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The influence of soybean (Glycine max) planting date on seasonal epidemics of frogeye leaf spot caused 
by Cercospora sojina and on grain yield, was evaluated during the 1991 and 1992 cropping seasons. Two 
susceptible (Samsoy 1 and TGx 849-313D) and one resistant (TGx 996-26E) soybean cultivars were used 
in field trials at Zonkwa, in the southern Kaduna state of Nigeria. Four field plantings were made at 14- 
day intervals from late May to mid-July. For each planting date, half the plots received foliar applications 
of benomyl at R1 and R 3 growth stages, and the other half was untreated. Frogeye disease severity 
ratings were taken for all plots at R 4 to R5 growth stages, and grain yield for each plot was measured at 
harvest. There was a significant (p < 0.05) increase in disease severity between the first and third 
plantings on the two susceptible cultivars in 1991, and on TGx 849-313D only in 1992. Corresponding 
yield reductions for the two susceptible cultivars averaged 13 and 31% for the treated and untreated 
plols, respectively, with each 2-week delay beyond the first planting date in 1991, and 5 and 6%, 
respectively, in 1992. There was no significant difference in disease among all treatments on the resistant 
cultivar, TGx 996-26E. Under Nigerian conditions, an increase in frogeye leaf spot severity can be 
expected with delayed planting of soybean after ! June, and this can result in a corresponding loss of crop 
yield. 
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Frogeye leaf spot of soybeans [Glycine max (L.) 
Merr.] ,  caused by Cercospora sojina Hara,  is a very 
severe disease in the warm and humid tropical and 
subtropical regions of the world. Although first 
observed in Nigeria in 1981 ( I ITA,  1987), it has only 
recently become a major disease of soybeans in most 
regions of the country (Akem,  Uwala and Dashiell, 
1992). Frogeye leaf spot is primarily a disease of foliage 
even though stems, pods and seeds may also be 
infected. Outbreaks of th,e disease can reduce yields by 
>60% (Yorinori ,  1987; Dashiell and Akem,  1991). 
These reductions in yield are a result of reduced 
photosynthet ic  area, premature  defoliation and 
reduced seed size. 

Numerous  studies (Yorinori ,  1987; Dashiell and 
Akem,  1990; Akem and 1-)ashiell, 1992) have evaluated 
the reaction of several soybean cultivars to frogeye leaf 
spot. Data  from these studies have been variable and 
results depended  on the location and year of evaluation. 
Effective levels of resistance to frogeye leaf spot in 
soybeans have been repor ted (Akem and Dashiell, 
1992) but  currently there are few cultivars with high 
levels of resistance to the disease. This is partly due to 
pathogen variability, as resistant cultivars become 
susceptible soon after d,eployment (Akem,  Yorinori  
and Dashiell,  1993). 

In tropical Africa, small-scale farmers employ diverse 
methods for cultural comrol  of disease, but there are 
few data on the efficacy of these methods.  Published 
reports  have shown that varying the planting date of 
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soybeans and other  field crops can delay the develop- 
ment  of several diseases and thus increase yields (Frank 
et al., 1988; Smith and Backman,  1989; Hersham et al., 
1990). There  are no such reports on the effects of 
planting date on frogeye leaf spot disease development  
and corresponding grain yield. This information is 
needed in the development  of effective frogeye leaf 
spot control strategies that can combine host plant 
resistance with use of cultural practices. 

This study was under taken,  therefore,  to determine 
the effects of delayed planting of soybeans on (1) 
severity of frogeye leaf spot under  Nigerian field 
conditions, (2) crop yield potential  in the absence of the 
disease, and (3) the effect of the disease on seed 
quality. 

Materials and methods 

A 2-year field experiment  was conducted on a clay 
loam soil at the A D P  Research Farm, Zonkwa,  near 
Kafanchan in southern Kaduna state of Nigeria. 
Soybean was grown as a sole crop on this site for 5 
years '  continuous cultivation and was mainly infected 
with C. sojina at epidemic levels. Yearly disease 
screening trials were conducted in this field for the 5 
years of continuous cultivation. 

Four  planting dates were staggered 2 weeks apart 
starting at the end of May and ending during the second 
week of July in 1991 and 1992. The recommended 
opt imum date for planting soybeans in the Kafanchan 
area of southern Kaduna state is 1 June. Planting dates 
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were 27 May, 14 June, 30 June and 15 July in 1991 and 
30 May, 15 June, 30 June and 15 July in 1992. 

For both years, three soybean cultivars were selected 
on the basis of their agronomic characteristics and host 
reaction to frogeye leaf spot: Samsoy 1, a late-maturing 
medium-height cultivar, extensively grown in parts of 
southern Kaduna state and highly susceptible to frogeye 
leaf spot; TGx 849-313D, a tall medium-maturing 
cultivar, moderately resistant to frogeye leaf spot; and 
TGx 996-26E, a tall early-maturing breeding line with 
good resistance to frogeye leaf spot. 

