
Enhanced symbiotic nitrogen fixation or
colonization by vesicular-arbuscular mycorrhizal
(VAM) fungi often results in improved host
growth and nutrient assimilation (Barea and
Azcon - Aguilar, 1983; Pacovsky et al, 1991). The
relationship between the VAM fungi and rhizobia
in terms of effects on plant yield is influenced by
differences among species, strains and cultivars
of the symbionts (Carling and Brown, 1980). Both
rhizobia and VAM fungi are active in root cortical
cells and, hence, it can be assumed that the
presence of microsymbiont will affect the activity
of the others (Vejsadova et al, 1992). Most studies
have concentrated on indirect relationships
between VAM fungi and rhizobia, in which a

successful symbiosis has been measured as an
increased uptake of nutrient elements by the plant
(Ames and Bethlenfalvay, 1987) and increased
N

2
- fixation and nodule mass (Fredeen and Terry,

1988), but more direct non-nutritional effects of
VAM fungus – rhizobia interactions have also
been reported (Ross and Harper, 1970;
Bethlenfalvay et al, 1985).

The toxicity of   higher Zn concentrations
to vascular plants is well documented. Zinc is well
known as an essential nutrient mineral for normal
growth of plants (Jyung et al, 1975). However,
higher concentrations of Zn, as a result of soil
pollution, reduce photosynthesis, respiration,
accumulation of sugars, starch and protein, as well
as several physiological processes (El-Kherbawy
et al, 1989; Xian, 1989; Turnau et al, 1996).E-mail: sakabli@yahoo.com
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VAM fungi are wide- spread in soils and
their interaction with minerals other than P,
particularly heavy metals, has been the subject of
many studies because of the possibility of a
beneficial effect of mycorrhizae in improving the
tolerance of plants against toxicity (Haselwandter
et al, 1994;  Diaz et al, 1996; Ahonen-Jonnarth
and Finlay, 2001; Liao et al, 2003; Vivas et al,
2003 ). The uptake of metals by mycorrhizal plants
depends on several factors such as the physico-
chemical properties of the soil (Wang and Chao,
1992), pH (El-Kherbawy et al, 1989), the host
plants (Griffioen and Ernst, 1989), the fungi
involved (Gildon and Tinker, 1981), and above
all , the concentration of the metals in the soil .
Under deficiency conditions, most studies point
to an increase in metal uptake by mycorrhizal
plants (Manjunath and Habte, 1988; Kothari et
al, 1990). When the soils contain high potentially
toxic amount of heavy metals, mycorrhizal
formation usually induces lower concentrations
of these metals in the aerial part of the plant and
consequently a beneficial effect on plant growth
(Guo et al 1996; Jurkiewicz et al, 2001).

In the present work, the effect of different
concentrations of Zn and microsymbiont of VAM
fungi and Rhizobium on some growth parameters
and metabolic activities of cowpea (Vigna sinesis)
were carried out . The rhizobial nodulation and
VAM root colonization were also investigated.

MATERIALS AND METHODS

The soil
Sandy loam soil (1:1) was air dried,

passed through 2 mm sieve, mixed thoroughly for
homogenicity and sterilized by autoclaving at
121° C for 20 min to kill soil microflora. The soil
is non-saline, with pH 7.9, field capacity 653 ml/
kg air dry soil and has 1.35 % organic matters.
The total soluble salts were 1.17 %, with total
nitrogen content of about 0.89 mg/kg and
phosphorus content of 0.042 mg/kg. It contains
(µg/g air dry soil) 13.4 Mn, 94 K, 138 Mg, 10.7
Zn, 0.83 Cd, 3.11 Cu and 0.49 Pb.
Test plant

Seeds of cowpea (Vigna sinesis) were
kindly provided from Hada Al-Sham farm,
Faculty of Metrology, King Abdulaziz University,
Jeddah, Saudi Arabia. The seeds sizes and weights

were homogenous. They were surface sterilized
(0.1% HgCl

2
 + 0.2% HCl for 5 min), followed by

repeated washes with sterile distilled water
(Vincent, 1976). Seeds were planted in plastic pots
(18 cm in diameter and 13 cm in depth) loaded
with 2 kg air dried sterilized sandy loam soil,
received 60 ml weekly of Hoagland’s solution,
minus phosphate, (Hoagland and Arnon, 1950,
Downs and Hellmers, 1975). This solution
consists of two liquids, A and B. Before they were
used, 2 ml of each solution were added to one
litre of tap water. Soil was mixed with  0.2 g rock
phosphate / kg soil , which consists of (%) : P

