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Effects of mineral composition on the seed
germination and the seedling growth of
Dendrobium tosaense, Calanthe furcata, and

Phajus minor.

SYOICHI ICHIHASHI

(Department of Technology)

Summary

The effects of ionic concentrations and ionic balances of media on the seed germination and
the seedling growth of Dendrobium tosaense, Calanthe furcata, and Phajus minor were investi-
gated.

1. The germination of each species was inhibited on the medium of high ionic concentra-
tion. The seedling growth of Den. tosaense was stimulated on the media of high ionic concen-
tration, however many callus-like-bodys were formed and grew abnormally on those media.
The seedling growth of Calanthe furcata and Phajus minor were also inhibited on the media of
high ionic concentration. The seedlings of all those species grow normally on the medium at
20 meq./1 of ionic concentration.

2. The seed germination of Den. tosaense and Phajus minor was inhibited at high level of
NH}, and seedling growth of Calanthe furcata and Phajus minor were stimulated at high level of
K*. However, these effects of cations were not so effective.

The effects of anions were larger than those of cations. The germination of Den. tosaense
was inhibited at high level of SO.7, and that of Phajus minor was inhibited at high level of
H,PO,. The growth of seedlings of all species were stimulated at high level of NOj.
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3. The optimal composition of ions was decided in consideration of the optimal ionic bal-
ance for plant height to 20 meq./1 and as follows:

Percent of Percent of
NH; K* Ca'™" Mgt NO; H,PO, SO,

Den. tosaense 60 15 15 10 70 20 10

Calanthe furcata 25 55 10 10 70 20 10

Phajus minor 40 30 20 10 70 10 20
# B

T VRHEMOB LR T S LU Z 0RO EEOAFT ISR IC L > TAkE 2B EL 2T
5, LAL, BthizcidfrolsraEh, EE0LEE LS OBEIZ> N TIEAHE
LRAFZO, HHOFERSTH 2 EBEEHKS Y 7 OELEDEBIZRITTHE >
TEHIIHMIcHAE L, BHiRE, NHI/NOs b, MEERSFIELDEFTIIKRELY
ERIETZE RS L AJ2.0) )

D7 YRHEWIZE VT, YTy OBEO L)z, o BEEEER BT O RE L
EENDEBIHELRIITLOLEbLN S, ARETIE, HAEFES » 2B TS
B, o EBEHE M T RF S L UEEOEFTICRIETEEIIOWTRIL 7,

M EHE

BBASOEIOH TR IIEAE LI UVERETIHREL 23 3+t v 27 (Dendrobium to-
saense), YN 35 v (Calanthe furcata), 7> ¥ ¥ 3 > ( Phajus minor) OZBETOH
REMA U2 EBR1ICE, Z4AVOREL B EFIUICHRSE, B4 4 V8BE %10,
20, 40, 60meq. /¢ 3% L CHHBE OB E X /-0 72, EBR 2 TLIIE O A%
FEEEOEFTIRIETHREL R, SEHMNBEX O *+ v #iz Table 1 IR L 720 &
BXOAF VHRIZY T OBEOEBEIZL 2, TRTOUIXIZ RM - 196255 H o> %
BREREIRML 720 2721, Fe-EDTAUSNO BRI ERNL/I00EBETHRML @0
WX T NTOMEX1220g/¢, FERIZIEHIEE 7'60meq. /€ DIHEIE11g/8, #DMOE
B2 10g/ LML 7,

ELOBREH L URESRTEROICEEL T4 - 7, B Den. tosaense DA
T13416. 5154, 8(p=0. 05), Calanthe T13360.8%42.9, Phajus Ti3310. 2+£37.5& % -
7o HEMEIZS0FI0A3IH, 11A 1, 2HIITS - 72, MEEOBIEIZEER 1 CI3EER 2 »
AZ 210 H £ T, £8 2 CIBRISIET H10, 13, 15HI217 % » 720 HIE I —0LIRX
2D E37 T AT h 7N, FEBR2 CUHMEOERIZEY 377 AALT &L - U0
XAd 5,

