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Abstract

This study investigated the carry-over effects of diniconazole, applied during the tomato nursery stage, on seedling
quality, early post-transplantation growth, and initial yield under protected cultivation conditions. Diniconazole decreased
plant height and internode elongation in a concentration-dependent manner. The 125 mg/L treatment produced the most
vigorous seedlings, exhibiting balanced shoot-root development, sustained chlorophyll content, and enhanced node
differentiation, whereas 250 mg/L caused excessive growth inhibition and reduced biomass. The carry-over effects persisted
throughout early greenhouse cultivation. Plants treated with 125 mg/L showed improved early fruit set, advanced harvest
initiation, and a significantly higher cumulative early yield than the control plants. Although the 250 mg/L treatment promoted
floral initiation, fruit enlargement was restricted, which reduced total yield. These results identified 125 mg/L diniconazole as
the optimal application rate for producing compact, robust seedlings that enhance early season productivity in tomatoes.
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1. Introduction producing compact, physiologically vigorous

seedlings is essential for stable long-term

Tomato (Solanum lycopersicum L.) is a major
vegetable crop grown widely in controlled-
environment greenhouses, where seedling quality
strongly influences post-transplant establishment,
early reproductive development, and yield
potential. Poor-quality or elongated seedlings are
prone to weak stems, reduced stress tolerance,
delayed inflorescence development, and lower
early vields (Kubota et al., 2008; Schwarz et al.,
2010). Etiolation typically arises under suboptimal
nursery conditions, such as high temperature, low
light, and dense spacing, leading to excessive
internode elongation and reduced structural
stability (Myster and Moe, 1995). Therefore,

productivity in extended tomato cropping systems
(Heins et al., 1998; Fan et al., 2013).

Plant growth regulators (PGRs), particularly
triazole compounds, are commonly used during
the nursery stage to inhibit gibberellin (GA)
biosynthesis and suppress shoot elongation.
Diniconazole is an effective GA-inhibiting triazole
that produces compact seedlings with reduced
internode length (Fletcher et al., 2000; Jang et al.,
2020). However, its effects depend strongly on
concentration, as excessive application can limit
biomass accumulation and negatively affect post-
transplant performance (Rademacher, 2000). This
creates a critical trade-off for growers: while
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diniconazole effectively prevents etiolation in the
nursery, its residual inhibitory effects may persist
after transplanting, potentially delaying the
transition to the reproductive stage. Since early-
season productivity is vital for economic
profitability in greenhouse tomato production,
thus, it is imperative to verify that chemical
growth regulation does not compromise the
plants' ability to recover and initiate flowering
promptly. Although related triazoles such as
uniconazole have been shown to influence early
inflorescence development and initial yield (Dunn
et al., 2022), comprehensive studies examining
the specific carry-over effects of diniconazole on
the continuity between vegetative recovery and
early reproductive success under practical
greenhouse conditions remain limited (Blanchard
and Runkle, 2007; Ali et al., 2022).

This  study
morphological and physiological responses of

aimed to evaluate (1)

tomato seedlings to varying diniconazole
concentrations during the nursery stage, and (2)
the carry-over effects on post-transplant growth,
reproductive development, and early yield. The
ultimate objective was to determine an optimal
level of diniconazole application dosage that
enhances seedling quality and supports stable
year-round production in protected tomato
cultivation.

2. Materials and Methods

2.1. Planting material and seedling growth
parameters at nursery stage

A nursery stage experiment was conducted to
evaluate the effects of diniconazole on tomato
seedling growth. Seeds of the European-type
cultivar ‘Redkhan’ (Solanum Iycopersicum L.;
Mifuko Seed Co., Korea) were sown in 32-cell
plug trays filled with a commercial cocopeat—
peatmoss—perlite—zeolite substrate (Field King;
Nongwoobio Co., Korea). Seedlings were grown

for 7 weeks (10 April to 30 May 2025) in a
controlled-environment growth chamber (EH-3600,
Hi-point, Taiwan) at 25°C, 70% relative humidity,
and ambient CO: (=420 gmol/mol). A multi-
wavelength LED system supplied 300 g
mol'm?s? PPFD under a 16h photoperiod.
Subirrigation was applied when substrate
moisture reached approximately 60% of container
capacity inorder to avoid any water deficit
conditions.

