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3. BBEWARNE R, = EE& 653100)

TEE R YRR AR 5 IR S IR B T 2. T MR O VB35 ( Fagopyrum tataricum )RR BRig A P20
S50, LIRIET 5 B WA A2 MRS AT 4, R 4K 168 rRNA LR @i il 5o, B HAR B 5 AEAR bR L3
MAEYIRETE . SRR TR REARLED] A R KRB FEE 2R, RS W 19 17,36 49.257 J& . Hobh U]
(Bacteroidota) .ZETE [ ] (Proteobacteria ) FIPERL R [T ( Verrucomicrobiota ) FAZ MR E 1. FERSH 30T R AR BR S AEAR PR 14
FEASTE 3 ol 25 4085 IESE T FRFE AR R N AR PR A R i 2840 B 0 3 DS VR o — 2D A B S e 1 8 AN EAR B i
FHEENBRESLKRIC (0TUs), HEZEEE FHRFEE (Ferruginibacter) . ¥ W R (Flavihumibacter) . %% W 5 J&

( Flavisolibacter) # 1 5 J& ( Terrimonas )% .

KRR TR RPRBUE AL 5168 rRNA JEDINFY s #Y) — RPN EAT s 45 A BT IR

HES%ES:S517

VER—FlE =5 ShD X R (Polygonaceae)
FEH , 7557 ( Fagopyrum tataricum ) JEAR ELAF A 25 &
[FEAVEY . AR 5SS T HAR D D RE & i EE 2
M7 IR S & WS OUHR A T ) 2 hE &
EABAEAEYIG Y BT USRI, A TS
it 5 T E 5 (F. esculentum) , J&32 4 & B ME—
TEARY SR T R AR, 3 (it H B Ay 1200
DB AN AT 245 B RERARTRY, K EMFFTUESL, iX
L8 B 43 W1 5 LA AL (R M A i s A b
RGZEMEFRYIZLA, HI, 8 FEET & T R
P PR IR A B ) TRt £ A R
TR ) R A5 o

TEREY) — BAED HARR R b, 2R s 2 TR i
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N E R PR BRI SRS, oh, EN
L PR BIAE IR S R, RGENE TS AR )
SR B A0 2R 9 , BT Ay T — T4 T s S T R e Y
AR R B R SR A AR e A Td o —
F IV PHEAE AP, FED L A2 K AR W2 2 TR
AR 22 FER 0L, DA T 2R G G 5 i 2 10 F
AIRERIRE . 124 0 1k, B KA RISEK
R K RGBT R IF, R T
MRPRUE P 2H ARV AL o

I 2 MRBR A WAL 454 5 D RE H i A B
o St ABETE B AEM S =48 PacBio(RP-HAE
LS /NDE N T DS 5% N DR e R o e
R FRALTR A AR BRI WIS OF S AR PR AR 1
SEHEATXTEE , R BLFRAT IR ok L Bl A 0 e v 14
o R BT R A ] MR SR A AR ) R A L
AR, T RERT R BT FE 1842

1 MR57FZ%

1.1 FEACREE ALHRS DNA $2HL

T IR MA 75 = p 8 BT 137 22 150
H1(102°44" £.25°07' N, #4524 1 980 m, it i A
REAR) = M RS UR Yunnan—26) SREAEAL PR
A, RAESIAIEE =5 m, AR IR REAS 8] AH B
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HR B £ 1 (rhizosphere soil ) % 2R 4 /™ % S A A5 MEH5:
VERURR Sl R fdet: o U SRR /0
FZBCGE AR R T R L BREAA B i AEAR B 1
B BEFR WO BRI TR JREZ) 1 mm 1Y 13
2, SOAMRPR 458, AEARBR 158 (bulk soil 2R A
o AR SR AR (S A ARAR X ) o A
At R SR SE A A R R 2 80 Cil
IR VKFE AT, RIS S HT . BEJG BT FEAR (il
FH VAMNE Stool/Soil DNA Extraction Kit (1% 75 : F8
SUHMERE AR YR FR A H) 5 LS : DM401-C3-P2)
HER I, T A0 RS A s SR i 5 R o
1.2 4K 168 rRNA JEP SO EE 57

P BN Y 16S RNA P K73, (i Him
FA51%) 27F(5'-AGRGTTTGATYNTGGCTCAG-3") Fllgk
i 1492R (5'-TASGGHTACCTTGTTASGACTT-3', 1%
FPHIAEL L 1492R FEatt L3N T faj JFs 3 LA 4R o
XTER 3 A AR SR I G RR ) #E1T PCR 47350,
20 pL AR R AL 2 wL AR DNA 6.5 wl T
7K .10 pL. KOD One™ PCR Tiii£# (KOD One™ PCR
Master Mix) .51 #)45 1.5 pLo PCR W74 :95 C
2 min; 4% DL 22 AN EF AT 98 C 10 5,55 C 30 s,
72 °C 1 min 30 s; )5 72 “CIENH 2 min, T 4 C T
FE. 1§11 PacBio SMRTbell Prep Kit 3.0 X{&4 PCR
WA T i AR E S AR fE 5 & SMRThell 4
ks . BT, Al Revio SPRQ Polymerase Kit ]
FERIMB G S IIE SRS G . Ba, MEET
Vit ik atidl,, A PacBio Revio Il 7 F- 5 i
3 HiFi ¥ .
1.3 JPHEE i

4 I\ PacBio Ml J5°F- 5 7T AL Y J5L 45 %5 4 38 ik
SMRT Link % {43 5% ¥ Ry 35 E — BPE )7 511 (CCS)
SAFIE R VAT P BRSEAT AL B 5 5, [T Lima
(v1.7.0) ARYEFEZARAY Barcode J7 51 X 43 I HE BUAS FE
ARH) CCS FH, A5 Raw-CCS Bidlt . BEJE, FIH
Cutadapt (v1.9.1) I LBR P Im (05 | HFF 91, I 5
TR EHTHEIE, BRI ET I Clean-CCS
FP8 . feh , il UCHIME (va 2 )G R 45 7 - 25
Brite G AP, B ZRAG T T o0 B i e o e
Effective—CCS JE5117,
14 495 B 58t

PAFE PR G ] Usearch ZRAFSTE 97%
FARLEEACE T XF AT RS, A AR 2 2 FA 0T
(OTUs); B J5 , L SILVA (https://www.arb—silva.de/)
B2 2%, B RIANR DU 3 g3 2R 8 e SR 7

FIHEAT IR RE . b AT ZREME BT, 1 SR
QIIME2 (hitps://qiime2.org/ ) VEA& 7% B Alpha £ 4
PEFEEL, IFOE T R 156 5 2 A B ih 2 LA kI 7 I
JEML TE Beta Z2FEPEM T 2T , {5 QUIME2 3537
YRR PR B I I — a0 R OB S T R4
B (PCA ) ATT A AE AR 22 57 5 [RIAS, {1 vegan A0
1T PERMANOVA (‘B ZI0 )7 22 ) 43T, UG TR 56
A [ TR 25 HA 0 2 5 10 8 O TR Wi R S b
AL CAnAE )AL HEIE R 15 51 phyloseq 58P,

2 HBR55H

2.1 FEAEMTFAERE &L

AT 22 A (80% Fh T LA ) 578 R
L HERAE 9 AR BR - S3ERE RN 3 AR AR B L IR
fio AR TSRS, TR S AR BT A 5 R A
MG —4i"5 : Rhi( PR 13 , rhizosphere soil ) 5 424X
19, XN 9 BRI ST S A A R B AR B 132 5 Soil
CIERR PR L5, bulk soil)JR #8507 1—3, X0z 3
PR A3ERE G . XITA FEAS ST DNA S80S, FIH
PacBio 75 BEAT 004, 63845 155 808 2P —
HHEFFAI(CCS) . Zid WL Bifs , fl Barcode P
KU MR B LRG3 153 739 Z6 itk
MARL CCS P31, HAPIKES 1450 ~ 1461 bp, A
BUTFH AR 97.25% ~99.39% (£ 1),

Pt Usearch BPFAE 97%ARMUBE AR T
XA CCS HATRA . GIRERN, SRR % 2
PR B SR B FR S 720 > OTU . Herpr AR PR
TIEREASE I E 317 4 OTU, MR R T IEFEA
WP 48 433 4~ OTU(SR 1),

Hi B il 220 A 7, BT AT REAS 1 it 2 A 15 2
— BT TR, R A5 A I B s
TG I, AR A% T S M SRR AR 1 A W T 2HL K
([ 1-A) . REEESITE IR P4 R BRI+
2R JRSEE T 19 T .36 AN 257 A8
(I 1-B. 18 1-C. 18 1-D) o 7EITKF b AT T
(Bacteroidota) AFFE ] ( Proteobacteria ) FIPEfH [ ]
(Verrucomicrobiota) &R FEAR TP OARE, I
Gb, PR TR S N R IR R 22 R )
QLT B 40 ( Bacteroidia ) 7EAE AR Rhi_S A =F & i 5
(50.05%) , MAEREA Soil_1 Hff(31.51%) . 7EJE K
b, FEEASE R AT E TR B R R
( Flavisolibacter) . B ¥ F J& ( Mucilaginibacter) A
%@ ( Flavitalea) . 1 "L}l 7 J&@ ( Terrimonas) ; 28 &
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ITRYHE 2 BE 0 A )& (Sphingomonas) . TR 1 & J& (Massilia); PAXNOR A RSACIRE 1RO RS AL I I
( Variovorax) . $7 1 F| #F & J& ( Ramlibacter) . 5 ¢ & ( Nitrospira)

x1 NFEHEREEHSELERLE

FEA JFlh CCS/ 4 g ces/ & HRCCs/ % FHEE bp  ARLCCS (5 /1% OTU/ A
Rhi_1 12 996 12 987 12 874 1461 99.06 311
Rhi_2 13 005 12 990 12783 1458 98.29 362
Rhi_3 13 010 12 990 12 907 1459 99.21 288
Rhi_4 13 005 12 998 12 648 1458 97.25 366
Rhi_5 12 904 12 892 12 809 1457 99.26 305
Rhi_6 13 001 12 992 12 870 1456 98.99 314
Rhi_7 12918 12910 12 804 1459 99.12 249
Rhi_8 12 927 12915 12 693 1455 98.19 323
Rhi_9 13 024 13018 12 741 1454 97.83 339
Soil _1 12 969 12 967 12 787 1450 98.60 549
Soil_2 13 005 12 989 12 926 1450 99.39 360
Soil_3 13 044 13 026 12 897 1454 98.87 391
A e e B
— BEREHE — AR ool
500F N
3 < Pf Actinobacteriota
é‘]”‘11'1‘400 F & = . || - f | || .}]}actgmildma
@ M 500 - | B | | -Gl;rrrr::;;nensmnadota
g -H+ | Nitrospirota
= = Patescibacteria
< 300+ E:I(: Elartlctl?)m};celola
= = 25+ X%fl?cnﬁl?r]:hmta
thers
200} I
Olllll EEEN_m
' ' ' ' ' N x5 6N D 9. N
MFIREE /% .
A
C D
100r 1001
751

m .Il
Acidobacteriota 75 _I | I I . . Flavihumibacler

I Alohaproteobacteria ¥ Flavisolibacter
\P( Bacteroidota 1: [ | - {L’ltvlfj’llﬁa ’
- uteolibacter
‘E 50t M Blastocatellia . 50+ — B Mucilaginibacter
- [ Gammaproteobacteria - == - Nilrospira
"I;' I . Gemmatimonadetes T2 | — || ] = Pdrasegeubacler
janag Nitrospiria hmgomnnas
B I I Planctomycetes E [} 'IV‘{\}I
25 Saccharimonadia 25¢ O;iﬁl(;\;orax
. . I Verrucomicrobiae
. . - . l . . Others
0
Ny % 9 60N D N ™ N X 6. N.% N oA ™
D7 N AN DAL N AN NN NS DN D7 DA AN AD NN DTN DN
F PP P F IR S e F I I PIFI I I

FEA FEA
P A SRR TSI R R 1 PR BT S RS AR
Pl B—D LR, 0 s 1110 JE KBRS B0, Ass A [l 2R R0 T R i
B 1 REMEENYMSEETESERERS T
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2.2 Alpha ZFEME T
XRTAFEAR ) Alpha ZEEVE T BN, B
i A Y 2 REE AR (Shannon) $8 504 F

4.24 ~5.47, 2% (Simpson ) 5B T 0.95 ~ 0.99,
h757/K (Fisher) 850 T 41.40 ~ 118.80, ¥45))F
(Pielou) T8 5MNT 0.73 ~ 0.87(F£ 2).,

&2 ET 16S rRNA EENF ) EHMMENEE Alpha SRR

A ;| Chaol 8%k Shannon 545 Simpson T84 Fisher #8 %% Pielou 84
Rhi_1 Rhi 311 4.42 0.97 55.03 0.77
Rhi_2 Rhi 362 4.82 0.98 71.49 0.82
Rhi_3 Rhi 288 4.29 0.95 51.83 0.76
Rhi_4 Rhi 366 4.94 0.99 71.92 0.84
Rhi_5 Rhi 305 4.49 0.97 57.39 0.79
Rhi_6 Rhi 314 4.32 0.95 56.45 0.75
Rhi_7 Rhi 249 4.24 0.97 41.40 0.77
Rhi_8 Rhi 322 4.50 0.97 60.32 0.78
Rhi_9 Rhi 339 4.74 0.98 62.17 0.81
Soil _1 Soil 549 547 0.99 118.80 0.87
Soil_2 Soil 360 4.30 0.95 69.52 0.73
Soil_3 Soil 390 4.64 0.98 75.05 0.78

2.3 Beta ZFEMESMT

T Bray—curtis 155 (8] 2-A ) 5 RREUHE 2 (14
2-B)I E BT R, SRR PR LI AR
PRI 80l 2 SR A A, 7E LT Bray—Curtis P 25
A9 A e, TS S Bl AR TR S Y

33.9% M1 17.6% ; Il 155 T BRAH R 19 70 b, 15

A5 BIRE T 49.8%F11 20.5% A8 5 LI
A
adonis R?:0.28
adonis P-value:0.004 5 PC1(33.9%)
dispersion P-value:0.364  PC2(17.6%)
0.2f
0.1
a
£ 0
-0.1
-0.2 ; ;
-0.4 -0.2
PC1

PC2

L EE R R HSFREE R R S - A YRR S AT
TE 3225 . PERMANOVA S3H7t— Bk TARER
HrTERESHNER AR ESITFE X
(Bray—Curtis: P=0.004 5;Euclidean: P=0.013 8 ), iX
Segl AL R, 572 BB 08 I - S A Wy A vh e %
PEMBARSE A W) T UMUR R BRI E MR

B s34
P2, e
adonis R*:0.30 o R 4
adonis P-value:0.013 8 PC1(49.8%) AR L
dispersion P-value:0.897  PC2(20.5%)
400
0
-400
-800
-1200
-1 000 0 1 000 2 000
PC1

FRITHT(PCA)EET 16S rRNA FFEAE /28 BATC(OTU) RYFHXT B , 435148 FH (A ) Bray—Curtis #2550 (B) B IE 244
B2 ETAMAREEEFMITEMEYREEMNER
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2.4 MREREE SRS Y 2R

TEF A IRPR S LI E YA, WEEEITE
OTUKF- ERY WA ER . BAEEUIE] 20 4~
FH2ESH OTU, Horp 8 NMEMRPRP B R, 122
F0 (18 3), Horb  TEARPR & B4R OTU 4345 .
SERAEFPAHICN OTUSO7 (BRFF TR , P=0.006) ;& T
WA EE B OTU755 ( Flavihumibacter cheonanensis,

P = 0.015) .0TU956 ( Flavisolibacter ginsengisoli,

P=0.020) 5 2% [CHIPEA B OTU107( Flavisolibacter
sp. MDT2_37, P=0.005) A & A+ EFF B OTU457
( Flavisolibacter ginsengiterrae, P = 0.004); i Sheu
AETE 2010 4F U A L T JE 9 0TUS43
( Terrimonas rhizosphaerae, P = 0.013) Fl OTU327
( Terrimonas suqianensis, P = 0.001)2"; ## 5 fifd ;& H
(Saccharimonadales )1 OTU238(P=0.019),

log,CPM
®
K-
v M
4r A [
o AEFE
3r Vs
Acidobacteriota
g Actinobacteriota
et
& Bacteroidota
|
Chloroflexi
| Gemmatimonadota
Nitrospirota
Patescibacteria
ok Planctomycetota
. YT S Proteobacteria
%‘é& '06& \}'6& &é\\z 1@'@&@0 o@"@\ d‘éx \"\é\b . .
& oF & NS 00@9- 4 @ o & Verrucomicrobiota
S o N ¢ &
?5& Y*C\& z@@ F Q\‘b\\ % é\\c Low Abundance
' N g &
¢ I KT B <
Y HIER T OTUs AR £, EZRARTR T80 ) B & HEBIE , CPM /R B T P41
B3 RERSIERERTEMEYEEERNERTE
3 it Edwards 25845 1, K AR PR cE #2204

AHIFGE R I EE T 555 F SERHI T Y PacBio K
B R AR, RGEFRMT T 5722 MR 20 R A 78 1) 2H i 5
¥, I8 i S AR X L, B T AR PR R
FESEE B RARIE . AR OISR T A H
FARBUE S VI—V9 X H5E%E 16S rRNA FEHF51 .
TR A P SR s MARAS [ figrde T P 3R BN T
BT BRI ) A A v
HERFEZ YIRS B R b i v A e A P
LD RETE T R P e IR A B A RIS LA

J& T 1% #F % 1] (Acidobacteria) , Fo IR B2 25 i )
(Chloroflexi) FIASE R 12, MIZT , /NZ MR PRAE
FIACE BRSNS ] AT 18 ] 5 AT
BRI, T B ORAR BRI LU AT B 1T AT 81T T R 2
WPSE N NI & Wi 2 N D G 7S
REIA ] IR TAE AT, DL RS R R
WA [ 4 SE AR AR PRt A= Wy B Ve A 3
RS PEEERRE ) o IR IRV ] BRIR T 32 L 45
MR S, AL B A LR (=R 2 2
FEACBIY , REWE 3 Zh 48 524 TR, TR it
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s
FERIARBREEVE ), ARRABIFSE AT 85 B 20 %
TR A A #F 2AFHOR , Rt
MFRZ MR WS/ Y - 13 - BUEY”
HAEMZE, NI RE-S L JZ H AT TR X —
S RGU BRI

AWFFE R, FE AR PR S AR R A9
REVR S5 A AR 35 22 57 X S Al AR 2R 20 )
VPR FR SEAR PR G P A0 i A — B XA
TEARFEDIR R HARE] T IZ U™, Breidenbach
W WoR, KFEMRPRAY 16S rRNA BLH FREZ)
FEARPR IR WA, H875 1 ARBR B X A M A K
HEEMIE IR, W a5 R R
Shenton 253 1 3 LS4 HE S , AN [] 35k R U K AR 1Y)
WRPRS AR PR RS AP o B, i — 2P 52
FF 118 F XA BRI )2 0 8 5 A RS, (AT
FRO2 , ISR B R RE P 46 40 22 53 ] BEJ T AR AU AR
Ve RSl . ARAEYIIX 2 (AR ER AR PR
IO M AR 25 AR B IR TR A B R 2
PIAHEAE, ARSI TS S5 TRE T PME , iX
AN EAE SRS 5 T AR S5 i 2,

B SR A AR B S AEAR PRIAE R TR 0 2 5
AW E s T HAT W R 2 R R E 2R
HIG(0TUs) o ib— A G EX ik 0TUS i
T3 AT 3B, AR S d BEAR SR V& 70 57 1 56
SR ZERE . Hh S — DR T R Aok
FiFR R (OTUS97) I8 RN 2 5 8RR
X R — R AT REAE TR AR PRI
BErp e EE AR IIRE A O, [ERTE R Z,
AHIFFE RS I BN S B LR Flavisolibacter
ginsengisoli il Flavisolibacter ginsengiterrae, X6
RS I L eh 7y A5 2, HARA B o3
FROIEITT T BAT IR RE , o] e i e 1 e
AEPE BT, e FEAR WA PR AR , T X AN 235 ME W 1Y
AP AR AR I, g NS e s i R R T
eI Gt 7/L e e

4 #Hig

I 22 MR PR A SR ) 200 1 T v S R AT A S
5, UESCAR YY) ] RETE i e R FR SR L N L SR
Py P AU R AR PR E AL . ARBR s SR
Py CUNERAT = & BT 18 55 ) 2 5 BT R )
A HLBRFE AR DI RE TR , W 7 X SE AR TR WY F5 0

etk SR h BATE ]

SR
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RZEWIR 9 54l

—— M B R B AR g

WO, E BROLR BC, BAE 4 AR MR e BRIREE 3 BREE 2 R
(1. AT Al F AR IR 45 Bl WL 77 31540052, WiV R 2EAEDIRL A0 G T , WL A 310058 5 3. BT (T3 ) 2 2
AR ] WIL T 31580054, UM T 5 1590 A FRZA 5D WL BTN 31000055, #7483 A 5t Wi AT 310000]

TEE N RGP MNP K SRR 9 S kAR TS ), ARIAAEFIAE . Tolkfb il 22 12 2 10 kL AS TR R R R 7 H 4
PV A R AR o ZEWTTT AR IR SR B 1 3 (138 Nat R4 0.4% ~ 0.5%) 4&F T, Wik 9 SR IR =005, B0E R g
ARSI K 427,13 kg/667 m?s FPRLEE (R R 40N 12.06%,>2.5 mm {IHKL & LG 82.46% . AL HI 2 L2452 28
B AR TR SR AR P B — 3k 18 35K 80.10% ~ 80.20% , Ak 12 325.00 ~ 331.00 WK, 2 /R I S (KT £
T 43.80% ~ 44.70% ; Ju R 5 H W02 , FLAH MO RE A% 7543, 2201 B— M SR BE BT i Mk IR 2= 87.00 ~ 96.00 mg/L, Fi B A 1.50 ~
1.51 mPa-s. 7€ 10 kL BUEAY 11 °P JFUHCRS TR MU R iR 6 , 2271 o- S3EA(FAN) TR BT =3k 226 me/L, HEERFZAE T 78
B EE T EUN R BEERE S I Z BRI T R SR (R 0.03 mg/L) . FRZn bt T AS B (AR 880 M 4.92% , W45k 334 s,
SR ST BT P B AR S 2R b WK 9 SR e AR A2 SRS M REARE A 2 S O, R B R i A

JEORHE A AU R b

KRR  MUE KA WK 9 55 A2 1205 B— AR s 22 TH R0 8 5 SUHORT MR 5 2™ i

HESHES:S512.3

KF (Hordeum vulgare L. ) J& 2 BRE B R
VEW), Tz TR ket R i 1. AR A2k
TR P A 5 55 9 % [, T8 I W 7l % o MU
R W FORFREEHC S8, F N R EZ AR AR
R P BEUFRMILZE AN, 25 Ry 3 17 AR AR
TER BTG R . LR S YA Zh T 5, i
PSP BE S | A& IR A 18 50 5 (R AN o e, F

SR PV BERRE 5 A AR ] o PR SRR
JoT M R R AR L P ICE e s H AR
INTHARMAZR ST ek B E R FERE ) 57
P EERIE R OGRS . AR, N TE MU R 2258
rn AP E B R R AR B S R Oy T TR

