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Background and Objectives: Soil salinity is an increasing problem in
agricultural soils that mycorrhizal fungi in saline soils increase plants
tolerance to salinity by symbiosos with their roots and improving their
growth. In addition, mycorrhizae contribute to agglomerate stability
through two main mechanisms, physical stabilization by trapping
individual soil particles by extensive hyphae networks and chemical
stabilization by adhesive-like secretions. Therefore, the aim of this study
was to compare the root effects of three different plants, clover Terifoliom
alexandrinum L., onion Allium cepa L. and parsley Petrocelinum crispum
L. with and without mycorrhizal on soil aggregates stability in saline soils.

Materials and Methods: A factorial experiment in a completely
randomized design with 3 replications were conducted in the greenhouse
of Agricultural sciences and natural resources university of Khuzestan in
2018. factors were included mycorrhiza at two levels (no inoculation with
mycorrhiza (NM), inoculation with mycorrhiza (M)), salinity at three levels
(salinity 1 dS m™ (S1), 3dS m™ (S2) and a 6 dS m™ (S3)) and three levels
of plant type (clover (TA), parsley (PC) and onion (AC)). Factors that was
measured were included shoot and root dry weight, plant height, total root
length, root colonization percentage, mean diameter weight of aggregates
and concentrations of phosphorus, potassium, sodium, iron, copper and
zinc in shoots.

Results: Accourding to the results, salinity stress caused a significant
decrease in growth indices and plant colonization percentage, but
inoculation with mycorrhiza fungus increased them significantly. Salinity
stress in clover, parsley and onion reduced shoots dry weight 31%, 35%
and 96% respectively, but inoculation with mycorrhizal faungus increased
this factor 69%, 67% and 93% compared to non-mycorrhizal treatments.
The increase of root dry matter of these three mycorrhizal plants compared
to their non-mycorrhizal treatments was 65, 65 and 93%, respectively.
Salinity stress also caused a significant decrease in the macronutrients
(phosphorus and potassium) and micronutrients (iron, zinc and copper)
concentration, while sodium concentration increased significantly.
Mycorrhizal treatment increased phosphorus concentration significantly in
clover, parsley and onion by 26, 27 and 41%, while salinity stress reduced
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it by 22, 24 and 26% respectively. Mycorrhizal inoculation increased iron
concentratin 6, 12 and 66% in the above three plants, respectively. The
results showed that the highest aggregate stability in clover, parsley and
onion were seen with an average of 0.81, 0.75 and 0.93 mm in mycorrhizal
low salinity level treatment and and the lowest aggregate stability by an
average of 0.41, 0.39 and 0.35 mm were obtained in non-mycorrhizal high
salinity level treatment.

Conclusion: Based on the results of this study, salinity stress has a
negative effects on plant growth characteristics and nutrient uptake by
clover, parsley and onion, but mycorrhizal fungi inoculation reduces these
negative effects. Also, the negative effects of salinity stress on aggregate
stability in mycorrhizal treatments were less than non-mycorrhizal
treatments. Among the studied plants, the highest amount of aggregate
stability in mycorrhiza inoculation conditions was related to onion and the
lowest amount of aggregate stability was seen in parsley. Its obvious from
the results that onion, which has a higher mycorrhizal dependency, can
further increase the aggregates stability. Thus, the use of mycorrhizal fungi,
especially in saline soils, can increase the stability of aggregates and thus
improve quality and soil physiacl properties.
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Table 1. Some physical and chemical properties of the soil used in this experiment.
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Table 3. Mean comparison of mycorrhizal fungus and salinity effect on plant height, shoot and root dry
weights and total root length in three plants.
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Salinity
2.69°¢ 232°¢ 2.44° 0.53° 0.596 15.3°¢ 11°¢ 13.3°¢ Ss
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Salinity 1 dS m™ (S1), 3dS m™ (S2) and 6 dS m™ (S3). Numbers with common letters have no significant difference
(Duncan Multi-Range Test at 5% level)
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Table 4. Mean comparison of mycorrhizal fungus and salinity effect on shoot and root dry weights in three plants.

(IS 55 0 8) ady, S 035 (LIS 3 0 5) gl pe el S 055
Root dry weight (g pot™) Shoot dry weight (g pot™) Sops o s
. . Salinity Treatment
Sk S PE Sk level reatmen
Onion Parsley Clover Onion
1.222 0.74° 0.82° 1.81° S
GL
1.07° 0.60° 0.61° 1.62° S, o
Mycorrhiza
0.88°¢ 0.35°¢ 0.47° 1.32° S3
0.15¢ 0.26 © 0.30¢ 0.25¢ S
G
0.10°% 0.16¢ 0.22¢% 0.16¢ S, el
Non-Mycorrhiza
0.06 ¢ 0.12¢ 0.16 ¢ 0.08°¢ S3
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Salinity 1 dS m™ (S1), 3 dS m* (S2) and 6 dS m™ (S3). Numbers with common letters have no significant difference
(Duncan Multi-Range Test at 5% level)
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Table 5. Analysis of variance of different level of soil salinity on root colonization and mycorrhizal dependency
in three plants.

