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Abstract: [Objective] The relationships between agricultural traits and yield of ratooning rice were

studied to provide basis for breeding and screening of ratooning rice varieties suitable for simplified cultiva-
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tion and application of high yield cultivation technology. [Method) The field experiment was conducted on
the experimental demonstrative base for ratooning rice at Youxi,Fujian in 2018. Five heavy panicle hybrid
rice varieties with strong ratooning ability were planted in a simplified cultivation system with a completely
random block design for three repeats. The agronomic and panicle traits,index for SPAD decay.ratio of ra-
tooning bud number to total stems number, heat utilization efficiency of grain and daily grain yield were de-
ducted. Then correlation analysis, regression and path analysis were used to study the characteristics of
yield components and formation for ratooning rice,analyze the relationship between yield and yield compo-
nents,and identify the key traits for ratooning ability. [Result] The combined effects of thousand grain
weight, seed setting rate and spikelet number had the largest positive effect on yield under simplified culti-
vation,indicating that increasing effective panicle number was an important approach to increase the yield
of ratooning rice. The plant height (P<C0. 01,r=0. 63),seed setting rate (P<(0. 01,r=0. 54) and thousand
grain weight (P<C0.01,r=0. 65) for main crop season had positive correlations with the yield of ratooning
rice. Those results showed that strong ratooning ability, suitable plant height and high yield of main crop
were important factors to ensure the yield of main crop and ratooning rice. The SPAD decay index and yield
of ratooning rice was negatively correlated (P<C0. 01,r= —0. 82),and the partial correlation coefficient
was also significant (P<C0.01). Thus.it could be used as a key trait to forecast the yield of ratooning rice.
The ratio of ratooning bud number to total stem number at the 7" and 14" days after harvest were positive-
ly correlated with the yield of ratooning rice (P<C0. 01,7=0. 85 and 0. 83) with coefficient of determination
higher than 68% ,and both of them were key factors for ratooning ability. The daily grain yield and heat
utilization efficiency of grain calculated based on total yield of main crop and ratooning rice were correlated
with the yield of ratooning rice (P<C0. 01),and they can be used as key factors for identifying ratooning
ability. According to the yield simulation model derived from these indexes, the prediction accuracy of the
ratooning rice yield were higher than 85%. [Conclusion) Increasing the effective panicle number was im-
portant for yield improvement of ratooning rice under simplified cultivation,and the key factor was to pro-
mote the development of sprouting buds. The key factors for identifying ratooning ability at different stages
were SPAD decay index at early main crop season,ratio of ratooning bud number to total stem number in
middle ratooning rice season,and daily grain yield and heat utilization efficiency of grain in the late season
after harvest,and the established prediction model of yield has higher precision.
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Table 1 Plant characteristics and yield component traits of main crop and ratooning ability of rice
WE PR LT ROML BB PBE oy, FB
Rice season Character Min Max Mean F value
Sk Z& #& X1 /cm Plant height 114.0 137.3 129.2 6.2 27. 427~
Main crop A AL X /(B + m2) Effective panicles 293.0 530.0 370.9 20. 4 20, 30" *
b X3/(X10* 45 « m™?) Spikelets 3.47 9.61 5.37 36. 2 44,21
BRI X, /CBL « cm™ 1) Spikelet density 4.29 8.02 5.61 20.7 25.03" "
TR % X5 Spikelets per panicle 116.2 181. 3 142.1 16.9 21.00% "
TSR % X Filled grain number per panicle 100. 5 156. 9 122.5 16.0 13.26" *
250 % X, /% Seed setting rate 82.9 91.5 86. 3 3.1 1.37
TRLJf & Xs/g 1 000-grain weight 22.4 34.2 30.9 13.6 357,117~
SPAD {8 %35 % Xy SPAD index decreased 0.176 0.504 0.279 36.1 23.37%
72 Y1 /(kg « hm™2) Yield 7 325.0 10 412.0 9 202.7 11.5 144. 40" >
g2 AR X0/ (B« m—2) Effective panicles 262.5 370.0 317.8 10. 1 14.76*
Ratooning S X1 /(X 10" 4 + m~?) Spikelets 2.13 2.85 2.37 8.5 2,29
e ZRHEHE X0/ CBL + em 1) Spikelet density 3.01 1.70 3.89 13.6 2017+
FH YR8 X3 Spikelets per panicle 67.1 89.2 74.9 8.9 12,76~
TSR B Xy Filled grain number per panicle 52.9 67.5 60.0 7.5 6.36" "
ZES % X5/ % Seed setting rate 74.3 86. 4 80. 3 5.3 11.26**
TR i Xi6/g 1 000-grain weight 22.1 31.7 28.4 11.2 210.90* %
1R A R X/ %
Ratio of stems of ratooning bud to total stems at 15.0 89.1 56.1 41.2 49.19
the 7t day after harvest
2 AR Xis/ %
Ratio of stems of ratooning bud to total stems at 44,7 119.0 85.3 27.5 16. 64 *
the 14 day after harvest
FEE Y, /(kg « hm 2) Yield 3153.0 5 354.0 4019.7 18.9 91.65" "
SFE S 2T Xio/d Growth duration 205. 0 213.0 208. 4 1.5 34,89 *
Main crop a6 1 B 3% 0
and ratoo- ﬁfjfiﬁitiﬁ/ﬁdcmy of grain 2.245 1. 845 1.122 13.0 203. 26" *
nine e H % # X2/ (kg + hm~?) Daily grain yield 49.7 74.9 63.5 13.1 204.86"
PO B =0k Yo/ (g« hm ) 10592.0  15427.0 13 222.3 12.5 180,437

