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   Impact of Different Glomus Species on Growth and Survival of Acacia nilotica Seedlings 

 

ABSTRACT 

Acacia nilotica (L.) Willd. ex Del, commonly known as babul, kikar belongs to family Leguminosae and is 
recognized as a multipurpose tree. It helps in improving soil fertility, increasing the activity of symbiotic 
microorganisms and providing various commercial benefits. The raising of high quality kikar seedlings is 
necessary to establish a good plantation and the role of arbuscular mycorrhizal fungi (AMF) in soil becomes 
imminent in raising of seedlings under nursery. The effect of three different species of Glomus spp. (G. 
mosseae, G. intraradices and G. fasciculatum) of AMF inoculated soil with Acacia nilotica seeds were observed 
in the nursery during 2018-2019 and 2019-2020. These AMF were applied at 400-500 sporocarp/kg of soil at 
sowing time and evaluated for their performance on the growth parameters, survival percentage, root 
colonization (%) and number of sporocarps. The experiment was laid out as completely randomized design, 
replicated three times with twenty seedlings per replication. The results revealed that among three Glomus 
species, the shoot length of 60.75 (2018-2019) and 59.80 cm (2019-2020) was the significantly high in soils 
inoculated with G. intraradices as compared to check (uninoculated). The root length of seedlings was also 
significantly higher when seeds were sown in soil inoculated with G. intraradices followed by G. fasciculatum 
inoculated soil. The plant biomass was recorded significantly high when seeds were sown in soil infested with 
G. intraradices (23.77 g) followed by G. fasciculatum (21.57 g) and minimum in the G. mosseae (20.20 g) 
among Glomus spp. during 2019-2020. The seedlings survival was 81.53 and 85.79 % in soils inoculated with 
G. intraradices followed by 74.65 and 79.01 % in G. fasciculatum during 2018-2019 and 2019-2020, 
respectively and all the treatments differed significantly as compared to check.  A significant higher root 
colonization (20.35 and 19.16 %) and number of sporocarps (28.0 and 26.51 /per 100 g of soil) at 150 DAS 
were recorded in soils inoculated with G. intraradices followed by G. fasciculatum.  
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1. INTRODUCTION 

Forests, as the key element of the terrestrial ecosystem are crucial for the well being of 
humanity. They provide foundations for life on earth through ecological functions, by 
regulating climate and water resources and by serving as habitats for plants and animals. 
They also furnish a wide range of essential goods such as food, fodder, fuel and medicines, in 
addition to opportunities for recreation, spiritual renewal, includes the amelioration of soil 
chemical and physical properties, the reduction of soil erosion and improved weed control. 
Acacia nilotica plays a significant role under these circumstances. It is commonly known as 
babul or kikar belonging to the family Leguminosae (M.U.Z.N. et al., 2014). It has been well 
recognized as a multipurpose tree globally. This versatile tree is generally found growing in 
forest areas, farmlands, tank foreshores, agricultural fields, village pasture lands, wastelands, 
bunds and along highways and railway lines. It is a drought-resistant  multipurpose legume 
tree capable of biological nitrogen fixation which helps in providing various ecological as 
well as commercial benefits such as fodder, timber etc. (Bargali and Bargali 2009). It 
contains a huge number of alkaloids, volatile essential oils, phenols and phenolic glycosides, 
resins, oleosins, hormones, tannins, and terpenes that have the property to avoid, alleviate, or 
cure various diseases and conditions (Ali et al., 2012). Among the various microorganisms, 
the arbuscular mycorrhizal fungi (AMF) present in soils contribute substantially to trees 
growth and survival. The AMF are soil microorganisms composing the essential components 
of the sustainable soil-plant system. The AMF form extensive extraradical mycelia which 
increase accessible soil volume for the plant to absorb phosphorus and water (Dierks et al., 
2021). The AMF belonging to the phylum Glomeromycota, are obligate symbiotic fungi 



 

