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Table 1 Basal properties of the studied soil

17354 AT HLFTF KR FH B 7 20 4 ik A PR fib ki ki Hki
Depth pH Bulk density Saturated hydraulic conductivity =~ Cation exchange capacity ~ Organic matter Sand Silt Clay
(cm) (gem™) (mmh™") (emol kg ™) (gkg™") (%) (%) (%)
0~30 8.28 1.51 22.6 7.88 10.2 45.6 40.7 13.7
30 ~80 8.48 1.48 19.3 14.35 7.1 8.4 55.8 35.9
80 ~ 180 8.95 1.42 18.1 5.27 3.2 7.3 82.4 10.3
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Table 2 Fertility of the 0 ~20 cm soil as affected by nitrogen fertilization rate

Jiti 7K S LA A A% AL 7 T AK X A A B
Nitrogen pH Total N Alkalytic N Total P Available P Total K Available K Organic C
fertilization rate (gkg™") (mg kg™") (gke™") (mg kg™") (gkg™") (mg kg™") (gkg™")

NO 8.46+0.11a 0.53+0.07 b 47.50£0.01 a 0.82+0.03 a 13.80£0.00 A 21.70 £0.76 a 173.0+0.1a 5.71 +1.34 a

NI 8.40 £0.12ab 0.56 £0.05ab 56.40 £0.01 a 0.80 0.06 a 6.90 £0.00 B 20.81 £0.73ab 102.0%0.0 a 5.94 +1.24 b

N2 8.21+0.05b 0.62+0.03 a 55.50+0.0l a 0.82+0.10a 7.10+0.00 B 20.68 +0.86ab 92.0+0.0a 5.97+0.87hb

N3 8.32 +0. 08ab
N4 8.26+0.04 b

0.63 £0.03 a 53.50£0.00 a 0.82+0.09 a
0.62+0.03 a 55.50£0.01 a 0.86£0.10 a

6.70 £0.00 B 21.18 £0.33 a 119.0+0.0a 6.11+0.92 b
7.00 £0.00 B 19.84 £0.11 b 190.0+0.1a 6.49+£0.73 b

7 :NO N1 N2 N3 N4 4331 75 i & 0,150,190 ,230 ,270 kg hm ~*

Note: NO, NI,

ital and lowercase letters in the same column indicate significant differences at p < 0.01 and 0. 05,

N2, N3 and N4 denotes nitrogen fertilization rate of 0, 150,

s N BB KRNG5 853 5 KR 1% FI 5% KT 25 7 35
190, 230 and 270 kg hm ~? | respectively, the same below. The different cap-

respectively, based on Duncan’s test

x3 TEAEBEKETIEEZTESERUFERMEL

Table 3 Changes in chemical properties in soils subjected to drying-wetting alternation as affected by nitrogen fertilization rate

i 2K
AT s R
Nitrogen
Ammonium N Nitrate N
fertilization . .
(mg kg™ ) (mgkg™")
rate

TAHLA A LR
Inorganic N Dissolved organic C

(mgkg™") (mgkg™")

DWO DW3 DW6 DWIO DWO DW3 DW6

DW10 DWO DW3 DWe6

DW10 DWO DW3 DW6 DW10

NO 1.09b 0.88 ab 1.09b 0.75a 88 a 122b 121b
N1 1.13 b 0.85ab 1.03b 0.60a 116 a 143 b 140D
N2 0.93bc 0.80b 1.06 ¢ 0.60 a 130 a 144 b 146 b
N3 1.0lbc 0.77 ab 1.02 ¢ 0.63 a 132a 149b 148 b
N4 1.02 b 0.78ab 0.8lab 0.61 a 136 a 153 b 156 b

XK 2 5 223 B Two-way ANOVA

it K
Nitrogen fertilization rate( NR)
RIS RN
Number of drying-wetting
cycles (NDW)
il K > T 28 AL
NR x NDW

0. 147 0.846" "~

0.654" "~

0.759" "~

0.215 0.215

119b 89 a 123 b 122b 120b 36.7 a 42.5b 42.9b 45.3 ¢
146 b 117 a 144b 141b 147 b 35.3 a 43.1ab 50.2 b 48.3 b
1499 b 131 a 145bh 147b 150b 37.9a 40.6a 45.5b 46.0Db
156 b 133 a 149b 149b 156 b 38.8 a 44.5ab 43.3ab 47.7 b
160b 137 a 154 b 157b 160b 39.0 a 41.3ab 44.1 b 47.1Db

