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Background
Under the MOREP project (Developing resilient and profitable rural livelihood systems in semi-arid Mozambique: A conceptual approach) innovation platforms (IPs) at both sites, Dororo in Manica province, and Marara in Tete province, had identified lack of technical knowledge on crop and livestock production as bottleneck that limits farmers’ ability to improve their livelihoods. On farm demonstrations and related trainings were set up with farmers from Dororo and Marara, supported by extension officers (Guidion Paulino Coma, Daniel Manda in Dororo; Mario Categulo, Rui Dias Mortale in Marara), and district and provincial Agricultural and Veterinary Departments (in Manica Jose Manuel Silvestre, Eusébio Focolone and Tete Fernando Assane, Claudio Gule). Ronald Tirivavi (ICRISAT) supported the trial set up and soil analyses.
The aim was to sensitize for intensification and illustrate the benefits:

· Improved crop management: Comparison of varieties, planting time, plant density, planting in line, pest management

· Integration of legumes crops and livestock: Effects on soil fertility management through crop rotation, cover crops and manure 

· Legume fodder production: Livestock feed and seed as source of income 

· Improved draught power animal management

This report summarizes the approach for setting up the food feed crop demonstration plots, results from production in two seasons and farmers feedback and lessons learned at each years field days.
Appendix 1 lists further information on the agro-ecological conditions, rainfall and soils.
1. Set up of the food feed crop demonstrations

Overview on the approach:The food feed crop demonstrations were implemented in a participatory way, involving farmers and extension in the planning of the demonstrations, selection and evaluation of crops, feed and technologies.Experts were consulted which cropvarieties and management options could be suitable for the different environments and responding to the IP requests (Table 1). The project provided inputs to farmers (seed, inorganic fertilizer, pesticides), selected farmers agreed to share their knowledge and experiences from the demonstrations, and invite other farmers to their plots.In response to the local environments the demonstrations had different focus:
· Dororo: Sustainable intensification of common beans as cash crop, with mucuna as supplementary feed and organic fertilizer. The demonstrations included comparison of three treatments: common beans under farmer practice, improved varieties with manure, and improved varieties with fertilizer application. Farmers with large numbers of cattle also tested mucuna for feed and crop rotation with maize.Complimentary training was on post harvest management, livestock feeding and draught power animal management. 

· Mararara: Diversification of food feed crops to mitigate climate variability. The focus was on dual-purpose cropsforhigher grain and biomass production for food and feed. A basket of 6 crops wasoffered to farmers, including sorghum, maize, groundnuts, pigeonpea,andmucunaas fodder crop. Farmers felt successful on pearl millet, hence it was not included in the demonstrations. A dilapidated forage bank was revitalized for local seed multiplication of mucuna seed, managed by the local extension officer. 
Selection of farmers:30 farmers were selected to host the demonstrations, for each site 5 farmers from each of the 6 project villages. The farms were sampled from the baseline households, and represented farms with different resource endowments and gender. In Dororo women were more represented across the types, 7 women in the resource poor type, 4 in the stepping up type and 1 woman in the intensifying type. Women farmers participated in Marara, but most were in the resource poor type (7 out of 10), only 1 in the stepping up type and no women in the intensifying type. 
Farmer/extension training:Farmers and extension officers were trained together on improved crop and livestock management technologies. 
First, the available crop and technology options were explained at a preparatory training for few selected farmers. In Tete at IIAM Angonia research station 12 farmers and 2 extension officers participated. In Manica at Messica Caritas center 14 farmers and 2 extension officers participated. 
Six trainingsessions werethen held in each village at selected farms, other farmers replicated. Farmers were trained in the course of implementing the demonstrations, including the following components:

