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Abstract: A pot culture experiment was conducted to study the effect of soil
amendment with different forms of groundnut waste on spore population and root
infection of indigenous Arbuscular Mycorrhizal fungal species i.e. Glomus
mosseae under polyhouse conditions. Two angiospermic plant species viz. sorghum
and sesame were also examined for mycorrhization potential in the study.
Observations were made for percent root colonization, spore density of AM fungi
and the effectiveness of AM fungi on the shoot and root biomass of both host plants.
The results indicated that AM fungal spore population and colonization levels were
substantially enhanced by the application of compost groundnut waste as a
substrate over dry groundnut waste. Among growth parameters, plant height, root
length and plant biomass were recorded more in sorghum than sesame. On the
whole, mycorrhization was reported the highest with 75 g/pot concentration of
waste. Also, sorghum appeared to be a better host than sesame.

Biiyiik Olcekli Tarimsal Uygulama I¢in Endofiz Mikorrhizasinin inokiilum Uretimi
Uzerinde Substrat ve Konak Bitki Olarak Yer Fistigi Atiklarinin Etkisi
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Anahtar Kelimeler

Arbuscular mikorzal
funguslar,
Groundnut atiklari,
K&k kolonizasyonu

Oz: Farkli yerfistig1 atig1 formlari ile 1slah edilen topraklarin, sera kosullarinda
yerli Arbuscular Mycorrhizal Fungus tiirlerinin, yani Glomus mosseaenin spor
popiilasyonu ve kok enfeksiyonu iizerindeki etkisini incelemek i¢in bir saksi
kiiltiirii deneyi yapilmustir. Tki anjiyospermik bitki tiirii olan sorghum ve susam
bitkileri de calismada mikoriza potansiyeli agisindan incelenmistir. Her iki
konukgeu bitkinin siirglin ve kok biyokiitlesi iizerinde yiizde kdk kolonizasyonu,
AM funguslarinin spor yogunlugunu ve AM funguslarinin etkinligini tespit etmek
icin gozlemler yapilmistir. Sonuglar, kuru yerfistigi atig1 ilizerine bir substrat
olarak kompost yerfistigi atifinin uygulanmasiyla AM fungus spor
popiilasyonunun ve kolonizasyon seviyelerinin Onemli Olciide arttigini
gostermistir. Bilylime parametreleri arasindan bitki boyu, kék uzunlugu ve bitki
biyokiitlesi sorgum bitkisinde susama gore daha fazla kaydedilmistir. Genel
olarak, en yiiksek mikorizamiktar1 75 g/saks1 atik konsantrasyonunda tespit
edildi. Ayrica, sorgum bitkisinin susam bitkisinden daha iyi bir konuk¢u oldugu
gorilmistiir.
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1. Introduction

The productive improvement of plants through regular use of synthetic fertilizer is the most
common habit among farmers because nutrient availability is an important yield determining factor. But
the huge application of synthetic fertilizers leads to degradation of long term soil fertility, pollution and
increased disease susceptibility in the plant (Eman et al., 2008). The use of soil microbes as bio-fertilizer
with respect to sustainable agriculture is becoming increasingly urgent since the apposite management
of these microbes could potentially decrease the dependency on synthetic fertilizers. Among different
soil microbes used as biofertilizer, AM fungi (AMF) are most common due to their ubiquitous
distribution and forming a symbiosis with the roots of nearly 80 percent of the plant community, played
an important role in the restoration of soil fertility (Pacheco et al., 2021). These arbuscular mycorrhizal
fungi are widely known to improve plant growth through stimulating nutritional uptake, water
absorption, made infected plants healthier and tolerant to drought, salinity and pathogen attack by
activation of different kinds of alleviating processes associated with stresses (Sharma et al., 2017; Kumar
et al., 2020). To achieve the benefits, the main approach adopted is the introduction of AMF propagules
i.e. rhizospheric soil having AMF spores and colonized root fragments into destined soil. Unfortunately,
the obligate symbiotic nature of AMF does not let them flourish in pure cultures, distant from their host
plants making it challenging to produce large scale AMF inoculums. Except for its nature, demand for
pathogen-free inoculum with an increased shelf life is another factor that limits its application at the
commercial level. In spite of the availability of different kinds of techniques intentionally meant for
inoculum production of AM fungi, the traditional pot-culture method is one of the most commonly
followed methods where the AMF spores are usually maintained and multiplied in combination with
suitable host plant roots (Kadian et al., 2019).

