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ABSTRACT 

 
 A study was conducted in the Department of Plant Breeding and Genetics, 

University of Agriculture, Faisalabad, Pakistan during the year 2007-08 to 2009-
10. The objective was to get information about biochemical and other 
agronomic traits related to earliness, essential for selection and development 
of early maturing cotton genotypes without reaching maturity. Two early 
maturing genotypes (NIAB-884/188 and NIAB-111) and three late maturing 
cotton varieties (CRIS-2, CIM-511 and S-12) were selected and used to develop 
six generations (P1, P2, F1, F2, BC1 and BC2). These varieties and generations 
were analyzed to investigate the association between earliness and potassium 
deficiency. The results of potassium analysis showed that early maturity 
(87.3%) was accompanied with potassium deficiency (7.07 mg/g in leaf tissue) 
in two combinations i.e. NIAB-111×CIM-511 and NIAB-111×S-12 but potassium 
deficiency was not observed in NIAB-884/188×CRIS-2 combination (11.16 mg/g 
in leaf tissue). Data obtained from potassium analysis were used in 
biochemical analysis to determine the activities of protective enzymes of 
antioxidant system, such as catalase (CAT), superoxide dismutase (SOD) and 
ascorbate peroxidase (APX) to reinforce breeding efforts through biochemical 
assistant. It was concluded that maximum activity was observed in case of APX 
enzyme (8299 µg/g leaves) followed by CAT (2842 µg/g leaves) and SOD (150.63 
µg/g leaves) in combination NIAB-884/188×CRIS-2.  
 

KEYWORDS: Gossypium hirsutum; genotypes; earliness index; anti- oxidant; 
agronomic characters;  potassium deficiency; Pakistan 

 
INTRODUCTION 

 

Cotton crop has prime importance for economy of Pakistan. It supplies raw 
material to domestic textile industry comprising 503 textile mills, 1139 ginning 
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factories and over 5000 oil-expelling units. In Pakistan during the last three 
decades, commendable research work has been done on Gossypium 
hirsutum L. which resulted in breeding of varieties with greater yield potential. 
Despite cultivation of high yielding varieties, national average yield is still low 
as compared to other cotton growing countries of the world. In addition to 
adoption of hybrid cotton, breeding for early maturing cotton varieties has 
been suggested as profitable for the cotton growers (22). The early maturing 
varieties require lesser inputs i.e. use of fertilizer, fewer sprays, irrigation and 
escape late season pest attack and avoid soil moisture depletion and 
weathering of open cotton (21). Due to these reasons, breeding of early 
maturing cotton varieties has become an important objective of breeders in 
Pakistan. Selection for early plants in the field condition is difficult and also 
unreliable because of influence of large environmental and physiological 
factors (4). 
 
Cotton genotypes may vary in their nutritional requirements (potassium, K+) 
and potassium is an essential nutrient for controlling more than 60 enzymes 
thus affecting many physiological processes of photosynthesis within the 
plant (23). Premature senescence is characterized by insufficient potassium 
in plant leaf tissues, and this relationship has been studied in Australia (27), 
USA (20) and China (30). Plants showing symptoms of premature 
senescence have been observed having greater boll weight and bolls number 
than in plants without premature senescence, suggesting an imbalance 
between potassium supply and demand (27). The genetic material was 
analyzed to investigate the association between earliness (opened bolls upto 
125 days after sowing) and potassium deficiency (distinguished from typical 
potassium deficiency symptoms which occurs from bottom to top on older 
leaves).  
 
The genetic studies based upon selection of biochemical traits associated 
with earliness may render a major role in promoting early maturity without 
sacrificing yield. In this regard biochemical analysis of plant material for 
activities of protective enzymes of antioxidant system, such as catalase 
(CAT), superoxide dismutase (SOD), and ascorbate peroxidase (POD) could 
be useful to reinforce the efforts for biochemical assisted breeding.  
 
