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Abstract 

 

High temperature is one of the abiotic stress causing morphological, physiological, biochemical and molecular changes on 

plant growth and productivity. One hundred and sixty cotton genotypes obtained from genetic stocks was evaluated for high 

temperature tolerance based on some agronomic characters under field and controlled conditions. Genotypes showed 

differences for all investigated characters. Plant height, node number and HNR ranged from 68.38-136.45 cm, 18.22-30.10 

number.plant-1, 2.89-6.31 (HNR) respectively. Maximum and minimum values in terms of number of sympodial branches, boll 

abscission at first position, number of seed and seed-cotton yield changed from 11.09-24.42 number.plant-1; 4.17%-20.80%; 

20.39-44.11 number.boll-1 and 5.74-60.30 gr.plant-1 respectively. Differences among genotypes were statistically significant for 

all characters under high temperature stress conditions. High temperature stress was declined the cotton plant development, the 

decline are important for cotton breeders and cotton breeding programs on the genotypes less affected from high temperature. 
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Introduction  

 
Plants are affected by many abiotic stress factors such 

as high temperature, drought, salinity and chemical toxicity 
during growth period. Temperature directly affects plants 
by causing chemical reactions, indirectly by causing 
genetic and environmental interactions (Hochachka & 
Somero, 1973). In the growth of cotton plant, the primary 
environmental factor influencing growth and maturity is 
temperature (Baker, 1965; Bibi et al., 2008). There are two 
different mechanisms of high temperature tolerance in 
plants, genetic and non-genetic (Klueva et al., 2001). The 
future cotton production is likely to occur under an 
increased prevalence of multiple abiotic stresses, including 
extreme and prolonged high temperature (Timothy & 
Michael, 2014). The temperature requirements of the cotton 
plant vary according to the phenological periods of the 
plant. This difference may vary not only to phenological 
periods, but also the time of occurrence of the temperature, 
the physio-morphological and genetic structure of the plant. 
There are many studies on optimum temperatures in cotton. 
The results of earlier studies show differences releated to 
temperature requirements of the cotton (Burke ve Wanjura, 
2009). Cotton is a plant of warm climate origin, but it is 
damaged by extreme high temperatures (Oosterhuis, 2002). 
Cotton is a plant of warm climate origin and its maximum 
development is dry matter accumulation of during the 
flowering period at 30/20°C (day / night) (Reddy et al., 
1991). The flowering time is the most sensitive period to 
high temperature on cotton plant. Daily maximum 
temperature should be for vegetative growth and during the 
flowering period 21-27°C and 27-32°C respectively 
(Waddle, 1984; Reddy, 1996). Stress conditions effect the 
plant height, number of internodes, number of sympodial 
branches, number of monopodial branches and number of 
seeds per boll on cotton depending on stress duration and 
intensity. High temperature due to shortening of the growth 
period negatively affects agronomical properties (Hodges 
et al., 1993, Khan et al., 2008) especially in early maturing 
genotypes (Lu & Zeiger, 1994). Cotton plant growth such 
as shoot development, flowering and fiber quality traits are 
influenced largely due to high temperature (Saifullah et al., 

2015; Farooq et al., 2015; Noshair Khan et al., 2014). High 
temperature stress reduce plant height (Pace et al., 1999) 
and length of internodes (Quisenberry et al., 1981). High 
temperature stress negatively impacts seed properties 
(Rehman et al., 1993) and fruiting (Oosterhuis, 1999). 
Measurements of high temperature tolerance performances 
of plants can be evaluated separately from each other both 
in field and controlled conditions (Hall, 2001; Cottee et al., 
2010). Some of researchers reported that high temperature 
tolerance have genotypic in cotton (Snider et al., 2010). 
This study was carried out to determine the effects of high 
temperature stress on some agronomic characters on cotton 
and to contribute to the use of genetically resistant cotton 
genotypes in future breeding programs. 
 

