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ABSTRACT

The aim of this study was to establish the nutrient release potential of different organic
materials and assess their role in integrated soil fertility management for coffee using the
new coffee yield model SAFERNAC. It involved an incubation experiment conducted at
TaCRI Lyamungu Screenhouse for 180 days between April and September 2011. Cattle
manure, coffee leaves, pulp and husks, Albizzia leaves and four green manure plants –
Mucuna pruriens, Lupinus albus, Canavalia ensiformis and Crotalaria ochroleuca were
mixed with two soil types – Eutric Nitisols from Lyamungu, Hai district and Humi-Umbric
Acrisols from Yoghoi, Lushoto district. The mixing ratio was 5% organic to soil, the
mixture was moistened to FC and incubated in 10 litre plastic containers arranged in
RCBD (10 treatments and 3 replications) at room temperature. Duplicate soil samples
were taken at day 0, 3, 8, 15, 26, 45, 74, 112 and 180 and analyzed for NH4

+-N, NO3-N,
available P and exchangeable K. The cumulative Nmin, P and K values resulting from the
treatments were used to estimate their relative contribution to the soil nutrient pool and
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later exposed to the new model SAFERNAC for yield estimation under different nutrient
management options (1 to 10 tons organics per ha alone on one hand and supplemented
with 160 kg N, 60 kg P and 160 kg K). The tested organics differed significantly (P<0.001)
in their Nmin, P and K release in the two soil types. They also differed in their substitution
values and therefore the amounts of nutrients each one can contribute to the soil nutrient
pools. Green manures showed about ten times higher potential as compared to cattle
manure. Four of them (Crotalaria, Mucuna, Canavalia and Lupine) were picked as best
bets for inclusion in the coffee ISFM programme. SAFERNAC recommended a number of
nutrient management options involving the test organics and the two soil types under
organic and conventional coffee farming.

Keywords: Arabica coffee; model; nutrient release; organic materials; soil types; Tanzania.

ABBREVIATIONS

Acronym Description / Long form
AAS Atomic absorption spectrometer
ANOVA Analysis of variance
CBD Coffee berry disease
CEC Cation exchange capacity (of a soil)
FC Field capacity
FMO Fraction of mineralized nutrients from organic sources
FYM Farmyard manure (in the context of this work, cattle manure)
HSD Highest significant difference
IPM Integrated pest management
ISFM Integrated soil fertility management
K Potassium (or potash fertilizer)
Nmin Mineralizable Nitrogen (NH4-N and NO3-N)
OC Organic carbon
P Phosphorus
RCBD Randomized complete block design
RE Relative effectiveness of nutrients in organic sources
SAFERNAC Soil analysis for fertility evaluation and recommendation on nutrient

application to coffee
SV Substitution value (same as RE)
TaCRI Tanzania Coffee Research Institute
TSBF Tropical soil biology and fertility (a subsidiary of IITA)
TY Target yield

1. INTRODUCTION

Tanzania’s annual coffee production is variably pegged between 45,000 and 55,000 metric
tons [1] which is lower than its potential of over 100,000 tons. The Northern Zone (Arusha,
Kilimanjaro, Manyara and Tanga) has been experiencing a decline in annual coffee
production over years [2]. Kilimanjaro, once a giant coffee producer, appears to have
suffered most, with annual production decreasing from about 20,000 tons in 1981/82 to less
than 5000 tons by 2005/06 [3]. Several constraints have been suggested as the cause of this
decline. In the past, farmers complained of improper marketing and low prices [1,4] and
production costs, especially fungicides for CBD and rust control [5]. These have been
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addressed through quality improvement by putting emphasis on central pulpers, new
disease-resistant varieties and IPM [6,7]. Currently, as reflected during the coffee
stakeholders’ forum [8], soil fertility degradation has emerged as one of the most limiting
factors.

In a bid to address this farmers’ concern, Tanzania Coffee Research Institute (TaCRI) aims
at promoting integrated soil fertility management (ISFM), which includes use of organic
materials in the coffee ecosystems, for improved and sustainable productivity. This is clearly
stated in its Strategic Action Plans, 2003-2008 [9] and 2008-2013 [10]. From a practical
agricultural standpoint, organic matter is important for two main reasons: first as a nutrient
reserve (by itself releasing nutrients and by improving CEC) and second, as an agent to
improve soil structure, maintain tilth and minimize erosion [11]. ISFM is described [12,13] as
the key in raising productivity levels in agricultural systems while maintaining the natural
resource base. It aims at replenishing soil nutrient pools, maximizing on-farm recycling of
nutrients, reducing nutrient losses to the environment and improving the use efficiency of
external inputs.

