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LEWFIE /R T M (30°09 /N, 113°93"E) , F 2021 4F Al
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Fig.1 Atmospheric temperature and precipitation during the entire growth period of black rice

22 HREMEEFERFEMREZNZ0D S R T 71.35%.95.27% . 22.40% FI

2 1A L, 2021 ARS8 AR T T AR 0.2300. 2022 4F It BB T R A, o4 b B
i A R A RO R TR RIS R A b 7 B P 22 R TR A R L R
=N =] I =~ N 3: = Privey I+ N N2z ) .
mB R R E LB, 5 aiﬁ%ﬁﬁ*ﬁ 54 ,#Hﬁ L R R
RN BB R RRE 145 R 0355 MItE AT S

*1 AEEPEGTEESERFEMHREE

Table 1 The yield and yield components of black rice under different sowing dates

A RAEE/ (7 /hm?) Rk R THIEE /g e

/I\Z{i (If;jjar %vaiiﬂ date Effective 'number of  Number of grains 1 OOO'—seed Seed setting ﬁ%ﬁ;ii{]ﬁ?q
spikes per ear weight rate
il RB 185.6b 142.86b 24.88a 57.06b 3764.18b
Heishuai LB 201.6a 163.39a 25.62a 76.43a 6 449.99a
TR RB 139.2b 156.90b 25.07a 54.81b 3001.07b
- Zhongkeheinuo 1 LB 152.0a 212.10a 25.32a 71.79 5860.19a
P2 9355 RB 153.1b 160.86a 28.41a 65.28b 4 567.46b
Xianghei 9355 LB 175.2a 162.83a 28.86a 66.93a 5510.43a
fo B 5 RB 161.1a 134.85b 29.93a 69.01a 4 487.09b
Huamoxiang 5 LB 165.3a 140.59 30.86a 68.35a 4901.27a
i RB 197.4a 181.19a 23.94b 70.75a 6 058.04a
Heishuai LB 193.2a 167.37b 24.53a 56.26b 4 462.54b
RN RB 195.3a 203.67b 21.23a 74.83a 6319.10a
2022 Zhongkeheinuo 1 LB 177.1b 225.98a 21.25a 71.32b 6 065.39h
JE2 9355 RB 178.5a 190.36a 24.29a 64.00a 5 282.28a
Xianghei 9355 LB 172.9a 185.68b 20.54b 48.48b 3196.86h
f B 5 RB 193.9a 171.88a 26.30a 63.98b 5607.94a
Huamoxiang 5 LB 175.7b 130.82b 26.35a 76.24a 4617.53b

AN RVING B R Ab B B A7 AE 18 3% 25 5% (P<<0.05) . T A, Note: Different lowercase letters indicate significant differences between

treatments (P<C0.05).The same as below.

23 BHEXNEBERATIENZMW 26.19%,2.0~2.1 mm JEEE T AREK BT W3 LA T
2 2 0] UL, BEE IR IHER , 2021 AR BB 4.06%,1.9~2.0 mm F1>>2.1 mm J& & A RE K 5
A E<1.9 mm JEE T AREOK T & B FRET WIREREIER R A B FZ . 2022 K56 4,
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FE<<1.9 mm JE BT pyM oK it i 2 TR T 36.23%0,
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2.0~2.1 mm F1>>2.1 mm J& B T B9 R K 5T 0] il 175
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HoAth 34 JE BE Y Bl T A RE K it it 34 T 1 A8 A, Xt
T 32 29355 i Bl , 2021 43K 5 <<1.9.,1.9~2.0,
2.0~2.1 mm J& BT B RE K 5 £ Bl 5 1 458 4 0
FE T 30.00% .26.58%,25.23% , >>2.1 mm JE B
TR RE K JBT ) G RRAIR T 11.84 %0, 2022 4F G
H<71.9 .1.9~2.0 mm J& & T Bk K 5 & 5l g %
PR T 45.24% .25.00% ,2.0~2.1 mm F1>>2.1 mm J&
JEE T AR K T 43 ) B S BRI T 14.93%.7.21 %
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K o e B B AR R R A W AR A . 2022 4G
5 JER 91 T AR DK T PR kA i 2 AR Ak
2.4 HEEATEAREFRIRHND

DRI BRI H Z S a0, M3,
Bifi 25 15 AR, 2021 4E 1 2022 4F 44> B AR S Fh 9 4L T
RO BN THARHER B 5% EUMH
L, 2021 AE R 3B AL FR R (8 0D R R BRRG 1 S (R
9355 MR 55 LT R & &4 3 17 0.1250,
0.000 7.,0.031 1,0.054 8 g/100 g, 2022 4 M % b ¥
TR RO 145 (B 9355 AR AR 55
WH R & o i > T 0.063 5,0.003 2,0.017 9,
0.012 1 g/100 g.