Total yield of main crop and ratooning rice

Heox FREFIREFKT(P<0.05), * x FREFEREFKFE(P<0.0), FEF.

Note: * and * * indicate significant difference at P=0. 05 and P=0. 01,respectively. The same below.
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Table 2 Path and regression analysis of effect of yield composition on grain yield of ratooning rice

e MR HBEER [a] 4 48 ] Indirect effect %)Ej%]/iﬁ R [ED B EKF
N Correlation  Direct - e ¢ test Significant
Character [ficient [fect A x v x v X v x v X v Xis Y X v correlation al level
coefficien effec Total 0—>Ys =Y 12—>Ys 13—>Ys —Ys 15—>Ys 16>Y2 L fficient value eve
X1o0 0.8705 —2.7027 3.573 2 1.491 9 0.1316 —0.6413 0.2682 1.898 2 0.4246 —0.4716 1.4151 0.194 8
X1 0.605 7 2.3870 —1.7813 —1.689 3 0.228 3 0.248 8 —1.921 8 1.2215 0.131 2 0.489 0 1.4832 0.176 3
X2 0.587 2 0.556 8 0.0304 —0.6390 0.9789 0.161 6 —0.528 5 0.059 0 —0.0016 0.8606 4.471 0* *0.002 1
X135 —0.4557 1.053 2 —1.5089 1.6458 0.563 8 0.085 5 —2.3035 —1.1038 —0.3967 0.0903 0.2399 0.816 4
X14 0.001 8 —2.907 6 2.909 3 0.2493 1.5777 0.101 2 0.834 3 0.3195 —0.1727 —0.2371 0.6458 0.536 5
Xis 0.742 7 2.2498 —1.5071 —2.2803 1.2960 0.014 6 —0.516 7—0.412 9 0.392 2 0.2757 0.7589 0.469 7
X6 0.755 8 0.485 2 0.2706 —2.3652 0.6454 —0.0019 —0.8609 1.0346 1. 818 6 0.5802 1.8849 0.096 2

