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 OE. TS 4 FHENE MR, W T ST LA R . ISR A I R RS S R R, i
IR E 6 NMEFRATALLIE: O+ B, FIECF); Q& R+RFHITEE M+, B, FLILRSL); @A R+HREFR R ik HHA
B, AMEIERSH); @R =s+A. B, AMEIEMY); O ZREHREFHREE H+A. 85, FMEILMMV+RSL); @% = %+HEF & EHd
H+EL 8. SEIEMVARSH), 45R%H . RAEEZE, KEIRPCHLBIHERITE 20% LUN, KR RARRE S8R s3]
39% KUL bR, KFEEBEREAL. MAEZE, 5 CF MM, HASOHERS T HaURMam S w, Hrf, DI RSH kb3
FRCRI N, S BHRE T 11.15% M1 7.64%. 5 RSH AHAI L, MV+RSH 4bHE IR SR 385G T 8.5%. 5 CF AhFRAH
e, MV Al RSH AbHE 4R 8 T KRR . A0arkt. L8 BRI, SE3R 0 ASMET, FI 2 500 kg/hm® FEFFERAR 20% ALAELE (R
MK AR ™ B[R A ] £ e 30 T s B n D SREFFIEG R A e 8 s AT TR, (R R AT 0% LA e A S v
REAT U™ 1 KU

KRR BRIV B, NS, LR MRS

RESHES: S158.3 XERFRERD: A

Effects of Chinese Milk Vetch and Straw Substituting Fertilizers on Double Rice Yields,

Nutrients and Soil Integrated Fertilities

YUAN Haoliang"?, ZHANG Jianglin®®, LU Yanhong>*, LIAO Yulin**, GAO Yajie>*, SUN Yutao™*, CAO Weidong*, NIE Jun**"

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

Abstract: Based on four consecutive years of field experiment including the following 6 treatments: 1) Winter fallow + N, P, K
(CF); 2) Winter fallow + low amount of rice straw returning + N, P, K (RSL); 3) Winter fallow + high amount of rice straw
returning+ N, P, K (RSH); 4) Chinese milk vetch + N, P, K (MV); 5) Chinese milk vetch + low amount of rice straw returning + N,
P, K (MV+RSL); 6) Chinese milk vetch + high amount of rice straw returning + N, P, K (MV+RSH), this study comparatively
analyzed rice yields, soil integrated fertilities(IFIs) and plant nutrients under the above treatments. In early rice season, rice yield
remained stable when the organic substitution ratio was kept within 20% but significantly decreased when the substitution ratio
reached 39%. In late rice season, compared with the CF treatment, organic matter returned significantly increased soil organic
matter and total nitrogen contents, among which RSH treatment had the most significant effect, increased by 11.15% and 7.64%,
respectively. Different proportions of Chinese milk vetch and straw replacing chemical fertilizers improved soil IFIs, IFI of
MV+RSH treatment increased by 8.5% compared with RSH treatment, and the treatments including MV or RSH significantly

increased rice phosphorus and potassium contents compared with CF treatment. In conclusion, under the equal nutrient inputs,

OH4TH . FEESULT E (2021 YFD1700200), AR 4 AR 2 @£ 5% 450 H (CARS-22-G-11)HIE K A AR 24
A 4T H (U19A2046) %8B

* Sl HAE# (niejun197@163.com)
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using 2 500 kg/hm? rice straw replacing 20% chemical fertilizers could ensure stable rice yield and increase soil fertility. The

co-utilization of Chinese milk vetch and rice straw significantly increased soil fertility, however, the over-representation of

organic substitution may result in diminished output in a short time.

