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Abstract: The effects of gypsum on reclamation of boron soils were investigated in Konya-Cumra Dedemoglu
province under field conditions during 2003 sumimer season. The gypsum with 85% purity obtained from
Mediterranean Fertilizer Industry was used in research with three replications. The gypsum doses were applied
as Ot ha™' (control), 10 and 30 t ha™'. Leaching water was taken from the artesian well that close to research
plots. The irrigation water was applied as 30 cm increment which total of 180 c¢m. Initial and after every leaching,
soil samples were taken from the 0-30, 30-60, 60-90 and 90-120 cm depths for analyzing. The results showed that
after the leaching process, to be removed 30, 60 and 90% of B mn soil profile, the applications of leaching water
were determined as 0.37, 1.20 and 3.89 times of soil depths in control plots, respectively. In 10 t ha™ gypsum
applied plots, these were (.41, 1.31 and 4.18 times of soil depths for removing 30, 60 and 90% of B, respectively.
Tn examined the 30t ha™ gypsum applied plots, these were 0.39, 1.38 and 4.78 times of soil depths for removing
30, 60 and 90% of B, respectively. Equations and graphs that show the leaching water requirement of Bin 1 m

s01l depth were obtamed for each treatment.
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INTRODUCTION

Tn arid semi arid areas of the world, boron (B) toxicity
results from high levels of B in soils and additions of B via
the irrigation water. In saline soils, lack of dranage leads
to excessive concentrations of B i the soils. Of all
potential sources, irrigation water is the most important
contributor to high levels of B within the soils. In general,
B is present in high concentrations in association with
saline water (Anapali, 1991). The other sources of B in
soils are plant and animal residuals. The most B salts are
easily dissolved form in water so they are conveyed from
the cultivated lands by wrigation water (Senmez, 2003).

B toxicity 13 an important disorder that can limit plant
growth on soils of arid and semi-arid environments
throughout the world. B is one of an essential micro
nutrient for higher plants, which grow slowly and will
not complete their life cycles without it (Laila and Adel,
2002) but, the range between deficient and toxic B
concentration is smaller than for any other nutrient
element. B has important roles i carbohydrate and
protein metabolism in crop body, differentiate of
tissues, oxin and phenol metabolism, membrane
permeability, pollen germination and pollen tube body

(Marschner, 1995). B 1s dominated element in arid and
semi arid regions and 1s carefully managed (Manyowa and
Miller, 1991).

pH as a very strong effect in boron adsorption and
increase of 0.5 umts in pH resulted in a 22% increase n
boron adsorption (Sarta) and Fernandes, 2005).

Some indicators of B in plants are pale colour in old
leaves, moles with droughts in edge of leaves. The
burning sensation starts in topical and edge of leaves and
expands in central vessels of leaves. Leaves are seen like
burned and are fallen before the ripening. In most plants,
toxicity indicators are observed after 250-300 ppm B
concentration in leaves of palm. Goldberg er al. (2003)
studied about the effects of ligh boron application on
growth of melon. They found that B treatments caused
various deleterious effects on melon growth and
development. Fresh and dry plant matter decreased
significantly with mecreasing B concentrations; while B
concentration of plant leaves, stems and fruits increased
significantly with increasing B.

B 1s removed from soils by leaching with well
quality mmgation water. In addition to this, applications of
lime with leaching process and growing crops that are
tolerant to B are also other improvement methods
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(Nable et al., 1997). To remove the B from crop root zone
depths, leachuing water 1s applied to the soils by using
basin or sprinkler irrigation methods. Surge basin
urigation was also accepted as efficient leaching
technique (Sonmez, 2003).

B concentration of leaching water should be
0.75-2.0 ppm (Rowe and Abdel-Magid, 1995). Keren
and Bingham (1985) reported that safe levels of B
concentrations in irrigation water were 0.3 ppm for
sensitive, 1-2 ppm for moderately tolerant and 2-4 ppm for
tolerant crops.

In present study, effects of gypsum on reclamation
of B and salt affected soils were researched in Konya-
Cumra Dedemoglu province under field conditions.

MATERIALS AND METHODS

The research was carried out m Konya-Cumra
Dedemoglu province where it is 40 km away with
Southesthemn part of Konya city during the 2003 summer
season. Tt is almost 11 lm far from Cumra. The average
anmual temperature of Konya 18 11.5°C and averages
of 23 and 0°C in July and January, respectively. The
highest and lowest temperatures are 40 and -28.2°C
(Anonymous, 1998).