 

forming mutualistic associations with the roots of most land plants. The increased access to 
low-mobility soil mineral nutrients has been considered to be the main beneficial effect of 
AMF on their host plants (Smith and Read, 1997). The importance of AMF in nursery 
management and in its re-vegetation in various land types has been realized now and it has 
become an integral part of afforestation programs. The other benefits of AMF in soil to trees 
is the production of plant growth hormones, protection of roots from pathogens, uptake of 
heavy metals, tolerance to salinity, radionuclides uptake and protection of trees from 
radioactivity (Brahmaprakash and Sahu, 2012). The use of AMF provides an effective 
alternative to improve the growth and nutrient status of plants. The high quality seedlings to 
establish a good plantation are necessary. The apparent results of these AMF may not be 
evident under all natural conditions because of their insufficient population occurring 
naturally in the soil (Powell and Daniel, 1978). There are many reports which have shown 
that plants raised in soil having AMF increased nodulation in various legumes resulting into 
higher fixation of atmospheric nitrogen in roots (Harley and Smith, 1983). A limited work 
has been done on the use of AMF in raising of healthy seedlings of A. nilotica, therefore, the 
present study was planned with an objective to find out an appropriate AMF which may be 
inoculated artificially in soil before sowing and may provide healthy seedlings of high vigor 
for better establishment under biotic and abiotic stresses in field conditions.  

2. MATERIAL AND METHODS  
 

The study was carried out in the nursery of Forestry Department, CCS Haryana Agricultural 
University, Hisar (200 10’ N lat.,750 46’ E long., alt. 215 m msl), situated in the semi-arid 
region of North-Western India. The soil type used in experimentation was sandy loam. The 
climate of Hisar (Haryana) is semi-arid with hot and dry desiccating winds accompanied by 
frequent dust storms with high velocity in summer months, severe cold during in winter 
months and humid warm during monsoon rainy season. The mean monthly maximum and 
minimum temperature sometimes exceed 480 C on hot summer days. The relative humidity 
varies from 5 to 100 %, while temperature below freezing point accompanied by frost in 
winter is usually experienced in this region. The pure cultures of three AMF viz. Glomus 
intraradices, Glomus mosseae and Glomus fasciculatum, were collected from the Department 
of Plant Pathology, CCS Haryana Agricultural University, Hisar and were multiplied on pearl 
millet (Pennisetum typhoides) and wheat (Triticum aestivum) under screen house conditions. 
The soil and rootlets from the root horizon of G. intraradices, G. mosseae and G. 
fasciculatum inoculated wheat and pearl millet plants were used in different treatments before 
sowing of seeds as per detail given below. The seeds were sown 2-3 cm deep in sterile sandy 
soil inoculated individually with G. intraradices, G. mosseae and G. fasciculatum at 450-500 
sporocarps/kg soil in polythene bags of 22.5 x 12.5 cm size in the month of July, 2019 and 
2020. The sowing of seeds in uninoculated soil served as a check. This experiment was 
carried out under a completely randomized design, each treatment was replicated three times 
and twenty seedlings per replication were raised and maintained. The growth parameters of 
seedlings, mycorrhizal colonization in roots and sporocarp numbers in soil were determined 
at 60, 90, 120 and 150 DAS. The mycorrhizal colonization was calculated by using the 
method given by Phillips and Hayman (1970) and sporocarps were calculated as per the 
method given by Gerdemann and Nicolson (1963). The present study was conducted in 
Forestry Nursery at CCS Haryana Agricultural University, Hisar during 2018-2019 and 2019-
2020. There were three treatments of soil inoculation with Glomus spp. inoculated before 
sowing and control (uninoculated AMF) as shown below:- 

T1 - Soil inoculated with G. intraradices     
T2 - Soil inoculated with G. mosseae 
T3 - Soil inoculated with G. fasciculatum    



 

 

T4 - Control (un-inoculated) 
 

