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ABSTRACT

Two experiments were carried out for the control
of leafspots and rust of groundnut. The trials were
conducted in 1982 and 1983 at Samaru which represents
the Northern Guinea Savanna zone.

In one experiment, two formulations of mancozeb
(ULV and wettable power) were applied to groundnut as
ultra-low volume and medium volume sprays using the
spinning disc and the CP; knapsack sprayer. Different
rates of the fungicides were used. The application of
2,00 kg/ha of the wettable powder formulation and 4L/ha
of the ULV formulation were found to be most suitable.
The ultra-low volume sprays resulted in good control
of leafspots and rust as did the medium volume sprays.
The higher rates of fungicide formulations resulted in
lower disease severity. The use of wettable powder
formulation was however found to be cheaper except in
cases of extreme water shortage.

In the second experiment, Calixin-M was applied to
groundnut at different times of commencement and different
intervals of spraying. There was no significant difference
in the times of commencement in the disease control.
Spraying at 7- and 1l4-day intervals resulted in more
effective and significantly higher pod and haulm yields
of groundnut than 21-day intervals. Spraying regime
commencing at first appearance of disease symptoms and

applied at 14-day intervals was found to be the best.
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CHAPIER 1

INTRODUCTION

Groundnut, also called peanut (Arachis hypogaea L.),

is & member of the Papiliionacaca family.

In Nigeria, groundnut is produced predominantly
in the Northern Guinea and Sudan savanna zones where
90% of the crop is produced (Abalu and Harkness, 1978;
Singh and Balasubrahmanian, 1978). Since the peak
production years of 1965 and 1966, groundnut production
in Nigeria has suffered setbacks and has progressively
declined (&non., 1979). The decline in production is
attributed to several factors, the most important being
the shift in weather pattern characterised by repeated

drought especially between 1970 and 1973 (Yayock, 1978).

Other factors affecting groundnut yields and
production are pests and diseases (Horne, 1978}.
According to Horne, the disease of importance affecting
yields of groundnut are the rosettes which are transmitted

by Aphis craccivora Koch, the foliar diseases which

include the early and late leafspots induced by

Mycosphaerella arachidis Deighton {Cercospora arachidicola

Hori) and Mycosphaerella berkeleyii Jenkins {Cercosporidium

personatum fBerk and Curt) Deighton') respectively and

the rust incited by Puccinia arachidis Speg. Recause

C. personatum was formerly known &s Cercospora personata,

it is common to refer to early and late leafspots as

'Cercosporat leafspots.



Cercospora leafspots are found wherever groundnuts
are grown (Woodroof, 1933), in contrast to rust that

has not been reported in some areas.

At the early stages of the development of the
leafspot diseases on groundnut, the symptoms are not
easily distinguishable (Jenkin, 1938; Mundkur, 1967;
McDonald, 1973), but as the diseases progress certain
marked changes occur which make identification certain
(smart, 1961; Mercer, 1972). Spots due to the two
fungl are initially very small but may grow to a diameter
of 10 mm or more {(McDonald and Fowler, 1976). |

C. arachidicola leafspots start 3 - L weeks earlier than

those of C. personatum, hence the names 'early' and

tlate! leafspots {Woodroof, 1933; Mercer, 1978).

The conidia of early leafspot are found mainly on
the upper leafl surface but a few may be found on the
lower leaf surface arising conspicuocusly from the centre
of the leafspots and not in concentric cycles {(Jenkins,
1938). The learspots induced by this fungus are
usually light brown, circular to irrepgular, about 1 -

10 mm and are often surrounded by a yellow halo {(Anon.,

19733 McDonald and Fowler, 1976; Kornegay et al., 1980).

Late leafgspots are brown to black and are smaller
(1 - 6 mm), almost circular with a less diffused mergin

than those of early leafspot (Anon., 1973). 'The lesions



rarely have halos and are abundant on leaves, stipules,

petioles, stems and pegs (Anon., 1973).

The symptoms of rust on groundnut are similar to
those of rust of other crops (McVey, 1965). Pustules
appear first on the lower leaflet surface some 6 - 10
days after infection (Arokoyo et al., 1977). The
pustules enlarge to between 0.3 - 0.6 mm in diameter and
are approximately similar in shape (Anon., 1973). The
leaf tissues surrounding the pustules assure a dull
green to brown colour (Bhama, 1972; Shanmugam et al.,
1572), Yellow halo is visible and surrounds each pustule
(Bhama, 1972). Approximately 24 hours after appearance
the pustules start to rupture showing a cinamon brown
colour due to exposure of the masses of uredospores
{ Shanmugam et al., 1972), which are bhorne on short
hyaline pedicels (Sharma and Mukherji, 1972). The
uredospores are yellow, spherical or oval with two
occasionally three or four equatorial germ pores
(Shanmugam et al,, 1972). Pustules may be formed as
with leafancts o= ~11 nerial »".7m*% nartg, apart from
flowers and pegs (Subrahmanyam and McDonald, 1983).
When the disease is gevere, the pustules coalesce and
the leaf tissues surrounding them die and dry out in
irregular patches (Anon., 1973), thus:ipresenting an
infection gsite referred to by Harrison (1967) as 'Hot
Spot'., The leaflet then curls up, becomes brititle and

falls prematurely (O'Brien, 1974; Arokoyo et al., 1977).



'Cercospora' leafspots attack groundnut every year
in all parts of Nigeria causing losses of up to 50% of
seéd and even higher losses of naulms (Fowler and McDonald,
1978) . Thé éfrival of rust in 1976 in Nigeria has
undoubtedly increased the yield loss due to leaf diseases
of groundnut {McDonald et al., 1380). Loss in yield from
rust alone has been estimated at 20 - 50% (Anon., 1978;

Subrahmanyam and McDonald, 1983).

Many researchers have tested a fange of fungicides
in many parts of the world in a bid to control leafspots
and rust on groundnuts {Mehta and Mathur, 1954; Jensen
and Boyle, 1965; McGill and Semples, 1969; Harrison
19733 Kumar and Khare, 1974). 1t has been observed that
attempts to control the leafspots and rust separately
have brought some problems. For example, Thompson and
Smith (1972) reported that one of the reasons for the
widespread distribution of rust on groundnut in Georgia
wasg the extensive use of benomyl for the control of
leafspots,. Similar effect of benomyl on rust has been
reported by Harrigon (1971, 1973). Harrisgon (1973) and
McDonald et al, (1980) also independently reported that
plants sprayed with Bavistin and Carbendazim and related
fungicides had more rust than the unsprayed check plants.
For practical disease control, McDonald et al., (1980)
and Salako (1982) advised that it would be necessary to
leook for fungicides or & mixture of fungicides which

can control the leafspots and rust simultaneocusly. .



High=-volume application of several fungicides have
yielded success against groundnut leafspots (Mercer,
1976 ; Fowler and McDonald, 1978; Littrel and Linsdsey,
1979; Melouk, 1980). Reports on rust contrcl by high-
volume foliar sprays are however few (Seshari, 1976;

Fowler and McDonald, 1978; McDonald et &l., 1980).

Reports on ultra-low volume application of
fungicides against groundnut leafspots and rust are even
fewer than the high volume application. Mercer (1976),
reported the ultra-low volume application of Carbendazim
for the control of leafspots and Salako (1982) reported
his work on ultra-low volume application of fungicides

for the control of groundnut leafspot and rust,

The application of fungicides on groundnut by high
volume foliar application method requires large quantities
of water as well as a great deal of time (Mercer, 1976;

salako, 1982).

The issues of when to start the first spraying and
at what intervals tc spray still remain matters of
controversy. According to Smith and Littrel (1980), the
initial and final applications of the fungicides differ
widely among growing seasons in a particular location
because of variable environmental conditions. Some
researchers (McGill and Samples, 19693 O'Brien, 1974;
Smith and Littrel, 1980) advised that spraying should



begin before or as soon as the first symptom appears &t
about 30 -« 40 days after planting, Others (Patil and
Kalekar, 1974) are of the opinion that application of
fungicides made before the appearance of symptoms gave
better control of groundnut leaf rust than applications

made after the infection and symptoms have developed.

With regard to the correct intervals of fungicide
application, Miller (19L46) warned that not more than
two weeks should be allowed between dust applications of
sulphur dust or Bordeaux Spray. According to him, new
growth is not adeguately protected from leafspots when
applications of fungicides are made at intervals greater
than two weeks, In addition, Mercer (1975) reported that
the yields of kernel increased in a sigmoid fashion with

a decrease in intervals between sprays.

In view of the above controversics about previcus
work and because of the limited data about fungicidel
control of leafspots and rust of groundnut in northern
Nigeria, it was considered necessary to undertake the

present study with the following objectives:

(1) To compare the ultra-low volume (ULV)
spraying technique with that of the medium
volume spraying for the control of leafspots

and rust of groundnuts.



(i1)

(iii)

(iv)

To evaluate the efficacy of two formulations
of Mancozeb for the control of foliar
diseases of groundnut.

To determine the appropriate rates of
application of the two formulations of
mancozeb for the control of foliar diseases
of groundnut.

