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ARTICLE DETAILS

ABSTRACT

Article History:

Plant health and biomass relies on nutrient availability and the efficiency with which nutrients are taking in by
plants. Vesicular Arbuscular Mycorrhiza (VAM) is a symbiotic association between plant roots and fungus. VAM
improve plant growth by modifying its rhizosphere soil and helps in nutrient uptake by plants. Our aim was to
evaluate the growth of maize (Zea mays) and quantify mycorrhizae under different textures and in phosphorous
deficient soils. Treatments include different types of soil texture (pure soil, pure sand and 1:1 soil+sand) along
with recommended rate of nitrogen and potassium fertilizer while no phosphorous fertilizer was used. Root
colonization, growth rate of plant, biomass of plant root and shoot and effect of VAM and roots on rhizosphere
soil pH were observed. Results showed that shoot biomass was significantly improved in plain soil treatment as
compared to sandy texture soils. Root:shoot ratio was significantly decreased in plain soil as compared to plants in
sand. pH was reduced in all treatments significantly. Root colonization ranges from 40-49% and colonization rates
higher in sandy soils than others. Results suggested that VAM infection show well growth in its natural
environment and improve plant growth and yield.
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1. INTRODUCTION
Vesicular arbuscular mycorrhizae (VAM) may have been described as
early as 1842 [1]. VAM are present in the roots of almost all vascular plants
[2]. These common soil-borne fungi belong to the family, the Zygomycotina
and produce extensive fungal structures in the cortex of the roots [3]. They
are reported from angiosperms (most agriculture crops), gymnosperms,
pteridophytes and bryophytes. It is abundant in warmer climates with dry
soils, pasture lands. Vesicular arbuscular mycorrhizae increase exploited
soil volume by roots of plants [4]. Due to this increased volume, VAM
association often results in increased uptake of immobile nutrient
elements especially of P [5].
Mycorrhizae greatly influence on plant physiology and growth. Role of
mycorrhizal fungi on plant community and ecosystem will be the next step
of research focusing fungi [6]. Mycorrhizal association is widely spread
over different textures of soil and important for many plants. Mycorrhizae
can alleviate the harmful effects of heavy metals, soil compaction, salinity
and drought on plants [7]. Mycorrhizae contribute to soil structure in
ecosystem. Soil structure is the aggregation or clumping of soil particles
due to organic complexes and pore spaces.
Vesicular arbuscular mycorrhizae increase exploited soil volume by roots
of plants [8]. Due to this increased volume, VAM association often results
in increased uptake of immobile nutrient elements especially of P [5]. This
is due to various mechanisms suggested for the increase in the uptake of P
by mycorrhizal plants which include: exploration of larger soil volume;
faster movement of P into mycorrhizal hyphae; and solubilization of soil
phosphorus [8]. Uptake of ions, colonization and root expressions differs
among plants and VAM species [9-11]. Type of mycorrhiza depends upon

environmental conditions such as climate, organic matter and its
decomposition rate, soil nutrient contents and plant photosynthetic
activity rate. The experiment was designed to study the behavior of
indigenous mycorrhizal association and effect on maize, grown in different
texture soils.
2. MATERIALS AND METHODS
A pot experiment was designed in a weir house at the Faculty of
Agricultural Sciences & Technology, Bahauddin Zakariya University
Multan, during the months of February-April. The experiment was
designed to study the behavior of mycorrhizal association and effect on
maize grown in different texture soils. Undisturbed bulk surface (0-15cm)
soil samples were collected from forest area (soil A), citrus orchard (Soil
B) and from weir house of Agriculture department, Bahauddin Zakariya
University (Soil C), Multan. Soils were taken from undisturbed soils
because mycorrhizal association is mostly found in undisturbed soil. It was
thoroughly mixed for homogenized and uniform experimental material.
Soil pH, electrical conductivity is determined by the recommended
methods of ICARDA. Maize is used as test crop. Sand is used as control. T0=
Sand, T1= Soil (A+B+C), T2= 50% Sand + 50% Soils (A+B+C). Treatments
comprising of sand, soils and sand plus soil were arranged with four
replicates according to CRD design.
Tap water was used for maintaining optimum moisture of plants. Plants
were irrigated on daily basis according to their requirement.
Recommended rates of N and K were applied @ 100kg/ha N & 37kg/ha of
K using urea [(NH 2 ) 2 CO] and Potassium Sulfate (K 2 SO 4 ) after 20 & 35
days of sowing a dose of fertilizer was added. Plant growth rate is
measured on weekly basis. Crop was harvested 50 days after sowing.
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Shoot samples were removed from each pot and were collected in separate
paper bags that were labeled accordingly. Then soil form each pot was
washed away to collect root sample and almost 50g of soil sample was
taken from each pot to check the pH and EC of rhizosphere to observe the
effects of mycorrhizae and roots. Soil samples were air dried for 48 hours.
Fresh weight of shoot and root samples were measured. Oven dried
samples root:shoot ratio was measured. Roots were stained by Jan Jansa
method, which allows colonization of roots by AMF to measure the
association under different textures of soil.

