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 Abstract  7 

The bulk of coffee soils in southwestern and southern regions of Ethiopia are classified as Nitto 8 

sols, which are highly weathered and originate from volcanic rock. These soils are deep and well 9 

drained having a pH of 5-6, and have medium to high contents of most of the essential elements 10 

except nitrogen and phosphorus. Also, most of the coffee plantations are often managed with 11 

shade trees in small scale, with minimal fertilization; litter fall and decomposition play an 12 

important role in nitrogen cycling and maintenance of soil fertility. The amount of plant nutrient 13 

required by coffee trees may vary depending on several factors. the amount and  distribution of 14 

rainfall, the species and amount of other plants grown in association with the coffee trees, 15 

seasonal variation, topography,  soil type and the prevailing cultural practices. Proper coffee 16 

nutrition requires special attention of the grower because it affects bean size (grade), bean quality 17 

and the overall productivity of the crop that determines marketability. Nutrients are applied to 18 

replenish those that are lost through tissue formation, yields, leaching and those that form 19 

compounds where they cannot be easily extracted by roots. This calls for application of mineral 20 

fertilizers and/or organic manures so as to apply the necessary nutrients in the required amounts. 21 

As a result it was possible to come out with a set of recommendations that are of immense value 22 

to the growers. Therefore, the objective of this paper is to review the achievements and 23 

constraints of mineral fertilization and the potential to use of organic/bio-fertilizers for the 24 

present and future coffee production in Ethiopia. 25 
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1. Introduction 33 
  34 

Ethiopia holds a unique position in the world as Coffea arabica L. has its primary centre of 35 

diversity in the south-western highlands of the country. Today in a few remaining rainforests of 36 

western, southwestern and southeastern Ethiopia, coffee grows as an understory shrub in a large 37 

diversity and has maintained its own genetic diversity as a natural gene-bank. It continues, 38 

however, to survive all attacks by pathogens and pests in a unique way under natural conditions. 39 

Research findings over the past few decades revealed that there is a huge genetic variation for 40 

different agronomic traits among accessions of Coffee Arabica in Ethiopia. However, during the 41 

last 40–50 years, significant reduction of genetic diversity has occurred in the Ethiopian coffee 42 

due to deforestation and competition for arable land to expand food crops that coupled with rapid 43 

population growth (Mitchell, 1988, Taddesse Woldemariam, 2003, Schmitt, et.al, 2005, Taye 44 

Kufa, 2006).  45 

 46 

Coffee production systems in Ethiopia are grouped into four broad categories namely, forest 47 

coffee, semi-forest coffee, garden coffee and coffee plantations (Workafes and Kassu, 2000). 48 

They account 10, 35, 50 and 5% of the total production, respectively and mainly found in 49 

southwestern and southern Ethiopia. Garden coffee production system accounts the majority of 50 

production and is owned by small holder coffee growers which is produced in plots of varying 51 

sizes around dwellings. In this system, coffee is planted and managed in the farmer’s backyard 52 

within small area and planted at low densities, ranging from 1,000 to 1,800 trees per hectare, is 53 

mostly fertilized with organic waste and is intercropped with other crops (Taye Kufa,  2006).  It 54 

is mainly found in southern, south western and eastern parts of the country; Sidamo, Gedeo,   55 

Keficho, west Harerge and west Wellega Zones. The traditional cultural practices implemented 56 

by the growers in most cases led to mismanagement of the soil and would result in serious land 57 

degradation and a rapid nutrient depletion that significantly influence coffee yield. The overall 58 

productivity of the crop is very low in traditionally managed coffee ranging from 450 to 472 59 

kg/ha of clean coffee (Workafes and Kassu, 2000). 60 

 61 
 62 



In the major coffee growing areas, most soils are exposed to nutrient leaching over a long 63 

period resulting in low organic matter content and require careful management to support good 64 

crop yields. 65 

 66 

 However, 85% of Ethiopian farmers don’t use inorganic fertilizers while the rest add it at levels 67 

significantly below the recommended rate (Eyassu, 2002 cited in Solomon et al., 2008).The bulk 68 

of coffee soils in the southwestern and southern region are classified as Nitro sols, which are 69 

highly weathered and originate from volcanic rock. These soils are deep and well drained having 70 

a pH of 5-6, and have medium to high contents of most of the essential elements except nitrogen 71 

and phosphorus (Paulos, 1986).Most of the coffee plantations are often managed with shade trees 72 

and minimal fertilization. Hence, from the point of view of nitrogen cycling, litter fall, and 73 

decomposition may play an important role in the maintenance of soil fertility (Solomon et al., 74 

2008). This review therefore needed to supply necessary information on the achievements and 75 

constraints of fertilizer use (mineral and organic) in some major coffee areas of Ethiopia and to 76 

evaluate the past research recommendations in coffee nutrition by considering the nutrient 77 

dynamics with respect to climate change scenarios, that would be helpful for further amendment 78 

of nutritional status in most of the coffee growing areas.   79 

2. Materials and methods 80 

 81 

All institutions in Ethiopia that are involved in coffee research and development were contacted 82 

in 2012/013 and supplied the necessary information for Arabica Coffee nutrition. This was 83 

supported by interviews with key informants and by reviewing secondary data from reports of 84 

the research institutions. The data showed the past and present situation in coffee nutrition and 85 

trends in application of organic and mineral fertilizers for Arabica Coffee. We focused on 86 

producing data base to be made available on the present and future dynamics of coffee nutrition, 87 

so that the information should be web based and accessible by any of the institutions anywhere 88 

that helps to amend plant nutrition for coffee plant with respect to nutrient depletion with time. 89 

Also, reviews on coffee nutrition from global perspectives were included in this paper to 90 

compare the national research trends in coffee nutrition. Readers are referred to original articles 91 

on Ethiopian coffee research and research articles browsed from online libraries for detailed 92 

analytical methods and interpretation of results; all resources used for this review are duly cited. 93 



3.  Arabica coffee plant nutrient management in Ethiopia 94 

 95 

The importance of proper coffee nutrition cannot be over emphasized because nutrition affects 96 

bean size and bean quality, both of which determine the value of the coffee produced. It is worth 97 

remembering that for optimum growth and productivity, the coffee plant requires adequate 98 

nutrients. Nutrients are applied to replenish those that are lost through tissue formation, yields, 99 

leaching and those that form compounds where they cannot be easily extracted by roots. This 100 

calls for application of fertilizers so as to apply the necessary nutrients in the required amounts 101 

(Ali, 1999). 102 

 103 

The amount of plant nutrient required by coffee trees may vary depending on several factors. The 104 

amount of rainfall and its distribution, the species and amount of other plants grown in 105 

association with the coffee trees, seasonal variation, the topography, the soil type and the 106 

prevailing cultural practices are a few. Estimation of the nutrients required by the new crop is 107 

based on soil and plant tissue analysis (Paulos, 1986). 108 

 109 

The components of mineral fertilizers are divided into macro and micro based on 110 

their requirement by the plants. Macro nutrients (N, P, K, Ca, Mg, and S) which are required by 111 

plants in large quantity more than 1ppm are most important for the growth of the coffee plant. 112 

