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Effect of Nitrogen and Drought Stress on Growth and Physiological
Indexes of Winter Wheat Seedlings
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(National Engineering Research Center for Wheat, Henan Agricultural University , Zhengzhou 450002 , China)

Abstract; Yumai 49-198 and Zhoumai 22 were used as materials to study the effects of nitrogen and
drought stress on growth,development and physiological indexes of winter wheat in Hoagland’ s nutrient
solution. The results indicated that nitrogen and water stress for five days could significantly decrease the
plant height and shoot dry weight,but increase the root dry weight and root-shoot ratio, of which the com-
bination stress of nitrogen and water stress( NO + PEG) had the largest influence. In the two stresses, the
nitrate content of leaves and roots reduced significantly, and the effect of nitrogen was greater. The con-
tents of soluble protein and free amino acids decreased significantly under nitrogen stress, but increased
dramatically under water stress. GS activity of leaves was reduced greatly under nitrogen stress, while it
showed difference between the two wheat genotypes under drought stress, Yumai 49-198 increased and
Zhoumai 22 decreased.

Key words: Triticum aestivum ; nitrogen stress; drought stress; growth and development; nitrogen meta-

bolism

AREZEYWAERMET I LHOEZEEIRIT R AN A %R (NUE) R AK, 60% /Y % i
FULREA R AR IR TSRS MAN KT AR A B R U TR 7 B
WAy RIEA P\ AR I T AR RIS R, TR AR SR TS 2 R AR B , F
K AR T RS L E BB AU Y i Fa RN i EE AR AN T2

Wi HHE 2014 -12 - 16

EETWHE R A 25 MEAT AL CRAE) BT I (201203079) 5 = 17 [ Z B 45 344 %i 56 H (2013BADO7BO7 ) 5 ] 1 45 /)
Pl B AR FR B L % ZE T (82010 - 01 - GO7)

EERB N R (1988 - ), 2 W R KB A TR W 5e A, WF 507 1) o /N2 AR BRAEZS o E - mail: jxzhaol29@ 163. com

# BWAEE  ERM (1964 - ), 5 TR 7 SN, P58 B, o, 28 N i/ 22 i 72 0 o ilﬁi?&ﬁﬁ?ﬁ

E - mail ; xmzxwang@ 163. com



%5

REEF RERTFHAS LD IS EREH R ALIBRG @ 27

— T TR T B AR T R A R e s
PrA = i, R AN A I 50U W8 A R B A7 A
5 A RIS B A B 2 R Al A 7 AT 4 8
JEH)—A e E AL, H AT, A SCAERK VAR A
AL 2 O A — eI, ok e S X e
A R T FRRHARLIY 20 A~ /N 22 i Bl ) 280 3% 8 57 A Ak
AT TR, /N i R A 0 3R M AR B AR A
WL S IRl R AT L
T R AR N K RO, 54 5R AR B P R
(R A e T R T N
Bk Ry RE TR R RAAET, ZARM
JO7 X5 400 90 2 B DA X 1) 98 Y A T G R AR L B
ROV o AR KBS B AR IR BESE H i 52 B H AL,
A BTN KRB G A RERS 4R /N 22 = i i B
AT A FL AR T Y I 5 S
K HE Y TE 5 BILAD T3 AR A0 3 R & /I 22 i 3000 JKOIE B9
FG MR o 0, DL 2 AT R A N 2 O
B BT TEA A AR AT R A T AR R AR
TR 7 AL AR] , LIHI 48 7 /) 22 A Ti] 5 PR 2R ] 4803 R K
Sy MR 22 53, SR /INZ2 KGR 5OR) i PR 2 s 3 A
DA HE P A LS A

