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Experienceswith Micro Agricultural Water
M anagement Technologies: M ozambique

1. Introduction

According to the TOR made avalable for the Inventory of Agriculturd Water
Technologies and Practices in Southern Africa and an Assessment of Poverty Impacts of
Mogt Promisng Technologies, water for agriculture is increesngly recognized as a mgor
congraint to improving the lives of the rural poor and is an important component of rura
livelihood programs to be edtablished in Southern Africa The overdl objective of the
sudy is to contribute to improving the lives of rurd poor people through better and
udaindble agricultura water  technologies/practices leading to increesed  agricultura
productivity and incomes for smal farmersin Southern Africa

Over much of the SADC region, the combination of population growth, risng food
demands, and severe economic dSress contributes to increase the pressure on the
renewable naturd resources bass. The scarcity of fresh water is presently one of most
pressng concerns of the Region, Governments, and magor Internationa Organizations
and Patners. In parts of the Region, these are aggravated by drought, resulting in less
water avalable for human consumption, productive uses, and maintenance of
ecosystems. Therefore, water is likely to become the mogt criticadl and scarce naturd
resource of the current century, and the most limiting input to food security, economic
and socia devel opment.

Smilaly Mozambique is facing the same Stuation as mogt countries in the Region, and
as discussed by Gomes et d. (1999), the redity shows an increesing and apprehensive
aggravation of the scarcity of water in certain regions of the country. Mozambique is in
fact extremey dependent on fresh water flows coming from upsream countries. This is
further illustrated by Vaz (1997), by the fact tha from a totd mean annud runoff of
about 214 Km?, only 88 Km® are generated within the country being the remaining 126
Kn? the totd inflow at the border. This makes the ‘imported’” flows more than 50% of the
mean annud runoff. In terms of geogrgphic didribution, the South of the country is the
mogt criticd one, with an annuad runoff around 21 Kn? from which only 4 Km# are
generated within the country (Vaz, 1997).

This reports according to the TORs intends to summarise the state of knowledge of the
country in terms of water resources for crop production, and to describe the on-going
research on crop water management and identify further research needs based on good
practices focusng on fidd experiences in the devdopment and management of
agicultural  water technologies/approaches derived from farmers loca  knowledge,
external projects, agricultura research and from other actors.



2. Food Security, Hunger and Agriculture

Mozambique has a per capita income of US$ 230 per year in 2000 (PARPA 2001) that is
amongst the ten lowest in the world. Some 65% of Mozambicans live on less than US$
05 pe day. Povety remans essntidly rurd in character with over 80% of
Mozambique's poor households living in rurd aess. Rurd povety is primaily
atributable to limited agriculturd development, limited market development and poor
productivity levels. Agriculturd potentid is poorly converted into tangible income
generaion and employment crestion.

According to the last census (INE 1998), most of the population live in rurd aress (77%)
and most of the workforce is in the agriculture sector (95%), and poverty is greater in
rurd areas (71%) than in urban aress (62%). So, it can be sad that poverty is manly a
rurd phenomenon, dthough a high proportion of the urban population is dso poor. The
same sudy dso shows that educetion levels are very low, with literacy rates at 52% for
men and 16% for women in rurd areas, and school enrolment rates at 49% for boys and
3% for girls.

According to a study* on household living conditions, coordinated by the MPF, there are
dmost no landless peasants in Mozambique (less than 29). Productivity, however, is
vay low (less than hdf of neighbouring South Africa and Zimbabwe) and the use of
modern inputs and mechanisation dmogt inexisent (less than 2% use fetilisars or
pedticides, around 5% use animd traction and less than 10% use some equipment). In
addition, mogt of the cropland is in the smdlholder sector while less than 4% is in the
private sector. Therefore, the study concludes that increasing the size of the land plots
will not reduce poverty unless productivity is increesed, particulaly by invesing in
irrigation and fertilisers. The other important finding from this study is that development
initiatives that focus on rura areas will provide a strong poverty focus.

According to recent figures (Agrifood Consulting Internationd, 2005), agriculture
contributes 25.9% of totd GDP and is the source of livelihood for 75% of the population
of Mozambique. Agriculture exhibited a rgpid growth averaging 6.8% over the period
1996 to 2004 which was less than the growth of the GDP of 8.7% over the same period

A main contributing factor was the high vulnerability of agriculture to naturd disssters. If
the year of the flood is excuded from the caculaion of growth, agriculture shows an
average growth of 9.7%, which is even higher than the growth of the GDP.

In Mozambique, the gructure of the agriculture sector conssts of three main groups of
producers, 1) the commercid business sector, ii) the traditiond smdl-scae farming sector
(subsstence cultivation — food crops), and iii) the smdlholder cash cropping. Smadl
holder and smal-scale (both traditiond subsistence food crop production and cash
cropping farmers), cultivate about 95% of the totd area, the mgority practisng rainfed
agriculture, mainly for subsstence and with low levd of inputs The commercid and
business sectors represents only 5% of the total area, athough and particularly the sugar
cane indugry is facing currently a dynamic growth, on average nearly 50% during the
period 2001/03. Other crops such as tobacco and soya, horticulture (flowers and

! Titled “Understanding poverty and well being in Mozambique: the first national assessment 1996-97" published in 1999.
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vegetables), fruit trees and banana dso attracted foreign investment during the last five
years.

Table 1 shows esimates by MADER/DAP (2001) on the bass of the 1999/2000

agriculturd survey which recorded about 3,054,106 smdlholder farms, a number that
rose to about 3.090.197 households by CAP/2000 records. Likewise, medium holdings
were estimated to be about 10,180 (37,296 according to TIA/2002), and large holdings to

be 429 units by both sources of information.

Tablel: Summary of Key Characteristics of the Agricultural sector in
M ozambique 1999-2000

Indicators Holdings Farm Types Total
Small Medium Large

Number of Farming Households 3,054,106 10,180 429 | 3,064,715
Totad Cultivated area (ha) 3,736,619 67,727 | 120,977 | 3,925,324
Land Area per Farming Household 1.22 6.65 282 1.28
(ha)

% of cultivated area in basc food 84.4 74.2 7.6 81.8
crops

% of cultivated areain cash crops 4.7 51 30.2 45

Source: Bias, C., and Cynthia Donavan, 2003). “ Gaps and Opportunities for the agricultural sector in
Mozambique,” Research Report No 54E, MADER/DE Research Paper Series, April.

Teken as a whole, the smdlholder agriculturd producers comprise 99% of dl rurd
households. These famers are mogly subsistence, extremely dependent on ran fed
production and on intercropped and rotationa cropping systems. As TIA 1996 reports,
most of the food crop produced by this ssgment of farmers is dedicated to home
consumption. For instance, in 1996, 96% of sorghum, 94% of cassava, 88% of cowpess,
80% of maize and 71% of groundnuts produced were retained for home consumption.

Stagnant yidds? for most crops and congtraints on production and marketing are the
limiting factors to growth. According to Bias and Donavan (2003), the man crops are
maize and cassava considered as the basic food crops and grown by about 79% and 63%
smdlholder households, respectively. However, crop diversfication drategies include the
production of groundnuts, beans, sorghum, millet, rice, cashew, and sweet potatoes.3

Cultivation of these crops is based mostly on manud cultivation, and very little use of
modern/purchased inputs. Usudly, there is a strong association between the type of
agriculturd  activities undertaken by these smdlholders, increases in ther cultivated land
area with the sze of the household, use of animd traction, labour, modern inputs, cash

crops and market access, and off-farm income.

% For the past eight years, crop yields have been stagnant with an exception for cassava across
provinces (SNAP). Across crops, these yields are considered to be below potential and those of
other African countries in the region (Bias and Donavan, 2003; Howard et al., 1998).

Many households are also involved in cash crop cultivation. These crops often include cotton,
sugarcane, tobacco and more refined crops such as oilseeds (sunflower, sesame, soy), and
spices (paprika and ginger)



As cultivated land area increases, s0 does the size of the household. The better off
households have a higher likelihood (23%) to use animd traction than others, and this
varies across regions. Higher proportion (54%) of anima traction useisin the south.

While women ae active in rearing smdl livestock they ae frequently excluded from
large livestock progranmes® A gender approach recommends that any livestock
programme needs to consder how it can target women and what are the most gpropriate
anima species for femae farming, but this has to be based on an andyss of whether the
livestock programme will create a conflict between women's added responshilities and
their cgpacity to earn an income.

The low usage of modern inputs forces them to use more labour, and this is corrdated
with increases in cultivated land area. As a consequence, there are more tendencies for
expanson as opposed to intendfication of agriculture. However, with the increasing
impact of HIV/AIDs it is necessary to pay attention to appropriate strategies, some of
which are explained in chapter seven.

Regarding the natural resource dependence of the rurd poor, it is estimated that some
80% of Mozambicans depend on firewood and charcoa for domedtic energy, and the
annua consumption of this energy source is about 16 million m?®. The high dependence
on this energy source makes its availability a key concern to poor rura households who
often have no access to dternative sources. In addition to energy, especidly non-timber
products (foods, medicines, fibres) are important for subsistence use and income
generation. Thirty percent of protein in the rurd aess comes from bush med,
highlighting the importance of wildlife for rurd families The dependence on these
products increases in times of crigs.

Within the agriculturd sector, the crop production/commodity sector contributes to an
average of 85.4% of agriculturd GDP and has shown the dsrongest growth reldively to
the livestock and forestry sector. Agriculture exports over the period 2002-2004 have
increased by 41.7% from $187.5 millior? to $265.8 million. Agriculturd exports are
dominated by five products (imber, cotton, cashews, sugar, and tobacco) which together
comprise 87.7% of the total agricultura exports (FAO, 2005).

Whereas there seems to be more homogeneity among farming actors in the upper section

of the agriculturd sector dructure (the medium to large holdings), this is not the case in
the smallholder category.

Empirical evidence based on surveys about agriculture, food security, and nutrition have
shown that, although poverty is widespread in rurd aress, there can be distinguished
three categories of rurd households within the smdlholder sector: (1) the poorest of dl;
(2 the medium poor, and (3) the less poor. The didtinction is based on severd
perceptions about rurd livelihoods (MISAU, 2001, and MADER, 20017) and income

* Dohmen, C et al, Report of a Mission on Gender and Livestock Development and Production in
Q/Iozambique, (UE-ACP, 1997).

In this paper, the symbol ‘$’ refers to US dollar.
® MISAU e MPF. Perfis Distritais de Seguranca Alimentar e Nutricdo. Resumo das provincias,
1997-2000.



earning capacity and resource ownership (Carrilho et d., 2003; MADER/Visao, 2003;
Mole 2000, and Marrule et d., 1998).8

Table 2 shows how some key indicators for the smdlholder sector have evolved from
1996 to 1998 in centrd and northern Mozambique. Table 2 shows that there are
remarkable differences within the smallholder sector.

Table2 Evolution of Mozambique's Smallholder Key Indicatorsin Central and
Northern Mozambique from 1996-98

Indicators Net | ncome per capitaterciles Central and
Poor est Middle L ess Northern
poor poor M ozambique
1996 1998 1996 1998 1996 1998 1996 1998
on-Farm emmmeees as a % age of Total of Income----------
Staple Food Retained 69 56.9 51 43.5 39 32.0 53 44.3
Fruits and V egetables 7 5.5 20 5.9 21 6.9 16 6.2
Livestock Retained/Sold 5 22.4* 4 23.5 4 17.9 4 21.2
Staple Food Sales 5 2.6 6 5.5 4 6.4 5 4.5
Fruits and V egetables Sales 1 21 2 2.8 2 31 2 2.7
Cash Crop Sdle 6 5.0 9 8.6 10 9.3 8 7.7
Sub-Total On-Farm 93 94.6 92 89.8 80 75.6 88 86.6
Off-Farm
Net labour Sales 3 2.3 0 5.0 1 14.8 2 7.4
Net Micro-enterprise Income 4 31 8 5.2 19 9.6 10 6.0
Sub-Off-Farm 7 5.4 8 10.2 20 24.4 12 13.4
Total Income Share 100 100 100 100 100 100 100 100
----- Mean in US Dollars----
Total Household Net Income 67 65.1 161 162.3 176 458.5 201 228.1
Total Net Incomeper capita 12 12.4 30 33.3 91 108.4 44 51.4

Source: Taken and adapted from the 1996 MAP Smallholder Survey and 1996 MAP/MSU MSE Survey
datafrom Carrilho et a., 2003, and Marrule et al., 1998.