Key words: Chinese milk vetch; Straw; Double cropping rice; Soil fertility; Plant nutrient

IKFE(Oryza sativa LYWE—FELZ R EEYD,
FEAER 122 NER)Z A, R R E—E AR E
TR AR IR R E R R PR AR £
B R R B AR L, FR T T AR K i A
BT BEP IR RS 24 o T [ K RS A 1 A
[ 40%, SXFPRECA T RES A PR TR E R AP, 1k
FEFE A Az 7= R EL A AS T B Bl A3 43, AR
AT AR T B R AR ARG . SR, ad AR K
— BTN, A Pl AL, 7E 7 R Y [R] B
WG EE 2B mE, A58 A GO R IRIT, FHAR.
FR AN g ) R BRI T 0 B R B, AT 3 it FH ik
2T 46.9 kg/hm®Pl LV AR T 2015 4EHEAT (F)
2020 AFALAE M PR KATI T % ) ), K kit
O HERL . 2016 4RFRE b ALAE I 5.98%107 t,
5 2015 M D 3.80x10° t, X 2T E A1k
MEF A 1974 4R LK B R LA G K 5 2020 4R4LE
ol et R T O IS S 2 Ak, ) RUAE it Pk 2k
1.83x107 t, %% 2010 4FREAK 22.1%7, {HFRS& 1)
FAER RS RS, BT EEEAR R, et
PR JE At AR UEAE IG5 L R 0 Tl R T A T
K. RS A EER L,

Fli AT 34 FH 4 e bl b B k119 B 2284 2010 4R,
T FE RS AT SRR 9.01x10% t, HH Y T 20 #F Ml 1 A1
I+ 6 665.52 kg/hm?, . 1980 4EHEH 1 601.18 kg/hm™®,
WIOT BRSO ST R B, A A RS AT T RE B 2
CTA3 L DX AR B A R R S B T o ARSI it Ak AT
A R S RO HLT O L, B R, P
A SRR PR R AR AT S R A SR 4
Framl P N R R Ak, BINFS R fE
P I A A R e . A, DR i SRS
AL AR, G e R TR

LR (Astragalus sinicus LT EFE T 2 H

A AL , B Rl R REA R0 Bt A28
i), Kamran 55U, RS S 30O0F B
i THRESR o A L& i, i e R E T
R TEALARESRE i L HERRIL, I RES RS L3 rp R
WREIEPE T, BT, ARk, BN G
BB B 5 2 P SRSFTER A M X — X, Hi%
2 11 AERHAE AR A RR Y, KR SRR
BIEH +40% ALACALHAT DLW 2 s AE AL Ty, e
FERAR G TR AW ™, 33— o A 39 A
P, o0 IR YR A A T, R R e AT
PRIV T

FURIT, G TAHE S SR AL BRS FH25 5 YA RIS
KRS R S IR AE PR BUAE BT822, (BT
ZRAC MRS AT A 34 F B 2R, JEHIE S5 IR B R
AT . e, AT TR
M- moR AR R, BEEFRBEAR AR, F
FE = SRS A RACER 23 A A , T 58 HEX R R
i IR TR BRI RR IR o0 BRI, LG e 5 =
AR AR AL HE A L L1, 58 = 5 A AT BB
B M — BT BB A0 AL 45 A i A3t
P

1 MRS

1.1 RIE MR R K B8 1% it

FH a2 o7 56 o7 T W p 4 K VP T K v B s i
(28°28'49" N, 113°20'50" E), #hT 2016 4%, Ziab
TR ZERIX, J& W 22 MR A, 38R
1516.8 °C, 4EXJH BRI%L 1 663 h, AEHEKE 1422 mm,
TR - AN S DU 20 21 4 & A L0 B - iR
I RIHEZ AL PR B AN 1 s o B AR S A
FOHLRE MR 32 27, MRS RO ZescRE TR
9586”7,

F1 A TIRABIEL LR

Table 1 Initial soil physiochemical properties before experiment

pH AHLBU(gke)  2H(gke) 2 (g/ke) Lfl(gkg) KPR (mgkg) AR (mgkg) A (mg/ke)
5.21 19.80 1.66 0.50 25.90 171.00 16.70 66.00

