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Abstract 

Assessment of resource use-efficient is an important tool for establishing sound Integrated Soil Fertility 
Management practices in a given socio-economic community. We studied different sources of locally 
available organic fertilizers. Animal manures, ashes of different origin, tobacco leaf residues and oil 
palm processing residues to a large extent can for a base for ISFM establishment. The use of high quality 
NPK with Ca,Mg S and Zn will have a big role to pray in improving crop productivity. The 
characteristics of particular farming systems provide the potentials and challenges of ISFM 
establishment. Locally available gypsum should be used in soil amelioration to improve soil health. 
Enhancement of locally available organic and inorganic resources should be promoted with support of 
field experiments to formulate the base for ISFM practices. There was a highly significant difference at 
(P=0.001) on maize grain yield following application of inorganic and organic fertilizers. Results show 
that modest rates of organic manures, ash and gypsum application have a positive effect on the 
soil.Recomendations are given on the importance of parallel assessment of local resources for ISFM 
practices establishment. 
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Introduction 

Resource efficient methods of farming are based on a principle of maximizing organic matter recycling 
into soil which sustains soil health and productivity (Rodale, 1983).In the past four decades use of 
organic sources of soil fertility improvement in Tanzania was strongly based on the importance of 
substituting expensive inorganic fertilizers to help farmers maintain agricultural production (Kasembe 
et al., 1987).In recent agriculture soil fertility degradation has emerged as the most challenge in spite of 
the effort being put in place for increasing the use of inorganic fertilizers in Tanzania. The Tanzanian 
Government has established policies for promoting use of inorganic fertilizers among smallholder 
farmers through subsidy system and free marketing of inorganic fertilizers by national and 
international investors in the fertilizer sector.The establishment of Tanzania Fertilizer Regulatory 
Agency in 2012 is considered as the country’s move towards increased use of inorganic fertilizers. Soil 
nutrient depletion is high in Tanzania; the loss of nutrients is a product of many interactive factors 
(Stoorvogel et al., 1993).Soil fertility and soil health promotion are addressed through adoption of the 
Integrated Soil Fertility Management (ISFM). This is the application of soil fertility management 
practices, and knowledge to adapt to local conditions, which maximize fertilizer use and organic 
resource efficiency and crop production (Sanginga and Woomer, 2009). Development of the sound 
(ISFM) should be established on assessment of local available resources that will enhance soil  nutrient 
recycling, soil productivity and farmers income. This study focused on two aspects of resource-efficient 
methods in Western Tanzania. The first aspect was to assess the available resources and the second 
aspect was to test the field performance of using organic and inorganic resources and mineral inorganic 
fertilizers to improve soil productivity. Agricultural by-products are part of crop harvests that are not 
directly used by man or are the product of harvest processing with fewer utilities which could be used 
as soil amendments to improve soil fertility. Palm oil processing residues (POPR) are common in the oil 
palm-based farming system in western Tanzania. Studies in the humid rain forest in Nigeria (Nwoko 
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and Sola, 2010; Okwute and Isu, 2007) and in Malaysia (Yeap and Poop, 1983, Chan et al., 1980; 
Shamshuddin et al., 1992) show significant yield increments and soil health in response to application of 
palm oil processing effluents into soil.  Organic animal manures application into sandy textured soil at 
rates of 12-26 t/ha was found to effectively impact the long-term effect for maize production in 
(Waddington and Karingwindi, 2001).Tobacco leaf residues and tobacco kiln ashes are some of local 
available organic resources which could be used to develop ISFM practices in the tobacco based 
farming system in Western Tanzania. According to the study by Rizvi et al., (2006) nicotine stimulated 
the growth of maize plants and it was thought that rotating maize with tobacco could improve maize 
grain yield Attention is given also on the potential of using locally available green manures for 
improving soil health and crop productivity. The main focus of the paper is to promote resource-
efficient methods as part of ISFM in smallholder settings.  

