TTIRAN 23R ( Jiangsu J.of Agr.Sci.) ,2026,42(4) ;659-669

http: //jsnyxb.jaas.ac.cn 659

Mo ARG whER AT, AF. OsCERKI® 3 PR ACKIRE H 5 AL B AR (AM) BCBR A9 38 A2 2000 [ ] VLR A0 2241, 2026, 42
(4) :659-669.
doi: 10.3969/].issn.1000-4440.2026.04.002

OsCERKI""ERESANHBEHEMKER (AM) EEH
A

¥ oW, GBS, A, %k W, #ZEAF, I 45, HTILR
(TLPE B Al B2 e /K R 7T T/ /KRS B 8 TARBEST 0 <78 B >/ 4OV AR U RE R S B8 5 B Pl B 5 506 38 < 2L > |
IPE F§E 330200)

WE. R UAFEIKE R BN 350 %I LIS AME R (Arbuscular mycorrhizae, AM) B 58 4= 3
OsCERKI™ [ 28 Fr B A48 R 4K 356 S kL, 18 4 AN B ATt FH K ST, 43 3 A Wl HE it A 2 0 kg/hm® (PO, ANjifh
W) JH AL BRI 50% (P50) B AL BRI 75% (P75) R MR R (P 100, P,0, #EH 4 75 kg/hm?) , T4 Os-
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Abstract: In this study, using the indica rice restorer line Chunhui 350 as the control and the single-segment substi-

tution line Chunhui 356, which carries the arbuscular mycorrhizal ( AM) fungus high-efficiency symbiosis gene Os-

CERKI™ , as the experimental material, four phosphorus

WA B 49 :2025-05-29 (P) fertilizer application levels were set; 0 kg/hm*( PO) |

EETH . 1TV A R R B 50 0F 58 5 A A 8 3% € 3 (JX-
SNKYJCRC202316) ; [EI LR K TR AR B 5E b0 T
Tl 3 4 IS (2020NETRCRSI-7) 5 VT4 48 2 B 2g Rl R
HARM Sk AREFR5H (20232BCJ22014)

EEEN A 9 (1981-) 5 WA i BIAFSE 5t, F2E
SRR M5, (E-mail) yangzhou0822@ 163.com symbiotic effect of the OsCERKI” gene with arbuscular

BIFEE . 75{ K, (E-mail) huang_rls@ 126.com mycorrhizal (AM) fungi in indica rice was evaluated. The

50% of the conventional phosphorus application rate
(P50), 75% of the conventional phosphorus application
rate (P75), and the conventional phosphorus application

rate (P100, with P,0, application at 75 kg/hm”). The
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results showed that, compared with Chunhui 350, the AM fungal colonization rate in the roots of Chunhui 356 was signifi-

cantly increased. Overall, under different phosphorus fertilizer levels in the field, its chlorophyll content, dry matter

weight, phosphorus uptake, and phosphorus fertilizer use efficiency were higher than those of Chunhui 350. Results of the

two-year field experiment showed that the effective panicle number of Chunhui 356 was significantly higher than that of
Chunhui 350 under all phosphorus fertilizer levels ( P<0.05). Under the three treatments PO, P50, and P75, the actual
yield of Chunhui 356 was significantly higher than that of Chunhui 350 ( P<0.05). Analysis of the rice rhizosphere soil mi-

crobial diversity showed that, compared with Chunhui 350, the rhizosphere soil of Chunhui 356 exhibited higher species

richness and diversity, with enrichment of more bacteria from the genera Chryseobacterium and Bradyrhizobium. The relative

abundances of functional genes related to hydrocarbon degradation and nitrogen fixation were significantly (P<0.05) or ex-

tremely significantly (P<0.01) increased. In conclusion, introducing the OsCERKI"" gene into indica rice can produce

