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ABSTRACT 
 

Plants are frequently exposed to a plethora of stress conditions such as low temperature, salt, drought, flooding, heat, 

and oxidative stress. Various anthropogenic activities have accentuated the existing stress factors. All these stress 

factors prevent them from reaching their full genetic potential and limit the crop productivity. Susceptibility to high 

(heat injury inducing) or low (chill injury inducing) temperatures is known to be reduced by prior exposure of the 

sensitive fruit or vegetable to low ambient temperatures. One of the important and widely discussed aspects in abiotic 

stress tolerance is the regulatory roles of plant growth regulators (PGR). It would be considered logical to assume that 

effects of exposure to high light are difficult to dissociate from effects exposure to high temperatures. However, 

research has shown that low light (bagging of apples) in the preharvest interval reduced susceptibility of apples to 

developing superficial scald in cold storage.  
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INTRODUCTION 

 

Abiotic stress 

Plant growth and productivity are adversely affected 

by various abiotic stresses. Plants are frequently exposed 

to a plethora of stress conditions such as low temperature, 

salt, drought, flooding, heat, and oxidative stress. Various 

anthropogenic activities have accentuated the existing 

stress factors. All these stress factors prevent them from 

reaching their full genetic potential and limit the crop 

productivity. In the event of growing concerns of 

uncertainties in climatic conditions, the abiotic stresses 

have become the major threat to agriculture production 

worldwide (Bray et al., 2000). The plant responses to 

abiotic stress condition are believed to be complex in 

nature as these are the reflections of integration of stress 

effects and responses at various levels of plant 

organization. 

 

Tolerance against stresses 

To provide tolerance against stresses, plants are 

equipped with several inbuilt physiological and 

biochemical mechanisms occurring at cellular level. An 

understanding of processes linked to these mechanisms is 

vital in optimizing the crop growth and productivity under 

stress conditions (Bray et al., 2000). 

 

Plant growth regulators (PGR) 
One of the important and widely discussed aspects in 

abiotic stress tolerance is the regulatory roles of plant 

growth regulators (PGR). PGR are chemical substances 

that profoundl influence the growth and differentiation of 

plant cells, tissues, and organs and also function as 

chemical messengers for intercellular communication 

(Verslues and Bray 2006). .Thei biosynthesis within plant 

tissues is not always localized. In general, there are five 

major classes of PGR, and each is grouped together into 

one of these classes based on their structural similarities 

and physiological responses. These include the auxins and 

gibberellins that stimulate predominantly cell elongation; 

cytokinins, the purine bases that stimulate cell division; 

ethylene, the olefinic gaseous molecule that regulates 

among other plant event fruit ripening; and abscisic acid 

(ABA), the sesquiterpene that regulates senescence and 

abscission of plant parts and helps in maintenance of plant 

water relations. Besides these five classes of naturally 

existing PGR, the steroid hormones brassinosteroids and 

polyamines are also reported to exhibit growth-regulating 

activities in plants and are the topics of extensive 

researches. While these natural PGR are distinctive both 

in chemical characteristics and in exhibiting characteristic 

responses, each of the PGR has the potential to alter 

almost all the aspects of plant growth and development to 

confer stress tolerance. It is documented that the induction
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Fig. 1: Stress responsive transcription factors 

 

 
 

Fig. 2: Plant stress Any external factors that negatively influence 

plant growth, productivity, reproductive capacity or survival. 

 

in stress tolerance is induced by the manipulations in the 

concentrations of endogenous PGR under stress 

conditions by helping plants in many ways. Most of the 

progresses made in the PGR research especially on plant 

adaptation to abiotic stresses are th outcome of advances 

made in the precise analysis of PGR employing powerful 

and reliable physiochemical techniques as well advances 

made in molecular and genetic approaches (Keskin et al. 

2010). 

