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Abstract: The study aimed to investigate the effects of Glomus intraradices Schenk and Smith (Arbuscular
Mycorrhiza Fungus = AMF) inoculation beside phosphorous (P) and nitrogen (N) fertilizations on the some
plant characteristics and nutrient content of chickpea (Cicer arietinum cv. Aziziye-54). At the end of the study,
while there were significant effects of inoculation on the plant height, the fresh and dry weights of shoots and
phosphorous, potassium, calcium, zinc and copper contents in shoots, there was no significant effect on the

nitrogen, magnesium, iron and manganese comtents m shoots. Inoculation decreased the contents of
magnesium and copper. Increasing doses of phosphorous and nitrogen applications significantly increased
the plant height, the fresh and dry weight in shoots and the contents of mtrogen, phosphorous, iron,

manganese and copper.

Key words: Arbuscular Mycorrhiza, Glomus intraradices, mtrogen, phosphorous, moculation, chikpea

INTRODUCTION

Adequate nowrishment of people depends on not
only animal food products which are rich for ammal
protein but also the legumes which are rich for vegetal
protein. Nowadays, legumes are getting more important in
human nutriion m Tukey due to the high price of
animal products.

Chickpea, with 21-24% protein content, is one of the
highly nutritive legumes. Chickpea’s protein content is
higher than other edible legumes such as bean, broad
bean and lentil. Moreover histidin, an aminoacid, content
of chickpea is even higher than human milk!"!.

Turkey is an important chickpea producer and
exporter and it 1s proposed that its chickpea preduction
will reach to 1.7 million tommes with the help of
high-yielding and Ascochyta resistant cultivars in 20159,
There are two kinds of symbiotic relationships between
legumes and microorgamsms. The first 1s related to
Rhizobium bacteria fixing atmospheric nitrogen and the
second is related to Arbuscular Mycorrhiza Fungus
(AMF) ameliorating the phosphorous uptake. Dual
application of AMF and Rhizobium acts as biclogical
fertilization in legumes. Moreover, there are ameliorative
synergetic effects of this dual application™. In the
symbiotic relation of AMF, fungi supply nutrient and
water to plants. Therefore, a kind of coexistence ocours to

be helpful to the both organisms!”. AMF takes the
nutrients (especially phosphorous) which are in the forms
that plants cannot uptake and transfer to plants””

The effects of AMF and Rhizobiwm moculations on
the nodulation, root colonization, mtrogen fixation and the
yield of chickpea were investigated. These researchers
stated that inoculation increased the nodulation, root
colonization, seed amount, dry matter and nitrogen and
phosphorous contents of both seeds and hays!".

Tt has been also reported that phosphorous contents
of seeds inoculated with Arbuscular Mycorrhizae
increased and the development and growth of following
generation ameloriated™' ¥,

AM also increases the tolerance levels of plants
against the drought, salimity and ligh heavy metal
contents!' """,

Many researchers are mterested i AMFE due to its
contribution to phosphorous uptake. In many studies, it
stated that AMF which live together
symbiotically with 90% of plant commumties in the nature
play an important and decisive role in the phosphorous
uptake of plants™™. It was reported that AMF
inoculation increased the phosphorous content and
positively affected the nitrogen uptake in chickpeal.

An important characteristic of soybean is that it
utilizes more nitrogen and phosphorous from the

has been

environment by the help of nodulation bacteria and
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Mycorrhizal fungi living in its roots. Besides nitrogen and
phosphorous  fixation, the uptakes of =zne, copper,
manganese and iron also increase”?. Thanks to
Mycorrhiza, long known that
microorgamsms play important role in soil productivity
and plant nutrittion. It has also known that plants supply
nutrients with not only with their roots but also with the
help of mycorrhizal fungus™?.

