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Table 1 Main physicochemical properties and enzymes activities in uncultivated soil

=AY ® -1 -1

j;}i f:i EC,” o SAR® BD® TN® TP® om”? ]?A (pge : h™") -
Cem) (dSm™) (mmol L) ™ (gem™) (gkg') (gkg™) (gkg™) UA? APAY  sA®
0~10 18.54 8.90 39.76 1.44 0.23 0.74 6.28 1.49 5.17 2.90
10 ~ 20 11.66 9.58 54.01 1.53 0.39 0.74 6.79 1.67 5.24 5.95
20 ~ 30 6.69 9.52 38.59 1.59 0.24 0.73 6.57 1.78 6.79 1.86
30 ~ 40 4.16 9.51 23.15 1.64 0.36 0.57 6.40 1.71 3.39 2.81
40 ~ 60 2.45 9.50 15.43 1.60 0.37 0.64 4.00 2.26 2.95 6.55
60 ~ 80 1.89 9.43 7.72 1.63 0.31 0.65 433 1.68 4.80 8.42
80 ~ 100 1.67 9.24 7.72 1.55 0.28 0.58 2.03 1.57 2.66 2.60

E: OEC,, MWAERBRAE S, QpH, WAHTEKpH; GSAR, WHEIGRMAWKLL; @BD, F&E; OTN, 24; @TP, &

;s @QOM, AL, OFEA, MiWEH:; QUA, WREEGM; OAPA, BRMEREREGME; SA, FEHEIGY Note: (DEC,, Electrical
conductivity of saturated slurry extract; @pH, pH value of saturated slurry; (3SAR, Sodium adsorption ratio of the saturated slurry
extract; @WBD, Bulk density; BTN, Total nitrogen; OTP, Total phosphorus; @DoM, Organic matter; ®EA, Enzyme activity;

QUA, Urease activity; 10APA, Alkaline phosphatase activity; ADSA, Sucrase activity
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Fig. 1 Planting pattern and location of soil sampling sites
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Table 2 Rainfall, irrigation and fertilization rate in plots different in cultivation history during the wolfberry growth period

HEK it HGIE &t Fertilization rate ( kg hm™)
AEARy [ T Irrigation rate
Year Rainfall (mm) (mm ) N P20 K0
la 2a 3a la 2a 3a la 2a 3a la 2a 3a
2009 153.5 130 160 100 75
2010 150.3 125 150 240 300 120 150 80 100
2011 120.8 155 205 280 260 350 500 130 168 240 30 35 50

Jite A 2 L2
1.3 T HKRIEMDH

201 1AEMIAC A K ZK (107 16H ) , BEHIN
e BT AR 0 R T (AN [R) A AF PR b B 453
A AT, Sl AE A AT A (e )
A5 (HAR 4 em, K20 em) 765401 N R
BARE624 o MU A A7 B 43 i o BE T Y KO R
0. 10, 20, 30, 40, 60, 80, 100, 1201150 cm
I, BREE O~ 10, 10~20, 20~30, 30 ~40.
40 ~ 60, 60 ~80F180 ~ 100 cm (E1b) . [FIH},
PEHHIE AR 52 B R B A0 ~ 100 em 5K 151 1HI3
A AE R AP A X HE A 3
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Hrp, B &R A mmol L', SARAYFAN Ny

(mmol L") *3,
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BRI REAY K P BE S Horizontal distance from the drip irrigation line (¢cm)
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100 0 Mg g h!
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= 2a 36
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2 L P .
02 60 G H 18
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a
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-g % S Q 40 BAA Unit:
\ Ouge' b
¢ FERERGTE M Sucrase activity
P12 AN [v) A e A IR e ) T v ot 3 44 0 A1
Fig. 2 Spatial distribution of enzyme activities in soil profile relative to cultivation history
R3 FEMEERREXTIFTE LSRR
Table 3  Soil physico-chemical properties in root zone relative to cultivation history
R AR R EA” (pgg'h) swe? EC° . TN TP om"” .
) = - ., pH®  SAR™ . . » C/N”
Planting years  UA?  APA® SAY (%) (dSm™) (gkeg™) (gke™) (gke™)
0 1.66d  5.15¢  3.38c¢ 9.82 10.26 9.38  27.50 0.31 0.70 6.09 10.08
1 1.76¢d  7.92b  24.26b 27.75 7.31 9.04 10.96 0.38 0.77 6.51 10.93
2% 2.51be  7.96h 45.02ab 26.01 7.18 8.38 10.16 0.47 0.86 6.32 6.74
3% 4.32a 25.76a 57.0la 21.79 5.15 8.08 7.19 0.51 1.03 7.58 9.16