0.844 """ 0.078

0.753* " " 0.605" " "

0.211 0. 191

[E: DW0O.DW3 DW6 .DW10 435 /R 1 2189 3 W TR ACH 6 W TR ICH (10 K TR E . FAT AR S BERIRTE 5% KF L2 5

%[ﬂ:7 * ok % %2/?\‘ ]%07KEF‘ [“ﬂgﬁ%‘ﬁ:ﬁzfﬁ
Note : DWO, DW3

, DW6 and DW10 denotes 0, 3, 6 and 10 drying-wetting cycles, respectively. The different letters in the same row indicate signif-

icant differences at p < 0.05 based on Duncan’s test, and # # * for two-way ANOVA represents significant effect of p < 0. 001



4 4] BR RS AN )it 207K P T M A A A KT 1 38 52 8 ) i) i 43

x4 TRAEEKETIEZETESEREYERNMEL

Table 4 Changes in biological properties in soils subjected to drying-wetting alternation as affected by nitrogen fertilization rate

i K-

Nitrogen

JIER ik 35 1

Urease activity

T HEREAR I 0

Basal soil respiration

i 260 15 1
Dehydrogenase activity

( TPF. mgkg 'd™")

AR W A= B
Microbial biomass C

(mgkg™")

fertilization
( NH,-N.mgg™'d™") ( €CO,-C. mgkg™"d™")

rate

bwo DWwW3 DW6 DWI10 DWO DW3 DW6 DWI0O DWO DW3 DW6 DWIO DWO DW3 DW6 DWIO

NO 1.20a 1.11a 1.27a 1.22a 6l.1a 62.7a 70.2b 72.2b 14.8a 19.5b 47.3 ¢ 74.3d 803 a 11.8b 10.4b 8.70 a
N1 1.32a 1.39ab 1.47b 1.47b 62.5a 66.8b 73.0c 74.0c 14.4a 19.3 a 44.5b 75.6c 830 a 11.8 b 10.5 bc 9.90 ab
N2 1.40a 1.46 a 1.56 ab 1.65b 62.5a 71.0b 74.0c¢ 77.2d 16.8 a 19.8a 56.4b 76.3 ¢ 9.78a 12.3b 11.7b 10.4 a
N3 1.31a 1.37a 1.43a 1.45a 66.5a 72.9b 75.1¢ 76.5¢ 16.1a 21.8a 58.6b 75.4¢ 9.96a 12.2 ¢ 11.5 bc 10.8 ab
N4 1.32a 1.41 a 1.44a 1.45a 67.5a 74.1b 75.7bc 76.6 ¢ 17.2a 20.6a 59.0b 79.7 ¢ 9.92a 12.6 b 11.8 ab 11.0 ab

WK ZE 5 2431 Two-way ANOVA

it HE K
Nitrogen fertilization rate(NR)
TR A B
Number of drying-wetting
cycles (NDW)
it FK T > T 28 B
NR x NDW

0.469" *~ 0.878" "~

0.232"

0.955" "~

0.223 0.620" *~

0.242 * 0.385""
0.975" " " 0.677" " "
0.255 0.117

H: DWO.DW3 DW6 . DW10 40 I3 /R RSB0 3 Wk TABACHE 6 W FABACHE 10 WP ¥, TR A5 B £ 5% K OF L 02 52

FE, o oxox wow x DRIRIRS% 1% 1%k V- LR EF AR

Note: DWO, DW3, DW6 and DW10 denotes 0, 3, 6 and 10 drying-wetting cycles, respectively. The different letters in the same row indicate sig-

nificant differences atp < 0. 05 based on Duncan’s test, and s , * = ,

0.001, respectively
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# # % for two-way ANOVA represents significant effect of p < 0.05, 0.01,
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W, A B T S O 3R T Y A AL
SR HEA S
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5, ol 2 0 A 0 i AL O b 358 o, T (— 40
PO ) LR O M TE 5 . Fierer Al Schimel ' g
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il 3 A 2 K R IRCTR 2, LA B 38 i sk 2k 4 A )
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Fig.2 Pearson correlation of soil dissolved organic C with inorganic N, dehydrogenase activity, urease activity and microbial biomass C,

respectively (r stands for correlation coefficient and p for significant level)
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Table 5 Variation coefficients (% ) of soil properties in soils subjected to drying-wetting alternation as affected by nitrogen fertilization rate

