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Abstract: The cultivation of wheat materials with high nitrogen use efficiency is an effective way to im-
prove nitrogen use efficiency and reduce production cost. SPX gene family plays a key regulatory role

in plant response to nitrogen and stress. In this experiment, 20 different varieties of wheat were used
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as test materials, and hydroponics experiments were carried out at seedling stage under three nitrogen
concentration treatments: low nitrogen(0. 05 mmol * L"), normal nitrogen(5 mmol « L.”') and high
nitrogen(25 mmol ¢« L.”'). The morphological and physiological indices of wheat at seedling stage
were determined under different nitrogen concentration treatments. Wheat varieties with high nitro-
gen use efficiency and low nitrogen use efficiency were selected by comprehensive evaluation, and the
relative expression of TaSPXI gene in wheat with different nitrogen use efficiency was analyzed. The
results showed that, compared with normal nitrogen treatment, the maximum root length, root dry
weight and root shoot ratio of different wheat varieties largely increased under low nitrogen treat-
ment. Six indices, including plant height, above ground dry weight, and chlorophyll content, all de-
creased, among which chlorophyll content, plant height and above ground dry weight decreased sig-
nificantly. The variation coefficients of each index ranged from 3.16% to 38.71%. Under high nitro-
gen treatment, the maximum root length, plant height, and root dry weight of different wheat varie-
ties decreased, and the chlorophyll content, maximum root length, and root dry weight decreased sig-
nificantly. Root surface area, root volume, and soluble sugar all increased, among which root volume
increased the most. Coefficients of variation of all indices ranged from 2. 51% to 36.53%. The princi-
pal component analysis of 13 indicators showed that the contribution rates of the three principal com-
ponents extracted under low nitrogen treatment were 54 %, 26 %, and 12% , respectively, and the cu-
mulative contribution rate was 91%. The contribution rates of the three principal components extrac-
ted under high nitrogen treatment were 64% ., 16% ., and 9% , respectively, and the cumulative contri-
bution rate reached 88%. Using the membership function value to make comprehensive evaluation and
cluster analysis, the tested materials were divided into four categories: double efficient type, low ni-
trogen efficient type, high nitrogen efficient type, and double inefficient type. qRT-PCR analysis
showed that under low nitrogen stress, the relative expression of 7aSPX] increased in double efficient
and low efficient materials, while the relative expression of TaSPX1I in high efficient and double ineffi-
cient materials increased first and then decreased. Under high nitrogen stress, the relative expression
of TaSPXI gene decreased in the double and high nitrogen efficient materials, while the relative ex-
pression of TaSPX1I gene in the low nitrogen efficient materials and double low efficiency materials in-
creased with the increase of treatment time,
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Table 1 Test materials

R i il ERe i A
Code Cultivar Code Cultivar
/N K ih 6406
Al Chixiaomai All Changzhi 6404
HRE/INE KK 183
A2 Zhuluxiaomai Al2 Nongda 183
FRIELL 5 328
RVEZ IS
A3 Chadianhong Al3 Pinhan 328
, EEVE % 58 5
Ad Baisanyuehuang Ald Shu 58
iy £, - ol 96
-
A5 Youse Al5 Gansu 96
KBRS FEZ 11
A6 Damoxu Al6 Yanan 11
PNEE KITL 35
AT Dabaimai AIT Dongfanghong 3
E¥iF2 75 J5L 706
A8 Baihuamai AlS Gaoyuan 706
N SESN FE3 5
A9 Xiaokouhong Al9 Fengchan 3
ALO Ht 4 A20 R 11
Baimangmai Fengmai 11
®2 AEARBER=ZEFTEAN
Table 2 Hoagland solution with three different
nitrogen concentrations
e JF Concentration/(mmol « L™1)
%
Composition R EH A =
Low N Normal N High N
KH,PO, 0.200 00 0. 200 00 0.200 00
MgMO, « 7TH, O 1. 000 00 1. 000 00 1. 000 00
H;BO; 0.001 00 0.001 00 0.001 00

