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Fig.1 Freezing depth, precipitation, air temperature and
solar radiation during the freeze-thaw period

1.2 REaPEZ XI5y

P L VG A8 7K STIK B Y B 00 sk s KA 38 4 S 6
b A ST R IR B2, 23] 1) 2004—20054F - 3% 4 it
AFEREL (). MR RRRE, A RRLT
FERIT BB B, RIAERE VRS B (PL) L A28 R

i B (P2) FIVHRRRVRNEL (P3). 11H11H, +
B NARR B VRS B, LR B 3R 25 R s
K, HILCBRRR MR, 12H25H, LIEFEAN
BRI B, 1M BR Z IR ) N KR, R4S
R KiA2.8 em/d, 1A 21 H VRS54 1H $IiA57 emik;
2H13H, LB N HAREIY B, IR R
WL, JRHRBL CWEE” M, 3HITHGRE:
AfliE .
1.3 RIS E
1.3.1 RI&i%t

TEVRALHIIL 1 B 8 Pt 3, iR IGHL LA 3 m>3 m,
M (Al 3 mo Hor LO AERARHEKAREE, L1 F1 L2
NAREGRGEM B (PL) HEKALEE, L3 Al L4 ANfase
YRGBT B (P2) BE/KALER, L5, L6 bRl L7 Hhdhly
THRLARARIT B (P3) JEKAREE ., WRAHIOGEK 1 IR,
WE/K B 225 m¥hm?,  BEBE K IR IR IR X 1 T K,
K 6~8 C. WREHBLEEK H W 1.

%1 TR AMKARIZERL

Table 1  Setting situation of different freeze-thaw experiment
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Table 2 Main parameters of soil

e N[ AR I = 2 B0 % T;MS*E
vitem | BE e WHL Wi
(<0.002mm) (0.002~0.05mm)  (0.05~2mm) (g em®)
0~20 1.20 1557 83.24 155
20~60 118 20.32 7850 152
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Table 4 The calibrated soil parameters
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60 0.46 0.25 004 654 152
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Table 5 Mean square error RMSE between measured values and simulated values of

soil temperature and soil moisture content at different profile depths

BTz TR lem LO b3 L1 4b3 L2 4b3 L3 &b L4 &b L5 bz L6 4bF L7 4b3
0 2.15 2.77 2.24 2.45 2.20 2.44 2.22 1.91
5 243 2.50 1.99 2.35 224 2.38 1.73 2.10
. 10 2.40 2.28 2.15 2.12 1.98 2.03 2.08 2.07
RMSE/C
20 1.69 2.26 2.15 1.79 1.54 1.96 1.20 1.13
40 0.79 1.48 0.82 0.56 0.93 0.80 0.90 0.64
60 0.07 0.07 0.41 0.05 0.05 0.06 0.06 0.07
0 0.05 0.09 0.09 0.09 0.08 0.06 0.08 0.07
5 0.04 0.07 0.08 0.10 0.19 0.04 0.03 0.04
I 10 0.06 0.05 0.08 0.06 0.04 0.05 0.03 0.09
RMSE/(cm® €m™)
20 0.02 0.09 0.02 0.03 0.02 0.02 0.07 0.03
40 0.04 0.08 0.03 0.06 0.08 0.05 0.08 0.05
60 0.02 0.04 0.01 0.05 0.08 0.03 0.07 0.03
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Fig.5 The box diagram of RMSE between the measured
value and the simulated value of soil temperature and
soil moisture content during freeze-thaw period
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Fig.8 Soil cumulative evaporation of irrigated
treatment at different times during the freeze-thaw period
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water-heat-salt  transfer

Change in Evaporation from Soil as Affected by
Irrigation at Different Freeze-thaw Stages

PAN Daquan®, CHEN Junfeng®", XUE Jing", CUI Lihong*, ZHAO Dexing", DU Qi*
(1. Taiyuan University of Technology, Taiyuan 030024, China; 2. Taigu Water Balance Experimental Field,

Hydrology and Water Resources Survey Station of Shanxi Province, Taigu 030800, China)

