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Establishment of Dormancy Breaking Method in

Tuber and Mass Production System with Bulbil of
Chinese Yam
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SUMMRY

I. TITLE

Establishment of Dormancy Breaking Method in Tuber and Mass
Production System with Bulbil of Chinese Yam

Io. OBJECTIVE AND NECESSITY

This study was conducted to investigate the effective physicochemical methods
on shortening the dormancy periods in tubers and bulbils and to establish the
large-scaled production systems on higher quality of tubers and bulbils of
Chinese yam plants grown in a field conditions including paddy fields. Most
chinese yam varieties cultivated in our country have been used to make
processing foods and herbal medicines. Recently consumption on chinese yam as
raw food has been increased over the ten years ago. The two chinese yam
varieties cultivated in Korea are two types named Jang-ma (Korea common
name, long tuber) and Dan-ma (Korea common name, short tuber). Tuber length
1s ranged from 30 cm to 120 cm and it grows well at the deep soils. In
harvesting these tubers, excavators have been used to harvest the tubers grown
in the deep soils spending higher cost in most farmers. Some farmers sometimes
use the larger diggers. It is needed much harvesting times. Finally, farmers
cultivating these chinese yams are placed at disadvantages for harvesting times
and higher input. As a result, most of farmers hope to cultivate and find the
labor-saving type and high quality on chinese yam. Dunggun-ma (introduced
from Japan, 1997) has a round type and grows at shallow soils.

Mucilage property(mucin) that has used to estimate the quality index for foods
processing are 7 or 8 times higher than that of conventional chinese yam

varieties. However, in spite of these merits, the new varieties has relatively
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lower tuber productivity and bulbils that is used as seed and seedling in chinese
yams 1s scarce not formed in a natural environmental conditions. Finally, these

problems have pointed out as an obstacle to spread the new varieties.

. CONTENTS AND SCOPES OF THE
STUDY

1. Several environmental factors affecting tuber dormancy and bulbil

productions

- Solarig culture: bulbil formation rate and tuber yield
- Application of plant growth regulators: bulbil formation/production and tuber
enlargement

- Investigation of gibberellin biosynthetic pathways
2. Methods on reducing tuber dormancy and promotion bulbil enlargement

- Comparison of mixed auxin and cytokinins: bulbil formation and production

— Estimation of possible paddy fields: tuber yield and bulbil production

- Analysis of endogenous plant hormones: jasmonic acid and gibberellins

- Dormancy-reducing physicochemical techniques: Ancymidol and air-tight pack

- Higher quality tuber production : gibberellin and cytokinins application

3. Improvement of bulbil as propagation purpose and introduction to paddy
fields

- Promalin treatments: promoting the shortened dormancy periods

- Difference in regional culture: Andong and Daegu, bulbil formation/production

- Establishment of paddy field culture: fertilizer selection and disease control

_13_



IV. RESULTS AND APPLICATION

1.

Results of this study

(1) Several environmental factors affecting tuber dormancy and bulbil

productions

In considering formation rate, fresh weight, and diameter of bulbils, the
favorable cultural methods that induce a higher bulbil production and dramatic

enlargement of bulbils are subjected to solarig condition in a field.

When chinese yam grows in Solarig—greenhouses, endogenous jasmonic acid
content was about 2 to 5 times more increased in Solarig condition than in a
field showing that jasmonic acid is closely involved in bulbil enlargement in

Chinese yam plants.

Application of mepiquat chloride as one of the gibberellin biosynthetic
retardant and commercial plant growth regulator promoted the formation and

enlargement of bulbils in Chinese yam among tested commercial chemicals.

The optimal storage temperature on tubers was ranged from low (15C) to
lower temperature (4C), in these temperatures, sprouting rate was hastened.
Two gibberellin biosynthetic retardants, ancymidol (AN) and mepiquat chloride
(MC) was considered to be best dormancy breaking chemicals in Chinese yam

tubers.

Two different gibberellin biosynthetic pathways named an early C-13
hydroxylation and non C-13 hydroxylation were operated in Chinese yam.
When dormancy periods in bulbils and tubers had been prolonged, non C-13
hydroxylation route having bioactive GA; was dominantly operated in these

organs of Chinese yams.

_14_



(2) Methods on reducing tuber dormancy and promotion bulbil enlargement

- New cultural technique using mepiquat chloride in relation to formation and
enlargement of bulbils took out a domestic patent on new invent. Related to
tuber enlargement, application of auxin had more promising tools than

cytokinins.

— Chinese yam were introduced to paddy fields in order to investigate the replaced
availability with rice plant. Tuber yield grown in paddy fields was slightly
decreased compared to the upland fields, whereas occurrence of diseases was

reduced markedly in paddy field condition.

— Bulbil enlargement was closely related to endogenous gibberellin content,
bulbil enlargement was kept to September 15, endogenous gibberellin content
was Kkept to be maintained higher concentrations. In this result, it was
suggested that bulbil or tuber enlargements might be controlled by an

exogenous gibberellin with GA4.

- Soaking treatment with ancymidol promoted the dormancy breaking in tubers.
Sprouting rate of tubers stored in air-tight vinyl packs was increased
temporarily emitting gaseous plant hormone, ethylene. Meanwhile, this result

was not coincidence with that of field conditions.

- Application of hormonal combination rather than single gibberellic acid and/or

benzyladenine as cytokinins had induced the good growth and higher yields.

(3) Improvement of bulbil as propagation purpose and introduction to
paddy fields

- Over 59% in bulbil sprouting was observed at 60 days after seedling. Among
these treatments, promalin leaded to higher sprouting rate at 50 days after

seeding ranging from 525 - 63.2%. In particular, promalin was most effective
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to promoting the sprouting rate at 60days after seedling. In these results,
promalin is recommended to widely application in farmers cultivating chinese

yam plants.

Bulbils were set early about 9 days in Daegu region compared to the Andong
region. Bulbil formation (2 mm in diameter size) was similar to two regions,
otherwise bulbil formation rate in medium size (2-4 mm) was more promoted
in Daegu region than that in Andong region. Furthermore, the largest bulbil
formation rate above 4mm was dramatically increased in Daegu region
compared to the Andong region. It was implied that amounts and formation
rate of bulbil in two different regions might dependant on diverse
environmental factors such as mean air temperature, rainfalls and soil

moisture during bulbil formation and enlargement stages.

One of detrimental problems to introduce chinese yam to paddy fields is
severe soil moisture causing tuber decay and disease and lower productivity.
Higher ridging was essential to protect root system of tubers from
intermittent higher soil moisture, marginal irrigation and continuous
precipitation. In field trials, 30 cm in ridging height was favorable to keep

higher and good tuber yield.

Conventionally recommended fertilizer amounts per 10 a are 43-28-32 kg as
N-P:05-K90. In practically farm yields, the amounts of fertilizer may cause soil
contamination and lower nutrient availability from chinese yam plants. We
selected newly the optimum fertilizer amounts and composition from several
fertilizers. Controlled-releasing fertilizer and N-K fertilizer was promising
fertilizers in cultivate chinese yam, in particular, round tuber type. Two
different fertilizers promoted tuber yields and higher commercial productivity

compared to the conventional amounts of fertilizer in paddy fields.
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2. Aplications of this study

From this project, we concluded that new technology to promote and enhance
the tuber and bulbil enlargement leading higher yields was applicable to the
farmers cultivating chinese yam plants including two different tuber types,
Danma and Jangma. Forcing culture methods with plant growth regulators is
recommended in developing new cultivar from chinese yam plant. As a result,

chinese yam is introduced to paddy field instead of rices partly in our country.
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A,

ATolA = 2 AL opposita EET= A AER! alata Foll = 3HE o
78] Wobs ook Fotet BEd AFEAA ] Bt dF FhHJoH A
/3}7} wn g A A o)W (Farooqgi et al,1989; Wickham et al 1984; Passam et al,
1982; Okagami et al, 1983; Barker et al, 1999a,b).

H(1990d ) =ole] Fo A= v FHFR FAHE4<l batatasinIl €]
allelopathy & ¥koll #3F A-of whe] A% duld 54 np 3749 A& Y=
wslel] gk 3t 249 HF It WEgo o3l jasmonic acidel
g, ddiwte] A% 713He] A fe AMEY Y HE3; Fo] AdAow
FEa oy Aol & AHL gl 24U (Anna et al,1997; Wallstedt et al,
2000; Houet al, 1999; Barker et al, 1999; Chowdhury et al, 1998; Bazabakana
et al, 1999; Sato, 1998; Girardin et al, 1998; Tanno et al, 1995).
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1 9oz FA 3 o BAojstes &40 78 A F

Sk A4S 2001 3€ 250 HAES wrEC] dEolE T AE 1112 T
o] EoaEate] FHeA 5U Fold AEd tE 4€ 2¢el AAAYE
30x30cm®= o] A8k ar, AlH] F(N-P,0s-KoO / 10a)2 43-28-32% 3sfe] 8.4
(Z18]/ZFu]:7:3) ¢k 7he] (40:30:30)% ol Al aFSATh GolAt ZA 9 w|gie] W]

S T fste @ 4R A AFAA FoF Hol(v 104]
/RE 14N ZE, 5 14X 7/E 10A17hE 1A o2 245kl 69 2&FH 9¥ st

1209 &<t Agetaiar, @ zdAul: 75% (AFAFel i oAl 2=RE)

N
2L

A AYe AAG v FAF, 85, 13 § 39 AT ANsga, @
Wgsts s A AEFR)S Fihge] & Solarig AL AEHARL, @ T
Ao AQARSE NEFE sl 49, 89, 12909] B Ao e, © A
9w AuEd AT oA A 72 st 89 Aol GAWS0, 100, 250,

