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ABSTRACT

Genetic gain through cotton improvement 
has been best established by testing obsolete and 
modern cultivars in the same environments. This 
review is an examination of the yield and growth 
analysis studies performed at Stoneville, MS in the 
1970s and 80s. There were four yield studies that 
exhibited a mean increase of approximately 7.4 kg 
lint ha-1 yr-1 and a range from 4.8 to 10.2 kg lint ha-1 
yr-1. The lowest value was observed at a low nitro-
gen rate of 22 kg N ha-1. Growth analysis showed 
earlier and more intense flowering rates in the 
modern cultivars than rates seen in more obsolete 
cultivars. This maturity difference was supported 
by significant, negative correlation coefficients for 
the relationships between the year of cultivar release 
and various parameters of vegetative growth later 
in the season. These data indicate that there was 
greater vegetative mass in the obsolete cultivars at 
that time. The opposite was true of the reproductive 
parameters, which were positively related to year of 
cultivar release. Reproductive-to-vegetative (RVR) 
dry weight (DW) ratio was significantly related to 
year of cultivar release at 69, 96, 117 and 142 days af-
ter planting (DAP) with coefficients of 0.39*, 0.50**, 
0.61** and 0.53**, respectively. Further work with 
advanced breeding lines and present day cultivars 
indicated that yield increases through partitioning 
from vegetative to reproductive structures were 
likely to continue. It is not known if such alterations 
have been brought forward in today’s biotechnologi-
cally modified cultivars.

Upland cotton (Gossypium hirsutum L.) is a 
perennial, which had a tree-like growth habit 

before it was domesticated by man (Hutchinson et 
al., 1947). Due to its perennial growth habit, cotton is 
generally deep rooting and has good drought tolerance, 

a useful survival adaptation (De Souza and Vieira da 
Silva, 1987). Through breeding and selection, cotton has 
been transformed into a more determinate growth habit, 
which imparts intensive reproductive development with 
reduced vegetative production. However, defoliation 
is still required and the annual label is still not totally 
reflective of its perennial growth habit.

Fiber yields in the United States of upland cotton 
have increased linearly (r2 = 0.91) since 1935 (Fig. 
1) with an average 8.8 kg per hectare increase per 
year. Average fiber yields in the United States did 
not increase until just prior to World War II. While 
our ability to manage the crop from that time to the 
present has been facilitated by the advent of fertilizer 
use, pesticide use, growth regulator use, boll weevil 
eradication, and the like, genetic improvement has 
certainly been an important factor (Meredith, 2002).

Years

1860 1880 1900 1920 1940 1960 1980 2000 2020
0

200

400

600

800

1000

1200

1935 - 2014:  
Yield = -16,905.3 + 8.85(X) 

r2 = 0.91; P < 0.001

Fi
b

er
 y

ie
ld

 (
kg

 h
a-1

)

8.85 kg ha-1yr-1

Figure 1. Mean yearly cotton fiber yields in the United 
States from 1866 to 2014.

Genetic gain through cotton improvement has 
best been determined by testing obsolete and mod-
ern cultivars in the same environments. There is a 
synopsis of these studies by Schwartz (2005), which 
has been adapted in Table 1. Fifteen studies cover-
ing the range of years of release from 1905 through 
2002 were analyzed. The average gain in yield from 
these studies was 7.0 kg ha-1 and the median was 7.2 
kg ha-1. The objective of this review is to determine 
whether these gains were realized through physiologi-
cal or morphological modifications of new cultivars, 

mailto:rwells@ncsu.edu


247WELLS: ADVANCES IN COTTON YIELD AND DRY MATTER PARTITIONING

or multiple external factors such as management or 
pest control options. This publication will examine the 
obsolete versus modern studies that were performed 
at Stoneville, MS from the late 1960s until 1986.

