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Introduction
Peru as an Andean country has an enormous diversity of 

ecosystems, altitudinal floors, climates, soils that show enormous 
biodiversity and is listed among the 10 megadiverse countries.1 

According to Ashby, cited by Earls,2 for an adequate management of 
development and planning, he suggests that one of the mechanisms 
to manage diversity is with diversity, based on the principle that only 
diversity is capable of absorbing diversity; Consequently, any measure 
of adaptation to the climate change scenario under conditions of 
diversity, as is characteristic for the national territory that has tropical 
Andean mountain ecosystems, must, in turn, be diverse, considering 
the scenarios in the environment. Therefore, the adaptation measures 
to be proposed must refer to the actions to be implemented considering 
the vulnerabilities they present; without a doubt, this process has to be 
of a local nature, since the biophysical scenario of each territory is 
unique and the adaptation measures must also be specific for each 
territory.

According to the IPCC,3 climate change, as a global phenomenon, 
is generated by various factors such as the increase in greenhouse 
gas emissions, causing the average temperature of the planet to 
increase; However, the consequences are not limited only to the 
increase in temperature, but other modifications occur, among the 
most conspicuous is the increase in extreme weather events that are 
detrimental to agriculture, in the case of the increase in intensity 
and frequency of heat waves, episodes of severe drought, or floods 
resulting from torrential rains. Therefore, in accordance with the 

IPCC guidelines, one of the adaptation measures to climate change 
must consist of reducing vulnerability and exposure to current climate 
variability.

According to MINAM,4,5 Peru has international commitments, in 
addition, it has been a promoter and pioneer in the implementation 
of climate change adaptation mechanisms as part of the national 
contributions since COP20, held in Lima; therefore, Peru is committed 
to contributing to the global goal of adaptation to climate change 
established in Article 7 of the Paris Agreement,6 which consists of 
increasing proper adaptation, strengthening resilience and reducing 
vulnerability to change with a view to contributing to sustainable 
development and achieving an adequate adaptation response in 
the context of the objective referring to limiting the increase in 
temperature mentioned in Article 2 of the same Agreement.

The various effects and impacts that climate change produces on 
the diversity of existing ecosystems in Peru, demand that the State, 
at its various levels of government, academia, private economic 
agents and civil society, implement effective measures to avoid or 
mitigate the damage in social, economic and environmental aspects 
and the current and future losses generated by climate change on 
the populations and their livelihoods, on the territories and on the 
infrastructure, goods and services of the country.

According to Makuvaro et al.,7 agricultural activity is sensitive to 
climate change and the ability of small farmers to develop. Therefore, 
it is necessary to adapt current practices and develop new strategies 
for climate resistance in cropping systems;8 on the other hand, 
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Abstract

The Cusco Region, due to its geographical and climatic peculiarities, is prone to extreme 
climatic events, such as the increase in average temperature, intense rainfall, agronomic and 
meteorological droughts. Citrus fruits, like oranges, adapt to different climates; however, 
its growth, flowering phenology and fruit set are affected by changes in temperatures 
and lack of rain; therefore, these abiotic factors are detrimental to citrus production in 
usual scenarios and in tropical climates. The objective of the research was to develop an 
experiment to propose a mechanism of adaptation to climate change of the orange (Citrus 
sinensis L. Osbeck) in climatic conditions and altitude of Cusco, located at 3,302 m.a.s.l. 
evaluating the phenology and the characteristics of the fruit and production. The experiment 
constitutes a quantitative investigation, of a descriptive and correlational type, using non-
probabilistic sampling called consecutive sampling. Management consisted of pruning, 
removing thorns and applying soil conditioner; the evaluation of the phenology consisted 
of the observation of the phases of sprouting, flowering, relative rest, fruiting and harvest 
period; for the conditions in Cusco, the phenological parameters presented two sprouting 
flows, first between January-May and second, between August-September; two flowering 
flows, the first between April-June and the second between September-November; the 
average production was: 229 fruits/tree/year; fruit diameter of 06,44 cm and a production 
of 26,44 kg/tree/year. The production of oranges at high altitudes shows an adaptation to 
climate change, constituting an action of economic interest, contributing to the Peruvian 
proposal, which is committed to the global response to climate change and considers it 
a priority to update its national contributions to incorporate the objectives adaptation to 
climate change.
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Klocker et al.,9 point out that climate change poses serious challenges 
for agriculture and adaptation to its impacts; therefore, producers and 
their production systems are increasingly vulnerable to its effects. 
According to Ibarrarán et al.,10 the IPCC defines vulnerability to 
climate change as the: “degree of susceptibility or inability of a system 
to face the adverse effects of climate change and, in particular, climate 
variability and extreme events and that vulnerability it will depend on 
the character, magnitude and rate of climate change to which a system 
is exposed, and on its sensitivity and adaptive capacity”.

According to Ordaz et al.,11 one of the economic activities most 
sensitive to the impact of global warming is agriculture, due to the 
consequences of high temperatures and the increase in atmospheric 
CO2, the main impacts are thermal and water stress due to the 
increased demand for water for irrigation, greater presence of pests 
and diseases. Therefore, the result is decreased productivity of many 
crops. On the other hand, the BID12 mentions that the impact of 
climate change on agriculture can be serious, since it would affect 
the production of most crops; in this context, and taking into account 
that subsistence agriculture predominates in our country, the decrease 
in productivity can cause imbalances in the life system of producers.

It is pertinent to consider what was indicated by MINAM13 that 
the Peruvian Andes gather 71% of the world’s tropical glaciers (2 699 
glaciers in total), the reduction of glaciers is one of the main evidence 
of climate change, in the in the last 30 years, Peru has lost 42% of 
the glacier surface. Likewise, Peru is a country with populations and 
ecosystems highly prone to the adverse consequences of climate 
change; this high vulnerability is due to various factors such as 
poverty, poor institutional articulation, and a productive base affected 
by climatic factors.

In the case of the Cusco Region, due to its geographical, physical 
and climatic characteristics, it is a territory prone to the presence of 
extreme climatic events, which is evidenced in the increase in average 
temperature, more intense rainfall, agronomic and meteorological 
droughts. The increase in average temperature is a clear example that 
the Cusco Region is affected by climate change and this influences 
agricultural production.14

Regarding the previously analyzed, there are different authors 
who propose different proposals; this is the case of Islam and Nursey-
Bray;15 Thornton et al.,16 who argue that some strategies implemented 
to reorient agricultural development under the reality of climate 
change are climate-smart agriculture, conservation agriculture, 
varieties of improved species, among many others; aspects that are 
considered in the present study that aims to show the adaptation of the 
orange (Citrus sinensis) to the climatic conditions in Cusco, located at 
3 340 meters above sea level.