XY Prnfifr 5% 1 F. TR,

Note: The expressing index of X and Y are the same as in Table 1. The same as below.
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Table 3 Coefficients of correlation between yield composition of main crop and yield of ratooning rice
&%ﬂi X, X, X; X Xs Xs X7 Xs X
X, —0.74""
X3 —0.87** 0.93*"
Xy —0.86" % 0.70"* 0.89"
Xs —0.82*" 0.63" " 0.87"" 0.91"*
Xs —0.78"* 0.62" 0.85" " 0.90"* 0.98"*
Xy 0.42 —0.21 —0.29 —0.32 —0.35 —0.18
X 0.89"* —0.88"* —0.93" —0.89" " —0.78** —0.75"* 0.35
X, —0.76"" 0.74" " 0.82"" 0.83"* 0.73"* 0.69" " —0.45 —0.87""
Y, 0.63**  —0.40 —0.55" —0.65"" —0.64"" —0.58" 0.54* 0.65"" —0.82**
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Table 4 Path analysis of yield composition of main crop to ratooning ability
P , IR 4 4E v .
s MAXRRE HEMER : i A 56 R AR X BEKT
TIN ! ’ . Direct effect ) . il O
Trait Correlation Direct ﬁA Partial correlation / test value Significant
ra coefficient effect Xl —>X. —>X —>X —>X coefficient est vatue level
Total 3 6 ! !
X; —0.5537 0.734°5 —1.288 3 —0.427 7 —0.067 0 —0.793 6 0.558 5 2.1289 0.056 7
X —0.5830 —0.5008 —0.082 2 0.627 3 —0.041 4 —0.668 1 —0.497 7 1.814 7 0.096 9
X7 0.5376 0.228 4 0.3092 —0.21514 0.090 9 0.4337 0.407 0 1.409 0 0.186 5
X, —0.8151 —0.969 1 0.154 0 0.601 5 —0.345 3 —0.102 2 —0.753 3 3.621 6" 0.004 0
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Table 5 Coefficients of correlation between yield composition and yield of ratooning rice
R X X X X Xu Xis Xus Xu Xus
Xu 0.63""
X2 0.24 0. 41
X3 —0.61" 0.24 0.15
X1 —0.09 0.66" " 0.18 0.79"*
Xis 0,84~ 0.54" 0.03 —0.49 0.14
X6 0.88"* 0. 27 0. 00 —0.82"* —0. 36 0.81**
X7 0.88" * 0. 40 0.24 —0.70" " —0. 30 0.70"* 0.88"*
X8 0.97 " 0.48 0.16 —0.73"" —0. 26 0.79"* 0.93"* 0.90" "
Y. 0.87"* 0.61" 0.59" —0.46 0. 00 0,74** 0.76** 0.85** 0.83**

Z U [ I3 A 45 R R T, 5 (Y, B
R SC AR A BUAE B (X)) VB RLE (X0, (B
SEAR (X)) TR BT R (X0 1 JA P AR 2 A R
(X072 J8 A 28 3 R (X0 s o fml I 05 72 0

Y2:76 190. 6+363. 7X11 +712. leg +47. 7X15 +
88.6X+8.2X,; —2. 6X5,r=0. 986 3" " ML
B E K B AT AR B AR LK 6

K6 BAEBTFEMREERNBENNERZSHW

Table 6 Path analysis of yield composition of ratooning rice to ratooning ability
pop TDEFH IR Il B J Direct effect W"iﬁiiﬂ Ll BEAT
Trait (/()rrellgtl()n Direct B correlation ¢ test Significant
coefficient  effect Total -X1 X1, —-X15 X1 —->X; —>Xis coefficient value level
X1 0.605 7 0.095 7 0.509 9 0.202 8 0.1454 0.100 0 0.1000 —0.0383 0.3126 0.930 8 0.376 2
X1z 0.587 2 0.494 6 0.092 7 0.039 3 0.007 0 —0.001 2 0.0601 —0.0125 0.924 9 6.879 9" * 0.000 1
X5 0.742°7 0.267 9 0.474 9 0.052 0 0.013 0 0.299 0 0.1742 —0.063 3 0.5879 2.055 8 0.070 0
X6 0.755 8 0.370 0 0.3858 0.0259 —0.0017 0.216 5 0.2191 —0.074 0 0.463 0 1.477 6 0.173 6
X7 0.845 7 0.250 3 0.595 3 0.038 2 0.118 6 0.186 4 0.3238 —0.0717 0. 506 2 1.660 2 0.1312
Xig 0.8251 —0.0797 0.904 8 0.046 0 0.077 4 0.212 8 0.343 5 0.2251 —0.1256 0.358 2 0.728 5
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Table 7 Coefficients of correlation of growth duration,
heat utilization efficiency of grain,daily grain yield and

