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Abstract: In order to study the high-yield, high-efficiency and high-quality nitrogen application rate under
drip irrigation in the Huang-Huai-Hai Plain, a field trial was conducted using two high-yield varieties Jimai-
22 and Yannong-1212 with 4 nitrogen levels, 0, 150, 210 and 270 kg/hm?, under field drip irrigation during
2018 —2020. The photosynthetic physiological characteristics, grain filling characteristics and grain yield
were studied. The results showed that nitrogen application could significantly increase the SPAD value of the

upper three leaves of winter wheat. Appropriate nitrogen application could significantly increase the relative
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chlorophyll content and flag leaf net photosynthetic rate (P,) in the middle and late stages of grain filling.
The SOD activity of wheat flag leaves showed a single peak curve. The SOD activity of each nitrogen treat-
ment reached the maximum at 14 days after anthesis, and the SOD activity of NO treatment reached the max-
imum at 7 days after anthesis. Under N2 nitrogen level, the flag leaf SOD activity of the two varieties was
the highest in the middle and late filling stages. An appropriate rate of nitrogen application could reduce leaf
membrane lipid peroxidation in late growth period and leaf MDA content, prolong leaf function period, and
improve photosynthetic performance in late growth period. With the increases of nitrogen application rates,
the grain filling rate and maximum theoretical 1000-grain weight of the two varieties increased first and then
decreased. The Tm of the non-nitrogen treatments was relatively earlier than that of the various nitrogen
treatments. For the maximum grain filling rate and maximum theoretical 1000-grain weight, Jimai-22 and
Yannong-1212 appeared as the largest under N1 and N2 treatments, respectively. The yields of the two varie-
ties first increased and then decreased with the increases of nitrogen application rates, and both were the lar-
gest at N2 treatment. The yield of Jimai-22 was higher than that of Yannong-1212 under NO and N1 levels,
but lower than that of Yannong-1212 under N2 and N3 levels, indicating that Yannong-1212 was more sensi-
tive to nitrogen fertilizer and had a higher yield potential under high fertility and water conditions while Jimai
22 had a strong adaptability with a better performance under the low and medium fertilization. There were
differences in the nitrogen responses on the yield components of the two varieties. The yield of Jimai-22
mainly depended on the number of ears and grains per ear, while the yield of Yannong-1212 was of a syner-
gistic effect of the number of ears, grains per ear, and 1 000-grain weight. Nitrogen application significantly
increased the protein, wet gluten, and sedimentation value of the two varieties. The quality of Yannong-1212
increased with the increases of nitrogen application in the range of 0~150 kg/hm?*, while Jimai-22 increased
with the increases of nitrogen application in the range of 0~210 kg/hm®. In summary, under this experimen-
tal conditions, the 210 kg/hm? of nitrogen applied under drip irrigation resulted in better photosynthetic
characteristics, enzyme activity, grain filling characteristics, yield and quality of both cultivars and therefore
should be the optimal nitrogen application rate.

Keywords: winter wheat; drip irrigation; nitrogen application rate; regulation; photosynthetic physiology;

grain filling characteristics
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&l 6 AT, 7E N1 A NO Jiti ZUKF T AR 1212 5977 5 A%
FU A 22,14 N2 N3 Jiti ZKF- == & & Fir & 22,
FUATEZZ 22 HAT B 1 SN0 8 By M A 1212 76
JIE K S5 A B KA = 7 v T
27 AAKERLEHNZ/NEFH AR

M 5 ) 0 i A 3 R T/ ORFRL i BT, T
22 ) N1 N2 N3 KA H AT R E A & & 2
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i SIS < il 800 i P 2 /N2 AE R e A B T SRR L B 5 TR 333

