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Effect of different cultivation patterns on tiller development and
physio-biochemical characteristics of first ratoon rice crop
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Abstract The effect of different cultivation patterns, Super High-Yield Cultivation Pattern ( SHCP) and Tradition Culitvation
Pattern (TCP) , on tiller development and physio-biochemical characteristics of first ratoon rice were studied. The result indicates
that root activity, chlorophyll content, LAI, nitrate reductase activity, NO, — N content, Ca’'— ATPase activity and Mg’ *— AT-
Pase activity of the first rice crop under SHCP are respectively 20. 60% ~38.65% , 5.16% ~23.26% , 18.91% ~63.29% ,
18.22% ~76.76% , 34.88% ~48.35% , 1.25% ~17.94% and 4.09% ~17.87% higher than TCP from tillering to ripening
stage. Productive tillering period shortens by 5 d and lower node tillers increases by 51.61% . Accumulation of N and P at differ-
ent growth stages and K during grain filling under SHCP are respectively 1.43 ~2.44, 1.21 ~1.48, 1.55 ~2.21 times those of
TCP. These traits can optimize population quality, improve the photosynthesis efficiency in later growth period, and lay the foun-
dation for high yield attainment.

Key words Rice ( Oryza sativa L. ) , Early ratoon rice, First rice crop, Super high-yield cultivation pattern, Cell protective en-
zyme, NPK accumulation, Tiller characteristics, Tillering node yield
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SFEHEIE

TR okl 3 A 2K A ] g 4 A, 6 g 7 AR A K
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R A 2R P e R R 1 (BEEBE 4 m) HLANIZ W, {UE
30 em By TAEAT, T AE N 20 cm x20 ecm, 7EH
RorBEIRF] 10 >, 8w 7 AR AR KK R 4 P IR
BEAT [A) &8 H , i E) 3k 30 d Ze A5 5 AR o AR 2K
VAT L W H, T 10 d 24 . AP IEER Y
AT HEFFEHATOMKH CA KR
Bl 16

e R ARk R AR RLET 3 ~5 d HEAEAE,
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HAME(NIO -P5 —K10) 750 kg - hm ™%, ¥ MLk
BRI FEAL . FEBRAT 1 d 8 7 B 3 A = e ok %
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Jit Y- 5 A 5 7 o 3 A 243 3 it PR 3 60 kg - hm 7 I

75 kg-hm * o 6 F i £ B A AL HE , R 7R R B A
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% 60 kg-hm ~* o 1R P AR G AR R H B B AR
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RETHY R, MELSRRM (£ 1), N BEH B AL
P, T 7 R R 0 AR R 0 AR A B T T
VPR B DUYR IR R PR % B 2 bR LR A
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30.86% ~253.32% , M EHEHRSER 5.87% ~