beneficial symbiotic effects and can be used to breed rice cultivars with high nutrient use efficiency.
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SRV AR B2 B K R o8 B 855 10 Al 780 R e i
BRI R X R, HFK 356 & LIFK 350
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laris ) DAOM197198, F 4 e 4R Ml K27 it Wt 22 3 I 5K
B 5 I R R R i B S R A A
YRR IR R 5 A A RSB S R AT
WHRGY. G0EREAGIEE IR AEYRA
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) 50% (P50) | Bt B 72 11 75% (P75 ) F s Bt
Wi (P100, PO, Jifi FH 8 75 kg/hm®) |, IR A
] ST R XK R AE K i R FH X
Wit O BEIE i FH 7K F- |, R IX R KR i &R 5 /N X
TR 60 m?, ZLIX i X 30 m?, KK A8 4 & 9 B IR
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HEEEYRHEA R AR T, Frs iy 1 e
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25 MEFRJT 72 °C ZEAH 10 min, BT SCFEAE 1llu-
mina NovaSeq 6000 _FHLIM T AR PR IEHMAY) o 24
PEFREL B AP0 =F B 45 20F FAPROTAX 2K T
REFEBUE AR = UAE Y Z R 53T 65 (www. bio-
cloud.net) AT AH A,
1.6 ZIEALIE
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2.1 Fk 356 B AM EFEEHEE
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Fig.1 Colonization of arbuscular mycorrhizal (AM) fungi in

rice roots

N1 BGE S T, K 350 AR AR AR
FRE R YR (F) N 22.00% , R Y458 E (M) 55
I ARR P AL, FK 356 Y A T AR L
PR YR =3k 69. 00% , 1= Y458 B FFH X K (a)
B, AR 350 AHLL, B 356 AR F AL B TR
5 TR Yt br i w27+ (P<0. 01)

F1 2NKBRENAM EREELE
Table 1  Arbuscular mycorrhizal ( AM) fungal colonization effi-

ciencies of two rice lines

KRR F(%) M m a A
FM 350 22.00 0.90 4.08 0 0
FW 356 69.00**  18.56**  26.99* 9.63™  1.64™

FICE o L 25 T R % o1 B AR 2R 10 EL T, M (R4 AR 2 o
AM P 5 1 1 P 38 3 m 1022 AL B AR R th AML ZL P 2540 T
T ARl A BN E AT SRR
AMR R TR I R R 37 5 ARG 350 1 L 2 S A H
FEIKF-(P<0.01) ,
2.2 AREZRMABHAHEEENSEHNTM
M 2 ATAL AR AR (4R LB KA R )
XF7KAE 5 A B 0T8I it 2R R B A A
ERM (P<0.01) 443 5 Ab 3L 2 8] () 38 BLAE X 4R
G 18 d FIEAEES 24 d KRG A IE R 28 AR 75
A3 A i 3 (P<0. 05) FAR 2 3 (P<0.01) 52,
BT AL BT O, S5 5 (&1 2) ml o, W~ 7K
il FRTE A I A et S 25 i B A A K- 1
JNFEEAFRE S PR FKAE S RPEAT IR,
SACEUL, FR 356 B it ER i TR
P 350, FH AT DL AN R B E it FH 7K -, 4% 356 it
AR R S AR 350 &, A B A 1A dl
FEWRENE , AR BRI AR 2,
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Table 2 Effects of year, treatment, rice line and their interactions on chlorophyll content at different growth stages

XA ISR RN 5 4k (SPAD {H) RN

SES

JisgEteh AR5 6 d IAHEfE 12 d IS 18 d IATEfS 24 d
AE3(Y) 29.97* 41.89* 165.48 138.11* 46.45™
AE(T) 19.34* 24.98** 61.31* 5.13* 117.00*
JKAERFR (L) 33.10™ 24.56™ 7872 105.57 211.56 ™
YXT 178 1.77 2.29 3.18* 13.50*
YXL 0.04 0.09 0.12 0.60 3.9
TXL 0.32 0.20 0.25 0.19 0.39
YXTXL 0.25 0.18 0.08 0.04 0.33

YT ARGy FAL B2 (6] (R S8 A 5 Y XL AR 03 FK AR i 22 2 18] B9 52 EAT s T L ARBRRUK AR b 2R 2Z 8] S AR 3 YXTXL ARGy AR BE KA i 2
I ZEE AR, * 3R 25 B FRA KR I R i S ZE AR 5 5 500 28 7K (P<0. 05) 5 ™ 3R7R 45 IR R XK RE I it 32 A % 23 J 5 0 15 4R .

