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　　　　Our　objeets　are　tu　determine　physiologieal　mechanisms　controlling　the　shoot　regrowth　wit，h

storage　starclk　degraCtat孟◎汽bンam．y王ases　dur量㎎量n漁五regr◎蹴h◎f　p製as鰹y　beaR．　PlaRts　were

grown　and　transferred　into　the　centrolied　enviroRrnenta｝　chamber　set　at　200C　or　30℃　（low　or

high　temperature　pretreatment：　LTP　and　HTP，　respect，ively）．　After　an　8－day　adjustment　period，

all　plants　were　defoliated　and　grown　at　25．　“C．　Amyla＄e　activities　and　carbohydrate　concentra一

目○難s山回sもe獄＄εし難《ir◎o｛LS　were　co認蒸茎）ared◎熱day（｝，1，3，　ai｝d　6　a，£eeer　defo銭哉犠◎R．　Star（まミ。◎RteRts

at　defoliation　and　the　censumption　during　regrowth　were　higher　in　LTP　than　in　HTP．　As　the

result，　new　shoot　production　during　initial　6　days　was　five－f〈／　ld　higher　in　LTP　than　in　HTP，

indicating　the　impertcwnce　of　the　¢arbohydrate　utilization　for　regrowth．　Although　a－amylase

aetivity　showed　alrriost　the　same　level　betweeR　LTP　and　H’1’P，　the　higher　starch　degradatloR　in

LTP　than　in　HTP　was　observed　during　the　，first　1　day．　Between　day　1　and　3，　a－amylase　activity

was　elevated　due　to　a　sink　demaxid　in　LT｝’．　The　disappearance　of　the　increase　in　cr－amylase

ae糠v誌ies　b《誌wee衰day　3　and　6　XI織y　be　cau＄e（3　by　the　depletl（）難。ぎsもarc｝ミb娠も韮ikely　Rot，　by　the

weakening　demand　in　sink　organs．

INTRODUCTION
　　　　During　reg／rowth　of　legurrte　after　de／foliation，　the　reserved　carbohydrates　iR　resi．dual

organ＄　were　translocated　into　si，nk　tissues　as　the　substrates　for　respiration　and　biosyn－

thetic　precursor　（Hodgkinson，　1969）．　The　amount　of　tot，al　non＄tructural　carbohydrate

（TNC）　accumu．lated　in　the　root＄　and　crowns　of　a｝falfa　has　beeR　considered　aR　iraportaRt

factor　infiueneing　regrowth　after　defoliation　（Smith，　1962）．　The　tetraploid　populati，on　of

aifa］fa　showed　the　higher　accum，ulatioll　of　starch　in　taproets　prior　to　defoliation　and　the

more　rapid　sheot　regrowth　afte，　r　defoliation　re｝ative　to　the　diploid　populatioR　（HabbeR

and　VQIenec，1991；Volenec，1988）．　However，　in　s…，　the　genot脚f　high　taproot

starch　¢oncentratioR　preduced　IL．ss　new　shoots　th，an　the　low　stareh　genotype，　whieh　may

be　owing　to　the　differen，ce　in　applieability　to　defohatioR，　wirkterhardiness　or　the　ot／　er　spe－

cific　environmental　stress　（Boyee　and　Volenec，　1992；　Habben　and　Volenec，　1990），　The

effect　of　the　starch　utiheatiei｝　on　the　rate　of　Rew　shoot　productiozz　is　unclea．r　espeeially　in
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　　　Starch，　the　maiR　storage　carbohydrate，　can　be　hydrolyzed　eorRp｝ete｝y　through　the

concerted　action　of　a－amylase，　B－amylase，　debranching　enzyme，　and　a－glucosidase，

Alpha－amylase　piays　a　major　role　during　the　degradation　of　native　starch　granules　and

a－glucosidase　accelerates　the　degradatiox　te　glucose　（Sllfi　3Rd　｝lekscR，　1990）．　［（’he

increase　in　a－amylase　actwity　accompanied　with　the　decrease　in　starch　conteRt　iR　alfalfa