 

Temperature extremes 
Susceptibility to high (heat injury inducing) or low 

(chill injury inducing) temperatures is known to be 

reduced by prior exposure of the sensitive fruit or 

vegetable to low ambient temperatures (Saltveit and 

Morris, 1990; Wang, 1990). However, if the preharvest 

temperature leads to chilling induced injury in the field, 

then susceptibility to postharvest chilling injury can be 

increased (Morris, 1954). Therefore, the level of the 

preharvest temperature extreme will be a determinant as 

to if the exposure will have positive or negative effects on 

postharvest stress sensitivity. Extreme high temperatures 

can occur in the field and apple fruit exposed to direct 

sunlight can reach in excess of 40 °C (Ferguson et al., 

1999). High temperatures during the late season (leading 

up to harvest) can enhance susceptibility of apples to 

superficial scald which develops in storage (Bramlage and 

Weis, 1997). In contrast, the authors found that low 

temperatures in the preharvest interval could reduce 

susceptibility. 

 

Light 
It would be considered logical to assume that effects 

of exposure to high light are difficult to dissociate from 

effects exposure to high temperatures. However, research 

has shown that low light (bagging of apples) in the 

preharvest interval reduced susceptibility of apples to 

developing superficial scald in cold storage (Barden and 

Bramlage, 1994) and, in contrast, high ambient 

temperatures resulted in increased susceptibility 

(Bramlage and Weis, 1997). 

Generally, only sun-exposed surfaces of susceptible 

cultivars of apples develop scald in storage (Ferguson et 

al., 1999). In the case of ambient low light, when lettuce 

is grown under low light which is sub-optimal for 

photosynthetic activity, shelf life of fresh cut lettuce (that 

is, lettuce subjected to mechanical stress) is much shorter 

than lettuce produced under optimal light conditions 

(Witkowska and Woltering, 2010). Tomato size is smaller 

when the crop is grown under ambient low light levels, 

such as in the early spring season in northern latitudes 

(Gruda, 2005) and sincesurface area to volume ratio is 

greater in smaller fruits, susceptibility to postharvest 

desiccation stress would increase (Shibairo et al., 1997). 

Low light also results in lower levels of ascorbate in many 

greenhouse-grown fruits and vegetables (Gruda, 2005), 

which would render them less fit to deal with postharvest 

stresses since ascorbate contents are general directly 

proportional to relative levels or stress tolerance (Noctor 

and Foyer, 1998). 

 

Low O2 and high CO2 
Managing postharvest handling and storage 

atmospheres to avoid low O2 or high CO2 stress is a 

constant concern and the problem is more severe when 

handling products in modified atmosphere (MA) packages 

as opposed to controlled atmosphere (CA) systems since 

temperature is often not as easily controlled in the MA 

packages as the produce moves through a distribution 

chain (Toivonen, 2003a; Toivonen et al., 2009). As such, 

the importance atmospheric stress in postharvest systems 

deserves significant discussion. While low O2 levels are 

well-known to induce stress-induced changes in 

metabolism and resultant metabolite accumulations 

(Kanellis et al., 2009), acute low oxygen injury is not 

expressed until the tissue is re-aerated (Biemelt et al., 

1998) and a consequent uncontrolled oxygen burst 

(consisting of hydrogen peroxide and other radicals) 

occurs, resulting in lipid peroxidation, protein 

denaturation and membrane injury (Blokhina et al., 2001, 

2003). Different fruits and vegetables have varying 

thresholds for low O2 stress, dependent on anatomy, 

temperature, physiological age, presence of supplemental 

gases (e.g. CO2, CO, SO2, C2H4) and duration of exposure 

(Kader and Saltveit, 2003; Kanellis et al., 2009). 

Threshold limits for low O2 tolerance can range from 

approximately 10 kPa partial pressure (for early potatoes 

and asparagus) down to approximately 1 kPa partial
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Fig. 3: Plants' strategies against light stress 

