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Article Info ABSTRACT

Article type: Background and Objectives: Due to the high degree of soil degradation
Full Length Research Paper  jn |ran and the need to find efficient methods to improve soil quality,
numerous conservation measures are being implemented across
watersheds. Since conservation projects are time-consuming and costly, it
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Received: 03.03.2025 is necessary to evaluate the efficiency of the implemented projects.
Revised: 08.16.2025 Conservation measures can have varying effects on soil stability and
Accepted: 08.31.2025 resilience to various stresses, depending on soil and vegetation

characteristics. The aim of this study is to investigate the effects of
different conservation measures in the Gorganrood basin in Golestan

E:X&NSQS: Province on soil resilience to pollution stress and to conduct a case study
Pollution stress, of copper.

Soil resilience,

Soil resistance, Materials and Methods: This study was conducted as a factorial
Sustainable management experiment in a completely randomized design with two recovery-time

factors (7 and 28 days) and 8 land-management types (forest, terraced,
planted, pasture, agriculture, burned forest, protected agricultural land, and
conventional agriculture). The soil samples were taken from a depth of
0 to 20 cm. To achieve copper loading, a concentration of 200 mg copper
per kg of dry soil was used, derived from the copper (Il) sulfate
pentahydrate salt source. Soil resistance and loading indices were assessed
using the Orwin and Wardel model, based on chemical properties (pH,
EC, organic carbon, total nitrogen, and cation-exchange capacity) and
biological indices (microbial respiration and microbial biomass carbon).
Soil properties were determined with DTPA.

Results: Soil properties exhibited varying degrees of reversibility during
the study periods following pollution stress. This rate was significantly
affected by the type of conservation practices and the duration of the
stress. Natural land uses such as forests and pastures were more resistant
and resilient to this stress, whereas degraded land uses such as burned
forests and terraced land showed greater vulnerability. The conversion of

4


mailto:ahoura.ar@gmail.com
mailto:emalekzadeh@gau.ac.ir

forest lands to agriculture has significantly decreased soil resistance and
resilience indices. In the resistance index, the amount of organic carbon
decreased from 0.92 in the forest to 0.46 in the agricultural area of the
Chardeh region and 0.48 in the agricultural area of the Chehel-chai basin,
which represents a decrease of 50 and 48%, respectively. Also, the soil
microbial biomass, which was 0.70 in the forest, reached 0.48 in the
agricultural area of the Chehel-chai basin, which is equivalent to a
decrease of 31%. Microbial respiration also decreased from 0.74 in the
forest to 0.50 in the agricultural area of Chehel-chai basin, a decrease of
32%. However, with the application of conservation agriculture, the
amounts of organic carbon, soil microbial biomass, and microbial
respiration increased to 0.82, 0.54, and 0.53, respectively, representing
improvements of 78, 12.5, and 6% compared to the agricultural area of the
Chehel-chai basin. In the resilience index, on the seventh day after
pollution stress, organic carbon decreased from 0.272 in the forest to 0.179
in the agricultural area of the Chehel-chai basin, a decrease of 34%. Total
nitrogen also decreased from 0.402 in the forest to 0.116 in the agricultural
area of Chehel-chai basin, which shows a decrease of 72%. However,
on day 28, conservation agriculture practices increased cation exchange
capacity from 0.133 in the fourteenth agricultural area to 0.583 and
microbial biomass from 0.114 to 0.661, representing increases of 338%
and 480%, respectively.

Conclusion: Based on the findings of the paper, degraded land uses such
as burnt forests and traditional agriculture are more vulnerable due to
reduced organic matter, weaker biological activity, and lower capacity to
retain nutrients. Over time (day 28), resilience indices for some land uses
have improved, but conservation agriculture and terracing still outperform
traditional agriculture. In the meantime, conservation agriculture is
superior to other conservation methods, as evidenced by the gradual
increase in key indices such as cation-exchange capacity and microbial
activity on day 28, and is introduced as a suitable conservation
management method for improving soil resistance and resilience to copper
pollution. Therefore, implementing conservation management, biological
restoration, and the use of organic amendments are essential to increase
soil resilience in degraded areas.
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Table 2. Results of variance analysis of the effect of variables on the soil characteristics.
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Figure 2. The effect of conservation practices on soil pH changes in exposure to copper metal.
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Figure 3. The effect of conservation practices on soil EC changes in exposure to copper metal.
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Figure 4. The effect of conservation practices on soil organic carbon (OC) changes in exposure to copper metal.