Materials and Methods 

 
The study was conducted under controlled and field 

conditions (FC), daily (N) and high temperature stress (S). 
Field and greenhouse experiments were carried out in the 
GAP International Agricultural Research and Training 
Center GAPIARTC, in 2010 and 2011. One hundred sixty 
cotton genotypes from genetic stocks and six commercial 
varieties (Stoneville-474, Stoneville-468, Teks, Fantom, 
DP-90, Fibermax-832) were used. Experiments were 
arranged in augmented design with seven replications. 
Plots are 12 m length (field) and 2 m length (greenhouse), 2 
rows with 70 cm interrow spacing; 20cm intrarow spacing. 
Field experiment was planting on April 9th and June 14th; 
and other experiment was planting on April 9th in 
greenhouse. Normal temperature (N) trial in 2010 (long 
term averages of hourly temperatures are parallel) and for 
high temperature stress (S) trial in 2011 (+5 °C higher than 
the long term average of the highest hourly temperature). 
To ensure CC, the greenhouse to be used was transformed 
into closed system temperature and moisture controlled one 
after air conditioning and automation works. Fertilize was 
applied with sowing, 70 kg.ha-1 N and 70 kg.ha-1 P, and 70 
kg.ha-1 N at the first irrigation. Irrigation was applied 10 
times with drip irrigation system.  

Data of daily high temperature for FC and CC trials 
during cotton growing season given in Fig. 1a and Fig. 1b. 



REMZI EKINCI ET AL., 504 

 
 

Fig. 1a. Daily max of the CC trials during cotton growing season 

of 2010 and 2011 at GAPIARTC, Diyarbakır, Turkey. 

 
 

Fig. 1b. Daily max. of the FC trials during cotton growing 

season of 2010 and 2011 at GAPIARTC, Diyarbakır, Turkey. 

 

Heat Stress Index was computed using the following 

for all the characters. 
 

 
 
(HSI: Heat Stress Index; G: Genotype; M: Mean; N: Normal 
Condition; S: Stress Condition) (Fischer & Maurer, 1978). 
Genotypes were rated as follows; HSI≤0.50 high tolerant, 
HSI 0.5-1.0 middle tolerant; HSI>1.0 sensitive (Khanna & 
Viswanathan, 1999). Statistical analyses were performed 
using JMP 7.0.1 statistical software (Fig. 2). 
 

 
 

Fig. 2. The normal conditions mean values and HIS. 

I. Region: X<Mean and HSI≤0.05; II. Region: X<Mean and 

0.05<HSI≤1.00; III. Region: X<Mean and HSI>1.00; IV 

Region: X=Mean and HSI≤0.05; V Region: X=Mean and 

0.05<HSI≤1.00; VI Region: X=Mean and HSI>1.00; VII 

Region: X>Mean and HSI≤0.05; VIII Region: X>Mean and 

0.05<HSI≤1.00; IX Region: X>Mean and HSI>1.00 

 

Results 

 
Plant height (cm): The plant height ranged from 68.4 to 
134.70 cm under FCS conditions, from 69.43 to 134.70 
cm under FCN conditions; plant height varied between 
68.38 and 104.47 cm under CCS conditions, between 

90.58 and 136.45 cm under CCN conditions. The plant 
height values were determined to be 96.60±13.41 cm, 
103.58±13.56 cm, 85.66±7.64 cm, 114.37±10.24 cm 
under FCS, FCN, CCS, CCN, respectively (Table 1). Eighty 
six genotypes were determined to be sensitive (22 in 
Region III, 47 in Region VI, 17 in Region IX), and 
seventy four genotypes medium tolerant (9 in Region II, 
52 in Region V, 13 in Region VIII) (Fig. 3). 
 

