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Abstract  Three lime requirement algorithms were calibrated against the standard lime incubation in the acid 
coffee soils of Tanzania using three topsoil samples from Masama Sawe (Hai District), Mfiriga (Njombe Rural 
District) and Msia (Mbozi District), all of pH<5.0. A total of 54 dishes (500g) were arranged in split plot RCD with 
three replications in the screenhouse. Main factors were locations, while sub-factors were different dosages (0, 0.023, 
0.045, 0.091, 0.227 and 0.454 g) of pure CaCO3 equivalent to 0, 0.5, 1.0, 2.0, 5.0 and 10.0 tons CaCO3 per ha. These 
were mixed with 100g of soil per dish and incubated for six weeks at room temperature and near field capacity. At 
the end of week 1, 2, 4 and 6, 10g of each was mixed with 25ml of distilled water, shaken for 30 minutes in an end-
to-end shaker and the pH of the soil (1:2.5) was read. The amount of CaCO3 added was then plotted against pH, and 
a LR determined graphically. Three liming algorithms were suggested for sandy loam, loam and clay soils that use 
ΔpH (target pH – initial pH; the former set at 5.5) and percent organic matter. They were validated using a separate 
database and compared against similar algorithms developed in Brazil, Nigeria and China. The results suggest the 
Brazilian algorithm LR = 0.0699*(ΔpH*OM)0.9225, being closest to the incubation algorithms, to be tentatively 
adopted in Tanzania, pending further validation. The discussion touches the concerns about acidity and liming in 
Tanzania, alternatives available, and a potentially lucrative lime industry based on locally available lime deposits. 
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1. Introduction 

Soil pH is a measure of acidity or alkalinity of the soil 
solution [1]. It is the negative logarithm of the 
concentration of hydrogen ions [H+] in the water 
contained in the soil. It is negative because it is the 
reciprocal of hydrogen concentration, and logarithmic 
because it varies by the i-th power of 10 [2]. It features in 
a scale of 0-14. A balanced situation of [H+] and its 
counterpart [OH-] is termed neutral (pH = 7). Lower pH 
(<7) signifies acidity, which is associated with Fe, Al and 
Mn toxicities; and on the other hand, Ca, P, Mg and Mo 
deficiencies. For coffee this is also said to be linked with 
prevalence of fusarium bark disease [3]. Higher pH (>7) 
signifies alkalinity (not common in Tanzanian coffee 
soils), associated with a deficiency of many micronutrients, 
structural deterioration and a tendency towards 
salinity/sodicity. In the soil biosphere, soil pH affects the 
growth and reproduction of microorganisms, which in turn 
can affect plants [4]. Most coffee soils in Tanzania have 
pH ranging from 4 to 8. They are mainly acidic (in line 
with the physiographic requirements of Arabica – [5,6]).  

To correct soil acidity, liming has been a popular 
undertaking in many countries [7]. Reference [8] 

recommended liming in the southern and western coffee 
zones of Tanzania, at the blanket rate of 200 g tree-1 
calcitic lime alternated with 100 g tree-1 dolomitic lime. 
But liming tropical and ash-based soils is quite 
challenging, as elaborated by [9]. He notes that in tropical 
soils, Al and Fe are present in mineral clays that are stable 
at pH values as low as 5.0. In this case, Al is buried in the 
clay particle. It is not a threat to plant growth until soil pH 
reaches a value where the oxides and kaolinite dissolve, 
bringing Al (sometimes in toxic quantities) into the soil 
solution. When this situation arises, it is advisable to raise 
soil pH to about 5.5. This will allow Al precipitation and 
appreciable increase in CEC (soils of variable charge). 
Following this concept, he suggested a prediction of lime 
requirements for most tropical soils by applying the 
following equation:  LR (t/ha) = Factor x cmol Al kg-1 soil. 
The factor used can vary from 1.5 to 3.0 depending on the 
crop characteristics and the soil type and can be tailored to 
local conditions. An alternative is to take into account a 
targeted soil base saturation (BS) which is attained by 
lime application. Reference [9] shared a Brazilian 
experience where the best coffee yields are obtained at 60 
percent base saturation. In other words, coffee can grow 
satisfactorily in a soil with up to 40 percent Al saturation.  

