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Abstract

Introduction: The use of bio-fertilizers along with the rational use of chemical fertilizers can be a good
solution to reduce environmental pollution. Bio-fertilizers include microorganisms such as bacteria, fungi,
cyanobacteria, etc., which improve the structure and quality of the soil and strengthen the soil in terms of
nutrients. Mycorrhizal arbuscular fungi are present in many soils and coexist with the roots of most plant
species (Wang et al. 2021). Due to the high importance of fenugreek in food and pharmaceutical
industries and the need to reduce environmental pollution caused by the improper use of chemical
fertilizers, in this study the effect of inoculation of ten species of mycorrhiza fungi of different genera on
growth and some biochemical characteristics of fenugreek were investigated.

Material and methods: A pot experiment was conducted to investigate the inoculation effect of different
species of mycorrhizal fungi on the growth and nutrient elements of fenugreek (7rigonella foenum-
graceum) based on a completely randomized design with three replications in the research greenhouse of
Ferdows1i University of Mashhad during 2020-2021. The treatments were 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 Cgcontrol). The studied traits were morphological
traits (plant height, number of branches, number of nodes, internode length, leaf length and width, fresh
and dry weight of plant aerial parts, root length, fresh and dry weight of roots) and the content of macro
and micro elements (N, P, K, Mg, Ca, Fe, Mn, B, Cu, Zn).

Results and discussion: The results of analysis variance showed that the effect of mycorrhizal fungi on
growth and the content of nutrient elements was significant at the level of 1% probability. Mycorrhiza
inoculation significantly increased the height of fenugreek plants. The lowest plant height was observed
in the un-treated plants and the highest plant height was related to plants inoculated with R. castanea. The
highest leaf length and width was recorded in plants inoculated with R. intraradicese, which were 7.06
and 31.63% higher than the control, respectively. The results showed that the highest fresh weight of
plant aerial part was obtained in the inoculated plants with R. castanea, which was 111.66% (more than
twice) higher than the un-inoculated plants. However, F. mosseae caused a decrease (30.88%) of fresh
weight compared to the control treatment. The highest plant dry weight belonged to plants inoculated
with R. castanea, A. langula and D. versiformis which were 133.58% higher than the un- inoculated
plants. The lowest plant dry weight was obtained in the control treatment which was not significantl

differed from the treatment of C. etunicatum. Comparison of the mean data showed that inoculation witﬁ
mycorrhiza fungi effectively increased the root growth of fenugreek. Although inoculation of fenugreek
with mycorrhiza fungi had a significant effect on improving the nutrient uptake, but the plant response
varied depending on the studied fungus species and in some species reduction in nutrient contents was
recorded. Literature survey showed that the inoculation with appropriate species of mycorrhizal fungi can
effectively increase the growth and biomass of fenugreek by improving the plant physiological traits and

absorption of nutrient elements (Latef and Chaoxing, 2011; Baghbani arani et al., 2017).

Conclusions: According to the obtained results, the response of fenugreek to inoculation was depended
on the mycorrhizal fungi species therefore determining suitable species of fungi is necessary to improve
the growth and yield of this plant. Generally, inoculation of fenugreek with C. claroideum, R. castanea
and R. intraradices can be suggested as a suitable alternative to chemical fertilizers to increase the yield
of fenugreek under greenhouse and field condition.
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Table 1- Analysis of variance effect of mycorrhiza fungi on growth characteristic of fenugreek

MS
8.0.V df plant Branch Internode No. nodes Leaf Leaf Fresh weight  Dry weight of Root Fresh weight Dry weight  Relative water
height number length ’ length width of aerial parts  aerial parts length of roots of roots content
Mycorrhiza 10 29.1934™ 0.67652" 0.58838™ 3.3023" 0.06338™ 0.11927™ 10.8100™ 1.389717 1116917 0.009782"  0.001016™  438.84™
Error 22 0.1129 0.04545 0.08408 0.2341 0.01135 0.01410 0.0285 0.00125 0.0313 0.000152 0.000167 46.48
CV (%) - 824 421 10.32 6.36 10.32 14.32 9.36 12.32 8.32 12.32 8.07 9.11
** oy \ Jlex| CEM 03 ls pxa
**Significance at the 1% probability level
s ol gud, Sleogas 15,5500 g B 31 5Klke anlis Y g
Table 2- Mean comparisons of mycorrhiza fungi effect on growth characteristics of fenugreek
. . Plant height ~ Branch Internode Leaf length Leaf width Fresh .welght Dry welght Number Root length Frqsh Dry weight Relative
Mycorrhiza fungi (cm) number length cm)  (cm) (cm) of aerial parts of aerial of nodes (cm) weight of of roots water
& (2) parts (g) roots (cm) (cm) content (%)
. . d
Control 2657 275 271 3110 1.58" 438’ 1.33¢ 9.33¢ 13.5% 0.22" 0.05° 30.66
. N ab
F. mosseae 30.16¢ 375 258 2.96™ 1.500 3.02¢ 1.462" 9.42¢ 11.5' 0.14° 0.04° 67.67
bed
C. etunicatum 26.921 3.17% 3.11% 3.23% 1.50% 457 1.35¢ 11.11% 14.25% 0.23% 0.05° 50.40
abc
C. claroideum 34.57" 3.50% 2.88¢ 2.87° 1.43% 6.52¢ 2.01° 12.12° 13.75% 0.24% 0.06° 60.60
be
F. caledonium 29.75" 2.66% 2.99% 3.04% 1.61% 7.16° 1.97¢ 1036* 8.6 0.21% 0.06° 52.32
abc
R. intraradicese 2832 2.50% 2.72¢ 3.33° 2.08° 8.26" 2.48° 9.84b 13.12% 0.16% 0.07% 55.74
cd
R. fasciculatum 28.90¢ 2.00° 3.11% 3.15% 1.39° 5.69° 2.66° 8.66 12.75° 0.21° 0.07% 40.69
abc
A. langula 31.17% 2.75° 3.0 327 1.43% 8.39° 3.05° 9.33 14.37° 0.27° 0.11°* 57.26
abc
R. castanea 36.50° 3.00% 3.98 295" 1.45% 9.25° 3.08° 10.77% 11.25° 0.30° 0.09® 58.70
D. versiforms 33.03° 2.75° 3.83® 3.16™ 1.65™ 6.75% 3.034° 11.15% 11.25° 0.30° 0.08" 75.20°
abc
G. margarita 32.00% 2.83% 3.16™ 3.245% 1.76% 5.62 234 1099 937 0.13 0.07% 59.40

