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Introduction

Phosphorous (P) availability is one of the major 
yield limiting factors in alkaline calcareous soil. 

Although calcareous soils contain large amount of P 
but that is largely unavailable and the farmers have 
to apply chemical fertilizers to correct P deficiency. 
Chemical fertilizers are expensive and the farmers 
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are mostly unable to purchase the required amount 
of P fertilizers. Thus the soils remain unfertilized and 
the crops suffer P deficiency. Arbuscular mycorrhizal 
fungi (AMF) is known to increase P availability to 
plants generally under stress conditions. Therefore, 
strategies are needed to improve the efficiency of 
AMF to increase the availability of P. Mycorrhizal 
fungi are frequently used as soil inoculums to 
improve P availability, soil properties and crop yields 
(Schwartz et al., 2006). There is increasing evidence 
that biochar may increase mycorrhizal fungi in soil 
and subsequently positively improve the soil quality. 
The application of biochar to soil often results in 
significant improvement in soil properties, plant 
growth as well as increase in mycorrhizal fungi. 
Several studies have shown that biochar amendment 
can alter soil nutrient availability, improve physical, 
chemical and biological properties of soil and in turn 
increase crop yields (Matsubara et al., 2002; Yamato et 
al., 2006; DeLuca et al., 2006; Gundale and DeLuca, 
2006; Hamdani et al., 2017; Shah et al., 2017; Sara 
et al., 2018). Improvement in nutrient availability in 
soil through biochar can increase the performance of 
host plants which may help supporting colonization 
of AM fungi (Ishii and Kadoya, 1994). It has been 
observed that biochar enhanced the capacity of AM 
fungi to increase resistance of host plants to infection 
by plant pathogens (Matsubara et al., 2002). Biochar 
create microhabitat in soil where mycorrhizal fungi 
can extend its hyphae for exploration of resources to 
support the nearby plants (Saito, 1990; Warnock et 
al., 2007). Other studies have revealed that biochar 
increased colonization by mycorrhizal fungi that 
helped improve water supply and other resources to 
plants in drought risk environments (Blackwell et al., 
2007). Biochar amendment also increased colonization 
of pother mycorrhizal fungi such as ectomycorrhizal 
fungi in soil (Mori and Marjenah, 1994). The activated 
C in biochar adsorbs signaling compounds such as 
strigolactones for arbuscular mycorrhizal fungi which 
then stimulate hyphal branching of fungi (Akiyama 
et al., 2005). Matsubara et al. (2002) reported that the 
application of biochar produced from coconut fiber 
had a suppressive effect on the soil borne pathogen 
Fusarium sp in asparagus field.

Lehmann et al. (2006) and Wornock et al. (2007) 
extensively reviewed the literature on responses of 
arbuscular mycorrhizal fungi and C sequestration 
to biochar and concluded that biochar improve the 
abundance and function of AMF. They proposed 

four mechanisms where biochar can improve the 
functioning of AMF. For example, biochar can 
improve the soil physico-chemical properties of soil, 
alter the functioning of other soil microorganisms 
which can mycorrhizae, provide shelter to AMF and 
production of certain compound which support the 
growth and functioning of AMF.

Arbuscular mycorrhizal fungi not only improve 
P availability in soil but also improve other soil 
characteristics which support plant growth. The 
growth of AMF in soil generate large of amount of 
organic matter which help improve the soil properties 
and plant growth. Jakobsen and Rosendahl (1990) 
reported that the hyphae of AM fungi can grow about 
3% of root weight of host plant. The mycelium of 
AM fungi can grow from 10 to 100 m per cm of root 
(McGonigle and Miller, 1999). Moreover, the AM 
fungi can improve soil aggregation and help keep soil 
particles together that help better soil aeration and 
root growth (Miller and Jastrow, 2000). In addition, 
the AM fungal hyphae can enter into the microsites of 
biochar and other organic materials, and thus results 
in decomposition of organic materials by releasing of 
plant nutrients in soil (Hodge, 2003). The AM fungi 
also play important role in the availability of water in 
soil particularly at lower soil water potentials and thus 
support increased water uptake by plants (Mahdi et 
al., 2010). 