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

F2W

Wi CoF AR R R A - AR TE OB S R A B AR R

375

17.53% , & 88 & B 75 24.79% ~ 110.94% ,{BH
TEEES EFEAG 10.63% ~31.58% . [H MR AR

S5 KR P 40 0 R o SR R IR, D e,
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Tab.1 Changes of peroxidation indexes of cell in the first rice crop under different cultivation patterns
T MDA H  SODRGEHE  PODAEH  CATEARK  BURMMA R ﬂ%ﬁgﬂ R i
Cultivation £ F MDA content SOD acmjlty POD acuvn):l CAT activity ~Ascorbate cont:srln Soluble protein Proline
patiern Stage [_p;mol- [Umg™'  [OD470 - mg [mg(H,0,) [ pg(Ve ).- mg contont conter_ltl
mg ™" (pro) ] (pro) ] (pro)min~'] mg~'(pro)]  (pro)min~'] (mg-g~") (mg-g™")
SHCP SrEEM] 0.088 £0.006  5.038 +0.095 3.309 +0.098  17.189 +0.769  1.664 £0.053  34.168 +£1.311  0.135 +0.005
TCP ™ 0.122 £0.007  2.024 £0.082  2.972+0.102  4.865 +0.199 1.603 £0.060  29.071 £0.913  0.064 +0.003
SHCP - TCP (%) -27.87 148.91 11.34 253.32 3.81 17.53 110.94
SHCP ZE 0.176 £0.007  10.199 £+0.264  4.033 £0. 106 7.295 +£0.296 3.952 +0.089  25.128 +1.094  0.175 +0.004
TCP B3 0.199 +0.009 7.991 +0.273 3.599 +0.089 4.428 +0.142 3.316 £0.108  23.711 +1.046  0.106 +0.004
SHCP - TCP (% ) -11.56 27.63 12.06 64.75 19.18 5.98 65.09
SHCP FrRBY 0.185 +£0.010  15.857 £0.431  7.298 +0.261 6.930 +0. 167 3.709 £0.112  21.194 +0.848  0.146 +0.003
TCP s 0.207 £0.013 8.875+0.356  7.120 £0.234  4.401 £0.117  3.028 +0.101  19.777 +0.749  0.117 +0.005
SHCP - TCP (% ) -10.63 78.67 2.50 57.46 22.49 7.16 24.79
SHCP FLE 0.142 £0.005  11.466 £0.329  4.440 £0.132  4.439 £0.099  2.389 +0.061  30.269 +0.986  0.106 +0.005
TCP s 0.172 £0.004  8.081 +0.231 3.880 +0.116  3.178 +0.107 1.592 £0.049  28.590 £1.143  0.081 +0.004
SHCP - TCP (% ) -17.44 41.89 14.43 39.68 50.06 5.87 30. 86
SHCP B 0.221 +£0.008 3.714 £0.134 3.035 +0.108 4.597 £0.135 1.968 £0.058  26.073 £1.039  0.098 +0.005
TCP s 0.323 +0.008 3.522 +0.132 2.864 +0.111 3.513 +0.129 1.801 +0.074  22.773 £1.124  0.073 +0.003
SHCP - TCP (% ) -31.58 5.45 5.97 30.86 9.27 14.49 34.25

LEREHR AR GRS E R R
B RABENREBRALEHRPHNEAEZR, R
R ENERARTE IRFH AR B, WEgRER
B (3R 2) , 3k 2 D43 BE 0 2 R 200, 48 780 7= bk 1 =R,
EHRAOBRARE N RAGRE BRERE . BAHRE
MR 7 Je i G 2 A B R0 i T R3S B0 BE R R R a5 AR
KEo HHPMRARE IR 20.60% ~38.65% ,1R R
ViR 3.23% ~12.70% , bk R B L 11.11% ~

77.78% , Bbk R AR ST 19. 18% ~35.22% , MG %
SRS 16% ~23.26% , M T A4S B 18.91% ~
63.29% ;R RAETEHER = RITFEAXWRA
W WAGWE IR F it g R & & F ek R
TEEHER B R T AR UL R AR
X EEMAORAMBERS = RGBT E®
YRR fR¥E, 76 K H G WG F7EE ZE R RA
1 7/

K2 IFFRARBAXMRBERTIHEZSERHERELR

Tab.2 Characters of roots and content of chlorophyll & LAI of the first rice crop under different cultivation patterns