(NH4)Mo7 024 « 4H, O 0.000 05 0.000 05 0. 000 05

CuSO; * 5H, 0O 0.000 05 0. 000 05 0. 000 05
ZnSO,; « TH2 0O 0.001 00 0.001 00 0.001 00
FeEDTA 0.100 00 0.100 00 0.100 00
Ca(NO3)2 » 4H, 0 0.010 00 1.000 00 5. 000 00
KNO; 0.010 00 1. 000 00 5.000 00
NH,;NO; 0.010 00 1.000 00 5.000 00

KCl 2.000 00 2.000 00 0. 000 00

CaCl; 4.500 00 4.000 00 0. 000 00
K>S0, 1.000 00 1.000 00 0. 000 00
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Table 3 Values of wheat traits at seedling stage under different nitrogen treatments
A EHA i A
N Low nitrogen Normal nitrogen High nitrogen
Trait T E i 2 A5 5 R A A T o 2 A5 5t R FHME b 2 A8 5 R A
Mean SD CV/% Mean SD CV/% Mean SD CV/%
MRL/cm 44, 82a 9.83 21.93 28.29b 8.42 29.76 21.19c¢ 3.32 15. 68
PH/cm 37.38b 5. 36 14. 35 47, 22a 5. 20 11.01 44, 68a 4. 88 10.92
DWR/mg 45.73a 13.55 29. 64 31.02b 5.48 17.68 23.11c 5.91 25.59
ADW/mg 141. 35b 22.55 15.95 214.76a 44,93 20.92 192. 67a 40. 14 20. 83
R/S 0. 33a 0.11 32.02 0. 15b 0.03 17. 64 0.12b 0.02 16.11
TRL/cm 383.95a 120. 78 31. 46 270.69b 71.48 26.41 261.16b 74.54 28.54
RSA/cm? 43.50a 14.67 33.71 26.99b 8. 86 32.82 29.25b 9.12 31.19
RVE/cm? 0. 40a 0.15 38.71 0.22b 0.10 45.03 0.27b 0. 10 36.53
SPAD/(mg+g 1) 0.66b 0.18 28.13 1. 05a 0.19 18. 59 0.75b 0.17 22.46
SP/(mg=+g 1) 23.22¢ 2.98 12. 82 25.24b 2. 66 10.53 27.04a 2.56 9.47
SS/(mg+g b 35.96a 2.48 6. 88 29.67b 2. 60 8.76 24. 64c 2. 14 8.68
GS/ 591, ; ) - ) 7 ;
(umol* h 1+ g 1) 9.59 1. 38 14. 40 10. 46a 1. 66 15. 85 11. 20a 1.73 15. 39
NR/ 292. 31c 9. 24 316 321.19b 8.99 2.80  338.77a 8.50 2.51

(nmol * min~ ! = g 1)

MRL: it KR K PH: k5 ;s DWR AR FH; ADW . E3FF 5 R/SARE e TRL: MR K s RSA AR £ 16 A RVE: AR K F1; SPAD.
SR SPL AT R R A A B SS: AT VA MR B s GS AR EBE G S BB TE R NR Al BRI RS M R R . FAT RO R R NS R

7 Ah ] 2 5 B 35 (P <<0. 05)

MRL: Maximum root length; PH: Plant height; DWR: Root dry weight; ADW: Aboveground dry weight; R/S: Root shoot ratio;

TRL: Total root length; RSA: Root surface area; RVE: Root volume; SPAD: Chlorophyll content; SP: Soluble protein content; SS:

Soluble sugar content; GS: Glutamine synthetase activity; NR: Nitrate reductase activity. The same in tables 4 and 5. Different lower-

