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Abstract

Biomass responses to mycorrhizae and fertilization of phosphorus (P) and elemental sulfur (ES) on green pepper
(Capsicum annuum L.) grown for 45 days on calcareous sterilized Menekse soil (sub-group Typic Xerorthent)
were investigated. Root yield was increased by mycorrhizal inoculation compared to the control treatment.
However, shoot yield remained unchanged. On the other hand, there was more synergistic effect between
mycorrhizae and combined fertilization of ES and P, compared to the ES or P fertilization alone. Accordingly,
shoot concentrations of P significantly increased. The other shoot nutrient concentrations differed independently
from each other as statistically significant. Results showed that P and ES fertilization increased the efficieny of
mycorrhizae in the clay soil growth conditions and mycorrhizae has potential to increase yield.
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INTRODUCTION

Mycorrhizae as a kind of substitute of plant root in the nutrient uptake for plant growth has different
interactions in changing growth medium conditions, resulting in the differences in the productivity of
natural plant production system. Understanding of those interactions may clarify mycorrhizal benefits
to ecological agriculture. Mycorrhizal inoculation increases yield (Karaca, 2012a; Karaca, 2013;
Karaca et al., 2013). Similarly, P fertilization results in significant yield increases. On the other hand,
in clay textured soil, P and mycorrhizae addition in combination compared to P addition alone results
in significant shoot yield decrease while the reverse is the case for the root yield. (Karaca et al., 2013).
Both mycorrhizal inoculation and its effect by P applications increases yield (Ortas et al., 1996;
Karaca, 2012a).

Mycorrhizal inoculation increases yield but S fertilization has no effect on the yield (Guo et al., 2005).
ES fertilization affects the yield in both directions (Karaca, 2012b). S fertilization has no effect
(Hoffman et al., 1998) or increases yield (McLaughlin and Holford 1982; Merrien, 1987). Oxidation
products of ES decreases soil pH that gradually increases solubility of plant nutrients. Heavy metal
concentration, if present, can increase by the decreased soil pH resulting in yield decrease (Cui et al.,
2004).

Mycorrhizal inoculation induces higher shoot and root yield. Root to shoot ratio decreases or remains
around at the same level while shoot P concentration increases or remains around at the same level
depending on the mycorrhizal species (Ortas et al., 2002). Mycorrhizal inoculation alone compared to
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the control treatment results in increased or unchanged root to shoot ratio. However, those ratios are in
both directions in the case of ES and/or P additions. (Karaca, 2012a). Romero et al., (1996) proposed
that there may be an optimum root to shoot ratio for plant growth.

Mycorrhizal inoculation alone compared to the control treatment decreases the shoot P concentrations
(Karaca, 2012a). There is no correlation, all the time, between increased P uptake and P concentration
in plant dry matter (Menge et al., 1978; Raj et al., 1981; Yibirin et al., 1996; Karaca, 2012a; Karaca,
2012b; Karaca et al., 2013). With small additions of P fertilizer, entry points and fungal growth on the
root surface remains normal but arbuscles are small and even fewer in number, reducing the
effectiveness of fungus/plant relationship. Mycorrhizal infections tend to stop in soils containing or
given high P (Baylis, 1967; Mosse, 1967; Karaca, 2012a). ES fertilizations does not affect the root
mycorrhizal infection level but can compensate the decreasing effect of P fertilization on the root
mycorrhizal infection level and can increase efficient work of mycorrhizae for the yield (Karaca,
2012a). A slight reduction on percentage of mycorrhizal colonization was noted with SO, (Diaz et al.,
1996).

This study evaluates the effects of ES and/or P on mycorrhizae for the yield, shoot nutrient
concentrations, and changes in the root morphology of pepper in clay soil growth conditions.

MATERIAL AND METHOD
Surface soil samples (0-30 cm) for Menekse soil were taken from the non cultivated part of the

Cukurova University experimental farm. The soil Menekse serial was a typic Xerorthent of the Entisol
ordo in the Soil Taxonomy (Ozbek et al., 1974). The plot had not been cultivated for many years. Air
dried soil samples were crushed, sieved (2 mm mesh opening) and autoclaved at 121°C for two hours
prior to use as a growth medium. The pots surface were sterilized with ethanol 96 % (v/v), washed by
distilled water and dried out prior to the use. 4 kg of autoclaved soil were placed in the plastic pots and
following treatments were made.

