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Abstract: The aim of the agricultural production is to best supply the human requirements. This study aimed
to investigate the effects of Glomuus intraradices Schenk and Smith (Arbuscular Mycorrhiza Fungus = AMF)
moculation and Phosphorous (P) and Nitrogen (N) fertilizations on the some plant characteristics and nutrient
content of soybean (Glycine max 1.. Amsoy-71). At the end of the study, while there were significant effects
of noculation on the plant height, the fresh and dry weights of shoots and phosphorous, potassium, calcium,
zinc and copper contents mn shoots, there was no sigmficant effect on the nitrogen, magnesium, ron and
manganese contents in 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 nitrogen, phosphorous, iron, manganese and copper.
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INTRODUCTION

Adecquate nourishment of people depends on not
only animal food products which are rich for animal
protein but also the legumes which are rich for vegetal
protemn. Nowadays, legumes are getting more important in
human nutrition in Turkey due to the high price of ammal
products.

There are two kinds of symbiotic relationships
between legumes and microorganisms. The first is related
to Rhizobium bacteria fixing atmospheric nitrogen and the
second 1s related to Arbuscular Mycorrhiza Fungus
(AMF) ameliorating the phosphorous uptake. Dual
application of AMF and Rhizobium acts as biological
fertilization in legumes. Moreover, there are ameliorative
synergetic effects of this dual application (Mosse et al.,
1976; Redente and Reeves, 1981; Abd-Alla et al., 2000). 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 orgamisms (Marschner, 1995). AMF
takes the nutrients (especially phosphorous) which are in
the forms that plants cannot uptake and transfer to plants
(Papastylianou, 1993, George et al, 1995, Smith and
Hayman, 1997).

Kumar et al. (1998) mvestigated the effects of AMF
and Rhizobiwm moculations on the nodulation, root
colonization, nitrogen fixation and the yield of chickpea.
They stated that inoculation increased the nodulation,
root colonization, seed amount, dry matter and nitrogen
and phosphorous contents of both seeds and hays.

It has been also
contents of seeds

reported that phosphorous
inoculated with  Arbuscular
Mycorrthizae mcreased and development and growth
of following generation ameliorated (Koide and T, 1995;
Merryweather and Fitter, 1996, Zhu and Smith, 2001).

AM researches the tolerance levels of plants against
the drought, salimity and lgh heavy metal contents
(Jones and Hutchinson, 1986; Shetty et al., 1994, 1995;
Sharples et al., 2000).

Many researchers are interested in AMF due to its
contribution to phosphorous uptake. In many studies, it
has been stated that AMF which live together
symbiotically with 90% of plant communities in the nature
play an important and decisive role in the phosphorous
uptake of plants (Tifenke¢i et al., 2000, Shockley et af.,
2004). Tufenkei et al (2000) reported that AMF
mnoculation mncreased the phosphorous content and
positively affected the nitrogen uptake in chuckpea.

An important characteristic of soybean is that it
utilizes more mitrogen and phosphorous from the
environment by the help of nodulation bacteria and
Mycorrhizal fungi living in its roots. Besides nitrogen and
phosphorous fixation, the uptakes of =znc, copper,
manganese and iron also increase (Haymean, 1982; Smith
and Read, 1997). Thanks to Mycorrhiza, researchers have
long known that microorgamisms play important role in
soil productivity and plant nutrition. It has also known
that plants supply nutrients not only with their roots but
also with the help of mycorrhizal fungus (Bolan, 1991).
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Smith and Read (1997) reported that besides increase
in nutrient uptake, mycorrhizal fungi increased the
resistance of plants to a-biotic stress conditions such as
salimity, excessive heat, drought, heavy metal toxicity and
secreted growth promoting substance for plants.

Available phosphorous amount 1s not sufficient in
soil of the Lake Van Basin and supplemental phosphorous
fertilizer cannot be dissolved easily because of soil pH.
Therefore, this study aimed to investigate the effects of
AMF  moculation and phosphorous and mnitrogen
applications on the yield and nutrient content of soybean.

