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Abstract ; Yellow River Delta, which is surrounded by Bohai Sea to the north and Laizhou Bay to the east, is one of the
three largest deltas in China. However, large amounts of water and salts that were brought by penetration of water in the
Yellow River and encroachment of sea water resulted in the rise of groundwater level and salinization. Under the influence of
strong evaporation, the soil degraded into saline soil. Currently, up to around 1670 km’ of land have turned into saline soil
in the Yellow River Delta. Thus, it is urgent to ameliorate the saline soil for the assurance of ecological security and
coordinated development of economy and ecology. Treated paper mill effluent was low in salinity and high in organic matter,
and could be used to restore saline soil. Irrigation with treated paper mill effluent could enrich soil nutrients, improve soil

activity and leach soil salts, and meanwhile it could solve the disposal problem of paper mill effluent. Thus, different
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depths (viz. 5, 10, 15 cm and 20 c¢m) of treated paper mill effluent were irrigated for remediation of saline soil in this
study. In addition, anti-waterlogging ditches were built around the plots for discharging leached soil salts. Soil enzyme
activities, which can reflect soil fertility, are important parameters for evaluating soil quality. Five enzymes, viz. urease,
phosphatase , sucrase, dehydrogenase and catalase, were used to evaluate the effectiveness of saline soil remediation. Under
the multi-influences of soil water content, temperature, aeration, nutrients and salts, soil enzyme activities were higher in
soil layers of 0—10 ¢m and 10—20 c¢m than those in soil layer of 20—30 ¢m. Irrigation did not change the distribution of
soil enzymes in the different soil layers. The improvements of urease and phosphatase mainly achieved in soil layer of 0—10
cm, and those of sucrase, dehydrogenase and catalase mainly achieved in both soil layers of 0—10 ¢m and 10—20 cm.
Irrigation rate of 20 c¢m was the most effective in improving soil enzyme activities in lower soil layer (20—30 c¢m). The five
enzymes also presented regular seasonal dynamics, all reaching the highest level in August. Irrigation with treated paper
mill effluent, salinity (2080 mg/L) of which was very low compared to the present saline soil (2.31% ), was effective in
reducing soil salinity. Thus, inhibition of soil salinity to enzymes was reduced. In addition, irrigation with treated paper
mill effluent introduced abundant of substrates for enzymes. Consequently, all the five enzyme activities were significantly
improved. In general, higher irrigation rates were more effective in the improvement of enzyme activities and 20 c¢m turned
out to be the optimum irrigation rate. Compared to the control, the activities of urease, phosphatase, sucrose,
dehydrogenase and catalase were improved by 70.0% , 30.9% , 56.2% , 135.2% and 20.84% , respectively. The results
also showed that in the studied saline soil, the five soil enzyme activities presented significantly negative correlation with soil
salinity, sodicity and microbial metabolic quotient (¢CO,) , and significantly positive correlation with available phosphorus
and microbial biomass carbon, while no significant correlation with soil organic matter and available nitrogen due to the

different dynamics over time after irrigation.

Key Words: paper mill effluent; irrigation; degraded coastal saline wetlands; remediation; soil enzymes
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Table 1 Soil properties of experimental region

BFR Index BUE Value  F5FF Index Rl Value
pH 7.890+0.03 % E Bulk density /(g/cm’) 1.60+0. 02
K SER Total soluble salt/% 2.310+0.14  HHLIT Organic matter (g/kg) 7.79+0.71
ML A Available N /(mg/kg) 11.360+1.84 AL Available P ( mg/kg) 8.09+0.44
N Available K /( mg/kg) 294.800+36.51 E4| Total N (g/kg) 0.55+0.16
S Total P /(g/kg) 0.630+0.03  H40 Total K (g/kg) 21.15+4.35
WE YRR Microbial biomass C /(mg/kg) 30.890+1.56  HIEMFHZ Soil respiration /(mg CO,-C kg™ d71) 46.82£1.79
JIRREHG P Urease activity /(mg NH;-N g™ d™) 0.056+0.008 @MRMAFIGE Phosphatase activity /(mg PNP g™' d-1) 0.11+0.004

it G P Dehydrogenase activity

o 1 o 2.41+0.08
/(g TPF g7 20h™)

WEAHTE Sucrase activity /(mg GLU g™' d™") 0.530+0.03
T E L S ERGPE Catalase activity /(ml 0. 01mol/L
KMnO, ¢™!)

Bl Do P AR HER 22 (n=15)

2.320+0. 28
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B P& AP 0 AR KK B BIAR AR B A ecas: . s AT IE 4 40 DX (I8 1B) /N DX TE] A HE B V)
(1—=7) LA R P R (8 K1 9) FHLAHEAK . J3 40, £ /NX I ER3 + T4 30 em b 25, LABAH B 5200
2007 4E 8 AR AR 5 A/NX A BIHEE T 0 em(CK) .5 em(15) .10 em (110) (15 em(115) F120 em(120)
TREE B K EIR S |, il i 28 % FU R B i %A BUKG , B 1 8 5 B R 7 XK 4 22 (2007 4F 12
A 4y—2008 4F-3 A3 ) 45 1HEAK . 5 —/INX R BHBFAL 3, B 8 AR SCIU AT B K T /N X
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Table 2 Characteristics of paper mill raw effluent and effluent from storage pond

12 A HAK BA X WAL EE BT Na®
pH coD FE A BOD; TN TP Salinity : ’/ o a
/(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L) ¢
J5K Raw effluent 8.50 2500 750 60.47 9.56 2750 0.15
A
SR 7.44 957 84 28.43 7.22 2080 0.12

Effluent from storage pond

1.3 Kk
1.3.1 H3ERENRE
INX EHERAERE S BRI B 5 AR S B RAEE S 45T 43 0—10 ¢m 10—20 cm LS 20—30 em = )2,
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Fig.2 Change of urease activity in different soil layers and different times under the influence of irrigation with different amounts of

treated paper mill effluent
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Fig.3 Change of phosphatase activity in different soil layers and different times under the influence of irrigation with different amounts of

treated paper mill effluent
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Fig.4 Change of sucrase activity in different soil layers and different times under the influence of irrigation with different amounts of

treated paper mill effluent
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Table 3 Correlation analysis between soil enzyme activities and other properties (n=20)
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R -0.951 ** -0.920 ** 0.335 0.283 0.519* 0.830 " 0.495* -0.903 **
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