
142

Forestist 2024: 74(2): 142-146

Cite this article as: 
Kumar, R., Bhardwaj, A. K., & 
Chandra, K. K. (2024). Effects of 
arbuscular mycorrhizal fungi 
on the germination of 
Terminalia arjuna plants grown 
in fly ash under nursery 
conditions. Forestist, 74(2), 
142-146.

Corresponding Author: 
Rajesh Kumar  
e-mail:  
rajes​h.dew​angan​0506@​gmail​.com

Received: March 14, 2023 
Accepted: October 22, 2023 
Publication Date: December 28, 2023

Original Article

Germination Activities

Kumar et al.

2

74

Effects of Arbuscular Mycorrhizal Fungi on the Germination of 
Terminalia arjuna Plants Grown in Fly Ash Under Nursery Conditions

Rajesh Kumar , Atul Kumar Bhardwaj , K. K. Chandra

Department of Forestry, Wildlife and Environmental Science, Guru Ghasidas A Central University Vishwavidyalaya, Chhattisgarh, India

ABSTRACT

Terminalia arjuna (Roxb) Wight & Arn is a tropical evergreen woody tree endemic to India that grows along river banks 
and canals. It has a significant medicinal value, particularly for heart disorders, where tree bark is used to treat circulatory 
ailments. The stiff seed coat is a key impediment to obtaining good and uniform germination, particularly in inert and 
low-moisture-holding capacity growing media such as coal-burned fly ash. The current study was designed to look into 
the effect of arbuscular mycorrhizal fungi on seed germination and seedling growth in Terminalia arjuna using fly ash as 
a growing medium. The 360 seeds were sown in two sets, for each treatment used in mycorrhizae and control without 
mycorrhiza inoculation. The results showed that seeds germinated with mycorrhiza inoculation had higher germina-
tion (77.77%), germination capacity (83.88%), germination energy (19.44%), germination value (24.16%), mean daily 
germination (9.33 seeds), peak value (2.59), cumulative germination (77.77%), and germination speed (23.40%) than 
seeds germinated without mycorrhiza inoculation. The use of mycorrhizal fungi in fly ash showed promising results, 
which could serve as a foundation for fly ash restoration and stability programs utilizing Terminalia arjuna as one of the 
powerful trees.
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Introduction

Terminalia arjuna belongs to the Combretaceae family. The arjuna can be found growing all throughout the 
Indian Subcontinent, but it is most common in Uttar Pradesh, Bihar, Maharashtra, Madhya Pradesh, West Bengal, 
Odisha, south and central India, Sri Lanka, and Bangladesh (Soni & Singh, 2019). Seed germination is the most 
important stage of a plant’s life cycle. Water, air, temperature, and light are all required for the seed germination 
process, which begins with imbibition, activation, and subsequent manifestation (Biswas et al., 2011; Chandra 
et al., 2021b; Kumar et al., 2023).

Fly ash is one of the most significant industrial solid wastes of the 21st century. Fly ash contains several hazard-
ous elements, including mercury (Hg), arsenic (As), cadmium (Cd), barium (Ba), selenium (Se), nickel (Ni), chro-
mium (Cr), vanadium (V), zinc (Zn), and lead (Pb) (Dwivedi & Jain, 2014). In addition to other poisons, these toxic 
metals can hinder plant seed germination, growth, and development (Ahmad et al., 2014). Fly ash is primarily 
used in the production of cement, bricks, concrete, wood replacement goods, wasteland reclamation, road 
construction, and the filling of underground mining wastes (Kaur & Goyal, 2015). One of its most promising 
applications is in the forestry industry, where it can be used in nurseries for tree planting. This will help to keep 
harmful heavy metals in wood biomass for a longer period of time (Chandra et al., 2021a).