L AR A7 &

1.1 ##

I L 2 AS/NZZ hh Fh R A2 49 - 198 FIJE 2 22
R, BRIEI AT — B R ] 75% 1 Z BRI 7
15 min SR )5 25 B ok o T-0t o 12 24 h Kk
BRI T EA KR 15 em R IR, B4
IR K2y 50 BN v, JF 8 Holc 8 7E 14 h
JEHE S HER BE Ry 250 pmol/(m” - ) B AR FE N
25 C/15 C 3% AHXHB E N 60% /75% 1) 5 37 5
(QXZ -430E) 1, Ji] Hoagland & F# i 5 37, 2 A5
FBr/NETE 4 H 56 1 47 Hoagland 58 48 I
WA, R IRZE (N) 5 56 2 ZH7E TC A Hoagland
ERBP AR, NE M4 (NO), H KCI FiI CaCl,
A3 AR FR W (9 KNO, Al Ca(NO,), 3 45 3 40 7E

# 15% PEG - 6000 (142 & =W (PEG) i A K 5 5
4 HTE & 15% PEG - 6000 () JC & & 9% W (NO +
PEG) K, M EL 3 W, &2 d HEik—
WE W, MBS d J BUEERE
1.2 WEmBKF*E

SFR S dJE, BN FR LR BE AL 10 BRI 22
ST LI R AR T AR L

KA Cataldo 25" 109 77 B 52 /1N 42 401 7 Tl 45 2
(NO; ) & i, MR 4 107 e 5 /N 2 4 i
HhR] M R T RO S A SRR Y B i . AR R T/l
2T 7 v I E A R T T A R ( GS) T
1.3 HiESH

FH SPSS 17.0 #4475 22 49 1 (P <0.05)
K Excel 17 B 2254

2 HR G AT

2.1 REMTFEHEINNEZEHEERKEBRHOZ M

Bg oy s (& 1), 55 B e, NOPEG #il
NO + PEG 4bFEF , B2 3 49 — 198 (bR 20 3 i 3 T b
16.1% .26. 9% 1 30. 6% , J& 72 22 4% 3| & 3 F %
10.5% 27.2% F129.7% . 3% 49 — 198 f{h | &BT
AR E FRET 19.6% 27.5% F131.4% | 8§ %
22 BETFIE21.1% 21.1% F1 33. 3% , i B XU k0
A (NO + PEG) M i K, il PEG JBpe 52 1 K F NO
Jiih . NO AbFET B2z 49 - 198 I 2 22 MR 4
SN 3. 1% F12.3% , 4k PEG #1 NO + PEG &b ¥ 4%
B AZ 49 - 198 MM K FFAR 16. 6% Fl 14.5% i ]
22 ARKFRAIC 14.0% 1 8.6% . #5449 —198 [1)
T 75 NO PEG F1 NO + PEG b3 T %5 X} HE 43 31
N 13.3% .6.7% 26.7% ,J& 7% 22 43 W38 n13.3% .
13.3% 40.0% , #% 7 49 — 198 {48 5& L 43 ) 5
W AN 45.9% 52.7% 84.3% | J8 3 22 %
AN 44.9% 47.9% 115.1% . XLE i b BE(NO +
PEG ) Xf/INZZ &)y i MR 1 Joit o A1 AR 568 LU 1) JBlp 380 52 i) 40,
K, PEG W52 M KT NO it . 2 A5 A e AS [R]
Sb R (Y 32 i 38 R B AR AL

x1 EEMTFEBENNEZHEEKEERHZMN

o e . TR/ (g/#k) -

wn A Ab B i /em 4 /em R W i e L
% # N(CK) 19.3 £0.70a 19.3 £0.20a 0.051 £0.001a 0.015 £0.001b 0.292 £0.014d
49 - 198 NO 16.2 £0.23b 19.9 £0.49a 0.041 £0.001b 0.017 £0.001a 0.426 £0.012¢
PEG 14.1 £0.32¢ 16.1 £0.26b 0.037 £0.001¢ 0.016 £0.001b 0.446 £0.035b
NO + PEG 13.4 +£0.50¢ 16.5 +£0.40b 0.035 £0.001d 0.019 £0.001a 0.538 +0.016a
JE 2 22 N(CK) 23.9 £0.49a 22.2 £0.27a 0.057 £0.002a 0.015 £0.001b 0.265 £0.011d
NO 21.4 £0.27b 22.7 £0.26a 0.045 £0.001b 0.017 £0.001b 0.384 £0.017¢
PEG 17.4 £0.46¢ 19.1 £0.36¢ 0.045 £0.002b 0.017 £0.002b 0.392 £0.019b
NO + PEG 16.8 £0.11¢c 20.3 £0.46b 0.038 £0.002¢ 0.021 £0.001a 0.548 £0.020a