Groundnut is the second most nutritious legume in the world after soya-bean known for its
diverse uses including oil production, human consumption as food and also animal consumption in the
forms like hay, silage and cake. Approximately, 97% of the global area is used for groundnut cultivation
mainly in developing countries and that contributes 94% of groundnut production (Prasad et al., 2009).
One tone of groundnut yield produces approximately 35-40 kg shell waste, left after the extraction of
groundnut seed from its pod. This is the abundant lingo-cellulosic waste product that has a very slow
degradation rate under natural conditions (Zheng et al., 2013; Musekiwa et al., 2020). However, lingo-
cellulosic agricultural wastes after crop harvest the usually left in unused form or burned which elevate
the level of greenhouse gases in the atmosphere (Guzman et al., 2015). Thus, new technologies have
been adopted to maximise the use of agricultural waste products for meaningful purposes like integration
of small fractions in animal feed, used in pulp production, bio-ethanol production and wastewater
treatment. These wastes in their original or compost form and in definite proportion could be applied to
the soil deliberately to assess their consequence on fauna and flora. Several workers have introduced
waste substrates in addition to the soil-sand mixture to promote the AM fungal growth earlier (Tanwar
et al., 2013; Kadian et al., 2018). In this series of investigations, groundnut wastes or groundnut shell
waste may be a useful substrate as it contains cellulose (35.7%), hemicelluloses (18.7%), lignin (30.2%)
and has total nitrogen 0.87%, total phosphorus content 1.87%, total potassium 1.19%, organic carbon
30.0% and C/N ratio 34.5 (Torkashvand et al., 2015; Ramgopal et al., 2016).

Keeping in view, the concept of sustainability, obligate biotrophic nature and importance of AM
fungi, production of agricultural waste and demand for AM inoculum, a systematic investigation was
undertaken to assess the mass production of Glomus mosseae using sorghum and sesame as hosts and
different form of groundnut waste as substrate. Moreover, the lack of external application of synthetic
fertilizers to the soil and published reports concerning the use of groundnut waste as substrate for mass
production of AM fungal inoculum made it different from earlier studies.

2. Material and Methods
2.1. Study site and soil characterstics

The experiment was performed under polyhouse conditions at the Botany Department,
Kurukshetra University, Kurukshetra, Haryana, from September 2018 to January 2019. Soil used in this
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experiment consisted of sand 64.2%, clay 3.90 %, silt 21.81%, pH 6.8 +0, EC 0.25 dS m™, organic
carbon 0.40%, nitrogen 0.042%, phosphorous 0.017% and potassium 220 kg ha™.

2.2. Experimental design

The experiment was a 4x2x2 factorial in a completely randomized design employing two types
of hosts (sesame and sorghum) and four concentrations (without substrate (control), 50, 75, 100 g pot™))
of each substrate (groundnut waste used in dry and compost form). Five replicates were maintained for
each treatment. The experiment was carried out in a polyhouse, where humidity was approximately 55-
70% and temperature 25+30 °C. The light was provided by cool white fluorescent lamps (8000 lux)
under a 16-h photoperiod. The polyhouse received natural sunlight also.

2.3. Selection of AM fungi, hosts and substrates

The rhizospheric soil samples of Cymbopogon citratus were examined for a dominant strain of
AM fungi i.e. Glomus mosseae and further spores used for the preparation of starter inoculum. The
identification of AM spores was done by using the identification manual of Schenck and Perez (1990).
Two host plants namely sesame and sorghum (member of Pedaliaceae and Poaceae family respectively)
were screened for each substrate. Dry and compost forms of groundnut waste were selected for mass
multiplication of G. mosseae. Groundnut waste was collected from the university market, the first sun-
dried, grounded to make fine powder and used as dry form, and for the second form collected waste
subjected for further decomposition (placed in jute bags and buried under soil for 3 months). Both forms
of substrates were autoclaved at 121 °C for 2 hr and then utilized in different concentrations with soil:
sand (3:1) in pots for mass production of the AM fungi in polyhouse.