Besides, there are micro nutrients (Fe, Mn, Zn, Mo, Cu, B, Al) that are demanded by plants in 113 

much less quantity (less than 1ppm) but without them problems in growth may arise. Most soils 114 

are endowed with sufficient amount of trace elements and thus, there is hardly any need for their 115 

application (Ali, 1999).  116 

 117 

According to Paulos (1994), in the past three/four decades, extensive fertilizer trials were carried 118 

out at Jimma Agricultural research Center and its sub-centers that represent the major coffee 119 

growing agro-ecologies of the country. As a result it was possible to come out with a set of 120 

recommendations that are of immense value to the end users.  121 

 122 

3.1. NPK fertilizer management 123 

  124 



Very little work has been done on the mineral fertilization of coffee in Ethiopia before1970’s. 125 

One of the first fertilizer experiments on coffee at Jimma Research Center (JRS)was carried out 126 

to supply the necessary information for Coffee and Tea Development Authority (CTDA) in 127 

connection with the coffee improvement project and replanting program. Different nitrogen, 128 

phosphorus and potassium rates were investigated in factorial combination (IAR, 1978/79). 129 

3.2. Nitrogen management  130 

 Nitrogen is one of the essential plant nutrients required by the coffee tree in large quantities as 131 

compared to other nutrients. In an effort to determine the optimum nitrogen rate for coffee 132 

production in different agro-ecologies, various fertilizer trials were accomplished at the main 133 

center (JRC) and sub-centers or trial sites (Gera, Metu, Tepi, Bebeka, Wonago, and Bedessa). At 134 

JRC, the response of coffee trees to applied fertilizer was investigated since early 1978/79 (IAR, 135 

1982/83). The results reported show significant coffee yield increment with increasing level of 136 

nitrogen. The most noticeable yield response of coffee was for 150kg/ha nitrogen (IAR, 137 

1982/83).  Paulos (1986, 1994) has summarized results of pervious fertilizer trials at different 138 

coffee growing areas of south-western Ethiopia in which the highest yield of coffee was recorded 139 

in response to the highest rate of nitrogen (300kg/ha) (fig.1), with significant yield reduction for 140 

further increases of nitrogen. 141 

  142 

             Figure 1. Effect of N on coffee yield at Melko (Paulos, 1986). 143 



3.3. Phosphorus management  144 

 145 

Phosphorus in known to be one of the most recognized limiting factors for coffee production in 146 

most soils of south western Ethiopia. The soils highly weathered, low in pH, high in iron and 147 

aluminum contents leading to high phosphorus fixation (IAR, 1984). Significant yield responses 148 

were reported from different fertilizer trials conducted at JARC. From a field experiment at 149 

Melko, a 50% increase in coffee yield was reported when the level of potassium was raised from 150 

zero to 33kg/ha, but further increase in the level of this nutrient was not reflected in increased 151 

yield (IAR, 1982/83).  152 

On the other hand, no significant yield was reported from similar experiments at Gera, Tepi, and 153 

Metu (IAR, 1982/83, 1984/85). 154 

 155 

At Wonago, the response to mineral fertilization was examined on a 30-year old forest coffee 156 

(Fisseha et al., 1993). The combined analysis over years indicated significant yield response of 157 

coffee to NP fertilization. The optimum NP rate found in the study was varieties were 158 

recommended (Fisseha, et al., 1993). In general a positive correlation between coffee yield and 159 

phosphorus fertilizer application at different areas was reported (Paulos, 1986, 1994). Coffee 160 

yield increment due to phosphorus (33kg/ha) application at Melko was 597 kg (64.5%) over the 161 

control (Fig.2). It was also indicated that the interaction between N and P gave better results than 162 

the main effects alone. 163 

 164 



Figure. 2 Effect of Phosphorus on coffee yield at Melko (Paulos, 1986  ). 165 

3.4. Potassium management  166 

 167 

Potassium fertilizer application is not common in Ethiopian Agriculture, whether in treecrops 168 

like coffee or in cereal crops. This is due to the view that potassium is not alimiting nutrient in 169 

Ethiopian soils, a conception, which is often based on the report by Murphy (1959), and Hofner 170 

and Schmitz (1984) cited in Solomon et al (2008). However,Ethiopian Agriculture is a highly 171 

exploitative type in which plant nutrients particularly potassium are heavily extracted or mined 172 

from the soil and very little or no crop residuesare returned back (Solomon et al. , 2008). 173 

 174 

Results from some trials involving potassium fertilizer also indicate positive crop responses to 175 

potassium application (IAR, 1984/85; Paulos, 1986).  176 

In a fertilizer experiment at Melko, significant coffee yield improvement was noticed (Fig. 3), 177 

when the level of potassium was increased from zero to 62 kg/ha, but further levels of  potassium 178 

did not result in increased yield (IAR, 1984/85); Paulos, 1986). On the other hand, in a similar 179 

experiment at Gera, Metu, and Tepi, results indicated no significant fertilizer effect on coffee 180 

yield (IAR, 1982/83, 1984/85). 181 

 182 

 183 

 184 

 185 

Figure. 3 Effect of potassium fertilizer on coffee yield at Melko (Poulos, 1986) 186 

 187 



3.5.  Phosphorus status of long-term fertilized soils 188 

 189 

Unlike nitrogen, phosphorus is relatively immobile in the soil. Hence, repeated application of 190 

phosphorus fertilizers for a long time might result in the accumulation or  build-up of the nutrient 191 

in the soil where further application of phosphorus fertilizers will not have significant effect on 192 

yield. This is especially important for research plots used for fertilizer trials. An experiment was 193 

carried out at Melko to examine the status of  phosphorus and other nutrients in response to long-194 

term fertilizer applications in soils cropped to coffee (Tesfu and Zebene, 2004). The data 195 

indicated build up of phosphorus and reduction in soil pH because of long-term fertilizer 196 

application (Table 1). The result therefore, confirmed the imbalance of nutrients caused by 197 

continuous application of inorganic fertilizers. Such a build-up in phosphorus fertilizer result in 198 

imbalance and make it difficult for future fertilizer trials. Hence, fertilizer studies 199 

involving phosphorus need to be carried out at places where the levels of P and soil acidity do 200 

not present similar problems. 201 

On the other hand, the level of micronutrients was found to increase in long term fertilized than 202 

unfertilized indicating the enhancement of solubility and hence availability of these 203 

micronutrients with the reduction of the soil’s pH. In general, considering the imbalance of 204 

nutrients and reduced soil pH, corrective measures should be sought instead of emphasizing the 205 

increased micronutrient availability in long-term fertilized soils since visible and critical 206 

micronutrient deficiency has not been noticed in the area so far (Tesfu  and Zebene, 2004). 207 

 208 

Table1. Effect of long-term fertilizer application on soil fertility status 209 

Sites pH N 
(%) 

P 
(ppm) 

K 
(Meq/1
00g) 

C 
(%) 

CEC DTPA- Soluble micronutrients  
(ppm) 

       Fe Mn Zn Cu 
1 6.0 0.18 7.2 0.93 1.8 34.6 32.8 148.2 2.8 3.2 
2 5.2 0.22 23.8 1.13 2.7 26.6 58.1 124.5 3.3 3.7 
3 4.8 0.21 15.8 0.53 2.8 32.4 46.5 131.5 2.3 3.7 
4 4.9 0.21 24.1 0.50 2.5 30 49.8 155.9 2.7 3.1 
5 5.5 0.27 36.6 1.08 3.0 28 52.8 101.8 2.9 3.1 
6 4.7 0.22 82.4 0.71 3.9 23.6 63.2 219.1 5.5 4.5 
7 5.5 0.21 65.3 0.66 3.5 28.2 61.9 131.9 3.0 2.7 
8 6.1 0.22 40.6 0.89 3.5 27.6 68.4 172.6 3.3 4.2 
9 5.7 0.22 3.6 0.67 3.6 27 32.4 157.2 1.9 3.2 
10 6.1 0.18 2.8 0.78 3.3 29.6 48.9 109.1 2.1 3.3 
SD 0.53 0.03 26.72 0.27 0.63 3.10 3.8 10.8 0.34 0.74 



