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Abstract. To examine in more detail the mechanisms of cocklebur
(Xanthium pennsylvanicum Wallr.) seed germination and rice ‘(Oryza sa-
ivg L. cv, Sasanishiki) coleoptile elongation that were responsive to both
C,H, and CO,, the effects of NBD (2,5-norbornadiene), a cyclic olefin
nown as a competitive inhibitor of C,H,, on those phenomena were
lested under various conditions. NBD strongly inhibited germination of
Cocklebur seeds and their axial and cotyledonary growth. The NBD effects
Wwere significantly negated by endogenously evolved and exogeqougly ap-
Plied CO, regardless of incubation temperature. Similarly, the inhibitory
NBD effect was negated by C,H, at 23°C, but at 33°C a low concentration
(3 w1/L) of C,H, rather enhanced the inhibitory NBD effect. This phenom-
enon reflected the growth responses of the tip zone of axial tissues in
Cocklebur seeds to NBD and C,H,, in which both gases were antagonistic
In regulating the axial growth at 23°C but additive in inhibiting it at 33°C.
laximal negation of these inhibitory NBD effects was brough‘t about by
Simultaneous application of CO, and C,H,. Similarly, elonganon of rif:e
Coleoptiles was suppressed by NBD, and when they were immature, its
nhibitory action was counteracted by both C,H, and CO,, especially
during simultaneous application. However, the inhibitory NBD effect was
Completely negated by C,H, applied alone at concentrations qbqu 500
W/L regardless of the physiological age of coleoptiles. These inhibitory
BD effects are additional evidence suggesting that C;H, acts as a growth
Tegulator in both cocklebur seed germination and rice qoleoptlle elonga-
tion. That NBD was capable of counteracting CO, action in some cases but
Was incapable of negating inhibitory C,H, action, such as that observed in
Cockiebur seeds, suggests that NBD acts with some side effects besides
¢ing a competitive inhibitor of C,H, actions.
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NBD (2,5-norbornadiene), a cyclic olefin, was used for analysis of C,H,i"
volving phenomena in plants because it is a competitive inhibitor of C,H, 8¢
tion (Sisler and Pian 1973, Sisler et al. 1983, 1985, Sisler and Yang 1984, Vee?
1985, Hoekstra and Weges 1986, Curtis 1987). Kepczynski and Karssen (1985):
Saini et al. (1986), and Abeles (1986) found that NBD inhibits seed germinatio?
and that its inhibitory effect is competitively counteracted by C,H,. Fro®
these results it was suggested that endogenous C,H, plays an important role i
seed germination.

CO, has been known to act as a competitive inhibitor of C,H, action (Bug
and Burg 1967). However, both CO, and C,H, stimulated the germination 0
cocklebur seeds (Katoh and Esashi 1975, Esashi et al. 1978) and the elongatio?
of rice coleoptiles (Ku et al. 1970, Ishizawa and Esashi 1984, Raskin an
Kende 1983) in which CO, was additive to or synergistic with C,H,. Thes®
findings have raised doubts as to whether CO, is an actual competitive inhit”
itor of C,H, or not. More recently, Satler and Kende (1985) found the fu!
recovery from NBD inhibition of rice coleoptile elongation by C,H,. Howeve®
the effect of the ambient CO, levels on the experiments was not examined. I?
cocklebur seed germination, on the other hand, CO, was capable of counterac”
ting C,H, under some conditions, in which both gases were applied at temper®
tures above 27°C to seeds presoaked for more than 8 h at 23°C. The result’
obtained with cocklebur seeds suggest that the effects of NBD on cockleb¥!
seed germination and rice coleoptile elongation may change depending on €X°
perimental conditions, and that NBD may have some bearing not only on Cf
but also on CO, in regulating cocklebur seed germination and rice coleop}ﬂe‘
elongation. If so, NBD may be useful to shed further light on the interrelatio?
between CO, and C,H, actions.