WicH H 1 :2026-02-08 5 & 5] H 41 : 2026-04-21,
I H WA A TR AR YT TR H (2025ZDXT03);
AWETTRHH9 H (2025JH03010019 ) 5 #7144 7= M H
AT H KA — AR — R — A = e e
HARTHE s FR A RFHEIL S 135 H (32171917),
FEZ TS R (1986— ), 2 , A< 220 , 222 PSR I o 7=k 55 4%
RIS TAE. Email: 114626398@qq.com,
*RAEIEE R (1987—), &, B4, BF5e 51, RENH LR AEY
BALEWFSE . Email: yelingzhen@zju.edu.cn.,

SMERAREAS: A

XEHE1673-6486-20260026

Wb, FEF R 77 X, KA ik BAT H AR
WA P . HAE B WA R iR B Wk
R, Al B KA B AR T 3 oAb, UGS A
SR AR P A5 X i AR A I A K R 2
JRAERAEAR R, A RETHA A A AR T 25
FHEREST o AR IR L R S R B AL
MR 5 T, AR Mg J5 AR A2 PR U R 32
A7 R TARAC XIS F | fi i S i ) S e
PEM SO A, B B E B S
SRR it o oy B AOSE 2 28 IR . 32 2 i
A B DRE AU AT e DRI Kk 1 it
i, 30 56T B it M A KUK I R A B A 1k R
EEPS i34 Ly Wil i N T D Y A
P RPRLIIG 1 — A2 REST VR RS v Hon]
P VR E AL 0 TR R A A A
w0 DR 2 BE A o (TR B # R BE) se 70
B A, LARGEARR A 1T 3 88 st i P B O s o M
AR E R E M, (ER TR, A — A M
[l AL 25 X A A B CR  HLAh BRPR R AT e L2 B
22T RV ORGP AR AR, 124 T2 (K
SR ) R ZF VR GRS R ) s e 2 1
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SR SR USRI P R il 5 5 T i 2%
SR A B RN R AR R, G
R it oA S R ot R ) A — R B 4k B
RGN AR IFIE MUbRHEAL 7T 52 1 A ot o — &
B 2 — TR " B AN, 2 S BRI RS o M R
AR S U 1 AR SO

WK 9 5 MR A 5 A U HoR 2 B
it & WAV B AR 55 D ERE TR A AR
S S E RS N L UM i PO R [RAIC S | B o 573
VEM el 2 (B2 4> - Wi (A ) 87 22 2010001], 1%
dn Al ELAT S BE T 5 RS ORPRLE S (TR
Ik 45 g L) PUst PR S50, Bk T
RN, ABFFELNHTKR 9 S AR TR LA Wk
URER B LR AF T OT MBS JE A, R GE0T
AV 5 Ok R 5 Tl R 2 S T
b AR 2 35 , S HL A 22 G T 2R
SRDIAAE P IE R s A 10 kL S RGN 5E
B 110 P BT MR ], 5 X XU R AE B
Fabn KARE MR EEE T E8 G 0P, DU O IZ G A
(877 P v s LY SO B AR AR AR
AR S S

1 #M#EFE

1.1 AR

BRI SRR K 9 5, % R AR R
PR 2 ARWTEAS IR E6 1 4k 25 Mt 2
T bR 89.7 em, BRI 2, TR T i 44.5 ¢, &/
HW) 178 d, 177 365 kg/667 m?, PHIAREEM , ¥
ML 1B 43 0 10.3% 32 HE R 80.0% JZE R LI
{8 46.2% , i TS A L .
1.2 HEHRE

FH [ 206 T 2024—2025 AR FEAE WA 4%
BT LA I RA 30 5k (120°96" E,30°22" N)
PEAT , PR AN 46.7 hm?. IRI6 FHOAREA TR+ &
JZ(0 ~ 20 em) HIEE TSN 0.4% ~ 0.5%, JIE
JIHh A5, MO HEE RS R AT

2024 4F 11 H 11 HEERD, R HPLAARE , 3 Fh
A 187.5 kg/hm?, FIEZKFRMCGRIF R b ) , — R Pt
AEAIE (N.P,0s K0 54550 500 98 20% |
15% .10% )525 kg/hm? £ R BENE s 7E4R 191, 36 it IR
£ 150 keg/hm?, FEFHEESA LI, R AHAER T AL
(UAV) Wit 209% F5UMA ] 156 72 e 207 35 5 25% P9 35
WA 22, i A T ) ) B U AR B, VR I M i ] o s 1) Ay

7 d, Wi 90 Lhm?,

FE A2 I 30 BALIORE 25 (1 m? #E 7,5 IR
S )N AN TR RURE A, IR BEPLIE IR 30 ¥k, %
SRR TR i . B, (0 R A i b
PEAT R X SO = | L2 4 7K (<12.5% ) A
e h,
1.3 HlFETZE
1.3.1 ORHIZE . SR AL B I i 22 T 2805/
1 (Joe White fR | 22 R G5, AA ) . EHAK Ky . F
17°CF #4724 W =M T"RE (G h = -7Th T
1 -3h {2 -5h T2 -3h i3z 2 h T2 ) ; 4k &
2£ 96 h, B 48 h 18°C \J& 48 h 17°C, K #1164 8 h
I 1 WG Ja AT 22 h FHE S BRI R 50,
55.60.63.68.73.77°C, K5 7E 85 C F&£E 3 he
1.3.2  FEEPEALHIZ . TSI T 2374
[EJRALALA: P2 06 0E . SR =T8T 2 (4 h
M7 -8h T2 -3h iz -4 h T3 3h {3 3 h
T), =R 1617 .17°C; K ZFBY
BoR A A AR IR (T 72 h 28 18%CLJ5 24 h
H17°C), FEE 28 h Wik TR BAETE 51 ~
63°C IR I 5 KU (=90% ) T8 20 h, FR5E A S T
TR (99% K% 2 70% ) i FEFE T, 42 63 ~ T1CE
THEG , BeZAE 85 C N R4 3 h 52l % .
1.4 MUNERE T2

ML EH T 8 W S A PR 2 mIERAD . LA 10 KL AR
B 4% 11°P RSO ERMUEG A 7= T 28617,
141 Bk BHERAZ P HRIR L T2 7EbE
s DR o 3.64 1 1 BORIK HEHEA 1550 kg
Wik 9 5H2ES 100 kg 214 28, FHRMAR . Ffk
B B— R MERG AR RNER . BALRRFARIRCA :55 <C
7R 6 min ZX & HIETE, THE E 63°CA-7R 30 min
PEATHEAL, KL THE 2 72°CARIR 25 min DUEZER]
¥ A, B THEZR 77°C, 2 KBS, 1 min J5 1T
U X T BRI DR IR 1 45 o Bl LA 340 I
i £ BT B— HIERMEFNGERY , LIRS HFRZE 1T 4 07,
IR G St U8 5 K B [ AT IEA
142 K, RBRHAKERETZ, ZTERH
JE 4R Lager BERE, (FEREEGAF] 1.0 x 107 ~ 1.8 x
107> /mL. BTG R 4 BB B 58 TE 10CF
AT 24 ~ 36 min MR KB BGBEGHEA 8 ~10d 1Y
TR, UBEEEE(7.0+03) °P B, THEE 12C
DRI B ; SRR 2 4.2 ~ 4.8 °P B, FF
T ZE 0.10 MPa, 28K, 240 2 BE T ik <
0.08 mg/L FLAE <32 °P I, FFhAHE AR BB .
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BIGTE(0 £ 0.5) CHARM T AT ABALT 5 d G
A 30 1) S 0D HE R IR, O A MO R R A R
Jei R BT 2 PV A TR
L5 s i
151 KESFERN ., 288 GB/T 7416—2008 MEH
TR VN 5 TR ZE AL (4 7K 4 o e 0B B P oo o
OB TR A R SRR
1.5.2  FZESLEAI . 208 GB/T 7416.2—2025( M
TP ROk i SR 275 2 543 « AU 22 2F )P o 27 251
KAy R AR U R REAE (KD BT
(DP) . B - HiIRWEFIZEEE .
1.5.3 MU S BRRGIN . 208 GB/T 4928—2008( MLy
AT HT GBIT 4927—2025 € ML YIS 22 3 7
KT T B i T (6 B LR L pHL R
TR RS OB ME . —EAR ER T (BU) L3d
FEME T SR AR 5 SR FHACAH €23 A T XU 4 J
(PR FiR2 ) A 218l il B A IR o
1.6 Hdnaba

RIGEHE K ] Excel 2019 30478 B 5 454143
Bt S5 SR LE(ERIR , R Origin 2021 144
221l

2 ZERE55W

2.1 KERZHRS RN

WK 95T 2025 4F 4 H 28 HME, &4 F
1 168 d; A FEHCH 39.21 T4 1667 m?, Bk %
25.38 ki / FE, TR i im 48.12 g, BLIg /= | N
478.87 kg/667 m?, K| i 427.13 ke/667 m?,

KAEZFERLE R 1. R E
FEIR B A TG, KAy T 4040 11.04% , 85 1
TEATEL 12.06% , Je 4245 W RERL & it AR AT (430
0.10%F11 0.29% ) , R PRI R AF . I FikF
K2 H 1A 68.68 kg/hL, T-RiF 48.31 g, ¥k IR
RN R bR, RIS R BN,
Pt > 2.5 mm (IR0 RERL A7 EL Ry 82.46% . 3 d K2R
ik #] 92.80% ,5 d K ZHFHE N 97.10% , KE K
18.30% , RUIZ s A & 20 1 R . B4R AT
IENEE 3y il ERE S S RS ERL v S ) e e ol
FERRHET LR
2.2 IR R

DAL i 22 5 22 (B BBk i 22 1145 1 22 28
A LR 20 WK 9 SR & F R RN

80.20% ,a— Z LA/ ECH 1 770.0 me/kg, Mk
F1E5 Ik 331.00 WK, 2 /R A E (KT) 2y 43.80% , 15
F B FIRGAR O 2, TN RERE WK 95
FF AL 1.50 mPa-s, B — i B0 07 5 e B IR
£ 96.00 mg/L, R ZF LT A R FcEZ T
1T RE MR AR A Wi Ra e

F1 ik 9 SRR RIER

et I {8 ﬁ‘{ﬁﬁ PR
(TR (—%)
IR BT 534K 1% 11.04 12.00
R i 5 E 1% 12.06 10.00 ~ 12.50
AT /(kg/hL) 68.68
THBiE /g 4831 38.00 35.00
>2.5 mm fUikL /% 82.46 85.00 80.00
JeZ=W 1% 0.10 1.00 1.50
kL 1% 0.29 0.50 1.00
3d REHH % 92.80 95.00 92.00
5d RHHR % 97.10 97.00 95.00
KA 1% 18.30

AT S % GB/T 7416—2008¢ N o3 Yoy — b A 22 7
[T

TR AR 7 1 22 25 o BT S5 1O ) 22 i 25
IR —F U 2 T 2 R E AT A5k . #i
K95 B TIEHR A 12 H R 80.10%, a— ZIEA
438 1 850.0 me/ke, ik 11 325.00 WK, /R 2
WEAE 44.70% o [FIFE, WK 9 522 7T 6B (1.51 mPa-s)
Al B — # M TR (87.00 mg/L) I 4b T 4K )
IR UEBZ T 207 Tl A A 7= BE O i B 22
AR
2.3 AEER AP R A R AT
230 iR 7E 10 kLB R ikt Bl
TR, Ve Mgk i[RI RULAG: 1E 5 50T 1 10.0 kL,
RAHATHE I 1025 KL, FELAS R I =94% 10 T
2R, TR R 125 min, AbF A PR A7
T, R P 0 B St i S, R W1 2 2R
PR 52T R R A

FIP LA PR LR 3. AR 11.25 °P & iT10
o — BILA TR N 226 me/L, 3 TR LK
T, RENE MR REA KB S AR R R E IR A
FIFsEie L e , S R RSl 12 . BR
RIERE RS 84.1% , Fe WA 2 71 0] Kk B30 , VE M %
fif 848, X ST AR A TIPS 5 AR R I 3LAt
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®2 WK 9SEFmERIER

izt peitiEa T ) A i 22 FRifE(E (EE) PR (—2%)
I3 AR 1% 4.14 4.69 5.0 5.0
22 1% 80.20 80.10 79.0 77.0
o — AR (AT )/ (mg/kg) 1770.0 1 850.0 1.500.0 1400.0
Wik 77 /WK 331.00 325.00 260.00 240.00
) /EBC 5.00 5.20 — —
M /EBC 1.72 1.30 — —
HA TS 1% 11.86 11.92 — —
AT AR S8 /(mg/ke) 8 310.00 8 530.00 — —
JE IR B AR % 43.80 44.70 40.00 ~ 45.00 40.00 ~ 45.00
FHE /(mPa-s) 1.50 1.51 — —
I EE] /min 45.00 45.00 — —
e 1% 71.08 71.34 — —
23 1% 0.66 2.20 — —
pH {4 5.96 5.95 — —
R /(mg/kg) 16.60 1.72 — —
B — i RMH BT RS /(mg/L) 96.00 87.00 — —

W AMEES % QB/T 1686—2008 NI A2 ZE ) IR (6 32 ZEFRAL F5 b

%3 K95 11°P R BIREBEE TSR

@ BRI W G FEHRIE | o- BEFEFE  WE/ ZERERIE ) SR R AR /
EBC (mIJL) P °p W /(mg/L) EBC (mg/L) BU %
17.38 13.8 5.40 11.25 226 9.31 219 222 84.1

232 kEEsh 12 50 OEEE R . KiEEsh 1122 50
IR RN | iR . TEREFP IS ARG 3 d, BehE
R T 15.5 x 1064 /mL 4% 43.5 x 10° 4> /mLiY
WA, JR AT e EE L 105 °P BREREZE 7.4 °P,
VH = R WG TR . XL L RV FE AR 2R 2 Kk %

0.42 mg/L Bt A, BEIG TR REERS 6 K ML I
£ 3.0 PIETRE, RV B RN bEH
REBEN G, BRI PR S F T IR UTRE , WL Tt
YA ROA IR, 25 9 RHWKIECFEE 0.06 mg/L, il
RS R TP 2R

A % C
12 105 _osp oo
9.7 ~ = -
= ol 40 % 0.41-0-37
e & =
g £ 30 303- 0.23
Zor x e '
—M 3.6 = 20 : \Eoz- 10
=l 3030 3.0 3,05 = 10 10.0.09
2 oF < 0.1 0.06
& =
0 1 1 1 L 1 1 1 | ] (\ 1 1 1 1 1 1 1 1 1 00 1 1 1 L 1 1 L L ]
01 23 456 7 8 9 D1 2 3 45 6 7 8 9 01 2 3 45 6 7 8 9
g% BB A /d g% BB (A /d Ik TR IA] /d

1 REETRE(A) BEH(B)MNZEHRAERE (C)ELXBHENENIE
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2.4 MUY Rk it SN
241 REBERIBACAERR . KA AR W3R 4,10
K 4.929% (R, TR, BIE R 66.2%,
KIETE S A WL BRI N 0.03 me/L, i
AR BT B bR, RIIZE ZFEM T2 &0 T
FUAT R0 R e 5 A B T

I AR I 25 R B, R VR T RS B R
4.68% , JR A THHE N 11.23 °P, A8 Ak 5 B 4%k
J0.51% , {4, 5 16.28 EBC, 1t )& Jy 27.0 EBC, &
P SR PR S A, W R KA 334 s,
TR =180 s BIAREZLR , H=F 5 4.
2.4.2 KUY T2 B o UK Jo Aar U 235 SR L 5. 6
Mt ) 5 RV R 69.30 mg/LL, 40T 60 ~ 90 me/L F&
PRy THIVE R R C BRIt BE o 22.99 mg/L, #H
XS, R T R B SR 5 R e S BT

b 3.01, 7 e G- 5 R 25 Ll A6 5 Ry A, T 32
TV H B RS IR A . SRR TR
K 2.92 m/L, AbT AT HESZ 0 B Y 5 T I 75 R
243 BLUIETES LR o i iR FH B0 I X
PARIEW, G5 AR 6. B0 JE , MUEESH 28.04 EBC,
ot B (S o 0 RIYRT S 1) A 9 ek XU K
Al B A A8 AR DR R R, WL 2 TR Ak ATk
0.03 mg/L, A=k T

BSIASIEE R MR 7. TWRGE 4.68% , R 2211 Mk
11.23 °P, A8 AR TR 434K 0.51%, (43 1628 EBC, I
J 27.0 EBC, fF A R = 5 AN WRRAE o 360 R34
334 s, 1= T =180 s "AYELR  RIIRIAMEREIL R .
SV E Rt AR AR A M AR G [ AR Y O
PbnifE.

R4 K9S 11°P REBERIRE LB HISHR
T/ BRI L JRETTHRE ) RS (AR WABE R R S ikt R/ EIEkRE
EBC M /(mi) T °p D% W (mg/) 8% BU BE 1%
FESRAG  15.55 20.1 4.61 11.27 4.92 0.03 0.48 12.6 66.2
£ 5 #K9 S 11°P FRIBERIRE & B &R XK IR
TR /(mg/L)
Piseig Lt
L LR IENEE R LIRS B S NGEE CLRR L HE puyiL
2.92 22.99 15.05 932 0.77 44.93 0.21 69.30 3.01
R 6 #iK 95 11°P ERFBEIRIREF BIEF
N BRI - NG W Z T AR MR/ HIE
EBC (mIJ/L) ggc ¥ (SO  TREHIE (mgl.) A /%  BU KRB 1%
16.87 16.8 28.04 4.63 4.80 0.03 0.48 10.4 65.5
R7 WK 9 S 11°P RIFEERE A MIEHR
S T/ BRI W/ FRETRE ARG W Z. T THEARR  ERRE
) EBC 43 /(mL/L)  EBC °p (ABUNBO% W ((mg/l) Bt /% s
Koo 2k 16.28 17.7 27.0 11.23 4.68 0.03 0.51 334
PEME (S — <26.0 >2.0 — =2.50 <0.10 0.35~0.65 =180

HAMEES % GB/T 4927—2025C M J5 i ZE R Y g By AN ER AL ZER P8 4R o

244 BEWG . IR -BOAY, %M T
W TR, A RHIE R, A A, T
BRI AR OO I A B / BT SR 5 45

s2H

BRI R SRR E BB TR AR, TR 9 S A
AR T 2250 T BERE LR 7™ g ot o JEUHO TR

- 12 -



RESGHLR

2026 4F 543 3

3 itig

AHIFSE B YR M R 22 i A K 9 5
TP T MR 3 . Tl Ak 22 2] 10 kL A
TR A A RGP A T DR B AR 1
SR L AR PR T OGRS
3.1 AR S R EEERE R E R DC R

B R 9 5 R 3 Rk Y 2R 1 B ot i 4 B0k
12.06% , AbF3E FAE YRR 385 Ak, i i 2R
FH 5 25 i P RE P BEE H AT R TR R A, TS | A g
T A= P T o o TR e R DRI 2 A 25 0 A
[, AR B R 5 R 2 T2 T R
P 0T A9 365 A e 55 T I 0 T A 38 A 1 o TAR A2
R WIS E (KD R ETE 44% /547, R
fEARRBEE P 20T o - EIEE(FAN) BT iR S Ik
F] 226 mg/L, AWEREA KB T 70 2 1 AR

TR A R, W UGE T R BEERE R
PR T R , X2 BEA S 0 ROR R, &
B P BER JE < 0.06 mg/L, 1% T XU B 5
T2 ERR . TR, B i R o B S RS o 5
P | A H 300 R) RT3 0 1717 5 | R 1) 2 e R R Sl
FERD =) S BAING . LIRS R R i
PRI T2 8K 9 S 8 1 BT & fE vl %4k
BRI SRR A SR A R R PR ACAS )
5 R
3.2 AAEREREARRE R e R RE AR

ARG, WK 9 52 B - MM R
JEZ(87.00 ~ 96.00 mg/L)FIZ T4 (1.50 ~ 1.51 mPa-s)
PR TO0 RAKF-, 2R WA 22 3o T v 4 L B 5 o3 B
fitto B - MIRBES IR IR RCR S
R M DA S W 4 YR ok 5 A AR W R P Y O B
PRl BRI B — SR A B A AN
T B XU RN e ) T 245 E % O, ZE4RIK 10 kL #1
PRI 22 T R S A 125 min, J& T 48K
S (HAE SRR R H B IR T R 2 AR A A B
%, ALK EMBT 45 min BT IE R, UL
W R B B AP A N TRV AR R L Tk ki g
fromtaE i, Jasamad it — SR A iS5k Cn
IR 5505 3 0 ) VR VA ZK IR i A AR
2T A ey SR, AR e R A
[i], AT EE TR 25 7™ e A RCR .
3.3 il T AR SheE

T 22 5 ZE T AT ) 22 1 48 RAE IR 3

WAL T ER G (R L B — 5 SRME O e M T R %
Bl e L I — 2 . X R, AR
WNLIIREE K ZE TR T2 SHAA RAFoE
MRS R ARRRENE, AR 9 Sl bR LR ERL
TSP E A A T AR A PR AL T AT SRR
34 FIENEEE SIS ALy T

AHIFE I TR 9 522 ZEREEE N 71.08%, Ik
Tt O 2R K- (=78%) . MEREVE R PFAl
2 SRR SIPE NI LB A AR 1) SC R FRAE A
PP AT RE S BN R4 20 T B, BTS2 i i IR 2
SEARR T I F RS T i BB AR, A i ik
MR R B ) T RO (AR AR T AR AR AR
fhasia] o SR S R OB AR A SR W < 7 il 22 20
RGO AR R SRS S TR AR 2 A 1A kL
DAL P 1) S 5 A 5 A TR BT, T 0T e 8 R
MR 50 0 S8, 38 WK A SF YRR AP AR
1 UEPEREIFFEKRE
3.5 Wik 9 SRl bR A AT R

ZATTAE T, Wi 9 B ELA =G A
DS EA S SRR B A RN
PRI, SRR R 2K B — A5 5RME / 1K
BHEE W T 22 T uE R B ) RN E R
FEIk RO KR SR . JEF LIRERE XSRS
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Whole Industry Chain Application of Barley Variety Zheda No.9:
from High—yield Cultivation to Craft Beer Brewing

Pan Liging?, Wang Yao®, Zhu Wei®, Lyu Jihong?, Li Zhikun®, Huai Yan®, Chen Zhaofeng®, Zhang Guoping? Ye Lingzhen?
[1. Yuyao Agricultural Technology Extension Service Station, Ningbo 315400, China; 2. Institute of Crop Science, Zhejiang
University, Hangzhou 310058, China; 3. COFCO Yongshuntai (Ningbo) Malt Co., Ltd., Ningbo 315800, China;

4. Hangzhou Qiandaohu Beer Co., Ltd., Hangzhou 310000, China;

5. Zhejiang Agricultural Technology Extension Center, Hangzhou 310000, China]

Abstract: To systematically evaluate the industrial application potential of the malting barley cultivar Zheda No.9, this study explored
its application path across the entire industry chain, from large-scale cultivation and industrial malting to pilot-scale 10 KL craft beer
brewing. Under saline-alkali soil conditions (soil Na* content: 0.4%-0.5%) on coastal mudflats in Yuyao City, Zhejiang Province, Zheda
No.9 demonstrated high yield and quality. The actual harvested yield reached 427.13 kg/667 m? for several hundred mu of contiguous
planting. The grain protein content was 12.06%, with the proportion of plump kernels (>2.5 mm) reaching 82.46%. The malt produced
using optimized malting protocols showed highly consistent key quality indicators between pilot and large-scale production, with a
extract content of 80.1%-80.2%, a diastatic power of 325.00-331.00 WK, and Kolbach index (KI) of 43.80%-44.70%. Notably, cell
wall degradation was sufficient, resulting in low wort 8 -glucan content (87.00-96.00 mg/L) and viscosity (1.50-1.51 mPa-s). Ina 10 kL
pilot brewing trial for 11°P craft beer (unfiltered), the wort free amino nitrogen (FAN) content reached 226 mg/L, providing ample
nutrition for yeast and ensuring efficient fermentation performance and sufficient diacetyl reduction (final value 0.03 mg/L). The final
beer product had an alcohol content of 4.92% v/v, foam stability of 334 s, and sensory evaluation described it as having a clean taste,
full body, and prominent malt aroma. In conclusion, Zheda No.9 has comprehensive advantages of high yield, excellent quality, and
superior malting and brewing performance, which is an outstanding cultivar for achieving domestic substitution of high-end beer raw
materials.