SE 0.17 0.01 8.06 0.10 0.2 0.98 1.21 3.41 1.1 0.6 
Sites 1-8: Fertilized 15 to 20 years, and sites 9-10: From unfertilized adjacent fields N-nitrogen, P-210 
phosphorus, K-potassium, pH-power of hydrogen, CEC- Cation Exchange Capacity, DTPA –   Di-211 
ethylenetriaminepenta- acetic acid, Fe-Iron, Mn-Manganize, Zn- zinc, Cu- copper, C-carbon .  (Tesfu and 212 
Zebene (2004) 213 
 214 

3.6. Time and methods of fertilizer application: growers practice 215 

 216 

The most commonly used fertilizers for coffee (as source of nitrogen, phosphorous 217 

and potassium) are urea, diammonium phosphate (DAP) and potassium chloride (KCl) 218 

respectively (Solomon et al., 2008). Urea (CO (NH2)2, 46% N) and  diammonium phosphate 219 

(NH4 ) 2 HPO4 , 20%P and 18%N) are widely used in the country. Currently other inorganic 220 

sources of N, P and K are being investigated for different agro-ecologies and crop types in the 221 

country. Such fertilizers include calcium ammonium nitrate, triple supper phosphate, and rock 222 

phosphate. Micronutrients are applied only rarely in large coffee plantations that has the 223 

technical and financial strength to afford such practices (Solomon et al, 2008). The most widely 224 

used phosphorus containing fertilizer is diammonium phosphate (DAP) and rarely triple supper 225 

phosphate (TSP). When used for trees, these fertilizes should be applied at establishment period 226 

and in mature condition. The most favorable time of application (especially under southwestern 227 

Ethiopian condition is in March/April, in the rainy season, and at the end of the rainy season in 228 

September. After application, the fertilizer should be totally incorporated in to the soil so that 229 

losses through volatilization can be minimized (Solomon et al, 2008). 230 

 231 

Urea, the most popular source of nitrogen, is easily available in the market, hence commonly 232 

used for coffee plantations in different parts of the country. It is known that a significant 233 

proportion of the applied nitrogen may be lost as ammonia within a few days after application 234 

(Solomon et al, 2008). Therefore, it is advisable to split the recommended dose of nitrogen 235 

fertilizer into three or four equal parts to increase the fertilizer use efficiency. The fertilizer 236 

should be applied when the soil is moist; hence, themost convenient time to apply the fertilizer is 237 

during March/April, June/July, and September (Ali, 1999). Maximum care should be taken 238 

during application not to apply under mulch and weed cover, and have some distance from the 239 

main trunk but under the canopy.  240 



 241 

Nevertheless, using mulch after fertilizer application is useful in that it contributes to minimizing 242 

the nitrogen loss. Therefore, urea should be incorporated with the soil to avoid volatilization loss. 243 

Incorporation of urea into soil can minimize ammonia loss by increasing the volume of soil to 244 

retain ammonia (Solomon et al, 2008). Some investigations have indicated that the continued use 245 

of one type of nitrogen fertilizer might alter the optimum pH range of the soil; hence, alternating 246 

the use of different fertilizers such as Urea, ammonium sulphate nitrate (ASN), or calcium-247 

ammonium nitrate (CAN), if they are used help to maintain the optimal range of soil reaction in 248 

the area.  Application of potassium fertilizer is not common in the smallholder coffee production, 249 

but it is used in the big coffee estates or plantations. Murate of potash (KCl) and sulphate of 250 

potash (K2 SO4) are commonly found on the market. The time of  potash application is at the 251 

beginning and the end of the rainy season. Potassium should be applied within the root zone the 252 

trees on weed and mulch free area (Solomon et al, 2008). 253 

3.6. Fertilizer rate recommendations 254 

 255 

In the past three to four decade, extensive fertilizer trials were carried out at Jimma Research 256 

Center and its sub-centers that represent the major coffee growing agro-ecologies of the country. 257 

As a result, it was possible to come out with a set of recommendations (Table,2) that are of 258 

immense value to the grower. Fertilizer application depends on various factors including: type of 259 

production systems (forest, garden, open, low shade), soil fertility status and soil reaction, type 260 

of coffee variety (local, high yielding), age of the coffee tree and plant population. Open and low 261 

shade coffee plantations, high yielding varieties and mature trees on poor soils (low fertility) 262 

should be given the full dose of the recommended fertilizers. On the other hand, forest coffee, 263 

low yielding and young trees (less than three years), rich soils (fertile soils) lower amount than 264 

the recommended full dose (IAR, 1996). 265 

 266 

Table 2. Location specific  NPK fertilizer recommendations for coffee. (IAR (1996) 267 

Location Recommendation Recommended Rates (Kg/ha) 
Domain N P K 

Melko Jimma, Manna, Seka, Gomma, Kossa 150 - 172 63 0 
Gera Gera No No No 
Metu Metu Hurumu, Yayou, Chora 172 77 0 



Tepi Tepi 172 77 0 
Bebeka Bebeka 172 77 0 
Wonago Wonago, Dale, Aleta, Wondo, Fiseha Genet 170 - 200 33 - 77 0 
Bedese Habro, Kuni, Darelebu 150 - 235 33 - 77 62 

 268 

3.7. Verification of fertilizer rates 269 

 270 

 On-farm Verification trials were carried out in different coffee growing areas to verify the 271 

recommended fertilizer rates for coffee production (EARO, 1999). The result indicated that the 272 

highest clean coffee yield obtained at sites in Jimma and Metu areas was in response to the 273 

recommended rates of 172 and 63 Kg/ha nitrogen and phosphorus fertilizers respectively.  274 

In addition, around Jimma, yield of coffee trees treated with potassium fertilizer (62kg/ha) 275 

showed significant increase over the control and half dose of the recommended NP fertilizer rate 276 

(Table 3).Therefore, the significance of the results obtained was not only application of 277 

recommended nitrogen and phosphorus fertilizer rates; but also with application of potassium. 278 

This stressed the need of more vigorous and comprehensive approach in research activities 279 

focusing on the potassium requirement of the coffee plantations in the region with special 280 

attention to improvements in yield and quality characteristics. 281 

 282 

Table 3.  The effect of NP- fertilizer treatments on the yield of coffee around Jimma EARO (1999) 283 

Treatment (Kg/ha)                 Clean Coffee Yield  (qt/ha) Mean 
 1996 1997 1998 
Control 10.2 11.52 9.42 10.38 
N862 P31.5 9.77 10.92 12.35 11.02 
N172P63 15.67 13.72 21.47 16.95 
K62 14.12 12.37 12.82 13.11 
LSD (0.01)    4.03 
SE (±)    2.06 
CV (%)    27.77 

3.8. Fertilizer management problems 284 

  285 

The fertilizer recommendation reviewed in this paper has been given for the commonly used 286 

coffee varieties that were under propagation since the trial was carried out decades ago. 287 

