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Effects of nitrogen level and rewatering degree after
drought priming on water use efficiency of wheat

XING Jiayi, LI Li, WANG Chao, HAO Weiping, WANG Yaosheng

(Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences ,
State Engineering Laboratory of Efficient Water Use of Crops and Disaster Loss Mitigation, Key Laboratory of
Dryland Agriculture, Ministry of Agriculture and Rural Affairs, Beijing 100081, China)

Abstract: A pot experiment in the greenhouse was conducted with the variety ‘ XR4347’ of winter wheat to
investigate the effects of nitrogen application and rewatering level after drought priming on physiological characteris-
tics and water use efficiency of wheat. Three nitrogen levels consisted of low nitrogen (N0.5, 74 mg - kg™') , medi-
um nitrogen (N1.5, 223 mg + kg™') and high nitrogen (N3, 446 mg - kg™'), and three water treatments under
each nitrogen level comprised rewatering to 85% of soil water holding capacity (SWHC') after drought priming
(40% of SWHC) (W85), rewatering to 60% of SWHC after drought priming (W60) and re-drought stress to 40%
of SWHC after drought priming (W40). The results showed that rewatering after drought priming improved the water
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status of plants. However, the high degree of rewatering reduced the root water potential ( RWP) of wheat under
medium and low nitrogen treatments. Stomatal conductance (g,) of leaves was regulated by both hydraulic and ab-
scisic acid ( ABA) signals. There was a significant negative correlation between intrinsic water use efficiency
(WUE,,) and g,, therefore, reducing the degree of rewatering or increasing nitrogen fertilization improved WUE, ,
by regulating g,. A high degree of rewatering after drought priming increased plant leaf area (LA), shoot dry bio-
mass (SDB) and plant water use (PWU) , and promoted nitrogen uptake, but reduced root growth. Compared with
the degree of rewatering, nitrogen level more pronouncedly affected plant water use efficiency (WUE ). High nitro-
gen treatment reduced PWU by 9% and increased WUE by 10% while ensuring SDB accumulation. Besides, leaf
carbon isotope composition (8”C) increased with the increase in nitrogen level , and there was a significant positive
correlation between WUE & and leaf 8" C, indicating that leaf 8" C could be used to surrogate the WUE , under
drought priming, and the increase of nitrogen application reduced PWU by long-term regulating the stomatal
opening of leaves, thereby improved WUE . In all the treatments, N3W85 and N3W60 treatments improved WUE,
while ensured the accumulation of SDB. Moreover, the N3W60 treatment significantly reduced PWU by 10.4% and
the root-shoot ratio was relatively high, which was more conducive to the growth of wheat plants and saved irrigation
water. The N3W60 treatment was the most optimal treatment for this experiment. Therefore, in arid and water-defi-
cient areas, increasing the amount of nitrogen application or rewatering appropriately after drought priming not only
significantly reduced PWU, saved irrigation water and maintained crop growth and nutrient absorption, but also im-
proved WUE at plant and leaf scale.

eywords; wheat; nitrogen application rate; drought-rehydration; water use efficiency;
K ds: wheat; nit licat te; drought-rehydrat t ff 8"”cC
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Fig.1 Changes of daily soil water content (w;w) under different
treatments during the period of drought priming and subsequent

rewatering 85% of soil water holding capacity (SWHC) ,
rewatering 60% of SWHC and re-drought stress 40% of SWHC
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Table 1 Effects of different treatments on

root growth of winter wheat

hE SIS MR HRAKFA M

Treatment Root leng_l]h R(;Ol area}l Rooi volum_e] Root dry l’l_l?SS
/(m -+ pot™ ) /(m” - pot™ )/(em” + pot™ ) /(g pot” )
N3W85 168.78c 0.17cd 13.34abc 5.56cd
N1.5W85 264.38abc 0.25abed 19.02abe 6.65abed
NO.5W85 146.67c 0.13d 9.57¢ 4.75d
N3W60 177.77¢ 0.17cd 12.50be 5.74cd
N1.5W60 380.87ab 0.32ab 21.83ab 7.95ab
NO.5W60 233.64bc 0.18bed 11.65¢ 5.72cd
N3W40 264.36ahc 0.21abed 13.87abc 6.41bcd
N1.5W40 442.86a 0.35a 22.65a 8.50a
NO.5W40 413.98ab 0.29abc 16.19abc 6.90abc
BEVE Significance
KW * % s ns % %
IKxE WxN ns ns ns ns

TE: W5 RN S SFh) 3R A B R] 22 5 3% (P<0.05) . =,
w k% ow o fll ns ) BIFIR B EME P<0.05,P<0.01,P<0.001 FIA G
%, T,

Note ; Different lowercase letters in the same column indicate the sig-

nificant differences among treatments (P<0.05). * , # % % % * and

ns indicate the significances at P<0.05, P<0.01, P<0.001 level and

non-significance, respectively. The same as below.