YIELD

The first study was conducted by Drs. Bob Bridge, 
Bill Meredith, and J.F. Chism, in 1967 and 1968. 
Thirteen obsolete cultivars and three relatively new 
cultivars (Stoneville 213, DPL Smooth Leaf, and 
Coker 413-68) were examined (Bridge et al., 1971). 
The obsolete cultivars were all formerly important 
commercial cultivars in the Mississippi Delta. Ston-
eville 213 and Deltapine Smooth Leaf were bred in 
the Mississippi Delta, while Coker 413-68 was bred 
in Hartsville, SC. The relationship of yield to year of 
cultivar release was significant (r2 = 0.58, P = 0.0006) 
and showed a 10.1 kg ha-1 increase in fiber yield per 
year (Fig. 2A). In their study, lint yield was positively 
related (r2 = 0.86, P < 0.0001) to fiber percentage 
(Fig. 3). For every percent increase in percent fiber 
there was an increase in lint yield of approximately 
51.5 kg ha-1. These data indicate that there was a 
shift in intra-boll dry matter partitioning from seed 
to fiber. Similarly, Snider et al. (2013) found that lint 
percentage was impacted more by genotype than by 
environment with 51.5% of variability in lint percent-
age explained by genotype and 38.8% explained by 
environment in 33 environments.

Bridge and Meredith (1983) performed another 
study in 1978 and 1979 to examine whether a perceived 
yield decline was related to the inherent yielding ability 
of a cultivar. In this study 17 cultivars representing the 
period from 1910 until 1978 were examined. Twelve 
of these were released form 1910 through 1944. Three 
were from the period of 1959 through 1965 and two 
were released in 1978. The relationship between fiber 
yield and year of cultivar release found in 1979 can be 
seen in Figure 2B. (adapted from Bridge and Meredith, 
1983; Table 1). There was a significant relationship (r2 = 
0.83, P < 0.001), which indicated that the mean annual 
genetic gain for fiber yield was 9.5 kg ha-1. Interest-
ingly, the percentage of lint in the first of two harvests 
was also positively related to year of cultivar release 
(r2 = 0.47, P = 0.003), indicating a shift towards earlier 
maturity (Fig. 4). More recently, Bednarz and Nichols 
(2005) indicated that selection for (a) the compression 
of the horizontal flowering interval, (b) the reduction 
of the boll maturation period, and (c) the elongation of 
sympodial branches at lower main stem nodes were 
most useful in breeding for earlier maturity.

Wells and Meredith (1984a,b,c) performed an ex-
tensive growth analysis study to determine if alterations 
to growth patterns had been indirectly brought forth 
through selection for greater fiber yields. In the study, 
six cultivars from both the Stoneville (STV) and Del-
tapine (DPL) lineage released from 1905 through 1978 
were grown. Two distinct environments were generated 
through two planting dates, 26 April and 12 May 1982. 

Table 1. Reported genetic gain determined through side-by-side comparisons of commercially grown obsolete and modern 
upland cotton cultivars

Time span of  
cultivar releaseZ

Genetic gain
(kg ha-1)

Number of 
Cultivars Reference

1945-1978 10.5 9 Culp and Green (1992)
1922-1962 10.2 13 Bridge et al. (1971)
1910-1979 9.5 17 Bridge and Meredith (1983)
1937-1965 9.0 8 Meredith et al. (1997)
1939-1979 9.0 9 Bassett and Hyer (1985)
1905-2002 8.7 9 Schwartz and Smith (2008)
1937-1974 7.2 6 Hoskinson and Stewart (1977) Culp and Green (1992)
1905-1978 6.8 12 Wells and Meredith (1984); Meredith et al. (1997)
1918-1982 5.6 12 Bayles et al. (2005)
1938-1993 5.3 38 Meredith (2002)
1983-1999 3.9 23 Meredith (2002)
1918-1982 3.7 12 Bayles et al. (2005)
1984-1993 1.5 8 Meredith et al. (1997)

Mean 7.0
Z Approximate range of year of release for the cultivars tested. Adapted from Schwartz (2005).
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The research estimated that the mean annual genetic 
gains were 7.1 kg ha-1 (r2 = 0.69, P < 0.001) and 6.6 
kg ha-1 (r2 = 0.61, P < 0.003) with these two respective 
planting dates as factors in the study (Fig. 2C).

