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Abstract

This research was carried out in Horticulture Research and Experimental Farm,
College of Bio-Resources and Agriculture of National Taiwan University from October
8, 2007 to January 3, 2008. We measured shoot and root growth of low chill Asian pears
in lowland subtropical Taiwan to document the effect of soil water status on late season
shoot and root growth of potted two-year-old ‘Tainung No.2’/Lindley’s pear trees. Trees
were irrigated with five irrigation treatments: Control treatment (CK), plants were
maintained at 30-45% soil water‘content; Drotight treatment (D), plants were not

watered until soil water content below 20% and then irrigated back to 45%; Drought

1 —
i

and 3 three-day Flooding (D+3F), plants v{'/-g:r'e-:'not watered until soil water content
below 20% and then flooded for:3 days, Mo;ieraté Drought'and 3 three-day Flooding
(LD+3F), plants were not watered until*soil water content to 20-30% and then flooded
for 3 days; Drought and five-day Flooding (D+5F), plants were not watered until soil
water content below 20% and then flooded for 5 days. Mature leaves after D, D+3F and
D+5F treatments defoliated sooner than those subjected to CK and LD+3F. During the
early period of the experiment, there were two to three peaks of root growth. In January,
the vast majority of the new roots turned dark brown or was invisible, leaving on a
small portion of survival white and yellow roots. By comparing the five irrigation

treatments during the early period of the experiment, soil moisture fluctuation



significantly decreased new root survival. New root survival (%) for the five irrigation
treatments during the early period were: 89.26+1.21% (CK), 82.95+2.43% (D),
74.14+£6.14% (D+3F), 92.284+2.10% (LD+3F), and 68.08+4.30% (D+5F). Overall by
analyzing the longevity at when 50% of the new white roots turned yellow and at when
50% of the new roots turned dark brown, black or invisible, we found that plants
subjected to CK, D and LD+3F had a higher new root survivorship compared to those
subjected to D+3F and D+5F. By analyzing the correlation of canopy mature leaf
retention (% of DATO) versus cohort new-roots k,r'emaining white (%) in DAFR40, we

found that there was a high‘correlation between these two ‘events. The coefficient of

."-..‘_‘"
i

.! ; '1

|
'

determination, r’, between new xoots Tmﬁnmg white and canopy mature leaf retention

(% of DATO), and between newrroot‘;survival and Tc&nopy mature leaf retention (% of

DATO0) were 0.5562 and 0.7371, réspectively.

Keywords: Autumn roots, New roots, Volunetric soil water content, Mature leaves,

New leaves.
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# (Pyrusspp.) & & ##* (Rosaceae) > # & 4 (Pomoideae) » # % (Pyrus) ?
EAFEEE A DR ROF IS B WAL S F R AN ERE > A8 P
P s~ %4‘3% ~ v i % =4 Ho 28 /12, q_,k,geﬁf ;\y\/,,\[k\? S AN I
# ¢ L > # (oriental pear) £ & i* 4] (common pear; European pear; Pyrus communis
L.) (5 > 1995; Challice, 1974) o & FH R A>T FHM > L EFRETEF T o L H
RAX? B A E@ENLHE ROE A G ﬂ—+ 4. (Ussurian pear; Pyrus ussuriensis
Max.) ~ v # (White pear; Ya pear; Pyrus brestchneideri Rehder) % #) 4] (Sand pear;
Japanese pear; Pyrus pyrifolia Nakat; Pyrus serotina Rehd.)li < 5k (B0 1997;
#51944) - H P 6 A4 5o @zw-s 2kl FAGRF RN LN E LR
ﬁ%%%:@ﬂéﬁWéiéﬂtTmﬁ@au R AR % (B 0 1997)

MRS B E AR M2 i\ipnﬂ,, 3 )74 ’1995)

[9E N % $+m%wv—’ﬁ%&§ FLEET 0 N 96 & 4 ek G Af
8098 2 E > AR FEEA LAY B v ERERAE b2t M
BARI89% ((Frcta B £ 4 A € 02007 £+ Fp WL ERBENT L=

SEI - ARARE REAROP A AT ORLH - FZREAREHN (£
1994) o 17 kd S0 FRBERF C RLHFSTRLA L KK @2 HEF
Fremd ABRBHNI L CFLHIRZBBE (F 1995 B2 EHAER 9

69% (Hfc@ » 2005) -

R TE KD N FRALRESABEF o e F R RBE R AT E U A

BERL S EPE O RERET B E AR

7
1%
S L

A2
BT A A RAHAERL S o f Rl EL R P ERR S
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PR EASp 1976 ERL 0 AGNF ST B ABHE T LI F LN
BEfeT > P p SR ET NEBE AN HANRE R L KT AEHITS
ot ARk () dRVRE-R (FZH) LR (2£244H)
P - GBRA) - EY o (AL 25 (LR P AR
Bl (AR £ 4R ¢ B £35% 972007, 47 % B £ 23 2009)

ERCALTEF A AT ERFBH AR KFTREA K X BEKY L 24
TG A 560 R B R MRR A 0 E RIS LA EY s sk £, BT
% £ % 2500mm (¢ & F % b 02003; 0 1993)c e 4 iF L FIE 5 A 2 M
A LS AT 2 G SRR kTR L
S b RERERF AN R F E R R A BRI R A
393 “L%*ﬂ%qqu”f*ﬁﬁbmé*%U%%%ﬂ’%ﬁam%@ﬁﬁﬁﬁ
KO(F 0 1993) 0 AR id 2 T ]\%hk;“# KEIR % e

g%yaiﬁzﬁaﬂpiﬁlbm 3¢’N*WL PR E A GE
l
fLx 5 4 FRE Ej;b&x?‘!‘ﬂ ILl'f"":J i | _*,'5‘3,2]1;»#4 %k ‘,)gq«flj%v]:ﬁﬂ

ﬁ%’—ébwg’iﬁﬁﬁiaﬁukﬁﬁﬁ{i%%”‘€W¢4k% R s v

= =

BEEEKR S B A U feF RdL a2 A B Bhpich g

BortEapar EENGELERR P R FRED S REK (X0 199; &8+ F 23k
By P 1997 Yuetal, 2002) o poav B R FlF R BERCIREE A

%18
j\ iz 4 ]mu#&-xi,ﬁrz‘;rﬂv’]ﬁ,ﬁﬂ » R g b ‘353«5}”’%:’%‘1& v YR p OBt
FHgEA o0 A AR F RIERIEA Y 2R (CLAIORTIE 0 2007, F

% > 2009; Liu et al., 2009; Yu et al., 2006) -

p oA f;/'?i"' T ﬂﬁfié_ 5 1 %#&%ﬁi\ % ,;‘% ‘iié_
Br oAz 2 B2 e BRPBRMADLIE - A2 ESF (Lockard and

Scineider, 1981; Twiorkoski and Miller, 2007) o -k & & ¥4~ 2
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BoARARREERPERAL L F 2 57 284 (Jones et al,, 1985; Schaffer et
L1992)c £ F EHBEFE IR - EUREF OREABFREY B ALY
TL;;IJ‘?’,'I P AR ke T R A BroRSF R EmA KRG 0 M4

SEY TR BRPERFRE BRSPS R A

Ko AR A TB G B4 T RIEB R A R T H M2 4 K °
WA S8R H 2 > B kAR YR EP TSy PR K A E R

-n\y

R IVER S KE S F R S Bk gls b nd £ 2 (5% (Jones etal., 1985;
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W AR 2 R BRI kA R B AN T

b INBIL TN H RS EFFI VR RIS R T MR 4 R d o
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AR
COREE Y. 8 8 E¥-Fa:-2 11

TR AALTEF I RTERFBR PR A RS AT EHR 0§
RARRBMZELE - ABRLRKTRIRE AR AR E KDL 240 hF A -
56 hfE R HEHORE R > L RIAFLLERY et o 2 TEa Ry
2500mm (¥ = F % B > 2003; B0 1993)  — 4hd 2 0 bR HE K RS LR
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SRR EE LE i EEE L B 4 EEAMICE B R (£ 1996;

1448 2 gEF T ¢ o 0 1997; Yuetal., 2002) -

ME KA R FFF 2B EE AL F 33 8B e
L TER A NGEDESLE YA PR RA TR EA L LAY kA
AR 0 F RFRRIEER . 2B (EASCRAF 0 2007; FE > 2009; Yu et al., 2006) -

Liu %(2009) f1#* & it * ;80 23" & § i3+ % (Global Precipitation Climatology
Project; GPCP) ** 1979-2007 # 2 BLip| F AL~ 47 2 3% 17 B § 13 % &2 4 B8 % &2y
R IBERZMGER 2RERF A TR K> 23 10%2 % F & 3 4
9 110% » @ 30%-60% " & ¥ s 2o INOF 58 R it > 9 20% © @ 2R A K
el B Ko AR R 10%205 % A BB 4ug 140% @ % 10 % & RIE > 4 70
% o 55 "% & cff 4o W A B RGE K i;‘%ﬂ . F;T;%K* )’z = :%4 ool @ L OiRdE 4 R

R BT R BEKR ﬂzf?‘rﬁ%ﬁf‘ r#%frima-% =

(2) 2 Ha K e %74 @5
l |

| ‘ii

KEteboi & e s o 7 B R L 070-90% © ok A - dd 2 A
BATER S 19300rsje B 1Y o i ks RS IEY ~ FAT
T s B LB TR LA I N HE; R WEL LT R RN A
BEBHES L5 B RBR RE kAP LRSS e O
> %ﬁd P TOLILIECE e & 3 QAR Wy ] 3%15 PR Rz S (Jonesetal., 1985;

Kramer, 1983) -

Aok ARA G ARET A L g -k (capillary water) ¥ % -k (hygroscopic
water) £ € 4 -k (gravitational water) = f& > £ L Jn g R T EATICATE T F o 2

34k -k (water deficit) #3k (T4~ 52 % 8 (drought stress) » A @ (T &4 K& 7 F



v

o i AEEME X (temporary wilting) % X A (B % (permanent wilting) & f&o 4
HorvEoRis o A B ES ORGSR T ENEIORET S 2 KRBT B F K

¥ (field capacity) » ¥ 3>t 3 B R-RA Gk 8T 0 2 KA FHE S B IR g &
% 47 (evaportranspiration; E.T.) 8% iR > § R FHCIE* JL4p2 Ko £ 30

AN KA PR E SR EE A R WEEEAY ANTFY 5

‘\x

R TSI TR E B M AT DT R o R RE R I W 2
B 3ok 7 B4R E R B (temporary wilting point) 2 #RIM 0 B & £ &
KA R TR K o e 2 E DT gk KA TR 3R g
ez L gk (F2k) 4245 0 B FHERIIIRSOR T O PR E Rk S E
PRAE R SRR Gk AR E R R R AL KRR
A X % /¥ 2L (permanent wilting‘ point) (Kramer, 1983‘;'Kramer and Boyer, 1995a) -
R R E R A0 e ﬂ\%}g‘«f’?’c\l \ A& FIAAMEd LA LRy
e R 1 4 (hydraulic resistance) (hL ksor!2,003). 3 IF#%“% Bz 2 &1FEk > FkE
w AR Ra TS Aok %rﬂ%gf’éﬁ ’ 'F:‘Jf”’&*tgﬁ'” }‘ng— P2 AR
I B Y L#ﬁT’iﬂ7ﬁ@aE#mfmF”

HA LR ERFER 4L WA BB F VB P b ka2 (Hasegawa,

2. A AR HERIES KA R G LKL (B 4 W P

HEASIHEEMITF T RS EFRR  FIERE R LT F
T LB A2 4 ®E B (Lasko, 2003) o AR @ g5 5 R TR ORA R LS R ST
F A LR o AT IR SRR L N IR R Af IR
B T EIRORT R 4 & F]A SRR K TiT* #7ig & (Francisco et al., 2007,

Hasegawa, 2002) -

RSB R P TR Ak PP RS 0 MR R AR AL o B =
5



Z¥%-k % (midday stem water potential) ¥ % £ ¥ koK B T (TS R oK A K
& (Scholander, 1965) » “&8p + ik -k P &g "% MAE f» 48 7 = &R K v Lo ) * 5
(water use efficiency) > 2@ o5 5 Ttk A JI* F T2 AR R AT IFL R R

¥iuic ¥ W8 2 g (Behboudian et al., 1994; Francisco et al., 2007; Lakso, 2003) -

HIBERTES D T P 807 B 5 U KRR YRR - -
CHEBEBFRE M S T 2205 A B F 3l B Rt
S F AP ST g S St R RS
PR Sk ALT s ek i (Hasegawa, 2002)° % fie 4= >t 2 30 5 &
BT eLMPF "k ‘"’\ﬁfif{ﬁ TR fE Rk e R s o BRE SRR

HRPE T L E P P f;?"ptv'c SEllrx s (PSTI efficiency) #7

XA R A L”W%‘H“fﬂ#f'iﬁ*“‘fi E&’E‘ Yook B prE SN R
\
%~ (thylakoid membranes) & 1*# 4k J\lﬁ g";i oo Bk kAT (PST,

P680) £ 7 5 i vhah ot pE K e z:rrj ot SR E
(chlorophyll fluorescence; Fv/Fm) ’L;" (Flore an éjle kso; 1989 Hasegawa, 2002;

| |
Lakso, 2003) » iz & 5 5 F e 1‘5& '? 4: 8 - “% AR BV OIT A iR R¥IREC F

B2 4tk e

AESDSRERESFHLE T FFFHIEIFLFIHP S
Ha R 1I30E S 4k pé (abscisic acid; ABA) i # 34 0 B A F IR E

FALRpL 2 2 wre & % (cytokinins) "E Mig S F LM P (F 0 1994) -
3. TR HBHEFRASHZETNGZPE

BRI BB OT - BE B TAATAMESRER K LB
H#EEE N & (osmotic adjustment) ; 54 K8 Pz PR BOR R W Avid 23 FIORRE
HoBEEBEAL - BL 5 EDE P -k»FS (negative leaf water potential) >

BERSRBES > BEFEE TR T (Py(-) =Y (-) + ¥, (+) 0 Py total water
6



potential, ¥s: osmotic potential or solute potential, ¥';: Turgor or pressure potential) ° /%
EEASTHE T AFUR R FIFE N ERSRAERT T FER
k£ 1F* o LA (Sorbitol) % 7 ¥4k (betaine) 7 & A% AF7 2 A% L ip
% 129% H (compatible solutes) > & {4 m% F ¢ &£ & 2B A &8 > (T4 X kAo

B PE RS DG Lt P ARG RBBTRE R E RS RS

3=

~F

» T2 EE A & (Gao et al., 2004; Hasegawa, 2002; Lakso, 2003; Wang et al.,

1995) -

§c % 8 € % ¥pc4 (Pyrus bretschneideri Rehd.‘Suly’) = 3 % & Fdk %
o 2Nk R T E ‘#le-*ﬁ?i@ﬁ‘%ﬁfé‘-’”ﬂg RNl i AR = §
%Bi:’ﬁ;:%ﬁj 7»%'?]11 5&@””%4‘7”’#‘?%‘%4“,; ﬁﬁmv_ s P F 82
HorLat s (2 F B o B EC T iij,ﬁiT o *v«?fdaeié;sg ARt iE S £ 0 T s
FheHicird L2 M E R 71 e G FW %8 (Gao etal., 2004) o
r’-"
4. 3 FakoRH S AT 0 RRY %ig‘;;ﬁng‘g&%
- = 1
E iL li
R 30 R AR R PRETR e R e b 32 £ Y E R RR
RET AR ¢ s E KR 1 s B R G f AR M - K
AR eE Il EURER Y £ 4 & (vegetative growth) > £ H §E P o ik i
BT R EG RO o RAT R A R EREAGE S S A T A
e TEEBRT T A FREREEZE > LEAHFEL Eo H# & (leafarea
adjustment) % > 3 & Z4E KA RIRXUPF > E M AHE G Mo EITEY 2

# 4] (Behboudian and Mills, 1997; Hasegawa, 2002; Lakso, 2003) -

S RAPKAREHERETE STLM G
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EEEHITEF 0 UE wmie s A A 4 e BERGE 33 973k (Behboudian and Lawes,
1994) o 378 5 # % F 3w A B2 K E B RB%K? FIR > S PR LEBEEE R

B FR BT E R A AR D Rk % R Ln% [T (Behboudian et al., 1994) -
6. A OREFHRHAIFSF AT L2 K2 I

TP icF BB P APk e A R ZER AL RE R A (Buwalda, 1993) - 12
s IR NE el o o g 2 AR TRk E AR B R 5L
BRI RETF B PR AZTE - S EPRFE T 22K
2 i B EE P Rend £ oo 5 E A %R ALK (water deficit) f b AR 0 A
£ Flak ok E RS m s ok 4 BT (hydrauhc conductivity) *# % #75%
(Buwalda, 1993; Jones et al., 1985; Kramer and Boyer,1995b) - Waring {r
Schlesinger(1985) RB|ius =4k ﬂ\tﬁ_—%if?,ﬁ‘%-ﬁ = A Bt R R -0.7MPa 2.

BB -

L
iJ M|
R 2 ﬂar* I3 Pt B R SR T
|
|

ﬁ%li—r ’ T%#f‘_j{'ﬁl’%i;{ Fi " ’}53 <£Fﬁl§-€§‘1€ﬁ s 4@’11',. J\'Tv}‘l % mlé‘,\;f»ﬁ;pu
5 i ieg

TR T PN TS £ L T BT ORI

P2 F B R iR AR HEC R E 2 2 B4 (Buwalda,
1993; Garnier et al., 1986; Hasegawa, 2000; Kramer and Boyer, 1995b) o ** 37 % i 5
T R ks § A4 e okid (hydrotropism) 12 ek A 2 40% 2% e (Kramer

and Boyer, 1995b) -

Tkt o FHICEER EERIT AR 0 2T 1 E AR Mutsu’ 2 5 i 3
S v T HURET R EiRlig £ TR A KR D AR o 2 4330

z ek eiag Fa SRR kg £ 7 8 @ '8 1< (Psarras and Merwin, 2000) °

ECN Y EF NS P RL L FIPN S S 1S RTI ET B



1%+-50kPa p¥ > {20 £ i 5 ¢ T ' (Buwalda and Lenz, 1992; Richards, 1983) -

WA ik (100%0E -k ~ 50%0E Kk ~ 25%:& k) ¥ Golden Declicious’ / M.9 #5

SRR PRI TIRA LV i etk PRz 4 A £ (biomass) M2 KA R
BmEM s RA R k2 A5 A EF oo O IR R A 2 AR E G

50%;# /%1 95% 5 25%i# i 140% > B i A4k € #4149 k2 4 £ (Buwalda
and Lenz, 1992) o - 8355 2 4R F HAT 5 » G P B 40 2 &R LA SRR F
kAo @ A AR A% R (root length density) ; Buwalda (1993) 5 # 4 # 8 &
TR R 0 SRR R T 2 RS 2 RS BRI L ISR 275 o 2o
LSRRI 2 B SRR D R BT R 1T kR W B T MR L T 2
Y e 2 e AT kAR R ST nk T 055105 Ak ko A A BT AL 19k
B £ TR IR 275 A% b0 A G BRI AR 1 2% 2 B R A i
*T%ﬂ%ﬁﬁéﬂwﬁl @T#ﬁ' %iﬁ##pmﬂfﬁ BREE - §F
‘ﬂ“
1B B 40 3 PR D ok A h ﬂﬁﬂ
I

PR A2 S A ARG S RE 2L IEHT (later: -lroot) (Richards, 1983) o

.
!

;%_ OB A 0 R8O d BT

x\ma—

L

%TK,%jﬁiﬂw(ﬁdw@dm@)i%éﬁ%ﬂ%i%ﬁ@%%*@

i\
\lv

i\4

RETps b 2R2_L 5|

% BB > Tk § 4 BOTRBEE R v o g T
SO 4 Ak ok B BEor R I A R 4Rk vt B3 4e (Buwalda, 1993; Kramer
and Boyer, 1995) » 5.4 8812 5 4 £+ S ¢ i 42 1/3 3 2 ;m@ldehk £ A %> iRl
FARE B KGR TE PGS E R A G BT A BT FHER AK€ T

St P4 5 WK > Fla A2 % £ A $ (Buwalda, 1993) -

(2) BAHIERR 2 BE

énhn
\ﬁ
§4m
35
(\x
"Q’
N
1%

j%{‘f’i ﬁ‘x?#ﬁbh’iﬁ#ﬁ”#?%\"—;fp«’_—_-ﬁ7 LL]',;]J
PR PP AR RS T L AR SRR RS o
RS EPIEF > IO AL F AR K F 2R S 6T e
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4 £ 4 & (5 > 1980; Lyon and Buckman, 1948) - FL- B SItRE I R
Rk EE 0 DHY AT B RS B R A H D kA2 AP
Bt OREE R OB TR o MR kA AR R R ML F R 20k
SR ERR s R AR RSOk BFFARS L B H UL F AEL RS
10-30%2_ 34 F. » @ ¥ fORiRT 0 23T D 0% 0 2 IV L KT

(Grable, 1966) -

L FP 5 79%F (No) ~204%%F (0y) % 0.03%:h= § it a (COyY) v @ 4 3
Pl I B A Pk T oy F o0 ko § bR de2 2 F L pt
P LA F R4 0 R AR Lag PR R K & S 5910-100

’iﬁkamﬁﬁ7%w§$%aﬁﬁol;@#4£ 124 2T 524

%

T

5L

N SR

1%

e

22 TN A A B F LR F 2

‘. o “ j) — , s
Ghic o @ Lo § RIS

—

AR o il F 2 §f$*
<= | |
%ﬁ,éiﬁﬁiwﬂﬁmwmh%“ﬂ |
oy
B

~

.
= T,
i - | [
‘ |
ol i1

Lodk#dFmg ERCLE '

FBORERIBERIFELT AL FA BT EE R TEERIE
kixiE® ~ P kEE &&o%ﬁiiﬁi&%ﬁ

WACIE? » PE KR IV SRS TEB > F BRI TAEURE 2858
MREFRFTE RN F BIFIT T F ¢ F 5 IBET EG 0.205 cm? / sec » >t-K ¥

@ % 1x10° ecm? / sec ; FRE R 2 FATEF Z R P F AL - 0 2 Y JlAp
PRI FHE R & 2 fled BT ed s (8% @ b fL > ¥ 3B FiTer iy

* Bz = ",Lg;!,l\v‘:'ﬁ,;c’ﬁ PEIFACE A F P AP F 5L 2 F VR

)k & 3 4v (Drew and Sisworo, 1977; Kozlowski, 1982; Rowe and Beardsell, 1973) -

FAEF FORR YT ¥ EPF o LKF  (hypoxia) K fE 0 st A RS K
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WEEE S TRBE IR AP TORTER B GRETT R F A o B
LR M E kG FE R R 24 F > LA F  (anoxia) K ik (Kozlowski,

1984; Smith et al., 1990) -

KR AR KR M F B B g BB LR Piea AR BT A

AR LR AR GE TR IS ¢ FF 22 ¢ % (Kozlowski,

2. FOKHIEF CBRT mH I EAL I 2 BF

R RERIREF P RRAE R AL IR R SRR G o Pk R
Bl BHF B R T (redok polontials)es S300mVrt 1 # LB R
T A3y PR R T ERS +300mV T M, (Kozlowski, 1997) - 2 gy i
BRTE ML A4 BRRF B m@" Eﬂﬁ&ﬁ (NOs’; nitrate) ~ ¥ i 4& (MnO;
manganic oxide) ~ ¥ i“4# (FeO#Fe co':x;;)l .4?‘ i ] (SO4 S sulfate) & 4 Frigis
BRF BB ¢4g$4J&m%ﬁwﬂﬁa%ﬂ«mfamfirﬁm@’4@

'L:EéET‘? S i R 2 BRR

IRk ESIEY F R A E e PEAAI o 2P R S R
BB LA A o ey E B R 0 A TER TN RS R
(Patrick and Mahapatra, 1968) - ‘28 i -k~ ¢ #& & 47 (K)~%# (S)~48 (Mo)~4 (Na)

EHL ~4% 0¥ 4|+ £ (Rowe and Beardsell, 1973) °

TFERT A genig a2 gl i (¥ % (nitrification) ¢ NH; —NO, -»NO; > £ &
b JEFRITINE T o N R KRR T I 30 F VT g RARRES g 2 IF
*  (denitrification) & NO3;—»NOy =Ny ihfg g =42 » 2303 gl it Efe? TA'R
Wz 4875 TP > WR-KIEY & pgd JpAR T STl frz ARy
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20-50ppm (Grable, 1966) -

