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R EAFIHFAE CKFIN-30 PR EER . 5 A F Wt = 547 2 8, RILEoR 22 1 177 i1
N-60 1 N-30 4b B 7] 345 5] 5 K AH , 779 665. 52 kg/hm?, Fiedih B4 fti L4 137. 07 kg/hm?, BOFI L B8R 22 1 (19 7= 12t
DUt R P R A B I B 0 o R GZR 6 7 RN R R R S R 3R 26 00 )1 5506 DR TR O B OR 2 v R OP A
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Impacts of nitrogen reduction on rice physiological traits, nitrogen
utilization efficiency and yield in the hilly region of Sichuan

DENG Jun, YANG Er-luo,ZHANG Ke-yuan, WANG Ran, DING Jian-min,
ZHANG Rong-ping, LAN Yan,MA Peng’
(College of Life Sciences and Agri—forestry ,Southwest University of Science and Technology ,
Mianyang , Sichuan 621000, China )

Abstract: To explore the effects of nitrogen reduction measures on nitrogen use efficiency, growth and
development, and yield of rice in the hilly areas of Sichuan Province, and to screen out the optimal nitrogen
application rate suitable for this region, a field experiment was conducted using two rice variety , Shenyou Yuehe
Simiao and Huiliangyou Yuehe Simiao. Four nitrogen application levels were set: 180 kg/hm? (CK) , 150 kg/hm?
(N-30), 120 kg/hm*(N-60) , and 0 kg/hm*(N-180). The impacts of reduced nitrogen application on rice leaf area
index, dry matter accumulation, chlorophyll content, nitrogen use efficiency, and yield formation were analyzed.
The results showed that compared with CK, there was no significant difference in the yield of both variety under
the N-30 treatment. However, under the N-60 and N-180 treatments, the yield of Shenyou Yuehe Simiao
decreased significantly by 8. 03% and 16. 67%, respectively, while that of Huiliangyou Yuehe Simiao decreased
significantly by 15. 15% and 20. 00%, respectively. Analysis of yield components indicated that under CK and

N-30 treatments, there were no significant differences in the number of effective panicles, total grains per
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panicle, and 1 000—-grain weight of the two variety, and the seed setting rate was the highest under the
N-30 treatment. The physiological index analysis revealed that under the N-30 treatment, the dry matter
accumulation and chlorophyll content of Shenyou Yuehe Simiao were significantly higher than those under CK
treatment. The enzyme activity of Huiliangyou Yuehe Simiao reached the peak under N-30 treatment; compared
with N-30, the average nitrate reductase (NR) activity under N-180, N-60 and CK treatments decreased by
47.83%,28.36% and 14. 13%, respectively, and the average glutamine synthetase (GS) activity decreased by
37.58%,28.96% and 21. 53% , respectively. There were no significant differences in nitrogen accumulation and
nitrogen use efficiency of the two variety between CK and N-30 treatments. Regression analysis between yield
and nitrogen reduction rate showed that the yield of Shenyou Yuehe Simiao reached the maximum
(9 665. 52 kg/hm?) between N-60 and N-30 treatments, with the optimal nitrogen application rate of
137. 07 kg/hm? In contrast, the yield of Huiliangyou Yuehe Simiao increased with the increase of nitrogen
application rate. Therefore, considering comprehensive factors such as yield and nitrogen use efficiency,
controlling the nitrogen application rate of Shenyou Yuehe Simiao and Huiliangyou Yuehe Simiao at
150 kg/hm’can achieve the coordinated development of stable yield and efficiency improvement of rice in the
low=light hilly areas of Sichuan Province.

Key words:rice ; nitrogen fertilizer reduction ; physiological characteristics ;nitrogen utilization ; yield
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1.1 RIEH#

TROL B R 22 B2 2R S IR B A FRA R R R B B K R o8 BT L B R 242 58K A8 T.78
WF5E L W SRR Y B TR A28 7 AR Y — R 2 38 KA d il , SR AR & R 95 A RN R 22

O R 22 B 2RI B P 2R 2 AR AR it R,y PERRAR L 2 A A A7 BRI B T R 48 BB /K R F
T DUN G IRFA BR LA A S BN R T, RAR G 1892Sx AR 22

PR it o 259 kg 2 5 SR AT A A PRI RS ot S, 7 EL A R R X R A BERR D o UK T R IR SRR
PEo FEARIEA, PURTE BAF, P m R B s —gbnifE , W SOE , 7 DU )1 4 K s A = e e
1.2 RIEigit