3. RESULTS AND DISCUSSION 
 

Impact of soil application of different Glomus spp. on growth parameters 
 
The data presented in Table 1 and Table 2 revealed the growth parameters viz. shoot length 
(cm), root length (cm), collar diameter (mm), plant biomass (g) and plant survival (%) of 
Acacia nilotica seedlings at 60, 90, 120 and 150 DAS in soil treated with different Glomus 
spp. during 2018-2019 and 2019-2020, respectively. The shoot length of A. nilotica seedlings 
was significantly more in all the treatments having soil inoculated with Glomus sp. as 
compared with control (uninoculated). The maximum shoot length of 60.75 and 59.80 cm 
was recorded in treatment when G. intraradices was inoculated in soil before sowing which 
was significantly better than all the treatments. Singh and Chugh (2019) also observed a 
maximum shoot length in Dalbergia sissoo, Eucalyptus tereticornis, Azadirachta indica and 
Ailanthus excela trees when sown in soils incorporated with G. mosseae as compared to the 
non-inoculated soil. However, G. mosseae also increased shoot length in present study but it 
was less effective than the soil incorporation of G. intraradices. It may be due to the 
differences in inherent character of AMF.  The minimum shoot length of 50.75 cm and 50.00 
cm was observed in soils treated with G. mosseae during 2018-2019 and 2019-2020, 
respectively. Amongst all treatments, the shoot length was better in all seedlings grown under 
three Glomus spp. inoculated soil as compared to control (uninoculated). The root length of 
45.78 and 42.33 cm in A. nilotica seedlings was significantly highest during 2018-2019 and 
2019-2020, respectively when seeds were sown in soil inoculated with G. intraradices and it 
was followed by root length of 42.52 and 39.58 cm during 2018-2019 and 2019-2020, 
respectively in soil inoculated with G. fasciculatum. The root length of 38.91 and 36.47 cm 
was significantly low in seedlings grown under G. mosseae inoculated soil during 2018-2019 
and 2019-2020, respectively as compared to other Glomus spp. used in the experiment. 
However, the root length was better in all seedlings grown under three Glomus spp. 
inoculated soil as compared to control (uninoculated). While comparing the thickness at the 
collar region of A. nilotica seedlings, the maximum collar diameter of 5.95 and 5.77 mm was 
found in seedlings grown under soil inoculated with G. intraradices followed by G. 
fasciculatum (5.27 and 5.08 mm) and G. mosseae (4.83 and 4.53 mm) during 2018-2019 and 
2019-2020, respectively. The application of Glomus spp. in soil significantly increased the 
collar diameter as compared to control. It was significantly as low as 4.12 and 4.10 mm 
during both years in control (uninoculated). The biomass production was 21.52 and 23.77 g 
in seedlings grown in soils inoculated with G. intraradices followed 19.66 and 21.57 g in G. 
fasciculatum treated soil and 18.94 and 20.20 g in soil incorporated with G. mosseae at 150 
days after sowing during 2018-2019 and 2019-2020, respectively. The inoculation of Glomus 
spp. in soil significantly increased plant biomass production as compared to control (14.44 
and 15.97 g during 2018-2019 and 2019-2020). The survival percentage of seedlings of A. 
nilotica was significantly high in soil inoculated with G. intraradices at the rate of 81.53 and 
85.79 % during 2018-2019 and 2019-2020, respectively as compared with control as well as 
soil inoculated with G. mosseae and G. fasciculatum.  Among Glomus spp. the maximum 
survival percentage was 74.65% and 79.01 % during 2018-2019 and 2019-2020, respectively 
in soil treated with G. fasciculatum treatment and minimum (73.89% and 75.35% during 
2018-2019 and 2019-2020, respectively) in G. mosseae.  Since there are many studies on 
effect of soil application of AMF in different field crops and different forest trees but there is 
a very limited study in the selection of an appropriate AMF which may be inoculated 
artificially in soil before sowing and may provide healthy seedlings of high vigor for better 



 