taproot　4　days　after　defoliation　suggested　that　a－amylase　played　an　importaRt　role　for

starch　hydrelysis　during　regrowth　（Habbeft　and　Volenec，　1991）．　Boyce　et　ag．　（1992），

similar｝y，　reperted　the　sEwae　coxsideratioR，　bgt　the　Regative　relatiek　betweeft　a－airiylase

acも叢vity　a簑（i　starch　c（）nもe簸もocc疑rre〈i　l◎days　afもer　def（）蓋a£沁簑．　F嚢rもher盤◎re，頭もapr◎（）もs

of　sainfoin　35　days　after　defoliation　（Kallenbach　et　aL．，　1996），　a－amylase　activity，　when

assayed　at　37eC，　decreased　with　increasing　growth　temperature　while　there　was　a　con－

c蟹re汽t　deαease鎗sもarch　c◎nもeRも．　A1撫◎慧gh撫e　sもarch　degradat三〇n　wo嬢至d　be　necessary

and　irnportant　especially　before　the　resume　ef　photosynthesis　by　new　leaves，　the　relation

between　starch　contents　and　a－amylase　activities　was　not　fully　investigated　during　initial

regrowth．

　　　The　rapid　cha轟ges　in　s（）urce－s掘くre孟atk）貧s食）r　carb◎hyd撒もes（）cc簸r　afもer　defbliaも圭oR．

DefohatioR　increased　Ret　photosyRthesis　in　the　rei￥iaiRii｝g　｝eaves，　but　CO2　eRrictmeRt　did

not　alter　the　rate　of　net　photosynthesis　in　well－developed　alfalfa　plants　（Baysdorfer　and

Bassham，　1985），　indicating　that　photosyr｛thesis　following　defoliation　was　limited　by　sink

and　so　sh◎oもregrowしh搬ay　b㊧㎞ted　by　the慧も慧izaもion◎f　acc㎜ulaもed　TNC溢meris－

tems．　Similarly，　SuwigRyo　et　ae．　（1995）　showed　that　total　a－amy｝ase　activities　in　1eaves

of　soybean　responded　to　modifications　in　the　size　of　source　and　sink．　lt　is　important　to

con＄ider　the　relation　in　source－sink　affeeting　both　starch　contents　and　amylase　activities．

　　　One　objecもive◎f　this　sも嚢dy　isも。　exa愈eもhe　effeeもof　ac（：urriulate（圭carbohydraもes　i数

residua三Pla撚organs（）n撫e　raもe　of　new　sh◎◎もproducti◎R　usirヒ9出e　gr（）w撫もemperaもure

strategy　before　defoliation　in　phasey　bean，　which　is　a　trepical　forage　legume　and　often

regrows　in　sumrner．　Aiiother　object　is　to　investigate　the　degradat2en　ef　sterage　starch　by

amylases　d媛r錦嚢9癖t圭a三regr◎Wもh。

MATERIALS　AND　METHODS
P翌a無t　Mater董a霊s　a応護C越撫re

　　　Phasey　beaR　（MacroptitizLm　gathyToides　（L．）　Urb．）　seeds　were　sown　mio　32－pots　of

15cm　in（liameter（three　plants／pot）飢ed　with　an　1；1（v／v）mixed　so且of　vermiculite　and

eompost　coRtaining　200　mg／L　of　N，　700　rrig／L　of　P　aRd　10e　ir｛g／L　of　K　oR　June　17，　1999．

P｝axts　were　grewik　for　34　days　in　the　experimeRtal　field　of　Kyushu　University，　raRdomiy

divided艶toもw◎groups　a鍛dもhe嚢もransferred無t（）もhe　c◎nもr◎艶d　e簸vir◎lwmeRもal　cham．ber

（Biotron　institute，　Kyushu　University）　set　at　200C　（low　temperature　pretreatment：　LTP）

or　3e“C　（high　ternperature　pretreatment：　HTP）　with　700／o　reiative　humidity．　After　an

