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Abstract. Sweetpotato production faces challenges with low transplant survival rates,
particularly for greenhouse-grown slips, often attributed to reduced stem rigidity. We
evaluated the effects of four plant growth regulators (PGRs)—flurprimidol, paclobutra-
zol, uniconazole, and indole-3-butyric acid—applied foliarly at varying concentrations
on the growth and development of sweetpotato slips. Results showed that uniconazole at
20 mg·L–1 applied twice reduced slip height by 41.60%, whereas flurprimidol and unico-
nazole also reduced stem diameter at middle rates. Soil plant analysis development
measurements indicated increased leaf greenness with flurprimidol, paclobutrazol, and
uniconazole applications, with flurprimidol producing a 7% to 10% enhancement. No
significant differences in number of nodes, fresh or dry weights, leaf area, or root weight
were observed across treatments. These findings highlight the potential of targeted PGR
applications to optimize sweetpotato slip growth. Further research is recommended to
refine application rates and evaluate long-term effects on field performance.

Sweetpotato (Ipomoea batatas L.) is a
globally important crop valued for its nutri-
tional benefits, resilience in diverse environ-
ments, and economic significance. In the
United States, production is concentrated in
North Carolina, California, and Mississippi,
with 133,000 acres planted in 2022, yielding
a crop worth �$598 million (Agricultural
Marketing Resource Center 2021; US De-
partment of Agriculture, National Agriculture
Statistics Services 2022). Despite its impor-
tance in global food security, sweetpotato
production lacks robust private-industry sup-
port for the development of mechanical, tech-
nological, or agronomic solutions.

A critical challenge in sweetpotato cultiva-
tion is the low transplant survival rate of green-
house-produced slips, with reported success
rates as low as 50% (unpublished data). The
high mortality rate can be attributed to the re-
duced rigidity of greenhouse-grown slips com-
pared with those produced in the field, which
may result from the more protected environment,

leading to less compact growth (Hoppenstedt
et al. 2019). This makes slips more susceptible to
wilting, collapsing, and heat stress at the surface
of the soil. Previous studies have explored slip
survivability and hardening techniques to reduce
transplant shock, but results have been inconclu-
sive (Hall 1985; Villordon et al. 2006).

An underexplored potential option to re-
solve this issue is to use plant growth regula-
tors (PGRs). PGRs offer a promising alternative
to enhance transplant quality. Triazole com-
pounds such as flurprimidol, paclobutrazol, and
uniconazole, along with auxins such as indole-
3-butyric acid (IBA), have been shown to
modify physiological responses in transplants,
aiding their acclimatization in both field and
greenhouse environments. Flurprimidol has
been shown to enhance chlorophyll content
and increase soil plant analysis development
(SPAD) readings and bulb weight in Euco-
mis autumnalis, reducing plant size by 48%
regardless of application method (Salachna
and Zawadzi�nska 2017). Paclobutrazol appli-
cation improved sweetpotato establishment
and yield by regulating vegetative growth
under different nitrogen regimes (Silva et al.
2021) and by enhancing drought resilience
through increased accumulation of soluble
sugars and free proline (Lin et al. 2017). Fo-
liar applications of uniconazole have proved
to enhance photosynthate partitioning and
translocation to tuberous roots, resulting in

increased yield in sweetpotato cultivars Jishu
26 and Xushu 32, with higher uniconazole
concentrations showing greater effects on
carbon distribution and yield in ‘Jishu 26’
(Duan et al. 2019), highlighting its potential
to enhance growth in other areas of sweetpo-
tato production. Olive tree cuttings treated
with 300 ppm IBA showed a 69.17% survival
rate compared with 5% in the control, with
treated cuttings exhibiting significantly more
leaves and branches, greater root mass and root
length, and thicker stems (Jan et al. 2014).

In our investigation, four different PGRs
(flurprimidol, paclobutrazol, uniconazole, and
IBA) were applied at various concentrations to
sweetpotato slips 14 d post-transplantation. We
aimed to evaluate the effects of the four PGRs
on sweetpotato slip growth and morphology.
By assessing a range of concentrations applied
foliarly, the objective was to identify PGR
treatments that improve slip quality.

