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Abstract: Tara production occurs mainly in the altitude gradient, where the edaphoclimatic conditions
that affect the production of pods still need to be understood. The goal was to determine the altitudinal
and edaphoclimatic effect on the production of tara pods in agroforestry and natural remnants in
Cajamarca, Peru. Data analyses performed were the following: principal component analysis (PCA),
regression analysis, the bootstrap method, and Pearson correlation analysis. For each 1 ◦C increase
in temperature, the length and width of the pod decreased by 2.1 and 0.62 mm, and of the seed by
0.17 and 0.12 mm in the agroforestry environment; likewise, pod, valve, seed and gum weights were
reduced by 23.9, 10.9, 13 and 2.3 g in the agroforestry environment, and 22.3, 13, 9.3 and 2.1 g in the
natural environment. Activities such as association with annual crops and perennial pasture possibly
favor the length and width of the pod and seed and the weight of the pod, valve, seed and gum
in the agroforestry environment when compared to the natural environment. Larger pod and seed
dimensions and higher pod, valve, seed and gum weights are related to higher soil CaCO3 contents
in the natural environment and higher soil P and B contents in the agroforestry environment at higher
altitudes. Higher Fe contents in the soil suggest an improvement in tara’s tannin weight (valve) in the
natural and agroforestry environment. The effective response of tara, reflected in its weight and size
of pods, was higher in an agroforestry environment than in a natural environment. Further studies
on the production of tara pods are necessary for a better understanding of the interaction between
altitude and soil fertility to expand the revenue and employment of Peruvian tara farmers.

Keywords: soil; temperature; altitude; tannin; gum

1. Introduction

Caesalpinia spinosa is a plant species native to the Andes of Peru, known as tara [1],
which produces pods of high economic value due to the presence of tannins in the valves
and gum in the endosperm of the seeds. Tannins are extensively applied in the pharma-
ceutical, chemical, and furnishing industries, among others [2–6] and have astringent,
anti-inflammatory, antiseptic, antitumor, antimicrobial and antioxidant properties [7–12].
In phytosanitary control, tannins are used due to their antifungal and antibacterial prop-
erties [9,11]. The gum is a polysaccharide composed of 78.0% galactomannans or soluble
fiber [7] used in the cosmetic and nutrition industries; as a food additive, it is not hy-
drolyzed by gastrointestinal enzymes, that is, it is not digestible [13–16]. In environmental
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restoration, its use in water treatment as a bio coagulant and flocculant biopolymer stands
out (S). The tara tannin and gum applied in the industry are environmentally sustainable
as they do not generate toxic waste [17].

Peru is responsible for 85% of the world’s production of all tannins and gum; in
2018, it exported 31,442 t in the form of tannin (powdered valves) and gum (seed en-
dosperm), with the North, Cajamarca and La Libertad regions representing 50% of national
production [18]. Tara derivatives have a global demand of 42,326 t yr−1, equivalent to a pod
production of 80,000 t yr−1 [6]; the supply of tannin and gum in the international market
is deficient. The production of tara pods comes from small areas of natural remnants or
from agroforestry systems of family agriculture, dispersed in an altitudinal gradient of
the Andes, where the edaphoclimatic conditions vary in space and time. In the Peruvian
tropical Andes, with anthropic management or in natural systems, soils vary depending
on topography [19]. Despite the fact that soil fertilization takes place in agroforestry sys-
tems, there is great similarity in the attributes of these soils in relation to those of natural
forests [19,20]. Agroforestry systems favor agrobiodiversity, diversified livelihoods, food
security and sovereignty, improved economic income, and reduced impacts on climate
change [21–23]. Natural systems, in turn, maintain ecosystem services, such as soil and
water preservation [24–26].

Air temperature decreases with increasing altitude [27–29]. Under these conditions, the
stages of plant development are delayed [27]. Melo et al. [30] detected that the reproductive
phase of tara at 3000 m altitude occurred in 195 days, whereas Murga-Orrillo et al. [31]
found that at 2260 m altitude, this period was 180 days. Among these surveys, there
is a spatial difference of 740 m in altitude and a temporal difference of 15 days in the
reproductive period of tara. It is crucial to determine whether tannins and tara gum
production vary in the altitude gradient as a function of the production system or due to
soil fertility variables, as this will improve production and marketing management.

Understanding the edaphoclimatic variations in altitudinal gradient makes it possible
to determine which environmental factors favor the production of tannins and gum in
tara pods, relevant information to enhance production systems and reforestation practices
in potentially useful areas for competitive and sustainable production. In this sense, we
proposed to determine the altitudinal and edaphoclimatic influence on the production of
tara pods in agroforestry and natural remnants in Cajamarca, Peru.

2. Material and Methods
2.1. Characterization of the Study Area

The study area location, altitudinal gradient, climate and geographic coordinates are
described in Table 1, and correspond to previous work executed by Murga-Orrillo et al. [32].

Table 1. Weather stations, with latitude (φ, ◦S), longitude (λ, ◦W) and altitude (z, masl).

Station φ λ z Station φ λ z

San Marcos 7.32 78.17 2293 Gregorio Pita 7.23 78.21 2908
Cajabamba 7.62 78.05 2626 La Fortuna 7.67 78.40 3326
Cachachi 7.45 78.27 3228 Lucma 7.64 78.55 2225
Cospan 7.42 78.54 2423 Magdalena 7.25 78.65 1307

Encañada 7.12 78.33 2980 Quiruvilca 8.00 78.30 4047
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2.2. Delimitation of Instalments

Thirty-one plots were installed in the province of San Marcos, a region of Cajamarca.
The plots were grouped into two environments: an environment with remaining natural
forests, with 15 plots between altitudes from 2021 to 2953 m, and an environment in
agroforestry systems with trees originating from tara associated with Medicago sativa,
Lolium multiflorum, Zea mays, Phaseolus vulgaris, Triticum aestivum, Linum usitatissimum and
Vicia faba (Table 2) covering 16 experimental plots between altitudes from 2152 to 3101 m.

Table 2. Number of seeds per pod (NS), pod width (PW), pod length (PL), seed length (SL) and seed
width (SW) of tara in natural and agroforestry environments in Cajamarca, Peru.

