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Effects of Initial Inorganic Ton Composition and Initial Total Inorganic Ton
Concentration of Culture Medium on the Net Photosynthetic Rate and
Growth of Strawberry Plantlets In Vitro under Photoautotrophic Conditions

Chan Suk YanG, Toyoki Kozar and Kazuhiro Fujiwara
Faculty of Horticulture, Chiba Umvméity, Matsudo 271, Japan

The net photosynthetic rate and growth of strawberry (Fragariax ananassa Duch. cv.
Houkouwase) plantlets ¢n vitro under photoautotrophic conditions as affected by initial
inorganic ion composition (modified Hoagland and Arnon, MHA ; Hoagland and Arnon, HA;
Murashige and Skoog, MS) and initial total inorganic ion concentration of the medium (20, 40,
60 and 80 mol-m—2 for MHA media) were investigated. Three shoots at the rooting stage, each
planted on a 0.13x 10~* m?® liquid medium in a cup, were cultured in a 7.5 x 10—* m3 cylindrical
polycabonate vessel. Concentrations of K+, Mg+, NH,+, NOs—, H;PO,~ and SO~ in 40 mol.
m~% MHA were 1.3, 1.5, 3.0, 1.1, 3.0 and 1.5 times, respectively, those in HA. The vessel with
the number of air exchanges of 3.5h~! had four membrane microporus filters (pore diameter:
0.5 gm). Cultures were maintained in a room for 21 days at 25°C, 709, relative humidity,
2.0 mmol-mol~! CO,, 16h-d~! photoperiod and 160 pmol.m~2.5~! photosynthetic photon flux
density provided by cool-white fluorescent lamps. Net photosynthetic rate per plantlet on day
21 was the greatest in 4.5 mol-m™® with initial phosphorus concentration of MHA and dry
weight per plantlet on day 21 was the greatest in 3 mol-m—3 with initial phosphorus concen-
tration of MHA. Fresh weight, percent dry matter, leaf area and transpiration rate per plantlet
on day 21 were greater in MHA with initial total inorganic ion concentrations of 40 and 60 mol.
m~% than in HA, MS and MHA with initial total inorganic ion concentrations of 20 and 80
mol.m—3. Forty and 60 mol-m=3 with initial total inorganic ion concentration of MHA and
initial phosphorus concentration of 3 and 4.5 mol-m=3 gave significantly enhanced net photo-
synthetic rate and growth of the plantlet under photoautotrophic conditions.

(Received October 20, 1994)
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1987; Desjardins et al., 1988; Infante et al., 1989).

DEE, BERHO CO. BE & HEREULETHRE

P EICEWT, 208 7 4 LaH 358N
B (LT, MEDE) RERKEBVN X WESERT
BETD L, BRI EEHEND CO: BEITAR
DEHEE L D 4 200~250 gmol.mol~! (£ b, F

Vol. 33, No. 1 (1995)

& (photosynthetic photon flux density, Jg£ 400~700
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{Desjardins ef al., 1988; Infante et al., 1989; Kozai et
al., 1990), X LICIEBRIC B0t B/NEMEDEFEERE
B ENTE D (Laforge ef al., 1991). REETHA
o BT IR PN RN REIEE) LT,
CO: EHR LU PPFD #EDIE, HEXKOEBHFRE
(REBLEFHOBECLE T 5 KERR) LRE
KE (REBFELZHOE S L OVKR&ED CO, IEET 5
KERNX) BELCMEYER L 0 S EBIMEESIh DS
BOHDB I ENHEZI TS (Cournac and Chagvar-
dieff, 1992; Kozai and Iwanami, 1988a; Kozai et al.,
1988b). ‘

