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Abstract: [ Objectives ] Red paddy soils are important cultivated land resources for the food safety of China,
however, the large proportion of middle and low yield fields need improvement to take the responsibility. We
compared the fertility variation characteristics across soil profiles in different yield levels, to propose the key
points of low yield field improvement and serve the national strategic goal of “storing grain in the ground” .

[ Methods ] The research was carried out in Jinxian County, Jiangxi Province. The paddy soils were divided into
high-, middle- and low-yield fields according to annual rice yield of >15000 kg/hm?, 12000—15000 kg/hm* and
<10000 kg/hm’. At the three yield level fields, soil samples were collected on the arable layer, plough pan and
waterlogged layer for measurement of layer depth, bulk density, penetration resistance, pH, cation exchange
capacity (CEC), organic matter, total and available NPK, and microbial biomass carbon (MBC) and nitrogen
(MBN). The relationship between soil profile properties and rice yield was analyzed using the linear correlation
analysis and random forest analysis. [ Results ] In high and low yield fields, the plough layer depth is around 16 cm
and 13 cm, soil bulk density was 1.09 g/cm’® and 1.21 g/cm’, respectively. The plough pan thickness and density
were in descent order of high-, middle- and low-yield fields. The chemical properties of plough layer in high-yield
fields are organic matter 38.82 g/kg, total N 2.33 g/kg, available N 198.54 mg/kg, total P 0.81 g/kg, available P
33.04 mg/kg, while those in low yield fields were 29.75 g/kg, 1.89 g/kg, 158.71 mg/kg, 0.62 g/kg, 23.51 mg/kg,
respectively. The MBC and MBN of plough layer were 929.2 mg/kg and 42.5 mg/kg in high-yield fields,
while those were 533.6 mg/kg and 30.8 mg/kg in low yield fields, respectively. The soil pH and the organic C, N,
P, and microbial biomass showed obvious “surface aggregation” characteristics along soil profile, and declined
with the yield from high to low level. However, the K content in all the tested fields increased with the soil profile
down to deep, especially in low yield fields. The total K content was 8.12 g/kg in the plough layer, and increased
to 10.77 g/kg in the parent material horizon. The results of correlation analysis and random forest analysis showed
that rice yield was positively (P<0.05) correlated with the tested soil properties in plough layer, and these
properties explained 53.7% of rice yield differences. Among them, MBC, MBC/MBN and plough layer depth
were the most important factors affecting rice yield, with the explanatory power of 9.2%, 8.7% and 7.9%,
respectively. [ Conclusions ] The thickness and the microbial biomass of the plough layer are the key
environmental factors regulating rice yield. Compared with low-yield fields, high-yield fields have thicker plough
layer with lighter bulk density and higher organic matter in it. So the key measurements for low-yield field
improvement are the construction of thick and fertile plough layer.

Key words: red soil region; paddy soil; yield level; soil profile; fertility
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of paddy fields with different yield levels
e EARRNG SRR R = d K P 380 22 53 5.3 (P<0.05),

Note: Different lowercase letters above the bars represent significant difference among paddy soils with different yield levels (P<0.05).
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Fig. 2 Soil physical and chemical properties in different layers of paddy fields
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Fig. 3 Microbial biomass carbon and nitrogen (MBC and MBN) contents in the arable layer of paddy fields
TE: LR RNG SRR R AN [ 7 K OF-A -3¢0 22 57 3 (P<0.05).
Note: Different lowercase letters above the bars represent significant difference among paddy soils with different yield levels (P<0.05).
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Table 1 Correlation analysis of rice yield and soil indexes in arable layer, plough pan and waterlogged layer
85 Index Y pH SOM CEC TN AN TP AP TK AK MBC MBN MBC/MBN  BD Dep
HHE)Z Arable layer
Y 1 047% 0.74* 0.49* 0.50* 0.48* 0.47* 0.84* 0.68%* 0.76* 0.68*
pH 1 0.50*
SOM 1 0.64* 0.50% 0.52* 0.49* 0.76* 0.56* 0.80* 0.60*
CEC 1 0.53*
TN 1 0.86* 0.63* 0.81* 0.56* 0.62* 0.61*
AN 1 0.82*  0.53* 0.53* 0.54*
TP 1 0.62*  0.62%* 0.58* 0.52%* 0.51*
AP 1
TK 1 0.51* 0.56*
AK 1
MBC 1 0.92* 0.78%* -0.54*  0.63*
MBN 1 0.47* -0.57* 0.48*
MBC/MBN 1 0.64*
BD 1 —0.56*
Depth 1
FJEEJZ Plough pan
Y 1 0.52*
pH 1 -0.56* -0.51%* -0.54*  0.50%*
SOM 1 0.48*
CEC 1 0.56* 0.52*
N 1 0.66* 0.61*
AN 1 0.82*% —0.55*
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féfiIndex Y pH SOM CEC TN AN TP
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TK AK MBC MBN MBC/MBN BD Dep

