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Abstract: It was carried out to determine the harmful effects of high temperature stress on cotton
plant during the vegetative development period in this study. The trial was established in the
GAPUTAEM trial area in 2020, with 4 blocks according to the Augmented trial design. As
standard; Tamcot Spnhix, SJU86, AGC208, STV468, ST474 and Carmen varieties and 88 cotton
varieties registered in the National Variety List were used as trial material. In the study, the relative
cell damage rate (RCI) and leaf high temperature stress index values (Y'YSSI) were investigated.
Cell membrane damage (%RCI) varied between 41.81% and 74.84%; While the average of the
standards was 68.15%, the general average was determined as 62.42%. Leaf high temperature
stress index (Y'YSSI) values varied between 0.48 and 1.85, while the YYSSI average of the
standards was 0.98, the overall YYSSI average of the experiment was found to be 1.02. It was
determined that there was a wide variation among the genotypes screened for vegetatively high
temperature stress. It has been concluded that Y'Y SSI and RCI traits are important, effective, easy
and applicable selection criteria for screening genotypes that are vegetatively tolerant and sensitive
to high temperature stress in cotton plants. It is recommended to evaluate these two parameters
together as it will provide more accurate results. It has been determined that Teksa 415 cotton
variety is in the vegetatively tolerant group. Vegetatively, 31 genotypes were in the moderately
tolerant group and 62 genotypes were in the susceptible group.

Bazi Pamuk (Gossypium hirsutum L.) Cesitlerinin Vejetatif Olarak Yiiksek Sicakhiga Karsi

Toleranthklarimn incelenmesi
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Oz: Bu calismada, vejetatif gelisim doneminde pamuk bitkisinde yiiksek sicaklik stresinin, zararli
etkilerinin belirlenmesi amaciyla yapilmistir. Deneme, 2020 yilinda GAPUTAEM deneme
alaninda, Augmented deneme desenine gore 4 bloklu olarak kurulmustur. Standart olarak; Tamcot
Spnhix, SJU86, AGC208, STV468, ST474 ve Carmen cesitleri ve Milli Cesit Listesinde kayith 88
adet pamuk ¢esidi deneme materyali olarak kullanilmistir. Aragtirmada, bagil hiicre zararlanma
oran1 (RCI) ile yaprak yiiksek sicaklik stres indeks degerleri (YYSSI) incelenmistir. Hiicre
membran hasar1 (%RCI) %41.81 ile %74.84 arasinda degisim gostermis; standartlarin ortalamasi
%68.15 iken, genel ortalama %62.42 olarak saptanmustir. Yaprak yiliksek sicaklik stres indeks
(YYSSI) degerleri 0.48 ile 1.85 arasinda degismis olup, standartlarin Y'Y SSI ortalamasi 0.98 iken,
denemenin genel YYSSI ortalamasi 1.02 olarak saptanmustir. Vejetatif olarak yiiksek sicaklik
stresi igin taranan genotipler arasinda genis bir varyasyon oldugu belirlenmistir. YYSSI ve RCI
ozellikleri, pamuk bitkisinde vejetatif olarak yliksek sicaklik stresine karsi tolerant ve hassas
genotiplerin taranmasi igin 6nemli, etkili, kolay ve uygulanabilir se¢im kriteri oldugu kanisina
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vartlmstir. Bu iki parametrenin birlikte degerlendirilmesi daha dogru sonuglarin elde edilmesini
saglayacagindan tavsiye edilmektedir. Teksa 415 pamuk cesidinin vejetatif olarak tolerant grubuna
girdigi tespit edilmistir. Vejetatif olarak, 31 genotip orta tolerant ve 62 genotip ise hassas grupta

yer almistir.

