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Long Term Cultivation Effects on Soil Properties in Pastures
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Four soil profiles were examined to determine and compare the effect
of soil management practices on various soil physical, chemical and mor-
phological features. Soils were developed in an alluvium over lacustrine
materials. The locations of pits studied were selected based on the distance
from river and profiles were excavated two from native pasture (never
been cultivated) and the other two from cultivated field (15 years of cul-
tivation). Soil moisture contents of cultivated lands were higher than that
of pasture field. Organic matter content of surface horizons were decreased
almost 50% in cultivated ficlds due to the increasing decomposition rate
of organic matter in tilled fields. Soluble salt content was increased at
about 90 cm depth in cultivated land while in pastures high soluble salt
contents were observed closer to the surface (about 50 cm depth). Calcium
carbonaic nodules and masses were described at around 60 cm of the soil
surface in cultivated ficld. Results indicated that long-term management
practices resulted in changes in soils, both in physical and chemical prop-
crtics.

Key Words: Cultivation, Soil properties, Pasture, Bulk density, Or-
ganic matter.

INTRODUCTION

Soils are formed from the interaction of parent material, climate, topography
and living organisms over time'. The living organisms cover vegetation, fauna
and different human management practices. Human effect on soil formation is
either direct such as through tilling, manuring, liming, fertilizing or indirect
through changing natural soil forming factors such as leveling, irrigation, drainage
and erosion?. ,

Tillage has been an integral component of crop production for centuries®. Long
term cultivation, irrigation, addition of mineral fertilizers and such human activities
cause changes in soil characteristics and in the classification of soils. Surface water
logging associated with long continued irrigation of soils results in changes of Typic
Kanhapludults to Antraquic Kandiudults. Similarly, in arid environments Cambids
become Salids as a result of unconscious irrigation?.

Soil tillage moves subsurface material to the surface where it is then exposed
to wetting-drying and freezing-thawing cycles and subjected to raindrop
impact®, thereby increasing the susceptibility of aggregates to disruption. Plowing
also changes the soil conditions (e.g., temperature, moisture and aeration) and
increases the decomposition rates of organic material®. In no tillage, due to drier
conditions and reduced contact between soil microorganisms and litter, decom-
position rate of plant residues is slow as compared to conventional tillage®.
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Generally, cultivation leads to a substantial loss of organic matter associated
with size fractions > 50 um, resulting in a relative shift of soil organic matter
from coarser to finer fractions’. Cultivation both reduces soil carbon content and
changes the distribution and stability of soil aggregatess. Studies on carbon losses
of soils due to the long and continuous cultivation and sequestration of atmo-
spheric CO, back to the soils are plenty’™"!. Because of accelerated decomposition
with cultivation and erosive forces, which preferentially remove the lower density
components of soils (i.e., organic matter), extreme losses of soil organic carbon
have commonly been reported from the studies.

Soil loss is accelerated by soil degradation, especially sonl compaction that
induces organic matter losses and soil structure disruption'?. The use of heavy
tillage disturbs the structure of soils. Sites that had been under long-term pasture
have a greater aggregate stability than that of cultivated sites'”. The concerned
area in this study is located between arid and humid climate. Therefore, long-term
cultivation or continued grazing with inadequate management promotes acceler-
ated erosion.

Since soil formation and the horizon differentiation of soils take a very long
time, changes in soil genesis of soils such as clay alluviation and calcium
carbonate accumulation after long-term cultivation have not been given enough
consideration in literature. Majority of the studies regarding long-term cultivation
were concentrated on the losses of organic carbon and nitrogen losses of soils
and erosion effect of cultivation.

This research was conducted in Kazova plain with a combination of native
grassland, land that had never been cultivated and land under approximately 15
years continuous cultivation. In this study, the changes in the properties of soils
is investigated after cultivation. The changes include organic matter content, bulk
density, clay alluviation, calcium carbonate accumulation and oxidation-reduction
of soils.