Materials and Methods
Germination Test

Most experiments were performed using the lower cocklebur (Xanthium pen®
sylvanicum Wallr.) seeds, which were harvested in the fall of 1985, after-T
pened in dry storage for 5 months at room temperature, and stored at 8°C uﬂ“f
used. Triplicate samples of 20 seeds, uniform in size, were placed on 2 disks ¢
filter paper wetted with 4 ml of distilled water in a 125-ml flask. The flask®
contained small glass tube(s) with 0.5 ml of 2.5 M NaOH as a CO, absorbeﬂt
and/or with liquid NBD in microliter quantities and they were sealed with #
rubber stopper. Then necessary volumes of CO, and C,H, were syring®

through the stopper into the flasks, and the needle perforations on the stoppe’
were covered with a piece of adhesive vinyl tape. The flasks were placed in the
dark at 23°C. In an experiment at 33°C, however, after-ripened upper cock”
lebur seeds were used instead of the lower ones.

Axial and Cotyledonary Growth

Axial and cotyledonary tissues were separated 3 mm below the tip of the em:
bryonic axis of lower cocklebur seeds according to procedures previously de
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“cribed (Esashi and Katoh 1975). Ten axial and 14 cotyledonary segments were
Presoaked for 5 h at room temperature, decoated, washed several times with
12p water, rinsed with distilled water, blotted dry, weighed, and placed in the
af § as in the germination test. After specified periods of incubation at 23 or
3°C, their fresh weights were again measured. Results are the means + SE of
Our replicates as percent increase of fresh weight.

Zong| Growth in Axial Tissues

ZO’,‘al growth of axial tissue of cocklebur seeds in response to NBD in combi-
Mation with CO, and/or C,H, was tested according to previously described
Methods (Esashi et al. 1987b). Prior to decoating, lower cocklebur seeds were
Presoaked for 12 h at 23°C. The axial 3.0-mm tissues, containing a radicle tip,
a1 embryonic hypocotyl, and cotyledonary petioles of 17 seeds were marked
With black ink for dividing into four zones at an interval of 0.75 mm from the
ial tip and exposed to various gases in a 400-ml glass vessel for described
Periods. Growth of each axial zone was measured under magnification (13 x)

a4d shown by the means = SE of 17 determinations.

Rice Coleoptile Elongation

R'C_e (Oryza sativa L. cv. Sasanishiki) caryopses were husked, sterilized in 5%

um hypochloride solution for 20 min, and washed thoroughly with tap
water. The husked caryopses were sown on a cotton net spread on a Petri dish
filled witp, deionized water, germinated, and grown under saturated moisture at
30°C i the dark for described periods. The small Petri dishes with 17 rice
*eedlings, sefected for uniformity, were put in a 400-mi glass vessel for gas
Teatments. After incubation at 30°C in the dark for described periods, the co-
“Optife Jengths were measured, and their elongation was expressed as the dif-
ftence between the initial and final lengths.

Resn)yg

I"hibiﬁOn of Germination of Lower Cocklebur Seeds by NBD

Liquiq NBD at amounts above 3 pl strongly inhibited germination of lower
SOcklebur seeds (Fig. 1). At a saturation level of 100 pl, NBD almost com-
Slely suppressed germination, suggesting that thp gerrmpatmn of cocklebur
ist?eds_ is controlled by endogenously evolved C,H, if NBD is an actual compet-
Ve inhibitor of C,H,.
W he germination-inhibiting effect of NBD was very pronounced when NBD
33 applied early in the soaking process, and it decreased gr.adpglly with prog-
ess of germination (Fig. 2). However, NBD was capable of inhibiting germina-
ton eyen when applied at 20 h, at which time the lower seeds started to germi-
fate (Fig, 3).
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Removal of Germination-Inhibiting Effect of NBD by C,H, and/or CO,

The germination-inhibiting effect of NBD, applied during an early period of
soaking, was almost completely negated by C,H, and CO, in combination, 2"
though germination of NBD-pretreated seeds occurred very slowly in the
C,H,- and CO,-free air as compared with the nonpretreated seeds (Fig. 3)- CO%
was more effective than C,H, in negating the inhibitory NBD effect, although!
was less effective than C,H, during the earlier periods of posttreatment. Thes®
results imply that NBD has some connection not only with C,H, but also wit

CO, in regulating seed germination.
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&NB,D (B) in a 125-ml flask for 16 h at 23°C, and then exposed to CO;- and C;H free air (O), 3%
2

alone (7}, 1§ w1, C,H, alone (A), ot 3% CO, plus 10 wl/L. C;H, (@) at 23°C in the dark.