Mycorrhiza symbiosis serves as a bridge between plant and fungal tissues, allowing materials to exchange. 
Mycorrhizal fungi produce hyphae with a large surface area for resource exchange. In addition, several mycor-
rhizal fungal genera develop intraradical vesicles, which act as fungus storage organs (Bhardwaj et al., 2023; 
Van der Heijden et al., 1998). In their roots, the majority of terrestrial plants form symbiotic partnerships with 
fungi. These symbiotic associations, known as mycorrhizae, act as conduits for the exchange of nutrients and 
energy between plants and soils (Cardon & Whitbeck, 2007). Plants and mycorrhizae have a symbiotic rela-
tionship that benefits both sides. Plants acquire minerals such as nitrogen, phosphorus, and potassium from 
mycorrhizae, and mycorrhizae receive carbon from plants (photosynthesis products) (Garcia & Zimmermann, 
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2014; Hijri & Ba, 2018). The increased availability of mineral resources 
will hasten expansion. Fungi, in general, help plants become more 
resistant to abiotic pressures such as temperature, salinity, and flood-
ing, as well as biotic challenges such as infections and insects (Yeh 
et al., 2019). The goal of this experiment is to evaluate how arbuscular 
mycorrhizal fungi affect seed germination in T. arjuna grown on fly 
ash growing media.

Material and Methods

Experiment Site
Seed germination studies were conducted at the departmental nursery 
of the Forestry, Wildlife, and Environmental Science department of Guru 
Ghasidas Vishwavidhyalaya, Bilaspur, Chhattisgarh, India (3.112550’N, 
35.599170’E). Bilaspur has a tropical climate with moderate tempera-
tures and moderate rainfall throughout the year. The city has an aver-
age annual temperature of 28–29°C and an annual rainfall of roughly 
580 mm, having a very bright climate all year.

Seed Collection and Treatment
The experiment was conducted on May 20, 2022 (summer season), 
and started by collecting seeds from the local provenance of Bilaspur. 
Before sowing the seed, it was subjected to normal water treatment 
by soaking it for 48 hours in cold water. The experiment was con-
ducted in fly ash media collected from the ash ponds of the National 
Thermal Power Company, Bilaspur, and used as growing media. Fly 
ash weighing 1.5 kg was filled in polythene bags, and watering was 
done for fly ash settlement. Then, after the seeds had been sown for 
a short while, each poly bag contained one seed along with 25  g 
of a mixture of inoculums, which included infected or colonized 
roots, spores (Claroideoglomus etunicatum, Funneliformis mosseae, 
and Acaulospora scrobiculata), substrate, and holes made from fly 
ash. Two treatments with and without mycorrhizal fungi were laid 
out as per a randomized block design. The polythene bags were 
laid out row by row in two sections of 720 polyethylene bags and 
watered daily.

Data Collection
The counting of the number of germinating seeds started on the first 
day and continued until the experiment was finished (30 days). During 
the trial, the germination percentage was recorded daily. The germi-
nation capacity, germination energy, peak value, cumulative germina-
tion, and germination speed of the seed that germinated on the day 
of sowing were all recorded (Tiwari et al., 2022). On the basis of seed 
germinating at the end and sowing time, the mean daily germination 
was calculated:

	 Germination
Totalnumber of seed germination

Totalnumber of se
%� � �

eed sown
�100 	 (1)

Germination capacity %� � �

�Total seed germinated seed found

viable aafter cutting
The totalnumber od seeds shown

�100 	 (2)

	 Germination energy %

.

� � �

No of seed germinated till the

highest germiination
Totalnumber of seed shown

�100 	 (3)

	 Germination value Mean daily germination Peak value� � 	 (4)

Mean daily germination MDG

%

� � �
� �Cumulative of seed germination

at tthe end of the test
Day since sowing to end of the test

	(5)

	 Peak value PV
Cumulative germination %

Day since sowing
� � � � �

	 (6)

Cumulative germination %
Cumulative total of germination seeds� � �

TTotalnumber of seed shown
�100 	(7)

	 Germination speed
Number of newly germination see at time

Number of
=

ddays since sowing
	 (8)

Results

Seeds without mycorrhizae started germinating on the eighth day 
and terminated on the 30th day (total of 22 days of germination). The 
minimum seed germination was 10 on the 8th, 10th, 16th, 18th, 21st, 
and 30th days of sowing. while a maximum of 40 seeds germinated 
on the ninth day (Table 1). Total 200 seeds germinated against total 
360 seeds, which means 55.55% cumulative seed germination with-
out mycorrhiza inoculation (Figure 1). The germination capacity was 
59.44%, with 13.88% germination energy (Table 2). The germination 
value scored was 12.32, whereas the mean daily germination was 
found to be 6.66. The peak value of seed germination was observed at 
a minimum of 0.34 on the eighth day and a maximum of 2.99 on the 
13th day (Figure 2). The germination speed was highest at 4.44 on the 
ninth day of the experiment, while the minimum speed was 0.33 on 
the 30th day (Figure 3).