 

pressure (for mushroom, broccoli, and chipping potatoes), 

assuming that the produce is cooled to its recommended 

temperature when it is placed into that atmosphere (Kader 

and Saltveit, 2003). When a fruit or vegetable is converted 

to fresh-cut format, it generally becomes tolerant to lower 

levels of oxygen. One of the most notable effects of high 

CO2 levels in postharvest handling is to competitively 

inhibit ethylene binding and action hence delaying 

ripening in climacteric fruits (Kanellis at al., 2009). High 

CO2 will directly inhibit succinate dehydrogenase, thus 

impairing the functioning of the tricarboxylic acid cycle 

and aerobic respiration. There are numerous physiological 

disorders that can be attributed to high CO2 stress, 

including black heart of potatoes (Davis, 1926), brown 

heart or core in apples and pears (Meheriuk et al., 1994), 

surface bronzing in apples (Meheriuk et al., 1994) and 

brown stain of lettuce (Kader and Saltveit, 2003). High 

CO2 can also modulate chilling stress, ethylene induced 

disorders and susceptibility to pathogenic attack (Kader 

and Saltveit, 2003). 

 

Potassium-induced plant resistance to drought 
There is increasing evidence that plants suffering 

from environmental stresses like drought have a larger 

internal requirement for K (Cakmak and Engels, 1999). 

Environmental stress factors that enhance the requirement 

for K also cause oxidative damage to cells by inducing 

formation of ROS, especially during photosynthesis 

(Bowler et al., 1992; Elstner and Osswald, 1994; Foyer et 

al., 1994). The reason for the enhanced need for K by 

plants suffering from environmental stresses appears to be 

related to the fact that K is required for maintenance of 

photosynthetic CO2 fixation. For example, drought stress 

is associated with stomatal closure and thereby with 

decreased CO2 fixation. Based on the model given in Fig. 

3, formation of ROS is intensified because of inhibited 

CO2 reduction by drought stress. Obviously, formation of 

ROS under drought stress would be dramatic in plants 

exposed to high light intensity, with concomitant severe 

oxidative damage to chloroplasts. Increases in ROS 

production in drought-stressed plants are well known and 

related to impairment in photosynthesis and associated 

disturbances in carbohydrate metabolism (Seel et al., 

1991; Quartacci et al., 1994; Jiang and Zhang, 2002). 

These results indicate that when plants are grown under 

low supply of K, drought-stress induced ROS production 

can be additionally enhanced, at least due to K-deficiency-

induced disturbances in stomatal opening, water relations, 

and photosynthesis (Marschner, 1995; Mengel and 

Kirkby, 2001). In addition, most importantly, under 

drought conditions chloroplasts lose high amounts of K to 

further depress photosynthesis (Sen Gupta and Berkowitz, 

1987) and induce further ROS formation. These results 

strongly support the idea that increases in severity of 

drought stress result in corresponding increases in K 

demand to maintain photosynthesis and protect 

chloroplasts from oxidative damage. The results presented 

for wheat are in accordance with this suggestion, and 

show that decreases in photosynthesis caused by drought 

stress are particularly high in plants supplied with low K, 

and are minimal when K is sufficient (Sen Gupta et al., 

1989). 

 

Treatments to enhance stress resistance 

Numerous postharvest treatments have been 

evaluated for enhancing abiotic stress resistance of fruits 

and vegetables (Toivonen, 2003b). Generally, temperature 

modulation (including intermittent warming), extreme 

atmospheres (high O2, CO2 and low O2), growth 

regulators, anti-transpirants, antioxidant dips, growth 

regulators, nitric oxide and ethanol have been tested 

(Toivonen, 2003b). Application of treatments in 

combination can often improve the stress resistance level 

to the fruit or vegetable (Toivonen, 2005 and 2009). One 

treatment that has not been widely studied to date is the 

concept of gradual cooling to enhance resistance to 

chilling injury. Gradual cooling (2 °C per day) has been 

shown to reduce susceptibility of tomato to chilling injury, 

presumably by cooling slowly enough to allow the 

inherent stress resistance systems to develop before actual 

chilling temperatures were reached (Gálvez et al., 2010). 

The approach is perhaps more amenable to commercial 

practice than some others tested (that is, intermittent 

warming). While there has been significant effort placed 

on developing treatments to enhance postharvest abiotic 

stress resistance in fruits and vegetables, the efforts have 
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only resulted in incremental success (Toivonen, 2004). 

