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ABSTRACT 
Experiments were conducted to determine the stimulatory effect of three commercial plant growth regulators (PGRs) TJ85, BIST and 
Vitavax 200 on the growth and yield of cotton in semi-arid soils of Uzbekistan. Vitavax 200 increased the germination rate as much as 
95%. The total plant weight showed a 25% increase when treated with Vitavax 200, and 21% with BIST. PGRs, when applied to cotton 
seeds, caused a 13% increase in leaf weight and 34% in shoot weight. BIST and Vitavax 200 most successfully increased cotton yield, 
which was maximum with Vitavax 200 (21%) compared to control plants. Vitavax 200 may be a potential PGR in the management of 
cotton production in semi-arid soils. 
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INTRODUCTION 
 
Plants need several elements for healthy growth, one being 
plant growth regulators (PGRs), which are considered to be 
agrochemicals after fertilizers and pesticides (Rafeekher et 
al. 2002). They can be used to stimulate growth and deve-
lopment of plants and might be useful alternatives to in-
crease crop production (Sharma and Kumar 2011). 

The exogenous application of PGRs produced some 
benefits in stimulating germination, growth and seed yield 
(Khan et al. 2004; Afzal et al. 2005). Further, the physico-
chemical quality of the crop is also influenced by PGRs. 

Various PGRs are now commercially being used on a 
large number of crops across diverse geographical and cli-
matic areas and several of them have reached considerable 
importance in crop production (Cavusoglu and Kabar 2007). 
The effect of PGRs, especially Atonik, cycocel, Crop+2, 
Cytokin, Early Harvest, Maxon, PGR-IV, mepiquat chloride, 
Pix Plus, PHCA, mepiquat chloride and mepiquat penta-
borate on cotton growth and development is well docu-
mented (Zhao and Oosterhuis 2000; Dodds et al. 2010). 
Using growth chamber studies, Oosterhuis and Zhao (1995) 
reported that PGR-IV increased root length and root dry 
weight of cotton one week after planting. Biological stimu-
lators based on plant growth-promoting rhizobacteria 
(PGPR) can improve germination and stimulated cotton 
growth and development (Egamberdiyeva and Hoflich 
2004; Ardakani et al. 2010). PGPR can reduce the adverse 
effects of stresses during seed germination and plant growth 
and development of cotton (Wu et al. 2012). Although 
extensive research exists regarding individual PGRs, the 
impact of several commercially available synthetic and bio-
logical PGRs on cotton growth and yield is lacking. There-
fore, the aim of this research was to determine the effect of 
synthetic and biological PGRs on cotton growth and yield 
in semi arid soil. 

 
MATERIALS AND METHODS 
 
Cotton seeds (Gossypium hirsutum L.) cv. ‘Oqdaryo-5’ was ob-
tained from the Research Institute of Cotton Production, Tashkent, 
Uzbekistan. ‘Oqdaryo-5’ is a short duration, early maturing, salt- 
and drought-tolerant variety of upland cotton having medium-
sized green leaves, round bolls with a good fluffy opening. 

The experiment was conducted at the experimental station of 
the Research Institute of Cotton Production, Tashkent, Uzbekistan. 
The field has an EC value of 450 mS m-1 soil. The organic matter 
content of the soil is 1.4%; total C, 1.89%; total N, 0.1%; K, 7.2%; 
P, 1.34%, and the pH is 7.2. The climate of the area is continental 
with a yearly average rainfall of 200 ± 36 mm and > 90% of the 
total rain falling between October to May. The average minimum 
monthly air temperature is 0°C in January, the maximum of 37oC 
in July, and the soil temperature ranges between -2 to 35°C. The 
average highest relative humidity is slightly more than 80% in 
January and the minimum is less than 45% in June. The combina-
tion of high temperatures and low rainfall under continental cli-
mate makes irrigation essential for crop production. 

The following PGRs were applied: TJ85 (Adpros 85, “Vari-
chem” Ostrowski (0.5%), BIST (Mangit-Mineral Ltd., Uzbekistan) 
(1%), Vitavax 200 FF (Chemtura Agrosolutions) (5%). The biolo-
gical preparation BIST is based on the bacterial strain Pseudo-
monas putida. For cultivation of the bacteria, 750-ml flasks con-
taining 100 ml of KB medium (King et al. 1954) was inoculated 
with 5 ml of a bacterial suspension and grown in a shaker (220 
rpm) at 28°C for 48 h. These flasks were used for inoculation of 5 
liter bottles, each containing 1 liter of growth medium. After culti-
vation in a shaker (220 rpm) at 28°C for 48 h, the cell suspensions 
were aseptically transferred into sterile 10 L canisters and stored at 
5°C. 

The experiment was laid out in factorial randomized block 
design with three replications. Plot size was 10 m × 6 m, intra-row 
spacing was 50 cm and rows were 60 cm apart. The land was 
ploughed and harrowed after the harvest of previous crop. The 
recommended dose of fertilizers; nitrogen (100 kg/ha), phos-
phorous (50 kg/ha) and potash (60 kg/ha) were applied in the form 
of urea, diammonium phosphate and muriate of potash, respec-
tively. Weeds were removed by hand and plots were irrigated after 
visual inspection of plants. The germination rate and seedling 
growth development were determined. Six plants were randomly 
selected from each plot and were tagged for recording leaf and 
shoot dry weight in at different stages and yield was calculated as 
g/plant. 

