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Figure 2.1. Location of the study area
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Figure 2.2. State of the snow damage
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Figure 2.3. Bamboo stand performed “Uradome”
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Figure 2.4. Features of damaged bamboo stands
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Table 2.1. Outline of investigation site

Investigation  Stand Angle Slope Culm density done ornot  damage rate

Year Name of slope direction (per 0.1ha) "Uradome" (%)

KG1 31 E 690 done a partially 3.3

KG2 35 NE 240 done a partially 25.0

KG3 32 E 180 done a partially 22.2

2012 KG4 0 Flat 260 done a partially 15.3

TN1 29 NW 520 done a partially 11.5

TN2 29 NwW 660 done a partially 6.0

TN3 29 SW 420 done a partially 4.7
___________________ ™4 29 SW._ 280 domeapartilly 7.1
2013 KRYL 8 W 250 done a partially 304

KP1 30 SW 340 not done 41.1

KP2 25 SW 380 done completely 5.2

KP3 22 SE 460 not done 17.3

KP4 35 SW 360 done a partially 44 .4

KP5 25 NwW 500 done a partially 8.0

HI1 24 SE 500 done a partially 4.0

HI2 8 NE 620 done a partially 6.4

2016 FS1 4 E 160 done a partially 25.0

FS2 26 E 160 done a partially 62.5

FS3 25 E 160 not done 25.0

KY2 5 S 440 done a partially 13.6

KY3 28 N 780 not done 30.7

KY4 15 W 460 not done 39.1

KY5s 3 N 540 not done 40.7

KY6 34 N 700 done a partially 22.8

KY7 16 N 600 not done 26.6
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Table 2.2. Relationship snow damage and “Uradome”

done "Uradome” not done "Uradome" total
damaged 9 135 144
-5.443 e 5443 ks -
td d 145 375 520
not damage 5.443 s 5443 s -
5 5
total 154 510 664

above: number of the clum, below: standardized residuals

%% p<0.01
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Table 2.3. Correlation coefficient between the variables in multiple regression analysis

02

Slope dwection . done or not "Uradome” done or not "Uradome"
Angle of Culm denstty . dama,
. ° )Sb"e o done comletely done partially £e
X N(X) NE(X) E®)  SE(X)  S(Xe) SWX) WX) NW(Xe) Xio ) (Xu) rate
Angle of slope
(3]
Slope dection
-0.101 1.000 . - - . - - . - . - -
N (%)
Slope dection
0,033 0129 1.000 - - . - - . - . - -
NE(X3)
Slope dection
0.044 0218 -0.147 1.000 - . - - . - . - -
E(Xy)
Slope dection
SE(X) 0.009 0129 0087  -0.147 1.000 . - - . . . - -
Slope dection
) 0343 0089 0060  -0102  -0.060 1.000 - - . - . - -
S(Xs)
pe direction 0329 0218 0.147 0250  -0147 0.102 1.000
SW(Xs) ' : 0. ° : 0. : - - - - - -
Slope dection
‘ 0,033 0129 0087  -0147  -0087  -0060  -0.147 1.000 . - . - -
Wi(Xg)
pe direction 0.175 -0.161 0.109 0185  -0109 0.075 0.185 0.109 1.000
NW(Xo) ' : : ' : : - ' |
Culm density
) 0.041 0.548 0.006 0429 0.087 0.015 0193  -0116 0271 1.000 . - -
10/
or not "L ' 0.045 0,089 0.060 0102  -0.060 0.042 0.408 0060  -0.075 0.052 1.000
done completely (X11) ’ i i ’ i i i ’ i i i
done or not "Uradome"
0.142 0402 0.202 0.129 0114 0.140 008  -0114 0253 0.145 0298 1.000 -

done partially (X3,)

damage rate 0.005 0.250 -0.113 0.200 -0.211 -0.106 -0.033 0.257 -0.317 -0.317 -0.219 -0.303 1.000




Table 2.4. Result of multiple regression analysis with damage rate as objective variable

relation
independent variable B B t P zz:;c ent
Culm density
-0.0515 -0.6175 -3.1410 0.0051 *k -0.317
(X10)
Slope direction
18.1103 0.4375 2.0097 0.0581 0.250
N (35)
done or not "Uradome" 9.9850 0.3069 15901  0.1275 0.303
done partially (Xi2) ' ' I . .
done or not "Uradome"
-23.5374 -0.3039 -1.7213 0.1006 -0.219
done completely (X;;)
Angle of slope
0.005
(Xy)
Slope direction 0.113
NE(X;) '
S direction
lOp::(XJr) 0.200
Slope direction
-0.211
SE(Xs)
S direction
k'p; (X:)C -0.106
Slope direction 0.033
SW(Xy) '
S direction
lOp\;(Xg) 0.257
S direction
lope (;:) -0.317
constant term 48.2921 5.9544 0.0000 *k
adj R’ 0.3578
% p<0.01
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FBI3E TUYUFIOUTIEDEEFRRE~OMIREEHRKES X Oy 0%
#LE Fam

F2ETIH, SELUTIEODEHOBRIZCOWTHEZITY, V7 IEORFEIEIC
HETHLERE LI, UIIEDIX, #7  aREE, RE LTI 268 Thin
HaZfo0io720 LTRYERITATH Y, TOHIEZ, AWEERTHEE
e REHIFICED LTREBNCE Y Bz 2 HiEoRE< 22908385 (EH 1963),
DL, AMOERITEREZES 2R 570, BETHHRVEL LIEEERL
TWHEEENSZ,

RO%EEL LIEIC LD U 7 kOO, AEE O ORBRICES T ED 1~2 B2
ERALLHRZBZICTSE SN TS (B 1963 ; (LR 2017), ZEhE A ITFRIC X
STRZRY, POKBROIEFITHENIH TH S, @I LY REEEToTLES
A, HE L TWA LY TOHEiIN LI A Z & THRERAFRE LIEDES 5 AlEetEni &
W, —F, @lEZBRED L, HEL TWAHSTENL LN TERI RV BEN LD
RN ED, LvL, 228 Bk U723 @ 872 O DWW TREFZAVIRELIZER & 2z
7o TWR, RG22 & ) 2 ABEOTZDIZIE, v 7 Ik & @Y FEM L EEF L%
EHLHZLNEETHY, BRSOV TORERNREBZREEL, HIEHEICHEMBLTH
HIVEND D,

ARBRTIE, IRVEE LIELL D2 T D E T BRI 285 0, BT oMk
HEECRT DEWD, Bl T 7 IEORHIOREICHEL TWDH E DR EZNL T, Z
MO EREAET 2720, ERRICHEEE S ORBRANCES @ L STV aRHICY 71k
D EATV, Friv7zE o 0 BT OMBEEEDMRM T, BL Y 7= EEO ST &7 -7,
F7z, FETU T XV RTORENS, U 71k XY % O S4EA R OMIEE >
WTHRERO T 21TV, 32 2 & T, SRBRAIE LTHOATWORA T Y T
D@ THLNEELE LT,
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H2E MRS IR