The field design was a split plot with three random- 
ized complete blocks in each year. Planting dates were 
the main plots and cultivars were the sub-plots. Each 
plot consisted of six rows, each 6 m long and spaced 
0.75 m apart. The four centre rows were harvested for 
determination of grain yield. The seeding rate was 20 
seeds m -1. Half of the sub-plots were sprayed twice 
with the fungicide benomyl, which controlled frogeye 
leaf spot in previous experiments (Dashiell and Akem, 
1991). The fungicide was applied with a backpack 
sprayer (Knapsack Sprayers CP3; ICI, Fernhurst, 
Haslemere, UK) delivering about 200 1 ha -1. The 
fungicide was applied first at about the V7 and R1 
stages of plant development (Fehr et al., 1971) and the 
second application of benomyl was made at about the 
R2 and R 3 stages of development. 

Frogeye leaf spot severity ratings were made at the 
R4 (full pod) to R5 (beginning seed) growth stages, 
based on the following subjective scale of 0-5: 0, no 
visible sign of infection; 1.0, one or mgre spots covering 
1-10% of the leaf surface on one or few plants; 2.0, 
some spots covering 10-30% of the leaf surface of 
several plants; 3.0, some spots covering 30-50% of the 
leaf surface on most or all plants; 4.0, many spots 
covering 50-80% of leaf surface on all plants; and 5.0, 
all plants severely infected with loss of 80-100% of the 
photosynthetic area. Ratings were made to the tenth 
unit for close approximation of the averages obtained. 

All plots were hand-harvested when mature and 
yields adjusted to 12% moisture. Yield loss was 
calculated by subtracting the yield of a given unsprayed 
treatment from the corresponding sprayed treatment 
and represented as a percentage. The percentage seed 
weight reductions were calculated similarly using 300- 
seed weight. The effect of frogeye leaf spot infection on 
seed quality was determined by placing 100 seeds per 
treatment on moist filter paper in Petri plates and 
taking germination counts after 7 days' incubation in 
darkness. Disease severity, plot yields and seed viability 
data were subjected to analysis of variance to deter- 
mine main and sub-plot effects. Mean separations were 
performed on disease severity, yields and seed quality 
with Fisher's least significant and Duncan's multiple 
range tests. 

Plots were harvested from 10 October for the first 
planting to 15 November for the last plantings. Because 
of differences in the maturity of cultivars used, plots 
were harvested as they attained physiological maturity, 
regardless of the order in which they were planted. 
Because each maturity group was separated from the 
others by less than 14 days, each main plot (planting 
date) was completely harvested before the next except 
for the last two plantings. Harvesting of the late- 
maturing cultivar, Samsoy 1, in the third planting 
overlapped with the early-maturing cultivar, TGx 996- 
26E, in the fourth planting. 

The reactions of cultivars to frogeye leaf spot among 
planting dates were significantly different (p < 0.05) in 
1991 and 1992 (Table 1). There was also a significant (p 
< 0.05) cultivar by planting date interaction for the 2- 
year period. As a general interpretation covering all 
planting dates for the 2-year study, the cultivar least 
affected by frogeye leaf spot was TGx 996-26E (Table 
2). Samsoy 1 was the most affected, followed by TGx 
849-313D. 

During the 1991 cropping season, disease severity 
differed (p < 0.05) between the first and third planting 
dates for the two susceptible cultivars, Samsoy 1 and 
TGx 849-313D only (Table 2). In the 1992 season, 
however, a significant difference in disease severity was 
observed only with delayed planting of TGx 849-313D 
(Table 1). 

Table 1. Significance of F value from analysis of variance for 
frogeye leaf spot based on disease severity and grain yield of 
three soybean cultivars and planting date, 1991-1992 

Disease severity" Grain yield 
Independence 
variable 1991 1992 1991 1992 

Planting date (PD) b 0.05 0.05 0.001 0.01 
Cultivar (ev.)" 0.01 0.001 0.05 0.05 
PD × cv. 0.01 0.001 0.05 0.01 

"Based on disease severity ratings taken at growth stages R4-R5; brep x 
planting date was used as error term in the F test; Ccultivar x rep and planting 
date were pooled to give the error term in the F value 

Table 2. Influence of planting date on disease severity caused 
by Cercospora sojina in three soybean cultivars 

Disease severity (0-5) ~ 
Planting 

Year date Samsoy 1 TGx849-313D TGx996-26E Mean 

1991 29 May 3.7 2.2 1.2 2.4 
14 June 4.1 2.5 1.2 2.6 
30 June 4.4 3.9 1.4 3.2 
15 July 3.9 4.0 1.4 3.1 

Mean 4.0 3.2 1.3 2.8 
l.s.d.(o.os) 0.6 0.4 0.3 

Results 

In both years, foliar symptoms of frogeye leaf spot first 
occurred in plants during the Vs--V7 growth stages for 
the first two plantings. The symptoms generally 
increased in severity through the R6 growth stage. 
Symptoms were not observed on plants of the first two 
plantings before the V5 stage. 