Diniconazole (5% SC; Dongbang Agro Co.,
Korea) was applied as a foliar spray at 0, 50, 125,
or 250 mg/L at 3, 4, and 5 weeks after sowing (2-
6 true-leaf stage). Applications were made to
runoff, and all cultural conditions were kept
uniform among treatments. The experiment
followed a completely randomized design with
three replications.

For growth measurements and statistical
analysis, nine uniform plants per treatment (n =
9) were used as the experimental units.
Parameters included plant height, stem
diameter, leaf and node number, leaf blade
dimensions, and shoot and root biomass. Leaf
area was determined using a leaf area meter
(LI-3100C, LI-COR, USA). Fresh and dry weights
were recorded after drying tissues at 70°C for 72
h. Chlorophyll content was measured on the
third fully expanded leaf using a SPAD-502
meter (Minolta, Japan)

2.2. Carry—over effects on early growth and yield
after transplanting

Seedlings obtained from the nursery stage
were transplanted on 30 May 2025 into a plastic
greenhouse in Haman, Gyeongsangnam-do, and
cultivated for 13 weeks. Plants were grown on
coir slabs (chip:dust = 5:5; Shinhan Atec, Korea)
at a density of 3.125 plants/m* under a
randomized complete block design with three
replicates. Each treatment consisted of 21 plants
(7 plants per plot). Greenhouse temperature and
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Table 1. Effects of diniconazole concentration on leaf morphological traits and chlorophyll content (SPAD value) of
tomato seedlings at different growth stages, raised in a growth chamber at 25°C

ini Leaf
DmlCO(frl;l;? 5 o No. of leaves Leaf area (cm) Length (cm) Width (cm) Ch(lsolzzpD})lyu
Growth stage: 39 week
0 3.4a" 11.7a 4.4a 2.5a 42.0a
Growth stage: 4" week
0 5.1a 85.8a 15.0a 12.7a 44.7b
50 3.9bc 83.6a 14.0ab 10.6b 52.7a
125 3.6c 74.2a 13.3b 10.3b 52.0a
250 4.4b 59.0b 11.7¢ 10.5b 51.1a
Growth stage: 5" week
0 6.4a 172.8a 16.5a 12.5b 39.2b
50 5.8b 147.2b 17.2a 14.2a 58.2a
125 5.0c 156.1ab 17.6a 14.2a 58.7a
250 5.4bc 136.7b 16.2a 13.5ab 56.8a
Growth stage: 6" week
0 6.8b 188.3bc 17.9b 14.8ab 35.6b
50 6.2b 205.2ab 18.5b 15.9a 52.2a
125 7.9a 228.0a 19.9a 13.2b 56.1a
250 7.0ab 157.5¢ 18.1b 15.5a 54.2a
Growth stage: 7" week
0 9.3ab 171.6¢ 15.8b 11.3¢ 36.1b
50 7.6¢ 240.8a 17.6a 15.6a 53.1a
125 9.4a 235.1ab 17.0ab 14.9ab 50.0a
250 8.5b 202.7bc 17.0ab 13.6b 59.0a

* Means within columns at each growth stage followed by different letters differ significantly by Tukey's HSD test at 2< 0.05.

relative humidity were maintained at approximately
28°C and 60%-80%. Plants were fertigated with
Yamazaki nutrient solution (EC 2.8 dS/m, pH
6.0) through drip irrigation supplied at 20-min
intervals between 07:30 and 16:30.

To ensure statistical representativeness and
minimize intra-plot variability, three uniform
plants were selected from each replicate, resulting
in nine plants per treatment (n = 9) being used as
the experimental units for all vegetative and
reproductive parameters. Vegetative growth was
assessed through plant height, stem diameter,
growth-zone diameter (10 cm below the flowering
truss), leaf number, and leaf blade dimensions

was measured every 2 weeks. Leaf area was
estimated using the regression model of Carmassi

et al.(2007):

Leaf area (cm?) =
-10.12 + 0.834 x (0.5 x leaf length xleaf width)

Total leaf area per plant was calculated as the
cumulative sum of measured leaves. Reproductive
development was assessed by counting flower
buds, open flowers, and fruit set for each
inflorescence. Early yield was measured from the
first two trusses; fruit number, fresh weight, and
mean fruit weight were recorded. Yield per plant



222 Jae Hyun Park, Sang Rim Kim, Faraaz Ahmed Mohammad, Ji Gu Lee, Mac Chery Sulan Charles Emparang, Min Geon Cho, Dae Geun Jeong, Min Jae Kim, Jum Soon Kang

(g/plant) was converted to area-based yield
(t/ha) using planting density.

