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fTHE EFFECTS OF RAINFALL AND SHADE 
ON THE OCCURRENCE OF THREE 
MITE PESTS OF TEA IN CEYLON 

*W. Danthanarayana and D . J. W. Ranaweera 

(Tea Research Institute of Sri Lanka, Talawakelle) 

Outbreaks of the red spider mite (Oligonychus coffeae Nietn.) , the purple mite 
(.Calacants carinatus Green) and the scarlet mite (Brevipalpus californkus Banks) of tea 
were closely associated with the monthly rainfall pattern. Peak numbers occurred 
during the intermonsoonal dry periods. The relationship between mite numbers and 
the rainfall pattern suggests that control measures should commence at the end of the 
first month after the dry reason begins. More red spider mites, but fewer purple 
mites, occurred on tea grown under shaded conditions. Observations o n the relation­
ship, between scarlet mite numbers and shade were inconclusive. It is suggested that, 
in addition to direct effects o f rainfall and shade, mite numbers ard determined by 
certain biochemical processes that take place within the tea leaves. 

The r c - spider mite (Oligonychus coffeae Nietn.—Tetranychidae), the scarlet 
mite (Brevipalpus californkus Banks—Tenupalpidae) and the purple mite (Calacants 
carinatus Green—Eriophyidae) are important pests of tea in Ceylon and India. In 
Ceylon the outbreaks are particularly serious in the Uva district, which receives only 
the north-east monsoon rains. Mites are dry-weather pests with outbreaks occur­
ring during the intermonsoonal dry periods (Cranham 1966), but there has been no 
previous investigation of this relationship. The six experiments reported in this 
paper were carried out to examine the relationship between mite outbreaks and the 
north-east monsoon rains in the Uva district. The effects of shade trees were studied 
in two of these experiments as it has been stated that unshaded tea is more severely 
attacked by the red spider mite (Das 1959) and that shade trees carry potential in­
festations of the scarlet mite (Baptist & Ranaweera 1955). 

The bionomics of the red spider mite have been studied by Das (1959, I960), 
that of the scarlet mite by Baptist & Ranaweera (1955) and that of the purple mite by 
King (1937) and Das & Sengupta (1962). Red spider mite is found on the upper 
surfaces of mature leaves. The colonies are present in shallow depressions of the 
leaf surface under webbing spun by the mites. Scarlet mite occurs on the underside 
of mature leaves, mainly along the petiole and the midrib. Purple mite is found on 
both surfaces of the leaves, with initial attacks heavier on the undersurface. The 
older leaves are preferred by this mite, except in heavy infestations when the younger 
leaves and buds are also attacked. All three species cause severe defoliation. Re­
peated heavy attacks lead to general debiliation of bushes so that the new wood 
growing after pruning is spindly and weak. 

t Reprinted from the Annals of Applied Biology by courtesy of the Authors and Editors. 
•Present Address: La Trobe University, Bundoora, Victoria, Australia. 
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TABLE 1 — The list of experiments 

no . Site Location Duration 

1 Downs ide Estate Welimada 
2 Liddesdale Group N o . 2 Field Halgranoya 
3 Liddesdale Group N o . 5 Field Halgranoya 
4 Ambagasdowa Estate Welimada 
5 Glennanore Estate Haputalc 
6 G o n a m o t a w a Estate Haputale 

15 June 65 to 21 D e c . 69 
14 June 67 to 21 D e c . 69 
18 July 67 to 26 N o v . 69 
24 Sept. 68 to 4 N o v . 69 

3 Aug. 68 to 25 July 69 
1 Sept. 68 to 19 Oct. 69 

TABLE 2 — Correlation between mite numbers and monthly rainfall 

Site 

R e d spider mite : 
D o w n s i d e 
Liddesdale N o . 
Liddesdale N o . 
Ambagasdowa 
Glennanore 
G o n a m o t a w a 