(z) 2HAF-LEEHESF 2 L2 BT

1. -2 ?%ﬁlf*ﬂ;wii@ﬁiﬁﬁ &

FTEFPLRCHFFPERBEE A2 PRI LT T S ik F B
(oxygen deficiency) » ie 3 3@ R FH 8 7 g 22 D 2LE S d 44§ 778
o FEAB AR blde DR KT REIIRALERE NG A F T
Y BT A MR REHTE 24 5 3 S FEERE G T (Hasegawa,
2002; Schaffer, 1998) o 3 3 ;& -K &0 f2 #ﬂ@*"*" WE T EAAF S AME AL A
WFE R BRBRSFAEE IR REE 2 AR ﬁxi J‘? P kw4 & 4T
SFIMPR S o - @ 2o A ;ﬁzn?#ﬂ’“ﬂ‘ u’é‘ KT B 2 F R AF T
B R T % (Kozlowski, 1982; Ko zlowsklﬂd Palla;rdy, 1984) » 2 {85k & iF% F 87 %47
% P 1~ IR e B IR ;j?"’ﬁtr';;”’{/% ’}“FA‘II@‘.—+ ST R R

g = fe R~ (Kawase, 19815 Schgffer 1998 Schaffer etal., 1992) - Crane -
Davies(1989) 12 ¢ p% 48 § & (Vaccmlum ashei Read‘e) 10 SR R S D = RS I Sl &
FIRHERRE K2 F oo BE R AR A2 2 R ks 2 3 E ) IR
(phasel) HAF2-5p A B Fi AT E L F* 205 2§ 3 25 (quantum
yield)"# i< ~ $33%-k 4 & 3 % #c(root hydraulic conductance) "% 22 § £ &5 Hop
S FEEC2 (phase2) FRE6-14 P AR HEMER I 2 kO aFEF ey R4
£ %k o F#8 3 (phase3) ZPF16-120 p 0 L B X EICRHT E % F

A kS SR S T 46-120 P o

FREBHTFrRERR P A HYEHE2ZRBEFF AT R
(Kozlowski, 1984) » — dxm 3 » @ -KPEFRARE > e T 45 > PR 2 1%

48 4 A% (Andersen et al., 1985; Ismail and Noor, 1996; Schaffer, 1998; Schaffer et al.,
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1992; Smith et al., 1990) - 12 1-2 & # 2 ¥+ (Prunus americana) fetkm % » 2 3E & K
g7 M RE RS FHR K 10-20 X 0 fERE A S T % T 50%4 T (Hassan et
al., 1986) o 4=+ 4 £ F# ko 2 4 5 B (Heinicke, 1932; Kozlowski,
1984)- Andersen % (1984) M ¢ M B TH 5 FHR M EFEF G ") 2#F 97)
EFOREIE SRR S E A RASEZ F IV ER T MR TR E R RS
Olien(1987) 14 6 & 2 ‘Macspur’/ M26 # % # % #B& 4l » B 5 - R BN FE(T
EE ORI FH IR RERE R R 2 MG BE TR T AR
KRz % 2 £ L IrdlAe R X R E R K2 o 5 ¢ F 4 % (Passiflora edulis
f. flavicarpa Deg) @ % > § T i# R ad@¥ds 304 L2 Frd|F 3042 Tk (=%
%> 1986) © 3 & 4 4 P& & ¥ “Woodard’ (VacCinium ashei Reade ‘Woodard”) & k>*
%ﬁ%zT@ﬁmk5ﬂem4$f6mw’ﬁ%%§@ﬁ%ﬁ%*ZSﬂiﬁﬁ

= "k

775 5 % 83% (Crane and DaV1es 1988a) 3 E A A fa& & ‘Tifblue’ (Vaccinium

|
ashei Reade ‘Tifblue’) 4% & 43¢ L/«*@?"’L% 117 2 48 4 575 5 5 83% & %3¢ -k

[
78-90 p 2 {8tk 5 E 5 @ F133% (Cfr ne aEdDawes 1988b) - %>+ & 4% % (Cranberry;
Vaccinium macropcarpan A1t) fa ﬁm = daﬁ"\ﬁﬁ . J\ H g ARfERAp G o e A £

Fip kR € P g SRR B (Schaffer etal; 1992) o

FOREBRHEF A RS E 2 P PRARATFEEREFF A G LR
(Schaffer, 1992) - Hasegawa(2002) % % T3 E R K& R R AR 2 & FIE
BREFMEKRPE - 2T G EEM REHEFREEA RN LY B RARE

20CM » § F 484 0 § F 42 %0 LM LI fof R Kl

o

BRIGES o 2k § S mE B F AL A F2Z B3 Crane o
Davies(1989) 3% & $>t4%4f B (Vaccinium) ied @ 5 » @ k@B S a7 = 2 3
& RFA B (Phytophthora cinnamomi) 2. #4% & fufd i@ -k #rig 2. 5 T R 5 =

_Q o
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<

2 R REEAHEROR ARG R S e 4 s B

B(1994) mEfcF Bp kBB EE R P MR > FEBERDF K
PR 4h KRB A dodc 5 PR o - TRT > iR kB ¢ B R R AR S

T Ko AaJr F o e ¥R 2 TR SRk AR (Francisco et al., 2007) » e

bl
ot
-1
B
-
e
g

PRk RE > 34 KEARRT - FRERFES W
KA PERET FEHEF R g BPEREBEABEEFF a5 £ 8
(Kozlowski, 1984; Schaffer, 1998; Schaffer et al., 1992) - Francisco # (2007) 144 4 £k
s-#8 Carrizo ¥ Cleopatra & :#%& A& 7@ F 9 X # R §g 5 mg@ % ¢ =2 &
T8k % (Midday stem water potential; Ws) ~ 3 5% 1% £ (leaf osmotic potential; Pr) ~
2P = 4p¥-k s 2 £ (Midday relative featagater content; RWC) & %542 &
(osmotic adjustment; OA) %7k &4 7 %“'\ﬁt“ ﬁ%ﬁi BAREATIE S S kg2 kA

AR BT HYE YR Camzo 23\ Gelepatra bl 9%) FREBRT I

¢ 25 Carrizo &7 Cleopatra 14 45 42 ’}14\ RE vl 4 TP R e ¥R e gp o AR
FLE o PP (AverrhoacaramdoaL) iR ’Hi.m e 4 ﬁ,é KOEAZIE 1S pE Bk

% (leaf water potential) 4 € °F "§ v B 7 NIRA ’}~ JeA4% (Ismail and Noor, 1996) -

BHP R ORE B BEA € ' MfEtR Y £ &%k % (midday stem water potential) » &
fe4 2ok & 1% F (water use efficiency; pmol CO, - mmol™ H,0) 17 5% i# -k i 4 #7
PR LRI FLREEY PR R FICEY BE “TR (Francisco et al.,

2007) -

- 3 R F R B € ' ISR ek & 18 % 5 (photosynthetic rate) 2k i
g »2% (PSTI efficiency; Fv/ Fm) (Childers and White, 1942; Francisco et al., 2007,
Ismail and Noor, 1996; Schaffer, et al., 1992) o T4 @ & kg = 6 & 1% 1F F % K

ARLFFIMP G AR R ERF AP EATLE PRk A L
Fl 5o K PEIIIN A 4 4k AL (abscisic acid; ABA) w0 b 3R H 2 mre 4 B
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(cytokinins) "% M #7& 2 SFE B % TR (F 0 1994; Jackson, 1991) o @ & it & x5
ik i BT PR RE R E Mk & iT Fanzb g 34 F]3 (Francisco et al.,

2007) o ‘B KRB EIES R ETTH 2 RFL FIMPTE S 2L FILELTFF > Ra
W REET o d SLF IV F S Pk & 1FF 2 50 4 P € BB 2 (Beckman

etal., 1992) -

RE R AT FokE N T ML E M2 R T o F IV
BEEM-EZZ MR E R FTAE AR E RS X
S E 2 ATEHE E o /] & (Childers and White, 1942; Francisco et al., 2007;
Ismail and Noor, 1996; Pezeshki et al., 1996; Save and Serrano, 1986; Schaffer, 1998;

Schaffer, et al., 1992) -

3 ks Y s 4 TP TR SN L o
} :“f
= |

RUELERE T UL T TRy
BRER &L T HE RS Eé F%ﬂ#w%¥~%*%$£@~ﬁ¢ﬁ$~
FT&E%RE G 4 F (Hassan et al., 1986; Kozlowskl, 1984; Schaffer, 1998; Schaffer

etal., 1992) -

SR SRR RS ER IR T R

Ll

i\

SRR e L L LRt
(1)t 30y & 4 £ < Prd]

BoREER G EFFIERE INEFRAAEL AP o BRBEREL L2
FI-FFERFE EraRFogr e e iz d o 4 £ 2 drdl
i S W2 0k 1/ % % (DeWitt, 1978; Kozlowski, 1982 ; 1984; Schaffer, 1998;

Schafferetal., 1992) o 3+ F ¥R & £ 4 £ ¥ T '§ 22,53+ % (gibberellins; GAs) & = %



Frdl3 M (B > 1994) - # B17/B2 4§ +¢ (Averrhoa carambola L.) tetkm % » & kAL
ESA TP FERZEF L 2HE G 2L 20 P MEE R 25z £ (Ismail
and Noor, 1996) - B % % (Passifloraedulis f. flavicarpa Deg) § 2 w i& (7% -k
L A6 P RBEEFERP I ER R T2 @ G ML VR
FoEE R IEREERA R F T A RSB 20 X B2 4RF 5 1 ¥ IEEG84%
(*=% #% > 1986) - % F_F & (Vaccinium corymbosum v. Bluecrop) & k5% -k 4 i *
BJRisfetri FIRF & 4 £ P AL $r4] (John and Gough, 1987) o i# -k &2 2+
£ % (Actinidia deliciosa cv. Hayward) {Etkizd» £ 228 K p = B WL > @ b b 302

A

EEFRIES kP B e 2 (Smithetal., 1990) -
Q) E %4 ELrd FpE i RS T H

it okoaeg 2 % MR ) KR gw¢» Ll LSS L

\
SACE WANFINE A A ¢ %gj%"ip.;x- (Kozlowski, 1984; Schaffer, 1998;
[

Schaffer et al., 1992) > b 4r* s 44 (][3’1 etz e‘tlnd Shaffer 1989) ¥ ~ 1512 ~ # (Andersen,

1984) & £ ' ¢+ (Carya |II|n01n3nSIS) (Wazir et al 1988)...... EE P FEtRa
ToNER K P B A F S E RS AL K T8 25 X PRtk 2 AT E (Ismail and
Noor, 1996) ° — 435 # K REEHE P % & & (L |22 % & 4% (cytokinins) 7 & "%

Mg b

4
X

© G RAF M (B0 1994) -
(3) Fd s £

FESPIAROEREZ L ERERMARE P g T 4 0 TR
1 il (epinasty) o — LTFF A OKA AT ZRET 0 PME RFC GO
¥ & A%p k=-1-% i (1-aminocyclopropane-1-carboxylic acid ; ACC) » 2. & I *
it P3BE ACC E F Ept WilL (8 1994)° - &&@ 3 ¢ % (ethylene) o

RER 2 LA (auxing) EAFERL L BILLE o RAFIETRM LG L E
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AERFRAES I REAI LTI EFE

B
age 5% 0 %t EAWRRSEER Y B2 £ 2 F & (Kieber, 2006) -
(4) Bz b L L2

HeF S maadid k2 S Atd 3 0 R KBS RIETE A E R TR AIS Tk
a4 se 2 g3t (hypertrophic lenticels) > b4t ¥~ F5 % ~ # ~ .54 (quince)
(Andersen et al., 1984; Hook and Brown, 1973) ~ = % (Larson etal., 1993) ~ #§ #*
(carambola) (Schaffer et al., 1992) ¥ F /& ~ & * (highbush blueberry) (Abbott and
Gough, 1987) o = % fE k3 34+ 5 T % 4 = @ honf 4 57 % F 3L B oRPERTARE >
W42 g itfax 5 (Larsonetal, 1993) - £ 3bz = &% Ao TR A RNH A e

AU F A KB 2 A FIHLRIE i FlE IR TE AR F F AT 1R 0 i

—t

LT TR TR L ¥ £ (Hook and Scholtens 1978;'Séhaffer, 1998; Schaffer et al.,

— il

1992) - @ = S fE R >k # B T ?/H‘ Wﬁ-'i 577 » FORSERE L4 G2 WA
[

RI# K I AT 2 2 ”“"‘J;UL:L% Z*Jﬁﬁ’?é%-’] = (Larson et al., 1993) -

.
v

;.

(5) ¥ 1387 Zfa2 A

WEPEREORAILT o 3F S R AP FANMA KA 557 749
(adventitious root) "2if fs % MR K 0 Bldel TR RS B Rk (=2
2% > 1986; Hook and Brown, 1973; Schaffer, 1998) » 7 434+ L+ 2 mie 3
Mo W EERR kBB T L B e BE 5 38 R9302 # o0 0 1L e adn
i* % (anoxia) Z_ ki (Kozlowski, 1997)  — 4@ % » #-K#FH E7 233528 ¥

AN ASED 2T > blde 0 2% (Schaffer, 1998) -



L O Tl £ (] +% > 1985; Schaffer et al., 1992) - 4 p% & & % “Woodard’
(Vaccinium ashei Reade ‘Woodard’) *t% 3 § i (78 K adZ s iR #£-k > # %
o F B S H PR 2 e 30-70% (Crane and Davies, 1988a) X @ ¥+ % & & fFm 3 o if
Bt RRdZ g Frd g & 2 £~ HEERERE 7 bl4e #+¢ (Ismail and Noor, 1996) £

% (Lin, 1992) -
4 KRR ROk S B S

HiFr b ivfm 5 0 i 5 dvk & d ok (waterlogging) € 825849k -k A dex
fesd Rt AR EF G2 A F i 22 4§ g (anoxia) (Buwalda, 1993) -
2R ORE MRk 2 B B A RS sfeenre 4 3R] N
e R g KRR R ) AR $RRAR K ‘ BER K A ez ¢ (Kozlowski, 1984) < Andersen
%(1985) 2 & 4 2 44 (Pyrus bet'u‘lellefol‘iaiBunge) & 4 (Pyrus calleryana

~ il
Decne) ~ & & 4] (Pyrus communis L\ ‘O'-?ld"-‘ﬁh'o'r'nga4 x‘Farmingdale 97°) ~ ## ¥ (Cydonia

oblonga Miller ‘Provence BA 297) ~

SSLovell’) #1424 ¢ (Salix

discolor Muhl.) = #5414 " tihiﬁﬁﬂ £ 30 B gs (aerobic) % & ¥ (anaerobic)
2o R PR RIE 0 B IRP ffiﬂﬂaras g AR R K F VR Rk
PERARE IS E IR FIERPARR R ARk BN F
B 4T g8 E A4t BHEE R (Lecetal, 1982) - 3042 % S G
bk 4 AT o RS e F RIS A A L R A F A

fio F R ERP a2 3 (Rowe and Beardsell, 1973) -
5. WORHEMIES L LR

— AT AR AR ok el AR (Buwalda, 1993) o &k SHE S 82 B
BRREREL TSP R RE Y B LR DEE B RS - F S ERE

m 3 # Ir (Kozlowski, 1984; Schaffer, 1998; Schaffer et al., 1992) -
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-n_H\«
»e
At
o+
&
T

BORE M e R 2 E A SRR ke E s PR
B4 B2 £ > 4eig 274957 = (turnover) (Buwalda, 1993; Kozlowski, 1984;
Olien, 1987; Schaffer, 1998; Schaffer et al., 1992) < T w (2000b) 2 % ) BH2 4 »+ 4 3%
FAER20%MF S E 2 AF FORAMMI 10% T A ETL L9
NI F IR I2%N I 2BBRTVAL R BEAS LR A BT F
FETHED 25 1%PFE R AR R A R 2 I FERTED 2.5%
AR R € & § Afait ® = (Childers and White, 1942) o v B 1 3 E it §
R R

BUMEE S UH R RO S SRR AT o IR A R AP A

£ %42 keh7 = (Buwalda, 1993) > + & R e tki# -k 3 P 5ATHR2 &

i % $r4] (Smith et al., 1989)© Ismail fr Noor(1996) AP R 2 R L RER AL 0 3 9
~NL@ﬁT’%ﬂ¢L€W# RO S A Y R I Y
B’ﬁ*iﬁf“ﬁduhﬁaﬁﬂ%gﬁﬂM6~k Fopmsamgn 0§ 4

B % % (Passiflora edulis f. ﬂavwarf) Dagj"a% ﬁ%?,} RAETD 24 | B 1S BEK s BE D

BRAMTBAIET P HHT,%LE 2 ?'Fx SOV 4R 2 (R Z BN > 1986) o 4o

. |
\
1

| |
AR 8 et Ak e 21 4 \ﬁiﬂ\émﬂ(wwmmam”w&p

movb e e BB TR R B T B BRER R T IR G F S 49 kTR 2
FINELE o F ok AEJZ 2 4 B % (Actinidia deliciosa cv. Hayward) 8 tkiz 4~ £ £25¢ K
P#c F b o @ IR T IR £ (shoot : root ratio) % EE FR|MEE R P

B4 + 2 (Smithetal., 1990) -
6. FHHIEH i it ok id B2 vk

R P E AN LR RN & S

E;?r"’r

PR FRE GRS EF AP
Bl ERESFMIRAGEE 2L 2 B R RER o - BN RERT
FRZ AP THFRFEGF T AL L2 GRAIAEA R gt
BLAEE b 2 RV R4 F 04 5 K (Kawase, 1981; Schaffer, 1998;
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Yamamoto et al., 1995) -

ReEKPNFRBEF Foi 4 AFEd 5B M -3 258045 3R
oo ATR > A BT FIHAT AR it AR e B M Arig & (Buwalda,

1993) — 45 (€ fa i3t

%:

3R S g A)i § 28 (aerenchyma) 1 BIF B2
FEEFEECEFERLR RS AR §F Mg 4§ (Lin, 1992;
Smith etal., 1990) » * 44 § $1¥4+ 2 £ 2§ T o - dra 3 o kA F 28

2 A G kR E 4 A 19 ) 2E 5 e

\4
N
o
K:-
P
¥
o
=S5
-n i\
Zm

= 5 &4 %31 (Kieber, 2006) -

7. H e MR R 2 at s SRR

et fE s SR s R ]L/vr k2 AR T”“ AR U EREREA T
WERT AR F kb RAT € é%zé'?ﬁ K gﬂood tolerance) #k & 12 F i oK %
Bl pEA S R G B 2wt X e jffﬁiﬁ; . ;F‘H ga ‘"7} 3 # F (Schafferetal.,
1992) o — 4@ % o (T 5 & ERA ;;‘é* fkis},a%%jé DANE R PR R 304 R
P T kD AR Sk T et A Rk AT S
L 23 a K P IINe e TN AR TR o - Ay S EL Ap 1R H-17
P k2 Ap a2t (relative tolerant) 34 = 8 8% & & @id -k (extremely
tolerant) ~ 2% @& -k (very tolerant) ~ ® A& @fi# -k (moderately tolerant) ~ ® & &z
(moderately sensitive) ~ #7f (sensitive) ~ 22 % AT (very sensitive) ~ &8 57
(extremely sensitive) 22 & a7k (most sensitive) (Albrecht et al., 1997; Andersen et al.,
1985; Beardsell, 1973; Mahbub et al., 2006; Roberto et al., 1999; Rowe and Hassan et

al., 1986; Schaffer et al., 1992) -
(1) #&zg mti# -k (extremely tolerant)

5|4t 4534 (Quince; Cydonia oblonga Mill.) (Rowe and Beardsell, 1973) £2 4+

20



(Birch-leaved pear; Pyrus betulaefolia Bunge) (Andersen et al., 1984; Mahbub et al.,
2006) o ZR @ tp 3t R FIH fUd k2 B o ¥ T G M A S 2 dd okEE A

(Schaffer et al., 1992) -
(2) 2-% @t -k (very tolerant)

Rowe v Beardsell(1973) zn i = % #&$ & (Pyrusspp.) (£4 =284 afid -k
(very tolerance) » Andersen % (1984) »*$] (T4 7 fma H % k2 ol » 2 ¥
2 @i ok (very tolerance) 2 H U (¥4 2B 5 1 2 4 (Pyrus calleryana) ~ 5.3*
‘Emla C’ (Pyrus oblonga ‘Emla C’) ~ % 3% ‘Provence BA29’ (Pyrus oblonga ‘Provence

BA29’) ~ & < 4§ (Pyrus fauriei) £ @ ¥ 4 ‘Bartlett’(Pyrus communis ‘Bartlett’) o

(3) ¢ A @i# -k (moderately tolérant)

Andersen % (1984) % #g T'P:ﬁ' ‘N’ ;f'ﬂ*ﬁfé‘ k2B 0 A s A Bt
-k (moderately tolerance) 2. #1/ IF«% % g’ﬁ LR #(Pyrus dimorphophylla
Makino) ~ # 3+ # (Ussurian péar; Iét’yjrus ussuriery1§is_.Max.) ~» #; # (Sand pear; Pyrus
pyrifolia Nakai) ~ "' 4] (Pyrus pasﬁia)lf‘i? @ 7% 4 “OH xF97’(Pyrus communis ‘OH
xF97") - Schaffer % (1992) £ & % 4 2 /1 % 325 # % A~ M1~ M2~ M3 ~ M6 »
M.7 ~M.13 ~ M.14 ~ M.15 ~ M.16 ~ M.26 ~ ‘Crab C sldg’ ¥ ‘Jonathan sdlg’ &>+ ¢ & @t
i# -k 2. gk o Rowe fr Beardsell(1973) %3 ¥ % (Malus xdomesticaL.) ~ ¥ # & ¥
# (Citrus spp.) ~ % '% (common plum; Prunus domestica L.) £ #+*% (cherry
plum; Prunus cerasiferaL.) 32>t 9 Batid k2 (8 o m 5 - FF ~ 5% ~
B fRtge A i P Rafid k2 (T4 (Crane and Davies, 1989; Schaffer et al.,
1992) - @ % /& (Prunus species) ® =1%% % (Prunus japonica) ~ #+¢ % S2544-2°

(Prunus cerasifera ‘S2544-2°) ~ #&+* % ‘GF8-1" (Prunus cerasifera ‘GF8-1°) ~ & %

‘Damas GF 1869’ (Prunus domestica ‘Damas GF 1869)¥2 gt 7' % ‘Damas de Toulouse’
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(Prunus domestica ‘Damas de Toulouse’) *t 4 &} 3230 & @i k2 (v4
(Schaffer et al., 1992) = ¥ #f k4 # chir & (Trifoliate orange; Poncirus trifoliata) £
#2485 (Rough lemon; Citrus jambhiri) »t4 &+ » B>t ¢ B atid k2 it

(Schaffer et al., 1992) -
(4) ¥ RatR (moderately sensitive)

% AR M4~ MO~ M.26 ~ ML111 ~ MM.106 & % 55 4 st 3t ¢ B 57
Z2_kE* (Schafferetal., 1992) - 2 & # =g % ‘Cirule 43” (Prunus domestica ‘Cirule
43°)~ % % ‘Brompton’ (Prunus domestica ‘Brompton’) ~ % 7+ % “St. Julian A’ (Prunus
domestica ‘St. Julian A’) ~ %t % ‘GF355-2" (Prunus domestica ‘GF355-2") ~ #+f* %
‘P34’ (Prunus cerasifera ‘P34’) ~ j@#% Z ‘P855” (Prunus cerasifera ‘P855”) ~ ##&+* %
‘P936’ (Prunus cerasifera ‘P936’) ~ f+%% ‘P9387 (Prunus-cerasifera ‘P938°) 2

.r.r

Methley plum*GF31° (Prunus cerasifera >«P"Sahcma ‘GE31%) #t & &t ¥ Ragp
Z_i¥4 (Schaffer et al., 1992) = 4 @JEF%PLJ%F%}{‘CamZO ?{(Citrus sinensis xPoncirus
trifoliata ‘Carrizo’) ~ $i. 44 (Cltrus retlculata) vt”“ﬂg (Citrus sinensis) ™4 & b 3t
¢ R ATR 2 174 (Schaffer et al.; 1992) - @ 4] (240 & Pyrus amydaliformes
(Andersen et al., 1984) ~ ¥ ® % (Chinese plum; Sour peach; Prunus salicina Lindl.)
(Rowe and Beardsell, 1973) ~ & 7% (Ficus caricaL.) ~ fi=4] (Persea americana
Mill.) ~ #+ 43 (Loquat; Eriobotrya japonica) ¥ 4 + /& (Carica papaya L.) (Schaffer et

al., 1992) A s b 4 s R 2 (ki o
(5) ATR* (sensitive)

¥ 5% rEA M2 ~ M104 ~ MM106 ~ MM109 &% > @ B % (Prunus salicina)
‘S37° ~ ‘S300” ~ 2540 ~ ‘S2541° % & ~ fa @ +*‘Stockton Morello” (Prunus cerasus

‘Stockton Morello’) ~ = (Citrus aurantium) £ % 4* (Citrus aurantiifolia) %4 %
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LB kAT 2. #E A (Schaffer et al., 1992) -

(6) % -k 22 % AT (very sensitive; extremely sensitive)

¥ % FEA A M26 ~ M111 ~ M779 ~ M789 ~ M793 ~ ‘Northern Spy sdlg’ & & *+ 4
B b By ¥ R 25 st g 2 #E A (Schaffer et al., 1992)- @ Rowe v Beardsell(1973)
ip 174+ (Prunus avium L.) ~ [f] # @+ (St Lucie cherry; Mahaleb cherry; Prunus
mahaleb L.) ~ ¥ (Prunus persica (L.) Batsch)¥2 . ¢ (David’s peach; Prunus
davidiana L.) #ti# -k 2-% a7 o @ 2 ¥ (Apricot; Prunus armeniaca L.) (Rowe and
Beardsell, 1973; Rowe and Catlin, 1971) ¥ % 8 % 45 $x (Actinidia deliciosa)

