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Effects of Green Manure, Rice Straw Return and Lime Combination on Soil
Acidity and Rice Yield

LIU Fangxi"?, FANG Changyu"?, YU Zhenyu"?, GAO Yajie®*, ZHANG Jianglin®?, LU Yanhong™*, LIAO Yulin*>,
CAO Weidong*, NIE Jun®*, TU Naimei'"

(1. College of Agronomy, Hunan Agricultural University, Changsha 410128, China; 2. Soil and Fertilizer Institute of Hunan Province, Hunan
Academy of Agricultural Sciences, Changsha 410125, China; 3. Scientific Observing and Experimental Station of Arable Land
Conservation(Hunan), Ministry of Agriculture, Changsha 410125, China; 4. Institute of Agricultural Resources and Regional Planning,
Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract:  Objective  Long-term tillage and fertilization accelerate soil acidification of red loam rice. Thus, this study was
designed to study the effects of green manure, straw return, and lime combination on the soil acidity characteristics of rice soil
and rice yield.  Method This study is based on the long-term positioning micro-area experiment started in 2016 to explore the
effects of no fertilization (CK), chemical fertilizer (F), chemical fertilizer + milk vetch + rice straw return (GRF), chemical
fertilizer + milk vetch + straw return (GRFL) treatment on rice yield and different forms of acid in red soil. The effects of soil
salt-based ions and soil acid-base buffer capacity was resolved, and the correlation between soil acid-base buffer capacity,
exchangeable acid, organic matter, and exchangeable salt-based ions was investigated. = Result  The results for seven
consecutive years showed that compared with F treatment, the yield of early and late rice treated by GRF increased by 19.9% and
5.1%, respectively, and the average yield increase rate in 7 years was 12.8% and 5.9%, respectively. The yield of early and late
rice treated by GRFL increased by 23.4% and 14.2%, respectively, and the average yield increase rate in 7 years was 11.1% and
8.9%, respectively. During this time, the soil pH of early and late rice treated with CK, F and GRF showed a decreasing trend year
by year, while the soil pH value of GRFL treatment showed a trend of first increasing and then decreasing. Compared with F
treatment, GRF and GRFL treatment significantly improved the exchangeable K, the total amount of exchangeable salt-based ions
and the acid-base buffer capacity of early and late rice soil, and there was no significant difference between GRF and GRFL
treatments, but all indexes of GRFL treatment showed an improvement trend. Correlation analysis showed that pH was negatively
correlated with exchangeable acidity and exchangeable H' (P < 0.01) and positively correlated with acid-base buffer capacity,
exchangeable Na®, exchangeable Mg®", and the total amount of exchangeable salt group ions (P < 0.01). Also, the soil acid-base
buffer capacity was mainly related to the exchangeable acidity, exchangeable H', exchangeable Na+ and exchangeable Mg?". In
addition, rice yield was related to soil acidity properties and nutrient effects, and the soil acidity properties had the greatest impact.

Conclusion  The results showed that rolling green manure and straw returning to the field could effectively alleviate the
acidification of paddy soil and improve rice yield, and the addition of lime could enhance its effect, and the exchangeable acidity,
exchangeable H', acid-base buffer capacity, exchangeable Na®, exchangeable Mg”", and total exchangeable salt-based ions were
the main factors affecting soil pH.

Key words: Green manure; Lime; Straw; Rice; Long-term positioning micro-area experiment; Soil acidity characteristics
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Fig. 1 Grain yield and 7-year average yields of early and late rice under different fertilization treatments from 2016 to 2022
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Fig. 3 Trends in soil pH from 2016 to 2022 under different fertilization treatments
£1 TEEBLET 2022 £ H . A2 B R T IRMER
Table 1 Exchangeable H" and AI’* concentration and exchangeable acid under different fertilization treatments in 2022/ (cmol-kg™")
L7 Early rice i RS Late rice
Ak e H seutk AT e etk H ASHE AL ACHRIEIR
Treatment Exchangeable Exchangeable Exchangeable Exchangeable
Exchangeable H" Exchangeable H"
A" acidity Al acidity
CK 0.3040.03a 0.04+0.01a 0.3440.02a 0.384+0.08a 0.1440.05a 0.524+0.11a
F 0.2940.03a 0.02+0b 0.324+0.03a 0.3040.02ab 0.0940.06a 0.43+0.06ab
GRF 0.2940.02a 0.0340.02ab 0.3240.03a 0.284+0.04b 0.1140.05a 0.39+0.08ab
GRFL 0.28£0.02a 0.02*=0b 0.31£0.01a 0.27%0b 0.06%0.01a 0.3340.02b

1 [ —FN R 5 A [ B 2 7R Ab BRIA) 22 5738 5% % .35 7K F . T [A] . Note : Different letters in the same column indicate a significant
difference between treatments at 0.05 level. The same as below.