LS e ST O 035 5 S S b
o s Ll s IS O5s e Rl (0 IS
ol e e S s 4 Yl
oS OAE Sdee gladul b Al 5 s S
U P JPR K COV EE G | v VIRV L PR
2> Pl Esly 5 a8 b 2 1) oy Ss 6L’°¢-:JJT
S e e (pmeh 3pd USs 58 &
ap GBS el o A 4 e Sl
St S OS5 S 4 &S s JT sl
Y FYCRENCI CO NCIN (T I R D RV I
5 o3ler) islis Gble 5wt se K 55 S

oy

Ji:;; dag, S aslie jo a5 oy LA @Lﬁ

S s ol L Sl S 035,55 Olpee o5V
2l ez o DL 1) s o 508 g (S
O35, YA 535 55 eusa sBli= (G355LS 5 &5 5
o3l adkaie (555lS 5 Il 4 s 5 5
sBl= gl S s 03s a0 ol sl e
SolaS B Sk glu s g b
55 S e ke i Sl & ol Jslikie
Bl a8 (S b ol 055 20 b
Als SIS 055 58 Ol 53 65 e oL

Sl bl sla by, 5l eslatal el = ol



V€40 ) b)w Ak} b)sbc)l..\g‘l{‘.\gjfs‘suagﬂ.\n 4?.)'“‘“

oo 55 Sl s edks S s S s I
SolS (Ve 0) 0en 5 KLl 035 LS
oS Sl LS s 05550 Oad Sdes &S A S
53 o Do nl g sd 0 G pseeslS

(A7) el o35 558 Sl (VD 5 S

0.20

SialS (Sl L s s Y| (sl e
bl cpl VL il s s sl T slge s
@, g eslatal e adlas 5550 slags )8 ol
o el LS (abed glass
O 4 S Cembe (T sl lasnsss

b3 mals el el opl Llesls 0L e

0.16

gng/g)

nic nitrogen

0.08

S = p S ) S5 039

Orga

e

0.04

PRI IISNNINIONINNNON IS INNIIHI T

#
o
g
-
-
-
o
-
-
.
-
-
-
g
-
g
g
-
-
g
N
-
.
-
N

(Day 7) V 39,

(Day 28) YA 39,

o P agrlse 3 SIS 055 8 Sl p Bl Sldkes 1 -0 IS
Figure 5. The effect of conservation practices on soil organic nitrogen (ON) changes in exposure to copper metal.
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Figure 6. The effect of conservation practices on soil cation-exchange capacity (CEC) changes in exposure to
copper metal.
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Figure 7. The effect of conservation practices on soil microbial biomass carbon (MBC) changes in exposure to
copper metal.
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Figure 8. The effect of copper pollution stress on soil respiration changes in different land uses.

K 5 O 5 A S ) sl e adlan
J,<JL3 aS Wsls pLas (/70 5 ¢V 9,33454.3) S g
5 S ple Sl 4 gble ) (VL Sl
L (CEC) [l ol s b ol e ,ole
e}.c._}@ L;JJJZ.;J C,.A}U.A +Y G /A4 C,A}U.A Ll
aS by OLi s 31 (+/49) d‘f 5 (+)) LaJigz By
Sl s ol T sl s 5l 26 Nl
boais o S oS 05 5 oS b
Gl W IVE G 0/0 5 o /V G +/EA o slio aals
SalS cpldisls LS e ST 55 4 65 e
o F ) sl ey adke (355l Slag S 0

oA

Ol Sl caglie » Bl Slles ST
3 S B besls e SaT A5 &S sl
St 3 bt Gl Sy Cwslie 5 lub
A dsr) ol il glag s s S
a8 oolad 3 1y Caslis o 5 i PH 2l
O e oL Sy a8 (1/4Y=4/84) sls Ol
SN e el 58 S e s (S
5 (UM AT) sl a3 B Cwslis 50 (EC)
5 CAE) K gl )8 55 ) sl o 56
J5 035 s IS a8 as (AN Sl
LG5S Caslie (gprbols Gla ol Ol son

sz)ju..s Lole o.l,.l":g_.,.;)p'& Lsudf)ls 3 a}ljm.



O Sod g o5y puol [ oo G ad LS palie p Bl Slles il

Azl (6 5 Lgfn.lin (2 ole SIS
(bl Co e sl s ,e el
S eSOl 5l eslizad 5 2w s3lail
AST el bl 53 St syt sl
IS e bli= 65,58 Jlesl L .0S e
oS g 08 a4 S s S ebege @AY 4
Co a4 el anl il /oY 4 oy S
GSusliS 4 el |y e )3 N 5 VV/0 VA 53

s e LS gl g adlae

(+/0Y 5 0/00 55 ) ghu ol 5 5 (1/0 5 4 /EA
5 oS 2 Shes Cins w5 p SpSeds
ssba s oylal JT laediSa o clad 2alS
Gt J e @S E e s K glag S (S
s Sl s g sl Gl S
S S e 00 AR aslie sl
sliy 25 sl oS blie s sy Ol e
A s a4 e (g3l a s K aile

FoS b 5 i mes Sl (T sl

OkdS Sl o3,z 5 sl i il 53 e QS/.:_,SI G55 e S sl e 6l p cwglie S el @L“J—T' Jod>
Table 3. The results of measuring soil resistance for soil variables after copper stress pollution in Chehel-Chai
and Charadeh regions of Golestan province.
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Table 4. The results of measuring soil resilience for soil variables after copper stress pollution in Chehel-Chai
and Charadeh regions of Golestan province.
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