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Abstract

:

Background: Yerba-mate (Ilex paraguariensis) is a perennial native tree from South America. Improper management of yerba-mate crops results in low yield. This work evaluated the recovery and the vegetative capacity of the crop after coppicing. Methods: A 2-year field observation approach was used and the study area was monitored from 2019 to 2021 in a 20-year-old yerba-mate crop with low yield. Drastic coppicing was used as a strategy, aiming to study the effect of the month and the height of pruning. Four groups were defined combining the trunk heights of 10 and 40 cm and the months of pruning June and August. Results: Yerba-mate plants showed a low mortality rate of 2%. In the first year after the intervention, the height of the cutting was the most important factor that influenced the amount of primary and secondary branches, validating response surfaces with r2 values of 0.9942 and 0.9084, respectively. In the second year of the experiment, full recovery in productivity was reached, with a mean rise of 109.7% in the plants of the group coppiced in June 40 cm above the soil. Conclusion: The techniques used in this study are appropriate for vigor recovery in yerba-mate plants inadequately managed and allow a new architecture on plants, enabling mechanical harvesting.
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1. Introduction


Yerba-mate (Ilex paraguariensis A. St. Hil) is a perennial tree native to South America, belonging to the Aquifoliaceae family [1]. Its geographic distribution extends to Brazil, Argentina and Paraguay. In Brazil, it occurs in Rio Grande do Sul, Santa Catarina, and Paraná states and a small part of Mato Grosso do Sul [2]. Yerba-mate has great socioeconomic and cultural importance in these states. Its leaves and small branches, when processed, are used in the production of infusion drinks, such as chimarrão. Although the most consumed infusion is “mate” or “chimarrão” (hot beverage), there are different forms of consumption, such as tea, carbonated drinks and “tererê” (cold beverage) [3].



Currently, yerba-mate is cultivated in an agroforestry system or homogeneous under a full sun [4]. In terms of extractive products, it represents one of the most cultivated non-timber species. The Brazilian yield of yerba-mate is around 7000 ton·ha·−1·year−1 and Rio Grande do Sul produces about 8000 ton·ha·−1·year−1 [2].



The implantation of a yerba-mate crop requires an adjusted schedule, as it is a perennial plant, and when this aspect is neglected, the result is a low yield [5]. Inappropriate harvesting practices carried out on the yerba-mate crops over the years cause deformation in the plant architecture, decreasing biomass production [6]. Its stems can be attacked by Hedypathes betulinus beetle (corinthian), one of the most important pests of yerba-mate, causing severe damage to the plants and significant economic losses. The insect’s larvae, during feeding, build longitudinal and ascending galleries in the trunk, branches and roots of the plant, affecting their development and even causing death [7,8].



Yerba-mate has a rhythmic growth characterized by Rauh’s architectural model [9]. The growth rate of yerba-mate plants regularly presents two stops: one in the summer (overall or partial), most likely related to photoperiod; and another in the winter, caused by low minimum temperatures, inducing dormancy [10].



The present study aimed to evaluate the recovery of vigor and vegetative capacity of a low-yield yerba-mate crop, after drastic coppicing. There is a limited amount of data in the literature about the recovery of degraded yerba-mate crops, and the available articles do not explore the measurement of yield as a response and are written in the Portuguese language [11,12]. Thus, the findings of the present work may give new directions for the recovery of yerba-mate crops with low yield.




2. Methods


2.1. Study Area


The research was conducted in a yerba-mate crop in southern Brazil, with the area localization shown in Figure 1a–c. The yellow area in Figure 1c was divided in 16 plots with 22 to 39 plants, totalizing 453 yerba-mate plants. The region’s climate is defined as humid subtropical (Cfa), according to the Köppen classification, with an average annual temperature between 16 °C and 20 °C, and temperatures below 0 °C during the winter in short periods. The average annual precipitation ranges from 1600 mm to 2200 mm [13]. The experiment monitored the 20-year-old yerba-mate crop that was poorly conducted and presented low yield, over 3 years, from 2019 to 2021. The yerba-mate crop before and after the intervention is shown in Figure 2a,b, respectively.