The mycorrhiza-treated seed germinated from the 8th day to the 28th 
day (Table 1). The maximum seed germination found was 50 on the 12 
days of the experiment, while a minimum of 10 seeds germinated on 
the 13th, 16th, 17th, 18th, and 26th days. Mycorrhizae’s impact on seed 
germination on T. arjuna recorded 280 out of 360 seeds (cumulative 
seed germination: 77.77%), demonstrating 22.22% better seed germi-
nation than control seeds without any inoculants (Figure 1). Also, higher 
germination capacity and germination energy (83.88% and 19.44%, 
respectively) were observed with mycorrhizae fungi (Table 2). Similarly, 
germination value and mean daily germination were 24.16 and 9.33 
as compared to seeds without mycorrhizal fungi (12.32 Germination 
valuve [GV] and 6.66 Mean Daily Germination [MDG]). Seed germina-
tion was at its peak with a value of 4.16 on the 14th day and a minimum 
of 1.38 on the eighth day of the experiment (Figure 2). The minimum 
seed germination speed was observed at 0.38 on the 26th day, and the 
maximum data were observed at 5.00 on the 8th day of seed germina-
tion (Figure 3).

Discussion

The positive response of mycorrhizal fungi on seed germination was 
recorded in T. arjuna (Ballina et al., 2017; Dalling et al., 2011; Huante et al., 
2012). Williams et al. (1995); Tiwari et al. (2022) observed that the seeds 
start germination, but numerous infective microorganism attacks on 
the seed result in poor seed germination, whereas mycorrhizal fungi 
act as protection agents, building a shield around the seed, resulting 
in higher seed germination ( Tiwari et  al., 2022; Williams et  al., 1995). 
The results of this study suggest that the use of mycorrhizae might 
be effective in accelerating seed germination in T. arjuna under nurs-
ery conditions. Additionally, by accelerating germination and plant 
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development, mycorrhizae could have a significant impact on the reha-
bilitation efforts of fly ash. Numerous studies, such as Smith and Read 
(2008), Yuan et  al. (2016), Huang et  al. (2018), Alghamdi (2019), Shao 
et  al. (2020), and Figura et  al. (2021), also reported accelerated seed 

germination due to the positive influence of mycorrhiza. However, the 
suppressive impact of mycorrhiza has also been reported by several 
researchers (Ballina et al., 2017; Louarn et al., 2012; Maighal et al., 2016; 
Varga, 2015; Wu et al., 2014).

Table 1. 
Seed Germination Attributes Without and With Mycorrhiza Treatments in Terminalia arjuna Using Fly Ash Growthing Medium

Day

Seed Germination 
(Number)

Cumulative Total 
Germination (Number)