I 6 MR, SRR IRIFARAE
A W+A. B FIE(CF); Q& W+HSFHILER 4 H+

A W, FLIERSL); QA IN+HREFF ik H+A
B BLIL(RSH); @ A3+ B, #LIEMV);
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O =T FEFHIR L H A B #IEAE(MV+RSL);
O©E =+ mELHA . B M+
RSH) . RHBENLIX 4% 3,3 B, /NX AL 20 m?,
/NI S AT IR B, BB HEE
AP AL 77 2 W3 2. FEFFAE CF Fl MV b3
TR RS IR, AR A B AR R A L, S A AT
H(THE)N 5 000 kg/hm?®, {KEFEFFE H (T H)
H 2 500 kg/hm’s WG ERIEAYLIE, H4E 10 A
THEME RS, AN 30 kg/hm®, WAERFER

HHET 5 ~ 10 d BIEAH, BEREEEE)N 14 000
kg/hm®, MV+RSL Hl MV+RSH 4bFETE |- —A4F I Ag Ik
R H RS AR 5 T HE L, AR AT 5 58 = AL )
BIEieH . RRT 4 Hrhaisk, 7 HrpalioR, g
T 7 AN, 10 H o, b5
mUE FEFFFIAGIE A AL, B SR SR A B A . A
B LI N IRER | A EEREIE AL, A it
JE A B FAEFNHRAE 73 PV < 50% AL, 50%
WHOTBERE s BEAC AL — e Menti

F2 BAEERAR

Table 2 Fertilizer application programs for each treatment

s A3 IR (kg/hm?) %R AR AT (kg/hm?) AP I it (kg/hm?) LR
N P,0s K,0 N P,0s KO N P,0s K,O AL (%)

RS CF 1500  75.0 120.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
RSL 1350 728 70.0 0.0 0.0 0.0 15.0 2.3 50.0 19.5

MV 105.0 70.5 100.0  45.0 45 20.0 0.0 0.0 0.0 20.0

RSH 1200  70.5 20.0 0.0 0.0 0.0 30.0 45 100.0 39.0

MV+RSL 90.0 68.3 50.0 45.0 45 20.0 15.0 2.3 50.0 40.0

MV +RSH 75.0 66.0 0.0 45.0 45 200 300 45 100.0 59.0

W 5 CF 180.0  75.0 120.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
RSL 1650  72.8 70.0 0.0 0.0 0.0 15.0 2.3 50.0 18.0

RSH 150.0 70.5 20.0 0.0 0.0 0.0 30.0 45 100.0 36.0

MV 180.0 75.0 120.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

MV +RSL 165.0 72.8 70.0 0.0 0.0 0.0 15.0 2.3 50.0 18.0
MV+RSH  150.0 70.5 20.0 0.0 0.0 0.0 30.0 45 100.0 36.0

1.2 HmRESWEFE

1.2.1  HEIRREES: 2019 4FFLRSAIGE ARG IR R 4E
B/NXFEFF SRR, T105 CRF 15 min, 65 C
PET 24 h BEE G, T K RE RS FFRURRL
Feorrim . MARA . B . R A H,SO4-H,0, TH A,
SRR E Rk, 20 ST vk
SE L, A JOE 6T R PO

122 HIERESY 2019 AFERREAIEREUOGR G R4
/INDH 2ok S BURE VA R A2 IR A R TR
IR JE RS i, +3€ pH. AW, 2% . A
ST ISR A 2SR P B4 ik sz 01

1.3 HiEAES%it o

TIELR G L TR
X
— X< x,
xa
X—X,
1+ a X, <X x,
IFI,-: Xo —Xg (D
X=X,
2+ < X, <XS X,
Xy = X
3 x> X,

L IFL R FRE T REG x 8 HHEEPLT (g/ke)
2R (g/ke) . AR (mg/kg) . HAH (me/kg) I E (8 ;
X5 x, WABERET . LR x AT ogbsiE L T
FRIE]; JEPEAE D PARE (xa s X, x) EESHE —IKE
[ e A R o (3R 3).