T AR B 22 7 8 B B 25 K- (P <0.05) , T,



28

Ty R A A

44 %

2.2 FEMTFEBENNEZHEHSR. ATALESE
HRMESEEBSENT N

RAMTEpa B ERINEY TSRS &
(F£2), 5L, N0, PEG #il NO + PEG Ak 3§
L 49 - 198 I R A S A & 25 B E T %
90.4% .36.5% .81.6% , K& N 91.7% .47. 0% .
85.1% ; JH 7 22 0 F K 62.0% 17.1% 41.3% ,
Bk 89.2% 47.5% 63.5% , 3B NO Xf /)N 22 1 #1
BiF 25 000 38 52 ) e K, NO + PEG 5% i K T PEG
JRE A R S R R BRI R R 5 4 49 - 198 >
Jil 22 22 A > MR

SXFAR L (% 2), 78 NO b 3R, B & 49 -
198 Iy FAR F 04 R i 4k 2 1 BT % 2 0 ) 3 AR
14.0% F1 14.3% i 25 & 3L & 1250 A BEAI% 22.2%
F160.0% ; J8 ¢ 22 W F FIAR 38 o] i M &R 11 o
530 i BEAR 13.7% F1 23. 8% | JiF 125 A HE IR 1 41

WIFEAR 30. 0% F1 66. 7% , #X i, 76 PEG F1 NO +
PEG AbFEN #4249 — 198 My v i A i 1k 4 1 oL
BB T 30.7% F1 13.2 % , MR ATk &
5 & 4y e T 16.3% F1 - 8.2% |, J& % 22 0t
ATV S R A R T 62. T% il
53.0% AR ES AT VRS 5 & A G m T 23. 8%
1 4.8% ;B4 49 — 198 m v v i g 2 B R & &L 4%
B EIN T 4.7 5F0 4.2 £ MR IR B A IR
O RER T 4.3 5 2.5 £5, & 22 iR
T IR &t i B E RN T 6.0 f5H 4.6 1%,
MR Ui 5 S SR S it o i W T 4. 8 £ A 2.3
5o PTE R BRI 25 S FR R B AE NO Ak B
(0 B e B2 2 B A AR > it /E PEG R NO +
PEG 4b 3R (14 3 i B 3% B0 - b > AR AR, B
PEG > NO + PEG,

R2 AEMTEBHENNZHEEEREFHTG
oy
i i Ab B AR R (pe/e) ;{;%(fgi‘f Wer R ILR & 2/ (ng/g)
i R i R i R

#Hx N(CK) 208.9 £6.5a 150.7 £8.9a 11.4 0. 1¢ 4.9+0.1b 2.7 +0.3b 1.5+0.2b
49 - 198 NO 20.1 +4.0d 12.5 +1.4d 9.8 +0.1d 4.2+£0.2¢ 2.1+0.2b 0.6 +0.2b
PEG 132.7 £5.5b 80.1 +4.3b 14.9 0. 1a 5.7+0.3a 15.4 £0.9a 7.9 +£0.3a
NO + PEG 38.5+3.6¢ 22.1+3.1c¢c 12.9 +0.3b 4.5 +0.3be 14.1 +£0.6a 5.2+0.3a
% 22 N(CK) 211.1 £6.2a 100.2 £5.1a 5.1+0.2¢ 2.1+0.1b 1.0 +£0.1¢ 0.9+0.1c¢c
NO 80.3 +0.3d 10.8 +1.8d 4.4 +£0.1d 1.6 £0.1¢ 0.7 +£0.2¢ 0.3+0.1d
PEG 174.9 £3.8b 52.6 +2.9b 8.3+0.1a 2.6 +0.2a 7.0+0.4a 5.2+0.2a
NO + PEG 123.9 £0.9¢ 36.6 £2.0¢ 7.8 +£0.2b 2.2+0.2b 5.6 £0.2b 3.0+0.3b

