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Effects of delayed sowing and planting date on starch RVA profiles of different
indica hybrid rice in the sub-suitable region of ratoon rice

YANG Fan', ZHONG Xiao-Yuan', LI Qiu-Ping', LI Shu-Xian', LI Wu®, ZHOU Tao', LI Bo', YUAN Yu-Jie',
DENG Fei', CHEN Yong', and REN Wan-Jun'""

! College of Agronomy, Sichuan Agricultural University / Key Laboratory of Crop Physiology, Ecology, and Cultivation in Southwest China, Wen-
jiang 611130, Sichuan, China; > Longchang Bureau of Agriculture and Rural Affairs, Longchang 642150, Sichuan, China

Abstract: In order to explore the effect of sowing and planting date on the RVA profiles characteristics of indica hybrid rice,
a two-factor split plot design with two indica hybrid rice varieties (Chuanyou 6203 and Yixiangyou 2115) and two sowing
and planting date was conducted in Longchang and Qianwei in Sichuan province. The results showed that ecological condi-
tion, sowing and planting date, variety, and the interaction between sowing and planting date with ecological condition and
variety had marked impact on the starch RVA profiles characteristic values of indica rice. In the sub-suitable region of ra-
toon rice, delayed sowing and planting date decreased the temperature, sunshine hours, and rainfall during grain filling
period of rice, which resulted in the reduction in peak viscosity, hot paste viscosity, cool viscosity and breakdown viscosity,
but increased in setback viscosity and peak time. Compared to ratoon rice, late sowing and planting date treatment increased
peak viscosity and breakdown viscosity, and decreased cool viscosity, setback viscosity, consistence viscosity, peak time,
and pasting temperature. The effect of sowing and planting date on the RVA spectrum of starch was different with ecologi-
cal condition. Sowing and planting date leaded to greater variation in peak viscosity, setback viscosity, and breakdown vis-
cosity in Qianwei compared with that of Longchang. Compared with Chuanyou 6203, sowing and planting date had greater
influence on the peak viscosity and breakdown viscosity of Yixiangyou 2115. Overall, the starch RVA profiles characteris-
tics of delayed sowing and planting date treatment was closer to the ratoon rice, which resulted in better cooking and eating
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quality of rice.
Keywords: rice; ecological condition; sowing and planting date; starch RVA profiles; meteorological factors
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Table 1 General situation of experimental location
Location Longitude (E) Latitude (N) Altitude (m) Geographical regions
105°02' 29°11" 328
Longchang Southeast hilly region of Sichuan
104°03' 29°38' 456

Qianwei Southwest hilly region of Sichuan
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Table 2 Key phenological period of rice under each experimental treatment (month/day)

Location Treatment Variety Sowing Transplanting Jointing Full heading Mature Mature -of
date date stage stage stage ratoon rice
2018
S1 \%! 3/4 4/3 6/1 7/4 8/5 10/5
Longchang V2 3/4 4/3 6/1 7/5 8/6 10/6
S2 V1 5/13 6/12 7/20 8/16 9/28 —
V2 5/13 6/12 7/21 8/18 9/30 —
S1 V1 3/10 4/9 6/2 7/12 8/12 10/15
Qianwei V2 3/10 4/9 6/3 7/13 8/13 10/16
S2 \%! 5/10 6/9 7/15 8/15 9/25 —
V2 5/10 6/9 7117 8/17 9/27 —
2019
S1 V1 3/4 4/3 5/28 7/7 8/9 10/12
Longchang V2 3/4 4/3 5/31 7/10 8/11 10/14
S2 \%! 5/19 6/18 7/16 8/16 10/4 —
V2 5/19 6/18 7/18 8/20 10/6 —
S1 V1 3/10 4/9 6/2 7/11 8/12 10/16
Qianwei V2 3/10 4/9 6/4 7/13 8/15 10/19
S2 V1 5/25 6/24 7/23 8/18 10/10 —
V2 5/25 6/24 7/25 8/22 10/13 —
S1 S2 A\t V2 6203 2115

S1 and S2 represent the conventional sowing and planting date treatment and the delayed sowing and planting date treatment. V1 and V2

represent Chuanyou 6203 and Yixiangyou 2115.

#3 RESTEBUMER

Table 3 Soil conditions of experimental locations

pH Organic matter Total N content Total P content Total K content Available N Available P Available K

Location Year

(gkgh (gkg™ (gkg™ (gkg™h (mgkg)  (mgkg")  (mgke)
2018 6.92 19.72 1.37 0.93 10.89 149.36 88.68 85.59
Longchang 2019  6.63 19.16 1.15 0.89 16.93 103.49 83.15 94.33
2018 6.79 16.44 1.19 0.79 11.45 97.10 84.22 99.67
Qianwei 2019  6.52 14.26 1.09 0.77 10.58 93.27 97.49 83.06
pH, , - ,
NaOH- , , - ,

The pH of soil was determined by water immersion method, soil organic matter was determined by potassium dichromate volumetric method,

the total nitrogen in soil was determined by Kjeldahl method, total phosphorus in soil was determined by perchloric acid-sulfuric acid method,

total potassium in soil were determined by NaOH-melting flame photometer, the alkali-hydrolyzed nitrogen was determined by diffusion

method, determination of available phosphorus by sodium bicarbonate extraction and molybdenum-Antimony scandium colorimetric method,

the available potassium was determined by ammonium acetate-flame photometer.