For instance, from 1996 to 1998, the share of onfarm sources of income has declined
while the dere of off-farm sources incresead for dl farm categories except for the low
income caegory of famers. Overdl, the totd household net income declined for the
poorer households whereas for the other two categories increased, and substantialy for
the higher income farm category. Net labour sales seems to have contributed to a large
extend to this trend, particularily for the medium and large farm category.

There are certainly other factors such access to and the dze of arable land area for

cultivaion, ownership of trees paticularily cashew trees and engaging in smadl
enterprises.

" MADER, 2001. Contribui¢édo da Pecuéria para o Alivio & Pobreza.

8 carrilhoeta (2003) “ Que papel para a Agricultura Familiar Comercial no Desenvolvimento rural e na
reducaop da pobreza em Mocambique?” Relatério de PesquisaNo 53P, MADER/DE Série de Relatérios
de Pesquisa, Julho; P. N (2000). “An Economic Analysis of Smallholder Cashew Development
Opportunities and Linkages to Food Security in Mozambique’s Northern Province of Nampula.”
Michigan State University; and Marrule, H., Rui Benfica, Paul Strasberg and Mike Weber (1998).
“Algumas reflex? es sobre a Pobreza e as Perspectivas para o Crescimento Rural em Mocambique” in
flash... No. 14P, PSA/MAP/DE, September 27.x



The data shows as wel tha despite the large differences across rural households, both
tota incomes per household and per capita is very low. In addition, off-farm sources
contribute to less than 25% to totd income, with higher proportion only for the less poor
households in both years. Carrilho et d. (2003) reports that the households with higher
incomes per capita a large proportion of their income come from cash crops sales such as
cotton and cashew in the north. Furthermore, the poorest households have a large
proportion of households led by women.

Other important factors to be taken into account are the fact that access to land and
owvnership of more long-term assets are corrdated to income. Femde farmers are
epecidly prone to sdl their labour when faced with criss because their low economic
satus and high dependency ratio not only put them at greater risk but aso reduce their
ability to build up reserves aganst shocks such as drought, disease, HIV/AIDS, floods,
etc.

That is, for instance, less poor households have larger cultivated areas, and in most cases
these are twice as big as those cultivated by poorer households. Given that number of
cashew trees is corrdated to land, and land to income, the less poor households tend to
have more perennid trees such cashew trees aswell (Mole, 2000).

2.1 Gender and HIV Aspectsin Agriculture

Condderable efforts have been made to raise the status of women in Mozambique, as
shown by the incressed number of women in the decisonmeking pogtions including
high offices within government and public services Neverthdess, gender inequdity and
gender differences (defined as the differences between women and men in relaion to
access to and control over recourses including farm inputs and labour, access to markets,
cash income and decison making over income) are gill a mgor issue, in paticular in
rurd areas. Approximatedy 80% of the Mozambican populaion is active in the
agriculturad sector and 90% of al women are engaged in agriculture (UNDP 2001).

Poverty, HIV/Aid, food insecurity and environmenta degradation have a disproportion-
ately negative impact on rurd women due to ther inferior socio-economic, legd and
political status as well as ther critical roles as producers and household managers. The
causes and effects of these problems are systemic and have far-reaching implications for
agriculturd and rurd development as a whole and for dl initistives amed a increasing
household income, raisng leves of nutrition, improving the production and digtribution
of food and agricultura products, and enhancing the living conditions of rurd
populations. Studies show that rurad women in Mozambique are the most disadvantaged
population group in terms of economic growth and development (Van den Bergh-Collier
2000 and USAID 2003). Studies on didricts with food insecurity and nutrition vulner-
ability due to drought, market isolation, chronic nutritiond problems and low praduction
areas show that femae headed households face a food security risk during 4.2 months per
year compared to 3.5 months for mae headed households (GIMAV 1997/98). Femde-
headed households (gpprox. a fifth of al households) typicdly have smdler fields and a
high dependency raio since they count fewer productive adults than other families The
impact thereof is exacerbated by HIV/AIDS.



Throughout the country, femde farming is characterized by low productivity. Women are
adso predominating in the unpaid subsistence sector for household consumption. Gender
bias and gender blindness perss, egpecidly because fames—in paticular cash
croppers—are dill generdly perceved as ‘maé€ by policy-makers, development planners
and agriculturd service providers. Women thus reman primarily involved in household
food production and smdl-scde cash cropping with low leves of technology, eg.,
tending fruit and cashew trees. In the agriculturad commercid sector, women's ability to
generate surplus production is adso hampered by (i) their relative lack of access to credit
with which to finance the purchase of inputs and services to improve ther productivity
levels, (ij) their limited ability to transport produce to the markets in time, and (jii) their
lack of decison-making power in farming associations. Measures to promote marketable
aurplus among femae farmers will dso require appropriate extensdon services that target
women farmers and address their specific needs.

In the smdlholder sector, women often make the decisons and provide most of the
labour for a wide range of cultivation and pos-havest activities, including Storage,
handling and marketing. They dso predominate in off-farm food processng activities
gther in micro-enterprises or as wage workers in agro-indudtries such as cashew
processing, dthough they have little knowledge about the prices their crops fetch and the
avalability of services and products to improve ther farming techniques. Moreover,
where agro-factories have downszed or closed and jobs are scarce, women are gradudly
ousgted from wage jobs they formerly occupied.

Recent studies show that women decide not to generate surplus production if they cannot
trangport it to the market in time or if husbands receive the proceeds of the sde® Femde-
headed households typically have less labour so that they cultivate smdler areas and are
reluctant to switch to more labour-consuming techniques. This is likely to be the same for
HIV/AIDS affected households. Addressing this problem requires a detaled
understanding of women's decisons to diversfy and rationdize production based on an
andyssof cogt-labour-gans.

Rurd women dso play an important role as managers and users of naturd resources such
as fud, biodiversty and domestic water supply. Based on their reproductive role they
collect water, gather firewood and forage forest products, whereas men tend to be more
involved in tasks relaed to their productive role, i.e, feling trees for condruction and
fencing, commercid logging, preparing fodder for livestock, clearing land for cultivation
of cash crops. Women have extensve knowledge of biodiverdty and various uses of
plants and herbs.

Among the mogt important environmental concerns are soil degradation and erosion (to
which poor femade famers are particularly vulnerable), deforestation and solid waste
digposd. Measures combating these will have to consder women's roles, current
practices, and preferences and empower them to meke sustainable use of naturd
resources or aternatives.

Various gender concerns relate to HIV/AIDS. Women are disproportionately affected by
the pandemic since they are biologicdly and economicdly more vulnerable to HIV

® Van den Bergh-Collier, Gender Profile in Mozambique: Analysis and Action Plan for the New
Strategy Period 2004-2010 (USAID Mozambique 2003), p 14.
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infection and they can women tranamit infection to their unborn babies in the womb,
during childbirth, and through bresstfeeding. The disease increases women's burden as
caretaker and breadwinner and directly impairs their ability to ensure their family’s food
security. As such, women become the caretakers of sck household members, often take
on responghility for other people’s orphaned children, engage in additiona activities to
ensure their family’s food security, engage in risky behavior in exchange for cash, food
or good, and are frequently ill while doing dl of the former.

HIV/AIDS is unique and different from dl the other problems that affect development
initigtives. Though diseases such as mdaria and tuberculogs kill millions eech year and
catastrophes (floods, droughts etc) have obvious implications for development, two
factors make HIV/AIDS one of the biggest threats to development the world faces today,
dgnce it drikes the most economicaly productive members of society, HIV/AIDS is a
problem of critical importance for agricultural, economic and socia development.

As evidence suggests, the HIV/AIDS epidemic affects agriculture more than other
sctors. The devedating effects of HIV/AIDS on agriculture, therefore, must be
addressed since the epidemic undermines the progress made in the last 40 years towad

agricultura and rurd deveopment. The impact of HIV/AIDS on the agriculture sector
threatens sugtainable agriculture and rurd development primarily through:

? Loss of Labour (less area cultivated, range of crops decreases, shift to less
intensive crops, less time domestic tasks, etc).

? Loss of capital (forced disposd of productive assets, sale for hedth care,
funerds, asset ripping).

? Loss of indigenous farming methods, inter-generational knowledge,
and specialised skills, practices and customs.

? Disruption of traditional social security mechanisms (increased number
of orphans)

? Morbidity and mortality anong the staff of rurd ingtitutions and support
sarvices — weskening inditutiona capacity (FAO 2001).

By the end of 2001, 1.1 million Mozambican adults and children were living with
HIV/AIDS, with adult prevdence over 13% (adults being 1549 years old). Prevalence
rates are higher and increesng more rgpidly dong the development corridors (eg.,
Maputo-Nacada) and among the mobile populations (i.e, miners, migrant workers,
traders, drivers and uniformed services) and their partners (FAO 2001).

The Mozambican HIV/AIDS scenario is extremdy worrying because of the rapid
increase in HIV/AIDS rates caused by dynamic rurd-urban and cross-border novements

together with perssent poverty and 50% illiteracy (of which 71% ae women).



Projections indicate that the number of economicdly active persons in 2010 will not be
12.4 million, but 10.8 million with a high proportion of very young or very old workers.
The forecasted impact on labour availability is of extreme concern since labour shortages
are dready congraining agriculturd production.

Despite findings from other sub-Saharan African countries with smilar or higher preva-
ence rates than Mozambique, there is as yet no empiricd evidence, paticularly from the
agriculturd sector (where more than 70% of the population resides) that there is a drastic
reduction in production as a result of HIV/AIDS. Most of the survey work and data
collection has been concentrated in urban and peri-urban areas. No comprehensive study
of the impact of HIV/AIDS on the agriculturd sector in Mozambique. The various
impacts of the HIV/AIDS epidemic on the agriculture sector have been inferred from
experiences and data from other sub-Ssharan African countries (eg., VETAID
conference on Mitigating the Effects of HIV/AIDS on Agriculture in Southern & Eadern
Africain November 2003).

2.2 Land and water resourcesfor irrigation

Recent edimates indicate that irrigated agriculture is the larget water consumer
accounting itsdf for about 550 million of cubic meter per year (Mm?3), corresponding to
about 87% of the country tota water consumption. (FAO, 2005; Consultec, 1998),
followed by the domestic sector using 70 million n¥ (11 percent) and industry consuming
15 million n? (2 percent). The man source of water for irrigated agriculture in
Mozambique is surface water.

Although rainfed agriculture accounts for the mgority of the cultivated land, irrigated
agriculture, which currently occupies about 1% of the totd cultivated area, conditutes a
sgnificant contribute to the nationd agriculturd production.

Irrigated agriculture is dso characterised by high water losses, low efficiencies, highly
subsidised water rates, and low yields per unit of gpplied water. Any practice leading to
increase water use efficiency, ether by saving water or by increasng crop yidds for the
same amount of water, is just essentid to make the best use of limited water resources.
These savings would dso inevitably mean more water available to expand irrigated aress
or to dlocate to other sectors within the same river basin.

Previous reports, referring FAO esimates in 1983, indicate a potentid of 3.3 million
hectares of land suitable for irrigation throughout the country (UNESCO - DNA, 1984).
This figures condituted a firs gpproximation mainly based on reconnaissance sudies,
most of them carried out before 1975. When these estimates were updated with more
recent and detailed information the country potential for irrigation was reduced to about
2.7 million of ha of irrigable lands!® (Consultec, 1998). From this potentid, more than
50% are located in the Zambezi river basin in the centre of Mozambique. The Umbeuz,
Incomati, Limpopo, Buzi and Pungoé river basins in the South of the country, where a

10, rrigable lands should be understood as areas that, with the present knowledge concerning land and water
resources, are feasible to beirrigated in anear the future.



Master Plan for irrigation development was eaborated, cover about 15% of the tota
country irrigable area.

