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Abstract

Tara (Caesalpinia spinosa Molina Kuntz) is a native plant of the Bolivian
Andes. A number of projects have promoted the cultivation of this species
over the last 20 years, in efforts to make use of its medicinal, food and indus-
trial properties. However, as tara plantations have grown, so too has the inci-
dence of disease affecting the species, leading to economic losses. The aim of
the present work was to identify the causal agent of wilting in tara, and to de-
termine the incidence of the disease in nursery-grown plants. Three experi-
mental plots (R;-R;) were established in plantlet production bedsat the
ESFOR nursery in order to assess the incidence of wilting. Plant spacing was 1
x 1 m. At the two leaf stage, samples of diseased and apparently healthy
plants were taken to the laboratory for the isolation of pathogens. Both the
apparently healthy and diseased plants gave rise to the same kinds of fungal
colony on PDA. Microscopic examination revealed microconidia, macroconidia,
phialides and chlamydospores suggesting the causal agent to be Fusarium ox-
ysporum. Over the (up to) 84-day period following thinning, the incidence of
wilting for 2010 was R, = 2.56%, R, = 3.15% and R, = 2.22% per 14 days, and
for 2013 it was R, = 1.24%, R, = 2.45% and R, = 2.13% per 14 days; the ap-
parent infection rates for 2010 were ry, = 0.0003/day, ry, = 0.0003/day and ry;,
= 0.0003/day, and for 2013 they were 1y, = 0.0003/day, 1y, = 0.0004/day and
rg; = 0.0003/day. These values are characteristic of monocyclic epiphytic
fungi such as F. oxysporum.
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1. Introduction

Tara (Caesalpinia spinosa Molina Kuntz) is a native forest plant of the Andes,
and occurs in Peru, Bolivia, Ecuador, Colombia, Venezuela and northern Chile
[1]. In Bolivia it grows naturally in the dry valleys of the Andes (Interandean
Valles) at 1000 - 3000 m. Its content in tannins, gallic acid and other compounds
afford it medicinal, food and industrial properties [1] [2]. Since 2005, a number
of projects with international aid funding have promoted the cultivation of tara
in Bolivia [2], and the nursery production of tara plantlets has becomean impor-
tant activity. Currently, several public and private nurseries in the Cochabamba
Valleys supply young tara plants to the area’s growers and those beyond [2].
However, while tara was thought to be affected by few diseases and pests (with
the exception of powdery mildew in some areas) [2], disease has recently become
a problem, with both nursery and plantation plants affected [3]. One of those
causing problems in the Cochabamba Valley and other areas of Bolivia is wilting.
This disease is associated with significant field losses. Indeed, in a five year-old
plantation at La Aguada (Valle Grande, Dept. of Santa Cruz, Bolivia), incidence
rates of 26% and 45% were recorded in two plots in 2012 [4].

Fusarium is among the top 10 crop-affecting fungal genera in the world [5],
with different species affecting different crops [6] [7]. The genus has also been
associated with wilting in tara, although the causal species has remained un-
known [3]. The candidate specie, Fusarium oxysporum Schlechtis, a soil patho-
gen causes vascular wilting in a wide range of plants [5]. The classic symptoms
include vascular discoloration, dwarfism, defoliation and death [8]. It can cause
production problems at nurseries, but plantlets may be asymptomatic when
shipped out. The propagules of F. oxysporum can survive in the soil for long pe-
riods in the absence of a host [9]. When young field plants are infected, death
may occur after a few years. This type of epiphytic fungus is characterised as
monocyclic [10]. A reliable estimate of disease intensity (incidence plus severity)
is vital if it is to be managed, and the spatial distribution of the disease needs to
be modelled for surveillance procedures to be developed [11]. The aim of the
present work was to identify the causal species of wiltdisease in tara, and to as-
sess the incidence of the disease among nursery plants.

