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Swaziland is a small land-locked country of nearly 17,400 km in size with a population of

900,000 in 1997. It is surrounded in the north, west and south by South Africa and on the east by

Mozambique.

Of the total land area, 9% is cropped, 65% is pastures and 14% is covered by commercial

forests. It has six agro-ecological zones the highveld, the upper and middleveld, the eastern and

western lowveld and the Lubombo Plateau, which range from 400 - 1800 metres above sea level, each

with distinct physical characteristics and climate. The diverse ecology has provided for an equally

diverse agriculture-based economy in both the subsistence and formal sectors.

Whereas agriculture dominated Swaziland's economy in the 1970's expansion in

manufacturing has assumed a more dominant role in recent years. By 1990 agriculture had fallen to

14% ofGDP from 32% in 1970 while industry accounted for 39% up from 28%. This is said to be

as a result of stagnation in the growth of agro-industry and depressed market conditions. In 1980

sugar, wood and pulp, citrus and other fruit accounted for 71% of exports, a proportion that had

fallen to 49% in 1990.

In spite of the stagnation in the growth of agro-industry, agriculture still plays an important

role in the country's economy with the sector divided into Swazi Nation Land (SNL) which is semi-

subsistent and Title Deed Land (TDL) on which large scale commercial farming takes place. Maize

is the major crop on SNL, with cotton and tobacco produced on a limited scale. Sugar, citrus,

pineapples, cotton, maize and cattle breeding are the major enterprises on TDL. The average yield

of the main crops are: sugar, 105t/ha, pineapples, 45t/ha, maize 1.4t/ha, beans, 0.74t/ha, citrus

29.73t/ha, cabbage 14.7t/ha with capita food production at 83 in 1993/94.

Source: National Development Strategy Document and its Sectoral papers. 1997



Livestock is of great social and economic importance accounting for 5% of GDP with stock

production per capita at 77 in 1993/94. On SNL livestock owners obtain milk, manure and draft

power from their animals whereas in TDL, animals are for market sales.

Agricultural research is carried out at the Malkerns Research Station of the Ministry of

Agriculture and at the Faculty of Agriculture of the University of Swaziland. These are the only

institutions of their kind in the country. In addition, there are 3 other technical institutions, the

Gwamile Vocational Institution, the Swaziland College of Technology and the Manzini Industrial

Training Centre which produce technical cadres at various levels. Due to lack of proper records the

ratio of scientists, engineers and technologists is estimated to be 1 per 1000 of population.

The main sources of fuel and energy are: electricity (7%) coal (6%) fuel wood, biomass and

other renewable sources (6%) and petroleum products (18%). The consumption is as follows:

industry (41%), households (35%), transport (19%), agriculture (3%), commerce and services (2%).

The telecommunications network is a clear example in which public demand for

technological infrastructure has grown tremendously in the past few years, at present the telephone

density per 1000 of population is about 30.

The environment is a major concern because of the industries that discharge effluent into

rivers, our pollution and agricultural land mismanagement. For this reason the Swaziland

Environment Authority (SEA) was established in 1992 to coordinate environmental issues and the

promulgate regulations to govern environmental management. The SEA has prepared a National

Environmental Action Plan and a national biodiversity strategy.

The following chapters give highlights of some research in agriculture and the environment

which is believed to be relevant to the provision of a base for increased food production and food

security in Swaziland.



It must be noted that the references are to be found in the original papers which can be

obtained from the contact persons indicated at the end of each chapter.



Chapter 1: Maize Stover and Poultry Manure as Feed for Growing Cattle

Background and Problem Specification

Cattle are an important social and economic commodity in Swaziland, bred under a traditional

agro-pastoral husbandry system using native Nguni types on Swazi Nation Land (SNL). Cattle

productivity under the traditional system is low due to acute feed shortages. On government breeding

ranches pre-weaning and post-weaning growth rates of 427g/day and 371g/day have been reported

for Nguni Cattle. Data on the performance of these cattle on SNL is not available but it would be

expected to be much lower. With good feeding, it is possible to achieve growth rates of up to

700g/day or more from these cattle. Nutrition is a primary limitation on SNL and yet there exist in

Swaziland feed resources that are unused or poorly utilized and which could make a major impact

on ruminant livestock production.