S NO AL PR R 5.1%.7.3% . 9.5 % ; FF ok i 1E
A S 8 NO H 7 3.6 %0,7.7% 8.3 % 5 DL I AE F
kg NO 4255 27.0%,42.4%,43.9 % 5 W /K O 34 45
NO #7585 3.5%.7.0%,6.0% ; %E & P F 5% No 25
12.1%,23.6%,18.7% . #H4 1212 ) N1.N2.N3 4%
AR R S 2 AR OP A NO 4R 9.2,
10.17%6,8.4 %6 5 KT RL I 18] 37 % - 353 NO #2155 16,66

17.0%6,12.1 % ; UURFEAEF- 3% No $2 5 37.8%0,35.1%,
36.2% s W 7K 28 NO #2175 9.4%,8.1%,8.4%
T JEPE S8 NO 42585 32.0%,35.0%,30.1% , 4
22 WRFRL A TRAE 0~ 210 kg/hm?” 38 N 5 i & & 2
TEAR DG JHAR 1212 (9 & BT 7E 0~ 150 kg/hm” i [l N
5 it 2R TR G B i 2R o 1 4 8 A v AT R
AT

x3 BEEXLZ/NEFHERNZN

I i - Vm/ T RORHIE R’
(g 1000 grain™ '« d™ ") TR HE/g

Jo y=48.7/(1+39.9¢ "*7+) 2.52 17.8 48.7 0.9987" "
J1 y=49.8/(1+4d4.4e %) 2.60 18.1 49.8 0.9975" "
J2 y=47.8/(1+43.2e ") 2.51 17.9 47.8 0.9987" "
13 y=47.0/(1+42.1e ") 2.41 18.2 47.0 0.9987" "

201 YO v=48.2/(1+36.7¢ "%0<) 2.48 17.5 48.2 0.9989" "
Y1 y=150.4/(1+38.3¢” ") 2.60 17.7 50.4 0.9981"~
Y2 y=51.7/(1+37.1e ") 2.64 17.7 51.7 0.9985"
Y3 v=49.3/(1+35.6e ") 2.50 17.6 49.3 0.9987" "
JO y=148.5/(1+39.1e "*"*) 2.51 17.7 48.5 0.9974" "
I y=148.8/(1+39.2e *2¢) 2.51 17.8 48.8 0.9976" "
]2 y=47.1/(1+42.1e %) 2.46 17.9 47.1 0.9970" "
J3 y=44.5/(1+41.4e "0<) 2.34 17.7 44.5 0.9976" "

2020 YO y=47.8/(1+41.8¢ "*27) 2.53 17.6 47.8 0.9972* "
Y1 y=49.5/(1+41.7¢ ") 2.57 17.9 49.5 0.9996" "
Y2 y=51.7/(1+43.8¢ ") 2.70 18.1 51.7 0.9971" "
Y3 v =49.4/(1440.7¢ "*7=) 2.56 17.9 49.4 0.9998" *

W x ®on p<<0.01,

x4 HREXNEZENEZFEREHAREZRHFNG 3 ﬂ- Ill':

s/ O TRE R/
g A R |
(10 m ?) g (kg * hm %)
JO 457.5¢ 24.6d 51.0a 4788.9d
J1 628.5b 30.2¢ 51.1a 8201.1c
]2 684.0a 32.1a 49.7b 9272.2a
J3 685.5a 32.3a 48.4¢ 9084.9b
2019
YO 430.0C 22.6C 52.6D 4317.1D
Y1 610.2B 29.2B 53.9B 8140.5C
Y2 677.5A 31.5A 54.3A 9827.0A
Y3 675.7A 31.3A 53.1C 9523.1B
JO 325.5¢ 18.5¢ 51.8a 2622.5d
n 615.0b 26.6b 51.6a 7168.0c
J2 675.0a 29.2a 50.9b 8502.0a
J3 673.5a 29.2a 49.7¢ 8319.3b
2020
YO0 259.2C 21.4C 51.1C 2391.4D
Y1 588.7B 26.8B 52.8B 7020.9C
Y2 670.4A 29.4A 53.6A 8946.1A
Y3 660.4A 29.2A 52.7B 8596.0B

