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Studies on the Bulb Formation in Garlic Plants.
VI. Effects of Growth Regulators on Shoot Growth and Bulb Formation
Hideaki TAKAGI and Takashi AOBA*
(Laboratory of Olericulture, Faculty of Agriculture, Yamagata University o
*Laboratory of Vegetable Science, Faculty of Horticulture, Chiba University)
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Fig. 1. Effect of growth regulators on number
and weight of cloves per plant in field-
grown ‘Yamagata’ garlic plants when
the seed-bulbs immersed in a solution
of water, NAA at 200ppm, GA at 200
ppm, BA at 50ppm, or ethrel at 480ppm
for 24 hours before planting (Expt.1).

Number of plants per lot 19 to 21.

=B 2 TE3F - QIFERHOEmBmLE

244EE BA L= A VAWK T2 RAERMEES
N (REE CRB TR & T S I ZE DRT R
wmmeL—*;tb%?ﬁ*mmmwﬁpm@%é
/N T D 1L AN

o, RHEZEST



Table 1.

——= V=7 OWREFIZET %

(%5 6 #) 41

Effect of top spray treatments of field-grown garlic plants with growth regulators
on induction of vegetative lateral buds3 (Expt. 2).
For other details see Fig. 2.

Variety Regulator Concentration Percent of vegetative Percent of plants having
(ppm) lateral buds one or more vegetative
lateral buds
Yamagata Unsprayed _— 0 0
Control — 0 0
(water)
4 0 0
NAA 200 0 0
200% 0 0
400 0 0
GA 200 (i 0
200% Otk 0
400 Qs 0
BA 50 49 86
50% 42 67
100 75 100
Ethrel 480 1 6
480% 3 14
1920 33
Hoki Control —k 19 68
(water)
NAA 200% 15 59
GA 200% R 29
BA 50% 41 100
Ethrel 480% 36 94

* Sprayed to May 25.

*kAlmost all cloves formed two protective leaves per clove.

XWe define a vegetative lateral bud as follow : the first one or more leaves of a vegetative
lateral bud develop into foliage leaves and the leaf formed later than those leaves develops
into a storage leaf ; occasionally, on leaf axils of foliage leaves of a vegetative lateral bud,
axillary buds are formed and those also form storage leaves.

TS OMFE I 2 REREN B - & Ain L. Ik
B, MFENRZOX 5 CERTIESHITI - 7o & Hint
L0, AWE TR ORIED, FOERF - FIZFE AL
MR S, O E CITBECd B REOREER
ZLTWBSDDHZHRE UTHERD 7).

W OIRIK (MK & KETR) T, 23R4
B34 Zbhieh o723, BA XK CIREEAILE, Wi
WIRIIC X - T3 » 7203, 67~100 % DEIC 2 sk
ENEY, = A VK TIE 6 ~33% Dhaic it -
7o (1), £/ 955 F THREXBXTH68% DfE
2R 57208, BA, = AVATEICE 5 T2
WAEERAERSEL LD, ThEh 100 %, 9%4%IiZix-

7o, —F, GAMITRIZ X T 935 & D2 /AEERER
1329% 1K T Liz. T7bb GARRIZEOEOLEBEL
ZHIH L7z, GA 13 £ FHELT 2EDOEMND 2 D
R RHEE( LT A ERAEL, MAEE DITELAE TN
TOMIERIC 2 DO FREER 2 B (2 Hl EORESE
DA, I X > TIRBLL v, 435 %%, ‘U
¥ THBE L LAERS R ).

Bk - TRIFFRL GA RIAIFEREMEESHh, Th
5OMZEIMERCFSE L-DT, LiEMY b OFHIE
HMRIBE X DL 7228 (B2 1), REROEKIX
FRT, GA KO 1EMY » OFHAFREIERE D X
DT o7z (2. Ly’ @ BASOppm 6 [l



42

W B bk 2 & e W335

Growth regulator, ppm

07 14 ‘Yamagata’
n 9
(9]
S st
Q
P
556
ALl
exstlnllal pd (1]
ER N il § § BININIE B 8 RN
-1
427 ““
. 38t
[
a3
® 30
]
E wog |
0:;)-:-?
z52 i I
OF  CIOTCEEETICNEI
=
Ns m_l
=
4
o &
o 3r
[0}
3o 2
£2 OO
S
w 7
5 N—1
s 6f 1
=%
L 5 1
)]
Q4_
-
=
o 3
[
B |
-
[}
= 1
=
@ 0
b{)B.O'V_l
Y r
325 057y —2
320 04}
L1501 03
O N
j‘l.O nlin 0.2}
=
205t ”H 0.1 ”
= : 0
()
E 48 Vl:l 57__V[—2
Q
o P4t 53t
5%
oS40 49
2D‘
S 5 367 451
ERS
Q2 ~32r 41}
G 0 I ”
04—'
o w28 o 037 0
o i SRR mSmEE e T eI mCIT
a8 - X X ¥ X ** ¥ * %
B - == @
2 = U<
82 F 3 5 ¢ =%
SoE < S = m

