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Abstract  Coffee farmers in Kagera Region do not believe in application of industrial fertilizers in their farms, 
calling their produce “organic by default”. They claim that their soils are too fertile to need industrial fertilizers. 
TaCRI undertook to verify this claim. Soil fertility data for the region were extracted from the national coffee soil 
database built in 2015. A total of 73 georeferenced sites had seven parameters (pH, Ca, Mg, K, CEC, OC and total N) 
rated from zero (poor) to 4 (good). The average ratings were computed and categorized as 0-1, 1-2, 2-3, 3-4 and 4-5 
as poor, marginal, moderate, satisfactory and good fertility respectively. A subsample of 27 sites were additionally 
assessed for available P and particle size. Attributes of the 73 sites were loaded into ArcMap 10.7.1, whereby pH, 
CEC, BS, OC and C:N ratio were interpolated using the IDW algorithm and clipped on basis of the regional 
boundary shapefile extracted from the 2022 census polygon shapefile. The soils were marginally (34, 47%) to 
moderately (39, 53%) fertile where only seven parameters were assessed. With fewer sites and more parameters, the 
respective figures were 11 (41%) and 16 (59%). pH was increasing from northeast (Bukoba, Misenyi and Muleba) to 
southwest (Biharamulo, Ngara and Southern Karagwe). CEC was lower in Kyerwa, Karagwe and Muleba than 
Bukoba, Ngara and Biharamulo. The western half of Kagera had higher OC than its eastern counterpart. C:N ratios 
were generally less than 30, which is normal. This work has revealed that soils in Kagera are not as fertile as 
purported, thus disproving the “organic-by-default” paradigm. As such, farmers’ mind sets should be changed in 
favour of industrial fertilizers if we are ever to improve coffee productivity and approach the set national target of 
producing 300,000 metric tons of clean coffee annually by 2025/26. 
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1. Introduction 

Coffee is a significant source of export earnings to many 
nations including Tanzania. Its importance is well described 
by [1,2,3] among others. World production in 2020 was 
estimated to reach over 165 million 60-kg bags. Brazil and 
Vietnam lead production and together represent slightly less 
than half of world volume [4]. The world coffee trade is 
mainly dominated by two types, Arabica (Coffea arabica) 
and Robusta (Coffea canephora). Robusta represents 
approximately 40% of the total output [5].  

Robusta coffee in Tanzania is localized in the Kagera 
area (Muleba, Misenyi, Karagwe and Bukoba), having an 
estimated production of 21,000 tons of clean coffee per 
year on an area of about 51,000 ha [6]. This works down 
to 412 kg ha-1 and, at the standard spacing of 3m x 3m, 
give approximately 400 g tree-1. Farmers usually have at 
least a couple of coffee trees on their farms, intercropped 

with bananas, maize, beans, cassava or yams. Production 
in the area is said to be “organic by default” because 
farmers do not apply fertilizers or pesticides [7]. Organic 
nutrient sources include manure, kitchen refuse and mulch. 
This “organic-by-default” paradigm is inculcated into the 
minds of the farmers, so much so that they do not want to 
hear anything about applying industrial fertilizers. 

Both the Tanzanian ruling party manifesto and the 
coffee industry development strategy have set the target of 
increasing the coffee production from what it was in 2020 
(55,000 metric tons - mt) to as high as 300,000 mt by 
2025/26. To reach or approach such a target, the industry 
needs to capitalize on varieties and GAPs (including 
proper plant nutrition). During the National Coffee 
Conference held in June 2022 in Dodoma, TaCRI 
suggested an industrial fertilizer regime for Kagera 
(NPKS 22:6:12:3, 80g tree-1 applied 3 times per year; 
Minjingu Rock Phosphate 50g tree-1 and foliar 20:20:20 
both applied 2 times per year). This had been derived from 
[8] and TaCRI’s own soil fertility database [9]. The 

 



2 World Journal of Agricultural Research  

suggestion was met with a fierce resistance, even from 
intellectuals. They claimed that the soils of Kagera are 
sufficiently fertile, and the introduction of industrial 
fertilizers would damage those soils. This prompted a 
reassessment of the available data for Kagera, to see if the 
soils are as fertile as purported; so as to correctly advise 
the farmers. 

