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Characteristics of landscape geochemistry in Karamay
artificial carbon-sink forests
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Abstract Karamay artificial carbon-sink forest is located in the southern margin of Gurbantunggut Desert, where soil salinization
is a severe ecological problem. With adequate knowledge on the patterns of soil soluble salts/ions distribution, mechanisms of change,
chemical constituents of groundwater and varied characteristics of landscape patterns, saline soils can be rationally utilized and eco-
logical agro-forestry efficiently developed. This paper aimed to lay the theoretical basis for ameliorating soil salinity and controlling
desertification via analyzing the characteristics of Karamay landscape geochemistry. Using monitoring field data for soil soluble salt,
groundwater salinity and vegetation cover in Karamay artificial carbon-sink forest, the characteristics of landscape geochemistry
were analyzed via descriptive statistics and correlation analysis. The results showed great variation in contents of CI’, S0,>, Ca*" in
0~80 cm soil, while less variation in salinity and salt ions contents in 80~100 cm soil layer was found. Soil salinity increased with
increasing soil evaporation resulting in severe salt accumulation in surface soils of Karamay carbon-sink forest. Sulfate was the
dominant salt in study area, which consisted mainly of soluble SO,*" and Na* and K" salts. With the exception of HCO5", variations
in groundwater salinity and the related compounds exhibited strong variation. CI", SO4*", Na and K" were the main elements of
groundwater mineralization, and significant linear correlations were noted among salinity and these ions. The groundwater chemical
type was C1-:SO4-Na. Forest protection ameliorated soil salinity. Although the dynamics of soil salinity varied from forest to forest,
salinity (more for SO, salts) dropped after planting forests. Furthermore, soluble total salts significantly dropped with increasing

age of the Russia poplar forest.
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Table 1  Statistical characters of soil salt ions contents and total salinity within 0~100 cm soil layer in
Karamay artificial carbon-sink forests

. Item o HCOs ar os0f Gt Mgt NatK Total salinity

Soil depth (cm) (gkg) (gkg) (gkg) (gkg)  (gkg) (gkg™) (gkg™)
0~20 Mean 7.88 0.22 0.54 122 0.26 0.06 0.63 2.99
CV (%) 5.96 18.55 22514 12279 13435  116.07 161.98 121.57

20~40 Mean 7.92 0.23 0.22 1.46 0.41 0.07 0.35 2.78
CV (%) 6.14 26.72 17558 11562  139.01 11176 114.94 87.91

40~60 Mean 7.78 0.22 0.15 1.39 0.41 0.05 0.29 2.64
CV (%) 5.05 37.95 13333 15671  211.03  116.00 65.98 131.63

60~80 Mean 7.72 0.23 0.09 1.54 0.45 0.05 0.28 2.76
CV (%) 6.10 36.05 10538 15081  207.13 96.30 68.59 129.01