1. Familiarization: Introduction of improved crop varieties and crop management options to farmers; farmers chose their specific technology packages of food and feed crops; they planned the seasonal activities.
2. Setting-up of demonstration plots: Provision of seed and other inputs, implementation of improved crop technologies; explanation of methods of data collection for crop monitoring, including rainfall data collection.
3. Supervision, backstopping: Follow-up of farmers implementation including pest and weed control; exchange among farmers during the cropping season; feedback on arising issues.
4. Harvesting and post-harvesting: provision of bags, scales, containers for measuring yields; implementation of harvest and post harvest management of grains and residues.
5. Feeding livestock: Conservation and use of crop residues, fodder and other biomass for feeding cattle and goats. 
A total of 2 extension officers and 30 farmers were trained at each site. In year 2, 9 farmers were replaced in Marara, 6 in Dororo. The reasons given were that farmers expected financial aid, and lost interest. Some farmers did not follow the instructions. 
Demonstration plot design: The demonstration plots were designed according to the site-specific conditions in Dororo and Marara. 
· Dororo:All farmers applied the same treatments: 
· Common beans:seed rate50kg/ha, spacing 50x30cm, fertilizer rate 300kg/ha NPK; 
· Mucuna: seed rate of 60kg /ha and spacing 50X30 cm. 
In year 1 each farmer committed to plant a plot of 0.5 ha with common beans, a third of which was allocated to the different treatments. In year 2 farmers decided to reduce the size of demonstration plots to 10 x 30 m for each treatment. In year 1 all inputs including the certified common bean seed was purchased from local input supplier. The seed quality however revealed as poor. In year 2 seed was therefore acquired from IIAM Sussundenga station to ensure seed quality and that the variety has market demand. Plots were selected along the main road, so that they could be easily accessed.
· Marara: Farmers chose 4 crops suitable under the dry and erratic rainfall conditions
	
	Sorghum
	Maize
	Cowpeas
	Groundnut
	Pigeon pea
	Mucuna

	Seed rate (kg/ha)
	10 
	30 
	15
	40
	10
	50

	Spacing (cm)
	80 x 10
	80 x 40
	80 x 20
	50 x 20
	90x20
	60x 30

	Inorganic fertilizer (kg/ha)
	60 urea 
	200 NPK,
150 urea
	
	40 NPK
	 
	


The demonstration plots were set up as one unit such that farmers could compare the results with plots under farmer practice. Few adjustments were made from year 1 to year 2: While in year 1 farmers prepareddemonstration plotsof 0.5 ha, in year 2 they decided to reduce the plots to 10m x 10 m for each crop. At the forage bank, mucuna was planted on 0.5 ha fenced land, half growing on the ground, half with tutors. Treatment with recommended seed rates was demonstrated. 
Table 1. Overview on crops demonstrated, inputs applied
	
	Crop varieties
	Inputs provided

	Dororo

	Beans
	Sugar 131 (Catarina, y1)

Bonus (y2)
	Inorganic fertilizers  (NPK and urea)

Manure

Pesticides: Tebucure-fungicide

	Mucuna
	Black
	None

	Marara

	Sorghum
	Tocole, Macia, Otela
	None

	Maize
	Matuba (y1)

ZM 523 (y2)
	Inorganic fertilizers  (NPK and urea)

Manure

Pesticides: Clorphiriphos, Tebucure-fungicide

	Groundnuts
	Mamane (y 1)

Nametil (y2)
	Inorganic fertilizers  (NPK and urea)

Manure

Pesticides: Clorphiriphos, Tebucure-fungicide

	Cowpeas
	IT 18
	Pesticides: Mancozeb, Tebucure-fungicide

	Pigeon pea
	ICEAP0020
	Pesticides: Mancozeb, Tebucure-fungicide

	Mucuna
	Black
	None


Feedback on food feed crop technologies: Demonstration days were organized at the end of the growing period, inviting farmers who participated in the demonstrations, government extension, research and NGOs. About 30 people participated at each of the demonstration days, less than half were women. 
First the group visited 2-3 farms and discussed the experience and lessons learned with the hosting farmer. This was followed up by small discussions on the management requirements, benefits, lessons and knowledge sharing, and farmers’ interest to use the technologies in future.
2. Results from food feed crop demonstrations

2.1 Common beans and mucuna in Dororo: 
In year 1 improved varieties of common beans with fertilizer applicationshad more than double the yields than farmer practice (Table 2). Inorganic fertilizer had double the yields than organic fertilizer, however it incurs high the costs and thus risk, if the rains are not predictable.Farmers observed that the local varieties without fertilizer application were sown later and had poor germination, but developed faster. Improved varieties depend more on consistent water supply. Farmers had not experienced mucuna before and first did not understand its purpose. Mucuna seed had arrived late. Few farmers reported disease attack. Mucuna harvests were very low.
In year 2 the overall germination was better as compared to year 1. Farmers had better prepared the land in time, all crops were planted at the same time. Seed quality of the improved varieties was also better. However, there were pod losses during maturation due to prolonged dry spells. Farmers had realized the benefits of mucuna and started producing it for livestock feed and also as soil fertility amendment. Farmers realized that they can sell mucuna to other farmers and to a local NGO.
· Improved crop varieties: In year 1 every farmer raised the issue of poor seed quality as the certified seed was fake. In year 2, all farmers observed that controlled certified seed brought higher yields.