total yield of main crop and ratooning rice

Trait X19 XZ[) XZI
Xz(} 70. 5] *

Xon —0.53" 100"~

Y, —0.44 0.997" " 0.995 ~

x8 ST BAEFABLETH AREFAXR BFrENREL"ENERSN

Table 8 Path analysis of growth duration,heat utilization efficiency of grain and daily grain

yield to total yield of main crop and ratooning rice

o EREC HER ¢ AR Direct effect e i BEAT
g Correlation Direct - . ¢ test Significant
Trait L M correlation

coefficient effect Total X1 X5 X coefficient value level
X9 —0.441 0 0.113 6 —0.554 6 0.020 5 —0.575 1 0.969 2 13.062 0" * 0.000 1
Xa0 0.996 9 —0.040 2 1.037 1 —0.057 8 1.094 9 —0.0354 0.117 6 0.908 3
X2 0.995 3 1.095 1 —0.099 8 —0.0596 —0.040 2 0.690 9 3.169 7 0.008 1

2.3 BEBSMXBFERERY=E0FN

2 b ik, SPAD fE W46 5 (X)) 1 J8 P4 2
W (X ) (2 JE A 2F R (X)) 2 AR R
ol 11 O B4 O 1 45 A BRE R 3R (Xoo) B H 7= 8
(Xo) MR E R R YOS EEER, &

[ U553 Ao 53 030 AR AT A OC B 7= B BN AR R Y, =
3706.4—2 682. 1X, +17. 3X;;, — 1. 07X 5, r =
0.872 1" ;Y,=251.7—552. 7X,, + 11 660. 2Xy,
r=0.998 7" o Gyl IR A UL AR R ot A A
R ™ i S5 2R L3R 9.

9 SO BEBRMHNEN=EE5XR"2
Table 9 Observed and simulated yields of five rice varieties
o SPR= 4/ (kg « hm™?) =t/ (kg « hm™2) TS 1/ %o
””'W' Observed yield Simulated yield Accuracy
Varieties
Y, Y, Y, Y, Y, Y

HAL 673 Yiyou 673 5237 15 268 4 853 15 126 92.7 99.1
¥4 7076 Ganyou 7076 4423 14 105 4 384 14 242 99.1 99.0
M 6 L 7075 Nei 6 you 7075 3722 13 948 3972 13 849 93.3 99.3
W7 203 Yuxiang 203 3 452 12 193 3 956 12 199 85.4 100. 0
M AE 5 Jinliangyouhuazhan 3 263 10 698 2934 10 696 89.9 100. 0




%5 10 ] R

S o A5 < A TR T A R ) 7 TR R K R O A 45

H1 26 9 AT LA 1A A P = i 300 0 452 784 750
25 5 5 5 B B 7 40 A B R . ORGSR AR R
85. 4% I im N 99. 106, SFYHE N 92,106 H = i
A BE I 2% by 1 2 7 o ) B R Ok, 5 2
B G FR A B HL T U A AR I A G B
1E 99 %L k.

3 B

JKC AR 7 e R R e A TR R P ) A R L B Y
R 5 S AN TR B PR E 3K 4 PR TR AR S P
PERR RO OC B AR 02 S T AT
FEAE AR R Rty R 7 2 A R oA AR R S
7R AR O AR B R L 5 A dl B P A P 2 SR
Bl R 85. T I A F &M FEL
(A ORI B R R i A X 5 2 N Tl
BB TR AR BT Pk R
TR ) A o 2R R R Y — L RO 2 A R AE
A3 5 BOR A SR P 3 AR R RN R AT
AT UL PR R TR R B TP A R R KR
PRI ATRE o A B AR AR R O SO AR A A 3 I
AT IR I A BORE R e TR ICZE 1R e S R R I
A T SRR