FIRE IE R IR S O L A R T8k

2 2
Pl J(IFI,-M) ;(IFIi%/J\) Xn;l o

A IFL w5 TFL a0 3R 3845 T MR 48 0 1)~
PHEAER/ME; n ATEMFEIRAEL

*3 ITEBEMESRITE

Table 3  Classification standard of soil properties

I AL 2R AR AR
(g/kg) (g/kg) (mg/kg) (mg/kg)
TR x 6 0.5 10 30
YA x 20 1 20 100
FRR x, 40 2 40 200

BT A BRI {# F Excel 2010 $EA78 B 158%K
P E AR TR 2% 5 i SPSS 20.0 #7480 4T,
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3 5t 5 F 5 22 53 HT (one-way  ANOVA)HUIIA [ b
PRIE] 22 5%, R/ 3% 22 5% (LSD)VEAS 36 A [m] b 2
1] 22 5 1) W P, JFX A UL A 134T Pearson AHOG
PEAHT, 7E P<0.05 KRS G R B B R
Origin 2021 &,

2 HER5HH

2.1 EREMBFESRLIETNEE~= M
2 7 HEFNRS FF A AR A Xk X 25 A 7= 1) 2 0 4
Kl 1 PR, CF b=, . MAEs 31 5 640
17 613 kg/hm®, HKJE RSL ARBR(ER | MR F27=
BN 5 617 F17 596 kg/hm*)Fl MV ARFE(H. .
R4 P2 5051k 5553 F1 7 370 kg/hm?) . i B A AT
BRI B3RS T KRS 5. WRZE, 5 RSL 4
ARG, RSH ALFRAY™= AR T 7.90%. Mifdd:, 5
CF ZbFAHEL, MV+RSL Fl MV+RSH AbF ) 7= 443
HIFEAE T 8.09% H19.89%., TEMIEHERILHIKMT,
Wit 25 A A FRRAR AR RE b 51 A 388 o, K R e 5
e HBREZE, 5 MV A, MV+RSL AbF )
PRI T 7.49%; 5 MV+RSL A HAR [, MV+RSH
SE PR EEREAR T 6.03%.
22 EREMBEABRMIE LIER AN
22,1 HEEEARPERT A0 EE e M BT anER
4 Fim. FREZE, B RSH AbIAL, &Ab3E 584 Bl
Jo Bl A AL AR L I S, -4 4
A mSAYUR SR EBAHRERE. 5 CF 4

FHAHEL, MV+RSH AbFE) +3EA HLT A2 A & 550
SHEE T 11.66% Fl 7.86%. 5 RSH AbBRAHLL,
MV+RSH AbH Y + SEHUSH & 4t 5 1 41.16%. I
FEde, SR MRFE R BT T 14 pH,
5 RSH 4 FEAH L, MV+RSL F1 MV+RSH 4b3 pH 43
WK T 2.17% M1 2.37%. 5 CF 4bHiAE, RSH
AR A AL M A S RS T 11.15%
M1 7.64%. 5 RSL AZbFEAHEL, RSH AbHfE e T 4%
AN S EMERA SR, AN T IR &
5 RSH Ab AR L, MV-+RSH #b 3 -+ 38 R o k2
T 36.02%.

9000

i " iy
80001} a ab - Hﬁ*ﬂ
ab b

7000F o
~ 6000 a a a
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yhL]
(181 /NG R [ 0 (7] — A 2 A [ 4 3R] 2 57 1 3
(P<0.05), )
1 ARELETREFREHN=ELN
Fig. 1 Yields of early and late rice under different treatments

R4 FRETHIEEUMER

Table 4 Soil physicochemical properties under different treatments

Fei ) Qb ER pH HHLB(g/kg) 2% (g/kg) A 58 (mg/kg) AL (mg/kg)
R CF 5.19+0.02a 2135+ 1.48a 1.40£0.08 a 17.48+3.58a 55.05+6.38b
RSL 5.16+0.14a 22.90+2.69 a 1.44+0.09 a 20.10+3.75a 67.61 +13.70 ab

