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Abstract

Introduction: Land-use change in natural landscapes to agricultural lands is currently a
major global concern. Land-use change and agricultural development can lead to soil
degradation, erosion, and a reduced soil quality. Agricultural activity, especially rice
cultivation and kiwi orchards, is the primary cause of destruction of natural forests in
Guilan province .Therefore, due to the environmental importance of forests and the

increased risk of degradation and land-use change, this research aimed to investigate the
effects of converting forest land to paddy fields (35 years) and to kiwi orchards (7 and 14
years) on some soil physical and chemical properties.

Materials and Methods: Soil samples were collected from two depths (0-20 cm and 20-
40 cm) from each land use, including forest, paddy fields, and kiwi orchards (7 and 14
years), with the same parent material. Soil samples were prepared in two categories: the
disturbed soil and the undisturbed ones. After becoming air drying, the disturbed samples
were sieved by a 2 mm sieve. Soil properties such as soil texture, bulk density, mean
weight diameter of aggregates (MWD), pH, electrical conductivity, soil organic carbon,
calcium carbonate equivalent, total nitrogen (N), available metals such as potassium (K),
phosphorous (P), zinc (Zn) and Fe also were measured. Also the sensitivity index (SI)
and stratification ratio (SR) were calculated. This research was conducted as a factorial
experiment in a completely randomized design with two factors: land-use (at four levels)
and depth (at two levels). Statistical analysis was used by SAS software version 9.4. All
soil properties were tested using one-way analysis of variance and the differences among
means were analyzed using Tukey's test at a 5% probability level.
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Results and Discussion: The effect of land-use on clay, sand, MWD, pH, calcium
carbonate equivalent, and available K was significant. The highest amounts of sand, pH,
calcium carbonate equivalent, and available K were observed in the 14 years kiwi
orchard, whereas the highest contents of clay and MWD were found in the paddy fields
and the forest, respectively. MWD, calcium carbonate equivalent, electrical conductivity,
organic carbon, total N, available P, K, and Zn decreased significantly with increasing
depth, while the clay percentage increased with depth. Forest exhibited the highest total
N content, and the 14 years kiwi orchard showed the highest available P content in both
topsoil and subsoil. The highest available Zn content in the topsoil was also associated
with the 14 years kiwi orchard. Among the soil properties, the highest Sl in the surface
depth of the paddy field was related to total N, and in the kiwi orchards, it was related to
the MWD.

Conclusion: The results of SI and SR showed that the soil degradation due to land-use
change of forest to paddy fields was greater than that of kiwi orchards. The greater
sensitivity of total N to land-use change in the topsoil and subsoil indicates that this soil
property can potentially reflect long-term changes in soil conditions resulting from the
conversion of forest to agricultural land. Therefore, considering the sensitivity of soil
properties to forest degradation, preventing land-use change is necessary for sustainable
soil management in the study area.

Keywords: Land-use change, Paddy fields, Kiwi orchard, Soil properties, Sensitivity
index, Stratification ratio
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Table (1) Mean comparison of soil properties affected by land use and soil depth

AR

AV (58 gL JLF 658 gL )'}:3'-? S 56 Fes
Kiwi orchards 7 years Kiwi orchardsl14 years Paddy field Forest Soil properties
20-40 Cm 0-20 Cm 20-40 Cm 0-20 Cm 20-40Cm  0-20Cm  20-40 Cm 0-20 Cm
44,908 38.90 B° 44,908 36.40 B 51.55 " 48,55 *° 49,55 " 47.25"° Clay (%) w3
34.40% 40.40% 36.90™ 33.90™ 33.45" 37.95% 38.75" 30.95" Silt (%)
21.70 AB2 20.70 A®2 18.20 % 29.70 A 15.00 B2 13.50 B2 13.75 A8 19.50 AB2 Sand (%) s
0.98" 0.98" 0.95% 1.02% 0.98" 0.98" 1.08% 1.16" Bulk density (9.cm™) s > o gasa p 2
0.54 8 0.69 2 0.69 0.77 % 1.147° 1.29% 1.15% 1.48% MWD (M) $1asls 4 539 cseSile
6.52752 6.95752 7.00% 7.21% 6.29% 6.59% 6.34% 6.29 % PH &5 ol
0.217° 0.237 0.147° 0.297 0.117° 0.217 0.16" 0.134 EC (dS.M™) (o 5l calan ol
0.88"° 2.31% 0.82"° 2.69% 1.13%° 1.88% 0.917° 1.56% Organic carbon (%) JIT ¢ 5
245" 30.62" 23.877° 32,75 12.87%° 15.57% 16.3748° 23.62°8 CaCO; (%) Jsleo bz o pudls”
0.097 % 0.23° 0.12° 0.26 % 0.10 0.13¢ 0.21% 0.29% Total N (%) Js™ 039 5
8.19 17.36 % 11.88 ° 26.24 " 3.63 10.36% 241 7.92% Available P (mg.Kg™) saliiul 6 siud
12.52%° 18.87" 10.524° 20.15" 6.37°% 6.30% 4.05% 8.20% Available K (Mmg.kg™) ool b muls
0.70 A8° 3.75 782 1.12%° 6.75 " 1.47 82 1.17 8 0.85 B0 2.40%2 Available Zn (mg.kg™) estatu! b6 595
12.72% 7.22% 6.427° 15.65" 8.27" 16.32% 20.47% 15.15% Available Fe (mg.kg™) estiu! i oy T

