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Abstract

Introduction: Land-use changes may influence various natural and ecological processes, including soil
nutrients, soil moisture, soil erosion, land productivity and biodiversity. Compact cropping and lack of
suitable management approaches in agricultural fields all over the world have affected soil properties in vast
areas and led to changes in soil quality. The cultivation of sugarcane in the south of Iran started 60 years ago.
The cultivation of sugarcane was mechanized in the southwest of Iran in the late 1950s. Over the past 40
years, the sugarcane yield has been declined from 110 to 50 tons per hectare over the same period. The long-
term cultivation period (6 to 7 months), high water consumption (30,000 cubic meters per hectare at 25 to 30
turns irrigation), extensive heavy machinery uses in the planting stage, and sugarcane harvesting may change
soil properties. In order to determine how these changes are taking place, it is necessary to examine the land
qualitatively and quantitatively to prevent further destruction of this vast God-given source. Due to the fact
that few types of research have so far been conducted on the long-term effects of cultivation on the physical
and chemical properties of soil, this study aimed to investigate the effect of long-term sugarcane cultivation
on some chemical and physical properties of soil in the Karoun Agro-industry Unit in Shoushtar city, Iran.

Materials and Methods: This research was carried out to investigate the effect of long-term sugarcane
cultivation on soil chemical and physical properties in Karoun Agro-industry Unit in Dimcheh with the
geographical coordinates Latitude: 32° 02' 60.00" N Longitude: 48° 50' 59.99" E and 68 meters above mean
sea level located at 12 kilometers to the west of Shoushtar city in Khuzestan province of Iran. The total area
of the land is 45,000 hectares. This area has warm and dry climate conditions. The dominant soils of the area
are classified in the large Calcic Haplousteps group. This study was carried out as a factorial experiment
based on a complete randomized design with two factors, including fields in seven levels and depth in three
levels (0-30, 30-60 and 60-90 cm) and three replications. Soil samples were collected from three depths in six
fields with long-term sugarcane cultivation and adjoining uncultivated land. Then, some chemical properties
were measured by standard methods: Soil texture by hydrometric method, soil organic matter content by wet
oxidation method, the soil sodium bicarbonate extractable phosphorus by Olsen method and available K
using 1 N NH40Ac were measured. Also, total porosity and mean weight diameter were calculated based on
conventional equations. Statistical analysis of data was performed by SAS 9.2 software, and the comparison
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of means was made using Duncan's multidomain test at a 1% probability level. Figures were also drawn
using Microsoft Excel software.

Results and Discussion: Results indicated that land-use changes and long-term sugarcane cultivation result
in soil chemical properties changes. By land-use changes, the amount of sand decreased from 22.55% in
virgin soil to 6.67% in sugarcane fields. The apparent density and the mean weight diameter by changing the
use of virgin soil to sugarcane farms increased by 16% and 67%, respectively, though this result was opposite
for the total porosity. Also, land-use changes from virgin soil to sugarcane fields increased organic matter
and absorbable phosphorus and reduced potassium absorbable and carbon-to-nitrogen ratio. Overall, changes
in chemical properties in surface soil (0-30) were more than other depths (30-60 and 60-90). Also, estimating
the correlation coefficients between different traits under the studied treatments showed that sand was
correlated with all traits except clay and organic matter. While the clay had a positive and significant
relationship with the mean weight diameter of soil aggregates.

Conclusion: This research showed that the soil chemical properties of different sugarcane fields significantly
changed by the land-use changes of long-term sugarcane cultivation. Thus, the land-use changes, abundant
irrigation and leaching increased the organic matter, the mean weight of the diameter of aggregates and the
apparent density of the soil. Also, the amount of phosphorus absorbed by sugarcane and fertilization
increased, while the amount of organic matter of C/N and soil absorption potassium decreased in cultivated
land. Potassium is essential for sugarcane growth, and the reduction of potassium absorbable can cause
limitations in its growth and performance. On the other hand, concerns about soil density and change in the
optimal plant growth conditions due to heavy agricultural machinery are clear and severe. Therefore, creating
a cultivated system with minimal density is essential. Also, soil chemical properties monitoring and
maintaining the quality of the studied soils must be considered in land management approaches.
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Figure(1) Location of the study area in Khuzestan province
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temperature of Karun Agro-industry (2006-2015)
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Table (1) Average water characteristics used for irrigation of Karun Agro-industry fields based on 30-
year statistics (1988-2018)
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Table (2) Statistical analysis of physical characteristics of soils under long-term sugarcane cultivation
and uncultivated land in the study area
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Total . . Freedom
Mean Porosity Bulk Density Silt Clay Sand
Weight-Diameter
5.34** 0.0052** 0.06** 335.38**  129.36**  260.65** 6 ot S
Land use
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Depth
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ns: non-significant, *: significant at 5% probability Tevel, and**: significant at 1% probability Tevel
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Table (3) Comparison of means of physical characteristics of soils under long-term sugarcane
cultivation and uncultivated land in the study area