8－day　adjustmeRt　pericd，　all　p｝aRts　were　eut　at　IO－crf｝　height　abgve　the　sgll　surface，　aRd

followed　by　removing撫e　leaves　and　the　pet三〇1es　from　the　remair血g　plants　betng　10－cm

in　height．　Both　the　groups　were　irnmediately　transferred　into　the　controlled　chambers　of

25　OC．
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　　　Fo鞍r　p◎ts　per　teraPera撫reもre就蹟餓t　were　sa白玉のd㎞e（盤aもely　fQ銀◎wing　def◎臨i◎n

and　｝，　3　and　6　days　｝ater　at　6　p．m．，　re＄pectively．　The　stems　（above　the　soil　surface）　were

separated　from　the　new　shoots　（the　lateral　buds，　petioles，　and　leaves），　and　the　roots

except　’the　fine　roots　（〈1mm　diameter）　were　obtained　to　the　depth　of　10cm．　The

samples，　were　irnmediately　packed　in　dry　ice　and　stored　at　一200C．　All　samples　were

lyophi，lized，　removed　from　soil　and　nodules，　and　then　ground　to　pass　a　1－mm　aper，　ture

screen．

Carbohydrate　DeterminatieRs
　　　The　protoce｝　of　earbohydrate　determiRaticri＄　was　based　en　the　previeus　report

（Asamo　et　ut．，　2000）．　Carbohydrates　were　extracted　with　80“／e　（v／v）　etkanel．　MeRo一一　and

disacchari（蓬e　so沁泳）xl＄prepare（i　fr（）獄．　s疑pemaもa1蔦。解織e　extracむi◎鍛were　a捻a至yze（蓬by

HPLC　system，　and　star¢h　frorft　the　residual　pellet　was　hydrolyzed　to　gtucose　and　assayed

using　a　coupled　glueose　oxidase－peroxtdase　system．

Enzyme　assays
　　　Crude　extracts　were　prepared　as　previously　deseribed　（Asano　et　al．，　2000）．　Total

amylase　activities　were　determined　by　measuring　reducing　power　／released　following

hydro｝ys，　is　of　solub｝e　starch　（Ga｝lagher　et　esg．，　1997）　with　DNS　ccler　rea¢tioR．　Alpha－amy一

｝ase　and　a－glucosidase　activities　were　assayed　using　the　precedure　described　by

McCleary　aRd　Sheehaft　（1987）　aRd　Gallagher　et　st．　（，1997），　respectively，　aRd　incubatien

teraperat，ikre　was　the　sarae　as　that　of　growth　（2e，　25　or　30　OC）．

RESULTS　AND　DISCUSSION

Effects　of　pretreatment
　　　Temperature　adjustments　of　200C　or　30　eC　before　defoliation　sign．ificantly　mod，　ified

the　dry　weights　and　glucose　and　starch　contents　in　both　organs，　which　were　elevated　by

low　temperature　（Table　1）．　Consequently，　TNC　contents　（estimated　from　the　sum　of

fructose，91ucose，　sucr（）se　and　starch　c（）厩ents）蟄LTP．were　apProximately　12％血b（）撫

Table　1．　Effects　of　the　temperature　pretreatmeRt　ef　2g℃　or　30℃　eR　dry　weight，　fyiictcse，

