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CHAPTER . 1

INTRODUCTION

Groundnut (Arachis hy pogsea L.) suffers heavily
on account of fungal diseases, namely; rust (Puccinia
arachidis Speg.), tikka leaf spots(Cercospora arachidicola
Hori; Cercosporidium persinatum (Berk. & Curt.) Deighton),
sead and seedling rots (induced by Sclerctium rolfsii Sacc.,
Aspergille niger Van Tiegh, A. flavus Link ex. Fr., '
Rhizoctonis solani Kushn Fusarium spp. etc), black root rot
(ﬂag;égngmiﬂg_gnggggiigg (Tagsi) Goid. pod rots (1nducadlby
Fusarjum soleni (Mart.) Saéé; F. oxysporum, Schecht}
Rhizoctonis soleni Kuehn, M, phasdolina (Tassi) Goid. etc.)
and root and stem rots caused by R. golani Kushn and S.

rolfsii Saecc., respectively.

Rust, a disease unknown, in Indias prior to 1970,
became a serious problem when it was recorded in 1969
from Punjeb and subssquently from mény states (Chahal and
Chohan, 19713 Mayee, et al., 19773 Subrahmanyam et al.,
1979)," It is now wide spread and cause economic losses in
groundnut (Meyes, 1982; Meyes, 19833 Subrshmanyam st al.,
1980) . Mayee (1982) statsd that the rust is a potential
daﬁéer to rainy season crop in Maharashtra and this may

be one of the factors in reduction of area, production and
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productivity o? groundnut in the state.

Yield losses due to rust alone or in combination
exceed 70% (Ghuge gt al., 1981; Subrahmanyem et al., 19803
Smith end Littrell, 1980) .

’

~ Fortunately, rust is amenable to fungicidal
managsment (Meyee gt al., 1977; Mayeas, 1982; Smith and
Littrell, 1980) . During continuous experimentation (1977
to 1980) at Marathuada Agricultural University, P arbhani
it vas demonstrated that rust of groundnut cen be effectively
controlléd by tridemorph (Ghuge et al., 1980; Mayee st -sl.,
19785 Mayee ot al., 1979) . This was leter confirmed at
séverél locations unde£ different agro=-ecolagical zones in
‘India through muitilocational trials by the 'All India

Coordinated Research Project on Oiigeeds (Anonymous, 1983).

The information on spray schedule of the chemical,
however, is very limited. The present work was undertaken
uith the objectives of determining the rate of rust disease
development and the subsequent yield loss in tridemorph
protected and un-protected groundnut, Further, the
studies were also aimed at deriving critical steges of spray
applicstion thht would be highly effective not only in
reducing rust damage but slso in increasing the pod yield so
that profit function that decides Fha acceptability of such
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a costly input can be decided by the grower who is often
subjected to cost constraints (Gibbany 1980) .
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CHAPTER - 2

REVIEW OF LITERATURE

Pucecinis arachidis, the causal agent of groundnut
rust, survive from season to sesson on groundnut itself
in central and southern India because the host crop is
available practically through ou% the year. (Mayee, 1983j
Subrahmanyem and Mc Donald, i982; 1983). The air borne
urééospoies freely dissaminate aqd bring about new puatuies.
In rainfed groundnut the inoculum is provided ﬁy ths latse
sown rust infected summsr cropland the symptumslappear just
within 20-30 days after sowing. Yhe rust reach epidgmic
propartion on the rainfed crop when it infects the crop

during early stage.

Diagnosis of P. arachiqia is based on the observa-
tion; of pustules on the abaxial leaf.surface. Flecks
are visible two or three days bsfore the pustule appsar.
This is the general stage at which fungicidal applications

have bsen recommended.

Fortunatelf rust is amenable to fungicidal’management,
foliar application of various fungiclides have been reported
to reduce the disease spread significantly. These fungicides
include chlorothalonil, (Anneson, 1970; Harrison, 1973;
O'brian and‘pevis, 1977; Subrahmenyam et el., 19803
Raemackers and Presten 1977), mancozeb, manab (Durairaj

and Mohen, 1978; Felix and Ricaud, 1977; Harrison 1977;
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O'brien 19743 Padmanabhen gt al., 1977; Patil et al.,

19793 Schillar and Indhaphun 1978; Schillar and S ampoapol,
1981), sulphur (Patil and Kalekar, 1974; Kin and Cheng,
1980) . nicklel chloride (P admansbhan st gl., 19773 Barvs,
1980) , tridemorph (Mayee et al., 1977b, 1978; 1979b, 1982a,

G huge gt sl., 1980; 1981; Prasad and VYyas, 1981), carboxin
and oxycarboxin (Patil end Kalekar, 19743 Mayes et al., 1977b;
Sidda;amaiah et al., 1;77; Quebral gt al., 1975-76) and
thiophanate mﬁthyl) (UankhQAa and Mayegs, 1980) . Foliar sprays
of non syst;min fungicides are uaually;infactlve. Tridgmorph
Bas Segn found to coﬁtgin the dis;asa development when
aﬁrayed 2=~3 timas but ié ineffective against lsaf spot and
nead to be combined with carbendazim for total foliar disease

control,

Rust usually appear in combination with leaf spots
and then the two togsther cause hsavy defoliation and
reduce ylelds Evanin U.S.A. where rust has been knoun
since long the chemical management stratagies was often
directed for the combined control of both the foliar
diseases. Bafons, 1971 dust formulations of copper, sulphar
and copper plus sulphar were rgutinely used to supress
groundnut foliar diseases in U«S<A. (Snith and L ittrell,
1980) . After the introduction of benomyl, chlorothalomil

and fentin hydroxide, however, there was rapid change from



dusting to spray. The differences bstween a field

sprayed with multiple applications of a fungicide and
un-sprayed flglds were so striking that fungicide
application became one of the routine practices for control

of folliar diseases.

