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EFFECTS OF VESICULAR-ARBUSCULAR MYCORRHIZA ON THE
ABSORPTION OF PHOSPHORUS, GROWTH AND YIELD IN CORN AND SOYBEAN!

Y.H. CHENG AND C.C. TU2

ABSTRACT

Cheng, Y.H. and C.C. Tu. 1986. Effects of Vesicular-arbuscular mycorrhiza on the
absorption of Phosphorus, growth and yield in corn and soybean. Tainan Dist. Agr.

Impro. Sta. Bull. No., 20:39-52,

Effects of a vesicular-arbuscular (va) mycorrhizal fungus, Glomus
clarun, on the growth and yields of corn and soybean were inves-
tigated in the greenhouse and field experiments. The bahia grass
(Paspulum notatum) was found to be a suitable host for the main-

tenance and multiplication of the fungus. According to the green-
house experiment, the best initial inoculum density for soybean
was 200 chlamydospores/plant. The top and root growth of corn and
soybean were improved when they were infected with the fungus.

The presence of VA mycorrhiza in soybean enhanced the uptake of
phosphorus, especially the fixed or mineral phosphorus, such as
Al-P, Fe-P, Ca-P and Carbonate-P, from soil. Field experiments
also proved that VA mycorrhizal fungus could improve the phos-
phorus uptake and yield, especially in the soil with low level of
phosphorus. The corn yield increased by 8 and 26% in the plots
treated with VA mycorrhizal fungus and additional phosphate as
compared with those plots treated with phosphate alone and the
control. Plants infected with VA mycorrhizal fungus alone also
jncreased their yield. Soybean inoculated with the VA mycorrhizal

fungus showed similar results and 5-8% increases in yield.

Key Words: Vesicular-arbuscular mycorrhiza, Glomus clarum,

Initial inoculum density, corn, soybean.
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INTRODUCTION

Vesicular-Arbuscular (VA) mycorrhizal fungi are found in
the soil throughout the world. They form VA mycorrhizae in a
majority of agricultural plants and show little host specificity
(18) . Because they show to be involved in nutrient uptake by
plants, many investigators (9, 10) are greatly interested in
this subject in recent years. In particular, the role of VA
mycorrhizae in the nutrition of agricultural and horticultural
plants has received more attention (8, 21). The main agronomic
significance of VA mycorrhizae is their ability to supply the
plant with extra nutrients such as phosphorus and zinc which
diffuse so slowly in Fhe soil that depletion zones develop in
the immediate  vicinity of the root. The interconnected net-
works of external hyphae of fungi as additional catchment will
increase the absorbing surface in the soil beyond the depletion
zone. Sanders and Tinker (16, 17) concluded that the increased
efficiency of phosphorous absorption in a plant forming mycorr-
hizae could be accounted for the uptake and transport of phos-
phorus by the external hyphae of fungi in the soil. The absorp-
tion of phosphorus from soil for plants by VA mycorrhizal fungi
is especially significant in the phosphorus deficient soil (11,
15). Many investigators (2, 5, 7, 9) have found that VA my-
corrhizal plants contain a higher concentration of phosphorus
than nonmycorrhizal ones. Murdoch et al. (11) reported that
dry matter production in maize fertilized with tricalcium phos-
phate and rock phosphate was increased by 60 and 40%, respec-
tively, by an Endogone species.

Although previous workers have established that VA mycorr-
hizae have a positive effect on phosphorus absorption, the soil
phosphorus fraction depleted by mycorrhiza has not clearly shown.
This paper reports (1) determination of initial inoculum density
and inoculum production; (2) effects of VA mycorrhiza on phos-
phorus uptake by soybean and corn from a soil fertilized with
superphosphate; (3) the forms of phosphorus exploited by mycorr-
hizal plant from soil; and (4) effect of VA mycorrhiza on soy-

bean and corn yield in fields.
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MYCORRHIZAL INOCULUM PRODUCTION AND DETERMINATION OF INITIAL
INOCULUM DENSITY
The VA mycorrhizal fungus, Glomus clarum, collected from

soybean field has been proved to have significant effect on the
growth of soybean (cultivar "Tainoun no.15") and corn (Hybrid
Tainan no. 11) in greenhouse pot test (1). This fungus is an
obligate biotroph and unable to multiply in vitro to produce

a large quantity of spores for inoculation. Bahia grass (Pas-

palum notatum) growing in autoclaved sandy soil (100°C, 1hr)

was found to be a suitable host plant to maintain and multiply
the fungus. The structure of vesicles and arbuscles was found
in the cortex cells of bahia grass roots by staining with 0.05%
trypan blue in lactophenol (13). A considerable increase in
chlamydospores was found 8 weeks after inoculation. These
spores were extracted from the pot culture by wet-sieving me-
thod (3), further surface disinfected with sodium hypochloride
and streptomycin, and used as the mycorrhizal inoculum.

