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Abstract  

Arbuscular mycorrhizal (AM) fungi are well known symbiotic microorganism 

found to improve the growth of host plant by mobilizing immobile nutri-

ents, mainly phosphorus, from the soil. However, the effect of AM fungi on 

host plant growth depends on the percentage mycorrhizal colonization, 

whereas it is not clear that the percent mycorrhization impacts by AM fungal 

spore abundance of the inoculum. Therefore, the current investigation was 

conducted to know the effect of percent mycorrhization of Glomus intra-

radices on the growth of blackgram inoculated with varied numbers of AM 

fungal spores via seed biotization (1 to 10 AM fungal spores per seed). Per-

cent mycorrhizal colonization and plant growth characteristics of black-

gram were recorded after 10, 20 and 30 days of sowing (DOS). Our results 

are revealed that the percentage of mycorrhizal colonization significantly 

influenced based on the availability of AM fungal spore richness of the bio-

tized seeds, which leads to altered crop growth. Percent mycorrhizal coloni-

zation in the roots of blackgram increased with increasing AM fungal spore 

abundance per seed and it ranges from 10 to 70 %. Moreover, mycorrhizal 

colonized plants recorded higher shoot and root length, leaf area, leaf area 

index, shoot and root biomass production as well as chlorophyll content 

over control, conversely it was increased further with increasing percent 

mycorrhizal colonization, which is directly proportional to the richness of 

the AM fungal spores per seed. Therefore, AM fungal spore abundance is one 

of the governing factors that influence percent mycorrhizal colonization in 

roots of plants besides AM fungal and plant species and soil condition.  
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Introduction  

Blackgram, Vigna mungo (L.) Hepper is an important leguminous pulse crop 

extensively grown in India. It is highly nutritious and protein rich food grain 

legume, provide nutrients rich complete human diet. Blackgram dal con-

tains more than 20% protein, which is complementary to vegetable protein 

and also supplements protein in the cereal based low protein diet. Besides, 

it contains sugars, dietary fibers, starch, minerals, vitamins and essential 

amino acids (1, 2). Interestingly, leguminous pulse crops including black-

gram sustain their growth by establishing a symbiotic association with Rhi-

zobium, which fix atmospheric nitrogen in the root nodules (3-7). In addition 

to Rhizobium, AM fungi also form a symbiotic association with leguminous 

crops (8).  
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 AM fungi belonging to the phylum Glomeromycota, 
is a unique symbionts that forms association with almost 
80 % of terrestrial plant species (9). AM fungi-plant interac-
tion promotes plant growth and nutrition by improving the 
uptake of immobile inorganic nutrients primarily phos-
phate and other nutrients such as ammonia as well as mi-
cronutrients from the soil (10-12). In turn, the plant pro-
vides around 20% of photosynthetically assimilated car-
bon to their symbiotic partner, AM fungi (13). Moreover, AM 
fungi also helps the plant to absorb moisture from the soil 
(14). This beneficial fungus brings physiological changes in 
the host plants by regulating the production of endoge-
nous phytohormones besides supplying nutrients and wa-
ter (15-16). A plethora of findings confirmed that AM fungi 
colonized plants exhibited a greater growth rate by in-
creasing leaf area, chlorophyll content, root length and 
photosynthetic rate as well as phytochemical constituents 
such as sugars, proteins, phenols, tannins and flavonoids 
(17-22). Besides, it also enhance plant's resistance to vari-
ous stresses including drought, salinity, herbivorous in-
sect, temperature, heavy metal toxicity and phytopatho-
gen (23-26).  