Key Words: Malting barley; Zheda No.9; Malting process; 3 -glucan; Wort viscosity; Unfiltered craft beer; Whole industry chain
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Research Progress in Cultivation Technology of Long—aged Strong
Seedlings by Mechanical Transplanting in Rice—Wheat Rotation
Cropping Areas

Jiang Yue', Zhu Jizou', Zhang Xiang', Song Yangi', Chen Yifan', Ma Weiyi', Wang Lulu*?, Meng Tianyao?,
Chen Yinglong', Gao Pinglei*, Dai Qigen', Wei Huanhe'

(1. Jiangsu Key Laboratory of Crop Genetics and Physiology / Jiangsu Key Laboratory of Crop Cultivation and Physiology / Jiangsu
Co-Innovation Center for Modern Production Technology of Grain Crops / Research Institute of Rice Industrial Engineering
Technology, Yangzhou University, Yangzhou 225009, China; 2. Joint International Research Laboratory of Agriculture and

Agro-product Safety, Ministry of Education / Institute of Agricultural Science and Technological Development, Yangzhou University,
Yangzhou 225009, China)

Abstract: Under the rice-wheat rotation cropping system, the tight cropping schedule poses significant challenges, and the significant
yield losses occur due to long-seedling-age machine transplanting, which seriously restricts the high-yield and high-quality potential of
rice and wheat. This article summarizes the effects of machine-transplanted rice seedling age on seedling quality,
mechanical-transplanting quality, dry matter and nutrient accumulation, grain yield and its components, and rice grain quality, analyzes
the growth and development characteristics of long-seedling-age machine-transplanted rice, and analyzes the advantages and problems
of long-seedling-age machine-transplanted rice. Furthermore, the key agronomic aspects of machine-transplanted long-seedling-age
and strong seedling cultivation in rice-wheat rotation cropping areas are proposed, with regard to seedling cultivation technology and
equipment, seedling cultivation methods, precision and sparse sowing, seedling tray types, seedling substrate, water and fertilizer
management, and plant growth regulators application. Finally, the enhancing research for the cultivation of long-seedling-age and
strong seedlings in rice-wheat rotation cropping areas is discussed.

Key Words: Rice-wheat rotation cropping areas; Machine-transplanted rice; Long-seedling-age and strong rice seedlings; Yield;
Quality

(L% 7TR)

Assembly Characteristics of Buckwheat Rhizosphere Microbiome
Revealed by Full-Length 16S rRNA Sequencing

Li Chengpeng?, Wu Xiaoyang', Rao Min? Yang Jun’, Zhang Yanjun?, Tang Cuifeng
(1.Biotechnology and Germplasm Resources Institute, Yunnan Academy of Agricultural Sciences, Kunming 650223, China;
2. Yuxi Institute of Inspection, Testing and Certification, Yuxi 653100, China;

3. Yuxi Academy of Agricultural Sciences, Yuxi 653100, China)

Abstract: The microbial community in the rhizosphere environment is crucial for the health of terrestrial plants and soil ecological
function. This study aimed to characterize the composition and structure of the rhizosphere microbial community of buckwheat
(Fagopyrum tataricum). Buckwheat grown in farmland was used as the experimental material in Kunming,Yunnan Province,
full-length 16S rRNA gene high-throughput sequencing was employed to compare the microbial communities in the rhizosphere and
bulk soil. The results showed that the samples exhibited considerable diversity across taxonomic levels, with 19 phyla, 36 classes, and
257 genera identified. At the phylum level, Bacteroidota, Proteobacteria and Verrucomicrobiota were the core taxa across all samples.
Principal component analysis revealed a clear separation between the rhizosphere and bulk soil samples along the principal component
axes, indicating that buckwheat roots significantly shape the rhizosphere microbial community structure. Furthermore, eight operational
taxonomic units (OTUs) were identified as significantly enriched in the buckwheat rhizosphere. The OTUs primarily belonged to the
genera Ferruginibacter, Flavihumibacter, Flavisolibacterand Terrimonas.

Key Words: Buckwheat; Rhizosphere microbiome; Full-length 16S rRNA sequencing; Plant-microbe interaction; Probiotic resources
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3. I T AME B AR H0s, T3 FRoM 215008 54, Z0 M TRt o 2 Wi S5 75 o 5 5288 5, VLA M 215105)
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LI HLERIEAE, I8GE IEAHLER AR %, B
EROR Al 2 MR L, D353 DA L 2 A58 IO 0 5 171 5|
KSR

TEARZ2A TS BTt o, MERE S 2 it FH O =X
SER R I AR S RGO BRI R
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5 RS . Email: jinjindoudou2005@163.com,
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1.1 b A

TR b AN I M T AR 3 DX R S A A IR N T
LV BB (120025 26" K, 31°27" 16" N) N, J& W44
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BRI 4947 °C-d( > 10 °C) . TRy g i
Vet BIHEA LR & (B 4040, T [[))20.82 g/kge,
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L F oA CHy 50 N,O HEBGE &, 5007 43 51
mg/(m?+h) Fl pg/(m?+h); p APRAER T SR
BHE CHy H 0.714 kg/m®,N,0 9 1.25 kg/m®; T K %
R R AR N P YR BE (°C ) s H R R AEAR e JiE
(m) 5 d CAlt DRy RAF I T P A4V B2 BB [1] 22 AL 1Y B
AR, T &N EFM CH 30N fFE R N
AHAR 2 Y HE R 9 SME, D, 0 ASR 2 Yl e H
Eﬂ E/‘J IEﬂ Iﬁiﬁ (d);FCH‘;%ﬂ FNzO é}“%Uj‘j*Ei’ H CH, %ﬂ
NO [ SRR (vhm?); Y MVEY ™ 2 (1hm?) 5
GWP i % SRR (kg/hm?) , HAE ] A 9155
GHGI il % SR HE R (kg/kg) , HABH] B RR .
AT CHNO HERUE 41 B R R
Z A, CH, A1 N0 HEGE 28 3 I F-341H.
1.6 it s

BRI R J7 22 3 B 1146 36 A (] A ) 288 Y it
P57 T iR 2 SUARHERCE A PR KR -
[i] 1) 22 7, 1 e RIS AR it FH =) A FH L % <

PRHERC R 3EE MLERAS L R RE P= B 5 . A%
5345 B B B 52 A HE L = SR HE A ) 3 22
Z . Pearson FIAMT TR0 A8 H R % SARHERL
A WU -5 KR R AR DG . B b3 4y
M Bl Excel 2023 F1 SPSS 23.0 A 458

2 HBR55H

2.1 AERIEI A 2SR RS = i R A A
Al

2% 1 AT, AR 2SR At FH O 26 2K R e
R A ™ A B . H AR I Rt Ak 3L Y
KRR 7=t 2 R T % TR RS it R R it Ak B, 43 )
5 12.14%F1 11.26%( P < 0.01 ) , ZZ 1R HE V& it 1) 7
v Tt o H R P it Ak R 1 KR b B A
27 1 0 3% i R v it ALk #4331 KK 9.58% Al 5.48%
(P<0.05) ; ZZIR N0t AN it b B A 7K R 45 S0 4%
AL NE 25t A B 357 26.529%F1 23.18%, EAY
Eb 5w AR RE it b 2 43551 55 13.68% F11 18.95%
R EARESIEE L (P<0.01); FMALIE R
Jiti AL 3 P K FE AR T SRR A it (B TR T
TRIAL PR, 3 A Ab BRI 22 g S E AR
it Ak 3 P R B A e, R TR T 3R AR v vt Ak
4350 11.88% A1 1.43% , 2% R A7 it Ak FH %) Aoer 4
BRI F AL FEES 10.30%( P< 0.05), IR i
AFITFHE R KRR . H R A i A 2 g 7K R
WKk 48 B0 % TR N 4 it R 7 it Ak B 43 1) I
6.25%H1 8.51%( P < 0.01), & FALAE it 4b B A
FIF$2 R K RESCIRFE 4

®1 AEZEEMEHEERT THKE~EM 2R

Bzt HRALIE R ZHRNFRIE GHRAE Rt
7o /(t/hm?) 8.50 £ 0.08 A 7.58£0.14 B 7.64+0.20B
TR /g 18.98+0.13 b 20.99 +0.15 a 20.08 £0.49 a
G5 1% 64.18 +0.31 B 81.20+1.29 A 79.06 £ 4.03 A
FEE /A~ 1667 m?) 19.14+0.00 a 1831021 a 19.75 £0.00 a
TR B /CRz / Fl) 188.33+10.04 a 168.33+1.20 b 185.67+7.22 a
AL 0.95+0.03 B 1.08 + 0.06 A 1.13£0.04 A
LEISIE 14 0.51 +0.01A 0.48+0.01 B 0.47 +0.09 B

TE : RAPARREV NG PR R 48R A AL 20 F 22 5 BG4 R L (P < 0.05) , ARRIKE FREFROR ] — S8R A A 77 R 25 5 B w4t

2R L (P<0.01), 32 [A,

—25_



RESGHLR

2026 4F 543 3

AGRIS H, SR it i v it A B 11 i A R
I H LI R , Ak B RO . RIRAE—IK
PR FH 5 HL 3% 43 10 28 12 B i v] A /K R R A 4 it
AT 8L S LI, IR , 2 66 ] G R AR f A B
JK ARG TRE R 5 T MR 2t , i HLZ2 IR AR A9 35
Oy REUEEAS R A S AR 8 AR T D KRR B 45
SCRE R it H AR AL A K RE A BE il AR
WIANTE T /AR SR 7K RS BE AR AR A
PR] I R IR 95 it Ak ER P RS0 s 5 44 o8 2%
TRNEZR AL . SRR AL BT (/K R AR R A
B Tt ) AR AIE g A B P 2 TR v it
Ab BRSO R A A AR . XTI R,
RN IR I G 18 BETCR /K R A KR AL T Hp sk
B FRA T AR TR T KR A R R K R RS AT Y
AR R it FH 22 IR AR Y 2 AN A BOK AR R4S LU BH i
1o T R P 5 it Ak i K R AR R T
FALNEF AL B
2.2 AEAREH A 5 X6 AE E CH, A1 N0 HE
1 R R )

k1 Frs RS RV RG] A KA E
HIP9 CH, A1 NO HERCHLEE A5 iR BA f. , ELX AR ] Asf
1 CH, AT NLO AHERCE: ™ A 8 25 . KRS
KA BERI 3 bt AR A BRIE] CH, HE 8 22 50
i, AR A A B, FEARRENUIG G 2 K
(06-20)CH, HECH it e , 34 55.33 mg/(m’+h), Z
J5 218N B I T AR — ORI 3 Rk A BEAL A 4
B2 ANBARAHER R I, BE B 2R Y CH, HE
SRR, TR R AERES I 53 B BEHE /N
U, BAURE H CH, HERREAR(E 1-A) . SRRIER
ANERY CH, HERGE mAE KRR E 5 15 K(07-04)
K, R 27.34 mg/(m?-h), ZIRNE i AL #E A9 CH,
HEHGE T AE KPS E 28 2 K (06-20) i, >
22.93 mg/(m?+h) , FE/K A S BERS ] 2 A0 A 5 A
it FH TR AR 1 2 A4 2R 53 50) 1 BUHE S /) e 0, 52 40
LA Bh AR LR . ZRIRNE R A B | KRS 43 BE
W10 CH, HERGE AL T 2R N TR AR, Fh A3 A
FREI CH, HERGHE & 5 F 2R R B

W 1-B fiizs, 3 Fiit A AL B 78 K RS S B8 |
PR | SRR A B T N0 HERE
U . 3238 i o3 BE AT (A 5 M, 43 BE S RNAR T Z2 R ) i
L NLO HERC/IN g, 4515 22 F830) NLO HER G AE £ K
HRRE} [a] e 5 1o BE 3 s A H e T30 8
PIZK G PRREAR T 858K 73, 35T NO HEC
JKRE ST AR I DR (B) 7K 43 BRAG ARk, % 2% AR
fd K A3 0 S NLO B Sk T 6 N,OFHE

HNET W, JFRFEEBIK ARG ALY . 7R KAE 2 BE
(07-15) HITEHE—A NO HEBU/N 16, N0 HEK
1 AR I R/ NI b« SR AE 5t > H LA IR &
Jiti > SRR AR , 7T e 2 P A DASEREIE 28— Uk P it
AR AL Pt 5 T8 FARIE FH =, DT+ IR
F N0 HERIGE &, 2 BERRIH KX R R 17K
o, RN A R B A E WA
RE AR N0 HECH B A, 5 B ZUIR
A5 K AE AT BE 5 0IAE B 1 se B B K 4 B E T
N,O [HERL, PSR IE R R R R, Bl T N,O
HEfl s 4 H (08-01) , HZ2 1R AR 2 ta &b B 1 NLO HE
T U AP i K, 3 Rl it FIE Ak B NLO HE i 3 R A R
E 19K/ A« IR R E[0.47 mg/ (m?+h)] >
22 IR B ¥ it [0.45 mg/ (m®+h)] > & B Ak AT 26 i
[0.27 mg/(m?-h)], {H KAk 8 &b B (1) 16 {E (08-08 )
WS T oHR AR AL B, A% S K i 1] il HE e 1 .
TEFF R S (09-27 X IR AR iE AL B BE N,O HE
A e U R T AR, 2 KA S (1008 )
LA = A NLO HE B 5/ iy W 1, W (B R /NI
Jy. SRIRIE G > SEIR NG > AL IE G , th
TS AR AR R SRR A P B R B, I T
Fer I NLO HEk ; Bl A B I T |, 38K 4 i
— SRR, AL AR St AL BRAY NLO HERGE B AT
B, HRRsE 2K RENGRIE (10-28)
2.3 RS RUR A 5 00 RS R S AR HE R
JE ()5 1)

e 2 mI 0, AER S A O X i & 5 1
e R = SR HE G AR . RS KREAE
BN, CH, 19 -2 HERGE 5 A1HE R 3 RNy
¥k EIEIEZE > SR RE > ZHRINE G, W
FAIE RGN CH, W F 3 HERGE 85755 T 5%
TRNEZF N 41.40%F7 it Ab PR 28.60% ,CH, FFHEL
T TSR 41.44% F1E AL FE 28.70% ,
SHRNEFREAN LR CH, HEloE B HEE I T2
IRIEERMEAN L, ZZIRIEEMEFEEAEE T NO [1)°F
Y G 0 ) v TR LA IR it Ak B 34.389% Fl1
25.00%,N,0 BFRHEE 5351 5 5 FAL A R it Ak 2
35.11%H1 25.78% , Jifti & # AL A 1 22 T A Ak P 1]
N0 R EZE S HmER TR (P<0.01).
g e ey O i R R N TN SN S = I =)
TR 9.04% FNiti AL F7.09% , 1R L it
it ab BRIR) 22 5 oG it 2 S H AR 2t Ak
PR R = SARHE RO B A, 43 I T R IR AR 2t
20.47% FIL AL FR 15.83% , 5 BRAK AE 2 it A2 TR A
Ab PR 22 5 B g 12408 L (P< 0.05)
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A eor
T - = WHULIERE SHIR B ---- ZIRNEKE
sofF t
\
‘.
= 40F
= \
:l-g/ .
2 sof
tﬂg
:ﬁ 20
=
< a
S 10f a X
: na ;a‘l:'\ ) a a
aaaﬁW' <~ aaa aaa g
O = ] a 5 - - e -
06-20 07-04 07-15 07-18 07-25 08-01 08—08 0815 08-22 08-29 09-05 09-18 09-27 10-08 10-17 10-28
_10 - BEl(H - H)
B
1.0 T o
- = ERALIE R SR ---- FRIERE
T 06
g
S
£
e
ez
Ic‘i 0.2 b
b
aaa 4994/ 9000 W2 -7l N®@A_ xaq aaa = af, P _ leaa=
—— AN - T +
06-20 07-04 07-15 07- ls\myzs 08-01 08-08 08-15 08-22 08-29 09-05 09-18 09-27 10-08 10-17 10-28
b p
02 L
BHECH - H)
1 TAEEBEREEAFRT CH.(A)F1 NO(B)HIHEEE
F2 BEREEMEAAXZE THREARESEHN
Eiztan HHLALIE R FRNEFE IR AL
CH, “FYHEE & [mg/(m?h)] 625032 A 442+0.16 B 486+030B
CH, B2 HE L /(kg/hm?) 205.54 + 10.79 A 14532 +5.10 B 159.70 +4.53 B
N,O ~F-HIHEGE i /img/(m?+h)] 0.32+0.01B 043 £0.02 A 0.40 £0.02 A
N0 RBHRI /(kg/hm?) 10.51+0.26 B 14.20+0.50 A 13.22+0.64 A
HE RS /(kg/hm?) 8 540.20 +292.88 a 783230 +179.50 a 797510+ 11820 a
HERE /(kg/kg) 1.01+0.04 b 127 +0.02a 1.20£0.07 a
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2.4 AEREAUAEH 2O R A 7= 71 A5
W 2 Frw & AR AT FRi A 2 ) S0 AR A
77 %8 2% T N 3% it R 32 i 79 Ak B 43 1 v 12.07% Al
11.27% , 22 5 28011228 L (P<0.05), ZIR K
AR it Ak R 8] R A 77 ) 25 e g2 L 2%
TR TS 3 it Ak 1 %) SN A 2 7= 1 A % TR S 3 Tt A1
0.71%c GRIRNE— R YEILHE )5 , 7E /KR53 BE A2l
155 m e AE B IR IR B4R QB AR IE TR P
TR S T KRR A R R A R SOR 5T
ANHTF ARG 7= R AR R T, K, SRR
—URHEFER Y 2 A Ab PR IR A 7 0T R AL

REAbFE

401
. 30f : b b
& - .
R 20
i
=
=3
® ol

HHACE R IR IR
AbE

FIRR/ NG F R R AR A 22 57 B8 L (P< 0.05)
B2 ARXEEMEERAXNTHRERESS

2.5 EREEIAE O =0 R - A PLk &
P

FE ARk 28 0 it FH 0 30k e TH 4 3 AL A 1k
FEA B (] 3) . KRR FR R AT - A BILAK 75
BRI A < BAL AR it > SR TR AR it = 2% TR
BB, KRR , 3 ik 2+ AT HLAR &5 F K
AN A - ZETR B0 > SEIR T > H ALK IE 2
Jiti, HALIERMEANFL Y SOC &= TR T 6.25%),
22 TR N 5% 66 R 7 it A b 3 SOC & B s T
6.02%F1 8.19% , & MALAEFMEAL B SOC % 3%
TRNEF A AL EE 73 K 7.33%F1 5.38% , 131 2%
TRNEF ARG RT3 soc, fEUERT H 4%
RIS . ZHRAEFE T R TIRZ SOC w1k
A3t R GER N AL A T 2 A L 2.

2026 4 $543% 3
307 O fEar ® a5

\%’:24' Aa - Bb Aa - Aa
m?ml 18+

4o

S

= 12

T

H 6

WHLIERE SRR SR
AbPR

PRSI RS B 2R R TR J A [ b 38 ) S WL 35 b 22
SRS (P < 0.05) s ARVING 5 BERR 7] —Ab B 30
MBS TR RSO R AT RIS 22 53 B 4E 241 L (P < 0.05)
B3 ARXEEHMEERAITHLIEANKIE(RESH)

2.6 AR A AR I T pr

A L= SRR Z2 I e, 203 oA
R 4) o ORAE R AT L SR 7
R AL T CH, HECRE FHE i B R i e
BLBR S ] i 66.16% 172246, NO HEHGE fE MR
i GRS HER R AT AR 23.07% AL, B
HOnl ke 10.78% 19724k, 3 10 o A T AL ke 1
94.00% 17224k , (EL B4 A, 52 3000 it 28 UM iRt
TSRPS0, -5 R B S A AR I

e
RO R P
-
0.5 HENSOC
L |
& AL
= 07 e Hemom g
# AT O i 1
0.5 RRRHIOER gOATH
-1.0
0
-L0 - 057V
1 ERAE
B4 AEEBEREERARX THEERESEHES
HIE R T

e FH 3 2 AR Sz i S | T S5 A 4 B
it B TR 2, AR M T 25 3 (3% 3) i, IR
PV SR AT PR S I TR a2 S A
X%, HHIE R BTN 0.787 Fl -0.693 (P < 0.05) ;5 B
TR ECR RS AT, A R = AR S A
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RIE BEMC, SRR - 5a L & = KR
HAGRTE B B & T SC(P< 0.05), S AR A
AR B FE AL (P<0.01), S5 A WLk
THEMEA LR BEEAC(P<0.05), 5Tk ik
FNZE SR B i 2 ARG (P < 0.01),
A 3 AT KRS =, TR 25 90% /IR
A re 1A A LRSI CH, A1 NO AYHER ™
M, NOMHERIGAR 32 B FEA RS RFEE 52
TR R S SR 55 CH, HoE & AR 2
) W R ARDE(P< 0.01), 5 N;OHEGHE & Ak
T2 ) S 3 TE ARG (P<0.01), 45528 %) CH, Fl
NLOHEL s R T ot KA ™ B AU A=
7S CH, HEBGHE & AT HERCE 2 8] 2 535 B A G
(P<0.05),5 NOHEGHE & AHE 2 8] 2 02 A
K(P<0.05) . CH, HEAGHE & AHE Y S5 /KRBT

T HEE LK A R B IEAE(P<0.01), 57K FE
WO ) A LA & i S A OG (P<0.05);
NOHE 38 FHE ik 35 5 K R4 By - S8 Lk
BB B ENALE(P<0.01), SKFEIRE 133
A MRS B R R IEA G (P < 0.01), KA FPAE A
J& A BB S EEA CH, A NOHERL 1) 52 e SR AR
B o XAV IZK AR A LA & A i 1, 25
PR Z2 I CHLo ZEAE 7= SEBR T A BLAR & S s 1 1
B KRR ST A HIRTEFE R £, H 3k
PG, SEOKRBERE S9A PR S AL,
PR IR0 A FH R & SUARHEON ™ A B 5
IR S i A i 3 B 7% e 3 s e
HH CH, A1 NORIHERL , %R 2 S AAHE e 8 = 53
SN HEINKAE ™ B SR 2= AR, Tt
RUIEH 2 AT PR 2 SARHER

*3 WHEESEHRSKESEMM ., TEEBRZ BEEXES(r)

EiEg CH, HEgGaE & CH, Hig & N,O HERGHE 7t N,O HefC &= SR Heflos Br
TR 1 A Pk 0.889™ 0.910™ -0.908™ -0.860™ 0.787° -0.761°
G R Pk -0.790" -0.764" 0.848" 0.895" -0.516 0.721"
Feh 0.790" 0.788" -0.777" -0.781" 0.651 -0.926"
B -0.640 -0.620 0.675" 0.721" -0.424 0.769"
WERAE 5L 0.646 0.621 -0.646 -0.699 0.443 -0.736"
RIRAET™ ) 0.790" 0.788° -0.777° -0.781" 0.651 -0.926"
TR -0.835" -0.852" 0.887" 0.857" -0.693" 0.877"
455 -0.883" -0.884" 0.953" 0.959* -0.660 0.876"
TR 0.454 0.484 -0.628 -0.611 0.290 -0.617
FEEL 0.321 0.374 -0.330 -0.212 0.440 -0.159