To determine the appropriate spray schedule
for the application of Calixin-M for the

control of foliar diseases of groundnut.



CHAPIER 2
LITERATURE REVIEW

Several attempts have heen made by many researchers
to control the leafsgpot diseases of groundnut by
chemical spray like Bordeaux mixture (Miller, 1946),
copper sulphur {(McGill and Samples, 19693 McDonald, 1973),
sulphur dust (Mercer, 1975) Benlate (Backman gt al., 1977),
Mancozeb (McDonald, 1973; Harrison, 1973) and Calixin
(salako, 1982). These investigators obtained increased
yields of groundnuts and improved quality and quantity

of hay.

Reports on the control of leafspots and rust
simultaneously have been few (Arneson, 1970; Harrison,

1971; McDonald et al., 1980; Salako, 1982).

2.7 Method of Application

'In countries like the United States of America,
fungicides are applied with various kinds of tractor
propelled sprayers, fixed~wing aircraft, helicopters
and sprinkler-irrigotion system (Smith and Littrel, 1980),
Mercer (197%) reported that the most effective fungicidal
éﬁplicator for the control of leafspots used in Malawi
was the knapsack sprayer which was used to spray systemic
fungicides. Mercer {1976) however, reported that high
ihorease of yield of pods, kernel and haulms of groundnut

were obtained in Malawi by the use of ULV (10-15L/ha).

8



A comparison of ULV and MV sprays for the control of
groundnut leafspots at Samaru in 1974 showed that

there was no significant effect on yield from either
method of application (Anon,, 1975). However, trials
carried out in Samaru in 1977, showed that plants

given MV application of Difolatan had less rust than
those sprayed with Difolatan ULV (McDonald gt 2i., 1980).
Fowler and McDonald {(1978) obtained good leafspots
control in groundnut using ULV fungicide applicationi'
Alsc, Salako (1982) obtained good control of leafspots

and rust when he used micron ULV sprayer.

2.2 Fungicide Formulation

Smith and Crosby (1372) reported that foliar
application of a2 benomyl-oil-water emulsion suppressed
the development of groundrut leafspot epidemics more
effectively than foliar applications of a beriomyl-water

suspension

243 Rate of Pungicide Application

McDonald (1970) reported that application of
mancozeb at the rate of 2.2 kg/ha for the control of
leafspots significantly increased yields of groundnut
over the control. Harrison (1973) also reported good
control of leafspots and rust and increased groundnut

yield when he applied mancozeb at the rate of 1.7 kg
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a,i./ha, For the control of rust, O'Brien (1374)

applied mancozeb at the rate of 1.6 kg a.i./ha., Recently,
Salako (1982) obtained good control of leafspots and

rust and increased yield of groundnut by applying ULV
mancozeb at the rate of L4.5L/ha,

2.4 Time of Commencement of Spraying

Different times of commencement of fungicidal
sprays have been reported for the control of leafspots
and rust of groundnuts., For example, Woodroof et al.(194k);
McGill and Samples (1969); Smith and Littrel (1980)
obtained good control of foliar diseases when spraying
began before, or as soon as, the first symptoms appeared
at about 30 - 4O days after planting, However, Patil and
Kalekar (1974) reported that prophylactic application
of fungicides gave better control of groundnut leaf rust
than applications made after the infection and symptom
have developed, Also Kumar and Khare (1974) reported
that fungicidal sprays for the control of groundnut
leafgpots were significantly superior over the control
when first spraying was done when the plants were four
weeks old. By contrast, Mercer (1975) obtained good
yield increases with most fungicides used to control
leafspots of groundnuts even when spraying did not
commence until six weeks after groundnut emergence.,

Similarly, Salako (1981) reported that fungicides for
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the control of both leafspots and rust were effective

when spraying was started 36 days after planting.

2.5 Frequency of Application

Good control of leafspots and rust and increased
vields of groundnuts have been obtained with varying
intervals of spraying. For example, either leafspots
alone or rust and leafspots were controlled by spraying
fungicides at 1l~day intervals (Harrison, 1973; Mercer,
1975; Campbell, 1978; Salako, 1982). Fowler and
McDonald (1978) reported that 10-day intervals of spraying
gave greater yields than treatments with comparable
number of sprays spaced at 7-day intervals, O'Brien
(197L) controlled rust of groundnut by spraying at
weekly intervals, Kumar and Khare (1974) obtained good
control of leafspots from all the fungicides they tested
by spraying at an interval of 20 days,



CHAPTER 3
MATERIALS AND METHODS

The study reported in this paper was carried out
in two separate experiments in two years, 1982 and 1983,

at Samaru, Northern Nigeria,

5+% Couparative Efficaci of liar.cozeb Applied as
Ultra-Low volLume ana . ium volume
prays ior e Lontrol o roundnu eaispots

and Rust

-—

A red stem micron ULV sprayer (Micron Sprayers Ltd.,
Three Mills Bromyard Herefordshire HR.7, LHU, England)
and a knapsack sprayer (CPB) (Cooper Pegler Co. Ltd.,
Burgess Hill, Sussex 15, RH9, England) were used to
apply both the ULV and the wettable powder (WP)
formulations of mancozeb, Three different rates of the
fungicides were usged (i.e. 2, l4 and 61l/ha for the ULV
mancozeb formulation and 1.12, 2,24 and 3.36 kg/ha for
the wettable powder)., These rates represent 50, 100 and
150%, the manufacturers recommended rates, The fungicides
were dissolved in 10 litres/ha of water for the ULV

sprays, 3901/ha of water for the medium volume sprays.,

A split plot design with randomized complete block
replicated three times was used, The method of application
was the main plot, while the formulation and the rate

of application were combined and randomized to form the

12
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sub-plots, Each plot consisted of eight ridges, each
ridge being 10 m long and 0.76 m wide. Adequate conirols
were provided. Groundnut cultivar F452,L was sown on

16 June, 1982 at 2 seeds per hole, 23 cm apart. Two
ridges were left between plots as border rows to minimize

the effect of spray drifts.

The experiment was sown on land cropped with cereal
in the previous year. All plots received a basal
application of 200 kg/ha single superphosphate (18%
PZOS) before ridging. Plots were hand weeded as often
as was considered necessary. A tractor disc harrow
wasg used to remould the ridges in the first week of

August.

Mancozeb {combination of zinc &nd meaneb containing
20% manganese and 2.5% zinc) was applied at three
different rates given above in either 390 1 /ha of
water for medium volume or 10l/ha for ultra-~low volume
sprays respectively. In each case the fungicide was
thoroughlv chaken to mix., FPlots were sprayed at weekly
intervals from 22 July to 21 September, 1982, To
further minimize the effect of drift, the four centrally
located ridges in each plot were used for digease
asgsessment., From these four ridges, five stands of
groundruts per ridge were randomly selected and tagged

& weck prior to the time of commencement of diseage
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asgessment, This enabled individual stands to be
observed throughout the season. The severity of early
and late leafspots and of rust were separately determined

using the following visual assessment scale:

Scale Description

1 = None to very low disease level with only

lower leaves having few smell spots/pustules.

3 = Low disease level in which few sparsely
di stributed spots/pustules are seen on lower
leaves,

g = Intermediate disease level in which
many spots/pustules are seen on lower and
middle leaves, with defolizstion starting.

7 = High disease level, in which spots/pustules
occur all over the plant, with marked
defoliation.

S = Very high disease level, plants severely
affected and almost all the leaves are
covered with spots/pustules, and/or more

than 50% of total leaves defoliated/withered,

The scale ig a modification of that given by

Anonymous (1981).

Number of leafspots on each infected leaflet was
counted., The average number of leafspots per leaflet

(SL) was calculated thus:
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Total number of spots/plant

SL Total number of leallets/plant

Estimate number of premature leaflet fall from affected
plants was recorded at weekly intervals by counting the
number of abscised nodes. Percent defoliation (PD) was

calculated as Luliuws:

pp - Number of fallen leaflet/plant . 100
T Total number of leaflet/plant

Mature groundnuts were lifted on & October 1982 from the
Tour central ridges and sun dried. The pods were later
picked and weighed to obtain the unshelled pod weight.

Haulm yield was also recorded,

The recorded field data were subjected to various

types of statistical analysis.

1983 Trial

The experiment was repeated in 1983 with the

following modifications.,.

There was a direct comparison of the ULV and MV
sprays using the ULV spinning disc and the CP3 knapsack
sprayer respectively, Two formulations of mancozeb
{i.e. the ULV and WF) were applied at two different
rates (4.0 and 4,5L/ha of ULV and 2.0 and 2.5 kg/ha of
WP). Four treatments and one control were replicated
four times in & randomized complete block design,

Groundnut was planted on 13 June 1983,
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Apart from the above stated modifications, all
other operaztions were similar to those of 1982 trial.
3.2 The Effect of Time of Commencement and Intervals

of CallixXin- pray on Leafspots an ust o
GCroundnuts

1982 Trial

Two groundnut varieties F452.4 and Samaru 38 (3538)
used were chosen for their susceptibility to leafspot
and rust, Calixin-M (tridemorph (11% 2, 6, dimethyl =4-
tridecylmorpholine) + 36% manganese ethylbisthiocarbamate)
was used at the rate of 1.6 kg 2.i./ha (3.5 kg/ha of the
formulation). Application of the fungicide was by a
ULV spinning disc sprayer, The required amount of the
fungicide (proportionate quantity for three replicates)
was thoroughly mixed in clean water in the receptacle
of the sprayer. Two spraying commencement days (36 and
6l days after planting) were employeds In each case there

were three spraying intervals (7, 14 and 21 days).

