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ABSTRACT

The progressive death of Tahiti lime trees in productive stage
was occasioned for la physiopaty Wood pocket (WP) observed
in the production region of north-central Tolima (Colombia) in
2012, which led to significant detriment in fruit production of
79.98% with respect to the year 2011. The presence and level of
damage caused by WP has been associated with dry warm climate
conditions related mainly to high temperatures, a similar
condition that occurred in this producing area. Little is known
about the causes of decreased foliar gas exchange and leaf water
potential in plants affected by WP; hence, this study aimed to
investigate  the  relationships ~ between  physiological
parameters (leaf water potential and foliar gas exchange) of
Tahiti lima plants with symptoms of WP, and hydrodynamic and
humidity conditions of soil in the area. The evaluation was
performed in a commercial plantation of Lima Tahiti located
in the municipality of Flandes. The values in photosynthetic
parameters and leaf water potential, even in healthy plants, were
lower than those reported for this species and the presence of
WP decreases in greater proportion. The results indicated that
the hydrodynamic properties, low availability of water in the soil
and weather conditions contribute to the development of WP.
We hypothesized that the constant water deficit and high
temperatures cause rupture of tracheids and cavitation in the
xylem, deteriorating the vascular system causing the death of
wood or WP.

Key words: A/Ci curves; Gas exchange; Physiological
behavior; Abiotic disorders; Physiopathy; Inter-Andean valleys.
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RESUMEN

La muerte progresiva de los arboles de lima Tahiti en etapa
productiva fue ocasionada por la fisiopatia Wood pocket
(WP) observada en la regién productora del centro-norte del
Tolima (Colombia) en 2012, lo que provoc6 un detrimento
significativo en la produccién de frutos del 79,98% en
relacion con el afo 2011. La presencia y nivel de dano
causado por WP se ha asociado a condiciones de clima célido
seco relacionado principalmente con altas temperaturas,
condicién similar a la que ocurre en esta zona productora. Se
sabe poco sobre las causas de la disminucion del intercambio
gaseoso y el potencial hidrico de las hojas en plantas afectadas
por WP, por lo tanto, este estudio tuvo como objetivo investigar
las relaciones entre los pardmetros fisiol6gicos (potencial hidrico
foliar e intercambio de gases foliar) de las plantas de lima de
Tahiti con sintomas de WP con las condiciones hidrodindmicas
y humedad del suelo en la regién de cultivo de Lima. El efecto
de WP y las condiciones hidrodinamicas y humedad del suelo,
sobre los pardmetros fotosintéticos y el potencial hidrico foliar
se determind en un ensayo experimental en una plantacién
comercial de Lima Tahiti ubicada en el municipio de Flandes.
Los valores en parametros fotosintéticos y potencial hidrico
foliar incluso en plantas sanas fueron inferiores a los reportados
para esta especie y la presencia de WP los disminuyo en mayor
proporcién. Nuestros resultados indicaron que las propiedades
hidrodinamicas, la baja disponibilidad de agua en este suelo y
las condiciones climdticas son favorables para el desarrollo de
WP. Planteamos la hipétesis de que el constante déficit hidrico
y las altas temperaturas provocan la rotura de las traqueidas y la
cavitaciéon en el xilema deteriorando el sistema vascular
provocando la muerte de la madera o WP.

Palabras clave: Curva  A/Ci; Intercambio  gaseoso;
Comportamiento fisiolégico; Desorden abidtico; Fisiopatia;
Valles interandinos

Coémo citar

Rodriguez, P. E., Garcia, L. G. and Orduz, J. O. 2020. Pho-
tosynthesis performance and leaf water potential impairments of
Tahiti Lime affected by Wood pocket. Temas Agrarios 25(2):153-
165.
https://doi.org/10.21897/rta.v25i2.2295

Temas Agrarios 2020. This article is distributed under the terms of the

Creative Commons Attribution 4.0 License (https:/creativecommons.org/
@ licenses/by-nc/4.0/deed.es), which allows copying, redistribution, remi-
LMXing, transformation and creation from the material, on a non-commer-

cial way, with appropriate credit and licensing to the authors of the work.

