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EFFECT OF PYRITE APPLICATION ON WHEAT-MAIZE GROWTH
AND NUTRIENT UPTAKE UNDER DIVERSE SOIL CONDITIONS

Ibrahim Ortas, Zilkif Kaya, and Server Ercan

Department of Soil Science and Plant Nutrition, Faculty of Agriculture, University of
Cukurova, Adana, Turkey

o Zinc (Zn) and phosphorus (P) deficiency is a common nutritional problem for the production
of many crops in semi-arid Mediterranean region of Turkey. This problem resulls in the application
of increasing amounts of fertilizers. Minerals (such as pyrite) including iron (Fe) and sulfur (S)
can decrease soil pH may be a critical factor in crop production under low supply of Zn and P in
calcareous and clay soils. The aim of this research was to determine the effect of pyrite application
on wheat-maize-wheat growth, P and Zn concentration with three successive pot experiments. Bread
(Seri-82) (Triticum durum L.) durum (Kunduru) wheat (Triticum aestivum L.), and maize
(Zea mays L.) RX 788 hybrid was grown in Zn and P-deficient calcareous soils from Central
Anatolian Sultanonii and Cukurova Karaburun. Plants were grown under greenhouse conditions
at five rates of pyrite (0, 0.5, 1, 1.5, and 2 g pyrite kg‘l soil) in three consecutive experiments. Pyrite
application increased shoot dry matter production of wheat and maize. With time effect of pyrite
on plant growth and nutrient uptake was more. In accordance with growth data, pyrite application
enhanced P and Zn concentration of plants, especially under Zn deficient Sultanonii soil then
Karaburun soil. Plants grown in Karaburun soil had move P and Zn concentration than grown in
Sultanonii soil. The results obtained indicate that pyrite can be used as a zinc fertilizer sources for
gramine plants such as wheat and maize.

Keywords: pyrite, phosphorus, zinc deficiency and efficiency, Triticum aestivum, Triticum
durum, Zea mays

INTRODUCTION

Soils of the Mediterranean region are frequently deficient in phosphorus
(P) and zinc (Zn). The Mediterranean region is characterized by a relatively
high pH and carbonate content, which may result in a low availability of
some macro and micronutrients such as P, iron (Fe) or Zn for plants (Ortas,
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2003; Adriano, 2001; Eyupoglu et al., 1994). Turkey is located in semi-arid
climate zones and because of geographical location there is a high content
of clay and lime and organic matter content is low so that the plant avail-
ability of nutrient such as P and Zn tends to decrease. This problem results
in the application of increasing amounts of P and Zn fertilizers. In the last
ten years, Zn fertilizer use increased from 50 thousand tons to 350 thou-
sand tons per year (Cakmak, 2008). It is estimated that this has produced
a benefit of nearly $100 million. There is a very rapid increase in the pro-
duction of Zn containing mix fertilizers. Nowadays, fertilizer resources are
limited and fertilizer prices are high; therefore it is sound to use natural
sources to increase nutrient availability. Under extensive farming, high level
of phosphorus fertilizers are applied and after long term P application, the
availability of P is limited through inactivated calcium phosphates (Ortas,
2003). A result of high P level in soil has a negative effect on nutrient uptake
through mycorrhizal colonization (Ortas, 2003), which is efficient in P and
Zn uptake.

Phosphorus, Zn, and Fe are extremely less mobile nutrients and their
availability or extractability depends on soil pH and plant rhizosphere mech-
anisms (Marschner, 1995; Ortas and Rowell, 2004; Ortas et al., 2004). Soil
P and Zn availability is activated by soil pH, and other rhizosphere mech-
anisms such as root growth (Holloway et al., 2010). Soil pH and rhizo-
sphere mechanism in soil is a critical factor in crop production under low
supply of P and Zn. There is increasing evidence showing that growth of
plants under low P and Zn supply can be increased greatly when plants
are sufficiently fertilized with S containing minerals as a result of soil pH
change. Soil pH was found to be the most important factor affecting the nu-
tritional status of the trees in Mediterranean part of Spain (Dominguez etal.,
2010).