400, 500ppm), CGA 163 695(trinexapac—ethyl) (50, 100, 200, 400, 600ppm),
mepiquat-CI1(50, 100, 200, 400, 600ppm)S H§HA:Z 5}

Foizk @4 A7 79 AdmelA 89 SevtAl 7 oAk d4ds % AR
golz FAAE Svp AEAW WA A ) A (gibberellins) ¥ jasmonic acid $F

& W3tE 24
2. 27 HEAWS AHLZA BFY A=TH

= oofe] A7Asel o waH A

T uS5AEe AuAUGA) HEAH A=
N A3 gy AFgAe HAEE ®Ha H

b ee] 4 Ael

A
H7E glel ® Aol mA Fovke AuMdd AR AEg wEle 4ge ¢
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Ao w AAlsATh

DSAEAAA HAL = WA =5 A A2+ non 13-hydroxylation 7
2 (GA2—GA5 2>GAy —»GAy —»GA4 —GA3) =& early 13-hydroxylation 74 2%
9 (GA1z —GAs; — GA —GAz —GA; —GAg) Ul o d#HA oerz &

2t ARAYe AT BB W] Aste] 9 T A 4o AWAAFE W
T 2ASA A2AYe RE GARE B FAdclol A% 4E FEE &
gonm AL FRI(AL TFH 484 50g) Fulse] Ade Aaa

WA AWEY T S 9 Ant 34 GAArE FAF F UF Azl

A A HE 100% acetone®® FFEF o] YFEFEAR 25ng9] “H GA), He
GA4, “Ho GAs, “"Ho GAo, “Hs GAp, “Ho GAis, “Ho GAg, “Ho GAgo, *Hy GAni, “Ho
GAss, “Hy GAu, Hy GAss 5 #H7tetidrh. 2298 s E38t & 60% MeOHel
o Ci columns FHAIZl § 2 sFFSith ek HPLCO A 2t Awjade] A
g3 wFEF NS dAste]l Bstaly] 9ste] [12-°H] GA9F [12-H] GAE
=8 Mo H7leArk =" BALE Celite/Si0; column(& v, formic acid® X313
95 : 5 EtOAc : Hexane)o.Z TIHAIZ] AN E 7 F53 § A4S A (pH 8.0)
o %<l thg pHE 8002 ZA3al EtOAcE ©l&8) 33 233t} of (At
x5

r&z

ether2 33 &3 & 719} %%5‘}91‘4. 23 AALE MeOHZ £33+ 0.2 p
membrane filter2 o] 33t % HPLCE XA &2 AFE3FA

HPLC column< pu Bondapak Cig(3.9x300mm)< AFg&3t o™ ZF GAE 1% acetic
acid® X33k 28% MeOHS} 100% MeOH-E N9 s a2 #23Uch &5 &
g 15m 2 FASReH 15mH F HEFoR AT 24 GAY AFT MEE
Az 7 B G A% (15u0)& #H sk Liquid Scintillation Counter® °H-GA #

FEH FFE st AASIAL. 4 ¥ E S Savant Speedvac &2 A ZE3I &

B o{}v

d GAE %3 23S g38le] Iml 9 reaction vialZ &1 F AAVtAR Az
Gt GA #3 T ETES %ol &3 £82 NH; PreSep extraction cartridge
= Alg3le] GA99 E¢ES AAS T reaction vial2 AT ZF GAE 2419
ethereal diazomethane® 2 methyl ester® F%=3 F HAx 722 AZRFACh
Silylation®] Z 23 GAv 359 pyridine?} 35402]  N-D-Bis(trimethyl
silyD)-trifluoroacetamide(1%6 TMCS 3= 65C oA 303F WH-SA1Z1 & A7)
22 Azt A% 4 dichloromethane® %21 % 245 30mx0.25mm(i.d.)
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HP-1 Capillary Column©¢] F2td GC-MSo| F939tH(E 1-1). Hewlett Packard
GC-MS(Model 5970N)E  AF&3tslem A AZFEAS 98] hydrocarbon
standardZ ©]g8 KRIZ Tato] vud F 72+ GASHH,] GA ISTDe 374 F&

ion massE H|usle] A HFEFA T

Calculation of Kovats Retention Index (KRI)

Rt(unknown)—-Rt(preceding n—alkane)
= 100X +Cn(preceding n—alkane)>100
Rt(following n-alkane)-Rt(preceding n-alkane)

E 1-1. A AulEdd £45 9% HPLC9F GC/MS9] 7171x3

HPLC GC/MS

) ] Equipment :  Hewlett-Packard 6890, 5973
Equipment : Shimadzu
Mass Selective Detector

Column . 1 Bondpak Cis Column : HP-1 capillary column

(30x0.25mm 1i.d., 0.25um film thickness)
Sovent A : 28%MeOH, 1%6HOAc Carrier gas : He, Flow rate : 40cm/sec
Sovent B : 100%6MeOH Source temperature : 200C

Gradient : 28% MeOH (5 min)— 86%
MeOH (5~36 min)— 100%
MeOH (36~40 min)

Oven temp. : 60C (Imin)—15C/min,
200°C— 5%C/min, 280C

Flow rate : 1.5m{/min Tonizing voltage : 70 eV
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RT:20.00-24.00
22.59 NL
7.29E4

TIC MS

2391

21702174 5193 2705

C_R2108 2430

mugsw RT:22.60 NL: 1
+cSIMms [84.00- ss 00 225.00- 227 on 226.00-228.00,285.00-287.00, 290 no 292 00,419.00-421.00]

100
95
90
85
80
75 2272
o 286.2
65
g 60
3 s
2 50
2
245
€ 40
35
30
25
20
15 2911
10

85.0 225.4 285.4 4202
—

a8 1-1. v A4 Fao 4 AePAQd GA4($]: chromatogram, ©}|: mass

spectrum)

Ameefe] S5 AA7A 1362004 o2 wi W 9o 1 FFA B
o5 3gtE o T FE ofF FAlste] HPLCAHOI AL gk #e7t ofHa, GC
o 9] retention timeXx A 9k ofygl dF A wR AL Z ¢ mass spectrum
= frAbste] st EA V7R Agd fe 40l wUFsedth wEkA ol s
o] 7)714e EEEAS o]&3dte HPLCEZ WA 4% GAFES &
GC/MSE 7} GAFE &2 sAsATGE 1-1 F=x).

r_{

i
ML
rot

AR A d=E syl = GO/MSe] AEH

s
ol o] Hofo} ZbrEtEE GO/MSS AEWA pg oYL FHAF F wA 3
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o ks Shfale Aow 2AEAY. A
=z
T

GAs amount(ng/g D.W.) = (Endo. Response/ISTD Response)
x ISTD amount added(ng)/Sample weight(g)

E 1-2. 5T v} A9 ethyl acetate E&oA Lojx HPLC #3& A9 Aujaw

o] KRI % o229 Zdi#<3l Hl&

Wi e AMEY KRI m/z (%, AAAR) )
12-14 GA1 2669  Sample 506(100)  448(20) 313(17)
2669  Standard 508(100)  450(16) 315(15)
24,25 GA2 2482 Sample 418(100)  375(45) 403(14)
2482 Standard  420(100)  377(41) 405(13)
26-28 GAs 2096  Sample 284(100)  430(58) 312(47)
2596  Standard  286(100)  432(56) 314(44)
26-28 GAu 2786 Sample 207(100)  432(63) 238(41)
2786  Standard  209(100)  434(61) 240(40)
29-31 GA19 2096  Sample 434(100)  374(59) 402(41)
2596  Standard  436(100)  376(57) 404(40)
32-33 GA4 2503 Sample 284(100)  225(30) 289(70)
2503  Standard  286(100)  227(77) 291(67)
34-36 GA2 2442 Sample 314(100)  226(39) 286(77)
2442 Standard 316(100)  228(87) 288(73)
37,38 GA1 2497 Sample 448(47) 251(30) 235(30)
2497  Standard  450(47) 253(27) 237(26)
37,38 GAy 2303 Sample 298(100)  270(78) 227(48)
2303 Standard  300(100)  272(73) 229(50)
39-40 GAs 2605 Sample 239(100)  284(50) 344(23)
2605 Standard  241(100)  286(48) 346(21)
43-46 GArR 2333 Sample 300(100)  240(31) 328(21)

2333 Standard  302(100) 242(29) 330(20)

_40_



3. ABA 8 2 A%

ABA #2(Browning®} Wignall 1987, Qi 5 1998, Kamboj & 19999 W¥HS W
slo] AR WEHZRsIY vl AlR(1g)E FEEN(9B% isopropanol, 5% glacial
acetic acid) 30mE H7bste]  FEe dFS  flstel WREFEAS
[(£)-35,5,7,77-d6]-ABAZ 100ng ¥ oJFstAcH(2d 1-2). 345 F=4
FT=7]12 T3 ¢S IN NaOH £

oo

43te] pH 352 ZA3 E‘rg EtOAc(ethyl acetate)® 33] F%3}%

S AYEHTIE 5% ¥ 559 A5 v AASS A (pH 8.0 =
PVPP(polyvinylpolypyrrolidone) Z#H o2 &3ttt £2ld o NS dichloromethane
o] =¢] 'Sep-Pak’ silica cartridge®l loading 3} tH10ml2] diethyl ether / methnol
2(3:2) 4x A& T 10me dichloromethane® A 3FA171). ABAE 10m 2] diethyl
ether / methanol (3:2) E£3&Ho = &eatddrt. ABAS #8x12 1 1-33% 2o
H g B8 93 o] vlue WA ABA190)9F ABA ¥FEZ19E y= W
A& Akt ALt ATHE 1-3, 1% 1-3).