Temas Agrarios. July - December 2020; Vol. 25. No. 2, pp. 153-165| ISSNe 2389-9182 | https:/doi.org/10.21897/rta.v25i2.2295

153



mailto:lrodriguezp%40agrosvia.co%20?subject=
https://doi.org/10.21897/rta.v25i2.2295
https://revistas.unicordoba.edu.co/index.php/temasagrarios
https://doi.org/10.21897/rta.v25i2.2295
https://orcid.org/0000-0002-8553-2449
https://orcid.org/0000-0001-8774-3912
https://orcid.org/0000-0002-7012-4573
https://creativecommons.org/licenses/by-nc/4.0/deed.es
https://creativecommons.org/licenses/by-nc/4.0/deed.es

Rodriguez. P. E. et al. - Physiological alterations in Tahiti lime due to Wood pocket

INTRODUCTION

Colombia produces an average of 79.200 ton
of Tahiti lime (Citrus latifolia Tanaka) per year
of which the Santander Department is the
highest producer with 62.706 ton, followed
by Antioquia, Tolima and Risaralda with
productions of 9.223 ton, 4.236 ton and 2297
ton, respectively. The highest yield ha' observed
in Santander was 21.16 ton (Agronet 2018). The
cultivation of Lima Tahiti in Colombia is mainly
for fresh consumption and processed products,
for local and international markets because
there are no sanitary restrictions for its exports
(DANE, 2015).

In 2011, Tolima department reported 2.853
ha harvested Tahiti lime, with a production
of 60.508 ton and an average yield of 28 ton
ha'. These values decreased dramatically in
2012, when only 820 ha were harvested, with
12.300 ton fruit production and an average
yield of 15 ton ha, showing a 79.68% decline
in production. This decrease in production was
attributed to the presence of Wood Pocket (WP),
a physiological disorder or physiopathy caused
by genetic and abiotic factors such as hifg
temperatures causing sectorized death in Tahiti,
also called Persian or Bearss trees, leading to
their total extermination (ICA, 2011).

WP is a worldwide serious problem that is
not generally recognized (Calavan, 1957). Its
presence has been reported in the United States,
Mexico, Belize, Saudi Arabia, Oman, Egypt and
Colombia (Knorr, 1957; Almeida et al., 2002;
ICA, 2011). Its presence in Mexico, the world's
leading producer of Tahiti and Persians, showed
the severity of the damage by reducing the
profitability of the fruit and processed products
(Almeida et al., 2002).

Symptoms of WP include leaf yellowing with
characteristic leaf blotch, striking fruit chimeras,
dieback and cracking in trunks and branches.
The main evidence in the wood is the stain
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that could be observed when a section is cut
in a branch or trunk. If all of these symptoms
are present in a declining lime tree, then there
is a presence of the WP disorder (Roistacher,
2000). The life expectancy of lime trees is
proportionally inverse to the prevailing high
temperature. For example, in Saudi Arabia or
Oman, where weather is constantly hot, lime
trees affected by this physiopathy die within 2
to 4 years. In Mexico, trees need to be replanted
within 5 to 10 years while in Belize they live
for 8 -10 years. In United States, bears lime
trees are replaced within 8 to 15 years. WP
symptoms are more severe and develop faster
under warm temperatures, being particularly
drastic in desert regions (Roistacher, 2000).

The effect of WP disorder may be devastating,
as exemplified by the destruction of the Florida
Tahiti lime industry in the 1950°s (Fawcet
& Calavan, 1947). Fortunately, through the
selection of two resistant materials of Tahiti lime
with good fruit characteristics and absence of
WP symptoms, the Tahiti lime industry in Florida
revived. These selections have developed
symptoms of WP in different regions of the
world that experience elevated temperatures,
reason why its widespread use is limited.

