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Carbon, Nitrogen, and Enzyme Activities in Saline-alkali Soil on
Songnen Plain as Affected by Land Uses
LIU Qian, GUO Boya, WU Xiuyu, WANG Yue
(School of Gardens, Changchun University, Changchun, Jilin 130022, China)
Abstract: [ Objective] Fertility and enzymatic activity of the saline-alkali soil in relation to land use were analyzed for
ecological improvements and restoration. [ Method] At Songnen Plain in western Jilin province, the effects on organic
carbon, total nitrogen, invertase, urease, alkaline phosphatase, and catalase of the saline-alkali soils under different types of
land use as paddy farming field (N,), dry farming field (N,), wetland (S), and grassland (C) were compared. [Result] The
organic carbon contents in the soils ranged 9.70-16.27 g-kgf1 under Ny, 3.85-11.58 g-kgfl under N, 2.14-2.97 g-kgfl under S, and
5.25-11.24 g'kg ' under C; and the total nitrogen, 1.83-2.32 g'kg ' under N, 0.45-0.76 g'kg ' under N, 0.34-1.28 g'kg ' under S,
and 0.88-2.04 g-kgfl under C. The activities of various enzymes were urease > alkaline phosphatase> catalase> sucrase and
decreased along the depth of the soil layers. The invertase significantly correlated with C/N at P<<0.05, the urease with C/N at
P<C0.01, the alkaline phosphatase with the organic C at P<<0.01 and with the total nitrogen at P<<0.05, while the catalase with
total nitrogen at P<<0.01 and with C/N at P<<0.05. The redundant analysis indicated that the activities of invertase and urease
were mainly regulated by the pH and bulk density, while those of alkaline phosphatase and catalase largely affected by the
moisture content and electric conductivity of the soil. [ Conclusion] Land use exerted significant effects on the organic

carbon, total nitrogen, and enzyme activity in the saline-alkali soils which gradually decreased from the surface to the deeper
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layers. Farming on the land fostered the nutrient accumulation and increased the enzymatic activities in soil. Thus, either paddy

or dry field was more ecologically friendly than wetland or grassland for the regions of saline-alkali soil.
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Table | Relevant information on sampled lands
xR AT 1o . fif K AE HLEE WAL R TR
2% 4 . o . .
Land use . . pH Water Bulk density/ Conductivity/ exchangeable sodium Main
Longitude Latitude -3 -1 :
type content/% (grem ™) (ms-cm ) percentage/% vegetation
RIFIKH (Np E124°54'50" N45°18'26"  8.29 50 0.83 0.21 7.11 K7 rice
AHEHE (N E124°18'70" N45°4822"  8.56 43 1.02 0.20 7.23 FK con
B (S E124°48'45" N45°14'38" 7.88 55 0.46 0.25 7.02 P57 reed
i (C) E124°42'33"  N45°11'16"  8.98 39 1.53 0.16 8.56 W% Suaeda glauca Bge
x2 AELHFAFXNLIER. REESTHE
Table 2 Vertical distribution of carbon and nitrogen in soils of varied land uses
3t 75 2 +Z

and use type

siol layer/cm

HHLBE SOC/ (gkg D

LE TN/ (gkg )