1. INTRODUCTION

The cotton plant is an important and strategic product that
constitutes the raw material of approximately 50 different
industrial industries, especially the textile, oil, and feed
industry sectors. In the 2021 and 2022 cotton production
seasons, the world's four largest cotton-producing
countries are India (5.9 million tons), China (5.7 million
tons), the USA (4 million tons), and Brazil 2.7 million
tons, respectively. In Turkey, seed cotton production
increased by 26.9% in 2021 and amounted to 2.25 million
tons [1]. Considering the average data of the last 10 years
in Turkey, the cotton cultivation area is 462 thousand
hectares, the amount of fiber produced is 835 thousand
tons, and the fiber yield is 19.3 kg.ha* [2]. In our country,
cotton is grown intensively, especially in the South
eastern Anatolia Region, Aegean Region, Adana, and
Antalya regions with the determining effect of climate
factors [3]. Approximately 59.31% of the cotton produced
in our country is produced in the south eastern Anatolia
Region [4]. However, due to the fact that the climate
conditions of the south eastern Anatolia Region are dry
and hot in summer, high temperature has a negative and
significant effect on the vegetative and generative periods
of cotton. Cotton is frequently exposed to many biotic and
abiotic stresses during its growth stages [5, 6, 45, 46].
According to the International Intergovernmental Panel
on Climate Change report, air temperatures are expected
to increase by 0.2 °C every 10 years, with global warming
being the key factor of high temperature stress. And from
2020 to 2080, the world temperature is predicted to
increase by 0.5-5.44 °C [7, 8). Temperature trends display
that the global average temperature may increase by 1-4
°C by the end of the 21st century [9]. Although the
temperature requirement of the cotton plant varies
according to the growth stage, in conditions where it does
not fall below 15 °C, leaf, bud, flower, and boll
development takes place and it tends to grow
continuously, and temperatures of 25-32 °C are sufficient
for optimum growth [10, 11, 12]. The optimum
temperature values for the first development stages of
cotton (main stem elongation, leaf area development, and
biomass production) are 30/22 °C day/night. Heat stress
can be defined as the emergence of morphological,
physiological, and biochemical changes in the plant that
exceeds the thermal capacity of the plant above the
desired optimum temperature in its life cycle.
Accordingly, since registered commercial cultivars with
little resistance to high temperature stress have a narrow
genetic base with limited genetic gain, these cultivars may
increase their susceptibility in a stressful environment [13,
14, 15, 45, 46]. While the cotton plant produces four times
more fruit branches at 30/22 °C than at 20/12 °C, it
produces fewer monopodial branches [16]. Going on of
the daily maximum temperature affects the germination of
cotton plants in the vegetative period, root and tiller
growth, sympodial and monopodial branches, internode
distance, photosynthesis, respiration, and ATP formation.

In the generative period, it affects biomass, boll number
per plant, boll size and weight, cellulose accumulation and
fiber yield, fiber quality, fiber length, strength and
micronaire value [17, 18, 18, 19, 20, 45, 46, 47]. In
addition, high temperature affects the morpho-
physiological properties of the cotton plant. Therefore, by
discovering high temperature tolerant cultivars or genes,
various techniques have been used to develop temperature
tolerant genotypes. Among the many screening
techniques that have been used for cotton plants, relative
cell damage (%RCI) using Cell Membrane
Thermostability (CMT) is a popular and rapid
physiological technique for screening cotton germplasm
for resistance to heat stress [21]. This method is widely
used in many plants such as paddy, soybean, tomato, and
cotton [22]. In cotton, the %RCI technique is widely used
to screen for temperature tolerant genotypes. Because %
RCI is a true indicator of cell membrane thermostability
(CMT) and is simpler, more effective, and more cost-
effective than other scanning techniques [23, 24, 25]. The
use of canopy and leaf temperature is an important
technique that has been used more and more recently in
terms of germplasm temperature tolerance [22]. This
technique has been used by various researchers for
temperature tolerance of cotton and corn varieties [25,
26]. Our main aim in this study is to determine the
response and tolerance status of some domestic and
foreign origin cotton (Gossypium hirsutum L.) genotypes
in our inventory, especially originating and registered
cotton varieties in our country, to high temperatures in the
vegetative period. At the same time, determining the
parents with special characteristics and including them in
the breeding program [27] is to facilitate the researchers
in breeding studies and to minimize the environmental
effects in selection.

2. MATERIAL AND METHOD

2.1. Material: In this study, 94 cotton (Gossypium
hirsutum L.) genotypes registered in the national variety
list of domestic and foreign origin, cotton varieties
originating from especially our country and registered
were used as plant material (Table 1).

2.2. Experimental Design: The field experiment was
established in the trial area of the GAP International
Agricultural Research and Training Center, in the cotton
growing season of 2020, with 4 blocks according to the
Augmented Design. Stonville474, Tamcot Sphinx,
SJU86, Stonville468, AGC208, and Carmen genotypes
were included as standard in the experiment. In the
experiment, each of the parcels consisting of two rows is
4.0 m long and 1.4 m wide.
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Table 1. Information on Cotton Genotypes Used as Material
Origin of Material Cotton Varieties

USA Tamcot Sphinx, SJU86, AGC208
BASF Turkish Chem.

Inds. and Trade Ltd. Fiona, Carla, ST498, STV468, Carmen
Comp.

Bayer Turkish Chem.

Inds. Ltd. Comp. Claudia, Gloria, Candia, Flora

Birlik Seed. Inds. and
Trade. Ltd. Comp.