3°,5°,5°,7°,7°,7’-dg ABA

a9 1-2. B dgeld HEs=Eo)
ABA¢$} jasmonic acid (JA)] 3}8t%
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4. JA 9 2 BF

Jasmonic acid(JA) £241 (Baldwin 5 1994, Mueller$} Brodschlem 1974)& A A2 (5¢)
< 100% acetone® ® FEste] UF-EFEEAS [910-HL]-JA 30ngs H7Heh & SF
T Ambs FEAH Sk A EFH71E o]&38te] acetones A7g oo 0.1M
potassium phosphate buffer(pH 7.5)% %7}ste] A& &38lste] 6N HCIZ pHE 2.3
o7 BAFYY S wlE 528325 DEAE (diethylaminoethyl) cellulose 0.5gS %
o] 1A1ZE Bt Wkt thg o] 7aked

o

¥ 1-3. A E35=2% ABA, JA, Batatasin #4118 93 GC/MS %71

GC/MS model Finnigan MAT GCQ

Column HP 1 capillary column (30x0.25mm i.d., 0.25um film thickness)
Carrier gas He (40ml/min)
Source temp. 200C
ABA:
Oven temp. 607 (1min)—15C/min—200C—5C/min—250C —107C/min—280C

JA(jasmonic acid):
80T (2min)—10T/min—150C (83min)—3C/min—170C—15C/min—285T

Batatasins:
60C (1min)—15C/min—200TC—5C/min—250C—10C/min—>280T

lonizing voltage 70 eV
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sd
RE000-28%8
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MAXOR7] 265
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Ey
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3 ]
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LY
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7HH\HH\H\\‘\H\\HH‘HH‘HH\\H\‘\H\UH\‘HH\HH\\H\‘HHUH\\\\H\HH\HH‘HHUH\\\H\\HH‘HH‘HH\HH‘HH\HH‘HH‘HH
o 1 2 3 4 9 D 1 2 B

Tire(ai)
Axi(B28 RT 1684 A/1 N- 94d4

T +cSVhvs[ 1820019100 1B00160]
1941

Relative Abundance

o, .8 & 8 8 B

w3 b w4
L Y O B B
W Wm0 W5 e W5 @0 @5 kB0 K85 B0 195

niz

Ed
1=

a9 1-3. AE 2% ABA 2T E49 GC-MS A=ZnfE T 9 deggs
o] 3¢ 049‘1]% chloroform®.& 33lo] ZAA #3 thS Fivtavlgoe= /S
AASFAY. s EF7]2 chloroformS A A% ©S diethyl ether® %A amino
cartridgeE Al-g3to] FZE8&w(ether : acetic acid, 98 : 2, v/v) = &&3& At &4
FH dS AxXAZ v diazomethane © & methylationdt & 1ulS #H3sdlo] GC-MSZE
WA JAE BEFeATGE 1-3).

_{&,
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5. Batatasins & / A%

Batatasins

B x =542 bisphenols H7}ste] of 3&t ).
FEsto] oAdE oAy &3t

FEAs EEF7IE e FERE 92
(pH 75) 20mS 92 T}5 ethyl acetate= i3
Els

r3 E 1-49] mass ionse HEHS

OCH,

Batatasin— I (Minor)

HO O OCH,

Batatasin—IV

29 1-4. vhe) Aude fwy

B Ws Azxyd 3HEL(5g)S acetone I0mlE 23] F&

ZFAFE methylationdte] GC-MSE £43tH®E 1-3). Batatasinsi =
H| 1l 5}

gavte] A vE R JFSATHIY 14

FHEHAZ 4z Batatasin.

Elg= =)
A= hA] 80% acetonelE 13
TE &

7HA IM Q1A ehZ<f
=
o

:6}035} Ethyl acetate®<S 7t

Zz=2=2 13

F7E gestgon, 9IVE

a9 1-5).

HO\ OCH,
O OH

Batatasin—I (Major)

OCH,

H,CO O OCH,
O OH

Batatasin—V (Minor)



E 1-4. GC-MS#A ol A9 Batatasins®¢ %S A7+ mass ions.

= =

Batatasins <+

M55 AlZH(min.)

mass ion(M")

Batatasin—1III
Batatasin—-V

Bataasin— I

20.11
20.45
27.91

388
360
356

RT:5.00-30.00
100

Relative Abundance

12.14 13.66_14.18

20.11

NL

1.11E6

mjz=
387.5-
388.5
Bt04

9.18  10.33
T T
8 10

Bt04#1556 RT:20.11 AV:1 NL:1.11E6
T: +c Fullms [50.00-650.00]

100
95
90
85
80
75
70
65
60
55
50
45

Relative Abundance

40
35
30

T T
12 14

210.3

2223
‘ 267.4 2854

15.68
B —
16

17.90 18.66
L —
18

Time (min)

389.4

4
3734 390
299.2

‘ 340.
\1\ bl

3914 4293
o

[ i
; } s

503.4
L 5335
T

5605 575.8 584.8 629.0
T T T

0 s s
250 3

357.4
i
Il
o
350 400

miz

|
00

(M'": 388)
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A3Ad AR Y A= AL
1. AzAe] 48 FiAte) g L AEEA

A 1 Ak 35 Fodate] F4E0] 1% olatz &efA
o Fovke] FolA A4S sk A vFd QS-S =9dste] Add 2
= Aafoll A= 1% ol st

aL
2 ug R PHES B W ANH AMEALL A T5%, Solarig ¥ A%

i
ki
L
&
e
_>|,1_1/
oy
>
N
fr

p
f

ol
A= Solarig Auisltell M= Hit 254%= Golxk A Eo] wj$ —%50}%1% oF 4
AT A FolAe] AT Aufzde] wel F Aol oy, Aoz 3
o] 7} =& Solarig Aol A= gt 142 HHF 1.35g oYL, 233 75%%
0.96g, 1047 A43toll = 0889 w02 vhebyel.

st GolAt AA F7be ddxe] dAEN AAF T BIFH FARSE] Solarig
AujzA A 74 =gk oy AN vl Joix FA I wigrt FFET
= e W] AA JFS wevs dew oHHE]uq F3% 3o wWE Ton)

O

of golat @A B AU Eo] w3 AF7E s ojor & = ddd.

E 1-5. AujgAol we sZvt Gl 45 % 54 v

A Bl % 2] 233
= A Solarig 13 A
5 X 10417 14417 (75%) BAFE &F
=
Foiz FAHE
1> 19.7 1> 17 254+11 1> 1> 1>
(%)
F ozt WA F
(/D) 0.7£0.6 0.8+0.3 0.5+0.3 0.9£0.3 1.4+0.6 0.8+0.2 0.8+0.2 0.8+0.4
g/7
FAx A7
44+0.3 6.8+0.5 3.9+05 65£06 8.2+04 4.2+0.5 4.3£0.6 4.1+0.5
(mm)
‘ARG e SEAE(ZAAY): 89 F), AHS 60 Foll W SEY.
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3 1-6% Fvke] Gzt S friesty] AAdte] Al ARl GAzek A H
Ao A JAAE & CGA(trinexapac—ethyl: GAx— GA19 W& o A),
MC (mepiquat chloride: GGPP—CPP2| Z=ZZ XhHE 7¥ A+=1xH) 3 7¢€ 312
el AA sedE du AIAE u doARte] FAE, doAxY AT B® G
2ol A E AR Aol AR FAHAELS F 16949 o] AWML F=
50ppmol A 1.8%, 100ppmolA 1.5%%1 Zof a5 %=9 200ppm, 400ppm %
500ppmell A= 0.5% olstz wi¢- v PFES BAoH, CGA AgolAe st
= il AMEAd aE =t FAREE 05% olste] ol A ES B
g MCoFAl Al e F% rol] F35ig i}o]% B9Ed 200ppme FAOE
gto] AskE A5E gox FAgEe] wopzxl wh A& s FoAx ¥
A Eo] Z7sle] MC 50ppmoll A= Bt 215% = E}% oFAl =3 Hludte] B owj, o
oAz FA ZHAYES & F AT oA AT WseE S Agse
A ARk o2 MC) GAy CGAS ¢o2 F7HdS & + A}t
Aele] A4 24~33mme TEE B, CGA A dAME

S, MC HgdAe= 1F5EQl
MC 600ppmel A 7.4mm <1 Aol H|sle] A F =2 100ppmel A H 95mm = o]
ko] A7|7F dA 8 F7tE S & Adth MC= GGPPOlA] ent-kaurene O = 9
AgS JAet= setEolngE MC A= A GGPPe &3S S7HA1Z 3ol
1 A3 GGPPE ATAR dlo] QA HE 33E(d), carotenoid, ABA )9
ol FX" Aoln g 35 o] i gk HETL dojof & Aow AztH

¢
é

£ 1-6. 43247 Aol v Fvhe] ol PYF R 54

GAs(ppm) CGA(ppm) MC(ppm)

5 4 50 100 200 400 500 50 100 200 400 600 50 100 200 400 600

doizt YA E
18 15 05 05 05 05 05 05 05 05 215204 196 55 6.3

(%)
Joizt A%
4 03 04 04 05 03 03 03 04 04 08 08 08 0.7 08
(g/7M)
Jol 2t 47
( ) 28 26 24 27 33 24 25 22 25 22 78 95 86 87 74
mm

SfAl A Al 7] B 1A (79 <), 22k (79 o), AR
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2. 29 H4EANY GA BRRAE B2 71

=3AI7F pg ol Natdoh 7 A¥ Fvk AEAWAA GAy
GAg, GA2 59 non 13-hydroxylation 74 242 GAF S} early 13-hydroxylation %
2491 (GA1z>GAss >GA —GAx —GA1 —>GAg)e] 2E GAFZE A&=HATh o=
FvE A1 HA AR AR EFE A GAE AFAHTH= As A5
T ARE Ardd olsh e Ans 243 517 915k radio-label('C-GAw)
H GA AFAZ A EA) feedingdle] AP A=2 Qs 1 A3 ofz e}