The climate of Cumra represents Central Anatolia
Region with hot and drought in summer; cold, rainy
and snowy in winter. Poor vegetation 1s dominated.
Evaporation is highest in July-September and total of
275-300 mm for only these three months. Total ammual
rainfall is almost 250-300 in research area and is mostly
occurred n winter and spring months (Anonymous, 2004).

The first autumn freezing occurs in end of October
while the spring final freezing in April. The relative
humidity varies 40-41% m July-August and reaches
almost 80-84% winter.

The research was designed randomized plot
treatment with 3 replications. To represent the uniformity
of study soils, plots were constructed in smaller sizes. The
each plot size is 3.20>3.15 m (almost 10 m*). The drain
pipes were available in research area and after leaching;
drainage water was removed by drain pipes and reached
to the natural main drainage canal that was present in the
edge of the research plots. Except the control plots,
gypsum was weighted and applied by broadcasting into
the plots with 10 and 30 t ha™ doses. The gypsum with
83% purity obtained from Mediterranean Fertilizer
Industry was used in research.

The estimated gypsum amount was calculated by
using the Kovda (1967) equation by considering the
research soil Exchangeable Sodium Percentage (ESP).

The amount of leaching water was calculated by
using Reeve et al. (1955) equation and was applied as

30 cm increments with total of 180 em during the research
period. Leaching water was applied when the soil moisture
level was reached to the field capacity.

During the research period, soil samples were taken
from 0-30, 30-60, 60-90 and 90-120 cm depths before and
after the leaching by using the soil auger. In these
samples, soil texture, saturation percentage, bulk density,
wilting pomt, pH, Electrical Conductivity (EC), soluble
anion and cation in water, B, Cation Exchange Capacity
(CEC) were determmed by using the USDA Salt
Laboratory Scale.

The ratio of leaching water to soil depth was
dependent and residual B percentage according to the
initial was assumed as independent variables. Regression
and correlation analysis methods were applied to be
obtained B leaching equations (Beyazgul, 1995).

RESULTS AND DISCUSSION

The physical and chemical properties were
determined from the soil samples taken 0-30, 30-60, 60-90
and 90-120 cm depths before leaching and chemical
material applications. The soil texture in upper part of
soil profile was Clay-Loam (CL) and in lower part of
clay (C). Bulk density and specific density were
determined 1.29-1.54 and 2.58-2.81 g cm ", respectively.
The volumetric percentages of Field Capacity (FC) and
Permanent Wilting Point (PWP) were 32.70-37.88% and
21.60-24.90%, respectively and slightly decreased with
an increased of soil depth. Total porosity varied
44.76-50.96% and saturation which of 65.13-80.80%.
Porosity decreased in lower part of soil profile but
saturation increased. The possible reason may be that
clay was dominated in lower part.

The salt content of research soil was measured
higher than limit value of the 4 mmhos cm™" and varied
10.00-19.95 mmhos cm ™. The ESP values were also higher
than the limit value of 15% and varied 26.60-28.83%.

The B content of research soils were determined as in
the range of between 7.58-8.14 ppm with pH of 7.60-8.20
so were classified as saline-sodic and B affected soils.

Leaching water used in research was obtained from
the well operated by the electrical pumping unit that was
very close to the research plots. The water samples taken
from the well were analysed regularly during the study
peried and salt, Sodium Adsorption Ratio (SAR) and B
contents of this leaching water varied as 743-825
micromhos/cm, 1.35-1.50 and 0.6-0.7 ppin, respectively.
The water quality was classified as C,3, and it may be
possible to say that salt and sodium concentration are
low. In addition, in examine the soluble anion and cation
in water, Ca"" cation and Cl™ anion were dommant in
leaching water.
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Table 1: Effect of different leaching water doses on B concentrations in study soils

B contents (ppim}

Soil Leaching water (cm)
depth
Treatments (cim) 0 30 60 0 120 150 180
Control (Jo) 0-30 7.87 4.51 3.25 2.51 1.96 1.41 1.22
30-60 7.54 4.89 4.00 2.96 2.28 1.87 1.39
60-90 7.69 571 4.93 3.43 2.84 212 1.42
90-120 7.49 8.26 7.35 4,21 3.67 243 1.66
Gypsum (J;) 10t ha™* 0-30 8.12 4.77 3.37 2.96 2.20 1.95 1.63
30-60 8.06 5.12 4.21 3.21 27 2.09 1.65
60-90 7.7 6.29 5.12 3.98 3.00 233 1.71
90-120 7.67 8.09 7.77 4.71 3.54 2.53 1.73
Gypsum (J;) 30tha™! 0-30 8.45 4.92 3.32 3.09 239 2.01 1.82
30-60 8.12 5.62 4.65 3.42 2.97 2.28 1.89
60-20 7.87 7.01 5.39 4.26 3.34 251 1.96
90-120 7.91 8.33 7.65 4.52 3.78 2.88 1.94