EXPERIMENTAL

The study area is located in a flood plain called Kazova, 15 km northwest of
Tokat province, Turkey. Four soil profiles (Cerci soil series): two from native
grass (never before cultivated) and two from adjacent cultivated fields (the first
one has been cultivated since 1992 and the other one since 1989) were selected
for this study. The locations of pits studied were decided, based on the distances
from the Yesilrmak River and profiles 3 and 4 (P3, P4) were closer to the river.
The region is under the effect of both Black Sea region climate and terrestrial
climate of the Central Anatolian region. Average annual precipitation is 600 mm
and the temperature is 11~12°C. The first two profiles (P!l in the cultivated field
and P2 in pasture) were located closer to the ancient lake and parallel to each
other. The third (P3) and the fourth (P4) profiles were also parallel to each other
but further from the ancient lake coast. Conventional tillage was performed at
maximum tillage depth of 20 cm with tillage operations totalling 5 or 6 per year
in continuously cropped fields. Soils were classified as fine, smectitic, mesic
Fluvaquentic Haplustolls (P2, P3, and P4) and fine, smectitic, mesic Aquic



Vol. 18, No. 3 (2006) Cultivation Effects on Soil Properties in Pastures 1955

Argiustolls (P1) order according to soil taxonomy' consequently. A pit ca. 2 m
deep was dug for each site. The detailed morphological descriptions of soil
profiles were made according to field book for describing and sampling soils',
and horizons were identified on site. Bulk samples for physical and chemical
analyses and 100 cm® core samples for bulk density determination were taken
from all horizons. Oven-dry bulk densities were determined for each sampled
horizon.

Samples were air dried, manually ground and sieved to remove coarse
fragments >2 mm. Particle size distribution was made by the hydrometer
method'%; soil pH was measured from a 1 : 1 soil/water suspension'’; exchange-
able cations were extracted with 1 M NH4OAc at pH 7; cation exchange capacity
was determined by the summation of cations; calcium carbonate content was
determined by the pressure-calcimeter method'®.

The following data were recorded in the field: upper and lower boundaries of
horizons, moist and dry colour (Munsell colour chart), reaction to 10% HCI and
the presence of carbonate accumnulation.

RESULTS AND DISCUSSION

Soils investigated were very deep, poorly drained and formed in alluvium over
clayey lacustrine deposits. Kazova, a flood plain, was initially a swamp area and
after the 1970’s the government started to establish drainage systems in the plain.
A small portion of the plain has never been cultivated and is used as pasture.
Since the pastures belong to the government, the villagers who benefit from the
pasture do not manage the pastures properly. Due to the intensive grazing, grass
production of the pasture is not very good. Therefore, organic matter addition to
the soil surface is not as high as expected.

Selected physical and chemical characteristics of profiles studied are presented
in Table-1 and morphological descriptions in Table-2. Profiles 1 and 2 were
located in cultivated fields and profile 3 and 4 in pastures. The upper 50 cm of
the soil profiles in cultivated fields was slightly higher in clay than the profiles
in pastures. Interpretation of the data (Table-1) and field observations (Table-2)
of clay films in Bt horizons demonstrates that Profile 1 has an argillic horizon as
a result of clay movement from the Ap horizon downward to the Bt horizon.

However, the formation of argillic horizon probably started long before the

cultivation practices started, because the formation of clay skins is a time
dependant process related to soil forming factors'®. Since clay movement is a
mechanical process, it could be relatively fast if the conditions are suitable. Even
in this case, Breeman and Buurman'® observed clay films in the glacial deposits
that were less than 200 years old. In the studied soils, clay movement started
before the tillage started. Since the parent material of the soils is clayey in nature,
it is ready to be transported. Therefore, it can be concluded that tillage may fasten
the alluviation process and argillic horizon formation in P1. In the other 3 profiles,
higher clay content in B horizons than surface soil was detected but the amount
of clay content does not meet the criteria of argillic horizon.

Tillage is used for planting and also to loosen the surface and sub-surface soil

e



hem.

