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Abstract 

Koleva M., A. Vasilev, 2014. Chlorophyll fluorescence characteristics and seed yield 
of Bulgarian cotton cultivars grown in rainfed conditions. FCS 9(2): 319-326

Changes of functional activity of photosynthetic apparatus of ne�� �ulgarian cottonne�� �ulgarian cotton�ulgarian cotton cotton 
cultivars under ��ater stress are studied�� �he genotypes ��ere cultivated under field ��ater stress are studied�� �he genotypes ��ere cultivated under fieldare studied�� �he genotypes ��ere cultivated under field�� �he genotypes ��ere cultivated under field�he genotypes ��ere cultivated under field 
conditions during ���� and ���� at the �ield Crops �nstitute in Chirpan�� �he chlorophyll���� and ���� at the �ield Crops �nstitute in Chirpan�� �he chlorophyll���� at the �ield Crops �nstitute in Chirpan�� �he chlorophyll� at the �ield Crops �nstitute in Chirpan�� �he chlorophyll at the �ield Crops �nstitute in Chirpan�� �he chlorophyll 
fluorescence in dar�� adapted and light adapted leaves during flo��ering��oll for�ationin dar�� adapted and light adapted leaves during flo��ering��oll for�ationdar�� adapted and light adapted leaves during flo��ering��oll for�ationduring flo��ering��oll for�ation 
stage ��as �easured ��ith a porta�le chlorophyll �luoro�eter � �������� ��������as �easured ��ith a porta�le chlorophyll �luoro�eter � �������� ������
G��H � Ger�any�� �he cotton plants fro� all used cultivars e�pressed relatively good �he cotton plants fro� all used cultivars e�pressed relatively good 
photosynthetic perfor�ance judged �y chlorophyll fluorescence para�eters�� �ariety�ariety 
„Avangard-264” sho�� �etter agrono�ic drought tolerance in severely dry ������severely dry ������ dry 2012..

Keywords: Cotton � Chlorophyll fluorescence � �ater stress� Chlorophyll fluorescence � �ater stress�ater stress

Резюме

Колева М., А. Василев, 2014. Характеристика на параметрите на 
хлорофилната флуоресценция и добива на български сортове памук, отглеждани 
при неполивни условия. FCS 9(2): �19��2�319-326

Проучвани са промените на функционалната активност на фотосинтетичния 
апарат на нови български сортове памук отглеждан при неполивни условия�� Беше 
заложен полски опит в опитното поле на Института по полски култури � Чирпан през 
���� и ���� година�� Беше измерена �лорофилната флуоресценция в тъмнинно Беше измерена �лорофилната флуоресценция в тъмнинноБеше измерена �лорофилната флуоресценция в тъмнинно 
и светлинно адаптирани листа в периода на цъфтеж на памука с портативен 
�лорофилен флуориметър ��������������G��H � Германия�� Стойностите на 
параметрите на �лорофилната флуоресценция за всички изследвани сортове памук 
са високи и са близки до стойностите типични за растения отглеждани при оптимален 
воден режим�� Сорт „Авангард��64” показва по�добра агрономическа су�оустойчивост 
спрямо останалите сортове през изключително су�ата ���� г��

Ключови думи: Памук � Хлорофилна флуоресценция � Воден стрес

INTRODUCTION

Cotton (Gossipium hirsutum ���) is one of the �ost i�portant fi�er producing crops in 
the ��orld�� �n �ulgaria cotton is traditionally cultivated in rainfed conditions and therefore 
it e�presses good tolerance to drought (�ojinov et al��,� ����)�� �evertheless,� the drought ����)�� �evertheless,� the drought�� �evertheless,� the drought 
reduces significantly its potential yield�� �here is su�stantial evidence that soil ��ater 
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deficits during critical gro��ing stages,� such as reproductive stage,� can significantly 
affect gro��th and yield (Kaur and Singh,� �99�; �arur,� �99�)�� �e esta�lished that the 
�oll productivity of pot�gro��n cotton plants e�posed for �� days at 35�4�% of field ��ater 
capacity ��as di�inished �y �3�35% (Koleva and �asilev,� ����)�� �he decrease of yield ��as 
acco�panied �y significantly depressed �oth net photosynthetic rate and photosynthetic 
pig�ents quantity of cotton plants (�asilev and Koleva,� ����)��(�asilev and Koleva,� ����)���asilev and Koleva,� ����)��,� ����)��.

