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Abstract. Cotton yield is affected by environmental conditions. This study was carried out to determine
the population means response in eleven hybrids and three check cotton cultivars to climate changes in
Antalya-Turkey, in 2017 and 2018. Temperature, relative humidity and precipitation in these years were
found to have varied in Antalya. In the May-October period of 2018, the totals of average and maximum
temperature were seen higher than in 2017 as opposed to the total of minimum temperature, but the
distribution of temperature, relative humidity and precipitation varied according to months. While the
genotypes affected by this situation had taller height and more fruiting branches in 2018, they created
fewer vegetative branches, had a lower ginning outturn and fewer bolls. On the other hand, while the in
Flash cultivar the number of bolls decreased in 2018, in Gloria the loss ratio of bolls minimized.
Furthermore, in Sure Grow 125 the seed cotton yield per boll increased and the yield reduced, lower
ginning outturn and boll losses were observed that affected fiber yield. As a result of the study, it has been
determined that Sure Grow 125 has a high tolerance to climate change and maintains its yield potential
and Gloria variety had higher yield at low temperatures, while the hybrids have the genetic potential to
increase seed cotton yield in Antalya.
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Introduction

Cotton is the most important fiber plant for Turkey as well as for other countries. The
rapidly increasing world population and use of natural fiber increase the importance of
cotton, while the need of cotton cultivars to special environmental conditions with the
global warming limited the production. Turkey ranked as the 7" country in terms of the
world cotton production (Kolay, 2019) and this production involves varieties of
Gossypium hirsutum L. However, climate change in recent years, as in other countries,
affects the temperature and precipitation of Turkey. Although a solution is sought for
this problem, the genetic potentials of the varieties is of great importance for the
solution of possible problems.

Cotton encounters with a lot of biotic and abiotic stress throughout its life and reacts
differently with its genetic heritage. These responses can be different depending on the
severity of the stress and the stage of plant development. For example, the temperature
stress caused by global warming, which is one of the biggest problems of today, affects
germination, growth, flowering and boll formation. Moreover, if no precautions are
taken, global warming will occur due to the CO: increase in the atmosphere by an
average of 2.5 °C (1.5 - 4.5 °C) until 2100 (Aksay et al., 2005). This problem will cause
melting of polar glaciers, changing day/night temperature difference and precipitation
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regime. While plants respond to this situation with field change, germination and lack of
development, yield and quality losses. Researchers found that the accumulation of dry
matter in cotton occurred at the peak flowering stage and day/night temperature were
30/20 °C (Reddy et al., 1991), and that air temperature, sunlight, soil and relative
humidity were also important (Hake and Silvertooth, 1990). Temperatures up to 30-
32 °C are effective in boll production but exceeding 32 °C are harmful because they
cause a decrease in yield due to square shedding (Unay and Basal, 2005). In addition,
Loka and Oosterhuis (2010) reported a decrease in the amount of carbohydrates with
respiratory acceleration due to high night temperature.

On the other hand, cotton farming has also been reported to be affected by low
temperatures. In particular, temperatures below 10-12 °C cause death by creating a
shock effect, while the severity and duration of temperatures of more than 12 °C and
less than 18 °C during the germination period, prolonging the growth, development and
harvest periods of the plant, delays to pass following stage (Basra, 1999). In contrast,
plants can respond to high temperature by controlling stomatal conductivity and stoma
number, changing leaf area and leaf number, low temperatures by increasing earliness.
Deltapine 41, Africa E5 and Campu cultivars (Gonen, 2017) as well as Melez-1
(Salman et al., 2019) were tolerant to high temperature stresses. Anjum and Khatoon
(2003) had reported that Gossypium hirsutum L. species were more tolerant than
Gossypium arboreum L. regarding low temperatures. On the other hand, the period,
time, duration and intensity of precipitation affect the germination, growth and
development of cotton. While strong and long-term rains that occur after planting
reduce germination and seedling emergence, rains occurring during squaring, blooming
and boll opening decrease pollination and cause shedding in bolls and contamination in
fiber. On the other hand, the precipitation in May and June affects the yield positively
(Cetin and Basbag, 2010).