 Considerably, AM fungi delivers comprehensive 
benefits to the host plants with the lack of host specificity 
even though it has shown low species diversity (27). How-
ever, AM fungi mediated benefits to the host plants varied 
by numerous factor including AM fungal and host plant 
species, percent mycorrhizal colonization, growth stages 
of the crops and nutrient status of the soil (28). Percent 
mycorrhizal colonization is one of the factors largely re-
sponsible for plant growth and health improvement, which 
depends on infective propagules availability and dynam-
ics; it has been evaluated through the estimation of AM 
fungal spore abundance in soil (29), roots colonization 
(30), extra radical mycelium length and total viable propa-
gules (31). However, the effect of availability and abun-
dance of AM fungal propagules on percent mycorrhizal 
colonization and growth of plants remain elusive and need 
to be studied. It was (32) reported that Astragalus parrowi-
anus Boiss. and Alopecurus arundinaceus Poir. with the 
highest number of AM fungal spores in rhizosphere record-
ed maximum percent root colonization than other plant 
species with the lowest number of AM fungal spores, which 
includes Crepis sancta L. Babcock, Thymus fedtschenkoi 
Ronneger, Alcea tholozani Stapf., Verbascum cheiranthifoli-
um Boiss., Anchusa italica Retz., Scandix pectin-veneris L., 
Turgenia latifolia L. Hoffm., Silene conoidea L., Centaureae 
depressa M. Bieb., Hyoscyamus niger L. and Achillea tenui-
folia (Lam.). Moreover, it was proved that percent mycor-
rhizal colonization positively correlated with the number 
of AM fungal spores availability in the rhizosphere soil (32). 
With this background, the current study was conducted to 
evaluate the effect of AM fungal spore availability and 
abundance on percent mycorrhizal colonization and 
growth of blackgram.  

 

Materials and Methods  

AM fungal inoculum, blackgram seeds and soil sources 
AM fungal inoculum, Glomus intraradices was obtained 
from the Biofertilizer Production and Quality Control Unit, 

Department of Agricultural Microbiology, Tamil Nadu Agri-
cultural University, Coimbatore. Then, it was multiplied in 
the medium containing vermiculite and soil (10:1) mixture 
using maize. AM fungal spores were extracted from the 
vermiculite based carrier material by using a method wet 
sieving and decanting and used as a source of AM fungal 
inoculum (33). Blackgram (variety CO6) seeds were ob-
tained from the Department of Pulses, Tamil Nadu Agricul-
tural University, Coimbatore and used for the study. For 
growth media, topsoil (15-20 cm) red was collected from 
the farm of the Department of Pulses, Tamil Nadu Agricul-
tural University, Coimbatore and used as a substrate for 
growing plants. The collected red soil is sandy loam tex-
ture with a pH of 8.4, electrical conductivity (EC) of 0.16 ds 
m-1, 9.32 % nitrogen, 1.94 % phosphorus, 14.32 % potassi-
um and 0.73 % organic carbon. 

Seed biotization with AM fungal spore and plant growth 

condition  

Blackgram seeds (CO6) were surface sterilized using 10% 

sodium hypochlorite for 10 min followed by rinsed with 

sterile distilled water for 5 times. Then, the surface steri-

lized seeds were biotized with AM fungal spore (1-10 

spores/seed) using 2% carboxyl methyl cellulose (CMC) as 

a sticker. In detail, a liquid suspension containing 200 

numbers of AM fungal (G. intraradices) spores was mixed 

with 200 numbers of seeds to coat approximately 1 AM 

fungal spore per seed. Similarly, seeds were coated with 

up to 10 spores per seed. After biotization, seed associated 

AM fungal spore population was examined and verified 

microscopically. Biotized seeds were then dibbled in 2 kg 

plastic pots filled with steam-sterilized (121 ºC for 30 min 

with 15 psi) red soil and sand mixture (2:1). After seed ger-

mination, all the pots were equally irrigated with 100 ml of 

water and 100 ml Hoagland’s nutrient solution alternative-

ly once in 2 days interval. 