2.2. Experiment Design


The experimental conditions were carried out using a 2 × 2 factorial design with repetitions, having as variables the height and month of pruning (Table 1). The higher and lower level of each factor were represented by the symbols +1 and −1, respectively. The study protocol was performed in completely randomized plots. The experiment was carried out two times within the vegetative dormancy period (June and August), coppicing at 10 cm and 40 cm above the soil. The coppicing was carried out in a bevel, using a chainsaw with vegetable oil, and fungicide was not applied. During each data collection, the parameters investigated were measured in at least 80 plants uniformly distributed across all plots of the study area.




2.3. Follow-Up of the Experiment in 2019


From September to November/2019, the morphogenic development of the plants was monitored by the counting of the number of primary and secondary branches. The experiment follow-up in the first year is described in Figure 3a–c.




2.4. Follow-Up of the Experiment in 2020


In the yerba-mate plants, during the vegetative dormancy period (2020/August), excess branches were removed and the more developed branches were selected (about five), to conduct a new architecture. This part of the experiment is shown in Figure 3d–f, with Figure 3f showing a plant that originated from the branches that were kept in the previous year.



New branches that emerged (secondary, tertiary and quaternary) were counted. The diameter and height of these secondary branches were measured with a ruler. Morphogenetic monitoring was carried out every two weeks, from September 2020 to November 2020.



The biomass of each plot of the yerba-mate crop that meets the requirements of standard preconizated by the industry was conditioned in bags and the mass was measured using a hook scale.




2.5. Data Analysis


The analysis of normality distribution was performed using the Shapiro–Wilk test and, according to this result, appropriate versions of ANOVA and post-ANOVA tests were applied. The profile of morphological characteristics in the second year was investigated by principal component analysis. The analysis of factorial design was conducted aiming the obtention of Pareto charts and response surfaces. All the analyses were carried out using the software GraphPad Prims 9.0 (San Diego, CA, USA) and Statistic 9.0 (StaSoft. Inc., Tulsa, OK, USA).





3. Results


3.1. Morphological Development during the First Year (2019/September–2019/November)


The morphological development of yerba-mate plants located in different plots under the four different experimental conditions was monitored regarding the primary and secondary branches’ emergence. The measurements were performed in the months of September and November, involving the natural period of vegetative growth of the species. Figure 4a–d shows the evolution of primary branches’ emergence over time. The experimental conditions in June/40 and August/40 (Figure 4a,b) presented a higher number of primary branches, while the condition in June/10 (Figure 4c) and August/10 (Figure 4d) showed low levels of vegetative development. This behavior is in full agreement with the number of secondary branches, as depicted in Figure 4e–h. The secondary branches’ emergence was stimulated in August/10 compared to June/10, as shown in Figure 4g,h.



From these results, November was selected for comparisons of the number of branches in the four experimental conditions. Regarding the primary branches’ emergence (Figure 5a), the most promising condition was June/40, which yielded 34.45 ± 25.45 branches/plant, this value was different from that of June/10 (5.57 ± 6.559; p < 0.0001), August/10 (6.81 ± 7.707; p < 0.0001) and August/40 (20.21 ± 21.93; p = 0.0159). The condition August/40 produced the second highest value of primary branches/plant, which was higher than the value produced under the other conditions: August/10 (p < 0.0001) and June/10 (p < 0.0001).



When the same analysis was performed for the secondary branches, a similar profile may be observed (Figure 5b). The condition Jun/40 produced 5.00 ± 3.19 branches/plant, different from June/10 (0.346 ± 0.9647, p < 0.0001), August/10 (1.36 ± 1.98, p < 0.0001) and August/40 (2.46 ± 3.23, p < 0.0001). Similarly to the primary branches behavior, the second highest value of secondary branches/plant was found for the August/40 condition (2.46 ± 3.23 branches/plant), different from those of June/10 (p < 0.001), August/10 (p < 0.001) and June/40 (p = 0.0013). In addition, a significant difference was found between June/10 and August/10 (p = 0.0051).