　　　　　　　glgeese，＄蓋．達．er◎Sを，　a照S捻r〈ll．1．篭CO難もe臨S，　a飛d轍滋a澱y蓋ase，鋤をia－am｝，1ase　a嚢d

　　　　　　　a韮pha－91雛（≧osi，dase　act，ivities　i；．芝灘自照由◎◎t　or騨≧S・at・defel重a毛量0飛．

Stem Root

Measurement 20　Oc 30　gc P 20　℃ 30　“c P

Dry　weight　（mg／plant）

Fructose　（ngfg　DVVE）

Glucose　（mgfg　DW）

Sucrose　（mgfg　DW）

Stareh　（rRg／g　DW）

Total－amyiase　（RmoYmiiVg　DWI）

Alpha－tamylase　（nmoYrninfg　DW）

Alpha－glucsidase　（RrnoYntwg　DW）

529
　9．6

21．9

12．4

77．2

250
　e5．9・

　・1．6

449
　7．8

11．5

11．6

　9．2

260
21．7

　4．4

　O．008

　0．230

　0．02，r）

　O．663

＜α00玉

　O．878

　0．003

　0．005

430

　6．5

15．9

34．3

62．6

287
　7．7

　3．e

306

　7．1

　7．7

24．6

11B
421

12．7

　6．1

　O．034

　0．529，

　0．026

　0．IOI

〈O．OOI

　e．358

　0．104

〈　e．eol
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organs，　which　was　two一　to　three－fold　higher　than　in　HTP．　Lower　temperature　increased

the　dry　weight　of　white　clover　stolon　with　a　concurrent　accumulation　of　TNC　to　adapt　to

wiRter　surviva｝　（Boller　and　NOsberger，　1983），　in　relation　to　starch　deposition　by　the

function　of　soluble　starch　synthase　（Denyer　et　aL．，　1994）．　ln　addition，　higher　temperature

increased　the　shoot　and　root　respiration　in　alfa血with　the　result　of　the　decrease　in　net

accumulation　of　stored　carbohydrates　regardless　of　the　increase　in　net　photosynthesis

．（Al－Haindani　aRd　Todd，　1990）．　Therefore，　lew　growth　terRperature　induced　the

accurnulation　of　storage　carbohydrates　and　other　nutrients　followed　by　the　increase　in　dry

weights　of　phasey　bean　organs．

　　　Temperature　adjustment　also　influenced　some　amylase　activities．　The　activities　of

a－amylase　in　stems　and　a－glucosidase　in　both　ergans　were　signif｝cantly　（P〈O．Ol）　higher

at　300C　than　at　200C　when　assayed　at　each　growth　temperature　（Table　1）．　These　dif－

ferences　may　be　caused　by　a　response　to　the　stronger　demand　of　sink　tissues　due　to　the

acceleration　of　respiration　with　increasing　temperature　（Al－Hamdani　and　Todd，　1990）．

The　continuous　higher　a－amylase　activities　for　8　days　could　support　the　resuk　of　low

starch　contents　less　than　20／o　in　HTP，　whereas　the　lower　a－amylase　activities　in　LTP

resulted　in　starch　accumulation　more　than　50／o　where　the　negative　correlation　（r＝一〇．751，

n＝8）　between　starch　content　and　a－amylase　activity　was　obtained　（data　were　not

shown）．　Alpha－glucosidase　accelerates　the　degradation　of　starch　granules　（Sult　aRd

Henson，1990），　and　the　higherα一glucosidase　activities　in　the　present　experiment　sup－

ported　the　low　starch　accumUlation血HTP．　However，　the　negative　correlation（r＝一〇．63，

n＝16）　between　the　a－glucosidase　activity　supplying　glucoses　and　glucose　content　at　the

end　of　the　temperature　pretreatment　suggested　that　the　enzymatic　supply　by　a－glucosi－

dase　catalysis　did　not　control　glucose　contents．

Regrewth　after　defeliatioR

　　　New　shoot　production　clearly　began　between　day　1　and　3，　and　then　rapidly　increased

after　3　days　（Table　2）．　The　utilization　of　TNC　accumulated　in　the　roots　of　alfalfa

（Hodgkinson，　1969；　Smith，　1962）　and　in　the　stubble　of　perennial　ryegrass　（Donaghy　and