In Mexico, WP disorder was reported in 2003
in the citrus growing region of Martinez de la
Torre, Veracruz. Currently, WP is present in all
states that produce this citrus species (Veracruz,
San Luis Potosi, Tabasco, Yucatdn, Colima,
Jalisco, Nayarit, and others). This abnormality
progressively reduces tree vigour and affects fruit
quality because produces localized spots. WP
has been described in Persian lime and Lisbon
lemons (Citrus limon). There are no agronomical
practices for limiting WP damage in citrus trees
and micro-grafting does not eliminate further
development of symptoms. However, evidence
from recent research suggests that damage
may be reduced by rigorous selection of native
genotypes tolerant to WP (INIFAP, 2013).
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In Colombia, wood pocket was reported in the
region where Lima Tahiti is produced, located
at the center of the Tolima department, causing
death of trees once they reach their productive
stage (ICA, 2011). This region presents
characteristics of dry weather condition with
high average temperatures, high level of
evaporation and crop evapotranspiration (ETc),
as well as high variation in the daily temperature
delta and high value of accumulated heat units
(AHU) (Hernandez et al., 2014).The region of
the inter-Andean valley of the municipality of
Espinal (Tolima, Colombia), corresponds to a
tropical dry forest (TDF) life zone, with bimodal
rainfall regime with an accumulated annual
precipitation of 1,476 mm (IGAC, 2004). The
first rainy season occurs between March and
May, also the months with highest precipitation
(202 mm). The second rainy period occurs
between October and November, with October
having the highest rainfall of 176 mm. The dry
season occurs also in two cycles, being the
first between December and February where
January is the driest. The second dry season is
between June and September, of which August
is the month with the highest temperature
(Herndndez et al., 2014).

Little is known about the causes of decreased
foliar gas exchange and leaf water potential
in plants affected by WP, hence, this study
aimed to investigate the relationships between
physiological parameters (leaf water potential
and foliar gas exchange) of Tahiti lime plants
with symptoms of WP with hydrodynamic
conditions and humidity of soil in the Lima
growing region of the department of Tolima,
Colombia.

MATERIAL AND METHODS

Study site

One field experiment was conducted in a farm
named Yulima in the municipality of Flandes
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in Tolima department, Colombia, planted
with 4-year old Tahiti lime trees, located at
04°14°06.38" N, 075°53.054" W, 315 m above
sea level, with average temperature of 33 =
5 °C and relative humidity of 40 + 5 %. The
experiment was performed from August to
October, 2013. The chemical characteristics of
the Inceptisols of the experimental area were
as follows: pH (H,0) 5.93; P, 133 mg dm;
K, 0.52 cmol dm?; Ca,+, 6.78 cmol dm?;
Mg?*, 1.1 cmol dm= and AP**, 0.0 cmol dm™.
Concentration of Mo in the soil was 2.75 mg
kg of soil. Apparent high density (1.626 -1.769)
and sandy loam soil.

The orchard was maintained using conventional
practices performed locally for Lima Tahiti
crops, including fertilization before sowing
based on results of the soil chemical analysis.
The soil was fertilized with nitrogen, K,O, Ca,
Mg, SO,, Mn and Zn at 276, 120, 44,18.8, 6.8,
6.4 and 6 kg ha, respectively. The nutritional
requirements were applied based on the nutrient
balance index methodology considering the
recommendations presented by Corrales (2002)
for soil optimal nutrient concentration, and the
recommendation of Sanches et al. (1994) for
optimal nutrient concentration in leaf tissue.

Sprinkler irrigation was applied at a volume of
36 | of water hour' for a period of three hours
per day, which corresponded to a total volume
of 108 | day’, with an application frequency
of three times week”, this irrigation volume
corresponds to the traditional amount of water
applied to the crop in the region.

Weather variables were measured using a
meteorological station Hobo U12-006 (Coltein
Ltda, Bogota, Colombia), installed in the plot
coupled with a data logger decagon em50 for
measuring volumetric content of water and soil
hydraulic conductivity, precipitation, relative
humidity and average temperature.
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Hydrodynamic characteristics of the soil

Soil moisture and retreating water were
established by the method of McQueen and
Miller (1968). The rate of soil infiltration was
determined using the ring-infiltrator method
(FAO, 2006). The volumetric soil moisture
content was monitored using a datalogger
decagon em50. Penetration resistance was
measured using an Agridry Rimik penetrometer,
model CP 20, following the methodology
reported by ASAE (1992).

