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Abstract .
EETE : WA T BT H (2021YFYZ0005 ) 5 5% M KL BT
MR8 X = IR AL BRE = 7 1 S8R 7 B AR R AE Kl Ak
FF &5 H (2020-YF09-00079-SN) ; FEIZ IR M = A
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To investigate the differences of yield
components, population structure, photosynthetic character-
istics and nitrogen use efficiency of rice under different

yield levels, three cultivation modes of super-high-yield

BHE I & BT E T H (2021YFYZ0016) level (SH), high-yield and high-efficiency level (HH),
fEEEN A Bh(1998-) B EE A, B A, TENE and farmer production level (FL) were set up in Mianzhu
IKFE = PSR FY . (E-mail) yanghon222@ 163.com and Zhongjiang, and no nitrogen fertilizer control was set

BWAEE BT, (E-mail) ouyang8805@ 126.com up. Differences in yield, population, photosynthetic charac-
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teristics and nitrogen use efficiency of rice at different yield levels were analyzed, and the factors affecting yield gap and the
ways to reduce the gap were explored. The results showed that compared with FL treatment, the seed setting rate and 1 000-
grain weight of HH and SH treatments increased but spikelets per panicle decreased, and the number of effective panicles in-
creased significantly by 12.74% and 26.10%, respectively. There were significantly differences in dry matter accumulation a-
mong rice varieties with different yield levels after heading. The average dry matter accumulation of two experimental sites un-
der SH treatment was 21.98 t/hm” at maturity stage, which was 10.95% and 20.90% higher than that under HH and FL treat-
ments. The number of tillers of rice at different yield levels was quite different. The average tiller numbers of FL., HH and SH
treatments were 2.689 9x10°, 3.032 8x10° and 3.392 1x10° per hectare, respectively. The average tiller number of SH treat-
ment was 11.85% higher than that of HH treatment, and the average tiller number of HH treatment was 12.75% higher than
that of FL treatment. In general, the average leaf area index, flag leaf SPAD value, photosynthetic rate and radiation utiliza-
tion rate of rice at different yield levels followed the order of SH>HH>FL. Compared with FL treatment, the nitrogen partial
productivity and nitrogen agronomic efficiency of HH treatment increased, while the nitrogen agronomic efficiency of SH treat-
ment increased and the nitrogen partial productivity decreased. Therefore, the key to achieve rice yield from the farmer level
to the high—yield and high—efficiency level or even the super—high—yield level was to increase the panicle and stabilize the
grain, and on this basis to improve the quality of the population and photosynthetic capacity. In the future, high—yield cultiva-
tion of rice should focus on improving the population quality and canopy structure after heading.
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Table 1 Physical and chemical properties of soil (0-20 cm) in different ecological sites

pon LR HAGRIY (mg/kg) A
Hb s ! \ pH 3
(g/'kg) (g/kg) N P,05 K,0 (g/cm”)

@My 1.64 24.42 63.12 9.46 70.54 6.87 1.33
T 1.72 24.74 63.14 9.51 70.42 6.74 1.27
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Table 2 Plant density and application of fertilizer in different treatments

K (SH) o BERbE % PR 2 BETE L3 2,
RIEFR IR R (U) FUEFHIR IR = (UHA) |, BEAE
R FHIL WIS | B LR S8, AT HLAE (OF ) &A%
1%, BB 3 ANEE /DX Z R HIE
B, Bj 1k R K AL,

b ?(ﬂME R Fﬁﬁz el (%)
om) (kg/hm*) I SYIENE AR {RAEAE
NO 30%20 AAE (4 N) 0 0 0 0 0
WAL (P,05) 90 100 0 0 0
HIAE(K,0) 112.5 100 0 0 0
FL 30%x20 FAL (4l N) 150 75(U) 25(U) 0 0
WIE(P,05) 90 100 0 0 0
HPHE(K,0) 112.5 100 0 0 0
HH 30%16 U (4l N) 165 50(U) 10( UHA) 20( UHA) 20( UHA)
AL (P,05) 90 100 0 0 0
HPHE(K,0) 180 50 0 50 0
SH 30x14 OF 7 500 100 0 0 0
AU (4 N) 180 50(U) 10( UHA) 20( UHA) 20( UHA)
BEAL(P,05) 90 100 0 0 0
HIE(K,0) 240 50 0 25 25
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Table 3 Yield and its components under different yield levels