MATERIALS AND METHODS

Material: This study was carried out at the glasshouse of
the Department of Horticulture, Yuzuncu Yil Umversity,
Van, Turkey, in 2004,

Soybean cv. Amsoy-71 was used as plant material
and OM/95 isolate of Glomus intraradices (Gi), a mixture
of root, soil mycelium and spores, was used as AMF
material (Demir and Onogur, 1999). A mixture of soil, sand
and pumice was used as plant growth medium. Three
doses of ammonium sulphate (O mg N kg™, 100 mg N kg™
and 200 mg N kg™") and triple super phosphate (0 mg
P,0, kg™, 50 mg P, kg™ and 100 mg P, kg™ ') were
separately applied into the growmg media of each
application.

Methods: In the analysis of soil, the texture was
determined by Bouyoucous (1951) hydrometric method
pH in 1:2.5 soil: water suspension (Jackson, 1958), lime by
calcimetric methods, orgamc matter by the modified
Walkley (1947) Black method salt content by Richards
(1954), total nitrogen by Kjeldahl method (Kacar, 1994),
available phosphorous by the method Olsen ef al. (1954),
potassium, calcium and magnesium by an extraction with
1 N neutral ammonium acetate (Thomas, 1982), available
wron, manganese, zinc and copper by mixing with
dipropylenetriamine (DTPA) (Kacar, 1994).

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
(Kacar, 1984), phosphorous was determined by
spectrophotometrically by the indo-phencl-blue method
(Kacar, 1984). Potassium, calcium, magnesium, iron,
manganese, zinc and copper contents i the extracts were
determined using atomic absorption spectrophotometry
(Kacar, 1984).

Experimental pots were disinfected with 10% of
formaldehyde. Then autoclaved growing medium (1500 g),
inoculum (2350 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

The analysis of growing medium: As it is seen from the
Table 1, growth medium was slightly alkaline; had low
organic matter, medium lime, no saline, madequate for
nitrogen and phosphorous, adequate for potassium
(Aydeniz, 1985).

Effects of the applications on some of the plant growth
criteria: 7 1noculation, phosphorous and nitrogen
applications significantly affected some of the plant
growth criteria of soybean at different levels. Gi
inoculation significantly (p<0.01) affected the plant height
and shoot fresh weight. Nitrogen application significantly
(p=0.001) affected the fresh and dry weight of shoot. The
interaction of G4 inoculation and nitrogen application
significantly (p<0.05) affected the plant height. There were
significant effects of phosphorous on plant height
(p<0.01), shoot fresh weight (p<0.001) and shoot dry
weight (p<<0.05) (Table 2).

The shoot fresh weight was also sigmficantly
(p<0.001) affected by the mnteractions of phosphorous and
Gi inoculation. There were significant effects of
phosphorous and the interaction of phosphorous and
nitrogenous on the plant height (p<<0.001), shoot fresh
weight (p<0.001) and shoot dry weight (p<0.05).
Moreover, the interaction of all there factors on shoot dry
weight was significant (p<<0.001).

By mcreasing doses of phosphorous and especially
with the dose of 100 mg P,0s kg™, 7.5, 36.3 and 21.0%
increases compared to the control dose were obtained in
plant height, fresh plant weight and plant dry weight,
respectively. The dose of 50 mg P,0; kg™ also increased
the plant fresh weight by 27.8%. There was 6.6%
difference between the fresh weight values of the doses
of 50 and 100 mg P,0,kg™". The dose of 50 mg P,0, kg™
had no significant increase in the plant dry weight, but the
dose of 100 mg P,0, kg™ increased the plant dry weight
by 20.8% (Table 2).