(Buwalda, 1993; Smith et al, 1989; Sniith et al., 1990) & % -k 2L 4 5 2 1

(7) 5 (extremely sensitive) | [ 1= 2=
i - '_ - ;
L \ 'N
Z ¢ el GF3087 (Prunus dawdlana ‘GF308) ¥ (Prunus persica) ~ 5
(Prunus mune)~ & < & (Prunus tomentosa) %«* e 5 U, > 456 K Ap H HRd e

Zz_f& & (Schaffer et al., 1992) ©
(8) BATR (most sensitive)

4 ¥ (Prunus dulcis Mill.) £ 2 ¢ (Prunus armeniaca) *t % & iv4 ¥ J§>t 4

KB AR 2. 1T (Schaffer et al., 1992) -
() AR 22 R
U (Pyrus) £4 5 & ~%F > 19 % B#hi? & (tap root system) 2z iF42 4 (%4

(Atkinson, 1980; Jackson, 2003) - 15 & 4 I 7' (Asian pear) 12 43t 3 3¢ 2 L%

B iERESE 150 & 2 90% 1 F 2 Rk S BV AT 60 o 0 2 k2 kT
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AHE L 352 0 00% P 22k 5 B SREEAFE2 2T A (T > 2000b) ¢
40 & 2 v # (Pyrus ussuriensis Maxim. ‘Yaguang’) 13 & 2 #£= 11 0-2 = f 422 %
5 (4 87.3%) 0 35 L5 A L SRR 0 69.1%:543 % B ¢ A 153 0-30cm 2 2
B P 883%:EIT B ¢ A (538 0-50 2 A REd K ¢ 4T KT A A S 91%
SR Y A GOSN O ARTA R R AR R AT AR (R
$02007) G EHIT A0 Y 2 LE A GHEFL 063528 03k B s
ET 60 o 0 52%2 R kA Y 0-20 A RT D AR 1R 02K T A T om ﬁ?%lﬁ
5728 T3 % 5 62-80%2. 4 kB P ERAER 1 T 2 2N 5 90%2_ 42 5 A I
FEddF 4 T2 o< 2 BRI (Atkinson, 1980) o #AHE A1 & A 1 2 R & # F] %
FEA S frdd s Bfd o~ 3R SR o 4033 ,< fim 32 B (£ 9 > 2000b; Atkinson,
1980) - PP A4 T 94 3 5 Ai48E 29 2 WP Vg (trellis training) 2 £
Am(meWMMN&mfmmv)ﬂwﬁkaﬁ&@?%’w#ﬁﬁﬁﬂﬁz

ﬁﬁ%i%ﬁi%ﬁ&ﬁ;1m*»’§ﬁhﬂzﬁ<%ﬂ%4ﬁ16o NN

i}

B ERFGY 0 1R R N T 35,x,9m$a¢|ww@mwﬁo%a

1
e} ' |
B p #27] (open central leader trammg) 149 %z',,g AR SR NI O NS - IPART

150 A 5 90% 1 F 2 43 A A e 00 SN 5 4R A dB A (i RGE 0 kT

AR 2.5 2% (a5 2000b) o
(=) R ERLFESHE L2 BF
HEPTEF 2 Henp A ARLEEAH O NFR EARLL LR AEY

EHRIEELZESPEE BEB 22 LR ESF o r P PR 2 ERELR

22 ERE P AEFEFH MR O-N0 P B E2 A 125 < S HMFE

St

E2 5744330103 11 7 BAfait @ S B2 3724900 ¢ 192 Rk iidxt
WIEE 3 TS AR O PRINEEST O FEZENTATARIERE 0 - i

HR2 269103 20 p > { A7 FERMAFIE (T 9 > 2000b; +k > 1960) o Christina
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{r Eissenstat(1996) *+ % B § ' ¢ 0Lz 20 # 4 ‘Red Delicious’/ ‘M.26° ¥ % 4t 10
TAMRREOT R A2 LT g Rt it (107 ) AR HEEBEE 1SR

4E o ARHE 0% AR AHE200p N > RakERE T H AL S REGR

T

B AT RN ARG PR AT

-
N
‘*“\
e‘-ﬁa
lv

R ENCI NS VRN iR | Eo i LES A R -
1AMz 2 £~ ut Rk S g m Rl o 30 10-30C 2 RN 0 2 EARE 0 9%
WEFFARR > pHE 2 (mortality) @ F o g A ARFZERAF o~ WEER
gemag F A GRAR #ic Qo H) s e AR T PRS2 A 0 B ARk
FHE XL - BIRE A AL ﬁ*?i BSBSCHFEM 12 & @12 15-30C
Hif ¥ (Cox etal., 2000; Marshall and Waring,;, '198‘5; Pregitzer et al., 2000; Richards,
1983; Woodham and Alexander, 1966) o #: @ BLT T & AT k>0 2 E 10-40C T
iawh,ﬁ&iaﬂz@aLJa%g»A%cuF%ﬁ<4%§M§£§J
om iR AN40CES T Bk 4 «é; (#1:;569) +‘7,,<wa P 3R n IR
yyﬁaﬁa»4§m»‘&ﬁﬁ ';*« ima&a’*§ & I
*iﬁ3W%ﬁﬁﬁiﬂ’uﬁ@%«wm$(Mgm1%m R E AT &
FEERT MR (200) FEFEOATIN e K S P FARE 3L E
(>307C) ehpFiz > ATA Al i B k-~ F SR (T e > 2000b;

1960) °

etz 2 £ - S e f{ 2 s (Alternaria kikuchiana Tanaka) 2 35 17 5
B o BHS 10 #00 F 2 = e HAE RS B ER L RS R 22 B FR
W22 &2 v s E2s REFTEELSFTFETEFRE %7

PP R W 0 TR R a2 w0 (1R 0 1960) ©

HHMH 7 0 AR A LR B R RNE F w2 k357 B o & F
FEH I s R T > L S g W E MmN e E o T en
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$E R e fE RIS K o 0 A IR AAR S 2 BT 0 T bk

B rgEgi gty BlREAER P28 TE24 L (Fr 1960) o

WHESRA T o AR FR T G AR ESYEEE AR 2L
AR RE o - HOTHAEE R PR AR AR IR R NFEREF
R R S TR REEE AV B
Afs A ERgs P S E TG 24 (Phomopsis fukushii) % % 3 (4

1960) = k@ #F 5§ g RS 5 - L e HOREFTE (Hho 1960)

(=) BFH FEESHE SR E R L2 L2 W

AR R A FE R IR 2 L E A A E A blde
7 &H (Head, 1968) ~ S/ #5H Ut © 196Q)0° Tk 4(Zm > 2000b) ~ £ - A% 4

(£ v »2000b)~+* (Cockroft and Olsson ﬁ72)~\5¥“ % (% 7 »2000)~+% £ % (Buwalda

and Hutton, 1988) & § & (Freemah rmd S!nart, ‘1976) ...... FE

| |

2\ || B
W RE S e RS 24 Aed /iéél‘Conference Z RSB R E GBS BT

&

SR R S L) S %ifi%ﬁ%"‘ii%,ﬁ 10:T (Head, 1968) - — 4@ 5 » B4 ¥ %

A iE 2 0 £

FEFTHA ] £ 2 K (Casparietal ,1994) > *# T RE > Ew TR o p A §Bop

&

¥ % F Mg 7 PR B0 (Chalmers et al., 1984) 5 >t o i pF 8

(a

% 2. = L+ % 4 (Pyruspyrifolia ‘Nijisseiki’) » $9 4 4 £ b= P3R5 Q1 B * - 3

2 A B AR A EaRi o 260 ¢ AL E R REF T

\sm.
D

PRI 32030 0 ¢ g R FETE L £ 4 £ (4h 0 1960) -

Wad AL F REZO6E 2 FRER (Actinidia deliciosa) 18 tA 13382 4 ik 2
FHPAET i FUER AT ERE IS 9 10-14 P o B 1 2R3 60 X PR
HAEST R o A I AP KR FRINES NG KA Ao B 3NG4

£ 12 549302 4 £ 4 &9 % (Buwalda and Hutton, 1988) °
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TERERFLEZEHL LT o IM2 2 R PP F
TR ARBFEERA YA AR IR ERAALET 2 BNM2 5
4 E B AwE BT iR 4 B kR Hzis S P (Freeman and Smart,
1976) - #hm B2 H & T HE S 7 b end 0 § § F 43302 4 £ >0 5 (budburst) &
10 FBde BU i ERR bldet § % B2 F T T J2A R
R (2 »2000a; +£°1960; Buwalda, 1988; Christina and Eissenstat, 1996; Richards,

1983) -

(AN THRTIEBFSEME S0 aE b 304 L2 Mt

WA ?pi‘i%;%‘fés’w%;}%rj— BOFIREEIE SRt 4 B STl )

\4
w

Ricife e SR b £ 2 405N o

R Ee RERAHES Valenc1 E PR P02 F S £ Ao iR

1 |
Y T ALEEY i%##fﬁﬁﬁ'iﬂ?ﬁ%ii% Brcbz 4 £ Hos
(Bevington and Castle, 1985) &% 1 1

W R R NE B AEAMAETE Keitt 2 Julic {8 thF &y 1 ngzjass

Bz 4 E#°% (Willis and Marler, 1993) -

4-.
i
1\.
=g
PR

(1) ¥ahiedie oy Fyng

Wi REe P22 Rl 5 RN 2R E P 1 SRECKT &
Frood B LI 2 RAFRIMERFH AR L kS o B FEART TR o @ b
IS RE (EREFsource) 2 BB B F 4k (BER R BT sink) 2

F#Fo gt Ap 3 B2 (Richards, 1983; Buwalda, 1993) -
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iz 2 LB F T R E % v (Leaf: Fruit ratio) 2 8245 - Buwalda (1993)

HREERES SN TIA LEART o R P IE R A T kAR

ARSI EES 1

— A EH AT k24 £ T RIT A SR (destructiveness) & R[22 2ERLIR 14
(non-destructiveness) & R 2 #F © fF 4 ¥R IAEZRZNG T 6 2
FED R T ERT AR Ee T B §EFF (Atkinson, 1980;

Bai et al.,2005; Bohm, 1979; Brown and Upchurch, 1987; Buwalda, 1993; Caldewll and

Virginia, 1991; Hruska, 1999) ¢
1. BT R

| -y
(1) #2457 (excavation) || === |

= T,
”

ﬁﬁ%é@é@&ﬁ%ﬁ”%%iﬁ
T ¥

7

,||1$4f Qf -l—%j:’z#ﬂj\‘% \4;’5_]]:’;}715}”1

ﬁ%ﬁmia’ﬁu9ﬁpiﬁ ﬁ%%ﬁ%i%ﬁibﬁ’iiﬁﬁw%ﬁ

T4 A2 £ 43 % (>5mm diameter)” 2254 (Atkinson, 1980)- fe 32 #/2 F1% = 7
A B2 A4 T i i N AT TSk 2 4F 3k (Atkinson, 1980) 5 ¥ H 42 %
T 484 - Dudney (1972) ¥3 40 8§ 22-37%:043 6 4k g0 3 HP & F)if

ﬂpi:%i%‘?rﬁ HEARBPIE o —Em D o BHEENE R EFTEERZT SRS
PR G wE T RAZEFRAFHLZER "IN IFL2P FEFR

‘ﬁ\

(Atkinson, 1980) °
(2) 2 417¢ (soil core; Auger method) ¥ 3 2|5 ;# (monolith method)

FHZEIEIGZHN > AL Z RIS IEPHRZHMEE o 2 E A L

(e
W

BURITETR Y @ > 203 RS BB R E MR- B ;> 2 R 2 4
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Bl 7?2 d-8 BEYE S B ARRELBI I EP I A28 S CHNERBAR (root
length density; RLD) ~ 122 4= 2 € (root biomass) ~ 12 % ~ [ &2 &€ § » 3 Bk b %
Pl @ 4L g2 2 AR 5 )50 1000 = 5 2 A (<1000em’) B 4 26 ik
Wz 3 ERMFBRIAZ F 0 5 1000-5000 = = 24 > jpiE TR 2 05 T s

(Bohm, 1979; Buwalda, 1993) -
2. AT P
(1) 2% (rhizotron) £ 3]G % ;% (profile wall method)

17495 2 £ 4 i A R - G s m gt ¥ g

7
!
w'* e
—h

gt
G k4 EH o @;;Qg‘&rgdf@fﬂ@ <L4; RGN S T

TE Gt AN A R ko2 B (JagEs et al 1985; Richardson-Calfee et al.,

P AL ZAE T S Y 0 BH 0 flY SP

-
|

2010) ¢ @ 127 4 $ Ju® 0 B %:#lrﬁlw W#g.Jzug,L«a**,;,xaﬁ%

;\
Y i (7 ,%?ag;uzﬁi:%fgazﬁy,m h2EbiEiop A A 4 4EF (Bohm,
| i

1979; USDA, 2007) °
(2) #12 % (minirhizotron)

Bates(1937) #u5 i3 12 4 4 £ 2877 § 442 (excavation) i 13 % BLE|
2o Bk e F) ¥ 5 BRI P (destructiveness) P o E ¥ - 12 kBT M
2o R ik 2R R M (non-destructiveness) F T Y 5 B PRERF RN R AR BLIRY
1522 0F > W L AR E (minirhizotron) 2 #£4 ° Brown fv Upchurch (1987) ik
RE2ZTEE DHRT 3 Ed esedam 4?1 il iR sk
- RE T e AT kA R R o - IR R 2 A AR A T R
(minirhizotron tube) ~ BB AP % (camera) = #F 1% (video camera) ~ &7 < 5

a4

(indexing handle) - | 2% (control box) £ ¥ "% (computer) % ik Bt = (Brown
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and Upchurch, 1987; Caldwell and Virginia, 1991; Johnson et al., 2001; Vamerali et al.,
1999) o — &t Hoabe 5 B * v w ¥ % FlEsk (Lietal, 2003) ~ A+ 2 i
(Pritchard, 2008) ~ % # # i (Krift and Berendse, 2002) ~ ) i5fad~ 4 e &7 B ¥4 &
A RER P L2 7 (Baietal,2005; Taylor, 1987) - @ i § & 2 v @ SLpisg
FRABPIABZ LR L MRV ERFP YT RE - i2® a2 Lo
12 % 2. & & ¥ L #7 (root lifespan and turnover) (Cheng et al., 1991; Li et al., 2003) ~
2L e E 2R AT AE (new roots production) (Li et al., 2003) o 4p ¥4+

VTR LT A T A R BRI A% 2 BRI AE

(3) # = F & F ¥ (ground-pengtrating radar; GPR)

R 4 (ground-penetratlon radar) :Iiﬁtr WEER AR R TR o
TRTLIF* 07T 8 Ff(/}inagz:z&*m | L BT BRETEL O L RRY R
%?%”%Aﬁ’%”ﬁﬁﬁﬁﬁ:ﬁ%@ﬁ%ﬁ%%aaé%*éﬁ@mﬁé
APl R Bt LB B4 ?*rﬁ #l (Rosemary, 2001) « % 3 § if i
ﬁii@”*ﬁﬁﬁﬁﬂﬁ‘?ﬁﬁﬁ‘%%ﬁ%‘lﬂﬁﬁ‘&ﬁﬁ%%ﬁ‘
R FEEE S B TR SRR BRI E 2 % (Milan and Haeni, 1991; Rosemary, 2001;
Wikipedia, 2010) » i7#» F% FIR X B4R FE 2 277 o P 50k » H § e

3B AAR AT B AR D SSS A 5 A B2 8B 0 (4c ¢ Hruska®
(1999) & * F 75 WA w1 (Quercus petraea (Matt.) Liebl.) 3 % eh=
i~ Stokes#(2002) 1% 3 F i BRI P B3 fl4> (Pinus nigraArn.) #3534 -
# (Sorbus intermedia (Ehrh.) Pers.) 19 & 2 3¢ &2 4 & ~ Butnor % (2001 ; 2003) J&

ORI Gk kM a2 2 AR o
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R R

I

2R BTy 2 R8T X kAP n RBERY Uitk ER
Ry 2 Lot 2 € 58 (Boyer, 1982; Hsiao, 1973 ; 1993; Lakso, 2003) - + 3%
FORERI T > IEEF T R TSGR R e B
k7= (Schaffer, 1998) o % #HiT4 @ip 3 3k K € i <A A2 sk v &9 -
WA T4 4 4 K £ 11 F 45k~ (Buwalda, 1993; Buwalda and Lenz, 1992)> 2k & 4
BB REME HE R EA ~ Prd FRFTIRA L > 2@ AT (Kozlowski,
1984; Schaffer, 1998; Schaffer etal., 1992) - #; $] % ¢ R @li# -k i(TH » & # KR
R P e R 5 v @RAE TP i ge e b IRRCR Y £ B R )
It ¥ i# 1% (Andersen et al.; 1984; Buwalda, l9l!9}>; Schaffer etal., 1992) o F#iE&k @ H
R PO LY T TR I T IR

.

kerig S 2 R . yi::;u

%%ﬁ%*ﬁﬁﬁé%ﬁﬁ%ié’aﬁ% é%wmlw $3 1 R

R A N el C L 1t R TS BER f

=g
A
"

X
a
M
¥
o
5
&
Fy
s\i{-_
j‘j‘”‘f
A%

Bl ks o I RERE L B E R

ML 430 2R A i 24 LR o B U HY AT fERBE LA S

31



£t
JARF 1985 FAICLBIEEKRLEFOL A - & p. 87-96. T L] HhFE S
F.OEHMR A ETE. AR

P F % 5.2003. ¢ EARL AT ERE.

<http://photino.cwb.gov.tw/rdeweb/lib/cd/cd06¢clmp/index.htm>.

Too i %.2000a. EF D4 T AR p.29-34. TR RMFE. SHFE L F L4

Fy. B g KA.

T g %.2000b. & 3IRDAL4 I«&“l p3544 «T'J :%v"r%:fyﬁn%“. AEE < 7

P4 Ty Rliid s f“fﬁ‘%g- iﬁ-

TRk £4 R €.2007. %E]%ﬁﬁ“%‘;:’i’ﬁﬁﬁ

.[
1 f'

A t
Frea ¥4 R g B ¥ ERRAT, 2007 —Tﬁ‘a =M 7f§

<http://www.coa.gov. tw/htmlar%a ﬁlem’eb artlcles/coa/9918/096 xls>.

<http://www.tari.gov. tw/tar1c/modules/t1nycontent/>

T R B L1986, EKHT A R LA ESYE S Y NAE

32(1):34-42.

ok
e
>
PEEN
[
&y
&
—Y\t

~ BT 102007, VB MY AR P A %A 4:10-11.

WA 1994, 4 A A Tt » GATT 2 5. 4 5% A4 3 Hez 7 =

HEERE. 1P R PR EixAF %K. p. 315-324.

TP 199. F FRAHLAF FLWF §FRBGE G2 TR SRS
125

HEHe B R LA ERREE Sk p 1-10.



HT A B 2005 EHA LA, HER RPN e LE L7 R LY

7 A B P12-46.
FRE - .1960. R A HO AT R An. P A,
BRAE 1994 bl F AR, FA IR L. LR
SRR 1980, 2T HA RS, W it 2 48

B A6 1997, #.p.455-458. TR G A EShF. FIEMG. aEe AR 4

.

MU 1993, 28R 4G 2ET R R B T REE Lk, L0

AR 2007, 4 23R i Rk S a2 R Sy i i

Fl
\

<http://www.wcis.itri.org twalejad/Qﬁ'ARTC/OOO603/2%E6%94%BF%E7%AD
1 1

%96%E9%A0%BB%E9%81%P %EB7%94%B1%E5%85%A8%E7%90%83%E6

T ‘ '
%9A%96%ES %8C%96%E7‘%9C%8B%E5%8E%BO%E7%8 1%A3%E6%B0%B4
%E6%96%87%E7%92%BO%ES%A2%83%EA%B9%8B%E5%BD%B 1%E9%9F

%BF%E8%88%87%E8%A1%9D%E6%93%8A.pdf >.

>
‘\::‘
e

I

4»»

5 FoWREL CBART T AR~ 5422009, PR E R FRF

ERBAGE AT, §F i RBHE 2:67-79.

FFE 1995 #.p.169-175. M E XA B gL L REFTHE L RRGILR
EhE. LHRLEFET RTR(C) MBI A e 44,

LA 2R By Y w1997, 2B RS ES

<http://140.115.123.30/gis/globalc/index.htm#CHAP16>.

33



17 T BRI A 2009 HATEAELE 24 K.

<http://tdares.coa.gov.tw/view.php?catid=1289>.

FwF.2000. &3R0A)HE LT EAR. p.43-49. TR M. RAFIE T

B2 )y, BLigHe g, LA

HE2 S8, 1044, 41 pA63-469. M2 F Wik ¥, AAR R 4 B RAAL
Lok 0

Abbott, J.D. and R.E. Gough. 1987. Prolonged flooding effects on anatomy of highbush

blueberry. HortScience 22:622-625.

Albrecht, G, S. Biemelt, and S. Baumgartner. 1997. Accumulation of fructans following
oxygen deficiency stress in related plant species with different flooding tolerances.

New Phytol. 136:137-1445, | | =
L
Andersen, P.C., P.B. Lombard, -and MN Westwodd. 1984:1 eaf conductance, growth,
and survival of willow and deeiduous tree speciéé under flooded soil conditions. J.

Amer. Soc. Hort. Sci. 109:132-138.

Andersen, P.C., J.M. Montano, and P.B. Lombard. 1985. Root anaerobiosis, root
respiration, and leaf conductance of peach, willow, quince and several pear species.

HortScience 20(2):248-250.

Atkinson, D. 1980. The distribution and effectiveness of the roots of tree crops. Hort.

Rev. 2:424-490.

Bai, WM., W.X. Cheng, and L.H. Li. 2005. Applications of minirhizotron techniques to

root ecology research. Acta Ecol. Sinica. 25:3076-3081.

34



Bates G.H. 1937. A device for the observation of root growth in the soil. Nature

139:966-967.

Beckman, T.G,, R.L. Perry, and J.A. Flore. 1992. Short-term flooding affects gas
exchange characteristics of containerized sour cherry trees. Hortscience

27(12):1297-1301.

Behboudian, M.H. and G.S. Lawes. 1994. Fruit quality in “Nijisseiki” Asian pear under
deficit irrigation: physical attributes, sugar and mineral content, and development

of flesh spot decay. NZ. J. Crop Hort. Sci. 22:393-400.

Behboudian, M.H., G.S. Lawes, and K. M- Grifﬁtﬁs. 1994. The influence of water deficit
on water relations, photosynthesis.and fruit growth, imAsian pear (Pyrus serotina

Rehb.). Scientia Hort. 60:89-99, [ ==
1 R

|
Behboudian, M.H. and TM: Mills. 1997. Deficit irtigation iri-deciduous orchards. Hort.

1 |

Rev. 21:105-131.

Bevington, K.B. and W.S. Castle. 1985."Annual root growth pattern of young citrus
trees in relation to shoot growth, soil temperature, and soil water content. J. Amer.

Soc. Hort. Sci. 110(6):840-845.

Bohm, W. 1979. Methods of studying root systems (Ecological Studies, V. 33). Berlin

Heidelberg New York:Springer-Verlag.
Boyer, J.S. 1982. Plant productivity and environment. Science 218:443-448.

Brown, D.A. and D.R. Upchurch, 1987. Minirhizotrons: a summary of methods and

instruments in current use, p. 15-30. In: H.M. Taylor (eds.). Minirhizotron

35



observation tubes: methods and applications for measuring rhizosphere dynamics.

Amer. Soc. Agron. Press. Madison, WI.

Butnor, J.R., J.A. Doolittle, K.H. Johnsen, L. Samuelson, T. Stokes, and L. Kress. 2003.
Utility of ground-penetrating radar as a root biomass survey tool in forest systems.

Soil Sci. Soc. Amer. J. 67:1607-1615.

Butnor, J.R., J.A. Dolittle, L. Kress, S. Cohen, and K.H. Johnsen. 2001. Use of
ground-penetrating radar to study tree roots in the southeastern United States. Tree

Physiol. 21:1269-1278.

Buwalda, J.G. 1993. The carbon €osts of root systems of perennial fruit crops. Environ.

Expt. Bot. 33(1):131-140;

Buwalda J.G. and R.C. Hutton, 1988. geaéb{il"changes in root growth of kiwifruit.
M
Scientia Hort. 36:251-260. 1| <=

|
11

Buwalda, J.G. and F. Lenz. 1992. Effects-of cropping, nutrition and water supply on
accumulation and distribution of biomass and nutrients for apple trees on ‘M9’ root

systems. Physiol. Plant. 84:21-28.

Caldwell, M.M. and R.A. Virginia. 1991. Root systems, p. 367-398. In: R.W. Pearcy, J.
Ehleringer, H.A. Mooney and P.W. Rundel (eds.). Plant physiological ecology:

Field methods and instrumentations. Champman and Hall Press, London, Ind.

Caspari, H.W., M.H. Behboudian, and D.J. Chalmers. 1994. Water use, growth, and fruit
yield of ‘Hosui’ Asian pears under deficit irrigation. J. Amer. Soc. Hort. Sci.

119(3):383-388.

36



Challice, J.S. 1974. Rosaceae chemotaxonomy and the origins of the Pomoideae. Bot. J.

Linn. Soc. 69:239-259.

Chalmers, D.J., P.D. Mitchell, and P.H. Jerie. 1984. The physiology of growth control of

peach and pear trees using reduced irrigation. Acta Hort. 146:143-149.