K (P<0.01),

W2 Z AT 5 B (SPADA)

32 PO P50 P75 P100

Ak

H
He

SRR ATN & e (SPADAH)

Sk AN 5 B (SPADIA)

34

PO P50 P75 P100 PO
JOSLiE

W2 Z AR 5 B (SPADA)

P50 P75

B}
48
46
44
4
40
38
36
34

R RN & R(SPADI) 5

P50 P75 P100 PO P50 P75 P100

JOSEi pusail

02023-CH350; [@2023-CH356; m2024-CH350; m2024-CH356

2023-CH350.:2023 44K 35032023-CH356:2023 4E#K 356;2024-CH350 2024 4EF1K 350;2024-CH356 : 2024 4E421K 356, A AS[RIBEIE K
R KRRG-S AR & i B R [FIBEIE A F KRR ES 6 d MR SR AN & i C R RIBEIE K FOK R RS 12 d iAot
SRFMXS i D A RIBEAC KT T KRR RS 18 d M ISR BN & i B AR B ACE FKFEAREESS 24 d iEFr it S R ARXS & &, PO.
WENETG 4 0 kg/hm?  ASJiti#i ; P50 . & BUE B 19 50% ; P75 . & HULHE & (19 75% ; P100 . % BB &, P, 05 i &R 75 keg/hm? . B -
# ORI —FPAEAEGY , S 350 FH LI Fr -2 AR X 3 i 22 53 1 3 (P<0. 05)

B2 AEBEKEMENRTERISSEER3IS6 2N KBREAEREFTIHAHEESEERAMER

Fig.2 Analysis of differences in leaf chlorophyll content between Chunhui 350 and Chunhui 356 at different growth stages under different

phosphorus fertilizer levels and years

2.3 AERBEAEK T T B K FE T ¥ B E F1 85 AL IR ik
FIRZER

M 3 0] DL ARy X AR A AN [R] I 9 o i
PIYIRE Al B BRSO R W A R R 3 K (P<
0.01) ; ZLHH 7K A# il 2 %5 7K R A [a] ik 391 4 o it At

DI Z U el i BRSO IR R SR F AR
FZMIR 3 (P<0. 05) Bl .35 (P<0. 01) KF 3 4R 4y
L RbER 2 [R]5 BLAE F G 7K R 0 BEI 1 0 Jo it R T ik
3 (P<0.05) 7K, X 7K R s B 5 FF A o 2
N o3 i I R B K P (P<0.01) FLiR 2 (P<
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0. 05) 7KV s 4747 55 7K A i 72 22 (8] 28 BAE X 7K A6 43
BEW] HREH T T i R i kAR 3 (P<0. 01) 7K,
XK A A A A b Al it S T TR A
3 (P<0. 01) K5 Ab B 5 /KRR R 2 0] 22 HAE
X 7K B AU 25 R0 R 4 B 1 o R O B 3 (P<
0. 05) It i 3 (P<0. 01) 7K 455y Ak B A 7K R i
FRZ 1A EAE X K Rt A0 ) o a5 i 36 Wl 3
(P<0.05) /K-, XK Feg sl it |- ZEAF AR rh 4
Fr R MIA 3 (P<0. 05) mifl 2 3 (P<0. 01) 7KK,
M 3A~ & 3C Al 0L, 2 ASKFR SR 3 A E KB (4
BEI RO Sl T o B w4
2 BT XA F AR P A 5 R T S AT L
AR R, WK 356 T TS AEAS R AE KT
“#i R ZH D FHH T HIK 350 (P<0.05), MK 3D~
3F R, 5 ol S it 2 1 3860, s 30 7K i
F ZEFF R A A R R FE AR AL XA R AE
By WA R A i AT LA, A5 AR R R, 2023 4R

AWK 356 AGH AR R4 21 i & B K28 & w5
T 350 (P<0.05) ,2024 48 HE Ky 8 B0 it
B 1Y 50% (P50) \75% (P75) B K 356 4
W2 i = T AR 350 (P<0.05) , % Bt # it
(P100) 7K FF &K 356 BB & & W35 = T H WK
350 (P<0.05) ., MIE 3G AJ WL, [t 3w AT it FH 7K SF
PEiE, PIKAG S R A 2 TR 2 AL
Wi iR (P100) Ak B WG AR ; X A~ 7K Re i 2R 22 [0 g
Wi HEA TR L, 45 3 R AR 356 4 52 TR
350 (P<0.05) . M 3H W] 0L, 7K F& X i A A6 iz i
I FH 2 Bt o A I it FH 7K T P 2 e 52 200 e
WA KSRy R R G 509% (PS50 ) e A W A A
FHR S5 i 3 XS 7K R o 2R 22 () B3 A I i ) ) 33
Xt e, 85 3 &k BB K 356 4 W3 & T H MK 350
(P<0.05), Zi L, ZEARFBEALKFE T, HK 356 A
A i BB NE SR 238 i A e b LR
BT RIEN T EZ T,