More detalled sudies, including water resources and environmental impact assessment,
can probably show more consarvative figures. In the Zambezi river basin, for example,
ealy dudies identified an irrigation potential around 1,500,000 ha (HP, 1965). More
recent studies (Burep, 1980), indicated that highly suiteble soils for irrigation are around
1,000,000 ha, but from this only 200,000 ha do not require the eevation of water more
than 10-20 m. These areas were suggested as the most recommended for a short-term
irrigetion development. Mention should be made to the exiding consarvation and
protected aress in the right bank of the Zambezi river, which can further limit the
implementation of these irrigation projects.

Edimates made by the Nationd Irrigation Development Master Plan in 1993, indicate
that in the Umbduzi river basn, even with dl the hydraulic dructures in place, the
avalability of water will not be enough to cover dl the soil potentid for irrigation (only
8,100 ha out of 21,000 ha can effectively be irrigated). The Incomati and Limpopo river
basn can eesly reech ther land potentid for irrigation, but only if mgor hydraulic
sructures are put in place (Moamba and Mapai dams, Chudi dike).

From these examples, it can be drawn that Mozambique is endowed with soil potentia
for irrigation, which congderably exceeds the area that can currently be exploited,
conddering the avalability of water resources, the implementation cgpacity of mgor
hydraulic structures, and the actud land use. The scarcity of water resources for irrigation
is more severe in the southern basns, where semi-aid dimatic conditions and
internationa river flows add to urban and indudtrid requirements, causing an enormous
sressin the riverine ecosystem.

2.3 Higtory of irrigated agriculturein Mozambique

In 1968, the irrigated area in Mozambique totdled 65,000 ha with Maputo and Gaza
Province, in the South, concentrating about 72% of the irrigated aress. The expansion of
the irrigation sector since 1968 occurred mainly with the implementation of magor sugar
cane schemes and the Chokwé scheme, which was actualy initiated before 1968.

Egtimates from 1973 indicated a totd irrigated area around 100,000 ha with Maputo and
Gaza Provinces occupying the mgjority of the irrigated areas (Mdlo e Marques, 1973).

Inventories carried out in 1986 and 1987, indicated a tota developed area for irrigationt?
around 120 000 ha, from which gpproximately 42,000 ha were fully operative at tha time
(Mihdjovich and Gomes, 1986; Sogreha, 1987). From these 42,000 ha, 67% were located
in the Limpopo, Incomati, and Umbeluzi rivers, 25% in the Buzi, Pungoé and Zambeze
river basins, and the remaining 8% were distributed among the other river basins.

The biggest irrigation schemes are the Chokwé (Limpopo river basin) and the sugar cane
plantations (Incomati, Buzi, Pungoé and Zambeze river basin). Chokwé is the most

" Total developed area for irrigation should be understood as areas with infrastructure and which
can still be irrigated with reference to past practice.
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important irrigated area in the country with 25000 ha equipped for irrigation,
representing 21% of the tota developed area. Sugar cane schemes account for 29%
(34,250 ha) of the country developed areafor irrigation.

Recent edtimates indicate that the actud irrigated area is around 35,000 ha (Consultec,
1998). However, a nationd irrigation survey carried out from 2001 to 2003 (Marques et
al., 2003, 2002, 2001), concluded that currently, 118,120 ha are equipped for irrigation,

of which only 40,063 ha are actudly operationd/irrigated.

The nationd survey on the irrigated agriculture on the bass of previous sudies
consdered three different irrigation categories based upon size of the infrastructure and
land aess, i.e. Class A for irrigated areas < 50 ha; Class B for schemes from 50 ha to 500
ha; and Class C for areas > 500 ha.

About 257 schemes have been recorded so far a country level, which corresponds to the
totd equipped land for irrigation, 118,120 ha, condsing manly of large schemes Class
C, over 500 ha schemes (about 70% of the total equipped irrigated areq). Class B 50-500
ha size irrigated areas account for 17% (20.000 ha) from the tota equipped land area, and
77 schemes were recorded. Class A irrigation aress registered account for 159,
corresponding to 6.400 ha of equipped land.

Basn irrigation for rice and furrow irrigation for different types of vegeables ae
practiced. Sprinkler irrigation is widespread with agricultural companies, espeddly in
sugarcane plantations, but aso for citrus fruits and vegetables. Some producers employ
drip irrigation to produce tomatoes (3,347 ha or 8 percent of the actudly irrigated areq);
50 percent of the actudly irrigated area is under sprinkler irrigation, while the remaining
42 percent is surface irrigation. In mogt irrigation schemes, surface water from rivers is
used. Groundwater is used to a very limited extent by the family smallholder sector.

In the north of the country there are only few large-scde irrigation schemes actudly
irrigated, and only irrigation of class A and B is operative. In the south pat of the
country, class C schemes account for approximately 80 percent of the equipped area
Class A schemes are moglly operated by farmers individudly or organized in an
asocidion. Class B schemes are usudly managed for industrid exploitation, mainly
sugarcane and rice. Class C schemes are not promoted any more, as most of the recent
projects are aimed at rehabilitation and development of dass A and B schemes.

The following tables show results from the nationd irrigation survey (Marques et 4.
2001, 2002, 2003).

Table 3Irrigation and Drainage in Mozambique

Y ear Amount
Irrigation potential 3,072,000 ha
Irrigation:
1. Full or partial control irrigation: equipped area 2001 118120 ha
- surfaceirrigation - ha
- sprinkler irrigation - ha
- localized irrigation - ha
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- % of areairrigated from groundwater
- % of areairrigated from surface water

%
%

2. Equipped lowlands (wetland, ivb, flood plains, mangroves) ha
3. Spateirrigation ha
Total area equipped for irrigation (1+2+3) 2001 118120 ha
- as % of cultivated area 2001 3 %
- average increase per year over thelast 8 years 1993-2001 13 %
- power irrigated area as % of total area equipped %
- % of total area equipped actually irrigated 2001 4 %
4. Non-equipped cultivated wetlands and inland valley bottoms ha
5. Non-equipped flood recession cropping area ha
Total water-managed ar ea (1+2+3+4+5) 2001 118120 ha
- as % of cultivated area 2001 3 %
Full or partial control irrigation schemes: Criteria

Smdl-scale schemes (Class A) < 50 ha 2001 6,339 ha
M ediumscal e schemes (Class B) 50 - 500 ha 2001 19647 ha
large-scale schemes (Class C) > 500 ha 2001 92,084 ha
Total number of householdsin irrigation

Irrigated cropsin full or partial control irrigation schemes:

Total irrigated grain production metric tons
- as % of total grain production 194 2 %
Harvested crops:

Total harvested irrigated cropped area ha
- Annual crops: total ha
. Sugarcane 2001 23858 ha
. Vegetables 2001 7011 ha
.Rice 2001 4130 ha
. Tobacco 2001 445 ha
. Other annual crops ha
- Permanent crops: total ha
. Citrus 2001 370 ha
. Other permanent crops ha
Irrigated cropping intensity %
Drainage - Environment:

Total drained area ha
- part of the area equipped for irrigation drained ha
- other drained area (non-irrigated) ha
- drained area as % of cultivated area %
Flood-protected areas ha
Areasalinized by irrigation 1993 2000 ha
Population affected by water-rel ated diseases inhabitants

Source: (FAO 2005)
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Table 4 Irrigation in Mozambique

ltem North Centre South Total
(ha) (o) (ha) (%) (ha) (%0) (ha) (o)

Area equipped for irrigation:
Class A (<50 ha) 592 17 1,428 4 4,369 6 6,389 5
Class B (50-500 ha) 1,760 53 6,653 17 11,234 15 19,647 17
Class C (> 500 ha) 1,000 30 30,949 79 60,135 79 92,084 78
Total 3,352 100 39,030 100 75,738 100 118,120 100
Areaactually irrigated:
Class A (<50 ha) 200 30 624 4 2,452 11 3,276 8
Class B (50-500 ha) 461 70 1,584 10 2,635 11 4,680 12
Class C (> 500 ha) - - 14,049 86 18,058 78 32,107 80
Total 661 100 16,257 100 23,145 100 40,063 100
Part of equipped area actually irrigated:
Class A (<50 ha) 34 44 56 51
Class B (50-500 ha) 26 24 23 24
Class C (> 500 ha) - 45 30 )
Total 20 12 31 A
Irrigation technology in actually irrigated area:
Surface irrigation 656 29 4,200 26 12,000 52 16,856 42
Sprinkler irrigation - - 11,530 71 8,330 36 19,860 50
Localized irrigation 5 1 527 3 2,815 12 3,347 8
Total 661 100 16,257 100 23,145 100 40,063 100
Main irrigated crops:
Sugarcane - - 13,799 0 10,059 50 23,858 67
Vegetables 301 100 210 2 6,500 32 7,011 2
Rice - - 480 3 3,650 18 4130 n
Tobacco - - 445 3 - - 445 1
Citrus - - 370 2 - - 370 1
Total 301 100 15,304 100 20,209 100 35,814 100

Source: (FAO 2005)




2.4 Irrigation Usein Mozambique

The main irrigated crops are sugarcane, rice, citrus, and vegetables (mostly tomato and
lettuce), which are cultivated with low intengty of 1.1-1.2 cropslyear; see previous Table
4.

The cost of irrigation sysem deveopment varies according to type of irrigation
technology. For surface irrigation it ranges from US$1,000 to 1,500/ha, and for sprinkler
irrigation from US$1,500 to 2,000/ha. Maintenance cost is around US$500/ha per year.
The rehabilitation cost, depending on the condition of the old system, can vary between
US$500 and 1,500/ha (FAO 2005).

Irrigation efficiency is reduced to 25-50 percent, mainly in the surface irrigaion aress of
gndlholder farmers. In agriculturd companies, which use mainly orinkler irrigation,
efficiencies are up to 70 percent (FAO 2005).

3. Analyssof Good Practicesin Micro Irrigation and RWH

3.1 Water management technology — swamp irrigation/inland valley
swamps and dambos

As from the inventory form, this water technology or practiced is quite common in the
centrd and northern parts of the country, where dominant landscape features in the
dightly undulaing plan ae low hill intefluves dternating with valey floors and
dambos. According to Chabweda (1991), such terrain units beong to the Paudrine
System, and they may occur dong rivers, lakes, or coastal area, or in a form of seepage or
Sorings, being of enormous importance for smdl-scae agriculture.

The development of these areas in mogt of the region is limited to the rainy season, where
surface and rain waes ae the mgor limiting factors during the dry season once
becoming seasond and the rivers having low discharges.

During the rainy season with no limitations in tems of waer and soil moigture, the
swamps and dambos are used for paddy rice cultivation. Some of the valeys and dambos
were developed with the help of other inditutions, who provided the technologies to
improve and to increese land use intensty year aound. Where technology was
introduced and developed locdly, different structures were established in order to harvest
water, i.e. amdl dams were built, or in the case of rainy season, earth canals were open
following the centre of the valley to drain excess of water.

In the case of the swamps and dambos where water regime is dependert on seepage
water, water harvesting structures are aso built dong the lower dopes and pardld to the
vdley and laler water diverted into the swaps and dambos. So improved systems
contribute for year round crop production.
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It may be concluded that such systems have been developed and adapted to match smal
scde irrigated rice production systems. In the absence of irrigaion, smdlholder rice
growers in centrd and northern Mozambique have traditionaly adapted their cultivation
methods to suit the unpredictability of the naturd sysem and offsst the limited
availability of resources. Thus over multiple generations, two key adaptations have been
made within rice production sysems to ensure adequate yield, combining productivity
and water use efficiency:

1. Smdlholders have limited the sze of ther holding to gpproximately 0.5ha or
gndler, in line with the avalable manud inputs of hand tooling for ploughing
and weeding (labor condraints a household levd); production of rice in
norma years under thee circumgances is sufficient to satisfy household
requirements, and enable seed regeneration for the following season. Any
excess production is then sold to supplement income.