ST HRALE TS, (RO EEREREAICERS
7z Murashige and Skoog (1962) £z (LI, MS) #
BG &0 b EBERET BRI BT X b /NMEY)
EOREMEEE B EhH s (Kozai ef al., 1988¢;
HIED, 1990). Z DT &id, MS NEHRIT SR i
HELTHTLEBML TS LTV 2T xR L
THED, FARICEHIIRERERC ST 5 AR
LHFOBER,EZRBL TS (HED, 1990).
AHRZETUE, JEMITRERE BCE U 7o T B AR AR
wHRETHIDOERT - 42 /HEXENE L.
Tigdobh, CO: BER LU PPFD »H O BEEET
WRWT, EROMEBEERD MS, BRHESBH CR
LEIL TV AEMER CH B Hoagland and Arnon
(Hoagland and Arnon, 1950) ## (BT, HA) &
¥, Thb X D RERECHRENTHD L FESRL
s AR % % Modified HA (LIF, MHA: HA n4E
B & U RRE X OHRER A A VBEYRE Ao
MRE LOFEYSR) 2V, BRI RERERET
BT 24 F TRENMEYEOMASREE F L U HRE
WCRIETREH O MEAERE 1 o+ VAR (BUF, 7oA R
A VIR BRODEERER T U BE (T, A
CIRIERE A o VIR DBEA T

MR EIVAE
1. 1Y, BEXGBIUHBRR

EYEA =T
Houkouwase) & 1 #-.

(Fragaria x ananassa  Duch. cv.
BHCLoREAREEELL
BIEEEA 7 — DBREO 1 F TR NMEBE (BT, /b
B % 2~3 RORBELXEL LS KA T L, B
ORI DRMERE L. 1AMEGES ) o4
AEIH 30mg 17D K5 Wiz e, 1HEEEYUADD
AEERABIT 3 A & Lic (Table 1),

Fig 1 CAEBRTHWERLY 2 7 A% Rt KER
PBEERAY & —F a4 MR (ERAR: 75x10
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Fig. 1 Schematic diagram of the culture system.

m?) E AV, BICIIER 10mm O X% 4 @D, BX
oA s R—-5 27 400 5% — (FRE:
Ay FLEE: 05 um, ERE: 18mm, () 3 UE7H) &
THRENDKIT 1 EF M0 i) 7. 5EEEs OB
12350 Thotle. T, HMEEEEIT, BN
M) OBTEYIERBOEIBERE CHRLELDOTHS
(H#ED, 1986). BEBOFRCRII/HOR) = 27
VF a—-TDASToTT2Fy 28y P 4 BARN,
Edy THLDOREEHES 13ml & L. £, i
BEPUTITWHE AL ANBSEBRRNOEEE » —EICF
DEBIT L.

Table 1 [ICREBRIC BT HHBOEREKHART. B
ERISE 25°C, MEE 70% R ABERICE
Avivic. JBIRICITHERELTZ Hv . RSN OB
mOE X“kiF s PPFD I 160 gmol.-m—2.s~1 L 7~
HERE BHEIT 240, BHEAIE 16h.d! & L7z, HEEEEEO
CO: EE, HHAEACIE 2.0 mmol.mol~! {2705 L 3 1
EEFTV, BEHC S HIE R Tl - .

ZBRREX OREHAEN % Table 2 1 0/R7. HEBRXIZ, &
WA A4 BEED 20, 40, 60 LU 80mol-m™ Th D
MHA 0 4 R (FhFh, MHA2 X, MHA4 [X,
MHA60 K35 508 MHAS0 [X), HA Kis k0t MS R
6B E L. MHA4 Rid HA Xk 4 K+,
Mg, NHt, NOy~, H,PO, SO2~ #%hFh 1.3,
1.5, 3.0, 1.1, 3.0, 15 FED=bDTHDB. Eio,
MHA40 Xz MS X X 0 4 Ca, Mg, HyPO~, SO~
FENFER 1.3, 2.0, 2.3, 2.0 FCEDLDOTHD.
7ok, MHA20 X, MHA40 K, MHA60 X, MHAS0
X¥ Lo HA KT, MEESIEE S LT HBO; 2.86,
MnSO, - 4H,0 2.10, CuSO,-5H,0 0.08, ZnSO,.7H,0
0.22, NazMoO,-2H;0 0.04 }5 ;18 Fe-EDTA 23.1 g-m—?
EERIMLC. WTEhORBRX OB b BF RS (5, 5&
RAHMYE, ©5 3, BRBILE) HRMUsho 7,
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Table 1 General description of the experimental conditions.

