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ABSTRACT  

Polylepis incana Kunth (queñoa), is a species that has diverse local uses; however, 

it has a low germination power in natural conditions. The objective of this research 

was to compare the germination power of Polylepis incana, with coconut, residual 

and untreated water treatments. An experiment was set up with three types of water 

and five doses of water (5, 10, 15, 20 and 25 ml). The germination was developed 

in 15 trays, in each one 750 g of substrate and 20 seeds were added. The irrigation 

was done daily with different amounts of water, from 5 to 25 ml. The percentage of 

germination power, temperature and soil pH were recorded daily. The statistical 

analyses were carried out in the INFOSTAT program. The highest germination power 

of seeds was registered with irrigation with residual water (9 %), while seeds irrigated 

with coconut and untreated water reached 4 %. Therefore, a 9 % germination power 

of P. incana seeds, irrigated with residual water, was obtained.  

Keywords: Germination; Greenhouse; Polylepis incana; Irrigation; Treatment.  

 
RESUMEN  

Polylepis incana Kunth (queñoa), es una especie que posee diversos usos locales, sin 

embargo, presenta un bajo poder germinativo en condiciones naturales. El objetivo 

de la investigación fue comparar el poder germinativo de Polylepis incana, con 

tratamientos de agua de coco, residual y de pozo. Se instaló un experimento con tres 

tipos de agua y cinco dosis de agua (5, 10, 15, 20 y 25 ml). La germinación se 

desarrolló en 15 bandejas, en cada una se adicionó 750 g de sustrato y 20 semillas. 

El riego se realizó diariamente con diferentes cantidades de agua, desde 5 a 25 ml. 

Se registró el porcentaje de poder germinativo, temperatura y pH del suelo de forma 

diaria. Los análisis estadísticos fueron realizados en el programa INFOSTAT. El mayor 

poder germinativo de semillas, se registró con riegos con agua residual (9 %), 
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mientras que las semillas regadas con agua de coco y de pozo alcanzaron un 4 %. 

Por tanto, se ha obtenido un 9 % de poder germinativo de semillas de P. incana, 

regadas con agua residual.  

Palabras clave: Germinación; Invernadero; Polylepis incana; Riego; Tratamiento.  

 
RESUMO  

Polylepis incana Kunth (queñoa), é uma espécie que tem várias utilizações locais, no 

entanto, apresenta um baixo poder germinativo em condições naturais. O objetivo 

da investigação era comparar o poder germinativo da Polylepis incana, com 

tratamentos de coco, resíduos e água de poços. Foi realizada uma experiência com 

três tipos de água e cinco doses de água (5, 10, 15, 20 e 25 ml). A germinação foi 

desenvolvida em 15 tabuleiros, em cada um deles foram adicionados 750 g de 

substrato e 20 sementes. A irrigação foi feita diariamente com diferentes quantidades 

de água, de 5 a 25 ml. A percentagem do poder germinativo, temperatura e pH do 

solo foram registados diariamente. As análises estatísticas foram levadas a cabo no 

programa INFOSTAT. O maior poder germinativo das sementes foi registado com 

irrigação com água residual (9 %), enquanto as sementes irrigadas com coco e água 

de poço atingiram 4 %. Portanto, 9 % do poder germinativo foi obtido a partir de 

sementes de P. incana irrigadas com águas residuais.  

Palavras-chave: Germinação; Estufa; Polylepis incana; Irrigação; Tratamento.  

 
INTRODUCTION  

Polylepis incana (Wesche et al., 2008), is an angiosperma, dicotyledonous (Renison 

and Cingolani 1998), has a great diversity of species that are present in South 

America (Montesinos-Tubée et al., 2015; Abdellaoui et al., 2019) and distributed 

along the Andes (Vega-Krstulovic et al., 2007). The greatest diversity of species is 

found between the altitudes of 3 000 m a.s.l. (Kessler and Schmidt-Lebuhn 2006) to 

4 600 m a.s.l. (Domic and Capriles 2009), being trees and some, shrubs (Mendoza 

and Cano 2011).  

