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Earliness is an important breeding objective in upland cotton improvement. 
An experimental project for integration of earliness genes from sindose-80 
to bulgare-557 with assuming that inheritance pattern of earliness 
characteristic in cotton cultivars controlling by additive model of genetic 
effects carried out during 2005 to 2016 in the Department of Botany, 
University of Pune and Agricultural Research Center of Tehran-Iran. With 
this arrangement that for single cross between the two above mentioned 
lines in 2005 and 2011, five years selection have been done after every 
crosses. Obviously the second cross in 2011 considers as back cross. In 2016 
the new earliness genotype by two different planting dates compared with 
the five native and commercial cotton varieties in RCBD design. The criteria 
for earliness were (1) Early flowering days on the basis of germination to 
first flowering (EFD). (2) Fraction of first picking to the total seed cotton 
yield (FFP). (3) Earliness Bartlett’s index (EBI) and finally (4) Earliness index 
of combined picking and day (CPD) which has been presented as a new 
earliness index in this paper. Comparison of the four mentioned formulae 
shows the effects of weight and time in the last accurate formulae. If the 
earliness criteria of cotton cultivars were compared in the inappropriate 
condition of cotton growth, the environmental and management suppression 
factors like soil moisture, soil fertility level, pest pressure, temperature and 
cloudy weather can affect earliness criteria which are controlling by additive 
quantitative genes despite of dominant qualitative genes.   
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INTRODUCTION 
 
Cotton (Gossypium hirsutum L.) is the most important fiber 
crop in the world. Earliness is a primary breeding objective 
of cotton breeders (Braden and Smith, 2004). Its 
indeterminate growth habit has been adapted to annual 
cultivation due to enormous efforts of cotton breeders (Ray, 
1966). Alleviating from some growth delaying 
environmental and managing factors in cotton are the most 
important traits in the earliness cotton cultivars. Genetic 
influences of specific variety and management and 
environmental conditions can interact  in  the  maturities or 

earliness of cotton varieties (Godoy, 1999).   
Cotton producers benefit from early maturity such as 

avoidance of frost damage, insect and disease buildups, 
escape pink bollworm and white fly attack, fertilizer and 
insecticide application, soil moisture depletion, less number 
of irrigation, decreased higher quality and leave filed for the 
next cultivate. Therefore plurality of practices that promote 
maturity can create confusion if not placed in appropriate 
conditions. More importantly we must know how these 
factors   interact   with   each  other  such  as  interaction of 
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irrigation and nitrogen use or variety selection. 

Earliness   definition  is  most  often  in the absolute terms 
such as shortest time to produce a profitable crop. Earliness 
also has a relative component that must be recognized 
when interacting with management practices. For example 
in the rainy regions without supplemental irrigation, 
planting delayed to coincide the bloom period with 
increased rainfall conditions. Delayed in planting also 
minimize boll weevil reproduction following their spring 
emergence from diapauses (Godoy, 1999). 

Early flowering day is associated with earliness. Early 
flowering is beneficial to cotton producers because it tends 
to maximize the effective bloom period to insect damages. 
Recent assessments of earliness are time from planting to 
cutout or NAWF (nodes above white flower) reaches 4 or 5. 
If a variety has short days to cutout, it may be determinant 
growth habit or free from drought conditions or limited 
fertility.  Cotton’s genetic makeup has an additive genetic 
inheritance on earliness. Full season varieties show their 
first fruiting branch one or two nodes later than short 
season cultivars. This distinction between varieties is 
indicator when compared in replicated trials with identical 
planting dates. Some cultivars produce their first squares 
on node 5, while others have minimal fruiting squares until 
node 7 or higher (Hosseini, 2017).  

Plant breeders utilize percent open bolls to measure the 
relative maturity of cotton varieties. This approach has two 
drawbacks that limit its use by producers. Environmental 
variations make comparisons between years difficult or 
within an experimental trial, on the other hands specific 
management decisions have deferential impacts on the 
diverse varieties or treatments. 

Morphology of a variety also can influence maturity. 
Morphological traits that impact earliness include 
root/shoot ratios and leaf shape. Divided leaves allow 
sunlight to penetrate deeper into the canopy, which 
improves early boll set. Varieties with lower root/shoot 
rations expend less carbohydrate on soil exploration which 
can enhance earliness if coupled to early because of heat 
and drought stresses (Ray, 1966). 
 