A number of efforts have been made in other countries to develop coffee ISFM by making
use of organic residues around a coffee farm. In India for instance, [14] established the
amount of various nutrients in coffee and its processing by-products (pulp and husks) in a
bid to plough back some of the by-products in coffee monocrop and coffee-cardamom
systems. They rated coffee pulp higher than FYM in terms of nutritive value, having 2.38,
0.53 and 4.21% of N, P and K respectively, compared to respective figures in FYM of 0.3-
0.4, 0.1-0.2 and 0.1-0.3%. In Zimbabwe, [15] worked on composted coffee pulp, husks,
flocculent, pruned materials and live mulch, in various combinations. It was noted that
composted pulp alone or in combination with husks, flocculent and pruned material gave
higher coffee yields and financial returns when applied together with fertilizer levels (NPK
20:10:20) lower than the recommended rates.

In Tanzania, however, there has not been a clear ISFM strategy in the coffee areas [16]. The
contribution of organic components of the coffee ecosystem has not been thoroughly
studied. As a result, farmers apply such materials haphazardly, while others even destroy
them by burning [17]. This underscores the need for a thorough study to establish the
amounts and types of nutrient they release to develop proper preparation and application
packages and the most optimum combination of organic and inorganic sources for use in
coffee, which will be socially acceptable, economically profitable and environmentally
sustainable.

An experiment was therefore done to investigate the nutrient release potential of selected
types of organic materials available in a coffee farming system applied to two contrasting
coffee soils of Hai and Lushoto districts, Northern Tanzania and to demonstrate how the new
model SAFERNAC can be used in devising and implementing appropriate coffee ISFM
programmes. The focus was the release of primary macronutrients Nitrogen, Phosphorus
and Potassium.

2. MATERIALS AND METHODS

2.1 The Experimental Materials

Soils were obtained from Lyamungu, Hai district (Field 46), representing Eutric Nitisols of
volcanic origin and Yoghoi Prisons Farm, Lushoto district, representing Humi-Umbric
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Acrisols of gneiss origin. In each site, a pit 1.5m x 1.5m was dug down 50cm and the
experimental sample taken as a vertical slice representing the 50-cm profile. Enough soil
was transported to the Lyamungu Screenhouse, spread on canvas to dry for 2 days with
non-soil material removed, then stored for the experiment. Fresh cow dung was dried in a
well-ventilated drying oven at 40ºC for 48 hours, then ground, sieved at 6 mm mesh and
stored [18]. Coffee leaves were prunings from coffee fields, separated from branches and
spread to dry in the open. Fresh coffee pulp was hung overnight for water to drain, spread
for 4 days in the open to reduce moisture further, then oven-dried at 70ºC  for 48 hours [19].
Husks (a mixture of pulp and husks from hard Arabica hulling) were collected from an open
heap and spread to dry for one day. Dry Albizzia leaves were shaken off branches of the
recently uprooted Albizzia maranguensis trees and spread to dry further in the open. Dry
materials were ground in a tissue grinder and sieved through 6 mm mesh. The green
manure plants–Velvet bean (Mucuna pruriens), Lupine (Lupinus albus), Jackbean
(Canavalia ensiformis) and Sunhemp (Crotalaria ochroleuca) had been grown in
augmentation blocks. They were harvested at 3 months of age, (onset of blossoming)
chopped and spread in the open to dry for about 1 week, then ground in a tissue grinder and
sieved through 6 mm mesh (see picture below – right).

Before the experiment, the two test soils were analyzed for routine soil fertility parameters as
suggested by [20,21]. Organic substrates were analyzed for total and mineralizable N, P and
K by following procedures of [19].