Fresh weight

Root weigth (g)

35

3. RESULTS AND DISCUSSION
Vesicular arbuscular mycorrhizae colonize its roots and significantly
increase its growth rate, nutrient uptake. VAM not only positively affects
plant growth but also impacts positively on rhizosphere soil and increase
nutrient availability to roots. It effects on Root: Shoot ratio of plant species.
VAM response varies from plant species to species, texture to texture of
soil.
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Results show that root: shoot ratio is 1.5 in T0 and 1.4 in T1. Root: shoot
ratio was found to be negatively related with growth. It increases during
stress conditions like moisture stress, salt stress, less availability of
nutrients. There was general trend that root: shoot ratio to increase as soil
texture changes from clay to sand [12]. Root: Shoot ratio is high in T0,
because of less ability of retaining moisture and nutrients in sand. Root:
Shoot ratio decreases as the moisture availability increases [13-15]. T1 has
more ability to retain nutrient and moisture as compared to T0 and T2,
because of more clay and silt content in T1.
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Figure 3: Fresh and dry weight of plant roots presents more root
biomass in T1.
3.3

Change in EC and pH

The result shows that there is a decrease in rhizosphere soil pH. It may be
increase or decrease up to two units in the rhizosphere owing to be release
and uptake of ions by roots. Root induced changes affects the mineral
nutrition of plants by various methods. Root exudates solubilize iron an
aluminum phosphates cause net excretion of H+ in soil solution and
increase in reducing capacity [17]. Respiration of microflora in
rhizosphere alters soil pH. More activity and population of microflora,
then pH of rhizosphere lowers than that of surrounding soil.
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Figure 1: Root: Shoot ratio is high in T0 (sand) and T2 (Sand+Soil),
because of stress on these treatment plants as compared to T1 (soil).
3.2

Treatments

Treatments

Plant Biomass

The results showed that the fresh and dry weight of shoots increased as
the soil concentration increased. The treatment having high soil contents
has greatest biomass. Naturally occurring mycorrhizae in soil affected the
plant significantly. Plants colonized by AMF also have greater ability to
absorb nutrients like P, N, K, Ca, Mg, and water which results in better
survival under stressed conditions [16].
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Figure 4: a and b shows pH and EC of soil. There is a decline in
rhizosphere pH of all treatments while pH of T1 decline significantly after
harvesting of plant.
3.4

Growth Rate

There was significantly change in growth parameter among different soil
texture treatments. Growth rate was high in treatment which had more
soil contents as compared to sand. The results showed that the plant
height increased T1. Whereas the treatments with 100% sand (T0) and
50% sand (T2) had plants with less height, comparatively. As the plant
grow on seed nutrients, emergence of plants and the width of plant leaves
were good in sandy soil (T0) as compared to other treatments. Later when
plant depended on soil for nutrient uptake, its growth declined because
sand has poor nutrient availability. The results showed that the plants
grown in soil with naturally occurring mycorrhizae have better leaves
width and growth. Number of leaves per pot showed similar results in all
treatments.T2 plants growth was in between both treatments. We
concluded that the plants of T1 had good nutrient availability which leads
to better vegetative growth of plants.
16 days after sowing
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Figure 2: Fresh & dry weight of plant shoots showing high biomass in
treatment with more soil content as compared to treatment with sand
only
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Figure 5: a, b, c shows the physical increment in growth rate e.g. width of
leaves, number of leaves and length of leaves respectively.
Length & width of leaves was more prominent in sand during the early
stage of plant growth but after utilization of stored food in seed, growth
rate start declining. Number of leaves was almost same in all treatments.
Treatment with more soil content show better results as compare to
others because of more availability of nutrients and more moisture
retaining capacity as compared to other treatments.
Root Colonization

Root colonization is high in T0 treatments. In general, clayey soils are more
fertile than sandy ones because clay has a higher capacity for adsorbing
ions from the soil solution [18]. High cationic exchange capacity was
observed in the clayey soil, and this greater nutrient concentration could
have limited VAM development, as shown in several studies [19,20].
Additionally, the mechanical impediment, caused by a finer soil texture,
favors the deposition of suberin on the epidermis, which increases
resistance to infection by VAM [21-23]. With reduced space between the
soil particles, mechanical stress on the roots is increased, so that breakage
of the cortical layers is increased and the colonization sites are lost.
49%

Root colonization (%)
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Figure 6: VAM colonization is high in T0 (Sand), because sandy soils
have more pores, more soil temperature and less nutrients which favors
the growth of roots and less nutrients availability. Nutrient availability
retards the growth of mycorrhizae [19,20].
Sandy soils are usually more porous, warmer, drier, and less fertile than
those of a finer texture and these conditions have direct and indirect
effects on AMF [24]. Good soil aeration is a prerequisite for optimum AMF
development [25]. Soil temperature from 30 to 35⁰C favors spores
germination, spread of root colonization and arbuscule formation [26,
27]. Soils with low fertility limit plant development and increase the
dependence of plants on mycorrhizal association. Under these
circumstances, fungi grow more extensively inside the root to support the
development and functioning of external hyphae. Arbuscles are important
structures for nutrient exchange and were observed on 10 to 48% of the
roots examined indicating a functional interaction between AMF and
plant.
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