Te AFH A2 EAFS FAsdgh

T~ - > N N i e
P [ = by ..-_-".-": '.l;m _-.l.'l'ﬂ:.
GAs; GAy GA1 GAy GA;
T
o [ ™ e oy [t
N — ~ A al o~ -
- L ™ P i F ey
1 v 3 ] |
GAp GA3s5 GAy GAy GA4

GAss
g 1-6. & dFE Fal W3l vk ol EAshe AwA- Y AP A=
AEA A AYEAHY GAZ LdEA A= GAF GALS = wlaA], Fvle
GA A EA 42+ non 13-hydroxylation 4 Z7HGA12—>GA1s »GAx —GAy —GA4
q

—GAz) T AT F2Q Aoz yEston, GAE v Fol ARt erstal = A
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O YEPSTGE 1-7). wWetA] FF o5 7 AR oA v&xdo] JoAto] H
o £ e A FHY od dAde] dEAE FHEEH T A4 2 oz
of FW vde mMAUSFS THetL A4 FHOE o]fst=d & =] #
T UAS Aow Addnh
E 1-7. v A=A o A GA € S vl

Harvest GA contents (ng g |, fresh wt.)

dates GA53 GA44 GA19 GA20 GA1 GA12 GA15 GA24 GA36 GAg GA4

Oct. 5 004 023 041 0016 0037 031 nd 18 117 018 011

Oct. 25 001 nd. 007 0011 0012 017 nd 116 004 002 0.01

3. dF=zde e 9o WA Jasmonic acid §F W3

golatel 5 st
Aol A gofzte] A 3 A
YA} JAAE v FEe e Jr]H vulE jasmonic acidol] 9)F] 7=

Aoz A o], ¥4FS ddxAocw S u dojz BAFY Fvlo] wE
A7E Touk Ao JATHES A Aaks ¥ 1-804 Renkel go] ddxzql
10/14A1 2t /Rh) o] 7 A 2] &
2] HUABE Fo)dAE FIER7Q 13.1ugol vl& 96vivt o =2 1258ugo =

FEA ol e & & Qo] E 169 Fold AAF L FolA A7 wuy

X 1-8. dFxHo| & Fvk o WA Jasmonic acid 3 ¥13)
d = Jasmonic acid $+F (ug/g WA F)
(Sk/uk A 74 15 ¢ 45 o 7% o 105 o
10/14 14.5+£3.2 449+5.2 125.8+11.6 86.0£12.5
14/10 9.8+2.8 12.8+35 13.1+3.1 12.1£2.8
Hl 3L A A& 3ubEo] ot glhol] gk SE4.
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4. EFTE(FT) £Ho] T2 994 Y R AB FF vA=IF

0

N
No

b2 o)

9

AA 0.7~09gl 2 BT 1g °]

3.8~4.1mm¢¥]
Ao 2 e

=
K3

ol

oW

T
~

4
)

12

AT

o
B

Hr

~
;OO

Nd

0.9+0.6
0.7+0.3
4.1+0.5
2,453ns

0.7+0.5
0.8+0.0
3.9+0.4
2,47ns

1.2+0.7
0.9+0.5
3.8+0.5
2,55bns

0.7£0.3"
0.8£0.2
4.1+0.2
2,439ns

EE(%)’

74 & (kg/10a)

FoIz A E (%)
Joix BAZF (g/7h)
dodx A7 (mm)

50.3

65.3

73.7

o4.5

\

,AO

ﬁo
=

PN
T

7

1-6)3 ¥

-
It

]—.

gl A

R

L

il B Al eel A 2] o A

o]

ol el ANE F3

A FX+= 100~250ppm o= ¥

]
Al MCeF CGA A ] ol A

o
oF
i

Nlo

)

’

Be Axw

)

&

gl 7

R

R

= AsE oA, CGAlA
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3 ge nxmdA FEAAt et GA AY(AEAY GAZt 248 A9t

GA A oAA 21%1(*‘ AW GAZF 22 AdelAM e A= dddo] fl=
Aoz ye@del Az AgelA Axs AdAdel A= Aoz dEus) o F

2
ol tigk 22 A7t ol FolAof & Ao AR HL

g g 5 300 Ay A4 WA AMBL S AR Ad, 24 Au R
Al GAE GAZE 37 EAFE gdsiaen ol F FiF AW
GAYGA4 v o] Al7]el we} Wsletes Ao vehy Jolx A3 A0 te 4
EAU Aol SAAMAAL GAIT GALS ZExdE T3t o] Fojxal AYrtE
A& At &5 oldl #3k AFE FAHSRE FPIA St

Al44d 973 Fa &

o

89 T4

L Ae2A5} LD AFE JAA Ao & A3 +F

i AEe AHEH(GAs)e & FrHol BrapEu mlo s AuAES A
b FH =49l batatasins®] ¥} FAHow 03]y FHo] FEo], Fol =T
225+ 7]7be] e oA IS Holtk(Hasegawa et al 1973, 1974, 1975;
Okagami et al 1983, 1991, 1997a,b; Ireland 1985). ¥xt olyz} whe] 3| 7oA %ol
e T AsE53s fFeohr] flste] AuAdS ﬂﬂlﬂ 35, Aol sAHH

Al 22 FHORE o] Hol thE HAEAAE B F e ofF Hold A
ol dAe B wEkd 2 Ao GA T GA A JAlAll I 97
of & FTUEH} FHUHR FHALS Wile ATE FHHE FYsAh
G

ANEST2E = pyruvate / glyceraldehe 3phosphate®5-¥] isopentenyl pyrophosphate
9 ARE AN AFAHAEHY, 1) IPPEHEH GGPPE AA ent-Kaurene ¥4, 2)

ent-Kaurene & 2 H-E GAp-aldehyded 4, 3) GAp-aldehydeZHE M2 thE GA=R
o] W3l T 3eAR gt 4 vk 19419 GGPPoll A ent-kaurene®] A
CCC, mepiquat-Cl, Amo 1618 So o] A=, 2¢A2] ent-kaureneol 4] GAr:
aldehyde®] ¥4 tetcyclacis, ancymidol, paclobutrazol, uniconazol, inabenfide % ©I
o] odAEM, 3FAS] GApdlA GA; EE GAES A2 prohexadione-Ca,
trinexapac—ethyl 5ol & )€t}
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AR FEA(GAs 50, 100, 250, 400, 500ppm)et A wAA A3 A A QL
MC(Mepiquat chloride: 50, 100, 200, 400, 600ppm), CGA (trinexapac—ethyl: 50, 100,
200, 400, 600ppm)E 74 Hld JHA7IQ1 79 Fe(HAgdA 7€ 193 B
A711 78 (A dAk 79 28l 9 AEF AA(F 23]), o5 BFEAA
Aol A% vt A7 T E 1-10 3 1411 o AR 250ppm A 2]
A 10a & A7 Fo] 3,245kg, MC 50ppm A 2] el A 2,845kg, 18] 31 CGA 500ppm
Aol A= 3,000kg oG oz dixTol Hla SaES gdstAt

i

po M

E 1-10. AL JEAE A wE I FF

A 8 % % (ppm, 14/48m%

GA A g
50 100 250 400 500
********************* kg/10a ————————-————————-
GA3 2,742 d 2,775 d 2,839 ¢ 3,245 a 3,080 b 2,350 e
DMRT(5%).

E 1-11. A=y A gAY AHdEe] e I FF

A ¥ % S(ppm, 1/4/48m°)

oA % 5
T3 € 50 100 250 400 500
———————————————————— kg/10a ————----"""""-—-
MC 2742 b 2,845 a 2,762 b 2746 b 2,438 d 2,621 ¢
CGA 2,742 b 2,568¢c 2457 d 2453 d 2529 ¢ 3,184 a
DMRT(5%).

2. A% 2= W& A wJols W3



AU A e B s B - 505

Femell A 2% otz v s Wolgo] Ao FRHOR AF
oA eft wolAl= AyE Eiuth @ FHE 7R
st Fglatd #EHAeE e 229 4Ts 15T 9o AdL=
17.3%¢9k 182% 2 7bd wol 4713ke] Ag713h st Wolgd ¥ol7] fsiAe A
SAgo] v mAAQl Aom gl ey Wl | Qe AA AA b
| 20% olstz wig- wro} fFHEtstel #E woh A e A7t FAHjoF &
Ao geso] 2adkE dAE AFZAGA (WA, AuRd I o AlA,

Ethrel )& &% Agd t5 AZ2=E 2ydto] AdS s

E 1-12. AF2eo ©E snk A4 ok (%)

A d s A 2 &= ()
(2) 4 15 25 30 35
60 - - - - -
105 18415  15#22  13#15  19+12 11205
140 173+45  182+43  141#32  131#22  95+29

Hla Wolg FAME 93 I3 AdLE+ 30T r
A8k AL, A2 4570 Al gk gt gkl SEY. AR A 5 304 A A

Aol gtk Botd AAE NEER RIS

3. ¢AFH7IZA BFEZAA Ao WE Yol EA
T ovke] A FHel wojsks @ edle eyl f1ske] 2001 10 30l
Aez Abgstdth AR A AAA A= 13 FH7| (e

4
o ot
i
i)
o
o

2
=)

3

,d
R

o

)
ancymidol, mepiquat-Cl (MC

A = UREAI29 249 GA, TAA, Ethylene, CGA 163-695,
297F AA Agste] 25T o AHA1 AAbE <
238kl A FHd Fof wheS 2ASEATHGE 1-13).

