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Abstract

Plant factory, a sophisticated environmentally controlled facility, could facilitate the
production of virus-free strawberry daughter plants and pesticide-free fruits. At present,
the problem caused by recirculating hydroponic system in daughter plants and fruits
production has not yet been solved. Therefore, this study focused on the establishment of
recirculating hydroponic system in strawberry daughter plants and fruit production. The
growth of daughter plants was also evaluated in the greenhouse.

Ni129%So0%, Enshi solution with 29% nitrogen enhancement and 10% MgSO4
decrease, was evaluated for daughter plants production. No difference between N1299%Soov
and Enshi solution in mother plants’ growth. Ni29%,Sooe, enabled 1 mother plant to
produced 1.83 daughter plants per week in average. The growth of the mother plants was
not promoted after the second solution renewing; therefore, the mother plants were
suggested to be renewed after the final harvest, and each mother plants produced 37
daughter plants in average. The Enshi solution modification, Ni29%Soov, increased 7.8%
of daughter plant production. Ni29%Soos nutrient solution effectively decreased the SO4*
accumulation in addition to supply more NOs3", but the variation of EC and pH value were
larger. Nearly all the daughter plants grew well after transferring to the greenhouse.

The flower induction in recirculating hydroponic system was first evaluated both

"Taoyuan No.l' and 'Changbin' strawberry by direct fitting the reproduction model
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previously built in non-recirculation system which Enshi solution was used. The final
inflorescence ratio of both cultivars was only 12%. Due to the solution renewing was at
the end of floral induction, the dramatic increase of nitrogen forced most of plants turn
back to vegetative growth. Therefore, a nitrogen-reduced nutrient solution experiment
was programed. We reduced nitrogen content of Enshi solution in both the initial and
supplemental nutrient solution. N7s04+Nso, and N7s4+N7sy, recovered the final
inflorescence to 100% and 93.33%, respectively, but the appearance of inflorescence was
slower in nitrogen-reduced nutrient program, particularly N7se,+N7se,. The concentration
of Ca’*" and Mg?" maintained stable and SOs* was accumulating throughout the
experimental period. The K* and NO3™ were less supplement in nitrogen-reduced nutrient
solution and plants suffer depletion at the early fruit development stage which might
resulted in delaying harvest by 6 to 7 days compared to non-recirculating control, and the
delay could not prevent even if we renewed the solution. The average fruit weight was 16
g, which was significantly smaller than the average weight 20 g of non-recirculating
system. In recirculating system, the nitrogen-reduced nutrient program could solve the
problem of flower induction but the nutrient was not sufficient to offer good fruit
production; therefore, the re-induced plants for the production of second bunch of fruits
by recirculating hydroponic system was not applicable. Producing strawberry fruits in

recirculating hydroponic system required more study to avoid nutrient deficiency after

iv

doi:10.6342/NTU201804301



the floral induction problem was solved.

Keyword : strawberry (Fragaria Xananassa Duch.), recirculating system, plant factory,

daughter plant, flowering
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A EW T AEE ¢ B ERSHE T 0 Saitod (2008) #4 T w ¥ % 510 -

(Z;h-

15~20~25% 30°Ce3k 8 © % 135p » S5 115220°C2 4. § 9% v & 513 % »
52 30°C# 128t > | W RFRDEIWERZ PRBEAMTATvERSED &
T % M5~15%2 30°CHEF2P o B A A D AR AILE B F 1950 0 2 L uS°CRE
2P A A 230°CH#1I5p » B 5T R EF AT A15°CL g2 2 3 5°CE # 1)
30°Cehid® oo % B i > @ ¥ 13 B2 424F 530°C2 g2 £ > MU ¥ W IRE{I R 48
R BER G P AR R A FI AR F B ALY ERE LS
R S I & A

4. $Frpr

FUOARERAEY ¢ REYF o4 T ¥ F Festival’ s w11 40~ 80 ~ 120 2

MM@L4ﬁ§%§%ﬁ’&E%%Q%@W$ﬁ@ﬁT’&%ﬁlmmyﬂi
NER T4 28 % 4 % (Cantliffeetal.,2007) ; Cardenas-Navarro % (2006) 7 4p
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FERAT AELRBR DL SARERET b A F ot BlA WL 014,
113212311 824:0> 2%872: 240§ BAFRET 612 A3t p
BEF S04 F 0 AR F v b S 20 50%PF > 2 1S fkenge e £ R A 5 Treder
% (2007) & W s TR A 12 2 24 thElsanta’ ¥ & 0 R4 € 1@ 2 R A
- 4 B I.E/T}'E o A TN HEF o RO T ATV e B 13.8%

MHED YT EFRLIERE LFH I T P - 3F Zefyr’ ~ ‘Jonsok’
‘Senga Sengana’ % ‘Abundance’$#2 3t 1218 2 24°C™ » &2 %[k 10~ 12~ 14~
16 2 24h g2 » S % B 12°Cgefh p & 5 16h 18°Cegeft p & 5 14h > 24°C
SfEh P& E 2h A EAER TSN R P LSRR EA MA L
A BRI R A B A > ARIEAT 12 h P EA BRI H A F 0 i
% BT > ‘Senga Sengana’ % ‘Abundance’ B 7 ¢ Ak dr] 0 12 ‘Zefyr’ 2 ‘Jonsok’ & 12 %
18°Ci k™ ¥ B v Mo ¥ Ep A X FHWLEZ FROF RFISAM
£ (Heide, 1977) © % 14~ 17 ~20 ~ 23 ~ 26 £2 29°C™ 4432 ‘Honeoye’ ¥ # e & B (16
h) #&p (9h) 2 Bl & B T 26°CHFadrd] s 23°CRFiEs mp B iv 0 5
F¥Ep 2 R E B 20°CEp BikinkE p & LApHEn 2 k% F B 17°C
PAEp Ry R R RS AEES I4CRIAE D AL 2 RS
AIPHE P ZKEF R HTEREHTMEED UXF S5 K (Bradford,
2010) -

A ¥ F Rita’$£4353 91521 2 27°CT > #Efe @2 Ep 10h >
MFERT O AEEBTEFREDCER L A AR mD T O 2ICHEIRRE 0 B
# & (Sensteby and Heide, 2007) » Nishiyama ¥? Kanahama (2000) & & p 3| % &
‘SummerBerry’ & if B 76 % > &P % 30/25°CT > 2 11125131415 2 16
h k3 AJE » FR LA [4h 7 REER o
2. FAEE

Klebs (1918) #& Ii{e 4 R p chpt -k it &4 2 § 2 v b g e 4 chic g A it

7
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B M el v € LeqEdr 4 754 K o Yamasaki £ (2000) A w4 MF 223
FREREYRE- B L RETTAE M R R e AFE SR AR
Botd3F ed@iF %811 pFANRTRE  FEBLEOE 6 X Ai7ia P
FERE Vo WM R M g B R TRF O JRY A S
IERET MR FEr hd £ o F R g BV RS chd 552 & > Breen ¥
Martin (1981) " 27 fch§ hAR THHEE A5 F 2 Echi B - 2% W7 4

A TR EEF TR e n H o LB S hy R A g IR 2 RIS
Tengd o

F s s ¢ REBY F Korona’shB v 2> -7 Fam 21 1 ~ 1=
THAFFTEETTEFL 122 3HREHF PRILIT L UEEH T - 85
mgLl'2Z FR i @BE CYFED NG AR F TR AT B P TTTHE
%éiqif?i‘\ta? R g E NI R e F S T I A g B e
R G A TR Tkl AT AR 3 e F g MR
ERRET RO AN A - BEH A VU R F a2 2§ (Sensteby
ctal.,2009)c ¥ ¢t LMBEP FFE B A EEF 200 0 A B EFFF LR 005
102 15 p 3+ NP 2 K'eniE g 2 p > F 120 A % sl g S R e - &

SR AT AR 10 2 15 pw R e A e HRIRFS R EA
it pEZE L g Wik B4 £ (Yamasaki and Yano, 2008) °
(C) BEXEEF ~ ] qFS

%9 et SR LA (S S SRAC SN Y

R
=0 ¢ % «h< ] (Nitsch, 1950) ;
M RREFTCARSOA LSRR E
K% 232 4559 EFL08 5% 1 %%990%35%% 55%% 25%3% 40%

ok P B R T

A
B
E
o
Rg
W

(Valleau, 1918); H 7= ¢ " F $ 32 8 & c0'% i/ H4eo> § P RE 5 16/11°CPF> ‘8 4
(‘Toyonoka’) % ‘%4’ (‘Nyoho’) ¥ ¥ it &2 4 & % % (& »1998) ¥ ¢t » 3 ",fi‘iv
122557 U4 T35 > L2 R BAE A FpFd Kfaa 13 % 2%%0
#ER AT E 2 %42 F (Khanizadeh et al., 1993) o

SR EE P TIF R % > Rindom ¥2 Hansen (1995) #f‘Dania’ % & 4 4
%% 1+4~9 % 20mmolL' eng o\ FFER L L o i £ A4 S iR

8
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I~ oY FLAFLERR

SRS REYEOFL TEMI 1934 & 0 S D p AR B RN
g AE o 2 F Ao EFFEALEE 1940 &£ R Rk 1EE B (‘Marshall”) 2
GEILME 0 Bdpt ) RTS8 L F A8 10 (‘Aliso’) 0 F pRenE E
SAeI e H AR 1982 ERAEAG 0 ST ELRd 1 EAES R
FARER SR PF - FUREJEP A ZERTET A K (3019935 F >2005)-
1R M 2017 & AT 2 BT F SRR G M 5 50033 205 0 v R R
744993 F > A PRERE S > fi s 37474 2E > B AR A ?
TS (ARl 6 0 BHHRE TR