TP 1
AP
TK
AK
W& )2 Waterlogged layer
Y 1 0.73*
pH 1
SOM 1
CEC 1
N 1 0.47*
AN 1
TP 1
AP
TK

AK

—0.74%

0.59*

—0.53*

—0.59*

—0.62*

0.65* 0.69%

1 0.64*

1

H: Y—771; SOM— LN ; CEC—PHB Facieat; TN—L2A; AN—HMEA; TP—2W; AP—AHE; TK—24; AK—HK

B MBC—HHMERZ L RUE YA YR MBN—BHER L IRBUEY A Wi A

BD—HHEZ R T ; Dep—#HEZHEE, *—P<0.05,

Note: Y—Yield; SOM—Soil organic matter; CEC—Cation exchange capacity; TN—Total nitrogen; AN—Available nitrogen; TP—Total

phosphorus; AP—Available phosphorus; TK—Total potassium; AK—Available potassium; MBC—Microbial biomass carbon in arable layer;

MBN-—Microbial biomass nitrogen in arable layer; BD—Bulk density in arable layer; Dep—Arable layer depth. *—P<0.05.

3 e
3.1 ARk TREE+ S E R 45 E

TR HEE JZ TR B S AR K PR B RE ) 2 52 i 7K R
PPEEERR, —BOAh, 80% HIKFERRES
F 20 cm P B EZEE, KRR 0938 EAE RS N
15—20 cm! ™, A5, mHPHEZEE A
16 cm, 1A HABHEZIEEACH 13 cm, K T/KH
WRAEEKMEEERE ., AR &E " HAR)ZE
JER A 5—10 em HAH RIFS, X S5AM5 ™
HEARBERIR)ZMNRE —3 w7 HPHEZ 15
HEBAR, TIEALBRERR, HH T KIS TE
HEVEJZ ]38 B SR ARAR 205 4 i, i AL
KBRS K, SRR IEELE, Wb T 350
RS m R, AR KRR A o AR B
EZ L EATEMAL)Z L IEELE S 1R,
AR TFRFEAERK . T, £ IX 4 g b 2 il 2 H
T HAE R IIROCEEN R, AR, 13 pH 2L
fe 7 > AR LA, K™ | pH ¥{E 2
5.0, R KAEA K ARRE H(E 4.7, S FREIHAK
- N —EEE - AR, AR5

KRG H 43 CEC ¥7E 10 cmol/kg 247, UiHHZ1 3%
PERE H IR 22 vh BE T AR IR AR RE Ty 359855519,

e, A BERAEYAE R AR N - R ERY
BEAERTTR, HEa U R0E T RIE ny H %
FERRUO2 AR 4 [ A R A SR A AR
3R AL . 2R SR R0
TERMTER N, AUASERNE %, HAES
O S, MO RN G, BEARRVZHIX
TEEAH M SRS, R ERT T mA
ERWE S, HHEAPUR AR &R LR B
PHEE>AURE>EE 20, 7617 m -
SRR RHE, X HEAPGE -8, XA
MG FERERFAEMMELE S, IS, S,
FRFE R B SE VR 2 i g 2290, H2, 2 EPRIIR
77 R AR i S A R AR A s, B )R
TRBE BTN . X — 5 T AT e N o R Aol A=
o, BRI E AN R, MK RE R AR
HIYEYD, HEFKREE (K,0) WU —M7E 150~300
kg/hm?®, KL R 7E K FF WO NS 188 B o i v i
g, MM R )= LR w6, 55—, mTK
FEHCH R RUKAE L, 4 CEC. BURJZEE LI