· Inorganic fertilizer application: Farmers realized that inorganic fertilizer led to highest yield increases. Because of manure shortage farmers opt to buy fertilizer as a group in bulk, to reduce per unit prices. 
· Manure application: Farmers appreciate manure as it reduces dependency from inorganic fertilizer. Quantities for applications were however often not clear to them. Generally farmers don’t have enough livestock to produce the recommend amounts of 5,000-10,000 kg /ha; they also don’t have the transport facilities to move these volumes. 
· Mucuna: In year 1 few farmers sold 85 kg mucuna seed at USD 2/kg to local development organizations (CLUSA). After a year of repetition farmers started appreciating mucuna as livestock feed. Farmers who planted maize after mucuna also observed higher yields. They raised the issue that local seed multiplication of mucuna should be enhanced. Farmers should set aside a small proportion of land for mucuna to produce and share seed; the other land can be used for mucuna biomass production. Mucuna seed production for sale was encouraged. 
Challenges
· Irregular rains: Rains fluctuate to an extent that certain areas don’t get enough rain, others get flooded. Especially early in the season high rains often drawn the seed and farmers have to plant again; later in the year the same area might dry up; as in year 1. Land for demonstration plots had to be replaced as it got flooded.
· Seed quality: In year 1 the certified seed purchased at input supplier in Chimoio turned out as mixture of poor quality varieties. It illustrated the difficulties for farmers to find controled certified seed.
· Pests and diseases: New emerging pests and diseases were observed on beans and mucuna, which farmers could not identify. It was suggested to collect samples and send to Sussundenga research station. Farmers were alerted that they have to inform their extension officer in case of pest outbreaks. 

· Lack of knowledge on mucuna: Even though at the IP farmers had highlighted the need for improving cattle feed quality, and also soil fertility, the principle of fodder cultivation and using the same crop for soil fertility amendment was new to farmers and farmers found it difficult in year 1 to familiarize with mucuna.
· Lack of alternative fodder plant material: Theinitial idea was to combine mucuna with elephant grass but elephant grass seed was not available. Fodder crops and seed are generally not available to smallholder farmers. 
· Drop out of farmers: 8 out of 30 farmers had to be replaced from year 1 to year 2. Reason for drop out was mainly that farmers expected financial gains and did not show commitment.

Lessons learned and future priorities

· Improved crop management: Farmerslearnedthe importance ofplanting in lines, using appropriate spacing, apply pesticides, treat the seed, as various management components that together can raise yield levels substantially. 

· Mucuna for feed and income: More famers got interested in producing mucuna. A farmer in Dororo planted 1 ha mucuna to feed his cattle. There is an opportunity for farmers to sell mucuna to Development organizations; they made an offer of purchasing 300 kg mucuna seed at USD 2 /kg to farmers. 

· Organic fertilizer application: Farmers learned about the relationship between soil moisture, structure andorganic fertilizers. This stimulated them to produce common beansand mucuna in rotation withmaize,to take advantage of nitrogen fixation. 