PERTRA
ke J5 Jns el JE S o o Sles
~ Mean Total Bulk Density Silt Clay Sand Treatment
Weight-Diameter  pyosity /) gcm?® o ) )
of Soil
(mm)
0.54b 40.51b 1.57a 56.20 d 34.85b 9.30 bc 219
0.55b 38.99¢ 1.61a 56.26 ¢ 35.27b 8.70bcd 239
0.75a 37.99c 1.64a 45.91f 44.423a 8.80bcd 457
0.53b 39c 1.62a 57.23 b 33.16b 11b 520
0.55b 38.99c 1.62a 59a 34.38b 6.67d 532
0.57b 39.11c 1.61a 54.50e 36.83b 8 cd 534
Uncultivated land
0.45c 46.28a 1.41b 43.18¢ 34.46b 22.55a i e iS
b dlpl b s a5 b6 Ol Blesl 55 JT o3le ST oesk

ot wnlS” T o3le Ol5n 31 Gas il 3110 Ko @ am g
b 50k Sled (e Opmen G2dae Julse
S gl 5 b (b s (LT 51 (30 &S Day
B s 033 el 5 ST s T osle 2153
ST osle OgralieaST ams 55 5 ST 4 058 35,5
S glos Ll o e 98 3L glos 3 s o0 ST
“r ST ol O g8 o (1 4 s des )
C,;);\:A§>|>ouu(ﬂ)o\,m)6,a&?wu.up
DS M S8 5 Gee Jlie S5 Gee w5
Hlbl LOT .l Sls sxe Lo ys ) Tl s S ST
S AS 2 o SV S ST JT o S e 8 s S
SISl (B 53 0 SAS 0 SN0 & L ) 5
S G B g3 p SSS e SN /50 5 Sad
ST oS M Goe RIFIL 5 3L I ol

.&Qﬂ&héﬁ)lfrszéfu

e Bl s JT ol o Kie o 55 Ol il

35wl Bl 6l 5 Ao s VY (g e Bl +-¥0) ST
33 el s oy 280 JT esle 5 Kke b S
Slodis CuiS” e 3 ST esle &7 s odaline 550 Jgilr
S S o 4s e 3 deoys VA 4 Loy +/FA
S JT o5 ISl Sas JTslse Gbles e
bamlin 55 SCis S o il ST (e 3Bl 5o
e 25 gl 53 S JTeske 300 5t (5L
l{wuﬁ)bﬁéwwéhglijbw)_ﬁJ)}A
o3l Kile &5 (g y5b & cul aBl LBl Pl 55 L Sl
Cov &S 5 (g e e o= 5 YeFe Bl s JT
a b oS s g Aoy /FY 5 /PY LSS e oiS
Moo Ll s opl T Cnds o ys /Y5 /D L5 5
slaaks; w5 )3 5 o3l Fo S5 Geee Slaady) 35
AS o 358 e &Sl 5ol Gar 0 o S ol IS

Dol bl 8 e Blest 3 ST T esle 2l 31 o



\Feo Qm)‘? a;w?v&(&j)jw ;«194.\’;&)‘59‘))@4..@

39 1.7
38 _ 165 1
37 1 (3
9 1.6
_ 36 b ‘% <
o & g 5 155
%0 35 35
= 34 b @) 2 1.5 - c
33 | @145 -
32 - 1.4
31 1.35
0-30 30-60 60-90 0-30 30-60
EL g E V= EL E Y=
Soil depth (cm) Soil depth (cm)
50
45 - fg
40 - =
Z 35 ;3; 3
e .P ‘S
R £30 - e b
1% Ly S
D525 3 = \
D 20 4 9 \
g5 3% \
10 - =
=

.