This is largely due to the fact that stress response and 

resistance is a very complex matrix of processes and 

pathways, which are not fully understood at this point in 

time (Toivonen, 2005; Jaspers and Kangasjärvi, 2010). 

Hence, it is very difficult to design effective treatments to 

achieve the resistance required for any or all abiotic 

stresses that a fruit or vegetable may encounter during 

harvest, handling, storage and distribution. Hot or warm 

water treatments have been shown to minimize cutting 

induced injuries in fresh-cut products (Lurie, 1998). Such 

treatments may also be used to control chilling injury via 

induction of heat shock proteins (Collins et al., 1995; 

Sabehat et al., 1996). Warm water treatment has also been 

shown to reduce sensitivity to irradiation in cut and 

packaged lettuce (Fan et al., 2003). Each product has a 

differing tolerance to temperature and so such treatments 

must be developed case by case for each vegetable or fruit 

of interest. The key is apply a sub lethal temperature 

exposure, in order to enhance the adaptive response of the 

fruit or vegetable tissue (Saltveit, 2003). Another 

approach is to apply conditioning treatments to enhance 

chill stress tolerance. This has been shown to provide 

enhanced chilling stress in several fruits and vegetables 

(Saltveit, 1991; Wang, 1993). It also has the advantage 

over heat treatments in that the risk of causing acute 

injury during treatment is very low. Atmospheric 

treatments are quite often beneficial to controlling 

response to postharvest stresses. Modified or controlled 

atmospheres have been shown to help minimized chilling 

injury in a number of fruits and vegetables (Wang, 1993). 

However, it must be noted that in some cases, application 

of a controlled atmosphere led to detrimental effects on 

the fruit (e.g. asparagus, cucumber, limes, sweet bell 

peppers). Therefore, a case by case evaluation is required 

to determine if secondary stress is induced by the 

atmosphere treatments. Growth regulator applications can 

also potentially enhance stress resistance, particularly for 

fruits and vegetables which are prone to show accelerated 

ripening or senescence in response to stress (Baldwin, 

2003). 

 

MATERIALS AND METHODS 

 

This article is review and the aims of influence of 

abiotic stress on some characteristics of plants. The 

experiment 1 was conducted by Hamidi and Safarnejad 

(2010). In order to determining the germination 

percentage and rate, radicle and plumule and vigority 

index as well as seed vigority index, 6 alfalfa cultivars 

were used under various osmotic potential by using 

factorial experiment in complet randomize design with 

four replications. These cultivars include theree local 

cultivars namely Yazdi, Hamedani, Qareh Younjeh and 

Maupa, Simmer Chenskaya and CUF101 introduced from 

abroad. Distilled water used as a control (0 bar) and 

osmotic potentials -3, -6 and -9 bar were prepared adding 

polyethylene glycol (Sigma Chemicals) to distilled water 

according to Michel and Kaufmann’s equation. All Petri 

dishes and filter papers were disinfected in 120°C for two 

hours post culture. After a surface scratch by a soft file, 

seeds were disinfected by mercury chloride 2% solution 

for 3 minutes and washed 3 times in distilled water. For 

each petri dish 10cm 3 of solution was added which 

contains various drought stresses. After culture, all dishes 

were kept inside germination in 20°C for 14 days. 

The experiment 2 was conducted by Jayalalitha et al. 