2
O

5
,

29; CaO, 45.9; Fe
2
O

3
, 1.9; Al

2
O

3
, 0.39; MgO,

0.23; Na
2
O,0.3 ; K

2
O , 0.01 ; Fe, 2.9; SiO

2
, 13.5 ;

SO
3
, 0.56; Co

2
, 4.25; Cl 0.05 and organic matter

0.25 . Ten seeds were planted in each pot at equal
intervals. Field capacity of tap water was applied
per pot for irrigation. The seeds were irrigated
three times a week, until the plant seedlings
emerge (about 5cm height) and thinned to five
per pot.

The pots are classified into six groups,
each one have 5 replicas (pots). The first group
has no additives (control treatment) of heavy metal
(Zn) and microsymbiont (Rhizobium cells and
VAM spores), the second receives the
microsymbiont only. The third treatment receives
50 mg Zn (about 0.22 g of ZnSO

4
.7H

2
O) per kg

air dry soil and the fourth amended with
microsymbiont and 50 mg Zn/kg soil.

Cowpea (Vigna sinesis) seedlings were
allowed to grow under greenhouse conditions
(30° C and illumination period of 13 h/day) for
seven weeks. At the end of the tested growth
period, plant samples were carefully uprooted,
washed thoroughly with tap water and rinsed
twice with distilled water. After washing, the root
and leaves were separated, thereafter the necessary
analyses are carried out.

Microsymbiont inoculations
Mycorrhizal spores

The spores of VAM fungi were extracted
from their cultivation and propagation pots,
planted by Zea mays, using wet sieving and
decanting method (Daniels and Skipper, 1982).
The spore suspension was diluted with water, so
that each ml has 55 spores. For soil inoculation,
the surface soil crushed and mixed thoroughly
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with 15 ml spore suspension and return back to
its pot.
Rhizobium strain (ARC 610)

It was kindly provided by biofertilization
unit of Faculty of Agriculture, Ain-Shams
University. Cairo, Egypt. The Culture was
cultivated, propagated and maintained in
mannitol yeast extract medium (Allen, 1961),
with regularly sub-culturing every two weeks. The
inoculum (bacterial cells) was prepared from
liquid mannitol yeast extract medium after 7 days
of incubation at 37°C. The inoculum was 10 ml /
pot (2 kg soil) having about 17.5 × 106 cells.
Growth parameters of cowpea

The plant height (cm), root system length
(cm), leaf number and leaf area (cm2) were
measured. The fresh and dry weights of the root
and shoot systems were also determined.
Total carbohydrates

Total carbohydrates were determined,
after hydrolysis, colourimetrically using anthron
reagent (Fales, 1951).
Plant pigments

Chlorophyll a, b and carotenoids were
estimated spectrophotometrically (Metzner et al,
1965), after acetone extraction of the pigments
from fresh leaves.
Total nitrogen content

It was estimated colourimetrically using
Nessler reagent (Delory, 1949; Humphries, 1956).
Determination of phosphorus and Zn

The plant material digested in nitric-
perchloric acid mixture (5: 3) and analyzed
colourimetrically with malachite green reagent
(Fernandez et al, 1985) to determine P
concentration, and by atomic absorption
spectrophotometry in Perkin – Elmer 500
instrument for Zn.
Mycorrhizal root infection

Mycorrhizal colonization was assessed
using the grid – line intersect method (Giovannetti
and Mosse, 1980) for examination of cleared and
stained (Phillips and Hayman, 1970) root samples.
Rhizobial root nodules

The root nodules were estimated for each
plant, separated and collected to determine their
fresh and dry mass (Vejsadova, et al, 1992).

Each treatment was carried out in five
replicates and the recorded results were the
arithmetic mean. Data were statistically analyzed

using one way analysis of variance ANOVA on
the basis of which LSD values (P 0.05 for
N=5) for any two compared means were
calculated.

