Agricultural Engineering (Scientific Journal of Agriculture), 47 (1), Spring, 2024

[ Research Article I

Agricultural Engineering., 47(1) (2024) 35-55 ISSN (P): 2588-526X
DOI: 10.22055/agen.2024.44158.1674 ISSN (E): 2588-5944

Changes in chemical components and soil organic carbon resistance
index as a result of land use change in loess-derived soils of Toshan
region, Golestan provinc

A.R Abdollahpour **, M. Barani Motlagh 2", A. Bostani °, F. Kiani #, F. Khormali ° and R.
Ghorbani Nasrabadi

1. PhD Student, Department of Soil Science, Gorgan University of Agricultural Sciences and Natural
Resources, Gorgan, Iran

2. Associate Professor, Department of Soil Science, Gorgan University of Agricultural Sciences and
Natural Resources , Gorgan, Iran

3. Associate Professor, Department of Soil Science, Faculty of Agriculture, Shahed University, Tehran,
Iran

4. Associate Professor, Department of Soil Science, Gorgan University of Agricultural Sciences and
Natural Resources, Gorgan, Iran

5. Professor, Department of Soil Science, Gorgan University of Agricultural Sciences and Natural
Resources, Gorgan, Iran

6. Associate Professor, Department of Soil Science, Gorgan University of Agricultural Sciences and
Natural Resources, Gorgan, Iran

Received: 27 June 2023  Accepted: 17 January 2024  “Corresponding Author: mbarani2002@yahoo.com

Abstract

Introduction: Soil organic carbon (SOC) is the largest source of terrestrial organic carbon and
small changes in its components have many effects on global warming and carbon cycle. Soil
organic matter (SOM) is considered as the most complex and least known component of soil,
because it consists of plant, microbial and animal masses in various stages of decomposition and
is a mixture of heterogeneous organic materials that are closely related with mineral components.
Soil organic matter has beneficial effects on the chemical (buffering and changes in pH) and
biological (precursor and supply of nutrients for microbes) properties of the soil and thus affects
the fertility capacity of the soil. The quality and quantity of soil organic matter is the most
important criterion for sustainable soil management. Total organic carbon (TOC) consists of
labile and non-labile forms of SOC and have different degrees of sensitivity to different types of
land use changes and management operations. The purpose of this research was to investigate the
effect of changing land use on the chemical components of soil organic carbon and carbon
recalcitrant index in Toshan Watershed, Golestan province of Iran.

Materials and Methods: Four major and dominant types of land use were considered in the
study area, including forest, cropping land, garden and abandoned lands in the Toshan watershed
in the northwest of Gorgan city of Golestan province. The soil organic carbon and total C of the
soils were measured. Furthermore, the soil carbon fractionation was performed by Young's
method (using hydrolysis methods with HCI and Labile fraction). In this research, Acid
hydrolysis method was used to separate the recalcitrant SOM pool. For this purpose, one gram of
SOM sample was treated with 25 ml of 6 M hydrochloric acid solution at 105°C for 18 hours in a
Pyrex tube in a hydrolysis package. After cooling, the remaining non-hydrolyzed materials were
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separated by centrifugation. Then, they were dried in an oven at a temperature of 60C° and
considered as a part of resistant organic matter. The resistant part of the soil organic carbon was
determined with the CHNS Analyzer in strument. The Labile fraction consists of water soluble
carbon, microbial biomass carbon and mineralizable carbon are measured using the following
methods and the labile part of carbon is calculated from their sum. Water-soluble organic carbon
is extracted by adding 20 ml of distilled water to 10 grams of wet soil. The mixture will be
shaken and centrifuged, filtered. Then they will be quickly analyzed by TOC Analyzer. Microbial
biomass carbon will be determined by the chloroform fumigation-extraction method.
Mineralizable carbon determined as follow. The amount of CO, will be measured by titration of
NaOH solutions with 0.1 M HCI in the presence of BaCl,. Cumulative amount of CO,-C emitted
in 30 days of incubation is called Mineralizable carbon. The data were analyzed based on the
factorial experiment in the form of a completely randomized design (CRD) with two levels of
soil depth and four land uses with five replications. Correlation between traits was also estimated.
Statistical analyzes were performed using SAS software.