According to Pereira et al.,17 citrus vegetatively adapt well to 
different climates; however, its growth, flowering and fruiting 
phenology are limited by changes in temperatures and lack of rain; 
the increase in temperature due to climate change promotes greater 
evapotranspiration and a drought causes greater irrigation, considering 
that it is a crop that has a high demand for irrigation. On the other 
hand, Zandalinas et al.,18 show that among the most harmful abiotic 
factors for citrus production are extreme temperature fluctuations, 
drought, floods or the salinity of irrigation water and soil, these factors 
are consequences of climate change.

Various authors have reported the effects of climate change on 
the cultivation of citrus; thus, Pereira et al.,17, Zandalinas et al.,19, 
Zandalinas et al.,18, point out that the size of the fruits is smaller than 
normal; instead, the vegetative development of the plant is not affected 

by high temperatures. These researchers conclude that citrus fruits 
show various acclimatization responses to high temperatures. On 
the other hand, when episodes of extreme cold or frost are observed, 
they generate production losses, especially when they occur in the 
flowering period.

In the Cusco region, citrus crops are found in the regional Amazon, 
especially in the province of La Convención, however, due to changes 
in temperature and low rainfall, yields have decreased, affecting the 
economy of producers; therefore, the manifestations of climate change 
lead to climatic difficulties in the citrus sector and the main negative 
effect is the low productivity of the cultivars and the little dedication 
on the part of the producers. This phenomenon of changes in the 
magnitudes and meteorological distributions of the classic climatic 
variables that include temperature, precipitation, humidity, wind 
speed and evaporation, cause changes in the physiological behavior of 
plants and in turn impact agricultural productivity at scale. global.20–22

As mentioned above and according to Romero et al.,23 a 
phenomenon associated with climate change, is the episode of severe 
drought, since the lack of available water for citrus negatively affects 
development, as well as production processes, which leads to lower 
production and lower quality; since, the water deficit during the period 
of formation and growth of the fruit causes a decrease in the size and 
quality of the fruit and increases the losses by abscission.

According to information from the General Directorate of 
Agricultural Development and Agro ecology of the Ministry of 
Agriculture and Irrigation,24 Peru produced a total of 553 000 tons of 
orange in 2020. Among the prominent departments in the cultivation 
of Valencia oranges are Junín, which ranks first with the production of 
54% of the national total, followed by San Martín (14%), Lima (7%), 
Puno (5%) and Cusco (4%).

Lines above it was argued that climate variability has direct 
incidences on agricultural productivity, in this regard, the Report 
of the Intergovernmental Group of Experts on Climate Change,25 
defines it as the variations of the average state and other statistical 
data of the weather on broader spatial and temporal scales than point 
weather events. Variability can be due to natural internal processes 
in the climate system, known as internal variability, or to processes 
influenced by natural or anthropogenic external forces, known as 
external variability. Therefore, climate variability is interpreted 
as intrinsic to climate and includes variations in the mean state of 
climate at all temporal and spatial scales, including extreme weather 
events that occur with a certain periodicity such as prolonged 
droughts, devastating rain events, extraordinarily hot years, floods 
and conditions resulting from periodic El Niño and La Niña events, 
among others.26,27

Montealegre28 argues that climate variations occur at all spatial 
and temporal scales, and have important impacts on human activities. 
Similarly, Silva,29 indicates that, on the time scale, the most significant 
fluctuations are daily, intra-seasonal, seasonal or annual, inter-annual 
and inter-decadal, each presenting various associated phenomena.

From what has been analyzed so far, it can be inferred that 
environmental conditions, mainly related to climate, are in continuous 
change and plant species, in some cases, adapt, evidencing resilience 
and, in other cases, modify their phenology and production. 
Nevertheless, the resilience shown, today humanity faces a change in 
the climate model in which the crops of a given region, as is the case 
of Cusco, are affected by changing the optimal conditions in a given 
scenario. This is the case of citrus cultivation, which suffers from 
physiological problems that lead to reduced production and quality 
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of crops due to climate change and the concurrence of environmental 
stress factors such as high temperatures, drought, floods or the 
salinization and impoverishment of soils.

Scientific researches such as Balfagón et al.30, Sengupta,31, Pandey 
et al.,32 point out that, despite advances in the knowledge of citrus 
tolerance mechanisms to stress conditions, there is still a need to 
evaluate other abiotic and biotic factors that constitute threats to 
citrus cultivation and, they conclude that stress situations have been 
evaluated in other crops of agronomic interest, still being a gap 
regarding citrus production. These authors state that agriculture has a 
particularity with respect to other human activities that are responsible 
for the generation of high CO2 emissions and other greenhouse gases, 
due to the capacity of citrus fruits to capture these gases from the 
atmosphere as a biomass and specify that citrus crops are effective 
in this process, since they have carbon fixation rates that oscillate 
between five and 10 tons of carbon per hectare and year. Likewise, 
studies carried out by Iglesias and Tejedo (The role of citriculture in 
a context of climate change, 2017, p. 50) obtain this same net fixation 
rate.33

On the other hand, Martínez et al.,34 specify that citrus production 
comes to govern the community dynamics of peasants, whose 
performance has been affected by climate change. Added to these 
socio-economic scenarios is the constant increase in greenhouse gas 
emissions generated by human activities, which are responsible for 
the increase in atmospheric temperatures recorded in recent decades.35

According to MINAG,36 adaptation to climate change in tropical 
Andean mountain ecosystems is, mainly, an issue of adaptation of 
appropriate technologies coming largely from local cultures, that is, it 
is more a sociocultural issue than a scientific one. MINAG maintains 
that the changes observed by the effects of climate change in Peruvian 
agriculture are: Impact on the quality and yield of crops, plantations 
and livestock, loss of biodiversity and increase in pests, physiological 
effects on crops (pastures, forests and livestock in quantity and 
quality), changes in soil and water resources (quantity and quality), 
increase in pests and diseases, decrease in flowering and fruiting 
of crops due to thermal anomalies, recurring climatic events (frost, 
excessive or untimely rain, drought, wind, hail or snow, due to their 
frequency, magnitude, intensity or simply because they are untimely, 
cause damage to crops and economic losses to farmers), impacts on 
the availability of water for crop irrigation due to droughts, impact of 
change climate in livestock in high Andean areas.