Tt was reported that besides increase in nutrient
uptake, mycorrhizal fungi increased the resistance of
plants to a-biotic stress conditions such as salinity,
excessive heat, drought, heavy metal toxicity and secreted
growth promoting substance for plants®™.

researchers have

Available phosphorous amount 13 not sufficient in
so1l of the Lake Van Basin and supplemental phosphorous
fertilizer canmot be dissolved easily because of soil pH.
Therefore, thus study aimed to mvestigated the effects of
AMF  moculation and phosphorous and mnitrogen
applications on the yield and nutrient content of chickpea.

MATERIALS AND METHODS

The experiment was carried out in greenhouse
conditions from March to May in 2004.

Chickpea cv. Aziziye-94 was used as plant material
and OM/95 isolate of Glomus intraradices (G1), a mixture
of root, soil, mycellium and spores was used as AMF
material™. A mixture of soil, sand and pumnice was used as
plant growth medium. Three doses of ammonium sulphate
(OmgN kg™, 100 mg N kg~ and 200 mg N kg ) and triple
super phosphate (0 mg P,0, kg™, 50 mg PO kg™ and
100 mg P,O; kg~™') were separately applied into the
growing media of each application.

In the analysis of soil, the texture was determined by
Bouyoucous’ hydrometric method™!, pH in 1:2.5 soil:
water suspension”®, lime by calcimetric methods™”,
organic matter by the moedified Walkley Black method™,
salt content by Richards™, total mnitrogen by
Kjeldahl method®™, available phosphorous by the method
Olsen et alP1, potassium, calcium and magnesium by an
13 ayailable
iron, manganese, zinc and copper by mixing with
dipropylenetriamine (DTPA)™.

For mineral content analysis, plant samples were
oven-dried at 68°C for 72 h and then were ground.
Nitrogen was determined by Kjeldahl method™,
phosphorous was determined by spectrophotometrically
by the indo-phencl-blue method™. Potassium, calcium,
magnesium, iron, manganese, zinc and copper contents in

extraction with 1 N neutral ammonium acetate

the extracts were determined using atomic absorption
spectrophotometry™.
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Experimental pots were disinfected with 10% of
formaldehyde. Then autoclaved growing medium (1500 g),
inoculum (250 g) and soybean seeds mixed with growing
medium (250 g) and sand (500 g) were put into each pot,
respectively.

The experiment was designed as Completely
Randomized Block Design with three replications, each
having three plants per pot Pots were placed in a
glasshouse and plants were watered with distilled water
during the experiment. Plants were properly protected
against the plant disease. Experiment was ended 2.5
months after seed sowing when the plants flowered. Some
plant growth parameters such as plant height and fresh
and dry matter contents of plants were determined.

Results were analysed with COSTAT statistical
package programme and the means were grouped with
Duncan Multiple Comperation method™.

RESULTS

Analysis of growing medium: Tt is seen from the Table 1,
growth medium was slightly alkaline; had low organic
matter, medium lime, no saline, inadequate for nitrogen
and phosphorous, adequate for potassium™’
sufficient for available Fe, Mn, Zn and Cul®,

and

Effects of applications on some plant growth criteria: Gi
inoculation, phosphorous and mnitrogen applications
significantly affected some of the plant growth criteria of
chickpea at different levels. Gi inoculation significantly
{(p=0.01) affected the plant height and shoot fresh weight.
The mtrogen and phosphorous applications also
significantly (p<0.001) affected these mentioned traits.
While the NxP interaction and the interaction of Gi
inoculation and mitrogen application significantly (p<0.01)
affected only the plant height, the interaction of Gi
inoculation and phosphorous application significantly
(p<0.001) affected only the shoot dry weight (Table 2).
However, the interaction of all there factors on these three
traits was not sigmificant .