case letters following data in same line indicate significant differences among treatments(P <20, 05).
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Fig. 1 Scatter plots of tolerance indices to low nitrogen(A) and high nitrogen(B) conditions
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Table 4 Load coefficients and cumulative contribution rate of each comprehensive index of
wheat seedling under different nitrogen treatments
FE N4> Principal component(PC)
”lr%ijltt % Low nitrogen B &l High nitrogen
PC1 PC2 PC3 PC1 PC2 PC3
MRL 0. 06 0.33 0.92 0. 04 0.33 0.27
PH —0.01 0. 00 0. 04 0.01 0. 00 0. 00
DWR 0.28 0.31 —0.03 —0.01 —0.15 0.42
ADW —0.04 —0.05 0.07 0.07 0.42 —0.01
R/S 0.58 0.63 —0.29 —0.07 —0.62 0. 54
TRL 0.28 —0.20 0.17 —0.18 0. 46 0.51
RSA 0.41 —0.33 0.14 —0.42 0.25 0.27
RVE 0.57 —0.48 0.03 —0.88 —0.13 —0.24
SPAD —0.04 0.12 —0.03 0.11 —0.11 0.24
SP 0.01 0.01 —0.04 —0.01 0.02 —0.04
SS 0.01 —0.07 0.05 0. 00 —0.03 —0.09
GS —0.04 0.01 —0.01 0.01 0.00 —0.02
NR —0.02 0.01 0.01 0. 00 —0.01 0. 05
DTk
Contribution 54 56 12 64 16 9
rate/ %
E ST
Accumulated 54 80 91 64 79 88

contribution/ %

R 25 45 b 1) I U 52 48 HIORN 55 AU 52 46 4L
5 DA 200 mIE iR, (RAAL R
RAS & D fHF 3 A HAZA RN ZITH . D=—
0.39240. 196X, +0. 145X, +0. 087X, (X, :R/S,
X, :MRL, X, :RSA), a5 75 # e i R E R 0. 997
(P<C0.01), LB IZ 7 2 H T 25 6 VF /N 22 1 10 it
RERE T AT SE MR 3 99, 7%, 1 A AL BER A AR
it D {HA4 A AA R ZITRIH R D=0.894—
0.400X, +0. 159X, +0. 120X ,+ 0. 062X, (X, ;

RVE;X,: ADW; X, : MRL; X, : TRL), [a] 54 )5 & ok
SEFRECH 0. 996 (P<<0. 01, W IZ IF B T4 4
TEA /N2 B 1 v R0 BE 0 19 T S iA 31 99. 6 %
AHOCHE 43 F0 22 JT 38 40 Il I3 3 My 245 R 25 5 &
BT, AR L L e R AR AR R T AR 3 A48 A AT LA
VE V¥ M A 8] /N 22 o b B3 i G 20 10 48 2 4R
P AR R o 13 T8 KR K R B AR K 4
ANF6 B T LAVE 9 E 0 A [R] /N 22 5 b i 30 i s
) 25 28 FE R o
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Table 5 Comprehensive evaluation values of wheat seedling under different nitrogen treatments
o D { D value o) D { D value
Code X%l Low nitrogen 4% High nitrogen Code {X %l Low nitrogen %l High nitrogen
Al 0.67 0.56 All 0. 40 0.77
A2 0.35 0.70 Al2 0.41 0.75
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Fig. 2 Correlation coefficients between nitrogen stress tolerance index and comprehensive

evaluation value(D ) of wheat at seedling stage
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Fig. 3 Dendrogram of nitrogen efficiency of wheat seedlings under different nitrogen treatments
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Fig. 4 Scatter plots of the comprehensive value of nitrogen efficiency in wheat seedling under different nitrogen treatments

2.5 TaSPXI TER B THRIENHT

Shy E— 25 B E 2 e 0 R A E AR A AE S
FARF LM 25 N Bk 4 Fh 2SR R A 45 Bk
1 0y /N B E 4T TaSPXT 3£ qRT-PCR 437 .
SERL(F 5) £ ARARAL T, U R (AS) FHIE
R SR (AD BEBHY TaSPX1 e AR X 2 5% f 78
0~12 h BH i EHE . 12 h J5 43 B R FRAE 240 &
F 0 h, BA M AL FBL &L (A10) 1

B TaSPX1 3 B 7E KT Ui Joly 360 15 A X6 2 5t s
T b i Ak B AR R Y 1 N TaSPXT 3 X AH XF
FEIR BT LR A A A 38R () Py A X 3 3k AR
AT 212 . AL BT XU &8 CAS) A A
B AR (A13) BRI TaSPX T K R AH % 26 35 B 1
FEAEAE a3 TR AR A KB L (R
TR AR AL (A FTAUIRRL A (A10) M4 B TaSPX 1
SR DR X 2 3k B o 2 Ak L R] % 14 g S 2 T