Plant criteria increased with increasing doses of
nitrogenous. Although there were 3.9 and 3.7% mcreases
in plant height with 100 and 200 mg N kg ™', respectively,
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Table 1: Some physical and chemical properties of experimental soil

Exchangeable Available
Organic
pH Ralt. Lime matter Tatal N Available P K Ca Mg Fe Mn 7n Cu
Texture class (125 @ (%) (20) (20) (ppm) (ppm) (%) (ppm) (ppm) (ppm) (ppm) (ppm)
Sandy-clay-loam 8.03 0.057 14.4 0.92 0.07 6.98 4800 048 221 10.3 11.2 4.4 2.6
Table 2: Means values of the Gi inoculation, nitrogen and phosphorous applications on some of the vield criteria
Plant height (crm) Fresh weight (g pot) Dry weight (g pot)
Phosphorous (mg P,0s kg)
0 33.80b% 2.48¢c 0.28b
50 35.28ab 317b 0.29b
100 36.44a 3.38a 0.34a
Nitrogen (mg kg)
0 34.33 2.54¢ 0.20c
100 35.67 311b 0.31b
200 35.61 3.37a 0.41a
Gi Inoculation
With 37.0d4a 331a 0.34
Without 3337 271b 0.27
Applications df F-values F-values F-values
Inoculation 1 130.68%* 13.26%# 15.43ns
Nitrogen 2 2.16ns 525G 98,54 %%
Nitrogen x inoculation 2 4,73 3.84ns 4.36ns
Phosphorous 2 EA VAL 106,53 ### 3,84
Phosphorous x inoculation 2 0.09ns 0.86%+* 0.16ns
Phosphorous = nitrogen 4 6. 75%*# 12.09%## 6.05%*
Phosphorous * nitrogen x inoculation 4 1.11ns 8.64%#* 0.63ns

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(s) are significantly different

these were statistically insignificant. However, there were
significant increases in plant fresh weight at these two
doses as 22.4 and 32.7%, respectively. There was 4%
difference between the fresh weight values of the doses
of 100 and 200 mg N kg™ The dry weight was
significantly increased compared the control dose by the
doses of 100 and 200 mg N kg™ as 55 and 103%,
respectively. There was 32.3% difference between the
plant dry weight values of the doses of 100 and
200 mg Nkg ™' (Table 2).

Plant height, fresh plant weight and plant dry weight
increased with the application of mycorrhizaas 11.0,22.1
and 25.9%, respectively.

Effects of the application on the plant macro element
content: G7inoculation sigmficantly (p<<0.05) affected the
only P and Ca contents of shoot. Nitrogen application
significantly affected the N and P contents of shoot at
p<0.001 level; the K and Mg contents of shoots at p<0.01
level, the Ca content of shoot at p<0.05 level (Table 3).
The interaction of nitrogen and AMF applications
significantly affected the K, Ca and Mg contents of
shoots (at p<c0.001, p<0.01 and p<0.05 level, respectively).
Phosphorous application significantly affected the N, P
and K contents of shoot at p<0.001 level, the Ca content
at p<0.01 level, the Mg content at p<0.05 level. The
mteraction of phosphorous and AMF applications only
significantly affected the P content at p<0.05 level of

shoots. The interaction of P and N applications
significantly affected the N, P and Mg contents of shoots
at p<0.001 level, the Ca content at p<0.01 level, the
K content at p<0.05 level. The mteractions of all true
applications  significantly  affected the N and Mg
contents of shoots at p<<0.05 level and the Ca content at
p<0.01 level.

As seen from Table 3, by increasing doses of
phosphorous  and  especially with the dose of
100mg P,Oskg ™, 9.5, 20.9 and 14.6% increases compared
to the control dose were obtained in the contents of
N,Pand Mg, respectively. However, the dose of
100 mg P,0, kg™ decreased the plant K content by
41.1%. There was 18.4% decrease between the plant
K content values of the doses of 50 and 100 mg P,O. kg™
There was 7.2% increase in the plant Ca content compared
to control at the dose of 50 mg P,O,kg™". The dose of
100 mg P, kg ™" had insignificant decrease (2.6%) in the
plant Ca content compared to the dose of 50 mg P,O. kg™

The plant N and P contents significantly mcreased
(33.1 and 19.2% increases, respectively when compared
the control dose with the dose of 200 mg N kg ™) with the
increasing doses of mtrogenous doses. There were 13.3
and 8.6% differences between the N and P contents of the
doses of 100 and 200 mg Nkg™', respectively (Table 3).