Cumulative 
Germination (%) Peak Value Germination Speed

M− M+ M− M+ M− M+ M− M+ M− M+

8 10 40 10 40 2.77 11.11 0.34 1.38 1.25 5.00

9 40 30 50 70 13.88 19.44 1.54 2.16 4.44 3.33

10 10 30 60 100 16.66 27.77 1.66 2.77 1.00 3.00

11 30 20 90 120 25.00 33.33 2.27 3.03 2.72 1.81

12 20 50 110 170 30.55 47.22 2.54 3.93 1.66 4.16

13 30 10 140 180 38.88 50.00 2.99 3.84 2.30 0.76

14 00 30 140 210 38.88 58.33 2.77 4.16 00 2.14

15 00 00 140 210 38.88 58.33 2.59 3.88 0.00 0.00

16 10 10 150 220 41.66 61.11 2.60 3.81 0.62 0.62

17 00 10 150 230 41.66 63.88 2.45 3.75 0.00 0.58

18 10 10 160 240 44.44 66.66 2.46 3.70 0.55 0.55

19 20 00 180 240 50.00 66.66 2.63 3.50 1.05 00

20 00 00 180 240 50.00 66.66 2.50 3.33 00 00

21 10 00 190 240 52.77 66.66 2.51 3.17 0.47 00

22 00 00 190 240 52.77 66.66 2.39 3.03 00 00

23 00 00 190 240 52.77 66.66 2.29 2.89 00 00

24 00 00 190 240 52.77 66.66 2.19 2.77 00 00

25 00 00 190 240 52.77 66.66 2.11 2.66 00 00

26 00 10 190 250 52.77 69.44 2.02 2.67 00 0.38

27 00 00 190 250 52.77 69.44 1.95 2.57 00 00

28 00 30 190 280 52.77 77.77 1.88 2.77 00 1.07

29 00 00 190 280 52.77 77.77 1.81 2.68 00 00

30 10 00 200 280 55.55 77.77 1.85 2.59 0.33 00
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Figure 1. 
Number of Seeds Germinated (Numbers/Day) Without and With Mycorrhizal Inoculations in Terminalia arjuna.



Forestist 2024: 74(2): 142-146
Kumar et al. Germination Activities

145

No doubt, the mycorrhizae in this study showed a positive influ-
ence on the seed germination of T. arjuna when fly ash was used as 
growing media. This may be attributed to the hyphal penetration of 
the seed, which softens the seed coat (Pankaj et  al., 2021). There are 

studies showing a higher response of mycorrhizal fungi for improving 
the growth and survival of seedlings (Dovana et al., 2015; Hagh-Doust 
et  al., 2022; Khalediyan et  al., 2021), root growth (Falcón et  al., 2021), 
and plant growth (Khalediyan et  al., 2021; Weisany et  al., 2015, 2016) 
due to higher nutrient and water supply and physiological adjustment 
(Bhardwaj et al., 2023; Huang et al., 2018; Khalediyan et al., 2021; Naranjo 
et al., 2011).

Conclusion

At the moment, utilizing fly ash and stabilizing fly ash dumping sites are 
huge challenges. Fine particles of fly ash settled on the soil surface in 
the fly ash-producing area, interfering with seed germination and plant 
and crop growth. This investigation aimed to mitigate the challenges 
of seed germination in fly ash by employing mycorrhiza-based solu-
tions. The findings of this study imply that mycorrhizae are beneficial 
for T. arjuna seed germination. These results demonstrate the effects of 
fungal assemblages on seed germination in fly ash. Thus, mycorrhiza 
inoculation could be a green solution for improving seed germination 
and may be used for the restoration of fly ash areas. However, more 
work is needed to better understand the role of fungi in determining 
the seed germination of forest species.

Table 2. 
Comparative Seed Germination Data in Without Mycorrhizae and With 
Mycorrhizae

Parameter Without Mycorrhizae With Mycorrhizae

Seed germination (%) 55.55 77.77

Germination capacity (%) 59.44 83.88

Germination energy (%) 13.88 19.44

Germination value 12.32 24.16

Mean daily germination 6.66 9.33

Peak value 1.85 2.59

Cumulative germination (%) 55.55 77.77

Germination speed 
(numbers/day)

16.39 23.40
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Figure 2. 
Seed Germination Peak Value Without and With Mycorrhizal Inoculations in Terminalia arjuna.
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Seed Germination Speed (nos/day) Without and With Mycorrhizal Inoculations in Terminalia arjuna.



Forestist 2024: 74(2): 142-146
Kumar et al. Germination Activities

146

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – R.K., A.B.; Design – R.K., A.B.; Supervision – A.B., 
K.C.; Funding – R.K., A.B., K.C.; Materials – R.K., K.C., A.B.; Data Collection and/or 
Processing – R.K., A.B., K.C.; Analysis and/or Interpretation – R.K., A.B., K.C.; 
Literature Review – R.K., A.B., K.C.; Writing – R.K.; Critical Review – R.K., A.B., K.C.

Declaration of Interests: The authors have no conflict of interest to declare.

Funding: The authors declared that this study has received no financial 
support.