Currently many varieties are released for users, which might have different response or 288 



requirement to mineral nutrition. Moreover, the nutrient status of most soils is expected to 289 

change after such a long period since fertilizer trial has been carried out. Therefore, the challenge 290 

faced now is that of updating or recalibrating the fertilizer recommendations already given for 291 

the traditional varieties and to the newly released coffee hybrids and selections (Solomon et al , 292 

2008). 293 

 294 

Fertilizer application is not a common practice in the smallholder coffee production; when 295 

applied, it is even very much below the recommended rates. It is known that, not only the 296 

amount of fertilizer applied but also its management is also very important for increasing the 297 

productivity and fertilizer use efficiency. A significant proportion of the applied nitrogen may be 298 

lost as ammonia within a few days after application. Therefore, proper management can result in 299 

significant reduction of the losses. The efficiency of urea, the most commonly used nitrogen 300 

fertilizer is very low. It is however clear that the most prominent problem of fertilizer use in 301 

Ethiopia, is the ever increasing and prohibitively high fertilizer cost. On the other hand, soil 302 

acidity and low soil nutrient levels especially that of nitrogen and phosphorus continued to be 303 

challenges for the research system and development endeavors in most places where coffee is 304 

dominantly grown in southwestern Ethiopia (Solomon et al., 2008). 305 

 4. Mineral and Organic fertilizers Management: Global Perspectives 306 

 4.1. Essential minerals and their role in coffee plant 307 

   308 

Coffee plants have high N and K requirements (Lima Filho, and  Malavolta, 2003). There is a 309 

close relationship among nitrogen supply, number of leaves, and number of flower buds 310 

(Dierendonck, 1959). Whereas adequate tissue N levels are favorable for starch and other 311 

carbohydrate production needed for fruit formation and growth, in deficient plants symptoms 312 

develop particularly when the berries grow (Malavolta, 1986). Potassium also plays a major role 313 

in coffee plant physiology especially during fruit growth and maturation. The K quantity 314 

exported at harvest exceeds that of N which helps to explain why it can become limiting after a 315 

few years (Mitchell, 1988). A good correlation exists between the K status, as measured by leaf 316 

content, and stored starch and yield. When tissue K is adequate the proportion of floats and 317 

branches with symptoms of overbearing decreases (Malavolta, 1986). 318 



 319 

The remobilization and re-utilization of certain nutrients is an important metabolic feature during 320 

development or in cases of seed germination, under stress conditions in the period of vegetative 321 

growth and the reproductive stage as well and, in the case of perennials, before leaf fall. As 322 

indicated by deficiency symptoms which develop in the leaves, the degree of both N and K 323 

mobilization is large (Marschner, 1995). There is a lack of studies dealing with N and K 324 

transport from organs of residence towards other ones, either vegetative or reproductive or both, 325 

under normal or deficiency conditions. The development of isotopic techniques has allowed 326 

better understanding of the mechanism involved in the uptake and transport of nutrients directly 327 

related to productivity increase and sustainability. In the present contribution the isotopic 328 

dilution technique was used with the stable isotopes 85Rb for potassium. 15 N for nitrogen and N 329 

is intensively used as a tracer in soil-plant system studies. It has also been shown that 85Rb, a 330 

stable isotope, can be used as a tracer for K ( Calvache et al., 1990 ). 331 

 332 

Hydrated potassium and rubidium have a similar ionic radius and both cations occupy the same 333 

binding sites on the plasma membrane of root cells ( Calvache et al., 1991).Although Rb cannot 334 

replace K in its metabolic roles, rubidium is capable of replacing potassium in proton transfer at 335 

the tonoplast level ( Marschner, 1995). 86
 Rb has been used in biological research as a tracer for 336 

K (Hughes et al., 1990; Kuhlmann, 1990; Gussarsson & Jensen, 1992). The use of 42K in 337 

experiments of short and medium duration is practically impossible due its unsuitable half-life 338 

(12.4 hours as opposed to 18.7 days for Rb), and low specific activity (Vose, 1980). The stable 339 

isotope 85Rb, on the other hand, has proved to be a safe and adequate tracer, notwithstanding the 340 

experimental period length. Calvache et al. (1991), for instance, were able to quantify available 341 

K for a potato crop by using 85Rb, thereby showing the possibility of using this isotope to replace 342 

potassium. However, the literature makes no reference to studies on K re-utilization by plant 343 

tissue involving the use 85Rb. 344 

4.2. Soil and leaf analysis for determination of best nutrition Practices                             345 

 346 

Nutrients are recycled within the environment. A 'closed' environment such as a rainforest 347 

recycles its own nutrients and is more or less self-sufficient (Killham, 1994). However, where 348 



plants are grown in a commercial situation, it is necessary to replenish the nutrients that are 349 

removed from the system. Without additional nutrients in some form of fertilizer, coffee yields 350 

will remain very low as nutrients are removed with the coffee beans (Fisseha et al., 1993).   351 

 352 

Un-shaded plants of dwarf, high-yielding varieties such as Catimor, will quickly develop dieback 353 

and die if adequate nutrients and water are not added to the soil (DaMatta, 2004). Plants with 354 

mild to moderate dieback will recover with timely good fertilizing, watering and weed 355 

management. To help determine the best nutrition practices, soil and leaf analyses are 356 

recommended (Smith, 1986).  357 

4.3. Optimum leaf and soil nutrient levels 358 

 359 
Once the soil and leaf samples have been taken, it is important to analyze the results and 360 

compare them to levels that have been determined as optimum in coffee plantations around the 361 

world in order to devise a nutrition program for the coffee (Smith, 1986, Lima Filho, and  362 

Malavolta, 2003). 363 

 364 
Table  4.  Optimum leaf nutrient levels for coffee pant.  (Lima Filho, and  Malavolta, 2003) 365 
 366 
Nutrient   Optimum range  
N (Nitrogen)  2.5 - 3.0% 

P (Phosphorus)  0.15 - 0.2% 

K (Potassium)  2.1 - 2.6% 

S (Sulphur)  0.12 - 0.30% 

Ca (Calcium)  0.75 - 1.5% 

Mg (magnesium)  0.25 - 0.40% 

Na (Sodium)  < 0.05% 
 

Cu (Copper)  16 - 20 mg/kg 

Zn (Zinc)  15 - 30 mg/kg 
 

Mn (Manganese)  50 - 100 mg/kg 
 

Fe (Iron)  70 - 200 mg/kg 
 

B (Boron)  40 - 100 mg/kg 



 367 

 368 
 369 
 370 
 371 
 372 
 373 
Table  5. Optimum soil nutrient levels for coffee plant (Smith, 1986) 374 
 375 
Nutrient ( extraction method in brackets) Suggested optimum soil levels 

 
  
pH (1:5 soil/water) 
 

5.5 - 6.0 

Organic matter  (Walkley Black) 
 

1 - 3 % 
 

Conductivity (l:5 soil/water) 
 

< 0.2 dsm 
 

Nitrate nitrogen (1:5 aqueous extract) > 20 mg/kg. Leaf tests more relevant 
 

Phosphate (Colwell or bicarb) 
 

60 - 80 mg/kg 
 

Potassium (Ammonium acetate) 
 

> 0.75 mg/kg 
 

Sulphur (KCl-40) 
 