Crop production gives rise to considerable amounts of agricultural wastes and by-products

that ruminants can convert into highly nutritious products. A number of reasons, including human

population pressure on the land, scarcity and high cost of concentrate feeds, frequent drought,

scarcity of resources, justify increased use of non-conventional feed sources for ruminant animal

feeding. The specific objective of this work was to compare poultry manure and urea as nitrogen

supplements to maize stover as a means of promoting the use of a lower cost nitrogen supplement.

The long-term aim is to develop low-cost feeding systems in Swaziland to match ruminant livestock

production with available resources.

The review of literature by the scientists indicates that similar experiment have been reported

by other workers. The importance of the work lies in the fact that it is being applied in Swaziland

where both maize stover and poultry manure are abundant and the Nguni cattle are traditionally bred

on SNL. Both ingredients are low cost and with proper extension work, this procedure could be a

distinct advantage to SNL farmers. The tests are conducted on the University Farm where animal

and crop production are major semi-commercial enterprises.



Lead Institutions

The Department of Animal Production and Health in the Faculty of Agriculture of the

University of Swaziland is the lead research institution.

Contact Persons

Dr. Ocen George William

Mr. Moses Vilakati

Dr. Bathandwa Dlamini

Tel: 83021

Fax: 83441

e-mail:



Chapter 2 Effects of Kraal Manure Placement on Maize and Bean Yield

Background

This write-up covers the use of kraal manure (cattle manure) and green manure as low cost

organic fertilizers for in particular, small-scale subsistence farmers who face the problems of the

high cost fertilizer and depletion of soil fertility in small farm holdings. Because of the dominance

of cattle production on Swazi Nation Land, kraal manure is an important organic fertilizer for maize,

beans and vegetable production. In 1995, there were over 642,000 herd of cattle in Swaziland

(against a human population of 900,000) producing considerable amounts of manure that is used to

supplement inorganic fertilizers for maize, bean and vegetable production. The method of

application varies from farmer to farmer and with the amount of manure available. The adverse

effects ofdrought have reduced biomass for grazing and by implication, the amount of kraal manure

available for crop production. Due to climate differences in the different agro-econological zones

there are also differences in the nutritional content of the vegetation which would in turn affect the

nutritional quality of kraal manure and on the crops produced. It is thus important to devise ways

for the most efficient application of manure to boost crop production.

In addition to using kraal manure small scale farmers generally bury fresh weeds as green

manure crop for the production of short duration crops such as Phaseolis beans and sweet potatoes

(Ipomea batatas), However the nutritional content of weeds is low, and ways to improve their

quality by sowing sunhemp (Crotalaria junncea) a legume crop in fields intended for beans and sweet

potatoes has been tried.

The increase in human population pressure and the advent of inorganic fertilizers from fossil

fuel reduced the reliance on organic manures. But most recently there has been renewed interest in

the use oforganic manures because ofthe rising costs and the polluting effects of inorganic fertilizers.

The surge in interest is illustrated by the research in alley cropping at the International Institute of

Tropical Agriculture (IITA), Ibadan, Nigeria, the establishment of the International Centre for

Research in Agroforestry (ICRAF), Nairobi, Kenya and the international symposium of the role of

green manure crops in rice farming systems, conservation farming, reviews and workshops.



Kraal manure has been used as an organic fertilizer for generations in Swaziland, but repeated

cultivation of soils and the inability offarmers to allow fields to lie fallow due to population pressure

demands low cost processes to enhance soil fertility. Methods of applying manure which included

broadcasting, banding and dollop (spot application) were tried. The test crops were maize and

beans. The dollop method gave the highest yields. That the nutritional quality of manure has been

found to be dependent upon the agro-ecological zone . This is an important consideration in crop-

production in the different agro-ecological zones, especially for those small farmers who use only

kraal manure as fertilizer.

The up-surge of interest in green manure is an important trend in terms of cost and a welcome

development in environment management.

Lead Institutions Department of Crop Production

Faculty of Agriculture

University of Swaziland.