Bir781, Bir949, Cosmos, Bir138

Caso Seed. Inds. and

Trade Ltd. Comp. Cas09048
EMTZARI Furkan
TYAL93, Ceykot340, TYA366, ADN701,
MAY355, MAY455, MAY505, TMK122,
TMN18, MAY344, Nihal, ADN413,
EMARI ADN710, ADN712, ADN123, ADNS811,
Gelincik, Sarigelin, Cukurova 1518, Bossa
159, Teksa415, Yildirimé63, Ayzek 595,
Gapkot 732, Ceykot 92
GAP ARI ZN 243
GAP IARTC Kartanesi
Optasia, Esperia, Bomba, GW2345,
Golden West Seed Babylon, Famosa, Fantom, Penta (Golda),
Trade Ltd. Comp. .
Primera
Livagro Agr. Seed. Zara

Ltd. Comp.

May-Agro Seed Inds.
and Trade Incorp.
Comp.

Monsanto Nutr. and
Agr. Trade. Ltd.
Comp.

Gaia, ST474, MAY404

DP332, ST478, DP396, DP499, SG125

Ozaltin Agr. Bus.
Inds. and Trade
Incorp. Comp.

Lodos, Ozaltin404, Ozaltin112

Ozbugday Agr. Bus.
and Seed Incorp.
Comp.

Lider (Mig119), Diva (Teks)

SC2009, SC2079, Efe, Ergiiven, Hareml,
CRI Harem2, ES1, ES2, Sezener76, Ozbek105,
Ipek607, Giirelbey, Aydinl10, $ahin2000

Progen Seed Incorp. Kaira, Lima, Astoria, Edessa, BA440,
Comp. Carisma, PG2018, BA525, Flash

Tiriyo Seed. Ltd.

Comp.
EMTZARI (East Mediterranean Transitional Zone Agricultural Research
Institute), EMARI (East Mediterranean Agricultural Research Institute), GAPARI
(GAP  Agricultural Research Institute), GAP IARTC (GAP International
Agricultural Research and Training Center), CRI (Cotton Research Institute)

Zenal010, Zenal040, Zenal018

2.3. Examined Features

Leaf Temperature: In the experimental area created
under field conditions, the cotton plant was subjected to
high temperature shock practice (HTSP) by being placed
in a low tunnel for an uninterrupted 96 hours during the
peak flowering period. With the help of the thermometer
placed in the low tunnel, during the hot hours of the day
(13:00-16:00), when the temperature is above 50 °C, the
low tunnel was opened from the sides to reduce the
temperature. Observations were taken before high
temperature shock application was recorded as Control.
Observations taken at the end of the high temperature
shock application period were recorded as Stress. Control
and Stress observations were taken separately from 3 of
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the same plants, which were previously coded and
selected in each parcel, and the average of the
observations was taken. Leaf temperature was taken
separately with an Infrared device (Multifunction
InfraRed Thermometer CEM DT-8811H) before and after
HTSP. It was evaluated statistically over the averages of
the observations taken. Leaf High Temperature Stress
Index (LHTSI) was calculated according to the formula
specified by Fischer and Maurer [28] and evaluated by
modifying it according to Ekinci [29].

LHTSI:((Gn-Gs)/Gn)/((An-As)/An) 1)

LHTSI: Leaf high temperature stress index

Gs: Leaf temperature value of the genotype under stress
conditions

Gn: Leaf temperature value of the genotype under
normal conditions

As: Average of leaf temperature values of all genotypes
under stress conditions

An: The average of leaf temperature values of all
genotypes under normal conditions

Regarding the evaluation of genotypes after calculating
LHTSI values; If LHTSI < 0.5 it was evaluated as
“Tolerant”, if 0.5< LHTSI <1 as “Medium Tolerant” and
if LHTSI >1 as “Sensitive” [30].

The data obtained after control and stress were analyzed
according to Augmented Design and calculated and
analyzed over corrected values [31].

Cell Membrane Injury/Damage Rate %: Cell damage
percentage is based on the measurement of electrolyte
leakage from leaf discs in distilled water after heat
treatment [32]. The cell membrane damage feature was
calculated by utilizing the cell membrane thermostability
feature. Samples were taken from 3 randomly selected
and coded plants from each plot. Two sets of five 10 mm
diameter leaf discs were taken from the same leaf. One of
these sets was used for control and the other for stress.
Leaf discs were placed in test tubes containing 15 ml of
distilled water. One set was exposed to a digital water bath
at 50 °C and the other set was exposed to room conditions
at 25 °C for 1 hour. At the end of this period, 30 ml of
distilled water was added to the test tubes and incubated
at 10 °C for 24 hours. Then, the test tubes were mixed in
a rinser until they reached 25 °C, and C; - C, values were
measured. Both the samples were again heat treated at a
temperature of 121 °C for a period of 10 minutes under a
pressure of 15 Ibs. Then, the test tubes were mixed in a
rinser until they reached 25 °C, and T1- T, values were
measured. Cell membrane injury/damage ratio (%RCI)
values were obtained by formula 2 (Figure 1).
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Figure 1. Cell Membrane Thermostability Practice Method