Results and Discussion: The results showed that the first depth of forest use has the highest
amount of total carbon and soil organic carbon (6.12% and 3.5% respectively). Also, the highest
amount of resistant organic carbon (HCI hydrolysis), water-soluble organic carbon, microbial
biomass carbon, and microbial mineralizable carbon were observed in forest land use. The
second depth (10-20 cm) of forest land use had the highest and the second depth (10-20 cm) of
garden land use had the lowest organic carbon resistance index (82.1% and 50.17%,
respectively). In all land uses, except for the forest, the soil organic carbon resistance index
decreased with increasing sampling depth. Due to the fact that the carbon management index can
be easily calculated, it can be a suitable index for quick assessment of soil quality. Therefore, it
can be concluded that depending on the climatic conditions and the condition of the soil, the
forest, in terms of natural cover, the correct management of agricultural lands (using modern
methods of no-tillage or low-tillage) can be a potential practice. It is to store carbon in the soil as
well as various soil components and increase soil formation, which will subsequently reduce the
concentration of carbon dioxide in the atmosphere.

Conclusion: The results showed that with the change of land use and cultivation, the soil
organisms received more oxygen and the speed and intensity of respiration in the soil increased
in the short term, which caused more decomposition of organic matter and with the decrease of
organic matter in the long term, the quality of soil decreases after a while.

Keywords: Chemical Fractionation, acid hydrolysis, soil organic carbon resistance index,
labile component, resistant component.
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Table (1) The results of comparing the means of the interaction effects of land use type treatments (garden,

agricultural, forest and abandoned), sampling depth (0-10 and 10-20 cm) on the amount of total carbon and soil
organic carbon (agricultural treatment: cotton crop, horticultural treatment: olive grove, forest treatment:

intact forest and abandoned treatment: abandoned

forest raspberry lands). Means with the same letters do not

have a significant difference at the five percent probability level.

oSl
(Total carbon) () Js" 5 (Organic carbon) (/) JT :» 5 &
10-20 (Land use)
10-20 (cm) 0-10 (cm) (cm) 0-10 (cm)

Cropping/ el,;
3.55de 3.92d 2.06de 2.08d )
4.73bc 4.89b 2.65bc 2.88b Orchard/ st

4.53c 6.12a 2.29¢c 3.5a Forest/ J&
3.36e 3.33e 1.97ef 1.6f

Abandoned/..s

..u)\,u.x.pﬁ@du:,lclu,a Gols ome Ml (Gas 93 sl O 5) OLSS o~ L;\Jladuﬁl:»
means with the same letters do not have a significant difference at the five percent probability level.
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Table (2) The results of the analysis of variance of land use type treatments (agricultural,

garden, forest and abandoned), sampling depth (0-10 and 10-20 cm) and their interaction effects on

the chemical fractionation of soil organic carbon with HCI hydrolysis method

Mean squares /s, » 5Kk

ng J; S glas ua:-l;u L S ujT u.v; ‘5}‘)..‘, s Q‘J:.:’u" c.‘
s HCT 335500 df SOV
Soil organic carbon Soil organic carbon
recalcitrant index by HCI hydrolysis
32.14ns 0.04ns 3 Replication /1 s
1800.80** 19.55** 4 Land use /(LU) s.,5 ¢ 5
1139.33** 13.33** 1 Soil Depth/(D) ¢S s
816.78** 6.65** 3 LUxD
34.58 0.037 28 Error /=
Sk s 2
8.61 9.15 -

Coefficient of variation/(/)