2. Materials and Methods 

2.1. Study Area 
Kagera region is located in the extreme northwestern 

corner of Tanzania (Figure 1). It lies just south of the 
equator between latitudes 1o00’ and 2o45’ south, 
longitudes 30o25’ and 32o40’ east. This includes large part 
of the water of Lake Victoria. The landmass lies between 
30o25’ and 31o48’ longitudes east. It covers a total land 
area of 40,838 sq.km [10]. It experiences a bi-modal 
rainfall pattern, March – May and October – November, 
with average annual rainfall of 500 – 2000 mm. Rainfall is 
higher along the shores of Lake Victoria and decreases 
inland away from the lake and also with altitude, varying 
from 2000 mm a year near Bukoba to 500 mm in the west 
[7]. Temperatures range between 20oC – 28oC.  

The region consists of series of hills running North-
South, parallel to the lakeshore. Its lithology is affected by 
the Karagwe-Ankolean rock system of the Proterozoic 
eonothem, featuring sericite schists and quartzites; and the 
more recent Bukoban system of the Phanerozoic 
eonothem, featuring mainly sandstones, quartzites and 
shales [11,12]. Soils are mainly Leptosols (most of Ngara, 
Karagwe and Kyerwa), Cambisols (Bukoba, Muleba, parts 
of Misenyi and Biharamulo), with associated Gleysols 
(Misenyi) and Phaeozems (parts of Biharamulo) [13]. 
These are not the best soils in terms of natural fertility.  

 

Figure 1. Map of Kagera Region showing the sources of data (in blue dots) 

2.2. Data Extraction 
Soil fertility data for Kagera Region were extracted 

from the country-wide database developed in 2015. The 
extracted data had originated from the soil survey carried 
out in Bukoba (Rural and Urban), Muleba, Karagwe, 
Ngara and Biharamulo districts in June 2012 and reported 
to the RAS Kagera via Soil Survey Report No. TCR 
8/2013 [14]. The database involved a total of 73 
georeferenced sites analyzed for the routine soil fertility 
parameters pH, CEC, %OC, %N, Exch. Ca, Mg, Na and K. 
A subsample of 27 sites had their analysis extended to 
include also available P and particle sizes. 

2.3. Statistical Analysis 
A total of seven parameters (pH, Ca, Mg, K, CEC, OC 

and total N) from the 73 sites were rated from zero (poor 
fertility) to 4 (good fertility) based on the ratings 
suggested by [15,16,17]; and the average of the ratings 
computed. These average ratings were assigned categories 
0-1, 1-2, 2-3, 3-4 and 4-5 for poor, marginal, moderate, 
satisfactory and good fertility respectively. A separate 
rating was accorded to the subsample of 27 sites, in which 
the additional parameters (available P and particle size) 
were also assessed. 

2.4. Spatial Analysis 
The soil fertility data were exposed to the geographic 

information system (GIS) for further analysis [18]. 
Attributes of the 73 sites were loaded into ArcMap 10.7.1 
and configured to follow the WGS84 reference coordinate 
system in line with the intended vector base map, which is 
the NBS Census Map polygon shapefile [19]. A regional 
base map was extracted from the country-wide district and 
town council map and saved. The soil shapefile was 
overlaid onto the base map whereby pH, CEC, BS, OC 
and C:N ratio were interpolated in turns. The inverse 
distance weighting (IDW) algorithm [20,21] was used, 
with the nearest neighbours set at 12 and the power set at 
2. The resultant rasters were clipped on basis of the 
regional base map, and the trends in the key soil fertility 
indices were visually assessed.  

3. Results and Discussion 

3.1. Statistical Results 
Statistical results are shown in Table 1 below. The left 

part of the table shows that the soils are marginally (34, 
47%) to moderately (39, 53%) fertile where all the 73 
entries were involved but only seven parameters were 
assessed. With fewer sites (27) and more parameters (9) 
in the right part, the respective figures were 11 (41%) 
and 16 (59%).  