: ,f NN
0-30 30-60 60-90 0-30 30-60
B gas B gas
Soil depth (cm) Soil depth (cm)

Wl 3590 Slas! 0 > (K 30 ST 39 3l (H 5 (eSOl 4o (V) IS
Figure(3) Comparison of mean of physical characteristics of soil in the depths studied



Yay

S S 55 o G e S 0 5 635k Salo

60
Br.—. s
FHEY s a
50 -
Ha-f e
40

20
10
0
219 457 520
4L )50
Field

I8 Ol g 3os 9 (2011 S Blike T Sl 4wyl (£) S
Figure.(4) Comparison of Means of interaction between land use and depth on clay rate

Axflla 3 g0 il 3 oLl CulS g Kl Sl Co ST J10E polis S S 39 Skl i (£) 9o
Table(4) Statistical analysis of organic matter characteristics of the soils under sugarcane cultivation
and uncultivated land in the study area

Sl o S
Average of squares

@30T 4 s
4 oS Lo i 6 el Clo 6 i STeske Degrees of sl
05974 Absorbed Absorbed Organic Freedom
. Sources of Changes
C/N potassium phosphorus Carbon
265.41* 13940.71%* 21.73%* 0.12%* 6 o S
Land use
25.72* 959.16* 2.71* 0.024* 2 >
Depth
L. X
3.02ns 51.96ns 0.30ns 0.001ns 12 o SR T
Land use x depth
s
0.59 294.57 3.18 0.02
Error

ns: non-significant, *: significant at 5% probability level, and™>. significant at 1% probability Ievel
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Table(4) Comparison of means of characteristics of organic matter of the soils under sugarcane cultivation and
uncultivated land in the study area

wof e Sl let ol i ok
B3s Absorbed Absorbed Organic e
’ potassium phosphorus Carbon Treatment
C/N mg kg mg kg )
10.54b 143.33c 9.51ab 0.65abc 219
10.51b 135¢c 9.36ab 0.62cd 239
10.95b 139.33c 10.20ab 0.85a 457
10.58b 173.33b 9.86ab 0.70abc 520
10.5b 176.67b 8.51b 0.64c 532
10.81a 166.67b 10.46a 0.79ab 534
uncultivated land
11.5a 249.72a 5.90c 0.49d .
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s Absorbed Absorbed Organic Mean Total Bulk Dens;t silt Clay Sand
O35 potassium phosphorus Carbon Weight-Diameter Porosity om?® y o o o
CIN mg kg™ mg kg™ (3 of Soil W g ! : :
mm
1 Sand
1 -0.25 Clay
1 -0.51 -0.95** Silt
1 0.61 033  -0.95** Bulk Density
1 -0.96%* 059 028 088 Total
Porosity
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1 0.86* -0.69 0.78* 008 071  -075 Organic
Carbon
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1 -0.86* -0.64 -0.64 0.76* -0.85* -0.50 -0.38 0.87* Abs. Potassium

1 0.76* -0.65 -0.29 -0.15 0.74 -0.79* -0.93** 0.22 0.92** CIN




AR Y4

8B E 55 5 B 628 i L5 10K 5 635 5le B3l

(Wl I eSS ST s ol J6
03l CIN Ol sl Bl 03, iS55 b &S J s
Wil Al Sl e BB ey 5 S JT
Ll i 5 S (S15 4 by e gl GILSS s
32348 Slssl s 5 sge 3 3L oS As) ang
ol oSS sl 1 (il (s 5 el SlS” K

Ll $ 5500 oS Jil b S

S5 dom
)&,:\,\Lgﬂ\f,x;agmgwum,ia\@u
5 i8S GeSE ps b lagme) 05 CiS )
ST 5 (Kb s Sas o o 09 o
(P G xS LS ks sl skl S
oSS Dajlys ST s e T Ol 3 LT
s balaS bs Sis 5 Sbe S JT osle 1530

S e imman el 0l ST g alh JE

References

1. Behravan, H.R., Zand, E. and Shafiei Baftee, F. 2013. Good management practices manual for the
sugarcane industry. Kerdegar press, Ahvaz, Iran. pp: 386. (In Persian)

. Bostani, A. and Savaghebi, Gh. 2011. Study of potassium fixation capacity in some under-cultivation
sugarcane soils in Khuzestan. The Journal of Water and Soil. 25(5): 982-993(In Persian with English
abstract)

. Canisares, L. P., Cherubin, M. R., da Silva, L. F. S., Franco, A. L. C., Cooper, M., Mooney, S. J., & Cerri,
C. E. P. 2020. Soil microstructure alterations induced by land use change for sugarcane expansion in
Brazil. Soil Use and Management. 36(2):189-199.

. Chi, L., Mendoza-Vega, J., Huerta, E., and Alvarez-Solis, J. D. 2017. Effect of Long-Term Sugarcane
(Saccharum Spp.) Cultivation on Chemical and Physical Properties of Soils in Belize. Communications in
soil science and plant analysis. 48(7): 741-755.

. De Noni, G., Didier, B., Jean-Yves, L., Yves, L., and Jean, A. 2002. Proposal of soil indicators for spatial
analysis of carbon stocks evolution. Western Canadian Spill Services-August. Thailand.