 

establishment under biotic and abiotic stresses in field conditions. The observations in this 
study are in accordance with the findings of Singh and Chugh (2019) who observed an 
improvement in survival percentage, root length, shoot length, total biomass, mycorrhizal 
colonization and sporocarp number in Dalbergia sissoo, Eucalyptus tereticornis, Azadirachta 
indica and Ailanthus excela trees when sown in soils having mycorrhiza as compared to the 
non-inoculated soil. Similarly, the AMF have been found to enhance various growth 
parameters in Glycine max L. and helped the plants in drought tolerance (Pavithra and Yapa 
2018). Battini et al., 2017 reported that the AMF after establishing symbiosis produce 

�extensive underground extra radical mycelia ranging from the maize roots up to the 
surrounding rhizosphere, thereby helped in improving the uptake of nutrients.  The plant 
growth parameters in wheat (Triticum aestivum) were increased in the presence of G. 
mosseae and G. fasciculatum (Pal and Pandey, 2016).  Giri et al. (2005) found increased 
fresh root weight in Cassia siamea when AMF was inoculated in soil over control. Kaushik et 
al. (2003) showed that Acacia nilotica and Dalbergia sisso seedlings had significantly higher 
biomass, root and shoot length in soils inoculated with G. mosseae treatment than un-
inoculated treatments, however, in the present study G. mosseae inoculated artificially in soil 
was also effective in promoting growth parameters as compared to control but not as effective 
as G. intraradices application. Gupta and Rahangdale (1999) also found the increased fresh 
root weight in Dalbergia sissoo and Albizzia lebbek with dual inoculation of AMF and 
Rhizobium in soil. An improved germination of seeds with application of bio-inoculants has 
also been reported by various workers on different forest plants (Singh et al., 2003; Verma et 
al., 2008, Zambrano and Diaz 2008, Singh et al. 2011).  Since AMF have been reported to 
produce plant growth hormones and help in uptake of available and non-available form of 
nutrients by plants, it might have resulted in increased plant growth parameters in Acacia 
nilotica.  Similarly, plant survival (%) was also high in soil treated with AMF, it may be due 
to protection of seedlings from destructive pathogens by Glomus sp. The plant strength also 
increases by the presence of AMF in soil and it might have resulted in better plant survival of 
A. nilotica.  The modification of the soil environment by AMF surrounding the roots may 
also be the reason of better growth of seedlings, high survival rate, better root colonization 
and multiplication.    

 

Impact of soil application of different Glomus sp. on root colonization and sporocarp 
numbers  
 
The data presented in Table 3 and Table 4 depicts root colonization (%) and number of 
sporocarps/100 g of soil in Acacia nilotica seedlings at 60, 90, 120 and 150 DAS in soil 
treated with different Glomus spp. during 2018-2019 and 2019-2020, respectively. Amongst 
the three Glomus species inoculated singly in soil before sowing of A. nilotica during 2018-
2019 and 2019-2020, a significant higher root colonization of 20.35 and 19.16 % was 
achieved in seedlings at 150 DAS during 2018-2019 and 2019-2020, respectively when  G. 
intraradices was applied to the soil before sowing and no root colonization was seen in 
control (uninoculated). It was followed by 18.55 and 17.83 % root colonization 150 DAS 
during 2018-2019 and 2019-2020, respectively in G. fasciculatum treated soil and 
significantly low root colonization of 17.87 and 16.93 % was observed in soil treated with G. 
mosseae.  The number of sporocarps was also significantly high at 150 DAS (28.0 and 26.51 
/per 100 g of soil during 2018-2019 and 2019-2020, respectively) in soil treated with G. 
intraradices. It was followed by G. fasciculatum (25.67 and 24.15 sporocarps per 100 g soil 
during 2018-2019 and 2019-2020, respectively at 150 DAS. The number of sporocarps per 
100g soil was found to be minimum (23.45 and 20.70 during 2018-2019 and 2019-2020 in G. 
mosseae treated soil. Similar observations on increase in sporocarp numbers in soil and root 



 

