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Abstract: To evaluate the effects of water-saving irrigation and variety type on grain yield and quality in ratoon rice, field ex-
periments were conducted in Qichun and Xishui, Hubei province, in 2023. Three water-saving and drought-resistant rice (WDR)
varieties (Hanyou 8200, Hanyou 116, and Hanyou 73) and three superior-quality rice (SQR) varieties (Zhenliangyouyingxiang-
simiao, Quanyouyuenongsimiao, and Quanyou 607) were tested, with Liangyou 6326—commonly grown in large-scale ratoon
rice production in Hubei—serving as the check variety for ordinary paddy rice (OPR). Two irrigation regimes, continuous flood-
ing and water-saving, were compared to assess varietal responses in yield and grain quality within the ratoon rice system. Results
showed that, compared to continuous flooding, water-saving irrigation reduced water input by an average of 76% in the main crop
and 85% in the ratoon crop, without significant differences in grain yield or in milling, appearance, and cooking/eating quality
traits. These results were consistent across both experimental sites. WDR varieties maintained stable yield and grain quality under
water-saving conditions. In SQR varieties, yields averaged 8.54 t hm™ in the main crop and 5.88 t hm 2 in the ratoon crop, com-
parable to OPR. However, head rice rate significantly increased by 13.5 and 20.6 percentage points, while chalky grain rate and
chalkiness degree decreased significantly by 22.6 and 6.4, and 10.8 and 1.8 percentage points, respectively, in the main and ratoon
crops. For WDR varieties, yield and grain quality in the main crop were similar to OPR, but ratoon crop yield decreased signifi-
cantly by 17%; nonetheless, head rice rate increased by 17.0 percentage points, and chalky grain rate and chalkiness degree de-
creased by 5.5 and 1.0 percentage points, respectively. Significant varietal differences were observed within each variety type for
both yield and grain quality. Correlation analysis revealed positive associations between grain quality traits in the main and ratoon
crops. Overall, in regions with favorable rainfall, combining superior rice varieties with a water-saving irrigation strategy that
emphasizes rainfed cultivation supplemented by timely irrigation at critical growth stages can effectively reduce water use, im-
prove water use efficiency, and achieve the dual goals of high yield and premium grain quality in ratoon rice systems.

Keywords: rice quality; water-saving irrigation; water-saving and drought-resistance rice; superior-quality rice; ratoon rice
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Table 1 Information of the tested rice varieties
A LS i REAR/ALA B IR
Variety type Variety name Female parent/male parent Release year
FIKBTRRE 4 8200 Hanyou 8200 (HY8200) P TA/SAK 8200 Huhan 7A/Hanhui 8200 2021
WDR E4Ji; 116 Hanyou 116 (HY116) P A/EYK 116 Huhan A/Hanhui 116 2020
B4 73 Hanyou 73 (HY73) P15 TA/R% 3 5 Huhan 7A/Hanhui 3 2014
PLBAE SQR - SRPIILER AT 22 1 f% 9311S/#87F 221 Zhen 9311S/Yingxiangsimiao 2023
Zhenliangyouyingxiangsimiao (ZLYYXSM)
AR A 22 1 Quanyouyuenongsimiao (QY YNSM) 25 2118/ #27 Quan 211S/Yuenongsimiao 2021
2:f) 607 Quanyou 607 (QY607) 2 9311A/9Ff R1607 Quan 9311A/Zhongzhong R1607 2020
KA OPR - AR 6326 Liangyou 6326 (LY6326) ‘H 69S/WH26 Xuan 69S/WH26 2004

s PR BRUE T [E K KRG E R o0 (https://www.ricedata.cn/variety/) o

Variety information was from the China Rice Data Center (https://www.ricedata.cn/variety/). WDR: water-saving and drought-resistance rice; SQR:

superior-quality rice; OPR: ordinary paddy rice.
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Table 2 Field growth duration for ratoon rice at the Qichun and Xishui experimental sites

W% Qichun WisK Xishui

KA b L 3kZ% Main crop PF4:Z= Ratoon crop — 4us: 3kZ% Main crop H4EZE Ratoon crop —— 4v/:
Water treatment  Variety  gegp R LRS- FEE N7 B PR AFmme  pme KF
FEO o FE mm N e om0 o o

