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Abstract

Aims Our objective was to determine the economic yield of the main stem and the primary (P), secondary (S)
and tertiary (T) tillers from the 2nd to 9th nodes on the main stem of rice.

Methods We planted rice (Oryza sativa) variety ‘Shanyou63’ with one plant per hill (100 cm x 50 cm). Treat-
ments consisted of limiting tillers to one main stem node only, on two or four consecutive main stem nodes at
lower (L), middle (M) and upper (U) positions with the same 16 panicles and the constituents of each order tiller
per plant.

Important findings The main stem leaf number and panicle weight increased as the number of tillering nodes
decreased and tillering nodes shifted higher on the main stem. In the treatments with same number of the specific
nodes, the average panicle weight of P was U > M > L. The average panicle weight of S was M > U > L in the
treatments with one specific node and U > M > L in the treatments with two or four specific nodes. The average
panicle weight of T was M > U > L in the treatments with one specific node, M > L > U in the treatments with two
specific nodes and U > M > L in the treatments with four specific nodes. Consequently, the average panicle weight
of whole tillers was M > U > L and U > M > L for one or two and four specific node(s). These results showed that
the economic yield of tillers of L was not necessarily higher than the tillers of M or U, though the tillers of L
emerged earlier and had more leaves than the tillers of M and U. Hierarchy (the percentage of mean panicle
weight of each order tiller(s) to mean panicle weight of the main stem) of the average panicle weight of tillers in-
creased as the positions of specific nodes shifted higher while the trend was slower as the number of specific
nodes increased. These results indicated that in order to compare the productivity of lower, middle and upper
nodes on the main stem, number of the tillering nodes and the makeup of tillers must be the same, and without this
premise, it seemed that any conclusion was arbitrary.
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Table 1 Scheme of experimental design: constituents of each order of tillers artificially remained in a rice plant

b TR — IR BT AL TR 43 BRI
Treatment Remaining node of Order of tiller
primary tiller U BRI By
Primary tiller Secondary tiller Tertiary tiller
TRE— AL N N TN-1-5 TN-1-1-4
Remaining one node TN-2-1-3
TN-3-1-2
TN-4-1-1
STt Total 1 5 10
LR AN N ™™ TN-1-4 TN-1-1-2
Remaining two nodes N+1 T(N+1) T(N+1)-1-4 TN-2-1
TN+1)-1-1-2
T(N+1)-2-1
K Total 2 8 6
PREEPYAS AL N TN TN-1-2 TN-1-1
Remaining four nodes N+1 T(N+1) T(N+1)-1-2 T(N+1)-1-1
N+2 T(N+2) TN+2)-1-2 TN+2)-1-1
N+3 T(N+3) T(N+3)-1-2 T(N+3)-1-1
S Total 4 8 4

N,E25 BRPE AL TN, A FEZEHNTAL KR BE: TN-1-5, WTNI1I-595 K I 0 BE, K mBUF R B 745 TN-1-1-4,

FETN-1HI1-475 LA 9 = U0 B, H K R DR B YA

N, specific node of main stem; TN, primary tiller emerged from the Nth node on the main stem; TN-1-5, orderly retain secondary tillers emerged
from the 1-5 node of TN; TN-1-1-4: orderly retain tertiary tillers from the 1-4 node of TN-1.

F2 ORERIOLI2T Oy 2435 FI2-5 5 A Kb B ) 43 BEAA) At

Table 2 Constituents of each order of tillers artificially remained on 2nd ,2nd and 3rd , 2nd to 5th consecutive main stem nodes in a

rice plant at lower positions

Qb LRBE— IR BETT PR 23 BRI
Treatment Remaining node of Order of tiller
primary tiller W Y =V
Primary tiller Secondary tiller Tertiary tiller
PRE— AT 2-1,2-2,2-3,2-4,2-5 2-1-1, 2-1-2, 2-1-3,
Remaining one node 2-1-4
1 2 2-2-1,2-2-2,2-2-3
2-3-1,2-3-2
2-4-1
MTF Total 1 5 10
R AT 2 2,3 2-1,2-2,2-3,2-4 2-1-1, 2-1-2, 2-2-1
Remaining two nodes 3-1,3-2,3-3,3-4 3-1-1, 3-1-2, 3-2-1,
BTh Total 2 8 6
PREA DY A7 4 2,3,4,5 2-1,2-2 2-1-1
Remaining four nodes 3-1,3-2 3-1-1
41,422 4-1-1
5-1,5-2 5-1-1
STt Total 4 3 4

F L
Note see Table 1.
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Table 3 Some characters related to growth and yield of main stem