Considering the focus of the effects of climate change on crops 
grown in the Cusco region that have effects on low production and 
productivity; it is proposed that the orange (Citrus sinensis L. Osbeck) 
can be successfully cultivated in Cusco as a proposal for adaptation 
to climate change, particularly to the increase in temperature in 
habitually cultivated areas.

Objectives

General objective. Develop an experiment to propose an adaptation 
mechanism to climate change of the orange (Citrus sinensis L. 
Osbeck) in Cusco.

Specific objectives:

a.	 Evaluate the phenology of the orange in conditions of Cusco at 
3 302 m.a.s.l.

b.	 Evaluate the characteristics of the fruit and the production of the 
orange tree.

Field of study

The city of Cusco is located in the western part of the valley of the 
same name and in the central part with respect to the department and 
towards the south east of the national territory, the city is the capital 
of the department that is at an altitude of 3 399 m.a.s.l. and is located 
between 13º30’45’’ south latitude and 71º58’33’’ west longitude.

In Cusco, there are two climatic seasons: the rainy season, from 
December to March with an average temperature of 12°C, and the dry 
season, from April to October with an average temperature of 9°C. The 
average minimum temperature is -2,6°C and the maximum recorded 
is 22,8°C. The adaptation test was carried out in the COVIDUC 
urbanization, located at 3 302 m.a.s.l. in the district of San Sebastián, 
during the last 12 years, since 2011; the basic climatic characteristics 
are indicated in the following Figures 1–4 and Table 1.

The driest month is July, with 15 mm of precipitation; instead, 
January is the month with the highest precipitation, with an average 
of 241 mm (Figure 5).

According to SENAMHI, the lowest temperatures in Cusco are 
recorded between the months of May and August (Table 2).37,38

Figure 1 Location of the study plot and two specimens of the orange tree.

Figure 2 Average maximum and minimum temperature in Cusco.

Source: Weather Spark, 2023.

Figure 3 Precipitation and relative humidity in Cusco.

Source: Weather Spark, 2023.
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Figure 4 Climogram Cusco.

Figure 5 Average temperatures recorded for Cusco.

Source: SENAMHI, K’ayra Weather Station, Cusco. 2012.

The measurement of the climatic data presented by SENAMHI in 
an important period of 23 years, indicates that the lowest temperatures 
are registered from April to September and the maximum temperatures 
between August and December; the driest months show a period 
from May to August, there are intermediate months such as April, 
September, October and November, the rest of the year is rainy.

Table 1 Historical weather data Cusco

  January February March April May Jun ​​July August September October November December

Medium 
temperature (°C)

8.1 8.1 8 7.7 7.3 6.7 6.5 7.1 7.9 8.5 8.8 8.4

Minimum 
temperature (°C)

5.1 5.1 4.9 4.2 3.3 2.3 1.8 2.3 3.6 4.6 5.2 5.3

Maximum 
temperature (°C)

12.4 12.3 12.3 12.3 12.2 12.1 12.1 13 13.5 13.7 13.7 12.9

Precipitation (mm) 241 218 177 87 31 16 15 26 44 94 128 201

Humidity (%) 80% 81% 80% 77% 69% 62% 59% 58% 62% 69% 71% 78%

 Rainy days (days) 21 19 20 15 7 3 3 6 11 16 17 20

Hours of sun 
(hours)

5.1 4.7 5.2 5.7 6.6 7.4 7.6 7.9 7.5 6.7 6.7 5.7

Data: 1991-2021: Mim. temperature. (°C), max. temperature. (°C), Precipitation (mm), Humidity, rainy days. Data: 1999 - 2019: Hours of sun.

Source: Climate-data.org. 2022.

Table 2 Average monthly maximum, minimum and mean temperatures (23-year averages: 1993-2018)

MES T (C) Tonin (2C) Tined (2C) Precipitacion (mm)
Enero 19,1 7,0 13,0 138,8
Febrero 19,1 6,9 13,1 116,1
Marto 19,4 6,5 12,9 99,6
Abril 19,9 3,9 11,4 47,3
Mayo 20,2 0,8 10,1 7,0
Junio 19,1 -1,7 9,1 2,7
Julio 19 ,7 -2,0 85 4,4
Agosto 20,2 0,1 10,1 7,2
Setiembre 20,1 3,0 11,8 21,7
Octubre 21,0 5,0 12,9 50,4
Noviembre 21,2 6,0 12,1 70,3
Diciembre 20,0 6,5 12,0 105,7
Promedio anual 19,9 3,5 11,4 671.2  Total Anual

Source: SENAMHI, K’ayra Weather Station, Cusco. 2020.

Material and methods
Due to the nature of the problem under study, as well as the 

proposed objectives and, considering the proposal of Hernández-
Sampieri et al.,39 the research developed corresponds to a quantitative 
investigation, because measurements of the fruits (size, circumference, 

diameter, weight) and production were carried out; therefore, the 
present work is of a quantitative approach, of a descriptive and 
correlational type. Likewise, non-probabilistic sampling called 
consecutive sampling was used. In this type of sampling, an initial 
sample was first chosen, investigated, and after obtaining the results 
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of the initial sample, another sample was studied. In other words, 
this type of sampling does not focus on a single sample, but studies 
different samples from the same statistical population and, in the end, 
draws conclusions with the information obtained from all the groups.40 
In addition, cultural management was used before the effect of climate 
change, substantially referred to pruning.

Results
Management of the orange tree: The management of the orange tree 
is substantially referred to pruning. In the experiment carried out in 
Cusco, pruning began when the trees were four years old and before 
they began the flowering process. The first pruning had the purpose 
of removing excess branches and allowing sunlight to enter evenly 
throughout the crown; in such a way that the photosynthesis process is 
adequately developed by the plant; on the other hand, another reason 
for pruning allows adequate aeration of the tree.

Subsequently, after the first production, this occurred in the fifth 
year, pruning was carried out annually, after the harvest, using tools 
such as pruning shears and a manual saw for the thickest branches that 
exceed five centimeters in thickness; in this pruning it was possible 
to extract approximately 10% of the branches. Pruning guarantees 
that the nutrients are distributed evenly throughout all the branches, 
making it possible for the fruits to be of good quality and good size. 
Pruning ensures greater vigor of the branches, greater aeration, better 
flowering, faster access to pollinators and good size and quality fruits.

