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Summary: LS 213 had positive effects on planto have limited commercial application to
growth, but results varied among species testagelonia or rosemary production. However an
(angelonia, mimulus, vinca vine, and rosemangpportunity for LS 213 may be with tall growing
The most significant results occurred when therbs in which plant growth regulators are not
substrate was treated with LS 213 at 1:20 (LS 248yistered.
: potting mix) during propagation. The increased
plant growth may help propagators grow largémtroduction:  Since 1989, Gustafson LLC
sized plants in a shorter amount of time. Due @hemical Co. and a number of universities have
variation, propagators will need to determingeen conducting trials on vegetable transplants
which plants have the greatest response. with naturally occurring biological inoculants.
Differences in growth were not evident wheiihese bacteri®@aenobacillus macerargdB122
the rooted cuttings were transplanted and growand Bacillus amyloliquefacien$sB99, are
in 4”7 pots, except for rosemary. Gustafsaomarketed as LS 213 or BioYield™. This class of
reported differences between LS 213 and untreabettteria are referred to as plant growth-promoting
plants being evident 30 to 60 days after transplarttizobacteria (PGPR). Published researchreports
with the LS 213 plants having more growth. Fatate that PGPRs promote plantgrowth (especially
the plants grown in 4” pots, data was often takgoung transplants), early flowering, and improve
75 days after inoculation, which is beyond thearly yield and grade quality of vegetables. These
timing when Gustafson reported differences.| advantageous results have been consistent, with
The time of 30 to 60 days of when differengemnly a few exceptions where the results were
are noticed is supported by the fact that a secaglial to the untreated control, and suggest that
application of LS 213 did result in growtlthe use of these PGPRs would be beneficial to the
differences with angelonia and rosemaryegetable production.
Angelonia growth was more compact, while the PGPRs are weak colonizers of the root system
growth of rosemary increased — being greatand do notcompete with other naturally occurring
than the control, but not the single LS 218oil bacteria. Consequently for LS 213 to be
application. Except for the potential of heighgffective, Gustafson noted that the roots must be
control, the second application of LS 213 appeam®culated with the LS 213 when the radicle is
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emerging from the seed. 4-Inch Pot Production. Six additional plants of
All previous studies with LS 213 have beeeach plant type and treatment were transplanted
conducted with vegetable transplants, but it mayo 4” pots using non-LS 213 treated Fafard 4P
have beneficial qualities that can be utilized byix. Evaluation dates and data collected varied
floriculture plug producers. Preliminary trialdy species. For all plants except vinca vine, plant
indicated that LS 213 at 1:40 (LS 213 : pottinigeight, plant diameter, the number of shegits
mix) promoted axillary shoot developmentduringm long were counted (excluding the primary
rooting, but results varied by species. shoot), length of the 3 longest shoots measured
The objective of this study was to determir{excluding the primary shoot), total dry weight of
the effects of LS 213 on plant growth of Rosemarnye shootg1 cm long, and total plant dry weight
Mimulus cultivar 'Jelly Bean White', vinca vinewere recorded. Flowering date was recorded
and Angelonia cultivar 'Deep Plum'. when each individual angelonia plants bloomed.
Data was collected for angelonia, rosemary, and
Experiment: The four substrate treatmentsincavine onJanuary T0Data for mimulus was
(Berger BM2) included: collected on February™@ Data collected for
1. Untreated control (only Berger BM2), | vinca vine included length on the longest shoot
2. LS 213 incorporated at 1:20 (volumednd the number of shogtd cm long.
volume) into Berger BM2,
3. LS 213 incorporated at 1:40 (volume$econd LS 213 Inoculation. Some previous
volume) into Berger BM2 [half the rate ofresearch reports note that the effects of LS 213
treatment 2], were enhanced with a second application. To
4. LS 213 incorporated at 1:60 (volumedetermine those effects, six randomly selected
volume) into Berger BM2, and plants of angelonia and rosemary were
5. LS 213 incorporated at 1:80 (volumetansplanted into Fafard 4P which had beentreated
volume) into Berger BM2. with LS 213 at 1:20. The plants were grown and
evaluated similarly as the other plants.
Propagation: Tip cuttings of the four plant types
were propagated in each of the substrate
treatments on October“.6The container was a
72-cell pack flat, which is a common size used by
the industry for vegetatively propagated material.
The 72-cell packs were cutinto eight—9 cell trays
for the study, with six trays (blocks) being used
for each treatment, and 9 replicated plants |y
block (Figure 1). Plants were placed under m %3
until November 2%for rooting. Three randomi
selected plants from each of the 6 blocks
evaluated on November 2%or plant height
(measured from the container rim to the hig
growing point), plant diameter (measured at ti
widest point and then turned 90and fresh &%
weight. Plants were then placed in adrying o
for 72 hours and dry weights were determined.
Fig. 1. Propagation procedures used with the LS
213 experiment.
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Results:

Propagation Evaluation

Angelonia 'Deep Plum'. Plant height was
greatestwitha LS 213 rate of 1:20, with the pla
being 0.7 cm taller than the other LS 2
treatments and 1.5 cm taller than the untreg
control (Figures 2 and 3). Rates of 1:40 to 1:
were similar and all were greater than the untre
control.

Shootfreshweigh (0.9 g) was greatest withitl
1:20 LS 213 rate, which was similar to the 114
and 1:80 rates (Figure 4). The fresh weight of
untreated control was 0.6 g which w,
significantly less than for all other treatments

Plant diameters (7.4 cm) and dry weig
(0.11 g) were similar among all the treatments.

Due to the increase in plant height and fredleight and plant diameter when compared to the
weight, the use of LS 213 appears to | He40 rate or the untreated control. It should be
advantageous with angelonia cutting productionoted that the cuttings in Experiment 1 were

These results contrast Experiment 1 in whigvown in a larger sized container (36-cell pack)
LS 213 rates of 1:20 resulted in smaller plaahd evaluated later in production.

Untreated
Control

1:20 1:40

Angelonia
Deep Plum

—+

?Eig. 3. The effects of LS 213 on cutting growth
;l.f)sf angelonia cultivar 'Deep Plum'.
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Fig. 2. The effects of LS 213 on plant height ¢fig. 4. The effects of LS 213 on fresh weight of
angelonia cultivar 'Deep Plum'. [LSD = 0.4 changelonia cultivar 'Deep Plum'. [LSD = 0.1 g,
P<0.001] P<0.001]
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Mimulus 'Jelly Bean White'. LS 213 treatme
produced mimulus plants that were taller than t
untreated control (Figures 5 and 6) and hag
greater shoot fresh weight (Figure 7). AlILS
rates, except 1:40 resulted in taller plants @
greater fresh weights than the untreated cont

Plant diameters (6.5 cm) and dry weigh
(0.15 g) were similar among all the treatment:

=T
With the increase in plant height and fres

weight, the use of LS 213 appears to|
advantageous with mimulus cuttings. | y

Rosemary. Plantheight was greatestwith LS|213

rates of 1:20, with the plants being 0.9 cm talléig. 6. The effects of LS 213 on cutting growth

than the untreated control (Figures 8 and 9).| Aif mimulus cultivar 'Jelly Bean White'.

other LS 213 treatments were similar to the

untreated control. Dry weights were similar for all treatments
Plant diameter was greatest with LS 213 rat@® 25 g).

of 1:40 (Figure 10). The 1:20 rate was similar to These results indicate that the advantages of

the untreated control. LS 213 during propagation vary among species.
Fresh weights were similar between thBased on this study, the use of LS 213 does not

untreated control and 1:20 rate (Figure 11). | Adbpear to be beneficial with rosemary production.

other LS 213 rates produced plants smaller than

the control.
Mimulus Mimulus
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Fig. 5. The effects of LS 213 on plant height &fig. 7. The effects of LS 213 on fresh weight of
mimulus cultivar 'Jelly Bean White'. [LSD |=mimulus cultivar 'Jelly Bean White'. [LSD =0.1
0.46 cmP<0.001] g, P<0.001]
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Rosemary

Plant height (cm)

Untrt 1:80 1:60 1:40 1:20

Treatment

Rosemary
R. officinalis
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Fig. 9. The effects of LS 213 on cutting growth
of rosemary.