MoPoSo: Control application in which 500 mg kg N (as urea), 250 mg kg K (as KNOs), 5 mg kg
Zn (as ZnS0O4) and 20 mg kg Fe (as Fe-EDDHA) were put into the pots, and then soil samples were
thoroughly mixed.

MoPoS+: 100 mg kg* ES was added to the control treatment.

MoP+So: 100 mg kg™ P (as triple super phosphate) was added to the control treatment.

MoP+S+: 100 mg kg* P and 100 mg kg ES were added to the control treatment.

M-+PoSo: Glomus mossea AM fungi type as the mycorrhizae (as 145 g soil taken from the vicinity of
the dead vineyard roots at the University Farm for the average 1000 spore/pot inoculation) was added
to the control treatment. The mycorrhizal density of soil was determined by the method of Gerdemann
and Nicolson (1963).

M+PoS+: The mycorrhizae and 100 mg kg* ES were added to the control treatment.

M+P+So: The mycorrhizae and 100 mg kg* P were added to the control treatment.

M+P+S+: The mycorrhizae, 100 mg kg* P and 100 mg kg ES were added to the control treatment.
All fertilizers were mixed thoroughly in the soil. However, the mycorrhizal inoculum was mixed into
the top 5 cm of the soil. Following the addition of the inoculum, 1000 ml water was added to the each
pot to bring the soil about field capacity and allowed to drain for 5 days.

Green pepper seeds (Capsicum annuumL.) were sown into sterilized growth medium of soil and
organic matter mixture (soil/organic matter: 2/1 (v/v) and grown for 35 days. The seedlings were
carefully extracted from the nursery and transplanted into the pots and irrigated when required. The
seedlings grew for one and half month. The plants were harvested by cutting just above the soil level
and the shoots were separately dried at 75°C to a constant weight after clearing possible contaminants
by tap water and then distilled water. Plants samples were dried to constant weight at 75°C and their
particle size were heavy clay below 0.5 mm to obtain homogenous samples.

85



Eurasian Journal of Forest Science — Mycorrhizal efficiency in pepper yield by Karaca 2019

N (nitrogen) content of samples was determined by Kjeldahl digestion and steam distillation (Lees
1971). For determination of other nutrient elements samples were digested in HNO3z and HO, (v/v:
4/1) mixture (Cem, MarsXpress Manual). P content of the digests were colorimetrically determined
(Shimadzu 1201 model UV/VIS spectrometer) according to Murphy and Riley (1962) and K
(potassium), Na (sodium), Ca (calcium), Mg (magnesium), Fe (iron), Cu (copper), Mn (manganese)
and Zn (zinc) contents were determined using ICP-OES (Varian, Liberty Series Il) according to Kacar
(1972).

After separating from the soil, the fresh roots were washed under running tap water, followed by
distilled water and dried on tissue paper. Before drying, small root samples were preserved in a
mixture (250:13:15) of ethanol, glacial acetic acid and formalin (Ortas et al., 2004) until the
determination of mycorrhizal infection. The root clearing and staining procedure and the degree of
mycorrhizal infection in the root cortex was assessed by the method of Koske and Gemma (1989).
After sampling, the roots were dried and weighed for root biomass.

Basic physical and chemical properties of autoclaved soil were analyzed as follows: soil texture
analysis by a hydrometer (Bouyoucos, 1951), organic matter by using Lichterfelder wet ashing
(Schlichting and Blume, 1966), soil reaction and electrical conductivity by means of a combined
electrode and EC meter in saturation paste, respectively (Schlichting and Blume 1966), Ca carbonate
equivalent by a manometric method (Loeppert and Suarez, 1996), cation exchange capacity (CEC) by
saturating sodium acetate (1M pH 8.2) and then replacing the Na with ammonium acetate (1 M pH
7.0) (U.S. Salinity Laboratory Staff, 1954), available phosphorus by Olsen method (Olsen et al.,
1954), total nitrogen (N) by Bremner (1996), soil nitrate by Fabig (1979), soil ammonium by
Fachgruppe Wasserchemie in der Gesellscheft Deutscher Chemiker (1983), exchangeable potassium
(K) with neutral ammonium acetate by Pratt and Morse (1954), DTPA extractable microelements (Fe,
Zn, Cu and Mn) by Lindsay and Norvell (1978), soil density by a picnometer by Blake and Hartge
(1986b), bulk density by Blake and Hartge (1986a) and permeability by a constant head permeameter
by Klute and Dirksen (1986).

