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Abstract: [ Objective] Soil acidification is becoming more and more serious, which reducing crop yield in rice-rape rotation
system of southern of China. In this study, the effects of lime application on soil nutrients and crop growth in acidic soil were studied,
and the response relationship between soil available nutrients, yield and crop nutrient uptake to soil pH was clarified, so as to provide
theoretical basis for the improvement of acidified soil in paddy fields. [Method] From 2015 to 2018, the paddy field with soil pH
4.5 was selected in Jinxian county, Jiangxi province, and hydrated lime was used as acid soil modifier. Through laboratory simulation,
the amount of hydrated lime under different soil pH values was calculated. Then field experiments were carried out with six soil pH
gradients of pH 4.5, pH 5.0, pH 5.6, pH 6.3, pH 6.8, and pH 7.3. In 2015, in order to ensure that the pH value of the treated soil was
basically consistent with the measured pH value, one year after the soil was uniformly planted, the hydrated lime was used for
quantitative adjustment with a period of one year. [Result] (1) With the amounts of lime and soil pH increase, the contents of soil
available nitrogen increased first and then decreased, the content of soil exchangeable Ca®" and exchangeable Mg increased
significantly, and the content of soil available potassium and available phosphorus decreased significantly. (2) With the increase of
lime contents and soil pH, crop yield first increased and then decreased. At pH 6.4 (equivalent to the amount of 6 145 kg-hm™
hydrated lime), the yield of rape reached the highest; compared with pH 4.5, the yield increased by 202.2%. At pH 6.8 (equivalent to
the amount of 7 474 kg-hm hydrated lime), the rice yield reached the highest; compared with pH 4.5, the yield increased by 61.2%.
When the yield was reduced by 50%, the soil pH thresholds of rape and rice were 4.7 and 4.2, respectively. (3) Soil pH significantly
affected crop nutrient uptake content. With the increase of the amount of hydrated lime, the nitrogen, phosphorus and potassium
uptake contents in rape increased first and then decreased. The average increase of nitrogen, phosphorus and potassium uptake
contents in rape from 2016 to 2018 was 59.5%-181.4%, 36.2%-188.8% and 65.7%-198.9%, respectively. The nitrogen, phosphorus
and potassium uptake contents in rice first increased and then decreased. The uptake content of rice was the highest at pH 6.8.
Compared with that without lime application the average increase of nitrogen, phosphorus and potassium uptake of rice from 2016 to
2018 was 11.1%-88.6%, 13.5%-68.5% and 9.7%-66.1%, respectively. [ Conclusion] Under the application of lime conditioner, the
contents of soil available nitrogen and exchangeable Ca®" and exchangeable Mg”* were increased with the increase of soil pH, which
promoted the uptake of nitrogen, phosphorus and potassium nutrients of crops and increased the crop yield. Under the experiments
conditions, the optimal dosage of lime in acid soil (pH 4.5) of rice -rape rotation system was about 6 500 kg-hm™, which could obtain
stable and high yield of crops in rice-rape rotation system of southern China.

Key words: soil acidity; soil nutrients; crop growth; soil pH; lime conditioner; rice-rape rotation
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Table 1 ~ Soil basic physical and chemical properties
BB BHA A Rk el B AT AR pH
OM Available N Available P Available K Total N Exchangeable Ca Exchangeable Mg
(gke) (mgkg™) (mgkg™) (mgkg™) (gke’) (mgkg™) (mgkg™)
27.7 62.75 30.65 97.5 1.49 252.72 21.19 4.52
#*2 WEARRFLTEH THARFMNE
Table 2 Addition content of lime at different soil pH values
pH

4.5 5.0 5.5 6.0 6.5 7.0

Fi% 4 Addition content of lime (kg-hm™) 0 1492 3154 4815 6477 8139
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Fig. 2 Relationship between soil pH and available P, available K content
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Fig. 4 Relationship between soil pH and crop yield
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Table 3 Correlation analysis between soil pH, soil nutrient, nutrient uptake content and yield in rape season
e R M S, LA AR R ARG ACH B
Yield N uptake P uptake K uptake Available Available Available Exchangeable Exchangeable

content content content N P K Ca*" Mg**

W% N uptake content 0.923%* 1

Wt i P uptake content 0.699 0.863* 1

WY 4 K uptake content 0.929**  0.946** 0.818* 1

LA Available N 0.881* 0.8 0.803 0.861* 1

54 Available P -0.913* -0.549 -0.920%* -0.660 -0.634 1

LA Available K -0.897* -0.697 -0.673 -0.969%* -0.737 0.863* 1

4SS Exchangeable Ca®™  0.857%  0.888* 0.994%* 0.837* 0.847* -0.944+% -0.691 1

etk Exchangeable Mg?*  0.741 0.879* 0.973%* 0.786 0.811 -0.910% -0.639 0.988%* 1

pH 0.874* 0.931** 0.950** 0.927** 0.929** -0.992%%* -0.812* 0.971** 0.948**

FRRIRIE 1% PARRIE B35, *RRTE 5% A PAIRIE R . K4 R

** and * mean significant at the 1% and 5% level, respectively. The same as Table 4
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Table 4 Correlation analysis between soil pH, soil nutrient, nutrient uptake content and yield in rice season

e W M Sl A A% HRE ATHNERS AR
Yield N uptake P uptake K uptake Available Available Available Exchangeable Exchangeable
content content content N P K Ca** Mg**
"% % & N uptake content 0.914* 1
W 1% P uptake content 0.791 0.858* 1
W4 & K uptake content 0.858*%  0.972%* 0.870* 1
HRA Available N 0.857*  0.966** 0.909* 0.920%* 1
B Available P -0.784  -0.79 -0.574 -0.776 -0.641 1
A Available K -0.781  -0.819* -0.466 -0.819 -0.649 0.910* 1
AEHEAT Exchangeable Ca®t 0.894*  0.853% 0.532 0.817* 0.714 -0.824% -0.950%* 1
ZEHPtEE Exchangeable Mg®™  0.896%  0.811 0.476 0.728 0.694 -0.768 -0.0891% 0.976%* 1
pH 0.932**  0.836* 0.576 0.798 0.694 -0.878* -0.923%* 0.976** 0.959**
3 it MEFE PR LA A EER, FEA o IR B FEIR,
JE