2 Field 
5 Field 

Current month's 
rainfall 

- 0 . 2 1 7 N S 
- 0 . 2 4 5 N S 
- 0 . 3 2 2 N S 

0 . 0 6 5 N S 
- 0 . 1 5 7 N S 

0 .081 N S 

Prevoius month's 
rainfall 

- 0 . 3 5 3 * 
- 0 . 3 8 8 * 
- 0 . 4 7 3 * * 
- 0 . 9 5 1 * * * 
- 0 . 6 2 4 * 
- 0 . 1 7 N S 

Rainfall 2 months 
previously 

- 0 . 2 2 5 N S 
- 0 . 2 8 6 N S 
- 0 . 4 7 9 * 
- 0 . 1 6 1 N S 
- 0 . 3 7 4 N S 

0 .025 N S 

Scarlet mi le : 
D o w n s i d e 
Liddesdale N o . 
Liddesdale N o . 
Ambagasdowa 
Glennanore 
G o n a m o t a w a 

2 Field 
5 Field 

0 . 0 4 5 N S 
- 0 . 2 7 4 N S 
- 0 . 2 2 0 N S 

0 . 1 0 7 N S 
- 0 . 4 0 9 N S 

0 . 3 6 4 N S 

- 0 . 1 0 4 N S 
- 0 . 2 3 3 N S 
- 0 . 3 5 2 * 
- 0 . 2 0 1 N S 
- 0 . 1 8 5 N S 
- 0 . 0 5 1 N S 

- 0 . 0 9 3 N S 
- 0 . 4 5 7 N S 
- 0 . 2 6 6 N S 
- 0 . 0 2 9 N S 
- 0 . 2 7 9 N S 
- 0 . 2 7 7 N S 

Purple mite: 
Liddesdale N o . 2 Field - 0 . 3 7 * - 0 . 5 2 4 * * 
Liddesdale N o . 5 Field - 0 . 5 0 3 * * - 0 . 5 3 7 * * 
Glennanore - 0 . 2 1 5 N S - 0 . 6 1 8 * * 

- 0 . 4 3 9 * 
- 0 . 4 0 1 * 
- 0 . 4 2 6 * 

Significant at P < 0 . 0 5 * , P < 0 . 0 1 * * , P < 0 .001*** . 

TABLE 3 — Correlation between mite numbers and previous 
month's rainfall 

Correlation coefficients 

Site 
10-year average 

rainfall 
Average rainfall for 

period of experiment 

R e d spider mite: 
D o w n s i d e - 0 . 7 4 4 * * 
Liddesdale N o . 2 Field - 0 . 8 3 6 * * * 
Liddesdale N o . 5 Field - 0 . 7 9 5 * * 
Ambagasdowa - 0 . 7 2 5 * * 
Glennanore - 0 . 6 2 9 * * 
Gonamotawa 0 . 1 1 5 N S 

- 0 . 3 5 3 * 
- 0 . 3 8 8 * 
- 0 . 4 7 3 * * 
- 0 . 9 5 1 * * * 
- 0 . 6 2 4 * 
- 0 . 1 7 N S 

Purple mite: 
Liddesdale N o . 2 Field - 0 . 8 4 1 * * * 
Liddesdale N o . 5 Field . - 0 . 8 3 7 * * * 
Glennanore - 0 . 8 7 8 * * * 

- 0 . 5 2 4 * * 
- 0 . 5 3 7 * * 
- 0 . 6 1 8 * * 

Significant at P < 0 . 05* . P < 0 . 0 1 * * , P < 0 . 0 0 1 * * * . 
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Mite damage is insidious and difficult to assess. Recently it was shown that even 
a moderate attack by the red spider mite could cause crop losses in the region of 5 % , 
so making control measures economic (Danthanarayana & Ranaweera 1970). Ac­
cording to Rao (1970) crop losses in India are estimated to be about 2 5 % . Since 
mites are inconspicuous, outbreaks usually become apparent only after damage has 
been caused and defoliation begun. There is thus a need for prophylactic measures, 

F I G . 1—Seasonal changes in the numbers of the red spider mite (solid circles) and the scarlet mile 
(open circles) in Expt 1 at Downside Estate. 

especially in tea fields known to be prone to mite damage and also in certain tea-
growing districts, such as the Uva, where mites are a perennial problem. F rom the 
results of the experiments reported here it is possible to time such prophylactic treat­
ments. At present, non-chemical methods are not available for the control of mites 
infesting tea; biological control attempts have so far been ineffective (Cranham 1966; 
F . J. Simmonds personal communication). 

M E T H O D S 

Six experiments were undertaken (Table 1). Experiments 1 and 2, to observe 
' effects of rainfall, temperature and shade, had a split-plot design with six replicates. 

