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INTRODUCTION

Although Plant Growth Regulator (PGR) use is not generally associated with a drastic increase in
yield, proper management of plant growth consistently increases the efficiency of insecticides,
defoliants, and boll openers; limits the amount of boll rot and disease potential; increases harvest
efficiency; and helps emphasize earliness. This concise guide has been developed to provide the
practitioner with the information they will need to understand 1) the basics of PGRs, 2) how to
properly select rate, 3) how use trends have changed, and 4) how to reduce the overall amount of
PGR they apply annually.

Figure 1: Cotton yield is not closely linked to plant height; some prefer to maintain a short, open canopy (left) while
others want the canopy to lap (right). Benefits and risks are associated with each of these approaches, but similar
yields are regularly noted from both. Yield penalties from failure to properly manage plant growth are typically only
observed when the plant is extremely short or extremely rank.

WHAT ARE PLANT GROWTH REGULATORS?

Plant growth occurs through cell expansion and division. These processes are naturally regulated
by several plant hormones. PGRs used in cotton production alter the natural occurrence of cell
expansion by changing the natural hormonal balance. The most used cotton PGRs impact either
hormone synthesis or hormone transport. It is important to note that PGRs do not shrink the plant,
only regulate cell expansion after application.

COMMONLY USED PRODUCTS

Mepiquat chloride

Mepiquat chloride is the most applied active to regulate plant growth in Mid-South cotton
production. Mepiquat chloride inhibits the synthesis of gibberellic acid, which loosens cell walls
and prepares the cells for expansion.

Until recently, almost all straight mepiquat chloride products contained 4.2% mepiquat chloride.
Because this active and formulation was the most widely used, you will frequently see rate
recommendations in publications based on the 4.2% formulation. In this document, we also refer
torates of 4.2% formulations. Be aware that new, concentrated formulations have recently been
introduced. If your source of mepiquat chloride is not 4.2%, be sure to reduce your rate
accordingly.



Mepiquat pentaborate

Mepiquat pentaborate is typically more expensive and used less frequently than mepiquat chloride.
Although the plant response is similar (inhibition of gibberellic acid synthesis), mepiquat
pentaborate is more rainfast than mepiquat chloride.

Cyclanilide

Cyclanilide is an active ingredient which alters auxin transport. When applied in conjunction with
mepiquat chloride, the amount of growth regulation is enhanced. Subsequently, products which
contain both mepiquat chloride and cyclanilide are applied at far lower use rates than when applying
a standard 4.2% mepiquat chloride product alone.

WHAT FACTORS IMPACT RATE?

To properly select PGR rate, we must consider 1) the plant size/age at the time of application, 2) the
current growth rate, and 3) the growth potential of the plant.

Plant size/age

The plant response to a PGR is impacted by plant size. As the concentration of mepiquat chloride
increases in meristematic tissues (growing points), the restriction of growth increases. Since larger
plants contain more meristematic tissues, greater amounts of PGR are required to generate
acceptable levels of growth regulation. As a result, rates applied early in the season are smaller,
with rates increasing as the plants become larger. Furthermore, applications to acres late in the
season which have not yet received an application will need to be greater to achieve an acceptable
level of growth regulation.

Current growth rate

There are a variety of ways to measure cotton growth. Many choose to initially use a height to node
ratio. Unfortunately, the ranges for stressed, ideal, and excessive height to node ratios change
rapidly based on growth stage. The issue with this method of measurement to guide PGR decisions
is the fact that these ratios represent a summary of the growing conditions experienced by the plant
from planting until the date of measurement and thus do not give a direct indication of the current
growth rate of the plant.

The current growth rate is best determined by measuring the internode in-between the fourth and
fifth nodes nearest the top of the plant. If this internode is less than 2 inches, growth is inadequate
and often, an application is not warranted. If the internode is between 2 to 3 inches, an application
is likely warranted but should not be overly aggressive. If the internode is longer than 3 inches, an
immediate and likely aggressive application is warranted.
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Figure 2: Current growth rate is best gauged by measuring the internode between the fourth and fifth nodes. If less
than 2”, a Plant Growth Regulator (PGR) application is likely not warranted. If between 2-3”, a light or moderate
application may be warranted. If greater than 3”, an aggressive application is likely warranted.

Growth potential

The most challenging consideration when selecting PGR rate is growth potential. Plant growth
potential is influenced by many factors, but most simply, can be considered a function of
reproductive load, the current and future amounts of plant available water, nitrogen status, and
variety. Each of these factors should be considered when adjusting rate.

Reproductive load

As an indeterminate plant, cotton provides photosynthate to both vegetative and reproductive
structures after it begins squaring. If a large portion of reproductive structures have been aborted,
very aggressive applications will likely be required to prevent excessive vegetative growth. Plant
growth will be much easier to regulate (and require a lower rates of PGRs) on a plant with a significant
boll load than on a plant which has low fruit retention.