 

colonization in Dalbergia sissoo have also been reported by Kumar, et al. (2020). The 
presence of G. intraradices in soil was more effective in root colonization of seedlings of A. 
nilotica and have better multiplication in the rhizosphere of A. nilotica as compared to G. 
fasciculatum and G. mossease.  The higher root colonization and better multiplication of G. 
intraradices in the rhizosphere of A. nilotica seedlings may be due to the inherent character 
of this G. intraradices which might have stimulated nutrient uptake in seedlings and hence 
better growth. The AMF root colonization and spore density in soil is an important parameter 
to determine the status of the association and studies have shown that higher colonization 
rates are often positively correlated with plant growth and nutrition.  The root exudates of 
seedlings may also have influenced the better root colonization, faster multiplication of AMF 
and hence better growth and survival of seedlings.  

 
4. CONCLUSION 

 
Glomus species inoculated individually in soil before sowing of seed were helpful in 
promoting growth characters (shoot length, root length, collar diameter, plant biomass) and 
plant survival of Acacia nilotica seedlings but G. intraradices was found to be more effective 
amongst all three Glomus spp.  Similarly, root colonization of seedlings was highest in G. 
intraradices soil treatments followed by G. fasciculatum and G. mosseae soil treatments.  The 
multiplication of G. intraradices was also found to be high followed by G. fasciculatum and 
G. mosseae.  It is concluded that G. intraradices used as a soil application before sowing of 
seeds of A. nilotica is highly effective in establishment of seedlings under nursery conditions. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 1: Effect of soil application of different Glomus spp. on growth parameters of Acacia nilotica seedlings during 2018-2019 

 
Treatments Shoot length (cm) Root length (cm) Collar diameter (mm) 

 
Plant biomass (g) Plant 

survival (%) 60  
DAS 

90 
DAS 

120 
DAS 

150 
DAS 

60  
DAS 

90 
DAS 

120 
DAS 

150 
DAS 

60  
DAS 

90 
DAS 

120 
DAS 

150 
DAS 

60  
DAS 

90 
DAS 

120 
DAS 

150 
DAS 

G. intraradices 
 

23.8 35.6 46.5 60.8 12.5 22.9 34.5 45.8 2.11 3.86 4.56 5.95 4.9 10.6 16.6 21.5 81.5 

G. mosseae 
 

21.5 30.5 40.4 50.8 12.1 20.1 30.5 38.9 2.00 3.45 4.00 4.83 4.2 09.1 14.1 18.9 73.9 

G. fasciculatum 
 

22.6 32.6 42.7 55.5 12.3 21.1 32.9 42.5 2.09 3.76 4.44 5.27 4.8 10.0 15.1 19.7 74.7 

Control (un-
inoculated)    

20.6 28.3 35.3 48.3 12.0 16.8 21.6 30.6 1.95 2.88 3.47 4.12 4.0 07.4 10.6 14.4 70.5 

Mean 22.1
1 

31.8 41.2 53.8 12.2 20.2 29.9 39.5 2.04 3.49 4.12 5.04 4.5 09.3 14.1 18.6 75.1 
CD at 5% 1.94 2.79 3.62 4.73 NS 1.78 2.65 3.49 NS 0.30 0.36 0.44 0.39 0.82 1.25 1.64 6.59 

 
 
Table 2: Effect of soil application of different Glomus spp. on growth parameters of Acacia nilotica seedlings during 2019-2020 
 

Treatments Shoot length (cm) Root length (cm) Collar diameter (mm) 
 

Plant biomass (g) Plant 
survival 

(%) 
60  

DAS 
90 

DAS 
120 
DAS 

150 
DAS 

60  
DAS 

90 
DAS 

120 
DAS 

150 
DAS 

60  
DAS 

90 
DAS 

120 
DAS 

150 
DAS 

60  
DAS 

90 
DAS 

120 
DAS 

150 
DAS 

G. intraradices 
 22.2 33.9 46.4 59.8 12.3 21.8 30.9 42.3 2.03 3.82 4.75 5.77 4.9 10.9 18.5 23.8 85.8 

G. mosseae 
 

19.1 28.6 40.5 50.0 12.1 20.5 27.0 36.5 1.97 3.43 4.03 4.53 4.2 9.3 15.0 20.2 75.4 
G. fasciculatum 
 20.2 30.3 42.0 53.1 12.0 20.0 28.9 39.6 2.00 3.80 4.65 5.08 4.9 10.5 16.4 21.6 79.0 