MV 5.19+0.16a 23.15+1.80a 1.48+0.11a 20.13+5.03a 58.68 + 10.51 ab

RSH 524+0.16a 22.97+3.66a 1.46+023a 16.47+4.26a 5520+2.84b

MV+RSL 5.28+0.182a 2325+333a 1.48+0.20 a 23.10+10.24 a 51.54+7.97b

MV+RSH 531+021a 23.84+1.47a 1.51£0.09a 19.33+5.48a 77.92+ 1851 a

e e CF 4.99+0.02a 23.95+1.38a 1.57+0.08b 17.80+1.31a 47.67+5.72b
RSL 5.04+0.05a 2551+ 1.88a 1.64 +0.09 ab 16.13+1.52a 59.08 + 13.25 ab

MV 5.03+0.03a 2572+3.17a 1.67+0.19a 1750 £3.72a 54.16+6.18 b

RSH 5.07+0.04a 26.62+1.74a 1.69+0.09 a 16.23+£0.67 a 58.08+9.34 b

MV+RSL 4.96 +0.06 a 26.15+2.16 a 1.68+0.10 a 1540+ 1.40 a 65.81 + 13.08 ab

MV+RSH 4.95+0.04a 26.59+1.59a 1.68+0.06 a 1583+1.33a 79.00 + 10.99 a

T FFUARIRNG Rk 05 8] — R 28 [\ b 2 1R] 22 55 .35 (P<0.05), T,

222 HIEZGEHACTERL ARWRSCERCEEA L
Bt R AR N SRR, XAk B

THERE S AT PR (B 2)0 SR PG REATR SR
Fim T LR G TR FD) . e — BT, Bl
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Fig. 2 Soil IFIs under different treatments
HRAPREAALAE LL B EE N , TR B8 m . A6 2,
MV+RSH 403 IFT 55 (1.71), 5 CF ACFAH LR T

RSH MV+RSLMV+RSH

T 11.70%. WifEZs, MV+RSH 4b# IFT iz &= (1.71),
5 CF /b #AHIL$E T T 7.02%,
2.3 EREMBEFBRUEINERFESSENFIN
HACBRAIAR TR S NGRS Bk, P
FEFFRRALIE R L BIARTR , A . B, S 7EM bk
WHNEELERHE ., BRES, 5 CFAFM L,
MV b BEFEFF A G R E 45, RSH, MV+RSL
Ml MV+RSH 2 A A &k 4 s . 5 MV 4k
P LG, MV+RSL ZbBFFRI R &t F8 s, M
5 MV+RSL 4bBEAH b, MV+RSH 4b BEAF R & 5
FEMR T 25.13%. Wefds:, 5 CF AFAHIL, MV
AbFRFD RSH AL HR G 48 5 TokFRLE . M &R, 5
MV-+RSL 4bBEAH H, MV+RSH &b BUF-RLZ & i [
X7 24.25%. %= FEMFEFFEEE A AT, K
TS 5 2 P A R R R U T R AR X RER
AW W, B B 2 AT R AL B Lo 3 i, AR
Feor o A BRI

x5 FRLETHEKFSESE

Table 5 Nutrient contents in plants under different treatments

gl pisL] KPR (g/ke) AT (e/ke)
N P K N P K

LY i CF 6.20+0.99 b 2.86 + 0.64 ab 2.14+0.142a 2.86+0.85b 2.05+0.56b 25.73+4.76 b
RSL 7.07+0.83ab  3.31+0.88ab 231+£029a 329+092ab  2.58+0.87ab  31.08+2.98 ab
MV 6.68+0.32b 3.51+040a 2.14+0.142a 4574051 a 334+023ab  31.32+2.22ab
RSH 6.27+0.44b 2.52+0.07b 1.84+0.60 a 336+0.82ab  246+0.09ab  37.16+537a
MV+RSL 7.88+0.42a 3.44£0.11 ab 231+0.08a 3.89+0.14 ab 3.59+1.03a 37.69 +5.06 a
MV+RSH 5.90+0.28b 3.17+0.32 ab 232+0.10a 3.08+1.15ab  2.79+02lab  37.70+1.50a
e A CF 6.35+043a 2.77+£0.10cd  2.10£0.09 cd 3.65+0.49a 2.64+020a 19.15+1.72a
RSL 6.88+1.16a 3.09+£0.16 bc  2.29 £0.03 ab 337+0.83a 2.81+0.67a 23.83+193a
MV 6.77+0.58 a 3.61+037a 2.41+0.06a 2.79 +0.74 ab 236+0.65a 20.38+2.70 a
RSH 6.38+0.70a 3.20 £ 0.05 ab 239+0.09a 2.97+0.74 ab 2.83+049a 21.80+0.55a
MV+RSL 6.02+0.43 a 3.06£0.05bc  2.20+0.09bc  2.12+0.49 be 245+047a 1942+4.87a
MV+RSH 4.56+0.61b 2.50+0.20d 2.05+0.08d 1.55+045¢ 2.19+0.07a 2143+092a
3 Wi CF AbFEAHEL, MV AbEEA KRR R RS F1L & ik

