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Introduction
Sustainable soil fertility management has been suggested 

as essential to the prosperity. Hilly regions of Uttarakhand have 
prevalence of rain-fed conditions, resulting in water stress which 
restricts the optimum plant growth. Also, soils from these regions 
are shallow and coarse textured thus have a poor soil structure 
and low water-holding capacity. Datta and Handal, highlighted the 
nitrogen and organic matter deficiency of soil in South and South 
East Asian countries. Furthermore, the organic manure used in 
these areas is made from oak and chir pine leaves which results in 
the acidification of the soil [1]. Thus, for achieving high agriculture 
productivity the focus should also be on improving soil health as 
only then sustainable agriculture system can be achieved. 

External carbon input as amendment into these marginalized 
soil for uplifting the soil organic matter and health has been rec-
ommended by many researchers [2]. Traditional soil amendments 
include farmyard manure, composted manure, poultry manure 
and cattle manure [3,4]. However, in the recent times soil amend-
ment with biochar has gained interest among the researchers as 
well as among the farmers because of the inherent advantages as-
sociated with it. Biochar is a collective term for carbon rich soil 
amendments of either plant or animal biomass through heating  

 
at 300 to 600 °C under limited oxygen supply [5]. Increased soil  
water-holding capacity has been observed on biochar addition to 
sandy-loamy soil [6]. Also, improvement in hydraulic conductivity 
of soil along with an increased rice yield in low P availability can 
be achieved after biochar addition [7]. Studies have indicated that 
plant responses to biochar are indirectly related to biochar effects 
on soil microbial community [8,9]. Biochar enhances populations 
and activity in soil by modulating metabolism and growth of soil 
microorganisms [10,11]. AM fungi provide their host plants with 
mineral nutrients and receive photosynthetically derived carbo-
hydrates in return [12]. Biochar, especially from wood materials, 
typically have a large surface area due to porous nature and Cation 
Exchange Capacity (CEC). Therefore, its addition to soils also in-
creases the CEC of the soil [13]. Higher CEC means more ions will 
be adsorbed this will prevent leaching of nutrients [14]. However, 
these nutrients may not be accessible by plants, as most roots are 
unable to reach the fine porous structure of the biochar due to 
their large size [15]. On the other hand, AM fungal hyphae being 
much finer in diameter can easily re-capture some of the adsorbed 
nutrients and transfer them to their host plants [16]. A combined 
management of AM fungi and biochar may lead to efficient fertil-
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izer usage and reduced leaching. However, this has not yet been 
established. The few studies conducted to observe the effects of 
biochar on mycorrhiza have mainly considered root colonization 
and results obtained were variable; some researchers report root 
colonization levels to be strongly correlated by biochar addition 
[13,17], whereas others reported evidence of diminished coloni-
zation [18,19].

Parthenium hysterophorus L. commonly known as carrot weed, 
chatak chandani, Congress grass, star weed. The plant belongs to 
the division Magnoliophyta, class Magnoliopsida, Order Asterales 
and family Asteraceae. It is speculated that Parthenium gained en-
try in India before 1910 through contaminated cereal grain, how-

ever, its presence was first acknowledged in 1956. Since 1956, 
the weed has spread like wildfire throughout India. Presently, the 
weed is a major problem in the agriculture fields of Uttarakhand 
[20,21]. Zea mays showed an increase in seedling vigour index 
with parthenium derived biochar addition and no adverse effect 
on soil microbial activity was observed even at the highest rate 
(20g/kg) along with the removal of allelochemical ambrosin [22]. 
However, the effect of Parthenium based biochar on native AMF 
population of agriculture lands have not been tested. Therefore, 
the present study was undertaken in an attempt to test and opti-
mize the dosage of Parthenium biochar for agriculture purposes 
that works synergistically with soil AMF population.

Material and Methods
AMF Inoculum and Biochar
Table 1: Geographic and field information of agricultural lands.

