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Abstract

An experiment was conducted in pots under natural conditions in alkaline calcareous soil to de-
termine wheat (Triticum aestivum L. c.v. Atta Habib) yield and P uptake as influenced by Arbuscu-
lar mycorrhizal fungi (AMF) inoculation with compost prepared from fresh animal dung and rock
phosphate. Data indicated that wheat grain, shoot and roots yields increased significantly (P <
0.05) by inoculation of commercial mycorrhiza (AMF-II) and half dose of compost. Grain yield in-
creased by 43% and 37%, shoot by 43% and 39% and roots yield by 51% and 45% over control of
N and K fertilizers. Straw yield was maximum as 5075 kg-ha in the treatment of AMF-II inocula-
tion with full dose of compost, which was significantly (P < 0.05) higher as 44% and 40% over
control of N and K fertilizers. Maximum and significantly (P < 0.05) higher plant N and P uptake by
wheat were observed in the treatment inoculated by indigenous mycorrhiza (AMF-I) with full dose
of compost followed by the inoculation of AMF-II with full dose of compost and SSP treatment.
Maximum and significantly (P < 0.05) increased soil spores’ density of AMF by 26 spores per 20 g
soil with maximum roots infection intensity in wheat were observed by the inoculation of AMF-I
with full dose of compost. The AMF-II is slightly better than AMF-I regarding grain, shoot and root
yield, whereas AMF-I is better in N, P uptake, soil spore density and their root infection intensity
than AMF-II. Alone inoculation and compost application increase the yield and nutrients uptake
but the highest improvement was observed with inoculation of AMF with compost. Results suggest
that inoculation of AMF with compost has potential to improve wheat yields and plants’ P uptake
under given soil conditions.
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1. Introduction

Mycorrhiza is the root fungi, which makes symbiotic association with roots of most crops and forest trees. The
prominent parts of Arbuscular mycorrhiza fungi are hyphae, arbuscules and vesicles. The hyphae are non-sep-
tate when young ramify within the cortex. The arbuscules, lying in the root cells of the plant, are mainly respon-
sible for transfer of nutrients from fungus to plants. However, root internal hyphae can also release nutrients to
the host plant. The vesicles are storage structures of mycorrhiza found in many fungal species.

Mycorrhiza enhances growth of the plants by increased absorption of water and nutrients from soil [1]. The
enhanced P uptake is generally regarded as the most important benefit that AMF provides to their host plant and
soil P status is often the main controlling factor in the plant—fungal relationship [2]. It has been reported that
under high P concentrations there is a poor relationship between mycorrhiza and host plant but under poor soil P
condition the mycorrhiza helps to supply soil P to plants [3]. Along with soil, plant and climactic conditions, the
effectiveness of AMF in supplying the P from soil to plants and their infectivity, showing the relationship of
AMF with host plant may also depend on type and species of AMF. The inoculation of various AMF isolated
from different soils and sources may vary in term of effectiveness and their infectivity [4]. The P in Pakistani
soil is usually very low and about 80% to 90% of soils are deficient in P [5]. The low P in these soils could be
associated with higher lime contents, low organic matter and alkaline soil conditions [6]. Different sources of P
could be applied to soil to supplement the soil P and improve the crop yields. These sources may include the or-
ganic P sources, synthesized chemical P fertilizer and natural rock phosphate minerals [5]. However, the P re-
lease from these sources and resultant response of crops varies with soil and climatic conditions and crop species.
The rock phosphate (RP) minerals though are natural and more economical but are not widely applied due to
their low solubility and poor crop response in most soil conditions. The agronomic performance of RP is asso-
ciated with type of RP, plant species, cropping system and soil and climatic conditions of the area. However,
pretreatments of RP with organic sources can enhance the P solubility and its releases [7]. The increase in solu-
bility of RP with organic manures could be associated with release of various organic acids and microbial activ-
ity that occur during the decaying process [7]. The process of conversion of organic sources into weathered and
mineral nutrient components through microbial decay is called composting. The application of these composts
has several advantages over non-decomposed fresh organic sources and inorganic synthetic fertilizers. Composts
are environment friendly and cost effective technique of waste recycling [8]. They are prepared from roots,
leaves, straw, stems and crop residues through microorganism’s action. These materials undergo decomposition
under adequate moisture and temperature either in open air, heaps or dumped pits. The final products with bro-
wn to dark brown material with no odd smell is obtained in about 3 to 6 months depending on various factors
like the moisture, temperature, starter dose, C:N ratio, and type and specie of the decomposing microbial popu-
lation. Composts are usually enriched with different kinds of nutrients like N, P, S and micronutrients to not on-
ly speed up the process but also to improve the quality of composts in terms of nutrient concentrations. The
enrichment of composts with RP is more appealing as it is cost effective and usually more effective over direct
application of RP to soil [7]. Keeping in view of importance of AMF, composting and enrichment of compost
with RP, this study was conducted to evaluate the locally extracted AMF and commercially available AMF on
the growth and N, P uptake by wheat crop when applied alone or in combination with RP enriched composts.