~

Asian J. C

1956 Arslan et al.

810 170 S pe £6'vE 8¢ 0LLE 019 142 9l ¥'se eep gy 091-8vl DOp
S10 LT0 L6'6E 6L 0v 6’1 §98¢ Y09 Syl €Tl - - - 8vi-6tl ~ Dt
SI°0 LED 8ay (4944 L8 §'eTe6l 86°L 8¢°C 9l 1'0¢ L'ie €8l 6£1-¥I1  18D¢
810 (Y] 4R %% (14 I'§1 0zse §G°L €St Sel 1's§ A v'ie vii-L6  '3D7
400 980 so'tt £6've L'L 080¢ 9L STl €9y (449 £'8¢ vLl L6789 e}
S10- 8¢l LEPT 06°6C el S6¢£¢ 9L $8°0 €6l 9'8¢ 6'vs 991 89-i¢ o]
LO0 'l 82°6C L90t 91 900¢C 89°L Pl 9Ll LLe S'iy 80¢C 1$-9¢ img
810 124\ LSTE 61'¢ce g8l SLy 99°L £L] 191 1424 6'6C ¥ee 991 img
¥To 1€°0 90'LE 19°L¢ 681 Sys L4 66'¢ 144 6'LE ¥'9C 8'6¢ 910 v
(amised) 7 aj1j014
¥ o 960 051y otey I'L 08L¢ 8L9 S08 6e'l 6'6v 8L1 £'ce 01Z-¢91 Dy
170 961 SY'So L9 0T 0ot 659 SeCl 101 — — - §91-9¢1 ot
120 SLl Leey LTcy 09 0tet 8S°L 0ce 9e'l a4 Ly £'91 9S1-6¢1 30z
S1'0 SIe 9l'Le Sv'6t il STLT 8L 61l 191 £'eo 0Ll g6l 6L1—tTl )
(440 we Lyee 18°¢¢ &I §sie S6'L 60°¢C 19°1 'yS 1'6¢ 861 £T1—€01 o)
610 181 el'Le 70°6C 61 §Test 078 SOt eL'l 66t Svy 961 £01-98 3g
480 11 981t 6lce L'Ll §'886 §T8 gL'l Ll 1404 ve §'§T 98—vL '8g
1o 890 0L0t 0cie (414 S6lL 81'8 ¥0'C 091 6'vS 8'Le €Ll | A4S ag
8T0 Le0 96°9¢ 19°Le 081 68¢ S6°L 01¢ 6L'1 919 8L 90T (A A4 hg
860 €0 [4: 295 1L°9¢ 6'vi 8.9 £6°L STy £6°1 Sy £0L 6'tC 0 dy
(PrrY pateanno) | spyoid
A_lwx ’[ow?) ATMV_ (wo O%H (%) AmlF_u g) %
> BN SW+ed  Jows) - (%) /oyuiw) 1 Jonew Kusuap Ke|DH s pueg () uozZUOoH
t00%D . dag
230 o3 Hd 210 ying
J[qessueyoxyg [&@0],

SHH0¥dd TOS 40 SILLY3d0Ud TVIINTHD ANV TVIISAHd {d4Lo0d374ds
1-3719VvL



1957

‘Cultivation Effects on Soil Properties in Pastures

Vol. 18, No. 3 (2006)

¥Z0 10 69°LT yT'8¢ R2Y 0Lsiy 99°L 990 1€7 §es g 0ve oLI-6¥1  Y3D¢
SI0 1€0 §T9¢ 19t 'y $'086 ZLL 0L0 8T'1 g'1s 1A% (43 6vI-8¢l €307
SI°0 Pe0 LLey 9Ty (44 o1l £9L €L0 81 £vs §'LT 8l 8€l-6z1 13Dt
S0 50 98'LE £5°8¢ 69 $7€00C LS’L £6°0 oLl 90§ (413 z6l 6zi—611 1807
810 124Y Loy vy Se Sy8vl §S°L te’0 124! 8IS LT IR 611-L6 0
(43Y 890 16°G¢ 1468 LT S'eo8l 19°L 18°L oLt 141 zoe V6l L6-LL D
S1'0 890 0lve £6'vt 78 6otsi 19L 950 9Ll oSy 09¢ ¥'8l LLT9 qd
S1°0 [y 98'LE £S8¢ L §'Ts6 6LL 0L0 69'1 I8y £'T¢e L6l 9ty tmg
810 LE0 699y yTLy 901 S6is L8L 09'1 091 I'ey 01z 6'SE 13 a4 g
810 ve'0 LSy XA 4 £91 oty L8L 0T 9Si 9¢e 5 X4 60y 791 Img
SLo ie0 AA7 oty ¥'0¢ (13% 24 8LL S £el '8¢ 861 czs 910 A4
(amsed) p 3po1d
144y 1£°0 90°LE 19°LE 6'1 006vC 1L [ i 90y St 0'8¢ S61-291 3¢
yZ'0 Pe0 18'6¢ 6L °0v L8 0'687¢ LTL QT ISA A 4 LT L9e 91ty 74
170 ve'0 P86L 6L'0v 1"y 0's91C 65°L (S8 051 9'0¢ 06T 74 evi-9C1 O
8C0 10 L6t 6£°0v LL 0°00cC 99°L wo oYl 908 ot 76l 9C1-66 o
120 0 91'Le 19°LE el §°T79 o8'L vLO £L1 g'ls S'le L9l 66-LL 04
ro 170 tl6t 976t v'oi 090y 8L 060 o'l 129 4 1823 §oC LL09 g
810 LT0 6Lty 104 44 S8 0't8y 6LL S60 89'1 [ R2Y 9t 9574 090t g
870 170 vLYY XA 4 $81 0t09 YAy (4:44 vl 89y S ¥ Lie 0c0 dy
(Poy pateAnmd) € 3[joid
o B
A_lwv_ _OEUV ATMM A,\va (wd , ONI TNVV AmlEu Mv % AEUV
b eN W +eD  d0wd) €008 foquiu) AR new Aysuop Ae1) 1A puesg qdaq UOZUOH
ocH) 03 Hd 810 Ang
J|qesdueyoxy fe10],