Qb RS FEEE T4 SER IR A TR PIviZ T
Treat- Days from sowing (d) (cm) Leaf A.LB LEM.R L.EL.R N.S P.W
ment Z G T X numbers (cm) (leaf-d ™) (cm-d™) (g)
PF.LEE Heading
2N 99.6 109.5 74.1 17.2 29.6 0.173 5.11 219 577"
5N 100.7 109.7 69.1 18.0 30.2 0.179 5.40 240 6.36"P
8N 103.9 110.9 68.9 19.2 30.1 0.185 5.56 248 6.66™
2+3N 98.4 109.5 77.5 17.0 29.4 0.173 5.08 210 5.41%
5+6N 98.2 108.3 73.2 17.1 29.4 0.174 521 226 5.97%8
8+9N 101.7 1103 70.8 17.8 30.8 0.180 5.39 239 6.40™
2-5N 97.9 108.5 73.1 16.1 27.9 0.114 459 193 5.10%
47N 99.3 108.3 72.1 16.5 28.0 0.116 4.67 201 5.39%A
6-9N 100.7 109.1 74.9 17.3 29.1 0.172 5.00 214 5.70*

PEA A TR 3 AR BRI LA, /N 'S 7 BER R AF A 2 25 22 5 (p < 0.05), RGP RERAAF AR 25 72 5 (p < 0.01).

A.L.B, average length of blade; H.M.S, height of main stem; L.EL.R, leaf blade elongation rate; L.EM.R, leaf emergence rate; N.S, number of
spikelets per spike; P.F.L.E, phyllula of flag leaf emergence; P.W, panicle weight. Three treatments was compared in the same number of the specific
node(s), lowercases mean significant difference between each other (p < 0.05), capital letters mean extreme significant difference between each other
(»<0.01).
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Table 4 Characters related to growth and yield of primary tillers in the treatment remained one primary tiller

AbBE CFAL MEBERRHL Days from tillering (d)  ZbEES A MR P HEREE MR BUEH RUE

Treat- N .C. . L. .EM. EL. . i
nrlzzriltt ode PR 2 T F.C.L N.B A.L.B (cm) I; E?/(Irll{ L EI:rll{ N.S Panilc}llct:
PFLE Heading (cm) (leaf-d ™) (cm-d”) Wf(“%
g
2N 2 76.5 85.7 72.0 14.0 29.8 0.183 5.45 190 5.23"
5N 5 57.7 66.0 73.6 11.8 353 0.205 7.22 220 5768
8N 8 45.8 54.8 67.9 9.0 40.9 0.197 8.04 229 6.01**

FEAH RIS R7 250 3 AE BRI L AL, /N 'S - RER R AF A W 2 75 5 (p < 0.05), KRG FRERRAFLERR W35 7 5(p < 0.01).

A.L.B, average length of blade; F.C.L, final culm length; L.EL.R, leaf blade elongation rate; L.EM.R, leaf emergence rate; N.S, number of spikelets
per spike; P.F.L.E, phyllula of flag leaf emergence; P.W, panicle weight. Three treatments was compared in the same number of the specific node(s),
lowercases mean significant difference between each other (p < 0.05), capital letters mean extreme significant difference between each other (p <
0.01).
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Table 5 Characters related to growth and yield of primary tillers in the treatment remained two primary

