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Summary
Guzmania ‘Cherry’ treated with 0, 1, or 3 ppm boric acid did not produce any necrotic
old-leaves, but necrotic leaf area increased, necrotic and curled leaves increased, plant height
and CMR value decreased while 5 ppm or higher boric acid concentration was applied. Plants
treated with 10 ppm boric acid for 6 months contained 200 ppm B in single whole leaf.
Maximum B concentration was measured in leaf tip but minimum in leaf base. A linear
relationship existed between Fv/Fm and CMR value. There was also a linear relationship

between boric acid concentration and leaf necrotic length.



Guzmania “Cherry” were observed better growth under 40% than 76% shading by lighter
green leaves, higher transpiration rate and stomatal conductivity. Plants treated with 0, 1, or 3
ppm boric acid had green chloroplasts in chlorenchyma, while plants treated with 5 ppm boric
acid exhibited brown chloroplasts in chlorenchyma ether under 40% or 76% shading.
Chlorenchyma cells were thinner under 76% than 40% shading treatment. Leaf length,
necrotic leaf length, necrotic and curled leaf number increased as boric acid concentration
increased. Guzmania ‘Cherry’ treated with 76% shading and 5 ppm boric acid reduced leaf
initiation and produced highest necrotic leaf number.

Guzmania “Cherry’ treated with 0 mM sodium chloride for 6 month did not produce any
necrotic old-leaves, but plants treated with 10, 20, or 50 mM sodium chloride did. Plants at O
mM NaCl had maximum shoot dry weight and leaf number, while those at 50 mM NaCl had
minimum shoot dry weight. As solution NaCl concentration increased, transpiration rate and
stomatal conductivity decreased but medium EC, necrotic leaf number, leaf Na concentration
increased. Leaf base Na concentration was higher than tip or middle leaf portions. Plants at 10
mM NaCl produced most curled leaves.

For Guzmania ‘Cherry’, healthy leaves showed dark green appearance without necrosis,
while boron toxic or sodium chloride injured leaves showed leaf-tip necrosis. Boron toxic
leaves of expressed with leaf-tip drying and browning symptoms. There was a yellow band
between necrotic and green leaf portion. The necrosis was from 1/3 to 1/2 area of whole leaf.
Leaf tip browning was caused by NaCl injury, and there was also a yellow bend between
necrotic and green leaf portion. Whole leaf would exhibit necrosis under serious NaCl injury.
Green chloroplasts in chlorenchyma were observed in healthy leaves, while brown
chloroplasts were seen in leaves under boron toxicity or NaCl injury. Water storage tissue

above hyperdermis exhibited dehydration in leaves under excessive sodium chloride.
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Fx pHE (Guzmania) 3 ~# b s 2 mE BH ArBY A2 BAK®
(= > 2003) - d%w%&’uﬁf¢ﬁééﬁ¢f%%’ﬁﬁzm3ﬁﬁﬁ%&%%&
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KEEBY BH 0 FEF RSk EE R B4 (Griffith, 2002) - ¥ b > S B
REARHIEMALI AT I F BB Fd 2 muk? ¥ 75 FERA2Z K Cl
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& 20mgLt) 24484 1t 4 (NaCl) & (0-20-40 & 100mMM )« & — EJZ & 4f 6 +k
& k& & Hp % — =t 500 mL &% zx2 Johnson’s % ;% (1957)- @& — B ° {5 » BlE &
FOR2ERE (JRAEASE52 56 VE) LAY ESFE FIER S ES R

EATES ER RS F- XU EREE Y-Sk (FFE®)EEL 3cm A 20mg L™
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AEHBE R PR 7T 4EmEER (001235 mgLT) Hi A Eg
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WEAF 6 FHRE BB — = 500 ML o R Fiedrz S HACiR%- o REE L
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(=) AiFz-k® %W E T sensor kit (Delta-T, England) 2 # ¥ f&#f% 75 ¥4
(coir)» 2 s ¥ W.E. T.sensor = >4&» /i §¢ » 2R F 7 kE o

(Z) PHEEVE:IEY PR TAES KR E -

(Z) BpE vl FRRB AW 2omFARLFZES @ KB -

(e ) F¥2H @ 2 E %% (CMR-502, Minolta Camera Co., Tokyo) | & 2 » &
BRJERIE 6 REY ORI OEA  RIEFGEREE S L o

() E%3 5 %6 gHaomm i3> 30 A4 > 12 MiniPam (Walz, Effeltrich,
Germany ) #| & # §,\J $@ (Fo) B1h A ¥ %@ (Fm)» gt p#® Fv / Fm
oo NA PSTTZ &« kL &k o

(=) FATIE*@EF ~ F3VHR © #5 3° F4TR LR (Steady state porometer, LI-1600,
LI-COR, Lincoln, Nebr., USA) # & #5352 » Pl & otk AR sh 35 2 Z40iv* @
FEFIVER -

(=) A F#ixix EC @& pH & : fI* pour through ;2 ( Yeager etal., 1983) it {7 {2 &
A EC B pH B2 Rl = > 30257 {5 6 R 38 (7 /1 Fapkik » L&/ Frrp
foREERAFT kA REfORE G L - EE18em2 (FH#909L)
PR 2 50mL pokoRpke > Iz E 2. 100 mL L kg 20 R E T B oAk 50
mL > £ f1* ¢ ¥ & 3+ (conductivity mwter, SC-170, Suntex, Taipei, Taiwan) 7| &
ez EC B % v fadk & 3+ (microcomputer pH/ meter, 6171, San Diego, USA )
RIE pH E ©