Contact Person Prof. O.T. Edje - Tel : 83021

Fax: 83441

e-mail :

Funding sources Research Board

University of Swaziland.



Chapter 3: Iron Fortification of Some Dairy Products Using By-Products as Iron

Organic Sources

Background

Fermented dairy products are considered to possess antibutrification factors for the digestive

tract and to confer a variety of important nutritional and therapentic benefits to consumers. Of

particular interest is the study which found that fermented milk was protective against colon cancer.

Fermented milk (emasi) is a very popular, traditional food, consumed by people of all ages and both

sexes as a complete meal in Swaziland.

Although milk products are a well-known sources of nutrients they lack iron but such

products can be fortified to increase their dietary nutritional quality. Some fortification trials have

been performed in Cheddar and processed cheeses and in yoghurt and soft cheeses.

Whey proteins are of high biological quality rich in the essential amino acids, cystine and

glutamic acid. They are easy to digest and are useful in chronic bile and pancreatic problems where

they exhibit a choleretic property and normalize exocrine functions of the pancreas. Whey protein

concentrate can be recommended as a therapentic agent or as an additive to products for dietary

therapy in the combined treatment of chronic diseases of the biliary system especially in the case of

concomitant diseases of the stomach and pancreas. They also are helpful in avoiding diarrhoea and

constipation, resulting from using antibiotics, and are important in protecting the intestine from

cancer. The presence of intact lactose in emasi may cause alarm in those who are suffering from

lactose intolerance.

The major process was producing emasi with high nutritional and therapeutic value by

increasing its dry matter especially proteins, decreasing the lactose content to overcome its

intolerance by consumers and fortifying it with iron to be used as prescription for iron-deficiency ,

anaemia. Supplementing emasi with whey protein concentrate obtained from dairy products makes



emasi a good prescription for children who are suffering from kwashiorkor, and others suffering from

chronic bile and pancreatic diseases.

Lead Institution

Contact Persons

Tel.

Fax.

E-mail

: Faculty of Agriculture and Ministry of Health

; Prof. M.Y. Khalifa

Dr. Themba F. Ntiwane

Dr. T. Sibiya.

: 83021

: 83441

Collorative Institution : Faculty of Agriculture and Ministry of Health both in Swaziland.

Funding Source Research Board

University of Swaziland.



cms

Chapter 4: Women's Creation and Use nf Rural Technology in Swaziland

Background

Technology has, for a long time, been considered a primary mechanism for promoting socio-

economic development. Governments, NGO's and the donor community have been in the forefront

of the promotion of social and economic emancipation through the application of science and

technology. In most developing countries, the rural sector stands out as a vital point for development

initiatives. This is because the majority of people reside in rurual areas. In almost all these countries

agriculture is considered the backbone of the economy and the only reliable source of livelihood for

the majority of the population. Swaziland is no exception as the population is predominantly rural

and occupies 60% of the total land area constituting Swazi Nation Land. Thus Swaziland has been

described as one of the least urbanized countries, with a high rural-urban interaction which is

facilitated by the small geographical area and a relatively good communications network.

In Swaziland, most of the agricultural activities are performed by women since about 60%

of male homestead members are absent, working either in the urban and industrial estates or in South

Africa. The consequence of this is the predominance offemale-headed households, estimated at 28%.

The increasing trend of women performing tasks that would otherwise be carried out by man has led

to the argument that the majority of Swazi women are "fully employed" in the home and it is

estimated that the women and children contribute 70% of agricultural labour. This observation is

consistent with the description of Africa as the region of female farming. Given that women in

Swaziland play a key role in the rural economy, it is necessary that benevolent efforts intended to

enhance rural development through the adoption and application of rural technology are targeted to

them as well. This is more so because women in Africa are already so overburdened and require

technology to rationalize their workload.

Technology employed in food production include structures1 material and equipment of

various kinds, targetting the numerous processes involved in clearing, ploughing, harrowing,

ridging to transporting the maize and other products and storage.
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Major problems with the use of technology by rural women identified are that women, in

general do not create technologies but depend on externally introduced ones, that are readily

available rather than strive to produce their own indigenous models. This unfortunately means that

women have lost their creativity in producing technologies that are needed to alleviate their arduous

tasks. The consequences of this dependence have been observed where externally designed

technologies intended to alleviate women's drudgery have not won women's acceptance, emphasizing

the acknowledged need for women to be involved in technology creation.