F2 AFEMERAET 2022 FLETHMEME. 5. N, FETFTHAIBKRMEEEEE

Table 2 Soil exchangeable cations and total base-exchangeable ions under different fertilization treatments in 2022/ (cmol-kg™")

AR HE S

ARG AR AR
2511 sl A AL Total
Exchangeable Exchangeable Exchangeable
Rice season Treatment  Exchangeable K* base-exchangeable
Ca2+ Na+ Mg2+
ion
LA CK 0.22£0.00b 2.07£0.19b 0.07£0.00a 0.52+0.2a 2.8810.05b
Early rice F 0.20£0.04b 4.22+0.96a 0.07%0.01a 0.77+£0.24a 526+1.22a
GRF 0.42%0.09a 2.97+0.26ab 0.06£0.00a 0.80+0.18a 4.25+0.35ab
GRFL 0.40%0.08a 427+0.82a 0.06*0.01a 0.87%0.17a 5.60+0.99a
e A CK 0.15%0.01b 2.33+0.22b 0.19£0.01b 1.63+0.14a 4.73£0.09b
Late rice F 0.20£0.04b 3.00+0.68b 0.25%0.01a 1.6910.12a 5.1610.68b
GRF 0.33%0.03a 3.37£0.95ab 0.25%0.02a 1.76=0.11a 5.72+0.93ab
GRFL 0.37%0.05a 4.31%£0.39a 0.2610.02a 1.80+0.14a 6.73%£0.57a
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Fig. 4 Soil acid buffer curve under different fertilization treatments in 2022

3 AEMEELGET 2022 FHIERBEFSETK

Table 3 Soil acid buffering capacities under different fertilization treatments in 2022

AT IR S 7
=Sl Ab 3R
Fitting equation ( y=ax+b ) Soil acid buffering capacities/
Rice season Treatment
a b R? ( mmol-kg™-pH™")
L i3 CK 0.041 7.110 0.928 24.27
Early rice F 0.040 7.507 0.944 25.32
GRF 0.037 7.522 0.922 27.32
GRFL 0.034 7.334 0.923 29.33
M e CK 0.030 6.746 0.975 33.11
Late rice F 0.025 6.714 0.995 39.68
GRF 0.024 6.692 0.995 42.37
GRFL 0.020 7.336 0.941 50.00
2.6.2 MBZAREM TR, RERE . FaaE 535tk Nat St Mgt etk IR T AR

Mz rERER w256 HIERE . s E A
ZHMERESFHEA TR O (I 5) R, BREEZ: vh
a5 pH, etk H . sc bk Na fisg #iett: Mg™
BB EIEME (P<0.01); pH 5RIEZE AT .
TR TR S e tE H2 A B A 2E (P<0.01),

BB FIEME (P<0.01); scibhiR S5t H
Mgtk AP B3 IEAISE (P<0.01), 5 pH.
L Ca? FIsS bt b 5L 3 7 A i A 3 Tk oG
(P<0.01), H5MRIZM7E . scHetk Na'. &4k
Mg? 2 B ARG (P<0.05); AHLE S K
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BB E A (P<0.01), S5t L5 1 Ma
B REEMRK (P<0.05).

1.0
pHBC pHEC
pH 0.8
Ex.Acid 0.6
Ex.H |~ - 0.4
Ex.Al L 02
SOM
-0
Ex.K
Ex.Ca 02
Ex.Na | oo -04
Ex.Mg | o -0.6
Ex.Base V| om | s fom ost | 05 B Base 08
Yield 7| oes | oa d o
CRPIPP & @ e o
" Tt Te s e
& @&<9@93©Q?¢Q%§‘0

