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Effects of Regulated Deficit Irrigation with Different Nitrogen Application Levels
on Leaf Photosynthesis and Water and Nitrogen Use Efficiency of Winter Wheat

WU Xiaolei'? LIU Junming'* CAO Hui'? FU Yuanyuan' HUANG Chao'® GAO Yang'
(1. Key Laboratory of Crop Water Requirement and Regulation, Ministry of Agriculture and Rural Affairs ,
Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China
2. Graduate School of Chinese Academy of Agricultural Sciences, Betjing 100081, China)

Abstract; Aiming to study the effects of regulated deficit irrigation with different nitrogen application
levels on winter wheat,a field experiment was conducted in Xinxiang County, Henan Province,located in
the Huang — Huai — Hai Plain from 2021 to 2022. Three nitrogen application levels: N1 (120 kg/hm®) ,
N2 (240 kg/hm*) and N3 (360 kg/hm’) ,and three regulated deficit levels during the stage of jointing-
heading : moderate deficit (irrigation amount 18 mm, M) ,light deficit (irrigation amount 24 mm,L) and
control (irrigation amount 30 mm, CK) were set. The results showed that the net photosynthetic rate
(P,) of winter wheat flag leaves was significantly affected by regulated deficit and nitrogen application
level. After re-watering, P, of all treatments showed different degrees of compensation growth effect, and
the compensation effect was enhanced with the increase of nitrogen application rate, N3M and N3L
treatments showed a super compensation effect, which was increased by 42.5% and 32.4%,

respectively , compared with that before re-watering. Both the aboveground dry matter accumulation at the
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flowering stage and dry matter accumulation of aboveground vegetative organs at the maturity stage were

increased with the increase of nitrogen application rates, while the latter was also increased with the

increase of irrigation amount. However, light regulated deficit could promote the above-ground dry matter

accumulation at the flowering stage, the translocation of dry matter to grain and the accumulation of

nitrogen in plant and ear,and then improved winter wheat yield, water use efficiency ( WUE) and nitrogen

partial factor productivity ( NPFP). The quadratic regression equation of winter wheat yield, WUE,

NPFP and nitrogen application rate, irrigation amount was established by using Mintab 15. 1 software. It

was calculated that when the nitrogen application rate and irrigation amount were 214.6 kg/hm’,
166. 6 mm, the yield was 10 973. 1 kg/hm”*, WUE was 2.7 kg/m’ , NPFP was 52 kg/kg, the composite

desirability was the highest of 0.7, and the comprehensive benefit was in line with the expected target.

Therefore , light water deficit during the jointing-heading stage combined with the nitrogen application of

214. 6 kg/hm’ could maintain high yield and high water and nitrogen use efficiency of winter wheat,

which could be used as a suitable winter wheat deficit irrigation model in this area.

Key words: winter wheat;

regulated deficit irrigation;

re-watering; net photosynthetic rate;

compensatory effect; water and nitrogen use efficiency
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FEHABE 3 AN E 7 b B R R T (K A 18 mm,

temperature during wheat season in 2021—2022
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Tab.1 Irrigation amount and topdressing amount during wheat growing stages in 2021—2022

Qb
S8 H 1
NIM N2M N3M NI1L N2L N3L NICK N2CK N3CK

3A10H 30 30 30 30 30 30 30 30 30

3A23H 18 18 18 24 24 24 30 30 30

4H8H 18 18 18 24 24 24 30 30 30

K/ mm 4A2H 18 18 18 24 24 24 30 30 30

4A30H 30 30 30 30 30 30 30 30 30

5A15H 30 30 30 30 30 30 30 30 30

M 144 144 144 162 162 162 180 180 180

3A23 H 30 60 90 30 60 90 30 60 90

B ERG A / (kg-hm =?) 4H8H 30 60 90 30 60 90 30 60 90

Js8-3 60 120 180 60 120 180 60 120 180
1.3 MEMBEAZ® 10 BRI 5) H HARFRME R /N2 A BRI R =
1.3.1 TEEEKFEMESAS T RS BN AR 7 i AN R 25, T 105°C

FE/NZREFIAT SGR T BT AR R R A
19, 43 H R AR AR BUREIRE 4 0 ~ 100 em, &
20 em SH—HIG, — o AR I
IR S —FR 5+ FH 0. 01 mol/L Y CaCl, IF IR 1L,
P75 30 min JEdUE , HSIREE , I AA3 U S AT
I (SEAL, 782 U 12 e i S A o i,
1.3.2 X/NEAYERAMKEER G

MOR 5 W7 46, B B8 10 d A 454> 40 35 3% B

T &% 30 min, K5 T 75°C F T2 1EEF &, 7
TFRIES 43 0 i, o i &5 6 TR R 28 B T3 oo T
R A W 85 0 T R FR 2 5 1 R AR B O S R 0
0.5 mm 7 , % H,80,— H,0, 4%, Fl AA3 Bl 5
ST SEAL, 5 ) 1l 5 R ARAR i U i