2) RGN PEOR B B S s . f e 3T,
Biti 75 45 ) 43R L 2021 4 F1 2022 4F 4 A4~ SR 5 A ) 2R
G2 TREE . 5% MFEAHLL,
2021 AF M RE AL BE R A 28 0 PR R RE 145 (FE R 9355
ML S55 M A& &0 BT 15.79% .
16.55%0.9.24% F16.71% . 2022 4F M 4% b B () 22
Ui RN EE 15 3858 9355 AR AR T 55 A T
SRR T 7.95%.11.89% .6.77 % F15.26 % .
25 HFBHPEWNERZERERRMTIG

1) &0 K A REPE RS2 . PR 3R 4 AT AT B
2022 A6 R SRR 15 0 1] & 4 20 4R
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Table 2 The filling degree of 4 black rice varieties

under different sowing dates g

Year Cultivar date <1.9 2'.0 2'.1 ~91

mm mm mm mm

S RB 4.2a 134a 37.8b 44.6a

Heishuai LB 3.1b  13.6a 39.4a 43.9a

PR R RB 2.3b 6.2b  27.7b  63.8a

Zhongkeheinwo 1 1 2.8 7.6a 30.3a 59.3b

e 420355 RB 2.8  58b 16.3b 75.2a

Xianghei 9355 LB 40a 7.9a 21.8a 66.3b

M RB 33b  7.8a 28.6a 60.3a

Huamoxiang 5 LB 3.8a 7.1b  285a 60.6a

I RB 6.9a 159b 37.1a 40.la

Heishuai LB 4.4b 17.7a 37.4a 40.5a

TRURAR 1S RB 3.3a  22.7a 42.6b 3l.4a

2099 Zhongkeheinuo 1 LB 3.la  22.6a 43.0a 31.3a

#9355 RB 2.3b  6.3b  45.3a  46.2a

Xianghei 9355 LB 42a  84a 41.6b 45.8b

e F 5 RB 1.9a  6.7a 489a 42.5a

Huamoxiang 5 LB 1.8a 6.6a  49.0a 42.6a

®3 AEBEHPTLINEEBRMNESENEAREE
Table 3 Anthocyanin and protein content under different

sowing dates of 4 black rice varieties

-~ H R/ S

AEpY il } (g/100 g) ai/%
) Sowing ) .

Year Cultivar Anthocyanin Protein

date

content content
L RB 0.319 4a 15.2a
Heishuai LB 0.194 4b 12.8b
FpRl R RB 0.082 3a 13.9a
2021  Zhongkeheinuo 1 LB 0.081 6b 11.6b
FEM 9355 RB 0.241 1a 11.9a
Xianghei 9355 LB 0.210 Ob 10.8b
16 R 5 RB 0.229 6a 13.4a
Huamoxiang 5 LB 0.174 8b 12.5b
S RB 0.290 0a 15.1a
Heishuai LB 0.226 5b 13.9b
hELRG LS RB 0.095 la 14.3a
Zhongkeheinuo 1 LB 0.091 9b 12.6a

2022

FEH 9355 RB 0.243 9a 13.3a
Xianghei 9355 LB 0.226 Ob 12.4b
HEFSS RB 0.237 la 15.2a
Huamoxiang 5 LB 0.225 Ob 14.4b
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Table 4 The texture characteristics of different black rice

varieties under different sowing dates

E Sfﬂg w1
Year Cultivar date Hardness Resilience Stickness
m RB 1.20a 0.489a  —0.596a