WAL C/N

0~10 16.27+£0.31a (a) 2.3240.05a (a) 7.01£0.27a (a)
10~20 15.38£0.56 b (a) 2.16%0.02 ab (a) 7.11+0.31a (a)
ABIKHE (N 20~30 11.70+£0.38 ¢ (a) 2.1140.04b (a) 5.55+0.10b (a)
30~40 10.53£0.34d (a) 1.95+0.05b (a) 53940.06b (a)
40~50 9.704+0.15¢ (a) 1.83+0.06 b (a) 229+020c¢ (a)
0~10 11.58+0.23 a (b) 0.76+0.04 a (b) 1528+1.11a (b)
10~20 7.612039b (b) 0.7240.02a (b) 10.58+0.73b (b)
KHREE (N 20~30 6.8410.03 ¢ (b) 0.61£0.02b (b) 11.22+0.35b (b)
30~40 6.4410.12 ¢ (b) 0.5240.03 ¢ (b) 12.43+0.95¢ (b)
40~50 3.85+0.09¢ (b) 0.45+0.10¢ (b) 8.8941.80d (b)
0~10 2.97+025a (c) 1.284+0.07a (c) 2324029 cd (¢)
10~20 2254+0.87b (¢) 1.11+0.11a (c) 2.00+0.70d (c)
i (S) 20~30 2.69+0.19ab (c) 1.034+0.05ab (c) 2.62+0.08 ¢ (c)
30~40 2.30%0.09b (¢) 0.74%0.08 b (b) 3.13+0.24b (¢)
40~50 2.14+0.10b (c) 0.3440.08 ¢ (b) 6.42+1.14a (c)
0~10 11.24£0.07a (b) 2.0440.07a (a) 5.5140.29ab (d)
10~20 10.11£0.29b (d) 1.954+0.07a (a) 5204029b (d)
Hh (C) 20~30 7.68%0.18 ¢ (d) 1.83+0.13a (a) 420+0.40d ()
30~40 6.6310.18d (b) 1.25+0.01b (c) 430+0.10¢ (d)
40~50 5254+0.16¢ (d) 0.8840.04 ¢ (c) 5.974+022a (c)

e AN TR E] — R 5 A [F) 2 S 48R TE0.05 K B ZE 5 e, 455 I/ TR [F) — B AN 8] 3 R O A& 4R AR AE
0.057K - L i 22 57t i 5 4

Note: The lowercase letters outside brackets in the figure represent the significance of the difference at the 0.05 level of each index under the same land use mode
and different soil layers, and the lowercase letters in brackets represent the significance of the difference at the 0.05 level of the indicators under different land use

methods and the same soil layer.
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Fig. 1 Vertical distribution of sucrase in soils of
varied land uses
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Note: (1) N; is farming paddy field; N,, farming dry land; C, grassland;
S, wetland; (2) Data with lowercase letters outside brackets represent
significant difference at 0.05 level on index under same land use at
different soil layers; those within brackets represent significant
difference at 0.05 level under different land use at same soil layer. Same

for Figs. 3&4.
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Fig.2 Vertical distribution of urease in soils of varied land uses
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Fig.3 Vertical distribution of alkaline phosphatase in soil of

varied land uses
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Fig. 4 Vertical distribution of catalase in soil of

varied land uses
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Table 3 Correlations among carbon, nitrogen, and enzyme activity of soil

FAR Index SOC N C/N SucC URE ALP CAT
SOC 1 0.607* 0.437 0.531 0.552 —0.824%* —0.272
™ 1 —0.443 0.086 —0.276 —0.624* —0.799**
C/N 1 0.583* 0.960** —0.191 0.620*
SuC 1 0.771%* —0.161 0.416
URE 1 —0.246 0.588*
ALP 1 0.528
CAT 1

E: (D) *FREEFEHX (P<0.05), **FRLEFEME (P<0.01);
g, ALP: TdP:BERREE, CAT: HELERE.

(2) SOC: HHUEK, TN: 4%, C/N: @&k, SUC: REWERE, URE: iR}

Note: (1) * indicates significant correlation (P <<0.05), and ** significant correlation (P<<0.01). (2) SOC: organic carbon; TN: total nitrogen; C/N: ratio of organic

carbon to total nitrogen; SUC: sucrase; URE: urease; ALP: alkaline phosphatase; CAT: catalase.

08 L ALP EC
-1.0 1.0

. SOC: AMLEK, TN: &%, C/N: WAL, sUuC: i,
URE: [k#§, ALP: WPEBEMRAG, CAT: I HMLABF. pH
pHE, SWC: ff + & /K%, SBD: % ®E, EC: H 53, ESP:
AL o
Note: SOC: organic carbon; TN: total nitrogen; C/N: ratio of organic
carbon to total nitrogen; SUC: sucrase; URE: urease; ALP: alkaline
phosphatase; CAT: catalase; pH: soil pH; SWC: soil water content; SBD:
soil bulk density; EC: electric conductivity; ESP: exchangeable sodium
percentage.
B HEETS5EME. RREEETSSH
Fig. 5 Redundancy analysis results on environmental factors,
soil enzyme activities, carbon, and nitrogen
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