- Chlorothalonil, one of most extensively used
fungicide has been shown effective against sarly and iata
leaf spot and pust and is b;iNQ used in mahy countries
where rust was nsuly introduced. (0'brien, 1977; Raemackers
and P restan, 19773 Hammons, 1977). B;fora tolerant strains
developed in the snuth-aaatefn U.S5., bsnomyl was highly
effective against sarly and late leef spots, though ineff-
ective against rust (Harrison, 19673 1973). Tank mixea of
benomil end mancozsb a£§ being used in some groundnut growing
arsas of the U«S.A. because of effectiveness’ against all
foliar diseases, (Smith and Littrell, 1980) . Fentine
hydroxid- was also found effective against esarly and late
lesaf gpot but because of it's phytotoxicity it never becams
popular. In India, several peocple reported the utility of
sulphar, the mancozeb and this was normally recommended for
management of foliar diseases, After ths introduction of
systemics, oxycarboxin, carboxin and tridemorph have been

reported to be effective apainst rust.

Patil and Kalekar (1974) found that sulpher, oxy=- ,
carboxin and carboxin were highly effective in controlling

groundnut rust,
\



P admenabhan et al. (1977) reported that rust of
groundnut was best controlled by chlorothalohil and

-

mancozeaeb. -

Durairaj and Mohan (1978) recommended a spray
schedule of three sprays of mancozeb followed by sulpher

dust and kaocide (coppr hydroxide) for the control of rust,

Ponnish et al. (1982) suggested a schedule of tuo
sprays (35 and 50 DAS) with Baycor at 750 ml/ha; D aconil
at 1125 gm/ha and Dithane M=45 at 15 Kg/ha far control of
both tikka and rust diseases.

Patil et sl. (1979) found mancozeb as effectiva in
contrnlling\rust bavarity and increasing yield. At
Marathwada Agricultural University Mayee and associates in
series of experiments obtained best control of groundnut
rust by application of three spray of tridemorph et the
rate of 0.07% end thersfore it was recommended for the
extension workers in the state of Maharashtra (Mayee st al.,
1977; Mayee gt al., 1978; Mayee st al., 1979; Mayss, 19823
G huge et al., 1980;MMayse, 1983),

Increased pod yislds attributable to effective
manggement foliz diseases have boen demonstrated by

various workers in several countries. For example; G huge
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et al. (1980) sveluated carband;zimand tridemorph on
rainfed groundnut at Parbhani and Pound that the moean
pod weighte of SB XI fProm sprayed plets ranged from 500-
700 Kg/ha higher than those from unsprayed plots.

There has not been specific recommendation. w
for the time of applications of the fungicides. Hoausver,
the first aspplicationhhas usually been recommended sither
before or at the first appsarance of symptoms i.e. 30-40
DAS, with subsequent applications at intervals of 10 to 14
days until two or three weeks before the anticipsated harvest.
Thus, foliage was usually sprayed five to seven times during
the growing season. The initial and final applications of
the ssason snd the‘total numbsr of applications differed
widely among production areas and among growing season in a

particular local becauss of variable snvironmental conditions.
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Fige 1. Fisld layout for conuuct of experiment on
r4at epidemic in reletion to tridemorph .
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CHAPTER - 3

———

MATERIALS AND METHODS

3l Fisld layout 3

1

Seeds of groundnut varisty SB X1 were procured
from Ceritral Farm, MeA.U. Parbhani, They wera sown in
4.5 x 4,5 M field plote on 3§1y’10, 1982. The plants
were 15 cm aparé in rous spaced at SD‘cm. Iha dagiqn
of fisld experiment was iandomiae&block d;;ign with three
feplications (Fig..1). Fertilizers totalling 20-40-20
Kg/ha. N,P, and K as urea, single éuper-phoaqhata and |
muriate of potash, raspaotivély'wara added uniformly to
all plots, The cultural practices such asj weeding, .
hoeing, application of necessary protective irrigation
etc. wers followed similarly to all plots. Ons protective

irrigation was provided on September 14, 1982,

Four sprayings of 0.1 carbendazims (Bavietin 50
WP) were given at 30, 42, 54, and 70 DAS as it egelectivity
inhibited leaf spots caused by Cercospora arachidicola and
Cercosporium perscnetum (Ghuge gt al., 1981) . These spreys
were deliberately given as it was known tht they will not
interfere with the rust davalupment'aa the present study
envisaged to ses the effect of trideamorph spray schedule
epplication on the epidemic development of ruet alone,

Three sprays of Rogor (0.03%) were givsn to check the
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damage by”pests to the growing groundnut,

3.2 Rust: inoculation ¢

Uredospores of P. araghidis were multiplied on
groundnut plants (5B x I) 30 days old grown in pots in
the screen housq.' The uredospores from newly formed
uredospori were harvested in steriled distilled water
containing 0.2 ml Trition X 100 per litre of water and
adjusted'to a concentration of ca. 4 x 195 sprays/ml.
Activegly growing 23 day old plants in each plot were
inoculated on August 3, by spraying uith’tha spore
suspention using a "G anesh” pneumatic hand sprayer
(American spring sd pessing works Ltd., Malad, Bombay
400064, India),

All lesaves wers covered with the spora suspen=
tion. The inoculations were carried ocut in the svening
efter’17ﬂﬂ hrs and were continued again on the next day
during evening howss. Artificial humidity was craa£ad
by subsequently spraying the plots with watsr evsry

morning and evening for four to five days,

3.3 Fungiidal treatments:
Early, light brown pustules of rust wers noticed

within seven days after inoculation. Initial rust incidence



and further development were menipulated by sprayed with
tridemorph.,l(calixin 80 EC) ., Different spray schedule
treatments were started after the init;gl rust pustules
‘were svident. Sprays of 0.% tridemorph (0.5 1/ha) were
applied on August 10 (30 DAS) and 22 Augu. (42 DAS),
Subsequent sprays (0.6 1/he) were applied on 3 September
(54 DAS), 15 September (66 DAS) and 27 September (78 DAS),
depending on the spraying schedule. The number of sprays
and the frequency aof application along with the quentity
applied are given in Table 6 in the Chapter aon Results.