The analysis of the factorial experiment showed that the height of cutting was the variable with the strongest effect on the number of primary and secondary branches/plant, as can be showed in Figure 6, where the chart includes a vertical line at the critical t-value for an α = 0.05. The interaction between the height and month of cutting produced a smaller effect on these responses, while the month of cutting alone was not able to affect significantly the emergence of primary and secondary branches (Figure 6a,e). For both primary and secondary branches, when the variable height of cutting changed from the smaller to the higher level, an intense increase in the branches’ emergence was observed, as depicted in Figure 6b,f. Although when the same analysis was performed for the month of cutting, very small changes in these responses were found (Figure 6c,g).



Considering the number/plant of primary and secondary branches as response, two linear models were validated and capable of representing these responses as a function of month and height of cutting. For the number of primary branches, the variance analysis yielded high r2 value (0.9942). This response surface described in Figure 6d confirms that the high number of primary branches was produced by the experimental condition Jun/40, while the primary branch emergence was prejudiced by the low height of cutting. A similar profile was obtained for secondary branches’ emergence (Figure 6h), r2 value of 0.9084. The data of ANOVA validation of these models are reported in Table 2. The two models generated showed that the branches’ emergence was maximized in the experimental condition in June/40.




3.2. Morphological Development during the Second Year (2020/September–2020/November)


The five branches selected after the first year of monitoring are depicted in Figure 7, with their classification of primary, secondary, tertiary and quaternary. The branches that originated directly from the trunk were identified as primary branches, and the branches that originated from these, were identified as secondary branches. Tertiary and quaternary branches were similarly defined. In the selected branches (primary) the emergence of the secondary, tertiary and quaternary branches was monitored in the 16 parcels of the yerba-mate crop, according to the four treatments. This strategy is a tool to give directions to plant growth, making suitable the use of mechanical harvesting.



At the end of the experimental monitoring period (2020/November) the variables number of leaves, height and diameter of secondary branches and number of tertiary and quaternary branches were measured (Figure 8). The experimental condition in June/40 produced higher number of leaves/branches when compared to that of June/10 (p = 0.0339), as shown in Figure 8a. In addition, this experimental condition produced the higher number of leaves/branches (75.00 ± 23.67), while the lowest number of leaves/branches was 55.05 ± 22.55 for the June/10 and 58.07 ± 17.87 for the August/10 conditions. The conditions of August/10 yielded secondary branches with the lowest height (48.60 ± 16.30 cm), as may be observed in Figure 8b. This value was statistically different when compared to that of August/40 (p = 0.0158) and June/40 (p = 0.0288) conditions, with 71.20 ± 19.65 cm and 70.55 ± 27.06 cm, respectively. It should be highlighted that the more drastic condition (August/10) hindered the new secondary branches’ emergence, so no plant grew new secondary branches (Figure 8d). The cutting at 10 cm above the soil also avoided the 3rd branches’ emergence, as may be observed in Figure 8f. Regarding the diameter of secondary branches and number of secondary old branches differences across the four treatments (Figure 8c,e) were not found.



Aiming to improve the understanding of the role of experimental conditions on the responses, the data were submitted to principal component analysis. The categorical variable that produced better clustering profile of the experimental points was height of cutting (Figure 9). The first two components, PC1 and PC2, explained 67.4% of the total data variability. The plants that were coppiced at 10 cm above the soil, were placed mainly at the left of the plot (green points) as depicted in Figure 9a, with lower PC1 values.



As may be observed in the vector plot (Figure 9b), PC1 was affected in a large extension mainly by the height and diameter of secondary branches and number of leaves. Most of the plants with higher PC1 values were coppiced at 40 cm above the soil. The variable’s number of old and new secondary branches produced the dispersion of experimental points along the y-axis, with an effect on PC2 values. The vector plot described in Figure 9b also highlights the positive strong correlation in the height of secondary branches, the number of leaves and the emergence of 3rd branches, and the negative correlation between the number of old and new secondary branches.