Materials and Methods

Plant material and growth conditions. Virus-
tested, two-node sweetpotato slips with simi-
lar dimensions of ‘Beauregard’ (B-14) were
transplanted into 38-cell trays filled with a soil-
less growing medium comprised of 75% to
85% sphagnum peatmoss, 10% to 20% per-
lite, and 1% unregulated components, main-
taining a pH range of 5.2 to 5.8 (PRO-MIXVR

BX; Premier Tech Growers and Consumers
Inc., Quakertown, PA, USA). The trays were
situated in a single greenhouse bay at Missis-
sippi State University, Starkville, MS, USA.
The greenhouse maintained a ventilation set
point of 78 �F and an average humidity of 70%
to 80%, and had a natural photoperiod from 29
Aug to 31 Oct 2023 for the first experimental
trial and from 16 Apr to 23 May 2024 for the
second experimental trial. The plants received
bottom watering as needed and were fertilized
twice during the trials with 20–8.8–16.6 fertil-
izer at 200 ppm (Peters Professional 20-20-20;
Everris NA Inc., Dublin, OH, USA).

Treatments and application. The chemi-
cals used in the investigation consist of three
antigibberellins: TopFlorV

R

(flurprimidol 0.38%;
SePRO Corp., Carmel, IN, USA), Piccolo 10
XCVR (paclobutrazol 4.0%; Fine Americas Inc.,
Walnut Creek, CA, USA), and ConciseV

R

(uni-
conazole 0.055%; Fine Americas Inc.), along-
side one Auxin: AdvocateV

R

(IBA 20%; Fine
Americas Inc.). Solutions were created from the
growth of retardant stocks by diluting them with
distilled water. Based on adjustments after a
preliminary study, the following concentrations
were identified for further assessment: flurprimi-
dol at 20, 60, and 120 mg·L–1; paclobutrazol at
30, 60, and 120 mg·L–1; uniconazole at 10,
20 � 1, 20 � 2, and 30 mg·L–1; and IBA at
250, 500, and 750 mg·L–1.

Experimental design and data collection.
The study used a randomized complete block
design with three replications. There were
14 trays per replicate, each representing a differ-
ent PGR and concentration, with a control
group that received a water treatment, re-
sulting in 42 trays for the study. The experi-
mental trials lasted 6 weeks. The first week
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involved transplanting the slips into trays
and randomizing them within the designated
blocks. In the second week, slips were fertil-
ized to support their maintenance and facili-
tate root system development. In week 3,
initial measurements of each slip were col-
lected and PGRs were applied. Weekly meas-
urements were conducted from weeks 4 to 6,
with a supplementary application of unicona-
zole at 20 � 2 mg·L–1 during the fourth week.
After acquiring the final set of weekly
measurements in week 6, the slips were
harvested and additional postharvest meas-
urements were carried out, including the
weighing and drying of slips and roots for
further analysis.

Vegetative morphological measurements.
Baseline measurements (week 0) of each
sweetpotato slip, including plant height, stem
diameter, number of nodes, and SPAD read-
ings, were recorded before PGR application.
Plant height was measured using a standard
ruler from the soil level to the apex of the
slip. Stem diameter was measured at the
slip’s base, midpoint, and tip using a caliper.
A SPAD meter provided a relative chloro-
phyll index from the first fully expanded leaf
at the top of the slip (model SPAD 502 Plus
chlorophyll meter; Spectrum Technologies,
Inc., Aurora, IL, USA). These four parame-
ters were measured from week 3, after PGR
application, to week 6 before harvest. The
slips were harvested at week 6 using a hand
pruner and were weighed to determine fresh
and dry weights. A random sample of five
plants was collected from each tray for total
leaf area and root weight analysis. The total

leaf area was measured using a LI-3100C
Area Meter (LI-COR Environmental, Lin-
coln, NE, USA). Root samples were washed
and weighed for fresh and dry weights.

Statistical analysis. The dataset was ana-
lyzed using a mixed-effects model in SAS
version 9.4 (SAS Inc., Cary, NC, USA) that
accounted for the plants nested within experi-
mental units. The Satterthwaite approxima-
tion was used to determine the degrees of
freedom for the statistical evaluations. Treat-
ment effects were included as fixed factors for
plant weight, leaf area, and cross-sectional met-
rics variables. Plant height, stem diameter,
number of nodes, and SPAD readings consid-
ered treatment, week, and the interaction be-
tween treatment and week as fixed factors.
Baseline measurements (week 0) were incor-
porated as a covariate in the models for plant
height, stem diameter, and node count to ad-
just for initial plant measurements. In the
mixed model, replication and plant were des-
ignated as random factors, with the plant
nested within replication. An autoregressive
covariance structure for repeated measures
over time was selected based on the Akaike
information criterion. Results were reported
as least squares means or covariate-adjusted
least squares means, depending on the pres-
ence of covariates in the model. Significance
was assessed at a P value of 0.05. Four sepa-
rate analyses were conducted to compare each
treatment to the control. In cases when no sig-
nificant interactions were detected, results were
reported based on main effects or the highest
order interaction identified.