Asian J. Chem.

1958 Arslan er al.

xnew 01490 anrssew VRS  091-8p1  80p

Jani} pasodwossp Ajpiesspo SO SAlsSEUW ‘1KAS 8rl-6tl ot
(p/PYAS L) UOII JO SISSBUI SE SUOHBNUIILOI XOPI UOWLO)) SD JAIsseW CIPHAOI 6CI—8ll 3D
(1/€AS D UAN
UOWIWOD (§/pY AG'L) BOJI JO SISSLLL SB SUONEBNUIIUOI XOPaI Aueiy SO Jaissew USAST vii-L6 8Dz
(@/rdA01) UN .
MOJ pue (9/py AG°L) UOJI JO SISSEW S SUOHIBIRIUIOUOD XOP3i AUBiy SO Jalssew YISHAOI 1689 O
UOIi JO SISSEW SE SUONENIUIDUOS XOP3S UOWWIO)) MDD Qe 607 ZIVEAOT 89-1¢ s}
uOlJi JO SISSBLL SE SUONBAUIDUOD XOPII UOUILICD ‘SI00] JUL) Mg 1D 3qs wj UPAAS L 1S—9¢ tmg
1001 3ul} UOWIWIOT) MDD qgs wg UPIASL 991 Img
1001 Uty UCWILUOS ‘idap W | O $208 “§ORID YOIyl WD | 0} C°0 MDD £18 Wy ZIPEAOT 910 v
sjioisnidey onusnbeanig o1ssw ‘onuoows ‘suy :(emised) 7 spjoid
(9/t YA Q1) S9sS2UW SB SUONBAUIIUCD UOI] HOW WO ) ja (w) JAlsse I/SAST 017-$91 - 8o¢p
1oy posoduwioosp S| A39A ‘I2jem 931 NG anissews $9I-9SI - D¢
SWOIp Auetl :3soueSuRl JO SISSBUI SE SHORBNUIOUGD XOpai Augjy SO 1A (ur) JAISSEW IWAST 961~6€1 8Ot
asoueduew
pue (9/pd A Q1) UOIT JO SISSBUI SB SUOIRNUIZUOD XOPal AUBly MDD A (w) SAlISSEUI I/SAST  6gi=€zl 8D
(8/GUA01) UCH JO SISSEWS SE SUOHETIUIONOD XOPIF LOWIIO)) MDD 1A (W) aalssew Y/ICIAQT €Ci-£01 18D
sassew §QDED) WNIPIW UOWILOS *X1ew JIA3[D MD Ha (w) Ags wy PICHAO] £01-98 : B8g
sossewr EQDED WNIPIW M3 MO 1j (ur) igs wig ; vIvdAGE 9L ,wm
UOJI JO SOSSBW SB SUOHNRAUIOUOD XOPaJ Aueiy (O A0T) ¥qs-wyg :
spad Jo sa0e) [BINISA UO SWHJ A2[O SNONUNUOISIP UOWIWO)) MDD 13 (w) id wig CIPAAOT vi-z¢ g
$I001 3ULY M3J AjarRI0pOW Ngs wig
(9/74A01) spad Jo $30e) [EITLISA UO SWIY KB SNORURUOISI MO 43 (ur) id urg 9/ed A0 -tz hg
$1003 Ul UOWWIOD MD 1A (ur) 3 W] TEAA0L 0 dv