3.4 Evalugtion of rust *

Tuwo parametsrs werse uéad to quantity the amount of
rust infection. These wers, per cent incidence (% INC)
calculated from the number of infacted compound lsaves on
a plet and the pustuls count per compound leaf (EC) averaged
over six leaves sslected from the main stsm of a plant.

Fifty individual plants were labelled and used for acoring.

Similarly,at sach observation the number of green

compbund lsaves were counted on the randomaly selected plants,

S ix pbservations on % INC, PC and numbsr of compound
leaves psr plant wers recorded from 17 August to 8 November,
1982, The observations on the disease thus were taken ga.

36, 52, 68, 84, 100 and 118 days after sowing.



3,5  Infection rate (r) :

3

Rverage apparent infection rates wsre calculated

according to van der Plank's (1963) logistic equation.

r = 2,3 (t2~t1)'1 log 10 X (1-x2)61- log 10 X4
(1~x1) '1.

in which 'r' denotes the infection rate in units per day,

t, and t, denote the times (days) of first observations and

subsequent obssrvations and X and x, represant the -

2
proportion of rust pustulss on the first and subsequent
cbservation dates. To convert pustules per compound leaf
to proportions, the déta showed that infection increased to
a maximum of 400 pustules per compound leaf when epidemic
was complete, i.e, when x = 1, Infection rates were
calculbed for the veluss of 'X' accordingly determined at
each intervel in all the treatmsnts. The methods of rust
evalubion and calculations for apperent infection rate usre

" those modified from Ghuge st al. (1980, 1981) and Gangual
(1980) .

3.6 G roundnut_yield :

Pod ylelds per plot were obtainsd after initial
sundry ing the fisld harvested peds. The harvesting was dons
on November 14, 1982, Y ield loss was calculated as explained
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by James et al. (1972). Yislds of the plots, where
tridemorph was applied five times uvas considered as base

and treated as 1004,

The nuts from the pods were shelled sufficiently
to obtain more then 100 kernels from each plot. Randomly
selected 100 nuts were weighed to obtained 100-kernel weight

for each plot.

The data on yield contributing facto;e such as:'
per cent dry matter; dry matter per plant (g), number of
mature aﬁd immature pods per plant and weights of mbure and
immature pods per plant (g) were obtained by randomly
selecting a minimum of five plants per net plot and averaged

out.

3,7 Rctivity analysis @

i

The dry pod yield was assumed to be the function of
number of sprays applied during physiologically sensitive
crop growth period i.,8, Y = f (xi) by dividing the spray
period in Niji periods where, Y = crop yield, xg= 1th spray
at ith stage, i = 1,2,3 ~= n sprays 8t J = 1,2,3 =~ n grouth
stages. The form of yield function developed by least
squee technique wvas

Y = byrbyxg * boxy * baxy + byx, ¥ bgxg —m—- (1)
whare;

Y = dry pod yield in ko/ha, x4 to X5 = one spray applied at



each stage and b1 = regression coefficients of sprays given

at specific growth stage (xi).

The yield function was converted to profit function (p) by
introducing cost and price elements in the equation (1)
thus} . .
P =ab,* bax,S * bx8 * b.x
0 1%1 %3 3P + byxS bgxgd =-g=

Where;

P = profit in f/ha, S = selling price of produce
f5 4.00 kg, r = Cost of spray applicetion 75/~ spray
and q = cost of cultivation K. 1200/ha excluding
the cost of spray.
The final conditional profit function was then Feformulatad
as; P = (X bf -r + X, (b13 -r) + Xz(bzs -r) + xs(bss- r) +
X4(b45 -r) + xs(bss -r) (3)
with the cognstraints,
n<X1<5,'F'<C 0 eadP <L O
wvhere; F is found available in Rs/haj C = total spray cost.
The optimum aolutiaﬁa‘for maximization of profits under
differént constraint levels were obtained by simplex method

(Anand, 1981),
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3.8 ° Statjistical snalysis *

Experimental results were statistically analysed on
computer 'Micro 2200 using the programmes for randomised
block design and correlations. The analysis of variance

was obtained and the significence determined as per f on t

tests as was the case.

L BN N )
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CHAPTER = 4

RESULTS -

4,1 Effect on foliage retention :

Tridemorph enhanced the retention of number of
compound leaves per plant when applied at 30 DAS. The
defoliation rate in the spraeyed treatment slowed down
when the chemical was applisd. Highest foliage retention
was observed in plots receiving five sprays, which was
significantly higher over control as well as over ths
plots receiving only one early spray or one to thres
late sprays (Table 1). The data further revealed that °
at all stages of observations spread over the entire
growth period, the green foliage retention was of higher
order in thg treatments uwhere a minimum of two early
sprayes (30=42 DAS) or four late sprays (42 DAS onward)

were given.

When the sprays wers delayed upto 66 DAS end
onwards no marked differences in the foliage ocecurred.
At no time, these treatments were superior to control.
wWhen the first spray was delayed upto 54 DAS, the defoli-
ation during 100 and 118 DAS was raduced.‘ Similarly one
sarly spray (30 DAS) 'was also not effective in the
beginning of crop grouwth.
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Fige 2. Effect of five sarly sprays of trioemorph
on development of rust (s INC) in Sb Al



UOTIRAIDSQO JO 833B(Q

g8 °*AON 0z ¥ *23°0 ] gz *ades L] 3Isnbny

" f
-

gheads K1awy § o—m———o e - /
sAexds ATIBH ¥ —weoeren .v.:.t:.

sXexds hﬂumﬁ”w ——c— e . /

sXexds Atxeg 7z  —d—it— T y _ ‘
“Aexds Kizeg | e ~1 e

10I3U0D e

F\m. Sl

@OUBPTOUT 3IENT JUSD I8g

L
§
+




[

Fige 3 Effect of four lLete sprays of tridemorph
on cevelgpment aof rust (. INC) in 58 X1
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4,2 Effect on rust incidence :

The fungicide, tridemorph, reduced ruat incidence
on SB XI groundnut when appliesd at 30 DAS (Fig. 1) and thie
was sufficient to keep the disease levels significantly
below those in unsprayed check plot ﬁpto 66 days. One
additional application at 42 days resulted in little
additional redueiion, but it was not merkedly below the
levels achieved with one sarly sprey. The effectiveness
of one or twe early apreya lasted for about 32 days after
which the rust increeaed significantly above that.in plots
that received additional applications.