3.1 MREXMEHEL/NEZMN K SPAD EMEMXE

IR R

2 /NFE SPAD A 5 ¥R 7= 2 AR ) 2 7= i A AR U
FARE G S B I 8] — i R = it SPAD {E AT B 4% I
Wi AR A E Sk 5t R OCERE I A & W IEA R
R ARG R I TR RS PR T B R M AN
# b=yt i SPAD i AR i SPAD {H 5
T =0k, )G 21,28 R4 1212 () SPAD
mTUE A 22 N2 bR EAE H I SPAD L AEF
S5 T B 4 R A B 19 SPAD., 22 W] N2 jiti JIE b 31 A5 %k
Bilk TAEF I E R AR AT RN & EEER
MG, GG AT A R A RE ) ny A B S
PIAR ), 1 s AR i o8 R WL bt 2 4 F 0 A 4t
HE o 7INZZ2 THE I VO R S 1 NS AR, 3 it AT
DLSE /N EE i G A PERE

ABEFE R L /N 22 T i T AR B A I A 4
g 2 A, HIAEAE IS 7 Rk B i K1 .
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o536 4%

X 5 4 Fi [ A5 5E — B, T it RN D 22 22 AN
A& 1212 FFALJG s A 3 0 52 S A — 3K, it
A BERES T 2 MWAMLEHEE, IR 21,28
KA 1212 5 N2 N3 AbHE 50 &3 R /& T 5%

10500
10000 |

800 |

900 |
T #22: y=17.85+80.8x-0.1748x"
HHR1212; y=4783.7+127.6x-0.2764x

700

7= 8/(kg + hm?)

600 - o P22 o HRI212

500 1 1 1 1 1 1 ]

140 160 180 200 220 240 260 280

iR B/ (kg * hm®)

A 22, N2 b PR At Ab BEAE /N AR R I AOL A BE
T AR T RSO E WA I ROt A RE ) A R AR
WK A AT AL 1 AR B B a2 DT 12 5 7 1

N
10500
10000 + 20204
g 900
~
w 800 |
4
=~ 700 - VF #22; y=-2802,5+98,1x-0.2106x"
"T 5@2521212:y=-7746.5+145.8x-0.3160):2
600 r o PrE2 o JK1212
500 1 1 1 1 1 1 ]
140 160 180 200 220 240 260 280
R E/ (kg » hm?)

6 MNENHNFESEAENXR

3.2 MEREXEEL/NE MM Z SR E R

R

4R AL 7 AL TR B Y e B 2 —
REAE I BRI R B A B T A 3k Oy L iE Kot 5
TREI , 3E A it 20 AT v L R i A F
JEFRM LA W R = T SOD fl CAT 45 2 B 1Y
NN R Ol AT o = Wad o N el 5] PPN | IS AR TR TN
AT R 20 N R R 2 A SR E AU S
PEF /N TR SOD {6 1 (4 25 {1k 52 B oA g il 28 1Y) A28
FERLEE B NO ANt Z AL B AE AR J5 7 Kk 2 e KME
Hb AR A AL B TEAL JG 14 Kk B 5 KAH X ]
RE 5 JF 76 0038 AR A 5 L i 00T 2 & Fh A A 21 B 4k
it 7% 1 5 ) B AR — B, i R B T A e Y
ALY b Tl T L iR A R ST R B, D 2
T MDA & Fifi 5 v R 2B K S22 1 1 i g 5k &
EEPIR R A £ S8 EZ R MDA 5 i
TR R ARG & B, /N T MDA #
e HA IR I S T S I I R A TR 14 R
MDA i b+ 3B e, 35 o it 0 e R AR AR & 5
B Rg L SRR B L B A - MDA & it K T g
B, A% IR I, R i AR RS, N2
7 8 ) e T S R A ] Cor) A B AT [R]E Vime
o EE B SRR N R) (A By RN s X K B A B oT R
T L) ZRUA TR R KT VEE S 1 AR DR S i %
BTk . AWFSE R B T AR T B e S 1 3
T2 22 FARAR 1212 1 fi RWE 3K R (Vi) ¥ g 3
E R BE 2 22 B9 Vi $97E N1 AL B R 35 3 &
fH. M 1212 19 Vim ¥I7E N2 b BT 3k 8] 45 K AH.
Wi o it 260 1 4 1 L 2 S R Y BSOS
e I AR AER 2 iR 2 AR IR R, 5r % 22 19