Meredith et al. (1997) included nitrogen fertiliza-
tion levels 22 and 112 kg N ha-1, in a study that ex-
amined eight obsolete (<1965), seven modern (1984-
1995) and one experimental F2 population (MD51ne 
X STV 6413). They found slightly divergent responses 
to nitrogen rate with the modern cultivars displaying 
a significant cultivar X N interaction, which suggests 
that these modern cultivars responded more to N than 
many of the older cultivars (Fig.2D). The yield gains 
due to breeding were 6.1 and 4.78 for the 112 and 22 
kg N ha-1 treatments, respectively, and represents the 
lowest gains reported from the Stoneville obsolete 
versus modern yield studies.

DRY MATTER APPORTIONING

Wells and Meredith (1984a,b,c) performed an 
extensive growth analysis study as mentioned earlier. 
Several alterations in dry matter allocation were found 
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Figure 2. Comparative fiber yield performance of obsolete 
and modern cultivars from four studies. Adapted from 
(A) Table 1 of Bridge et al. (1971), (B) Table 1 of Bridge 
and Meredith (1983), (C) Table 1 of Wells and Meredith 
(1984c), and (D) Figure 1 of Meredith et al. (1997).
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Figure 3. The relationship between lint yield and fiber 
percentage. Adapted from Table 1 of Bridge et al. (1971).
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Figure 4. Relationship of percent lint in the first harvest to 
year of cultivar release. Adapted from Table 1 of Bridge 
and Meredith (1983).
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in the 26 April planting date (Wells and Meredith, 
1984b). Seventy-two percent of white flowers ob-
served in these modern cultivars were found in the 
first four dates of measurement while the obsolete and 
intermediate cultivars had 53 and 62%, respectively. 
Again, these data underscore the shift in the modern 
cultivars towards earlier maturity.

Correlation coefficients for the relationships be-
tween year of cultivar release and various parameters 
of reproductive development for the 26 April planting 
date are shown in Table 3 (Wells and Meredith, 1984b). 
Significant positive correlations were seen for all 
measurements of reproductive growth and there was 
a seasonal progression of positive correlations starting 
early with square number (52 to 96 DAP) and square 
DW (69 and 96 DAP) to later for mature boll number 
(117 and 142 DAP), mature boll DW (117 and 142 
DAP), total boll number (69 to 142 DAP) and total 
boll DW (96 to 142 DAP). Conversely, there were sig-

due to breeding efforts aimed largely at increasing 
lint yields. The first alteration was a shift in modern 
cultivars to earlier reproductive development. Simple 
correlation coefficients for the relationships between 
the year of cultivar release and various parameters 
of vegetative growth (Table 2) showed significant 
negative relationships at 96, 117 and 142 days after 
planting (DAP) for the 26 April planting (Wells and 
Meredith,1984a). There was a significant negative re-
lationship for stem dry weight at 96 and 117 DAP and 
a significant negative relationship for vegetative DW 
at 117 DAP. Further, there were significant negative 
relationships for leaf DW and leaf area index (LAI) 
at 117 and 142 DAP. The above mentioned Wells and 
Meredith (1984a,b,c) growth analysis study also found 
that changes in dry matter allocation were correlated 
with breeding efforts to increase fiber yield. The 
modern cultivars also exhibited earlier flowering (Fig. 
5A) than either the obsolete or intermediate cultivars 

Table 2. Simple correlation coefficients for the relationships between the year of cultivar release and various parameters of 
vegetative growth measured at different dates from the 26 April 1982 planting date. Adapted from Wells and Meredith (1984a)

Variable
Days after planting

38 52 69 96 117 142
r

Total Dry Wt. -0.20 0.01 0.00 0.04 0.01 0.07
Total Vegetative DW 0.20 0.01  0.21 -0.21 -0.39** -0.22
Stem Dry Wt. --  -0.12 -0.11  -0.24** -0.39** -0.18
Leaf Dry Wt. 0.16 0.10 0.10 -0.11 -0.36** -0.33**
Leaf Area Index -0.13 0.07 0.07 -0.08 -0.24* -0.27*

*, ** Significant at the 0.05 and 0.01 probability level, respectively.