TY R (keg/hm®) R A6 301 b 38 19 5
SRS A EIE SR E T R (2
M+ Fiot) 2200, TYREBR(%) N TR
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JeE R, MESKME N TR =, HENEH
RS (PAR) 2 1200 pmol/ (m?-s) , CO,HE St
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Kb ETa—/NEEB W EFEKE, mm

P—— AR W &, mm

I— K& , mm

U—H F /KA i, mm

R— & ,mm

D—RIZ BN, mm

AW—RI0 AR 1+ K & 597 9] 1 g

KR ZEH , mm

H T T K R AN T R AN D T DL 2GR

T, R KR LE 5 m AR, il U W a] 2 A3

(1) AT iRk
ETa =P +1-AW (2)
KA FIRCE (WUE) HE AR N
WUE =0. 1Y/ETa (3)

K Y—Hh ™ & kg/hm’
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FIR A= 7= 71 (NPFP) 15520

NPFP =Y,/N (4)
Ly, — A B NG SRR kg/hm?
N—ER R S AR kg/hm®
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Mintab 15. 1 ZE#A TR ELG S22,

2 HER55H
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Ja P AR (p>0.05), (1K 2a i, fEfh Al
W, KA CK ZLFE P, K, N 24.92 pmol/ (m’ +s) ,
3L M ARSI 7. 00% F18. 66% ; CK ZbBE P i
o it S A S I R 2 K (p < 0.05) B E I 5
JKF (R 1800, it 8L B 0 B i <s aZ Rl P, PLTE
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Abz
(a) A
~ 40+ - KE] wmEKE - SKE 68
o 45| BOKATHEA T AT 166
g 3ol FKEHEAR, T MR T 64;;;
= o5l akcd K 2 abd be Bl ped a2 X
§. 20+ d 60 4
1?74- 15 BE
i r 56 &
?{Ei! 10+ 54 k=g
= 5t 5 T
i . . 50
NIM N2M N3M NIL N2L N3L NICK N2CK N3CK
by
(b) FFAEH

B2 B ROT AE 2K AR 2 /N Tt & 3R
I K T T JERF 557k 3
Fig.2 Net photosynthetic rate (P,) of flag leaf in winter
wheat before and after re-watering and relative soil water

content before rewatering in heading stage and flower stage
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4.28% (p <0.05) ; P, 34 1 Fifi 25 it 260 5 14 fin 1m0 3
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42. 5% F1 32. 4% , RIN H R HAMERON
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Tab.2 Dry matter accumulation, transfer and transfer

rate of winter wheat under different treatments

%%ﬂiﬁS%%%%L% THy
o ERGETY TR .
b Bt FiRBE (. B/ o
Lo WHREE)/ (kgehm?) .
(kg-hm~2) (eg-hn2) %
NIM 12395.2° 7 864. 6° 4530.5°  36.5
NIL 13605. 1" 8676.7° 49284 36.1
N1CK 12878.0%  8337.2¢ 4542.8<  35.3
N2M 12215.9¢ 7 640. 0° 4576.0¢ 37.4
N2L 14405. 1 8642.7° 5762.4*  40.0
N2CK 14370. 8% 9448.6° 4922.2%  34.2
N3M 13482.3¢  8363. 44 5119.0%  37.8
N3L 14 569. 0* 9046. 7" 5522.3%  37.9
N3CK 14294.9%  9034.1° 5260.9"  36.8
F k= *ok *ok ¢
i x 8= ok

VL BB R AR RS TR 2 5 B (p <0.05) 5 * Fr
ZRBE(0.01<p<0.05), *+ FREFWHEE(p<0.01), T,
BRI A2 (p >0.05) , £ BFE Bl & i A
RO A, 5 N1 ARBRA G, N2 N3 b3 AR A 2R
TR I 5. 43% F18.91% N2 N3 LbHith i 2%
KT NI ALFL(p <0.05) ; /£ BRELRBEE I = K
T 0 A RS BEAR A FLAE, L Ab 3 A 1 SR
K, M 14193. 1 kg/hm® )M CK 4bFE 16 B AL L
A PR AR 10.54% F12.43% , H. L. CK kb B4
WEF R B E KT M AFE(p <0.05) , FIAFEE
JA 7 BENS AR AL A b S T o SRR, U b
HOE IR E T i R B (LU AR ) 2
W) S FE T R R A B R
[F] ) 2 il ZEURR 8 75 52 B AR O B ) R AR i 52 i
#(p<0.01), HaltA M 2R TE CK AR K,
8 940. 0 kg/hm”, % L M 4b B 43 51 38 K 1. 72% F0I
12.37% , HAAb B 0) s 2 B AR 25 5 W 2 (p <
0.05),