TR 2B TR T OBEAVAFLRE T DBk DI AR X
wCHRB E% 0, LMY b OFERIERERSIEX LD
INEL Te ot (B2

GA KIFERFRMHILESh, 1Y v OFHTRF
AR L DL 7248 (B 2X 1), HRFOIEIIE
TET, GA KXo 1{EMmY v OFHERFREITMIEX D XL
DINE 7otz (B2KN). GADSLOFEFIMILX T,
1HEY b OFHEBEFLHLRE, MR X DDl o7e
25 (2K, BA Kb X =2 L /LROHFOMA
RESH (B2RYV), ZhbOK T, HRFRKED
UL Mot 429 E D= AVARERVT, 1
WY 7= 0 OB E RS HIRK & MEr IO RE < JAS
o7 (B2 N). LaL, KFEEIMERIIAESLE
57K Th 1fEY D OTRIE & EkOAFIE O FIs%
BRI DAZHLT Loz (B2K, ). &FF
VT — R SR OB ORI, WERED AT X -
TIO/hSL ot

T3, TERF & IBROTGIANL RIS TSR
JER D FEDIFRD B - 7.

XKE3  EHEMEEAGLIE

GA & BA KT AH O S b, GA KD%
MR AR S X LAWY b OFaS K, Th
11009, 154 (#iffl1~374) T, BA KOELh®

Fig. 3. Branching at the harvest time of field-
grown ‘Yamagata’ garlic plants when
the mother plants which produced the
seed-bulbs were sprayed with GA dur-
ing the period of clove formation (Expt.
3).

Fig. 2. Effect of top spray treatments of field-grown

garlic plants with growth regulators on num-
ber and weight of cloves and of bulblets per
plant when sprayed from Mar. 16 to Apr. 27
(six sprays) or to May 25 (ten sprays) once in
every week (Expt. 2).

*Sprayed to May 25.
Number of plants per lot 10 to 25.
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Fig. 4. Effect of growth regulators on number
and weight of cloves per plant in field-
grown ‘Yamagata’ garlic plants when
the mother plants which produced the
seed-bulbs were sprayed with water,
NAA at 200ppm, GA at 200ppm, BA at
50ppm, or ethrel at 480ppm during the
period of clove formation (Expt. 3).

Number of plants per lot 10 to 20.
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Fig. 5. Effect of top spray treatment of growing
‘Yamagata’ garlic plants with ethrel on

shoot growth (Expt. 4).
Observed on the 98th day after plant-
ing.
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Table 2. Effects of top spray treatments of growing ‘Yamagata’ garlic plants with growth
regulators on shoot growth, storage leaf formation and development, and lateral
bud formation when plants grown at 20-25°C under 24-hour daylength and sprayed
from the 42nd day to the 105th day after planting once in every week (Expt. 4).

Node-order of storage leaf which No. of

Regulator Plant No. of  Bulb Neck Bulbing  formed lateral

height>¢ emerged diame- diame- ratio} Days after planting buds per
cm foliage ter3X ters 98 153 192 plant#iek
leaves % mm mm

Control (water) 57.7+1.6 10.0+0.3 13.24+0.8 5.6+0.2 2.3640.09 11.4+0.2 11.0+0.4 —_— 009)

NAA 400ppm  43.5+1.8 86+0.2 7.1+03 58+03 1.23+022 V.G (V.G.)* V.G. 0(8)

GA 400ppm 48.4+3.0 10.5+0.3 9.9+0.6 59+0.2 1.68+0.06 V.G. 13.0+0.4 — 3.1+0.1(8)

Ethrel 1920ppm 33.3+1.8 83+0.3 10.1+0.4 9.4+04 1.07+001 V.G. (V.G.y*  (21.040.0)*%+ 0(9)

BA 120ppm 47.0+5.0 83+05 58+03 4.9+03 1.14+0.03 V.G —_ —_— 0(4)

Data are expressed as ‘mean=+S. E.” No. of observed plants 4 to 5, unless pointed out.

