IMPACTS OF TECHNOLOGICAL PACKAGES ON COFFEE PRODUCTION IN NGOZI PROVINCE (PERIOD: 2014-2017).
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ABSTRACT 
Coffee cultivation is a cornerstone of Burundi's economy, accounting for 60–70% of total exports. However, the sector faces significant challenges, notably cyclicality in production that jeopardizes farmers' livelihoods. This study aims to assess the impact of technological packages on coffee production in the Ngozi province during the period from 2014 to 2017.
The general objective is to analyze the effects of technological packages on coffee production and quality, as well as their role in reducing cyclicality. The specific objectives include implementing technological packages in coffee farming, verifying their contribution to enhancing production, and analyzing the influence of the age of coffee orchards on yield.
Experimental trials were conducted in four communes—Busiga, Kiremba, Mwumba, and Tangara—over three coffee seasons. Data was analyzed using Microsoft Excel and SPSS. The findings reveal a significant negative correlation between yields and floating cherries. ANOVA results indicate that technological packages, the age of the coffee trees, and treatment methods have a substantial impact on production outcomes.
In conclusion, the regular application of technological packages significantly enhances coffee yields and reduces cyclicality. This study recommends strategies for optimizing agricultural practices to sustain and improve coffee production in Burundi.
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INTRODUCTION 
 1. Context of the Study
Burundi is classified among the poorest countries in the world. According to the Human Development Index ranking, Burundi ranked 184 out of 187 countries (UNDP, 2016). In 2015, the country further declined to 184 out of 187 countries, with a life expectancy of 56.7 years and an infant mortality rate of 82.9 deaths per thousand live births (FAO, 2016).
In Burundi, nearly 90% of the population relies on agriculture for their income. This agriculture is traditional, based on a farming system that divides between subsistence crops for self-consumption and cash crops, primarily coffee, cotton, and tea. Coffee ranks first among these cash crops (HARUSHINGINGO, 2014).
Among approximately 1.2 million Burundian households, between 600,000 and 800,000 depend on coffee for their income, which is very low (nearly 45% of the population) (CNAC-MURIMA W'ISANGI, 2012). Notably, coffee cultivation constitutes Burundi's main export product, accounting for about 60 to 70% of total exports, and it is the primary export crop in terms of value despite its insignificant share in global production statistics as the first source of foreign exchange for the country, comprising 80% (FAO, 2016).
2. Problematic
We can say that the Burundian coffee sector is undergoing an unprecedented crisis. The yield of green coffee per tree, which was over 700 grams at the end of the colonial period, dropped to 300 grams in the 1980s and to less than 150 grams by 1995. The coffee orchard itself declined to approximately 148 million trees in 1998, a decrease of 30% compared to the 1991 orchard, which had 192 million trees (IRED, 2011).
This decline in coffee orchards continued until reaching 122 million coffee trees in 2007 (CNAC-MURIMA W'ISANGI, 2012).




Table 1. National Coffee Production from 2000 to 2015
	Countryside
café
	Green coffee production in tonnes
	Production en % par rapport au total 