Several researchers (Cakmak et al., 1995, 1996; Graham et al., 1992) have
identified a wide range of genetic diversity for efficiency in uptake of Zn in
wheat. It has found that there is a great difference between wheat cultivars
in term of Zn efficiency (Graham et al., 1992; Holloway et al., 2010).

There is a scanty literature showing the pyrite addition is critical to the P
and Zn nutrition of many plant species. The element composition of entire
fruits was shown to be an inadequate indicator of elevated heavy metal levels
in the soil in a situation where marked acidification associated with pyrite
oxidization is an important process (Toth et al., 2008). Addy et al. (1987)
reported that increasing the rate of pyrite application increase rice plant
protein content.

Pyrite has an availability to produce acidity after oxidizing; as a con-
sequence, soil nutrients (phosphorus and micronutrients) may be made
available. The use of resources such us pyrite in areas with low levels of P
and Zn theoretically will provide a scientific achievement, as well as P and
Zn uptake by the plants. Since pyrites contain high level of Zn, Fe, and
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sulfur (S) may directly and indirectly affects nutrient availability. This kind
of resources can be used for Zn, S, P, and Fe deficiency areas. As a substi-
tute for chemical fertilizer, this may provide great ecologic and economic
benefits.

Pyrite is a mine byproduct includes Zn, Fe, and S, which can play a key
role in nutrient availability. Pyrite is usually associated with other sulfides or
oxides in sedimentary rock and coal beds, and as a replacement mineral in
fossils. Pyrites also include other minerals such as sphalerite (ZnS) and iron
sulfide (FeSe). Under soil conditions pyrite can be oxidized according to
following formula:

FeSs + 15/4 Oy + 7/2 HoO — Fe(OH) 4 + 2 HSO,

Production of sulfuric acid (HeSO4) can reduce soil pH. Also it has been
shown that Thiobacillus bacteria also oxidize the pyrite mineral for fertil-
izer use. Uses of pyrites may be relevant to agricultural productivity. The
favorable effect of pyrites on crop yield was associated with an appreciable
decrease in the pH, electrical conductivity, and exchangeable and soluble
sodium content of the soil resulting in greater utilization of Zn and Ca by
the crops (Tiwari et al., 1982). Dominguez et al. (2010) indicated that the
mine-spill resulted in soil acidification due to pyrite oxidation. Wallace and
Wallace (1992) also reported that large volumes of waste pyrites could vari-
ously become useful fertilizers and soil amendments in crop production on
alkaline calcareous soils if ways can be found to enhance the oxidation rate
after application.

Pyrite amendment increased curd and straw yields of broccoli grown on
farmyard manure (FYM) due to the acquisition of Fe from pyrite solubilized
in the soil through oxidation (Purakayastha et al., 1998).

The natural formation and crystallization of pyrite from the mine rock
yields different forms (Wallace and Wallace, 1992). It has been reported
by Ammons et al. (1991) that as a result of oxidation of pyrite, more ex-
tractable P, potassium (K), calcium (Ca), magnesium (Mg), sodium (Na),
Fe, Zn, manganese (Mn), and copper (Cu) had been measured. Dubey and
Mondal (1994) reported that soil properties and crop yields were improved
with pyrite application. Similarly Wallace et al. (1980) indicated that pyrite
application increased soybean (Glycine max L.) leaves Zn and Cu content.
They also found some differences in P, K, and Ca in plant leaves.

In this context, studies were conducted under greenhouse conditions
with wheatand corn cropsin different doses of pyrite to increase plant growth
and nutrient uptake. Since using a large amount of fertilizers are expensive
for developing countries and has a negative influence on the environment
and soil quality, it is wise to use natural sources, such as mine byproduct
pyrite. Under nutrient deficient conditions, oxidation of pyrite and acid
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TABLE 1 Some chemical properties of pyrite

% mg kg™!

Fe S Ca Mg K Zn Mn Cu Pb Ni Cd Cr

35.9 43.0 4.7 1.0 0.02 0.40 100 40 270 70 20 40

production contributes to overcoming mineral nutrient deficiencies and
seems to be a suitable agricultural strategy.

