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B /hm?, BRATHE 13 em X< 30 em) &40 F , % B 8 M AU
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W L, D1 ARBEAY HLAT % D2 4b #38 n 3.35 %, 4%
D3AbBRREING.31% . FEEAEHLB I, JE0E 4> BEAE
HE L9 g 42 2:4(T6) Y HLATAE He 5] 4y 5:3:2( T3,
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Table 1 High-efficiency leaf area index during 2020 and

2021 under nitrogen reduction and densification treatments

3.07%, 22 AN W3 5 A 2 50 kg/hm* (T2, T3) B
TE A 5 )2 s G AR R B S IR o i ol A 8 R
I, SRR R R A e 2 R S O 0 AR, D&
D3 FEAK 1.17 %0, A0 ) A e J 2 s S ik R 25 7
ANWE . A ], SRS 2 BEAE R
Fei Ry 7:3:00T2, T4 T7) i A FF A el 2 i S ko
BB R 5:3:2( T3, T5.T8) I 1.87 % , % e 4]
g 4:2:40T6)BF RGN 1.51 %6 ; 17 BRI )it 4 L 151

FiR L R P BB HLAT
Planting Nitrogen

density treatment 2020 2021
T1 2.25¢ 2.21c

T2 2.72bc 2.50c

T3 3.33bc 2.59¢

T4 3.65ab 3.70b

D1 T5 3.84ab 3.89b
T6 3.98ab 4.15ab

T7 4.36a 4.43ab

T8 4.56a 5.03a

34 Mean 3.59 3.56a

T1 2.55b 2.49¢

T2 2.60b 2.61c

T3 3.11ab 2.74¢

T4 3.85ab 3.01be

D2 TS5 4.21a 3.12bc
T6 4.47a 3.31bc

T7 4.48a 3.95ab

T8 4.55a 4.33a

-3 Mean 3.72a 3.19a

T1 2.80b 2.33¢

T2 3.26ab 2.82¢

T3 3.28ab 2.88¢

T4 3.28ab 3.10be
D3 T5 3.52ab 3.31labc
T6 3.64ab 3.38abc

T7 3.68ab 4.04ab

T8 4.66a 4.22a

P34 Mean 3.51a 3.26a

. D1: 3.7X10° #i/hm?, D2: 3.0<10° #i/hm*, D3: 2.6 X10°
#i/hm*; T1(0 kg/hm?) . T2(50 kg/hm”, ZE AL | 43 BE AL Rl AL LL
7:3:0) , T3 (50 kg/hm?, 5: 3: 2) , T4 (100 kg/hm?, 7: 3: 0) , T5
(100 kg/hm?, 5: 3: 2) . T6 (100 kg/hm?, 4: 2: 4) | T7 (200
kg/hm?,7:3:0) , T8(200 kg/hm?*,5:3:2) . A [al/ING T4k F /- AR ] ol
A2 FEAL R ON [R RIS A AP 12 3522 5+ (P<<0.05) . 1Al Note:
D1: 3.7X10° holes/hm? D2: 3.0X10° holes/hm? D3: 2.6X<
10° holes/hm? T1 (0 kg/hm?); T2 (50 kg/hm?, the ratio of base fertil-
izer, tillering fertilizer and panicle fertilizer is 7:3:0, ) ;T3 (50 kg/hm?,
the ratio of base fertilizer, tillering fertilizer and panicle fertilizer is 5:3:2) ;
T4 (100 kg/hm?, the ratio of base fertilizer, tillering fertilizer and
panicle fertilizer is 7:3:0) ; T5 (100 kg/hm?, the ratio of base fertilizer,
tillering fertilizer and panicle fertilizer is 5:3:2); T6 (100 kg/hm?,the ra-
tio of base fertilizer, tillering fertilizer and panicle fertilizer is 4:2:4) ; T7
(200 kg/hm?, the ratio of base fertilizer, tillering fertilizer and panicle
fertilizer is 7:3:0) ; T8 (200 kg/hm?, the ratio of base fertilizer, tillering
fertilizer and panicle fertilizer is 5:3:2). Different lowercase letters indi-
cate significant(P<C0.05)difference between different nitrogen fertilizer

treatments under the same planting density . The same as below.
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Table 2 Canopy radiation interception rate of rice
population during 2020 and 2021 under nitrogen

reduction and densification treatments %
S 2 R R
. Canopy radiation interception rate
@ﬁfi ikilrogen 2020 202l