Third spraying at 54 deys kept rust incidence
significantly below tha&t in check plots and ales below
those that received only one or two early sprays until
last evaluastion at 118 DAS. Plots with four and five
early applications of tridemorph had significantly less
rust incidence then did plots that received any other
treatment (Fig. 2).

when tridemorph application was delayed until
66 bAS, one additional spray at 78 DAS was not adequate
to kesp diseass levels significantly belou that in unsprayed
plots (Fig. 3). Houwsever, four late applications beginning
at 42 days did keep rust incidence markedly below that in
check plots until last day of evaluation. Tridemorph

i



applied as late as 54 days reduced rust incidence late
in the grouwing phase but it was not superior then one
to tuo late spray application and had significantly more

rust than 4 late sprays which were commenced at 42 DaS.

4.3 Effect on rust severity : .

geverity.of -rust measured in terms of number of
pustules per compound leaf was converted into log x/1ex
and plotted against time of observation. The data for
sarly sprays .(5) and late sprays (4) are presented in

Fig.4 and Fig.5, respsectively. -

Tridemorph reduced rust severity on SB XI
groundnut when applied at 30 DAS and this was encugh to
keep rust levels significantly below that in unsprayed
_chack plot. An additional spray at 42 DAS brought douwn
the sesverity further below but was statistically at par
with one spray given at 30 DAS. Three sprays beginning
from 30 days, were highly effective in reducing the
number of pustules over two spreys and contrel, provided
they were commenced at 30 days. The effectiveness of
three sprays lasted till harveet. Plots receiving four\
and five sprays reduced the rust pustules drasticaliy and
significant reduction wee noticeable upto B4 days. !

Subsequsntly, however, the additional sprays given at 66



Fige 4. Rust severity as influenced by five
sprays of Lridemorph
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Fige Do Rust severity as influenced by four
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and 78 DAS were at par with only three sprays given
earlier i.e. at 30, 42 and 54 DAS (Fig. 4).

when tridemorph aspplication was delayed and
sprays started at 42, 54, 66 and 78 DAS, the sesverity of
rust was less affected as compared to sarly sprays. If
only one spray was given at 78 DAS (i.e. highest delayed) !
it had no impact on rust severity at all. Wwhen tuo sprays
,wers given beginning from 66 DAS, then rust severity
declinéd but only after B4 DAS and it wes at par with
- only one spray at 78. DAS (Fig. 5). The rust develppment
under .late sprays indicated that substantial reduction in
severity uvas Pnssibla’only when four,ebrays were given
beginning at 42 DAS. If the first spray is delsyed upteo
54 DAS, the ssverity declined but was nsver better than
any earlier sprays., The date further reveasled that 3
early sprays were comparable to 4 late spraye in terms of

&

reducing the rust severity.

4.4 Effect on apparent infsction ratas :

Periodical infection rates (r) over ths observation
intervals were calculated from the ssverity data-to Know at
what levels the rust severity slowed down. The date are

/

presented in Table 2.



Table 2 ¢ Periodical infection rates of rust based on
the pustule development

~

No. of Sggay Infection rates (r) units/day between DAS

spray D
36-52. 52-68 68-84 84-100 100-188

Water

spray Contrel 0.144 0.052 0,086 0.054 0,078
5 30-78 0.031 0,040 0,052 0,044 0,051
4  30-66 0.050 0.053 0.058 0.012  0.050
3 30-54 0.080 0.054 0.053 0.027 0,059
2 30-42 0.090 0.069 0,048 0,052  0.0S6
1 30 0,084 0.073 0,056 0,066 0,057
4  42-78 0.075 0,041 0,058 0.016 0,058
3 54-78 0.130 0.058 0,063 0,034  0.057
2 2 ° 66=78 0.160 0.046 0,049 0,048  D0.0S8
1 78 ‘ g.168 0.059 0,050 0,052  0.074
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The infection rates of rust were very high betwasn
36-52 DAS specially in unsprayed plots. Similarly, the
overall infection rates in unsprayed plaots were higher than
treated plots. The value of 'r!' were similarly very high

in plots receiving one to three late sprays.

Four to five applications of tridemorph (beginning
at 30 days) reduced the early infection rates substantially
(from 0,168 or 0.144 to 0.031 or 0.050 units per day).

The data of infection rates are gfaphicaily
presented in Fig.6. for better comparison. This clearly
brings out the impact of 4 aﬁd S5 sarly sprays on reduction
of infection rates during early disease development. Late
in the growing season, however, the apparent infection rates
did not vary and occasionally they were as high as those in
the unsprayed plots. Three early spreays alsc effectively
rgducad the infection rate during 36-52. days, but' it was
not as effective as 4 and 5 sprays. In respect of late
sprays only 4 sprays beginning.at 42 days were as effactive
eas 3 sarly sprays but subsequent delaying in the spraying
had no impact. ’

The disease situation in respect of incidence,

intensity and infection rate is summarized in Teble 3 for

the final observation before harvest. It is evident plots



]
Table 3% Effact of'tridamorph epréy schedules on
inéideqce, intensity and infection rste of
rust of groundnut