2.4. Preparation of Starter inoculums

The starter culture of the selected AM fungal spores was multiplied with sorghum as a host
using the soil funnel technique of Menge and Timmer (1982). In this technique, earthen funnels
(Chillams) were filled with sterilized sand: soil mixture (1:3), inoculated with selected AM spores and
then disinfected seeds of sorghum were sown for 30 days. The inoculum thus produced was further
subjected for the multiplication of AM fungi first under big earthen pots for 60 days. The inoculum
produced in earthen pots was examined for root colonization and spore count by methods suggested by
Gerdemann and Nicolson (1963) and Philips and Hayman (1970) respectively, and then used as starter
inoculums for further study.

2.5. Experimental setup

Top soil for this experiment was collected from Botanical Garden Kurukshetra University,
Kurukshetra. Initially, the soil was air-dried, pulverized and then sieved through a 2 mm sieve. The soil
was then mixed with the sand to form a soil: sand ratio 3:1 and further sterilized in an autoclave at 121
°C for two consecutive days at 15 Ib pressure for 15 minutes. Different concentrations of each substrate
(without substrate-0, 50, 75 and 100 g pot') were mixed thoroughly with soil: sand mixture to make a
final volume of 1 kg which was then added to earthen pots (15%15 cm). To each pot, 10% i.e. 100 g of
selected AM inoculum consisting of chopped AM colonized root pieces of sorghum along with soil
containing 200-250 AM spores 100 g was added. Healthy seeds of sorghum and sesame after surface
sterilization with 0.5% sodium hypochlorite for 10 min and subsequent washing with double distilled
water were sown in each pot above the layer of inoculum further covered with a layer of sterilized soil
mixture. Plants were watered regularly to maintain the moisture content of soil and 100 mL pot” of
Hoagland’s solution (without KH,PO4) were poured into each pot at 15-day intervals.

2.6. Harvest and analysis

Plants were manually uprooted after 90 days of planting to measure plant height and root length.
The plants were cleaned in running tap water and then separated into roots and shoots to note down their
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fresh weight, placed in an oven to dry at 70 °C and then weighted for dry weight. The rhizosphere soil
and fresh root samples were assessed for mycorrhization.

2.7. Statistical analysis

The experimental data were subjected to analysis of variance and means were separated with
the least significant difference test using the IBM Statistical Package for Social Sciences [IBM SPSS,
ver. 25, Chicago (IL), USA].

3. Results

The data analysis related to inoculum productions of G. mosseae shows significant variations in
AM spore number and root colonization in relation to the type of host, substrate forms and their different
concentrations used for mass multiplication. When sorghum was used as a host, the mycorrhization was
enhanced with an increase in substrate concentration as maximum spore count (103.6+18.97), 65.88%
increase in spore number as compared to control and percent root colonization (66.77+6.840%) was
recovered with a dry substrate concentration of 100 g (Table 1). Control plant (without substrate) was
reported with the least mycorrhization. However, an increase in concentrations of the dry form of
groundnut substrate was also found to be stimulatory in the case of sesame as a host plant and observed
maximum spore number (89.09+£34.91) plus percent increase i.e. (72.36%) and root colonization
(65.94+20.31%) with substrate concentration of 75 g. The least mycorrhization status was observed in
the control treatment which had no substrate (Table 3). Similarly, morphological parameters of host
plants were also influenced by substrate concentration indirectly through mycorrhization. It was found
that the sorghum plants having 100 g dry groundnut substrate concentration had improved shoot
fresh(03.67+0.856 g) and dry weight (1.116+0.035 g), root length (19.55+2.715 cm), root fresh
(2.170+0.771 g) and dry weight (1.20+£0.047 g) except shoot height i.e. (45.83+06.75 cm) with substrate
concentration of 50g (Table 2). So, a positive influence of mycorrhization was observed for maximum
growth parameters in the sorghum plant. In the case of sesame, plant height (40.09+11.53 cm) was
recorded highest at 50g dry groundnut substrate concentration. Other parameters like shoot fresh weight
(2.336+0.221 g) dry weight (1.096+0.215 g), root length (14.59+£5.859 cm), root fresh weight
(1.356+0.357 g) and dry weight (1.030+0.105 g) were reached a maximum level at 75 g dry groundnut
substrate concentration (Table 4).