Thus, it is hypothesizes that pyrite application in a long-term crop rota-
tion can increase P and Zn content of plants. In the present study, the effect
of different level of pyrites under two wheat genotypes and corn in three con-
secutive experiments to search effect of pyrite effectiveness on plant yield
and P and Zn uptake was studied.

MATERIALS AND METHODS
Materials

Pyrite is a byproduct of zinc mine waste and was used in the experiments.
Pyrite was ground and passed through a 0.2 mm sieve before use. Some
chemical properties of the material are presented in Table 1. Two low fertility
Cukurova and Central Anatolia, soils, with high lime contents (35 and 15%)
and pH values (7.60 and 8.04) and Zn and P content under the critical
level (Jones, 1998) were used in experiments. Soils were collected from the
0-20 cm depth. Soil samples were dried and passed through 4-mm sieve and
placed in 2 kg soil pot~!. General soil properties are presented in Table 2.

Kunduru (durum) (T¥iticum durum L.) and Seri 82 (bread) wheat
(Triticum aestivum L.) varieties and RX 788 maize (Zea mays) hybrid were
used as plant materials.

Method

Three pot experiments were set up with wheat-maize-wheat rotation.
Wheat and maize plants were grown under greenhouse conditions. For wheat

TABLE 2 Some properties of soils

(%) (%) mg kg ™!

Texture PyOj kg Soluble
Soil series  Clay Silt Sand classes  ha~!" pH OM. CaCOs Salt Zn Fe Mn Cu

Sultanéni 60.6 30.6 8.8 C 43.7 8.04 0.08 0.7 15 0.19 2.64 2.13 1.05
Karaburun 58.7 30.3 11 C 58.0 7.60 0.07 0.8 35 050 1.93 2.18 0.92

*0.5 M NaHCOg3 extraction.
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experiments, a completely randomized design with factorial combination
soil, genotypes and pyrite levels with three replicate of each treatments were
performed. Basal nutrients were added to soil as fallow; 500 mg nitrogen
(N) kg ! soil as urea, 200 mg phosphorus pentoxide (P2Os) kg! soil as
triple super phosphate (TSP) and 250 mg potassium oxide (K9O) kg™! soil
as potassium sulfate (KoSOy).

Under greenhouse conditions, five rates of pyrite (Py) Py-0 = 0 g,
Py-1 = 0.5g, Py-2 = 1 g, Py-3 = 1.5 g, and Py4 = 2 g kg~ ! soil were
used. Pyrite applications were made three months before seed planting
time. A set of soil was incubated separately for oxidation of pyrite. Every
30 days soil pH was determined. Soil pH was measured in a 1:2.5 soil: water
suspension.

Wheat genotypes seeds were surface sterilized with 1.0% sodium
hypochlorite and after several times rinsing them in deinozed water, 10
wheat seeds were sown and thinned after germination to 5 plants in each
pots. Necessary phenological observations were made during the trial ac-
cording to the state requirement of one or two times a day with the dionized
irrigation water. Every two days, pot position under greenhouse changed
during plant development stages.

In the first experiment, wheat plants were harvested after 60 days. At
harvest plants were cut of 0.5 cm above the soil surface. Acid washed [0.1%
hydrochloric acid (HCIl)] upper parts of plants were analyzed and then
washed with distilled water. The samples were then dried in the oven for
a period of 48 hours at 65°C. After drying the shoot, they were ground,
ashed, and ash solution P contents were determined by the Murphy and
Riley (1962) method by using a spectrophotometer, and Zn was analyzed
with an atomic absorption spectrophotometer.

The second experiment was set up using the same pots from the first
experiment. After the wheat was harvested, in order to keep pot weights
constant, plant roots were not removed from the soil. Roots were chopped
and mixed with soil and re-packed in the same pot. Five maize seeds of
Rx788 hybrid were sown and thinned to 2 plants at three leaf stages. A base
fertilizer treatment was done as in wheat experiment. Plants were irrigated
with destiled water and harvested 60 days after sowing.

The third experiment was conducted after maize was harvested with the
same treatments from the first experiment. Plants were harvested 100 days
after sowing to see the long term effects of pyrite on plant growth and
nutrient uptake.