PRI T 2024 4F7E VY B RHE R A BB T (31°53'N, 104°70'E ) #E:4T , 3086 1 4430 22 0+ Wi HEAE
Yy R /N2 AT 34K P EVER 5 i O 4500 MI/m?. SR HIBERLIX H 33t , #F)2 13 (0-20 em) &2 A & & N
1. 48 g/kg, W5 0. 63 g/kg, 280 1. 58 g/kg, Bl fif & 192. 92 mg/kg, AL 18. 69 o/kg, HALEH 133. 96 mg/ke,
pH{E 7. 04, ZEEHIG IR ZR (& & 46%) , B 44 il A i, 43 5] Ry i FUE & 180 keg/hm® (CK) L 150 kg/hm?
(N-30) .120 kg/hm*(N-60) .0 kg/hm*>(N-180) , FEAL : BENE . FEAE=5:3: 2,; B AL H 2 B R 45 90 keg/hm? (LA PO,
T, A FBAE A 2 A0t F 5 B AR FH &AL #1180 ke/hm? (LA K,0 1) , FE A0 B =5:5. T 4H 24 H B #,
5H 24 HB AL, BRATIE R 16 emx30 em, B 7GR Bk . /ANXTHAY 17. 6 m*, 3 3R E A, 3 2440 /N IX, &%
AINDR 2 T 7 R R P S5 B, S S T ) PR it 2 > i o R At S R i) 2 1
JE7R A B N 2 s o e 0 1] A9 AR RI R R B2 50E an 81 1 s .

F1 ERERAEREIE

Table 1 Fertilizer application rate and time

N K,0
e _ P,0, )
HAL(5H 23 H) SYBEAR(SH 30 H) HAL(7H 18 H) (5H23H) HAT(5SH23H) BT 18 H)
N-180 0 0 0 90 90 90
N-60 60 36 24 90 90 90
N-30 75 45 30 90 90 90
CK 90 54 36 90 90 90
FR2 KBEELEERH
Table 2 Growth stages of rice
i Iy EEL AT Y Y
TR R 22 6H5H TH11H 7H26H 8HA31H
RO R 221 6H5H TH16 H 8A5H 9511 H
350 130
300 | 428
250 | 126
: .
£ 200} 124
g sor 1%2¢
100 420
50 | 118
0 4 5 6 7 8 9 16
Ay

E1 2024 Fi{56 XIRE R EHE

Fig.1 Temperature and rainfall data of the experimental area in 2024
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1.3 WEMBRFE
1.3.1 rt@aR&z& . THRAREE

Fare i A BEI SRR BN, /N X R A 30/ CRIRR B ZRBERL, T PR O ZRBE R 47 L O 3825
BERUBAC MR R 3 7, I i i e (4 5 (e v 23 BE AN SR AN ), 1380 TR RR 2R 2805 8 3 AL RR 1 3 |3
I35 ohZE e B GERRA AN =34y, T 105 ‘CAYT 30 min, 75 ‘CHET 40, I &350 T4 R
I AR AR EA S ELC

TR i (kg/hm?) =Ha bbb 35545357 T4 o £ 22 Al

RS T B R i (kg/hm?) =AU T4 BT R -5 T B R i

2R T B s i (kg/hm?) =5 R 25 it T4 B FR R it - AU 25 T R B i

2R T 38 %6 (%) =25 T U6 3t ST R 25 T R R i

FERL TR (% ) =250t Ty Il i 3 et/ U kP b T
1.3.2 %% 4%

MR UG , BBR 7 d UK By I i, st it AN PR s , BYRRTR 2) JE PRI 0. 2 g i A 25 mL 23
W T, A 20 m1L.95% £, % £ e T 5 AL IR 45 24 h, R FH 20 66 T 7E 663 nm Al 645 nm 1 52 6
8, U ARG R R S a.