Materials and methods 

A combined study with on-farm surveys for assessment of locally available resources with the potential 
for establishing ISFM was conducted in Tabora and Kigoma regions in Tanzania in 2009 through 
2010.The survey involved collection of secondary livestock production data and discussions with 
targeted livestock keepers.Field and pot experiments were later carried out at Tumbi Agricultural 
Research Institute to test the effect of locally available resources on crop production. Locally available 
agricultural by-products tested included tobacco leaves residues, palm oil processing residues (POME) 
from Kigoma region. The overall treatments were(A) Control(B) NPK20:20:23 + 30 kg N(Urea), (C) Cow 
manure 5 tons/ha (D) POME 5 tons/ha, (E) Tobacco residues 5 tons/ha, (F)Manure of Procavian 
carpensis (PIMBI) 5 tons/ha. Maize was planted on 15 December 2010. Sidedressing of mineral 
fertilizers was carried out 20days after planting. 

Maize was harvested, threshed and weighed. Maize yield data has been analyzed using GENSTAT 
Discovery 2006. 

Results 

Assessment of locally available organic animal manure is shown in Tables 1-4). 

Table 1: Estimated livestock number spicies in Kigoma region 

Livestock species Kigoma 
municipality 

Kigoma Rural 
District 

Kasulu 
District 

Kibondo 
District 

Total 

Indigenous cattle 902 29031 50506 2550 105959 

Improved milk cattle 1349 615 1009 948 3921 

Indigenous goats 3404 298238 65785 26428 360813 

Milk goats - - 125 - 125 

Sheep 1336 24143 8275 11212 44966 

Pigs 1916 929 1394 890 5129 

Indigenous chicken 69066 201332 247311 221826 739535 

Egg laying improved breeds(Layers) 9569 227 649 2214 12659 

Meat chicken(Broires) 512 - 395 - 907 

Total Livestock units 79147 201559 248455 224040 752879 

Source:National animal census 2010 
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Table 2: Estimated Annual Cattle Manure Production, Nitrogen, Phosphorus and Potassium in Kigoma region 

(Tons/dry matter basis) 

Nutrient content Kigoma/Ujiji Kigoma rural 
District 

Kibondo 
District 

Kasulu 
District 

Total 

Cattle manure 439.27 5480.08 4863.74 9447.09 20230.24 

Nitrogen content (N, 1.5%) 6.58 82.20 72.95 141.70 303.43 

Phosphorus as (P2O5, 0.275%) 1.20 15.07 13.37 25.97 55.61 

Potassium as (K=1.275%) 5.60 69.87 62.01 120.45 257.93 

Source:Methodology(Kasembe et al.1987). 

 

Table 3: Estimated Animal Manure production in Nzega district Tabora,region 

Manure source  Manure produced 
per day per 
animal (kg) 

Manure produced 
per year per 
animal (kg) 

Total No of 
animals in 
Nzega 

Total manure 
produced/year 
in Kraals (Mt) 

Total N 
produced/year 
in kraals (Mt) 

Cow beef (180 kg) 2.5 912.5 325,141 296,691 1186.7 

Goat (20 kg) 0.9 328.5 185,172 60,829 334.5 

Sheep(25 kg) 0.9 328.5 42,118 13,836 103.8 

Pig (67.5 kg) 3.0 1,095 1,800 1971 10.8 

Chicken 250=1.8 
kg per unit 

1.8 657 496,490 1304 14.3 

Donkey 1.9 701.1 1197 839 4 

Total Amount of Manure and N Produced per year  375,470 1654.1 

 

Table 4: Estimated animal manure production in Igunga district,Tabora region 

Manure source  Manure produced 
per day per 
animal (kg) 

Manure produced 
per year per animal 
(kg) 

Total No of 
animals in 
Igunga  

Total manure 
produced/year 
in Kraals (Mt) 

Total N 
produced/year 
in kraals (Mt) 

Cow beef (180 kg) 2.5 912.5 466,892 325,920 1303.7 

Goat (20 kg) 0.9 328.5 234,077 76,894 422.9 

Sheep(25 kg) 0.9 328.5 101,570 33,366 250.2 

Pig (67.5 kg) 3.0 1,095 100 109.5 0.60 

Chicken 250=1.8 
Kg per unit 

1.8 657 366,284 962.6 10.6 

Donkey 1.9 693.5 11,055 7,666.6 38.3 

Total Amount of Manure and N Produced per year  444,919 2026.3 

 

