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EZ BN IK/NFE(1980-) , 58 VLR AE N, T, BIPFR G, FEM wheat seed coating agent (JML) on the growth of late sowing
HAEYFEE 5 HE A A . (E-mail ) zhngyz@ 126.com winter wheat seedlings and the expression of carbon and nitro-
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or, root characteristics, dry matter accumulation, and expression of genes related to carbon and nitrogen metabolism of the late so-

wing winter wheat after JML treatment. The results showed that the germination vigor and germination rate of Yangmai23 and Yang-

mai24 were significantly improved after JML treatment. Dry matter accumulation in stems, leaves and root organs increased, which

significantly increased plant nitrogen accumulation. Root length, root surface area, root volume and root diameter increased, which

were significantly different compared with the control. JML treatment increased the expression levels of TaNRT1.1, TaNR, TaNIR,

TaGSI, TaGS2 and other key genes for nitrogen obsorption and utilization in seedlings plants during nitrogen metabolism, and the

difference was significant (P<0.05). However, the expression of the ammonium nitrogen transporter gene TaAMT1.2 was significantly

inhibited, and the expression of TaClpP, TaRBC and TaPSB genes closely related to photosynthesis in carbon metabolism was promo-

ted. Therefore, JML treatment can significantly improve the seed vigor of late-sown winter wheat, improve the overall quality of the

root system, increase the level of nitrate nitrogen absorption and assimilation at the seedling stage and the carbon assimilation capacity

of the leaves, and ultimately increase the dry matter accumulation of the plant at the seedling stage.

Key words

T2 PR VT R Ui X AR VR 1) 32 2
JraRtY AR, T KRS AL A AR B AEIR | s 7
W, 3 IR /N 22 IR R | 52 M/ N 22 3 S Al 3
ELlA A /N SRR R e I R R AR AR
R TR UERE AR B B, A A 3 A 2 in R A 3 it
RAERT-BOR MY, A A o X /N I Fh i ) 4k 3]
350 kg/hm®, H T SR (40 N) ik 5]
270 kg/hm®"> A0tk i FH Fl-ie: 55 22008 480 A s A
A AR R v MR 2R B Al T R S e
O AN EARTR X T AR U
R AFTE/NERT R RS RS, A
o0 A A PR ), A R TR RS R MELLR B
B XN /INAZ B4 B e AR R — R G F
SEMA , NI e 4 B2 ) /N 22 10 77 8 5 5 o, IR 447D
2 A el B A AR 4 R P A A
JER: S H AR AE A /N2 8 P P AR B 0 9 1 AR
[R5, AT RIS h SR 20 A gk A IR I 1Y 75 Ak 4 mT
Ph—E R LG /N AR % VR 3 ), (EX 4 3R
/N 15 1 A ) LA kDA S B i Dk A . R
FF DRI —MERST, i3 1o BE 45 R b S 38 Jin R Fb 40, BF
R R SRR A R R R, REHE AR
W2 WSO FH 5 2R /N 2 P A 500 5k S AR A 3E T

HER GHSE R/ NERBZWBRHA R E
B AR N EW IR RS — BB, O HA%
KR EBEMR X AR s M B RERES A G0 a
WL FR AR WAENE SR EEENERS R
B A AR R AR P 3 5 R A SR (VR |
AR A S5 I ( ViR ) PR I S B A 8, e A R
USRS E R A WU ( GOGAT) 45 & Bk i 45 1t T
(GS) FFEYIREBHEH ST = 548 a5

winter wheat; seedling; seed coating agent; carbon and nitrogen metabolism; gene expression

SRR EWIE AT AL, TS5 R ER R A
IRACE BT B AE G AE % R AR Ak
DEAE AR AR R AR | U QI AR D P 3 3k
AR R ILAE

FACGH & — P 2 TRl TR AL R 25 5 &
Yy, FEALFE AR R SRR R U R A A KA
TR AR A RO I A K A B A TE )
PERONL FEKRR ERGEY iRiERZ Y CA T
FEAERRY] B KA E AL HERON 9/ NEFER)
ARSI (R ) AR 22 5 (HAEAN R R 7 20T
YIRENS 5 b i E SRR IR 0B M MACRE T FIAEL I T
YRR P A (R BE R A R R R AR
BRI BT R ™ BT N R
(JML) 2T LR I XAV BLA BT BT F 0T Y
NFE R FARRAGH), A B 35 BRI ST R O RE (A
SR RS S LN AR LRI AN TSR . A
WFFE BT TR/ N A2 AR (IML) 7K Rt i
i TR IR A INA VA AR A 52, S saed
SRR AR IR I A/ NEAFAE ARG ST
AN TR AR, Xt 2 ik wl i B /N AR T AP 55
FUR AR A [ AT JE B S, R R R A /N A2
1R e g AR R B A A