(2015). The present investigation was undertaken at 

Agricultural college farm, Bapatla during two consecutive 

years of kharif 2009-10 and 2010-11. The treatments 

comprised two main plots, that is, no stress (irrigation is 

given as per irrigation schedule) and stress (i.e., rainfed 

condition) and twelve Bt cotton hybrids as sub plots viz., 

Bunny BG-I, Bunny BG- II, Kisan Early BG-I, Kisan 

Early BG-II, RCH2 BG-I, RCH2 BG-II, Rasi Early BG-I, 

Rasi Early BG-II, Tulasi 9 BG-I, Tulasi 9 BG- II, JK 

Durga BG-I and RCH 138 BG-I. The experiment was laid 

out in a strip plot design with three replications. Seeds of 

Bt cotton hybrids were sown on 17-08-2009 and on 23-08-

2010. Each hybrid was grown in 7 rows of 4.2 meters 

length with a spacing of 105 cm between rows and 60 cm 

within the rows. Single super phosphate @ 60 kg P2 O5 

ha -1was applied as basal fertilizer. N and K were applied 

@ 120 and 60 Kg ha-1 in three equal split doses at 30, 60 

and 90 days after sowing. Prophylactic measures were 

taken up regularly to prevent the incidence of pests, 

diseases and weeds. For rain fed treatment, no irrigation 

was given at any stage of plant growth. For irrigated 

treatment, irrigation was given as per irrigation schedule. 

During kharif 2009-10, crop received a total rainfall of 

604.7 mm in 23 rainy days. There was one dry spell at 

vegetative phase and one dry spell at squaring stage. 

However, moisture sensitive growth period i.e., squaring 

to peak flowering suffered with continuous three dry 

spells (36 days). Similarly, boll development to maturity 

stage exposed to continuous four dry spells. During kharif 

2010-11, crop received a total rain fall of 986.5 mm in 33 

rainy days and the crop experienced comparatively less 

moisture stress before peak flowering stage. However, 

boll development phase exposed to one dry spell and boll 

maturity phase exposed to prolonged six dry spells. Five 

representative samples were selected in each treatment 

and tagged with wax coated labels and the data on 

morphological parameters such as plant height, number of 

sympodia plant -1, days to 50% flowering and days to 

50% boll bursting were recorded. The data on 

physiological parameters such as leaf area and total dry 

matter were recorded from destructive sampling of Bt 

cotton hybrids at peak flowering and boll development 

stages. Data on seed cotton yield were recorded at harvest. 

The data were analyzed statistically following analysis of 

variance (ANOVA) technique suggested by Panse and 

Sukhathme (1978) for strip plot design. Statistical 

significance was tested by `F` value at 5 per cent level of 

probability. 
 

RESULTS AND DISCUSSION 
 

In the experiment 1 was conducted by Hamidi and 

Safarnejad (2010).  In this study, some alfalfa cultivars in 

terms of germination percentage and rate, plumule length, 

the ratio of radicle to plumule and vigority index of seed 

indicated that there is a significant difference (p< 0.01) 

(Table 1) (Hamidi and Safarnejad, 2010).  

There is discrepancy among cultivars in terms of 

germination rate reduction. Notable the reduction in 
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germination percentage among cultivars begins from 

potential -9 bar, so that the amount of germination 

reduction in this density is less in Yazdi and Maupa in 

comparison with other cultivars (Table 2) (Hamidi and 

Safarnejad, 2010). 

In the experiment 2 was conducted by Jayalalitha et 

al. (2015). The plant height as influenced by water stress 

at boll maturity stage among Bt cotton hybrids is 

presented in table 3. Plant height increased from 

vegetative stage (30 DAS) to boll maturity stage (135 

DAS) irrespective of treatments and hybrids, however, the 

increase was exponential from 45 to 75 DAS in both the 

years. Significant differences were observed between 

main treatments and cotton hybrids with regards to plant 

height at different growth stages in both the years but the 

interaction was non-significant. The mean plant height of 

cotton hybrids was significantly lower under rainfed 

condition compared to irrigated condition in both the 

years of study. Cotton hybrids under rainfed condition 

recorded 15.0 and 18.0% reduction at boll maturity stage 

compared to irrigated condition in both the years respectively. 

Number of sympodia per plant as affected by water 

stress at harvesting stage among Bt cotton hybrids are 

presented in Table 3. Significant differences were 

observed between main treatments, cotton hybrids and 

their interactions (Jayalalitha et al., 2015).. The mean 

number of sympodia per plant is significantly lower under 

rainfed condition compared to irrigated condition.  This 

might be due to water stress under rainfed condition. At 

harvest, cotton hybrids under rainfed condition recorded 

31.64 and 32.92 percent reduction in mean number of 

sympodia per plant respectively compared to irrigated 

condition in both the years of study. Among the cotton 

hybrids tested, Tulasi 9 BG-II recorded highest mean 

number of sympodia per plant (23.08 and 22.67) followed 

by Tulasi 9 BG-I (22.08 and 22.17) and Bunny BG-I 

(19.83 and 21.50) respectively in both the years. JK Durga 

BG-I (8.32 and 10.67), Rasi Early BG-II (8.35 and 10.00) 

and Rasi Early BG-I (8.63 and 10.00) recorded lower 

mean number of sympodia per plant respectively in both 

the years (Jayalalitha et al., 2015). 
 