(M) E¥mER 17 {1 FR1 356 2emEPmER2Z A4 (Wolf, 1971) -

T8 4T o

Fpe (HBOs) 2§+ % (Curcumin) f3 % & (oxalic acid) «hZr# & e 2
55#3°C » ¢ & 2 = ¢ <hrrosecyanine s > H & 550 nm § B & B K E o 14 95%0F i K-
rosecyanine & § i3 & 0 ¥ BHEE A R FILE 0 BT :}étér IR R R R o
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Bod BB H 56 F 70 CRIEZEY  REYERAMEEALES(ESH 13)
ER?PR(ERPPRIBD)-EFAFN(EFANRLYI) #5592 565 ELEEHS- B
A EBd BBk T-8 P TOCHIZET  E8 - Bii A ELSER
T igér (200 mesh) > & - gdZ& — Mix k- 3 €47 o FEFHRIETRE P IEFMER
AT R 7 iR PR T B A F MY TOC I E R AL T
R As e e B & (200 mesh) F - IR 6 Rk F - kG 147 o

2. PRI i e

M A0C 4050k B 2 F2ie (HaBO3) 0.5716 g & 1000 mL 2 B #g ¢ » e 0k

% 1000 mL » g+ % 100 mg-L ™ #2p¢ e o B~pt % 50 mL % »¢ 500 mL % g #g¢ o e

k2 500 mL > gt 5 10 mg-L7 AL R o - 10 mg-L7 RREL R A AR S 0825 4
6-8 2 10mg-L™ £ 6 fmpkR » £ %5 100 mL wffkdk 2 5272 4 e o

3. ¥ % % ¥ (Curcumin-oxalic acid) | e

2~ 0.19 &+ % (curcumin) 2 12.59 % A& (oxalicacid) & 4x » 250 mL 95%:F >
FREBEZ R DBER T ER o B ET ORI > Rk FEFERL 1A

7];_-;_?,‘,& 0.5g % »* 100 mL mﬁﬁ&%7 TE 53/,{34'};\5 » 4¢ ~ 25mL 0.5 N HCI » ‘f‘_%jf
BRI 2 pEEs 12 Watman No. 1 S 2 3 53 B <L -5 B B im 3 iz % ¢0 100 mL at g
W2 P RELY o ¥ b2 05NHCI25mL 75 % 6 AJ2 (blank)
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PR E PR~ 20 LA AR (232 0mgLt) & 1mb o %> 100 mL wtp
W2 FCEERIY e FR AEMERAIMLIR £353 > B 553 TR kI Y B
IR oFCEERE B FRTAE 15 A& 4o » 15 mL 95%IFH % %0 i ~ 50 mL
s g @ oo 12 1500-2000 rpm A 5 448 0 kR vt 3 (Thermo Unicam, UV-300,
Cambridge, UK) il # & 540 nm 2 = % & (0-2 mg-L™ ) 426 2 mg-L™" = > ¢/ # {580 nm
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554 (1991) $hmA (v 3> =4k 5 0.29 B30 1§ ¢ > & 4 » 5mL ks
e (98% ) #-2 4u » jhAnph e it F % 0 A B ts 0 12 100CTF# L pF o 1] pRis
BARME 380C FAajripiEh= 1 380CH » 3 @4 | freod [ PRiss) v E 8040
30 A4 0 e » AmL30%2 HoOp 0 few A fRlh » 31 1] o 2 () it F B Ak
30 A dh o e r 2 ok 25mL o 02 2 B MK R BT S0 mML B HLY o U =
kB D 50mL o 7B 2 15 e 4 50 mL a L ek 2 ALY o

3. B 4P 2

™ 3 e sk ik (atomic absorption / flame emission spectrophotometer, AA-680,

Shimadzu, Tokyo, Japan ) :i& 7 4 sp| %_o

(+) o b IRgrE D BE R IR 7 E“J—T"/(E]j\J\upll;(/ R
P T0CEMEIIER AR > TLGE R I E o

(L-) EoFEZREEG MR A UG LIRERE YRR IS H Ad Ko L
BhF o K tamHFTPT o ES 7&! B T_i%x (Portable leaf area meter, LI1-3000,
LI-COR, Lincoln, Nebr., USA) BIR 2 AL R B E G A o Mar iR T
FESM ﬁa. PRl R E 2 A R RE G o BB E R R

B G £ R 1000 TR L R E R A A .

(F2) EFFRB B HNE T AL b FHT R 1R T B0

g B o 1 kB ke (Nikon-104, Nikon, Japan ) 2 10 # p 4t (Nlkon-CFW

Nikon, Japan) gz & 10 % 4~ 4t (NIkon-234338, Nikon, Japan) L2 ¥ = % § 7*

k44

(F2) 835447 2 977 BT &= 2 K3 o 11 COSTAT 6.2 34048 (CoHort
Software, USA) & 75 -] & ¥ £ £ 4 15 (Least significant difference, LSD ) » 4 15
Lt A T BEEFAR (P=0.05) ©iEi7% > A 17 o 5 AL # * SigmaPlot
8.0 (SPSSInc., USA) » & r2 - 42 3% i& {7 B i 2% fF 4~ 17 (best fit regression) » 2 i
ANzt P AR SR E KRR
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(=) BERmEF L AHFIHE T IEE I BES
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ANRENRR SR FREFREEIIE > DEFARER S EEF AR
BTG A (B D) Bop e EX ERE I GTER - BRRDELRLSES D
FAY L5 -F 454 aﬁ*;avﬂﬁ#°f4JE*%iﬁu’—#%%ﬁ*ﬁ
G ﬂu&4m’ MIEEFETRB ARG o5 2 kR 2 PERETH
TRHZE T BB~ PG TN E T AR T AR R FRRER
ﬁ,éi%@§ﬁﬁﬁj‘fﬁéh%qj(% 1)e Fmpkid 0mgL %4 2 20 mg L g >
B A Cherry’ £ # 2 2 d 443 T8 1 030 F4 T i vaHVOmgtl
PR H e 0 5 0.9 mmol-m?sts 12 10 mg-L’ Eﬁf&@“"‘ﬁﬁxﬁ’% 0.5 mmol-m?s™

