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ABSTRACT 
 

Healthy (asymptomatic) and various categories of purple stained seeds of cultivar NRC 7 were utilized 
to study influence of purple stain disease caused by Cercospora kikuchii  on physical and biochemical 
parameters of soybean seeds. Results indicated that C. kikuchii infected seeds exhibited marked 
reduction in germination and emergence when 25 per cent or more surface area of seed was stained. 
Post-emergence mortality was caused when more than 50 per cent of seed area was stained. Single to 
multiple cracks in seed coat were observed leading to prominent absence of hard seeds. Purple stain has 
significantly reduced test weight, seed and root vigour, normal seedlings, root and seedling length, 
speed of elongation and trifoliate leaves in seedlings, and increased dead seeds, abnormal seedlings and 
electrical conductivity. Loss in seed yield was in the range of 36-80 per cent. It also reduced stearic acid, 
palmitic acid, linoleic acid, linolenic acid, trypsin inhibitor and protein, and increased oleic acid as well 
as oil content in seeds of soybean. 
 
Key words: Cercospora kikuchii, emergence, germination, purple seed stain, soybean 

 
Soybean [Glycine max (L.) Merrill] is a 

widely accepted crop for high protein and oil 
content and  also for  its  nutraceutical  and 
pharmaceutical use. Purple seed stain disease 
caused by Cercospora kikuchii (Matsumoto and 
Tomoyasu) Gardner, is one of the important 
diseases of soybean. This is considered to be 
the 5th most important yield–depressing 
disease in the world (Sinclair and Hartman, 

1999). The purple seed stain caused  yield 
loss of 19.12 lakh metric tonnes in top eight 
soybean producing countries in 2006 
(Wrather et al., 2010). Disease also leads to 
reduced market grade on account of pink 
or a pale purple to a dark purple 
discolouration on seed coat, poor 
processing qualities, reduced seed
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vigour and delayed germination (Pathan et 
al., 1989; Jackson et al., 2006).  As such, no 
precise information on the influence of 
degree of seed discolouration on physical 
characters of seeds, germination, vigour, 
biochemical traits and seedling characters is 
available in India. The present experiment 
was therefore, conducted to generate the 
information on these aspects. 
 
MATERIAL AND METHODS 
 

Healthy asymptomatic and different 
degrees of purple stained seeds of cultivar 
NRC 7 harvested from the rainy season of 
2007, 2008 and 2009 were utilized for the 
study at Directorate of Soybean Research, 
Indore, India. The stained seeds were 
classified in following six categories based on 
the per cent seed coat area exhibiting purple 
stain: 1= 0, 2= 1 to 10, 3= 11 to 25, 4= 26 to 50, 
5= 51 to 75 and 6= 76 to 100 per cent. 
Completely randomized block design for 
laboratory and net house experiments and 
randomized block design for field 
experiment was employed.  

Observations were recorded on 
influence of different categories of purple 
stain on seed coat rupture, test weight and 
seed moisture content.  For standard 
germination, paper towel method (ISTA, 
1985) was followed. Observations were also 
made on the percentages of normal seedlings, 
abnormal seedlings, hard (un-imbibed) seeds 
and dead seeds. Speed of elongation was 
determined by measuring length of five 
seedlings from each category at 6th, 10th, and 
14th day after germination utilizing formula 
of Carleton et al. (1968).  

To measure the seed vigour, electrical 
conductivity of the seed leachate was 

measured at 24 h of soaking with 
conductivity meter model Systronic 306, 
following the procedure of Powel and 
Metthews (1992). The longevity of the seeds 
was tested by accelerated ageing test as 
described by Musgrave et al. (1980).  

For estimation of oil content, seed 
samples of each category were ground and 
extracted with hexane in Socsplus for 3 h in 
triplicate. For estimation of protein content, 
nitrogen was determined through Kel plus 
kjeldhal unit and converted into protein 
content by multiplying with conversion 
factor (5.71). For trypsin inhibitor assay, 
standard procedure (Kakade et al., 1974) as 
modified by Hammerstrand et al. (1981) was 
followed. Fatty acid estimation was done by 
gas liquid chromatograph (GLC), Shimadzu 
GC 17A. The peaks for individual fatty acid 
methyl esters were identified by comparing 
the retention times with those of standard 
methyl esters (procured from Sigma 
Chemical Company).  For determination of 
lipoxygenase isozymes (I and II+III) 
procedures of Marczy et al. (1995) and 
Axelrod et al. (1981) were followed. Total 
phenol was determined by the method of 
Singleton and Rossi (1965).  