Recent reports have revealed strong evidence of 
improvement in arbuscular mycorrihzal fungi in soil 
with biochar. Arbuscular mycorrhizal fungi have 
access to microsites in biochar where roots cannot 
enter and thus P present in microsites of biochar can 
be explored by AM fungi (Hammer et al., 2014). It 
has been reported that combined application of AM 
fungi and biochar increased P uptake and growth 
of maize (Mau and Utami, 2014). Yusif and Hayatu 
(2017) found that biochar application increased root 
colonization of arbuscular mycorrhizal fungi and 
available P relative to control treatment. The efficiency 
of AM fungi however changes with other factors. For 
example, Karaki et al. (2004) found low rate of roots 
colonization by AMF in winter when soil temperature 
was low. However, AM fungal colonization in wheat 
roots increased during spring when the temperature 
rises. The AM fungal spores in soil and roots also 
changes with soil properties. Sharif et al. (2006) 
observed greater spores of arbuscular mycorrhizal 
fungal spores in soil as well as the root colonization 
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of wheat and maize crops by AMF in low fertile soils 
compared with soils which had greater organic matter 
and soil nutrients. They suggested that the incidence 
of AMF were more in marginal than in fertile soils. 
They further demonstrated that the arbuscular 
mycorrhizal spores were greater in neutral soils 
with low organic matter and the infection of wheat 
and maize roots were also higher probably because 
of higher spores density in same soil. Conversa et 
al. (2015) demonstrated that the AMF inoculation 
was more effective in improving plant growth when 
applied with 30% biochar. However, the role of biochar 
with respect to AM fungi and performance of plants 
may dependent on soil composition and prevailing 
environmental factors. Since limited information are 
available on the role of biochar in root colonization 
of AM fungi in calcareous soils, this experiment was 
therefore undertaken to determine the responses of 
AM fungi to biochar amendments under different 
cropping systems in the agro-climatic conditions of 
Peshawar valley.

Materials and Methods

Experimental procedure
This study was undertaken to determine the influence 
of a long-term application of different levels of 
biochar on arbuscular mycorrhizal spores density 
in soil and their colonization of roots of wheat and 
maize during winter 2015-16 and 2016-17 for wheat 
and summer 2015 and 2016 for maize seasons. The 
soil of the experimental site was silty clay loam, non-
saline, alkaline in reaction and low in soil organic 
fertility (Shafi et al., 2007). The soil and root samples 
of wheat and maize were taken from field experiment 
where biochar has been in use in different treatments 
since 2014 at the university of agriculture, Peshawar. 
Soil (0-15 cm) and root samples were collected at 
harvest stages for both wheat and maize. In case of 
wheat, samples were collected after harvest of wheat 
from wheat-maize and wheat-mungbean cropping 
systems. In case of maize, samples were collected 
after harvest of maize from maize-wheat and maize-
chickpea cropping systems. Both wheat and maize 
received the recommended doses of N, P, and K at 
120:90:60 and 150:100:60 kg ha-1 respectively along 
with recommended cultural practices and irrigated 
when needed. Nitrogen in the form of urea was 
applied in two splits (viz., half at sowing and half at 
3-4 leaf stage in case of wheat and at knee high stage 
in case of maize) whereas P in the form of single 
superphosphate and K in the form of potassium 

chloride were applied at sowing time.

The field experiment used in this study was 
a randomized complete block design and the 
arrangements of treatments were in split plot. Each 
treatment was replicated four times. The cropping 
systems were in main plots while biochar treatments 
were in subplots. There were four cropping systems 
viz., winter cereal- summer cereal, 2) winter cereal-
summer legume, 3) winter legume-summer cereal 
and 4) winter legume- summer legume. Winter cereal 
was wheat and summer cereal was maize. Similarly, 
winter legume was chickpea and summer legume was 
mungbean. Biochar treatments were: 1) no biochar in 
any season (T1), 2) 20 t biochar to each winter and 
summer crops (T2), 3) 40 t biochar to each winter crop 
(T3), and 4) 40 t biochar to each summer crop (T4). 
In summer 2016, no biochar was applied to any crop.