In the present study, activity of antioxidant enzymes like APX, SOD and CAT 
was estimated to (i) observe the difference in activities between early and 
late maturing parents, (ii) examine the difference in enzyme activities in 
genotypes with and without association with pre-mature senescence and (iii) 
check whether or not it is possible to use antioxidant enzyme as biochemical 
marker for selection of early maturing genotypes. Potassium concentration 
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with relation to earliness was also studied, which is important for selection of 
desirable plants in breeding for early maturity.  

 
MATERIALS AND METHODS 

 
This study was conducted in the Department of Plant Breeding and Genetics, 
University of Agriculture, Faisalabad, Pakistan during the year 2007-08 to 
2009-10. Thirty five genetically different lines / accessions were used in 
screening early maturing genotypes based upon two earliness indicators i.e. 
main stem node number of first sympodial fruiting branch and days taken to 
open first flower as suggested by Panhwar et al. (14). Data on these two 
parameters were collected from 8 guarded plants from each row as detailed 
below:- 
 
Node number of first sympodial branch: Node number of main stem 
where first fruiting branch appeared was determined considering the node 
above the cotyledonary node as node one, and counting the successive 
ascending nodes until the node of first fruiting branch. 
 
Number of days taken to open first flower: Number of days taken from 
sowing to open first flower were recorded for each plant and averaged in 
each replication for statistical analysis.  
 
Analysis of plant leaf tissues for potassium 
 
The genetic material comprising six generations (P1, P2, F1, F2, BC1 and BC2) 
of three combinations (NIAB-111xS-12, NIAB-111xCIM-510 and NIAB-
884/188xCRIS-2) was analyzed to investigate the association between 
earliness (percent of total number of opened bolls upto 125 days after 
sowing) and potassium deficiency (distinguished from typical potassium 
deficiency which occurs from bottom to top on older leaves). The fourth leaf 
from top most of cotton plant was sampled during boll setting. Five plants per 
replication from each generation were sampled for analysis. The samples 
were first cleaned with a moist tissue paper, and dried immediately. Drying 
was done in a forced draft oven at 70 oC for 48 hours.  Samples were first cut 
into small pieces and ground in a mill fitted with the sieve of 1mm size. 
 
Ground samples were homogenized. A portion of plant sample (0.5 g) was 
digested in diacid mixture with ratio of 3:1 nitric acid and perchloric acid at 
150 oC (13). The digested samples were diluted with distilled water as per 
requirement and potassium in plant leaves was determined by Flame 
Photometer (Seac Model FP-20).  
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Biochemical analysis 
 
Three types of cotton material comprising NIAB-111( low yielding and early 
maturing with K deficiency induced pre-mature senescence), NIAB-884/188 
(high yielding and early maturing without pre-mature senescence), and CIM-
511,  CRIS-2 and S-12 ( medium yielding and late maturing) was used in this 
study.  
 
For antioxidant analysis, fourth leaf from top most of individual plant growing 
at flowering and boll setting stage was collected. After discarding main leaf 
vein, the leaf samples were brought in ice in the laboratory and stored 
immediately at 80 oC. Ten randomly selected plants were sampled from each 
parent and F1, F2, BC1 and BC2 progenies. The yield of same plants was also 
recorded at the end. 
 
To determine ascorbate peroxidase (APX) activity, standard method of Chen 
and Asada (6) and Dixit et al. (7) was used. One gram frozen leaf samples 
were ground in homogenizing medium containing 100 mM phosphate buffer 
(pH 7.0), 0.1 mM EDTA, 0.01 mM ascorbate and 2% β- mercaptoethanol. For 
assay of enzyme activity, rate of hydrogen peroxide–dependent oxidation of 
ascorbic acid was determined in a reaction mixture that contained 50 mM 
phosphate buffer (pH 7.0), 0.6 mM ascorbic acid and enzyme extract. The 
reaction was initiated by addition of 10 microliter of 10 percent hydrogen 
peroxide (H2O2) and oxidation rate of ascorbic acid was estimated following 
the decrease in absorbance at 290 nm for three minutes. 
 