A split plot design with randomized complete block
was used, The varieties of groundnut sown on 23 June
1982, served as main plot. The time of commencement
and the intervals of spraying were the sub-plots.
Adequate unsprayed plots were included to serve as controls.
The treatments were replicated three times., Border rows
were planted with groundnut and left unsprayed. These

border rows served to enhance the disease pressure on
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the trial plots. Seedling rate and spacing as well as
all cultural operations, disease assessment, statistical

analysis were carried out as earlier reported.

1983 Trial

The shrwe evneripent was reneated in 1983 with

some modifications.

There were ten treatments which included two
unsprayed controls. Spraying commenced at 36 days after
planting and at first sight of symptoms of the diseases.
Spraying at 7-day interval was discontinued since the
1982 data showed that it was not significantly different
from spraying at 14-day intervals in terms of disease
control. For plots that were sprayed at 36 days after
planting, spraying started on 25 June and ended on 26
September, Also spraying started on 18 August to 29
September in plots that were sprayed at onset of symptoms.
The experimental design used was randomized complete

block and treatments were replicated three times.,

Apar: from the above stated wmodifications all

other operations were similar to those already reported.



CHAPTER U4

RESULTS
.1 The Comparative Efficac of Ultra-Low Volume
”gp‘an.gg!_um .o [ume (V¥ Application of
ancozeb a ates on the gonfroI o1
Groundnut Leaf pots and Rust
The results are presented in the following sub-
sections.

L.1.1 Development of Diseases

The first symptoms of infection by early leafspot
were observed seven weeks after sowing while those of
late leafspect appeared from the eighth week., Rust

symptoms were first observed ten weeks after sowing.

L.1.2 Effect of Mancozeb on Severity of Early Leafspot

The analysis of variance for the early leafspot
disease severity (Appendix 1) showed that the effects
of the rates of mancozeb application were significant.
The plants that received ULV sprays had significantly
(P = 0.05) lower scores than the unsprayed ones (Table
4.1). However, there were no significant differences
in scores obtained from the unsprayed plots and those
obtained from plots that received 50% of the recommended
dose of mancozeb when applied as medium volume sprays.
Among the sprayed plots, the plants that received 150%
the recommended dose of the fungicides had significantly
lower scores than those obtained from plants that

received 50%, the recommended dose applied as ULV sprays.

18
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However, there were no significant differences between
the severity of disease in plots that received 50, 100
and 150% the recommended rate when applied as medium

volume Sprays.

Appendix 1 revealed that the fungicide formulation
had no significant effect on disease severity. It also
showed that &11 the possible interactions {i.e. fungicide
x rate, fungicide x mode of application, rate of
fungicide application x meode of application and fungicide

X rate x method of application} were not significant.

When the number of lesions of early leafspot per
leaflet was analysed (Appendix 2) the result shows that
the effects of different rates of mancozeb were significant
(P = 0.05). The mean number of early leafspot lesions
per leaflet was generally significantly lower for the
treated crops than the untreated ones (Table 4.2).
Among the sprayed plets, there were significant differences
in the number of lesions of early leafspot per leaflet
in mogt plots that received the different ratesg of
mancozeb irrespective of the formulation and the mode
of application of the fungicide. However, there were
no significant differencesin the number of lesions |
obtained from plots that were sprayed with 50 and 100%
the recommended rate of mancozeb ULV when applied as
ULV sprays. Similar results were obtained from plots

that were sprayed with 100 and 150% the recommended
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dose of mancozebh WP when applied as medium volume

spray.

h.1,3 Effect of mancozeb on Severity of Late Leafspot

The anelysis of variance for the visual disease
severity score of late leafspot (Appendix 3) indicated
that only effects of the rates of fungicide application
were significant, As shown in Table L.7, the plots that
received the wettable powder formulation of mancozeb
applied as medium volume sprays had significantly lower
severity of disease than the unsprayed plots. Similar
results were obtained from the plots that received the
ULV formulation applied as ULV sprays. Among the °
sprayed plots, the plot that received 150% the recommended
dogse of mancozeb WP formulation applied as medium
volume sprays had significantly (P = 0.05) lower disease
severity than the plots that received 50% the recommended

rate,

The result (Table 4.2) showed that most of the
sprayed plots had significantly lower number of late
leafgpot lesions per leaflet than the unsprayed plots.
As shown in Appendix L, the effects of the rateg of
fungicides applied were significant (P = 0,08}, For
example, when the ULV and the WP formulations of

mancozeb were applied as MV, some plots had significantly



But when the two formulations of fancozeb were applieq
as ULV, there was no significant difference in the
number of lesions, However, data not presented in
this study, showeqd that lesiong on the leaflets of
plants that recerved minimum doge of the fungicide
were generally larger than thoge on leaflets from

Plants that receiveg higherpr doses,

L1, Effect of Mancozeb on Rust

The analysis of variance of the rust disease
severity (Appendix 5) indicated that the effects of the
rates of application or marcozeb were significant |
(P = 0.05), The sprayed plots hag significantly lowér
diseasge severity than the unsprayed ones (Table u;1).
The”severity Of rust in plots that received S50% the
.:;;édmﬁended dose of mancozeb ag My Spray was higher
thah that in plots that recéived the field dosge and
ﬁSO% of the field dose of the same formulation; the
differences between plots that receiveq 100 and 150%
fhe recommended doses were not significant, Essentially,
similar results weére obtained when the fungicige
fprmulation_were &pplied as ULV, The only difference
was that the Severity of disease in plots sprayed with
100% the_recommended dose. was significantly higher
than that in Plots SPrayed with 150% the recommended

rate. Also, mancozeb WP sprayed as MV at field and

SR

: - Lo P o L . . e
AL E s T S :
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150% the recommended field dose resulted in significantly
(P = 0,05) lower disease scores than their counterparts

that were sprayed as ULV.

L.1.5 Effect of Mancozeb on Rate of Defoliation
Caused Dy Lealspot &nd RUST

Analysis of variance (Appendix 6) showed that the
effects of the rates of fungicide application on defoliation
were highly significant (P = 0.01)., The interaction
between the rate and the mode of application of the
fungicide was also significant (P = 0.,05). The results
(Table L .2) showed that defoliation was significantly
lower in sprayed than in unsprayed plots. There were
significant differences in defoliation percentage between
most of the sprayed plots, regardless of the type of
fungicide formulation and the mode of application., For
example, the plots that received 50% of the recommended
dose of the fungicide had higher percentage defoliation
than those that received 100% and 150% of the recommended
dose; the defoliation percentage in plots that received
150% of the recommerded dose were in most cases lower
than that in those that received 100% of the recommended

dose,

4.1.6 Effect of Mancozeb on Croundnut Yield

The analysis of variance (Appendix 7) showed that
the effect of mancozeb on pod yield was highly significant
(P = 0.01). The effect of applying different rates of
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the fungicide formulations wss highly significant

(P = 0.01). There was also a significant interaction
between the rate and the mode of application of the
fungicide. The pod yields (Table 4.3) of sprayed plots
were much higher than those of unsprayed control plots.
When the two formulations of mancozeb were aprlied as
medium volume spray, the plots that were sprayed with

S0% the recomménded dose had the lowest yield. There
were no significant differences in most cases in yields
obtained from plots that received 100 and 150% the
recommended doses of the same formulation and mode of
application. Though the differences in pod yields of
plots that received similar rates of fungicide applied as
MV or ULV were not significant, the MV application of

the fungicide tended to produce higher pod yields than
the ULV application. The ULV application gave its highest
pod yield when the fungicide was applied at the

recommended dose.

The haulm yields are presented in Table .3,
Analysis of variance of the effect of mancozeb on haulm
yields (Appendix 8) indicated that the effects of the
mode and the rate of fungicide application were significant
as were those of the formulation of the fungicide. Also
the interaction between the rate and the mode of
applicetion ag well as that between the fungicide
formulation, rate and method of application were

significant.
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The yields from sprayed plots were significantly

higher than those from unsprayed plots. Haulm yields

... obtained from plots that were sprayed by MV were higher

than those obtained from plots sprayed by ULV for

corresponding formulation ang rates of application.