2. Materials and Methods

An open air pot experiment was conducted to determine yield and P and N uptake by wheat (Triticum aestivum
L. c.v. Atta Habib) as influenced by two different AMF sources applied with and without RP enriched compost.
The treatments were arranged in CRD design with three replications. Strongly calcareous (19% lime), and alka-
line (pH; 7.90) sail (0 - 30 cm) soil with silt loam texture was collected from Research Farm of the University of
Agriculture, Peshawar and filled in pots at the rate of 3 kg *. Mycorrhizal spores extracted from 100 g fresh soil
of sorghum crop grown for the production of AMF inoculum in the same soil and climatic conditions were used
as indigenous inoculum (AMF-I). This indigenous AMF inoculum was dominated with Glomus intraradices,
where as the spores of G. fasiculatum and G. mossea were present in minor quantities. These spores were in-
oculated uniformly in the pots of AMF inoculation at the rate of 100 spore pot *. The commercial AMF (AMF-
) inoculum was received from BioMyc™, Germany which consisted species of Glomus intraradices. This in-
oculum was inoculated at the rate of 10 ml-pot * by the method as described by BioMyc Environment GmbH,
Germany [9]. RP enriched compost was prepared from the fresh animal dung and rock phosphate (RP) collected
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from Hazara area. Fresh animal dung was mixed with RP at the ratio of 2:1 (Dung:RP) according to the method
as described by FAO [10]. Dose of N as urea applied at the rate of 60 mg-N-kg* (120 kg-N-ha %), P was applied
as SSP or RP enriched compost at the rate of 45 mg-P-kg™* (90 kg P,0O,-ha ) and K as sulfate of potash (SOP)
with rate of 30 mg-K-kg™* (60 kg K,O-ha™). All P and K fertilizers were applied at sowing time while N was
applied in equal three split doses at sowing, booting and flowering stages. Ten seeds of wheat were sown in-
itially in each pot and were thinned to five plants pot * after germination. Pots were rearranged after every week
to minimize the side effect. All agronomic practices were strictly followed uniformly throughout the growing
season for optimum crop growth. Plants were grown up to 90 days of maturity stage. The post harvest grain,
shoot and straw yield of wheat were recorded in each treatment after drying. P in plants samples was determined
after wet digestion as described by Walsh [11], while N was by Kjeldah Method [12]. To avoid the effect of di-
lutions or concentrations caused by variation in wheat biomass, the N and P concentrations were converted into
total amount of nutrients uptake plants by multiplying nutrient concentrations with total dry matter in kg ha™
according to the procedure as described by Barber [13]. Roots of plants were removed from the soil, washed and
dried at 65°C - 70°C till constant weight and root dry weights were recorded. Fresh soil and roots samples were
also collected and stored at 4°C for the determination of spores density and AMF root infection intensity. The
AMF spores were isolated from soil by wet-sieving and decanting techniques as described by Brundrett [14].
Infection intensity of AMF in the roots was determined according to the procedures of Philips and Hayman [15]
and Koske and Gemma [16]. The presences of vesicles, arbuscules were measured by the techniques as de-
scribed by Giovannetti and Mosse [17]. Isolated spores were identified according to the procedure described by
Schenck and Parez [18]. The soil samples were also analyzed for total N determined through kjeldhal method of
Bremner [19] and AB-DTPA extractable P by Soltanpour and Schwab [20]. All the data were statistical ana-
lyzed through ANOVA technique and the means were compared by LSD test [21].

