of mean height of sunflower plant under influence of mycorrhiza and planting proportions

I\Tﬂr;?;?:ﬁ?; plant height (cm)
Mo 114.28
M 107.6%
Planting proportion
PSi00 112.12
Pso 112.82
PS7s 117.0?
PSzs 101.8°

Similar letters in each column mean no significant difference based on the Duncan test at the 5 Percentage level
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Table 8: Analysis of the variance of fresh and dry forage of sunflower and guar under influence of planting proportion

and mycorrhiza

Sum of squares

Source of variance df Sunflower Guar

Fresh forage Dry forage Fresh forage Dry forage

Replication 3 14377496™ 154925" 24131™ 2250
Planting proportion (P) 3 229424209™ 6664398 20974709 2482866™

Mychorriza (M) 1 41716529" 102453 10693 1004"

MxP 3 36030317 574823™ 123499 10939

Error 21 141692064 4097153 2737299 212584

CV (%) 13.7 22.6 28.4 27.0

*and **: Significant at 5 and 1 Percentage of Probability, respectively

Table 9: Comparison of mean fresh and dry forage of guar and sunflower under influence of mycorrhiza and planting

proportions

Treatments Fresh forage (kg.ha')  Dry forage (kg.ha')  Fresh forage (kg.ha')  Dry forage (kg.ha?)
Mycorrhiza
Mo 17821° 18972 12912 3382
My 201052 20112 12552 3372
Planting proportion
Ps100 213918 2105° 25582 8272
Pso 14432° 1410° 969° 239P
Pss 201552 26182 338¢ 81°
Ps2s 198774 1682b¢ 1226° 341°

Similar letters in each column mean no significant difference based on the Duncan test at the 5 Percentage level
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Table 10: Analysis of variance of guar forage ash, N content, NDf and ADF affected by Mycorrhiza and planting

proportion
. Sum of squares
Source of variance df NDF ADF Ash Plant N contents

Replication 3 0.003™ 0.001™ 2.04" 0.01m
Planting proportion (P) 3 0.07™ 0.01" 6.51" 1.30™
Mychorriza (M) 1 0.0006" 0.03™ 12.67™ 0.09™
MxP 3 0.06™ 0.006" 1.69™ 0.87™

Error 21 0.026 0.014 11.36 .09

CV (%) 11.08 18.98 4.90 4.38

*and **: Significant at 5 and 1 Percentage of Probability, respectively

Table 11: Mean comparison of guar forage ADF and ash affected by mycorrhiza and planting proportion

Treatmentas ADF (percent) Ash (percent)
Mycorrhiza
Mo 0.202 19.09?
M; 0.13° 17.63°
Planting proportion
P100 0.18% 18.19%
P2s 0.182 17.77°
Pso 0.16% 18.28%
P7s 0.13° 19.20?

Similar letters in each column mean no significant difference based on the Duncan test at the 5 Percentage level
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Table 12: Mean comparison of guar NDF and N content in terms of slicing of interaction effect

Plant N content (%) NDF (%) Planting proportion Mycorrhiza

2.102 0.40° P10o
1.53° 0.31° Pas

M
2,218 0.55? Pso
1.60° 0.322 P75
1.802 0.38° P10o
1.59° 0.462 Pas M
2.212 0.39 Pso 0
2.342 0.30° P75

Similar letters in each column mean no significant difference based on the Duncan test at the 5 % level
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Table 13: Land Area Ratio (LER) under influence of mycorrhiza and planting proportion of guar and sunflower

LER Treatments
Sum Sunflower Guar
1.24 1.08 0.26 Mo
1.20 0.89 0.27 My
- - - P10o
1.34 1.33 0.10 P2s
1.14 0.81 0.30 Pso
1.18 0.81 0.41 Pzs
- - - Ps100
Table 14: Competition Ratio (CR) under influence of planting proportions and mycorrhiza
(CR)
Guar Sunflower Treatments
0.06 6.26 Mo
0.08 6.20 My
- - P10o
0.15 5.45 P2s
0.05 7.03 Pso
0.02 6.21 Pzs
- - Ps100
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