Sj{oIsiB1y 2Inby disaw *onNIewWs ‘aul (p[slj PAIRANTD) | S[YOL]

sames) reredsg Afepunog  90UISISUOD)  ITIONNS sImxa]  10[00 Xime  (wo) ydag  uozuoy

STTA0YUd TIOS 40 NOLLYDLISS V1D ANV NOLLATdDSId TYDIDOTOHLION
¢-d4718vL



1959

Cultivation Effects on Soil Properties in Pastures

Vol. 18, No. 3 (2006)

S1os urjdures pue 3uiquUsap oj ¥00q piaY 03 Surpi0ooe Spew 21oM SUONRIAIQQY .

1A () JAISSEW 1/7AS 0L1-6¥1 ¥8D7
% A (w) dalssew I/PAS  6vI-8El 357
YO Ja (w) Jatssews /PAS 8€1-6T1 8O7
UCH [/EJAS"L SUOLIENUSIUOS XOPIJ UOWIUO)) MO A (w) 3alssew LSAST 6z1-611 '8z
U0t 9/9G AG'Z SUONENUIVUOD XOPaI UOWIUOS AI3A SO A (wr) SAlsseus CISAST 6l1-L6 O
1D A (w) s wig E/vVdA0! L~LL D
SISSEW NLUOGIED ISISWEIP WD ('7-6"| Mmd MD 13 (ur) Jd wg ESAST LL7T9 g
e} I (w) 1d wg 71 2: 90| W9ty ftmg
USIT G/pY AG’[ SUOREOUIZUOD XOPSI UOUIUIOD AIIA MO 1A (un) Qs wig TVAST € Img
M2 I (w) ygs we UPAST ve91  Img
wdap
WD O] 01T S308 Y213 HOIY3 WO | 01 §'() ‘SI00J UL} UOWWIO.) MDD 1A (wr) A8 Wz LS AO] 910 v
sjjosnidey] onusnbean 213w onndsws ‘auij :(armsed) ¥ 9[yoig
xnew 94318 (W) 1/SAS 2 PUE SUOHERUISUOD (U A (w) AisseW $61-291° 8O¢
/S AS'C suolienuasuod xopas tanssy juejd pasodwossp smi] K19 SO A (w) aAlSSEW UVAS'T 791-Cp1 32
SUOHENUIOUOD (BIA) 9/pHAS
M3] Pue (94) 8/9UA Q] SUONEBAUIIUOD XOPSI LCWILIOD K19p NG 1y(u) aalssews CISHACT £p1-921 (40}
(UADI/9YAO0T PuE (34)9/4AS L spad jo s3oe) o) uo MO 3 (w) d wy USAST 9zI-66 'O
PUE S[2uuRy3 1001 SUOTE IO SUCHRALIIUOD XOPaI UOUWILIOD KI3p SO 1 () 1d g /YU AT 66—LL Dd
(/74 AS L) S[2uueyd 1001 SUOE SUOHEIUIIUCD XOP3I UOWIOD
*SISSTW 1RUOQIED WMID[ED IIBURIP WD () |-G HOWWO ) MDD y{w) dsz-durg C/PHAD] LL09 Mg
(9/vd AS) s[eutreyd 1001 Suoje SUONEAUIIUOD Aqs i¢
XOp21 uowwWod 'spaad Jo $99e) [BONIA UO Sl KeD) 1D iy (un) -{gs wg [Zh2- P4} 09-0¢ id
SMONUNUOISIP M3J UOZHIOY DT O3l S308 YIB.1D S1001 3UL) UOWWO)) SO A (w) A8 Wz TCHAS L 00 dy
sjjowsnjdery snuanbean| oIsau ‘oRIALWS “auly P12y peieAnind) ¢ s[yold
saInyes] rerseds Afepunog  90URISISUO)  2IMONAS siuxsy,  Jojod ximeN (wo) yidsg  uozuoy