2. 1 REORIE RF
BAEORBUZILERILBRT OF T Y U F 7 RTIT o 72, RBXSIT Y T 1L DR 02
L, HBEBRE L THROMOR, MENET L-YFELAORO 3EE@FERA L, ¥
FIEDRFHAOFRIT 2018 FFICHAE L IHIT & L, S titsaH- 6 AT T %
Efi L7z, BIEEUT3I AL L, kot EESICHIE Lz, 77 kD ER%, ih
OB E, BT, 48 FA2BRIL7- (Figure3.1(a))., £7-, 5 H FAICKREOH O ¥
7 a (@S 15m) ZEERISRAT LBREER L2, FEIEE, #HEEOREH % 1
gil L, #iZLIZ 14 OFICEIE Lz, 7eds, 148XV L0 TRANARON2L 72
STEEMIT1 OO E L, 158iL LTik-72 (Figure 3.1(b)). HEADOFRIL 12 A
AN EEE A T 1 AR L 7= (Figure 3.1(c)) . £ C OMEHIERRE E HICHERIEEL,
SYMT RN SRS RCARAUR & L7,

2. 2 HERQBERRRL O3 HT

ST L723BHIU T O L B0 Thotz, U T IR OR : i 28, 31, 32 (¥
7 1), Hi30, 33, 34 (Y 72), Hi30, 33, 34 (7 3) (Figure3.1(a))., fif
EOWOR : § 10 (Figure 3.1 (b)), HFEALDOFE : Hi 10 (Figure 3.1 (c)), MAREERL 73 D
EEIY, AAARMFERTATO (KEREER~=27 V) ITERL, Y73 KiE
& L7, BEHIEEEIC LY Yy 7 AL —fiHEE T 2 ) — VL X P o DREE# (1:
2) ZHWTHIH L, BohiRE2HNTIA XLk et ro—2A0ER
fTolzo~Ikro—2giZFotro—2A@&hbobla—2AEEE LG WTEE L
7eo V7 = ®OFERIT Klason ETITV, BEAIEMY 7 = 38N T 55 JeOe B

(UV1800, &E®IfERT, FERT) T 205~210nm {31 D & RWE FEEE 42 E L TR 7=,
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2. 3 BYMRHAAIa~x N7 T 74— (Py-GC) WY 7= AEED 5T

ST L723BHIU T O L B0 Thotz, U T IR OR : #i28, 31, 32 (Y
7V 1), §i30, 33, 34 (7 2), Hi30, 33, 34 (70 3) (Figure3.1(a)), fi
RO : &2, 10, 15 (Figwe3.1(b)), HHFEAOR : & 10 (Figure3.1(c)), 7 A 12
RA L (BASH T F500) IZ&RE £ 0.6mg 287, Fal—RA 2 MNUEMiEA
vV — (ARSI LENC22) Iy b, HRAZu~v 7T 7 4 —EE&STE
(GC-MS: GCMS-QP2010Ultra) (58U ERT, HHES, HA) ICLUTORMFTHLZ, #
SRS 500°C(5 7), GC-MS Z&efth: Rtx-5MS ¥ 7 U — 1 7 LA, 1 AIREE 1 250°C,
BT KR 50°C(1 43)~320°C(5 %3), A & —7 = — AR : 300°C, HUfVE S :
50~800 JR R EHANL, ¥ ¥ U T H A~V A BFonira~ T AOE -7,

Ralph & (1991) &bz L CTRIE L7z,
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FHOHET RERLBR

3. 1 AufaBED EZk sy

U OIS, AFBRICIE U MiaiE o FER s O o ris R4 Table 3.1 (27”7, UF
IEDEFHORIZOWTIE, 3H U T NOFEBEER LT, VT IEDRHORE O ER 1%
R, BB EZatr—230%, ~IE/La—240%, Klason U 7' =2 10%, @
AEHEY 7= 5% Tholz, ZOMRERENBEBEORLLET 5L, o e —
A, ~Ik/r—2R, Klason V 7= IR EMMORL Y $ 2, BAEHEY 7 =13
Viginots (Table3.l), —F, HFEAORORERLLET DL, a/br—2A, Klason
V7 =30 T IO ORO G307, ~Ikrn—X, BAVENRY 7= 13% 0
7= (Table3.1),

ULEDOFRERNG, a B a—RTRRICHES THEML (REH <D J1EORH <Y
FAE), UT7IEDMICBT S m —AREESWIZRENOR & HEADOFR O FfH
BETOLAZ LW RBINT, £72, V7 ILDREHORTIE, HERISEWTOgEIZE
na—ZAOHRERELTND LEZ BN, Y Y UF 7 ORERIBRIZET 5 MlasEoD
T m— 2RI OV T, BIREOMBIZHEWVIER S EIiZm o TR I E
A9 52 EBRMEESN TS (Tobaetal 2015), AEIOFERIT, ZORELFKTHD
LEZ LN,

72, UFILDRHO) V= onTHD L, MRV CHRBINRNo T
Klason U 7' =73, AL 10% & D7 nb ORI NDL L9y, V7=t
FELWDI-EEZ ORI, LivL, Hhlie: U ToH Li- 444D Klason Y /=D
R 30% TH D Z &b, UTIEORINILY V= hEORER L EZ 0N, 6
AanG6 12 AFRAETO 6 2ADRICEIZY 7= OENRE S L Z & HVRmE
Sz, fAD (2017) 1%, FE% 36 AH~84 BREIOMIK T Klason U 7 = > OEIA A 8

425 & & biz, BAEME) 7= ORENED L, V7= 0HfE s 5o bR
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T LTHRY, U T IEOREIIIIRA S ARE L TV AR O/TRES YT 5 &
HEx bivlz, £7z, Sinobambusa tootsik Tl%, 5 RICEE > HRAERIT 6 A TRICHK
TL, V7= &R OR DT D Z L ST\ % (Tsuyamaetal. 2017).,
SEIOY 7= EHROMFRIT, TR LD 00, 2o L FEEROBMA S LT,

Wiz, IRVIEE LIEICL 20 7 1IkD Tz E T OO E Rk % Figure 3.2 (2
Y. 3 Y T NAOaHTRERITIEIEREROBA 4w L7z (Figure 3.2 (a), (b). (¢)) . a &V
B—RA, ~Iksa—2Z, Klason UV 7 =20%, L HIZE<TF<4 HiTOIEICEL 2D,
FAEIII NI O T OEH TR EL RDMEM D H -7,

—7, BBAEEY) V=348 T < T< EolEIZZ <, MAkiT EOfiE EREVME
M%7 L7z (Figure3.2 (a), (b).(c)). ZALLDFERMNSG, U T IEORoELo—2X LY
= DIRETXTOEIEEEATWD ZEPRBEINT, TY Y UF 7 OMIEEICE £
o m—2OFEGER, S OMEIZHE- TEE» O EIIZmno T (2N
T5HZLEAMESN TS (Tobaetal. 2015), AMFZEEOFRER G ZORELFKRTHDH &
FEZA O, Fuil 5 (1993) 1%, PTAEREREO 6m B Rick T, V7= ORiBEET
HDHL-FuaryRHEo 3~4m fHETRRITBLTHZ L 2R, V=D&
PEHEIETLTWD ZLEBRL TWD, ARBRO U T 1k ORI ILEH O OREIZIE
IRV TH Y, U7 1kOHS BT CRBROZE(EAEE TW D ATREERE 2 b,

Toba & (2015) iX, MEfREERN D&V o — 2 FEMLEE X2 TOERIZIB W TR M
HoTHEMLTEY, MEKREICE 28T E—2 > ot 2 o RO—>
ThnrL LTS, £/, WEDL (2017) 1, V7= OHEFE L BEAE OB R
PEE D EFICBES LTV A AT E A R L TV 5, MlRBEOfl 5 Bl L=z e —
A7 4 7 VREHEOREEEREZ R R L, V 7= AbiZBAE LM s 5% L o@E
4D Z LD (Wangetal 2012), 7 7 IEDEN E T OO /L0 —AHEFEES, U S

=UDOLEEBDENDY, IRVE L LOBEOAFHIERICRECEEL TS EEZDL
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ni-.