All data were statistically analyzed using the analysis of variance (ANOVA)
for a three way factorial design for wheat genotypes and two-way fac-
torial design for maize used the SAS software package (SAS Institute,
Cary, NC, USA). Means were compared using the least significant dif-
ference (LSD) test when the ANOVA showed significant fertilizer effects
(P <0.05).
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TABLE 3 Significance of P-values from analysis of variance for different levels of pyrite application
and genotype on yield, P and Zn concentration of wheat plants

(Pr > F)

Treatment DF DW P Zn

Soil 1 <.0001 0.2452 <.0001
Wheat 1 0.2563 <.0001 <.0001
Soil*wheat 1 0.0193 0.2452 <.0001
Py level 4 0.0011 0.3826 <.0001
Soil*py level 4 0.4576 0.3129 <.0001
Wheat*py level 4 0.8234 0.6983 0.0003
Soil*wheat*py level 4 0.6538 0.0953 0.0143

RESULTS
Experiment |

In the first experiment, wheat dry weights (DW) were significantly af-
fected by soils (P < 0.0001). However, there was a significant soil * genotype
interaction (P = 0.0193). Dry weight was not significantly affected by geno-
type (Table 3). In both Sultanont and Karaburun soils, plants gave higher
responses to pyrite in Py-0.5 treatment than control treatments. Generally
Sultanont soil gave a higher response to pyrite application than Karaburun
soil. In Sultanont soil, when the wheat genotype was Seri-82, the control
treatment produced 2.92 g pot~! DW, however Py-0.5 g treatment produced
4.15 g pot™! DW (Table 4). In Karaburun soil with Seri-82, the control plant

TABLE 4 Shoot yield (g pot™!) of Seri-82 and Kunduru wheat genotypes grown in Sultanénii and
Karaburun soils as a function of pyrite treatments

Dry weight (g pot™!)

g pyrite kg~ soil Seri-82 Kunduru
Sultanénii
0 2.92 £ 0.39 3.40 £ 0.75
0.5 415 £ 0.70 3.93 £ 0.43
1 4.32 £ 0.13 4.05 £+ 0.64
1.5 427 + 0.86 3.89 + 0.06
2 4.42 + 0.71 4.02 £ 0.09
Karaburun
0 2.32 £ 0.24 2.01 £ 0.34
0.5 2.80 £ 0.16 2.28 £ 0.21
1 291 £ 0.10 2.56 £ 0.51
1.5 2.55 £ 0.18 2.21 £ 0.58
2 2.93 £ 0.39 2.33 + 0.62
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produced 2.32 g pot~! DW, and Py-0.5 g application produced 2.80 g pot™".
Although there was a difference between genotypes, differences were not
statistically significant.

Soils and increasing Py addition have no significant effect on plant P
concentration. Wheat genotype tissue P concentration significantly differed
(P < 0.0001) (Table 3). In general, Seri-82 tissues had higher P concentra-
tions than Kunduru wheat genotype (Table 5).

Analysis of variance showed that soil, wheat genotypes, and pyrite levels
significantly increase the Zn concentration of shoot (P < 0.0001) (Table 3).
Plants grown in Karaburun soils have much more Zn content than those in
Sultanonu soil. For Karaburun soil, in control treatment, Seri-82 genotype
tissue had 18.33 mg kg™! DW for control and 45.07 mg kg~! DW for Py-2 g
application (Table b).

Experiment Il

Pyrite application significantly increased maize yield grown in Sul-
tanont and Karaburun soils (P < 0.0001) (Table 6). There is also a sig-
nificant difference in dry weight between the two soils (P < 0.0001).

In Sultanénil soil, plant yield arranged 4.6 g pot™! DW for control and
14.05 g pot™! DW for 1.5 g pyrite kg™! soil application (Table 7). Plant dry
weight in Karaburun soil ranged from 10.24 g pot~! for the control to 13.42 g
pot~! for 2 g pyrite application.