. Emami, H., Neyshabouri, M. R., and Shorafa, M. 2012. Relationships between some soil quality indicators
in different agricultural soils from Varamin, Iran. Journal of Agricultural Science and Technology. 14:
951-959 (In Persian with English abstract)

. Garside, A.L., and Nable, R.O. 1996. Sugarcane growth and yield comparisons in pair old and new land
sites. In: J.R. Wilson, D.M. Hogarth, J. Campbell and A.L. Garside (Eds.), Sugarcane: Research Towards
Efficient and Sustainable Production. CSIRO Division of Tropical Crops and Pastures, Brisbane,
Australia. pp: 248-250,

. Hassanlee, A.M. 2011. Climate change and it’s sequences on water and Environment. Iranian student book
agency, Mashhad, Iran. pp: 208. (In Persian)

. Jafari, S., Baghernejad, M., and Chorom, M. 2005. Investigation of some of physicochemical properties of
cultivation and virgin lands (under sugarcane cultivation and rotations) in Haft Tapeh Area Khuzestan.
Journal of Agricultural Engineering. 28(1): 165-182. (In Persian)

10. Jafary, S., Golchin, A., and Toolayfard, A. 2016. The effect of land use change on the characteristics of
physical components of organic matter, the amount of diffuse clay and the stability of aggregates in some
lands of Khuzestan province. Iranian Journal of Soil and Water Research. 47(3): 593-603(In Persian with
English abstract)



Yav
A K QM} f a)\a.&ff JJ:-(&))}USG‘J&M) 69‘)) w.&.@_&

11. Landy, A., Porkeyhan, S., Chorom, M., Hojati, S. 2018. Study of the effects of land use change and
construction of sugarcane fields on physicochemical, mineralogical and micromorphological properties of
soil in the southern region of Khuzestan. Journal of Soil Management and Sustainable Production. 8(2):
43-61(In Persian with English abstract)

12. Lavkulich, L. M. 1981. Methods Manual, Pedology Laboratory. Department of Soil Science, University
of British Columbia, Vancouver, British Columbia, Canada. pp: 360.

13. Marquez, C. O., Garcia, V. J., Cambardella, C. A., Schultz, R. C., and Isenhart, T. M. 2004. Aggregate-
size stability distribution and soil stability. Soil Science Society of America Journal. 68: 725-735.

14. Mulugeta, TUFA., Melese, A. and Wondwosen, TENA. 2019. Effects of land use types on selected soil
physical and chemical properties: The case of Kuyu District, Ethiopia. Eurasian Journal of Soil
Science. 8(2): 94-1009.

15. Nelson, R. E., and Sommers, L. E. 1982. Total carbon. Organic carbon and organic matter. pp: 539-579,
In: A.L. Page (ed.) Methods of soil analysis. Part 2. 2nd. Agron. Monogr. 9. ASA and SSSA, Madison,
WI.

16. Olsen, S. R., Cole, C. V., Watanabe, F. S., and Dean, C. A. 1954. Estimation of available phosphorous in
soils by extraction with sodium bicarbonate. U. S. Department of Agriculture Circular. No. 939.

17. Porkeyhan, S., Landy, A., and Hojati, S. 2017. Comparison of mineralogical changes in soil of Khuzestan
sugarcane fields with adjacent virgin lands. 15th Iranian Soil Science Congress (In Persian)

18. Rezapour, S., Taghipour, A., and Samadi, A. 2013. Modifications in selected soil attributes as influenced
by long term continuous cropping in a calcareous semiarid environment. Natural Hazards. 69(3):1951-
1966.

19. Six, J. R. T., Conant, E., Paul, A., and Paustian, K. 2002. Stabilization mechanisms of soil organic matter:
implications for C-saturation of soils. Plant and Soil Science. 241(2): 155-176.

20. Staff, S. S. 2014. Keys to Soil Taxonomy. 12th ed., United States Department of Agriculture and
National Resources Conservation Service, Washington DC, USA. pp: 360.

21. Toolabi Fard, A. 2012. The Changes in the physical components of organic matter in soils with different
uses. Master of Science Thesis. Ramin Agricultural and Natural Resources University, Ahwaz. Iran. (In
Persian)

22. Veyci tabar, A., Hemat, A., and Mosadeghi, M. 2015. Evaluation of soil density of sugarcane fields under
different cultivation modes using apparent density, relative apparent density and soil cone index. Journal
of Water and Soil Science (Journal of Science and Technology of Agriculture and Natural Resources).
19(72): 93-105(In Persian with English abstract)



