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Abstract

In several studies, the relevant information focuses not only on a response variable, but also on other outputs
with an important role in decision-making. In this context, an epidemiological experiment was carried out
with tiger nuts (aka chufa), Cyperus sculentus, an herbaceous plant with edible tubers which are used to
prepare a popular soft drink in Valencia, Spain. The aim of the study was to analyze the effectiveness of
different chemical and thermal treatments for reducing black spots in harvested tubers with regard to their
germination rate. Bayesian logistic regression models were considered for analyzing the number of asymp-
tomatic tubers (non-black spots) and the number of germinated seeds. We combine the results obtained for
the asymptomatic tubers rate and the germination rate. The weights of this combination may be modified by
the researcher/farmer, according to their priority interest. The results individually show some antagonistic
characteristics, but when combined their visualization is simpler. Thermal treatments have poor effective-
ness when the germination rate is prioritized and furthermore, the chemical treatment with hydrochloric acid
produces the best results; otherwise the best option is the chemical treatment with sodium hypochlorite and
thermally untreated. In conclusion, our study has been very useful to measure the effect of the treatments
based on different priorities; furthermore, the Bayesian perspective favors the intuitive interpretation of the
results and it may also include other mechanisms for analysis, such as the construction of credible intervals
for the combined probabilities.
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1. Introduction

Tiger nuts or chufa, Cyperus sculentus, is a herbaceous plant that produces edible tubers. In Europe, its
cultivation mainly occurs in a small area (316 hectares) of Valencia, Spain, where is used for the preparation
of horchata, a popular soft drink (Figure 1) with a long tradition in the Spanish Mediterranean area (Morell
and Barber, 1983). Over the last four years, the chufa tubers present a pathology consisting in the appearance
of black spots which makes them unmarketable. This disease has unknown origin and tubers suffering from
it must be discarded for precautionary reasons.

2. Experiment

This paper focus on the behavior of seeds with black spots with regard to the disease incidence and germi-
nation rate. Data come from an experiment conducted in a greenhouse on the premises of the Valencian
Institute for Agricultural Research, Spain, following a balanced two-factor factorial design. The different
treatment combinations were constructed from the levels of the chemical treatment (No treatment (q = 1),
Sodium hypochlorite (q = 2), Hydrochloric acid (q = 3), Trifloxystrobin (fungicide) (q = 4), Acibenzolar-
S-methyl (BION) (q = 5), and Trisodium phosphate (q = 6)) and the thermal treatment (No treatment
(t = 1), 55oC (t = 2), and 60oC (t = 3)). A total of 136 experimental units, each containing 5 seeds with
black spots were considered and randomly assigned to the 17 treatments (no data for the chemical treatment



Figure 1: Tiger nuts and horchata (Source: www.lavanguardia.com).

with Hydrochloric acid at a temperature of 60oC) which will be represented in the paper as Tqt, q = 1, . . . , 6,
t = 1, 2, 3. The variables of interest are the number of germinated seeds and the harvested number of asymp-
tomatic tubers.

3. Models and results

A Bayesian logistic regression model (Congdon, 2005) is used for assessing the incidence of the disease

Y1iqt ∼ Binomial(N1iqt, θ1qt)
logit(θ1qt) = α1 + β1q + λ1t + τ1qt,

(1)

where Y1iqt is the harvested number of asymptomatic tubers from experimental unit i undergone with chem-
ical treatment q and thermal treatment t, and N1iqt and θ1qt are the subsequent total number of tubers
harvested from experimental unit i and the probability of harvesting an asymptomatic tuber from a black
spots seed, respectively. The regression equation for the logit of θ1qt includes the parameters α1, representing
the effect of neither chemical nor thermal treatment (baseline category), β1q, λ1t and τ1qt, that respectively
include the marginal effect of the chemical treatment q, the thermal treatment t and their interaction.

We assume prior independence among the parameters of the model and elicit non-informative normal dis-
tributions for the subsequent marginal priors. The posterior distribution for the parameters of the model
has been approximated by Markov chain Monte Carlo (MCMC) methods through the software WinBUGS
(Lunn et al., 2003). The MCMC algorithm has run for three Markov chains with 1 000 000 iterations after
a burn-in period with 10 000 iterations. The effective iterations were thinned storing every 5th iteration in
order to decrease auto-correlation in the sample. The approximate MCMC random sample from the posterior
distribution π(α1, β1q, λ1t, τ1qt, q = 1, . . . , 6, t = 1, 2, 3 | data) and the inverse function of logit (1) allow us to
construct an approximate random sample from the posterior distribution of each θ1qt probability.

The germination rate is also analyzed through a Bayesian logistic regression model (2), based on the number
of germinated seeds in each experimental unit with regard to each combination of chemical and thermal
treatment

Y2iqt ∼ Binomial(N2iqt = 5, θ2qt)
logit(θ2qt) = α2 + β2q + λ2t + τ2qt,

(2)

with the same type of notation, regression equation and inferential process that in (1).

