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Abstract: [Objective] The aim of the study was to evaluate the yield and growth traits of different types of japonica rice in the
late season in the lower reaches of the Yangtze River, so as to provide a theoretical basis for selecting the proper varieties in the

double cropping late season in this area. [Method] Field experiment was carried out at the China National Rice Research Institute
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in Hangzhou, Zhejiang province from 2017 to 2018, with four rice types, including the late indica rice (IR) as a control, inbred
japonica (IJR), hybrid japonica (HIR) and indica/japonica hybrid rice (ITHR). [Result] (1) The yield of ITHR (8.3-10.0 t-hm™) was
significantly higher than that of other rice types, increasing by 2.9%-29.3%, 30.9%-35.3% , and 13.4%-14.0% than IR, IJR, and HJR,
respectively; The average yield of IJR was the lowest, which was 24.0% (2017) and 1.2% (2018) lower than control (IR), while the
yield difference between HJR and IR was varied within years. The IJHR had higher spikelets per panicle and greater sink, and similar
panicles per unit area, grain weight, and grain setting as compared to IR. In contrast, the IJR/HJR had higher grain weight and lower
spikelets per panicle than IR. The growth duration was ranked in the order of IJHR>HJR>IJR>IR. Compared with IR, the
japonica rice (IJR, HJR, and IJHR) had similar vegetative stage (about 56-59 d), slightly reduced reproductive stage (1-6 d), and
prolonged the grain filling stage (12-22 d), which leading to an improved accumulation of temperature and solar radiation of the
growth duration. (2) The yield component and phenological traits were dimensional reduced by principal component analysis (PCA)
as principal component one (panicle size factor, 37.7%) and the principal component two (the growth factor, 24.7%), of which the
IJHR was classified as variety with few panicles, large grains, and long grain filling stage, and the IR was medium panicles numbers
and size, and short grain filling stage. There was no difference between IJR and HJR based on PCA, being multiple panicles, small
panicle size, and long grain filling stage. (3) Correlation analysis showed that the yields of late japonica rice were significantly
positively correlated with spikelets per panicle (R>=0.607, P<<0.001), sink size (R’=0.779, P<<0.001) and grain filling stage
(R*=0.505, P<<0.001). Compared with the late indica rice, the yield of the double cropping late japonica rice was obvious sensitive to
the change of environment, which was characterized by large coefficient of variation between varieties and years. Therefore, it was
necessary to localize the variety and cultivate it by species.l Conclusion] Applying japonica variety in the late season would prolong
the grain filling stage, and increase the temperature and solar radiation accumulation for the late-season rice as compared with IR.
The IJHR with large panicle size, high sink size and long grain filling stage maintained the great yield superiors and being suitable
for growing the late season in the lower reaches of the Yangtze River, which would help to improve the yield, temperature and light
resources utilization and safety of the late-season rice.

Key words: double cropping late rice; yield; growth traits; late indica rice; inbred japonica rice; hybrid japonica rice;

indica/japonica hybrid rice
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Table 1 Varieties information from 2017 to 2018

A HhFIZEH Cultivar type

Year IR UR HIR UJHR

2017—2018  #{#E /7 Huanghuazhan 3 58 Jia 58 #4545 Changyou 5 41 84 Chunyou 84 (2017)
KA Tianyouhuazhan F2K 218 Jiahe 218 A5 5 Jiayou 5 #1927 Chunyou 927 (2018)
C Wt C Liangyouhuazhan  ®if# 46 Nangeng 46 Fif 1540 Yongyou 1540

FA# 9108 Nangeng 9108

757K 134 Xiushui 134

FA1IL 538 Yongyou 538

IR: BRIFE; LIR: W MURIRE; HIR: JWACRIFE; IJTHR: HIEEZRACHE

IR: Indica rice; IJR: Inbred japonica rice; HIR: Hybrid japonica rice; ITHR: Indica/japonica hybrid rice
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Table 2 Differences in yields of different types of late rice from 2017 to 2018 (t-hm™)