Current and future availability of water

When adequate water is present and expected to continue to be available to support plant growth,
the selected rate should likely be increased. In contrast, if it has been some time since the last
rainfall or irrigation event and you do not expect an increase in plant available water in the next 10



days, the rate should likely be either reduced or the application may need to be delayed. Very
aggressive applications of PGRs immediately prior to the onset of drought can reduce yields.

-

Figure 3: Aggressive rates of plant growth regulators (PGRs) applied prior to the onset or during drought stress can
reduce yields.

Nitrogen status

Excessive nitrogen, either as an overapplication of fertilizer and/or failure to consider nitrogen
remaining in the system from the previous crop, promotes excessive vegetative growth through
several mechanisms. Regulation of plant growth in acres with excessive N requires frequent and
aggressive applications of PGRs to prevent rank growth. In contrast, if N deficiencies are present
within the field, PGR applications are rarely warranted. In a field where N is properly managed,
expect rapid vegetative growth and a need for PGRs immediately after N moves into the effective
rooting zone. After thatinitial flush of vegetative growth, growth regulation typically does not require
aggressive applications, so long as N has been properly applied and fruit retention remains within an
acceptable range.

Variety

The response to PGRs in commercial cotton varieties varies substantially, with several varieties
halting vegetative growth with even very low-rate applications of PGRs and others requiring very
aggressive rates to regulate plant growth. University- and industry-employed cotton agronomists



attempt to characterize responsiveness of new varieties to PGRs each year.
represents a compilation of private company ratings along with PGR responsiveness measured in
each Mid-Southern state’s Official Variety Trials. While pre-commercial testing does provide an
opportunity to evaluate a variety’s responsiveness to PGRs, widespread plantings across a range of
environments are required to get a robust understanding of a variety’s responsiveness to PGRs.
Subsequently, you will occasionally observe changes in a variety’s responsiveness rating as we learn
more about a variety.

Table 1: Variety responsiveness to plant growth regulators based on company ratings compiled with observations

from the Mid-South Cotton Official Variety Trials.

MGMT Type Description Varieties*
AR 9371 B3XF DP 2328 B3TXF
g Varieties with the DG 3799 B3XF DP 2537 B3TXF
K7 greatest vegetative DP 1646 B2XF NG 4190 B3XF
3 growth potential which DP 2038 B3XF PHY 443 W3FE
»‘50 are not very responsive DP 2127 B3XF ST 4650 AXTP
&D to applications of PGR DP 2131 B3TXF ST 4833 AXTP
DP 2141NR B3XF
AR 9383 B3TXF NG 4626 B3XF
DG 3528 B3XF PHY 357 W3FE
DG 4530 B3TXF PHY 360 W3FE
8 Varieties with moderate DP 2012 B3XF PHY 411 W3FE
E vegetative growth DP 2211 B3TXF PHY 415 W3FE
(}) potential which are DP 2317 B3TXF PHY 433 W3FE
-8 responsive to PGR DP 2333 B3XF ST 5091 B3XF
> applications DP 2414 B3TXF ST 5855 AXTP
DP 2522 B3TXF ST 5931 AXTP
NG 3195 B3XF ST 6000 AXTP
AR 9831 B3XF ST 4215 AXTP
() Varieties with lower DG 4484 B3TXF ST 4595 B3XF
2 vegetative growth DP 2020 B3XF
g potential which are very DP 2115 B3XF
© responsive to PGR NG 3299 B3XF
a applications NG 4936 B3XF
PHY 400 W3FE

*Armor (AR); DynaGro (DG); DeltaPine (DP); NexGen (NG); Phytogen (PHY); Stoneville

(ST)

The list below



PGR USE TREND SHIFTS

As discussed earlier, PGR use trends have shifted. Now, most irrigated and some dryland growers
make an aggressive, proactive application near early flower and then apply subsequent applications
reactively, based on plant growth measurements. This greatly contrasts the low-rate, early initiation
use of PGR treatments which were common 30 years ago.

This shift in use pattern and the spike in amount of PGR used annually has emerged in recent years
for several reasons. First, PGRs are approximately one tenth of their introductory price. Second,
herbicide resistance has driven a desire to generate complete canopy closure as quickly as possible.
Since we do not want to restrict early season crop growth and limit the ability of our cash crop to
shade out herbicide resistant weeds, we typically apply our first application much later in the year
than when PGRs were initially introduced into the market. Finally, many of our current commercial
varieties are much more vigorous now than 40 years ago. For these reasons, many now often use
the maximum annual use rate of PGR every year.