< 910 -« Z X W ¥ 55 45 &
[JO0h K242 h BN6h BJ12h [J24h
A 3.0 B 451
a a 4.0 ?
2.5 a

D
>
T

M FRIAE
Relative expression
5> i

SORSERORBNNRRRERENES

e
n

QALK RREKRREY

ANANNNNNNNNNNNNNNNNN\N -4

007545 Al

RNRZEENE
Different wheat types

X REE
Relative expression

ROSARORIRRORNESNRERES

o
ot
ot
ot
ot
ot
ot
ot
ot
ot
ot
ot
ot
ot
ot
ot
ot
ot
D3

AS Al Al3 A10
PNGESIY.
Different wheat types

AARE B R A A5 B AL AL ARE R RO AL S A i AR ALO . SUIR AL, ] — A R AR TR/NG - B3 b 3 ) 22 53 | 2%

(P<<0.05),

A: Low nitrogen; B: High nitrogen; A5: Double high type; Al: Low nitrogen efficient type; A13. High nitrogen efficient type;

A10: Double low type. Different letters above columns of same type represent significant differences between treatments(P<20. 05).
Bl 5 NETaSPXI EEERMPIE THRE
Fig.5 Relative expression of TaSPXI of wheat seedlings under N stress

3 it

AU/ KR 0 M Y B R K B
15 i 1 R /N 2 AT R ST SR 0/ 5 £
S N2 IR R R R 2 7
BV . R [ UK T A 8 85
JEEASHE R 2 R T SN A AT 4 4 2
AR AR BT R E EA T
N2 M 43 e A 3 ) 0 00 940 D R
T 335 R SR LR 0 400 D
BT AT B0 A AR B /N AR R
H B (i T4 b % 7 U052 S 0 7
SRR /N WA R R
A 782 B 01 1T 30T fl 5 Mt e
XA R I R A I X IR
5 PR X B A P T T 7 2R 1101 T
L RA A BT 10 T B TRy R
A e R ) 5 B A A
ST /N 450 4 S LR A T VA 2 1
RS T T VR LR AL (R
AP /N PS5 32 T Wb R 1 B L T
T VA A T e T30 5 0 5 ke 2
BRI PRI 30 . 3 AR BT L 0250 38 T3 1
O B A T T 3 B 11 4 T SR
SURT e S EOE A fEIHCR T B AR %8, NR
A GS M4 BRI o 0 S B e 52 o 1

BERmET D EHAEES AN, mAKNT
NR Al GS fidE T . 5k 1+ B P B8 45 R IR
R T /NE NR FIGS 35 7 He %) B8 2 AR
AR ST EE R ow , ER AL H T /NE NR R GS
T PE AR T A AL B R T, 7R [ Rk
RPN N E e KRR MR T 5 R e RS
OB R BRI R AR S R R R L U
A /N A2 33 6 P R R 2R K P A o R X 5 ke
DT B RIFTE R

T AV 2800 L e R0ObE RO 1 T, AR LA
B AR TR IR bR i = 58— pr i, BRI A
REW MR A EZIR MR DR A S
R O e 46 A i fE A0S G X AS [R] /N 22 bR
R AR AL TR LB RS R 2A
B ARTES 7 ARl 1E /2T &
AR TR e FE bR . ARHIF ST 45 A 32 B4 43 BT 95 AN
Z It A BE 5 AR L TR LL L B KR K AR
FE R AT A Sk /N 22 B AR ZURE 1 A0 A R 1 O
e b, ARARRL b R L R R AR KR RAR K
AR /N 22 i 1 T i L RE T M A &R I I B 4
s I SR 8 R o BT R R AT 20 A
ANZE A R U R A AR R R L A
i A LA R