· Ensuring seed quality: Traditionally farmers tend to use retained bean seed, without selection of vigorous seed. They understand that this results in lower yields. However, quality seed is difficult to access. After the experience with poor seed quality in year 1,it was decided to uses seed multiplied atSussendengaresearchstation. Farmers learned that they can test seedquality at the DPA Laboratory. There is a market niche for agrodealers to make quality controled legume seed and information locally available.
· Farmer self-organization: The activities around promoting common beans succesfully supported farmers becoming more organized among themselves, e.g. organizing meetings, sharing inputs, rules for participation and planning activities as a group, and with external partners, e.g. discussing their experiences, requirements and strategies. This is particularly important for legume crops, which seem to attract less investment in and support than cereal crops.
· Knowledge exchange: After seeing the results from the demonstration plots farmerstook technologies to their own plots. Other farmers and outside visitors understood that these technologies could be useful to their areas. Farmers estimated that each farmer influenced 5-10 other farmers; 15 associations at about 30 members each visited the demonstration plots in year 2. The presence ofseveral IP partnersat demonstration days (producers, IIAM, DPA, SDAE) led togreat debatesthat enrichedeveryone present. Opportunities for knowledge exchangeand learning shouldbe given periodically and includeagro dealersand extension.
· Gender implications: Common beans are traditionally grown by women and attractive for young farmers. This offers opportunties to develop the capacities of women and youth. As it is still problematic for women to travel to distant markets, getting the markets nearer to farmes is critical, by improving the road and making it easier for agro-dealers and traders to attend to the area. 
Table 2. Results from crop demonstrations in Dororo (averages, farmer estimations)
	
	Days to emerge
	Days to flowering
	Days to maturation
	Yields (kg/ha)
	n farmers

	Year 1

	Beans

Farm practice

+ manure

+ NPK
	8

6

6
	37
32

31
	106

91

91
	653

1037

1250
	30

	Mucuna seed
	
	
	
	302
	

	Year 2 

	Beans

Farm practice

+ manure

+ NPK
	7

6

6
	35

32

32
	103

91

91
	881

1215

1521
	30

	Mucuna seed
	
	
	
	1230
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Photo. Joint land preparation on demonstration plots: planting common beans in lines.
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Photo: A woman farmer explains all steps for planting and managing common beans at a field day.

2.2 Food feed crops in Marara
Crop diversity, mixing crops and including fodder crops reflect an adaptation to low and erratic rainfalls and high temperatures, with greater reliance on livestock (table 3, table 4). Farm types influenced the choices of crops. Resource poor farmers preferred more drought tolerant food crops, whereas the better-off intensifying farmers with cattle went for maize, and fodder and dual-purpose legumes for feeding livestock. While people prefer maize as food crop, it is risky. In year 2 only the better-off farmers opted to produce maize. They had plots with better soil quality in wetter areas. The majority of farmers preferred working with more drought tolerant crops.
· Resource poor farmers prioritized sorghum, combined with food legumes (groundnuts, cowpeas, pigeon peas). They resorted to drought tolerant crop varieties to ensure food security.
· Stepping up farmers also combined sorghum and legumes. Most used groundnuts, cowpeas, and pigeon pea, half of them started with mucuna. 

· Better-off farmers choose maize rather than sorghum, and combined that with legumes. More farmers tried mucuna than food legumes, also for the seed as a possible source of cash income. Among food legumes they grew more often pigeon pea and cowpeas than groundnuts. 
Improved crop management and varieties: Farmers observed that improved crop management, especially early planting and planting in line is beneficiary. It improves planning maintenance and supervision of the crops, and increases crop yields. They appreciated especially the short duration sorghum, groundnut and cowpea varieties for better drought resistance. Pigeon pea maturity seems too long, but the crop provided good biomass for livestock. Only people with plots along seasonal rivers benefited from maize. 
Fertilizer application: Manure was seen as means to improve soil structure. Quantities for manure application seemed too little, e.g. farmers managed to apply at maximum 2,000kg/ha. Animals spend most time outside the farm; manure collection is not yet common. Few farmers only applied manure. Because of rainfall challenges the responses to inorganic fertilizer application were below expectation. 
Mucuna: Even though farmers did not know mucuna before they realized quickly that this crop does well with limited rainfall and low management inputs. Farmers used mucuna to feed cattle and goats. Farmers multiplied enough seed for themselves. Farmerssold 180 kg mucuna seed at 1.70 USD/kg to a local development organization (CLUSA) and other farmers. The forage bank produced biomass and seed for its members; about 100kg seed were sold also at 1,70 UD/kg to the same organization. 
Challenges

· Irregular rains: The trials reflect farmers’ challenges with low and erratic rainfalls. Year 1 had rains below average, resulting in poor yields especially for groundnuts and maize. Year 2 had high but scattered rain; excessive rain affected especially sorghum.
· Pests and diseases: 
· Giant grasshoppers are a major problem; they attacked all plots and crops. Conventional pesticides were not effective to control the attacks. 
· Bird and ants attacked sorghum; farmers try to control by scaring; it’s a medium problem.  