* P<0.05 ** P<0.01

¥ : pHBC—RHZE vPaE )] ; pH— 14 pH; Ex.Acid—%
Wbk ; ExH: sc¥ebb&l; Ex.Al: S#utEsR; SOM: LA HL
T s Ex. K—3C e 4 ; Ex.Ca 22 #4485 ; Ex.Na—3 e 44 ; Ex.Mg
— M8 s Ex. Base— S MEEE 2L T B 4 5 Yield: 7 i . Note:
pHBC-Acid buffer curves; pH-Soil pH; Ex.Acid-Exchangeable
acidity ; Ex.H-Exchangeable H"; Ex.AI’" -Exchangeable AI*"; SOM:
Soil organic matter; Ex.K-Exchangeable K*; Ex.Ca - Exchangeable
Ca’™; Ex. Na-Exchangeable Na*; Exchangeable Mg®*; Ex.Base-
Exchangeable base cations; Yield: Yield. * P<0.05; ** P<0.01.

5 BRIETEDR-5 45200 K R B AR G 2R 5L
Fig. 5 Correlation between acidity index and various influencing
factors

3 3 ®

3.1 AEEREMEXKTEAE. TIEFVURNEM

b IR AL A H 25 E, AR G
TR AR KRR A K B . ARBRSREE IR, W
PELTIEESE 7 AERME B R SR IRIE S RS AT A T, 7
LAl 1 3 R, AR EE it T I AT g R e L
Fereht (1), X5 RIEM g RISy 4,
52 DERIAE B3 hK I B AL R, o] B
A AP, MGE R RDL, SR
WA BMAER, ok, AIFREH, S
KRR G, 75 R8P i B SR Rl 29.4% ~
33.2%, BERTEAMNKEE (141% ). XF
A 2% A 35 0 B Iy 1T LA BEsm 0 S5 e,

AR 58 22 0 A FH A Ry 15 i A 5 ) R
— 01Ty, A S B RN A s R AR AR A
WA LA™ g M BRI, 7R AR
AT, PR SRR R, R A A
&, W EMEALR, R R A R, ATE
HENZERE o BEAL, SRR A W] G N ELTE Y 2R
A e AT LR Y & o, v R R A T R R
SPPEFREETT, ANMTECEAE AR KR, JF s 5
PR H AR FIRE, Gl RS SRR, A Ak
U BRI A B 3 R T AR RIS A D S AR
B30y, MIMBCGER R AR, Xk 54 B
TR R B A K FE TR, JF B A bR Y 57
IR PR A RORAS | T 4R S K R g = P2,
INAT 5% 2% BH A0 BRI SRS T 35 J8 25 (e ik T
RSB, H o B B i AR P, A
WFFEIR KB, AR NE L8 BB RS FF A0 BRI A it ] ik
— g RE e (K1), XeJRES 3 pH, +
Bess bk b BB T R — A g 56220,
A WLRAE N — R R 2 TSR 2 R A
Y, SHRENRIL . BRI MRS TR,
— DG T e T A, BPBH B S i,
I3 —J7 T BH B - ELAT SR B, R T R
iR 1Y) 2% oh i 1 BT AR5 R WAL AE+ 4B + S A 34
H + £ I A R o] o 35 4 A ML
(E2), X 5P BEP | FREPEHLhe—%.
3.2 AN[EIHEREANEE X /K FE 1 R AR R
A 5T Sz B A 9T it HES o bR T AT 9 K R - T
b, i A0 RE + 23 IR+ G FF 348 EE B A5 ) P RE 2 v - 4
pH, it f1 Kigit— 3 4 pH (&l 3), 4/
Wb AT B R e 0 pH, FE R T AR EL A
i ¥ 55 09 A HILIRR 1T 28 b+ S 1R O 5 B0 1k 1
pH FHEPY (Hd g HF s RIAPY it 2R A 1
B pH TR, SECEIERILA AT RE R HAFE R R K
fif RS AL FE b = AL A RS PR AR B -, DA SR I IS i
AR AR A HLR .  BGXRN2E 5 0 i R T RE 2
S AR ) A 3 B ) OS] . A IR FE A
FE AT 505 = e id 256t F A A A F 3Ry
sl R I e e KRR e A SO
7, Bl AR H SRR R 2R )2 1 b s
R R ERR , 420 13 pH, FFA ARV,
WA O AR T LR, RIR, A K
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J5t5 S JIE AR AT B b Hh AT LR A a7 A
AT HLIR , (2 HE SRS RS FF 0006 i d #2074 (B
Koy 52, KWt Kl fes 8t pH Jo bt
JE TR, S SARMTEL R (B 3) A2