N O Of spra’y T Otal F inal disﬂasa;evaluatiﬂn ,

spray DAS quante incidence Intensity Infect%?n
r

5
(arc sine) (Pustules/ rate

ity
(Lit/na) | ) leaf) units/day
Water . , ) .. ,
spray Control 0.0 90.0 - 20,67 0.088
§  30~78 2.8 ' 56.1 11.6 ' 0.045
4  30-66 2.2 | B5.9 11.9 0,046
3 30-54 1.6 " 70,3 12.3 0.048
2 30-42 1.0 813 15.9 ' 0.063
1 30 0.5 8543 16.7 :0.059
4 42278 2.3 60.3 12.5 0,049
3 5478 1.8 81,6 17,0 '0,069
2  66-78 1,2 | 86.2 17.9 0.072
1 78 0.6 87.8 19,0 0,079
SE £ 3.1 0.38

‘CD at 5% : 9.3 1.14
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from the data that the rust reached high levels in unsprayed
plotes a3 well as in plots those received lgta one to three
sprays or only 1 early spray. Further, it was noted that
number of sprays could be reduced if sprayings were
undertaken early in the growing season. Four late sprays
were as effective as three early sprays or esven onhe early
spray wes comparable to three late sprays in respept of

dissase management.

4.5 Effect on groundnut yield :

4.5,1 '‘Pod yield :

]

) The data in respect of pod yield ure given in
Table 4. Except one late application of tridemorph at 78
DAS, all the spray schedules increased the pad yisld of
grounddut.' Howevaer, a minimum of three early applications
were found necessary to obtain highest yield. uhen one
early application of the fungicide was ommited, four latse
spraye resulted in yields as high as that obtained in tuwo
eariy application spray treatments. Highest pod yield was
obtained in five spray schedule treatment. It was at par
with four and three early applications. Four late sprays
gave pod yield squal to two early sprays while ons spray
gave pod'yield as high as that obtained in two laté sprays.



Table 4 ¢ Dry pod yield of SB XI grpundnut in various
spray schedule treatments

;§;a3f Y Wi e Y (erme
early) late)
5 30-78 . 1414 4 42-78 1088
4 30-66 1334 .3 54-78 972
3 30=-54 1346 2 66«78 620
2 ,30-42 1083 1 78 398
1 30 528 Water spray control 303

SE + 81 C.D. &t 5% 244
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4.5.2 100-kernel weight 3

The net weight of the shelled nuts obtained from

varipus treatments are given in Table 5.

Tha 10U0-kernel weight significaently improved in
sprayed plots over unsprayed ons except in.case where the
sprays were delayed 66 days onward. Three sprays wers as
effective as four to five sprays in increasing the kernel
weight. Four lete sﬁraya‘uare at par with three to four
early sprays but was significantly lower than tha weight
obtained in plote recaiving five early sprays. It uaa,

however, auparior to all other.traatmants.

4.5,3 Losges in yield 3

Heavy losses in pod yield and kernsl weight occurred
in hnaprayad plots when yields obtained from plots raogiving
five éprays Were considersd the maximum. Reletive to this
pod yield losses in other trestments ranged from 4.8 to
71.9% while losses in 100-kernel weight were in the range
of 1.6 to 34.1% » -

!

In the unspreyed plots 79% losses in pod yield
occurred, while 33.3% losses in kernel weight were evident
(Table 6). as the number of sprays inoreased the losses

proportionately declined. Uuwhen only one spray was given at



Table § ¢ 100-kernsl weight of SB XI groundnut:in verious
spray scheduls treatments ;

Ng. of Spra 100-K No, of Spra 100K
pray ; eight prays (Das waight
early) z'g)i ‘ ?lata) ( 5"

5 | - 30=-78 37.5 4 42-~78 34.1

4 30-66  36.9 '3 54.78  26.1 7

3 30-54 35.1 "2 66=78 28,0

2 30=42 39.5 1 78 2_4.7 ‘

1 30° 27.7 Water spray‘ Control
SE + 1.2 CO at 5% 3.2
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30 DAS, 56% losses in pod yield and 26% lasses in kernel
weight were observed. UWhen an additionel sprey was given
at 42 DAS, losses reduced to the 23% and 21% in pod and

kernel weights, respectively.

Pod yield losses in four late sprays were nearly
equal to the losses that were evident in two early sprays.
However, the kernel weight losses were only 9.1% in plots
receiving four‘lgte sprays aﬁd were comparatively 10@ than

two sarly sprays.

4.5.4 Effagct on dry maetter content of plant :
— ‘P

i

The 'data regarding per cent dry matter end dry
.metter per plant wre presented in Table 7. Dry matter per
plant drastically reduced in unsprayed plots and in plots
receiving one to two late eprays. Significantly higher
dry matter per plant was e&idant in plots that received

three to five sprays, prefsrably early.

The per cent dry matter, however, was found more
in unsprayed plants as also in one late sprayed plot. The

differences betwsen other treatments were negligible.

4,5.8 Mature pods :

The number and weight of maturs pods per plants

was highest in the treatment of five spray applications.



Effect of tridemorph spray-applicgion on

Table 7 3
dry matter and mature pod yield
!
No. of SErays Dry % dry No. of W¢, of
sprays DAS) matter matter mature maturs
‘ per at pods/ pods/
?lant harvest plants lants
o) g)
vater
spray Control 9,37 37.72 8.0 5.0
5 30-78 10.17 31.15 15.7 12.1
4 30«66 19.87 ° 33.13 15.5 11.0
3 30=54 18.70 33.65 6.8 - 11.3
2 30~-42 10.90 33.19 14.6 9,6
"1 30 ‘10,67 33.53 12.1 8.6
4 42-78 15.83 33.80 15.1 10,4
3 54=78 10.60 33.14 10,7 7.0
2 66-78 9.50 34.14  10.5 6.8
1 78 - B.50 34.73 9.3 5.9
SE % 0.88 1.07 1.3 0.8
CD at 5k 2.60 3,20 3.7 *2.4




They were significantly higher in this treatment over
unsprayed control and over those treatment where only
one to three late sprays or two or three early sprays

were administered (Table 7).