FOBAR O F ISR QO LRk Th 2, T4 b b, PB4+ L IZBL TIZIBK6, 3,
19 NH; :Ca*, 1, 2, 4k9K" INH{, 4, 5, 6L0Ca'" ! K" Ofiski/,
ZFNEFNOUBEX O Ry, (R, EfkE, B, BEKE) 3244+ oKL E2
BIENTED, ¥4 bbb, NUHX6, 3, 1TIENH;, Ca'™t LS4 + BT E
—EIIfRN B, LA ->T, ThsOREXOINEE(LIENHL & 5 vz Catt oL
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Table 1. Composition in percent inside the ionic groups of nutrient solutions.
(EM™* =20 meq./1) ‘

Medium* Percent of Percent of
NH; K* Ca™ Mg** NO; H,PO; SO;-
C Control** 20 40 30 10 60 30 10
1 70 10 10 10
2 30 40 10 10
3 Cationic 40 10 40 10 60 30 10
4 10 70 10 10
treatments
5 10 40 40 10
6 10 10 70 10
7 80 10 10
8 . 45 45 10
Anionic 45 10 45
treatments 20 40 30 10
10 10 80 10
11 10 45 45
12 10 10 80

* The minor elements of RM-1962 medium were added and the level was reduced to 1/10
except Fe-EDTA.
** In Exp. 1, the ionic concentration was held at the level of 10, 20, 40, and 60 meq./1.

k20 ELISND, ZZTNH & Cat " ORIE—ETH 50T NH; #RE shhd
Cattbipigand, LEd -7, y=ax'+bx+c TUBT ML, NHIZBLTELTO L
I B

0N 0 e
ye=2 <80> theggte @
40\ | 40
— g2 B PN 5
ys=a (80) thggte @
0N 0 s
yi=a <80> +hggte ®
@O, @, @&y
a:%(yl_2y3+y6) ..................................................................... @
:_%(SY1_16Y3+1IYG) ..................................................................... G

LA - Ta<0DBy, BAklid 2 5 x 0 NHY O foi it NHiopt & & %,

4o b_ 1 5y,—16ys+1lys
NHiopt= 2a 16 yi—2yatys

a0 DE LI A &R TR o0 NHY e & dpii b & L7, 22T Ca'topt=1—
NHjopt & % %,
[lkEIzX 1, 2, 425K :NHf, 4, 5, 6725 Ca" K" DB L EBAKE S,
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INsDifia NH KM Ca™* D34 4 v OBIIERTIEIEBHOA A L kEH» KT
3, ZOFBAPEHEL A A VFE GE3B) L 45, MFEAA 4 L HERE O IRET
B, KRTENEOAE SEERL 2R 4 > OIBRELBA 4 > 080 &
B SR Y 72,

0D FBR Ji 150 FERIEBEAR (L) (2),(3), (4) 28 10 7=,

= x

KR, EHBEOY

Den. tosaense DiE-F 3% 1 » HIZ & TRALIEAT 3. Calanthe, Phajus DH{31L,
B 2 P HFE OO B IZHALIEAA RO 6N 5 L9124 5, 6 2HBORRIZ L 258
L, 35S L EMEES N BRI 2A - TR L 720 Calanthe, Phajus D {Y1%
10, 20meq. /¢ DEEIZLEEE L T40. 60meq. /¢ TIFREFIAIZ I s h7- (Table 2),

Den. tosaense DFEAEIZIERW BB, £HO AV AIROHEEA L L, B
WL BRI L A 5> TZOEIGIEMINL 72, 2L 0, KIBEOHGIEE» 7O f 72—
ARSEEST DLOOEEA L VN, ERETIEAN A RS 2RI L RO EES
Ll AN ZADOEFBIMGRE LD L NBIEOBN IR TH - 72, RO EIXEEBED
WBAED)FRIFTH - 72 (Table 3, Figs 1,2),

Calanthe Tl Den. tosaense & E7%4 0 IV ADREEIT LV, EEDEFIIERE, 70,
3R & £ 1210, 20meq. /2D A1240, 60meq. /o DEGED L RIFE 2 -7~ (Figs1,2),

