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Abstract We examined the effect of a vesicular-ar-
buscular mycorrhizal (VAM) fungus Glomus pallidum
Hall on the phosphatase activity and cytokinin concen-
tration in cowpea [Vigna unguiculata (1..) Walp] roots at
successive stages of plant growth. Both acid and alkaline
phosphatase activity were significantly (P = 0.05) higher
in mycorrhizal than in non-mycorrhizal roots 30 days af-
ter inoculation. Similarly, the cytokinin content was sig-
nificantly increased in mycorrhizal roots compared to
non-mycorrhizal roots. Our study suggests that these bio-
chemical changes may improve the growth of mycorrhizal
cowpea plants.
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Introduction

The beneficial effects of VAM fungi on plant growth have
often been related to the uptake of immobile nutrients, es-
pecially P (Kucey et al. 1989; Bolan 1991). Mycorrhizal
fungi improve P availability by solubilizing inorganic
forms of P and by the mineralization of organic P
(Hetrick 1989). The solubilization of P may be achieved
by the release of organic acids and phosphatase enzymes
(Mitchell and Read 1981; Harley 1989). In most cases in-
creased plant growth in mycorrhizal plants has been cor-
related with increased P levels in the shoots (Mosse et al.
1976; Waidyanatha et al. 1979). Although increased P up-
take may be a major part of nutrient response promoted
by mycorrhizal associations, a mycorrhizal plant may use
P nutrients more efficiently than a non-mycorrhizal plant
(Bowen 1973).

Increased levels of phosphatases in mycorrhizal onion
roots (Gianinazzi-Pearson and Gianinazzi 1976, 1978)
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and increased levels of cytokinin activity in mycorrhizal
Bouteloua gracilis roots have been reported (Allen et al.
1980). Barea and Azcon-Aguilar (1982) have shown that
Glomus mosseae produces plant growth-regulating sub-
stances in axenic cultures. Although limited studies have
been carried out on the induction of VAM-specific
phosphatases and piant growth regulator-like substances
in a few crops, little information is available on the effect
of VAM inoculation on phosphatase activity and on the
production of plant growth regulators in legumes in gen-
eral and the cowpea (Vigna unguiculata) in particular.
Earlier, we reported increased growth responses and high
yields due to VAM inoculation of cowpeas in both green-
house and field studies. In these studies mycorrhizal
cowpea plants produced higher shoot weights and shoot
P levels than non-mycorrhizal plants (Ames et al. 1991;
Thiagarajan et al. 1992). In the present study we exam-
ined the effect of the VAM fungus Glomus patlidum on
phosphatase activities and cytokinin production in
mycorrhizal cowpea roots at different stages of plant
growth.

Materials and methods

Plant growth conditions

For the enzyme studies the cowpea plants were grown in a clay loam
soil (pH 7.0) with an available P concentration of 14.1 pgg~! and
available N of 1.8 ugg~!. The soil was autoclaved for {h for 2
consecutive days according to Aarons and Ahmad (1987) and
placed in growth pouches (15x20cm). Two surface-sterilized
(Ahmad et al. 1981) cowpea (cv. Laura B) seeds were sown in each
pot and the two plants were thinned to one after 1 week. The VAM
fungus (Glomus pallidum) used was an effective strain isolated in
Jamaica (Ames et al. 1991). The VAM fungal inoculum was pre-
pared and cowpea seeds were inoculated as described previously
(Ames et al. 1991). Control seeds were treated with the same
amount of heat-killed inoculum. The plants were grown in a green-
house and watered as necessary. Five replicates of each treatment
were harvested 10, 20, 30, and 40 days after planting. The plants
were uprooted and washed carefully in ice-cold water and the roots
were used immediately for enzyme extractions. Samples of the roots
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were cuf at random and checked for mycorrhizal colonization ac-
cording to Ames et al. (1991). The shoot material was oven-dried
(70°C) and weighed, then ground, digested, and the P content de-
termined according to the method described previously (Ames et al.
1991).