RESULTS AND DISCUSSION

Effect of Zn and microsymbiont on some
growth parameters of cowpea

The effect of different concentrations of
Zn and microsymbiont of VAM fungi and
Rhizobium on some growth parameters of Vigna
sinesis (Figs. 1-3) indicated that Zn concentration
of 200 mg/kg air dry soil was optimum for stem
and root lengths either with microsymbiont
inoculation or non, and lower or higher
concentrations were concomitant with lower root
and stem lengths. However, Zn level of 100 mg /
kg soil was the best to attain higher values of the
other tested growth parameters of cowpea (leaf
number, leaf area, fresh and dry weights of shoot
and root systems), either the soil has no
microsymbiont of VAM fungi and Rhizobium or
it inoculated with them. The results, revealed that
inoculation with the microsymbiont was
responsible for higher growth values at different
Zn concentrations as compared with non-
inoculated soil. Generally, it is safe to conclude
that Zn at 100-200 mg/kg soil was necessary to
attain the best growth parameters, under the tested
condition by cowpea plant. However, higher levels
of Zn are conducive to the tested parameters. The
results fairly indicated that the presence of VAM
fungi and Rhizobium bacterium noticeably
improving the tolerance of Vigna sinesis plants
against toxicity of Zn. Thus at the more toxic Zn
concentration (1g Zn / kg air dry soil)
microsymbiont inoculation increases stem and
root lengths, leaf number and area, and shoot
system fresh and dry weights, as well as, root fresh
and dry weights by about 40, 38, 28, 40, 50, 63,
35 and 75 %, respectively, as compared to non-
inoculated soils.

The previous results assessed that Zn is
an essential mineral nutrient, within certain
concentrations, for normal plant growth (Jyung
et al, 1975).

In accordance with these findings, it was
reported that microsymbiont of nitrogen fixer and
VAM improved host plant growth and nutrient

KABLI: GROWTH ACTIVITIES OF VIGNA SINESIS 3



Fig. 1. Effect of different concentrations of Zn on shoot and root lengths of cowpea (Vigna sinesis)
inoculated with microsymbiont (+), or non-inoculated (-), after 7 weeks of planting

assimilation (Pacovsky et al, 1991) and VAM
fungi positively affected soybean biomass
production and dry matter yield (Vejsadova et al,
1992; Andrade et al, 2003). The uptake of heavy
metals by some plants was affected by the
colonization of roots with VAM fungi (Abou-
Shanb et al , 2004). Generally, VAM fungi
improving the tolerance of plants against toxicity
of heavy metals (Ahonen-Jonnarth and Finlay,
2001; Liao, et al, 2003; Vivas, et al, 2003). It was
also reported that heavy metals addition to the

soil induced a reduction in plant growth (Diaz et
al, 1996).
Effect of Zn and microsymbiont on some
metabolic activities of cowpea

The influence of different concentrations
of Zn on some metabolites (leaf pigments, total
carbohydrates and nitrogen) and mineral content
of P and Zn of Vigna sinesis inoculated with
microsymbiont of Rhizobium cells and VAM
spores or non-inoculated (Figs. 4,5) indicated that
inoculation of microsymbiont to soil, in presence
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Fig. 2. Effect of different concentrations of Zn on dry weight of cowpea (Vigna sinesis) inoculated with
microsymbiont (+), or non-inoculated (-), after 7 weeks of planting.

of different concentrations of Zn improves cowpea
growth and nutrient assimilation (Pacovsky et al,
1991). Zn concentrations more than 50 mg/kg air
dry soil were conducive (inhibitory) to pigments
(chlorophyll a, b and carotenoids) formation by
Vigna sinesis leaves. Chlorophyll a, b and
carotenoids showed about 2.5, 1.5 and 2.0, fold
decrease, respectively, as Zn concentration
increased from 50 to 1000 mg/kg soil, in non-
microsymbiont inoculation. However,
microsymbiont inoculation at lg Zn / kg soil lead
to about 63, 100 and 32 % increase in formation

of chlorophyll a, b and carotenoids, respectively,
as compared with non – inoculated soil at the same
Zn concentration. It is also indicated that
carbohydrates biosynthesis by cowpea stimulated
by microsymbiont inoculation more than non-
microsymbiont and Zn concentration of 100 mg/
kg soil was necessary for maximal carbohydrates
formation. Higher Zn levels more than 200 mg/
kg soil were of inhibitory action on carbohydrates
biosynthesis.

