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ABSTRACT: Gibberellin inhibitor growth regulators are used for cotton (Gossypium hirsutum L.)
canopy manipulation to avoid excess growth and yield losses. However, under temperatures
below or over the optimum for cotton production the effect of mepiquat chloride (MC) has not
always been significant. In this experiment, cotton plants were grown in growth chambers to
study the response to MC as affected by temperature and to determine if an increase in dose
could overcome the temperature effects. Mepiquat chloride was applied at rates of 0, 15 and 30
g ai ha! at the pinhead square stage. Plants were then grown under three temperature regimes:
25/15 °C, 32/22 °C, and 39/29 °C (day/night temperatures) for 51 days. Higher temperatures
increased plant height, reproductive branches, fruit number, fruit abscission, and photosynthesis
per unit area, but decreased leaf area and chlorophyll. The largest effect of MC on plant height
was observed when the daily temperature was 32 °C, with nights of 22 °C, which was also best
for plant growth. High temperatures not only decreased the effectiveness of MC on plant height
control, but also caused lower dry matter and fruit number per plant. Low temperatures (25/15
°C) decreased cotton growth and fruit retention, but a higher concentration of MC was required
per unit of growth reduction as compared with 32/22 °C. At high temperatures, the rate of MC to
be applied must be disproportionately increased, because either plant growth is impaired by high
temperature lessening the effect of MC, or degradation of MC within the plant is too rapid.
Keywords: plant growth regulator, cotton growth, photosynthesis

Introduction

The use of plant growth regulators (PGR) is one of
the strategies routinely used in cotton (Gossypium hirsutum
L.) production for plant canopy manipulation, to hasten
maturity, reduce plant height and to avoid yield decreases
due to auto-shading (Hodges et al., 1991; O'Berry et al.,
2009; Krieg and Kerby, 1985). Mepiquat chloride (MC]),
1,1 dimethylpiperidinium, is a water soluble organic mol-
ecule, which is absorbed by the green parts and redistrib-
uted throughout the plant. MC inhibits gibberellic acid
synthesis by stopping the conversion of geranlgeranyl
diphosphate to ent-kaurene, consequently reducing cell
enlargement and cell division rate (Srivastava, 2002). The
decreased cell elongation after MC application may even-
tually result in lower cotton leaf area and number of repro-
ductive branches (Kerby, 1985). Cotton plants treated with
MC are typically more compact, with fewer nodes (Reddy
et al., 1990), shorter internodes and fewer reproductive
branches (Bogiani and Rosolem, 2009). As a result, MC
controls plant height and earliness, thus facilitating crop
management and harvest. Application of MC reduces leaf
area per plant more than boll load; therefore, the number
of bolls per leaf area unit is increased. Mepiquat chloride
also concentrates boll set on lower sympodia, increasing
the synchrony of boll maturation and demand for photo-
synthate (Gwathmey and Clement, 2010).

Photosynthesis rate may decrease in plants treated
with MC because it affects RuBP carboxylase activity
in plant leaves (Reddy et al., 1996). This effect can be
observed 48 h after spraying and lasts for about three
weeks (Hodges et al., 1991). However, net leaf photo-
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synthesis seems to be increased (Reddy et al., 1996), as
a consequence of decreased photorespiration in plants
treated with MC.

The effect of MC on cotton plants is affected by
environmental conditions and is temperature dependent.
Under supra or infra optimum temperatures the effect
of MC on plant growth may be insignificant (Hodges et
al., 1991). Reddy et al. (1990) reported that 30 °C dur-
ing the day and 20 °C at night would be the optimum
temperature regime for cotton growth. Considering that
cotton growth decreases under high or low temperatures
in a similar way as the response of MC, the effect of the
plant regulator probably will be further impaired and
might be insignificant as the temperature regime departs
from the optimum.