This study was carried out in Antalya to determine the reaction of some cotton
genotypes (homozygous and heterozygous, Fs.s) with different genetic structure to
different climatic conditions.

Materials and Methods

This study was carried out in Antalya-Turkey (36° 53' 48.8" N - 30° 42' 53.4" E,
altitude: 39 m) in 2017 and 2018. 11 heterozygote genotypes (Cross-1005, Cross-1006,
Cross-1008, Cross-1013, Cross-1019, Cross-1101, Cross-1102, Cross-1103, Cross-
1105, Cross-1109 and Cross-1115) were used as plant material with 3 homozygous
control cotton (Gossypium hirsutum L.) namely Sure Grow 125, Gloria and Flash.

The study was carried out with three replications in randomized complete blocks
design in 2017 and 2018. Genotypes were planted on May 8™, 2017 and May 10™", 2018,
in 10 meters long rows of 4 in parcels. Distance between rows was 0.70 m, while 0.15
m from plant to plants in one row.

With the planting, 60 kg ha of pure nitrogen (N) and 6 kg ha* pure phosphorus
(P20s) were given in the form of compound (20-20-0), and 100 kg ha of pure nitrogen
(N) was given as urea (46% N) before the second irrigation.

Harvesting was done by hand on October 23, 2017 and on October 17", 2018.
While seed cotton yield and fiber yield per hectare were determined from the parcels,
the ginning outturn was determined with the following formula (Eq.1) below. Other
characteristics were determined over 20 plants in each plot, also. Variance analyses
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were done in JMP 13 software with data collected from experiment according to split
plots design in randomized complete blocks.

% Ginning outturn: (Fiber yield/Seed cotton yield)*100 (Eq.1)

The experiment area is sandy-clay, slightly alkaline, salt-free, and is poor in organic
matter (1.55%). Climate data of Antalya for 2017 and 2018 differed greatly (Table 1).
While the first four months of 2018 were hotter, more humid, and rainier than 2017,
these values differed in the cotton season (May-October) compared to the months.
However, according to long term, while averages of minimum and maximum
temperatures were lower in both 2017 and 2018 in the first four months, precipitation
was higher. On the other hand, average temperature of 2017 was similar with long-term
value.

Moreover, it is understood from Table 1 that precipitation in the cotton season of
2018 were continued monthly, except August, and 25.2% (139 mm) of total annual
precipitation (549.8 mm) fell in the cotton season. According to long term value, 2017
was very dry compared to 2018, but 2018 showed similarity with long term value in
term of precipitation in the cotton growing season.

On the other hand, when the data for this period were analyzed, it was observed that
the average and maximum temperatures in June and July 2018 were less than in 2017
and but similar August and high in September and October. Furthermore, in total
minimum temperatures different were 13.3 °C the effects of May, July, August and
October.

As a result of this study, it was determined that 2017 was drier than both 2018 and
long-term averages, while the maximum temperatures for 2017 and 2018 were lower
than the long-term average, whereas the minimum temperatures were higher, and 2017
was similar to the long-term value in term of average temperature. The study was
analyzed according to the split plot method in a randomized block design, and
population means of eleven hybrid combinations were compared with standard-control
varieties. In the study, while comparison of genotypes was done with LSD (0.05) (Least
significant degree), the yields of genotypes for years were compared with the "t-test"
and the following equation (Eq.2) below.

% Difference: ((Value 2018-Value 2017) / Value 2017) * 100 (Eq.2)

Results and Discussion
Seed cotton yield (kg ha?)