As for the total nitrogen content, the
plant leaves accumulate nitrogen compounds
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Fig. 3. Effect of different concentrations of Zn on leaf number/ plant and leaf area of cowpea (Vigna sinesis)
inoculated with microsymbiont (+), or non-inoculated (-), after 7 weeks of planting.

more than do the root system (generally, about 7
fold increase ) and Zn level (100 – 200 mg/kg
soil) was responsible for maximal total nitrogen
accumulation in the root system, while 200 mg
Zn/kg soil was inductive to maximum
accumulation in leaves , either in absence or
presence of microsymbiont. Microsymbiont
inoculation stimulated total nitrogen content of
root and leaves, at the different Zn concentrations
higher than non-inoculated plants.

Microsymbiont inoculated cowpea was
able to accumulate phosphorus in root and leaves

higher than non-inoculated ones. Phosphorus
mainly translocated from root to leaves, so that it
is accumulated properly in leaves by about 5 folds
increase at different Zn levels, in both inoculated
and non-inoculated soils. Zn concentration of 100
mg / kg in microsymbiont soil was responsible
for the highest accumulated P in roots, whereas,
200 mg Zn was needed for maximum P in leaves,
under the same conditions.

Vigna sinesis grown in microsymbiont
inoculated soils accumulated Zn mainly in the root
system by about 4 fold increase (at higher Zn
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Fig. 4. Effect of different concentrations of Zn on pigments of leaf  (mg/g-1 leaf fresh weight) of cowpea
(Vigna sinesis) inoculated with microsymbiont (+), or non-inoculated (-), after 7 weeks of planting.

concentrations, 0.5, 1 g / kg soil) than in leaves,
where in absence of microsymbiont not exceeded
2 folds. And as the Zn concentration increase it
is mainly accumulated in roots.

It was reported as the soil contain high
toxic amounts of heavy metals, VAM fungi usually
induces lower concentrations of these metals in
the aerial part of the plant (Guo et al, 1996 ;
Jurkiewicz et al, 2001). In accordance with these
findings , it was reported that chlorophyll contents
and organic compounds in the leaves and stems
of crowberry (Empetrum nigrum L.) were lower

as a result to heavy metal pollution (Monni et al,
2001). VAM fungi contributed substantially to Zn
uptake (Guo et al, 1996). It was indicated that
shoots and roots of mycorrhizal plants had higher
P and Zn concentrations compared to non-
mycorrhizal plants and these could be attributed
to a substantial translocation of P and Zn from
hyphal compartments to the plant via the
mycorrhizal hyphae (Kothari et al, 1991). Also,
VAM increased the tolerance to heavy metals and
this coupled with a reduction in their translocation
to the shoot system (Brown and Wilkins , 1985)
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Fig. 5. Effect of different concentrations of Zn on total N
2
 and CBH contents of leaves and roots of cowpea

(Vigna sinesis) inoculated with microsymbiont (+), or non-inoculated (-), after 7 weeks of planting.

and at excessive concentration of soil metals,
mycorrhizal roots decrease the bioavailability of
toxic heavy metals by changing their forms
(Huang et al, 2000) . It was found that VAM
inoculation improved soybean dry matter, P
concentration and Zn shoot contents (Andrade et
al, 2003).
Effect of different concentrations of Zn on
rhizobial root nodulation and VAM fungal
infection of cowpea

The results (Figs. 6,7) showed concomitant

increase of rhizobial nodulation parameters
(number, fresh and dry weight / plant) as the
concentration of Zn increased up to 200 mg / kg
soil. Thus, under these conditions about 23%
increase in both nodules number and their fresh
weight, and about 10% increase in nodules dry
weight. However, 0.5g Zn /kg soil was drastic to
rhizobial nodulation, that failed to be formed at 1
g Zn/ kg soil. While , VAM successively colonize
Vigna sinesis roots as Zn level increases up to
200 mg/kg (87% infection) , then dropped
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Fig. 6. Effect of different concentrations of Zn on P, Zn contents of leaf and root of cowpea ( Vigna sinesis )
inoculated with microsymbiont (+), or non-inoculated (-), after 7 weeks of planting.

suddenly to be 24% infection at 0.5 g Zn
concentration and weak infection (8%) was
recorded at 1 g Zn.