F RIS TR E M 7E N1 AR S, 4 e 1212
i RIS TORLHE 7R N2 A F T fe i, 38 & 22 7E8
G R T AR AR AR 1212 HOE 0 3o A2 2 S i )N
Xt R A ik SR 3 O 1 A I AR 1212 B
RHEGE TR E S T4 22, EWMMEANT BN
il A A T /N KPR SR {ELJE: B A AR Y R e
T T 5 5 oA A2 B A L O T R X A [ il o
AR A it — BRI
33 BEREMBELENEFERTEMRBERZRNF

I an JBT Y = A

e 5 AT R R /N A2 B S BERE 0 L 3/ AE KO
/INTESC S T B ) 2 g ol 5 RO SR TR 27 LRI
NP R ML b A & 0~90 kg/hm”, /N2 T KL 5
FIRERL X0 Bl 25 it 20 6 389 0 i 3% o, it 280 B R 90
kg/hm® i, BOREOE A 225 8 3d 180 kg/hm* i},
TR SIS B 0 TR AR RS R B L 7 i AR
7 B R RSP 32 AR R R B T e 8 e
KAV 2 BEMEE AL R I . ASBIT SR A E BT
TEAR PRI 2 /N2 7 4 it 2 2 1) 96 T S 1
REAR 20 210 kg/hm® T )™ i i iy il 2008 )™ 1244 )
P B2 R DR A B e o 5 2 22 RE G BB ABE
Jit L e R e S A L T TR A B R
A 1212 Y RE R ROk KR B B i A I i 4
T A T U SR B AR A 1212 )7 B A 2
o5 e MR BB BORN TR = B IR B 2R o
2 A, T B O3 AT B AN X L /N e kT R B L R
B 22 R LT B0 B 100 /0N 22 A 7 0 300 o T
A T35 B9 R X T R S 1 ) 3o 22 B R R T N A
TRISUHE 9 310 R AIR 158 2 4R/ 22 BB A0 /N B /N AE
B FECR 2 FRRL R AR T2 1 4R MR e T
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i SIS < il 800 i P 2 /N2 AE R e A B T SRR L B 5 TR 335

Fe . AWESEIE K B E B HE AR AR AR 1212 %)
ULy R /0 it S T AR 1212 5 0 B S B
2 HAE ISR S TR AT AR AT B e Y A 22 36
Jo7 RE D S . NS WS A T L B A e A e Y
FERL D R e AN BT R T Lt SR 3 R v T B A 22

FARAE 1212 (1 5 BT ARAF G 30 R BH L 2 AN & 7= /N2
Fofr 114 5 J5 4 s 22 40 3% TR RIS ] T 9 4 Uit IS 2%
FF 0~210 kg/hm” it 038 Bl 4 . 57 &2 22 19 & T Bl
%6 A B Y B 5 T 4R . 0~ 150 kg/hm?® Jifi & 75
P ARG 1212 ) Jo Bl 2 it 2Rt ) R R T AR R

x5 HEREXNZNERRHBM

Ay Ak 3 HH/ % M/ 2 UUFE B/ mL WK A/ % ML/ mm  FE/ (gL
JO 12.6b 29.7¢ 24.8¢ 59.0b 119.5¢ 799.0a
J1 13.8a 31.4b 34.0b 62.5ab 145.8b 814.1a
J2 14.0a 33.0a 40.1a 65.7a 168.3a 815.7a
J3 14.3a 33.0a 40.1a 65.0a 154.9b 809.3a