Seed cotton yields of genotypes differed over the years (Table 2). In the cotton
season of 2018, the total average and maximum temperature was 3.1 °C and 14.2 °C
more than 2017, and the minimum temperature was 13.3 °C less in total. As reported by
Salman et al. (2019), heterozygous hybrids and homozygous Gloria responded
positively to climate change unlike Flash cultivar while Sure Grow 125 responded
negatively that was statistically non-significant. While the seed cotton yield of hybrids
increased from 284.8 kg ha (2017) to 322.9 kg ha (2018), the average of controls
decreased from 3179.2 kg ha! (2017) to 3045.6 kg ha* (2018), and the average of the
region decreased from 3112.9 kg ha (2017) to 3082.3 kg ha* (2018).
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Table 1. Climate data of Antalya province in 2017 and 2018 with long term average

Average Minimum Maximum Average Rglative Precipitation
Temperature Temperature Temperature Humidity

MONTHS (°C) (°C) (°C) (%) (mm)
2017 2018 LT | Dif. | 2017 2018 LT | Dif. | 2017 2018 LT | Dif. | 2017 2018 Dif. | 2017 2018 LT  Dif.
January 85 108 100 | 23 | 03 17 -43 | 14 | 178 209 239 | 31 | 687 722 35| 560 108 2421 -452
February 104 128 106 | 24 | -1.0 34 -46 | 44 | 218 212 267 | -06 | 620 830 210| 50 910 1544 86.0
March 131 150 128 | 19 1.7 68 -16 | 51 | 244 258 286 | 14 | 715 789 7.4 | 700 940 972 240
April 164 185 163 | 21 | 44 67 14 | 23 | 316 352 364 | 36 | 692 687 -05| 270 20 504 -25.0
Total 484 571 497 | 87 | 54 186 -9.1 | 132 | 956 103.1 1156 | 7.5 | 2714 3028 31.3|158.0 197.8 544.1 39.8
Average 121 142 124 | 35 | 22 74 -23 | 53 | 382 412 289 | 3.0 |1086 1211 125| 632 79.1 136.0 159
May 205 232 205 |27 | 121 119 6.7 |-02| 335 356 387 | 21 | 73.0 662 -6.8]| 350 190 321 -16.0
June 258 255 253 |-03| 155 163 111 | 08 | 445 380 448 | -65 | 664 728 64 | 00 650 109 65.0
July 294 285 284 |-09| 183 182 148 |-0.1 | 448 433 450 | -15| 620 658 38 | 00 180 45 180
August 279 280 283 |01 | 190 172 136 |-18| 403 408 446 | 05 | 723 712 -11| 0.0 00 46 0.0
September 252 259 251 | 0.7 | 147 152 103 | 05 | 369 407 425 | 38 | 724 651 -73| 00 13.0 181 13.0
October 19.7 204 205 |07 | 197 72 49 |-125| 197 355 387 | 158 | 649 673 23 | 290 240 721 -50
Total 148.4 1515 1481 | 3.0 | 993 86.0 61.4 |-13.3|219.7 233.9 2543 | 142 | 411.0 4084 -2.6 | 640 139.0 1423 75.0
Average 247 252 246 | 05 | 166 143 102 | -22 | 366 390 424 | 24 | 685 681 -04| 107 232 237 125
November 144 157 154 | 13 | 31 72 00 | 41 | 322 315 330 | -07 | 740 725 -15| 480 570 1336 9.0
December 120 115 116 |-05| 08 00 -19|-08| 259 216 254 | -43 | 818 780 -3.8| 740 156.0 2653 82.0
Total (Year) |223.2 2357 2248|125 1086 1118 504 | 3.2 | 3734 390.1 4283 | 16.7 | 838.2 8615 23.4|344.0 549.8 1085 205.8
Average (Year) | 172 181 1873 | 1.0 | 84 86 42 | 02 | 287 300 357 | 13 | 645 663 18 | 265 423 904 1538

LT: Long term average (1930-2019), Dif:

Difference (2018-2017)
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Table 2. Analysis of variance of the parameters studied