TR-HD HD-MS MS-HD HD-MS TR-HD HD-MS MS-HD HD-MS

B HY$8200 77 32 19 39 167 81 32 14 37 164

CF HY116 75 34 25 36 170 75 36 18 39 168

HY73 77 32 16 54 179 75 36 13 44 168

Meanypr 76 33 20 43 172 77 35 15 40 167

ZLYYXSM 78 35 21 47 181 80 33 16 42 171

QYYNSM 79 34 2 46 181 81 32 19 39 171

QY607 82 31 32 41 186 82 31 30 37 180

Meansor 80 33 25 45 183 81 32 2 39 174

LY 632600k 71 36 32 43 182 71 40 23 4 176

Meany, 77 33 24 44 178 78 34 19 40 171
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¥ % Qichun Wi7K Xishui
KA hbam i 32 Main crop 47 Ratoon crop 4/ 32 Main crop 42 Ratoon crop N
Water treatment Variety Bk Fri- K- SRR KZE Bk Fi- SR SRR K&
Fril A Fil ik Whole gk R Fril iz, Whole
TR-HD HD-MS MS-HD HD-MS 5%%°" TR-HD HD-MS MS-HD HD-Ms S5¢°"
K T HY8200 77 33 18 39 167 81 30 16 37 164
WS HY116 75 34 25 36 170 77 34 16 41 168
HY73 77 33 15 54 179 77 34 13 44 168
Meanwpr 76 33 19 43 172 78 33 15 41 167
ZLYYXSM 78 35 21 45 179 81 32 14 47 174
QYYNSM 79 34 22 44 179 81 32 19 42 174
QY607 82 31 31 40 184 83 30 29 35 177
Meangqr 80 33 25 43 181 82 31 21 41 175
LY63260pr 71 36 30 43 180 71 37 24 42 174
Meany 77 34 23 43 177 79 33 19 41 171

E5IRR 1. CF: WML, WS: K. TR: B3I, HD: FEUH; MS: i, Meanwpr. Meansor Al Meany 73 Al 47 T /K BT 748

LRV A S ERTIR S RITI

Abbreviations are the same as those given in Table 1. CF: continuous flooded; WS: water-saving management. TR: transplanting; HD: heading; MS:

maturity. Meanypr, Meanggr, and Meany are mean of WDR, SQR and water treatments, respectively.
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Fig. 1 Daily average temperature, solar radiation, and total water input during the ratoon rice growing seasons at the Qichun and

Xishui experimental sites
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Water treatments are the same as those given in Table 2. Daily total water input including daily total rainfall and irrigation in different water

treatments.
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1 30 a5 S 2 RN AR 2R I A 0 0 2D 80% Al
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R, K3 A BT Sk ZE R A R O
R, I b 7K Ak 3HUR S b S BT Sk 2R A
AR A W HAE R GGR 3) fEATRIALS
LKA BN R R AT, ARG Sk A 2
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Table 3 Analysis of variance for traits of grain yield and quality for the main and ratoon crops

3kZ% Main crop
LD 7 VTS
e Wt AL RS e/ ST
SxW SxT WxT SxWxT
7o GY ok ns ns ns ns ns ns
FHEEE T Y BT E TDWhp ns ns * ns ns ns ns
I AR A LAL * ns ok ns ns ns ns
A S T W) BT E TDWys ns ns * ns ns ns ns
WeakAe % HI *k ns o ns ns ns ns
KA FI IR WUE o ok ns ok ns * ns
KK BRR ok ns ok ns ns ns ns
FEAKR MRR ns ns *k ns ns ns ns
KR HRR ns ns ok ns * ns ns
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&k 3)
3kZ% Main crop
EELA i x Hl 5 x IR 53 b i< Hi AR Sk
Trait e Kb B Y , S [~ 1 pe
S W T IK AT AL Y i) P Y it
SxW SXT WxT SXWxT
P GL ns ns ok ns ns ns ns
KiLTE GW ns ns *k ns ns ns ns
KL LWR ns ns *k ns ns ns ns
A kR CGR *k ns *k ns * ns ns
JEFRE CD *k ns *k ns ns ns ns
R {E ASV ns ns *k ns ns ns ns
JEHE GC ns ns *k ns *k ns ns
§/1:7% Ratoon crop
Bzt b5 x b5 x KA b3 X i 5 <K A b X
Trait s, IR b B S FpR ’ 2o S L 12 7
S W T Ko Ab B ARy UIE Tl i el S PSRy
SxW ST WxT SxWxT