Fig. 8. The effects of LS 213 on plant height of

rosemary. [LSD = 0.6 cni¥<0.05]
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Fig. 10. The effects of LS 213 on plant diame
of rosemary. [LSD = 0.5 cn®<0.01]
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téig. 11. The effects of LS 213 on fresh weight of
rosemary. [LSD = 0.11 ¢2<0.001]
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Vinca Vine. Plant height was greatest with
213 rates of 1:20, with the plants being 1.9
taller than the untreated control (Figures 12

13). All other LS 213 treatments were similar
the untreated control. Plantdiameters were simi

for all treatments (4.8 cm).

Conclusions: The use of LS 213 durin
propagation appears to have advantage
increasing plant height and fresh weight,
results varied by species. The optimal raté

1:20 in Experiment 2 was greater than the 1:

rate that provided better results with angeloni
Experiment 1.

With the high value of vegetative cuttin
any production practice that promotes qu
growth would be advantageous and would re
in costsavings. Therefore, further exploratior
LS 213 should be conducted by specieg
propagators to determine which plants resp
positively.

Vinca Vine

Plant height (cm)

untrt
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Treatment

Fig. 12. The effects of LS 213 on plant heigh
vinca vine. [LSD = 0.7 cn<0.001]
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Fig. 13. The effects of LS 213 on cutting growth

J%f vinca vine.

ick
sult

4-Inch Pot Production Evaluation

oAthgelonia 'Deep Plum'. The growth of angelonia
was not affected by LS 213 when the plants were
transplanted into 4-inch pots. For all treatments,
the number of days from propagating the cuttings
until flowering was 75, plant height was 36.9 cm,
plant diameter 17.1 cm, the number of shedts
cm long was 14.6, average length of the three
longest shoots was 11.2 cm, total shoot dry
weight was 1.3 g, and total plant dry weight was
2.86 g.

While visually there appeared to be some
trends among the LS 213 treatments, this was
negated due to considerable plantto plant variation
(Figure 14).

Mimulus 'Jelly Bean White'. Mimulus growth
also was not affected by LS 213 when the plants
were transplanted into 4-inch pots. For all
treatments, plant height was 47.5 cm, plant
diameter 17.7 cm, the number of shaeiscm
long was 29, average length of the three longest
shoots was 10.8 cm, total shoot dry weight was
4.45 g, total plant dry weight was 8.32 g, and the

t oumber of flower buds on the plant when the data

was collected was 5.1 (Figure 15).
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Vinca Vine. There were no effects from the
of LS 213 during propagation of vinca vine o
subsequent plant growth when transplanted |
4-inch pots. The average length of the longe
new shoots was 69.1 cm and the average nu
of new shoots produced was 2.7. A proliferatic
of shoots from the crown of the plant would be &

advantageous trait, but this did not occur. i 120 a0 1:60 J 1:80  oun
.ﬂ_ i .y _ . - — ’ - — —-—‘
bt. _ - — ."_'"5"-"—#-‘._-._; “\‘Q,_ o
: : —_—— e P
Rosemary. There were differences in roseme T e =R .

i — l.‘:h-.- o e =

growth during 4-inch production with the use|o
LS 213. Plant height was greater with LS 218g. 14. The effects of inoculating angelonia
rates of 1:20 (1.2 cm taller) and 1:60 (2.2 ceuttings with LS 213 during propagation and the
taller), when compared to the untreated contmﬂbsequent plant growth in 4-inch pots
(Figure 17). LS 213 rates of 1:40 and 1:80 wem ;
similar to the untreated control. Reasons for "’""_'
efficacy varied was unclear. -
Plant diameters were similar for all LS 3
treatments (13.2 cm).
The number of shootsl cm were statisticall
similar with LS 213 rates of 1:20 (14) and 1:6,
(18.2), when compared to the untreated cont
(Figure 18). All other rates were similar.