The management of the orange tree also includes removing the 
thorns on the main trunk and on the thicker branches, using manual 
pruning shears, in such a way that it facilitates access to the tree for 
harvesting without damaging the collector. Finally, the management 
also included the application of a soil conditioner that allows to 
improve the existing nutrients; in the case of the test in Cusco, the 
dung of cattle from the municipal slaughterhouse located in K’ayra 
mixed with compost was used, and the concentration used was two 
parts of guano and two parts of compost, for each tree an amount was 
applied of 2 kg/plant/year (Figure 6).

Figure 6 Pruning that allows more entry of sunlight for photosynthesis, 
greater aeration; the removal of thorns allows an easy harvest.

Phenology of the orange tree: From the evaluations carried out, the 
orange tree shows growth flows or rhythms, which are presented in 
variable number and intensity, with interspersed periods of relative 
rest; this implies that the occurrence of phenological phases in the 
orange tree is influenced by climatic variables. For the evaluation of 
the phenology regarding the phases of sprouting, flowering, relative 
rest, fruiting and harvest period, weekly observations were made, 
considering the following variables: flowering intensity and sprouting 

intensity. The beginning of sprouting and flowering was considered 
in all cases from the presence of the corresponding structures in 5 
% of the tree surface. The duration of the flowering and sprouting 
flow (total days) was determined by the difference between the final 
date where the emission of flowers or buds ceases and the initial date 
where their presence is detected.

Sprouting: During the evaluated period, two sprouting flows 
occurred with variable duration and intensity. The first occurred 
between January and May, with a duration of more than 150 days, 
after a rest period of approximately three months between October 
and December; the second period occurred from August to September, 
with less intensity and shorter duration (61 days), after a two-month 
rest (June-July).

In the first sprouting, the reproductive shoots predominated, that is 
to say, that, in the axils of the leaves, the flowers are formed and later 
develop the fruits. The second sprouting, like the first one, was also 
characterized by the fact that the buds come into activity in several 
waves, but in this period the waves appear more spaced from each 
other and often between two waves the vegetative activity, due to 
its massiveness, drops to a weak level; this was observed between 
2016 and 2022. In the seven years examined, the end of the second 
sprouting generally takes place at the end of September.

Bloom: Flowering occurred in two flows, the first from April to 
June and the second from September to November with differences 
in duration and intensity and correspond to dry periods in Cusco. As 
previously stated, the reproductive shoots are observed during the first 
sprouting; therefore, flowering coincides in time with this sprouting 
(Table 3) (Table 4) (Figure 7).

Figure 7 Eco physiological factors of orange cultivation.

Source: Own elaboration based on field observations.

Production: From the first harvest (2016) and during the time of 
the adaptation experiment to conditions in Cusco, an average of 
225 oranges per tree was obtained; which implies approximately an 
average of 27 kg/tree (Table 5).

Table 3 Flowering start date of Citrus sinensis in Cusco

Year Start (weak 
level)

Start (high 
level)

Flowering duration 
(days)

2016 18-Apr 25-May 63
2017 21-Mar 2-May 51
2018 28-Mar 22-May 54
2019 2-Apr 3-Jun 58
2020 17-Mar 15-May 55
2021 26-Mar 28-Apr 63
2022 5-Apr 27-May 58
2023 3-Mar 24-Apr 56
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Table 4 phenology of Citrus sinensis

Flower bud swelling Flower bud opening Bloom Fructification Maturation

The buds begin to swell. The 
opening of the buds begins.

Due to the swelling 
and increase in size, the 
leaflets that cover the 
buttons separate.

The buds swell and the scales 
become visible.

The fruits reach a size 
of approximately two 
centimeters.

The fruits reach the 
characteristic size and 
color.

Leaf primordia are visible.
The buds burst, the scales 
separate and the floral 
primordia become visible.

The fruit turns from green 
to yellow-orange.

Flower buds fully open.

   

The petals grow, the sepals 
envelop half of the corolla; 
the sepals open, the ends of 
the petals become visible.

   

Table 5 Production of oranges in Cusco

Year Average number of fruits/tree Average diameter of the fruits (cm) Average weight (Kg/tree)
2016 65 3.2 5.2
2017 128 4.3 12.16
2018 185 6.1 20.35
2019 253 6.8 28.34
2020 266 7.3 31.92

2021 294 7.8 36.75
2022 315 7.6 37.8
2023 325 8.4 39
Average 229 6.44 26.44

From the preceding table it can be inferred that orange production 
increases year by year to the extent that management is adequate and 
that the plant and physiological processes adapt to the local climate 
(Figure 8).

Figure 8 Characteristics of the orange fruit in the experiment.

Discussion
The observations in the cultivation of the orange tree at the 

conditions of Cusco, evidenced flows or growth rhythms, which 
are presented in variable number and intensity, with interspersed 
periods of relative rest; this shows that it is influenced by climatic 
variables; aspects that coincide with the studies by Pérez et al.41 and 
the conclusions of Fournier.42

The orange is a plant capable of saving water and overcoming 
periods of drought, this characteristic is related to physiological and 
anatomical factors such as the depth of the root system.43,44 From the 
studies at high altitude conditions in Cusco, it can be inferred that 
water stress is the most relevant environmental factor for the induction 
of flowering, an aspect that has also been analyzed by Aubert and 
Lossois45, Chaikiattiyos et al.46; Soulez and Fouque.47 Under water 
deficit conditions, the vegetative buds are encouraged to flower, a fact 
that was also studied by Davies and Albrigo.43

Albrigo,48 points out that both cold and drought can induce 
flowering. In Cusco, the greatest flowering observed begins in the 
low temperature season (June and July); this observation coincides 
with that of Orduz49 who points out that low temperatures and drought 
induce the flowering of citrus fruits. Also coinciding with Mendel’s50 
studies, which indicate that they seem to be regulated by physiological 
and climatic factors, especially temperature and water regime.

Regarding sprouting flows, which, in the case of Cusco, occurs 
between January and May, before the cold season, a result that 
coincides with the phenological observations made by Pérez et al.41 
and Sosa,51 who showed that the most active sprouting flows occur in 
the first half of the year.