KA Type ffl Variety 2017 2018

IR T4y Huanghuazhan 7.9+0.4¢ 7.5+0.2gh
KAt Tianyouhuazhan 7.6+0.2cd 7.8+0.2fg
C Wflt4E 5 C Liangyouhuazhan 8.9+0.2a 7.940.3efg

IR 7 58 Jia 58 5.9+0.1fg 8.5+0.2cd
F% /K 218 Jiahe 218 6.1£0.3f 6.1£0.1i
% 46 Nangeng 46 5.640.1g 8.3+0.3de
#9 % 9108 Nangeng 9108 6.6+0.1¢ 7.2+0.1h
757K 134 Xiushui 134 6.6+0.3¢ 8.0+0.1ef

HIR #Ak 5 %5 Changyou 5 7.4£0.3d 8.7+0.2¢
#4155 Jiayou 5 7.3+0.1d 8.8+0.3¢

IJHR AL 84 Chunyou 84 8.3+0.2b —
AL 927 Chunyou 927 — 10.6+0.4a
FAAL 1540 Yongyou 1540 8.4+0.2b 9.9+0.4b
FAAIL 538 Yongyou 538 8.3£0.3b 9.5+0.2b

P Average IR 8.120.6a 7.7+0.3¢
IR 6.2+0.4¢ 7.640.9¢
HIR 7.4£0.2b 8.8+0.3b
IJHR 8.3£0.2a 10.0£0.5a

ANOVA

EFPZEAL Type (T) 65.60%*

EHY Year (Y) 62.52%%

TXY 13.95%*

AEVNG FHEARE R — AN AR ARG A () 25 k22 5% (P<<0.05, Duncan), **F7R8 P<0.01; *#7R 0.01<P<0.05; ns 7~ P=0.05. KA

Different lowercase letters represent significant differences between different types of late rice in the same year (P<<0.05, Duncan), ** means P<<0.01; * means

0.01<<P<<0.05; ns means P=0.05. The same as below
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Table 3 Differences in yield components of different types of late rice from 2017 to 2018
FEA FH AR SR EADES THLE JEA%
Year Type (panicles/m?) Grains per panicle Grain setting (%) 1000-grain weight (g) Sink (x10*m™)
2017 IR 303.8+16.7a 169.4+23.3b 60.7+10.6b 22.5+1.2b 51.2+5.4b
IJR 269.5+30.8b 121.4+18.2¢ 77.2+5.1a 26.9+1.6a 32.7+6.3d
HJR 282.6+30.6ab 137.4+7.8¢ 72.148.2a 27.542.5a 38.7+2.4¢
IJHR 224.4+15.0c 263.0+£32.5a 63.7+6.6b 22.9+1.3b 58.6+4.2a
2018 IR 306.3+39.7a 181.7£29.1b 67.0+5.7b 23.0+0.8¢c 55.0+6.9b
IJR 310.3+20.4a 133.3£15.5¢ 75.0+5.8a 26.0+1.3b 41.243.4d
HJR 299.2+15.4a 166.4+8.1b 65.7+8.3b 27.942.3a 49.740.9¢
IJHR 218.2+14.6b 316.0+32.8a 65.2+7.0b 22.94+0.9¢ 68.6+3.4a
ANOVA
A Type (T) 41.65%* 195.52%* 15.97** 49.54%* 126.37**
AEA Year (Y) 5.15% 23.52%* 0.02ns 0.00ns 52.96%*
TxY 4.10%** 3,54% 2.36ns 1.11ns 1.82ns
F4 FEEEGTE 20172018 FEBHER
Table 4 Differences in growth period of different types of late rice from 2017 to 2018 (d)
FEAR FH HIRERY) Y acg W 2EEW
Year Type Vegetative stage Reproductive stage Grain filling stage Growth period
2017 IR 58a 24a 35¢ 117¢
IR 58a 2la 47b 126b
HJR 58a 22a 48b 128ab
IJHR 58a 23a 50a 131a
2018 IR 58a 25a 42b 125¢
IR 57b 22ab 58a 136b
HIJR 59a 19b 62a 140ab
IJHR 56b 24a 64a 143a
ANOVA
ERFRA Type (T) 12.81%% 4.93%* 64.32%% 41.02%*
Ay Years (Y) 11.18%* 0.00ns 115.18%* 94.65%*
<Y 12.81%* 1.18ns 2.16ns 0.80ns