FIvER o 0mgL?! FRELRIL K B ® % 61.1 mmol-m?s™; 12 10 mgL™ PR R IL K b
i 5 3L8mmolm?st (£ 2)e i Fofitiz2 EC E* 6 o 1 20 gLk igm ¥
5% 0 5 031dSm? o 2 10 mg Lt A A B i 0 5 0.25dSmT e pH 2 6 0 &k
BEERFLE- %f#”&rmﬁﬁ”&i%fmffWZWWL FEE L H BB

A ulh 258 % MO”£38W6053)M10mgL.W&, SRR HREE S
PG HRRED > WEEE Y B R G > R B HE R FEHEFH o F4 10
& 20 mgLt AR AR o s E 4 e g ”w&;’fﬁp ﬂa’*uémAﬂ&
MoHTEFIRHE? P omEpELRER ftkf R A o % X B ‘Cherry’ ¥ <
PRk R AZE 500 g gt E 0 fEtkE F 5 P X EE S mﬁﬂ(@Z\%3%

WX g Cherry’» w2512 3 5 010202 50mM & 42 %% > 2 0mM &
PAVERIEE o HREEE S S AN REE > £ 202 10 mM - 20mM 2 50 mM § 1 4k
wﬁaigpimﬂﬁ B EES  REE MR M ESEE P EFL R RR S
Hbe  HFABHEEERRBGF M (B 3 FXPHEEENRE RN E
iimg%$’@@@mﬁif dEAY LG - F I EF O S EFIRHES X
GBLT2ZAPREHR - FREFHET FCHHERLBEGE N L ERIIRF X g8
FAR - LAHRF 0 I0MM & ALK B F 0 i 185 cem o b RG] 0 mM
Filtgpaaly B 219990 50 MM & A AJE Kt b 3%EdE s A E S B
2 O0mM & A e —‘k&;’a%? ’HSOmM}%@IE‘J_ ErEck 0 5243 % (£
4) BB R hE l'-@\g:ﬁr’%f: EEENCE Cherry’ﬁf’#i%iffiiifi ° % & Y4 kRd 0
MM 34 2 50mM > & < b #{*Cherry’ % 5 * EFERE X Som iz £S5 F 3738 E &
VR ENELL  REEFF CAGER S s> 2 FE T @ x4 0.9 mmolmZstT
52 0.4mmolm?Zste # 3t A d 575 mmol-m?s™ T 5 2 254 mmolm?st (% 5) 4
Fakieiez. EC @~ 2 Bp E P BIDELFF 4R 2 @ H4e o e/ Fpitip pH
55 0L OmM F 4 A B> B 1020 2 50MM § 4 AIE X Rl EAEF LS -
RBEVES G 1 10MM F CARIZE B S > 138 % > 1 0 mMM § {40 AT K B
Lo F 425 (R 6) EFF CHERDE A F A B HREES Y ZHRR T H e
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%1154 0~1-5-10~15mg - L sz Johnson's 4 ik » *v ik d 4 < LR
PRABA L o 11 0 mgLT R AR 2 B 3 g HICherry’ i & EHOB ST 0 SEF AR
R 40 EEE SR A RARERE (B 7)o tkF 1 mg L PRI K B
i# 183 cm; 7 15 mgL” Eﬂﬁ.&é@jﬂ_ﬁ B4k > ¥ 15.8cm - B g2 10 mg-L ﬁﬂﬁ’x}%@/@'ﬁﬁ»
< > 3% 817cm > 14 5mg-L'1£%fr§)%@“’ﬁ o TIT7eme AE SRS G 0 LER ARSE

BTy mkFL R (£ 7). 210 & 15 mgL E@*ﬁ’xwﬂ Wik F b Eimit o
BESB> 6 0 15102 15mg - L epg dae HE P o lmg-L'l/E’f*ﬁ_‘r;)%@El_dﬁ:’ti ’
Omg - L'mpAde x40 (£ 8) AkpEE gws A G 0 102 1mg Lt ep AT
HEol o MFMEEAD 54T 15 mgL™? o BB & A2 B4 o 12 15 mg - LT
B K FATEr SR 0 FCEAS B 0 A8 5 061 mmolm?st 2 105.02
mmol-m?s™ (% 9)o A Fpkikix EC E2r pH £+ 0-15mgL ol B @ g % £ 8
(% 10)-%g¥ s * kR d 041 10mgL" X B HEL 2 ’*%{'ﬁf” oy g
b 4 0 F AR 5 10mgLt & 15 mg Lt s o F 2 sy s 550 uggt o A E
¢ % 200 ug-gt ARk RE T4 (B 8)c APk RAIL T chE B o B B mER 1
EXAB HAZEF B ERPANIAR S B FIRHE? Y e EL R
i o

EPEREF X B Cherry’2. % 10 ¥ E > pEF a5 emER - XES% 3
FrRE2ESFFE (B 9o 1 0mgL™ 2 Img L™t pepiik ik dany » 1§ ¥
;%f%@_mj a5 5 0811 Fi A R s 50 - 607?“(%] 9)s B+ 0 &
ImgLlmpgae T2 5 10 P ERasEr F2 k5w 2 ¥2 ¥4 o w8 5mgL?