Phajus DFIIEFT LA OFREI L D 95 3 4%, BBEBIMOLEFIIRIFE -7, s
X Calanthe D354 L [6RE10, 20meq. /¢ DIHGIZRIFE 2 -7, (Figs1,2).
ER2. EHOIA L FEOZE

Den. tosaense: &4 4 VW IMEIXEIDEFZIT BN D v, 7T7ATH 20O (5

EHCEYERE) &, NH, KY, Catto/\sy 2nen- i, vM£2, 3, 57
Table 2.  Effects of ionic concentrations of Table 3.
the media on the seed germination Effects of ionic concentrations
of Den. tosaense, Calanthe furcata, of the media on the callus for-
and Phajus minor. mation of Den. fosaense.
Ionic conc. Seed germination (%) Ionic conc.
meq./1 Den. Calanthe  Phajus meq./1 Callus (%)
10 40.6 35.5 15.2 10 14.6
20 45.3 34.0 14.0 20 27.7
40 33.0 26.2 1.8 40 97.8
60 28.6 16.6 0.0 60 100.0
LSD at 5% NS 6.9 6.3 LSD at 5% 18.5

Culture period; 6 months. The composition of me-
dium was the same as control in Table 1.
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Culture periods; 10 months. The
composition of medium was the
same as control in Table 1.
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Fig.1.  Effects of ionic concentrations on the growth of Den. tosaense, Calan-
the furcata, and Phajus minor seedlings.
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Fig.2. Effects of ionic concentrations on the growth of Den. tosaense, Calan-
the furcata, and Phajus minor seedlings after 8 months’ culture.
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BifbZ o7, BFRIK OLVUEX T, FFHE, 2L, BEHIINH 0200
BT, £, HVARERICatt DS VIBX TA X oo B A A BRI 0
SHEZIHEAA VUK OBE LD L KREL, PVARERLDFWT NO; @£\ IEIX
TOEBEIFRIFE L >/ ANADEEZRE, NO; P %< SO;™ D& VLEK T X ¢
AW, TOEBR, BEHILVE W, SNV ADEFTLE -0 —F, DLVAQOLETE
i3, H,PO; D £ WIUBX 8 TRIFL % - /- (Table 4, Figs. 3,4),

Table 4.  Effects of ionic ratios on the growth of Den. rosaense seedlings.

Average

Medium number of fresh plant number survival callus
seedlings weight height of roots rate rate

per flask (mg) (mm) (%) (%)
C 167.7 16.0 5.5 1.5 93.5 53.7
1 64.3 17.9 54 1.5 58.4 54.6
2 153.3 124 4.7 1.9 74.3 50.7
3 88.7 26.4 5.0 1.5 74.8 72.1
4 141.3 9.3 37 1.3 94.6 57.0
B 190.0 94 4.1 0.9 91.4 63.2
6 117.7 10.5 33 0.7 78.7 72.4
7 108.3 14.0 5.1 1.5 95.2 58.0
8 134.7 140 4.0 0.7 96.9 74.9
9 60.0 17.1 43 0.9 76.7 78.5
10 69.7 7.8 3.0 0.2 24.5 84.9

11 10.0 4.8 2.1 0.0 44 4 100
12 20.0 5.3 2.1 0.0 56.7 96.3

Culture periods; 8 months. Seed number per flask; 416.5 + 54.8.

Calanthe furcata: [ 4 + v WUEEXHADEE 21X Den. tosaense DB A L I3k & A,
el A4 VRBXOBE L0 v, JUE, HRE, S, BEEIIK 0 WIXcR
Fekh e —/, BFIENH 0L WVIEXCRIFE E 7m0 BB A 4 VBRI T, I
FRE, FL, BBUETNTNO; DL VIBLTRIFE - 0+ 7, %R 1 H,PO; o
EVWRBBXTCRIF & % AT H - 72 (Table 5, Figs. 3,4),

Phajus minor: [ 4+ VEBXDEBZE T HEN A & <, UL, 78%%E, EfE=E T K
D Z VB G, EIRE, A3 NHY OB £ WX TRIF L % - 7= J6R s NH;
DENMUEXTEL 257 2DEFRSY, — /), KOSWIERCIEOEBTILIBRIFE 4
270 A4 YUEBXTOEFIINOT 02 WK TCOEFFI TN TOESIIRTF L
7= (Table 6, Figs 3,4),
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Table 5.  Effects of ionic ratjos on the growth of Calanthe furcata seedlings.