For estimation of catalases (CAT) activity, method described by Beer and 
Seizer (5) was used. Frozen leaf samples were ground in extraction mixture 
containing 50 mM potassium phosphate buffer (pH 7.0), and 1 mM 
dithiothreitol (DTT). The homogenized was centrifuged at 12,000 rpm for five 
minutes. The supernatant was removed, and about 100 µl of this supernatant 
was then mixed with 1.9 ml distilled water and 0.059 mM of H2O2. Catalase 
level was determined taking absorbance at 240 nm for three minutes using 
Spectronic-20 UV-visible spectrophotometer. For the estimation of 
superoxide dismutase (SOD) activity, one gram frozen material was ground 
and homogenized in 2 ml phosphate buffer. The material was centrifuged at 
40C at 14000 rpm for ten minutes and supernatant was taken. The reaction 
mixture contained 150µl of nitro blue tetrazolium (NBT), 3.9 µl riboflavin, 780 
µl methionine, 225 µl EDTA, 150 µl phosphate buffer, 50 µl sample and 1.64 
ml dH2O2. The sample was put under fluorescent lamp for one minute and 
then absorbance was taken at 560 nm. One unit of SOD activity was defined 
as the amount of enzyme that inhibits 50 percent of NBT photo-reduction. 
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Statistical analysis 
 
In all antioxidant experiments, five replications were used. General statistical 
analysis using means and standard deviation was determined. Analysis of 
variance and its significance was determined, and means were compared 
using Duncan’s multiple range test (DMRT). 
 

RESULTS AND DISCUSSION 
 

Analysis of variance of 35 cotton varieties/lines revealed highly significant 
genotypic differences for both characters i.e. node numbe of first fruiting 
branch (NFB) and days taken to first flower (DFF) (P< 0.01, Table 1). 
 
Table 1.   Mean squares for node number of first fruiting branch and days taken to first 

flower in 35 varieties cotton/lines. 
 

SO 
 

Df NFB DFF 

Replications 2 51.23 0.4126 
Genotypes 34 4512.2** 15.42** 
Error 68 287.9 0.2051 

**Highly significant differences (P< 0.01) 
 
The results further revealed that NIAB-884/188 and NIAB-111 produced first 
fruiting branch at lower node number 7.2 and 7.6, respectively, and these 
also took less number of days to first flower i.e. 41 and 45 days, respectively 
(Table 2). NIAB-Karishma and FH-901 producing first fruiting branch at lower 
node number i.e. 5.7 and 6.2 took 56 and 60 days to open first flower, 
respectively. Therefore, NIAB-884/188 and NIAB-111 varieties were 
designated as early maturing. In contrast, S-12, CIM-510 and CRIS-2 
produced first fruiting branch at 16.3,16 and 14 node, and took more number  
 
Table 2. Mean values of two preliminary indicators of earliness in 35 cotton varieties. 
 

 
Varieties  NFB DFF Varieties  NFB DFF Varieties NFB DFF 

 
NC-2 8.26 42.7 CIM-707 8.2 50 CIM-534 8.4 51.0 
N-1163 8.7 43.7 CIM-482 8.6 48 Ok-497   9 50.0 
N-1135 8.9 43.0 BH-125 7.5 4.6 CIM-240  7.4 51.0 
N-1219 8.7 42.7 NIAB-999 7.3 45 NIAB 