The plant height and fresh and dry weights of shoots
significantly increased by the increasing doses of
phosphorous and the lighest values for these traits
obtained from the 100 mg P,Os kg™ application as 37.56
cm plant™, 6.81 and 2.87 g pot™, respectively (Table 2).
The 100 mg N kg™' application gave the highest plant
height and shoot fresh weight values as 37.94 ¢cm plant™
and 6.71 g pot™', respectively. The 200 mg N kg™
application gave the highest shoot dry weight values as
2.71 g pot™ and it had also higher shoot fresh weight as
6.67 g pot™ (Table 2). Gi incculation significantly
inereased
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Table 1: Some physical and chemical properties of experimental soil

Exchangeable Available
Organic
Texture class pH Ralt  Lime matter Total N Available P K Ca Mg Fe Mn 7n Cu
(125 @0 (%) (2 (%) (ppm) (ppm) (%) (ppmy (ppm) (ppm) (ppm)  (ppm)

Sandy-clay-loam 8.03 0.057 144 0.92 0.07 0.98 4800  0.58 221 10.3 11.2 4.4 2.0
Table 2: Means values of the Gi inoculation, nitrogen and phosphorous applications on some of the plant growth parameters in chickpea

Plant height {crm) Fresh weight (g/pot) Drv weight(g/pot)
Phosphorous (mg kg™!)
0 35.33b 6.15¢ 2.08¢
50 30.78a 6.54b 2.59b
100 37.56a 6.8la 2.87a
Nitrogen (mg'kg)
0 35.61b 6.12b 2.44b
100 37.%4a 6.71a 2.40b
200 36.11b 6.67a 2.71a
Gi Inoculation
With 37.78a 6.93a 2.8la
Without 35.33b 6.03b 2.22b
Applications DF F-values F-values F-values
Inoculation 1 484.0%* 372.80%* 402.63%*
Nitrogen 2 28.RHH* T2 RO 2160 *
Nitrogen x inoculation 2 14.5%:# 03.09ns 02.23ns
Phosphorous 2 17,7k 16.41 %% 852k
Phosphorous x inoculation 2 02.7ns 00.04ns 28.44*
Phosphorous x nitrogen 4 06,3 01.11ns 02.74ns
Phosphorous x nitrogen x inoculation 4 01.8ns 00.09ns 01.3%ns
Table 3: Means values of nitrogen, phosphorous, potassium, calcium and magnesium contents of chickpea

Nitrogen (%0) Phosphorous(®o) Potassium (%) Calcium (%) Magnesium (%)

Phosphorous (mgkg)
0 6.60b 0.654c 0.815b 3.892a 0.830
50 6.67b 0.681b 0.891a 3.723b 0.849
100 7.03a 0.750a 0.915a 3.763b 0.82
Nitrogen (mg/kg)
0 6.16b 0.681b 0.878 3.935a 0.804a
100 6.97a 0.656¢ 0.888 3.960a 0.865a
200 7.18a 0.749a 0.855 3.493b 0.775b
Inoculation
With 6.92 0.714a 0.8%4a 3.966a 0.825
Without 6.92 0.676b 0.854b 3.627b 0.844
Applications DF F-Values F-Values F-Values F-Values F-Values
Inoculation 1 09.43ns 119.40%* 43.33% 481.81%* 0.19ns
Nitrogen 2 1.1 5% TG QG 02.42ns 150.80%## 9. 12%*
Nitrogen x inoculation 2 01.90ns 11.01#%* 01.40ns 63, 10%## 0.17ns
Phosphorous 2 04.23% 200161 ok 17,3585 # 03.3%ns 1.58ns
Phosphorousxinoculation 2 02.60ns 09,58 #* 01.32ns 01.04ns 3.10%
Phosphorous x nitrogen 4 02.16ns 1743%%% 17,2285 % 06,66 3.26%
Phosphorous x nitrogen x inoculation 4 00.91ns 20.87*** 02.22ns 10.68%#+ 6.49%+*

ns= not significant; *: Significant at p<0.05 level, **: Significant at p<0.01 level, ***: Significant at p<0.001 level, Values followed by the different letter

are significantly difterent

the plant weight and the fresh and dry shoot weights
compared to the noninoculated ones as relatively 6.9, 14.9
and 2.7%, respectively (Table 2).