3. 2 Py-GCIZXDYU Z=UEEDmHT

U FIEDKREHD 3T D Py-GC i TIE, 3 TV bRILZ vw R 7T AR
oz, ETOFESE, p-hydroxyphenyl (H #Y), guaiacyl (G ), syringyl (S #)iZH %3 %
By RA R DS S uis (Figure 3.3), HAY, GAY, SHDOHRIL, hZENH 55%.
30%., 15%& 720, fini/-Eno ETTIRIER URER L 2 >7- (Figure 3.4),

FEEEHUEN T b 2 iR Be BRI 0 Py-GC OfE % Figure 3.5 ("9, T ofER, Hifm
(FEWE2H#i TR, B, G, S EICHRT 2 BMRAR S Sz, —F, &
D SEEICITVES 10 Bi &5 15 BT, H AL G BB REAERY O A0 ST,

(Figure3.5), HM&, GH&, SBIDOHELZR L L, 2/ TIZHAE, G, SHOBEEGHE
NENKI70%, 20%, 2% THY, U7IEOHEY HAEINEL, GAL, SHEID i
-7 (Figure 3.6), *7-, 10 i, 15 EOMASLIZITTR T, HAR 95%LAEL 72V
GRITDOF LR S -T2 (Figure 3.6).

5|2, YHEAFRDO PY-GC #ERTIE, HA!, GA, SAICH T 2B ERM ) iR
& (Figure3.7), ZOMALIZZNZNAK 40%, 50%, 10% 720, 7T kDR
O L v HENFA 2K, GEINRE -7, SEUZY T 1D & RISRE ORI Th
- 7= (Figure 3.8),

U bofREF s l, HA, GAl, SAIEOBS MY ORI OF EE X UK
IR AETIC O TE L, H BUIESICHED (REM > U 7 ko > 44E
A), GEUIHM (REMMI< D F ik <H4E4), SEITHMNE —E (RENH<YZ
IO =Y44) L2rEMAHRLNT, 4 FFHEYH TIX, G RIATERA L S BIFIBRHEIC
AT, HAREA O ERICHFET 5 L 3 RfL 2017), SHLLE GRIDHFEIZ, o

HRHEIBBETET 2 EHESINTEY (Tsuyama et al. 2017), AREROFE R EZEAHT T
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W5, Zhu & (2020) 1%, 1EENH 6 FEETRETOY T ALTS, G, HEDY 7=
VE)R—NEEND EHE LTS, ABFEIE, ot L) BOBREOREZ A
LTWa 7w, SBEROE ) ~—EHEIORREZHEL LN TE, 3EOY /=%
J = —OWEEEBROFEMER LN LD LW D, £, KEROIHIO) 7 =213,
syringyl < guaiacyl T, REALSHEITT 5 & SEABMT 5 L S5 (Linetal 2002).,
LrL, ARBRTIE, SEOBEMIY 7 EORETT, FALBE—EEL RV, GRINR
BN 2@mAHR LN, BRH[RELSTEERIZOWTIE, ARBOBROLNDE
EHALMNZTERNZ LMD, SHBIGICHRBREZITOLENRD S,

7 7 1k THNIZE S O LT OER OB YISOV T, Bl S = B i 2E
1F72<, ELIZER U ThoT, - T, V /=0 OHEICL DT T IEOENLRTE~

DTN S W E TSz,
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FHAHE /MR

ARBOFERND, VT DR O OMBEEEC ST 2 e —2AB L0 V=00
HERRIE, PREOIMIEE & HEAOPRBETHY, V71D THNIZES O T DI,
LEOFEV Lo —AB LY F = DHERBPEA TN D EEZX LN, L L, VT
LD THNIZES O ETOFD Y 7 =2 OfERHRIENTIR N R, ZOZ
LinG, U IEDEMIOREICIZTEA T —RB LIV S = OHBESOENRKEL E
BLCNDZEMNRBEINT, £z, AEFORBANCK TS0 7 LD mRE (ro
IS 1~2 RFEAE L) 23, Bro—2ABLRNY F=o 0B a0Bk: —8 1L T
WhHEBZ LI,

AEOFERIT, TNETEEHRICL > TRBRIITONTELEY VY UTF 7 OREEE
BeBFicE T 2 2MRATHLLEZXLND, 5%, XV EUREHEE TN L
FHEE e GIRAETE L IE IO T 72®, ZoMRAEBEEICER LTV FE

Ths,
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(a) Uradome Stage
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node 30,33,34
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(b) early stages of growth

\
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Node 2

(c) Bamboo of current year

Node 10

Figure 3.1. Nodes used in the experiments at each growth stage
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(a) Sample 1 (b) Sample 2
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Figure 3.2. Compositional ratios of major components of “Uradome” upper and lower sections
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Figure 3.3. Py-GC analysis results of “Uradome” upper and lower sections
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Figure 3.4. H/G/S ratio of lignin in “Uradome” period
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Figure 3.5. Results of Py-GC analysis of bamboo in the early growth stage
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Figure 3.6. H/G/S ratio of lignin in the early growth stage
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Figure 3.7. Results of Py-GC analysis of current year bamboo
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Figure 3.8. H/G/S ratio of lignin of current year bamboo
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8¢

Table 3.1. Composition of major components of bamboo at each growth stage

Composition ratio (% = SE)

growth stage node . . . .

a-cellulose hemicellulose Klason-lignin Acid-soluble lignin

1 node up 32.55 £ 0.58 35.92 + 0.36 7.56 £ 0.23 432 + 0.18

uradome I node down 3156 + 0.59 35.97 + 0.85 7.57 + 0.53 408 + 0.18
(Average of 3 samples)