· Diseases especially on groundnuts, cowpeas; farmers were not able to diagnose the diseases; extension officers were often not available or too late for treatments. 
· Plots on infertile sandy soils were attacked by striga
· Use of crop inputs: Improved varieties or pesticide are not available at local markets. Farmers have to source seed from Tete or Chimoio. Most farmers do not know about seed varieties, fertilizer application, dosing and security precautions. 

· Inconsistent support by extension services: During both years farmers faced challenges in receiving timely inputs and advice by extension services, ad hoc responses to emergencies, and follow up. Farmers suggest strengthening group approaches and empowering lead farmers, to avoid dependence on extension. 
· Labor constraints: Especially resource poor farmers complained that they did not have enough labor to follow the instructions for improved crop management. As they delegated other family members to meetings they did not always receive the right information. 
· Lack of fencing: Without fending legume crops are damaged by animals during growing period. Even the seed bank was not sufficiently fended. 
Table 3. Results from crop demonstrations in Marara (averages, farmer estimations)
	Crop name
	Days to emerge
	Days to flowering
	Days to maturation
	Yields (kg/ha)
	n farmers

	Year 1

	Sorghum
	8
	n/a
	102
	1617
	16

	Maize
	8
	n/a
	116
	1456
	11

	Groundnuts
	6
	n/a
	133
	69
	16

	Cowpeas
	6
	n/a
	79
	525
	16

	Pigeon pea
	8
	75
	165
	211
	16

	Mucuna seed
	10
	
	199
	71
	12

	Year 2 

	Sorghum
	7
	66
	99
	648
	19

	Maize
	7
	60
	112
	727
	12

	Groundnuts
	6
	31
	133
	593
	25

	Cowpeas
	8
	45
	75
	651
	23

	Pigeon pea
	7
	77
	164
	555
	12

	Mucuna seed
	9
	
	207
	1230
	12


Lessons learned and future priorities
· Investment in crop production: Traditionally, farmers do not have the habit to invest in crop or fodder production. They emphasized that they are dealing with areas of low agricultural potential, and therefore have an obvious inclination to cattle, which often results in them neglecting the production of crops. However, they responded to the crop demonstrations. They learned the importance of seed quality, improved crop management and forecasting harvests. They developed themselves in terms of planning and managing plots. They are now looking for better and new crops and varieties, as well as pesticides, suitable for their conditions, sources, and prices, in order to improve food security and feed for livestock.
· Crop management improvements: Farmers emphasized the need for testing a range of varieties that are drought tolerant and dual purpose, for food and feed. Intercropping and crop rotation should be promoted as local source of organic fertilizer. Options for manure preparation and use should be further investigated. 
· Access to seed: Promoting local multiplication of legume seed for food and feed could be a way to make these seeds available to farmers in this remote area. Associations could set the rules for implementation, quality control and marketing, in collaboration with private sector. 
· Mucuna for feed and income. Farmers learned how to cultivate mucuna, to feed it livestock and how to multiply the seed. The forage bank is an opportunity to sustain seed production and provide training to farmers. Development and research organizations expressed interest to buy seed from farmers.
· Feed processing: Farmers could add nutritional value to their cereal and legume residues through local processing. Mechanized shellers could be an option to promote livestock feeding. 
· Market potential for crops: Farmers produce substantial volumes of sorghum, with surplus for sale. Market linkages are however not developed. Farmers often remain with the surplus without selling. 
· Tailoring technologies: In this high-risk environment, food security crops and low capital technologies are critical for smallholder farmers. Feed and fodder technologies reduce risk and ensure food security for those with livestock. 
· Self-organization: Farmers learned how to inform each other more effectively, sharing lessons from the demonstrations, sourcing inputs. For instanceabout 8 out of the 30 farmers bought maize and horticulture seed from Chimoio, which they plan to grow along seasonal rivers. They feel that they can organize learning among themselves, with less dependence on the agricultural extension service. They request supervision through provincial government extension service. 
· Knowledge exchange: The demonstrations encouraged farmers trying to improve crop production on their own fields. They were visited by neighboring farmers. Farmers estimated that each of them influenced about 20 other farmers. Also, since new associations are being legalized, this might offer opportunities for more organized knowledge exchange.
· Gender implications: The poorest households were largely female headed. They need less risky and laborious crops, e.g. options to reduce labor in sorghum production. Groundnuts could be an option for generating cash through sale within the communities.  
Table 4. Farmers evaluation of the different crops at demonstration days
	
