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Effective Tillering Pattern and Grain Yield on Different
Seeding Dates in Barley

Man Gyun Shin* and Hirosi Kurihara**

ABSTRACT : This study was aimed to provide understanding on the eco-physiological response
of barley tillers as affected by difference in seeding date. Yield and yield contribution rates of
tillers were investigated with the data of field experiments in the former Wheat and Barley Re-
search Institute of Suwon, Korea from September 1982 to July 1984.

When barley was sowed 15 days earlier than or at the locally recommended sowing date (i.e.
October 5), it produced more mainstem leaves than the that sowed 15 days later than the local
recommendation. The effective tillers(i.e. ear-bearing tillers) were observed in concurrently oc-
curring leaves up to 10/0 (abbreviation of the 10th mainstem leaf) from early and optimum
sowed crops, while 9/0 from late sowed crops. Tillering followed the production rule of
Gatayama(1952) which has the linear leaf appearance pattern, Early sowing produced more ef-
fective tillers, but the highest production of effective ears(i.e. ears heavier than 0.505g) was
noticed in sowing at the recommended date. The tillers in the axil of first leaf in mainstem (ab-
breviated as 1) produced more effective ears than other mainstem tillers (i.e. primary tillers
such as C, 2, 3 and 4).

The tillers from the axil of first leaf, whether they were primary or secondary, always
performed better in the production of effective tillers, grains per ear, grain weight, and grain
yield per ear than those from the axil of coleoptile or prophyll. Other tillers from subsequent
leaves were also inferior in production with the order of their appearance, thus making first leaf
tillers as the best performer(e.g. 1 against C, 2, 3, 4 of primary tillers, 11 and 21 against 1P, 12,
13, 2P, 22 of secondary tillers). Even though the first leaf tiller from the first mainstem leaf(i.e.
11) emerged at a same time with the fourth mainstem leaf tiller(i.e. 4), it was always a better
producer of ears and grains. The above observations of hierarchy among tillers were persistent
irrespective of cropping conditions and treatments.

Sowing at the recommended date produced more effective tillers and grains per ear than early
or late sowing. In early and late sowings, more grains per effective ear were observed by early
sowing, whereas more grains per ear were produced by late sowing. The order of performance in
production of effective tillers and ears per plant was as follows: optimum>> early> late sowings.
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In optimum sowing the mainstems were the highest in grain weight per ear, while the first

leaf tillers were the ones in early sowing probably due to winter damage on mainstem ears,
Yield contribution by the tillers was greater with the following order irrespective of sowing

dates: mainstem, 1, 2, 3, C, 11, 12 and C1. The contribution of CP, 2P, 21 and 31 varied with

SOWIngs.
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Table 1. Trend of length of main stem and tillers for seeding date

Early seeding

Optimum seeding Late seeding

Main stem

. Average of Average of Average of

and tillers No. of tillers gtems length NO. of tillers stems length No. of tillers stems length
(cm) {cm) {cm)
Main stem 1 69.7 1 71.4 1 71.2
1st tiller 6 67.8 68.2 6 68.6
2nd tiller 14 67.2 14 66.9 12 66.2
3rd tiller 10 62.5 8 63.4 3 60.3
Total /average 31 65.9 29 66.4 22 66.3

Table 2. Trend of leaf number of main stem and tillers for seeding date

Early seeding

Optimum seeding Late seeding

Main .stem Average Average Average
and tillers No. of tillers  pumber of No. of tillers  pumber of  No. of tillers  numper of
leaves leaves leaves
Main stem 1 13.2 1 12.5 1 11.1
1st tiller 6 8.7 6 8.0 6 6.6
2nd tiller 14 6.4 14 5.7 12 47
3rd tiller 10 5.5 8 5.0 3 4.1
Total /average 31 6.8 29 5.8 22 5.4

