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Gravitropic Response of the Roots of an Achlofophyllous Orchid,
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Hidetaka UmaTAa and Masako Hamaya

(University Forests)

& =
EBERKOSADO—HETHLYF 7Y (Cyrtosia
septentrionalis (Reicb. f.) Garay = Galeola

septentrionalis Reicb. f.) RE L ¥ AUy VT v
(Erythrorchis ochobiensis (Hayata) Garay =
Galeola ochobiensis Hayata) X, #DRIZHE
TOREPEVRAOCBSOARIL > TEFE LTS E
BEHEYTH LY. TOEDHYIZE->T, RiZE
DHYPEETHLINERFERETIROEEL S
BLERD.
EZO-ABHY I, ANV T L EERBRELD
FEICETHMEORT, HERBIILI-THELRN
2E NS CHEYEORO—IIERE LY, B
WREL ) L EIHBTESICH L TADEELR
TIELEBEL. 5F T U RHEWORBIED
BNEEEZRTILEIELALBEI TV,
RS ADROENIIHT B USIZ DV THEERR
WCHED D IBNTEN DL B 2 5, KR, 74
VT EEERYEOSBARBRENTENIIN L
TRLZZIBIZOWTEHRE L L e, 7206

CTCRMEBFROEMRE, A, RS, HEO

HEFWEHOEBIIOWTARRELDOTH S,
MHEEHRE
HENEY
FHAINT VIIHETFE, BABUEYSHEKYIE
WHEL, BBIPOBET I TIIMTTLL AT
AEEROSADO—FET Y, TOHEEITYLIRE
Y, L2PLFOERIIOMIZHETSY bAER

D7 Thsh. W EEITILBILL TEBRKE RS
TELTBEPEVICZEOMBERZ F5—tE ko
THEL, RBEIFEBRE 2o THBRE2ILED (
Fig. 1), 20+ FIBEOM#EMLF TS, F
ZTAERORA L ZIT-ERIZ, RBIZZEDOER
AP RRVALEE 343 727 N 0 Ny I

SRIOEERIM L5 Y VT SHEREIERD X
I LTH7-.
1) AEYNFHETFESAINT P NER (BIR
BRERFFMNBEINRRFOREKES R204) &
%7 XX (Quercus acutissima Carr.) OF 72
Ao/ (A F o Ak £+ 5) T
FAERELZITV, I0CT2 7 AR CREL 7o
Fa—a%E7-.
(2) RICIABREL- DI ~4flloTaba—2a%
Frrzle AN AWML, 23CT2 7 A, B
AT CREE LR X 157, REBETIIEREMNICSH#
POUL ENFoTWLRETIRE L, HBHAPIZAD
AATRE PR E L7 (Fig. 2).

HAERBEORFEIIHESY LERY (2o 7-.
RAL7ERIIHRLY OBMERLELA-LDT, £0
MBI ZEE K 1,000mlizx L Ca(NOs).-4H.0, 170
mg ; MgSO,-7TH.O, 240mg ; KCI1, 80mg ; NH:NO,
60mg ; KH,PO., 40mg ; EDTA-Na-Fe Salt, 3,850
mg ; MnCl:-H,O, 0.4mg ; H.BOs;, 0.6mg ; CuSO,-
5H.0O, 0.05mg ; ZnSO:- 7TH.O, 0.05mg ; H.MO, -
H,O, 0.02mg ; Yeast extract (Difco), 2.0g ; D-
Mannitol, 20.0g TH o 7. pH 5.7+ 1 IZH%E
L7z, ZREBRE (40X130mm) 2 EFERE#W % 10ml
EXXAN S X3.0g (R LBEER) * A,



2 HHERE - BRIET

121C T HEERE L THEA L 7.
SIROEBARICOERE
SRBFTFIMOT T A I NS CHEWEE, XD

HEBEYRBITL-OUCEBREDO T FEKICEARHT

KFEICHEL, 28CT2HAMBEELHBEEL /-

(Figs. 38, 4). ¥/-KBOEHwEH%Z 5 ~10mD & =

ATHM L TBREL (Figs. 5, 6), iy BEIC

WHKFICHEL THEL .

WMEOIE, FIIiEE
RICENHPZREBPBOBYE, RE, BE, EH

B (EfE) CRIZTEELRELA. Juoba—

LB ANy AR CBHE%, BRLTEL %

VMR (BBRE0.5~1.5em) #REBRE LB L TH

#L (UM, BURBRELERDRTS), EZLTE

EL7 (L, EIFBRELXRLETS) MELD

K&z i7o7:. BHEAEYEERIIZNEN12EHET

Hol:. REHEDGEL Y ZOMITRTUM L TE

D 1mEHEL, RFEIVORSOPFLOMEE /

FA (B/NBER1/20mm) TEHDO0.1mmiEH & L 72,

FERRFE (R HE1ng) TEFOMWBAAL

T10mgFEfg & L 7.