It should be noted that the sprouting period during 2016 (first 
flowering and first harvest) was longer, coinciding with the lowest 
rainfall records, an observation that differs from the findings of 
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Aular,52 who in his studies concludes that the sprouting flows occurred 
in the period of highest temperature and greatest thermal amplitude; 
on the other hand, in Cusco, the greatest sprouting flow occurs after 
the rainy season.

According to Mendel,50 the rest periods between growth flows 
seem to be regulated by physiological and climatic factors, especially 
temperature and water regime. In the research carried out in Cusco, 
the duration of the first rest period was 90 days, from which sprouting 
begins followed by flowering.

The production of oranges under Cusco conditions was 39 kg/tree/
year, this productivity being quite acceptable for an altitude higher than 
3,300 m.a.s.l. instead, Vincent et al.,53 points out that under adequate 
conditions production can reach more than 45 kg/tree/year; likewise, 
authors such as Orduz54, Mendel50, Sosa51 and Aular,52 maintain that 
the production of citrus fruits such as oranges can reach crops in the 
equatorial tropics, which exceed 58 kg/tree/year, after the eighth year.

Conclusion
For the study area in Cusco, located at 3,302 meters above sea 

level. The phenological parameters studied presented two flows, 
that of sprouting, the first between January to May and the second, 
between August and September; on the other hand, the flowering one, 
the first between April and June and the second between September 
and November.

The research corroborates the effect of water stress on the floral 
induction of orange, highlighting that, to the extent that the duration 
of the dry period was greater, the expression of the phase was brought 
forward and the duration and intensity of the floral flow increased.

Orange production at altitude conditions shows an adaptation to 
climate change and may constitute an action of economic interest, 
since production in Cusco has been increasing from 5kg/tree/year 
in the first year of harvest to 39 kg/tree/year, in the eighth harvest, 
contributing to the Peru proposal, since the country is committed to 
the global response to climate change and considers it a priority that 
updating its national contributions incorporate, through actions, both 
the objectives adaptation to climate change as well as with regard to 
the mitigation of greenhouse gases.

Suggestions

The authorities of the Ministry of Agriculture and Irrigation, 
must consider in the planning of actions, the increase in maximum 
temperatures, the substantial decrease in minimum temperatures and 
the decrease in precipitation in the south of the country, generating 
agronomic and meteorological drought for taking actions to mitigate 
its effects on agriculture.

The Ministry of the Environment (MINAM) and especially the 
National Meteorology and Hydrology Service of Peru (SENAMHI), 
implement a greater number of meteorological stations in the Cusco 
region, which allow determining the variability of climatic factors and 
intensify the dissemination of reports in relation to climate variability 
with scope to producers in the rural sector. These two institutions play 
a vital role in the risk management system and national development 
planning.

The Cusco Regional Government and local governments must 
promote and implement in the rural sector, particularly in agricultural 
areas, adequate adaptation measures; in this context, communities 
must know the vulnerability factors to which they are exposed; that 
is, to identify their weaknesses before the occurrence of different 
events of climatic origin that could occur in their territories; the 

training granted by these levels of government should be promoted 
so that farmers are able to know how to administer and manage the 
risks of climatic origin that exist in their environment. That is, the 
communities must know the relationship between the occurrence of 
the different climatic phenomena and the main hydro meteorological 
parameters, which allow them to identify possible scenario models, 
which allow decisions to be made leading to the implementation of 
measures to mitigate said effects.

Acknowledgments
None.

Funding 
None.

Conflicts of interest 
The author of this research declares that he does not have any type 

of conflict of interest for the publication of this scientific article.

References
1.	 Consejo Nacional del Ambiente-CONAM. Convention on Biological 

Diversity. Report your application. Lime. Environmental Standards 
Series. Lime. National Report on the State of the Environment. GEO 
Peru. Lima. Perú: Estrategia Nacional sobre Diversidad Biológica. 
Lima; 2001.

2.	 Earls J. Andean Agricultural Planning, Research Center of the Universidad 
del Pacífico (CIUP) and Development Finance Corporation (COFIDE), 
Lima. Apuntes. Revista De Ciencias Sociales, 1989;(26):111–114. 

3.	 IPCC. Climate change 2014: Synthesis report. IPCC. 2014.

4.	 MINAM. Ministerio del Ambiente. 2015a. National Strategy against 
Climate Change. Ministry of the Environment; Vice Ministry of 
Strategic Development of Natural Resources; General Directorate of 
Climate Change, Desertification and Water Resources. Primera edición, 
abril de 2015. 

5.	 MINAM. Ministerio del Ambiente. Nationally Determined Contributions 
of Peru Update Report Period 2021 – 2030. 2015.

6.	 Naciones Unidas. Paris agreement on climate change. París. 2015.

7.	 Makuvaro V, Walker S, Masere TP, et al. Smallholder farmer perceived 
effects of climate change on agricultural productivity and adaptation 
strategies. Journal of Arid Environments. 2018;152:75–82.

8.	 Makate C, Makate M, Mango N, et al. Increasing resilience of 
smallholder farmers to climate change through multiple adoption of 
proven climate-smart agriculture innovations. Lessons from Southern 
Africa. Journal of Environmental Management. 2019;231:858–868.

9.	 Klocker N, Head L, Dun O, et al. Experimenting with agricultural 
diversity: Migrant knowledge as a resource for climate change 
adaptation. Journal of Rural Studies. 2018;57:13–24.

10.	 Ibarrarán ME, Reyes M, Altamirano A. Adaptation to climate change as 
an element of combating poverty. Región y Sociedad. 2014;25(61):5–50.

11.	 Ordaz J, Mora J, Acosta A, et al. Costa Rica: Effects of climate change 
on agriculture. Obtenido de Comisión Económica para América Latina 
y El Caribe (CEPAL). 2010.

12.	 BID. Banco Interamericano de Desarrollo. Obtained from The 
Economics of Climate Change in Peru: Impacts on the Agriculture 
Sector. 2016.