%RCI:[1-(1-(T1/T2))/(1-(CL/C2) )]X100 @)

%RCI= Cell membrane injury/damage ratio

T1 = EC value after high temperature application
T, = EC value after autoclave

C1 = EC value before control autoclave

C. = EC value after control autoclave

YGDR value was calculated with Formula 3 for the
classification of RCI values.

YGDR= (RCIMax —RCIMin)/3 3)

Regarding the evaluation of genotypes after calculating
the RCI values; RCI < RCIMin+YGRD is “Tolerant”,
RCIMin+tYGRD < RCI < RCIMin+2*YGRD “Medium
Tolerant” and RCI > RCIMin+2*YGRD “Sensitive”.

3. RESULTS
3.1. Cell Membrane Injury/Damage Ratio (RCI)

The histogram of the %RCI feature is given in Figure 2a.
The %RCI feature values were determined as the lowest
at 41.81%, the highest at 74.84%, the genotype average at
62.78%, the standard average of 68.15%, and the YGDR
value at 11.01%. The number of cotton genotypes
included in the sensitive group (RC1>63.82%) in terms of
RCI feature is 51 (values are in the range of 64.15-
74.83%); The number of cotton genotypes in the medium
tolerant group (RCI values are in the range 52.82-63.82%)
is 30 (values are in the range of 53.45-63.56%) and the
number of cotton genotypes in the tolerant group (RCI
value <52.82%) is 13 (values are 41.80 —49.84%). Cotton
varieties that are in the tolerant group in terms of their
%RCI values; Cas09048 (41.81%), Flora (41.98%),
Primera (42.65%), Lider (Mig119) (43.71%), Ceykot92
(43.77%), Birl38 (44.22%), Zara (46.03%), Teksa4l5
(46.73%), BA525 (47.23%), Flash (47.88%), TYA193
(49.32%), Giirelbey (49.42%) and Diva (Teks) (49.84%)
(Table 2).

3.2. Leaf High Temperature Stress Index (LHTSI)

The histogram of the leaf high temperature stress index
(LHTSI) feature is given in Figure 2b. In the control
conditions, the average leaf temperature of the genotypes
varied between 26.28 °C and 33.77 °C, while the average
leaf temperature of the genotypes changed between 33.31
°C and 41.55 °C after HTSP. While the mean of the
standard genotype was 30.62 °C in the control conditions,
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the mean of the standard genotypes was 38.73 °C after
HTSP. While the average leaf temperature of all
genotypes was 30.45 °C in the control conditions, it was
determined that the average leaf temperature of all
genotypes was 38.64 °C after HTSP. LHTSI value is
greater than one, and 39 cotton varieties (LHTSI: 1.01-
1.85) were found to be in the sensitive group. It has been
determined that 52 cotton genotypes (LHTSI: 0.54-0.995)
have an LHTSI value between 0.5<LHTSI<I and are in
the middle tolerant group. In addition, it was determined
that the LHTSI value was greater than 0.5, and 3 cotton
genotypes (LHTSI: 0.48-0.495) were included in the
tolerance group. It was determined that cotton genotypes
in the tolerant group in terms of their LHTSI values were
TMK122 (LHTSI: 0.483), ADN811 (LHTSI: 0.495), and
Teksad1l5 (LHTSI: 0.492) (Table 2). The change of
genotypes to %RCI and LHTSI values are given in Figure
3.

30

Frequency
— —_— =] 153
= w =l o

w

45 50 55 60 65 70 75
RCI

Figure 2a. Histogram for the %RCI
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Figure 2b. Histogram for the LHTSI

Table 2. Numbers and Names of Cotton Genotypes in Sensitive,
Medium Tolerant and Tolerant Groups According to %RCI and LHTSI

In terms of
Groups In terms of %RCI LHTSI Joint
Sensitive 51 39
Medium 30 52
Tolerant
13 3
Cas09048, Flora, TMK122, Teksad15
Primera, Lider ADNS811,
(Mig119), Teksad15
Tolerant Ceykot92, Bir138,
Zara, Teksa415,
BA525, Flash,
TYA193, Giirelbey
ve Diva (Teks)
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Figure 3. LHTSI and %RCI Graph