Effects of the application on the plant macro element
content: The effects of Gi inoculation, nitrogen and
phosphorous applications some of on the macro element
content of chickpea plants are seen at Table 3. Gi
inoculation significantly affected the P (p<0.01), K
(p<0.03) and Ca (p<0.01) contents of shoot. Nitrogen
application sigmficantly atfected the N, P and Ca contents
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of shoot at p<0.001 level, the Mg content of shoots at
p<0.01 level. The interaction of nitrogen and AMF
applications significantly affected the P and Ca contents
of shoots (at p<0.01 and p<0.001 level, respectively).
Phosphorous application significantly affected the P and
K contents of shoot at p<0.001 level and the N content at
p<0.05 level. The interaction of phosphorous and AMF
applications only significantly affected the P and Mg
contents of shoots at p<0.001 and p<0.05 levels,
respectively. The interaction of P and N applications
significantly affected the P, K and Ca contents of shoots
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Table 4: Means values of iron, manganese, zinc, and copper contents of chikpea

Iron (ppm) Manganese (ppm) Zinc (ppm) Copper (ppm)
Phosphorous (mg/kg)
0 376.09b 16.91c 83.6 24.45¢
50 389.86ab 18.61b 84.33 26.29b
100 406.99a 19.50a 85.53 29.14a
Nitrogen (mg/kg)
0 328.34¢ 16.55b 78.90¢ 18.74¢
100 395.32b 18.99a 83.36b 29.39b
200 449.28a 19.54a 91.20a 31.75a
Inoculation
With 397.28 18.3 85.87 21.11b
Without z 384.68 18.42 83.1 32.15a
Applications DF F-Values F-Values F-Values F-Values
Inoculation 1 05.12ns 00.23ns 193.44%* 326,38
Nitrogen 2 08, 45%** 42, 17#* 34,66k 51842%#+
Nitrogen x inoculation 2 0l.64ns 04.00ns 08.15% 300,75k
Phosphorous 2 06.02%* 20, 2284 01.10ns 014,81+
Phosphorous x inoculation 2 00.77ns 08,41 ** 00.37ns 04.79%
Phosphorous x nitrogen 4 01.29ns 13.7 6% * 01.3%ns 06,18
Phosphorous x nitrogen x inoculation 4 00.61ns 01.66ns 01.92ng (], 525k

ns— not significant, *: Significant at p<0.05 level, **: Significant at p<0.01 level; **#: Significant at p<.0.001 level, Values followed by the different letters

are significantly ditferent

at p<0.001 level, the Mg content at p<0.05 level. The
mteractions of all tree applications significantly affected
the P and Ca contents of shoots at P<0.001 level and the
Mg content at p<0.05 level.

The N, P and K contents of shoots significantly
mcreased by the increasmng doses of phosphorous and
the highest values for these traits were obtained from
the 100 mg P,0, kg~' application as 7.03, 0.75 and
0.92%, respectively. However, the Ca content of
shoots signmificantly decreased by the increasing
doses of phosphorous and the highest value was
obtained from the 0 mg P,0, kg™ application as 3.89%
(Table 3).

The N and P contents of shoots sigmficantly
increased by the increasing doses of phosphorous and
the highest values for these traits were obtained from the
200 mg Nkg™" application as 7.18 and 0.75%, respectively
(Table 3). However, the Ca and Mg contents of shoots did
not change by the 100 mg N kg™' application, but then
significantly dropped by the 200 mg N kg™ application as
3.49 and 0.78%, respectively. Gi inoculation significantly
mcreased the P, K and Ca contents of shoots compared to
the noninoculated ones as relatively 5.6, 4.6 and 9.3%,
respectively (Table 3).

Effects of applications on the plant micro element
content: Gi inoculation significantly (p<0.01) affected the
Cu and Zn contents. Nitrogen application significantly
(P<0.001) affected Fe, Mn, Zn and Cu contents. The
mteractions of nitrogen and moculation applications
significantly affected the Zn and Cu contents at P<0.05
and  P<0.001 level, respectively. Phosphorous
application significantly affected Mn and Cu contents at
P<0.001 level and the Fe content at p<0.01 level.
Interaction of phosphorous and AMF and interaction of
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P and N significantly affected the Mn and Cu contents at
p<0.001 and p<0.01 levels, respectively. Interactions of all
these three factors (P, N and AMF) significantly (p<0.001)
affected only the content of Cu (Table 4).