The correlations among all the variables monitored during all the times of the experiment were investigated by a correlogram construction (Figure 10). The data used for Figure 10 construction involved 1579 experimental measurements in sampled branches from 2020/September to 2020/November, which involved the period of more intense vegetative development in yerba-mate plants. Among all the correlations, the strongest of them are described here. The number of new tertiary branches presented a strong correlation with the diameter of secondary branches (r = 0.50; p < 0.0001), and number of secondary old branches (r = 0.42; p < 0.0001). The emergence of new secondary branches was correlated with the height of secondary branches (r = 0.41; p < 0.0001). An r-value of 0.30 was found between the number of quaternary and new tertiary branches.




3.3. Characteristics of Yerba-Mate Crop and Yield Assessment


This investigation analyzed 453 yerba-mate plants placed in an unproductive crop. The investigated plant stems’ diameter was 9.74 ± 3.59 cm, ranging from 2 to 26 cm.



The number of yerba-mate plants per plot ranged from 22 to 35 plants. Of the 453 yerba-mate plants, only 9 plants did not develop branches, 4 of them were coppiced at 40 cm above the soil, 2 of them were coppiced in June and 2 in August. For plants that were coppiced at 10 cm above the soil, 5 did not develop branches, 3 of them were coppiced in June and 2 of them in August. These results show a low plant mortality rate and that the plants lost were randomly distributed in the four groups of the experiment design, without the effect of experimental conditions on mortality.



Table 3 shows the yerba-mate biomass produced in each parcel analyzed, in the four experimental conditions. The higher yield values after 2 years (2021) were found when the yerba-mate plants were coppiced in June, 40 cm above the soil, the condition which yielded 4.32 kg/plant, the value 109.7% higher than that of the harvesting performed at the experiment’s start. It should be highlighted here that the first time the plants were submitted to radical harvesting, when they were coppiced. The plants that were coppiced in August at 40 cm above the soil, showed the second highest increase in yield, 4.23 kg/plant, value 75.5% higher than the basal value. Other interesting values of yield was found in the plants that were coppiced in August at 10 cm above the soil. This experimental condition produced 3.01 kg/plant, 54.3% higher than the basal value. The lowest yield values were reached when the plants were coppiced in June at 10 cm above the soil, with 1.94 kg/plant, value lower than the basal yield level. The other aspect to be highlighted is that, in the second evaluation, about 10% of leaves were kept in the plants, aiming to avoid excessive damage to their new architecture.



Aiming to identify the variable with most expressive effect on the yield, the factorial design was analyzed. This analysis highlighted that the most important variable that affected yield was the height of cutting, as can be observed in the Pareto chart of Figure 11a. This variable showed a significant effect when α = 0.1 (standardized effect = 1.860). When the level of height changes from lower to higher, an expressive increase in the yield was observed (Figure 11b). Minor modifications in yield were observed when the variable month of cutting goes from the lower to the higher level, as may be observed in Figure 11c.





4. Discussion


In the study conducted by Rakocevic et al. 2011 [14], it was noted that in the yerba-mate, all the axes are equivalent with regard to the orientation and phylotactic angles. There is a lateral bud in the axilla of each yerba-mate leaf, and the phyllotaxy is in a constant spiral (2/5) between two adjacent leaves. Flowers and fruits are developed in axillary positions along the branches. The lateral branches are grouped before the scars of very short internodes, which separate the annual buds into successive growth units. In this investigation, the branches’ emergence was in agreement with the vegetative growth of the species. Yerba-mate plants naturally show two periods of vegetative growth: the first, more intense, occurs in September, while the second occurs in January and presents lower intensity [14].