Vo o SR BRI B
3 itig B, ATHE T EUR MU IE RSt AL BEAY CHL HEBUR 2
Tl A RAL A AL TR . AT A OGRS R, + 48

GERNE— NG I n] R T 2 SRR, A WILBR S 3 A A DILRR O 2 I A T CHL R A% 5

FeBERTH CH, AHERC, RGN, 58
FUREAEHH H , G2 TR B — U R A R I8/0 55.3%
[ CH, A1 25.1%11) NOHER, DA I A 3k il v
B H AR AN, — MR TR R T 2
HBE o A G AR B 8, I CHL N;OHE i
FIR 2= S MAHE GRS, 5540, RIRAE A F AR 2% |
HE R, R SE T H B B AR B 0 7= AR I3 T
AR AN B AT TR A 1, RIS T CHL NSO HE
T, AT AR AU HERCR . AT, AR
Jita AL B %) - A LA 4 (L s T it FH 22 YR IE 1y A

FHE AR Tt T S TR AL A AL BE NLO B 2 e
AN 247 i 1 LR AE , 7T RE S A A i X 1 3%
R RAL RS, Ak R A= 5 5 1A T 45 1 420K
I, 237 A NLORYREHERC, FHN_ LS RAL AR 1Y
R, AR A B IR NLOHR U] {2 i 1 L
TEACALHE s SR AL Mt 55 2Rt AT R T AR ], (H
TREAE R R[], Pt Ak BRI T AR, 9D T 4
RIERAERIE LI PRI IR, i SR IL
LB NLOHRGHE AR TZHRAC R AL B

PEHE H B35 3R TT 3R S o ELIESSCR , i AJs
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Wi, FECIEA PR T . SEAPLBUR4ERE £
SEASHANE ST AN R, A HURIH AR 2 1M A%
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AR S AR (AT 5% 1R A i AL AE Zeita sk
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NEBAEA R, B aA TR R 1 A B &
RER DR, AR AR e i R AT T AT
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ShFR PRI, DLOR B e A P & HaAL ) 4
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] e M R BRI 5 LU, 4 e SRR 2R i B
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PR R P 22 TR, i BE IR A 7 2 7 B R
HHRMFFEEATFRA

4 %ig

FEAH I A i FH O =200 A5 B L 28 SR HE TR
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HEF R, T b LA HE SRt Ak B 7ARes T4 o
FIAS SRR T SR ACFNE AN . i FH SR NE v
F AR CH, HEMCE , DT AR il 7 2, 20 A N,O
HETCHE (R8I A R 7 AR AR, 5 B0k 32 VAR
TR T o RS B 5 A ) K R ™
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Effects of Fertilizer Types and Application Methods on Soil Organic
Carbon Sequestration, Greenhouse Gas Emission Reduction and Rice
Yield in Paddy Ecosystems

Dong Linlin***, Yan Kai®, Sheng Xuewen?®, Shi Linlin***, Lu Changying**‘, Wang Haihou***, Wu Zhenggui®
(1. Suzhou Field Scientific Observation and Research Station for Soil Quality, Ministry of Agriculture and Rural Affairs, Suzhou
215155, China; 2. Suzhou Academy of Agricultural Sciences, Suzhou 215105, China; 3. Suzhou Agricultural Technology Promotion
Center, Suzhou 215008, China; 4. Suzhou Key Lahoratory of Cultivated Land Quality Monitoring and Conservation,

Suzhou 215105, China)

Abstract: The type and application method of fertilizers have a significant impact on greenhouse gas emissions and fertilizer utilization.
In this study, the field experiments including conventional chemical fertilizer surface application (CFS), controlled-release surface
application (CRFS) and shallow application (CRFSA) were conducted in the Taihu Lake area to compare the effects of fertilizer types
and application methods on greenhouse gas emissions and fertilizer utilization efficiency in paddy fields. The results showed that the
rice yield and the nitrogen partial factor productivity of CFS treatment were 12.07% and 11.27% higher than those of CRFS and
CRFSA treatments, respectively (P < 0.05). There was no statistically significant difference in rice yield and fertilizer utilization
efficiency between CRFS and CRFSA treatments. The CH, emissions of CFS were 41.44% and 28.70% higher than those under CRFS
and CRFSA, respectively (P<0.01), and the N,O emissions under the CRFS and CRFSA treatments were 35.11% and 25.78% higher
than those under the CFS treatment, respectively. Controlled-release fertilizer shallow application is more conducive to reducing CH,
emissions, but it will increase N,O emissions and greenhouse gas emission intensity compared with surface application. Before and
after rice cultivation, the soil organic carbon content decreased by 6.25% in the CFS treatment, and increased by 6.02% and 8.19% in
the CRFS and CRFSA treatments, respectively. Rice yield, yield components and soil organic carbon were closely related to CH, and
N,O emissions, and shallow application of controlled-release fertilizers and topdressing with urea were of great significance for carbon
sequestration and greenhouse gas emission reduction in paddy soil.

Key Words: Conventional chemical fertilizer; Controlled-release fertilizer; Soil organic carbon; Greenhouse gas; Nitrogen partial factor
productivity
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IKREA R KT AREVEAR FEERRIE B B2 o

1 #REFHE

11 RISk

AT R 2R % i, R E 4 4>
B (PR 2 ) BH AL PR (X6 A R B W36 1), K
H1LL 40 kg/667 m? JR % R HEfE , CO, SRl FH &
158.5 kg/667 m?, JiE il [a] pH {E4 6.0 ~ 6.5 %} #E N
R B ORI CO, /KR ) , 24 B Ik
SR 609 mY667 m?, HERKRE SRR TR 53,42
B 149 d, Bk 104.1 em, F2EM 40k 14 A B
£ 20 em, FERESIRIEL 95 i, 4550 % 88.1%, T ik
i 25.8 g0 HRKMBIEFR AT « AR 83.2%, K
K T5% , 8K FR 63.1%, KRR 30%, W H E
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4.8% , FLEEVER BT 43800 16.8% , KA EE 70 mm,
BN EZ RS bRAE 3 9%, ThPi M -5 R S0

AHHGE R P T R E BRI AR . — BP0 a8\ 17
FRPREARE R, BRESE R 2.05 m, P IR 558 2.24 m. %

FiFEML R I UM AR EFIREE 2 ~ 3 em, MREE 10em,
TR 6 ~ 8 R, BBy 2.34 T17X /667 n’, HI[A]
TRETRYERFTE 90% ~ 95% .

x1 XG4 E
oSzl Fs
1 FRZ 40 ke/667 m*+ KE/KIEAE 30.5 kg/667 m>+ HER —E A0 6 kg/667 m*+ S ALM 4 kg/667 m>+CO, 158.5 kg/667 m?
2 JRZ 32 keg/667 m+ KIKIEAE 30.5 kg/667 m*+ HER — A1 6 kg/667 m>+ S ALM 4 kg/667 m>+CO, 158.5 kg/667 m?
3 JRZ 24 ke/667 m*+ KK 30.5 kg/667 m>+ HER —E A1 6 kg/667 m*+ AL 4 kg/667 m>+CO, 158.5 kg/667 m?
4 JRE 16 kg/667 m*+ KEKIFEIE 30.5 kg/667 m>+ MR 41 6 kg/667 m*+ F AL 4 kg/667 m*+CO, 158.5 kg/667 m’
CK JRE 40 kg/667 m*+ KHKIENE 30.5 kg/667 m>+ HfR — B 6 kg/667 m™+ F AL 4 ke/667 m?

T : BL 40 kg/667 m? FRZE (ALFR 1) MFEuE , AbBR 2 3.4 23580 20% .40% .60% ; R — S A0 RIS AL EP 9 Jm 30150 it FH 5 CO, SR e /K 37 Tt 1T

TREIHE pH (R 6.0 ~ 6.5,

1.2 [HEEE

2025 4F 4 A 25 H CO, FE R KRR, 4 A
27 Hi w7k, 5 A 8 HAKREMFM . RAKET
T HE KR SRR BRI E Y 5 K 75 NE AR 52
it R R 7K ST HE , S K R — A fh 4, Al i
THHE R G btK [F AR
1.3 R EMRRIEA K ik

K HE B 8 a5 X, RS A A% b PR
2H K FE R B AR Mo BEBIAS B AE K
KRR R I . KRR A R RS
PR TR R BORRER R A SR K TR,
FhFa b A R A AT ROEER TR i Soo ™ i
PLilvae e
1.4 Hdnaba

K H WPS office #f 17 %0 ¥ % # , 3 H
Excel 2025 X8l #1705 2000, ZE LR
Duncan ¥,

2 HBR55H

2.1 CO, 7KV IR I PR 22 V800t o) RS T~ Vi V7K e ™ 1
Y &N ENiA

IR ZE R (2 2) KB, Bl 5 bR it FH 17K F 36
W, KA AT ORI TR S 5 TR L
B A0 T R AR Y R g (B REORL RS T T o
A PR 25 I TC G 2R R S, AR AT b B
4 AT A 3 A AL BRCAREE 1 bR 2 AbEE 3 ]
ZS ARG 2R ) A i R S T,
G YORZ IR E R A 3, A A HR A 22 55 3
HGit#mE L 1L 40 kg/667 m? JR 2 R HEUE I8
JRZE 20% .40% .60%Ab HH (ZhFE 2 Ab#E 3 4hFE 4)
T, R KRS R IR A R R T 14.49% |
23.86%.5.98% , H 25 57 a1 t22 38 X BRAb#E 4 4,
LAt 3 AN b PR AT ROCREE AR B 2 SR TR
ST EARE, 2R EA SRR X (P<0.05),
G5 FW] CO, 7KW WL PR 22 W80t Xof JE T i VEE /K A
7 S R ELAT B R

R 2 CO,/KFRANEREXIE T dd kT8~ B R EM E R0

b AR/ FORIEL / gy TR / i/
(A 1667 m*) Chr / 74) % g (kg/667 m*)
1 21.57+0.19 a 95.09 +0.06 a 91.14£0.71 b 24.75+0.10 a 507.64 £3.66 b
2 2121028 a 9487 +2.36a 89.45+0.24 ¢ 2457+021 a 49439 + 10.47 ¢
3 2234 +0.36 a 95.71+0.63 a 95.59 +0.38 a 25.01£0.07 a 534.85+10.47 a
4 20.03 £0.55 b 93.32£2.23 ab 87.44+0.52d 2449 £0.11 a 457.62+1.01d
CK 19.78 +0.32 b 91.09 £0.47 b 86.91+0.25d 23.96£0.11b 431.81+934 e

LE : RISEE R AN R 2257 B A L (P<0.05) . £ 4T,
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2.2 CO, /KBS PR Z 080 VA2 T BT T HE /K A =Tt

PR SR Z VIR EAR o B

N T PP A Ak BRI R B R NI S
M P T8 A8 0 A 25 A Ak B ) A 2SRRI i ) G
Z2 03 fifp A A AR R T ) AR ] 5 A2 AR
K (TEHEAERDY, AR Mras R W3R 3. 3k 3 mll,
JITAT A RN 7 B B T AR RO IR,
X 7R 1 BV E R N 25 50K > TR & >
BRI BER > BRI > R > AR > B, K
FP S SR R B B AR R RO, O 0,603, 3K
FIBR KT BEIIAE CO, /KI5 PR DhIa] it )
TR RS 1 S B A AR AT B AR, T
FORSS SR B F LT, B IRE) 77 5 i R iR

] 42238 42 R AT BT W], 5 MR i 52 e At
PR = A 4 () 2 A5 3k /N L R
PR 1 20 e B RR S BERR (0.085) A SR8 (0.157 ) 1Y
Vi) 22 30 A2 2R BSOAH N 5 v 5 R B30 I AR 4
(0.211) A [RIHEASON 7645 (Bl B2 R AR T A 2 1 5 455
R TR R R REE 2 R BUS/NT 0.07, £
BN s DL RN A 2, A2 AR Y R
AT ERABR . 28 1, 78 CO, AKIF WS PR R D8t
ZRMEE BT T KRS 7 R A T S AR T4 5
2R T B BB Sy B B IE 1) BTK bR
5576 SRR 38 2o 55 H AR 04 B R4 & 4 1]
SRS 30

£ 3 COkAR+RERIETE T HEKETESREEKBRESH

IR LIPS HiEE [BESHEEEY )
i BRI Mmoo Bk EER BEK AR R g9 TRIBURE
B 0.672" 0.254 — 0.085 0.041 0.157 0.032 0.081 0.022
HRRNEERL 0.8457 0.512" 0.170 — 0.018 0.094 0.026 0.018 0.007
ESIN 0.314 0.098 0.106 0.045 — 0.042 0.008 0.015 0
ARRERL 0.529° 0.187 0.134 0.046 0.021 — 0.046 0.089 0.006
FERIEL 0.862" 0.421° 0.098 0.037 0.012 0.211 — 0.080 0.003
SEIR 0.780" 0.603" 0.028 0.019 0.011 0.067 0.043 — 0.013
TR i 0.603" 0.573" 0.024 0.009 0.003 0.018 0.010 0.003 —

o T P<0.05,%* £ P<0.01,

2.3 CO, 7KV W5 DR ZE W0 XoF J8E T Tk V8 7K e AR
R ERININ A

HRE S 4 FrRFEERHEREFIE A 4 56, 5 % e
(CK)FHEL , Ab T 3 ZEIR L 40% 5514 T 5% BT T e 7k
TR — RSB SR B 25 90K TTiikoR DA S R
ROAEEL SRR 25 52 3R 8 A A (P < 0.05),
SRR T 31.91%.13.03% .9.02% .1.81% .81.82%
12.08%F11 11.61% ., AbFR 1 AbFH 2 K AL FR 4 AR
PER AR A F CK JR 2 A R R T, &

CO, KT + JRZ VAT B T e B i v K e
FEEB AR, v, — OB B — A AR R 14
HFEERERAL T Z Rk AR, R R R
FELELA 17245 SR A HE T ) B S W T AR T
SRR NP A STERE O B, AN, AbBE 3 R
SR AR A (B R B I 45 TR I S T
PR T X RS T CO, AKIFS K
I 20% 40% 16N 17K R 5 435 S T G AU,
YEH.

&4 CO,/KiAK+RFRHEXIE T iE K FEEAHE R B R0

— YRR . R/ ¢S 7 L3N
\ SEREEL
Lz MRS / SR/ gha | DU / Okt /) HOREL S/ gy | DR /
A (i / T % % A~ Chiz /) % %

1 1120+£050b 62.20£6.06ab 91.94+0.77b 63.18+0.41ab 107.02+0.79a 14.40+0.55b 34.87+0.10b 90.33+0.33bh 36.07+0.28¢
2 10.80+0.00b 60.00+4.12ab  90.15+0.54c 63.04+0.49ab 10557+121b 14.00+0.71b 3470+£0.57bh 88.95+038c 36.96+0.83h
3 1240+050a 63.75+549a  9561+090a 64.14+0.64a 103.97+0.68c 20.00+£0.79a 3582+0.05a 9559+0.18a 35.87+026¢
4 10.60+0.50 b 57.50+£3.77ab  90.96+044c 61.85+024b 102.18+0.61d 13.60+0.89h 32.89+0.73c 84.45+057e 38.15+057a

CK 940+0.55¢ 5640+4.83bh  87.70+092d 63.00+£0.14b 102.09+0.64d 11.00+0.71¢c¢ 31.96+071d 85.65+0.84d 37.00+0.66h
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2.4 CO, KV W5 PR D30T 6T 8 E 7K R = o
ESHCHARIERR A A 1

MF 5 BRI IR, AREE 1B IR
FeRER S 7= R IEAH X (r=0.92°), ULHAZEALFE 1 2%
T BN IR AR B i e I R AR, — IR
R SIR AL 5 7 e 2 A IE A G (1= 0.50), %45
AR IR 45 44 PR BT i K RE 1 - e —
P TTHRR  FEALBE 2 i — RS ZE 9% (r= 0.81) .
AR ZE 23 (r= 0.70) 5= S IE A G, ULHA AL BE
2 5 AR TSR N EKRI A IOR, Ik
REAE SR (r= —0.78 ) . . IRAEAE BRI AL (1= -0.86)
L e B G, UL AR AR B R YR R A i

AT BE 2= 5 SO 175 7 K R B 25 52 3R [T
PR AR 3 A REAR RSO R AN R
Ui AT A R 7 S2 R R I 22 MR A S [ 52
i 3 AR PR 4 Fp QR SRR 7 e A 3 TR AT G
(r=0.94"), BEWIZEIZAL BN 42 i B SR AR
TR I OB, — YRR SRR L SRR 4 SRl
5 S IEAOC, UL R AR X - A 2R
MR 2R FTIR R CO, KRR -5 PR 3R Wi 1445
REAE RN — R B — OB SR B, — A
SR — UCBRAS SR A R B A5 SR T
P i N T K R B

&5 CO, KBRS RF MM TR T iH#E KBS A IEMIK A8 X1

i
FEFR MR
AbBE 1 AbBE 2 Lb R 3 AbHH 4 CK
— KA R 0.32 -0.65 0.25 -0.38 0.31
— U SR 0.50 0.26 -0.06 0.53 0.62
— YRR B -0.16 0.26 -0.14 0.52 0.69
TIRBEE 0.92° 0.20 0.36 0.24 -0.21
TR SRR -0.08 -0.78 0.06 0.94" 0.42
TREORE SR -0.08 -0.86 0.06 0.35 0.42
— R B2 5% -0.17 0.81 0.24 0.54 0.35
TIRBRESE S 0.19 0.70 -0.21 0.63 0.89
T FORT SR B E R (P<0.05) .
3 itig CIERES 5L i

3.1 CO, X TR HE KRR = 2 A 5

EAME R, KA SO AR B P
TR R (0 S R R0, L 7= i Bt 3 TR AR O,
A B0, CO, 7K W55 PR 220807t % 7K RS A R0 R
B G5 SR TR S 3 A A R
(P<0.01), 485 R 55 255 M S5 —3 E e
YRS AL ENIE T 45 2 S AR AT, X R A
FEAE KRR — OB R AR R
o 1 Tt 2 0 L ST el S AR5 R A
WL FZERIFA, I SRS TR ERE KT
X TRLBT e R 45 S A8 A8 T AR A 2 A A e
VA o FEIIERE b AHESE E—4 & BE, it A NR
CO, i A I AE PR R 2 A N S ™=, o Tall
CO, BANE A ZHIER A ARBET “ LAEAR A" 1

i HE R Gk Tl CO, KK BT 20t
TOKREARIX, AT A0k ST AR , fe EAR R AR KR
T s AR BTG, R TR R R SR
A B AR i SR B DI ) O A 25
ST FOEETERE, fedt T RMEY R R s
RZARIUAEE RS TR B B & e . A
S5 AG 2 SIS O T H SRR AKX TR
BRI G5 SR S RN PR B B 2
B2
3.2 JRESAT KRS A i s

AIREEARY], FEIRZ I 40% 19 5% 1F T,
IR R ST A B e iy o S HLERAE T CO, K
WARBESMIRR , 4EFp i FOG S PERE, 7RAh T 2R
KT B ) A ) PR AR I 5 3 i L AR 7
DLICo P ZERPRRESR , S T RGR A BRI TSR
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AN SER PRI TR 2 T LSRRI 3% 50 RV 2™ ety

TR AR 1, i 4 >
(1. T8 I T Eh E X SRR A A TAEIVA S VT I8 2586 224014, 2. TR R T Eh ERIX B g A b TAEIVA 2 TT 98 £h%6 224021)

FEE PRI T S RN AR 7 1 DRI T (G R A, SR R AE O ) B RN+ 00 5 B T R (2 kg/667 m?) |
TEASEEEPAL (150 kg/667 m?) VAR P E (150 kg/667 m?) FIAEFE 5 (150 kg/hm?)4 Fi - S5 R BRI A0 BE, 4347 5 Bt AR + 18 23
FTit XY 27 HH 3R A8 HR L/ INFE TR IR AT R BRI i S R U0 25 SR I, R R TR REAS R IE T B
AW BRT AR 5 A R B 4 {8 A R U AL, 4 pH ELAOTRE o 105 B R IR RRS 2t i IR B e FH AL B o) AT
FIPET: - HEE LT e 3.04%F1 3.43% (2 5 TG F 2 S0 RO T REF S LA B W . AN FREEA - PR B
JEBREN RSB0 A X BEORPRL L& R A B4 0 4.54% 1 5.17% , FPRIm & 2 BIBE TN 26.15% 1 10.25% , K1 82 43 138 i
0.83%1 0.97% , R HF AR B IR R 0 IR S IR Rk 45 BE A Nt it /N 22 FEAE AT BB T BB R S AR I 1 U8
S IRAN G A FIFE ST R it 5 /N 22 P 6 B B T 3.45% . 1.32% 1 0.51% , H A (XU 5 8 J3 R 4 it P A /N2 7= i

HxtES B2 X (P<0.05),
KR R HIRAR S R E R NE R
FhE4r25:S156.2

JUAAFR, A R it A6 T 38 T 3R R
FRRE R BRI R R el T EORTTER . AR A
HE AR AN BRG], — 75710 S BUIE LA 54
L BEIIR B, MR A R R I, AR P AR
AT BN 55— 7 TN RRE - SRR AL v 1 45
AP, BEAR 0 T, DL A — R A R A
B G TR AL, 3o BRARA b 3 R €8 I 50 K R i o
— PR, NN RIEE R ORI 2 —,
Unfar A B A SRAE Hy o FREEHRTHINE A7 0y 52
BRI AT 352 v AR R RGN A P R A
PRRE R L

BIABTFERM, O T oot - IR B, 75 it
P BRI g it - SR ), T A ok 4
SRR , R 6 AL A R o O, T R R
SN 7 1 () 42 BEAE 4 37 0 W SOR . it P 9 2
FIALRENS FEAR L A o, 919 L3 pH, A3 1 4
NEST9, i BA A 5 YL RE 1, A R T if
st I et 0, WIS R , — e AR A L

Wik H #:2026-01-27; f& 8] H 1 : 2026-05-12,
FEBIA R PM(1973—), B, MG, T2 AL HARHAE
J"TAE. Email: 472837343@qq.com,
*SEAEAER AR (1973—) , 2, PRI, T2 AL H AR HE
J"TAE. Email: 1174694030@qq.com.

