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Article Info ABSTRACT

Article type: Background and Objectives: The use of biofertilizers, such as arbuscular
Full Length Research Paper  mycorrhizal fungi (AMF), in intercropping systems has emerged as an
innovative and sustainable approach to enhance crop growth and promote
sustainable production. This study was conducted to investigate the effects
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Revised: 06.08.2025 physiological traits of cowpea (Vigna unguiculata) and maize (Zea mays)
Accepted: 08.08.2025 in an intercropping system using the replacement method.

Keywords: Materials and Methods: The experi_ment_ was carried out at two Iocgtions
Biofertilizér, (the research farms of Shahrood University of Technology located in the
Colonization, Faculty of Agriculture and the Tarud research farm) as a factorial
Cropping Ratio, experiment in a completely randomized block design with three
Yield replications. The treatments included different cropping arrangements

(pure cowpea, 75% cowpea + 25% maize, 50% cowpea + 50% maize,
25% cowpea + 75% maize, and pure maize) as the first factor; phosphorus
fertilizer at three levels (0, 50, and 100 kg/ha) as the second factor;
and mycorrhiza at two levels (application and no application) as the third
factor.

Results: The results showed that the highest grain yield in cowpea plants
(13.95 tons per hectare) and maize (6.2 tons per hectare) was observed in
the treatment using mycorrhizal biofertilizer and 50 kilograms per hectare
of phosphorus fertilizer in the Shahroud farm. The highest protein content,
averaging 25.4%, in cowpea plants was achieved with the inoculation of
myecorrhiza, 50 kilograms per hectare of phosphorus, and 100% cowpea
planting in the Shahroud farm. All individual effects of the treatments
significantly influenced the pigment content in cowpea. The highest
chlorophyll content in cowpea (2.88 mg/g) and maize (3.8 mg/g) was
observed in the 50% planting arrangement with the application of 50
kilograms per hectare phosphorus fertilizer. The highest carotenoid content
in cowpea (3.56 mg/g) and maize (4.02 mg/g) was recorded at a 50%
cowpea-maize planting ratio combined with 50 kilograms per hectare
phosphorus application and the use of mycorrhiza in the Tarood region.
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The highest leaf area index in both plants increased by about 27% in the
50% planting arrangement compared to pure cropping. The highest land
equivalent ratio, averaging 1.72, was obtained in the 75% maize and 25%
cowpea planting treatment with 50 kilograms per hectare phosphorus
fertilizer and mycorrhizal fungus application.

Conclusion: According to the results of this study, the mixed cropping
system with the use of phosphorus fertilizer and mycorrhiza positively
affected the physiological traits of cowpea and maize and can be
recommended as a cropping model for agricultural producers.
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Table 1. Some physicochemical characteristics of the soil.
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Fig. 1. The interaction effects of cropping ratio x phosphorusx mycorrhiza x location on yield of Maize.
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Fig. 2. The interaction effects of cropping ratio x phosphorusx mycorrhizax location on green yield of Cow-Pea.
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In each column, the averages with different letters indicate the presence of a significant difference using the

LSD method at the 5% level
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Table 3. Results of analysis of variance (mean squared) of physio-morphological traits in maize.

Source DF Yield Protein T Chl Carotenoid LAI Colonization LER

Location (L) 1 24257.20* 5.2485** 1.7865** 2.5241** 2.0584** 1341.214** 0.0354*
Error, 4 24077 0.0358 0.00426 0.0018 0.2541 35.224 0.00684
Intercropping (1) 3 251411* 2.654** 1.05178** 11.417** 50.246** 463.182** 0.0254*
Phosphorus (P) 2 163254** 8.0841** 1.02541** 2.1782** 1.2517** 350.117** 0.0615*
Mycorrhizal (M) 1 1125711** 6.2245** 0.1608** 4.0241* 0.0264™ 2137.28** 0.3518**
I*P 6 85416.5* 1.1731* 0.08719* 0.1634** 0.1748** 29.143* 0.1164**
I*M 3 11524.25™ 2.4215%* 0.1905** 0.3144** 0.1456** 20.348* 0.2841**
P*M 2 88741** 1.2876* 0.0524* 0.4517** 0.63142* 68.143* 0.3541**
I*P*M 6 2154.3™ 0.6605 * 0.1275** 0.1124** 0.3541** 90.716** 0.2874**