Leaf area growth rate, total node number and
plant height decrease linearly with MC concentrations
increasing from 0 to 30 pg g~' (Reddy et al., 1996). As the
plant grows, additional applications of MC may be need-
ed to keep a low growth rate for long periods. Mepiquat
chloride dramatically reduced plant height and node
number in proportion to a total MC amount up to 45 g
ha-!, and this response was independent of how often
the treatment was repeated (Yeates et al., 2002). Multi-
ple mepiquat chloride treatments at various application
rates are commonly used to manage cotton growth (Ed-
misten, 2006) in several cotton producing areas, starting
at pinhead square. The first application should be done
when the first bud of the first position shows a diameter
of 3 mm, which is usually observed from six to ten days
(depending on the cultivar and region) after the begin-
ning of bud formation.
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In summary, MC is very effective in controlling
excessive cotton growth, but plant response to this PGR
depends on environmental factors. Plant response for
a given level of vegetative growth is highly dependent
on temperature (Barrabé et al., 2007). The objective of
this study was to quantify growth and physiological
responses of cotton plants to temperature regimes and
Mepiquat Chloride rates. It was hypothesized that plant
response to MC would be impaired at infra or supra op-
timum temperatures and MC rate should be increased to
overcome this effect.

Materials and Methods

Cotton (var. Latifolia, cv. Delta Opal) plants
were grown on 2 L pots containing washed sand in
a growth chamber set for a 12-h photoperiod, with
day/night temperatures of 30/20 °C. Two plants were
grown per pot and 300 mL half-strength nutrient solu-
tion (Hoagland and Arnon, 1950) was applied daily to
maintain adequate nutrient and water levels. At pin-
head square, 30 days after planting, mepiquat chloride
(MC) rates of 0.0, 15.0 and 30.0 g ha! a.i. were foliar
sprayed with a CO, backpack sprayer calibrated to de-
liver 150 L ha-!. Plants were subsequently submitted
to the following day/night temperature regimes: 25/15,
32/22, and 39/29 °C, and were harvested 21 days after
MC application. The temperatures were increased/de-
creased gradually.

At the time of MC application, the young-
est expanded leaf from the main stem of each plant
was labeled. Every two days the main vein length
of this leaf was measured from top to bottom (in-
sertion of the petiole) and plant height was mea-
sured every three days after MC application. Ef-
fects on photosynthesis were measured in ten
cotton plants one day before plants were subjected to
MC rates and temperature regimes, and then at 3, 7, 14
and 21 days. Net photosynthesis and fluorescence were
measured at the same time in the fourth main-stem leaf
from the top. Net photosynthesis was determined with
an IRGA 6200 (Licor), and fluorescence measured using
an OPTI-SCIENCES OS1-FL Modulated Fluorometer
(Opti-Sciences, Tyngsboro, MA). Chlorophyll content
was estimated at 3, 7, 14 and 21 days after MC appli-
cation, also in the forth leaf of the main stem, using a
SPAD meter (Konica Minolta Inc., Osaka, Japan).

At harvest, 21 days after MC application and 51
days after planting, the number of reproductive branch-
es and reproductive structures was counted; leaf area
was measured using an area meter LICOR 3100 (Licor
Inc., Lincoln, NE). Dry matter weight was determined
after plants were dried in a forced air oven at 60 °C for
three days.

For each treatment, two replications were set in
excess, i.e., instead of five replications there were seven
replications. The two replicates in excess were harvested
just before, six, 12 and 18 days after MC application and
plant height and dry matter yields were determined. This
was done in order to determine the correlation between
plant height and dry matter yields, and eventually MC
concentration in the plants (Reddy et al., 1996). This was
necessary because plant dry matter had to be estimated to
calculate plant MC concentration, but we could not har-
vest the sprayed plants. By determining plant height, dry
matter was estimated using the regression. The amount of
spray intercepted by cotton leaves was estimated by ap-
plying to the plants of these two extra replicates a solution
with a mixture of Bright Blue (FD&C-1) and Saturn-Yel-
low dyes at 0.184 % each. Immediately after application
the leaves were collected and washed in a known amount
of distilled water, and absorbance was determined to es-
timate dilution and product deposition per unit of cotton
leaf area. This value, combined with the dry matter esti-
mated, was used to calculate plant MC concentration.