, oo & AR AR LIE=S g
R e 5 PORERE R ERD
L HEEFEM U Bleeding New roots Rooting ability Chlorophyll T AR 45 55
Cultivation Root activity i K -
stern Stage ( L) intensity per plant per plant content Leaf area index
pa ‘g _ -
ne'e (gh™) (%) (mm) (mgeg™")
SHCP 43 BEI 313.889 +6.487 128 +£3 5.50+0.13 4.694 +0.201 2.95+0.11
TS
TCP 226.389 +7.531 79 +3 4.50+0.16 3.999 £0.213 2.08 £0.08
SHCP - TCP(% ) 38.65 62.03 22.22 17.38 41.83
SHCP ZEFE 151.736 +4.921  0.670 +0.026 235 +7 10.25 +0.31 5.004 +0.184 8.05+0.24
BS
TCP 113.889 +4.613  0.622 +0.029 193 5 7.58 £0.23 4.388 +0.165 6.77 +0.26
SHCP - TCP(% ) 33.23 7.72 21.76 35.22 14.04 18.91
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S 5 it ; ; UE-3 S-8
AR BRI i FHRWE SRR
o HF e Bleeding New roots Rooting ability Chlorophyll - T R A5 5
Cultivation Root activity . K ]
attern Stage (ng g h1) intensity per plant per plant content Leaf area index
P e e (gh™) (%) (mm) (mg-g™")
SHCP FrHEM 112.847 +4.962 0.607 +0.019 144 +4 7.63 £0.29 4.937 +0.194 7.25+0.19
HS
TCP 89.236 +3.842  0.588 £0.025 81 2 6.06 +0.27 4.695 +0.173 5.91+£0.22
SHCP - TCP(% ) 26.45 3.23 77.78 25.91 5.16 22.67
SHCP FLAIH  83.333:3.054  0.509 £0.016 110 £3 9.54 £0.37 4.362 +0.117 6.14 +0.11
MS
TCP 69.097 £3.695  0.463 £0.013 99 +4 8.00 +0.26 3.539 £0.129 4.62 +£0.14
SHCP - TCP(% ) 20. 60 9.94 11.11 19.25 23.26 32.90
SHCP RN 111.112 £3.947  0.701 +0.021 139 £5 8.76 £0.31 4.480 +0.083 5.65 £0.18
RS
TCP 90.632 +3.986  0.622 +0.024 108 £5 7.35+0.32 3.750 £0.092 3.46 £0.11
SHCP - TCP(% ) 22.59 12.70 28.70 19.18 19.47 63.29

AEMRBRAL PRMBER S B LMK
R B ATP MG 1. HREFREEE HER S
B ATP B 5 v B T A PR B U R AL BB f1. A
R SEHN, S A M S B 2 S, R 7 R A
o B TR o D 2 A S R B o B Lk BR R
18.22% ~ 76. 76% Fi 34. 88% ~ 48.35% ,Ca’ " —

ATPase 7% ¥£ 1l Mg® ' —ATPase 1% 14 43 1] b Xt BB
1.25% ~17.94% F11 4.09% ~17.87% , L% 3k
KHJE,LkZERk C.N Ry ek 527518
HERS . AT L, = AR S MR 7E K H AR R R R 1Y
T A AL A S, B R Y [ 6 R R R R T, X
T S B 7 G BB AR AR LR

RI TEABBEAXLFTERLAT MR HWRERE.ATP BiEY

Tab.3 Content of carotenoid and activities of nitrate reductase & ATPase in the first rice crop under different cultivation patterns

b Bt KUY PRAR MRS ﬁ%‘%ﬁé‘% Mg?* —ATP i if . Ca®* —ATP B
Cultivation HHF M Carotenoid Nitrate fefluctase NO; -N Mg2 + — ATPase Ca?* —ATPase
pattern Stage conter_ntl aC_lllVlty content acli\_/ily o acli\_/ily o
(mg-g™") [ng g™ (FW)] [pe g ' (FW)] (pmol-mg " min~") (mmol-mg " min~")
SHCP Sy BE 1.130 £0.031 31.059 +1.063 21.270 +0.731 31.956 +1.049 31.743 +£1.076
TCP ® 0.998 +0.039 17.571 £0.723 14.670 +0.612 29.883 +0.903 29.633 +0.894
SHCP - TCP(% ) 13.23 76.76 44.99 6.94 7.12
SHCP Ze R 1.550 +0. 046 18.389 +0. 649 15.770 +0.437 21.000 +0.584 27.230 +0. 643
TCP P 1.406 0. 040 14.039 +0.690 10. 630 +0.324 18.552 +0. 602 25.395 +0.697
SHCP - TCP(% ) 10.24 30.99 48.35 13.20 7.23
SHCP FrREY 1.356 +0.052 20.026 +0.764 15.770 +0. 481 18.945 +0.431 22.483 +0.503
TCP i 1.286 +0.049 14.470 +0.513 11.000 +0. 349 18.200 +0. 401 19.063 +0.471
SHCP - TCP(% ) 5.44 38.40 43.36 4.09 17.94
SHCP FLAH 1.154 +0.027 12.446 £0.498 11.370 £0.247 13.501 £0.516 17.882 £0.549
TCP e 1.060 0. 036 7.149 £0.284 8.430 £0.269 12.597 +0.534 17.661 +0.578
SHCP - TCP(% ) 8.87 74.09 34.88 7.18 1.25
SHCP B 1.355 +0.039 17.927 +0.638 15.409 +0.566 5.804 £0.197 9.667 £0.294
TCP ® 1.034 +0.047 15.164 +0.641 11.376 +0.424 4.924 +0.129 8.763 +0.307
SHCP - TCP(% ) 31.04 18.22 35.45 17.87 10.32
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Fig.1 Accumulation of N(a), P(b),K(c) of rice under different cultivation patterns
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Zo. BRTFERBRANARZHNERFARIHR
KA 1.43 ~2.44 5  RIHBERTARE S