IR i

1.1 iRIe Wt

I T 2017-2019 43S 2 AFAETLI5 BN ) b
XAV RL2E R 5T TR MR A7, A KA, 3K
5 M H B A 5k v A, AR v S pH (E
7.51, BHEJZ0~20 em, H3EA HLE & & 19.21
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Table 1 Quantitative RT-PCR primers for determination of genes

related to nitrogen and carbon metabolism in wheat seed-

lings

B R SI4IFRI (5'—3") ks vib

Actin ABI181991 F:ATACACGAAGCGACATACAAT 84
R:TCCACTGAGAACAACATTACC

TaGS1 DQ124209  F:ATACAACGCTGCCAAGAT 75
R:TACTCCTGCTCAATACCATAC

TaGS2 DQ124212  F:CAGTGAAGTCATTCTATACC 75
R:CAGATAACCAGGATGTTG

TaNRTI.1 AY587265  F:CACAAGAGAATACAACAG 123
R:AACAGAATGAACAGACTA

TaNRT2.1 AF288688 F:GATATTCGTCCTCCTCTA 85
R:GAAGTGGTCGTAGTAGTA

TaNRT2.2 AT332214  F.GTTCCTCATTGGCTTCTC 75
R:ATCTTGCTATTGAACATGGT

TaNRT2.3 AY053452  F.ACACAACTTCTCTTCTTC 100
R:CCAGAGTGATAGGTAATG

TaAM1.2  AY525637  F:CAAGAACACCATGAACAT 75
R:CCGAAGAGGTAGTAGAAG

TaNIR FJ527909 F.TCCTCTCCTCCTACATCA 75
R:ACACGTTCCACTTCCTAG

TaPsbE AB042240.3 F.TTCATAGCATTACTATACCTT 140
R:GTCGGTTATTAACGGAAT

TaRbcL AB042240.3 F.CTACTTCTTCACATTCAC 143
R:TCTAACTTACCTACTACTG

TaClpP AB042240.3 F.TATAGAAGATGGAATTAGTGATA 127

R:TCCGAGGCATATTGTATA
FAEMGIY; R 514,
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Table 2 Wheat seed vigor after treatment with seed coating agent

JML
g omm  RFR BEER AR
B YM23-CK  47.67+1.25b 87.33:0.47b  1.2320.07b
YM23-JML  59.33+0.94a 92.00+1.4la  1.54+0.03a
YM24-CK  48.67+1.25b 86.67+0.94b  1.15+0.08b
YM24-JML 60.33+2.49a 93.33+0.47a  1.48+0.08a
iR YM23-CK  30.67+1.25h 68.33+2.87b  0.93+0.08h
YM23-JML 38.00£0.82a 79.00+1.4la  1.34£0.09a
YM24-CK  34.67+1.25b 71.33:0.94b  0.8320.03b
YM24-JML 38.3322.05a 78.0020.82a  1.3020.03a

YM23-CK . #7 23-X] BRAL B YM23-JML. # 2 23- IML &b 3§ ; YM24-
CK: 7 # 24X FBAL 3 ; YM24-JML: % 4% 24-JML Zb 38 [ — IR &%
PR F— AR B /NG B R R A B R AE 0. 05 /K- b 25 5 i 3
(P<0.05),
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Fig.1 Dry matter weight of stems, leaves and roots of late sowing winter wheat at different times after emergence
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2.3 FRBUNEFMAF JML XNEHERETHEN
A1)

AR BRI KRN GHRERKBEESEDIHE, N
3 PR LA W IML AL FE S W FeboA Ak 3
ARG 7555 22 d 565 30 d AR AR

*3 AEBEEKL EHREENTNL
Table 3 Changes of nitrogen uptake by plants in different stages

FERAS AN IR (CK) 34 5 14. 00% F1 10. 96% ,
25 3 (P<0.05)  (HAEAR & A E I A B % 21k
(P>0.05), A JML ZbBEBENS B B 42 S vk 09 T4
J e, A R AR R A /N AR P R R R B i
NI AR A K, 35 B A 1

#522d %530 d
Qb B
TAE (mg/g) TR (g) AMBEE (mg) TARE (mg/g) THRFE (g) AMBEE (mg)
YM23-CK 24.0120.48a 1.23+0.02b 29.54+0.99b 34.78+0.42a 1.51+0.02b 52.52+1.04c
YM23-JML 24.08+0.74a 1.39+0.01a 33.55+0.74a 34.59+0.35a 1.66+0.04a 57.30+0.81ab
YM24-CK 23.78+0.44a 1.18+0.02b 28.05+0.17b 34.88+0.48a 1.53+0.02b 53.37+1.26bc
YM24-JML 23.84+0.45a 1.35£0.02a 32.10+0.83a 35.28+0.85a 1.71£0.01a 60.22+1.88a