Several other authors have developed different formulas 
working under their conditions. Reference [10] suggested 
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two formulas for sandy soil (sandy to sandy loam) and 
clay (clay to sandy clay loam) respectively, in Nigeria. 
Working with acid soils of Brazil, [11] put more weight 
on ΔpH, organic matter and total exchangeable acidity, 
coming up with two equations relating ΔpH to the other 
two parameters. Again, working with acid soils of China, 
[12] came up with a rather complicated exponential 
equation involving ΔpH, neutralization value (NV) of the 
lime, initial pH, % Clay, bulk density (BD) and soil depth. 
Furthermore, working with acid soils of the US, Colombia, 
Sri Lanka and Kenya, [13] tried to compare different 
models for estimating LR of tropical soils. They 
concluded that an important first step in formulating LR is 
to clearly identify the soil property of interest and target 
value that needs to be reached. They introduced a model 
of their own, called LiTAS, which they claim to fit a 
variety of acid tropical soils. 

The topic of liming appears to have attracted scanty 
attention in Tanzania, evidenced by the very few 
published articles available. It was lightly mentioned by 
[14,15] in Mbozi; and [16] in Mbulu, Northern Zone. 
More detailed insights were given by [2,8] and [17]. LR 
estimation was only attempted in [17], who used the 
University of Wisconsin version of the SMP algorithm, 
truncating the SMP factor and adjusting the target pH to 
6.5 (not sure what these adjustments implied on the 
results). The objective of this undertaking was to calibrate 
available models against the standard lime incubation in 
different acid coffee soils of Tanzania, (Northern and 
Southern Highlands), thereby coming up with the best bets.    

2. Materials and Methods 

2.1. Study Areas 
Three farms in Northern and Southern Highlands, 

known to have the problem of acidity, were used in this 
work. Mr. Amini Kimaro’s farm (Masama Sawe, Hai 
District) is located within latitude -3.2629 and longitude 
37.19623 in decimal degrees, with an average altitude of 
1636 metres above mean sea level (masl). Soils belong to 
the reference group of Nitisols [18]. Mr. Sadiq Kangero’s 
farm (Mfiriga, Njombe Rural District) is located within 
latitude -9.13575 and longitude 35.24120 with an average 
altitude of 1304 masl. Soils belong to the reference group 
of Acrisols [19]. Shimilangwada Estate (Msia, Mbozi 
District) is located within latitude -8. 9683 and longitude 
32.8228 with an average altitude of 1400 masl. Soils 
belong to the reference group of Alisols [3], all according 
to the SOTER database.  

2.2. Sample Acquisition and Physico-chemical 
Analysis 

The samples were selected from a pool of samples 
either taken by TaCRI staff or brought by the farm owners. 
They were pre-checked and found to be sufficiently acidic 
for the experiment (pH<5.0). They were analyzed for their 
physico-chemical properties as suggested by [20]. 
Particles size distribution (texture) was analyzed by using 
the Bouyoucos hydrometer method. Soil textural classes 
were assigned based on percent sand, silt and clay 

separates using the USDA soil textural triangle. The pH of 
the soil was measured potentiometrically using a pH meter 
with combined glass electrode in soil water ratio of 1:2.5 
as described by [1]. Exchangeable acidity (here meaning 
exchangeable Al) was determined using the Peech titration 
method [21]. Organic carbon was determined using the 
wet oxidation method [22]. The total N content of the soil 
was determined using the semi-micro Kjeldahl method. 
Available phosphorus was determined using Bray I 
method [23]. Cation exchange capacity and exchangeable 
bases (potassium, calcium, magnesium and sodium) were 
determined by ammonium acetate extraction, followed by 
distillation-titration and atomic absorption spectroscopy 
respectively. Effective cation exchange capacity (ECEC) 
was determined by the summation of total exchangeable 
bases and total exchangeable acidity. Base saturation was 
calculated by dividing the sum of exchangeable bases by 
ECEC, then multiplying by 100. The data were exposed to 
the Pearson’s correlation analysis under STATISTICA 
(V12) software.  