ST ESLBAREALAF > PE A 10753 135h R L E PR 30
333°C %iE 253 26°C> * P E 163 20°C~ i 11 2 16°C o A _%F 53+ 9 &
TAZI0Y P A EE S HFEFE FHRIE203 30 24 0 50 ok R A Y > T
ﬁ#ﬂ%?%ﬁ%iﬁuﬂiﬁi%’%ﬁ*gps&ﬁﬂﬁﬁi§$%%&ﬁ
TR LY ] BIERIE R EEE ERGC A BLHEFL AL £ T
FETANM S RFAPQE 2 "B FEFIRELY S GV HER3IZI 4P
(% 52005 & »2009; ;£ >2013) -

e B FiLp8%F 7165 (bacteriawilt)~ & (Anthacnose)
3 & (Fusarium wilt) ~ #5748 (leaf nematode) % = ZLE L% (two-spotted spider
mite) ¥ > B HBRHLETEREFTEOLRBET > RBHD EFA - Eu
£ TGN Eﬁﬁ;,g¢3ﬁ+?ﬁ@¢~&%i%%i&ﬁﬁ’éfiﬁ
BESR FARBERIGEDOREF AR RER AT FERE R i
B S FErr- o ﬁﬁ@mixwum399%i109%iﬁﬁﬁfﬁ
HFAE 25% ARAFRIF T ORRIP-To 5 F HrEFThpT §L
HE B (2408 020045 487 % 0 2013)

HLEEA ERITERIO FEIF S R EME 0 B2 IR IR
EF1he - TREBATZRFIR > BT BHRF 2 KPP LRBENT LA

FARMEARBA T AR EEE T B RA JRERE T mfﬁi%
9
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5.
14#\7}“:3“‘:,&6"4%%:% &6"’*%%%%‘»% BEBERLZ2 T2 RA5 - %

PEREF LT AR BT A RRB IR ERGCLADTIRE F 2 Ky
v R e FAASF O OREZEBAVH AR IREEIEERAY F
AP R EE T E S (M 2016) ¢
IR R 2

£ 4 $3 (soilless culture) 7 72 M A3Ed H B FHEFLI LR AFHIES,

Wmend A58 2 A e 2457 (vermiculite)~ % 3k & (perlite) ~ # 4 (rockwool)
2k jRE (peatmoss) > T E F RAcEg (N)~ & (P)~ 47 (K)~ 45 (Ca)- 4%
(Mg)% 7 (S) RI@ et kv chfi sz 8 o B2 £02 % 5 TR BB S * > T
AERI I XiG # 4 B TFREE AT HF THELE CHCaRAES
2RSSR A AR S ARE (B 0 1991) ©
(-) &2 452 a0
& 4 ;\‘y*n;yii\, - ’?ﬁ‘q%ﬂlﬂ/#v &AL FHAA ;.fri\;iga ZEH A4 %ﬁi‘i—g
FAHAFTERLEFRT AL AFT L F* A e gRERF AT BRE
#i 2 zf%&;-é::a;;,,_r]ﬂ NERE2Z EFRNEERTRTF ARETLZRY R
BEBEN2ZER S EFT AL FH kY (deep flow technique, DFT) 2 & -k 5% & fi %

i & (nutrient film technique, NFT) » % ¥ £33 i p £ & 281 1Sem 2 7 »
BEERAARAL 1IN RIPIAERBWTF Y F AR F § oA
54 (mistspray) = TPER-R R U G E I ES R

WTE R 0 TR K A S RS (recirculation system; closed system) % Z:{E Tk

F3 (B 0 1991) o % B & e £

;% 5L (non-circulation system; open system) » "F*f % ek R EA LT A K pH
B R ARERTIIF AP o TR R ERR Y R R B AR
TEATI O B R0 RS A 22k B g T 10%3 50%% -k & (Nederhoff
and Stanghellinin, 2010) °

TR kA A - LA § A AR AT AL (Bhretetal , 2001) 0 F
FRAF RREAT G KRG B LR R o T fin s R
EEEZHAPIE AR G PR e TRy 2 £ L 4 L

10
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7 pe 7 37 Bk (benzoicacid)~ JL3afé (succinicacid) fre = & (adipicacid) ¥ -
BY FOREIFNTFNLI L FXAFFAE DT P0G LR
(electrodegradation) ~ i *e i a8 £2 ZpiBRpE G E AL R RO
(Asaoetal., 2008 ; Kitazawa et al., 2005 ; Steinkellner et al., 2008 ; Waechter-Kristensen
etal., 1999); ¥ *F &% P B3 e S R ITH fEgE R E B IEE A R F
RZTREARY LR ARR R A LA CHRRFRP P T R
MIME A LN A T AR FI R R IETRS K TR H A L0t
() k#rE

BERIGVKRT i RpAE R p kR RE > REERE2Z KRG T
ROkRER AL AR RARFRARLE (CI) 24 (Na') kR > ¥ Na kR F
*+500 ppmp¥ > K~ Ca? 22 Mg s § % Fldrd] > & Clejk & ° & 7 426100 ppm

\

e

N

FH

AR F R % > ¥k A A B GrRRpHE F < 207.5 0 & N4k £ Fe s Mg
BPiA 2R ¥ AT R B R A R (B 0 1991 5 L > 2009) o

Fel RIEPF AT P TR IR Y TR 2Bk AR EREF R 50
Bk &R hfief PFITK O ERB R ADA ZAR CBR AR BERE L AH T
FAEBRITRZ S PV RE R - AR o BRRATE L AAH L saT
T2 B FVERENE- 2% (3 0 1991) -

o RRERETEREMEM T 0 d ECEMR I 0k ik oy 4ok in
gzt uigd: A% R g kR AR IGpHE L 43553658 5 &0 iF

MEE SN P K&Cak A2 fc? 2+ B A N5142Fe-Mn-BE A 344 » ¥ *
WAFERRPHEZ Y £4 ¢ 7 (HaSO4) ~ Bt (HsPO4) ~ & § 140 (NaOH) % &
§ it 47 (KOH) % (% - 1991 ; & » 2009) °

(-) 91 R EA

B IRULRFEFAEST ST 50 A% e PN LA T 53 gk B R
BRESZF CPRER CBARERBEFEE  2ZZTESEFNU OV pBRYLE
ek B (i 2007) o

11
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(=) a4 2 s B¢

B efede 1 g IV IR 1957 # > d & & Christensen R 3-# * £ 1 kiR2 Ak
FHCT AR L O E R R RS TR RN kS G R
B VAL SR A4 1 B o B2 4] Rusuna = @ & 1960 & i =7 -
30m PR IPEF o FZWIA LR S Ep AN & ES L R o 2 B General
Electric % 1960 # A B4 7 = 2 F1AESFL L B R T ER * L 1 R hafid 1
B 3o d 5 BEag ¥ 28 General Foods ~ General Mills #2 Phytopharm
NP AP o R FEZE SR T 21990 £ R BB o p A
B el I PR A 1980 F A s AR A IR AR AR
GRS APAFT- BRI 2P AR 3 R A E_1983 £ 2 2 0 F P E R4
BmivL kR4 ARE (B 2007)
(=) £+ 1 R 3l

b1 R I BN T AL AR A s @R L1 kR 2y
FAIZ AT RRZE SHBREE* A4a 1 B (8 01991 iE02007)c fed x4 & %
Sv A 5 B d] (open) ~ E 3B Al (semi-closed) % # B 4] (closed) o v B & # £

B B ko BRI RERFAE X HPAREPE BRI 1 R0
B RBBHNF I TSR AR XBRERE BF A4 1 KA 1 R

AR RBRBIEA > FPAREF G EEE (5 &0 201D .
THERAEF IR AERIFLILE R A- SR IRIE 3
BRNEPHCBESRG LR REER WAL ¥ AEFN
FE RRFAEPRL 2T R ABERAAES I R X IAGEE RS

EAFZ Y EN Y Tq £ (% 01991 BiE2007)

= ﬁﬂﬁﬁ%l&%%ﬁﬁué%fm%ﬁﬁﬁ’ﬂmfwwiﬂﬁﬂ%%ﬁ
TR IUATRREE FLT R AL R T R RE

CEBERECCOER CBEZ KPR ZZEAAF O ERKRI I E ST Y
AT RBFORREEREEIFE LD LB ORI FERT AL THE T MR
hith » IRZAFE CRFEATHFIEF (F 0 19915 5 i 2007) -

AL KIRE ABREFEFIRTAY AR ERES R T B IBR G

SHBRTELASTRERDR R AL FRERERF ARG R A I KRR
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ROt 2 AR L RE T 0 2 R RGBSR R TIRE 2 it
Fei BRI 1 Rur 0 B ARG £ GRP LE AR (301990 -

13
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- N RERP BEUR
(—) fE4 1 At

PR BRI AFT AL ERYEF IR A Bl 2 B2 3 0 A3 FiEfT
Ay RAER Bl 2 B2 R TAERR-ZF VLT 4ABRE FERE
132 AKERE FARART AREEOLET > £ 2L 110em -~ F 50
cm~ % 8cm 2 2 ¢ ¥R E > BB FRES 400 A1 KRR AL R AL 25cm
Feeo A3 % 2. % ¥ % Philips TL5 28W/865 6500K » & 28 + 5 "% k55 R jE T 5 2
IR F2Z LR L 360 2 160 umolm™sT - Bl £ B2 2 %4 5 Wellypower T5 FH
28W/B656500K > “EF F e s kB o B E P RERBREET S OL T HERF
2 %R 5 320 3 160 umolm™s' e A3~B1 2 B2 3 ¥t 2 oA NS F
T 0 A3 ¥ 0 i RXS0JVLT (Daikin, Japan) » Bl 22 B2 % & CU-K50CA2
(Panasonic, Japan) °

A3 Bl 3% EmRS f e FR% LRk E TR - B 1200 2 iRt
R AAPEFE G OOL &% > 5 B £33 AR #4F 30L 2 %% > 1% BEoR: 8 E %
Hird R A EET AR OFNDRRAIEF-RE FILL RN F G
- AR AR #02 HpSO4 2 NaOH A pH £ 3 6.5 {2 2pR ik k2
WG fm 2o B2 3 RIEEEIR e FEk 0 B 2 {1 AR AT
%R EHE-PH EAFI 65 {#HERDEFHRH L- IR B RRFFALIZ
25 L z ¥ o

}J

(=)Ez
Bl 3 i Wi Fe a3 B R F - %h 52 3 BEE
Beoo SR REEARRRE A ELEA Y2 £E L 263 19 umolm?s! e

o~ &R

P & Fli#&™ (Enshi) (Kitazawa et al., 2005) & % (2013) & J1 53§ & 22957k
GREESR 2 o R (2016) 2 JER S & A48 % 0 2 % Enshi & g ep
fe™ > #-F ERD B 29%T % X 10%FipadE R R 0 55 Ni2owSoow o # F 2 file ™ B
27 Enshi %2 F5 A# > 3§ 783 75%% 50% F jff e 249 EkR TR