8 14 BT, S LU DORS R SR T AC SRR S S R A R AR 1397

g 12
§ 9L * i .
£ .
s 6
2 3
_,:H‘_-\
s
oo
=
N -3
CaPRE S S D  R LIBIQY
SEIFF T TIPS
K\
R K 2 Influencing factor
4 ETHEHHRKRESTHETEXKE~ETNK
RYMERT EE M

Fig. 4 The relative importance of variables to changes in
rice yield based on random forest analysis

HE: MBC—#HEZ L ERUEY A Y ik ; Dep—HHEZ R ;
pHw—Ifi & J= 13 pH; MBN—HBHE)Z T ERUE Y AW A
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KT, *—P<0.05; **—P<0.01; ***—P<0.001,

Note: MBC—DMicrobial biomass carbon in arable layer; Dep—Arable
layer depth; pHw—pH in waterlogged layer; MBN—Microbial bio-
mass nitrogen in arable layer; TN—Total nitrogen in arable layer;
SOM—Soil organic matter in arable layer; AN—Auvailable nitrogen in
arable layer; AP—Available phosphorus in arable layer; pH—pH in
arable layer; pHp—pH in plough pan; TP—Total phosphorus in arable
layer; BD—Bulk density in arable layer. *—P<0.05; **—pP<0.01;
***—p<0.001.

BSERAL, GUKMRIERE T 22, RIEAF R Mk~ K
PIREAR RAENRZE H 4, W AURZE HE R E .
T B ) B W IR PRI A, RAR
WA= R EEE bR . ARWFTEH, A A Y R
Ao e m - Hep B TR H, X —25 1 510
NAFFE—F, X AT RESE PR k8 K RS R AR R 45
WA AR AR TR R R, BT A
KA, IR TSR S i NSRS AR, HEITT R
YEY AR T S R ARG AT, B TR ™ .
3.2 HIEFIEE XN FEE/ R
PRSP HTE5 /KW, BHEZ AP (7=0.74) .
A A W AR (r=0.84) . AW AEYEA (r=
0.68). MAEMAEYEIKALL (7=0.76). PHEZRE
(r=0.68) LUK HEHI AN £+ )2 pH Sk FE = HA
BORAY . WE A IEARDCOC R, T FE AL AR AL 53 A
WoRMAY A R . A A RRA L. BHE
JZURE SO B )2 45 pH 2 RZ MK R ™ e i B I

BN AL T LA VEY) A KR 8%
gv, IR, A B AT DR B EE ), (R 1 e A
BIRMIE R, SR 5, 1 S S AR AR
NERYRE ST, M S EY i, X —45 5 ST AW
FEEO—F B R Y AR R R T A LSRR
ST, SR SEVERI SR Li SE0% 18
8 A R 07 it A I A KRS SR B b, & PR
TR A Yy e A S AR B R ARG M)
A b A L SRR R O OG, SRR AR
AN, ATRE R R A A ) AR e R LG i )
KR, NMPFEEKRE P ERA S =, AF
TOKFEA . BEMREHGE, SRR X A
AR E S KRG R TCOG, T AN B AR 0 K
Ff ™ o i 2 IE ARG, VR LL FRUED AR, )
YR FAE A K T e M E 2L, AE LLS b
G BN DG o B AE T2 R B X K R e i) R
M) D) AT A R Sk KRG AR A AR R TR 2, BHPE
J2 R L R i 25 KRS X IR A i IR ORI R
P, R M BRE 2 R B B K R AR K AR It 2 )
724y, dEMifE KRR AR . pH X KRG~ A &
BRgm, pH &AM FREHARK, XHFEF
pH &N T R IEERE TR RRE Ty, B T
W, G TEROKRER RN EEEM, JEm ek
TR AR,

4 Zhig

D) mmEHEHERRE R R, RIEAERDN, A
IR R N S R b, T U ARAIR

2) Wk AL BEFRST LRI T > >
= H, 73 m F R SRR R,

3) g 3 P B 2 a2 R G i
i, CHGRGTH, S REPHEZ N 8.12 g/kg,
AAERETZ R 10.77 g/kg.

4) RSN Z BT R BEML AR R B 25 3R I, KA
PR SHHMER L pH . AL, A ERA SR B A
B U A i e R DA BOE A e e R
o, HREIZIE R R B IR G, X EeAr e mT DU
Bk REF= AN 53.7%, Hod, SUEYIE YRR
TR W A i e A LG RN )2 5 B 2 s e R ) 7
IEBNIEN R, HAARERE 318 9.2%. 8.7%
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