2.3. Statistical analysis

All statistical analyses were performed using
SAS 9.4 (SAS Institute Inc., Cary, NC, USA). To
specifically evaluate the concentration-dependent
effects of diniconazole at each developmental
stage, data collected at different time intervals
(WAS and WAT) were subjected to a one-way
analysis of variance (ANOVA) independently.
Mean separation was conducted using Tukey's
multiple range test at P < 0.05. Figures were
prepared with SigmaPlot 12.5 (Systat Software
Inc., San Jose, CA, USA).

3. Results and Discussion

3.1. Effects of diniconazole application on seedling
quality during the nursery stage

(1) Leaf growth and chlorophyll content

based leaf
development was observed at each stage of
seedling growth (Table 1). At 4 weeks after
sowing (WAS), the highest concentration (250
mg/L) markedly reduced leaf area, consistent

Diniconazole concentration

with the role of triazole growth regulators in
suppressing gibberellin-mediated cell expansion
(Rademacher, 2000). In contrast, 50 and 125
mg/L produced leaf areas comparable to the
control. As seedlings progressed into mid-
development (5 WAS), treatment wise variability
was not pronounced, implying a temporary
compensatory growth phase.

During the late nursery stage (6-7 WAS),
untreated seedlings exhibited strong reductions
in leaf area and premature leaf senescence,
likely due to rapid substrate nutrient depletion
associated with excessive early vegetative growth.
In contrast, diniconazole-treated seedlings
maintained greater leaf area, with the 125 mg/L

treatment producing the highest leaf area and
leaf number. Chlorophyll content followed a
similar pattern: SPAD values of untreated
seedlings declined steadily, while all diniconazole
treatments maintained SPAD values above 50.
The enhanced chlorophyll retention, particularly
at 125 mg/L, aligns with previous findings that
triazoles delay chlorophyll degradation through
suppression of GA signaling and protection of
chloroplast integrity (Fletcher et al., 2000).

Overall, diniconazole suppressed early leaf
expansion but enhanced physiological stability
later in the nursery stage.

(2) Shoot elongation, stem thickening, and root
development

Diniconazole significantly suppressed shoot
elongation in a concentration-dependent manner
(Table 2; Fig. 1). Height reduction was the
primary sign due to shortened internodes, which is
consistent with the inhibition of GA biosynthesis,
particularly the suppression of ent-kaurene
oxidation by triazole compounds (Davis et al.,
1988; Rademacher, 2000). As the height
suppressed, stem thickening progressed from 5
WAS onwards, especially at 125 mg/L, resulting in
compact seedlings.

The shift in assimilate allocation from
longitudinal to radial growth reinforces that
triazole-induced height control redirects
photoassimilates to supportive tissues (Fletcher
et al., 2000; Desta and Amare, 2021). By 7 WAS,
seedlings treated with 125 mg/L developed more
nodes despite being shorter, confirming that the
triazole compound reduced internode length
without impairing meristematic activity (] ang et
al., 2020).

Root growth at a concentration of 125 mg/L
was comparable to the control, indicating that
moderate diniconazole application did not
compromise root system development. This
shoot—root balance is agronomically desirable
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4 weeks

5 weeks

6 weeks

} 10cm

125 mg/L 250 mg/L

Diniconazole Concentration

Fig. 1. Representative morphological responses of tomato seedlings raised in a plant growth chamber maintained at 25°C
under different diniconazole concentrations (0, 50, 125, and 250 mg/L) from 3 to 7 weeks after treatment.
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Table 2. Effects of diniconazole concentrations on number of nodes, stem diameter, plant height, and root length of

tomato seedlings at different growth stages, raised in a growth chamber at 25°C

Diniconazole conc. (mg/L)

No. of nodes

Stem diameter (mm)

Plant height (cm)

Root length (cm)