14
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Enshi % j% > 54% > gk & B2 Enshi /% % 4 3 & > #£2 5 Modified EN-75 %
Modified EN-50 (F > 2016) » 12 © f§ # N7sw % Nsoo o 4 N7sou 2 Nsoo, 2 A # s 18—
W ' MgSO4 k& T 60% > F-2 & N75uSeo%® NsowSeows o 11 T & & e 2 3+ Jk
B
(=) Enshi :
N :40.62mg-L!' (NH4-N : NO3-N=8:92)~ P : 6.96 mg-L"! ~
K :52.08mgL'-Ca:2687mgL!'Mg:822mgL!~S:1091 mgL"'-~
Fe: 126 mg-L'~B:0.09mgL'~Mn: 01l mgL"'-~
Cu:2.12 pgL''~Zn:833 pg'L!'~Mo: 132 pgL!e
(=) Ni29%So0% -
N :5229mg-L! (NHs-N : NO3-N=17 : 83)~ P : 6.96 mg-L! ~
K :52.08mgL!'~Ca:2687mgL!' Mg:740mgL'~S:9.82mgL"!-
Fe: 126 mg-L!'~B:0.09mgL'~Mn: 011 mgL"'-
Cu:212 pg'L''~Zn:833 pgL!'~Mo: 132 pgL!-
(2) Nyso, -
N : 3046 mg-L' (NHs&-N : NO3-N=1:3)~P:21.26 mg-L"'~
K :23.94mgL'~Ca:2588mgL!' Mg:822mgL'~S:1091 mgL'-~
Fe: 1.26 mg:'L'~B:0.09mgL'~Mn:0.11mgL!~CI:894mgL"'-
Cu:212 pg'L''~Zn: 833 pgL!'~Mo: 132 pgL'!-
(=) Nsoo -
N 2030 mg- L' (NH4&-N : NO3-N=1:3)~P:21.29 mg-L"'~
K :2393mg L' Ca:2738mgL!~Mg:822mgL!~S:1091 mgL"'-
Fe: 126 mg-L!'~B:0.09mgL'~Mn: 011 mgL'~CI:20.92mgL"'-~
Cu:2.12 pg'L''~Zn:833 pg'L!'~Mo: 132 pgL!o
(2 ) N7s% Se0% -
N :30.46 mg- L' (NHs-N : NOs-N=1:3)~P:21.26 mg'L"'~
K:2394mgL'-Ca:2588mgL'~Mg:493mgL'~S:657mgL!-
Fe: 126 mg-L!'~B:0.09mg L' Mn:01l mgL'~Cl:894mgL"'-
Cu:212 pgL''~Zn: 833 pg'L!'~Mo: 132 pgL!o

15
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() Ns0%Se0%
N :20.30 mg-L"' (NHs-N : NO3-N=1:3)+P: 21.29 mg-L" »
K :23.93mgL'~Ca:2738mg L' Mg:493mgL'~S:657mgL"-
Fe: 126 mg- L' ~B:0.09mg-L!~Mn:0.11 mg-L"!~Cl:20.92mg-L"~
Cu:212 pgL''~Zn:833 pg'L!'~Mo: 132 pgL!o

ERR N R iR
BEHAL L P F - 5 k4w X F (Fragaria Xananassa Duch. cv. ‘Taoyuan
No. 1’ ~ “Changbin’) » XS5 1k % 5 4 1 i ss 2 2 o> H B ik 5 E 5
AEFIEF - FPEBEZ IR EREaE R BRIIND o 232 k45 ehRl
P FHEREI  PEA ol A AR E (2014) 2 2t E
BAAR c MR A AEET Y P EBRAREFRFALAL F 2F AT
X &RF3IPERRM LD A0L £ EHEB 5 24/19°C~ ki 16h- 8 * 2 %

% fe> & Enshi &% -

T~ RS L
() AERBRSRARAREEF ERHEA T 02 222506

AR PP - FUIT L SRS RS FN 8 092 A B 0 Rk
N AR HATY A AL B #%A 2017 &2 3pBT T3
Pl FHRPFLFHPR L 16 h~ p &F 24/19°C > 1 2 HOBO (UA-002-64,
Onset Hobo, USA) & &r@sk 2 kg R BB R %™ (B 1)

RS 5 v Ni2owSoon Enshi £ 2 23 T w2 L8 > F%x 3 €4 &

EHL- LR FEL T ABRAT AR - AT AR TE L RBAEZY TS R
l}‘?;?;}»r’j'_ﬁfi Tk F A w5y, 77 .El;lﬁpif“#"_l—’é;ﬁjg 11 B+52

X 2emeF R > MAREA 5 F IR o AiF- HME - iEw bW 4

2. F R ERS R FH ZANFE TSR 47 (Smithers - Oasis, USA) + » 3 x fr¥ f + 3F

F2FRoXUNPE A FRALE T 2BI R TE2HE 4§25

e BFRAATLPAE FTFRIRIVF R BAERREF L2450

FRFRAGHFRAGEETT R LS9 O AEHRRFEEZS 1 7R (528
16
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) EEFA2E

E%kAip2 BEC B A4 A KIERE OL B R > F%%%2 pH &
AL 65 % BECEA075dS m!pF» @A -k > F2 Rl L&k » 25 8
FLHE-

RHRBREIFALTIFT AR 2 E " B A TR Eo FEEATEREZ
SPAD £ > A & R Ae® fUF £ > T EX LR L FAa 7T 3 K o 5 B fep
WBF TS RIS R o AFH I HRLE - i
BADGEE Vi F A B - 45 3 fhilice B84 R4 L 42 ECpH
mx kg T AR R REF AR (IA-300, DKK-TOA Corporation, Japan,
Cationic column : PCI-2051, Anion column : PCI-322) 445 %% © 3+ kA& o

WIPERZFIREIENREFIEFETL LTRGBS Rt SR
W35 2T O ER IR LA E o H 3 M I FR T p A B L 2017 & 4
T 4% 5p2017# 40 173 18p %2 2017 & 5% 150 > 7 HOBO (UA-001-64,
Onset Hobo, USA) %42k AR AR (4B 2) £ AFLm+ 2 (B> o
A) SRAP3IE (s AF4E SF) M2 1RESCRANFTIRAEAM RS RAF
FHERE RHRPTHFIE I E- SRR AR Ak FHRE SR TR Bl

)

% o

‘6—,'\"1’}6]92_&&1%? {fg]93ipgﬁﬁ%&j
(Z) AN AP 4 A2 70

I,

1. Enshi &2t Fl- 52 L 3 FH Lo B

AESRR PR - PR R RITLRERSE BRI ERE OB 2 A 5w
FEASBTETAEE RN ETIRZLALAL BRBEBFEF A E AW T
FEDEEFETH T FLHMEED CBHRRRIYRLEZERE P ERT
TFAER 2017 E 27 20 p 3 B4 HIERE TLLRE 13 h~ p g 22/17°C »
w2017 E 40 17p 2ATTHE L RIBRBE X TAK L RE16h P %IE 24/19°Ce
EREREIABLREE FBLBEEL I 3IALRA NIELBRLLE
o2 F 6L FKETF 43 6tkiEtho M Enshi 2 173 Bk AR & A2
AR GERN 0L =3 > T &2 pHEDED 65 %2017 £4 % 17 p
BATNTHERFLHEAR o d 30T A F 0 R 2017 267 12 p K%
koo F%P T HOBO edrf B 2 L R ¥ (HR 3) -

,:ijk
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BEHF LS F D AR 3T F i A SRR Ea BB AR s ig X
P AEHT R s R T LI AP R AR A RIFAE RS T VAP
2. Enshi F§ A\ &> Em o7 » it mp g

FRHERAER MR AR AT R RS FALEDEN TS
F2EFETRTODUERR AT IHRE BRBEF Bt i A A
AETTAEDZ ST T AED P 2017117 8p 22018 & 17 10
P %R FTHRNEEI20I8 E3 7 24 prt SR HERE] R BHRYT
W HOBO 4B R % £ A% (‘4R 4) -

FE TR ERAILA 5 NoswtNsow® NosytNosy 0 3 4 dnde » g% § 5
N7so, > 218 % A8 L enR R Pl A 5 Noswev Nsoy, > =+ 3F 8% %47 L 3 B4 90 L
R o X pH EAKT 6.5 RN £ 2018 #2177 p 2 2018 # 2
P24 0p (o {HPFIOH AN FEL{HEAERE ?bﬁlﬁﬁa Sup] E_# * Enshi %
e o B2 M- AR (M RERANET pH6S B 30L&
£ ORI LSL2 Enshi R F BRRARILYF 3E4H > - BRG]
TAF 0 F BB AETF SHRIEHK

WERBFLLEAFEIDATF AR E VB A TR Er A RATEREZ
SPAD £ > A G RApsfU X E > CEXTHRFLERT LI AF - kHETTT R
PHE TR AFIBEAF I AR LZBEAMRE T EBREIT S AT

)

Fgnd 3% (7)) Mo B SRSE ERE A b N g R 30 P B enda B
P o R F AR 2EI BRI Dl AT AR ERP D LR BREAP
NAEHZ FEHD NI LA RATRRA AT SR TER T R A
Ris 4P 2 ECEZ pH E% 1
C) PFEEBRETEFLALPE

MCEAR L SRSV RALI T AR R TSR L ERTET A RS %
FHE T2 AR ’ﬁji%ﬁﬁaé’%ﬁ 162 4 % v fgﬂﬁl = 2% (Enshi & ¥

TR AR R PENL I BFEOREER FRE3EH - BERA

i li?ﬁ’jfﬁi\‘i%}%-?—"ﬁ 5 RfEtk o

RERBERIEE AR T HESp 2018 F4 7 10 p & 2018 # 6 7 12
PR @vHRED T 2018 # 82 28 pary R R HFEILR LA pd o BRI
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™ HOBO ieéB B 2 kg R % (4B 5) -

