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ABSTRACT
Thidiazuron and many nitroguanidines (for ex-
ample, AC239,604 and AC243,654) act as cytoki-
nins similar to kinetin in many bioassays. Potato tu-
ber initiation effects by thidiazuron, and AC239,604
and AC243,654 have not been investigated. These
compounds were compared with kinetin for tuber
initiation on nodal segments in vitro under short
and long photoperiods. Potato plantlets from “Atlan-
tic” tubers were grown in vitro under 16-h days on
Murashige-Skoog (MS) medium with 2.5% sucrose.
After 2 months, nodal segments were removed and
cultured on MS medium containing 6% sucrose and
a test compound. Half the nodal segments remained
under 16-h days (long photoperiod) and half under
8-h days (short photoperiod). Kinetin was added to
the MS medium at 2 mg/L. The test treatments were
0.1 mg thidiazuron/L, 0.01 mg AC239,604/L, and
1.0 mg AC243,654/L, Stolon number and length,
root length, stem length, time to microtuber initia-
tion, and microtuber size and number were recorded
at 5-day intervals up to 80 days after culture. Thidi-

azuron behaved much like kinetin in promoting the
percent of nodal segments producing stolons and in-
hibiting the growth of stems and roots under both
long and short photoperiods. Thidiazuron and kine-
tin delayed the onset of tuber initiation and lessened
tuber production compared with untreated nodal
segments under long days. Under short days, thidi-
azuron and kinetin increased the rate of stolon elon-
gation, hastened tuber initiation, and increased tu-
ber production. The two nitroguanidines were not as
active on stolons, roots, and stems as kinetin. But,
under long days, AC243,654 and, to a lesser extent,
AC239,604 increased microtuber production with-
out changing the time to tuber initiation. Under
short days, the nitroguanidines, as with kinetin, also
hastened the onset of tuber initiation but did not
increase the number of microtubers produced.
Thidiazuron acted like kinetin, promoting tubers
under short days, but the nitroguanidines acted dif-
ferently, promoting tuber production primarily un-
der long days.

INTRODUCTION

Purine-type cytokinins have been known to play a
role in tuber initiation in potatoes since the 1960s
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(Palmer and Smith 1969). Kinetin is a synthetic cy-
tokinin and promotes tuber formation on potato
parts such as leafless nodal stem segments in vitro
(Forsline and Langille 1976. Because of its estab-
lished effect on potato tuberization in vitro, kinetin
was used as the standard in comparing thidiazuron
and two nitroguanidines.

Thidiazuron is a phenylurea derivative exhibiting
cytokinin-like activity in tissue culture systems
(Mok and others 1987). In structure-activity studies,
thidiazuron was the most active cytokinin of the
phenylurea derivatives in cytokinin-dependent cal-
lus cultures (Mok and others 1982). The structure of
phenylureas such as thidiazuron, is markedly differ-
ent from that of purine-type cytokinins such as ki-
netin (Fellman and others 1987). Although thidi-
azuron behaves like the purine-type cytokinins in
most bioassays, its behavior is different in the mi-
cropropagation of woody plants (Fellman and others
1987) and in habituating Phaseolus lunatus callus cul-
tures (Capelle and others 1983). Suggested modes of
action of thidiazuron include conversion of nucle-
otides to nucleosides (Capelle and others 1983), pro-
motion of purine cytokinin synthesis (Thomas and
Katterman 1986), and inhibition of cytokinin oxi-
dase, which deactivates natural cytokinins (Hare
and Van Staden 1994).

Benzyl and phenyl nitroguanidines make up a
new family of compounds with cytokinin-like activ-
ity in many in vitro and in vivo systems (Speltz and
others 1990). AC239,604 (1-(3,5-dichlorophenyl)-
3-nitroguanidine) increased tobacco leaf size ((Pav-
lista and Templeton 1987), inhibited vegetable leaf
senescence (Pavlista 1990), and induced apple bud
break (Wang and Faust 1989). AC243,654 (1-(m)-
methoxybenzyl)-3-nitroguanidine) increased yields
of several crops (Speltz and others 1990), most no-
tably potato (Pavlista 1994). In greenhouse studies,
AC243,654 hastened potato tuberization in vivo
(Pavlista 1993). These compounds represent a new
class of plant growth regulators with cytokinin ac-
tivity and are structurally dissimilar from either the
phenylureas or purinelike cytokinins.