Experimental design  

A pot culture experiment was conducted at the Depart-

ment of Agricultural Microbiology, Tamil Nadu Agricultural 

University, Coimbatore. The current investigation was car-

ried out with eleven treatments and three replications by 

following a Completely Randomized Design (CRD). Treat-

ments viz., 0 GS - Control without AM fungal spores, 1 GS - 

one AM fungal spore per seed, 2 GS - two AM fungal spores 

per seed, 3 GS - three AM fungal spores per seed, 4 GS - 

four AM fungal spores per seed, 5 GS - five AM fungal 

spores per seed, 6 GS - six AM fungal spores per seed, 7 GS - 

seven AM fungal spores per seed, 8 GS - eight AM fungal 

spores per seed, 9 GS - nine AM fungal spores per seed and 

10 GS - ten AM fungal spores per seed. After 10, 20 and 30 

days of sowing, plants were harvested and used to assess 

AM fungal colonization and plant growth parameters. 

Chlorophyll content  

The chlorophyll content of leaf tissue was estimated based 

on the procedure of Arnon (34). About 100 mg of fresh leaf 

tissue was macerated in 5 ml of 80% acetone and then 

centrifuged for 10 min at 3000 rpm. This step was repeated 

till all the chlorophyll was extracted in the solvent. Then, 

the extracts were pooled and the volume was made up to 
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10 ml with 80% acetone. The intensity of color was meas-

ured at 665 nm in a digital spectrophotometer 

(Spectramax® i3X). Acetone (80%) was used as a blank. The 

chlorophyll content was denoted as mg g-1 of fresh leaf 

tissue material. 

Plant growth parameters  

Plant growth parameters such as shoot and root length 

(cm plant-1), total leaf area (cm2 plant-1), and leaf area in-

dex were recorded after 10, 20 and 30 DOS. Then, the shoot 

and root system were separated and oven dried at 70 ˚C 

for 4 hr. The dry weight of the shoot and root system were 

recorded and expressed as g plant-1. 

Mycorrhizal colonization  

Mycorrhizal colonization was examined with freshly col-

lected root samples by following the standard procedure 

(35). First, roots were gently washed with running tap wa-

ter to remove soil particles. Then it was treated with 10% 

KOH solution for 30 min in a boiling water bath. The alka-

line solution was discarded and the roots were washed 

with distilled water followed by treated with 2% HCl solu-

tion. After, roots were stained with 0.05% trypan blue 

(lactic acid: glycerol: water at 2:2:1) for 12 hr and the AM 

fungal infection was observed under the microscope. My-

corrhizal colonization in roots of blackgram was expressed 

as a percentage (%).  

Statistical analysis  

Statistical analysis was performed using SPSS (version 
16.0) and Microsoft Excel (2010) to compare the effect of G. 

intraradices spore abundance and availability on percent 

mycorrhizal colonization and growth of blackgram. One 

way analysis of variance (ANOVA) was done for the data of 

percent mycorrhizal colonization and plant growth param-

eters. The mean value of the treatments was compared 

using Duncan’s multiple range test (DMRT) at P=0.05 and 

stated as the mean with standard error (mean ± SE). Corre-

lation analysis was performed to ascertain the relationship 

between the abundance of AM fungal spores on percent 

mycorrhizal colonization and their effect on growth of 

blackgram.  

 

Results and Discussion  

The well-known fact is that mycorrhizal inoculation signifi-
cantly improved plant growth and health, however it de-

pends on the percentage of mycorrhizal colonization (24, 

28). The percent mycorrhization is generally based on the 

abundance of infective propagules such as spores, extra 

radical hyphae and infected roots in the AM fungal inocu-

lum (35, 36). Nevertheless, it is remain a need to study the 

impact of availability and abundance of AM fungal spores 

on percent mycorrhization and plant growth. In the cur-

rent study reveals that the richness of AM fungal spores of 

biotized seeds had a significant impact on the percent my-

corrhizal colonization and growth of blackgram. 