�n opinion e�ists that several photosynthetic and leaf gas e�change para�eters,� 
na�ely photosynthetic rate,� pig�ents content,� transpiration intensity,� sto�ata conductance,� 
etc��,� �ay �e used as indicators for tolerance of cotton genotypes to drought (�ettigre��,� 
���4; Ullah et al��,� ���8; Soo�ro et al��,� ����)�� �he results of other authors have not 
confir�ed this state�ent (�assacci et al��,� ���9)�� �herefore,� there is not general opinion,� ���9)�� �herefore,� there is not general opinion���9)�� �herefore,� there is not general opinion 
and enough evidence concerning the usefulness of photosynthetic para�eters for the 
screening studies for drought tolerance as ��ell as selection criteria�� 

Chlorophyll fluorescence is ��idely accepted as suita�le stress indicator for plants�� 
�t nor�al (physiological) te�peratures it originates fro� photosyste� �� (�S��),� ��hich is 
suscepti�le to different stresses,� including drought�� �any in vivo studies have de�onstrated 
that ��ater deficit resulted in da�ages to the o�ygen evolving co�ple� of �S�� and to the 
�S�� reaction centers associated ��ith the degradation of D� protein (�a��lor,� �995;�ordanov�a��lor,� �995;�ordanov,� �995;�ordanov�995;�ordanov; �ordanov�ordanov 
et al��,� ���3; �latev and �ordanov,� ���5)�� �n the other hand,� chlorophyll fluorescence�latev and �ordanov,� ���5)�� �n the other hand,� chlorophyll fluorescenceand �ordanov,� ���5)�� �n the other hand,� chlorophyll fluorescence�ordanov,� ���5)�� �n the other hand,� chlorophyll fluorescence,� ���5)�� �n the other hand,� chlorophyll fluorescence���5)�� �n the other hand,� chlorophyll fluorescence)�� �n the other hand,� chlorophyll fluorescence 
�easure�ents can �e perfor�ed in situ and quic��ly ��ith porta�le devices,� ��hich are 
very i�portant for screening studies and �reeding progra�s��  �urther�ore,� para�eters�urther�ore,� para�eters 
of chlorophyll fluorescence �ay also serve as physiological criteria for indirect selection fluorescence �ay also serve as physiological criteria for indirect selectionfluorescence �ay also serve as physiological criteria for indirect selection indirect selectionindirect selection 
for high yielding genotypes�� �or no�� there are li�ited and contradictory infor�ation a�out�� �or no�� there are li�ited and contradictory infor�ation a�out�or no�� there are li�ited and contradictory infor�ation a�out li�ited and contradictory infor�ation a�outli�ited and contradictory infor�ation a�out 
correlation �et��een seed cotton yield and chlorophyll fluorescence inhi�ition in cotton �et��een seed cotton yield and chlorophyll fluorescence inhi�ition in cotton�et��een seed cotton yield and chlorophyll fluorescence inhi�ition in cottonseed cotton yield and chlorophyll fluorescence inhi�ition in cottonyield and chlorophyll fluorescence inhi�ition in cotton in cottonin cottoncotton  
(Du���a et al,� ���4; �ettigre��,� ���4)��Du���a et al,� ���4; �ettigre��,� ���4)��)��

�herefore,� ��e have decided to study physiological perfor�ance of �ulgarian cotton 
cultivars gro��n in rainfed conditions using so�e chlorophyll fluorescence para�eters in 
order to search for e�istence of correlations ��ith the yield as a final goal��

MATERIALS AND METHODS

Experimental set-up

�n the investigation are involved �3 cotton cultivars genotypes created in the �ield�3 cotton cultivars genotypes created in the �ield cotton cultivars genotypes created in the �ieldcotton cultivars genotypes created in the �ield cultivars genotypes created in the �ield 
Crops �nstitute � Chirpan,� �ulgaria (�a�le �)�� �he genotypes ��ere cultivated in field �nstitute � Chirpan,� �ulgaria (�a�le �)�� �he genotypes ��ere cultivated in field�nstitute � Chirpan,� �ulgaria (�a�le �)�� �he genotypes ��ere cultivated in field (�a�le �)�� �he genotypes ��ere cultivated in field�he genotypes ��ere cultivated in field 
conditions during ���� and ���� in the e�peri�ental field station �ield Crops �nstituteand ���� in the e�peri�ental field station �ield Crops �nstitutein the e�peri�ental field station �ield Crops �nstitute e�peri�ental field station �ield Crops �nstitute �ield Crops �nstitute 
� Chirpan�� �he trial ��as conducted as a rando�i�ed �loc�� design in four replications,� on Chirpan�� �he trial ��as conducted as a rando�i�ed �loc�� design in four replications,� onChirpan�� �he trial ��as conducted as a rando�i�ed �loc�� design in four replications,� on design in four replications,� ondesign in four replications,� onfour replications,� on replications,� on, on 
leached s�olnit�a soil type,� ��ith  harvesting plots of �� �2.  

Chlorophyll fluorescence measurements

 �hysiological perfor�ance of cotton plants ��as studied using a pulse a�plitude 
�odulation chlorophyll fluoro�eter �������� (�al�,� Effeltrich,� Ger�any)�� �he top 
fully developed attached leaves ��ere used for the �easure�ents�� During the flo��ering�
�oll for�ation plant stage in ���� and ���� the fluorescence para�eter � actual yield 
of photoche�ical energy conversion (�) (Genty et al��,� �989) ��ere �easured in several 
days � ti�e scale�� �n addition,� in ���� several other �asic fluorescence para�eters ��ere 
deter�ined,� na�ely �0, F�, Fv/F�,� q� and q��� �ini�al fluorescence,� �0,� ��as �easured 
in 3� �in dar���adapted leaves using ��ea�� �odulated light of < ����5 µ�ol �-2 s-1 and 
�a�i�al fluorescence,� ��,� ��as �easured after ���8 s saturating ��hite light pulse (>55�� 
µ�ol �-2 s-1)�� �a�i�al photoche�ical efficiency of �S�� (�v/F�) for dar�� adapted leaves 
��as calculated using equation �v=F�–F0 for varia�le fluorescence�� �n light adapted leaves 
present fluorescence (�) �efore and �a�i�al fluorescence (��`) after saturation pulse 
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(���8 s ��hite light pulse,� > 55�� µ�ol �-2 s-1) ��ere deter�ined�� �hotoche�ical (q�) and 
non�photoche�ical (q�) quenching para�eters ��ere calculated according follo��ing van follo��ing vanfollo��ing van 
Kooten and Snel (�99�)�� 

Table 1. Used �ulgarian cotton cultivars and their parentage
Таблица 1. Използвани български сортове памук и те�ния произ�од

Genotypes
Сортове 

Parentage
Произ�од 

Chirpan�539 �� Чирпан�� Чирпан ЧирпанЧирпан �eli i�vor × Garant [G�� hirsutu� ���× G�� hirsutu� ���]
�vangard�64��Авангард�64��Авангард�64 C � 46� × C � 6�3� [G�� hirsutu� ���× G�� �ar�adense ���]

�erla �� Перла�� Перла Garant × �rogres [G�� hirsutu� ���× (G�� hirsutu� ���× G�� 
�ar�adense ���)]

�atalia �� �аталия�� �аталия № 65 × � � ��3 [(G�� hirsutu� ���× G�� �ar�adense ���) ×65 × � � ��3 [(G�� hirsutu� ���× G�� �ar�adense ���) × 
G�� hirsutu� ���]

