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ABSTRACT

The Southeastern Anatolian Project (SAP,Turkish acronym GAP)is the
largest irrigation and development project of Turkey covering about two
million ha cultivated land.A number of field experiments in the region
with different crops including maize,wheat,and cotton,have repeatedly
shown that increased applications of phosphorus (P)fertilizers (i.e.,from
OkgP20s5ha

1
up to 200 kg p2 05 ha
1

)do not lead to any effects on crop

yield in soils with low plant available P concentration.The aim of the

research was to determine the potential effect of indigenous mycorrhiza

and selected mycorrhiza species on plant growth and nutrient uptake

under sterile and non-sterile soil conditions. The preliminary results led us

to study the effect of indigenous mycorrhizae potential on the growth of

plants and P nutrition in a representative soil from the GAP under
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greenhouse conditions. Using inoculation of three different mycorrhizae
species (Glomus caledonium, G. etunicatum, and G. mossea) maize plants
were grown with increasing P [0 (P1), 25 (P2), 125 (P3) mgPkg™" soil]
supply in soils with and without sterilization. At the lowest P supply,
shoot dry matter production was significantly depressed. This decreasing
effect of low P supply was particularly obvious when soils were sterilized
and not inoculated with mycorrhizae. Inoculation of soil with mycorrhizae
species significantly increased plant growth and P uptake of plants,
especially under low P supply and soil sterilization. In all experiments,
plants grown on non-sterile soil grew much better than on sterilized
soils. However, mycorrhizal dependencies of plant grow in sterile soil is
higher than that in non-sterile soil. Among the mycorrhizae species,
G. caledonium was the most effective on plant growth, P uptake and
mycorrhizal dependency. In low P application, plant roots were strongly
infected and consequently increased plant growth, but in high P level
application there was a slight reduction in root infection. The results show
that mycorrhizal inoculation is an effective practice for improving crop
production in P deficient soils. Also there was a potential effect of
indigenous mycorrhizal fungi spores in the soil series of the Harran
Plain that successfully infected the plant roots. It has been concluded that
soil and crop management can help to get maximum benefit from
indigenous mycorrhiza for sustainable P management.

Key Words: Please supply.

INTRODUCTION

Many research projects were carried out between 1976 and 1992 in the
Research Institute of Rural Services of Sanliurfa, which is located in the south
of Turkey. The main objectives of these studies were to determine the optimal
fertilizer amounts for cotton, tomato, alfalfa, lentils, and wheat in the Harran
Plain which will be irrigated in the near future on the completion of the GAP
project. After 20 years of research, scientists working in the area have reached
the conclusion that there is no clear recommendation for phosphorus (P)
fertilizer. Sometimes, a poor correlation between P fertilization and plant
response was found. The results revealed that in most cases there was no
suggestion for optimal use but in some years they found weak relationship
between the cotton, tomato, alfalfa, lentil, and wheat yields and P fertilizer..! ¥
Since they were not well aware of indigenous mycorrhizal effect on P nutrition,
they were not able to explain their findings in comparison with chemical
analysis.
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Arbuscular mycorrhizal (AM) fungi is able to infect most crop species,
and depending on soil conditions and AM species, this infection can improve
plant growth and nutrient uptake.ls] Low P uptake is caused either by low total
P content in the soil or low P availability due to adverse soil chemical and
biological properties.'”) Mycorrhizal inoculation increased other nutrient
uptake such as zinc (Zn), copper (Cu), iron (Fe), manganese (Mn), but not
as much as P! Under such condition mycorrhizal inoculated roots have
higher P absorption capacity compared to non-mycorrhizal roots.["*!"1 It has
been reported that maize plant with high growth rate and nutrient demand
often benefits from mycorrhizal infection.!'?]

The impact of mycorrhizal fungi is usually assessed by measuring plant
growth and P uptake following the inoculation of the fungi to sterilized
soils."*] However, growth responses are erratic when arbuscular mycorrhizae
fungi are added to non-sterile soil. In some cases, the external root coloniza-
tion is less in plants in non-sterile soil than for plants in sterilized soil.!'>! The
effect of AM inoculation on plant growth are extensively documented, but
little is known on the effect of different species of AM and re-inoculation of
indigenous mycorrhiza on vegetative growth and mycorrhizal colonization.

MATERIALS AND METHODS

Soil samples were collected from a low P Harran soil series, which is
widely distributed in the area and which is also poor in available P. The soil
properties of the Harran series are given in Table 1. Wet sieving method!'*]
was used to count the number of mycorrhizal spores.