2. Smdlholders have gpplied a range of risk minimization drategies within ther
rice production sysdems incuding: the utilization of different planting
methods on variable topogrephy, such as direct dry sowing on higher, well-
drained soils followed by transplantation onto inundated soils after ranfal,
the daggering of planting dates and the sowing of different varieties with
varying tolerances for drought and flooding, thus ensuring basdine production
irrespective of seasond developments.

So for sugtainable purposes, operationd and maintenance of such systems are kept to a
veay low leve of inputs, mostly assured by the farmers or with community participation,
from the condruction of the water diverson sructures, open earth channels, and terrain
levelling for water trangportation and ditribution from the source to the plot.

It is edimated that, for amilar sysems, the water supply of the primary channe to the
fidd is 15L/sec, operating a a water supply efficiency of 50 percent in the wet season,
due to seepage and evaporation. This delivery efficiency decreases to approximately 25
percent in the dry season, due to an increase in evaporation combined with decressed
river flows.

These irrigation sysems have been in operation for more than 25 years and the users
dtuation is different from area to area, where it may be possble to have gtuations like
there is only one privae irrigator currently utilizing the sysem, or a famer associdion
running the system. Crops are grown with no peticide, mechanicd or fertilizer inputs, as
well asthey rey on loca seed.

From interviews and from different government sources it was determined that 500kg of
rice was produced off 0.5ha (yield 1 tonne/ha) in 2003/04. It appears that weeds have an

adverse affect on find yidd of the crop if not properly managed. The steep doping
topography of the fidd is not effectivdly bunded to maintain submergence of the fied for

optima rice yidds The undulaions in the surrounding aress limit the ability for future
expangon of the irrigated area. So leveling due to labor limitation a household leve
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further limit the efficency of the sysem and productivity. The channds have a double
function once they may be used for water didribution for irrigation purposes or in the

case of excess of water, to act asdrans.

1.  Strengths of this irrigation system include:

1. The irrigation waer supply is gravity supplied (requiring no diesd input
cogs) and the quantity of water avaladle is not a limiting factor for in-crop
irrigation.

2. Condggency - this amdl-scde irrigation system has been in operation for more
than 25 years.

3. A regular schedule of mantenance on the primary supply channd has been
established. One person takes one week per year to maintain channels prior to
the wet season.

4. The smdlholder famers involved are awae that water delivery efficiencies to
the fidd are sub-optimal, and they are eager to learn how to improve and seek
for solutions to these issues, despite financid condraints.

5. The potentid of the available water resources are under-utilized during the
wet season and expangion of the irrigated area off thisriver isfeasble.

2. Weaknesses of this irrigation system include:

1 There is an edablished farming practice of low-input/low-output irrigated rice
production. Fertilizers are not used, rice varieties are mixed within the fidd to
spread the risk of adverse seasona conditions, and weed control is poor due to
limitations of |abor.

2. The area sown to irrigated rice is limited by the shortage of manud labor for
ploughing and weed control and in season weed control.

3. The ddivery efficiency of the primary supply channd is low (<50 percent)
due to seepage and evgporaion. While this low efficiency impacts the total
water supply for dry season vegetable production rather than in the wet season
rice, if future irrigated rice area expanson was to increese, the demand on
water supplies would escalate and poor supply efficiency may become a
hindrance to production.

3.2 Water harvesting technology —micro basin system

This technology or water harvesting practice is used agan in the centrd and northern
Mozambique, in the coastd zones, where mean annud rainfdl ranges from 1000 to 1200

mm, in association with very flat terrain systlems and heavy clay soils.
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The system has been developed again by smdl holder famers and is dmost specidised
for rice production. The area where such technique is widdy spread is in the Mossuril
Didrict, Cabacera Grande, in Nampula Province, and most of the lowlands of
Quelimane, Nicoadda and Namacurra didricts, in Zambezia Province. Two mgor terran
sysems are used for rice cultivaion, the coadd dluvid plain, amogt flat topography,
with no gradient, favouring ponding conditions, and the eongated depressiongfresh
water swamps or baixas between the beach ridges. Both sysgems rdy on the ranfdl
amounts and frequency of heavy sorms, dthough in the dluvid plan surface dranage
conditions are dightly better than in the depressons, dmos inundated annualy. The
wider the depression the more the tendency too much weter areas because of the lower
gradient and dow run-off, S0 getting to a permanent flooded depression condition.

While adequate water qudity is avalable during the rainy season, the water can be
brackish before the start of the rains especidly near the coast and river estuaries.

The sygem is labour intensve once dl the condruction and maintenance of the man
made dructures redy on the household members. Almost every year and before the
beginning of the rainy season al the smdl earth bunds/dykes have to be repaired in order
to be effective for ran waer harvesing and flooding the micro basns, which are then
used for paddy rice production.

The plots sze ranges from 100 to 250 m? and the shape is conditiond to the loca
topography. Soils ae quite suitable for paddy rice cultivation, and such sysems are just
adequate for smdl holder rice production, dthough there is room for improvement of the
current farming systems, particularly on the crop, soil and water management aspects.

Rice in the wettest places is the only crop to be grown and occupies practicaly dl the
avalable land in each depresson from about mid-December to the end of June and July,
depending on the rainfdl pattern and household labour conditions. The deepest centrd
parts of the depressons are not cultivated and are left, and fishing is an dternative use for
the households. In the driest baixas, a second season crop is possble to be grown and
farmers normally plant maize and sweet potato in the ridges they prepare to improve soil
dranage Thexe large ridges are leveled while preparing the fieds for the next rice
growing season.

There is virtudly no water control, except for the smdl earth bunds round each fidd. The
fla area is different once soils are heavy textured day soils of marine and dluvid origin,
seasondly inundated to about 30 cm or more with rain water and in some cases with river
water. The mgor difference in this terran system is that groundwater qudity year round
is poor. Here dso ae edtablished surface irrigation infrastructures, mainly used as
supplementary irrigation for rice production during months or criticd Stages of crop
devel opment.

Magor condrants in these sysems is soil fertility decline after so many cultivation cycles

without improving nutrient levels (especidly phosphorous), and organic matter content.
Also due to the use of brackish water, it may causes problems in the future and some
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areas may be lost due to degradation. However, drainage is not recommended because it
may have a detrimenta impact on the locd environmentd conditions. Most probably the
fresh water layer is rather shdlow and drainage can cause ether water shortages in the
upper aress of the ridges system, or creating another problem by draining the kaixas, the
under laying sdline water ca rise and penetrate into the crop root system, affecting the
yield and the soil.

Yidds under the prevaling faming sysems are low, ranging from nearly 700 kg up to
1.800 kg/ha and 2.000 kg/ha.

3.3 Water management technology —river floodplain irrigation

This sysem is common in the lowland coasta aress of the centra and southern parts of
the country, and agan because of excessve moidure, in generd is used for rice
cultivation during the rainy and wet season, and very seldom used for another crop during
the dry season. In some aess if teran dlows famers do prepare ridges to improve
drainage conditions and plant a second maize crop and sweet potatoes, in the dry season,
but where there is some how an hydraulic infrastructure, and the system managed through
a farmer association, the system is used just for a single rice crop. It is not dlowed to
grow any other crop because land preparaion involves ridging, which results in changes
in the terrain topography, thus being a condraint in water didribution due terran
irregularities.

The system operaes through controlling the rise in floodwater using dykes, cands and
duice gates, taking advatage from terrain postion in the topography, in order to prevent
sdine seawae intruson into the irrigaion sysem. Most common places where this
technology is used are in coastal areas d Zambezia and Sofaa Provinces, in the delta of
the Zambeze River.

The irrigation sysems lie in the flood plans of mgor Zambeze tributaries, in the low-
lying flaa arees. The method of irrigation are unique in the country because it is
dependant on the tide. The system lay-out takes advatage of water flows in the river and
the tides. So a quite substantiad network of large earth channels are established for water
digribution from the river, dthough with quite a number of culverts in the dike on the
riverdde, equipped with diding gates to control the water flow from the river. On the
inner sde of the dike water enters into severd pardle secondary cands, of which just
pat of the cands reach the far end of the sysem. This systems is then crossed by a
network of tertiary cands. The network is used for irrigation and drainage, with a bottom
dope of zero. At the end and limiting the system there is a dike which protects the area
from floods, while margind to the lay out the sysem is limited by beach ridges terran
systems.

The working of the irrigation system is fully dependant on the discharge of the river and
the tide of the Indian Ocean. Hooding is possble a certain combinations of discharge
and high tide. During the ray seeson and for four to five months December to
April/May, the discharge of the river is high and the tidd fluctuation is superimposed on

water heights. Once in two weeks and for sucessve days, the water heights are high
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enough to flood the fields and then the water is refreshed. During low tides the excess
water is drained and leaves the system. Also during these combination of river flows and
tides, the dicing gates are dosed preventing from sdt water intruson. The advantage of
the sysem is that dso benefits from ran water, dthough during the dry season when
river flows are reduced the use of the system is limited, in order to prevent sdinization
due to the use of poor qudity water.

It seems tha the sysem has some operationd problems, which limit the fully use of the
totd irrigated area. Cands layout and levelling are mgor condraints, preventing water to
be evenly digtributed by dl fidds. This may be aggravated by the use of both irrigation
and dranage channds, which ssems wise to differentiste irrigation from drainage
network and infragtructures. It has been reported the problem of sdinization. The current
layout may result in insufficient leaching and drainage of irrigation water, which may
influence environmenta local conditions.

3.4 Water management technology — swampy irrigation/fresh water
svamps

According to Gomes et d. (1997), this practice is manly limited to the southern part of
Mozambique, occurring in the swampy peat lands, and it belongs to the Paustrine system
(Chabwela, 1991). The South of Mozambique is characterised by aid and semi-arid
climaes together with light/coarse textured soil having low avalable water content
(AWC). To face these adverse conditions, famers usudly cultivate the lowland aress
where the resdud soil water content can be used for crop growth.

Hydromorphic soils are found in areas of water seepage, at the footdopes (lower dopes)
of the scarps which form the trangtion between the beach ridges, degraded beach ridges,
coastd margins and the lower aress, such as fla marshy zones, swampy depressions,
swaes and tidd flais (Barradas, 1962). These soils are saturated with water either
permanently or during most of the year. This causes a lack of oxygen, dowing the
breakdown process of organic matter by bacterid activity. Although some minerdisation
is caused by anaerobic bacteria, this is much less than under dryland conditions. A strong
accumulation of organic matter gives rise to an organic peat horizon, which can vay
from 0.4 to 1.0 m depth.

These organic (peat) soils are caled machongos ad they are generdly very fertile and
continuousy wet. They receve fresh water dl year rond as seepage from the
surrounding dune areas with high infiltration and high recharge rates. They adso present a
vey good soil dructure for plant growth with high waer holding cgpecity, high soil
agration, and easy workability. These characterigics make these soils specidly
recommended and dtractive for the smdl scale agriculture. When subjected to drainage,
machongos ae intensvely used for crop production though excessve dranage can
contribute to mineraisation of the peet, resulting in soil aadification.

The hydromorphic sandy soils are less rich in organic matter than the machongos, but
they aso have a watertable close to the soil surface. Due to the smilarity of these soils, in
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terms of occurrence, wetness/drainage, land use, and vegetation, farmers dso commonly
cal them as machongos

Water management is the key issue to the use and management of machongos. Shalow
drans, combining the functions of dranage and irrigation, and mantenance of
groundwater levels both in wet and dry season, are usually opened by hand. While for the
hydromorphic sandy soils the impacts of drainage is not problemdtic, the same does not
occur with the peat soils. Due to a strong accumulation of organic matter, and because
they are nearly saturated with water for most of the year, peat soils usualy have an acid
reaction quite accentuated (pH values between 3.8 and 5.5). This is due to the release of
hydrogen ions (H") during the decompostion of organic matter, which is grongly
associated with increasing mean air temperatures and aeration of the soil when drained.