For determining the initial inoculum density, 5-day-old
seedlings of soybean (Tainoun no. 15) were inoculated with di-
fferent concentrations, 50, 100, 200, 400, 800, and 1,600 chla-
mydospores, for each plant in a pot. To standerize the micro-
flora in all\nonmycorrhizal treatments, the same volume of water
(spore suspension filtrate)was added to the control pots.

The results indicated that VA mycorrhizal fungus could en-
hance the soybean growth even the inoculation concentration used

was as low as 50 chlamydospores/plant. The effect became more
prominent when soybean was inoculated with 200 chlamydospores/
plant. 'As shown in Table 1, the seedling height and root length
measured 8 weeks after inoculation were 41.6 and 28.5 cm, res-
pectively, and these means were significantly higher than that

of nonmycorrhizal plants.
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Table 1. Effects of different ihoculum densities of Glomus

*
clarum on the growth of soybean

Inocglum _Top growth __Root growth Mycorr- Pods/
density Height Fresh wt. Length Fresh wt. hiza .
(Spores/plant) _(cm) (g.) _ (cm) (g.) (y) Plant
50 37.8 ab** 17.5 a 23.7 a 10.1 a 38 8.3
100 39.5 ab 17.1 a 27.5 a 10.6 a , 42 9.6
200 41.6 a 19.0 a 28.5 a 11.1 a 52 9.8
400 39.2 ab 16.3 a 27.8 a 9.6 a 50 8.6
800 40.2 ab 16.9 a 28.6 a 10.5 a 51 8.5
1,600 39.0 ab 16.4 a 30.5 a 11.2 a 57 8.5
0 34.1 b 12.0 b 23.5 b 8.2 a 0 5.8

* Bach value is the mean of 6 replicates.
** Column means followed by the same letter do not differ signi-

ficantly (P=0.05) according to Duncan’s multiple-range test.

EFFECTS OF VA MYCORRHIZA ON THE ABSORPTION OF PHOSPHORUS IN
SOYBEAN AND CORN

The autoclaved sandy soil (organic matter 0.8%, P205 40
kg/ha, K,0 75 kg/ha) was used. The treatments were as follows:
(1) inoculated with G. clarum (200 chlamydospores/plant); (2)
fertilized with superphosphate (PZOS 0.045 kg/kg soil); (3) ino-
culated with the fungus and also fertilized with superphosphate;
and (4) without any treatment to serve as control.

It was found that VA mycorrhizal planés of both soybean and
corn increased the uptake of phosphorus and improved the plant
growth when compared with the nonmycorrhizal plants (Fig. 1).
Significant increases in the fresh weight of soybean and plant
height of corn were observed 4 and 12 weeks after the treatment
of the soil (Tables 2 and 3).

The foliar analysis indicated that VA mycorrhizal plants
contained higher concentrations of nitrogen, phosphorus, calcium,
than the nonmycorrhizal plants (Table 4). The contents of phos-
phorus and magnesium in soybean leaves increased significantly 8
"weeks after the treatment of the soil with VA mycorrhizal fungus.
Analysis of corn leaves also showed the similar results (Table 5).
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Effect of VA mycorrhiza on the utilization of phosphorus
on corn. A. Growth effect at 4 weeks after treatments,

B. Growth effect at 8 weeks after treatments, C. Control
plant without mycorrhiza showing phosphorous deficiency,

purple discoloration on the edge of blade.
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Table 2. Effects of VA mycorrhiza on the growthof soybean*

Top growth Root growth Mycorr-

Treatment Height Fresh wt. Length Fresh wt. hiza

(cm) (g9.) (cm) (g.) (%)
VA mycorrhizal fungus 52.8 a** 28 a 58.4 a 8.8 b 50
Superphosphate 50.2 a 23 a 47.8 a 5.2 ¢ 0
VA mycorrhizal fungus 54.6 a 33 a 52.2 a 13.6 a 52
plus superphosphate
Untreated (control) 43.6 a 12 b 47.2 a 4.4 ¢ 0

* Each value is the mean of 8 replicates.
** Column means followed by the same letter do not differ signi-

ficantly (P=0.05) according to Duncan's multiple-range test.