Table 2: Residual B percentages according to initial for different leaching water doses

Leaching water (cm)

Soil 0 30 60 Q0 120 150 180
depth

Treatments (crm) Residual B percentages according to initial after leaching (B/B, = 100)*

Control (Jo) 0-30 100.00 57.30 41.29 31.89 24.90 17.91 15.50
30-60 100.00 64.85 53.05 39.26 30.24 24.80 18.44
60-20 100.00 74.25 o411 44.60 36.93 27.57 18.47
90-120 100.00 110.28 98.13 56.21 49.00 3244 22.16

Gypsum (J;) 10t ha™ 0-30 100.00 58.74 41.50 36.45 27.09 24.01 20.07
30-60 100.00 63.52 52.23 39.83 33.62 2593 2047
60-20 100.00 81.58 66.41 51.62 38.91 30.22 22.18
90-120 100.00 105.48 101.30 61.41 46.15 32.99 22.56

Gypsum (J) 30t ha™ 0-30 100.00 58.22 39.28 36.56 28.28 2378 21.53
30-60 100.00 69.21 57.27 42,12 36.58 28.08 23.28
60-20 100.00 89.07 68.49 54.13 42,44 31.89 24.90
90-120 100.00 105.31 96.71 57.14 47.79 36.41 24.53

* Bo: Initial B Content, B: B Contents after Leaching

The B contents measured in saturation extracts of
soils after each leaching process are represented in
Table 1.

It can be seen from the Table 1, high B
concentrations were present in soils. In considering the
degree of B tolerances of crops, B level was decreased
2.0-4.0 ppm that is only suitable for B tolerant crops
(sugar beet, alfalfa, field been, onion, cabbage, lettuce,
carrot etc.) as after few leaching process. After 150 and
180 cm leaching water applicatior, B level was reduced to
1.0-2.0 ppm for moderately tolerant crops (sunflower,
potato, olive, barley, mays etc.). Sugar beet and cereal are
mtensively growing crops in study region so B leaching
may be considered efficient after leaching.

To determine effects of leaching water doses on B
leaching, after the certain leaching process by using the
ratio of B concentration after leaching to initial B content
percentage (B/Bo = 100), the results were obtained and
given in Table 2.

As shown in Table 2, after 30 cm leaching water

application, 42.70, 41.26 and 41.78% of B were leached in

control, 10 and 30t ha™' gypsum application, respectively
111 0-30 cm soil depth. In 90 cm leaching water application,
these were 68.11, 63.55 and 63.44% of B were leached in
control, 10 and 30 t ha™ gypsum application, respectively,
in same soil depth.

Further leaching process, leaching efficiency of B
decreased since, in application of 180 ¢m leaching water
these were 84.50, 79.93 and 78.47% of B were leached in
control, 10 and 30 tha™ gypsum application, respectively.
The reason may be that there was great difference
between 1nitial soil and leaching water B concentrations
and this reduced after each leaching. In examine the ratios
mentioned above; gypsum resulted in lower leaching of B
1n accordance of control plots. The possible reason may
be that adding to the gypsum increased the calcium
concentration of soil and this calcium formed B
components in soil (Ca,B,0, .5H,0) as reported by
Ayyildiz (1983).

Application of leaching water led to leaching of B
and also salts within the soil profile and so leaching
efficiency of B decreased.
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In Table 2, in general leaching efficiency in 30-60 cm
was found lower than 0-30 cm soil depth. The reason of
that leached of B from upper part of so1l deposited 1 this
layer. This 1s very common result that B deposits in lower
part of soil since, B was leached from upper part and
reached to the lower part. In this layer, after 30 cm
leaching water application, B concentration increased by
depositing of B from reaching the upper B and residual B
percentages according to the initial B values decreased as
64.85,63.52 and 9.21 % of B were leached in control, 10 and
30 t ha™ gypsum application, respectively. In 90 cm
leaching water application, these were determined as
39.26, 39.83 and 42.12%, respectively. In examine the
effects of gypsum on B leaching efficiency, increase of
gypsum doses caused decrease of B leaching comparison
to control plots. Application of leaching water led to
leaching of B and also salts within the soil profile so
leaching efficiency of B decreased like the above results.