FIRERK]: AR AR ORI AR SRR,

PR SR Y. FIH

The vegetative stage refers to a period from sowing to the initiation of panicle primordial; The reproductive stage, from panicle primordial initiation to heading;

and the grain filling stage, from heading to maturity. The

same as below
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Table 5 Differences in the allocation of temperature and light resources among different growth stages of different types of late rice

from 2017 to 2018
A BNyt EIEEKW Vegetative stage UK B Reproductive stage  #E2KI] Grain filling stage A4 F W Growth period
Year Type EAT  LH Rs EAT  LH Rs EAT  LH Rs EAT  LH Rs
(©) h  ™MIm?)  (CO) m MmO (hy ™MIm?*  (C) (hy  (MIm?)
2017 IR 1187.7b 449.5a 1097.8a 433.5a 126.6a 360.3a 419.3b 88.8d 426.2¢  2040.5¢ 664.9c 1872.2¢
1JR 1187.7a 449.5a  1097.8b 380.1a 110.5ab  312.7a 532.4a 168.5¢ 580.6b 2100.2b 728.5b  1979.1b
HIR 1187.7b 449.5a 1097.8a  402.6a 107.3b 327.4a 522.9a 185.7b 589.8ab 2113.2ab  742.5ab 2003.0ab

IJHR 1187.7b  449.5a 1097.8a  4129a  113.7ab

2018 IR 1157.0a  4323a 1066.3a  434.1a 140.9a
IR 1130.3b  425.7b 1045.1b  387.8a 128.5ab
HIR 1176.1a  437.1a 1081.5a  334.1b  117.9b

IJHR 1118.8b  422.8b 10359b 418.4a 138.3a

338.4a  530.6a 198.7a  613.6a 2131.2a  762.0a 2037.7a

386.6a  456.5b  225.7b  540.6b 2047.6b  786.8b 1973.3c

340.3ab  5954a  273.1a  703.5a 2113.5a 815.1a 2068.6b

299.3b  627.9a  2883a  745.3a 2138.1a  831.2a 2105.8ab

3689a  609.7a  287.5a  744.1a 2146.8a  836.5a 2128.7a

ANOVA
fFIRA Type (T) 12.81%%  12.81%% 12.81%%  485%+ 567
4 Year (Y) 151.25%% 547.95%* 222.51%%  1.07ns 21.78%*
TxY 12.81%*%  12.81** 12.81**  15lns  0.60ns