> 20 mg/kg 
 

Calcium (Ammonium acetate) 
 

3 - 5 meq/100 g 
 

Magnesium (Ammonium acetate) > 1.6 meq/100 g 
 

Aluminium (Potassium chloride extract) Unknown but very low 
 

Sodium (Ammonium acetate) 
 

< l.0 meq/100 g 
 

Chloride (1:5 aqueous extract) 
 

250 mg/kg 
 

Copper (DPTA) 
 

0.3 - 10 mg/kg 
 

Zinc (DPTA) 2 - 10 mg/kg 
 

Manganese (DPTA) 
 

< 50 mg/kg 
 

Iron (DPTA) 
 

2 - 20 mg/kg 
 

Boron (hot calcium chloride) 0.5 - 1.0 mg/kg (sandy loams) 
1.0 – 2.0 mg/kg (Clay loams) 

Cation exchange capacity 3 - 5 sandy soil 
> 10 heavy soil types 

Cation balance Potassium (< 10% ) 
Calcium (65 - 80% 
Magnesium  (15 - 20%  



Sodium ( < 5% ) 
Aluminium  (< 1%) 
 

Calcium: Magnesium ratio 3 - 5 
N.B. Different extraction methods would give different results and different optimum  levels. S (Smith, 376 
1986) 377 

4.4. Nutrient uptake by different plant parts 378 

 379 
Lima Filho and Malavolta (2003) studied the mineral nutrition of mature Arabica coffee plant 380 

under greenhouse conditions using both normal and deficient young coffee plants in Brazil. As 381 

indicated, the data from the first harvest, before flowering when all plant parts were labeled by 382 
15N and 85Rb isotopes derived from the substrate showed that flower buds had a N level 30% 383 

higher than the leaves, whereas their K content was 31% lower. Nearly half of the plant N was in 384 

the leaves (45.9%); roots came next (32.9%). Branches and flower buds had 10.6% each. In the 385 

case of K, 53.1% was in the leaves, with 32.6% in the roots, whereas branches and flower buds 386 

had only 7.8% and 6.4%, respectively. The excess abundance of 85Rb and the percent of excess 387 
15N atoms in the several parts showed low coefficients of variation. There was high enrichment 388 

for both isotopes, made necessary due to the expected dilution caused by plant growth 10 months 389 

after labeling. Within this period plants with adequate N and K nutrition increased their dry 390 

matter fourfold. 391 

Similarly (Calvache, et al., 1991) reported Leaf Analysis carried out at the final harvest in fruit-392 

bearing branches of N or K deficient plants showed a 30% drop in N level, and one of 67% in K 393 

concentration in relation to the adequately supplied plants. Normal plants had 23 mg kg -1  N and 394 

25 mg kg –1 K, whereas the deficient ones had 16 mg kg –1
  and 6 mg kg –1, respectively. The 395 

more pronounced K-level drop was not accompanied by a proportional decrease in plant dry 396 

matter and fruit production. Average yield of the N and K deficient plants was similar. 397 

Meanwhile the vegetative biomass of the potassium deficient plants was  higher than that of the 398 

N deficient ones  (Table 6). 399 

Table  6.  Dry matter of the various parts of coffee plant at final harvest (Calvache, et al., 1991) 400 

Nutrition
al  Status 

 Leaves Branches Roots                Fruits Total 
Anterio
r flash 

Posterio
r flash 

Anterior 
flash 

Posteri
or flash 

Greens Ripe Total 

   g plant -1  
NK-
normal 

Average 14.06* 97.45a 126.76a 53.04a 112.36a 15.48a 45.39a 56.22a 464.55a 
C.V. % 102.5 22.2 11.9 27.9 18.3 190.7 97.9 85.0 12.0 



N-
deficient 

Average 21.84a 72.18b 98.76b 21.87b 83.79b 1.87a 32.21a 33.14a 328.58b 
C.V. % 103.6 18.3 13.0 25.0 14.3 53.7 133.4 131.2 12.8 

K-
deficient 

Average 11.35a 94.85a 121.44a 48.30a 116.80a 1.90a 27.67a 292.3a 422.31a 
C.V. % 49.3 15.6 12.0 19.6 17.6 89.6 151.1 143.0 7.4 

*Values followed by different letters on the vertical are statistically different (Tukey) at 1% level 401 
 402 

 In all treatments the lowering of the N and K content in leaves produced either before or during 403 

the isotopic enrichment period, through the reproductive process was due to export into fruit and 404 

new organs during leaf senescence. Leaf fall also represented additional total N and K loss. 405 

Potassium and nitrogen are highly phloem mobile elements, and their re-utilization leads to rapid 406 

decline in their level in vegetative parts, thereby inducing earlier senescence (Marschner, 1995). 407 

Thus, nitrogen deficient plants grew less and produced fewer leaves, branches, and roots. Plants 408 

with adequate nutrition yielded, on the average, 56 g of dry fruits. Calvache, et al., (1991) also 409 

reported that potassium deficient plants produced nearly 50% less and those deficient in nitrogen 410 

produced 40% below normal. There was, however, a marked lack of uniformity in fruit 411 

formation which caused a high coefficient of variation insofar as yield is concerned. For this 412 

reason the statistical analysis failed to show significant differences among treatments.  413 

 414 

The statistical test does not take into consideration the fact that 80% of the coffee plants 415 

adequately fed with both N and K yielded more than 10 g dry fruits, and 60% of such plants had 416 

a production higher than 50 grams.  On the other hand, the N and K deficient treatments showed 417 

yields lower than 10 g in 46 and 58% of the parcels, respectively. Yields higher than 50 g were 418 

registered only in 18% and 17% of the N and K deficient plants, respectively. 419 

 420 
Nutritional status at final harvest showed that the concentrations of N, K, and Rb in the several 421 

organs as a function of the treatments (Lima Filho and Malavolta (2003). As indicated, the 422 

Nitrogen deficient plants suffered a 24% reduction of that element in leaves of the later flushing 423 

and in branches of both flushes. Leaves from the earl y flush had a 34% reduction in N level. The 424 

drop in fruit N averaged circa 45%. Root N was not affected by the limitation in N supply in the 425 

substrate. This is probably due to the fact that the main source of nutrients for phloem loading 426 

are branches and leaves, from which remobilization takes place, with reproductive and growing 427 

vegetative organs acting as drains (Lima Filho and Malavolta (2003).  In the case of K deficient 428 

plants, leaves from the early flush and root as well showed an almost 40% drop in the content of 429 

that element. Leaves and branches of the later flush showed a 45% and 30% drop, respectively. 430 



The lowest reduction in K concentration, around 16%, took place in the branches of the early 431 

flush.    432 

 433 
 434 
Table 7.  Total content of N, K  and  Rb (mg kg-1 )in organs of the flushes before and after labeling  435 
                  with  15N and 15Rb. (Lima Filho and Malavolta (2003) 436 
Nutritional  
Status 

 Leaves Branches Roots                  Fruits 
Anterior  Posterior Anterior  Posterior  Green 

(enlargement) 
Ripe 
(berry)  

                                                                                             Nitrogen 
N-normal Average 25.6 20.5 7.6 9.7 22.0 22.3 18.9 

C.V.%  16.9 12.7 3.5 11.5 16.1 15.4 13.9 
N-deficient Average 16.9 15.6 5.8 7.4 21.7 12.0 11.0 