Discussion 

Animal manures have a big role to play for enhancing soil health and crop productivity in developing 
countries like Tanzania. Assessment of locally available animal manure resources is essential for 
establishment of the sound ISFM under given local and socio-economic conditions (Tables 1, 2, 3 and 
4).The existing climate conditions and agricultural production conditions is important for promoting 
the adoption of organic manures into ISFM practices (Sanginga and Woomer, 2009). In this study 
organic manures are widely adopted in the humid farming systems in Kigoma regions and Nzega 
district.But, Igunga district which is relatively dry produce more and non-used organic manure which 
could be processed to the neighboring district of Nzega.The farming systems were critically studied and 
it was found that there exist  alternative sources of organic manure potential for integration in 
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ISFM.Tobacco leaf residues can improve the soil productivity as shown in this study(Table,5).Tobacco 
leaf residues are not produced in large quantities however they should not be ignored for application in 
small fields. The use of tobacco leaf residues is important in nutrient recycling because tobacco 
production utilizes high input demand for nitrogen, phosphorus and potassium. Farmers are aware of 
the importance of other locally available resources such as Procavian carpensis manure.Procavian 
carpensis are rock habiting animals whose manure is considered of value in crop production. Increasing 
soil productivity and development of ISFM should consider the use of high analyze inorganic 
fertilizers. In this study it was found that using NPK with rich in secondary and micronutrients can 
increase yield tremendously high(Table,6) and  that the use of Urea alone on sandy soil was limiting 
maize production on sandy soil deficient in secondary and micronutrients. Use of locally available 
fertilizer resources can be used to ameliorate soil. In the study the growth of Amaranthus spp., on the 
sub-soil of the Ferric Acrisol in the pot experiment indicated that application of Gypsum local mineral 
can improve crop yield performance (Table  7). 

Table 5: The response of maize on organic and inorganic fertilizers on a sandy textured soil in Tabora, Tanzania 

Treatrements Season 2009/2010 Season 2010/2011 

Mean maize grain 
yield(kg/ha) 

Mean stover 
weight kg/ha 

Mean maize grain 
yield(kg/ha) 

Mean stover 
weight kg/ha 

Control(60 kg N) 2222 2222 3059 4046 

POME 4500 4333 3927 4053 

NPK+Urea 4407 4407 3691 3552 

Cow manure 3926 3926 4000 4142 

Procavian carpensis manure 4685 4685 3157 3511 

Tobacco leaves residues 4333 4500 3190 3333 

F Test ** ** NS NS 

CV% 16.7 22.1 16.9 19.6 

LSD 0.05 1167.7 1615.4   

 

Table 6: Maize performance on high inorganic fertilizers input fertilizer system 

Treatments Maize grain yield(kg/ha) 

Control(60kg N/ha Urea) 3347 

N23:P20:K20(100 kg/ha)+ 60 kg N/ha Calcium Nitrate) 8639 

N23:P20:K20(100kg/ha)+60 kg N/ha Urea) 7319 

N23:P20:K20(100kg/ha)+30 kg N/ha(urea)+30 kg N/ha Calcium 
nitrate) 

7515 

LSD (0.05) 2247.9 

Fvalue<0.001) *** 

CV% 21.0 
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Table 7: The effect of tobacco leaf residues and tobacco kiln ash on maize yield on a sandy textured soil at Tumbi, 
Tabora 

Treatments Mean maize grain yield (kg/ha) Mean Maize stover wt (kg/ha) 

Minjingu Rock Phosphate(MRP) 100kg/ha 693a 691a 

Flue-tobacco kiln Ash(TFKA) one 
ton/hectare 

1039a 654a 

Dry tobacco leaf residues (two tons/ha) 1734b 1432a 

Dry tobacco leaf residues (2 tons/ha 
+1ton/ha(TFKA) 

1627b 835a 

LSD0.05% 740.1 744.6 

CV% 27.7 41.3 

Means followed by same letter are not statistically significant at 5% probability 

 

Table 8: The effect of ash and calcium amendments on Amaranthus yield (gm/pot) in a pot experiment 

Treatments Amaranthus spp. dry weight per pot(gm) 