g"gﬂction in the Regulation of Seed Germination Between NBD and CO, or
Ay

s: Suggested in Fig. 3, the germination-inhibiting effect of NBD was countes-
reled not only by C,H, but also by CO, (Table 1). The NBD effect was greatly
t:mowzd by C,H, regardless of the presence of CO,. On the other hand, 3%
vy SOuld also alleviate NBD-induced inhibition. NBD inhibition was partially
MdUCed even by the CO, that accumulated in flasks in the absence of NaOH.
. OT¢over, the NBD-counteracting effects of both gases decreased with in-
+°4sing the amounts of NBD. Thus, there was no apparent difference between
inzh' 4 and CQ, in counteracting NBD. It is thus doubtful that NBD is a specific

itor of C,H, action. o

OWer concentrations of C,H, are known to prevent germination of pre-
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Table 1. Interactions between NBD and C,H, and/or CO, in the regulation of germination of Jowd!
cocklebur seeds at 23°C.

Germination (%)

NBD

(ul) C2H4 +NaOH ~NaOH +CO,

0 - 45.0 + 3.4 717 + 5.6 98.3 + 14
+ 933 + 2.6 100.0 100.0

3 - 183 = 3.2 28.5 + 4.8 35.0 =5
+ 483 = 4.1 60.0 + 3.5 61.6 £ "q

10 - 33+12 6.7 + 1.8 238 = 3'
+ 33.5 + 4.0 40.0 = 5.6 787 = 4

Lower seeds were exposed to different amounts of liquid NBD in the absence or presence of I
wl/L C,H, with or without a CO, absorbent or 3% CO, from the start of water imbibition.
after 48 h are shown as the means + SE of triplicate samples.

. d
Table 2, Interactions between NBD, C,H,, and CO, in the regulation of germination of presoak?

upper cocklebur seeds at 33°C.

Germination (%)

NBD C,H,

(/125 ml) (Rl/L) -CO, +CO;

0 0 81.6 = 3.3 95.0 £ "é
0 3 2.0 + 5.2 919 =

2 0 4.4 = 6.0 65.1 =58

2 3 17.5 + 2.0 so.4 % 0

0 0 85.9 + 2.4 86.0 =
0 3 342 + 2.9 917 = &

10 0 82 % 1.0 380»35
10 3 0 23.4 % "2
0 0 80.3 < 2.9 96.7 * I

0 30 53.4 + 4.8 91.6 = ¥¢
10 0 15.0 = 0 2.5 %%
10 30 292 + 45 80.5 = *

Upper seeds presoaked at 23°C for 2 weeks were exposed to different amounts of liquid NBD "
combination with C,H, and/or 3% CO, for 40 h at 33°C. Data are the means = SE of riplic®
samples.

soaked cocklebur seeds at higher temperatures (Esashi et al. 1986). Therefo™
if NBD is a specific inhibitor of C,H, action, NBD would be expected to P 1o
mote the germination of cocklebur seeds at 33°C. However, NBD at 2 or 10 M
failed to stimulate germination of upper cocklebur seeds at 33°C and strOngly
inhibited it (Table 2). Moreover, the inhibitory effect of NBD on germmatlon
33°C was not negated by C,H,. On the contrary, the inhibitory effect of C ﬂz
was further enhanced by NBD. In contrast, at 33°C, CO, counteracted !

only C,H, but also NBD, thus alleviating their germination-inhibiting effect .
However, NBD inhibition was slightly counteracted by high C,H, concen™
tion of 30 pl/L. (Table 2), which was less inhibitory than 3 pl/L. This phﬁﬂ"mh
enon may be associated with the dual actions of C,H, in regulating the gf"wt
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Tabie 3

naﬁollswiﬁ]ﬁzc(;j Zfldl\llcﬁ])c?:]:,he growth of axial tissues of cocklebur seeds at 23 or 33°C in combi-

;Eecrr)lp C,H, co, Fresh weight increase (%)

” (wl/L) (3%) None 2 ul NBD 20 w1 NBD
0 - 53.5 = 2.0 30.3 = 1.6 116 + 1.6
0 + 66.5 + 2.6 504 = 1.9 38.6 = 1.4
1 - 69.4 + 4.8 417 = 2.7 30.8 * 3.4
I + 70.7 + 0.4 58.8 + 3.8 48.1 + 2.6
10 - 71.7 = 4.6 60.1 = 4.3 432 + 2.4

i 10 + 76.4 = 7.9 61.8 = 4.8 50.9 * 3.1
0 - 102.6 = 4.4 99.1 = 6.2 61.6 = 7.3
0 + 1140 = 3.7 104.4 = 4.1 70.5 + 2.1
1 - 1114 = 6.9 96.8 = 7.0 65.9 = 7.4
1 + 112.6 = 3.1 107.5 £ 5.3 72.0 + 3.9
10 - 118.1 = 5.3 99.3 * 6.3 68.4 + 4.1
10 + 120.6 + 3.0 109.4 = 3.8 748 + 6.9