	Sorghum
	Maize
	Cowpea
	Groundnut
	Pigeon pea
	Mucuna

	Strengths
	Most appropriate crop

Drought resistant 

Easy to grow

Not much inputs needed
Good for intercropping


	Preferred food crop 

Easy to manage, not much labor

Good for intercropping

Does well under early planting, good rains

For all gender
	Highly nutritious food crop 

Easy to manage, not much labor

Good for intercropping

Not much inputs needed

Women’s crop
	Highly nutritious food and feed crop 

Women’s crop


	Drought resistant
Highly nutritious food and feed crop 
Not much inputs needed

Income potential

For all gender
	High biomass and quality 

Drought resistant

Easy to grow

Not much inputs needed

Income potential

For all gender

	Challenges
	High birds, ants attacks

Pest pressure
Labor burden for processing, especially for women

Surplus for sale, but lack of market access
	Drought and water stress

Pest pressure
Needs soil improvement

Lack of transport for manure as fertilizer
	Pest pressure

Early planting required

Fencing required


	High pests pressure

Less drought tolerant

Labor and capital intensive

More demanding in crop management

Early planting required

Careful weeding
	New, just started learning

Especially perennial varieties need fencing
Some pests


	Harvesting is laborious

Availability of land for non-food crops

Some pests

	Priority for future trials/lessons for promotion
	Dual purpose varieties for food and feed
Promote early planting
Intercropping
	Short duration varieties
Promote early planting
Intercropping
	Test range of improved varieties

Promote early planting
Local seed multiplication
	Short duration varieties

Local seed multiplication
	Test range of improved varieties, incl. short duration and 

Perennials
Local seed multiplication
	Local seed multiplication
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Photos 3-6. Field day on food feed crops; women farmer explaining on drought tolerant groundnuts, mucuna as livestock feed; tutoring for increasing mucuna yields on the forage bank. 

3. Key messages
· There is large potential to improve crop production in both environments withhigh and low agro-ecological potentials,for food,feed and income, through improved crop management, improved crop varieties and ensured seed quality and integration with dual-purpose legumes and livestock.
· Promoting these technologies alone will not increase agricultural productivity; it needs to be supported through farmer-to farmer learning approaches. Improving farmers’ ability to self-organize is critical for them to access and control seed, share knowledge and technologies, mobilize relevant support, and participate in markets.
· Improved marketing of crops and livestock are critical incentives to motivate farmers’ investments in organic soil fertility improvement and fodder technologies; these can open new income opportunities from legume seed multiplication.

Appendix: 
The climate in Mavonde is warm and temperate, with rainfall even in the driest month. The average temperature in Mavonde is 21.4 °C. In a year, the average rainfall is 1482 mm. February is the warmest month of the year. The temperature in February averages 24.2 °C. The lowest average temperatures in the year occur in July, around 16.7 °C.
The driest month is July, with 16 mm of rain. The greatest amount of precipitation occurs in January, with an average of 325 mm. There is a difference of 309 mm of precipitation between the driest and wettest months. The variation in temperatures throughout the year is 7.5 °C.
A Table 1. Monthly rainfall (mm( measured by local extension officers

	
	Jan
	Feb
	Mar
	Apr
	May
	June
	Jul
	Aug
	Sept
	Oct
	Nov
	Dec

	Dororo

2014

2015
	231

137
	194

137
	133

56
	49

83
	19

0
	13

1
	9
	12
	16
	38
	109
	213

	Marara

2014

2015
	170
157
	142

100
	71

60
	18

56
	4

0
	4

1
	0
	2
	1
	7
	55
	128
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Figure 1. Rainfall and temperatures inMavonde, Manica (source. www.climate-data.org)

The climate in Changara is steppe dry, with low rainfall throughout the year. The average annual temperature is 25.0 °C in Changara. About 602 mm of precipitation falls annually.

