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Table 1 Basic information and initial soil properties of the six long-term fertilization experiments
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it (Hy0, . . Clay
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Start  2.5:1 content

(ske™) w0 % & & @ M
N P K N P K

(%)

year wiw)

R-QY 26.75 111.87 120 18.1 1417 W-M 1991 5.70 13.6 1.07 0.45 13.7 79 13.9 104 41.0
R-JX 28.25 116.13 30 17.9 1792 M-M 1986  6.00 16.2  0.98 0.62 11.4 60.3 5.63 70 36. 4
P-CQ 30.43 106.43 266 18.3 1136 W-R 1991 7.60 24.0 1.25 0.67 21.1 93 4.3 88 30.3
B-GZ 43.50 124.80 220 7.3 607 CM 1991 7.60 22.4  1.42 1.53 24.6 131.523.3 160 32.1
CB-HR 1980
45.67 126.58 151 4.9 540 WSM 7.22 26.7 1.47 1.07 25.2 151.151 200 12.9
HB-HR 1986
T RIS R-QY ARFHELHE s R-JX HEWT 20 P-CQ F PO 4 4 s B-GZ 2 0% T 4+ ; CB-HR W R I 2 b8 1 i I 5 HB-HR W 7R 3 2R 0 5 B e

NE, R SRR : W-M & /NAE-B oK s M-M R FOK -1 oK W-R A/N -0 RS s CM KGR AR s WSM =4R8P/ - R T- 0Kk . B & Bk
2/NF 0. 002mm i) + 3 J50KE 20 5 7 43 L Notes: Site code: R-QY, red soil in Qiyang; R-JX, red soil in Jinxian; P-CQ, purple soil in Chongqing; B-

GZ, black soil in Gongzhuling; CB-HR, black soil in Harbin with conventional fertilization rate; HB-HR, black soil in Harbin with high fertilization rate,

the same below. Rotation system: W-M, winter wheat and summer maize; M-M, early maize and late maize; W-R, winter wheat and late rice; CM, contin-

uous cropping of maize; WSM, wheat-soybean-maize rotation every three years. Clay content, the percentage of soil with particle size <0.002 mm
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Table 2 Annual fertilization rates in the six long-term fertilization experiments
AL AE Chemical fertilizers A HLAE Organic fertilizers
XIS b
REAS M AR (kg hm=2) (kg hm?)
Site code Treatments
AN P K AN P K
CK/N/NPK 90 +210 16 +37 30 +70 - - -
R-QY
NPKM 27 +63 16 +37 30 +70 63 +147 22 +50 46 +106
R-JX CK/N/NPK/NPKM 60 +60 13 +13 50 +50 75 +75 26 +26 54 +54
CK/N/NPK 135 +150 26 +26 50 +50 - - -
P-CQ
NPKM 91 +150 26 +26 50 +50 44 +0 16 +0 40 +0
CK/N/NPK 165 36 68 - - -
B-GZ
NPKM 50 36 68 115 40 83
CB-HR CK/N/NPK/NPKM 150 (75) 33(65) 62 25 6.6 25
HB-HR CK/N/NP/NPM 300(150) 65(130) 0 50 13.2 50

TE < Bl JE AR B 2 X BECASHE AL (CK) (Bt AL 27 018 (N) B I TR e 48018 ( NPKC) AT HILIE FiE i AR JIE (NPKM)

o+ IR RO 20 B0 AR AR

— B AR A . )7 INANEE 4 ) 2 R 0 IR TE R GO/ NFE /K A K ZE i It Notes: Treatment: no-fertilizer control (CK) , sole

chemical nitrogen fertilizer (N), chemical nitrogen plus phosphorous and potassium fertilizers ( NPK) and NPK fertilizers amended with manure

(NPKM). The data before and after “ + 7

indicate the fertilization rates in the early and late crop seasons, respectively. The data inside and outside

brackets are the fertilization rates at Harbin site in the soybean and wheat/maize seasons, respectively
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Fig. 1 Temporal changes in topsoil pH in the six long-term fertilization experiments
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Fig.2  Evolution of topsoil pH under different fertilization treatments
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Fig.3 Soil acidification rates under different fertilization treatments
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EVOLUTION OF PH INTOPSOILS OF TYPICAL CHINESE
CROPLANDS UNDER LONG-TERM FERTILIZATION
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Abstract The aims of this study were to explore the evolution of pH in topsoils under long-term different fertilization
regimes, and further to understand the mechanisms and methods against soil acidification in croplands. We collected his-
torical data on six 18-30 years long-term fertilization experiments in typical Chinese croplands of red soil in Qiyang and
Jinxian , purple soil in Chongqing, black soil in Gongzhuling and Harbin with conventional and high fertilization rates, and
then analyzed the differences in soil pH and acidification rate among experimental stages ( six years each) and treatments,
i. e. , no-fertilizer control (CK) , sole chemical nitrogen fertilizer (N ) , chemical nitrogen plus phosphorous and potassium
fertilizers (NPK) and NPK fertilizers amended with manure (NPKM ). Results show that under control, topsoil pHs de-
clined somewhat and acidification rates averaged 0. 013 pH a~'. Under the N treatment, topsoil pHs of the experiments in
Qiyang, Gongzhuling and Harbin with conventional fertilization rate were lowered by 0.32 — 0.55 units at the initial 6
years and all the experiments by 0. 64 — 1. 46 units at the recent 6 years as compared with those under control. Topsoil
pHs under the NPK treatment were obviously lower than those under the N treatment over the 1 — 12 years experimental pe-
riod. However, topsoil pHs under the NPKM treatment were 0. 30 — 0. 53 units higher than those under the NPK treat-
ment, and the two had a similar pH evolution curve. Paired T test between the treatments shows that in terms of soil acidi-
fication rate, the treatments followed the order of N > NPK > NPKM = CK. The mean soil acidification rate under the N
and NPK treatments was 4. 6 and 3. 2 times, respectively as high as that under control. Taking well-drained upland or up-
land-paddy rotation croplands in the humid or semi-humid zone as examples, the processes of soil acidification in the crop-
lands were analyzed. The evolution of pH in topsoils of croplands was characterized as a common response to fertilization,
regardless of certain regional differences.

Key words Soil acidification; Evolution of pH; Long-term fertilization; Common response; Regional difference
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