x3 EHRRQREBSKERRREXZEFEAIIKETYREMBEARRIIF F 2092 m3R

Table 3 Effects of year, treatment, rice line and their interactions on rice dry matter weight and phosphorus fertilizer use efficiency

Xt AN [ PS8 JoR A 5 W A5

X KR I % L 2 e A A S M 2800

& B
Sy L ) ot i Ff i SOMRRE  FA BT
YY) 11.99 * 35.16 34.70 ™ 1.51 12.32* 42.75* 0.11
AEBR(T) 112.12* 99.63 ** 113.88 4.44" 4.82" 8.01* 274.93 ** 25.52*
KFEMF (L) 151.80** 191.44 140.51 24.49 " 49.24 " 632.01 139.12*
YXT 3.10" 0.51 1.08 2.54 24.16" 423" 0.03 0.20
YxL 16.68 ** 12.73* 1.79 15.96 ** 43.51* 30.92* 136.11* 2.41
TXL 0.84 0.68 2.14 4.00* 10.12* 2.28 0.42
YXTXL 1.09 3.00* 0.21 3.25* 3.33* 0.04 0.01

YXT YXL TXL,YXTXL WL 2 3, * 287 45 B 2K R 0 Jo s R S R A0 P 236 04 S i ik 4 35 7K - (P<0. 05 ) 5 ™ R 4 L 2 X KA 4 s

a2 I HE IR SR 6 B4 5% i SR 8 35 7K - (P<0. 01)

24 AFAREZEXMKERZEEKROZME

MR 4 AT AR X B TR E LAY 6 P 2
PR A R 3E (P<0.01) 52 0 5 4b 20 7K R bk
R A RO 2 S SRR S A A 2
(P<0.01) , % R FH0R FE i d2 2 (P<0. 05) 5 7K A%
a FRO K FE AR R B A RO T AR R, TR
HSEBR R A AR (P<0.01) , X 45 55 R 5
M bt 2 (P<0.05) . 4FAp 5 A3 22 8] A4y 57K A
i FR 2 [B) A B 5 KRS B 22 18] 38 EVE AR X K
R4S S 7 4k 3 (P<0. 05) B b 2 3 (P<0.01)
SR AR AR BRRUKAS & R =R 2Z W22 B AE
FAXE 7 FhAe 25 PR AR AR W A 7 A B3 (P>

0.05)

M 4 AT U Bt B AR KOS 1T, AN KRR i &R
(A R AR ™= S MG 0, 2023 42024 4FFKR
356 TEA WL AT bk = B A SR AN T
FK 350 K2 H0 i E RN (P<0.05) , RRAERE T
KA LK 350 0 22 5% (P>0.05) , 455050k
BRI —F Ak, 2023 4 2024 4EFIK 356 1E
PO P50, P75 i A 7K - F /9 52 B = & #0 = T B K
350 (P<0.05), 34 7™ W& BE 4 %1 0 6.7% ~ 9. 6%
7.0%~8.7%, HILAI UL, FK 356 AH LB 350 &
PRk R A ORI, e A = P oKk T
(PO .P50.,P75) T A3 = U R B B I



¥ BT4E . OsCERKIPY 3 K 5 ACKIRE h 5 AARE TR AR (AM) LT B 36 A= 200 665

A5 R (Vhm?)

#

157

JR SRR A & (%)

PO

P50

—
N}

—_
—

BT 5 & (Vhm?)
)

Qb

P50
bt

P75

PO P50 P75 P100
Ab P
031

0.30
0.29
0.28
0.27

BRI P A B (%)

0.26

42
40
38
36
34
32
30
28

P75 P100 26 PO

RIS (kg/hm?)