Altitude *
NS

PL PW SL SW

m cm

Natural environment

2021 5.18 ± 1.21 9.34 ± 0.93 2.05 ± 0.16 0.58 ± 0.05 0.47 ± 0.05
2185 ± 37 4.23 ± 1.57 8.69 ± 0.93 2.22 ± 0.19 0.67 ± 0.09 0.46 ± 0.07
2388 ± 51 4.75 ± 1.36 8.54 ± 0.92 2.17 ± 0.21 0.64 ± 0.07 0.47 ± 0.08
2546 ± 62 4.36 ± 1.47 8.54 ± 1.30 2.04 ± 0.16 0.63 ± 0.08 0.45 ± 0.07
2680 ± 76 4.11 ± 1.54 9.01 ± 1.07 2.26 ± 0.21 0.69 ± 0.09 0.45 ± 0.07
2798 ± 21 5.80 ± 1.41 9.98 ± 1.31 2.42 ± 0.17 0.64 ± 0.06 0.48 ± 0.05

3007 3.88 ± 1.15 7.93 ± 0.87 2.14 ± 0.14 0.75 ± 0.08 0.51 ± 0.07
Mean 4.62 ± 0.68 8.86 ± 0.66 2.19 ± 0.13 0.66 ± 0.05 0.47 ± 0.02

Agroforestry environment

2185 ± 35 4.43 ± 1.64 8.88 ± 1.02 2.15 ± 0.16 0.66 ± 0.07 0.43 ± 0.06
M. sativa, L. multiflorum

2388 ± 26 4.80 ± 1.47 9.12 ± 0.96 2.30 ± 0.16 0.66 ± 0.08 0.48 ± 0.07
Z. mays, P. vulgaris, T. aestivum

2546 3.88 ± 1.81 8.91 ± 1.28 2.14 ± 0.19 0.70 ± 0.10 0.48 ± 0.09
Z. mays, P. vulgaris

2680 ± 64 3.62 ± 1.18 9.36 ± 1.51 2.38 ± 0.25 0.68 ± 0.07 0.48 ± 0.05
Z. mays, P. vulgaris, M. sativa, L. multiflorum

2680 ± 64 5.06 ± 1.32 9.46 ± 0.98 2.53 ± 0.21 0.68 ± 0.08 0.49 ± 0.05
Z. mays, P. vulgaris

3007 ± 76 5.26 ± 1.42 9.55 ± 1.17 2.41 ± 0.19 0.74 ± 0.06 0.50 ± 0.06
Z. mays, V. faba, L. usitatissimum

Mean 4.51 ± 0.65 9.21 ± 0.29 2.32 ± 0.15 0.69 ± 0.03 0.48 ± 0.02
*—standard deviation (±).

The plots, with an area of 200 m2 were georeferenced according to Murga-Orrillo et al. [32].

2.3. Soil Sampling and Analysis

In each plot, five 1 kg soil subsamples were collected at a depth of 0 to 40 cm, which
were later mixed, forming a composite sample. Each subsample weighed 1 kg, forming a
total mixture of 5 kg, which was homogenized in a single sample of 1 kg of soil per plot,
following the methodology of Embrapa [33].

Prior to analysis, the samples were dried and then refrigerated following the method-
ology described in Murga-Orrillo et al. [32]. Analyses were executed in the Soil, Plant,
Water and Fertilizer Analysis Laboratory of the La Molina National Agrarian University.
We measure the following soil attributes: pH, electrical conductivity (EC), texture, nitrogen
(N), phosphorus (P), magnesium (Mg), zinc (Zn), calcium (Ca), iron (Fe), sodium (Na),
manganese (Mn), boron (B), potassium (K), copper (Cu), limestone (CaCO3), organic mat-
ter (OM) and cation exchange capacity (CEC). All analyses were completed according to
standard methodology described in Murga-Orrillo et al. [32]. Embrapa classification was
used in the soil’s chemical properties [33].
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2.4. Air Temperature Data

The average daily air temperature data from October 2019 to July 2020 from ten
weather stations near the study area (Table 1) were made accessible by SENAMHI, which
were used to create a multiple linear regression model of the average daily temperature
(Equation (1)), as a function of altitude (z) and astronomical length of the day (Ω). Signif-
icant parameters were obtained from p < 0.001 for z and Ω, from p < 0.01 for z*Ω, with
R2 Aj = 0.86. With this model, the daily temperatures of the tara reproductive period
were estimated; through these data, the monthly mean temperature of the period (MTP) of
evaluation of the tara reproductive phase was then determined.

Equation (2) was applied to calculate the Ω while determining the hourly angle of
sunrise or sunset (H) and the declination angle of the sun (δ) for the meteorological stations
(Equations (3) and (4)).

DAT = 14.9274 − 0.001396965z + 1.288206Ω − 0.0003408548zΩ (1)

Ω = 2(H + 0.83)/15 (2)

H = arccos(−tanφtanδ) (3)

δ = 23.45sen[2π/365(284 + jd)] (4)

where DAT = daily average temperature (◦C), z = altitude (masl), Ω = astronomical length
of day (h/day), H = hourly angle of sunrise or sunset (degrees), φ = latitude (degrees),
δ = sun declination angle (degrees), jd = Julian days.

2.5. Physical Characterization of Pods and Seeds

The commercial maturation of pods (pods with valves and dry seeds) is asynchronous
in trees and varies at different altitudes (Figure 1a), starting the collection of pods on
02/29/2020 at 2021 m altitude and concluding on 07/15/2020 at 3101 m altitude. In these
plots, 2 kg of tara pods (total 62 kg) were collected in zip lock bags from the middle third
of the tree canopies. After collecting the last sample, all samples were stored in a single
ventilated environment, under the shade, for 60 days. Then, the physical characterization
of 50 pods and 50 seeds per sample was carried out in a total of 800 pods and seeds for the
agroforestry environment (16 plots) and 750 pods and seeds for the natural environment
(15 plots). These evaluations were performed with a tape measure (Figure 1b) and a
caliper (LEETOOLS-684132), to measure the length and width of the pods and seeds. As
for weighing, 100 pods per plot were considered, totaling 1600 pods for the agroforestry
environment and 1500 pods for the natural environment, and the valves and seeds were
manually separated. From the seeds obtained from the 100 pods/plot, the gum (endosperm
of the seeds) was extracted. Due to the hardness of the seed coat, they were manually
scarified with No 20 sandpaper and then hydrated in 0.5 L of water/sample/2 days. After
hydration, it was easy to separate the gum from the tegument and cotyledons with the
aid of a scalpel (Figure 1c). The gum was dried in a ventilated and shaded environment
to carry out weightings until the samples had a constant weight, which occurred after ten
days. The weighing of pods, valves, seeds and starch was performed with a scale model
BM-SM1 (Shanghai, China).
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Figure 1. Tara tree with pods at commercial maturity (a), tara pods with the extraction of valves
(tannin) and seed (b), seed coat, gum and cotyledons (c), in Cajamarca, Peru.