1.3

) 3
100 3-D (
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TCW

(Thermal Cycle for Windows)
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50°C 1 min, 95°C (3.8

min), 95°C 2.5 min, 50°C
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Fig. 1 Meteorological data of rice season in Longchang ecological location from 2018 to 2019
2018 2019
- 200
- - -+ Maxium temperature gy R ainfall
40 ------ Minium temperature
Avera%e temperature .,
A i =150 ~
B R T W £
& i o =
= I 8
E 20 ! 100 g
s &
=10 50
0 0
12
)
g
2 38
£
Z
s 4
w
0 : :
Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Mar. Apr. May Jun. Jul. Aug. Sep. Oct.
B2 fAESSE 20182019 FABESREE
Fig.2 Meteorological data of rice season in Qianwei ecological location from 2018 to 2019
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Table 4 Combination analysis of variance of RVA profiles characteristic values by F-value
Year  Factor PKV (RVU) HTV (RVU) CPV(RVU) SBV (RVU) BDV (RVU) CSV(RVU) PeT (min)  PaT (°C)
2018 L 6.86" 12.44" 2.50 2.09 0.01 6.41" 4.12 0.28
S 92.39" 19.07" 12.46" 242.43" 178.65™ 61.63" 10.44™ 10.49™
\% 46.28" 10.68" 2.64 57.33" 60.63" 3.71 2.56 2.88
SxL 2.39 537" 6.50" 2.85 0.51 9.24" 0.52 0.21
SxV 15.56™ 3.62 2.26 12.97" 20317 0.86 1.35 0.09
VXL 1.00 0.21 0.42 0.23 1.39 0.72 0.67 0.29
SXVxL 0.57 0.20 0.49 0.05 0.60 1.02 1.68 1.72
2019 L 43.66™ 14.65" 10317 5.517 23.117 1.29 433" 14.84"
37.72" 1.83 1.37 57.91" 62.90" 20.27" 3.90 17.117
\% 19.94™ 0.38 3.58 48.52™ 38.54" 27.46" 6.14" 47.48"
SXL 9.79" 0.08 0.33 14.67" 22.43" 2.90 1.16 14.28"
SxV 7.74" 2.13 1.00 2.79 5.59" 0.22 0.67 11.34"
VxL 0.18 1.11 0.00 0.17 0.79 2.72 0.55 0.01
SxVxL 222 0.53 0.75 0.28 2.40 2.13 0.18 5.35"
L ;S Y - 1% ! 5%

L represents location; S represents sowing and planting date; V represents variety. PKV: peak viscosity; HPV: hot paste viscosity; CPV: cool
viscosity; BDV: breakdown viscosity; SBV: setback viscosity; CSV: consistence viscosity; PeT: peak time; PaT: pasting temperature.
" indicates significant difference at the 0.01 probability level; " indicates significant difference at the 0.05 probability level.
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Table 5 Effects of seeding and planting date on RVA profiles

Vear SAPD PKV HTV CPV SBV BDV csv Pe.T PaT
(RVU) (RVU) (RVU) (RVU) (RVU) (RVU) (min) (°C)
2018 SI 264.83 a 138.66 a 220.70 a -42.13 ¢ 126.18 a 80.04b  5.94b 78.95 b
S2 217.14 b 110.90 b 197.58 b -19.56 b 106.24 b 86.67b  593b 82.26 b
RR 180.95 ¢ 118.76 b 22743 a 46.48 a 62.19¢c 108.68a  6.07a 87.23a
Mean 220.97 A 122.77 A 215.90 B -5.07 A 9820A  93.13B  5.98B 82.81 A
2019 SI 250.94 a 136.67 a 233.90 a -17.04 ¢ 11427 a 97.23b  6.06b 7535b
S2 226.59 b 128.93 a 235.70 a 9.11b 97.66b  106.77b  6.19a 78.22 ab
RR 200.15 ¢ 126.73 a 245.76 a 45.61 a 7342¢  119.03a  6.19a 82.83a
Mean 225.89 A 130.78 A 238.45 A 12.56 A 95.12A 107.68A  6.14 A 78.80 B
SAPD: SI 82 RR 4
(P < 0.05), 2 (P < 0.05)

SAPD: Sowing and planting date. S1, S2, and RR represent the conventional sowing and planting date treatment, the delayed sowing and
planting date treatment and ratoon rice. Abbreviations are the same as those given in table 4. In the same column, values marked with differ-
ent lowercase letters in the same location showed significant difference at P < 0.05, while values marked with different uppercase letters in
the same indicator showed significant difference in the mean values of the two locations at P < 0.05.