KT SPX FEHFZE VG, FEE P
IEHUK R, e A B R A K A8 9 OsSPX4 B
POFL 2 5 /R MM EEEY, kg e S0 i



570

JER NG P 45 < AN TR /0N 22 5 o i 390 R BT AN B TaSPX T 3 R 3K 53 A7 + 911 -

GERW], TaSPX1 LEARE M8 T K3k 1 1 25 1,
L3 2o R 3 R 3L BB 1 5 /)N 27 HR AR IR U 3 1
e S, AW ARAA T XGRSO AR A
RO AE BE ) TaSPXT M 3235 & b T, i i 2
RS AR 8 A 64 D 7 T 3 0 S99 s Gl =, H
B R B . 3R] R R R A% R R 2R R R A
FEA) B 2L O Ok 2 5 B A 3R 5K L LA XK
e, (H7E K W38 R % s N, Rkl TR
FE . TER EALET LR AR R i A AR M R
() TaSPX1 AH XT3 1k 5 8 T e, i A 2 2
VB 85 AL A 6} 174 9 35 S B A Ak P [R] 4 4177
A L 3R W] LA 3 N 5 ROA R T AR AE R 2 L AT e SE
Wi A= K & B .l ad TaSPX1 3 R §f 58 4 8 i i
FERANT L — A B AE T bR b RO 1 Y 45 SR o
T 1

ABIFSEAE R R ROR R 8 D T2 B
S B v AR R RN B R R R R T
W . AT AT — 2B BT AN ) 2R 85 PR 38 X6 /)N
A2 AW F AR5 e, OO0 Ak 008 e FH 56 g

5% 30k

LT3R UK Ty, SR BE R TR, 55 SE MR A RAEW R L E R R O i

8 £ R 2 B (1], FE AR R, 2023, 2(8) 1687,
ZHANG B X,ZHANG X M, XING Y P,et al. Analysis on ge-
netic factors affecting the nutrient contents of grains in cereals
[J]. Journal of Cold-Arid Agricultural Sciences. 2023, 2
(8):687.

[2]ZORB C,LUDEWIG U.HAWKESFORD M J. Perspective on
wheat yield and quality with reduced nitrogen supply [J].
Trends in Plant Science ,2018,23(11):1029.

[3JWhmE, 8 55, L i, 55, PRVG OC i AS ) 48 £ /N 22 0 o 5t

R WOBOR A N g dtywe iz ) ], o AR B, 2015, 48
(23):4769.
HAN X Y, HUANG F,WANG Z, et al. Responses of grain
yield and nitrogen use efficiency of wheat cultivars released in
different decades to soil fertility in Shaanxi Guanzhong Plain
[J]. Scientia Agricultura Sinica ,2015,48(23) :4769.

(4795 W7, AS[EIZEECR R /N2 41 i A R WoRe v e 3w 9 [ DL
W MR 2021,

JIANG X. Comparative study on nitrogen absorption charac-
teristics of different types(varieties) of wheat seedings [ D].
Yangzhou: Yangzhou University,2021.

[5JRAUN W R,JOHNSON G V. Improving nitrogen use effi-
ciency for cereal production [J]. Agronomy Journal ,1999,91
(3):357.

[6]WANG W G,LI R,LIU B,et al. Effects of low nitrogen and
drought stresses on proline synthesis of Jatropha curcas seed-
ling [J]. Acta Physiologiae Plantarum ,2011,33(5):1591.

[7JWU Y,LIU W, LI X,et al. Low-nitrogen stress tolerance and

nitrogen agronomic efficiency among maize inbreds: Compari-
son of multiple indices and evaluation of genetic variation [J].
Euphytica »2011,180(2) : 281,

[8]JIANG S,SUN J, TIAN Z,et al. Root extension and nitrate
transporter up-regulation induced by nitrogen deficiency im-
proves nitrogen status and plant growth at the seedling stage
of winter wheat ( Triticum aestivum 1..) []]. Environmental
and Experimental Botany ,2017,141:28.

[9]LI D, TIAN M,CAI J.et al. Effects of low nitrogen supply on
relationships between photosynthesis and nitrogen status at
different leaf position in wheat seedlings [J]. Plant Growth
Regulation ,2013,70(3) :257.

[1o]% ki, ity . 4 55, 6. AR BB XML L H R K R

FA R 0 A [ ], 0 R R R A R CE AR B RO
2013,34(4) :81.
LUO L C,MIAO Y F,LI S X,et al. Effect of N forms on
growth and root physiological characteristics of wheat seed-
ling [J]. Journal of Henan University of Science & Tech-
nology (Natural Science) 2013,34(4) :81.