Rt B G R AT AR LR B RS AT A S Z B ¥ -
FREL G kB 402 2018 # 6 7 12 p w7 A EH S & A adLA7 454 > N75oSe0%

HisF 3% A NsowSeo% s % = FEERIAF T A F SR I a2y - & 0K 21k
B g (%% @5 340 Enshi o AP end @i 3oMe R IC /R 2 7 g F o
FI A 2wt 3 LB R ER R TR ORI R T LR AR T R
% { # X Enshi-> A~z a2 { A RMEF L2018 %67 26 P » £ 3 EAJ2
22018 & 7% 17 p » 2 {8 P& 3F 4 7L Ni20%Soo% ©

WHRBAE IR AR BT D N k0 L AE%k 2 EC 2
pH ER & { HSHARREF 3 pRIE- X o

T - ALAEP
() ¥%22&£0 2
1. #E9&

MR 2BEROES SR ST ERGR R ORR ERP £ 0y FHUF
ERhfE PR3 - RFEECOE S RTIZEMIE S

SRR BRI R R AL AT e 2 S R
FHEPREBFAE -
3. E#f
PP EFRFP LA ALFORFE RIZE Y0 ko PRI Imagel
(USA) A 478 E o ff » i FRfF A4 > P ll- 38 K45 o v iFa s
Yo (B 6 % B T)
‘“FeF- 5L 1 LA=2.0229 L'
‘“Efm° 1 LA=2.1727 L1363
LA: £ f# (cm?)
L:ER? iR (cm)
4. E® A3 & (SPAD &)
% %3 (SPAD-502, Spectrum Technologies, Plainfield, IL, USA) #| & & i¥
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BATERE2Z F¥ 25 £ P EEPR T REBRTH
5. =Lk
5 = (TN-008M,Mitutoyo, Japan) | £ #ﬁ“,’f%ﬁfé % A de B oo
(z) 272 EH A
1. FRASFEFERCP Y
RHEPFEIALE VT AR ik ¥ LA SRR S R e
SEREOBRRETEG ERTFESDOCAEA S B TP R RL B -
TR rBEE2pEITL AR

N

*:n
i
[
|l

EABEFTOREKPPZELEE P EF RS FTRAEZVH L EF S

B (>10g) -
(2) &R ~F AT

RE{ATEAAET S ERES FEFLRTIE AR Lt
FIIM2_ %% o & E 4°Ckda > &R~ 175 LB ig* (MF-Millipore MCE
membrane 0.22 um, Merck, Germany) iEijg %% > M2 8 (3 Wy X FF R T I A
kAT s (K4S (Ca®h)~ 4243 (Mg~ 4843 (NH4) ~ ik
12 (NO3) ~ #rftte (SO4%) % % &3+ (Cl) ER °

Ly

P RS R 283K (complete randomized design, CRD) » 5 & i 2
pF 2 Student’s ttest (B &) & {7 4 17 (Excel 2016, Microsoft, USA) » & B 12} g2
pF4]* COSTAT 6.4 (Cohort, USA) £i7% > » 17 (ANOVA) Z& | ¥ L B ~ 47
(least significant difference, LSD) » W # & 2 FF 2 F EBEE £ 8 (P <0.05) > ™
Sigma plot 10.0 it {7 5 @] °
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BRI FRRE A 20 P YT 6 = 0 FHRECP Rt E Pl A G BT FREcP
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Bep ERFALRE T NoguSoun ik AFRFHREPREFRS? (£ 1) ¥
Ni29%Soo % it i d2 2t th 2 SPAD & 7 # % crdf%t > ¥ % 8 1417 Fpr B B ATE
2. SPAD @A ¥ F (B 4) - R >R E P e Eo FRT Y
A3 > Nio%So0% Enshi /22 o ff o B % S E 2 FFRLT% > % 8-9
Fie o TRRPLATE A L2 E o NiowSoow & it + 2 AR Rt
161 AR H AL S R % A 6300 om? 2% 0 P
FsrE P BB L2335 (B5% B
(=) BRAHT

AEHE S AT IR ) AT ITEIUES 6 F B4 HisF R 2 &

3FHFR-F 0 ZIFTERATTAAFERY PI AR E > L F 81 16 &
%R 7445 © Ni29%Soo%? Enshi % iz 4~4> EC &4 % 5 0.68 £ 0.61 dS'm™ » &
Fed2 i EC 8 W # 0 F 2 > NiowSoouen b 2 i RfiP-> f Ry £ 84 5§
Ni2owSoos & % e d 11 22 13 FPEF WA Lk > 22 F3F EC B4&HT% (£ 2 2 H
7)o & pH E g2 > 12 Enshi &% id > 4 v &% %2 pH § %689 1 7.28
22U R NioowSoow® i e H &% fe 13p pHEG T2 3.7 TR anfifAe 3 %
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T SOSHEE A A NiowSoow & k2 #t+ 3 £ % kB %122 Enshi 4piT > fe
Mg® ¥ SO ent L4 s T4 > 227 NOyZ B2 ER AFRS (B9 2 H
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(Z) 32 £

1 RN A SR P R - e g AL SO E RS
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§ 4SO 2F A TR AR BREREFg G LR ege
PRSI 2 LERESPEEF 1 I PP RBEF 2343 3527 > %25
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EHFAR (F 4 A Pa 3P F REFECFFOE P o B RERARES CFRE
&i&iiiﬁaﬁ@ﬁ’ﬁﬂﬁﬁ%iﬁﬁ&ﬁﬁﬁ&%w’ikﬁ%%x?
ST ehi ] F P R F IR £ A B4 B P BB I ROERF T

BAR R FIEERT O FHREEHNE P RAPET A S (&5 a FR 255 1
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T2 5 12 FHRTSER2E (X558 1) o
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Bh (3 68F12) $pp > H I RIELEARE Y RD DR ¥F R0
FAPR > P NigowSoow® ik &I 5 i >N d 1 B p ’;M“ﬁ 2.3 FRFH A dn
BHcS o RIS W RS A Pl SRt R E P EREER L (F e

B S Y S
(— ) Enshi % & 43+ Fl- 508 & 5" T 5 B = F

"k Enshi &7 s AR R EF SEPF - 5UE AR & 8 FHEED
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N7soitNsoss ~ NysoitNosy 2 2507k 5 30323 7 L At S0 8] 5 40% ~ 13.33%2
66.67% > S0%IEtkE ¥ LA B AJT A B 5 91022 83F > B BT L TEAR L K
A s 5 100% ~ 93.33%%  100% © NysoitNsow 22 25 0 7k & Sz 155 25 & 2 A8 % 4p 15
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N7so+Nsoo ~ N7sostNoso 2 2L 957k % A a2 B4 o ff 4 B 5 6243 ~ 573.6 &2
6442 cm? » NosotNsoy 2 2057k 5 so2 £ ff 757 A H D § % i chdbd
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ZEGHES 23 4FEHFLE 8 168> = AJ22 E£a f %% (F
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i#2042g > @ N7sytNsow® NiswtNrsy, T 39% € &5 1626 2 16.22g > ¥ » 2445
BAAT R RF 2 GlAE 9583% (2 10)c % F AR UAEE L A
N7s9stNso% =% 2. N7soetNrsoode 2 0 2L 5T 50 ka2 22 30g 2 % F B A & 17.36%
59T dZ P BB 0 NiysotNysy, =t 2 > @ NysytNsown 4 2.9% (% 11) ©
2. RiRAAT

AFH LA RDFEF LS 13 2 155 % % 155 (#4727
N7sotN7so & iR i > R #7570 O0L > B2 EFHE%K > we2bB 40 (#9773
PR E R RS N AR TP L AFER RpH E > 5 &
R HEPHIED - XL TR I8P & F I35 I55FAEBFRRAIT &
BT A% 4% (% 03 % 43%) chEC 2 pH %1+ » 24 ViIﬁ,J B 23 g
- AR FP LAY 2P EC w4 0.59dS m! 22 EC B SR
TR fe 2LOETR kST FE b (B 23) 5 2Lk k2 pH
FHEIA DL HEART T E 7445 NosytNsow ® NosoetNoso, 5 3% & 7% & SLpH &
Bibqpino A{HERETPIMpHT 1 534 2% 23 > pH @2+ 2 »
B3 95 pHT.06(R24)c » 7 FEH 2 5FF 758 ($ 033 % 131%) 2
AR AR em S 2 JF 7 E 2 RAR ™ > NosutNsow®  NisytNoso, & iR 325 2
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i s
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T SITISRT R A B L FEREPK AN AT 62 SHENFERE
NH/ 2 NOy s A sl 1 2 5430 % 28 A EmCa¥ T a il FE
1 CaZ E BT 0 A EJE Mg H T 5 SO R A A (B 37~ B 38~ B39 %
®l 40) -

FLMEZTRETY > TELTTAERAIN Y- AR LYT > 3 ILpF
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)4 W) 5 8:92 22 17:83 » @ Niso ~ Nsow ~ N7suSe0% % NsonSeo%2- NHa /NO3'+ 6]

28

doi:10.6342/NTU201804301



LB RBATT R RS ER ONHS R AL A RSB 2 f b

FpPHERE A BWHENHS SRR 5 A AP pH E# 7% > FNHy

Z 1R pH %1 € b4 % > @ NHy/NOs - b 4 e Enshi & 2 it f ik 4~ 8)

T opHE (B8 W24 B 28 2 B 38) ¥ eb» H1uH - NOs i § ik

i pH &4 5 F 22485 (L2009 280 5 NHa A2 218> VAL 5 %07
¢ 4 NOz » ]t pH @yt = (B8~ Bl 24~ F 28 2 §] 38) -

B AT REZHEREP2 St kR PRI AR pH EH L€ 2 PO
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Ni120%S00% % % 2. NHs"/NO3 A %] 5 8:92 ¥2 17:83 » NHy erwt 5| % 2 B » F|pt 4 £ X
BASPH  ARRIRIZAFEI R CEoHFE I BRERRFE YR (Z5F
SE2B6) mEFALAR > FF A T HJcFhiks SPAD BB AU T A
¥A432 (M2 -W32ME4-

RN R R RG] o G E-da T F 3 R X FRAES I R e
FEdp gy FIF R OF G F P2 - A Tt R T

\*‘“

e BB U (R34 4% % 5)
FHRAPR R ERFE i 2 Lo FF R AE A ipd kT F R 2
Fo BB 3T EI00% B AaF R TT U e ke 0 H 3 4k

