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Summary
This paper assesses the extent of crop loss 
in rubber plantations in India, measured 
in terms of loss in latex and timber out-
put and its economic value and examines 
the comparative economics of plant pro-
tection measures against the Phytophto-
ra induced abnormal leaf fall (ALF). It 
also refl ects upon the policy imperatives 
with respect to region-specifi c R&D in-
terventions on plant protection meas-
ures in India. The study demonstrates 
signifi cant clonal differences in loss of 
latex and timber output in the absence 
of prophylactic spraying against ALF. 
The study also highlighted the need for 
evolving R&D interventions and agro-
management/ plant protection measures 
for minimizing the incidence of tree loss 
in rubber plantations, as it amounts to 
loss of potential income for the dominant 
smallholder sector in India. 

Keywords: Abnormal leaf fall, crop 
loss, latex yield, timber yield, discounted 
cash fl ow analysis.

Introduction
The incidence of crop loss in perennial 
crops is often attributed to a host of plant 
diseases, especially abnormal leaf fall 
(ALF) caused by Phytophthora pathogens. 
Drenth and Sendall (2004) assessed the 
extent of crop loss caused by Phytophthora 
diseases in cocoa, rubber, coconut, pepper, 
durian, citrus and potato and reported an 
average loss of $US2.4 billion. In rubber 
(Hevea brasiliensis para rubber), the disease 
causes rotting of tender shoots and die-
back of twigs (Ramakrishnan and Pillai 
1961, Wastie 1975, Erwin and Ribeiro 1996) 
leading to a reduction in latex yield and 
growth due to leaf fall (Sdoodee 2004).

Though the occurrence of ALF in rub-
ber has been widely reported, the sever-
ity of the incidence in terms of crop loss 
is more pronounced in the rubber grow-
ing regions in Kerala state in India than 
elsewhere. While the reported loss due to 
Phytophthora and the cost of disease con-
trol is estimated at 5–10% in south-east 
Asian countries (Drenth and Guest 2004), 
fi eld trials from Kerala have indicated 
that ALF can cause yield loss of 38–56% 
in some clones when left unsprayed for 
one disease season (Ramakrishnan 1960, 

as cited in Edathil et al. 2000). High yield-
ing susceptible clones 15–25 years old had 
a 9–16% reduction in latex yield due to this 
disease (Jacob et al. 1989). Leaf fall, apart 
from causing a reduction in latex yield, 
also adversely affects timber output (Jacob 
et al. 1989, Jacob et al. 2004).

There has been little attempt to make 
a comprehensive economic assessment of 
the incidence, severity and impact of ALF, 
or to establish the feasibility of crop pro-
tection measures. This paper presents an 
exploratory analysis of the extent of loss of 
latex and timber output and examines the 
comparative economics of disease control 
measures against ALF based on region-
specifi c disaggregate level data. Disaggre-
gate level studies on the comparative eco-
nomics of crop loss can provide the basis 
for research and development (R&D) for 
evolving region and crop-specifi c control 
measures commanding scale economies. 

This paper attempts to analyse the com-
parative economics of plant protection 
measures, i.e., spraying against abnormal 
leaf fall in rubber, and its impact on latex 
and timber output of four prominent high 
yielding clones viz., RRIM 600, GT1, RRII 
105 and RRII 118, which together occupy 
more than 50% of the rubber planted area 
in India (Chandy et al. 2004). The specifi c 
objectives of the study are to:
a) examine the extent of loss in latex and 

timber output in unsprayed plots com-
pared to sprayed plots across clones; 

b) estimate the value of loss in latex and 
timber output across clones between 
sprayed and unsprayed plots; 

c) examine the comparative economics 
of plant protection measures in terms 
of the incremental costs for and the in-
cremental returns from sprayed plots 
across clones; and

d) reflect upon the policy imperatives 
with respect to region and clone-spe-
cifi c R&D interventions on plant pro-
tection measures in India.