Mycorrhizal colonization  

Percent mycorrhizal colonization in the roots of blackgram 

was significantly influenced by the availability of AM fungal 

spore richness per seed. The initiation of mycorrhizal in-

fection was noticed within 10 DOS of biotized seeds with 

more than three AM fungal spores/seed and the coloniza-

tion ranges from 10 to 26.7%. Even though, seeds biotized 

with one AM fungal spore recorded 13.33 and 20.00 % my-

corrhizal colonization after 20 and 30 DOS respectively. 

The percent mycorrhizal colonization increased with in-

creasing AM fungal spores per seed from 10 to 30 DOS 

(Table 1; Fig. 1). Plants inoculated with 10 AM fungal 

spores/seed recorded higher colonization of 46.67 ±3.33% 

after 20 DOS followed by seeds biotized with nine AM fun-

gal spores (43.33 ±3.33%). However, maximum infection 

percentage (70.0 ±5.77%) was observed after 30 DOS in the 

treatment having 9 AM fungal spores per seed followed by 

seeds biotized with 10 AM fungal spores per seed (66.67 

±3.33 %), which is statistically on par with the treatments 

of 8, 7 and 5 AM fungal spores per biotized seed. Our re-

sults indicated that the initiation and percent mycorrhizal 

colonization in roots of plants completely depended on 

Table 1. Impact of AM fungal spore abundance on percent mycorrhizal colo-
nization in blackgram at 10, 20 and 30 days after sowing  

Values are mean of three replicates ± standard error (n=3); values followed by 
the same letter in each column are not significantly different from each other 
as determined by DMRT (p ≤ 0.05). 0 GS – Control without AM fungal spores, 1 
GS – one AM fungal spore per seed, 2 GS - two AM fungal spores per seed,  3 
GS - three AM fungal spores per seed, 4 GS - four AM fungal spores per seed, 5 
GS - five AM fungal spores per seed, 6 GS - six AM fungal spores per seed,  7 GS 
- seven AM fungal spores per seed, 8 GS - eight AM fungal spores per seed, 9 
GS - nine AM fungal spores per seed and 10 GS - ten AM fungal spores per 
seed.  

Treat-
ments 

AM fungal spore 
population 

(Number of spores 
seed-1) 

Mycorrhizal colonization (%) 

10 DAS 20 DAS 30 DAS 

0 GS 0.00 (±0.00) 
0.00 

(±0.00)d 

0.00 (±0.00)
g 

0.00 
(±0.00)e 

1 GS 1.00 (±1.00) 
0.00 

(±0.00)d 

13.33
(±3.33)ef 

20.00
(±5.77)d 

2 GS 2.00 (±1.00) 
0.00 

(±0.00)d 

10.00
(±0.00)fg 

26.67
(±3.33)cd 

3 GS 3.00 (±1.00) 
10.0 

(±5.77)c 

20.00
(±0.00)def 

23.33
(±3.33)d 

4 GS 4.00 (±1.00) 
10.0 

(±0.00)c 

23.33
(±3.33)cde 

36.67
(±3.33)c 

5 GS 5.00 (±2.00) 
20.0 

(±5.77)ab 

33.33
(±6.67)bcd 

63.33
(±3.33)ab 

6 GS 6.00 (±1.00) 
16.7 

(±3.33)bc 

26.67
(±8.81)cde 

53.33
(±3.33)b 

7 GS 7.00 (±1.00) 
26.7 

(±3.33)a 

36.67
(±3.33)abc 

63.33
(±6.67)ab 

8 GS 8.00 (±2.00) 
20.0 

(±0.00)ab 

26.67
(±3.33)cde 

63.33
(±3.33)ab 

9 GS 9.00 (±2.00) 
20.0 

(±0.00)ab 

43.33
(±3.33)ab 

70.00
(±5.77)a 

10 GS 10.00 (±1.00) 
20.0 

(±0.00)ab 

46.67
(±3.33)a 

66.67
(±3.33)ab 

Df   22 22 22 

F   11.400 11.812 33.141 

P   0.001 0.001 0.001 

R2   0.838 0.843 0.938 
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the availability of AM fungal spore abundance of the inocu-

lum. Moreover, the correlation analysis proved a positive 

correlation between percent mycorrhizal colonization and 

the number of AM fungal spores of inoculation (r2 = 0.656; 

Table 2). Similar to our study, it was also observed a posi-

tive correlation between AM spore density and percent 

root colonization in sugarcane (37). It was also reported 

that Astragalus parrowianus and Alopecurus arundinaceus 

recorded significantly higher mycorrhizal colonization with 

the highest number of spores in their rhizospheric soil (32). 