In the presence of better, rdatively fredy drained conditions, main cultivated crops are
rice, maize, beans, and vegetables. Rice is consdered the main crop to be grown on these
soils due to its rooting system well adgpted to waterlogged conditions and to its growing
cycle during the hot and rainy season, when the peat soil is likely to be flooded. Yields of
1.9-2.8 t ha for rice were recorded by some farmers in the machongos of Gaza province
(Monteiro, 1957). Smilar observations in farmer’s fidds, have shown yields around 20 t
hal for lettuce and sweet potato, and 10 to 15 t ha! for cabbage, onions, carrots and
tomatoes during the dry season (INIA-DTA, in prep). These soils are though quite fragile
due to the amost absence of the minera component. Mismanagement of peat soils can
lead to its degradation and loss for agriculture.

Sdinity and/or sodicity are present particularly in the dluvid soils in the South of the
country. This is due to the presence of sdine andlor sodic lacusrian and estuarine
deposits (primary sdinization), which can be aggravated by an inadequate management
of the irrigation and drainage system (secondary sdinization). Some other cases are dso
influenced by the sea water intrusion, due to reduced fresh water flows.

Based on this results some basic principles for a sustainable management of these soils
(Monteiro, 1957; Dikshoorn et al., 1988) were confirmed by the Manguenhane case-
sudy (Mafdacusser et al., 1997):

» Shdlow drainage must be encouraged in order to avoid the watertable to low more
than 0.2-0.40 m depth; drain spacing and depth should be determined for each case,
according to the physcd conditions of each dte. Soil subsdence results from the
minerdization but dso from the drinkage of the organic materid. These factors
should dso be conddered when reclaming these soils for agriculturd use. Drains
should be opened by hand and artisanal gates can be used to control the water table at
fam levd.

» lrrigation should be as frequent as possble in order to maintain high water content in
the upper layers and decrease soil temperature specialy during the hot season. The
water should flow from the top to the bottom in order to leach the sdts downwards
and avoid dinisation.

2 Mechanisttion is limited in these soils due to its low carrying capacity. A technology
based on intensive use of manud tools should be recommended.
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» Land clearing should avoid burning of the vegetation and crop resdues as it aso
destroys the peat topsoil; burning should occur outsde the machongo aea or in
sdlected places with high water table levels to avoid its spread. Ashes can then be
spread on the soil surface to improve the soil nutrient status.

» Crop sdection and rotation should condder the conditions of these soils shdlow
water table and soil acidity. Most suitable crops are rice during the rainy season, and
vegetables (with shdlow rooting system and with tolerance to acidity) during the dry
season. Depending on the depth of the water table, other crops such as maize and
beans can a so be considered.

» Hooded rice cultivation will contribute for peat layers reestablishment and
maintenance. Cultivation in mounds or hills permits the faaming of some crops (eg.
sweet potato) while the soil is Hill poorly drained.

«» Mulching with crop or vegetation resdues will reduce the effect of solar radiaion in
the oxidation and decomposition of pest layers.

» There are dways risks of flood during the wet season. If not taken into acount, al
investment will be log. Intensve mantenance of the drainage system is crucid for the
development of these wetlands.

» Pedat s0ils are dso important to keep a certain ecologica habitat. Impact assessment of
reclamation for agricultural use should aways be studied and weighed.

» Non agriculturd uses of these wnils are dso possble Reeds naturd vegetation of
unreclamed machongos, ae important materids of condruction. Fshing, grazing,
hunting, and soil compost are other rurd activities possible in these wetlands.

3.5 Water management technology — river floodplain irrigation/dry
season crop production

It is the commonest water management practice in the country and dominates mgor river
floodplans and dlwvid plans in the country, and it is pat of the Riverine system
(Chabwela, 1991). This is the largest inland wetland in Mozambique and it indudes the
floodplans and swamps, following the man dranage sysem. Foodplans and swamps
are important environments for livestock production, fisheries, wildlife and agriculture.

They comprise the following man sysems & Rivers of Maputoland, b) Limpopo
system, ¢) Inharrime river and the interior of Inhambane Province, d) Save, Gorongosa,
Buzi, and Pungoé rivers, €) Lower Zambezi river, f) Rvers of Zambezia Province, and Q)
Rivers of the NE Coast (Hughes and Hughes, 1992).

In teems of human impact and utilisstion of these riverine swamps and floodplains
sysems, the most affected are the Zambezi River and those south of it. The northern
rivers have been subjected to less pressure (Hughes and Hughes, 1992). In the Zambezi
River, the dams of Kariba and Cahora Bassa reduced downstream peak season flows, but
increesed the dry season flows (Hughes and Hughes, 1992). As a result of these
regulaions the flood regime on the lower Zambezi is now greatly reduced, eratic, and
mainly out of season. This has affected the prawns cepture rates in the Sofda Bank
(Gammesrod, 1992). There ae dso evidences suggesting that the wetlands of the

21



Zambezi Ddta have come through severe changes (DNFFB, 1997), due to the
regularisation of the river flows by these two mgor hydraulic structures. The Zambezi
delta is one of the areas where the reduction of mangroves forest have been quite severe
in the last years (Saket, 1994).

Agriculture development, sometimes involving irrigetion, takes place in the lower section
of the Zambezi River. Overgrazing and burning has been a problem in many aress.
Among protected aress it has been very serious in the Zambezi Wildlife Utilisation Area
where the new controlled flood regimes favour the spread of wildfire and the reduction of

the pastures (Hughes and Hughes, 1992).

Upgream impoundment dso affected the anud flows of the RevuéBuzi, Save,
Limpopo, Incomati, Umbeduzi, and Maputo rivers, decreasng the avalability of water
during the dry season. These are internationd rivers covering the most of the semi-arid
zone of the country. It is ds0 in these rivers that most of the irrigated aress are located
[67% in the Limpopo, Incomat, and Umbeduz rivers 25% in the Buz, Pungoé and
Zambezi rivers, and 8% among the other river basins Marques et al. 2001, 2002, 2003;
Mihaljovich and Gomes, 1986)].

Most of these irrigation areas in Zambezia and Sofda Provinces are predominartly
occupied by gamdl landholders (0.5-1.0ha) who are often members of water user
associations that occupy and farm areas of medium sized rehabilitated or disused colonia
irrigation schemes (>100ha).

Irrigetion delivery methods include gravity diversons during seesond river flooding, low
cos controlled flood irrigation, and a diverse range of diesd pumping sysems from
rivers. Some sysems have the cgpacity for both diverson and pumping irrigation; the
primary trandfer systems are predominantly open eath channels with some closed piping
in operation.

Mogt of the sysems were edtablished during the colonid time, in the early fifthies, for
rice production. In the 80s after independance the systems were runned by date farms
and due to civil war, were abandoned. In the middle 1990s several of the systems were
rehabilitated with support of non governmenta organizations and govermnent agencies,
and management hand over to farmer associations.

Current operationa irrigated areas are limited because of severa problems with floods,
contributing for the dedtruction of irrigation infrastructures, and associated equipment,
e diesd pumps and dso due to the increesingly high diesd pumping codts. The
primary, secondary and tertiary irrigation supply infrastructure is in need of physca
eathworks to repair, and aso requires cleaning to remove overgrown vegetation which
potentidly restricts weter flows.

Some of the systems operate as follows during periods of seasond flooding the water in

the Rivers, which is of rdatively digance from the irrigation schemes (gproximatdly 1 to
severd kms far from the water source), backs up through hydraulic infrastructures such
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as wear and amdl dams filling the reservoirs, and dso using natural water bodies (sl
lakes and lagoons for the same purposes).

As river levels pesk, the weir and smdl dams ae closed off holding water in the
reservoir, to be diverted via gravity through one or more duice gates into the primary
cand dgtuated a the principd pump dation (operation termed ‘controlled flood
irigation’ ). Once the water leved in the reservoir recedes below the gravity diverson
level of the primay supply channd, diesd pumping is required. Normdly the Rivers
have a consderable permanent flow and pumping is used to complement the controlled
flooding sysem. The pumps currently in operation a the different sysems pump dations
varies from a 200L/sec (ranges from 150 L/sec to 300 L/sec) mixed flow pump, powered
by a 6 cylinder diesd motor to significantly larger engines. Other irrigation schemes, are
entirdly dependent on the direct changes in river height. There is no potentia to hold
aurplus capacity in a resarvoir. Also to mention that is common to find severd of these
systems protected by a large network of dykes to protect them from floods. The year
2000 floods have had severe impact in the dykes system, and quite a number of schemes
are dill left with no protection at dl.

Because of the terrain conditions and loca topography, water is transported by a open
eath channd and water is didributed a fam plot by gravity. There are dgnificant
undulations in ground leve with the rice fields which make seed edtablishment, weed
management and effective in-crop irrigating difficult to achieve, which accordingly
impacts negeatively on rice yidds.

In some systems, irrigation costs each season, regarding the cogt in diesel to irrigate 1.0ha
is approximately 1,500,000 Mts or USD$62 and even more, once diesal costs have been
rised amost every three months (1L of diesdl in Maputo is USD1,00).

The rice yidds range from 25 tonnesha to 5.0 tonnesha As is with nealy dl
development projects, there is a strong focus on the cods of irrigation infrastructure.
Tendered quotes for irrigaion system condruction range from US$2000/ha to
US$13,000/ha, with the average in the vicinity of US$3000/ha for the Smdl Scae
Irrigation Project (Government Based BAD Funded Project) . The costs of congtructing
the irrigation sysems are likely to increase sgnificantly over the life of the project.

Maintenance cogts are redly high. The farmers spend in some cases in average 10 million
Mts (USD = 30.000,00 Mts) per annum on running coss such as weeding of the supply

channels, repairs and maintenance and diesdl for pumping operations.

The irrigation scheme is draned into the Rivers, utilizing the naturd drainege of the
floodplains and other naturd drainage lines In the South of Mozambique, the irrigation
sysems in the Gaza Province rdy primarily upon a rehabilitated, large scale, open
channd gravity diverson scheme on the Limpopo river. Rice production in the Chokwe
region takes place across a range of fam szes. Smal landowners (0.5ha) conduct al
faming opeaions manudly, induding threshing, with no externd inputs. Landowners
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irrigating aress from 1.0-2.0ha rent tractors for ploughing operations, with minima inputs
of nitrogen fertilizer.

Sowing is dependent on rain from October to December, with transplanting occurring 60
days after sowing. In-season irrigation is frequent, supplementing the limited rainfdl in
the region. The larger commercia operations (>50ha) in the Chokwe system focus on
high input agriculture, usng mechanicd ploughing and dry seed sowing. In this casg,
sowing is not dependent on rainfal as irrigation is used for rice establishment. There is
dso extensve use of fetlize and hebicides for weeding, dong with combine
harvesing.

The Massgir Dam Smdlholder Agriculture Scheme near Xa Xa congss manly of
smdlholder farmers with no externd inputs.

In the Maputo province, small landholders (0.5-1.0ha) are organized as members of water
user asociations that occupy smdl to medium szed (50ha) rehabilitated irrigation
sysems. lIrrigation water is supplied via diesd pumps from seesond flowing rivers into
open eath channds Fetilizer inputs ae high, however mechanicd harvesing and
threshing is absent. Dry seed sowing is rainfal dependent, commencing in November
with trangplanting in December.

At present, mgor interventions in terms of the development of irrigation in Mozambique
include:

1. The rehabilitation of Massngir Dam, which will dlow for the irrigation of
aound 9,000ha of land in the Limpopo River lower basin and will dso
regulate water in most of the Limpopo Vadley, induding Chokwe. This will
reopen agricultura opportunities for smalholder and commercia farmers who
have traditiondly operated in the area, with the possbility of resuming rice
production.