The bulking up plot showing Crotalaria and Canavalia (left), processed test organics (right)

2.2 Setting and Monitoring of the Experiment

The test materials were mixed with the soils at 5% organics to soil ratio to reflect, as much
as possible, the average organic matter content of mineral soil, moistened to field capacity
(FC) and incubated in 10 litre plastic containers arranged in RCBD (10 treatments and 3
replications) as shown below in the screenhouse at room temperature (24ºC±2) [22].
Moisture level was maintained around FC by covering with poly-sheet during the day and
uncovering at night [23]; together with spraying twice a week with a hand sprayer.

2.3 Sampling and Analysis

Duplicate soil samples were taken with a soil scoop at day 0, 3, 8, 15, 26, 45, 74, 112 and
180. Fresh soils were used for the determination of mineral nitrogen as suggested by [20];
[24]. 20g of moist soils in 200 mL of 2M KCl solution were shaken for 40 minutes and filtered
through Whatman filter paper no 42. NH4

+-N and NO3-N from soil extracts were measured by
steam distillation procedure using MgO and Devarda’s alloy. Available phosphorus and
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exchangeable potassium were determined by using the same samples, but after the routine
drying, grinding and sieving. The former was analyzed by using the Bray 1 method and the
latter was first extracted with NH4OAc at pH 7and quantified by flame AAS [18,21].

Nutrient release trends were descriptively assessed. Nmin (NH4-N + NO3-N), P and K were
calculated and values for Day 0 were subtracted from the totals to get the nutrients released
only during the time of the experiment. The values for the untreated control were also
subtracted to remain with the nutrients released from the treatments. These were exposed to
ANOVA and means separation (Tukay’s HSD) under COSTAT Software.

The set-up of experiment for Yoghoi (left) and Lyamungu (right)

2.4 Application of the SAFERNAC Model

The mineralization model developed by Yang [25,26] was adopted for describing the
substitution values of various organics. The basic equations are:

Yt = Y0 * e –K * t (1)

K9 = R9 * f * t-S (2)

Hence,
Yt = Y0 * exp(-R9 * (f* t)1-S) (3)

Where:

Yt = quantity (mass) of organic matter at time t, e.g. in kg per ha
Y0 = quantity (mass) of organic matter at time 0, e.g. in kg per ha
K9 = average relative decomposition rate (between t = 0 and t), expressed in year-1, after

application of the organic material, at an average annual temperature of 9ºC
R9 = average relative decomposition rate, expressed in yearS-1, during the first year after

application (so between t = 0 and 1) at an average annual temperature of 9ºC
S  = ‘rate of aging’, dimensionless; values between 0 and 1.
f = temperature correction factor, between 9 and 27ºC, f  = 2(T-9)/9 and at 22- 27ºC, f  is set

at 3.

From Eq. 2 it follows that K decreases over time. Values of parameters R9 and S are
presented in Appendix 1. Using the R9 and S parameters where f = 3, the remaining
fractions (Yt/Y0), calculated with Eq. 3 are given in Appendix 2. After half a year, which is
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about 180 days, Yt/Y0 of cattle manure is 0.44, while those for green manure and compost
are 0.25 and 0.69. So, the fraction that is mineralized of the nutrient in organic form (FMO) is
1-(Yt/Y0 ) = 0.56, 0.75 and 0.31 respectively. Then SV is calculated according to Equation 4.

SVe = FMO * Fo + Fi (4)

For cattle manure, Fo for N and P were set at 0.9 and 0.3 according to [27,28] and the SVs
were set at 0.6 for N and 0.87 for P. The Fo suggested here have been assumed to apply to
all organics in the apparent absence of better alternatives.

It had been noted earlier that the input available nutrients from organic sources are exposed
to substitution values also called Relative Effectiveness RE – [29] related to their rate of
mineralization. From Appendix 3, it is clear that green manures excel in the rate of
decomposition and therefore nutrient release, followed by manure and compost. The study
materials were therefore subdivided into the three categories: Albizzia, Mucuna, Lupine,
Canavalia and Crotalaria as green manures, coffee leaves, pulp and husks as composts,
and cattle manure in its own category as in Appendix 3.

The other organics were compared to cattle manure (which is common in the study areas
and whose substitution value and recovery fraction are known [26] in order to know how
many times as much of the other organics are needed to match with a standard amount of
manure. These were entered as input into SAFERNAC whereby total N, available P,
exchangeable K, OC and pH had been adjusted to the local condition where the bulk soils
were collected. With the tree density maintained at 1330 per ha, two scenarios were
assessed where only the organics were applied at 1, 5 and 10 ton per ha each and same
treatments plus a blanket application of inorganic fertilizer (160 kg N, 60 kg P and 160 kg K).