Plant material

Species
Explant
plants per vessel
Vessel
Type
Air volume 7.5x 107+ m?
Number of air exchanges 3.5h!

Culture medium
folume
Supporting material

Strawberry (Fragaria x ananassa Duch. cv. Houkouwase)
2-3 small leaves with leaf stalks, crown and virtually no roots, three ex-

Cylindrical polycarbonate vessel

0.13x 10~* m?® per vessel
Fibrous polyester cube

pH 5.8 before autoclaving
Growth regulators None v
Sugar None
Culture chamber
Air temperature 254+0.5°C
Air relative humidity 70+59%,

Light source
16 h-d—!
160 gmol.m—2.s*

Photoperiod
PPFD*
CO; concentration

2.0+0.1 mmol.mol—!

Cool-white fluorescent lamps

* PPFD, photosynthetic photon flux density on the medium surface.

Table 2 Treatment codes, initial inorganic ion concentrations and initial total inorganic ion
concentrations of the media used in the present experiment.

Inorganic ion concentration (mol.m—#)

Treatment

code* K+ Cat Mg+ NH,+ NO;  H,PO,~  SO2- cl- Total
MHA20 4.0 2.0 1.5 1.5 8.0 1.5 1.5 0.0 20
MHA40 8.0 4.0 3.0 3.0 16.0 3.0 3.0 0.0 40
MHAG60 12.0 6.0 4.5 4.5 24.0 4.5 4.5 0.0 60
MHAS0 16.0 8.0 6.0 6.0 32.0 6.0 6.0 0.0 80
HA 6.0 4.0 2.0 1.0 14.0 1.0 2.0 0.0 30
MS 20.1 3.0 1.5 20.6 39.4 1.3 5 6.0 93

* MHA, modified Hoagland and Arnon; HA, Hoagland and Arnon (1950); MS, Murashige and Skoog (1962):
The number following MHA denotes initial total inorganic ion concentration of the medium.

All MHA and

HA contain 2.86 HzBO;, 2.10 MnSO,-4H,0, 0.08 CuSO,-5H,0, 0.22 ZnSOy. 7H,0, 0.04 Na;MoO,-2H,0 and

23.1 Fe-EDTA (in g-m™3) as micronutrient sources.

2. fXEREEOHE

BEEHRAND CO: BEORIEICE, #Ara<b s
77 (%) BESUERTS, €7V GCI2A) v/, &)
BBk 21 HE (LUF, 21 HE) T 2BEBAN
COz PR —TE & T I N5 AR BT D EERN
DNESERY 72 D DB A BREE P, (umol CO,-h—Y/
plantlet) [ IXRXTHEPI D (ELE, 1988).

P,=k-V.E-(Copy—Cip)[n

Vol. 33, No. 1 (1995)

TG, RIE25°C It EIT D CO DEBED T ILADEB
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5.
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YD ORFBEEFREICL Y, MEMEL D OFEL

TR A Lie. MEYHRS ) O HORRE T, (umol

H,O-h1/plantlet) o&EXRZ LT ICRT.
Ty={i-(C,—Co)+(7-Pp)) /n

ZZT, (3RO TS b EN~DEBER 1g=
55.6 mmol), C, 3/NEY D Astchv T DLEERD
BE (mg-hY), Cu 373 vshy TOLEEROHE
(mg-h7Y), 7 /INVEMES 72 D ORIMA TR A b /ME
MR /o 0 REREE REE ~ D EHRREL (12.0x107% gC.
mmol CO:™), P id/NMEWEK Y 72 D O #LE BB
(pmol COy-h~1/plantlet), = (ZEEBPY O/ NEYIEAE
THBD.

4. RREDAEBLIVERE

AR, SEBKICEL AT DIMEG DK
PERE L. Thb Li3BIo 10 K o SHER O EEE &
EUMERAE L, Thba bR MNMEFEDEE
MR EE L.