Control 12.8a 

Calcium carbonate(10gm/2kgsoil) 19.0a 

Groundnut haulm ash 61.4c 

Miombo woodland ash 26.9a 

Rice husk ash 27.1a 

Grounded gypsum local mineral 43.3b 

LSD 0.05 16.29 

CV% 28.8 

Means followed by same letter are not statistically significant at 5% probability 

 

Conclusion 

Assessment of locally available resources as part of resource- use efficient in agricultural production is 
essential for establishing the base of ISFM under given local conditions. Animal manures will continue 
to play part in sustaining the health of the soil. However, the combination of organic fertilizers and high 
quality inorganic fertilizers with primary, secondary and microelements is also important in enhancing 
crop production on degraded sandy textured soils 

Acknowledgment 

We wish to thank our financer, the Principal Secretary, Ministry of Agriculture, Food Security and 
Cooperatives in Tanzania. We wish to thank farmers and field officers who were involved in various 
studies which for the base of this paper. 

References 

Chan K.W., Watson,I., Lim, K.L. (1980). Use of oil palm waste materials for increased production. P.213-
241. In E. Pushparajan and S.L. Chin (ed). Proc. Conf. Soil Sci and Agric. Dev in Malaysia. Kuala 
Lumpur, Malaysia. 

Kasembe J.N.R.,Semoka J.M.R., and Samki J.K.(1983).Organic Farming in Tanzania. In: Proceedings of 
Workshop on Resource-Efficient Farming Methods for Tanzania,May 16-20, 1983,Faculty of 
Agriculture, Forestry and Veterinary Science, University of Dar es Salaam, Morogoro, Tanzania. 
Rodale Press, Inc. Emmaus, PA 18049. 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

6 

Nwoko, C.O and Sola, O (2010) Evaluation of Palm oil mill effluent to maize (Zea mays L.) Crop: yields, 
tissue nutrient content and residue soil chemical properties. Australian Journal of Crop Science 
4(1):16-22. 

Okwute L.O. and Isu N.R. (2007). The Environmental impact of palm oil mill effluent (pome) on some 
physic-chemical parameters and total aerobic bioload of soil at a dump site in Anyigba, Kogi state, 
Nigeria. African Journal of Agricultural Research Vol.2 (12):656-662. 

Rizvi S.J.H., Mishra G.P. and Rizvi V. (1989) Allelopathic effects of nicotine on MaizeI. Its possible 
importance in crop rotation. Plant and Soil 116:289-291. 

Rodale R (1987). Importance of Resource Regeneration. In :Proceedings of Workshop on Resource-
Efficient Farming Methods for Tanzania, May 16-20, 1983, Faculty of Agriculture, Forestry and 
Veterinary Science, University of Dar es Salaam, Morogoro, Tanzania. Rodale Press, Inc. Emmaus, 
PA 18049. 

Sanginga N. and Woomer P.L. (eds.). (2009). Integrated Soil Fertiility Management in Africa: Principles, 
Practices and Development Process. Tropical Soil Biology and Fertility Institute of the International 
Centre for Tropical Agriculture. Nairobi.263 pp. 

Shamshuddin, J., Jamilah, I., Sharifuddin, H.A.H. and Bell, L.C. (1992). Limestone, Gypsum, Palm oil 
Mill Effluent and Rock Phosphate Effects on Soil Solution Properties of some Malaysian Ultisols and 
Oxisols.Pertanika 15(3):225-235. 

Stoorvogel J.J., Smaling E.M.A. and Janssen B.H. (1993). Calculating soil nutrient balances in Africa at 
different scales. Supra-national scale. Fertilizer Research 35:227-335. 

Waddington S.R. and Karingwindi J.(2001) Longer-term contribution of Groundnuts Rotation and 
Cattle manure to the Sustainability of maize-legume Smallholder Systems in sub-humid 
Zimbwabwe. Seventh Eastern and Southern African Regional maize Conference 11-15 February, 
2001, pp.338-342. 

Yeop  K.H. and Poop K.C. (1983). Land application of plantation effluent. Proceedings of the Rubber 
Research Institute of Malaysia on oil palm by product utilization, Kuala, Lumpur. 

 