2. The rehabilitation of Corumana Dam to improve irrigation conditions on the
Incomati River Vdley. This scheme dready serves two sugar producers
(Xanavane and Maragra) and has the potentid to serve other smdlholder and
commercid sector producers. The approximate total area cropped in
2001/2002 season (estimates from FDHA, 2002a; 2002b) considering only
irrigated agriculture in the Incom&@i River Basin (figures for Maputo Province
and part of the Southern Gaza) is 11.261,9 ha or 43% of total arable land
dready equipped (Incomét). Current arable land equipped for irrigated
agriculture accounts for approximae 26.177,9 ha (Incoméi). The Incoméi
Vdley is differentiated in three mgor sections, the Upper Incomati, the
Middle Incoméi and the Lower Incoméi respectively. The Upper Incométi
congders the Moamba and Sabieé regions, the Middle Incoméi being
asociated to the Magude region and the Lower Incométi represented by the
Manhica and Marracuene regions. Table 5 presents data on current equipped
irrigated land and used within the Incomé&i Basin. Mogt of the irrigated land in
the Upper Incoméi region is alocated to commercid farmers. These farmers
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currently have the cgpacity to fam smadl aeas under irrigation conditions
genegdly less than 50 ha Farming in the Upper Incom&i is aso undertaken
on old state farms or irrigation projects that developed in the 80s and early 90s
irrigation facilities in Moamba and Sdbie, such fams as the Blocos | and |,
Blocos 5 and 48 ae d4ill managed by the Sate through the Agriculture
Hidraulic Devdopment Fund within the Minidry of Agriculture and Rurd
Development dthough onrgoing negotiaions indicate the posshilities for its
utilization and development by commercid fames and smdlscde famers
asocidtions, i.e. Blocos | and 1l are currently managed by two farmers
associations who are respongble for operationd and maintenance codts of the
fadlities Mogt of the irrigaion faciliies exiging in Magude region
corresponding to Middle Incoméi are partly abandoned, i.e. former irrigation
areas of Magude State Farm and the Citrus Timanguene Project. Only
commercid farmers using aress less than 50 ha are active. In the past, some
non-dluvid aeas on modly red sandy soils (basdt-derived soils and Pogt-
Mananga deposits), which are stuated above the dluvid plain, were used.

Table 5. Distribution of existing irrigation facilities and correspondent areas within the

river basin
River Basin | River District/Location | Company/farm Area (ha)
Equipped | Irrigated
Incométi Incométi Moamba Undifferentiated <50 ha commercial 1248.5 434.5
irrigated crop production
Bloco | - Moamba 350 0
Bloco Il - Moamba 208 96
Shie Bloco 48 426 106
Bloco 5 596 0
Commercid Farmer 70 15
Incométi Magude Undifferentiated <50 ha commercia 142 140
irrigated crop production
Smallscale Farmers Association 330 103
Ex. Magude State Farm (Blocos | ell) 245 28
Timanguene Citrus Project 1.000 0
Manhica Undifferentiated <50 ha commercial 5 2
irrigated crop production (farms)
Commercia Famers 130 25
Smallscale Farmers Association 900 0
Palmeiras Sugar Enterprise 60 60
Maragra SARL (Sugar Plantation) 6.089,4 6.089,4
Inécio de Sousa 600 30
SAl-Xinavane (Sugar Plantation) 5.254 3.770
Marracuene Undifferentiated <50 ha commercia 187 39
irrigated crop production (farms)
Commercia Farmers 110 55
Smallscale Farmers Association 63 0
Emp. Agricola Marracuene 200 0
MacialBilene Emp. AgricolaMacia 8.000 300
TOTAL 26.2139 | 11.2929

Large extensons of land in Moamba, Sabie and Magude have been used for extensve
livestock production; including cattle breeding in the cdcareous day soils (Mananga
soils). In Lower Incoméi downstream of the Plantations of Santiago, the SAl sugar-cane

plantation

is edablished. Maagra is another sugar-cane plantation with irrigation
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infrastructures. Both SAI and Maragra sugar-cane plantations are protected from floods
by dikes These sugar production aress together with the Macia farm account for more
than 70% of the irrigated land in the Incomati valey. Since SAl and Maragra farms have
been rehabilitated some new developments are reported. There is the posshility at short
to medium terms that some currently abandoned irrigation facilities will be rehabilitated
for sugar care production supported by both SAl and Maragra states. Table 6 presents a
summary of results conddering the equipped areas and actud irrigated land in the
Incoméi vdley a different locations, as well as the potentid for irrigated agriculture at
dfferent periods of time.

Table 6: Summary of equipped and irrigated areas comparing with the potential for
irrigation agriculture at Basin level

River River Location Area (ha)
Basin Section Equipped | Irrigated | Potential (short to medium | Potential
term) (long term)
Incométi | Lower Marracuene 554,0 78,0 4.850,0 245.403,0
Incomati  Macaneta/Maragra/Man 21.038,4 | 10.276,4 48.600,0
hicalMaragra/Pameiral
Macia/Xinavane/llha
Josina Machel
Middle Magude/Timanguene 1.687,0 256,0 3.400,0
Incométi
Upper 2.898,5 651,5 14.300,0
Incomati
TOTAL 26.177,9 | 11.261,9 71.150,0 245.403,0

3. Condruction and operation of smal-scde irrigation sysems throughout the
country as pat of the ‘Smdl Scale lIrrigation Program’ (SSIP), targeting
primaily the smdlholder sector. Under this Government initiative funded
through the African Development Bank, the rehabilitation and congtruction of
irrigation schemes are concentrated in three provinces of the country, Maputo,
Sofdla and Zambezia The SSIP has construcuted (is constructing) severd
types of irrigaion schemes, but the mgority is lift irrigation of which 15 have
diesd pumps, 2 dectricd pumps and there are two gravity schemes, coming to
atota of 460 ha of irrigated crop land, with sugar cane, rice and vegetables so
far asthe main crops grown in the schemes.

3.6 Hill Irrigation

This method is quite common in centrad and northen pats of the country taking
advantage from the mountainous terrain and several water sorings as well as abundance
of water resources. Again it is a method which is quite soread among smdl holder
farmers and smdl| private commercia farmers.

It normdly condds of smdl and smple infrastrucutures to harvest water which are built

up by usng locd materid or in the case of support, smdl concrete dams are adso
avalable.
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From these dams and other water harvesting structures upstream the water is diverted into
concrete or earth opened channels down dope and to farm plots where water is than

digributed throughout the terrain by terciary irrigation network, in most of the cases by
surface gravity sysems. In same cases however and learning mostly from commercid

farmers in Zimbabwe, the smdl holder and smal commercid farmers in the Manica and
Tete province are able to take advantage from the sorings, using different Sze pipes to
increase pressure a the filed leve, with a sysemdic reduxtion of sections, which than
makesit possbleto fit sorinklers and use it for irrigation of the fields.

If there is a need to ingal a pump, than smal engines and diesd pumps system are used,
normaly 1 cylinder stroke engines, which may irrigate as much as 10 ha In these cases
farmers are organized into associations and the pumps are the association asset.

Im most cases farmers grow vegetables once the systems are manly used in the dry
season. Garlic, onions, paprika, irish potato, cabbage, tomato, are some of the cash crops
with a good market. However, for most of the areas, transportation and access to the areas
are the mgor condraints. During the rainy season food crops such as beans, maize, are
grown, athough beans may aso be used as cash crop.

These sysgems are quite environmenta friendly but deforagtation and clearing of
vegetation at the upper catchment may contribute in short term to severe ersion problems
and thus limiting water resource avalability and ddtation of the dams, reservoirs and
water streams.

It needs quite an amount of organization and discipline anong the water users in order to
avoid land use conflits. So strong leadership is normaly required in these cases.

In some places dso the system is sophigticated and it may conssts of severd km of earth
cands following the contour lines before it reaches the fields, so again famers are aware
of eroson hazard and are willing to build barriers to reduce water speed, athough these
conservation barriers are quite demanding in terms of |abor at the household level.

3.7 Low Cogt Microlrrigation Systems

Different dekeholders have been involved in devedoping and promoting these
technologies. The stakeholders include government, NGOs, and private companies. Two
technologies are identified to be the best practices and have been recommended for up
scding in other places with amilar conditions, and where not practiced. The echnologies
ae

0] The treadle pumps
(i) Drip irrigation (Family 9ze kit)
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It is however important to note that in the context of a free market agricultura economy,
funding for agriculture is more dependent on resources mobilised by the producers
themselves then on public or government money. So any technologies introduced have to
be carefully assessed otherwise its sugtainability won't last, i.e. soon the interventions
come to an end, from any partner a loca levd, it is the condition to Sop running or usng
introduced rechnology.

3.7.1 TheTreadle Pumps

This kit has been introduced not long ago, late 90gearly 2000, by government
departmens at didrict leve, involving adso the extenson workers, as well as by NGOs
and private companies. Currently there are quite a number of smdl business ether a
centrd levd as a provincid levd not only manufacturing the kits (two and one piston
pumps), but aso quite active on the design of the pumps based on lessons learned from
thefield leve.

Most of the work a the farm leve is done by women and young men and women, and
from severd basdine surveys labour a household level is very often a condrant.
Households are busy caring for rainfed crop production fams, and dso the irrigated
plots normdly different from the dry land areas, where famers are involved with
vegetable production. They usudly cultivate smdl plots, ranging from 0.25 to 04 ha
largely dependent on use of water resources, labour availability, and farm inputs.

It is foressen that such kits are supposed to improve productivity of growing systems but
it seems where the technology has been introduced with no follow up, farmers are
resstant to use the pumps, due to among several reasons, the lack of spares (rubber, very
week one), system needs plenty of energy to pump water, needs to be moved to and back
very often to prevent from theft, requires most of the times extra labour to handle the
hosein order to prevent veges from been damaged, and the costs.

So farmers and partners are quite busy boking for improvement of the kit, and a the use
of it, ether making avalable the water from a wed near the plot or any contaner to
harvest water from where to gpply. Regarding the costs of the pumps farmers query why
they are offered such technology for the same amount of smal petrol engines which they
prefer instead.

Support delivered by NGOs and government agencies, the promotors of the techologies,
is important once enable producers to learn about the innovations in growing techniques,
as well as of traning and familiarization with the irrigetion technique. There is an urgent
and red need for capacity buiding in those areas where producers are not happy with
technologies in order to keep up with technica innovations, and to improve on the

management practices.
3.7.2 Drip-fed Irrigation Techniques

Sill quite limited used in the country and manly by commercid farmers it has been
introduced in the beginning of 2000. Mogt of the producers are using such irrigation

technique to grow high vauable crops, i.e. vegetables. Mgor advantages addressed by
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producers are higher water use efficiency, minima labour required, dthough a mgor
concern is the codts of the systems and maintenance. These systems are promoted by
nationd agri-tech companies as well & from the SADC region, i.e. Zimbabwe and South
Africa Some of the famers ae replacing conventiona irrigations systems with drip
irrigation, mainly in regions where faming is a lot more competitive and good market
access, like in Mgputo and Gaza in the southern part of Mozambique, and in centra
Mozambique, in Manica Province. Unfortunatelly there is no data on any cost-benefit
andysis on such technology.

4. Review of Agricultural Water Programs under the Initiative

toend Hunger in Africa(IEHA)

Identified as one of gx priority aess in the GOM’'s poverty reduction strategy,
agriculture and rurd development are of criticd importance to the government and
people of Mozambique and is fundamenta to the country's long-term economic growth
and sudanable development. Poverty is deeply rooted in Mozambiques rurd regions,
where more than 70 percent of the population lives (GOM 2001). Rurd incomes are
condderably lower than Mozambiques average per cgpita annua income which is
dready among the lowest in the world. One third of the rural population experiences
chronic difficulty medting their basic food needs Women are extremey vulnerable
because of their inadequate access to essential resources and services. Rurd aress are
highly vulnerable to dternating floods and droughts, which regularly threaten livelihoods.
Chalenges to growth in agricultura production and productivity include the predominant
use of manual labor, a water control and irrigation sysem that covers only 2.3% of
cultivated aress, the impact of a growing AIDS epidemic, lack of credit, lack of
information about agricultural markets and trade, and weak transport infrastructure that
provides poor access to markets.

The poverty reduction drategy of the GOM is embodied in the Action Plan for the
Reduction of Absolute Poverty (PARPA) 2001-2005. The document is based on prior
Government plans, including the Lines of Action for the Eradication of Absolute Poverty
(1999), the PARPA 2000-2004 (Interim PRSP), and the Government Programme 2000-
2004, as well as the sectord and inter-sectord plans, policies and strategies developed by
organs of the State. Unlike many countries whose Poverty Reduction Strategy Pepers
(PRSPs) ae initited and led by internationd organizations, Mozambique initiated and
developed its own drategy, making it one of the first countries to do so0. The PRSP
eaborated by GOM dso cdosdy reflects the Millennium Development Gods (MDGs). In
this context the GOM rdies on grong partnerships with severd interational aid agencies
and organizations and govermnents, to implement PARPA.