	
	Wet process
	Dry process
	Total 
	Wet process
	Dry process

	2000-2001
	10212,48 
	8 286, 06 
	18 498,54 
	55,21% 
	44,79% 

	2001-2002
	11 127,00 
	5 068,14 
	16 195,14 
	68,71% 
	31,29% 

	2002-2003
	28 235,75 
	7 990,08 
	36 225,83 
	77,94% 
	22,06% 

	2003-2004
	5 083,73 
	589,62 
	5 673,35 
	89,61% 
	10,39% 

	2004-2005
	32 246,04 
	5 956,92 
	38 202,96 
	84,41% 
	15,59% 

	2005-2006
	5 235,40 
	932,22 
	6 166,62 
	84,88% 
	15,12% 

	2006-2007
	22 433,40 
	7 512,90 
	29 946,30 
	74,91% 
	25,09% 

	2007-2008
	4 949,16 
	2 998,68 
	7 947,84 
	62,27% 
	37,73% 

	2008-2009
	16 725,56 
	8 023,62 
	24 749,18 
	67,58% 
	32,42% 

	2009-2010
	3 125,70 
	3 649,26 
	6 774,90 
	46,14% 
	53,86% 

	2010-2011
	14 241,84 
	9 772,69 
	24 014,53 
	59,31% 
	40,69% 

	2011-2012
	6 704,06 
	7 530,68 
	14 234,74 
	47,10% 
	52,90% 

	2012-2013
	13 077,59 
	10 697,33 
	23 774,92 
	55,01% 
	44,99% 

	2013-2014
	5 577,00 
	5 198,70 
	10 776,40 
	51,76% 
	48,24% 

	2014-2015
	10 998,36 
	2 889,93 
	13 888,29 
	79,19% 
	20,81% 


Source: ARFIC, 2016
The average production of coffee cherries per tree is about 0.8 to 1 kg, or about 300 kg (green coffee) per hectare, which is well below the yields of 3.0 to 5.0 kg observed in other coffee-growing areas, such as in Asia and Central America (CNAC-MURIMA W'ISANGI, 2017). 
The low coffee production is partly due to land scarcity, low soil fertility, and the aging of a large part of the national orchard (CNAC-MURIMA W'ISANGI, 2017).
Alongside the quantitative problem, yields barely meet the expected quality standards to better position themselves in the market. The quality of green coffee has been in constant decline since 1990, primarily due to the degradation of coffee cherry production quality caused by agronomic issues. All this leads to enormous losses in household incomes, state revenues, and the national economy in general (BARANYIZIGIYE et al., 2009).
Moreover, high costs of fertilizers and transport, as well as the lack of fair compensation, demotivate producers, in addition to the lack of appropriate funding, hindering the development of the sector (CNAC-MURIMA W'ISANGI, 2017).








3. Key Questions
1. Can technological packages improve coffee production?
2. Can the application of technological packages from one year to the next correct the phenomenon of cyclicity in coffee production?
3. Is the age of the coffee orchard one of the factors contributing to low coffee production?
4. Hypotheses
H1: Technological packages in a coffee field lead to improved coffee production.
H2: The application of technological packages from year to year reduces the phenomenon of cyclicity in coffee production.
H3: The age of the coffee orchard affects coffee yield.
5. Study Objectives
5.1. General Objective
Analyze the impacts of technological packages on coffee production and its cyclicity phenomenon.
5.2. Specific Objectives
1. Apply technological packages in coffee fields.
2. Verify whether technological packages can contribute to increasing coffee production and improving coffee quality.
3. Verify if the frequency (year) of applying technological packages reduces the phenomenon of cyclicity.
4. Verify if the age of the coffee orchard influences coffee yield.
II. MATERIALS AND METHODS 
 As stated by JAVEAU (1985), every research subject has a large "parent population," which encompasses the entire population relevant to the study. This parent population is also referred to as the "reference population" or simply "the population." The sample is drawn from this parent population.
The study focuses on Arabica coffee trees owned by targeted coffee growers in four municipalities: BUSIGA, KIREMBA, MWUMBA, and TANGARA. These coffee farmers have committed to adhering to cultural practices (such as mulching and weeding), and the project supplies them with fertilizers and plant protection products. A list of partner coffee growers is included in Appendix 2.
Coffee orchards are classified according to age groups:
· Age 1: 4 to 8 years
· Age 2: 9 to 20 years
· Age 3: 21 to 50 years
· Age 4: 51 years and older
Next to each experimental plot, there is a control plot that has not undergone any treatment. In total, we have 144 treated plots and 144 control plots. Each elementary plot contains 50 coffee trees, and there is a buffer zone between the treated and control plots. The selection of these municipalities is based on the high levels of potato flavor observed in these areas of the Ngozi Province.
We worked in three zones within each municipality, with 12 plantations per zone according to the desired age groups.

Table 2 shows the total number of coffee plantations by age, zone, and municipality used during the experiment.

Table 2. Number of Coffee Plantations Treated During the Experiment

	Communes 
	Zones 
	Number of plantations per age
	Total /zone 
	Total/ commune 

	
	
	Age1 
	Age2 
	Age3 
	Age4 
	
	

