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Abstract

Background and objectives: Poplars are important tree species in poplar plantations and
agroforestry programs due to their fast growth, high biomass production, and ecological
adaptation. On the other hand, arbuscular mycorrhizal fungi can have a good symbiosis with
different poplar species. With this symbiosis, growth parameters, biomass production,
absorption of water and nutrients, as well as the resistance of poplars to environmental stress,
will be increased. Understanding the relationship between mycorrhizas and poplars and how
mycorrhizas affect the growth and nutrition of such species may contribute to producing
stronger and healthier plants and more sustainable practices in the future.

Methodology: In this study, first of all, the root mycorrhizal colonization percentage of some
poplar species (available in the poplar research collection of Alborz Research Center) with
arbuscular mycorrhizal fungi was investigated. Then, considering the high percentage of
mycorrhizal symbiosis of Populus nigra “62/154” trees and the importance of this clone as a
high-yielding poplar clone, widely used in poplar plantations in different parts of the country,
symbiotic fungi with this clone were identified through the morphological properties of spores
in the rhizosphere soil, and then the identified mycorrhizal fungi were used to produce
mycorrhizal plants. Then, poplar cuttings were collected from the Alborz Research Center and
planted in pots filled with clay-loam soil. The pots were kept outdoors during the experiment.
At the time of planting, mycorrhizal inoculum was applied around each cutting. After that,
under an experimental layout consisting of a completely randomized design, some
morphophysiological (growth parameters, biomass production, and physiological parameters of
leaves) and biochemical (macro and micro nutrients of root, stem, and leaf) responses of one-
year-old mycorrhizal and non-mycorrhizal poplar plants were investigated.

Results: The results showed that the percentage of root mycorrhizal colonization of different
poplar species was different. The highest percentage of root mycorrhizal colonization was
observed in P. nigra “62/154” and P. euphratica, and the lowest percentage in P. deltoides
“69/55”. In the soil samples collected from the rhizosphere of P. nigra “62/154”, five species of
arbuscular mycorrhizal fungi, including Claroideoglomus luteum, Diversispora tortuosa,
Glomus aggregatum, Septoglomus constrictum, and Scutellospora heterogama, were identified.
The results demonstrated that mycorrhizal treatment had a significant positive effect (P < 0.01)
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on growth parameters (diameter and stem length), biomass production (root and shoot dry
weight and total dry weight), relative water content of leaves, and nutrient concentrations
(nitrogen, phosphorus, potassium, calcium, iron, zinc, and copper) of some plant tissues.
Likewise, the content of proline and soluble sugars and the activity of antioxidant enzymes in
leaves of mycorrhizal plants increased compared to non-mycorrhizal plants.

Conclusion: The high symbiosis percentage of different poplar species with arbuscular
mycorrhizal fungi in natural conditions and the positive effect of mycorrhizal symbiosis on one-
year-old poplar plants show that, considering the importance of the role of soil microbial
communities in plant nutrition, growth, and protection against environmental stresses,
investigating the biological interactions between soil microorganisms and poplars, especially in
the early stages of growth, can be used to produce healthy and strong plants for poplar
plantations.
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Table 1. Physico-chemical properties of soil

Parameter pH EC oC N P K Na
Unit - ds m?* % % gkg? gkg? gkg?
Quantity 7.6 1.6 0.97 0.08 1.08 20.14 14.45
Parameter Ca Mg S Fe Zn Cu Mn
Unit gkg? g kg? mg kg™ gkg? mg kg™ mg kg™ mg kg™
Quantity 53.03 13.62 489.1 28.71 98.6 57.2 860.3
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Table 2. Root mycorrhizal colonization (%) of some poplar species/clones

Number Species/Clone Mycorrhizal colonization (%)
1 P. nigra “62/154” 98.48
2 P. nigra “17/13” 90.12
3 P. euphratica 97.12
4 P. alba “44/13” 89.7
5 P. alba “20/45” 90.23
6 P. deltoides “69/55” 79.20
7 P. euramericana “92/40” 94.76
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Figure 1. Organs of arbuscular mycorrhizal fungi in roots of poplar trees
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Figure 1. Species of arbuscular mycorrhizal fungi associated with roots of black poplar trees a: Claroideoglomus
luteum, b: Diversispora tortuosa, c: Glomus aggregatum, d: Septoglomus constrictum, e: Scutellospora
heterogama
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Table 3. Growth parameters, biomass production and RWC of one year old poplar plants affected by
mycorrhizal inoculation (means = SE)

Parameter Non-mycorrhizal plants Mycorrhizal plants Pvalue
Diameter (mm) 10.14 + 0.163b 11.76 £ 0.279%a 0.000**
Height (cm) 95.27 + 1.08b 110.86 + 2.60a 0.000**
Root biomass (g) 5.89 +0.110b 7.90 + 0.216a 0.000**
Stem biomass (g) 14.16 £ 0.377b 17.39 = 0.350a 0.000**
Leaf biomass (g) 6.07 £ 0.141b 8.15 £ 0.206a 0.000**
Total biomass (g) 26.07 £0.399b 33.53 £ 0.527a 0.000**
RWC (%) 83.88 + 1.54b 92.07 +1.28a 0.000**

**P < 0.01, Different letters in each row indicate significant differences between treatments
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Figure 3. Proline, Soluble sugar, CAT, POD and MDA of leaf in P. nigra affected by mycorrhizal inoculation

(means + SE); AM0: Non-mycorrhizal treatment, AM1: Mycorrhizal treatment; Different letters indicate
significant differences between treatments.



BB

53 g ey (P <eloN) (ols sme ssbay (650558

\u)L\.ﬁ“YY&‘Qlj.\d'lfjw&mj@.bow&chf:_:

ole chle j L;J‘.)LSZM JU;L S oS sl «Jolda

US2) catlss LS laplil (S) pilsme 5 (MQ) e

N W b
>~ N O
I I

Ca (g/kg)
5

o oo
I I

Root ‘ Stem ‘ Leave

P (g/kg)

Mg (g/kg)

ol i ol clle oS s st

@Lﬁ ‘5Lb‘a‘.\;‘

0358 CHE (S5 Salg ol ol s

¥ 5 4y, (K) rw"-“ 5 (P) Laws (S, 5 wle azy, (N)
Sadlg wlin polie & i S (CA) oS 5 5,

Root ‘ Stem ‘ Leave

Root ‘ Stem ‘ Leave

oS Sl AMI (50 55wn e [lag AMO .Glas szl £ . Kle) 550550 sled LG

el st 350 SB35 &ile o ole] Ll gire sl saimaglis Cslie eSSl g > LS Bl 5 s

Figure 4. N, P, K, Ca, Mg and S concentrations of plant tissues in P. nigra affected by mycorrhizal inoculation
(means + SE); AMO0: Non-mycorrhizal treatment, AM1: Mycorrhizal treatment; In each tissue different letters
indicate significant differences between treatments.
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Figure 5. Fe, Zn, Cu and Mn concentrations of plant tissues in P. nigra affected by mycorrhizal inoculation
(means + SE); AMO0: Non-mycorrhizal treatment, AM1: Mycorrhizal treatment; In each tissue different letters
indicate significant differences between treatments.
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