JOBL] REEvA IYBEJGRAL Days from tillering (d) ZrB¥mifE WA ~PHMHC bR e RKOEEE R THAE
Treatment Node % R RLT BT F.CL N.B A.LB(cm) L.EM.II{ L.EL.II{ N.S Pgnicle
PFLE Heading (cm) (leaf-d ™) (cmd™) weight (g)
2+3N 2 76.7 86.0 74.0 13.8 31.6 0.180 5.69 192 5.11
3 71.8 78.5 74.4 13.0 32.1 0.186 5.80 198 5.18
*F-¥4J Mean 74.2 82.3 74.2 13.4 31.8 0.183 5.75 195 5.15b*
5+6N 5 60.0 69.3 75.6 10.8 36.7 0.183 6.63 206 5.44
55.2 64.9 72.1 9.8 38..0 0.185 6.77 207 5.43
P14 Mean 57.6 67.1 73.8 10.3 37.3 0.184 6.70 207 5.44%4
8+ON 8 4738 57.0 70.4 9.2 39.9 0.192 7.68 207 5.51
44.0 532 67.7 8.2 408 0.186 7.61 220 5.83
“F-#) Mean 459 55.1 69.1 8.7 40.4 0.189 7.65 214 5.67*
RIEFKRA.
Notes see Table 4.
F6  IREAANTTALAL IR oy BERIAE K 7 R AH R I MR
Table 6 Characters related to growth and yield of primary tillers in the treatment remained four primary tillers
psiil REEDA YBEJGREL Days from tillering (d)  ZrBE&JE 04 Figmt S RS ST T
Treatment Node PRTE 2 BT FCL(cm) NB IS L.EM.FI( L.EL.II{ N.S Pgnicle
PFLE Heading A.LB (leaf-d ™) (cmd™) weight (g)
(cm)
2-5N 2 77.2 84.4 71.1 13.8 31.0 0.172 5.55 195 4.98
3 70.9 79.5 72.4 13.0 31.8 0.179 5.82 199 5.07
4 65.0 73.3 750 11.7 31.9 0.185 5.88 190 4.98
5 61.4 67.8 73.3 10.8 342 0.176 6.02 191 4.94
“F¥) Mean 68.6 76.3 72.9 12.3 31.9 0.182 5.82 194 4,998
4-7N 4 65.0 74.0 70.8 12.0 32.6 0.185 6.02 194 4.97
5 59.3 66.8 70.3 11.0 343 0.185 6.34 195 5.11
6 55.5 63.0 70.9 10.0 34.7 0.183 6.36 198 5.14
7 49.6 58.3 71.3 9.0 36.8 0.181 6.68 200 5.29
1 Mean 57.9 65.5 70.8 10.5 34.4 0.182 6.25 197 51308
6-9N 6 57.2 64.2 70.2 10.8 36.4 0.189 6.88 217 5.62
7 52.7 59.9 72.6 9.6 37.6 0.182 6.84 218 5.66
8 48.6 56.5 73.2 8.8 37.9 0.185 7.01 219 5.59
9 44.2 52.8 73.0 7.8 37.2 0.180 6.74 210 5.43
“E¥) Mean 49.8 58.1 72.2 9.3 37.2 0.188 6.99 216 5.78*
FFE4.
Notes see Table 4.
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Table 7 Mean panicle weight of each order of tiller on the
different position of main stem in the treatments remained one
primary tiller (g)
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Table 9 Mean panicle weight of each order of tiller on the
different position of main stem in the treatments remained four
primary tiller (g)

b o BE SEH 4y B b kDA Iy BE Tiller SE 5y

Treat- Tiller T Treat- Node — — — BERlE
- — — — /¢ /4

ment A —X =X Average ment Prima: Seconda Tertia Average

Primary Secondary Tertiary weight of Yy vy Yy weight of

panicle panicle

ON 523 (91)™ 434 (75 3.87 (67  4.10 (7)) 2-5N 2 498 (98)  4.65(91) 4.28(84) 4.64(91)

5N 576 (918 4.63 (72" 4.43 (655 4.39 (69)* 3 5.07(99) 4.88(96) 3.65(72) 4.62(91)

8N 6.01 (90)  4.40(66)™  3.95(59)F 4.2 (62)™* 4 498 (98) 4.54(89) 3.07(60) 4.28(84)

F55 P EUE R k4 SRR R AR E I L NS FEREER 5 499(97)  3.71(73) 3.01(59) 3.84(75)

IAFAEREES(p < 0.05), KETFHRRTFENBEEERQP <
0.01).

The number in parenthesis show the ratio of mean panicle weight of
each order tiller(s) to mean panicle weight of the main stem. lowercases
mean significant difference between each other (p < 0.05), and capital
letters mean extreme significant difference between each other (p <
0.01).

F=8  DREA2ANTI A7 (R AL TR -2 03 BEIK R 1Y T

Table 8 Mean panicle weight of each order of tiller on the
different position of main stem in the treatments remained two
primary tiller (g)

hbpg REEDA 4rBE Tiller S 4

- BEFH R

Treat Node = K = BERH
ment Primary  Secondary  Tertiary Average
weight of

panicle

2+3N 2 511(95) 4.62(85) 3.26(60) 4.17(77)

3 5.18(96) 4.36(83) 3.19(59) 4.02(74)

SEH) Mean 5.15 (95) 4.49 (83)°®  3.23 (60)** 4.10 (76)**
5+6N 5 544 (91)  521(87)  3.56(60) 4.62(77)
6 543(91) 4.62(77) 3.21(54) 4.19(70)

SEH4 Mean 5.44 (91)™ 4.92 (82)*F 3.39 (57)* 4.41 (74

8+9N 8 53(83)  5.11(80) 3.19(50) 4.41(69)
9 5.61(88) 4.97(78)  3.10(48) 4.35(68)
SEH) Mean 5.46 (85 5.04 (79" 3.15 (49)** 4.38 (69)*
RIEFZRT.
Notes see Table 7.