Average
Medium number of fresh plant number of survival
seedlings weight height roots rate
per flask (mg) (mm) (%)
C 150.7 29.5 40 0.7 100
1 203.3 9.2 4.0 0.2 100
2 151.0 20.6 51 0.6 100
3 101.0 31.7 4.3 0.6 100
4 87.5 54.0 49 0.9 100
5 104.0 38.7 4.0 0.7 100
6 118.0 11.8 2.8 0.2 100
7 119.3 42.5 5.2 0.8 100
8 124.7 30.1 3.3 0.7 100
9 125.7 22.6 4.1 0.6 97.4
10 135.0 5.8 2.9 0.1 76.3
11 125.0 34 2.3 0.0 17.5
12 100.5 2.5 2.2 0.1 0

Culture periods; 8 months. Seed number per flask; 360.8 £42.9.

Table 6.  Effects of ionic ratios on the growth of Phajus minor seedlings.

Average
Medium numbe.r of frf:sh p].ant number survival callus
seedlings weight height of roots rate rate
per flask (mg) (mm) (%) (%)
C 63.0 429 5.8 14 99.2 0
1 13.3 25.3 7.1 1.8 93.7 0
2 25.0 56.0 8.7 1.6 80.0 24.0
3 36.0 40.5 6.7 1.2 65.3 17.5
4 123.0 21.1 4.1 0.5 100 17.9
N 44.0 27.8 5.6 0.9 90.2 22.6
6 36.5 16.3 34 0.6 48.0 17.3
7 85.0 39.0 4.9 1.0 100 11.7
8 21.0 5.1 3.6 0.2 57.2 0
9 22.0 22.7 4.9 0.5 21.8 0
10 5.7 1.8 2.3 0.0 88.6 0
11 28.3 3.6 2.6 0.1 0 0
12 440 1.1 2.0 0.0 0 0

Culture periods; 8 months. Seed number per flask; 310.2 +37.5.
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Effects of ionic ratios on the yield of Den. tosaense, Calanthe furcata,
and Phajus minor, and optimal ionic ranges sum up to in the triangl
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Fig4. Effects of ionic ratios on the growth of Den. tosaense, Calanthe fur-
cata, and Phajus minor seedlings after 8 months’ culture.
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KRB Srili 4 A4 v Table 7158 L 22 & 512,84 4 VIR OB AIIEDE VS 3V
WEOBHENEVIZEVIET 5, —F, BA 4+ V#mid, Den. tosaense®d NV A%

£, Calanthe DR¥E, PhausDHEBHOBELDF VT, EOHEL NO; DI EN
W& ko7 (Table 7),

Table 7. Optimum balances of cations and anions on the growth of Den. tosaense,
Calanthe furcata, and Phajus minor.

Species Medium for . Pgrcent 01:’+ " i Percent _of 3
NH; XK' Ca™ Mg™ NO; H,PO; SO;

Yield 14.2 304 454 10.0 55.6 38.0 6.5
Germination 139 450 31.1 100 534 40.6 6.1

Fresh weight 45.8 6.0 38.2 10.0, 445 36.9 18.5

ﬁiZéue Plant height 63.2 135 133 100 733 203 6.5
Number of roots 383 419 9.9 10.0 78.5 12.3 9.3

Occurrence of callus  12.7 259 51.4 10.0 59 39.3 54.8

Survival 59 19.6 64.6 10.0 58.6 16.2 25.2

Yield 10.8 67.8 114 10.0 72.5 19.6 7.9
Germination 63.7 6.4 20.0 10.0 104 80.0 9.7

Calanthe  Fresh weight 99 700 10.1 10.0 77.3 14.3 8.4
furcata Plant height 24.8 53.9 11.3 10.0 72.8 209 6.4
Number of roots 10.0 70.0 10.0 10.0 71.0 20.9 8.1

Survival 16.8 36.6 36.6 10.0 51.1 339 15.0

Yield 9.8 70.0 10.3 10.0 80.0 9.9 10.1
Germination 8.3 69.4 12.3 10.0 74.8 6.3 19.0

. Fresh weight 45.7 225 21.8 10.0 80.0 10.1 9.9
Phajus — pint height 446 267 186 100 643 131 226
THROT Number of roots 618 161 121 100 386 50  56.5
Occurrence of callus 194 345 36.0 10.0 80.0 10.0 10.0

Survival 21.9 59.1 9.1 10.0 76.7 16.9 6.4

The level of ionic concentration was held at 20 meq./1.