Plant P concentration was significantly affected by soil (P < 0.0001)
and pyrite treatments (P < 0.0405) (Table 6). Maize plants grown in
Karaburun soil have higher P concentrations than those in Sultanont soil

TABLE 5 Shoot concentrations of phosphorus (P) (%) and zinc (Zn) (mg kg’1 DW) in Seri-82 and
Kunduru wheat genotypes grown in Sultanénti and Karaburun soils as a function of pyrite treatments

P concentration (%) Zn Concentration (mg kg~! DW)
g pyrite kg™ soil Seri-82 Kunduru Seri-82 Kunduru
Sultanonti
0 0.18 £+ 0.04 0.17 £ 0.03 12.67 + 1.53 12.43 £ 0.40
0.5 0.22 £ 0.04 0.15 = 0.02 17.20 + 1.22 13.43 £ 0.40
1 0.18 &+ 0.02 0.15 £+ 0.01 20.17 £ 0.61 15.47 + 2.48
1.50 0.17 £ 0.03 0.18 £ 0.01 21.57 £ 0.31 22,13 + 2.34
2 0.21 &+ 0.05 0.17 £ 0.04 23.53 £ 0.61 23.87 £ 0.64
Karaburun
0 0.20 + 0.03 0.14 £ 0.01 18.33 £+ 0.31 20.20 + 0.36
0.5 0.19 £+ 0.04 0.15 £ 0.01 22.60 + 2.95 31.20 + 1.56
1 0.23 + 0.02 0.16 &+ 0.01 36.33 + 0.42 42.27 £ 3.11
1.50 0.24 + 0.05 0.17 £ 0.03 37.13 £ 7.42 52.77 £ 2.81
2 0.20 £+ 0.01 0.19 £ 0.04 45.07 £ 7.82 64.20 £ 1.31
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TABLE 6 Significance of P-values (probability) from analysis of variance for different pyrite application
and maize plant. Grown on wheat genotype soil, yield, P, and Zn content

(Pr > F)
Treatment DF DW P Zn
Soil 1 <.0001 <.0001 <.0001
Py level 4 <.0001 0.0405 <.0001
Soil*py level 4 0.3186 0.3313 <.0001

Py: Pyrite level.

(Table 7). In Karaburun soil, maize plant P concentration was 0.25% for
control and 0.32% for 2 g pyrite kg™! soil application (Table 8). However in
Sultan6ni soil, plant P concentration was 0.19% for control and 0.26% for
2 g pyrite kg™! soil application.

In both soils, increasing pyrite application increased maize plant Zn
concentration significantly (P < 0.0001). In Sultanoént soil, plant Zn con-
centration ranged from 14.38 mg kg~! for control to 26.62 mg kg~! soil for
2 g pyrite kg_1 soil. In Karaburun soil, plant Zn concentration ranged from
22.13 mg kg~! for control to 55.42 mg kg for 2 g pyrite kg~! soil (Table 8).

Experiment Il

In the third experiment, Seri-82 and Kunduru wheat genotypes were
used again after maize harvest with the same treatments from the first exper-
iment. In experiment III, wheat genotypes yield were significantly affected by
soils, wheat genotypes, and pyrite levels (P < 0.0001) (Table 9). In general
after 0.5 g pyrite increase pyrite application do not make more contribution
on shoot dry weight for both soils and wheat genotypes (Table 10) with
the exception of Kunduru grown in the Karaburun soil. The Seri-82 wheat
genotype gave the highest dry weight in both soils.

In Sultanoni soil, in Seri-82 wheat genotype, DW in the control ranged

from 17.0 g pot™! for 0 g pyrite to 21.1 g pot™! for 2 g pyrite application

TABLE 7 Shoot yield (g pots) of maize grown in Sultanént and Karaburun soils as a function of pyrite
treatments