A S QI LR BRI} ol Foll wal [
3Eo| 1t Y] AL 2 Hid sl

Kirby and Jones'®®] gEolM = RS YK
S vl AR HEES REE 2 A9l 1)
ste] ZEgOUL EmMAThE eV Ao AER
REERT IRl #ItsaS wddx F1EH
SEERE O] P BMo] T 3B v £
o] HEEHAZ] W2 RHAS) A3 5EES FEHU)
B ] B2 ul A SES EHUL ML
3l Fihe o] BEge] K EHE RE BET U
NS W ol EHE TREES Q) BHHolA
o}

3 MEBMER

1) BRERER

ad 2« #wElie) B o AuEds
< Fl® o) mHZE, FEs5rEE Bigol HEES &
SrEEEEvITE R T olvh. Bl B £Y
o HREHERLS B3 A BES AYSFE 2

o} BRI AUEE LS Hole £ MHERo|
FEFHACT}, — o Aile TR S
%S AMS L TEO| FHhrd olate] HR2 Y &
BB BmE 9 Bl Hol ARIES BATER
ol A 2EBFEENAE S i 10@FEH 2 1
MEHTEEC] 0.721g2H ©19 70% kil 0.
505g (17%1) Ll E-& AXHEE RESI L itk
Higo] AigiEe] BRAEMoITH I #R JER 25
HilEs TR 1, 2k o8] R4S 4
g0l . |

T B ko] 70% ko2 9T 4k
T 3EM RFC, 1,23, Cl 1P, 11 o]0 &
BEE 12, 2P, 21 @EEE BEE Lyt CP7}
HRdEstdet, o= SEEEfro Ay F—fE
7hEElol kMRS FIEMY 2 BiIESEETE B
o} b RAr 1Efrol A BEA S 4rEE(D, 11, 21,
3D 9] AR e w1 FESEFIANT
110] 714 iggh sl o, 3 [ e EARZENA
7} Thrgiol A g3 58 (480} 11, 5 B} 12,
21 %) o] AR E#RSIT S

— 463 —



/0 ap
i ¢ Eal i ¢
rly seedin \
o Early seeding L wn y g
5/ 35
601 EXORTY
710l C,Cé,i 1.2P,CPP
a0 . 5.\2.21éP.CP1.CIF,IPP
9704 13.2261,0",1‘9.“".2PP
o0  BR2AP2IP
= L N C 3/0 " T
g Optimum seeding \ g Optimum seeding 3
o4 4/0 o 8 W,
« 2.p @
=] s/04 ) £ spe
g 6104 acLP E 04 2]
b= C2,11,2P,CPP 5 CEP
o 7 AR S E
[ = ]
5,12,21,3P,CP1,C1P,1PP @ CIP__18R—-30 1 1
é 8/04 ’ 253 —g oiof &5 cm; T
13.22.31,C11,11P 2PP &P P 1
a 970 L RARSARY E 8/01 & €“l=l
4 toeq B § 10/0 o
30 - <
- 307 —
] LAte seeding L Late seeding E\
40
2CP
51 ) 510
3.C11P
6/0- 2] .
4,C2,11,2P,CPP
7/0 G .
8/ 5,‘%2‘.3?,1?? o
o iiezsnP /0
1070 1000
2 I3 1 7. 3 3 70 1) 12, [ Mo 20 30 4 S0 6 70 8 90 100

Leaf number of each tiller Appearance rate of effective tiller(%)

Fig. 1. Relationship between leaf number of
main stem and leaf number of each
tiller based on synchronous leaf and

Fig. 2. Relationship between leaf number of
main stem and appearace rate of effec-
tive tiller based on synchronous leaf

tiller theory for seeding date,

)/ &

# 32 wBrEye Bapol B8 AR ARkdE
grolch. #E Auss RBEY) 31ko R 7}
B B ool BREIAY ARERT BB R
oA 71 Bta o]oj BRI, BIBE S NEO]
Aot FRE YRS 1, 22kaEES] AR gt
gl 7 FrE oz =g 4 9ot

3) AR

4= ARE A+ BR 2 SRR 1k
EhBe Ty 1HERgrel o

IREREE EIBE 600K il BREE
84%, MR 68% Qo™ SERMAZE 1K

and tiller theory for seeding date.