YM23-CK,YM23-JML,YM24-CK ,YM24-JML W3 2 1, RR/NEFEERRABERILE 0. 05 /K F L2557 B3 (P<0.05)
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FHHBEHROHER , IAMFESS 3 d 5 6 d. 58 9 d,
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40,

R (em)

0.7 -

B (mm)

1 I
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H SR (d)

YM23-CK . YM23-JML ,YM24-CK . YM24-JML W3¢ 2 V&,

B2 RBZNEHERAENERBESFENEL

BN 14.16% ., 21.32%, 16.53% . 14.19%
15.75% (& 2B) o AR P ¥ A% 1 2 8 o %t B
11.77% 8. 86% , 12.64% . 13.24% 1 10.09% ( K
20) , 225K W E K- (P<0.05) o ARABLF-Hy
i B 18.78% . 10.25% , 10.24% . 14.43% #
32.45% (&1 2D) , 2257343k . 3 K F- (P<0.05) , |
RERR], IML Ab B 540 T IR R /N 4 Y
RABMRTT,

HREEHE T (cm?)

AT (cm?)

H R ] (d)
—=—YM23-CK; -m-YM23-JML; ~>- YM24-CK; -®-YM24-]ML

Fig.2 Changes of root morphological characteristics of late sowing winter wheat at different times after emergence
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IR 1.35 /%, 22 R B3 (P<0.05) , T 7E
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(IR A rh et CK(K 3), W THEEA
(NH}-N) ¥%32 , IML 435 #5328 8 11 TaAMTI. 2 7¢

MR ek i R T CK, #6 S AP-F- 2R iR b 1.89
f5(P<0.05) ,MifEZEnt 3R A 7 5 CK 7 M i
] 22 S BIAR B.25 (P>0.05) . 73— S A IZHEN
FWESLH TaNRT2. 1. TaNRT2.2 75 W 5 Fh b 25 4k #
P IML S AR R S0 b Rk w2
(K 3), kb R R ML 4b 3 s B it
RS AN [ A R 2R s b, £ F T s A
M S (AR T S AR R T i
i5  BXFP 25 5 2 S AR MR AR N R A8 2 4 R T R
GAHX,

30T rNRTL I LAr raamri 2
2.5 1.2
B o0F i 10
3 X0
®1.5F ®
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£ Lop E 04
0 0
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2.0F 251
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=) L g 2.0¢
1.5 k7
i’ 0]
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= = pof
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W Oz
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Fig.3 Changes in the expression levels of nitrogen transporter genes TaNRT and TaAMT
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WL LI IML AL RS TaNR P 7E A HEAR R F-rp
PIREREINF) F55 , IML Ab B 55 %6 HEAE R Hp () 28 187K -
ZRAEE (P>0.05)  {HAEM HH JML Ab# 45 %) 1Y
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LXNHERE , TaNR TEAERETh I8 8 5 UL AR h
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Wit Fi8b, TaNIR ik /K- IWZEAL Y TaNR 24L&

P AR MR R B AT
Tk f i (B 4B) R WS ER ) S8R 5% b ik
SRR T
2.7 FHEBUNEFXF JML & F AER TaGSI,
TaGS2 FiERI RN

BN RT BAEA A A U A 1(6GST) &%
T & U LR 2 (GS2) BIAVE T A il ke
A S R A T H A/ N R . AR S
ATLVE ML AR5 MR R TaGST W335 KF
FRME, 2273 B3 (P<0.05) , [BAE2E M rh kK F
KM, 5 CK LREZESF(P>0.05),

M S ] LUE L TaGS2 & T 41 3%
K AR RIE ARG, (A s ARk JML
WPRFS TaGS2 TEW APt i rh ¥ 2 1, 5 CK
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Y25 M B (P<0.01) . TaGSI . TaGS2 Wik LR R AL O P AN [R] A AU s TR
PR WM FTAE S 6S1 FE2F MR, i 6S2

357 1Nk 307 7uNIR
3.0F 55l
it 2.5 i 2.0k
X o0k P
#® w150
z 15 z
2 1o Zz 1or
0.5F E 0.5f
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Qb Qb
i OZEn
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E 4 SEWEEEE TaNR. TaNIR RikKFEHTH

Fig.4 Changes in the expression levels of nitrogen assimilation enzyme genes TaNR and TaNIR
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iz

357 1uGs?2
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1.0F

0.5r
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Qb E

AL

m. Ozt

YM23-CK ,YM23-JML , YM24-CK .\ YM24-JML VL3 2 7,
5 GFAEE TaGS1 . TaGS2 FRikKFHT,

Fig.5 Changes in the expression levels of nitrogen utilization genes 7aGS1 and TaGS2
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