B B SRR TR T A3 AR = T -7, 50% 4. 00%
M15.65% ; FL..HH 1 SH A4b F i) 5 35 7= 540 51
9.92 t/hm* | 11. 36 t/hm’ 1 12. 61 t/hm*, SH 4b#
% HH Ab 38 5 E 80 11. 00% , HH 4b 3% FL 43
WEEIEIN 14, 529% , DL g5 RUE, E7E E SOKSF
AL 3B 1 BB A 5 T AORRERORT TR T A
P, MmO R AR R A s T2 4
TR AT AR BSR4 ) s 3L [ g AR 28

23k Tl F skt N =N Sy =N
Adss b (Xﬁ;ﬁ%ﬂ) Rk o A (Zfz)
2 NO 209.83+15.98d 192.03+2.53a 86.16+2.26a 24.28+0.48h 8.44+0.36d
FL 280.58+9.20¢ 190.12+3.26a 79.18+0.51b 24.05+0.19b 10.24+0.13¢
HH 311.28+18.14h 175.45+2.63b 83.12+2.55ab 26.02+0.10a 11.48+0.19b
SH 339.17+9.34a 173.68+5.35b 83.71+2.74a 26.01+0.12a 12.62+0.24a
JyT NO 225.87+9.73¢ 207.30+11.17a 70.92+4.79b 24.91+0.20b 8.08+0.20d
FL 257.41+3.66b 188.66+3.63b 79.72+£0.99a 25.13+0.07b 9.60+0.25¢
HH 295.27+16.31b 175.75+1.02¢ 82.49+1.03a 26.17+0.48a 11.24+0.05b
SH 339.26+25.03a 176.79+4.78bc 81.54+1.23a 25.95+0.57a 12.59+0.29a

NO: FEEUKF s FL AR PR s HH : 7 R UK SH B B 7 K o [l — R3S s R — S R A R)/INE TR R8T 0.05 /K B2 5 B3

22 AREFEKFKBEELEHES
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R TP 7K T (0 7K R 25 B Bt A 75 300 A At B2

B I B AR AR B, AR R T I B B

PRI K R 2R BERIGE AL 1N, iR B

FET, 44T SH AbFRfY R R 5 T FL AR,
N 4 Pis  FEBTT I, £ A BK R =R BEACR 30

R4 FREFEKPKBEENSREREE

JSH>HH>FL, Hh SH 4b ¥ 5§ % 25 F FL HH &b
P AEREY WIS S FL OHH (SH &b B Y7225
BEEL /0 5 1 hm® 2.689 9x 10°, 3.032 8x 10° Al
3.392 1x10°, HH 4L PR It FL A ¥ 12.75% , SH 4k
PRI HH A3 11.85% , LA 455 R0 4475 0 e
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Table 4 Tiller dynamics and panicle formation rate of paddy rice under different yield levels

S A ERRLCA0 ) S
i) 1) 2] FrH) ey (%)

AT FL 70.22+4.30a 425.09+12.62b 371.66+11.63a 318.63+28.22a 280.58+9.20¢ 66.08+4.08b
HH 75.40+2.24a 442.02+25.77b 399.63+19.79a 340.57+9.73a 311.28+18.14b 70.42+0ab

SH 79.73+£6.99a 471.62+4.60a 403.89+39.92a 363.07+42.05a 339.17+9.34a 71.93+2.61a

HyL FL 72.53+4.58a 408.67+11.40b 306.06+32.04b 261.44+20.69h 257.41+3.66¢ 63.10+3.52a

HH 77.81£3.21a 432.96+10.20b 378.72+27.68a 328.29+£10.31a 295.27+16.31b 68.36+6.01a

SH 78.79+4.38a 477.93+£12.49a 423.15+11.84a 359.26+30.54a 339.26+25.03a 70.94x4.07a

FL AR PR s HH : 7 i 0K SH Ol 8 7K o Al — L35 sl — S8 R A R /NE TR R TE 0.05 K B2 R,

HAR 29 B 268 21. 98 /hm?, %% HH 4bFH
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AL, KRG 4 0 R BR i AR 7 R 1) 4 8 T 4
I, 28 AL BEAS [R] 7 7K P Z (B R B SH>HHSFL, A
[ AR s AR AR A — 3, PIAE SN SH b 2 k2