4,5.,6 ]mmature pods 3

The differences in number of immature pods
between sprayed plots were non-significant and even
the less number of pods observed in centrol plot wers

statistically at par with spray treated plots.

However,  the weight of immature pods was found
significantly high in early sprayed plots over ths control
as well as over one to two late application spray plots.
The weight of immature pode in treatments with sarly
sprays and four late sprays given any time were superior

to other treatment (Table 8).

4,6 Corrslations between yield and disease :

Rust incidence (% INC) on all the svaluation
dates were significantly negatively correlated uitﬁ éad
yield. Pustule counts (PC) on all but the first tuwo
evaeluation dates (36 and 52 DAS) were similarly neégatively
correlated (Table 9). As ageinst this, foliage retained
by the groundnut plant on all but the first evaluation
date was significantly positively correlated with pod yield.
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Teble 8 ¢ Effect of tridemorph spray applications on
immbture pod number and weight

Number Sprays Number of W, of Immature to
of (DAs) immature immature mature pod
sprays pods .per puds(ﬁlant ratio
plant )
Uater -
spray Control 5.3 0.23 1%1.5
5 30-78 7.0 0.83 181.2
4 30-66 644 0,60 132 .4
3 30-54 6.2 0.47 10 2.7
2 30=42 - 6.3 0.43 1%2.3
1 30 6.5 0.36 1°1.9
4 42-78 7.5 0.90 132.0
3 54-78 7.4 0.53 1: 2.4
2 66-78 7.3 0.43 131.4
1 78 6.3 0,23 131.6
SE + 1.0 0.08
CD at 5% NS 0.24




Table 9 3 Correlation coefficients between the rust disease
evaluation parameters recorded on six different
days after planting (DAP) with groundnut pod yield

Rust - Correlation coefficients (1)@
observ=
5&&?3 Rust incidence  Pustules/ C ompound
% INC) compound leaves/plant
lesaf (PG)
36 -0,581%% ~0.,126 NS 0. 398
52 -0, 680%* -0,105 NS 0.559%
68 -0, 766*% ‘=, 6355F 0.728%%
84 -0, 698%* ~0,641%% 0.627%
100 ~0.7268%* ~0. 686"* 0.867%*
118 -0, 660%* -0.6165% o. 944%*
+*

®NS = not significent (P 0.05) Double esterisk (**)
or single asterisk (*) indicate correlation coefficients
significant at P = 0.01 or 0.05, respectively.



Greatest correlations between the rust evaluastion param=
eters and pod yield werse observed during evaluations
aftar 68 DAS. The number of leaves on plants protected
from defoiiation upto_harvest were observed to have

maximum positive correlation with yisld.

.

4.7 Spray schedule decision modsel :

Thesa‘data further revealed that two early sprays
were as effective as that of three to four late sprays and
one early Spray was as effective as two late sprays,
suggested é differential impact of conditional spray
schedules at different 'growth stages on erop yields.
Therefore, the yield egaation obtained. was converted into
linear programming i.e. activity analysis (eg. 5) for
getting the optimum solutions for conditicnal maximization
of profit under given constraint situations. The resultant
functions wers;

'Y = 363.1 + 325. 5 Xq + 385, X, + 307.5 x5 + 105.0 x,

2

P = 252.4 + 1277 Xq + 1067 Xy + 11588 Xq + 345 X4 *+ 230 xs—(5).

. The test statistics of yield function (eq.4)
revealed that the fit was good and significant. It precisely
estimated the yields (S.E. £ 114,14 kg/ha) and represented
the observed yields to the extent of 95,96 per cent. The
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Table 10 ¢ Rggource availability, schedule pribrity and
it's maximum profit

C ategory Rasnurg: . Schedhégagfiority No.of Re:oUrqe ﬂax%g:m
Cogne) o SPreYS Casna) - (m/na)
A 1700 : 30,42,54,66,78 5 225 4321
B 1500 30,42,54,66, * 4 0 4091
c 1450 : 30,42,54, * * 3 25 3746
D 1400 - 30, * 54, * ¥ 2 50 2679
E 1350 . 30 * 54, ¥ ¥ 2 0 2679
F 1300 39 * * ¥ ¥ g 25 . 1524
G 1200 LA A 0 0 . 252

.* denotes the spray to be deleted.



‘regression coefficients of yisld function showed that
the eprey scheduled at X, (30 DAS) had highest impact

on yield subsequently followed by X; (54 DAS), X,{42 DAS)
X“\(GE DAS) and Xg (78 DAs) in order of merit. Similar
trend was noticed in proft function (eq. 5) . The
solution of profit function undaé uncostraint condi=-
tions géve maximum profit of Re. 4321/ha on five

epray epplications. However, under constreint conditions,
the profit reduced due to resource limitations (Table 14):
These data revealed that the activity analysis solutions
have satisfied the boundry conditione and gave optimum
solutions for eaximum poéaible profits under given
constraints. UWheres the availability of resources (funds)
have posed limitations on the number of aprays to be
applied, the role of decision making would uperats.

In ceses of *Dt and 'E' funds are sufficient for applying
only two sprays. Under such circumstances the appropriste
deeision shall have to be to miss the second spray at 42
days and espply it at 54 days. Second spray at 42 instsad
of 54 will reduce the profit by Rs..B83/ha. Similarly

if only one sprey is admissible in the budgst then

it should be given at 30 DAS as it will give ths
highest profit than it's spplication at any other stage.

s oS






CHAPTER - &

DISCUSSION

The systemic fungicide, tridemorph, commaroiglly
available in India as Calixin EC 80 EC is a morpholine
derivative (2,6~-dimethyl <4-tridecylmorpholine) with
molecular weight of 297.5 deltons (C,gH,g Nj)e This is
a colourless faint yellowish liquid having characteristic
odour. It is quite steble and can remain active for 7
years under storege. Basically this chemical was
developed by BASF (West Germany), under the code No BAS
220 05F and subsequently marketed as Calixin either 75 or
80 EC. Activity range of this chemical has bsen reported
only towards powdery mildew fungi and Exphasidium vexans
which cases blister blight of tea. (Nene and Tapliyal,
1972; mersh, 1972). It is also claimed that this
compound is freely translocated through xylem tissues
upyard and provide systemic protsection for three to faur

Wweeks.