3. Results and Discussions

The results on yielding parameters, AMF spore density and root infectivity, and nutrient concentration in soil
and plants as influenced by the given AMF inoculum sources and RP enriched compost is given in the following
lines.

3.1. Wheat Yield and Yield Components

The ANOVA revealed that grain shoot, root and straw yields were significantly enhanced over control with ap-
plication of RP enriched compost, and both sources of AMF inoculated alone or in combination with composts
at both levels (Table 1). When inoculated alone, both AFM-I and AFM-I1 produced significantly higher values
of these parameters over control but were statistically similar with each other. For example the AMF-I produced
the grain yield of 3000 kg-ha * and AFM-II yielded 2930-kg™* wheat grain-ha* which were higher by 30% and
27%, respectively over control. The inoculation of both AMF with combination of compost at levels of half
(2250 kg-ha™) and full (4500 kg-ha ™) further enhanced its role in increasing the growth and yield of wheat crop.
Sharif et al. [22] reported similar results where they observe higher shoot and root dry mater yields of wheat
crop with inoculation of AMF alone and in combination with poultry manure (PM), farmyard manure (FYM)
and humic acid (HA). Combining AMF-I and AMF-1I with half compost produced yield of 3150 and 3300
kg-ha * which were 37% and 43 % higher than control. This difference in case of yield was statistically similar
but AMF-11 with half dose of compost produced significantly higher shoot, root and straw weights of 8360, 1371
and 5060 kg-ha* than AFM-1 with values of 7916, 2183 and 4766, respectively. Interestingly, the AMF-I was
slightly superior than AFM-II when applied alone but the AMF-II superseded the AMF-1 when applied in com-
bination with compost (Figure 1 and Figure 2). Increasing the compost levels from half to full, the AFM com-
bination did not show significant response, revealing that sufficient amount of P from RP had been provided in
case of half dose of compost. It further revealed that the amount of enrich RP could be substantially reduced
with application of AMF. When averaged across all levels of composts, the AMF-11 was slightly superior to
AMF-I in case of all parameters but these differences were too small to be accounted. Such increases in yielding
parameters with AMF plus compost have been reported by Habashy et al. [23]. EI-Goud [24] also observed
higher yield of maize plants with AMF and compost application. They reported the highest yields for the treat-
ments receiving inoculation of AMF with the application of 75% (3.6 t-ha ') compost and 100% N of recom-
mended dose of nitrogen fertilizer. EI-Sayed et al. [25] also reported similar higher yield of maize with applica-
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Figure 1. Percent increased in wheat grain yield as affected by AMF inocula-
tion with compost over control.
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Figure 2. Percent increased in wheat shoot dry matter as affected by AMF
inoculation with compost over control.

Table 1. Grain, shoot, root and straw yield of wheat as affected by AMF inoculation with compost.

Treatments Grains Shoot Roots Straw
yield (kg-ha )

Control (No fertilizer) 2300 €” 5820 f* 1566 ¢ 3520 ¢

N and K fertilizer (basal dose) 2400 e 6000 f 1633 ¢ 3600 e
Full dose of compost 3050 bed 7750 de 2000 b 4700 cd

Indigenous AMF (AMF-1) 3000 cd 7600 e 1993 b 4600 d

Commercial AMF (AMF-11) 2930d 7450 e 1990 b 4610d
Half dose of compost + AMF-I 3150 abc 7916 cd 2183 ab 4766 abcd
Half dose of compost + AMF-II 3300 a 8360 a 1371 a 5060 ab
Full dose of compost + AMF-1 3190 ab 8066 bc 2245 ab 4863 abcd

Full dose of compost + AMF-I11 3285 a 8360 a 2354 a 5075 a
Full recommended dose of SSP 3270 a 8246 ab 2342 a 4976 abc

“Means with different letter(s) in columns are significantly different at P < 0.05. N-P-K = 120-90-60 kg-ha™, respectively, compost = 4500 kg-ha %,