4 nodes down 36.06 = 0.49 38.83 =043 10.58 + 0.18 295 +0.10

early stages of growth 10 2414 +0.72 23.77 +2.28 0.00 13.81 +0.14

bamboo of current year 10 41.65 £+ 0.57 29.89 + 0.72 29.64 + 0.09 1.46 + 0.04




AT FIFIRMEDOZ 7 anx 7k
FHLE Fram

WZRED Z 7 7 2 ZRATEICH LEESBED SN TEL T RNHEESHL L S
nan (LR 2017), AEMEE T LIC7 T MezBiEETEE 23 H Y, HnfllifE 4
O T IRFEIZ DWW TAEER ORLA E W, ik & OZEJE 2 556 IRt S 5
FiL, R, A X, SHE, BRSO L O ICEBIFEET 508, Wb ED 15T
obH, 2 ALERIZ, 27 a0k, I (=7 PEMICK--TERZZ L%
BRI U TH Y, R UELER RN TOEMOENS, FIEOIRIEWESH A&
FEINT=S ) a bR TCAEEINTZ 7 ) aDENIZHEWVBELER > TV 5,

INET, EUV Y UF I OWICET 2 RIZBEEMEOLEDITIZL D L OBRKYET
&Y (Hasegawaetal. 1959 ; /IMHL 1976 5 /ML 1988 ; /ML 1989 ; Thammawong et al.
2009), TZBROBER L 2D EERNL, ST UFVVBBIRY a VB RE SN
TWwW5 (AJ5 1990 ; Hasegawa et al. 1959), L L, {LFESHTIIREEEME O E &
HIZRENART Z L IXFRETH 503, EMERLENEZFMICKRILT 5 Z LIV TIER
+HaThDH, £, WEBEENEOREELHW R THLZ L, WIZIIHEERARH L7250
BONDHERNE FORKFE L IZRR L Z LEORENEMEIA TS (TR 2013 ; 1&
H 5 2006 ; fulk 2013), Z D72, —RAICELOKTITERERBRICLIV IS
7, BRERBIZOVWTHLREBMEROBEN HLH 2 L, RAEBMOE ROMEREKHA D
SO 5T D ATREE, Uk K OMERERCEBL DR 72 2 & N DLt A 2 B4 2 Z & AR
LW HEN DS (ZR 2013 5 FERDS 2010 ; FHHE 2012), Zo7, T4, b
FONTCE R OMEEZ T T 5 1 DOFiEE LT, SEOENNL-CH RS OB % %
HAIZHROZBAEHEZ B & L CHBSAEWRE R P—RERIATEY @H6
2006 ; M 2013 ; FHME 2012 ; @GS 2017 ; BHS 2016), HKEODEFTIL, 1o

Z ORZEE L L TEBANCEHE L - HERH D (EHEF D 2020),
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AW TIE, EEEPBEREZRF > TWAHBRIZEHE Lz, FrZ, BNOFEETHIIZ L - T
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Z ) adWEEDLICRRDLIONERLNITHIEEZHMNE L, ZOREHG
T BT, EROIFSIEEZRAWT, RIANTEE SN 24 ) aokREF VT
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2 MR LTk
2. 1 MBS SEHER

RBRIEHT 227 7 232 8 @ LHEI L2 (Figure 4.1), 8 @ETD 5 5 6 T
FILERATH Y, BRAZEEM TS 5 ENHUE) OBEERT, =JIET, BT (=6,
PIR) D4 Fpr, fh 2 EPEriENEEIR O LIET, SRR L2, £z, BRAES
DI DT, RE DX i ) 2L FER B % 5D 2 6 B ARLIE O Hillk (BAHOKES 2020)
O A, @R 1 &S o2 E L,

WNEES 7 7 2 3B BEUMI 5 3 AT ORE L 72, BARIIHIR TR 5720, &
BRI & BB O W1 R R A 258 10 B2 & L, 201745 A EA»L TR TH-
Teo LT Z 7 7 20V A X%, ERMIRS 77 aEmGo s EE M (600~
1000g) (ZHE— L7z (IR 2017), B4 2 EpTD % & /7 2 OFEIT 2018 4 4 A BRI
O HANCONT T T, BERENZEEARO T 6 BNE L [F ARG EE M (600
~1000g) IZAEETDHLD%E 3 KBALE, FEEOLDOBEORETIE, RATHERENE:
AR 2 7 2 ZRNTS A RCEEE AR 2 B OISl L, FH) 5 AR5 £ TORE X
RETH 1 BT, MG TOEELHPIERFICHBRFSND Z LM TH-72 (IR
2017), Z o7, —fREVRFUEISEVWRFEEZBEL, # 7 23K 3 R LIRS
IR R ZEIHE & o & —(ERE L, B 24 RERI# £ CEA B O H 7= 5 72 E#
LORWEFTCRFEL, TOHRGHICEVEE L, 5EUF, @R CERSh-RE
(ZOWNWTH, IR THRIE SN 256 O— A2 FOEREIO WS CEll, (REFET S
ZElL, WmEEm T 2 B UNIC LR REAITETHE £ o 2 — ik STz, BRI,
HHICHEICL Y EELE,

WIRLT-E2TOS 7/ 21359 3 B MERERE LRIk & Lo, Thuid, mRsecis et
W ICIBWTEEN D R EBLETORKR D M TITHERF S D 2 & ORF 1963 5 FiLb
19715 1A B 2012), 72, ARO[ TRERMAROFMELKS L O RELETEZLTE
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RERRE~DOREL RV E Sh KR 1963), Wit v —IZ LD TR lbFE ot~ 0
ERVInEEBEZONETEDTHS,

2. 2 T ITWWHEOFESH

ISR E DT (FE(ERT) 1R, (L IRNEESS (I RET) 1Rk, R (R 1
RIEIZONWT, ZTBROERDEEINDRESF VTV UEE 2 UERE ST LT,

2. 2. 1 BESCFUUBHH
RESFUCFUURRIX, TAZvu< 7T 7EESHE (GC-MS) AW ToHbrLiz.
PRAG I U AR A BAETR, A&/ —IC 3ENRE LTIt L, EEAEZEN L,
EUR U7z EBAITRME L, A ¥/ —/VERICE Y IHIRIC Lok, BE29R0E Ciail 4 i
ELAZ =it E G, GOt IISI-H BL O N, 0-E A2 (Y AF v
YY) TR IRGL YA = 2, B, BRZHAWTHRY AFAry U
FEMBLL, GC-MS ITfELT=, GC-MS F—H#iX, H A7 u~ 77 7-HE&pHEE (GC-
MS:GCMS-QP2010U1tla) (EE%(ERT, »U#l, BA) ZHWT, UUTOFRMGTIEL:,
SH-Rtx-5ms & ¥ &7 U — 7 A [P 30mX 0. 25mm, FEE 0. 25 um (EEEUERT, HUET,
BA) ], 7 AIRE 100C (147) ~320C (543), 5C/min, HEAIRE 250C, FifiR
£ 320°C, HUSHE EAGEH 50~800 R FE&EEAL, Fv U7 TR~V U AL,

2. 2. 2 vavuEHshr

VaUBRER, RS KA —F T a A HBE ¥y by aUBERANT
HIE Ui, HIEIE, GC-MS 4T L RIERICGEBIR L= 3 2OV Tz oW TITr- 7=, s
W L= B o VR EEMAE T 20g FHEL, 20 fEAREOZARHEAKIZ 6 FETRAK L7
(REEIC X DB &P T2 DI T TEME) . £ D%, IF 3 —THoiciik Lz,
3,000rpm T 5 syflim.O5BEL, B L7z EBZMER U7s, EERITSHITERTE CHks
RFE LT, BT, WORRESRME, v avBREORHNIL, ¥y MIBO~=27
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JVZTES T2,