Dar�i �� �арми�� �арми № �68 × C�9��� [(G�� hirsutu� ���×G�� �ar�adense ���) ×�68 × C�9��� [(G�� hirsutu� ���×G�� �ar�adense ���) ×× 
G���ar�adense ���]

Kolorit �� �олорит�� �олорит № �66 × �al��an [(G�� hirsutu� ���× G�� �ar�adense ���) ×�66 × �al��an [(G�� hirsutu� ���× G�� �ar�adense ���) ×× 
G�� hirsutu� ���]

�ega �� Вега�� Вега № �66 × �gosta [(G�� hirsutu� ���× G�� �ar�adense ���) ×�66 × �gosta [(G�� hirsutu� ���× G�� �ar�adense ���) × 
G�� hirsutu� �]��

Dorina �� �орина�� �орина � � 89��9�
�elina �� �елина�� �елина �erla � �6� × � � ��3 
Ru�i �� �уми�� �уми № �68 × Deltapine ���68 × Deltapine ��
Helius ��Хелиус��Хелиус C � 653� [irradiated ��ith ᵞ rays]]

�oyana �� Бояна�� Бояна БоянаБояна Chirpan � 6�3 × C � 9���  [G�� hirsutu� ���× G�� 
�ar�adense ���]

�i��i �� Вики�� Вики C � 9��� [irradiated ��ith ᵞ rays]]

Data analysis

�he results o�tained ��ere processed �y the dispersion analysis �ethod using one� processed �y the dispersion analysis �ethod using one�processed �y the dispersion analysis �ethod using one� using one-
��ay and t��o���ay ����� (for � < �,��5)��

RESULTS AND DISCUSSION

Cli�atic conditions during the vegetation periods in ���� and ���� are characteri�ed 
�y different co��inations of cli�atic factors�� ���� year is distinguished �y e�tre�ely 
lo�� a�ount of precipitation during the vegetation period of cotton � �ay � Septe��er 
co�pared ��ith an average a�ount of precipitation for long period of ti�e and can �e 
descri�ed as severely dry (data not sho��n)�� �he data for the quantity of availa�le ��ater(data not sho��n)�� �he data for the quantity of availa�le ��aterdata not sho��n)�� �he data for the quantity of availa�le ��ater 
content in different soil layers up to � �eter is presented in �a�le ��� �t is apparent that 
in the upper �� c� the quantity of availa�le ��ater is too lo�� and during the long periods 
(second decade July � first decade �ugust ���� and ��hole �ugust ����) is co�pletely 
�issing�� �t is due the a�sence of rain together ��ith co�paratively high te�peratures 
leading to significant evapotranspiration and drying of upper soil layers�� �t is ��no��n that 
the �ajor part of cotton roots is occupied in 5��c� layer and the central root is a�le to 
reach and even go further the ���eter �one�� ��viously,� �ased on the presented data the 
��ater supply to cotton plants during the t��o vegetation periods has �een ensured through 
the deeper soil �ones��
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Table 2. �vaila�le ��ater content (��) in different soil layers at flo��ering��oll for�ation 
stage of cotton plants gro��n in rainfed conditions during ���� and ���� during 2011 and 2012during 2011 and 20122011 and 201211 and 20121 and 2012 and 2012

Таблица 2. Продуктивна почвена влага (��) в   различните почвени слоеве по време 
на цъфтеж�плодообразуване през ���� г�� и ���� г�� 

Soil layer,� c� layer,� c�layer,� c�,� c�c�
Почвен слой,� c�c� 0 - 10 0 - 20 � � 5� 0 - 100

Date �� �ата�� �ата 2011 2012 2011 2012 2011 2012 2011 2012
���3� �I 0 4 3 �� 36 64 ��9 �54
���� �II 2 0 3 9 �3 5� 9� �33
����� �II 0 0 0 6 20 34 86 ��9
���3��II 0 0 0 2 11 20 �3 89
���� �III 0 0 0 0 8 �5 63 �4
����� �III � 0 �� 0 42 6 93 55
���3� �III 2 0 6 0 �5 9 �5 4�

Average productive   
�oisture 

(�956�����)
Средна 

продуктивна влага 
(�956�����)

89 �� �8� ��

�he data for actual yield of photoche�ical energy conversion (�),� presented in 
the �igure �,� gives evidence to ��hat e�tent soil ��ater availa�ility has influenced the 
physiological perfor�ance of cotton plants�� �he data sho��ed that values,� ��ith s�all 
e�ceptions (last �easure�ent in ���� and sporadic ones in ���� in cultivars „„Perla”� and and 
„Natalia”) have e�ceeded ���5���� �he lo��er values of � fro� the last �easure�ent during) have e�ceeded ���5���� �he lo��er values of � fro� the last �easure�ent during 
���� could �e e�plained �y leaf senescence as ��ell as gro��th retardation in the end 
of vegetation,� ��hile the sporadic lo��er values in ���� could �e a result fro� technical 
error.

�he conductance of fluorescence �easure�ents on the selected cotton cultivars in 
dyna�ics (4�6 ti�es per studied periods) ��ere �ased on the hypothesis that,� the eventual 
precipitation during the vegetation could allo�� differentiation of the used cultivars �y 
their physiological response to the changes of soil ��ater regi�e�� Unfortunately,� a sta�le 
�oderate drought e�isted during the studied periods in �oth years,� ��hich did not give a 
possi�ility to chec�� this hypothesis�� �herefore,� the data given in �igure � do not sho�� 
significant variation in � values of different cultivars during the studied periods in ���� 
and 2012. 

�n our previous e�peri�ents ��ith drought�e�posed cotton plants ��e have o�tained 
si�ilar � values and concluded that pri�ary photoche�ical processes in these plants ��ere 
not distur�ed (�asilev and Koleva,� ����)�� �hese results are in a good correspondence,� ����)�� �hese results are in a good correspondence�hese results are in a good correspondence 
��ith the conclusions �elonging to Genty et al�� (�98�) and �na�ullah and �soda (���5) ��ho (���5) ��ho���5) ��ho) ��ho ��ho 
studied the photosynthetic perfor�ance of drought�stressed cotton plants�� 

�o understand the reason for the relatively ��ell saved photoche�istry in rainfed cotton 
plants ��e perfor�ed quenching analysis of chlorophyll fluorescence in the first decade of 
Septe��er ������ �he data o�tained are presented in �a�le 3�� 

�he quenching analysis allo��s distinguishing t��o funda�entally different path��ays of 
a�sor�ed light energy conversion�� q� reflects the fractions of open �S� reactions centers 
and denotes the proportion of e�citation energy trapped �y the�,� ��hile q� is a result of 
various processes that are responsi�le for ther�al dissipation of e�cess energy in the 
photoche�ical apparatus � high�energy state,� state transitions and photoinhi�ition (�olhar�
�orden��a�pf and �quist,� �993)�� q� has an i�portant function in regulation of dissipation 
�� utili�ation of e�citation energy��
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Figure 1. �ctual yield of photoche�ical energy conversion (�) in the 
leaves of �ulgarian cotton cultivars gro��n in rainfed conditions at 

flo��ering��oll for�ation stage during ���� (�) and ���� (�)
Фигура 1. �ействителен квантов добив (�) измерен в листата�) измерен в листата) измерен в листата 

на памук отглеждан при неполивни условия в периода на 
цъфтеж � плодообразуване през ���� (А) и ���� (В)

 
�he �a�i�al photoche�ical efficiency of �S�� (�v/F�) for dar���adapted cotton leaves 

varied fro� ����� to ���84,� ��hich according to �olhar��orden��a�pf and �quist (�993) is 
in the nor� for healthy leaves (�a�le 3)�� �he values of q� ��ere relatively high,� giving an 
evidence for good use of the trapped e�citation energy for photosynthetic processes�� q� 
values ��ere lo��er that q� ones��

�he results regarding seed cotton yield fro� co�parative varietals trial,� conducted co�parative varietals trial,� conductedco�parative varietals trial,� conducted 
during t��o years are presented in fig�� ���

�he applied analysis of variance reveals the presence of statistically significant 
difference in the a�ount of yield due to of �oth studied factorsa�ount of yield due to of �oth studied factors of yield due to of �oth studied factors – genotype and year and 
the interaction �et��een the��� (�a�le 4)��  �he variation of yield in our varietals trial is to�he variation of yield in our varietals trial is to of yield in our varietals trial is toof yield in our varietals trial is toyield in our varietals trial  is tois to 
the greatest e�tent,� due to the year of cultivation ��ith 6���� % fro� the total variation�� �heyear of cultivation ��ith 6���� % fro� the total variation�� �hetotal variation�� �he�� �hehe 
influences of genotype � 8��4 % and interaction �et��een year and genotypes � ����8 % ares of genotype � 8��4 % and interaction �et��een year and genotypes � ����8 % areinteraction �et��een year and genotypes � ����8 % are� ����8 % are 
vastly less,� although the variances of �oth factors are statistically significant�� variances of �oth factors are statistically significant��variances of �oth factors are statistically significant��
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Table 3. Chlorophyll fluorescence para�eters in leaves of �ulgarian cotton cultivars �ulgarian cotton cultivars �ulgarian cotton cultivars 
gro��n in rained conditions at flo��ering��oll for�ation stage during ����

Таблица 3. Параметри на �лорофилната флуоресценция измерени в български 
сортове памук отглеждан при неполивни условия в периода цъфтеж�
плодообразуване през ���� г�� 

Cultivars �� Сортове �� Сортове Fv/F� � q� q�

Chirpan�539 Чирпан�539�539 Чирпан�539
�vangard��64 ��Авангард��64 ��Авангард
�erla �� Перла  �� Перла
�atalia �� �аталия �� �аталия 
Dar�i �� �арми  �� �арми 
Kolorit �� �олорит ��  �олорит
�ega �� Вега �� Вега
Dorina �� �орина �� �орина
�elina �� �елина �� �елина
Ru�i �� �уми �� �уми 
Helius �� Хелиус �� Хелиус
�oyana �� Бояна �� Бояна
�i��i �� Вики �� Вики

���8�9 ± ����3�
���843* ± ������
���83� ± �����6
���83� ± ������

������°° ±����35
����95 ± �����6
���8�3 ± �����6
���8�4 ± �����4
���8�6 ± ������
���8�4 ± ������
���8�� ± �����6
���8�3 ± ������
���8�� ± �����5

���59� ± ����39
���6�9 ± ����39
���59� ± ����94
���5�� ± ����69
���383 ± ����8�
���5�8 ± �����3
���493 ± ����83
���55� ± ����68
���5�9 ± ����59
���3�9 ± ����8�
���396 ± ����43
���548 ± ����46
���49� ± ����8�

���8�8 ± �����5
���89� ± ����49
���86� ± ����55
���83� ± ����44
���9��* ± �����6
���86� ± ����56
����4� ± �����4
���8�3 ± ����5�
���89� ± ����6�
�����4 ± ���3�5
���638° ± ����34
���84� ± ����68
���9�6 ± ����69

���5�6 ± ����83
���56� ± ����35
���554 ± �����4
���63� ± �����9
���8�5 ± ����94
���5�8 ± ����6�
���5�� ± �����8
���548 ± ����58
���6�6 ± �����8
���6�6 ± �����9
���586 ± ����4�
���563 ± ����93
����39 ± �����8