Mancozeb WP applied at 150% the .recommgnded dese. gave
the highest haulm yield. However, there was no
signifieant¢ifference in the haulm yield from this plot

s
P i

U R -

and that obtained from the plot that was sprayed with
mancozeb ULV formulation for the corresponding rate and

method of application,

l,,1,7 Correlation and Regression Andlysis of the
nelationship betlween Disease Severity
Parameters and Groundnut Yield

The summary of the analysis of correlation between
pairs of parameters recorded in the field in 1982 is .
shown in Table h.l;. The correlation between visual disease

severity scores and defoliation percentage on the one hand

. and pod and haulm yields on the other were negative and

highly significant (P = 0.01). Wwhen the severity scores
for early and late leafspots and rust as well as
defoliation percentage were separately correlated with
pod yield, the correlation coefficients (r) were -0.79,
-0.62, ~0.85 and -0,97 respectively. These negative (r)
values indicated that the higher the severity of leafspots

and rust the lower the pod yield. The negative correlation
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coefficients between severity scores for early leafspot,
late leafspot and rust and haulm yields shown in Table
L.l also indicated that the nigher the severity of the

three diseases the lower the groundnut haulm yields.

Linear regressions of yield on those disease
severity parameters that had significant (P = 0,05)
correlation coefficients were calculated, The regression
equations are presented in Appendix 31. The linear
regressions of pod and haulm yields on eerly leafspot,
late leafspot and rust severity respectively indicated
that there would be significant decreases in pod and
haulm yields as the severity of the three diseases

increased.

4.2 Effects of Medium Volume (MVE and the Ultra-Low
olume ication o 0 rormulations of
ncozevp Applied a ates in 71983

The results are presented in the following sub-

sections,

L.2.1 Development of Diseases

Generelly, the diseases appeared late in the
seasons. The first symptoms of early leafspot were
observed seven weeks after sowing while those of late
leafspot were observed from the eighth week, Rust was

not observed in the trial.
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Table L.l. Correlation Coefficients between Disease
Severity Scores (including defoliation
percentage) and Pod and Haulm Yields of
Groundnut in 1982.

Pairs of Parameters ggg?ﬁiggég? (r)
Early leafspot severity and pod yield =0 ,79%%*
Early leafspot severity and haulm

yield -0 .66%*
Late leafspot severity and pod yield -0 ,62%%
Late leafspot severity and haulm

yield =0 ,H60%*
Rust severity and pod yield -0 .85 %%
Rust severity and haulm yield =0 Bl **
Defoliation percentage and pod yield =0 ,97**

*#% Significant at P = 0.01.



30

L.2.2 Effect of Mancozeb on Severity of Early Leafspot

Analysis of variance for the effect of mancozeb on
the meen disease score of early leafspot is given on
Appendix 9§ The effects of the treatments were highly
significant (P = 0.01). The results (Table L.5) indicated
that the severity of early leafspot in sprayed plots
were significantly lower than the severity in unsprayed
plot. In contrast, severity in sprayed plots were not

significantly different from each other,

Analysis of variance for the effect of mancozeb on
the number of early leafspot lesions per leaflet (Appendix
10) indicated that the treatments were highly significant
(P = 0.01). The lesions per leaflet were much fewer in
the sprayed plots than in unsprayed plots (Table L.6).

The wettable powder formulation of mancozeb applied as
MV at 2.0 and 2,5 kg/ha resulted in fewer lesions per
leaflet than those in plots sprayed with ULV formulation,

4.2.3 Effect of Mancozeb on Severity of Late Leafspot

The eifect of creatments on the disease severity
score was highly significant (P = 0.01) as shown in
Appendix 11, The results showed that the sprayed plots
had significantly lower scores than the unsprayed ones
(Table 4.5). There was no significant difference among

the sprayed plots.
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Analysis of variance for the effect of mancozeb
on late leafspot lesions per leaflet is presented in
Appendix 12, There were significant differences between
the treatments. The results (Table L.6) indicated that
the sprayed plots had significantly fewer lesions per
leaflet than the unsprayed plot. Among the sprayed
plots, there was no significant difference between the
number of lesions on leaflets of plots that were sprayed
with mancozeb WP at 2.5 kg/ha and those on leaflets of
plots that were sprayed at 2.0 kg/ha. Similar results
were obtained from plots that were sprayed with ULV.
But application of mancozeb (WP at the rate of 2.5 kg/ha
resulted in significantly fewer lesions per leaflet than

application of the ULV formulation of the fungicide.

Lb.2.4 Effect of Mancozeb on Rate of Defoliation
Caused Dy Lealspots

The analysis of variance for the effect of mancozeb
on the defoliation percentage is shown in Appendix 13
which indicated that there were significant (P = 0.01)
differences between the treatments. The data (Table
4.6) showed that the sprayed plots were significantly
less defoliated than the unsprayed control plot. There
were no significant differences in defoliation percentage
in plots sprayed with mancozeb at the two rates applied
ag MV, Similar results were obtained for plots that

were sprayed with ULV, However, mancozeb WP at 2.5
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kg/ha applied as MV resulted in significantly less
defoliation than mancozeb ULV at l;,51/ha applied as
ULV.

h.2.5 Effect of Mancozeb on Yields of Groundnut

in 1953

The effect of mancozeb on pod yield was highly
significant (P = 0,01) as indicated in Appendix 14. Pod
yields of the sprayed plots were significantly higher
than those of unsprayed control. There was no significant
difference between the two rates of application of
mancozeb WP (Table L4.7). These two treatments significantly
outyielded the ULV treated plots, Mancozeb ULV applied
at 4.01/ha resulted in significantly (P = 0.05) higher
yield than mancozeb ULV at L.51/ha,

Analysis of variance (Appendix 15) indicated that
the effects of mancozeb on haulm were also highly
significant (P = 0.01). Here again the sprayed plots
produced significantly higher haulm yield than the
unsprayed plot (Table l;.7). Mancozeb WP at 2.5 kg/ha
significantly outyielded mancozeb ULV at };.01/ha.

Lh.2.6 Correlation and Regression Analysis

The summary of the analysis of the correlation
between pairs of parameters recorded in the field in

1983 is shown in Table 4.8. The visual severity scores
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Table .8, Correlation Coefficients between Disease

Severity Scores (including Defoliation
Percentage) and Pod and Haulm Yields of
Groundnuts in 1983,

; > Correlation
Early leafspot severity and pod yield -0 .95 %*
Early leafspot severity and haulm
yield -0.81%%
Late leafspot severity and pod yield ~0,93%*
Late leafspot severity and haulm
yield =0.89#%
Defoliation percentage and pod yield -0 .,96#%

#* = highly significant (P = 0.01).
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of early and late leafspots and defoliation percentage
were significantly negatively correlated with pod yields,
indicating that pod yield decreased as the severity of the
disease {visual severity scores and percentage defoliation)
" increased., Similarly, haulm yield decrezsed as the

severity of the iwo diseases increased,

Linear regression of pod and haulm yields on the
severity of early and late leafspot that had significant
(P = 0.0%) correlation coefficients were calculated. The
linear regression egquations (Appendix 32) revealed that
significant reductions in pod and haulm yields were

asgociated with severity of the two diseases.

4,3 Effect of Time of Commencement and Intervals
of LALIX1In-M gpray oI Leafspots and Rust of
Groundnut in 1942

The results are shown below,

h.3.7 Development of Diseases

The first symptoms of early and late leafspots
appeared seven ond cight weeks after planting respectively,
Rust wasg observed nine weeks after planting.

he3.2 Effect of Calixin-" Sprays on the Severity
ol bariy Leafspot

The results are presented in Tadble 4.2, Analysis
of variance of the effects of time of commencement and

intervals of spraying of Calixin~M on the visual severity

Ceeke e N
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scores of early leafspot (Appendix 16) were significant

(P = 0,05)., There were no significant differences

between the early leefspot severity in unsprayed variety
Fi452.L4 and those sprayed with Calixin-M at 21-day intervals
beginning at &) days after sowing., Similarly, there were
no significant differences in disease severity in

unsprayed variety S38 plots and those of plots sprayed

at 14~ and 21-day intervals beginning from 6} days after
sowing (DAS). Among the sprayed plots, there were no
significant differences in disease scores in variety
F452.l sprayed at 7- and 1,-day intervals irrespective

of the time of commencement of spraying., Disease severity
in plots sprayed at these two intervals were significantly
lower than those in plots sprayed at 21-day intervals,
Plots of variety S38 sprayed at 7- and 14~day intervals,
commencing from 36 (DAS), had significantly lower disease
severity than plots that were sprayed at 6L DAS, irrespective

of the spraying interval.

