5560 % 45 W + o W) Vol. 60, No. 5
2023 4E 9 1 ACTA PEDOLOGICA SINICA Sep., 2023

DOI: 10.11766/trxb202307250290

B, VWD, LIS, EIRIE, AR, BB, mNE, MO, W05 i EERTE R Rk R SR ()], bR, 2023,
60 (5): 1248-1263.

ZHAO Xueqiang, PAN Xianzhang, MA Haiyi, DONG Xiaoying, CHE Jing, WANG Chao, SHI Yu, LIU Kailou, SHEN Renfang. Scientific
Issues and Strategies of Acid Soil Use in China[J]. Acta Pedologica Sinica, 2023, 60 (5): 1248-1263.

i E B8R 1+ R F BRI R S SRR

R BREN DL Enk, £ BVL E AL
iOET, W, s

(L el T ek R M R E G S (T ERABE R IR ), BIat 210008; 2. A EBEBES:, JLat 100049; 3. {EA
R EABE, IRIITES 4750045 4. VTPHHLLENFRBTIROIZERT, & 331717)

 OE. PEIER R A E A RS, PR R BRI AR Y 2R ORI . B 20t 50
AR, FRIETERRME 5 HF R T K AR, BUS W3 B, (H N IR R RRPE 3 M VRS AR | IR AL AL
M ED AR Z | VR T BIE NG . o R ™ il S B AR VE vk 25 A5 In) i, Wk 38R FAT 32 B R Al . EXT T3k ) Rt
2l 7R b E R 1A, WA IR R A A TR HE T IR AL R AL S IR Z R R
IR T HIERR ARG E , R TR R X R - S e 1 RS AL, R T4 XA I R L R B A R R ) 4
T A PLCHUIE R | A R 6 4R M A5 v 3ok R RR SR m , iU —2D s e P - S8 AU Bl R 5] | VEMIR 3 I 1
RNERPAY . PRERICER . VR E R IR A G TETY , DU IR M e n] RS8R FH S S

KGR LR RIS MRILEH s MYENALE SRS Bk ik R

HESES: S153 XHEFRERG: A

Scientific Issues and Strategies of Acid Soil Use in China
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Abstract: Most soils in China have acidified to some degree in the past decades. This increase in soil acidity has a negative
impact on crop yield, agricultural product quality, and biodiversity. Since the 1950s, Chinese scientists have performed lots of
work on acid soils and the achievements are significant. However, there are still some issues in the use of acid soils including the

inexact distribution of acid soils in China, controversial explanation for soil acidification mechanisms in cropland, lack of acid
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soil-tolerant crop cultivars, unclear critical pH for optimal plant growth, and poor applicability of products and techniques in acid
soils, which limits acid soil use. Considering these issues, a new soil pH map of China based on the recently obtained soil data
was drawn. The area of acid soils with pH values lower than pH 6.5 is about 3.11 million km?, accounting for 32.4% of the total
national land area. About 60.3%, 23.3%, and 16.4% of these acid soils are distributed in the south red and yellow soil region,
northeast region, and other regions in China, respectively. The mechanisms for soil acidification under natural conditions and by
acid deposition are much clearer, but whether nitrogen fertilizer induces cropland soil acidification is controversial. The
relationship between soil acidification and nitrogen fertilizer is very complicated, depending on the production and consumption
of H' during soil nitrogen transformation. Large amounts of nitrate loss through leaching may be the main mechanism for soil
acidification induced by nitrogen fertilizer, so it is suggested that the inhibition of soil nitrification can be used as an effective
measure to alleviate soil acidification, especially in south acid soil regions of China with dual effects of high nitrogen use
efficiency and low nitrogen loss. Soil acidification has various negative effects, including inhibition of plant growth, reduction of
agricultural product quality, and damage to ecological environments. Nitrogen fertilizer induced serious soil acidification and
remarkably decreased crop yield in some red soil regions of south China. In addition, increased soil heavy metal bioavailability,
pests, and diseases by soil acidification have become important issues in recent years. Plants and microbes have developed
external and internal mechanisms to tolerate various stressful factors such as aluminum toxicity, phosphorus deficiency, and
manganese toxicity co-existing in acid soils. Nevertheless, how to apply these mechanisms to the improvement of crop
productivity in acid soils remains a huge challenge. Four strategies are proposed for the improvement and use of acid soils: (1) the
improvement strategies for acid soils should be implemented according to soil requirements in different districts, acidity grades,
and soil types; (2) the same importance for improving soil acidity and fertility should be accorded to all acid soils; (3) the
combined application of organic and chemical fertilizers should be encouraged; and (4) the development of agriculture with local
acid soil characteristics should be the new focus. Furthermore, six research directions to be strengthened in the future are
suggested: (1) develop new products for the improvement of acid soils; (2) clarify the critical pH for optimal growth of different
crops; (3) research efficient N application techniques for reducing soil acidification; (4) emphasize the role of micro-elements in
plants in acid soils; (5) breed acid soil-tolerant crop cultivars; and (6) predict soil acidification trend in the following period.
Provided the national soil acidification trend, the Chinese government has begun to stop soil acidification in 20 counties of 15
provinces since 2023. At the same time, several national projects related to acid soils are being performed and/or will be approved.
With the implementation of these projects, soil acidification in China will be effectively controlled, and the quality and
productivity of acid soils will be greatly improved. This will lay a solid foundation for ensuring food security.