COMMON APPLICATION RATE STRUCTURES

Initial and follow-up treatment rates are included in Table 1. Rates mentioned below referto a 4.2%
mepiquat chloride product; if a higher concentration mepiquat chloride product or a product
containing both mepiquat chloride and cyclanilide is selected, rates should be adjusted accordingly.
Furthermore, these rates represent a baseline approach and should be adjusted to the conditions
present within each field.

Again, applications should vary based on variety responsiveness, growth rate and potential. The
initial application should be made between the first week of square and first flower, depending upon
variety responsiveness.

Growth rate and potential should be classified as either poor, fair, good, or great. Internode length
between the fourth and fifth node down from the top of the plant will be used to gauge growth rate.
Poor represents an internode length less than 2” with a forecast which is not favorable for growth.
Fair represents an internode near 2.25” with a forecast that should support some growth. Good
represents an internode near 2.75” with a forecast that should support moderate growth. Great
represents an internode length greater than 3” with a very favorable forecast.

After the initial application, the internode length between the fourth and fifth nodes nearest the top
of the plant should be monitored weekly to determine growth rate.



Table 2: Application rates for the initial and follow-up treatments based on variety responsiveness, growth rate and growth potential. Rates mentioned below
refer to a 4.2% mepiquat chloride product; if a higher concentration mepiquat chloride product or a product containing both mepiquat chloride and cyclanilide
is selected, rates should be adjusted accordingly. Rates represent a baseline and should be adjusted to the conditions present within each field. Do not exceed
24 oz per acre of a 4.2% mepiquat chloride product in a single application or 48 oz per acre per year.

Minimum initial treatment rate, in Minimum follow-up* treatment rate,
ounces per node of a 4.2% mepiquat in ounces per node of a4.2%

Variety chloride formulation mepiquat chloride formulation
Responsiveness Initiation Growth rate and potential Growth rate and potential

Poor Fair Good Great Poor Fair Good Great
Aggressive 1st-2nd week of square X 0.50 0.75 1.00 0.5t 0.75 1.00 1.25
Moderate 3rd week of square X 0.25 0.50 0.75 X 0.50 0.75 1.00
Passive first flower X X 0.25 0.50 X X 0.50 0.75

*Follow-up applications should be made when the internode between the fourth and fifth node from the top of the plant elongates beyond 2".
Multiple follow-up applications may be necessary.

tAn application to an 'aggressive' variety should still be made when the growth potential is poor if the field has a history of rank growth.



REDUCING THE AMOUNT OF PGR APPLIED

For those who consistently reach the maximum annual use rate of PGR, there are several steps you
cantake to reduce your reliance on PGRs and while drastically cutting costs of other inputs. The first
step is to properly select N rate. Excessive N, due to either overapplications of N and/or failure to
considerthe amount of available N prior to the application of N fertilizer are most frequently the main
reasons for excessive reliance on PGRs.

The second step is to initiate PGR treatments earlier in the growing season. Again, larger plants will
require greater rates of PGR to regulate plant growth. Shifting each application earlier in the season
will reduce the overall amount you will need to apply to generate acceptable levels of growth
regulation. Also note that later planted cotton will generally grow much more rapidly and will likely
need more aggressive PGR applications earlier in the season.

The third step is to properly select seeding rate. Stands that are too thick will compete with their
neighboring plants for light, increasing the need for PGRs. A properly spaced stand will allow light to
penetrate the canopy, increasing retention of first position fruit low on the plant and result in fewer
and less aggressive applications of PGRs.

CONCLUSIONS

Many factors should be considered when selecting rate and determining timing of PGR applications.
Still, it is important to consider that the relationship between cotton yield and plant height is very
weak; itis very common for a three plus bale crop to be harvested on both a 32” plantin the bootheel
of Missouri and a 54” plant in south Mississippi. The plasticity of the cotton plant is impressive; so
long as the practitioner selects rates which are not extremely passive or unnecessarily aggressive, a
miss on PGR rate can often be corrected in a follow-up application. ~ When having difficulty
selecting a rate, err on the passive side, knowing we can correct for a low rate with a
subsequent application.

This publication contains pesticide recommendations that are subject to change at any time. The recommendations in this publication
are provided only as a guide. It is always the pesticide applicator's responsibility, by law, to read and follow all current label directions
for the specific pesticide being used. The label always takes precedence over the recommendations found in this publication.

Use of trade or brand names in this publication is for clarity and information; it does not imply approval of the product to the exclusion
of others that may be of similar, suitable composition, nor does it guarantee or warrant the standard of the product. The author(s), the
University of Tennessee Institute of Agriculture and University of Tennessee Extension assume no liability resulting from the use of
these recommendations.

W XXX 26-XXX Programs in agriculture and natural resources, 4-H youth development, family and consumer sciences, and resource
development. University of Tennessee Institute of Agriculture, U.S. Department of Agriculture and county governments cooperating.
UT Extension provides equal opportunities in programs and employment.
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