1960 Durak er al. k Asian J. Chem.

to decrease soil compaction. When a virgin soil is put under cultivation, the upper
horizons become the furrow slice. Cultivation destroys the original layered
condition of this portion of the profile and the furrow slice becomes more or less
homogenous. Mikhailova er al.' reported greater bulk density values from 50
years continuous fallow, yearly cut hay field and continuously cropped field when
compared to native grassland down to a depth of 33 cm. They concluded that the
reason in increase of bulk density is due to the intensity and duration of
cultivation. However, Miao er al.*® obtained greater values of bulk density from
rangelands. According to Miao er al.‘m, cattle grazing has several effects on
rangeland soil properties. Their trampling damages plant tissue, increases soil
bulk density and slows water infiltration. Bulk densities obtained from the upper
two horizons of soils in cultivated fields were higher than those of the pasture
soils (Table-1). This was due to both tillage effect and the higher clay content of
the soils located in cultivated sites.

Lobe et al.> reported that the organic matter content in soils decreased rapidly
in the first few years they were cultivated. In the soils cultivated for 90 years, the
C concentrations had been reduced to 34% of the concentrations in the grassland.
Profiles from the cultivated land (P1 and 3) had less organic matter content than
profiles from pastures had (P2 and 4). In a pasture, residue accumulates at the
surface where the litter decomposition rate is slowed due to drier conditions and
reduced contact between soil microorganisms and litter®. Organic matter content
of the Ap horizon in profile | was ca. 50% less as compared to the A horizon of
profile 4 located in a pasture, whereas differences in organic matter content of
upper horizons were not obtained between profiles 1 and 2 (Table-1). This was
probably because of high clay content of cultivated field (P1). High clay content
might cause slow decomposition of organic matter. Kaiser and Guggenberger®!
also reported that sorption to mineral surfaces is a major process in the
preservation of organic matter in soils. :

Calcium carbonate content in the first 1 m of soil profiles varied from 7.2 to
20.4% and from 3.6 t0 20.2%, in pasture and cultivated field, respectively. Surface
horizons of cultivated land had lower calcium carbonate content than that of A
horizons in pastures (Table-1). Tillage loosens surface and sub-surface soil and
water penetrates the soil profile homogenously in cultivated fields. Therefore,
calcium carbonate in the upper horizons easily leaches down to the sub-surface
horizons. Thus, pedogenic carbonate masses were identified in profiles 1 and 3,
located in cultivated land and carbonate masses were concentrated in about 60-70
cm depth of profiles (Table-2). Although pedogenic carbonate features were
identified in this portion of horizons of profiles 1 and 3, calcium carbonate content
was not sufficient to identify a calcic horizon in any one of the soil profiles
investigated.

There are three possible sources of calcium carbonate found in the studied
soils. The first source is the lateral leaching of carbonates from steep hills, because
the plain is surrounded with steep hills and mountains consisting of limestone.
The second source is the addition of calcium carbonate with dust, and the third
source is the diatoms that survived before draining the plain. We observed many
diatoms throughout the soil profiles investigated. "
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Soil pH, in general, decreased towards the lower part of the soil profiles and
varied from 8.25 to 6.04. In contrast, EC increased towards the lower part of the
soil profiles, but it was not too high to be harmful for agricultural production.
Exchangeable cations were dominated by Ca and Mg in both cultivated field and
pasture (Table-1).

All soils studied exhibited redoximorphic features indicative of seasonal
saturation. Soil profiles located closer to the ancient coast had a gleyic horizon
nearer (74 cm) to the surfaces as compared to that of further profiles (119 cm)
(Table-2).

Fifteen years of continuous cultivation of pastures led to changes in some of
the physical, chemical and morphological properties of soils. Soil properties
affected by tillage practices are soil organic matter, bulk density, calcium
carbonate and clay content. In cultivated area, organic matter, calcium carbonate
and clay content of soil surface were decreased. Continuous tillage at the same
depth caused compaction of soil between 20-30 cm depths. However, tillage
effect became less pronounced with increased profile depth. While deciding
pasture areas converting to cultivated areas, controlled management practices
must be applied to prevent soil degradation.
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