Increasing doses of nitrogenous irregularly affected
the plant K content. While there was 10.0% decrease in
this trait with the dose of 100 mg Nkg ™', there was 6.3%
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Table 3: Means values of nitrogen, phosphorous, potassium, calcium and magnesium contents of soybean

Nitrogen (%) Phosphorous (%) Potassium (%)  Calcium (%)  Magnesium (%)
Phosphorous (mg P,Os/kg)
0 6.545b% 0.707c 1.576a 4.496h 0.792b
50 7.110a 0.770b 1.322b 4.821a 0.832ab
100 7.169a 0.855a 1.117c 4.699a 0.908a
Nitrogen (g kg)
0 5.941c 0.709¢ 1.385a 4.498h 0.863a
100 6.978b 0.778b 1.25% 4.708a 0.789b
200 7.906a 0.845a 1.372a 4.780a 0.87%a
Inoculation
With 6.975 0.794a 1.499 4.851a 0.864
Without 6.907 0.741b 1.177 4.472b 0.824
Applications df F-values F-values F-values F-values
Inoculation 1 0.46ns 47.83* 12.37ns 19.66* 4.72ns
Nitrogen 2 121.17%%* 80.00%# * 13.35%* 8.42% 11.17%#
Nitrogen x inoculation 2 1.20ns 4.24ns 25, T2k 12.46%+ 7.01%
Phosphorous 2 AT AQkk# 241, 50% % * 12,6454 T37H 3.41*
Phosphorousxinoculation 2 1.72ns 4.06* 1.64ns 2.81ns 2.82ns
Phosphorous = nitrogen 4 1840+ +* A4, 67 * 3.88+ 5.53%% B.Og##+
Phosphorous % nitrogen % inoculation 4 2.92% 0.96ns 1.18ns 4. 524 3.75%

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(s) are significantly different

Table 4: Means values of iron, manganese, zinc and copper contents of soybean

Iron (ppm ) Manganese (ppin) Zine (ppimn) Copper (ppm)
Phosphorous (mg P,0s kg)
0 410c 8.75h 81.04b 34.6%9a
50 443b 11.25a 100.30a 31.80b
100 460a 11.52a 71.45b 34.34a
Nitrogen (mg kg™)
0 407a 10.97a 80.53 30.8%b
100 452a 10.85a 80.25 35.21a
200 456a 9.70b 91.74 34.73a
Inoculation
With 447 11.08 86.34 32.61b
Without 429 9.93 82.01 34.57a
Applications df F-values F-values F-values F-values
Tnoculation 1 8.67ns 15.99ns 1.66ns 55.91*
Nitrogen 2 46, 22%%* 11.61%% 1.88ns 5.76*
Nitrogen = inoculation 2 3.26ns 10.02%% 6.50% 47534
Phosphorous 2 22,48 5366+ 13.49%## 6.23%*
Phosphorous x inoculation 2 0.86ns 3.24ns 14.24#++ 7.50%%
Phosphorous x nitrogen 4 0.94ns 20.43%*:# 2.39ns 71244
Phosphorous = nitrogen = inoculation 4 1.99ns 18. 7244 # 2.28ns 10,565

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(s) are significantly different

increase mn this trait with the dose of 200 mg N kg™
Similarly, there was 9.4% decrease 1 the plant Mg content
with the dose of 100 mg N kg™ and then there was 1.9%
increase in this trait with the dose of 200 mg Nlkg™".

The application of mycorrhiza only and significantly
mcreased the plant P and Ca contents as 7.2 and 8.5%,
respectively. However, there were insignificant decreases
in the N, P and Mg contents.

Effects of applications on the plant micro element
content: (i inoculation significantly (p<t0.01) affected the
Cu content. Nitrogen application significantly affected Fe,
Mn and Cu contents at p<0.001, p<0.01 and p<0.05 level,
respectively. The interactions of nitrogen and moculation

applications sigmficantly affected the Mn, Zn and Cu
contents at p<0.01, p<0.05 and p<0.05 levels, respectively
(Table 4).