20n YO 10.9B 23.5B 18.8B 47.8B 89.3B 767.7B
Y1 12.4A 29.9A 31.1A 55.5A 140.2A 812.8A
Y2 12.6 A 30.6A 30.2A 56.2A 148.2A 804.5A
Y3 12.4A 28.7AB 30.7A 56.6 A 140.9A 796.3A
JO 14.3c 32.4b 29.4c¢ 58.0 b 134.7b 805.1a
J1 14.4be 32.9b 34.4b 58.6 a 137.7b 808.9a
J2 14.8ab 33.8a 36.2a 59.5 a 143.3a 804.3a
J3 15.1a 34.2a 37.1a 59.1 a 145.3a 801.8a

2020 YO 12.9B 28.6C 26.3B 52.3B 127.8C 799.6 A
Y1 13.5A 30.3A 29A 53.7A 136.7A 806.0A
Y2 13.5A 29.7AB 28.8A 51.6B 133.1AB 803.4A
Y3 13.3A 29.2BC 28.7A 51.5B 130.9BC 800.0A

4 & it SE

(1) 78 A 32 560 V4 U A 2% 28 T T E 4 IR it
210 kg/hm® B, 5522 22 FIHA 1212 106G Rtk
it 05 SRR L N AR T Ak L S
Mot i

(2) TEAS T2 56 70 W 43 Uit BB 2% 140 o R 3R 4 AS [R)
b BN R AE A 22 5 4 N2 N3 S AL BN, I
1212 BrE R AL B EL AT R ROLSfE
JIRBU R BRI VY m T 22, E TORG Y
) AR Y B as S B ) T AR R L AR E TR Y T
TR AR, T = T 7 i A #E NO N1 4§
REAKTET AR 1212 W= A58 B,

(3) TEAS T2 50 7 VE 4 U AT 2% R T Bl 5 e R0 o
(R i B 22 22 77 ek I AR R o R R R OB B
TAEAR 1212 77 5 14 B2 e DU 2 AR 5 B 8 BOR 55 A T
AE i OR7IN R (YN

(4) 78 A T2 56 7 T Ut RS 2% 12 B 22 22 RN
A 1212 WRFRL G 0T 32 it 0 it i DR A A A 25 L TR A
22 WY Rh IR FRAE 0~210 kg/hm? Jifi %3 Bl P Fifi %5 Jiti
AR AR TR A 1212 B L RS R AE 0~ 150
kg /b it 42 71 FET A Bt 55 i 260 1) 2 8 T 42 5

(1] REZE AW, 2R &5 AR 5 A2 257 7K i 21
WRIHT B W5 s [ ] KA 4, 2016,35(12) - 1-7.

[2]  APVIMG, B0 AE BT 0%, 45 T EORIG AR Rl 2k 5 A/
RFEFRCEE ] AEY =4, 2020,46(2) :290-299.

(30l SC s, UM AH 180 F B, 5535 /K 0 00 - 3 25 A 40
A0 A0 A /N2 K AR AR W w4 9 2% 41, 2020, 46
(6):924-936.

(4] ELWRHE: SR I0 A P HE 20 00 J5 ) R4 b [ ], b 82 4
2021,58(1):1-13.

(5] #de e, B Sc, 6 &% Je s 55 K 0 X b A5 T oK S 42
YE/NZE R BN GERSHW L] AEY ¥R ,2022,48
(2) :437-447.

[6] TEMENE AR, EARJRNE 432 45 X 4% /N 22 T i 52 2
Je A R AR RIS R A A S g e L) . b B Al
BH2,2019,52(5) :813-821.

L7 JHTRBC TR , T 08, 25 8 03 3 46 o A /N2 e ok & v
FIRRERL = L) ] A B 244 5 2016,42(11) 1 1677-1688.

(8] I aMg . BRugk . 4 25 Mk, 46 ik B sl E b 46 /N 22 e A
B2 HOR A0 A B S e A S e (0], 22 AR
2018,38(2):175-182.

(9] Z=Ef), LR, BT M, 55 G i 20 % i i & /N 7
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