Eﬂﬁ-‘ﬁi;};}i@ﬂ E%2 ke T 102 E%FdE~ TF1 25 g E L 10cm
Feo B EFRES TEI 065 EHEFES TED A0 ot AZERPERAILT
* 10 % #ﬁh&m* 5cmff@’o’€ T Sl S BE X 10em ek & TEF 30
A ’*i m#’!"@ /ﬁrdﬁ
:E‘h);lﬂl-‘g %“or/%i}i/{[w:



i§%ﬁﬂ’”10%£2F%&1”&%%%@;E&%&@ ARE S 0L o -FE &
FEAEoESFH AL SR FEREAL Y (K 10)- mRERETF ]}
HCherry £ #HpE R2Z B E M40 > BT fég falk B H 4o pF > & < B $*Cherry’
ErapE Ry €384 (B 11)-

() Ak B HE Y R 2BE

¥ % g 4°Cherry’ 2 w2512 0~1-3 2 5mg L AT fie & 76962 40964 % a2
WEHRFLL OB B HRE B REE T RIPF BT A0% R 2 E Vi
B T6%% % 0 (Bt & 0 2 3mg-LT 2 5mg L ek A AT e & T6%: 6 K B
AEHPZQSMnﬁ297cmw%3mgL4B%%%§ﬁ&ﬁﬁab4@%%4ﬁ$iﬁvy’é2&Ocmo
EPHEEEFLIE2REE (£ 1) O%E%Tinmf BRESRE £ R
5 (@ 12)- &ﬁaﬂxﬁ%&F1L%i R F 22 b 4B 130 & 40%
@%Tiam@ﬁﬁam%,m%ﬁ%fiagﬁammwo¢o1a3mm_w&%
BASDE o X FHEMon g 4 o 1 Smg L ek R AT K 00 ¥ R i)
Tk T6%T 4 £ 2tk OB RBLE

Polradlz fithi ) P2 R 2 EREZES I RS P RBE D 2 B3R
(Bl 14)°40%:E 6T 2 £ erfe thE P R T6%E % ¥ 5> 0~ 1 & 3mg-L™ #opi ik A e
Bk ¢ EREwe? HESHMERD ¥ S S e LEmMO LT PRk R AIE K 0 %4
EREme P hE SR IS T RRERESF  F AR HNE LSS X EE LK
BApk o AR EF ST FAEmE? hE SRS TR F R R HE L P AL
W RERER S T A Lt L IR T g E AR (2 L2) ke mER Y
Y b A R S F L e LA FREEREESRAR G 5 AR R
KF2 I RS T6%2 AR & E R 5 R R -

AT KRN L ASIR Y Bl F LR (4 13)- 11 T6%:i k& 5 mg-L™ mepg e
FoEtke My R F Bred2 (% 14) w A Fpkieir EC &2 6 > 11 40%
kg 3mgL R ASE £ B F o fpH B G o 1 76%:E k8 3 mg LAk AT £ A
FooT6%ERZFEHRES RS ERA0NELFF BT REARS DRATEFXBHEY
B MRS - AfEREITEY & F o g L%fi’g B0 12 A0%:E kK B o T AL A
Falk Renf4v > FAQIT* @ F B FIVERIDF BT c BPRIERSELIHF ]
ﬂ%ﬂmﬁﬁi@ﬁwod$15vm,uM%@%@gaﬁﬁgﬁmgu&~%jﬁ
EE 0L E RN TO%E R F L2 i AE - EVHELE 0L  FR IR RIIEERF
ZHF EFARER DR L CFBER R S HEE P BE Y HID) H ) o



"1 76%iE % pe & 5 mg Ll mmpL AGT s o B X B 4°Cherry’ BB E B lick o @ B 42
Tk b o

it

WERERR N EFARER SR A ERERTY EF 2 FERT LG T
T (% 2~9)> & Chartzoulakis % 4 (2002) k&% > B rAEER T 2
PR EI T @ F 2 FiV R - 19954 3~ & 10 B o LmpkR AL 4 T H
;% EC @35> 05dSm?» » pH &~ A ¥ %Fﬂ 6.0-7.0 2. & (Griffith, 1997 ) > %
TR 2 F AR HERF L E AR ik X 2T L EC BEiER & pH ER ¥ TR e
dERAER AT EF AR EE S kR L 80uggt o A DRI
BTG o R EE S Y LR L 180ug gt P R E Y 2 4 HopnEa; (B 12>
7~8) % o thmmik B AzdE 723 Pg-g™ P R IR R B 4 on gk (B 12013; 4
13) {25 4 4= i'fﬂ hoFgFEERY E%i}é)iii’éﬁ 125 ug-g™ > § iedzid 172 pg-g'l ’