	BUSIGA 
	Mihigo 
	3 
	3 
	3 
	3 
	12 
	36 

	
	Mparamirundi 
	3 
	3 
	3 
	3 
	12 
	

	
	Rukeco 
	3 
	3 
	3 
	3 
	12 
	

	KIREMBA 
	Gakere 
	3 
	3 
	3 
	3 
	12 
	36 

	
	Kiremba 
	3 
	3 
	3 
	3 
	12 
	

	
	Musasa 
	3 
	3 
	3 
	3 
	12 
	

	MWUMBA 
	Buye 
	3 
	3 
	3 
	3 
	12 
	36 

	
	Gatsinda 
	3 
	3 
	3 
	3 
	12 
	

	
	Mwumba 
	3 
	3 
	3 
	3 
	12 
	

	TANGARA 
	Gasezerwa 
	3 
	3 
	3 
	3 
	12 
	36 

	
	Musenyi 
	3 
	3 
	3 
	3 
	12 
	

	
	Tangara 
	3 
	3 
	3 
	3 
	12 
	

	Total 
	  
	36 
	36 
	36 
	36 
	144 
	144 























2.1. Experimental Design

The experimental design employed is a randomized complete block design with three factors: treatment, age of the coffee orchard, and years. This design is justified due to its appropriateness for field trials where the number of treatments is limited and the experimental area presents a predictable fertility gradient. Experimental trials were conducted in the aforementioned municipalities during the coffee campaigns(seasons)of 2014-2015, 2015-2016, and 2016-2017.
2.2. Application of Technological Packages
Twelve (12) plots were treated with fertilizers (organic, mineral, and mixed), while 12 control plots were established adjacent to the treated ones in each zone, totaling 24 coffee plots per zone. Each type of fertilizer (organic, mineral, mixed) was applied to each plot.
The fertilizers were applied in three fractions: the first application was 50% of the annual application, while the second and third each accounted for 25%. 
Before applying any fertilizer, lime was added to reduce soil acidity, as indicated by the DAI/PAIR USAID project report (2012), which states that the pH of Ngozi is less than 5.3. The recommended amount of lime is estimated at 1500 kg/ha or 0.6 kg per coffee tree. The lime used is dolomite (CaMg(CO3)2).
For the first year, the first fertilization (50%) started in December 2014, applying 88 g of a compound fertilizer (Urea-TSP-K2O) per tree for mineral fertilization, and 12 kg of organic fertilizer per tree for organic fertilization.
The second and third applications commenced in February and April 2015, respectively. The quantities for these applications were also specified.
Control plots received standard treatment by their owners.
2.3. Plant Protection Treatment
Spraying against coffee pests was conducted using a 16-liter backpack sprayer. The insecticide used in the first year was Deltamethrin 2.5% EC. The dilution was approximately 40 ml in 16 liters of water for 100 trees. The primary spray began in December 2014 and continued with subsequent applications.
2.4. Harvesting
The harvesting work involved picking ripe cherries by coffee growers from both treated and control plots. The harvesting took place in April. The harvested cherries were weighed and recorded by monitors trained by CERADER.
2.5. Observed Variables
Three variables were statistically analyzed:
· Yield (production in kg per coffee tree)
· Floaters (percentage of total cherries floating)
· Holes (percentage of defects)
2.6. Variation Factors
The objective of this experiment is to analyze the effects of several factors: type of fertilizer, age of coffee orchards, and years of applying technological packages. 
Statistical analysis (ANOVA) will determine if differences in variables are attributed to these factors or are merely random.
2.7. Relationship Between Observed Variables
Pearson's correlation method will be used to assess the linear relationships between observed variables. The correlation coefficient ranges from -1 to +1, indicating different strengths and directions of relationships.