density treatment PN REVN RN A
Full head- Maturity ~ Full head- Maturity

Ing stage stage Ing stage stage

T1 81.9d 93.3d 87.3¢ 66.8f

T2 93.2b 94.5¢d 93.5¢ 86.0e

T3 88.8¢ 95.4bc 90.7d 87.9d

T4 97.6a 96.3ab 97.7ab 93.1c

D1 T5 96.7a 96.8a 96.8ab 94.0c
T6 96.0a 97.2a 95.4bc 95.0bc

T7 98.1a 97.6a 98.8a 96.5ab

T8 97.1a 97.6a 95.8b 97.0a

Mean 93.7¢ 96.1a 94.5a 89.3a

T1 82.6e 94.4c 87.5bh 78.3¢

T2 95.8¢ 94.5¢ 93.9a 83.3d

T3 93.9d 95.7bc 94.9a 89.0c

T4 97.3ab 96.2ab 95.0a 89.9¢

D2 T5 96.1bc 96.4ab 94.5a 88.6¢

T6 96.0c 97.2ab 94.4a 92.8b

T7 98.4a 97.3ab 95.5a 96.2a

T8 96.1bc 97.4a 93.6a 96.6a

Mean 94.5h 96.2a 93.6h 89.7

T1 92.2¢ 94.9d 90.6¢ 82.7e

T2 97.9a 95.5¢d 96.0ab 87.9¢

T3 93.7b 95.7bed 94.7b 91.8b

T4 97.1a 96.0abced 96.2ab 88.1c

D3 T5 96.8a 96.2abc 95.5ab 92.1b

T6 96.6a 96.5abc 92.1c 85.1d

T7 97.3a 96.7ab 97.0a 94.4a

T8 96.6a 97.0a 91.8¢ 96.3a

Mean 96.1a 96.2a 94.3a 89.6a
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i) 1=, Z5 A4y et RS AR B o e RUIE RS S R, i
A= e RV A AT W S AR AL R
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e

F 2 4 T, 78 2020 4, 45 4h B A A0l 4 i 2%
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Table 3 Biomass of rice population during 2020 and 2021 under nitrogen reduction and

densification treatments t/hm’?
A4t E Gt7h L REE7/h s YR BAYR
FHE?%E ) Nitrogen Stem biomass Leaf biomass Panicle biomass Total biomass
Planting density
treatment 2020 2021 2020 2021 2020 2021 2020 2021

T1 9.94d 10.50f 2.25d 2.35¢g 7.73c 5.59%e 19.93d 18.45f

T2 11.47¢ 12.74d 2.89¢ 3.04e 7.95bc 7.55b 22.30c 23.32d

T3 10.53d 11.93e 2.38d 2.81f 8.05bc 6.21d 20.95d 20.95e

T4 13.33b 13.26¢ 2.83¢c 3.52d 9.35a 6.83c 25.52a 23.61d

D1 TS5 13.20b 14.81b 3.40ab 3.75¢ 9.22a 7.55b 25.82a 26.12¢
T6 11.85¢ 13.14cd 3.34ab 3.45d 8.61b 7.23b 23.80b 23.81d

T7 14.17a 15.22ab 3.36ab 4.66b 5.93d 8.55a 23.46b 28.43b

T8 13.04b 15.67a 3.42a 4.93a 7.30c 8.55a 23.76b 29.15a

44 Mean 12.19a 13.41a 2.98b 3.57a 8.02b 7.26b 23.19¢ 24.23b

T1 8.76e 11.35d 2.08e 2.67e 7.45¢cd 6.82b 18.30g 20.84e

T2 12.44c 11.91c 3.19¢ 2.93d 7.04d 6.86b 22.67e 21.70d

T3 12.36¢ 11.73cd 3.50b 2.93d 7.81c 7.87a 23.67d 22.53¢

T4 13.38b 12.85b 3.23¢ 3.20c 8.54b 6.88b 25.15bc 22.93¢c

D2 TS 12.88bc 12.83b 3.61b 3.25¢ 8.98ab 7.90a 25.47b 23.98b
T6 10.11d 12.44h 2.54d 2.94d 7.82¢ 6.32¢ 20.48f 21.69d

T7 14.70a 14.94a 3.65ab 4.24a 9.42a 7.54a 27.77a 26.72a

T8 12.72bc 12.90b 3.82a 3.92b 7.84c 7.76a 24.39cd 24.57b

S5 Mean 12.17a 12.62¢ 3.20a 3.26¢ 8.11b 7.24b 23.49b 23.12¢

T1 10.68c 12.05e 245e 3.00de 6.36d 7.71de 19.50f 22.76d

T2 10.09¢ 12.42de 2.58e 3.17d 8.46¢ 7.34e 21.12e 22.93d

T3 11.63b 12.59de 3.21c 2.97e 8.43c 7.80cd 23.27d 23.36d

T4 11.40b 13.72b 3.15¢ 3.60b 8.51¢ 8.48b 23.06d 25.80b

D3 TS 11.66b 12.94c¢d 2.87d 3.36¢ 9.98ab 9.33a 24.51c 25.63b
T6 13.79a 15.31a 3.61b 3.90a 10.33a 9.01a 27.73a 28.22a