Fulkerson，　1997）　has　been　considered　an　iiy｛portant　factor　influencing　the　shoot　regrowth

after　defoliation．　Similarly，　the　regrowth　of　phasey　bean　developed　remarkably　faster　in

the　plants　in　LTP，　hence　the　results　supported　the　consideration　that　the　rate　of　new

shoot　production　depended　in　part　on　the　storing　TNC　contents　of　remaming　shoots　and

roots　in　the　early　stage　of　regrowth．

Table　2．　Dry　matter　of　new　shoots　in　the　temperature

　　　　　　　pretreatrnent　of　20　or　3eOC　followiRg　defolia－

　　　　　　　tion　（n＝5）．

New　shootg．　production　（mg／plant）

Pretreatment Day　3 s．e． Day　6 s．e．

20　ec

30　℃

48　±　2．9

11　±　2．0

134　±　3．1

25　±　i．9
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Storage　carbohydrates　utilization　during　t血e血st　l　day　after　defoliation

　　　The　significant　changes　in　total　amylase　and　a－amylase　activities　were　not　detected

between　day　O　and　1，　but　the　a－amylase　activities　in　LTP　tended　to　rise　due　to　the

increase　in　growth　temperature　from　20　to　250C　（Table　3）．　The　increase　in　growth　tem－

perature　also　promoted　the　a－glucosidase　activities　in　stem　and　root　（P〈O．Ol　and　〈

O．05，　respectively）　in　LTP　（Table　3）．　Alpha－amylase　gene　expression　in　suspen－

sion－cultured　cells　was　induced　by　the　deprivation　of　carbohydrate　nutrient　with　a　lag

period　of　2－4　h　CYu　et　ctL．，　1991）．　The　deprivation　of　carbohydrates　in　LTP　did　not　occur

Table　3．　Fluctuation　of　amylase　activities　iR　total　arr｛ylase，　alpha－arrtylase，　aRd　alpha－glucosidase

　　　　　　　activities　at　high　（30eC：　HTP）　or　low　（20eC：　LTP）　temperature　pretreatment　in　stem　and

　　　　　　　root　organs．

Total　amylase rupha－arnylase Alpha－glucosidase

OrgaRs Day LTP HTP LTP HTP LTP HTP

nmoYmin／g　DW

Stem

Root

　　0

　　1

　　3

　　6

PLSDt

　　o

　　1

　　3

　　6

PLSD

250
216
456

382

138

287
326
589
141

428

260

307
245
150

NSt

421

182

254
152

NS

5．9

16．5

47．1

41．8

20．4

7．7

11．1

40．6

18．9

28．1

21．7

20．8

23．6

23．5

NS
12．7

10．1

16．2

22．5

NS

1．58

4．64

5．11

2．99

2．02

2．99

5．23

5．43

3．87

1．83

4．45

4．04

2．86

2．50

NS
6．14

5．56

5．32

3．91

1．23

t　Fisher’s　protected　least　significant　difference　（P〈　O．05）．　i　not　significant．

Table　4． Fluctuation　of　carbohydrate　contents　in　fructose，　glucose，　sucrose，　and　starch　at　high

（30　℃：　HTP）　or　low　（200C：　LTP）　temperature　pretreatment　in　stem　and　root　organs．

Fructose Glucose Sucrose Starch

Organs Day LTP HTP LTP HTP LTP HTP LTP HTP

mg！g　DW

Stem

Reots

　　0

　　1

　　3

　　6

PLSDt

　　o

　　1

　　3

　　6

PLSD

9．6

72
11．3

10．4

NSt

6．5

6．1

7．2

4．9

1．5

7
6
，
5
6
N
τ
4
5
5
N

21．9

13．3

12．2

4．6

4．4

15．9

7．3

8．3

2．1

5．0

11．5

3．0

4．4

2．4

6．6

7．7

4．7

2．9

0．8

NS

12．4

14．9

8．8

3．8

2．2

34．3

21．4

8．7

5．0

12．2

11．6

6．1

5．3

3．8

3．0

24．6

8．6

4．1

3．5

7．3

77．2

66．2

40．6

7．7

27．1

62．6

33．0

9．3

3．6

165

9．2

7．5

9．1

4．9

NS
ll．3

7．4

4．0

4．1

NS

t　Fisher’s　protected　least　significant　difference　（P〈　O．05）．　＃　not　significant．
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tn　lthe　relnain血g　organs　of　phasey　bean．　Theα一amylase　activities　in　HTP，　where　sugars