kFERMRAPER RRE WE 1b AT H, Ao
BEJUI 2 PL A 8 1R 7 AR 3 AR A AR 3 AR A
e B0 e SR B T R ) RO Y 2 R K B TR
VEH A 13K B e fH, 4 31 R 65. 10 kg + hm Al
43.95 kg -hm MG HFIE T M. K BERBEANET
e, mREREEAK BRI RERTE
MR, R AR B AY 1.21 ~1.48 f5, B
A B8 1 W WO RAAE T o

kEMARNAMRRHE. IWE Le T, HRR
FRURETE 73 BEH LA ML 33 A 2 A0 7K 5 e vy, 5 T
553 BEST A RERE FP I %, Tk A 2 RE )
BRI REREAKFEHARBZHERE R T H M
BAEAL S, WA A 1.55 ~2. 21 %, AT A F
TR H AT A

MEL L 23§77 LA M, 8 1 7 b 4 A K R bk
RBE B B MRl R AR F R AR S A U, T 3
AT KR A T A b BE AR TR ) R R AL B
7 BYTCER , 31X AT B2 A R 7 R 3 AR K A B A B
Pl R RE T B R A
2.3 AARBRXLFVIEISRENLTE

)24

M2 AT, BRI A R E BB R KR
HJE, B ERMR, 2EER(TBRIENF 24 RE),
SEET AR, BRA R ARE AT 0 BER R R
e Y PR A A o BE A8 (X 15 d, EXF BRAD 5

d) EIRBEEOR B AR REBCR B BRSO A AR
ZHERFE. TUIFHTRHERABEIHGHES
MR 4 T, k2 5 H AR AL A T, B R
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Fig.2 Development of tillers under different

cultivation patterns
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B SEORE B 23 Bl EE R MR 3 A SN 361. 88 RL AN
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SRR AN SORLE Sy 1 e > 210. 7 KA 197. 1 KL, X
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Tab.4 Grain yield components of different tillering nodes under different cultivation patterns in the first rice
B F 2% Main stem 1/0 2/0
Cultivation
pattern A B C D E A B C D E A B C D E
SHCP 1.0 188.6 172.6 4.72 12.49 1.4 246.68 225.26 6.12 16.19 1.20 210.12 191.52 5.21 13.78
TCP 1.0 186.2 171.1 4.66 12.75 0.2 37.16 33.88 0.92 2.52 0.50 90.50 83.25 2.26 6.18
SHCP-TCP 0.0 2.4 1.5 0.06 -0.26 1.2 209.52 191.38 5.20 13.67 0.70 119.62 108.27 2.95 7.60
g e 3/0 4/0
Cultivation
pattern A B c D E A B c D E
SHCP 1.1 198. 88 181.50 4.94 13.07 1.0 185.5 170.0 4.65 12.30
TCP 0.9 166. 14 152.73 4.17 11.40 1.5 247.6 228.9 6.18 16.90
SHCP - TCP 0.2 32.74 28.77 0.77 1.67 -0.5 -62.1 -58.9 -1.53 -4.60
R 5/0 6/0 7/0
Cultivation
pattern A B c D E s B c D E A B c D E
SHCP 1.0 184.1 168.0 4.59 12.14 1.0 178.2 162.5 4.38 11.59 0.6 100.0 91.6 2.46 6.51
TCP 1.2 201.1 185.0 5.00 13.68 1.0 179.3 166.2 4.57 12.50 1.0 178.6 164.8 4.46 12.2
SHCP - TCP -0.2 -17.0 -17.0 -0.41 -1.54 0.0 -1.1 -3.7 -0.19 -0.91 -0.4 -78.6 -73.2 -2.00 -5.69
LR =N 8/0 9/0
Cultivation
pattern A B c D E A B c D E
SHCP 0.2 30.3 27.6 0.73 1.93 0.0 0.0 0.0 0.0 0.00
TCP 1.0 162.4 151.5 4.06 11.11 0.1 11.53 10.62 0.28 0.77
SHCP - TCP -0.8 -132.1 -123.9 -3.33 -9.18 -0.1 -11.53 —-10.62 -0.28 -0.77
(1,2,3,4,5,6,7,8,9)/0 HEZX L4 1.2.3.4.5.6.7.8.9 ¥ fii The first, second, third, fourth, fifth, sixth, seventh, eighth, ninth node on