52 ERE 207HO) et RBE 92%, Mg
& 91%, 2Kk5yBES SEIBIE 385. 1kro) kbt B
BE 78%, BBE 57%Ath ol- EHEAMLL 1
K} 2KEEC] IHRE RI# ] 85% WSME AHA
ShATh 3Kk5rEES JEHE BT kgl Aol FHR
EE7F A A

T 1RERHE B RS EEE 46.0k00
3t miBE 97.8%, REBE T.7%2 FBR
= EEE el 28.3%Y WA E BT Hig
% RE 2R e Bl AU A wE 7
S BAR EFERSE A Ho| MR
ol BE, BES Lo} Mt KEuHIE B
Rom of= FLikry TrylifEcl SRR S E

— 464 —



Table 3. Comparisons of number of effective tiller of main stem and tillers

Effective tiller{>1 grain per spike) Effective Spike(>17 grain per spike)
Main stem Early Optimum Late Early Optimum Late
and tillers seeding seeding seeding seeding seeding seeding
Main stem 1 1 1 1 1 1
1st tiller 6 6 6 5 5 5
2nd tiller 14 14 12 10 12 7
3rd tiller 10 8 3 - = -
Total 31 29 22 16 18 13

Table 4. Comparisons of number per plant and average grain number per spike of mian stem
and tillers for seedings date

Grain number per plant Average grain number per spike
Early Optimum Late Early Optimum Late
Main stem seeding seeding seeding seeding seeding seeding
and tillers . Percent . Percent ~ Percent . Percent ~ Percent . Percent
Grain Grain Grain Grain Grain Grain
of total of total of total of total of total of total
number number number . number . number . number .
ains grains grains grains grains grains
Total 579.5 100 690.1 100 471.0 100 187 56.7 238 51.7 214 476
Main stem 33.0 5.7 46.0 6.7 45.0 9.6 33.0 100  46.0 100 45.0 100
1st tiller 191.0 33.0 207.0 30.0 18380 399 31.8 964 345 750 31.3 69.6
2nd tiller 2985 51.5 38.1 558 219.0 465 21.3 645 275 59.8 183 40.7
3rd tiller 57.0 9.8 52.0 7.5 19.0 4.0 57 17.3 6.5 14.1 6.7 14.9

Table 5. Comparisons of grain number of effective spike per plant and average grain number
per spike of main stem and tillers for seeding date

Grain number per plant Grain mumber per spike(>17 grain per spike)
Early Optimum Late Early Optimum Late
Main stem seeding seeding seeding seeding seeding seeding
and tillers Grai Percent Grzi Percent Grai Percent Grai Percent Grai Percent . Percent
rain a
! of total ram of total ram of total ram of total ram of total ram of total
number . number . number . number number . number .
ar. grains grains grains grains
Total 477.0 100 613.6 100 421.0 100 29.8 90.3 34.1 74.1 32.4 72.0

Main stem  33.0 6.9 46.0 7.5 45.0 10.7 33.0 100 46.0 100 45.0 100
1st tiller 187.0 392 1965 32.0 1860 442 374 1133 393 85.4 37.2 82.7
2nd tiller 2575 538 3711 60.5 190.0 451 257 77.9 309 67.2 27.1 60.2

HA =2 B ELEES Vel oE s, A flo] ZRe AR FUTH 2K WHRE 27.5
B3, 1Ler) o] o —Begho) kol Hoaked RIBE 77.5% HIRE 66.5% AT 3