Leaf gas exchange

Net carbon assimilation rate (A), stomatal
conductance to water vapor (g), internal-
to ambient CO, concentration ratio (Ci/Ca)
and transpiration rate (E), were measured in
fully expanded leaves with an infrared CO,/
H,O gas analyzer (LICor 6400, Lincoln, NE)
equipped with a blue/red light source (Li-6400-
02B). Actual Water Use Efficiency (WUE) was
calculated as A/E and actual intrinsic water use
efficiency was calculated as A/g (Machado
et al.,, 1994). Measurements were conducted
at environment temperature (27 + 0.9°C) and
CO, conditions, with artificial light (1000 pmol
photons m=2 s7'), from approximately 08:00 to
12:00 h at 0, 30 and 60 days of observation
(dao), (Bispo et al., 2016 a). Measurements
were performed in six leaves from a group
of 10 plants of each treatment, selected from
those that had the most visible symptoms of the
disease at each evaluation time.

Leaf water potential

The through day leaf water potential (Wp)
was determined at 0, 30 and 60 dao with a
Scholander-type pressure chamber (model
1000, PMS Instruments, Albany, NY, USA). For
each measurement, one fully expanded leaf per
plant of each replication from each treatment
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was collected. Leaf samples were stuck through
the petiole to the pressure chamber, which
was slowly pressurized until a droplet of a
translucent liquid appeared on the cut surface
(Bispo et al., 2016 b). The displayed pressure at
the moment of liquid surfacing was recorded as
a negative value of leaf water potential.

Daily record measurements of Leaf gas
exchange and Leaf water potential

All of the above measurements were taken in
ranges of one hour, between 7:00 and 17:00 for
two days at 0, 30 and 60 dao.

Experimental design

Two independent experiments were carried
out in a complete randomized design, with
two treatments (plants without symptoms,
PWS, and plants with 25% of damage by wood
pocket, PWP). Each experiment was performed
using ten plants per treatment (60 in total), in
each sampling time (0, 30 and 60 dao). Each
experimental unit consisted of one Tahiti
lime tree of 4 years old. Data from A, g, Ci/
Ca, E, A/E, A/g, and Wp registered in the two
experiments were combined after determination
of homogeneity of variances by Cochran’s test.
Plant disorder severity was assessed monthly
by calculating the percentage of necrotic tissue
respect to the total area of the tree.

Statistics

All data recorded were subjected to analysis of
variance (ANOVA). For each sampling time, ten
plants from each treatment were assessed for
Wp and gas exchange measurements. Means
were compared by the T test (P < 0.05) using
SAS statistical package (Release 8.02 Level 02
MO for Windows, SAS Institute, Inc., 1989,
Cary, NC, USA).
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RESULTS AND DISCUSSION
Hydrodynamic characteristics of the soil

The characterization study of the hydrodynamic
properties of soils suggested limitations in the
movement and retention of water at Yulima
farm. Physical infiltration, moisture retention,
and apparent soil density indicated an average

infiltration rate of 15.98 mm hour’, that is
classified as moderately slow to rapid (Table
1). They were also characterized for capacity
to store available water between low and very
low at the four depths at which samples were
taken (Table 2). Hydraulic conductivity was
classified as slow indicating resistance to water
flow through soil profile (Table 3).

Table 1. Results of basic soil infiltration established for plots planted with
Tahiti lime at Yulima farm (Flandes, Tolima, Colombia).

Basic infiltration

Place  Site Infiltration equation Classification
(mm/hour)
Yulima 1 b =46.08t 0% 0.193
2 Ib=513t04 47.11
Moderately slow
3 b =63t07 0.65

Mean: 15.98 mm/h

Table 2. Results of moisture retention of soil from a plot established with Tahiti lime at
Yulima farm (Flandes, Tolima, Colombia).

. Depth Humidity Humidity at  Retention Available I~
Site (cm) at 0.1 bar 15 bar (%) (%) water Classification
(%) ? ° (mm/cm)
1 0-05 26.17 18.01 8.16 0.82 Very low
2 0-15 26.52 19.37 7.15 0.72 Very low
3 0-30 35.80 24.04 11.76 1.18 low
4 0-40 32.85 26.03 6.82 0.68 Very low

Table 3. Results of hydraulic conductivity of a soil from a plot established
with Tahiti lime at Yulima farm (Flandes, Tolima, Colombia).