m10
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FE 1-13. oFA A Aol whe vkl Ao Weoks (%)

) MC Ancymidol CGA Ethrel
g m
1007 100 1000 1 10 100 5 50 500 25 25 250
*********************** WoF& (%)~
0 30 30 70 90 50 60 30 60 40 20 30 40
—

A ZA Ael 79 Fol A WolsE ethrel® v AW HY AAA AAA
Aol A wWotgo]l FVHEES & F AJdedH, GA A 2dAE A=
(ent-kaurene—GA2-aldehyde) & A #| 91 ancymidololl A 7} 2 1ppmeoll A 90% %
b ok AuAd A A DA (GGPP—ent-kaurene) & A8 A A
MCOI A= ancymidol#t= @] 7H¢ #& $%9 1000ppmel Al wWol&o] 70%°] 2
ook g AuEEel GAS] A S dAlete AsAIQl CGAdAM = 4A

ZAaFol glol B0ppmollAl 60%= WEbkT weba S FHAdE e A7 FHE B
3F7] 913 Ao oFAl= GApe aldehyde 4 dAwkAl A1 A<l ancymidol S A 5=,
= MC(mepiquat-CHE LFE=2 3te 247 A st Aol FHEMT O &33491
Ao 2 FGHJTh FAlol duAE AaeA dojxl FHZIF T e Aol

o]

o]

o

“

o wolA @gront 297 AuAd AFA A ancymidole] F%, lppm A
golld A4 F 49A oldd Aol FAF Fhslo] 974 FUeste] o 4
w dgae] Bolatt Aow FEHYD. WA o5 HAd W@ Fund A%

x)
A 281 ABA, batatasin, GA 52 A5t FHEES Uid A EE2E9
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£ 1-14. FAA E oA 2y

o=l FAE (ul/kg/A )

FAEF L 5
A F 39 AY F49 AP F 5
oA g 11.2+15 13.7£1.2 16.7+2.3
Ancymidol 1 ppm 21.9+19 1615.5%6.1 1822.5£6.6
10  ppm 20.8£1.7 630.9+4.2 673.2+3.7
100 ppm 3.9+0.6 111.5%4.2 135.4+4.2
MC 10  ppm 9.5+1.6 499.0+6.4 564.3+5.3
100 ppm 7.3%¥1.3 143.7£5.1 162.5£5.7
1,000 ppm 1.9+0.5 1.7+4.8 2204
CGA 5 ppm 11.9+1.2 692.8+4.2 7075+3.3
50 ppm 10.7£1.4 632.8+6.3 645.1+4.1
500 ppm 3.6x0.7 269.0+5.4 283.5+2.9

o] 52.8ngl 2 T S HYoy FFH 7|7kl 39 15¥oA = 1lbngl = 4
Bl A=A F A7kl dojHe uiel WA ABA $tEo] #aES & & 3l
At
¥ 1-15. FH7135 9749 WA ABA &% A3
Fa 717 (=AY WA ABA 3 (ng - g, &%)
dAFHA2YE 249) 40.5
HEES (19 309) 52.8
FE5H (39 15Y) 115
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5. AZT T<v A7F9 A AwBA FF A3

11E 4]

bl %

3

v
X

4 AWML GA GAE
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)

o

_EH

)

o))
o
Br

—
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"

27d Ao

FH7IE T AR wE

o},

Early C-13 hydroxylation 4 =42 gl GA,
Holx] ¢kgkor} Non C-13 hydroxylation 4 22| A

T N

il
e
o

ToR

o))

A7) 7ke] 2ol

GAs=

|

o

d =

A

GAol o8] f= 55 () gu]d)), Ave)

o

GA4 $Fe] S7kgol wet
olth. Wb FF MC-GAw

Eikoy

ToR

e

o] %

Fol AlZbe) = A u A

feeding®

=
=

o

W
&

ol
NS

oy
ors

¢+

~

o
Ho

T
o

ToR

.

il

17 = A3 Ao 24 A

Fw

£ 1-16.

H=
GA4

244 A
GA4

B (A

<0

B
ok

0.11
0.34
0.4

0.01
0.02
0.02

H(12€ 24¢)

;o_u

oW

o

;s
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)

oW

o

o
o
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ok
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Awt ol b e AEA S
A2d A8 R WY

CAFEARA 8 2F WG AAH AR v iRkE
AeAFTe Tovk I8 20029 3€ 27U 46702 #AS BTl " oE
T A= 11—4 g2 E3E EHe 29 hmste] E7)7F AEe SA A 5YzE
Fold Ags o 49 7del AAAE 30x30cm=z skl AA SR, AlB]
(N-P:05-K20 / 10a)& 43-28-32& 3ko] 2.4 (7]0]/Fu): 7:3)9F 712 (40:30:30) %
ol Z41 At BAEAA &8 ool wE AF B AR HdE FE6H
ekl Az S 1dA A AR Aol &ty HF o= YolHE st A
skt AR ZAAA = AuxinFQ IAAS} Cytokinind ¢! BA(benzyl adenine)& 2t
7k 10% : 5%, 5% : 10%, 5% : 5% 2 10% : 10%= =4 =S TFste] 1,0008) 3]
Mgk T Al&skaTh A A7l 7Y 15699 89 16Yd A 23] AA FAHoE
PR ato] Goxtet A Ao Al WNE& FAFSATH

ot

2. AW 2 A LA AFAY AAAZ A2d AZE R R G} FA WS

I Ad el A Al s} Ay Aed JAA=Z Agd 97dS 2001d 108 27
do| Ao BHAF HAS 20029 %] AF1Y 217 FAA HAEAE

Aupel ks whAlsty] flete] mAIZAACAM AAIste] A w

2]
A3p AR A JAA ] FREAE v HEST

2 A2 tEA 5EFH A9 =i AAsAT AALTA v A4S
2003 3¢Y 279 4672 YAS HEste] wHolETS A& 1119 vE&E=R &3
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Aol A 5

43-28-32
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7. AABH A7 FI0 AW 22 2N

ghelst GA SA4He
74 Z[(non 13-hydroxylation A Z(GA12—>GA1s —»GA2 —GAy —GA4 HGA34)9} early
13-hydroxylation 78 Z(GA1z =GAss — GA —GAx —GA; —»GAR)]Y F+ H=2 BFE
wajshan,

A 3Ad 92 vz Tle A
1A% 234 4280 DT A3 FI whurg

F2 ovhel gold A R fES APUGE B FE AW RS 9] A
BYPEAA 254} Aol Ebol e B &S Y stel T8 1593} 89 159
b D

28] AA 4w AET A Jofaret G GRS R FFEA

Mep7)= FAg el vste] 25237 Ale]Egle]d g W FRE 8% At}
FE D AbolEFbolde vhe w2 7h7h 55 9 1052 E§ A
g ol NS 7F 129 AR w2 Ao® yehgon oz FA47 e A3 et
Tdg AnE Btk Fx AT FAGAA T 286g2 el HlEte] 2%
Ak Abel=7bold 27l 10:5 B 51109 8ol 747 43.2g, 328g2 = 7 Wl
AAHAH 10a T FoAA F o] AR vizA R FARY 105
2 5:1109) E42FolA 77 9.0kg 2 6.8kgAth A WAL Jojte] Ao}
= ol Ao yetyed, FAg nlgte] 25413 Ato]Egtelde] £8 %3
v gol b =& 10:107 55914 747 1632kg 2 1,548kg o2 UEFETE o] /de]
A3E B 9, gt RS Hsﬂ*ﬂ“ A}oliﬂolﬂiu}% L5 %ﬂol =
- 3l
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AMEdd 2 AuLA AFAY AAAT H2E AP FAA FAAY 7 AH|

Y

20013 =0 AujAAI} A A dAAZ el IAHFS 20023 =0 Ao

Aasle] ol AHFZAAY FFAEAHNE AH A ¥ Folgo Wi B 2-2
oA B wlel o]l FA ] Mgt AP A= ANt o e Folg&S
Bl whde AwAd A AA A MC TNES S A4 & 15945 wf$ =

< EFole S EMﬁU% 53] A4 5 20dA = MCe 45 FA el Hlgto] o
7

wolt= Aoz vehgt.

N —

[\
=
o
k1
lo
i
rlo
it
_&
mlo

E 2-1. BHEEAA E8HE B Folatet AP FFA

gl A8’ :jj' dolx} AABT ol f% #A S
(%) (2. ) (;gig) (g/4.8m°) (kg/10a)  (kg/10a)
T3 g 8. 12 8. 14 28.6bc 6.0 1,480cd
10: 5 8. 11 8 9 43.2a 9.0 1,447cd
5 110 8. 14 8. 11 32.8b 6.8 1,506bc
5 ¢ b 8. 10 8 9 26.1c 54 1,548b
10 : 10 8. 17 8. 14 30.9b 6.4 1,632a

4
o
=9
__>|~I_(‘
Y
>
N
&

‘8188 auxin® cytokinin®] H3:5-3 o] nl&. 2| =
o 4 40% o]7de] MAeA o] ¥ AL 7|FToR A TTE T 267

W 4 F 0UANAE FALED WA BFPIAA MCS TNE A
12960] 4] ®& FohgS Holt AR UEh} WobEe AL AdEd w
SA AW BFYAAAE Astel At Aol o FH LY Fobg By
a3 e &+ Atk
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X 2-2. AWAA(GA) 2 GA AFA AAA Ao w2 X3 ZFof& Ws)

ok 2= g4 F A (D)
(ppm) 5 10 15 20 25 30
,,,,,,,,,,,,,,,,,,,, 0
55 g n.s? 8708  202¢0.9 470+11 731409 84.6+12
GA® 11+0.1  33+05 137#23 523+07 8L0+L5 888426
MC 63509  169+16 385+26 842+36 914:23  96.6+0.7

TNE 5.2+0.9 9.8+0.8 288+19 56.3+14 90.8+1.8 96.9%1.0

> GA, gibberellic acid; MC, mepiquat chloride; TNE, trinexapac—ethyl. ns. = M
ol 49 79 A4,

AManst AW AFA AL AR AP dold A FAe e A

Walel Aol A wolzk glo] 8¢ 29 olglont AWM AFA SAA A=

TNE A2lnrh= MCA2l #Z4elH 79 6= TNERTh 39, ¥4z o w2

duts 79 AR BHES 4 5 Qo] dold B fEay] AdAE Ana
s

WA Fhed MO 74 BRS¢ 5 AUk

F 2-3. AHEY R Au LY AR A A2l mE Foix g4
A 2l W& Folat gL (4. )

e 84 24

GA 8¢ 2¢

MC 74 264Y

TNE 74 294

AMades A A4 ol 27 wg @ FPe X 245 ek ol A
o HlHl (7ol 4mmeld W Fele ME)E AMAD) FEA ¥5E 27}
sgom AR5Fe st MuA QMDY EIE AHAoL FE e

Aol7h gl Aew Jeru.