A7y BT A7 AR B ) 2R A AR
(#3), A N5.41. 597R16.40 g, FrLUREARAIAL
SY BERETE VI 5 2 M LB ROR, i 4 x (L ATI AR
B, RPBEE R A BT, o BERE AN ST
PN

A ZELR B A IR BEIRROE h, 7E& M4k
PR ERRE I ELAT, ST 8, k. k. =
R4y BERE TR (1 I (E A2 IR R Fetadh, (B RBE
FaFGRLE, JUH R =R B, RN, 5 Ab B
A L, AL b, o BERR P A,
AT LB N B, Wid-7NARER (R 47T A7 AT Y

SEH) Mean 4.99 (98)8  4.45 (87)* 3.50 (69)** 4.35 (85)™*

4N 4 497(92) 4.71(87) 4.19(78) 4.65(86)
5 4.82(95) 5.09(94) 329 (61) 4.65(86)

6 493(95)  4.89(91) 3.49(65) 4.60 (85)

7 520(98) 3.74(69) 3.12(58) 3.97(74)

SEH Mean 5.13 (95)*8 4.61 (86)** 3.52 (65)** 4.47 (83)™*

6-9N 6 5.62(99) 52(91)  4.11(72) 5.02(88)
7 5.66(99) 5.07(89) 3.85(68) 4.91(86)

8 5.59(98)  4.52(79) 3.17(56) 4.45(78)

9 5.43(95) 3.84(67) 3.11(55) 4.06(71)

P4 Mean 5.58 (98)**  4.65 (82)** 3.56 (63)** 4.61 (81)**

RITEFRT.
Notes see Table 7.
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W T (R 2NAIEN Ak P 1) 73 BE Al T~ 34 1 25 e 32
FHE 1 71%F162%, 2 8[12+3NFI8+ON &b 73 Hil &
76% F169%, 1 2 9 K] 2—5N F1 6-9N kb Ff S 85% Fil
81% , I8 I SR PR — IR 7 BE P o 1 LU T A AR, 3%
MBE[FAROC R, T 220R B I Hom b, BLA B4
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K AN 229 34N Ab 2 A A [R] R 2N AH RS9 7, 4+ 5
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FEF VB W K T4-TNAC B 6. 71067, R WA
R R A N TR EE VA 4 sV 5 N B2 N E e
PR SR 0 28 5% 7= 5 T s A A o
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L10, R EES A R e A
B, AERRIAA FLRH R I SR 2 S BADE A
JEE Y17 B I AN £ R AR SR I R) AT P 3, A 4 B
AL AME R AME AL T A R 2= s

R10 St LR ER 5 B (SPAD ) HDG & 8
Table 10 Content of chlorophyl (SPAD) and photosynthetic
intensity of flag leaf

Ab SPAD DL aliNia
Treatment Photosynthetic intensity
(umol'm*s™)
HhEE I LA B I
Heading Milk Heading stage
stage stage

2N 453 28.3 18.2

5N 46.2 28.7 19.1

8N 47.6 354 20.5

243N 433 26.5 16.5

5+6N 44.8 27.3 17.8

8+9N 46.6 33.5 19.6

2-5N 43.9 25.1 16.2

4-7N 44.5 26.6 17.3

6-9N 45.6 30.8 18.3

3 itig

IR SRR, fE R RN, AN
RTINS 2T AN T — IR 3 BER
b FEC— R4, FEEBE, —IRBE. IR
IYBE IR BRI oy BERE AN BEAE TP I (EHL 2
PR S A A A AR LT OR R T A7 Ab B,
S OR B T AR R A ) A B L
PR BT A7 A B =y, AR A BE AR H B )
HHEZHM 8, AA—E b, mTAL s BEA 5
Z R HREE A BES AL, Ty AL
Ak G S ZE R G BE IR P 35 R I T
FESG N, AR BRGE PRS0, AR ok R G E e,
PG 202, JeG R m, BAR IR, 4K
W, ARSI AR, RATIR B 2 (R R AR
e, fAaEEHENEMEEMN, DE4gRE
Yamamoto (1994)IHF5T45 RIEA—5, S the=
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[ 46 F N B 6 BE 5 e IE M EL i S 2k 77
R FHANE, B TR RS A R e vk
EASE A AE 7 3 (T SUAE [ PN 10 A LR
RSB NT: RS TR, TR AL o) BE
CEVREWAN= =" EE VRS YRS N=TTE SR € EA LIRS e T R eak 44
BZ) (M, 1955, T H, 1968; k7%, 1961,
1964; MR, 1994; F“J6HE, 1996), TAEAN AL 5
HRFRHE N, w0 A ) SRR ORI 44 R
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Hom R oA TR LR R, R A E
HuR, BIRAEKMEK, HIEREH, K, S5
FEAEIR, W X AT TRARI R 2, i AR B
HOBFRAERK R, b BN, S5 E a2 E
R0 (Matsushima, 1962; Yamada, 1962). 1fi £E
FARRRRAE 1, FR50 BN BRI 2, 62 775 1)
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2, 2005), MR I A S
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