)\:Ls.'.;u):.&nsg.u)adgl}@dh}lch.ﬂ);)bdw%j@**j*
*and ** significant at five and one percent probability level respectively, ns, not significant
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Figure (3) The comparison results of the means of the interaction effect of land use type
treatments (agricultural, garden, forest and abandoned), sampling depth (0-10 and 10-20 ¢cm) on the
amount of recalcitrant soil organic carbon by hydrolysis HCI (crop treatment: cotton crop, garden

treatment: olive grove, forest treatment: intact forest and abandoned treatment: abandoned forest
raspberry lands; D: depth sampling; D1: 0-10 and D2: 10-20 cm). Means with the same letters do not

have a significant difference at the five percent probability level.
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soil organic carbon recalcitrant index(%)
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Figure (4) The comparison results of the means of the interaction effect of land use type treatments
(agricultural, garden, forest and abandoned), sampling depth (0-10 and 10-20 cm) on the amount of
soil organic carbon recalcitrant index(RIC) (crop treatment: cotton crop, garden treatment: olive

grove, forest treatment: intact forest and abandoned treatment: abandoned forest raspberry lands;
D: depth sampling; D1: 0-10 and D2: 10-20 cm). Means with the same letters do not have a

significant difference at the five percent probability level.
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Table (4 )The analysis variance of land use type treatments (agricultural,

garden, forest and abandoned), soil depth (0-10 and 10-20 cm) and their interaction effects on
soil organic carbon based on Yang et al. (2019) method

Mean squares /la o :S5ke

;. - BUNT S
JB oS Cesj oS e~ olsT oo s e
s . . 3
SIS O Gibe PSSRy = df SOV
Mineralizable Microbial \INS:er .
Carbon Biomass Carbon Soluble Organic
Carbon
3.484** 179.31** 3467.5** 3 Land use /(LU) & »,i8 &
0.004ns 2.70%* 43.62** 1 Soil Depth/(D) ¢S's Ges
0.037** 1.61** 128.79** 3 LUxD
0.004ns 0.42ns 2.95ns 4 Replication /,1,5s
0.0038 0.27 4.26 28 Error /s
Coefficient /(1) ol s s b
3.14 6.7 8.57 - IClent /() ol s 22

of variation

S sre £ NS (o ys éﬁi;@ Jlez| cl:,d): D3 Sre oS A g
* and ** significant at five and one percent probability level respectively, ns not significant

= 70
VW, 2 a
LRI Ea b
™ § 50
38 40
22 g
A c c
28 20 d d
b2 | f :
w20 []
8 0
+ 3 D1 D2 D1 D2 D1 D2 D1 D2
Y ®
= Cropping/ !,; Orchard, st Forest/ JS Abondened/.ats,
Land use
s s
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Figure (5) The comparison results of the means of the interaction effect of land use type
treatments (agricultural, garden, forest and abandoned) and sampling depth (0-10 and 10-20 cm) on
the water-soluble organic carbon content (crop treatment: cotton crop, garden treatment: olive

grove, forest treatment: intact forest and abandoned treatment: abandoned forest raspberry lands;
D: depth sampling; D1: 0-10 and D2: 10-20 cm). Means with the same letters do not have a

significant difference at the five percent probability level.
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Figure (6) The comparison results of the means of the interaction effect of land use type
treatments (agricultural, garden, forest and abandoned) and sampling depth (0-10 and 10-20 cm) on

soil microbial biomass carbon (crop treatment: cotton crop, garden treatment: olive grove, forest
treatment: intact forest and abandoned treatment: abandoned forest raspberry lands). Means with

the same letters do not have a significant difference at the five percent probability level.
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Figure (7) The comparison results of the means of the interaction effect of land use type treatments
(agricultural, garden, forest and abandoned) and sampling depth (0-10 and 10-20 cm) on cumulative

microbially mineralizable carbon content (crop treatment: cotton crop, garden treatment: olive grove, forest
treatment: intact forest and abandoned treatment: abandoned forest raspberry lands). Means with the same

letters do not have a significant difference at the five percent probability level.
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Table (5) Correlation results of measured parameters of chemical components of soil organic carbon