The soil to be studied was sterilized (autoclaving for 2 hours at 120°C)
and kept in laboratory condition for two weeks before being repacked into the
pots. Experiments were set up with various P levels. The soils were fertilized
with 0 (P1), 25 (P2), and 125 (P3)mgPkg™" soil as a mono-calcium
phosphate Ca(H,PO,),, 200 mgng_' soil [100 mg kg™! soil, N-(NH,),SO,,
100mgkg™" soil, N-KNOs], 5mgkg™" soil, Zn (ZnSO4), 5mgkg™" soil,
Fe (Fe-EDTA), and placed into the 3L pots. Five maize seeds (Zea mays
L. genotypes) were sown per pot and thinned to two seedlings after a week.
Before the seeds were sown several arbuscular mycorrhizae Glomus etunicatum
(Becker and Gerdemann) of Nutri-Link Isolate, USA, and G. caledonium
(Nicolson and Gerdemann), as well as G. mossea (Nicolson and Gerdemann)
were isolated from Rothamsted, UK, inocula which were used for both sterile
and non-sterilized soils. Treatments received the same amount of mycorrhizae
spore free inocula.

T1
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Table 1. Selected physical, chemical, and biological
properties of Harran soil series.

Sand (%) 19
Loam (%) 35
Clay (%) 46
pH (H,O (1:2.5) ratio) 7.91
Salt (%) 0.08
Organic matter (%) 1.32
CEC (Cmol kg™" 30.4
CaCO; (%) 26
P,05" (kg/ha) 40.82
Exchangeable K (mg/100 g soil) 62

N (%) 0.112
Zn° (mg~'kg) 0.19
Fe® (mg ™' kg) 0.87
Cu® (mg~'kg) 2.88
Mn® (mg~" kg) 5.04

Number of mycorrhizal spores (10 g soil) 341

%0.5 N NaHCOj extractable.
] N HNOj; extractable.
°DTPA extractable.

Distilled water was added daily to maintain moisture at field capacity. The
plants were grown in greenhouse at 25-28°C and a relative humidity of 70—
80%.

Harvest and Measurement

Plants were harvested following 45 days of growth. After drying at 75°C,
the plant material was weighted. The dry material was ground using a Tema
mill, 0.2g of ground plant materials were ashed at 550°C followed by
dissolution in 3.3% HCI. After the digestion of the plant material, the
concentration of P was determined by spectrophotometry.["*) The concentra-
tion of Zn was determined by atomic absorption spectrophotometry.

Roots were separated from the soil by washing under running tap and
distilled water. Before drying the roots, small sub samples were taken and
preserved in a mixture of ethanol, glacial acetic acid, and formalin, for
determination of root length and mycorrhizal infection. A small proportion
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of preserved roots were stained according to Koske and Gemma,!'®! and
examined for the presence and degree of mycorrhizal infection.!'”]

Statistical Analysis

The effects of soil sterilization, mycorrhizal inoculation, and P treatments
on plant parameters were tested using analysis of variance (three-way
ANOVA). Comparison of means was made by using the Duncan method
(P <0.05). All statistical analyses were performed using the Statistical
Analysis System (SAS).

RESULTS AND DISCUSSION

In non-sterile and non-inoculated Harran soils, maize grew better than in
sterile and non-inoculated plants with P1 and P2 rate P applications (Table 2).
In the P3 treatment, plant growth showed no difference between sterile and
non-sterile treatments. As reported earlier by Abbott and Robson,!'®) increases
in plant growth, when plants were infected with mycorrhiza, could survive by
increasing available soil P to a level where P did not limit growth of non-
mycorrhizal plants. In both sterile and non-sterile treatments with increasing P
application plant growth increased gradually with better growth in mycor-
rhizae inoculated plants. Irrespective of mycorrhizal inoculation plant dry
matter was increased with increase in P levels. At low P supply in both soils,
inoculated plant dry matter production was higher than non-inoculated. At
both Pl and P2 levels and both sterilization treatments G. mossea,
G. caledonium, and G. etunicatum inoculation significantly (P> 0.001)
increased shoot and root dry weight at a greater rate than the control
treatments. Mycorrhizal species differ with their effect on plant growth.
Glomus caledonium was the best species that produced more dry weight
than other species. Statistical variance analysis showed that mycorrhizal
inoculation and P treatments were significantly effective (P> 0.0001)
(Table 3).