Karishma 
5.7 56 

N-884/188 7.2 41.0 MNH-536 7.9 46 CIM-443 4.6 51 
CIM-496 7.8 45.0 CIM-473 5.9 53 CIM-482 6.1 53 
N-9811 8.9 41.3 FH-900 8.6 47 BH-118 8.0 64 
N-1112 9.2 45.3 BH-121  8.5 46 CIM -510 16 60.0 
N-7111 8.93 43.7 NIAB-78 6.4 56 Cris-2 14 61.0 
CIM-506 9.1 48.0 CIM-109 6.0 59 S-12 16.3 62.0 
NIAB-111 7.6 45 CIM-1100 8.1 70 VH-144 7.2 54.0 
CIM-511 9.2 59.0 CI448 6.2 59    
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of days to open first flower i.e. 62, 60 and 61 days, respectively. The results 
revealed significant amount of variation in characters and differences 
between varieties (Table. 2); for example, NIAB-884/188 was recorded as 
early maturing variety as compared with NIAB-111. CIM-496 may be 
regarded as late maturing cultivars. Other varieties had more or less 
intermediate maturity. 
 
Using days taken to open first flower as selection criterion (14), NIAB-
884/188 was found to produce first sympodial branch significantly at lower 
position 7.2 and recorded as early maturing compared with CIM-510 and S-
12, which were found as late maturing strains. Thus it appears that these two 
characters proved to be useful and effective for identification of early and late 
maturing varieties. These results are in accordance with the information 
reported earlier ( 1, 2, 8, 12). 
 

The data (Table 3) further showed that NIAB-111 in both combinations 
(NIAB-111 × CIM-511 and NIAB-111 × S-12) exhibited potassium deficiency 
in their leaf tissues having potassium concentration of 6.75 and 7.4 mg/g, 
respectively as compared to NIAB-884/188 × CRIS-2. Based upon K analysis 
genetic material may be categorised in three types, i.e. low yielding and early 
maturing with K deficiency induced pre-mature senescence (NIAB-111), high 
yielding and early maturing without pre-mature senescence (NIAB-884/188) 
and medium yielding and late maturing (CIM-511, CRIS-2 and S-12).  
 

Table 3.  Mean values of potassium concentration (mg/g) in leaf blades of cotton plant 
material in six generations. 

 
Genera-
tions 

NIAB-884/188 ×CRIS-2 NIAB-111 ×CIM 511              NIAB-111 × S-12 

 K-contents E 
(%)* 

Yield 
(g) 

K-contents E (%) Yield 
(g) 

K-contents E (%) Yield 
(g) 

P1  11.16 85 128.6 6.75 87.6 88.56 7.4 87.3 67 
P2 12.13 34.3 115.5 13 23.6 176.97 14.39 22.6 92 
F1 11.47 83 120 13.96 66.3 122.85 11.14 87.6 162.4 
F2 12.57 80.6 179 12.95 68.6 125.84 10.56 73.5 100 
BC1 13.24 81 212.5 11.24 71 133.77 10.11 81 209 
BC2 10.42 81.6 160 10.42 59.3 114.52 8.67 53 128 

*Earliness percentage. 

The data showed that as early maturity in cultivars increased potassium 
deficiency was enhanced in both combinations i.e. NIAB-111 × CIM-511 and 
NIAB-111 × S-12 which resulted in reduced yield. Similar results have been 
reported by Pettigrew (15) who observed that K+ deficiency in cotton 
depressed yield by decreasing late season growth and is reportedly more 

harmful to early maturing cotton genotypes. It has also been reported (27) 
that modern cotton variety particularly Bt transgenic cotton (early-maturing, 
fast-fruiting, and heavy boll loading or high-yielding cotton), and 
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environmental stress are major contributors to potassium deficiency. Perhaps 
deficiency of potassium in leaf blades could be due to the presence of 
premature senescence behavior in these genotypes which in turn reduced 
the yield. However, this is not the case in NIAB-884/188 × CRIS-2 
combination.   
 