BREEE

FHICHT 3 FRO B
HYOROBROETF 2, BEVELLEHOAL
SRTVAD, BEAS L ZORTFTH D LA
HEn®, ROBECEESORFIMET S
DPEOPE R o7, SEOERIELAEI A YT
YOFBIIHSHICBOENESEEF/RL, EOEME
2R L7-RIZES -7 (Figs. 3—6). RKIS#RL
PRI EBRBBRICT L BB LEHFORT, &
NUSADES b L < I3lE L2 2o 2RI RS 2 7R
Khhot. 2F VROBMAEDSHKT S L,
RITERBEBERP SEHCRELTH L MET
ZbDEEILN. LALFLLBELZETO

WPADBUELR LD TIE R, RISERS %

WiRb Hot:. FLESRIORERICH L 2h o oBEE
HEWEOPIZIE, HARTLZOBRPLH L Bk
L7ZRICIZEDOEEEZ R T L OBE S/ (Fig.
7).

SEOEBRMFEET Tirbh-2 L, RBRENT
DK EAG TR LA IE 2, BEE AT AR
MBELLEIBRELENZEDL, FHVVT D
SBOBHERFIIENTHY, LLBEHINLT
HOBBEZRTOOLHM L. 7 ORI

PEOBEHEELZRTIEREL ALBEENRTE
72, SHEOERIIBEEOATLZORMIAD
BHEMERTIENHLLE ko7,

L LR LEEEGOAOHRIZE, AT
(Neottia nidus-avis var. mandshurica Komar.)
DEIZZDROENLERTHZ L binaIni:
T BB, FORIFMEL FRMIN TR,
¥F/27uvxviuFr (Gastrodia pubilabiata
Sawa) RV F 77 EIHRBA RV, Thoo
MOENICH L TEOENBEERE VI LA
BINTVT, [UBROANFEADEEERT DT TR
ZVWEITHD. FlziE7o b a—aEEHIERL
THbRwZayyos roRid, EEEEEY
HTHNAER L OEEEWETHN, BEHIIHL
TEDOEMEERL7: (Fig. 8, BHKXER). I
VFTrETOMEREORITLT L IEHEMEE
REY, ZOMEFMEI—E L2V LPBEIN
TWwaAY, ThonZ bid, EEEOSAOHRIZRE
DMEHOBIE, EHICH L TEOBEERTLIO
PLLehoTHoreVn) ZEERBLTVES,

ROBHEZEBEL

ROBHEZHAIZERBEmIZH Y, #EPIZE-
TRRBIZOABELTWEEELH LA, Fb
O EBRETHERIEHBEEEZREZ2NWY, ¥
AYNT U OEED, BOXWKS ~10mDE A%
BrE LRI ERLE RS eh o7z (Figs. 3—6).
UM SIROBAESBE SN G722 L
L, BELZBFICTEABEPEINLDbDEER
5. ELFEERTREIBEDADREIZIToTWi
WOT, BENRERZHAIREIZH 5095 BERIC
HDDPIZONTIREHIZRR W,

HIRBICH T 2BHOER

EVHRE LEHVABREORB L P ROBEK %
A, HBHRET L &R (Table 1, Fig. 9), &R
LR IROMEY) | Efh L7z b OFH R, EZR
BRETEZRENIIRESIRT, WEOMICIZII
LALERBDON oz, FRETIEAREN
DR E TR E PRI 24, SEOBEIZLIN
WEIRAREHEME VLS EXE0ED, TobbR
BRI 20 IRIZR 2 00, BEMICRO» O 3R
FoTVHEDTIIELS, ROFEILRIMET S
FHa (=RREDORENE) OATHRE->TLED
EITHD, FHEWDVF Ty LRBICERIZE
L FCERILTLOEHBEARET, Y
HASEINLT 5 Z LIidMT, BCIEEIIEHoHIE -



BEGOSAT I YNLT > OBOEHRIG 3

Table 1. Effects of the gravity on the number, the length, the width and the fresh weight of the aerial
and the subterranean roots of Erythrorchis ochobiensis in the upright test tube (above) and
in the upside down test tube (below)