The analysis of variance (Appendix 17) of the effect
of Calixin-i1 sprays on pumber of early leafspot lesions
per leaflet showed that the effect of spraying intervals
were highly significant (P = 0.01). The spraying
frequency x time of commencement of spray interaction
was significant as was the interaction between time of

commencement of spraying and the groundnut variety.
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The sprayed plots had significantly (P = 0.05)
lower number of lesions per leaflet than the unspreyed
ones (Table 4.10). Also, irrespective of when spraying
commenced, plants in plots spraved at 7-day intervals
had significantly fewer leafspots than those in plots
sprayed ac iuig.s incervals, However, spraying at 14-day
intervals resulted in fewer lesions thean spraying at
21~day intervals. The results also indicated that FL452.4
plants sprayed at 7-day intervals commencing from 36
DAS had the fewer number of leafspots than plants of tre
same variety sprayed at the same interval but commencing
from 6l DAS, There was no significant difference in the
number of lesions obtained from plants in plots that were
sprayed at 1lj-day intervals regardless of when spraying
started, Similarly, the number of lesions observed in
plots sprayed at 21-day intervals were not significantly
different, regardless of the time of commencement of
spraying.

h.3.3 Effect of Calixin-M Sprays on Severity
©of Late Leafspot

The results are presented in Table 4.9, The analysin
of variance (Appendix 18) showed that the effects of time
of commencement and the intervals of spraying on visual
severity disease scores of early late leafspot were
significant (P = 0.05). The sprayed plants had significr

lower dicease severity than the unsprayed plants. There
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wag no gignificant difference in disease severity
obtained from variety FL52.4 plants sprayed at 7- and
1lj~day intervals at the two times of commencement of
spraying. These two treatments resulted in significantly
lower diseage severity scores than the same variety
sprayed at Z21-day intervals. 1In contrast, when variety
S38 was sprayed, the results indicated significant
differences in the intervals as well as the time of

commencement of spraving.

The analysis of variance for the effects of
Calixin-M sprays on number of late leafspot lésions
per leaflet is presented in Appendix 19. The effects
of intervals of spraying was significant (P = 0.05).
The results shown in Table .10 indicated that the
sprayed plants had significantly fewer lesions per
leaflet than plants in the unsprayed plots. There was
no significant difference in the number of lesions per
leaflet obtained in plants from plots that were sprayed
at 7- and 1li-day intervals, at the two times of
commencement of spraying, except in variety 338 sprayed
from 6L DAS. In these treatments plants from plots
that were sprayed at 7-day intervals had significantly
fewer lesions than those plants that were sprayed at

14=-day intervals,
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L.3.4 Effect of Calixin-M Sprays on Severity of Rust

The results are presented in Table 4.9. The
analysis of variance (Appendix 20) revealed that the
effects of the intervals of spraying were highly
significant (P = 0.01). The interaction between the
time of commencement of spraying and the varieties of

groundnut was also highly significant.

Plants in sprayed plots had significantly lower
visual rust severity scores than the unsprayed plants.
The results also indicated that there were no significant
di fferences between rust severity in plots sprayed at
7- and 1j=-day intervals regardless of the time of
commencement of spraying., These two treatments resulted
in significantly lower rust severity than those in

plots sprayed at 21-day intervals.,

4.3.5 Effect of Calixin-M Sprays on hate of
oliation Cause y Lealispots and Rust

The results (Table l4.10) and the analysis of

variance (Appendix 21) for the detoliation percentage
showed that the effects of intervals of spraying on
defoliation were highly significant (P = 0.01). Thus,
the sprayed plants were significantly less defoliated
than the unsprayed ones. Among the sprayed plots, there
were significant differences in all the treatments.
Generally, defoliation decreased with decrease in

spraying intervals.,
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L.3.6 Effect of Calixin~M Sprays on Groundnut Yields —

Groundnut pod yield (Table L.11) was significantly
(P = 0.01) affected by intervals of spraying as shown
in the analysis of variance (Appendix 22). The sprayed
plants produced significantly higher yields of pods than
unsprayed plants. Yields of variety F452.L sprayed at
7- and 14-day intervels, beginning from 36 DAS, were
significantly higher than those of plots that were
sprayed at 21-day intervals. However, when spraying of
the same variety started at bl DAS, there were significant
differences in yields obtained from the three intervals
of spraying., Pod yields increased with decrease in

intervals of spraying.
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f;_;ispect of variety S38, there were no significant
differences in pod yields of plots sprayed at 7- and
14-day intervals starting from 36 DAS, By contrast,
when spraying commenced at 6l DAS, plots sprayed at 7-day
intervels yielded significantly more than those sprayed

at 14-day intervals.

The results for haulm yields (Table L4.11) and the
analysis of variance (Appendix 23) showed that the
effects of spraying intervals and the time of commencement
of spraying were significant, Haulm yields from sprayed
plots were significantly higher than those from unsprayed
plots, There was no significant difference in haulm
yields obtained by spraying the two varieties from 36
DAS at 7~ and 14-day intervals. However, these two
treatments significantly outyielded plots that were
sprayed at 21-day intervals. In contrast, when the
two varieties were sprayed from 6l DAS, the plots that
were sprayed at 7-day intervals had significantly higher
haulm yields than plots that were sgprayed at 14- and
21=-day intervals. Similerly, plots that were sprayed
at 14-day intervals also significantly outyielded those
sprayed at 21-day intervals,

Lh.3.7 Correlation and Regression Anslysis of the
Relationship petween Disease —everity rarameters
and Groundnut vield in 1982

The summary of the analysis of correlation between

pairs of parameters recorded in the field in 1982 is
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shown in Table }.12. The correlation between visual
disease severity score and percentage defoliation on
the one hand and pod and haulm yields on the oth~r were

negative and highly significant (P = 0.01),

When the disease score for early and late
leafspots and of rust as well as defoliation percontose
were separately correlated with pod yields, the
correlation coefficients (r) were -0.79, ~0.78, -0.81
and -0.94. These negative values indicated that the
higher the severity of leafspots and rust, the lower
the pod yields. Similarly, the negative correlation
coefficients between the severity of the three dizcasen
and haulm yields shown in Table L4.12 also indicated
that the higher the severity of the diseases the lower

the haulm yields of groundnuts.

Linear regression of pod and haulm yields on the
severity of early and late leafspots and of rust that
had significant (P = 0.05) correlation coefficients
were calculated, The linear regression equations shown
in Appendix 33 indicated that significant reductions
in pod and haulm yields were associated with leafspots

and rust diseases of groundnuts.

L.y The Effect of Time of Coamencement and Irntervals
of C&llXin-M"$8r§y§ on_Leaispots and nUsST O

Croundnut in o

The results 2are presented below.
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Table L4 .12, Correlation Coefficients between Disease
Severity Scores (including defoliation
percentage) and Pod and Haulm Yields of
Groundnut in Trial 2, 1982,

Correlation

Early leafspot severity and pod yield -0 ,79%%*
Early leafspot severity and haulm yield -0 ,667%*
Late leafspot severity and nod yield -0,78**
Late leafspot severity and haulm yield -0 ,68 %+
Rust severity and pod yield -0 ,871-*
Rust severity and haulm yield -0,8Y **
Defoliation percentage and pod yield =0, gl **

= highly significant (P = 0.01)
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TI FiPt Development of the Disedases

The disease symptoms for early and late leafspots
were observed at seven and eight weeks after sowing.
Again, rust was not observed in the trial.

b2 Effrct o2 arliiu-M Sproyy_on Geverity
5T parly Teafspot

The results on effects of CaliiinnM sprays on the.
visual severity scoresg of early leafspot are presented
in Table L.13. The analysis of variance shown in
Appendix 24 indicated that the effects of the treatments
were highly significant (P = 0.01)., The sprayed plants
nad significantly lower disease severity than the
unsprayed plants except variety S38 sprayed at 21-day
intervals at 36 days after sowing and at first appearance
of symptoms. There were no significant differences in
variety F452.4 plants regardless of the time of
commencement and intervals of spraying. Similar rezsulte

were obtained in variety 538 plants.

Analysis of variance for the effects of Calixin-M
sprays on the number of early leafspot lesions per
Jeaflet (Appendix 25) showed that there were highly
significant differences between the treatments. For
example, plants sprayed at 1h-day intervals had
significantly fewer lesions than those sprayed at 21-day
intervals regardless of the time of commencement of

sprayinge.
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boyo3 Effect of Calixin-M Sprays on Severity of
Tate Leafspot

Anaelysis of variance for the effects of Calixin-M
sprays on visual severity scores of late leafspot shown
on Appendix 26 indicated that the effects of the
treatments were highly significant (P = 0.01). The
results (Table 4.13) indicated that with exception of
the plots sprayed at 21-day intervals, beginning at
first appearance of symptoms, the sprayed plots had
significantly lower disease severity scores than unsprayed
plots. Also, there were no significant differences in
di sease severity from all plots sprayed at 14-day intervals
except plot of variety S38 sprayed at first appearance
of symptoms. Above treatments had significantly lower

disease severity than plants sprayed at 21-day intervals.

The effects of Calixin-M sprays on the number of
late leafspot lesions per leaflet are presented in
Table L4.14. The analysis of variance (Appendix 27)
indicated that there were highly significant differences
between the treatments., The sprayed plots had
significantly fewer lesions per leaflet than the
unsprayed plots except variety F452.l sprayed at 21-day
intervals, starting at first appearance of symptoms.
Among the sprayed plots, there was no significant
difference in the number of lesions on leaflet of plants

sprayed at 14-day intervals, irrespective of the groundnut
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variety and the time of commencement of spraying; leaflets
of these treatments had fewer lesions than those of

plots sprayed at 21~day intervals.