References

•	 Ahmad, M. A., Shahnawaz, M., Siddiqui, M. F., & Khan, Z. H. (2014). A statistical 
review on the current scenario of generation and utilization of fly-ash in 
India. International Journal of Current Engineering and Technology, 4, 
2434–2438.

•	 Alghamdi, S. A. (2019). Influence of mycorrhizae fungi on seed germination 
and growth in terrestrial and epiphytic orchids. Saudi Journal of Biological 
Sciences, 26(3), 495–502. [CrossRef]

•	 Ballina, H. S., Ruiz, E., Ambriz, E., & Alvarado, C. J. (2017). Effect of light and 
mycorizas on germination_on seeds of trees of dry forests. Madera y 
Bosques, 23, 29–37.[CrossRef]

•	 Bhardwaj, A. K., Chandra, K. K., & Kumar, R. (2023). Water stress changes on 
AMF colonization, stomatal conductance and photosynthesis of Dalbergia 
sissoo seedlings grown in entisol soil under nursery condition. Forest Science 
and Technology, 19(1), 47–58. [CrossRef]

•	 Biswas, M., Biswas, K., Karan, T. K., Bhattacharya, S., Ghosh, A. K., & Haldar, P. 
K. (2011). Evaluation of analgesic and anti-inflammatory activities of Termi-
nalia arjuna leaf. Journal of Phytology, 3, 33–38.

•	 Cardon, Z. G., & Whitbeck, J. L. (2007). The rhizosphere (p. 235). Elsevier Aca-
demic Press.

•	 Chandra, K. K., Bhardwaj, A. K., Singh, A., & Kumar, R. (2021b). Impact of 
drought on tropical forests and plant mechanisms to mitigate drought stress. 
Tropical dry forest: Emerging features and ecology perspectives (R. K. Chatur-
vedi, R. Singh, & R. Bhadouria, Eds.) (pp. 367–383). Nova Science Publisher.

•	 Chandra, K. K., Kumar, R., & Baretha, G. (2021a). Vandalism: A review for poten-
tial solutions. Tree benefits in urban environment and incidences of tree (R. 
Bhadouria, P. Singh, S. Upadhyay, & S. Tripathi, Eds.) (pp. 1–14). John Wiley 
& Sons, Inc.

•	 Dalling, J. W., Davis, A. S., Schutte, B. J., & Elizabeth Arnold, A. A. (2011). Seed 
survival in soil: Interacting effects of predation, dormancy and the soil 
microbial community. Journal of Ecology, 99(1), 89–95. [CrossRef]

•	 Dovana, F., Mucciarelli, M., Mascarello, M., & Fusconi, A. (2015). In vitro mor-
phogenesis of Arabidopsis to search for novel endophytic fungi modulat-
ing plant growth. PLoS One, 10(12), e0143353. [CrossRef]

•	 Dwivedi, A., & Jain, M. K. (2014). Fly ash – Waste management and over 
view: A review. Recent Research in Science and Technology, 6, 30–35.

•	 Falcon, E., Cobas, M., Bonilla, M., & Rodr Iguez, O. (2021). Effect of the sub-
strate and the mycorriza arbuscular in the system radical yestado nutri-
tional of Swietenia mahagoni L. Revista Cubana de Ciencias Forestales, 9, 
395–411.

•	 Figura, T., Tylova, E., Jersakova, J., Vohnik, M., & Ponert, J. (2021). Fungal sym-
bionts may modulate nitrate inhibitory effect on orchid seed germination. 
Mycorrhiza, 31, 231–241. [CrossRef]

•	 Garcia, K., & Zimmermann, S. D. (2014). The role of mycorrhizae associations 
in plant potassium nutrition. Frontiers in Plant Science, 5, 337. [CrossRef]

•	 Hagh-Doust, N., Färkkilä, S. M. A., Hosseyni Moghaddam, M. S., & Tedersoo, 
L. (2022). Symbiotic fungi as biotechnological tools: Methodological chal-
lenges and relative benefits in agriculture and forestry. Fungal Biology 
Reviews, 42, 34–55. [CrossRef]