AWFFEAE R F W P AR = 5 Sk R L4
S AN TR B A R 3 SO R IR A S R B
T G B AR T i AR R B I R L AR R A
S ) T R R 23k S A it o R Sk R A R R
ATde o Sk 2R AN [R) 19 00 7 A= 25 &) B o AL 7 JEE A )
T[] AR T K B AR < ) 5 1 >R 4 4>
B3> 297, BRI T AR UERR 2.5 d
FEATEE T A TR ARG B R A AR B O 5UF L Sk R ML A
PR A e 2 W PR A A 2 A BE AR i £31) 2 f3)
3 YL BEAL B AR 4 8] 5 003 BE L T I B AP
AR E W AR AR SE R 15~25 do "l 0L, 3
“BLIR) A T 0 A BE T L e e 1 A P R S B 1 K
e H 7= 0 A A R s HLZE B E P o
P TY SRR AR T AR R A ST RO U R

2B MO i T 8 KR AR T i T7 ik
FE AR5 R T AR 5 e R
KA EL IR N A T 18] 328 75 M0 0 G i Aol 52 B Y B
A FE I ZRER AR T B . 7 G AR
IR E N IIE » TARR R A7 — 5 B IR
2. PRE BT SR IBUN I B R A W) Oy 2
FEA W, SPAD {H T8 WA K0RT AR S 40 W7 752 A i b
(1 DG HE T BE 4G AR . T SPAD {H % 35 45 200 5 B

5 T R AT P K Ok [ — R A L T E MR R L
VTR, ELER bR . SPAD i 28 U 45 S A K, U
016 G ) 0 B R 1o S i 2% o K, BE 2R AL PR
25 A KR 6 A 4 oA o 2D L S BORT AR 2R AR
P8 BETT R T AR IR A e b MIG RE R
J5 R SPAD B % 3 B0 1 A4 A5 7= A DG R )
K M G R —0. 82, A ML, A% SPAD
B AR BUOVE Ry Sk ZR R i 0 s P 0 O O
VAR AR o 5 P AR A 7 i VA 6 1 A R A R R
e, P 2R ZE S R MR B R A AR G R A AT R A
s, FL1 L2 AR RS R 2R R
FHE HH OE BB 935 0. 85 il 0. 83, &k iE FiE
et 7 e VG ) 5 S R o TR ) A O T A R R
U TE FEAE 0 G BB AR AR . AEMSOR TS 7. H O
S RN P ) SRS 4 R Sk A 0 T A R
S O 35 8 B T L X T 32 A R S IR £ 9 X 3
HEAT S A A R A BRI S % M.

4zt 8

ey A B 7 T P A R B0 D RO A A
B DL T IRZF 1A W8 5 ol e P A R e 7 T Y S
S 2 AU 4 E A Y S B T T 4 B O SPAD
(ELTE Dok i 0 PR AR A S D) P A 2 o R IORR
O TR AR A R R X BB AR A ST
FE A TN AR Y, 55 S PR R X JE e B R A A
B TR A v L 13 850 A

(5% k]

C1] BRSCHE  BRMS 6 RS 45, TR AR FE ™ B LY A 20 A 5 45 1

HRERBEEANP S RE [J]. P EA SRR, 2015,
23(4):392-401.
Lin W X,Chen H F,Zhang Z X, et al. Research and prospect on
physio-ecological properties of ratoon rice yield formation and
its key cultivation technology [ J]. Chinese Journal of Eco-Agri-
culture,2015,23(4) :392-401.

(2] f& b, BRoph, 2R 0 . O A8 IX 75 A RS OF 0% 0 R B Rk R
(1. V4537 2000, 26 (3) : 297-304.

Xiong H,Ran M L,Xu F X. Achievements and developments of
ratooning rice in South of China [J]. Acta Agronomica Sinica,
2000,26(3) :297-304.