AMF = 70 spores pot .
1998
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tion of AMF with 75 % (4 t-ha ) compost of recommended dose and 100% NPK fertilizer application. Dupon-
nois et al. [26] stated that inoculation of G. intraradices with Kodajari Rock Phosphate (KRP) significantly in-
creased shoot and root growth over the alone inoculation of AMF or RP treatment. The yield parameters of
wheat at both sources and levels of compost were comparable to SSP application suggesting that commercially
available SSP could be substituted by the combine use of AMF and RP enriched compost. Alone application of
RP enriched compost produced statistically higher values of grains, shoot, root and straw over control and N and
K fertilizer revealing its role in P supply and improvement in other soil nutrient and properties. However, these
values were statistically lower than SSP treated plots and from those receiving any AMF with compost. Simi-
larly, the alone inoculation of AMF was inferior to SSP suggesting that neither alone AMF nor RP enriched
compost could produce as much higher yield as SSP.

3.2. Post harvest N, P and Soil Nutrients Contents

The results of post harvest soil total N and AB-DTPA extractable P, Zn, Cu, Mn and Fe contents as affected by
AMF inoculation with compost are presented in the following lines. The ANOVA indicated that soil N, P and
micronutrients contents were significantly increased over control with application RP enriched compost, and
AMPF-I and AMF-II inoculated alone or in combination with half and full doses (Table 2). Inoculation of both
AFM | and AFM-II alone released significantly higher soil nutrients contents over control but were statistically
similar with each other. However, AMF-I inoculation with full dose compost slightly enhanced N, P, Zn, Cu,
Mn contents over AMF-11 inoculation but Fe content was also slight more with the AMF-II with full dose of
compost than AMF-1. Goussous and Mohammad [27] reported that indigenous AMF is better than commercial
regarding soil N, P and micronutrient contents. Soil N content was increased by 28% and 25%, P by 46% and
34%, Zn by 28% and 22%, Cu by 46% and 37%, Mn by 34% and 32% by AMF inoculation with full dose of
compost, while Fe content improved by 15% and 11% with inoculation of AMF-11 and full dose of compost,
over control and N and K fertilizers. The result showed that the combine inoculation of AMF with compost can
release soil nutrients as with P fertilizer, but alone neither inoculation of AMF nor compost application release
as much as with P fertilizers. The results of Habashy et al. [23] also revealed were that the combined treatments
of AMF and compost significantly increase the release of P and micronutrients in the soil. This is may be due to
the lowering pH of the soil and favorable air water balance, which shows positive impacts on the yield. Pa-
covsky et al. [28] and Maksoud et al. [29] stated that mycorrhiza significantly increased N and P concentration.
Duponnois [26] reported that inoculation of Glomus intraradices and Kodjari Rock Phosphate (KPR) signify-

Table 2. Soil N, P and micronutrients contents as affected by AMF inoculation with compost.

AB-DTPA extractable

Treatments Total N P Zn Cu Mn Fe

soil contents (mg-kg™)

Control (No fertilizer) 1123¢" 5.80d" 111¢ 3.70¢" 396¢" 350¢

N and K fertilizer (basal dose) 1150 be 6.33 cd 1.21b 4.00c 8.10c 3.63 bc
Full dose of compost 1173 be 6.60 cd 1.30 abc 4.23 be 8.40 bc 3.93ab
Indigenous AMF(AMF-1) 1236 bc 6.80 cd 13lab 341d 8.56 bc 3.93ab
Commercial AMF (AMF-I1) 1217 be 6.86 cd 131ab 3.36 de 8.60 bc 3.83 abc
Half dose of compost + AMF-I 1276 b 7.13c 1.33ab 5.23 ab 9.70 ab 3.83 abc
Half dose of compost + AMF —I| 1275 b 7.26 bc 1.33ab 3.58¢c 10.03 ¢ 3.83 abc
Full dose of compost + AMF-1 1445 a 8.50a 143a 550a 10.70 a 3.70 bc
Full dose of compost + AMF-11 1297 ab 8.33ab 1.40 ab 5.38 ab 10.03a 4.03a
Full recommended dose of SSP 1238 bc 8.33ab 1.26 abc 530b 10.60 a 4.03a

“Means with different letter(s) in columns are significantly different at P < 0.05. N-P-K = 120-90-60 kg-ha *, respectively, compost = 4500 kg-ha *,

AMF = 70 spores pot .
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cantly increased N and P concentration in soil over inoculation alone or RP treatment alone.

