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L E A F  R E D D E N I N G  A N D  I T S  M A N A G E M E N T  I N  C O T T O N

Introduction

Red leaf disease of cotton, commonly 

known as lal patti in India (Fig. 1), 

Bronze wilt, “copper top,” “sudden 

wilt” and “phloem wilt” in the 

U.S. and “red leaf,” “red wilt” and 

“anthocyanosis” in other countries, 

is a physiological disorder induced 

by different abiotic stresses. Bronze 

wilt as a problem in cotton was 

California. Recently, this has emerged 

as a serious problem in various cotton 

growing belts of Pakistan especially 

in Sindh.  In India, though the leaf 

yet the problem has acquired the 

status of major disease only after the 

cultivation of Bt cotton hybrids.

outcome of the interaction of variety/

hybrid, environmental factors and 

availability of nitrogen including 

observed in poor soils with low 

stress due to poor drainage in soil 

temperature arresting the translocation and high radiation.

losses in seed cotton yield has recently been observed. Lint quality is also 

adversely affected because of the premature crocking of the bolls which 

ultimately results in low price of their produce in the market. 

Figure 1: Red leaf disease of cotton
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L E A F  R E D D E N I N G  A N D  I T S  M A N A G E M E N T  I N  C O T T O N

Symptoms

Leaf margins turn yellow and later red 

pigmentation is formed on the whole leaf 

area

Reddening progresses to stems and leaves

Shedding of leaf and boll and the poor 

plants growth 

and wilting of the plant

Symptoms generally appear during boll 

development and may become severe as bolls 

mature. Symptoms usually progress through 

a series of stages. First prominent symptom 

part of the leaf becomes raised, giving the 

turn red to the top of the plant, appertaining 

similar to that following herbicide application. 

characteristic symptom but the affected plants 

can bear bolls. In case of sever incidence of leaf 

reddening, all the foliage may rapidly wilt and collapse within a few days of the 

of the upper canopy. Peduncles of bolls along with branches, leaves subtending 

bolls,  and the main stem are most often affected. 

Incidence and intensity

and plants with red leaf symptoms) are counted. Based upon the observation, 

Figure 2: Common symptom of leaf 

raised giving rough appearance
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L E A F  R E D D E N I N G  A N D  I T S  M A N A G E M E N T  I N  C O T T O N

Table 1: Leaf reddening grading depending on leaf area covered with 
reddening

Grade Leaf covered with reddening 

1 1 or less than 1% leaf area covered  

Trend of leaf Reddening 

at low level in north zone as compared to central and south zones.
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during the last three years indicated the appearance of leaf reddening at all 
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L E A F  R E D D E N I N G  A N D  I T S  M A N A G E M E N T  I N  C O T T O N

Leaf reddening process 

In the leaf reddening process colour of leaves generally changes from green 

to yellow and then to red, but in many cases the change is directly from green 

colouration of both bottom and upper leaves is observed in adult plants at the 

end of vegetative period. During the leaf reddening the leaves lose turgidity, 

droop and wither away. Sometime the colour spreads from the epidermis to the 

adjacent parenchymatous cells. High tannin content and low cell sap of pH are 

prerequisite for development of red pigment in cotton leaf. Pigment has been 

Seasonal changes
During rainy days, particularly in August, because of the low light intensity 

also affected due to heavy rainfall. During the primary stage, the condition 

of high temperature and high radiation prevailing in September impairs 

ceases and days become warm. During the boll formation stage leaf nitrogen 

content gets drastically reduced due to translocation to the developing bolls. 

High radiation enhances the photosynthesis rate, which brings deposition 

platform for the enhancing the leaf reddening process.