As the genotypes get closer to the origin, vegetative
tolerance increases in terms of both traits (Figure 3). In
terms of RCI and LHTSI characteristics examined, the
Tolerance Zone (%RCI<52.82 and LHTSI<0.5) was
marked as TZ. It attracts attention that the Medium
Tolerance Zone (52.82%< RCI < 63.82% or
0.5<LHTSIX<1) consists of 3 parts (MTZ, Gray I, and Gray
I1). Although the Gray | region is tolerant in terms of the
RCI feature, it is seen to be in the Medium Tolerant group
in terms of the LHTSI feature. Similarly, although the
Gray Il region is tolerant in terms of the LHTSI feature, it
is noticed that it is in the Medium Tolerant group in terms
of the RCI feature. Therefore, Gray | and Gray Il zones
were included in the Medium Tolerant Zone. The
Sensitivity Zone (RCI>63.82% or LHTSI>1.0) has been
named SZ for both traits examined vegetatively.
ADNI123, ADN413, ADN710, AGC208, AydinllO,
BA440, Bir781, Bomba, Bossal59, Candia, Carisma,
Carla, Carmen, Ceykot340, Claudia, Cukuroval518,
DP332, DP499, Edessa, Efe, Ergiiven, ES1, ES2, Esperia,
Fantom, Fiona, Furkan, Gloria, GW2345, Hareml,
Harem?2, Tpek607, Kartanesi, Lima, Lodos, MAY404,
MAY455, MAY505, Optasia, Ozaltin112, Ozaltn404,
Ozbek105, Penta (Golda), PG2018, Sarigelin, SC2009,
SC2079, Sezener76 , SJU86, ST474, ST478, ST498,
STV468, Tamcot Spnhix, TMN18, TYA366, Yildirim63,
Zenal010, ZenalO18, ZenalO40 and ZN243 cotton
genotypes (62 pieces) were determined to have in the
sensitive region (SZ). In our study, our findings obtained
by measuring different values as a result of screening
genotypes in terms of vegetative tolerance or sensitivity

under control and stress conditions in terms of CMT or
%RCI characteristics were similar to the findings of Sajid
[33], Azhar [24], Rahman [23], Farooq [34], Zafar [35],
Jamil [36]. It was determined that there was a wide
variation among the genotypes screened for vegetatively
high temperature stress. High temperature stress reduced
the vegetative growth of the cotton plant, causing the
yellowing of young leaves and drying of young tillers. A
high CMT value, namely a low %RCI ratio, indicates that
genotypes are less vegetatively affected by high
temperature. Therefore, it has been understood that
genotypes with low %RCI are an important criterion for
cotton breeding programs. It has been understood that
plant characteristics such as plant type, leaf woolly, and
cell wall thickness affect the %RCI rate depending on the
severity of the temperature, the period in which the heat
is experienced, and the duration of exposure to the heat. It
has been concluded that the investigated RCI and LHTSI
properties are two important, effective, easy, and
applicable properties in revealing the vegetative
performance of cotton against high temperature stress,
and it is concluded that more accurate results will be
obtained by examining these two properties together [18,
23, 24, 25, 33, 35, 37, 38, 39, 40, 41, 42, 43, 44].

4. DISCUSSION AND CONCLUSION

In this study, it was passed judgment that using CMT and
LHTSI characteristics, it is an important, effective, easy
and applicable selection criterion for the screening of
genotypes in terms of tolerance or sensitivity to high
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temperature stress vegetatively in cotton plants. It is
recommended that more accurate and reliable data can be
obtained as a result of applying these two parameters
together. As a result of examining the LHTSI and RCI
characteristics together, it was determined that only the
Teksad15 cotton variety was vegetatively tolerant. It was
determined that 31 cotton genotypes were included in the
medium tolerant group vegetatively and 62 cotton
genotypes were included in the sensitive group.

Acknowledgement

This study was produced from the Ph.D. thesis titled "
Determination of DNA Markers Associated with High
Temperature Stress Tolerant / Strength in Cotton (G.
hirsutum L.)" conducted by Yusuf Giizel DEMIRAY in
the Department of Field Crops, Institute of Science and
Technology, Dicle University. It was supported by Dicle
University Scientific Research Projects Coordination Unit
with project number ZIRAAT.20.007 and by the General
Directorate of Agricultural Research and Policies with
project number TAGEM/TBAD/A/20/A7/P5/1536. We
thank the Scientific Research Coordination Unit and the
General Directorate of Agricultural Research and Policies
for their support.