3. RESULTS AND DISCUSSION 
3.1. Results
3.1.1. Effects of coffee tree age, treatments and years on yield
Analysis of variance showed that coffee yield was significantly affected by coffee tree age (P < 0.001), treatments (P < 0.001) and study years (P = 0.007). Among the tested interactions, only the interaction between coffee tree age and year was significant (P = 0.006), indicating that yield response varied according to plantation age over time.
Mean comparisons revealed that young coffee trees (4–8 years) produced significantly lower yields than adult and old trees (≥ 9 years). 
Overall, yield increased with plantation age, with the highest values observed in coffee trees older than 51 years when properly managed.
Regarding treatments, fertilized plots (organic, mineral or mixed fertilization) formed a homogeneous group statistically superior to the unfertilized control. Yields obtained under fertilization were approximately three times higher than those of control plots, with no significant differences among fertilization types.
The year effect highlighted a significant increase in yield during the third year compared with the first two years, reflecting a cumulative effect of fertilization and a reduction in yield cyclicity.
3.1.2. Coffee tree age × year interactions on yield
Interaction means showed that the highest yields were obtained in older coffee trees during the third year of study, whereas the lowest yields were recorded in young coffee trees during the first year. These results confirm that plantation age strongly conditions yield performance across years and emphasize the importance of age-specific management strategies.
3.1.3. Effects of studied factors on floating cherry rate
The proportion of floating cherries was significantly influenced by coffee tree age, treatments and years (P < 0.001). The interaction between coffee tree age and year was also significant (P = 0.011), indicating that changes in cherry quality over time depend jointly on plantation age and year.
Older coffee trees exhibited significantly higher floating cherry rates than young and adult trees, reflecting progressive physiological weakening. Fertilization markedly reduced the proportion of floating cherries, which was approximately three times higher in control plots than in fertilized plots.
In addition, a progressive decrease in floating cherry rate was observed across years, highlighting the positive effect of repeated fertilization on improving cherry quality.
3.1.4. Coffee tree age × year interactions on floating cherries
Interaction analysis showed that the highest floating cherry rates occurred during the first year for all plantation ages, with maximum values recorded in coffee trees older than 51 years. Floating cherry rates decreased significantly in subsequent years, particularly in fertilized plots, confirming the combined effect of plantation age and time on coffee quality. 
3.1.5. Effects of studied factors on bored cherry rate
Analysis of variance indicated that treatments were the only factor exerting a highly significant effect on the rate of bored cherries (P < 0.001). The interaction between treatments and years was also significant (P = 0.012), suggesting that treatment efficiency varied across years.
Control plots consistently exhibited significantly higher bored cherry rates than fertilized plots, with values ranging from two to six times higher. No significant effect of coffee tree age was observed for this variable.
3.1.6. Treatment × year interactions on bored cherries
Interaction results showed that the highest bored cherry rates were systematically recorded in control plots and increased over successive years. In contrast, fertilized plots maintained low and stable rates throughout the study period, demonstrating the sustained effectiveness of technological packages in reducing pest damage.
3.1.7. Correlations between yield and quality indicators
Correlation analysis revealed significant negative relationships between yield and floating cherry rate (r = −0.411, P < 0.01) and between yield and bored cherry rate (r = −0.472, P < 0.01). Conversely, a significant positive correlation was observed between floating and bored cherry rates (r = 0.467, P < 0.01).
These relationships confirm that increases in quality defects are associated with yield reduction, emphasizing the importance of cherry quality indicators in evaluating coffee production performance.
4. Overall synthesis tables of results
Overall, the results demonstrate that fertilization, regardless of type, significantly improves coffee yield and quality, reduces production cyclicity and mitigates the negative effects of coffee tree aging. The frequency of technological packages appears to be a key lever for achieving sustainable and high-quality coffee production.

Table 3. Analysis of variance (ANOVA) for coffee yield according to coffee plantation age, fertilization treatments and year of observation 
	Source of variation
	Sum of squares
	df
	Mean square
	F value
	P-value

	Coffee plantation age
	44,384 
	3 
	14,795 
	8,630 
	0,000 

	Fertilization treatments
	182,683 
	3 
	60,894 
	35,521 
	0,000 

	Year of observation
	17,543 
	2 
	8,771 
	5,117 
	0,007 

	Coffee plantation age × Treatment
	26,065 
	9 
	2,896 
	1,689 
	0,097 

	Coffee plantation age × Year of observation
	32,620 
	6 
	5,437 
	3,171 
	0,006 

	Treatment × Year of observation
	8,425 
	6 
	1,404 
	0,819 
	0,557 

	Coffee plantation age × Treatment × Year of observation
	15,579 
	18 
	0,866 
	0,505 
	0,953 

	Error
	246,861 
	144 
	1,714 
	 
	 

	Total
	2246,324 
	192 
	 
	 
	 


 
Table 4. Mean coffee yield (kg tree⁻¹) according to fertilization treatments (Duncan test, α = 0.05)
 
	Fertilization treatment
	N 
	Mean yield (kg tree⁻¹)

	
	
	1 
	2 

	Control (unfertilized)
	16 
	1,26 
	 

	Organic fertilization
	16 
	 
	3,44 

	Mixed fertilization
	16 
	 
	3,50 

	Mineral fertilization
	16 
	 
	3,58 




Table 5. Analysis of variance (ANOVA) for floating cherry rate (%) according to coffee plantation age, fertilization treatments and year of observation
	Source of variation
	Sum of squares
	df
	Mean square
	F value
	P-value

	Coffee plantation age
	445,078 
	3 
	148,359 
	9,024 
	0,000 

	Fertilization treatments
	5969,738 
	3 
	1989,913 
	121,032 
	0,000 

	Year of observation
	1010,971 
	2 
	505,486 
	30,745 
	0,000 

	Coffee plantation age × Treatment
	166,599 
	9 
	18,511 
	1,126 
	0,348 

	Coffee plantation age × Year of observation
	285,502 
	6 
	47,584 
	2,894 
	0,011 