V.G. =vegetative growth.
3 Observed on the 98th day after planting.
*Judged by the appearances.

*Two plants formed bulbs, but the other three plants grew yet vegetatively.

##%No. of observed plants in parentheses.

Table 3. Effect of growth regulators on storage leaf formation and lateral bud formation of
‘Yamagata’ garlic plants when chilled (5°C, one month) seed-bulbs immersed in a
solution of each growth regulator for 24 hours and then, grown at 20-25°C under

16-hour daylength (Expt. 5).

Bulb Regulator Concentration ~ No. of Percent of storage leaf No. of lateral buds
size (ppm) plants formation per plant
Large Control(water) _— 6 100 0
NAA 50 9 78 0
200 7 71 0
800 2 50 0
GA 50 8 75 2.9
200 6 50 2.7
800 5 33 3.0
BA 50 3 100 0
200 3 100 0
Ethrel 60 8 100 0
240 9 89 0
960 8 0 0
Small Control(water) — 6 100 0
NAA 50 9 100 0
200 9 100 0
800 8 88 0
GA 50 9 39 2.9
200 10 100 3.0
800 10 70 2.9
BA 50 9 100 0
200 9 100 0
Ethrel 60 10 100 0
240 10 100 0
960 8 100 0

Observed on the 64th day after planting.
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Fig. 6. Effect of growth
plants (Expt. 5).
For details see Table 3.
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regulators on shoot growth and bulb growth of ‘Yamagata’ garlic
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Summary

The present work was conducted to investigate formation and development of lateral buds and of
effects of gibberellin (GA), Nf-benzyladenine (BA),

(2-chloroethyl) phosphonic acid (ethrel), and potassium-

storage leaves in garlic cv. ‘Yamagata’ and ‘Hoki’.
1. GA induced lateral bud formation of the

a-naphthaleneacetate (NAA) on shoot growth, and on treated plants whether tops of growing plants were
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sprayed with GA solution (200 to 400ppm) or seed-
bulbs were immersed in GA solution (50 to 800ppm).
Young lateral buds induced by GA treatment deve-
loped into cloves when storage leaf formation had
already been induced or was being induced in the
plant. Young lateral buds, however, grew vegetati-
vely and developed into lateral shoots when storage
leaf formation was not induced in the plant yet.
Those lateral shoots were similar in growth to the
main shoots, and each lateral shoot formed a single-
storage-leaf bulb or both an inflorescence and some
cloves after storage leaf formation had been induced
in the plant.

2. GA stimulated bulblet formation when top
spray treatment of field-grown plants was done
during the period of inflorescence formation and
development. Consequently, GA-treated plants increa-
sed in number of cloves and of bulblets per plant
than control plants. However, because GA delayed
storage leaf formation and inhibited storage leaf
development, both clove weight and bulblet weight
per plant of the GA-treated plants were less than
those of the control plants.

3. GA inhibited that the first some leaves of
lateral buds (formed in spring) of field-grown ‘Hoki’
plants (whose lateral buds tended to develop the
first some leaves into foliage leaves) developed into
foliage leaves when sprayed during the period of
lateral bud formation and development. Number of
protective leaves of each clove of the GA-treated
plants was usually two, because GA promoted that

the two leaves just preceding a storage leaf of each
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clove developed into protective leaves.

4. BA at 50ppm also induced lateral bud forma-
tion in developing cloves when the mother plants
were sprayed, although its effect was very much
less than that of GA.

5. When BA at 50 to 100ppm was sprayed on
field-grown plants during the period of bulblet
formation and development in spring, BA-sprayed
plants tended to increase in bulblet weight per plant
than control plants. However,clove weight per plant
of the BA-sprayed plants tended to reduced. Conse-
quently,the sum of bulblet weight and clove weight
per plant of each BA-sprayed lot was not more than
that of the control lot.

6. BA promoted that the first some leaves of
lateral buds of field-grown plants developed into
foliage leaves when sprayed during the period of
lateral bud formation and development in spring.
Consequently, BA promoted that the first some leaves
of lateral buds elongated and emerged out.

7. Ethrel at 960 to 1920ppm inhibited an incre-
ase in plant height and storage leaf formation and
development, but promoted lateral extention of leaves.
Consequently, leaves of ethrel-treated plants became
wider, and the false stems of those plants increased
in diameter.

8. Ethrel as well as BA promoted that the
first some leaves of lateral buds of field-grown
plants developed into foliage leaves, although the
effect of ethrel was much less than that of BA.

9. NAA at 50 to 800ppm also inhibited storage

leaf formation and development.