Degree | Seedcotton | Ginning | iy viely | plant height |NUMPer Of DOl gy e ’:;r:mnpbcfc:igr ﬂé’ﬁéﬁiﬁ%
Sources of yield outturn O per plant
freedom (kg ha') (%) (kg ha™) (cm) (count) (9) branches branches
(count) (count)
Replications 2 4752.83 0.18 935.92 382.93 10.45 1.62 0.44 1.62
Years (Y) 1 7101.67 6.70 1747.52 5809.48 36.51 0.19 28.17 0.06
Genotypes (G) 4 13498.83 10.04 1894.89 167.50 37.86 1.20 5.46 2.48
YXxG 4 10929.05 4.27 1582.84 57.65 16.38 1.03 4.27 0.59
Error 18 41818.84 8.43 6567.25 2003.91 105.61 3.50 12.57 6.15
Total 29 62097.22 57.23 10081.55 32964.48 194.23 6.79 92,48 14.61
CV (%) 15.56 1.68 15.14 9.38 15.87 10.04 5.71 17.80
LSD (0.05) Years 82.68 * 117 * 32.77 18.10* 416 * 143*
LSD (0.05) Genotypes 82.68 1.17*

CV (%): Coefficient of Variation, LSD (o.05): Least Significant Degree, *: p<0.05, **: p<0.01, ns: non-significant, p: Probability
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While Gloria cultivar had positive effect on averaged controls from 2742.2 kg ha*
(2017) to 3052.2 kg ha* (2018), Flash had negative contribution from 3592.1 kg ha*
(2017) to 2904.0 kg ha* (2018) as Sure Grow 125 from 3203.3 kg ha* (2017) to 3180.7
kg ha (2018). In other words, climate difference had an effect of 13.38% in hybrids, -
0.67% in Sure Grow 125, 11.3% in Gloria, -19.2% in Flash, -4.18% in the control mean,
and -1% in the region average. This situation may have been caused by genotype X
environment dissonance.

While the effect of climate difference on the seed cotton yield was more negative
(Chen et al., 2015), Sure Grow 125 was found to be important for both producers and
the continuation of the breeding work with the potential to reflect the climate difference
to the yield at a minimum rate, and Gloria and hybrids with potential to increase the
yield of the region (Figure 1).
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Figure 1. Seed cotton yield (kg ha™), average and difference values of the genotypes for years

Ginning outturn (%)

While genotypes respond to climate change between years by reducing ginning
outturn, genotype difference has been found significant (Table 2 and Figure 2). The
greatest reduction was observed in heterozygous hybrids. Ginning outturn reduced from
42.8% (2017) to 41.0% (2018) in hybrids, from 41.6% (2017) to 39.8% (2018) in the
average of controls, from 41.9% (2017) to 39.7% (2018) in the region average.

While Sure Grow 125 was the least affected variety from climate difference and
Gloria was the most affected (Figure 2), the ginning efficiency decline between years
was -8.18% in hybrids, -2.96% in Sure Grow 125, -539% in Gloria, and -5.01% in
Flash, -4.33% in the average of controls and -5.25% in the regional average. While
climate change reduces ginning outturn in both homozygous and heterozygous
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genotypes, Sure Grow 125 has been found to be important for producers and breeding
programs as the least affected variety (Figure 2).
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Figure 2. Ginning outturn (%) average and difference values of the genotypes for years

Lint yield (kg hat)

Fiber yield was positively and significantly correlated with seed cotton yield and
ginning outturn. In the study where the difference in genotypes and years was
significant (Figure 3), the fiber yield increased from 122.4 kg ha® (2017) to
126.9 kg ha! in hybrids, the average of controls decreased from 132.1 kg ha* (2017) to
121.1 kg ha (2018), and region average decreased from 130.1 kg ha?l (2017) to
122.2 kg hat (2018).