_62_



F 2-4. ARG AE A4 g A e R A oA =

AdEdd 5 gl =271 Hls (%) T % (kg/ha)
(ppm) <2mm 2-4mm >4mm o = 7
A 75.6%1.6 18.1+2.8 6.3+1.9 8.6d 14,500b

50 52.1+0.9 27.1+£1.8 20.8+2.3 11.4c 14,959a
100 49.5+1.6 24.2+1.3 26.3+2.1 15.2b 15,111a
250 45.2+1.1 24.4%1.4 30.4£1.1 13.8hc 15,378a
400 40.5*1.0 25.7+1.1 33.8£2.5 15.7b 15,145a
500 39.3+2.0 26.1£0.4 34.6+1.5 20.5a 15,223a

Means with the same letter within a column are not significantly different
(P<0.05).

# 2-6% WYFAE FEIGIEMOR APE G Gl Ar] v A4 5
FS Ued Zlew goxt AAo] dmm ol ¥ ¥ HlE&S MCO AYERit =5

F5 ke, 58 /b4 e %= MC 600ppm © A$ FA watol
120 J& e Folx vides Bdu 9 A FEFE MCO A smshs F

oAl Bt o= oF 15505kg/ha® A elol] Hlsto] of 6% Ax TrH= AIE

£ 2-5. WA AE FReol= (MC) Aed Ao g4 4 vi& R 3% o
Ao A4
MC == Gzt A7) & (%) % (kg/ha)
(ppm) <2mm  2-4mm  >4mm ARy 37
- 2 75.6£16 18.1+28  6.3x19 8.6d 14,500c
50 321120 228+24 45141 75.2¢ 14,967b
100 27515 236+1.1 48925 95.4b 15,389ab
200 243121 220115 53.7+16 94.8b 15,756a
400 19.4+0.6  16.3£0.7 64.3£1.1 111.4a 15,545ab
600 14.6+1.9 73129 78.1+2.8 94.7b 15,867a

Means with the same letter within a column are not significantly different
(P<0.05).
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¥ 262 T P& vE

W Aoz iy o H]“‘o‘}oi TNE 200ppm Z%ﬂoﬂ"i ERERs 03041} HEGS B2

=9l TNE 600ppmol A= 33 32.6% % 3@l usle] oF

S@H@Eﬂiﬁ%%@ﬂHMJVA Ak,

Aol A= FA e Hgte] TNE 600ppm A2 749 °F 1400kg ©]4
(3=, & Aupel & A

tlo

32

Bl

E 2-6. ELEALE AIR(TNE) Aeld 2749 oz g4 v % 43 Fdo4x

o] = FA
TNE &%= G 271 E (%) & (kg/ha)
(ppm) <2mm 2-4mm >4mm g o] =} 7

Control” 75.6+1.6 18.1+2.8 6.3+1.9 8.6c 14,500c
50 50.7+2.9 36.2+1.2 13.14£2.0 62.8a 15,378b
100 53.1+3.1 31.7+4.2 15.2415 54.3b 15,656b
200 40.7+1.5 40.0+2.2 19.3£25 64.3a 15,589b
400 36.8+1.1 35.7+1.6 27529 60.0a 16,111a
600 32.2+2.8 35.2+1.2 32.6+1.8 65.2a 15,978a

Means with the same letter within a column are not significantly different

(P<0.05).

non C-13 hydroxylation
ol EAlsl: Aom 2ANUY.
S7hstdon, 244 AWAHE 2
SR OE GAy 3o =gkoy & AW AY 3F2 Non C-13 hydroxylation

AZRE Early C-13 hydroxylation A Z7F ¢ =9t} o

7k 100 ol %
A ol

o 27 MUEFAES AL GAE Axaokw Adsht BHE 9L 5 AL
AMEI gk F 1AdE HEF GAMTHE GAS E3} nn 88 U8
& AT+ dvh @A GAE TAstel HEF A3t HEAL o] GAwel w3
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o 2ol GAE (53] GAY)
AS Ao 7|gEr.

lom delzte] s wddE GAl EH7F AL A
213} 2-2¢] UhERE A o] 99 15U A7A FeI A A
Ae AL GAZ BFALL gnlshs solmz o
7)o A F T Ao wUE FAAD 5
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¥ 2-1. FvF oAzt w7 dofAdle] GAs FFW s GAs for an early
C-13 hydroxylation(up) and non C-13 hydroxylation(down) in the

bulbils of D
presented are

ioscorea opposita var. Tsukune during growth. Data
mean values of two replicates+SE.

_65_



—e— GA,

1.2 > GA,
< 1.0 F
=
fa)
D 0.8
[e)]
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o 0.6 |
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S 0.4t
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18]
O 0.2
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1k
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ad 2-2. F<nb oA vgizle] FoAe GAs #FEFWish Changes  of
bioactive GAs, GAl and GA4 and group of ECH and NCH in the
bulbils of Dioscorea opposita var. Tsukune during growth. Data
presented are mean values of two replicates+SE.
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Means with the same letter within a column are not significantly different
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aHy AAlE g vk goixte] Wi A U2 deHew ojRHl ddadl
& Ao ozt 7'“@94 Zbedtol ddEo] E719 AR wWIFE S8k

71 Aok 1/2 MS HHX] d—% ol gato] &
E719] ofots AR M w, dolA L] A MS WA 1/2 MS
Ak = 2

WA B o= oF 39 AHE whgkow ooz FJA S 9A] oF 257 o B%I, 53
TG Gz FAE HaAHoR oF 151 =& ASE YehY, 5% MSHjA o A&
A ZA A Q] auxin, cytokinin, gibberellin, jasmonic acid % 2] E}% FICR = e
S Fe Aok A 9 ARG Fodd #ek A A oF 3 Ao A
o

WA 2dS FHs Ak

£ 2-8 WAz mE TIvk AFA el o7 FolA 4 +F £ FAEE
#

FoIg FHLF oA 4+ Fol A A
DRES: _
(g5 A%) N/F) (2/5
MS 68 5.3 3.6
1/2 MS 71 2.1 24

<1/2 MSH|A] > <MSH} A >
a9 2-4. miA 27 mE T vl AGH vl o doqgxt FA

vhel = wjepAl vlA e edo] wkov
A 0e W AWelN ogEA ge A n

F At
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o] #AE NB #jA = ujdste] 7

] el
A 9F A sk B 9 dAge] £XHAQD FF WA AAFE SO E AT
2-9). 1 o] AAE] U= EZo] AEe A JFS A= Zoew ddH
¥ 2-9. MA-8 HZd o3 F&vte] AP &3 g9
ZEEE 2 F-100) Fgoua 945
Treatment
=] &k 2] A¢ Total =] &} 2] A Total

Control 20.8 45.8 66.7 1 15 1.3

Cru-1 30.4 87.0 87.0 1 1.7 2.1

Cru-2 30.4 95.7 95.7 1 2.3 2.6
Curtobacterium

Total: A 4%t AskPol I3e FYHF/F75

plant growth promoting rhizobacteria, PGPR)Z ¢ &tutel MJ-1 3} M]3 59
GAsE AAbstth 1% GAs9t GAvE A4 3 X 7Hd o] ste Ao= 3
cHE oh(3#2-10).

¥ 2-10. Gibberellins(GAs) contents in the culture broth of the isolated MA-8

GAs GA1 GAs GAs GAy GAp GApy GAxn GAy GAy GAx GAu GAss

nj/ 153 1225 859 1812 2776 02 ND 167 17 536 13 0.05
MER T A vkl RelE FAY A% WAL o g3l BIF Ash, F
2 e YR F gHstel AATHIY 2-5).

g9 AnEe Bo shel WA JEe delste] UGe Bem A Y
e At MA-8 MFAe Aae shel te gEs A 33
MA-8 WFAE A HPe 9 vE AT wnk 973 gl Ao @
A BF AN W F P&l Y EFTHEE 2-11),
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. Scanning electron microscopy of Chinese Yam root colonized with
MA-8 strain

FE 2-11. 7IWHaREA] mf = o] Aol whe 739 Y& (%)

Control H-0 NBH}| %] & Elaotl MA-8
A - 13 33 25 50 67 67
A ek 478 41.7 75 91.7 100 75
Total 52 67 75 92 100 92

iAol Z4 Ime# A, FAS wEFT MA-8
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9Tk BE AUTE A% JUE 2ARE A% §3

o & Aol wisiH FA (L H2-T).
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T =X (T) 20 40 60 80

Pol& (%) 15.9 (45.7) 24.8 (12.9) 325 (34.3) 432 (45)

Wl A AR 5R, NAZA (129 240 AL Aol A e 197,
9

% 2-13. %7] AW A7)d] G2 77| Yoy

dHA71(d. ) 124 244 19 24¢ 24¥ 2449 34 244
Yobs (%) 154 35.1 45.7 32.9

vl o AFZEA (W=, 28T

o
Wolg A8 A7 7 Adk ¥ 609.(, 39 249 HH S 49 259).