Farm Depth (cm) con d:g:‘j/::‘;l(ﬁ /day) Classification
0-5 0.24 Slow
Yulima 0-15 0.62 Slow
0-30 0.88 Moderately Fast
0-40 1.03 Moderately Fast
Mean 0.69 Slow

Temas Agrarios. July-December 2020; 25(2):153-165
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Mechanical resistance to soil penetration in the
Yulima farm presented values between 4 and 5
Mpa, showing physical limitation from 15 cm
depth in the soil profile, with high restriction
to roots development (Pla, 1998), therefore
inducing shallow roots, which can cause
overturn and limitations of plants to abosrb
water and nutrients favoring WP (Whiteley and
Dexter, 1982). In dry soil conditions, such as
those observed in Yulima farm, the development
of a more densely rooted layer at 30 cm depth
soil, or less, is conducive to maintaining the
water supply in the plant (Yu et al., 2007).

Values of field capacity (FC) and permanent
wilting point (PWPO) were 26% and 22.5%,

30

respectively; the value of 26% in CC indicates
low water retention and 22.5 % in the PMP
indicates low moisture available in the soil.
The volumetric soil moisture content indicates
a constant water deficit with values lower than
PMPO. Cumulative precipitation in the five
months of observation was 439.80 mm (Figure
1).

The study of hydrodynamic properties of the
soil indicated limitations in the movement and
retention of water to a value of usable water
in the soil of 3.5% (Figure 1). Application
of 324 | water week-1 plus an accumulated
precipitation of 489.2 mm were insufficient
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Figure 1. Volumetric water content (VWC), field capacity (FC) and permanent wilting point
(PWPO) and precipitation of a soil from a plot established with Tahiti lime at Yulima farm

(Flandes, Tolima, Colombia).

for an appropriate water supply, since the
volumetric content of water in the soil (VWC)
remained below the point of permanent
wilting (PWPO) during the conduction of the
experiment (Figure 1). Considering the low
moisture retention capacity and the moderately
slow basic infiltration present in the soil at
Yulima farm and as one of the main factors
inducing WP is defficiency in available water,
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the recommended irrigation methods would
be pressure irrigation using techniques such as
dripping or micro-sprinkling which eventually
allow the supply of small irrigation sheets with
high frequencies. Accordingly, the effects of
root size and architecture on final yield will
depend on the distribution of soil moisture and
the level of competition for water resources
within the plant community (King et al., 2009).
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Gas exchange

To the extent of our knowledge, this is the first
study that estimates the severity of WP related to
alterations in water relations and photosynthesis
of Tahiti
hydrodynamic properties and soil moisture

lime trees. Characterization of the

content, along with environmental factors
such as temperature, relative humidity and
precipitation, indicated that during the period
of the study, a constant water deficit may
induce constant stress in lime trees even in
PWS, although PWP presented lower values of
A, gs, E, Ci/Ca, A/E, A/g_and Wp.

Table 4. Analysis of variance of physiological parameters at 0, 30
and 60 days of observation (dao) of plants without symptoms PWS
and plants with wood pocket PWP.(Flandes, Tolima, Colombia).

Parameters Sources of variation
PWS -PWP
0 dao 30 dao 60 dao
gs *% ns *
Ci/Ca * ns ns
E %k ns *
A/E ns * ns
k%
A/g. ns ns
ns: not significant.
. s
oiws QPWT N la) 045 o W
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Figure 2. Net carbon assimilation rate (A) (a), stomatal conductance to water vapor (g) (b), transpiration rate
(E) (c) and internal to ambient CO, concentration ratio (Ci/Ca) (d) determined in the leaves of lima Tahiti plants
without symptoms PWS and plants with wood pocket PWP. Means of PWS and PWP followed by the symbol
(*) at each evaluation time are significantly different according to Student’s t test (p < 0.05). The error bars

represent the standard error of the mean (n = 10).
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Figure 3. Instantaneous water use efficiency (A/E) (a) and (b) intrinsic water use efficiency (A/g) determined
in the leaves of lima Tahiti plants without symptoms PWS and plants with wood pocket disorder PWP. Means
of PWS and PWP followed by the symbol (*) at each evaluation time are significantly different according to
Student’s t test (p < 0.05). The error bars represent the standard error of the mean (n = 10).