When compost form of groundnut waste was used as substrate and sorghum as the host plant,
maximum spore count (125.1+30.91), as well as AM root colonization (72.30+12.80%) were observed
with 75 g concentration. On comparing spore count and root colonization with the control plant, percent
increase was recorded maximum with 75 g per pot concentration of compost waste When sesame plants
were used as hosts with compost groundnut substrate, root colonization (67.57+14.00%) and spore count
(92.76+12.94) were recorded highest at 75 g concentration of substrate (Table 1). Data analysis studies
clearly showed that the root colonization positively influenced the morphological parameters of
sorghum like plant height (55.13+03.73 c¢cm), shoot fresh (03.86+0.630 g) and dry weight (1.256+0.659
g), root length (25.21+4.775 c¢m) and root fresh (3.466+1.098 g) and dry weight (1.36=0.015 g) (Table
2). Shoot height (50.26+3.689 cm), fresh weight (4.180+£0.096 g) and dry weight (1.270+0.151 g) were
recorded maximum at a substrate concentration of 75 g in the dicot plant as the host. In the same way,
root length (20.86+2.540 cm), root fresh weight (1.856+0.281 g) and dry weight (1.006+£0.081 g) were
reported maximum with 75 g concentration of compost form of groundnut substrate in sesame as host
(Table 4). When sorghum and sesame were used as host with dry and compost form of groundnut
substrate at a concentration of 75 g was found best for mass multiplication of G. mosseae.

The data analysis related to inoculum productions of G. mosseae shows significant variations in
AM spore number and root colonization in relation to the type of host, substrate forms and their different
concentrations used for mass multiplication. When sorghum was used as the host, the mycorrhization
was enhanced with an increase in substrate concentration as maximum spore count (103.6+18.97) and
percent root colonization (66.77+6.840%) was recovered with a dry substrate concentration of 100 g
(Table 1). Control plant (without substrate) was reported with the least mycorrhization. However, the
increase in concentrations of the dry form of groundnut substrate was also found to be stimulatory in the
case of sesame as the host plant and observed maximum spore number (89.09+34.91) and root
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colonization (65.94+20.31%) with substrate concentration of 75 g. The least mycorrhization status was
observed in the control treatment which had no substrate (Table 3). Similarly, morphological parameters
of host plants were also influenced by substrate concentration indirectly through mycorrhization. It was
found that the sorghum plants having 100 g dry groundnut substrate concentration had improved shoot
fresh(03.67+0.856 g) and dry weight (1.116+0.035 g), root length (19.55+2.715 cm), root fresh
(2.170+0.771 g) and dry weight (1.20+£0.047 g) except shoot height i.e. (45.83+06.75 cm) with substrate
concentration of 50 g (Table 2). So, a positive influence of mycorrhization was observed for maximum
growth parameters in sorghum plant. In the case of sesame, plant height (40.09+11.53 ¢cm) was recorded
highest at 50 g dry groundnut substrate concentration. Other parameters like shoot fresh weight
(2.336+0.221 g) dry weight (1.096+0.215 g), root length (14.59+£5.859 cm), root fresh weight
(1.356+0.357 g) and dry weight (1.030+0.105 g) were reached a maximum level at 75 g dry groundnut
substrate concentration (Table 4).