TE: 1) BATEOR N R0 ~ 40 em BIEINECT- 218 2) BAT AR X BEINACT- 248 s [5]—F0 B (BLIS 1 AN [ 5 Bl 3 7R 22
FRE (p < 0.05) ; OEA, WiFEM; QUA, IREEFEY; @APA, BMEBERREGEM; @SA, BEEE; GOSWe, L& KE;
©EC,, MAFRBOEH 5%, @OpH, MAEKpH; @SAR, WHRLBIRMAWKM L OTN, 2% OTP, £#; @WOM, HHLH;
@C/N, WA Note: 1) means that data in this row were weighted means of the 0 ~40 cm soil layer in uncultivated soil; 2 ) means
that data in this row were weighted means of the root zone; The different letters affixed to values in the same column mean significant
difference at p < 0.05; MDEA, Enzymes activity; @QUA, Urease activity; @APA, Alkaline phosphatase activity; @SA, Sucrase
activities; G®SWC, Soil water content; @ECE, Electrical conductivity of saturated slurry extract; @pH, pH value of saturated
slurry; @®SAR, Sodium adsorption ratio of the saturated slurry extract; TN, Total nitrogen; IOTP, Total phosphorus; ADOM,
Organic matter; @2C/N, Ratio of C/N

i EARE AR BB, R PLR 2 20m PR BN T, G 3R PR A A S R L

aod o HEp HOGP RREME Pl 5 MR (MR I (R4) £+ HEpH7.38 ~ 10.00/97E I N, ’%”"@ii?ﬁ%’&(ﬁ
VLB E0, X T3 i i v, pHARL PR RISEGUREM (p<0.01) , BEUIY 2 EpHEL

FoA P AR, R 2 S R ( <8.5) , pHAY/IMETHE, wie 5l + e
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Table 4 Correlation coefficients and path coefficients of soil properties ( factors ) to soil enzymes activities

it ¥ IEEE21 1% F K Path efficients
Enzymes activity  Factors Correlation coefficients  Sw(CY E(]P@’ pH@ SARY TN® TP® oM? C/N®
swe? 0.040 -0.192  0.005  0.131 -0.009  0.057  0.085 -0.021 -0.017
EC.? -0.021 0.017 =0.060 -0.081  0.050  0.114 -0.024 -0.015 -0.022
pH® -0.555"" 0.060 -0.012 =0.416  0.015 -0.046 -0.205  0.019  0.030
TR S T SAR® -0.063 0.029 -0.049 -0.104  0.062  0.066 -0.041 -0.009 -0.017
Urease activity TN® 0.255" -0.028 -0.018  0.049  0.010  0.390  0.008 -0.021 -0.137
TP 0.514" -0.052  0.005  0.276 -0.008  0.011  0.310 -0.018 -0.008
om”? 0.2617 -0.073 -0.016  0.143  0.010  0.146  0.103 =0.055  0.004
C/IN® 0.029 0.012  0.005 -0.046 -0.004 -0.198 -0.009 -0.001  0.269
swe? 0.186" -0.042 -0.014  0.088  0.034  0.058  0.036  0.027 -0.010
EC.? 0.036 0.004  0.161 -0.054 -0.185 0.116 -0.010  0.019 -0.012
L B pH? -0.466" 0.013  0.031 =0.281 -0.056 -0.047 -0.086 -0.025  0.017
Alkaline SARY -0.113 0.006  0.131 -0.070 =0.227  0.067 -0.017  0.011 —0.009
phosphatase TN 0.3917 -0.006  0.047  0.033 -0.038  0.396 0.004  0.027 -0.077
activity TP® 0.393" -0.012 -0.013  0.186 0.030 0.011  0.130  0.024 -0.005
omM? 0.370" -0.016  0.043  0.096 -0.035  0.149  0.043  0.072  0.002
C/N® -0.080 0.003 -0.013 -0.031  0.014 -0.201 -0.004  0.001  0.151
swc? 0.222" 0.037  0.005  0.158 -0.049  0.051  0.073 -0.043 -0.011
EC.” 0.143 -0.003 =0.059 -0.097  0.264  0.102 -0.021 -0.030 -0.014
pH? -0.603" -0.012 -0.011 =0.500  0.081 -0.042 -0.176  0.038  0.019
TN A SAR® 0.143 -0.006 -0.048 -0.124  0.325  0.059 -0.035 -0.017 -0.011
Sucrase activity TN® 0.329™ 0.005 -0.017  0.059  0.055 0349  0.007 -0.042 -0.088
TP® 0.537" 0.010  0.005  0.332 -0.043  0.009  0.266 -0.037 -0.005
omM”? 0.330" 0.014 -0.016  0.171  0.050  0.131  0.088 =0.112  0.003
C/IN® -0.087 -0.002  0.005 -0.055 -0.020 -0.177 -0.008 -0.002  0.173