Axial se

exposedg_mems from lower cocklebur seeds were presoaked for 5 h at room temperature and
s in 125-mj flasks to variously combined gases for 17 h at 23 or 33°C. Data are the means *

o .
four replicate samples.

Ty
Co:,l;i:;lfﬁec{_s of NBD on the growth of cotyledonary tissues of cocklebur seeds at 23 or 33°C in
lon with CO, and/or C,H,.

Te -weight increase (%

(Qér)\p CH, co, Fresh-weight incr (%)

n (nl/L) (3%) None 2 wl NBD 20 ul NBD
0 - 55.1 = 3.4 8.4 + 0.7 19 £ 04
0 + 64.1 = 1.2 24.5 = 3.0 9.7 + 1.6
1 - 68.4 = 1.9 318 + 4.2 16.1 = 1.9
1 + 69.0 = 1.0 41.4 + 2.5 26.5 + 4.0
10 - 66.9 = 2.6 447 = 3.1 25.0 = 1.4

33 10 + 64.5 + 2.1 57.6 = 1.8 276 = 1.1
0 - 55.8 &+ 3.2 28.9 = 1.1 17.6 + 1.6
0 + 66.5 = 2.6 50.4 = 1.9 38.6 = 1.4
l - 69.4 + 4.8 417 £ 2.7 30.8 = 3.4
1 + 70.7 = 0.4 58.8 = 3.8 48.1 = 2.6
10 - 71.7 + 4.6 60.1 + 4.3 432 £ 2.4
10 + 71.9 + 6.4 61.8 + 4.8 50.9 + 3.1

Cot
!
eidOIlary‘ segments from lower cocklebur seeds were presoaked for 5 h at room temperature
Spec lI?OSed in 125-ml flasks to variously combined gases for 64 h at 23°C and for 46 h at 33°C,
Ively. Data are the means = SE of four replicate samples.

()f co
;klePur seed axial tissues—i.e., inhibition at their tip zone and promotion
Ir distal zone (Esashi et al. 1987b).

Inh~ .y
an dlbétzon by NBD of the Axial and Cotyledonary Growth of Cocklebur Seeds
ffect of CO, and C,H,

Np
D Suppressed both axial (Table 3) and cotyledonary (Table 4) growth in
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cocklebur seeds at 23 and 33°C. The degree of growth inhibition by NBD was
less at 33°C than at 23°C. Importantly, CO, as well as C,H, counteracted th
NBD effect at 23°C. The similar interrelations between NBD and CO, or C;
were found even at 33°C in the cotyledonary growth (Table 4). In all cast®
maximum recovery from the inhibitory NBD effect was obtained by exposif
to both CO, and C,H, in combination. However, the additive inhibition
NBD and C,H, at its lower concentration as seen in seed germination at 33
(Table 2) was not found in the growth of either tissue at 33°C.

Zone Growth of Axial Tissues in Response to NBD and Its Mediation by chr
and/or CzH4

Zones A and B, including the radicle tip, and zones C and D, corresponding 10
the embryonic hypocotyl and cotyledon petioles, respectively, have bee‘}
known to respond differently to C,H, depending on temperature: growth ©
zones A and B was stimulated by C,H, at 23°C but inhibited at 33°C, where®®
C,H, stimulated the growth of zones C and D regardless of temperatllre
(Esashi et al. 1987b). The effects of NBD on the zonal axial growth at 23 of
33°C were examined in the absence or presence of CO, and/or C,H, (Figs: ™
5). NBD strongly inhibited growth of all axial zones regardless of temperatuf®
but zone A was less responsive to NBD at 33°C than at 23°C (compare Figs:,
and 5). At 23°C, C,H,, which is known to greatly promote the axial growih’
zones C and D (Esashi et al. 1987b), markedly negated the growth inhibition by
NBD in zones C and D, whereas CO,, which promotes growth in zones A 8%
B, negated the NBD effect in zones A and B. Simultaneous application of cOs
and C,H, resulted in maximal recovery in zone B. )
At 33°C, on the other hand, CO, negated NBD inhibition of axial growth ‘ﬁ
all zones, but negation by C,H, occurred only in zones C and D. The growt
inhibition in zone A by NBD was rather increased by C,H, (Fig. 5). That lsi;
C,H,, unlike CO,, could not counteract NBD in zone A. Interestingly, grow!
in the presence of CO, was greater than that in air, which implied that CV?
counteracted the growth inhibition at zone A by endogenously evolved CHs

