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Abstract

Ling, A.S.C.,M.J.A. Kamil, K.P. Chong and C.M. Ho, 2017. Assessing the cocoa genotypes for resistance to black
pod using the area under the disease-progress curve (AUDPC). Bulg. J. Agric. Sci., 23 (6): 972-979

In breeding for resistance to black pod, it is important to use an effective and economical method to screen the cocoa
genotypes. The detached pod test has been regarded as the most economical and effective screening method as compared to
selection of resistant genotypes in the field. This study evaluated the accuracy of the assessment technique used in the detached
pod test between the estimation of the area under the disease-progress curve (AUDPC) and the standard assessment of diameter
lesion recorded in the sixth day after inoculation of four genotypes at different resistant categories to black pod (KKM4 — sus-
ceptible, KKM5 — moderate suscetipble, BR25 — moderate resistant and QH1003 — resistant) at two development pod stages
(young and mature pods). The steps involved in the assessment using AUDPC are measured the diameter of the established
lesions for six days after inoculation with Phytophthora palmivora and calculated the disease severity, fitting the disease prog-
ress curve with the nonlinear model, calculated the AUDPC and ranked the cocoa genotypes’ resistant based on the AUDPC
value. The results indicated that the assessment of the mature cocoa genotypes for resistance to black pod using AUDPC gave
better accuracy (100%) of resistant level compared to standard assessment (50%) meanwhile both assessment technique on
young pods gave similar percentage (50%) of accuracy. The obtained information will be used as the guide for screening the
cocoa genotypes for resistance to black pod.

Key words: area; disease progress; curve; cocoa; detached pod test; nonlinear model; black pod
Abbreviations: AUDPC — area under the disease progress curve

Introduction

Cocoa black pod is the most economically important and
widespread disease of cocoa in the world including Malay-
sia and the losses of cocoa black pod due to Phytophthora
palmivora were exceeding $400 million worldwide (ICCO,
2013). The symptom caused by Phytophthora palmivora
began with pod lesions as small, hard, dark spots on any
part of the pod, at any stage of pod development (Guest,

*Corresponding author: albert@koko.gov.my

2007). Breeding for resistance to black pod has been the
most economical, environmentally friendly and effective
control method (Iwaro and Singh, 2004) and many research
works on developing resistant clones to cocoa black pod
have widely carried out. French Agricultural Research
Centre for International Development has identified 59
clones proved to be resistant to cocoa black pod with some
clones also display qualities in terms of bean characteris-
tics (Thevenin et al., 2012). Barreto et al. (2015) identified
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ten genotypes of cocoa that were resistant to Phytophthora
disease which was associated with genetic variability. Ma-
laysia has classified 48 cocoa clones planted in Malaysia
into four categories based on its resistance to cocoa black
pod in the field such as susceptible (5 clones), moderately
susceptible (7 clones), moderately resistant (32 clones) and
resistant (4 clones) (Haya et al., 2012).

Establishing the effective screening method for se-
lecting the resistant genotypes are important in breeding
program. However, selection of resistant plant in the field
would take many years as need to wait until a tree bears
pods and the infection rates are not always sufficient un-
der natural infection conditions may disrupt the reliability
of assessment results (Clias and Despréaux, 2004). Then,
the detached pod test was developed to assess differences
in resistance between cocoa genotypes to black pod as ef-
fectively as possible (Iwaro et al., 1997). The detached
pod test identified the potential resistant genotypes to co-
coa black pod by comparing the lesion diameter on sixth
day after inoculation (DAI) (Iwaro et al., 1997; Clias
and Despréaux, 2004; Iwaro et al., 2005; Nyadanu et al.,
2009). The advantage of the detached pod test done in the
laboratory is able to control the environment and test can
be repeated. The test used the lesion diameter to measure
the disease severity and assess the cocoa genotypes for
resistance to cocoa black pod, however the assessment
didn’t take into account each day of lesion expansion
occurring during the infection in determine the resistant
level. Therefore, it is important to consider the change of
lesion diameter each day or also known as disease prog-
ress curve in assessing the cocoa genotypes for resistance
to cocoa black pod.