On the contrary, it was observed an inverse relationship 

between spore density and colonization in four perennial 

trees from a lowland tropical rain forest (38).  

Host plant growth  

Mycorrhizal colonization improves plant growth by in-
creasing chlorophyll content, leaf area, shoot and root 

length, total dry matter production and photosynthetic 
rate as well as phytochemical constituents such as sugars, 
proteins, phenols, tannins and flavonoids (17, 21), as a 
result of supplying nutrients mainly phosphate and water 
from the soil (10), but it depends on percent colonization, 
soil fertility, plant and fungal species, age of crops and 
environmental factors (28). Percent mycorrhizal coloniza-
tion is one of the most important factors that significantly 
influence the growth of crops directly or indirectly (39). In 
the current study, the total chlorophyll content of leaves of 
AM fungal colonized blackgram was recorded significantly 
higher over a non-AM fungal plant, however, it was signifi-
cantly influenced by percent mycorrhizal colonization, 
which was directly correlated with AM fungal spore density 
of biotized seeds (Fig. 2). Plants inoculated with 10 AM fun-
gal spores per seed recorded higher chlorophyll content 
after 10 (1.87 mg g-1 FW) and 30 DOS (2.94 mg g-1 FW), how-
ever, 9 AM fungal spores treated plants recorded signifi-

cantly higher chlorophyll content after 20 DOS (2.68 mg g-1 
FW). Moreover, the total chlorophyll content of plants in-
oculated with 5 to 10 AM fungal spores was found to be on 

Fig. 1. Different AM fungal spore density and mycorrhizal colonization in 
blackgram at 30 days after sowing (DAS). 0 GS, Control without AM fungal 
spore; 1 GS, one AM fungal spore per seed; 3 GS, three AM fungal spores per 
seed; 5 GS, five AM fungal spores per seed; 8 GS, eight AM fungal spores per 
seed; 10 GS, ten AM fungal spores per seed. (h), hyphal thread; (v), vesicle  

Table 2. Correlation coefficients between AM fungal spore abundance, percent mycorrhizal colonization, and blackgram growth parameters  

Variables AM fungal Spore 
density 

Mycorrhizal 
colonization Chlorophyll Leaf area Leaf area 

index 
Shoot 
length Root length Shoot bio-

mass 
Root bio-

mass 

Spore density 1                 

Mycorrhizal coloni-
zation 0.656** 1               

Chlorophyll 0.587** 0.865** 1             

Leaf area 0.253* 0.742** 0.778** 1           

Leaf area index 0.251* 0.741** 0.776** 1.000** 1         

Shoot length 0.442** 0.872** 0.808** 0.853** 0.852** 1       

Root length 0.410** 0.841** 0.799** 0.876** 0.874** 0.912** 1     

Shoot biomass 0.352** 0.710** 0.779** 0.841** 0.840** 0.722** 0.779** 1   

Root biomass 0.355** 0.838** 0.867** 0.914** 0.913** 0.870** 0.891** 0.882** 1 

*. Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level (2-tailed). 