The species P. incana, is endemic to Peru (Castro and Flores 2015), has a height of 

two to five meters (Seltmann et al., 2007), is characterized mainly by twisted stems 

(Argibay and Renison 2018) and slow growth (Domic et al., 2013), but with 

adaptations to low temperatures (Hidalgo et al., 2013).  

Polylepis forests are at present one of the most vulnerable ecosystems in the 

Americas (Castro and Flores 2015), due to environmental factors (Arana-Paredes et 

al., 2015), low rates of regeneration (Argollo et al., 2004; Seltmann et al., 2007), 

intensified land use (Argollo et al., 2004), climate change (Domic et al., 2013), 

intense pressure for agricultural expansion (Domic et al., 2017) and habitat 

degradation (Seltmann et al., 2007).  

Various efforts have been made to promote the germination and propagation of the 

P. incana species, however, there are difficulties in genetic reproductive processes, 

which are characteristic of the plant (Zutta et al., 2012), such as restrictions on 

temperature variations (Landi and Renison 2010), low natural seed dispersal (Wesche 

et al., 2008), this causes slow regeneration of the Polylepis bosques (Enrico et al., 

2004). From the seeds collected in the natural environment, only 10 % are optimal 

for sowing (Montesinos-Tubée et al., 2015), they are affected by low temperature in 

their natural habitat (Simoes and Renison 2015; Pulido and Ramos 2016), soil 
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evapotranspiration (Rosero et al., 2018), climate variability (Zutta et al., 2012) with 

unpredictable effects on seed germination.  

Several studies have shown that the P. incana, has low percentage of germination 

and can reach only between 3 % and 5 % (Enrico et al., 2004; Domic et al., 2017), 

with the possibility of germinating in different substrates: sand, soil, rocks and good 

preparation of the soil (Renison and Cingolani 1998; Olivera et al., 2018). The good 

development of the seeds depends on the parameters of the quality of the water used 

for irrigation (Torres et al., 2008); the environmental conditions in which it is found 

(Renison et al., 2004) and the osmotic adjustments of the seed (Domic and Capriles 

2009).  

The treated water can be used to irrigate plants (Passarini et al., 2012). Likewise, 

irrigation with waste water enhances the germination capacity and fertility of the 

seedling (Cardonell et al., 2012), because it has a large amount of nutrients such as 

nitrogen and phosphorus (Beltrán et al., 2015). For example, coconut water promotes 

germination at maximum levels (Patiño et al., 2011), because it contains hormones 

with cytokinin action of the isoprenoid type, which promotes the process of cell 

division, thus influencing the post-germination process (Del Pozo et al., 2005; Quinto 

et al., 2009), with coconut water promoting germination, with temperatures between 

16°C and 20°C (Arana et al., 2015).  

The importance of investigating the germinative viability of P. incana, is based on the 

use made by local populations (Capriles and Flores 2002), such as: use as firewood 

(Kessler and Schmidt 2006; Wesche et al., 2008) and medicinal, as it acts as 

antihypertensive (Daud et al., 2007), and also as fodder for animals (Castañeda and 

Albán 2016). The protection and conservation of the forests of P. incana, from the 

sowing by seeds, is by the vegetal cover that provides in the Andean ecosystems 

(Schmidt-Lebuhn et al., 2006), by its participation in the regulation of the runoff, 

control of the erosion (Delgado and Leon-Vargas 2017), its capacity to retain and to 

capture water, being the main type of cover in the hydrographic basins high Andean 

(Enrico et al., 2004).  

The cold damages the seeds, causing physiological damage and slowing down the 

growth, therefore, it is appropriate to propagate in spring; the seed-germinated 

plants are more feasible than the seedlings by stake (Vasco 2010), the seeds of P. 

incana, have a high degree of impurity (Vega et al., 2018). The germination 

responses of Polylepis incana seeds under greenhouse conditions show a higher 

germination percentage of approximately 19 %.  

The objective of the investigation was to compare the germinative power of Polylepis 

incana, with water treatments (residual, coconut and untreated).   