Positive effects of dual colonization of
soybean roots by VAM fungi and rhizobia was
recorded (Pacovsky et al, 1986) and successful
symbiosis between them measured as an increase
of nutrients by the plant (Ames and Bethlenfalvay,
1987) and increased N

2
-fixation and nodule mass

(Fredeen and Terry, 1988). It was also reported

that Phaseolus vulgaris L. maintained a higher
growth rate, supported with more nodules and
assimilated more N or P when colonized by
microsymbiont of nitrogen- fixing bacteria and
VAM fungi (Pacovsky et al, 1991). The
development of VAM fungi themselves might be
affected by high soil heavy metals concentrations,
since they are probably more exposed to the toxic
environment than the roots of vascular plants
(Tyler et al, 1989).

KABLI: GROWTH ACTIVITIES OF VIGNA SINESIS 9

J. Pure & Appl. Micro., 1(1), April 2007.

Zn in root (-)
Zn in leaf (-)
P in root (-)
P in leaf (-)

Zn in root (+)
Zn in leaf (+)
P in root (+)
P in leaf (+)



REFERENCES

1. Abou-Shanab, RA; Attia, MM and Ghanem,
KM: Phytoremediation of chromium polluted
soil. Egyption Journal of Microbiology. 2004;
2004; 39(1-2): 67-79.

2. Ahonen- Jonnarth, U and Finlay, RD. Effects
of elevated nickel, and cadmium concentrations
on growth and nutrient uptake of mycorrhizal
and non-mycorrhizal Pinus sylvestris seedlings.
Plant and Soil, 2001; 236(2): 129-138.

3. Allen, ON: Experiment on soil microbiology.
Burges Publication Co. Minnesota, 1961;
U.S.A.

4. Ames, RN and Bethlenfalvay, GJ: Localized
increase in nodule activity but no competitive
interaction of cowpea rhizobia due to pre-
establishment of vesicular-arbuscular
mycorrhiza. New Phytol. 1987; 106: 207-204.

5. Andrade, SAL ; Abreu, CA; Abreu , MF;
Silveira, APD: Interaction between lead, soil
base saturation rate, and mycorrhiza on soybean
development and mineral nutrition. Revista
Brasileira De Ciencia Do Solo. 2003; 27(5):
945-954.

6. Barea, JM and Azcon- Aguilar, C: Mycorrhizas
and their significance in nodulating nitrogen-
fixing plants. Adv. Agron. 1983; 36: 1-54.

7. Bethlenfalvay, GJ; Brown, MS and Stafford,
AE. The Glycine Glomus-Rhizobium
Symbiosis: Antagonistic effects between
mycorrhizal colonization and nodulation. Plant
Physiol., 1985; 79: 1054-1059.

8. Brown, MT and Wilkins, DA Zinc tolerance of
mycorrhizal Betula. New Phytol., 1985; 99:
101-106.

9. Carling, DE and Brown, MF: Relative effect of
vesicular- arbuscular-mycorrhizal fungi on the

Fig.7. Effect of different concentrations of Zn on root nodulation and VAM infection of cowpea
(Vigna sinesis) inoculated with microsymbiont (+), or non-inoculated (-), after 7 weeks of planting.

KABLI: GROWTH ACTIVITIES OF VIGNA SINESIS10

J. Pure & Appl. Micro., 1(1), April 2007.



growth and yield of soybeans. Soil Sci. Soc.
Am. J. 1980; 44: 528-532.

10. Daniels, BA and Skipper, HD: Methods for the
recovery and quantitative estimation of
propagules from soil. In: Schenck, NC (Ed.)
Methods and principles of mycorrhizal
research. American Phytopathological Society
Press, St. Paul, Minn., 1982; 29-35.

