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ABSTRACT

Turkey has diverse climate zones and there-
fore, number of the freeze-thaw process (FTCS)
varies from one region to another. The number is
increasing especially in high shear and cold regions
and such cycles have significant impacts on availa-
ble nutrients for plants. The present study was camry
out with 5 mgor soil groups (Vertisol, Chernozem,
Andosol, Leptosol and Calcisol) under field condi-
tions to determine the effects of repeated freeze-
thaw processes on available nitrogen (ammonium
and nitrate) (NHs-N and NO;-N) levels of the soils.
Five different nitrogen doses (0, 100, 200, 300 and
400 mg kg™) were applied to 5 major soil groups in
three replications. While the first freeze-thaw pro-
cess usually increased the ammonium and nitrate
nitrogen, the second and further freeze-thaw pro-
cesses usually reduced available N contents of soils
for plants. Current findings revealed that available
NHs-N and NO:-N levels greatly depended on
number of freeze-thaw cycles and increasing num-
ber of cycles decreased available soil nitrogen lev-
els for plants, thus required higher nitrogen fentiliz-
er levels to supply sufficient nitrogen during the
plant-growth periods.
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INTRODUCTION

Current global warming and subsequent in-
creasing temperatures inhibit freezing process in
soils of some areas and also result in lack of snow
cover over the soil surface and consequently in-
crease the number of freez-thaw cycles and de-
crease soil resistance against freezing conditions
[1]. Freezing occurs at subfreezing temperatures of
higher altitudes through various mechanisms within
certain soil layers. Decreasing snow cover with
ongoing global warming increase the number of
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freezethaw cycles especially duning the frosty
periods [2]. Freeze-thaw process accelerates the
mineralization of organic nitrogen and consequent-
ly increases the ammonium and nitrate concentra-
tions. So morganic N in the soils increased afler
cycles of freezing thawing [3] The freeze-thaw
process increased the exchangeable ammonia
amounts, but decreased the exchangeable potassium
amounts. Freepaz et al [4] reported that a single
freezethaw cycle reduced the microbial nitrogen
contents but increased organic nitrogen levels.
Freeze-thaw process regulates the availability of
nitrogen and phosphorus and increasing number of
cycles also increases soil mineralization Research-
ers also found that the freeze-thaw process in-
creased the ammonium formation in the soil and
reported increased total dissolved nitrogen and
phosphorus. The present study was carry out to
determine the effects of freeze-thaw process on soil
available nitrogen amounts (NHs and NOsz) based
on soil properties.