Fig. 2. Impact of AM fungal spore abundance and percent mycorrhizal coloni-
zation on total chlorophyll content of blackgram at 10, 20 and 30 days after 
sowing. Data in the figure are expressed as mean ± SE. Mean values followed 
by the same letter do not differ significantly at P ≤ 0.05 by DMRT.  0 GS - Con-
trol without AM fungal spores, 1 GS – one AM fungal spore per seed, 2 GS - two 
AM fungal spores per seed, 3 GS - three AM fungal spores per seed, 4 GS - four 
AM fungal spores per seed, 5 GS - five AM fungal spores per seed,  6 GS - six AM 
fungal spores per seed, 7 GS - seven AM fungal spores per seed, 8 GS - eight 
AM fungal spores per seed, 9 GS - nine AM fungal spores per seed and 10 GS - 
ten AM fungal spores per seed.  
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par with each other after 10, 20 and 30 DOS, except    7 
spores after 10 DOS and 9 spores after 20 DOS. Un-
inoculated control plants recorded a minimum of 0.88 mg 
g-1 FW and a maximum of 1.68 mg g-1 FW at 10 DOS and 30 
DOS respectively. These results indicated that percent my-
corrhizal colonization significantly influenced the total 
chlorophyll content of leaves of blackgram. Furthermore, 
it was confirmed by a positive correlation between chloro-
phyll content of blackgram plants, percent mycorrhizal 
colonization (r2 = 0.865; Table 2) and abundance of AM fun-
gal spores per seeds (r2 = 0.587). These results are support-
ed by another study (40), two strains of Funneliformis 
mosseae and Diversispora tortuosa inoculated Gleditsia 
sinensis Lam. plants with greater than 75 % root coloniza-
tion registered higher chlorophyll concentrations over a 
control. 

 Leaf area is an important growth parameter deter-

mining plant productivity, which affects light interception 

as well as light use efficiency (41). AM fungal inoculated 

plants found to improve total leaf area, which in turn in-

creased photosynthetic ability and biomass production 

(40). In the current study, compared to un-inoculated con-

trol plants, leaf area (LA) and leaf area index (LAI) were 

significantly higher in AM fungal inoculated blackgram 

plants, however it was increased with increasing AM fungal 

spore abundance per seed and percent mycorrhizal coloni-

zation (Fig. 3 A and B) and recorded a maximum of 31.13, 

67.95, and 109.90 cm2 plant-1 LA in 6, 7 and 10 AM fungal 

spores per seed inoculated plants after 10, 20 and 30 DOS 

respectively, 0.32, 0.68 and 1.10 LAI in 9, 7 and 10 AM fun-

gal spores applied plants after 10, 20 and 30 DOS respec-

Fig. 3. Impact of AM fungal spore abundance and percent mycorrhizal colonization on leaf area (A), leaf area index (B), shoot length (C), root length  (D), shoot 
biomass (E) and root biomass (F) of blackgram at 10, 20 and 30 days after sowing. Data in the figure are expressed as mean ± SE. Mean values followed by the 
same letter do not differ significantly at P ≤ 0.05 by DMRT. 0 GS – Control without AM fungal spores, 1 GS – one AM fungal spore per seed, 2 GS - two AM fungal 
spores per seed, 3 GS - three AM fungal spores per seed, 4 GS - four AM fungal spores per seed, 5 GS - five AM fungal spores per seed, 6 GS - six AM fungal spores 
per seed, 7 GS - seven AM fungal spores per seed, 8 GS - eight AM fungal spores per seed, 9 GS - nine AM fungal spores per seed and 10 GS - ten AM fungal spores 
per seed.  
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tively. One AM fungal spore inoculated plant recorded 

maximum of 63.00 cm2 plant-1 LA and 0.63 LAI after 30 DOS. 

The LA and LAI of 10 AM fungal spores per seed inoculated 

plants were statistically on par with 5, 7 and 8 AM fungal 

spores inoculated plants. As a result, it was clearly indicat-

ed that percent mycorrhizal colonization had a significant 

impact on LA and LAI of blackgram. Moreover, the correla-

tion analysis proved that the percent mycorrhizal coloniza-

tion positively influenced the LA (r2 = 0.742) and LAI (r2= 

0.741). Similarly, another study (42) also reported that the 

tea plants inoculated with Claroideoglomus etunicatum 

recorded higher total leaf area, which had around 40.23 % 

colonization, compared to other species of AM fungi Diver-

sispora spurca and Diversispora versiformis inoculated 

plants, which registered only 24.94 and 15.12 % coloniza-

tion respectively. 