SMERFREAD: A

XEHE:1673-6486-20260019

TR B BCHE H ML , AT st - SEAE 7 g [R] e 2
BERIARAR RIS, B AR I RE T, A
i et/ N RIS SR B AE R AT DA R
Wi A SRR B IR e /N2 AR R AR A
GO N SR 7/ (LT AR P S/ e e e S B
7R E BRI HAT ] - e R I8 7 RO,
X /NN R R BRI T EE B

FL R A= 7 e LA e S8 B DR A T A PR
B -y R Al 7 BN A o HE R, AR SR
st 73 AT B IR B S R B e B BRI AT e U Y
BT R Te R . Forh, i DR R A S — AN o
TAHLEE AR, BA SRR REHITE T, REAE T 1L
HE TTFR A AR HEBURLES Y B, O A N AR
VIR AR R AR . RS BEFR AL —Fh
Py S HGR]  ASORE AN SEAR P A KL 1Y
fiE B B VBRAET R, MY SRA MR AL R B 5 P
WREA R A LRI, et TR I . T
TR 0 0 U — o 5 A W 51, 6 4R L)
BRI E R AR BEY 5 54 g M E AR 5, 1
B FRIELS SRS AL B S A T B fe R R
IrISCRIAR BRI A AR . RS 52 e —Fh i Y
(A=, SEfs HASRE 22 FLI W) B H M R Y
PR, AR T SRR RIS AR Ty ok R L 4%
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Fay BT Bl P B e A R O A A A P B A R
TR E RIS AEF AR, R B Y
A BRI AT A 880 AR A S R BRAG AR #h FE
SERE 7, [R) s el s b S A W R P Al R, DT ek
A BTN A VR e R A L
I PR A AN LR L R RE S R SR A e B
FE RGBS IR S RGNS AT
REIE B TR SEI , 5| ¢ L3 AE 7 )R B RIAR 7™ il 2
AR,

SR  b  ER BGR AR E 2R  t FCR R
F5 AN, B Bt A LUA B BURACR >, Y]
S e L R R A 2 o B R A (R, AR
A U R RE RS BRI AL | Vi B SRR O T R A A
Fek 4 M LSRR A AARL, T A [RS8 +
PR FH AR P A, LAY B A A ] 288 28 4 S )]
BRI /N2 7 it J5 A R S PR R A TR AN
WSUNY 2 QN I e B o P e (=

1 #MR5FE

1.1 B M S5 R R

H AR T 2023 4F 11 H—2024 4F 6 A/N&Z
FEVLIRAE R IR T ER 0 X A0 SR 0 F Hb (33°27 E
120°04 N)#EAT . 150 FHEETEEVEY) /KA , RS FF 4
WA, PR, AR rp A A AR
T EEE L AT IR (0 ~ 20 em) #5535
srfetn:pHE 633, AHLES & (BiEa4, TR
199 g/kg RS 1.3 o/ke BUHFHFE TR 129.0 mg/ke.
AR 11.3 mg/kg HH & & 87.4 me/kg.
1.2 falhrt

MR/ N SRR 32 77, BT SRR A AR R
BHEATBROAS TR, 0 Mt i A (1 e 2
FIAFNZE KRN 0 R AR B (1L AR bl A= 4
BHEARRAEA) , wl S JERRE ) =50% ,pH 1H 8 ~
11, it 2 2 kg/667 m?; FEEGEEA AL (L ZR BT Al
BHEABRAFIA =), wlBRUE) =25% (3085 ) =
25% w( B35 ) =12% w( ISR ) =15% .
w( MR ) = 5% ,pH 18 8 ~ 10, Ji F & 150 kg/667 m?;
WA AR CLLZR BT AL B AT BR A Rl A=
72 AR WEE =512 g, T 150 ke/667 m?; F
sk (T UAEEE 2 A RA R A7), pH {E 8.4 ~
10.8, jifi 5t 150 keg/hm?, 056 R FH A9 5 RLAE Ry
PRZE (5 N &8 46% ) L BEIRES (P05 7 2 12%L

1) FEAER (K0 E iR 60%) o
1.3 Kt

ARG IS 5 SRR ZRBE 1 A E FURLAE (CK),
AR 2 Sy E AL + 7 Y5 RS R B g A 7R 1 B
), A FE 3 R HUMEAE + FEAAE AR () 5 R
TR ), AbFR 4 Ry RUREAE + M M R (=
HFIRLEFEF ), AbFE S A H AL + FEsemk (L e
SERGHBRF] ) A0 FRE R 3 U, 3t 15 AKX, /MK
FL75m (5 m x 15 m),/NX Z [ F-78 (VA % 25 em, 14
T 30 em) LIGEEGER AT, 457N X B HILIX 41 HE1)

AeF 77 FERhEFE N 2023 4E 11 H 9 H, R
FEFPHLSAE ATHE 25 om, AR 19 ke/667 m?, HHL
Jiti AE (CK) FH 42 K 2l & 16 kg/667 m>, # AE (P,05)
6 kg/667 m> FAE (K,0)6 kg/667 m?, HiA & AP |
Tl T D Rt P s ) 5 M IE (CKO)—3% .
HRNEN 3 Wi, 43 3R FEAE 509%(2023 4 11 A
9 H). KTAE 30% (2024 4E 3 A 24 H). ZEFEAE
20%(2024 4% 4 H 13 H ) ; @ BRACVEERNE — UMt
Fo SR HR THE A TR SN A 15 . HAbAE
PHFE it [7) 224 o = R R R
1.4 WEmiH Sk
141  THEFR5. T/NZREAT KA /N X R
FH LS R AR SRR AR 356 5 (0 ~ 20 em 1R S
), FRHEAE H R A5 , 2 BRI 5y,
W5 39 pH (ELRT H 38T AL 2 A B AT AL
Wl HUSCRR  t (BT i 40850 S R 446
142 MM TWRBREE. 555 F /NI
(2024 4F- 4 H 26 H )R (2024 4 6 H 6 H )it
B (R ZEBEROTHE T/ N AEARIURE , B/ NX AL
REARIE D 20 Bk, FESEE EHEAE 105°CHKA T 30 min,
80 °C T~ 2 18 5T F J5 Bk BT 2t LA I A T4 Jo R
Foig ., NG T AR B i 5 e T
VIR B 2
1.4.3  AHARA B P SR T R, BUS
FERRIE T &, B3 W3R I 43 1) I0 A RTOA TR 2R L 8
PRI Bt AR T B AR R A SRS TR R
Ao R RS, SR A B AT R R
FPRIFR R R 2, P AR A & R LI E
R AE , FEPRBE ok AR BT L (A | A
BREF S R FH OB RS S BT 3 1K
144 JPRAFRMAL. TN I /N X S 2L
B 50 A, PR RERL R B 1 m? AR TS,
ST REAURE N T CE] BOkE B AR B I
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IR WU RERL R 1000 il T4 i,
53 . TR SR FRFPRL S 4% AT R 13%4r
WERTIKE
1.5 Hdlakb s

TRIGBHETH Excel 2016 S TR HIF22 K] 5% H
Duncan Fi &R Z2EHA TR R I 225047 -

2 HBREHH

21 AN[E SR BEAAL BT 3 pH (EAIFR S 5
FH 2R 1 ATLAE Y it A [ 3 200 X6 /N 22 i
]+ HESR AR AR5 A R TR] o IR B R
(KRbFR 2) Rk ESEE4M AR (LB 3) | Vg e il 2k 0 v )
(AbEE 4)FnfgTE s (REBR 5 )it -5 % HUEAC (ZbBE 1,
CK)FHEL, -3 pH (5 5T 4.79% .5.48% .8.22%
1 6.85% , Horhifg B iU W i ) (Ab 38 4) FiAE 5T 2
(AbEE 5)AHHE T8 MU AR (CK) 2 55 B 48T 22 3 L
(P<0.05), B 3 B3R BE5 (14t A B T 2% + 58
fRAL, 4E+F pH A HT G FE o o R B FR 4 (&b
P 2)FIAESE A (A B 5) 78 o A WL & 27

TR ARG T ek A B A A (b 38 3) R S L W
FICALBE 4), &% CK n 43 4R T+ + e ML &
i 3.04%F1 3.43% , HA R 2 S TR (b3 2) FifgE st
e (AbFE S ) 1B L& A rEAS S EP AL (b 2E 3)
A3 B R T 6.41%F1 6.82%( P < 0.05) , 45 AbF 1
BEPAE AT A A P RS AT . Aok (b
B S)AH L S E MR (b B 4) RS T 1
A A A RN 8.53% (P < 0.05),H - #F 5 H
fAb PR RG24 X, A B SR ATAY 1
BEATHLBT S 1 AE Y o A L TR AL (CKO) , 25 I8 355
BUANTRI R B AT T I ma i R ik, RER Oy 2.82% ~
8.80% , H:rp ™ 5t ¥ JE 1R 4 (b 3R 2) FAR 7 i (Ab
H5)5 CKUREEGEEAIAE (Ab B 3) 22 R BLG 2
M(P<0.05), O IR B RRET (Lb3 2) kA5 HE
BRAE(LLBE 3) FIRGSE A (AhEE 5 )R TR FE B 1 4% e
AT R AL i, Hrp RS R (Wb 5) 5
AL (CKO)AH G 250l 2 1 i 2 0l 1k 31 4 2
1) 8.83% (P < 0.05); /I # JB PR #H (Rb 3 2) REFGEE
BRAE (LB 3)FFEFE R (AhHE 5)FIES CK R & i
AR B 2K 5.32% .11.13%F1 14.33%(P< 0.05).

F1 FERAEFLETLEHENFISE(RESTHER

s g POUREE RRAEI WRMRRS  WMRRRS R
(g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)

1(CK) 584+0.16b  22.73+0.28 ab 1.33£0.01 ab 134.02+2.83a 14.73 £ 0.41 be 87.04+2.26¢

2 6.12+0.13ab  23.42+042a 1.35+0.03 ab 12331+141b 15.75+£0.42 ab 91.67+1.56 b

3 6.16+0.13ab 22.01+042b 1.34 £ 0.04 ab 130.24 +2.83 a 1501 £0.33 abc  96.73+4.24 a

4 6.32+0.10 a 22.60 + 0.14 ab 1.29+0.03 b 128.16 £t 424 ab  14.63+0.18 ¢ 84.18+2.83 ¢

5 6.24+0.10a 23.51+0.28 a 1.40 £ 0.04 a 12223 +2.83 b 16.03 +0.33 a 99.51+2.26a

T R BRI £ ARifE2E; FSIEHR R AR R/NG 5 B4R 22 BT L (P<0.05). T,

2.2 AN[E] - HEEB TR A A

H2 2 ATLAE 5 s AR B0 (b3 2) kS
BERRRE (b3 3) g i 2B v 1) (b B 4) 66 FH e
FWHUEIE (CK) APRih &% & E a5 T 4.54%
5.17% .1.66% , H P rEE5 8 #0 AL (b 3] 3) A At
JECCK)H 2 5 B gt 1275 L (P< 0.05) b B 2—4b
P 5 R PR moRR B S R AR R M
FitE AR (CK) 3 15 43 31 38 26.15% .10.25% .7.28%
1 0.15% , Forbr 7 U5 8BS FR AR (Kb FE 2) | fek 5 5
JIE (b B 3) 5% MM AR (CK ) 1) 22 5 B85 3127 2 X
(P<0.05), & 5B R A (Lb 3R 2) FAk 55 55 5 T

(Kb 3) Kb B R b 4805 20 34 0.83% Fil
0.97% (5 CK A4, 1V s il A P v ) (b 38 4)
Feimeme (RhEE 5 ) b ZREAF PR rh 20 B i, 5L
Jite JE (CKO A E 43 31 P AFK 8.83% .8.69% (P < 0.05).
58 FURLAC (CKO A Eb , AN [a] 38 B 500 XS FF 4 (B &5
RN, b A R UG e ok (AhEE 5)
FETF CK(P < 0.05); AR 70 b PRAS FF 4 7
5 HUE AL (CK) 22 RG24 8 X Tt A
(WhFE5) FEFFEME RS CK 2R LI EE XL,
WU B T R AN (Kb 2) A5 EEEP AR (AL BE 3) 0
B YIER (AhEE 4) FEFFEM S B BT
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F43E FH3W

CK(P<0.05),
2.3 ORI R ER T AEAR A AR R

H 3% 3 AT LA A [A]8 B0 60 /N 22 AR A
W PR B iE RN AR 25 S5 o YR B R B
(RbFE 2) k05 6 A (A B 3) g e £ A= 40 B )
(bR 4) 5 5 B AR (CK) ok 2R B Bl 3
F13.96% .5.94% F11 0.99% , “=Hk R FL B =45l H T+
4.13% .5.51%F1 0.86% , Horh kA AT (Zb 3 3) 4>
PRAFR B 50 IR 2 R 0 (b3 2) Fig e
WA 4) 22 ARG R R E ST
CK g7 (MbBE 5)(P < 0.05), & IR RAR (4b

PR 2O)FGEFSEEANAE (AL FE 3) 5 CK A H B & 4R ok
R AR AR R i, ORI R 22 B 1 0 430 hy
30.85% Fl1 11.83% , 4= Pk i B 22 & 19 0 43 1) Ay
34.21%H1 12.20%( P< 0.05) . A6+ 24 BRI AR
RS CK 2R LG 5 X dk h #oT
F R BAEREAT o, L R S R (b 2) |
S EEERIE (b FE 3) ARG 7T (ZbHR 5) [ F FRER AR
ZR CK 3BT 5.70% 4.09%F1 8.18% , 44
REFWMEFEET CK (P<0.05); HHMAE YT
(4b3 4)5 CK ML, BB R FF R SR B,
Rl 5390 8.30%F1 8.80%( P<0.05).

—

®2 ARAEFLETMERAPERENR B HIEER

BB AL Ab SR AR (gke) S (P,05) i /(g/kg) LA (K0) 1 /(g/ke)
1(CK) 17.42+023b 6.73+0.17 ¢ 725+023a
2 18.21+0.27b 849+0.16 a 731+0.18a
b2 A 3 18.32£0.18 a 7.42+0.13b 732+0.16a
4 17.71 £0.11 ab 7.22+0.27 be 6.61+0.07 b
5 1622030 ¢ 674023 ¢ 6.62+027h
1(CK) 332+020a 0.65 +0.02 ab 1772037 a
2 3.12+0.16 ab 0.72+0.03 a 16.83 +0.20 ¢
FhFF 3 3.17 +0.20 ab 0.69 +0.03 ab 1724+ 0.11b
4 33720.10a 0.62+0.03 b 16.41+0.17d
5 2.79+0.18 b 0.64 +0.02 ab 17.84+0.16 a

£33 ARAEFLET/NERNAPERENE B HRREER

B AL Ab RBER /(kg/667 m?)

2P0 FUE & /(kg/667 m?)

S (K0) TR R /(kg/667 m?)

1(CK) 10.10 £ 0.22 ab 3.80+0.05d 4.20 £0.16 abe
2 10.50 £0.27 a 5.09+0.10 a 438 +0.08 a
FPRL 3 10.70 £0.40 a 435+0.13b 4.30 +£0.25 ab
4 10.20 £ 0.18 ab 4.14+£0.12¢ 3.79+0.10 ¢
5 9.40+0.13 b 393+0.11d 3.85+0.08 be
1(CK) 1.51 £0.12 ab 0.29 £ 0.01 be 8.07+0.17b
2 1.59+£0.09 a 0.52+0.02 a 853+0.16 a
FhFF 3 1.55 +0.08 ab 0.34+0.03 b 8.40+0.12 ab
4 1.51 £ 0.04 ab 0.28+0.01 ¢ 7.40+£0.09 ¢
5 1.36 £0.07 b 0.31£0.01 be 8.73+0.13 a
1(CK) 11.61£0.27 b 4.18+0.13 ¢ 1227 +0.18 ¢
2 12.09 £ 0.26 ab 561+0.12a 1291 +031 a
KX 3 12.25+0.09 a 4.69+0.11b 12.70 £ 0.30 b
4 11.71 £0.21 ab 4.42+0.14 be 11.19+0.24 d
5 10.76 £0.21 ¢ 424+0.05¢ 12.58 +0.36 b
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2.4 R[EEHERER /N TP LR

H I 1-A  1-B W LLE 2T AE A0 U5 2 Jo 1R
BRI 2) REESEEE R (LB 3)FIRG Sk (Lb3 5)
it AL B 1 (CK) B 2 /N T AR SR o, 444
&4 54 3.40% .3.27%HN 2.63%; T SEGHE P 77
(Kb3E ) FEFAEIAFI A T AR Bt 5 CK 255
WIS FRE o PERERI 0 IR B S R (Ah B 2)
FREFEEATAE (LB 3) T iR B R, %
ZIHER ARG FE P B ST CK AN
AEPITER (b3 4), bl CK A E s mE 551k
6.29%H11 4.86% . Feise i (ALHE 5)5 CK AHEL T4 5
BT 3.13% H2ER TG 2R L

H & 1-C o] LU R [RIJE BRI T /22 4E
Ja TR R RN R T R AT (b3 2) = hiE
FEERRAE (bR 3) = FRaoe ok (A BE 5) = i 9
PR (A3 4) = CK, e FUA 1 Y8 2 5 e 1 ( Ak 3t
2)BYAE G T4 TR B 3 i TR AR (CKO) , 14
&R 11.04%(P< 0.05); HABLFIAE G 9 iR 2
w5 CK TG 2E R L.
2.5 R[A] - HEHEER T N p i KRR AR

F 4 AT LA HY AN ) A 39 B0 50 i 5% 1 /)
Hrem U . WHFRL 5, AN R R B /N 22
R IR SRR (AhFE 2) = A BRI T
(Lb3 3) =FF5e % (b PR 5) =% ML (CK ) = T34
T PR R (B 4) , 7 VR TR AR RE S I A
e 576 o it P O /N2 77 o e o R o ) R T 3.45%
1.32%F1 0.51% , Horf A7 Y5 85 6 i 0 (Ab 3 2) p=
WS T CK SEMUEYRF (hHE4)(P<
0.05) . M A RLE , B IR B R (LB 2) RESS
PERRAL (b3 3) FIAE e o (AbBE 5 ) A A s T R0
AR (CK) , H 22 53 TG0 240 X st E W
FI b PR 4) TR I, S5 RE S BEAT L (Lb 2 3)
ARG B FFRAK 5.95%(P< 0.05), B 5 5 R (4b
B 2) AR EGER B R Lt CK 32T 1.44% (B0
[ b 3 ] 25 S TE ST 2E 2 o ASEEEE R, B
TR T R A (AL BE 2) Rk A5 LA AE (Ah B 3) FiAE
MY (IR BE 4) T S B3 T CK
(P<0.05), Mk s (B 5) TR S CK 22
SIGI2EE Lo SR, 0 IR 5 R (b 2)
AR CK 2R TSI E X, BTk
Bt &= T CK(P<0.05), /=g iy 35 5t
BRI o

800

750

700

650

FFAEIA T AR B i /(kg/667 m?)

600

1200

1100

1 000

900

A T Y AR R i /(kg/667 m?)

800

500

450

400

R TYRZ R /(kg/667 m?)

350

HFOR[RING PR 3R AN R L BR8] 22 5 B4 247 L
(P<0.05); ElrpiE_EiR2ELR JhnifE

A
a
| a
b b
1(CK) 2 3 4
Ab
B a
a
| I b
- T
1(CK) 2 3 4
Ab
C
a
L ab
b
b
j
1(CK) 2 3 4

Ab3H

|

ab

1 AEAEFIET/NEF L B EER
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R4 AEAEFLETNMNEFEMFTEHRESR

AP FEEL/(TTA> 1667 m?) FEREL /ChL / ) TR /g Frhre i /(kg/667 m?)
1(CK) 28.04 = 1.20 ab 40.40 £ 1.64 a 54.20£0.38 b 579.11+4.10b
2 28.42 + 0.68 ab 40.98+0.99 a 5527+0.73 a 599.10+9.92 a
3 29.09+0.28 a 39.40+ 1.47 a 5524+ 0.24 a 586.77 + 11.25 ab
4 2736+ 0.34 b 39.83+0.78 a 5524041 a 573.27+6.92b
5 28.18 % 0.65 ab 40.21+0.64 a 54.85+0.17 ab 582.04 + 11.47 ab
3 tig PR, ST LR O B B AT e R /N A2 7 B R T

BTSRRI , A SR A0 AL RIS 72 ¢ 25 1 e
HR) S, RE B PR I P S Ak
TR B B AT T R el 2 Oy B R 58 ¢ A - i B
BN N e e NP Rk WER i 4% NI i Bul
5 e i S TR AL RN, A R A R
JE, s LSRR AL, RS OT TSRS, RERRER T
Wy B RELTRR A ] B S5 A P M 38 v it P 34 A
AT L5 pH {H, Al AGE L HERR A, AR
I it P A [ 2 2 ) S 1] B 25 REAS (] e J3E
b 2% fige - SER A A, e DAV 8 o A 0 R AR
FERRORBAE . LIRS LR HY B AT K
fifp ANER FE BH B I D B A, Ik B TR R
FRTE IR ORI M, B R A
i PR AR ) R B 1 o B T e B3 Bl i R e
F A LR 25 ERR W) o, I A 1t aod 7 v ™ A v
5t , DT B 42 A L SR HE TR e o bt iR P
Se—J5 AR THA B g, ELA S0 85 BEAEER
EE T, fEEAR RN P Y SR T R A TE
AT W vy 04 BH 5 152 b, BRI BT 398 v ) SR 5
T, DT i e S AR R B AR

I R BT W I RO IR AR
SERPIVERE , — 7 T RERS ST B T SRR B I
e RIEEANE, 53— 5wl fe gt RGPS
P S5+ HEIE KB BT, BA et R 3R 0 I
T i EEEY AL B TP AR A
B, A [ L S B X 22 T L SR B PR P8O AT
TE D), R PR S TR B R 52 e A A TR T
AU AR AT RO E R A R A B A
AT S5 N S RO RN R i, T R
Py BRI T R R AN AN . T IR S
BFE4 Hh T R 1 9 0 B it P AT e e

7.47% ~30.7%>, 2= PHAEWF 9T R, 72/ N it
FRAE W o e 7 o Bt A A 40 o it P 9 348 22 S 4
mE TR, R E AR TN T
PETt, X AT RESE T AE W A i B, B
B A LS8N, B 5 R S A MOBCR, FR A
YOI, TS 80 & R RS, = RAGSE T
0 ~ 1500 kg/667 m? A=4 7 FH 5 LRSI 98 B UESE T
IRV A A i R AE 166.67 ke/667 m* 2544
AR TNE G, AW RS Z AR (H
TN E R A R WA R, W REE AR
TS S F T AR W vt T 0T B IR R T A
A P RMSORI FE , B8 22 E A1) e e o T B A A
R R BN TR, —E R BRI T /N
TN T HETCHLA RIS . PRI A KA
% AR W R R it A AT AL R R o A
ML, 70 R -8 S sRAE b ae 1 AR HEEY
AR B IEY e AR AR L A T T AT
I8, FEAHIFSE Y Ve A 1 R R it P AT e A A
Aora (B R0 AEAR TP B AR R R A
FEPRAZR I A S ) A2 HE LN, X AT e R P
FIRFIZE . F DA IR LS R R R A A G
A 5% B T P R A A TS A v v i A 4 v 7 A
A o B AT ) T 4 S A R AR P 8L (B 0 ik B
Fig, Wi /NIRRT AL Je T A 3R, A
TR HEAFRLREI S5, 5 W R A AH L , 764 7
FBE T i [R] Fof  2E H we T O A, AET S R A
Fro FEARIG S5 T, 256 AN ) - 438 0] 370 it FH %
38 pH (B ANFR S S LA RN P RS, it
2 kg/667 m?* 15 JE R #F A 150 ke/667 m? FEFS BE
BRAEA A TR HEERTE 3 pH ot A1/ N P i P
[T HA R I F — A AR IR 25 5, X+ r ik o
B KAl FHAN A A R F i — B TRABIGE .
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TIERR A AR, AR IR AL T VB ARECH AL
BEAC (CK) A 5 B S PR B AR 52 5 R BT AN R RS
P v AT LT AR A RO AR i
s T B L 0 B8 2 I Y o - A 2wl A
RO (R A T TR R P R T R
FRIFZ M AN B

2) W IR B SRR P AR AT SR A R R R B T
IR R R AR A N 2 W B 5 B LR,
T T/ N ARG TR R g PRiE
IFE, BT HEAE AT 3™ 1.32% ~ 3.45%, Herp LU
IR B R TR PP AL IR NG P 2

SE K.
(1% L TREE L% S TS & R X5

IR DX /N7 7= S RN R 2 RSOR R 2 [ T). VED=#412.2023,
49(11):3131-3140.

[2] SELEsk, B A 32 XTCAR. 3R B B8 5 00 1E R (11,
PRI 5 2,2024,6(8):105-109.