Phosphorous application significantly affected Fe,
Mn and Zn contents at p<0.001 level and the Cu content
at p<0.01 level Interaction of phosphorous and AMF
significantly affected the Zn and Cu contents at p<0.001
and p<0.01 levels, respectively. Interaction of P and N
significantly affected the Mn and Cu contents at p<i0.001
and p<0.01 levels, respectively. Interactions of there
factors (P, N and AMF) significantly (p<0.001) affected
the contents of Mn and Cu

As seen from Table 4, by increasing doses of

phosphorous  and especially with the dose of
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100 mg P,0.kg™", 12 and 31.7% increases compared to the
control dose were obtained in the contents of Fe and Mn,
respectively. The dose of 50 mg P,0; kg™ increased the
same traits as & and 28.6%, respectively. There were 5.2
and 4.6% differences between the Fe and Mn contents of
the doses of 100 and 200 mg P,0, kg™, respectively.

While there was 23.8% increase m the plant Zn
content with the dose of 50 mg P, kg™, there was 13.0%

decrease 1n tlus trait with the dose of 100mg

P,0, kg™'. There were decreases in the plan Cu content
as 93 and 1.0% the doses of 100 and 200 mg P,O,
kg™, respectively. The plant Fe content significantly
increased (11.0 and 12.0% increases, respectively) when
compared the control dose with the doses of 100 and 200
mg N kg™'. The plant Mn content significantly increased
(13.1%) when compared the control dose with especially
the dose 200 mg N kg™'. Moreover, there was 13.9%, but
insignificant increase in the Plant Zn content. The plant
Cu content significantly mereased (14.0%) when
compared the control dose with especially the dose 100
mg N kg™

The mycorthiza inoculum only decreased the plant Cu
contenit as 5.9%. The application of mycorrhiza also
insignificantly increased the plant Fe, Mn and 7Zn
contents as 4.2, 11.6 and 5.3%, respectively.

DISCUSSION

At the end of the study, the dose of 100 mg P,0;kg™
gave 2.55¢cm, 0.9g, 0.06g, 0.715%, 0.148%, 0.116% better
responses compared to the control dose in plant height,
fresh plant weight, plant dry weight and the contents of
N, P and Mg, respectively. However, the plant K content
decreased with the increasing doses of phosphorous. The
lowest K content was obtained from, the dose of 100 mg
P kg™

The micro element contents (especially Fe, Zn and
Cu) changed with the increasing doses of phosphorous.
The dose of 100mg PO, kg™ gave 50 and 2.75 ppm better
responses compared to the control dose in the contents
of Fe and Mn, respectively. The highest increase in the
plant Cu content (18.99 ppm) was obtained from the dose
of 50mg PO, kg™, All these results were in parallel with
the findings of Tufenk¢i et al. (2005). Kahiluoto et al.
(2001) reported that phosphorous application increased
the plant dry matter.

The fresh and dry weights were significantly affected
by the increasing doses of nitrogenous applications. The
dose of 200 mg N kg™' gave 0.83 g and 0.21 g better
responses compared to the control dose in the fresh dry
plant weight, respectively. The 1.28 cm increase was
obtained from the nitrogenous application, but it was
statistically msigmficant. There were 1.965, 0.136, 0.281

and 0.016% increases in the plant N, P, Ca and Mg
contents, respectively with the dose of 200 mg N kg™
The Fe and Cu contents increased with the dose of
200 mg Nkg ' as 49 and 3.84 ppm, respectively. The
11.21 ppm increase in the Zn content was insignificant,
though. The Mn content decreased as 1.27 ppm with the
dose of 200 mg Nkg™".