5.01%%  29.40%*  69.42%*  56.94** 40.14*%* 36.39** 40.32%*

1.40ns  33.19%* 529.12%* 116.76** 5.31% 306.87** 76.48%*

1.08ns 1.13ns  4.80%* 0.43ns 0.25ns 3.81% 0.10ns

EAT: BB LH: HEBERH; Rs: KBRS

EAT: Effective accumulated temperature; LH: Light hours; Rs: Solar radiation data at the earth’s surface
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*6 BMEFEXRZHRFEERIEHKE PCAl PCA2 PCA3 PCA4 PCAS
Table 6 Eigenvectors and contribution rate of main agronomic o 63.81
: . LG
traits of late rice .
Panicles
EWy HEAEA i BRI 5743
St i
Principal Eigenvectors Contribution rate Cumulative &E”ﬁ
Spikelets 51.05
component (%) contribution rate (%)
1 34 37.7 377 GigiR
Grain setting 44.67
2 2.2 24.7 62.4
TFRIE
3 1.0 1.2 73.6 1000-grain weight 38.29
4 0.9 10.4 84.0
JEA 31.91
5 0.7 8.3 92.2 Sink size
6 0.6 6.6 98.8 EFRAK) 25.53
Vegetative stage
7 0.1 1.1 99.9 19.15
BRGNS
8 0.0 0.1 100.0 Reproductive stage
9 0.0 0.0 100.0 - 1277
HESIN
Grain filling stage
S1e - = . -+ Ry kY 6.39
2.6 FTEEBGMFE5TERZHEREMEXME AET)
Growth period
VX ’ U o0

SPRIFERURERS 2017—2018 4F7=i 5 2R 20
W A BRI 450, THRE, EEN m2 sHoBRFSEE
ERID WEATAHRYE AT (B 4) o S5 5RN, Wk Fig. 2 Principal component factors distribution

HEJ W] Grain filling stage

PCA2 (24.7%)

2.5= WAL LR
IS IR
HlEES: TTHR

448 HIR

25 0 25 5 75
PCAI (37.7%)

B3 FAREXEBMENS—SERS —EFHETE

Fig. 3 Distribution of principal component one and principal component two of different types of varieties
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A WHIFS IR: y=-0.005x +9.325 R*=0.070ns
WAERE JR: y=-0.010x + 10.521 R?=0.094ns

74 Yield (thm™)

127
11 X
10 XX %(
i X
=1
A L - Y
< X &
g 8 x 8 s o
5 g ul o
S MR ﬁoo
7
E]E\H o R oO
o6t oo 8§ o 0000
5T @R o UR A HJR x UHR — Z% Line (R)
4 . . . , ,
150 200 250 300 350 400
5 3R Panicles (m?)
C  WEHIRS IR: y=-0.005x + 8.248 R*>=0.008ns
12 WERERS IR: y=-0.091x + 14.305 R* = 0.306**
11
& 10}
=
£ 9
=
[
1Loel
5t
4 1 1 1 I
50 60 70 80 90
2552 Grain setting (%)
E WehIE IR: y=0.009x +7.416 R*=0.013ns
12 WHERS JR: y=0.091x +3.603 R*=0.779**

P4 Yield (thm™?)

20 30 40 50 60 70 80

JE%% Sink size (x10°m?)

B WHIFE IR: y=0.005x +6.991 R*>=0.072ns
WHERE JR: y=0.014x +5.313 R*=0.607**

50 100 150 200 250 300 350 400
AFAERI L Spikelets

D WEHIFE IR: y=-0.049x +9.033 R*=0.009ns
12 WKERG JR: y=-0.285x + 15.118 R* = 0.263**

F7 A Yield (tthm™)

32

R 1000-grain weight (g)
F WHIRG IR: y=-0.055x + 10.035 R> = 0.147ns
12 WAEAE JR: y=0.121x + 1.258 R>=0.505**
1 X
& 10F
£
= 91 E
s 8f B
= g
=
5 6l
5k
4 1 1 1 1 I
30 40 50 60 70 80

#ES M Grain filling stage (d)

P A AL (A, BRI (B). 4550K (O T-RiE (D). R (BE). ¥R (F) M RBULEERK: (P<0.05, Person), **£7R P<0.01;

*RIR 0.01<P<0.05; ns &/~ P=0.05

Significance test of correlation coefficients between yield and panicles (A), spikelets (B), grain setting (C), 1000-grain weight (D), sink size (E), and grain
filling stage (F) (P<<0.05, Pearson), ** means P<<0.01; * means 0.01 <P<0.05; ns means P=0.05

4 FREXBRMHEESETERZERERIXFR

Fig. 4 Relationship between yield and main agronomic traits of different types of cultivars
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