The Menekse soil series are classified as a clay textured soil (sand 257 g kg?; silt 84.8 g kg*; clay
658.2 g kg*). The pH of the soil is slightly alkaline (7.74) and there is a slight salinity problem (EC =
4.76 dSm™1). The organic matter content is low (5.13 g kg*), while the CEC is 36.31 cmol kg, density
is 2.66 g cm?; bulk density is 1.519 g cm?; porosity 42.9%, and the permeability is 1.84 cm h-
Y(medium-low). The plant nutrients of the soil are low: C 3.00 g kg*; P 3.93 mg kg*; K 155 mg kg%;
NH; 3.64 mg kg'*; NOs 2.70 mg kg%; total N 0.4 g kg%; Fe 0.305 mg kg*; Cu 0.11 mg kg'*; Mn 0.172
mg kg™ and Zn 0.082 mg kg™. Soil is very calcareous with 470 g kg CaCOs content.

The data were subjected to the analysis of variance using MSTAT-C statistical analysis package
(MSTATC, Michigan State University, East Lansing, MI, USA). The mean separation was made by
Least Significant Difference (LSD) test at P<0.05. Root microphotographs were taken by the scanning
electron microscope (Jeol JISM-5500LV).

RESULTS

Mycorrhizal inoculation and phosphorus and sulfur fertilizations significantly affected yield,
mycorrhizal infection percent and nutrient uptake (Table 1).

Shoot and Root Yield and, Shoot Nutrient Concentration Responses to ES, P and Mycorrhizal
Inoculation

Root yield by M+PoSo treatment compared to MoPoSo one significantly increased as shown in Figure
1 and, Table 2. Those results are in line with previous findings (Ortas et al., 1996; Ortas et al., 2002;
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Guo et al., 2005; Karaca, 2012a; Karaca, 2013; Karaca et al., 2013) but the shoot yield was unchanged
(Figure 1, and, Table 2). Nevertheless, there were no correlations all the time between the yield and
shoot nutrient concentrations. In that respect, higher yields compared to lower yields can show shoot
nutrient concentrations in both ways for any nutrient independently from any other one (Figure 2, 3
and, Table 2). Those results are in line with the previous findings (Menge et al., 1978; Raj et al., 1981;
Yibirin et al., 1996; Karaca, 2012a; Karaca, 2012b ; Karaca et al., 2013).

MoPoS+ treatment compared to the MoPoSo one significantly decreased the shoot and root yield. The
decrease of yield are not in parellel with the previous findings (McLaughlin and Holford 1982;
Merrien 1987) but in accordance with the findings (Karaca, 2012b). Those yield decreases can be
related to the shoot heavy metal concentrations. Thus, as presented in Figure 3, and Table 2, there
were higher shoot Fe, Mn, Zn concentrations for the MoPoS+ treatment compared to the MoPoSo
treatment in the non-mycorrhizal treatments. Accordingly, there may be mimic of heavy metal
poisoning as is in the previous findings (Cui et al., 2004) who reported that sulfur application can
increase the solubility of the nutrients for the plant uptake to result in higher growth but, in the case of
heavy metal presence, the increased heavy metal in the growth conditions can cause poisining effect of
heavy metals resulting in yield decrease.

M+PoS+ treatment compared to the M+PoSo one resulted in root yield decrease and no shoot yield
difference. The root yield decrease and the indifference in the shoot yield are similar to the previous
findings (Karaca, 2012b). The root yield decrease can be attributed to the differences in the shoot
heavy metal concentrations. Thus, M+PoS+ treatment compared to M+PoSo one in the mycorrhizal
treatments had higher shoot Fe concentration, but lower shoot Zn and Mn concentrations (Table 2).
However, the unchanged shoot yield by M+PoS+ treatment compared to the M+PoSo one is similar to
the previous findings (Hoffman et al., 1998; Guo et al., 2005).

Table 1. Analysis of variance for shoot and root yield, mycorrhizal infection and nutrient uptake in Menekse soil.