Village Altitude 
(m asl) Geographic Position Previous Crop Standing Crop Fertilization and Field 

Information

Dwarson 995 N 29° 43’ 30.2”,   
E 79° 40’ 50.6’’ Rice, Ragi, Gahat ,Soyabean Wheat, Mustard, Lentil Organic, Dry

Nachini 1536 N 29° 59’ 12.1”,  
E 80° 0’ 30.2’’ Rice, Ragi, Gahat, Soyabean Wheat, Mustard, Lentil Organic, Dry

Ghorpatta 2180 N 30° 03’ 56.1”,  
E 80° 01’ 20.6’’ Medicinal Plants Organic, Dry

Greenhouse pot cultures of the native AMF of three agricultur-
al lands (Dwarson, Nachini and Ghorpatta) were established with 
suitable host plants (Maize, Sorghum and Cowpea). Description 
of the agricultural land is provided in Table 1. Potting mixture in-

cluded 200gm soil sample with autoclaved mixture of vermicu-
lite and gravel (2:1). After 60 days, the plants were left for drying 
to enhance sporulation. After five such consecutive cycles, soil of 
these pots was used as the AMF inoculum.

Pot experiment with Zea mays
Table 2: List of Treatments.

1 Control

2 1g/kg Biochar

3 3g/kg Biochar

4 5g/kg Biochar

5 10g/kg Biochar

6 0g/kg Biochar + Dwarson

7 1g/kg Biochar + Dwarson

8 3g/kg Biochar + Dwarson

9 5g/kg Biochar + Dwarson

10 10g/kg Biochar + Dwarson

11 0g/kg Biochar + Nachini

12 1g/kg Biochar + Nachini

13 3g/kg Biochar + Nachini

14 5g/kg Biochar + Nachini

15 10g/kg Biochar + Nachini
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16 0g/kg Biochar + Ghorpatta

17 1g/kg Biochar + Ghorpatta

18 3g/kg Biochar + Ghorpatta

19 5g/kg Biochar + Ghorpatta

20 10g/kg Biochar + Ghorpatta

Potting substrate consisting sand and soil mixed in ratio 5:1, 
respectively was used. Combination of AMF inoculum (trap soil 
having 2000 spores per pot) and Parthenium biochar described 
in the Table 2 were added to the substrate in pots. Three repli-
cates per combination were taken. Surface sterilized maize seeds 
were grown in these pots. Plants were allowed to grow for 60 days 
in green house under controlled conditions at relative humidity 
60%, temperature 28±2 °C, photoperiod: 16/8h day/night cycle 
and light intensity 400 Em-2 s-1 (400-700nm). 

Growth parameters
Plants were harvested after 60 days, rinsed with tap water 

and air dried, root/shoot length and root/shoot fresh weight were 
recorded. Plant samples (root and shoot) were kept in paper bags, 
oven dried at 65 °C until constant sample weight was achieved, 
and dry weight was assessed. Some of the roots were stored at 4 
℃ for root colonization studies.

Mineral nutrition
Dried plant tissues were used for nutrient estimation. The ni-

trogen content of the leaves was estimated according to Kjeldahl 
method using the KJEL PLUS System (Pelican, India). Diacid di-
gestion of the sample was carried out using 5:1 mixture of HNO3: 
HClO4. Phosphorus content was measured by the vando-molyb-
date phosphate method. Sodium, potassium, and calcium were 
measured using flame photometer (Systronics Flame Photometer 
128).

Spore count
Spore count was done using procedure given by Gerdemann 

& Nicolson [23]. 1-gram air-dried soil was washed through two 
juxtaposed sieves of mesh size 60 and 400 respectively under tap 
water. 40% sucrose solution was added to the content and centri-
fuged at 2000 rpm for 3 minutes. The supernatant was then trans-
ferred to sieve of 400 mesh size, washed with distilled water to 
remove excess sucrose, transferred to Petri dish and counted on 
stereo-zoom microscope. The total number of spores were count-
ed and expressed as spores per gm of soil. 