Ik BEE o] R IMER= BIBE 34.5%000 KOPEES AREPRIBT 207 HEO HREBRE F
ety BERE 92.2%, MEE 90.7%= BiEi HE7}F Wkt

— 465 —



# 5% 1REKIE 176 BLE9) o4l = Hias
SARE FolTh AR 14kE HEE EBE
613.6K10 tHEte] BHBE 77.7%, HIBE 68.4%
Aot E ol £& 9] Ak el EE
[ 88.9%, RIBE 82.3%, MiBE 80.4%2 B
07} SRS S ] eako] =T}, B
7} WS o) 2k5rEES] KNG EE, 3KSEES] AR
%] gl ko) ERkECl Fmsl: 1Mk
g0l 12X Aot SERMHIE BE 1%k5
o) AR K BIEE 196550 Kl B
BIE 95.2%, BIBE 94.7%0°|0.00 Aol A
BolE EBIEE 04.9%, RBE 97.9%, ®iEE
98.9% AT}, 2:k5 EENM = SEBIBE 371 kol
st} BB 69%, MIBE 51%2 Aol B
hAESE BIRE 96.4%, REE 86.1%, BEE
86.8% 2 Wit}

A SEERAR 1SS 19 30A 2H 3
B R RS NI} ARk —
et} 1k EE, 2k QoI E AEe) 1
HORIEE Bokth 22U REE Y] RS skt
T OER>IRGE>2AFES e A
7359t 2ol 4 B LE kg Btk
T oBEgel We 2E g Asng A
o}, webA ARl M 1k Mls EREE>
BIBIE > BIBE ) IEGol vV ity 1R &R
E>MIBE>LBES JEIAY. miEEs 25
EET 158kE0) 22 A2 BmEEe M 2
& KE 1S Tk £/ REER A9
7] wj o)},

09 4 BEye) fapol wE FhE, FES
5 Mol HRgste] BRI INHE BT
g g oA Hme AiEe) RRGoITH Ak
fol A B 555bA0 Byl WE FARRET
o] {BAL, BAMATEES SRS BT B4
o] =L B, BmAMSELELS KB} 2 olA
SR ARG E Bk 28U 1Mee} B
ERIE &) B RS B CceH, CP
s} C1, 1P} 11, 2P9} 213} 7o) Yol B4
EEie) srEEe) Mgt B A9y 4 B}
11014, 5 Bt} 12, 2134 o] R EEolE &
KorEEC) WHBHK S BATh

Leaf number of main stem

Average grain number per spike

50
Main stem

404
304 B/\
211d ti] ler

10{ = Effective spike

20

--»—  Effective tiller

Optimum
seeding

Ez;fly La'te
seeding seeding
Fig. 3. Change of average grain mumber per
spike of main stem and tillers for
seeding date,

Early seeding

10/0.

cgp
cP P
e e

P
9/01 c|,:=1|1_-_,2”

1o0{ B

"I Late seeding’

A Limit effective number
5/01
6/0
7704
8/04

P ST T Ry

10/04

[ 10 20 20 « EY

Grain number per spike

Fig. 4. Relationship between leaf mumber of
main stem and grain number per spike
base on synchronous leaf and tiller
theory for seeding date.

— 466 —



4) FHE

19 5% BELS Rl e R ek
fipl F3 THE L] aEm #£RE Jepd
Jdolt}. BIBEE Kot ] ThiEo] 7}
F FANL SRR EE RBRASTE, S
KRAL7} 22 BHBAS AT E ThiE) A
At

I 62 1R TRIES] o4l SRR Rk
obo] BRE 2 Zlolth THEL 58] ¥, &
WABE A, 1BRget 2] AR Rugy}
REA] TES] FEBEO] BolX] tch. EEE el 3%
STEE S ER 7, 8% MRS THEC #8
7F € B 4 AAC E kol A9k o] I
AL 189] sr8Eol v s B rholl M= EafisraE
ol EHIS ol Fo] BgolHn & &+ Ut