Table 3. Simple correlation coefficients for the relationships between the year of cultivar release and various parameters of 
reproductive growth measured at different dates from the 26 April 1982 planting date. Adapted from Wells and Meredith 
(1984b).

Variable
Days after planting

52 69 96 117 142
r

Square Number  0.28**  0.43** -0.36** -0.22** --
Immature Boll Number --  0.22*  0.48** 0.21 -0.12
Mature Boll Number -- -- -- 0.30* 0.40**
Total Boll Number  0.22*  0.48** 0.26* 0.34**
Square DWZ 0.15  0.37** 0.27* -- --
Immature Boll DW -- 0.10  0.48** 0.37** -0.25**
Mature Boll DW -- -- -- 0.24* 0.48**
Total Boll DW -- 0.10  0.48** 0.40** 0.37**
RVRY --  0.39*  0.50** 0.61** 0.53**

*, ** Significant at the 0.05 and 0.01 probability level, respectively.
Z Dry weight.
Y Reproductive-to-vegetative DW ratio.
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nificant negative correlations at later dates for square 
number (96 and 117 DAP) and immature boll dry 
weight (142 DAP) indicating the delayed reproduc-
tive development in older cultivars. Reproductive-to-
vegetative DW ratio (RVR) was significantly related 
to year of cultivar release at 69, 96, 117 and 142 DAP 
with coefficients of 0.39*, 0.50**, 0.61** and 0.53**, 
respectively. The data indicate that, in addition to 
earlier maturity, the newer cultivars allocated greater 
dry matter to reproductive structures and less to the 
vegetative portion of the plant. These trends can be 
seen clearly in the Stoneville background with STV 
825 and STV 213 displaying a mean RVR ratio of 0.94 
at 142 DAP (Fig. 5B). The intermediate cultivars and 
Lone Star at 142 DAP had mean RVR ratios of 0.68 
and 0.40, respectively. Interestingly, similar results 
were found in a study of obsolete and modern North 
Carolina peanut cultivars with RVR ratios positively 
correlated with the number of breeding cycles with 
correlations coefficients (r) of 0.46**, 0.53**, and 
0.74**, at 71, 104, and 113 DAP over two years 
(Wells et al., 1991).

Meredith and Wells (1989) addressed the ques-
tion of whether further advances in reproductive 
partitioning would be realized in advanced lines 
that were likely to be released as commercial 
lines. To test this hypothesis, 25 total genotypes 
representing three groups: five obsolete cultivars, 
five current cultivars, and 15 advanced strains 
were evaluated for yield and growth qualities. The 
advanced lines came from five breeding programs 
and had the potential to replace cultivars currently 
grown. Two dry matter harvests were made at ap-
proximately 50 and 102 DAP and lint yield was 
determined at season’s end. For the 20 current and 
advanced genotypes, there was a significant posi-
tive relationship (r = 0.63; P = 0.0027) between 
lint yield and boll DW-to-total DW ratio (Fig. 
6A). In addition, there was a significant positive 
relationship (r = 0.56; P = 0.01) between lint 
yield and reproductive-to-vegetative ratio (Fig. 
6B). These associations supported the notion that 
further gains for yield through the use of con-
ventional breeding methods were being realized 
through increased allocation of dry matter from 
vegetative to reproductive structures. Additionally, 
reduction of plant height in the advance lines was 
negatively associated (r = 0.45; P = 0.045) with 
yield (Fig. 6C).