Cheng, W., D.C. Coleman, and J.E. Box. 1991. Measuring root turnover using the

minirhizotron technique. Agr. Ecol. Environ. 34:261-267.

Childers, N.F., and D.G. White. 1942. Influence of submersion of the roots on
transpiration, apparent photosynthesis, and respiration of young apple trees. Plant

Physiol. 17:603-618.

Christina E.W. and D.M. Eissenstat. 19961 Fing root production and mortality in apple
over winter. Hortseience 31:603 (hbsﬁf - |
1l m
| <& |
Cockroft, B. and K.A. Olsson. 1972 [Pattern of new root‘production in peach trees

under irrigation. Austral. J. Agr. Res, 23(6): 1021-1025.

Cox PM., R.A. Betts, C.D. Jones, S.A. Spall, and 1.J. Totterdell. 2000. Acceleration of
global warming due to carbon-cycle feedbacks in a coupled climate model. Nature

408:184-187.

Crane, J.H. and F.S. Davies. 1988a. Flooding duration and seasonal effects on growth
and development of young rabbiteye blueberry plants. J. Amer. Soc. Fort. Sci.

113:180-184.

Crane, J.H. and F.S. Davies. 1988b. Periodic and seasonal flooding effects on survival,

growth and stomatal conductance of young rabbiteye blueberry plants. J. Amer.

37



Soc. Fort. Sci. 113:488-493.

Crane, J.H. and F.S. Davies. 1989. Flooding responses of Vaccnnium species.

HortScience 24:203-210.

DeWitt, M.C.J. 1978. Morphology and function of roots and shoots growth of crop
plants under oxygen deficiency, p.333-350. In: D.D. Hook and R.M.M. Crawford
(eds.). Plant life in anaerobic environments. Ann. Arbor. Sci. Press, Ann. Arbor.,

ML

Drew, M.C. and E.J. Sisworo. 1977. Early effects of flooding on nitrogen deficiency and

leaf chlorosis in barely. New Phytol 79:56r7‘.

Dudney, P.J. 1973. On the estimation of root biomass in a gréwth pattern experiment on

e

apples. Rpt. East Malling Res. Sta f&r’f@‘7 1.1p.66-67.
Lk
|| <5 |
Flore, J.A. and A.N. Lakso. 1989."Régulation of photosynthesis in fruit crops. Hort Rev.

11:111-157.

Francisco, G.S., P.S. James, G. Vicente, B. Pablo, and G.P.P. Juan. 2007. Responses to
flooding and drought stress by two citrus rootstock seedlings with different

water-use efficiency. Physiol. Plant. 130:532-542.

Freeman, B.M. and R.E. Smart. 1976. A root observation laboratory for studies with

grape vines. Amer. J. Enol. Viticult. 27:36-39.

Gao, X.P., J.Y. Yan, E.K. Liu, Y.Y. Shen, Y.F. Lu, and D.P. Zhang. 2004. Water stress
induces in pear leaves the rise of betaine level that is associated with drought

tolerance in pear. J. Hort. Sci. Biotechnol. 79(1):114-118.

38



Garnier, E., A. Berger, and S. Rambal. 1986. Water balance and the pattern of water

uptake in a peach orchard. Agr. Water Mgt. 11:145-158.
Grable, A.R. 1966. Soil aeration and plant growth. Advan. Agron. 18:57-106.

Hassan, M.M., A.T. Salem, and M.A. Fayek. 1986. Response of apricot seedlings to

waterlogging. Scientia Hort. 29:125-130.

Hasegawa, P.M. 2002. Stress physiology, p. 591-623. In: L. Taiz and E. Zeiger (eds.).

Plant physiology. 3th ed. Sinauer Assoc. Press, Massachusetts, Ind.

Hassan, M.M., A.T. Salem, and M.A. Fayek. 1986. Response of apricot seedling lines to

waterlogging. Scientia Hort: 29:125-130.

Head, G.C. 1968. Seasonal changes in théfh'ﬁ;@unts of white unsuberized root on pear

trees on quince rootstock. Hort. Sci. 43'&49-58.
T

|
1

Heinicke, A.J. 1932. The effecf 6f sulbmerging the roots of apple trees at different

seasons of the year. Proc. Amer..Soc. Hort. Sci.29:205-207.

Hook, D.D. and C.L. Brown. 1973. Root adaptations and relative flood tolerance of five

hardwood species. For. Sci. 19:225-229.

Hook D.D. and J.R. Scholtens. 1978. Adaptations and flood tolerance of tree species, p.
47-128. In: D.D. Hook and R.M.M. Crawford (eds.). Plant life in anaerobic

environments. Ann Arbor Sci. press, Ann Arbor, M1

Hruska, J., J. Cermak, and S. Sustek. 1999. Mapping tree root systems with

ground-penetrating radar. Tree physiol. 19:125-130.

39



Hsiao, T.C. 1973. Plant responses to water stress. Ann. Rev. Plant Physiol. 24:519-570.

Hsiao, T.C. 1993. Growth and productivity of crops in relation to water status. Acta Hort.

335:137-148.

Ismail, M.R. and K.M. Noor. 1996. Growth, water relations and physiological processes
of starfruit (Averrhoa carambola L.) plants under root growth restriction. Scientia

Hort. 66:51-58.

Jackson, J.E. 2003. Apple and pear root systems: induction, development, structure and
function, p. 84-116. In: J.E. Jackson (ed.). Biology of apples and pears. Cambridge

Univ. Press, United Kingdom.

Jackson, M.B. 1991. Regulation of water r.eliationships in'flooded plants by ABA from
leaves roots and xylem sap, p. 2‘1"‘7-2k26:.'1'n: Abscisig¢ acid, physiology and
i
biochemistry. W.J. Davies and H.G. Jones (eds). Bits Sci. press, UK.

1 |

James, B.R., R.J. Bartlett, and J.F. " Amadon. 1985:A foot observation and sampling

chamber (rhizotron) for pot studies. Plant and soil 85:291-293.

John, D.A. and R.E. Gough. 1987. Growth and survival of the highbush blueberry in

response to root zone flooding. J. Amer. Soc. Hort. Sci. 112(4):603-608.

Johnson, M.G., D.T. Tingey, and D.L. Phillips. 2001. Advancing fine root research with

minirhizotrons. Environ. Expt. Bot. 45:263-289.

Jones, H.G., A.N. Lakso, and J.P. Syvertsen. 1985. Physiological control of water status

in temperate and subtropical fruit trees. Hort. Rev. 7:301-344.

Kawase, M. 1981. Anatomical and morphological adaptation of plants to waterlogging.

40



HortScience 16:8-12.

Kieber, J. 2006. Ethylene, p. 571-591. In: L. Taiz and E. Zeiger (eds.). Plant physiology

(4™). Sinauer Associates press, Sunderland, Ind.

Kozlowski, T.T. 1982. Water supply and tree growth. Part II. Flooding. For. Abstr.

43:145-161.

Kozlowski, T.T. 1997. Responses of woody plants to flooding and salinity. Tree

physiology monograph no.1. Heron, Victoria.

Kozlowski, T.T. 1984. Responses of woody plants to flooding, p. 129-163. In: T.T.

Kozlowski (ed.). Flooding andplant growth:’ Academic press, New York.

Kozlowski, T.T. and S.G. Pallardy. 1984. 'Eﬁ;e_(_:t of flooding on water, carbohydrate, and

mineral relations, p. 165-193¢ In: T.T. Kozlowski (ed.)..Flooding and plant growth.
e

Academic press, New York: . | | 1

Kramer, P.J. 1983. Soil and water, p. 57-83. In: P.J. Kramer (ed.). Water relations of

plants. Academic press, New York.

Kramer, P.J. and J.S. Boyer. 1995a. Soil and water, p. 84-114. In: P.J. Kramer and J.S.

Boyer (eds.). Water relations of plants and soils. Academic press, New York.

Kramer, P.J. and J.S. Boyer. 1995b. Roots and roots systems, p. 115-165. In: P.J.
Kramer and J.S. Boyer (eds.). Water relations of plants and soils. Academic press,

New York.

Krift, T.A.J.V.D. and F. Berendse. 2002. Root life spans of four grass species from

habitats differing in nutrient availability. Functional Ecol. 16:198-203.

41



Lakso, A.N. 2003. Water relations of apples. P. 167-194. In: Apples: botany, production
and uses. D.C. Ferree and [.A. Warrington (eds.), CAB International, Wallingford,

Oxon, UK.

Larson, K.D., B. Schaffer, and F.S. Davies. 1993. Floodwater oxygen content, ethylene
production and lenticel hypertrophy in flooded mango (Mangifera indica L.) trees.

J. Expt. Bot. 44(260):665-671.

Lee, C.H., A. Sugiura, and T. Tomana. 1982. Effect of flooding on the growth and some
physiological changes of young apple rootstocks. J. Jpn. Soc. Hort.

510(3):270-277.

Li, K.T., A.N. Lakso, R.Piccioni; and T, Robinson. 2003.<Summer pruning effects on
fruit size, fruit quality, return bloom afid fine root sutvival in apple trees. J. Hort.
| —

Sci. Biotechnol. 78(6):1-7. | | 'H
1"

|
1

Lin, C.H. 1992. Physiological .adapteition of waxapple to waterlogging. Plant Cell

Environ. 15(3):321-328.

Liu, C.H.., C. Fu, C.J. Shiu, J.P. Chen, and F. Wu. 2009. Temperature dependence of
global precipitation extremes. Geophys. Res. Lett., 36, L17702,

doi:1029/2009GL040218.

Lockard, R.G. and GW. Schneider. 1981. Stock and scion growth relationships and the

dwarfing mechanism in apple. Hort. Rev. 3:315-375.

Lyon, T.L. and H.O. Buckman. 1948. The nature and properties of soils. 4™ ed. New

York.

42



Mahbub, R., K. Banno, and M. Kakegawa. 2006. Differential flooding tolerance of
some dwarfing pear rootstock clones selected from the progenies of Pyrus

betulaefolia and P. calleryana. J. Japan. Soc. Hort. Sci. 75(4):297-305.

Marshall, J.D. and R.H. Waring. 1985. Predicting fine root production and turnover by

monitoring root starch and soil temperature. Can. J. For. Res. 15:791-800.

Milan, B. and F.P. Haeni. 1991. Application of ground-penetrating- radar methods in

hydrogeologic studies. Ground Water 29(3):375-386.

Olien, W.C. 1987. Effect of seasonal soil waterlogging on vegetative growth and

fruiting of apple trees, J. Amer. Soe~Hort: 801 112:209-214.

Patrick, W.H., Jr., and LC. Mahapatra. 1968. Transformation and availability to rice of
nitrogen and phosphorus in waterioggeﬁ"soils. Adv.Agron. 20:323-359.
|
|| & |
Pezeshki, S.R., J.H. Pardue, and-R.D. Delanue. 1996. Leaf gas exchange and growth of

flood-tolerant and flood-sensitive-tree species under low soil redox conditions.

Tree Physiol. 16:453-458.

Pregitzer, K.S., J.S. King, A.J. Burton, and S. Brown. 2000. Responses of tree fine roots

to temperature. New Phytol. 147:105-115.

Pritchard, S.G., A.E. Strand, M.L. McCormack, M.A. Davis, A.C. Finzi, R.B. Jackson,
R. Matamala, H.H. Rogers, and R. Oren. 2008. Fine root dynamics in a loblolly
pine forest are influenced by free-air-CO;-enrichment: a six-year-minirhizotron

study. Global Change Biol. 14:588-602.

Psarras, G. and [.A. Merwin. 2000. Water stress affects rhizosphere respiration rates and

43



root morphology of young ‘Mutsu’ apple trees on M.9 and MM.111 rootstocks. J.

Amer. Soc. Hort. Sci. 125(5):588-595.
Richards, D. 1983. The grape root system. Hort. Rev. 5:127-168.

Ploetz, R.C. and B. Schaffer. 1989. Effect of flooding and Phytophthora root not on net

gas exchange and growth of avocado. Phytopathology 79:204-208.

Roberto, N.E., B. Schaffer, J.B. Fisher, A.M. Colls, and J.H. Crane. 1999. Influence of
flooding on Net CO, assimilation, growth and stem anatomy of Annona species.

Ann. Bot. 84:771-780.

Rogers, W.S. 1939. Root studies. Vlll. Apple root growith in relation to rootstock, soil,

seasonal and climatic factors. J. Pomql.ﬁ Hort.'Sci. 17:99-130.

p— ]

o
-

Rogers, W.S. and G.C. Head. 1969: Faétors’lilffecting the distribution and growth of
-
roots of perennial Woody_speciQS,.p. 280-295, InyW.J:"Whittington (ed.). Root

growth. Butterworths, London:

Richardson-Calfee, L.E. and J.R. Harris. 2010. Patterns of root production and mortality
during transplant establishment of landscape-sized sugar maple. J. Amer. Soc. Hort.

Sci. 135:203-211.

Rosemary, K. 2001. Ground penetrating radar for environment applications. Annu. Rev.

Earth Planet. Sci. 29:229-255.

Rowe, R.N. and P.B. Catlin. 1971. Differential sensitivity to waterlogging and
cyanogenesis by peach, apricot and plum roots. J. Amer. Soc. Hort. Sci.

96:305-308.

44



Rowe, R.N. and D.V. Beardsell. 1973. Waterlogging of fruit trees. Hort. Abstr.

43:533-548.

Save, R. and L. Serrano. 1986. Some physiological and growth responses of kiwifruit

(Actinidia chinensis) to flooding. Physiol. Plant. 5:301-309.

Schaffer, B., P.C. Andersen, and R.C. Ploetz. 1992. Responses of fruit crops to flooding.

Hort. Rev. 13:257-313.

Schaffer, B. 1998. Flooding responses and water-use efficiency of subtropical and

tropical fruit trees in an environmentally-sensitive wetland. Ann. Bot. 81:475-481.

Scholander, P., H. Hammel, E.Y. Bradstreet, and E. Hemmingsen. 1965. Sap pressure in

vascular plants. Science 37:247:274.

Smith, G.S., J.G. Buwalda, T.G/A. Green, anﬂ C.J|Clatrk. 1989. Effect of oxygen supply
1EF--

and temperature at the root-on tilé physiolog}; of Kiwifruit vines. New Phytol.

113:431-437.

Smith, G.S., M.J. Judd, S.A. Miller, and J.G. Buwalda. 1990. Recovery of kiwifruit

vines from transient waterlogging of the root system. New Phytol. 115(2):325-333.

Stokes, A., T. Fourcaud, J. Hruska, J. Cermak, N. Nadyezdhina, V. Nadyezhdin, and L.
Praus. 2002. An evaluation of different methods to investigate root system

architecture of urban trees in situ: I. Ground penetrating radar. J. Arboriculture

28(1):2-10.

Syvertsen, J.P., R.M. Zablotowicz, and M.L. Smith. 1983. Soil temperature and flooding

effects on two species of citrus. I . Plant growth and hydraulic conductivity. Plant

45



and soil 72:3-12.

Taylor, H.M. 1987. Minirhizotron observation tubes: methods and applications for

measuring rhizosphere dynamics. Amer. Soc. Agron., Madison, WI.

Tworkoski, T. and T. Miller. 2007. Rootstock effect on growth of apple scions with

different growth habits. Scientia Hort. 111:335-343.

USDA. 2007. About the rhizotron.

< http://nrs.fs.fed.us/research/facilities/rhizotron/about/>.

Vamerali, T., A. Ganis, and S, Bona. 1999. An ‘approach to. minirhizotron root image

analysis. Plant and seil 217:183-193.

Wang, Z., B. Quebedeaux, and GW. Stutté.'%?%. Osmotic adjustment: effect of water

stress on carbohydrates in'leaves,. steni% and roots of apple. Austral. J. Plant Physiol.
-

20:747-754. S\ 1

Waring, R.H. and W.H. Schlesinger. 1985. Forest Ecosystems: Concepts and

Management. Academic press, Orlando, FL.

Wazir, F.X., M.W. Smith, and S.W. Akers. 1988. Effect of flooding on phosphorous

levels in pecan seedlings. HortScience 23:595-597.

Willis L.E. and T.E. Marler. 1993. Root and shoot growth patterns of ‘Julie’ and ‘Keitt’

mango trees. Acta Hort. 341:264-270.

Wikipedia. 2010. Ground-penetrating radar.

<http://en.wikipedia.org/wiki/Ground-penetrating_radar>.

46



Woodham, R.C. and D.McE. Alexander. 1966. The effect of root temperature on

development of small fruiting sultana vines. Vitis 5:345-350.

Yamamoto, F., T. Sakata, and K. Terazawa. 1995. Physiological, morphological and

anatomical responses of Fraxinus mandshurica seedling to flooding. Tree Physiol.

15:713-719.

Yu, P.S., T.C. Yang, and C.C. Kuo. 2006. Evaluating long-term trends in annual and

seasonal precipitation in Taiwan. Water resource Mgt. 20:1007-1023.

Yu, P.S., T.C. Yang, and C.K. Wu. lzfl@?[ i‘i‘!i%&?_‘?fﬂmlate change on water resources in
A - ¥
A = g
southern Taiwan. J. de}"b,%ﬁO( ; "
&
Tl

47



Fof REIERASMHLPTHT AR
%

ﬁgéﬁﬂﬁ%‘mﬁﬁﬁi£~%$

3
2

AFFZVYREZ LR AF AT REFLER R E ERE%RFTFELS 2 0L
70 B2 432007 & 10 % 8 p - B &3 2008 F 1% 3 p » RARE%YPFD AR
Bl PIRE P AR G2 2 R FEAE LIRS R LT AT MR R
TG A A PINER k2 R e AEB 2 &2 SR E H (Pyrus
lindleyi Rehder) ¢ # w2 % & 41 (Pyrus pyrifolia Nakai cv. ‘Tainung No.2’) #% {2
BSR4 WE TS AR R 0 T - 2 (CK) v T2 3 A
5ok B (Ov) i 30%-45% o 22\ () R4 %*v?i?ﬁ‘}%%é Bl ok T Oy <20%

LBk D Ov=45%¢ BTz (D+3!F) ef’%lwmgﬁm el Bk T OV <20%PF (7
[
KESE 3 P oo Ea2e (LDF3F) \e#\%lﬁzm e kO R By = 25-30%P% (7 % -k
&ﬁ35°&£;(mﬂﬁxﬁ%%gﬁw@ﬁmk4%<m%ﬁﬁmL@ﬂS
PodB it o™ ot ok A R T LR P IE R 24 BT agct (D)
gL 7% (D+3F,D+5F) MagfEtr S B EHR S Mz om d R o2
RHAR i 22 &7 RARRTH LR FERE 23 3024 & 3% > 2%
FRABREHSHIRAAEEEM 1 BFTARAES S LXBERERYT Vi
vod B AR E o RO A BT H AT A RN T e pIA ke
L FTA 49 HE S S CK~D~D+3F ~ LD +3F £ D+ 5F gl kA 355 % 8)
2 RTA IR GE R A W G 89.26+1.21% ~ 82.95+2.43% ~ 74.1446.14% ~ 92.28+2.10%
%2 68.08+4.30% » & R TR GEREF A BRI o L FOR A R D E S L R
R T RTA 42 dF e W FERTA G E A T T 50%97F 2 P #icF 4v o CK -

D 2 LD +3F 22 % TAT2 41575 4 F 30 D+3F & D+ 5F i o & 47K & 38 5%

48



BHHREHETEN GE RTINS A F RN o G

A A B 5 0.5562 &2 0.7371 o

MAES © AT RO BHEAE CMp kR



- w2
FHZERER FR A2 ESM AL EERSBEA L LY B0 ]
BB S ib 2 d AR An89% 0 A B4 A H AL TR B A
(Pl b 24 B ¢ > 2007; B > 1995) 0 15 kd ** FRH L2 ABR > 4t §
FRESRAATE U HA LRSS FohE K RERSFTREL G LK
AR AL MEABHSHE TEME A A BAHE LRSS o i
PR iR g P ekt d Y RR LA 1976 £ B AN E RT3

FABHERG AP Z R LHEERT > b p Y ET B AR

\H‘

BRI ATEAL e R S (6 ) S B R B (
44)@%;%(&-57544)@&—%(zmﬁ)\ié:%ﬁ(Bﬂaw)@ﬂiﬁ(aﬂs
RH) > B ow e Y (7 e R Rk & T 2007; 4 7

-, F. r " ‘
% B E 35 2009) 0 (e e | ‘r
| 'ﬁ_-' ’ “

4 Aot a2l S0 5’@

% .
| L <7
;E,m#iwia%ﬁ@@;@mm»’%immzﬁ CERET R B

n
m% wh S B A R R T &
¥ 2 |
@i%@ﬁﬁW@%‘ﬁﬁi%Q?iﬁﬁﬁiﬁiﬁﬁﬁéﬁﬁ’Eibﬁi
£ 2500mm ;s FoRE G 2-4 0 inh A 56 R B Ak R (P L F kA
2003) c £ T2 F GRERFE SR LT LLKE AT T2 E 0 B Eien
Bt e ok FREEAN KO FEEHFAAHFT A ELRLES > PG g
ok (201996 448 > BT ¢ o 1997; Yuetal, 2002) o & #5 F 2
R R X F Ed EA R 2 R LR F Fe A4 IR TR AL X F kA
FOREPER iRk (R 1993) > dptid A B KN BB MG o T E K4
B R F EEREP L 2 F G RF (global climate disruption) #5 > F i A
friZibrd e fprh it o ARG P FFIRECREA CEFE I AR F

B F R A %5 1.0-14C/F £ BB 2R TE (0.6°C/F £) (3% 0 1999)-

50



Liu #(2009) #4723 17 B § F %2 % % RieA% R 2 2R 2 M g R -
PHERF L IREK SR R 10%2 %A PR 409 140% 0 @ 5 10 %z
PR TERPIRE G T0% o HE R G T A ERB R P ] A S RS R

BE TR BMAEKR o HEFHRC L BERGERP -

SREEL Ak T A e L RREEA R B UG F]F 2 -
(Hsiao, 1973 ; 1993; Jones et al., 1985; Kramer, 1983; Schaffer et al., 1992) -
Boyer(1982) 2 i BB EH ? MicF 3B P Lh < ERIE TR S 1) i el £ frit i
ALpAE L HE-RBETFFRE E&ﬁ°;'1./éj\§§'ﬂi EE BRLE T T
T gt AR AR AR E = .Iii‘b it 'Ffm‘ FRE L b3 £ ] o

B i Akt = (Schaffer, 1998) °,’*\ m ijfﬂ TSR S R B kRS

=i

¢ W FEF e vt £ ,,g_ig?;é:tm@qs FUER L MoE - F LR L

|
Frls b and £ ik gﬁmamJeaIQWWJmmsaallww Schaffer et al.,

- T

1992) « 10 $hic % 8k Bt B ko a#ﬁ F A AT K e
(Buwalda, 1993) -
CERS S SEERE PR S SN IRl DR R R 3

FEARRLAFFEERE  PREER 2 A EHPTNEH 0 Ao T
Z 4] (Head, 1968) ~ = & & 4 (4> 1960)~ £-k$ (L= »2000)~ & L84 (=T
7 > 2000) ~ #¢ (Cockroft and Olsson, 1972) ~ # % (# = »2000) ~ % £ % (Buwalda

and Hutton, 1988) ¥ § & (Freeman and Smart, 1976)...... FE R b BT AT R

/"J}J‘f" ﬁ,ﬁJ\\X§ I%ﬁ.‘fi‘? ?/‘m%i" Sv%é’pf“/'?—li" ,‘z‘f i\ttfg
ERAL8 @l Mg ? L2 P Py @7 #&E A 4 F &G MR

ERCE-RLEEE P L - P L FEE I =

HEFF RALZFERAE T A2 HEEPF S FR BRI L

51



PAEHERE AL SO EE A KL AR E S P e AAD Y E 2 8
REFEL2 2 ERE (Fho 1960) 4 BATE FlRh $5 a2 52 8K
BRTRIZ AR R TR RSB R R E R PR AR 2R
KA R AR ER L

S HET  WFEHE - SRR TR R BB Ra (T HkA
ROTLAREROAPR o - RIEF AL o S HENE LIS
A AR £ kAL £ (T 5 R FI T RREL
RSN ER Y ER L RS L) P

*HFT el 2 gk ng/ﬂ%wﬁ%*?,: ﬁr»E'i (R B SR SIS
" & 45k 4~ (Buwalda, 1993; Buwalda and Lenz, 1992) Tl MRS k] - =g
MR kE 4~ #craﬁlj%;]ﬁ—%ﬁéi Lo 4:' ? %’—’r*}?“ ‘r (Kozl'G'WSki, 1984; Schaffer, 1998;

LT i
Schaffer et al., 1992) - &) 1 4 ¥ )iniﬁ*«kﬂ'#’- e8P @ KRBT L e
;j»'}@‘ﬁj\u't-bjwl}fg.#’:f?< ¥ iFE T

ZOARCREAE U 1 £/ 'F#”/F‘ iy *T |

(Andersen et al., 1984; Buwalda 19§3 Schaffer e't al 1992) PR D AT 2 ER

LR T 2R AR PR %?',Z‘%E'L'riaﬁcf?‘ﬁhﬁﬁ?ﬁ §o & R ipokrrid & 2

BE -

R ERELEMANE RIS RO ERFAEHRE LT AR
Z%#1F 2 4 (Pyrus pyrifolia Nakai cv. ‘Tainung No.2>) % &4~ 4L > 1% 42 2 %
PRE DEE RS FIE R BRIV R B LRSI T e 3R
B k2 4 £ FF A E TR KB AR % R A BT K F A e