1 2 3 4 5
(Organic Carbon) JT -, 5 -1 1
oT s S -2
) JJ'I"‘ JfJS. 0.55 ns 1
( Water Soluble Organic Carbon)
HCIL"’J‘;“ BRPRW Lﬁ; -3 0.78* 0.65™ 1
(Soil organic carbon by HCI hydrolysis)
03 g Cn ) -4
f“”g?’ e o 0.73* 0.88** 0.83* 1
(Microbial Biomass Carbon)
. 5 . B . _5 o
e 0.61™ 0.72* 0.71* 0.93 1

(Mineralizable Carbon)

Jlsgre NS LM))&}@JL&I&)JJ‘)@M%}A{**}*
*and ** significant at five and one percent probability level respectively, ns not significant
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Table (6) comparison results of Recalcitrant soil organic carbon components extracted by HCI
hydrolysis method and labile fraction of soil organic carbon as affected by land use and soil depth

(Land use) sl s.,8

Abandoned s s, Forest/ &Ko Orchard/ 2\ Cropping/ ! (MG/) s gt JT 8

10-20 0-10 10-20  0-10 10-20 0-10 10-20 0-10

HCI Aot sl S JT o 8
Recalcitrant SOC by HCI hydrolysis
(Labile SOC) «s's JT o 5 bW ise

1.15 1.81 242 6 1.35 1.59 1.25 1.39
430.23 472.1 1357.3 1525.6 640.02 600.44 653.62 681.7

pls o 6Sn oS Al b Gibme GlasiluSTs 093 31 e Jdsas oSl T 0, S (gl smomn 53 Ol s

o P T e 1S ITosle ol (San ezl 3L AT 3L pglde (slacy 55 5 (2 pide S ks
JoB e (S5 s 1 e led Cablons 5 el odalin LB ol 0 ST 605 10
Sla GLS g5 5 Dbl pl oy (YF) L g o 2 ST S el sl o8 sl oles (Y9) o, Kas
oIS e e ol 8 51 (ST 6 ) ST s S 3,5 415 Calides Gy e L300 Cowd ST
5 Ol Al S S ol 5 S et 22 0T kS 51 5omly o) sl ks JTeols
£5 5 Sapte 5L S Ol 5 JTosle S 5 53 ITesle ol ol o oS el K (slas )8
52l G o Il o o S 6 S GLS 530 8 Sl e S sla S
5 ST Ll 058 jlasliul (oi i) STl s e UL Sy s a5 5 5 O b g S 05 8 )
LS S GV sb oot Ll o L S 2ST S et Slge 5 s n a2 e s
~Cdlb ol 3 S ek Il sl das als o) S s pslie Ly pleon S5 51 (S s

55 opl 31 s s pslie 5 Il Hlas (05,8 gl

1- Mietal.



oY

el g oland Gl Sl 10 SKes 5 5 dids

SRS Lol i gt JT ol e S
3 e e ST kS e s s STl JT e
b Rl (S
Lyl s e 45 5 s Ol o
(orb iy Bl 5l K (ST Card s 5 ald]
Lo bas 5 eslinal) (655U LSl mame Ly ke
S 0lg5 o (50085 L o STL 65058 o n 5
s 3 S 3 S 5 Gl e L e
b golwalaSTl il 5l g alaSTl Calises (6l o
Sadl 33 o S ASTlgs Shle als OT Cils o5

.Q.&‘JM‘?J{)J‘J

Sl ol
by o sla oSSl Slayud s Sis JLS
rﬁuj)‘jj)ﬁ-\::t_w‘s:)l_a}jjl_h(;_ﬂa}
Sbtﬂpwwcjﬁm)guu)lf)
il W 5 b gle s ©5oslS psle oSl
e SO0Z) ali.fkkjjg: sw“:' oKQLAJTJWﬂ}Q‘J@' Jalds