Ca=12. TXA,=2. 69A,,;

Ch=22. 9xA,—4. 68XA,

C(a+b)=Ca+Cb
1.3.3 BEg&MK

FFH0.7.14.21 d B W Snt, LBRIIK, 57 B FH R ZR URJ5 BT -80 CHE IR vkAf i (R A7
N B TR 38 i g (RO 2RI A S Ik e B F i ( GS) T
1.3.4 H#L2ERSE

P4 SRR 5 I AR B T L T R S 3 100 B 57 (FLA20 0. 15 mm) , SR H,80,-H,0, 1 145,
FIFH LG B &4 B & A, TR DL AR S0

o IR R R (kg/hm?) =88 B A & i (%) x#8 B T8 (kg) <P 2% (FR/hm?) 5

RHEI A FH % (%) =il B X AR A R R AR A X R R R R E ) il & X 100% ;

RIBA A F R (kg/kg) = Uit R X FE A 7™ B — ANt R X AR A 7 1 ) il U

RIEBTHER (% )= Oits XRG4 7= e — AN it 20 X R 4 7 8 ) it 8 XA 4% 7 1 X 100%

RE WA =R A AR/ A AR PR B i

RIEM A 77 (kg/kg) =i A X R 43 7= it /it R et
1.3.5 FEAEMARET

TR AR B /N X Fie POV 3596 SO EGR B S # AR E R e e A4S, AR T B oK
T 14% JE AT 2 N R 0 52 SRR 2 S8R B5ORN TR EE , 1A SRR R B0 45 IR A i
1.4 BUIERESSH

K H] Excel 2021 #EA7T 8RB, 2K FH SPSS 26. 0 #4775 22 55K 5K , K GraphPad Prism 10. 2. 3434,

2 R 5550

2.1 SRPBREXS K FE == R A AR B F &

Jite 2R X AR R 7 e S AR B PR 5 M A R (2 3) o TR B8 IR 22 18 7™ T ot 2 2 110 B84 22 S 10 i e
A HY, 78 N-30 Zb B R 354 K, A 9 665. 52 kg/hm?, 5 N-30 4 b, N-180 . N-60 £ CK &b P i 7= 1 43 1] [
fIK 17 37.54% .17. 43% F01 3. 38% ; i HUP DL B R 22 14 7 122 W) SR 0 >l CK>N-30>N-60>N-180, 5 CK A [t , 7F
N-180.N-60 F1 N-30 &b B F By 77 H 70 BIEAR T 27. 63% . 17. 43% F13. 41% , & Ab BRI A AF A B 25 5
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T AE R TR SR 22 P A RO 5 SR B HE N-30 Ab 3 T R B 4T, 5 N-30 #H [t , N-180,
N-60 F1 CK A 383 BIFRAR T 22. 86% . 14. 86% F1 7. 43% , 45 52 3R WIFEAR T 6. 24% 0. 33% F10. 05%;
T i SORL LR B CK>N-30>N-60>N-180, 45 it 20 5t [A] A7 i 35 25 57 5 BR AN it AU AR A, T H 70 45 it 260 o
T EZES . BRI R LN BE SRETE CKALEE T s, 4951 H N-180 \N-60 1 N-30 34 1111 T 25. 00% .
17. 86% F14. 43% ; RRFE SR EUTE N-30 5 CK AP R JC I 35 25 55, (043 1 25 155 F N-60 F1 N-180 b 3 ; 45 50
TEN-30 b FE F fe 5, o4 96. 13% , 8 2 v T HA AL 3 ; TR d 5RO R 22 R B — 30, W B 2 5 T A A
Ab B

D7 2253 MW, R 5 A RIORE N e AR AR St I 2 A S A OC s i U B A R B R ORI B S
RN T T4 0 A R R G, e B e A A 3 R R 5 SRUIEUR i R A K R A R | A
SRR 25 S 2R 35 A g S 3 R, T T e (8 B T TR A e A T e R e A AR R A A R
BRI T 52 =

PRI, A O )1 i DXL A7 R )3 ‘it 2R, 3 o e ™ e 5t R ) O R K (18 2) , 5 TR A 1
TR 24 T 1 o 3 B ) it RN 137 07 keg/hm? , 00 PG 8 R 2 A = ) I 2 TS D P 398 o o 344 o

£3 AEAEIEMNKBE2REMREFHZME

Table 3 Effects of different nitrogen application rates on nitrogen use efficiency of rice on rice yield and its components