oy ks
Mean of Squares
il & .. 151 as .
sl (Sl W) O gl 5US A gw 4}); St e
Mycorrhizal dependency Root colonization% fre(?erc?(?n(w) Sources of Variation
S S re Al S S PR
Onion Parsley Clover Onion Parsley Clover
003" 0.04™ 0.06™ 2012”3319 41.43" 2 el
Salinity
Lo
0.00004 0.0002 0.00008 0.46 1.76 1.99 6
Error
) ol
3.0 5.1 6.2 8.0 16.4 16.4 - (ho2) Sl e 2

C.V (%)

** Significant difference at 1% (Duncan Multi-Range Test)

1- Root architecture
2- First order lateral roots
3- Second order lateral roots
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Table 6. Mean comparison of different level of soil salinity on root colonization and mycorrhizal dependency
of three plants.

sl (Saaals s Ogpmil 5lS As o
1 i 1 0,
Mycorrhizal dependency Root colonization % S35 g
Sl S A PR Ske S BEOS Salinity level
Onion Parsley Clover Onion Parsley Clover
83°¢ 61° 59°¢ 26.17°% 18.73°2 22.33% S
93° 65" 63° 22.83"° 14.34° 17.50° S,
96 ° 68 ° 68 18.83 ¢ 8.81° 11.83°¢ Ss

oSl (glaalsir O ge3D) dita Jls e 3| 8L S 2ie Gy L slael (S3)1AS M 5 (S2) v dS mT (S v dS mT 4
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Salinity 1 dS m™ (S1), 3dS m™ (S2) and 6 dS m™ (S3). Numbers with common letters have no significant difference

(Duncan Multi-Range Test at 5% level)
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Table 7. Analysis of variance of mycorrhizal fungus and salinity effect on Shoot P, K/Na concentration
in three plants.

Slagye S
Mean of Squares

L;;lﬂ 4,5

o Il e ey o (05 5h8 52 8 k) sl ol yind ; Syt sl
Shoot K/Na Shoot P (mg kg™) 2feger§§rg Sources of Variation
Sk EgrITs PRI S eI PR
Onion Parsley Clover Onion Parsley Clover
. - - - - - G
1.36 0.252 0.253 23541234 7701504 7879126 1 &
Mycorrhiza
057" 0.057" 0.057" 2745980 1988889 2011462 2 S
Salinity
- - - W U]
0.001 0.001 0.001 539199™ 74074"™ 52939™ 2 ST
Mycorrhiza * Salinity
o
0.000002 0.000001 0.000008 3031525 212375 137258 12
Error
s e
9.8 49 49 11.37 11.08 8.49 - R e

C.V (%)

** Significant difference at 1% (Duncan Multi-Range Test)
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Table 8. Mean comparison of mycorrhizal fungus and salinity effect on Shoot P concentration in three plants.

(S8 53 0 S ) alsn ol i
Shoot P (mg kg™)

e Sl
. . Level Treatment
Sk S B
Onion Parsley Clover
5562.8 2 4812.1° 5036.6 M 5
&
3275.6°" 3504.0° 37134°" NM Mycorrhiza
5146.6 2 4761.8° 4994.0° S
4301.8° 4097.3° 42845"° S, o
Salinity

3809.0° 3615.2° 3846.0° Ss
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Salinity 1 dS m™ (S1), 3dS m™ (S2) and 6 dS m™ (S3). Numbers with common letters have no significant difference

(Duncan Multi-Range Test at 5% level)
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Figure 1. Shoot K/Na ratio of clover (P1), parsley (P2) and onion (P3) with mycorrhiza (M) and non-
mycorrhiza (NM) as affected by salinity levels (S1=1, S2=3 and $3= 6 dS m™).
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Table 10. Mean comparison of mycorrhizal fungus and salinity effect on Shoot Fe and Cu concentration in three plants.

(p S 5hS 3 05 ko) alsm gl s (oSS 53 0 S ko) alon ol ooal
Shoot Cu (mg kg™ Shoot Fe (mg kg™) cae s

ke & S Sk & R Level Treatment
Onion Parsley Clover Onion Parsley Clover
62.4 2 53.0° 5352 240.1° 165.22 178.0 M e
35.1° 29.8° 43.3° 79.8° 143.9° 166.3° NM Mycorrhiza
56.7 2 48.8° 43.8° 196.8 ° 185.5° 209.0 S
49.7°2 415%® 50.2 % 157.8° 153.0° 172.6° S, o

Salinity

40.0° 33.8° 40.3° 125.3°¢ 125.2°¢ 134.8°¢ Ss
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Salinity 1 dS m™ (S1), 3 dS m™ (S2) and 6 dS m™ (S3). Numbers with common letters have no significant difference

(Duncan Multi-Range Test at 5% level)
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Figure 2. Effect of mycorrhiza and salinity treatment on shoot Zn concentration (application of mycorrhiza
(M), non-application of mycorrhiza (NM), salinity 1 dS m™ (S1), 3dS m™ (S2), 6 dS m™ (S3), clover (TA),
parsley (PC), onion (AC)). Comparisons of means were performed for each plant separately. Numbers with
common letters have no significant difference (Duncan Multi-Range Test at 5% level).
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Soil aggregate stability
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Figure 3. Effect of mycorrhiza and salinity treatment on soil aggregate stability (application of mycorrhiza
(M), non-application of mycorrhiza (NM), salinity 1 dS m? (S1), 3dS m™ (S2), 6 dS m™ (S3), clover (TA),
parsley (PC), onion (AC)).
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