Number of nodes (number.plant-1): The node number 
varied from 18.51 to 30.10 under FCS conditions, from 
18.99 to 30.10 under FCN conditions; they changed in the 
ranges of 18.22-25.60 under CCS conditions, 20.20-29.97 
under CCN conditions. The mean node number were to be 
23.16±2.40, 24.03±2.50, 22.96±2.03, 25.05±2.41 under 
FCS, FCN, CCS, CCN, respectively (Table 1). Forty eight 
genotypes were determined to be sensitive (2 in Region 
III, 16 in Region VI, 30 in Region IX), and one hundred 
twelve genotypes were medium tolerant (28 in Region II, 
79 in Region V, 5 in Region VIII) (Fig. 4). 
 

Height to node ratio (HNR): Height to node ratio has 
changed from 2.98 to 5.84 under FCS conditions, from 3.06 
to 5.90 under FCN conditions; they varied from 2.89 to 5.24 
under CCS conditions, from 3.51 to 6.31 under CCN 
conditions. The mean height/node rates were determined to 
be 4.18±0.55; 4.33±0.56; 3.75±0.45; 4.59±0.53 under FCS, 
FCN, CCS, CCN, respectively (Table 1). Seventy three 
genotypes were determined to be sensitive (15 in Region 
III, 50 in Region VI, 8 in Region IX), and eighty seven 
genotypes were medium tolerant (10 in Region II, 60 in 
Region V, 17 in Region VIII) (Fig. 5). 
 

Number of monopodial branches (number.plant-1): 
The number of monopodial branches varied from.28 to 
5.99 under FCS conditions, 0.32-6.00 under FCN 
conditions; they changed from 0.58 to 5.28 under CCS 
conditions, from 0.65 to 6.00 under CCN conditions. The 
mean number of monopodial branches were determined to 
be 3.87±0.98, 4.03±1.02, 3.60±0.86, 4.11±1.09 under 
FCS, FCN, CCS, CCN, respectively (Table 1). Seventy one 
genotypes were determined to be sensitive (5 in Region 
III, 43 in Region VI, 23 in Region IX), and eighty nine 
genotypes were medium tolerant (26 in Region II, 62 in 
Region V, 1 in Region VIII) (Fig. 6).  
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Fig. 3. The plant height (cm) 

 

Fig. 4. Number of nodes per plant (number.plant-1). 

 

  
  

Fig. 5. Height to node ratio (HNR). 

 

Fig. 6. Number of monopodial branches (number.plant-1). 

 

  
  

Fig. 7. Number of sympodial branches (number.plant-1). 

 

Fig. 8. Boll abscission at first position (%). 

 

  
  

Fig. 9. Number of seed per boll (number.boll-1) Fig. 10. Seed cotton yield (gr.plant-1) 
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Table 1. Minimum, maximum, and mean values of the investigated characters. 

Characters Cond. Min. Max. Means S.E. Characters Cond. Min. Max. Means S.E. 

Plant height (cm) 

FC 
S 68.40 134.70 96.60 13.41 

Number of sympodial 

branches (number.plant-1) 

FC 
S 11.09 24.42 16.16 2.47 

N 69.43 134.70 103.58 13.56 N 11.28 24.42 17.28 2.66 

CC 
S 68.38 104.47 85.66 7.64 

CC 
S 12.08 19.16 15.81 1.49 

N 90.58 136.45 114.37 10.24 N 14.22 21.95 18.25 1.83 

Number of nodes 
(number.plant-1) 

FC 
S 18.51 30.10 23.16 2.40 

Boll abscission at first 
position (%) 

FC 
S 13.23 20.80 17.52 1.54 

N 18.99 30.10 24.03 2.50 N 5.25 14.10 9.99 1.97 

CC 
S 18.22 25.60 22.96 2.03 

CC 
S 5.86 15.10 11.30 2.20 

N 20.20 29.97 25.05 2.41 N 4.17 7.53 5.62 0.53 

Height to node ratio 

(HNR) 

FC 
S 2.98 5.84 4.18 0.55 

Number of seed 

(number.boll-1) 