MATERIALS AND METHO DS

Description of the site and material. The
present study was carried out with soils of 1880-
2030 m altitudes of Turkey. The mean annual tem-
perature, predpitation, evapotranspiration and rela-
tive humidity of the region are 6.3°C, 398 mm,
1060 mm and 64%, respectively. The mean (60-
years average) air temperatures were 0.8, —5.9,
9.1, -7.8, 2.5, 5.4 and 10.5°C in between Novem-
ber and May, respectively. Soil temperatures at 5
and 10 cm depth were respectively 2.3 and 2.5°C in
November, —5.8 and —5.4°C in December, —10.6
and —10.5°C in January, —8.6 and —8.6°C in Febrnu-
ary, 1.8 and 1.2°C in March, 8.6 and 8.1°C in April,
12.6 and 12.1°C in May. On average, sSnow remains
over the ground for 94 days and the region has 124
rainy days per year. According to FAQ, the soils
are classified as Vertisol (VR), Chernozem (CH),
Andosol (AN), Leptosol (LP) and Calcisol (CL).
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TABLE1
Some chemical and physical properties of the experimental soils
Vertisol Chernozem Andowl Leptosd Calcisol
pH(12.55/'w) 722 7.00 7.82 730 176
CaCOy % 037 0.4 1.15 098 25.64
Organic mater, % 121 1.33 243 184 219
Total nitrogen, % 0.0060 0.0052 0.0122 0.0092 0.0102
CEC, emol kg 25.73 3564 20.75 223 39.56
K, emol kg 236 2.12 3.15 282 328
Ca emol kg 15.24 1422 14.1 12.14 20.41
Mg emol. kgt 263 2.88 25 325 289
Na emol kg-! 052 07 1.22 0.61 1.00
P, mg kg 825 1067 2125 24.27 12.09
Chy, % 57.82 53.11 2881 13.86 24.69
Sil, % 23.8 23.59 5039 32.%9 29.30
S % 18.35 2330 2080 53.15 46.31
Aggregate stability, % 40.20 4848 30258 25.08 50.48
EC, pmhos cor! 285 260 470 425 435
Bulk density ¢ o’ 1.09 1.15 1.22 134 1.19
— — — -
TABLE2
Availability of NHs-N in soil groups
Fl:cae- Fertil izer Smlgmup
kg da? Vertisal Chemozem Andosol
Sycles
Avar* Ava
NH, Ava®* s NH, Ava* - NH, . Awar* Ava.*?,
b % me mg kg % mg TER o o
8 kx-l E‘il g
Initial 527 6.27 853
I — - -
0 8.6d 158 14 87e 148 13 217e 427 93
100 371b 274 10.2 4004d 30.1 120 306d 398 122
3 200 43¢ 142 35 604c 392 237 421c 446 18.8
300 %.1a 219 10.1 764b 455 347  523b 419 21.9
400 Q62 215 10.7 9%3a 450 442 6042 410 248
0 de 211 24 240e 07 98 1224 240 29
100 4a7.1d 347 16.4 4664d 350 163 197¢ 257 5.1
6 200 21¢ 305 15.9 612¢ 396 242 204c 216 44
300 7576 360 27.2 6990 416 290 387b 310 12,0
400 2la 399 36.7 8662 397 344 4602 313 14.4
0 343d 632 21.6 %2¢ Ly 116 170e 333 5.7
100 Sldc 379 19.5 %62 350 163 265d 345 9.1
o 200 %42a 552 52.1 328b 212 70  319¢ 338 10.8
300 885b 421 37.3 218d 13.0 28 339 272 92
400 893b 386 34.5 335b 153 5.1  407a 277 1.3
lzgmol (ﬂsol
Initial 520 9.53
0 1906 292 55 166 ¢ 280 47
100 129¢ 160 2.1 23.14d 242 56
3 200 1776 165 29 4dc 185 5.1
300 042 163 33 3320 18.0 6.0
400 24a 133 30 WAa 195 79
0 B3e 510 17.0 3324d 56.1 186
100 516d 639 33.0 541c 568 307
6 200 610b 599 38.4 752b S0.8 382
300 S84c 467 27.3 N8 a 04 449
400 842a 498 419 %.6a .7 45.1
0 129¢ 198 26 94e 159 15
100 163d 202 33 1804d 18.9 34
9 200 251¢ 235 59 4&54c 307 139
300 4%2b 370 17.1 598b 325 195
400 6253 369 23.1 69.9 a 33 8 236
E— - — — I
* — % of supplemented fertilizer passed to available form with freeze-thaw cycles,
## —the amount of fertilizer able to be taken by plant
Soil analysis. The soil samples were taken at pH 8.2) and ammonium acetate (buffered at pH
from 0-20 c¢m depth and some physical and chemi- 7.0) according to Summer and Miller [5]. The
cal analyses were performed to determine the initial Kjeldahl method [6] was used to determine organic
soil properties. Cation exchange capacity (CEC) N while plant-available P was determined by using
was determined by using sodium acetate (buffered the sodium bicarbonate method of Olsen et al. [7].
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Electrical conductivity (EC) was measured in satu-
ration extracts according to Rhoades [8]. Soil pH
was determined in 1:2 extracts and caladum car-
bonate concentrations were determined according
to McLean [9]. Soil organic matter was determined
using the Smith-Weldon method according to Nel-
son and Sommers [10]. Ammonium acetate buff-
ered at pH 7 [11] was used to determine exchange-
able cations. After extraction, the P, K, Ca, Mg, and
Na contents were determined using an inductively
coupled plasma spectrophotometer (Perkin-Elmer,
Optima 2100 DV, ICP/OES, Shelton, CT 06484-
4794, USA). The analysis results for soil physical
and chemical properties are provided in Table 1.

Freeze and thaw experiments. Field studies
were conducted with Vertisol (VR), Chermozem
(CH), Andosol (AN), Leptosol (LP) and Calcisol
(CL) major soil groups in 16 plots in fully random-
ized block design with 4 N doses (0, 100, 200, 300
and 400 mg kg™ N) and 4 replications. Each N dose
was applied at the beginning of November and
incorporated into 0-20 cm soil profile. Plots were
1.5 x 4 m in size and the plant-available soil mois-
ture content was 105.3 mm m™. Soil moisture con-
tents of the plots were brought to field capacity at
the beginning of freeze-thaw cycles. The mean (2
years average) air temperatures were —10.3, —16.2,
—184, -82, 2.0, 3.4 and 6.2°C between Novem-
ber and May, respectively. Soil temperatures at 5
and 10 cm depths respectively were —2.8 and
—1.0°C in November, —8.4 and —6.3°C in Decem-
ber, —13.8 and —11.2°C in January, 9.3 and
—8.0°C in February, 1.0 and 1.6°C in March, 2.5
and 2.2°C in Aprl, 5.2 and 4.8°C in May and soil
moistures at 10 cm depth were 90.15, 102.10,
97.23, 100.30, 122,10, 110.13 and 103.18 mm m*
between November and May, respectively.