L*I 3 30145.1* 0.3074 ™ 0.10245** 0.0424* 0.0011™ 110.274** 0.0164*

L*P 2 35142.8* 0.4284* 0.85031** 0.1047* 0.0037 ™ 60.389* 0.134**
L*M 1 19641™ 1.2145* 0.10475** 0.0213* 0.0427* 715.241** 0.1647**
L*I*P 6 53214.2** 0.5241* 0.00141™ 0.2414** 0.01426 ™ 26.403* 0.1142**
L*I*M 3 11587.9™ 0.2415* 0.01324** 0.1324** 0.00172 ™ 256.418** 0.3418**
L*P*M 2 15624.3™ 1.0554* 0.00134"™ 0.2874**  0.00031 ™ 70.608* 0.6541**
L*I*P*M 6 88529.3**  2.6397**  0.001345"™ 0.1251** 0.0104 ™ 40.976* 0.3741**
Error 92 20387.4 0.3451 0.00967 0.00134 0.0347 10.554 0.0034

Ccv 11.04 5.97 7.66 3.27 9.28 11.3 9.18

o deo > S sy ezl e 3l e NPV
* ** and ™ are significant at 5% and 1% probability level and non-significant, respectively

bt b (K59 5 Sl g (Sl o 800e) ilsls 428 dgur —E Jgar
Table 4. Results of analysis of variance (mean squared) of physio-morphological traits in Cowpea.

Source DF Yield Protein T Chi Carotenoid LAI Colonization
Location (L) 1 8591.7* 11.37** 2.1347** 3.145** 3.065** 1537.66**
Error, 4 4111 1.324 0.00614 0.0584 0.3526 28.557
Intercropping (1) 3 32414* 1.099** 1.4024** 18.528** 35.142** 418.33**
Phosphorus (P) 2 84215* 9.278** 0.6542** 4.02** 0.657* 150.78**
Mycorrhizal (M) 1 25414.11* 7.558** 0.01024* 5.114* 1.2611** 28546.74**
I*P 6 14214.2* 3.447* 0.0121* 1.375** 0.4164* 22.114*
I*M 3 9714.01 ™ 6.557** 0.0342* 0.9194** 0.3516™ 28.116*
P*M 2 56414* 5.654* 0.0214* 0.375** 1.347** 51.997*
I*P*M 6 10245.4* 1.635* 0.0133* 0.1765** 2.365** 37.31*
L*I 3 20564.1* 0.094 ™ 0.1264* 0.247* 0.148™ 78.447*
L*P 2 41112.1* 0.429* 0.0260* 0.2142* 0.357" 27.546*
L*M 1 41513.4™ 2.324* 0.0141* 0.910* 0.153™ 550.449**
L*I*P 6 24154.2** 1.63* 0.0230* 0.325** 0.124™ 15.169 *
L*I*M 3 2112.2** 1.244* 0.0201* 0.1644** 0.136™ 110.445**
L*P*M 2 11241** 2.185* 0.0007™ 0.2574** 0.421* 48.225**
L*I*P*M 6 941.52* 3.96** 0.0254* 0.2592** 0.151™ 37.664*
Error 92 5847.45 0.654 0.0014 0.00711 0.359 8.341
Ccv 10.25 8.9 9.5 9.15 8.65 10.11

)lztf”f‘m;:&j@du:;Jckwﬁ)l:&M ;',.33)54.3”5‘5{'5%
* ** and ™ are significant at 5% and 1% probability level and non-significant, respectively
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Fig. 3. The interaction effects of cropping ratio x phosphorusx mycorrhiza x location on protein content in Maize.
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In each column, the averages with different letters indicate the presence of a significant difference using the
LSD method at the 5% level
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Fig. 4. The interaction effects of cropping ratio x phosphorusx mycorrhiza x location on protein content in
Cow-Pea.
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Fig. 5. The interaction effects of cropping ratio x location x mycorrhiza on total chlorophyll content in Maize.
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In each column, the averages with different letters indicate the presence of a significant difference using the
LSD method at the 5% level
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Fig. 6. The interaction effects of cropping ratio x location x mycorrhiza x phosphorus on total chlorophyll
content in Cowpea.
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In each column, the averages with different letters indicate the presence of a significant difference using the
LSD method at the 5% level
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