2. 3 BRESHT

AEHI Y = VERREE R E R L RO T E TR U 10 FARIEEER L,

SSFTITIE. «ASTREE (77 7 « F A » Uy 8 ffliat, #E, BA) & TS-5000Z
ATV bt —77  no—KA&th, #w&)l, BAR) o2 @EOE &
Y —Z R L,
2. 3. 1 «ASTREE 2\ /=5 #7

o ASTREE 1%, ERFORRERBIAERT 2EERTE T KD U —IZ L DIE S
F—rE LTHEL, ROBEZITS (TAT7 - FR - Tysir 20200, FE2
P—iL, (LFEEBRDE T PR (CHEMFET) (CRARZLESKRAZBISE L L Ta—
FTALT LIELOTHSD (FTAT7 - FA T80 2020 ; @ADL 2017), —f%IC, FE
RO ZEEBE THEA SN TV 5 CHEMFET £ — D% I3 EDA 4 O ARIIK
ot BEAE VTR SN TWAD, o ASTREE [ STV 5 & v —IRIBE WA
ks & OMEAER OKFREELT7 7 TNV T — LV AMAEERZRE) #F%R T 285
Mtz HOWTHE SN TE Y, BHERWKRETOZ L OA A R HEFREICRE ZFF - T
WS (TNT77 « EA - V3 2020 @ARS 2017), CHEMFET & 24— L HREM
(Ag/AgCl) & OROEMZET, BHBER Y 7 IERT Oy & BT 5 2 & TF
L, EELLTHMIEEND (TAT7-FRAT¥30 2020, @AE 2017), o ASTREE
TIE, 3o (BERE, Mk, BW) Tt —oHAnbEESTrENDR, ZilL
AOBHEDOHE (0, R, FWRLE) IO I LICEREZITOLERH Y, FERM
BEICEDIAHERSATHD (T 77« FR P80 2020), EMERMETI,
FEM S L T ARICHEL TV D EEZX LN G N RIFEEFCIEEE 2 FIN L, &K 2
BPELL EDORETIHRMT 2, ARBR T EROFEAT CERADPHR IN- Y 2 VEEE
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FERIMEORMRE L, 3MED Y = VEKER (1oM, 10oM, 100md) ZMHv, $>7
NDGHTHER L & BICER DT Z2ITo 7z, ARBRTIE, FHAEBOREZ 6 [B1FEfE L,
T—INEETDHEINTWDHEF 2 EOREMBEEZFHER L, 2 BOFEEE AV TERK
SOTIC K VB L7z, & TOEMGHITIEL. =27 B/HEE version 3.21 (SSRI,
®, BER) ZHWTIT-7,

2. 3. 2 TS-5000Z %\ /=53 Hr

AR, Rl ORI SRME I E LTZBRICA U 2 EALZE WM Z Lo R
Y, ZOEEPIMICEES I, RERRE COFRICL VL LGRS TV (i
% 2013), TS-5000Z 1% = OWRERBIKA 7 = X L EHM L, SRR L TR
ZRFONTRRERRIRE = o —MER Sz (ks 2013), BIETIE, E25MHE L
AEABEACEHARMEREER T2 2 L CRETOIEEME P —HAE LT
AU Ea—FITHRMEND, TS-5000Z 1X, 1 2O ¥ —ind 2 EEOEREZBRIHT S
[CPA JHITEH: ] Z8-H LT3 Y (Intelligent Sensor Technology Inc 2021), H:iEjE DN
rul L, EREREY T NVEROBBMEICOWTREZ QICEAEERMO k) &
LG, B —3iE B O EERAE Lz & ZOEMEICOWVTEMEAIAALT R
WCERDFRMEOH D &) L L CTHIET S (Gl 2013), LavL, TS-5000Z (Zi%E
ATV REESENET 2o h—d220, 72, = 7WRICITAMERERNB 2
<, EREEEPEMEICIRS VG o7k (A 1966) <0, WL EHEBEI D G0
DAHERE LD (FEHD 2019), REEBRESNTND, ZD7D, KB TIEEWME
B (SERR), —AREMR (TRIR), BERRMl (GErk), #:ok (BEWk) oIEME Z Mgt oxige &
L7z MBI bFoH L RERICRIR L2 3 2o d A2 HnTITo 72,
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FIHE AMERLBE

3. 1 =JWMEOLFESHT

Uz, EERT (RPERNR), 5108 (RAPNEHg), @5 (84 Eos
7 a@BBL0EE L oW LAY v F YU VBEKO s u~ NS5 T %
Figure 4.2 (2" 7, M OfER, FICHEE, “EE RS, 3BEeTTres v
FUBIImH IR o7 (Figwe4.2), LvL, RES UV FVUEBORBRATH S
FrrpneaToORE NS (Figure 4.2),

RIZ, E¥xy bva UFRE VT, BEERT (RN, 518 BT (B PREHIEL) ,
@R (RA) oo aikEto s = VERERE 2 fIE L /2R R % Figure 4.3 (Z~7,
TEDFERE, FEERT 84. 85mg/L, A H BT 100. 60mg/L, &[H U 74. Timg/L O > = VEEASHH
S, BEOSWHEMOIEIZ, BT, #FERT, @R L 7Z2o7- (Figure4.3),

I EORERERENS, T7HROFEME L SNDT 2 VBRIZETOV T nbigh
Shiz, REF UV FUUVBEPREHISA T RN G, KRRIZBITL4 7/ ad=x

THROERITY 2 VB TH L TREMENEWNEEZ O,

3. 2 BEREOHT

IZUWIZ, « ASTREE # FHWWTRTO X 7/ aiB LU REDY « UERERZIE L,
FERT T EAT - 26 R % Figure 4.4 (277, 5 1 EFROTOFEFIT 95.22%, F2 E
R DFFE-51T 3. 85% T 1 TRy & 5 2 k5 T 99% 23 Sz, fiRbT oRE R,
W REE & BANED & & 7 a OB, Hillkilz X > TKE < 2212400417 (Figure 4.4)
—7, IWERED X r ) 2l oW THh D EENELNEEZIZER CEHICT ey b &
AL, BRICKRE 27X eh o7 (Figure 4.4), 3 MED Y = UBEEK OWIXIE D @< 72
DICOITH 1L ERD & 2 ERSPEMT2HMICT 7y &z, ZOREND,
Rof ExFmicr ey FENRNEOY T Ey = VBB NE LS, BIVES 7/ =
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IXENEE & Ty o VAT 2 R &7 (Figure 4.4), Z OfEHRIE, {E%5
Wric L5y o ORI EEHIE OfE R & 7 UEE %7~ L7- (Figure 4.3, Figure 4.4),