None of the sites were of satisfactory or good fertility, 
thus disproving the claim that the soils in Kagera are 
sufficiently fertile. On the other hand, none of the sites 
were of too poor fertility to grow coffee. This is not 
surprising because, using the Haya terms cited by [7], the 
sampling was skewed to the bibanja and a bit of bikamba 

 



 World Journal of Agricultural Research 3 

that grow coffee. Neither the rweya (the shallowest and 
poorest-fertility Leptosols mainly used for extensive 
grazing) nor the forest reserve areas like the area of Burigi 
between Muleba and Biharamulo, were involved. 

Table 1. Statistical analysis for soil fertility categories, Kagera 

Category n = 73 n = 27 
 Value % Value % 

Poor (0-1) 0 0 0 0 
Marginal (1-2) 34 47 11 41 
Moderate (2-3) 39 53 16 59 

Satisfactory (3-4) 0 0 0 0 
Good (4-5) 0 0 0 0 

3.2. Spatial Interpolation Results 
The spatial interpolation results are shown in Figures 2, 

3, 4, 5 and 6. Figure 2 shows that pH was increasing from 
northeast to southwest. Most of the coffee areas in 
Misenyi, Bukoba and parts of Muleba may need liming, 
which should be applied according to the lime requirement 
of individual fields [22]. Most of Karagwe, Kyerwa and 
Ngara can alternate CAN with ASN at fruit setting. The 
alternation in Biharamulo should be two seasons ASN and 
one season CAN. In Figure 3, CEC was generally good, 
mostly well over the threshold of 16 cmolc kg-1 [15]. It 
was higher in Bukoba, eastern Misenyi, Ngara and 
Biharamulo. Base saturation (Figure 4) was higher in 
Karagwe, Kyerwa and Muleba. The two parameters 
showed contrasting trends, which could be explained by 
the former being the denominator in computations of the 
latter. 

 
Figure 2. Variation in soil pH over Kagera Region 

Figure 5 shows the western half of Kagera having 
higher organic matter content than its eastern counterpart. 

The low organic matter content in Muleba, Bukoba and 
Misenyi is rather difficult to explain, given the intensity of 
mulching practiced there (see Figures 7 and 8). The 
likeliest assumption is that the straw used as mulch is not 
decomposing readily due to its having too high C:N ratios 
[23]. On the other hand, the C:N ratios of soils (Figure 6) 
were generally less than 30, which is normal for agricultural 
soils [24]. Trends for OC and C:N ratio were similar, as the 
former is a numerator in computations of the latter. 

 
Figure 3. Variation in CEC over Kagera Region 

 
Figure 4. Variation in base saturation over Kagera Region 
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Figure 5. Variation in organic carbon over Kagera Region 

 
Figure 6. Variation in C:N ratio over Kagera Region 

3.3. General Discussion 

3.3.1. Origins of Coffee and the Organic Perception 
By origin and nature, coffee is a forest crop. Arabica 

has roots in Ethiopia where, even today, forest coffee is 
still a common feature. Robusta is said to have roots in the 
equatorial forests around Kagera, Uganda and Eastern 
DRC [25,26]. The forest coffee mentality seems to have 
affected many farmers, not only in Kagera (though, of 
course, here it is too much). 

Maro and others [27] noted reluctance of many farmers 
to apply inorganic fertilizers in coffee, in the pretext that 
coffee is originally a forest crop which can yield optimally 
with organic nutrients only. On the other hand, 

domestication and commercial farming have brought with 
them varietal adaptation to certain physiographic and 
edaphic conditions. One such condition is shade versus 
open [28], whereby more yield of lesser quality coffee is 
realized with the open culture. Commercial value brought 
demand for higher yields that could not have been realized 
in the forest; and breeders have done a good job of 
breeding for higher yields and, impliedly, higher nutrient 
demands. Even if the “organic-by-default” system once 
worked in the past, with ample land and a sizeable 
population, things have changed. Land scarcity resulting 
from population pressure has reduced the area that can be 
reserved for mulch. The supply of pasture to livestock has 
decreased as well, causing a decrease in manure produced. 
The consequence is reduction of manure available for 
applying to the farms and eventually, a decline in crop 
yield [7]. This coffee production system is therefore 
becoming unsustainable. 