e GY *k ns *k ns ns ns ns
FHEH ST Y i E TDWip * ok ok * ns * ns
I FRFE AL LAL ns * ** * ns ns ns
A BT E TDWs ns ns ok * ns ns ns
W kFa % HI Hok ns Hok ns * ns ns
KA R WUE ns *x *x ok ns * ns
K&k BRR ns ns *E ns ns ns ns
KR MRR ns ns *k ns ns ns ns
5K HRR * ns ok ns ns ns ns
ki GL ns ns *k ns ns ns ns
FiTE GW ns ns *k ns ns ns ns
K TE L LWR * ns *k ns ns ns ns
A kR CGR ns ns *k ns * ns ns
FEFRE CD ns ns *k ns ns ns ns
RIHE ASV ns ns ** ns ** ns ns
JEHE GC ok ns *k ns ns ns ns

S: Mgl W KM AREL T ShAPSRAL GY: P2 R TDWap: SRR T4 5T LAL MBS £ TDWys: MOERUILE T 5T, HI: WAL
WUE: K> FIHZE; BRR: K3, MRR: FiK3; HRR: BAPKRER; GL: Kil; GW: Kigi; LWR: KSELL; CGR: MFHLE; CD: HHE;
ASV: TR {H; GC: JBBISE. *RI* /) IFR1E 0.05 Rl 0.01 AKFER B, ns RnERARE .

S: site; W: water treatment; T: variety type; GY: grain yield; TDWyp: total dry weight at heading; LAI: leaf area index; TDWys: total dry weight at

maturity; HI: harvest index; WUE: water use efficiency; BRR: brown rice rate; MRR: milled rice rate; HRR: head rice rate; GL: grain length; GW:

grain width; LWR: length-width ratio; CGR: chalky grain rate; CD: chalkiness degree; ASV: alkali spreading value; GC: gel consistency. * and **

mean significant differences at the 0.05 and 0.01 levels, respectively. ns: not significant.
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Fig. 2 Differences in grain yield of ratoon rice in the main crop and ratoon crop under different water and variety treatments at the

Qichun and Xishui sites
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ZE I i) 2 57 35 (LSDo.os), HET AN [Al/ING - Bf R[] — it Tl 28 B AR [i] ity o 2 1) ) 28 ¢ 2 35 (LS Do 05) 0
Abbreviations are the same as those given in Table 1 and Table 2. Different uppercase letters in the top-right corner indicate significant

differences between water treatments (LSD, ¢s). Different uppercase letters above bars show significant differences among variety types, and
different lowercase letters within bars indicate significant differences among varieties within the same variety type (LSDy os).
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Fig. 3 Differences in total dry weight and leaf area index at heading in the main crop and ratoon crop under different water and
variety treatments at the Qichun and Xishui sites
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Abbreviations are the same as those given in Table 1 and Table 2. Different uppercase letters in the top-right corner indicate significant
differences between water treatments (LSDy ¢5). Different uppercase letters above bars show significant differences among variety types, and
different lowercase letters within bars indicate significant differences among varieties within the same variety type (LSDy os).
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Fig. 4 Differences in total dry weight and harvest index of maturity in the main crop and ratoon crop under different water and
variety treatments at the Qichun and Xishui sites
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Abbreviations are the same as those given in Table 1 and Table 2. Different uppercase letters in the top-right corner indicate significant dif-
ferences between water treatments (LSDyos). Different uppercase letters above bars show significant differences among variety types, and
different lowercase letters within bars indicate significant differences among varieties within the same variety type (LSDy os).
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Fig. 5 Differences in water use efficiency of ratoon rice in the main crop and ratoon crop under different water and variety treat-

ments at the Qichun and Xishui sites
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Abbreviations are the same as those given in Table 1 and Table 2. Different uppercase letters in the top-right corner indicate significant

differences between water treatments (LSD, ¢5). Different uppercase letters above bars show significant differences among variety types, and
different lowercase letters within bars indicate significant differences among varieties within the same variety type (LSDy os).
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Fig. 6 Differences in milling quality of ratoon rice in the main crop and ratoon crop under different water and variety treatments at

the Qichun and Xishui sites
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Abbreviations are the same as those given in Table 1 and Table 2. Different uppercase letters in the top-right corner indicate significant dif-

ferences between water treatments (LSD, s). Different uppercase letters above bars show significant differences among variety types, and
different lowercase letters within bars indicate significant differences among varieties within the same variety type (LSDy os).
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Table 4 Differences in grain size of ratoon rice in the main crop and ratoon crop under different water and variety treatments at the