2.3 REMTFEHEXNNMNEZSHE GS HEHEMNZI
A 1 RTL, i i GS i R FAR R GS
WP, B 49 - 198 iy GS it m T Z 22
GS Witk HXFMEAHLL, 242 49 - 198 FIJH 22 22 7§
NO 4b ¥R Bf 5 v (4 GS 7 P 4y ) B G REAR T
7.9% F112.8% ,#h GS T M 4> B A% 6. 0% Fi
11.1% ., #£ PEG Fl NO + PEG AbH T, % 49 — 198
M GS I 43 9 4% fn 8. 8% F1 12. 8% , Ji 4 22

%#49-198 Wi
OR
ab =
C

=
o=
=
=
3

3 . g 2
|6}

NO PEG NO+PEG
st
&1

FEEBABIEM - 1.2% F 4.9% , ¥ 7 49 - 198 nf
A OGS IR I 2.0% F15.3% 9K, Ji 2 22
MR GS {1 ) 43 1 35 AR 19. 0% 1 29. 5% .
BOPE O  fF NO AbHE R R 22 22 FREIRE K T8
7 49 —198;7F PEG 1 NO + PEG b3 R, i} A GS
TEVEAFAE e DA A 22 5 J) 42 22 W3 R R, R
49 - 198 JHiE . ULWI & 49 - 198 A T8k Y Bt Wy
SERT Y

%22 m i
OfR
_ b
— [
=
5 d
o0
=
=)
=
o
& b : 2
NO PEG NO+PEG
Jis:

AEMTEPBEI/NELE GS FEMNZM



%5

&
Bt
b
S

RERTFEMEANLANEYTARLFTRAAERIARG YR 29

3 i 5itid

FORT 5 an R A AR KR R R
FUO L ARBETT R, AU 0 A S 2 3
AN Ay ARG SR BUTE 2 A B 4 R A
TR B TR T U S T AR, SR
SRR, Guo %57 o 15 BIAR LI 2538 . 59
AW RN TER AR BOK > 7 BRSO AR
RERIARE R AR e o U R aa K
XU 36 #0484 0 2 A i Fof AR J5 B AR G HE, XU
3a T3 R 2 o DR IA S, AR G I R b da
{18 — b 22 5C T 2LAY SN, 2 AR W X B  8 — el
PR

fird PR 6 | 5 1 O R O R A R T ) A
PR AT S AU I8 R AR RR Y Y 2
AT R A BRI S A R AR B A SR A
BRI RUKR P E A RE ™ R RN, R
[ Jp 308 46 015 L 3 P R R TR A A ) A
PR BLR T AR, TR0 B AT
T/NE YA RS R E] R SR R
e S rdihen s lIRTE ) TN DR (BSEY ial R/
A R 28 R TR Y AR SRR A A AR AR 5 B — A
Az BROE L o R A, A IR s F T, R K 38 i A
REAS 11 i A P 1 o i

GS JZH Wy R Ak i O B L ARBIE ST R,
Fr ) GS YRR TR AR B4 49 - 198 wf GS I ik
RFJH A 22, AHFFERM, BP0 4 0F T KR
GS WM T KMt S F KRS N
Y GS HEPE T FE . A 2 A/ b 4l A
WA T GS iR 2 F Fe (H A & 22 R B A K
THBE 49 - 198) (AT 5 W38 T A7 78 & Bl i) 22
S T84 49 - 198 f GS iR PET i, M JH & 22 f GS
EVERE TR W ER R B 49 - 198 A
AL BE Ty o T i 42 22, 3 b ] il 0 1k 25 =, A
L 38T G OC Bt 15 A 4 A A e A 25 S
— B, T R A AR G B A4 A2 BRIy 1 2
RE XS 17 A, £ 3 A IR A AR A