Table 1. Influence of groundnut waste as substrates (dry and compost) and their different concentrations
on mycorrhization status associated with host plant (sorghum) used for mass multiplication of

G. mosseae
Form of Concentration AM spore .Percent AM' roqt ) Percc?nt Pattern of colonization
roundnut of substrate number/100 g increase colonization increase in root
groundnu (g pot™) of soil in AM (%) colonization
waste as
Substrate Spore Mycelium  Vesicles  Arbuscules
number
Control 35.34+2.103%¢ - 35.34+£2.101% - + + -
D 50 60.85+11.31°  41.92 60.85+10.34* 41.92 + - +
y 75 103.6+£18.97* 65.88 66.37+5.024* 46.75 + ++ ++
100 103.3+13.97* 65.78 66.27+6.840" 46.67 ++ + +
Control 44.01+8.342¢ - 22.2446.604° - + + -
Compost 50 64.51£1.610¢¢  31.77 70.97+26.34% 68.66 + + +
ompost 55 125.1430.91%  64.82 72.30£12.80° 6910 + ++ +
100 109.6£28.24"  59.84 70.10+£11.41° 68.27 +++ + +
L.S.D (P<0.05)  30.682 21.518
ANOVA F(7,16) 9.153 4.703
Substrate type 5.071 2.599
Substrate conc. 19.505 9.710
S type xS conc 0.163 0.398

Each value is mean of five replicates, +: standard deviation, S: substrate, AM: Arbuscular mycorrhizae, - : absent, + : scanty, ++ : moderate,
+++ : abundant, means followed by same letter/s within a column are not significantly at P<0.05 level (least significant difference
test).

When compost form of groundnut waste was used as substrate and sorghum as the host plant,
maximum spore count (125.1+30.91), as well as AM root colonization (72.30+12.80%) were observed
with 75g concentration. When sesame plants were used as hosts with compost groundnut substrate, root
colonization (67.57+14.00%) and spore count (92.76+12.94) were recorded highest at 75 g
concentration of substrate (Table 1 and 3). Data analysis studies clearly showed that the root colonization
positively influenced the morphological parameters of sorghum like plant height (55.13+03.73 cm),
shoot fresh (03.86+0.630 g) and dry weight (1.256+0.659 g), root length (25.21+4.775 c¢m) and root
fresh (3.466+1.098 g) and dry weight (1.36+0.015 g) (Table 2). Shoot height (50.26+3.689 cm), fresh
weight (4.180+£0.096 g) and dry weight (1.270+0.151 g) were recorded maximum at a substrate
concentration of 75 g in the dicot plant as the host. In the same way, root length (20.86+2.540 cm), root
fresh weight (1.856+0.281 g) and dry weight (1.006+0.081 g) were reported maximum with 75 g
concentration of compost form of groundnut substrate in sesame as host (Table 4). When sorghum and
sesame were used as the host with dry and compost form of groundnut substrate at a concentration of
75 g was found best for mass multiplication of G. mosseae.
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Table 2. Influence of groundnut waste as substrates (dry and compost) and their different concentrations
on growth parameters of the host plant (sorghum) used for mass multiplication of G. mosseae

Form of Concentration Plant Height Shoot weight (g) Root Length Root weight (g)

groundnut of substrate (cm) (cm)

waste as (g pot™)

Substrate Fresh Dry Fresh Dry
Control 31.36+05.44¢ 02.30+1.093%  0.690+0.336°  11.93+2.481%  1.020+0.070¢  0.71+0.347°

Dry 50 45.83+£06.75"¢  02.86£0.546™  0.933+£0.085*  13.74+2.014%  1.133£0.159%  0.97+0.052%
75 39.44£09.21%¢  03.04£0.605"  1.016x0.070*  14.33+£0.813° 1.340+0.357°¢  1.09+0.128°
100 42.35+14.84  03.67+0.856™  1.116+0.035°  19.55+2.715° 2.170£0.771%  1.20+0.047*
Control 25.22402.31¢ 02.21£1.037¢ 0.816£0.515*  6.686+3.18° 1.066£0.654  0.26+0.045¢