The upright test tube

Whole plants

Aerial root

Subterranean root

No.of  Fresh No. Length Width Fresh No. Length Width Fresh  Ratio of total
plants weight weight weight  roots to whole
plants
mg mm mm mg mm mm mg  (fresh weight)
Sum 12 18,070 37 3,391 67.9 7,589 40 1,393 109.2 6,560 78%
Avg. 1,506 3.1 92 1.8 632 3.3 35 2.7 o47
The upside down test tube
Whole plants Aerial root Subterranean root
No.of  Fresh No.  Length Width Fresh No. Length Width Fresh Ratio of total
plants weight weight weight  roots to whole
plants
mg mm mm mg mm mm mg  (fresh weight)
Sum 12 16,500 29 1,112 57.9 3,091 66 2,222 175.8 10,250 81%
Avg. 1,375 24 38 2.0 256 5.5 34 2.7 854
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Fig. 9. Length and diameter of the aerial and the subterranean roots of Erythrorchis ochobiensis in
the upright test tube (left) and in the upside down test tube (right) about 4 months after syn-
thetic culture with Isolate R204. The length of aerial root in the upside down test tube showed
a drastic reduction compared to that in the upright test tube.
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Summary

Some gravitropic tests were carried out on the roots of an achlorophyllous orchid, Erythrorchis ochobiensis
(Hayata) Garay. The orchid cultured, in vitro, for about 4 months, with one of its symbionts (Isolate R204),
showed, under the various conditions, the following seven sorts of behaviours to the gravity.

1. Only the parts of the aerial roots which elongated newly after the commencement of the experiment
responded to the gravity, showing the negative gravitropism.

2. There were some aerial roots showing no response to the gravity.

3. In the occasion when the aerial root was cut out at the section 5-10 mm off the tip, the root showed nei-
ther regeneration nor gravitropism.

4. Cultured under the upright cultural condition, the number of the aerial roots was almost the same as
that of the subterranean roots, while put under the upside down cultural condition, it was nearly half of that
of the subterranean ones.

5. Under the upside down condition, elongation of the aerial root was drastically reduced.

6. Under both the upright and the upside down cultural conditions, the ratio of the total fresh weight of
the roots to the whole plants was ca. 80%, not affected by the gravity.

7. The growths in thickness both of the aerial and the subterranean roots were not affected by the gravity.

Explanation of plate 1

Fig. 1. Twining Erythrorchis ochobiensis climbing Castanopsis sieboldii.
L, R and S show the scaly leaf, the adhering root and the terrestrial stem, respectively.
Photo: courtesy of Dr. T. Terashita.

Fig. 2. Aerial and subterranean roots of Erythrorchis ochobiensis.
AR, SR and S show the aerial and subterranean roots and a stem respectively. Aerial roots
are slender and long, but subterranean roots are thick and short. Arrow shows a thick por-
tion of an aerial root invaded by a symbiont. Compare Fig. 11. Scale = 2cm.

Figs. 3—4. Gravitropic response of roots of Erythrorchis ochobiensis whose root-tips were not cut
off.
Roots A-E in Fig. 3 (before test) corresponded to Roots A-E in Fig. 4 (2 weeks after test), re-
spectively. All the roots except root A showed clearly negative gravitropism. Arrow (right)
shows the direction of gravity. Scale = 2cm.

Figs. 5—6. Gravitropic response of roots of Erythrorchis ochobiensis whose root-tips were cut off.
Roots F-J in Fig. 5 (before test) corresponded to Roots F-J in Fig. 6 (2 weeks after test), respec-
tively. Root tips of F and G were cut off and those of H-J were not cut off. Roots F and G did
not show response. Root H showed distinct negative gravitropism, but roots I and J did not
show response. Arrow (right) shows the direction of gravity, another arrow (below the cen-
ter in Fig. 6) shows the root tip of J before the test. Scale = 2cm.

Explanation of plate II

Fig. 7. Branched roots from a subterranean root of Erythrorchis ochobiensis.
Arrows show negative gravitropic roots which branched from a subterranean root. Scale =
lcm. ,

Fig. 8. The negative gravitropic response of the roots of Gastrodia pubilabiata, an achlorophyllous
orchid, which was cultured with a symbiont of the orchid. Scale = lcm.

Fig. 10. The roots of Erythrorchis ochobiensis which were elongated to four directions.
S: Scaly leaf. SR: Juvenile root which was developed to the subterranean root. AR: Root
which grew to an aerial root, showing the negative gravitropism. Scale = lem.

Fig. 11. Two vertical sections of a same root of Erythrorchis ochobiensis.
Fungal coils were not detected in the slender portion (above) while those were detected abun-
dantly in the thick portion (below). Arrows show fungal coils in the cells. Scale = lem.
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Plate I