C.V.%  6.9 5.6 11.0 6.1 7.3 3.9 8.7 
                                                                                            Potassium 
K-normal  Average 11.8 15.7 5.7 13.3 21.0 21.3 20.5 

C.V.%  37.2 15.2 22.8 17.3 23.5 5.7 3.7 
K deficient Average 7.2 8.6 4.8 7.4 1.31 14.8 14.5 

C.V.%  19.2 15.0 11.0 15.4 18.8 11.2 7.0 
                                                                                              Rubidium  
K-normal  Average 1.6 1.3 0.7 1.0 2.2 2.7 2.5 

C.V.%  38.0 22.2 26.5 18.2 29.6 15.1 12.5 
K-deficient Average 1.5 1.6 0.9 1.9 3.2 3.9 3.7 

C.V.%  22.1 21.8 17.7 19.0 18.7 15.7 16.8 
 437 

 438 

The K/N ratio was variable according to the organ considered and the period of its formation, 439 

i.e., before or after differentiation of flower buds: leaves from the early flush – 0.5, leaves from 440 

the later flush – 0.8; branches from the early flush – 0.7, branches from the later flush – 1.4; 441 

roots – 0.9, fruits – 1.1; general average – 1.0. Before   flowering the ratios were: 0.7 for leaves, 442 

0.5 for branches, 0.6 for roots, and 0.4 for flowering buds; general average 0.6. This means that 443 

the N buildup in relation to K tends to decrease in the whole plant during the period of fruit 444 

growth. This finding is well defined in the branches of the later flush and in the roots. Before 445 

flowering, the total N content was 60% higher than that of K, whereas during the fruit ripening 446 

stage, the content of both nutrients was similar in the fruits and in the total as well. 447 

 448 
Taking into account the existing reserves in the flower buds, there was an average 133% increase 449 

in the reproductive apparatus N content of the normal plants, against an almost 30% decrease in 450 

the deficient ones. On the other hand, there was a 530% increase in K content of the fruits of the 451 

well-supplied plants, and one of 127% in those from K deficient plants. The N quantity decrease 452 



which took place in the deficient plant reproductive organs between the stages of flowering buds 453 

and berry is due, in part, to the presence of few of the first, which had failed to develop, and 454 

mainly to the severe reduction in fruit N in relation to that of flower buds, which was 3.6 times 455 

lower, accompanied by a dry matter increase of only 180% (Lima Filho and Malavolta (2003).   456 

 457 

Similarly, nutritional status influences both distribution of freshly absorbed elements and 458 

remobilization of previously acquired ones. These processes, therefore, play a fundamental role 459 

in the relationship between nutrient content and growth (Smith, 1986). The utilization of N 460 

derived from the reserve organs by those formed after flower initiation and differentiation in the 461 

deficient plants was markedly higher than in those well supplied with that element. In the organs 462 

of reserve of N deficient plants a higher proportion of the element was taken up before the 463 

differentiation of flower primordia. This suggests that in the deficient plants N absorbed from the 464 

nutrient solution was preferentially transported to growing organs in a proportion much higher 465 

than that found in the well nourished plants ( Carelli, et al., 1989). 466 

 467 
During fruit ripening N is found mainly in the roots besides leaves from the later flush and fruits. 468 

The NR   (remobilized) quantity in the fruits is a function of the load, reaching up to 25% of the 469 

total N  in the case of well-fed plants. In the deficient plants the value is lower by nearly 15%.  470 

The reproductive organs represent an important drain: root activity and nutrient uptake decrease 471 

because less carbohydrates are supplied, being preferentially directed to the fruits (Catani, et al., 472 

1967). The export of reserve K  occurred mainly from the leaves, and to a lesser extent, from the 473 

roots, as was the case with N. Branches and buds exported very little K. K contributed 54% to 474 

63.8% of the total exported in normal plants, and 61.8% to 79.2% in the deficient ones. Roots 475 

from adequately supplied plants contributed 30.2% to 41.0% whereas those from deficient plants 476 

contributed 20% to 33.4% of the total. It follows that deficient plants tend to re-utilize 477 

preferentially leaf K. 478 

 479 
 480 
 481 
 482 
 483 
 484 
 485 
 486 
 487 



 488 
 489 
 490 
Table 8.   Export of K by organs formed before flower differentiation and contribution of      491 
                 reserve K to the accumulation of total K at harvest  (Lima and Malavolta, 2003) 492 
 493 
Potassium exported by  organs of reserve (as % of total K) 
                                Normal  plants                                 Deficient  plants 
Leaves Branches 

+ Buds 
 Roots  Leaves Branches + Buds Roots 

 
58.9 
(8.3) 

5.5 (54.0)  35.6 
(15.1) 

 70.5 
(12.3) 

2.8 (58.9) 26.7 (25.1) 

Utilization (%) of K from organs of reserve by organs formed before and after differentiation of flower buds 
                              Normal  Plants                         Deficient Plants 
Anterior flush Posterior flush Anterior flush Posterior flush 
                                Leaves                     Leaves 
47.0  (11.0)*     32.3 (16.4) 65.1  (16.5)          60.5 (13.0) 
                             Branches                    Branches 
41.4  (20.8)         29.6 (12.0) 60.4   (14.9)       74.0  (16.3) 
                              Roots                              Roots 
                              38.6  (15.2)                                72.6  (8.3) 
                              Fruits                             Fruits 
                              42.9  (6.7)                                73.6  (10.7) 

• Numbers between parentheses correspond to coefficient of variation (%) 494 

 495 

The average K quantity in the plant at harvest time was equivalent to 36% of the total in the 496 

well-fed plants, against 67% in the deficient ones. In the first, K  in the fruits reached 14% of the 497 

total, and in the latter it reached 34%. These figures increase markedly when one considers the K 498 

R proportion in the fruit in relation to K in the whole plant. In the plants without nutritional stress 499 

around 38% of the total K was moved into the fruit. The corresponding value for the K deficient 500 

plants was 58%. These values are higher than those corresponding to the N balance. 501 

4.5. Detecting nutrient deficiency symptoms in coffee 502 

 503 
The overall rate of coffee growth and production depends on the least available plant nutrient. 504 

Plants will grow and produce only as much as the least available nutrient will allow them to. It 505 

does not matter how much of the other nutrients are available to the plant because it is the least 506 

available nutrient that limits growth and development. This is well illustrated in the 'Barrel 507 

Analogy' diagram (Hughes, et al., 1990, Vose, 1980) here the barrel can hold only as much water 508 

as the shortest plank will allow.  509 

 510 



 511 

 512 

Figure 4.  'Barrel Analogy' using nitrogen as the least available nutrient (Hughes, et al., 1990) 513 
 514 

This is known as the 'Law of the Minimum' and is explained thus: The level of water in the barrel 515 

represents the level of crop yield that is restricted by the most limiting nutrient, nitrogen. When 516 

nitrogen is added, the level of crop production is controlled by the next most limiting factor (in 517 

this example, potassium). Poor nutrition is a major cause of coffee dieback.  Plants lacking 518 

sufficient  N  (nitrogen )  and K (potassium )  suffer  from dieback,  especially where there is 519 

poor  shade cover  and insufficient  water.   520 

 521 

 Low soil calcium and phosphorus will hinder root development and contribute to dieback. 522 

Dieback causes loss of yield and when severe, plants can die, especially high yielding, dwarf 523 