The work of characterized the disease progress curve
with nonlinear models and estimating the area under the
disease progress curve (AUDPC) to related the estimated
AUDPC to changes in the components of quantitative re-
sistance has been carried out in many other plant diseases
such as rice blast disease (Mohapatra et al., 2008), fire
blight disease in apple (Momol et al., 1996) and late blight
disease in potato (Haynes and Weingartner, 2004) but
rarely used in cocoa screening test. Four nonlinear mod-
els that commonly used to describe the disease progress
curve are the exponential model, monomolecular model,
logistic model and Gompertz model (Madden and Camp-
bell, 1990). Thus, this paper was to evaluate the assess-
ment techniques using AUDPC compared to the standard
assessment of diameter lesion recorded in the sixth day
after inoculation in screening four cocoa genotypes of dif-
ferent resistant categories to black pod at two different
pod development stages.

Materials and Methods

Experimental Design

Four cocoa genotypes of different resistant categories
such as KKM 5 (susceptible), KKM 4 (moderately suscep-
tible), BR 25 (moderately resistant) and QH1003 (resistant)
to black pod (Haya et al., 2012) are selected to evaluate the
assessment techniques used in the detached pod test. Two
different pod development stages; young pod (less than 3
months old) and mature pod (3 to 4 months old) for each
genotype were selected for the assessment in laboratory. The
undamaged healthy pods were selected and used in the ex-
periments. The pods were wiped with a piece of cotton wool
soaked with 70% ethanol and rinse with sterile distilled wa-
ter and allowed to air dry for a few minutes.

The detached pod test described by Iwaro et al. (1997)
was used in preparing the pod sample for assessment of
resistant to black pod. Isolate of Phytophthora sp. used in
the study was obtained from a naturally infected cocoa pod
from a field at the Cocoa Research and Development Center
Madai, Sabah, Malaysia. The morphological of the pathogen
was confirmed using microscopic observation. A single point
inoculation was performed on the ridges of pod. Inoculated
pods with mycelial plugs from seven days old Phytophthora
palmivora culture grown on Potato Dextrose Agar (PDA)
were arranged in a randomized complete design (CRD) with
five pods per genotype and incubated at room temperature
(2542°C) in the laboratory. The diameter of the established
lesions was measured with a caliper meter throughout one
to six DAL

Measuring the disease severity

The assessment to the black pod disease severity was
measured by the proportion of lesion size to the pod surface
area (Figure 1).

The pod surface was estimated as the prolate spheroid
model (Jessop et al., 2010; Ten Hoopen et al., 2012) and the
lesion area was estimated based on the ellipse shape (Camp-
bell et al., 2015). The disease severity of the black pod dis-
ease was expressed as:

The lesion area

Pod surface area
757'1}’2

= - (1
2ma® + 2na("70)sin’1(\ 1- %)

Fitting the disease progress curve
Four nonlinear models were used to describe the disease
progress curve or also known as growth-curve models such
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Fig. 1. (a) Prolate spheroid model used to estimate pod surface;
(b) Pod with black lesion; and (c) Ellipse model used to estimate lesion area

as exponential model, monomolecular model, logistic model
and Gompertz model (Madden and Campbell, 1990; Madden
et al., 2007). Table 1 summarized the nonlinear models for
disease progress curve.

Statistical Analysis

Curve fitting on the black pod disease severity was done
using PROC NLIN using numerical method of Levenburg-
Marquardt to minimize the error sum of squares of fitted
models (SAS Institute, 2011).

