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Effect of managed fallow on soil physicochemical properties and cadmium content in cadmium—contaminated

paddy fields in “Changzhutan”

GU Yu', JIANG Ping®, LI Ming—de', WU Hai-yong', TANG Zhen—qi*, ZHOU Jun—yu', LI Zhi-ming®, LIU Qiong—feng'

(1.Hunan Soil and Fertilizer Institute, Changsha 410126, China; 2.Hunan Soil and Fertilizer Station, Changsha 410006, China )

Abstract: This study aimed to explore the effect of control fallow on cadmium—contaminated paddy fields. Therefore, 29 monitoring points
were set up in a cadmium—contaminated paddy area of “Changzhutan” in Hunan Province to explore the effects of normal cultivation (CD),
general fallow (CS), and managed fallow (CV) conditions on the physicochemical properties of soil, its nutrient status, and whole and
effective state cadmium content. The results showed that the soil effective cadmium content of CV decreased significantly by 20.60%
compared with that of CD, but there was no significant difference between CD and CS. CV significantly increased the soil pH value by 0.31
units compared with CD; while the soil exchangeable calcium and magnesium contents were significantly increased by 15.34% and
14.46%. The managed fallow also increased the soil organic matter, effective sulfur, and effective silicon content by 15.45%, 15.28%, and
10.44%, respectively. Correlation analysis showed that there was a significant negative correlation between active state cadmium content in
the soil, soil organic matter content, and soil pH. In summary, managed fallow can effectively control cadmium pollution in acidic rice fields
and significantly alleviate soil acidification by adjusting soil fertility to achieve the required effect.

Keywords : managed fallow; cadmium pollution; paddy field; soil physicochemical properties; soil fertility
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Table 1 Basic information of fallow monitoring points in “Changzhutan” area

H 7R AS Number W5 15 4% Bk Sample point name 22 Longitude 45 ¥ Latitude 42 Soil species
1 WK T 2 R 111°55'49"E 28°01'00"N YR
2 T 8 RN 7T AL HE LR 113°38'09"E 27°16'25"N Y
3 T W T S T BT AR R SR 112°12'36"E 27°5404"N TV
4 T 4 R A T S T L P 113°17'04"E 27°38'47"N YR H
5 W T 8 RN T AL T B A 113°18'18"E 26°52'25"N EAN R
6 T 48 PRI T G T AR R 113°36'58"E 27°39'25"N LI
7 TR A4 RN T AR B AR B 113°38'28"E 27°09' 08" N KR
8 TR A BRI T A Bl 113°47"46"E 27°13'00"N IR E TR
9 T RN T S T R 113°27'05"E 27°44"11"N KR
10 T A WE T 2 i HD TR 112°10"09"E 27°54"45"N BRI H
11 T A4 AU T e B AR AR A 113°17'39"E 27°18"39"N BEVD TR
12 T A4 AU T T i 4= R 113°38"40"E 27°45'34"N H AL e
13 T 2 TR T R L BB A 112°54"09"E 27°24'52"N e
14 TP 2 VR T IR L O A 112°44"56"E 27°25'07"N HhREe
15 KRG ARG EA N R Y 112°10"09"E 27°52'40"N ELGE R
16 W) A R O T R B T R A 113°26'26"E 27°47'24"N HIEH
17 00 A R A T B T Y TS 113°34'39"E 27°42'14"N e
18 T8 Pl 8 AR U T A0 L 3 A 113°18'38"E 26°55'29"N ALLER
19 0 A R T R B T AE AT A 113°22'03"E 27°40'25"N LT
20 ) A A O T T B T S RS 113°33'27"E 27°38'24"N LT
21 0 A R O T T T IR 113°37'20"E 27°42'57"N AL
22 T 28 PRI 1T 18 ez T R RS 113°36'23"E 27°41'07"N AL
23 W A A T R TR AR A 113°41'27"E 27°49'22"N LT
24 W R 8 RN T AL R 113°21'49"E 27°13'57"N L8
25 W T 8 RN T AL g e 113°20'40"E 27°02"18"N L2 U8 H
26 R A A T A L AR A X 113°17'46"E 26°58'07"N 20
27 T A RN T AL S B 113°26'35"E 27°00" 10" N LR
28 W T A RN T AL R 113°26'35"E 27°05'30"N e
29 W T A MR T AL 30U 113°15'48"E 27°00'32"N 2
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Figure 1 Total Cd and effective Cd content of control , fallow and managed fallow soils
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Figure 2 Soil bulk density, pH,and CEC of control, fallow and managed fallow