Interaction in the Regulation of Rice Coleoptile Elongation Between NBD:
COZ, and C2H4

In rice coleoptiles as well as cocklebur seeds, NBD strongly inhibited the 610“:
gation, Its inhibitory action was partially removed by CO,, and maximum ne
gation occurred by simultaneous application of C,H, and CO, (Table 5). CiH
could always antagonize NBD, but CO, applied singly was effective only Wheg
the coleoptiles were immature at the time of application. Relatively ma““e
coleoptiles were insensitive to CO, but were sensitive to CO, in the presenc
of C,H,, as seen in the germination of secondarily dormant cocklebur S€
(Esashi et al. 1987). In these coleoptiles, CO, had little effect on NBD activity
(Table 5).
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Fig. 5. Growth profiles of each axial zone of lower cocklebur seeds in response to various gases at
33°C. Treatments except for incubation temperature and symbols are the same as in Fig. 4. D
were taken after 14 h.
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Table 5

or Cqut Effects of NBD on the elongation of rice coleoptiles in combination with CO, and/

B Growth increase (mm)

Xp

N C.H, CO, None 2 pJ NBD 20 ul NBD
- - 13.6 + 0.5 9.5 + 0.4 8.5 + 0.4
- + 143 = 0.4 105 = 0.3 9.3 + 0.3
+ - 173 = 0.4 15.1 = 0.5 12,1 = 0.4

B + + 23.9 = 0.7 16.5 = 0.5 128 + 0.5
- - 6.1 = 0.5 1.7 = 0.4 09 = 0.5
- + 58 + 0.7 2.1 = 0.4 1.4 = 0.4
+ - 11.6 * 0.6 6.8 = 0.5 39 + 0.4
+ + 15.3 = 0.7 7.9 £ 05 5.4 + 0.4

Ri .

4 S?n;e e;n"“gs growth for 36 h (A) or 62 h (B) were exposed to different amounts of liquid NBD in

taken aﬁass ves§els at 30°C in the absence or presence of 5 ul/L, C,H, and/or 3% CO,. Data were

Ditia) €r 30.h in A and after 24 h in B and are shown by means *+ SE of 15-18 determinations.
Coleoptile lengths were 2.6 = 0.1 mm in A and 11.5 = 0.2 mm in B.

Tap)
€ 6. Recovery of elongation of rice coleoptiles from its NBD inhibition by C,H,.

Growth increase (mm)

Exp GH,
(wWl/L) Control 20 pI NBD
A 0 211 = 0.5 15.2 = 0.4
10 235 = 0.6 18.5 = 0.2
100 27.0 = 0.6 24.7 = 0.7
500 256 = 0.8 253 = 1.2
1000 24.8 + 0.7 23.5 = 0.9
B 5000 24,9 = 0.7 235 £ 0.8
0 17210 0.7 £ 0.6
50 7.8 =04 54 08
100 7.6 £ 0.5 6.4 = 0.5
500 7.6 = 0.3 8.5 £ 0.4

Ric . .
ex,;:, Sseedlmgs grown for 30 h (A) or 72 h (B) were incubated with or without 20 pl NBD and
of €d to different concentrations of C,H, for 42 h or 24 h, respectively, at 30°C in the presence

Initian 2 absorbent in the dark. Data are shown by means * SE of four replicate experiments,
engths of coleoptiles were 0.8 + 0.1 mm in A and 13.5 * 0.3 mm in B.

gZrtmlnation of cocklebur seeds and the growth of cocklebur cotyledons was

Completely negated by C,H,, even if its concentration was increased up to

M0 WI/L (data not shown). In rice coleoptiles, on the contrary, increase in

iiio“ Concer}tration induced progressively higher recovery from the NBA inhi-

mor: of their elongation even in the absence of CO,, and C,H, at 500 w/L or

age . Ompletely negated the NBD inhibition, regardless of the physiological
of coleoptiles (Table 6).