Data were tested for statistical significance using the analysis 
of variance package included in Microsoft Excel 2007. Mean com-
parisons were conducted using a least significant difference (LSD) 
test (P = 0.05). Standard errors were recorded and an LSD test was 
performed. 
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RESULTS 
 
Vitavax 200 significantly increased germination as much as 
95%; in the control treatment germination was 87% (Fig. 1). 
There were significant differences between treatments in 
shoot and root length of cotton seedlings (Fig. 2). Maxi-
mum root length was recorded in Vitavax 200 (14.0 cm), 
significantly higher than TJ85 (12.5 cm) and the control 
(10.4 cm). Significantly higher shoot length (15.8 cm) was 
recorded by Vitavax 200 among all treatments. Total plant 
weight showed a 25% increase with Vitavax 200 treatment 
and 21% with BIST (Fig. 3). In the branching stage, plants 
treated with Vitavax 200 exhibited a marked stimulation of 
leaf weight, up to 21% and shoot weight increased signi-
ficantly (as much as 63%). Several parameters were affec-
ted by PGR treatments. Vitavax 200 caused a 13% increase 
in leaf weight, 34% increase in shoot weight and cotton 
square was increased by 25%. There were significant dif-
ferences between treatments and control plants. Vitavax 200, 
TJ85 and BIST increased cotton yield by 21, 19 and 14%, 
respectively compared to control plants. 

 
DISCUSSION 
 
Cotton is important in Central Asia, China, India and USA 
and considering the demand and present status of cotton 
productivity, there is an urgent need to boost productivity. 
In this sense, the use of PGRs for increasing production 
potential of crops is gaining importance (Oosterhuis and 
Robertson 2000; Norton Borrego 2006). Application of two 
PGRs in this study, BIST and Vitovax 200, had a significant 
influence on plant parameters such as germination, shoot 
and root length, and yield of cotton. A study similar to the 
present work was conducted by other authors on a grower-
cooperator field in 2004 designed to evaluate two mepiquat 
treatments Mepex Ginout, Pentia and Pix Ultra (Norton et 
al. 2005). Results from that project indicated that the Mepex 
Ginout treatment produced statistically higher yields than 
the other two mepiquat treatments (Pentia and Pix Ultra). 
According Nuti et al. (2006), increased yield due to mepi-
quat chloride may be due to the redistribution of photoas-
similates between vegetative and reproductive growth. The 
effect of mepiquat chloride on yield and fiber quality has 
also been reported by Siebert and Stewart (2006). Among 
PGRs tested in this study, Vitavax 200 most increased cot-
ton yield. Howard et al. (2001) observed that the applica-
tion of a PGR, Asset RTU, increased root and shoot length 
and cotton yield in a tillage system. There are other reports 
(Gregorio et al. 1995; Naidu 2001) showing that PGR-IV 
resulted in the significant increase of cotton yield (43%) 
compared to PHCA (40%), cytokinin (33%), Pix (29%), and 
Crop+2 (20%) (Oosterhuis and Robertson 2000). In our 
study BIST and Vitavax 200 applied to cotton seeds caused 
a significant increase in leaf and shoot weight. Egamberdi-
eva (2007) observed that Pseudomonas alcaligenes PsA15 
stimulated growth and nutrient uptake of cotton in semi-arid 
soil. Biological stimulator BIST stimulated germination and 
plant growth probably through their ability of bacteria to 
produce IAA. It is known that bacterial stimulators based 
on PGPR are capable of producing physiologically active 
auxins and gibberellins that may have stimulatory effects on 
cotton growth and development (Egamberdieva and Gafu-
rova 2008; Ardakani et al. 2010). By colonizing the roots, 
these bacteria may produce phytohormones and enhance the 
survival of some seedlings, especially during the first few 
days after the seeds are planted. Based upon these results, it 
Vitavax 200 and BIST could serve to increase cotton pro-
duction in semi-arid soil. 
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Fig. 1 Effect of plant growth regulators (Roslin, Nitrolin 6, TJ85, 
BIST and Vitavax 200) on seed germination (%) of cotton in arid soil. 
Percentage of seed germination (100 seeds) from six replicate plots 
(N=6), with error bars showing standard deviation. Columns marked 
with an asterisk differed significantly from untreated control at P < 0.05. 
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Fig. 2 Effect of plant growth regulators (Roslin, Nitrolin 6, TJ85, 
BIST and Vitavax 200) on the root and shoot length of cotton seed-
lings in arid soil. Values of root and shoot length represent means for 
six plants from three replicate plots (N=3), with error bars showing 
standard deviation. Columns marked with an asterisk differed signifi-
cantly from untreated plants at P < 0.05. 
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Fig. 3 Effect of plant growth regulators (Roslin, Nitrolin 6, TJ85, 
BIST and Vitavax 200) on the total plant weight of cotton seedlings in 
arid soil. Values of plant weight represent means for six plants from 
three replicate plots (N=3), with error bars showing standard devia-
tion. Columns marked with an asterisk differed significantly from un-
treated plants at P < 0.05. 