13.	 MINAM. Ministerio del Ambiente. 2016. Obtained from Peru and 
Climate Change. Third National Communication of Peru to the United 
Nations Framework Convention on Climate Change. 2016. 

https://doi.org/10.15406/mojes.2023.08.00282
https://www.un.org/es/observances/biodiversity-day/convention
https://www.un.org/es/observances/biodiversity-day/convention
https://www.un.org/es/observances/biodiversity-day/convention
https://www.un.org/es/observances/biodiversity-day/convention
https://www.un.org/es/observances/biodiversity-day/convention
https://doi.org/https:/doi.org/10.21678/apuntes.26.311
https://doi.org/https:/doi.org/10.21678/apuntes.26.311
https://doi.org/https:/doi.org/10.21678/apuntes.26.311
https://www.minam.gob.pe/wp-content/uploads/2015/09/ENCC-FINAL-250915-web.pdf
https://www.minam.gob.pe/wp-content/uploads/2015/09/ENCC-FINAL-250915-web.pdf
https://www.minam.gob.pe/wp-content/uploads/2015/09/ENCC-FINAL-250915-web.pdf
https://www.minam.gob.pe/wp-content/uploads/2015/09/ENCC-FINAL-250915-web.pdf
https://www.minam.gob.pe/wp-content/uploads/2015/09/ENCC-FINAL-250915-web.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0140196318300491
https://www.sciencedirect.com/science/article/abs/pii/S0140196318300491
https://www.sciencedirect.com/science/article/abs/pii/S0140196318300491
https://www.sciencedirect.com/science/article/abs/pii/S0301479718312039
https://www.sciencedirect.com/science/article/abs/pii/S0301479718312039
https://www.sciencedirect.com/science/article/abs/pii/S0301479718312039
https://www.sciencedirect.com/science/article/abs/pii/S0301479718312039
https://ro.uow.edu.au/sspapers/3424/
https://ro.uow.edu.au/sspapers/3424/
https://ro.uow.edu.au/sspapers/3424/
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1870-39252014000400001
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1870-39252014000400001
https://repositorio.cepal.org/handle/11362/25921?locale-attribute=en
https://repositorio.cepal.org/handle/11362/25921?locale-attribute=en
https://repositorio.cepal.org/handle/11362/25921?locale-attribute=en
https://publications.iadb.org/es/publicacion/15616/la-economia-del-cambio-climatico-en-el-peru-impactos-en-el-sector-agricultura
https://publications.iadb.org/es/publicacion/15616/la-economia-del-cambio-climatico-en-el-peru-impactos-en-el-sector-agricultura
https://publications.iadb.org/es/publicacion/15616/la-economia-del-cambio-climatico-en-el-peru-impactos-en-el-sector-agricultura
https://www.minam.gob.pe/wp-content/uploads/2016/05/Tercera-Comunicaci%C3%B3n.pdf
https://www.minam.gob.pe/wp-content/uploads/2016/05/Tercera-Comunicaci%C3%B3n.pdf
https://www.minam.gob.pe/wp-content/uploads/2016/05/Tercera-Comunicaci%C3%B3n.pdf


Adaptation of orange (Citrus sinensis L. Osbeck) to climatic conditions in Cusco as a response to climate 
change

136
Copyright:

©2023 Gil-Mora

Citation: Gil-Mora GE. Adaptation of orange (Citrus sinensis L. Osbeck) to climatic conditions in Cusco as a response to climate change. MOJ Eco Environ Sci. 
2023;8(3):129‒136. DOI: 10.15406/mojes.2023.08.00282

14.	 Bonet R, Bautista M, Rojas M. Disaster risk management plan for the 
agricultural sector in the context of climate change, Cusco by 2030. 
Lima, Perú: CARE Perú; 2018.

15.	 Islam MT, Nursey-Bray M. Adaptation to climate change in agriculture 
in Bangladesh: The role of formal institutions. Journal of Environmental 
Management. 2017;200:347–358.

16.	 Thornton PK, Rosenstock T, Förch W, et al. A qualitative evaluation of 
CSA options in mixed crop-livestock systems in developing countries. In: 
Lipper L, McCarthy N, Zilberman D, editors. Climate smart agriculture. 
Natural resource management and policy. Cham, Switzerland: Springer; 
2018:385–423.

17.	 Pereira FFS, Sánchez-Román RM, Orellana González AMG. Simulation 
model of the growth of sweet orange (Citrus sinensis L. Osbeck) cv. Natal 
in response to climate change. Climatic Change. 2017;143(1):101–113.

18.	 Zandalinas SI, Balfagón D, Arbona V, et al. Modulation of antioxidant 
defense system is associated with combined drought and heat stress 
tolerance in citrus. Frontiers in Plant Science. 2017;8:953.

19.	 Zandalinas SI, Rivero RM, Martínez V, et al. Tolerance of citrus plants 
to the combination of high temperatures and drought is associated to 
the increase in transpiration modulated by a reduction in abscisic acid 
levels. BMC Plant Biology. 2016;16:105. 

20.	 Orduz-Rodríguez JO, Garzón C, Lucia D. Alternation of production 
and phenological behavior of the ‘Valencia’ orange (Citrus sinensis [L.] 
Osbeck) in the humid lowland tropics of Colombia. Revista Corpoica-
Ciencia y Tecnología Agropecuaria. 2017;13(2):136–144.

21.	 Zhang P, Zhang J, Chen M. Economic impacts of climate change on 
agriculture: The importance of additional climatic variables other than 
temperature and precipitation. Journal of Environmental Economics and 
Management. 2017;83:8–31.

22.	 Agovino M, Casaccia M, Ciommi M, et al. Agriculture, climate change 
and sustainability: The case of EU-28. Ecological Indicators. 2018.

23.	 Romero P, Navarro JM, Pérez-Pérez J, et al. Deficit irrigation and 
rootstock: Their effects on water relations, vegetative development, 
yield, fruit quality and mineral nutrition of Clemenules mandarin. Tree 
Physiology. 2006;26:1537–1548.

24.	 MIDAGRI. Monthly statistical bulletin. El Agro en Cifras. 2020.

25.	 IPCC. Report of the Intergovernmental Panel on Climate Change. 2008. 
Cambio Climático. Ginebra, Suiza: © Grupo Intergubernamental de 
Expertos sobre el Cambio Climático, 2008.

26.	 Torres J, Gómez A. Adaptation to climate change: cold and hot in 
the Andes. In: Torres J, Gómez, Edits A, edirors. Lima: Soluciones 
Prácticas-ITDG. 2008.

27.	 Muller D. Adapting to climate variability and change: a guidance 
manual for development planning. Washington, DC: U.S. Agency for 
International Development. 2007.

