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+ Air Control + Air

Control

A: After 30 minutes. - B: After 12 hours.

Fig.l Withering degree of shoots and cladphylls after
steeping the roots in water.
Thirty minutes (A) and twelve hours (B) after
transferrihg from the culture vessels (Hiroshima
Green).
+Air: with ventilation. Control: without ventilation.
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Table 1 Effect of ventilation to the tissue-cultured plantlets in vessels and its additional

effect to the acclimating plants after transplanting to soil.

Cultivar Treatment?® Plant? No. of¥ Ratio of viable*
(Line No.) height shoots plantlets
(cm £ SE) (+SE) (% =SE)
Hiroshima Control 9+0 1.6+0.1 69+ 1
Green -+ Air 9=+1 1.6£0.1 91+ 5
Welcome Control 9+1 1.94+0.2 95+ 4
(Y6) -+ Air 12+1 2.6x+0.3 92+ 5
Welcome Control 7+1 1.9+£0.3 55+ 6
(06) +Air 11+1 3.3+0.8 74+11
MW500W Control 9+1 2.1£0.7 75+ 8
+ Air 10x+1 2.0£0.3 93+ 6

Twenty numbers of plantlets were tested for each treatment of each cultivar.

SE: standard error
Control: Cultured under without ventilation, + Air: Cultured under with ventilation.

K4

y

Plant height and number of shoots were investigated at the time of transplanting to soil,

at 30 days after plating of somatic embryos.
Ratio of viable plantlets was investigated after 30 days from transplanting to soil.
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2RISR L CHREOTHMOBE B, HERE
L7k o 72 (Fig.1-B, +Air)., —7, BESEERT
, BRI ML ESH—IROBEENEE LAY,
053 ITIEFE & OEBIELIEHRE L /2 (Fig.1-A, Control) o
IR Iz &, R3M2mD3E b EiE LAY, 12RE%
WXL W ERE L7 (Fig.1-B, Control), %8, MK &
b 2URRR I ERER» ST R ZOMESRD Shiz,
2. EFRUVIBLEERR
BHAME L b BRIEEX T, EESEER L VE
ENEL, BB R EAR ST, £, R
LEER L BREERX TET4~93% LR L TE LIRS
Hohlz(Table), %8, HRLEI L VEFIZEN
HY, WU & ELRUCEROWINEDOEBTIRED
BEbEL-o7z, :
3. ERETEREICL ZEBEHOERANRER
BEREEROEOZEREIZIZ, EH12mPIR A7

EARK OB (Fig2) N U CEEFEIC, B32~5mdD
RO C2F 2779 7 A¥2mlRTHE IR
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WXIFER TR, WTFhOHEBCbIEr7F 2757y
2 ADFELEHHED TH - 7z (Fig.2-B)o

Table 2 WY & 5 ICESIFEK (+Air) KB 28
DERBOKILOBPARER, HBEEBR,»OSWMOHLE
EEMVIELBEBI02H%E b, KE CBIKL TwAREE
(Open) D b D Z N ZN24%, UR LD BT, %
7z, U TW BIREEDSRFLIZ9%, 8% L Hhot, —
7, BESHEERK (Control) TH, KE<BHBLTWw2
REOGFZNEN48%, 8% L% <, AL TL 34Kk
FED b DIF11%, 8% LD tz,

T, BRUISEX T, ELEBRCEWEREBOR
LOFE324% 1 S514% N LB T L7cDicxt L, EEE
B X Ti248% 0> 558% L < o Tz,

Table 2 Observation of stomata on stem segments by scanning electron microscope.

Treatment*® Sampling” No. of The ratio of stomata of different state
time stomata Open . Medium Close

{minute) investigated (% *+SE)
Control 0 85 48+ 5 41+ 1 11+ 4
) 10 66 58+ 9 34+ 6 8§+ 5
+Air 0 59 24x11 37+ 7 39+ 8
10 51 14+ 9 48+ 3 38x10

¢ Seetable 1.
y

minutes after transplanting to soil (10).