AR 5 Z B Variation coefficient( % )

L8 LPTIR N AR B S0 BE X R R 0 ~20 em +
PR T — S o SR AR T pHL L AR
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SRR B s o, F A IE g 2 O R B A
VI OB B NI e S/ IR E 8 et P 5 S 2B U NI LI RV N
s e, At Bk A TR A fe . 1%
AR TOHL A U VAT BILBK R 3 B Rl
T VA W A o e 1) B T S R R R i
BE N, P R A I R T 3 S RO i A
TR AR I b S A AT HL B ) A AR T BE 5 1k
b A AP T K A R I M B s e UK T
AT BB 5 0 B e, (0 A o S B 4 2 Ry A AR
BRIRRAE o A ST AU B e X A9 R )2 14,
7T 2 THE 78~ At 3t DA [] 1) ThT - 2 X 9 52
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Ammonium N | Nitrate N | Inorganic N | Dissolved organic C | Urease activity | Dehydrogenase activity | Microbial biomass C | Basal soil respiration
17.6 14.6 14. 4 8.7 5.6 8.2 70.7 17.5
25.8 10.1 10.0 15.1 5.1 7.8 73.0 14.3
23.1 5.9 5.9 9.2 7.3 8.9 68. 4 10.5
22.2 6.9 6.6 8.5 4.6 6.1 66.7 8.6
20.9 7.0 6.8 8.2 4.2 5.6 68.8 10.1
TR BB R A H: Merging cluster based on rescaled distance
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Fig.3 Dendrogram using average linkage ( between groups) based on variation coefficients of soil properties
(The x-axis represents the Square Euclidean distance)
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SOIL FERTILITY AND ITS RESPONSE TO DRYING-WETTING
ALTERNATION AS AFFECTED BY NITROGEN FERTILIZATION RATE

Chen Lin'?  Zhang Jiabao'" Zhao Bingzi' Huang Ping’
(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)
(3 Chongqing Institute of Green and Intelligent Technology, Chinese Academy of Sciences, Chongging 401122, China)

Abstract In the field of a long-term experiment on integrated water and nitrogen management in the Fengqiu Nation-
al Agro-ecological Experiment Station, soils samples were collected from plots subjected to different nitrogen fertilization
rates (NR), i.e. 0, 150, 190, 230 and 270 kg hm ~* per season, separately for analysis of parameters of soil fertility (i.
e. soil pH, total N, total P, total K, available N, available P, available K and organic C). Results show that nitrogen
fertilization decreased soil pH, available P and total K, but increased total N, available N and organic C to a varying de-
gree. Apart from organic C which gradually increased with the increase in NR, no other parameters demonstrated any regu-
lar changes with increasing NR. After being subjected to 0, 3, 6 and 10 cycles of drying-wetting alternation and 60 days
of incubation, soil samples were analyzed for chemical and biological properties (i.e. ammonium N, nitrate N, dissolved
organic C, urease activity, dehydrogenase activity, microbial biomass C and basal soil respiration). Two-way ANOVA
demonstrates that the number of drying-wetting cycles (NDW ) considerably (p < 0.001) affected ammonium N, nitrate
N, inorganic N, dissolved organic carbon, dehydrogenase activity, microbial biomass C and basal soil respiration, and
that NR and NDW had no significant interactive effects on soil properties, except for dehydrogenase activity. Irrespective
of NR, nitrate N, inorganic N, dissolved organic C, urease activity, dehydrogenase activity and microbial biomass C in-
creased with NDW , while BSR responded reversely. Soil properties variation coefficients in soils under high-rated nitrogen
fertilization ( > 190 kg hm ~*) were lower, and easier to get cluster. The above findings demonstrate that in soils subjec-
ted to drying-wetting alternation, high-rated nitrogen fertilization may help maintain their biochemical stability.

Key words Nitrogen fertilization rate; Soil fertility; Drying-wetting alternation; Biochemical properties
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