L1105k XA, B IR, 45, /N2 TaSPXT JE IR v B 3235 K
TR IR 28039 358 Y D e A 9L . AR 412, 2024,50(3) 1 576.
ZHANG B H,LIU J J, TIAN X,et al. Cloning, expression,
and functional analysis of wheat(Triticum aestivum 1..) Ta-
SPX1 gene in low nitrogen stress tolerance [ J]. Acta Agro-
nomica Sinica ,2024,50(3) :576.

[120B5 0. /N2 R TR) 2 R0 2% 0 i 1 390 AR 28 o 0k 55 0k L 7™ i 1

P B S& R AT 5E LD KBIN 3] F Ak K2 . 2020,
CHEN X. Study on relationships of seedling root traits with
grain yiled & quality of wheat(Triticum asetivum L.) culti-
vars with different nitrogen use efficiency [ D]. Zhengzhou:
Henan Agricultural University,2020.

C13 0B Am W] WA BLAT . R A Vv DM 2 I 2 38 & e R RS L . Al
FHEE I 1984,4(1D) 1 19.

CHEN F M,CHEN S W. Study on determination of chloro-
phyll content by mixed liquid method [J]. Forest Science and
Technology s1984,4(1) :19.

(142792, G 38 A L, % IR AWM BRI & E okt 5
FEBTSEL) ] FRRAE,2006,14(1) 1117,

LI D X,YUAN H Y,GUO Y X,et al. Mixture solution soa-
king extraction efficiencies of chlorophyll from maize [J].
Maize Science ,2006(1) :117.

[15]JIA W S,ZHANG ] H. Stomatal movements and long-dis-
tance signaling in plants [J]. Plant Signaling & Behawvior ,
2008,3(10):772.

[16]M 22, B2 R, T V. A A B2 S B R[CMO. dE st a4k
22Tl R . 2007,

HAO J J,KANG Z L, YU Y. Experimental technology of
plant physiology [ M]. Beijing: Chemical Industry Press,
2007.

L1705 ARGEUE I X /N2 4y i AR AR A 5 28R WSR3

Wi K FCAE BEALAHI D], Bt AUR kRS2, 2018,

JIANG S Y. Effects of low nitrogen nutrition on root growth



¢ 912 # K E

L7/ 545 &

and nitrogen absorption and utilization of wheat seedlings
and its physiological mechanism [D]. Nanjing: Nanjing Agri-

cultural University,2018.

[18]5KE K. 4y A= 2 50 a 48 2 (2 MO LM b ot @ B HE

Ji At , 1990.
ZHANG Z L. Experimental instruction of plant physiology
(2nd ed) [M]. Beijing: Higher Education Press,1990.

[19T5K KR . TI6 %5 A7 i A8, A5 R [ BE 7 i A xR 200 3 1 22

P L], R 35 5 IR R R . 2014, 20(3) 1 661,
ZHANG M J, QIAO Z J, YANG W D, et al. Biological re-
sponse of different cultivars of millet to low nitrogen stress
[17. Journal of Plant Nutrition and Fertilizer, 2014, 20
(3):661.

[20 T3 sl 2% 3R 2 T, 25 0K S80I 300 X A T T 8 0 5 K it o

LT AR BRI A R A PR s R [ b A R R,
2015,23(8):946.

XIE M L,LI Q,ZHA L,et al. Effects of low nitrogen stress
on the physiological and morphological traits of roots of dif-
ferent low nitrogen tolerance maize varieties at seedling stage

[J]. Chinese Journal of Eco-Agriculture ,2015,23(8) ;946.

(2104 RLL BRI A, R 6 27, 45 WA 1 M 5 /N 22 [ /) 5 2 v

LA SHETER S B L] R A 4. 2009, 24(1) £ 137,
JIN'Y H,ZHANG K L,ZHANG X C,et al. Determination
of amylose and amylopectin in wheat and wheat malt by du-
al-wavelength spectrophotometry [J]. Journal of the Chi-
nese Cereals and Oils Association ,2009,24(1) :137.