28.	 Montealegre J. Study of the climatic variability of precipitation in 
Colombia associated with oceanic and atmospheric processes of meso 
and large scale., Institute of Hydrology, Meteorology and Environmental 
Studies (IDEAM), 2009.

29.	 Silva Y. Chapter 21. Climate Variability. teaching material. Lima: 
Pontificia Universidad Católica del Perú. 2007.

30.	 Balfagón D, Arbona V, Gómez-Cadenas A. The future of citrus: Impact 
of climate change on citrus. Method Science Studies Journal. 2021.

31.	 Sengupta A. Effects of climatic disturbances on blue economy of India 
(Dec 10, 2018). 2018. 

32.	 Pandey P, Irulappan V, Bagavathiannan MV, et al. Impact of combined 
abiotic and biotic stresses on plant growth and avenues for crop 
improvement by exploiting physio-morphological traits. Frontiers in 
Plant Science. 2017;8:537. 

33.	 Iglesias DJ, Tejedo V. The role of citrus cultivation in a climate change 
context. Vida Rural. 2017:44–50. 

34.	 Martínez VR, Casanova Pérez L, Flota Bañuelos C, et al. Climate 
change in citrus agroecosystems: study of its perception in Campeche, 
Mexico. Agricultural research as a contribution to the use of sustainable 
technologies, 2021:20–23.

35.	 Iglesias DJ. Nuevos retos de la citricultura valenciana: análisis de 
la productividad y estrategias de adaptación al cambio climático. 
LEVANTE AGRICOLA. 2017:213–221. 

36.	 MINAG. Ministerio de Agricultura. Obtenido de Seminario: Agricultura 
y Competitividad en un Contexto de Cambio Climático. 2008. 

37.	 SENAMHI-PACC. Climatic characterization of the Apurímac and 
Cusco regions. Climate Change Adaptation Program (2012). Climatic 
characterization of the Apurímac and Cusco regions. 2012.

38.	 SENAMHI. Climate classification map of Peru. 2020.

39.	 Hernández-Sampieri R, Fernández-Collado C, Baptista-Lucio P. 
Investigation methodology. Mac Graw Hill. México; 1991. 850 p.

40.	 Hernández-Sampieri R, Fernández-Collado C, Baptista-Lucio, P. 
Investigation methodology. Mc Graw-Hill interamericana de México, 
S.A. de C.V. 1997.

41.	 Pérez M, Soto E, Avilán L. Description of the phenology in three 
citrus cultivars in the central zone of Venezuela. Rev Fac Agron (LUZ). 
2004;21 Supl. 1:102–108.

42.	 Fournier L. A qualitative method for the measurement of phenological 
characteristics in trees. Turrialba. 1974;24(4):422–423.

43.	 Davies F, Albrigo L. Citrus. CAB International, Wallingford, U.K; 1994. 
254 p.

44.	 Agustí M. Citricultura. Editorial Mundi-Prensa, Madrid; 2003. 422 p. 

45.	 Aubert B. Considerations on the phenology of shrubby fruit species. 
Fruits. 1972;27(4):269–286.

46.	 Chaikiattiyos S, Menzel C, Rasmussen T. Floral induction in tropical fruit 
trees: Effects of temperature and water supply. Journal of Horticultural 
Science. 1994;69(3):397–415.

47.	 Soulez P, Fouqué A. Phenologie en zone tropicale desagrumes. Fruits. 
1958 ;33(12):814–816.

48.	 Albrigo L. Control of flowering in the American hemisphere. In: 
Memorias V, editor. Taller Regional de Bioclimatología Manejo y 
Producción de cítricos. Valencia. Venezuela. 2009.

49.	 Orduz JO. Ecophysiology of citrus in the tropics: review and 
perspectives. In: Memories of the second Colombian Congress of 
Horticulture. Bogotá: Colombian Society of Horticultural Sciences. 
2007:67–76.

50.	 Mendel K. The influence of temperature and light on the vegetative 
development of citrus tree. Proceeding First International Citrus 
Symposium. Riverside. 1969;1(1):259–265.

51.	 Sosa, F. Phenological and productive behavior of Tahiti lime (Citrus 
latifolia Tan.) on three rootstocks. Master’s Thesis. Agronomy faculty. 
Universidad Central de Venezuela. 1995. 136 p.

52.	 Aular J. Considerations about the manejo of huertos de citricas. 
Memoria II Curso de Actualización de Conocimientos en Fruticultura. 
UCLA- Posgrado de Horticultura. 2005.

53.	 Vincent C, Morillon R, Arbona V, et al. Citrus in changing environments. 
In: Talon M, Caruso M, Gmitter FG Jr, editors. The genus Citrus, 
Elsevier. 2020:271–289. 

54.	 Orduz J. Improvement of the production and quality of the Valencian 
orange in the plains, through the investigation of the limiting factors: 
water, nutrition and fruit set efficiency (phase II).Villavicencio, 
Colombia: Corpoica. 2008.