[ Background and Objective] Seasonal permafrost is widely distributed in north China and water

evaporation from such soils depends on both soil water content and freeze-thawing process. In this paper, we
experimentally studied the change in evaporation with irrigation at different stages of the freeze-thawing process.
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[ Method] The experiment was conducted in a field; a bare plot without irrigation was taken as the control (CK).
The treatments were to irrigate the 225 m® per hm? of water at different freeze-thaw stages, which were represented
by L1—L7. Evaporation from the soil in all treatments was simulated using the heat-water model (SHAW). [ Result]
Irrigation during the freeze-thaw period increased the cumulative soil evaporation by 24.0%~150.0%, compared with
the CK. Irrigation during the unstable freezing stage enhanced evaporation, and compared with CK, it increased the
cumulative evaporation by 22.4%~27.0%. Irrigation during the stable freezing stage affected evaporation the least,
especially L3 and L4 treatments, where the evaporation was 3.8%~67.1% lower than that in other treatments.
Irrigation during the thawing period led to the highest cumulative evaporation, increasing by 55.3%~97.1%,
compared with other treatments. [ Conclusion] Irrigation during the unstable freezing and thawing stages increased
evaporation greatly and should be avoided. In contrast, irrigation during the stable freezing stage affected
evaporation the least in the first 3 days after the irrigation. Irrigation during the freeze-thaw period could result in
8.6%~9.3% of the irrigating water lost via evaporation.
Key words: seasonal freeze-thaw period; irrigation; SHAW; soil evaporation; numerical simulation
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Efficacy of Nitrogen-fixing Bacteria Combined with Different Nitrogen
Fertilizers in Improving Enzymatic Activity and Nitrogen in Reclaimed Soil

WANG Shuaibing, MENG Huisheng”, WU Xin, ZHANG Jie, HAO Xianjun, HONG Jianping, JIAO Jincheng
(College of Resources and Environment, Shanxi Agricultural University, Taigu 030801, China)

Abstract: [Objective] Reclaimed soils are usually poor in nutrients and the aim of this paper is to investigate the
efficacy of nitrogen-fixing bacteria combined with different nitrogen fertilizations in improving fertility of reclaimed
soils. [Method] The experiments were conducted in pots filled with soil collected from a subsidized coal mining.
The soil was incubated with nitrogen-fixing bacteria combined with different nitrogen fertilizers. In each treatment,
we measured carbon and nitrogen in microbial biomass, enzymatic activity, total nitrogen, and ammonium and
nitrate nitrogen in the soil. [ Result] Combining nitrogen-fixing bacteria with ammonium or nitrate nitrogen fertilizer
increases carbon and nitrogen in microbial biomass, total dissolved nitrogen, ammonium nitrogen in the soil.
Compared with treatment with nitrate and ammonium nitrogen fertilization only, their combination with
nitrogen-fixing bacteria increases the activity of catalase, sucrase, protease and urease by 4.96%, 17.85%, 12.53%
and 6.12% respectively. Correlation analysis shows a close relationship between soil nutrients, enzymatic activity
and carbon and nitrogen in microbial biomass; the activity of sucrase, protease and urease is positively correlated
with total nitrogen, total dissolved nitrogen and ammonium nitrogen in the soil (P<0.01); the enzymatic activity is
positively correlated with nitrate nitrogen (P<0.05); a positive correlation exists between carbon and nitrogen in
microbial biomass and total dissolved nitrogen in the soil (P<0.05). Principal component analysis shows that
ammonium nitrogen fertilization combined with nitrogen-fixing bacteria gives the best soil quality. [ Conclusion]
Combining nitrate and ammonium nitrogen fertilization with nitrogen-fixing bacteria can significantly increase soil
microbial biomass and nitrogen content, and it can be used as an improved agricultural practice to improve quality of
reclaimed soil from coal mining.
Key words: nitrogen fertilizer forms; nitrogen-fixing bacteria; dissolved total nitrogen; reclaimed soil; soil enzyme
activity
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