4
X

B4R k2 A4 E N o

L

(- ) BB B2 48 30 H L
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AEHEL AR S FTREL SRR L ERRIFESH (2500N,
12132°E) @ X iB(7 c 38R H 2 A RF R H20 2= » ko Z%PEF (2007/10/8~
2008/1/1, DATO~DATS5) 2 %5 # £ 7 4 B 23 X3 EHR 2 &£ 2 et §
# (Pyrus lindleyi Rehder) 7 # w2 % £ 4 (Pyrus pyrifolia Nakai cv. ‘Tainung
N0.2%) ARJTH o £ 345430 2007 # 2 7 8 p Z A >0 AE 56 22 5 } 3NE T 35 2
Ao TFIREE28 wk 0 F R A4 a0 B 02 24 0 B[ (Polypropylene, PP) 4
F2FA5 ¢ %R (rBl'S) »ERHAREES AR H-HM  HETLE 32
o B2 w0 B ¥ LY (Polystyrene, PS) 12 AT e KE AP o RGeS
BE BAIZPREEF fE2 2 (THREES 100 24 o 3 A 4 F L A
Fid (sand) 40% ~ &4 (silt)40% ~ 4k (clay) 20% > 4 3 fadk & 6.00+£0.017 » **
= & ok d B (25.12°N, 121.53’E; elevation 164 m)“+4x & 2.+ 3% * (Yellow soils) »
23z ow Bk E (Field capa01ty) = 45%V01 SR BT IR T T4
FRA- BT T 70 248 B 8 Ask %mﬁﬂ-ﬁ'éﬁx2~3 OV TR PER| OB o Rk

[
R T R #%—ﬂ*ﬂf"?l/ 1‘&5@

(Z) Rk 2
AHCRE D I RA R HHARIIAL £ 2 PP RS R R
MO E 2 KA B o kA EER A 2007/10/8 B 4 0 5 43T 2008/1/1 0 & 2+ 85
Poooa SFBITEAIT  RJZ- Sirdle (CK)» ZAJEz J A2 KkE (0) &
ot 30%~45% o AL = (D) 2 fEHEE LS B Bk T 0,<20% £ %ok E 60,
=45% o B2 = (D+3F) 2 f R3S EES ik Bk 1 0, <20% PF {76 K AT 3
PooRJdZe (LD +3F) 2 fEH3SEE S Bk Bk D 0,=25~30% PF {74 K AJ2 3
Poofd®T (D+5F) 2 B MBES B kT 0,<20% PFE# KAILS P o

SR REE T L RS € b 2 EIENS 0 2 (DATO~DATI0) * 3484

\\\?{r

FokE 2 p R 2T 20 XL FERE TR KR AR AINS 28 R 2R
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SRR LM ek BB 2T UE 90 4 0 B 65 28 0 B 0.06 % > PE
HEF2EPERFe R Lt RREE KT FFREF (Bl 6) rdLie (72
2008 & 1 % 1 p 52 > 3#%E A8 fRe 3R (shoot growth) 223+ 7 $% (root
growth) # £ 2 BLPIE 247 o A EHEHF T = 22K (complete randomized

design, CRD) » 2 a2 1fitha 1 £€RH 3+ SER - K ARHRI T2 p W2

\ﬂr

B RE -2 EFIRERBE A FERZ¥M7 2T B 2324 2B 1-1-1-2~1-3~

1-4+1-5 ¢

AR F N 4 J\/»\ z ;‘1 WA AE = (6,) Ik (Rundel and Jarrell, 1991) - %
WA PR R b (TDR fime domam reﬂectometer SM200, Delta-T Devices Ltd.,
Cambridge, UK) (4= Bl* 7) #ﬁ:&“‘i* Jfaﬁ’f’ s’—‘ ) XA EER S a2 iFR O ER

PR RE (Volumef \'Lc soi Wate; content B, m’.m>) 2 Hi &g 1

) PE L B4 B (DL2e, Delta Tj Devices Ltd Cambrldge UK) zeér2 o
2. FEEFRZPIE

KRB R L IR 22 3 MR R Y AT T e (thermistor) E R
(Ehleringer, 1991) » & g 30 ~ 482 #icdy 3e 4+ % (DL2e, Delta-T Devices Ltd.,

Cambridge, UK) eér kA2 BB LT 15 202 IERER B
3. BEFEZPIET

KA R Rk B2 RBE F AR L E S E§ 2RI (25.00'N,
121.32°E; elevation 14 m) #7% B2 FAL 5 % > edr kA B%RPFE L EBRE 7 R

2B
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4. 2B R pheR B2 P T

KA ADP L P I ER ARG E TR (AR FEF R

N\
=

B ok ot > 2008) B o L4520k AEE A (2007/12/24, DATTT) » 1 E /22

Ao B 60 Az 3B B B RENEF Y 10~15 24 5 2 AT 5~30 4
o #E 100 5

7

A o IEFE AL CTHYIZRIBE LS > NI
0.84mm 2 & 4 3 & T T 2B~ 20+£0.2 5o 2§k 2 3 0 0 20mL 2 &R (2 4
K) REBEYS A ELEFEE )P FIR S o PR e U
% /& 3+ (6173R standard benchtop pH meter, Jenco Inc., California, USA) p| & # -k

PR 2 flde B0 T ieE R O(FRRIRB R FR I 16 % 77 0 2008) -

(r) ERE 2R 4

LokARHPFEREHES f L% ()
88—
kA sES B (2007/10/8%2008/1/14

DATO~DATES). & % 32 {8 th > #¥ 5 4
(@mwwmwﬁmw)i%%%$ﬁ¥&£%ﬂ£@%%&é%$ﬁﬁiﬁ%¢

A2 BRELES o BB P Bt 2 HEE 6 2 R BRID 47

Jad2 2

HHRE FIRNMAPTEE P (2008/2/11,DATIZ6) % 1 FIAE HHHE G 2 S 4
SHENEE > P EHRE Y ERS  wERIHES 2

> Bzt i”l‘%ﬁi—h IS S
KA RHY B R R A Y AR X F e L RE Y 200 8 0 2 EF

($HEFf

7 =

# & (LI-3100, LI-COR Inc., Lincoln, Nebraska, USA) FH 7 < i F2 T35 5

70.84cm’) SR F U AEHERRZ Z2ERE BTV 8 M
Eaff e

2. kA EERE R 2 BE G A b2 R

;¥

ko iRER R (2007/10/8~2008/1/1, DATO~DATS85) & % etk 2 A+ & #

v &] [(Canopy total leaf area (% of DAT0)) % - 2. 5 & T p -k & g2 % P
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(2007/10/8, DAT0) 4=i% % LERERIMTT R 2 ERE 2L E 5 4 12 DATO
TR DATE R A S 100% 0 #E KA RRD T E T ERIEE S b2

S BURIL T AOR2 fEHRE L IR XEEEE P (2008/2/11, DATI26) 5 i o
3. kA FERE FE K2 B E

FlhRHREBENTEY T ik s ffr e F 5 BERZ SR FEEX
EZ& - FE-BERLE L ER YT P EHA2 FREFE (Aroraetal, 2003;
Jackson, 2003) » #3432 % B (2007/10/8, DATO0) 424k T ieék & X 3F{Etk > #f
L RHAERE BRI E KA B HERE SEAEL D L AT M
%% E2 ¥ [Canopy mature leaf defoliation (% of DAT0)] 12 4& 4k 7 % £ &1

[ Canopy mature leaf retention (% of DAT0)] # 7. ¢ ”}4 AR L X FERE
Fo ol B E T kAR Wﬁﬁkﬁif%$mﬁiﬁ¢% RE2 Bd o #

ri-

R ‘
LA kEp B A B T F a-.-»i'{'ési,”%v LR BRI T2 A HE

—

S 0 12 DATO “TRLpl2 X B & #'1®% DRI O b e

" | 1
BANe} AT B AR T 2RHEEE, (2008/2/11DAT126) -
4. kA REDFERIBHFTEE » FLABE

KA LR BERATE2 LR LG E T kA ARIL P ATE ¥ bk
RS B R N2 AT EE Ve ATE LR 2 ERES o
FMEE S RENE P AREL THEGH SREERH =7084cm’) FF

M

PREATEE G M o BLBIEROMERRE N 2 1k B (2008/2/11, DAT126) °

5. 4944 E 2 maple At

SRR AL TR R BARL 1824 T 14202 11F

(thizotron) z4kz. » 3% &+

\\\?{r

% (Buschetal., 2006) - 3% d - £ 25 24 > F
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20 24 0 B &R 02 =4 & ¢ % (Polyvinylchloride; PVC) + 2 5 P % % g &
W o REHAF- 2928 F30 28 0 BR 025 24 0 FE L

(Polyvinylchloride, PVC) #5722 ¢ 2 S P B AL ER - FER A G & -
REd RS LE T L 1 A2 edrd o 235252 (AR 5) 0 kA 5%k
W LSRR 54 E2 B E TR E P (2007/10/8, DATO) Acik ¥ jaLiplze
il RPIRGETIREZARZFES R EBER LR 2ZEPIELAT o F

;F“F“LE-"?‘JB ﬁﬂlﬁ.é/é 714@5\]']*3/ 4 £z E.»/? “'ﬁﬁi_]_ff@}“" é\;g,‘; piEfT o

(1) kAR Btk 24 kA F 1 6l B 8

d
- \1.

LY 4 R

ﬁﬁ‘Wéﬁ?%ﬁﬂiu?ﬂw3%mﬂ&$<€ﬁﬁ%ﬁ1%’%ii&ﬂ

TR k2 2 K s X I AL R AT T

2 43 % (verd 24 i&‘ L i 'l’* (ﬁi’ 1960 Atkinson, 1980; Buwalda,
o

1993) » gk & 2R & <R W‘g ,f Av W2 W AT kA T

[ effective root distribution (% of D! EO)] %'r $ ‘F PRFVHA T B2 e B T w A

KA B E P (2007/10/8, DATO) ]\A\}%@W {4 i(Days after treatment; DAT) 10~ 15 »

24‘29‘36‘43‘50‘57‘64‘71‘78‘85‘91‘98‘105‘112‘1191 126 p B

Rlredrt LR EHRRE AP LeEE R 29§ 2 5 1P Biro AT

AEL P LR T AT FPR LA T B2 B E

\\\?{r

T TN
7 2242 5 & &l B [effective root distribution (% of DAT0)]
= [(R«+Ro)/Ro) x100 (%) > H ¢

Ro: % ¥ P (2007/10/8, DATO) *MT % f “HLiplz Hth4 § 279 § 98P Bfr o

Ryt A % % DAT10~ 1524293643 ~50~57~64~71~78~85~91~98 -

105~ 112~ 119 % 126 p» 3§ N #rpLiplz v & 22§ & {38p Hir o
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(2) kAR BRI E LB L B 8

ke EERE R A X FEEFRIIIR A K 558 (Root growth pattern) 2 i B 1R A
B8 374 13544 2§ (New roots production) 27 374 §334, 5+ = € (New roots
mortality) %77 » FIAREHRFEMNFTEL T H BB F xR 17 a BEHAINL 2
R HEAIINA R A 2 R es R A s P (2007/10/8~2007/11/19, DATO

~DAT42) 22 k& 2% 158 (2007/11/20~2008/1/1, DAT43~DAT8S) o -k & 3#5% o

Pl
‘-\\1-

pATA {52 AR § DATIO0 (2007/10/18) P 4aiedi » -k A 3k 13 0 454 49503

A & 8% DATS0 (2007/11/27) PER 4oisésk o

«A%%ﬁm%iﬁﬁiééiﬁﬁwﬁ¢¢$%%a(NWMWDMW
ARG RPN T 8 ﬁ”»gt‘?i LR BT R A2 AT RER
R PYLERT - ey T TRY ) e

B oo F0TE LR B B AENE K AR RTRR B e RSB R d P i iT o kA

KBRS B AT A A B L ReBE T DAT43 PR 2 e 1 7 IR 977
vod R B R o MWAEP P B A2 A RER SRS BRI TR T
PRLPISe& T R AR E o FIN B4 & Derg ATA AR B o BN RRI P B

R ASERIIR R T D AIEE R E P RT o kA BRI ATA I

=2
ERed kA ik B2 AATA2 5= § o RARKREHITERERAL A
a

¥ 2 354k P 5 DATS50~57~64~71~78 22 85 p o 13304 £ 38 2 Bl & & o477

I

/
il

%+ (Lietal., 2003) -

E3

(3) kAR BRI E S 2 5

$230 5% 4 (Root survivorship) 2 iz & M AT4 246 4 1L ¥ (New roots
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remaining white) ¥ 374 1313 % & (Root survival) % 7= (Lietal, 2003) » F] & :E5%
FENFEAFZ AR FFEFTRFIREF FELEAF 2R o B33 a 3
g A 2 FEEGEAR ke sk H (2007/10/8~2007/11/19, DATO~DAT42) £ -k &
FE s (2007/11/20~2008/1/1, DAT43~DAT85) o -k & &Sk Hp 374 127575 4 2

¥ T p DATI10 (2007/10/18) P& B 4p3edk 0 2odkis &> DATS0 (2007/11/27) » -k 4
RIS B ATA I E 4 2 7 B P DAT43 (2007/11/20) P B 4piedd o BRI &5

DATS5 (2008/1/1) -

KA R R FTA G ES 2 55 Tavieslp (Record date) § X AR %3

HERTFFIP AT 2 ERGE- RWATE S 4R (cohort new root) -+ 2 83K A 3R

‘4{1'
=S
|
—t
P}
e
A
R
i
SH
—
j
e
1%
e
—"\
=
i
3
T
Ik
1a
W
&
5
&y
|
B0\
W

S Hp AR % BRI e AR T 42

RUP P SE ik RIR R R 3 R %?Bﬁﬁ°%iﬁﬁ%é5“$

CEER RS E RS S Rk 5 1 Lr‘i‘i(zop3) FLRIIT SBT3 458 4 2 2
- n

TIETRCE PP ST P Y ﬁﬁ& :naomm) 24 (yellow) ~

#d¢  (brown) ~ 2 ¢ (black):Z %} & (dlsappearance) ('&rﬂ i1 9) o AR EER AT

ARAHFd L T2 B g %,'1%3%?'3};1&5 (cortex) WHEERY 6 g AL Hp

N

ZERLE ARG EF 2 G B RNREIMA R E BT d 0§ g aES 2

2 4 4TF 2 5 (Lietal., 2003) o

(T) 3SR -8 S 4 47

rEEFHPF T = 23 % (Complete randomized design, CRD) » % g2 ¥ & %
PERG I RBHRE D T dZ A7 [tk 2355 £4F c fEHRE P IRE R 2 1
g4 £ 2 % v 12 SigmaPlot 10.0 (SPSS Inc., Chicago, IL, USA) i& {7 % B & &g o1 1

# % (standard error) e

FLt 2 g % 2 447 (Analysis of variance, ANOVA) P15k 2 & & 145 12 E%

)—\
St
T
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% %3 P|% % (Duncan’s New Multiple Range Test) (Duncan, 1955) 4 45 5 f& a2 &
P AEFLE (P=005) 5348 5 Costat 6.2 (CoHort Software, Monterey, CA,

USA) -

Tk FRA RS B R b R RATA A ¢ R AT

ARGFEFTREZEPIEZ T AFFTA 0 2 BEPIE A 0~100%/F - w kb dic

ik & & 4 (angular transformation) {63 {7503 X ZBEPIE > R H £ B &

¢ 132 BBl 5 Y =sin' VX (7% > 2004)

ERRNCS 8
(-) kA @Emy e At X RS R K Bl

H

Flok o BERFEATE S %i@f_‘i; 7:» BBF 28RS LR &
MeAAE 2 7R A A Y IR K A,\ ;T,":’;;'a“u'ﬂw (Experimental early period) -k
& % 15 39 (Experimental late perllo J\:/»\ Féﬁ% 70 ) (2007/ 10/8~2007/11/19;
DATO~DAT42) ¥k 5 24 g4~ 407 “”;ﬁ E (evaportransplratlon) I o AR
i H AR L R R Rl S R R 0 kA sk P D e
EiE (7 6% Gch 8 5 EEL B D+ 3F AJRE 73 Rqch B 3wk k2 i
B ~LD+3F ed2 £ i8 (7 4 X isikic F 2 4 k2 (R D+ 5F 2 )i {7 3 =%

FeF B2 F k2 A%k (B2.1) -

AP R A g 0 FR A EB S8 (2007/11/20~2008/1/1; DAT43 ~

DATS85) Beasf % & % » 3 38 & (B 2.4) 2R ERE (B 2.3) H o fethy +

i\4

Rt e T IRIBBrE N R > ZHFICE T (kAR D E T AL &
kBRI RTPEe o BEHT RS RRED DRILL RT3 X B 2 0E
2 Pk D F3F RIL R8T 1 ik & 1 0ok 2 ik - LD + 3F g2 & i (7 1

Tk E 1 E ok Viﬁi sD+5F g2 £ 3817 1 tig 5 &7 ok Viﬁi (B
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2.2) ¢

VL GRER ALK A T B S IR SR B kT e
WP RHRLY > BB I E I LRER I RIET L E RS BHRE
gt > D~D+3F~LD+3F 22 D+ 5F o2t Ko Es%kn 2 4o % ~ B2 F K

"}‘E}/”\g];f;gﬁﬁ‘l2~3‘4_ﬁa 1'7 i% o
(Z) kAR FREFEZ R

RO RHDP B R F B2 PRI 2 FF RBEPEIERIZFTH - A7

K EERE RS R (Alr tempgraturc) 2 ik oo
‘ =
xapr kA e By 4l s NBSE i 8007C kA RN T
im5@123%C’lim%@p18%C(@26%r7%$%@qjﬁ$**§ -
Bk A RERPER A 2 FEE e b \ %;ﬂﬂp (2007/10/8~2007/11/19 DATO~
JO~2008/1{1[, DAT43~DATSS) o -k & 35 4

-
DAMD*”L”&%WEHQMWﬂ+
PHE S RE @a%ﬁ,lfqéﬁ ol %ﬁlth24%C’ﬁﬁiﬁﬁ
20%@’B&&i§43Mﬂﬁ2$b?*ﬁ$%ﬁ$ﬁ“’ﬂ*¢$$@$§%
3o EBBER KL THFE S 19.03C 0 3R TH5 21.90C » MR 5

1691C » p "8 £ 2 5C (B 2.3) -

FEAKABRTHEEH L REFERCT oo kBRI p B
BoPREBEARE2ICZ p#ci 17 % o bk AESRDH 5 40% > 7o BF G L3
2000 2. P #cs 12 % > (b2 s ) 49 28% o AR TR A RS ) o ok A R (8 H 2
HBFEBK, PRAFFREALE27TC2 p T3 X > kARSI 7% F K

B 20 C 2 p#ich: 42 % > BIEBRSE X 98% o
BB LR BEROTR A BB L (2008/1/1; DAT8S5) 18 % #13 % :RiEfh
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R > R A (2008/1/2~2008/2/11; DAT86~DAT126) 2. 5 B %t ¥ v > %%

-\

kot > DAT86 I DATI26 ) P2 T 355 8 5 15.78°C » 3 L3555 1885C » R

Tia% 13.68C > p B4 5 5.17C (B 2.3) -
(.E) ’}U’v\éﬁ%ﬁﬁl‘?%/‘ :_tﬁ_ﬁ:‘ un.)i %IL

KA L R4 2 3 IR 2P TR F AT I (thermisotr) #7E B2
AL AT ROk A R T L 2 2 B 2 R A (Soil temperature; S.T.) 2
Vo LR SRR L I 2 A EE RV A JEEART Flack &%
K2 @ G ARtk s Bk LR RAESR 2 A 4700 CK a2 78 2 #kc

TR A RS RRD T LI EER -

BEET o kA éﬁﬁﬁFﬁ“CK@\,tglh B3 21.77C > BiET55
27.48°C ¢ MR T34 18.71°C (55‘124) ‘ “éﬁ%ﬁﬁﬁ“&%%\ﬂ‘ FH o FRR
B G R A R (2007/10/8~2do /11/'19 D;ATO~DAT42) YIRS R 15
(2007/11/20~2008/1/1; DAT43~DLAT85) ' J\Av\.FéEéE WY AT BBFEBE
CK A2z 3 #2355 & 5 23.61C % R TN 29.18°C » M T 5% 20.56C -
PRiE AL 862C (Bl 24) - &2 kardgeadpqatt » F kA BS54 5 &l
HERBMCK A2 3 TIE R L 1992°C > B8 -T45% 25.78°C & M T35

% 1687C » p % £ 5 891C (Bl 24) -

FRCK ATt kA BT H RSP 2 IEBRR T o kARG 2 4
BHERBKEB kA @e%wdpp TOFEARE27TC2 P i 22 % > BE% w9
51% > p T3amGR 13 20°C2 p #ch 10 X » b 22gk w0 8 %) 23% (B] 2.4)  4p 3t
KA R KA RREHZIEER BN FIEFMERS kS BEKEYp
T30 BARE27C2 p s 18 % » LIRSS ) 42% > p TI5ME M0 20C 2

PHch 42 % 0 fhERER 1A 8 6 98% (] 2.4) -
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Wk s R CK 22 2B REREF AR T IEERF R

BA R (B 2.5) 0 kA RKRHEF %P 2 TI155 8 5 20.7C » CK A

_1

22177C s 2 HETB2ERFFFEL07TC > 2 kABE%RPRT I E

EE
PRFETEA0C L o Uk ARR I F CK AJB2 23 % § 2 5 p T35

<k
Fzs

BT AT KA R T F P TR G R R FAZE 35C (B 2.5) - a1k

5w

FE KA FHRDE CK 22 2 HEFRF P L3965 F B4 35C2 p #f| §
16 % o @ gt 2 SFPRFCZHE I RELAFRERBZF AP

LbﬁifkﬁééﬁﬁﬁEPCK/@—_iitg Ji TR A R RV Aok e BT F

Fe LB ST AT Bl 2. T I g ,3_12237C’CK)*TE—’. dETIZER L 23.61C; 23

'li”mﬁsirﬁy\,“/mlzzl'c L S é‘%fﬁ F.:li,;i; ii’«;i‘ili%* 7’}7/1?_089(: AR fi
\ \ “
PR R P }\A}pé‘%wﬁﬂﬂl% f’ %ﬁ)ﬁiﬂﬁi"_“ﬂ};ﬁ%ff"’

"'n

| |

(=) 43k A g ﬁi§%%&%ﬁ7g$i'
|‘L !i‘

K 2SR kg B2 B KA R L H (DATTY)

1
N

w5

m
a«:

P A 47 RSEAE 2 20 2 IR R ke E(pH) S R BT B K IR I A R 2
fhdk > & %2 P ANKE 25CT » CK~D~D+3F~LD+3F & D+5F
B2 3 A R fakk B4 W] 5 1 5.9240.025 ~ 5.99+0.012 ~ 5.67+0.022 ~ 5.71+0.014

8 5.78+0.074 » R AEF £ B K (P=0.0018) (B 2.6) -

() 2HE AL 'L*f%\”ﬁ‘i‘ﬁf ﬁ"’t’j}mﬁk" HES f§'3

KRR R L EERMER L2 LR E R 2 AE G
(Canopy total leaf area) £ > £+3 & # +* &| [ Canopy total leaf area rate (% of DATO0)]
FivAT o 3E%p 2007 & 10 7 08 p (DATO0) B4y 2432008 & 1 % 1P

(DATS5) » t#sh 2 416 » & L34 R ¥ 2008 & 2 7 11 p (DATI26) 2 #5% ¥
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BRI N R o

S BT 0 kA AJLFE B (DATO) > CK~D -~ D+3F~LD+3F & D+5F
AR 2 5k 2 RHE G A A Bl 5 1 4859.62+1100.33 ~ 4533.76+826.13 ~
4887.964+837.59~4080.38+476.58 £ 5525.5241282.38 T = 2 i ; & 35 45 3t DATO

2. 2T IOE g ff IET 4777.454397.80 (67+5.61 F ) T s (R 2.7)

BBk A EE T (2007/10/8~2007/11/19; DATO~DATA2) % % #1455 > #f
Ed 27 Ro@Esni)h & edZil o Pl By s AL F LR K
o 5> DAT42 » CK D~ D+3F ~ LD +3F 2 D+ 5F AJZ 2 itk 2 HHE & 7 A 5
%L 1 4377.91+865.70 (61.80+£12.22 * ) ~ 3003:62:+463.77 (42.40+6.55 & ¥) -
3513.66+507.19 (49.60+7.16 ﬁ) $3513.66:3150707(49.60+4 .46 & £) £
4363.74+461.60 (61.6046.52 4 ) &N\ Ay » 25 DATOSE & 4 w8 > 481.71 (6.86
AL )