; 2019 21.52%, 126.33%
11.08%; 2019

RVA ,
RVA 22.69%  69.88%,
74.91% 10.41% 2 RVA
2.3 RVA , 2
6 , 2 2019 RVA i
2018 2.4 RVA
21.55% 27.89%  18.59%; 7, 2115 , 2018
, 6203 :2019 6203
, ) 6203
, 2115 2018
68.81%; 2019 RVA )
93.45%  10.59%, : , 6203
RVA ,
2018 : 15.4
14.18% 10.59% RVU 54.9 RVU, 2115
17.77%, 71.07%; ,
2019 6203 3

, 28.18%
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Table 6 Influence of interaction of place and sowing and planting date on RVA profiles

Location SAPD PKV HTV cPV SBV BDV csv Pe.T PaT
(RVU) (RVU) (RVU) (RVU) (RVU) (RVU) (min) (°C)
2018
S1 27526 a 151.14a  23159a  -43.68b  124.13a 80.45 b 597b 79.21b
Longchang g7 215.94b  108.99b  188.53b  —27.42b  106.96a 79.54 b 5.94b 81.69 ab
RR 191.57b  12821b  240.58a 48.48 a 63.36 b 111.84a 6.12a 86.35a
Mean  227.95A  12945A  220.06 A ~7.54 A 98.15 A 90.61 A 6.01 A 82.42 A
S1 254.40 a 126.18a  213.82a  —40.58c  128.22a 87.64b 592b 78.68 b
Qianwei g 21833 b 112.82b  206.63a  —11.71b 105.51 b 93.81b 591b 82.83 ab
RR 170.33 ¢ 10931b  21481a 4447 a 61.03 ¢ 105.50 a 6.02 2 88.11a
Mean 21436 A  116.10B  211.75A -2.61 A 98.25 A 95.65 A 595 A 83.21 A
2019
S1 253.58 a 144.04a  247.63a -596b  109.54a 103.59 b 6.12a 76.28 a
Longchang g3 242.60 a 13842a  24426a 1.65ab  104.19a 105.84 ab 6.26 a 77.03 a
RR 228.67a 13547a  253.85a 25.18a 93.20a 11838 a 6.19a 77.02 a
Mean  241.62A 13931 A 24858 A 696 A 10231 A 10927 A 6.19 A 76.77 A
S1 248.29 a 12929a  220.17a  -28.12¢  119.00a 90.88 b 5.99b 74.43 b
Qianwei g 210.58b  119.45a  227.15a 16.57b 91.14b 107.71 a 6.11ab  79.41b
RR 171.63 ¢ 117.98a  237.67a 66.03 a 53.65¢ 119.69 a 6.19a 88.64 a
Mean  210.17B  12224B 22833 B 18.16 A 87.93A  106.09 A 6.10 A 80.83 A
SAPD: SI S2 RR 4
(P <0.05), 2 (P <0.05)

SAPD: sowing and planting date. S1, S2, and RR represent the conventional sowing and planting date treatment, the delayed sowing and
planting date treatment and ratoon rice. Abbreviations are the same as those given in table 4. In the same column, values marked with differ-
ent lowercase letters in the same location showed significant difference at P < 0.05, while values marked with different uppercase letters in

the same indicator showed significant difference in the mean values of the two locations at P < 0.05.