21 HEWAEBRX O 3 BER 2 b/EDELIL D H
L, TOHEKE LGB XZER LR HTCHEE L
7o. MBI, HFEOHEE#R 60°C o EREERERFIC
T2RERBB VW RAE L. £EAECN T 5 2RDE
DR (F2ip3E) B L OREEZYEC 32 ZERZY
Bl SIREMER) ¥EE Lic. EEREREICE
5 NHEER D SEEEERT 9.5% Thoto. Tz, B
HWTRCERBYAE L. EEBoRETT o —v
VA ¥a—4 (PC9801 VM, AAES(K)H) i
AN A *xZ (GT-20, w4 a—xFv (KRB *#

v =0.00213x%+ 0.181x + 0.029 (r = 9.712)

BELICh DF V.

BREIUEE

1. MYtEEE

21 HE OB T 2 /MEWEY o b o fXe
BEEE T MHA40 R 35 X 0 MHAG) X CREORERK X
ke ke o7 (Fig. 2A, B), MHA40 X 35 1 0F MHAG0 X
DENEREREE, T MHAS) R0y 4.4 %,
4.6 5, HA XD 2.6 f&, 2.6 &, MS XDiy 1.6 £,
1.6 5 TH 7z, MHAL0 [ 35 L 0 MHABO [X 13, MHAS0
X, HA RBEXLITUMS KEDMTCHEEZENLRD i,
INHDT Edb, MLBREEITRER + v BE X
DLERA & VR E VRS EEYRTE Z LS
Mote (Fig. 2A). MOEEHGEE ITRER 1 = BE
40~60 mol-m~3 W CATH » 7= (Fig. 2A), F 7, £
HIPRA DM Z VRO FEN B, & TS RE
EIT H.PO BE & BBV E <, HBEBCER B
HPRIT 3~4.5 mol-m~® Tk » 7z (Fig. 2B). MHAS0 X
B LU MS ROEVREEA IR R WA & o s
BIERIENVLE>DRREEL bhe (Fig. 24).
HA K& X0 MS R EWHEEIGERE IR R Ik
AR O HPO- RZWCL2DEELBRD. T
B, ZMEYLC) OMASREET, BRRMcEERE
MERD B RTnh o 1o

FOEE R & 2EHGHRE & D BR% Fig. iR+, #l
HERRE & BECHE & O MICIEDE R AR 2 & b
7o. MEYEEARGEEICE T A H/EGRE O (T,/P, ) b

6
&

y=-0372x"+243x- 0216 (r=0.940)

A B
=~ 4t MHA40  vriaGo - MHA40  MHAG0
L5l
E MHA20 § § MHA20 é
2 3t \ L $
5 S | Ms \
\

5 RO \
.L_..) 2k HA \ HA /}
: @ 4 \
= 1r MHAS0 i MHASO\‘,}
A \

0 . 1 . 1 " 1 L I i 1 L ) 1 I

0 20 40 60 80 0 1 2 3 4 5 6 7

Initial total inorganic ion conc. (mol*'m %)

Fig. 2

Initial phosphorus conc. (mol'm

Net photosynthetic rate of strawberry plantlets i witro on day 21 as
affected by initial total inorganic ion concentration (A)

and initial

phosphorus concentration (B) in the medium.

Each point is the mean of 3 replicates; vertical lines are £S.E.
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500

v=535x-6.38(r=0939)

T400 |
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Fig. 3

Relationship between net photosynthetic

rate and transpiration rate per plantlet of
strawberry in vitro on day 21 as affected
by initial inorganic ion composition and
initial total inorganic ion concentration
in the medinm.

Each point is the mean of 3 replicates;
vertical lines are +S.E.

30~70 DEIHTH - 1.

o, ZOERE, BEETEE

FROBEYER & T3 &5 110 BETH B, T,/P, H
MERKTH - loDid MHABD XCTH - 7.

2. B kK E

2.1 EYE, £HESIVEZYE
21 R k0 2/MEM R DR Ex Fig. 4A [TRT
INFEIR Y 7o ) DR E E MHA40 K 35 L 08 MHAGBO X

y =~ 0.0207x + 1.84x +0.028 (1 = 0.996)

THOBBEK LD KL D, ThEh HA K0y 2.6
& 2515, MS X0 1.7 %, 1.6 f5Th o7c. MHALD
i k0" MHAGO Rix HA X, MS X, MHA20 Ris k&
Uf MHAS0 R Lo THEZEABD b, 21 HAR
B BNEYER D ERE s X 0L Table 3 1R

7.