Growth stage: 39 week

0 2.0a" 1.6a 5.6a 7.1a
Growth stage: 4" week

0 5.1a 4.4a 14.3a 17.7a

50 3.9bc 4.1ab 11.4b 16.9a

125 3.6¢ 4.2ab 10.3bc 18.5a

250 4.4b 3.8b 9.8¢c 14.4a
Growth stage: 5" weelk

0 5.4a 4.5b 24.5a 18.9a

50 5.1ab 4.2b 17.3b 16.9a

125 5.0b 5.2a 16.8b 19.2a

250 5.0b 4.3b 15.0b 17.8a
Growth stage: 6" week

0 6.8a 5.3a 33.7a 22.3a

50 6.2a 5.2a 22.9b 17.3b

125 6.8a 5.4a 22.0b 19.4b

250 6.9a 4.7b 19.9b 18.9b
Growth stage: 7" week

0 8.4ab 5.4ab 33.7a 22.8a

50 7.6ab 5.3ab 25.5b 17.9b

125 8.9a 5.5a 24.8bc 20.7ab
250 7.2b 5.1b 23.0c 20.4ab

* Means within a column at each growth stage followed by different letters are significantly different according to Tukey’s multiple range

test at £<0.05.

because it enhances post-transplant establishment
(Latimer, 1992). Excessive suppression at 250
mg/L, however, diminished overall vigor, likely
due to restricted assimilate production and
impaired structural development (Choi et al.,
2001).

Thus, diniconazole at 125 mg/L effectively
suppressed internode elongation while
preserving stem diameter and root development,
yielding compact, vigorous seedlings ideal for

transplanting.

(3) Biomass accumulation

Biomass accumulation was strongly effected

by diniconazole concentration (Table 3). At 4
WAS, high-concentration application (250 mg/L)
significantly reduced biomass, indicating that
excessive suppression of vegetative growth
limited assimilate production. As seedlings
matured, the 125 mg/L treatment exhibited
superior biomass accumulation. By 6 WAS,
total fresh weight was approximately one-third
greater than the control, and root fresh weight
consistently exceeded that of untreated
seedlings. By 7 WAS, dry matter accumulation
was highest at 125 mg/L, suggesting enhanced
tissue density and improved dry matter
partitioning.
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Table 3. Effects of diniconazole concentrations on fresh weight, and dry weight of tomato seedlings at different growth

stages, raised in a growth chamber at 25°C

Diniconazole conc. Fresh weight (g/plant) Dry weight (g/plant)
(mg/L) Shoot Root Total Shoot Root Total
Growth stage: 39 week
0 0.6a* 0.0a 0.6a 0.1a 0.0a 0.1a
Growth stage: 4" week
0 4.3a 0.2a 4.5ab 0.4a 0.0a 0.4a
50 4.4a 0.2a 4.6a 0.4a 0.0a 0.5a
125 4.0ab 0.2a 4.2ab 0.4a 0.0a 0.4a
250 3.3b 0.2a 3.5b 0.4a 0.0a 0.4a
Growth stage: 5" week
0 8.2a 0.3b 8.5a 0.8a 0.0a 0.9ab
50 9.3a 0.3b 9.6a 0.9a 0.1a 0.9a
125 9.4a 0.5a 9.8a 0.9a 0.1a 1.0a
250 7.8a 0.3b 8.1a 0.7b 0.1a 0.7b
Growth stage: 6" week
0 14.1b 0.6a 14.6b 1.7ab 0.1b 1.7ab
50 14.7b 0.6a 15.3b 1.5b 0.1b 1.6b
125 18.8a 0.7a 19.5a 1.9a 0.1a 2.0a
250 12.5b 0.4a 13.0b 1.4b 0.1b 1.5b
Growth stage: 7" week
0 14.7b 0.6a 15.3b 2.6a 0.1a 2.7a
50 15.6ab 0.6a 16.2ab 2.0b 0.1a 2.1b
125 18.7a 0.7a 19.5a 2.8a 0.1a 2.9a
250 17.0ab 0.6a 17.7ab 2.2ab 0.1a 2.3ab

*Means within a column at each growth stage followed by different letters are significantly different according to Tukey's multiple range

test at 2<0.05.

These results are consistent with existing
studies showing that moderate triazole application
increases tissue density and mechanical strength
through shifts in assimilate allocation (Fletcher
et al.,, 2000; Niu et al, 2002). In contrast,
substantial growth suppression at 250 mg/L,
resulted in the lowest biomass throughout
development, emphasizing the risk of excessive
dosage.

Overall, diniconazole at 125 mg/L resulted in
structural robustness and biomass balance in
tomato seedlings. Consequently, these seedlings
exhibited compact shoot and root growth with
sustained vigor, ensuring high transplant quality.