Besdes auffering from acute materid poverty, the poor in Mozambique dso suffer from
a high degree of vulnerability to naturad disasters and economic shocks. The PARPA
recognizes the crucid importance of medium and long-term measures to fight poverty
through policies to sustain rapid and broad-based economic growth. The poverty
reduction is based on gx priorities amed a promoting human development and creeting
a favorable environment for rapid, incdusve, and broad-based growth. The “fundamentd
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aeas of action” are (i) education, (ii) hedth, (iii) agriculture and rurd development; (iv)
basc infragtructure, (v) good governance, and (vi) macro-economic and financid
management.

Priority iii) is addressed by the Ministry of Agriculture through the Nationd Agriculturd
Development Progran (PROAGRI), which ams to “Contribute to improved food
security and poverty reduction by supporting the efforts of smallholders, the private
sector, of governmental and non-governmental agencies to increase agricultural
productivity, agro-industry and marketing within the principles of sustainable
exploitation of natural resources’. To achieve this genera objective, ProAgri 11 will
focus on three broad intervention aress:

22smdlholders,
27the commercid agriculture sector; and

7naurd resources management.

It is within the above framework and targeting smdlholders and naturd resources
management, that agriculturd development and food security issues are dedt with,
paticulaly assuming that such chdlenge will be difficult to achieve if irrigation is not
consdered, to mitigate the potential impacts of severe droughts which limit most of the
crop faming sysems. So much effort from dl partners involved in agricultura and rurd
development in the country is focused on water management techniques, by promoting,
training, supporting and making possble mogt of farmer communities to have access to
such techniques.

USAID and patners currently are involved in such initiatives in severd regions of the
country, not only supporting crop production, but introducing technologies which
enhance food security a family, community, and regiond levels. Micro irrigation
sysems developed a family levd, or 5 ha irrigaed plots managed by farmer
associations, usng different technologies, are promoted as part of a sustainable water
management program for irrigated crop production, under the coordination of the
Agriculturd Department, and priority areas being the most drought prone and vulnerable
agriculturd regions, and dso in those regions with potentid for development of micro
irrigation systems, i.e. hilly aress, following some of the basc principles recommended
by the sector policies, i.e. promote and dsimulate smal-scae irrigation by smalholder
famers by mobilizing finencid and technical resources, in order to gradualy transform
subsistence-oriented agriculture into a market-integrated modd; adopt the use of low-cost
dternatives to conventiond irrigation, and; support cagpecity building for management,
operation and maintenance of low-cost irrigation schemes.

5. Summary of Key Actorsin MicroIrrigation and RWH
Key inditutiona stakeholders within theirrigation policy context include:
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Nationd Directorate for Agricultura Hydraulics (DNHA) within the Minigtry
of Agriculture (MINAG) is the coordinating authority for activities rdaing to
irrigation and drainage, MINAG undertakes <udies, executes agricultura
hydraulics projects and supports smalholder irrigation development (FAO
2005).

The Programa Naciona de Irrigagdo de Pequena Escaa (PRONIPE — Nationd
Smdl Scae Irrigation Program), located within the DNHA, was specificaly
created to support small-scdeirrigation (FAO 2005).

Also within the DNHA, the Fund for Agriculturd Hydraulics Deveopment
(FDHA) is charged with promoting, dimulaing and funding hydro-
agricultur  works or other activities related to irrigated agriculturd
development (FAO 2005).

The Nationd Water Directorate (DNA) a the Ministry of Public Works and
Housng (MOPH) oversees policy making and implementation, overdl
planning and management of water resources, as well as the supply of water
and sanitation services at the retiond levd. Its main mandete is to ensure that
ground and surface water resources are used gppropriately. While on a
regiond levd Mozambique is divided into five Regiond Water
Adminigrations (ARAs) (only one of which is operationd a present) to
oversee basn water development, management and the collection of water
fees (FAO 2005).

The Nationd Water Council (CNA) was created in 1991 as consultative body
to the Council of Minigters. In generd, however, the CAN has not been very
effective and coordination between agencies involved in water resources
management has been a congtant source of concern (FAO 2005).

On the nationd leve, water management is the responghility of the Nationd Water
Directorate (DNA), while on regiond leve the five Regiond Water Adminigrations
(ARASs) ae responsible. They control the irrigation systems and collect weater fees. The
only ARA fully operationd is ARA-Sul (South), while a second one, ARA-Centro, is
under formation. ARA-SUl is in charge of the southern part of the country up to the Save
River, where most problems of water management exist. In areas not yet covered by an
ARA, the Provincid Directorates of Public Works and Housng are the authority
respongible for water resources management in the province (FAO 2005).

The territorid responshbility of the five ARAsis asfollows, see Table 77:

1

2.

ARA South, which includes dl the basns south of the Save, and the Save
River bagn itdf

ARA Center, which covers dl the baans between the Save and Zambezi
basins

ARA Zambezi, which corresponds to the Zambezi basin
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4. ARA Center-North, which covers the Zambezi basin as far as LUrio River,

induding the Lurio basin

5. ARA North, which covers dl the basins north of the Lurio basin

Table 7 Characteristics of Areas of Responsibility of Regional Water Administrations (ARAS)

ARA Mean annual runoff

At border Generated in M ozambique Total
South 17 38 20.8
Center 12 18.4 19.6
Zambezi 88 18 106
Center-North 0 35.2 35.2
North 10 249 349
Total 116.2 100.3 216.5]
(km’)

Source: (FAO 2005)

5.1 Irrigation Policy

Key palicy initiatives within the irrigation context include:

1

In 1991, the creation of a Nationd Water Council (CNA), a consultative body
to the Council of Ministers. Since its cregtion, however, CAN have not been
partticularly effective and coordination between agencies involving water
resource management has been a source of concern.

In 2002, the adoption of a Nationd Irrigation Policy and its Implementation
Strategy (NIPIS).

This ldter initiative recognized the greast drategic importance vested in irrigation, and
established a sat of guiding policy principles as follows (FAO 2005):

1

2.

4.

Ensure integrated water manegement for multiple purposes in agriculture and
rurd development;

Promote irrigated agriculture and research, as wel as adaptation and adequacy
of gppropriate technologies. Empower the development of irrigation systems
for the gmdlholder sector, and thus trandform primaily subsistence
agricultura production towards a market- integrated sector;

Promote and fogter entrepreneuridism in irrigated agriculture, a the smadl,
medium and large enterprise leve;

Activate the development of irrigation potentid in Mozambique through the
promation of new irrigation systems of medium and large scale;
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5.

7.

Egablish the technical and financid mechanisms to prevent and mitigate the
occurrence and impact of cyclic droughts;

Promote decentrdization and foster a grester participation of beneficiaries,
communities and locad authorities in integrated water resources management,
aswdl asin the management and operation of infragtructure;

Acknowledge the role of women in agriculture, cresting simulus for their
economic and socid afirmation through participation as beneficiaries of
irrigated agriculture.

In terms of practicd drategies for implementing the abovementioned guiding principles,
NI S proposed the following:

1

2.

10.

Maximize water use through the improvernent of water use efficiency.

Trander respongbility to the end user for sysems maintenance to minimize
water |0sses.

Ensure cost equity for the price of water, recognizing the fisca condraints of
gndlholder irrigators and  irrigation  associations  versus  commercid
agricultura enterprises.

Promote and dimulate smdl-scde irrigation by andlholder farmers by
mohilizing financid and technica resources, in order to gradudly transform
subs stence-oriented agriculture into a market-integrated model.

Adopt the use of low-cog dterndtives to conventiond irrigation.

Support capacity building for management, operation and maintenance of
irrigation schemes.
Undertake research relevant to the adoption of appropriate technologies.

Implement development centers and disseminate successful water retention
gysems

Ensure participation of locd beneficiaries and other dtakeholders in the full
irrigation cycde, from planning and water resource management to
rehabilitation, maintenance and management of exigting irrigation schemes.

Edablishment of a legidative framework pertaning to the authorization of

water use for irrigation, irrigable land and public irrigation infrastructures,
taking into account the abovementioned guiding principles.
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Despite the policy initiatives of both CNA and NIPIS to promote smdl-scde irrigation
throughout the country, to increase water use efficiency and to integrate irrigation into the
socio-economy of Mozambique, the development of irrigation remains hindered by an
inflexible lega and political framework, and concerns of landholders regarding the access
to, and use of, land and water. A mgor chalenge relates to the deteriorated Status of
irrigation  infragtructure,  which  requires  rehabilitation, maintenance and  future
investment.

6. Recommendations and Condusons

The prdiminary condusons of the survey on the agriculturd water technologies and
practices in Mozambique and the assessment of poverty impacts of most promisng
technologies could be summarized asfollows:

2? Without a determined effort to develop the agriculturd water technologies and
practices, the country will increase its vulnerability on food crop production and
miss the opportunities deriving from its rich naurd resources. More
fundamentdly, Mozambique will miss the opportunity to reduce poverty in the
most populous rurd aress in the country and retard the development of a more
balanced commercid agricultura sector.

?? The €ffort to deveop agriculturd water technologies and practices and the
irrigation sector is condgtent with the country overdl draegy for poverty
reduction and agriculturd development included in the PARPA and PROAGRI.
The water management strategy discussed in this sudy is inspired by a vison of a
competitive and commercidized food and cash crops production system based on
increedngly productive smdlholder famers integrated with an increesngly high
water use effcdency and productivity and the marketing sysem for agriculturd
inputs and outputs.

?? The waer technologies and practices am a improving productivity of food and
cash crop faming sysems integrating smdlholders with commercid vdue
chains, and increasing competitiveness of markets

?? The expected impact of the adoption of different sustainable technologies will be
to improve food security and reduce dependence on food imports, increase
income of gndlholder famers and the stakeholders (millers, wholesalers, and
traders), reduce poverty (particularly in the rurd areas of the center and north),
and contribute to the development of acommercidized agriculturd system.

?? Promote awareness and srenthgen the adoption of the 2002 Nationd Irrigation
Policy and its Implementation Strategy (NIPIS).

?? One policy achieving medium levd adoption reaed to irrigaion systems
mantenance. While it gopeared tha respongbility of mantaining irrigation
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sructures had been successfully passed on to the end user, the desired outcome of
minimizing water losees as a result of this management shift had not been
achieved.

? For dl irrigation systems, regardiess of Sze, the most gppropriate and effective
way of promoting the efficient use of water is to introduce a charging dructure
directly linking the cost of water to the quantity supplied in the fidd. In most
irigation systems, water charges are ingtead linked to the size of the landholding.
While this charging method is convenient to administer, due to ease of caculation
and management, it does not actudly promote the efficient use of water. By
linking end users to the direct input codts of the irrigation system, preferably
through smdl, peer-influenced water user asocidions, a sufficient incentive
should be crested and thus establish an environment where water efficiency is
encouraged.

? Evidence of the implementation of another NIPIS strategy, namely that associated

with information dissemination and development centers, is not Sdematycdly
recorded a locd leve. While this is one of the key dements addressed by the
SSIP, it appears not to have been implemented in many of the rehabilitated
systems.

? Ancther drategy that requires attention pertains to the participation of loca
beneficiaries and other stakeholders in the irrigation cyde. It is not enough to rely
on the flow-on effects of irrigation to simulate this sector in a timey manner.
Efforts should be made to address the capacity of the indudries servicing the
maintenance aspects of the irrigated sector. Repars and maintenance is the
“Achilles hed” of mog irrigation sysems - in vaiable dimates a sygem's
profitability is often primarily determined by the landholder’s capacity to keep the
system functioning.

? Therefore, it is strongly suggested that the development of a new repair and
maintenance drategy be conddered — namey, ‘mobile irrigation maintenance
units (MIMU). The latter would be locally-operated, stand adone, mobile units
with the capecity to perform on-dte repairs in a timey manner. To complement
this maintenance drategy, it is recommended that a new dement be introduced
within the irrigation desgn modd, namey ‘repeatability criteria assessments.
Such assessments would identify irrigation systems dready in place in the
rdlevant area of proposed activity. Where practicable, the assessment process
would encourage the replication of infresructure within new designs, to enable
ease of service by MIMUs. This drategy has been suggested for the rice sector

which in fact accounts for most of the irrigation potentia for development in short
term which can dso be introduced for other sectors.

