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EFFECT OF CLIMATIC FACTORS ON PHYTOPHTHORA
LEAF INFECTION IN BLACK PEPPER GROWN
IN ARECANUT-BLACK PEPPER MIXED

CROPPING SYSTEM |

N. RAMACHANDR'AN. Y; R. SARMA, M, ANANDARAJ and JOSE ABRAHAM
: National Research Centre for Spices, Calicut 673 012, Kerala, India

caused by Phytophthora palmirora MF4 was studied during the Years 1984-86 in arecanut-
black pepper mixed cropping system. The correlation studies between the digease
recorded at weekly intervalg and the metesrological factors prevailing during the
preceding seven days showed a positive carrelation hetween the rainfall, number of
rainy days and relative humidity whereas temperature and sunshine hours had a negative
correlation, Averagoe climatic factors worked out during iﬁcreasing and decreasing
phases of the disease showed that factors such as low temperature (22.7-29.8°C), shorter
duration of sunshine (2.8-3.5 h{day) high rainfal (IS.B—ZS.Ommjday) and high relative
humidity (81-99%) cantributed to the increase n disease,

INTRODUCTION

The fungus Phrvrapiihora paimivorg
MF4 (morphological form~¢) infects all
parts of the black pepper vine, Piper
nigrum. . The infection on roots and
collar region results in ‘quick wilt’ or

‘foot rot’ leading to outright death of

the affected vines. The infection on the
aerial parts like leaves, stems, spikes and
berries occurs under favourable micro-
climatic  conditions and  results in
complete destruction of vines in severe
cases. Disease incidence is noticed both
in pure plantations as well as in mixed
cropping  systems like arecanut-black

" pepper, coffee-black pepper etc. Foliar

infections are ‘severe in ‘arecanut-black
pepper mixed cropping system. The

microclimatic conditions are ' more
conducive to the disease development in
the mixed cropping systems, The
disease is most severe during the south-
west monscon (Juhe—September) and is.
sporadic. during north-east " monsoon
(October—November) period. The fungus
is. soil-borne and “the infection first
appears on the tender leaves and suecuy.-
lent stems of the runner shoots that

emerge at the base of the vines following
the pre-monsoon showers. The infected
runner shoots support good growth and
sporulation of the fungus. From these
primary foci, the infection spreads
further  quite rapidly with the onset
of 'the * monsoon which  ensures
favourable microclimate, " During this
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period, the availability of susceptible
tissue is in abundance as the vines put-
forth new leaves and spikes.  Precise
information on the factors that protmote
or limit the disease initiation and
development is lacking.  Hence, the
present'study was undertaken to under-
stand the role of climatic factors in the

- : disease development.

MATERIALS AND METHODS

The studies were conducted in an
arecanut (‘Areca catechu L.)-black pepper
( Piper nigrum L.) mixed cropping- system
at Central Plantation Crops Research
Institute, ~ Research = Centre, Kannara,
-Trichur District, Kerala. The soil was
of alluvial type and promoted luxuriant
growth of pepper vines -some of which
have attained heights of over 1o metres.
The  pepper hybrid, Panniyur~1 was
trained on arcca palms and the usual
agronomic practices were followed. The
vines were about 7 years cld, The
number of vines presentin tiva garden
were 120, 108 and 95 respectively during
the vyears, 1984, 1985 and 1586 and
they occupied a spacing of 1.§ x 1.6 m..
The meteorological parameters iz,
ambient temperature, relative humidity,
rainfall and sunshine were continuously
monitored for the period June-September
during the years 1984-86 (Figs. 1-3).
The - foliar infection was recorded
by counting the number of infected
leaves in two C.5 X 0. Imetre areas
in the canopy of  each vine at
weekly intervals and the sum of this for
all the infected vines was taken as the

- quantun. of the disease and was com-

pared with the average conditions of
climatic factors during the  praceding
seven days. The days that received

more than 1o mm of rainfall were counte
as rainy days. The correlation coefl
cients of these factors for. the diseas
incidence were warked out (Table I) ¢
find out the favourable range of climat:
factors 10 the disedse. The entire diseas
progress was categorised into (a) increas
ing phase and (b) declining phas
depending on the increase or decreas
in disease recorded during any particula
week compared to the preceding obsery
vation. Average weather conditions tha
prevailed during these phases wer
worked out. Further, to understan:

- the combined effect of_ climatic factors

multiple regression analysis was don:
taking climatic factors, as -independen
“variables and weekly quantum of folia,
infection as dependent variable.