3.2. Carry-over effects of diniconazole on early
growth and yield after transplanting

(1) Post-transplant leaf development and
chlorophyll stability

Carry-over effects of diniconazole applied
during the nursery stage were evident
immediately after transplanting and persisted
through early vegetative stage (Table 4). At 1
week after transplanting (WAT), control plants
exhibited the smallest leaf area and lowest SPAD
values, likely due to the rapid shift toward stem
elongation that restricted leaf expansion and
photosynthetic capacity. In contrast, seedlings
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Table 4. Effects of seedling-stage diniconazole treatments on leaf growth and chlorophyll content of tomato plants at
different growth stages after transplanting in a greenhouse

Diniconazole conc. No. of leaves Leaf area Leaf Chlorophyll
(mg/L) (cm?) Length (cm) Width (cm) (SPAD)
1 weeks after transplanting
0 9.3ab’ 171.6¢ 15.8b 11.3¢ 36.1b
50 7.6¢ 240.8a 17.6a 15.6a 53.1a
125 9.4a 235.1ab 17.0ab 14.9ab 50.0a
250 8.5b 202.7bc 17.0ab 13.6b 59.0a
3 weeks after transplanting
0 9.6b 1987.8a 27.4a 18.9a 47.2b
50 10.9ab 2071.9a 27.6a 17.3a 48.8b
125 11.0a 2123.7a 28.3a 17.1a 55.1a
250 11.7a 2198.0a 27.1a 17.5a 58.2a
5 weeks after transplanting
0 17.7a 4184.8a 31.7a 21.2a 53.4a
50 18.3a 4094.1b 33.1a 19.9a 55.2a
125 18.2a 3758.5b 31.9a 18.4a 55.9a
250 17.1a 3876.4b 35.7a 21.1a 55.0a
7 weeks after transplanting
0 23.0ab 4829.4ab 23.9a 13.2a 56.0ab
50 23.6a 4924.2a 26.6a 15.2a 55.5b
125 23.3a 4484.0b 26.5a 13.8a 57.2ab
250 21.6b 4451.4ab 25.6a 12.9a 59.9a
9 weeks after transplanting
0 28.6ab 6041.6a 29.5a 18.1a 55.9a
50 28.8a 5845.3ab 28.1a 16.0a 59.0a
125 28.7a 5337.0b 27.1a 14.8a 57.0a
250 26.8b 5340.5b 26.1a 16.4a 57.4a
13 weeks after transplanting
0 35.3a 6362.4a 17.2a 7.9b 62.5a
50 35.0a 6151.0ab 18.2a 8.5b 63.0a
125 35.7a 5692.1b 17.5a 8.6b 63.7a
250 30.7b 5678.7b 19.7a 10.2a 57.0b

” Means within a column at each growth stage followed by different letters are significantly different according to Tukey's multiple range

test at 2<0.05.

previously treated with 125 mg/L produced
significantly greater leaf area and maintained
stable SPAD values above 50, indicating superior
photosynthetic potential and more stable early
growth. These results support findings that
moderate height suppression during seedling

production improves post-transplant vigor by
conserving assimilates for later leaf development
(Vavrina and Orzolek, 1993).

From 3 to 5 WAT, all treatments showed
increases in leaf number and area; however,
diniconazole-treated plants consistently exhibited
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Table 5. Effects of seedling-stage diniconazole treatments on number of nodes, basal stem diameter, apical stem
diameter, and plant height of tomato plants at different growth stages after transplanting in a greenhouse