MATERIALS AND METHODS  

Study area  

The research was conducted in the greenhouse of the Environmental Management 

Office of the National University of the Altiplano of Puno, located at 15°49'34" south 

latitude, 70°00'19" west longitude and at an altitude of 3816 m a.s.l. (Figure 1).  
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Figure 1 - Location of the greenhouse of the Universidad Nacional del Altiplano in Puno, Perú  

Design of the experiment  

The sowing was done in vitro, 300 seeds of P. incana were sown, in fifteen plastic 

trays, 20 seeds were distributed per tray with the help of sterile dissecting forceps. 

They were placed inside trays of 100 g of substrate sifted with black soil, sand and 

sheep manure; the trays with seeds were placed on a table under the light intensity 

of the sun.  

To evaluate the effect of the type of water, coconut water was used, having 

purchased 13 coconuts for the whole process of the investigation; contaminated 

water was extracted from the interior bay of Puno and the untreated water from a 

spring located in the city of Puno (Jr. Independencia and Av. La Torre). Likewise, the 

environmental temperature of the greenhouse was recorded where an average of 

25°C was obtained.  

The experiment had 5 doses of irrigation with three treatments; the first treatment 

(T1), was of coconut water, the first was with doses of irrigation of 5 ml, the second 

repetition was with 10 ml, the third was with 15 ml, the fourth was with 20 ml and 

the fifth was with 25 ml. With the second treatment (T2) it was of residual water and 

the third treatment (T3) with untreated water, the doses were with the same amounts 

of irrigation for the three treatments.  

The pH, humidity and temperature (°C) of the substrate were monitored weekly; the 

pH and moisture were measured with a HANNA pH meter, Checker, USA and the 

temperature with an Oaklon infrared thermometer, Mini infraPro 6, USA.  
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Evaluation of germination  

In order to evaluate the germination in vitro, the number of germinated seeds was 

registered every day from the third day after sowing, after determining the 

percentage of germination, and it was calculated taking into account the number of 

germinated seeds, with respect to the initial number of seeds put to germinate.  

Statistical analysis  

The experimental design was completely randomized with 5 doses of water and each 

with 20 seeds. The data were subjected to a non-parametric statistical test by 

Kruskal-Wallis, to contrast the influence of the amount of irrigation and the number 

of germinated seeds. The correlation test was also applied to estimate the degree of 

association between temperature and pH of the substrate. The average temperature 

was 27.5°C and pH 7.6. The data were analyzed using INFOSTAT version 2018.   

RESULTS  

From 300 seeds sown of Polylepis incana, 17 seeds germinated in total, of this 

quantity nine seeds germinated with irrigation of residual water, four seeds 

germinated with irrigation of coconut water and four seeds germinated with irrigation 

of untreated water.  

The seeds of P. incana, which were irrigated with wastewater and in a mixture of 

substrate that was black soil, sand and as fertilizer sheep manure, germinated 9 

seeds which is equivalent to 9 % of a total of 100 seeds sown, while the seeds 

irrigated with coconut water and untreated, germinated four seeds (4 %), 

respectively (Figure 2).  

 

Figure 2 - The number of germinated seeds subjected to different types of water (coconut, 
residual and untreated)  
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The different amounts of water doses, applied for irrigation of seeds sown in black 

soil substrate, sand and as fertilizer sheep manure, did not present statistical 

differences in the germination of P. incana seeds (Hcalc (0,05) =0,83; P=0,85)  

The analysis of correlation between temperature and pH, was of r=0.14, this implies 

a low correlation or affinity between these two dependent variables for the 

germination of the seed, therefore, the two variables can act indistinctly, without 

affecting the germination power of the P. incana (Figure 3). The temperature 

variations inside the greenhouse, had ranges of average of 22.67 to 31.13°C, being 

influential factors in the germination of seeds. The temperature of the substrate, 

where the P. incana seed was sown, which were irrigated with residual water, 

presented average records of 27.5°C and pH of 7.6.  