2. Materials and Methods
2.1. Study Area

The present work was performed at the nursery of the Escuela de Ciencias Fore-
stales (ESFOR; the School of Forestry Science), Facultad de Ciencias Agricolas y
Pecuarias “Martin Cdrdenas” at the Universidad Mayor de San Simon, Cocha-
bamba, Bolivia. The ESFOR nursery lies at 17°27'S and 66°09'W, and at an alti-
tude of 2750 m, in the Tunari National Park in the Cercado Province within the
Dept. of Cochabamba. The climate of the area is dry and mild; the mean mini-
mum temperature is 10°C, the mean maximum is 30°C, and the mean rainfall is
450 mm.
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2.2. Identification of the Causal Agent of Wilting in Tara

Samples of tara plantlets aged 4 months were collected in a random fashion from
nursery production beds; this sampling thus included plants that were apparent-
ly healthy (Figure 1, right) and that showed wilting (Figure 1, left) (Figure 1).
In the laboratory, the roots were washed under running water to remove the soil,
and then rinsed in sterile, distilled water (Figure 1(b)). Root sections (0.5 cm
long) were then taken, disinfected in 70% alcohol, rinsed again in sterile, distill-
ed water, and placed on potato dextrose agar (PDA) (Liofilchem s.r.l. Bacteriol-
ogy Products) containing streptomycin (two replicates per sample). They were
then incubated for 72 h at 24°C under 24 h periods of light/dark/light. Fungal
identification was performed by light microscopy; mycelium samples were
mounted in lactophenol with methylene blue, and identifications made using the

keys of Leslie and Summerell [6] and Summerell, Salleh and Leslie [6] [7].

2.3. Determination of Incidence in Nurseries

In September 2010, and again in October 2013, three experimental plots were
established in taraplantlet production beds containing a peat/black/earth-silt
(1:2:1) substrate. The latter had received no disinfection treatment (the habitual
practice in nurseries). Seeds were supplied by the BASFOR’s Banco de Semillas
Forestales (Forestry Seed Bank). After the plantsemerged they were thinned into
black plastic bags (15 x 8 cm) containing a 2:1 black earth/silt substrate (one per
bag). At the two-leaf stage the plants were set in the ground, with a spacing of 1
x 1 m as follows: Plot 1 (R,) approximately 600 - 700 plantlets, Plot 2 (R,) ap-
proximately 700 - 800 plantlets and Plot 3 (R;) approximately 700 - 800 plantlets.
Weeding was continuous. Up to two alternating antifungal treatments were pro-
vided (Ca(OH), with sulphur (1 L Sulfocalcic broth)/20 L H,O), or propiconazole
+ difeconazole (2 ml of Taspa/1 L H,O) to control powdery mildew.

Disease incidence was determined as the number of plants with typical symp-
toms of wilting/total number of plants x 100 [12]. Five assessments were made
in 2010 and six in 2013 (once every 14 days). A disease progress curve was plot-
ted, and then linearised usingthe logit function LN(y/1 - y) [10] [13].

3. Results
3.1. Symptoms of Wilt in Tara

The characteristic symptoms of wilting in the nursery plants was recorded as
initial yellowing of the folioles, in some cases accompanied by a reddening of the
foliole underside (Figure 2(a)). Gradually, this reddening became more intense
before defoliation (Figure 2(b)). Plantlets with symptoms showed reduced de-
velopment compared to healthy plants (Figure 2(c), left), and the roots showed
signs of decomposition; indeed, there was hardly any secondary root system
(Figure 2(c), left). Finally, the xylem took on a dark brown colour at the base of
the stem (Figure 2(d)).
Identification of the causal agent
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(a) (b)

Figure 1. (a) Left: taraplantlets with symptoms of wilting; Right: apparently healthy
plants before planting; (b) Left: diseased tara plants showing their poor root system; Right:
apparently healthy plants with much more developed root systems.