3. RESULTS AND DISCUSSION

3.1 Properties of the Test Soils and Organics

Lyamungu soil is a sandy loam with high percent of silt (20.8%) typical of a Nitisol. It has pH
5.02, CEC 16 cmol kg-1, OC 1.58%, total N 0.06%, Nmin 18.1 mg kg-1, available P 0.62 mg
kg-1 and exchangeable K 1.2 cmol kg-1. Yoghoi soil is a clay with 40.8% clay and 8.8% silt. It
has pH 4.94, CEC 8.5 (low, typical of an Acrisol), OC 0.76%, total N 0.02%, Nmin 20.4 mg kg-

1, virtually no available P and exchangeable K 0.1 cmol kg-1. There is no significant
difference in soil pH between the two soils – they are both below the low threshold of 5.2 for
Arabica coffee. All other parameters showed significant difference, with CEC for Lyamungu
about twice that for Yoghoi, same for OC, while total N was about 3 times and K about 10
times. The only parameter whereby Yoghoi was slightly better than Lyamungu is Nmin.

Initial Nmin, P and K for the organics before treatment indicated that Canavalia had highest
Nmin, followed by Mucuna and manure, while the rest were not significantly different. Lupine
was highest in initial P, while Albizzia was lowest, with virtually no P. As for K, pulp was
highest, followed by Crotalaria and Mucuna.

3.2 Trends of N, P and K Release

Peak NH4
+-N release was attained between Day 8 and Day 45 for both Yoghoi and

Lyamungu, accounting for 62-89% and 58-90% respectively of the total NH4
+-N released.
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With NO3-N, the two soil types differed in the time of peak release. Lyamungu attained peak
release between Day 15 and Day 74, which accounted for 41-92%, while Yoghoi attained
peak realease between Day 26 and Day 102, accounting for 34-87%. A stagger was
observed in peak release time between NH4

+-N and NO3-N, which can be explained from the
nitrogen cycle [11,30]. Nitrogen mineralization from organic materials starts with NH4

+-N
formation and a further transformation is needed through NO2-N to NO3-N, hence the delay
in NO3-N accumulation. Similar trends were observed by [31] in their study on domestic
sludge.

Peak P release was attained at Day 3 for Yoghoi and between Day 3 and 8 for Lyamungu.
Initial P content differed more markedly among treatments at Yoghoi than at Lyamungu. The
trend for cattle manure was the smoothest in both sites. These results are in conformity to
those of [32] who noted a progressive decrease in P release with increasing incubation
period. They are also in conformity with the principle of [33] who described the kinetics of P
release as an initial rapid rate followed by a progressively slower rate. Other authors who
had similar trends are [34,35].

In both soils, K appeared to be present in appreciable levels initially (Day 0), experiencing a
readjustment which included sharp decease or increase, to Day 3; before steadying off
throughout the remaining period. Crotalaria, Canavalia and Lupine had highest initial levels
at Yoghoi, while manure gave highest level at Lyamungu. Not much seems to have been
documented on the release of K from organic matter, though it is known [36,37] that K is
required by most crops in equal or slightly higher amounts than N. [38] observed similar
trend but in a slightly different experiment (artificial extraction of K from plant residues). It
seems as if the change between Day 1 and 3, common to both soils, is related to the
process of soil stabilization during which most of the organics reach their optimum K release
and maintain it.

3.3 Cumulative Release of N, P and K

Cumulative Nmin (NH4- and NO3- N) over the entire incubation period showed clear distinction
between high-releasing materials in the order Crotalaria > Albizzia > Canavalia > Mucuna >
Lupine for Yoghoi and Mucuna > Crotalaria > Canavalia > Lupine > Albizzia for Lyamungu
and the rest of the organics. Results are summarized in Fig. 1.