3.1 AKAEMKIEHEEENTN

AW, B A KRR, T3 pH Jt
A, TSR KRR R RSN S SIS, T
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Ty e G R R v T B ZE AR ST XU R R
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SR, — 77 AT R PR A R AL
Wb o, PHRACH AR O L, RN, &
AP AR IS, R TEMAERRY H—Jrm, +
% pH>6 I, IR LR I W R,
T A S R, ki e R e
A S BRI, w] AR PR A A N >
7 500 kg-hm™ i 238 Ak S EE R, RIS ShTTE,
TR, g, BEARE IR IC R O, I ER
FEA R, FEEYR =R, R, 38 B A A H
FOME A K2 OCEE, AWFFERM, W MIE )
pH 4 6.4, /KRG B pH b 6.8, HoAq At 11 5 Bl 4 4 000
—7 500 kg-hm™, AHF5TEE H H AWFITEs SRUO—5,
ARSI R, pH 6.5 AFLKRE = B m, KR
SRS P AR BRCP B (1) 3 N RS, I RIS pH Ya
H 6.0—7.4.

ANRMVEDIRT -3 S5 () U RR AN, FLIR 350
VE) P e AR FE R A TR I, AR 9T 4 B,
W= NRE 50% BTIREBIE N pH 4.7; KAE™
iR 50% IR EBIE N pH 4.2, /KIGMSEIRE
B PRI 22 S R B R AT A e (1) 24 pH<<S K,

BEMAHIR A K, B RN () AR KA
TIIKAE IR R )5, AKFEAR R B A — R kIR,
AR EE RS, B AR ROK Y, R
1N TR S TR R S, LR T (B KRS B 1
. 1kul27]

3.2 AMMTIEMNRFIXMNTIBRYEFSSFHFHWIK
E IS
AWEFR, 138 pH SR 5 B3 UAH S

R (P<0.05) , 5T KEPIRFF S BARL, X 0]

FE A PRI A SR R 1 - B N A EE ) 8B pH

Ths, AR KRR R SR R, 8

IR HE, BRAR T TS . T pH 5 1k

WU R AR R (P<<0.05) , AWFFTEE R 5hr

AWFFTgs AL, G, REaK (<09

gkg™) X AT AN K, (H B K > 0.9

grkg i, AR B A B R N T A

e TR pH ek T 2SR >0, 41K

PE SR EE R i, Rl A e R, S

- S A R s PR, FLH LA Tk Y.

R ORI, AEAHTE pH KPR, ST Rk

TS NS T KRS, Xl RRE A KA R

E SRR . B A S EW 7R Wl

FHRME T 7R, PPN AAETE W3 A OG R R (P

<0.05) , XFRWISRERTE TSRS AT A ME R ER T4 =

13 pH i REH, JEBCE R B EY SR o

M DT -

13 pH 5 IS R . AT HR B AR G A By
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KL, LR pH AL . AR DA A B2 A
KKAR (P<0.05) , KA A KN HALTIAL,
BRI o AT AR (8 - s S R S S
Jr BRI S, X ATREZ Y T3 pH BRI, &
B AR BEA S 1, WU AL TSR,
RS AR BEAT AT I B = AR e,
MR RN, HA A KRN, W 3 EEES
IR, BN E xR RE S, LT
AN R R, OO TR, IR T AR
YR, BREYIR R . A AT = )
Iy W S PLSEIE NI, TRERE DU AT K
PEMEG G, IR TR, IR ERKE
AR g, & B, e,
B IAEFR SR, X — R L3 pH, AL
BPERS . ARG B YIIR 2 WCER (K TR K
I, @ KRB —E N, R
A BRI S, XA HERE P JsUAS ™ R AL () 1 3 A
AU 2T pH>7 BRIT 7 1N, & pH <Al
AL T ik, BRI ED R, Nty
Feor MR AR, LR AT R ilk— BT

4 ZEig

B A A RN, G824 = 3% pHL, 34
TR ARG TS R, W EED
Fei, IS IPED IR R o ASFFEYDN 15
JERVBURRRE AN, -3 pH BUR S - R %
T K PRI S0% T (¥R 32 8 {543 531 pH 4.7
4.2, BEE ARG, AFEAEY) = RFE5 )
WSS R A TSR], 75 pH O 6.4 (FH™MT 6 145
kghm™? 24 K ED F 6.8 (A4 T 7 474 kg'hm™ 2
AR W, 2R, KRB 8 K IR 4 o ik F
Teme AWM, KRGS MESEEe /R X bt 15
(pH 4.5) Jili F 31 K I dect F 4 6 477 kg-hm ™,
MR 3% pH I HARZI N 6.5 (6 477 kg'hm™) , 1]
SE I PR ] R 7 K R e SR e AR XA Ak B A w7
H 5o
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