FC 
S 20.82 41.62 30.52 3.47 

N 3.06 5.90 4.33 0.56 N 21.34 41.62 31.25 3.58 

CC 
S 2.89 5.24 3.75 0.45 

CC 
S 20.39 33.19 27.33 2.29 

N 3.51 6.31 4.59 0.53 N 23.40 44.11 33.76 3.70 

Number of monopodial 
branches (number.plant-1) 

FC 
S 0.28 5.99 3.87 0.98 

Seed-cotton yield  

(gr.plant-1) 

FC 
S 12.49 58.34 27.93 7.90 

N 0.32 6.00 4.03 1.02 N 14.59 60.30 32.54 8.74 

CC 
S 0.58 5.28 3.60 0.86 

CC 
S 5.74 19.13 9.87 2.06 

N 0.65 6.00 4.11 1.09 N 23.33 40.88 30.82 3.10 

FC, field condition; CC, controlled condition; S, high temperature stress condition; N, normal temperature condition 

 

Number of sympodial branches (number.plant-1): The 

number of sympodial branches have varied from 11.09 to 

24.42 under FCS conditions, from 11.28 to 24.42 under 

FCN conditions; they changed in the ranges of 12.08-

19.16 under CCS conditions, 14.22-21.95 under CCN 

conditions. The mean number of sympodial branches 

values were determined to be 16.16±2.47, 17.28±2.66, 

15.81±1.49, 18.25±1.83 under FCS, FCN, CCS, CCN, 

respectively (Table 1). eighty three genotypes were 

determined to be sensitive (14 in Region III, 49 in Region 

VI, 20 in Region IX), and seventy seven genotypes were 

medium tolerant (18 in Region II, 51 in Region V, 8 in 

Region VIII) (Fig. 7). 
 

Boll Abscission at first position (%): The boll 

abscission at first position has changed from 13.23% to 

20.80% under FCS conditions, from 5.25% to 14.10% 

under FCN conditions; they varied from 5.86% to 15.10% 

under CCS conditions, from 4.17% to 7.53% under CCN 

conditions. The mean of boll abscission at first position 

values were determined to be 17.52±1.54%, 9.99±1.97%, 

11.30±2.20%, 5.62±0.53% under FCS, FCN, CCS, CCN, 

respectively (Table 1). Seventy seven of the genotypes 

were determined to be sensitive (3 in Region III, 50 in 

Region VI, 24 in Region IX), and eighty three medium 

tolerant (30 in Region II, 51 in Region V, 2 in Region 

VIII) (Fig. 8). 

 

Number of seeds (number.boll-1): The number of seeds 

per boll ranged from 20.82 to 41.62 under FCS conditions, 

from 21.34 to 41.62 under FCN conditions; they changed 

from of 20.39 to 33.19 under CCS conditions, from 23.40 

to 44.11 under CCN conditions. The mean number of 

seeds per boll were determined to be 30.52±3.47, 

31.25±3.58, 27.33±2.29, 33.76±3.70 under FCS, FCN, 

CCS, CCN, respectively (Table 1). Sixty seven genotypes 

were determined to be sensitive (1 in Region III, 43 in 

Region VI, 23 in Region IX), and ninety three genotypes 

were medium tolerant (20 in Region II, 72 in Region V, 1 

in Region VIII) (Fig. 9). 

 

Seed cotton yield (gr.plant-1): The seed cotton yield has 

changed from 12.49 to 58.34 gr plant-1 under FCS 

conditions, from14.59 to 60.30 gr plant-1 under FCN 

conditions; they varied from 5.74-19.13 gr plant-1 under 

CCS conditions, from 23.33 to 40.88 gr plant-1 under CCN 

conditions. The mean seed cotton yield was determined to 

be 27.93±7.90 gr.plant-1, 32.54±8.74 gr.plant-1, 9.87±2.06 

gr.plant-1, 30.82±3.10 gr.plant-1 under FCS, FCN, CCS, CCN, 

respectively (Table 1). three genotypes were determined to 

be tolerant (In Region IV: Primera, SJU-86; in Region VII: 

Fantom), and eighty two genotypes were medium tolerant 

(6 in Region II, 59 in Region V, 17 in Region VIII), and 

seventy five genotypes were sensitive (15 in Region III, 55 

in Region VI, 5 in Region IX) (Fig. 10). 
 