Fig. 1. Cumulative Nmin released

The Nmin release from the tested organics showed highly significant variations (P<0.001)
among the organics and between the two soil types. As expected, replicates were not
significant (P>0.05) as they belonged to the same formulations. These results are in line with
those of [39] in their work on decomposing leaves. Slight replicate variation was noted,
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which could be attributed to possible variations in moisture conditions [40]. The model was
also highly significant with R2 of 0.9976, RMSE of 21.3794 and CV of 4.6%. From Tukey’s
HSD, the four green manure plants emerged top of the list, in the order Crotalaria > Mucuna
> Canavalia > Lupine. Albizzia leaves came next in the list, performing better with the
Acrisols than the Nitisols. There was a clear distinction between these and the last four (Pulp
> Husks > Leaves > Manure), whereby Albizzia, the last in the upper list, was about 5 times
coffee pulp, the first in the lower list. The Acrisols of Yoghoi gave average Nmin of 488.56
mg.kg-1, which was higher than the average Nmin of 440.29 mg.kg-1 from the Nitisols of
Lyamungu.

Cumulative available P behaved quite differently between the sites of Yoghoi and
Lyamungu. Mean released P for Yoghoi was around 70 ppm (manure), followed by 40 ppm
(coffee leaves) and 20-30 ppm (Crotalaria, Canavalia, Mucuna and Albizzia). Lyamungu soil
released mean available P around 152, 148, 110 and 85 ppm for Lupine, Canavalia,
Albizzia, Crotalaria and Mucuna respectively. The green manure plants have proved to be a
dependable source of P in the soils of Lyamungu, though somewhat less so in the Yoghoi
soil. Results are summarized in Fig. 2.

Fig. 2. Cumulative available P released by the two soils

The P statistics distinguished two significantly different groups of organics, with the upper
group in the order Lupine>Canavalia> Manure (averages of 58.5, 49.99 and 47.75 ppm
respectively). The rest of the organics, ranging between 23 and 33 ppm, were in the order
Albizzia>Mucuna> Husks > Crotalaria > Pulp > Leaves. Average P release for Lyamungu
Nitisols was 46.83 ppm, while that for Yoghoi was much lower (16.58 ppm).

Cumulative total K release followed the same trend for Yoghoi and Lyamungu Fig. 3. Highest
mean release of 22 cmol kg-1 was noted in Canavalia and manure respectively. In both
cases, coffee pulp was lowest in the list.

Fig. 3. Cumulative exchangeable K released by the two soils
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The K statistics showed the first five organics in the order Canavalia > Crotalaria > Lupine >
Manure > Mucuna (averages of 12.86, 12.53, 11.59, 11.43 and 11.39 cmol kg-1

respectively). The rest of the organics, ranging between 1.5 and 10 cmol kg-1, were in the
order Albizzia > Husks > Leaves > Pulp.  Average K release for Yoghoi was 10.97 cmol kg-1;
while that for Lyamungu was much lower (5.86 cmol kg-1).

3.4 Results of SAFERNAC Model Application

The results of comparing cattle manure with other organics are shown in Table 1, which
implies that leaves, pulp and husks can release 1.92, 2.51 and 1.98 times as much Nmin as
cattle manure respectively with the Lyamungu Nitisol and 1.22, 1.62 and 1.59 times with the
Yoghoi Acrisol. As for P and K, the three organics can release 0.69-1.06, 0.08-0.54 times as
much as manure for Lyamungu and 0.29-0.53, 0.17-0.68 times for Yoghoi. Using the figures
of kg N, P and K per ton dry matter for cattle manure (13, 6 and 14 kg), the comparative
nutritive potential of the test organics and the two soil types were represented as in
Appendix 4.

Table 1. Comparison of organics in terms of nutrient (N, P and K) release in 180 days

Organics Lyamungu nitisol Yoghoi acrisol
Nmin P K Nmin P K

Manure 1.00 1.00 1.00 1.00 1.00 1.00
Leaves 1.92 0.69 0.44 1.22 0.52 0.54
Pulp 2.51 0.81 0.08 1.62 0.53 0.17
Husks 1.98 1.06 0.54 1.59 0.29 0.68
Albizzia 4.93 1.32 0.74 11.44 0.39 0.96
Mucuna 14.29 1.07 0.85 11.17 0.64 1.09
Lupine 8.33 2.67 0.88 10.73 0.53 1.10
Canavalia 8.61 2.13 0.96 11.63 0.58 1.23
Crotalaria 13.63 0.82 0.94 12.77 0.68 1.20