Heishuai LB 1.20a 0.479a  —0.588a

R | RB 2.28a 0.422a  —0.36%
Zhongkeheinuo 1 1. 2.29a 0.413a  —0.358a

2021

FEI 9355 RB 1.22b 0.590a  —0.417b

Xianghei 9355 LB 1.33a 0.558b  —0.353a

fe s RB 1.19b 0.806a  —0.638b
Huamoxiang 5 LB 1.30a 0.709b  —0.456a

i RB 1.32a 0.452a  —0.251a

Heishuai LB 1.33a 0.451a —0.245a
TR 1S RB 2.22a 0.681a  —0.45%
Zhongkeheinuo 1 LB 2.22a 0.688b  —0.458a

e 29355 RB 1.24b 0.610a  —0.487h
Xianghei 9355 LB 1.33a 0.558b  —0.460a

EBFH S RB 1.26b 0.852a  —0.660b
Huamoxiang 5 LB 1.37a 0.709b —0.410a

F LIRS, SRR AL SR 15 24> ah Ff A A 2 (]
Sk BVER LR R 25 A . 2 il
H, 3808 9355 FlIAE S5 7 55 it Ml R URUREE B2 i 7% 10
MR B2 W2 E B, 2021 48 TR EE 4300 R

8.27% . 8.46%, 2022 4% I F+ s & 43 5l Ry 6.77% .
8.03 %0 5 24 b Pl K A 1y [m0] 52 444 R 288 44 O] B 0 4131
Yo R T Bt A, 2021 4R b 22 22 9355 il FR
[ & PEANBEPE 5 R T 0.03% M15.35% , 127 5
SEFR B RRE T 0.10% #M128.53%, 2022 4155
FELR 9355 §h AR Y 1 & PR AR PR 4> ) R T 8.53 %6 Al
5.54%, B F 55 F R4y Bl N BT 16.78% Al
37.88%,

2) B I G PR AL R (RV A FRAE(EL) (152
FH 5 AL, 2 a i v 4 > B FE i P A I A 8 3 ke
TEREEE | A A AR V2 JE 66 B B4 Bt 4 S0 4 AR 5 B I %
TS Hidr, 2021 4RI 56 4 SRR R A A (.
Zh B R AA (B 20 ) T T 37.63%4.8.01%.8.77% .
12.58% #169.58% .21.14% .6.53% .16.90% . 2022
AP T 4 S R I Y 0 285 R AR A1 49 ol I
T+ T 30.69%.18.26% .12.30% . 9.95% 1 64.76% .
20.06%.7.82% .13.92%.,

2 a a8 v 4 A R T T D DU B G S 4R 2
R s 34, HL A B ) 2K 31) 2 22 S OKOF o 2021 4R U5
e SR U i g U (L P [ B R SR W35 R R T 0.15
min, HAy 3/ S AR AL BRIE] G B 22 5. 4 2BAE
s 4D R TR B A B O AR S B T R
2021 4E43 A N T 1.93%~3.44 %, 2022 443 51 T B
T 1.32%~2.75%

RO AEHEHTARZRRERTH RVA IEFHEE

Table 5 The RVA spectral characteristics of different black rice varieties under different sowing dates
o fy A W WA /P MRERE/CP R/ BB /P /P ﬁ%ﬁﬁ/ @ﬁﬁf/r
Yeear Cultivar Sowing date Peak Trough Breakdown Final Setback Peak time lem;:;eralgllre
L RB 823.0b 677.0b 146.0b 880.5b —57.5a 5.00a 84.30a
Heishuai LB 1319.5a 839.5a 480.0a 1117.0a —202.5b 4.85h 81.95b
thRbEEE ] RB 1689.0b 1206.0b 483.0b 1544.0b —145.0a 4.90a 83.10a
Zhongkeheinuo 1 LB 1836.0a 1223.5a 612.5a 1563.0a —273.0b 4.80a 81.50b
el 22 9355 RB 2 945.5b 1385.0b 1560.5b 2296.0b —649.5a 5.70a 79.90a
Xianghei 9355 LB 3228.5a 1559.0a 1669.5a 2 559.5a —669.0b 5.80a 77.15b
T 7 5 RB 1441.5h 620.5b 821.0b 834.0b —607.5a 3.93a 74.40a
Huamoxiang 5 LB 1649.0a 661.0a 988.0a 890.5a —758.5b 3.90a 72.75b
I RB 925.0b 765.0b 160.0b 839.5b —85.5a 5.00a 85.05a
Heishuai LB 1334.5a 880.5a 454.0a 1089.0a —245.5b 4.90a 82.95h
b ] RB 1 580.0b 1058.0b 522.0b 1420.0b —160.0a 4.85a 83.60a
Zhongkeheinuo 1 LB 1933.0a 1280.0a 653.0a 1650.0a —283.0b 4.85a 82.50b
2 229355 RB 2.895.5b 1339.0b 1556.5b 2 260b —635.5a 5.90a 78.20a
Xianghei 9355 LB 3301.5a 1613.0a 1688.5a 2642.5a —659.0b 5.85a 76.05b
T 7 5 RB 1488.5h 653.5h 835.0b 843.0b —645.5a 4.00a 74.10a
Huamoxiang 5 LB 1653.0a 683.0a 970.0a 884.5a —768.5d 3.95a 72.45h
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2.6 FEHEAXTE KN T MRS
H 2 6 0] DL, 2 a5 SR i B IRRE 145 Findg
S5 555 370 A B A RE K 3R BE R AR R R
PEARfEE S, FEEA 9355 [l B it A 5 Bt 175 100 4 38 7
2021 4FH1 2022 473056 o 43 1) i 3 TR T 14.00%
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Table 6 Brown rice percentage of 4 black rice varieties