 
Figure 7. A heavily mulched field, Bukoba District 

 
Figure 8. A heavily mulched field, Muleba District 

3.3.2. Soil Classification, Lithology and Fertility  
From [13], the old Karagwe-Ankolean Leptosols make 

about 70% of total land in Kagera. They are very shallow 
soils over hard rock or in unconsolidated very gravelly 
material. Recommended best land uses are extensive 
grazing, stone quarrying, forestry and nature conservation. 
Coffee is grown in small associations with sufficiently 
deep soils whose fertility is questionable. The younger, 
Bukoban Cambisols make about 20%, and are soils with 
incipient soil formation showing weak, mostly brownish 
discolouration and/or structure formation below the 
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surface horizon. The Cambisols are used for (mixed) 
arable farming and as grazing land, and are of 
significantly better fertility than Leptosols due to soil 
depth advantage. Incidentally, Cambisols occur in the 
zone receiving the highest amount of rainfall and are 
characterized by low pH. Liming or CAN and MRP 
application could double the current production level. 
Gleysols constitute the wetland soils of the Kagera River 
basin (Misenyi), and are of less interest for coffee. So are 
the Phaeozems which constitute a strip that runs north-east 
to south-west along Biharamulo, whereby periodic 
drought and wind and water erosion are the main 
limitations. From soil classification point of view, none of 
these soils can be termed as ideal for coffee production. 
This work has also proved that soils of Kagera are not as 
fertile as purported, and coffee production will benefit 
much from use of industrial fertilizers. 

3.3.3. Do Industrial Fertilizers Really Damage Soils? 
This is one of the claims by intellectuals from Kagera. 

It is possible for industrial fertilizers to damage the soil if 
the “four Rs” of nutrient stewardship suggested by [29,30] 
are not adhered to. This is: applying the Right fertilizer 
type to the Right soil, in the Right dosages and at the 
Right time. Start with the soil. “Know your farm” as the 
TaCRI slogan goes, and make informed decisions thereon. 
If, for example, an uninformed farmer decides to apply an 
acidifying fertilizer like SA in already acidic soils like 
those of Misenyi, Bukoba and Muleba (Figure 2) the 
fertilizer will render the soil too strongly acidic to grow 
crops for a considerable time period. In many parts of 
Kagera, people simply don’t know the importance of 
using industrial fertilizers in coffee, and this is largely 
attributable to the unavailability of, or inaccessibility to, 
information on their soil types. This paper and its 
predecessor were meant to give an overview of soil health 
in Kagera based on which informed decisions on the 
second Right (fertilizer types) can be made. The TaCRI 
Soils Laboratory offers such services, and links can be 
made through its substation at Maruku. 

3.3.4. The Sustainability of Organic Certification 
Some farmer groups and/or cooperatives, with the 

“organic-by-default” mentality, have initiated processes of 
formally certifying themselves as such [7]. It was noted by 
[31] that smallholder farms with no access to external 
inputs often produce less than 300 kg ha−1 year−1 green 
coffee beans, while intensively managed plantations of 
arabica coffee at conventional spacing may annually yield 
2 mt ha−1 averaged over several years and Robusta coffee 
plantations up to 3.5 mt ha−1 Nitrogen is regarded as one 
of the key factors limiting productivity. Organic farming 
systems have the potential to supply large amounts of N 
but there is poor synchronization of N availability versus 
crop demand. Composting of manures and plant residues 
causes a significant reduction in available N, due to 
volatilization and transformation into stable organic forms. 
Generally, in agronomic terms, organic farming has no 
significant advantage over conventional (ISFM) farming; 
it reduces yields and the premium prices offered cannot 
offset the (opportunity) cost of organic certification and 
practices. This was also noted by [32] who saw organic 
certification as a poverty trap. 