AU 5 & (Vhm?)

P50 P75

P50 P75  PI00
posiil
~ 017
= 0.16
4T 0.15

0.14

0.13

0.12

0.11

BRI AT 4

P75 P100
AbE

S
S
=
=S
=
2
=
P50 P75 P100 P50 P75 P100
JOSL Qb

02023-CH350; @2023-CH356; m2024-CH350; m2024-CH356

2023-CH350,2023-CH356 ,2024-CH350,2024-CH356 WL 2 1, A AS[RIBA AL A ST 3ot 43 BE I A A 9 5 2 A 52 00 5 B . AS )l A 7K S o 728 A0
TKAE T W BT R0 5 C o AN [ BRI AP G K R T 40 B (R 52 5 D < AS R BRAE KT R KRS g b 2 & 5 B A E BEIL K T
TKAE A ZEFT 20 & 5 F R [E BRIEACE R /KR A B 2 0 2 5 G AN IR BRI AP R /R A X B e e i s HL AS Rl B E 7K 7 T /K F e
R 2, PO.P50,P75.P100 JLl 2 3, FIFE L+ FoR R —FEAEGy  5F W 350 AH L 2: 53 .3 (P<0.05) ,

3 FEIBEEEAKTETKEE TH REFBAE KK A%

Fig.3 Dry matter weight and phosphorus fertilizer use efficiency of rice under different phosphorus fertilizer levels

F4 FEH LBENABREAREZIBEERAMKBIERZ RO MBI

Table 4 Effects of year, treatment, rice line and their interactions on major agronomic traits of rice

K% Mg SN i REEL (53 ViR LESR THI SR
YY) 94.59 ** 9.52* 88.03 ** 9.46 ** 13.37* 0.08 40.12*
ARBE(T) 36.53 6.38™ 63.70 3.08" 31.01* 1.33 89.97 **
KAEM AR (L) 87.08 95.09 ** 105.89 8.78 7.08" 20.95* 88.88 **
YXT 1.65 2.82 5.04* 3.37" 10.07 ** 2.63 0.78
YL 0.56 6.19" 0.82 0.06 15.41* 0.32 0.01
TxL 1.43 0.22 0.43 0.02 4.16" 0.37 1.00
YXTXL 1.13 0.22 0.28 0.27 1.77 0.07 0.14

YXT VXL XL, YXTXL W3 2 1, * K782 B R0 KRS I ZAR ZHRIE IR KT (P<0. 05) 5 ™ R4 TR R KRS 2 MRS i 5

B /KF-(P<0.01),

2.5 2NKBEmARRLEREY o SHEEEY

FE 5 AT, 5 HEMK 350 AL, B 356 MR FR 1

WA W REYR Chaol F5 U Ace F8 BUHY i 25 14 i
(P<0.01) , = HWK 356 HFr HIEY R E K £,



666 H K&k 2% W

2026 4F 45 42 % 4

110
108
106
104
102
100

98

96

24r 3801
360
340
320
300
280
260

(cm)

PR

K (cm)
SR (<10, 1 hm?)

%

a

84rg 21.0
Ay 205

*

20.0

19.5

ThLHE (g)

19.0

18.5

AbE

P50 P75 P100 PO P50

*

* * 180
170
160

FERRALCHY)
S

- .l
g
<=
on
=)
e
L
=
P75 P100 PO P50 P75 _PIOO
A3 QbR

02023-CH350; ©2023-CH356; m2024-CH350; m2024-CH356

2023-CH350,2023-CH356 ,2024-CH350,2024-CH356 VL& 2 £, A AS[RIBEAE K S X6 7K Ak 8 R 52 00 5 B 2 AS [ ik AE /K S X 7K AR R B 52
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Fig.4 Effects of different phosphorus fertilizer levels on agronomic traits of rice

Simpson $§ 8% A i & 25 5 (P>0.05) , Shannon f§
B E N (P<0.05) ,RWIFK 356 MRER L HA
AHXS B i B R ZHE A