2.6. Grouping of Variables

For data analysis, two environments were grouped: (1) agroforestry (16 plots) and
(2) natural (15 plots). Seven classes of altitudes were determined (2021, 2185, 2388, 2546,
2680, 2798 and 3007 m), consequently corresponding to seven classes of temperatures (19.8,
18.5, 17.3, 16.4, 15.6, 14.6 and 13.4 ◦C) per degree (−1 ◦C) of variation in the annual mean
temperature due to the increase in altitude. In these classes, the monthly temperature of
the evaluation period of the tara reproductive phase was grouped (Figure S1).

2.7. Statistical Analysis

The characterization of the average daily temperature was performed using multiple
linear regression, with quantitative analysis of data normality, outliers in the residuals, in-
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dependence of the residuals, homoscedasticity of variances, multicollinearity and ANOVA
of the model, based on information on daily temperatures of the 10 months that the re-
productive period of the tara lasted, and from 10 climatological stations with records of
longitude, altitude and estimate of the astronomical duration of the day, as described in the
item “Air temperature data”. The MTP data obtained from the daily average temperature
were compared with the historical monthly average temperature of 25 years, using the
Student’s t-test (p < 0.05).

In order to evaluate possible discriminations between the evaluated factors, namely,
the production systems and the altitude classes, PCA analyses were carried out in different
ways. They started with global cluster analyses to assess possible differences between
production systems (independently of altitudinal classes) or between altitudinal classes
(independently of production systems). Then, PCAs were generated for each production
system to evaluate possible discriminations between the altitudinal classes within each
system and for each altitudinal class to assess possible discriminations between production
systems within each class. In all cases, the most correlated variables were selected according
to the methodology of Jolliffe [34]. Then, the mean values and respective non-parametric
confidence intervals were obtained by the bootstrap technique, with 100,000 resamplings
with replacement of these variables, to identify which of them could be the one that
most influenced the discrimination of production ´systems or classes’ altitudinal values
in PCA analyses. For each production system, the effects of altitude and temperature
on the weight of pods, seeds, valves and gum were evaluated using linear regression
analysis. Finally, for each production system, Pearson correlation analyses were performed
between dimensions, valve weights and soil attributes. All analyses were performed using
FactoMineR, factoextra, corrplot, ggplot2, tidyverse and boot packages [35].

3. Results
3.1. The Average Temperature of the Tara Reproductive Period

The decrease in temperature with increasing altitude shows significant differences
(Figure S1). Consequently, this variation tends to influence the duration of tara pods’
reproductive phase and commercial maturation. Between the minimum and maximum
altitudes of the study area, there was a variation of two months for the beginning of the
flowering phase of tara, starting in November 2019 at altitude 2021 m and in January 2020
at altitude 3101 m; the commercial maturation of pods showed a variation of five months,
with pod harvests occurring in March 2020 at an altitude of 2021 m and in July 2020 at
an altitude of 3101 m. At these altitudes, the average monthly temperature also varied
by 6 ◦C; at altitude 2021 m, the temperature was 19.4 ◦C (Class 2021 m), and at altitude
3101 m, it was 13.4 ◦C (Class 3007 m), respectively. The beginning of the activation of the
reproductive phase of tara depends on the rainy season, which starts between October
and December.

3.2. Dimensions of Pods and Seeds

Table 2 shows the number of seeds per pod, pod length, pod width, seed length and
seed width for the natural and agroforestry environment. The altitudinal classes between
2021 and 3007 m (Figure 2a,b) and between 2185 and 3007 m (Figure 2c) show differences
in seed length and width, with higher values for the 3007 m class. In the soil of the natural
and agroforestry environments, at 3007 m, there are higher levels of CaCO3 than at 2021 m
(Figure S5); individually, the soil of the natural environment, at 3007 m, has higher levels of
CaCO3, CEC, Mn and Fe than at 2021 m (Figure S5); and in agroforestry soils, at 3007 m
there are higher levels of P, K and B than at 2185 m (Figure S2).
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Figure 2. Principal component analysis (PCA) of pod width (PW), pod length (PL), seed length
(SL), and seed width (SW) of tara. (a) all altitude classes within the natural and agroforestry
environments, (b) altitude classes for the natural environment, and (c) altitude classes for the
agroforestry environment.

In the PCAs related to the tara production variables, differences are observed be-
tween the 2546 and 2798 m altitude classes for the grouped production systems (Figure 2a)
and individually natural (Figure 2b) and agroforestry (Figure 2c), with higher values of
pod width and length for the 2798 m class. As for soil attributes at these altitudes, Fe
content was lower at 2798 m than at 2546 m for the grouped environments (Figure S4)
and equal in the natural (Figure S5) and agroforestry (Figure S2) environments individ-
ually. In the natural environment, Cu was higher at 2798 m than at 2546 m (Figure S5),
whereas in the agroforestry environment, P, B and CaCO3 were higher at 2798 m than at
2546 m (Figure S2).

The correlations of pod and seed dimensions with soil attributes (Figure 7) in the
agroforestry environment (Figure 7b) show positive correlations of B with pod length
(r = 0.67, p < 0.01), with the seed length (r = 0.58, p < 0.05) and seed width (r = 0.59, p < 0.05),
and of the P with the seed length (r = 0.55, p < 0.05).

In the PCAs of Figure 3, in general, pod width and length and seed width and length
do not vary between natural and agroforestry environments grouped (Figure 3a). Similar
results occurs in the comparison between the natural and agroforestry environment in the
individual classes at 2185 m (Figure 3b), 2388 m (Figure 3c), 2546 m (Figure 3d), 2680 m
(Figure 3e) and 2798 m (Figure 3f), but difference between these production systems only
exists at the 3007 m class (Figure 3g), with higher values of pod width and length for the
agroforestry environment when compared to the natural environment. At other altitudes,
there are no differences between the production systems, showing that human activities do
not influence the size of pods and seeds of tara in the agroforestry environment at lower
altitudes. At 3007 m altitude, soil K, P, B and CaCO3 were higher in agroforestry than in
natural environments (Figure S3).
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Figure 3. Principal component analysis (PCA) of pod width (PW), pod length (PL), seed length
(SL), and seed width (SW) of tara. All plots (a), plots at altitude 2185 m (b), altitude 2388 m (c),
altitude 2546 m (d), altitude 2680 m (e), altitude 2798 m (f), and altitude 3007 m (g), in natural and
agroforestry environments.

Length and width of the pod and seed in the natural environment did not adjust to
the linear regression model (Figure 4a–h). However, when it came to the
agroforestry environment, the length and width of the pod and seed did fit to the
linear regression models (Figure 4a–h), which allow estimating increments in pod length
and width of 1.16 (1.4%) and 0.34 (1.6%) mm, of the length and width of the seed in
0.09 (1.5%) and 0.06 (1.4%) mm for the increase of 100 m of altitude; in contrast, it
decreases the length and width of the pod by 2.1 (2.2%) and 0.62 (2.5%) mm, and the
length and width of the seed by 0.17 (2.3%) and 0.12 (2.3%) mm by increasing the tem-
perature by 1 ◦C.
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Figure 4. Influence of altitude and temperature on pod length and width dimensions (a–d), seed
length and width (e–h) of tara in natural and agroforestry environments.