AR, SRR B, S AR BB /N 22 Rl AR U
A A e [T, P B AR B, 2006.,39(10) : 1992,
LIS W,WEN H D,ZHOU Y Z, et al. Characterization of
nitrogen uptake and dry matter production in wheat varieties
with different N efficiency [J]. Chinese Journal of Agricul-
tural Sciences,2006,39 (10):1992.

(230K ¥ . 0F &, BRVEER - 56, F KA 23 %0 Jr) 58 S0 i A3 Iz o 7 )

PRI 22 [T R 8 37 SRR 441, 2017, 23(1) : 83,

CHEN Z, YI X, CHEN F J,et al. Differential response of
maize roots to heterogeneous local nitrogen and phosphorus
supply and genotypic differences [J]. Journal of Plant Nu-
trition and Fertilizer ,2017.,23(1) :83.

(2414 A BRSO L 2 ‘iﬂrf»%. AT LR T & /N

RuBP #2 fb il 1 i 12
iH,1986,22(6) :20.
FENG F S,CHEN W L,LIJ,et al. Variation of the activities

i iR 0 AR A LT ] A 2R B

of ribulose-1, 5-bisphosphate carboxylase and nitrate reduc-

tase in leaves from wheat plant grown different nitrogen levels

[J]. Plant Physiology Communications ,1986,22(6) ;20.

(25 8 RFY A5 22 R &N P BE R R 5 B i) X 3 2

Az PURFPE Y 2 L) ], PE AL RARRL B R 2 2 R CH AR O
2002,30(1):23.

CAO C L,LI S X,LI X J. The effect of nitrogen stress time
on some physiologic characteristics in winter wheat tillering
stage [J]. Journal of Northwest Sci-Tech University of
Agriculture and Forestry ,2002,30(1):23.

(26304 . A # 0 i 25 ZBL R AN AL R AE B BT 5 [ D, 25 Mg - 1l

ARG R, 2011,
LIU J P. Study on the characteristics of nitrate accumulation
and assimilation in Toona sinensis [D]. Jinan: Shandong Nor-

mal University,2011.

[27 T3k o AN [R] S 30 /N A B A O B g3 2 5 e TR 3R ik 22

St SR RLLD]. #0  #% MoK %, 2022.

ZHANG X B. Differences in activities and gene expression of
key enzymes involved in carbon-nitrogen metabolism and re-
sponse to nitrogen fertilizer in wheat with different NUE

[D]. Yangzhou: Yangzhou University,2022.

[28]FH A THRSC, 2 &, 5. AR E HRACE 0 & /N B A

O S T 0 1 A A RO R AR 1
2002,28(6) :743.
WANG Y F,YU Z W,LI S X,et al. Effect of nitrogen nutri-

P DINNRE (7 i

tion on the change of key enzyme activity during the nitrogen
metabolism and kernel protein content in winter wheat [J].

Acta Agronomica Sinica ,2002,28(6) :743.

(295K 1 B st i B, 200 4, 45 (K30 00 280 30 o /N 22 i AR

R AT K 5w )] R Al B 2, 2016, 45
(12):13.

ZHANG S C,SHI Z L,LI M J,et al. Effect of long-term ni-
trogen stress on carbon and nitrogen metabolism, nitrogen
use efficiency and yield of wheat [J]. Journal of Henan Ag-
ricultural Sciences ,2016,45(12) :13.

(305K 16, BRHE BT ALZREE 5. VU R 22 X /N 22 1 300 280 oo 200 b O

e KA bR R A EELTD. ARk R 4R . 2022.40(1) < 10.

ZHANG H.CHEN Y Q,REN J Y.et al. Screening of wheat
cultivars with high nitrogen efficiency at seedling stage and
construction of index system in southwest wheat region [J].
Jowrnal of Sichuan Agricultural University »2022.40(1)
10.

[31]JHU B, JIANG Z, WANG W, et al. Author correction: Ni-

trate-NRT1. 1B-SPX4 cascade integrates nitrogen and phos-
phorus signalling networks in plants [ J]. Nature Plants.

2019,5:637.