Diniconazole conc.
No. of nodes

Basal stem diameter

Apical stem diameter Plant height

mg/L mm, mm, cm
1 week after transplanting
0 8.4ab” 5.4a 2.1b 33.7a
50 7.6ab 5.3ab 2.5a 25.5b
125 8.9a 5.5ab 2.4a 24.8bc
250 7.2b 5.1b 2.4a 23.0c
3 week after transplanting
0 9.1b 7.3b 4.1b 64.1a
50 11.1a 8.7a 5.0ab 72.4a
125 11.7a 9.3a 5.1ab 67.6a
250 11.0a 9.4a 5.1a 64.5a
5 weeks after transplanting
0 16.9b 10.2a 5.9b 123.5a
50 18.0a 10.2a 6.0b 123.9a
125 18.6a 10.3a 6.1b 122.7ab
250 16.4b 10.2a 7.0a 114.0b
7 weeks after transplanting
0 22.3a 10.6a 7.1a 171.8ab
50 23.3a 10.6a 7.1a 172.8a
125 23.7a 10.5a 6.7a 166.3b
250 20.9b 10.2a 6.8a 147.8¢
9 week after transplanting
0 27.8ab 10.6a 6.0a 216.9a
50 28.7a 10.6a 6.1a 211.3ab
125 28.9a 10.7a 6.1a 205.0ab
250 25.9b 10.3a 6.4a 190.0b
13 week after transplanting
0 35.3a 10.6b 5.7ab 254.9a
50 35.0a 11.4a 6.1a 241.4ab
125 35.8a 10.9ab 5.7ab 234.6b
250 30.4b 10.6b 5.1b 210.3¢

* Means within a column at each growth stage followed by different letters are significantly different according to Tukey’s multiple range

test at < 0.05.

higher SPAD
chlorophyll degradation and enhanced leaf

values, reflecting delayed
physiological stability. The 125 mg/L treatment
produced more leaves and maintained higher
chlorophyll content than the control while
preventing excessive canopy enlargement. This

pattern aligns with the known triazole-mediated

reductions in internode elongation and leaf
enlargement that promote efficient assimilate
allocation to functional leaf tissues (Yun et al.,
2007).

By 13 WAT, differences among the control, 50
mg/L, and 125 mg/L treatments had largely
diminished, suggesting that these concentrations
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E }300m

125 mg/L 250 mg/L

Diniconazole Concentration

Fig. 2. Morphological characteristics of tomato plants at 13 weeks after transplanting as influenced by different
diniconazole concentrations applied during the seedling stage.

did not impose long-term restrictions on leaf
growth or chlorophyll content. In contrast, the
250 mg/L treatment resulted in decreased leaf
number, leaf area, and SPAD values, suggesting
impaired leaf development and photosynthetic
competence caused by prolonged inhibition of
GA biosynthesis (Rademacher, 2000).

(2) Stem elongation and morphological
development

Morphological differences established during
the nursery period persisted after transplanting
and continued to influence stem elongation, radial
thickening, and node formation (Table 5; Fig. 2).
At 1 WAT, control plants showed pronounced

stem elongation, whereas all diniconazole-treated
plants remained significantly shorter (23.0-25.5
cm). This persistent height suppression reflects
the earlier inhibition of internode extension caused
by triazole-mediated GA biosynthesis reduction
(Rademacher, 2000).

By 3 WAT, plants treated with 50 and 125
mg/L had heights similar to the control, but stem
diameter remained consistently greater in all
diniconazole treatments, indicating sustained
allocation of assimilates toward radial growth
rather than elongation. Such thickened stems
are advantageous for structural strength and
hydraulic conductivity, supporting improved
long-term vigor.
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Table 6. Effects of seedling-stage diniconazole treatments on number of flowers, number of blooms, and number of fruit
sets of tomato plants at different growth stages after transplanting in a greenhouse

Diniconazole conc. (mg/L) No. of flowers

No. of blooms No. of fruits sets

Growth stage: 3 week

0 6.3¢” 0.2¢c 0.0c
50 8.8bc 1.6b 1.3a
125 10.9ab 1.9ab 0.7b
250 12.7a 2.2a 0.3bc

Growth stage: 5" week
0 13.1b 5.6a 2.2¢
50 18.4ab 7.0a 6.0ab
125 18.0ab 69a 5.2b
250 20.1a 83a 6.3a
Growth stage: 7 week
0 22.2a 13.2a 5.4¢c
50 23.6a 6.8b 8.0ab
125 21.3a 2.7¢c 9.0a
250 23.7a 14.0a 7.4b
Growth stage: 9" week
0 24.3a 7.8a 11.0b
50 23.2a 6.1a 11.1b
125 23.7a 6.0a 14.8a
250 26.2a 3.2b 6.6¢c

” Means within a column at each growth stage followed by different letters are significantly different according to Tukey’s multiple range

test at 2<0.05.