11. Delory, GE: Photo-electric methods in clinical
biochemistry. Reviewed Analyst, 1949; 74: 574.

12. Diaz , G ; Azcon-Aguilar, C and Honrubia, M :
Influence of arbuscular mycorrhizae on heavy
metal (Zn and Pb) uptake , and growth of
Lygeum spartum and Anthyllis cytisoides. Plant
and Soil, 1996; 180: 241-249.

13. Downs, RJ and Hellmers, H: Environment and
experimental control of plant growth. 1975;
Academic Press. London.

14. El-Kherbawy , M; Angle, JS; Heggo, A. and
Chaney, RL. Soil pH, rhizobia, and vesicular-
arbuscular mycorrhizae inoculation effects on
growth and heavy metal uptake of alfalfa
(Medicago sativa L.) Biol . Fertil. Soils. 1989;
8: 61-65.

15. Fales, FW: The assimilation and degradation
of carbohydrates of yeast cells. J. Biol. Chem.,
1951; 193: 113-116.

16. Fernandez, J A ; Niell , FX and Lucena, J: A
rapid and sensitive automated determination of
phosphate in natural waters. Limnol. Oceanogr.
1985; 30: 227-230.

17. Fredeen , AL and Terry, N: Influence of
vesicular arbuscular mycorrhizal infection and
soil phosphorus level on growth and carbon
metabolism of soybean. Canidian Journal of
Botany. 1988; 66: 2311- 2316.

18. Gildon, A and Tinker, PB: A heavy metal-
tolerant strain of a mycorrhizal fungus. Trans.
Br. Mycol. Soc. 1981; 77: 648-649.

19. Giovannetti , M and Mosse, B: An evaluation
of techniques for measuring vesicular-
arbuscular mycorrhizal infection in roots. New
Phytol., 1980; 84: 489-499.

20. Griffioen, WAJ and Ernst, EHO: The role of
VA mycorrhiza in the heavy metal tolerance of
Agrostis capillaris L. Agric. Ecosyst. Environ.
1989; 29: 173-177.

21. Guo, Y ; George, E and Marschner, H:
Contribution of an arbuscular mycorrhizal
fungus to the uptake of cadmium and nickel in
bean and maize plants. Plant and Soil, 1996;
184: 195-205.

22. Haselwandter , K ; Leyval, C and Sanders, FE:
Impact of arbuscular mycorrhizal fungi on plant
uptake of heavy metals and radionuclides from

soil. In: impact of arbuscular mycorrhizas on
sustainable agriculture and natural ecosystems,
eds. S. Gianinazzi and H Schuepp. 1994; 179-
189. Birkhanser. Basel. Switzerland.

23. Hoagland, DR and Arnon, DI: The water culture
method for growing plants without soil. Calif.
Agric . Exp. Sta. Circ. 1950; 343.

24. Huang, Y ; Chen, Y and Tao S: Effect of
rhizospheric environment of VA-mycorrhizal
plants on forms of Cu, Zn , Pb and Cd in
polluted soil, Ying Young Sheng Tai Xue Bao,
2000; 11(3): 431-434.

25. Humphries, EC: Mineral components and ash
analysis. In : modern methods of plant analysis
by Peach and Tracey, 1956; 468-502, Springer-
Verlag, Berlin, Gotting. Heidelberg.

26. Jurkiewicz, A; Turnau, K; Mesjasz-Przyby-
lowicz, J; Przyby- lowicz, W and Godzik, B:
Heavy metal localisation in mycorrhizas of
Epipactis atrorubens (Hoffm.) Besser
(Orchidaceae) from zinc mine tailings.
Protoplasma, 2001; 218(3-4): 117-124.

27. Jyung, WH; Ehmann, A ; Schlender, KK and
Scala, J: Zinc nutrition and starch metabolism
in Phseolus vulgaris L. Plant Physiol., 1975;
55: 414-420.

28. Kothari, SK; Marschner, H and Romheld, V:
Direct and indirect effects of VA mycorrhizal
fungi and rhizosphere microorganism on
acquisition of mineral nutrients by maize (Zea
mays L.) in a calcareous soil. New Phytol.,
1990; 116: 637-645.