Lelih Effect of Calixin-M Sprays on Rate of
Defollatlion Caused by Lealspots

Analysis of variance (Appendix 28} showed that the
effects of Calixin-M sprays on defoliation were highly
significant (P = 0.01). The results (Table L.14)
indicated that defoliation wag significantly lower in
sprayed than in unsprayed plots. Plots sprayed at 1lh-day
intervals resulted in significantly less defoliation
than spraying at 21-day intervals, regardless of the
time of commencement of spraying except plants of

variety FL52,l sprayed at first appearance of symptoms,

hoioS Effect of Calixin-M Sprays on Yield of Groundnut

The effect of Calixin-M sprays oﬁ pod yield was
highly significant (P = 0.01) as shown by the analysis
of variance (Appendix 29). The data {(Table 4.15)
indicated that plots sprayed at 1h~day intervals
significantly outyielded those sprayed at 21-day intervals

ag well as those of the unsprayed plots.'

The haulm yields are shown in Table lL.,15. Analysisg
of variance for the effects of Calixin-M sprays on
haulm yields (Appendix 30) showed that the effects of

treatments were highly significant (P = 0.01). The



53

*c6*g2f = JI03®3J UOTIBDTTATIINM
*3sa] 2buey

a1dT3TNW S,uedung o3 BuTpaocd® JUSI2IFTP ATaueot3Tubrs jou aI® sI93331 sues ay3 Aq pamorTo3d sa2anbid
UOTJPTIBA JO JUSTOTIIS0D = JAD

ueaw a2yl JO J0II2 pIRpUR}S = W3S

sgajeor1daa £ 30 UP3KHe $93ON
L°L 6°6 %AD
gs°sie gs Ll W3S
b g 682t 2 g2°*sscl - - patrdde sprotbun3 on
08°610L 39 0E°60EY G6TESS q £Z2°6081 £ 1Z "
oL°lsel P2a® 0T L¥is 06°881L1 e gLesvve 14 vi suwojdwAs
jo asueyeadde 3SaTIF Y
Z2°elsl P2 99°208Y 08°809 q 90°¥981 v 1e 9t
29°ELed qe 2L °*£09S 0G*2EEL ® yL°58SC 9 14 9t 8ES
BF €6°28LE oq gZeL19l & - pat1dde apToTHUNg OK
oL*2sot ap2 09°GEBY L8°9¥< q Zi*vosl £ e M
EPEPLT  Oq® 9E°97SS 18°1L8 ® 90°68¥¢ v 2 swojdwks 30
aoue Jeadde 3SITF IV
£°9L11 @p2q Z°6560 0G*9st q tLeLel ¥ 1e 9t
s 8202 e LP*LLI8S 0E"s20L B ps 2vac 9 vi 9t peeovd
1033uU0D TOT3UOD
-
... S R o R o e
PISTA WIN®H o19Tx Pod 12301 putheads  JuaWRDUSBWIO) FO SWTL jo Kjataep
.(ey/by) 3Inupunols 3o SPTITA SjusuleaIL
gg6l UT 3NUPUNOIY 3O SPTRTX Uo sheads W-UTXTTED 30 TEATOIUT DUE JUIWSDUDIWWOD IO awll 3O 3WFFE S Y TR



5L

sprayed plots produced significantly higher haulm g
than unsprayed plots except variety 538 sprayed at 21-day
intervals, beginning at first appearance of symptoms.
Also, regardless of the groundnut variety, plots sprayed
at 14=-day intervals significantly outyielded those of
variety 3538 sprayed at 21-dey intervals irrespective of

the time of commencement of spraying.

L.h.6 Correlation Analysis of the Relationshi
between Dl sease EEverifx Paremeters and

rouncnu € n

The summary of the analysis of the correlations
between pairs of parameters recorded in the field in
1983 is shown in Table L .16, The correlation between
visual disease severity scores and percentage defoliation
on the one hand and pod yields on the other were negative
and non-significant (P = 0.05), Similar results were
obtained on the visual disease severity scores and
haulm yield. These results indicated that the disease
severity was not significantly correlated with pod and

haulm yields.
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Table L.16, Correlation Coefficients between Disease
Severity Score (including defoliation
percentage) and Pod and Haulm Yields of
Groundnut in 1983.

s s s+ Correlation
Pairs of Parameter- Coefficient (r)

Early leafspot visual severity score

and pod yield -0.18 n.s
Early leafspot visual severity score and

haulm yield -0.34 n.s
Late leafspot visual severity score and

pod vield -0.1 n.s
Late leafspot visual severity and haulm

yield =0.22 n.s
Defoliation percentage and pod yield =029 n.s

n.s. = not significant.



CHAPTER 5
DISCUSSION

Results of the present study showed that effective
fungicidal control of early and late leafspots and of
rust resulted in increases in pod and haulm yields over
those of check plots. These findings eare in agreement
with those ¢f rrovicus workers (Harriscn, 1971 and 19723
Fowler and McDonald, 1978; Salako, 1982). There were
however some differences between the results obtained in
1982 and those obtained in 1983 probably due to some
changes in weather conditions. In both years the leafspots
incidence was late in the season while rust was not
observed in any of the trials in 1983. However, the
relatively low severity of the diseases in both years
were probably related to the late start and poor

distribution of the rain during the two seasons.

Nevertheless, the relative effectiveness of
fungicidal sprays against the leafspots and rust was still
obvious. Thus the compariscn of the efficacies of
manccozeb formulations applied as ultra-low volume (ULV)
and the medium volume [MV) sprayvs revealed that disease
control obtained by the aprlication of the fungicide
as ULY compared favourably with that obtained when it
was applied as MV, The higher rates of the fungicide
formulations resulted in lower disease scores and fewer

and smaller lesions on the leaflet,

56 i
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The differences in diseage severity between
fungicide rates is directly manifested in yields. The
plots that received the higher rates produced more pods and
haulm., These differences are however only significant
between the 50%¥ recommended field dose and the other
higher dogses, Lelween the 100 and 150% the recommended
field doses the differences were not significant. 1In
1983, the application of L1/ha ULV formulation even
significantly outyielded the application of l.51/ha of
the same formulation in pod. From the present result
however, 2.00 kg/ha and L41/ha of mancozeb (wettable
powder and ULV formulations respectively) are the best
rates,

Regardless of the formulation of mancozeb used,
for corresponding rates of fungicide, the MV sprays
resulted in higher pod and haulm yields than the ULV
sprays. These differences are not significant however.
Using carbendazim, Mercer (1976) also found that there
was no significant difference in groundnut yields when
sprayed in either ULV or MV mode. ! |

~ The wettable powder (WP) formulation is presently
#8.00 per kilogram while the ULV formulation is H¥15.00
per litre. TFor ten applications per season of wettable
powder at the rate of 2 kg per hectare, the cost of the
chemicals would be ¥160., Similarly the cost of applying
ULY at the rate of [ litres per hectare would be ¥600,00,

The difference of WLL0 per hectare per seagon in cost
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of chemicals would make the use of the WP, applied as
MV spray more attractive to farmers, except in cases of

extreme water shortage,

Results of the effects of Calixin-M sprays on the
severity of early and late leafspots and of rust showed
that disease severity for the three diseases was
significantly less on the two groundnut varieties when
spraying commenced 36 days after sowing (DAS) instead

of 64 DAS for similar intervals of spraying.

The results from this investigation showed that
irrespective of the time spraying commenced, spraying at
7- and 14-day intervals resulted in significantly lower
disease severity for the three diseases than spraying
at 21-day intervals, Similar results were obtained

for pod and haulm yields,

Again, the findings from the 1983 study showed that
pod and haulm yields from plots sprayed at 14-day
intervals commencing from the first appearance of symptoms
were significantly hisher than t+hose from plots sprayed
at 21-day intervals, The times of commencement and
intervals of spraying had no significant effect on the
visual severity scores of early and late leafspot, This
was probably why the correlation coefficients between
the visual severity scores of the diseases and yields of

groundnut were very low and not significant.
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The first symptoms of early leafspot were observed
49-days after planting during the two years of this
investigation. Other workers have reported earlier
appearance of the disease symptoms. McDonald and Fowler
(1976), Salako (1931) reported that early leafspot may
be observed P8 Asr5 after planting.

V&rious spraying regimes have be;n employed in
fungicidal control of groundnut foliar diseasesg., The
manufacturers of Calixin-M suggested spraying intervals
of 21 -~ 28 days., Woodroof et al. (1944); Smart (196L);
Littrel and Lindsey (1979) applied fungicides when the
first symptoms appeared on the basal leaves at 10 - 14
and 7~day intervals, Kumar and Khare (197)) sprayed
from 36 days after emergence at 21-day intervals,

Mercer (1975) commenced the application of systemic
fungicides 28 « 35 days after emergence and sprayed at
1y~days intervals., He found that this spraying regime
was advantageous in eccnomic terms. The findings from
this study showed that commencing spreyving at the first
appearance of symptoms would save spraying cost esgpecially
in years when the diseases occur late, ag was the case
in this study. In years when the disease occur early,
say 28 days after sowing (McDonald and Fowler, 1976:
Salako, 1981}, it will ensure that the diseases are .
taken care of early. The 21 to 28-day intervals

suggested by the mamifacturer of Calixin-M is not

j
|
!
i
|
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advisable on the strength of this study, since it was
not found adequate as spraying interval for the control

of the diseases.