Yield (g pot™)

g pyrite kg~ soil Sultanonii Karaburun
0 4.60 £ 0.52c 10.24 £ 0.85¢
0.5 9.84 £ 0.83ba 11.10 £ 0.97b
1 11.80 + 1.14b 12.50 & 1.24ba
1.5 14.05 £+ 1.02a 13.02 & 1.46ba
2 10.40 £+ 0.98b 13.42 £+ 1.58a
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TABLE 8 Shoot content of phosphorus (P) (%) and Zinc (Zn) (mg kg’1 DW) in maize grown in
Sultanént and Karaburun soils as a function of pyrite treatments

g pyrite kg~ soil P content (% DW) Zn content (mg kg~! DW)
Sultanonii
0 0.19 = 0.05 14.38 + 1.15
0.5 0.23 + 0.02 18.15 £ 1.53
1 0.26 + 0.03 19.63 £ 1.92
1.50 0.24 + 0.03 24.28 + 1.21
2 0.26 + 0.06 26.62 + 2.35
Karaburun
0 0.25 + 0.05 22.13 + 4.58
0.5 0.34 + 0.02 29.23 + 2.51
1 0.32 + 0.02 38.75 + 4.40
1.50 0.34 + 0.02 50.28 + 2.84
2 0.32 + 0.03 55.42 £+ 0.79

(Table 10). In Kunduru genotypes, DW increased from 13.15 g pot™ for the
control to 16.80 g pot™! to 1.5 g pyrite treatments.

In the Karaburun soil, however, in Seri-82 wheat genotype DW ranged
from 20.8 g pot™! for 0 g pyrite to 23.6 g pot™! for 2 g pyrite application. A
similar trend was observed for Kunduru wheat genotype for both soils.

Increased pyrite application increased plant P concentration compared
to control (Table 11). Sultanénu soil receiving the highest level of Py-2 had
the highest 0.32% P concentration relative to the control (0.26% P). Kun-
duru wheat genotypes grown in Sultanonii soil had a higher P concentration
than Seri-82.

Increased pyrite application statistically increased Zn concentration of
wheat plant (P < 0.0001) (Table 9 and 11). Lowest shoot tissue Zn con-
tent occurred in both soils and genotypes when no pyrite applied, but with
increasing pyrite application, shoot tissue Zn concentration increased.

TABLE 9 Significance of P-values from analysis of variance for different levels of pyrite application and
genotype on yield, P and Zn concentration of wheat plants

(Pr > F)

Treatment DF DW P n

Soil 1 <.0001 <.0001 <.0001
Wheat 1 0.0013 0.0028 0.3909
Soil*wheat 1 0.5540 0.0523 <.0001
Py level 4 <.0001 0.0012 <.0001
Soil*py level 4 0.0167 0.2215 <.0001
Wheat*py level 4 0.9591 0.3641 0.0006
Soil*wheat*py level 4 0.5108 0.0605 0.0005

Py: pyrite.
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TABLE 10 Shoot yield (g pot™!) of Seri-82 and Kunduru wheat genotypes grown in Sultanénii and
Karaburun soils as a function of pyrite treatments

Dry weight (g pot™)

g pyrite kg~ soil Seri-82 Kunduru
Sultan6ni
0 17.00 &+ 0.42 13.15 + 0.21
0.5 21.95 &+ 0.35 16.40 £+ 0.14
1 23.45 + 1.20 16.50 £+ 0.42
1.50 22.30 £+ 0.42 16.80 £+ 0.85
2 21.10 + 0.14 16.50 + 1.84
Karaburun
0 20.75 £ 0.21 13.70 + 1.13
0.5 21.40 + 1.18 14.15 £ 0.78
1 21.30 = 0.28 14.75 + 1.06
1.50 21.45 + 1.48 16.05 + 0.64
2 23.57 £ 1.63 16.20 £ 0.14

In the present experiment the effect of pyrite on soil pH change was
investigated for 90 days of incubation. With high pyrite application, in
tanonu soil pH changed from 7.69 to 7.38, and in Karaburun soil,
pH changed 7.56 to 7.14 (Table 12). Soil pH changed up to 0.3 to 0.4

units.