29. Kothari, SK; Marschner, H and Romheld, V:
Contribution of the VA mycorrhizal hyphae in
acquisition of phosphorus and zinc by maize
grown in a calcareous soil. Plant and Soil, 1991;
131: 177-185.

30. Liao, JP; Lin, XG; Cao, ZH; Shi, YQ and Wong,
MH: Interaction between arbuscular
mycorrhizae and heavy metals under sand
culture experiment. Chemosphere. 2003; 50:
847-853.

31. Manjunath, A and Habte, M: Development of
vesicular arbuscular mycorrhizal infection and
the uptake of immobile nutrients in Leucaena
leucocophala. Plant and Soil. 1988; 106:
97-103.

32. Metzner, H; Ran, H and Senger, H:
Untersuchungen zur syndronisierbar karbeir
einzelener – pigment. Mangel Mutanten von
Chorella. Planta, 1965; 65: 186-194.

33. Monni, S; Uhlig , C ; Hansen, E; Magel, E:
Ecophysiological responses of Empetrum
nigrum to heavy metal pollution. Environmental
Pollution. 2001; 112(2): 121-129.

KABLI: GROWTH ACTIVITIES OF VIGNA SINESIS 11

J. Pure & Appl. Micro., 1(1), April 2007.



34. Pacovsky, P; Silva , DA ; Carvalho, MT and
Tsai, SM: Growth and nutrient allocation in
Phaseolus vulgaris L. colonized with
endomycorrhizae of Rhizobium. Plant and Soil,
1991; 132: 127-137.

35. Pacovsky, RS; Paul, EA and Bethlenfalvay GJ:
Response of mycorrhizal and P-fertilized
soybeans to nodulation by Bradyrhizobium or
ammonium nitrate. Crop Science, 1986; 26:
145-150.

36. Phillips, JM and Hayman, DS: Improved
procedures for clearing roots and staining
parasitic and vesicular arbuscular mycorrhizal
fungi for rapid assessment of infection. Trans.
Br. Mycol. Soc. 1970; 55: 158-161.

37. Ross, JP and Harper, JA: Effect of endogone
mycorrhiza on soybean yields. Phytopathology.
1970; 60: 1552-1556.

38. Turnau, K; Kottke, I and Dexheimer, J: Toxic
element filtering in Rhizopogon roseolus, Pinus
sylvestris mycorrhiza collected from calamine
dumps. Mycological Research. 1996; 100:
16-22.

39. Tyler, G; Balsberg  Pahlsson, AM; Bengtsson,
G; Baath, E and Tranvik, L: Heavy metal
ecology of terrestrial plants , microorganisms
and invertebrates. A review water, Air and Soil

Pollution, 1989; 47: 189-215.
40. Vejsadova, H; Siblikova, D; Hrselova, H and

Vancura, V: Effect of the VAM fungus Glomus
sp. on the growth and yield of soybean
inoculated with Bradyrhizobium japonicum.
Plant and Soil, 1992; 140: 121-125.

41. Vincent, JM: A practical manual for the study
of root-nodule bacteria. International Biological
Program Handbook. 1976; 15. Blackwell
Scientific Publication Ltd. Oxford.

42. Vivas , A; Voros, A ; Biro, B ; Barea, JM; Ruiz-
Lozano, JM; Azcon, R: Beneficial effects of
indigenous Cd-tolerant and Cd-sensitive
Glomus mosseae associated with a Cd –
adapted strain of Brevibacillus sp. in improving
plant tolerance to Cd contamination. Applied
Soil Ecology. 2003; 24(2): 177-186.

43. Wang, YP and Chao, CC: Effects of vesicular-
arbuscular mycorrhizae and heavy metals on
the growth of soybean and phosphate and heavy
metal uptake by soybean in major soil groups
of Taiwan. J. of Agric. Assoc. China. New Ser.
1992; 157: 6-20.

44. Xian, X: Effect of chemical forms of cadmium,
zinc, and lead in polluted soils on their uptake
by cabbage plants. Plant and Soil, 1989; 113:
257-264.

KABLI: GROWTH ACTIVITIES OF VIGNA SINESIS12

J. Pure & Appl. Micro., 1(1), April 2007.