The plant heigh and fresh plant weight were
significantly — affected by mycorrhiza application.
Mycorrhiza application gave 3.67 cm and 0.6 g better
responses compared to the control dose in these traits.
The 0.07 g increase in the plant dry by mycorrhiza
application weight was insignificant. While mycorrhiza
application increased the plant N, P, K, Mg, Ca, Fe, Mn
and Zn contents, it decreased the plant Cu content. The
changes only in P, Ca and Cu were significant. Kung'u
(2004) reported that mycorrhiza application significantly
increased the plant N, P and K contents in Senna
spectabilis. Chulan and Martin (1992) stated that
mycorrhiza application sigmficantly increased the plant
dry matter content in Theobroma cacao. Aggangan and
Dela Cruz (1991) also reported that mycorrhiza application
significantly increased the plant dry matter content
(631%) m L. leucocephala. Yoshitaka and Yamamoto
(1986) determined that mycorrhiza application significantly
increased the plant P, Ca and Mg contents in soybean.
Abdel-Fattah (2001 ) reported that mycorrhiza application
significantly increased phosphates enzymes of soybean
plants as well as the plant N and P contents. Kung’u
(2004) found 213% increase in plant dry matter contents
in mycorrhiza application.

Researchers have demonstrated that vesicular-
arbuscular mycorthiza fungi, not only increases
phosphorus uptake, but also plays an important role
in the uptake of other plant nutrients and water
(Huang et al., 1985; Ellis et al., 1985). Sander and Sheikh,
(1983), reported that the inflows of phosphorus to
mycorrhiza roots can be greater than mflows to
comparable non-mycorrhiza roots by up to 2-5 times.
Lietal (1991), demonstrated that about 10% of the total
potassium uptake in mycorrhizal coach grass was due to
hyphal uptake and transport.

Investigate the effects of i inoculation besides P
and N applications on the plant growth and nutrient
content in soybean. G inoculation significantly increased
some of the plant growth criteria and P, K and Zn
contents. Moreover, N and P applications had also
significant effects on same of the plant growth criteria and
the N, P, Fe, Mn and Cu contents.

At the end of the study, it was concluded that Gi
mnoculation significantly improved the plant growth and
some nutrient contents such as P, K and Zn in soybean.
have been reported that soil

Several researches
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microorganisms, mainly AMF, have important role in the
uptake of phosphorous (Koide, 1991 ; Kothari et al., 1991,
Sylvia and William, 1992; Smith and Read, 1997,
Achakzai et al., 2002). On the other hand, G7 incculation
in significant increase in the Fe content and decreases in
the Mg, Mn and Cu contents and AMF increased the root
area of plant by producing abundant amounts of hypes
and by up taking plant nutrient m relatively remote areas
(Gr, 1975; Abbott and Robson, 1981; Bolan, 1991).

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.

REFERENCES

Abd-Alla, MH., S.A. Omar and 3. Karanxha, 2000. The
impact of pesticides on arbuscular mycorrhizal and
nitrogen-fixing symbioses in legumes. Applied Soil
FEeol.,, 14: 191-200.

Abdel-Fattah, G.M., 2001. Measurement of the viability of
arbuscular-mycorrhizal fungi using three different
stains; relation to growth and metabolic activities of
soybean plants. Microbiol. Res., 156: 359-367.

Abbott, LK. and AD. Robson, 1981. The role of
Vesicular-Arbuskiiler mycorrhizal fungi in agriculture
and selection of fungi for inoculation. Aust. Agric.
Res., 33: 389-408.

Achakzai, AK K., S.A. Kayam, Muhammad M. Yaqoob
and Abdul A. 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 J. Biol Sci,
2: 789-792.

Aggangan, N.5., R. E. and Dela-Cruz, (1991). Growth
mprovement of two forest tree legumes by VA
mycorrhizal oculations.  The Phillipines T
Biotechnol., 2: 72-80.

Aydeniz, A., 1985 Soil Management. Ankara Univ.
Agric. Fac. Publ. No: 928, Course Book No: 263
(In Turkish).

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

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

Chulan, HA. and K. Martin, (1992). The vesicular-
arbuscular (VA) miycorhiza and its effects on growth
of vegetatively propagated. Theobroma cacao L.
Plant and Sail, 144. 227-233.