In a seriss of experinent Mayee and associates ap
'HAU, Parbhani for the first time demonstrated the selective
inhibition of pP. arachidis infecting groundnut by tridemorph
at the rate of 0.07%. They found that it had no greater
impact on the early a&ﬁ late leaf spots of groundnut which
were salectively inhibited by carbendazim. (Mayee ot al.,

1977a; mayee et al., 1977b; Meyee et al., 1978; Mayee et al.,
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19798; Meyee_st al., 1979b; Ghuge st al., 1980; 1981;
Meyee ot al., 1982). The efficacy of tgidemorpﬂ against,
rust was confirmed in the All India Co-ordinatsd Research
"Programme on Qilseeds (Anonymous, 1983) in a multiloca- -
tional and multi years trials. Subrahmanyem ég.gi..
(1980) usad tridemorph for selective contrél of.groundnut
rust in a trial on estimation of ioéses due éo rust.

The present studies confirmed thg‘earlier‘
findings and revealed thgt the chemicallcan protéct |
groundnut plants aga;nst rust for nearly, thirty to
thirty two days if aspplied early during the crop grouth
(ca.. 30 DAS). The protection, however, by‘the chemical

wes limited and repeated epplications were necessary to

.contain ths epidemic and prevent subssquent damage.

Although tridemorph did not eredicate the rust
pathogen once infection was fully established, new
‘foliage was partielly prevented from gecondary infections.
Five applications of the sprey were highly effective in
kesping the ruet at low magnitude and increassd the pod
yield. However, when epplied immediately after early
appearence of the pustules, three applicastions at an
interval of 12 days were optimum enough to obtain pod
yislds at par with thst can be harvested uwith five

applications.
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squéral chemicals have been reported to affectively
control rutt of grouﬁnut. Increased pod yields attributable
be effective manegement of folisr disesses have also besn
demnﬁatrated by various workers in several countrie®s
(smith and Littrell, 1980; Subrahmanyam and Mc Donald,
1s83; Mayes, 1983). Because of its effectivensss against
rust tridemorph has been recommended for rust management
in India., This chemicel also finds place in the plant
péotactinn schedule published by the Agricultural Department
and Extension agencies, of the various groundnut growing
areés. HoueQar, spaéific.recommandatiéns abﬁut the rates,
scheduling of epplications differ uidaly among the productiaon
areas and among growing seasons in & particular lotality.
Tridemorph being costly fungicide it was considered highly
essential to optimise the spr;y schedules with a vieuw to
protect maximum crop losses by suppressing the epidemic,
build up of the disease. Bresding for resistance to foliar
disedses of groundnut is under way at several locations in
India and other countries but release of agronomically
acceptable foliar diseass resistant cultivar within the
next few years in unlikely. (Smith and Littrell, 1980).
In this context the prnapeotsifor refining chemical
strategies for suppressing foliar diseaees like rust will

have to be vastly improved in the near future.
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The results of the present investigation
indicated that tridemorph cen be effectively reduyce rust
diseaese in groundnut and increase ped production. This
confirmed the earlier findings about the fficiency of
the chemical et parbhani as well as by several other
workers in different states of the country (Anonymous,

1983).

One early application of ?ridemorph ;t 30 DAs
+was sufficient tu‘preyent qgfoliatiop upto pod formgéion
stags.. However, latse applications were not effective
in conteqlling the defoliation. Tuo to thraelea?ly
appliéatiuns or four late gpplica@iuns prevented heavy
defoliation. Rust normally bring about heavy defoliation
when accompanied by leaf éputa and thus hastens crop
maturity (Harrison, 1967} Mayse et al., 1977b). Yiela
losses are usually greatar'uhan dafoliatiqn beqina early
in the groving season and progresses rapidlg. Therefore,
initiation of a funéiciqal spray programme early in the
season, either befors or at first appearance of symptoms
is highbly qrucial in preventing substantial crop losses.,
The results havg depicted that as the defoliation rate was
reduced there was substantial increase in the yield. '
Tridemorph reduced rust sqvarity on'gruundnut

applied at- 30 DAS, One early spray was sufficient to keep
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the disease lsvels below those that in unsprayed check

-

plot upto 66 days. An additional application at 42
days resulted in edditional reductién but it was

not markedly bslow the levels achieved with one early
spray. The effectiveness of ;ﬁé ar two early sprays
lasted for ebout 32 days, after which rust increased
significantly above that in plots that received no
applications. This clearly demonstrated that the spray

at 42 days was not a very useful proposition.
/

%hird apraying‘étr54 Hays'kapt'ruat incidence
signific%qtly baiou thtt’in check plo£ and also belouw
thosg that racéivad only onse_or tuo'agriy sprays until
last evaluation st i1é DAS. Plots with four to five
applicatians of the chemical has significantly less rust
severity over othef treatments. This suggeeted clearly
that thé applicatian at 54 days was probably most

crucial 'in reducing the rust damage. .

when tridemorph application was delayed until
66 DAS, .one additignal application a; 78 DAS was not
sufficient to keep rat levels significantly below that
-in unsprayed plots. However, four late applications
.beginning at 42 days did kesp rust markedly below that in
check plots untill last day of svaluation.
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Tridemorph 1is a knouwn systemic fungicide and ito~=—r
is absorbed into the plant system and translocatad'(ﬁarsh; |
1972). 1t is also knﬁun that it has greater 1mpa;t on
the germination, germ tube elongation and hasturi@l forma=-
tion of powdsry mildeuw pathogaﬁ. It is, thefefnta, batﬁ
prophylactic as well as culrative in action. Tha trend of
rust inhibition hers indicated that its prophylactic action.
was more pronounced and that it did became systemic as the
early spray given at 30 days prevented the groundnut plants
from damage by rust for-a sufficiently longer time.