ML SA BT UL, K 356 HRPR & B4 £ 1 T B
R4 BT TR & ( Chryseobacterium ) 21 TR A% FQ 18 A2 AR
I8 1 J& ( Bradyrhizobium ) 401 . 5 /MK 350 ML, &
Pk 356 H3 Br 4 o AT Te R Al T Y AH X 5 B S i T
201. 5% , iKW i 7KF (P<0. 01) s R K18 AR AR TR
B AHEE (A = BE RGN T 28. 7% , ik B K (P<
0.05) , < BT T2 a8 20 TR AR R ik PR 58 v 1) 0 3 e
ZHFFIRFA NI YW, i A B P, REI R =
AFEHAUAT F Y 5 B2 I8 A A T s 4N o LA
HOrHEY L E R A RE S, MWK 5B AT 0L, A
Yy Re R 4 B2 A 1) 3225 L BE 57 97 ( Chemohet-
erotrophy ) 2 & A AL BE 7% ( Aerobic chemohetero-

trophy ) 2 18 . [# %/ FH ( Nitrogen fixation ) 20 F# |\ 75 7
AL W% i# ( Aromatic compound degradation ) 2 B
FBh%) 25 4= ( Animal parasites or symbionts) %%, 5
R 350 AL, K 356 HLER Bk S L& YK
fi# ( Hydrocarbon degradation ) 3] fig %k Xl AH X} 3= JiF 444
TN 66. 4% , IKFIH 1.2 KF-(P<0.01) ; [ & AR
RE KL PR AH X = B2 54 26. 5%, 35 3 8.3 K P (P<
0.05),

£5 2NKBERANRRTIEMEY o SEEIES

Table 5 « diversity indices of rhizosphere soil microorganisms of

the two rice lines

KFEMZ  Chaol $5%K Ace T5HL Simpson 84X Shannon $§%%
FPK 350 2720 2716 0.997 0 10.12
FPK 356 3269 3264 0.997 3 10.44~

* SRR GHEWK 350 M2 B3 (P<0.05) 3 Fon 5HFWK 350 H 1
ZSW I (P<0.01)
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Fig.5 Relative abundance of rhizosphere soil microorganisms at the genus level and functional genes in the two rice lines

3 1T i

KREIL T R Z R WG 1 ( OsCERKI ) 5 %
118 ~121 A~ % 5 iR 2 I 19 45 il /K AF 5 AL B AR
( AM ) EL R4 AR U] ) S DX 3, B2 X 43 Os-
CERKI BRI B AR, ook A 7R £ BF AR #
B OsCERKI” 3£ K Sk TYTT %1, 3k 8 I FS 1Y Os-
CERKI K TYTK AU, FHK 350 J& THIFe , e Os-
CERKI F:PN TYTK 8, 7= A2 ) AM b A 2R B g
55T OsCERKI™ 3" ARBFFE¥ OsCERKI™ J
S ARG, B e 9 U TYTK B! OsCERKI 3 [H]
J& KRS AM BRI SRR IR T, Jh A 254
Bom N, W OsCERKI™ 3 X 7 Rl RS 15t % 75
s RE A AR HEIRE

RO AM AR IR — A AT R,
R EE AR el AM ECTR A 7K R A A H 29 70%
S L AR R R IR HAE S S
FIA B, TR AE AR5 - 2R AR5 0 25 4 Ay fig rh &
AR, R 2 56 B 0 A B, PR FEAED) 6 A3

RO RBIRST H K R - S 2R B B AR i T I it
KA i b T AR AN R B B I K X
BREA WU RN, X 52 RS RIS 45 5 —
., WBHE12~24 d #EH OsCERKI™Y 5 1 K
356 M 42 5 & W TR 350 (P<0.05),
I AM BB Az 555 AT A R SR 2R A R,
FERBREG KRG B %, MR R ATER I
Tl 5, FRK 356 16T AL B A Ao 7= &y
T AR A e 3 i g R, A R Je Xt
IR A 56 18 T 2 SR ) T

JKFE T4 B 7 B O SRR, W A 2 RN AE I
Y IEAHSG =i Y 55 B T i i R R
B AL R, TR RIS TR R
YIAHE , HIER M09 0 i S5 PR 2% HLAIE R /K 7
LB EFETYRNA RBCE SRR, #ENE
BT TR, BeXT KRG T 4 B R B Y A
AR Y ARIEST R KRS T T B A i
FHZK P-4 i Sl T3, Ho #+4k 356 1+
VI 2 AR 0 4 K 22 Bk B B 2 i T R
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