Each block had eight plots, each ~ acre (0.013 ha) in extent, split with two densities 
of shade, no shade and normal shade. The tea bushes had been planted in cross 

49 



JOWS 1 m apart. In Expt N o 1, Grevillea robusta A. Cunn. at a spacing of 20x20 m, 
Gliricidia sepium H. B. & K. at 9x6 m and Erythrina lithospenna Blume at 9x9 m 
were used as shade. In Expt no. 2, Grevillea robusta at 14x9 m, Acacia pruinosa A. 
Cunn. at 15x4 m and Erythrina lithosperma at 9x9 m were used as shade. This is 
the usual type of shade in the Uva district, providing both high and low moderate, 
but evenly distributed, shade. 
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F I G . 2—Seasonal changes in the numbers of the red spider mite (solid circles) and the scarlet mite 
(open circles) in Expt 2 at Liddesdale Group No. 2 Field. 

In Expts 3-6 only the effects of rainfall and temperature were evaluated. All 
were arranged in a randomized block design with a block of four plots (each ^ acre) 
each replicated four times. All the fields used in these experiments were unshaded. 

Mite numbers were assessed at monthly intervals by taking a sub-sample of fifty 
leaves from each of two lots of 500 leaves at random from each plot. The mites were 
brushed separately on to two freshly varnished cardboard disks in the field using 
a battery-operated version of the Henderson & McBurnie (1943) mite-brushing 
machine. The mites were counted under low-power microscopes. Red spider and 
scarlet mite attacks developed in all six experiments. Purple mite outbreaks develop­
ed only in Expts 2, 3 and 5. Records were maintained of the maximum and mini­
mum daily temperature and rainfall. 
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Sept. Dec. Mar. June Sept.-

1968 | 1969 

FIG. 5—Seasonal changes in the numbers of the red spider mite (solid circles) and the scarlet mite 
(open circles) in Expt 6 at Gonamotawa Estate. 

Apr. Aug. Dec. Apr. Aug, Dec. Apr Aug. Dec. Apr. Aug. 

196S I I960 I 1967 I 1%8 

FIG. 6—Seasonal changes in the numbers of the red spider mites in shaded plots (solid circles) and 
unshaded plots (open circles) in Expt 1 at Downside Estate. 
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RESULTS 

There were marked fluctuations in mite numbers, and since there appeared to be 
negative relationships between these and the rainfall data (Figs. 1-11), correlation 
coefficients were calculated for (1) the current month 's rainfall, (2) the previous 
month's rainfall and (3) the rainfall 2 months previously (Table 2). Temperature 
did not show any relationship with the mite numbers and is not indicated. The 
results of Expt. no 3 are not illustrated as they were very similar to those of Expt 
no. 2. 

FICf. 7—Seasonal changes in lite numbers of the scarlet mite in shaded plots (solid circles) and unshaded 
plots (open circles) in Expt J at Downside Estate. 

Tn five out of six experiments red spider mite numbers were significantly negative­
ly correlated with the previous month 's rainfall. When considering a large number 
of coefficients of correlation (in this instance 18), the significance (or non-significance) 
in one experiment could be due to random error. Hence it is possible to ignore the 
significance of correlation found between scarlet mite numbers and the previous 
month 's rainfall in Expt no. 1. Although the graphs indicate a negative relationship 
between the numbers of this mite and rainfall, the relationship is not supported by 
the statistical analysis. Tn the three experiments in which the purple mite numbers 
were assessed, there were significant negative correlations between mite numbers and 
the previous month 's rainfall. The relationship was so close that significant coeffi­
cients were also given of the rainfall for the current month and for 2 months pre­
viously (Table 2). 

The relationship between the mite numbers and the previous month 's rainfad 
was then considered in relation to the average monthly rainfall over the previous 
10 years (1961-70). The results indicate highly significant (P < 0.01-0.001) negative 
relationships (Table 3). 
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FIG. 8—Seasonal changes In the numbers of the red spider mite in shaded plots (solid circles) and 
unshaded plots (open circles) in Expt 2 at Liddesdale Group No. 2 Field. 