Healthy plantlets ~ Diseased plantlets

() (d)

Figure 2. Characteristic symptoms of wilting in tara. (a) Yellowing (red arrow) of the fo-
lioles and defoliation; (b) Reddening (red arrow) of the folioles; (c) Root systems of ap-
parently healthy (left) and diseased plantlets (right); (d) Vascular discoloration (red ar-
row) at the bottom of the stem in a diseased plantlet.
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All the samples from both the healthy and diseased plants produced mycelia
on PDA (Figure 3 and Figure 4). All samples produced mild (Figure 3(b), Fig-
ures 3(e)-(h)) to intense (Figure 3(a), Figure 3(c), Figure 3(d)) lilac-coloured
colonies, which under the microscope all showed the macro- and microconidia
(Figure 5(a)), monophialides with false heads (Figure 5(b)) and chlamydospores
(single or in pairs) (Figure 5(c)) characteristic of Fusarium sp. [6] [7].

Some plates showed contaminating colonies of Cylindrocarpon sp. (Figure 3,
red arrows); others showed accompanying colonies of Cylindrocarpon sp.

(Figure 3, white arrows), as determined from the orange colour of the spores.

3.2. Disease Incidence

Figure 6 shows the disease progress curve for the plots R;, R, and R, for 2010
(Figure 6(a)) and 2013 (Figure 6(b), Figure 6(c)). In both years, disease pro-
gress was monitored for up to 84 days following thinning. In 2010, the incidence
of wilting for was 2.56% per 14 days for R, 3.15% per 14 days for R,, and 2.22%
per 14 days for R, (Figure 6(a)); while in 2013 these values were 1.24%, 2.45%
and 2.13% respectively (Figure 6(c)). The mean incidence (R,-R,) over the
monitoring period was 2.64%, for 2010, and 1.94% for 2013.

3.3. Apparent Infection Rate

Figure 7(a) and Figure 7(b) show the linearized disease progress curves for
2010 and 2013. The apparent infection rates for the three plots in 2010 were: ry,
= 0.0003/day, ry, = 0.0003/day and rp; = 0.0003/day, while for 2013 they were 1y,
= 0.0003/day, ry, = 0.0004/day and rp; = 0.0003/day. The experimental errors for
2010 were R*> = 0.98, R*> = 0.99 and R* = 0.95 respectively (Figure 7(a)), and for
2013 they were R* = 0.99, R* = 0.99 and R® = 0.94 respectively (Figure 7(b)).
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Figure 3. Growth on PDA of colonies derived from apparently healthy (a-d) and diseased
(e-h) plantlets. Contaminant fungal colonies are marked with red arrows, and Cy/indro-
carpon sp. with white arrows.

Figure 4. Growth of Fusarium sp. (clear pink = lilac colony) and Cylindrocarpon sp.
(white arrow) on PDA, as derived from diseased (left) and apparently healthy (right)
plantlets.
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() (c)

Figure 5. Morphological characteristics of F. oxysporum. (a) Macroconidia (red arrows),
microconidia (white arrow) (400x); (b) Short monophialideswith false heads formed by
microconidia (white arrow) (400x); (c) Chlamidospore pairs (red arrow) and on their
own (white arrow) (400x).
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Figure 6. Disease progress curves for the incidence of wilting in taracaused by F. ox-

ysporum. (a) 2010; (b) 2013. R, = Plot 1, approximately 600 - 700 plantlets; R, = Plot 2,
approximately 700 - 800 plantlets and R, = Plot 3, approximately 700 - 800 plantlets.
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Figure 7. Linearization of the disease progress curves. (a) 2010; (b) 2013. R, = Plot 1, ap-

proximately 600 - 700 plantlets; R, = Plot 2, approximately 700 - 800 plantlets and R, =
Plot 3, approximately 700 - 800 plantlets.