•	 Hijri, M., & Ba, A. (2018) Mycorrhiza in tropical and Neotropical ecosystems. 
Frontiers in Plant Science, 9, 1–3. [CrossRef]

•	 Huang, H., Zi, X. M., Lin, H., & Gao, J. Y. (2018). Host-specificity of symbiotic 
mycorrhizal fungi for enhancing seed germination, protocorm formation 
and seedling development of over-collected medicinal orchid, Dendrobium 
devonianum. Journal of Microbiology, 56(1), 42–48. [CrossRef]

•	 Huante, P., Ceccon, E., Orozco-Segovia, A., Sánchez-Coronado, M. E., Acosta, 
I., & Rincón, E. (2012). The role of arbuscular mycorrhizae fungi on the early-
stage restoration of seasonally dry tropical forest in Chamela, Mexico. 
Revista Arvore, 36(2), 279–289. [CrossRef]

•	 Kaur, R., & Goyal, D. (2015). Mineralogical studies of coal fly ash for soil 
application in agriculture. Particulate Science and Technology, 33(1), 76–80. 
[CrossRef]

•	 Khalediyan, N., Weisany, W., & Schenk, P. M. (2021). Arbuscular mycorrhizae 
and rhizobacteria improve growth, nutritional status and essential oil pro-
duction in Ocimum basilicum and Satureja hortensis. Industrial Crops and 
Products, 160, 1–9. [CrossRef]

•	 Kumar, R., Bhardwaj, A. K., & Chandra, K. K. (2023). Levels of natural and 
anthropogenic disturbances and assessment of their impact on plant com-
munity functional diversity. Forestist, 73, 108–116. [CrossRef]

•	 Louarn, J., Carbonne, F., Delavault, P., Bécard, G., & Rochange, S. (2012). 
Reduced germination of Orobanche cumana seeds in the presence of 
arbuscular mycorrhizae fungi or their exudates. PLoS One, 7(11), e49273. 
[CrossRef]

•	 Maighal, M., Salem, M., Kohler, J., & Rillig, M. C. (2016). Arbuscular mycor-
rhizae fungi negatively affect soil seed bank viability. Ecology and Evolution, 
6(21), 7683–7689. [CrossRef]

•	 Naranjo, J. M. C., Alvero, C. M., Gorotiza, J. C., & Espinosa, R. R. (2011). Evalu-
ation of substrates and enforcement in arbuscular mycorrhizae fungi 
Begonia sp. Cultivos Tropicales, 32, 17–22.

•	 Palacios, Y. M., Gleadow, R., Davidson, C., Gan, W., & Winfrey, B. (2021). Do 
mycorrhizae increase plant growth and pollutant removal in storm water 
biofilters? Water Research, 202, 117381. [CrossRef]

•	 Pankaj, U., Kurmi, A., Lothe, N. B., & Verma, R. K. (2021). Influence of the 
seedlings emergence and initial growth of Palmarosa (Cymbopogon marti-
nii (Roxb.) Wats. var. motia Burk) by arbuscular mycorrhizae fungi in soil 
salinity conditions. Journal of Applied Research on Medicinal and Aromatic 
Plants, 24, 1–27. [CrossRef]

•	 Shao, S. C., Luo, Y., & Jacquemyn, H. (2020). Co-cultures of mycorrhizae 
fungi do not increase germination and seedling development in the epi-
phytic orchid Dendrobium nobile. Frontiers in Plant Science, 11, 571426. 
[CrossRef]

•	 Smith, S. E., & Read, D. (2008). Mycorrhizas in agriculture, horticulture and 
forestry. In S. E. Smith & D. Read (Eds.), Mycorrhizae symbiosis (3rd ed.) (pp. 
611–618). Academic Press.