L oa bl e IO S a3l il 2 OLSG Cg o L sliel O a3

In each column, numbers with at least one similar letter based on the Bonferoni test do not differ significantly at the 1% probability level
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Table 3- Analysis of variance effect of mycorrhiza fungi on absorption of nutrients of fenugreek

MS
S0V ar N P K Mg Ca Fe Mn Zn Cu B
Mycorrhiza 10 29.1934" 0.009782"" 11.1691" 3.3023" 1.38971" 10.8100" 0.06338" 0.11927" 0.58838"" 0.67652"
Error 22 0.1129 0.000152 0.0313 0.2341 0.00125 0.0285 0.01135 0.01410 0.08408 0.04545
CV (%) - 8.11 10.34 6.65 7.41 9.07 12.74 5.98 6.87 14.30 16.07
1o ) Jlel s 3 Sl sne
** Significance at the 1% probability level
ddid oS S 5 03 plie polie Gl Ol 5 152050k slag b S 5l deslis -6 Jgur
Table 4- Mean comparisons of mycorrhiza fungi effect on absorption of nutrients of fenugreek
Mycorrhiza fungi N P K Mg Ca Fe Mn Zn Cu B
% mgkg! DW
Control 2.44° 0.15¢ 1.13° 0.79¢ 5.01° 144.86' 65.57" 379.20° 143.68" 211.208
F. mosseae 1.75° 0.06! 1.14% 0.88* 5.65° 160.77" 92.66° 316.12f 163.45¢ 365.77*
C. etunicatum 1.67°F 0.138 0.99° 0.70° 5.08° 294.36" 65.72° 256.95¢ 282.04¢ 295.57°
C. claroideum 1.89% 0.18" 1.14% 0.73¢ 5.62° 367.46° 83.19° 667.60° 213.87° 295.56"
F. caledonium 2.40¢ 0.13f 0.76" 0.80" 5.72° 197.91° 73.43¢ 327.04° 157.67¢ 254.21¢
R. intraradicese 3.89° 0.16° 0.83° 0.65° 5.25° 614.92° 73.81¢ 172.63! 243.93¢ 231.47"
R. fasciculatum 2.70° 0.12" 1.153 0.628 5.12° 177.768 72.32¢ 368.08° 167.20% 209.49"
A. langula 2.52° 0.16° 1.11° 0.64% 5.01° 102.59 63.39¢ 349.02¢ 356.69° 257.74°
R. castanea 2.17% 0.15¢ 1.04° 0.82° 6.03" 108.68! 72.49° 204.041 175.73¢ 235.12¢
D. versiforms 1.65° 0.18° 0.54° 0.33f 0.98° 1918.35° 96.73° 221.70" 162.58¢ 4736
G. margarita 1.51° 0.09' 0.72¢ 0.52" 3.84¢ 275.35° 60.61" 126.58" 405.39° 163.81

L oa b ol e IO S a3l il OLSS Cp o L slatel O a3
In each column, numbers with at least one similar letter based on the Bonferoni test do not differ significantly at the 1% probability level.

in
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	143.68h
	379.20b
	65.57f
	144.86i
	5.01c
	0.79c
	1.13a
	0.15d
	2.44b
	Control
	365.77a
	163.45g
	316.12f
	92.66b
	160.77h
	5.65b
	0.88a
	1.14a
	0.06j
	1.75ef
	F. mosseae
	295.57b
	282.04c
	256.95g
	65.72f
	294.36d
	5.08c
	0.70e
	0.99b
	0.13g
	1.67ef
	C. etunicatum
	295.56b
	213.87e
	667.60a
	83.19c
	367.46c
	5.62b
	0.73d
	1.14a
	0.18a
	1.89de
	C. claroideum
	254.21d
	157.67g
	327.04e
	73.43d
	197.91f
	5.72b
	0.80bc
	0.76d
	0.13f
	2.40d
	F. caledonium
	231.47f
	243.93d
	172.63j
	73.81d
	614.92b
	5.25c
	0.65f
	0.83c
	0.16b
	3.89a
	R. intraradicese
	209.49h
	167.20fg
	368.08c
	72.32e
	177.76g
	5.12c
	0.62g
	1.153a
	0.12h
	2.70b
	R. fasciculatum
	257.74c
	356.69b
	349.02d
	63.39g
	102.59j
	5.01c
	0.64fg
	1.11a
	0.16c
	2.52b
	A. langula
	235.12e
	175.73f
	204.04i
	72.49e
	108.68j
	6.03a
	0.82b
	1.04b
	0.15e
	2.17cd
	R. castanea
	47.36j
	162.58g
	221.70h
	96.73a
	1918.35a
	0.98e
	0.33i
	0.54e
	0.18a
	1.65ef
	D. versiforms
	163.81i
	405.39a
	126.58k
	60.61h
	275.35e
	3.84d
	0.52h
	0.72d
	0.09i
	1.51f
	G. margarita