The main objective of this study was to determine
whether the cytokinin-active compounds thidiazu-
ron and the two nitroguanidines, AC239,604 and
AC243,654, would stimulate earlier and greater po-
tato tuberization in vitro as with kinetin. Do these
compounds also stimulate stolon production as does
kinetin and inhibit root and stem growth as well?
An additional objective was to determine whether
tuberization and the other vegetative growth pa-
rameters are affected by the cytokinin-active com-
pounds under short and long photoperiods in the
same way.

MATERIALS AND METHODS

Plantlet Preparation

Potato plantlets (Solanum tuberosum L. “Atlantic”)
were cultured and micropropagated in test tubes (25
× 150 mm) containing 15 mL of gelled (0.8% Difco-
Bacto agar) Murashige and Skoog (MS) basal me-
dium at pH 5.8 (Murashige and Skoog 1962) supple-
mented with 2.5% sucrose. These were placed un-
der a long-day photoperiod of 16 h under a light
intensity of 32 µmol s−1 m−2 at the top of the tubes
using cool-white fluorescent lights and at tempera-
tures of 25 ± 1.0°C day and 22 ± 1°C night.

Experimental Conditions

After 2 months, single nodal segments from plant-
lets were placed in Magenta GA7 boxes (Magenta
Corp., Chicago, IL) containing 65 mL of MS medium
containing 6% sucrose (pH 5.8), untreated control,
or supplemented with either thidiazuron (TDZ) or a
nitroguanidine, AC239,604 and AC243,654, or, as
an active check, kinetin (KIN). Four nodal segments
were cultured in each Magenta box and each treat-
ment was replicated 10-fold, that is, 10 boxes (40
nodal segments total) per treatment. The short-day
photoperiod was 8 h under 34 µmol s−1 m−2 light
intensity (top of boxes) at 25 ± 1.5°C day and at 21.5
± 0.5°C night. The long-day photoperiod was 16
hours under 31 µmol s−1 m−2 light intensity at 27.5
± 1.5°C day and at 23 ± 0.5°C night. Light was pro-
vided by cool-white fluorescent lights. The experi-
mental design was split-plot with photoperiod as the
main plot. The compound treatments were repli-
cated 10-fold and completely randomized under
each photoperiod. The number of nodal segments
producing stolons and microtubers was visually re-
corded every 5 days up to 80 d in culture. Root,
stem, and stolon lengths, and microtuber size were
destructively measured after 80 d in culture. The
number of days passed before tuber formation was
observed and recorded for all stolons. Data were
analyzed using SAS-ANOVA with least significant
difference (LSD).

Plant Growth Regulators

Optimum concentrations for TDZ and the two ni-
troguanidines were determined in preliminary ex-
periments on in vitro tuberization of “Atlantic” po-
tato. The active check was 6-furfurylaminopurine
(KIN) at 2 mg/L; the test treatments were N-phenyl-
N-1,2,3-thiadiazol-5-ylurea (TDZ; AgrEvo, Wil-
mington, DE) at 0.1 mg/L, 1-(3,5-dichlorophenyl)-
3-nitroguanidine (AC 239,604; American Cyanamid
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Co., Princeton, NJ) at 0.01 mg/L, and 1-(m)-
methoxybenzyl)-3-nitroguanidine (AC 243,654;
American Cyanamid Co., Princeton, NJ) at 1.0 mg/
L. KIN, TDZ, AC239,604, and AC243,654 were filter
sterilized before adding to autoclaved media.

RESULTS

Short Day Photoperiod (8 h)

Root and stem length were significantly less with
TDZ and KIN than with untreated controls 80 d after
culture (Table 1). The time course of stolon produc-
tion shows earlier stolon formation and increased
percent of nodal segments producing stolons by
thidiazuron (TDZ) similar to that by KIN (Figure 1a)
and significantly greater than that by the ni-
troguanidines or untreated control. Stolon number
per magenta box (four nodal segments) was not sig-
nificantly affected (Table 2). The time to observe the
first initiation of microtubers was significantly ad-
vanced by TDZ and KIN by 10 to 30 d compared with