Increasing doses of phosphorous significantly
increased the Fe, Mn and Cu contents in shoot. The
application of 100 mg P,O, kg™ caused the highest values
of these mineral matters as 406.99, 19.56 and 29.14 ppm,
respectively (Table 4).

Increasing doses of mtrogen also sigmficantly
increased the Fe, Mn, Zn and Cu contents. For example,
the application of 200 mg N kg™ caused the highest
values for there minerals as 449.28, 19.54, 91.20 ppm and
31.75 ppm, respectively. AMF inoculation sigmificantly
decreased the Cupper content, but increased the Zn
content (Table 4) as 3.3 and 52.3%, respectively.

DISCUSSION

This study aimed to investigate the effects of Gi
inoculation besides P and N applications on the plant
growth and nutrient content m chickpea. Gi moculation
significantly increased all of the plant growth parameters
wvestigated and P, K, Ca and Zn contents. Several
studies reported that the most important contribution to
P uptake has been employed by soil microorganisms,
mainly by AMF™* Present fundings are in agreement
with the literature. Moreover N and P applications had
also significant effects on all of the plant growth criteria
and most of the plant nutrient contents. Several
researches have been reported that soil microorganisms,
mamly AMF, have important role i the uptake of
phosphorous™ ™", On the other hand, Gi ncculation
insigmficant mcrease 1 the Fe content and decreases in
the Cu content.
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The ameliorative effect of AMF could be explained by
changes 1n root system of cheikpea. AME have mcreased
the root area of plant by producing abundant amounts of
hypes and by up taking plant nutrient in relatively remote
areas”***3. N, fixation and the plant development have
been also ameliorated in legumes because of its positive
effects on P uptake; legumes need high amount of
phosphorous  for nodulation; therefore, require Gi
inoculation in P deficient soil. Tt has been also reported
that for maximum crop yield only 50% of the required
fertilizer might be supplied with bicinoculants™. As we
consider our results, Gi inoculation along with moderate
levels of fertilizer (50 mg P,O, kg™ and 100 mg N kg ™)
could be recommended for chickpea production.

REFERENCES

1. Akgin, A., 1988. Legumes for Human Consumption.
Selguk University Publ. No:43. Konya, (in Turkish)
Anonymous, 2000, Agricultural Statistics Summary.
Turkish State Statistics Institute Publ. No: 1889,
Ankara, (in Turkish)

Mosse, B., C.L. Powell and D.S. Hayman, 1976. Plant
growth  responses to  vesicular-arbuscular
mycorrhiza. IX. interactions between VA mycorrhiza,
rock phosphate and symbiotic mtrogen fixation. New
Phytol, 76: 33-342.

Redente, EF. and FB. Reeves, 1981. Interactions
between vesicular—arbuscular mycorthiza and
thizobium and their effect on sweetvetch growth. Soil
Sci., 132: 410-415.

Abd-Alla, MH., S A. Omar and S. Karanxha, 2000.
The impact of pesticides on arbuscular mycorrhizal
and nitrogen-fixing symbioses in legumes. Applied
Soil Ecol., 14: 191-200.

Marschner, H., 1995 Mycorrhizas. Tn: Mineral
Nutrition of Higher Plants (2nd Edn.), Academic
Press, pp: 566-595.

7. Papastylianou, 1., 1993. Response of Chick-pea to
Rhizobium Inoculation II. Grain Yield. Miscellaneous
Reports Agricultural Research Institute, Ministry of
Agriculture and Natural Resources, 56: 7.

George, E., H. Marschner and 1. Jakobsen, 1995 Role
of arbuscular mycorrhizal fungi in uptake of
phosphorus and mtrogen from the soil. Crit. Rev.
Biotechnoel., 15: 257-270.

Smith, S.E. and D.8. Hayman, 1997. Mycorrhizal
Symbiosis. 2nd Edn., Academic Press, San Diego,
CA.