REFERENCES

[1] Anonymous. Bitkisel Uretim Genel Miidiirliigii
Tarla ve Bahge Bitkileri Daire Baskanligi Uriin
Masallari- Pamuk Biilteni, Ocak 2022, say1, 19 s4.
Erisim Linki:
https://www.istib.org.tr/resim/siteici/files/916_Pam
uk%20B%C3%BClteni%20-
%20%C3%9Cr%C3%BCn%20Masalar%C4%B1%
20(0cak%202022).pdf Erisim Tarihi: 14.02.2023,
(in Turkish).

[2] TUIK. 2022. Tirkiye Cotton Statistics. Access link:
https://biruni.tuik.gov.tr/medas/?kn=92&locale=tr,
Access date: 14.02.2023.

[3] Yasar, M. & Yalinkilig, N. Main Problems and
Solutions of Cotton Agriculture in Turkey. ISPEC
8th International Conference on Agriculture, Animal
Sciences and Rural Development, Proceeding Book
p: 620-630. ISBN: 978-625-7720-68-7. 24-25
December 2021 Bingol, Turkey.

[4] Aytag, S., Bagbag, S., Arslanoglu, F., Ekinci, R.,
Ayan, A K. Lif Bitkileri Uretiminde Mevcut Durum
ve Gelecek, Tiirkiye Ziraat Mithendisligi IX. Teknik
Kongresi, 13-17 Ocak 2020, Ankara, TMMOB
Ziraat Miihendisleri Odasi, Bildiri Kitabi-1, ISBN-
978-605-01-1321-1, Ankara Universitesi Basin
Yaymn Midiirligi, S: 463-491,
http://www.zmo.org.tr/resimler/ekler/37c782b9ce7
a76f_ek.pdf, (in Turkish).

[5] Li, Z. K, Chen, B., Li, X. X., Wang, J. P., Zhang,
Y., Wang, X. F., ... & Ma, Z. Y. A newly identified
cluster of glutathione S-transferase genes provides
Verticillium wilt resistance in cotton. The Plant
Journal, 2019; 98(2), 213-227.

[6] Yasar, M. Evaluation of Some New Cotton
Genotypes Against  Verticillum Disease

Tr. J. Nature Sci. Volume 12, Issue 2, Page 111-118, 2023

(Verticillium dahliae Kled.). ISPEC Journal of
Agricultural Sciences, 2022; 6(1), 110-117.

[7] [IPPC. Intergovernmental Panel on Climate Change,
Climate Change 2007: Working Group I: The
Phyyssical science basis (online)
http://www.ipcc.ch/publications_and_data/
publications_ipcc_fourth_assessment_report_wgl
report_the phyyssical science basis.htm (verified
26 June. 2015).

[8] IPCC. Intergovernmental Panel on Climate Change,
Climate change 2018. Synthesis report. Version
ingles. Page Climate Change 2018: Synthesis
Report. Contribution of Working Groups I, 11 and 111
to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change.

[9] Driedonks N, Rieu I, Riezen WH. Breeding for plant
heat tolerance at vegetative and reproductive stages.
Plant reprod. 2016;29(1):67-79.
https://doi.org/10.1007/s00497-016-0275-9.

[10] Reddy KR, Hodges HF, McKinion J.M. Modeling
temperature effects on cotton internode and leaf
growth. Crop Sci. 1997;37: 503-509.

[11] Burke JJ, Wanjura D.F. Plant responses to
temperature extremes. In: Physiology of cotton.
Springer, 2010; pp. 123-128.

[12] Yasar, M., Basbag, S., Ekinci, R. Determination
effects of topping at different times on yield and
yield components in cotton. Harran Journal of
Agricultural and Food Science. 2019, 23(1): 52-59,
DOI: 10.29050/harranziraat. 422916.

[13] McCarty JC, Wu J, Jenkins J.N. Genetic association
of cotton yield with its component traits in derived
primitive accessions crossed by elite upland
cultivars using the conditional ADAA genetic
model. Euphytica. 2008;161(3):337-52.
https://doi.org/10.1007/s10681-007-9562-8.

[14] Wang M, Tu L, Lin M, et al. Asymmetric
subgenome selection and cis-regulatory divergence
during  cotton  domestication.  Nat  gen.
2017;49(4):579-87.
https://doi.org/10.1038/ng.3807.

[15] Ma Z, He S, Wang X, et al. Resequencing a core
collection of upland cotton identifies genomic
variation and loci influencing fiber quality and yield.
Nat Genet. 2018;50(6):803-13.
https://doi.org/10.1038/s41588-018-0119-7.

[16] Reddy, K.R., Hodges, H.F., McKinnon, J.M., and
Wall, G.A. Temperature effect on Pima cotton
growth and development. Agron. J. 1992;84:237-
243.