B1E Mebfi BERE R4 /NN H R 5 ).
A R 2024(36):56-58.

A 0 B 2 R L O 3152 b b |y =82 M o
A SR AR, 3R AL, 1996(4):34-36,48.

(5] 7% i di, TR R 22, P 8 0 255 1y 3¢5 SR NDS T e -1 38 A
RARGEAHR B2 A = ()] Al TR2#4,2018,34(3):159-
165.

[6] B 7 3B E0E X 25 = 4. AR B A LB Fic it £ 358 4
FHF A Y BT T oK A £ A B R AN [T,
[ 3 5 A0 K}, 2023(10):48-54.

(715 A E R RS SR A e R R xR R
LSRR S A R B AR, RS SR S TR 41,2021,
27(5):791-801.

(814 W, ESh, AR, 45, KMt HAS AT A pext 3%
53 BAE AR A 52 M (7], T-52 3l X A0l F 55.,2024,42 2):
62-70.

[9] XA, AN & 2R, A, 3k - SR R AT 8 A A K 2
1o MBS - S B AR AT S (D). V4 A Al 24 41,2020,33
(11):2565-2571.

[10] Cong M F.Hu Y,Sun X,et al. Long—term effects of biochar

application on the growth and physiological characteristics of
maize[J]. Frontiers in Plant Science,2023,14:1172425.

(1] BRI, B 2R X0 A7, 55 - S B Ry T BR A it 1
BT[], A AR 7541,2021,40(6):1141-1149.
[(12] RPHE AT 7 8 i, 5 A e il 4 S 380y
FRVEAERREE KUK, B IR T R4 (A SRR FA0),2019,

44(1):98-103.

[13] RHE. K PSR RR Y A T B 5B 07 0. K MIRHE 5 28
¥%,2011,17(9):68-70.

[14] fifi+ FL R AL STV 3 R Ab 5o B ARt AL,
2000:25-114.

[15] W ) J5, X BRAE, 2002 1, 5. e b b X 44 /N 32 IR R T 5
R[], LR 2= 17,2025,31(13):1-4.

[16] SR PHPH, FAS L A%, 55, I8 2R 50 0 mR 1 & il L ek R
FCRAIAE IR, PRI 5 TR,2024,38(1):34-39.91.

(7] 88 #.4%  JHE. 309 it 9 ) B AR X PR 2 TR i
A FOE SR IR R 2 ma [T, Ak B 3 TR,2024(7):
103-105,109.

[18] Cai Z J,Wang B R,Xu M G,et al.Nitrification and acidification
from urea application in red soil (Ferralic Cambisol) after
different long—term fertilization treatments|J]. Journal of Soils
and Sediments,2014,14(9):1526-1536.

[19] Shanthakumar S,Abinandan S,Venkateswarlu K.et al. Algalization
of acid soils with acid—tolerant strains:Improvement in pH,
carbon content,exopolysaccharides,indole acetic acid and
dehydrogenase activity[J]. Land Degradation & Development,
2021,32(11):3157-3166.

[20] B3 5 G, 7 T i AN [ A e 0 R P A FR L 3
SRS P B A S A R[], FREERL2£,2020,41(4):1914-
1920.

[21] R AR W TR 5. L SR PR X /N A 7 e K -
FEALMIR R[], ARHL R 55,2023,40(11):18-21.

[22] FHEAS, FR B0k, Wt B8, 45 T AR - S8 ] 7R B =
FHINERTR AL AR B/ N P i R, AR ~72741,2020,
10(11):25-31.

[23] 2= HP B, SRl B B 5. A= OB /N2 i K g%
H IR BAR 2L SRS (], ARl T 224 42.2015.31
(12):119-124.

[24] R T LR L5 PR Dy U Ak
X B Ty Ko N2 P i S R[], o ] R S R, 2025
(11):147-154.

2518 520, EIRER A, UE WA & NEERE
BRI B AL FH#,2024,61(8):1853-1860.

—43 -



K GaLRE 2026 4 438 3 M)

Effects of Different Soil Conditioners on Acidic Wheat Field Soil
Properties, Nutrients and Wheat Yield

Cheng Weigen*, Gu Lijuan?
(1. Rural Work Office of Guomeng Town, Yandu District, Yancheng City, Jiangsu Province, Yandu 224014, China; 2. Rural Work
Office of Qinnan Town, Yandu District, Yancheng City, Jiangsu Province, Yandu 224021, China)

Abstract: To explore an effective approach for synergistically improving wheat field soil and enhancing wheat productivity, the
conventional fertilization was used as the control, and four soil conditioners including mineral-derived potassium fulvate (2 kg/667 m?),
silicon-calcium-magnesium-potassium fertilizer (150 kg/667 m?), seaweed microbial inoculant (150 kg/667 m?), and rice husk biochar
(150 kg/hm?were used as materials to analyze the regulatory effects of these conditioners on soil nutrient indicators, wheat nutrient
uptake,dry matter accumulation and grain yield. The results showed that the use of mineral-source potassium fulvate, silicon-calcium-
magnesium-potassium fertilizer, seaweed microbial inoculant, and rice husk biochar conditioner are beneficial for alleviating soil
acidification and maintaining soil pH stability. Among the different conditioners, mineral-derived potassium fulvate and rice husk
biochar increased soil organic matter content by 3.04% and 3.43%, respectively, compared with conventional fertilization (no
statistically significant difference), which showed a great increase than silicon-calcium-magnesium-potassium fertilizer and seaweed
microbial inoculant. Mineral-derived potassium fulvate and silicon-calcium-magnesium-potassium fertilizer increased grain nitrogen
content by 4.54% and 5.17%, grain phosphorus content by 26.15% and 10.25%, and grain potassium content by 0.83% and 0.97%,
respectively, compared with conventional fertilization. They also promoted the accumulation of nitrogen, phosphorus, and potassium in
the whole plant, dry matter accumulation and grain filling during the flowering and maturity stages. Among the four conditioners, grain
yields under mineral-derived potassium fulvate, silicon-calcium-magnesium-potassium fertilizer and rice husk biochar increased by
3.45%, 1.32% and 0.51%, respectively, compared with conventional fertilization. The yield increase under mineral-derived potassium
fulvate was statistically significant (P < 0.05).

Key Words: Soil conditioners; Soil fertility; Nutrient content; Wheat yield

(k3% 36 W)
Effects of CO, Aqueous Solution and Urea Reduction on Rice Yield and
Panicle Characteristics Under Mulch Drip Irrigation

Zhao Shuangling, Wang Shengyi, Wang Xiaojuan, Ma Chenhu, Ke Luyao, Hao Yufeng, Li Li, Qian Guanyun
[Xinjiang Tianye (Group) Co., Ltd., Shihezi 832011, China]

Abstract: This study used the rice cultivar Ningjing 53 as the test material to systematically investigate the effects of CO, aqueous
solution and nitrogen fertilizer (urea) reduction on yield, the main agronomic traits and panicle characteristics of rice under mulch drip
irrigation. The results showed that compared with conventional irrigation treatment (CK), the carbon-nitrogen synergistic irrigation
experiment (CO, aqueous solution + reduced application of urea) significantly increased the rice yield under mulch drip irrigation, and
the yield of rice under mulch drip irrigation increased by 14.49% under 20% reduced nitrogen, 23.86% under 40% reduced nitrogen,
and 5.98% under 60% reduced nitrogen.The CO, aqueous solution and nitrogen fertilizer reduction (20% and 40%) treatments
significantly increased effective panicle number, grain number per panicle, seed setting rate and thousand-grain weight. The direct path
coefficients of agronomic traits on yield were all positive. Their direct effects on yield were ranked as seed setting rate >
thousand-grain weight > tillers number per plant > grain number per panicle > plant height > effective panicle number> panicle length.
The CO, aqueous solution and nitrogen fertilizer reduction was helpful to improve the panicle traits of rice under mulch drip irrigation.
The increase in rice yield mainly depended on the direct positive contribution of seed setting rate, thousand-grain weight and tillers
number per plant, while plant height and effective panicle number exerted an indirect regulatory effect through the synergistic effect
with other traits. Under CO, aqueous solution drip irrigation, the rice yield under 40% urea reduction was higher than that under urea
60% reduction.

Key Words: CO, aqueous solution;Nitrogen fertilizer;Rice;Yield traits;Panicle traits;Path analysis;Correlation

—44 -



KESHZERE  2026,43(3):45-54,60

Barley and Cereal Sciences

http://dmkx.cbpt.cnki.net
MUFA RS : damkx1984

Bl 3, BRI AR5 R BRI 529634 SERREAR I TIOLL K 543 2F1%,2026,43(3):45-54,60(2026-06-02).
DOI:10.14069/.cnki.32-1769/5.2026.03.007.

KM BER I Cs29634 3L HVEEE 0P

BlighT 2, RG22 e PR R B ]
(1. FFERAFAMBL e / B EE RA F W LRI G S0 %, I P57 81001652, H AL FL# Be A IR BEFE T / HL40 %
RELAIR AR E TR, AT 10019353, FIETTA R ABEA R GHIROE T BT, BE T 17K 150086)

B ERIE T RIS ( Bipolaris sorokiniana) &SGR BRI b X F2 ) B0 IR B 2 — , HUS Y2 FHRI T R AR R AR
r, 3 BB . B. sorokiniana FERINFETEN L F B AR AR S MR B IO HRE AW SR Pk R o BRI, B BT PR S L
il 2 G EEE  MAPK JE R0 A AE T B G SRR R, J& T RIMMHE S8 . B. sorokiniana HA 3 > MAPK {5518
i, B =3 e Hil (HOG )8 AN RE S8 48 (CW D38 BE AT MRS B S5 i 224 K (Fus3/Kss 13 o J& T CWIE AT MAPKK FE[A]
(529634 G )2 e RURARTUN TR 2246 AU 78 B0 A& & ke B & A B B AR fb . ASHIFGRATIE R 45 FAEK 3.5,
10 AR EFAERIFN A C529634 537 KRR BITURE  ARYEAS R AR K B3 O AT S AL oAt , Zead B 4 A3 41 LU X452
2R FIREERIL 8 450 1, A Kz R IR F 8-S Siok b A WG a 5 28, il F 2R BEaR MG, 25
YBRELH MU RFIIR 2244 | SRR TR AR CRAE, eI 2w Rk b & Z 2 G LU oA oGS e . (R,
(529634 Z 5K A A SIS EIEIR AE TGt g , s B2 S EEA, WTTRE B. sorokiniana 7778 g

HIEFIBORJ1. 529634 VHEISCHEEIN R ACHHE AR MIE/R B. sorokiniana $055 1178 SARMEE 25 B
SRR K ; AT I BAEIR ; 42 AR V- 0 #6072 s MAPKIK 5 1075 1 5 5 s AL W

hE 42 S .5432.1;5512.3

K3 (Hordeum vulgare L. )RR X317 T
S aRe R, SRR AR = AR TR
IKAE INAZ S B DU RAR 2N o 5 7 e SRR R
A5 Fh (H. vulgare var. nudum) W FRVEF L, BB 55
DXRE— {2 P Y FARME0 . RS T TR i
FVEEL, D PR, (H 32 R DX 3 A 7™
HA 2y T ORE A B, Horp, 22 AR PG
%@%[Bipnlaris sorokiniana(Sacc. )Shoemaker, A 14 7
Cochliobolus sativus]%ﬁgﬁiﬁﬁzg S TETH R R
AW BRI H X I AT 045 o %0 A= G
FAEYINT 5 EM-BER (Spot blotch ) , iR 4L 7 3
AR AT, 5 S @ AR %% ( Common root rot ) I

Wik H 91 : 2026-04-30; &[] H 5] : 2026-05-25,

AW H  EF AL KA HF R A R (CARS-05); B
1148 A SRR 4: (LH2023C094 )

FEZ TS BT (2001—), 2, W BF9E A, E%E N K32 0BG
Bt 5% . Email: luxiuyu2001@163.com,

IR M BR(1983—), L 1 BFSE 61, 32 2L A JAE s 2

2 AE W B AL 5 4 T B0 AL AR 56 R O
Email: mantou428@163.com; i ¥ B (1972—), %, ##1-,
RIBFSE 5, 3 BRI o Tt 1% 50
JEEEOR 1178 5 0F5% , Email: linruiming@caas.cn

SMERAREAS: A

XEHS: 1673-6486-20260051

A9 (Black point)¥, #fiiE , 4%k 900 ZER LKA
B. sorokiniana 5| 2 /) 22 FEAE Wyt B0 , JUHAE L
TR SRR AR 5 2 R AT, W 22 BB
e U™ E IR, FEEREE ORISR E AR R
X, B G A [ AR B e, A s e
79.6%7; FERELIPIL. NEHARHENTTHEE
DX, BB — A T A0 1 BF 080 ™ 10% ~ 20%,
T R AR 309% ~ 50968, it AL 25 7 By
TR B BB, (DS R 2R
SRR DY G TSN EAITEATN o8- N s 1Ty = 24 B N
WANE EFXT B. sorokiniana 3 X G 3N i 148 4
FE T PO SR T D B i LA L
TR ARG ARG B8 RPTIR , iR 205 & B
BB 55 —J7 1, B. sorokiniana fEARTAEAE S
B RS S N, ZEFR EUR I 14 A B e A,
ESEE AR HvE s SRR = FERE
MEAHBR IR, Lo F AT X R 2 A
PERERIT R, Wl SR 3—5 AR 4k
PR e "Bt . PR R 50 S i B PR AR
SEVHEEAILT A BT 5 XTI A 96 3 00 7 1A T SR
X R T B B s B BB
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24 455 A AR F A (mitogen—activated protein
kinase, MAPK) 430555 R e EAZ A Wi
B RS I — AR N AR S SR R AL RER
SN A% A P, 0 T 4 A AR P &
A PRA AR RN A FENY, MAPK 0K 58 G0 % R 45 B
AR VKRB ARGSSRAEE RN . e %2
3 AN B. sorokiniana BUR 13 £ U7 1Y MAPK
W, EiGEEBEEE M (high osmolarity glycerol ,
HOG )i % . 41 B 58 2 1 (cell wall integrity, CWT)
AT Fus3/Kss 1 @ G140, Sle2 KRR
T 2R LT CWI G % 9 5 8 MAPK JE [, %38
B FRAE Sle2/Mpk 38 #% , 2748 Cssli2 FF A 5 i
B. sorokiniana {5 SR F, ELXT 2 0 B 3 A Mt 5o
UG, O H W B FRAREOwRTE, Ak, RIS A MPSI
GEAL AN B T 22 K AN 77 s A
P A SMK3 5 AR s TR R (R0 <A 1/ 22
HeE P,

BARESE 2B, Zwf CWI-MAPK i (1) 22 24
JE 35 AL B H BB B (mitogen—activated protein
kinase kinase, MAPKK)ZE[K Cs29634 28 AR (R {5 3% 57
R 22 AR E AP IR R RO )
WA, AT LB e SR T 4671 Cs29634 %
5 ¥ B. sorokiniana 7= I FlAE K K B LK T
e O B DK e o s A 05 el B, WOF 5 45 2R Ay e A
B. sorokiniana BUp RIS EE E

1 #MR5FE

1.1 AR

R B UG A B ( B. sorokiniana ) $F A= Y TR i
715525 43 H NSt IS DURKRZE 7= X, mibR gty
MAPKK FE[H Cs29634, FRIFREAZHEK A Cs29634,
W HAE B R BERRIE (YECSA ) 55375 (KH,PO, 1.0 g,
MgS0,-H,0 0.5 g, BEEEKS 4.0 g, F KK 15.0 g, Bl
#5200 g, #bKZE 1L,V pH HZE 7.0) L1k .—20 C
KRR B PE, 25 CHE5% 7 dOBRREB 12 h & /
12 h %) o WWERTE AR A TR 22 AR FE 43 WS % 1.0 mIL B
24 BIFII SIS ATE YECSA AR F4kEis 3%, 43
FIBUGE 3.5.10 d BHLZIR, B HARER 03 ¢, BT
IEFERRE T . B PRRRLE R — B RIE 3 AR,
WA RIS —80 CARAE , FH T4 S ANk 1 ol 3
(K 1),

£1 HBATEHFHAS Bipolaris sorokiniana B 4 HY
Z15525 FNRITE#k ACs29634

1 B A BRI d Rt B 5
715525 3 A1,A2,A3
215525 5 B1,B2,B3
715525 10 C1,C2,C3
A (529634 3 D1,D2,D3
A Cs29634 5 E1,E2,E3
A (529634 10 F1,F2,F3

1 : 215525 J& B. sorokiniana BF 5 | A Cs29634 j& Cs29634 F& [H il

1.2 5Tk
1.2.1 LA RNA $230 R TRIzol J7¥EEAT
PIPREL RNA 230, BT e R VR I 22 FE i 1Y
LA I ARER AL, £ 18 000 r/min 5504 T F4L
LA TS e 30 s, HA 2 I AR AR
1 mL Trizol , 52521 5) , IR FHE 10 min; A EA,
JIZN5Z% 30 s, IR E 2 min;4 °C .12 000 r/min &
> 15 min, W 500 pL %% A 5 —4~TJC RNase
(4 1.5 mL B0 s ISR S N, TR &) , i
B 15 min YL ;4°C .12 000 r/min fKHEE 0> 15 min,
F B A 75%T0K CBEFE IR A) AR DTERIT 5
4 °C 8 000 t/min &.L> 5 min, 7 L3, HE 2 &, T
f 10 min o fRJ5 INAGE i AR BRIR — CFRIA R (DEPC)
Vst RNAA7CT -80 “CUKAf o ] Nanodrop 2000 #2
Tl A e G B TR SR R RNA 4105 R B 193¢
EMEEE I HL VKA I RNA SE 8P, RRIUFE S i [
KK oy A= e 2 B A BR A Rl AT Sl )y o ST
HA S RS 3 I
1.2.2 HsR 55087 MU hisar2 24 (R 55 AR
PSP PR W )B4 o428 1 v Jo 12 100
#(Clean reads ) 595 JR. & B. sorokiniana 7% R 4H
¥ %1 (https://www.ncbi. nlm.nih.gov/genome ) Ht X, 4k
) 35 R AE 228 SE D A 67 B4 B, DA S P
AL T IVRFES, ff ] htseq—count FXAFFREUE:
AFEA LT B8 1 A PR 1Y) reads 8024, FEXT 3R
15 counts Ji7 , 2L I Hm A K H AU EE , Z2BR counts 7E
JAREAHER A 0 BTN LR . ] FPKM (fragments
per kilobase per million fragments) & & #& [K 19 % 15
it DESeq R i & 22 5 3% ik 2 A (differentially
expressed genes, DEG ), DL#g % llog, fold change( 465
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log, FC)I=1 Fl P<0.05 A ik tnifE™), ¥ DEG 18
#| GO KEGG ¥l 2 h , 345 DEG 19 GO DIRETER:
Al AT K 1 BT 4

1.2.3  ZRFIAILH PCR BilE. 78 PDA §i953E |-
BRI 715525 SAF MR A Cs29634 F L%
WIPE Cs29634C, TETCH A1 T RIBUEFE 7 d HYH 22
25 g, B TJC RNase R fEE,-80 CLRAF . $RHLS
RNA FEHEAT O 53 ARASHE i cDNA . BEFLIESE 34~
ESR U 22 RRGRFIL NPT qPCR B03F, AU 45 EF 4= A
MZRARRBEFRAE K 10 d Hedg s MAPK {5 5o % F
P BE A Cs252791 ( 22 5 4% %X Foldchange = 0.495,
P<0.05), 7EEFAERIER 10d AR 3 d R
FEEPR AR R At s o TC AR A [H AR R AR T AR A
K10 d A K 3 d tei 3RE KT 5 A
Cs38201( Z 54555 Foldchange = 0.085, P< 0.05), )
RAEFFAERIE K 10 d FI4 K 3 d e & IR AT
TR o fogp % vp 3 R EL AR IR R AR K 10 d
A 3 diegeh BRFRIAIE Cs28936( 2 554K
Foldchange = 3.289, P< 0.05 )o H&HE B. sorokiniana 7%
FERZHFS, FIF DNAMAN #443583H5 19551, (04
W23 GPD(F: CAACGGCTTCGGTCGCATTGGC,
R:CCAAGGAGTTGGTTGTGC).Cs28936
(F:ACCACACCCGACACCTTCAACTAC,
R:CACCCTTTCGCTTACCACCAGTCTC) . Cs38201
(F:GACCATAGCCACCACCGTCAACAAG,
R:TTCTTCTGCCTTAGCACACCAAGCA) Fl (Cs252791
(F:TCAGACGGCTACGAGATGCCACTAA,
R:TTGGACACGAGATTGATGACCACCT), 51 ¥t
TERVEYRH A AR AR A L. PCR ¥ AR
20 wL, f1 7 SYBR qPCR Master Mix(U+)10 pL, I
W AR W5 14 (W JE N 10 wmol/L) 4% 0.4 pl,cDNA
1 wL,ddH,0 8.2 pL. q-PCR [0 &1 W1 A TR 1
95 °C 20 s; Bl 4T 40 AMEF , B MEAFE 95 C
AP 105,60 C ARk 20 (R4 REFIEHS),72 C
FEAH 30 s TR 3R 2.63 F1 2.42°C /s, X
BT T 220 (ANOVA) Z e -7 £ B A,
WEZEFEERE.