Average length of the three longest shoots W 120 § i ol
greatest with a LS 213 rate of 1:20 at 7.4 ¢1 _— _— = L |
which was 1.8 cm longer than the untreate.. .
control (Figure 19). Fig. 15. The effects of inoculating mimulus

Both total shoot dry weight (Figure 20) anduttings with LS 213 during propagation and the
total plant dry weight (Figure 21) were greatestibsequent plant growth in 4-inch pots.
with a LS 213 rate of 1:20.

Conclusions: Rosemary was the only plant
have any differences in plant growth among
treatments when transplanted into 4-inch p
after inoculation during propagation. Sof
growth differences during 4-inch production di
not occur during propagation. It is unclear w
these results varied.

'{mma.-,
1:80  ® offfeinggs,

Fig. 16. The effects of inoculating rosemary
cuttings with LS 213 during propagation and the
subsequent plant growth in 4-inch pots.
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Fig. 17. The effects of LS 213 on plant heigh
rosemary when grownin 4-inch pots. [LSD =
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Fig. 18. The effects of LS 213 on shoot num

bErg. 20. The effects of LS 213 on total shoot dry

of rosemary when grown in 4-inch pots. [LSD weight of rosemary when grown in 4-inch pots.
[LSD = 0.24 g,P<0.01]

4.3 cm,P<0.05]
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Rosemary
2.0

Total plant dry weight (g)

untrt

1:80 1:60 1:40 1:20

Treatment

Fig. 21. The effects of LS 213 on total plz
weight of rosemary when grown in 4-inch pg
[LSD =0.26 g,P<0.01]

Angelonia
90

Number of days until flowering

Untrt 1:20

1:20 (2X)

Treatment

arftig. 22. Comparing the effects on number of
telays until flowering of angelonia with a second
LS 213 application. [LSD = 5.3 dayRs0.05]

Second LS 213 Treatment During Pot
Production Evaluation

Angelonia 'Deep Plum'. The incorporation of
213 into the Fafard 4P substrate at 1:20 wher
rooted cuttings were transplanted into 4-ir
pots had significant effects on plant grow
when compared to inoculating plants with
213 at 1:20 only during propagation or t{
untreated control. Flowering date was dela
by 6 days with the use of LS 213, when comps
to the untreated control (Figures 22 and 23)

Plant height was 17% shorter when LS 21

was used a second time, when compared {(
control (Figure 24).

The number of side shoots produced whi

were>1 cmlongwas lesswhen LS 213 was u
(Figure 25). But the average length of th
longest shoots was greatest when LS 213

\ngelnniy

Retreated
Deep Pl

whg. 23. The effects on plant growth of angelonia
with a second inoculation of LS 213 at 1:20.




LS 213 Report: Ornamental Cuttings
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Fig. 24. Comparing the effects on plant heigh
angelonia with a second LS 213 applicati
[LSD = 3.7 cmP<0.001]
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t 6fg. 26. Comparing the effects on average shoot

ofength of angelonia with a second LS 213
application. [LSD = 3.4 cnR<0.05]
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Fig. 25. Comparing the effects on number
shoots of angelonia with a second LS Z
application. [LSD = 5.3P<0.01]
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6ig. 27. Comparing the effects on total shoot dry
»MBeight of angelonia with a second LS 213
application. [LSD =0.43 ¢?<0.01]
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only used during propagation (Figure 26).
The incorporation of LS 213 at 1:20 resulted

in a lower dry weight of both the side shopts 2.0

(Figure 27) and total plant dry weight (Figure

28).