the control and nitroguanidines (Figure 1b,c), and
the average time to tuberization was shorter by 20 to
33 d compared with the control and nitroguanidines
(Table 2). Although there was no significant differ-
ence in final stolon length, the rate of stolon growth
(stolon length in mm divided by the number of days
to tuberization) was significantly increased by KIN
(90%) and TDZ (170%) over controls (Table 2). Af-
ter 80 d in culture, there was no significant differ-
ence on microtuber growth, diameter, and weight
because of TDZ or KIN (Table 1). Earlier tuberization
might be expected to result in larger tubers because
of a longer growing time. TDZ and KIN greatly pro-
moted the formation of microtubers during the 80 d
in culture by an increase in the percent of nodal
segments producing microtubers (Figure 1b) and to-
tal number of microtubers produced (Figure 1c). The
increased number of microtubers with no change in
mean microtuber weight resulted in an increase in
yield from 321 mg tuber fresh weight per magenta
box (four nodal segments per box) to 422 and 400
mg/box for TDZ and KIN, respectively.

Table 1. Influence of thidiazuron, AC239,604, AC243,654, and kinetin on
growth from nodal segments of potato cv. “Atlantic” plantlets grown under
long and short days in vitro for 80 days

Treatments

Root
length
mean (mm)

Stem
length
mean (mm)

Microtuber
diameter
mean (mm)

Microtuber
fresh wt.
mean (mg)

a) Short days (8-h photoperiod)
Control 138 118 4.1 86

Kinetin 41 45 4.5 84
Thidiazuron 65 52 4.9 98
AC239,604 118 120 4.4 88
AC243,654 108 133 4.1 89

LSD (0.05) 18 13 NS NS

b) Long days (16-h photoperiod)
Control 114 82 7.7 371
Kinetin 86 35 5.1 139
Thidiazuron 66 41 5.4 132
AC239,604 104 74 7.5 244
AC243,654 101 74 7.6 288

LSD (0.05) 26 11 1.2 100

p Values
Treatments (TR) ** ** ** *
Photoperiod (PP) NS ** ** **
TR × PP ** ** ** **

*Significant at p < 0.02.
**Significant at p < 0.01.
NS, not significant at p < 0.10.

Thidiazuron and Nitroguanidines 431



Figure 1. Under short, 8-h, photoperiod, effects of thidiazuron, AC239,604, AC243,654, and kinetin on potato nodal
segments: (a) percent nodal segments producing stolons, (b) percent nodal segments producing microtubers, and (c) the
number of microtubers produced.
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Under short days, AC243,654 slightly decreased
root length and increased stem length measured af-
ter 80 d in culture (Table 1). Earlier initiation of
stolon formation on nodal segments was attributed
to both nitroguanidines, but the percent of nodal
segments producing stolons did not substantially in-
crease after the initial production until 70 d in cul-
ture (Figure 1a). Stolon number was not signifi-
cantly affected (Table 2). Unlike KIN and TDZ, the
nitroguanidines did not affect the rate of stolon
elongation (Table 2). The percent of nodal segments
producing microtubers was not changed by the ni-
troguanidines (Figure 1b) nor was the number of
microtubers produced (Figure 1c). The first tuber
initiation was observed 5 to 10 d before the control
(Figure 1b), but average time to tuberization was
unchanged (Table 2), unlike TDZ and KIN. The di-
ameter and weight of microtubers at 80 d in culture
were not affected by the nitroguanidines (Table 1).

Long Day Photoperiod (16-h)

TDZ behaved much like KIN. After 80 days in cul-
ture, root and stem length were decreased compared

with untreated control (Table 1). The percent of
nodal segments producing stolons (Figure 2a) was
increased, but the growth rate and final length of
stolons were not different from control (Table 2).
KIN and TDZ significantly increased the total num-
ber of stolons produced per magenta box (four nodal
segments) (Table 2). The growth of microtubers, di-
ameter and fresh weight, was delayed by TDZ and
KIN (Table 1) possibly because of a 5 to 10 d delay in
the onset of microtuber initiation (Figure 2b,c). The
percent of nodal segments producing microtubers
(Figure 2b) and the total number of microtubers
produced in a magenta box containing four nodal
segments (Figure 2c) were slightly less for TDZ and
KIN treatments than control.

The nitroguanidines, AC239,604 and AC243,654,
showed no significant effects compared with un-
treated controls in root, stem, and stolon elongation
(Table 1 and 2). The time course readings indicate
that the nitroguanidines advanced the percent of
nodes producing stolons (Figure 2a) but did not in-
crease the total number produced (Table 2).
AC243,654 did not alter the time to first tuberization

Table 2. Influence of thidiazuron, AC239,604, AC243,654, and kinetin
on stolon growth and tuber initiation from nodal segments of potato cv.
“Atlantic” plantlets grown under long and short days in vitro for 80 days

Treatments

Stolon
number
per box

Stolon
length
mean (mm)

Time to tuber
initiation
mean (d)

Rate of stolon
elongation
mean (mm/d)

a) Short days (8-h photoperiod)
Control 10 14 65 0.21
Kinetin 11 13 33 0.40
Thidiazuron 10 21 38 0.57
AC239,604 8 10 58 0.19
AC243,654 8 14 66 0.22

LSD (0.05) NS 6 10 0.14

b) Long days (16-h photoperiod)
Control 3.3 27 41 0.71
Kinetin 8.5 33 48 0.71
Thidiazuron 7.4 34 53 0.67
AC239,604 3.3 39 45 0.88
AC243,654 1.7 26 39 0.68

LSD (0.05) 2.5 NS 8 NS

p Values
Treatments (TR) ** NS ** NS
Photoperiod (PP) ** ** ** **
TR × PP NS NS ** *

*Significant at p < 0.02.
**Significant at p < 0.01.
NS, Not significant at p < 0.10.
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Figure 2. Under long, 16-h, photoperiod, effects of thidiazuron, AC239,604, AC243,654, and kinetin on potato nodal
segments: (a) percent nodal segments producing stolons, (b) percent nodal segments producing microtubers, and (c) the
number of microtubers produced.
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(Figure 2b,c), the average time to tuberization
(Table 2), nor the diameter and weight of microtu-
bers after 80 d in culture (Table 1). However,
AC243,654 (“tuber-promoting” nitroguanidine;
Pavlista 1994) significantly increased the percent of
nodal segments producing microtubers (Figure 2b)
and the number of microtubers produced over the
control, KIN (the cytokinin check), and TDZ (Figure
2c). These increases were not observed under short
days (Figure 1). AC239,604 (“leaf-promoting” ni-
troguanidine; Pavlista and Templeton 1987) was not
significantly different from control in promoting mi-
crotuberization.

Interactions

Statistical (F test) information on the main effects of
treatments and photoperiods and their interaction
are given in Tables 1 and 2 on early growth of stem
nodal segments. Interaction between test com-
pounds (TR) and day length (PP) were significant for
all parameters except stolon length. Least significant
difference (LSD at p = 0.05) bars are shown on Fig-
ures 1 and 2. F test results for selected times after
culture in these Figures showed interactions be-
tween test compounds (TR) and day length (PP)
were significant (p < 0.01) for microtuber produc-
tion at 40, 60, and 80 days after culture. TR and PP
interaction on stolon production was also significant
at 20, 40, and 60 days after culture, but not at 80
days.

DISCUSSION

The promotion of potato tuberization by cytokinins
such as kinetin and benzyl adenine, applied to sto-
lons and other organs in vitro is well established
(Palmer and Smith 1969). This promotion is greater
with organs under short days (8-h light) than under
long days (16-h light) (Hussey and Stacey 1984;
Pelacho and Mingo-Castel 1991). TDZ and KIN ad-
vancement and increase of microtuberization is in
agreement with these reports of cytokinin effects.
Tuberization under long days was delayed and in-
hibited by these compounds but, under short days,
tuberization was advanced and promoted. Microtu-
ber diameter and weight were reduced under long
days but unaffected under short days. KIN has also
been reported to inhibit root formation on cultured
stolons (Pelacho and Mingo-Castel 1991) and nodal
explants (Simko 1993) and stem and leaf develop-
ment on stem nodal segments (Hussey and Stacey
1984). Agreeing with these findings is the observa-
tion that TDZ and KIN inhibited root and shoot
growth under both photoperiods.

Although TDZ, a phenylurea, has been tested for
cytokinin activity in many systems (Mok and others
1987), its effects on potato are only now beginning
to be reported. With stem nodal segments in vitro,
TDZ behaves like KIN, a purine derivative. Early
experiments with TDZ on field-grown vegetables
indicate that this compound will promote yields
of potato, as well as other crops (Pavlista unpub-
lished). The two nitroguanidines, AC243,654 and
AC239,604, acted differently compared with TDZ
and KIN. They increased the number of tubers
formed under long days but had little effect under
short days. Microtuber size was affected little, even
under long days. The nitroguanidines had less of an
effect on root or stem growth and stolon formation
under either photoperiod compared with TDZ and
KIN.

The nitroguanidines, which are structurally dis-
similar from purines and phenylureas, have been
evaluated as cytokinins in several systems (Speltz
and others 1990). AC243,654 promoted tuberiza-
tion in vivo (Pavlista 1993) and increased field yields
(Pavlista 1994). As reported here, AC243,654, has
activity similar to kinetin but under different condi-
tions and to a different extent. More tests are needed
to relate nitroguanidines to other compounds show-
ing cytokinin activity. There may be several expla-
nations for the differing activities between KIN and
TDZ versus the nitroguanidines under the two pho-
toperiods. KIN applied to tissue may be deactivated
by light, possibly by promoting gibberellins resulting
in greater activity under short days (Pelacho and
Mingo-Castel 1991; Simko 1993). No deactivation of
TDZ or nitroguanidines has been reported. KIN’s ac-
tivity in tuberization has been reported to be asso-
ciated with ethylene biosynthesis (Hussey and Sta-
cey 1984; Simko, 1993). TDZ also stimulates the bio-
synthesis of ethylene (Suttle 1986; Yip and Yang
1986). Ethylene release by nitroguanidines is not yet
reported. Another possibility is differences in effects
on enzyme activities such as invertase. It is still not
known whether nitroguanidines act directly as cy-
tokinins or stimulate natural cytokinin activity, syn-
thesis, or transport.

Since the 1950s (Chapman 1958; Gregory 1956),
potatoes have generally been considered short-day
plants for tuberization (Forsline and Langille 1976;
Pelacho and Mingo-Castel 1991; Slimmon and oth-
ers 1989). However, there are several reports that
long-day exposure of stem nodal segments in vitro
may induce more tuberization than short days when
6–8% sucrose was present in the medium (Hussey
and Stacey 1981; Perl and others 1991). The rea-
son(s) for these contrasting observations is not clear,
but a few explanations have been forwarded: (a)
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sucrose requirement (Garner and Blake 1989; Perl
and others 1991), (b) ethylene production (Hussey
and Stacey 1981; 1984; Mingo-Castel and others
1974), (c) radiance (Bodlaender 1963; Wheeler and
Tibbitts 1986), and (d) maturity groupings and com-
mercial breeding (Bodlaender 1963; Ewing and
Wareing 1977; Seabrook and others 1993). Perl and
others (1991) suggested that high sucrose levels are
needed to signal tuber induction and that exposure
to long days promotes a second “stabilization” phase
before tuberization occurs.

CONCLUSIONS

In conclusion, TDZ affected vegetative growth and
tuberization of stem nodal segments in vitro much
as KIN did under both short (8 h) and long (16 h)
photoperiods. The nitroguanidines acted differently
from KIN and TDZ. AC243,654 exerted its promo-
tive influence on tuberization under long days. Mi-
crotuber multiplication in seed production would be
greatly improved by the addition of KIN or TDZ un-
der short days and by AC243,654 under long days.

REFERENCES

Bodlaender KBA. 1963. Influence of temperature radiation and
photoperiod on development and yield. In: Ivins JD, Milthorpe
FL, editors. The growth of the potato. London: Buttersworth, p
199–200.

Capelle SC, Mok DWS, Kirchner SC, Mok MC. 1983. Effects of
Thidiazuron on cytokinin autonomy and the metabolism of
N6-(D2-isopentenyl) [8-14C] adenosine in callus tissues of
Phaseolus lunatus L. Plant Physiol 73:796–802.

Chapman HW. 1958. Tuberization in the potato plant. Physiol
Plant 11:215–224.

Ewing EE, Wareing PF. 1977. Shoot, stolon, and tuber formation
on potato (Solanum tuberosum L.) cuttings in response to pho-
toperiod. Plant Plysiol 61:348–353.

Fellman CD, Read PE, Hosier MA. 1987. Effects of thidiazuron
and CPPU on meristem formation and shoot proliferation. Hort
Science 22:1197–1200.

Forsline PL, Langille AR. 1976. An assessment of the modifying
effect of kinetin on in vitro tuberization of induced and non-
induced tissues of Solanum tuberosum. Can J Bot 54:2513–2516.

Garner N, Blake J. 1989. The induction and development of po-
tato microtubers in vitro on media free of growth regulating
substances. Ann Bot 63:663–674.

Gregory LE. 1956. Some factors for tuberization in the potato
plant. Am J Bot 43:281–288.

Hare PD, Van Staden J. 1994. Inhibitory effect of thidiazuron on
the activity of cytokinin oxidase isolated from soybean callus.
Plant Cell Physiol 35:1121–1125.

Hussey G, Stacey NJ. 1981. In vitro propagation of potato
(Solanum tuberosum L.) Ann Bot 48:787–796.

Hussey G, Stacey NJ. 1984. Factors affecting the formation of in
vitro tubers of potato (Solanum tuberosum L). Ann Bot 53:565–
578.

Kefi S, Pavlista AD, Meagher MM, Read PE. 2000. Invertase ac-
tivity as affected by cytokinin-like compounds during potato
tuberization in vitro. Am J Potato Res 77:57–61.

Mingo-Castel AM, Negm FB, Smith OE. 1974. Effect of carbon
dioxide and ethylene on tuberization of isolated potato stolons
cultured in vitro. Plant Physiol 53:798–801.

Mok MC, Mok DWS, Armstrong DJ, Shudo K, Isogai Y, Okan-
moto T. 1982. Cytokinin activity of N-phenyl-N1-1,2,3-
thiadiazol-5-ylurea (Thidiazuron). Photochemistry 21:1509–
1511.

Mok MC, Mok DWS, Turner JE, Mujer CV. 1987. Biological and
biochemical effects of cytokinin-active phenylurea derivatives
in tissue culture systems. HortScience 22:1194–1197.

Murashige T, Skoog F. 1962. A revised medium for rapid growth
and bioassays with tobacco tissue cultures. Physiol Plant
15:473–496.

Palmer CE, Smith OE. 1969. Cytokinins and tuber initiation in
the potato, Solanum tuberosum. Nature 221:279–280.

Pavlista AD. 1990. Nitroguanidine, a new family of PGRs, inhibit
senescence of leaves and vegetables. HortScience 25:1133

Pavlista AD. 1993. Morphological changes and yield enhance-
ment of Superior potatoes by AC243,654. Am Potato J 70:49–
59.

Pavlista AD. 1994. Effects of substituted nitroguanidine seed
treatments on the potato variety Superior Am Potato J 71:395–
404.

Pavlista AD, Templeton AR. 1987. Changes in tobacco dry weight
caused by AC239,604, representing a new family of synthetic
growth Regulators. Plant Growth Regul Soc Amer Proc
14:506–509.

Pelacho AM, Mingo-Castel AM. 1991. Effects of photoperiod on
kinetin-induced tuberization of isolated potato stolons cultured
in vitro. Am Potato J 68:533–541.

Perl AD, Aviv D, Willmitzer L, Galun E. 1991. In vitro tuberization
in transgenic potatoes harboring bb-glucuronidase linked to a
patatin promoter; effects of sucrose levels and photoperiods.
Plant Science 73:87–95.

Seabrook JEA, Coleman S, Levy D. 1993. Effect of photoperiod on
in vitro tuberization of potato (Solanum tuberosum L.) Plant Cell
34:43–51.

Simko I. 1993. Effects of kinetin, paclobutrazol and their inter-
actions on the microtuberization of potato stem segments cul-
tured in vitro in the light. Plant Growth Regul 12:23–27.

Slimmon T, Machado VS, Coffin R. 1989. The effect of light in
vitro microtuberization of potato cultivars. Am Potato J 66:843–
848.

Speltz LM, Walworth BL, Pavlista AD. 1990. Substituted nitro and
cyanoguanidines and their uses of increasing crop yields. U.S.
Patent #4,944,788. :

Suttle JC. 1986. Cytokinin-induced ethylene biosynthesis in non-
senescing cotton leaves. Plant Physiol 82:930–935.

Thomas JC, Katterman FR. 1986. Cytokinin activity induced by
thidiazuron. Plant Physiol 81:681–683.

Wang SY, Faust M. 1989. Nitroguanidines induce bud break and
change sterol content in apple. J Plant Growth Regul 8:143–
151.

Wheeler RM, Tibbitts TW. 1986. Growth and tuberization of po-
tato (Solanum tuberosum L.) under continuous light. Plant Phys-
iol 80:801–804.

Yip W-K, Yang SF. 1986. Effect of thidiazuron, a cytokinin-active
urea derivative, in cytokinin-dependent ethylene production
systems. Plant Physiol 80:515–519.

436 Kefi and others