Plant dry matter differences between mycorrhizal and non-mycorrhizal
plants were considered to be a reflection of the benefit of the plants from the
AM fungi-root association due to the majority of the mycorrhizal work was
done on sterilized soils to demonstrate better effects of VAM on plant growth,
but less was done on non-sterilized soils. Sieverding!'®! and Hetrick et al.l']
statements on mycorrhizal inoculation of sterile soils is still questionable due

T2
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Selected Mycorrhizal Inoculation 9

to the concern on the effect of mycorrhizal inoculation on plant growth under
the non-sterile soil condition.

Ortas et al.*") recent data on the same soil revealed that under non-sterile
soil conditions without inoculation plants were grown better than plants were
grown in sterile soil. In another experiment, the effect of indigenous mycor-
thizae on maize and soybean has been tested in sterile and non-sterile Harran
soils and it was found that there was a potential indigenous mycorrhizal fungi
in the Harran soil having a significant effect on plant growth.[2]

Plant root growth also increased with mycorrhizal inoculation and
increasing P application enhanced root growth in both sterilization treatments
(Table 2). In non-inoculated plants, the root growth was higher in non-sterile
treatments, however, in mycorrhizal inoculated ones the root growth was
higher in sterile treatments than non-sterile treatments. The root dry weight
increased with increasing rates of P application in both soils. Despite shoot
growth, G. caledonum increased root growth better than other mycorrhizal
species. Statistically, mycorrhizal inoculation significantly increased root
growth P> 0.004 (Table 3).

Shoot and root ratio in the mycorrhizal inoculated plant was higher
than the non-inoculated plants (Table 2). In sterile soils mycorrhizal
inoculated plants have higher ratios than in the non-sterile one, especially at
G. etunicatum and P1 treatments (2.90).

In general, plants grown in non-sterile soil had more root length than the
ones in sterile soils. Mycorrhizal inoculation significantly increased
root length. Especially when plants inoculated with G. etunicatum and
G. caledonium the root length was higher than the inoculate with G. mossea.
In non-inoculated and sterile soils with increasing P addition (P1, P2, and P3)
root lengths were 16, 79, and 93m, respectively. But when plants were
inoculated with G. caledonium with increasing P addition the root length

differed from 234 to 200 and 201 m (Table 4). Statistically the effect of T4

mycorrhizal inoculation and P addition significantly affected the root length
(P>0.0001). The plant root length increased with mycorrhizal inoculation
when the soil P level was very low.['!]

Root infection was significantly affected by mycorrhizal inoculation. With
PO treatment in non-inoculated and non-sterile soils root infection was 41%,
but in the G. caledonium inoculated plants it was 81% (Table 4), whereas in
the sterile and non-inoculated plants it was 3%, but in the inoculated plants it
was 84%. There are differences in root infection percentages between the
mycorrhizal species. Glomus caledonium resulted higher root infection than
other mycorrhizal species, though there were sufficient indigenous mycor-
thizal spores, which seemed to be ineffective. Selected mycorrhizal inocula-
tion has increased root infection from 2% to 84%.
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Table 4. The effect of mycorrhizal inoculation and different level of P
application on root length and root infection.

Mycorrhizal P application Root length Root infection
species (mg/kg soil) (m) (%)
—Sterile

Control PO 25+ 8e 41 4+ 6h—i
Pl 97 £+ 13de 47 +8g—i
P2 115 £ 16¢cd 36 +4i

G. etunicatum PO 272 + 84ab 63 + 6d—g
Pl 246 £ 55ab 56+ 11c—f
P2 246 + 18ab 66 £ 10c—¢

G. caledonium PO 284 +31a 81 +7ab
P1 247 +73ab 74 + 6ab
P2 259 + 65ab 70 £+ 16a—d

G. mossea PO 236 + 32ab 74 + 6a—
Pl 268 =+ 34ab 71 +5a—
P2 233 + 15ab 62 £ 7e—f

+Sterile

Control PO 16 + 5e 3+2j
P1 79+ 11de 3+1j
P2 93 £ 13de 2+1j

G. etunicatum PO 251 £ 107ab 70 + 7a—d
P1 191 £ 56bc 67+ 11b-d
P2 199 + 15ac 55+ 10e-h

G. caledonium PO 234 4 26ab 84 + 5a
Pl 200 % 59ac 81 £ 7ab
P2 201 + 63ac 61 £ 9c—f

G. mossea PO 197 + 18ac 66 + 11be
Pl 197 £ 50ac 66 £ 10be
P2 189 + 12bc 49 £ 6f-i

Note: Means in the same column followed by the same letter are not
significantly different at 0.5 level.