3.3. Weight of Tara Pods, Valves, Seeds and Gum

For the natural environment, the average weight of 100 pods was 264 g; of this value,
67% were valves, and 33% were seeds; concerning gum, it represented 5.6% of the pod
weight and 16.9% of the seed weight; similarly, in the agroforestry environment, the average
weight of 100 pods was 274 g, of which 67.9% were valves, and 32.1% was from seeds;
the gum represented 6.1% of the pod weight and 18.1% of the seed weight (Table 3). Also,
all these weights were higher in the agroforestry environment compared to the natural
environment (Table 3).
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Table 3. Sample of 100 pods in natural and agroforestry environments, pod weight, valve weight,
seed weight, and gum weight of tara, for each altitude.

Altitude * Pod Valve Seed Gum

m g

Natural environment

2021 214 140 74 13
2185 ± 37 236 ± 10 167 ± 17 69 ± 12 11 ± 1
2388 ± 51 234 ± 23 155 ± 16 80 ± 10 13 ± 3
2546 ± 62 242 ± 17 164 ± 8 78 ± 8 12 ± 4
2680 ± 76 271 ± 37 186 ± 25 85 ± 13 14 ± 2
2798 ± 21 324 ± 52 202 ± 33 122 ± 20 23 ± 3

3007 325 222 103 20
Mean 264 ± 45 176 ± 28 87 ± 19 15 ± 5

Agroforestry environment

2185 ± 35 234 ± 2 166 ± 1 68 ± 1 13 ± 0
M. sativa, L. multiflorum

2388 ± 26 273 ± 9 186 ± 9 87 ± 7 16 ± 1
Z. mays, P. vulgaris, T. aestivum

2546 252 177 75 14
Z. mays, P. vulgaris

2680 ± 64 299 ± 63 230 ± 57 69 ± 7 13 ± 1
Z. mays, P. vulgaris, M. sativa, L. multiflorum

2680 ± 64 339 ± 19 217 ± 15 122 ± 5 22 ± 1
Z. mays, P. vulgaris

3007 ± 76 332 ± 46 204 ± 29 128 ± 17 23 ± 3
Z. mays, V. faba, L. usitatissimum

Mean 274 ± 42 185 ± 27 89 ± 21 16 ± 4
*—standard deviation (±).

Regarding the weight of pods, valves, seeds and gum, when the PCAs (Dim 1) were
performed on altitude classes with the natural and agroforestry environments grouped
(Figure 5a) or individually to altitude classes for the natural environment (Figure 5b) or
agroforestry environment (Figure 5c), differences can be observed in classes 2021, 2185,
2388, 2546 and 2680 m, concerning classes 2798 and 3007 m, since the latter have the
highest weights of pods, valves, seeds and gum. The soil of the agroforestry and natural
environment grouped, 2798 and 3007 m, have higher levels of CaCO3 than at 2021 m
(Figure S4). Individually in the natural environment’s soil, 2798 and 3007 m have higher
levels of CaCO3 and CEC than at 2021, 2185, 2546 and 2680 m (Figure S5). Also, in the soil
of the agroforestry environment, 2798 and 3007 m have higher levels of B, P and CaCO3
than at 2546 m (Figure S2).
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In the PCAs (Dim 2) of the weight of the natural and agroforestry environment
grouped, altitude class 2680 m has higher pod and valve weights, and 2798 m has higher
seed and gum weights (Figure 5a); in the soil of these environments, 2680 m has higher
Fe contents (Figure S4). Notably, in the natural environment, 2798 m has higher gum and
seed weights, and 3007 m has higher pod and valve weights (Figure 5b); in the soil of this
environment, 2798 m has the highest levels of CaCO3 and B, and 3007 m has the highest
CEC and Fe (Figure S5). In the agroforestry environment, 2680 m has higher pod and valve
weights, meanwhile at 2798 and 3007 m have higher seed and gum weights (Figure 5c);
in the soil of this environment, 2680 m has higher Fe contents, and 2798 and 3007 m have
higher CaCO3 contents (Figure S2).

Soil attributes present positive correlations with pod, valve, seed and gum weight
(Figure 7). In the natural environment, Cu is correlated with gum weight (r = 0.52, p < 0.05)
(Figure 7a); in the agroforestry environment, P is correlated with the weight of the pod
(r = 0.56, p < 0.05), the seed (r = 0.70, p < 0.01) and the gum (r = 0, 71, p < 0.01), Fe with
valve weight (r = 0.50, p < 0.05) and Mn with pod weight (r = 0.50, p < 0.05) (Figure 7b).

It was found that the weights of pods, valves, seeds and gum increased with altitude,
which means that they changed with the reduction in mean air temperature (Figure 6).
For each 100 m increase in altitude, the weights of pods, valves, seeds and gum increased
by 13.7, 6, 7.2 and 1.3 g in the agroforestry environment and 12.3, 7.2, 5.1 and 1.1 g in the
natural environment, respectively (Figure 6b,d,f,h). Thus, for each 1 ◦C increase in the
average air temperature during the study period, the weights of pods, valves, seeds and
gum were reduced by 23.9, 10.9, 13 and 2.3 g in the agroforestry environment, and 22.3, 13,
9.3 and 2.1 g in the natural environment, respectively (Figure 6a,c,e,g).
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4. Discussion
4.1. The Average Temperature of the Tara Reproductive Period

The decrease in temperature with increasing altitude increases the reproductive time
of tara by two months, being five months at altitude 2021 m and seven months at altitude
3101 m, since the variation of the average monthly temperature between these altitudes was
6 ◦C. Also, in the vegetative period of Sabina przewalskii, the annual growth was delayed by
3 to 4 days per 100 m increase in altitude, or increased by seven days per 1 ◦C increase in
temperature [27]. Similarly, in Camellia sinensis, there was a longer duration of the shoot
growth cycle due to the increase in altitude due to temperature differences [36].

4.2. Tara Pod and Seed Dimensions and Weight

The study area soils are limestone (Figures S2h, S4c and S5h). This condition pos-
sibly favors the production of tara pods. Limestone soils have CaCO3 contents greater
than 15% [37].