‘i
=
oy
m
0
S
X

= 809N M AU 60d0) Mekel AFAGI A% BEF Yo}
go] HAHE ARE wol: Ao vehdth Ty 14dEe] AFLES} fAb
SA AEE A Webge] 20% olah Q) Aoz UEh} FF A% £gmel 24
2 @7 wgetel MQel FAWSS ARdor ¥ Ao BeHh
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a3 2-8. Changes of endogenous GAs for an early C-13 hydroxylation(up) and

non C-13 hydroxylation(down) in the leaves of Dioscorea opposita
var. Tsukune during growth. Data presented are mean values of two
replicates+SE.
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2-9. Changes of bioactive GAs, GAl and GA4 and GA members of ECH

and NCH in the leaves of Dioscorea opposita var. Tsukune during
growth. Data presented are mean values of two replicates+SE.
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10. Changes of endogenous GAs for an early C-13 hydroxylation(up) and
non C-13 hydroxylation(down) in the tubers of Dioscorea opposita var.
Tsukune during growth. Data presented are mean values of two
replicates+SE.
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I3 2-11. Changes of bioactive GAs, GAl1 and GA4 and ECH and NCH in the
tubers of Dioscorea opposita var. Tsukune during growth. Data
presented are mean values of two replicates+SE.
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A3 A AZE szl Y9kl [14C)Gibberellin A12Z 7] @2 3lo] A 7to)
Wy Aty A2s A 23, GAs 249 o 2 8= Early
C-13 hydroxylation(ECH: GAsz— GAu— GAp— GAx— GAp FZ9 GAE &4

Jo 7 3= Non C-13 hydroxylation(NCH: GAp— GAis— GAx— GAy/GAx—

GA)7F &A1t on, 8 AP AFY 2= GAE 4T S=Z 3+ Non
C-13 hydroxylation ¥& & & AUt} vt AF7I7F 5 4o AwWAH shFe 3

4 718G A7 vl 84 sl F ARG o] M E:okew o
AR dFE GARTE GAy ol 543 S7ksksdth of A7l 97 Al
el Awad e d3 9% A3E Bt A4 FAde] f=® $ vdgi7el

4EAW(L DDA GAs Gl F43 FE e AFFA/NGFE FE
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Wk o] A MR (GAs) Helst AAZ ol g5 ot vt WAL
Aelstd 9388 FHol REHo] FopHlid xaxE s7te] HE Aolx: @Y
2 polth Wak ohue} vhe] MM Hol e Yol EEAS FEY] A%
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a9 2-12. Effects of GA biosynthesis inhibitors, MC, ANC and TNE on
sprouting rates in the dormant tubers of Dioscorea opposita. GA:
gibberellic acid;, MC, mepiquat chloride ANC, ancymidol;, TNE,
trinexapac-ethyl. Sprouting rate was checked at the five days after
incubation.
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AN E GAAE A e A sehd WHS Fobe] o 3

Akl wejet WS = AN AEHE Qo] MRFH, AFAA W, G5

B oo wgHE G PAE 9% FEEel, 4% 2706 F2 v A4 4
£2 F047 A7 £3E ol Py 5L FAsh
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A2dAs 2 A

L. 998 =71 A% 39 A
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il AATEGANA FE FJARHMET A
Abgetlth etk GolAkel #7717 FAshA] Rshe] F o

&to] 2 mm(A), 2-4mm(B), 4mmeo]’H(C)¢] 327 o= v ts 27A8FHAELS o
d&7b 7HE =2 dmmolde] AL FoiA ¥ AALS 32FE BT A¥A=

AFESATE Mol E-TR #o A5H JAxE

W e AEEAth AE Y REE Yd& JEE AEstgdon Edo i
TAE fstel FHEE 3o 2 v BHlEskzolA Aujsidlon Fobrh #
Foll= BALES AA v ol 27 AHS FAATV] st A%

Al HF F 30dol BT, EoF § 39 AR 530 dA EgdF
2 YUAEE A Agstdh AFxAA ] A v AWMAA(GAY I} =2
2 (Promalin @ GA479F AFolEFFoldF2 BAZF 1:19] vl &2 28 A Awu:
1.8 1 1.8%) EF 100, 200 ¥ 400ppmo 2 3t el T 10vtE o2 A A3

12
2
2
24
)

i
>,

ARl AR EGANA AAske Ade g dHER AASHA @skon wmAu A
ZA4A Ha T 794 03% 2425 BEAE FU. Gt FHA HE 98

A= AulAH (GAz)T T2 T (Promalin : GA478F AlelE7Fold Rl BAVZF 1:1
°of MERE &8, &4 v 1.8 1 1.8%) EF 100, 200 ¥ 400ppmo. = ko] 74
1593} 84 160l 2+t =4 st om Hro w8 s AAshA &t

n AL AAS] ZIE dotry] f% AFE ok EE(1/5000 a)oll @Ak A
el F3kA7191 2-Amm(B) 1w S A&l e XE ©F 50HA gFeion R
o Alnl= A=A A Aeet sdstA At mAE AlA= Gisera(E Em]
AEAANE Aoy, Hesns 1, 2, 4g/L2 3o EF A5 39
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2. = AujA FA FARS R vl AT

golatel Ao JFS WA= 2% 9 AHF 5o FARAI HuE 9% A
b ztelE dotr 7] e AP ke gl 27 &elA AAEATE AEAEE
AL2AFLF IJAFS 20033 3¢ 270‘011 g olETS AE 1:119 v &2 &3 &
Tl 2o 253 v 449 2090 AAAYE 30x30cm= skl A S, A
(N-P205-K20/10a)2 43-28-32kgs Al-&3taL, &4 (7]8]/FH]=73)¢ 7tele A%
FoHA7I AAFA7 N EA Sk AAFE 9 v dure SRS
dolr 7] 943 A= MEe Hda2g AXEA ¢ga, Bl AKIE FH
FolE Zdste] AT 29t A dojxl A AAE vtgoR AAH g B
FALAE FET F de FEEIQ 15 30 ¥ 45cm 2 AT AFAHA =
Tovke] 27 Folrh F 40% A% EdE W HA ¥ AFE dm (HH o2 A
Oh5 2R flstel 15wS dxste] Aujstdct

3. 271 AKEE 4 AARNYE AT AFEAA ATAF

A5 AFZAA = QWA

71ell AR S FXske] AR s 9%
Z+7} 100, 200, 400ppm o.& &to] A A FAZ7IQ1 74 1569 A A Ao
7191 84 15l 13] 9 23] AT At AR tHdFAY FeE 93 A
Pro-Ca, BA(Ale]E 7ol W), JA(jasmonic acid), MC(mepiquat-Cl),
gllelgdadll A AAA) D oAEEA BAAA)S ARt A A
A2l =% Pro-Ca 100, 200, 400ppm, BA 100, 200, 400ppm, MC 200, 400, 600ppm,
2 e 100, 200, 400ppm, °ll Al 100, 200, 400ppme. 2 3te] A G A 7|l 79 15¢
I A A7l 89 159 13] B 23] gHAE AHddrt. ddeA 3
AAH Y Z3E dEbd AHEY (GA)S JAS 7 £8&8AY sed GAs
5ppm + JA 5, 10, 25ppm, GA3; 100ppm + JA 5, 10, 25ppm, GAs 200ppm + JA 5,
10, 25ppm= 3sto] AP 7] 7€ 1569 AAH 7<) 8E 15U 13] B 23]
A FHow AWUAT A3l
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AExd  F= 44 5 A (D)
Al (ppm) 30 40 50 60
___________________ 0f o
A 5.9¢c 11.3¢ 46.8b 63.2b
Al 100 114 24.7 45.2 99.9
200 10.0 28.2 44.8 4.7
400 9.5 23.9 41.6 55.0
Bt 10.3b 25.6b 43.9¢c 96.5¢
zaEd 100 23.7 28.8 52.5 69.9
200 25.8 29.4 59.6 73.5
400 24.4 30.3 63.2 80.2
o3t 24.6a 29.5a 58.4a 74.5a

s Ae] ASR dolzte] 27 S4mma 4.
The same letter in means within columns are significantly different at the 5%

level by DMRT.

AR L} o] FAA g Jolate] FHE dotnr] flste] AuP
A3 AL 747 79 1597 89 159 2389 AH FA A At
A HE upeh o] el A9 oAt Al mE e o
77F EFEE A7) Tl St 1y y AeEd Ao E e TRl
100ppm=] 2ol A 1.5kgel Aol H3tel 200ppm % 400ppm A @ol M= FHzlo] =
HolA ¢Fgtot 100ppm MR F2 FHFS BAdS & F AT Z2dd A
o= F43% dolate] s S7HES & F A=, HE o
100ppm®] 79 21kgo® FAz 9 AP Fid FFI H =g on,
200ppm % 400ppm A2l A= 10a T ZH7 49kg 2 85kgo . Jolxpe] Fikol
T/HES & g A} 5o ZREY i JoAx FEFS 52kgo®
A AHe] FFH; 258 A %

=¥
A= AR Aol Evbeld 8427 7HE adAdds & 7 itk

2
>
B
iy

|



¥ 3-2 AwA™Y z2H 72 Ao e Jogx 5
T Foiz A7)
Gz A gz FF (kg/10a)
(ppm) (mm)
<2 1.2
] 9-4 18
A4
>4 3.4
o 2.1b
100 <2 15
200 2-4 2.4
A AH
400 >4 2.3
o3 2.1b
100 <2 2.1
200 2-4 49
2y
400 >4 85
i 5.2a

The same letter in means within columns are significantly different at the 5%

level by DMRT.