 
MATERIALS AND METHODS 
 
An experimental project of 9×9 diallele crossing was done 
at the experimental filed of Department of Botany, 
University of Pune and Agricultural Research Center of 
Tehran-Iran during 2005 to 2016. At the first year of trial 
on 2005 single cross carried out between the two lines 
sindose-80 and bulgare-557 for integration of earliness 
genes from sindose-80 to bulgare-557 with assuming that 
inheritance pattern of earliness characteristic in cotton 
cultivars controlling by additive model of genetic effects. 

Five years selections have been done after the first cross. 
The second cross on 2011 considers as back cross from 
donor parent or sindose-80 to recurrent parent or new 
earliness genotype. The required selections also have been 
done after backcross in the next five years.  

 
 
 
 

Bulgare-557× Sindose-80 (2005) 
▼ 

Selection (2006-2010) 
▼ 

Back cross:  New earliness genotype× Sindose-80 (2010) 
▼ 

Selection (2011-2015)  
▼ 

 New earliness genotype    
 
In 2016 the new earliness genotype by two different 
planting dates compared with the five native and 
commercial cotton cultivars with this arrangement that 
seven treatments including; New earliness genotype, 
Sindose-80, Varamin, Oltan, Sahel and Arya planted on 23 
May 2016 and Late planted new earliness genotype planted 
on 04 June 2016 in randomized complete block design 
(RCBD) with four replications. The row to row distance was 
maintained at 0.8m whereas plants within rows were 
thinned out to maintain a distance of 0.2m between plants. 
Each treatment plot contained four rows 12m lengths. All 
the agronomical, nutritional and plant protection 
requirements of the experiment have been fulfilled 
properly. 

The seed cotton yield of the all varieties were harvested 
when all varieties had at least average 50% open bolls from 
all over existing bolls of plants. The seed cotton yield of new 
earliness genotype which had been planted on 23rd May 
2016 was ready for first picking at 100 days after 
germination. The first picking of the late planted new 
earliness genotype which has germinated on 4 June 2016 
harvested at 130 days after germination. The first pickings 
of the remaining varieties were ready for first picking at 
177 days after germination. The second or last picking of 
the all varieties which have been germinated on 23 May 
2016 have been done at 187 days after germination. The 
data were statistically analyzed for analysis of variance 
(ANOVA) adopting Snedecor and Cochran (1971) and Steel 
and Torrie (1980) procedures.    

The criteria and indexes which have been calculated for 
evaluation of earliness were; (1) Early flowering days on 
the basis of days from germination to first flowering (EFD). 
(2) Fraction of first seed cotton picking to the total seed 
cotton yield (FFP). (3) Earliness Bartlett’s index (EBI) 
(Bartlett, 1979) and finally (4). The new earliness index of 
combined picking and day (CPD) which is combined by 
both days to picking and weight of seed cotton picking as 
weighted new earliness index. The four formulae are as 
followings:  

 
First flowering percentage (EFD) 
 
Earliness percentage of First Picking  

(FFP) =  

 
And Earliness measured by adopting Bartlett’s (1973) 

given as under:  
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Table 1. Mean squares from ANOVA for various earliness criteria and Duncan’s mean comparison used to characterize 
early maturing cotton cultivars.  

 
SOV DOF EFD FFT EBI CPD Yield(Kg/h) 
Replication 3 0.667 19.628            0.000    62.11 1048422.6 
Variety 6 121.036** 462.255**    0.012**   6011.79** 992047.5* 
Error 18 0.639 30.610 0.001 53.797 342356.1 
CV%  1.71 6.58 3.01 5.77 16.37 
 
Duncan’s Mean 
Comparison 

 7 = 55.00 A 
6 = 53.75 A 
5 = 45.50 B 
4 = 45.25 B 
3 = 44.50 B 
2 = 42.00 C 
1 = 41.00 C 

1 = 94.81 A 
7 = 93.34 AB 
2 = 91.00 AB 
5 = 82.94 AB 
4 = 81.92    B 
3 = 81.36    B 
6 = 63.32    C 

1 = 0.9714 A 
7 = 0.9667 A 
2 = 0.9550 A 
5 = 0.9147 A 
4 = 0.9096 A 
3 = 0.9068 A 
6 = 0.8166 B 

1 = 182.7 A 
2 = 167.3 B 
7 = 144.5 C 
4 = 109.3 D 
3 = 108.6 D 
5 = 103.5 D 
6 = 74.25 E 

1 = 4305 A 
3 = 3939 AB 
4 = 3917 AB 

7 = 3470 ABC 
2 = 3355 ABC 
5 = 3222    BC 
6 = 2853       C 

Varieties: 1= New earliness genotype, 2 = Sindose-80, 3 = Varamin, 4 = Oltan, 5 = Sahel, 6 = Arya, 7 = Late planted new 
earliness genotype.  
EFD = Early Flowering Days, FFT = Fraction of First Picking to the total seed cotton yield,  
EBI = Earliness Bartlett’s index, CPD = Earliness index of Combined Picking and Days 
*, ** = Significant at 0.05 and 0.01 probability levels, respectively.  