Qichun and Xishui sites

1% Qichun
7kéja ﬁttl\r}% Vl‘i jjt 3kZ% Main crop 9422 Ratoon crop
treatment Y f 74N HEBE N AN AL NN
Grain length (mm) Grain width (mm)  Length/width  Grain length (mm) Grain width (mm)  Length/width
H RV HY8200 6.80 a 220b 3.07a 7.20 a 2.10b 334a
CF HY116 6.83a 230a 298b 7.10b 220a 320b
HY73 6.87a 230a 2.99b 723a 220a 3.27 ab
Meanwpg 6.83 A 227 A 3.01 A 718 A 2.17A 327A
ZLYYXSM 6.37a 2.17a 297a 6.67 a 2.10a 3.16a
QYYNSM 6.47 a 2.13b 290a 6.57b 2.10a 3.07b
QY607 6.40 a 2.10a 3.07a 633 ¢ 2.13a 296 ¢
Meanggr 6.41 B 2.13B 298 A 6.52B 2.11B 3.06 B
LY63260pr 6.43B 2.20 AB 292 A 6.53B 220 A 299B
Meany 6.60 A 220 A 3.00 A 6.80 A 2.10 A 3.10A
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e L)
¥4 Qichun
7J(\;Vr}aéttl\rIE Vf]ri*jt k%% Main crop T4 7% Ratoon crop
treatment y HE o Kk ik o [
Grain length (mm) Grain width (mm)  Length/width  Grain length (mm) Grain width (mm)  Length/width
A5 KR HYS8200 6.83a 2.20b 3.08a 720 a 213 a 334a
WS HY116 6.70a 227 ab 2.94b 7.17a 220a 3.19b
HY73 6.90 a 230a 2.98b 7.13a 2.17a 325b
Meanwpr 6.81 A 226 A 3.00 A 717 A 217 A 326 A
ZLYYXSM 6.37 a 220 a 298a 6.70 a 2.10a 3.18a
QYYNSM 6.30a 220 a 2.89¢ 6.60 a 2.10a 3.09a
QY607 623 a 213 a 2930 6.37b 2.10a 2.99b
Meanggr 630B 2.18B 293B 6.56 B 2.10B 3.09B
LY63260pr 6.40B 220 AB 290B 6.53 B 217A 297C
Meany 6.50 A 220 A 3.00 A 6.80 A 2.10 A 3.10 A
, Wi7K Xishui
/J(\;ja il\rﬂi Vifw 3k 2% Main crop T§4:2% Ratoon crop
treatment LN RLTE KIELL LI BLTE KL
Grain length (mm) Grain width (mm)  Length/width  Grain length (mm) Grain width (mm)  Length/width
HHERE  HYS8200 6.87a 220b 3.07a 723a 2.10b 3.38a
CF HY116 6.70 b 230a 292¢ 7.13 ab 220a 323b
HY73 6.87 a 230a 2.98b 7.10b 2.17 ab 327b
Meanwpg 6.81 A 227 A 299 A 7.16 A 2.16 A 329 A
ZLYYXSM 6.40 a 220a 296 a 6.67 a 2.07a 321a
QYYNSM 6.40 a 220a 294a 6.60 a 2.10a 3.13a
QY607 6.27a 213 a 293 a 6.30b 2.10a 3.00b
Meanggr 6.36 B 2.18B 2.95 AB 6.52B 2.09B 3.11B
LY63260pr 6.47B 2.23 AB 2.89B 6.50 B 220 A 3.01B
Meany 6.60 A 220 A 3.00 A 6.80 A 2.10 A 320 A
TkEERE  HYS8200 6.83a 220b 3.06a 717 a 2.10b 334a
WS HY116 6.70 b 230a 290c 713 a 220a 325b
HY73 6.83a 230a 2.96b 713 a 220a 3270
Meanwpg 6.79 A 227 A 297 A 7.14 A 2.17A 329 A
ZLYYXSM 6.37 ab 220a 294a 6.87a 2.00b 339a
QYYNSM 6.40 a 220a 294 a 6.60 ab 2.10a 3.17b
QY607 6.27b 2.10b 294a 6.27b 2.10a 2.99b
Meanggr 6.34B 2.17B 294 A 6.58 B 2.07B 3.18 AB
LY63260pr 6.43B 227 A 2.87B 6.60 B 2.17A 3.05B
Meany 6.50 A 220 A 2.90 A 6.80 A 2.10 A 320 A