% &

S RHEM O 8 IR EMEEN IZIr 2 b NS, LT, Mmmmw%nt%&
T, KOEPICEREFILELZNS A SN T ERFEL & v AUEBRTIIE

HEd AT B 12 & 0 OB EROALE HE D 5 ﬂf:o ZREYER AT E v
DTV, RS CIXRFEIMMET L f’ Y OB A A R E O B4 r‘:l—]
—ThY, FFEDWTORZEEZL S NV, TR ZU)f;“/f\’(li 1R Dy AR

I L RIFT AR EN, T4 b5, Den toseenseTIENH; & SO Calanthe
CEK & SO7, Phajus T1E NH; & HyPO; 0FI4 455 W EHC R R ARV, ZORE R
SR ST I NS ORS OB E & ITEHETE LA, KR 1O %&Aht"fifék
%awamQ”*ﬁFmEU@ﬁwm&%éwuiM@LA EHEDOEEDIEMI, 1
ERSORFREDRAE 2 5N b, KM OLHELE5) T, Den. nobile, Laelia
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ancepsid Knudson’ s, 21F Vacin & Went’siﬁi’dz’@ Cymbidium pumilum’(“tiiﬂé
DM THFRIMEL o7 T2, VanillaDHAONI3EE, HIINOy —NARFLE
ET LI eMREshTwd, b,;ﬂb@@ﬁ&iiﬁn BletillaDFEFIXIZ & A LHS
MBS 2 VIR OB E L2 2T v, TR FAEBIARE C, BFIILELE
FRHLAPUDHFHENTVSEZ L EEBEETRLZVWTH A I, Bletllalz k7T TRIEL,
77U ba—LAEEh, BrORIIIAEFIELELZVWLDEEZL NS, L L,
DY % Den. tosaense, Calanthe furcata, Phajus minor% & TIXHFD /12385
DA LEATRTH Y, O APBFCEE LR LIRITITLDOEEL SN,

HHOHE sk, KNI EEDEEII LIS TR L HEERIET, Den.
tosaense@ﬁr’y{}ﬁ WAL BEEDHEGD Phajus £V & %\, 72 Calanthel2iZ & A &
HNWAIEL &y Den. tosaenseDIFHEANADREAEIZ1ZCatt, H,PO; 5113 SO;
EEMNTH Y, % OEBFIZIEINO; PIEENTH B, WV ADEBTBIZIZEH EELDEF &
BEBL B ERIHL2LDELEELILSND, T4bL, Den. tosaenseTlZ, 10, 20meq. /s
DB &0 640, 60meq.d D HIZEREII KX 45, £72, P EEERFEIIHT 2 Ik
ARG I D 2RO G L L CCa T DEIG A S v, ThIEAVADE S ERIZLS
DEEZLND,

FEA 4 MO Zh 6 Oz T 38, ANVADOBELNTCLEIZED £ 0E
%, ¥%bb, Den. tosaense, PhajusDIBAHNH] 125> TIHROEFRBEE sh 35, %
OB HFEEN L, — )i, Calanthe TIIBORELEFIHE SN B, 72, Bletilla
DBHENH 1z k- ’(1‘&07 ESEBEMNEE xR, ZHIZIENH /NO; DEHN K & 45
WRIEOWZ D &) 2BEA 4 Mk o EM I Emn b0 s, HEL2VLDAH B,
UL, B4 v HOETZE LA, 20z 2BE oL B i brn
JuLF’W’ F DL ORISR b 2 v, T b b . NO; ok 5 BRI o fiE
THREV, ZRIERFLIHIARAA L OLERIKREVZDTHA I, HMkIZLS