Samples were fixed by FAA solution just after taking out from culture vessels (0) or 10

Eight to 12 numbers of stomata per stem segment were investigated for each treatment at
each sampling time.

from somatic embryos cultured under with or without ventilation,

Fig.2 The scaning electron micrographs of the surface of stem segments of the plantlets regenerated

A: With ventilation. B:

Without ventilation. Much of epicuticular wax was observed on the surface of stem of plantlets

of Hiroshima Green cultured under with ventilation.
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Table 3 Effect of CO, enrichment to the tissue cultured plantlets regenerated from somatic embryos:

Cultivar Treatment? No. of Plant No. of Root No. of
(Line No.) plants height shoots length roots
investigated (cm £ SE) ( £SE) {(cm =SE) { £SE)
Seto Green? Control 9 9+1 3.0£0.6 7x1 3.3£1.0
+ Air 9 11+0 2.1x£0.2 8+1 4.7£0.8
+CO, 9 10+1 2.9+0.5 8+1 5.9%+0.9
WelcomeY Control 10 10+1 2.8+0.6 61 7.3%1.7
(Y7 +Air 10 11+1 3.1£0.4 7+0 7.2+1.3
+CO, 9 11+1 5.3+0.8 8+1 10.94+2.0
MW500W~ Control 18 11+0 5.44+0.9 11+1 6.8%1.0
+Air 18 9+1 5.8+1.0 10£1 7.2+1.4
+CO, 18 11+£1 6.7+0.9 11+1 8.7+1.5
Hiroshima* Control’ 36 81 2.0x0.3 8+1 2.9%+0.5
Green +Air 36 10+1 1.8£0.3 8+1 2.7+0.5
+CQO, 45 + 2.1+0.3 9+1 3.81£0.6

? See table 1. +CQ,: Cultured under CO, enrichment (1000 —1500 ppm under light condition,

of 12 hours per day)

¥ These cultivars were investigated at 30 days after plating of somatic embryos.

* This cultivar was investigated at 26 days after plating of somatic embryos.

Tabled4 Effect of CO, enrichment on fresh weight of underground parts and dry matter
of the plantlets regenerated from somatic embryos.

Cultivar - Treatment?® FW of under¥ Dry matter (% * SE)*

(Line No.) ground parts to Whole Above Under
whole plant(%) plant ground ground
Seto Green®  Control 44 12+1 16+0 T+1
~+Air 42 11+1 16+1 8=x1

+C0? 61 10+1 191 7£0
Welcome" Control 44 110 1741 61
Y7 +Air 63 10+0 16+1 71
+CO? 61 11+1 18+1 7x1
MW500Wv Control 51 11+0 17+1 7+1
+Air 44 1241 16+1 61
+C0O? 59 12+0 18+1 7+1
Hiroshima" . Control 69 12x+1 20£1 90
Green + Air 69 12+0 21x1 8+0
+CO? 79 1341 261 11+0

v Seetable 3. The number of plantlets mesuring for fresh weight were indicated in table 3.
Y The ratio of fresh weight of underground parts (crown and roots) to whole plant.
*  Dry matter (%) = Dry weight / Fresh weight X 100
Six numbers of plantlets of Seto Green, Welcome(Y7), MW500W and twelve numbers of
plantiets of Hiroshima Green were investigated.

15
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WL ERX(FAID) ORI, 458 s b EREFKY
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Fig.3 Plant regeneration from somatic embryos cultured

under different conditions. Thirty days after trans-
planting of somatic embryos of MW500W.
Control: without ventilation, + Air: with ventilation
+CO;: with ventilation and CO, enrichment
(1000—1500 ppm under light condition of 12 hours
per day.)

645

WOLEERE T - TMARR U0 AFH) E4E

DEHZEEGE, TV =2, XY=}
500W, eny=7 0 —>D388ETR, REY AA
RWBmbEL, hoMBERX X D8~1965 5 - 72 (Table

4!

F1g5) °
HEEOEYMERIC DL, SRR L b EERE

#, BREE, RBYVARHOSNB KRS ZER%
Polz, UL, #EHOEHERCOWTELTAO.
HEARE L KBA AR TROE L2 EABH D,
Bicbtoy=2U—>088, REAAMBAXOWE
BRIEEK, BEUSERICEAREWER C5~6% b 5 <
role, &7z, bOovy =) -~ TCRITHOLEYESE
WZOWTH REY AEBXTI~3%E < % -7z (Table 4) .