AEFFR 1R 2. [F—F A NG FBER IR F] - F A28 N AN [ R R 2 8] 1) 2 53¢ 1 32 (LSDy.05); Meanwprs Meansor 1 LY63260pr 17 1 AN
I K5 R 70 it i 2R 8 £ 22 57 2. 3% (LS Do o5); Meeany 4T HIAN [F] RS B2 /K 73 RO B ] ) 2 57 2 35 (LS Dos) o

Abbreviations are the same as those given in Table 1 and Table 2. Different lowercase letters within a column indicate significant differences among
varieties within the same type, and different uppercase letters in the Meanwpr, Meansor, and LY6326pr rows indicate significant differences among
variety types (LSDys). Different uppercase letters in the Meany row indicate significant differences between water treatments (LSDy gs).
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Fig. 7 Differences in chalky grain rate and chalkiness degree of ratoon rice in the main crop and ratoon crop under different water
and variety treatments at the Qichun and Xishui sites

AR 1 MR 20 KA B K AL B S A ) RS R SR R K 4 A BRIA] 25 53 B35 (LSDy.os)o AL B 7 AN Al K5 7 B 7R il i
ZE T i) 2 57 1. 3B (LSDo.os), HET A [Rl/ING P -E 7R ] — it P ZE BU A [1] it b =2 ] 149 22 ¢ . 3 (LS Do o5)

Abbreviations are the same as those given in Table 1 and Table 2. Different uppercase letters in the top-right corner indicate significant dif-
ferences between water treatments (LSD s). Different uppercase letters above bars show significant differences among variety types, and
different lowercase letters within bars indicate significant differences among varieties within the same variety type (LSDy.os).
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Table 5 Differences in alkali spreading value and gel consistency of ratoon rice in the main crop and ratoon crop under different

water and variety treatments at the Qichun and Xishui sites

#i# Qichun Wi7K Xishui
K4 b - 3k 2% Main crop 4= 7= Ratoon crop 3k Z% Main crop 47 Ratoon crop
Water o WO BORE BUSED ROBIE BOINED MR BONGL R
treatment Alkali Gel Alkali Gel Alkali Gel Alkali Gel
spreading consistency spreading consistency spreading consistency spreading consistency

value (mm) value (mm) value (mm) value (mm)

HWELHEE  HY8200 1.61a 8.45b 322a 8.73 a 2.11a 8.80 a 283 a 8.50 a

CF HY116 1.39a 8.77 ab 1.72b 893 a 1.22b 8.93a 1.61a 8.07b
HY73 1.55a 9.05a 2.16b 897 a 1.61b 873 a 1.56a 8.32 ab

Meanwpr 1.52A 8.76 A 237B 8.88 A 1.65B 8.82A 2.00B 829 A

ZLYYXSM 2.00a 8.90 a 39 a 8.78 ab 2.67a 7.30b 3.6la 8.27 a

QYYNSM 2.06 a 8.27 a 433 a 8.35b 244 a 8.35a 4.56a 7.92 a

QY607 1.72a 8.77 a 1.89b 8.83a 2.06a 9.10a 4.00 a 8.30a
Meangqr 1.93A 8.64 A 339A 8.66 AB 239A 8.25A 4.06 A 8.16 AB