GD
5 %
� %

0.024
����33

����36
����8�

����9
0.26

0.20
�����

���� % 0.044 ����3� ���33 ���34

�ased on the �eteorological data and results of analyses of variance it can �e 
concluded that �oth  years of cultivation are vastly differ and  the reduction in yield in the 
second year of cultivation is due to the severе drought�� Under ��ater stress conditionsе drought�� Under ��ater stress conditions drought�� Under ��ater stress conditions 
during ���� the yield decreases at all studied varieties to varying degrees�� �he reduction 
in yield is highest in cultivars � „Chirpan�539” and „�oyana” and lo��est in cultivars „�i��i”,�„Chirpan�539” and „�oyana” and lo��est in cultivars „�i��i”,�Chirpan�539” and „�oyana” and lo��est in cultivars „�i��i”,�” and „�oyana” and lo��est in cultivars „�i��i”,� and „�oyana” and lo��est in cultivars „�i��i”,�„�oyana” and lo��est in cultivars „�i��i”,��oyana” and lo��est in cultivars „�i��i”,�” and lo��est in cultivars „�i��i”,� and lo��est in cultivars „�i��i”,�„�i��i”,��i��i”,�”�,, 
„Dar�i” and „Ru�i”�� �urther�ore at cultivar „�vangard��64” yield has increased �y 4 %Dar�i” and „Ru�i”�� �urther�ore at cultivar „�vangard��64” yield has increased �y 4 %” and „Ru�i”�� �urther�ore at cultivar „�vangard��64” yield has increased �y 4 % and „Ru�i”�� �urther�ore at cultivar „�vangard��64” yield has increased �y 4 %„Ru�i”�� �urther�ore at cultivar „�vangard��64” yield has increased �y 4 %Ru�i”�� �urther�ore at cultivar „�vangard��64” yield has increased �y 4 %”�� �urther�ore at cultivar „�vangard��64” yield has increased �y 4 %�� �urther�ore at cultivar „�vangard��64” yield has increased �y 4 %„�vangard��64” yield has increased �y 4 %�vangard��64” yield has increased �y 4 %” yield has increased �y 4 % yield  has increased �y 4 % 
co�pared to ����,� pro�a�ly this cultivar is characteri�ed �y �etter agrono�ical drought 
tolerance��  

Figure 2. Seed cotton yield of �ulgarian cotton cultivars 
gro��n in rainfed conditions during ���� and ����
Фигура 2. Общ добив от памук отглеждан при 

неполивни условия през ���� и ���� г��
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Table 4�� �nalysis of variance of yield�nalysis of variance of yield of yield
Таблица 4. Анализ на варианса на добива

Source of variation
Източник на вариация

Df
Степени на 

свобода

MS
Средни 

квадрати

SS
Сума от 
квадрати

η2

Влияние на 
фактора,� %

�otal �� Общо �� Общо ��3 3�39 �84�6��8 100
Genotype ��Сортове��Сортове 12 6����8 8�5� 8��4
Environ�ent ��Години��Години 1 58�6� 58�6� 6����
Interactions��Взаимодействие��Взаимодействие 12 1022.1 ���64��8 ����8
Error �� Грешка �� Грешка �5 �3���� ���6���8 �8���

CONCLUSION

�ulgarian cotton cultivars have relatively high tolerance to soil drought�� �t rainfed 
conditions leading to significant decrease of the productive soil �oisture in the upper 
layer (till 5� c�),� the cotton plants fro� all used cultivars e�pressed relatively good 
photosynthetic perfor�ance judged �y chlorophyll fluorescence para�eters�� �he �a�i�al 
photoche�ical efficiency of �S�� (�v/F�) in their leaves ��as in the nor� typical for healthy 
leaves and the actual yield of photoche�ical energy conversion (�) ��as high enough for 
plants gro��n in ��ater�li�ited conditions�� Seed yield of the used cotton cultivars at rainfed 
conditions ��ere lo��er then the potential yield�� �n ���� all varieties reali�e lo��er yieldn ���� all varieties reali�e lo��er yieldvarieties reali�e lo��er yields reali�e lo��er yield 
co�pared ��ith the yield in ������ Solely variety „�vangard��64” sho�� �etter agrono�ic Solely variety „�vangard��64” sho�� �etter agrono�icvariety „�vangard��64” sho�� �etter agrono�ic 
drought tolerance in severely dry ������severely dry ������ dry 2012..

�t the present stage of the study,� ��e did not find significant differences in the 
physiological status of the used cotton cultivar,� ��hich could �e attri�uted to their specific 
tolerance to drought��
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