24 REKEMTEBEEEKBEEX/NEH

AR RE AR R ER KRR BRI

H 2 Al UL, /NEE SDB MR HL . PWU LA Fint
R 8" C B Z W R KA R I B KRB A
ERW(P<0.01) , WUE, Filith F¥AE & RAUZ AR
TR B2 5200 ( P<0.001) , MR HE 2 AR T i i
5 SDB Wy B EA5 3, SDB Fifi 5 52 /K LB 4R 5
RGN ; 5 R AL BEAR BL , & A AL BT SDB TG i 3
S AR EACERE SDB L A, BF LA, /NE AR E
LRI N Bl S K AR (R 3 IR (R 2) s 5
RACFRAA LY, = 2 2 e I R AR 5 L A0 0% AR
GRS, RS R R, T RS 2K
TR ALK, AP AT 1) TP S AR AR R, DT A2 i
R ZR T 398 v A R K 43 A IR, fof AR 5 B 3 K 2
AN e U PR G B KRR BE A, AL PR RE S 7E £
TIE 350 4 o R R 4 (] B e A s A AR OES L
TRUERR Z206F 35 oK 43 RN FE 4 B

INZE LA B3 52 KRR B I 4 v 1T 14 fim, W8S Al
W60 AL FRRY LA JC ik 3 25 5 (B 3 3 5 T W40 Ab
L, LA FIAEAR A S 2 R A R KP4 & e
B, RS RRN, T REBE S — e BN E K
A TN AR 7 4 REAS B E 0 LA, i & (R &K
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FERE AR R BRI 1A S L34
SR A, m AL FXT SDB TR E
i, (HAE /K it i B R AIK, WUE, f 3 3 8 5 (I AU Ak Bl
SDB Fl PWU 533 i B A% 22.0% F1 10.7% , SDB 1)
BEARKT PWU FRAK, WUE, B REAE., 5 m AL
AR EE R AR XS PWU TC i 520 {2 SDB 1.3
W%, WUE W35 T R Sl X SDB 5 PWU AR C
PR, B SDB 5 PWU 2 B EIEM KL R (P<
0.01) , UtBH T R BB LM T, PWU B Z, 7 EN T
YR Z, M 8" C BEE AR K13 i 4
1o, B T R R T 2 KR B 1 B A T 4G n, W8S

W60 Ab3EZ [ 8 C TC i % 2% 5 W E KT
W40 A, @ WUE, 50 R 8" C AR ek 4
Br, KB WUE, S50 F 87 C 28 FAI R R (P<
0.01) . BEHA/NZZMEF 8" C Al LSk A 48
T WUE, B S AR, 39 m 2028 43 o7 s e AR T 5 6
M Jm A2 KRR B2 R g L 9 4 v K 0
FHALR, 2T Ab 3R N3WSS Hil N3W60 4k 3 (1
WUE B ,fH N3W60 4b B 16 i35 521 SDB
PURMHTIE T, REREAR PWU, T ELARSE L3 m , A
PO AT T /N A R R A A K EL TR
PRI It S A 1 ) e I Ak B

K2 AREAIEXE/NE M E AR BREE M R AERR K SR LB R0

Table 2 Effects of different treatments on shoot growth, C and N composition, and plant water status of winter wheat

JbF SDB R st LA Hb A A M L PWU WUE,
Treatment (g pot™) Leaf 8®C/%0  /(cm® - pot™") Shoot N content/% Root-shoot ratio /(L - pot™") /(g LY
N3W85 40.81a -30.86a 3264a 2.60ab 0.136d 26.70ab 1.53a
N1.5W85 39.23a -31.45h 2879a 2.47abe 0.169cd 28.33a 1.39ah
NO.5W85 31.05h ~32.08c 1131de 1.51d 0.154d 25.95h 1.20c
N3W60 36.45a -30.69a 2684ab 2.76a 0.159d 23.91c 1.52a
N1.5W60 37.91a -31.46b 2592ab 2.14c 0.208h 27.20ab 1.39ab
NO.5W60 28.55h ~31.56he 1010de 1.41d 0.200bc 23.00c 1.24bc
N3W40 29.85h -30.40a 2000hc 2.60ab 0.215h 19.87¢ 1.50a
N1.5W40 30.04b -30.78a 1396cd 2.26bc 0.282a 22.02¢d 1.36ab
NO.5W40 24.05¢ -31.45h 451e 1.41d 0.286a 20.27de 1.18¢

&M Significance
W - o P ns - P ns
WxN ns ns ns ns ns ns ns
3 W % AL T W60 A1 W40 &b FRAE B 1R A4 & (R