Table 3. Effects of VA mycorrhiza on the growth of corn*

Height (cm) Fresh Ear Ear Mycorr-

Treatment 4 wks 12 wks root wt. length dry wt. hiza

' (g.) (cm) (g.) (%)
VA mycorrhizal 47.4 ¢*° 182.1a 77.1a 20.4 a51.9a 54.2
fungus
Superphosphate 55.9 b 180.3 a 80.0 a 24.7 a 66.4 a 0
VA mycorrhizal 62.4 a 191.9 a 80.0 a 21.0 a 69.8 a 52.5
fungus plus )
superphosphate
Untreated 41.0 C 151.9 b 48.4 b 19.1 a 32.0Db 0
(control)

* Bach value is the mean of 8 replicates.
** Column means followed by the same letter do not differ signi-

ficantly (P=0.05) according to Duncan's multiple-range test.
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Table 4. Analysis of the elemental composition in soybean leaves
.k
(4-week-0ld plants)

Elemental composition (%)

Treatment N P K Ca Mg

VA mycorrhizai fungus 4.27 a**0.42 a 2.27 a 2.50a 0.48 b
Superphosphate 4.1 a 0.31 b 2.38a 2.79 a 0.46 b
"VA mycorrhizal fungus 4.32 a 0.44 a 2.08a 2.71 a 0.59 a
plus superphosphate .

Untreated (control) 4,08 a 0.18 b 2.50 a 2.13 a 0.47 b,

* Each value is the mean of 8 replicates.
** Column means followed by the same letter do not differ signi-
ficantly (P=0.05) according to Duncan's multiple-range test.

Table 5. Analysis of the elemental composition in corn leaves
(84-day-old plants)*

Elemental composition (%)

Treatment N P K Ca Ng
VA mycorrhizal fungus 1.70 b** 0.17a 2.40 a 1.03 a 0.24 a
Superphosphate 1.10 b 0.14 a 2.10 a 1.25a 0.24 a
VA mycorrhizal fungus 1.93a 0.17a 1.90a 1.35a 0.27 a
plus superphosphate .
Untreated (control) 1.05 b 0.13 a 2.20 a 1.25 a 0.21 a

* Each value is the mean of 8 replicates.
** Column means followed by the same letter do not differ signi-
ficantly (P=0.05) according to Duncan's multiple-range test.

FORMS OF PHOSPHORUS EXPLOITED BY VA MYCORRHIZAE

There were several reports (11, 14, 18, 22) indicating that
mycorrhizae have an ability to exploit insoluble forms of soil
phosphate such as tricalcium phosphate and rock phosphate. For
understanding the forms of soil phosphorus exploited by VA mycorr-
hizae on soybean, a sandy soil containing 200.2 mg/g of Al-P and
Fe-P, 198 mg/g of carbonate-P, and 180.5 mg/g of Ca-P was used.
Forms of phosphorus in the soil were analyzed by using the method
of Page (12).
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Soil analysis .8 weeks after inoculation of the fungus showed
that the amounts of various forms of phosphate left in the soil
were lower than those of uninfected soil. Soybean plants with VA
mycorrhizal formation absorbed more Al-P, Fe-P, Ca-P and carbonate-
P from the soil as compared with the nonmycorrhizal plants, and the
amounts left in the soil were 165.5, 147.5, and 152.5 ug/g, res-
pectively. However, 195, 168 and 178 ug/g of the respective phos-
phates were detected from the soil after growing of nonmycorrhizal
plants (Table 6).

Table 6. Comparison on the changes of amounts of various forms of
phosphorus in soybean rhizosphere soils with and without
infection of mycorrhizal fungus.

Forms of ohosphate in the soil (Mg/q)

Treatment Al-P & Fe-P Carbonate-P Ca-P
Soil before planting 200.2 a* 198.0 a 180.5 a
Soil after planting

Infected with VA mycorr- 165.5 b 147.5 b 152.5 b

hizal fungus

Uninfected (control) 195.5 a 168.0 a 178.5 a

* Column means followed by the same letter do not differ signi-
ficantly (P=0.05) according to Duncan's multiple-range test.

EFFECTS OF VA MYCORRHIZA ON THE GROWTH AND YIELD OF SOYBEAN AND
CORN

Effects of VA mycorrhiza on corn and soybean were further
investigated in the field. Both corn and soybean fields belonged
to sandy loam soil but the former was a phosphorus-deficient soil
(P 7.8, organic matter 0.93%, P205 50 kg/ha, and Kzo 90 kg/ha)
and the latter was rich in phosphorus (PH 6.5, organic matter
1.40%, P205 510 kg/ha, and K,0 362 kg/ha). The treatments were
as follows: (1) infected with G. clarm (200 chlamydospores/plant) ;
(2) fertilized with superphosphate (P205 60 kg/ha); (3) infected
with G. clarum and fertilized with superphosphate; and (4) with-

out any treatment as a control.
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Results indicated that VA mycorrhizal plants increased phos-
phate uptake and improved plant growth (Tables 7 and 8). 1Infec-
tion of the soil with VA mycorrhizal fungus plus superphosphate
application resulted in fast growth of corn plant and also 26%
increase in corn yield (Table 7). VA mycorrhizal fungus also
showed to stimulate phosphorus uptake and promote the growth of
soybean. The detailed results are shown in Table 8.