Results and Discussion

The application and effectiveness of
PGRs are highly dependent on factors such
as species, cultivar, plant age, health, envi-
ronmental conditions, and application meth-
ods (Basra 2000; Halmann 1990; Smit et al.
2005). Because of the distinct genetic compo-
sition and hormonal balance of each plant
species, responses to PGRs can vary signifi-
cantly, even under identical treatment condi-
tions (Tripathi et al. 2022). In addition, the
longevity of PGR effects can differ based on
their chemical stability and metabolic break-
down, influencing the number of applications
required over a growing season (Li et al.
2022; Sterrett and Tworkoski 1987; Sun et al.
2022). With these factors in mind, the follow-
ing results show the impact of various PGRs
on sweetpotato slip growth and development.

Plant height. Uniconazole applied twice at
20 mg·L–1 reduced slip height significantly, by
41.60%, compared with the control during the
second and third weeks (Fig. 1). Similar shoot
growth and internode length reductions have
been observed with repeated uniconazole appli-
cations in Citrus reticulata (Wheaton 1989). In
contrast, IBA and paclobutrazol showed signifi-
cant week-by-treatment interactions, but no
differences were detected when analyzed by
week (all P values > 0.05). Flurprimidol did
not exhibit significant effects at any rate
(Fig. 1). The vigorous growth habit of sweet-
potatoes in both the greenhouse and in fields
likely contributes to the rapid metabolism of
PGRs, minimizing vertical growth inhibition
(International Potato Center n.d.). Although

Fig. 1. Weekly plant height of plants treated with control (all panels), flurprimidol (F) (top left), indole-3-butyric acid (IBA) (top right), paclobutrazol (P)
(bottom left), and uniconazole (U) (bottom right) at various concentrations. Bars represent mean plant height; error bars indicate standard deviation.
Significant differences from the control within each week are denoted by lowercase letters.
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other triazoles did not reduce growth, this
may benefit sweetpotato production, where
slips are preferred to reach 25 to 30 centi-
meters for mechanical transplanting.

Stem diameter. A reduction in stem diam-
eter was observed at week 3 with flurprimidol
(60 mg·L–1) and with one application of uni-
conazole (20 mg·L–1), and at week 2 with
IBA (250 mg·L–1). Flurprimidol and unicona-
zole reduced stem thickness by 8.35% and
9.88%, respectively, compared with the
control (Fig. 2). Similar reductions have
been reported in New Guinea impatiens
treated with flurprimidol, and in hibiscus cut-
tings exposed to uniconazole, which also
exhibited internal stem suppression (Currey
et al. 2016; Wang and Gregg 1989). Although
uniconazole may manage plant height effec-
tively, its negative impact on stem structure
may compromise plant resilience during
transplantation (Garner and Bj€orkman 1996;
Latimer 1998).

For IBA, diameter reduction was signifi-
cant compared with other IBA treatments,
but not the control. Paclobutrazol exhibited
significant week-by-treatment interactions, but
no differences were found upon weekly analy-
sis (all P values > 0.05) (Fig. 2). These results
contrast with previous studies, where IBA-
treated olive cuttings displayed twice the stem
thickness of controls, and paclobutrazol-treated
potato plants showed a 58% increase in stem
diameter (Jan et al. 2014; Tsegaw et al. 2005).
The absence of a significant response from
IBA and paclobutrazol, alongside the reduced
stem diameter with flurprimidol and unicona-
zole, is concerning, as stronger stems are often

associated with higher transplant survival rates
(Latimer 1998).

Number of nodes. The number of nodes
on treated slips remained consistent with the
control slips across all treatment conditions,
with no significant differences observed
(Fig. 3). Although the reason for this lack
of variation is unclear, maintaining a uni-
form node count could benefit crop produc-
tion. Uniform node counts can promote
predictable growth, simplify field manage-
ment, and enhance overall crop reliability.
Further research is needed to confirm these
findings (Jett 2006).