Kumar, M., K. Yadav, SK. Thakur and K. Mandal,
1998. Effect of vasicular- arbuscular mycorrhizal fumgi
and rhizobium inoculation on nodulation, root
colonization, nitrogen fixation and yield to chick-pea.
I Ind. Soc. Soil Sci., 46: 375-378.

10.

742

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Koide, R., 1991. Nutrient suply, nutrient demand and
plant response to mycorrhizal infection. New Phytol.,
117: 365-386.

Merryweather, J. and A. Fitter, 1996. Phosphorus
nutrition of an obligately mycorrhizal plant treated
with the fungicide benomyl in the field. New Phytol,,
132: 307-311.

Zhy, Y-G. and 8. E. Smith, 2001. Seed Phosphorus (P)
content affects growth and P uptake of wheat plants
and their association with Arbuscular Mycorrhizal
(AM) fungi. Plant Soil, 231: 105-112.

Jones, M.D. and T.C. Hutchinson. 1986. The effect of
mycorrhizal infection on the response of betula
papyrifera to nickel and copper. New Phytol,
102: 429-442,

Shetty, K.G., B.AD. Hetrick, D.AH. Figge and
AP. Schwab, 1994. Effects of mycorrhiza and other
soil microbes on revegetation of heavy metal
contaminated mine spoil. Environ. Pollu., 86: 181-188.
Shetty, K.G., B.AD. Hetrick and A.P. Schwab, 1995.
Effects of mycorrhiza and fertilizer amendments on
zine tolerance of plants. Environ. Pollu., 88: 307-314.
Sharples, IM., A.A. Meharg, SM. Chambers
and IW.G.  Cairney, 2000, Mechanism of

arsenate resistance in the ericoid mycorrhizal

fungus hymenoscyphus  ericae.  Physiol. Plant,
124: 1327-1334.

Smith, S.E., AD. Robson and L. K. Abott, 1992. The
mvolvement of mycorrhizas in  assement of
genetically dependt efficiency of nutrient uptake and
use. Plant Soil, 146: 169-172.

Tafenkei, ., S. Demir and 1. Erdal, 2000.Effect of
vesiculer-arbuscular mycorrhiza (vam) inoculation
and nitrogenous and phosphorous fertilization on the
nitrogen and phosphorous contents of chickpea.
Yuzuncu Yil Univ Agric. Fac. Agric. Sc. T
(in Turkish), 10: 1, 19-23.

Shockley, F.W., R.1.. McGraw and H.E. Garrett, 2004,
Growth and nutrient concentration of two native
forage legumes inoculated with rhizobium
and mycorrhiza in Missouri, USA. Agrofor. Syst.,
60: 137-142.

Hayman, D., 1982. Influence of soils and fertility on
activity and survial vesicular-arbuscular mycorrhizal
fungi. Phytopathology, 72: 1119-1126.

Smith, S.E. and D.J. Read, 1997. Vesicular-Arbuscular
Mycorrhizas. Mycorrhizal Symbiosis, Academic Pres,
Londen, 605: 9-161.

Bolan, N.S., 1991. A Critical review on the role of
mycorrhizal fungi in uptake of phosphorous by
plants. Plants Soil, 134: 53-63.

Demir, S. and E. Onogur, 1999. Glomus intraradices
Schenck and Smith: A Hopeful Vesicular Arbuscular
Mycorrhizal (VAM) fungus determined in soils of
Turkiye. J. Turkish Phytopathol., 28: 33-34.

i



25.

26.

27

28.

29.

30.

31.

32

33.

34

35.

J. Biol. Sci., 5 (6): 7358-743, 2005

Bouyoucous, G. D., 1951. A Recablibration of the
Hydrometer Method for Making Mechanical
Analysis of the Soil. Agron. I., 43: 434-438.

Jackson, M.L., 1958. Soil Chemical Analysis. Prentice
Hall Tne. Engle Wood Cliff - New Jersey.