In the classes at 2798 and 3007 m, soil CaCO3 shows significant differences (Figure S5)
that produce the differences in PCAs for the natural environment, with greater pod lengths
and width at 3007 m than at 2021 m (Figure 2b), and higher pod, valve, seed and gum
weights at 2798 and 3007 m concerning the other altitudes (Figure 5b). Likewise, in the
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PCA that compares the agroforestry and natural environments, at 3007 m, the agroforestry
environment presents greater pod length and width (Figure 3g) associated with higher
levels of P, K, B and CaCO3 (Figure S3). In other Fabaceae, increasing CaCO3 in the soil
improved yield: 20-fold in Coronilla varia; 9 times in Trifolium repens; 6 times in Leucaena
leucocephala, Dolichos axillaris and Medicago sativa; 5 times in Glycine wightii; 4 times in
P. vulgaris; 3 times in Lotus corniculatus; and twice in Desmodium canum, D. intortum and
Trifolium subterraneum [38].

In the agroforestry environment, regarding differences in PCAs, the largest dimen-
sions of the seeds are associated with 3007 m compared with 2185 m (Figure 2c); the
highest pod, valve, seed and gum weights are possibly associated with 2798 and 3007 m
compared with the other altitudes (Figure 5c). These variations are probably due to signif-
icant differences in soil with higher levels of P, B and CaCO3 in classes 2798 and 3007 m
(Figure S2). Increasing soil CaCO3 was found to directly affect soil P uptake in Medicago
spp. and Trifolium subterraneum [39]. In P. vulgaris, applications of CaCO3 doses led to
an increase of 70 to 80 mg dm−3 of P in the soil, increasing P concentrations in the seeds,
with yields of 3500 to 4100 kg ha−1, respectively [40]. Also, concerning P. vulgaris, with
the application of levels of 0, 10, 20 and 30 kg ha−1 of P and 0, 0.9, 1.8 and 2.7 t ha−1 of
CaCO3, higher grain yields were obtained at higher levels of P and CaCO3 [41]. Now in
Vigna radiata the combined effect of CaCO3 with B in the soil had a significant effect on
seed yield, in addition to having a strong correlation of total seed weight with total leaf
B content [42].

The PCAs refer to weight (Figure 5) in the natural and agroforestry environment
grouped at 2680 m (Figure 5a); individually, in the agroforestry environment at 2680 m
(Figure 5c), and in the natural environment at 3007 m (Figure 5b), they are associated with
higher tara valve weights. The soils of these altitudes’ present contents of 47.6 ± 58.0,
65.5 ± 74.2 and 125.3 mg dm−3 of Fe for the natural and agroforestry environments
grouped (Figure S4) and individually, agroforestry (Figure S2) and natural (Figure S5), re-
spectively. In addition, Fe positively correlates with the weight of the tara valve (Figure 7b).
These results possibly suggest that the higher weight of tara’s valves (tannin) is related
to the higher Fe contents in the soil. With Fe nano oxide levels (0, 250, 500, 750 and
1000 mg dm−3) in soybean production, the highest yields occurred at 500 mg dm−3 [43].
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4.3. Influence of Altitude and Temperature on the Dimensions and Weight of Tara Pods

In the regressions in Figures 4 and 6, the dimensions and weights of the pod, valve,
seed and gum are higher for the agroforestry environment compared to the natural environ-
ment; this is due to human activities carried out in the agroforestry system. Agroforestry
activities during the crop cycle are characterized by the preparation and organic fertilization
of the soil, sowing, weeding and harvesting of associated crops.

It was determined that the weight of tara pod, valve, seed and gum increases as
the altitude increases, while the temperature decreases (Figure S1), in which, at lower
temperatures, the commercial maturation time of the pod increases; giving the pod a longer
time for the accumulation of photo-assimilates in the valves (tannins) and seeds (gum). In
coffee (Coffea arabica), [44,45] determined that increasing altitude correlates with an increase
in sucrose and nicotinic acid in the fruit. In corn (Zea mays), [46] found that increasing the
ambient temperature by 1.5 and 3 ◦C reduced grain yield.

Atmospheric pressure is lower at higher altitudes or at lower temperatures, as a result,
the gaseous diffusion (water vapor, CO2 and O2) decreases in the tara stomata at higher
altitudes (3110 m) compared to the lowest (2020 m); in contrast, to compensate for the low
gaseous diffusion, the efficiency of the metabolic process (photosynthesis and respiration)
must be higher at higher altitudes, reflecting a higher production of tannins and tara gum.
In measurements of the gas exchange of Nothofagus cunninghamii at different altitudes (350,
780 and 1100 m altitude), it was determined that stomatal density, carbon assimilation rate,
photosynthetic rate and carboxylation efficiency increased with increasing altitude [47].

5. Conclusions

With the increase in altitude or decrease in temperature, the length and width of the
pod and seed, and the weight of the pod, valve, seed and tara gum increase, both in natural
and agroforestry environments. In addition, association with annual crops and perennial
pasture possibly favor the length and width of the pod and seed, and the weight of the
pod, valve, seed and gum in the agroforestry environment when compared to the natural
environment. Larger pod and seed dimensions and higher pod, valve, seed and gum
weights are related with higher soil CaCO3 content in a natural environment and higher
soil P and B contents in an agroforestry environment at higher altitudes. Higher Fe contents
in the soil probably improve tara’s tannin weight (valve) in the natural and agroforestry
environment. The productive response of tara, reflected in its weight and size of pods,
was higher in an agroforestry environment than in a natural environment. Because of the
above, it is important to emphasize that further studies on the production of tara pods are
necessary for a better understanding of the interaction with altitude and soil fertility, in
order to expand the revenue and employment of small local farmers in the Peruvian Andes.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/agronomy13030646/s1, Figure S1: Mean temperature of the
period (MTP), distribution for ten months of the Tara reproductive period in the altitude classes in the
altitudinal gradient between 2021 and 3101 m. The mean was accompanied by the bootstrap method’s
non-parametric confidence interval (CI, 95%); Figure S2: Altitudes in the agroforestry environment of
Tara and some soil chemical properties with significant differences. (a) phosphorus (P), (b) potassium
(K), (c) boron (B), (d) zinc (Zn), (e) calcium carbonate (CaCO3) and (f) iron (Fe). Mean followed by
the bootstrap method’s non-parametric confidence interval (CI, 95%); Figure S3: Altitude 3007 m in
the natural and agroforestry environment of Tara and some soil chemical properties with significant
differences. Cation exchange capacity (CEC) (a), calcium carbonate (CaCO3) (b), phosphorus (P) (c),
potassium (K) (d), boron (B) (e) and iron (Fe) (f). The mean was followed by the bootstrap method’s
non-parametric confidence interval (CI, 95%); Figure S4: Altitudes in the agroforestry and natu-
ral environment together of Tara, and some soil chemical properties with significant differences.
(a) calcium carbonate (CaCO3) and (b) iron (Fe). The mean was followed by the bootstrap method’s
non-parametric confidence interval (CI, 95%); Figure S5: Altitudes in the natural environment of
Tara and some soil chemical properties with significant differences. (a) zinc (Zn), (b) copper (Cu),
(c) manganese (Mn), (d) cation exchange capacity (CEC), (e) calcium carbonate (CaCO3) and
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(f) iron (Fe). The mean was followed by the bootstrap method’s non-parametric confidence interval
(CI, 95%).