59



Effect of plant growth regulators on cotton. Shukhrat Abdualimov 

 

Physiology and Biochemistry 1 (1), 6-14 
Ardakani SS, Heydari A, Tayebi J, Mohammadi M (2010) Promotion of 

cotton seedling growth characteristics by development and use of new bio-
formulations. International Journal of Botany 6 (2), 95-100 

Cavusoglu K, Kabar K (2007) Comparative effects of some plant growth regu-
lators on the germination of barley and radish seeds under high temperature 
stress. EurAsian Journal of BioSciences 1, 1-10 

Dodds DM, Banks JC, Barber LT, Boman RK, Brown SM, Edmisten KL, 
Faircloth JC, Jones MA, Lemon RG, Main KL, Monks CD, Norton ER, 
Stewart AM, Nicolas RL (2012) Beltwide evaluation of commercially avail-
able plant growth regulators. The Journal of Cotton Science 14, 119-130 

Egamberdieva D, Gafurova L (2008) Response of cotton to bacterial inocu-
lants in different temperatures. Journal of Biotechnology 136 S, 261 

Egamberdiyeva D (2007) The growth and nutrient uptake of maize inoculated 
with plant growth promoting bacteria affected by different soil types. Applied 
Soil Ecology 36, 184-189 

Egamberdiyeva D, Hoflich G (2004) Importance of plant growth promoting 
bacteria on growth and nutrient uptake of cotton and pea in semi-arid region 
Uzbekistan, Journal of Arid Environments 56, 293-301 

Gregorio S, Passerini, Picciarelli P, Ceccarelli N (1995) Free and conjugated 
indole-3-acetic acid in developing seeds of Sechium edule Sw. Journal of 
Plant Physiology 145, 736-740 

Howard DD, Gwathmey CO, Lessman GM, Roberts RK (2001) Soils: Ferti-
lizer additive rate and plant growth regulator effects on cotton. The Journal 
of Cotton Science 5, 42-52 

Khan MA, Gul B, Weber D (2004) Action of plant growth regulators and 
salinity on seed germination of Ceratoides lanata. Canadian Journal of Bot-
any 82, 37-42 

King EO, Ward MK, Raney DC (1954) Two simple media for the demons-
tration of pyocyanin and fluorescin, Journal of Laboratory and Clinical 
Medicine 44, 301-307 

Naidu CV (2001) Improvement of seed germination in red sanders (Pterocar-

pus santalinus Linn. F) by plant growth regulators. Indian Journal of Plant 
Physiology 6, 205-207 

Norton ER, Clark LJ, Borrego HJ (2005) On-farm evaluation of Mepiquat 
formulations in Southeastern Arizona. In: Cotton, A College of Agriculture 
and Life Sciences Report. The University of Arizona. Series 142 pp 55-59 

Norton ER, Borrego HJ (2006) Evaluation of plant growth regulator formula-
tions in Arizona cotton production systems. In: Arizona Cotton Report Series 
P-145, U.S. Department of Agriculture, Tuscon, pp 143-152 

Nuti RC, Viator RP, Casteel SN, Edmisten KL, Wells R (2006) Effect of 
planting date, mepiquat chloride, and glyphosate application to glyphosate-
resistant cotton. Agronomy Journal 98, 1627-1633 

Oosterhuis D, Robertson WC (2000) The use of plant growth regulators and 
other additives in cotton production. In: Proceedings of the Cotton Research 
Meeting, 15 February 2000, Arkansas, USA, pp 22-32 

Oosterhuis DM, Zhao D (1995) Increased root length and branching by soil 
application of the plant growth regulator PGR-IV. Plant and Soil 167, 51-56 

Rafeekher M, Nair SA, Sorte PN, Hatwar GP, Chandan PM (2002) Effect of 
growth regulators on growth and yield of summer cucumber. Journal of Soils 
and Crops 12 (1), 108-110 

Sharma H, Kumar A (2011) Effect of plant growth regulators and chemical 
fertilizers on growth and productivity of Chlorophytum tuberosum and Per-
gularia daemia. Journal of Medicinal Plants Research 5 (13), 2647-2651 

Siebert JD, Stewart AM (2006) Influence of plant density on cotton response 
to mepiquat chloride application. Agronomy Journal 98, 1634-1639 

Wu Z, Yao L, Kaleem I, Li C (2012) Application efficacy of biological seed 
coating agent from combination of PGPR on cotton in the field. In: Zhu E, 
Sambath S (Eds) Information Technology and Agricultural Engineering, 
Springer, Heidelberg, pp 903-910 

Zhao D, Oosterhuis DM (2000) Pix Plus and mepiquat chloride effects on phy-
siology, growth, and yield of cotton. Journal of Plant Growth Regulation 19, 
415-422 

 
 

60