Despite this well-defined behavior of the Ilex paraguariensis species, it is susceptible to seasonality and climate changes, which may produce growth stops and its resumption as an adaptive process [15]. Erechim-RS city, where the experiment was carried out, has a warm and temperate climate, with significant rainfall throughout the year, even in the driest month. It is worth highlighting here that, during the experiment period, the climate pattern was not different compared to the annual characteristic climate of the region. According to the study conducted by Nicolini et al. 2012 [16], with regard to the growth and rest periods in Parkia velutina, the phases can be periodic or irregular. In other plants (cocoa), the presence of synchronized or non-synchronized axes was identified [17].



According to Medrado et al., 2002 [18], recovery pruning has been one of the main tools in the management of degraded yerba-mate crops, and should be carried out between the months of July and August, during the plant’s physiological rest. The vigor-recovering tests carried out in this study, as they were conducted during the dormancy period, resulted in 98% of the plants responding with the emergence of new branches, corroborating the study carried out by Stuepp et al. 2016 [11] in a 17-year-old yerba-mate crop and coppicing carried out at 15, 30 and 60 cm above the soil, which obtained about a 95.8% as survival rate. The presence of dormant buds at the base of the trunk of old trees can be explained by the fact that they form in a period closer to seed germination, which enables the induction of juvenile dormant buds [19].



The yerba-mate plants coppiced in August delayed the branches’ emergence; however, statistically, the average number of branches per plant was not different when compared with the other period of coppicing. According to Penteado and Goulart 2017 [6], the ideal time for coppicing is between the month of August and mid-September, the final period of the physiological rest of the plants.



Regarding the number of branches/plant, the highest values were obtained in the coppiced carried out 40 cm above the soil in June. In the study carried out by Stuepp et al. 2016 [11]. the cutting performed at 60 cm from the soil resulted in the highest values for this parameter. However, this height of the trunk would not be advisable for the development of an efficient architecture of the yerba-mate plants. Similarly to our findings, the greater number of branches obtained in the treatment coppiced at 60 cm from the soil is due to the larger lateral surface of the stump, which provided a greater amount of nutrients for the development of new branches, when compared to the plants that were coppiced at 15 and 30 cm above the soil.



Regarding biomass production, a full recovery with an increase in production was achieved in the second year of monitoring. This increase was reached though, in an intermediate period between the two harvests, a large biomass amount was removed, aiming to give the new architecture to yerba-mate plants and make possible mechanical harvesting.



The stochastic behavior of vegetative buds must be highly related to biomass production, which depends on the environment and plant architecture. Pruning promotes traumatic reiterations, a natural process that allows the plant to fully and partially modify its architecture [9], but also increases the growth of the remaining unpruned axes [20]. The asynchronism observed among the yerba-mate individuals may also result from heterogeneous initial stages of the branches, after drastic pruning. Branches that emerge after severe pruning of large branches, also called epicormic, generally develop more than other branches, such as peach and almond trees [10], behavior also observed in this study. The height of the trunk affected the vegetative development, which was observed by Stuepp et al. 2016 [11].



There is an interest in the replacement of trees with strong apical dominance by smaller and more productive trees. Yerba-mate plants show a moderate to strong apical dominance. Another strategy employed aiming to release apical dominance in yerba-mate crops was treating the nursery-grown seedlings with a synthetic cytokinin benzyladenine, which produced an increase in bud swelling and branching [21]. The pruning method is another strategy able to control the apical dominance of the plants, which was explored in this investigation. The pruning can also interfere with the plant architecture, as well as the production of biomass. The pruning of plants with strong apical dominance affects the hormonal-mediated stimulation of dormant buds, which yields an intensive ramification [22].



After the pruning, the tree’s reaction will be to recompose the original foliage, through dormant epicormic buds placed in the trunk bark. This fact is related to the hormonal levels in the plant, since auxin is the hormone that promotes apical growth and its biosynthesis occurs mainly in tissues with rapid cell division, especially in the aerial parts. With radical coppicing, the number of apical buds was reduced and, consequently, the auxin flow may have decreased, producing a reduction in the apical dormancy. This effect may have contributed to the stimulation of lateral branches [19,23].



It should be noticed that the investigation reported here was performed on yerba-mate plants that originated from seedlings and not from clones. This condition contributes to the genetic and morphological variability of the plants and, consequently, to the non-uniformity of the vegetative behavior and the data variability.