Gloria had positive effect on average of controls (from 116.8 kg ha?® (2017) to
122.8 kg ha (2018)] while Flash [from 149.9 kg ha (2017) to 115.7 kg ha* (2018)]
and Sure Grow 125 [from 129.6 kg ha (2017) to 124.7 kg ha* (2018)] gave negative
contribution. The climate difference of the years had positive effect on fiber yield in
hybrids (3.68%) and Gloria (5.14%), while Sure Grow 125 (-3.78%), Flash (-22.82%),
average of controls (-8.33%) and region average (-6.07%) were negatively affected.
Sure Grow 125 was the least affected by climate difference and the control with the
highest fiber potential. On the other hand, hybrids had the genetic potential to increase
the yield of the region, while the most sensitive variety to climate difference was Flash
(Figure 3).
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Figure 3. Fiber yield (kg ha™) average and difference values of the genotypes for years

Plant height (cm)

The plant height, which positively correlates with the seed and fiber cotton yields,
evaluated climate differences in the direction of vegetative development (Table 2 and
Figure 4).
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Figure 4. Plant height (cm), average and difference values of the genotypes for years
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83 mm precipitation, which fell in July and August 2018, increased atmospheric
humidity and caused the temperatures to remain low. Vegetative branches production of
plant increased because of average/minimum temperature ratios in June, July and
August in 2018 that were incompatible with optimum temperature ratio (30/22 °C) of
Reddy et al. (1992). Therefore, the plant height increased from 78.3 cm (2017) to
140.2 cm (2018) in hybrids, from 81.6 cm (2017) to 145 cm (2018) in the control mean
and from 80.9 cm (2017) to 144 cm (2018) in the region means (Figure 4) but ginning
outturn of the region has decreased as well as the seed and fiber cotton yield. While the
highest contribution to the average of the controls was from Gloria with 68.1 cm, Sure
Grow 125 gave the lowest contribution.

Number of bolls per plant

The number of bolls in a plant is the most important feature that contributes
positively to the yield with its boll weight (Worley et al., 1974; Rauf et al., 2006;
Srinivas et al., 2014). Since the climatic conditions of 2018 (Table 1) encouraged
vegetative growth and delayed generative development, the number of bolls of hybrids
and varieties decreased.

The number of bolls decreased from 16.1 (2017) to 14.6 (2018) in hybrids, from 16.5
(2017) to 14.0 (2018) on the average of controls, from 16.4 to 14.1 (2017) in the region
average that was confirmed by Zhao et al. (2005). While Flash was the biggest
contributor to this decrease, Gloria was the most tolerant variety. In other words,
climate difference had an impact of -9.32% in hybrids, -11.76% in Sure Grow 125,
-3.40% in Gloria, -25.39% in Flash, -15.15% in control mean, and -14.02% in region
average. Gloria was found to be important for breeding programs and producers as the
most tolerant variety for climate difference (Figure 5).
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Figure 5. Number of bolls per plant, average and difference values of the genotypes for years
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Boll weight (g)

Seed cotton yield per boll is an important feature with a positive correlation with
cotton yield (Khalid et al., 2018). The boll weights of hybrids and other controls
increased in 2018, except for Sure Grow 125. This was found to be important in terms
of reducing the negative impact of climate difference on number of bolls and yield. Boll
weight increased from 4.06 g (2017) to 4.28 g (2018) in hybrids, from 4.41 g (2017) to
4.47 g (2018) in control averages, from 4.34 g (2017) to 4.43 g (2018) in region
average. Gloria [from 4.07 g (2017) to 4.49 g (2018)] and Flash [4.32 g (2017) to 4.69 g
(2018)] had positive effect on average of controls, while Sure Grow 125 [from 4.23 ¢
(2017) to 4.84 g (2018)] had a negative contribution.

In other words, climate difference contributed to the boll weight by 5.42% in
hybrids, -12.60% in Sure Grow 125, 10.32% in Gloria, 8.56% in Flash, 1.36% in
controls average, and 2.07% in region average. While Sure Grow 125 is the most
affected variety of climate change in terms of boll weight, Gloria has been found to be
important for breeding programs and producers as the most tolerant variety (Figure 6).