Arabica coffee varieties such as Catimor  (Gussarsson, and  Jensen, 1992).   524 

 525 



5.  Recent trends in coffee nutrient management 526 

 527 

Coffee is produced essentially in the East African countries (Ethiopia, Kenya and Uganda) 528 

mainly by smallholder farmers with few resources to allocate to soil improvement (Wortmann et 529 

al., 1998). Moreover, because of the high population density, especially in Ethiopian highlands, 530 

farmers are faced with rapid soil fertility decline as a result of continuous cropping and 531 

inappropriate cropping systems with very little or no external nutrient input to replenish soil 532 

fertility (Workafes, Kassu, 2000).  Therefore, coffee yield is generally low in most regions and is 533 

most likely to decline because of the ever increasing population density and poor traditional 534 

practices exercised in maintaining soil fertility.  535 

 536 

In East African coffee growing regions, low soil fertility is the most important yield-limiting 537 

factor (Wortmann et al., 1998, Bationo et al. 2006). The major soil fertility related problems are 538 

found to be low available phosphorus (P) and nitrogen (N), and soil acidity, which is associated 539 

aluminum (Al) and  manganese (Mn) toxicity. According to the Atlas of coffee production in 540 

Africa (Wortmann et al., 1998), P is deficient in 65 to 80% of soils and N in 60% of soils in 541 

coffee production areas of East Africa, while about 45 to 50% of soils are acidic with a pH less 542 

than 5.2, containing high levels of either Al or Mn.  543 

 544 

Several technologies have been developed through collaborative research efforts in Ruiru, 545 

(Coffee Research Foundation in Kenya) to develop the strategies and technologies that enhance 546 

resilience to environmental stresses and improve coffee productivity and product quality (Kumar, 547 

1979).  These include: (i) development of diagnostic tools for soil fertility assessment that are 548 

adapted to local conditions; (ii) replenishing soil nutrient pools, maximizing on-farm recycling of 549 

nutrients, and reducing nutrient losses to the environment; and (iii) improving the efficiency of 550 

external inputs. This  strategies mainly focus on Integrated Soil Fertility Management (ISFM) is 551 

therefore, an approach that stresses sustainable and cost-effective management of soil fertility 552 

(Vanlauwe, et al., 2010). The strategy also relies on a holistic approach that embraces the full 553 

range of driving factors and consequences of soil degradation- biological, chemical, physical, 554 

social, economic, health, nutrition and political (Bationo et al., 2006). ISFM attempts to make 555 

the best use of inherent soil nutrient stocks, locally available soil amendment resources and 556 



mineral fertilizers to increase land productivity while maintaining or enhancing soil fertility. 557 

Vanlauwe et al., (2010) define ISFM as ‘A set of soil fertility management practices that 558 

necessarily include the use of fertilizer, organic inputs, and improved germplasm combined with 559 

the knowledge on how to adapt these practices to local conditions, aiming at maximizing 560 

agronomic use efficiency of the applied nutrients and improving crop productivity. A conceptual 561 

diagram is shown in figure below. 562 

 563 

 Figure. 5.  Conceptual relationship between the agronomic efficiency of fertilizers and organic  resource and 564 
the implementation of various components of ISFM, (Vanlauwe, et al., 2010) 565 

 566 

   567 

5.1. Nutrient management for organic coffee 568 

 569 
Coffee cultivated and processed in a sustainable and viable agro-ecosystem without using any 570 

synthetic chemicals is generally referred to as organic coffee (IFOAM, 1998). Further, it has to 571 

be certified to claim as organic. Organic coffee is being produced by about 20 countries in the 572 

world such as Bolivia, Brazil, Cameroon,  Costa Rica, Colombia, Dominican  Republic, East 573 

Timor, EL Salvador, Ethiopia, Guatemala, India, Indonesia, Madagascar, Mexico, Nicaragua, 574 

Papua New Guinea, Peru, Tanzania, Uganda and Vietnam, with the major production share 575 

coming from Mexico, Nicaragua, Brazil and Papua New Guinea. Recently many countries like 576 

India, Kenya, Uganda etc., have taken major initiatives in promoting organic coffee production 577 

for exports (Kilcher, et al., 2002). 578 



 579 

Mexico is the largest producer of organic coffee in the world with one-thirds of its total 580 

production being certified as organic. In this country, majority of organic coffee is grown by 581 

small holder groups. The largest groups have around 5000 members. It is roughly estimated that 582 

some 100,000 coffee producers are involved in organic coffee production ((IFOAM, 1998). 583 

 584 

Kilcher, et al., (2002) reported that organic coffees are in dynamic continuum and can be 585 

perceived as an ongoing process rather than a static achievement in the export market. These 586 

coffees not only provide direct economic benefit through premium price but also provide 587 

additional superior benefits that help producers improve their sustainability by providing distinct 588 

environment and social advantage at the producer level in the field. The business for these 589 

coffees has recently grown quite robust at all levels of the supply chain because of human health 590 

reasons and environmental safety.  591 

 592 

Tadesse Mekuria, et al., (2004) reported that establishing new coffee plantations under organic 593 

production system require special attention to a certain aspects of cultivation practices. These 594 

include choice of varieties that must be well adapted to local conditions that are tolerant/ 595 

resistant to pests/diseases, use of organic manures and appropriate shade trees. Also, seeds for 596 

raising nursery should be collected from organic estates/ blocks only.  597 

 598 

However, if not available, seeds from conventional estates/ blocks not treated with any chemicals 599 

can be used. In newly planted fields, green manure crops like cow pea and other leguminous 600 

crops could be cultivated for two or three years to build up soil fertility and so as to prevent 601 

competition for soil moisture. Also, the following practices would be essential for meeting the 602 

nutrient requirement of young coffee holdings: (i) correction of soil pH using agricultural lime or 603 

dolomite, based on soil test values, at   least once in 2-3 years, (ii) application of farmyard 604 

manure or compost prepared on the farm @ 500 kg/acre per year, (iii) deficiency in nutrient 605 

supply can be met by using other permitted products like  rock phosphate, bone meal, wood ash 606 

etc., and (iv) use of bio-fertilizers may also be resorted to, in a restricted manner, to improve  607 

nutrient use efficiency. 608 

 609 



Most of Ethiopia's coffee at present is grown organically; that is, without the use of pesticides 610 

(though fertilizers and even an occasional fungicide are applied to coffee trees). In addition, there 611 

are no enzymes used in the washing stations or in the fertilization process. The government is 612 

trying to obtain formal designation for its organic coffee in the hopes that this will improve the 613 

marketing potential and prices for Ethiopia's coffee, particularly in the west where organic 614 

products are highly desired (Schmitt, et al., 2005). The forest and semi-forest (10%), garden 615 

coffee (85%), and plantation coffee (5%) are the major conventional production systems. There 616 

are variations in genotypes, eco-physiology and the biosphere of coffee under different 617 

production systems in Ethiopia. Plantation coffee can be regarded as an intensively technified 618 

system. The small scale farmers are the major producers, whereby about 140 local coffee land 619 

races known to grow as garden with owing on average 0.5 ha of coffee farming systems (Demel, 620 

1999). 621 

 622 

Organic coffee production is based on the use of renewable resources and clearly aims to sustain 623 

management of natural resources (soil, biodiversity, water, nutrients, energy etc.) (IFOAM, 624 