T7 14.04a 13.27bc 3.28¢ 3.90a 9.45b 7.40e 26.76ab 24.58¢

T8 14.17a 13.46hc 3.97a 3.83a 7.94cd 8.14bc 26.08b 25.42b

) Mean 12.18a 13.22b 3.14a 3.47b 8.68a 8.15a 24.00a 24.83a
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Table 4 Rice yield and yield components during 2020 and 2021 under nitrogen reduction and densification treatments

i AR ORI BESLR) % THRH/g . ,
FALEHTE AL (J3 /hm?) Grain number per Seed setting 1000-seeds r‘g/(t/l?m )
Planting Nitrogen Effective panicles spike rate weight Production
density treatment

2020 2021 2020 2021 2020 2021 2020 2021 2020 2021

T1 289bc 284ab 143c 118e 64.0bc 67.9¢ 20.0a 19.1e 5.31c 4.39f

T2 272¢ 263bc 171ab 119e 74.4a 75.8a 19.1c 22.9d 6.61b 5.35e

T3 277¢ 253¢ 174ab 137d 75.1a 69.7bc 18.7d 25.0c 6.75b 6.03d

T4 301ab 280ab 180a 152b 71.1ab 71.4abc 19.4¢ 25.4be 7.51a 7.77¢c

D1 TS 312ab 288a 176ab 144bed 71.3ab 72.7abc 20.2a 26.1bc 7.95a 7.89bc
T6 306ab 280ab 174a 141cd 75.5a 73.6ab 19.3¢ 27.8a 7.75a 8.12bc

T7 324a 305a 153bc 150bc 58.3¢ 68.7bc 19.9ab 26.8ab 5.75¢ 8.47b

T8 320a 291a 175ab 163a 60.3c 70.6abc 19.5be 28.0a 6.57b 9.36a

¥ Mean 292a 280a 172b 141b 70.4a 71.3c 19.4b 25.1a 6.78b 7.17a

T1 253¢ 246bc 178b 1244 71.9ab 73.3abc 19.0e 22.4d 6.16¢ 5.03e

T2 285a 266ab 180b 125d 65.6bc 70.4c 19.4cde  24.1bed 6.51bc 5.66d

T3 259bc 249bc 180b 140c 75.1a 76.9ab 19.2de 23.4cd 6.72b 6.28¢

T4 298a 242¢ 173b 153b 67.7b 70.4c 22.4a 25.0abc 7.82a 6.49¢

D2 TS 303a 252be 171b 151b 75.8a 77.9a 19.6¢ 25.1abc 7.71a 7.41b
T6 279ab 262abc 183ab 148bc 72.9ab 77.5a 20.2b 25.3abc 7.53a 7.64b

T7 299a 273a 170b 162a 60.1c 68.1c 19.5¢d 26.0ab 5.94¢ 7.82b

T8 295a 266ab 200a 167a 66.1bc 71.3bc 20.1b 26.7a 7.84a 8.46a

“F-¥ Mean 281b 256b 179b 145a 69.9a 73.5b 19.8a 24.7a 7.02a 6.79b

T1 250d 228d 177be 135¢ 68.9a 76.1ab 20.7a 23.3b 6.32d 5.49¢

T2 244d 261abe 189ab 111d 76.4a 79.8a 19.1d 25.1ab 6.71bcd 5.80e

T3 253d 246bcd 191ab 141c 73.8a 78.5a 19.0d 25.7ab 6.78cd 7.00cd

T4 265¢cd 242cd 187ab 154b 75.4a 72.3b 19.7be 24.3ab 7.35abc 6.54d

D3 TS 297ab 237d 179bc 168a 73.8a 80.4a 19.8be 23.9ab 7.77a 7.60b
T6 280bc 248abed 187ab 153b 70.2a 80.6a 20.1b 24.7ab 7.37ab 7.52bc