C)\D‘)Q‘Jejg;ﬁb

G S cnaS ol L6 Sl Ol ge 4 Oyl

.(\')x)\édiﬁd;&g;:ﬁ")bb\u})@)g

S 5 dom

A I S g | W \AobbJ.:BJ} 450 @L:J

3 S S ke g e R 208 6 Bl
S e o e GLIs imen 5 ST JT o S
2T 53 Jpdome T 0, S HCIL 550 L6 JT
s a6 S 5 29 S 035 S (25
L;J.:ﬂ.féﬁ&bh—h C}AL;_A;.:}_IQ_UJ&
IS e Bl V=Y 053 Gas 5 o ey S
b AT S Cmnslin sl lide o 28 SL
Gt LI L K 0 s )8 aes 53 sl
Sl I 8 aglin Gastls Ol Sl sl 54 503
o pde et ls Sol a5 L ol pl b el
et 15 or AL (o dlons B 2y 4 0 S
22 Al S CdS e o)l Sl e
0 o (I osle (63555 035 Y K (508
Y 53 s Koo Sdled 15 5 (58l Ol
Glas S 4 i g S (5o S b
S Sasb el B JT 08 055 VU e Ko
5 PR 3y o o3l 5 S5 S L Slles
0 il Leds oSl T oske 4 28 s il
S (s 5 o L oSS 1 S o
T 5o ol Do a5 0l oS LT 4 20
23 S s B S sy a3 5 (ks bny 51D
Sl Lawli > s K slaesT
bl das o 0L g s g A o))
e iS4 S eSS s S e
AR e (5 Al o RS L5 e 4 )
5 S ()13 5 4 gl Gas 5 e ST 55 4 OT
O 5 iS5 6 g L Sly Ho sl S
S 9 03,8 T3l s (6t O3S | ESTl Ol

b oo Sl Gde 0B oS Hs ST 53 s DS



10.

11.

12.

13.

14.

53
Agricultural Engineering (Scientific Journal of Agriculture), 47 (1), Spring, 2024

References

Ahmed, I.U., Assefa, D., and Godbold, D.L. 2022. Land-use change depletes quantity and quality
of soil organic matter fractions in Ethiopian highlands. Forests, 13(1): 69.

Ajami, M., Heidari, A., Khormali, F., Gorji, M., and Ayoubi, S. 2016. Environmental factors
controlling soil organic carbon storage in loess soils of a subhumid region, northern Iran.
Geoderma, 281: 1-10.

Ajami, M., Heidari, A., Khormali, F., Gorji, M., and Ayoubi, S. 2018. Effects of environmental
factors on classification of loessderived soils and clay minerals variations, northern Iran. Journal
of Mountain Science, 15(5): 976-991.

Arunrat, N., Sereenonchai, S., Kongsurakan, P., and Hatano, R. 2022. Soil organic carbon and
soil erodibility response to various land-use changes in northern Thailand. Catena, 219: 106595.

Benbi, D.K., Brar, K., Toor, A.S., and Singh, P. 2015. Total and labile pools of soil organic
carbon in cultivated and undisturbed soils in northern India. Geoderma, 237: 149-158.

Blair, G.J., Lefroy, R.D., and Lisle, L. 1995. Soil carbon fractions based on their degree
of oxidation, and the development of a carbon management index for agricultural
systems. Australian Journal of Agricultural Research, 46(7): 1459-1466.

Chen, T., Shi, Z., and Wen, A. 2023. Concentrations and Stoichiometric Characteristics of C, N,
and P in Purple Soil of Agricultural Land in the Three Gorges Reservoir Region, China.
Sustainability, 15(3): 2434.

Chen, Y.M., Xu, X, Jiao, X.G., Sui, Y.Y., Liu, X.B., Zhang, J.Y., Zhou, K., and Zhang, J.M.
2018. Responses of labile organic nitrogen fractions and enzyme activities in eroded Mollisols
after 8-year manure amendment. Scientific Reports, 8(1): 14179.

Fang, X., Wang, Q., Zhou, W., Zhao, W., Wei, Y., Niu, L., and Dai, L. 2014. Land use effects on
soil organic carbon, microbial biomass and microbial activity in Changbai Mountains of
Northeast China. Chinese Geographical Science, 24: 297-306.