LY63260pr 1.78 A 8.27A 4.61 A 843 B 1.67B 8.53A 322A 7.80 B

Meany 1.73A 8.64 A 3.13A 8.72 A 1.97A 8.54 A 3.05A 8.17A

KEEEE  HY8200 1.28a 8.68 a 317a 8.58b 2.11a 897 a 294 a 842 a

WS HY116 1.11a 897 a 1.61b 8.63b 1.56a 9.10a 1.72b 821a

HY73 1.39a 8.63 a 2.17b 9.15a 133a 8.60 a 2.06 ab 8.05a

Meanwpr 1.26 B 8.76 AB 231B 879 A 1.67B 8.89 A 224C 823 A

ZLYYXSM 244 a 8.87 a 3.89%a 8.75a 2.28a 7.48 b 39%¢c 8.23a

QYYNSM 233a 9.07a 422a 8.07b 272a 7.03 ¢ 433b 7.93 a

QY607 1.67a 8.83 a 2.61b 8.75a 1.78 a 9.00 a 483 a 8.32a

Meanggr 2.15A 892 A 3.57A 8.52A 226A 7.84 B 437A 8.16 A

LY63260pr 2.17A 8.38 B 3.61A 832A 1.94 AB 8.07 AB 3.44B 8.35A

Meany 1.77A 878 A 3.04 A 8.61 A 1.96 A 832A 332A 822 A

HERF 1R 2. 7 WARNG FRERIR R — S AP AL A AN R i A2 0 ) 2 5 1 2 (LSDo.05); Meanwprs Meansor F1 LY 63260pr 17 AN
[R5 - RER I i A Y 1] [ 2 7 5. 25 (LS Dy 05 ); Meeany 47 (RIS R R 5 - RER IR 7K 43 AL B 1) f) 7 57 {5 2 (LS Dy 0s) o
Abbreviations are the same as those given in Table 1 and Table 2. Different lowercase letters within a column indicate significant differences among

varieties within the same type, and different uppercase letters in the Meanwpr, Meansqr, and LY6326pr rows indicate significant differences among

variety types (LSD s). Different uppercase letters in the Meany row indicate significant differences between water treatments (LSD s).
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HEORE K AR A5 3k 2 L 45 A 18] 19 A OC 2 800 B o

0.832. 0.521 1 0.537; FAFRit | kide . KA.
A PR A [ B Sk 2 A N AR ] AH 56 R B0
B 0.923, 0.662, 0.537. 0.794 i1 0.819; /L%
BRIH (5 Sk A MIOE R BGA 0.712, FiAdFRRPIE S
S A G ZRBUN R 0.338, 3X —Z5 R3], HE 5k
ZERE A i T A AR RO T 4R T



312

(SRR S

52 %

Fo6 HEMFKRESFRKSMAEMAETEERBETEBARRERS STHEXME

Table 6 Correlation of ratoon rice quality between the ratoon crop and the main crop under different water and variety treatments

at the Qichun and Xishui sites

- 3kZ% Main crop
Quality index BOKFE RPRE BDkE kK HLBE KIE  Epki®E EHE O BNE R
BRR MRR HRR GL GW LWR CGR CD ASV GC

HEZE BEKER BRR 0.832™  0.726"  0.628" -0.791" -0.519" 0369  -0.389"  —0.290 0325  —0.143
CRritgon iK% MRR 0.240 0.521" 0811 -0356  -0.293 0.030  —0.570" —0.546"  0.345 0.007
KR HRR - —0.188 0.142 0.537"  -0.007  —0.055 0282  —0.545" —0.582" 0296  -0.135

i GL —0.868" —0.742" -0.527"  0.923" 07307  0.460" 0.525"  0386" —0481"  0.188

FLTE GW 0306  —0.464" 05507  0.472" 0.662™  —0.202 0.806"  0.815" —0.690"  0.379"

K LWR -0.792"  -0.519" -0.297 0.723" 0493 05377  0.136  -0.010  —0.136  —0.064

Wk CGR - -0.128  —0.482"  —0.751"  0.349 0.481"  —0.163 0.794"  0.792" -0.609"  0.256

HEHEE CD -0.021  —0.356  -0.586"  0.226 0.406"  —0.240 0.764™ 0819”7 —0.620"  0.307

B (E ASV 0.5777  0.638" 0464 —0.6877 -0.632" 0269  -0.626" -0.620"  0.712" —0.389"

AR GC 0.021 -0.112  -0.009 0.313 0.021 0.502"  0.445 0413 -0.356 0.338

GG 30 AT HIFRIRAE 0.05 F1 0.01 ACPAHICHE 3% .

Abbreviations are the same as those given in Table 3. " and  significant correlation at 0.05 and 0.01 probability levels, respectively.
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