Angelonia

(9)

Rosemary. The second application of LS 213
resulted in the tallest plants, which were similar-%
in height with those treated only once, but 2.4 cm=
taller than the untreated control (Figures 29 and>
30). S
Average shoot length (Figure 31), total shoot
dry weight (Figure 32), and total plant dry weight a_
(Figure 33) followed the same trend, with the
single LS 213 resulting in the largest increase.

Untrt 1:20  1:20 (2X)

Conclusions: The second application of LS 213
when the rooted cutting is being transplanted into
the final growing container does not appear to _
offer any commercial production advantages| At9- 28. Comparing the effects on plant dry
this stage of production, maximizing plant growtW€ight of angelonia with a second LS 213
to hasten the time to market s the desired outcorplication. [LSD = 0.43 ¢?<0.001]

The second LS 213 application at 1:20 resulted-in

less plant growth with angelonia. This height

control effect may be beneficial for some craps, Rosemary

but in commercial greenhouse production, the ;5 g
use of a plant growth regulator spray would be

more practical. The growth of rosemary was 12 5|
greatestwhen LS 213 was used, butin most casgs

plant growth was greatest when LS 213 was2 10,0
incorporated only prior to propagation. The ti
and cost of a second application has no
advantages.

Treatment

t

ec
Ieag 7.5

5.0

Plant h

Overall Study Conclusions: LS 213 had som

positive effects on plant growth, but results varied 2.5

among species. The most significant results

occurred when the substrate was treated with LS~ 0.0-

213 at 1:20 during propagation. The increase in

plant growth may help propagators grow larger

sized plants in a shorter amount of time. Results Treatment

varied by plant type and propagators will need to

determine which plants have the greatest resportag. 29. Comparing the effects on plant height of
Differences in growth were not evident wherosemary with a second LS 213 application.

cuttings were transplanted and grown in 4” potg,SD = 1.7 cm,P<0.05]

Untrt 1:20  1:20 (2X)

11
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Fig. 30. The effects on plant growth of rosema
with a second inoculation of LS 213 at 1:20.
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Fig. 31. Comparing the effects on average s
length of rosemary with a second LS Z
application. [LSD = 1.4 cnR<0.05]
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Fig. 32. Comparing the effects on total shoot dry
weight of rosemary with a second LS 213
application. [LSD = 0.25 ¢?<0.01]
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hdot). 33. Comparing the effects on total plant dry
21®eight of rosemary with a second LS 213
application. [LSD =0.26 ¢7<0.01]
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except for rosemary. Gustafson reported
differences between LS 213 and untreated plants

growth response of a second LS 213 application
resulted in opposite effects with angelonia and
rosemary. Angelonia growth was more compact,
while the growth of rosemary increased — being
greater than the control, but not the single LS 213
application. Except for the potential of height

control, the second application of LS 213 does
not appear to have any commercial applications
to the vegetatively propagated cutting production.
However, plant growth regulators are registered
and used regularly. An opportunity for LS 213

may be with tall growing herbs in which plant

growth regulators are not registered.
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Recommendations for the use of chemicals are included in this
publication as a convenience to the reader. The use of brand names
and any mention or listing of commercial products or services in this

publication does not imply endorsement by the North Carolina

Cooperative Extension Service nor discrimination against similar
products or services not mentioned. Individuals who use chemicals
are responsible for ensuring that the intended use complies with

current regulations and conforms to the product label. Besureto | S 213 js marketed as BioYield™. Helena
obtain current information about usage and examine a current product Chemical Co. has exclusive rights but

label before applying any chemical.

availability may vary. Therefore contact Mr.
Don Kenney at Gustafson Chemical Co. (972-
985-8877) to find a local Helena supplier.
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