4. Discussion

The genus Fusarium contains plant pathogens that affect a wide range of plants,
including banana, cotton, pulses, maize, rice, sorghum, barley and oats. In
wheat, they are among the most commonly involved in crown, root, stem, grain
and spike rot. They also cause vascular wilting in many other plants [7]. The
present work shows F. oxysporum to cause wilting in tara.

The characteristic symptoms of wilting in tara include the initial yellowing
and gradual reddening of the folioles, defoliation, vascular discolouring, dwarf-
ism, degradation of the root system and death. These symptoms agree with those
described by Agrios [8], who indicated F. oxysporum Schlechtto be commonly
present in soil and to cause vascular wilting in a range of plants. Indeed, F. ox-
ysporum is the most common cause of vascular wilting in a range of economi-
cally important crops [13]. This anamorphic species is characterised by a num-

ber of morphological criteria, including the shape of the macroconidia, the
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structure of the micro conidiophores, and the formation of chlamydospores [9].
The present isolates obtained from the roots of diseased and apparently healthy
plants had a mild lilac colour, and under the microscope showed the characteris-
tic macroconidia, conidiophores with short phialides and false heads, and chla-
mydospores (in pairs oralone) of F. oxysporum as described by Leslie and Sum-
merell [6] and Summerell, Salleh and Leslie [7] (Figures 5(a)-(c)). F. oxysporum
is characterised as a plant pathogen that affects a variety of cultivated annual and
fruit plants [5]. Cylindrocarpon sp., a contaminant, was also isolated from some
samples, as was Cylindrocarpon sp., another soil pathogen.

The progress curves for the incidence of wilting were similar in both study
years, with meanprogress slightly greater (0.7%) in 2010, likely due to factors not
measured in the present work. In a study on cotton (Gossypium hirsutum L.)
wilting caused by F. oxysporum £ sp. vasinfectum Snyder and Hansen, Madden
et al. [12] indicate that the increase in the number of infected plants over time is
not caused by the plant-to-plant dissemination of the fungus, but rather by the
inoculum present in the soil. Campbell and Madden [13] categorizes such dis-
eases as monocyclic, Ze, in which there is a single infection cycle [14]. In the
present work too, the source of infection would appear to be the soil. The
propagules of F. oxysporumcan survive long periods in the soil in the absence of
any host [13].

Campbell and Madden [13] indicates that monocyclic diseases can be de-
scribed by monomolecular models. The most important variables in such mod-
els are the initial inoculum (y,), the apparent infection rate (r), and the maxi-
mum incidence of the disease. These models have been used to describe the in-
cidence of different epiphytes in annual crops such as lettuce wilt (Lactucasativa)
caused by Sclerotinia minor, wheat root rot (7riticum sativum L.) caused by-
Cochliobolus sativus [14], and lettuce wilt caused by Sclerotinia minor and S.
sclerotiorum [15], etc. In the present work, the apparent infection rates for 2010
and 2013 were similarly low at rpp; = 0.0003/day and rp; = 0.0003 -
0.0004/day respectively. Other authors report similar values for monocyclic dis-
eases caused by soil pathogens in annual plants [13] [14] [15]. These findings are

compatible with . oxysporum.

5. Conclusion

In conclusion, wilting in tara starts as a yellowing of the folioles, their gradual
reddening, and after defoliation, decomposition of the root system, and finally
death. Samples of all the plants examined, whether showing signs of disease or
apparently healthy, produced fungal colonies on PDA. Given the morphology of
these colonies, their ability to grow on PDA, their macroconidia, phialides and
chlamydospores, the causal agent of wilting would appear to be F. oxysporum.
The disease progress curve for the incidence of this disease in tara fits that of a
monocyclic epiphyte, with low infection rates characteristic of soil pathogens.

According to the results obtained, the wilting of tara could become an emerging

DOI: 10.4236/ajps.2018.99142

1971 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2018.99142

M. C. Morante

disease in field plantations.
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