FEFEF 5% Pl A LR FEE - FE 2 RE R (Trederetal,2007)>
T4, AFRIKLIEFIINERZTRREOEL D JRR - MPF3F 37 % 2% (Lieten,
1998) » 32 F HRAIAARHF F 3L o AFHRBF DAL 7 ZARFIRE AFR

30

doi:10.6342/NTU201804301



GFHO RIREAFRIONES A A 2 (B 12) LR AT IEE
W14k~ (% 6) £ Treder (2007) %2775 &% 4p i o

& BLCAK | hF FREEA BRARIT - % 3 7 > Tanaka & (2004) #-F & & & 2L
PN R AR PR R T DS BT B e R R 2 4
T ILAZHE 92% 0 ABRBEE D B F PRIV kAR e d p RS HRPIA AT
A REEALTROE PO PRSP HE L LB PR 0 A

A

Tk

R R

X3 REEFAR T 3 1S NiowSoow i & #icg v B Y Enshi Hag %t > daip
R NiowSow R i T i BRI £ A2 i & &
25 (27

OB RE NS FIGE LR ERL R AEHRE TR KR
FooFRirEE (B 12]-0); FIt - 2R F L R RIS T B I LR RKF D

<

B3 S H RS R R

’

- AT kSRR A A2

7 Enshi &2 T RS SATETAE -2 AP EC GE 22 8 MEE
PAEFEE TR F -V R IR LS L2 A8 A REENTTRN Y
2 12% (B 13)  se A RB T T FH R R T G AP TR AL LR B

45§20 OB R P R BT ARG & AT 0 R (2016) 11 Enshi & ip 2 2LiETR
ot s B ﬁé At EhE BB IR TR A T e R O ECRE] - B R
AOREl- B R E Sl AT SE R 2 ERAH TR E AR 0 Ak
e BLENshi & £33 T P Fl- 5U B R R A TR M A

Bl A B 5 91.7%% 56.1% (M » 2016) » @ AFTF £ * (F > 2016) 22 2 ¥ % 4 &
BRI BRFEIATIEFT LAY > 25 8 AWV RBITABEmF » 2yt
B8R HE TEWX B P READNIELEPRE o ErEY R4 L

Hodox g Fl- 30 SpE (B 14 2 B 16) -

TAE PR E RS § s PR L RS A
MRV TS S R AT 3§ g T g PR T AR iK% F A £ (Lineberry,
1944) > @2 EpFfrg g i #F v 3 L~ A LBYE o FROF IV UEETER

31

doi:10.6342/NTU201804301



% H < %9 A€ (Breenand Martin, 1981) » e {54~ e§ 5v 7 K& FlkB & 4 £ R

B Boo Tt > M EREIUEBLHERIR > BRIABRIAT UAHAFEL
WEEEN2 AL L 0 A H G NosotNsow -7 4 (4 AR5 & 2L Tk 3502 (B 18) - 7
WRF AREB TR L A H I AR ORFELATS B HARYD
FREEFELET B0 AR? N2 KUERIES (B 25 2 B 26) 0 FRied 5
APE S EAEHEEFF LAY 9T 13 %7 RedgS (B 19 B 20 2 B/
21) » ok chAS L S pLPEEE 4 0 R F h o] L% il B4 (Nitsch, 1950) -

.

%‘%‘ﬁ%ié%?’sﬁ‘?l Ve Flze - o § a i Sjahk FhaF o B R

P CPREIESFEIEAFH O FHLIFEY R R ERE AL B
ERHEELT EE L cd S EFHA RS PBRT > E BN L B R
FACERZ EIEEE E LA L€ S ATE MR (Britto and Kronzucker, 2008 ;

Taiz and Zeiger, 2010 ; Ullio, 2010) » A 3&5% & & % W~ F 45 L il o v 13 B {7
Tl k5o NysortNoso e R s P e~ A 5 82 £ o ## 3 % H 8% > NosutNsow
2RI R F1 5 NrsotNoyso § o ribde 3 - 22 L pLf > e @2 %2 {#5 K
FHRE 0 R TR R R -

R R THERIRY PP A EEIRTCTAEDE (B 25 2 B 29)
N7so,+Nsove 77 NO3™H I Aidsk ﬁf\éﬁijﬁ;i}i}& L - £g NOg2 F% CE:
b N7sutNosodd o> § 2 % > NosytNsow % F A Z B > A A F RE~ » H
EC Een™ 1 54 1t NysotNosobe o § R R § BB EF x| > R * §

TURETFESFET R4k F LB (Nestby, 2008) o & 59 KR it 3 4 42
FEFAE BT EZCE T RAMEE T -5 F ehs 3iE ¥ (Ganeshamurthy, 2011)»
ik PleE XX EEF EZ2HE I P42 b vk (Ulrichetal., 1980) » N7so;+Nso, 7= &

o

NIE BRI kST TR R RS > A A R R E TR RA
Enshi %/%2 § */he 7 KNOs ~ Ca(NO3); 2 NH4H,PO4 > F|p 33 5 § kB B
s g BB AT kR T > Nsow2 Nysyfie > f MR FER KK
Bos vt Enshi ™ 54% ~ kR %5 A3 B ARFEF R 2 CaTkR LY
Enshi &% 4pf » 12 CaCly iT5 Catho % ¥fpdr @ p o2 » 2L L0F% gk B f3%
IR 2 F 8 e o 45 B (Taizand Zeiger, 2010) > 245 d» & & ¥ F & ¥ > i
)ii?}?f%"%f Tig > EC BB L Vo B A oy YRS Jfﬁ 45 35 % CaCly g

32

doi:10.6342/NTU201804301



R LR R pE s e e fE O R ahed (Richhariaetal., 1997) 0 i e 4 fAaE 2
PR AT i B S ¢ Clenmt £ 1 - Enshi 2 4+ 27 5 Clo i 5ip %
k2 Clz 85013 1.0mg-LY(s#%p k-k2@) @ ~35%PF ClER 5 1853
mg-L?t (B 26) - ¥ % Selva’% ‘Camarosa’» %4432 & ClJE A& 0~ 213 2 318 mg-L*
2_ Hoagland-Arnon %% » 213 mg-LY o2z ¥4 B3 R - A - S FHAEZ B ¥ %
258 B 0mgLtAIT 318mg- LT AT s T b A a g F L R o ik
B Clv ey &4 £ @ 318 mg-L?t e Clk &~ 2 ¢ hmF T Aok (Esna-
Ashari and Gholami, 2009) - 4 &5 CIjk & i7:% 143t Esna-Ashari 2 Gholami =:#2%
RSE o fRRIEHE RS & o

Mondal ¥ (2017) % 7 24 2 M49 e ® 4°% % > 12 1/4 > £ ch Enshi &% i% 5
A BKNOzAF =R k1/1-1/8 2 1/16° &% 2:1F L # - K > fHtreE S
BoPREAR -SERAZGHELSEAR KNOsEA T S a i tEHEF 4
72 1/8KNO3 B % » /AIKNOs F14 % # K prgh » x4 74 Lakdrd]  Fpbif B
M Rk RV L RE R T R M KNOs R R ¢ B AR - A%k K
NOsjk /& " 1% & % i jethen¥ % 2 £ > 22 Mondal % (2017) @B % 4p % o

EPHE R EF 2 A 2P

EHOTFLRENE0T TAII0 P REN T 2 BEF G
#EPRGGERLTET AL I VRFBRTEIGAE L PR DT T34
HEH-HPF2HE - R 1HE T FZERE G iﬁ VR B e T R
EEFR IR e B0 PF-F IDERTIEFHEE 4300 %
2% 52 37TP > %3254 %L 530%20p (FEeg > 1992) FrH Y
#J&ﬁ@?#%%ﬁﬁié¥Zﬂ%uﬁﬁ%?méiiﬁ%%?%Tﬁ°

ARBR 1= T o FH 1 NoswSeo%tNsowSeoviF & Ta%k i SLE (7 o PR A =X 3
HHEBAY O NRMERE > TP EE 5 1461 g v 5 — = NysytNsgo i
HHEE RS TERBLE (B 182 B 32) 5§+ ] (F 102 £ 13)0 st #d =%
FE2Z AR AT A REKRI R Mg SO B g b > SO et A AR

3

0 K NOg ehif 45 % fifie » Calensg 1+ 44T 1 (125 % F139) + K* » Ca?*
¥ Mg? = AR g T AP 228 (Junes etal., 2008) » " . MgSOq4 2 % i B2 2% it ¥F 4.

33

doi:10.6342/NTU201804301



SO/ A& B A > feig & K'gr NOgerif 42 8 1+ & o ji4e & K'2r NOg'2 Eeipfein™
HEETAL P LEAETHEAL D O TREF LS FETHH 4§ 2 oenid
BE O HAEFareE e L E B ERS 5 e T EA L S T
PARKE CP AL A0 Lk R R ARTTAEE SR
BRI bl P FIEAF TR P SR RET R S EE L RiE- 7§
EFHIETF 60% 0 X RFEIGFELRFF AR ET LL DD o
ARG LR AR R R AT B ED o L R A 7 L
ZHFREFF I EFTROZAERMN AHEERLFER L &4 7 LD
R Avife FI 0 R F N RAETR A DT A R £ 2 0 0 B
FERCARIEMRE AP T AR{Hr ERERYAY£A2 L o
1 REe BRB LG LR 1 RT UHROEHRE TS ED 2
SR F TV UBESFGE EESFORFEFRFIESF I REREF L SRk
LiEt P AF A FFTHOAFERZI L LT T Mg A R o on VR T
PABBEF P 2N R2EFTAEREV S LDER LEETRZ RS
T O(H01998) FHE2HEEF LY EX c FRAREFIRKGPUTE 2P

dAEE ERT UKRILEF AP RIE 2[ATCH-T A FRARARTEALTH

\4—

MAvpefm Roend 2 A KR o

FrE A - ARG T MBS ARiED %2 A E (Jahn and Dana, 1970) -
Eﬁ%l&W*i%§&§**3%’Wﬁﬁﬂ%$ﬁﬁ’f%@*%%ﬁi@’
5257 (B 3E). s i A EFRERATT A MFEESE TN 1 BRIE
T (B 31C) > @A F AL FEERA L AR NRB TG B RFEFL (FRE
Q) it d 3 Emihen AL L ERE AL AL EG AT 2 02 AP E
Pl A TR (B33F @35 it pFEZFABIERLIEEL o