Shoot Dry Weight Root Dry Weight Root:Shoot Ratio
F value Mean F value Mean F value
Variationsource  D.F.  Mean square (Prob.) square (Prob.) square (Prob.)
1.9471 0 0.1338
Replicate 2 1757.292 (0.1794) 1.042 0.1063
895.8165 918.9891  0.001 100.4562
Mycorrhizae(M) 1 808501.042 (<0.0001) 9009.375  (<0.0001) (<0.0001)
41.2279 1129223 0 5.2476
Sulfur(S) 1 37209.375 (<0.0001) 1107.042  (<0.0001) (0.038)
510.3998 136.1791 O 13.3792
MxS 1 460651.042 (<0.0001) 1335.042  (<0.0001) (0.0026)
13809.1949 6089.6557 0 22.2316
Phosphorus(P) 1 12463209.38  (<0.0001) 59700.375 (<0.0001) (0.0003)
616.7398 482.6855 0O 10.4366
MxP 1 556626.042 (<0.0001) 4732.042  (<0.0001) (0.006)
148.7497 226.7923 0 14.7403
SxP 1 134251.042 (<0.0001) 2223.375  (<0.0001) (0.0018)
306.1129 918415 0 0.3771
MxSxP 1 276276.042 (<0.0001) 900.375 (<0.0001)
Error 14 902.53 9.804 0
Coefficient of 3.00 4.37 5.21

Variation (%)

87



Eurasian Journal of Forest Science — Mycorrhizal efficiency in pepper yield by Karaca 2019

Continued Table 1.

Mycorrhizal Infection Nitrogen Uptake Phosphorus Uptake
Mean F value Mean F value F value
Variation source  D.F. square (Prob.) square (Prob.) Mean square (Prob.)
3457.292 1.6353
Replicate 2 16.667 1 18954.167 0.0204 (0.2357)
420.25 302.063  281666..667  130.7815
Mycorrhizae(M) 1 7004.167 (<0.0001) 280576817 (<0.0001) (<0.0001)
12.25 119182 O 0
Sulfur(S) 1 204.167 (0.0035) 11070416.7  (0.0039)
12.25 40.8035 375000 1741173
MxS 1 204.167 (0.0035)  37901066.7 (<0.0001) (<0.0001)
42.25 47.7898  4166666.667 1934.6369
Phosphorus(P) 1 704.167  (<0.0001) 44390400 (<0.0001) (<0.0001)
42.25 38.6149  1666.667 0.7739
MxP 1 704.167  (<0.0001) 35868150 (<0.0001)
6.25 2.0378 26666.667 12.3817
SxP 1 104.167 (0.0255) 1892816.67 (0.1754) (0.0034)
6.25 65.7322 735000 341.27
MxSxP 1 104.167 (0.0255) 61056600 (<0.0001) (<0.0001)
Error 14 16.667 928868.452 2153.72
Coefficient of 23.9 2.00 2.14

Variation (%)

Continued Table 1.

Potassium Uptake

Calcium Uptake

Magnesium Uptake

Mean F value Mean F value F value
Variation source  D.F. square (Prob.) square (Prob.) Mean square (Prob.)
Replicate 2 26852.478 0.1226 21625.452 0.6561 9711.354 0.3387
47.3115  3674385.81 111.4737 19.9455
Mycorrhizae(M) 1 10359446.4 (<0.0001) (<0.0001)  571836.063 (0.0005)
28.3411  26606.772 0.8072 22.5471
Sulfur(S) 1 6205631.71  (0.0001) 646422.663 (0.0003)
25.2238  2401918.7 72.8695 1.3133
MxS 1 5523059.12  (0.0002) (<0.0001) 37651.728 (0.271)
227.3984  2155622.63 65.3974 94.0714
Phosphorus(P) 1 49791696  (<0.0001) (<0.0001) 2697018.822  (<0.0001)
2.7926 538950.364  16.3507 1.0441
MxP 1 611477.546  (0.1169) (0.0012) 29934.448 (0.3242)
21.2929  1039542.71  31.5377
SxP 1 4662343.89  (0.0004) (0.0001) 19482.591 0.6795
14974.986 0.4543 12.521
MxSxP 1 26710.76 0.122 358975.008 (0.0033)
Error 14 218962.341 32961.909 28669.917
Coefficient of 2.54 2.63 2.47