For the cytokinin assay the cowpea plants were grown in sterile
vermiculite supplemented with Ruakura nutrient solution (Smith et
al. 1983) in a controlled environment chamber (16 h light at 30°C,
8 h dark at 22°C). Glomus pallidum spores were surface-sterilized
for 2 min in 0.5% sodium hypochlorite and germinated on water
agar. Cowpea seedlings were inoculated with five germinating
spores of VAM fungus and carefully transplanted to growth
pouches (15X20 cm) containing a sterile vermiculite and nutrient
solution. The plants were grown in a growth chamber for 45 days.
They were harvested at 135-day intervals and the roots were random-
ly checked for mycorrhizal colonization (Ames et al. 1991).

Enzyme assay

Phosphatase enzymes were extracted according to a modification of
the method described by Barrett-Lennard and Greenway (1982).
Root tissue (1 g) was homogenized in 5ml 0.1 M sodium acetate
buffer (pH 6.5) and centrifuged at 10000 g for 15 min. The superna-
tant was further subjected to ammonium sulphate precipitation
(80%) and the pellet was redissolved in 1 ml acetate buffer. The
semipurified enzyme was passed through a G,5 Sephadex column
(30 cm x 1.5 cm; Pharmacia Fine Chemicals, Sweden) and eluted
with 0.1 M acetate buffer (pH 6.5) at a speed of { mlmin~'. Frac-
tions (3 ml) were collected and the protein was read at 280 nm and
assayed for phosphatase activity. All operations were carried out at
4°C in a cold room.

Phosphatase activity was assayed according to Dodd et al.
(1987). The reaction mixture for alkaline phosphatase consisted of
0.2ml enzyme extract+0.4ml 1{5mM p-nitrophenol phosphate
(pNPP) in 0.25 M TRIS-HCI buffer (pH 9.6), made up to 1 ml with
the same buffer. For acid phosphatase the reaction mixture was the
same except that the substrate was dissolved in 0.25 M acetate buf-
fer (pH 5.7). The mixture was incubated at 37 °C for 30 min and the
reaction was terminated by adding 1 ml! 1 A7 NaOH. The absor-
bance was read at 410 nm in a spectrophotometer. Specific phos-
phatase activity was expressed as nmol nitrophenol released per mg
protein per min. The protein was determined according to Lowry et
al. (1951).

Extraction and assay of cytokinin

After thorough washing in sterile distilled water the root samples
(5 g root material from mycorrhizal or non-mycorrhizal plants) was
ground in 0.1 N NaOH (pH 10) and left for 1 h. The mixture was
then extracted twice with ethyl ether, The solvent was evaporated in
a rotary evaporator in a vacuum at 30°C and the residue was dis-
solved in 1 ml absolute methanol. A known weight of authentic
cytokinin (Kinetin, Sigma Chemicals) was also subjected to the
same extraction procedure.

Twenty microlitres of extract were run through a C,4 analytical
column of high-performance liquid chromatography (HPLC
Beckman System Gold with solvent module 126 and detector
module 166) by using methanol: water (60:40) as eluents. The
eluents were double-distilled and degassed at 60°C in a vacuum.
The flow rate was 1 ml min~! and the cytokinins were detected at
an ultraviolet wavelength of 254 nm (Challice 1974). For a callus tis-
sue assay the callus was obtained from soybean epicotyl and main-
tained on Miller’s medium (1965). A medium without cytokinin was
supplemented with 100 pl cytokinin extract in methano! 100 ml ™!
medium. Five pieces of 10 mg callus tissue in five replicates were
kept in 100-ml flasks containing 50 ml medium. The flasks were
kept in the dark at 25 °C for 25 days, and then the callus pieces were
reweighed and the increase in callus weight calculated (Allen et al.
1980).