TE: 1) A FRILMEIE Y BHGER R, HRNEEEREREG *, p<0.05KFTFRE; **, p<0.0UKFTFREE; OSWC,
BHEE K QEC,, ARG S OpH, EHIRKpH; @SAR, HERETURHIRHL; OTN, 2%; ©@©TP, 2#f;
@oM, AHLF; @C/N, BRE L Note: 1) The data with underline are direct path coefficients, and the rests are indirect path

coefficients; * means significant difference at p <0.05; ** means significant difference at p <0.01; DSWC, Soil water content;

@ECP, Electrical conductivity of saturated slurry extract; @pH, pH value of saturated slurry; @SAR, Sodium adsorption ratio of the
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In reclaiming or ameliorating salt-affected soils, it is essential to go in-depth studying
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soil biological activities so as to evaluate variation of soil environmental quality and sustainability of the
amelioration measures. Highly saline-sodic takyric solonetz wastelands are distributed mainly in arid regions
in Ningxia Plain, Northwest China. This type of soils is characterized by extremely high content of sodium
and high pH, varying in the range of 9 ~ 10, and consequent poor soil structure and low saturated hydraulic
conductivity (k,<0.1 mm d™") . In the 0 ~ 40 c¢m soil layer, the average electrical conductivity of saturated
slurry extract (EC,) , pH of saturated slurry ( pH ) and sodium adsorption ratio of saturated slurry extract
(SAR) was 10.3 dSm™, 9.4 and 38.9 (mmol L") *°, respectively. In the past a lot of measures have been
tried to reclaim the wastelands, however, most of them failed primarily because of the very low saturated
hydraulic conductivity of the soil. In 2009, this type of wastelands was reclaimed by cultivating wolfberry
( Lycium barbarum L. ) with drip irrigation. Under the drip emitter near the plant, a pit, 0.2 m in diameter
and 0.2 m in depth, was prepared and filled with alien sand for planting wolfberry in. The sand-filled pit
was to increase the area of contact between soil and water and the area of water infiltration in takyric solonetz
under drip irrigation, thus lowering water supply rate down to or approximately to saturated hydraulic
conductivity of the native soil. Besides, the sand pit maight also serve as a reservoir to hold surplus water
prior to its infiltrating into the soil and extend water infiltration time, thus ensuring water infiltration into the
soil and making reclamation of the soil possible. At the end of the wolfberry growing period in 2011 ( October
16", 2011) , soil samples were collected intensively from soil profiles, perpendicular to the drip irrigation
belt, in fields different in wolfberry cultivation history (1 a, 2 a and 3 a) , covering a wide gradient of
salinity and alkalinity, for analysis of activities of soil urease, alkaline phosphatase and sucrase, which were
the enzymes, respectively, key to N, P and C recycling in soil, and of soil physicochemical properties as
well. In order to clarify any potential causal-relationships between soil enzyme activities and physicochemical
properties, correlation analysis and path analysis were performed. Results show that all the 3 enzymes were
very low in activity in uncultivated soils due to the high saline-alkali stress and low organic matter content.
After the soil was reclaimed to cultivate wolfberry with drip irrigation, soil enzyme activities increased
gradually with the cultivation going on, displaying high spatial variability within the profile. Enzyme
activities were found quite high in the root zone under the drip irrigation belt and declined outwards from root
zone. Higher soil enzyme activities in the root zone helped the crop absorb soil nutrients. Both correlation
analysis and path analysis show that soil pH is always the dominant factor affecting soil enzyme activities,
and activities of all the 3 soil enzymes decreased exponentially with pH in the range from 7.38 to 10.00
(p<0.01) . The exponential relationship between them demonstrates that in soils quite low in pH ( <8.5) ,
any rise in soil pH would induce a sharp drop in soil enzymes activities. In a word, the adoption of such a
wolfberry cultivation pattern greatly improves soil biological properties of the highly saline-sodic takyric
solonetz wasteland.

Key words Drip irrigation; Lycium barbarum 1..; Takyric solonetz; Enzyme activity
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