The results obtained for photosynthesis, SPAD
readings and fluorescence are presented as percentage
change relative to the control of each temperature treat-
ment. The following expression was used: % change in
the treatment = [(treatment value - control value)/con-
trol value]*100.

The experimental design was a 3 x 3 factorial with
five replications. The results were submitted to ANOVA
and means were compared using LSD (p < 0.05). Re-
gressions were fit to plant growth data and the mean
standard error was used to compare changes calculated
in percentage.

Results and Discussion

At the low temperature treatments (25/15 °C day/
night) cotton growth was severely reduced irrespective
of MC application, as shown by decreased leaf area and
dry matter yields (Figure 1, Table 1). At high temper-

Table 1 - Leaf area per plant and per fruit, and dry matter yields per plant as affected by temperature and mepiquat chloride (MC) rates.

MC Leaf area Leaf area/fruit Dry matter

rate 25/15* 32/22 39/29 25/15 32/22 39/29 25/15 32/22 39/29
ghat cm-2 cm2 g

0.0 2400 4380 3800 198 203 271 30.0(13) +  50.5(12) 38.4(10)
15.0 2550 3530 3250 225 187 290 32.0(13) 40.2(11) 29.6(9)
30.0 2490 3180 3110 249 181 279 28.1(12) 39.1(12) 28.3(9)
LSDt 470 51 5.5

*Temp. — Temperature in °C; t () Specific Leaf Weight; f Least significant difference (p < 0.05).
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atures (39/29 °C), leaf area was decreased only in the
absence of MC, but dry matter production was always
lower than that observed under 32/22 °C (Table 1).

Mepiquat chloride decreased cotton leaf area and
dry matter yields of plants under the 32/22 and 39/29 °C
temperature regimes. Leaf area may (Reddy et al., 1990)
or may not (Souza and Rosolem, 2007) be decreased by
MC. Bogiani and Rosolem (2009) observed that plants
treated with this plant growth regulator tended to be
narrower, with thicker and smaller leaves, resulting in
total leaf area 16 % smaller than the control, which was
also observed by Zhao and Ooserhuis (2000). In the pres-
ent experiment leaf thickening due to MC application
was not always observed (results not shown), but leaves
developed under higher temperatures had a lower leaf
specific weight (Table 1). The leaf areas of MC treated
plants were not decreased by the highest temperature,
but there was a decrease in dry matter yields, result-
ing a lower leaf specific weight. Leaf area reduction is
due to the plant growth regulator effect suppressing cell
elongation (Srivastava, 2002), and smaller cells result in
a general leaf area reduction. However, temperature re-
gimes below or over the optimum may counteract this
effect. Cotton response to MC depends on temperature,
what may explain the different responses observed in
other studies.

Cotton height after MC application increased with
temperature (Figure 1), but was severely reduced at tem-
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peratures of 25/15 °C, as it has been observed before
(Reddy et al., 1990). The effect of the growth regulator
was more evident at 32/22 °C. At the highest tempera-
ture regime plant height was clearly less affected by MC
application than at lower temperatures. Day tempera-
tures of 30 °C combined with night temperatures of 20
°C were reported as ideal for cotton growth (Reddy et al.,
1990). Under supra or infra optimum temperatures, the
effect of MC on plant growth is impaired (Hodges et al.,
1991), which is supported by our results. As observed in
the present experiment, day/night temperatures of 32/22
°C fall within the best temperature range for MC to ex-
press its effects on cotton growth.

The higher the temperature the higher the number
of reproductive branches produced per plant (Table 2).
There was no effect of MC on the number of reproductive
branches at the lower temperature regime, but at higher
temperatures the number of reproductive branches was
decreased with 15.0 g ha!, with no further decrease
at the rate of 30.0 g ha-!. MC decreases reproductive
branches in cotton (Souza and Rosolem, 2007), but this
effect depends not only on the rate applied, but also on
the temperature, as shown in the present experiment.
As a result of the number of reproductive branches
and shedding, cotton grown at 32/22 °C had the high-
est number of reproductive structures (Table 2) 51 days
after planting. Mepiquat chloride application decreased
shedding at the highest temperature regime, but had no

o
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Figure 1 — Cotton plant growth (height) as affected by three mepiquat chloride (MC) concentrations and days after application at three temperature
regimes a: 25/15 °C, b: 32/22 °C; c: rate of 39/29 °C. *Significant (p = 0.05); **Significant (p = 0.01).