In order to identify the best fitted model among the
four nonlinear models, two goodness of fit tests were used,
namely the Akaike Information Criterion (AIC) (Burnham
and Anderson, 2003) and the Bayesian Information Criterion
(BIC), (Schwarz, 1978). The best model was selected based
on the smallest value of AIC and BIC. The mathematical
expression for both tests was given as follows;

Table 1

AIC = 2p - 2In(L)
BIC = p In(n) - 2 In(L)

2
3)

where: p = number of parameters, n = sample size and In(L)
= maximum log-likelihood of the estimated model and cal-
culated as follows:

In(L) = 0.5 x [-N x (In(2m) +
+1—(In(V) + 1n(lZ=}1’C§))] 4)

where: x, ..., x = the residuals from the nonlinear least
squares fit and N = their number.

Estimating the Area Under Disease Progress Curve

The area under disease progress curve (AUDPC) was
calculated for each nonlinear model fitted to the disease
progress curve using the method of Yeh (2002) based on
the trapezoidal rule that approximate the area under a curve

Summary of differential and integrated equations for common growth curve models used in plant disease epidemiology

Model . dy
The rate of disease progress, o

The disease progress model, y

Estimated parameters

y, is the initial disease intensity
r, 1, I, and r, are the rate pa-
rameter (constant)

1

o~ Fedin() -In()]

Exponential dy ry Y=y, exp(r)

d
M lecul d) =1-(- Tyl

onomolecular % —r(1-y) v (1 -y, exp(-r,,1)

Logistic dy _

ar = LJ’(l =) Y=

1+ exp(fln

Gompertz dy

y =exp[In(y,) x exp(-r,1)]

yo _
l_yo] rLt)
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by dividing the area into a number of strips of equal width.
Then, the sum of approximate area of each strip by the area
of the trapezium formed will give the approximation of area
under the curve. The trapezoidal rule can be presented as
integral function given as follows:

[0 ftx)dx = T(a, b, n) =

=((b—a)/n)x((Ra) +f1D))/2) +
+3fa+i(b—a)ln)) 5)

Where the domain [a, b] of the integration function are
subdivided into 7 strips with the points of: x, x, ..., x . x,=
a,x =bandx =x,+r(b—a)/n.

In our case of study, a=1, b = 6 and 7 is set to 50 subdi-
visions or strips while the f{x) is given as nonlinear function
model of each clone.

Results

The selection of different pod development stages
used in this study varied in pod length based on geno-
types (see Table 2). The size of the young pod used in the
study ranged between 124.00 mm to 179.00 mm in length,
188.40 mm to 207.00 mm in perimeter and 20 793.21 mm?
to 30 756.15 mm? in estimated pod surface. The mature
pod has the range of 159.00 mm to 233.00 mm in length,
235.00 mm to 284.00 mm in perimeter and 36 509.39 mm?
to 44 782.38 mm? in estimated pod surface.

The progress curves of mean lesion diameter and
disease severity are shown in Figure 2 with the curves
observed in each genotype was progress differently. The
assessment using the mean lesion diameter on young pod
separated the genotypes very clearly compared to assess-
ment of disease severity. Both assessments used in mature
pod show the same trend of disease progress curve. The
genotypes of BR25, QH1003 and KKMS5 progress slowly
compared to KKM4 at the young pod. We can observe that
the slope of the disease progress curves at the mature pod

Table 2

increased rapidly compared to young pod.

The overall F values were significant (P<0.05) in
all developed models except monomelcular model in
QH1003 indicated the model’s fit were excellent. In gen-
eral, disease progress fitted well within the Gompertz and
logistic models (P<0.01) with the smallest AIC and BIC
values. At young pod, clone QH1003 and BR25 the Gom-
pertz model was the best to describe disease progress, and
the logistic model was the best for the genotypes KKM4
and KKMS5 (Table 3). At mature pod, the disease prog-
ress in most of the genotypes well described by Gompertz
model.

Most of the initial disease (y,) observed are almost
zero and the slope of the Gompertz line (Gompertz rate =
r.) is estimated between 0.3372 to 0.6454 for young pod
and 0.2625 to 0.3549 for mature pod.