Since plant architecture is a result of genes and environmental effects, we explored in this research the role of pruning conditions on plant architecture. In the current time the condition which involved the cutting at 40 cm above the soil, appears to be the most promising regarding the yield and branches’ emergence. However, the morphological behavior of the plants needs further investigation in order to obtain crops in which mechanical harvest can be implemented.




5. Conclusions


The experimental design used in this study allowed the recovery of vigor and vegetative capacity of yerba-mate plants, with a high rate of survival. In the first two years of monitoring, the height of coppicing was the most important variable with an effect on buds’ emergence and vigor. In weak yerba-mate crops, recovery pruning may be a promising alternative for the resumption of vegetative strength and stimulation of branches’ emergence.
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Figure 1. Geographic localization and design of the experiment. In (a) is the Rio Grande do Sul map (Brazil South); in (b) is the Erechim city map; and in (c) is the study region. 






Figure 1. Geographic localization and design of the experiment. In (a) is the Rio Grande do Sul map (Brazil South); in (b) is the Erechim city map; and in (c) is the study region.



[image: Crops 03 00004 g001]







[image: Crops 03 00004 g002 550] 





Figure 2. Yerba-mate plants before (a) and after (b) the experimental intervention. 
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Figure 3. Monitoring of the experiment during the years 2019 (a–c) and 2020 (d–f). In (a) is growth profile of yerba-mate plants; in (b) is start of primary branches emergence; and in (c) is follow-up of randomly selected branches; in (d) is morphological profile of plants in 2020; in (e) is new branches after pruning in 2020; and in (f) is detail in the plant architecture, originated from the five branches selected in the previously year. 
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Figure 4. Behavior of branches’ emergence during the vegetative development of yerba-mate plants from pruning under four experimental conditions. The data are represented as mean ± standard deviation of at least 80 measurements. The plants were coppiced in 2019/June or 2019/August, as specified in the graphs. * p < 0.05 in relation to the first measurement according to Kruskal–Wallis analysis followed by Dunn’s test. During this period, the temperature was 20.29 ± 6.06 °C (36.3–4.3 °C) and the rainfall was 313 mm, according to data from a local meteorological monitoring service. The raw data are available on electronic supporting information (Table S1). 
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Figure 5. Effect of experimental conditions on the number of primary branches (a) and secondary branches (b) in the end of the vegetative growth period (2019/November). The data are represented as mean ± standard deviation of at least 80 measurements. * p < 0.05 compared to June/40, # p < 0.05 compared to August/40, and & p < 0.05 compared to Aug/10, according to the Kruskal–Wallis analysis followed by Dunn’s test. 
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Figure 6. Factorial analysis of the experiment considering the number/plant of primary (a–d) and secondary (e–h) branches. Pareto chart of the standardized effects at p = 0.05 for number of primary and secondary branches (a,e). The graphs of the main effects on these responses considering variables height and month of cutting are shown in (b,c,f,g). Response surfaces for the number of primary branches/plant (d) and the number of secondary branches/plant (h) having as factors the height and the month of cutting of the yerba-mate plants. 
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Figure 7. Schematic profile of the vegetative development of yerba-mate plants after removal of unnecessary branches. 
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Figure 8. Effect of experimental conditions on the number of leaves (a), height of secondary branches (b), diameter of secondary branches (c), number of new secondary branches (d), number of old secondary branches (e) and number of tertiary branches (f). The data are represented as mean ± standard deviation of at least 80 measurements. In (a,b) ANOVA + Tukey’s test were used, and in (d) Kruskal–Wallis analysis + Dunn’s test were used. During this period the temperature was 20.44 ± 6.08 °C (37.8–4.2 °C) and the rainfall was 196 mm, according to data from a local meteorological monitoring service. 
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Figure 9. (a) Distribution in the hyperspace of the scores of the first two components of the data collected in 2020/Nov according to their morphological development. (b) Vector-correlation plot among the variables examined. The variables analyzed were the number of old and new secondary branches, diameter and number of leaves of old branches, and number of tertiary branches. 
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Figure 10. Pairwise Spearman correlation of the morphological features monitored. The scale. Color key scaled from −1 to + 1 is illustrated as red and blue colors, respectively, with white color representing the absence of correlations. H_2B: height of secondary branches; D_2B: diameter of secondary branches; NO_2B: number of old secondary branches; NN_2B: number of new secondary branches; NO_3B: number of old tertiary branches; NN_3B: number of new tertiary branches; N_4B: number of quaternary branches. 
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Figure 11. Factorial analysis of the experiment considering yield as response. Pareto chart of the standardized effects at p = 0.10 for yield of yerba-mate plants is shown in (a). The graphs of the main effects for yield considering variables height and month of cutting are shown in (b) and (c). 
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Table 1. Treatments adopted for revitalization of yerba-mate crop.
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	Treatments
	Height of Cutting—cm (Level)
	Month (Level)