Table 2 — Reproductive branches per plant, fruits (buds, flowers and bolls) and shedding as affected by temperature and mepiquat chloride (MC)

rates applied to cotton plants.

NC rate Reproductive branches Fruits Shedding

25/15* 32/22 39/29 25/15 32/22 39/29 25/15 32/22 39/29
g ha'! per plant structures per plant
0.0 8.5 9.0 10.2 21.5 14.0 0.35 0.20 5.3
15.0 5.5 7.0 8.9 18.8 11.2 0.45 0.00 3.9
30.0 4.9 6.7 8.0 17.5 11.5 0.25 0.00 24
LSDt 1.1 4.2 0.87

*Temp. — Temperature in °C; t Least significant difference (p < 0.05).
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effect (p < 0.05) on the fruit number. Hence, the best
temperature regime for reproductive structure reten-
tion in cotton was day/night temperatures of 32/22 °C.
Maximum net photosynthesis in cotton leaves occurs
around 32 °C (Sung and Krieg, 1979), but respiration in-
creases almost linearly with higher temperatures result-
ing in less carbohydrates available for fruit growth at
high temperatures, fruit shedding and decreased yields;
usually a good vegetative/reproductive balance in cot-
ton is observed when the average temperature is around
25 °C (Pettigrew, 2008). The competition between veg-
etative and reproductive growth for photoassimilates
is decreased by mepiquat chloride use (Gwathmey and
Clement, 2010).

Photosynthesis rate one day before plants were
submitted to temperatures day/night regimes averaged
24.2 pmol CO, m~*s~" (control). For both MC rates, pho-
tosynthetic rate was decreased (Figure 2). Seven days af-
ter spraying, the effect of temperature decreasing cotton
photosynthesis was more evident, and remained up to
21 days. Accordingly, fluorescence values were higher at
7 and 14 days after MC application, but there was no ef-
fect of temperatures (Figure 3). The photosynthetic rate
may be decreased in treatments submitted to MC due
to a reduction of 1.5 ribulose diphosphate carboxylase
activity, but the ratio between mepiquat choride use and
carboxyilase accumulation in cotton plants is complex
(Reddy et al., 1990). Hodges et al. (1991) observed that
photosynthesis would be more efficient in plants treated

Days after MC application
A 3 7 14 21

B25/15

o32/22
039/29

Change in photosynthesis (%)

Days after MC Application
B 3 7 14 21

|25/15
m32/22
039/29

Change in photosynthesis (%)

30 L

Figure 2 — Changes in cotton photosynthesis as affected by mepiquat
chloride applied at three temperature regimes and at two rates: (A)
15 g ai ha', and (B) 30 g ai ha-! and time after application. Bars
= +/- SE.

with MC chloride due to a reduction in photorespiration.
Increased leaf CO, exchange rates by MC application was
related to an increased specific leaf weight (Zhao and
Oosterhuis, 2000), and in the present experiment plants
exposed to the highest temperature regime had a lower
specific leaf weight (Table 1). Hence, cotton leaf pho-
tosynthesis response to MC application is temperature
dependent. According to Hodges et al. (1991), the effect
of the product on photosynthesis occurs 48 hours after
its application, persisting for approximately three weeks.
During the vegetative stage, high day temperatures can
cause damage to components of leaf photosynthesis, re-
ducing carbon dioxide assimilation rates compared with
environments having more optimal temperatures (Pet-
tigrew, 2008). Gonias et al. (2008) observed decreases in
cotton leaf photosynthesis and fluorescence when tem-
peratures were above 35 °C. Sensitivity of photosynthe-
sis to heat may be due mainly to damage to components
of photosystem II located in the thylakoid membranes
of the chloroplast and membrane properties (Hodges et
al., 1991).