During the mid-season (5-7 WAT), differences
became more pronounced. Plants treated with
250 mg/L developed the thickest stems but
remained significantly shorter than all other
treatments, reflecting cumulative GA inhibition
and reduced metabolic activity, a response
previously reported under excessive triazole
exposure (Jang et al., 2020). At 13 WAT, the
control plants exhibited the greatest height,
while the 125 mg/L treatment maintained a
compact and agronomically desirable canopy.
Node number did not differ among the control,
50 mg/L, and 125 mg/L treatments, indicating
that moderate concentrations affected internode
elongation but not meristematic activity.
Conversely, the 250 mg/L treatment produced

fewer nodes, suggesting suppressed meristem
function under excessive dosage.

125 mg/L
treatment provided the most favorable response,

Analogous to nursery stage,

supporting compact growth with enhanced stem
diameter and stable node development traits
that contribute to improved performance in
greenhouse cultivation.

(3) Floral differentiation and fruit-set responses

Carry-over effects of diniconazole on
reproductive development were substantial and
highly concentration dependent (Table 6). At 3
WAT, all diniconazole treatments showed
accelerated floral transition compared to the

control, with increased numbers of floral
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primordia and open blooms. The 250 mg/L
diniconazole treatment vyielded the highest
count of early floral structures, indicating that
intense vegetative suppression in seedlings
diminished competing sinks and promoted
earlier reproductive onset, a pattern aligning
with growth regulator effects in compact
transplants (Zhang et al., 2003).
Despite this early stimulation,
efficiency varied widely. Although the 250 mg/L
treatment produced many early flower buds, it

fruit-set

had relatively low fruit-set rates, while the 50
mg/L treatment achieved the highest fruit set
rate at 3 WAT. This indicates that excessive
triazole application may reduce assimilate
production and transport, limiting the
conversion of flowers to fruit, a constraint
consistent with known metabolic effects of high
triazole concentrations (Rademacher, 2000).
During mid-season (5-7 WAT), fruit set
increased across all diniconazole-treated plants
producing 2—2.5 times more fruit than the control.
The 125 mg/L treatment consistently produced
the highest fruit-set numbers at 7 WAT,
ascertaining a sustained reproductive advantage
beyond the early establishment stage. In contrast,
the 250 mg/L treatment did not maintain its initial
reproductive stimulation; despite producing
abundant floral primordia early, fruit-set
retention declined, likely due to limited assimilate
supply and cumulative metabolic suppression.
By 9 WAT, treatment effects were fully
expressed. Plants treated with 125 mg/L
maintained the greatest fruit-set count (14.8
fruits per plant), indicating strong reproductive
continuity and sufficient assimilate supply (Yun
et al., 2007). Conversely, the 250 mg/L treatment
exhibited a major decline in fruit set, reflecting
long-term constraints on carbon assimilation
and resource allocation (Choi et al., 2001).
imposed distinct

Overall, diniconazole

responses to various concentrations, during

reproductive phase post-transplanting. Moderate
application rates enhanced early floral initiation,
supported stable mid-season reproductive
activity, and ensured sustained fruit-set retention
during prolonged greenhouse cultivation.
Excessive application (250 mg/L), while stimulating
early floral differentiation, ultimately reduced
fruit-set efficiency and long-term reproductive

performance.

(4) Early yield performance and harvest earliness

Early yield and harvest earliness were markedly
influenced by diniconazole application during
the seedling stage, and responses varied strongly
with treatment concentration (Table 7; Fig. 3).
Among all treatments, 125 mg/L produced the
most favorable carry-over effects, leading to the
earliest harvest initiation and the greatest
cumulative early yield. Yield from the first two
trusses reached 663.4 g/plant (20.7 t/ha),
representing a 75% increase relative to the
untreated control (379.3 g/plant; 11.9 t/ha)
which was statistically significant (P { 0.05)
(Table 7; Fig. 4). These findings indicate that
moderate suppression of vegetative vigor during
the nursery stage enhances assimilate
partitioning toward reproductive sinks after
transplanting, thereby improving early-fruiting
performance. Similar improvements in early
yield resulting from compact seedling
architecture have been reported in tomato and
other solanaceous crops (Marcelis, 1996; Kim et
al., 2016).