9.0°C; S ;
28.5RVU 14.1
RVU, 24.6 RVU, ;
2115 ;
30.6 RVU 24.0 RVU, ;
34.4 RVU 2 RVA
, 2 RVA
, 2115 )
2.5 RVA ;
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Table 7 Effects of variety and sowing and planting date on RVA profiles
Variety SADD PKV HTV CPV SBV BDV csv peT PaT
(RVU) (RVU) (RVU)  (RVU) (RVU)  (RVU) (min) ©°C)
2018
6203 Sl 232.0a  1267a  2134ab -187c  1054a 86.6 b 6.0ab  805b
Chuanyou g 1969b  103.8b  190.6b ~63b 93.1b 86.8 b 59 83.1b
6203 Rr 1824b  1192ab  2309a 48.6a 63.1¢ 11.74a 6.1a 88.6 a
Mean 203.8B  1166A  211.6A 7.9 A 87.2 B 95.1 A 60A  841A
2115 81 297.6a  1506a  232.1a  —65.5¢  147.0a 81.4b 5.9b 77.4b
Yixiangyou g 23745 1180b  2046b  -32.8b  119.4b 86.6 b 5.9b 81.4 ab
2113 RR 179.6¢  1183b  2239ab  44.da 613¢ 105.6 a 6.1a 85.9 a
Mean 2382A  1290A  2202A  -180A 1092 A 912 A 60A  816A
2019
6203 Sl 2272a  1293a  2347a 7.5b 97.9a  105.4b 6.1a 76.0 b
Chuanyou g 2204 a 1284 a 2412 a 20.8b 92.1a 112.8b 62a 85.0a
603 RR 198.1a  130.5a  257.4a 59.3 a 67.5b 126.9 a 63a 86.3a
Mean 2052A  1294A  2444A  292A 85.8B 1150 A 62A  824A
2115 sl 2747a  l441a  233.1a  -4l6c  1306a 89.1 b 6.0b 74.7 ab
Yixiangyou  gp 2328b  1295ab  230.2a ~25b  103.3b  100.7 ab 6.1ab 714D
25 Rr 2022¢  1229b  234.1a 31.9a 793 ¢ 111.2a 62a 79.4
Mean 2366A  1322A  2325A  —41B  1044A  1003B 61B  752B
SI S2 RR 4
(P <0.05), 2 (P <0.05)

SAPD: sowing and planting date. S1, S2, and RR represent the conventional sowing and planting date treatment, the delayed sowing and

planting date treatment and ratoon rice. Abbreviations are the same as those given in table 4. In the same column, values marked with differ-

ent lowercase letters in the same location show significant differences at P < 0.05, while values marked with different uppercase letters in the

same indicator show significant differences in the mean values of the two locations at P < 0.05.
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Table 8 Meteorological factors were correlated with the characteristic values of RVA
Growth Meteorological PKV HTV CPV SBV BDV CSvV PeT PaT
stage factor (RVU) (RVU) (RVU) (RVU) (RVU) (RVU) (min) (°C)
X 0.507"" 0.100 -0.265" -0.659"  0.642"" —0.528" -0.255" -0.308""
X, 0.503" 0.102 -0.337"  —0.699"  0.636"  —0.643" -0.376" -0.260"
Heading-peak X, 0.388" 0.072 -0.099 04417 04597  -0.236 -0.020 -0.302°
filling stage X, 0.503" 0.099 -0.301" -0.676"  0.638""  —0.582"" -0.309" -0.278"
X; 0.504™ 0.100 -0.299" -0.6777  0.638""  —0.582" -0.309" -0.278"
X 0.222 0.127 -0.340"  —0.425" 0390  —0.385" -0.263" -0.026
X, 0.399" 0.234" -0.125 -0.467"  0.406™  —0.463" -0.352" -0.256"
X 0.744™ 0.413" -0.077 -0.776"  0.762"  -0.594" -0.326" —0.491""
X, 0.717" 03717 -0.106 -0.788"  0.370"  -0.620" -0.358" —0.469™
Peak silling X 0.701" 0.431" 0.005  —0.683" 0.701" -0.486" = -0223" = -0.485"
stage-maturity X, 0.738" 0.397" -0.124 -0.778"  0.775"  —0.619" -0.367" -0.459""
Xs 0.336" 0.154 -0.022 -0.342"  0.7277  -0.211 0.094 -0.285"
X 0.702" 0.394" -0.098 -0.747"  0.510™  —0.603"" -0.243" -0.415"
X, 0.515" 0.324" -0.002 -0.505"  0.594™ —-0.375" -0.164 -0.351"
X 0.127 —0.191 -0.342"  -0.334" 0299  -0.315" -0.214 —0.099
Whole growth X, -0.244" -0.343" -0.270° 0.074  -0.120  —0.028 ~0.040 0.187
period X 0.629™ 0.225 ~0.165 07177 0732 05167  —0.316” ~0.484"
X, -0.062 -0.278" -0.330"  —0.142 0.092 -0.197 —0.149 0.061
X; 0.612" 0.159 -0.284" -0.773"  0.751" —0.625"" -0.335" -0.456""
Xq 0.583" 0.112 -0.405"  -0.819"  0.740" -0.761" -0.534" -0.296"
X; 0.583" 0.087 -0.329"  -0.728"  0.694" —0.614" -0.363" -0.426"
Xi (°C); Xa (°C); X (°C); X4 (°C); Xs (°C); Xs
(h); X7 (mm) 4 - 0.05  0.01

X, represents the daily maximum temperature (°C); X, represents the lowest daily temperature (°C); X5 represents the difference between the

daily maximum temperature and the daily minimum temperature (°C); X, represents average daily temperature (°C); X5 represents accumu-

lated temperature (°C); X, represents illumination time (h); X7 represents precipitation (mm). Abbreviations are the same as those given in

Table 4. “ and *" mean significance at the 0.05 and 0.01 probability levels, respectively.
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