1992 1 June 4.0 2.0 0.5 2.2 
15 June 4.6 2.5 0.3 2.5 
1 July 4.5 3.2 0.7 2.8 
15 July 4.7 3.0 1.0 2.9 

Mean 4.5 2.7 0.6 
I.s.d.(o o5) 0.4 0.7 0.6 

2.6 

"Disease severity 0, no infection; 5, all plants severely infected (Dashiell and 
Akem, 1991) 
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The  presence  of C. sojina signif icantly (p < 0.05) 
r educed  yields re la t ive  to the sprayed  t r ea tmen t s ,  a nd  
the pe rcen tage  of yield r educ t ion  for each p l an t ing  was 
also s ignif icant ly  d i f ferent  (Table 3). In  1991, the 
highest  yields for the tmsprayed  plots for the two 
suscept ib le  cul t ivars  came  f rom the earl iest  p lan t ing  
date  (29 May) ,  with an average of 39% reduc t ion  in 
yield for each 2-week de][ay in p l an t ing  past  that  date .  
In  1992, the same t r end  was shown bu t  with less 
average  pe rcen t age  r educ t ion  (18%) in yield. Fo r  the 
th ree  cul t ivars  combined :  an  average 31% yield reduc-  
t ion  resu l ted  for every 2 weeks '  delay in p lan t ing  past  
the o p t i m u m  p lan t ing  date  (1 June )  in 1991, and  an 
average  22% in 1992 (Table 3). In  e i ther  year ,  de layed  

p l an t i ng  did no t  s ignif icant ly  change  cul t ivar  reac t ion  to 
frogeye leaf  spot  with respect  to disease severity,  and  
the r a n k i n g  of cul t ivars  r e m a i n e d  the same (Table 2). 

D a t e  of p l an t ing  had  an effect on  seed weight  of the 
suscept ib le  cul t ivars ,  Samsoy 1 and  T G x  849-313D 
(Table 4). The  effect was m o r e  m a r k e d  in 1991 with a 
drast ic seed size r educ t ion  of 36% b e t w e e n  the first and  
last p lan t ings  for Samsoy 1, for example ,  c o m p a r e d  
with 14% in 1992. In  bo th  years  there  was no signif icant  
effect on  seed weight  by de layed  p l an t ing  for the 
res i s tan t  cul t ivar  T G x  996-26E, for bo th  sprayed  and  
u n s p r a y e d  plots (Table 4). 

T h e r e  was no  signif icant  d i f ference in seed viabi l i ty  
of all the cul t ivars  for bo th  years  a nd  p lan t ing  dates ,  as 

Table 3. Influence of planting date and Cercospora sojina on yield of three soybean cultivars 

Yield (kg ha-l)b 

Planting Fungicide TGx TGx 
Year date treatment" Samsoy 1 8 4 9 - 3 1 3 D  996-26E Mean 

Yield 
reduction (%) 

1991 

1992 

29May S 1733b¢ 2087a 2338a 2053b 
NS 1497d 1899b 1706cd 1701c 17b 

19 June S 2507a 2062a 2233ab 2267a 
NS 1232e 1743bc 2199b 1725c 24ab 

30 June S 1420d 1469d 1850c 1580d 
NS 407f 823g 1435e 888f 44a 

15 July S 1863b 1261e 1232f 1452e 
NS 319f l133ef 1204f 885f 39a 

S-mean 1881 1720 1913 1838 
NS-mean 864 1400 1636 1300 31 

1 June S 1905a 1677a 1859b 1814a 
NS 1294c 1340c 1433d 1356cd 25a 

15 June S 1660b 1420b 1996a 1692b 
NS 1134d 1275cd 1842b 1417c 16b 

1 July S 591f 1341c 1617c 1316cd 
NS 671f 831e 1281e 928ef 30a 

15 July S 851e 1076d 1311e 1079e 
NS 489g 961d 1270e 907f 16b 

S-mean 1252 1379 1696 1475 
NS-mean 897 1102 1457 1152 22 

aBenomyl foliar sprays at flowering (R 0 and pod fill (R3): S, spray; NS, non-spray; baverage yield for three replicates; Cvalues within a column followed by the same 
letter do not differ significantly (p == 0.05) according to Duncan's multiple range test 