	1
	10 (−1)
	June (−1)



	2
	40 (+1)
	June (−1)



	3
	10 (−1)
	August (+1)



	4
	40 (+1)
	August (+1)
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Table 2. ANOVA responses for number of primary and secondary branches.
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Number of Primary Branches




	

	
QS

	
DF

	
QM

	
F

	
p






	
Month

	
9.924

	
1

	
9.924

	
5.6151

	
0.076853




	
Height

	
1203.197

	
1

	
1203.197

	
680.8154

	
0.000013




	
Interaction

	
18.271

	
1

	
18.271

	
10.3384

	
0.032424




	
Error

	
7.069

	
4

	
1.767

	

	




	
Total

	
1238.460

	
7

	

	

	




	
Number of secondary branches




	

	
QS

	
DF

	
QM

	
F

	
p




	
Month

	
0.06125

	
1

	
0.06125

	
0.13447

	
0.732411




	
Height

	
14.36480

	
1

	
14.36480

	
31.53806

	
0.004941




	
Interaction

	
3.56445

	
1

	
3.56445

	
7.82579

	
0.048938




	
Error

	
1.82190

	
4

	
0.45547

	

	




	
Total

	
19.81240

	
7
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Table 3. Yerba-mate biomass production in two different moments: at the start of the experiment and after two years of the intervention.
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Conditions

	

	
Biomass

	
kg/Plant




	
Parcel

	
Month

	
Height

	
No. of Plants

	
2019

	
2021

	
2019

	
2021

	
Raise (%)






	
6

	
August

	
40

	
27

	
63

	
82

	
2.33

	
3.04

	




	
8

	
August

	
40

	
27

	
40

	
111

	
1.48

	
4.11

	




	
11

	
August

	
40

	
26

	
54

	
144

	
2.08

	
5.54

	




	
Total

	
111

	
267

	
428

	
2.41

	
4.23

	
75.5




	
7

	
August

	
10

	
35

	
84

	
65

	
2.40

	
1.86

	




	
12

	
August

	
10

	
29

	
48

	
76

	
1.66

	
2.62

	




	
15

	
August

	
10

	
24

	
40

	
124

	
1.67

	
5.17

	




	
Total

	
88

	
172

	
265

	
1.95

	
3.01

	
54.3




	
5

	
June

	
40

	
32

	
71

	
107

	
2.22

	
3.34

	




	
10

	
June

	
40

	
22

	
75

	
124

	
3.41

	
5.64

	




	
13

	
June

	
40

	
26

	
37

	
104

	
1.42

	
4.00

	




	
Total

	
112

	
231

	
397

	
2.06

	
4.32

	
109.7




	
4

	
June

	
10

	
25

	
54

	
25

	
2.16

	
1.00

	




	
9

	
June

	
10

	
22

	
41

	
62

	
1.86

	
2.82

	




	
14

	
June

	
10

	
30

	
87

	
62

	
2.90

	
2.07

	




	
Total

	
77

	
182

	
149

	
2.36

	
1.94

	
−17.7
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