A possible problem that the farmers may encounter
is how to recognise the symptoms of early and late
leafspots and rust so @as to know when to start spraying.
The farmers have to be aided bv the extension workers
to be familiar with the symptoms of these diseases.

Once this is possible then they will be able to start

spraying as soon as first symptoms appear,



CHAPTER 6
SUMMARY

Two experiments were carried out in two seasons,
1982 and 1983 in Samaru which represents the Northern

Guinea 3avanna zone 1in Nigeria.

The first trial was designed to compare the
efficacies of ultra-low volume (ULV) and the medium
volume (MV) sprays of two formulations {i.e. wettable
powder and ultra-low volume) of mancozeb applied at
different rates, The ULV sprays were applied with the
spinning disc while tre MV gprays were applied with CP3,

knapsack sprayer,

Results from this experiments indicated that the
ULV and MV sprays were equally effective in controlling
leafspots and rust of groundnuts, Though the MV sprays
resulted in higher pod yields, the differences were not
significant., There wag also no significant difference
in the performance of the two mancozeb formulations,
The effects of the rates of fungicide application
significantly affected the severity of lcafspots and
rust in this study. Better control of the diseases was
obtained when mancozeb was applied at high rates, such
as 3.36 kg/ha wettable powder (WP) and 6L/ha ultra-low
volume (ULV) formulation in respect of MV sprays.

However, equally good contrcl of the diseases was cbtained

61
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with lower rates as 2,2 kg/ha (WP) aﬁd L.01/ha (ULV)
formulations applied as ULV spray in 1982 trial, In
1983 trial, there was no significant difference in
disease severity when the twe rates i.e. 2.0 - 2.5 kg/ha

(WP or 4.0 - l;.51/na (ULV) formulations were used,

In both years, the correlation coefficients between
the visual disease severity scores and yields of

groundnuts were negative and nhighly significant,

In the second experiment, the effects of different
times of commencement (i.e, 36 days after sowing, 64
days after sowing and at first appearance of symptoms)
of spraying Calixin-M were tested. Three different

intervals (i.e, 7-, 14~ and 21-days) were also tested.

The results of this study indicated that the three
times of commencement were equally effective in the
control of the diseases, Also, spraying et 7- and 1li-day
intervals resulted in better control of the diseases

than 21-day intervals.

In 1982 trial tne correlavion coefficients between
the disease severity and vields of groundnut were
negative and highly significant., In contrast, in the
1983 trial, the correlation coefficients between the
disease parameters and yields were negative but not

significant,
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The first symptoms of early leafspot were observed
49 days after planting during the two years of this study.
Rust was ¢bserved in the tenth week in 1982 and was not

observed in 1983 trial.

Spraying regime of Calixin-M commencing at first
appearance of symptoms and applied at il-day intervals
was found to be the best. This spraying regime will
take care of the unpredictable time of appearance of the
diseases, This will reduce the cost of spraying in the
event of the diseases appearing late, If however the
diseases appear early (earlier than 36 days after sowing)
spraying would comménce immediately to effectively control

them.
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APPENCIDES

Appendix 9, Analysis of Variance for the Effect of
Mancozeb on the Visual Severity Score of
Early Leafspot in 1982,

Source of Variation DF M3
rep . | 2 | " 0.25

m | 1 0.33 n.s
Error a 2 2.08

f 1 0 n.s
r 3 g_uuﬁ*
fxr 3 0.22 n.s
fxnmnm 1 0 N.s
r X m 3 C.56 n.s
fxrxm 3 0.22 n.s
Error b : 28 | 0,70
Total Wy

m - method of application

rep = replication

f = formulation :

r = rate of fungicide application

* = significant (P = 0.05)

* = highly significant (P = 0.0%)

n.s = not significant.
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Analysis of Variance for the Effect of

Mancozeb on Early Leafspot Lesions per
Leaflet in 1982,

Source of Variation DF MS
rep 2 0.6l

m 1 6.11 n.s
Error a 2 0.4

f 1 0.02 NnN.s
r 3 48 .69%*

i B 3 2.41 n.s
fxm 1 1.70 n.s
rxm 2.19 n.s
£fxrxnm 3 1.471 n.s
Error b 28 1.45
Total u7

m = method of application

rep = replication

f = formulation

r = rate of fungicide application

*% = highly significant (P = 0.01)

n.s = not significant,
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Appendix 3, Analysis of Variance for the Effect of
Mancozeb on the Visual Severity Score of
Late Leafspot in 1982,

Source of Variation DF MS

rep 2 5.58

m 1 8.33 n.s
Error a 2 2.58

f 1 0.33 n.s
r 3 9.11-3{-*
fxr 3 0.56 n.s
fxm 1 1.33 n.s
rxm 3 1.89 n.s
fxrxm 3 0.22 n.s
Error b 28 1.04
Total L7

m = method of application

rep = replication

f = formulation

52 = rate of fungicide application

% = highly significant

n.s = not significant.
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Appendix l. Analysis of Variance for the Effect of
Mancozeb on the Number of Late Leafspot
Lesions per Leaflet in 1982.

Source of Variation DF MS

rep 2 a 1

m ‘ ; | 3,52 n.s
Error a 2 : 2458

T 1 0.02 n.s
T 3 50,71 3%%
fxr 3 1.74 n.s
fxm 1 Q.19 n.s
rxm 3 0.91 n.s
fxrxm _ 3 2.2h n.s
Error b L 28 é_ N 0.74
Total S 47

m = method of application

rep = replication

f = formulation L

r = rate of fungicide appllcation

*% = highly significant (P = O, 01)

n,s = not significant.,
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Appendix 5, Analysis of Variance for the Effect of
Mancozeb on the Visual Severity Score of

Rust in 1982,

Source of Variation DF

MS
rep 2 1.58
m . . 1 8‘61 n. s
Error a 2 1.09
f 1 0

|

r 3 3344
f xr 3 1.11 N.S
£xom 1 1.35 n.s
rxm 3 1.90 n.s
fxrxm 3 0.22 n.s
Error b 28 1.20
Tot8l e o e e - . Ll-? I
m = method of application
rep = replication
f = formulation
r = rate of fungicide application
¥ = highly significant (P = 0.01)
n.s = not gignificant
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Appendix 6. Analysis of Variance for the Effect of
Mancozeb on Nefoliation Percentage in

1982,

Source of Variation DEF MS
rep \ 2 : 1.15
m 1 : 0.73 n.s
Error a 2 0.38
f 1 . - Oa39 Nn.s
r 3 283, 70%¥
fxr 3 2.3 n.s
fxm 1 0.,5lL n.s
rxm 3 5.21%
fXrxm 3 i 1342 n.s
Error b 28 | 1.25
Total L7
m = method of application
rep = replication
f = formulation :
r = rate of fung@cide application
* = sgignificant (P = 0.05)

- #% = highly sigaiiicent (D . 5.005
n.s = not significant. :
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Appendix 7. Analysis of Variance for the Effect of
Mencozeb on Pod Yield in 1982,

Source of Variation DF S MS

rep 2 53042.2

m 1 171519 n.s
Error a 2 46851.5

£ 1 : 107351 n.s
r 3 11085100
fxr 3 L1470.8 n.s
fxm 1 50145 n.s
rX m 3 209680

f X rxam 3 19455.7 n.s
Error b 28 | 59397.39
Total L7

m = method of application

rep = vreplication

f = formulation

r = rate of application

* = significant (P = 0.05)

n.s = not significant.
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Appendix 8. Analysis of Variance for the Effect of
Mancozeb on Haulm Yield in.1982.__.

Source of Variation DF MS

rep 8 553587

m 1 8143170%
Error a 2 21958L

f 1 1100930*

r 3 31815200 #*
fxr 3 211601 n.s
fxm 1 203497 n.s
rxm 3 1231110%
X PrXxm 3 66399 #*
Error b 28 218258.2
Total L7

m = method of application

rep = replication

f = formulation

r = rate of fungicide application

* = significant (P = 0.05)

“%* = highly significant (P = 0.01)

n.s = not signiiicant,
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Appendix 9, Analysis of Variance for the Effect of
Mancozeb on Visual Severity Score of Early
Leafspot in 1983,

Source of Variation DF MS
Blocks 3 0.20
Treatments L 3
Error 12 0,20
Total 19

Appendix 10, Analysis of Variance for the Effect of
Mancozeb on Early Leafspot Lesions per
Leaflet in 1983,

Source of Variation DF MS
Blocks 3 1.38
Treatments b 39y #%
Error 12 1.26
Total 19

Appendix 11, Analysis of Variance for the Effect of
Mancozeb on Visual Severity Score of Late
Leafspot in 1983.

Source of Variation DF MS
Blocks 3 0.73
Treatments L ly .80 %%
Error 12 0.40

Total 19
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Appendix 12. Analysis of Variance for the Effect of
Mancozeb on the Number of Late Leafspot
Lesions per Leaflet in 1983.