4 FotgS AES A9+ i 3-37 2
JBE AAD 7AEE ESHFE ato] Agstds o, 442 3F F 30d
T o9 10% 2 7AE FE gt 2 Aol Holx gskth 1y A4 F 50
AA = 71AE T2 1g/l oA 509% & w9l whdd] 2g/1 2 4g/l AFME 75%
d= F43] Zolgo] /19 S & 5 Adew, 53 A4 F 60UA = Hit 79.8%
44 F 50dA R} oF 13% AL %7}%% & 4 UM ol ARE HFo
% A E s AFRAA L v
)
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E 3-3. Gisera ES#FA o] w2 oz Fol&

A & ol (9]

A HE FE (gL o e (B
0 40 50 60
_________________ % e
T3 g 5.9 11.3 46.8 63.2
Gisera 1 7.9 28.0 50.9 705
2 119 325 75.2 89.4
4 10.1 29.5 74.5 79.6
Dz iy 10.0 30.0 66.9 79.8
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[¢]
20 ool ¥e FYHEL mol JolAe] AL o AE AMAGY x| e
dolAtel /A4 FES} GolA HA F uldizk w89 shedlA 9ol 47 k&
Fol A& e 7t A7kl FAF oIk AAHQ ol Aol A5 Ao B

E 3-4 AAGET, HE)el wE golx HAws @ 5

T A L L R LA L
B (€. 9 <2mm 2-4mm >4mm (g/10a)
o =+ 7.14 1.1 3.4 7.6 35
ok 7.25 1.3 2.8 4.5 1.9

Means with the same letter within columns are not significantly different
(P<0.05).

A 44 F4A et € HAEGE S Ay &9
1 2714585 2 AN 0 9T AF2HA HBAY
Savke] 2SS 2ANNEA H4S 5LA0R ugA7]7] gste] A

A% 7 A h]el 89 1596 27 w2 FAAE A4
Aelol vkl BAFA el 18 Ald TN 7 A5



% 100ppm Aol = 2318 F4% A7 #HA A4S & F A

7 4
o olg s AL 200ppm7tA YEFUTHE b =& F w9l 400ppmol Al Abe)

AS & 5 A olY3 dAge AuA ] Ao FFTIlE JFS v A A
ulb =3k 3 FdolgteE e Al wrgol A #osty] wjEo] ABSA]7|o wet
A2 g 97 $£FS Hole Aoz dAut =3

GAw79 2¥3E AESYY. Z23de Aw 100 2 200ppm A= # A
o E=7ta st yetyA ektoy b =8 FE<l 400ppm A oM+ 1,556kg S
2 Aol vste] ¥4 FHo] F/ES & dloen AuAAY] HeAYH F

ARk g st aaHow ey,

F3-5 AuAAe] A3lgol| W Tkl A T

A A ¥ A 4 #F (kg/10a)
(ppm) 74 159 79 159 + 849 15¥9
IS 1,185 ¢ 1,185 b
100 1,972 a 648 ¢
200 1,593 b 1,241 b
400 1,435 b 1574 a
Bt 1,667 1,154

Means with the same letter within columns are not significantly different
(P<0.05).

¥3-6. Z24d A3 g wE FIvke] A F
PRI ¥ A4 ¢ =F (kg/10a)
79 159 79 159 + 89 159
(ppm) GA4+7 BA  Promalin _ GA4+7 BA  Promalin
e 1185 a 1185 a 118 b  118a 1185 a 118 b
100 343 b 620 b 963 ¢ 328 d 89 b 1157 b
200 A17b 648 b 1065 Db 421 ¢ 625 ¢ 1,046 ¢
400 119%5a 625b 1556a 84D 338d 1222 a
) 3t 652 631 1,195 544 597 1141

Means with the same letter within columns are not significantly different(P<0.05).
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F3-7. A= AP dlge] e vk A £
AelE = ¥ 4 g #F (kg/l0a)
(ppm) 74 15¢ 74 159 + 8¢ 154
-4 2] 1,185 ¢ 1,185 ¢
5 1583 a 1,463 b
10 1,361 b 1,667 a
25 917 d 1,148 ¢
B 1,287 1,426

Means with the same letter within columns are not significantly different
(P<0.05).

rot
o|\
N
)

i 37 A FEQ gAEIA P Ao PP v
Hole YA T2 AAEAS T £ kil
S AES Aolth, AwAAy} =gl 759
%! Sppm % 10ppm o4 73

ZRwde] A gt @G-8
slo] AR FAAANA 27
Aldlel] gefsiAnt A2 o2 fAuge 287l = o FHEo
oo ojg Xl% Al AL 473 QOME &

H]

A
@%&@xﬂcﬂ AuAA AsEe]

o
2 o
o
)
5 4
p
o
}J\irlr
rlrrﬂi‘rlr
o>
—Emf;fr:j
Iru e g
x = W
>
2o ¥ o2
N g pots
g ° ?frﬂlo
A |
Do 2
- AV A
iirlroﬁ
oo o
o fF o oof )y
dob fo o &R ool

a

il

(=)
(o)}
B
[—
()
(®]
(o}
B
[\]
[@)]
(®]
o
B
tlo o
fine
g
i
<
ol
)
2
O
kY
o,
Q
-
Ny
&
K3
>
P

TE AAFFol TUMES BHEIAOY o5
F AgE Xﬂ Eﬁﬂﬁlc’ﬂ/\i“ 7hg B FEQ AW EY 50ppmI 2FE A~ E
o] B8 xFeA A AAFF] M SAEE & F AT 53] o5 &%
oA AW @A 50ppmy} AF=~EAF S5ppmol M EL AAFFES Btk @8A
glof FAA Y wE olE AEAFEAAY AAH g &= Aw =Y 50ppm7t
200ppmell Al Ap2=2at S8 AAPA7] 13 Ao Frksta o, AuAd
100ppmeoll A AF2=Eak E825 038 23| AA Axd FARA A 245

ol BF olE wgel U AR Q= AT FaAHelol @

oX

[‘

°f Vs ¢

<
= T
Ao FE AT

b9

_94_



F3-8 AMAI I} AAZA gAY F A sl wE Tk A4 =

¥ 4 #F (ke/l0a)

A8
74 15¢ 74 15¢ + 8¢ 15¥
oA g 1,185 e 1,185 e
GA S0ppm + JA 5ppm 1917 a 1,213 d
GA 50ppm + JA 10ppm 1,741 b 1,676 a
GA S0ppm + JA 25ppm 1,259 d 1,454 ¢
= 1,639 1,448
GA 100ppm + JA 5ppm 1,102 e 1,519 b
GA 100ppm + JA 10ppm 1,157 e 1,445 ¢
GA 100ppm + JA 25ppm 1574 ¢ 1,287 d
= i 1,278 1,417
GA 200ppm + JA 5ppm 1,898 a 1,167 e
GA 200ppm + JA 10ppm 1,426 d 843 f
GA 200ppm + JA 25ppm 1,157 e 1,602 a
3 1,494 1,204
A 1,470 1,356

Means with the same letter within columns are not significantly different
(P<0.05).
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(%,150g /)

(g/10a)

(cm)
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151
192
174

154

1,250
1,394
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1,452

;oT
il

23.2
29.5
26.8

15
30

45
Means with the same letter within columns are not significantly different

(P<0.05).
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¥ 3-10. Aol whe 273 Fg § BYE
Fol& N7 = NEE W A5 (%)

) 55l Bl 2] B FSE=RS Rt
(%) (g/10a) (9%,150g°] 4 ©AH 1
= 70.5b 1,300d 15.6d 45 43
Hg 89.2ab 1,450c 17.8¢ 16 13
it 94.3a 1,845a 27.4a 11 15
7 95.2a 1,78%b 26.3b 13 11

Means with the same letter within columns are not significantly different

(P<0.05)

A% Feje 2SS W Sovke ol AR APFFE dET A
3115 2tk Golat AARL FAFANA A B 455% & 1wl W

el FH wel AgEE HA T8 AF AuelAE 112% = 743
Age nAt HUHES o83 X3P AFAMAAE 146%, NF AFA
2 AFFeel B ol FAe TR o] gF NFAN g B Fdolx F

off

dd AAGeFE AFAue adrb Folsidsd FA 5ol sk ZA 18 Al

oM 1743kgo% 7P Egrom 1 thge X@ AulelA 1698kg o vEhtom
Ng AFAE AFGe el g e 532 Rolt Qo ek W %
AES AR 13 AFAMNA g e Ao et ojgd Avks AFFe

FEHE A2 w27] el gejate] HAE) =

E 3-11. AFAAEHe w2 A7 ¢35 ¥ 24 E
o of =} o =} 27 Ay 5 (%)
(%) (g/F) (g/lOa)
TR 455 6.5 1,285 43 40
I 11.2 2.2 1,743 11 9
X 14.6 2.8 1,698 14 13
N 384 45 1,402 31 27

Means with the same letter within columns are not significantly different

(P<0.05).
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E 3-12. ¥

3-129 A

why
ol

wAO

AL

&
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‘w‘

H]

100
107
198
154
115
173
125

(%,150g ] &)
16.3

(g/10a)
1,285
1,385
1,660
1,541

(kg/10a)

B

175
32.3

pzel

._on#
o}

25.1
18.7
28.2
204

1,442
1,797
1,843

— 98 —

12
18
12

18
Means with the same letter within columns are not significantly different

(P<0.05).
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