RESULTS AND DISCUSSION

TLe disease incidence recordec
during three years showed that the
average rainfall and rainy days preceding
the first appearance of the disease. hac
good correlation (Table II). It is seer
from the Figs. 1-3 that the disease wa:
maximum during July and August ir
the years 1984 and 198¢ and the in.
fection was the lowest in 1986. The
number of . increasing . and decreasing
phases were 6&5.9&8 and s&1o0 during
1984, 1985 and 1986 respectively.
Disease peaks were always preceded bs
heavy and continuous rainfall ¢onditions
high relative humidity, accompanied by
low temperatures and short sunshine
hours. '

A positive correlation existed bet-
ween the disease incidence and the
weather factors like rainfall, number of
rainy days .and relative humidit}-

e e

N. Eamachandren et: al.
112

: a1k tal: ainfall and sunshine and minimum
: ertical tines representing daily toinl of rainfal : !
3 rological factors (vertical Hines repr = : on in black
g 1. _\Iztc:]“hium of temperature and relative humidity) and Phytophihora leaf infecti
un b .

pepper during 1984

5
O
o

8

3
0\0
O/o
\O
/

LEAF INFECTION

g o

-3
[Sa]

RAINFALL{MM)
b

vl
(%)

ﬂﬂ.n I

100+

H\nlfr!lmmlhl‘l’HmW]\W”l}“ | |

iﬁiiiis;?ié;!'!n_!'!l.; lHLHI |

@& =

an
<

=

SUN SHINE(HRS) R.pUMIDITY )
W

o

Lt t d,

'
[

.l_ . E l‘|”|||?l|,|||l
.""ll'”"{'.h..I.I!'.l'nn|1”l|||l"||'¥l|Ih'|'”h' 'l.;l!l“lllrl'“ |

TEMP(°C)
=]

[t}
o

JUL AUG SEPT

1984

B e R e e =




*Climalic factors on Phytophthora leaf infection In black pepper ' . 113

Fig. 2. Mcicorological factars (vertical lines representing daily total of rainfall and sunshine and minimum
and maximum of temperature anid rekative humidity) and - Phytophthora leaf infeetion in black

' pepper during 1985
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Table I. Correlation coefiicients of
as dependent variable

ack pepper ‘ 1'}5

climatic variables with nwnber of infected leaves

Climatic factors

Correlation ceefficient

1984 1985 - 1986

Temperature (Min.) ~0.4840 06882*  _osular
Temperature (Max.) ~0.3344 —-0.5612* -0.5297*
Relative humidity (Min.} . 0.6844* 0.1771 . 0.7522%+
Relative humidity (Max.) 0.4477 - 0.4859* . 0.5570+*
Rainfall (Total) 0.070 0.0139 0,795+
Rainy days 0.2152 0.2392 0.8478%*
Sunshine hours .—0.161‘1 ~0.3386

e ———— e

~0.8460**

*. Significant at P = 0.03

Significant at P = 0,01

o

(Table I). During the'years 1981 and
1985, the disease showed low corre-
lations with totsl rainfall and was not
statistically  significant. However, this
was highly significant during 1986 since
the variability, in  disease  was well
discernible eventhough it was Jess
severe  compared to 1984 and ‘¢
Number of rainy days was maximum
(62) during 1985 when maximum inci-
dence of diseise was noticed (Table 1v),
Though alniost equal  quantities of
rainfall weré received clu'ring June to
September periods of all the three years
(Table 1V) infection noticed in 1986 was
almost negligible.  This might be due
to the delayed occurrence of the disease
(Table 1iI) and also due to reduction in

both the nymber and size of the canopies
because of severe infections during the
previous years. In case of late blight of
potato the reduction 4in foliage due to
earlier infection is known to change the
microclimate and also to reduce the
infection (Hirst and Stedman, 1960).