Under  net  house, one hundred 
seeds of categories 1 and 4 each were sown 
in 30 cm diameter earthenware pots with 
10 seeds in every pot. Observations were 
taken on seedlings mortality, root length, 
shoot length, root vigour, number of 
trifoliate leaves and attachment of seed coat 
to cotyledons at 14 DAS.  For root vigour 
visual score of 1 to 5 were assigned 
depending on the overall root biomass. 

Purple stained seeds of different 
categories were also sown in a RBD with
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three replications on the experimental field 
with plot size of 5 m x 4 m. Observations 
were taken on field emergence and yield per 
plot (converted in kg/ha). 

Data were subjected to an analysis of 
variance (ANOVA). Correlation studies and t 
test between stained seed categories and 
various seedling characters were also 
undertaken following Panse and Sukhatme 
(1967).  
 
RESULTS AND DISCUSSION 
 
Effect of purple stain on physical traits  

Rupture of seed coat was observed in 
4, 24, 24, 30, 36 and 76 per cent of seeds in 
categories 1, 2, 3, 4, 5 and 6, respectively. 
Cracks in seed coat were single in categories 
1 and 2 while they were mostly multiple in 
other higher categories, indicating that 
purple seed infection led to cracking in seed 
coat which constantly increased with increase 
in infection category. The test weight (100 
seed weight) was 17.2, 17.0, 17.1, 16.3, 15.2 
and 14.0 g in seeds of categories 1, 2, 3, 4, 5, 6, 
respectively, reflecting deleterious influence 
of C. kikuchii on seed weight as also observed 
by Prasanth and Patil (2007).  
 
Effect of purple stain on germination and 
seed viability  

Germination rate was significantly 
and consistently reduced from a baseline of 
86 per cent for asymptomatic seeds to 38 per 
cent for category 6 seeds, with intermediate 
germination rates in less severely stained 
seeds (Table 1).  No hard seeds (non-
imbibed) were observed in infected stained 
seeds. Though, effect of C. kikuchii on 

germination has been a matter of controversy 
(Sharma and Gupta, 2007) as, few workers 
(Pathan et al. 1989, Prasanth and Patil 2007) 
reported reduction in germination while 
other (Sediyama et al. 1971) did not associate 
it with reduced germination. Our data on 
germination indicated that Cercospora kikuchii 
infected seed led to marked reduction in 
germination only when more than 25 per 
cent surface area of seed coat got stained.  

Correlation and „t‟ test studies 
between seed infection categories and 
various above-referred seed and seedling 
traits were also undertaken (Table 2). It 
revealed a positive correlation of seed 
infection category with seed coat rupture (p = 
0.05) and negative with seedling length, test 
weight and speed of elongation (P = 0.01). 
However, „t‟ values were significant for test 
weight, seed coat rupture, germination, 
number of normal seedlings, number of dead 
seeds, seedling length and SE. It was also 

observed  that  vigour  of  the  seeds  of  all 
stained  seed  categories  was  reduced  
with  the  increase  in  categories as 
revealed from accelerated ageing test 
(Table 3). Therefore, surviving plants 
produced from heavily infected seeds 
remained stunted and yielded low in the 
field experiment. Higher germination 
percentage and normal seedlings in 
category 1 and 2 seeds indicated that seeds 
of these categories were of high vigour and 
have better storability than seeds of 
infected categories of 3, 4, 5, and 6. 
Electrical conductivity (EC) consistently 
increased with the increase in seed 
infection category.  It indicated that there
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Table 1. Influence of purple seed infection on physical characteristics of seed  
 

Seed infec-
tion  
category 

Seed 
mois- 
ture 
(%) 

Normal 
seed-
ling 
(No) 

Ab-
normal 

seedling 
(No) 

Dead 
seed 
(No) 