The results demonstrate that in soils with low concentration of plant
available P, inoculation of VAM species, G. mossea, G. caledonium, and
G. etunicatum, with higher root colonization ability, could greatly contribute
to the improvement of plant growth by providing P to the host plant. In general
with P increase, plant root infection is gradually decreased.
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Mycorrhizal inoculation has a positive effect on maize plant P uptake,
which was exhibited even when P was high, however high P fertilization
reduced the percentage of root colonization. Graham et al.*! and Posta and
Fuleky®?! showed that when soil P is high, the net exudation of roots was
lower, and accordingly root colonization was reduced. Fries et al.!*) tested the
effect of different level of P application on mycorrhizal formation and found
that under low P levels, the mycorrhiza-inoculated plant accumulated a greater
shoot dry weight and root P concentration than non-inoculated plants. In full
agreement with those results, increasing P application with and without
soil sterilization repressed mycorrhizal formation, especially at the P3 level.
Decreased root infection with increasing P application or high level of soil P
content was reported by Menge et al.,** Abbott and Robsen,?*! Smith
et al.,*® Ortas et al.,''Y] Posta and Fuleky.??! Insufficient uptake is caused
either by low total P content in the soil or low P availability due to adverse soil
chemical properties.[”)

The P concentration and uptake were increased with increasing P
amendment at all of the treatments. The benefit of selected mycorrhizal
inoculation (G. mossea, G. caledonium, and G. etunicatum) in both sterile
and non-sterile treatments significantly increased plant P concentration and P
uptake, but under sterilized soil conditions the effect was higher. Under such
conditions mycorrhizal colonized roots are reported to have a higher P
absorption capacity compared to non-mycorrhizal roots.["'%!1:27-291 1t pag
been reported that maize, with its high growth rate and nutrient demand, often
benefits from mycorrhizal infection, and mycorrhizal inoculation during the
early stages with an increased growth rate up to 82%.'?!

Plant P concentration increased with increasing P addition. In non-sterile
Harran soils when treated with P1 and P2 addition, plant P% was over the
critical level 0.20%, but in sterile soil this was less than 0.15-0.19% (Table 5).

In the sterile and non-sterile Harran soil, the plant Zn concentration
increased with mycorrhizal inoculation. In the non-inoculated plant, Zn con-
centration was between 18-23 mgkg ™" but with mycorrhizal inoculation this
increased up to 35mgkg~'. There were no significant differences in Zn
concentrations of mycorrhizal species. Liu et al.,’®*! reported that the total Zn
content in shoots was higher in mycorrhizal than non-mycorrhizal plants
grown in soils with low P.

Mycorrhizal dependency has also been calculated, and it has been found
that when soil has been sterilized, plants were much more dependent on
mycorrhizal inoculation. Mycorrhizal dependency was also strongly affected
by P addition as seen in Table 6. Mycorrhizal species are also different in
terms of MD, thus G. caledonium species had higher mycorrhizal dependency
than the other two species. In the sterile soil when G. caledonium was used as

T5
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Table 6. Effect of mycorrhizal species and P addition on mycorrhizal dependency (%).

Mycorrhizal Species P Application (mg/kg Soil) —Sterile +Sterile

G. etunicatum PO 37 81
Pl 39 58
P2 36 21

G. caledonium PO 47 84
Pl 54 77
P2 46 41

G. mossea PO 30 81
P1 29 61
P2 28 38

a mycorrhizal inoculum, the mycorrhizal dependency for P1, P2, and P3 levels
was 84, 77, and 41%, but when the soil had not been sterilized mycorrhizal
dependency was 47, 54, and 46%, respectively (Table 6).

Results revealed that indigenous mycorrhizae spores are functioning
especially at low P addition. With increasing P addition mycorrhizae are not
functioning due to the weakening effect of high pBY

CONCLUSIONS

Maize plants inoculated with AM fungi G. caledonium, G. mossea, and G.
etunicatum grow better than indigenous mycorrhizal inoculation and non-
inoculated control plants. The results show that selected mycorrhizal inocula-
tion under sterilized and non-sterilized soil conditions significantly enhances
plant growth.

The results revealed that there were potential effects of indigenous
mycorrhizal fungi spores in the soil series of the Harran Plain, which
successfully infect the plant roots. At low P application, plant roots were
strongly infected and consequently increased plant growth, but in high P level
application there is a slightly reduction in root infection, consequently in plant
growth as well. Thus it can been concluded that, soil and crop management
can get maximum benefit from indigenous mycorrhiza for sustainable P
management, in spite of its highly variable potential in soils. It can be
suggested that mycorrhizal inoculation is necessary for soils with low P
contents in the semiarid regions. However, detailed studies are needed to test
these findings under field experiments.
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