The first wheat crop which was sown in November 
2014 could not be sampled and not included in this 
study. In the following summer 2015, maize crop 
was planted on 17th July and raised to maturity. Four 
maize plants were randomly uprooted carefully in 
each treatment plot (on 12 Oct 2015) for mycorrhizal 
root colonization in maize roots. Each treatment plot 
was also sampled for soil from the surface at 0-15 cm 
depth at the time of root sampling for determination 
of spores density in rhizosphere soil. In the following 
winter 2015/16, wheat crop was planted on 19 Nov 
2015 and raised to maturity. Six mature plants were 
carefully uprooted along with rhizosphere soil at crop 
maturity on 11 April 2016 in each treatment plot for 
AM root colonization of wheat and AM spores density 
in soil. In the second year, maize crop was planted on 
21st July 2016 on same plots. At maturity (on 23rd Sep 
2016), root and soil samples were collected for AM 
occurrence. In the following season, wheat crop was 
planted on 7 Nov 2016 on same plots. At maturity (on 
21st April 2017), roots and soil samples were collected 
from each treatment plot for AMF root colonization 
and spores density in rhizosphere soil. 

Characteristics of biochar 
The biochar used in the experiment was made of 
pruned branches of Acasia trees at over 450 oC in 
the absence of oxygen. The characteristics of biochar 
used in different seasons during the course of the 
experiment are described in Table 1. The pH and EC 
were determined in 1:5 w/v biochar-to-distilled water 
suspension using pH and EC meters (Rhoades, 1996). 
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Table 1: Important characteristics of biochar used in the experiment.
Characteristics Biochar used for winter 

crops (2014/15)
Biochar used for sum-
mer crops (2015)

Biochar used for winter 
crops (2015/16

Biochar used for winter 
crops (2016/17)

Average

pH 7.42 7.15 6.80 6.91 7.07
EC (dS m-1) 1.75 1.09 2.34 3.37 2.14
Total N (%) 2.10 3.70 2.30 3.10 2.80
Organic C (%) 63.5 70.4 66.8 67.4 67.0
Total P (%) 0.10 0.08 0.10 0.13 0.10

Total N was determined by the Kjeldhal method 
(Bremner and Mulvaney, 1982). Total P in biochar 
samples was determined spectrophotometerically 
after digestion ( Jones and Case, 1990). Organic 
carbon (C) was determined by the loss on ignition 
method (Koide et al., 2011; Naeem et al., 2014).

The data showed that the pH of biochar varied from 
6.80 to 7.42 with an average of 7.07. Similarly, the 
EC of biochar varied from 1.09 to 3.37 with an 
average of 2.14 dS m-1, total N ranged from 2.1 to 
3.7 with an average of 2.80 %, organic C ranged from 
63.54 to 70.37 with an average of 67 % and total P 
ranged from 0.08 to 0.13 with an average of 0.10 %. 
Arif et al. (2014) also reported in their study that 
biochar made of Acasia wood had pH 6.84, EC 3.0 
dS m-1, N 2.25 % and P 0.14 %. Similarly, Naeem et 
al. (2014) found high organic C content (662 g kg-1) 
in wheat straw biochar formed at 500 oC. Batool et 
al. (2015) reported that biochar is generally rich in 
organic C (30 to 70%), and characterized with high 
mineral contents, high pH and EC values and low 
ash content.

Isolation and determination of Arbuscular Mycorrhizal 
fungal spores in soil 
Arbuscular mycorrhizal spores were in soil were 
determined by the wet-sieving and decanting 
technique (Gerdeman and Nicolson, 1963; Brundrett, 
1996). Fresh sieved rhizosphere soil sample of 20 g was 
shaken with 200 ml distilled water in a beaker with 
the help of hand stirrer to break up the clods. Then 
the beaker was transferred to magnetic stirrer for 15 
minutes for stirring and then passed through sieves of 
three different sizes. The upper sieve was 2 mm, the 
middle was 250 um and the bottom was 50 um. The 
materials of second and third sieves were transferred 
to a 50 ml falcon tube by sprinkling distilled water on 
materials until volume become 25 ml. After that 25 ml 
of 70 % sugar solution was added in the falcon tube. 
Spores suspension was then be centrifuged with sugar 

solution in falcon tubes in centrifugation machine for 
three minutes at 2400 rpm. A syringe pipe was used 
to collect the spores layer from just above the layer of 
sugar solution. The spores density was counted using 
the procedure as described in Schenck and Pérez 
(1990).