3 424 98 pg-g™t ¥ B X AZiE 176 ug gt § =‘Improved Albatross’4z i 158 ug - g™

# 15*CF No. 2 Good News’ 428 144 ug-g" > # B % 4¢i6 100 ug-g' /¥ » € N E 5 Hp -
oAbt Zmd 2 og ik (Gogue and Sanderson, 1973; Gupta, 1983; Smith and Clark,
1989) » <A E P4 4 T2 mER S 85 — 100 ug-g” (Gilliam and Smith,
1982)c A% B ST  FXEHEF 2 mI T ERED AFTT AP o

i **/E%é_fﬁiﬁ'" LR FFFFACRA AT B R § R AE S (BT ER
POAER (EFERP ) §ERABRIFEE X EES A E X Fopsit (Gilliamand
Smith, 1982) - sk - 2 #%k - P Ko > FX B HEF P mOERAMNEL LR > E VY
Bsiz o F R AE S (B 2-8) 0 gt ¢ Sotiropoulos % 4 (2002) 451 0 # & % /ma
T2omAs EEEGFRE > D EFMTEAELE R BRAp -

% PRk B AHE T A 4 B B2 ¢ R F RN B S 3 kL ¢ B
2_ %% - Brown 4 Sah (1997) Bep oo A 2 et ] N e I IR R s 2
dpdi o RE P e A e 35 B R s AL S 2R E 0 LRI AT 5P
By, 4 T2 4p ke 0 - -éig’fgl}fi—;,ﬁAxﬁlf‘r7 AT E A R oA A YTRER Y ik BN
2RIEG AR AT R FACRS P B AR REEMAITL S5 F
EHEAF AR PR ST F A G RE A NER - o 2B (B
254 ;x)m Gupta (1983) 7~ F f|* 1L d ;2> FpligBk— ~ - ~Z AT E5T
12 4t e

“"—"1

B DR R 2 vt o R Y e R B AT @ S Ap M Oertli
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(1994) EBk4n > ME 2 F AL FHET VRS L FE Y it i# % o Sotiropoulos
$4(2004) rApd o FRBAEE G 2 kRGO FREE R 2 mp £ 4K
Bod Bz P Firs Ad AL (40%E T6%) % w fEmE kA (0~1-3-5mgL™)
NFEEIE B & ¢ 0 TE%E k K 2 Smg- LT ARk B AT 2 TS 2 R B 5 (&
13): ¢+ 7 Sotiropoulos % 4 (2004) #rif : B k% BAEERT » EH P 52 MER
P g TE R o AFEATIEY 2 G gk F 40%2 f ki F (£ 14) 4t 22 Sotiropoulos
B 4(2004) @B EEADE o R B RBT 0 BRS A0%2 PRI S 2 F ¥ R
T6%EGL F o redR iRl R 5 40%2 fE ik o RN P F] L £ oA AR

S

Rz A PR LRI S R B SmgLT 2 itk
FrESHnt (B 14) 2 @kF 76%T 2§ 7 P AREX S 40%F & > 1 & L5
B TE%T 2 E N WAESERR L gE (£ 12) %0 P RED
E’I%‘* ik T A0%Z TE% T 2 E BB GES § TA R o o B 13 Z 4% 15 ¥ &v o
PEEFTONT2ZEIPHEE rE M R REE 0%—‘5@“01@;&%&%85\&@
KT A L2 DARAR I 0 Ao ET B 2 E43 B ﬁp@q» A Pl EgAF TR >R
PEREE > ES E%E (Conover and Poole, 1977, Fails et al., 1982ab; Johnson et al.,
1979ab; Joineretal., 1980 ) 2 £ a2 F HE ¥ & 5 > % 5 40%ILH < T76%
BILK gt FAE g 4p 02 o Nemali {o lersel (2004) riw F 404 % L st o 4F
AHH AR RRBRTZRETE, T S HEEFTE o FREFHT O EFRERA
it FRGE EOE R FH Ao d P ET o S S0 AMERBET A G A0
3 A4 IT L oarii 2 BT o M- A IuEART A T oo

FIS
ﬁ'\,

BECHERT > HFX E;ﬂﬁif%ﬁﬂiji CERTIEr R g ERSTE (£ 4
5)- Drew % % (1990) 7451 > A& 50 mM %f%p\;‘}é@:"ifi PN F iYL
F 0 OmM & 4 AJE T 4 33% - 48% 0 E ¥ AT d 2 FIEA Y OmM
I‘iuﬁT "% ) 50% - Chartzoulakis % * (2002) 7= r/ & (Olea europea L.) = #i#%
3740100 MM # Y4 22 etk IR E & s ek 0 200 MM F i 4 i '*ZF’H’IFLES;
EREA EFE CHQER IR A ERESZFIER S D F P RRTEF G T
A T E R A 25 MM KA E G AT T AR o 0 b iRk B dam
BERE CHAERTHEFIRHAEZIH O OTAFILFIERRM B §F PR E T
Frrm PSR TR o

(w,

v

xg+

SR E s ERAROPRRFFEY PR ER (R 4) 2 gFARS
FOOAER R4 o - ABF S lgF KL 6 ¢ T FX %ﬂﬁ%‘@#iﬁﬁi&i EC
B2 pH EHAER B TRERNAERBIAFEE O R FE S X EC 518
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# #73¢ o Grattan = Grieve (1999) 541> (£ LB T PRBE TV i § 2R N F £ ~ £ &
¥ (disorder) ehg e > B B F ek T EF A AT AL A N TP Y%
~ % e fag (nutrition availability ) » s Jc#E+< (competitive uptake ) » & j (transport )