•	 Smith, S. E., Smith, F. A., & Jakobsen, I. (2003). Mycorrhizae fungi can domi-
nate phosphate supply to plants irrespective of growth responses. Plant 
Physiology, 133(1), 16–20. [CrossRef]

•	 Soni, N., & Singh, V. K. (2019). Efficacy and Advancement of Terminalia 
Arjuna in Indian Herbal Drug Research: A review. Trends in Applied Sciences 
Research, 14(4), 233–242. [CrossRef]

•	 Tiwari, R. S., Chandra, K. K., Dubey, S., & Tripathi, S. (2022). Influence of pack-
aging materials and StorageConditions on seed germination ability and 
biochemical changes in some medicinal plants of Indian forests. Frontiers 
in Forests and Global Change, 5, 868237. [CrossRef]

•	 Varga, S. (2015). Effects of arbuscular mycorrhizae fungi and maternal plant 
sex on seed germination and early plant establishment. American Journal 
of Botany, 102(3), 358–366. [CrossRef]

•	 Weisany, W., Raei, Y., & Pertot, I. (2015). Changes in the essential oil yield and 
composition of dill (Anethum graveolens L.) as response to arbuscular myc-
orrhiza colonization and cropping system. Industrial Crops and Products, 77, 
295–306. [CrossRef]

•	 Weisany, W., Zehtab-Salmasi, S., Raei, Y., Sohrabi, Y., & Ghassemi-Golezani, K. 
(2016). Can arbuscularmycorrhizae fungi improve competitive ability of dill 
common bean intercrops against weeds? European Journal of Agronomy, 
75, 60–71. [CrossRef]

•	 Williams, A. J., Chandra, K. K., Dugaya, D., Mishra, A. K., & Banerjee, S. K. (1995). 
Population status of VAM fungi in rehabilitated ash disposal area. Environ-
ment and Ecology, 13, 384–387.

•	 Wu, J., Ma, F., Wang, L., Yang, J., Huang, X., An, G., & Liu, S. (2014). Seedling 
performance of Phragmites australis (Cav.) Trin ex. Steudel in the presence 
of arbuscular mycorrhizae fungi. Journal of Applied Microbiology, 116(6), 
1593–1606. [CrossRef]

•	 Yadav, A., & Aggarwal, A. (2015). The associative effect of arbuscular mycor-
rhizae with Trichoderma viride and Pseudomonas fluorescens in promoting 
growth, nutrient uptake and yield of Arachis hypogaea L. New York Science 
Journal, 8, 1–8.

•	 Yeh, C. M., Chung, K., Liang, C. K., & Tsai, W. C. (2019). New insights into the 
symbiotic relationship between orchids and fungi. Applied Sciences, 9(3), 
1–14. [CrossRef]

•	 Yuan, Y., Dai, X., Wang, H., Xu, M., Fu, X., & Yang, F. (2016). Effects of land-use 
conversion from double rice cropping to vegetables on methane and 
nitrous oxide fluxes in southern China. PLoS One, 11(5), e0155926. 
[CrossRef]

https://doi.org/10.1016/j.sjbs.2017.10.021
https://doi.org/10.21829/myb.2017.2331531
https://doi.org/10.1080/21580103.2023.2167873
https://doi.org/10.1111/j.1365-2745.2010.01739.x
https://doi.org/10.1371/journal.pone.0143353
https://doi.org/10.1007/s00572-021-01021-w
https://doi.org/10.3389/fpls.2014.00337
https://doi.org/10.1016/j.fbr.2022.06.001
https://doi.org/10.3389/fmicb.2016.00720
https://doi.org/10.1007/s12275-018-7225-1
https://doi.org/10.1590/S0100-67622012000200009
https://doi.org/10.1080/02726351.2014.938378
https://doi.org/10.1016/j.indcrop.2020.113163
https://doi.org/10.5152/forestist.2022.22025
https://doi.org/10.1371/journal.pone.0049273
https://doi.org/10.1002/ece3.2491
https://doi.org/10.1016/j.watres.2021.117381
https://doi.org/10.1016/j.jarmap.2021.100317
https://doi.org/10.3389/fpls.2020.571426
https://doi.org/10.1104/pp.103.024380
https://doi.org/10.3923/tasr.2019.233.242
https://doi.org/10.3389/ffgc.2022.868237
https://doi.org/10.3732/ajb.1400361
https://doi.org/10.1016/j.indcrop.2015.09.003
https://doi.org/10.1016/j.eja.2016.01.006
https://doi.org/10.1111/jam.12486
https://doi.org/10.3390/app9030585
https://doi.org/10.1371/journal.pone.0155926