Variation (%)

MoP+So treatment compared to MoPoSo treatment significantly increased the shoot and root yield in
the non-mycorrhizal treatments (Table 2) being in line with the findings (Ortas et al., 1996; Karaca,
2012a). Those yield increases can be related to the low P content of soil. So, it could be expected that
P fertilization in soils low in P content can increase the yield. Interestingly, the increase in question in
both shoot and root yield by M+P+So treatment in the mycorrhizal treatments compared to the
MoP+So one in the non-mycorrhizal treatments was higher indicating the synergism between
mycorrhizae and P being not consistent with the findings (Baylis, 1967; Mosse, 1967; Karaca et al.

2013).
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Continued Table 1.

Iron Uptake Zinc Uptake Copper Uptake
F value Mean F value Mean F value
Variation source D.F.  Mean square (Prob.) square (Prob.) square (Prob.)
2.5174 1.3207
Replicate 2 49.115 (0.1164) 0.022 0.0034 0.167 (0.2982)
182.0554 2.0015 244.4604
Mycorrhizae(M) 1 3551.938 (<0.0001) 13.261 (0.179) 30.917  (<0.0001)
29.2897 37.597 37.5782
Sulfur(S) 1 571.448 (0.0001) 249.099 (<0.0001) 4.753 (<0.0001)
3.1376 11.4449 151.7237
MxS 1 61.216 (0.0983) 75.828 (0.0045) 19.189  (<0.0001)
240.7046 1825.605
Phosphorus(P) 1 11.551 0.592 1594.792  (<0.0001) 230.888 (<0.0001)
7.3127
MxP 1 0.377 0.0193 48.45 (0.0171) 0.047 0.3702
13.576 3.9873 128.8982
SxP 1 264.87 (0.0025) 26.418 (0.0657) 16.302  (<0.0001)
19.4327 101.4963 11.8603
MxSxP 1 379.135 (0.0006) 672.465 (<0.0001) 15 (0.004)
Error 14 19.51 6.626 0.126
Coefficient of 2.39 2.60 1.79

Variation (%)

Continued Table 1.

Manganese Uptake

Sodium Uptake

Mean F value F value
Variation source D.F. square (Prob.) Mean square (Prob.)
24.931 1.8238
Replicate 2 (0.1977) 1284.838 0.1587
18122.512  1325.7056 67.0398
Mycorrhizae(M) 1 (<0.0001) 542589.095 (<0.0001)
304.451 22.2714 14.3941
Sulfur(S) 1 (0.0003) 116499.421 (0.002)
1944 142.2083 55.2629
MxS 1 (<0.0001) 447272.348 (<0.0001)
3804.194 278.286 471.2597
Phosphorus(P) 1 (<0.0001) 3814155.254  (<0.0001)
4082.042 298.6112
MxP 1 (<0.0001) 6301.152 0.7785
347.321 25.4073 25.1072
SxP 1 (0.0002) 203205.882 (0.0002)
944.764 69.1118 1.9911
MxSxP 1 (<0.0001) 16114.947 (0.1801)
Error 14 13.67 8093.532
Coefficient of 3.26 3.63

Variation (%)
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Table 2. Response of pepper to mycorrhizal inoculation, fertilization with elemental sulfur and phosphorus in
Menekse soil.

Menekse
soil
Treatment  Shoot DW (mg)Root DW  R/S Mycorrhizal N content P content K content
(mg) infection (%) (mg/kg) (mg/kg) (mg/kg)

MoPoSo 315.00e 20.67f 0.07 0.00d 49606.67c 1566.679 16052.81
MoP+So 1516.67¢ 85.33d 0.06 0.00d 52510.00ab 2800.00b 19429.09
MoPoS+ 181.67f 12.33g 0.07 0.00d 53390.00a 1733.33f 16925.15
MoP+S+  1253.33d 91.00c 0.07 0.00d 51036.67bc 2133.33d 18671.86
M+PoSo  315.00e 28.67e 0.09 43.33a 46026.67d 1866.67¢e 16021.41
M+P+So  1696.67b 125.00b 0.07 13.33c 47440.00d 2433.33c 20169.61
M+PoS+  306.67e 25.67¢f 0.08 46.67a 38403.00e 1833.33e 18946.06
M+P+S+  2416.67a 185.00a 0.08 33.33b 47320.00d 2966.67a 21197.80
LSD 52.60 5.483 0.0554  7.149 1688 81.27 819.5

* different letter implies significant differences in the same column.