£ & fe (partitioning) £ # #73 - 1395 @ 8 Aor > FA R HEL P peERES AL
WhF o RLHNEARBNEIr A R BT CHPITT O ERAES FLORRT
AFAHPEREF TR OFAABIFERPLEEIHUN L B~ % m‘f»’li B B AR
+ g A 4 SofriRy (competitive uptake) g%k c A B HX I F L F T E
AZEXEERNRBRDRG > - pRE S EE T ERES e 2 ’z:éiaﬁiw:rmrzﬂw 3
AFRARDL o d AN F H AT R 5 R O o BT 2 ABHERTIREY > €
Frd e 4 $30 49 sz o

ERAGRT RS LS RABIIIOR RO R BB R B AR Y
6ﬁmk§ﬂ”ﬁ“ﬁ#ﬁﬁmfg@’W&@ﬂﬁmiﬁﬁﬁmié’ﬂpﬁgﬁé
Freng & 2 fx 4 i 4 F & 4950422 (Marschner, 1995) - Chow % + (1990) @4y &)
4 250MM F M4k EERY AR E  HERY IR LR L OmMM £ &
BTk P ESHMAT (stroma) ? F&F

SRS
‘f?
\\?{r
1%
PN
35‘
i”;.
-\H'
;4—
é‘:
g s
-
P
=i
7

BFRRHLIES G AR DR KT T EER > Y 15 mgL”
PR AL E B P AR Frd] (£ 7)o EFE IR R 4 0 ¥ 2N E G T Ol
A (F 4)e Pt BEHA o BRRPMBAL LT P H AL BF S
e H B % ~Fe -~ hic~ KRBT X~ § % (Gupta, 1983; Smith and Clark, 1989 ) >
s FOAREREEA) o BT dp o PRE T A M N PEAR DB i PRARERAS DT i e m e
AAT M BRI ERE S E PR ITR @ F 0t A 2 g R R )
AL SR TY o s £ 2 (Scott, 1960) -

RO AREF G HE LA I L )y
LMo ks Y FIESCMMBEEY 10 P L F A B A EHAF LT BN
FE2FgeRy@oT (F 9) frm
3

ik kTR ST - BR L 5

= Eﬂﬁ*%?ﬁ" PR REk-Hr R ERIOFEZ §
o R TR A AW HFX R HERNRY gk 2 8E
Wi L R Akd EAssk (tipburn) o gt — gk gl B _l;«i? Bew A LR B (Gogue and
Sanderson, 1973; Woodbridge, 1955) - ‘* g T £ P2 g v 43 T E P 2 g R T oo M
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XI5 R EE BRI FRASEIIIMATAHESEF BP0 E
Emi TR R FEFES T AL R ME L F L E S .
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Fig. 1.  Effect of boric acid concentration on leaf necrosis of Guzmania ‘Cherry’.
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Fig. 3. Effect of sodium chloride concentration on plant morphology of Guzmania
‘Cherry’.
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Fig. 5. Leaf appearances expressed with boron toxicity (upper), sodium chloride injury

(middle) and normal morphology (lower) of Guzmania “Cherry’.
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Fig. 6. Anatomy of leaves expressed with boron toxicity (upper), sodium chloride injury

(middle) and normal appearence (lower) of Guzmania ‘Cherry’.
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Fig. 7.  Effect of boric acid concentration on plant morphology of Guzmania ‘Cherry’.
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Fig. 10. Relationship between Fv/Fm and CMR value of Guzmania “Cherry’ grown under

different boric acid concentrations.
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Fig. 12. Effects of shading and boric acid concentration on plant morphology of

Guzmania ‘Cherry’.
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Fig. 13. Effects of shading and boric acid concentration on leaf morphology of Guzmania
‘Cherry’.
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Fig. 14. Effects of shading and boric acid concentration on leaf anatomy of Guzmania

‘Cherry’.

30



Table 1.

\4

PR ERHE X B Cherry’ £ P #c g ~ B2 MG E R B TG E
2 HE

Effects of boric acid concentration on leaf number, plant height, canopy width,

shoot dry weight, and root dry weight of Guzmania “Cherry’.

HsBOs; (mg-L™) Leaf no. Plant ht. Canopy width Shoot dry wt.  Root dry wit.

(cm) (cm) (@) ()
0 258 a 24.0a 54.0a 178a l4a
10 2534 20.8 ab 57.8a 173a 16a
20 2582 19.6 b 55.3a 153a 15a
LSD ( P=0.05) 3.34 4.18 7.19 3.36 0.57

* Mean seperation in columns by LSD test at P < 0.05.

% 2 FRpi kR E X A Cherry ES 2 &~ Figier Byt ER 2 PP

Table 2. Effects of boric acid concentration on CMR value, transpiration rate and stomatal
conductivity of Guzmania “Cherry’.

H3BO3; (mg- L'l) CMR Transpiration rate Stomatal conductivity

value (mmol-m?-s™) (mmol-m?-s™)

0 44.3 &’ 09a 6l.1a

10 314b 05b 318b

20 93¢ 0.8a 543 a

LSD ( P=0.05) 8.33 0.32 21.00

* Mean seperation in columns by LSD test at P < 0.05.
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hAEL R

Table 3.  Effect of boric acid concentration on medium EC, pH, necrotic leaf number,

curled leaf number and necrotic leaf area of Guzmania “Cherry’.