Determination of AM fungal infection in wheat and 
maize roots
The AM fungal infection in the roots of maize and 
wheat were determined by the staining of fungal 
structures procedure as described in Philips and 
Hayman (1970) and Koske and Gemma (1989) 
with some modifications for non pigmented roots. 
The plants were uprooted at the maturity stage and 
the rhizosphere soil was washed with tape water. 
After thorough wash, the roots were cut in small 
pieces with sharp scissor. The small and thin pieces 
of root samples of about 2 cm were preserved in a 
plastic jar containing distilled water with 2 to 3 drops 
of formalin in it. The plastic jars were kept at 4 0C 
in a refrigerator until analyzed. For determination 
of AM fungal root infection, the root samples were 
washed with distilled water. The root samples were 
transferred to 10% KOH solution in a beaker in such 
a way that root samples were completely covered 
with KOH solution. The solution was heated for 10 
minutes to eliminate the cytoplasm and most of the 
host nuclei of the roots path. Root samples were then 
washed with distilled water, heated in 0.01% tryphan 
blue solution in the similar way for 7 minutes and get 
tryphan blue stained root pieces. Spores and hyphae 
were turned blue due to their chitin content. Root 
pieces were then observed under the microscope with 
x40 magnification for morphological characteristics. 
Moreover, the technique presented in Giovannetti 
and Mosse (1980) was used for assessment of infection 
intensity in roots. Percent mycorrhizal infection in 
roots was determined using the following expression:
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Statistical analysis
Data were analyzed statistically using statistical 
package Statistic 8.1. Least significance difference 
test was used to determine differences among means 
(Steel et al., 1997).

Results and Discussion

AMF spores density in soil in wheat phase
The results showed that the AMF spores density in 
soil were not significantly affected by the cropping 
system in any year (Table 2). Although non-
significant, the AM fungal spores were slightly 
reduced in second year (2016/17) compared with first 
year (2015/16) of the experiment. However, the effect 
of biochar application was significant on AM fungal 
spores during both years. The pattern of response of 
AM fungal spores to biochar levels was similar in 
both years. During both years, the spores density was 
significantly greater in the biochar than in the control 
treatment. On average, the spore density ranged from 
36.6 to 58.6 per 20 g soil in the biochar compared 
with 29.0 per 20 g soil in the control treatment. 
Moreover, in both years, the AM fungal spores were 
significantly highest for treatment receiving biochar 
at 20 t ha-1 each in winter and summer. The T3 
and T4 treatments where biochar was applied (40 t 
biochar ha-1) to winter crops (T3) and summer crops 
(T4) exhibited statistically similar response on fungal 
spores during both years. On average, the maximum 
AM fungal spores of 58.6 per 20 g soil were observed 
in T3 treatment where biochar was applied at 20 t 
ha-1 in each season followed by 45.6 for T4 treatment 
where 40 t biochar ha-1 was applied to summer crops. 
Overall, the AMF spore density in soil was lowest 
in the control. Generally, the number of AM fungal 
spores in various treatments was lower than the 
desired levels in soil (Brundrett, 1996). 

As far as variation among years are concerned, there 
were no statistical differences in AMF spores density 
between 2015/16 (45.1 per 20 g soil) and 2016/17 
(39.8 per 20 g soil). The interactions between years, 
cropping systems and biochar levels were significant 
(Table 2; Figure 1 and 2). In first year, the highest 
spore density in soil was observed in treatment that 
has received 40 t biochar ha-1 only in wheat phase 
(T2) under both cropping systems (Figure 1). The 
number of spores however declined in treatment 
receiving no biochar in wheat phase (T3). The decline 
was drastic for wheat-mungbean than wheat-maize 