At an average temperature of 27.9 °C, October is the hottest month of the year. The lowest average temperatures in the year occur in July, when it is around 20.4 °C.
Precipitation is the lowest in July, with an average of 0 mm. The greatest amount of precipitation occurs in January, with an average of 170 mm. Between the driest and wettest months, the difference in precipitation is 170 mm. The variation in temperatures throughout the year is 7.5 °C.
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Figure 2. Rainfall and temperatures in Changara, Tete (source. www.climate-data.org)

Table A2 summarizes soil characteristics as from own soil sampling. The averages indicate overall trends, but can distort conclusions if diversity in soil characteristics is high. The recommendations therefore need to be interpreted locally. 
ATable 2. Soil characteristics in Dororo and Marara. 
	
	Dororo
	Marara

	Soil chemical composition
	The soils reflect low N and P from levels expected for a healthy soil.

pH is slightly acidic though acceptable for crop production.
	Though the N and P are comparably higher than those for Dororo soils 

pH is slightly progressing to alkaline

	- Deficits
	Both N and P need to be managed on these soils 
	

	Soil structure
	Texture indicates sandy clays with clay content increasing with depth
	Texture indicates sandy loams

	- Management implications
	Difficult to manage when too wet. Easily compacted leading to poor drainage
	Easy to manage but can be easily eroded

	Soil fertility recommendations

· organic fertilizer

· inorganic fertilizer
	Soils need some liming to slightly raise the pH, which might be affecting uptake of some nutrients. 

Cattle manure can be applied at low rates (3-5t/ha/year) gradually improving soil fertility.

N and P fertilizers can be used combined with manure (use low rates 20-60kgN/ha and around 30kg P/ha)
	No correction is needed for pH

Use of cattle manure recommended at low rates 3t/ha/year to avoid burning crops.

The same rates of N and P fertilizers as those for Dororo; on sandy soils split application is recommended


Table 1. Chemical characteristics, from own soil samples 

	District
	Depth sampled (cm)
	pH(CaCl2)
	Conduc-tivity (micromhos)
	Total N(%)
	Total Phos-phorus (%)
	Minearal nitrogen (ppm Ammonium+Nitrate N)
	Available Phosphorus
Resin extract (ppm)

	Dororo
	0-30
	5.4
	NA
	0.3
	0.1
	28.2
	8.8

	 
	30-60
	5.6
	NA
	0.3
	0.1
	30.0
	4.3

	 
	60-90
	5.3
	NA
	0.2
	0.1
	19.2
	2.8

	Marara
	0-30
	7.0
	378.5
	0.6
	0.2
	38.5
	12.1

	 
	30-60
	7.1
	304.4
	0.5
	0.2
	50.8
	9.2

	 
	60-90
	7.2
	490.0
	0.3
	0.2
	32.2
	8.3


	District
	Depth sampled (cm)
	Clay%
	Silt%
	Fine sand%
	Medium sand%
	Coarse sand%
	Gravel%

	Dororo
	0-30
	18.0
	8.3
	26.0
	38.5
	9.3
	0.0

	 
	30-60
	16.5
	9.2
	30.3
	34.3
	9.8
	0.0

	 
	60-90
	22.7
	7.0
	31.7
	30.3
	8.3
	0.0

	Marara
	0-30
	11.9
	17.6
	35.4
	26.2
	8.7
	0.0

	 
	30-60
	13.7
	18.5
	36.2
	21.9
	9.9
	0.0

	 
	60-90
	13.0
	20.1
	37.5
	21.9
	7.7
	0.0


Map 1 and Map 2 illustrate major soil types at the project sites:

Marara, Changara district, Tete province
· Leptosols: New class of soils that are shallow in depth and with weak profile development.

· Luvisols: Soils with strong accumulation of clay in the B-horizon and not dark in color; clays with high cation exchange capacity.

· Lixisols: Formerly Luvisols, but with clays with low cation exchange capacity

Dororo, Manica district, Manica province
· Arenosols:Sandy soils with little profile development.

· Ferralsols: Highly weathered soils rich in sesquioxide clays and with low cation exchange capacities
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Map 1. Soil types Manica province
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Map 2. Soil types Tete province, project sites
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