	Treatment × Year of observation
	132,282 
	6 
	22,047 
	1,341 
	0,243 

	Coffee plantation age × Treatment × Year of observation
	317,995 
	18 
	17,666 
	1,075 
	0,384 

	Error
	2367,541 
	144 
	16,441 
	 
	 

	Total
	29836,921 
	192 
	 
	 
	 



Table 6. Mean floating cherry rate (%) according to fertilization treatments (Duncan test, α = 0.05)

	Fertilization treatment
	N 
	Floating cherries (%)

	
	
	1 
	2 

	Mixed fertilization
	48 
	6,40 
	 

	Organic fertilization
	48 
	6,60 
	 

	Mineral fertilization
	48 
	7,30 
	 

	Control (unfertilized)
	48 
	 
	19,62 




 





Table 7. Analysis of variance (ANOVA) for bored cherry rate (%) according to coffee plantation age, fertilization treatments and year of observation
	Source of variation
	Sum of squares
	df
	Mean square
	F value
	P-value

	Coffee plantation age
	1,494 
	3 
	0,498 
	0,853 
	0,467 

	Fertilization treatments
	84,448 
	3 
	28,149 
	48,21 
	0,000 

	Year of observation
	3,307 
	2 
	1,653 
	2,832 
	0,062 

	Coffee plantation age × Treatment
	2,026 
	9 
	0,225 
	 0,386 
	0,941 

	Coffee plantation age × Year of observation
	1,007 
	6 
	0,168 
	0,288 
	0,942 

	Treatment × Year of observation
	9,996 
	6 
	1,666 
	2,854 
	0,012 

	Coffee plantation age × Treatment × Year of observation
	2,973 
	18 
	0,165 
	0,283 
	0,998 

	Error
	84,069 
	144 
	0,584 
	 
	 

	Total
	291,055 
	192 
	 
	 
	 



Table 8. Mean bored cherry rate (%) according to fertilization treatments (Duncan test, α = 0.05)

	Fertilization treatment
	N 
	Bored cherry rate (%)

	
	
	1 
	2 

	Mixed fertilization
	48 
	0,31 
	 

	Organic fertilization
	48 
	0,33 
	 

	Mineral fertilization
	48 
	0,38 
	 

	Control (unfertilized)
	48 
	 
	1,87 




Table 9. Pearson correlation coefficients among coffee yield and quality indicators
	Variable
	Yield (kg tree⁻¹)
	Floating cherries (%)
	Bored cherries (%)

	Yield (kg tree⁻¹)
	1 
	 
	 

	Floating cherries (%)
	-0,411** 
	1 
	 

	Bored cherries (%)
	-0,472** 
	0,467** 
	1 


** Significant at P < 0.01

 5. Discussion
5.1. Effects of fertilization and coffee plantation age on yield
The present study demonstrates that coffee yield is significantly influenced by coffee plantation age, fertilization treatments and year of observation, with a significant interaction between plantation age and year. These results highlight the combined role of structural (plantation age) and management-related factors (fertilization frequency) in determining coffee productivity.
The lower yields observed in young coffee plantations (4–8 years) compared with adult and older plantations are consistent with the physiological development stages of coffee trees. According to Baranyizigiye et al. (2009), well-managed coffee trees can remain productive for more than 50 years, whereas poorly managed plantations may show signs of fatigue at an earlier stage. The higher yields recorded in older plantations in the present study indicate that age alone is not a limiting factor when appropriate agronomic practices are applied.
Fertilization emerged as the most influential factor affecting yield. Fertilized plots consistently produced yields approximately three times higher than unfertilized control plots, regardless of fertilizer type. This finding corroborates previous reports by USAID (2007) and ADISCO (2013), who identified fertilization as a key agronomic intervention for increasing coffee yield. The absence of significant differences among organic, mineral and mixed fertilization suggests that the primary determinant of yield improvement is nutrient supply rather than fertilizer source, provided that essential nutrients are adequately supplied.
The significant increase in yield during the third year of observation supports the hypothesis of a cumulative effect of fertilization. Snoeck (2012) emphasized that regular and sustained nutrient inputs are necessary to maintain stable production levels and to mitigate the phenomenon of yield cyclicity, a trend also observed in the present study.
5.2. Influence of fertilization and plantation age on floating cherry rate
Floating cherry rate, an important indicator of coffee quality, was significantly affected by plantation age, fertilization and year of observation. Older plantations exhibited higher proportions of floating cherries, reflecting progressive physiological weakening and increased susceptibility to diseases and stress.
These findings are consistent with USAID (2012), who reported that aging coffee trees tend to produce lower-quality cherries when not adequately supported by soil fertility management. Coste (1989) also noted that signs of physiological fatigue often appear after 20 years, particularly in poorly maintained plantations.
Fertilization significantly reduced floating cherry rates, with unfertilized plots showing rates approximately three times higher than fertilized plots. This reduction can be attributed to improved nutrient availability, particularly calcium, which enhances bean firmness and maturity (Chabalier et al., 2006). The progressive decrease in floating cherry rates over successive years further demonstrates the beneficial effect of repeated fertilization on cherry quality.
Flemal and Gaie (1988) emphasized that sustained improvements in coffee quality cannot be achieved without maintaining or enhancing soil fertility over time. The present results strongly support this assertion.