Continued Table 2.

Menekse Soil

Treatment  Ca content Mg content Fe content Zn content Cu content Mn content Na content
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
MoPoSo  6644.00 6737.13b 183.62c 103.57¢c 25.99a 92.55¢ 3314.71
MoP+So  7076.90 6438.90c 197.08b 98.60d 18.72d 163.97a 2352.79
MoPoS+ 5478.50 7287.73a 211.17a 109.17b 22.16b 137.83b 2770.13
MoP+S+ 6843.80 6386.33c 195.44b 87.22e 17.19e 168.93a 2072.63
M+PoSo 7043.60 7281.87a 170.68de 119.07a 25.52b 94.22c 2760.38
M+P+So 6977.00 6353.17c 167.74e 87.24e 14.08f 88.38cd 1759.63
M+PoS+ 7243.43 7501.70a 175.94cd 96.39d 21.27c 78.40e 2658.21
M+P+S+ 7909.40 6948.23b 175.61d 89.93e 17.12e 82.44de 2129.17
LSD 317.9 296.5 7.735 4.508 0.6216 6.475 157.5

* different letter implies significant differences in the same column.
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Figure 1. Pepper shoot and root dry weight following mycorrhizal inoculation and P and ES fertilization in
Menekse soil. Different letters indicate significant difference between the treatments. Error bars indicate
standard deviation.
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Figure 2. Pepper N,P,K,Ca,Mg content following mycorrhizal inoculation and P and ES fertilization in Menekse
soil. Different letters indicate significant difference between the treatments. Error bars indicate standard
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Figure 3. Pepper Fe,Zn,Cu,Mn,Na content following mycorrhizal inoculation and P and ES fertilization in
Menekse soil. Different letters indicate significant difference between the treatments. Error bars indicate
standard deviation.
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MoP+S+ treatment compared to MoP+So one significantly decreased the shoot yield whereas the root
yield significantly increased in the non- mycorrhizal treatments. The shoot yield decrease can be
attributed to the increased root yield with the differences in the shoot nutrient concentrations. With
respect to that, while the shoot Mn, Mg and Fe concentrations were unchanged, the shoot N, P, Zn and
Cu concentrations were significantly lower for My P+S+ treatment compared to Mg P+S, one in the
non-mycorrhizal treatments as shown in Figure 2, 3 and Table 2.

Both shoot and root yield increases were significant in the mycorrhizal treatments for M+P+S+
treatment compared to M+P+So indicating the further synergism among mycorrhizae, ES and P
compared to the synergism between mycorrhizae and phosphorus in the clay soil growth conditions.
Those yield increases can also be related to the differences in the shoot nutrient concentrations, too. In
that respect, the shoot P, Mg, Fe and Cu concentrations significantly increased while the shoot Mn
concentration significantly decreased for the M+P+S+ treatment compared to the M+P+So one with
the unchanged shoot Zn and N concentrations in the mycorrhizal treatments. Moreover, M+P+S+
treatment in the mycorrhizal treatments resulted in the highest yield where the highest shoot nutrient
concentration was P among the all treatments. On the other hand, those differences in the yield and
shoot nutrient concentrations are reciprocally culminated in for the response to the root morphological
changes (Figure 4).

Those results above indicate that different treatments in clay soil growth conditions affect the efficient
use of nutrients and mycorrhizae with the subsequent root morphological changes in plant resulting in
those yield differences.

XS. 880 T Sum 2007 HKU EMU

Figure 4. Root morphologies of Menekse soil from the left to the right for the response of the treatments of
MoPoSo, MoPoS+, MoP+So, MoP+S+ above, and M+PoSo, M+PoS+, M+P+So, M+P+S+ below, respectively.