\

Rzinfall is one of the important
factors in view of the requirement of
water by all - stages  of  Phrophthora
starting from sporulation (Waterhouse,
1931)." Rainfall further helps in main-
taining high relative humidil)' which is
required for sporulatisn by all species
of Phviophthora that sporulate aerially on
host surfaces (Waterl10Llse._193-1) and to
maintain leaf wetness, In potato a film
of water or water droplets are pre-re-
quisites for infection by P infestans
(Lapwood, 1968). 'In contrast to Indian
conditions, in Sarawak Piviophthora
infection was noticed throughout the-
year, the maximum being during the
wettest period of the year-Ociober to
March. The mean maximum  and
minimum temperatures were 26 and
21°C and the rainfall was 318 6¢3 mm;
besides a mean sunshine of 4.3 h day
during this period (Holliday and Mowat, -
1963).  High relative humidity and
rainfall were found to favour the foot

rot of black pepper in India (Lakshmi-
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7 phases of Phytophthora leaf infection

“Table Il. Climatic factors (means) during increasing and decreasin

in black pepper -

Sunshine
(h{day)

Daysfweek
receiving
18 mm & above

Rainfall {mm)

Per_
day

Relative
humidity
Max.

i th

Max.

Temporature
(0C)

ations Wi

No. of
chsorv-

Year

944

3.5

2.8

15.8

28.0

26.0

1984

Increasing phase

2.8
3.2

271.3 83.8 99.2 22.2 4.81

22.7

1985

4.4

. 230

29.8 81.0 97.9

24.0

1986

4.8

B2.4 95.6° 8.4 1.8

28.6

28.3

1884

‘Decreasing phase .

3.5

28.7 76.4 97.9 8.4 2.2

23.6

1985

6.8

10,0 1.8,

88.9

70.9

24.7

10

1986
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kantha Sastry, 1982).  The negative

correlations scen Dbetween the discase

incidence and sunshine as well as
temperature reveal the adverse impact of
these factors which are reported to affect
the viability of sporangia (Du_niway,
1983). Temperature also affects different
growth stages of both host and the
pathogen (Colhoun, 1973).

Regarding temperature, not much
differences are scen between the increa-
sing and dctlining phases of the disease
during all the three years (Table II). T.he
mean minimum cf relative humidity
always remained. above 80% under the
increasing phase of the disc_nsc whercas
under declining phase it was fou_nd to
be less.  However, considerable diffe-
rences are secn with regard to rainfall,
number of rainy days and' sunshine
hours (Table 11}). Of all the three years

maximum amount of foliar infection -

was noticed during the year 1985 when
all the factors such as low lemperature
{22.7-27.3°C) and’ sunshine (2.88 ‘11'r5/
day) besides high- relative Lhumidity
(83.8-99.2%), rainfall (22.2mm/day) and
rainy days (4.8 days/week) were found
to favour the disease. The number of
rainy days was also the highest of the
three years (Table 'TV).  Disease also
appéared quite early during the year
(Table I11).

It is known that the cffects of the
individual meteorclogical factors on the
disease occurrence is only relative and
the unfavourable effect of any factor may
be compen"saled'fbr‘by the highly f'a\:'o:ur-
able factors as per the hypothesis of
compznsation (Rolem, 1978; Rotem,
Cohen and Putter, r971). The role of
cach factor may vary from one set of
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Table III.
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Rainfall and soil femperature preceding the initiafion
infection by Phytophthora palmivora in bluck pepper
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of runner shoot

. Rainfall {mm) Soil temperature :

Year Pate of onset of Total urtil Average; Days with at S em depth . Dat? o.f .

monsoon disease da 10mm ang - disease intiation

:  Gista ¥ Miz. Max. .

initiation above '

1984 29%th May 317.8 21.8 7 NR NR 12th June
‘1985 23rd May 239.5 17.3 13 24,27 21.5 6th June
1686 28th May £43.8 16,99 9 21.7 29.8 -18th June

NR = Not recorded

conditions to - another.  This probably
explains the variation in the corrzlation
coeficients of individual facters from
year to year.  However, during the year
1986 when the amount of the disease
was the lowest, many of the factors
bear. significarntly high correlation, the
maximum being shown by the rainy
days, sunshine hours and the rainfall.
This shows that the role ()['mcu-nmlngi—
cal factors is well correlated atthe lower
level of disease, Based, on muitiple
regression analysis, it was found that all

Phytophthora palmivora

Table IV, Rainfall distribution and death

above ficters were found to have fairly
high R? values (0.855; ©.768 and 0.884
for the years 148y, 1985 and 199
respectively), thus acccunting for more
than 76% cof the variability in infection

observed.
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of pzpper vines due to infection by

Rainfall (June to September)

Deanh of

Year No. of No. of d_a-ys with 10 mm and above . o
Total (mm) rainy vines (%)
days* June uly August  September
1984 1833 90 19 17 10 2 10.0
1988 1837 a5 a7 17 15 3 12.0
- 1988 1829 82 i8 10 10 8 2.1
* irrespective of quantity of rainfall received
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