[17] Wahid A, Gelani S, Ashraf M, Foolad M.R. Heat
tolerance in plants: an overview. Environ. Exp. Bot.
2007;61:199-223.

[18] Bibi A, Oosterhuis D, Gonias E. Photosynthesis, the
quantum yield of photosystem Il and membrane
leakage as affected by high temperatures in cotton
genotypes. J. Cotton Sci. 2008;12: 150-159.

[19] Pettigrew W. The effect of higher temperatures on
cotton lint yield production and fiber quality. Crop
Sci. 2008;48: 278-285.

[20] Loka DA, Oosterhuis D.M. Effect of high night
temperatures during anthesis on cotton (G. hirsutum

116



https://doi.org/10.1007/s10681-007-9562-8
https://doi.org/10.1038/ng.3807
https://doi.org/10.1038/s41588-018-0119-7

Tr. Doga ve Fen Derg. Cilt 12, Say1 2, Sayfa 111-118, 2023

[21]

[22]

[23]

[24]

[29]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

L.) pistil and leaf physiology and biochemistry.
Aust. J. Crop Sci. 2016;10(5): 741-748.

Baker NR, Rosenqvist E. Applications of
chlorophyll  fluorescence can improve crop
production strategies: an examination of future
possibilities. J. Exp. Bot. 2004; 55:1607-1621.
Singh RP, Prasad PV, Sunita K, Giri S, Reddy K.R.
Influence of high temperature and breeding for heat
tolerance in cotton: A review. Adv. Agron. 2007;93:
313-385.

Rahman H., Malik S.A., Saleem M. Heat tolerance
of upland cotton during the fruiting stage was
evaluated using cellular membrane thermostability.
Field Crops Res. 2004;85: 149-158.

Azhar FM, Ali Z, Akhtar MM, Khan AA, Trethowan
R. Genetic variability of heat tolerance, and its effect
on yield and fiber quality traits in upland cotton (G.
hirsutum L.). Plant Breed. 2009;128: 356-362.
Karademir E. Screening cotton varieties (G.
hirsutum L.) for heat tolerance under field
conditions. Afr. J. Agric. Res. 2012;7: 6335-6342.
Wanjura, D. F., Maas, S. J., Winslow, J. C., &
Upchurch, D.R. Scanned and spot measured canopy
temperatures of cotton and corn. Computers and
Electronics in Agriculture, 2004;44(1), 33-48.
Demiray, YG., Ekinci, R., and Yasar, M.
Characterization of F6 Generation Cotton
Genotypes Developed by Double Cross Hybrid
Method. International Agricultural Congress of Mus
Plain, Proceeding Book Sayfa: 89-94. ISBN: 978-
605-51370-69. 24-27. September 2019 Mus,
Tirkiye.

Fischer, R. A., & Maurer, R. Drought resistance in
spring wheat cultivars. I. Grain yield responses.
Australian Journal of Agricultural Research,
1978;29(5), 897-912.

Ekinci R, Basbag S, Karademir E, Karademir C.
Determination of Heat Tolerance Levels of some
Cotton Varieties and Lines Exist in Genetic Stock
within Turkey. TUBITAK TOVAG Project p:156,
Projec Number: 1090339, Diyarbakir, 2012
Khanna-Chopra, R., and Viswanathan C. Evaluation
of heat stress tolerance in an irrigated environment
of T-aestivum and related species. I. Stability in
yield and vyield components. Euphytica
1999;106:169-180

Roger G.P. Augmented Designs for Preliminary
Yield Trials (Revised) Oregon State University,
Corvallis, USA, RACHIS Vol. 4, No:1 Jan 1985
p:27-32

Sullivan C.Y. Mechanisms of heat and drought
resistance in grain sorghum and methods of
measurement. Sorghum in Seventies. Oxford and
IBH Pub. Co. Heat shock protein expression in
thermotolerant and thermosensitive lines of cotton,
1972,

Sajid M., Saddique M.A.B, Tahir M.H.N, Matloob
A., Ali Z., Ahmad F., Shakil Q., Nisa Z.U., Kifayat
M. Physiological and molecular response of cotton
(Gossypium hirsutum L.) to heat stress at the
seedling stage. March 2022 SABRAO journal of
breeding and genetics 2022;54(1):44-52 DOI:
10.54910/sabrao2022.54.1.5.