Table 1: Analysis results of statistics variance and measured values for various traits in germination stage (Hamidi and Safarnejad, 

2010). 

(S.O.V)  Mean Squares(MS) 

df Germination percentage Germination rate Radicle length Plumule length 

Treatments  23 1644.972** 3.664** 1197.818** 575.063** 

Cultivar   5 3320.263** 6.763** 2331.918** 507.919** 

Osmotic Potential Cultivar*  3 6266.03** 14.967** 4035.804** 3503.345** 

Osmotic Potential  15 162.331* 0.371** 252.187* 11.788n.s 

Error   72 75.529 0.0999 118.773 20.918 

Coefficient Variation % (C.V)  15.67 16.64 25.87 14.62 25.88 

* Significant at p 0.05; ** Significant at p 0.01; NS – non significant 

 

Table 2:  Measured traits mean in germination stage (Hamidi and Safarnejad, 2010). 

Cultivar Osmotic 

potential (bar) 

Germination 

percentage 

Germination rate Radicle length Plumule 

length 

Radicle 

plumule ratio 

Vigor 

index 

Yazdi 0 93abc 2.86abcd 30.25efghij 45.25a 0.65gh 70.9bcd 

 -3 91abcd 2.84abcd 68.38a 45.48a 1.51cde 103.02a 

 -6 79cdef 2.36def 69.98a 28.85d 2.42ab 77.84bc 

 -9 61fg 1.51i43.48bcdef 43.48bcdef 17.95e 2.57a 36.13efg 

Hamedani 0 0.53h 86bcd 2.57bcde 22.83hij 42.9ab 56.94cde 

 -3 85bcde 2.55cde 45.08bcdef 40.4ab 1.14efgh 72.31bcd 

 -6 75def 2.14efg 69.05a 27.45d 2.55a 72.79bcd 

 -9 28h 0.64jk 38.15cdefgh 13.68e 2.8a 15.11ghi 

Maupa 0 93ab 2.97abc 32.1defghij 46a 0.7fgh 73.73bcd 

 -3 91abcd 2.92abc 54.95abc 41.43ab 1.32cdef 87.35ab 

 -6 85bcd 2.56cde 71.05a 31.88cd 2.25ab 87.16ab 

 -9 34h 0.92j 49.33bcd 19e 2.61a 23.33ghi 

In a column, means followed by a common letter are not significantly different at the 5% level by Duncan’s multiple range test. 

 

Table 3: Effect of water stress on plant height (cm) and number of sympodia per plant at harvest in Bt cotton hybrids (Jayalalitha et 

al., 2015). 

Name of the entry/genotype 2009-10 Irrigated Rainfed Mean Irrigated Rainfed Mean 

Bunny BG-I 114.50 98.40 106.45 101.87 87.83 94.85 

Bunny BG-II 111.80 95.80 103.80 99.83 85.87 92.85 

Kisan Early BG - I 110.87 93.63 102.25 98.40 82.47 90.43 

Kisan Early BG – II 113.73 96.60 105.17 103.63 87.70 95.67 

Mean 122.39 103.60 -- 112.54 96.12 -- 

 

Table 4: Effect of water stress on days to 50 per cent flowering and 50 per cent boll opening of Bt cotton hybrids (Jayalalitha et al., 2015). 