—396—

http://www.aed.org.cn



AW, REXRHN KGKE R TLEEH T EEASERRSENZMN 2021454
701 < 35r 120 S
a . <> p < <
~ > b —_ . A BT — a
2 60F b T 3:0F a A o a
3 4 T 2100 T
== L sl &
é E 50 - s 25 § Z oo
] - _ = |
§ f 40F @ = E ok F 7 = 1\;; 80F | O o o
HE = = 0t
2 30 W 1.SF E
= . « = 60f L
(=] R —
20 T - 1.0 - soF T -
ch s cv cD s cv cD S cv
Kb P Treatments Kb P Treatments Kb Treatments
200 60 181
< — c
— = < < TbD a T
T 1807 o ¥ 5o o < st a T
o160 @ S © g b b L E T ,
=2 2 . @we 40f ] 12F |
E2 140 #3S 7 == .
B e ' K2 30— 22 00l | o
< 120F ®E : = e & o
E = = = = = 2 '
RN £ 20f S o6l i i
2 wop L T T L s L
80 - 1 M 10 [ 03 [
ch S cv cD S cv cD s cv

Kb FH Treatments

AP Treatments

Kb FH Treatments

B3 MR AHFAE AN T IEF S R RIS FaE

Figure 3 Soil nutrient and exchangeable Ca and Mg content of control , fallow and managed fallow
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Figure 4 Soil mineral element content of control , fallow and managed fallow
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Table 2 Correlation between content and proportion of total cadmium , available cadmium and physicochemical properties of soil ()

] I e e RS AR ) TN I SR AR
i CHMER  Radsh OB R i CHME REds 0 S/
. Available—Cd/ R Available—Cd/
Items Total Cd Available-Cd Items Total Cd Available-Cd
Total Cd Total Cd
pH -0.09 -0.46* -0.29 A 0.23 -0.01 -0.10
K -0.12 -0.25 -0.13 B -0.21 0.09 0.19
FH & Fsc ot 0.04 -0.40 -0.33 HhE 0.02 0.03 0.01
AL 0.10 ~0.49% —0.43%* B 0.04 0.45% 0.29
Bl 0.19 -0.11 -0.21 e & -0.19 0.22 0.38
A7 0.13 -0.24 -0.31 U 0.06 0.67* 0.48%
R 0.02 -0.27 -0.26 HEE 0.19 0.66% 0.36
AL 0.15 -0.04 -0.16

T FOR AR M B KK (P<0.05)

Note : * indicates significant correlation(P<0.05).

SRR , A PO R LR AR AR LA ) B
A I A AR AT AT T, RN SER B S R B
PR Pk b398 vt FH A= A AT DU 2808 = 2% - pHAE 0.22
ANHL, Huang S8 F 5T GE B T 76 B2 PE A H 2k 4
it FH A A B RT LA R 2 12328 pH . 0.57 SR
37 T, 6 B ) AR S AT R it 2 5 ) 1
pH Y E SR R, ZHE SE P pIE S R B AR 1 13 v
Pkl GRS AT 2 4 & %8 pH, PRI, 7E TR [ R
Tl L DX R P A EH A 7 e B AR P DA R4 g 1
—398—

pH G H 1 HEpR b .

+HE CEC A # PR 45 85 & it 2 3R 1E - 1P &
T BRI ZE vl RE S B R b . ARSI, R
BRI AHE 8 CEC & &= IR R B 3 n (B4 E
Tt s PR BERAS R BT R — AR
Ak 3 A 9 AR 4G PR A i 2 B R 15.34% F113.28% , A8
PRAE B B R 1 14.46% F119.49% (&1 3) o i ) 47 251
(RIS A K BRI A5 3R it P A Ak i S 3 T 3
FRASHPERS B . X B T A AR it

http://www.aed.org.cn



B, E R EA A RKE R SAEH T EEUSFERES ENZM

20214 5A8

FHAE AR SR i, A=A R TR A R R A, b
AR AALEE , BB B R, T
TR es B, UL, iR A RE
AR R R M v A ks B SR MR e 7
HaET] .