Figure 2 shows the posterior mean and a 95% credible interval of the probability of harvesting an asymp-
tomatic tuber from a black spots seed and of the probability of seed germination with regard to the different
chemical and thermal treatments considered. Treatments T23 and T53, both based on a temperature of 60oC,
achieve the best results with regard to the probability of obtaining asymptomatic tubers. Treatment T31

and, to a lesser extent, T11, T21, and T41 have the greatest values of the probability of seed germination



and none of them include thermal treatment.

 

Figure 2: Posterior mean and a 95% credible interval of the probability of harvesting asymptomatic tuber (a) and
of the probability of seed germination (b).

It is apparent the strong evidence of antagonistic results, mainly in the thermal treatment, between the best
treatments with regard to the disease incidence and germination rate. Following the spirit of the mixture
models (Marin et al., 2005), we define a measure of effectiveness (3) associated to chemical treatment q and
thermal treatment t in terms of their probability of harvesting asymptomatic tubers, θ1qt, and their seed
germination, θ2qt,

θeqt = v θ1qt + (1− v) θ2qt, (3)

where 0 ≤ v ≤ 1 is the weighting constant. For each v-value, an approximate MCMC random sample from
the posterior distribution π(θeqt, q = 1, . . . , 6, t = 1, 2, 3 | data) comes directly from the subsequent posterior
samples from θ1qt’s and θ2qt’s combined according to (3).

Table 1 shows the posterior mean of θeqt for the different treatments and some elicited values of the weighting
constant, v. Note that when the priority is the germination, the most effective treatment is T31 (chemical
treatment with hydrochloric acid and without thermal treatment); and when the priority is the number
of asymptomatic tubers the best option is T21 (chemical treatment with sodium hypochlorite and without
thermal treatment). On the other hand, most of the worse results are in T53 (chemical treatment with
Acibenzolar-S-methyl and thermal treatment at 60oC). Another important information is that the thermal
treatments, at 55oC and 60oC, seriously reduced germination. In the case of a balanced decision (v = 0.5),
the best and worst options are treatments T21 and T53, respectively.

To complement the interpretation of the results, Figure 3 shows a comparison of the best two treatments,
T21 and T31, in terms of the weighting v. Note that the variability of the posterior measure of effectiveness
is much greater when the priority is the germination rate (v ≈ 0), as indicated in Figure 2 (b). This scenario
gradually changes as v approaches to 1, thus giving priority to the probability of harvesting an asymptomatic
tuber. Other relevant information is the stability of the measure of effectiveness for the chemical treatment
with sodium hypochlorite and without thermal treatment (T21). This is a result very interesting for the
farmer fearful.



Table 1: The posterior mean of the weighting, for some values of v, between the number of asymptomatic tubers
and germinated seeds for each treatment combination (the best and the worst).

v 0.2 0.3 0.4 0.5 0.6 0.7 0.8
1 − v 0.8 0.7 0.6 0.5 0.4 0.3 0.2

T11 0.370 0.344 0.318 0.292 0.266 0.239 0.213
T12 0.309 0.327 0.344 0.362 0.379 0.397 0.414
T13 0.116 0.161 0.206 0.251 0.296 0.341 0.386

T21 0.455 0.460 0.465 0.470 0.475 0.480 0.485
T22 0.300 0.314 0.328 0.341 0.355 0.369 0.382
T23 0.176 0.226 0.277 0.327 0.378 0.428 0.479

T31 0.549 0.509 0.470 0.431 0.392 0.352 0.313
T32 0.205 0.194 0.183 0.172 0.161 0.151 0.140

T41 0.430 0.406 0.383 0.360 0.337 0.314 0.291
T42 0.254 0.245 0.236 0.227 0.218 0.209 0.201
T43 0.156 0.208 0.261 0.313 0.366 0.418 0.471

T51 0.374 0.375 0.375 0.376 0.377 0.378 0.378
T52 0.362 0.357 0.352 0.348 0.343 0.338 0.333
T53 0.059 0.075 0.092 0.108 0.125 0.141 0.158

T61 0.317 0.312 0.308 0.304 0.299 0.295 0.291
T62 0.188 0.206 0.225 0.243 0.262 0.280 0.299
T63 0.087 0.105 0.123 0.142 0.160 0.178 0.196

 

Figure 3: Posterior mean and a 95% credible interval of the measure of effectiveness to the T21 and T31 treatments
for different v’s.

5. Conclusions

The measure of effectiveness proposed in (3) is a simple and powerful solution to identify the best treatment.
Moreover, the results obtained for the thermal treatment did not indicate improvement in germination, prob-
ably due to the high temperature levels, suggesting the need to perform another experiment with lower levels
of temperature. Chemical treatments presented more informative results, in which when prioritizing the
germination the treatment with hydrochloric acid appears more appropriate, on the other hand, when the
priority are obtaining asymptomatic tubers the best option is treatment with sodium hypochlorite. Since the
black spot is a disease of unknown origin, an important result is the low efficacy of the fungicide, because it



gives evidence that the disease is not caused by fungi.

In conclusion, our study is very useful to measure the effect of the treatments based on different priorities;
furthermore, the Bayesian perspective favors the intuitive interpretation of results and may also include other
mechanisms for analysis, such as the construction of credibility intervals for the combined probabilities which
provide information about the level of uncertainty in the results.
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