were　aimost　depleted，　may　show　no　signi，fieant　changes　due　to　the　decrease　in　the　growth

temperature　from　30　to　9．5　eC．　Tke　results　by　Ga｝lagher　eg　ag．　（1997）　showed　Ro　chan，ges

in　a－amylase　activity　during　1　day　after　defoliation　in　young　stolon　of　white　clover　while

storage　earbohydrates　decreased．　Therefore，　the　net　activities　of　stareh　degradatien

enzyme　should　not　generally　ehaRge　during　1　day　after　defoliation．　Npha一一一amylase　is　also

an　important　enzyme　controlling　starch　hydrolysis　in　source　organ，　supported　by　many

reports　（Beyce　et　ag．，　．1992；　Gallagher　et　（xl．，　1997；　HabbeR　and　Volekec，　1991；　Vo｝eRec　et

ag．，　1991）．　However，　the　a－amylase　and　a－g1ucosidase　activities　showed　almost　the　savae

level　between　LTP　and　HT．P，　respectively，　and　the　b5　（mgfgDW）　higher　starch　degra－

d就重。岡三汽LTP　thaR　i漁HTP　was　observe（i（Tables　3　aRd婆）．鎗a（i（薫t三｛m，　the　starch

contents　in　LTP　were　sti11　largely　higher　than　tho＄e　in　HTP，　though　starch　content　only　in

the　root　i，n　LTP　decreased　significantly　（P〈O．Ol）　（Table　4）．　Therefore，　the　results　of

variati◎R　in　amy玉ase　ac慧v漁s　a繋d　starch　conもents鐵伽s　exper㎞e簸も㎞（hcaもed嶽at漁e

control　of　starch　degradation　rate　during　the　first　1　day　was　affected　by　other　faetors　sueh

as　substra’te　（starch）　contents　rather　than　amylase　activities．

　　　Sucrose　coAt・eRts　iR　HTP　sigRificaRtly　（P〈O．Ol）　decreased　in　both　orgarts，　blltiR

LTP，　increased　signifi¢antly　（P〈O．05）　in　the　stem　and　decreased　tn　the　root．　Glucose

conteRts　cteereased　in　all　coimpartments　and　the　decreases　were　signMcantin　both　organs

㎞LTP　and　tn　the　stem血HTP（P〈α01　and　P＜0．05，　respectively）（Table　4）．　S㎞larly，

considerable　disappearances　of　sugars　were　observed　in　stolons　or　roots　of　whit，e　clover

（Gordox　eg　ae．，　1986；　Ba“r－1｛bch　st　ffl．，　199e）　during　1　er　2　days　ef　regrewth．　S“gars

were　also㎞terme（hate＄via　starch　degradation，　and　the　contents　w皿be　c（）rltrolled　by　the

interactioxx　between　the　supp］y　frorn　starch　degradation　and　the　demands　for　respiratory

eRergy　a嚢d　bめsymもhe犠。　pree鷲rsor．　Ther《｝f《）re，　tぬe　c（m＄ump鑛。汽◎f　sugar　for　si敗雛ss慧es

wa＄　over　the　supply　of　sugar　from　starch　degradation　and　sugar　contents　decreased，

which　was　an　inevitable　result．

　　　It　wa＄　likely　to　supply　h，igher　sugar　f’rom　starch　degradaticR　axid　to　ceRsuirte　more

carbohydrates　in　LTP　eompared　with　HTP．

Sterage　earbohydrates　utilization　betweeR　day　1　and　3　after　defoliatioR

　　　The　axiilary　buds　began　to　differentiate　and　grew　between　day　1　and　3　after　defo一