INESEL 2D OEKEIIREYE & Ak ERT,

MHA40 R L 0" MHAG) X CHIOBBRKX L W KEi -
7=. MHA40 X35 k08 MHAG0 KiZ, Fh-Fh MHAS0

X0 2.5 %,

2.7 f&, HA Ry 2.3 £,

2.4 T

B o, MHAL Kiskor MHAG Xix HA XXX

MHAS80 X & D THEENBD L.

ZmE, &

BRBAMAR (95%) CHANTE L, MHA R ThE 7k
D, MS KT/hEisotc. MHA4 Riz MS R&EpC
FEENRDLRI.
EMER X OEREN MHA0 X L8 MHAG X
THOBBRX L O KRTH 5722 E0HE 1 OFEER, Hi%
BARBEEVNE P 2 ECHBEELLNRS. Bk LR
LR, HEADMAEFGHEE T MHA4 X, MHAGO X
TELE > T3 (Fig. 2A, B). &2 oFHEIE, #
SEEIAENEERYAWDI LIT LD, HEEEICE
SHERE A 4 L IRINAMERE NI TR BEHES R
THHD T &b b/NMEYIERD I T S
RELREIR DO, UEOERRES & LITKg
HOFEREERRE Ch 5 RO/ £ v RAEE
ThDHEELDND. HA XL MS Xkl 5
HoPOy&~ RZIWC & 2 HEMFIIABAEREZEE SN T
LEEE TS (Tsuji ef al., 1993) (Fig. 4B).

5. wj‘htibib)

¥ = -3.63%2 + 24.6x - 2.00 ( r=0.974 )

350
A B
MHA40 ‘ MHA40

B MHAG0 ’ MHAG0
D 40t , L
= MHA20
c. ! MHA20
2 301 \ L \
= \ MS
= r o MS
2 \
L5 - |
Z 2 ) HA MHAS0
A @ MHAS0 § - Q\

10 L L

0 1 L i N ! L 1 1 : 1 '
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Initial total inorganic ion conc. (mol'm )
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Fig. 4 Dry weight of strawberry plantlets in vitro on day 21 as affected by initial
total inorganic ion concentration (A) and initial phosphorus concentration
(B) in the medium.

Each point is the mean of 3 replicates; vertical lines are +S.E.
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2.2 EEHE HEERBEHBLU SR EYEL

NEDER D OBEE RS, MHA40 K3 X ot MEHAG0
RCTHOBBE L DALY, MHAS RTE/NE -
7= (Table 3). MHA40 X35k 0f MHAG) X DEEREIL,
Thri MHASO Xy 2.5 £, 2745, HA XD 2.0
&, 2145, MSXD 1.3 £, 1.4 f£Th 7. MHA4O
R¥ Lo MHAGO K13, HA R, MS X, MHA20 X35
FUMHAR) X & D CHBENRD bk, NEWE
L7 OHLFEERE (SE@E/EREZYE) i3, MHA20
X, MHA40 X, MHAG0 X %5 J 0f MHAR) K¢, 189~
197 cm?.g71, HA X T 226 cm2-g~!, MS X-¢ 222 cm?-
T THots. DT VL, EHOMBER A+ EEIC
£ o3 MHA o Xo/NEMEOLEE, HA KL ot MS
ROZIITHS, BEL st EFRLTWAS.

BEREM ool LITEOHREL - ) OEEBEINZ
ERRTIDEEZELIBRD. LindisT, Zhbost
BRXO/NEMET, BEEBINCBE L8 BRI KS
wHBETHI LR, BEERNEL, TOBR, FEX
NEEHEDLEEINS.

INEBIERS -0 o SIR BMERE, FRBRREC
BEENED LN - 72 (Table 3).