The used of Gompertz model in estimating the AUD-
PC of the genotypes for resistance to black pod using
young pod showed both assessments only able to match
correctly two genotypes (QH1003 and KKM4) for the
resistant ranking given in the field assessment (Table 4).
However, the assessment using AUDPC was performed
better than the mean lesion diameter at sixth DAI on the
mature pod as the assessment with AUDPC able to match
100% correctly the resistant ranking to the field assess-
ment on black pod. The value of AUDPC estimated varied
among genotypes for mature pod with QH1003 (1.4815),
BR25 (2.5064), KKM5 (2.7156) and KKM4 (3.5248).

Discussion

A reliable detached pod test in screening resistant geno-
types is important in breeding program. Understanding the
pod phenology is an important factor in determine the resis-
tant level to the disease as Soria (1974) has reviewed ma-
jority resistant clones fall within the cacao groups of Ama-
zon and Trinitario. The result in Table 2 showed resistant

Summary of pod phenology for four cocoa genotypes at young and mature pods

Pod development stage Genotype N Mean + Standard error
Length (mm) | Perimeter (mm) | Pod surface area (mm?)

BR25 5 179.00+7.14 207.00+6.63 30 756.15+2 156.56

Young QH1003 5 162.00+£12.41 188.40+2.62 25299.30+2 030.59
KKM5 5 124.00+7.31 193.80+11.04 20 793.21+2 363.99
KKM4 5 163.00+4.06 196.80+8.74 26 710.85+1 787.60
BR25 5 181.00+8.72 252.00+5.83 38 515.01+2 497.90

Mature QH1003 5 233.00+3.39 235.00+3.16 44 782.38+1 236.05
KKM5 5 159.00+2.92 266.00+4.05 36 509.39+1 151.96
KKM4 5 170.00+15.41 284.00+9.48 42 095.30+4 689.80
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Fig. 2. Mean lesion diameter and disease severity on four genotypes measured on six consecutive days
after inoculation at young and mature pods

genotype has different physical characteristics compared
to susceptible genotypes. The resistant genotype QH1003
has the longest pod length but small in perimeter indicated
very thin in pod shape meanwhile genotypes BR25, KKM4
and KKMS are in group of Amelonado with a smooth pod
surface, shallow furrows and slight bottle neck with larger
in pod perimeter but shorter in pod length (Wood and Lass,
2001). Therefore, the study showed it is important to esti-
mate disease severity of black pod by the proportion of le-
sion size to the pod surface area.

The results in disease progress curve fitting given in Ta-
ble 3 suggested Gompertz model fitted well to the curve and
used to estimate the AUDPC. The findings also supported by

Plaut (1980) and Berger (1981) who reported that Gompertz
model was better statistical fit to other statistical models in
other plant diseases including estimation of epidemic rate,
projection of future disease severity and determination of
initial disease. The estimated slope of the Gompertz line for
young pod was higher than mature pod in Table 3 indicated
the Gompertz model projected that Phytophthora palmivora
spreads rapidly in young pod compared to mature pod. This
could be due to the differences among cocoa pod stages in
biochemical contents such as carbohydrates (soluble and
insoluble sugars) where young pod contained less carbohy-
drates compared to mature pod where Nyadanu et al. (2013)
reported that less susceptible cocoa genotypes contain more
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Table 3