Gentile, R.M., Malepfane, N.M., van den Dijssel, C., Arnold, N., Liu, J., and Mdiller, K. 2021.
Comparing deep soil organic carbon stocks under kiwifruit and pasture land uses in New
Zealand. Agriculture, Ecosystems and Environment, 306: 107190.

Ghani, M.1., Wang, J., Li, P., Pathan, S.I., Sial, T.A., Datta, R., Mokhtar, A., Ali, E.F., Rinklebe,
J., Shaheen, S.M., and Liu, M. 2023. Variations of soil organic carbon fractions in response to
conservative vegetation successions on the Loess Plateau of China. International Soil and Water
Conservation Research, 11(3): 561-571.

Hamkalo, Z., and Bedernichek, T. 2014. Total, cold and hot water extractable organic carbon in
soil profile: impact of landuse change. ZEmdirbyste (Agric), 101: 125-132.

Han, K.H., Ha, S.G., and Jang, B.C. 2010. Aggregate stability and soil carbon storage as affected
by different land use practices. In Proc. Int. Workshop on Evaluation and Sustainable
Management of Soil Carbon Sequestration in Asian Countries. Bogor, Indonesia Sept, pp: 28-29.

Hirte, J., Walder, F., Hess, J., Biichi, L., Colombi, T., van der Heijden, M.G., and Mayer, J. 2021.
Enhanced root carbon allocation through organic farming is restricted to topsoils. Science of The



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

54
Agricultural Engineering (Scientific Journal of Agriculture), 47 (1), Spring, 2024

Total Environment, 755: 143551.

Jafarian, Z., and Kavian, A. 2013. Effects of land-use change on soil organic carbon and nitrogen.
Communications in Soil Science and Plant Analysis, 44(1-4): 339-346.

Jia, X., Wang, X., Hou, L., Wei, X., Zhang, Y., Shao, M.A., and Zhao, X. 2019. Variable response of
inorganic carbon and consistent increase of organic carbon as a consequence of afforestation in areas
with semiarid soils. Land Degradation and Development, 30(11): 1345-1356.

Johannes, A., Matter, A., Schulin, R., Weisskopf, P., Baveye, P.C., and Boivin, P. 2017. Optimal
organic carbon values for soil structure quality of arable soils. Does clay content matter?.
Geoderma, 302; 14-21.

Kaushik, U., Raj, D., Rani, P., Antil, R.S., and Vijaykan, M. 2018. A Comparison of Different
Fractions of Organic Carbon and Organic Nitrogen under Different Land Use Systems of
Haryana. International Journal of Pure Applied Bioscience, 6 (5): 184-197.

Kogel-Knabner, 1., and Amelung, W. (2021). Soil organic matter in major pedogenic soil
groups. Geoderma, 384: 114785.

Li, J., Wen, Y., Li, X,, Li, Y., Yang, X., Lin, Z., Song, Z., Cooper, J.M., and Zhao, B. 2018. Soil
labile organic carbon fractions and soil organic carbon stocks as affected by long-term organic and
mineral fertilization regimes in the North China Plain. Soil and Tillage Research, 175: 281-290.

Liu, D., Huang, Y., Yan, H., Jiang, Y., Zhao, T., and An, S. 2018. Dynamics of soil nitrogen
fractions and their relationship with soil microbial communities in two forest species of northern
China. Plos one, 13(5): e0196567.

Luo, Y., Li, Q., Shen, J., Wang, C., Li, B., Yuan, S., Zhao, B., Li, H., Zhao, J., Guo, L., and Li, S.
2019. Effects of agricultural land use change on organic carbon and its labile fractions in the soil
profile in an urban agricultural area. Land Degradation and Development, 30(15): 1875-1885.

Mi, W., Wu, L., Brookes, P.C., Liu, Y., Zhang, X., and Yang, X. 2016. Changes in soil organic
carbon fractions under integrated management systems in a low-productivity paddy soil given
different organic amendments and chemical fertilizers. Soil and Tillage Research, 163: 64-70.