AR (V) it A i (N) AR (x10%/hm?) FERUERIEL(AS) G (%) TRE(g) P (kg/hm?)
WAL R 22 N-180 187.50 ¢ 147.40 b 85.40b 25.58D 6036.77 ¢
N-60 206.94 b 162.17 a 90.70 a 26.22a 7980. 64 b
N-30 243.06 a 165. 60 a 91.08 a 26.37a 9665.52a
CK 225.00 a 169. 87 a 91.03 a 26.84 a 9338.65a
B R 22 N-180 183.33b 179.80 b 89.41¢ 24.74b 7290.43 ¢
N-60 194. 44 b 182.73 a 89.48 ¢ 26.17a 8318.25b
N-30 219.44 a 185.46 a 91.63 a 26.09 a 9730.43 a
CK 229.17 a 187.81 a 90.73b 25.80a 10074.19 a
FA8 Y 13.71° 41.32" 0.44 9.86 7.45
N 85.08" 3.3" 2.36 10. 44" 44. 65"
VXN 7.06™ 28.25™ 165.90™ 1.41 36. 817

T« VR A R KRS S 5 N 678 A [t &0 fE , N-180: 0 kg/hm?; N-60: 120 kg/hm?;N-30: 150 kg/hm?; CK : 180 kg/hm?, [R5 853 5 AS [/
B TR AR R A B ] 25 5 3 5 # R0 43 B /R TE 0. 05 F10. 01 /K b b 25k

10000 - vy 11000
AL B R B R 2L

9000 y=-0.194 922453 43 146 036.8 10,000 -
—~ R*=0.999 —~
q q 9000
%E 8 000 g yj15.724x2+7 302.1
P, 8o R2=0.998 2
w700 B 7000

6 000 6000 }

5 000 1 1 1 J 5 000 1 1 1 J

0 50 100 150 200 0 50 100 150 200
Jifti & 2/ (kg hm™) it & 2/ (kg - hm™)

H2 FESHEARNER
Fig.2 Relationship between yield and nitrogen application rate
2.2 SBRREFEXT K FE I E R A0 220
Jite FH 2R 2 R 2 4 R KRR A T AR AR (11 3) o AE R TR 22U T, U 2R 24 1 Ay o 1 FRUH B0 e
Y BE A SRR 2 B — X, ¥ CK>N-30>N-60>N-180, ik 5] i 25 25 5 3 UM 405 B R 22 ¥ 4 - 1 AR 8 4 7
T 43 BE IR I R N-30 f 3 5 T b B 7 AE SRR I DU Ol CK A P A vy, 5 A A B A B 2 2 5
N-30 F1 N-60 4b P[] JC i 2 22 5 . X F[6] — SRl 6, e At i B8 509 38 & T 0 Bel, S5
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rBEIAH HE , RN R 22 1 1) 57 R A0 i 1 A4S B07E N-180 . N-60 . N-30 A1 CK 4L T 43 FI 4 i T 45. 20% .
5.86% .22. 29% F123. 75% , WA B AR L2 W 40 AN T 93. 99% .49. 24% .6. 55% F143. 03%

7T Wik E R N-180 ®N-60 mN-30 = CK T Bwith R N-180 = N-60 mN-30 = CK
a
6F 6 T
) b b
3 St :(|l: ﬁ 5+ a
%]E ‘ él'_g b
ES( 4+ = b B 4F - c
k h (. : 2 -
=3 3 - L d _— = 3 -
T
2r e 2t 4
1 o 1 —
e 53 BEM FERE e 73 BER Fris

14 : N-180: 0 kg/hm?; N-60: 120 kg/hm?; N-180: 150 kg/hm?; CK: 180 kg/hm?; ¥} T [7] — i ik i3 , 4 E KR F RN FR R E R B E
(p<0.05),

E3 KA E KRR E AR A A B
Fig. 3 Effects of different nitrogen application rates on rice leaf area index

2.3 @ABEFEXT KT T YRR B REIZ R0

A2 4 v, SR IR SRR S AR BAE X KRS T AR R I W s s s AR A S T
WY 32 RV 2 R S G U S T T A2 A A OG5 R R IR ELAVE X T B B R
DURRRAT R 0 5, d Bt P R R R B e T AR R, HLAE 150-180 kg/hm i 0 I T i AL A
i is i KOOTHR R BE IR REAE R B KT