The yield estimated with SAFERNAC are given in Figs. 4a and b

Fig. 4a (Lyamungu) indicates that with organics alone, there is no significant difference in
yield between manure, leaves, pulp and husks, whether at 1 ton, 5 tons or 10 tons, though
there is a linear increase as the application rate increases. This implies some benefit in
increasing the rate, at least up to 10 tons. With Albizzia, Mucuna, Lupine, Canavalia and
Crotalaria, there is a more significant yield difference as rate is increased from 1 to 5 tons
than from 5 to 10 tons. This suggests an optimum application of 5 tons organics per ha. With
a combination of organic and inorganic nutrient sources, a significant leap in yield with
manure, leaves, pulp and husks is noted, which also narrows the difference between 1, 5
and 10 tons organic per ha throughout the treatments. Because raising enough organics for
supplying 10 ton dry matter per ha may be rather tedious, we recommend the ISFM
or combined approach, in which case the rate of organics to apply can go as low as 1 ton
per ha.

Fig. 4b (Yoghoi) shows that the estimated yields are much lower than those for Lyamungu.
Even with the addition of 10 tons of organics alone, the maximum estimated yield was
around 700 kg ha-1. With fertilizers, the maximum yield was raised to slightly over 1 ton ha-1.
This implies that coffee investment in Yoghoi requires a substantial effort in ISFM. With
organics alone, manure competed well with the high nutrient releasing green manure plants
at 1, 5 and 10 ton ha-1, while the coffee by-products were relatively lower. The same trend
was seen with the addition of inorganic fertilizers (160/60/160), except that both the gaps
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between the coffee by-products and the rest of the organics on one hand, and between the
rates of organics applied on the other, have been significantly narrowed.

Fig. 4a. SAFERNAC estimated yields Lyamungu, with and without added
inorganic fertilizer

Fig. 4b. SAFERNAC estimated yields Yoghoi, with and without added
inorganic fertilizer

Organic farmers around Lyamungu can set target yield at 1.5 tons ha-1 with the application of
5 tons ha-1 of either Albizzia, Mucuna, Lupine, Canavalia or Crotalaria. The conventional
ones can set their target yield at 2 tons ha-1 with same applications and rates, combined with
inorganic fertilizers. Organic farmers around Yoghoi are advised to set their target yield at
500 kg ha-1 and use either 10 tons manure or Albizzia; or alternatively 5 tons of Mucuna,
Lupine, Canavalia or Crotalaria. The conventional ones can either pick a pessimistic or
optimistic option. The former sets the target yield at 800 kg ha-1 with the application of 5 tons
manure, Albizzia, Mucuna, Lupine, Canavalia or Crotalaria plus inorganic fertilizer. The latter
option sets the target yield at 1 ton ha-1 with the application of 10 tons manure, Mucuna,
Lupine, Canavalia or Crotalaria plus inorganic fertilizer.

3.5 Experience of Selected Organics in Different Crops

An appreciable amount of literature is available on Mucuna, Canavalia and Crotalaria; less
so for Lupine. Most of the TSBF efforts in ISFM were based on the first three. Mucuna and
Canavalia were evaluated by [41] under maize and competed fairly well with other common
organics Leucaena, Tithonia and Calliandra. In a participatory demonstration plot with maize
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in Uganda, [42] noted good farmers’ ranking in the order Canavalia > Crotalaria > Mucuna.
The choice of the four green manure plants in this work, for inclusion into the coffee ISFM
programme, is therefore justified.

4. CONCLUSION

The nutrient release potential of nine types of organic materials available in a coffee farming
system was studied in this work, as applied to two contrasting coffee soils of Northern
Tanzania. It was noted that the Yoghoi Acrisols are slightly more efficient in Nmin release
than the Lyamungu Nitisols, but the reverse is true with P. There was no significant
difference in K release potential in the two soil types. Nmin, P and K release varied
significantly (P<0.001) among the organics and between the two soil types. SAFERNAC has
demonstrated its potential in suggesting appropriate nutrient management options for both
organic and conventional farmers, and has also confirmed the test results, that green
manure plants have great potential in coffee ISFM. Four of them (Crotalaria, Mucuna,
Canavalia and Lupine) were picked as best bets for inclusion in the coffee ISFM programme.
The challenge remains the appropriate application techniques in coffee farms, which will be
pursued in future research work.
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APPENDIX