Table 7. Effect of VA mycorrhiza on the growth and yield of corn
(Hybrid Tainan no. 11) in the field*

Treatment Height (cm) Yield Yield
4 wks 8 wks (kg/ha) index

Infection with VA 41.6 b** 125.4 Db 4,792 c 106

mycorrhizal fungus

Fertilization with 40.1 bc 136.,9 ab 5,270 b 117

superphosphate

Infection with VA mycorr- 46.8 a 150.8 a 5,696 a 126

nizal fungus plus super-

phosphate application

Untreated (control) 38.5 ¢ 133.9 b 4,516 c 100

* Each value is the mean of 4 replicates.
** Column means followed by the same' letter do not differ signi-
ficantly (P=0.05) according to Duncan's multiple~range test.

DISCUSSION

The results indicate that the infection of VA mycorrhizal
fungus, G. clarum, on soybean and corn effectively stimulated the
phosphorus uptake and improved plant growth. Since VA mycorrhizal
fungi are obligate symbionts and can not be cultured in vitro,
mass production of inoculum is the main factor for a large scale
application. Menge, et al. (8) proposed a scheme for multiplying
inoculum in pot culture of Sudan grass (Sorghum vulgare). Hall
(6) found that an inoculum of the VA mycorrhizal root segment
caused a rather rapid establishment of mycorrhizal plant than

spore infection. In this study, Bahia grass growing in the auto-
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Table 8. “Effect of VA mycorrhiza on thé growth and yield of

soybean (Tainoun no. 15) in the field*

i L 4

Height (cm) Yield , Yield

Treatment 5 wks 8 wks (kg/ha) index’
Infection with VA mycorrhizal 43.9 " 86.2a 1,857 a 105
fungus

Fertilization with super- 44.3 a 87.1 a 1,814 a 102
phosphate

Infection with VA mycorrhizal 46.6 a 89.9 a 1,916 a 108
fungus plus superphosphate

application

Untreated (control) 42,6 b 83.9a 1,773 a 100

* Each value is the mean of 4 replicates.
** Column means followed by the same letter do not differ signi-
ficantly (P=0.05) according to Duncan's multiple~range test.

claved sandy soil was found to be the suitable host plant for the
maintenance and multiplication of G. clarum. Chlamydospores of
the fungus were collected from the—}hizosPhere soil of pot-cul-
tured bahia grass by wet-sieving method and disinfected with
streptomycin to serve as inoculum for greenhouse experiments.

The initial inoculum density of about 200 chlamydospores/plant
was détermined and adapted. On the other hand, the chlamydos-
pores and hyphae of the fungus, and the infected roots and soil
from Pot-cultured bahia grass were used for field infection.

Many investigators (9, 19, 20) believed that mycorrhizal
plants absorbed phosphorus mainly from the soluble phosphorus
pools in the soil and that they were previously unavailable to non-
mycorrhizal plants. This investigation proved that the formation
of VA mycorrhizae on soybean plants increased the utilization of
insoluble forms of phosphorus from soil, such as A1-P, Fe-P, Ca-P
and carbonate-P. This also suggested that VA mycorrhizae might
improve the solubilization of phosphorus which would be unavaila-
ble to nonmycorrhizal plants. The improved ability of the VA
mycorrhizal plants to absorb nutrients might be closely linked
with the development of external hyphae of the fungus (4, 21).
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The VA mycorrhizal plants have been proved to produce a
higher yield, especially those growing on the soil containing
low -level of phosphorus. The corn yield increased by 8 and
26% in plots treated ;ith VA mycorrhizal fungus and additional
phosphate as compared with those treated with phosphate alone
and untreated. Plants infecteh with VA mycorrhizal fungus alone
also increased their yield by about 6%. Soybean inoculated with
the VA mycorrhizal fungus showed similar results and 5-8% in-
creases in yield. However, the economic value of field inocula-
tion of VA mycorrhizal fungi can not be estimated at the present
time, because it is closely related to the value of increased -
yield and the cost of inoculum and its application. Since my-
corrhizal fungi increase the efficiency and help the absorption

of' fertilizer, they can be considered as biotic fertilizers.
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