 
 
 
Bartlett’s Index (BI)  

 

=  

 
Earliness Index of combined pickings and days (CPD) =  

 

{ } × { } 

Or  
 

(CPD) ={ ×100} ×{ }  

Where (P1, P2, Pn) being the weight of seed cotton picked 
during first and second and n is the total number of 
pickings.  
 
 
RESULT  
 
Analysis of variance (Table 1) showed significant 
differences among cultivars for four evaluated indexes such 
as early flowering days (EFD), fraction of first picking to the 
total seed cotton yield (FFP), earliness Bartlett’s index (EBI) 
and earliness index of combined picking and day (CPD) 
(Hosseini, 2012). Related Duncan’s mean comparison 
showed that new earliness genotype had the first ranking of 
early flowering days and the Late planted new earliness 
genotype was in the second ranking. Minimum difference 
between two above mentioned means (42-41) leads us to 
investigation of the genetic effects of additive genes which 
have been affected by late planting date, but this difference 
is very less than differences among the remaining five 
varieties which have not had genetic relativity. This result 
indicates expression of earliness trait by additive gens in 

cotton can be affected or suppressed by environmental and 
management effects partially (Hosseini, 2014).   
Comparison of the three mentioned formulae as FFT, EBI 
and CPD in this research showed that the last formulae 
despite of FFT and EBI indexes which are made from only 
weight of seed cotton yield, has been made by both weight 
of seed cotton yield and days to picking. For this reason it 
can be show genetic effect of earliness very well and also 
separate the effect of management and environmental 
effects that are suppressing genetic effects. For example in 
the current research CPD index despite of the FFT and EBI 
is showing the varieties such as New earliness genotype as 
a late planted or planted timeliness in the first and second 
ranking of earliness.   
 
 

DISCUSSION 
 

Integration of the specific multi-allele genes of earliness 
trait from the donor parent like sindose-80 to the recurrent 
parent like bulgare-557 and then evaluation of F2 
segregated population indicates that inheritance of the 
earliness trait in cotton controls by additive genetic effects 
of earliness genes (Hosseini, 2014). This additive genes or 
quantitative alleles will be affected by environmental and 
managements effects like delaying in planting, soil 
moisture, soil fertility level, pest pressure, temperature and 
etc which is consider as their genetic effect suppression. 

Comparison of the two conventional methods along with 
new earliness index (CPD) showed the effects and 
deficiency of one of the time or weight factor in the FFT as a 
prevalent index and EFD methods respectively, but  playing 
roles of both weight and time in the CPD accurate index 
makes it complete index for evaluation of different 
earliness genotypes and cultivars by expression of their 
real gene effects beyond of environmental effects like 
different    soil     moisture, soil fertility level,  pest pressure, 
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temperature and cloudy weather. These environmental 
effects can affect earliness criteria which are controlling by 
additive quantitative genes despite of dominant qualitative 
genes. For this reason CPD index is the best formulae for 
estimation of earliness in cotton for illustrating of genetic 
effect of earliness very well and also separates the effect of 
management and environmental effects which are playing 
as suppressing factors (Hosseini, 2017). For example if we 
are comparing the two new earliness genotypes by the 
same FFT= 0.75 but two different first picking dates as P1= 
4 months and 5 months after germination for the genotype 
of I and II respectively, and last pickings have been done for 
both 7 months after germination. For adjustment of the FFT 
formulae, in the CPD index we are affecting time factors 
7(30) ÷ 4(30) = 1.75 and 7(30) ÷ 5(30) = 1.4 of the first and 
second genotype to their FFT as following which is showing 
genotype I is more earliness than the Genotype II. 

Genotype I = 0.75 × 1.75 = 1.31 × 100 = 131 
Genotype II = 0.75 × 1.4 = 1.05 × 100 = 105 
In the present study FFT index ranked the New earliness 

genotype (1 = 94.81) with sindose-80 (2 = 91.00) in the 
same class but CPD index which is affecting by both weight 
and time factors put the above mentioned genotypes (1 = 
182.7 and 2 = 167.3) in the separate classes. 
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