Plants submitted to extreme temperature condi-
tions had higher fluorescence (Figure 3). The increase in
fluorescence indicates some degree of stress, reflected in
the photosynthetic rate (Figure 2). Plants under this kind
of stress have no ability to capture and use the amount
of energy they would have in an optimal developmental
environment. This energy, thus, is lost through fluores-
cence and is not used for photosynthesis (carbohydrate
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Figure 3 — Changes in cotton Fluorescence as affected by mepiquat
chloride applied at three temperature regimes and two rates (A)
15 g haland (B) 30 g ha’!, with time after application. Bars =
+/- SE.
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synthesis). The higher the fluorescence, the higher the
amount of light reflected and, consequently, not used for
photosynthesis.

In general, the leaf area per fruit increased with
temperature (Table 1). Considering that the decrease
in leaf area with temperatures increased from 32/22 to
39/29 °C were significant only in the absence of MC, it
is possible to infer that the lower net photosynthesis and
higher fluorescence, i.e., less energy captured, was re-
sponsible for the higher shedding and lower number of
fruits observed under the highest temperature regime.

Mepiquat chloride increased chlorophyll contents
(SPAD) in cotton leaves (Figure 4). This effect is well
known (Reddy et al., 1996), resulting leaves with a dark-
er shade of green. However, this effect also depended on
the temperature as the 25/15 °C regime resulted in the
highest, and 39/29 °C led to the lowest, SPAD values.
This effect persisted at least up to 21 days after MC ap-
plication. However, this apparent increase or modifica-
tion in chlorophyll did not result in more photosynthe-
sis, growth and fruit retention.

Mepiquat chloride concentration in cotton, either
absorbed or just retained in leaves, was increased by MC
application. However, the effect upon plant height was
strongly dependent on the temperature regime (Figure 1
and 5), as it was hypothesized (Reddy et al., 1996). At low
(25/15 °C) or high (39/29 °C) temperature regimes the ef-
fect of MC on cotton growth was significant. Conversely,
at 32/22 °C the decrease in cotton height correlated lin-
early and negatively with MC concentrations (Figure 5).
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Figure 4 — Changes in chlorophyll contents (SPAD) in cotton leaves as
affected by three temperature regimes and two rates of mepiquat
chloride applied at (A) 15 g ha™!, and (B) 30 g ha-! with and time
after application. Bars = +/- SE.
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Figure 5 — Average growth rate (height) of cotton as affected by
temperature regimes and mepiquat chloride concentration in the
dry matter. Bars = +/- SE.

The results of the present experiment suggest that
at low temperatures cotton growth may not be vigorous
enough to require plant growth regulator application.
However, if plant height control is needed, the rate of
MC to be applied must not be lowered because the plant
requires a higher concentration of the product per unit
of growth reduction. Conversely, at high temperatures,
the rate of MC to be applied must be disproportionately
increased, because either plant absorption is impaired or
its degradation within the plant is too fast. Under high
temperatures, high MC rates may worsen the decrease
in cotton yields caused by the temperature itself because
photosynthesis may be further impaired.

Conclusions

Despite an increase in chlorophyll content of
leaves, the application of mepiquat chloride does not
prevent the decline in photosynthetic rate in cotton
leaves observed at high temperatures. The temperature
regime for optimal cotton growth was 32/22 °C day/
night temperatures, when the response to mepiquat
chloride was maximum, with optimal plant growth in-
cluding leaf area, dry matter, fruiting branches, pho-
tosynthesis and the least shedding. Increasing rates of
MC generally decreased plant growth including leaf
area, dry matter, number of fruiting branches, photo-
synthesis and chlorophyll. Day/night temperatures of
32/22 °C fall within the best temperature range for MC
to express its effects on cotton growth. When the tem-
perature is high, the plant requires disproportionately
high concentrations of MC for each unit of height re-
duction.
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