[3] REWt. e .ok AR5 FRAERE ™ STE RURE S O e
BRI IR [T, A E LBl .2015,48(9) :1702-1717.
Xu F X,Xiong H,Zhang L,et al. Progress in research of yield
formation of ratooning rice and its high-yielding key regulation
technologies [ J]. Scientia Agricultura Sinica, 2015, 48 (9):
1702-1717.

(4] ZA WL EL45 B85 W, 2. KRG I Bl 8] 24 58 725 7 R 1 3



46

P JEAMB R 722 4R CB AR 4 O

48 &

(5]

(6]

(7]

(8]

9]

(10]

[11]

[12]

e LI PR Al R 2441, 1992, 14(6) : 517-521.
Yan Y M, Wang X X, Shao Q M, et al. Genetics of ratooning
ability in inter-subspecies crosses of rice (Oryza sativa L.)
[J]. Journal of Southwest Agricultural University, 1992, 14
(6):517-521.
a2 B MROCHE. B R SSR AR 10 5 v K AR ) AT
Az B R R QTL [T, 43 FHEY B F, 2004, 2(3) : 342-
347.
Zheng ] S,LiY Z,Lin W X, Identification of QTL for ratooning
ability and grain yield traits in ratoon rice based on SSR marker
[J]. Molecular Plant Breeding,2004,2(3) ;:342-347.
TR TR R FE S v, 45 K RS R AR BB 0 R Sk R R
M9 QTL & A B Heast e v a3 A LT AE 4 4, 1997, 23(3)
289-295.
Tan Z B,Shen L. S,Yuan Z L,et al. Identification of QTLs for
ratooning ability and grain yield traits of rice and analysis of
their genetic effects [J]. Acta Agronomica Sinica,1997,23(3) :
289-295.
B, EEF 0 0k, 55, R RIL B0 K 52 ) S A
KR ZAER M QTL 4301 [T /EH % 4k, 2012, 38(7) : 1240~
1246.
Yang C H,Wang Y P, Tu B,et al. QTL analysis of rice ratoo-
ning ability and related agronomic traits by using RIL popula-
tions [J]. Acta Agronomica Sinica,2012,38(7):1240-1246.
fERZE ke, EEAE S5, Ze 3RS LA R ZE w7 A Y
TR AERHE RBC S 3RO ()], 74 g ARl 2 4, 2005, 18 (4)
382-386.
Ren T J,Zhang X C,Wang P H,et al. Analysis of combining
ability effect and the dominant characteristics of crosses with
high yields in twice of hybrid mid-season and ratooning rice
[J]. Southwest China Journal of Agricultural Sciences,2005,18
(4):382-386.
fERZE B EX R & R REEAE NS R FRRIN
AR HI AR TE [T, AEP 24 - 2006,32(4) :613-617.
Ren T J,Jiang Z C, Wang P H,et al. Correlation of ratooning
ability with its main crop agronomic traits in mid-season hybrid
rice [J]. Acta Agronomica Sinica,2006,32(4):613-617.
wEB. e Ut AP RRM LS A MR [T hE
KAGR,2000,14(4) :249-252,
Xu F X, Xiong H. Relationship between ratio of grain to leaf
area and ratooning ability in middle season hybrid rice [J].
Chinese Journal of Rice Science,2000,14(4):249-252.
REE LU L RE UMb RIFIE S e PR AR ) R L
YEFALEE [T, YE 2441, . 1997.23(3) . 311-317.
Xu F X, Hong S, Xiong H. Relation between N applying for
bud development and ratooning ability and it’s mechanism in
hybrid rice [J]. Acta Agronomica Sinica, 1997, 23 (3);311-
317.
RE AR U RCH R A Je s T RS SR TR A O R R )2
FERF5E (1. AEH 24 . 2002, 28(3) : 426-430.
Xu F X, Xiong H,Zhao G L, et al. A study on the canopy

characters of mid-season hybrid rice in relation to their ratoo-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

ning ability [J]. Acta Agronomica Sinica, 2002, 28 (3): 426-
430.

ik sy, AR, 2R AEL R R AR R R R R B B
AT LI, H Al 27412, 2003, 18 (1) : 1-6.