Number of fruiting (sympodial) branches

Although the number of fruiting branches is one of the characteristics that positively
affect the cotton yield, the number of fruiting branches that sheds bolls is a problem as
vegetative growth.
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Figure 6. Boll weight (g), average and difference values of the genotypes for years

In the study, both homozygous (controls) and heterozygous (hybrids) genotypes
increased the number of fruiting branches in 2018 (Table 2 and Figure 7), while Flash
had the highest number of fruiting branches. Number of sympodial branches increased
from 12.9 (2017) to 15.9 (2018) in hybrids, from 13.2 (2017) to 16.2 (2018) in control
averages, and from 13.1 (2017) to 16.1 (2018) an average of region that is comparable
with Ekinci et al. (2017). In other words, the climate difference contributed the number
of fruiting branches as 23.25% in hybrids, 20.8% in Sure Grow 125, 13.98% in Gloria,
33.33% in Flash, 22.72% in the control average, and 22.90% in the region average.
While climate change affects Flash variety at most in terms of number of fruiting
branches, Gloria was found to be the most tolerant variety for breeding programs and
producers (Figure 7).
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Figure 7. Number of sympodial branches, average and difference values of the genotypes for

years

Number of vegetative (monopodial) branches

Vegetative branch having bolls affects yield positively, and the non-retainer affects
negatively since it is a vegetative shoot. In the study, the number of monopodial
branches of other controls and hybrids, except Gloria, decreased in 2018. The number of
monopodial branches reduced from 3.77 (2017) to 3.03 (2018) in hybrids, from
3.37 (2017) to 3.14 (2018) in control averages, and from 3.45 (2017) to 3.12 (2018) in

region average.

In other words, climate difference contributed to the number of vegetative branches
-19.63% in hybrids, -18.73% in Sure Grow 125, 1.84% in Gloria, -5.00% in Flash,
-6.83% in the control mean and -9.57% in the region average. While climate difference
affects hybrids and Sure Grow 125 the most, Gloria was found to be important for

breeding programs and producers as a tolerant variety (Figure 8).
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Figure 8. Number of monopodial branches, average and difference values of the genotypes for

years
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Conclusion

Genotypes differ in terms of ginning outturn compared to the averages of 2017 and
2018. In addition, the differences between years in terms of seed cotton yield, ginning
outturn, plant height, number of bolls and number of fruiting branches were also found
significant. Hybrids have increased the boll weight and decreased the number of
vegetative branches, reducing the potential negative impact of the number of bolls per
plant and ginning outturn that are negatively affected by the climate of 2018 on the seed
cotton yield and fiber yield. On the other hand, it was determined that the variation
continues in hybrids in terms of seed cotton yield, ginning outturn, plant height and
number of fruiting branches. Therefore, when suitable plants are selected, the yield of
the region may increase. Sure Grow 125, which is one of the controls, is found to be
tolerant for the year difference in terms of seed cotton yield, ginning outturn, fiber yield
and number of bolls per plant, and is sensitive in terms of boll weight. On the other
hand, Gloria was tolerant for fiber yield, number of bolls per plant, number of
vegetative branches and had also potential for seed cotton yield, fiber yield, boll weight
and number of fruiting branches. Flash was the most sensitive control type in terms of
seed cotton yield, ginning outturn, fiber yield, number of bolls per plant and number of
fruiting branches. At the end of the study, it has been determined that climate difference
will have the least impact on Sure Grow 125, while hybrids have the potential to
increase the yield of the region.

REFERENCES

[1] Aksay, C. S., Ketenoglu, O., Kurt, L. (2005): Global warming and climate change. —
Selcuk University, Science Journal of Faculty of Science 1(25): 29-41. (in Turkish).

[2] Anjum, Z. I., Khatoon, A. (2003): Chilling effect on germination and seedling vigour of
some cultivated species of Gossypium. — Asian Journal of plant Sciences 2(3): 297-299.