T-W B #e i 35 A2 B 2 9 5 7K B 52 )
(p <0.05) , {Hjifa 2 A1 77 3¢ HAE X T i % 7%
HEMARE (p>0.05), LAY R &K
K, M 5 404.3 kg/hm*, & M, CK 4b #4351 3 K
13.97% F110. 10% , H. L 4bBE & 3% KF M fl CK 4k
H(p<0.05) , KW EE I 77 BRAL AL i T 9 5 ) ¥F
K7 156 RS e SRR 5 X T ) T e B R AN i
F(p>0.05),5 CK AbBEAH L, M L A0 HE T4 i %
R Ry B 5. 19% F17.28%

2.3 kHASEHREMENEREZRRENFEIEN
=AU

B3 (I« FRZEFEE(p<0.05), FR) A
B AR A AE T A8 /N R 4 i, A AR A U
FEHH SR 5 FEAR A MU , 76 TP A8 21 Fe K it
R T Bt ZANE 7 38 AR B R bR 4 /R
i 4 2 (p < 0. 05) , AR R 4% 20 i it 25 it 0 2t 40 486 o
M@ R K (p <0.05), 5 N1 ZbFAH o, N2 (N3 b
FRAE AR A A K 15, 71% FI 23. 76% ; Fbk 4
R Bl R 7 KT (8 1 0 2 B0 HE S R 5 R A R
5 CK AbFRAH HL, M AL FHAE Bk 4 R0 2 A%
6.12% ,L Wb PR IR 2 A T HHE K 3. 93% , i
S FNSCIR ] L Ab PR PR 42 0 35 KT CK Ab B
(p<0.05) , F B4 58 5 )5 & K BE % 12 UE AR Pk 4
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Fig.3 Total nitrogen content of winter wheat plants

at different growth stages under different treatments
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Fig.4  Nitrogen content in spike of winter wheat at

different growth stages under different treatments
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HPEALS. 15% , L A AR A E ST m i K 6.37% , H
FAFHAFEA R SR E R EE (p <0.05) ;K
WIAGR ], 5 CK AFRAHEL M L Ab FRBE R 7
Ay RIHER 2. 21% F1 10. 25% , H. L AbFRAS A & & &
BFERT CK LB (p <0.05) , FHH 7 )5 52 KBEM
PR ARERP IR,
2.4 KHASEHREINL/NEFEMHRBIFMN
3 B IRE N AR, A/ N TR
2 FN T A S A BAE R (p <0.01)
FRERR 25 7K 4318 =7 A 3G i, 5 M AR BEA L
L. CK &b BREEE 43 534 K 3. 80% HI 7. 27% ; Bl 45 e
RN B S8 in 5 0D B FLEE, 7E N2 AbH
FEEC R 2, b N1, N3 Ab #4338 K 11.97% Al
4.45%

xR3 BUABEZNEFEM
Tab.3 Yield composition of winter wheat under

different treatments

piBL (B -hm %) BREURL TRE/g
N1M 6.203 1 x 10° 32.91° 45,71
N2M 6. 853 4 x 10°* 38. 83 44.99<4
N3M 6. 6700 x 10° 38.24¢ 43,534
NIL 6.570 0 x 10%% 38. 434 46.81°
N2L 6.986 8 x 10° 39.37° 45.28"
N3L 6.9201 x 10 40. 33¢ 44. 404
NI1CK 6.4532 x 10% 38. 88bed 46. 51
N2CK 7. 6872 x 10 38. 84 44, 65
N3CK 7.0202 x 10 39. 10" 42.73°
a b2 Hk Hk

Jti 2 x W7 ok o

FEARLE 2 20 5 it R S 32 BRI 5
M (p <0.01) , NI 75 AKF-F, FREAE L CK 4b 3
B 22 SR 2 (A8 KT M AR (p <0.05) ; 00
Tt RK -, BEORLECAE N2 N3 Ab B ] 22 5 R i 2%
{HY 5 2 KT N1 AP (p <0.05) ; Hirp 7E N1 4B
TR R B)/MRIR R CK ARRE L AR EE M b
L CK L ARBR A 22 5N 3 (p > 0.05) , {HYY
BERT M AFE(p <0.05) ;76 N2 N3 4b# T L &b
LIV VRGN

Jiti 8 T 5 5 W B 2 (p < 0..01) L {HIH 7 |
P75 SR 28 AR G TR BT i 5 e AN 2 (p >
0.05) ; Tk 5T i e 5 il 2 12t 38 ATl 2 R IR (p <
0.05) X5 LU %Y iyif s 456 —30, 5 N1 Ab B
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Tab.4 Yield, WUE and NPFP of winter wheat under

different treatments
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Tab.5 Regression equation of nitrogen application amount, irrigation amount and yield, WUE and NPFP of winter wheat
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Fig.5 Relationships of yield, WUE and NPFP with irrigation and nitrogen fertilizer amounts
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