VY2 3T S i RWP F LWP A%, A Bl
TR R A R 2K S ARE T 58 R A AR
RO FAERRIE & K NERIRIG LWP Z )
T B E E KRE A S 5 b 5 R KRR
REARTRT T [, 1T RWP 52 301 4800 J5 S KRR BE AR
FKFAE HARE A W, 7E AR, RWP
B T 5 B e R KRR B 1 ARG T T R, T e R
FURAALHE T, RWP Bl T 56800 J5 52 K B i e
RRBN TR G T B, 1% R 76 h Z R A A
PR NEM R g B B KR AT R R T
K, g HOXE ISR AR 2 1 FE K I, I T AB AR AR 2R
BN LT R A R, E W60 Al W40 Ak B
T Eerh A A FEAE H, 3 e U8 W R AR TN
RWP , Ut HT s RS IRIAR 2K 43 i, X vl R & th 1

1), BRI A3 W, AT 52300 RWP 1 2 AR
HCEANERZAEY) P 108 ) W) B Ltk 32 T 5
SR 2T RTE S (o aey 1 SIER S L B A e (S
v, D R 3 A AL IR AL (T BRORR A AR
ERR ) P 2R B S [ 4 T, S B e MR AR A R 5
& BT A R P kU, B T
S AL RE AR, D't AR 52 B4 R ) 2R i<
fLImAE L AE . R T RE T, Koy
5 3 i B AR A i AL (g, R
T (g,) , B CO, #E AFLEM B R 1
B, T BEAR P, B RS R, 7 — 2 i
W, SFLIER 43 C P IT A 2 e AR, 2 4wt
A9 g 0.7 [5%]25 0.4 mol » m™ - s7'Bf, H PG
AR, T WUE,, % 5w Bt
SR, TR R PR g
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WA FEREANE], BRI WUE, . AWF5Ed WUE, 5
g BWEFEAAMHCKR, R T RBBELEM T, i
WUE,, W3R 5 58 2 (1 & 32 5| g IS IR A & P, .
UEAN RS R 3K o F S vl 150 ABA fb2¢ (55
PRI LG, A BN WUE,, BsCR
ABFFEH 7E W60 AFE T, 5 AL FRAH L, A4
PRPCA B M R P, HI A ABA W
B, S8 g WAE AL, UL WUE,, g, AR
o, m A AL BT, RS T SR 5 1 SR K R B
(W60 F1 W40) , it H P il g WFEAR EXT P AR
YEF/NT X g BIVER 1 WUE, 8 2535 s e TR A
AR EAL B B W40 AEBRXF I H 09 PoFD g B
2R, UL T R R RN, KR R R AL
BT o R AL K o i SRR | X 0T B
T4t U8 T 4 v R B R TV pH A, 3 R AL
Xt ABA {5 S M BUEFR B . Damatta 55 X ujin
MRS R T, 72K 4 F R 45 1T, 39 it 80 & fig
PR P, g STRZ BN A RN, AT
KB, TE W85 A FE R, 5 rh S Ab B L, 34 it AT
FRE TR P HX g JC W E W, X 0l GE 2 A
R TR R EOK ST, S AL A
it SNl R S R (R 2) , R T
MR R REARE S, A MRk o 5 LWP £ 8
FIEMER R, H 5 A ABA e & 1 2 7 56 ¢
F(P<0.01) , R I K A0 BEARIE — 25 1958 ABA
FT NI g BRAK, L, KI5 5 5205
SILE S 5T AT E R,

TR T, EY LA W H T 9 5 R R
04 RikkI SDB F1 PWU Z R Z KT F48
Wla SRR B2 m, 5 b RAL A L, 1 i
RIEXS SDB Lk & s AR T PWU, L2 TE
W60 Fll W40 kb3 R PWU B ZFEA%, X Al RE & T
£ W60 Il W40 AbFE R o REAR, 17 34 i 200 fi AR
K ERRAC, 7E B HEHUK R T, R KRR K AT B8
HE— 2RI T R 38 b AT BR K S0 i I i, AT 2 3
FERRAR Z2 7K 34 8385 AT, 52 i) b1 38 1 7K - HR e
it 7 A AL &R 4 T, W T & B FE K, B3
WUE 38 s 1 42 /&5 52 K A2 B2 SDB Fil PWU Y4
I, KA FRRCRTC B3 A2 Ak, L, T 5o A 1
T RAFAKTX /N WUE, 52w 85T R B m 2
IKRREE T 35 (K 2) , X AT REJE i TR 0 Y T R4
(ol R PR30 5 i SR AR P T SR ARSI, o
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R 2z At B A B M MR R, RN
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R X R T RS, 3 i AT
IR R R A R T s Y AL AT, AT 4
FK A FIFRCR . T AbELH N3WSS Al N3W60
AbSR WUE B, {5 N3W60 Ab 3 BE 45 16 1 i 3 5
e SDB B R HTHE T W FEAL PWU 1T HAR & LK
1o, A L 2 N A R /N 2 A AR A A LT 2 T
FHAK AR ) e Ak 2

4 25 g

TR B /KBRS BB AR AR K IR B fH
FURMIC Ak B, A2 /KRR 38 o i AR 1 /S 22 AR 7K 34
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SRR BRI K R B Bl it U0 T R A g 4R
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