A BT SR AR - AR TR O R AR
RSP AR S T R AL BONARHE X
HERI— FRe AR AL B3 301 b 2548 5 1 15.459% F1117.09%
(F3). e G ERAARBE A R T R e
JE R TR AL AT RO FIAT ORI X B Ak
PR EH T 15.28% F110.44% (& 4) . X I
T RihE 2 I 45 3 B it , PP S I e 2
AL AT IR T A RO FRE Sk
JE Sy - R A BT AT AL, — TR R R TR
HOEFROLE , NG N T LS 0w s FRon R &
7L SRS T RIS MIEIR, A T LA
BUST Y2 BRI 5 AR R i, A R & T R Y =
W VEURD - HEAE S50, BE Ak KR it 8 1 K by 2>
TR IS, b T SR B R O
PEE T BHARKIRI R, I, R3S DA
R A AL SR R SRR e
KRR, I 8 21 2 4 355 AR R

A RS e R A T Y fEE
FEARbR o AT A REW] IR B ABEA BT T -
A OSBRI B A — M AR A 2 43531
TR 20.60% F115.50% (& 1) o 10 34 RS &
Z 2 Fh A BE R T 52 7 3E 3 A O o b ]
AL RS R e AR R ) I A O
KA H AR R GRS LAY & & pHE
Z )5 O S OE BR , H A A RS A A R
Fo A7 5 - A LT A A R 2 O G OC R (5R
2). FRHIRH, B— PR i AN N - bz
B, H - v I 0 AR R e RS R e e
It -5 B S AR DY RN A A 35 A ek
[[ifse: g INGE st SOk N R R e X (S K
[ B A RCRER 5 ILEE BT BUA HLES A A5, TR
I R B TGRS S R A A R, 5 —
- 438 pH BB A Sy S 532 1) A 2 R WA - 88 v 1) S e B
B 7 % - e i h AR s R RO S A LA
B, 45 pH (B A T 3G T - SR AR R 1T 1R
FEL AT, AT T A 39 e A 46 %) W R A R ARG -
B AR A RO T B R SR AN AR S
PR ot 52 B L AR AN [ R A DG DG 2R

http://www.aed.org.cn

£ E TR 16 BB o fiite 2 A IR A 2
HEAE G PRSI , S 1 A AL & BRI pH AR, AT
AR T AR R

4 Hig

(1A BB G T 3R IR0, 3%
fem T RIEA IR R R SR OLR S, k] T
SR RFNERRCR . Rl R B AARE B SE T b
S pH EUR A SSRGS i, I A RO Y
WAk, 158 ) 22 nh ik

(2) 36 B AR BF 388 2o 52 i) - A LIS 52 F pH
(ESFHAL PR, B AR T R IR RS i Ak
PR 1A R TS Y

(3) 7R AR DX I i iy 3 B R, AN A
AT AR SRR T U b LIRS IR AL, IR, o
TG GeAe B DS IR B BE AR AR AL T M

Sk

(1] B, B8 L SR A R DR R DT )], A2 A FR BT 2741, 2017, 26
(2) :357-362. HUANG Guo—qin, ZHAO Qi-guo. A discussion on
land fallow rotation problem[]J]. Ecology and Environmental Sciences,
2017, 26(2) :357-362.

[2] Lestan D, Luo C L, Li X D. The use of chelating agents in the remedia-
tion of metal-contaminated soils: A review|]|. Environmental Pollution,
2008, 153(1):3-13.

[3] BT, BB, 13 . H A 3B B b bl 5 3 e BUARLD). o [ 45
Wi, 2003, 20(3) :63-66, 62.  CHEN Ping, CHEN Yan, BAI Lu. En-
vironmental quality standards for soil and state of soil pollution in Ja-
pan[J]. Environmental Monitoring in China, 2003, 20(3) :63-66, 62.

[4] BB, AR . [ o 53 R 15 s DBt 8 A OAHIE A7 A Y T AR o
e —— LU W [0 BRBE AR B, 2019, 47 (13) : 22 - 26.
HUANG Yi, DENG Zhi-ying. Problems and countermeasures on farm-
land rotation and fallow system in the heavy metal polluted region of
China[J]. Environmental Protection, 2019, 47(13):22-26.