2.3. Estimation of Lime Requirement 
We used 500g dishes arranged in split plot RCD with 

three replications in the screenhouse (Figure 1). Main 
factors were locations (S1: Sawe, orange; S2: Mfiriga, 
green; S3: Msia, blue), while sub-factors were different 
dosages. 100g of soil was measured per dish, making a 
total of 54 dishes. In each soil type and replication, 
incremental amounts (0, 0.023, 0.045, 0.091, 0.227 and 
0.454 g) of pure CaCO3 (99.5% purity) were added. This 
is equivalent to 0, 0.5, 1.0, 2.0, 5.0 and 10.0 tons CaCO3 
per ha. After completely mixing with the CaCO3, the soils 
were left to incubate for six weeks at room temperature. 
Distilled water was added weekly, to keep the soil 
moisture content near field capacity. At the end of week 1, 
2, 4 and 6, 10g of each treatment was mixed with 25ml of 
distilled water, shaken for 30 minutes in an end-to-end 
shaker and the pH of the soil (1:2.5) was read. The amount 
of CaCO3 added was then plotted against pH, and a LR 
determined graphically.  

  
Figure 1. Trial arrangement (left), sampling (right) 

2.4. Data Processing and Analysis 
The difference between final and baseline soil pH under 

each of the five lime rates plus the control, for the three 
soil types, were computed per replication and means 
worked out. The means were inversely plotted against the 
lime rates and trend lines established, that would enable 
the estimation of LR for changing any initial pH to a 
desired pH under the respective soil type. Subtracting the 
baseline pH for each soil type from a target pH of 5.5, 
which is the threshold suggested by [8], and multiplying 
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the difference by the organic matter content, we developed 
LR scatterplots with three quadratic trendline equations 
for Sawe (Sandy loam), Mfiriga (Loam) and Msia (Clay). 
The incubation algorithms (denoted as LR1), were 
validated using a wider dataset of 11, 11 and 10 samples 
respectively from the west (Uvinza, Tanganyika and 
Bukoba) and east (Lushoto), extracted from the TaCRI 
database [24] by merit of having pH < 5.0 and falling into 
the three textural categories. This validation exercise also 
involved the test algorithms from Brazil [11]; Nigeria [10] 
and China [12]. Then the incubation results were 
subtracted from model results, whereby the closest 
algorithm to the incubation results was picked as the best 
bet.  

The test algorithms were as follows: 

Brazil (LR2): ( ) 0.92250.0699* 5.8 *LR pH OM= −    

Nigeria (LR3): 
0.33 0.28* *

0.18* *
LR pH OM

pH Clay
= + ∆

+ ∆
 

China (LR4): 
3.88 0.069 0.51 0.025* * *NV pH ClayLR pH e BD h− − + + = ∆   

3. Results  

3.1. Physico-chemical Attributes of the Test 
Soils 

The baseline physico-chemical attributes of the test 
soils are summarized in Table 1 below. Soil pH is 
significantly lower in Sawe than the rest of the soils which 
are not significant. The trend was reversed with total N 
and CEC. In terms of organic matter, Sawe and Mfiriga 
had about 4 and 3 times that of Msia, respectively. This is 
expected because the first two are from recently 
established fields out of virgin land, while the third is a 
long-exploited estate. Bray-1 P is significantly lower in 
Mfiriga than the rest, which are not significant. 
Exchangeable acidity decreased in the order Sawe > Msia > 
Mfiriga. Exchangeable bases are all not significantly 
different. 

Table 1. The baseline physico-chemical parameters for the study soils 

Parameter Unit Sawe Mfiriga Msia 
pH - 4.12 4.77 4.74 

Exch acidity Cmol/kg 2.75 1.55 1.98 
Total N % 0.616 0.078 0.13 

OM % 9.275 6.413 2.052 
CEC Cmol/kg 23 12 8 
BS % 9 19 64 

Bray-1 P Mg/kg 19.98 3.9 21.46 
Exch K Cmol/kg 0.16 0.28 1.09 
Exch Ca Cmol/kg 0.95 1.12 1.81 
Exch Mg Cmol/kg 1 0.47 2.17 

Clay % 8 20 42 
Silt % 33 31 23 

Sand % 58 49 35 
 
From the Pearson’s correlation analysis, we note strong 

correlation among most of the parameters (r >0.5), but 

those deemed significant (p <0.05; r ≥ 0.9) are pH against 
OM and Total N, both strongly negative. However, OM 
and Total N are related strongly and positively (an 
expected situation since most of the N in the topsoil is 
from the decomposition of organic matter). The strongly 
positive correlations included Ca and K. Negative 
correlation was noted with pH and both OM and total N, 
percent silt with both Ca and K; percent clay with sand.  