S )~ 1530.14 (21.59 & E) 137?.34-(%' 5 9) + 56672.(8.00 & E)# 1161.78

'l

awmeﬁp%z»o§ﬁ¢¢%.ﬁ%%@giﬁﬁawﬁaﬁﬁiﬁﬁaﬁ
G T e gt DATO gL b & ik DATAT 2 X j 5 355 5 4t 5
3754.524561.90 & = 2 4 (53i7.§3 S )S TESEGR R K 1023 T2 24 (14
HE) Y S 2HE G G T %5 16.83% - CK~D~D+3F~LD+3F
%1 D+ 5F 2% DATO & DAT42 22 24 & vt o] & 5 ° 1 8.71% ~ 32.04% ~
24.25% ~ 12.20%£7 6.94% o -k A Esk £ L FE BRI HE G F TS RER S F

Fosmfpy4sLRm ) ghd )& (8292 %8210 -

BLRR 2 s 8 (2007/11/20~2008/1/1; DAT43~DATR85) & % 3#{eth 2 A

Eo Ao 2Ee it 0l B0 7m0 Ko @R EIFENE EH2% 0 fERT

e

F2ZAREE LS FEHDH TR EZITE T F R (B 2.3) A EBORE o

FROKARHRDPE L FERIEES R GEGEE MR T 0 35
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ok s B d P dr s §oR 2 RS o LI E R E 2 2HE G bR
PRGEFE N HEf AR E T REMT (B29) w37E2 £ (B 2.10) 4p3
R FH TR o PO A BRI T L AIE R D G R I R R 6T
%3 50%TE 2. p T v CK~D-~D+3F~LD+3F ¥ D+5F &J22 > #tE
BT R S0% TR A R GE A A 1 77.9945.61 ~ 52.35£2.92 ~ 62.61£7.91
63.20+£2.50 ¥7 74.68+12.48 p - 4p#*t CK~D ~D+3F ~ LD+ 3F ¥ D + 5F &J2 2

FHEWOTE D 50% TR 2 p BB kAR K 1 1343452479 5 634 22 27.77

BRIk A s & (DATSS) {5 ; %;ﬁ%ﬁw; HERNIE

:
(2008/1/2~2008/2/11; DAT86~DA#T 26).-5. SHERRLES ol ek
%ﬁmﬁ*$%$mgan%&%@aﬁzghﬁezgﬁxa@@wn9 126

PORAHEE B enie o R 2707 28) -
() 2 HkA R AR S E S

KA R L L R RARE L B AT G 6l
[ Canopy mature leaf retention (% of DAT0)] # 77 - #2% p 2007 & 10 * 08 p F
B AT 2008 £ 17 1P o A KR B E 2008 E 27 45 (DATI19)

DHERIE B P2 2008 & 20 11 p (DATI26) i& » iRAR o

s LRI A sRsk e ) (2007/10/8~2007/11/19; DATO~DAT42) & %

n\&z
—{ |

o BT
IR s R BRIV Ao gk (D) w2 ke g1 (D+3F D+ SF) iR

EREBSRERSTE J kA RR DY L LB ERGEE MR T v CK
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LD + 3F rJdZ2 e R 15 35 TV B30 K A @k 8 gt 78% 1 b » 2@ D~ D+ 3F
21 D+ SF Ea® > DAT42 2 k% 5 E /b 6] % M5 60% R B 3 E 0 6] T A
# CK 27 LD + 3F BJZ P &F o b i & % 2248 53 DATO 3 DAT42 2 48 $& 75 75 £

b %17 4o 22 DATO 4p+t » CK ~ D ~ D+3F ~ LD + 3F £ D + 5F g% * DAT42

2 HE R T E L B)A Bl D 20.3% ~ 40.43% ~ 55.35% ~ 21.57%%2 40.84% - CK ~ D ~
D +3F~LD +3F £ D+ 5F g2+t DAT42 2 5+ 7% 15 £ L 04 %] 4 :79.70£2.23%
59.57+2.97% ~ 44.65+2.81% ~ 78.43+1.95%%£7 59.16+3.28% > A2 F iE EN 2

(P <0.0001) (B 2.9) °

LK A R s Hp (2007/11/20~2008/1/.1; DAT43~DATS85) % X :F{eth7E =
oL GABR R 1T A 2 A e B A K SRR 2 R G 6T
AR PR A ok 0 A (W129) -

H‘

WOROR A R 2 @wﬁ\,g ;@m Jr ' 3050% 412 B #icw soo CKD »
|‘! |

D+3F-LD +3F ¢ D+5F@E’_\Fa+%,g 1;;;1» wj‘”i%i 50% T 2 FERGRE A

64.57+1.83 ~ 48.35+1.67 ~ 378341 07 selR6e 1 02 £ 46914227 B (R 2.9) » it

SRl R %“&ﬁ*ﬁ#ﬁiﬂ” KA L AT R B
GlARE R T H A N 2453 1 CK-LD+3F 2 D~ D+3F & D+5F» w 300k

PREDEGHEFERS  GEN KA RBYFL B ETERS (F29)-

BBk A e & (DATSS) 153 #rF £ i85 dks 32 2 kR 7
(2008/1/2~2008/2/11; DAT86~DAT126) 2t k7% 5 £ 1* 6% (4 7 500 & £ 4k
WRBRERAT P AATIEFRT S E > R AR EE LA RILE 112 & 119

Baﬁ;‘%”o

(5) JHKARHHBHTE L L2 B

KA BB L X B ERITE LA LS o 2 ARTEE
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Canopy new leaf area) % 77 <385 p 2007 & 10 * 08 p (DATO) F¥ 420 .5 &> 2008
Py

AT

(\x.

£ 17 1 p (DAT85) & % iR kA 2% W (DATO~DATSS) “7& )

Fooo¥2008# 2% 11 p (DATI26) 8% » ¥

£ IR o gk A 3

g
SHEP A AT X R RITE S L2 R 0 RBEEACIHARSTE S £ B

(A) CK AGZ (F4]%2 5 0,=30%~45%) :

7CK AJR G 2 0 £ 34tk 520518 14 B (2007/10/22; DAT14) £ 7% ;
SRFTEE R A 5 99.176£61.76 T S 24 (1.4+0.87 ¥ ) (] 2.10)- fLipl -k 4 %2
4 (2007/10/8~2007/11/19:4DATO~DAT42)CK AL 2 37¥ 4 £ 7 4v» 22 DAT14

Apvt o ok (e 42 P (DAT42)CK /e 2. 2RFFTE o ff 7 495.88+4228.45 &

“

sy B ,»& B gm K AR i542 B (DAT42) CK AUE 2.

._ﬁ_ |
T E BT fr»CWﬂ };ﬁfﬁ\i b5 91.29+6.08% (R

I

2.8) % ;;»L.’;IJP7970¢223%(5129) }_;}th‘r FofsmaEs fF901 87

34 (T£322 B )

.m\l—

E R

o

ook & gk ) CK g2 2e 3‘:;%1-3;:.& f;.* R u;\-,:;‘c

.mﬂ'
T«ﬁ
it
\_

BB K A 3B 5 (2007/11/20~2008/1/1; DAT43~DAT85) CK AJT 2 #TH 4
£ ¥ ar s CK ARz #7E kA Rs%kis 2 £ £ 8B+ 2 5 pLiel DAT49 T DAT84
2 ABRTEE G AT FME I 510.05£223.34 T3 24 (724315 ¥ E) H 4l
1246.78+451.71 % 3 24 (17.6£6.38 % ) (B12.10)0 v+ -k A EJIL 15 84 p (DATS4)

CK AgZ2 HHE S M & 5 1 67 4v 0 CK ATz 2HHE & f 0 0 5

46.78+8.54% () 2.8) » % # E 1 4] 5 20.562.65% (] 2.9)° 2 HATEE o # 5 7 %
Eo e l3 B sk rd#d% e CK a2z 2HEs e ugaEFEiTE:

A ATE T2 Bl -

BURPR A Bk S 1 TRy PIVHRRZATE A £ 1 ¥ vy CK 22 4
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TEE 5 A p DAT84 2 {5 A 2 -5 T % » *> DAT91 P57 ' T 665.90+437.61 T =

S

o (9.446.18 7 ) 0 3t DATII2 pFT *% 3 269.19+142.39 T = = 4~ (3.8£2.01 #

F) o FTE DATII9 P > 85 3 > & 1+ 3832 ~ ik (8] 2.10) o
(B) D a2 (3% mJZ 5 fEHhiBiEis i) k1 0,<20% £ %-k3 0,=45%):

7D ESEA T o SRR SRS T P (2007/10/15; DATT) £ AEE  »
BHTE E 6 45 5 495.884266 T 5 24 (743,75 * E) (B 2.10) o LRIk A 25k 5 B
(2007/10/8~2007/11/19; DATO~DAT42) D AJL 2 378 4 £ 7 4v » 30k A 225 7 8
DASE2 3784 £ | P A2 f £ % ; 4 DAT7 ~ DAT14 & DAT21 #ipLs 2
PRTEE G T LH d 495884266 T S A A (F3.75 ¥ E)H 4 T
793.414271.05 & = 2 A (11.2£3.83 B ) PGS TE T 52422420244 T 5 2
(7.443.14 5 ) (W 2.10) < 27 »: ¢ 23RS L A ODAT21~DAT42) % - D

AT

2 2 HHATE 5 45 BT D 340.032147.58|T 4 4 (4.8+2.08 & ) ()
2.10) « kA REH B iE S D@“'T 4 %M; 172 AR 5 e h AT (W%
1-2) & %8 (F2.3) “rda o %&*M\@“’ 4 42 p (DAT42) D g2 2. > ¥
B bR G E N T e D g 5 S RHE G g ] 5 67.9646.18% (] 2.8) >
FES S 59.5742.97% (B 2.9) 2AHATEEH L FFER HF D01 B ks

WHRTYDASLL 2HER e SR FEES L

BBk A 25k 58 (2007/11/20~2008/1/1; DAT43~DATS85) D AJR 2 57§ 4
£V ke B D AR AHFTEER AP 24 L 5 22 DAT42 4pvt >
D AJZ 2 > BHATE F 5 £ 5° DATS4 ¥ 4 240.86£160.92 T 3 2 & (3.442.27 ¥ ¥):
21 DAT42 P > M7 E £ & 4% ©91340.03£147.58 T 3 24 (4.842.08 & ) A & P
B se2 9 (B 2.10) o vt gk & A2 15 84 p (DAT84) D A 2. > BHE & 4% 1
Pl E e 67 Ao D ASEZ 2 RAFE & 0 6] 5 14.47+4.78% (B 2.8) 0 o E
Wb s 9.3382.14% (R 2.9) 2HRATEE G 5 G ES 055 B sk s Rk
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O DARIZZ MEHERFES U FHFELAEZ L > GREAELHHE -

Y

BRI K 2 BB RS TR FPINKRRZFTEL R R T D22 28
FTEE S M p DATS4 2 {53 T % > > DAT112 ¥~ "8 1 141.68+86.76 L = 2 4

(2+1.22 % §) > ** DAT126 p& 2 $cig & - 3 b {0 ~ iR (] 2.10)
(C) D+3F BT (FEHRIBEES B Bk T 0,<20% Pri7d kAg23 p):

2D+ 3F AJEA 3 0 £tk 5035k 15 7 B (2007/10/15; DAT7) £ %
¥ rRETEE 6 A S 31170414274 T 5 24 (4.442.01 ) (F 2.10) - BLiplk
sk 9 (2007/10/8~2007/11/19 DATO~DAT42) D + 3F Atz 37§ 4 £ 7
oo kAR B D4 IFA 0 4 £ B A PURIDADT T DAT42 2 2 374
F AT D3 s SR 5 ] SMORIART4 5 5 28 (445201

) A4 1275.124479.4] X X0 :il8i6\77 2 #0) (B 2.10) W Fok A AgE (s

42 p (DAT42) D + 3F 2 20 4+ \i? ﬂ“iﬂ%‘ '_ﬁl’L&l—_’ff”D-F:SF@\i‘

1

I‘

GBS TS, 7511130%(@2 8): 7 ,;;w P 2:44.65+2.81% (8] 2.9) » 2 #F

e
%ﬁﬁﬁﬁ%%?ﬁﬁﬁww7k’RL¢$%W$D+%&£~£ﬁﬁﬁﬁ
SUFREEAES L G ETRIREHE -

BLBK A R 58 (2007/11/20~2008/1/1; DAT43~DATS5) D + 3F AgZ 2 47
EA LT RS SH DI3F rld22 2AFTEE G AP B2 H L > 2 FE %
GpE< BHLE BRI D+ 3F *t DAT77 2 2 BHTE £ 5 4 5 1615.15£718.04 T = 2
A (22.8+10.14 ¥ ) 22 DAT42 4p++ > DATT7 2 #7# 4 £ § 5 4c 340.03 T = 2
A (48 RE) o p DATTT (5 2 #FTEEG AT AT % > 8 2 4 F MRREP &
oo kA AR s 84 p (DATS4) > D+3F AUm2 37 ¥ & 44 & 1105.10£314.90 T =
2 (15.6£4.45 # ) o v ok A BT (s 84 p (DAT84) D+ 3F AJ2 2 2 #HE & ##

Wb EY BT Ao D4 3F dT 2 2HE G B 5 33.29+9.98% (R 2.8) >
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T E S 7.2551.36% (B 2.9) 0 >4

k3
My
—
H
H
=N
<h
ETRS
o
3
H

G 3.6 8 0 Fok

L iREk s 8 D+ 3F Bd® 2. >R ﬁ‘ SR G A e

BRI TS T R VAR AT S LR T o D+ 3F AR
DEETEE @ Fp DAT84 2_ {4 $-:& T *% » > DAT112 pF™ '3 3 113.344+72.93 % =

24 (1.6+£1.03 % F) > > DATI26 pF > #cii F >

-n\y

* tRER (] 2.10) o
(D) LD +3F AGZ (BiEiS Bl Bk 5 0,=25~30% PFivsd kASL 3 p):

7LD +3F BB @ % 0 £ 34tk (4 7 B (2007/10/15; DATT) £ 47
F 5 DHFTEE 5 A 5 226.69£175.53 T 4 28032248 ¥ ¥) (] 2.10) o gkl -k
BEB B (2007/10/8~2007H1/19- DATO~DAT42) LD+ 3F Auf 2 5% 4 £ 7
o ¢ DATT 40t > LD+ 3F 4GRS DAT42 2 > MR7405 ff » 297.53+145.87 =

XA (424206 ¥ F) iz}ﬁ%&ﬁﬁaﬁﬁgﬂ%gﬁgi% 1k A SEsR T ) LD + 3F g2
| T

|

[ == : ;;

BLRIK & 5 1o 2P (2007/11/50~2008/1/1 DATA43~DAT85) LD + 3F AJ2 2
FEA RV o AIE }_ﬁfﬁﬁﬁa > DAT49 * < 3 665.90+99.18 T = 2 4
(9.4+1.4 B ) 15 > 37E S # TR BT E I RS BB E AP (DATS4) ; LD +3F
Rt DATS4 22 2 AH3TE E & 4 5 226.69£117.28 T = 2 4 (3.2£1.66 & F)o ' i
k2 g2 ts 84 B (DAT84) LD +3F Az 2 f+E & ff - 622 5 % F v 67 &> LD
+3F A2 2 AHE & 6] 5 20.3624.06% (B 2.8)7 % 73 E 1t b 5 13.20+£2.20% ()

29) 2EFTEEFH LB HER HF 05 B o Fok ARk S8 LD+ 3F AuT2 >

BEG e g gLl grEerta 6lRg -
FBLBOK A RS A IR P INRRZFTEL E$ T4 LD+ 3F AT

ZZRBRTEE R A p DAT84 2 (5 5B ™ "% » *> DATI105 pF™ % 1 56.67+£56.67 *

= 24 (0.8£0.8 # ) v »t DAT119 pF 2 #cE 3 > 3+ F 303 ~ (R (1] 2.10) o
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(E) D+5F g2 (GBS B0 Bk T 0,<20% PFIE# Rad@s5p):

1 D+5F pd2am 3 0 XEER I E%KS T P (2007/10/15; DATT7) & 4147

o O2AFTEE G M 5 340.03£150.94 T 2 24 (4.842.13 ¥ ) (H 2.10) - LRk
ARk (2007/10/8~2007/11/19; DATO~DAT42) D + 5F Az 37§ 4 £ 7
oo kA% T DHSF 2 2 RRTEE o FEFF 2 £ BP| DAT7 & DAT42 2 >
BATEEG AR 7 0 D+SF 2HETEE S M4 340.03£150.94 T = 2 4
(4.8+2.13 % ) 4 3 1190.11£474.36 T > 2 4 (16.8+6.70 & F) o 1+ ok o I
642 p (DAT42)D +5F Bu2z > ¥ 6 ff v 6|2 % 5 F 4 |7 50> D+ 5F A2
2 2RHE R v 65 93.06+17.41% (8] 2.8) R E v 6] 5 59.16£3.28% (8] 2.9)

HFATEEG S B ER D065 'r{]\/”\ﬂé‘%'ﬂ’ﬁ? D+ 5F 22 > AHE &

BRIk 2 sk i 8 (2007/1 1/20’~2'é'68%1’-71.; DAT43~DATS85) D + 5F g2 2 37
FadLvar RAEskl f’FD+5F z@_'Ni%ﬁﬁ%;;ﬁmﬁg ERAE ¥
D + 5F * DAT42 © DAT63 ¥ fr"f' i&f,‘% T zfid 1190.11+474.36 T = 2 A
(16.8£6.70 % ¥) + = % 2096. 86i529 45 5K 2(29.6£7.47  E) ;£ DAT42 4
oD + SF AJE T DAT63 20 2 #HATE # 6 A 3 40 49 906.75 T > 24 (12.8 & ) (R
2.10) o kA EJL (5 84 p (DAT84) » D+ 5F A2 37 £ & # & 2054.36+391.23
TS sy (29+5.52 B F) o ok A EIT: 84 P (DATS4) D + SF AT 2 X EHE &
vl FEY LT o DASF ad22 2E 6 0] 5 54.94+14.31% (R
28) o E W 5 7.7142.49% (B 2.9) 24T EE G M 2 B EF A D61 & o

ok ARSI D+ SF AR 2HHE G ek I AE S A

BB KA RS LS IR FINRRZATE L E R T o D+ SF AU
DRHTE E 6 A @45 T DATO8 2 {4 + 15T % > > DAT119 B 2 #3735 £ & £ &)
226.69£108.36 L = 2 & (3.241.53 % #) > >+ DATI26 P33 AT 2 £ 245 % > ik
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Ky

o3 b U@ AR () 2.10) ©

SR ORGP LB EIL 2AFTEE G L EF o D+3F 2 D+

S5F 22 37E A L ERFE > CK-DELD+3F a2 2 FTEA L BRI - 2 P4

AN

R o kA REHTH 2T G L e BEESL o A kAERKEH S DY
LD+3F A2z 2 & ffled s g 524 CK-D+3F & D+5F A2z >
BHE G A 5 % ORI BT E N2 ATE LD o AT LR TR A B
ik (DATSS) f& i 2 K ATE > ATE S i § ¥ * DATI26 pr 2 ™ 3 > 32~ ik

Eﬁ\ o
(%) 4 ks R s BRGR R0 i 2 g

kR R L G AEIRETE AT 8 R T AR i A T B
= Wi )
[ effective root distribution (% of DA}FO‘)ﬂ:%é“"T‘ o |iE A 2007 % 10 * 8 p F4n o &
=1

R 2008 E 10 1 p s otk w&wrrﬁ e pkdld 209 10 ge o F R

PP R R ARJT R ,3;w_~f%§"'§ﬁf4/@ﬂ i%‘? AR

%%@ﬁ’ﬁw¢9$%ﬁ#(mmmm&mmnmameqmmmgﬁ
FAIRG Th A L A RARE T o RS BRI L L2 AT R 232 4

LT

d kARS8 (2007/11/20~2008/1/1; DAT43~DAT85) & &2 4 »c4? % A
LR T A R Rk L X BRERATERIZ G R A A G B ER I
H I 2 483 o CK &2 D Rl® 3t R 2 BB 2 F s k2 v bl P kg2 it > &
DAT43 #p+t > CK £ D &2t DATSS5 2§ #2432 % A i vt b 5 140.67+24.81%22
83.98+37.56% > ~ W3 4r 4.66%£2 55 14.37% o D+ 3F 22 D + 5F jad@ 3t -k o 3%
SHP2 G AR kA T BRI P e @ R S 0 22 DAT43 49 » D+3F & D
+5F fd@ >t DAT85 2. F #2424k A i bt b 5 54.99424.00%£7 83.83£39.20% 7 & % &
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5 76.55%%2 52.85% 0 FA @ LD + 3F d@ 3 -R A 3SR (5 P 2 5 34T kA Tw bt B R
DAT64 = DATS8S #p &F + = » 22 DAT43 4p 't » LD + 3F g2 3t DAT85 2. F »%4% %

ATV B 5 346.95+125.97% > 3 4e 107.81% o

SFHELOK A BRI LSRG R kA I BB T A KA RERE Y LR
FRIEFRZ F ARAR kA T Bl R 2-3 2 4 R F M ook AR LD + 3F gl 2
F oA kA REFE R4t > D+3F &2 D+ SF 22§ 2R kA v GRSk
PERFH Sem R > A CK 22 D AJZ 2§ 224 i 4 i v 5] B3 DATSS 2. 18 T % (4o

B 4-1~ 42 ~ 43 ~ 4-4 22 4-5) o

BB L L BN A BB R (DAT8S) (SR % £ fEfhe Pz 2k
mﬂ?(m%n&~m%&nn@&%~DAﬂ%)iﬁﬁjéﬁﬂﬁ&ﬁww?hm
CK-D- D+ﬂ7LD+%¢ﬂhﬁFﬁ 9 55 DATO1 2% >d8 s A i vk A4 B 5

% e
9080i2845%)\3908i2797%)\3369&2@1294 310.05+119.26%£ 70.67+32.72% >
FREFEHFARLE (P= oqu(@%lnomcx,D D+3F-LD+3F & D+
5F 23t DAT98 2. »<f2 ) s4¢¢%¢u44~ Jf' 51.24+26.07% ~ 20.66:19.91% -
33@ﬁ6u%\ﬂ0%ﬂw2@£HMWﬁzn%’@ﬂ@é%%iﬂ«ﬁ(P=
0.0119) (] 2.11)  +* #i DAT85 & DAT98 2z} »c43 k & i +* 5] ¥ 4v » ¥2 DATSS 4p
it > CK~D~D+3F~LD+3F £ D+ 5F g2 DATI8 2 F »c$ 4 A i vt b A 5
T 1 89.43% ~ 63.32% ~ 21.30% ~ 36.90%7 13.16% o & ALz kT 22 5 A
o) 3 DATSS & DATO8 ™ 14 o 1§ X 34 th2 § »c1? & 3 DATSS 12 16 B 4ok

o ERTCERIFFEFIREF S

BB & % 3R E AT DATI05 1 DAT126 2§ 2242 & A i vb 6] 7 40 B & 5 3848
TR b IRE Y DATI26 pF 2 175 > e & % 3345 443 DATI105 1 DAT126 2§ %19
o T B3SE P A2 £ 0 & RS G AR k2 A 0 aE >t DATI05 2255k fk o

CK~D-D+3F LD+ 3F 2 D+ 5F &J2*" DATI105 2. § #2342 & & &+ b & 5] &
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48.57427.15% ~ 5.66£5.15% ~ 27.98+25.46% ~ 284.10+126.43%2* 37.90+5.65% » /v
WFEEELEKE (P=0.0205) (F2.11) CK~D D+3F-LD+3F & D+5F
BT DATI26 2.4 #2425 A 1k A 5] 4 ¢ 36.38+31.34% ~ 5.66£5.15% -
27.98425.46% ~ 287.17+129.34%7 37.9045.65% » AL it b % £ B -k (P=

0.0189) (] 2.11)

(1) 4 8ok %0 $hok A Esk s B 4 BHT2 194 £ B3 2 B

KA R A RO e bR

—r!\q.

S2 4 E B AT

—i=

T84 &2 § (Total new roots
observed) £ 774 {2445+~ & (Total new roots mortality) # 7= o A:FZ 43304
w2 [FREE ke Féf%? an 2P (2007/10/8~2007/11/19) PR AR (S P

(2007/11/20~2008/1/1) «

ko s P R RIEAE RAT AR 4%%‘&«/}@%&%10%%9%&

et
b

ks IS 10 3 430 4 Péj@%%“r IS IR T 5 kA R

;.