2 HBRE5HH

2.1 s AR PR EAL

344 B. sorokiniana ¥ 4= A 715525 Fll 28 7% 1A
A 529634 A[A) A=K HIREAS 0 57 BT =0 P 25080 , 4
IS (47.06 ~51.65) x 10° 21 (46.01 ~51.05) x
106 25 GG P8, 28 45 U8 v T 2 )7 1 ( Clean
data) FL A3 50 785 T 94.15% F1 93.34% , B84 50 F|
FHAR R (3 2) 0 B AR U RIARAEAS R 58 AR fAR TR AR AE AR
Q30(phred quality score 30, Bl 5 b7 1 {H ) Bl A 43 L
A3 5 T 91.88% F1 91.44% ()30 =90% M A1 i ),
GC WA A5 5 5T 52.70% ~ 53.68%F1 51.79% ~
53.93%; o5 J5 W P 45086 5 228 BE R 20 8 LU 3 53
Rk 95.54% ~ 97.33% 41 95.30% ~ 96.56%, Mi— L,
Xt 24351 R 90.89% ~ 96.43% F1 82.95% ~ 95.97% ,
FE O WY A A 715525 RIS AR ARA Cs29634 %% 5 415X
i 2 7 TR R 1) e SR AR X8 B 5 e vy ) 0 DR
B30 TR 228 S ARk BE IR i i T fie 2 oy
Mo X 4545 ) (03 T 0 17 4 A 7 L IR e 58
i, UL FPKM =1 A ik {8, 5Bk To ik SRR
KIS Fe 8455 8 450 PRSI, HAh, R
() SRR B 8] 50119 3 A4S B 52 R b AT £ 32k RS A G
PEVEFE R 0.67 ~0.99,
2.2 EFRBFAGE S RIS

T 2 40 9 kAT LB o #r , 4%
| logFCl=1 H P<0.05 bR Se 125 5 KA K
8450 4>, Horp FiHFGK 5434 4, FIHFIL 5742 4
(F£3), LAEFE 3 F1 10 d B RURIZEARR(D_ A) A
(F_ C)e s LU R ), 4 R 2 805 /e AR I Y
log,FC =1, 17 H_ 05 R P8 JE R S A7 AR K R 3 A
R, o HE R R R A A I 2 25 57, %
BB Cs29634 BETIG AN il J& T — 24 )24 1)
REAR I 1) 32 R 2 38 /KT (I 1-a) , $A B SR AE A Y
25 SRR FEDRER I o3 Ry Y AR RN SRR R4, H
KRN EY R S RENE 1-b),
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% 2 Bipolaris sorokiniana B 48 715525 FZR K A Cs29634 e FA N FF HiE R 21T

FE i JFHRTEEC/ x 100 % ARGEEL/ x 10° 2% 030/% GC Ll 1% ME—XFHR /% BXTHAR %
Al 47.06 44.80 93.74 53.17 94.91 95.54
A2 49.08 46.25 94.25 53.53 95.88 96.48
A3 49.87 47.32 93.75 53.25 95.23 95.84
B1 51.65 48.63 94.45 53.68 96.42 97.02
B2 48.56 46.08 91.88 53.59 96.43 96.99
B3 51.38 48.72 93.69 53.74 96.33 96.91
1 51.28 48.86 93.70 52.70 90.89 96.46
c2 47.51 45.08 93.86 53.20 95.78 96.60
C3 48.28 45.67 93.34 52.81 93.07 97.33
D1 46.75 43.64 94.05 53.39 95.70 96.37
D2 50.68 47.70 93.57 53.65 95.91 96.56
D3 50.60 48.14 93.83 53.32 95.74 96.39
El 46.01 44.09 91.44 53.93 95.81 96.45
E2 48.92 46.51 93.49 53.74 95.97 96.52
E3 48.86 46.32 93.67 53.32 95.09 95.80
Fl 50.43 48.08 93.49 52.10 85.27 95.50
F2 49.72 46.85 92.88 51.79 82.95 96.00
F3 51.05 47.97 93.83 52.43 87.57 95.30

& 3 Bipolaris sorokiniana B4 & 715525 FNZR Ik ACs29634 R A £ R ERA ST
PSRRI R A
FR TR
B_A C_A C_B D_A E_B E_D F_C F_D F_E
i 515 1539 1 646 640 832 32 1054 1424 1279
TR 610 1023 984 827 950 101 1863 1773 1853
Mgt 1125 2562 2 630 1 467 1782 133 2917 3197 3132

2.3 ZESRBIEHIRE T

XFHESE 3.5.10 d BRAEBURIZE AR {425 e ik |
PEATF R T GO TR & i, 2 RFRIAE
PRI PR 3 M5, B AE )3 72 (biological process ) |
M2 57 (cellular component ) #1437 I fiE (molecular
function ), 73 Il H B M43 B 45 SR i 10 35 (14
2), Hor, BigE 3 d BAEMMRAKRLEAS
(D_A), ZRRBIENEAEY IR THEERET
5 1 i RN AL OB L ORE 7R N Y 22 o A
1 2, 4045 COCSADRAFT_108683 (log,FC=0.58) .
COCSADRAFT_117978 (log,FC=-1.95) . COCSAD _

RAFT_111581 (log,FC=-2.66) % , 1£ 41 i £ 73 )7
A % A T 5T 5 2 43 R A48 L R 1) i A0 IX S8, £ 4
COCSADRAFT_101187(log,FC=1.93) .COCSAD RAFT_
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Effects of Seed Soaking with Five Rice Blast Fungicides on Rice Seedling
Growth and Development

Liang Hujun, Yang Wanxin, Liu Rong, Zhao Zhen, Liu Lijuan, Luo Shukai
(Research Institute of Agricultural Sciences and Technology, 1st Agricultural Production Division, Xinjiang Production and
Construction Corps, Alar 843300, China)

Abstract: To study the effects of seed soaking treatment with five fungicides on rice seedling growth, the effects of rice blast disease
control agents on rice seedling growth and development in rice fields in Aral, Xinjiang were studied by indoor germination test, indoor
seed soaking test and soaking in field plot experiment. The results showed that the germination rate of all treatments was above
90.00%, the seedling emergence rate of all treatments in the indoor seed soaking test was higher than that of the control, and the growth
of rice seedlings was promoted by different treatments. Principal component analysis showed that the cumulative contribution of
germination percentage, bud length, seedling emergence percentage, plant height, number of leaves, fresh weight and control effect
was over 85% in the first two principal components, the coefficients of fresh weight and plant height were higher in indoor seed
soaking test and field test. Using the membership function method, the comprehensive evaluation results of the related indexes with the
average membership degree were as follows: thiophanate-methyl > carbendazim > prochloraz > isoprothiolane > ethylicin. It was
concluded that thiophanate-methyl and carbendazim were the best for comprehensive evaluation of rice growth.

Key Words: Seed soaking; Rice seedling stage; Growth and development index; Principal component analysis; Membership function

(45 54 11)

Regulatory Pathways of Gene Cs29634 in Bipolaris sorokiniana, the
Causal Agent of Barley Spot Blotch

Lu Xiuyu*? Wang Fengtao?, Feng Jing? Sun Dan? Hou Lu?, Lin Ruiming?

(1. Qinghai Key Laboratory of Agricultural Integrated Pest Management, Academy of Agriculture and Forestry Sciences, Qinghai
University, Xining 810016, China; 2. State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection,
Chinese Academy of Agricultural Sciences, Beijing 100193, China; 3. Institute of Crop Resources, Heilongjiang Academy of
Agricultural Sciences, Harbin 150086, China)

Abstract: Bipolaris sorokiniana is one of the important pathogenic fungi affecting cereal crops in warm and humid climatic regions,
infecting the leaves, roots and grains of host plants and causing severe yield losses. Abundant pathogenic variations exist within B.
sorokiniana populations, posing significant challenges for breeding cultivars with durable disease resistance. Therefore, elucidating the
pathogenic mechanisms of this fungus is of vital importance. The MAPK pathway is a conserved signal transduction pathway in
eukaryotic organisms (belonging to the cascade kinase signaling pathways). In B. sorokiniana, there are three MAPK signaling pathways,
namely the high-osmolarity glycerol (HOG), cell wall integrity (CWI), and the mating and filamentous growth (Fus3/Kss1). The MAPKK
gene Cs29634 of CWI pathway has remarkably affected biological phenotypes of the mutant strain, such as mycelial growth rate,
conidiation, pathogenicity and stress tolerance. Samples were collected from both wild-type and A Cs29634 mutant strains cultured for 3,5
and 10 days under normal cultivation conditions. All samples were divided into nine groups for transcriptomic sequencing analysis. After
data quality control and sequence alignment, a total of 8 450 differentially expressed genes (DEGs) were identified. At the early growth
stage, DEGs were mainly involved in carbohydrate transmembrane transport and polysaccharide metabolism. At the intermediate stage,
the DEGs primarily regulated melanin and sterol biosynthesis and participated in metabolic pathways related to cell wall component
formation, mycelial growth and conidiation. At the late growth stage, they were predominantly associated with carbohydrate metabolism,
particularly polysaccharide metabolism, and pathogenicity-related processes. These results indicated that Cs29634 was involved in the
regulation of carbohydrate metabolism and transmembrane transport, as well as amino acid and lipid metabolic pathways, and modulates
melanin and sterol biosynthesis, thereby regulating conidiation, cell autolysis, and pathogenicity in B. sorokiniana. The key genes and
metabolic pathways regulated by Cs29634 can provide critical information for understanding the pathogenic variation of B. sorokiniana.
Key Words: Barley; Spot blotch; Bipolaris sorokiniana; MAPKK; Pathogenicity; Transcriptomic analysis
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2 1 Al & 52 28 2l 2018—2019 4F i
R4 X R A X S 5, S e
7 866.0 kg/hm?, FLXT BRI T 7 S 6.6%, 7
w13 S A 2 47 ;2019—2020 4F i 4k
ZEREG , SRR 6 082.5 kg/hm?, X REEE ™ 5.3%,
PR 15 DS AR 2 07 7E 20202021 4F
JE E R AT X R R A =i, %R 28 O
¥ 5 997.0 ke/hm?, HUXF BRIE P 7.4% , 8 5 A5
ANFNEE 2 7. 3 4F 37 Mg 35 A
7 R 94.6% , Hor 33 AN U i R Aot
2.0% , 5 B SRR 89.2% . LA 4 SRR 18 5
28 A BN, o R A

£1 2018—2021 £ERE 28 FFERI

R/ %] R b/ St i ped BAFE =0 09 e =
4 s W RO RBR e T
(kg/hm?) % BB EEUAS O EER I D 2.0%5F 1%
2018—2019  IXIRiL 7 866.0 6.6 2 15 15 100.0 13 86.7
2019—2020  IXIRiL 6082.5 53 2 14 13 92.9 13 92.9
2020—2021 AR 5997.0 7.4 2 8 7 87.5 7 87.5

2.2 BE 28 Fart AT
N} 5 28 7 X6 Ak PR e ) AR R
BONAS S 2B T, 5 ) T3 2, ke R 5UE

A AR B B N S 7 R v 1 B S A
FaretEtdy . %5 28 ERR AR 72.0%
83.0%F1 85.8% , it T- XA S AR 5 7 S EFa &
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#(67.8% .78.7%F1 79.1% ) ; 1% 5 28 78 53 R K05
15 25.7% 13.3%1 12.2% , 5 %F BRI 24, FLI%
508 B AT SR SRS 2 R B S T

XF HE R R 96 52 28 A b a5 ] S AE BRI g
LR AF = R R

F2 EE 8 /UEFIENE
e/ FRAEE / R RE A RE AN /
AR AP FR -
(kg/hm?) (kg/hm?) % % %
K5 28 7 866.0 15195 72.0 25.7 60.0
2018—2019
RS 5986.5 1638.0 67.8 25.4 60.0
K528 6082.5 810.0 83.0 13.3 64.3
2019—2020
KR 5775.0 777.0 78.7 13.5 64.3
K528 5997.0 730.5 85.8 12.2 50.0
2020—2021
BETS 5583.0 726.0 79.1 13.0 37.5

2.3 K5 28 T

T8I BEARLRE, S Rh s B MR R 2 AT,
2018—2019 4F i Fl 2019—2020 4 FF [X ik 5
185 28 E N EE 451 A 60.0%F1 64.3% , 5% BE i
P Ny BE AR [R] 5 2020—2021 4R AR IR ER R, 185
28 MYIE W N 50.0% , X RR A RIS R 7 S
37.5%, i IG5 28 ELAT vz adE Mtk
2.4 IR 28 FLESHT

T E ZR A X R0 2018—2019 ,2019—
2020 4F FF X I3 56 A 2020—2021 4F B A PR B

3% 5 28 (IR IS PR 5355010 80.0% . 78.6%F11
87.5% , = T X B AR GE AR 15 2R (60.0% \71.4% 1
75.0%) . ¥4 2018—2019 4EFE I 2019—2020 4F
B R 4 22 X R AR A BT R U o M 4
FERIE (K 3), 5 28 TR AR R 5k 0.953 il
0.922, Hr Ik i A PrIEVEGLN 5 h 2 T 1 9, Bt
FEMEGT s U M 2 2 45 SR 2 M8 Z5 e, e Sk
i FURYR MR . 45 TR IR 5 28 BifEl
REETT 5 PUTEPT LS LR AU

x3 EBEBHFMRN
HEE HLEIREL BRI BRI R FHE -5 ¥ BN
2018—2019 0.953 3 2 1] TR TR J% %
2019—2020 0.922 3 1 i [ [ &

2.5 K5 28 EI R R T

SrHTIE R 28 M A N R G R (R 4) 7%
528 WA RBEBCE N 541.5 7 ~ 5985 1A /h?,
TR B A 30.2 ~ 33.8 k7 / F, TR FiE-FXh
41.7 ~42.5 g, BB RERE R BT PR [R] AR fh B
K, TR & ) ke s 78 3 dlilderh 18 5 28 A
SRR A S 2B R 20.2% . 16.4%F1 15.8% , B
TR E AR S 2B 5K 9.6% . 15.3%F1 12.8% , T
LT AR S R B R 9.1% .9.1%F1 4.8%, 5T
BT EL L 5 28 I SRR B s R, R hy
RRAERE DL i WIS 5 28 Y TRLIT R 52 36
N A LN SR O YA Ry Ry ES PR SR

FEEON ) Z PR B3 2 B2 . X% 5 28 (7= il
B 2 5 7 Z (R AR DGR A T 40 B (3R 5) R,
2 AP SRR 7 R ) S B S I ARG (1 S
0.87.0.68, P< 0.01) , it — 25Ut B A R HUE 2 M 1%
528 e RN R 5 LT, W R
BN RO B AR B R IS R 28 i
A RRTR
2.6 I 28 MR SRR AT

1 FE R B A FE X B4 2018—2019,2019—
2020 4E B X BRI FI 2020—2021 4F B Az ik 3
W, I8 28 IR B WIS 239.7.234.8 .236.6 d,
A3 T IR 0.5.0.4.0.8 d( 6), A FE P
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L 28 [IRRE SRR 74.3 .76.3 .77.9 em ; Bf B 1y AR
YGRS, Ak 58.8 ~85.0.55.0 ~93.3.56.3 ~

95.5 cmo AHICHEM TR, ¥ 5 28 ARk 57t |
AT BRI AR 3 IEAH (3R 5)

R4 BE2BFEMHEE
FEEEE AR PN vy SH{E e FrfE2E A5 B 1%
2018—2019 X s X 6 597.0 369.0 ~ 853.5 121.5 20.2
ARG/ 2019—2020 X 4 it 598.5 441.0 ~742.5 99.0 16.4
(H/I\ /hmz) £ IV . . . . K
2020—2021 He R 541.5 417.0 ~ 637.5 85.5 15.8
2018—2019 X I 6 30.8 27.5 ~36.1 2.9 9.6
TR B/ .
X 2019—2020 X el 30.2 20.0 ~37.6 4.6 15.3
(ki / 74)
2020—2021 He R 33.8 243 ~37.6 43 12.8
2018—2019 X s X 6 41.7 32.6 ~ 48.6 3.8 9.1
TR & /
S 2019—2020 X s A 6 425 34.8 ~47.6 3.9 9.1
g
2020—2021 He R 41.8 37.8 ~43.8 2.0 4.8
*x5 KR8 FEMREENKEEE0MEXE
AR PER Y YR T 7R
2018—2019 0.87" 0.14 0.06 0.76™
I
2019—2020 0.68" 0.17 0.33" 0.79"
o 2018—2019 0.20 -0.25 0.83™
EE Y
2019—2020 -0.20 0.08 0.49"
. 2018—2019 0.24 0.12
YR
2019—2020 -0.04 0.43"
) 2018—2019 -0.25
T
2019—2020 0.16
T e SRR BEAE(P<0.05) M i F AR (P<0.01),
K6 BB 28 REMI
AR HEEW PR /fem KR A VL fem
2018—2019 239.7 74.3 58.8 ~85.0
2019—2020 234.8 76.3 55.0~93.3
2020—2021 236.6 77.9 56.3 ~95.5
3 iTig 5997.0 ~ 7 866.0 kg/hm?,  LLXT HE i Ff 3 7 5.39% ~

3.1 %5 28 YA R A

FEBARA O B SR = R R RS ' A
ITF T, X i A R R P Bl 5 7 T
FE e R SEAE L e R e M BT 1S
REPE . IR IR AN AL P i AR R R AR S R A 45
XSRS ET R G, BRI SO R B
FRAREE . AHIFSE 38 2 % 5 28 11 X g Fn
PIRG4S AT T, K BRI 28 SR R ATk

7.4% ;1€ 37 AR P I 35 AN, 1 e
K 94.6% , 177 =2.0% 15 3 89.2% ; W% - 28 I E kA
FB AR 5 R BORE IO B 5 56 R S oA 4 sl A
W SR, B e Sl s 2 7. Uiilig S 28 A
B RAF =R = A T2 A E R
32 K5 28 ML

AL, TREAME, Ryt REH
X SRR R A ARSI R R AR
Yt (AR R P AR E YR LA
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LTS A NIRRTV e a STA DR b iy - =14
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Vi, NV DA PO A, — R A e FERR IR
T A E K KBS A 65 1
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PEMLHBE , B FEFE LA, PRIUE R U8 A 505 BESL; —
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INAESAE I 1R A B R 4 SR D R A — M
=5 ARG, AR 2R R B OB R R R
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4 Hig
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Analysis of High Yield, Stability and Stress Resistance of New Dryland
Wheat Variety Luohan 28

Yang Li, Chen Yibo, Duan Guohui, Zhao Yan, Ding Zhigiang, Feng Weisen, Zhang Xuepin, Wu Shaohui
(Luoyang Academy of Agriculture and Forestry Sciences / Henan Engineering Research Center for Drought-resistant and Water-saving
Wheat Breeding, Luoyang 471000, China)

Abstract: Luohan 28 is a semi-winter drought-resistant wheat variety developed by Wheat Research Institute of Luoyang Academy of
Agriculture and Forestry Sciences, and it was nationally approved in 2022 (Approval Number: Guoshenmai 20220055). To maximize the
production value of Luohan 28, its high yield, yield stability, adaptability and stress resistance were analyzed based on the results of
regional trials and production tests in the drought-fertilizer interaction group of the Huang-Huai winter wheat area. The results showed
that Luohan 28 has an average yield of 5 997.0-7 866.0 kg/hm? which is 5.3%-7.4% higher than those of the control variety Luohan No.7,
indicating high-yield potential and good productivity. The high stability coefficient (HSC) of Luohan 28 is 72.0%-85.8%, the coefficient
of variation is 12.2%-25.7%, and the adaptability is 50.0%-64.3%, which are comparable to or better than those of the control variety,
indicating strong stability and wide adaptability. The drought resistance index of Luohan 28 ranges from 0.922 to 0.953, and its cold
resistance is at levels 1 to 2. It exhibits slow rusting resistance to stripe rust and has relatively good overall resistanc. In production, its
high yield potential can be achieved by enhancing fertilizer and water management, stabilizing effective spike number and grains per
spike at the early stage, and increasing thousand-grain weight at the later stage.

Key Words: Luohan 28; High yield; Yield stability; Stress resistance

(E#EF 64 W)

Breeding and Cultivation Techniques of New Early-maturing and
Blast-resistant Late Geng Glutinous Rice Variety Changnongnuo 22117

Wei Linxin', Yuan Simeng', Qiu Xianjin Xu Junying?, Yang Longwei? Liu Haiyang?®, Tian Yu®, Chen Kai*, Hu Hui*
[1. College of Arts and Sciences, Yangtze University, Jingzhou 434020, Ching; 2. Engineering Research Center of Wetland Ecology and
Agricultural Utilization, Ministry of Education / Key Laboratory of Green and Efficient Production of Crops in the Middle Yangtze River,
Ministry of Agriculture and Rural Affairs (Co- construction by Ministry and Province), Yangtze University, Jingzhou 434025, China;

3. Yichang Academy of Agricultural Sciences, Yichang 443004, China; 4. Shenzhen Branch, Guangdong Laboratory for Lingnan Modern
Agriculture / Agricultural Genomics Institute at Shenzhen, Chinese Academy of Agricultural Sciences, Shenzhen 518120, China]

Abstract: Changnongnuo 22117 is a new early-maturing late geng (japonica) glutinous rice variety with rice blast resistance bred by
Yangtze University and Shenzhen Institute of Agricultural Genomics, Chinese Academy of Agricultural Sciences. It was developed via
molecular marker-assisted selection combined with pedigree method from a cross between Jinxiangyu No.1 and Hefengnuo 331. The
whole growth duration of the variety is 10.0 days shorter than that of the control variety Ewan 17. Changnongnuo 22117 has moderate
resistance to rice blast, and its yield is 5.0% higher than that of the control. Its grain quality met the third grade of high-quality rice of
Agricultural Industry Standard NY593—2021 Quality of Edible Rice Varieties, with excellent glutinousness, high whole milled rice
rate and good cold tolerance. It was approved by Hubei Provincial Crop Variety Approval Committee in 2025 (Approval Number:
Eshendao 20251019), and is suitable for planting as late rice in the areas with low rice blast incidence in the double-cropping rice
regions of Hubei Province. This paper introduces the breeding process, characteristics and cultivation techniques of Changnongnuo
22117, providing a reference for its cultivation and extension.

Key Words: Glutinous rice; Changnongnuo 22117; Early maturity; Blast resistance; Breeding; Characteristics; Cultivation techniques
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2008—2009 4F-JE Fl4 BEPEAL S SR , SRR BURE (SR AT RE S )
2009—2010 4 Fls REAT IR
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PRI AR L R RN SO o XA 2t

ATIESE 3 50 IR m Pk (R 2), XF 2021 4F
TLIRE I 18 AN ERS/INAZ SR R IR B B 1k 45
BT, T LA 1119 ZME— IR H AR T 1
PR RS 3 AEIAR T 1.5 By SRR, SR IIZ
PO AR B B AT BRI PTrE o RIS/ N DU Ein
B 7 AL RUR B F AR il Hi3B—4.gwml49,
gwm513., gwm539 FEATAG I 4158 1119 [6]
i Fhbl Fhb4.QFhs.cre-2DL 7R85k Ptk FE ] /7 47
H(E3),

FR2 FAZ 1119 MTEBEREMIFEE 20. 5% 3 SHIHEEER

TREEIR
Ay Yy N BAAETR RN AR KR ShERE ENHR EIEMR AR MR B
FEEE BUHEITEY SETETR R TS
TLE 1119 1.33 R 0 HS M MR HS HS HR
2018—
5019 W 20 2.90 MR 0 S M MS MS MS HR
35 145 R 0
TLFE 1119 1.25 MR 0 R HS HS HR MR MS HR
2019—
%7 20 1.62 MR 0 R S HS S HR HR HR
2020
35 1.10 R 0 R
TLE 1119 125 R 3.13 MR HR
2020—
20 2.00 MR 2.31 MR HR
2021 %
&3S 1.26 R 0.94 R
TLIZE 1119 MR-R HS HS MR HS HS HR
L
’ %3 20 MR HS HS S MS MS HR
PG
HFE3IE R

T IM ZR G0 5 (HDR 2R ()BT MR 7 it s MS 2R gk (H)DS Fon (DI 5742 3 S5 R BT B il o
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Fhb 1 Fhb 4

2000 bp
1000 bp

His3B-4

gwm 149

Fhb 4 QFhs.cre=2DL.
M 1 2 M 1 2

250 bp

150 bp

100 bp
100 bp

gwm 513 gwm 539

M—DNA FRic; 1—2K [ ;2—T 405 1119, #iskrn Hbrgw
B3 FREFEFE/MLE(Fhb1,Fhb4, QFhs.crc-2DL) Bk 4 7

3 FOE119ERM

i 26 3 T4, 2017—2018 4F B VT 958 45 T 7
INGE R TR T, T AL 1119 R
7 018.4 keg/hm?, X MR S R 22 20 3977 7.8%
2018—2020 4FEFES VLI A HERG /N2 B b Flr A 20

XGRS , 25 A E 3477 i 7 944.6 kg/hm?, B0 R
Y32 20 B977 3.6%. 2020—2021 4B 4kS: S0V
A UE /N BT R AR R R % R OE Y
7371.6 kg/hm?, FXF IR 20 H477* 5.5% ., 2022—
2024 47 VLI R I8 37 45 b 2 KT AR
PR T 20232 1119, P47~ B35 7 150 ke/hm?,

R3 FUE19FERN

AR e A FR SR /(kg/hm?) xR 20 B 1%
2017—2018 VLA R/ N A i g 7018.4 7.8
2018—2019 VLI e /N DX It 7771.5 0.1
2019—2020 VLA W /N DX At 8111.6 7.2
2020—2021 TTIE R /NG A =i 7371.6 55

4 FTUEANMIFIERAES

4.1 EHARERD

T2 L P A ] R R R /N A2 A T I S fH: Y
WELM, TUE N9 FETHRER X T
FWIoh 10 A 25 HE 11 A 10 H , 75 18] 4 B
e, AT ORI CHEE, s AT ar R . Gn SR 1)
TR, 5 1 AT 55, XE LA B A RA AT Rk
SYBEANIE , DTS M A
4.2 ARV KBRS

TLLFHE 1119 S BEPERSR , K7 R % ah Ak
A5 18 77 1Y) FE R AE — o B 0 LA L A
R R TRLT R . 7 500 kg/hm? DA77 R )l
W45 R A . BUHEL 450 T ~ 495 J7 Yhm?, BERL KL
40 ~ 44 k7 /T, TR0 T 43 ~ 46 o BEIRZEF R . 3%
AT 180 J7 ~ 240 Ji bk /hm?, FEACTEL 600 7 ~
900 JiHk /hm?, EUEEEL 1050 J7 ~ 1200 Jikk /hm?,
TE PG Sk M B R DL T, A M AR T

B, LIS iy SR T R
43 JEKiz%

TLLH 1119 AR MR, ERZ%E
H R LA, o5 IR RS A 60% , D4R R 2K BE
B IR AREAE Y 40% , T A6 BE I 145 4 BuE
B 36 T8 24 W5t P T A, A9 Jn Aok 5 L 2 s T B
fito 7500 kg/hm? LB B 0B 5 < 46 N 225 ~
240 kg/hm?,P,05 90 kg/hm?, K,0 120 kg/hm?, HH [&] 5%
WS ECE R 5 ANA A E , 15 s A
7K RN
4.4 FHEENG

FE/NZZ AL B I R B A IR 27 Ak
TGRS BB R 32, BB . AR
Pt P ] 2% B 2 R0 6 FH B 0 5910, 8 H O3]l s T
5 CHATIEARF TR, R ZHCT B
TR SORT , AT EM IR (249% % 77 57] 300 mL/hm?)
B TRMREE (439%52:1F 7 250 mL/hm*) %7K 450 ~
750 kg/hm?, 7 FEAR 2 FEFRTSE B 16 5 % S ol
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I BT A, 1T = R R (209453 71 300 ~ 450 g/hm?)
o fik B i (375 mL/hm?) XF 7K 450 ~ 750 kg/hm? 15§55
BiI6 s RS A6 B B G /N2 AR B L W 40%
PRI« IR i 2L 2 57 (1 050 ~ 1 200 mL/hm?) B &V -
IIEEE (750 ~ 900 mL/hm?) %7K 450 ~ 600 kg/hm? Wi
ZBiih 1—2 W, F UG, AT 3k ] B 4 i
Wk 1 155 mL/hm?,25% %3 5R 2 937.5 mL/Ahm? X 7K
450 kg/hm® W55 Bjif
4.5 EEFIRCR

R/ INAZ W A A B, Sl P 5 i
AL, WOk sl s I BH RR R A, T 7 7 Ik LA
2o FRMSOIR J AR = S 2 e KA J I

[5] W WO B LA, T3 R 25 TTIRA 4 KO & /N ol
LR B PP S 85 R ARO[ 22 AEY#40,2022,42
(8):958-968.