The Goodness of fit test for four nonlinear models on disease severity
Model | Clone | A | r | F value AIC BIC
Young Pod
Gompertz BR25 0.000051 0.3431 2241.61%** -44.74 -45.15
Logistic BR25 0.00378 0.7798 1318.14** -41.56 -41.97
Exponential BR25 0.00578 0.6533 507.45%* -35.84 -36.26
Monomolecular BR25 -0.1046 0.0588 21.76%* -17.45 -17.87
Logistic KKM4 0.00469 1.0433 18071.60** -45.80 -46.22
Gompertz KKM4 1.19E-08 0.6454 450.43%* -23.68 -24.09
Exponential KKM4 0.0219 0.5856 235.73%%* -19.82 -20.23
Monomolecular KKM4 -0.3002 0.1715 20.13%* -5.57 -5.99
Logistic KKMS5 0.00208 0.9027 1748.58%** -42.45 -42.87
Exponential KKM5 0.00369 0.7446 769.82%%* -37.54 -37.95
Gompertz KKM35 1.43E-06 0.4076 759.57%* -37.46 -37.87
Monomolecular KKMS5 -0.1212 0.0638 15.21%* -14.72 -15.13
Gompertz QH1003 8.33E-10 0.3372 3318.79%* -66.74 -67.16
Logistic QH1003 0.000045 1.2203 624.15%* -56.73 -57.15
Exponential QH1003 0.000053 1.1817 565.26%* -56.14 -56.56
Monomolecular QH1003 -0.0236 0.0109 6.22ns -30.73 -31.15
Mature Pod
Logistic BR25 0.0029 0.7423 2197.98** -49.12 -49.54
Exponential BR25 0.00379 0.6618 1968.66** -48.46 -48.88
Gompertz BR25 0.000125 0.2841 474.96%* -39.95 -40.37
Monomolecular BR25 -0.0668 0.0389 22.15%* -22.05 -22.47
Gompertz KKM4 0.000898 0.2625 2271.62%* -46.58 -46.99
Logistic KKM4 0.00669 0.6412 781.49%* -40.18 -40.60
Exponential KKM4 0.00861 0.5557 454.69** -36.95 -37.36
Monomolecular KKM4 -0.0788 0.0492 42.05%* -22.91 -23.33
Gompertz KKM5 5.82E-06 0.3549 1071.57** -42.82 -43.24
Logistic KKMS5 0.00197 0.00197 494.75%* -38.20 -38.61
Exponential KKMS5 0.00298 0.7335 309.31%* -35.39 -35.81
Monomolecular KKMS5 -0.0892 0.0474 15.45% -18.10 -18.52
Gompertz QH1003 0.000017 0.2827 5087.89%* -59.23 -59.65
Logistic QH1003 0.00114 0.8200 986.02%* -49.40 -49.81
Exponential QH1003 0.00142 0.7597 668.35%* -47.07 -47.49
Monomolecular QH1003 -0.0487 0.0258 15.63* -25.24 -25.66

Note: d.f. — Degree of freedom, * — significant at 5% level, ** — significant at 1% level and ns — not significant at 5% level

carbohydrates than the highly susceptible genotypes.

The results of comparing two assessment techniques in
Table 4 showed both assessments on young pod only able
to match 50% the ranking of resistant categories based on
the field assessment as main reference in this study. For the
mature pod assessment, the AUDPC gave 100% accuracy of
the resistant categories ranking similar to the field assess-
ment compared to the mean lesion diameter only gave 50%

accuracy. This suggests mature pod to be used in screening
the genotypes for resistance to black pod as the development
of mature pod is more stable compared to the young pod
and able to give the repeatability and reliability of the de-
tached pod Test. The suggestion also supported by Kebe et
al. (2006) in his work to used mature pod at four months old
in order to provide reliable information in detached pod test.
Besides that, application of AUDPC in assessing the geno-



978

Albert Sh. Ch. Ling; Mohd J. Ahmad Kamil; Khim Ph. Chong; Chong M. Ho

Table 4

Comparing two different assessment techniques used in the detached pod test for resistance to black pod

Genotypes! Assessment using Mean lesion diameter (mm) at sixth Assessment using AUDPC?
DAI?
Young pod
QH1003 (R) 30.6 mm ®R) 0.4682 R)
BR25 (MR) 104.0 mm MS) 3.6356 MS)
KKMS5 (MS) 57.0 mm (MR) 3.5748 (MR)
KKM4 (S) 153.8 mm S) 9.8669 (S)
Mature pod
QH1003 (R) 80.9 mm ®) 1.4815 R)
BR25 (MR) 108.0 mm (MS) 2.5004 (MR)
KKMS5 (MS) 103.3 mm (MR) 2.7156 MS)
KKM4 (S) 109.6 mm (S) 3.5248 (S)