H3BO3 EC pH Leaf no. Necrotic area (%)
(mg-L™) (ds:mt) (per plant)
Original Leaching Original Leaching Necrotic Curled
0 0.95 0.27ab* 5.49 6.2a 28b 82b 0.0c
10 0.94 0.25b  5.69 6.0a 243a 82b 25.5b
20 1.02 03la 5.70 59a 25.8a 11.0a 38.7a
LSD -- 0.05 -- 0.55 3.0 2.05 5.92
(P=0.05)

* Mean seperation in columns by LSD test at P < 0.05.
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Table 4.  Effect of sodium chloride concentration on leaf number, plant height, canopy

width, shoot dry weight, and root dry weight of Guzmania ‘Cherry’.

NaCl Leaf no. Plant ht Canopy Shoot dry Root dry
concentration (cm) width (cm) wt (g) wt (g)
(mM)

0 26.7 16.2b 579a 199 a 18a
10 24.8 ab 185a 59.8a 18.1ab l4a
20 25.3ab 17.3 ab 54.8a 15.8 bc l4a
50 24.3 b 16.2 b 59.0a 149 ¢ 1.3a
LSD ( P=0.05) 2.32 1.53 6.60 2.63 0.53

* Mean seperation in columns by LSD test at P < 0.05.
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Table 5.  Effect of sodium chloride concentration on CMR value, transpiration rate and

stomatal conductivity of Guzmania ‘Cherry’.

NaCl concentration CMR value Transpiration rate Stomatal conductivity
(mM) (mmol-m?2.s™) (mmol-m?2.s%)

0 40.0 & 0.9a 57.5a

10 43.6 a 0.6b 42.3 ab

20 41.8a 0.5bc 35.0 bc

50 395a 04c 25.4c¢

LSD ( P=0.05) 5.25 0.20 15.57

* Mean seperation in columns by LSD test at P < 0.05.
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o

Table 6.  Effect of sodium chloride concentration on medium EC, pH, necrotic leaf number

and curled leaf number of Guzmania “Cherry’.

NaCl EC (dS'm™) pH Leaf no. (per plant)
concentration Original Leaching Original Leaching Necrotic Curled
(mM)

0 0.9 0.3d* 5.8 54b 4.7b 4.2d
10 2.0 06¢C 5.7 6.7 a 50b 13.8a
20 2.9 1.0b 5.9 6.7 a 10.2a 7.8¢
50 5.3 15a 5.7 6.8a 11.0a 11.2b
LSD ( P=0.05) -- 0.1 -- 0.5 3.4 2.1

* Mean seperation in columns by LSD test at P < 0.05.
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Table 7. Effect of boric acid concentration on plant height, canopy wide, and leaf number
of Guzmania ‘Cherry’.

HsBO3(mg- L™ Plant ht (cm) Canopy wide (cm) Leaf no.

0 17.7 ab* 75.0 ab 3374

1 18.3a 76.5 ab 325a

5 17.8 ab 71.7b 328a

10 18.0 ab 81.7a 320a

15 15.8b 78.2 ab 3l2a

LSD ( P=0.05) 2.43 7.15 2.72

* Mean seperation in columns by LSD test at P < 0.05.

% 8. PBREEREF X B Cherry £ 22 6 - MpE P MBE R Z B
BE®FLEE -
Table 8. Effect of boric acid concentration on leaf number, CMR value, necrotic leaf

number, leaf necrotic length, and leaf necrotic area of Guzmania ‘Cherry’.

H3BO3 (mg~L'1) CMR Necrotic leaf no. Necrotic length Necrotic leaf
(cm) area

0 485 a’ 11.5¢c 04d 37.3d

1 46.3 a 19.8b 25d 72.0d
44.8 a 25.8a 10.3 ¢ 402.4 c

10 25.0b 24.7 a 15.9b 599.8 b

15 18.6 b 25.2a 235a 793.1a

LSD ( P=0.05) 6.71 2.94 3.30 88.46

* Mean seperation in columns by LSD test at P < 0.05.
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Table 9.  Effect of boric acid concentration on transpiration rate and stomatal conductivity

of Guzmania ‘Cherry’.

HsBOs(mg-L™) Transpiration rate

(mmol-m?-s™)

Stomatal conductivity
(mmol-m?-s™)

0 0.46 ab’
1 0.38b
0.45ab
10 0.40 ab
15 0.6la
LSD (P=0.05) 0.21

54.88 b
53.95Db
84.30 ab
59.88 b
105.02 a
39.15

* Mean seperation in columns by LSD test at P < 0.05.
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Table 10. Effect of boric acid concentration on medium pH and EC of Guzmania ‘Cherry’.

HsBOs;(mg-L™) EC pH
(dS-m™)
Original Leaching Original Leaching

0.65 0.40 a° 6.05 6.84 a
1 0.80 0.4la 6.13 6.50 a
5 0.77 0.44 a 6.18 6.54 a
10 0.78 0.46 a 6.23 6.81a
15 0.81 0.47a 6.21 6.70 a
LSD ( P=0.05) -- 0.10 - 0.49

* Mean seperation in columns by LSD test at P < 0.05.
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Table 11. Effects of shading and boric acid concentration on plant height, canopy width,
and leaf number of Guzmania *Cherry’.

Shading Boric acid Plant height Canopy width Leaf no.
(%) concentration (cm) (cm)
(mg-L™Y)

40 0 13.7 ab® 28.5ab 178 a
1 140 a 27.6 abc 16.5a
3 12.7b 26.0 c 173 a
5 12.7b 27.2 bc 170a

76 0 9.2¢c 28.3ab 12.2b
1 9.0c 26.5 bc 12.3b
3 93¢ 29.8a 11.7b
5 98¢ 29.7a 12.0b

Significance

Shading (S) KKKk * *hKk

Boric acid concentration (B) NS NS NS

SxB NS * NS

* Mean seperation within the same column followed by different letter were significantly
different at 5% level by LSD test.