2. IREEROBDEBTRR
RSNV RUERXAY) =T b 500WTIE, KEE

HARRAROEL R VER S EBESISEX 0@ EK
IO EL ks EHEH 72 (Table5), 72, oy
TN = DT, BEXRREHIZT TR IRERIRE
YR AR & > THEAINL 72 (Table 6)o & 512,
EHEE, REYAMARH?0.77g L HBSEERRE
K[UEEIEK D0.50, 0.511 b1 5% Bzl 7z, &
ERE T I THREREOE S, RES AMHK
LESIEER TIIHI50%, EESIEBRK TRS%TH -2,

[I. WEEOEFICRITTREH AMEA L5 2 R

Average fresh weight (g)

Ko
1. BOLEKR
REEA AROFECED ST, B0 = FREH

0.6 —

.-l M Control
0.5 T/ m+Air
0.4 | E+CO0.

0.3
0.2

0.1

0

Seto Green  Welcome MW500W  Hiroshima:
Y7) Green
Cultivars

Fig.4 Effect of CO, enrichment on the fresh ‘weight of the

plantlets regenerated from somatic embryos.

For culture condition, investigation method and
culture period of each cultivar, see table 3.

Bars indicate standard error.
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Fig.5 Plant regeneration from somatic embryos of Hi-
roshima Green in different culture conditions.

Shoot growth (A) and root growth (B) of 26 days

after transplanting of somatic embryos.

Control: Without ventilation, 4+ Air: with ventilation
+CO,: with ventilation and CO, enrichment
(1000—1500 ppm under light condition of 12 hours
per day.)

AV EELRURRBMBRT 2E@1H o7z, £HE
HEEHD 3 FRENEWIEEE L L 2 HRAIDH - 1205,
3%K(0.16~0.19g) RU6%K(0.17~0.21g) DEiX
PNEpolz, BRIy a FEBEIURTRLELS BoT,

R AR TR, WThOY 3 BB BT
AR L D EHOAEENEL Ko7, x8, ¥ a3 BEE
B0, 1%X Tk, REEA AR OH O 4 KE s
RO2EE %D, KEFABHAOMRSE,P >, £,

Table 5 Effect of ventilation and CO, enrichment % vitro
culture to the growth of plantlets after trans-
planting to soil.

Cultivar Treatment* No. of Plant No. of”
plants height shoots
investi-
gated (cm*SE) (£SE)

Seto Control 9 ©o13+1 2.7+0.3
Green =+ Air 8 12+1 2.3+0.5
+CO, 10 15+1 3.4%0.4

-~ MW500W  Control 11 12+1 4.9+0.9
+Air 10 1141 6.1+0.7

6.3+0.9

+CO, 11 13+1

These were investigated at 34 days after transplanting to
soil of nursery tray (96 holes) in the opened green house.

* Seetable 3.

Y The shoots, over 2 cm in length were counted.

Kb o SRR AE { k53 Y TEEKE OIS
mu, #igk, BOEWEEHHML 7 (Table 7).

2, o brix (ERU S 3 PERE _

REEH AERAOFEICrrH ST, SN (B a
BHRE0~6%) D brix ik, TEREBMEL T2V E
NENDOEEEL 4 5 FFO brix HO83% THo7o &
7=, IREEXN ARERIX (s s BEiEE 3 %) B 3 ER
BOFRBEOEEEE 7 0 N /I 7 0 L 2R
X, O Y a BOBRERRBRTEREBHL kb o 125
WOy 2 HOBRD. 5% Th ol B8, TEEEH
WL 72T, BERIGEOREZ DOV TRE
FogEeREoe— s BHBLL (F -2 BHEL).

Table 6 Effect of ventilation and CQ, enrichment é»n vitro culture to the growth of plantlets of Hiroshima Green (17)

after transplanting to soil.