Results and discussion

Figure 1a and b shows the sephadex column chromatog-
raphy of acid and alkaline phosphatases from 40-day-old
non-mycorrhizal and mycorrhizal roots, respectively. The
column chromatography revealed the appearance of an
extra peak that eluted at the 23rd fraction in mycorrhizal
root samples which was absent in non-mycorrhizal root
samples. In the early stages of plant growth (10th and
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Fig.1 Gel filtration chromatography of alkaline and acid phos-
phatase from non-mycorrhizal (a) and mycorrhizal (b) cowpea roots
(40 days old). Elution was carried out on a Sephadex G,5 column
(1.5 30 cm) by using 0.1 M acetate buffer (pH 6.5) with a flow rate
of 1 ml min~!, and 3-ml fractions were collected



20th days) the elution pattern of acid and alkaline
phosphatases in mycorrhizal root samples was similar to
that of non-mycorrhizal samples (data not shown). When
specific enzyme activities were assayed at various stages
of plant growth, both acid and alkaline phosphatase ac-
tivities were significantly increased in mycorrhizal roots
compared with non-mycorrhizal roots on the 30th and
40th days (Fig. 2a, b). Increased phosphatase activities in
mycorrhizal roots on the 30th and 40th days were
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Fig.2 Acid (a) and alkaline (b) phosphatase activity in mycor-
rhizal and non-mycorrhizal cowpea roots at successive stages of
plant growth. LSD, Least significant difference; VAM, vesicular-
arbuscular mycorrhizae
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positively correlated with the shoot P content (7 = 0.859)
and shoot dry weight (» = 0.745) (Table 1). This is further
cvidence that VAM fungi increase the shoot P content
and shoot dry weight of mycorrhizal plants.

There are different views regarding acid and alkaline
phosphatase activities in mycorrhizal plants. Gianinazzi-
Pearson and Gianinazzi (1976) and Krishna et al. (1983)
reported no significant increase in acid phosphatase ac-
tivity in mycorrhizal roots. But in the same study signifi-
cant increases in alkaline phosphatase activity were found
in mycorrhizal plants. In contrast, Dodd et al. (1987)
found a significant increase in acid phosphatase activity
in mycorrhizal plants, the activity being dependent on the
species of VAM fungus used for inoculation. In the pre-
sent study increased acid and alkaline phosphatase activi-
ty in mycorrhizal root samples, and in addition we found
an extra peak which appeared to be VAM-specific phos-
phatase. These findings suggest that the synthesis of acid
and alkaline phosphatase dependent on the host species
and the VAM fungus strain used.

The present study indicates that VAM fungal infection
is not favourable to the host in the initial period of inva-
sion and establishment. Figure 2b shows an initial de-
crease (10th day) in alkaline phosphatase activity in
mycorrhizal roots, which may have been due to P compo-
nents in the plant roots being trapped by the VAM fun-
gus. It has been suggested that the VAM fungi depend on
soluble organic metabolites in the root apoplast for
growth and further colonization of the root (Schwab et al.
1991). Establishment of VAM fungi may well require
about 20 days, after which the fungus increases the up-
take and use of P by the host plant.

In the present study we extracted cytokinin from
cowpea roots by a simple procedure using 0.1 N NaOH
(pH 10) and ethyl ether (Vreman and Corse 1975). Figure
3 shows the elution pattern of cytokinin on high-perfor-
mance liquid chromatography detected at 254 nm. The re-
tention time for authentic cytokinin (Kinetin, Sigma
Chemicals) and for the cytokinin extracted from the
mycorrhizal and non-mycorrhizal cowpea roots was the
same (4.7 min). The cytokinin content in the mycorrhizal
roots was 23, 55, and 156% greater on the 15th, 30th, and
45th days, respectively, than in the non-mycorrhizal roots
(Table 2). This significant increase in cytokinin content
was directly related to the age of the plant and the per-
centage of VAM colonization.

In order to confirm a cytokinin increase in mycorrhizal
roots we used a soybean callus tissue bioassay as de-
scribed by Miller (1965). There was an increase of 146%
in callus tissue weight for the extracts from mycorrhizal
roots compared with the non-mycorrhizal roots on the
45th day (Fig. 4). This confirms that the VAM inoculation
increased the synthesis of cytokinin in the cowpea roots.