Mm_—-»v

PAARRKLAE > ATEN l e 45 J\-/v\ TR ﬂﬂﬂﬂf’“ AATA 2
7= g o B%HT 0 CK>Dh D+3F LD +3F BD ASF A o ok A a5 B AT
449543 & § 4 %5 36.80+7.38 ~ 33.80£825~ 34.60+3.23 ~ 43.00+8.47 £
20.80+£1.39 > #72 $35 57+ = £ 4 W] 5 4.0£0.95 ~ 6.40+2.50 ~ 9.00+2.41 ~ 2.80+0.58 £

6.60£0.87 (] 2.12) -

Ra kAR m A RIEE R ATA 2 34 A (P=02154) g
£ (P=0.1206) 8¢ k2% £ B-KE (F]2.12)> e »7 L LD +3F AJZ2 374 42

@4 2Bk F o D+SFAIL2 472 T4

RS S S

|
e

BB o Rm o7k i sk I ATA

@

“

e G EF7 o CK~DD+3F LD +3F 22 D+ 5F g2k A sk 8 2 374
F28 T A A B S 89.2641.21% ~ 82.9542.43% ~ 74.14+6.14% ~ 92.28+2.10%22

68.08+4.30% » & AJERF 1 U BT F £ B oK (P =0.0007) (Bl 2.13) & »>-k & 5%
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TP BELBATA G AR T Ao L AT SN RA EIRE 10242243 p K £ 4 &

FrA 4 HARBPIPFRF 2 374 194 2 £ #° (data not shown) °

(1) 2 kA B ERA BRI AT R LR

kAR H LRI RATA L AN R E kA RIS F S50 X B dnge

& B3k A RIS 50 3 85 B E X FERATA A2 AT R Lok AR TS

St

S

PATAAIEE AR 0 ATA R Rk BRI T AATE R

v =

Ik

l o
—_
3
t’s
|
[
[k
=
¥
<
&

j
ot
=
&
1\‘%

SRR KA R 1S LD #3F T 2 AT

m CK~D~D+3F ¥ D+5F g2+t M\Fé%w % 2HRE4IAZEHEHE-CK-D >

D +3F-LD + 3F & D +5E @2 "k » Fé%?.pﬁﬂ% IREAE S N5 7.20£3.28

3.80+2.48+5.204+2.50+27.20+9.64 £ }1 4_@_&2 80\ ;g@w Fhidg ¥ 4 B K& (P=0.0216)
(B 2.14) - # 7 4 M\Fﬁg,bﬂpgja B ERAEE A LD+ 3F ATE R ¢

oK A IR S T1 ~ 78 ¥2 85 Bk :égrij_é_%iﬂ Mi&f@“’” QR TR 31
4192 AR S A fer 29 fe éi%(@m@mmMgwﬁ$¢#$ﬁ#w

oo R JR R A BRI 2ZATARAA R T LRSS RN RA RS AT

A% EFE 100% -
(t-) 2HAAFH A BHDT P HBETATAAGE S 2

KA RE T HPAT4 1995 % 4 (Root survivorship) 2. fz B f -k A &Jd2 8 % 10 %
Bde s et R REE 2374 1320 k2 g2 10 p 2 50 P (2007/10/18~
2007/11/27; DAFRO~DAFR40) 2 =z 374 324 v ¢ +* & (Cohort new roots
remaining white) ¥ & T 374 4373 % 5 (Cohort new root survival) % it ; 12t % &
EOEIE KA RE B ATA I GE S c B RE T Ok A ESR T Y (2007/10/8
~2007/11/20; DATO~DATA2) % £ 2245 AL %372 12 ads v 4 10 5 2L % 374 4
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FIEX TR S50%E p T o D-D+3F 2 D+5F AT R 1 KA
2o41s (DAFR) 2374 R & 1L X7 3 50%A % 5 32.83+2.15 ~
15.1942.37 ¥2 17.3242.75 p (®) 2.15) > @ CK £ D + 3F &3% * DAFR40 2_ & % 37
44 adEe 4 F oo w5 72.98+5.33%27 55.2245.25% (8] 2.15); -k & @skw # CK
2 LD+ 3F dT 2 372 4217 5 A28 50% ik T R74 RadF e § B EA 2Rk o @
BLRIOK & R L AR 5 1 R TATA 193418 (DAFR) 1R 2374 1935 8 &
TG 50% TR 2B T e D+3F ¥ D4 SF AT AT GEF T E S
50%4 W] F 29.50+2.14 27 36.90£2.77 B (B 2.16) » @ CK ~ D #2 LD+3F /&2 >
DAFR40 z_ & % 374 43 % 75 F 4 b 5 80.02+1.92%~65.4242.98% 7 77.36+3.22% (]
2.15) 3 -k #i#sk i ) CK~ D £ LD 4 3F i 2 - AT4 1317 A2l 65% ik AT
A GFE e | '

O s AL iﬁ«l ﬁf ER I AGE )|
J[ i

2K
AR AT 102 i 4 R Al %J"”\%'“g piry SRS I
T 2 JJL R AT 17 yﬁ-#‘? ¢ "L. :;"ﬁd%‘ﬁﬁ i’f‘\ TS AR R
&2 #FHE e dEd 1 CK Dy LD+3F 2 D+ 3E> D+ 5F -+t -k A %9 CK &
LD +3F fd2 2 T AT2 R85 0 I F AR AT 130378 5 ¥ A2 E 50% D 2
2 BT ATH AT @IS F 0t 3 DAFR32.834£2.15 T '8 I 50% 0 - TATH 4205 5 530
DAFR40 i3 5353t 50%14 + o D+3F 2 D+ 5F ez £ g 374 e ¢ 1L o
2374 4935 75 5 B A w)*t DAFR15.19+2.37 ~ DAFR17.3242.75 ¢

DAFR29.50+2.14 ~ DAFR36.90+2.77 ™ *2 & 50% ° -k~ #F% = 4 CK £ LD + 3F

FdB2 FTA G EA D RJEF 0 m DAJZZ ATA R E A X R DA3FE D+
5F 2 -
(L) 2RSS RABHREDHABETIAI R GTES 288

KRR HATANGES 2 B E A kA IR H 43 X B jedE KR
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FRIE FATH $I3 R A HIB 5 43 p 5 85 B (2007/11/20~2008/1/1; DAFRO~

DAFR42) z 374 {2afF e & 1L F B354 35 F 810 R4 & g2 3R e 35k s

R ERET 0 MUk ARESH (2007/11/20~2008/1/1; DAT42~DATS85) % % i
IS 1 2374 19384015 (DAFR) #7233 25 7% 2 S0% T 2 R ¥
Goo D+3F 2 D+5F BJZ2 374 435 5 5 T 3 50%4A B F 34.02£2.97 &

37.80+1.31 p (8 2.18) > m CK ~ D £ LD+3F k2> DAFR42 2 374 133 & F A&

u) % 87.99+1.65% ~ 80.92+3.02% ~ 83.42+2.41% (B 2.18) ; -k » &% i # CK ~ D
2 LD +3F 22 3724 1310 5 A8 80%m%ﬂ1**frw o

SFELROR L R 8 EP é@%f@%iﬁ:ﬁ%é bk md G LA T
oo kA BBk S8 CKy DS LD+3F1%@‘*1E p+3F D ¥5F EJ2 2 374 {34 dF e 4
W BIRTA A s B B2 M Mﬁg%-o“» kiR E 68 CK ~ D 2 LD + 3F
;L ég-f% ’bi;.ﬁ 50%% @ D+ 3F 22 D+ 5F a2
2 34 RaiEe L :%—bi’%frif? ‘é;‘% i "LJ]IL’E':L DAFR27.07+2.13 ~
DAFR28.70+2.57 £ DAFR35. 8612 97~ DAFR37.8041.31 ™ % I 50% ok A 5%

58 CK~D 2 LD+3F 22z 374 185754 B33 D+3F &2 D+ 5F £J2 o

WL BB K A iR ER T E) (2007/10/8~2007/11/20) £2 ts#p (2007/11/27~
2008/1/1) 2 #7243 78 4 7 o0 ARRAITR A RB Tl 0 KA RRIS P 2 A4 11
Fo d FEAIEEF T EARRROR A BRI FEor - Koo LIRS P L
RJE2z ATA R dF e J L FERTA NG EFTE L 50%AF P BT Ao RO R
AR > KA EKEH D+3FE D+SF A2 374 Radse 4L kT3
50% 7% 2 PERF Lot £ 12 P o R A ESK S D 23t DAFR42 2 374 {2 dE
B gtk L 72.9842.76% 5 374 @I 4 b FAZ2E 50% o @ v Bk A EB% T E D
+3F 2 D+SFAGRZ 374 335 F T3 S0%T R 2 BT v kA RS E D
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+3F 2 D+SF AUR 2 574 49355 5 T T S0%4TE 2 PEF L4 £ T 4.52 ¥ 2.87

P oo ¥ H i g2t DAFRA2 20 T 39374 33 5 5 B 50 kA sk a8 5 10% o
(F2) KA RRDPFHERG FE R HITARGES 2B

KA R BRI IR S BN £ 2 B R B T b8
TATAGE A A Ao L K ard 35 F) 6%@1#@?&@#’3‘_%% o &)
R EEREARA S A F o BRI A E A P Bieds K A dBk w2y

(2007/10/8~2007/11/19) £ -k & E & {5 ¥ (2007/11/20~2008/1/1) °

o

B2E BT o ke @Ekva s ’tﬁj%fﬁﬁﬁf'”ﬁ ARA e A SUNE T

B o L g '/ £ s pods

BF QRN ATA G A M TR A e e Btk A kT ) o AT
;

A4 § ot F (' =0.5562) (F

19) 2 AT RGGES (= 0.7371) (K 2.20)
BN BT A R ““ﬁi;u
N

ik R SO R L T O g if w?}*" ’f.ﬁld‘%\ i ET G R AT
ER N RERUE NEOHE L&awawﬂﬂfﬁ?4f¢;ﬁn FAVH g A 2k

.m\l—

"L

#_t% #ic (coefficient of determination, T ) A0 ] 50,3057 (B 2.21)%7 0.3812 (18] 2.22)°

=

-r:\1.

b "47":"-5\,

(-) FELRF RS TN AR

BANREFLRTEAF LA FRTAEHAM INMEF 22 L7 0 4 F
i ECE SR FR L VLT CEE SOy E IS BB STET N
AR A LKA T MR RARE R TIREFERRS B E A

2/

For R E R 0 A B D TR RS 2 R PR R R

FTEAFNFTEGHECRRBE > R EFZEF IS BRR BRI

l“b

FORA RRPFREBRATECEL SR A LI 120 T4 (B2.10) A0 B2tk
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R A AL D2 FTE R 10 A R R CE SRR R 0 @ 2 F
N2 AT ESES FIENEA L GHES R IEES 110 ¢ g i iE
B S 0 FRFERNWIRE 2T L AN E - R (BI27) - A T EF
PR EREI N A FTERRM ) 3 FAMEE S P INRIERE R
& brie ~ 4 12 ik (Faust et al., 1997; Head, 1968; Jackson,2003; Saure, 1985) » % &
R 2 ERBLTAF AR FRB 2 KNG AN B I EE ARG A

NPT RECERE ST LR X A

BPIAE L BT AT MBAE FAETAEHMT k24 £7 > Ha
(‘Mixue’/ Lindley’s pear) #7# “ﬂé 102518 " % 2 e PP B2 2 £ 5% (B
Mﬂ°ﬁﬂﬂﬁﬁﬁ*ﬂ~%é%iﬁi;éﬁﬁ?ﬁ’*¢9$%$@U&u
1) 84%2 #72 432% 103 I YA A (§]212)’ é FEU D TAL L @t

B2 AL R Lﬁéﬁﬂﬁﬁ*ﬁm*éﬂmﬁ%UTN@ AT 40 1

I
Vs d A o @ 85% ¢ WM A e BT 1 AR Rt 1 B A
= T, 'f
&w,f&ﬁ*ﬁMUnéﬁiA¢#uﬁfﬂﬁzn)
dﬂi%%m%%:iﬁﬁ\i¢ﬁ£IM§$% ¥ EIE TS SEELES
AEFVE BAF RHMRARNOITIIOPREFELCSEAA 13 20 R+ §Hcon
HES LA 10D 110 B AR S AT ARG ¢ R R R

fgAx % o At fpE 30 g d Arit (Lw 5 2000b; Fk 0 1960) o Christina fv

Eissenstat(1996) »* % B + ¢ 8.2 20 # 2 ‘Red Delicious’/ ‘M.26’# % #+10 * I
B 67 iR k2 4 R R ERHRATAATT 107 S F Hfcis  E4 K 150
A2 30% A FT A L2 FTAREAFE200p 2 UV ELFEE 340 ES AR o
BRI > BFA S RHREEENFEF T ML A 2L FREMRE < F IS

FRTAATE A 60 2 B AT -

WREENT OMNFTERLES AR BT A M A LR
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FERFFFALLZF A MSAEHEHTEA 00 (T2 2000; +k - 1960; Christina and
Eissenstat, 1996; Head, 1968) » A/ # & 4 # T &4 (/a3 K % K2 4L T4
FAFRAT A EARCZFFREFF FEIALSAHNHRLG1 I 2B

Ve R SR RBREAR M

PAZERIEF L FEB2BEFEHER IR F O 107 B A F

‘Aw

AR E R 123124 L 8% (T >2000; Fk1960; Christina and
Eissenstat, 1996) e — 4@ 3 > {440 k4 E W P MEL R EAFEFHS 5 F 4
EERM iy R o E R (source) EFREF (sink) B 20 bR AT

2o

£ (Atkinson, 1980; Buwalda, 1993 Buwalda and Lenz, 1992) o X @ ~ i %2 3 M5

2EA L ERAL Y A2 EE A A r:t*"&&é&%}ﬁﬁﬁ“i&-ﬁjigi%?

ﬁ%”ﬁ*ﬁﬁ%ﬁﬁﬁﬁ%$ﬁﬁi%%iﬁ’ﬁaﬂﬁzﬂémiﬁmalo
- Xl e

I REE 2248 R é’zﬁfﬁrﬁzﬁ%ﬁrﬂﬂﬂi 2 4 BV stk ik w

a2 kg u e | i

k i i
(2) 2k A R MR EL R R s R R Y L

ARG R 0 AR F PRAN Y R s R e S HE RS R
(B 2.9) & flgATH pry (Bl 2.10) BBk A @5 B & Bt 00 b2 %
v ¥ A ok g2 (D) 205 (88 k(D +3F, D+ 5F) g2 AT R IRz ARE
0 (B 2.9) &dgplfEthy PGP EF I B L T EGB PR -t EB T E
HREEZE VL EAFFES FR S (leafarea adjustment) iT% » 1 & 5 547 %Y
KA KRR LR E R 2 E ¢ M fr A ST iE* 2 4] (Behboudian and Mills, 1997,

Hasegawa, 2002; Lakso, 2003) -

RERBEARAES L BRAMER e S L BB SRESE X

oA kLHHR S S ERETE (Behboudian and Mills, 1997; Hasegawa, 2002;
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Kozlowski, 1984; Lakso, 2003; Schaffer, 1998; Schaffer et al., 1992) o >t #t3 ¥+ % »
T5%2 G ERM S EFTEE  ERAERORE A BRLEIE 2 E R LS ER
7 B (Aroraetal,2003) > * F T % #5788 (RP 2 4tk i (abscisic acid; ABA) i
ENXELF 2BEHITEALE FETHAR S EF LN w44
% (abscission layer) » @ % I vt 7% (Arora et al., 2003; Faust et al., 1997; Jackson,

2003; Saure, 1985) -

EEREAAERS EE S & YA L (abscisic acid; ABA) R A &0 E2 K

E-03

EFRFe AR 22 THARIGESEZL P T 5 ARa 2 RARIZIRT T
M AR T xﬁﬂﬁﬂﬂ%4i BA RS EHE A F R
?%%ﬁﬁ%ﬁ’?@¥ﬂ%ﬁﬁﬁliﬁﬁi#ﬂ?ﬁ%ﬁ’@ﬁﬁﬁiﬁ?‘

B ez 4 £ (Arora et al., 2003;Faust et al., 1997 Jackson 2003; Saure, 1985) -

R ELRK A R B L péf %.f&r-%é MAFTELE R T oo f R
g«@%wfiwiﬁﬁﬁﬁaﬁim *ﬁ§m TERMES S E M
ARTER 2 &,$uﬂwﬂﬁmﬁfﬁ$o$¢@ﬁﬁ@ﬂQ%WW@~%WUW%
DATO~DAT42) % % {5t PAEFH 2 E o FU L | gl de2 i £ > 4
Tl km R ikt s FRA T 0 A KFAEHME FIRERE B E

BRSSP EE RIS KR T RS A RRTR o

koA sEER S EP (2007/11/20~2008/1/1; DAT43~DATSS) if i #¢ % fk 2 % »
FHORARIRS > L AIT A B FRGE R A EE > A BRI B AE
Bop & P8

(Z) 2HEAALFUHATTRF S HAE THZ A 2 £ 2 B8

FAMARE FATHMZTATANRZAL S E 20100 2 117 (R
2.12) & £ EHRZATAIRL A ET 120 50 (B 2.14) 0 N IRE 1 P LS B
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R AR B 4 & (B 211 AR SR ET 72 kLS (D+3ED
+5F) Mok AR ATAAIGEF o &1 ¥ IR AITAR Y o 2] 2 2 2k
(D+3F,D+5F) 2 #7433 35 5 A 8] % 1 15%2 21% (B8] 2.13)  if & 2 34 k3

iy 4 k2. 4 £ £ > Buwalda fv Lenz(1992) +* $& 7 ¢ 3 3 -k £ ¥°Golden
Declicious’/ M.O #5 % it F #8874 T 302 4 £ ¥ 4o futhi P2 42 HE §
(biomass) £} H-k AR A E M Ra @il k2 A F AV o0 ¥ RITIHE S
B2 2 AHIGE R E 5 S0%:EEA195% 0 5 25%:E 7 140% » B 4 B 4ok e
a2 & o R BB S EHT o AFEMIE LA (LD+3F) 2 AL
WHRMPATINZ FEFERELE > RS RERW PR RZATI R EFE LA

o piExip 2 E LR (R 242 - BI2:13) ¢

KA RS SHE N B EFRTRERZ AT RE A A E R 0 W R

2R (LDH3F) AR it 0 RSk A sk o 2 B4 £ - sdppors ¥ B
| "-I'T’.:P"': |
ASE e KA R TR FHpAAREE L (R 214
: k l "
WRF RS ERDP T ER i3 Féfs %w F7d 424 2§45 DAT10 £ DAT42 = p*

B4 Ao BUETL %éﬁtﬁ_ﬁ%? DAT10 22 DAT42 #74 £ 2_ 374 1@t i
KA B A RR T B DI RGES B MRS 0 2k

BB A BT 7353 (survivorship) o 22 it ¥ JEHEILAR L 0 HTF AT

(w

BRIFI A ks 1 (D+3F,D+5F) 359 " MAT4 192 5iE 4 o HirE AJLA
oo R FL A ks g1 (D+3F, D+ 5F) RJRE R ATA {5 E 4 K (R 2.16)

CEPCUERY L ER SRS R T LR F S

Bk B A SRR RATA A § 0 RS R E ST
B3 S0% T HE B HT dro B0 R RIEAST AR 5% B L HOKA B

50%%t2e4515 20 (DAFR20) N %4 (B2.15) 3 364515302 40 X p A it (]

=
AR

MATH FIEA S pIF 2 kA 1Y (D+3F, D+ 5F) etk R T AT 194216
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2.15)° 50 % MR th 2 - T ATA 19 50% 4 b e skts 32.8242.15 p i 4 (B 2.15)°

AR AT AT AR R E D kA B R PR AGTA L BT A

R 2R ETASLAP Y 0 EMCEC 5 (8 ok (LD +3F) ARz fEthiER T AT
REEF EHFFLAR > a kP RHRYFics: A2z 372 R 4 v X (B
2.14) B4 3% 55 (B 2.16) 28 ¥ BT aJL & it 3k~ % i- (LD + 3F)
IR o AR AT kA T 0 o5 GRPGE RERTR o A L KB 4
TP iz 2 B8 SHITH R L3 o RF Mar50kPa pF oo 1Rl RiE A €
T '# (Buwalda and Lenz, 1992; Richards, 1983) EFIF MR EERPT AL T
1;3ﬁ%wmwg;%5$%?%?i§%%ﬁ%,ﬁﬁﬁﬁﬁﬁxg@ﬁf
%’ﬁﬁﬁiﬁww’fﬁﬂiwaéﬁ'ﬁﬁ&ﬁf%#éfua%@(mmm
and Merwin, 2000) ° i r-" .

L r
+
Iy

22 2.18) 0 K A 3E B 16 W thATA %’33§ ﬁial’ﬁﬁr‘giﬁﬂ’ﬁiﬁd?é‘éﬂ%?f‘ﬁ‘}ﬁ'_‘

s %ﬁkéﬁﬁwﬂww” AP T
r

Ka Rk S B R IAEAATA 1 T e
A\
REETE wgaw%&wwamﬁ(ﬁzn

S OARCY-RS T I J\A\Féﬁﬁfgﬂﬂfe

She
3
s
3
&
A
—_t
A
T
s
=1
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=
! -—
i\4
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A
Dy
Rg
(3
?
Vq,
b4
'7'\_
=
\x
34
7_
&
i,
-1-1,\,
B
[
Yot
-1
\x

ATARAZRS A AT AL KBRS IR IR OFIFTHRLS FHE
MR AP EE M ATA 192 &2 B &8  A7:# § (Buwalda, 1993; Gill and Jackson,

2000; Roger, 1939) -

() AFLHkr B HEREFE " GEATIRGES 2 PF

ok T Y X FRERG I E S MEATARGE S LT o SR

RS FESRATL GRS AEATI A § R NGRS ER
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ﬂb
[
e
(\n

Fol o) T Rt (B 2.19 2B 2.20) 0 42 4 4 £ R P NE S 1 4p

% A7k (Atkinson, 1980; Buwalda, 1993; Buwalda and Lenz, 1992) -

o

(1) + 32 HkAREEHERG 5 E 2 GIRAT2RBIES LB F

BLRIA Z LR BHERG I EVSIEATIRGES 2T oo TR

HESFTA R GE S BRI S KA R SR E 0 G AT R
GEA LB ARFFEEHE S A E A EE o RS TN 4 &

’”\ﬁ

(7) KSR R RGREL T

=
2 phdg € (soil pH) & | =k El /eﬁﬂi‘.f‘ @‘4’/'1‘"3%"‘“1%31?%#;';“%&
reid B s B % (Lucas and DaV1s 1961) [ ¢é KEIR S E s B AL B
‘Al Ty
em Mt g2 kg B (Patrick an[ Ma&ff’a‘tra!p, i1968 Schaffer et al., 2006) - — 4k
Sk 2 ﬂﬁ%?;i%m%gp%ﬂ%ﬁ4&mﬁ_f(h&mmmmyiﬁ%%
B BAEF Lk 6N ii% ﬁm’ve@ﬁ#$ﬁ%ﬁ%%i%%%%
$2wfe BT ag S Ty £ AES T EABET o AR A
kEST2 A pHEEF TR v AT D pHAS~55 B2 ik 4 K2 Fi o
R LT R AL BRSNS EFL LR o Lo Wbﬁﬁ:“‘\ﬁ

pH 5.5~6.5 2_ ficfie 1.3 3% o
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Volumetric soil water content (%)

—e—pD
10 4 —®—D+3F
—®— LD+3F
—&— D+5F
0 T T T T
10/8/07 10/18/07 10/28/07 11/7/07 11/17/07

Irrigation treatment during experimental early period

B2 1. kA ks Hk i W

' ;_-(CK‘ 3F, LD + 3F and D+ 5F) {8 2 2 #4# 2
B kR (vol) % ke s R 2 5T R AR R R

R R

rQF and D + 5F) affected on the
variation of volumetric soil water content (%Vol')-durmg “experlmental early period. The
experiment was carried out in the ﬁefd, situated in f-Iolrtlculture Research, Experimental
Farm, College of Bio-Resources and Agriculture of National Taiwan University.
Volumetric soil water content during experimental early period (2007/10/8 ~2007/11/19)
was measured from 8 October 2007 until 19 November 2007.