Compost 0 42.49+12.38"  02.2840.088"  1.032+0.660°  18.43+2.068*  2.356+0.453*®  0.77+0.163"
75 50.43+£06.44®  03.86+0.630° 1.256+0.659°  25.21+4.775*  3.466+1.098*  1.36+0.015%
100 55.13+03.73" 03.06+0.895"°  1.120+0.617*°  11.69£2.938%  2.096+0.330®®  0.63+0.295®
L.S.D (P<0.05) 14.926 1.351 0.093 4.898 1.006 0.311
ANOVA F(7,16) 5.799 2.140 0.514 6.946 6.162 6.471
Substrate type 15.083 0.547 0.493 0.559 13.754 5.251
Substrate conc. 6.609 4.608 1.027 13.358 8.351 12.400
S type xS conc 1.894 0.202 0.008 2.662 1.443 0.949

Each value is mean of five replicates, +: standard deviation, S: substrate, AM: Arbuscular mycorrhizae, means followed by same letter/s within
a column are not significantly different at P< 0.05 (least significant difference test).

Table 3. Influence of groundnut waste as substrates (dry and compost) and their different concentrations
on mycorrhization status associated with host plant (sesame) used for mass multiplication of G.

mosseae
Concentration AM spore Percent AM root Percent
Form of of substrate number/100g  increase  colonization increase in Pattern of colonization
groundnut (g pot™) of in AM (%) root
\éva;tcz af soil spore colonization
vostrate number Mycelium  Vesicles  Arbuscules
Control 24.62+11.01¢ - 40.73+15.66™ - + - +
D 50 53.52+22.40*  53.99 52.45+13.73%® 22.34 + + +
Yy 75 89.09+34.91* 72.36 65.94+20.31* 38.23 + - -
100 70.96+12.50%® 65.30 54.01+13.42% 24.58 + + +
Control 37.11£7.010¢ - 43.99+16.61¢ - + + +
50 56.02£10.50*¢  33.75 55.89+1.879* 21.29 + + -
Compost abe ab
75 92.76+12.94 59.99 67.57+14.00 34.89 + + +
100 71.04£13.92%  47.76 58.07+10.87% 24.24 + + +
L.S.D (P<0.05) 30.723 23.187
ANOVA F(7,16)  4.099 3.097
Substrate type 0.820 3431
Substrate conc. 8.513 5.488
S type xS conc 0.780 0.595

Each value is mean of five replicates, +: standard deviation, S: substrate, AM: Arbuscular mycorrhizae, -: absent, +: scanty, ++: moderate,
+++: abundant, means followed by the same letter/s within a column are not significantly different at P<0.05 level (least significant

difference test).
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Table 4. Influence of groundnut waste as substrates (dry and compost) and their different concentrations
on growth parameters of host plant (sesame) used for mass multiplication of G. mosseae

Form of ncentration .

gfoun((i)nut onO ssgsttr;tte(zg Plant Height Shoot weight (g) Root Length Root weight (g)

waste as pot™) (cm) (cm)

substrate Fresh Dry Fresh Dry
Control 14.82+3.436°  0.980+0.776° 0.483+0.176°  5.333+0.881° 0.646+0.368¢ 0.350+0.026°
50 40.09+11.53*  2.190+0.105®  1.046£0.171®  10.93+1.427¢ 1.093+0.109%  0.836+0.050*°

Dry 75 36.21£14.62°  2.336+0.221*  1.096+0.215®  14.59+5.859%¢  1.356+0.357**  1.030+0.105°
100 31.73+4.075®  2.090+0.103*°  1.030+£0.401*  13.81£2.450%  1.216+0.061*  0.963+0.300°
Control 23.19+1.875%  1.250+0.538"  0.446+0.125°  4.53+1.532° 0.62340.188¢ 0.373+0.109°
50 31.11£3.116™  2.156£1.005®  0.740£0.105*  20.23£1.700®°  1.383£0.149**  0.679+0.105°

Compost 50.26£3.689°  4.180£0.096°  1.270£0.151°  20.86+2.540°  1.856+0.281*°  1.006+0.081%
100 37.23+2.701°  3.536£1.041®  0.968+0.055®  19.49+2.020*  1.846+0.550  0.920+0.135%
L.S.D (P<0.05)  12.385 1.072 0.347 4.698 0.520 0.240
ANOVA F(7,16) 5.535 2.901 5.035 15222 6.935 10.801
Substrate type 2.957 4.982 0.426 12.179 6.757 4.268
Substrate conc.  9.462 4.192 10.558 27.569 12.566 23.155
Stype xSconc  2.468 0.918 1.050 3.890 1.363 0.624

Each value is mean of five replicates, +: standard deviation, S: substrate, AM: Arbuscular mycorrhizae, means followed by same letter/s within
a column are not significantly different at P<0.05 level (least significant difference test).