3.3. Plant N and P Uptake (Table 3, Figures 3-4)

The results of N and P uptake as affected by the inoculation of AMF with compost were presented in the fol-
lowing lines.

The data indicated the P and N uptake were significantly increased over control and N and P fertilizers by in-
oculation of AMF alone and inoculation of AMF with application of composts at both levels. Sharif et al. [22]
reported that N uptake by wheat significantly increased with inoculation of AMF alone and in combination with
poultry manure (PM), farmyard manure (FYM) and humic acid (HA). Inoculation AMF-I and AMF-1I alone
significantly increased N and P uptakes but statistically there were no differences. Similarly compost application
also enhanced N and P uptake but the highest uptake of N and P uptake of 175 kg-ha * and 12.89 kg-ha*, re-
spectively were noted in the treatment receiving inoculation of AMF-I with full dose of compost (Figure 3 and
Figure 4), which was significantly (P < 0.05) higher by 78% and 63%, 198% and 150%, respectively over con-
trol and N and K fertilizers. With inoculation of AMF-11 with full dose of compost N and P uptake of 173 and
12.43 kg-ha * were recorded which were slightly less than AMF-II inoculation with full dose of compost, but
statistically were similar. The results revealed that both AMF-1 and AMF-II with full dose of compost were
slightly increased over SSP but the differences were too small to be counted. The results suggesting that inocu-
lation of AMF with full dose of compost enhanced N and P uptake statistically similar with that of SSP fertilizer
but neither alone inoculation of AMF nor compost application could improve N and P uptake as much as by ap-
plication of SSP. EI-Goud [24] reported highest uptake of N in the treatment 100% (4.8 t-ha™*) compost and
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Figure 3. Percent increased in N uptake by wheat as affected by AMF inocu-
lation with compost over control.
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Figure 4. Percent increased in P uptake by wheat as affected by AMF inocu-
lation with compost over control.
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Table 3. Plant N and P uptake as influenced by AMF inoculation with compost.

Treatments N P
Plant uptake (kg-ha™)

Control (No fertilizer) 98d" 432d"
N and K fertilizer (basal dose) 107d 5.16d
Full dose of compost 140 ¢ 774c
Indigenous AMF inoculation (AMF-1) 136 ¢ 7.96¢c
Commercial AMF inoculation (AMF-11) 136 ¢ 82lc
Half dose of compost + AMF-I 159 b 10.14b
Half dose of compost + AMF-II 166 ab 1197 a
Full dose of compost + AMF-I 175a 12.89a
Full dose of compost + AMF-11 173a 12.43a
Full recommended dose of SSP 168 ab 12.69 a

“Means with different letter(s) in columns are significantly different at P < 0.01. N-P-K = 120-90-60 kg-ha *, respectively, compost = 4500 kg-ha ™,
AMF = 70 spores pot .

100% N inoculated with AMF and maximum P uptake in the treatment 75% (3.6, 4.8 t-ha ') compost and 100%
inoculated with AMF. Lambert et al. [30] found that AMF increased uptake of immobile nutrients such as P, Cu
and Zn. Chandreshekara et al. [31], Al-Karaki and Al-Radad, [32] also reported that AMF can increase absorp-
tion of Phosphorus. The study conducted by Maksoud et al. [29] indicated that leaf P content was significantly
increased by inoculation of AMF with rock phosphate. Habashy et al. [23] reported that P uptake increased
when organic matter was added to the alkaline calcareous soil and thus may applied organic matter released
phosphate in soil and more available to the plant. Sharif and Jan [33] found that the inoculation of AMF with
rock phosphate significantly increased the uptakes of N and P.

3.4. Soil Spores Density of AMF and Their Root Infection Intensity (Table 4)

The result of soil spores density of AMF and their root infection intensity in wheat crop as influenced by AMF
inoculation with compost is discussed in the following lines.