Materials and methods
Database
The database of the study consisted of 
time series data pertaining to rubber plots 
planted during 1977–78 with four clones, 
viz., RRIM 600, GT1, RRII 105 and RRII 

118 by the Rubber Research Institute of 
India (RRII) at 450 trees ha-1 at the Cen-
tral Experimental Station (CES), Cheth-
ackal in Central Kerala. The experiment 
included two blocks of one ha each of the 
four clones (eight blocks) with one plot 
as sprayed and the other kept as control. 
Historic data pertaining to the entire life 
of the plantations spanning 27 years con-
sisted of: 
a) cost of spraying (including labour cost) 

against abnormal leaf fall; 
b) yield from sprayed and unsprayed 

plots; 
c) number of trees tapped; 
d) tapping days; and 
e) the price of rubber in nominal terms.
Data on timber yield have been collated 
based on measurement of girth and height 
of rubber trees prior to clear felling with a 
sample of 35% of the tree population se-
lected at random from both the sprayed 
and unsprayed plots of each clone. 

Analytical framework
While static analysis for a given year or pe-
riod is convenient for seasonal and annual 
crops, perennial crops like rubber require 
inter-temporal analysis (Rae 1977). Hence, 
to account for the value of time and in-
clude the concept of time preference, the 
analysis uses the discounted cash fl ow ap-
proach (DCFA) following Predo (2003) and 
Brian et al. (2004) to derive the parameters, 
viz., benefi t cost ratio (BCR), net present 
value (NPV) and the internal rate of re-
turn (IRR) arising from additional invest-
ment for spraying against ALF. Only the 
incremental costs (for material and labour 
inputs) incurred for spraying have been 
considered for the analysis since the initial 
plantation development costs and routine 
agro-management costs are uniform for 
both the sprayed and unsprayed plots. 
Hence, the NPV measures the present val-
ue of the streams of net benefi ts derived 
from undertaking spraying and to be eco-
nomically acceptable must be greater than 
zero. The NPV derived from undertaking 
spraying operations over the entire planta-
tion cycle of each plot was computed as:
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where: Bt = incremental benefi t in mon-
etary terms at time t, Ct = incremental cost 
for spraying at time t, r = discount rate, t 
= time (years) where observation is noted, 
and T = the entire life of the plantation (27 
years), comprising seven years of immatu-
rity period, followed by 20 years of rubber 
production cycle. 

Incremental benefi ts have been consid-
ered in terms of the incremental value of 
output derived from the sprayed plot as 
against the unsprayed plot in each clone. 
Output of rubber is expressed as kilo-
gram per ha per annum, price of rubber 

Benefi ts of plant protection measures against 
abnormal leaf fall in rubber: an exploratory analysis 
in India

P.K. Viswanathan, Tharian George K. and C. Kuruvilla Jacob, Rubber 
Research Institute of India, Kottayam – 686 009, Kerala, India. 
Email: pkviswam@gmail.com



68   Plant Protection Quarterly Vol.22(2)  2007

(Rs kg-1), number of tapping days and the 
tapping system followed. In general, half 
spiral alternate daily (1/2S d/2) tapping 
system is being widely followed in Indian 
conditions, with an annual average tap-
ping frequency of 150 days. The historic 
data on price of ungraded rubber has been 
used for estimating the nominal value of 
the crop, however, the NPV is expressed 
in current US dollar terms. The analysis 
considers two discount rates: 7.5% and 
12%, which justify the market rate of in-
terest in the former case and standard 
commercial rate in the latter case, as also 
observed in the analysis of agro-forestry 
projects (for instance, Nadkarni 2001) in 
India. IRR is used to evaluate the overall 
feasibility of undertaking spraying against 
abnormal leaf fall across the four clones. In 
the present case, IRR is the discount rate 
that would be required to make the net 
present value of the incremental costs on 
spraying equal to the present value of the 
incremental benefi ts due to productivity 
gains from the sprayed plot. Derivation of 
IRR is analogous to solving for ‘r’ in equa-
tion 1 (Eq.1), as:
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As rubber prices in India have been ex-
periencing cyclical movements in tandem 
with the international prices during the 
past decade or more, it is quite likely that 
the NPV would be more sensitive to rub-
ber prices. Hence, to be more realistic, the 
paper attempts a sensitivity analysis with 
respect to rubber prices to arrive at benefi t 
cost ratios (BCR) under different scenarios 
of rubber prices. Accordingly, fi ve price 
scenarios considered for calculating BCR 
are: 
a) the trend price observed during the en-