S e 6 A 5y Caltbes Blesl o Lo ys 0 JL.;::-\CL.,:):)I:@MQ}\S-! fxﬁg@m&?;;}}?,efuw,a ):ql;&»duéj)lf;ﬁA.;):édlab-lch.u):)l:émo)\;&\(m;ﬁ\ﬂqw:f)){;})?
Same capital letters indicate non-significant differences at p < 0.05 in each soil depth among different land uses. Same lowercase letters indicate non-significant differences at p < 0.05 in

each land use among different soil depths.
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Table (2) Pearson correlations of soil properties

svo

Clay Sand Silt BD MWD  EC pH CaCO; N P K oC Fe  Zn
Clay 1.00
Sand -0.65°  1.00
Silt 028  -054"  1.00
BD -0.01 0.01 0.00 1.00
MWD 0607 -044"  -0.11 0.16 1.00
EC 0577 0467  0.04 -0.12 031 1.00
pH -0.61** 0437  0.14 0377 -036° 031 1.00
CaCO; 0537 0497  -0.02 0.03 0457 0377 0597 1.00
N -0.17 0.25 -0.14 0.11 0457  0.07 0.11 0.24 1.00
P 050" 035 0.11 -0.02 026 0377 0497 0417 0.18 1.00
K 0627 058"  -0.05 -0.09 -0517 0377 0527 064" 023 0637  1.00
ocC 0437 025 0.16 -0.01 006 0427 027 038" 045 0497 045  1.00
Fe 0.02 -0.01  -0.02 0.25 0.17 022  -0.20 -0.26 008 -011 -029 014 1.00
Zn 0537 051 -0.06 -0.15 011 0427 0417 0477 0517 0497 0517 056 -0.01 1.00

EC cwal PH w181 3 555 o Ske MWD (s a5 o guains e BD (o5 :Sand codw Silt ¢y 1ClAY ) sl o do 5 6 5 iy ez o 53 S olsime o 5"
Loalid LB (55, 2N coslizl 5 o T F€ coslinal J5 ks (K woslizad J6 s P JS7 055,25 N« JT 0257 :10C edslas odS” 0y 57:CACO35 ¢ S 831 ol 2 ks

“and " are significant at the five and one percent probability levels, respectively. (Clay: clay, Silt: silt, Sand: sand, BD: bulk density, MWD: weight
average diameter of soil aggregate, pH: acidity, EC: electrical conductivity, CaCOs: equivalent calcium carbonate, OC: organic carbon, N: total

nitrogen, P: Available P, K: Available K, Fe: Available iron, Zn: Available Zn).



7YV

VEF OF osled FA o (55,5058 ke aloee) _oly5 owige

S Ab odalin (52 5 5 Ko Oty b 1y Sl
G398 6 S 53 auly (slas S 5 S 51 5t Yl
V] cles s

SR (b S s e et le 5 b
Ly V¥ 5V) 658 Db o5 S O35 4 by
JB AT (=Y SK8) 5 g alaS J5 S5y e &
2l 4 S (el 55 Ges pd S 05558 s eslind
(oY JSK8) L g F ol (6,8 i 4 la S35
S S ST 39 2 Gos S

