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Abstract

To investigate the effect of ten species of mycorrhizal fungi belonging to seven different genera (Racocetra,
Rhizophagus, Claroideoglomus, Funneliformis, Diversispora, Acaulospora and Gigaspora) on some growth
and biochemical traits of fenugreek (7rigonella foenum-groecum), a pot experiment based on a completely
randomized design was conducted in the research greenhouse of Ferdowsi University of Mashhad. The
changes of biomass, number and length of pods, weight of 1000 seeds, photosynthetic pigments, phenolic
compounds, soluble carbohydrates, total protein, and antioxidant capacity in fenugreek plants in response to
mycorrhizal inoculation were studied. The results of variance analysis of the data showed that the effect of
mycorrhizal fungi on all studied traits was significant at the probability level of 1%. Based on the findings,
the response of fenugreek plant to inoculation with different species of mycorrhizal fungi was variable.
Inoculation with suitable species of mycorrhizal fungi through improving the growth condition and
biochemical traits of treated plants increased the fenugreek growth based on plant fresh and dry weights. In
the present study, mycorrhizal species, especially R. castanea, A. langula, R. intraradicese, and G. margarita
enhanced the amount of chlorophyll and the activities of antioxidant enzymes of inoculated fenugreek plant
compared to the control, which was accompanied by increasing the plant growth in terms of fresh and dry
weights in these treatments. According to the obtained results, inoculation of fenugreek plant with C.
claroideum, R. castanea, A. langula, G. margarita, R. fasciculatus, and F. caledonium fungi can be
suggested as a suitable alternative for chemical fertilizers to increase the yield of this plant.
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Background and Objective: In sustainable agriculture, organic and low input cultivation systems are the
most important factors and the application of biofertilizers to reduce chemical fertilizers usage is the main
step (1). Biofertilizers can improve physical, chemical and biological properties of soil and with minimum
negative effects on the environment, could increase soil fertility (2). The application of useful
microorganisms such as arbuscular mycorrhizal (AM) fungi as an important biofertilizer plays a key role in
water and nutrient supply for plants (3). The purpose of this study was to investigate the effect inoculation

1- Department of Horticultural Science and Landscape Architecture, Faculty of Agriculture, Ferdowsi University of
Mashhad, Mashhad, Iran.

2- Department of Horticultural Science, Faculty of Agriculture, University of Tabriz, Tabriz, Iran.

* Corresponding author, Email: m.moghadam@um.ac.ir



Ghoroori et al. The Changes of Physiological and Phytochemical Traits ...

with different mycorrhizal species on the growth and biochemical traits of fenugreek.

Methods: A pot experiment was conducted to investigate the inoculation effect of different species of
mycorrhizal fungi on the growth, physiological and biochemical characteristics of fenugreek (7rigonella
foenum-graceum) based on a completely randomized design with three replications in the research
greenhouse of Ferdowsi University of Mashhad during 2020-2021. The treatments included 10 species of
mycorrhizal fungi Glomus mosseae, Glomus etunicatum, Glomus claroideum, Glomus caledonium, Glomus
interaradices, Glomus fasiculatum, Acaulospora langula, Scutellospora castanea, Glomus versiforme,
Gigaspora margarit and non-inoculation (control). The studied traits included plant fresh and dry weights,
number of pods, 1000-seeds weight, photosynthesis pigments, soluble carbohydrate, total phenol, flavonoids,
total protein, and antioxidant activity. Minitabl7 software was used to analyze the data and the mean
comparison was performed based on Bonferoni test at 1% probability level.

Results: The results of variance analysis showed that the effect of mycorrhizal fungi on all studied traits was
significant at the 1% probability level. According to the obtained results, the response of fenugreek to
inoculation depended on the mycorrhizal fungi species. Among the studied mycorrhizal species, the S.
castanea had the greatest effect on improving the plant biomass and photosynthesis pigments. The highest
pod number and 1000-seeds weight were obtained in the plants inoculated with G. claroideum. In the plants
inoculated with F. mosseae and C. claroideum, the total phenolic compounds were higher than in the other
treatments. Also, the highest activities of guaiacol peroxidase and polyphenol oxidase were recorded in the
plants treated with R. fasciculatus.