the main stem; A yFE%( No. of panicles; B &y i % No. of grains; C

LKL No. of filled grains; D H4 E Grain yield (g) ; E A [E] 35 7 4 BE

P K7 RL 77 B oF B K 77 B A9 T BR 3 (% ) The contribution rate of grain yield of productive tillers from different tillering nodes of main stem to the total

grain yield per plant.

BHRAERN IR/ S, B E R E R 170 >
2/0>3/0>3F2>4/0>5/0>6/0>7/0 >8/0 >9/
O, MHEMEBRIBERN N 4/0>5/0>FEEK>6/0>7/
0>3/0>8/0>2/0>1/0>9/0, "] W, , &&=k i%
BT AL 8L  iE L, 2+ 1/0.2/0.3/0 43
BE TR Y 7 4 X B 0T BRLBR G 77 BB B TR R R K
AP i, R R 1 ~4
TALAFEEL L W AR BB R £ 51.61% ; LI A2 1Y
RLEE H A, B R P R S 1 ~4 WA F R E
HHEMRFERAE 4. 74% ;WA ERSAERE
AR, @R REELE 1 ~4 TME
BHH MRS 49.57% ;w7 R A E
ZERE 1 ~4WARRLE H RSB E6T.83% , K
WA IE A 49. 75% 1 36. 34% 47 | = g
BIERA S 1AL, FAREORURL E L H LR B A
Xim 6 S .

M5 TR, Sk 2 R 7 R AR 2 Y B R AR K

x5 FTRABBERXLFEHRES S
Tab.5 Panicles distribution of the first rice crop

under different cultivation patterns

SHCP TCP
I BESR U SHCP - TCP
Source of tiller Yo B % (%)
Amount Amount
F2£ Main stem 1.0 11.77 1.0 11.90 0
55 1. 43 BE
(1 ~4351) 4.7 55.29 3.1 36.90 51.61
Tillers of lower nodes
L4y BE
(5~93%1r) 2.8 32.94 4.3 51.20 -34.88
Tillers of upper nodes
41t Total 8.5 100.00 8.4 100.00 1.19

HEMBIEEAL 0.1 M NERMBER TS,
A TR P R AR AL (1 ~4 5 0) BB EL K, T
L RRE IR 2 5 H AR A 2K IR A R, R T LR
FEET G AY HEOIR . BB R AR AL (1 ~4 79
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Wi CoF AR R R A - AR TE OB S R A B AR R 379

fi1) o BE L H AR N 51.61% o | pbfa i,
R XA Bk B A o BRI BT AR A
B L R E R R, X R R R AL
KBORBE LB ORI T A B R D7 | Y
JRH
3 hEEitig