[5] Rasmussen P E, Parton W J. Long—term effects of residue management
in wheat—fallow: I. inputs, yield, and soil organic matter{J]. Soil Science
Society of America Journal, 1994, 58(2) :523.

[6] Styger E, Rakotondramasy H M, Pfeffer M J, et al. Influence of slash—
and—burn farming practices on fallow succession and land degradation
in the rainforest region of Madagascar(J]. Agriculture, Ecosystems & En-
vironment, 2007, 119(3/4) :257-269.

(7] AR 77, WKL, SRIRTT, 45 . BFHRBEA 20 I S PRk, o 1
iR} 2%, 2018, 32(6) : 82-89. YU Zhen—ning, TAN Yong—zhong,
WU Ci—fang, et al. Progress review on land fallow[]]. China Land Science,
2018, 32(6) : 82-89.

[8] Eduardo S B, Karen A K, Wendell C, et al. Swidden fallow manage-
ment to increase landscape—level Brazil nut productivity[J]. Forest
Ecology and Management, 2020, 464 : 118019.

—399—



Z‘Z ’lzilﬁ lﬁﬂ;

ER- 385 34

[9] Papatheodorou E M, Kapagianni P, Georgila E D, et al. Predictability
of soil succession patterns under different agricultural land use practices:
Continual conventional cultivation versus transformation to organic cul-
tivation or fallow periods[J]. Pedobiologia, 2013, 56(4/5/6) :233-239.

[10] Pinto P, Fernandez L M E, Pifieiro G, et al. Including cover crops dur-
ing fallow periods for increasing ecosystem services: s it possible in
croplands of southern South America? [J]. Agriculture, Ecosystems &
Environment, 2017, 248 :48-57.

[11] Onwonga R N, Lelei J J, Freyer B, et al. Short rain season fallow : Win-
dow of opportunity for integrating improved fallow legumes into the
farming system of Molo District, Kenyal]]. Journal of Agricultural and
Biological Science, 2010, 5(2) :10-18.

[12] Bauddh K, Singh K, Singh B, et al. Ricinus communis: A robust plant
for bio—energy and phytoremediation of toxic metals from contaminated
soil[J]. Ecological Engineering, 2015, 84 :640-652.

[13] BT, k. =i e DX v i AR P A SRR 22 D A B B S )
R R BFFT[0]. HIERL, 2015, 35(9) :1123-1129. YIN Ke, XIAO
Yi. Empirical research on household willingness and its caused fac-
tors for economic compensation of eco—fallow in the water—level fluc-
tuation zone of the Three Gorges reservoir arealJ]. Scientia Geographi-
ca Sinica, 2015, 35(9):1123-1129.

(1AL, PRATTY, e, 45 . vl [ o 45 i 5 e DX M 4 1 ORIk ol 52
A TR R SRR L[] AR AR PR R A4l 2017, 26 (12)
2003-2007. ZHAO Qi-guo, SHEN Ren-fang, TENG Ying, et al. Pi-
lot progress, problems and countermeasures on farmland rotation and
fallow system in the heavy metal polluted region of ChinalJ]. Ecology
and Environmental Sciences, 2017, 26(12) :2003-2007.

[15] EAH, Jalvg, 200, 467 & s B ORBE X A IOPE = 3L g
T (RS2 R[], W R Al BE2F, 2018(8) :37-39, 43, CAO Qiao,
ZHOU Qing, LI Zhi—ming, et al. Effects of managed fallow on soil fer-
tility level of paddy field in Ningxiang[J]. Hunan Agricultural Scienc-
es, 2018(8):37-39, 43.

[16] 1t H. . b sefe fb 4 HT[M]. bt - op [l H b4, 2000, BAO
Shi-dan. Soil agro—chemistrical analysis|[M]. Beijing: China Agricul-
ture Press, 2000.

[17] AR, S 3cas, Zefh e, 4586 il IS PSRN IR RS 38 pH K2 5%
AR S R[] K A PR R 2, 2012, 26 (6) : 199-203, 208.
ZHOU Xiang-yu, FENG Wen—giang, QIN Yu-sheng, et al. Effect of
magnesium, manganese, activated carbon and lime on soil pH and
available cadmium[]]. Journal of Soil and Water Conservation, 2012,
26(6):199-203, 208.

[18] Zhao F J, Ma Y B, Zhu Y G, et al. Soil contamination in China: Cur-
rent status and mitigation strategies[J]. Environmental Science & Tech-
nology, 2015, 49(2) : 750-759.

[19] Zhu H H, Chen C, Xu C, et al. Effects of soil acidification and liming
on the phytoavailability of cadmium in paddy soils of central subtropi-
cal ChinalJ]. Environmental Pollution, 2016, 219:99-106.

[20] XB/INEE, B, BRI, 55 . A0 K NI A= 490 HTLIES P ) i R e

—400—

RS R AR AR L)) AR SR S IR, 2019, 25(9)
1577-1587. DENG Xiao—hua, HUANG Jie, YANG Li-li, et al. The
synergistic effect of lime, green manure and bio—organic fertilizer on
restoration of acid field and improvement of tobacco production effi-
ciency[J]. Journal of Plant Nutrition and Fertilizers, 2019, 25(9) :
1577-1587.

[21] Huang Y, Sheng H, Zhou P, et al. Remediation of Cd—contaminated
acidic paddy fields with four—year consecutive liming[J]. Ecotoxicolo-
gy and Environmental Safety, 2020, 188:109903.

[22] ZH0, XUIEE, SR AE, 55 . it TP SRR % 215 pH (B 3)
AF W L FEHLHI ST D). 4, 2012, 44(1) 1 101-106. LI Yan,
LIU Guo—dao, ZHANG Ru-lian, et al. Dynamic effect on latosol pH
value after leguminous green manure application and relevant mecha-
nism(J]. Soils, 2012, 44(1): 101-106.

(23] < WA, (8 DR, K [, 46 . WYL e A £ i FH A JRoxt L e se 4
PEEG B K - 3ERR 2 (5 0[], A E R S DR, 1999, 5(2)
129-136. MENG Ci~fu, FU Qing~lin, SHUI Jian-guo, et al. Effect
of liming on acidity and exchangeable calcium and magensium of red
soil in central Zhejiang[J]. Journal of Plant Nutrition and Fertilizers,
1999, 5(2):129-136.

[24] Igbal J, Hu R, Lin S, et al. CO, emission in a subtropical red paddy
soil (Ultisol) as affected by straw and N—fertilizer applications: A
case study in southern ChinalJ]. Agriculture, Ecosystems & Environ-
ment, 2009, 131(3/4) :292-302.

[25] W 2% Jd, REURWL, /0P, 55 ORI FEVERIRS 1 I8 AR 0 6 =
Y~ WU T L SR W R R RS i RS (D], AR AR IR A
i, 2019, 28(8) : 1585-1595. PAN Xiao—chen, TANG Hai—ming,
XTAO Xiao—-ping, et al. Effects of different soil tillage and returning
crop residues systems on soil microbial biomass carbon and nitrogen
under Chinese milk vetch and double—cropping rice field[J]. Ecology
and Environmental Sciences, 2019, 28(8) :1585-1595.

[26] Sun M, Ren A X, Gao Z Q, et al. Long—term evaluation of tillage
methods in fallow season for soil water storage, wheat yield and water
use efficiency in semiarid southeast of the Loess Plateau[J]. Field
Crops Research, 2018, 218(9) :24-32.

[27] FERL, FFHPRIE, St 45 . B LR 4 a7 HUIE FEAIK 48 e HH 4 i 4 5
KA & RET]. BREERLA, 2020, 41(4) - 1880-1887.  XUE Yi, YIN
Ze-run, SHENG Hao, et al. Reduction of soil cadmium activity and
rice cadmium content by 4 —year—consecutive application of organic
fertilizer[J]. Environmental Science, 2020, 41(4) :1880-1887.

(28] FiEde, 1 2008, s . AW Tt LIERRIE AL IR [T, BR
BAkE 5HR, 2016, 39(4):22-26.  WANG Hai-bo, SHANG Yi-
jie, SHI Jing. Influence of biochar on the transformation of soil cadmi-
um form[J]. Environmental Science & Technology, 2016, 39 (4) : 22—
26.

[29] Zeng F R, Ali S, Zhang H T, et al. The influence of pH and organic
matter content in paddy soil on heavy metal availability and their up-

take by rice plants[J]. Environmental Pollution, 2011, 159(1) :84-91.

http://www.aed.org.cn