In third layer of 60-90 cm soil depth, leaching of B
decreased comparison to upper layers. In first 30 cm
leaching water application, leaching of B was very low for
all treatments. Due to B leaching from the upper to lower
part, deposition of residual B mcreased in this layer and
was determined as 74.25, 81.58 and 89.07% in control,
10 and 30 t ha™ gypsum application, respectively. Tn
further leaching process, in 90 cm leaching water
application, B content decreased to the 44.60% (55.40% B
was leached), 51.62% (48.38% B was leached) and 54.13%
(45.87% B was leached) in control, 10 and 30 t ha™
gypsum application, respectively.

In 180 cm leaching water application, these were
found 22.16, 22.18 and 24.90% in control, 10and 30 t ha™*
gypsum application, respectively. In initial doses,
leaching efficiency was low and the reason 1s same that in
lower part B was deposited from leached B of upper
layers.

In last layer of 90-120 cm after first 30 cm water
application, B concentration increased comparison to
before leaching and residual B concentration was found
110.28, 105.48 and 105.31% in control, 10 and 30 t ha™*
gypsum application, respectively. The increase of B level
was resulted from leaching of B from upper part to this
layer. The leaching was efficient after each leaching
process but it was lowest in such layer. Thus, in 180 cm
leaching water application, residual B concentrations
reduced as 22.16, 22.56 and 24.53% in control, 10 and
30 t ha™' gypsum application, respectively. Leaching
levels of B were highest in control plots and followed by
10 and 30t ha™" gypsum application plots.

Inresult, mitial B levels were 7.49-7.87, 7.67-8.12 and
7.87-8.45 ppm in control and followed by 10 and 30 t ha™
gypsum applied plots. After leaching, these were reduced

as 1.22-1.66,1.63-1.73 and 1 .82-1.96 ppm incontrol, 10 and
30tha™ gypsum application plots, respectively. This was
almost the safe value of 1 ppm for many agricultural crops.
These values were lower than 1-2 ppm that was suitable
for main crops of in research region such as cereals. The
aim of the research was to determine the effects of
gypsum on B leaching. After the leaching process, B
levels decreased in gypsum applied plots but leaching of
B was lower comparison to control plots.

To determine the relationship between residual B
concentrations n soil profile according to mitial B content
percentage (B/Bo x 100) and ratio of leaching water
amount to soil depth (Dys/Dt), graph was formed and
following mathematical equations were obtained;

For Control Plots;

D,/D, = 5.75x e 2" HE 00— () 84
For First Dose of Gypsum (10 tha™");
D,./D, = 6.165x e 72 1% 1 — .0 85
For Second Dose of Gypsum (30 t ha™);
D,./D, = 7.33x e "M 00— () 79

Correlation coefficients of equations were obtained
as r_-0.84, r_-0.85 and r-0.79 in control, 10 and 30 t ha™
gypsum application plots, respectively. This values were
almost equal to 1 (-1+1) and showed good relationships
statistically. By using B leaching equations, B leaching
curves were formed and were expressed in Fig. la-c. In
these Fig. lac as B level decreases m soil the
effectiveness of unit leaching water also decreases. These
curves were same the many researchers findings
previously sited in the literatures.

1204
1004
804
60~

B/B,x 100

40+

201

n

0 1 2 3 4 5
D_/D,

Fig. la: Relationship between residual B percentage in
control plot and ratio of leaching water depth to
soil depth
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D,/D,

Fig. 1b: Relationship between residual B percentage
in respect to initial in first dose of gypsum
(10 tha™) applied plot and ratio of leaching water
depth to so1l depth

Fig. 1c: Relationship between residual B percentage
in respect to initial in second dose of gypsum
(30 t ha™) applied plot and ratio of leaching water
depth to so1l depth

According to the leaching equation and curves of B,
in terms of the initial to be removed 30, 60 and 90% of B
in soil profile, the applications of leaching water were
determined as 0.37, 1.20 and 3.89 times of soil depths in
control plots, respectively.

Tn 10t ha™ gypsum applied plots, these were 0.41,
1.31 and 4.18 times of so1l depths for removing 30, 60 and
90% of B, respectively. In examined 30 t ha™" gypsum
applied plots, these were 0.39, 1.38 and 4.78 times of soil
depths for removing 30, 60 and 90% of B, respectively.
However, leaching water calculated from the leaching
equation and curves of B was the net leaching water
requirement and evaporation amount should be added to
calculated value in practice.