ﬂ*3*%%ﬁﬁﬂﬁﬁﬁﬁgﬁ%lﬁﬁéﬁé%’%Wﬁﬂ%%ﬁ%%
RREh P d B B 1 R 2R ERES B RED
BAERL BT Rk BRSO L H AR IER o

c\irl

ﬁ?
LEs
2
4o
it
+
=

34

doi:10.6342/NTU201804301



NEERBE R R A ERoNE 2 AT RE4 5 15
& 400 HHa b (EE 5> 2016)c B X F uE - &
kAR BEHBA I AR L ADF R L ERB 0 F

Q*i%?%%&ﬂ%ﬁ%’ﬂ&ﬁﬁ%éiiﬁﬁlﬁﬁ$$ﬁﬁﬁﬂiﬁé
(4087850 2013) 3 fRA EH AR AP AHH D RO LR KRS

BRELEEBEPNL AR EEATE L 2RI DEF -

™ Ni29%Soo% % Enshi &% 4 A ‘F*Fl- 5% & 4_% % > Ni2owSoo% » /4 Enshi &
s A BB F 29%2 R0 10%MgSO04 0 ¥R thehd K ch R P A 0 T
Ni20%So0% 1+ th A £ +* Enshi & 7.8% > ¥ v 4 & 1.83 3 $k/* > @ A v * K9
ARBEHIOFER L FREFAT EROF 16T LI AT B
B BF Ni29%Soow% Enshi %% A %7 4 & 23 2 21 F /2 ko 2 jcfe 3 B 3
TS FF R L ALPE RAEFIREZADAE T T URELLEFTE
WA R * o NiggySoow & ife BEar F 22 % NOs ™ ' chig F 2278 4 SO en > e
EC &2 pH %6 ¥ # Enshi | 7] » & f847 230 % 7 68743 » 23R A {
Fe & e pFi2 * Enshi 18 52 NioowSoowdd “v o $8ip|fi 8454 ¥ 5 EC 2 pH & >
TaFEF g R SOZ R A e

72 Enshi % R4 $Fl- 508 E48°a RAEGF TS % Ty A at g
2 12% AF 8T AELAPFRERS AR 25 { AT Enshi %% > § 24
HF TS o FlarRE AL E o UPETRSFF e NosutNsow % NysytNisy i (7
=7 A ES 2R ) A TE S OH PR > B IR NoswtNsoy » Bl & 8717 4 H2 ik
S RIS A AR R B 2L TR A AT 0 A% 8 e AR
S u] G 40%E 66.7% 0 @ B BT L ER L E 5 100% 0 2 Nysy+Nsey % F L 15
TERF MG AR A F TR E A W5 1626247 20420 @ NisutNsov
D% R PR s B F TR LA 695 P o P AN AL ERL R
FATBOREETR A o BRI F ARDKE NOTERMEF R A R
Ca’2 Mg afFfE kA > m SOSRBEFF 2 > £ s B3R
BT ORI ERNRIBR O ER LT EED AR 2K 2 NOER
THEFLEOFIEFE T I RER T R R A ET 2 FERLBEE

35

doi:10.6342/NTU201804301



TR R REFE TR RS I AFLHERROFERF ¥ R RS
T SO&” R A PR AL > Flt 23R 11 SO i R o
EHERHRB DT R F R R LR 0 NS E T 1 40%: MgSO4
B 1 * N7suSe0%tNs0%Se0ve 2o 48 7o #2580 T30 % — & W {5 { # % /&> & * Enshi
fe™ o A L &R S NiowSoow © 47 =% % FF HHEHRA B3 H 92 12 F M E - &
BB GIAH L 100%% 26.67%; ¥ F EE LA FEREERE > T84 14.61
i%%mib%iwﬁ1wny%§gﬁ%mmingg&g&» S
ﬁ BES I8P HI P AREY b ARREZETFEL BT 2~ &7
R ’vxﬁﬂéﬁ”zﬁﬂﬁﬁ@mgmﬁ@ggg SRR . Y
T AEEY AR FRE o LR RTIF I R TR AL
Ri-F A LA AR T ARFERG RIFE ORISR
FEERETT A BT EFT RS E R0 g IR R R g BT
T v o AiEsk B IS RO AT LIS 0 e f IR R BV MR PRAR i L g i
NILF ERFEFETE A SOZ Rk AR EC B 2 a pH B A
T L ETRS A F w2 SOMRA - B E LRGP BHL AT
AT EFETIER -

4 Eendp B E L- HE ] o R R RER T LR AR

By R AR KR Y ELE

PaTh s S RN (B RIIEF > T RS E KT RE RS E D
WA G P E FIE B AR KIS SR RBE E XD ML A
LEAERAENFL cFRATTHNTEFSRNE @G PR ES AN
(Kitazawa et al., 2005) » F a4 24 £ L FlHFrd] > 4 < jide 1 Foenif kst k sp
HH2EARTAFRIPE 2 E EFAMS € AFAERAT 2 EEREA
FRoBEF EHEL E A2 P APE R B R §EBIRY  RBHRE L FRR

*

T3

N

o

—

¥

PRECEFIRPDEREAIG BRI E > LEBHRG e PRER
HERP THF FTEFEELLTAED TR LBk W55 chg
ToEF A ks FEIALG AR P DR T G TR B

36

doi:10.6342/NTU201804301



LR L &

ot

fes TS ¥ kg2 kan

+2 - 2 LED Bl RREERAPE > R UG RRDOAR

37

doi:10.6342/NTU201804301



21l 2REPHEHITPE-FIF20FPME-FREIPBEHIREAEZFE
Table 1. The effect of nutrient solution formula on ‘Taoyuan No. 1’ daughter plants number per mother plant and per layer in 20 weeks.

Nutrient solution Daughter plants number per mother plant Daughter plants number per layer”
formula Rooted Unrooted Total Rooted Unrooted Total
N129%S90% 29.83 +0.88 a* 7.17+038 a 36.58+1.23 a 119.33 £3.51a 28.67+1.53a 148+4.35a
Enshi 28.92+1.23a 533+1.01b 33.92+095b 115.67£0.18 a 21.33+£4.04b 137+2.64b

Z Mean + standard error (n=3). Means within columns followed by the same letter were not significantly different at P < 0.05 by Student’s t test.
¥Y0.55 m? per layer.
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Table 2. The amount of nutrient solution consumption (L) from Week 9 to Week 16 in
strawberry ‘Taoyuan No. 1° grown under N129%So0 and Enshi solution.

Week 9 10 11 12 13 14 15 16

N129%S90% 40 32 40 50 40 46 35 45

Enshi 36 25 25 25 25 30 35 25
39
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Table 3. The effect of nutrient solution formula on daughter plants average rooting
weeks at runner harvest in ‘Taoyuan No. 1’ strawberry.

B3 T HOF T B8

Daughter plant

Lot* position” N129%S90% Enshi
1 2.79+0.11 a* 2.73+0.08 a
: 2nd 1.48+0.04 a 1.30+0.06 b
1 2.80+0.05a 2.92+0.07 a
? 2nd 2.03+035a 1.61+021a
1% 2.69+0.07a 278 +0.11a
’ 2nd 1.53+0.12a 1.40£0.09 a
1% 234+0.10a 242+0.14a
) 2nd 1.19+£0.06 a 1.18+0.22a
1 3.00+0.15a 297+0.10a
: 2nd 1.92+0.14 a 1.63+0.13 a
1 2.66+0.04a 2.78+0.16 a
° 2nd 1.90+0.17 a 1.85+024a

21% ot was harvested on 27 Mar. 2017, 2" on 17 Apr. 2017, 3" on 8 May 2017, 4" 22
May 2017, 51 12 Jun. 2017 and 6" 3 Jul. 2017.

Y 1%t and 2" were daughter plants on 2" and 4" node, respectively.

* Mean = standard error (n=3). Means within rows followed by the same letter were not

significantly different at P < 0.05 by Student’s t test.
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Table 4. The effect of nutrient solution formula on harvested daughter plants per runner

in ‘Taoyuan No. 1’ strawberry.

Lot N129%S90% Enshi
1 1.86+0.13 a 1.88+0.12a
2 2.17+0.07 a 1.96 £0.15b
3 2.24+0.19a 208+022a
4 1.94+0.25a 1.79+0.15a
5 2.06+0.10 a 2.11+0.14 a
6 1.94+0.26 a 201+£022a

215 lot was harvested on 27 Mar. 2017, 2" on 17 Apr. 2017, 3" on 8 May 2017, 4" 22
May 2017, 5™ 12 Jun. 2017 and 6" 3 Jul. 2017.
Y Mean =+ standard error (n=3). Means within rows followed by the same letter were not

significantly different at P < 0.05 by Student’s t test.
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Table 5. The effect of nutrient solution formula and rooting weeks on leaf number in ‘Taoyuan No. 1’ strawberry daughter plants, the leaf number
was calculated at runner harvest and classified by daughter plants position.

Daugh Lot?
Rooting aughter
plant 1 2 3
weeks ..
position¥ i i i
N129%S90% Enshi N129%S90% Enshi N129%S90% Enshi
4 15t 2.92 4+ 0.14 aA* 3.00 +0.00 aA 3.28 £0.25 aA 3.00 +£ 0.50 aA — —
3 1%t 2.42+0.37 bA 2.57+0.32 bA 2.83+0.03 bA 2.57+0.17 aA 2.74 +£0.25 aA 2.62+0.21 aA
3 ond — — 2.17+£0.29 cA 2.50 £0.71 abA — —
2 15t 1.75+0.44 cA 1.73+0.12 cA 2.08 +£0.14 cA 2.00 £ 0.00 bcA 1.93 £0.12 bA 2.00 + 0.00 bA
2 ond 1.83+0.14 cA 1.78 £ 0.38 cA 1.93+£0.12 cA 1.83 £0.29 cA 1.89 £ 0.32 bA 1.89 £ 0.19 bA
1 ond 1.17+0.14 dA 1.12+0.11 dA 1.25 £ 0.35 dA 1.08 £ 0.14 dA 1.08 £ 0.14 cA 1.15+0.13 cA
ov — 0.00 £ 0.00 eA 0.00 £ 0.00 eA 0.00 £0.00 eA 0.00+=0.00 eA 0.00 £0.00 dA 0.00 £ 0.00 dA

215t ot was harvested on 27 Mar. 2017, 2" on 17 Apr. 2017 and 3" on 8 May 2017

Y 15t and 2" were daughter plants on 2" and 4" node, respectively.
* Mean =+ standard error (n=3). Means within columns (in small letter) and every two row (in capital letter) followed by the same letter were not
significantly different at P < 0.05 by LSD test and Student’s t test, respectively.
" Unroot daughter plants.
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Table 6. The survival rate of ‘Taoyuan No. 1’ strawberry daughter plants planted in the
greenhouse.