Mycorrhiza frequency
Roots were first stained by trypan blue method. Root samples 

were cleared in KOH solution (2.5%) and stained using the Trypan 
Blue (0.05%) [24]. Mycorrhizal colonization was determined by 
examining 1 cm root segments (n = 50 per each treatment) under 
the microscope according to Trouvelot [25]. Results are expressed 
as percentage frequency. 

Total Glomalin Estimation (TEG)
Total glomalin extraction was done according to Wright and 

Upadhyay [26]. 1g soil was autoclaved in 8ml of 50mM sodium 
citrate at pH 8.0 for 60 min. Immediately after autoclaving, we 
centrifuged the tubes at 3000g for 15-20 min, then poured off the 
supernatant and stored it at 4 ℃ until analysis. For TEG, the soil 
pellet was re-suspended in the same volume of fresh extraction 
solution, and the extraction repeated for one more cycle.

Results 
Mycorrhizal population

Figure 1: IEffect of interaction of different concentration of 
biochar (0g/kg, 1g/kg, 3g/kg, 5g/kg and 10g/kg soil) on the % 
Mycorrhizal frequency of inoculums (Dwarson, Nachini and 
Ghorpatta ) in maize plant roots.

Biochar addition resulted in enhanced frequency of mycor-
rhiza in the root system and irrespective of the inoculum highest 
frequency was observed in 3 and 5 g/Kg biochar concentration 
(Figure 1). The effect of biochar application can also be seen in 
spore numbers as well, enhanced number of AMF spores/ gm of 
inoculum with up to 59 % increase over control (without biochar) 
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in 5g/Kg of biochar concentration in Ghorpatta were observed 
(Figure 2). Similarly, glomalin conc. (representative of AMF com-
munity activity) of the inoculum after biochar application was 
also found to be enhanced with up to 49 % increase over control 
(without biochar) in 5 g/Kg biochar + Ghorpatta (Figure 3).

Figure 2: Effect of interaction of different concentration of 
biochar (0g/kg, 1g/kg, 3g/kg, 5g/kg and 10g/kg soil) on the spore 
number of inoculums (Dwarson, Nachini and Ghorpatta).

Figure 3: Effect of interaction of different concentration of biochar 
(0g/kg, 1g/kg, 3g/kg, 5g/kg and 10g/kg soil) on the glomalin 
content of inoculums (Dwarson, Nachini and Ghorpatta).

Growth Parameters

Shoot parameters

Figure 4: Effect of interaction of different concentration of 
biochar (0g/kg, 1g/kg, 3g/kg, 5g/kg and 10g/kg soil) and different 
mycorrhiza inoculum (Dwarson, Nachini and Ghorpatta ) on (I) 
shoot length and (II) root length of maize plants.

Figure 5: Effect of interaction of different concentration of 
biochar (0g/kg, 1g/kg, 3g/kg, 5g/kg and 10g/kg soil) and different 
mycorrhiza inoculum (Dwarson, Nachini and Ghorpatta ) on (I) 
shoot fresh weight and (II) shoot dry weight of maize plants.
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Figure 6: Effect of interaction of different concentration of biochar (0g/kg, 1g/kg, 3g/kg, 5g/kg and 10g/kg soil) and different mycorrhiza 
inoculum (Dwarson, Nachini and Ghorpatta) on (I) root fresh weight and (II) root dry weight of maize plants.

Irrespective of biochar application rate, each mycorrhiza in-
oculum was able to promote maize plant growth with Dwarson 
and Nachini significantly enhancing shoot parameters over uni-
noculated plants. Similarly, irrespective of mycorrhiza inoculum 
biochar treatment resulted in increased shoot length (Figure 
4), shoot fresh weight (fwt) (Figure 5), shoot dry weight (dwt) 

(Figure 6) over plants grown without biochar application. This 
response increased with increasing application rate of biochar, 
however, at highest application rate of biochar (10g/kg) the effect 
was slightly decreased. Most effective combination was of 5g/Kg 
biochar application rate + Dwarson.