Note: 'indicated the resistant categories (R — resistant, MR — moderately resistant, MS — moderately susceptible and S — susceptible) based on field assess-
ment; 2 indicated the resistant categories (R — resistant, MR — moderately resistant, MS — moderately susceptible and S — susceptible) based on ascending
order for mean lesion diameter;* indicated the resistant categories (R — resistant, MR — moderately resistant, MS — moderately susceptible and S — suscep-

tible) based on ascending order for AUDPC

types for resistance to black pod will give better result com-
pared to mean lesion diameter at sixth DAL

Conclusions

In conclusion, it is practically recommended to use the
AUDPC in assessing the mature genotypes for resistance to
black pod as it has proved to be effective in terms of reliable
and repeatable test compared to the assessment using mean
lesion diameter at sixth DAI. The protocol assessment sug-
gested in this study are measured the disease severity as the
proportion of lesion size to the pod surface area, then fitting
the disease progress curve with Gompertz model, followed
by estimating the AUDPC from the developed model and
rank the resistant level from resistant to susceptible based on
the ascending value of AUDPC.

Acknowledgements

The author wishes to thank the Director-General of Ma-
laysian Cocoa Board (MCB) and the Director of Upstream
Technology Cocoa for permission of publishing and review-
ing this paper. Thanks are also due to staffs at Plant Breeding
Unit and Plant Pathology Unit in CRDC Tawau, Sabah for
providing the data used in this study.

References

Barreto, M.A., J.C.S. Santos, R.X. Corréa, E.D.M.N, Luz, J.
Marelli and A. P. Souza, 2015. Detection of genetic resistance
to cocoa black pod disease caused by three Phytophthora spe-

cies. Euphytica, 206 (3): 677-687.

Berger, R. D., 1981. Comparison of the Gompertz and logistic
functions to describe plant disease progress. Phytopathology,
71: 716 -719.

Burnham, K. P. and D. R. Anderson, 2003. Model Selection and
Inference: A Practical Information-Theoretic Approach. 2™ ed.
Springer Verlag, New York, USA.

Campbell, A., R. Ploetz and O. Gutierrez, 2015. Using digital
image analysis to evaluate disease resistance. In: The Americas
Cacao Breeders’ Working Group 2™ Annual Meeting, San Sal-
vador, September 9 — 11, 2015.

Clias, C. and D. Despréaux, 2004. Improvement of Cocoa Tree
Resistance to Phytophthora Diseases. CIRAD, Montpellier,
France.

Guest, D., 2007. Black pod: diverse pathogens with a global impact
on cocoa yield. The American Phytopathological Society, 97:
1650-1653.

Haya, R., M. Y. Nuraziawati, M. H. Jaafar and M. M. Qabhar,
2012. Book of Malaysia Cocoa Clones. Malaysian Cocoa
Board.

Haynes, K. G. and D. P. Weingartner, 2004. The use of area under
the disease progress curve to assess resistance to late blight in
potato germplasm. Amer J of Potato Res., 81: 137-141.

ICCO, 2013. Pests & Diseases.
http://www.icco.org/about-cocoa/pest-a-diseases.html. (Ac-
cessed: 4 July 2013)

Iwaro, A.D. and V. Singh, 2004. Progress report on the germplasm
enhancement programme for resistance to black pod disease.
In: Annual Report for 2003. Cocoa Research Unit, The Uni-
versity of the West Indies, St. Augustyine, Trinidad, pp. 43-45.

Iwaro, A.D., T.N. Sreenivasan, and P. Umaharan, 1997. Foliar
resistance to Phytophthora palmivora as an indicator of pod re-
sistance in Theobroma cacao. Plant Dis., 81: 619- 624.

Iwaro, A.D., J.M. Thévenin, D.R. Butler and A.B. Eskes, 2005.



Assessing the Cocoa Genotypes for Resistance to Black Pod Using the Area under the Disease-Progress Curve... 979

Useful of the detached pod test for assessment of cacao resis-
tance to Phytophthora pod rot. European Journal of Plant Pa-
thology, 113: 173-182.