PEX Y, BBEEANNCET D /INEYERD YA R
ERIURESEE IS DI, BEERNOYEN
BREERNTHS PPFD X0 COs BEL K& & ik
HOCFENRBERCTH 5 REHE A 4 BRI L OB H
DEHEA 4 VR, W HPOEENBEECHD T
ERHLMI . E7z, HARBIOUMSE#LD
BIE HA B (& QICREM A % VB 40 mol-m—2 o
BIE HA) 238y REEBGEL TV A T EMRRE R

fom
fee

SHIT, BRI REBEEERFTICRT S EERE” O
TR A 2 IRRE DRk BT B, BB NE Y K
DFCEHEE R L VREY B L T3 S + o
HREED T DODERT - 2 LT IRENSD. =
fo, VIR ESEZHFTCET 2 EE/NMEYEOEE
12 & o TR o #0HA NEL+: NOg | i3/ NE R o
HEEILRITTEEIIARZ WO T (Yang ¢f al., 1992), 4
FIEENEDECOWTCLS BB INETH S S,

i =

HBIRERETC BT %14 # I (Fragariax
ananassa Duch. cv. Houkouwase) 1238/NE¥4 D Y
BREE R & CREICRIE T O SR« 2 VR R
(modified Hoagland and Arnon, MHA ; Hoagland and
Arnon, HA: Murashige and Skoog, MS) %5 I {8 MHA
DENEAKRIERS 1 o+ > BE (20, 40, 60 35X U 80 mol.
m—) DEEEAIHAT.

BAERE A o L JE 40 mol.m—* > MHA {3 HA } 9 %
K+, Mgk NH,F, NO;—, H.PO,~, SO #FhFh
1.3, 1.5, 3.0, 1.1, 3.0, 1.5 FEDLDTH 5.
20, 40 F L 60 mol-m—% o MHA |3 80 mol-m—2 o
MHA ZFBRLAbDTHD. HIR2A T — 2T Hh B/VHE
MEERDT Lich DRMNEERE L, ThbaRY 7 —
A4 PEIEIIRERA ORI L. BERIIEKE < A
saR-=F 27 42— (FLE: 0.5 um) % 4 @50 £
e (BB 3507, REBIIKE 25°C, HNE
B 70%, CO; @R 2.0 mmol-mol~!, BFHA 16 h-d—!, ¥
BERAICETFRFEE 160 umol-m—2.s~1 (K HEY
FLT) TICB 7.

BERBIA 21 B FIC I D /B 6 2 72 D D ik

Table 3 Fresh weight (Wf), percent dry matter (DM), leaf area (LA), shoot/root dry weight
(S/R WA) ratio of strawberry plantlets iz vitro on day 21 as affected by the initial
inorganic ion composition and initial total inorganic ion concentration in the medium.

Treatment Wi DM LA SIR
code* (mg/plantlet) (%) (cm?) Wd ratio
MHA20 181ab** 16ab 5.7bc 5.2a
MHA40 222a 18a 6.8a 6.1a
MHAG60 237a 16ab 7.2a 6.1a
MHAS0 88¢c 16ab 2.7d 5.3a
HA 98c 15ab 3.4cd 4.7a
MS 174ab 13b 5.1bc 6.2a

* MHA, modified Hoagland and Arnd;;HA, Hoagland and Arnon (1950); MS, Murashige and Skoog (1962).

The number following MHA denotes initial total inorganic ion concentration of the medium.

* Means

followed by the same letter in each column are not significantly different at the 59, level by Duncan’s

multiple range test.
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AEE 1 HoPOy~ JpF 4.5 mol-m—3 THEKT, LYE
13 HoPO~ 3817 3mol.m™ Gk & 7o o 7=, /INE A
H) DERE, BYR, EEE, kL OBEEERD
B & B 40 33108 60 mol.m— o> MHA ¢
HA, MS, ZIHBAEERS A o+ » 8 20 35X 0% 80 mol.m—3
D MHA X hKEToic, EHBERA 4 D BE 40 5
L O° 60 mol-m=* o> MHA 3 J 08##H H.PO,~ 1B 3
LUt d5mol-m o MHA 3, HA 3520¢ MS I 04,
IMEDEDOFNAREE S L OREXEEZD 2 L5
B B 2T T o 7.
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