Discussion  
 

The study was conducted under controlled and field 

conditions (FC), daily (N) and high temperature stress (S). 

Hall, (2001); Cottee et al. (2010) have reported that 

measurements of high temperature tolerance performances 

of plants can be evaluated separately from each other both 

in field and controlled conditions Some of researchers 

reported that high temperature tolerance have genotypic in 

cotton (Snider et al., 2010). Differences among genotypes 

were statistically significant for all characters under high 

temperature stress conditions. Our findings supported by 

Akhtar et al. (2013) and Zeeshan et al. (2010) plant height, 

number of sympodial branches; boll retention at the first 

position were decrease under both field and controlled 

conditions due to high temperature stress.  

However, a significant decrease is not observed for 

number of nodes, HNR, number of sympodial branches and 

number of seeds per boll due to high temperature stress 

under field conditions, only a limited decrease was 
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determined for these characters under controlled conditions. 

High temperatures decrease carbohydrate, and reduce boll 

size by decreasing the number of seeds per boll and the 

number of fibers per seed. High temperatures can affect 

pollination (Burke et al., 2004) and subsequent fertilization 

resulting in fewer seeds per boll (Snider et al., 2009, 2010). 

Oosterhuis (1999), (2002) has reported a negative correlation 

between yield and high temperature during boll development 

with high temperatures being associated with low yield. For 

plant height and HNR, our findings showed similarity with 

findings of Hodges et al. (1993), Khan et al. (2008) that high 

temperature due to shortening of the growth period 

negatively affects agronomical properties.  Number of seeds, 

boll rate at the first position (Reddy, 2000), fruiting rate and 

number of seeds (Brown et al., 1995; Brown & Zeiher, 

1997), number of nodes and boll set rate at the first position 

(Akhtar et al., 2013) were decreased due to high temperature. 

It was determined that genotypes of the high HSI value were 

high number of nodes, number of monopodial branches, 

number of sympodial branches, boll retention at the first 

position, number of seeds per boll and seed-cotton yield 

under normal conditions, thus these traits were much more 

sensitive to high temperature. Bibi et al. (2008) reported that 

the optimum temperature for the photosynthetic carbon 

fixation cotton is about 33oC and photosynthesis decreased 

significantly at temperatures of 36oC and above. Our 

findings are  smilarity to results of Redy et al. (1992) who 

has reported  the high temperature are frequently associated 

with infertility and cotton-boll retention problem and number 

of productive bolls, bolls retention is progressively reduced. 

Low seed yield with insufficient carbohydrate production 

due to high temperature was determined. Our results were 

different from findings of Oosterhuis (1999) and Onder et al. 

(2009) stated that highest number of opened boll and 

maximum lint percent resulted from plots under stress 

condition. Reduction in number of sympodial plant due to 

heat stress also reported in earlier studies (Saifullah et al., 

2015; Farooq et al., 2015; Noshair Khan et al., 2014) who 

stated that high temperature can be attributed to a decrease 

such as shoot development and flowering.  

 

Conclusion 

 

A wide variation among genotypes was determined 

for high temperature stress tolerance. High temperature 

stress was declined the cotton plant development, the 

decline are important for cotton breeders and cotton 

breeding programs on the genotypes less affected from 

high temperature. Number of monopodial branches, 

number of sympodial branches, boll abscission at the first 

position, number of seeds per boll and per plant seed 

cotton yield could be used as selection for the tolerance to 

high temperature in the breeding programme. 
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