Jessop, N.H., G. Awudzi and R.P. Bateman, 2010. How best to
spray cocoa with motorised mistblowers. Aspects of Applied
Biology, 99: 191-196.

Kebe, 1.B., G.M. Tahi and A.B. Eskes, 2006. Efficiency of meth-
ods to evaluate cocoa resistance to Phytophthora pod rot in
studies carried out in Cote d’Ivoire, In: Global Approaches to
Cocoa Germplasm Utilization and Conservation. Final report
of the CFC/ICCO/IPGRI project on “Cocoa Germplasm Utili-
zation and Conservation: A Global Approach” (1998 — 2004).
CFC, Amsterdam, The Netherlands//CCO, London, UK/IP-
GRI, Rome, Italy, pp. 99-107.

Madden, L.V. and C.L. Campbell, 1990. Nonlinear disease prog-
ress curves. In: J. Kranz (ed.) Epidemics of Plant Diseases, 2™
ed., Springer-Verlag, Berlin, pp: 181-229.

Madden, L.V., G. Hughes and F. van den Bosch, 2007. The Study
of Plant Disease Epidemics. APS Press, St. Paul, MN.

Mohapatra, N.K., A.K. Mukherjee, A.V. Suriya Rao and P.
Nayak, 2008. Disease progress curves in the rice blast patho-
system compared with the logistic and gompertz models. ARPN
J. of Agri. and Bio. Sci., 3: 28:37.

Momol, M.T., J.L. Norelli, H.S. Aldwinckle and W. Zeller, 1996.
Use of the area under the disease progress curve for quantifica-
tion of resistance of apple and pear varieties and rootstocks to
Erwinia amylovora. Acta Hort. (ISHS), 411: 373-374.

Nyadanu, D., R. Akromah, B. Adomako, C. Kwoseh, S. T. Lo-
wor, H. Dzahini-Obiatey, A. Y. Akrofu, F. O. Ansah, Y. O.
Asiama and M. K. Assuah, 2013. Biochemical mechanisms

of resistance to black pod disease in cocoa (Theoborma cacao
L.). American Journal of Biochemistry and Molecular Biology,
3 (1): 20-27.

Nyadanu, D., M. K. Assuah, B. Adomako, Y. O. Asiama, I. Y.
Opoku and Y. Adu-Ampomah, 2009. Efficacy of Screening
methods used in breeding for black pod disease resistance vari-
eties in cocoa. African Crop Science Journal, 17 (4): 175-186.

Plaut, J. L., 1980. Epidemic progress of three pathosystems as af-
fected by initial disease severity. M.S. Thesis. Univ. of Florida,
Gainesville, pp. 106.

SAS Institute, 2011. SAS for windows, version 9.3. SAS Institute,
Cary NC.

Schwarz, G., 1978. Estimating the dimension of a model. Ann Stat,
6: 461-464.

Soria, J. V., 1974. Sources of resistance to Phytophthora palmi-
vora. In: Gregory P. H. Longman (ed.) Phytophthora Disease of
Cocoa., New York, pp: 197-202.

Ten Hoopen, G. M., P. Deberdt, M. Mbenoum and C. Cilas,
2012. Modelling cacao pod growth: implications for disease
control. Annals Applied Biology, 160 (3): 260-272.

Thevenin, J. M., V. Rossi, M. Ducamp, F. Doare, V. Condina
and P. Lachenaud, 2012. Numerous clones resistant to Phy-
tophthora palmivora in the “Guiana” genetic group of Theo-
broma cacao L. PLoS ONE, 7 (7): ¢40915. doi:10.1371/journal.
pone.0040915.

Wood, G. A. R. and R. A. Lass, 2001. Cocoa. Tropical Agriculture
Series, 4" ed. Longman Press, London.

Yeh, Shi-Tao, 2002. Using trapezoidal rule for the area under a
curve calculation. SUGI 27 Proceedings, Cary, NC: SAS In-
stitute Inc.

Received June, 28, 2017, accepted for printing October, 25, 2017




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