Hard 
seed 
(No) 

Germi-
nation 

(%) 

Seed-
ling 

length* 
(cm) 

Speed of 
elong-
ation 

(cm/day) 

1 5.3 79.3 6.6 7.3 6.7 86.0 23.2 0.095 
2 5.0 79.4 7.4 13.4 0 79.4 21.7 0.095 
3 4.0 69.3 11.3 19.3 0 69.3 21.7 0.096 
4 5.0 56.0 16.7 27.3 0 56.0 21.3 0.094 
5 4.7 53.3 17.3 29.3 0 53.3 20.4 0.086 
6 5.7 37.7 9.4 53.4 0 37.7 18.9 0.083 
C D  
(P = 0.05) 

0.7 8.2 3.3 8.3 0.7 9.0 3.9 - 

* At 10 days after germination 

 
 
Table 2.  Correlation coefficients (r) and “t” values of purple seed infection with various 

seed and seedling traits  
 

 Test 
we-
ight 

Seed 
mois-
ture 

Seed 
coat 

rupture 

Germi-
nation 

Normal 
seed-
ling 

Ab-
normal 
Seed-
ling 

Dead 
seeds 

Seed-
ling 

Length 

Seed 
elong-
ation 

“r” -0.97** 0.19 0.89* -0.79 -0.77 0.24 0.77 -0.95** -0.92** 
 

“t” 7.57** 0.38 3.90** 2.59* 2.41* 0.50 2.44* 6.13** 4.78** 

*, **= significant at 5 and 10%, respectively 

 

was disruption in membrane and therefore, 
it could not retain the solutes inside and 
allowed more and more solutes to leach out 
in the solution as the degree of seed 
infection increases. It also supports our 
finding that infected seeds do not have 
good storage potential. Emergence of 
seedlings from such seeds also remained 
low as it is commensurate with solute 
leakage. 
 

Effect of purple seed stain on soybean 
growth and yield 

In pot trial, purple seed infection 
significantly reduced germination, root 
length and shoot length, and enhanced 
post-emergence mortality to 9.0, 25.0, 23.0, 
20.3 per cent, respectively (Table 4). 
Reduction in number of trifoliate leaves 
was 35.1 per cent.  Root vigour was also 
reduced in seedlings developed from
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Table 3. Influence of PSS infection on seed viability (accelerated ageing test) and electrical 
conductivity 

 

Seed infection 
category 

Germi-
nation (%) 

Normal 
seed-
ling 
(%) 

Ab-
normal 

seedling 
(%) 

Dead 
seed 
(%) 

Hard 
seed 
(%) 

Electrical 
Conductivity 
(ms) at 24 h 

1 81.3 77.3 5.3 13.3 4 0.280 
2 51.3 51.3 6.0 42.7 0 0.444 
3 42.7 42.7 12.7 44.7 0 0.472 
4 36.7 36.7 10.7 52.7 0 0.477 
5 32.7 32.7 10 57.3 0 0.479 
6 11.3 11.3 3.3 87.3 0 0.589 
C D  (P = 0.05) 7.7 7.7 6.4 10.5 0.7  

 
 
Table 4.  Influence of PSS infection on germination and growth of seedlings (pot trial) 
 

Characters Healthy Category 4 
infected seeds 

“t” value 

Germination (%) (7DAS) 88 80 3.6* 
POM (%)$ 0 25 10.7*** 
Root Length (cm) $ 14.8 11.4 3.2* 
Shoot length (cm) $ 30.6 24.4 4.3* 
Leaves number$ 1.54 1.0 1.4 
Root  vigour score (Av) $ 4.8 3.3 2.5 
With root vigour 5 (%)$ 86.4 40 12.3*** 
Seed coat attached to cotyledons (%)$ 4.76 20 26.1*** 
$ Observations were taken 14 DAS; * Significant at 10%level; *** Significant at 1% level 

 
infected category 4. Seed infection of C. 
kikuchii thus led to increase in seedling 
mortality and marked reduction in seedling 
growth. Seed coat was also observed to 
remain attached to cotyledons in substantial 
number of seedlings developed from the 
category 4 seeds. 