The ANOVA revealed that soil spores density of AMF and their root infection intensity in wheat were signif-
icantly enhanced by the inoculation alone of AMF-I and AMF-11 over control, which 20 and 21 spores per 20 g
soil and 25%, respectively (Table 4). The highest AMF soil spores density 26 spores per 20 g soil and their root
infection intensity of 37% were recorded in the treatment of inoculation of AMF-I with full dose of compost
which was significantly (P < 0.01) higher by 73% and 62% and 85% and 76%, respectively over control and N
and K fertilizers followed by the treatment of inoculation of AMF-I with half dose of compost. The AMF-I in-
oculation with compost was slightly better than AMF-I11, but statistically similar. Goussous and Mohammad [27]
reported that indigenous AMF is better than commercial regarding spore density and root infection intensity and
this higher colonization by indigenous AMF indicated that the adaptation of these AMF to their native soil and
benefit better their hosts under given soil condition. The results of Castillo et al. [34] were similar who found
that AMF inoculation enhanced the colonization percentage of host plants.

The result of Habashy et al. [23] showed that increased spores density and mycorrhizal root colonization in-
creased gradually with the inoculation of AMF and organic waste compost, while significantly increased with
the organic compost alone comparing to control. Koreish et al. [35] reported that mycorrhizal root infection in-
creased by application of rock phosphate.

Figure 5 showed that there is positive correlation exists between soil spore density and their root infection
intensity. When spores density increases their root infection intensity also increases. Khakpour and Khara [36]
found that there is positive correlation between AMF spores and their root infection intensity. Sivakumar [37]
reported positive correlation between spores density and root infection intensity.

Arbuscular mycorrhizal fungi form symbiotic association with most plant species. These fungi enhance up-
take of relatively immobile nutrients particularly phosphorus and other micronutrients. P is the second essential
macro nutrient after nitrogen required for the growth of plant and found in organic and inorganic form. Due to
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Figure 5. Relationships between soil spores density of AMF and their roots
infection intensity in wheat.

Table 4. Soil spores density and roots infection intensity in wheat crop as affected by AMF inoculation with compost.

Treatments AMEF spores density AMF root infection intensity
(20 g soil) (%)
Control (No fertilizer) 15¢e” 20d"
N and K fertilizer (basal dose) 16¢e 21d
Full dose of compost 17e 24 cd
Indigenous AMF (AMF-1) 20d 25¢
Commercial AMF (AMF-I1) 21 cd 25¢
Half dose of compost + AMF-I 25ab 32ab
Half dose of compost + AMF-11 24 ab 26 ¢
Full dose of compost + AMF-I 26 a 37a
Full dose of compost + AMF-11 22 bc 25¢
Full dose of SSP 21lcd 21lcd

“Means with different letter(s) in columns are significantly different at P < 0.01; N-P-K = 120-90-60 kg-ha %, respectively, compost = 4500 kg-ha ?,
AMF = 70 spores pot .

its low solubility and mobility plant cannot utilize P is an in organic or complex form [38]. Inorganic P present
in the soil, which is readily available to the plant, but in limited amount. Thus AMF enhance the nutrient uptake
through its external hyphae into the surrounding soil and hydrolyzed unavailable source of phosphorus with the
help of secreted enzymes such as phosphate [39]. Arbuscular mycorrhizal fungi dissolve relatively insoluble nu-
trients more efficiently even from very low nutrient concentration because of their ability to produce organic
acids, exploration of more area beyond the root zone and release of CO,. Mycorrhizal fungi are beneficial sym-
biotic microorganisms with their extra metrical hyphae, which increase growth and yield of most crops. These
fungi improve soil structure and thus enhance physically, chemically and biological soil quality. Mycorrhiza
play significant role in the uptake of P from Rock phosphate (RP) and mycorrhizal plants are more effective in
the utilization of RP than non-mycorrhizal plants and it is being the cheapest source of P, can be best utilized as
P fertilizer only when it is dissolved properly by chemical or biological means.

4. Conclusion

Inoculation of AMF with compost has the potential to improve the yield and nutrients uptakes by wheat under
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the given soil conditions. The statistically similar results of inoculation of AMF with compost and NPK (SSP)
treated pots indicated that the efficiency of RP could improve with AMF inoculum. This will in return reduce
the input cost of farmer and help natural resource management by utilizing the natural occurring RP. The non-
significant differences between the AMF with full compost and half compost suggested that crop growth could
be improved in both cases.
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