In combination NIAB-884/188 × CRIS-2, earliness did not couple with 
potassium deficiency and seed cotton yield also not affected. Many reports 
have indicated that modern cotton varieties with fast fruiting, high yielding or 
heavy boll load, and early maturity seem to be more susceptible to K 
limitation than traditional varieties (15, 26, 27). However, Pettigrew (16) found 
no difference in the response of ‘K’ among cotton varieties of varying 
maturities. Pettigrew and Meredith (17) are of views that potassium 
deficiency may depress cotton growth and development by affecting roots, 
leaves, stems and bolls. The overall effect of K deficiency is to produce 
smaller, stunted plants compared to those receiving full fertilization. 
Potassium deficiency has been reported to have no effect on earliness of 
maturity (20, 25). However, some reports (6, 11, 20) indicate that potassium 
deficiency enhances earliness of maturity. Potassium related premature 
senescence recently described in Australia (27), USA (16), and China (28) 
may be a typical K deficiency occurred in top canopy.  
 
Hence on the basis of this analysis NIAB-111 categorised as an early 
maturing with K deficiency induced pre-mature senescence whereas NIAB-
884/188 as an early maturing without premature senescence.  

 
Biochemical analysis 

 
The results revealed that in all plants and their progenies, activity of APX 
antioxidant enzyme was maximum and significantly higher than CAT which in 
turn was significantly higher than the activity of SOD. In different parents, 
APX activity was significantly higher in early maturing cotton varieties such as 
NIAB-111 and NIAB-884, while among the two it was higher in NIAB-111. 
Among late maturing parents, APX activity was the highest in S-12, followed 
by CRIS-2 and CIM-511. In F2 and BC1 APX was higher than late maturing 
parent CIM-511 while activity in BC2 generation reduced significantly more 
than both parents (Fig.1). Like APX, activity of CAT was significantly higher in 
early maturing parents NIAB-111 and NIAB-884. In F1, F2 and BC2 of NIAB-
111 × CIM-511 and NIAB-884/188×CRIS-2 (Fig.2) reduction in CAT activity  
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was highly significant while in BC1 progenies of both cross combinations it 
was increased significantly compared to both late and early maturing parents. 
In cross combination of NIAB-884/188×CRIS-2, activity of CAT remained 
significantly low in parents as well as in progenies (Fig.3). 

 

 
 

Activity of SOD although remained comparatively low, yet it exhibited 
corresponding increase with increase in APX activity. Like APX, SOD was 
significantly higher in early maturing compared to late maturing parents. In F1 
progenies, it is nearly equal to early maturing parents, but in all BC1 progeny 
it increased significantly compared to parents especially in BC1 and BC2 of 
cross combination of NIAB-111 and S-12. The activity was the lowest in BC2 

of NIAB-111 × CIM-511(Fig. 4). 



Study of biochemical and agronomic traits relating to earliness in cotton  

J. Agric. Res., 2013, 51(2) 

117

 
 

In addition to agronomic traits, physiological studies are also necessary for 
the selection of early maturing plants as has been done previously (19, 20). 
Previous information on biochemical traits related to earliness is very scanty 
in literature. However, the reports of Shu-xun et al.(23) and Gur et.al, (9)  
revealed that for developing early maturing cotton lines without premature 
senescence, early generation selection based on CAT, POD, SOD activities 
and chlorophyll contents could be effective. These reports indicated that 
activities of protective enzymes of antioxidant system such as CAT, SOD and 
APX were higher in early maturing cotton associated with premature 
senescence compared with the parents not associated with premature 
senescence. In present study, early maturing cotton lines with and without 
premature senescence were crossed with late maturing lines. It was 
observed that maximum activity of enzyme POD followed by CAT and SOD, 
was low in late maturing genotypes and higher in early maturing especially 
those not associated with pre-mature senescence like NIAB-884/188. The 
observation of high activities in early maturing varieties has already been 
reported (17) but difference in activities associated with premature 
senescence has not been documented. The enzyme activities were quite 
high, may be due to premature senescence and its association with such 
observation. However, value of CAT was comparatively low in NIAB-884/188. 
The activity of SOD also significantly higher in early maturing parents.  
 

CONCLUSION 
 

Based on differences in activities of antioxidant enzymes it is concluded that 
it is possible to select the germplasm with high activities of peroxidases 
enzymes in early maturing parents alongwith the phenomenon of non-
premature senescence. 
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