Source of Variation ' or . MS
Blocks 2 .13
Treatments I ' 30,58 %
Errer | 12 0.51
Total 19

Appendix 13. Analysis of Variance for the Effect of
Mancozeb on Defoliation Percentage in

1983,
Sgurce of Variation DF MS
Blocks 3 : 6,69
Treatments N ' BO ., BB
Error : 12 : 1.82
Total ' : 19

Appendix ii. Andiysis of Variance ror che Effect of
Mancozeb on Pod Yield in 1983.

Source of Variation : D - M3
Blocks 3 \ . 26320
Treatments \ L ; 1440370 %%
Error 12 T 18176.7

Total 19




Appendix 15, Anslysis of Variance for the Effect of

Mancozeb on Haulm Yield in 19833,

Source of Variation DF MS
Blocks 3 879701
Treatuerts 33GL 750
Error 12 190336
Total 19

Appendix 16, Analysis of Variance for the Effect of
Calixin=M on Visual Severity Score of

FEarly Leafspot in 1982.

Source of Variation DF MS

rep 2 1,58

v 1 0.41
Error & 2 0.59

f 3 12,22 #%
t 1 12.0  #%
fxt 3 0,67 n,s
fxv 32 0.57 n.s
t X v 1 3.04 n.s
Error b 28 1.37
Total 147

v = variety

f = intervals of spraying (days)

t = time of commencement of spraying

rep = replication

** = highly significant {P 0.01)

n.s = not significant,
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Appendix 17. Analysis of Varience for the Effect of
Calixin-M on Number of Early Leafspot
Lesions per Leaflet in 1982,

Source of Variation DF MS
rep . 2 ¥ = 1.33

v 1 | 0.19
Error & 2 0.25

f 3 51 n'?LI-_j:‘*
t 1 0.18
fxt 3 3.19%
fxv 3 1.63

T x v 1 11,0l %
fxtxvwv 3 1.02
Error b _ 28

Total L7

h 4 = intervals of spraying

t = time of commencement of spraying

v = variety

rep = replication

* = significant (P = 0.05) :

** = highly significant (P = 0.01)

n.s = not significant.
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Appendix 18. Analysis of Variance for the Effect of
Calixin~M on Visual Severity Score cf
Late Leafspot in 1982,

T e . —— e —— et

Source of Variation DF MS
rep 2 1.58

v 1 Q

Error a v 2 0.25

£ i 3 12.33%%

t 1 5.33%
fxt 3 Q.07 n.s
fxv 3 0.89 n.r
t x v o 1 0.06 n.n
fxtxv 3 0.89
Error b .. . .. .. .28 . 1.0
Total IR W7

f = intervals of spraying

£~ = time of commencement of spraying

v = veariety

rep = Treplication . e e

* = significant (P = 0.05) 3

*% = highly significant (P = 0.01]

n.s = not =i 07000,

BT f ;
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Appendix 19, Analysis of Variance for the Effect of
Calixin~M on the Number of Late Leafspot
Lesions per Leaflet in 1982.

Source of Variation DF MS

rep 2 0.65
Error a 2 1.31

f 3 53.5
t 1 0 .S
fxt 3 1.83 n.s
fxv 3 0.81 n.s
txv 1 0.81 n.s
Error b 28 _ _ 1.05
Total | 37 |

T = 1intervals of spraying

t = time of comwmencement of spraying

v = variety

rep = replication

*% = highly significant (P = 0.01)

n,s = not significant.
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Appendix 20, Analysis of Variance for the Effect of
Calixin~-M on the Visual Severity Score
of Rust in 1982,

f

Source of Variation DE M3
rep 2 1.08
v 1 2,18 n,s
Error a 2 1.43

3 2l .31 %
t . _ 1 0.08 n.s
£yt | 3 1,20 n.s
fxv 3 0.9 n.s
t X v 1 1809“- *K
fxtxv 3 0.46 n.s
Error b 28 : 0.82
Total 47
h = intervals of spraying
t = time of commencement of spraying
v = variety
rep = replication
** = highly significant (P = 0.01)
n.,s = not significant,
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Appendix 21, Analysis of variance for the Effect of
Calixin-M on Defoliation Percentage in
1982,

Source of Variation Dy MS

rep 2 6.69

v 1 7.68 n.s

Error 2 2 1.59

h ¢ 3 270.19 **

t 1 0.52 1.8

fxt 3 1.02 n.s

£fx v 3 5.50 n.s

t x v 1 8.0 n.s

fx txv 3 O.4ly n.s

Error b 28 2.7

Total L7

f = intervals of spraying

t - time of commencement of spraying

v = variety

rep = replication

*% = highly significant (P = 0,01)

n.s = not significant.
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Appendix 22. Analysis of Variance for the Effect of
Calixin-M on Pod Yield in 1982.

Source of Variation DF MS

rep 2 51560

v 1 134189 n.s
Error a 2 8675.48

f 3 2726490 *¥
t 1 147200 n.s
£ x + 3 7362.79 n.s
fxv 3 4ou72.5 n.s
txv 1 148618 n.s
fxtxyv 3 31554.9 n.s
Error b 28 4,0833.5
Total L7

> = intervals of spraying

t = time of commencement of spraying

v = variety

rep = replication

** = highly significant (P = 0.,01)

n.s = not significant
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Appendix 23, Analysis of Variance for the Effect of
Calixin-M on Haulm Yield in 1982.

Source of Variation DF Ms

rep 2 33630.9

v 1 88843.1 n.s
Error a 2 6225,09

f 3 11129800 "
t 1 166865 *
P x % 3 64796.5 n.s
fxv 3 133950 n.s
tx v 1 861583 n.s
FXtXx " 3 158886 n.s
Error b 28 101790.5
Total L7

f = lintervals of spraying

: - = time of commencement of spraying

v = variety

rep = replication

* = significant (P = 0,05)

** = highly significant (P = 0.01)

n.s = not signiiicanc.
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Appendix 2l,, Analysis of Variance for the Effect of
Calixin=-M on the Visual Severity Score
of Farly Leafspot in 1983.

Source of Variation DF MS
Blocks 2 0.93
Treatments “ 6.83 #*x
Error 18 1.23
Total 55

Appendix 25, Analysis of Variance for the Effect of
Calixin-M on the Severity of Early
Leafspot Lesions per Leaflet in 1983.

Source of Variation DF MS
Blocks 2 1.43
Treatments 9 U7.29 *#
Error 18 1.1
Total 29

*% = highly significant (P = 0,01).

Appendix 26, Analysis of Variance for the Effect of
Calixin-M on the Visual Severity Score
of Late Leafspot in 1963.

Source of Variation DF MS
Blocks 2 2.53
Treatments 9 2.07 *
Error 18 0.61

Total 29




AppendiX 27 Apalysis of Variance
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calixin-M on Number of Late Leafspot
Lesions PeT Leaflet in 1983.

gource of yariation DF MS
Blocks 2 2.03
Treatments 16,89 **
Error 18

Total 29

* = significent (P = 0.05)

«% = highly significent (P = 0.01).

AppendiXx o8, Analysis
calixin-V

of yariance for the pffect of
on nefoliation percentageé in

e

1983.
Source of yariation DF MS
Blocks 2 7.9
Treatments 9 178.23 **
Error 28
Total 29
Appendix 29. Analysis of Variance for the gffect of

celixin-¥ on Pod Yield in 1983.
Source of yariation DF MS
Blocks 2 18632l
Treatments 6U6916 **
Error 18 11186.7
Total 29
*% = highly significant (P = 0.01).



Appendix 30,
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Analysis of Variance for the Effect of
Calixin=M on Haulm Yield in 1983.

Source of Variation DF : .T  M3
Blocks 2 14336
Treatments 19901 20%%
Error 18 138517
Total 29

Y

** = highly significant (P = 0.01).

Appendix 31,

Pod yield
Haulm yield
Pod yield
Haulm yield
Pod yield

Haulm yield

Appendix 32.

Pod vield
Haulm yield
Ped vield

Hauim yield

Regression Equaticns of the Relationship
between Disease Severity Parameters and
Groundnut Yield in 1982.

=  }911,05 - 539,63 early leafspot severity
=  6284.8 - 566.45 ecarly leafspot severity
= L607.55 - 393,90 late leafspot severity
= 6100.8)y - 451.90 late leafspot severity
= 738.21 - 4403.63 rust severity
= B300.47 - 47,.03 rust severity

Regression Equations for the EZffect of
Mancozeb on the Relationship between
Disease Severity Parameters and Groundnut
Yield in 1983.

= L4536
=  911L.0Z - 999,20 early leafspot severity

- 582.512 early leafspot severity

= 5701.11 - 582.513 late lesfspot severity
= 11112.40 ~ 999.19 late leafspot severity



Appendix 33.

Pod yield:
Haulm yield
Pod yield
Haulm yield
Fod yield

Haulm yieldl

L

]

L

90

Regression bBgquations for the Effect of
Calixin-M on the Relationship between
Diseage Severity Parameters and Groundnut
Yield in 1982,

3L66.97
6145.05
3653.86 ~ 273,51 1late leafspot severity
6558,08
31542 ~ 250.31  rust severity
652),02

246.5), early leafspot severity

103.79 early leafspot severity

467.48 1late leafspot severity

505.05 rust severity