Significant differences (P < 0.05) between PWS
and PWP for A, g, Ci/Ca and E, were observed
for all sampling times (0, 30 and 60 dao) (Table
4). PWP presented average decreases of 19%
for A, 34% for gs, 25% for E and a 5% for Ci/Ca
(considering the data from 0, 30 and 60 dao),
compared to PWS (Fig. 2a, b, ¢, d). Overall,
PWP showed higher A/g_and A/E ratios (Fig. 3a,
b).

The mainvisible effect of water stress in lime trees
is growth decrease of the aerial part, reduction
of foliar area and increase of root growth.
Growth decrease of the aerial part is caused by
stomata closing, which is regulated by the plant
hormone abscisic acid (ABA), (Mcdowell, 2011;
Jdey et al. 2014). When stomata are closed and
water loss by transpiration is reduced, the CO,
input decreases reducing photosynthesis and
consequently, increases stomatal resistance
(1/g) (Azcon and Talén, 2008; McDowell et
al., 2008). Plant growth is finally diminished
by decreasing of turgor pressure, which limits
leaf expansion and proliferation of new shoots
(Allen et al., 2010; Skirycz and Inzé, 2010;
Anderegg, 2015).
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Leaf water potential

PWP presented an average decrease of 17%,
based on 0, 30 and 60 dao data, compared to
PWS (Figure 4a). Overall, PWP showed higher
Wp during the day (Fig. 4b). Tahiti ime PWS and
PWP values of Wp are very high (Fig. 5a and
5b), which indicates that the plants are making
a great effort elaborating solutes and osmolytes
that do not allow them to lose water (osmotic
adjustment) (Fig. 5b). Osmotic Adjustment (OA)
is @ metabolic process entailing a net increase
in intercellular solutes in response to water
stress (Morgan, 1984; Zhang et al., 1999; Serraj
and Sinclair, 2002). As soil moisture declines,
OA favors turgor maintenance, and hence the
integrity of metabolic functions (Tuberosa,
2012).

Overall PWP showed higher values of Wp
during the day (Fig. 5b). A measure based on
plants, such as water potential (y), should be
the most direct indicator of water stress of the
plant and, therefore, of the need for irrigation
(Nio et al., 2011).
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Daily record measurement of Leaf gas exchange

Wood pocket led to devastating effects on A.
Wood pocket was able to limit the impairment
of photosynthetic gas exchange as indicated
by the highest values of A in PWS during the
day (Fig. 5a). The values of gs, E and Ci/Ca
were significantly higher at 11, 12, 15 and 17
hours, respectively, for PWP in comparison to
PWS (Fig. 5b, c and d). For PWS and diseased
PWP plants, the transpiration behavior (E) was
similar, with highest values at early morning
(Fig. 5c). Our results indicated that when water
deficit conditions, the presence of Wood pocket
contributes to a higher reduction of A, g, E, Ci/
Ca (Fig. 2 and 5).

In relation to gas exchange in healthy plants
(PWS) and diseased plants (PWP), it was
observed that rate of carbon liquid assimilation
(A) is very low in both, when compared to
other perennial fruit trees, presenting values
lower than 9 pmol CO, m? s (Whiley et al,,
1999), with a decreasing pattern throughout the
day, and without the normal reduction due to
the increase of solar radiation in the morning
hours (Fig. 5a). These values are lower than
those reported under optimal environmental

30 &0 50

L4 <

EPWP OPWS (=)

Davs of observation

conditions (Syvertsen and Lloyd, 1994) which
normally varies between 12 and 14.5 pmol m?
s (Medina, 2003). This difference was probably
caused by water deficit conditions in the soil
together with variability in environmental
elements such as air temperature and relative
humidity at levels lower than optimal
physiology (Allen et al., 2010; Hoffmann et al.,
2011; Cochard and Delzon, 2013).