Physiological and biochemical changes 

called anthocynanis, which is accompanied by degradation of chlorophyll. 

epidermis generally has more pigments than the lower. In red cotton leaves 

photosynthesis apparatus get reduced due to decreased photochemical activity 

and stomatal limitations. Increased synthesis of anthocyanins in vegetative 

plant parts has a protective role against various stresses stimuli. Anthocyanins 

and osmotic and high salinity constraints (Bohnert et al.
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L E A F  R E D D E N I N G  A N D  I T S  M A N A G E M E N T  I N  C O T T O N

and act as an osmoregulator.  Prolonie has also been suggested to be involved in 

 et al.,
et al.

et al.
registered low accumulation of anthocyanins in the stage of light symptoms and 

stress (slight reddening) but at severe reddening an important accumulation of 

a trend to decrease from the stage of light symptoms to the stage of severe 
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L E A F  R E D D E N I N G  A N D  I T S  M A N A G E M E N T  I N  C O T T O N

2 2
 scavenger is involved in the regulation of the 

via H
2 2

ordinately to overcome abiotic stress in cotton.

Table 2: Contents of total antocyanins and chlorophylls, proline, lipid 
peroxides (mmol kg-1 (d.m.) and peroxidase (IEU) in cotton leaves with 
light and sever symptoms of reddening

Variants
Total antho-

cyanins
Total Chl 

(a+b) Proline (%) Lipid perox-
ides Peroxidase

(%) (%) (%) (%) (%)

Controls

Light symp

toms of leaf 

reddening 

Severe 

symptoms 

of leaf red

dening

Edreva et al., (2002)

at P<1%  (*) and  5%

Histochemical changes

et al

as electron dense osmiophilic substance (most probably of anthocyanin 

In chloroplast stroma a zone of low electron density enclosing numerous 

osmiophilic aggregations of unclear chemical character was also differentiated. 

Factors responsible for leaf reddening 

as well as abiotic factors have been proposed as possible causative agents. It 

is believed that high concentrations of certain strains of Agrobacterium spp. 
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(Agrobacterium tumefaciens), a soil and seed bacterium causing damage to 

(temperature, light intensity, and photoperiod), production practices and 

abiotic stresses (high temperature and water stress), soil type and fertility, 

relative nitrogen content of fertilizer and phosphorous/ potassium ratio in 

suspect. Plant age, fruit set and load, earliness in fruiting and maturity, and 

high yield potential also effect symptom severity.

Biotic factors
Among the sucking pests the jassids have been considered as most important 

insect acting as vector in carrying the red leaf disease. Reddening in cotton may 

also be due to a virus transmitted by Aphis gossypii or a mycoplasm leading 

to reduction in boll weight and yield. In certain cases attack of the Bemisia
tabaci during the ball maturation period of the cotton crop has also resulted 

leaf reddening.

Abiotic factors
Weather:
production. High radiation results in faster photosynthesis which leads 

to deposition of carbohydrates in leaves. Accumulation of products of 

photosynthesis favours formation of chromogeans and red pigments. 

its production is favoured by light. Certain factors such as drought followed 

oC) during 

 C and higher solar radiation, high wind 

velocity (causing gradual depletion in soil moisture levels due to decrease 

Soil: Poor soil with less capacity to supply nitrogen and phosphorus leads 

to leaf reddening. Cotton is primarily grown on alluvial, black and red soils. 

water holding capacity and moisture characteristics have tremendous 

salinity and alkalinity are major problems whereas the black soil suffers 

from moisture scarcity, cracking and water permeability problem. Soil 
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condition such as high alkalinity, water stress because of poor drainage 

soil moisture (reducing the translocation), and high soil temperature 

are the factors which individually or in combination are responsible for 

cotton (Bhatt et al.

 In India, since cotton is growing on soils 

. Studies conducted on reddened leaf 

Hybrid/Variety Susceptibility: Some of the Gossypium hirsutum varieties 

vulnerable to this malady. Indigenous G. arboreum desi cottons, in general, 

thrive well under all stresses and are tolerant to red leaf syndrome. 

Currently, as the problem is emerging in most of the cotton growing states, 

therefore, there seems to be no Bt hybrid fully resistant to this disease. 