One research objective of the Meredith and 
Wells study (1989) was to determine if continued 
progress through conventional breeding for yield 
was likely. The genetic variance component for 
yield among the 20 modern cultivars (5 current 
and 15 potential cultivars) was large (28%) when 
expressed as a percentage of the total genetic 
components. This large genetic component sug-
gests that continued yield advances through 
breeding were likely during the mid-1980s. 
Further, a second objective was to determine 
if this progress would occur through continued 
apportioning from vegetative to reproductive 
structures as had been done in cotton breeding ef-
forts prior to that time. In the 20 modern cultivars 
there was a positive genetic association (Table 
4) of boll DW-to-total DW ratio (r = 0.86) and 
reproductive-to-vegetative ratio (r = 0.91) and 
stem DW-to-total DW ratio with yield (r = -0.77). 
These associations suggested that yield increases 
realized through selection for further partitioning 
from vegetative to reproductive structures were 
likely to continue after 1990.

Figure 5. White flower counts (A) and reproductive-to-
vegetative ratio (B) at various dates after planting for 
new, intermediate, and obsolete cultivars for cultivars 
from the Stoneville background planted 26 April 
1982. Adapted from Figure 1 and Table 6 of Wells and 
Meredith (1984b), respectively.
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THE BIOTECHNOLOGY AGE

Genetic strategies now involve gene manipula-
tion through modern techniques such as gene guns, 
electrophoraton, microinjection and agrobacterium, 
(Narusaka et al., 2013) and more recently through 
transcription activator-like effector nuclease 
(TALEN) (Jong and Sander, 2013) and clustered 
regularly interspaced short palindromic repeats 
(CRISPR) (Yang et al., 2014). These techniques have 
opened up the possibilities for available traits and 
have led to herbicide and insect resistant genotypes 
that are present in over 90% of all cotton grown in 
the country. With these developments, one must 
question how the quest for management, stress tol-
erance or value added driven traits, derived through 
biotechnological modification, might alter breeding 
selection benchmarks. Lint yield will remain an 
important trait to improve, but research should be 
conducted to determine whether past trends for selec-
tion of dry matter have continued. Have the changes 
in dry matter allocation in response to selection for 
yield, as seen in the historical studies covered herein, 
continued to the present day biotechnologically 
modified cultivars? Pettigrew et al. (2013) examined 
at low and high plant population densities both con-
ventional and transgenetic genotypes released from 
1962 through 2011. Dry-matter partitioning, growth 
analysis, yield, yield component, and lint quality data 
were collected yet genotypes did not interact with 
plant densities for any characteristic.

Figure 6. Relationship of fiber yield to (A) boll dry 
weight (DW)-to-total DW ratio (B) reproductive-
to-vegetative DW ratio, and (C) plant height for 20 
cultivars (5 current and 15 potential future cultivars). 
Adapted from Figures 1, 2 and 3 of Meredith and 
Wells (1989).

Table 4. Genetic and phenotypic correlation coefficients 
of lint yield with various growth characteristics at 
approximately 102 days after planting. Adapted from 
Meredith and Wells (1989)

Yield to Growth  
Characteristic

102 DAPZ

Genetic Phenotypic
Stem DW-to-Total DWY Ratio -0.77 -0.64**
Boll DW-to-Total DW Ratio 0.86 0.70**
Reproductive DW-to-
Vegetative DW Ratio 0.91 0.56**

Z DAP= Mean days after planting for sampling for growth 
characteristics.

*,** Significant at the 0.05 and 0.01 level of probability, 
respectively.

Y DW = dry weight.
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The movement toward early maturity may be 
altered by the lessened late-season insect pres-
sure brought about by the development of Bacillus 
thuringiensis containing cotton (BT cotton) and the 
eradication of the boll weevil. Late-season insect pres-
sure was an integral part of the environments in which 
breeding selections were being made. Therefore, its 
effect was confounded within environment and would 
influence the selection process whether deliberately or 
inadvertently. The new technologies have effectively 
eased late-season insect pressure and as a result re-
duced its influence on breeding decisions. Regardless, 
new studies are needed to determine the influence of 
biotechnological modification on the allocation of dry 
matter and earliness of present-day genotypes.
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