DISCUSSION

Sul-
the

The application of pyrites increases the yield of the wheat/maize /wheat
plants in all three consecutive experiments. In the first experiment, the

TABLE 11 Shoot concentrations of phosphorus (P) (%) and Zinc (Zn) (mg kg’l DW) in Seri-82 and
Kunduru wheat genotypes grown in Sultan6nti and Karaburun soils as a function of pyrite treatments

P concentration (%)

Zn Concentration (mg kg~! DW)

g pyrite kg ™! soil Seri-82 Kunduru Seri-82 Kunduru
Sultanonii
0 0.26 = 0.02 0.30 = 0.10 9.55 £ 0.07 9.15 £ 0.92
0.5 0.29 £ 0.06 0.41 £ 0.05 10.80 + 0.71 9.55 + 2.33
1 0.28 = 0.02 0.42 + 0.04 11.45 + 0.78 10.65 £+ 0.35
1.50 0.30 = 0.06 0.47 £ 0.11 10.95 + 0.92 10.45 £ 0.92
2 0.32 = 0.05 0.47 £ 0.04 12.00 £+ 1.41 11.60 £+ 0.85
Karaburun
0 0.28 £ 0.01 0.31 + 0.03 9.75 + 1.77 10.30 £ 1.84
0.5 0.30 £ 0.07 0.33 £ 0.01 12.50 + 0.57 17.40 £+ 2.26
1 0.29 £ 0.05 0.36 £ 0.00 15.15 £+ 0.35 25.80 £ 1.56
1.50 0.32 = 0.00 0.37 £ 0.06 21.40 = 0.14 29.95 + 2.33
2 0.35 £ 0.00 0.41 £+ 0.00 23.52 £ 0.16 37.75 £ 6.43
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TABLE 12 Effect of pyrite on soil pH change under 90-day incubation period

Pyrite level applied (g kg™! soil)

Days after incubation 0 0.5 1 1.5 2
30 7.84 7.87 7.88 7.67 7.69
Sultanonii 60 7.66 7.59 7.74 7.48 7.49
90 7.54 7.43 7.31 7.36 7.38
30 7.65 7.83 7.79 7.72 7.56
Karaburun 60 7.59 7.64 7.63 7.52 7.34
90 7.55 7.53 7.08 6.9 7.14

wheat genotypes showed a highly significant response to pyrite application,
with the Seri-82 genotype showing a 51% higher and the Kunduru genotype
a 18% higher dry weight with 2 g pyrites supplied per kg™! of soil in the
Sultanénii soil. There was a significant effect of soil type, with the wheat
plants grown on the Sultanénu soil being larger than the plants grown
in the Karaburun soil. In both Sultanoénti and Karaburun soils, increasing
pyrite up to 1 g Py kg™! soil application increased wheat genotype and maize
dry weight in a long term pot experiment with three successive planting
experiments. The growth of both plant species, wheat genotype, and maize
was lower in the absence of pyrite application; pyrite application enhanced
plant growth. In the second experiment, maize plants grown in Karaburun
soil seem to have higher phosphorus content than those in Sultan6nii soil.
The Karaburun soil has a higher nutrient content of PoOs and initial Zn
than does Sultanont; this may have influence on plant growth and nutrient
uptake.

Wheat genotypes and maize successive experiment results revealed that
initially, the effect of pyrite on plant growth and nutrient uptake is less,
however after the oxidation of pyrite, nutrient availability increases. This
effect was expected to be found during the experiments.