Adsorption-desorption isotherms. Ammo-
nium and nitrogen sorption isotherms of the pre-
trial soil samples were determined in triplicates
[12]. The corresponding sorption isothemns for each
element were quantitatively described by parame-
ters through fitting the experimental data to Lang-
muir and Freundlich isothemns.

Statistical analysis. The laboratory and field
experiments had a mndomized complete block
design with four replications in the field comprised
of soil types (5) and nitrogen doses (5). Analysis of
variance (ANOVA) was used to determine the
effects of soil type, nitrogen doses and freeze-thaw
treatments on NOs and NHs adsomption-desorption.
Duncan’s multiple comparison test procedure was
used to compare the treatment means and regres-
sion analysis was used to assess the effects of
treatments.
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RESULTS

Effects of freeze-thaw process on soil avail-
able ammonium content and adsorption-
desorption levels of soils. Considering the eflects
of the freezethaw processes on soil ammonium
contents under field conditions, significant varia-
tions were observed in soil ammonium contents (p
< 0.01) with fertilizer levels and freeze-thaw pro-
cesses. Significant changes were also observed in
available ammonium levels of soil groups exposed
to 3, 6 and 9 freeze-thaw cycles with different am-
monium doses and ammonium availability levels of
soil groups increased at 6 freeze-thaw cycles. While
the highest soil available ammonium contents were
generally observed in 6 cycles, the least levels were
observed in 3 cycles (Table 2).

Although varied based on soil groups, sup-
plemented N levels had positive impacts on ammo-
nium amounts passed to soil solution with freeze-
thaw cycles until certain implementation levels, but
beyond those leves, significant portion of supple-
mented nitrogenous fertilizers was absorbed based
on frequency of freeze-thaw cycles. Considenng
the amount of NHy passed to soil solution through
adsomption (Figures 1 and 2), amount of NHy in soil
solution of Vertisol soil order in 126 mg kg’ NHs
treatment was 24 mg kg”; the value was observed
as41 mg kg™ in 48 mg kg NH, treatment of Cher-
nozem soil order; as 45 mg kg™ in 50 mg kg™ NH,
treatment of Andosol soil order; as 45 mg kg” in 53
mg kg NHs treatment of Leptosol soil order; as 45
mg kg' in 51 mg kg NHs treatment of Calcisol
soil order. Beyond these doses, effects of freeze-
thaw cycles were more distinctive with increasing
NHs treatments and increasing number of cycles
increased the NHs fixation capacities of the soils.
Optimum NHs-N doses were calculated considenng
the amount of NHs-N passed to soil solution with
NHs-N treatments and the value was calculated as
218 mg kg for Vertisol soil order, 222 mg kg™ for
Chernozem soil order; 268 mg kg™' for Leptosol soil
order; 230 mg kg” NH«+N for Calcisol soil order.
Beyond these doses, NHs-N treatments increased
the amount of NHi-N held by or fixated into soils.
Adsomption-desorption tests at different number of
freeze-thaw cycles (3, 6 and 9) and different nitrog-
enous fertilizer doses (0, 100, 200, 300 and 400 mg
kg') revealed a quadratic relationship for the
amount of ammonium in soil solution and amount
of ammonium passed to soil solution increased with
increasing nitrogen doses. However in this relation-
ship, amount of ammonium passed to soil solution
decreased with increasing number of freeze-thaw
cycles. Amount of adsorbed and desorbed NHs-N
decreased at the end of 9 cycles (Figures. 1-2).
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FIGURE 1

NHas-N levels passed to soil solution through adsor ption under field conditions

Effects of freeze-thaw processes on availa-
ble nitrate contents and adsorption-desorption
levels of soils. Considering the effects of freeze-
thaw cycles on nitrate contents of soils, significant
variations were observed in soil nitrate contents
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with fertilizer doses and number of cycles (p <
0.01). Significant changes were observed in nitrate
availability levels of soils exposed to 3, 6 and 9
cycles with fertilizer doses. Increasing number of
freezethaw cycles yielded different nitrate availa-



bility levels in different soil orders. While increas-
ing nitrate availability levels were observed in Ver-
tisol soil order with number of cycles, generally
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decreases were observed in available nitrate levels
of Chernozem, Andosol, Leptosol and Calcisol soil
orders (Table 3).
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FIGURE 2