RIZ, TS-5000Z % IV =43 bk 5 % Figure 4.5 |23, WHkMT CHEL -4 %7 / 2D
ARMERR (JE0R), —RXEERE (RBE) OfE% 0.00 35 &, BHRETCEHIL/=# 7 / =
(TEBRHER (SE%R) 25 0.16, —AREHR (F0R) 230.25 L7220, SEBK, HRUkE HITHk
IEKE Do 7= (Figure 4.5), —J7, @M R CTERER L= % 7 / = X8 WHEMR (SE0k) 73-0. 48,
—EE (BIE) 23-0.06 &7e D, SEBE, RME HIZERIT DA o7 (Figure4.5), LA
EDOFERND, #7 7 aDERL, Flk, BWRE BICREWHNOH AT, SHEET, &
WRONEE 72 v, Z OFFNIE, (L5587 a ASTREE & H W =856 L [FEk T d - 7= (Figure
4.3, Figure 4.4, Figure4.5),

BEMRAI (JEmR), ¥R (BIR) (oW T, #HERTO X 5 /7 adffiZ 0.00 & L=
&, BIRETO X 7 2 CIIEskflg (Jemk) -0.50, #&ME (29%K) 0.06 & 720, Felkix
INEL, BHITKRE Do 72 (Figure4.5), £7=, BREIBROY 7L TRkl (5
0.18, B:BE (1&BE) 0.15 &7e 0, JEBR, &L L RED -7 (Figured.s), LLEORER
D, BEERRIE (GERR), Bk (F2RR) 12T, (¥ OfEHR L o ASTREE ORIE
FERITE 2R DMEAICH 0 BEME XA S /e - 72 (Figure 4.3, Figure 4.4, Figure 4.5)

BRFE -t > — @ ASTREE ([Z L 22 HTI28BWT, 28 DETD 4 7 7 2 OBRIZRNE & IR
SAEEIZSyindL, BINEES r ) Ay 2 VBERO T BTRNZ LR RSNz, £z, TOR
BTy = VBRI RIE OSSR L A UER 4~ L7z (Figure4.3, Figure4.4), X512, B
R —TS-5000Z (2 L % WML (SERK), —REWR (0R) ORI, ¥ = vmRR
EERES LY a ATEREE % W72 43Hr b 5 & [ A 2~ L7z (Figure 4.3, Figure 4.4,
Figure 4.5), LAEDZ &6, (LFRHTIC L D EEMZRFHI O 6T - —I(C
KD EMRRFM b ED, EVY UF I DL ) A FEMIC L > T 7 HRIGEVW R H D

ZEBHLNE R, F, ALFESHT ERESHT O RIIRAROBmE R L, B
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FRAISGEWIIRRED Z 7 7 23, FEMRCRERED 2 r 7 2 X0 b= ZIRP RN T &
MR E T, ¥/ A EEEPRBRINE U TV ERE O = ZBROEWNIZ OV T,
EMERR T TEIC K> THRSNZAEIORRIZIEF ICRKRENE WE D, —F, B
Rt P —TS-5000Z {2 L 2 Bkl (SERR), B0k (RIR) oafricknTilt, vav
FelE EE I ER® « ATEREE pHTofs R L3R D5 % L /e -7 (Figure 4.3, Figure 4.4,
Figure4.5), AWF%E T L 72 TS-5000Z (23— 7 kA BHEMET 2o —2372 <, i@
EOHE (GH 1966 ; FEH D 2019) [CB W T BRITER EERAZBEA LK TH D
ERBLINTND Z ED, WA (G 6 LUk (1R0R) 2T oxdR e L,
ZFOFER, TS-5000Z A3 = UEEBRICES L723nd, MR (Jemk), Mk (W) &
LTTid7e<, WMk (JEmk), —EmE (1R & LTRSS 2 WREMED R S
Wiz, £7o, KOV 7V TRIE S L2 #RRR (5 3B KOk (1R0E) 1268
HT2UEIL, YavBUAOHETHL LEZEX LN,

£72, VaUvBRERNEEZToZRANED 2 70 (FHET, #EERT) (20T,
Y a UBBEEIZIIENH -T2 b DD, oASTREE IZL B 9MERTIX, WREIIFEAL
ZI o tz, ZOREE, BEEYEORE LRI EMAREBEBERS 2N 2 L 2R
BLTHY, R P—Z2HWEERFMOA DRSS TRENE VR D, &6
2, TNETORETIE, YavBEIRESr Vv FUOUVBOHRERDLME 2T 5 L
STz (AP S 1990), LL, ARBROBRTIE, REF - FUL/BITITZEAL
FEET, 7RI 2 VBRE L EEST LR Tho7oZ b, v a UBBITHICK
ESUTFVUVBOZ R EROLBEEZ L TWHDHTIIRWI ERHALMNERD, =
DFERIZONTEH, BB —FH W Z L THOLNIRSTEERZEND—DTH
27,

EHIC LY = V7R ERLZERICONT, BRNOEY Y UF 7137 m— 2 TIEER L

TohH7=® (Isagietal. 2016), BROBEWITRZMIZ LD O TIIRNEZ 2 b5, 77,
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2 7 aRABROBEERE TOMBRLERIRED A ZIZonTHi—LTWna 2
LMD, TNODBHRICKELS FETLHIERTIEIR o EBZEXOND, —F, ARBRO
RIREERES KOV o 7VIRBRIRR I 35 T, T ERER & BB R COMRMFEH LD 2 D13Ht
—INTWa, BFREICHOWTIE, BMORBEEDENILDIMEDEN, g
DFEWVENRER L LTEZLND 00, FIFTRE L ¥ /7 aDWROHERFRIZ DN T
FInETHREIN TV RN, 5%, TLODHERBREZALNIT LI LT, KEFR
BOWREIZLV 2y ) aokieary bo— LT 5N H 5, £z, FEBRIZE
F D RAFFECHONTE, IWERATHGET 2 Z & 21k & L2BITOHEICHE> TR
BraiTolo, 4%, IWERE, BAEOWTAOREICOWTHRGHFETRELZITo 2
BEOWDENERAETOILENR DD LEXON, S5, BAEF T IE, FTHED
JFEBRRD 2 HFTORICEE -T2 b, LYV EL O LRIV v T L%

AW th BETH D,
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FAH NME

ARETIE, AEEPHEKEZFR > CNL4 7 a0WRIZER LoiakZkolz, 0
TR, BIFHOBNI LD =7 ROBENERT ZENTE, AEFORRZHFIICH
LINNCTERERTEROLLMATH S LB R D, BIGIRIEWIWIBRED # /- ) 2
DT THROFFEETRTZENRTE ), INLEEERICERT D 2 L THHROKE
RovidE, REOBFHIERTE2bDEEEAOND, £/, TRNETOMETIZLAL
Ef STLTWW, (LI EWRE ST OMWE 28 L7 ANRED OFFli 217> 72 2
LT, TORIEESRD ORTZENTE L, ZOFEICLY, hofAKED IOV
THHRE LW IHIBENOOFHENFTREIC /2D LWV I RICBVWTH, BEOH LA L 72
Sl bEZ D,
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@ Bamboo shoot collection point