A 5T 25 R 78 A AE+ 25 BE 5 F ik 11 AR HE
+LR L 4 AT I T A1 B AT AR L IR A e
WPERR . ScHtE HY L ScHbE AR 3R B v
i (K1, &3, GICRFFT AP EHEA -
BeIm , AN RN B BT AR L A LAY
Ak . FRFEA VL R fead 72 R B KL BH A
FHBCG R, SRR R H L AP
SRR PH B T R ARSI, TEME NS pH L FE
AER 5 0 P T 5 D[] B 412 5 8 66 0 R 2 0 - S 1R
2% g 1%,

BAREATHLAL | RS AT L Bl B A7 A E AT A
Jin -3 BH S A2 e it A S e PE R B T B O,
AHIFTE R A /R SR L - A 340 TH A2 JIE 4 A5 A3 1
+ A1 RG] LSRR R T, HPTAMR S
Jr RS R B T E R E SR (£ 2), &
S 14 J PR — 75 1T AT AR it 4% B W JIE M S A 45
ST R R TRMBIICE, T
TR Ca¥ R KT i, X S BOR R HL R
AT B AL B 22 )% 1 e R et Ca® R K I T 4
2SR, Jy— AR R A A E AL
RTINS TR, S
LIRS T, Hor, Ca™ Rl Mg™ LA S ALY SRR Rk
ML AL T L o K S8R 1 A7 e A il - S
PRI R 22 A 53 i i, AT AR 2 A 5P K o) 52
s K-, s B3 rh et KT & 4,
M AEA LR AR PR, 3 A S ek
Na' 32 BIH/ N o 3k AT BB R R0 KA B 952
U APAECEE) I G
3.3 BEZMRENTE. TERE. xH8E

032 M BE Y R0

FHI M W], SRR S i 2 i 2 2 5 AT ik
PERR . e HY . scdebk Na Risgiiett Mg 4 ¢
(K 5), mgnrgn, SR, FEATFA A 208
i FEARA A FR AN A HT L 42 i S bk Na " Fisg
et Mg® SRR LI AL . TRIRZE vh7s it | Stk
M. AR SRR Z MG, g mA
BT R AT HAERE , W AR H Ak R 5k AT 2 12 TR ik
bR, PEMTAEI R L3RR B BT,

FHOCWFFE R, RRPE 5 bt AR A7 AT R T
P LIS | B R A A RER . AR R
R R e AR SR, RN, dal
I AR R A R, LR R e
AEAME R, LA M, THEER
FIAT SRR RGN0 2 b A HILITE v i 4 o L
A 5 I R R B S S PR R, T g i T
AR, T RS bR pH RS LIRSy
ARMPEMEZERRZ —, ALY 5 R4
MR SR HEE IR, A, B wrslOIe ], 1
PR T 2 wh A B S A B g L AL
B AR AR EAHSC, LA EER
R BERHIE 5 SR & Z A AR 2E, A
W o AT K LI IR 0 A LTS AL A
B BESEFHE T, MHCPE AR R, R
P S5 0 R 7K S B2 e R/ NHER O - PR 2%
s B =pH>38 bk Mg® >33 MR =32 #e Mk Na™>28
e BB F=aciutE H > LB 2cHudE Ca®>%2
Wtk K'>2g etk APY, DARRBIZE w451 Al pH iR,
HyoRsc itk Mg | e MR A sc itk Na™( 18] 5),
PR T DL, b SR B 1 5 R R 3 A P 42wl fie 2 7K A
PR T, AR SCHTIN IR R, R
PSR 52 T TR

4 & ik

TEAIR R AE T, S ATt T 208 MK A
T, HAE+ERAE+HFEAT IR AL AE + SRS+ AT 8
M1 K& M e Mk RS ™ i . L4 pH, A
BT Sk RE MR B 22 nh 7 fak,  [) IR A AR s e
MR ok, SRR AT Id F -+ ORI - S 44 TP
3t B R I 24 R T AL + 2R AE + RS ATk o Sz |
LHME HT PRI M SSHE Na®, Stk
Mg®" | SE R B B R0 4 pH i E K
i, TSR, AAE+2RAE+75 AT b H A f
HE 25 S+ AT i P+ KI5 R RE RE S w5 7™
Zefif L IETRAL , SCRESE N L3I AR, LASRAE+
AR FH A1 IR I RSCR 5 -
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