cropping systems. The spore density in soil under 
wheat-mungbean cropping system regained the 
momentum in T4 (in the maize phase) but that under 
wheat-maize remain static at same biochar treatment. 
In second year, the spores density in soil were similar 
for both cropping systems in the control (T1) and 
that gradually increased to almost similar extent for 
both cropping systems at treatment receiving biochar 
at 20 t ha-1 regularly in both seasons (T2) (Fig 2). 
However, where biochar was applied at 40 t ha-1 in 
the wheat phase only (T3), the spores density in soil 
remained the same as with the previous treatment 
for wheat-mungbean cropping system but drastically 
declined for wheat-maize system. On the other hand, 
the spores density increased in soil under wheat-
maize and decreased in soil under wheat-mungbean 
T4 (receiving biochar only in summer season).

Table 2: Effect of cropping systems and biochar levels on 
arbuscular mycorrhizal fungal spores density in soil after 
harvest of wheat crop.
 Treatment
Cropping system

2015/16 2016/17
soil spores density 
(no. per 20 g soil)

Mean 

Wheat after maize 45.1 38.3 41.7
Wheat after mungbean 45.0 41.4 43.2
      Grand mean 45.1 39.8 42.5
LSD (p ≤ 0.05) ns ns ns
Biochar in w-s$ (t ha-1)
T1. 0-0$ 34.6b 23.3c 29.0c
T2. 20-20 62.8a 54.3a 58.6a
T3. 40-0 35.5b 37.8b 36.6c
T4. 0-40 47.5b 43.8b 45.6b
Grand mean 45.1 39.8 42.5
LSD (p ≤ 0.05) 13.4 9.9 8.0
Year means 45.1 39.8 ns

Interactions significance/probability; CS X BC-**; Y X -; Y X BC; Y 
X CS X BC- - **; <27: deficient, 28 to 67: medium, > 67 high per 20 
g soil (Brundrett et al., 1996). $” w” stands for winter, and “s” stands 
for summer; CS: cropping systems; BC: Biochar; Y: years.

This implies that the behavior of spore density in 
soil was consistent in the control and for treatment 
where biochar was regularly applied at 20 t ha-1 in 
each season (T2) under both cropping systems but 
it was inconsistent at other levels of biochar. It was 
however evident that biochar did improve the AM 
spore density in soil. It could be due to the facts 
that activated C of biochar adsorbs AMF signaling 
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compounds strigolactones which stimulate hyphal 
branching of AMF (Akiyama et al., 2005). Yusif 
and Hayatu (2017) found that biochar application 
increased root colonization of arbuscular mycorrhizal 
fungi and available P relative to control treatment. 
Moreover, biochar application at 20 t ha-1 improved 
soil properties compared to other biochar rates 
(Yusif and Hayatu, 2017). Hussain et al. (2016) 
found maximum spores density of 58 and 46 with 
mycorrhiza inoculation in the presence of half and 
full level of vermicompost, respectively. Both the 
two most commonly occurring types of mycorrhizal 
fungi were increased with application of biochar 
amendments (Warnock et al., 2007).

Figure 1: Interactive effect of cropping systems and biochar levels 
on spore density in soil after wheat harvest in year 1 (2015/16). 
Biochar treatment 1 is control receiving no biochar in any season, 
2 is receiving biochar at 20 t ha-1 each in summer and winter, 3 is 
receiving biochar at 40 t ha-1 in winter season and 4 is receiving 
biochar at 40 t ha-1 in summer season.

AMF root colonization of wheat 
The data revealed that the effect of cropping was on 
AMF root colonization intensity non-significant, but 
that of biochar treatments was significant (Table 3). 
Overall, the AMF root colonization in wheat was 
higher in second year than first year. Although non-
significant, the year mean of 2016/17 was higher (14.9 
%) than (14.5 %) 2015/16. Moreover, the AMF root 
colonization in wheat was higher for wheat-mungbean 
than wheat-maize cropping system in both the years. 
The data described that root colonization of AMF 
was significantly higher for biochar than in control 
treatment in both years. The maximum AMF root 
colonization in year 1 was obtained in T2 and this was 
statistically at par with T4. However, the colonization 
of AM fungi in wheat in T3 was statistically similar 