80~100 Mean 7.92 0.21 0.10 0.73 0.13 0.04 0.28 1.51

CV (%) 33.00 26.67 83.16 82.72 53.38 83.33 81.59 65.52
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Table 2 Correlative matrix of soil salt ions contents and total salinity within 0~20 cm soil layer in
Karamay artificial carbon-sink forests
Item HCO;~ cr S0,* Ca™ Mg?* Na'+K* pH Total salinity
HCO;~ 1.000
ClI” -0.467 1.000
N -0.564 0.842" 1.000
Ca® -0.648" 0.733" 0.8427 1.000
Mg* —0.474 0.912" 0.790" 0.827" 1.000
Na'+K" -0.394 0.855" 0.903" 0.624 0.742" 1.000
pH 0.139 0.261 0.200 -0.115 0.012 0.455 1.000
Total salinity ~ —0.564 0.903" 0.976" 0.770" 0.802" 0.952" 0.333 1.000
*okx (P<0.05) (P<0.01) * and ** indicate significant correlation at P < 0.05 and P < 0.01, respectively.
F3 RRBEAILBRCHARH T KT LEHSFKITIFE
Table 3  Statistical characters of groundwater salt ions composition and salinity in Karamay artificial carbon-sink forests
Item HCO;~ cl- S0, Ca®* Mg Na*+K* pH Mineralization
Minimum (g-kg’]) 0.04 0.04 0.04 0.03 0.01 0.05 6.06 0.29
Maximum (g~kg") 0.55 24.94 9.43 1.35 3.02 14.28 8.15 54.46
Mean (g'kgfl) 0.27 5.51 2.63 0.37 0.52 3.54 7.47 13.31
Std (g~kg71) 0.15 8.56 3.13 0.44 0.81 5.02 0.50 18.34
CV (%) 52.8 155.3 119.3 118.1 156.8 141.8 6.7 137.8
3, pH 7.47, F4 WTATUESTHERSZEN
- %A AR X R
’ Table 4 Linear equations and correlation coefficients between
Cl” , HCO3™ groundwater salinity and each ion content
Mg2+ , Caz+
B 5 2t 24 . N Ton Linear equation Correlation coefficient
CI" SO,~ Ca” Mg~ Na+K S0 1=0.152 1x+0.930 7 R*=0.888 3
, 100%, cr $=0.472 9x~1.111 2 R’=0.988 6
HCO;~ y=—0.000 4x+0.326 5 R*=0.000 3
> K +Na" »=0.274 2x-0.145 8 R*=0.996 0
8 , Mg y=0.042 4x—0.040 4 R*=0.907 4
ca* =0.021 8x+0.404 0 R*=0.9115
b b
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Table 5 Stand types and growth years in Karamay artificial EAAMRSEE
carbon-sink forests Table 6 Soil salinity and salt ions contents analysis of differ-
ent stand types of Karamay artificial carbon-sink forests
-1
Code of Species composition Quantity g'kg
plot of plot (plant-100m™) Age (@) HCO- CI SO Ca¥ Mg Na'+K'
K001 P. russkii 59 1 Plot code  Total salinity } * €
T. chinensis 4 1~2 K006 7.18 0.16 032 433 155 0.13 0.33
Elaeagnus angustifdia 8 1~2 K007 1.73 032 022 061 0.12 0.04 0.37
K002 P, russkii 15 7~8 K005 227 0.19 0.09 129 034 0.05 0.27
P. bolleana 7 3 K008 1.63 020 0.08 0.84 0.15 005 026
K003 P. russkii 41 7~8
K004 P. russkii 31 7~8 2.3.2
T. chinensis 1 2~3 1 K001
Lycium barbarum 5 2~3
K005 F. chinensis 8 7~8 7~8 K003
K006 H. ammodendron 28 wild K006 ,
K007 T. chinensis 14 6 7
U. pumila 2 Wild
K008 P russkii 55 5~6 (0~20 cm)
-hi i 2 Wild -
T. chinensis ; HCO,
K009 P, russkii 55 5~6 5 -
T. chinensis 8 Wild , Cl SOy Ca S
K010 P, russkii 86 5~6 A SO42_ 78
T. chinensis 4 Wild
1
2.3.1 HCO;™ , 1~8
KO005( ) K007( 1
) KO008( )3 (20~100 cm)
K006( HCO;~ Na'+K' |,
2—
) s 6 > SO4
K005 7~8
K007 K008 1 ,  HCOy Mg cCI’
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Table 7 Soil salinity and salt ions contents analysis of different growth years of trees in Karamay artificial carbon-sink forests
-1
gkg
Soil depth (cm) Age (a) Total salinity HCO;~ CcI S04 Ca®* Mg Na™+K*
0~20 CK 7.61 0.18 0.40 4.69 1.22 0.17 0.09
1 1.07 0.24 0.04 0.48 0.13 0.04 0.14
7~8 0.61 0.26 0.03 0.16 0.08 0.02 0.08
20~100 CK 7.08 0.16 0.30 4.24 1.63 0.12 0.19
1 1.61 0.21 0.03 0.90 0.20 0.05 0.21
7~8 1.26 0.24 0.04 0.74 0.13 0.05 0.03
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