Control (un-
inoculated)    
 

18.1 26.5 31.8 47.5 11.8 15.6 20.5 29.5 2.96 2.41 3.12 4.10 3.8 7.9 11.4 15.9 72.1 

Mean 
 

19.9 29.8 40.2 52.6 12.1 18.9 26.8 37.0 1.99 3.37 4.14 4.87 4.4 09.7 15.3 20.4 78.1 
CD at 5% 2.02 3.43 3.40 4.00 NS 1.94 3.24 3.76 NS 0.35 0.54 0.46 0.65 1.06 1.49 2.00 6.76 

 



 

 

Table 3: Effect of different Glomus spp. treated soils on Acacia nilotica seedlings root colonization and sporocarps number in soil during 2018-2019 
 

Treatments Root colonization (%) No. of sporocarps /100 g of soil 
60  DAS 90 DAS 120 DAS 150 DAS 60  DAS 90  

DAS 
120 DAS 150 DAS 

G. intraradices 10.0 14.6 18.8 20.4 18.3 21.7 23. 6 28.0 
G. mosseae 08.2 12.2 16.3 17.9 16.7 18.4 20.8 23.5 
G. fasciculatum 09.3 14.1 17.0 18.6 17.5 20.8 21.6 25.7 

Control (un-inoculated)    00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 

Mean 06.9 10.2 13.0 14.2 13.1 15.2 16.5 19.3 
CD at 5% 0.69 1.03 1.32 1.43 1.32 1.54 1.67 1.95 

 
Table 4: Effect of different Glomus spp. treated soils on Acacia nilotica seedlings root colonization and sporocarps number in soil during 2019-2020 

Treatments Root colonization (%) No. of sporocarps /100 g of soil 
60  DAS 90 DAS 120 DAS 150 DAS 60  DAS 90 DAS 120 DAS 150 DAS 

G. intraradices 
 

10.0 14.1 18.1 19.2 16.5 19.3 21.1 26.5 
G. mosseae 
 

07.7 11.2 15.7 16.9 14.7 16.2 17.7 20.7 
G. fasciculatum 
 

08.0 13.6 16.6 17.8 15.9 18.9 19.0 24.1 
Control (un-inoculated)    00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 
Mean 06.4 09.7 12.6 13.5 11.8 13.6 14.5 17.8 
CD at 5% 1.10 0.95 1.00 1.28 1.67 1.32 1.71 1.87 



 

 

REFERENCES 

1. Ali A, Naveed A, Khan BA, Khan MS, Akhtar R, Khalid N, Waseem K, Mahmood T, Ali L.  Acacia 
nilotica: A plant of multipurpose medicinal uses. Journal of Medicinal Plants Research. 2012; 6(9): 
1492-1496. 

2. Bargali K. Bargali SS.  Acacia nilotica: A multipurpose leguminous plant.  Nature and Science. 2009; 
7 (4): 11-19. 

3. Battini F, Gronlund M, Agnolucci M, Giovannetti M, Jakobsen I. Facilitation of phosphorus uptake in 
maize plants by mycorrhizosphere bacteria. Scientific Reports. 2017; 7: 4686.  

4. Brahmaprakash GP, Sahu PK. Biofertilizers for sustainability. Journal of the Indian Institute of 
Sciences. 2012; 92(1): 37-62. 

5. Dierks J, Blaser-Hart, WJ, Gamper HA, Nyoka IB, Barrios E, Six J. Trees enhance abundance of 
arbuscular mycorrhizal fungi, soil structure, and nutrient retention in low-input maize cropping 
systems. Agriculture, Ecosystems and Environment. 2021; 318: 107487.  