Soil plant analysis development. SPAD
measurements across all treatments identified a
significant interaction between the week and
treatment, with the effects of specific treat-
ments persisting over several weeks. SPAD
values for IBA-treated slips initially increased
before declining, with IBA at 250 mg·L–1

maintaining a consistent average. However,
IBA-treated slips were less green than other
treatments. Flurprimidol enhanced foliage
greenness significantly by 7% to 10% at all
concentrations during weeks 3 and 4, making
it the only PGR with consistent effects
across all rates. Paclobutrazol-treated plants
maintained stable SPAD values with minimal
fluctuation, with the highest rate (120 mg·L–1)
producing the greatest increase in greenness
during weeks 2 through 4. Uniconazole-treated
slips showed increased greenness during weeks
3 and 4 across various rates (10 mg·L–1, two
applications of 20 mg·L–1, and 30 mg·L–1),
with the most notable increase of 15% at
two applications of 20 mg·L–1 in week 4
(Fig. 4).

These results are consistent with previous
findings, supporting the idea of PGRs in en-
hancing photosynthetic potential across sev-
eral plant species. In swamp sunflowers, the
highest rates of paclobutrazol and flurprimi-
dol led to the most significant increases in
chlorophyll measurements (Barrios and Ruter
2019). Similarly, uniconazole at 10 mg·L–1

affected SPAD values of greenhouse-grown
tomatoes significantly (Dunn et al. 2022). In
addition, IBA is known to enhance chloro-
phyll concentration, with the greatest effects
observed at higher application rates, which
is often linked to larger leaf areas and ele-
vated auxin concentrations, promoting greater
photosynthate production (Rao et al. 2020).
Chlorophyll enhancement may result from in-
hibiting the gibberellic acid pathway, which
triggers secondary biochemical processes, in-
cluding increased chlorophyll biosynthesis
(Whipker 2023). Higher chlorophyll levels
improve photosynthetic efficiency, promot-
ing greater plant growth and yield potential
(Li et al. 2018).

Postharvest analysis. Slip fresh and dry
weights, root fresh and dry weights, and leaf
area showed no significant differences be-
tween treated plants and the control. This
lack of variation may be attributed to minimal
or a lack of changes in other growth parame-
ters, including plant height, number of nodes,
and stem diameter. Similarly, the absence of
significant differences in root weights could
be linked to the type or concentration of PGR
used not being sufficient enough or the lim-
ited cell size within the trays. Root confine-
ment, a known factor influencing root weight

Fig. 2. Weekly stem diameter of plants treated with control (all panels), flurprimidol (F) (top left), indole-3-butyric acid (IBA) (top right), paclobutrazol (P)
(bottom left), and uniconazole (U) (bottom right) at various concentrations. Bars represent mean stem diameter; error bars indicate standard deviation.
Significant differences from the control within each week are denoted by lowercase letters.
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Fig. 4. Weekly soil plant analysis development (SPAD) values of plants treated with control (all panels), flurprimidol (F) (top left), indole-3-butyric acid
(IBA) (top right), paclobutrazol (P) (bottom left), and uniconazole (U) (bottom right) at various concentrations. Bars represent mean SPAD readings;
error bars indicate standard deviation. Significant differences from the control within each week are denoted by lowercase letters.

Fig. 3. Number of nodes per sweetpotato slip recorded weekly over a three-week period under control (all panels), flurprimidol (F) (top left), indole-3-
butyric acid (IBA) (top right), paclobutrazol (P) (bottom left), and uniconazole (U) (bottom right) treatments at various concentrations. Bars represent
mean node count; error bars indicate standard deviation.
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in other vegetable species, may have restricted
root growth even more (NeSmith and Duval
1998). Further research is needed to identify
specific chemicals, application rates, or appli-
cation methods that may more enhance root
development effectively.

Conclusion

This study demonstrated the varying effects
of different PGRs on sweetpotato slip growth.
Uniconazole was the most effective in reducing
slip height, with a 41.60% reduction after re-
peated applications at 20 mg·L–1. Flurprimidol
and uniconazole at moderate rates reduced stem
diameter, whereas IBA and paclobutrazol had
minimal impacts. SPADmeasurements revealed
significant week-by-treatment interactions, with
flurprimidol enhancing leaf greenness consis-
tently. Uniconazole and paclobutrazol also in-
creased greenness, particularly at higher rates
during later weeks. No significant differences
were observed in fresh and dry weights, leaf
area, or root weights across treatments, indicat-
ing that PGR applications did not affect plant
biomass adversely. These results emphasize the
importance of selecting suitable PGRs and ap-
plication rates to achieve specific growth objec-
tives in sweetpotato slips. Further research is
needed to understand the underlying mecha-
nisms driving sweetpotato responses to PGRs.
Expanding studies on optimal rates, applica-
tion timing, and physiological effects will
enhance the effective use of PGRs in sweet-
potato production.
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