Lot? N129%S90% Enshi
1 98.36% 100%
(60/61) (61/61)

) 100% 100%
(87/87) (72/72)

3 100% 100%
(70/70) (64/64)

215t |ot was harvested on 27 Mar. 2017, 2" on 17 Apr. 2017 and 3" on 8 May 2017.
Y Denominator represented the number of daughter plants transplanted to greenhouse and
numerator represented the survived daughter plants number.
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Table 7. The effect of nutrient solution formula and rooting weeks on leaf number in ‘Taoyuan No. 1’ strawberry daughter plants, the leaf number
was calculated after planting in greenhouse for 3 weeks and classified by daughter plants position.

Daugh Lot?
Rooting aughter
plant 1 2 3
weeks ..
position¥ i i i
N129%S90% Enshi N129%S90% Enshi N129%S90% Enshi
4 15t 5.25 £0.43 aA* 5.00 +£0.00 aA 5.50 +£0.50 aA 494 +0.42 aA — —
3 1%t 4.36 +£0.34 bA 4.55 +£0.18 bA 4.82+0.17 bA 4.40+0.09 bB 5.18+£0.31 aA 5.08+£0.22 aA
3 ond — — 4.56 £ 0.51 bcA 3.75+0.35 cA — —
2 15t 3.88 £0.44 bcA 3.86 +0.13 cA 4.02+0.23 cdA 3.28 £0.25 cdB 4.27 £0.40 bA 4.00 £ 0.00 bA
2 ond 4.07 £0.12 bcA 4.06+0.42 cA 3.98 £ 0.23 cdA 3.64+0.13 cA 433 +£0.29 bA 4.00 +£0.33 bA
1 ond 3.42 £0.52 cdA 3.13+£0.12 dA 3.42 +£0.12 deA 3.17+0.14 dA 3.92 £0.14b bA 3.59+0.08 bB
ov — 2.67+0.58 dA 3.00 £ 0.00 dA 3.12+0.26 €A 2.89+0.19 dA 3.37+0.15cA 2.86+0.75 cA

215t ot was harvested on 27 Mar. 2017, 2" on 17 Apr. 2017 and 3" on 8 May 2017.

Y 15t and 2" were daughter plants on 2" and 4" node, respectively.

* Mean =+ standard error (n=3). Means within columns (in small letter) and every two row (in capital letter) followed by the same letter were not
significantly different at P < 0.05 by LSD test and Student’s t test, respectively.

" Unroot daughter plants.
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Table 8. The difference between strawberry cultivars ‘Taoyuan No. 1’ and ‘Changbin’ in
crown number after flower induction and development period.

Cultivar Crown number per plant
‘Taoyuan No.l’ 1.32+0.35 a*
‘Changbin’ 1.06 +£0.10 a

Z Mean + standard error (n=6). Means followed by the same letter were not significantly
different at P < 0.05 by Student’s t test.
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Table 9. Effect of nutrient solution system on crown number and inflorescences number
in strawberry ‘Changbin’.

Inflorescences number per

Treatment Crown number per plant plant
N75%+Ns0% 24+1.11a" 2.73+0.58 ab
N759%+tN75% 1.33+0.23 a 1.8+0.2b
Non-recirculating system 1.87+£0.99 a 333+£0.81a
LSDo.0s 1.74 1.17

“ Mean + standard error (n=3). Any two means within columns not followed by the same
letter were significantly different at P < 0.05 by LSD test.

46

doi:10.6342/NTU201804301



010, £ AR EREF R ED ARRBIFRTE Ak THEFEE VY 5T

)2 B
Table 10. Effect of nutrient solution system on short day treatment to harvest, average fruit

weight and marketable fruit in strawberry ‘Changbin’.
Treatment SD treatment to Average fruit weight Marketable fruit
harvest (day) (g2) (%)*
N75%+Ns0% 113.00 + 0.88 a¥ 16.26 +2.27b 81.16
N75%+N75% 114.15+2.59 a 1622+ 1.46b 83.33
Non-recirculating 107.05+ 1.94 b 2042+ 121 a 95.83
system
LSDo.o05 3.87 341

“ Fruit weight above 10 g was recorded as marketable fruit.
Y Mean =+ standard error (n=3). Any two means within columns not followed by the same letter

were significantly different at P < 0.05 by LSD test.
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Table 11. Effect of nutrient solution system on strawberry fruits yield in ‘Changbin’.

Fruit weight (g)* :
Treatment (Percentage to total weight (%)) Total fruit
weight (
Below 10 g 10-19.99 ¢ 20-2999 ¢ Above 30 g hide)
90.31 522.17 478.73 32.64
NosotNsoss (8.04) (46.46) (42.60) (2.90) 1123.85
62.62 458.63 215.24 67.05
N750,+N750% (8.09) (55.41) (27.83) (8.67) 773.54
. : 26.71 527.36 658.74 254.84
Non-recirculating system (1.82) (35.93) (44.89) (17.36) 1467.65

? Fifteen strawberry plants were evaluated for its fruit weight in a treatment.
Y Fruit weight above 10 g was recorded as marketable fruit.
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Table 12. The differences between the primary and re-induced ‘Changbin’ strawberry in crown
number, inflorescences number and the days from inflorescence appearing to flowering.

Crown number per Inflorescences Inflorescence appearing
Plants N[
plant number per plant to flowering” (day)
Primary 1.47+£0.12 a¥ 227+031a 13.5+0.58a
Re-induced 3.07+1.79 a 1.07+1.01 a 10.17 £3.06 a

? Day to first flower blooming was recorded.
Y Mean + standard error (n=3). Means followed by the same letter were not significantly

different at P < 0.05 by Student’s t test.
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Table 13. The differences between the primary and re-induced ‘Changbin’ strawberry in short

day treatment to harvest, average fruit weight and marketable fruit.
Plants SD treatment to Average fruit weight Marketable fruit
harvest (day) (g2) (%)*
Primary 11520+ 1.69 b 14.61 £0.60 a 82.8
Re-induced 13338 £2.77 a 11.55+0.18 b 60

“ Fruit weight above 10 g was recorded as marketable fruit.
Y Mean + standard error (n=3). Means followed by the same letter were not significantly

different at P < 0.05 by Student’s t test.
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Table 14. The difference between the primary and re-induced ‘Changbin’ strawberry in fruit yield.

Fruit weight (g)*
(Percentage to total weight (%))

Plants Total fruit weight (g)
Below 10 g 10-19.99 g 20-2999 ¢ Above 30 g
. 913 629.25 181.52 32
Primary (9.76) (67.28) (19.41) (3.55) 93529
. 38.63 113.16 2033 0
Re-induced (22.44) (65.74) (11.81) ©0) 172.12

? Fifteen strawberry plants were evaluated for its fruit weight in a treatment.
Y Fruit weight above 10 g was recorded as marketable fruit.
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Fig. 1. The growth of ‘Taoyuan No. 1’ cultivated under (A) Ni29%Soo% and (B) Enshi
solution. The experiment was conducted from 13 Feb. 2017 to 3 Jul. 2017, and the photos

were taken on 13 week after the onset of experiment.
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Fig. 2. The accumulative number of runner of strawberry ‘Taoyuan No. 1’ mother plant
grown under Ni29%So0% and Enshi solution. * Significant at P < 0.05 by Student’s t test.
The experiment was conducted from 13 Feb. 2017 to 3 Jul. 2017.
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Fig. 3. The number of (A) rooted (B) unrooted and (C) total daughter plants of each
harvest lots per layer of strawberry ‘Taoyuan No.1’ mother plants grown under N1292,So0%
and Enshi solution. ™ ** Significant at P < 0.05, 0.01 by Student’s t test, respectively. A
cultivation bed is 0.55 m?, The experiment was conducted from 13 Feb. 2017 to 3 Jul.
2017.
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Fig. 4. The SPAD of the latest fully expanded leaf of strawberry ‘Taoyuan No. 1’ mother
plant grown under N129%So0% and Enshi solution. “Significant at P < 0.05 by Student’s t
test. The experiment was conducted from 13 Feb. 2017 to 3 Jul. 2017.
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Fig. 5. The accumulative number of leaf of strawberry ‘Taoyuan No. 1° mother plant

grown under N129%So02, and Enshi solution. The experiment was conducted from 13 Feb.
2017 to 3 Jul. 2017.
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Fig. 6. The leaf area variation of strawberry ‘Taoyuan No. 1’ mother plants grown under
Ni292%S90% and Enshi solution. The experiment was conducted from 13 Feb. 2017 to 3 Jul.