that in the control treatment in first year. In second 
year, the root colonization of AMF in wheat was 
greater significantly with biochar treatments relative 
to the control treatment. However, no significant 
(P<0.05) differences in root colonization of AMF 
in wheat were found among the biochar treatments. 
On average, the AMF root colonization in wheat was 
significantly greater in biochar than in the control 
treatment. However, the dirrences in AMF root 
colonization were non-significant among biochar 
treatments. Overall the AMF root colonization in 
wheat was lower than the desired level. Similar results 
were reported by Sharif et al. (2006) who observed 
28-43 % AM fungal infection in wheat roots in soil 
containing relatively more organic matter in northern 
areas of Pakistan. On the other hand Karaki et al. 
(2004) found negligible AM fungal colonization 
during winter months when the soil temperature was 
low but during the spring, AM fungal colonization 
increased gradually in wheat crop.

Figure 2: Interactive effect of cropping systems and biochar levels 
on spore density after wheat harvest in year 2 (2016/17). Biochar 
treatment 1 is control receiving no biochar in any season, 2 is receiving 
biochar at 20 t ha-1 each in summer and winter, 3 is receiving biochar 
at 40 t ha-1 in winter season and 4 is receiving biochar at 40 t ha-1 
in summer season.

Makoto et al. (2010) reported that ecto-mycorrhizal 
infection of roots in larch seedling significantly 
enhanced by 19-157% with biochar amendments. The 
roots colonization of wheat by AM fungi also increased 
by 20-40% two years after biochar amendments from 
0.6 to 6 t ha-1, relative to colonization rate of 5-20% 
in the control treatment (Solaiman et al., 2010). This 
indicates the residual effect at least for two years after 
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biochar application. The residual effect of biochar 
on soil properties and crop yields were also recently 
reported in Sara et al. (2018). Rillig et al. (2010) 
found that biochar stimulated spore germination of 
AM fungi.

Table 3: Effect of cropping systems and biochar levels 
on root colonization of arbuscular mycorrhizal fungi in 
wheat crop.
 Treatment 
Cropping system

2015/16 2016/17
AMF root colonization (%) Mean 

Wheat after maize 14.2 13.8 14.0
Wheat after mungbean 14.9 16.0 15.4
       Grand mean 14.5 14.9 14.7
LSD (p ≤ 0.05) ns ns ns
Biochar in w-s$ (t ha-1)
T1. 0-0$ 10.0b 8.1b 9.1b
T2. 20-20 18.3a 16.5a 17.4a
T3. 40-0 12.9b 17.1a 15.0a
T4. 0-40 16.8a 17.9a 17.4a
Grand mean 14.5 14.9 14.7
LSD (p ≤ 0.05) 3.2 6.1 3.3
Year means 14.5 14.9

Interactions significance/probability; CS X BC; **-; Y X CS; Y X 
BC; Y X CS X BC; $ “w” stands for winter and “s” for summer; CS: 
cropping systems; BC: Biochar; Y: years.

Table 4: Effect of cropping systems and biochar levels on 
arbuscular mycorrhizal fungal spores density in soil after 
harvest of maize crop.
 Treatment
Cropping system

2015 2016
AM spores density in soil 
(no.per 20 g soil)

Mean 

Maize after wheat 39.0 35.0 37.0
Maize after chickpea 43.5 39.1 41.3
      Grand mean 41.2 37.0 39.1
LSD (p ≤ 0.05) ns ns ns
Biochar in w-s$ (t ha-1)
T1. 0-0$ 20.5c 20.7c 20.6c
T2. 20-20 60.1a 58.1a 59.1a
T3. 40-0 50.2a 31.5bc 40.8b
T4. 0-40 34.2b 38.0b 36.1b
Grand mean 41.2 37.0 39.1
LSD (p ≤ 0.05) 12.0 11.6 8.0
Year means 41.2 37.0 ns

Interactions significance/probability; CS X BC; Y X CS; Y X BC; 
*; Y X CS X BC; $ “w” stands for winter and “s” for summer; ; CS = 
cropping systems; BC = Biochar; Y = years.