tire plantation cycle; 
b) the maximum rubber price realized; 
c) the minimum price realized; 
d) average price realized; and 
e) the most recent price received prior to 

the felling of the plantations. 
For estimating timber yield, 35% of the 
trees have been randomly selected from 
both the sprayed and unsprayed plots of 
each clone. The data on girth and height 
of rubber trees have been collected prior 
to clear felling of the plantations in 2004. 

Measurement of girth of the trees was 
taken at 1.5 m from the bud union and 
height was recorded using a calibrated 
metre scale. The total greenwood volume 
was estimated following the quarter girth 
volume (QGV) method (Chaturvedi and 
Khanna 1982). Timber value has been es-
timated based on the farm gate price for 
timber. 

Results and discussion
Table 1 provides some baseline informa-
tion on the plantations under study. As is 
evident, the average plantation cycle was 
27 years with the plantations established 
during 1977–78 and opened for tapping 
in 1984. 

Spraying resulted in considerable pro-
ductivity gains in clone RRIM 600, moder-
ate gains for RRII 118 and RRII 105 and, 
no productivity gain for clone GT1, which 
indicates the tolerance of this clone to ab-
normal leaf fall. The observations of effect 
on yield in RRIM 600 and GT1 confi rms 
the fi ndings of Sdoodee (2004) that RRIM 
600 is more susceptible to abnormal leaf 
fall while GT1 is tolerant. It is important 
to note that yield from unsprayed plots in-
dicated higher inter year variability in all 
the clones as evident from the coeffi cient 
of variation. 

The incidence of tree casualty (loss of 
trees) observed in all the plots was caused 
by natural damage and cannot be attrib-
uted to the absence of spraying. Howev-
er, unsprayed plots of RRII 105 and RRII 
118 had experienced higher extent of tree 
casualty (62 and 48% respectively) com-
pared to the sprayed plots (51 and 43% 
respectively), which could be explained 

as a cumulative effect of die back of twigs, 
trunk and branch snaps in these clones in 
the absence of plant protection measures. 
In terms of timber yield also, sprayed plots 
had definite edge over the unsprayed 
plots, especially in clones RRII 105, RRII 
118 and RRIM 600, while timber yield 
from unsprayed plot was more than that 
from the sprayed plot in GT1. 

Economic assessment of crop loss
A comparative assessment of latex and 
timber output between the sprayed and 
unsprayed plots is made to highlight the 
economic significance of plant protec-
tion measures in rubber plantations. The 
analysis is based on the absolute volume 
and value (in nominal terms) of output 
obtained from both the sprayed and un-
sprayed plots of each clone during the en-
tire crop cycle. The results of the compara-
tive assessment are shown in Table 2. 

The cumulative loss in the value of 
rubber and timber output in the absence 
of spraying was estimated at $US12 930, 
through loss incurred from RRII 118, RRII 
105 and RRIM 600. Conversely, the vol-
ume of rubber and timber output realized 
from unsprayed plot of GT 1 was higher 
than the sprayed plot, which suggests that 
this clone tolerates abnormal leaf fall. If 
the cumulative loss in value of rubber and 
timber output from unsprayed plots is 
considered on an annual basis, the annual 
loss of income foregone works out to be 
$US497 per ha per annum during the eco-
nomic life of the four plots. Though this is 
suggestive of the importance of plant pro-
tection measures given the long economic 
cycle of rubber plantations, feasibility of 

Table 1. Profi le of sample plots and the extent of casualty.