Increased cytokinin concentrations (up to 111%) in
mycorrhizal grass roots (Allen et al. 1980) and in VAM
fungal spores (Barea and Azcon-Aguilar 1982) have been
reported previously. The present study supports earlier
findings that VAM fungi are involved in the synthesis of
cytokinin in host roots. Cytokinins are known to enhance
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Table1 Influence of a

vesicular-arbuscular (VAM) Age of plant Shoot dry_\lweight Shoot_]i’ VAM colonization

fungus (Glomus pallidum) on (days) (mg plant ™) (mgg™") (%)

the growth, shoot P, and

mycorrhizal colonization of NM M NM M NM M

} jculat

f;’“;g;‘;j‘ﬁzg’igﬁ unguiculata) 146+10.6 132+ 6.7  1.46+0.02 1.20£0.03 0 16.0+1.2
20 203 +14.0 207 £12.1 1.60+0.07 1.58+0.08 0 28.8+3.5
30 518+13.9 593 +14.8 1.65+0.06 1.97+0.08 0 37.4+5.9
40 925+ 11.6 1081 +20.0 1.88+0.07 2.24+0.09 O 54.6+6.8
LSD (P =0.05) 64 0.23

Means + SE, n = 5 replicates. NM, Non-mycorrhizal plants; M, mycorrhizal plants; LSD, least signifi-
cant difference



Table2 Cytokinin concentration in mycorrhizal (M) and non-
mycorrhizal (NM) cowpea roots at different stages of plant growth

Age of plant Cytokinin concentration Colonization in

(days) (mgg™H mycorrhizal
roots (%)
NM M
15 0.52+0.013 0.66+0.016 23.4+1.4
30 0.47+0.011 0.73+£0.021 57.0+4.7
45 0.84+0.022 2.15+0.064 78.6+4.4
LSD (P=0.05) 0.20

For explanations, see Table 1

root growth and reduce resistance to microbial invasion of
host tissue (Haberlach et al. 1978). Increases in the
cytokinin content and phosphatase activity of cowpeas
may explain the increased growth response mycorrhizal
cowpea plants, are reported previously (Ames et al. 1991).

Acknowledgments This research was supported by a grant from
the Postgraduate Board of the University of the West Indies, Mona.
We thank Dr. H.N. Asemota and Mr. Odelly Henry for technical
assistance in this study.

References

Aarons S, Ahmad MH (1987) Growth and survival of cowpea
rhizobia in bauxitic silt loam and sandy clay loam soils. FEMS
Microbiol Ecol 45:77—83

Ahmad MH, Eaglesham ARJ, Hassouna S, Seaman B, Ayanaba A,
Mulongoy K, Pulver E (1981) Examining the potential for in-
oculant use with cowpeas in West African soils. Trop Agric
58:325-335

Allen MF, Moore TS Jr, Christensen M (1980) Phytohormone
changes in Bouteloua gracilis infected by vesicular-arbuscular
mycorrhizae: I. cytokinin increases in the host plant. Can J Bot
58:371-374

Ames RN, Thiagarajan TR, Ahmad MH, McLaughlin W (1991)
Co-selection of compatible rhizobia and VA mycorrhizal fungi
for cowpea in sterilized and non-sterilized soil. Biol Fertil Soil
12:112—116

Barea JM, Azcon-Aguilar C (1982) Production of growth regulat-
ing substances by the vesicular-arbuscular mycorrhizal fungus
Glomus mosseae. Appl Environ Microbiol 43:810—813

Barrett-Lennard EG, Greenway H (1982) Partial separation and
characterization of soluble phosphatases from leaves of wheat
grown under phosphorus deficiency and water deficit. J Exp Bot
33:694 704

Bolan NS (1991) A critical review of the role of mycorrhizal fungi
in the uptake of phosphorus by plants. Plant and Soil
134:189-207

Bowen GD (1973) Mineral nutrition of Ectomycorrhizae. In: Marks
GC, Kozlowski TT (eds) Ectomycorrhizae: Their ecology and
physiology. Academic Press, New York, pp 151 —205

Challice TS (1975) Separation of cytokinins by high pressure liquid
chromatography. Planta 122:203 —207