The effect of biochar on AM mycorrhizae is not 
positive in every case and can have negative influence 
too. There is evidence where biochar amendment 
reduced the abundance of AMF spores in soil and 
their infection in roots (Gaur and Adholeya, 2000; 
Birk et al., 2009; Warnock et al., 2010). The possible 
reasons for such negative effect is not clear but could 
be due to one or more of the following reasons; (i) 
biochar application usually increase P and water 
availability to plants thus the need for mycorrhizal 
symbiosis with the plants is reduced (Corbin et al., 
2003; Covacevich et al., 2006; Gryndler et al., 2006); 
(ii) biochar can improve the soil conditions, e.g., 
improvement in soil pH or water relations, or (iii) 
direct negative effects from high salt or heavy metal 
contents that are detrimental to AM fungi (Killham 
and Firestone, 1984). 

AMF spores density in soil in maize phase
The data regarding AMF spores density in soil at 
harvest stage of summer crops (maize, mungbean) 
as influenced by cropping systems and biochar 
treatment are presented in Table 4. The data showed 
that there were no significant (P<0.05) differences 
in AMF spores density in soil between maize after 
wheat and maize after chickpea cropping systems 
in both years. However, AMF fungal spores in soil 
were significantly (P<0.05) higher in biochar than in 
the control treatment in both years. In first year, the 
maximum AM fungal spores in soil were found in T2 
which were applied with biochar at 20 t ha-1 each in 
winter and summer (T2) and this was statistically at 
par with T3. Among biochar treatments, the lowest 
number of AM fungal spores in soil were found T4 
where biochar was applied at 40 t ha-1 in summer 
phase only. In second year, the maximum AM fungal 
spores in soil were found in T2 where 20 t biochar 
ha-1 applied each in winter and summer followed by 
T4 which received biochar at 40 t ha-1 in summer 
phase only. However, differences between T3 and 
T1 (control) were statistically non-significant 
(P<0.05). On average, the maximum AM fungal 
spores in soil were found in T2 followed by T3 and 
T4, respectively. The lowest number of AM spores 
in soil were found in the control where no biochar 
was applied in any season to any crop. Among 
interactions, interactions between biochar and years 
were found significant (P<0.05) for AM fungal spores 
in soil after harvest of maize crop (Figure 3). It was 
observed that AM fungal spores increased linearly 
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in T2 in both years. The spores density decreased in 
T3 in both years but the decrease was more drastic in 
second compared with first year. In T4, the decrease 
in spores density continued in first year but not in 
second year. Haerida and Karmadibrata (2002) found 
varied types of spores in the treatment receiving 7.5 g 
biochar kg-1 soil with no AMF inoculation. 

Figure 3: Interactive effect of biochar levels and years on AMF spores 
in soil after harvest of maize crop in year 1 (2015) and 2 (2016). 
Biochar treatment 1 is control receiving no biochar in any season, 2 is 
receiving biochar at 20 t ha-1 each in summer and winter, 3 is receiv-
ing biochar at 40 t ha-1 in winter season and 4 is receiving biochar at 
40 t ha-1 in summer season.

AMF root colonization of maize
The results showed that root colonization by AMF 
in maize was not influenced significantly (P<0.05) 
in first year but was significantly influenced in 
second year (Table 5). The root colonization of 
AMF in maize was significantly greater following 
chickpea than wheat cropping. However, overall the 
root colonization of AM fungi in maize decreased 
in second year. As far as the effect of biochar was 
concerned, the root colonization of AMF in maize 
was significantly (P<0.05) greater in biochar than 
in the control treatment. In first year, the maximum 
root colonization of AMF was found in T2 (receiving 
biochar at 20 t ha-1 each in winter and summer) which 
was statistically at par with T3 (receiving biochar 
at 40 t ha-1 by winter crops only). Among biochar 
treatments, the lowest root colonization of AMF 
was observed in T4 (receiving biochar at 40 t ha-1 by 
summer crops only). The lowest root colonization was 

obtained in the control treatment where no biochar 
was applied to any crop in any season. 

