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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 vyield 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, I11. 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.
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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.
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Table 1: Physical and chemical properties of experimental farm soil
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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



...‘5.8403‘,‘» ‘_;Lhu.aa'u‘g 45}]&5’2.5:5‘9:;.\.«5 LJ..&') uf.;Sl‘, ZO‘JM}QJW ‘5:|Jo

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" My
Planting proportions
26.38° P00
15.60° P2s
16.91° Pso
18.67° Pzs

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 My
1.372 1.518 Pas
1.652 1.61° Pso
0.872 1.712 Pzs
1.278 2.582 P100 Mo
1.052 0.62° P2s
2.352 1.222 Pso
0.40° 0.962 Ps

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™ 455.2" 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

A4



1Fo¥ oliwsl g )l / YR Olxino [ gl 6, [ o)l 9 G Wl /@Lj Oladgs &5)9&

Qo VO + Ol Kolslos s YO Sl 53 S 5 055 oS e
05 3 e S s bl sl LS (o S A0YY) LIS
Lol Kbl el cus cod 53 oSke S

A ol Ve Sl

S 5 035 ot 45 21 OLES (1 Jsie) b puls avelie
s & b o 155580k el jlas s 013 Kl G a3
23S 2 055 2 feS 5 (0,5 WV 0 Sl alls s
SIS dons Vo + 0l ksl sy YO bdse S las

‘lj.)jg-jl" C..:Z.U rv\f' )Lq.:j DL J..AT Cewdds (f; OT/-\V)

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° 67.72 Ps100 My
105.7° 56.7° Pso
109.8° 58.9° Ps7s
81.2b 52.7° Ps2s

1092 64.72 Ps100 Mo
127.92 78.22 Ps 50
130.78 852 Pss
117.22 85.3? 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-\r/lr;;t;:ﬁ?zz plant height (cm)
Mo 114.28
M, 107.6°
Planting proportion
PS100 112.12
Pso 112.82
PS5 117.0?
PSas 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.hat)
Mycorrhiza

Mo 17821° 18974 12918 3382

My 201052 20118 12552 3372

Planting proportion

Ps100 213912 2105° 25582 8272

Pso 14432° 1410°¢ 969° 239°

Ps7s 201552 26182 338° 81°¢

Ps2s 19877° 1682 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" 0.01"
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 0.18? 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 0.40P P10o

1.53° 0.31° P25 M
2.212 0.55° Pso !
1.60° 0.32% P75

1.802 0.38° P10o

1.59° 0.462 P2s 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

Table 13: Land Area Ratio (LER) under influence of mycorrhiza and planting proportion of guar and sunflower

LER

Sum Sunflower Guar Treatments
1.24 1.08 0.26 Mo
1.20 0.89 0.27 M;

. j - P1oo
1.34 133 0.10 Pas
114 081 030 P
1.18 0.81 0.41 P

- Ps100
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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 M;

- - P10o
0.15 5.45 Pas
0.05 7.03 Pso
0.02 6.21 P75

- - Ps100
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