Demir, S. and E. Onogur, 1999. Glomus intraradices
Schenck and Smith: A Hopetful Vesicular-Arbuscular
Mycorrhizal (VAM) Fungus Determined in Soils of
Tirkaye. J. Turkish Phytopathol., 28: 33-34.

Dizgiines, A., O.T. Kesici, O. Kavuncu and F. Gurbiz,
1987. Research and Experiment Methods IT (Statistical
Methods). Ankara Univ. Agric. Fac. Publ. No: 1021,
Ankara, 381s (In Turkish)

Ellis, I.R., H.T. larsen and M.G. Boosalis, 1985. Drought
resistance of wheat plants inoculated with vesicular
mycorrhizae. Plant and Soil, 86: 369-378.

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

Gur, K., 1975, Vesikiler-Arbuskiiler (VA) Studies on
Mycaorrizal activity and spread Tibitak Science
Congress, Ttbitak Publ. No. 361, TOAG Ser1 No. 68,
Sf: 239-250 (In Turkish)

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

Huang, R.S., W K. Smith and R.E. Yost, 1985. Influence of
vesicular-arbuscular mycorrhizae on growth, water
relattion and leaf orentation m Lewcaena
lercocephala (Lam.) De wit. New Phytol, 99: 229-243.

Tackson, M.1.., 1958. Soil Chemical Analysis. Prentice Hall
Inc. Engle Wood Cliff-New Jersey.

Jones, M.D. and T.C. Hutchinsonn, 1986. The Effect of
Mycorrhizal Infection on the Response of Betula
Papyrifera to Nickel and Copper. New Phytol,
102: 429-442.

Kacar, B, 1984. Bitki Besleme Uygulama Kilavuzu. Ankara
Universitesi Ziraat, Fakultesi Yaymlari, Uygulama
Kilavuzu, Ankara, pp: 140.

Kacar, B., 1994. Chemical Analysis of Plants and Soils 11T
Soil Analysis. Ankara University of Agriculture
Faculty Puplications, Ankara.

Kahiluote, H., E. Ketoja, M. Vestberg and 1. Saarela, 2001.
Promotion of AM utilization through reduced P
fertilization 2. Field Studies. Plant and Soil, 231: 65-79.

Koide, R., 1991. Nutrient Supply, Nutrient Demand and
Plant Response to Mycorthizal Infection. New
Phytol., 117: 365-386.

Koide, R.T. and Lu X-H, 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. Rémheld, 1991. Effect
of Vesicular-Arbuscular Mycorrhizal Fungus and
Rhizosphere  Microorganism  on  Manganese
Reduction in the Rhizosphere and Manganese
Concentrations in Maize (Zea mays L.). New Phytol.,
117: 649-655.

1126



FPak. J. Biol. Sci., 9 (6): 1121-1127, 2006

Kumar, M., K. Yadav, S.K. Thakur, K. Mandal, 1998. Effect
of Vesicular- Arbuscular Mycorrhizal fungi and
Rhizobium nodulation,  root
colomzation, mtrogen fixation and yield to chick-pea.
T. Indian Soc. Soil Sci., India, 46: 375-378.

Kung'n, TB., 2004, Effect of Vesicular-Arbuscular
Mycorthiza  (VAM) Growth
Performance of Senna spectabilis. In. Managing
Nutrient Cycles to Sustain Scil Fertility in
Sub-Saharan Africa, Bationo, A. (Ed.)., Chapter 31,
Academy Science Publishers, Nairobi, Kenya, pp:
433-446.

LiX-L, George, E. and H. Marschner, 1991. Extension of
the phosphorus depletion zone in VA-mycorrhizal

mnoculation  on

Inoculation on

white clover m calcareous soil. Plant and Soil,
136: 41-48.

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

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

Mosse, B., CL. Powell and D.S. Hayman, 1976. Plant
growth responses to vesicular-arbuscular mycorrhiza.
TX. Interactions between VA mycorthiza, rock
phosphate and  symbiotic nitrogen fixaton New
Phytol., 76: 331-342.