Conclusions: Inoculation with appropriate species of mycorrhizal fungi could effectively increase the
growth and biomass of fenugreek by improving the plant physiological traits. According to the results of this
study, inoculation of fenugreek with C. claroideum, R. castanea, A. langula, G. margarita, R. fasciculatus,
and F. caledonium can be suggested as a suitable alternative for chemical fertilizers to increase the yield of
fenugreek under the greenhouse conditions.
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Table 1. The properties of soil used in the experiment
Cation exchange capacity Electrical Organic matter Sand Silt Clay
~ pH conductivity T osble s . Texture
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- : " LIWS‘} é/;&.ﬂ L;_v_l;l.w) &.JL
c i % Y Y %
(comlc/kg soil) (dS/m) %) %) %) (%)
Sandy loam
7.9 7.75 2.17 1.69 73.3 20.3 6.4 s
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Table 1. (continued)
Na Cl Mg Ca P K Total nitrogen
b A (e S S el JS 0hs
(meq/1) (meq/1) (meq/1) (meq/1) (mg/kg) (mg/kg) (%)
21 11 5.6 16.9 63.4 50.6 0.09
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Table 2. The variance analysis of mycorrhizal fungi inoculation effects on growth traits of fenugreek plant

df MS
Sources of variation w3 ) Total dry )
s ole 1000-seeds weight ~ Pod length ~ Number of pods . Total fresh weight
e e L > weight |
R Ll O3 e Jsb e sl S S 05 Js o5t 0
Mycorrhizal inoculation
s s5oke il 10 5.77901" 1.17176™ 1.41962" 1.45729™ 11.4326™
Error
last 22 0.02172 0.04333 0.01845 0.00154 0.0280

Aoy ) Jlea| CJGM 23 s gme *F

Significance at the 1% probability level **
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Table 3. Mean comparisons of the effect of mycorrhizal fungi inoculation on growth traits of fenugreek plant

Mycorrhizal 1000-seeds weight Pod length Total dry weight Total fresh weight

fungus Sls)l5a 035 SN J b Number of pods ~ JS i 035 Js o5 05

6“’6)5) (2) (cm) e sldas (g per plant) (g per plant)

(5555 (pf) (e 5l (€553 (;) (€552 p@
Control 9.74¢ 10.90% 2.834 1.38¢ 4.37f
F. mosseae 13.252 10.83¢ 3.0 1.51F 3.19¢2
C. etanicatum 10.65¢ 10.553 4.482 1.4f 4.82f
C. claroideum 13.35% 11.902 4.66* 2.07¢ 6.764
F. caledonium 9.12f 10.41¢ 3.0¢ 2.02¢ 7.37¢
R. intraradicese 11.825¢ 10.41¢ 4332 2.54¢ 8.44b
R. fasciculatum 10.4334 10.72¢d 3.44b¢ 2.72° 5.92¢
A. langula 12.3b 11.06% 4.482 3.16% 8.66"
R.castanea 12.35° 9.58¢ 3.83% 3.18 9.55¢
D. versiform 11.75° 11.0bd 3.48b¢ 3.10° 7.07¢d
G. margarita 10.6¢ 11.61® 3.15¢ 2.40¢ 5.75¢

I ea b ol e sl Ao y3) Jlel e s Bonferoni O ge3l elul p ailie G S Bl gl sl O a

In each column, the numbers with at least one similar letter are not significantly different from each other based on the Bonferoni test at the 1%

probability level.
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Fig. 1. Mean comparisons of the effect of mycorrhizal fungi inoculation on total protein content of fenugreek plant; The bars with at
least one similar letter are not significantly different from each other based on the Bonferoni test at the 1% probability level.
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Fig. 2. Mean comparisons of the effect of mycorrhizal fungi inoculation on antioxidant activity of fenugreek plant; The bars with at
least one similar letter are not significantly different from each other based on the Bonferoni test at the 1% probability level.
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