Author Contributions: Conceptualization, H.M.-O., R.S.S.A. and F.D.A.L.; methodology, H.M.-O.,
R.S.S.A. and F.D.A.L.; software, H.M.-O.; validation, L.A.A.L. and C.O.A.-H.; formal analysis, R.S.S.A.,
F.D.A.L. and L.A.A.L.; investigation, H.M.-O., C.A.-R., L.F.S.D., C.O.A.-H., E.N.B. and L.A.A.L.;
resources, C.O.A.-H.; data curation, H.M.-O., R.S.S.A. and F.D.A.L.; writing—original draft preparation,
H.M.-O. and F.D.A.L.; writing—review and editing, H.M.-O., F.W.C.-K. and C.O.A.-H.; visualization,
H.M.-O. and F.W.C.-K.; supervision, R.S.S.A. and F.D.A.L.; project administration, H.M.-O.; funding
acquisition, F.D.A.L. All authors have read and agreed to the published version of the manuscript.

Funding: The first author thanks to the Coordenação de Aperfeiçoamento de Pessoal de Nível
Superior—Brasil (CAPES)—Finance Code 001, for funding the research, through the Program of
Alliances for Education and Training (PART) and the Organization of American States (OAS).

Data Availability Statement: Not applicable.

Conflicts of Interest: Not applicable.

References
1. Ponce, S.; Chavarría, M.; Norabuena, F.; Chumpitaz, D.; Gutarra, A. Cellulose microfibres obtained from agro-industrial tara

waste for dye adsorption in water. Water Air Soil Pollut. 2020, 231, 518. [CrossRef]
2. Aguilar-Galvez, A.; Noratto, G.; Chambi, F.; Debaste, F.; Campos, D. Potential of tara (Caesalpinia spinosa) gallotannins and

hydrolysates as natural antibacterial compounds. Food Chem. 2014, 156, 301–304. [CrossRef]
3. He, D.; Li, Y.; Tang, H.; Ma, R.; Li, X.; Wang, L. Six new cassane diterpenes from the twigs and leaves of Tara (Caesalpinia spinosa

Kuntze). Fitoterapia 2015, 105, 273–277. [CrossRef]
4. Castro, A.J.; Ramos, N.J.; Juárez, J.R.; Ruiz, J.R.; Choquesillo, F.F.; Ponce, J.J.; Santa María, O.H.; Castillo, A.A.; García, D.A.;

Escudero, J.; et al. Composición química del aceite esencial de Caesalpinia spinosa “Tara”, Evaluación antioxidante y efecto
antibacteriano frente a Streptococcus mutans. Cienc. Investig. 2016, 19, 89–94. [CrossRef]

5. Hadzich, A.; Flores, S.; Caprari, J.; Romagnoli, R. Study of zinc tannates prepared with Tara powder (Caesalpinia spinosa) as
anticorrosive pigments in alkyd paints and wash primer formulations. Prog. Org. Coat. 2018, 117, 35–46. [CrossRef]

6. Núñez-Ramos, J.E.; Quiala, E.; Posada, L.; Mestanza, S.; Sarmiento, L.; Daniels, D.; Arroyo, C.R.; Naranjo, B.; Vizuete, K.;
Noceda, C.; et al. Morphological and physiological responses of tara (Caesalpinia spinosa (Mol.) O. Kuntz) microshoots to
ventilation and sucrose treatments. Vitr. Cell. Dev. Biol.-Plant 2021, 57, 1–14. [CrossRef]

7. Santander, S.P.; Aoki, M.; Hernandez, J.F.; Pombo, M.; Moins-Teisserenc, H.; Mooney, N.; Fiorentino, S. Galactomannan from
Caesalpinia spinosa induces phenotypic and functional maturation of human dendritic cells. Int. Immunopharmacol. 2011,
11, 652–660. [CrossRef] [PubMed]

8. Lasso, P.; Gomez-Cadena, A.; Urueña, C.; Donda, A.; Martinez-Usatorre, A.; Romero, P.; Barreto, A.; Fiorentino, S. An im-
munomodulatory gallotanin-rich fraction from Caesalpinia spinosa enhances the therapeutic effect of anti-PD-L1 in melanoma.
Front. Immunol. 2020, 11, 2996. [CrossRef] [PubMed]

9. Gámez-Espinosa, E.; Deyá, C.; Cabello, M.; Bellotti, N. Nanoparticles synthesized from Caesalpinia spinosa: Assessment of the
antifungal effects in protective systems. Adv. Nat. Sci.: Nanosci. Nanotechnol. 2021, 12, 015001. [CrossRef]

10. Ballesteros-Ramírez, R.; Durán, M.I.; Fiorentino, S. Genotoxicity and mutagenicity assessment of a standardized extract (P2Et)
obtained from Caesalpinia spinosa. Toxicol. Rep. 2021, 8, 258–263. [CrossRef]

11. Durán, M.L.; Mancheno, M. Actividad antifúngica de compuestos fenólicos de tara (Caesalpinia spinosa) frente a Fusarium
graminearum. Rev. Investig. Agrar. Ambient. 2021, 12, 39–50. [CrossRef]

12. Duran, M.I.; Ballesteros-Ramírez, R.; Tellez, A.; Torregrosa, L.; Olejua, P.A.; Galvis, S.; Urueña, C.; Fiorentino, S. Safety evaluation
in healthy Colombian volunteers of P2Et extract obtained from Caesalpinia spinosa: Design 3+ 3 phase I clinical trial. Evid.-Based
Complement. Altern. Med. 2022, 2022, 1–11. [CrossRef] [PubMed]

13. Wu, Y.; Ding, W.; Jia, L.; He, Q. The rheological properties of tara gum (Caesalpinia spinosa). Food Chem. 2015, 168, 366–371.
[CrossRef]

14. Santos, M.B.; Dos Santos, C.H.C.; De Carvalho, M.G.; De Carvalho, C.W.P.; Garcia-Rojas, E.E. Physicochemical, thermal and
rheological properties of synthesized carboxymethyl tara gum (Caesalpinia spinosa). Int. J. Biol. Macromol. 2019, 134, 595–603.
[CrossRef]

15. Rigano, L.; Deola, M.; Zaccariotto, F.; Colleoni, T.; Lionetti, N. A new gelling agent and rheology modifier in cosmetics: Caesalpinia
spinosa gum. Cosmetics 2019, 6, 34. [CrossRef]