1. Parameters R9 and S in the model for some organic materials and soil
organic matter (SOM)

Green manure Straw Cattle manure Compost SOM
R9, (Y -1) 1.204 1.117 0.0706 0.276 0.046
S 0.6260 0.6201 0.6023 0.3125 0.3150

2. Remaining fractions (Yt/Y0), calculated with Eq. 3, of some organic
materials and SOM

Time, year Green manure Straw Cattle manure Compost SOM
0 1 1 1 1 1
0.25 0.34 0.37 0.53 0.80 0.96
0.5 0.25 0.27 0.44 0.69 0.94
0.75 0.20 0.22 0.38 0.62 0.92
1.0 0.16 0.18 0.34 0.56 0.91

3. Substitution values for organic materials according to categories

Type of organic Category YT/Y0 AT 180
days

FMO SVN SVP

Cattle manure FYM 0.44 0.56 0.6 0.87
Leaves CP 0.69 0.31 0.33 0.48
Pulp CP 0.69 0.31 0.33 0.48
Husks CP 0.69 0.31 0.33 0.48
Albizzia GM 0.25 0.75 0.8 1.16
Mucuna GM 0.25 0.75 0.8 1.16
Lupine GM 0.25 0.75 0.8 1.16
Canavalia GM 0.25 0.75 0.8 1.16
Crotalaria GM 0.25 0.75 0.8 1.16

4. Calculated availability of N, P and K for the test soils and organics

LYAMUNGU YOGHOI
Kg/TDM SV MRF IA Kg/TDM SV MRF IA

Nitrogen Manure 13.00 0.60 0.7 5.46 13.00 0.6 0.7 5.46
Leaves 24.96 0.33 0.7 5.77 15.86 0.33 0.7 3.66
Pulp 32.63 0.33 0.7 7.54 21.06 0.33 0.7 4.86
Husks 25.74 0.33 0.7 5.95 20.67 0.33 0.7 4.77
Albizia 64.09 0.80 0.7 35.89 148.72 0.8 0.7 83.28
Mucuna 185.77 0.80 0.7 104.03 145.21 0.8 0.7 81.32
Lupine 108.29 0.80 0.7 60.64 139.49 0.8 0.7 78.11
Canavalia 111.93 0.80 0.7 62.68 151.19 0.8 0.7 84.67
Crotalaria 177.19 0.80 0.7 99.23 166.01 0.8 0.7 92.97

Phosphorus Manure 6 0.87 0.1 0.52 6 0.87 0.1 0.52
Leaves 4.14 0.48 0.1 0.20 3.12 0.48 0.1 0.15
Pulp 4.86 0.48 0.1 0.23 3.18 0.48 0.1 0.15
Husks 6.36 0.48 0.1 0.31 1.74 0.48 0.1 0.08
Albizia 7.92 1.16 0.1 0.92 2.34 1.16 0.1 0.27
Mucuna 6.42 1.16 0.1 0.74 3.84 1.16 0.1 0.45
Lupine 16.02 1.16 0.1 1.86 3.18 1.16 0.1 0.37
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Table 4 continued…………….
Canavalia 12.78 1.16 0.1 1.48 3.48 1.16 0.1 0.40
Crotalaria 4.92 1.16 0.1 0.57 4.08 1.16 0.1 0.47

Potassium Manure 14 1 0.7 9.80 14 1 0.7 9.80
Leaves 6.16 1 0.7 4.31 7.56 1 0.7 5.29
Pulp 1.12 1 0.7 0.78 2.38 1 0.7 1.67
Husks 7.56 1 0.7 5.29 9.52 1 0.7 6.66
Albizia 10.36 1 0.7 7.25 13.44 1 0.7 9.41
Mucuna 11.9 1 0.7 8.33 15.26 1 0.7 10.68
Lupine 12.32 1 0.7 8.62 15.4 1 0.7 10.78
Canavalia 13.44 1 0.7 9.41 17.22 1 0.7 12.05
Crotalaria 13.16 1 0.7 9.21 16.8 1 0.7 11.76
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