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Tr. J. Nature Sci. Volume 12, Issue 2, Page 111-118, 2023

Farooq A., Shakeel A., Saeed A., Farooq J., Rizwan
M., Chattha W.S., Sarwar G., Ramzan Y. Genetic
variability predicting breeding potential of upland
cotton (Gossypium hirsutum L.) for high
temperature tolerance. Preprint from Research
Square, 26 Aug 2022, DOI:10.21203/rs.3.rs-
1957883/v1.

Zafar S.A., Noor M.A., Wagas M.A., Wang X.,
Shaheen T., Raza M., Rahman M.U. Temperature
Extremes in Cotton Production and Mitigation
Strategies. Additional information is available at the
end of the chapter, 2018.
http://dx.doi.org/10.5772/intechopen.74648

Jamil, A., Khan, S. J., & Ullah, K. Genetic diversity
for cell membrane thermostability, yield and quality
attributes in cotton (Gossypium hirsutum L.).
Genetic Resources and Crop Evolution, 2020;67,
1405-1414.

Singh K, Wijewardana C, Gajanayake B, Lokhande
S, Wallace T, Jones D. Genotypic variability among
cotton cultivars for heat and drought tolerance using
reproductive and physiological traits. Euphytica
2018;214: 1-22.

Malik MN, Chaudhry FI, Makhdum M.I. Cell
membrane thermostability as a measure of heat-

tolerance in cotton. Pak. J. Sci. Ind. Res.
1999;42:44-46.
Rahman H.U. Genetic analysis of stomatal

conductance in upland cotton (Gossypium hirsutum
L.) under contrasting temperature regimes. J. Agric.
Sci. 2005;143:161-168.

Cottee N.S., Tan DKY, Cothren T, Bange M P,
Campbell L.C. Screening Cotton Cultivars for
Thermotolerance under Field Conditions, 2007.
http://www.icac.org/meetings/wcrc/wercd/presentat
ions/data/papers/P aper2234.pdf.

Khan Al, Khan 1A, Sadagat H.A. Heat tolerance is
variable in cotton (Gossypium hirsutum L.) and can
be exploited for breeding of better yielding cultivars
under high temperature regimes. Pak. J. Bot.
2008;40(5):2053-2058

Oosterhuis DM, Bourland FM, Bibi AC, Gonias ED,
Loka D, Storch D. Screening for Temperature
Tolerance in Cotton. Summaries of Arkansas Cotton
Research in 2008, AAES Research Series 573, 2009.
http://arkansasagnews.uark.edu/573-5.pdf

Abro S., Rizwan M., Deho Z.A., Abro S.A., Sial
M.A. Identification of Heat Tolerant Cotton Lines
Showing Genetic Variation in Cell Membrane
Thermostability, Stomata, and Trichome Size and Its
Effect on Yield and Fiber Quality Traits, 1 Plant
Breeding and Genetics Division, Nuclear Institute of
Agriculture (NIA), Tando Jam, Pakistan, 2
Technical Services Division, Nuclear Institute of
Agriculture (NIA), 2022, Tando Jam, Pakistan. doi:
10.3389/fpls.2021.804315.

Asha R., Ahamed L.M. Screening of cotton
genotypes for heat tolerance. Int J Bioresour Stress
Manag 2016;4(4):599-604.

Majeed, S.; Rana, I.A.; Mubarik, M.S.; Atif, R.M;
Yang, S.-H.; Chung, G.; Jia, Y.; Du, X.; Hinze, L.;
Azhar, M.T. Heat Stress in Cotton: A Review on
Predicted and  Unpredicted  Growth-Yield

117




Tr. Doga ve Fen Derg. Cilt 12, Say1 2, Sayfa 111-118, 2023

[46]

[47]

Anomalies and Mitigating Breeding Strategies.
Agronomy 2021, 11, 1825.
https://doi.org/10.3390/agronomy11091825.

Khan, A.H., Min, L., Mal, Y., Zeeshan, M., Jin, S.,
Zhang, X. High-temperature stress in crops: male
sterility, yield loss and potential remedy approaches.
Plant Biotechnology Journal (2023) 21, pp. 680—
697. doi: 10.1111/pbi.13946.

Yousaf, M.I., Hussain, Q., Alwahibi, M.S., Aslam,
M.Z., Khalid, M.Z., Hussain, S., Zafar, A., Shah,
S.A.S., Abbasi, A.M., Mehboob, A., Riaz, MW,
Elshikh, M.S. Impact of heat stress on agro-
morphological, physio-chemical and fiber related
paramters in upland cotton (Gossypium hirsutum L.)
genotypes. Journal of King Saud University —
Science, 35 (2023) 102379,
https://doi.org/10.1016/j.jksus.2022.102379.

Tr. J. Nature Sci. Volume 12, Issue 2, Page 111-118, 2023

118