under different sowing dates %
Ay A Y kR
Year Cultivar Sowing date  Bown rice percentage
il RB 62.61a
Heishuai LB 61.56a
TR RB 58.91a
Zhongkeheinuo 1 LB 59.15a
2021
LI 9355 RB 62.32a
Xianghei 9355 LB 53.59b
A 5 2 RB 60.85a
Huamoxiang 5 LB 59.17a
PRI RB 63.68a
Heishuai LB 63.35a
hRER 1S RB 60.44a
Zhongkeheinuo 1 LB 60.92a
2022
P2 9355 RB 63.23a
Xianghei 9355 LB 55.65b
e 5o RB 58.04a
Huamoxiang 5 LB 57.23a
A \A
3 i i
3.1 BHHRAEMNTREERERRIENTE

TR AR K ARG 7 A R A . SR IO Y
LS A o= B R Rl DR B S I R Bu A I ¢ 1)1
PRI R S TRTSE R f 1 KRR PR A HE SR A R T
KA B 2 ) T RC T A= ) ZEAE K S5 78 o
i 5 TR I T DA OC . i TR A%
T R AR B R A 25 S 1A OC TR
K KRR 7 S R B ST A5 SRR — B AR BEgE
2021 AFRBRAR SR T 55 AR Ah, oA 34> SR AR it b £ 3
B 15 d RS 7 o SRR TSR A AN R AR Y
vy, DR AT R UL K R AR ) PR R AR A
P TS B A EDC A A, e BT 2 B AR
e il R HES A RO A TG i, O AR AR I T
AR REROR R, S IR SRS, pE I HE T 1
U R E T IR R, 2022 4F
FHT T 2RO T 8 A i R R, R A 0 5 e
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Effects of sowing date on quality and yield of black rice

ZHANG Kaidi, TTAN Ming, WANG Jinping, CAO Cougui, LI Chengfang, JIANG Yang

College of Plant Science and Technology, Huazhong Agricultural University/
Shuangshui Shuanglii Institute , Wuhan 430070, China

Abstract Among colored rice, black rice has attracted much attention due to its sensory characteris-
tics, high nutritional value, and health benefits. However, the yield and quality of black rice are more sus-
ceptible to environmental and cultivation measures, resulting in unstable yield and low quality. Four black
rice varieties including Heishuai, Zhongkeheinuo 1, Xianghei 9355, and Huamoxiang 5 were used to con-
duct a two-year field experiment to investigate the effects of conventional sowing date and appropriate late
sowing (May 16th and May 31st) on the yield, the filling and plumpness of grain, the nutritional quality,
the quality of cooking and taste, and the processing quality of black rice. The results showed that appropri-
ate late sowing increased the filling and plumpness of grain in black rice under normal climatic conditions
(2021) , thereby increasing the yield of black rice. The peak viscosity and disintegration value of rice in
four black rice varieties under the condition of delayed sowing increased by an average of 17.27% and
27.59% , while the reduction value decreased. The average hardness of rice increased by 4.09% , but the re-
covery and viscosity decreased. The delayed sowing date resulted in an average decrease of 14.31% and
10.02% in the content of anthocyanin and protein in black rice, and a decline in nutritional quality. The de-
layed sowing date increased the yield and the filling and plumpness of grain, improved the taste quality of
rice, but reduced the nutritional quality of black rice. Therefore, reasonable selection of suitable sowing
dates is beneficial for achieving a synergistic improvement in the yield and quality of black rice.

Keywords black rice; sowing date; yield; nutritional quality; quality of steaming; cooking and

taste ; processing quality
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