Zhang S S,Zhuo C Y,Jiang Z W, et al. Yield form ation and
cultivation techniques in super high-yielding ratoon rice [J].
Fujian Journal of Agricultural Sciences,2003,18(1):1-6.
A5 B AR WY 0] 30 A TEAE R Y 7 TR R e AR
g L1 AT A R 5 2 4%, 2015, 37(4) 1 577-583.

LiG Y, Tan L M,Liu Y W,et al. Analysis on yield formation
and its higher-yielding population quality of ratooning rice
[J]. Acta Agriculturae Universitatis Jiangxiensis, 2015, 37
(4):577-583.

XK M 8 F 35 B SIS /K RS A 8] 2% R 7 AR D1 A RS
SEBEBALHRM LR [T 1)Lk K223, 1992, 10
(3):408-412.

Liu Y S,Zhou K D,Luo W Z. Appraision on ratooning ability
of intersubspecies hybrid rice and its relation with panicle
characters of main crop [J]. Journal of Sichuan Agricultural
University,1992,10(3) ;408-412.

Ichii M, Sumi Y. Effect of food reserves on the ratoon growth
of rice plant [J]. Japanese Journal of Crop Science, 1983,52
(12):15-21.

RE B AE Pt M TR T ESEA N
KRR #e Az [ 79 Rl %4, 1998, 11(4) : 34~
42.

Xu F X,Xiong H,Hong S. Relationship between single stem-
sheath dry matter weight of main crop and ratooning ability
and high yield cultivation approach in hybrid mid-rice [J].
Southwest China Journal of Agricultural Sciences, 1998, 11
(4):34-42.

FESR KWt o LU . 2 R A A 5 4 4
1 B AP T 4 0300 (. 76 A I % i 2005, 18
(4):382-386.

Ren T J,Zhang X C,Wang P H,et al. Analysis of combining
ability effect and the dominant characteristics of crosses with
high yields in twice of hybrid mid-season and ratooning rice
[J]. Southwest China Journal of Agricultural Sciences, 2005,
18(4) :382-386.

KA MR S s E A TAERR TR MARRE NS
PR ARG PR SE (1], B AR SR #2004, 12(4) 1 106-
109.

Zheng J S,Lin W,Zhuo C Y,et al. The correlation of dry bio-
mass and activity of root system with grain yield in ratoon rice
(Oryza sativa L. ) [J]. Chinese Journal of Eco-Agriculture,
2004,12(4):106-109.

TR B R A RN AR R A TP RS AR D M E T IR
(1. FE2£4K - 2005, 31(4) :506-510.

Xu F X,Zheng J K,Zhu Y C,et al. The evaluation method of
ratooning ability of mid-season hybrid rice [J]. Acta Agro-
nomica Sinica,2005,31(4) :506-510.

TRE VLA b ek KSR Je S PRESY G T SPAD A



%10

AR B A R TR R B T AR A Y 7 T B O R 7 1 A A 47

[22]

(23]

[24]

[25]

[26]

[27]

[28]

BN PR TR R LT ] b B Al B2 2009, 42 (10) £ 3442+
3450.

Xu F X,Xiong H,Zhang L, et al. Effects of the decreased in-
dex of SPAD value of leaf after full heading on ratooning abili-
ty [J]. Scientia Agricultura Sinica,2009,42(10) :3442-3450.
TP A 5 HE 20 AR B AR R A O e s [T A ok B
$,2013(5):1-7.

Zhang C C. Screening test to node regeneration capacity of
low-stubbles of hybrid rice stalks [ J]. Fujian Agricultural Sci-
ence and Technology,2013(5):1-7.

HKGH A& Ll TR 46 R 2 4T 6 1% Fnit i SPAD
(EL T /0N 22 7 R 28 P A JE A AR LD )L A Rl B2
2004,37(6) :808-813.