Fig. 2.1. Irrigation treatments (CK, ,
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Fig. 2.2. Irrigation treatments (CK,J"ID, D+ 3F, 'D+ 3Fand D + 5F) affected on the
variation of volumetric soil water éoﬁtent (%vol) during experimental late period. The
experiment was carried out in the field, situated in Horticulture Research, Experimental
Farm, College of Bio-Resources and Agriculture of National Taiwan University.
Volumetric soil water content during experimental late period (2007/11/20~2008/1/1)

was measured from 20 November 2007 until 14 January 2008.
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orchard in Taipei. The expeﬂmenf wa

e kA R R
2111 poo
e By

iy
p’éram;'es of the experiment

‘ m@e ﬁcld situated in Horticulture

Research, Experimental Farm @‘ollege 01’ Bio- R"é'sources and Agriculture of National
Taiwan University. Primary mmutel;f data were ﬁec&rded with an on-site weather station

between 10 Oct. 2007 and 11 Feb. 2008.
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Soil temperature by CK
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Fig. 2.4. Irrigation treatments affeg;[é"c'l on the Wafiaﬂénl of CK soil temperature (C)
during experimental period. Average of control (CK) treatment soil maximum,
minimum and mean temperatures of the experiment orchard in Taipei. The experiment
was carried out in the field, situated in Horticulture Research, Experimental Farm,
College of Bio-Resources and Agriculture of National Taiwan University. Soil
temperature during experimental period was measured from 8 October 2007 until 1

January 2008.
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Fig. 2.5. Average of the soil and air temperature of the experiment orchard in Taipei.
The experiment was carried out in the field, situated in Horticulture Research,
Experimental Farm, College of Bio-Resources and Agriculture of National Taiwan
University. Soil temperature during experimental period was measured from 8 October
2007 until 1 January 2008.
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Soil pH
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Treatment

1| ==
B2.6. 23k gitihg nd2ie 2 4 3 kel (pH) 2 5 - ARFHRITR
LB BA P FTRELSIRGRE ERRFFELHZ 27 o kA BRELT
& AT 4O R fadk B2 PR 50 2007/12/240 B A 7 & KL R 2Tk A R
BiER T T2 T (n=5) I AR E c LE FA RN AFREL o E T
B R 2 VRN RS R RISk o A FET 2 BE (A b)y N A AUTRISE
FP<0052 3% 4 8 kEo

Fig. 2.6. Effects of soil water fluctuation (CK, D, D + 3F, LD + 3F and D + 5F) on soil
pH in ‘Tainung No.2’ potted pear trees. The experiment was carried out in the field,
situated in Horticulture Research, Experimental Farm, College of Bio-Resources and
Agriculture of National Taiwan University. Soil pH was measured from 2007/12/24.
Data represents the average (n = 5) values of soil pH recorded from 5 test pots during
the end of the experiment. Vertical bars represent standard errors. Comparison tests on
treatment means were separated using Duncan’s multiple range test. Different letters (a,
b) indicate significant treatment differences at P <0.05.
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§12.7. 2 g-ka i (CKaDoD+8FNID +3F &2 DESE) AR 2 A HE S 2
£ (em’) 2 B - *\*éﬁé%%“@]f‘"iifi" i*ﬁ'*#’w =R E FATSES R Rk FEA SR R e
25 Rtk G 2 & 4 o dRdEs 5 4 [ (Pyrus Imdleyl-Rehder) 4 w72 24 (Pyrus pyrifolia Nakai cv.
‘Tainung N0.2”) #13w ° ¥k B R3S 200?42 2 “18 p i%@ %“’iﬁﬁ 56 = 2 4 > 3 2007 £ 10
8P BANEITEE o WA HTE & ff fT; | £ Bkt 200741 10 #'g p > % &>t 2008 & 2 7 11
PooF - 2ehrBEdon 5 RERR Lmﬁﬁﬁﬂmw b2 LA 2 S) 2 HE 5 A o £E FLMA S
FARE A F A R R ARE o RLS AR TS Bl | SRR IR IS B Y 2 L R AT 5 R
Brik o FRIREE R L ASLTR B2 i P00S 2 A LB KE s Pliiek AEL N A L AR
32EE P<005 288 F 4 B-RME o kok 22 ko BELPIE & 2 A2 F35E E P<0.01 22 P<0.001
2ZELRRE

Fig. 2.7. Effects of soil water fluctuation (CK, D, D + 3F, LD + 3F and D + 5F) on
canopy total leaf area development (cm?) in ‘Tainung No.2’ potted pear trees during
experimental period. The experiment was carried out in the field, situated in
Horticulture Research, Experimental Farm, College of Bio-Resources and Agriculture
of National Taiwan University. Twenty-five 2 year old ‘Tainung No.2’/Lindley’s pear
trees were grown in 56 liter containers filled with yellow soil on 8 February 2007 and
treated on 8 October 2007. Canopy total leaf area was measured from 8 October 2007
until 11 February 2008. Each point represents the average (n = 5) values of the canopy
total leaf area recorded from 5 test trees during experimental period. Vertical bars
represent standard errors. Bars not visible indicate standard errors smaller than the
symbol. Comparison tests on treatment means were separated using Duncan’s multiple
range test. Asterisks denote significant difference among the five treatments at P <0.05
(n=25). %, %k %k and > % %k represent significant differences between treatments
at P<0.05, P<0.01 and P<0.001.
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Fig. 2.8. Effects of soil water fluctuation (CK, D, D + 3F, LD + 3F and D + 5F) on
canopy total leaf area (% of DATO0) in ‘Tainung No.2’ potted pear trees during
experimental period. The experiment was carried out in the field, situated in
Horticulture Research, Experimental Farm, College of Bio-Resources and Agriculture
of National Taiwan University. Twenty-five 2 year old ‘Tainung No.2’/Lindley’s pear
trees were grown in 56 liter containers filled with yellow soil on 8 February 2007 and
treated on 8 October 2007. Canopy total leaf area rate was measured from 8 October
2007 until 11 February 2008. Each point represents the average (n = 5) values of the
canopy total leaf area (% of DATO) recorded from 5 test trees during experimental
period. Vertical bars represent standard errors. Bars not visible indicate standard errors
smaller than the symbol. Comparison tests on treatment means were separated using
Duncan’s multiple range test. Asterisks denote significant difference among the five
treatments at P <0.05 (n=25). 3k, sk %k and > > %k represent significant
differences between treatments at P <0.05, P <0.01 and P <0.001.
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Fig. 2.9. Effects of soil water fluctuation (CK, D, D + 3F, LD + 3F and D + 5F) on
canopy mature leaf retention (% of DATO) in ‘Tainung No.2’ potted pear trees during
experimental period. The experiment was carried out in the field, situated in
Horticulture Research, Experimental Farm, College of Bio-Resources and Agriculture
of National Taiwan University. Twenty-five 2 year old ‘Tainung No.2’/Lindley’s pear
trees were grown in 56 liter containers filled with yellow soil on 8 February 2007 and
treated on 8 October 2007. Canopy mature leaf retention (% of DAT0) was measured
from 8 October 2007 until 11 February 2008. Each point represents the average (n = 5)
values of total number of mature leaves recorded from 5 test trees during experimental
period. Vertical bars represent standard errors. Bars not visible indicate standard errors
smaller than the symbol. Comparison tests on treatment means were separated using
Duncan’s multiple range test. Asterisks denote significant difference among the five
treatments at P <0.05 (n=25). 3k, sk %k and > > %k represent significant
differences between treatments at P <0.05, P <0.01 and P <0.001.
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Fig. 2.10. Effects of soil water fluctuation (CK, D, D + 3F, LD + 3F and D + 5F) on
canopy new leaf area development (cm?) in ‘Tainung No.2’ potted pear trees during
experimental period. The experiment was carried out in the field, situated in
Horticulture Research, Experimental Farm, College of Bio-Resources and Agriculture
of National Taiwan University. Twenty-five 2 year old ‘Tainung No.2’/Lindley’s pear
trees were grown in 56 liter containers filled with yellow soil on 8 February 2007 and
treated on 8 October 2007. Canopy new leaf area development was measured from 8
October 2007 until 11 February 2008. Each point represents the average (n = 5) values
of the canopy new leaf area recorded from 5 test trees during experimental period.
Vertical bars represent standard errors. Bars not visible indicate standard errors smaller
than the symbol. Comparison tests on treatment means were separated using Duncan’s
multiple range test. Asterisks denote significant difference among the five treatments at
P<0.05 (n=25). *, %k %k and sk % % represent significant differences between
treatments at P <0.05, P<0.01 and P <0.001.

94



500

—O—CK _ *

4D e
400 - —/x— D+3F | |
—&— LD+3F k

Effective root distribution (% of DATO)

Days after treatment

B2 11, 43-kAa %~ (CKyD-DF3ESED +3F 2D SF) $1°4 B Ao 2 5" 4 #F 2542 4 &
594 Bl (% of DATO) 2 /48« Aeskv W= 4 i+ £ H P p BR B LR B L% 5T~ 5
B 025 Eaiitk s 28 4 gt 6 4 (Pyrusindleyi Refider) % 4 2 5 2 4 (Pyrus
pyrifolia Nakai cv. ‘Tainung No.2’) #1324~ ‘;éﬁ%*“ 1‘,‘2007 £ 20 8 A 56 2 H 2w
i+ 52007 & 10 0 8 p Basie (gl | 4 »c13gh 4 514 0% of DATO) 2 il 7 4% 2007
10 % 8 p 342008 & 28 11 p ﬁTLﬂHT SIR R BB CTIA Rk W B St ie s T35 (n
S) FEAk (5 41T ¢ F AL BAK b et F R ES S ERE L o £ BTG T 2L 0 R
FOURT SRR o EE R ARG e b 2 Pt PL005 L E LB K pliie kb
B4 A ARG P<005 L BEEA R KE .

Fig. 2.11. Effects of soil water fluctuation (CK, D, D + 3F, LD + 3F and D + 5F) on
effective root distribution (% of DATO) in ‘Tainung No.2’ potted pear trees during
experimental period. The experiment was carried out in the field, situated in
Horticulture Research, Experimental Farm, College of Bio-Resources and Agriculture
of National Taiwan University. Twenty-five 2 year old ‘Tainung No.2’/Lindley’s pear
trees were grown in 56 liter containers filled with yellow soil on 8 February 2007 and
treated on 8 October 2007. Effective root distribution (% of DAT0) was measured from
8 October 2007 until 11 February 2008. Each point represents the average (n = 5) values
of total number of white and yellow roots recorded from 5 test trees during
experimental period. Vertical bars represent standard errors. Comparison tests on
treatment means were separated using Duncan’s multiple range test. Asterisks denote
significant difference among the five treatments at P <0.05 (n =25). %k represent
significant differences between treatments at P <0.05.
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Fig. 2.12. Effects of soil water fluctuation (CK, D, D + 3F, LD + 3F and D + 5F) on root growth
pattern in ‘Tainung No.2’ potted pear trees during experimental early period. The experiment
was carried out in the field, situated in Horticulture Research, Experimental Farm, College of
Bio-Resources and Agriculture of National Taiwan University. Twenty-five 2 year old ‘Tainung
No.2’/Lindley’s pear trees were grown in 56 liter containers filled with yellow soil on 8
February 2007 and treated on 8 October 2007. Total new roots cumulative increment and total
new roots mortality during experimental early period (2007/10/8~2007/11/19) were measured
from 10/8, 10/23, 11/1, 11/6, 11/13 and 11/20. Data represents the average (n = 5) values from 5
test trees during experimental early period. Vertical bars represent standard errors. Comparison
tests on treatment means were separated using Duncan’s multiple range test. Different letters (a,
b, ¢) indicate significant treatment differences at P < 0.05. Means followed by the same letters
(n.s.) are not significantly different at P <0.05.
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Fig. 2.13. Effects of soil water fluctuation (CK, D, D + 3F, LD + 3F and D + 5F) on new root
survival (%) in ‘Tainung No.2’ potted pear trees during experimental early period. The
experiment was carried out in the field, situated in Horticulture Research, Experimental Farm,
College of Bio-Resources and Agriculture of National Taiwan University. Twenty-five 2 year
old ‘Tainung No.2’/Lindley’s pear trees were grown in 56 liter containers filled with yellow soil
on 8 February 2007 and treated on 8 October 2007. New root survivorship (%) during
experimental early period (2007/10/8~2007/11/19) were measured from 10/8, 10/23, 11/1, 11/6,
11/13 and 11/20. Data represents the average (n = 5) values from 5 test trees during
experimental early period. Vertical bars represent standard errors. Comparison tests on treatment
means were separated using Duncan’s multiple range test. Different letters (a, b, ¢) indicate
significant treatment differences at P <0.05. Means followed by the same letters (n.s.) are not
significantly different at P <0.05.
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Fig. 2.14. Effects of soil water fluctuation (CK, D, D + 3F, LD + 3F and D + 5F) on root growth
pattern in ‘Tainung No.2’ potted pear trees during experimental late period. The experiment was
carried out in the field, situated in Horticulture Research, Experimental Farm, College of
Bio-Resources and Agriculture of National Taiwan University. Twenty-five 2 year old ‘Tainung
No.2’/Lindley’s pear trees were grown in 56 liter containers filled with yellow soil on 8
February 2007 and treated on 8 October 2007. Total new roots cumulative increment and total
new roots mortality during experimental late period (2007/11/20~2008/1/1) were measured
from 11/27, 12/4, 12/11, 12/18, 12/25 and 2008/1/1. Data represents the average (n = 5) values
from 5 test trees during experimental late period. Vertical bars represent standard errors.
Comparison tests on treatment means were separated using Duncan’s multiple range test.
Different letters (a, b) indicate significant treatment differences at P < 0.05. Means followed by
the same letters (n.s.) are not significantly different at P <0.05.
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Fig. 2.15. Effects of soil water fluctuation (CK, D, D + 3F, LD + 3F and D + 5F) on cohort new roots
remaining white (%) in ‘Tainung No.2’ potted pear trees during experimental early period. The
experiment was carried out in the field, situated in Horticulture Research, Experimental Farm, College of
Bio-Resources and Agriculture of National Taiwan University. Twenty-five 2 year old ‘Tainung
No.2’/Lindley’s pear trees were grown in 56 liter containers filled with yellow soil on 8 February 2007
and treated on 8 October 2007. Cohort new roots remaining white (%) during experimental late period
(2007/10/8~2007/11/19) was measured from 10/18, 10/23, 11/1, 11/6, 11/13, 11/20 and 11/27. Each
point represents the average (n = 5) values of total number of cohort new roots recorded from 5 test trees
during experimental early period. Vertical bars represent standard errors. Bars not visible indicate
standard errors smaller than the symbol. Comparison tests on treatment means were separated using
Duncan’s multiple range test. Asterisks denote significant difference among the five treatments at P <
0.05 (n=25). %, %k and >k %k % represent significant differences between treatments at P <0.05, P
<0.01 and P<0.001.
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Fig. 2.16. Effects of soil water fluctuation (CK, D, D + 3F, LD + 3F and D + 5F) on cohort new root
survival (longevity of new roots before turning black or invisible) (%) in ‘Tainung No.2’ potted pear trees
during experimental early period. The experiment was carried out in the field, situated in Horticulture
Research, Experimental Farm, College of Bio-Resources and Agriculture of National Taiwan University.
Twenty-five 2 year old ‘Tainung No.2’/Lindley’s pear trees were grown in 56 liter containers filled with
yellow soil on 8 February 2007 and treated on 8 October 2007. Cohort new root survival (%) during
experimental early period (2007/10/8 ~2007/11/19) was measured from 10/18, 10/23, 11/1, 11/6, 11/13,
11/20 and 11/27. Each point represents the average (n = 5) values of total number of cohort new roots
recorded from 5 test trees during experimental early period. Vertical bars represent standard errors. Bars
not visible indicate standard errors smaller than the symbol. Comparison tests on treatment means were
separated using Duncan’s multiple range test. Asterisks denote significant difference among the five
treatments at P<<0.05 (n =25). *, sk and s % %k represent significant differences between
treatments at P <0.05, P<0.01 and P <0.001. Means followed by the same letters (n.s.) are not
significantly different at P <0.05.
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Fig. 2.17. Effects of soil water fluctuation (CK, D, D + 3F, LD + 3F and D + 5F) on cohort new roots
remaining white (%) in ‘Tainung No.2’ potted pear trees during experimental late period. The experiment
was carried out in the field, situated in Horticulture Research, Experimental Farm, College of
Bio-Resources and Agriculture of National Taiwan University. Twenty-five 2 year old ‘Tainung
No.2’/Lindley’s pear trees were grown in 56 liter containers filled with yellow soil on 8 February 2007
and treated on 8 October 2007. Cohort new roots remaining white (%) during experimental late period
(2007/11/20~2008/1/1) was measured from 11/20, 11/27, 12/4, 12/11, 12/18, 12/25 and 2008/1/1. Each
point represents the average (n = 5) values of total number of cohort new roots recorded from 5 test trees
during experimental late period. Vertical bars represent standard errors. Bars not visible indicate standard
errors smaller than the symbol. Comparison tests on treatment means were separated using Duncan’s
multiple range test. Asterisks denote significant difference among the five treatments at P <0.05 (n = 25).
%, % % and sk % % represent significant differences between treatments at P <0.05, P <0.01 and P <
0.001.
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Fig. 2.18. Effects of soil water fluctuation (CK, D, D + 3F, LD + 3F and D + 5F) on cohort new roots
survival (longevity of new roots before turning black or invisible) (%) in ‘Tainung No.2’ potted pear trees
during experimental late period. The experiment was carried out in the field, situated in Horticulture
Research, Experimental Farm, College of Bio-Resources and Agriculture of National Taiwan University.
Twenty-five 2 year old ‘Tainung No.2’/Lindley’s pear trees were grown in 56 liter containers filled with
yellow soil on 8 February 2007 and treated on 8 October 2007. Cohort new root survival (%) during
experimental late period (2007/11/20~2008/1/1) was measured from 11/20, 11/27, 12/4, 12/11, 12/18,
12/25 and 2008/1/1. Each point represents the average (n = 5) values of total number of cohort new roots
recorded from 5 test trees during experimental late period. Vertical bars represent standard errors. Bars
not visible indicate standard errors smaller than the symbol. Comparison tests on treatment means were
separated using Duncan’s multiple range test. Asterisks denote significant difference among the five
treatments at P <0.05 (n=25). %, % % and s %k %k represent significant differences between
treatments at P <0.05, P <0.01 and P<0.001.
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Fig. 2.19. Relationship between canopy-mature leaf retention (% of DATO0) decrease and
cohort new roots remaining white (%) in DAFR40 during experimental early period on
2 year old ‘Tainung No.2’/Lindley’s pear trees. The simple linear regression model is:
Cohort new roots remaining white (%) in DAFR40 during experimental early period =
-1.1746 [ canopy mature leaf retention (% of DATO0) decrease during experimental early
period] + 84.64, r* = 0.5562, P <0.0001.
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Fig. 2.20. Relationship between canopy mature leaf retention (% of DATO0) decrease and
cohort new roots survival (%) in DAFR40 during experimental early period on 2 year
old ‘Tainung No.2’/Lindley’s pear trees. The simple linear regression model is: Cohort
new roots survival (%) in DAFR40 during experimental early period = -1.1746 [ canopy
mature leaf retention (% of DATO0) decrease during experimental early period] + 84.64,
r’ =0.5562, P<0.0001.
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Fig. 2.21. Relationship between caﬁopy mature leaf retention (% of DATO0) decrease and
cohort new roots remaining white (%) in DAFR42 during experimental late period on 2
year old ‘Tainung No.2’/Lindley’s pear trees. The simple linear regression model is:
Cohort new roots remaining white (%) in DAFR42 during experimental late period =
1.1928 [ canopy mature leaf retention (% of DATO0) decrease during experimental late
period] —9.4.332, r* = 0.3057, P = 0.0042.
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Fig. 2.22. Relationship between caﬁopy mature leaf retention (% of DATO0) decrease and
cohort new roots survival (%) in DAFR42 during experimental late period on 2 year old
‘Tainung No.2’/Lindley’s pear trees. The simple linear regression model is: Cohort new
roots survival (%) in DAFR42 during experimental late period = 1.3809 [ canopy mature
leaf retention (% of DATO0) decrease during experimental late period]) - 7.2156, r* =
0.3812, P=0.001.
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Appendix  1-1. Control irrigation treatment (CK) affected on the variation of
volumetric soil water content (%vol) during experimental period. The experiment
was carried out in the field, situated in Horticulture Research, Experimental Farm,
College of Bio-Resources and Agriculture of National Taiwan University.
Volumetric soil water content during experimental period (2007/10/8~2008/1/1)
was measured from 8 October 2007 until 1 January 2008.
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Appendix 1-2. Drought irrigation tréatmient (D)-affécted on the variation of volumetric
soil water content (%vol) during-experimental period. The experiment was carried
out in the field, situated in Horticulture Research, Experimental Farm, College of
Bio-Resources and Agriculture of National Taiwan University. Volumetric soil
water content during experimental period (2007/10/8~2008/1/1) was measured
from 8 October 2007 until 14 January 2008.
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Appendix  1-3. Drought and flooding=3#daystirrigation treatment (D + 3F) affected on
the variation of volumetrie soil water eontent (%vol) during experimental period.
The experiment was carried out in the field, situated in Horticulture Research,
Experimental Farm, College of Bio-Resources and Agriculture of National Taiwan
University. Volumetric soil water content during experimental period (2007/10/8 ~
2008/1/1) was measured from 8 October 2007 until 14 January 2008.
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Appendix 1-4. Moderate drought-and=flooding=3 days irrigation treatment (LD + 3F)
affected on the wvariation of -welumetrici-soil water content (%vol) during
experimental period. The experiment was carried out in the field, situated in
Horticulture Research, Experimental Farm, College of Bio-Resources and
Agriculture of National Taiwan University. Volumetric soil water content during
experimental period (2007/10/8 ~2008/1/1) was measured from 8 October 2007
until 1y January 2008.
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Appendix  1-5. Moderate drought-and«flooding-5days irrigation treatment (LD + 3F)
affected on the wvariation of -welumetrici-soil water content (%vol) during
experimental period. The experiment was carried out in the field, situated in
Horticulture Research, Experimental Farm, College of Bio-Resources and
Agriculture of National Taiwan University. Volumetric soil water content during
experimental period (2007/10/8 ~2008/1/1) was measured from 8 October 2007
until 1y January 2008.
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Appendix 2. The curve repre_sents c’faanges of;avolum?tﬁc soil water content (%) by

,
short experimental design. g - g
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Appendix 3-1. Time curves of control treatment canopy new leaf area development
(cm?) of 2 year old potted ‘Tainung No.2’/Lindley’s pear trees. Data represent
average values of tree canopy new leaves recorded from five test trees on 8
October 2007 and ended on 11 February 2008. Vertical bars represent standard

errors. Bars not visible indicate standard errors smaller than the symbol.
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Appendix 3-2. Time curves of drought treatment canopy new leaf area development
(cm?®) of 2 year old potted ‘Tainung No.2’/Lindley’s pear trees. Data represent
average values of tree canopy new leaves recorded from five test trees on 8
October 2007 and ended on 11 February 2008. Vertical bars represent standard
errors. Bars not visible indicate standard errors smaller than the symbol.
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Appendix 3-3. Time curves of drought and flooding 3 days irrigation treatment (D +
3F) canopy new leaf area development (cm?) of 2 year old potted ‘Tainung
No.2’/Lindley’s pear trees. Data represent average values of tree canopy new
leaves recorded from five test trees on 8 October 2007 and ended on 11 February
2008. Vertical bars represent standard errors. Bars not visible indicate standard
errors smaller than the symbol.
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Appendix 3-4. Time curves of moderate drought and flooding 3 days irrigation
treatment (LD + 3F) canopy new leaf area development (cm?) of 2 year old potted
‘Tainung No.2’/Lindley’s pear trees. Data represent average values of tree canopy
new leaves recorded from five test trees on 8 October 2007 and ended on 11
February 2008. Vertical bars represent standard errors. Bars not visible indicate
standard errors smaller than the symbol.
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Appendix 3-5. Time curves of drought and flooding 5 days irrigation treatment (D +
5F) canopy new leaf area development (cm?) of 2 year old potted ‘Tainung
No.2’/Lindley’s pear trees. Data represent average values of tree canopy new
leaves recorded from five test trees on 8 October 2007 and ended on 11 February
2008. Vertical bars represent standard errors. Bars not visible indicate standard

errors smaller than the symbol.
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Appendix 4-1. Time curves of control treatment effective root distribution (% of
DATO0) of 2 year old potted ‘Tainung No.2’/Lindley’s pear trees. Data represent
average values of effective root distribution (% of DATO0) recorded from five test
trees on 8 October 2007 and ended on 11 February 2008. Vertical bars represent

standard errors. Bars not visible indicate standard errors smaller than the symbol.
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Appendix 4-2. Time curves of drought treatment effective root distribution (% of
DATO0) of 2 year old potted ‘Tainung No.2’/Lindley’s pear trees. Data represent
average values of effective root distribution (% of DATO0) recorded from five test
trees on 8 October 2007 and ended on 11 February 2008. Vertical bars represent

standard errors. Bars not visible indicate standard errors smaller than the symbol.
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Appendix 4-3. Time curves of drought and flooding 3 days (D + 3F) treatment
effective root distribution (% of DATO0) of 2 year old potted ‘Tainung
No.2’/Lindley’s pear trees. Data represent average values of effective root
distribution (% of DATO) recorded from five test trees on 8 October 2007 and
ended on 11 February 2008. Vertical bars represent standard errors. Bars not visible

indicate standard errors smaller than the symbol.
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Appendix 4-4. Time curves of moderate drought and flooding 3 days (LD + 3F)
treatment effective root distribution (% of DATO) of 2 year old potted ‘Tainung
No.2’/Lindley’s pear trees. Data represent average values of effective root
distribution (% of DATO) recorded from five test trees on 8 October 2007 and
ended on 11 February 2008. Vertical bars represent standard errors. Bars not visible

indicate standard errors smaller than the symbol.
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Appendix 4-5. Time curves of drought and flooding 5 days (D + 5F) treatment
effective root distribution (% of DATO0) of 2 year old potted ‘Tainung
No.2’/Lindley’s pear trees. Data represent average values of relative effective root
distribution (% of DATO) recorded from five test trees on 8 October 2007 and
ended on 11 February 2008. Vertical bars represent standard errors. Bars not visible

indicate standard errors smaller than the symbol.
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Appendix 5. Rhizotron.
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Appendix 6. The plastic bag covers on the pot to prevent the precipitation.
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Ltd., Cambridge, UK) used to record the volumetric soil water content in each

experimental pot.
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Measurement : Root photo observation

Plant material : Pyrus pyrifolia Nakai cv. ‘Tainung No.2’ on P. lindleyi rootstock
Tree old - 2-year old potted tree

Container number : Treatment :

Root window size : 14 x 18cm?

Location : NTU, Taipei Date - Weather :
Root color identification : W = white, Y = yellow, B = brown, D = disappear
A B C D E F G H 1 J K
1 1
2 2
3 ' - 3
4 * — y: 4
5 NP 5
: ZENITARN :
7 =3l 7
=
8 ' !I 8
9 h | W | ' 9
10 ¥ N . 10
11 ¥ ; 11
12 12
13 13
14 14
15 15
16 16
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A B C D E F G H I J K
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Appendix 8. Root growth observed data.
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Appendix 9. Root cortex color change in ‘Tainung No.2’ pears. (A) White new roots.

(B) Yellow old roots. (C) Brown suberization roots.
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