25 L Tk, U 0 T R M0 G S A ) A
SIS S BTl A ™ W Y ] T 2 T 5 0 AR PR B9
AR T AE a0 38 A B B o A 2P
RABFIE

SE

[1] Frink C R, Waggoner P E, Ausubel J H. Nitrogen fertili-

zer: Retrospect and prospect [ J ]. Proc Natl Acad Sci

[2]

[4]

(5]

[6]

[7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

USA,1999,96(4) :1175-1180.
Liao C S,Peng Y F,Ma W, et al. Proteomic analysis re-
vealed nitrogen-mediated metabolic, developmental, and
hormonal regulation of maize ( Zea mays L. ) ear growth
[J].J Exp Bot,2012,63.5275-5288.
Liang G,He H,Yu D. Identification of nitrogen starvation-
responsive microRNAs in Arabidopsis thaliana[ J]. PLoS
ONE,2012,7(11) :e48951.
Ju X T,Xing G X,Chen X P,et al. Reducing environmen-
tal risk by improving N management in intensive Chinese
agricultural systems[ J]. Proc Natl Acad Sci USA,2009,
106 :3041-3046.
Good A, Beatty P. Fertilizing nature: A tragedy of excess
in the commons[ J]. PLoS Biol,2011,9:e1001124.
Campos H, Cooper M, Habben ] E. Improving drought to-
lerance in maize: A view from industry [ J]. Field Crops
Res,2004,90(1) :19-34.
Arora A, Singh V P, Mohan J. Effect of nitrogen and water
stress on photosynthesis and nitrogen content in wheat
[J]. Biol Plantarum,2001,44(1) :153-155.
Cairns J E,Impa S M, 0’ Toole J C,et al. Influence of the
soil physical environment on rice ( Oryza sativa L. ) re-
sponse to drought stress and its implications for drought
research[ J]. Field Crops Res,2011,121(3) :303-310.
FoxAE B DA, BN, S5 R [R5k B RN & 5
RFIIBORM 25 L AR R [T]. ZREYEH,
2013,33(2) :301-308.
BEEE E AR R R MOk AR F R %
IR KRS e B K AR AL BB LT ] R
[E fe Bl 22,1996 ,4(26) :58-65.
GEER TN, R IE T K O R BB IR A &N AR
R L] EY AR ,1996,22(4) :476-482.
FL R O BN D RN T R H R B K
JERCRIRRFE [T]. T 5 M X AL BF5E, 1997, 15 (1) :
58-63.
Cataldo D, Harron M, Scharader L E,et al. Rapid colori-
metric determination of nitrate in plant tissue by nitration
of salicylic acid[ J]. Commun Soil Sci Plant Anal,1975,
6(1).853-855.
BEE YRR AR SRR (T 21 i
PR OM ) [ M. bt 8 45 0R it ,2000.
N, e, BRGNS /N I R A I e
o A Al S E [T]. R AEY 4 ,2010,30(1) .
83-86.
Diaz U, Saliba C V,Loudet O,et al. Leaf yellowing and
anthocyanin accumulation are two genetically indepen-
dent strategies in response to nitrogen limitation in Ara-
bidopsis thaliana[ J]. Plant Cell Physiol,2006,47 (1) .
74-83.