Figure 4.1. Bamboo shoot collection sites
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(a) Yuza

o2 ! 5
A [l “ L lL‘—I—'( 3- I i ]
(b) Asahi *
4
1 2
LL._J_L m3 5
S l I-.I.l At |- l I I l.l.l 1l 1 Fructose
4 2 a-D-glucose or B-D-glucose
(¢) Fukuoka % Ly 3 Tyrosine
4  a-D-glucose or B-D-glucose
5 5 Sucrose
3 % standard (veratric acid)
Lu_.“;uL.l..l Jm“ Y |
(d) Homogentisic acid
>:<.
|L 1 I;_ i i 1 Il
5 10 15 20 25 30 35 40 min

Figure 4.2. Chromatogram of the three bamboo shoot samples and homogentisic acid
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Figure 4.4. Trend in oxalic acid taste and plot of bamboo shoots
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Figure 4.5. TS-5000Z analysis of bamboo shoots by production area
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FLE U7 ILOEEO RO
#LE Fam

F2ETIE, MEHIKOZ 7 ) afEKRICBIT 50 7 IEDOFEHIEHRERIZONT,
FI3ETIELY 71k FEHOwE M & MRaEERL 77 OBMRIC DWW TRz, Bk L7eNE x4
EHE~ERTDHZLICRY, vTIEDOERBERHFINDN, EMOAY v
L, BER28MF0A s 2 EREELLY,

U1k ToBRICIE, TR BEREAT L (LT, v 7okl i)
(Figure 5.1), 7 7 IEOFEZ, FFOMETMOICL Y, (LREFEERT, (LD & o
IR ONHIR TESNTVD LW EFERRDH D HOD, AR INIT-ARERB|E
F7e <, REDRFMHOEFREEINTND LEZX LN, VT IEOFEEDOHKRLRRTIC
OWTHELEHOMEEZ =T Z LA TENR, RABAEROERO -5,
ARFRTIE, 7T ILDBEERIZONT, BREL Y —Z A L 72k E M) 722 374l 4 17
STz, FHEIE, FBAEICBWTHER L =7 1220 TITH &L b, LFEPLE
DZEVSTFFANRENOKRE LTERIND ZLBZ W TR IOV THREL
Tz Fiz, APRERESHOEMENG, WY I /B B EICOWTEREEZHREL, ¥
7 adfEREHITHI LT, UIILDBEORRAOFRESEEZEZZ LT,
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F2HE MRS Tk

2. 1 MBS SEHER

ABRICHER T2 U 7 IO, IR GEI L, BT, 5 3 & L Ak
(2 2018 FRIZHEAE L= L, BERECHIRICIES L TRENC LY Bt iR Y
L LIETITV (B 1963), FEhagl & S D THDY 1~2 A4 L72 6 AHRICAT
o7 (EH 1963 ; IR 2017), BEEZIZE 2RO OREE L LMERIF L7z, iR
BELTHEALEY 7 2iX, FAETERL LD LEFA—DHLOTHLH, £2TOBRMEIX

MR R, 93 AR REITOREE Lz,

2. 2 BRESHT

BRI Lo SNV A EMRE T 20g FHEL, 10 FAREOEEKIZ 6 FFEZK
L7z (REICK2DZBToIcmE T CFERM), D%, IFH—THolciiiL
7214, 3,000rpm T 5 Syl LoHEL, B L7 EEAMER Lo, EEERIIONTERTE T
BERAE L7z,

M1, @ ASTREE (7 /L7 7 « F A« Py S UBalS, d5g, BA) & TS-5000Z
ATV V=rher—77 7 no—kAath, #FE)I, BAR) O 2 @HOKE
Y —ZEH L,

2. 3. 1 aASTREE % W\ 7=5#r

a ASTREE O HTREIZFE A4 B TR LBY THDH, =7HRIZONTIE, F4L4ED
B ) aDERHESIICBNTRESEEL TS LB LNy 2 VERZIEERINE
OxfRE L, UTIkOfEg, 3REDOY 2 VERKEE (ImM, 10mM, 100mM), HEE
e LTIWRINESY 7 7 a5 RICOWTERG O E2IT 72,

$£72, « ASTREE ® 7 KDt —0D 1 K TH5H INMS] I ZEWD FHM AL, NMS

O —RNRTHHEIZEEENE (T 77 « A« Py 2020), ZDO7-
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¥, U7 IS, HERETH D ILBENESY 7/ 2 O5PERIZ OV TERS 5T
1TV, ZORERITNMS Ok v —ififaE Nz TEREITo 72,

ARB T, FREOMELE 6BEML, T —FNEETDHLEINTWVLHHFE2EO
REMZHEHL, 2 EOFEEZHAVTERDIIIC LY FHE L7, £TOERD T
X, =7 BAKEE version3.21 (SSRI, #nl, HA) ZHWTiT-o7,

2. 3. 2 TS-5000Z % 7= 5047

TS-5000Z DOGHIREITHFE 4 E TR~z L B0 ThHhDH, AWFETIE, FL4ETT /B
& OBIEMEDN R S 7 ERMER (SEk), —REEvR (k) ORER, AT, B (%
mk), BEEo s (%) OREMZE Mot Lz, EE, & 4% L RERICILER
WEERTD 2 ) aZ gL L, U F1ILDRIEIZ OV TERR L7,

2. 3. WEHET X Mo

U 71k, R—@&EPr TR L2272 (Ch#akeh) oilFsET I /B 18 fElC o
WT, #EF100g B2 OFHE RS EIT o 72, HIEHMERE TH 2 —MEIEAN H
AEdmmare 7 —ICKiE L, 7 7 BESSTEL L O0mERiE7 o~ 77 7% H

WTTH T,
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FHOHET RERLBR
3. 1 BERESHT

XUBIZ, UTIkofEEORE % o ASTREE (2t L, 54 8 TR L7z ILWERN 6 &Rt
THRRLEZ 7 7 aBX0 3 BEOY 2 VBEROREMR L fFE TERI ST E1T-
7=t % Figure 5.2.1277 7, 85 1 RGO FE5-H1396.79%, 5 2 E S OF 51X 2.34%
T 1 EMS EH 2 ERST TR 9% DA STz, U7 ILOREDOKRIZRANES 7/ =
INHEEN-AIEIC T ey FERT- (Figure 5.2.), 3 MEDO S = VEERIE DML E N &
KRBT HONTH 1 RS EHE 2 ERGAEINT SR vy b &7z (Figure 5.2.)
ZORNG, VT ILDBERIINWERED S 7/ a LHEL T2 UEBBRARTHN Z &R
Sz (Figure 5.2.),

WIZ, o ASTREE O W RICEWO¥ o —H %z =4 O % Figure 5.3.12
T, 1 ERG L 2 ERSOREFGEIX 93.11%THY, 1 ERSEH 2 ERHT
90%LL LA Sz, BRRIE, U Y —NMS OHh LS HTmICHL b LS TE
D, B1ERGNBBAOT HHRNEEEWN -7 (Figure5.3.), 7 71k, (L
FRNES r 7 2 L L TE 1 ERSGBBDTHMEIC T 0y T 4 7SN THEY,
WIERNESY 7 /7 2 L0 & FHAMN 2 LR EN 7 (Figure 5.3.)