FEAN R T, AN R S R 4 B R 2R i R AN ], TR P B IR 22 1 76 N-30 b B I A S B de iy , 5%
T 2 3 51055 31 10 661. 11 kg/hm? F1 15 934. 03 kg/hm?, B 15 B8 K 22 P 78 CK AL B R (9 FR B i
T TR RN I 43 ik F) 13 282. 64 kg/hm*F1 19 388. 19 kg/hm?, #4) 5 HABAN A B2 5, W TR
BRI LR 22 H 7E N-30 Kb BT £ 5 , 8 N-180 \N-60 H1 CK Zb 3543 JI34 1 T 108. 90% . 34. 03% Fl
26. 00% , UFI i R 22 V¥ 7F CK A8 T e 5 , 8 N-180 . N-60 F1 N-30 AbFE 43 34 hin 1 123. 24% .37. 47% il
19. 76% . TRHL R 22 ¥ AN L B8R 22 5 1) T o i 38 03 S| #E N-60 T CK A3 e i, 1 BHAS ] it
()T ki RAEXT R Z TR DA RZES . RO E R Z 1 BFRLTTECR K 3 N-30>N-60>CK>
N-180,N-60 55 N-30 JC i 25 2% 5 , B0 £I0 28 7R 22 1 () FFhr 5T ik 32 3R 30 A N-30>CK>N-60>N-180,N-30 5 CK
TREES.

F4 TEBRENAETFORRRRIEEHHMN

Table 4 Effects of different nitrogen application rates on dry matter accumulation and translocation in rice

HEV) (N TR S (kg/hm®) ST TR a T g A
= S s FZEHE (kg/hm?) (kg/hm?) HEAEH (%) TR (%)
N-180 5347.22d 10113.89d 4766.67 b 1279.17 ¢ 28.99 b 18.33 ¢
. . N-60 7 143.66 ¢ 11 664. 58 ¢ 4521.53b 1993.75b 34.28 a 25.43 a
GO R 22 1
N-30 10661.11a 15934.03 a 5272.92a 2672.22a 30.73 b 26.96 a
CK 8 656.25 b 14245.14 b 5588.89a 2120.83b 29.70 b 22.98b
N-180 7829.17d 13611.11d 5781.94b 1344.444d 21.39 ¢ 15.51 ¢
. ‘ n N-60 10567. 16 ¢ 17 478.47b 6911.11a 2183.33 ¢ 25.79b 19.49 b
B B oR 221
N-30 12018.75b 16988.19 ¢ 4969. 44 ¢ 2506.25b 25.67b 25.75a
CK 13282.64 a 19388.19 a 6105.56 b 3001.39a 28.72a 25.13 a
A\ 147.63™ 33. 65 344. 88" 11.04 85.74™ 19.217
F18 N 87.50™ 13. 04" 50. 78" 76. 43" 12.56™ 81.31"
VxN 45.28" 284.26" 134. 45™ 2.71 7.93™ 14. 32"

T+ V FR A [F KR i Ff 5 N R A [ 0 &, N-180: 0 kg/hm?; N-60: 120 kg/hm?; N-30: 150 kg/hm?; CK : 180 kg/hm?; VXN Sy i F 5 &R
AR RIFVEE 5 ANl /ING FB: 3R AN [ b B B) 25 57 Wk 3 5 R+ 43 Bl FOR 7E 0. 05 F1 0. 01 K - i ko
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Fig. 4 Effects of different nitrogen application rates on chlorophyll content in rice
2.5 SABRBEXT K FE R X EEE R
P b R FEAS [t U T, SER KRG I A i I B A B 22 57 (| S) . MSF U REGR , A
ar Rl ) NR i 35 PR 25 3R I BE R EI 38 g B 1K o 6 TR — B 30, VRO B8 2R 22 17 NR S PR AR 45 b B 3%
P—, B CK>N-30>N-60>N-180; 4 W3 {1 K 22 1 NR B P AE N-180 43 F F A%, Hofh b 3 AE 5558 0 d
i BN N-30>CK>N-60, % AbH A A i 3 22 55, 7R 55 R 7-14 I TC B 35 25 5%, 5P A 21 d 55580 d R —

20 ——N-180 —=-N-60 ——N-30 —+CK 80 ——N-180 —=N-60 ——N-30 -+ CK
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FrHE KEud TR KA
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= bl
Téo Tga
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n e n .
O IR 2278 - S B AR 227
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Fig. 5 Nitrate reductase(NR)and glutamine synthetase(GS) activities of flag leaves at heading stage
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Table 5 Effects of different nitrogen application rates on nitrogen use efficiency of rice
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Fig.7 Correlation analysis between yield ,agronomic traits and nitrogen accumulation
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