NH4-N levels passed to soil solution through desorption under field conditions
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Nitrate adsorption capacities of soil orders ex-
posed to freeze-thaw cycles under field conditions
and 0, 20, 40, 60 and 80 kg N da’ nitrogen doses
were assessed at the beginning and end of freeze-
thaw cycles and were tried to be expressed for dif-
ferent soil orders (Figures 3-4). N supplementations
had positive impacts on amount of NOs-N passed to
soil solution through freeze-thaw cycles until cer-
tain levels. However beyond these levels, signifi-
cant portion of supplemented nitrogenous fertilizers
adsorbed based on frequency of freeze-thaw cycles.
Amount of NOs-N passed to soil solution was ob-
served as 24 mg kg’ in 60 mg kg” NO:-N treat-
ment of Vertisol soil order; as 28 mg kg’ in 68 mg
kg’ NO:-N treatment of Chermozem soil onder; as
48 mg kg in 52 mg kg™ NOs-N treatment of Ando-

Fresenius Environmental Bul ein

treatment of Leptasol soil order; as 54 mg kg' in 52
mg kg' NO:-N treatment of Calcisol soil order.
Beyond these doses, effects of freeze-thaw cycles
were more distinctive with increasing NO:-N
treatments and increasing number of cycles in-
creased the NOs-N fixation capacities of the soils
(Figures 3-4). Optimum NOs-N doses were calcu-
lated considering the amount of NO:-N passed to
soil solution with NOs-N treatments and the value
was calculated as 213 mg kg for Vertisol soil
order; as 192 mg kg (38 kg N da™) for Chernozem
soil onder; 215 mg kg' for Andosol soil order; as
204 mg kg (41 kg Nda™) for Leptasol soil order;
as 186 mg kg™ NO:-N for Calcisol soil order. Be-
yond these doses, NO:-N treatments increased the
amount 0f NO3-N held by the soils (Figures 3-4).

sol soil order; as 62 mg kg™ in 50 mg kg* NO:-N

TABLE3
Availability of NO;-N in soil groups
Freeze-thaw  Fertilizer Soil group
cycles kg da”! Vertisol Chernozem Andosol
Ava Ava Ava. **
NHimg Ava®* . NHimg Ava* . NH;mg Ava* C
kg % mg kg % mg kg % :‘3.
‘s-l ]s-l g‘
Initial 7.17 8.50 10.00
0 15.1¢ 29.0 44 15.1¢ 25.6 39 309e¢ 47.1 14.5
100 284c 393 11.1 46.1d 45.5 21.0 33.5d 423 14.2
3 200 21.5d 25 49 9.1c 433 21.3 36.1c 38.1 13.7
300 36.3b 327 11.8 54.4b 41.9 28 40.6b 30.0 12.2
400 46.5a 29.1 13.5 582a 41.8 244 489a 328 16.0
0 11.3¢ 21.7 25 204c¢ 34.6 7.1 135¢ 20.6 28
100 16.6b 23.0 38 27.2b 26.9 73 23.2d 293 6.8
6 200 136¢ 14.2 19 28.7b 253 73 27.0c 28.6 77
300 30.2a 27.2 82 28.0b 21.5 6.0 753a 55.7 420
400 27.2a 17.0 46 363a 26.1 95 50.2b 33.6 16.9
0 25.7d 493 12.7 23.4d 39.7 93 213¢c 324 69
100 27.2d 37.7 10.3 280c¢ 27.6 73 225¢ 285 64
200 60.5b 63.2 38.2 3550 313 1.1 31.6b 333 10.5
9 300 HM6¢c 40.1 17.9 476a 36.6 17.4 19.3d 14.3 28
400 £6.2a 53.9 46.5 44.6a 32.1 14.3 50.2a 33.6 16.9
Leptosol Calcisol
Initial 6.27 10 47
0 29.3d 36.4 10.6 18.0d 25.2 45
100 41.2¢ 428 17.6 40.6¢ 43.0 17.4
3 200 54.5b 482 26.3 71.8b 57.4 413
300 53.2b 494 26.3 75.8a 50.0 379
400 565a 455 25.7 70.5b 4.5 314
0 333c¢ 413 13.7 41.2a 57.9 239
100 37.9b 393 14.9 40.6 a 43.0 17.4
6 200 3590 31.8 11.4 29.3b 234 68
300 35.2b 32.7 11.5 233c¢ 15.4 36
400 386a 31.0 12.0 27.9b 17.6 49
0 18.0d 23 40 12.0d 16.8 20
100 173 ¢ 17.9 31 13.3d 14.1 19
9 200 22.6b 20.0 45 239c¢ 19.1 46
300 193¢ 17.9 35 52.5b 34.6 18.2
400 293a 23.5 6.9 59.9a 37.8 22.6