Clone Trees at felling 
(No. ha-1)

Loss of 
trees (%)

Rubber yieldA (kg ha-1) Timber yield (m3 ha-1)

Sprayed Unsprayed Sprayed Unsprayed
RRIM 600 289 36 2052 (0.34) 1781 (0.40) 122 108

RRII 105 220 51 2306 (0.28) 2252 (0.36) 96 68

RRII 118 263 42 1669 (0.37) 1614 (0.43) 154 125

GT 1 274 39 1545 (0.39) 1815 (0.41) 115 143

Average 262 42 1893 (0.38) 1866 (0.42) 122 111
A Rubber yield corresponds to the average yield over entire tapping life. Parenthetic 
fi gures are respective CV over the life cycle yield (kg ha-1).

Table 2. Comparative differences in latex and timber output.
Clone Cumulative rubber output per 

plot (‘000 kg)
Cumulative value of rubber 

output (‘000 $US)
Cumulative value of timber 

output (‘000 US $)
Cumulative crop 

loss 
(‘000 $US)Sprayed Unsprayed Sprayed Unsprayed Sprayed Unsprayed

RRIM 600 44.62 39.46 40.01 35.41 6.29 5.95 4.94
RRII 105 46.37 43.53 43.09 40.36 5.27 3.24 4.76
RRII 118 34.83 31.37 31.70 28.61 7.97 5.96 5.10

GT 1 33.90 35.44 31.17 32.40 5.45 6.09 -1.87
Total 159.72 149.80 145.97 136.78 24.98 21.24 12.93
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undertaking such measures needs to be 
examined and justifi ed in clone-specifi c 
contexts. 

Feasibility of plant protection measures: 
a sensitivity analysis
Given the magnitude of loss in value of 
crop output and timber in the unsprayed 
plots it is necessary to examine the eco-
nomic rationality of farm level invest-
ments for plant protection measures. Such 
an analysis becomes relevant as plant pro-
tection measures (spraying in the present 
case) have been recommended in India 
for all clones and regions in similar dos-
age irrespective of vulnerability of specifi c 
clones to ALF. 

By and large, the currently available 
technologies for spraying are mostly oil-
based and involve high dose of chemi-
cal inputs (copper sulphate and oil). In 
the present case, prophylactic spraying 
was done using a Micron sprayer with 
oil dispersible copper oxychloride (56%) 
dispersed in agricultural spray oil at 1:5 
ratio at a dosage of 40 litres per ha during 
the second fortnight of every year (Jacob 
et al. 2004). The historic data relevant to 
the present analysis reveal that the cost of 
spraying has increased almost three times 
during the entire life cycle of the planta-
tions from $US23 per ha in 1977 to $US55 
in 2003. The rise in cost has been mostly 
accounted for by the substantial rise in the 
cost of spray oil and copper oxychloride.

As described already, the feasibility 
analysis on spraying uses the discounted 
cash fl ow approach to arrive at the criti-
cal parameters of NPV, IRR and BCR us-
ing discount rates at 7.5% and 12%. As the 
NPV arising from undertaking spraying 
operations is sensitive to the volatility in 
rubber prices, fi ve different price scenarios 
are considered for calculating BCR. The 
different price levels expressed in US dol-
lars are: 
a) the trend price observed during the en-

tire plantation cycle = $US0.93 per kg;
b) the maximum rubber price realized = 

$US1.13 per kg;
c) the minimum price realized = $US0.61 

per kg; 
d) average price realized = $US0.68; and 
e) the price received prior to the felling of 

plantations = $US1.26 per kg. 
Since spraying against abnormal leaf fall 
was not found worthwhile in clone GT1, 
the feasibility analysis is confi ned to the 
three clones RRIM 600, RRII 105 and RRII 
118. The feasibility analysis also does not 
consider the cash fl ow from timber output 
as commercial utilization of rubberwood is 
made possible only at the end of the plan-
tation cycle. The results of the sensitivity 
analysis of net cash fl ows from sprayed 
plots and the BC ratios under different 
price levels are furnished in Table 3. The 
clone-wise net benefi ts at 7.5% and 12% of 
discount rates as well as the NPV and IRR 

at the trend prices are given in Appendix 
1. NPV at different levels of rubber prices 
using discount rate of 7.5 % are shown in 
Figure 1.