T7 301ab 266a 178bc 169a 68.5a 72.5b 20.1ab 26.0ab 7.40abc 8.43a

T8 310a 264ab 206a 152b 54.2b 75.3ab 19.4cd 26.1a 6.71d 7.85b

S35 Mean 275b 249¢ 183a 148a 71.4a 76.9a 19.8a 24.8a 7.05a 7.02a

2021 4 D1 Ab BRSP4 77 £ 5 D3 A BRI b 35 22 5, ik
A % 100 kg/hm? £bH {197 %5 200 kg/hm” b 3 1 7=
AU 0.13% , HAE 2021 4F = & #g i , TAD1 1Y
A ROEBE TAD2 B0 15.70% , 7= 4 48 TAD2 14 i
19.72% , = w3 /K453 T7D2, 7] UL, 3 n s
AL %5 3 T 3 2 3N A ROREBOR kR R DR R
W™
23 FARABEEZFLENEAEARRRIKREN
A

P2 5 AR, A B B I, PIRE 2 RS
PTG 2R 1 2, D1 AR AR S i D2 Al
D343 A 4.78 %6 F1 7.48 %% 5 Uk /b it 280 £ 7T LA [ A1
FEARL A B P 57 2, it &0 R 50 kg/hm?® b B ) FFAE
BT A R A & 8 100 kg/hm? b B B K

20.23% , i & R 100 kg/hm® &b #1477 25 5 &
A it 5 M 200 kg/hm? 4b FRFEA 13.20 % 5 ZUIE Al
R Al AT B ARORF L 8 1 T i, R L BE I RRIE e
{2k 72 30 BPFFARLER BT 5 45 LG A8l 52 30 2 g Ak
PHFEAR 8.29% , X LUl Ky 42 2: 4 AL BRIEAK 15.21% .
25 b WA R AT i FH R A% AT AR08 R K R
IR .

P RAE 7 T, Bl PR %% B B IR K 1 R
BT DA BEAY & AR 4 D2 F1 D3 4 5]
M T 0.83% 1 2.29 %6 5 Bk /b N 1T LA in
K R AR, it U 50 kg /hm® b 35 A £ R A1 458 it
A it A 100 kg/hm” &b B4 fin 4.71 %, Jits & & k7 100
kg/hm” &b B () £ M 5 4 200 kg/hm* &b B 3% fin
5.38%0 ; W& AL HT RS & WA 2 90 E T3 JEE
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F®5 2020 0 2021 F BREELET
BAEOARERRKE
Table 5 Rice protein and eating quality values during
2020 and 2021 under nitrogen reduction and

densification treatments

FEE  GURLE  RCURER/Y £k
Planting Nitrogen Protein content Taste value
density treatment 2020 2021 2020 2021

T1 5.48¢ 6.10e 71.33b  73.00a

T2 4.71d 4.371 72.67a 74 .00a

T3 6.17¢ 6.98d 69.67c  69.67b

T4 7.03b 7.25¢cd 69.00cd  69.33b

D1 TS 7.36b 7.73cd 68.33de  68.00c¢
T6 9.11a 8.52ab 64.67f  65.33d

T7 7.58b 7.85bc 67.67¢ 68.00¢

T8 9.42a 8.93a 62.33g  64.00e

Mean 7.11c 7.22b 68.21a  68.92a

T1 6.14ef 6.54de  70.00ab  72.00a

T2 6.43de 6.65de  69.33abc  72.00a

T3 5.661 6.14e 71.00a  72.67a

T4 7.04cd 6.89cd 69.00bc  71.00b

D2 TS 7.53¢ 8.22b 67.67c  67.33d
T6 8.47b 7.42¢ 66.00d 68.67¢

T7 9.26a 8.31b 64.00e  66.33e

T8 9.53a 10.12a 59.671 61.33f

Mean 7.51b 7.54b 67.08b  68.92a

T1 6.43e 6.89¢ 63.67d  71.00a

T2 6.11e 6.82¢ 70.33a  71.33a

T3 7.30d 6.90c 68.67b  70.00b

T4 7.87cd 8.15hc 66.00c 67.67c

D3 TS 6.51e 7.24bc  69.33ab  69.67b
T6 8.57bc 8.76ab 65.33¢c  64.67d

T7 8.77ab 8.26hc 65.33¢ 67.00c

T8 9.52a 9.80a 60.00e  62.00e

Mean 7.64a 7.85a 66.08c  67.92b

Ay BENE REIE LA Ry 7350 IR A R 1R A L R
5:3:2 B AL FREE N 3125, B L gl Ry 4220 4 B Ab B
B 4.51% o H AT UL 980 1 %5 O B AR K R AR AT
o7 LU AT DARG A oK 2 AR A
24 ARBREZLETFEMRENESHF
Gih2ayErg, N mRICEE . 5 200
kg/hm? &b FRAH L, Ik 20 2 100 kg/hm?” s 7K 7 F4) 25 44
i TR R BB AIG 16.74 26, (FL 38 2xF 385 o o 4% B T ik
P v A RO R, A O UK TR Y 7 3 200
kg/hm? &b AV FEAER 0.13 %, H. 3843k 038 % kb B 7=
SR AN B SEEL T R SR R AR E
PN EE U NTE S b RNV TE e