D‘SCIISSion

It .
NBD js an actual competitive inhibitor of only C,H, action, as has been
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presumed by Sisler and Pian (1973), the findings that NBD inhibits germinatio?
of cocklebur seeds (Figs. 1, 2; Table 1), and growth of their axial and cotyl
donary tissues (Tables 3, 4) and elongation of rice coleoptiles (Tables S, 6) ma)
be additional evidence for confirming that all of these phenomena are medi'«}wd
by endogenously evolved C,H,. However, evidence showing that NBD is 3
specific antagonist against only C,H, was not obtained. The inhibitory effec®
of NBD on seed germination, axial and cotyledonary growth, and coleoptil
elongation were alleviated not only by C,H, but also by CO, (Figs. 3, 4; Tabl¢®
1, 3, 4, 5). The inhibition by NBD of cocklebur seed germination at 33°C W&
increased by C,H, at a low concentration (Table 2), and the NBD inhibition ¢
axial tip zones in cocklebur seeds was also strengthened by C,H, (Fig. ‘5'
From these results, it is difficult to explain the action of NBD as a speclﬁc
competitive inhibitor of C,H, action. )

We questioned the views of Burg and Burg (1967) that CO, is a competiti¥®
inhibitor of C,H,, because CO, and C,H, are synergistic or additive in reg"
lating cocklebur seed germination (Katoh and Esashi 1975) and its axial an
cotyledonary growth (Esashi and Katoh 1975). Later, we reported that CO;
and C,H, act to regulate the elongation of cocklebur and bean hypocot}‘ls
(Gotoh and Esashi 1974a,b) and the germination of cocklebur seeds (Esashi ¢
al. 1987) in different tissue zones. In the former cases, the gases are antag?
nistic, but in the latter case they behave synergistically. Recently, we found
that under some conditions the interaction between CO, and C,H, shifts fro®
synergism toward antagonism, and came to the view that CO, and C,H, ?f"
antagonistic when the ratio of alternative respiration to cytochrome respiratio?
is high, whereas they are synergistic when low (Esashi et al. 1986, 1987a,c). Io
these cases, there was a prerequisite that the plant tissues favor the ¢¥°
tochrome path rather than the alternative path for growth. Similarly, NBD was
antagonistic to C,H, when CO, and C,H, were synergistic (Tables 1, 3, 4, 5)
and it was additive to C,H, when CO, and C,H, were antagonistic (Table #
Fig. 5). These phenomena seem to be associated with the reversal of C;
action on seed germination depending on temperature shift. On the other hand:
the interrelation between CO, and NBD did not change in all cases: NBD ¢!
fects were always negated by CO, (Fig. 4; Tables 1, 3, 4), suggesting that NBD
can counteract CO, actions with some side effect besides being a competith"'
inhibitor of C,H, action.

In rice coleoptiles, the growth-inhibiting effect of NBD was partially negatﬁd
not only by C,H, but also by CO,, as in cocklebur, when they were immaturé
but it was mitigated only by C,H, when more mature (Table 5). However, th°
inhibitory NBD effect was almost completely removed in the presence of Cz7#
at high concentrations above 500 pl/L even without CO, (Table 6), whicP
agreed with the finding by Satler and Kende (1985). Moreover, full recovery
took place regardless of the physiological age of coleoptiles (Table 6). This
result clearly shows that NBD is a specific competitive inhibitor of C,H 2%
tion. This paradox from different experimental materials might be associat®
with differences in the involvement of CO,. Probably, NBD acts as a typic?
competitive inhibitor against C,H, only when the experimental systems are 10
greatly responsive to CO, applied alone.

In cocklebur, high concentration (30 pl/L) of C,H, slightly counteracted the
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llnh'bimry NBD effect on germination at 33°C (Table 2), although even C,H, at

¢ 00 i1, coutd not completely negate the NBD-inhibited germination or co-

“e-donaf ¥ growth (data not shown). On the other hand, C;H, was inhibitory to

"adicle tip growth of axial tissue at 33°C (Fig. 5). Therefore, the NBD-counter-

A%ting action of higher concentraion of C,H, seems to result from a superiority

th 2te-stimulated growth at subapical zones over C;H,-suppressed growth at
¢ fadicle tip zones.
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