However, the effect did not last till harvest because the
concentration of the chemical might have gone down and

further sprays were necessary to keep up the levels of the

toxicant in the plant.

The appaéent infection rates are considered to be

the speedometer of the epidemic(Van der Plank, 1975; Kranz,
1978). Reduced infection rates. were obssrved in sprayed

plote because tridemorph delaysd further spread of rust,

while nswly emerged leaves supported less pustular develop~-
ment. guick decline in infection rates during early grouth
period de to fungicide applicatian has subseguently reduced
the epidemic., Stranburg and uWhite (1978) obtained negativs
infection rate of Cercospora gppii in celary due to new grouwth

and slover disease development during the cool and dry

-~
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conditions in winter months. Amin and Ullasa (1981) found
that infection rates of golletotrichum lagenarium on
watermelon decreaesed when uninfscted plant parts deorsased
with increased disease intensity with time. The results of
present study also indicated that infection rates were
decreased substentially during the early dissase development

with time. .

Yield loss Jaa greater in earlyﬂinfacteﬂ pléta
where 'tridemorph applications were delayed than late infected
plot, Where the sprayings were sarly. Smith and Littreell
(1980) reported that iﬁ the peanut ﬁroduéing area of southern
Texas, U.S.A. early ‘planting avoided rust spidemics because
early plented crop was 'usually exposed to rust for less
than a month and sucha brisf exposure precludes croﬁ
losses attributable to pesenut rust. Groundnut pad yisld
decreases with increass 'in rust incidence and pustule
count. However, greater the foliege retained by plant,
higher were the pod yields. Maximum corrslations batuaanl'
disease svaluation parameters and pod yield were observed
after 68 DAS which coincided with the pod development stage
in 58 XI groundnut, & spanish bunch typs variety.

From the above discussion, it is clear that the

application of tridemorph early in the growing season
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increases the pod yield as the number of applications wers
increased. Although five applications resulted in the
higheat yield they wers at par statistically with three
applications. However, the limitations of finance of
groudnut agrowers in the semi-arid tropics in which
groundnut is mastly grown (Gibbons, 1980) imposss certain
restrictions over the number of spray applications. To
derive maximum benefit out of a minimum spray input for
management of rust, would be the most acceptable strategy.
An analysis of the profit function indichted that the
dicieion meking could be made operetive under conditions
of resource constraints where the sprays at critical
stages shall give maximum profits. UWhen resources do not
permit for undsrtaking sven three sprays and only .permits
for-tuo.spray applications, it would be highly profitable
to undertake these sprays at 30 and 54 DAS to derive
highest profits. The priority of sprays scheduled at 30
days followed by 54, 42, 66 and 78 DAS in order of preference
depending upon the resource availebility shall be.

remunerative.

L B N ,
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CHAPTER - 6
S UMMARY

Artificial epidemics of rust (Puccinia
arachidis Spege) of groundnut caused losses upto 79%
in pod yield. By reducing the kernsel weight to the
tune of 33%. Tridemorph (Calixin 80 EC) sprays applied
during early disease development enhanced the retaintan
of green compound leavaes per plant and reduced rust

incidence end severity on 58 XI,

One or two early sprays (30 DAS, 42 DAsS) of
tridemorph protected the plants from the infection by
B. ;rachidis, but did not era@iqata the pathogen from
establishad pustules. Early infection.(upto 52 DAS)
resulted in high incidence,. more pustule count, less

retention of foliage and substantial yield losses.

A

A minimum of tuq sarly sprédys increased the
follage tetention and reduceéd the ratt incidence’ and
severity significantly over no spray treatmsnt. An
additional third spray given at '54 DAS further ‘reduced
the rust sevar1t§ and increaeed the foliage retention

over one or tuo sprays.

When tridemorph Epplication vas daléyad upto
'78 days, it had no effect on rust incidence es well as

severity. uhen the application uas delaya& untill 66
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DAS, an additional spray at 78 DAS was not adequate to
keep disease level significantly helow that in une
sprayed plntq. However, four late application beginning
at 42 days did kesp ths rust incidence and severity
markedly below that in the check plot untill last day of
evaluation. If the first spray was commenced at 54 DAS
the rust incidence and severity was not significant
reduced and was comparable to any othsr laté spray

treatment.,

The infection rates of rust were very high
bestween 36 to 52 DAS spac%ally in unsprayed plots. Four
to five applicatinna,of‘tridemorph'(baginning at 30 DAS).
reduced infection rates (r) from 0.168 units per day to

0.031 units per day.

A minimum of thres early sprays enhanced pod
yield by improving the numbsr of matured pods per plant
. and also by improving the hundred kernel weight. Four
late sprays (baginﬁing 42 DAS) werse as effective as two
sarly spray (30 and 40 DAS). Correlation cgefficient
between rust sav;rity and pod yield were negative and
significent (P = 0.05). High correlation wers found
betwesn jéeld loss pnd disease incidence and pustuls

counts taken after pod formation stage. As against this
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highest positive correlations were observed between pod

yileld and total foliage retained by the plant after pod

development staga.

1

The d;ffqrantial response of spray'schedulaa on
the pod yield wes clearly svident by the application of
early and late sprays. Thersfore, activity analysig was
done which revealed that decision making could be -made
operative under conditiana of conséréina. if the
resgurces of a grouer permit only tuo aprays dspanding
on the budget, applying tham at 30 and 54 DAS should

give maximum profit.‘ A sacond apray at 42 DAS instead
of 34 DAS may raduce the prnfit by fBe 83 per hectares.

svasse
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