Distinguishing leaf reddening from other insect 
pests/ diseases damages

Leaf reddening is often confused with the symptoms of jassid attack or 

Due to jassid attack, the leaves lost 

turgidity and turn yellow and later 

slightly reddish with a typical cup 

of jassids and aphids at the primary 

phase turns the young leaves red due 

to heavy feeding metabolism.  Delay 
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between two spray against these pests develop blue to deep pink coloration 

older leaves are affected and the symptoms 

colour. In case of leaf reddening disorder, a 

normal young and old leaves suddenly turn 

to red without any symptoms of margin 

In case of Fusarium or Verticillium wilt yellow or brown streaks develop in 

bark of the lower stem and upper tap root remain light colored and appear 

healthy with bronze wilt. Fungal root rots cause discoloration and rotting, 

Losses

leaf reddening is negatively correlated with seed cotton yield. In certain cases 

no yield was obtained.  

Management strategies

Planting hybrids/varieties that have no known history of leaf reddening is 

the easiest way to reduce losses from this disease. In the absence of disease 

resistant varieties/hybrids, the immediate solution lies in the adoption of 

Avoid planting the susceptible hybrids/varieties. 

symptoms in cotton plant
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L E A F  R E D D E N I N G  A N D  I T S  M A N A G E M E N T  I N  C O T T O N

Adjustment of sowing time for enabling the crop to skip over the adverse 

environmental (high soil temperatures) condition during boll development 

stage.

Provide mulching if reddening is due to drought conditions. 

Balanced and timely use of fertilizer.

Foliar application of micronutrients, especially zinc, boron and copper at 

and sulfur before planting. 

subsides.

under irrigated conditions 

Field trial on management of leaf reddening

et al.
on demonstration of management strategies for leaf reddening in Bt cotton at 
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Table 3: Details of different treatments 
Treatment Intervention

1

ting stage 

2

ting stage 

water at 21 days interval

stage

Control 

Red leaf intensity: Results of the trial (pooled mean of three years) 

conducted on red leaf intensity at three locations indicated that all the 

1 2
) were 

1

 also indicated  

1

Table 4: Red leaf intensity (%) recorded at three locations during 2009-
10, 10-11 and 11-12 (Pooled mean)

Treat-
ment

Bhourad Akola Kanheri

60
days

90
days

120
days

60
days

90
days

120
days

60
days

90
days

120
days

1

2
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Treat-
ment

Bhourad Akola Kanheri

60
days

90
days

120
days

60
days

90
days

120
days

60
days

90
days

120
days

CD at 

1
 (Right)
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Chlorophyll: 
1 2

) supplemented with nutrients as compared to 

). Among the four treatments the highest total chlorophyll was 

Table 5:  Effect of different treatment on Chlorophyll contents during 
2011-12

Treat-
ments

Bhaurad Akola

Chloro-
phyll a

Chloro-
phyll b

Total 
Chloro-

phyll

Chloro-
phyll a

Chloro-
phyll b

Total 
Chloro-

phyll

1

2

CD

Yield:
1
. In general, all the 

1 2
) were superior to 

Table 6: Effect of different treatments on yield (q/ha) during 2009-10, 
10-11 and 11-12 

Treat-
ments

Bhourad Akola Kaneri
Pooled 
mean2009-

10
2010-

11
2011-

12
2010-

11
2011-

12
2010-

11
2011-

12

1

2

11.12

CD at 



15

L E A F  R E D D E N I N G  A N D  I T S  M A N A G E M E N T  I N  C O T T O N

Economic analysis:
 the net monetary 

1 2
 has shown 

Table 7: Economic analysis of different treatments during 2009-10, 10-11 
and 11-12 (Pooled mean) (In Rs.)

Treat-
ments q/ha

Gross 
Monetary

return (Rs.)

Expenditure on 
red leaf man-
agement (Rs.)

Net mone-
tary return 

(Rs.)

Increase 
over con-
trol (Rs.)

1

2

Average rate of Seed cotton Rs.3300/q

mange leaf reddening in cotton
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