? So fa from the survey and exiding information on the agriculturd  water
management technologies and practices adopted a country level, those associated

with the use of swamp irrigation and inland valeys (3.1), micro basn systems
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(3.2), and hilly irrigation (3.6), for the time being show the highest potentid for
improvement, development and sudtainable use, both in terms of waer use
effciency and productivity of the sysems.

? Strengths of this irrigation sysem condder manly water trangport and
digribution, i.e. the irrigation water supply is gravity supplied (requiring no diesd
input costs) and the quantity of water available is not a limiting factor for in-crop
irrigation. It is an indigenous or it has been introduced for decades or centuries,
which reallts in consgency - this gndl-scde irrigaion sysem has been in
operation for more than 25 years.

? A regular schedule of maintenance on the primary and secondary supply channds
have been established. One person or group of members or water users take one
week per year to maintain channels prior to the wet season.

? The smdlholder farmers involved are aware that water ddivery efficiencies to the

fidd are sub-optima, and they are eager to learn how to improve and seek for
solutions to these issues, despite financia congraints.

? The potentid of the avalable water resources are under-utilized during the wet
season and expangion of the irrigated areaisfeasble.

? It needs to be kept smple, smdl, in order to achieve sugtainability, in socio-
economic terms as wel as environmentaly friendly.

? In the case of the fresh water swamps or the wetland systems, shdlow drainage
must be encouraged in order to avoid the watertable to low more than 0.2-0.40 m
depth. Soil subsidence results from the minerdization but dso from the shrinkage
of the organic maerid. These factors should aso be consdered when reclaming
these soils for agriculturd use. Drains should be opened by hand and artisand
gates can be used to control the water table at farm leve. Irrigation should be as
frequent as possble in order to mantain high water content in the upper layers
and decrease s0il temperature specidly during the hot season. The water should
flow from the top to the bottom in order to leach the sdts downwards and avoid
dinisgion. Mechanisation is limited in these soils due to its low carying
cgpacity. A technology based on intensve use of manud tools should be
recommended. Burning of vegetation and crop resdues shoul be avoided as it o
destroys the peat topsoil; burning should occur outside the machongo aea or in
selected places with high water table levels to avoid its spread. Ashes can then be
spread on the soil surface to improve the soil nutrient status. Crop selection and
rotation should condder the conditions of these soils shdlow water table and soil
acidity. Fooded rice cultivation will contribute for pest layers reestablishment
and maintenance. Cultivation in mounds or hills permits the faming of some
crops (e.g. sweet potato) while the soil is ill poorly drained. Mulching with crop
or vegetation resdues will reduce the effect of solar radiaion in the oxidation and
decompostion of peat layers. There are dways risks of flood during the wet
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season. If not teken into account, dl invesment will be logt. Intensve
maintenance of the drainege sysem is crucid for the deveopment of these
wetlands.

? Peat soills are aso important to keep a cetan ecological habitat. Impact
assessment of reclamation for agriculturd use shoud aways be sudied and
weighed. Non agriculturd uses of these snils are dso possble Reeds naturd
vegetation of unredamed machongos, @€ important materids of congruction.
Fshing, grazing, hunting, and soil compost are other rurd activities possble in
thesewetlands.

? In the high rainfdl aress of the north, centre and some localised Stes in the south,
research and development priorities should focus on water harvesting and storage
techniques and use of water for livestock and dry season irrigation, asfollows:

Identification of the potentid for the development and edteblishment of smdl

dams and reservoirs taking into account the rainfdl regime, the topography and
soil conditions of each region,

Identification of the potentid for run-off faming according to each loca
conditions, taking into account the climate, the topography and soil conditions as
well astherisk of soil eroson,

Consvatiion faming teking into account the joint aspect of soil and water
consarvation and covering many different farming techniques and practices, such
as terracing, drip cropping, rotations, falows, mixed cropping and interplanting,
etc.

Studies on sowing drategies, in order to match the crop cycle with the length of
the growing season avoiding the occurrence of periods of water deficit in critica
stages of development.

As a find remark, water is conddered as a naturad resource whose exploitation
can promote the socio-economic development of a country or a region. One of the
biggest issues in water resources management is, and will continue to be if
nothing is done, the resolution of conflicts between different users competing for
the limited avalable quantities of the resource. A water demand management
drategy is therefore a necessary step but which has not yet received enough
atention. Reasons for this are lack of research and familiarisation with this
modern concept of water management, shortage of measuring and regulating
devices in order to control the amounts of supply and use of water, and the
generd lack of funds trained gtaff, and properly oriented inditutions to carry out
thet kind of activities.

Despite the fact that irrigation is the largest water consumer, mogt of the irrigation
withdrawds are not messured. The irrigation investment program (MAP, 1998)
foresees the edablishment of regulatory norms for hydro-agricultura  activities.
These regulations am to provide a mechanism that can be used to enforce a more
efficient, equitable and sugtainable use of water resources. They would be related
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to the use, conservation and inspection of infrastructure, elaboration of satues for
water users associations, establisment of water fees and establishment of
regulations for congtruction of infrastructure for hydro-agriculturd activities.

» Impacts expected to arise from appropriate regulations are @) increasng water use
efficiencies, b) prevention of land and water degradation, ) improved operation
and mantenance of irrigation infrestructure, d) reduction of water related
conflicts within irrigated aeas, and €) increesed agriculture production. This
might ultimately contribute for the establishment of the principles for water

demand management, though the condraints arisng from the fragmented and
unquantified nature of the irrigation sector must be recognised.

» Soil and water conservation techniques can aso be used in order to make a better
use of water resources, especidly in those areas of the country where rainfdl is

scarce and eratic. Mogt of the nationa agriculture production in Mozambique is
caried out under rainfed conditions. Any practice that increases crop yidds
without increasng the water supply contributes to rise the crop water use
efficiency and to make best use of ranfal. Some research is presently under way
in order to identify and quantify soil water conservation measures that contribute
to increase food production in margina arees.
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Annex 1:

Annexes 2: Lis of contacts

An inventory and characterization of agricultura water technologies and
practices adopted in Mozambique (attached inventory file)

S/N | Name Organization Pogtal address and Emall
1. | Eng. Alberto Smadl Scaelrrigation Maputo
Tembe Project (DNHA-BAD)
2 Dra Fernanda CTA Smdl Scae R. Resstencia, 1746, 30A,
Gomes Irrigation Project (DNHA- | Maputo; ssip@tvcabo.co.mz
BAD)
3 Eng. Carlos Sasakawa Globa 2000- Minigtry of Agriculture, Maputo
Zandamda Extension Department Fsantossg2000cz@tel edata.ne
4 Charlene Africare-Mozambique Tdl. (258 21- 492 998
McKoin Cdl: (258) 82-307 1640
maputo@africare.org.mz
5 Fernando Rililao Carelnternationd - pililao@carenpl.org.mz
Mozambique
6 Dr Rui Brito Faculty of Agriculture and ruibrito@zebra.uem.mz
Rurd Eng. - UEM
7 Manuda Minisry Environmentd manuelamuianga@micoa.gov.mz
Muianga Affars
8 Euldia Macome Minigry of Agriculture— emacome@map.gov.mz
Environmental Monitoring
Unit
9 | Rafad Massinga | Agricultural Research raf_massinga@tvcabo.co.mz
Indtitute — Conserv.
Agriculture
10 | Suzanne Poland USAID spoland@usaid.org
11 | MargaridaD. FAO Margarida.davideslva@fao.org
Slva
12 | Danid de Sousa World Bank dsousa@worldbank.org
13 | Deolinda Pacho World Food Program Deolinda.pacho@wfp.org
14 | Antonio Fagilde Generd Manager aftecap@tvcabo.co.mz
TECAP, Lda
15 | RH Enriquez Adventis Development rhenriquez@ADRA .org.mz
Reief Agency — ADRA
16 | BrianHilton World Vigon Internationa Brian Hilton@wwvi.org
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ABBREVIATIONS

ADB
ARA
BAD
CAP
CFMU
CNA
DINA
DNA
DNAP
DNER/SG
DNHA
DPA
FAO
FAOSTAT
FDHA
FSNS
FSU-EC
GAR
GAPVU
GCA
GDP
GoM

GPSCA
ha

IAF

1AM

INE
INIA

kg
km

M&E

MADER

African Development Bank

Administracao Regional de Aguas(Regional Water Administration)
Banco Africano de Desenvolvimento

Censo Agro-pecuario

Crop Forecasting and Monitoring Unit

Conselho Nacional da Agua (National Water Council)

Direccao Nacional da Agricultura (National Directorate of Agriculture)
Direccéo Nacional de Aguas (National Water Directorate)

Direccéo Nacional de Agro-Pecuéria (National Directorate of Livestock)
Direcgdo Nacional de Extensdo Rural/Sasakawa-Globa 2000

Direcgdo Nacional daHidraulica Agricola (National Directorate for Agricultural Hydraulics)
Direccéo Provincial da Agricultura (Provincial Directorate of Agriculture)
Food and Agriculture Organization of the United Nations

FAO Statistical Database Online

Fund for Agricultural Hydraulics Development

Food Security and Nutrition Strategy

Food Security Unit - European Commission

Gabinete de Consultoria e apoio a Pequena Industria

Office for the Support to V ulnerable Population Groups

Grupo Consultivo de Arroz (Rice Consultative Group)

Gross Domestic Product

Government of Mozambique
Gabinete de Promoc¢éo do Sector Comercial Agrario (Office for the Promotion of Commercid
Agriculture)

hectare

Inquérito Nacional aos Agregados Familiares sobre Condic¢des de Vida (National Household
Survey on Living Conditions)

Instituto Nacional de Investigacéo de Mogambique (Institute of Agrarian Researchin
Mozambique)

Instituto Nacional de Estatistica (National Institute of Statistics)

Instituto Nacional de Investigac&o Agricola (National Agricultural Research Institute)
Kilogram

Kilometer

Liter

Monitoring and Evaluation

Ministério da Agricultura e Desenvolvimento Rural (Ministry of Agriculture and Rural
Development, now MINAG)
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MAP
MDG
MINAG
MOPH
MPF
MSU

MZM
NIPIS
NERICA
NGO
ORAM

PARPA
PROAGRI

PRONIPE
PRSP
SADC
SEMOC

SIMA
SMI
SMS
SNAP
SNS
SSIP
TIA
UEM
UNDP
USAID
$
WUA

Ministério da Agricultura e Pescas(Ministry of Agriculture and Fisheties, now MINAG)
Millenium Development Goals

Ministério da Agricultura (Ministry of Agriculture)

(Ministry of Public Works)

Ministério do Plano e Financa (Ministry of Planning and Finance)
Michigan State University

Metric Ton

Meticais (Mozambican currency)

National Irrigation Policy and its Implementation Strategy

New Ricefor Africa

Non-Governmental Organisation

Organizacao Rural de Ajuda Mutua

Plano de Accéo para a Reducéo de Pobreza Absoluta (Action Plan for the Reduction of
Absolute Poverty)

Programa Nacional de Desenvolvimento Agrario (National Programme for Agricultura
Devel opment)

Programa Nacional de Irrigacao de Pequena Escala (National Program for Small Scale
Irrigation)

Poverty Reduction Strategy Papers
Southern African Development Community

Sementes de Mogambigque (Seed Company of M ozambique)
Sistema de Informagao sobre os Mercados Agricolas (Information System on Agricultural
M arkets)

Small and Medium Industries

Subject Matter Specialists

Sistema Nacional de Aviso Previo (National Early Warning System)
Servico Nacional de Sementes (National Seed Service)

Small Scale Irrigation Program

Trabalho de Inquérito Agricola (Agricultural survey of the family sector)
Universidade Eduardo Mondlane (Eduardo Mondlane University)
United Nations Devel opment Programme

United States Agency for International Devel opment

United State Dollar

Water Use Association
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