Key words: Soil pH map; Acidification mechanisms; Acidification hazard; Plant adaptation mechanisms; Microbial responses;

Acid soil improvement
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Fig. 1  Annual number of published papers in their titles including acid soil based on the CNKI ( China National Knowledge Infrastructure )

database ( https: //www.cnki.net/)
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several provinces of China,and related papers published after 2010. The map is made based on the standard map No. GS( 2019 )1822 downloaded
from the standard map service website of the National Administration of Surveying, Mapping and Geoinformation of China, without

modification of the base map.
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Fig. 2 Soil pH map of China
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Table 1 Comparison of acid soil area between the Second National Soil Survey and present / (10*km?)

pH 5.5~6.5 pH 5.0~5.5 pH<5.0 A Total
HIX Region —% L) —¥ B} —¥ L] ¥ B}
1980s 2010s 1980s 2010s 1980s  2010s 1980s 2010s
21 FEIEHBIX. Red and yellow soil region 139.9 154.0 18.3 21.6 9.8 12.0 168.1 187.6
ZRILHBIX. Northeast region 48.8 64.9 0.4 6.9 0.3 0.7 49.5 72.5
HAlH X Other regions 27.8 47.4 1.1 3.0 0.1 0.6 29.0 51.0
A1 Total 216.5 266.3 19.9 31.5 10.2 13.3 246.6 311.1
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6.5 M55 R 3 K 2 Bk A K e B fa D,
HEYTREA K ERE pH B, AREIAER
oy RN, REXEY G pH BFRHD, B
FKEJEHZ . HRCHMAEYEE pH a2 75K
K, @R 7.0~7.5. AF 7.0~74. BINMEA
6.4~7.5, REMEK 6.0~75. /I 63~75, K
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AT, XA SRR A S T R Y
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% fifk - $9E PR A R A ARG A L i P ek 45 L R A
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PIFHEY, CEY AR AL 32 B SN HE
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DA st L] 22 St ok, AR R i, B2 R —
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TERRTE + U RLAT, M 5 pH FIFR 2 A SR A
ARA A2, RPEAF X AFE I AF L
MR BB IR B A5, S5 GRS RL, A5 X)
PEHIEAT IR PE LI 3 X, A 2RI R . Lok
VPR H IR . PRIESF S . i AR U A
Pri AT R, S BRI A KSR BT, AR
Y L SRR L S G, S it A Rt P SR, SR
R TR A AL IR F AT
6.2 TEBEXRMENRSHE

7 LLE R R R TR A, LR BE X £
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AT . H AT E AR 2 0 R R M 2 4 s
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A PLUIE S5 AL NELE b PR 8 22 R
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Feor WA RE 1R 2T A HUIEAE B R R E 3% 1A
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RS B FIERRE; (2) AHLAE T §2 i Lo 22 vh
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A UL T S e R AR b, Rl e A T
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A ZEp LT, 0 RE 5 2 R SR, IR
ARG I, i AR R, 4R AR RE
64 BETEMXREELZRSMMETENEE

Al

FE R LB e X L AR E, WE
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BE CEWT MR, WP AR, 7ERRE L
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MR TE L SRR AN, AN AT AR P - Ml R g
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TERERE DRAEAC LN 26 E S, FEmRdE 5 EAb AR K
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HAT B 0 RS INE R o G, BEX e X
AR BRSSP SRR RESE TR, IRE
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RO R E 3L A IR, SE 3 R AEA R
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71 ERFEBRETEIRF
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FHG 7= A 9 0 I RO, AT LE R R R
PR . PR, iR ik bRk R AR LR
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R R I R

7.2 IR ARE{EYMEER TIE pH SERR
ANFHEY) RS2 TR 1 3% pH BI{H 22 AR K,
VEVITR B9 L3 pH B(ER BEAT I P i B A9 i
&0 4 E e pH R T 8F 1208 TR % i L% pH
B{ELAY , A7 ZEA PR AT IR R, AR,
RN T A T, X —LERFER T AR A AR 426
B, BORERESERHR . SO FEYIR /Y
3 pH BIE AT T @ FTHE, H2IX 4L pH HI{H
BT 25 sl FH A OREE A8 ) i,
Bz A0 T RORR S . A s S5 47 o A 05 T 3k
A8 pH BIE S K H AR PF R R4 A 45 2R v] BEAT
1E22 500 RIS AR ZAEWIR S ¥ L4 pH BIE AR,
IRTE AR EAT T RIS . Fe T LIRBR, e/
B2 T TP A RIVE R 5 & A ) 3% pHL B (ELBTE
FEARH L E . Wi REAWAACTOR, BT
AT /D, IR NSRIZ 5 R ATSE . H AT Y
MERR : TERBIZME T ORI ik, & 2%
2 pH BREZRFEIZE L4, (FURZHMELIRTT X AL
Z¢ pH BBREM 13, R pH HHEZ HER T pH A
FAh, HAY R ALz e YR 2 W A TR
225, RGHIFEHBIACE T RIS i 4% pH B
(ELIE SR XE o A DR DR, ] 7 — 2 - SR 3 5o
Wbk, BE—RIIAROKE N, ERAFE pH
BERE, WA IR LR 4 L 3 pH IE
7.3 MRBEZTEREHRESHEARER
FIE MU CAFBRAE 1E, RRARESR
GEUN AR RE S AR ALY 23k 2% . RV AR VLI
Ell, AAERRUIFE A Bl b e i, H AT M
M EEANWREEM . RGHEHR AT R
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TIERRAL, HRAEYI R E AT, BrLIsZE +
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