 In the current study, AM fungal inoculation signifi-

cantly improved shoot and root length of blackgram over 

control and it was increased significantly with increasing 

AM fungal spore density per seed and percent mycorrhizal 

colonization (Fig. 3 C and D). Plants inoculated with 10 AM 

fungal spores per seed registered significantly higher 

shoot and root length after 10, 20, 30 DOS (14.80, 17.67 and 

27.53 cm plant-1 shoot length respectively; 12.23 and 17.60 

cm plant-1 root length respectively) compared to other AM 

fungal inoculated treatments and un-inoculated control. 

Moreover, the correlation study revealed a positive rela-

tionship between percent mycorrhizal colonization and 

shoot and root length of plants (r2 = 0.872; 0.841). Our re-

sults are supported by another study (42) reported that the 

tea plants inoculated with Claroideoglomus etunicatum 

could record higher plant height with greater mycorrhizal 

colonization (40.23 %) compared to other AM fungal spe-

cies such as Diversispora spurca and Diversispora versi-

formis. 

 The percentage of plant root length colonized by 

AM fungi is generally correlated with plant biomass pro-

duction (i.e. ratio of biomass of plants with high mycorrhi-

zal colonization to plants with a low rate of colonization) 

by increasing the transfer of nutrients to plants (39, 43, 45). 

In the present study, shoot and root biomass production 

were significantly influenced by percent mycorrhizal colo-

nization and AM fungal spore density (Fig. 3 E and F). Shoot 

and root biomass production were increased with increas-

ing AM fungal spore population and recorded a maximum 

of 0.049, 0.155 and 0.173 g plant-1 shoot biomass and 

0.022, 0.072 and 0.107 g plant-1 root biomass production at 

10 AM fungal spores inoculated plants after 10, 20 and 30 

DOS respectively. The root biomass production had a sig-

nificant difference among the AM fungal spore inoculation 

from 1 to 10 per seed. Moreover, a positive correlation be-

tween percent mycorrhizal colonization, shoot and root 

biomass production (r2 = 0.710; 0.838) clearly indicated 

that plant biomass production was significantly enhanced 

by increasing percent mycorrhizal colonization. Similarly, 

Gleditsia sinensis Lam. inoculated with two strains of Fun-

neliformis mosseae and Diversispora tortuosa recorded 

greater values for seedling height and dry biomass produc-

tion (40). The plants with greater percent root length colo-

nization could receive more nutrients (such as phospho-

rus, P) from their mycorrhizal symbionts, leads to greater 

plant growth and health (39).  

 

Conclusion  

The current investigation reveals that the percentage of 
mycorrhizal colonization in blackgram depended on the 

availability of AM fungal spores abundance in the inocu-

lum required per seed. Although, LA, LAI, chlorophyll con-

tent, shoot length, root length and shoot and root dry bio-

mass production were improved in AM fungal colonized 

blackgram plant, still it was significantly influenced by 

percent mycorrhizal colonization and inoculation of AM 

fungal spore abundance per seed. Moreover, it also impli-

cated that maximum mycorrhizal colonization was at-

tained within a shorter period with the optimum number 

of AM fungal spore abundance of biotized seeds. Besides it, 

we also need to investigate the importance of AM fungal 

spores availability to attain maximum and efficient mycor-

rhizal colonization in all agricultural importance crops, 

which leads to improving crop growth and production, 

through a sustainable agriculture system. Thus, the results 

are suggested that AM fungal spore abundance is one of 

the governing factors that influence percent mycorrhizal 

colonization in roots of plants, resulted in influencing host 

plant growth and productivity.  
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