Figure 4: Interactive effect of cropping system and years on AMF 
root colonization (%) of maize crop.

In second year, the maximum root colonization 
of AMF in maize was observed in T2 (receiving 
biochar at 20 t ha-1 each in winter and summer) 
and T4 (receiving 40 t ha-1 biochar in summer only) 
and differences between these two treatments were 
statistically non-significant. Moreover, differences in 
root colonization of AMF in maize were statistically 
non-significant (P<0.05) between T4 (receiving 
biochar at 40 t ha-1 in summer only) and T1 (control 
treatment with no biochar amendment). On average, 
the maximum root colonization of AMF in maize 
was obtained in T2 (receiving biochar at 20 t ha-1 
each in winter and summer). The data further showed 
that the root colonization of AMF in T3 (receiving 
biochar at 40 t ha-1 in winter only) and T4 (receiving 
biochar at 40 t ha-1 in summer only) were significantly 
lower than in T2 but greater than in T1. Differences 
between T3 and T4 were statistically non-significant. 
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Table 5: Effect of cropping systems and biochar levels on 
AMF root colonization of maize crop.
 Treatment
Cropping system

2015 2016
AMF root coloniza-
tion of maize (%)

Mean 

Maize after wheat 45.3 22.0b 33.6
Maize after chickpea 40.1 30.0a 35.1
Grand mean 42.7 26.0 34.3
LSD (p ≤ 0.05) ns * ns
Biochar in w-s$ (t ha-1)
T1. 0-0$ 20.1c 11.0b 15.5c
T2. 20-20 61.9a 40.2a 51.1a
T3. 40-0 53.4ab 11.2b 32.3b
T4. 0-40 35.5bc 41.6a 38.5b
        Grand mean 42.7 26.0 34.3
LSD (p ≤ 0.05) 19.5 5.2 9.7
Year means 42.7a 26b 7.23

Interactions significance/probability; CS X BC; Y X CS; *; Y X BC; 
** Y X CS X BC; $“w” stands for winter and “s” for summer; CS: 
cropping systems; BC: Biochar; Y: years.

The interactions between years and cropping systems 
and between years and biochar levels were significant 
(P<0.05). The AMF root colonization of maize was 
higher in first year than in second year for both the 
cropping systems (Figure 4). The root colonization 
of AMF decreased in second year for both cropping 
systems but the decrease was more drastic for maize 
after wheat than for maize after chickpea. Figure 5 
also described that the root colonization of AMF in 
maize was generally higher in first year than in second 
year in all biochar treatments except T4 (receiving 
biochar at 40 t ha-1 in summer only). The effect of 
biochar varied for T3 (receiving biochar at 40 t ha-1 
in winter only) where the root colonization of AMF 
in maize was significantly lower in second year than 
in first year. However, variation for T4 was non-
signficant between first and second year. Mau and 
Utami (2014) reported a successful AM fungi and 
biochar combination which resulted better uptake of 
P and growth of maize. Sharif et al. (2006) suggested 
that AM fungal spores in soil and roots colonization 
of wheat and maize crops by AM fungi were higher in 
low fertile soil compared with fertile soil. In fertile soils 
of Hazara division, 32 to 42 % AM fungal infection 
were observed in roots of maize crop whereas 40 to 59 
% infection rates by mycorrhizal fungi were observed 
in low fertile soils in the same area.

Figure 5: Interactive effect of biochar levels and years on AMF 
root colonization (%) of maize crop. Biochar treatment 1 is control 
receiving no biochar in any season, 2 is receiving biochar at 20 t ha-1 
each in summer and winter, 3 is receiving biochar at 40 t ha-1 in 
winter season and 4 is receiving biochar at 40 t ha-1 in summer season. 

Conclusions and Recommendations

This experiment has shown that root colonization 
of AM fungi in wheat and maize and AM fungal 
spores in soil in both seasons were significantly 
increased with biochar amendment but were not 
influenced significantly by the cropping systems. The 
effect of continuous application biochar was more 
pronounced than application of biochar only in one 
season. Thus biochar application may be considered 
as a strategy to improve the soil biota including 
AM fungi in area deficiency in soil organic matter.
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