NS.%™ Nonsignificant or Significant at P< 0.05, 0.001 , respectively.
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Table 12. Effects of shading and boric acid concentration on leaf tissue thickness of

Guzmania ‘Cherry’.

Shading  Boric acid Thickness (mm)
(%) concentration  Epidermis WST  Chlorenchyma Hypodermis Total
(mg-L™)
40 0 0.017 ab*  0.063 a 0.117a 0.020 a 0.26 ab
1 0.013 ab 0.077 a 0.090 bc 0.013 ab 0.27a
3 0.020 a 0.077 a 0.097 abc 0.013 ab 0.27 a
5 0.010b 0.070 a 0.110 ab 0.013 ab 0.25 abc
76 0 0.010b 0.063 a 0.083 ¢ 0.010b 0.22 de
1 0.013 ab 0.057 a 0.087 ¢ 0.013 ab 0.2le
3 0.013 ab 0.073 a 0.083 ¢ 0.010b 0.22 cde
5 0.010b 0.070 a 0.087 ¢ 0.010b 0.23 bcde
Significance
Shading (S) NS NS bl NS faleied
Boric acid concentration NS NS NS NS NS
(B)
SxB NS NS NS NS NS

* Mean seperation within the same column followed by different letter were significantly
different at 5% level by LSD test.

NS’ **’ KKk

Nonsignificant or Significant at P<0.01 or 0.001 , respectively.
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Table 13. Effect of shading and solution boric acid concentration on shoot boron

concentration, medium EC, pH, and water content of Guzmania ‘Cherry’.

Shading Boric acid Shoot boron EC pH Medium water
(%) concentration  concentration (dS-m™y content
(mg-L™) (Hg-g™) (%)
40 0 46.6 b’ 0.49 a’ 6.48 cd 453 a
1 57.2b 0.43 ab 6.59 bcd 475a
3 92.1b 0.49a 6.38 d 45.1a
5 91.0b 0.39 abc 6.64 abcd 478 a
76 0 46.0 b 0.26 d 6.72 abc 43.7 a
1 73.4b 0.33 bcd 6.70 abc 454 a
3 72.3b 0.27d 6.87 a 453 a
5 194.8a 0.29 cd 6.86 ab 46.3 a
Significance
Shading (S) NS falaled faleled NS
Boric acid concentration (B) * NS NS NS
SxB NS NS NS NS

* Mean seperation within the same column followed by different letter were significantly
different at 5% level by LSD test.

NS.*.*** Nonsignificant or Significant at P < 0.05 or 0.001, respectively.
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Table 14. Effects of shading and boric acid concentration on CMR value, stomata density,

transpiration rate, and stomatal conductivity.

Shading Boric acid CMRvalue  Stomatal Transpiration Stomatal
(%) concentration density rate conductivity
(mg-L™ (percm?  (mmol-m?-s")  (mmol-m?-s™)

40 0 28.22 cd’ 22.5ab 4.37 bed 187.0 bc

1 26.93d 245a 4.76 bc 191.3 bc

3 26.57d 22.5ab 6.05b 229.3b

5 29.05 bed 20.0b 8.45a 314.3a
76 0 30.72 abc 22.5ab 2.72 de 137.3 cd

1 31.42 abc 238a 1.99e 87.3d

3 33.67a 22.2ab 3.01de 143.6 cd

5 31.98 ab 243 a 3.73cd 175.0 be
Significance
Shading (S) Fokk NS Fxk Fxk
Boric acid concentration (B) NS NS Fhx *x
SxB NS * NS NS

* Mean seperation within the same column followed by different letter were significantly
different at 5% level by LSD test.

NS.****** Nonsignificant or Significant at P < 0.05, 0.01 or 0.001, respectively.
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Table 15. Effects of shading and boric acid concentration on leaf growth, necrotic and curled leaf number of Guzmania ‘Cherry’.

Shading Boric acid Leaf

(%) concentration Increased Fresh Dry Length Width ~ Necrotic length  Necrotic no.  Curled no.

(mg-L™) no. weight (g) weight (g) (cm) (cm) (cm)

40 0 8.7b° 18a 0.24 abcd 22.5bc 3.2a 0.0c 0.0d 8.0c
1 11.2a 18a 0.30a 23.9ab 3.2a 0.0c 0.0d 9.0 abc
3 12.2a 19a 0.25 abc 23.4abc  3.3a 1.0b 2.8b 8.3 bc
5 12.0a 19a 0.28 ab 24.3a 29a 3.2a 35b 9.7a

76 0 12.2a 12b 0.17d 22.3¢C 2.3b 0.0c 0.0d 8.3 bc
1 7.7 bc 12b 0.21 bcd 22.6 bc 25b 0.0c 0.0d 8.3 bc
3 7.0c 1.3b 0.18 cd 23.1abc  25b 14D 13c¢ 8.3 bc
5 7.2cC 14b 0.22 bcd 245a 26D 39a 50a 9.3ab

Significance

Shading (S) faleied falaied fale NS faleied NS NS NS

Boric acid concentration (B) * NS NS *x NS ikl falea **

SxB faleied NS NS NS NS NS il NS

* Mean seperation within the same column followed by different letter were significantly different at 5% level by LSD test.

NS‘ *’ **’ *k*k

Nonsignificant or Significant at P< 0.05, 0.01 or 0.001, respectively.
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