Root Mycorrhizal Infection Responses to ES, P and Mycorrhizal Inoculation

The highest root mycorrhizal infection levels in the mycorrhizal treatments by M+PoSo and M+P, S+
treatments without P fertilization were obtained. However, M+P+So or M+P+S+ treatment compared
to M+PoSo and M+P,S+ ones in the mycorrhizal treatments significantly decreased the root
mycorrhizal infection level. Those findings are in line with the previous findings (Baylis, 1967,
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Mosse, 1967; Karaca, 2012a) who reported that mycorrhizal infections tend to stop in soils containing
or given high P. However, M+PoS+ treatment compared to M+PoSo one in the mycorrhizal treatments
did not affect the root mycorrhizal infection level as shown in Figure 5. Those findings are not
consistent with the previous findings (Diaz et al., 1996) who reported that a slight reduction on
percentage of mycorrhizal colonization was noted by SO, treatment. On the other hand, the ES
addition compensated the decreasing effect of P fertilization to some extent in the root mycorrhizal
infection level being in line with the previous findings (Karaca, 2012a). Moreover, M+P+S+ treatment
compared to the M+P+So treatment in the mycorrhizal treatments resulted in the highest root and
shoot yields among the all treatments (Table 2). This clearly shows that ES increases the efficient
work of mycorrhizae beside compensation of the decreasing effect of P in the root mycorrhizal
infection level. Those changing root infection levels can be related to the different treatments in the
plant growth conditions.
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Figure 5. Pepper mycorrhizal infection percent following mycorrhizal inoculation and P and ES fertilization in
Menekse soil. Different letters indicate significant difference between the treatments. Error bars indicate
standard deviation.

Root to Shoot ratio

M+PoSo treatment compared to the MoPoSo one did not affect the root to shoot ratio. Similarly, the
root to shoot ratio were statistically unchanged among the all treatments including mycorrhizal and
non-mycorrhizal ones. Those indifferences in the root to shoot ratio are similar to the previous
findings (Ortas et al., 2002; Karaca, 2012a). Eventhough, statistically insignificant fluctuating root to
shoot ratios among the treatments came out (Table 1), there were no correlations all the time between
the yield level and root to shoot ratio for the different treatments in the growth medium conditions.
Accordingly, higher yield compared to lower yield may have the root to shoot ratio trend in the both
directions as presented in Figure 6. Those findings are similar to the findings (Karaca, 2012a). Those
ratios may lend support to the hypothesis (Romero et al., 1996) who proposed that there may be an
optimum root to shoot ratio for plant growth.
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Figure 6. Pepper root to shoot ratio (dry weight) following mycorrhizal inoculation and P and ES fertilization in
Menekse soil. Different letters indicate significant difference between the treatments. Error bars indicate
standard deviation.

DISCUSSION

Mycorrhizal inoculation alone compared to control treatment resulted in higher root yield with
unchanged shoot yield. That indicates that the root growth has the priority for plant growth to be able
to create investment potential for the future shoot growth depending upon the growth period of plant.
Concomitantly, the shoot N, P, K, Ca, Mg, Fe, Mn, Zn, Cu and Na concentrations were diluted,
accumulated or unchanged for any nutrient independent from each other as the yield response.
However, P fertilization and mycorrhizal inoculation in combination compared to the P fertilization
alone created mutual stimulative effect resulting in the significantly increased shoot and root yield.
That shows that the growth of pepper in the clay soil growth conditions is vigorous as a response to
the P fertilization in the mycorrhizal treatments. On the other hand, the increase of shoot and root yield
by the P fertilization in the mycorrhizal treatments increased significantly farther by ES and P
fertilization in combination resulting in the highest yields among the all treatments. In relation to that,
the changed shoot nutrient concentrations in both direction for any nutrient independent from any
other one seems to be also related to the subsequent yield differences in the plant growth conditions.
Consequently, soil type, mycorrhizae inoculation, treatment and plant growth period can be involved
in creating the further yield differences. It can be emphasized that fertilization regulations in clay soil
growth conditions can be related to increase the efficient work of mycorrhizae for the vigorous growth
of pepper to some great extent.

The increased efficient work of mycorrhizae resulting in the highest shoot and root yield in the clay
soil growth conditions by ES and P fertilization in combination for pepper may shed light to prevent
yield losses resulting from heavy metal accumulation in plant tissues to obtain higher yield in
agriculture. Accordingly, regulation of fertilizer forms and doses can lead to contribution of the plant
production system causing the efficient work of mycorrhizae.
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