3.1 ZERFMBEFBERUEXWER[/~EMER

FORENFIN

TR R IR IR R, eI
TR I I ANt 201 o it S A
FEFRW], FEFFE L AR m 1Y, 7EiE AT
Ll LR RS FFRE ARt fa e 20, B S 4 =
LT A RO T N AR aE R R
TERZ, 5 CF ARSI AR b, (R ik BT el
TR B 55 20 X 20% (LIESEA BE W™, 5

FHEE, AR R IO R RIS g T R
ER ISR S (R 4), feE TR R,
IR RS = AR E . AL IE AR A 39%
KU Lt KRG B R R SR RN, — T
17, Ak R i e, R RS I R4 R
BRGNS, N L LU R A KB S —T5
[fi, WifE2: MV+RSL Fl MV+RSH b3 135 pH A 5
RAEaS, AR AT ZRR K T 152 pH, i
WERGRIBER KA, SEUFHIR R, v
i P S Y R O R T A R RS N, AT LLGE Bt
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AbFEFFRL A 38 S RIS RS AR R 2 5 51 i
WA SEY A A AR, N XRCEERS AR K
BRI Rk, 785m0 AR R A A AR
T, FEFRAYBE T N R
3.2 EREMBITFERMEX LIEESIENEF
KM K it AL F BB 2R 11 pH, 38
SR X R A 2% phRE T, R LI AC ) iR 2
5 RSH 4bFHAHE,, MV+RSL Al MV+RSH b3 -4
pH FRAIK, 7RG 2R 5 2 JERIRS FFE & ik AL
TR AEE, BT AR — %, AL
FiE AR EREMEY R CHER, 5
CF AbFHAHEL, HAYA AL # AT WL & B A i
. X SRS R —3KCY . CF AbBER %
AAIIEHR A, S35 7 A DL P e e F)
AP, SRR A I RIS, RERAE 1
SR P R B DY R IR 4015 Dk
FIH, dEmiem EAVUE SR, RS, 5 CF b
FEAHLL, MV PR 48 T e R S, Kak
Biz A T B i R R AR B i, el TR Y
AEBARPY, BRI S =SS R E SR
BERARAS TR B, W e, R A
Wi, 5 RSH ALHIA L, MV+RSH b H) i 2%
P T AU A BRI RN TS T —
BRI, SR A R WA T 2 s
THFERI IRy . A SRR R4 e by, Al
FEIER AR AT R L AR 7, DLtxd + 35
[ B e w22 GWAE: (= G 7N b=
JIE 78407 MVA+RSH AbBE A 325 A I8 F 8 8 i 2
1o THARAN I 022 00 et e e, MRS P 11 i
HORENG | A A R T RS FF 00 53 S LR
ORI, AR T AR T BT

4 Z5ig

FEAMRFE AR SR 5T |, 5 B AR FF A
AR LR RENS 4R = A H 38 AE 1 KF
PR REAE RS 3550 BRI o R 2 500 kg/hm? R FF
BAC 20% AR, FEsbin 3P . 4R
TR RSO KRR ™ o B = I SRS AP G R

RE 25 0 L RO, (EZ AR A 3 AN B
AR i LA AR RE 75 U] BE 2 A 0ok ™ A4 KU
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