16. Pedreschi, F.; Matus, J.; Bunger, A.; Pedreschi, R.; Huamán-Castilla, N.L.; Mariotti-Celis, M.S. Efecto de la adición integrada de
extracto de vainas de tara roja (Caesalpinia spinosa) y NaCl sobre el contenido de contaminantes neoformados y propiedades
sensoriales de galletas saladas. Moléculas 2022, 27, 1020. [CrossRef]

17. Sundar, V.J.; Muralidharan, C. An environmentally friendly mineral-free tanning of animal skins–sustainable approach with plant
resources. Environ. Process. 2020, 7, 255–270. [CrossRef]

http://doi.org/10.1007/s11270-020-04889-0
http://doi.org/10.1016/j.foodchem.2014.01.110
http://doi.org/10.1016/j.fitote.2015.07.018
http://doi.org/10.15381/ci.v19i2.13636
http://doi.org/10.1016/j.porgcoat.2017.12.019
http://doi.org/10.1007/s11627-020-10104-w
http://doi.org/10.1016/j.intimp.2011.01.006
http://www.ncbi.nlm.nih.gov/pubmed/21255695
http://doi.org/10.3389/fimmu.2020.584959
http://www.ncbi.nlm.nih.gov/pubmed/33312174
http://doi.org/10.1088/2043-6254/abdfc1
http://doi.org/10.1016/j.toxrep.2020.12.024
http://doi.org/10.22490/21456453.3755
http://doi.org/10.1155/2022/7943001
http://www.ncbi.nlm.nih.gov/pubmed/35251213
http://doi.org/10.1016/j.foodchem.2014.07.083
http://doi.org/10.1016/j.ijbiomac.2019.05.025
http://doi.org/10.3390/cosmetics6020034
http://doi.org/10.3390/molecules27031020
http://doi.org/10.1007/s40710-020-00422-x


Agronomy 2023, 13, 646 16 of 17

18. MINAGRI-Ministerio de Agricultura y Riego. Producción y Comercio de la Tara en el Perú; Boletín de la Dirección General de Políticas:
Lima, Perú, 2019; 8p, Available online: https://cdn.www.gob.pe/uploads/document/file/419835/produccion-comercio-de-la-
tara-peru.pdf (accessed on 30 November 2021).

19. Sylvester, S.P.; Heitkamp, F.; Sylvester, M.D.; Jungkunst, H.F.; Sipman, H.J.; Toivonen, J.M.; Gonzales Inca, C.A.; Ospina, J.C.;
Kessler, M. Relict high-Andean ecosystems challenge our concepts of naturalness and human impact. Sci. Rep. 2017, 7, 3334.
[CrossRef]

20. Kassa, H.; Dondeyne, S.; Poesen, J.; Frankl, A.; Nyssen, J. Impact of deforestation on soil fertility, soil carbon and nitrogen stocks:
The case of the Gacheb catchment in the White Nile Basin, Ethiopia. Agric. Ecosyst. Environ. 2017, 247, 273–282. [CrossRef]

21. Jacobi, J. Agroforestry in Bolivia: Opportunities and challenges in the context of food security and food sovereignty. Environ.
Conserv. 2016, 43, 307–316. [CrossRef]

22. Palacios Bucheli, V.J.; Bokelmann, W. Agroforestry systems for biodiversity and ecosystem services: The case of the Sibundoy
Valley in the Colombian province of Putumayo. Int. J. Biodivers. Sci. Ecosyst. Serv. Manag. 2017, 13, 380–397. [CrossRef]

23. Córdova, R.; Hogarth, N.J.; Kanninen, M. Sustainability of smallholder livelihoods in the Ecuadorian highlands: A comparison of
agroforestry and conventional agriculture systems in the indigenous territory of Kayambi People. Land 2018, 7, 45. [CrossRef]

24. Campos-Salas, N.; Casas, A.; Moreno-Calles, A.I.; Vallejo, M. Plant management in agroforestry systems of rosetophyllous forests
in the Tehuacán Valley, Mexico. Econ. Bot. 2016, 70, 254–269. [CrossRef]

25. Soler, R.; Chillo, V. Sinergias y antagonismos entre manejo agroforestal y conservación en paisajes multi-funcionales en Lati-
noamérica. Ecosistemas 2018, 27, 1–3. [CrossRef]

26. Ruiz-Agudelo, C.A.; Hurtado Bustos, S.L.; Carrillo Cortés, Y.P.; Parrado Moreno, C.A. Lo que sabemos y no sabemos sobre los
sistemas agroforestales tropicales y la provisión de múltiples servicios ecosistémicos. Una revisión. Ecosistemas 2019, 28, 26–35.
[CrossRef]

27. Wang, Z.; Yang, B.; Deslauriers, A.; Bräuning, A. Intra-annual stem radial increment response of Qilian juniper to temperature and
precipitation along an altitudinal gradient in northwestern China. Trees 2014, 29, 25–34. [CrossRef]

28. Hicks, L.C.; Meir, P.; Nottingham, A.T.; Reay, D.S.; Stott, A.W.; Salinas, N.; Whitaker, J. Carbon and nitrogen inputs differentially
affect priming of soil organic matter in tropical lowland and montane soils. Soil Biol. Biochem. 2018, 129, 212–222. [CrossRef]

29. De La Cruz-Amo, L.; Bañares-De-Dios, G.; Cala, V.; Granzow-De La Cerda, I.; Espinosa, C.I.; Ledo, A.; Salinas, N.; Macía, M.J.;
Cayuela, L. Tradeoffs among aboveground, belowground, and soil organic carbon stocks along altitudinal gradients in Andean
tropical montane forests. Front. Plant Sci. 2020, 11, 106. [CrossRef]

30. Melo, F.; Glorio, P.; Spinosa, R. Efecto de la madurez en los componentes de valor comercial (taninos y goma) de Caesalpinia
spinosa (Molina) Kuntze. Rev. Soc. Quím. Perú 2013, 79, 218–228.