bz, WERIHERT DX r ) azKEL L, 7T LD OV T TS-5000Z % H
WCHEBRRMERE (SERR), —REBR (F20R), Bk (erk), BW= 2 (W) (2 oW THIE
L7cfs % Figure 5402739, U 7 1L DRSO EIRMEE (SE0R) OfEIX—0.76, —XHE
(%) OfEIX—0.19 L7201, %k, #ukE bic¥r / amEl bEEIThEL<, &
WA biainot- (Figure 54.), %72, 7 71EDEEEO % GEE) OEIZ—091, Bk
a7 (%) OfEIX046 L7020, DICEATFBREICE U GEIZZ 7/ 205, &
FIANTEHRIZTER D FHGED O A EWIZZ 7/ a2 LV 8N Z LR & iz (Figure 5.4.),

2 EOWTE P —IZ L0 OFER, oASTREE OGHT TIlE Y 71k D T 2 v
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EEREANLWIERED X & 7 2 X W §5<, TS-5000Z DT TIlEdesk, #hike bicy 7/ 2
BIEL Y LR DN Vo ERROB MR REN, VT IEDFEROT JHRIZY 7/
XD PRV EPRRBENT, FAETHR@Y, ¥ 7 ) aEEFITEREOH
THRFICZ TROZDIZONTRELARE W, T 7ROV SRR SN ARBROREF
X, VIIOREOEREZHRET L ETRERFALRD LB LN,

F72, o« ASTREE Z W= Tk, v 7 IEOBEEOFRNILERANEY 7/ 2k b
SHEABOERTH -7, — 7, TS-5000Z DK Tix, ST Z 7/ a ki<,
EWEWIIZ 7/ a2l VmnEERE oz, ZTRHOREND, oASTREE ORT 5K
DHFNZDVTIE, TS-5000Z DO4HTIZIIT 5 (M) & FEROMER 2R3 AR &
WEEZ LN, B%=a7 (&%) IERWEIET RO H L2 7kae Rt L S
1% (Intelligent Sensor Technology Inc 2021), = 7 BEDNFEfGET 2 L9 sliZ DN T, =
THOD IS ERFRIZ, U7 IEOBEDORKRIZBIT 2 KRERFHE L TIRRTEDH0
LEZ LN,

3. 2 WERET X O

U Z IO LOR & CERR L= 7/ a0, EEET X Bk 18 O R
% Figure 55127, WORER, Y AF 0T AOBRETHLHRIHINT, Zofl 17
FERAWTNLOBE TR SN (Figuess), 1707 I VB0 S, Fuvy, 7
nly, JNEIVEE, TANTXVRE, NI T 38y a0ERRP%<,
AF A= TIZEFE, Zof 11 XY 7 EDEEOEFTROFNEWVER TH 72
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Fig.5.1 Bamboo tips generated by Uradome
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Summary

Among the bamboo species cultivated in Japan, Phyllostachys pubescens Mazel ex
Houzeau de Lehaie is one of the most unique forest products; it is used as bamboo lumber,
and the young shoots (bamboo shoots) are consumed as food. About 90% of Japan’s
bamboo shoots are produced in western and southwestern Japan, with only small amounts
being produced in the Tohoku region, which is located near the northern limit of the
cultivation area. However, bamboo shoots are a valuable resource for agricultural and
forestry workers living in mountainous regions. A major issue in their cultivation in snow-
covered areas, including in Yamagata Prefecture, is the occurrence of snow damage,
which affects the production in the subsequent years. This study was conducted to
investigate sustainable production and utilization of bamboo resources in an area located
near the cultivations’ northern limit. The objectives were to identify methods for snow
damage prevention and to demonstrate their proper implementation and effectiveness to
growers. In addition, this study aimed to evaluate the taste characteristics of bamboo
shoots near the cultivations’ northern limit and determine if they have a higher added
value for commercialization purposes.

We hypothesized that Uradome treatment, which has been used to prevent wind
damage and promote bamboo shoot development, also contributes to snow damage
prevention. In this study, the effect of Uradome on snow damage prevention and the
topographical characteristics of bamboo forests prone to such damage were investigated
by evaluating the use or nonuse of the treatment and the occurrence of snow damage at
the forest and culm units. The results showed that Uradome prevented snow damage. The
relationship between snow damage occurrence and topographical features showed that

the slope angle affected the presence of the former, whereas slope direction and culm
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density affected its level.

In the shake-off method, which is common in Uradome treatments, the time required
1s short, and the appropriate time is determined based on the experience of growers. To
scientifically determine the appropriate time for the implementation of Uradome, cell wall
composition and lignin structure analyses were performed on the upper and lower nodes
of the parts broken during the treatment. The results suggest that cellulose deposition in
culms during the Uradome period was more advanced in the lower nodes near the ground
surface and that this was the initial stage of lignin deposition, which progressed
significantly after that. In the structural analysis of lignin, pyrolysates derived from p-
hydroxyphenyl, guaiacyl, and syringyl were detected, but there were no significant
differences in the type and ratio of these compounds. Therefore, it was the differences in
the deposition of cellulose and lignin, and not lignin structure, that influenced the
determination of Uradome sites; the optimal timing of Uradome, according to the
empirical rule of producers, was considered to be consistent with changes in deposition.

This study also focused on the taste of bamboo shoots to determine if they had a higher
value for commercialization purposes. Using bamboo shoots grown in Yamagata
Prefecture and in other regions, a chemical analysis and a qualitative evaluation were
conducted using taste sensors. The taste characteristics of bamboo shoots from regions
located near the cultivations’ northern limit were identified. The results showed that the
egumi taste of the shoots was highly likely to be due to the oxalic acid content. The
analysis used two types of taste sensors, and it revealed that the egumi taste of bamboo
shoots differed depending on the place of origin, suggesting that the shoots from
Yamagata Prefecture, near the cultivations’ northern limit, had a stronger egumi taste than

those from Kyoto and Fukuoka Prefectures.
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To explore the edibility potential of Uradome tips, their egumi and umami tastes and
free amino acid contents were examined and compared with those of bamboo shoots. The
two-taste sensor analysis showed that the taste of Uradome tips was less egumi and more
umami compared to that of bamboo shoots. The analysis of 18 free amino acids showed
that 11 of them were more abundant in Uradome tips. It was also shown that 9 out of 18
were essential amino acids, and higher amounts (or almost the same amounts) of 8 of
them were contained in Uradome tips compared with bamboo shoots. In addition, leucine,
which is commonly known as one of the BCAAs, was detected only in Uradome tips.

In general discussion, it 1s recommended to conduct Uradome treatments in as many
bamboo forests as possible in the areas near the cultivations’ northern limit because they
can prevent snow damage. In particular, we suggest conducting the treatments on steep
slopes affected by snow damage. In addition, this study provides basic information in
relation to the optimum season for Uradome treatments and to the taste and composition
of bamboo shoots and Uradome tips. This knowledge will allow the promotion of a
sustainable production and utilization of bamboo resources in areas located near the

cultivations’ northern limit.
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