Olsen, SR., V. Cole, F.5. Watanabe and L. A. Dean, 1954.
Estimations of Available Phosphorus in Soils by
Extractions with Sodium Bicarbonate. US Departman.
of Agric. Cric., pp: 939.

Papastylianou, 1., 1993. Response of chick-pea to
Rhizobium moculation IT. Grain yield. Miscellaneous
Reports Agricultural Research Institute, Ministry of
Agriculture and Natural Resources, No: 56, ref,
Nicosia, 7: 12.

Redente, EF. and F.B. Reeves, 1981. Interactions between
vesicular-arbuscular mycorrhiza and rhizobium and
their effect on sweetvetch growth. Soil Sci,
132: 410-415.

Richards, 1..A., 1954, Diagnosis and Improvement of
Saline and Alkali Scils. U.S. Salmity Laboratory
Handbook No. 60. USDA., Washington, DC.

Sanders, F.E. and N.A. Sheikh, 1983. The development of
vesicular-arbuscular mycorrhizal infection in plant
root systems. Plant and Soil, 71: 223-246.

Sharples, IM., A.A. Meharg, SM. Chambers and
IW.G. Caimey. 2000. Mechanism of arsenate

resistance in the ericoid mycorrhizal fungus
Hymenoscyphus  ericae. Physiol.  Plant, 124:
1327-1334.

Shetty, K.G., B.A.D. Hetrick and A.P. Schwab, 1995.
Effects of mycorrhiza and fertilizer amendments on
zing tolerance of plants. Environ. Pollut., 88: 307-314.

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 Pollut., 86: 181-188.

Shockley, FW., R.L. McGraw and H.E. Garrett, 2004.
Growth and Nutrient Concentration of Two Native
Forage Legumes Inoculated with Rhizobium and
Mycorthiza in Missouri, USA. Agroforestry Systems,
60: 137-142.

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

Smith, S.E. and D.3. Hayman, 1997. Mycorrhizal
symbiosis. 2nd ed. Academic Press, San Diego, CA.

Sylvia, D.M. and S.E. Williams, 1992. Mycorrhizae and
environmental stresses. In: Bethlenfalvay, G.J. and
R.G. Linderman (Eds.), Mycorthizae mn sustainable
agriculture. Madison. ASA Special Publication,
54:101-124,

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

Tufenkei, $., S. Demir and L., ve Erdal, 2000. Effect of
Vesiculer-Arbuscular Mycorrhiza (VAM) inoculation
and nitrogenous and phosphorous fertilization on the
nitrogen and phosphorous contents of chiclkpea.
Yuzuncu Yil Umv. Agric. Fac. Agric. Sci. 1. (In
Turkishy), 10: 19-23.

Tufenlkei, ., Sonmez, F. And R.1. Sensoy-Gazioglo, 2005.
Effects of Arbuscular Mycorrhiza Fungus Inoculation
and Phosphorous and Nitrogen Fertilizations on
Some Plant Growth Parameters and Nutrient Content
of Chickpea. T. Biol. Sci., 5: 738-743.

Zhu, ¥.G. and S.E. Smith, 2001. Seed Phosphorus (P)
content affects growth and P uptake of wheat plants
and their association with arbuscular mycorrhizal
(AM) fungi. Plant and Soil, 231: 105-112.

Yoshitaka, K. and Y. Yamamoto, 1986. Increase in the
Formation and Nitrogen Fixation of Soybean Nodules
by Vesicular-Arbuscular Mycorrhiza. Plant and Cell
Physiol., 27: 399-405.

Walkey, A., 1947. A Critical Examination of a Rapid
Method for Determining Organic Carbon m Soils:
Effect of Varations in Digestion Conditions and
Tnorganic Soil Constiuents. Soil Sei., 63: 251-263.

1127



	1121-1127 - Copy_Page_1
	1121-1127 - Copy_Page_2
	1121-1127 - Copy_Page_3
	1121-1127 - Copy_Page_4
	1121-1127 - Copy_Page_5
	1121-1127 - Copy_Page_6
	1121-1127 - Copy_Page_7
	PJBS.pdf
	Page 1