Root parameters

Figure 7: Effect of interaction of different concentration of biochar (0g/kg, 1g/kg, 3g/kg, 5g/kg and 10g/kg soil) and different mycorrhiza 
inoculum (Dwarson, Nachini and Ghorpatta) on (I) Phosphorus and (II) Nitrogen content of maize plants.
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Similar to shoot parameters, irrespective of biochar applica-
tion rate each mycorrhizal inoculum resulted in improved root pa-
rameters (Figure 7) except root length (2.1 II) over non-mycorrhi-
zed plants. When considering only biochar application, increasing 

application rate positively influenced root parameters with 3g/
kg and 5g/kg application rate were found to be optimum. When 
considering interaction of both biochar and mycorrhiza, 3g/kg + 
Dwarson was the most effective combination. 

Foliar nutrient content

Figure 8: Effect of interaction of different concentration of biochar (0g/kg, 1g/kg, 3g/kg, 5g/kg and 10g/kg soil) and different mycorrhiza 
inoculum (Dwarson, Nachini and Ghorpatta) on (I) Calcium and (II) Sodium content of maize plants.

Figure 9: Effect of interaction of different concentration of biochar (0g/kg, 1g/kg, 3g/kg, 5g/kg and 10g/kg soil) and different mycorrhiza 
inoculum (Dwarson, Nachini and Ghorpatta) on potassium content of maize plants.

Nutrient uptake by the maize plants showed synergistic effect 
by the combined treatment of biochar and mycorrhiza. All the nu-
trient estimated showed a significant increase in all the treatment 
combinations over control. Also, the increase was directly propor-
tional to the biochar application rate. Unlike growth parameters, 
no decrease in nutrient content of maize plants treated at 10 g/
kg application rate was observed. The effect on phosphorus up-

take (Figure 8) was most prominent with increased uptake with 
increasing concentration of biochar indicating the enhanced func-
tionality of AMF population. Nitrogen (Figure 9), Calcium, Sodium 
and Potassium uptake was also significantly enhanced. Among the 
mycorrhiza inoculums, Dwarson was most effective in improving 
nitrogen content, Nachini was most effective in improving phos-
phorus content, calcium and sodium content was most effectively 
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improved by Ghorpatta. Potassium was equally improved by all 
the inoculums.

Discussion
In our study, we observed a positive synergistic effect of bio-

char and mycorrhiza amendment on maize growth however, at 
higher application rate (10 g/kg) of biochar a slight reduction in 
growth enhancement was observed. However, the nutrient uptake 
didn’t show any reduction. Other studies have also reported AM 
dependent enhanced nutrient uptake even in absence of positive 
growth response [27]. In a study, application of charred bark of 
Acacia, yield of maize and peanut significantly improved. Accord-
ing to researchers, increased pH, CEC, available N and P, along 
with increased colonization by AMF resulted in this enhanced 
yield [28]. In another study, enhanced root colonization by AMF 
in soybean on biochar addition along with yield enhancement 
of soybean after biochar addition [29]. Similar results were re-
ported in wheat and clover [30]. 6 % increase in AM colonization 
was observed in Phaseolus vulgaris on biochar addition [31]. In 
an assessment of different application rate of biochar on maize 
growth it was noted that with increasing biochar concentration 
the growth improved and even the highest dose of 20g/kg biochar 
did not negatively affect soil microbial activity [32]. Parthenium 
biochar reduced the commercial fertilizer dose required without 
compromising on the yield and improved the soil health [33].

Conclusion
The study shows that the biochar amendment of soil can pos-

itively affect the native AMF population which in turn result in 
enhanced productivity and nutrient uptake of plants. Our study 
supports the idea of utilizing parthenium for biochar production 
as a weed management strategy. Results emphasize that proper-
ly optimized parthenium derived biochar can prove to be an eco-
nomical and ecological substitute for the chemical fertilizers. It is 
capable of working alone and along with AMF its properties can 
be further exploited. 
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