3.2. Response of Final pH to Different Lime 
Dosages 

The graphs in Figure 2 show a similar trend of a sharp 
increase in pH from zero to 2 tons ha-1, whereby linear 
trendlines would be perfect fits. Increasing the rates brings 
in a flattening effect to almost no change between 5 and 
10 tons per ha. Means of the three replications gave 
quadratic trendline equations for Sawe, Mfiriga and Msia 
respectively. 

 
Figure 2. Change of pH with lime dosages 

As noted in the above figure, pH is the subject, but we 
need LR as the subject, so we inverted the scatter plots 
(Figure 3), and the following respective equations were 
derived (Equations 1-3) representing the final pH for each 
level of lime applied: 

 
Figure 3. Change in lime requirement with pH 

LR = 7.3549pH2 – 69.764pH + 164.38 R2 = 0.8388 (1) 
LR = 14.988pH2 – 155.69pH + 403.52 R2 = 0.9363 (2) 
LR = 3.9817pH2 – 40.003pH + 100.09 R2 = 0.999 (3) 
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3.3. Response of pH Change to the Rates of 
Lime Used 

We introduced the concept of ΔpH and made the final 
pH to serve as target pH and the baseline pH to serve as 
initial pH. These were subtracted and subjected to the 
scatter plots, producing the following trendline equations 
(4-6), where pHt = target pH and pHo = initial pH (Figures 
4-6). 

 
LR = 7.3419 (pHt - pHo)2 – 9.1765 (pHt - pHo) + 1.8319  
R2 = 0.8406  (4) 
 
LR = 15.128 (pHt - pHo)2 – 12.852 (pHt - pHo) + 1.941 R2 
= 0.9395  (5) 
 
LR = 4.1065 (pHt - pHo)2 – 2.5408 (pHt - pHo) + 0.0928 R2 
= 0.9992  (6) 

 
Figure 4. Lime requirements for specific pH changes, Sawe 

 
Figure 5. Lime requirements for specific pH changes, Mfiriga 

 
Figure 6. Lime requirements for specific pH changes, Msia 

Re-calculating the LR with pHt set at 5.5 and pHo 
maintained as the baseline pH of various soils and 
multiplying the difference by OM (as in [11]) we get the 
best fit regression models for sandy loam (Sawe, Equation 
7), loam (Mfiriga, Equation 8) and clay (Msia, Equation 9) 
(Figures 7-9). 

 
LR = 0.0853 (ΔpH*OM)2 – 1.1995 (ΔpH*OM) + 3.1696 
R2 = 0.8387  (7) 
 
LR = 0.3651 (ΔpH*OM)2 – 1.4337 (ΔpH*OM) + 0.6336 
R2 = 0.9365  (8) 
 
LR = 0.9637 (ΔpH*OM)2 – 1.7992 (ΔpH*OM) + 0.5380 
R2 = 0.9993  (9) 

 
Figure 7. Lime requirements for specific pH changes and organic matter, 
Sawe 

 
Figure 8. Lime requirements for specific pH changes and organic matter, 
Mfiriga 

 
Figure 9. Lime requirements for specific pH changes and organic matter, 
Msia 
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3.4. Comparison with Other Models 
Results of validation and comparison are shown in 

Table 2, whereby LR1 represents results from incubation; 
LR2, LR3 and LR4 represent the results from Brazilian [11], 
Nigerian [10] and Chinese [12] algorithms respectively. 
Looking at the table, it is clear that algorithm LR2 slightly 
underestimated the true lime requirement, though their 
difference is still small compared with the others (LR3 and 
LR4) which clearly overestimated it by 2-6 tons per ha. 
The estimation of these two appears to be heavily 
influenced by clay content, which is not part of the 
algorithms LR1 or LR2. It seems, from the study areas, 
clay content is not so important in LR determination. 
Tentatively, LR2 is hereby picked as the best bet algorithm 
for the coffee soils of Tanzania. In the meantime, we are 
collecting more acid soil samples to widen the database 
and further validate the findings.  