R oK 5 B2 5 200 kg/hm? kb BEAH H , 8 &L & 100
kg/hm? B RE K A 1 0T 3 £ IR 13.20 00, R 42 5
5.38%0; D1 4k B Y 25 M T & &t 4 D3 Ab #E BE %
7.48% , BB HE i 2.29 %6 5 BRI S 0T EIE | LAl mT
DAREAR AR BT & e JF 4 i B ORAE . W O, il 38 i
oL %5 8 2 5 A ORI, B A8 IR I S 5 B R kL
BT B sZ ), R R = B AR E ;1 U8 A RIS S
JE 5 B AT LB R AR B AU A0 I, A AT R B R
FieE . G iR ira G R 1A TR AUK
AR T 100 kg/hm? B, 55 3 AR o i 25 B2 03 > 184
Ji B EUNE Eb 91 4 R /K R i it 80K 7 =5 T 100
kg/hm? B, 7 34 i Fioie 2 B2 DA R S B A S 1 AU
F A9 54 S B R 3 7 5 8 K 19 1 A (L B s 2 2 AR A1
oo 2% 358 o LA K 399 RN L A KA i B n . 7R 1
Ff P R R A 5 X B A R P, AT DA SRS R A
(18 7= e ATV 1 £ R i T
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Fig.1 Changes of yield and taste value
under different treatments
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Zhu %525 5 % BUBRAE Lo () s , 26 1 BR & i
IR IR S O (E TR TR AR 22 5 XK B 45T
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Effects of reducing nitrogen and increasing planting density
on yield and taste quality of rice

FAN Qi', LIU Yintao', GE Jinxin', TANG Beiyun', CHEN Jiangiang', ZHENG Kan®,
YE Yuanwen’, CAO Cougui', JIANG Yang'

1.College of Plant Science and Technology, Huazhong Agricultural University, Wuhan 430070, China;
2.College of Engineering , Huazhong Agricultural University, Wuhan 430070, China;
3.Hubei Yongzxiang Agricultural Machinery Equipment Co. Ltd. , Xiaogan 432699, China

Abstract The elite rice variety Ezhong 5 was used to study the coordinated effects of nitrogen fertiliz-
er and planting density on the yield formation and taste quality of rice.8 treatments of nitrogen fertilizer con-
sisted of the nitrogen application level and the ratio of fertilizer for base, tiller, and spikes including T1 (0
kg/hm?) , T2 (50 kg/hm?,7:3:0), T3 (50 kg/hm*,5:3:2), T4 (100 kg/hm?*,7:3:0), T5 (100 kg/
hm?,5:3:2),T6 (100 kg/hm*,4:2:4), T7 (200 kg/hm*,7:3:0), T8 (200 kg/hm*,5:3:2) were set
up under 3 densities including D1 (3.7><X10" holes/hm?) , D2 (3.0 10" holes/hm?*) , and D3 (2.6X
10° holes/hm*). A 2-year field experiment was conducted to study the effects of reducing nitrogen and in-
creasing planting density on the population quality, yield and taste quality of rice. The results showed that
T4D3 reduced the high-efficiency leaf area index and canopy radiation interception rate and T4D1 optimized
the population structure to alleviate the negative effect of reducing nitrogen on the utilization of light energy
resources in terms of population quality.Reducing nitrogen decreased the number of grains per spike , but in-
creasing planting density effectively compensated for the yield loss caused by reducing nitrogen via increas-
ing the number of effective spikes (with an increase of 9.14%-16.65% ) to achieve stable yield in terms of
yield. The number of effective spikes of T4D1 was significantly increased by 15.70% compared with that of
T4D2, with an increase in yield of 19.72%.In terms of taste quality , the content of protein in grain was syn-
ergistically reduced by reducing nitrogen , increasing planting density , and reducing the proportion of fertiliz-
er for spikes at the late stage of growth and development.The taste value of rice was significantly improved ,
with an increase ranging from 13.39% to 14.33%.It is indicated that reducing nitrogen and increasing plant-
ing density , while reducing the proportion of fertilizer for spikes at the late stage of growth and development
(less than 20% ) can synergistically improve the yield and taste quality of elite rice.

Keywords rice; nitrogen application level; nitrogen application ratio; planting density; yield; taste

quality

(R4 R E4R)