NO; OIRYLH NI E BRI L2035 25, L L Tidkt £<, NO; 7%
ENZEHTOEESRNNIBIFE G 5, LT, BNEER ( llliu F ik, 43
L) DB @Ili@it 2T ANO; OEIGIE v, ULa L, EENZEERFNEE %5
Bund ) Bag R, RIRE, AV AELEL YOS 2 BT D §<, I 38 AELIE
CHITANO; DEIGIEE V. 2 LT, FRIEFAFROETIZET A0 LR 4 il
e izyrniisit L Ez2o0 5,

T DM R A E T 2R, Ty oMHEOBEVLOIE»Z, HINET A OREE
DEII R TN E 2> 20D e & 5, JIRM AR FBEMIC S0 Rl 2L

DN, ANADNEE L SITETCIE v, F 2, BERLEEIMN T4 W AR
MEEETAMGORELZERE L L2580, T bbb, B IBEMTIEELBRIEED
NG ADENIEETCRERELENMFONIZENEETCH I, ARTIE, ZNH6D5MT
kb L TwaEE26N5, TWLOEFIZHIT2H5E L 6 BEHURIE & ol 5 Ak &
RAEL 7o &5 IIEBERDLOMAGHE BB L T, ZOMME £ DIZIEL, Thsn T
v RIRESFE o8 NS & L 7 (Table 8).
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Table 8.

& It

A tentative prescription of medium for excellent growth of Den. tosaense,
Calanthe furcata, and Phajus minor.

A. Percent composition of total cationic or anionic concentration. (EMnt= 20 meq./1)

Percent of Percent of
NH; K*  Ca™ Mg™ NO; H,PO; SO;
Den. tosaense 60 15 15 10 70 20 10
Calanthe furcata 25 55 10 10 70 20 10
Phajus minor 40 30 20 10 70 10 20

B. An example of mineral salts compositions.

Salts (mg/1)

Den. tosaense

Calanthe furcata

Phajus minor

NH,NO,
NH,H, PO,
KNO,

KH, PO,

K.SO,

Ca (NO,),- 4H,0
Mg (NO,),- 6H,0
MgSO,- 7H, 0

880.6
1141

408.3

356.1

246.6

80.1

456.4

1112.2

2374

246.6

640.4

272.2
348.6
474.8
296.4

The minor elements of RM-1962 medium are added and the level is reduced to 1/10 except Fe-

EDTA.

Agar; 10 g/1, sucrose; 20 g/1, pH; 5.1+ 0.1.

FNFEyTaT, YNT Y,
BEHHI DB IOV TIHE L -0

]

£

X% T Y O L RO T RIET BRI &

1. BrORFIEOMEY, B NREOLGUHEE sh . BEDERE, /54

Yy 27 TIRGREREMTRE & % - 72747,
XX T CIIMBEE T EEDEE T s,

Lol YT,

31z, 20meq. /¢ DEFIZEEDEFTIEIEE CRIFE & 7,
2. BT ORFLEFIINT 2BMOMBA 4+ VR OBEBII BN L L o me 2571

vy A7, XX 7 ORFIEEGEBONH, CHESN-, VLT,

FEEDEBIRK ORBO L WUBMX TRIFE £ - 7,
A 4 VDB BIIEA A v OBEIIEBRLTAREP -, BFEFNF Ly a7
DBESO;-, o ¥Fx53 v oBREH,PO IcE-THREENA, EEDEFIT LD

LENO; HBEOBA BT & - /0

AN AIROMEE IR &N, EEIZREL

KR

HEET YT

3. ko 3D 7 ¥ I $17 5 BEREOREHIIE, ELOEFOHEREEE
LT, R A220meq. /0 & L TIATD L) IZIRE L 726
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Percent of Percent of
NH; K" Ca™  Mg” No; H,PO; SO/
Den. tosaense 60 15 15 10 70 20 10
Calanthe furcata 25 55 10 10 70 20 10
Phajus minor 40 30 20 10 70 10 20

(RAFI544F 8 H29H 2 7E)
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