=5 th 10. 95% , HH Ab BRI ()3 T ) AR B
4919.82 v/hm*, % FL b3 = H 8.97% ., 4747 SH
AL PRANE S (SRR - ) T R AL RN 7. 54
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t/hm?, [t HH FL &b 253 5 42 &5 5.97% ,51.01%,
HIYL SH A FEIHFRfS T BB B2 50 6. 40 Vhm®, [

SERIRW 7 R UK 7 K F A B Y
12 S R T B R AR I DA G

HH F1 FL At FH 2> 51148 55 20. 44% 1 33. 36% ., DA I

257 wtn 5[
5 200 £ 20p
:E 15F = 15F
B B
:[5 10r = 101
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R I ] 5r
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Fig.1 Dynamics of dry matter accumulation in rice at different yield levels

223 KRR FEARFARGT @RI RES AT
A PAE S A AR B AR Ak e — B R AR
PN B AR B B R LTS N R AR Lk
JRTEFF IR BIUE(E . WA= 25 sy HH 1 SH 4b 3
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Table 5 Leaf area index of rice at different yield levels

AbPE AR 25 5 OR W ST R SH AL 3% SF- 3y it
T ARFE K HH A3 7. 08% , HH ZbFR%E FL b3
4. T5% , TERLEIN, SH &b B A S 25 - 1 RS 5
B HH 4b P 35 8.31%, HH 4t ¥ 4% FL Ab P 5
7.84% . VIS5 UL B B 55 A 0 R s 2 0 - i
FRFRE, [R) I R4S A ARG 9 it T RRHE 80 I 2 R /K e
EIOES

a— e A THTFR R 2K @Eﬁ@ﬁ
i 2Rl e A HHBCRIA
Bk FL 5.69+0.17a 6.25+0.85a 7.52+0.16a 4.30+0.16¢ 0.09+0.01a
HH 5.74£0.33a 6.27+0.51a 7.5920.20a 4.89+0.16b 0.08+0.01b
SH 5.86+0.06a 6.39+0.18a 7.80+0.19a 5.26+0.20a 0.07+0.01b
HT FL 4.83+0.12b 5.32+0.27b 7.26+0.16b 4.63+0.10b 0.08+0.01ab
HH 5.83x0.11a 6.07+0.22a 7.38+0.14b 4.74£0.13b 0.08+0ab
SH 6.08+0.54a 6.40+0.24a 8.23+0.20a 5.17+0.13a 0.09+0a

FL: R PR s HH 857 B 80K T SH B 7 Ko [l — A2 28 s 1) — ST R AN )/ NG T B3R TE 0.05 K B2 3

224 REFEARFKAGT R EAS S ERR S
R 2A AlAL ARTR P KT K RG-SR R AR
HERfA B I RIS E TS T R AR R
HAE AR BIE 2SR AT , AN )= K7
QbR R SR AR B O 25 5, MSF R Tf 22
SR &AL BEFE IR SHS>SHHSFL, S5 HH A
SH 4b B SPAD fH H FL &b B 43 51 & H 4. 60% F1I
5.88% , MBI 43 ) 5. 439% 1 11, 88%, YAk

R G LR R AR & —B0( 2B) , \5F
FEII(SFHES 0 d) BISFHUE 30 d, 12 LL SH AP
N R e, oy HH ACBE 7E 55885 15 d F1 30
d,HH 2B & SR e FL AR 5 B 25 88 1
12. 88% 1 17. 27% ; 1£ 57 18 101 2 Bl 28400 SH &b 3L O
GHRBDE ST FL AR,

225 AR EAKE KRS 3R 6 v,
AR SRR R AR ek Bl A B AR Y
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10 H
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Fig.2 Changes of SPAD value and photosynthetic rate of rice at different yield levels
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Table 6 Radiation interception of rice population at different yield levels

fbam Bootk-7r B

S BEH -3

ST RE SR A

(MJ/m?) (MJ/m?) (MJ/m?) (MJ/m?)
FL 11.36+2.01b 140.19+8.11¢ 566.94+41.75a 471.26+£2.92¢
HH 14.02+1.18a 176.96+9.67b 577.96+27.36a 499.93+9.82b
SH 11.65+£0.94ab 200.17+2.70a 610.55+13.01a 551.96+14.37a