6. Gerdemann,  JW, Nicolso TH. Spores of mycorrhizal Eadogone. species extracted from soil by wet 
sieving and decanting. Transaction of British Mycology Society.1963; 46: 235-244. 

7. Giri B, Kapoor R. Mukherji KG. Effect of the arbuscular mycorrhizae Glomus fasciculatum and G. 
macrocarpum on the growth and nutrient content of Cassia siamea in a semi-arid Indian wasteland 
soil. New Forests. 2005; 29:63-73. 

8. Gupta N, Rahangdale R. Response of Albizia lebbek and Dalbergia sissoo towards dual inoculation of 
Rhizobium and abuscular mycoorhizae fungi. Indian Journal of Experimental Biology. 1999; 37: 1005-
1011. 

9. Harley JL, Smith SE. Mycorrhizal symbiosis. Academic Press, London, 1983; 483. 

10. Kaushik  JC, Dabas P, Kumar R. Influence of Glomus mosseae, phosphorus and drought stress on the 
nodulation and nutrient content of Acacia nilotica and Dalbergia sissoo seedlings. Indian Journal of 
Forestry. 2003; 26(1): 11-13.  

11. Kumar A, Beniwal RS, Singh MK, Arya S, Chugh RK. Effect of Glomus mosseae inoculation on the 
growth of Dalbergia sissoo seedlings with normal, stress and re-watering conditions. International 
Journal of Current Microbiology and Applied Science. 2020; 9(06): 781-786. 

12. M. U. Z. N. Farzana, I. Al Tharique, Arshiya sultana. A review of ethnomedicine, phytochemical and 
pharmacological activities of Acacia nilotica (Linn) willd, Journal of Pharmacognosy and 
Phytochemistry. 2014; 3 (1):84-90. 

13. Pal A, Pandey S. Role of arbuscular mycorrhizal fungi on plant growth and reclamation of barren soil 
with wheat (Triticum aestivum L.) crop. International Journal of Soil Science. 2016; 12: 25–31.  

14. Pavithra D, Yapa N (2018). Arbuscular mycorrhizal fungi inoculation enhances drought stress 
tolerance of plants. Ground Water for Sustainable Development. 2018; 7: 490-494.  

15. Phillips JM, Hayman DS. Improved procedure for clearing roots and staining parasitic and vesicular-
arbuscular mycorrhizal fungi for rapid assessment of infection. Transactions of British Myvological 
Society. 1970; 55: 158-161.  

16. Singh MK, Chugh RK. Impact of Arbuscular Mycorrhizal fungi on the growth parameters and nutrient 
content on different tree species. Indian Journal of Pure Applied Bioscience. 2019; 7(6): 244-248. 

17. Singh Y, Verma RK, Jamaluddin.  Combination of biocontrol agents, organic matter and bifertilizers  
to suppress Fusarium wilt and improve growth of Gmelina arborea seedlings. Indian Journal of 
Tropical Biodiversity. 2003; 11:74-84. 

18. Singh SK, Pancholy A, Jindal SK, Pathak R. Effect of plant growth promoting rhizobia on seed 
germination and seedling trials in Acacia Senegal. Annals of Forage Research. 2011; 54(2): 161-169. 

19. Powell CL, Daniel J. Growth of white clover in undisturbed soils after inoculation with efficient 
mycorrhizal fungi. New Zealand Journal of Agricultural Research. 1978; 21:675-681. 



 

 

20. Smith SE, Read DJ. Mycorrhizal symbiosis.  Biologia Plantarum. 1997; 40(1): 154. 

21. Verma RK. Jamaluddin Dadwal VS, Thakur AK. Economics of biofertilizer application on the 
production of planting propagules of teak in a commercial nursery. Indian Forester. 2008; 134(7): 923-
931. 

22. Zambrano JA, Diaz LA. Response of Gmelina arborea to Glomus sp. and Azosprillum brasilense 
inoculated in greenhouse conditions. Universitas Scientiarum.  2008; 13(2): 162-170. 