https://doi.org/10.15406/mojes.2023.08.00282
https://www.cooperacionsuiza.pe/publicacion/plan-de-gestion-del-riesgo-de-desastres-del-sector-agrario-en-contexto-de-cambio-climatico-cusco-al-2030/
https://www.cooperacionsuiza.pe/publicacion/plan-de-gestion-del-riesgo-de-desastres-del-sector-agrario-en-contexto-de-cambio-climatico-cusco-al-2030/
https://www.cooperacionsuiza.pe/publicacion/plan-de-gestion-del-riesgo-de-desastres-del-sector-agrario-en-contexto-de-cambio-climatico-cusco-al-2030/
https://pubmed.ncbi.nlm.nih.gov/28599218/
https://pubmed.ncbi.nlm.nih.gov/28599218/
https://pubmed.ncbi.nlm.nih.gov/28599218/
https://link.springer.com/chapter/10.1007/978-3-319-61194-5_17
https://link.springer.com/chapter/10.1007/978-3-319-61194-5_17
https://link.springer.com/chapter/10.1007/978-3-319-61194-5_17
https://link.springer.com/chapter/10.1007/978-3-319-61194-5_17
https://link.springer.com/chapter/10.1007/978-3-319-61194-5_17
https://link.springer.com/article/10.1007/s10584-017-1986-0
https://link.springer.com/article/10.1007/s10584-017-1986-0
https://link.springer.com/article/10.1007/s10584-017-1986-0
https://www.frontiersin.org/articles/10.3389/fpls.2017.00953/full
https://www.frontiersin.org/articles/10.3389/fpls.2017.00953/full
https://www.frontiersin.org/articles/10.3389/fpls.2017.00953/full
https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-016-0791-7
https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-016-0791-7
https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-016-0791-7
https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-016-0791-7
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0122-87062012000200003&lng=en&nrm=iso&tlng=es
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0122-87062012000200003&lng=en&nrm=iso&tlng=es
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0122-87062012000200003&lng=en&nrm=iso&tlng=es
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0122-87062012000200003&lng=en&nrm=iso&tlng=es
https://www.sciencedirect.com/science/article/abs/pii/S0095069616304910
https://www.sciencedirect.com/science/article/abs/pii/S0095069616304910
https://www.sciencedirect.com/science/article/abs/pii/S0095069616304910
https://www.sciencedirect.com/science/article/abs/pii/S0095069616304910
https://doi.org/10.1016/j.ecolind.2018.04.064
https://doi.org/10.1016/j.ecolind.2018.04.064
https://academic.oup.com/treephys/article/26/12/1537/1690383
https://academic.oup.com/treephys/article/26/12/1537/1690383
https://academic.oup.com/treephys/article/26/12/1537/1690383
https://academic.oup.com/treephys/article/26/12/1537/1690383
https://siea.midagri.gob.pe/portal/
file:///D:\Journal%20Data\Ecology%20MOJES\Articles\2023\6.%20June\4.%20MOJES-23-RA-526-85%25\MOJES-23-RA-526_W\v
file:///D:\Journal%20Data\Ecology%20MOJES\Articles\2023\6.%20June\4.%20MOJES-23-RA-526-85%25\MOJES-23-RA-526_W\v
file:///D:\Journal%20Data\Ecology%20MOJES\Articles\2023\6.%20June\4.%20MOJES-23-RA-526-85%25\MOJES-23-RA-526_W\v
http://www.ideam.gov.co/documents/21021/21789/Estudio+de+la+variabilidad+clim%C3%A1tica+de+la.pdf/643c4c0e-83d7-414f-b2b4-6953f64078d3
http://www.ideam.gov.co/documents/21021/21789/Estudio+de+la+variabilidad+clim%C3%A1tica+de+la.pdf/643c4c0e-83d7-414f-b2b4-6953f64078d3
http://www.ideam.gov.co/documents/21021/21789/Estudio+de+la+variabilidad+clim%C3%A1tica+de+la.pdf/643c4c0e-83d7-414f-b2b4-6953f64078d3
http://www.ideam.gov.co/documents/21021/21789/Estudio+de+la+variabilidad+clim%C3%A1tica+de+la.pdf/643c4c0e-83d7-414f-b2b4-6953f64078d3
https://ojs.uv.es/index.php/Metode/article/view/20319
https://ojs.uv.es/index.php/Metode/article/view/20319
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4199064
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4199064
https://www.frontiersin.org/articles/10.3389/fpls.2017.00537/full
https://www.frontiersin.org/articles/10.3389/fpls.2017.00537/full
https://www.frontiersin.org/articles/10.3389/fpls.2017.00537/full
https://www.frontiersin.org/articles/10.3389/fpls.2017.00537/full
http://redivia.gva.es/bitstream/handle/20.500.11939/5871/2017_Iglesias_El%20Papel.pdf?sequence=1&isAllowed=y
http://redivia.gva.es/bitstream/handle/20.500.11939/5871/2017_Iglesias_El%20Papel.pdf?sequence=1&isAllowed=y
http://redivia.gva.es/bitstream/handle/20.500.11939/5870/2017_Domingo_Nuevos.pdf?sequence=1&isAllowed=y
http://redivia.gva.es/bitstream/handle/20.500.11939/5870/2017_Domingo_Nuevos.pdf?sequence=1&isAllowed=y
http://redivia.gva.es/bitstream/handle/20.500.11939/5870/2017_Domingo_Nuevos.pdf?sequence=1&isAllowed=y
file:///D:\Journal%20Data\Ecology%20MOJES\Articles\2023\6.%20June\4.%20MOJES-23-RA-526-85%25\MOJES-23-RA-526_W\1.%09http:\minagri.gob.pe\portal\download\pdf\especiales\bioenergia\cambio_climatico\avances.pdf
file:///D:\Journal%20Data\Ecology%20MOJES\Articles\2023\6.%20June\4.%20MOJES-23-RA-526-85%25\MOJES-23-RA-526_W\1.%09http:\minagri.gob.pe\portal\download\pdf\especiales\bioenergia\cambio_climatico\avances.pdf
Https://idesep.senamhi.gob.pe/geonetwork/srv/api/records/9f18b911-64af-4e6b-bbef-272bb20195e4/attachments/MAPA_PERU_CLIMATICO_A0_2(1).jpg
https://produccioncientificaluz.org/index.php/agronomia/article/view/26525
https://produccioncientificaluz.org/index.php/agronomia/article/view/26525
https://produccioncientificaluz.org/index.php/agronomia/article/view/26525
https://www.scienceopen.com/document?vid=2242189e-658c-42f6-9204-35ab1c5b0fca
https://www.scienceopen.com/document?vid=2242189e-658c-42f6-9204-35ab1c5b0fca
https://agritrop.cirad.fr/424725/
https://agritrop.cirad.fr/424725/
https://www.tandfonline.com/doi/abs/10.1080/14620316.1994.11516469
https://www.tandfonline.com/doi/abs/10.1080/14620316.1994.11516469
https://www.tandfonline.com/doi/abs/10.1080/14620316.1994.11516469
https://repository.agrosavia.co/handle/20.500.12324/988
https://repository.agrosavia.co/handle/20.500.12324/988
https://repository.agrosavia.co/handle/20.500.12324/988
https://repository.agrosavia.co/handle/20.500.12324/988
https://www.sciencedirect.com/science/article/abs/pii/B9780128121634000139?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/B9780128121634000139?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/B9780128121634000139?via%3Dihub

	Title
	Abstract
	Keywords
	Introduction
	Objectives
	Field of study 

	Material and methods 
	Results
	Discussion
	Conclusion
	Suggestions

	Acknowledgments
	Funding
	Conflicts of interest  
	References
	Figure 1
	Figure 2
	Figure 3 
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Table 1
	Table 2 
	Table 3
	Table 4
	Table 5

