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Abstract 
A field study was conducted with objectives to determine the effects of 
different application rates of glycine betaine and time of application in 
field grown cotton at Central Cotton Research Institute, Multan. Four 
levels of glycine betaine (0.0, 1.0, 3.0 and 6.0 kg ha-l) were applied 
exogenously at three physiological growth stages, i.e., at squaring, first 
flower and peak flowering. Cotton cultivar CIM-448 was used as test 
crop. Results showed that different doses of glycine betaine and its 
foliar application at various growth stages showed significant differences 
in seed cotton yield, number of bolls per plant and boll weight. The 
highest seed cotton yield was obtained by the foliar application of 3.0 kg 
ha-l glycine betaine at squaring phase. The value of seed cotton yield 
ranged from 1956 to 2464 kg ha-l in various treatments.  
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INTRODUCTION 
The plants lack the capability of locomotion as a means of responding to 
changes in their environment. They are exposed to various environmental 
stresses and must adapt to them in other ways. The most typical kind of stress 
plants receive from their surroundings is water stress and temperature stress. 
The severity of stresses experienced by plants varies both spatially and 
temporally at several different scales.  
Water availability often exerts more pressure on the survival of arable crops than 
any other single environmental factor. Higher plants are usually faced with some 
degree of water stress during development [Morgan 1984]. Plants attempt to 
tolerate or resist stress due to decreased water availability by making osmotic 
adjustments to cells through the increase in inorganic ions or organic solutes 
[Hendrix and Pierce 1983]. Recently, the quaternary ammonium compound, 
glycine betaine has received attention as a compatible osmolyte [Agboma et al. 
1997; Makela et al. 1996]. Glycine betaine has been exogenously applied to 
many non-accumulating and accumulating crops in an effort to improve stress 
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tolerance and yield. The various researchers reported a positive response in off-
setting the water stress on maize and sorghum [Agboma et al. 1997] and cotton 
[Gorham and Jokinen 1998]. Meek et al. [1999] -reported that glycine betaine 
treated cotton plants had significantly higher mid-season boll numbers, stomatal 
resistance rates, number of effective sympodia and boll retention in the second 
fruiting positions. However, no significant differences were observed between 
treatments in yield measurements at time of harvest. Results   are varied and 
appear to depend on numerous factors such as type of crop, timing and rate of 
application, and environmental conditions. More research needs to be conducted 
to quantify the effects of exogenous application of glycine betaine on yield of crop 
plants. Therefore, the objective of the present study was to determine the effects 
of different application rates of glycine betaine and time of foliar application on 
yield of cotton crop under an arid environment. 
 
 

MATERIALS AND METHODS 
Field studies on cotton cultivar CIM-448 (Gossypium hirsutum L.) were 
conducted during the crop season 2002-2003 at the experimental farm of Central 
Cotton Research Institute, Multan. Cotton planting was carried out in mid-May on 
silt loam soil. The plot size was 90 m2 and planting intensity was approximately 
42000 ha-l in rows 75 cm apart. The crop received 150 kg N, 50 P2O5 and 50 kg 
K2O ha-l. All phosphorus, potassium and 1/3 nitrogen were applied at the time of 
planting and remaining 2/3 of nitrogen applied at squaring and flowering stages 
in two equal split doses. Standard production practices were followed throughout 
the growing season. Treatments were replicated four times in a split plot design 
and consisted of an untreated control and glycine betaine sprayed at the rates of 
1.0,3.0, 6.0 kg ha-l. The foliar application of glycine betaine was done at three 
physiological stages, i.e., squaring, first flower and peak flowering. The doses of 
glycine betaine were kept in main plots. The crop was sprayed with a knapsack 
sprayer using two nozzle per row and operated at 4-km ha-I using 275 k Pa to 
deliver 200 L ha-1. Ten plants were tagged at random in each plot on the day of 
treatment for recording data on the parameters of seed cotton yield. Seed cotton 
was hand picked two times in each plot and total yield calculated on area basis. 
Data were subjected to statistical analysis according to methods of [Gomez and 
Gomez 1987]. 
 