R s R R, BRI E A R T RBER
R i 70 R g 77 R 3 1 e S o R PR 5 4 B A A B
HEACEE . X R T 2R R R MARRE
T B BRI FAE A SR . BR
KHE G, B8 K o0 W38 8 BR , 76 35 52 5 2 % 22 Y
BIR TR, 72— R 1 B4R R IOR T X R A
O 7 B R 7 R 3 1 T A7 RE 4 R (R BRAE R AR
MRS IR MRS B’ HEAR T ' RA
{1 LA B 5 a5 RAC A 5% B B 06 P 1 L R A
HETRBE ARG R, HAFEEARET,
DR 1 ke A e T AR 45 A B K T 3 B AR B
ERRE I8, R R B R R B R T AL
BEZ AN FRENRE. NEHERE,
REEB A AR, LR BE T R .

MR KA A T ZAR IR, 2K A AR B R R
SR B REM RS A
IKRETE B 5 R E R AN E £ R
YT E . RS AR Z R, T RE I A A
H Dy RE 2 i 7E 1R , (5 5 1 PR B R Ot & 1R S
A B A A SR, A ) TR G O SR TR S, AT 3 2R
FERET M R R A G SR it R
CORGEACRGIE” B AR AR K R, KRR AR R
PR, AR T oK WA, 48 & 8 IR 9 B ao A A
SHAL R RERTE MR A ERENMRAE N
5, 3% AT PR UE L B F 43 K 23 R SR o R, HE SR I A
o M F 32 B 5% AR R AR MG 18
PREFSRAE T 9 5R BE B B A, — 35 HE L b 9 o AR AR
HEMAER NMEEFTEHEE R R E”
KW, LR ZETBEERIELRE G
X ke 2 8 RO HE 1) W TR AR AR 2 BT 5T

&% ik

(1] BRVS %, BT, RO, % B - BAERBLEART
MAABEERRAEAEREECLD) [J]. PEKE
W ,2007,23(2) :247-250

[2] PRV & MR, BT, % ARRERAERE - BE
BEAFETYRRBZHERERRII]. PEESRILFE
% ,2008,16(1) :150-154

[3] RIBR.HEX,KEF. MYEEELEIM]. JLE b
oK% H R4 ,1990:30-33

(4] LR KM A FA LB Y A SRR 3
FIM]. 5% B fl =5 AR At ,1987:92-93

[5] =64 MYAEEAMIBFEEMBEARIM]. L . HF
¥F R4 ,2000:134-137,258 259,125 -127

[6] RIMIERFEY REY ERKPA. MY EHE¥ IR
HBRIM]ALE : AREF HMAE,1980:143-144

(7] 5. HREM A 420 Mg’ —ATP Bl Ca™" —
ATP BB HE(T]. Y £ 28 W, 1987 (6) :20-22

(8] i+ H. +RASH (3 M) [M]. JbFE: FERIL
H BR A, 2000 :39-49

[9] Ry AERESYS AREYEEFELBAEEIM]. AL
o Bh 2 AL ,1999:315-316

[10] AhociE, EM R, BT, % K EREHER =R HE
FAESHIST I[T]. B AR A2 ,1997,8(6) :566-570

[11] MEF, ME&ER, RAR. KBEREERERNEIR
[J]. fE# 25,1994 (6) :21-24

[12] ARoCHE, MR, MR, % AEESZFET R3TKRG
JEH RIS ERRLT]. Rk K ,1996,25
(1):1-6

[13] AROUHE, 52 00T, 5 A58 . 2138 Xt 42 38 K 78 Ma B &% 4% 5
HEEBERMME W VII]. HAAES%|], 19,7
(4):364-370

[14] PR, RER, B UTT. HRABEEREBAREKR
BT[], iR R AR 2 B 297 ,1989,18(3) :269-274

[15] phociE, MR, BT, % KBREEHRER=REN
AEFASHR DLI]. B AES¥|,1998,9(4):
395-399

[16] %5, TR ULHR . KRS % 7= B A T & J AR A 45 1R 3% 3)
[1]. s E g FF2£,1993,26(6) :1-11

[17] X8, B m% . ARE. B RXEMARFRE N &
BRI E LA (T]. MY 4 B 258 1R ,2004 ,40
(3):326-328

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn

