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Experiments were conducted to investigate appropriate concentrations of plant growth retardants 
(PGRs) and duration of seed soaking in order to suppress hypocotyl length and plug seedling height of 
2 tomato cultivars (Lycopersicum esculentum Mill. cv. Seogeon and Seokwang). Daminozide (B-9), 
uniconazole (Sumagic) and ethephon (Florel) were used as PGRs. Seeds were first soaked in 15 ml PGR 
solutions in an environment controlled chamber (25°C) for 1, 3, or 5 days. Then seeds were washed in 
tap water and were dried in a 5°C chamber for 1 day. Finally, dried seeds were used in both a 
germination test in a chamber and a growing test in a greenhouse. Differences among cultivars in 
response were observed in germination and seedling growth. Although germination in petri dishes and 
seedling emergence in plug trays declined, suppression of hypocotyl length and seedling height was 
evident in uniconazole treatments in both cultivars, duration of seed soaking in PGRs solutions had 
greater influence than the concentration. Differences in percent germination and percent emergence 
were also observed as affected by PGRs. Uniconazole treatments suppressed hypocotyl length and 
seedling height very significantly. Seeds soaked in PGRs solutions germinated in petri dishes, but 
tended not to emerge well in plug trays.  
 
Key words: Daminozide (B-9), emergence, ethephon (florel), germination, Lycopersicum esculentum, 
uniconazole (sumagic). 

 
 
INTRODUCTION 
 
Because of the merits of reduction of labor in raising 
transplants mass production of uniform transplants and 
specialization of transplant production, plug transplants 
have been used by many growers. From the early 90 s, 
specialized nurseries in Korea have produced an in-
creasing proportion of plug seedlings of vegetables and 
flowers for the horticulture industry due to their efficiency 
and economies of scale (Choi et al., 1997). Unfortunately, 
the high intensities at which the seedlings are grown, 
together with either low natural radiation levels during the 
rainy season (June - July) and winter or high greenhouse  
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temperature in summer, often result in batches of badly 
stretched seedlings being produced (Kim et al., 2008).  

Chemical control of growth and/or flower of commercial 
flower crops became a reality about 30 years ago. There-
fore, many people nowadays take it for granted to use 
these chemicals at lower concentrations. Many methods 
including PGR, withholding water or nutrients, tempe-
rature control, clipping shoots and mechanical stimulation 
(brushing) are used to control transplant height (Garner 
and Bjorkman, 1996). Many PGR could be used for 
height control of many plant species. If PGRs are used to 
control plant height, height can be influenced by concen-
tration (LeCain et al., 1986; McDanniel, 1986; Ruter, 
1992), time of application (Miranda and Carlson, 1980; 
Gilbertz, 1992), mode of application (Cathey, 1975), for-
mulation (McDaniel, 1986; Ruter, 1992) and  media  com- 



 
 
 
 

Table 1. The chemicals and their concentrations 
used in the nutrient solution for the culture of tomato 
plug seedlings. 
 

Chemical Concentration (mg·L-1) 
Ca(NO3)2·4H2O 472 
KH2PO4 272 
MgSO4·7H2O 246 
KNO3 202 
NH4NO3 80 
Fe-EDTA 15 
MnSO4·4H2O 2.1 
H3BO3 1.4 
ZnSO4·7H2O 0.8 
CuSO4·5H2O 0.2 
Na2MoO4·2H2O 0.1 

 
 
 
position (Barrett, 1982). In many cases, by the time 
growers apply PGR, stretching of the hypocotyl has 
already occurred and application to seedlings are inef-
fective (Pasian and Bennett, 2001). Hence, time of appli-
cation is very important to use Plant growth regulators 
(PGRs) because the effect of PGRs depends on time. In 
addition, the optimal rate of application and sensitivity of 
plants to each PGR may vary greatly from one species to 
another (Wang and Blessington, 1990). 

Seedling height can be controlled by applying the PGR 
directly to the seed (Pasian and Bennett, 2001; Pill and 
Gunter, 2001; Still and Pill, 2003). Treatment to tomato 
seeds with hypertonic solutions containing uniconazole 
(0.1, 1, or 10 mgl-1) was of little practical value in protec-
ting seedlings from freeze damage, although T50 (days) 
and seedling height was reduced (Davis et al., 1990). 
Soaking seeds in 1000 mgl-1 paclobutrazol for 6, 16, or 
24 h, growth restriction was 61, 37 and 76% in geranium, 
30, 38 and 41% in marigold and 31, 31 and 40% respec-
tively. Therefore, PGR application to geranium, marigold 
and tomato seeds may be feasible using a 6 or 16 h soak 
in 500 mgl-1 paclobutrazol (Pasian and Bennett, 2001). 
Soaking pepper seeds in 1-100 mgl-1 uniconazole for 24, 
72 or 120 h significantly suppressed hypocotyls length 
and seedling growth (Shin and Jeong, 2002). Cucumber 
seeds soaked in 250, 500, 1000 or 2000 mgl-1 paclobu-
trazol for 6, 12 or 24 h reduced hypocotyls length, stem 
elongation, leaf area, fresh and dry weight (Cho et al., 
2002). Soaking tomato seeds in 50 - 1000 mgl-1 paclobu-
trazol for 48 h resulted in lower percentage of germination 
or emergence than soaking seeds for 24 h (Still and Pill, 
2003). Soaking seeds in 50 mgl-1 paclobutrazol effectively 
controlled plug height in tomato (Still and Pill, 2006), 
whereas soaking tomato seeds in 100 mgl-1 paclobutrazol 
for 1 h prevented early hypocotyls stretch of tomato seed-
lings with no long term effects on plant growth (Brigard et 
al., 2006). Despite these previous studies, there is little 
information available on the effects of daminozide, ethe-
phon and uniconazole application to control  stretching  in  
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seedlings. This study was conducted to evaluate the 
effect of seed soaking treatment with PGRs for controlling 
stretching of tomato seedling. 
 
 
MATERIALS AND METHODS 
 
Tomato (Lycopersicum esculentum Mill. cv. Seogeon and Seok-
wang) seeds were put in a petri dish (87 mm × 15 mm) filled with 15 
ml of PGR solutions and were placed in an environment controlled 
chamber (25°C, 80% RH, dark) for 1, 3, or 5 days. Daminozide (B-
9) at 10,000, 20,000 or 30,000 mgl-1, uniconazole (sumagic) at 100, 
200 or 300 mgl-1, and ethephon (florel) at 1,000, 2,000 and 3,000 
mgl-1 were used. After soaking treatment, seeds were washed in tap 
water and were dried in growth chamber (25°C, 80% RH, dark) for 
1 day. 

Seeds treated with PGRs solutions were placed in a petri dish 
with a sheet of filter paper (Whatman no. 2). Then seeds were 
placed in an environment controlled chamber (25°C, 80% RH, dark) 
in a completely randomized design. Equal amount of distilled water 
was supplied to all treatments. Germination of tomato seeds was 
checked once a day for 9 days. Percent germination, mean daily 
germination (MDG), T50, and mean germination time (MGT) were 
evaluated. 

Treatments which caused precocious germination during the 
seed soaking process and treatments which gave percent germi-
nation less than 50% in germination experiment were excluded in 
growth experiment. Seeds were sown in 200-cell (11cc) plug trays 
containing plug medium (Tosilee medium, Shinan Grow Co., 
Korea). 3 replicates per treatment and 50 seeds per replicate were 
used. Seed-sown trays were placed on germination beds with a 
fogging system for three days in a glasshouse. After seedlings had 
been emerged, trays were laid out in a completely randomized 
block design on beds in a glasshouse. A nutrient solution was sup-
plied uniformly for all treatments once a day through a mat subirri-
gation system. The composition of nutrient solution was based on 
the formulation used in commercial plug greenhouses (Table 1). 

Temperatures of a greenhouse were measured during the 
experimental period by digital thermometers (Thermo Recorder TR-
71S, T and D Crop., Japan). Maximum, minimum and mean tempe-
ratures of a greenhouse during the culture period were 35.4, 12.6 
and 24.4°C, respectively. 

Emergence was checked for 10 days and growth measurement 
on seedlings was conducted at 32 days after sowing. Emergence, 
hypocotyl length, plant height, leaf area, number of leaves, % dry 
matter, T/R ratio, fresh and dry weights of shoot, root and whole 
plant and chlorophyll concentration were measured. Leaf area was 
determined with a leaf area meter (LI-3100 Area meter, LI.COR. 
Inc., Lincoln, Nebraska USA). Dry weight was measured after 72 h 
of drying at 60°C in a dry oven. For measurement of chlorophyll 
concentration, vigorous and uniform leaves were sampled and 
extracted with 80% (v/v) acetone for 24 h. Total chlorophyll concen-
tration was determined by measuring absorbance of the extracted 
solution at 645 nm and 663 nm with a spectrophotometer (Uvikon 
922, Kotron Instruments, Italy) according to the procedure deve-
loped by Arnon (1949). Chlorophyll concentration (µg·mg-1fw) = 
[(20.29 × A645) + (8.02 × A663)] × [volume of acetone (ml) ÷ fresh 
weight (mg)], where A645 and A663 are absorbance at 645 and 663 
nm, respectively. 

Data collected were analyzed for statistical significance by the 
SAS (Statistical analysis system, V. 6.12, Cary, NC, USA) program. 
The experimental results were submitted to an analysis of variance 
(ANOVA). 
 
 
RESULTS AND DISCUSSION 
 

Soaking seeds in water or PGRs solution reduced  germi- 



4102         Afr. J. Biotechnol. 
 
 
 

Table 2. Effect of seed treatment of plant growth retardants on percent germination, mean daily germination 
(MDG), number of days to 50% germination (T50), mean germination time (MGT) and percent emergence of 
‘Seogeon’ tomato seeds. 
 

Growth 
retardant 

Concentration 
(mgl-1) 

Soaking 
Duration (day) 

Germination 
(%) 

MDG 
(day) 

T50 
(day) 

MGT 
(day) 

Emergence 
(%) 

Control (unsoaked) 0 98.7 a1 5.0 a 2.6 de 4.7 cd 96.3 a 
Distilled water 1 94.0 ab 4.7 ab 2.9 de 3.4 dg 91.7 a 
  3 89.7 bc 4.5 ab 2.7 de 3.2 dg 97.0 a 

10,000 1 27.3 e 1.4 e 5.6 c 5.9 bc -2 
 3 8.0 g 0.4 g 6.1 c 6.6 b - 
 5 2.0 g 0.1 g 6.7 bc 6.7 b - 

20,000 1 34.7 e 1.7 e 5.8 c 6.3 b - 

Daminozide 

30,000 1 19.3 f 1.0 f 6.7 bc 6.8 b - 
100 1 81.3 c 4.1 c 5.9 c 6.6 b 54.7 b 

 3 3.0 g 0.2 g 7.3 ab 8.3 a - 
Uniconazole 

200 1 51.3 d 2.6 d 7.8 a 8.1 a 30.0 c 
1,000 1 95.3 ab 4.8 ab 3.2 de 3.9 f 95.3 a 

 3 98.7 a 4.9 a 2.4 e 2.4 g 9.6 d 
2,000 1 96.7 ab 4.8 ab 3.6 d 4.1 de 95.3 a 

 3 81.3 g 4.1 c 2.6 de 3.0 eg 7.4 d 
3,000 1 94.7 ab 4.7 ab 3.1 de 3.6 dg 94.0 a 

Ethephon 

 3 88.7 bc 4.4 bc 3.4 e 2.6 fg 5.3 d 
F-test   *** *** *** *** *** 

 

1 Mean separation within columns by Duncan's multiple range test at P = 0.05. 
2Not measured because of no germination. 
NS, *,**,***Nonsignificant or significant at P = 0.05, 0.01, or 0.001, respectively. 

 
 
 
nation percentage in both cultivars when compared to the 
control. Table 2 show a progressive decrease in the rate 
of germination resulting from the seed treatment with 
water. Soaking for 5 days killed all the seeds. The water 
causes the cells to become turgid, the entire seed grows 
in volume and the seed coat becomes more permeable to 
oxygen and carbon dioxide. However, over soaking of 
seeds can damage seeds and unable to exchange 
gases, which caused inhibition in the metabolic activities, 
thus germination percent reduced significantly. Soaking 
seeds of tomato resulted in a gradual loss of germination, 
however, increased emergence percentage and reduced 
mean germination time (MGT) when compared to the 
control. These results are in agreement with previous 
report (Sabongari and Aliero, 2004).  

Seeds of 'Seogeon' tomato did not germinate in 100 
mgl-1 (5 days soaking), 200 mgl-1 (3 and 5 days soaking) 
and 300 mgl-1 (1, 3 and 5 days soaking) uniconazole solu-
tions and 2,000 and 3,000 mgl-1 (3 and 5 days soaking) 
daminozide solutions. These results are in agreement 
with (Pasian and Bennett, 2001; Shin and Jeong, 2002; 
Still and Pill, 2003), they reported that seed germination 
was lower with an increase in PGRs concentration and 
soaking duration of seeds. Seeds of 'Seogeon' tomato 
soaked in ethephon solution for 5 days germinated during 
soaking process (Table 2). Percent germination in ethe-

phon treatment was slightly lower than that in the control, 
but was higher than that in other PGRs treatments. The 
MDG, T50, and MGT in ethephon treatment were similar to 
those in the control. Percent seedling emergence was 
lower than percent germination in all treatments in the 
one day ethephon treatment which had similar percent 
germination and percent emergence as those in the 
control (Table 2). 

Seeds of 'Seogeon' tomato in 100 mgl-1 (1 and 3 days 
soaking) and 200 mgl-1 (1 day soaking) uniconazole solu-
tions germinated, but percent germination was greater 
than 80% only in the 100 mgl-1 (one day soaking) 
uniconazole solution. In addition, percent emergence in 
these treatments was less than 50%. Although seeds of 
'Seogeon' tomato germinated in petri dishies, seedlings 
did not emerge in trays, especially in 10,000 mgl-1 and 
30,000 mgl-1 daminozide solution and 100 mgl-1 (3 days 
soaking) uniconazole treatment (Table 2).   

Table 3 shows similar trends in 'Seokwang' tomato. 
Most seeds of 'Seokwang' tomato soaked in uniconazole 
solutions did not germinate except for uniconazole 100 
mgl-1 (one day soaking) and percent germination was less 
than 3%. Percent germination more than 88% was 
obtained only in the 100 mgl-1 (one day soaking) uni-
conazole solution. In the present study, soaking seeds in 
PGRs   reduced  germination  percentage  significantly  in  
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Table 3. Effect of seed treatment of plant growth retardants on percent germination, mean daily germination 
(MDG), number of days to 50% germination (T50), mean germination time (MGT) and percent emergence of 
‘Seokwang’ tomato seeds. 
 

Growth 
retardant 

Concentration 
(mgl-1) 

Soaking 
Duration (day) 

Germination 
(%) 

MDG 
(day) 

T50 
(day) 

MGT 
(day) 

Emergence 
(%) 

Control (unsoaked) 0 99.3 a1 5.0 a 2.6 de 4.7 cd 97.3 a 
Distilled water 1 95.3 ab 4.8 ab 3.0 de 3.5 dg 92.7 a 
  3 92.7 ab 4.5 ab 2.8 de 3.3 dg 98.0 a 

10,000 1 84.7 c 4.2 c 5.5 bd 5.4 be 86.7 a 
 3 20.0 e 1.0 e 6.2 ac 6.7 ac -2 
 5 22.7 e 1.1 e 6.1 ac 6.3 ad - 

20,000 1 67.3 d 3.4 d 5.7 bd 6.2 ad 62.0 bc 
 3 2.0 f 0.1 f 7.5 ab 7.5 ab - 
 5 6.7 f 0.3 f 4.5 cg 4.8 cf - 

30,000 1 82.0 c 4.1 c 5.6 bd 6.1 ad 52.0 c 

Daminozide 

 3 6.7 f 0.3 f 5.3 be 6.5 ac - 
100 1 88.0 bc 4.4 bc 6.0 ac 6.7 ac 48.7 c 

 3 2.7 f 0.1 f 4.2 ch 3.3 eg - 
200 1 2.7 f 0.1 f 8.2 a 8.2 a - 

Uniconazole

 3 2.0 f 0.1 f 5.0 cf 3.5 eg - 
1,000 1 98.7 a 4.9 a 3.0 ei 3.6 eg 98.7 a 

 3 96.0 a 4.8 a 2.6 gi 2.9 eg 87.3 a 
2,000 1 97.3 a 4.9 a 3.4 di 3.9 dg 95.3 a 

 3 97.3 a 4.9 a 1.5 I 2.1 g 62.0 bc 
3,000 1 96.7 a 4.8 a 3.4 di 3.9 dg 97.3 a 

Ethephon 

 3 93.3 ab 4.7 ab 3.6 di 3.9 dg 68.7 b 
F-test   *** *** *** *** *** 

 

1 Mean separation within columns by Duncan’s multiple range test at P = 0.05. 
2Not measured because of no germination. 
NS,*,**,***Nonsignificant or significant at P = 0.05, 0.01, or 0.001, respectively. 

 
 
 
both cultivars when compared to the water soaking. This 
might be due to inhibition of gibberellins biosynthesis. 
Gibberellins are known to stimulate germination of dor-
mant as well as non-dormant seeds of several plant 
species (Bewley and Black, 1982). The growth retardants 
paclobutrazol, ancymidol, uniconazole are known to block 
the oxidation of ent-kaurene to ent-kaurenoic acid which 
are steps in the GA synthesis pathway of gibberellins 
(Pressman and Shaked, 1991).  

Of the 3 PGRs tested, uniconazole was shown to be 
the most effective retardant followed by ethephon and 
daminozide. Table 4 shows that hypocotyl length and 
plant height of 'Seogeon' tomato seedlings were remark-
ably suppressed in the 100 mgl-1 (1 day soaking) and 200 
mgl-1 (1 day soaking) uniconazole treatments as com-
pared to the control and other treatments. The plant 
growth retardant uniconazole is known to affect the levels 
of endogenous gibberellins. Gibberellins are known to 
induce elongation (Kurepin et al., 2006), while triazole 
PGRs reduces gibberellins levels and causes a decrease 
in shoot growth (Davis and Curry, 1991). Uniconazole 
reduce stem length in many plant species such  as  hibis- 

cus (Wang and Gregg, 1991), chrysanthemum (Schuch, 
1994), kalanchoe (Hwang et al., 2008, 2009), pepper 
(Shin and Jeong, 2002). An increase in ethephon con-
centration from 1000 to 3000 mgl-1 resulted in a signifi-
cant decrease in hypocotyls length when compared to the 
control, however, plant height did not affect significantly at 
any concentrations of ethephon. Fresh and dry weights of 
shoot significantly decreased when seeds were soaked in 
100 or 200 mgl-1 uniconazole. At 100 mgl-1 uniconazole 
fresh weight of root did not affect when compared to the 
control, but dry weight reduced significantly. When seeds 
were treated in 1000 mgl-1 ethephon root fresh weight in-
creased significantly, but dry weight of root was not 
changed. At 2000 mgl-1 ethephon fresh and dry weights 
of shoot significantly decreased (Table 4). Leaf area and 
number of leaves were not reduced when the seeds were 
treated with ethephon, but significantly reduced by uni-
conazole treatment. Ethephon treatment (1000 or 2000 
mg) increased chlorophyll content when compared to the 
control. However, at 3000 mg ethapon chlorophyll content 
was not increased. When the seeds were soaked in uni-
conazole for 1 day chlorophyll content was reduced when 



4104         Afr. J. Biotechnol. 
 
 
 

Table 4. Effect of seed treatment of plant growth retardants on growth of ‘Seogeon’ tomato seedlings measured at 32 days 
after sowing in plug trays. 
 

Fresh wt. (g) Dry wt. (g) Growth 
retardant 

Concentration 
(mg·L-1) 

Soaking 
Duration (day) 

Hypocotyl 
Length (cm) 

Plant 
Height (cm) Shoot Root Shoot Root 

Control (unsoaked) 0 8.5 a1 30.1 a 3.3 a 0.29 c 0.25 a 0.02 ab 
Distilled water 1 7.0 c 27.9 a 2.6 b 0.44 ab 0.20 ab 0.02 a 
  3 7.7 bc 30.4 a 3.3 a 0.35 c 0.22 ab 0.02 ab 

100 1 3.4 d 6.7 b 1.0 c 0.30 c 0.08 c 0.01 b Uniconazole 
200 1 3.4 d 5.4 b 0.5 c 0.12 d 0.03 d 0.01 c 

1,000 1 8.0 ab 28.2 a 3.2 a 0.48 a 0.22 ab 0.02 a 
2,000 1 7.2 bc 28.8 a 2.5 b 0.31 c 0.18 b 0.02 b 

Ethephon 

3,000 1 6.8 c 28.4 a 3.1 a 0.33 c 0.20 ab 0.02ab 
F-test   *** *** *** *** *** *** 
 
1 Mean separation within columns by Duncan’s multiple range test at P = 0.05. 
NS,*,**,***Nonsignificant or significant at P = 0.05, 0.01, or 0.001, respectively. 

 
 

Table 5. Effect of seed treatment of plant growth retardants on growth of ‘Seogeon’ tomato seedlings measured at 32 
days after sowing in plug trays. 
 

Growth 
retardant 

Concentration 
(mg·L-1) 

Soaking 
Duration (day) 

Leaf area 
(cm2) 

No. of 
leaves 

Chlorophyll 
(µµµµg�mg-1fw) 

Dry matter 
(%) 

T/R 
ratio 

Control (unsoaked) 0 44.1 a1 4.1 a 2.64 bc 7.24 ab 13.94 a 
Distilled water 1 40.3 a 4.0 ab 3.12 a 7.37 a 9.62 bd 
  3 42.9 a 4.0 ab 2.75 ab 6.51 ac 11.53 ab 

100 1 21.3 b 3.6 c 2.20 d 7.35 a 5.64 d Uniconazole 
200 1 4.5 c 3.0 d 2.27 cd 5.85 c 7.05 cd 

1,000 1 43.4 a 4.0 ab 3.09 a 6.73 ac 9.62 bd 
2,000 1 39.9 a 4.0 ab 3.08 a 6.79 ac 11.84 ab 

Ethephon 

3,000 1 43.8 a 3.9 b 2.79 ab 6.30 bc 11.15 ac 
F-test   *** *** *** * *** 

 

1 Mean separation within columns by Duncan’s multiple range test at P = 0.05. 
NS,*,**,***Nonsignificant or significant at P = 0.05, 0.01, or 0.001, respectively. 

 
 
 
compared to the control (Table 5). Chlorophyll content 
was enhanced by PGRs treatment (Starman et al., 1990; 
Tekalign and Hammes, 2004). In contrast, chlorophyll 
content was reduced by PGRs treatment (Knypl, 1969; 
Davis et al., 1988). Differential effect of PGR on chloro-
phyll content may be due to its accumulation and endo-
genous level of cytokinins. Percent dry matter was signifi-
cantly lower in 200 mgl-1 uniconazole treatment. T/R ratio 
slightly decreased in 100 mgl-1 (1 day soaking) and 200 
mgl-1 (1 day soaking) uniconazole treatments (Table 5). 

Table 6 and Figure 1 show that hypocotyl length and 
plant height of 'Seokwang' tomato seedlings were 
remarkably suppressed in 100 mgl-1 (1 day soaking) 
uniconazole treatment as compared to the control and 
other treatments. Plant height was increased in 10,000 
mgl-1 daminozide for 1 day when compared to the control. 
Soaking seeds in 2000 or 3000 mgl-1ethephon for 1 day 
plant height increased. However, 3 days soaking 
decreased plant height. The results are in agreement with 

(Shin and Jeong, 2002; Still and Pill, 2003) they reported 
that plant height decreased as soaking period increased. 
Leaf area, number of leaves, and T/R ratio slightly de-
creased in 100 mgl-1 (1 day soaking) (Table 6).  

Chlorophyll concentration and percent dry matter were 
not significantly different in all treatments (Table 7). 
Uniconazole was effective in inhibiting seedling height of 
both cultivars at a very low concentration than that of 
daminozide and ethephon, but significantly affect the 
emergence percentage. Hence, further studies are 
needed in order to obtain maximum emergence and this 
may be possible by reducing uniconazole concentration.   

In conclusion, the growth of tomato seedlings was effi-
ciently regulated by uniconazole 100 mgl-1 (1 day 
soaking) treatment. These results should be helpful in 
allowing plant nurseries to control the stretching of 
tomato seedling. Although these methods successfully 
control stretching, seeds soaked in PGR solutions germi-
nated,  it   tended  not  to  emerge  well.  A  seed  soaking  
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Table 6. Effect of seed treatment of plant growth retardants on growth of ‘Seokwang’ tomato seedlings measured at 
32 days after sowing in plug trays. 
 

Fresh wt. (g) Dry wt. (g) Growth 
retardant 

Concentration
(mgl-1) 

Soaking 
Duration (day) 

Hypocotyl 
Length (cm) 

Plant 
Height (cm) Shoot Root Shoot Root 

Control (unsoaked) 0 7.8 a1 28.7 a 2.7 a 0.37bc 0.18 a 0.02 b 
Distilled water 1 6.8 ac 28.8ac 2.4 a 0.34bd 0.16 c 0.02 b 
  3 7.3 ab 30.0 b 2.7 a 0.52 a 0.19 a 0.09 a 
Daminozide 10,000 1 7.1 ac 31.5 a 2.8 a 0.31bd 0.19 a 0.02 b 
 20,000 1 6.3 bc 28.1ac 2.8 a 0.31bd 0.15ac 0.02 b 
 30,000 1 6.6 ac 24.4 d 2.3 a 0.41ab 0.16ab 0.02 b 
Uniconazole 100 1 3.2 d 6.0 e 0.8 b 0.22 d 0.05 d 0.01 b 
Ethephon 1,000 1 6.9 ac 28.2ac 2.4 a 0.39ac 0.16ac 0.02 b 
  3 6.0 c 26.7bd 2.2 a 0.27bd 0.12 c 0.01 b 
 2,000 1 7.4 ab 30.4 a 2.8 a 0.41ab 0.19 a 0.02 b 
  3 5.9 c 24.6 d 2.2 a 0.25cd 0.13bc 0.01 b 
 3,000 1 7.0 ac 29.4ac 2.7 a 0.39ac 0.19 a 0.02 b 
  3 6.3 bc 26.4cd 2.3 a 0.31bd 0.12 c 0.02 b 
F-test   *** *** * ** *** NS 

 

1 Mean separation within columns by Duncan’s multiple range test at P = 0.05. 
NS,*,**,***Nonsignificant or significant at P = 0.05, 0.01, or 0.001, respectively. 

 
 
 

 
Figure 1. Tomato ‘Seokwang’ cultivar grown with different plant growth retardant (daminozide, uniconazole, and ethephon) 
soaking concentration treatment harvested at 32 days after sowing in plug tray. Soaked seeds were placed for one day.  
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Table 7. Effect of seed treatment of plant growth retardants on growth of ‘Seokwang’ tomato seedlings 
measured at 32 days after sowing in plug trays. 
 

Growth 
retardant 

Concentration 
(mgl-1) 

Soaking 
Duration (day) 

Leaf area 
(cm2) 

No. of 
leaves 

Chlorophyll 
(µµµµg mg-1fw) 

Dry matter 
(%) 

T/R 
ratio 

Control (unsoaked) 0 48.4 b1 4.0 a 2.54 a 6.79 b 11.89 ab 
Distilled water 1 38.6 df 4.0 ab 2.53 a 6.46 b 9.00 ae 
  3 46.5 bc 4.1 ab 2.53 a 8.88 a 9.00 ae 

10,000 1 41.5 cd 4.0 a 2.19 a 6.79 b 10.92 ad 
20,000 1 33.7 f 4.1 ab 2.34 a 5.42 b 12.08 a 

Daminozide 

30,000 1 39.4 de 4.0 b 2.38 a 6.74 b 7.40 cg 
Uniconazole 100 1 13.8 h 3.1 c 2.26 a 6.42 b 4.15 fi 

1,000 1 42.0 cd 4.1 ab 2.32 a 6.41 b 7.91 bf 
 3 28.6 g 4.0 ab 2.36 a 5.46 b 8.95 ae 

2,000 1 45.0 bc 4.2 a 2.33 a 6.82 b 9.00 ae 
 3 35.3 ef 4.1 ab 2.25 a 5.93 b 7.22 cg 

3,000 1 41.6 cd 4.0 b 2.21 a 6.72 b 6.08 eh 

Ethephon 

 3 56.1 a 4.0 b 2.46 a 5.40 b 8.77 ae 
F-test   *** *** NS * * 

 

1 Mean separation within columns by Duncan’s multiple range test at P = 0.05. 
NS,*,**,***Nonsignificant or significant at P = 0.05, 0.01, or 0.001, respectively. 

 
 
 
method which is effective in suppressing hypocotyl length 
and seedling height without affecting germination and 
seedling emergence significantly would be ideal and it is 
necessary to research effects that a seed soaking 
method makes on flowering and fruit setting as well as 
general growth. 
 
 
ACKNOWLEDGEMENTS 
 
This work partially supported by the BK21 Program, the 
Ministry of Education, Science and Technology, Korea. 
 
 
REFERENCES 
 
Arnon DI (1949). Copper enzymes in isolated chloroplasts. 

Polyphenoloxidase in Beta vulgaris. Plant Physiol. 24: 1-15. 
Barrett JE (1982). Chrysanthemum height control by ancymidol, pp333, 

and EL-500 dependent on medium composition. Hort. Sci. 17: 896-
897. 

Bewley JD, Black M (1982). Physiology and biochemistry of seeds in 
relation to germination. II. Viability, dormancy and environment 
control. Springer-Verlag, Berlin. 

Brigard JP, Harkess RL, Baldwin BS (2006). Tomato early seedling 
height control using a paclobutrazol seed soak. Hort. Sci. 41: 768-
772. 

Cathey HM (1975). Comparative plant growth retarding activities of 
ancymidol with ACPC, phosfon, chlormequat, and SADH on 
ornamental plant species. Hort. Sci. 10: 204-216. 

Cho KC, Yang WM, Kim WS, Chung SJ (2002). Growth retardation of 
cucumber (Cucumis sativus L.) seedlings by treatment of 
paclobutrazol and removal of retardation by foliar spray of 
gibberellins. J. Korean Soc. Hort. Sci. 43: 415-420. 

Choi JM, Ahn JW, Ku JH, Lee YB (1997). Effect of medium  composition 
of physical properties of soil and seedling growth of red-pepper in 
plug system. J. Korean Soc. Hort. Sci. 38: 618-624. 

Davis TD, Curry EA (1991). Chemical regulation of vegetative growth. 
Crit. Rev. Plant Sci. 10: 151-188. 

Davis TD, Ells JE, Walser RH (1990). Emergence, growth, and freezing 
tolerance of tomato seedlings grown from uniconazole-treated seed. 
Hort. Sci. 25: 312-313. 

Davis TD, Steffens GL, Sankkhla N (1988). Triazole plant growth 
regulators. Hort. Rev. 10: 63-105. 

Garner LC, Bjorkman T (1996). Mechanical conditioning for controlling 
excessive elongation in tomato transplants: Sensitivity to dose, 
frequency, and timing of brushing. J. Am. Soc. Hort. Sci. 121: 894-
900. 

Gilbertz DA (1992). Chrysanthemum response to timing of paclobutrazol 
and uniconazole sprays. Hort. Sci. 27: 322-323. 

Hwang SJ, Lee MY, Sivanesan I, Jeong BR (2008). Growth control of 
kalanchoe cultivars Rako and Gold Strike by application of 
paclobutrazol and uniconazole as soaking treatment of cuttings. 

Hwang SJ, Lee MY, Sivanesan I, Jeong BR (2009). Suppression of 
stretchiness in pot Kalanchoe blossfeldiana Poelln. Rako by 
application of plant growth retardants as recycled subirrigational 
supply. Propagation Ornamental Plants, 9: 26-34. 

Kim IS, Zhang C, Kang HM, Mackay B (2008). Control of Stretching of 
cucumber and tomato plug seedlings using supplement light. Hort. 
Environ. Biotechnol. 49: 287-292. 

Knypl JS (1969). Inhibition of chlorophyll synthesis by growth retardants 
and coumarin, and its reversal by potassium. Nature, 224: 1025-
1026. 

Kurepin LV, Pharis RP, Richard P, Reeid DM, Chinnappa CC (2006). 
Involvement of gibberellins in the stem elongation of sun and shade 
ecotypes of Stellaria longipes that is induced by low light irradiance. 
Plant Cell Environ. 29: 1319-1328. 

LeCain DR, Schekel KA, Wample RL (1986). Growth-retarding effects of 
paclobutrazol on weeping fig. Hort. Sci. 21: 1150-11520. 

McDaniel GL (1986) Comparison of paclobutrazol, flurprimidol and 
tetcyclacis for controlling poinsettia height. Hort. Sci. 21: 1161-1163. 

Miranda RM, Carlson WH (1980). Effect of timing and number of 
applications of chlormequat and ancymidol on the growth and 
flowering of seed geraniums. J. Am. Soc. Hort. Sci. 105: 273-277. 

Pasian CC, Bennett MA (2001). Paclobutrazol soaked marigold, 
geranium, and tomato seeds produce short seedlings. Hort. Sci. 36: 
721-723. 



 
 
 
 
Pill WG, Gunter JA (2001). Emergence and shoot growth of cosmos and 

marigold from paclobutrazol-treated seed. J. Environ. Hort. 19: 11-14. 
Pressman E, Shaked R (1991). Interactive effects of Gas, CKs and 

growth retardants on the germination of celery seeds. Plant Growth 
Regul. 10: 65-72. 

Ruter JM (1992). Growth and flowering response of butterfly-bush to 
paclobutrazol formulation and rate of application. Hort. Sci. 27: 929. 

Sabongari S, Aljero BL (2004). Effects of soaking duration on 
germination and seedling growth of tomato (Lycopersicum 
esculentum Mill). Afr. J. Biotechnol. 3: 47-51. 

Schuch UK (1994).  Response of chrysanthemum to uniconazole and 
daminozide applied as dip to cuttings or as foliar spray. J. Plant. 
Growth Regul. 13: 115-121. 

Shin WG, Jeong BR (2002). Seed treatment of growth retardants for 
height suppression of pepper plug seedlings. J. Korean Soc. Hort. 
Sci. 43: 565-570. 

Starman TW, Kelly JW, Pemberton HB (1990). The influence of 
ancymidol on morphology, anatomy, and chlorophyll levels in 
developing and mature Helianthus annus leaves. Plant growth Regul. 
9: 193-200. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Shin et al.        4107 
 
 
 
Still JR, Pill WG (2003). Germination and emergence, and seedling 

growth of tomato and impatiens in response to seed treatment with 
paclobutrazol. Hort. Sci. 38:1201-1204. 

Still JR, Pill WG (2006). Growth and stress tolerance of tomato 
seedlings (Lycopersicon esculentum Mill.) in response to seed 
treatment with paclobutrazol. J. Hort. Sci. Biotechnol. 81: 197-203. 

Tekalign T, Hammes PS (2004). Response of potato grown under non-
inductive condition to paclobutrazol: shoot growth, chlorophyll 
content, net photosynthesis, assimilate partitioning, tuber yield, 
quality, and dormancy. Plant Growth Regul. 43: 227-236. 

Wang YT, Blessington TM (1990). Growth of four tropical foliage species 
treated with paclobutrazol or uniconazole. Hort. Sci. 25: 202-204.  

Wang YT, Gregg (1991). Modification of Hibiscus growth by treating 
unrooted cuttings and potted plants with uniconazole or 
paclobutrazol. J. Plant Growth Regul. 10: 47-51. 