5 FRE

£ 6 B 1kE 7EE 2 T 1 F
TEO|O. 1Y TEES EBRE>FIBE> BB
Eo JEC.Z Wkon) Ty 1Y FEES &%
B> iG> BEEe] JEeE wdth 4EX
A5l T8 1R ES 1, 22k0 8= BEBEY)
IBE B BT 3k4aEEd = Ao

x® TS BRAE] ke TEE 2 £ 1M F
BHo|G. A 1%E FEEOIY Ty 15T
REXE A%E d@ma 2gch Fuiae) sy
TERES Ak i FEEY HEsie 29

20
32

Main stem
31

304 1st tiller

291 ond tiller

|

281

1,000 grain weight (g)

3rd tiller
271

Early Optimum Late
seeding seeding seeding

Fig. 5. Change of 1,000 grain weight of main
stem and tillers for seeding date.

Early seeding
410

s/0:
8/0
710 °EF
8/0

8/0:

0104

e l Optimum seeding

4/0
5/04
&/0
7/07 g
&/0
8/0

10/01

Leaf number of main stem

e Late seeding
$/0
S/0
6/0
710
04 P
8/0

10/04

25 26 27 28 29 30 A 32

1,000 gain weight (g)

Fig. 6. Relationship between leaf number of
main stem and 1,000 grain weight
based on synchronous leaf and tiller
theory for seeding date.

BEE 83.0%, EIEE 80.5%, BIEE 90.2%=
BHES WSS AR B HREE 2
ol TEE Hao] Bt}

Y 78 1%kE TEEY £8 2 SRR
FHTEES B8 aEMos Jehd 190
o BEM7} SoR5E HuEsr Fo) 1k
288 FEES AN TEEY 9§ ke =
kI FERMAEE EHRS —Fste Emolvt
1RATEET 2R5BES AR Aol s &
I 3KHEES JEHE BE AR TRES H
#g 5 AUk

I EENO) Bapol 02 S8 WAL 151

— 467 —



Table 6. Comparisons of seed weight per plant and average seed weight per spike of main stem
and tillers for seeding date

Seed weight per plant Average seed weight per spike

Early Optimum Late Early Optimum Late
seeding seeding seeding seeding seeding seeding
Main stem
and tillers  Seed Percent Seed Percent Seed Percent Seed Percerllt - Percent ced Percer'lt
; for total for total ™ for total for main T for main " for main
weight weight welght weight weight weight weight stem weight stem weight stem
(g) (%) (g) (%) (g) (%) (g) weight (&) weight (2) weight
(%) (%) (%)
Total 17.379 100 20.618 100 13.786 100 0561 554 0911 487 0.627 453
Main stem  1.012 5.8 1.461 7.1 1385  10.0 1.012 100 1.461 100 1.385 100
st tiller  5.888  33.9 6.397 311 5618 40.8 0981 9.9 1066 73.0 0.936 67.7
2nd tiller 8860 51.0 11.338 54.9 6.285 456 0.633 625 0.810 554 0.524 378
3rd tiller  1.619 9.3 1.420 6.9 0.498 36 0162 160 0178 122 0.166 12.0

Table 7. Comparisons of seed weight of effective spike per plant and average seed weight per spike of
main stem and tillers for seeding date

Seed weight of effective spike per plant Average seed weight per spike

Early Optimum Late Early Optimum Late
seeding seeding seeding seeding seeding seeding
Main stem
andtilers  Seeq Percent Seed Percent Seed Percent ce Percer.lt Seed Percer-1t Seed Percer?t
- for total for total for total T for main " for main for main
weight weight weight weight weight weight weig stem weigh stem weight stem
@ g @ g @ g ® g @ geight ®) weight
(%) (%) (%)
Total 14.411 100 18.455 100 12.434 100 0.901 89.0 1025 70.2 0957 69.1
Main stem  1.012 7.0 1.461 7.9 1.3 112 1012 100 1.461 100 1.385 100
Ist tiller 5.768 40.0 6.072 329 5561 447 1154 1140 1214 8.1 1112 80.3
2nd tiller  7.631  53.0 10.922 59.2 5488 441  0.763 75.4 0910 623 0.784  56.6
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