Allison, L. E. and C. D. Moodie, 1965. Crabonate. In:
Balck C.A. et al. (Ed.). Method of Soil analysis, Part
2, Am. Soc. of Argon, Inc. Madison, Winconsin,
USA, 9: 1379-1400.

Walkley, A., 1947, A critical examination of rapid
method for determining organic carbon mn soils: Effect
of variations in digestion conditions and inorganic
soil constituents. Soil Sci., 63: 251-263.

Richards, T..A., 1954. Diagnosis and Improvement of
Saline and Alkaline Soils. Handbook 60. US
Department of Agriculture.

Kacar, B., 1994, Chemical Analysis of Plants and
Soils. TIT: Soil Analysis, Ankara Univ. Agric. Fac.
Publ. No: 3, Ankara (in Turkish).

Qlsen, S., R. Cole, V.F.S. Watanabe and L.A. Dean,
1954, Estimations of Available Phosphorus in Soils
by Extractions with Sodium Bicarbonate. US Cric.,
pp: 939-941.

Thomas, G.W., 1982. Exchangeable Cations. Chermical
and  Microbiological ~ Properties.  Agronomy
Monography No. 9, ASA-SSSA., Madison,
Winconsin, USA, pp: 159-165.

Kacar, B., 1984. Guide for Plant Nutrient Applications.
Ankara Univ. Agric. Fac. Public. No. 900, Ankara, (in
Turkish), pp: 140.

Duzgiines, A., O.T. Kesici, O. Kavuncu and
F. Gurbiiz, 1987. Research and Experiment Methods.
II: (Statistical Methods). Ankara Univ. Agric. Fac.
Publ. No. 1021, Ankara, (in Turkish), pp: 381.
Aydeniz, A, 1985. Soil Management. Ankara Umyv.
Agric. Fac. Public. No. 928, Cowse Book No. 263.
(in Turkish).

743

36.

37.

38.

39.

40.

41.

42.

43.

Lindsay, W.I. and W.A. Norwell, 1978. Development
of a DTPA soil test for zinc, iron, manganez and
copper. Soil Sci Soc. Am. T, 42: 421-428.

Koide, R.T. and X-H. Lu, 1995. On the Cause of
offspring superiority conferred by mycorrhizal
infection of abutilon theophrasti New Phytol.,
131: 435-441.

Kothari, S. K., H. Marschner and H. Rémbheld, 1991.
Effect of vesscular-arbuscular mycorrhizal fungus
rhizophere microorganism on manganese
reduction in the rhizophere  and manganese
concentrations n maize (Zea mays L.). New Phytol.,
117: 649-655.

Sylvia, D. M. and S.E. Williarus, 1992. Mycorrhizae
and Environmental Stresses, In: Bethlenfalvay G. J.
and R.G. Linderman, (Ed.), Mycorrhizae 1n
Sustainable Agriculture. Madison. ASA  Special
Publication, 54: 101-124.

Achakzar, AKK., SA Kayam, M. Muhammad
Yaqoob and A. Abdul Nabi, 2002. Effect of fertilizer,
moculation and sowing time on the uptake of
phosphorus,potassium and sodium content of field
grown mature soybean seeds. OnLine I. Biol. Sci,
2: 789-792,

Gar, K., 1975. Vesiktler-Arbuskiiler (VA) Studies on
mycaomizal activity and spread. Tubitak Science
Congress, Ttbitak Publ. No. 361, TOAG Seri No. 68,
(in Turkish), pp: 239-250.

Abbott, LK. and AD. Robson, 1981. The role of
vesicular-arbusktler mycorrhizal fungi in agriculture

and

and selection of fungi for mnoculation. Aust. Agric.
Res., 33: 389-408.

Saini V.K., S.C. Bhandari and J.C. Tarafdar, 2004.
Comaprison of crop yield, some microbial ¢, n and p,
n-fixation, nodulation and mycorrhizal mfection
moculayed and non-inoculated sorghum and
chickpea crops. Field Crops Res., 89: 39-48.



	JBS.pdf
	JBS.pdf
	JBS.pdf
	Page 1