[3] Basra, A. S. (1999): Growth regulation of cotton fibers. — In: Basra, A. S. (ed.) Cotton
Fibers: Developmental Biology, Quality Improvement and Textile Processing. New York,
USA: The Haworth Press, pp. 47-63.

[4] Cetin, O., Bashag, S. (2010): Effects of climatic factors on cotton production in semi-arid
regions - A review. — Research on Crops 11(3): 785-791.

[5] Chen, C., Pang, Y. M., Pan, X. B., Zhang, L. Z. (2015): Impacts of climate change on
cotton yield in China from 1961 to 2010 based on provincial data. — Journal of
Meteorological Research 29: 515-524.

[6] Ekinci, R., Bashag, S., Karademir, E., Karademir, C. (2017): The effects of high
temperature stress on some agronomic characters in cotton. — Pakistan Journal of Botany
49(2): 503-508.

[71 Gonen, H. K. (2017): Comparing the reactions of cotton (Gossypium spp.) genotypes to
temperature stress under Diyarbakir conditions. — Master Thesis, Adnan Menderes
University, Institute of Science, Field Crops Department (in Turkish).

[8] Hake, K., Silvertooth, J. (1990): High temperature effects on cotton. — Physiology Today
Newsletter of the Cotton Physiology Education Program 1(10).

[91 Khalid, M. A., Malik, T. A., Fatima, N., Shakeel, A., Karim, I., Arfan, M., Merrium, S.,
Khanum, P. (2018): Correlation for economic traits in upland cotton. — Acta Scientific
Agriculture 2(10): 59-62.

[10] Kaolay, B. (2019): Cotton farming in Diyarbakir. — Agricultural Journal 34: 53-55.

[11] Loka, D., Oosterhuis, D. M. (2010): Effects of high night temperature on cotton
respiration, ATP levels and carbohydrate content. — Environmental and Experimental
Botany 68: 258-263.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3453-3465.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1905_34533465
© 2021, ALOKI Kft., Budapest, Hungary



Cetin - Giivercin: Response of cotton (Gossypium hirsutum L.) hybrid (Fs.e) to climatic differences in term of yield and yield

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

components
- 3465 -

Rauf, S., Munir, H., Basra, S. M. A., Abdullojon, E. (2006): Combining ability analysis
in upland cotton (Gossypium hirsutum L.). — International Journal of Agriculture &
Biology 8: 341-343.

Reddy, V. R., Baker, D. N., Hodges, H. F. (1991): Temperature effect on cotton canopy
growth, photosynthesis and respiration. — Agronomy Journal 83: 699-704.

Reddy, K. R., Reddy, V. R., Hodges, H. F. (1992): Temperature effects on early season
cotton. Growth and Development. — Agronomy Journal 84: 229-237.

Salman, M., Zia, Z. T., Rana, I. A., Magsood, R. H., Ahmad, S., Bakhsh, A., Azhar, M.
T. (2019): Genetic effects conferring heat tolerance in upland cotton (Gossypium
hirsutum L.). — Journal of Cotton Research 2-9.

Srinivas, B., Bhadru, D., Rao, M. V. B., Gopinath, M. (2014): Genetic studies in yield
and fiber quality traits in American cotton (Gossypium hirsutum L.). — Agricultural
Science Digest 34(4): 285-288.

Unay, A., Basal, B. (2005): Climate changes and cotton. — Adnan Menderes University,
Faculty of Agriculture Journal 2(1): 11-16. (in Turkish).

Worley, S., Culp, T. W., Harrell, D. C. (1974): The relative contributions of vyield
components to lint yield of upland cotton (Gossypium hirsutum L.). — Euphytica 23: 399-
403.

Zhao, D., Reddy, K. R., Kakani, V. G., Koti, S., Gao, W. (2005): Physiological causes of
cotton fruit abscission under conditions of high temperature and enhanced ultraviolet-B
radiation. — Physiologia Plantarum 124: 189-199.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3453-3465.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1905_34533465
© 2021, ALOKI Kft., Budapest, Hungary