Treatment? No. of Plant No. of Root " No. of - Fresh Ratio of
plants height shoots length roots weight underground
investigated (cm = SE) ( £SE) {cm £SE) (= SE) (g +SE) (%)
Control 21 23+3 3.0+0.4 11+1 3.9+0.7 0.504+0.08 45.5
+Air 26 24+3 2.9%0.5 10+1 3.7£0.8 0.51%0.09 50.8
+CO, 28 28+2 4.0+0.7 12+1 5.6%0.9 0.77£0.16 50.3

Z  See table 3.

These were investigated at 30 days after transplanting to soils of nursery tray (200 holes) under control of temperature

(25°C), humidity (709), light intensity (20,000 lux) and automatic watering (8 times per day) in growth chamber.
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Table 7 Effect of CO, enrichment to the growth of plantlets in different sucrose concentration medium

after plating of somatic embryos.

Sucrose  Treat- No. of Germi- Plant ~ Root Fresh Ratio of Dry
ment? plants nation” height length weight under- matter

invest-  rate ground Shoot Root
(%) igated (%)  (cm=SE) (cm=SE) (g*=SE) (%) (%) (%)

0 Control 18 22.2 2+1 1.0 0 0.02+0.01 0 - -

+CO, 18 50.0 5+1 1.0 31 0.04+£0.01 54.8 - -

1 Control 18 66.7 5+1 1.2+0.1 41 0.05£0.01 59.8 - -
+CO, 18 85.0 61 1.5+0.2 4+1 0.10+£0.02 62.2 17.0 7.8

3 Control 18 61.1 7+1 2.2%0.5 81 0.16+0.06 72.1 - -
+CO, 27 85.0 7+1 2.3£0.4 7+1 0.19%+0.03 72.9 20.5 9.2

6 Control 18 61.1 7+1 1.5+£0.3. 100 0.17+0.03 82.0 - -
+CQO, 18 83.3 8+1 1.8%0.3 9+1 0.21+0.04 76.9 25.5 12.7

Hiroshima Green was used for this experiment. The plantlets were investigated 30 days after plating of somatic embryos.

* Seetable 3.

¥ The plantlets with shoots of over 5mmin length were counted.

%

=

25277y ABRSZRIERINTHEZ LS

ATER'Y Tk, EC OB BIRBELTH ORMEN & %X
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Effect of ventilation and CO, enrichment on the growth of plantlets
regenerated from somatic embryos in Asparagus (Asparagus officinalis L.)

Hiroyuki KOHMURA
Summary

In order to improve the plant growth and the rate of acclimatization of short-term culture (30days) plantlets
regenerated from somatic embryos of asparagus, the effect of ventilation and carbon dioxide (CO,) enrichment to
the tissue-cultured plantlets were examined.

1. Observation with the scanning electron microscope revealed the presence of much structured epicuticular wax
on the surface of plantlets cultured under with ventilation compared with those without it.

2. Scanning electron microscope observations also revealed that the rate of opened stomata was much higher on
plantlets cultured under without ventilation than on those with it. The withering degree of shoots and cladphylls of
regenerated plantlets cultured under without ventilation was earlier than of with it. Thus, the damage of stomata
was supposed to be occured on the plantlets culturted under without ventilation.

3. The ratio of viable plantlets after acclimatization was higher in the plantlets cultured under with ventilation
than that of without it.

4. After short-term culture (30days), the average fresh weight of plantlets grown from somatic embryos with

CO; enrichment (1500ppm) was 1.4 times greater than that of plantlets grown without CO, enrichment. The ratio

of the fresh weight of underground part to the whole plant was much higher with CO, enrichment than without it.

5. The growth of the plantlets after transplanting to the soil was greater for plantlets that received the CO,
enrichment treatment #» vitro than it was for plantlets that didn’t receive the treatment.

6 . The suitable sucrose concentration of the culture medium was 3 to 6% in combination with CO, enrichment. In

sugar analysis by HPLC, the residual sucrose in the medium after 30 days culture of plantlets was 75% that added
initially.

Keyword: Asparagus, somatic embryogenesis, micropropagation, ventilation, carbon dioxide, structured epicuticular
wax