The results obtained in the study indicated that effect of pyrite appli-
cation on Zn uptake can be enhanced. So far, all the three experiments
conducted have shown similar results. In the present experiment, although
pyrite application increased plant P uptake, improved zinc nutrition could
be the major cause of the increased growth. Zinc uptake is markedly impor-
tant for Zn deficient semi-arid soil conditions. Pichtel and Bradway (2008)
reported that total soil metal contents, from a metalliferous waste disposal
site, had a marked influence on plant uptake. Application pyrite significantly
enhanced both the Zn content in leaf tissue and total uptake of Zn and re-
sulted in increased shoot dry weight of wheat and maize. Itis clear that pyrite
application helps plants to have more Zn uptake, especially for wheat geno-
type. It is well known that there is a big difference in Zn uptake efficiency
among the three genotypes (Mai et al., 2011).
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Increase in availability of phosphate, but more importantly an improve-
ment in zinc nutrition trough oxidation of pyrite may change rhisospher
pH and consequently grain yield increased. Under Norwegian soil condi-
tions, Nesheim et al. (1997) indicated that pyrite application can increase
plant yield. Bayat and Kaya (1998) demonstrated that under field condi-
tions with two different soil types, pyrite increased wheat grain yield up to
25%. This increase may be as a result of decreased rhizosphere pH with
pyrite oxidation. With the oxidation of pyrite, soil pH decreases and as a
consequence solubility increases. Nesheim et al. (1997) reported that high
rate of pyrite application reduces soil pH. In high pH soils in India, Somani
(1986) showed that pyrite application successfully can apply to reduce soil
pH. pH is very important for micronutrient uptake (Lindsay and Norvell,
1978; Marschner, 1995; Ortas and Rowell, 2004; Ortas et al., 2004). In present
experiment Fe, Cu, and Mn concentrations were measured in all three ex-
periments. It has been found that Fe and Cu concentration significantly
increased with pyrite application. Sultanonti soil pH decreased from 8.04
to 7.31 in one pyrite treatment; Karaburun pH decreased from 7.60 to 6.90
in another pyrite treatment (Table 12). These are decreases of 0.73 and
0.70 pH units. This may have significant effect on solubility of Zn for wheat
and maize plant growth. In a similar work involving rice-wheat rotation in
experimental soil, pH changed and gypsum application increased diethy-
lene triamine pentaacetic acid (DTPA) extractable Zn. However, pyrite ap-
plication has less of an effect on extractable Zn (Srivastava and Srivastava
1993). In a similar experiment in India, pyrite increased wheat Zn content
(Kevasan and Gupta, 1993; Dubey and Mondal, 1994; Tiwari et al., 1982).
Tiwari et al. (1982) suggested that pyrite can be used as an alternative of
Zn fertilizers since Central Anatolian Sultanont soil (Table 1) is extremely
Zn deficient (Cakmak et al., 1996, 1995). Zinc concentration is also statisti-
cally affected by genotypes. Similar results were reported by Holloway et al.
(2010).

In experiment III, wheat genotypes tissue Zn concentration was lower
than in that of experiment I and II. It seems that with time extractable
Zn concentration from initial pyrite application was decreased. Previously,
Ammons et al. (1991) conducted an incubation experiment for 800 days
and found that iron content increased at the 200-d sampling, then dropped
at the 600-d sampling to the levels found at the beginning of the study. The
results clearly revealed that pyrite application in a long term application
is important to supply Zn for micronutrient deficient soils. However, it is
very important to know the effectiveness of pyrite application for nutrient
release.

The mining west substrate such as pyrite can be used for the biomass
potentials of fast growing tree species. Bungart and Huttl (2004) used such
material to increase the poplar biomass. It is sound to use such material
for soil amendment and micronutrient deficiency. It is important to use
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pyrite for nutrient deficient marginal soils. Several organic materials such
as manure (Pichtel and Bradway, 2008) and microorganisms can be used
to oxidize pyrite. Studies have proven that pyrite pulse manure and rock
phosphate application can increase micronutrient application through mo-
bilization of micronutrients (Maurya and Yadav, 1986; Purakayastha et al.,
1998).

In the present experiment, after plant succession in the same pots, plant
yield and nutrient uptake significantly changes. In experiment III, wheat
yield was high and the effect of pyrite application on plant growth and nutri-
ent uptake was significant. The experiment was also carried out under field
conditions, and ithas been found thatincreasing pyrite application increased
wheat and maize yields (Kaya et al., 2005). Increasing pyrite application sig-
nificantly affected availability of P and Zn and increased concentration in
plant tissue.

CONCLUSIONS

Three pot experiments were set up to search the effect of different
levels of pyrite on growth and nutrient uptake of wheat-maize-wheat under
greenhouse conditions. In the present experiment, after wheat-maize-wheat
succession in the same pots, plantyield and nutrient uptake were significantly
affected. Pyrite application significantly affected yield, phosphorus, and zinc
concentrations of plants. It has been concluded that pyrite application may
exist in the soil for a long time and supply Zn to plants. Especially for Zn
deficient Central Anatolia, soil pyrite can be a fertilizer source.

For further research, the effect of long-term pyrite application on plant
growth is needed to be researched. It is important to know the cost/benefit
of pyrite application for different plant species. It has been indicated that
pyrite can be used as a fertilizer source.
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