2017.
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Fig. 7. The EC variation of N129%So0% and Enshi solution before and after supplement.
The plant grown was ‘Taoyuan No. 1°. The experiment was conducted from 13 Feb. 2017
to 3 Jul. 2017 and the data was recorded from 10 Apr. 2017 to 5 Jun. 2017.
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Fig. 8. The pH value of Ni29%S902 and Enshi solution before supplement in strawberry
‘Taoyuan No. 1’. The experiment was conducted from 13 Feb. 2017 to 3 Jul. 2017 and
the data was recorded from 10 Apr. 2017 to 5 Jun. 2017.
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Fig. 9. The ion content of Ni29%So0% and Enshi solution. The selected plants were
‘Taoyuan No. 1°. The experiment was conducted from 13 Feb. 2017 to 3 Jul. 2017 and
the data was recorded from 10 Apr. 2017 to 5 Jun. 2017.
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Fig. 10. The ion concentration of N129%S902% and Enshi solution. The selected plants were
‘Taoyuan No. 1’. The experiment was conducted from 13 Feb. 2017 to 3 Jul. 2017 and
the data was recorded from 10 Apr. 2017 to 5 Jun. 2017.
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Fig. 11. The appearance of harvested strawberry ‘Taoyuan No. 1’ daughter plants. (A)
From left to right, daughter plants were rooting for 4 weeks, 3 weeks and unrooted,
respectively. (B) From left to right, daughter plants were rooting for 3 weeks, 2 weeks
and unrooted, respectively. (C) From left to right, daughter plants were rooting for 3
weeks and 1 week, respectively. (D) Daughter plant was rooting for 2 weeks.
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Fig. 12. The appearance of strawberry ‘Taoyuan No. 1’ daughter plants planted in the pots
in the greenhouse. (A)(B)(C) The daughter plants planted in pots for 1 week (D)(E)(F)
and (J)(K)(L) were (A) planted in pots for 2 and 3 weeks, respectively (G)(H) and (M)(N)
were (B) planted in pots for 2 and 3 weeks, respectively (I) and (O) were (C) planted in

pots for 2 and 3 weeks, respectively.
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Fig. 13. The differences between strawberry cultivars ‘Taoyuan No. 1’ and ‘Changbin’ on
inflorescences formation. Plants were grown under cool temperature and short day for 8
weeks for inflorescences induction (week 0 to week 8).
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Fig. 14. The accumulative number of leaf of strawberry cultivars ‘Taoyuan No. 1’ and
‘Changbin’ during inflorescences induction and development period. * Significant at P <
0.05 by Student’s t test. Plants were grown under cool temperature and short day for 8
weeks (week 0 to week 8).
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Fig. 15. The leaf area variation of strawberry cultivars ‘Taoyuan No. 1’ and ‘Changbin’
during inflorescences induction and development period. * Significant at P < 0.05 by
Student’s t test. Plants were grown under cool temperature and short day for 8 weeks

(week 0 to week 8).
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Fig. 16. The accumulative number of runners of strawberry cultivars ‘Taoyuan No. 1’ and
‘Changbin’ during inflorescences induction and development period. * Significant at P <
0.05 by Student’s t test. Plants were grown under cool temperature and short day for 8
weeks (week 0 to week 8).
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Fig. 17. The crown diameter of strawberry cultivars ‘Taoyuan No. 1’ and ‘Changbin’
during inflorescences induction and development period. * Significant at P < 0.05 by
Student’s t test. Plants were grown under cool temperature and short day for 8 weeks

(week 0 to week 8).
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Fig. 18. The effect of nitrogen-reduced recirculated hydroponic system N7s0,+Nsoe, and
N7s%+N7s0 and non-recirculated system on inflorescences formation in strawberry
‘Changbin’. Plants were grown under cool temperature and short day for 9 weeks (week

0 to week 9) for inflorescences induction.
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Fig. 19. The effect of nitrogen-reduced recirculated hydroponic system N7s¢,+Nsoo, and
N7s5%+N75% and non-recirculated system on accumulative number of leaf in strawberry
‘Changbin’ during inflorescences induction and development period. * Significant at P <
0.05. Plants were grown under cool temperature and short day for 9 weeks (week 0 to
week 9) for inflorescences induction.
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Fig. 20. The effect of nitrogen-reduced recirculated hydroponic system N7s0,+Nsoe, and
N750+N7s% and non-recirculated system on leaf area in strawberry ‘Changbin’ during
inflorescences induction and development period. * ™ Significant at P < 0.01, 0.001,
respectively. Plants were grown under cool temperature and short day for 9 weeks (week
0 to week 9) for inflorescences induction.
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Fig. 21. The effect of nitrogen-reduced recirculated hydroponic system N7s54+Nsov, and
N75%+N75% and non-recirculated system on accumulative number of runner in strawberry
‘Changbin’ during inflorescences induction and development period. > Significant at P
<0.05, 0.01, respectively. Plants were grown under cool temperature and short day for 9
weeks (week 0 to week 9) for inflorescences induction.
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Fig. 22. The effect of nitrogen-reduced recirculated hydroponic system N7s0+Nse, and
N7s5%+tN759% and non-recirculated system on SPAD of latest fully expanded leaf in
strawberry ‘Changbin’ during inflorescences induction and development period.
Significant at P < 0.05. Plants were grown under cool temperature and short day for 9
weeks (week 0 to week 9) for inflorescences induction.
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Fig. 23. The EC variation of nitrogen-reduced recirculated hydroponic system N7se,+Nsoo
and N75¢,+N7s9, and non-recirculated system during inflorescences induction period. The
selected plants were ‘Changbin’. The experiment was conducted from 8 Nov. 2017 to 24
Mar. 2018.
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Fig. 24. The pH variation of nitrogen-reduced recirculated hydroponic system N7se,+Nsoo
and N75¢,+N7s9, and non-recirculated system during inflorescences induction period. The
selected plants were ‘Changbin’. The experiment was conducted from 8 Nov. 2017 to 24
Mar. 2018.
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Fig. 25. The ion content of nutrient solution N7s5%+Nso, and N7se,+N7s0 during
inflorescences induction and development period. The selected plants were ‘Changbin’.
Plants were grown under cool temperature and short day for 9 weeks (week 0 to week 9)
for inflorescences induction.
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Fig. 26. The ion concentration of nutrient solution N7s50+Nsee, and N7se,+N7se, during
inflorescences induction and development period. The selected plants were ‘Changbin’.

Plants were grown under cool temperature and short day for 9 weeks (week 0 to week 9)
for inflorescences induction.
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Fig. 27. The EC variation of nitrogen-reduced recirculated hydroponic system N7se,+Nsoo
and N7s5%+N7s9 during fruits development period. The selected plants were ‘Changbin’.
The experiment was conducted from 8 Nov. 2017 to 24 Mar. 2018.
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Fig. 28. The pH variation of nitrogen-reduced recirculated hydroponic system N7se,+Nsoo
and N7s5%+N7s9 during fruits development period. The selected plants were ‘Changbin’.
The experiment was conducted from 8 Nov. 2017 to 24 Mar. 2018.
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Fig. 29. The ion content of nutrient solution N7s¢+Nsoo and N7sy+N7se, during fruit

development period. The selected plants were ‘Changbin’.

conducted from 11 Nov. 2017 to 24 Mar. 2018.
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conducted from 11 Nov. 2017 to 24 Mar. 2018.
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Fig. 31. The growth of strawberry ‘Changbin’ (A) primary and (B) re-induced plants at
the onset of experiment. (C) primary and (D) (E) re-induced plants at the end of
experiment.
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Fig. 32. The differences between primary and re-induced plants of ‘Changbin’ strawberry
on inflorescences formation. Plants were grown under cool temperature and short day for
9 weeks for inflorescences induction (week 0 to week 9).
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Fig. 33. The accumulative number of leaves of strawberry ‘Changbin’ primary and re-
induced plants during inflorescences induction and development period. Plants were
grown under cool temperature and short day for 9 weeks for inflorescences induction
(week 0 to week 9).

84

doi:10.6342/NTU201804301



700

600 -

500

400

Leaf area (cm?)

300 A

Weeks

—@— Primary plants
—O— Re-induced plants

20

B34 5 i RN A AR SR s R TR Ea R0
Fig. 34. The leaf area of strawberry ‘Changbin’ primary and re-induced plants during
inflorescences induction and development period. ™ Significant at P < 0.05 and 0.01 by
Student’s t test, respectively. Plants were grown under cool temperature and short day for

9 weeks for inflorescences induction (week 0 to week 9).
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Fig. 35. The accumulative number of runners of strawberry ‘Changbin’ primary and re-
induced plants during inflorescences induction and development period. ~ ** Significant
at P < 0.05 and 0.01 by Student’s t test, respectively. Plants were grown under cool
temperature and short day for 9 weeks for inflorescences induction (week 0 to week 9).

86

doi:10.6342/NTU201804301



44

SPAD value

28 -

—&— Primary plants
—O— Re-induced plants

B 36 A~ BELFE2 LT E

e
=

12 16 20

Weeks

BRFEB L3 THF2LEITERE SPAD

Fig. 36. The SPAD of the latest fully expanded leaf of strawberry ‘Changbin’ primary and

re-induced plants during inflorescences induction and development period.
Significant at P < 0.05 and 0.01 by Student’s t test, respectively. Plants were grown
under cool temperature and short day for 9 weeks for inflorescences induction (week 0 to

week 9).
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Fig. 37. The EC variation of hydroponic solution of strawberry ‘Changbin’ primary and re-induced plants during inflorescences induction and
development period. The experiment was conducted from 10 Apr. 2018 to 28 Aug. 2018. The solution was refreshed on the 11" and 14" week in

primary and re-induced plants, respectively.
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Fig. 38. The pH variation of hydroponic solution of strawberry ‘Changbin’ primary and re-induced plants during inflorescences induction and
development period. The experiment was conducted from 10 Apr. 2018 to 28 Aug. 2018. The solution was refreshed on the 11" and 14™ week in

primary and re-induced plants, respectively.
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Fig. 39. The ion content of hydroponic solution of strawberry ‘Changbin’ primary and re-
induced plants during inflorescences induction and development period. Plants were
grown under cool temperature and short day for 9 weeks (week 0 to week 9) for
inflorescences induction.
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Appendix Fig. 1. Variation of day and night temperature during the daughter plants
production experiment.
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experiment of effect of Enshi solution between ‘Taoyuan No. 1’ and ‘Changbin’
strawberry on inflorescences induction.
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Appendix Fig. 4. Variation of day and night temperature during the period of the

experiment of effect of nitrogen reduced-recirculated hydroponic system on
inflorescences induction.
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Appendix Fig. 6. The relationship between middle length of leaf and the actual leaf area
of ‘Taoyuan No.1’ strawberry (n=152).
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Appendix Fig. 7. The relationship between middle length of leaf and the actual leaf area

of ‘Changbin’ strawberry (n=122).
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Appendix Fig. 8. Tipburn on the primary plants in the re-induced experiment. The
photos were taken on the 18™ week after the onset of experiment.
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