G oS ey dess p Ges 556
JB G55 5 bty b (JST 03555 ( JT 015 daalST
Solda CAB o (P <o/0Y) Aoy K o 3 eslizal
p '/~0)M)>@ck.~)zdzwv:«ﬁotgﬁjéﬂ\
Soba 1 Gae 5 S Blite I pmman 3 s gme (<
Ao y3 65§ e 53 aslinad B (55 5 S 05555 L)
/10) Aoy ety o 3 elinul JB hud p s (P<4/0Y)
4 20 Jgldar (Dlomior Sy gdome Js ) L ls 2me (0 <
(ol ok 151 il 5l

Goo I oy o3 ba o Kibe deslle gl il
NI sk () Jstr) ol il (ol 1 (6l me y5b 4
(b 4 Olge SLd ol mis o8 RE
SRl ey 3P 5 S 0l phnad 5 (g S gm
Cas a5 O1 &S 5wy Sy3 gl Codom b STl s
3l o B ey JWl T3 3 b 5 ST edaws 5 40
Sl V] sl (6555l GV sb oy 51 (30 W5 o S
o 2030 Gae 93 WIS 8B S5 g o Kla s gms
SO Jsde) i sdalin Gas 2l 3 L OT olie 2alSs
Gl s S5 55 g 2B ST JT esle & T
gl 5 JT osle ity yolie {50 FA] 55ls lasliss
G5 oSk OAb Glhe 4 e Wl S
8 555 0k AT BV S e [70] 355 sl -
23 St I 3lse s 4 15 o Gas SRIHIL a8
35 o)l 56555 slaalaSTls S5 5 oo Gas

4 Cowd S G5 Dolbre oS A S s
Jsdr) 3 565 (53 dme 5sb (Wl VP 5V) (558 el
BL > dolas ol ST o 8n (5 e S 500 ()
4 by Jie o 50 5 o ys YWY L ol Al VF (5,8
Slacs )5 & o Sl los s Aoy VBN Ll 1L
3l 3lge (glls 5 axils I3 o3I (Sus 5 akolb 55 Calisee
(olST DS Olie Dl U cal Sl o (pile
23l Zdls By o ke 5 (6 )8 e 3l ke |y Uslae
4 Sl S ST 3 dolae STl S 50
b oS ol a4 bl STl 5 g siT e
SAf @,Eé}gmmwbmjéw.[v A]
S35 S 53 olas ndST DL ST olae s S
[90] Crlos yp Ko 51 3 5 b

JB by o (s gl S0l alie s
L SR 5513l (S b (L VP 5V) (658" Sl oslinal
il JB ol 80 o 50 S osbe a0l
25 p A 508 e 100 e b 558 el 4 by
5 SR osliul BB ol o 0la b ls gne el oS
O p SHS7 0 S ko PIF 58N slia b i ol
5 il 4 Olg e OF odas ¥ 3.V o) ol
3 gl &€ 55 gl ez s byl ) ety ol
2 elty Jte e (b ) T el g o
S 508 Gas 53 g aksy S b oS5 e a e
20 ) Fl 02 b (655 Fme dhs) 4
Rt 3 L s S e T (U oS
23 ey GRS B w5 G 03 ool
35 S35 asllas s [O0] 5 gai o5L51 5287 Jlok (sla 3
o 3 Ol Jld Bl sl s () TolKes
o B oy St polie [MV] AS 0 Wb ) padse
5ol s S plate O3 me o 4 Ll 5 0 (5 55T DEL
sl g 5o Gladdlae 53 il OT 5 ST aig Sy e

\e g;a o abu."w:‘ J;G r.:wt'g_ J‘u\_;.a ) Lgu\_-.p‘)b “90 u:':’,‘ﬂ‘

1- Samie et al.
2- Davatgar et al.



YA

e G55 FL s N & K )l i 6 0L 5 gt

—o— WL V5

T Al TS L
Jlls
clay
oc 20 silt
Zn 150 sand
50
Fe o< ;—50 Lw/ MWD
K _ % 4 BD
{
%
P / CaCO3
N pH
EC

—O— Wl V655 éL (lh
T Al NV FesS E (A)
s
clay
oc220 silt
Zn 10 sand
50
Fe 507 e, MwD
-:IS% /
K X BD
P CaCO3
N pH

EC

S o Bl £-Y (L) 9 S o Hle Veme (A) Fos 00 I Gl (T 39 Camlus asli (V) S5
Figure (2) Sensitivity index of soil properties at depth (A) 0-20 cm and (B) 20-40 cm
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Figure (3) The effect of land use and soil depth on (A) total N, (B) Available P, and (C) Available Zn
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Similar letters indicate no significant difference at 0.05 probability level.
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