Although the 250 mg/L treatment produced
the highest number of initial fruit sets, its early
yield (18.8 t/ha) was lower than that of the 125
mg/L treatment because of reduced mean fruit
weight. This responses suggests analogy to
previous reports that excessive triazole-induced
growth inhibition may accelerate floral
induction while restricting assimilate availability

during fruit enlargement, thereby reducing final
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Table 7. Effects of seedling-stage diniconazole treatments on cumulative fruit number per plant, cumulative fruit weight,
mean fruit weight, and estimated yield per hectare of tomato plants at 13 weeks after transplanting under
greenhouse conditions

Diniconazole conc.

Cumulative fruit number” Cumulative fruit weight

Mean fruit weight

(mg/L) (no./plant) (g/plant) (g/fruit) Yield per plant (t/ha)
0 4.2b* 379.3b 90.9a 11.9b”
50 6.0ab 639.3ab 100.9a 20.0ab
125 7.0a 663.4a 102.9a 20.7a
250 6.7ab 602.5ab 84.9a 18.8ab

* Values represent final cumulative fruit number recorded at the last harvest from the first and second trusses.
¥ Yield (t/ha) was calculated based on cumulative fruit weight per plant and planting density.
¥ Means within a column followed by different letters are significantly different according to Tukey's test at 2< 0.05.
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Fig. 3. Changes in harvest rate of greenhouse-grown
tomato plants as influenced by diniconazole
concentrations applied during the seedling stage.
Harvest rate was determined at 2-week intervals
and expressed as the percentage of plants
producing marketable fruits relative to the total
number of plants per treatment (n = 9).
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Fig. 4. Effects of diniconazole treatments applied during
the seedling stage on cumulative fruit number and
cumulative yield of tomato plants grown in a
greenhouse. Cumulative fruit number and yield
were determined from the first and second
trusses. Error bars represent the standard error of
the mean (n=9).
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fruit size despite abundant fruit set (Marcelis,
1996; Jang et al., 2020). Across treatments, mean
fruit weight varied only modestly (84.9-102.9 g);
thus, differences in early yield were primarily
driven by variation in fruit set and the timing of
harvest onset.

Weekly harvest patterns (Fig. 3) further
confirmed the benefits of moderate diniconazole
application. Plants treated with 50 and 125 mg/L
initiated harvest 2 weeks earlier than both the
control and the 250 mg/L treatment. Notably,
the 125 mg/L treatment produced the highest
proportion (44%) of marketable fruits during
week 7 after transplanting, indicating enhanced
precocity. These results are consistent with the
hypothesis that compact seedlings exhibit
greater early reproductive sink strength and
more efficient allocation of assimilates to fruit
development, particularly during the initial
post-transplant period (Talukder et al., 2025).

In contrast, the reduced early yield of the 250
mg/L treatment suggests that excessive inhibition
of vegetative growth compromises the sustained
supply of assimilates required for early fruit
enlargement, even when flower initiation is
promoted. Such negative impacts of high triazole
concentrations on reproductive productivity have
been documented in several horticultural crops
(Rademacher, 2000; Jang et al., 2020).

Overall, these results demonstrate that
diniconazole application during the seedling
stage exerts substantial concentration-
dependent carry-over effects on early tomato
productivity. Among the treatments examined,
125 mg/L represents to be ideal concentration,
simultaneously enhancing harvest earliness
and maximizing early cumulative yield.

4. Conclusions

This study reveals that diniconazole application
at the tomato seedling stage markedly enhances

transplant quality and early-season performance.
Treatments suppressed plant height and
internode elongation in a concentration-
dependent manner, with 125 mg/L vyielding
optimal seedlings characterized by sustained
chlorophyll content, balanced shoot—root growth,
and improved morphological compactness.
Post-transplant, these plants showed earlier fruit
set, harvest initiation, and significantly higher
early yield per unit area compared to controls,
driven primarily by increased fruit number
rather than size. Conversely, 250 mg/L induced
excessive inhibition, elevating floral counts but
restricting fruit enlargement and total yield.
Despite these significant findings, certain
limitations still exist in this study such as the
results depicted only the early yield factors,
while yield assessment for whole crop cycle is
yet to be studied.
investigations involving direct measurements of

Further physiological

gas exchange and carbon partitioning are would
elucidate the precise mechanisms underlying the
observed carry-over effects.

Nevertheless, These results demonstrate that
125 mg/L diniconazole effectively modulates
seedling vigor to boost tomato productivity,
indicating that appropriate modulation of
seedling growth using triazole-based regulators
can serve as an effective strategy for optimizing
transplant quality and early-season productivity
in tomato production systems.
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