Tian Y C, Zhu Y, Cao W X, et al. Monitoring protein and
starch accumulation in wheat grains with leaf SPAD and cano-
py spectral reflectance [J]. Scientia Agricultura Sinica, 2004,
37(6):808-813.

EOEL TR Il XS - R ) S O BRI R O
X 7 A B I 0 LB Y LD W RGBT - 0 g Ui K%, 2015,
Wang Z. Comparative study on effects of wheat photothermal
utilization on yield under wheat-corn cropping system in cen-
tral and north of Henan [ DJ. Xinxiang, Henan; Henan Nor-
mal University,2015.

3 Gl S o o M e - o o I S I LR P TR
A AL 1985 :72-240.

Hu B M, Zhang Q D. Method of statistics analysis for agricul-
tural experiment [ M ]. Hangzhou: Zhejiang Sciences and
Technology Press,1985:72-240.

TRHE, BT BARTR MR SRR [T EWIFR.
2001,15(3) :64-69.

Zhang G L, Tu N M. Status and prospects of studies on regen-
erating rice [ J]. Crop Research,2001,15(3) :64-69.

JESCHE S WRSL o 1 O S AR FEAE RE SRS MR S e e R A
B TG FR LT #w ARlk K22 2 4R CH SRR D . 2002,
28(1):1-3.

Tang W B, Chen L Y, Xiao Y H,et al. Relationships among
yield, yield components and some features of ratooning rice
[J1. Journal of Hunan Agricultural University ( Natural Sci-
ences) ,2002,28(1):1-3.

B Hh SRR E W AR R MR BRI [T AR KA
1996,11(5) :22-24.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Xiong H. Analysis of yield-increasing techniques of ratoon hy-
brid rice [J]. Hybrid Rice,1996,11(5) :22-24.

1 B AL 2308 BB AR R iR IR R AR e A b D). W
T A K 2F 4R . 1982(2) £ 10-15.

Ren C F. Correlation analysis of yield components of ratoon
rice [ J]. Journal of Southwest Agricultural University, 1982
(2):10-15.

ML 225 R, B AR SFL R X A A R B R R
L1, WAl 241 . 1999, 11(4) : 215-216.

Ye C E,Jiang S M, Huang Z X, et al. Effect of plant density
on ratooning rice yield [J]. Acta Agriculturae Zhejiangensis,
1999,11(4) :215-216.

BXE L HH R HERE RS 1. K EEE R
e D] W B . 1990(1) 1 25-28.

LiY Z,Huang Y M. High-yield cultivation technique of ra-
toon rice: II . the rule of ear bearing of ratoon rice [J]. Fujian
Science and Technology of Rice and Wheat,1990(1) :25-28.
AL, N BT Em Y. AR X E R T R AL E R
BT AR [T, 283K 2018,33(3) :29-30.

Fan SY,Li X Y.Lu Y Y. High-yielding cultivation techniques
for ratooning rice of direct seeding mid-season rice harvested
by machine in Chongqing area [J]. Hybrid Rice,2018,33(3):
29-30.

w bt ML Re Bt RZEIE S Aesc T R AR O R R
PEFARLER (1], VE4 240 . 1997, 23(3) : 311-317.

Xu F X, Hong S, Xiong H. Relation between N applying for
bud development and ratooning ability and its mechanism in
hybrid rice [J]. Acta Agronomica Sinica, 1997, 23 (3);311-
317.

TRE YTt AR, RR U SRS BAE SRS K FE
TR BRI R [T]. P EUKFER,1997,11(3) :160-
164.

Xu F X, Hong S, Xiong H. Relation between axillary bud
growth and matter accumulation of stem-sheath after heading
of main crop in hybrid rice [ J]. Chinese Journal of Rice Sci-
ence,1997,11(3) :160-164.

LA UERCH R 2% 5 RS MR T 4R 2 AR T ML B
s (1], A ERE R4, 2000, 33(4) : 31-37.

Xu F X, Xiong H,Zhao G L. A study on the death mechanism
of the axillary buds before harvest of the hybrid midseason
[J]. Scientia Agricultura Sinica,2000,33(4) :31-37.