 
 

RESULTS AND DISCUSSION 
Data for seed cotton yield differed significantly due to different levels of glycine 
betaine and time of application (Table 1).  
The seed cotton yield increased with increasing levels of glycine betaine. 
Averaged across the time of application, yield increased significantly upto the 
level of 3.0 kg ha-l. There were no significant differences due to foliar application 
of glycine betaine between 3.0 and 6.0 kg ha-l. The values of seed cotton yield 
increased from 1965 to 2251 kg ha-l in various treatments. There was 14 percent 
increase in yield by application of 3.0 kg ha-l compared to untreated plots. The 
significant increase in yield occurred due to increase in turgor pressure and the 
water use efficiency. Averaged across the levels of glycine betaine, seed cotton 
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yield decreased due to time of application. Maximum seed cotton yield of 2386 
kg ha-1 was obtained by foliar application of glycine betaine at squaring and 
minimum seed cotton yield of 2096 kg ha-1 was recorded at peak flowering stage. 
The foliar application of glycine betaine produced significant influence on number 
of bolls per plant (Table 2). The number of bolls increased with increasing doses 
of glycine betaine. Averaged across time of application, maximum numbers of 
bolls were recorded by application of 6.0 kg ha-l glycine betaine. The number of 
bolls per plant did not differ significantly compared to 3.0 kg ha-1. The number of 
bolls differed significantly due to time of application. Averaged across the levels 
of glycine betaine, maximum numbers of bolls were recorded in the crop treated 
at squaring phase and at first flower phase. There was significant interaction 
between doses of glycine betaine and time of application. This signifies that 
numbers of bolls are affected by doses of glycine betaine and time of application. 
 
 
Table 1: Effect of Different Doses of Glycine Betaine and Time of Application on Seed Cotton Yield  

Time of Foliar Application Glycine Betaine doses 
(kg ha-l) 

Squaring 
phase 1st  flower 

Phase 
Peak flowering 

phase 
Mean 

0 1975 1963 1956 1965 
1.0 2241 2180 2095 2172 
3.0 2464 2195 2098 2252 
6.0 2453 2206 2095 2251 

Mean 2386 2194 2096  
Glycine Betaine Doses  33.8**, Time of application    29.3** 
Interaction   58.5**,  LSD (p<0.05) 
**= significant at the 0.01 probability level 
 
 
Table 2: Effect of Different Doses of Glycine Betaine and Time of Application on No.of Bolls per Plant 

Time of Foliar Application Glycine Betaine 
Doses 

(kg ha-l) 
Squaring phase First flower 

phase 
Peak flowering 

phase 
Mean 

0.0 24 24 23 24 
1.0 26 25 24 25 
3.0 27 26 25 26 
6.0 28 21 25 27 

Mean 26 26 24  
Glycine Betaine Dose  0.58**, Time of Application   0.50** 
Interaction    0.70*, LSD (p<0.05) 
* ,**= significant at the 0.05 and 0.01 probability level, respectively. 
 
 
Data presented in Table 3 show that boll weight was significantly affected by 
levels of glycine betaine and time of application. Boll weight increased with 
increasing dose of glycine betaine. The maximum boll weight of 3.30 g was 
recorded in crop treated with 3.0 kg ha-1. Averaged across the time of application, 
the values of boll weight varied from 3.10 to 3.30 g. The boll weight differed 
greatly due to time of application. Averaged across the doses of glycine betaine, 
maximum boll weight of 3.33 was observed in crop treated at time of squaring 
stage. Thereafter, it decreased gradually. 
The findings from our field evaluation show that increase in yield resulted due to 
increase in water use efficiently and photosynthetic efficiency. Glycine betaine 
has been postulated to act as a predominant osomoprotectant non-toxic 
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cytoplasmic osmoticum and protect enzymes and membranes from the 
debilitating conic and dehydration effects of salts. At least one of these two 
protective roles of glycine betaine must have helped the cotton crop to achieve 
higher yield by accumulating it in the plant system. Application of higher quantity 
of glycine betaine has an adverse effect on the yield. The yield depression might 
have been due to osmotic and / or hormonal imbalances in plants. Various 
researchers [Morgan 1984, Makela et al. 1996 and Naidu et al. 1998] have 
reported that level of glycine betaine accumulation in cotton is comparable to that 
in high betaine accumulating species such as spinach and barley. Gorham and 
Jokisnen [1998] reported increased seed cotton yield by exogenous application 
of glycine betaine. 
 
 
Table 3: Effect of Different Doses of Glycine Betaine and Time of Application on Boll Weight (g). 

Time of Foliar Application Glycine Betaine
Doses 

(kg ha-I) 
Squaring phase First flower 

phase 
Peak flowering 

phase 
Mean 

0.0 3.28 3.20 2.90 3.12 
1.0 3.32 3.30 3.25 3.29 
3.0 3.34 3.32 3.26 3.30 
6.0 3.39 3.30 3.20 3.30  

Mean 3.33 3.28 3.15  
Glycine Betaine Dose  0.05**, Time of Application    0.05** 
Interaction   0.09**,  LSD (p<0.05) 
**= significant at the 0.01 probability level. 
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