Pabst, H., Kiihnel, A., and Kuzyakov, Y. 2013. Effect of land-use and elevation on microbial
biomass and water extractable carbon in soils of Mt. Kilimanjaro ecosystems. Applied Soil
Ecology, 67: 10-19.

Poeplau, C., and Don, A. 2013. Sensitivity of soil organic carbon stocks and fractions to different
land-use changes across Europe. Geoderma, 192: 189-201.

Sahoo, U.K., Singh, S.L., Gogoi, A., Kenye, A., and Sahoo, S.S. 2019. Active and passive soil
organic carbon pools as affected by different land use types in Mizoram, Northeast India. PloS
one, 14(7): e0219969.

Sainepo, B.M., Gachene, C.K., and Karuma, A. 2018. Assessment of soil organic carbon
fractions and carbon management index under different land use types in Olesharo Catchment,
Narok County, Kenya. Carbon b

Sotomayor-Ramirez, D., Espinoza, Y., and Ramos-Santana, R. 2006. Short-term tillage practices
on soil organic matter pools in a tropical Ultisol. Soil Research, 44(7): 687-693.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

55
Agricultural Engineering (Scientific Journal of Agriculture), 47 (1), Spring, 2024

Sotomayor-Ramirez, D., Espinoza, Y., and Rdmos-Santana, R. 2006. Short-term tillage practices
on soil organic matter pools in a tropical Ultisol. Soil Research, 44(7): 687-693.

Trigalet, S., Gabarron-Galeote, M.A., Van Oost, K., and van Wesemael, B. 2016. Changes in soil
organic carbon pools along a chronosequence of land abandonment in southern Spain. Geoderma,
268: 14-21.

Vance, E.D., Brookes, P.C., and Jenkinson, D.S. 1987. An extraction method for measuring soil
microbial biomass C. Soil biology and Biochemistry, 19(6): 703-707.

Vieira, F.C.B., Bayer, C., Zanatta, J.A., Dieckow, J., Mielniczuk, J., and He, Z.L. 2007. Carbon
management index based on physical fractionation of soil organic matter in an Acrisol under
long-term no-till cropping systems. Soil and Tillage Research, 96(1-2): 195-204.

Wani, S.A. 2021. Assessment of changes in soil organic carbon fractions and enzyme activities
under apple growing ecosystems in temperate North-Western Himalayas. Resources,
Environment and Sustainability, 6: 100036.

Yang, W., An, S., Zhao, H., Fang, S., Xia, L., Xiao, Y., Qiao, Y., and Cheng, X. 2015. Labile and
Recalcitrant Soil Carbon and Nitrogen Pools in Tidal Salt Marshes of the Eastern Chinese Coast
as Affected by Short-Term C4 Plant Spartina alterniflora Invasion. Clean—Soil, Air, Water, 43(6):
872-880.

Yang, W., Li, N., Leng, X., Qiao, Y., Cheng, X., and An, S. 2016. The impact of sea
embankment reclamation on soil organic carbon and nitrogen pools in invasive Spartina
alterniflora and native Suaeda salsa salt marshes in eastern China. Ecological Engineering, 97:
582-592.

Yang, W., Xia, L., Zhu, Z., Jiang, L., Cheng, X., and An, S. 2019. Shift in soil organic carbon
and nitrogen pools in different reclaimed lands following intensive coastal reclamation on the
coasts of eastern China. Scientific Reports, 9(1): 5921.

Yang, X., Ren, W., Sun, B., and Zhang, S. 2012. Effects of contrasting soil management regimes
on total and labile soil organic carbon fractions in a loess soil in China. Geoderma, 177: 49-56.

Zhang, H., Wu, P., Fan, M., Zheng, S., Wu, J., Yang, X., Zhang, M., Yin, A., and Gao, C. 2018.
Dynamics and driving factors of the organic carbon fractions in agricultural land reclaimed from
coastal wetlands in eastern China. Ecological Indicators, 89: 639-647.