30 Ty R A % 44 K
[17] Guo T,Xuan H,Yang Y, et al. Transcription analysis of fering in drought sensitivity [ J]. J Plant Physiol, 1997,
genes encoding the wheat root transporter NRT2 and 150 :345-350.
NRT2 families during nitrogen starvation [ J ]. J Plant [23] Maheshwari R,Dubey R S. Nickel toxicity inhibits ribo-
Growth Regul 2014 ,33(4) :837-848. nuclease and protease activities in rice seedlings : Protec-
[18] Zhang H, Forde B G. An Arabidopsis MADS box gene tive effects of praline[ J]. Plant Growth Regul,2007,51 .
that controls nutrient-induced changes in root architec- 231-224.
ture[ J]. Science , 1998 ,279 ;407-409. [24] Zhao X,Zhao S,Shi W. Enhancement of NH," uptake by
[19] Crawford N M,Glass A D M. Molecular and physiological NO; in relation to expression of nitrate-induced genes in
aspects of nitrate uptake in plants[ J]. Trends Plant Sci, rice( Oryza sativa) roots[ J]. Pedosphere 2008 ,18 (1) :
1998 ,3:389-395. 86-91.
[20] Kiba T,Feria-Bourrellier A B, Lafouge F et al. The ara- [25] BR,SKE I, 2. Ehia 5 KRS A KR
bidopsis nitrate transporter NRT2. 4 plays a double role PR Je AR e Jk PR A R SE R [ T ] . Akl k2R 2
in roots and shoots of nitrogen-starved plants [ J]. The #%,2012,31(1) :16-22.
Plant Cell ,2012,24(1) :245-258. [26] b B, ohai g, = A W0, 5. 7K 43 30 % 7K RS 4 1 A&
[21] Cai H,Lu Y,Xie W,et al. Transcriptome response to ni- KRG KGRt rs g [T]. #9857 5 0 kL2
trogen starvation in rice [ J]. J Biosci, 2012,37 (4) : % ,2009,15(5) :1016-1022.
731-747. [27]  Ehr O, 2ok, XS, . 3K 40 X 3R il /N 2 TR 22 34
[22] Ramanjulu S,Sudhakar C. Drought tolerance is partly re- R (R Ak T P FRF R s [ 7] Rl A S 2
lated to amino acid accumulation and ammonia assimila- #%,2005,29( 1) :48-53.
tion: A comparative study in two mulberry genotypes dif-
(L% 25 ) HURHENLIRAF 52 [ T]. W V8 Rk B 2% ,2010,38 (10) :
[20]  FEprom, 2R, 78 SO #0905 A= B 500 00 6F 53 3 37-40.
JE[T]. fEa R b k222237 ,2004 ,33(4) :448-452. [28] @gker, 2. RAMAERERRIERIT]. R
[21]  ZE8L, 208, YR E WA RER [T]. 7GRl R #j,2003,42(5) :6-8.
% 2012,40(7) :807-810. [29] ML, RCH. —3H Bt & HAE TR
[22] %85, Beocd: , J8 <06, 5. B i6 M8 55 Al 1 25 74 BRAE L]tk S A 25,2001 ,23 (4) :37-38.
TR IS [T]. T AR ARl Bl ,2000,23 (1) 4243, [30] BRI, boCUm, 5 0E 22, G4 WAk 25 Bk 3 i e 4%
(23] SR RPERE, M0, 55 B R R MR 25 BB 1A O EELPARLT]. 4¢2,2012,51(2) :85-89.
BTG 5 [T ], BEAR Al B 47, 2008 (24) : [31] ZBWE. Ak W e B AR Al o g o JH R SE g R [T ]
116,120. AL BB ,2012,23(23) :225-227.
[24]  BREETE. A WA 25 16 0 W9 3O B v ob i i & [32] A, mbdE, £ 8 . A W U8 Bk 20500 BIF 5% 5 {1 B e
BIREW [ J]. VLAl B2 ,2001,35(4) :39-42. [J]. 44,2002 ,41(5) :7-17.
[25] ek, 2D, % AWM EAELS [33] =4, FEMHe, mIA . S 2k W 5B 500 i W 98 i
FEPELT]. A2 4R ,1999,39(4) :348-349. BUR R R B[ T]. Z2 B AL 2004 ,46(4) < 1-7.
[26] FLIKRL, Tz, XM, % R R0 R 15 2 0 RS h [34] 440K RBME, 7030, %, B K BR 5050 M - 22 R
PE[T]. D ZR B2 ,2001,14(4) 118-25. TR AN [T ] T E A BE¥R ,2001,17(1)
[27] W, EEA, Tre, 5. MR N ye8 Ty 47-49.