蓋at薫（）n（丁譲）1e　2）and　s（）me◎ぎthem繍LTP　then　expaR（圭ed　th磁r茎eaves　byもhe　sa搬P1血g　at

day　3．　The　TNC　contents　continued　to　decrease　in　LTP　and　showed　nonsignificanL

changes　in　HTP．　ln　detail，　sucrose　contents　in　LTP　significantly　（P〈O．051）　decreased　in

b◎癒orga嚢s　a簑d　sもarch　cOR麟載s㎞LTP　d¢αeased娠sも撚s（P＝α06）aRd　ro◎ts（P〈0．◎D

（Table　4）．　The　supply　of　more　carbohydrate　to　the　growing　axillary　buds　i．n　LTP　than　in

HTP　through　the　3　days　might　have　occurred　and　induced　four一一fold　new　shoot　production

短しTP　as芝．照ch　as撫a載天｝｛TP．　Ba嚢r－H6ch　et　u護．（1990）showed　th総sam礁resu鷺＄，　where

the　decrease　in　the　storage　carbohydrates　contents　was　proportional　to　their　initial

conteRts　in　white　clove’r　stol，ons　and　there　was　the　coneomitant　production　of　leaf　dry

matter　afger　defoliatioR．　The　expaRding　Rew　｝eaf　＄howed　the　recover　of　carboR　f1xat，ioR　te

a　certain　degree　but　the　demand　for　carbohydrates　in　LTP　would　still　exist　because　the

decrease　in　’1’NC　coRtinued．　The　decreased　starch　conteRt　and　the　dep｝eted　sucrose　siiss－

gested　the　relative　shortage　of　supplying　carbohydrates　durirng　the　period　of　day　1　to　3
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compared　with　the　first　1　day．　The　size　of　source　and　sink　affected　total　a－amylase

activities　in　leaves　of　soybean　（Suwignyo　et　al．，　1995）．　Yu　et　al．　（1991）　showed　that　the

sucrose　deprivation　induced　the　expression　of　a－amylase　genes　in　suspension－cultured

cells　of　rice．　lt　is　supposed　that　as　the　result　of　a　cornpensation　for　such　decreasing

supply，　total　amylase　and　a－amylase　activities　in　each　stem　were　elevated　significantly

（P〈O．Ol）　in　LTP　（Table　3）．　The　above－mentioned　consideration　agrees　that　a－amylase

plays　an　important　role　in　the　hydrolysis　of　starch　during　regrowth　（Boyee　et　al．，　1992；

Habben　and　Volenec，　1991；　Volenec　et　al．，　1991）．

Storage　carbohydrates　utilization　between　day　3　and　6　after　defoliation

　　　Only　in　LTP，　the　signi　ficant　deereases　were　shown　in　glucose　（P〈　O．Ol），　sucrose　（P〈

O．OOI）　and　starch　（P〈O．’05）　contents　in　stems，　and　fruetose　（P〈O．Ol）　and　glucose　（P〈

O．05）　in　roots　（Table　4）．　Consequently，　TNC　eontents　showed　larger　decrease　in　LTP　than

in　HTP　where　there　was　a　slight　decrease，　and　the　new　shoot　production，　in　LTP　was

above　five　times　as　high　as　that　in　HTP　（Tab！e　2）．　The　regrowing　organs　including　new

shoots　should　st皿play　as　a　stronger　stnk　in　LTP　than　in　HTP　whUe　the　photosynthate　was

already　supplied　to　some　extent．　Furthermore，　the　starch　contents　had　already　depleted

by　the　samplmg　day　of　6　and　there　was　not　significant　（P〈O．05）　increase　in　a－amylase

activities　（Table　3）．　Gallagher　et　al．　（1997）　showed　almost　the　same　result　as　that　in

young　and　old　stolon　tissues　of　white　clover　8　days　after　defoliation．　The　depletion　of

starch，　but　hkely　not　the　weake血g　demand　in　sin：k　organs，1may　inhibit　the　increase　inα

一amylase　activities．　The　a－glucosidase　activities　decreased　in　the　root　in　HTP　and　in　the

stem　in　LTP　significantly　（P〈O．05）　（Table　3），　which　might　be　regulated　by　the　depletion

of　stareh　or　sugars　earlier　than　that　in　the　case　of　a－amylase　and　the　mechanism　remains

to　be　clarified．
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