Table 2. Comparison with other models 

Soil type 
Number of 
Validation 

sites 

Mean differences from incubation 
results 

LR2-LR1 LR3-LR1 LR4-LR1 
Sandy 
loam 11 -1.334 2.203 3.511 

Loam 11 -2.88 2.9 3.53 
Clay 10 -1.68 4.6 6.8 

4. Discussion 

4.1. The Soil Acidity Problem and Its Extent 
Soil acidity as a global problem, its causes (natural and 

anthropogenic), effects on plant growth and management 
strategies, are well described by [28]. Reference [29] 
attempted to describe the extent of the problem in Sub-
Saharan Africa. They noted that moderate acidity (pH 5.2-
6.0) covers two-thirds of Tanzania, about four-fifth of 
Uganda (whole country except its north-eastern end), a 
third of Ethiopia (the western part) and a small pocket of 
land in South-Western Kenya. Reference [30] stated that 
around 32.7 million hectares in Tanzania are covered by 
acid soils, of which 4.7 million hectares are cropland and 
1.1 million hectares are dedicated to cultivating maize, the 
staple crop. Areas most affected include the Southern 
Highland Zone, such as Mbeya, Njombe, Songwe, and 
Iringa; the Western regions of Kigoma and Tabora; and 
the Lake Zones of Kagera, Mara, Mwanza, Geita, and 
Shinyanga. Less affected areas include the northern, 
eastern, and southern zones. These remarks reflect the 
degree of seriousness that soil acidity is accorded in 
Tanzania and why a lot of people, including smallholder 
coffee farmers [8] are encouraged to lime their farms. 

4.2. Choice of Methodology 
CaCO3 incubation method is said to be the best and 

most direct way of determining lime requirement of a soil, 
and, for most studies, has been used as a standard [31], as 
also used in this work. The number of sites used (n=3) is 
much smaller than [12] (n=17), [11] (n=22), [13] (n=31) 
and [10] (n=40), because we are dealing with coffee, a 
slightly acid-loving plant (optimum pH 5.8 – [8]); so, the 

threshold was set at 5.0 which limited the number of sites 
to be included. We think the number of samples may have 
a bearing on the accuracy of the results. Rates of lime used 
and incubation time differ greatly among researchers 
depending on objectives. Whereas here we used 0, 0.5, 1, 
2, 5 and 10 ton ha-1 and six weeks period, [27] used 0, 4, 8, 
12 and 16 ton ha-1 and four weeks. Reference [26] 
determined the LR values first from the test algorithms, 
and incubated the soil with 0%, 50%, 100%, 150% and 
200% of the LR values. Their incubation period was three 
months. In our case, limiting the maximum rate to 10 tons 
ha-1 was logically meant to avoid the problems of 
overliming [32], while starting with lower rates was meant 
to assess the level of soil sensitivity. The choice of 
incubation period following [33] was for convenience, as 
literatures vary from 4 to 12 weeks. 

Other methods, usually calibrated on basis of the 
incubation method, are the SMP buffer method [34] and 
the Adams-Evans buffer method [35]. The two are 
referred to in almost every literature on lime requirement, 
likely because liming started in the temperate areas where 
the buffer methods fit most. Other, slightly less common 
methods are the Mehlich buffer, the Sikora buffer, etc. 
South Africans, also temperate, have adopted their own 
local methods Eksteen, Cedara and RC-SG1 [31]. With 
the tropical soils more complicated than the temperate 
counterparts [9], many algorithms have been developed, 
but no one has been universally accepted. That justifies 
comparisons such as those of [13] as a useful way to 
customize LR estimation; and the objectives of this work 
was along the same lines. 

Modeling is where you perform some analysis (such as 
exchangeable acidity or base saturation) and apply the 
data into an algorithm that estimates the LR. Some of such 
algorithms have been used in this work. There were 
limited choices of algorithms to compare. We had two 
separate databases built for different purposes other than 
LR determination. The one we built internally [25] did not 
consider acidity (exchangeable Al) because it is well 
known that, where pH is less than 5.2 (for Arabica), CAN 
is used both as a fertilizer and ameliorant [36,37]. To lime 
or not to lime would therefore depend on the economics of 
the farmer [38]. In its part, the validation database [8] 
lacked soil texture, and it is not clear why this was lacking, 
because his intention was to entice smallholders to apply 
lime in their farms. It was probably a rush job due to 
limitations of time and resources. We will henceforth 
insist on including texture in any set of analyses likely to 
involve LR determination. 

4.3. Implication of the Results 
Liming appears to have attracted insufficient research 

in Tanzania, evidenced by the very few published articles 
available, especially with coffee. Some slight work was 
done on soybeans by [39,40], and maize by [17]. As for 
coffee, [8] recommended liming rates, but did not explain 
the way they were derived. It is no wonder that there is no 
universally adopted LR estimation technique or algorithm. 
This paper therefore suggests the first algorithm to be used 
for the Tanzanian coffee areas. The algorithm is more 
applicable to estates and large farms with agronomists and 
other experts who can run the algorithm, than 
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smallholders who do not even know about soil acidity. 
Many estates appear to lack such an algorithm, as they 
apply the lime haphazardly by broadcasting along rows 
regardless of terrain structure and the possibility of 
shifting to lower levels by rain or irrigation. 

4.4. Adoption of Liming as a National 
Strategy 

The way soil acidity in Tanzania was elaborated by [30], 
it sounded as a national crisis, calling for an immediate 
national liming programme which, for coffee, was also 
suggested by [8] among smallholders. However, the 
opinion of this paper is that Tanzania as a nation still has 
some way to go before adopting a full-scale liming 
programme, including intensive research. Two 
neighbourhood examples are elaborated here. In Western 
Kenya, [41] studied the economic and environmental 
response of maize to liming, noting a consistent increase 
in yields on soils with an initial soil pH between 4.0 and 
5.7, with or without fertilizer use. For a soil pH of 5, 
applying 2 t ha-1 lime resulted in a significant increase in 
maize yields of 57% (from 2.3 to 3.6 t ha-1) in the first 
year after application. Associated profits – when including 
costs of labour - were only positive when liming was 
combined with fertilizer (N, P) application. Liming 
showed potential benefits for food security in tropical acid 
soils, though authors were a bit skeptical on uptake by 
farmers without external incentives.  

Similarly, [42] investigated the effects on welfare that 
the introduction of liming would have in the Zambian 
smallholder maize market. For this purpose, he developed 
a dynamic, deterministic, open market, spatial partial 
equilibrium model, whose results indicate that liming in 
this market would reduce prices by 22.8% and increase 
welfare by 3.4% without international trade. With exports 
at 350 USD t-1, the local price would drop by 16.1% and 
welfare would increase by 5.6% due to liming. He also 
notes that liming is an extra cost, composed of remedial 
liming (to bring the pH to the desired level) and 
maintenance liming (to prevent the pH from dropping 
again to unfavourable levels). Most of smallholders are 
resource-poor, thus unable to afford the initial expenses 
for liming their acidic soils. Being at a competitive 
disadvantage, they will be difficult to convince into its 
adoption, unless the government intervenes by financial 
facilitation or shifting some of the subsidies from 
fertilizers to lime. The two studies came up with the same 
conclusion which also applies in Tanzania.  

4.5. Alternative Pathways for Handling 
Acidity 

It is noted that, the two studies above, and many others, 
tackle acidity with reference to a single crop (in the two 
cases, maize). And it is well known that various crops 
behave differently when it comes to sensitivity to pH. 
Reference [43] listed a total of 36 commonly grown crops 
in Tanzania with their optimal growing conditions 
including pH ranges. Minimum tolerable pH values are 
given in Table 3. From the table it is clear that the 
problem of soil acidity should be approached by crops (as 
[8] did for coffee) and target pH for optimal production of 

the selected crops determined. Once these are known, we 
can facilitate the farmers to “know their farms” by 
providing the analytical and advisory services, which will 
include the LR values estimated using simple algorithms 
as evaluated in this work. It is also good to inform the 
farmers on possible alternatives such as CAN and 
Minjingu rock phosphate (MRP). Farmers should also be 
educated on alternative crops which they could adopt 
rather than having to lime to satisfy a single (staple) crop. 

Table 3. Acid tolerance of common crops grown in Tanzania 

Minimum pH Crops 

6.0 
Rice, wheat, common bean, cowpea, 

macadamia, castor, groundnut, sunflower, 
cacao, cotton and sisal 

5.5 Sorghum, Irish potato, mango, sesame and 
pyrethrum 

5.0 Maize, cassava, finger millet, pigeon pea, 
citrus, coconut, soybean, coffee and tobacco 

<5.0 Sugarcane, lablab, banana, passion fruit, 
pineapple, cashewnut, oil palm, tea and rubber 

4.6. Source and Quality of Lime 
One important hurdle unveiled by [2] for smallholders 

to adopt liming is its availability and quality. Lime is not a 
common commodity in the Tanzanian agro-input market 
and therefore, not readily available to smallholder farmers. 
As such, coffee estates with the liming tradition import 
their liming requirements from overseas. On the other 
hand, according to [27], the country is rich in limestone 
deposits that may be harnessed to meet the demand for 
lime in agricultural and other sectors. They mentioned 33 
limestone deposits, of which 21 have been analyzed for 
quality, such as neutralizing value, extent of impurities, 
and quantity. Many of the deposits are located along the 
Eastern Coast of Tanzania, from Tanga through Mtwara 
regions, with one in Dodoma, and smaller deposits in 
Mbeya, Ruvuma, Kigoma, Kasulu and Songwe. The latter 
deposit [44] seems to be an extension of a well-researched 
lime deposit in Zambia [45]. We need to do thorough 
studies on these deposits to fulfill the local lime needs. As 
the standard TBS/AFDC10 (5441) P3 for agricultural lime 
is in place, we can encourage potential investors to 
process, brand and avail quality agricultural lime into the 
agro-input market. We could then build a lucrative 
limestone industry that would not only supply the much-
needed lime for our agricultural activities but also extend 
this service to neighboring countries that face similar 
problems. Market availability should precede any effort to 
pursue an intensive liming programme. 

5. Conclusion 

In this work, three promising lime requirement 
algorithms were calibrated against the standard lime 
incubation method for coffee soils of Tanzania.  Lime 
incubation was done in the screenhouse for six weeks with 
change in pH plotted against the used lime. Three 
quadratic liming algorithms were suggested for different 
textural classes (sandy loam, loam and clay) that take into 
consideration ΔpH (target pH – initial pH; the former set 
at 5.5) and percent organic matter. The algorithms were 
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validated and descriptively compared against similar 
algorithms developed elsewhere. The results suggest that 
the Brazilian algorithm LR = 0.0699*(ΔpH*OM)0.9225 can 
be adopted in Tanzania for a start, since it is likely that the 
inadequate number of samples (3 as compared to over 15 
in the other algorithms) may have affected the results. We 
plan to re-do the work with a minimum of 20 samples to 
verify the robustness of the findings. 

The discussion puts to light the interest accorded of 
recent to soil acidity and liming in the Sub-Saharan Africa, 
and Tanzania in particular. However, intensive liming 
programme for Tanzania should be preceded by intensive 
researches. Then, an appropriate incentive scheme for 
smallholders to adopt the liming programme should be 
worked out. Various tropical crops are introduced with 
their relative acid tolerance, a tool that extensionists could 
use in advising farmers on choices of crops rather than 
having to lime to satisfy a single (staple) crop. At the 
supply side, we note about 33 lime deposits in Tanzania, 
and a standard for its specifications. We need to study 
them thoroughly, and encourage potential investors to 
process, brand and avail quality agricultural lime into the 
agro-input market. We could then build a lucrative 
limestone industry that would supply the much-needed 
agricultural lime for Tanzania and elsewhere. 
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