(6] EHA: BRI R4 /N SRR & 2R 22
HITFFET]. VEM2-3R,2006,32(4):580-587.

[7] B H BTN, ) K, S /N2 S R PORE % 2R S L
SETTIEI. AR AR %,1989,17(3):2-6.

BIRIZAE B 25 5. 2023 4EVT R4 & O FA
RAEHFIE B & /N LR Wi 0] KB S5 RE,
2024.,47(1):37-44.

(9] KA TT, KT kA A, 25 DL EMS 7578 0 ) 5B /N 2 7
% 9 5o FRA R A WL R ARIRT]. EY2#41.2014,40
(9):1579-1584.

(10188 75, ChIR#E MBI, 55 . 146 (8 i 42 X/ A2 2l
Fh(ZR) R AT 8 R 7 ()], P AR 241, 2026,
35(1):23-30.

[T BR 05 STEAR, T 5 Y158, 454 /N SRR (R )R 2T
58 T R G S Bl RO E (). 22 A 45 41 ,2024,44 9):
1133-1142.

[12] Somers D J, Fedak G, Savard M. Molecular mapping of

o T 3E A g AL

Sk

(1] 4] b g8 VAR, AR, 25 rp /NS R X R B IS 1),
Ol BF2E,2002,35(4):359-364.

[2] FIRAR WRoEIR A 55 TLI A /N b T X X B SR AR L]
TR RE£,2002,30(2):15-18.

(3] JRl )6 A AR AN A5 SC T/ N PR B B R ] Y
BT P EL I RNF,1987,20(2):19-25.

[4] FRMGURLSK 550 )4, 45, vl [l /N 22 R B 1Y) i o itk
RAET RLT]. VT4 2237,2012,28(5):938-942.
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Breeding and Characteristics of New Wheat Variety Ninghongmai 1119
with Resistance to Fusarium Head Blight and Pre—harvest Sprouting

Yang Xueming?, Zhu Haipeng? Hua Rong? Wang Yasong? Yao Jinbao', Zhou Miaoping*, Zhang Peng?, Li huabing™
(1. Institute of Food Crops, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2. Jiangsu Honggi Seed Industry Co.,
Ltd., Taizhou 225311, China; 3. College of Agriculture, Nanjing Agricultural University, Nanjing 211800, China)

Abstract: Ninghongmai 1119 is a new wheat variety developed by Jiangsu Academy of Agricultural Sciences and Jiangsu Honggi Seed
Industry Co., Ltd. It was selected through the bulk selection method from the progeny of a cross between the lines Ning 0320 (maternal
parent) and Ning 0076 (paternal parent), both of which exhibit good resistance to Fusarium head blight. The variety was approved by
the Jiangsu Provincial Crop Variety Approval Committee in 2021 (approval number: Sushenmai 20210002) and obtained the certificate
of new plant variety right in 2025 (variety right number: CNA20231006903). In the regional and production trials for new wheat
varieties in southern Jiangsu province from 2018 to 2021, Ninghongmai 1119 achieved an average yield of 7 944.6 kg/hm? in the
regional trial, representing a 3.6% increase compared to the control variety Yangmai 20. The spike number was 4.665 million per hm?
with 40.6 grains per spike and a 1 000-grain weight of 43.7 g. In the production trial, the average yield was 7 371.6 kg/hm?,
representing a 5.5% increase compared to the control variety Yangmai 20. It exhibits moderate to high resistance to Fusarium head
blight, carrying Fhb1, Fhb4 and QFhs.crc-2DL resistance genes or loci. It also has moderate resistance to yellow mosaic virus disease
and high resistance to pre-harvest sprouting. The quality testing results meet the standards for medium-gluten wheat varieties. This
article summarizes the breeding process, main characteristics, and cultivation techniques of Ninghongmai 1119, providing a reference
for the trial demonstration and large-scale promotion and application of this variety.

Key Words: Ninghongmai 1119; Breeding process; Characteristics; Fusarium head blight; Pre-harvest sprouting
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DEMER AT A R AR 2 S iRe 7 B ey B AR

O X

(LA RERLER DA FRAE], TTH ik 224145)

E AR 2 S UEFER 15 /B 21 5)RTTIR R FRL AR AT PR v 22 2 A8 5 1SRG 2RI £5 B8R B
HATRIR B8P PRS00 o 1 2021—2023 4F AR I, 0424 2 S5-I iR BRI T 6%, I B89
PR 2023 AEREK S SO AR ER A B I E AR R G GROO) A, SEEBEUCN 0.9%, K3 1Al Al b
NY/T 593—2021CE IR b Al b BRI 1 285 HHJRRRIRDRA | 11 AT A 2 S0 A, e SOt o 5 TS R BT E S5 S E TR 1 5 21,
T8 A VAR IEEVR ML DRI, T AT 2R R DR ER B G 1 2R o AR R A 2 St 7 i A S I 1 )™ M AR AR 1 R 2

B3R, ] S L A R AR S S B

REEIR : HRRER s TR B 4R 2 2 55 S I 77 5 BRI EOR
M ERAREES B

HhES%ES S511

LR TR MER T AR K, B R HIFE M ARIR,
PEVR T AR RRAEZE RS , R TV T M O R Bl A R
g gl A, SR BRI A . it
FRAEL i ER A K A s o, X6 28 ) P Y v e e i 1=
HTE U DR b DX AR AR 7 D8 i - H B R R R
HEAREE L, Hit B EA R ER PR
o R PR R T ER AR A A B AR AR Y 2R
Az TRCHZ A G, REIRRKRSM &
TSN B e TLiYi A 4 SuA= L) WDIN=N
T ERK FE—E R 2 5. ZAhFPT 2024 457 H
IS VLT A b o o 22 D123 8 (e S5
A 20240069 ) , 3 B X ISR TR AE T TR
HDX WS TRENE DR R A b i B IR AR FH B K AR )
Pemif b = B e X, 2024 AFiZ R H G E A
T ALY (B ES :20241000544, A 255
CNAO075373E).,

1 ®FFB2ISHFLES

2014 4R B FEVT R A $hmh R F X LIE FTH
1 SR EEAR HHRG 21 SRR ZAE I T YL T

WA H 483 :2026-03-13 5 #& [51 H 1 : 2026-05-07

4T < A0 KR H 728N (NK202205030102) ; L758
A FE A EHIH (PZCZ201701)

EE RIS 5 (1988—), 5 R I, LRSIy KRR S
IKFER RS o Email: 1063405615@qq.com.

XEHE1673-6486-20260028

TEMFRFIHE F), TRAIER, 2015 AR AR R F, 7
&, i B PR 28 Bk ,2015—2018 4F 2%
2R ARG T , 2019 NG A PARR bR R A,
R R 163 FIMEH, G543 20022 F 2020 4F
TR X A, TR A T 22 5306, 2021—2023 4F-%
P IRAR T PRSI A 1A, 2024 4P 4412 F
i 2 5 TR4E 7 Al i VT IR AR ARl A 2 2 A
2 (HEG S S H RS 20240069) . EARMEE
AR 1,

2 HER@2 SRR

HEFTE 2 5T 2021.2022 4E S NV 9548 i 45
HORE R RS 56 A R IX R 86, 2023 4FE S0 A R
5. R 2 AT, 3 AR R4 P 4 ) 561.0,
517.0.536.8 kg/667 m?, 5% BEER A 12 5@l 4 7=
6.2% .8.5%H 7.0% . HAPAEX SRLE 1 9 ke
SUPC 7 A BRI AR 5%V 1 ,2023 4T
AP 5 AR S AT 0, R I it R A
PR R A

3 fETE 2 SEESMEM
31 LR

feER 2 S ek o EEMESE  J5 IR LS
Hh PR SRR Z A S — B, BERLAS A DM R G
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PSR AR TR A 2 A RIS A R EOR R B E A 22 K, SR LR
PR 83.8 em, PUAEIER , A ALK 20.3 T74 /667 m?, — AR AN [ A K 2 S A R ] — b
TR SR 145.5 7, 25553 89.0%, TR 23.7 ¢, FIAEAS [R)AF B[] A8k e S5 AH 25 R Iy TR
EAF 1438 d, BT IR 3.0d(£ 3). I TAIF

®1 LFEF2SRAFIE

Ay b FH 5] 25t 5 AR TAERZE
2014 4 E KFE — HER 521 5
2014 F4 15/ 63 F, R T, TRAL
2015 4E 5 KE 51 F, FIHE Fy, PEORZERE 28 HR Atk
2015 4E4- j{a35] 363—390 F; FIAE Fy, PEORZERE 21 HRALbk
2016—2018 4F & KF — F—F, Rl F—Fs, et B tptk
2019 4E K KE 156—171 F, PRRFIHE, R R 163 RILEH
2020 4EE KF — #3 20022 KIX L, 2 s, IR
2021—2023 4 - #53: 20022 ST IR T AT e A 1A e
2024 4 HFER2 S I 20240069

R2 HLFEF2EWTERT

Ffhy A P % CK H477 1% AP 1%
BER 2 5 561.0 6.2 77.8
2021 B
12 5(CK) 528.5 — —
BER 2 5 517.0 8.5 77.8
2022 B
g 12 5(CK) 471.6 — —
HERF2 5 536.8 7.0 100.0
2023 B
12 5(CK) 501.6 — —

®3 HFHE2SKZUHRER

b/ AEEM BOWARNG / AR SR YR TR/

i il cm d d (51667 m?)  CRL/F#) % g
HFEE 25 88.8 142.9 3.7 20.9 136.6 91.8 25.0

20 A8 12 5(CK) 93.4 146.6 — 21.1 131.9 88.6 25.0
HFEE 25 78.8 144.7 2.3 19.8 154.5 86.1 223

2022 A8 12 5(CK) 86.3 147.0 — 20.0 1322 83.1 233
HFERF 25 83.8 143.8 -3.0 20.3 145.5 89.0 23.7

202 A8 12 5(CK) 89.8 146.8 — 20.6 132.1 85.9 24.2

3.2 Rk K96 2.0, R 8.0% , % JE 0.9%, I B JiE

EFERT 2 F7F 2021—2023 AES ML ML 70 mm, EEEVER TR 514K 16.9%.
ORI A AR [ S AT T RDROR B EE 3.3 PRy
PRAGRSIN, Horf 2023 45 AR BRI 45 SRk ) T4k AT I AN B2 B IR I 52 T 4 7 - 4K
ATk NY/T 593—2021 CE IR ah Bl i BOARE - A 2 SRESUE UL RiRm g 5 &, MWL 5 48
19, FAREE M - REOK R 84.3% , NG K 72.9%, B 475, AR | 1A R SR S A R
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2026 4F

F4a43k FE3MW

SO . IR 2020 4F4 22 45 R %5 22 =45
B R R FH R 24 e R TS S5 3 SR i PR
G R B TR
3.4 THERTRIER AT

e FFG 2 BAE 2021—2023 4E SR L6 1 A
5L = A BRI R A G — BTV I X

PNV BFA T AT ER VRS E . B %E - P W =
B ER PRS00 5 90, Sy BE ) 28 i addl] 4 5 3
N3 R RN 5 90, TP AR (SR 4) 1R
A2 5 TR BB B rh A R R T
TEELAE T LIR IREREDR L X R

x4 MEHMERNR

LB G S i R 2 | s g 2k 25D
it R A8 AL 1% it ER 251 1 2% it ER 85K 1% it ER 2R 1 2 R 1 9%

2021 59.80 5 24.46 3 5

2022 59.50 5 27.50 3 5

T A B = A T R PR AR 1 9, T ERFEHL 0 ~ 20.0% , #2555 3 9, it EhF5 %K 20.1% ~ 40.0%, 58 55 2%, it £
FEEL 40.1% ~ 60.0%, H1 57 9, Tt Eh 4880 60.1% ~ 80.0%, 5539 2, THELFE %L 80.1% ~ 100.0% , #. 55 . 44 B P ERAEIFAS - 456 2
2= PRI NS> BEL) 2 D] AT SR BORTR SR PE ARG, 1 AR S Ry 428 B IR Eh R SO £R 552

4 E£FF2SREFERES

4.1 S WERN AR

4.1.1 Wi, BRFETER KR 1 ~2 d, B K8
3~ 4 W LTS T R AN 05 ) IR B S R
R H

4.1.2 B2Fh =R HBRERES AR & ST
TR Sy, FF EH 25502 R0 AT LA 208 il an 8 w9
TR A S R SO s S AME e 3 o T 17% 4%
EPFATIRAERS ] 1 2 4 000 150 25% FH5 0 e 2 7
F 12 1000 f532F0 48 h, 85 H 6%, 15 HE KIR i
24 h, RPIERF IR A] BRE80 1~ 2 Ik
413 &b, DUSEBE R RN, AR 125 ¢
BRI E . FERIHTT De B K, 3 A S SR 5k
ST R R LR EE RPN

4.1.4 BHEH, OB YN)E, KB R
K HEHE 24 W S HEK AT I T8 A gt o PR 3
038 T 5 G R R TR R A T L K R AR
2.0 IR, FEHE 7.5 ke/667 m? JREANE RN
“WIBAR” , J5 AL S A it R R el 2 AR . BB Ak
—Ji, i 10 kg/667 m® BREAE R “KIGHE”, [H0f, 78
WA RS AT 3 d, B4 i FH 24 70 Bl 9 ST A
o R RIRR 86 A L A — IR

4.2 EETFEAR, B HEAE

4.2.1 M A B R AR K &
P, k3 T4, SRy 22/ T 5 em SR,

FH T AR A, ST KR T T

422 Bk, HBFER2 SEEE 6 AP FHER,
T AR AAE 7 2 AR RS 5% . N TR
W45 I HE 30 ~ 35 d, A& 3 2 77 /667 m?; HLIGHFL AL
W HITE 18 ~ 20 d, #ddi 1.8 J7 X /667 m?, B 5
AREIRE] 6 T ~ 8 Tk 1667 m2, 17 FRIESTHILL 25
12 em NELARIEHEELL 2 ~3 om NH, MBI A5
HR AR AN E 7 RS

4.3 TFAEAE , Bl

431 FAE. FEARS PR, 5 — IR A A AR
Hiu i 52 4 A (N P05 K0 B i Ll 22 : 8 £ 10)
15 ke/667 m?; 55 R AE K AL FoK e, — %
Jiti & A AL (N P05 K0 Ay A 22 28 ¢ 10)
10.0 ~ 12.5 kg/667 m?,

432 WEHLRFN. R S ~7d 5, — MR ER
(N i34 =46.5%)10 ke/667 m?,

433 SBENE. SEEARSY 2 WA AR, A hlAERS
#H15~20d F120~25d J5 1A, —MERIERZR
(N 4380 =46.5%)10 kg/667 m’,

4.3.4 PRTZEREAE . PO FEARRE AT LS R AERE A
PRACRE G it T, ] DA — kPR, — e 41y
ZHREI Bt AR (N P,0s. K0 F By 22

8 : 10)15 kg/667 m?,

4.3.5 IR, FRAEI R AHRT [ RRREK)E
DI 3, B 1R K2 R R B . AR BE
Rt 5 St FoK, DAk 3 InuR F TG AR, e i
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B3k FE3MW

RPN EE, AW XA KT SR EIT
R ZE B0 T B, K At HE/K AP FH B9GP v Ay P T
H AN A A M T AR | i L
R 25 RS R BUK R . 45 BE v A8 23T
RE:, WIS AR, it/ BE . fhdidm ik
W1 HE5T 5 ~ 7 em TROKZ, DU/ SR AL, 32 5
SESCAR, WM NS R FH AR, R T T
MR IR R 37 B K AIRES iR B LUK IR VR
FRH ARG . B 2 ) m AR 4 1
HEK o AR 24 LHEK , DU T HUARCE] ; Tk
FE ]38 M HERHEK , B 1 I BB Z i HES
4.4 JHHREEG
4.4.1 FRHEBIG . FHERPNG KRBT 3 ~
5d 3T L2571 75% =3k 30 g/667 m*, oA
HUBESS Yl RT3 & 998 TR 5 KR T 2 A
At i WA & 3 ] oL B, L 40% Rl R
FLit 30 ~ 50 mL/667 m?, Jo AALITSS ; K AR F1 4, FH
75% =Mk 30 /667 m? B, 40% 55 F Ik 200 ¢/667 m?,
TE ML ZS Bl VA TR . R 8, e 101 1B v A
TR WL R 7K RS, — 8 T ARMA

FeE R AR IE AR AL, 20% $h B R
100 g/667 m” B¢ 10%it L0k 10 g/667 m?, Jo A AL
%, B 1 ZE THEIFT

W A < o BEI A AEAR 5%, FH 90% 4%
BT HERY R 40 ~ 50 ¢/667 m? B 5% 458 H
FI ke 50 mL/667 m2, Jo AL %

T A e B IR B 2 1] 2 Y MR R
T B LA TSR SR
4.4.2 MWEIZEMBIR . Ak nTE A HE (43
1) KA FKE , TTADLBES , I 30% 4%
L 80 g/667 m?, JifiZjJ5 HIARREK)ZE 5 ~ 7 d, LB
B2 SR JE TR AR T HEK

Bk m2s it b3 (F SRR ) . B ARG AR
Jo L R R AR B K 2 3—4 MR, FH 3% 5 5
MEREFE 50 /667 m? HITPN HEIE 80 ¢/667 m? JIHEME
R IR nae Pt 712 16%  FUR TR 24% ) 150 ¢/667 m?,
PATC AL 55 S i) e e, it 24 B ff £t T TR 05 A AR
K, itiZ 48 h J5 Kt K PRERKIE 3 ~ 4 do

SE k.

[1] BT, 30 EE, 2= MG, 55. & = O oL P AR AR T S POk
5 903 M & SR I KE 5AZEE2025,42(5)61-65

21X PRE KW AR R FL5E. PR - YU RS T R A g b
60 ML T FRAERFEN] MLl R=,2022,50(7):84-86.

B1x1 Bl EL A SEAA A, . DL R = rh 2 PR B
FirhRHER 5 5 B3 F MAREEHOR(I]. 6T 7K #5,2021,51
(2):44-45.

[4] FhBRIE B LT AR T 2T, 4. Lo =R e PR B
FHERAR 12 S IIEE MARIEHOR]. MLl BL2,2013,
41(11):106-108.

[5] 57, Wk Ak A, ke AR, PRIRERG 21 S R0EE RIE
HEME AR RS BORL). #r A RH#,2018,59(3):451-453,455.

Breeding and High-yield Cultivation Techniques of New High—quality
Rice Variety Huafengdao No.2 with Saline—alkali Tolerance

Gao Qing, Liu Mengying
(Jiangsu Dafeng Huafeng Seed Industry Co., Ltd., Yancheng 224145, China)

Abstract: Huafengdao No.2 (Huafengdao No.1/Zhendao No.21) is a new medium-maturing, medium-geng(japonica), salt-tolerant and
alkali-tolerant rice variety developed by Jiangsu Dafeng Huafeng Seed Industry Co., Ltd., after multiple generations of selection. It has
the advantages of early maturity, good stability in yield, and good resistance. In the three-year trials from 2021 to 2023, the average
yield increase of Huafengdao No.2 exceeded 6%, demonstrating high and stable yield performance. In 2023, the rice quality was tested
by the Food Quality Supervision and Inspection and Testing Center of the Ministry of Agriculture (Wuhan), and the chalkiness degree
was only 0.9%, reaching Grade 1 of the Agricultural Industry Standard NY/T 593—2021 “Quality of Edible Rice Varieties”. It is
moderately susceptible to rice blast, bacterial blight and stripe leaf blight, and highly susceptible to sheath blight. The comprehensive
evaluation of saline-alkali tolerance is at level 5, making it suitable for cultivation in the coastal tidal flats of Jiangsu Province, which
can effectively increase the utilization rate of tidal flat land. This paper systematically describes on the breeding process of Huafengdao
No.2 and its high-yield and efficient cultivation techniques, aiming to provide technical support and reference for its future promotion
and application.

Key Words: Medium-maturing medium-geng rice; Saline-alkali tolerance; Huafengdao No.2; Variety breeding; Cultivation techniques
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XRIUTT B 2026 (R Z S IFAE)

(KRZ G522 ) 2 B A P4 SO0 2 ) b SCRE B PSR A0 9 ) (R0 ) 500 P ) 4 S
W ) AL RROT B 2SO T Bl 2 AR B RIZR G PN 50 FE ) ST IR 1) L B R R AR T
FEHCE- 6 4 SO T 5t G308 B R BRI B UG E A 2 AR P VLR — 2N 1. 2017 4EEEVT IR
ARG SR AT, CACT Hh L L R 11 (2023 .2025 7)), OA TR BT 1 7] (45 %551

(KFES5AERE) TR LR BR2EBE T8 VLA X AO BF2E 58 BT £ 90, 2 B EY 2 K3
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