Table 3 reveals that spraying against 
abnormal leaf fall was most rewarding 
with respect to clone RRIM 600, followed 
by RRII 118 and RRII 105 in all cases. 
Generally, the parameters, NPV, IRR and 
BCR were found to be the lowest in clone 
RRII. When rubber price was minimum at 
$US0.61 per kg., NPV and IRR at 12% dis-
count rate were the lowest at $US127 and 
5.98 respectively in clone RRII 105, which 
is suggestive of the cost-ineffectiveness of 
spraying operations if prices remain close 
to or falls below the minimum level. This 
is an important observation especially 
considering that clone RRII 105 is ranked 
fi rst in terms of productivity per unit area 

in the world (Joseph et al. 1999). Besides, 
RRII 105 has assumed prominence in the 
plantings of both the organized planta-
tion sector as well as the smallholder sec-
tor with a relative share in planted area of 
48% (Chandy et al. 2004) and 86% (Veer-
aputhran et al. 1998) respectively during 
the 1990s.

Given this, plant protection meas-
ures become cost-ineffective especially 
in the case of clone RRII 105 when rub-
ber prices remain close to the minimum 
level as experienced during most of the 
late 1990s following the fi nancial crisis in 
the South East Asian countries. The impact 
of the price crisis on the dominant rubber 
smallholder sector has been much more 
evident in terms of considerable erosion 
in the adoption of scientifi c agro-manage-
ment measures, especially, a perceptible 

Figure 1. NPV at different prices ($US).

Table 3. Sensitivity analysis of undertaking spraying against abnormal leaf 
fall in rubber.
Clone NPV ($US) IRR BCR

7.5% 12% 7.5% 12%
1. At trend price level = $US0.93 per kg
RRIM 600 1518 1128 23.58 21.75 3.77
RRII 105 692 515 22.52 20.38 2.14
RRII 118 845 626 21.61 19.63 2.50
2. At maximum price level = $US1.13 per kg
RRIM 600 2064 1538 26.08 24.21 4.86
RRII 105 851 627 22.38 20.28 2.55
RRII 118 1177 872 23.50 21.52 3.19
3. At minimum price level = $US0.61 per kg
RRIM 600 847 618 16.75 15.12 2.62
RRII 105 192 127 7.44 5.98 1.13
RRII 118 368 259 11.34 9.77 1.72
4. At the average price level = $US0.68 per kg
RRIM 600 1011 742 18.40 16.74 2.92
RRII 105 281 194 10.15 8.56 1.54
RRII 118 477 341 13.52 11.88 1.92
5. At the most recent price level = $US1.26 per kg
RRIM 600 2368 1768 27.75 25.83 5.42
RRII 105 1015 753 24.93 22.75 2.85
RRII 118 1379 1025 25.66 23.61 3.56
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decline in fertilizer application and spray-
ing (Viswanathan and Rajasekharan 
2001). 

Thus, the feasibility analysis brings out 
clonal differences with respect to effective-
ness of undertaking spraying operations 
in terms of high fi nancial returns for RRIM 
600 and RRII 118 and medium to low re-
turns for clone RRII 105, which is widely 
adopted by majority of the planting com-
munity in the country. 