Name of the entry/genotype 2009-10 Irrigated Rainfed Mean Irrigated Rainfed Mean 

Bunny BG-I 68.67 60.33 64.50 64.67 62.37 63.52 

Bunny BG-II 69.33 60.67 65.00 65.33 64.33 64.83 

Kisan Early BG - I 68.33 59.33 63.83 64.33 63.33 63.83 

Kisan Early BG – II 67.67 57.67 62.67 63.67 61.67 62.67 

Mean 68.53 59.28 -- 65.17 64.47 -- 
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Table 5: Effect of water stress on leaf area (cm2 plant-1) at peak flowering (75 DAS) and boll development stage (105 DAS) of Bt 

cotton hybrids (Jayalalitha et al., 2015). 

Name of the entry/genotype 2009-10 Irrigated Rainfed Mean Irrigated Rainfed Mean 

Bunny BG-I 7090.37 7090.37 7090.37 7090.37 7090.37 7090.37 

Bunny BG-II 7378.30 7378.30 7378.30 7378.30 7378.30 7378.30 

Kisan Early BG - I 6483.40 6483.40 6483.40 6483.40 6483.40 6483.40 

Kisan Early BG – II 6618.41 6618.41 6618.41 6618.41 6618.41 6618.41 

Mean 6450.83 6450.83 6450.83 6450.83 6450.83 6450.83 

 

Among the interactions, under irrigated condition, 

significantly higher number of sympodia per plant was 

noticed in Tulasi 9 BG -II (26.70 and 26. 67) followed by 

Tulasi 9 BG-I (25.33 and 26.33) and Bunny BG- I (24.17 

and 25.33) respectively in both the years of 2009-10 and 

2010-11, where as Rasi Early BG-II (10.57 and 12.67), 

Rasi Early BG-I (10.90 and 12.33) and JK Durga BG-I 

(10.87 and 13.67) recorded lower number of sympodia per 

plant. Under rainfed condition, highest number of 

sympodia per plant was recorded in Tulasi 9 BG-II (19.47 

and 18. 67) followed by Tulasi 9 BG-I (18.83 and 18.00) 

and Bunny BG- I (15.50 and 17.67) respectively in both 

the years. The entries JK Durga BG-I (5.77 and 7.67), 

Rasi Early BG-II (6.13 and 7.33) and Rasi Early BG-I 

(6.37 and 7.67) recorded lower number of sympodia per 

plant. The data on days taken to complete 50% flowering 

among the twelve Bt cotton hybrids as affected by soil 

moisture treatments (irrigated and rainfed) are presented 

in Table 5 (Jayalalitha et al., 2015). 

Significant differences were observed between main 

treatments during first year of trial (2009-10) and cotton 

hybrids during both years, however interaction was not 

significant. The mean days to 50% flowering was 

significantly lowered by 13.49% under rainfed condition 

compared to irrigated condition. This may be due to 

induced synchronised flowering due to moisture stress. 

These findings are in confirmity with the report of Patil et 

al. (2004), who reported that cotton genotypes showed 

early squaring, flowering, boll opening and maturity under 

rainfed conditions. The plants under water stress had 

higher blooming rates, early in the growing season than 

plants in the irrigated conditions. Early flowering had 

been observed under water stress. Irrigated plants 

maintain their vegetative growth longer after the initiation 

of reproductive growth than the plants under water stress 

conditions (Jayalalitha et al., 2015). Among the cotton 

hybrids tested, Rasi Early BG-I took lesser number of 

days to 50% flowering (59.67) followed by Rasi Early 

BG-II (61.33) and JK Durga BG-I (62.67), where as 

RCH2 BG-II took more number of days to 50% flowering 

(66.67) followed by Tulasi 9 BG-I (65.33) and Tulasi 9 

BG-II (65.17) during 2009-10. During 2010-11, among 

the hybrids tested, Rasi Early BG-I took lesser number of 

days to 50% flowering (61.83) followed by Rasi Early 

BG-II (62.50), Kisan Early BG-II(62.67) and JK Durga 

BG-I (63.50), whereas RCH2 BG-II took more number of 

days to 50% flowering (70.67) followed by RCH 138 BG-

I (68.00), RCH2 BG-I (66.50) and Tulasi 9 BG-I (65.50) 

(Jayalalitha et al., 2015).   
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