 

Figure 3 - Pearson's correlation of temperature (°C) and pH in substrates for the 
germination process of P. incana r= 0.14  

DISCUSSION  

The different doses of water, applied to the germination of seeds, do not influence 

the germination of P. incana seeds, however, the types of irrigation water, do 

influence the number of seeds germinated. The germination power of the plants is 

limited by reproductive difficulties due to genetic problems of the plant (Zutta et al., 

2012), that is why in the treatment with coconut water, there was only a germination 

of 4 %, in the residual water of 9 % and in the untreated water of 4 %. These 

percentages coincide with that mentioned by (Argibay and Renison 2018), where it 

indicates that only 10 % of the seeds collected naturally are optimal for sowing and 

in addition the viability of germination, is also due to adverse climatic restrictions 

(Pulido and Ramos 2016) and the scarce dispersion in natural form (Wesche et al., 

2008).  

Likewise, it is important to mention that the temperature influences the germination 

of the P. incana (Delgado and Leon 2017) and these species that are above 4000 m 

a.s.l., are affected by the adversity of the low temperatures that are presented in the 

place (Simoes and Renison 2015). In the research, being inside a greenhouse was 
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favorable for the germination percentage of P. incana seeds, because the 

temperature records fluctuated between an average range of 22.67 to 31.13°C. The 

optimal range for the germination of P. incana, according to our research, registers 

from 16.8 to 20.6°C, because when the average temperature of the day reached 

those ranges, the seeds react optimally and it also depends on the amount of 

irrigation that is done.  

In the treatment with coconut water, there was a lower germination that was 4 %, 

despite presenting vitamins and chemical substances with promoting action on the 

germination of more than 50 % (Santos et al., 2013), however, in 100 % of the sown 

seeds, it was not favorable, it is likely that it can work in other species, because the 

coconut water was used to promote the germination of many species, such as 

carnation, because the coconut water presents amino acids and antioxidants (Arana-

Paredes et al., 2015). According to Quinto et al., (2009), indicates that coconut water 

can be a promoter of germination, at temperatures between 16°C and 20°C (Arana-

Paredes et al., 2015).  

However, in our research, with the irrigation with coconut water, the temperatures 

inside the greenhouse oscillated from 22.67 to 31.13°C, for that reason, the coconut 

water, began to ferment, causing the formation of fungi around the seeds and this 

situation has been able to influence in the germination, mainly in those that were 

watered with 10, 15, 20, 25 ml; where there was not germination, however, with 5 

ml, if there was germination.  

In the treatment of wastewater there was a higher percentage of germination: from 

9 %, it should be noted that the development of seeds depends on water quality 

parameters that influence the soil (Torres et al., 2008) because wastewater has a 

biochemical demand (Cardonell et al., 2012) and also has a large amount of nitrogen 

and phosphorus nutrients, mainly the water used, which was from the interior bay of 

Puno (Beltran et al, 2015) and in the seeds that were irrigated with 5ml daily, a better 

yield was obtained and a greater number of germinated seeds, but those that were 

irrigated with 10, 20, 25 ml, there was no germination, then, to smaller abundance 

of water within the treatments, there is greater number of germinated seeds. 

According to Enrico et al. (2004) plants have the capacity to retain and capture water 

in their organism, this shows that for P. incana, with a minimum amount of water the 

seed can germinate.  

In this research, it was possible to obtain a 9 % germination power of P. incana 

seeds, while in natural form, they are only viable up to 3 % (Domic et al., 2017). 

This situation is encouraging for our results, because the native species have a low 

level of regeneration (Gutiérrez and Becerra 2018).  

With the results obtained from this research, we provide knowledge so that public 

and private institutions can promote the production of P. incana seedlings from the 

germination of seeds, irrigated with treated wastewater, as this water is still suitable 

for irrigation, because it contains nitrogen and phosphorus. Then, the seedlings can 

be transplanted in their natural habitat, avoiding their diminishing process of the 

relict forests of Polylepis in the Peruvian high Andean region.   

CONCLUSIONS  

It has been registered a 9 % of germination power of the seeds of Polylepis incana 

sowed in the treatment with irrigation of residual water, being minor the seeds 

germinated with irrigation of coconut and untreated water.  
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At an irrigation supply of 5 ml, there is a greater number of germinated seeds, 

therefore, Polylepis seeds do not need abundant water for their development.  

There is a low degree of affinity between the temperature and pH of the substrate, 

this implies no dependence on these parameters for the germination of the seed of 

P. incana.   
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