* — % of supplemented fertilizer passed to available form with freeze-thaw cycles,
** —the amount of fertilizer able to be taken by plant
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NO:-N levels passed to soil solution through adsor ption under field conditions
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NO;-N levels passed to soil solution through desorption under field conditions
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DISCUSSION

The present study was conducted for two years
to investigate the effects of freeze-thaw processes
on available nitrogen contents of 5 large soil orders.
Results revealed significant decreases in NOs:-N
and NHs-N contents of soils with increasing num-
ber of free-thaw cycles. Previous studies also re-
ported similar findings. Urakawa et al. [13] indicat-
ed that increasing freeze-thaw frequency effected
form transformation of nitrogen and such a case had
remarkable impacts on soil fertility when it hap-
pened especially during the development period.
Freeze-thaw cycles are usually observed in soils
with slight snow cover [14]. Frequent freeze-thaw
processes leads to the death of bacteria required for
the minemlization of soil organic matter or for the
conversion of total nitrogen into NHs and NOsz
nitrogen [3]. As a result of death or mactivity of
soil microorganisms, significant decreases are ob-
served in available portions of plant nutrients in
soils. In the present study, significant decreases
were observed in available nitrogen contents with
increasing number of freeze-thaw cycles (9 times)
and such results were similar to the findings of
Zhou et al. [3].

Agpregate disintegration speeds up with the
increase in frequency of freeze-thaw cycles and
resultant compaction in plant root regions results in
death of healthy roots [15, 16, 17]. Death of roots
and other similar unfavourable conditions decrease
the availability of nutrients and mineralization of
soil organic material [18] and increase unavailable
forms or fixated nutrients in soils [3, 19]. In the
present study, amount of fixated NHs and NO:-N
increased but available portions decreased with
increasing number of freeze-thaw cycles. In frozen
soils, thawing temperatures activate the microor-
ganisms, which are able to transform into spore
forms and not died at freezing temperatures,
through the secretions released from the died bacte-
ria and ultimately speed up the conversion of soil
nitrogen into inorganic form. However, increasing
freezethaw frequencies negatively affect the case
and decrease the soil microonganism activity to a
level much slower than the initial levels [20].

In soil frozen under lower temperatures, re-
duced microorganism activity may not play a sig-
nificant role in the amount of available nitrogen not
originated from organic material. Amount of ap-
plied nitrogenous fertilizers may increase the avail-
able nitrogen levels of soils [4]. Since soil aggre-
gate stability is spoiled up with freeze-thaw pro-
cesses, the NHs-N hold by soil colloids is freed and
consequently available N contents increase. In the
present study, while an increase was observed in
available NH4 and NOs-N levels based on soil char-
acteristics and applied fertilizer with 6 freeze-thaw
cycles, available NHs and NOs-N levels decreased
with 9 freeze-thaw cycles and such results were
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similar to findings of previous studies [15]. The
present results revealed that freeze-thaw processes
had significant impacts on soil nitrogen adsomtion
and desomtion capacities. Previous studies also
reported significant increases in adsomption capaci-
ties but decreases in desorption capacities with
increasing number of freeze-thaw cycles [21].

Amount of nitrogen passed to soil solution or
adsorbed-desorbed amount of nitrogen may de-
crease or increase based on microbial activity, sup-
plemented fertilizer, organic matter content and
root secretions [22]. Beside N sorption, freeze-thaw
processes affect all these characteristics.

In the present study carried out under field
conditions, significant vanations were observed in
NHs and NOs-N contents of 5 different large soil
groups with different soil charactenstics with the
supplemented nitrogenous fertilizer doses.

Current global warming trends increased the
number of freeze-thaw cycles and negative cases
like insufficient or less snow covers resulted in
significant decreases in available nitrogen levels of
the soils.

The present study was carried out for two
years and increasing number of freeze-thaw cycles
decreased the available nitrogen levels and in-
creased adsorbed and fixated amount of nitrogen.
Together with organic matter contents, improve-
ments in some physical and chemical soil character-
istics may diminish the negative impacts of freeze-
thaw processes on available nitrogen contents of
soils.
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