A perusal of table 5 reveals that field 
emergence of seedlings and yield was 
reduced consistently with the increase in 
purple stained category. The reduction in 
emergence   was   observed   from baseline of 
48.57 per cent in category 1 to 4.17 per cent of 
the category 6 seeds as well as
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Table 5. Influence of purple seed stain on 
field emergence and yield  

Seed 
infection 
category 

Emergence 
(%) 

Yield 
(kg/ha) 

1 48.57 1473 
2 35.14 937 
3 17.22 859 
4 17.00 609 
5 9.58 365 
6 4.17 295 
C D (P = 0.05) 4.6 205 

 
reduction in yield from baseline of 1,473 kg 
per ha in category 1 to 295 kg per ha of the 
category 6 seeds. Low emergence with 
infected seeds was also reported by Hartman 
et al. (1999). In current study it was observed 

that POE mortality was more when seeds 
with more than 50 per cent stained area were 
used. 
 
Effect of purple stain on biochemical traits  

Reduction in stearic acid, palmitic 
acid, linoleic and linolenic acid and increase 
in oleic acid, O/L ratio as well as oil content 
was observed with purple seed infection but 
the reduction and increase in category 2 to 6 
was not consistent. However, the decrease in 
amount of TI and protein was consistent with 
the increase in seed infection category but the 
decrease in TI content was of high magnitude 
when stain was in 50 or more than 50 per 
cent surface area of seeds (Table 6). However, 
Prasanth and Patil (2007) recorded reduction 
in both protein and oil. 

 
Table 6.  Influence of purple seed stain on fatty acids, TI, protein and oil in NRC 7 
 

Seed 
infection 
category 

Fatty acid (%) TI 
(mg/g) 

Protein 
(%) 

Oil 
(%) C16:0 C18:0 C18:1 C18:2 C18:3 

1 10.5c 2.76d 27.1a 53.1d 6.31b 75.5d 39.4 c 21.4a 
 
2 

9.6a 2.12a 34.4b 46.6a 5.89b 75.9d 38.8c 22.6b 

 
3 

9.9b 2.36c 34.7b 47.6c 5.36ab 74.4d 37.5bc 22.4b 

 
4 

9.5a 2.29bc 35.0b 47.5c 5.23ab 52.2b 36.9b 23.2c 

 
5 

9.5a 2.16a 40.0c 43.4a 4.76a 59.9c 36.2b 22.8b 

 
6 

9.6a 2.33b 35.7b 47.1c 5.18a 48.0a 34.4a 21.6a 

 
C D ( P = 
0.05) 

0.210 0.146 2.340 3.191 0.750 2.61 1.360 0.41 

Values given are mean of triplicate samples on dry weight basis. Values with different superscripts in the same 
column are significantly (P<0.05) different 

 
 
 



83 
 

Table 7.  Influence of purple seed stain on lipoxygenase activity and phenol content in 
NRC 7 

 

 Seed Infection 
category 

Lipoxygenase 
(units/g of defatted soy flour)                   

Total Phenol 
(gallic acid equivalent/g) 

 Lox I Lox II+III  

1 1930c 592c 1.26b 
2 1824a 570b 1.24b 
3 1960d 608c 0.96a 
4 1952c 669d 0.81a 
5 1877b 610c 1.21b 
6 1844a 544a 1.01a 
C D (P = 0.05) 26.40 18.11 0.156 
Values given are mean of triplicate samples on dry weight basis. Values with different superscripts in the same 
column are significantly (P<0.05) different 

 
The trend in lipoxygenases and total 

phenol was inconsistent (Table 7). Xue et al. 
(2008) also reported that colonization of C. 
kikuchii was positively correlated with O/L 
ratio and oleic acid and negatively with 
linoleic and linolenic acid contents. 
Degeneration in seed coat protein and 
lipoxygenases were also reported by 
Velicheti and Sinclair (1992). Hartman et al. 

(1999) reported that seeds with 100 per cent 
discoloration tend to have lower oil content 
and higher protein content. Reduction in 
saturated fatty acids in the present study was 
in contrast with Xue et al. (2008) who 
observed no correlation with palmitic and 
stearic acid content and C. kikuchii 
colonization.
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