Values of Ci/Ca ratio have a similar behavior
in PWP and PWS (Fig. 5d). Photosynthesis
is a critical process for crop growth and
performance, and it can be dramatically
impaired when leaves are infected by pathogens
(Berger et al., 2007) or physiopathies. A
decrease of the net carbon assimilation rate in
infected leaves has been attributed to decreases
in mesophyll and / or stomatal conductance of
CO,, impairments in the rates of biochemical
reactions of photosynthesis, changes in the
number or structure of chloroplasts or changes
in the secretion of phytotoxic chemicals into
asymptomatic tissue (Berger et al., 2007).

According to accumulated historical records of
climatic variables between 1981 and 2010, the
landscape of the north-central Tolima region
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Figure 4. Leaf water potential (Wp) (a) and daily record of leaf water potential (Wp) (b), determined in the leaves
of lima Tahiti plants without symptoms PWS and plants with wood pocket disorder PWP. Means of PWS and
PWP followed by the symbol (*) at each evaluation time are significantly different according to Student’s t test
(p <0.05). The error bars represent the standard error of the mean (n = 10).
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Figure 5. Daily record of net carbon assimilation rate (A) (a), stomatal conductance to water vapor (g) (b),
transpiration rate (E) (c) and internal to ambient CO, concentration ratio (Ci/Ca) (d) determined in the leaves
of lima Tahiti plants without symptoms PWS and plants with wood pocket disorder PWP. Means of PWS and
PWP followed by the symbol (*) at each evaluation time are significantly different according to Student’s t test
(p <0.05). The error bars represent the standard error of the mean (n = 10).

is characterized by having a negative water
balance (precipitation vs evapotranspiration)
from six to nine months a year, usually from
November to March and from June to September
(Hernandez et al., 2014). In addition, the soil in
this area is highly drained because formation
from materials from volcanic activity of
Machin mountain and the fluvial dynamics of
Magdalena River, and its tributaries (Cortolima,
2006).

The genetic material of Tahiti lima planted in
Colombia more probably was originated from a
single clonal accession (Rodriguez et al., 2017).
The presence of WP, only in the producing of
north-central Tolima region, maybe is associated
with management conditions of plantations,
especially the hydric and edaphoclimatic
conditions (Hernandez et al., 2014), rather
than the propagation material. All mentioned

Temas Agrarios. July-December 2020; 25(2):153-165
https://doi.org/10.21897/rta.v25i2.2295

conditions lead to a region environmentally
predisposed to WP development (Rios et al.,
2018). In fact, this was illustrated with the
drastic decline of harvest between 2016 (2853
ha) and 2011 (420 ha) (Agronet, 2018).

According to the nutritional diagnosis carried
out during 2018 in 20 Tahiti lime farms in the
north-central Tolima region, similar results in
foliar and soil nutrient levels were found. For
both parameters i) deficiencies in Mg, Zn and
N, ii) excess in B, Fe, P, Mn, and Cu and, iii)
optimal condition in S, Ca and K were observed
(Rodriguez et al., 2018). The low amount of
nutritional deficiencies is due to the frequency
and quantity increase of fertilizers applied to
crops as a management strategy against WP by
farmers.

The  negative effect of inadequate
edaphoclimatic conditions, on plant growth
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and water availability, stimulates the magnitude
of water deficit, which can severely affect
Tahiti lime crops in Tolima department
(Pérez-Pérez et al., 2010; Vélez et al., 2012).
Management strategies recently developed
by Rios et al. (2020) ratified the decrease in
damage caused by WP due to the use of 150%
nutritional requirement from soil and leaf
applied fortnightly. This fertilization strategy
and keeping moisture content in soil closest to
the field capacity improves the functional and
physiological response of the PWS and PWP
trees. It is been associated with the increase
of gs and A which in turn, rise fruit yield and
renew foliage during the crop season.

CONCLUSIONS

The results indicated that weather conditions,
hydrodynamic properties, and low availability
of water in the soil favored the development
of WP. Further research on irrigation systems,
the application of antiperspirant products,
mitigation factors such as moisture retainers
and, the addition of organic matter are
necessary to improve moisture retention in the
soil profile. In addition, native and imported
genotypes tolerance to water deficit should also
be considered during future assessments.
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