FL PR s HH 7 W 30K SH B R 7K Rl — 30807 5 A RVNG PR 7R AE 0.05 K E2E5 B3,

22.6 REEEKRFAAGIEFHELERF N F

1 7 AT AN[R] 7 6 7K ST 7K e 18 i S AR 32 B A=
B R EIER I e TR TR AR L, I
FEFEREIA TR Bl HH Kb B A% %5 55 F) 1 R %% FL

R7 TARFEKFKEHGBREMBHAAE

REBE3R T 5. 34% , SH A48 59 F FH % 1 HH 4k
P T 21.74%, VL B85 UL K AE sE BE & e
SR = 7 1 2 5 4 SR R AR DA G

Table 7 Interception rate and radiation utilization rate of rice population at different yield levels

o WA (%) T ES
i 0] 1) 2] FrH) ] (/M)
FL 11.49+2.03a 46.96+1.39¢ 73.10+10.00ab 96.50+2.06a 85.55+3.12a 1.31+0.05b
HH 13.82+1.16a 53.27+3.11b 76.57+6.26a 97.07+2.60a 83.92+2.72a 1.38+0.13ab
SH 13.65+1.10a 57.58+0.56a 81.65+2.29a 97.17+£2.37a 89.22+3.37a 1.68+0.22a

FL A PR s HH R R 80K SH R 7 K- Rl — 30807 R A RVNG PR AE 0.05 K L2 B3,

2277 RRFERFARBREANNE HEST
AR KT K R B /R A ™ ) R 3 HH >
FL>SH, WAS R Z R ZEFBEA —, @IS
FL Zb AN HH &b P 2 18] /) 202 i A 7= 1 25 5% R
LW L SH AL B g i W2 R 37.97%
40.60% , HVTAZS A, HH Zb 3 L FL A1 SH A0 343

RN 6. 47% F1 37.92% , FL 4P [t SH A4b 3
PR 29. 54% , AR EIKE KRR A R AR
FIHHR LM HHH>SH>FL, FL . HH 1 SH 403 2 4
A RRPE B R R AR Z30 0 11. 06 ke/kg
18.76 kg/kgHll 17. 05 kg/kg, Hrfr, HH H1 SH 4b 3
e FL AR B3 5032E 55 T 69. 62% 1 54. 16% .,
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Table 8 Nitrogen use efficiency at different yield levels

k) FL 68.27+0.89a 12.03+3.27b
HH 69.57+1.15a 18.44%1.13a

SH 49.48+0.95b 16.40£2.11ab

HT FL 63.98+1.65b 10.09+2.83b
HH 68.12+0.28a 19.13%1.40a

SH 49.39+1.14c 17.69%1.89a

FL: AR P KT s HH 77 B BOKF- 5 SH: B8 8 77 KF- JA]— A2 785 A TR

— BT R ARG FEERIRTE 0.05 K B 28 2

3 17 8

31 AREFEKFEAEEFENERSWT

IKAE =t 2 25 P BRI R 2R AR R, ok =
AR PR B U P A O TG T A AR
2 BIRFFE A5 AR, AR AR A5 IAK , ek
B KRG B T AR RS S 3, (L g b 450AR
P SRR E R BN R B U, 4R T AR [R)
I SHE L Rk BB KR R 7 R S 2 DA B2
(22 57 R PR AR ORI AR, FTRE A th T R R RN RS
R FE, A B sk F A i R 4 RS , 5 54k
YR FH ) 22 SRR TE R AL A Ao BSORN 25 52 3 45 5 [T
PIFE 25 5, ARBFSE b, Bl = KO- i G
R W IR F, M FL Ab3 %) HH A3,
FRREURI R R HH AL A SH A 23 22 [] JE A
25 XSRS e —3, Bk, 45 ARG, K
Ry AR 2 K P35 1E 28 0 e i UK B ARG
SRS B T, D = Sk - aeb 1 508 8 7 /K 32
B TR U AR RO SR L — R A i
3.2 ARFEKFKBEEFENERSNT

RS AT R KRB L R T B )
JRAUEY | VRIS g i KA E R T R
RS P=m B YIS, s 1 T R R e 2o 4
BT YRR SR 40%, ARFgE A E K
SRR E] ) T R SRAEAE B RTIC I B 25 5 e
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