The changes in numbers 'of mites in the shaded and unshaded plots are com­
pared in Figs. 6-10. Shaded plots harboured significantly more red spider mites 
(P < 0.001) but there was no significant difference in the populations of scarlet mite 
between shaded and unshaded plots in Expt 1. In this experiment an outbreak of 
purple mite did not develop. In Expt 2 there were significantly more scarlet mites 
(P < 0.05) and purple mites (P < 0.001) in the unshaded plots. 

DISCUSSION 

The results show conclusively that numbers of red spider and purple mite are 
significantly negatively correlated with the previous month's rainfall. Heavy mon­
soon rains wash off mites. Rainwater collected under tea bushes contained large 
numbers of red spiders, an observation confirmed by Das (1959), in Tndia. The 
scarlet mite, which occupies the lower surfaces of leaves is protected from rain and 
so less affected. Also, since more red spider mites, which live on upper leaf surfaces, 
were found on tea grown under shaded conditions, it appears that shade trees provide 
a ra in break and so protect the mites. 
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FIG. 9—Seasonal changes in the numbers of the scarlet mite in shaded plots (solid circles) and unshaded 
plots (open circles) in Expt 2 at Liddesdale Group No. 2 Field. 

Work carried out previously by Fernando (1967; cf. Danthanarayana 1969) 
shows that rainfall has a far more important, but indirect effect on mite numbers. 
The red carotenoid pigment rhodoxanthin, which is found in the red spider mite, 
also occurs in the leaves of tea bushes which are susceptible to attack. Rhodoxan­
thin is, however, absent both from leaves of bushes which are not colonized by the 
mite and from the leaves of susceptible bushes during the monsoon rains. The 
pigment appears to be synthesized|in tea leaves during the dry months of the year 
and probably acts as a phagostimulant or a reproductive stimulant. The amount 
of rhodoxanthin present could thus affect the build-up of mite numbers during the 
dry months. 

Experiments show that larger red spider mite outbreaks could be expected when 
tea is grown under shaded conditions. This finding disagrees with the observations 
of Andrews (1920), Harrison (1938) and Das (1959), who have stated that the red 
spider mite prefers bright sun. The present investigations, however, strongly sug­
gest that the above view is incorrect, for this is the first quantitative determination 
of shade on mite numbers. I t is of interest to note that on jute, Core/writs capsularis 
Linn., the tea red spider mite almost invariably colonizes the undersurfaces of leaves 
(Das 1959). This contrasted behaviour may be associated with the biochemistry 
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FIG. JO—Seasonal changes in the numbers of purple mites in the shaded plots (solid circles) and un­
shaded plots (open circles) in Expt 2 at Liddesdale Group No. 2 Field. 

of the leaves as discussed above. According to Huffaker, Vrie & McMurty (1969) 
the presence or absence of shade could affect tetranychid mite populations directly 
through their nutrition. Since significantly more purple mites were found in un­
shaded plots (P < 0.001) it would appear that the nutritional requirements of this 
species are different from those of the red spider mite. 

The evidence presented here suggests that it is inadvisable to plant tea under 
shaded conditions in areas where the red spider is a serious problem. The question 
of planting shade trees in tea fields is a very controversial subject (cf. Joachim 1961; 
Visser 1961 a, b; McCullough, Pereira, Kerfoot & Goodchild 1965, 1966). Recent 
experiments on the biology of the twig caterpillar (Ectropis bhurmitra Wkr.—Geo-
metridae) showed that since the bark of shade trees provides oviposition sites, out­
breaks of this pest do not occur in unshaded tea fields (Oanthanarayana & Kathira-
vetpillai 1969). The present investigations on the red spider mite provide further 
support to the argument that from an entomological point of view it is disadvanta­
geous to grow tea under shaded conditions. 
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Sept. Dec. Mar. June 

1968 I 1969 

F I G . USeasonal changes in the numbers of purple mites in Expt 5 at Glennanore Estate. 

As outbreaks of the red spider and purple mites are closely associated with the 
previous month 's rainfall, prophylactic chemical control can now be planned effici­
ently. The recommended acaricides in Ceylon are dicofol (Kelthane) and quinome-
thionate (Moreslan). Both these chemicals are persistent and effective for up to 
3 months (Danthanarayana & Ranaweera 1970). 

A single application after the first month of drought should provide control 
throughout the dry season. The 10-year rainfall data indicate that the approach to 
mite control proposed is reliable and obviates the necessity of more than one acari-
cide application. 
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