3.3.5. The Task of Increasing Production  
The target of increasing coffee production from what it 

was in 2020 (55,000 mt) to as high as 300,000 mt by 
2025/26 [4] is an uphill task by all standards, and cannot 
be attained by sticking to traditions. We need to change 
our mind set. There are two ways to increase production, 
namely varieties and GAPs. On the variety side, TaCRI 
has done its job of developing 19 Arabica and 4 Robusta 
coffee varieties [33,34] with best attributes, including high 
yield (about 3 to 5 times as much as the traditional 
varieties). These are widespread in many coffee growing 
areas including Kagera. We need to sensitize farmers to 
adopt those varieties, thereby improving productivity per 
tree. Plant nutrition is a component of GAPs. From [29] 
[35,36], expected yields have been the basis for fertilizer 
recommendations and because, as a rule of thumb, a 
bigger sink requires a bigger source, the new varieties will 
require over two times as much of the nutrients as the 
traditional ones, a requirement not attainable with organic 
nutrient sources only. We therefore need to train farmers 
on the importance of using industrial fertilizers in coffee, 
the right types of fertilizers to the right soils, the right 
dosages and at the right times [29]; in addition to 
adherence to other recommended GAPs, for sustainable 
coffee production.  

4. Conclusion and Recommendations 

A statistical and spatial meta-analysis of routine soil 
fertility data from 73 georeferenced sites in Kagera 
Region was done, so as to check the scientific validity of 
the claim that soils are fertile and do not need industrial 
fertilizers. The soils showed to be marginally to 
moderately fertile, thus disproving the “organic-by-default” 
paradigm long held by farmers in Kagera. Interpolation 
trends in five selected parameters indicate that pH was 
increasing from northeast (Bukoba, Misenyi and Muleba) 
to southwest (Biharamulo, Ngara and Southern Karagwe). 
CEC was lowest in Kyerwa and highest in Ngara and 
Biharamulo. Base saturation was highest in Karagwe and 
Kyerwa, and lowest in Bukoba, Misenyi, Ngara and 
Biharamulo. The western half of Kagera had higher 
organic matter content than its eastern counterpart. C: N 
ratios were generally less than 30, which is normal for 
agricultural soils. This work has revealed that soils in 
Kagera are not as fertile as purported.  

Subsequent discussion brings to light the origin of 
coffee as a forest crop (which is also the origin of the 
“organic-by-default” paradigm), how it evolved into a 
high-value commercial crop and associated 
transformations. Land scarcity due to population pressure 
has reduced the mulch reserve areas. The supply of 
pasture to livestock has decreased as well, cutting short 
the usual supply of manure. These contribute in making 
the naturally organic system unsustainable. The discussion 
also relates to the uphill task facing the coffee industry in 
Tanzania to increase the coffee production to 300,000 mt 
per year by 2025/26, a task that cannot be attained by 
sticking to traditions, calling for a change of mind set. 
Adopting the TaCRI’s 19 Arabica and 4 Robusta varieties 
with best attributes, including high yield (about 3 to 5 
times as much as the traditional varieties) is one of the 
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approaches. The other is adopting GAPs, including ISFM; 
and here, use of industrial fertilizers (together with the 
organic ones) is inevitable. 

The change of farmers’ mind sets requires a concerted 
effort. First, the elites must change their own mind set, and 
this paper is intended for them. TaCRI and other partners 
(TCB and coffee supporting NGOs) should collaborate in 
delivering the right messages to intellectuals, policy makers, 
parliamentarians, agricultural officers at the LGA levels, 
teachers at all levels, etc. These, once brought on board, 
will help to trickle down the right information. We believe 
that, if the farmers in Kagera (the Robusta growers) adopt 
the industrial fertilizer regime as part of ISFM, with the 
higher productivity of Robusta versus Arabica, the journey 
to 300,000 mt by 2025/26 will be easier. 
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