Table 4. Influence of planting date on 300-seed weight (g) of three soybean cultivars in the presence of Cercospora sojina 

Samsoy 1 TGx849-313D TGx966-26E 
Planting 

Year date S" NS b S NS S NS Mean 

1991 

1992 

29 May 44.5a" 42.4a 37.0a 39.3a 46.7a 45.8a 42.6 
14 June 43.0a 41.0a 37.5a 36.5a 46.3a 45.7a 41.7 
30 June 29.0b 29.5b 38.0a 32.3b 45.2a 43.8a 38.0 
15 July 27.8b 27.8b 35.7a 30.8b 44.3a 43.2a 36.6 

Mean 41.1 35.2 37.1 34.7 45.6 44.6 

1 June 44.3a 40.7a 41.3a 39.0a 43.3a 42.0a 41.8 
15 June 39.3b 31.7b 40.3a 39.3a 47.0a 42.3a 40.0 
1 July 40.0b 33.7b 33.7b 35.7ab 42.7ab 44.0a 38.3 
15 July 22.0c 34.0ab 32.7b 29.7b 39.7b 41.7a 35.0 

Mean 2.8.9 35.0 37.0 35.9 43.2 42.5 

"S, sprayed with benomyl at Rt and R3; bNS, non-spray (no fungicide was sprayed; "values within a column followed by the same letter do not differ significantly (p = 
0.05) according to Duncan's multiple range test 
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determined by germination counts. Germinat ion counts 
were generally high, ranging from 85 to 100% in 1991 
and from 84 to 100% in 1992. 

Discussion 

In both years, and in all planting dates and cultivars, 
symptom expression of C. sofina was tied to plant 
development  rather  than calendar date. Symptoms 
were not observed before plants reached the V5 growth 
stage regardless of planting date or cultivar. Delayed 
planting significantly increased the disease severity of 
C. sojina for TGx  849-313D in both years. Increase in 
frogeye disease severity for Samsoy 1 was significant 
only in 1991. 

The difference in disease severity with delayed 
planting, may be explained by the fluctuation in the 
inoculum build-up of C. sofina during the season, 
where crops planted early are exposed to less inoculum 
than thos e planted late. In the early plantings of June, 
the rainfall was still irregular and temperatures  were 
relatively low (21-23°C). These factors lowered patho- 
gen aggressiveness and reduced disease because high 
temperatures  and high relative humidities favour infec- 
tion by C. sojina (Sinclair and Backman,  1989). 
Vigorous plant growth in mid plantings increased 
potential  infection sites and inoculum was abundant  
owing to the heavy rains, thus resulting in high disease 
severity. In late plantings, there was less plant growth 
because of lighter rainfall but high inoculum levels were 
present,  resulting in more frequent  infections and thus 
high disease severity. 

Date  of planting had a marked effect on growth and 
development  of the host in all plots. Cultivars went into 
the reproductive phase in late plantings much earlier 
than they did in early plantings. For the cultivar 
Samsoy 1, for example,  flowering (Rt) in the fourth 
planting (15 July) was initiated 47 days after planting, 
compared with 58 days with the first planting (1 June) 
for 1991. This change in development  for the late- 
planted plots also affected their average yields as 
reflected in the generally lower yields even for the 
sprayed plots. 

The planting date of soybeans greatly affects yield 
potential  under  Nigerian conditions. Data collected in 
past years at Jos, Zaria, and Ibadan showed a marked 
reduction in yield from planting delayed past the 
optimum date for each of these locations ( I ITA,  1989). 
Planting date also has shown a marked influence on the 
performance of cowpeas in Northern Cameroon ( I ITA,  
1987). Results from our  study also showed a high 
percentage loss in yield for every 2 weeks of delay past 
the optimum planting date. Thus, the benefit  of 
delayed planting for whatever reason should com- 
pensate for the loss in yield associated with this 
practice. Yield loss to C. sofina was greatly increased 
with delayed planting in 1991 (Table  3). Furthermore ,  
in the presence or absence of severe disease due to C. 

sofina, the highest yield during both years was obtained 
with the earlier planting dates. 

Because the ranking of cultivar reaction to C. sojina 
with respect to disease severity and yield loss did not 
change with different planting dates, plant breeders 
and pathologists screening germplasm for resistance to 
C. sojina do not need to consider this effect on their 
selections. Rather  for investigations involving different 
planting dates, C. sojina incidence and/or severity 
should be assessed at the same growth stage and not the 
same calendar date. Late planting significantly acceler- 
ates crop maturity,  with an approximate 5-day increase 
in flowering for each 2 weeks delay in planting. Thus, 
data for C. sojina incidence or severity will be biased 
toward early planting dates if collected on the same 
calendar date because there is less infection pressure at 
that time. 
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