By comparison to these three treatments, application
water was higher in gypsum applied plots than only
leaching water applied plots (control). The research soils
were dominated calcium and sulphate so gypsum
application resulted m increase of calcium since natural
gypsum was present in research soils. Thus, water
leached B and also calcium so leaching efficiency of
Breduced In addition, there was relationship between

deposition of B and calcium, especially B formed as Ca
Borate (Ca,B,0,,.5H,0) precipitated had wvery high
difficulty of leaching. The mcrement of Ca doses in
gypsum applied plots led to low leaching of B. Thus, in
present study the effect of gypsum application on B
leaching was low and required more leaching water. The
leaching efficiency was found as Control = first dose of
gypsum (10 t ha™) > second dose of gypsum (30 tha™").
In these type of soils, as the gypsum increases, leaching
water requirement also increases and leaching efficiency
reduces. The main objective in reclamation of B soils
was to remove maximum B in unit water. According to
research, it can be not suggested of gypsum application
for efficient leaching of B.
It may be concluded from the research that,

¢ Ininitial B contents of soils were 7.58-8.14 ppm and
reduced by leaching and reached to the safe level
for crops. By comsidering shallow rooted crops,
examining the 0-30 cm soil depth, initial B content
was very high and after 60 cm leaching water
application, soil B content was available for only
B tolerant crops (sugar beet, alfalfa, omion etc.).
Increasing the leaching water doses resulted in
decreases of B contents in soil profile. B contents
i soil were reduced for the moderately tolerant
crops such as barley, wheat, mays etc. after 120 cm
leaching water application. The B contents were not
found available even B sensitive crops in 180 cm
leaching water application in control plots. In first
dose of gypsum applied plot B contents were
reduced for tolerant crops after 60 cm and for
moderately tolerant crops which of 150 cm leaching
water applications. In second dose of gypsum
applied plot, B contents were reduced for tolerant
crops after 60 cm and for moderately tolerant crops
which of 180 cm leaching water applications
(Table 3).

» To determme present drainage and B toxicity
problems in study region properly, detailed soil and
land surveys are needed. The latest soil surveys in
Konya closed basin was determined at the end of
1970 years and none surveys was conducted further.

¢ The results obtained from the leaching equations and
curves in study soils can be used without field
studies for similar characteristics of soils m this type
of regions of the world. According to the many
researches (Dorsan, 1988; Beyazgul, 1995; Yilmaz,
2001) surge basin irrigation has been suggested as
more efficient method in leaching B from the soil
profile.
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Table 3: Relationship between residual B contents in first 30 cm soil depth and some crops

Leaching water {cm)

0 30 60 90 120 150 180
Treatments Boron contents (pprm)
Control (0t ha™!) 7.87 4,51 3.25 2.51 1.96 1.41 1.22
- Tolerant Crops (24 ppimn) Moderately Tolerant Crops (1-2 ppm)
(Alfalfa, Onion, Lettuce etc.) (Rarley, Wheat, Mays etc.)
Gypsum (10t ha™) 8.12 477 3.37 2.96 2.20 1.95 1.63
- Tolerant Crops (2-4 ppm) Moderately Tolerant Crops, (1-2 ppim}
(Alfalfa, Onion, Lettuce etc.) (Barley, Wheat, Mays etc.)
3.09 2.39 2.01 1.82

Gypsum (30 tha ™) 8.45 4.92 3.32

Tolerant Crops (24 ppimn)

Moderately Tolerant

(Alfalfa, Onion, Lettuce etc.)

¢ Surface water resources are limited in study region so
drainage water must be used in irrigation. Thus, most
soils had salinity problems and should be improved.
Surface water resources should be developed and if
possible good quality water should be used n
irrigation.

¢+ To be succeeded good reclamation, farmers should
be mformed about wurigation water management.
The organizations between agricultural sectors are
prerequisites and farmer seminars should be
organized by experienced persons.

*  Reclamation works of saline-sodic and B affected
solls should be sustainable so soils should be
checked regularly. For this reason in improvement
soils, physical and cultural practices are necessary.
Soil organic matter contents should be increased for
good crop growing and rotation system also 1s
necessary to improve the soil fertility. Tn first years,
B tolerant crops should be growth especially after
reclamation.

+  Before starting the detailed field studies, small size
researches should be conducted to determine the
most effective and economical reclamation methods

n laboratory or field conditions.
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