1998; Demeter, 1986). A survey conducted on major coffee producing regions during March 625 

2004 in order to assess the current status of certified organic coffee production (OCP) in Ethiopia 626 

( in South., Sidamo, and Yirga Chefe) and South  West (Jimma, Agaro and Gomma II 627 

plantations). As was reported, that  more than 90% of the coffee produced was accepted by de 628 

facto organic coffee( Tadesse  Mekuria, et al., 2004). The use of coffee husks/ pulps as compost 629 

to improve the soil nutrient status of coffee has been positively reported (Chane, 1999), and still 630 

there are several ongoing studies for present and future production regime at Jimma Agricultural 631 

Research Centre (JARC). Regular hand-picking of red cherries, washing or sun-drying of green 632 

beans are harvesting and processing methods, though there is known to be an established internal 633 

control system by the organic certifier throughout all the chains of production, processing and 634 

marketing activity. 635 

5.2. Bio-fertilizers for coffee plantation 636 

 637 

The soil acts as a reservoir for millions of microorganisms, of which more than 85% are 638 

beneficial for plant life. Thus, the soil is a resilient ecosystem. Good soil consists of 93% mineral 639 

and 7% bio-organic substances. The bio-organic parts are 85% humus, 10% roots, and 5% 640 



edaphon (Alexander, 1977).  Accordingly, Humus is a product of the synthetic and decomposing 641 

activities of the microflora; it exists in the dynamic state. It is under continual attack, yet it is 642 

constantly reformed by the subterranean inhabitants. Similarly, edaphon is a world of life and 643 

consists of microbes, fungi, bacteria, earthworms, micro-fauna, and macro-fauna as follows: (i) 644 

40% fungi/algae, (ii)  40% bacteria/actinomycetes, (iii) 12% Earthworms, (iv) 5% Macrofauna, 645 

and (v) 3% micro/mesofauna. Thus, soil microorganisms provide precious life to soil systems 646 

catering to plant growth. These microorganisms work incognito to maintain the ecological 647 

balance by active participation in carbon, nitrogen, sulphur and phosphorous cycles in nature. 648 

Soil microorganisms play a pivotal role both in the evolution of agriculturally useful soil 649 

conditions and in stimulating plant growth ( Atlas and Bartha, 1993). 650 

 651 

Bio-fertilizers refer to living, microbial inoculants that are added to the soil. They do not pollute 652 

the environment, eco-friendly and harmless. Bio-fertilizers address the core issue of 653 

supplementing nutrients, without affecting environment and a low-cost technology for coffee 654 

growers. Most of them add nitrogen to the soil through a process called biological nitrogen 655 

fixation (BNF). On a worldwide basis it is estimated that about 175 million tons of nitrogen per 656 

year is added to soil through biological nitrogen fixation (BNF). These bio-fertilizers are 657 

products consisting of selected and beneficial microorganisms, which are known to improve 658 

plant growth through supply of plant nutrients (Bio-fertilizers for Coffee Plantations 659 

[http://www.ineedcoffee.com/03/soil/]).  The soil microorganisms used in bio-fertilizers are: 660 

Phosphate Solubilizing microbes, Mycorrhizae, Azospirillum, Azotobacter, Rhizobium, 661 

Sesbania, Blue Green Algae, and Azolla. (Brock, 1979,  Diriba Muleta, 2007).   662 

 663 

6. Role of shade trees in assisting soil nutrient status of coffee   664 

 665 

 Interest in shade-grown coffee is now increasing because of declining coffee prices in the world 666 

market and an increasing trend toward “green consumption (organic coffee). Traditionally, 667 

coffee has been cultivated under a shade cover, but the development of new, sun-tolerant, high-668 

yielding coffee varieties during the 1950s and 1960s led to the conversion of many traditional 669 

shaded systems to un-shaded systems. In many coffee growing countries where over millions ha 670 

are planted with coffee, it is estimated that almost more than  half were converted to modern, 671 



shade-less production by 1990 (Perfecto et al., 2005). However, negative effects associated with 672 

such modernized plantations have come to light over the past two decades, such as increased soil 673 

erosion, loss of biodiversity, and high environmental and economic costs associated with the 674 

heavy use of fertilizers and pesticides required in these systems (Muschler, 2001). 675 

 676 

With the recent decline in world coffee prices and an increase in demand for organic coffee, the 677 

role of shade trees in coffee production is receiving renewed attention as “Shade-Grown” or 678 

organic, is a promising option for farmers, as the coffee can be sold at a premium price. 679 

Although, modern coffee varieties can obtain higher yields when grown under full sun in optimal 680 

environmental conditions is still dominant in volume of production worldwide (Muschler, 2001). 681 

The impact of the loss of biodiversity due to the conversion of shaded coffee systems to non-682 

shaded systems has been the focus of numerous studies published during the 1990s.  683 

This conversion is alarming, as there is increasing species diversity (plants, arthropods, birds, 684 

and mammals) along the continuum from coffee as a monoculture to the most traditional 685 

indigenous coffee plantations (Perfecto et al., 2005). 686 

 687 

 688 

7. Summary and Conclusions  689 

 690 

Several technologies have been developed and widely tested with successful results, resulting in 691 

development of soil fertility management for coffee plantations in Ethiopia. The use of  692 

inorganic and organic sources have been developed for different  coffee growing agro-ecologies 693 

based on the production systems , but, coffee farming conditions in Ethiopia are worsened by 694 

declining soil fertility as a consequence of population pressure on a limited land base. Recent 695 

research findings in coffee nutrient management have made substantial contribution for 696 

numerous smallholder coffee farming communities and private sector coffee growers, but, 697 

technologies generated in using mineral fertilizers and other soil fertility management options are 698 

fairly contributed to the productivity of coffee plant due to ecological dynamism and weak 699 

adoption of technologies by the majority of coffee growers (smallholding farmers). It still 700 

demands the maximum effort of researchers, extension workers, and farmers (coffee growers) for 701 



assessing and implementing options of using scarce resources for maintaining soil fertility and 702 

improving coffee yields in different cropping systems.  Also, identification and use of cultivars 703 

with improved performance on low fertility soils need to be developed and made it possible to 704 

improve coffee production  705 

 706 

Coffee growers in Ethiopia still demands for mitigation to obtain various technologies and 707 

services from appropriate partners (Government, Research Institutes (regional or National). and 708 

NGOs) for maintaining soil fertility. Various locally available resources such as lime and organic 709 

resources alone or in combination with mineral fertilizers has to be used in improving nutrient 710 

use efficiency and productivity of coffee plant. Maximal use of locally available nutrients 711 

through low-external input technologies and techniques, combined with optimal use of external 712 

nutrients appears to be the best option to boast coffee production and productivity. Integrated 713 

nutrient management will be another area of focus whereby different plant nutrient sources 714 

(organic or inorganic) will be investigated with appropriate ratios in order to reduce costs for 715 

commercial fertilizers and sustain productivity through balanced fertilization. In addition to the 716 

current endeavors in the field, more research activities are still required to address the tangible 717 

concerns regarding soil erosion. Hence, action oriented research activities are to be devised in the 718 

areas of inorganic fertilizer management, integrated nutrient management, and soil erosion 719 

control to manage nutrient and soil PH status in the suitable range for coffee cultivation. 720 

 721 

 722 

 723 
 724 
 725 
 726 
 727 
 728 
 729 
 730 
 731 
 732 
 733 
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