Conclusions and policy suggestions
The paper is a modest attempt at examin-
ing the economic signifi cance of the cu-
mulative loss of crop and timber output 
in rubber plantations in the absence of 
plant protection measures, i.e., prophy-
lactic spraying against ALF. The economic 
signifi cance of crop loss (both latex and 
timber) assumes importance in view of the 
relatively higher share of area planted with 
the four clones under study in the rubber 
plantation sector, especially, the domi-
nance of RRII 105 in the smallholdings in 
India. The study highlights the following 
points for further detailed region-specifi c 
investigations. First, there exist signifi -
cant clonal differences in loss of latex and 
timber output between sprayed and un-
sprayed plots. Second, the higher extent 
of crop loss poses a major R&D challenge 
deserving inter-disciplinary approaches 
for effecting cost-effective technological 
interventions for plant protection in India. 
Third, the observed clonal differences in la-
tex yield between sprayed and unsprayed 
plots underline region and clone-specifi c 
recommendations for plant protection 
measures instead of the currently followed 
unilateral prescription with due allowance 
to the costs and potential benefi ts accrued 
from plant protection measures. Fourth, 
there is a need for evolving R&D inter-
ventions and agro-management/plant 
protection measures for minimizing the 
incidence of tree casualty in rubber plan-
tations, as it amounts to loss of potential 
income from latex and timber from rubber 
plantations. The results of the study also 
bring out an important policy dimension 
that prophylactic spraying against abnor-
mal leaf fall may form part of an offi cial 
recommendation for agro-climatic regions 
found ideal for planting RRIM 600 and 
RRII118. Steps are also needed to evolve 
an integrated approach to Phytophthora 
disease management in rubber with spe-
cial emphasis on developing or modifying 
clones having genetic resistance to various 
plant diseases. 
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Appendix 1. Annual fl ow of net benefi ts, NPV and IRR due to spraying in rubber.
Year Net Benefi ts (in $US)

RRIM600 RRII105 RRII118
DFA = 7.5% DF = 12% DF = 7.5% DF = 12% DF = 7.5% DF = 12%

1977 0.00 0.00 0.00 0.00 0.00 0.00
1978 0.00 0.00 0.00 0.00 0.00 0.00
1979 0.00 0.00 0.00 0.00 0.00 0.00
1980 0.00 0.00 0.00 0.00 0.00 0.00
1981 0.00 0.00 0.00 0.00 0.00 0.00
1982 0.00 0.00 0.00 0.00 0.00 0.00
1983 0.00 0.00 0.00 0.00 0.00 0.00
1984 60.33 49.25 78.65 64.20 92.48 75.49
1985 -16.24 -13.08 135.67 109.25 98.67 79.45
1986 66.86 53.18 85.75 68.21 53.44 42.51
1987 22.55 17.74 136.81 107.62 41.17 32.39
1988 32.41 25.24 41.28 32.14 67.18 52.31
1989 110.47 85.22 -0.52 -0.40 46.88 36.17
1990 222.08 169.87 289.24 221.25 8.68 6.64
1991 339.20 257.43 -285.21 -216.46 121.34 92.09
1992 241.22 181.74 47.72 35.96 88.86 66.95
1993 67.34 50.39 -35.12 -26.28 48.13 36.01
1994 144.41 107.39 51.37 38.20 1.18 0.88
1995 177.47 131.21 23.99 17.74 114.03 84.31
1996 117.54 86.43 17.66 12.98 58.02 42.66
1997 -21.88 -16.01 69.57 50.89 40.02 29.28
1998 145.10 105.64 60.69 44.18 46.85 34.11
1999 71.08 51.51 -15.45 -11.20 20.20 14.64
2000 -9.78 -7.06 46.13 33.29 30.38 21.93
2001 -97.42 -70.02 46.05 33.10 -8.24 -5.92
2002 -37.32 -26.72 61.03 43.70 51.03 36.54
2003 43.10 30.75 -2.02 -1.44 -14.31 -10.21
NPV 1517.57 1128.09 692.33 514.91 845.05 626.20
IRR 23.58% 21.75% 22.52% 20.38% 21.61% 19.63%
A DF = Discount rates of 7.5% and 12%.
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