4. Discussion and Conclusion

The two host plants used for the experiment are found selective for the mycorrhizal association.
Sorghum was reported to be the best host as compared to sesame. The mycorrhization of G. mosseae
was recorded highest in sorghum host amended with compost form of groundnut waste at the
concentration of 75 g pot”. Variation in root types, root architecture, nutrient status and hormone
production in relation to the rhizospheric environment might be the causative factors behind host
susceptibility for mycorrhization (Rajkumar et al., 2012). Moreover, growth conditions like the type of
soil, moisture, pH, fertility, temperature and light condition, microbial interaction and ability of plants
to acclimatize are also accountable for variation in the degree of root colonization in two hosts (Kumar
etal., 2021).

The root colonization is directly controlled by the growth of the roots while, the addition of
decomposed substrates increased the nutrient availability and improved porosity of the soil which are
favourable conditions for the growth of developing root and thus increased availability to host roots for
more sporulation as well as root colonization (Coelho et al., 2014). An increase in spore number and
root colonization by AMF with sorghum plant has been reported by Kadian et al. (2018).

The variable responses are also corresponding to the availability of nutrients in used substrates
with different hosts. After decomposition, groundnut waste has been reported to contain more nutrients
like total nitrogen 2.76 %, total potassium -1.48 %, while total phosphorus content -0.67 %, organic
carbon 27.1 %, C/N ratio 9.8 are reduced than the unused form of organic wastes (Torkashvand et al.,
2015). Many studies confirmed the positive influence of compost waste as substrates on AMF
sporulation (Agnihotri et al., 2021). The application of these organic wastes was found to be stimulatory
for sporulation as well as root colonization in both the trap hosts and increased in addition to wastes as
compared to the control which consisted of soil sand mixture. The positive impact of substrates on
mycorrhization status was supported by increased water holding capacity, soil aeration, nutrient uptake,
space for spreading of roots due to the addition of wastes thus more surface area for colonization and
nutrient absorption (Kadian et al., 2019). Moreover, the availability of high nitrogen and low phosphorus
content has been observed to promote symbiosis (Ingraffia et al., 2021). On the other hand, the soil
mixture deficient in nitrogen promotes competition among the host plants and the fungi for nitrogen.
This affects the mycorrhizal sporulation as well as root colonization in a negative way. The mycorrhizal
fungi led to improved phosphorus content of inoculated plants under adequate levels of nitrogen in the
soil (Puschel et al., 2016; Bawadekji et al., 2016).

With sorghum as host, spore number of G. mosseae and root colonization was found highest at
75 g pot” concentration of groundnut waste and lowered at other concentrations. Similarly, the spore
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number of G. mosseae was observed maximum in sesame host supplemented with the same
concentration of groundnut waste. This increment in mycorrhization might be due to high cellulose and
hemicellulose content in groundnut waste that supports the findings of Tanwar et al. (2013), who also
observed that the rate of mycorrhization is directly related to the cellulose content of substrates. In
control without substrate, the mycorrhization status was lesser due to decreased aeration and more
mechanical stress imposed on roots which favours decreased root colonization (Kadian et al., 2019).

In this mass multiplication experiment, the concentrations of the substrate which tends to
increased colonization also observed to increase above plant parts and biomass of host plants because
the AM fungi improved the uptake of mineral nutrients and water by increasing the surface area for
absorption through the hyphal networks which extend beyond the nutrient-depleted zone of the soil. A
similar positive relation between mycorrhization and above plant part biomass of host has been noted
by many investigators (Mangla et al., 2012; Sharma et al., 2015; Sharma et al., 2021). Moreover, the
occurrence of vesicles and arbuscules in mycorrhizal roots were found to be related to the biomass of
the host as the plants had more arbuscules and vesicles in the infected roots had improved morphology
and biomass.
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