31. Murga-Orrillo, H.; Abanto-Rodríguez, C.; Polo Vargas, A.R. Aspectos biológicos y control de un gracilláriido (Gracillariidae:
Lepidóptera) en Caesalpinia spinosa (Mol.) Kuntze (1898), en Cajamarca, Perú. Sci. Agropecu. 2016, 7, 93–102. [CrossRef]

32. Murga-Orrillo, H.; Abanto-Rodríguez, C.; Fernandes Silva Dionisio, L.; Chu-Koo, F.W.; Schwartz, G.; Núñez Bustamante, E.;
Stewart, P.M.; Santos Silva Amorim, R.; Vourlitis, G.L.; De Almeida Lobo, F.; et al. Tara (Caesalpinia spinosa) in Natural and
Agroforestry Systems under an Altitudinal Gradient in the Peruvian Andes: Responses to Soil and Climate Variation. Agronomy
2023, 13, 282. [CrossRef]

33. EMBRAPA. Adubação e Correção do Solo: Procedimentos a Serem Adotados em Função dos Resultados da Análise do Solo; 63 Circular
Técnica: Campina Grande, Brasil, 2002; 32p, Available online: https://www.embrapa.br/busca-de-publicacoes/-/publicacao/27
5844/adubacao-e-correcao-do-solo-procedimentos-a-serem-adotados-em-funcao-dos-resultados-da-analise-do-solo (accessed
on 18 December 2021).

34. Jolliffe, I.T. Discarding variables in a principal component analysis, I: Artificial data. J. R. Stat. Soc. Ser. C Appl. Stat. 1972,
21, 160–173. [CrossRef]

35. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,
2021; Available online: https://www.R-project.org/ (accessed on 15 November 2021).

36. Squire, G.; Obaga, S.Y.; Othieno, C. Altitud, temperatura y producción de brotes de té en las tierras altas de Kenia. Agric. Exp.
1993, 29, 107–120. [CrossRef]

37. Wahba, M.M.; Fawkia, L.; Zaghloul, A. Management of calcareous soils in an arid region. Int. J. Environ. Pollut. Environ. Model.
2019, 2, 248–258.

38. Munns, D.N.; Fox, R.L. Comparative lime requirements of tropical and temperate legumes. Plant Soil 1977, 46, 533–548. [CrossRef]
39. Robson, A.D.; Edwards, D.G.; Loneragan, J.F. Calcium stimulation of phosphate absorption by annual legumes. Aust. J. Agric.

Res. 1970, 21, 601–612. [CrossRef]
40. Nascente, A.S.; Cobucci, T. Soil phosphorus availability and dry bean yield as affected by the application of liquid calcium

carbonate micron particles on the furrow. Afr. J. Agric. Res. 2015, 10, 1840–1851. [CrossRef]
41. Dejene, T.; Tana, T.; Urage, E. Response of common bean (Phaseolus vulgaris L.) to the application of lime and phosphorus on

acidic soil of Areka, Southern Ethiopia. J. Nat. Sci. Res. 2016, 6, 90–100.
42. Padbhushan, R.; Kumar, D. Influence of soil and foliar applied boron on green gram in calcareous soils. Int. J. Agric. Environ.

Biotechnol. 2014, 7, 129. [CrossRef]
43. Sheykhbaglou, R.; Sedghi, M.; Shishevan, M.T.; Sharifi, R.S. Effects of nano-iron oxide particles on agronomic traits of soybean.

Not. Sci. Biol. 2010, 2, 112–113. [CrossRef]

https://cdn.www.gob.pe/uploads/document/file/419835/produccion-comercio-de-la-tara-peru.pdf
https://cdn.www.gob.pe/uploads/document/file/419835/produccion-comercio-de-la-tara-peru.pdf
http://doi.org/10.1038/s41598-017-03500-7
http://doi.org/10.1016/j.agee.2017.06.034
http://doi.org/10.1017/S0376892916000138
http://doi.org/10.1080/21513732.2017.1391879
http://doi.org/10.3390/land7020045
http://doi.org/10.1007/s12231-016-9352-0
http://doi.org/10.7818/ECOS.1633
http://doi.org/10.7818/ECOS,1697
http://doi.org/10.1007/s00468-014-1037-7
http://doi.org/10.1016/j.soilbio.2018.10.015
http://doi.org/10.3389/fpls.2020.00106
http://doi.org/10.17268/sci.agropecu.2016.02.02
http://doi.org/10.3390/agronomy13020282
https://www.embrapa.br/busca-de-publicacoes/-/publicacao/275844/adubacao-e-correcao-do-solo-procedimentos-a-serem-adotados-em-funcao-dos-resultados-da-analise-do-solo
https://www.embrapa.br/busca-de-publicacoes/-/publicacao/275844/adubacao-e-correcao-do-solo-procedimentos-a-serem-adotados-em-funcao-dos-resultados-da-analise-do-solo
http://doi.org/10.2307/2346488
https://www.R-project.org/
http://doi.org/10.1017/S0014479700020457
http://doi.org/10.1007/BF00015912
http://doi.org/10.1071/AR9700601
http://doi.org/10.5897/AJAR2014.8694
http://doi.org/10.5958/j.2230-732X.7.1.018
http://doi.org/10.15835/nsb224667


Agronomy 2023, 13, 646 17 of 17

44. Worku, M.; De Meulenaer, B.; Duchateau, L.; Boeckx, P. Effect of altitude on biochemical composition and quality of green arabica
coffee beans can be affected by shade and postharvest processing method. Food Res. Int. 2018, 105, 278–285. [CrossRef] [PubMed]

45. Girma, B.; Gure, A.; Wedajo, F. Influence of Altitude on Caffeine, 5-Caffeoylquinic Acid, and Nicotinic Acid Contents of Arabica
Coffee Varieties. J. Chem. 2020, 2020, 1–7. [CrossRef]

46. Abebe, A.; Pathak, H.; Singh, S.D.; Bhatia, A.; Harit, R.C.; Kumar, V. Growth, yield and quality of maize with elevated atmospheric
carbon dioxide and temperature in north-west India. Agric. Ecosyst. Environ. 2016, 218, 66–72. [CrossRef]

47. Hovenden, M.J.; Brodribb, T. Altitude of origin influences stomatal conductance and therefore maximum assimilation rate in
Southern Beech, Nothofagus cunninghamii. Funct. Plant Biol. 2000, 27, 451–456. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.foodres.2017.11.016
http://www.ncbi.nlm.nih.gov/pubmed/29433216
http://doi.org/10.1155/2020/3904761
http://doi.org/10.1016/j.agee.2015.11.014
http://doi.org/10.1071/PP99164

	Introduction 
	Material and Methods 
	Characterization of the Study Area 
	Delimitation of Instalments 
	Soil Sampling and Analysis 
	Air Temperature Data 
	Physical Characterization of Pods and Seeds 
	Grouping of Variables 
	Statistical Analysis 

	Results 
	The Average Temperature of the Tara Reproductive Period 
	Dimensions of Pods and Seeds 
	Weight of Tara Pods, Valves, Seeds and Gum 

	Discussion 
	The Average Temperature of the Tara Reproductive Period 
	Tara Pod and Seed Dimensions and Weight 
	Influence of Altitude and Temperature on the Dimensions and Weight of Tara Pods 

	Conclusions 
	References