Dodd JC, Burton CC, Burns RG, Jeffries P (1987) Phosphatase ac-
tivity associated with the rhizosphere of plants infected with ve-
sicular-arbuscular mycorrhizal fungi. New Phytol 7:163—172

Gianinazzi-Pearson V, Gianinazzi S (1976) Enzymatic studies on
the metabolism of vesicular-arbuscular mycorrhiza. 1. Effect of
mycorrhiza formation and phosphorus nutrition on soluble
phosphatase activities on onion roots. Physiol Veg 44:833 —841

55

50 |-

30

CALLUS FRESH WEIGHT (mg)

20 -

0 15 30 45 60
AGE OF THE PLANTS

VAM TREATED
V77 CONTROL

Fig.4 Bioassay of cytokinin extracts from mycorrhizal and non-
mycorrhizal cowpea roots at different stages of plant growth. 10-mg
Soybean callus tissue pieces were initially inoculated to Miller’s
medium containing 100 ul cytokinin extract in 100 ml medium.
VAM, Vesicular-arbuscular mycorrhizae

Gianinazzi-Pearson V, Gianinazzi S (1978) Enzymatic studies on
the metabolism of vesicular-arbuscular mycorrhiza. II. Soluble
alkaline phosphatase specific to mycorrhizal infection in onion
roots. Physiol Plant Pathol 12:45-53

Haberlach GT, Budde AD, Sequeira L, Helgeson JP (1978) Modifi-
cation of disease resistance of tobacco callus tissue by cyto-
kinins. Plant Physiol 62:522—525

Harley JL (1989) The significance of mycorrhiza. Mycol Res
92:129-139

Hetrick BAD (1989) Acquisition of phosphorus by VA mycorrhizal
fungi and the growth response of their host plants. In: Boddy
L, Marcahnt R, Reid DJ (eds) Nitrogen, phosphorus and sul-
phur utilization by fungi. Cambridge University Press, New
York, pp 205-226

Kucey RMN, Janzen HH, Leggett ME (1989) Microbially mediated
increases in plant available phosphorus. Adv Agron 42:199—-229

Krishna KR, Bagyaraj DJ, Papavinasasundarum KG (1983) Acid
and alkaline phosphatase activities in mycorrhizal and uninfect-
ed roots of Arachis hypogaea L. Ann Bot 51:551 553

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Protein
measurement with the Folin phenol reagent. J Biol Chem
193:265—-275

Miller CO (1965) Evidence for the natural occurrence of zeatin and
derivatives: Compounds from maize which promote cell divi-
sion. Proc Natl Acad Sci USA 54:1052—1058

Mitchell DT, Read DJ (1981) Utilization of inorganic and organic
phosphates by the mycorrhizal endophytes of Vaccinium macro-
carpon and Rhododendron ponticum. Trans Br Mycol Soc
76:255—260

Mosse B, Powell CL, Hayman DS (1976) Plant growth response to
vesicular-arbuscular mycorrhiza. IX. Interactions between VA
mycorrhiza, rock phosphate and symbiotic nitrogen fixation.
New Phytol 76:331—342

Schwab SM, Menge JA, Tinker PB (1991) Regulation of nutrient
transfer between host and fungus in vesicular-arbuscular mycor-
rhizas. New Phytol 117:387—398



56

Smith GS, Johnston CM, Cornforth IS (1983) Comparison of
nutrient solutions for growth of plants in sand culture. New
Phytol 84:537-548

Thiagarajan TR, Ames RN, Ahmad MH (1992) Response of
cowpea (Vigna unguiculata) to inoculation with co-selected ve-
sicular-arbuscular mycorrhizal fungi and RhAizobium strains in
field trials. Can J Microbiol 38:573-576

Vreman JH, Corse J (1975) Recovery of cytokinins from cation ex-
change resins. Physiol Plant 35:333-336

Waidyanatha UP, Yogaratnam N, Ariaratne WA (1979) Mycorrhizal
infection on growth and nitrogen fixation of Pueragria and
Stylosanthes and uptake of phosphorus from two rock phos-
phates. New Phytol 79:10—-17