5.3. Effects of treatments on bored cherry rate and pest pressure
Unlike yield and floating cherries, bored cherry rate was primarily influenced by fertilization treatments, with no significant effect of plantation age. Unfertilized control plots consistently exhibited significantly higher bored cherry rates, increasing over successive years.

This pattern highlights the role of fertilization and associated technological packages in enhancing coffee tree vigor and resistance to pest attacks. Autrique and Perreaux (1989) reported that integrated crop management practices—including fertilization, weeding and pest control—are essential for reducing production constraints in coffee systems.
The significant interaction between treatment and year indicates that treatment effectiveness varied across years, with fertilized plots maintaining low and stable bored cherry rates. Similar trends were reported by Bitoga et al. (1994), who observed substantial reductions in bored beans following improvements in pest management strategies and treatment dissemination.
5.4. Relationships between yield and quality indicators
The negative correlations observed between yield and floating cherries, as well as between yield and bored cherries, confirm that quality defects are associated with reduced productivity. Conversely, the positive correlation between floating and bored cherries suggests that factors promoting pest damage also contribute to poor cherry development.
These findings align with CNAC–Murima W’Isangi (2017), who emphasized that floating and bored cherries are among the most critical quality indicators used in selecting appropriate management practices in coffee production systems. Chabalier et al. (2006) further noted that nutritional imbalances weaken coffee trees, leading simultaneously to yield losses and quality deterioration.

5.5. Implications for sustainable coffee production
Overall, the results demonstrate that the frequency of technological packages, particularly fertilization, plays a central role in improving coffee yield, reducing quality defects and mitigating the negative effects of plantation aging. 
Mixed fertilization strategies combining organic and mineral inputs appear particularly effective, as previously recommended by USAID (2012), who advocated for balanced nutrient management using reduced doses of both organic and mineral fertilizers.
The present study confirms that sustainable coffee production requires an integrated approach combining regular fertilization, proper plantation age management and consistent agronomic practices to ensure both high yield and superior coffee quality.
1. CONCLUSION 
 
This study demonstrates that coffee productivity and quality are strongly influenced by coffee plantation age, fertilization practices and repeated annual management. Fertilization emerged as the most decisive factor, significantly increasing coffee yield while simultaneously reducing the proportions of floating and bored cherries. Fertilized plantations consistently produced yields approximately three times higher than unfertilized control plots, regardless of the fertilizer type applied.
Coffee plantation age significantly affected yield and floating cherry rate, but not bored cherry rate, indicating that aging primarily influences physiological performance and bean development rather than pest incidence. Importantly, older plantations remained productive when supported by appropriate fertilization, confirming that plantation aging alone does not necessarily lead to yield decline. The significant interaction between plantation age and year of observation highlights the cumulative benefits of sustained fertilization over time.
The absence of significant differences among organic, mineral and mixed fertilization treatments suggests that adequate nutrient supply is more critical than fertilizer source. However, mixed fertilization strategies may offer additional advantages by improving soil fertility sustainability while maintaining high productivity. 
The observed negative correlations between yield and quality defects further emphasize that improved nutritional management enhances both coffee yield and bean quality.
Overall, the findings underline the importance of integrated and regular fertilization practices as a key component of sustainable coffee production systems. Adoption of balanced nutrient management strategies can effectively mitigate the negative effects of plantation aging, improve coffee quality and ensure stable yields over successive production years.
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