In searching for ways to confront these problems several factors were found to have

promoted women's access to technologies moderated to greatly. These factors however still address

women as recipients and not as creators of technologies for their use. These factors are:

(i) Possession of primary education

(ii) Being able to receive timely information about technology

(iii) Dealing with technology that does not consume a lot of time

(iv) Affordability of raw materials

(v) Support of husband and other family members

(vi) Access to land, etc.

In conclusion, women in Swaziland are an indispensable group for enhancing sustainable

rural development. In this context women's access to rural technology serves as an increasingly

important primary mechanism for promoting rural socio-economic development.

Lead Institution : Faculty of Agriculture

University of Swaziland

Contact Person : Prof. K.J.B. Keregero

Dr. M.P. Dlamini

11



Tel.

Fax

E-mail

: 83021

: 83441

Collaborative Institution University of Swaziland

Ministry of Agriculture and

Cooperatives. Both in Swaziland.

Funding Source Research Board

University of Swaziland.
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Chapter 5: Women in Rural Production : Focus on Land Management Practices

Background

The natural environment in Swaziland is fragile and readily susceptible to degradation while

the population is heavily dependent on the land. Land management practices are becoming grossly

inadequate to mitigate the consequences of the various land uses. The country has been treated to

a whole gamut of soil and water conservation meansures for almost six decades ranging from simple

crop management practices to large scale land improvement measures. All these have proved

protective to Swazi rural lands; without them, the land would have been desertified.

Rural women perform responsibilities for which the sum total outweight the duties of the men

folk. They have a greater share ofthe production and reproduction activities of the rural systems and

also show laudable enthusiasm in planned conservation projects whenever called upon to do so.

Many non-governmental organizations (NGO's) target women to execute community based projects,

but women are so burdened in their daily lives, that they cannot undertake complex land management

practices.

A drive through the country-side reveals extensive transformation of the landscape through

conservation activities of the Government, international agencies, non-governmental organizations

and individual farmers. Grass stripping stands out as the most enduring and ubiquitous and one that

has become part of Swazi agriculture. People allow it on the farms to curb soil erosion and also

because it is inexpensive.

This study was conducted to appraise land management parameters with a view to identifying

constraints to increased food production and sustainable environmental conservation. These

constraints include natural (land and water) and human (socio-cultural) constraints to agricultural

production on Swazi Nation Land (SNL). The evaluation of the effect of land management practices

in particular and the evaluation and proposal of land management options were also part of the study.

13



Of particular interest is the theory put forward that because of the a imbalance between

population growth and available resources certain problems have emerged and will worsen with time.

One ofthese is rising unemployment capacity among the youth with the resultant rural-urban exodus

of able-bodied men and the preponderance of female-led rural agriculture. Livestock increase in

another serious factorwhich contributes to land degradation throughout the country. Despite the long

history of soil conservation measures in the country, the problems continue.

Some questions come to mind: what are the major characteristics of land utilization in the

country? What are the obstacles to increased productivity? What measures have been put in place

to achieve land sustainability? Who are the practitioners and why do they fail? What is the way

forward in the light of experience from elsewhere?

These questions require honest and substantiated answers. The key variable may be the

gender factor. With the exodus ofyoung male adults to urban areas in search of employment, women

are left to conduct farming activities and to manage family land. This situation puts serious

limitations on the volume and quality of inputs that go into rural land utilization. It is therefore

hypothesized that the prepoderance of women on the rural farms on SNL have serious implications

for land management.

The most important hypotheses emerging from the above consideration is that there is a

potent link between land degradation and the gender managing the land. Given the same physical

environment, variation in agricultural productivity will reflect variations in management practices.

This in turn, is assumed to be a manifestation of the gender involved and the available input. The

contribution of women to subsistence agriculture in Swaziland is estimated at 70% as in other parts

of Africa. This fact makes an important variable for analytical purposes in land management. This

study therefore hypothesises further that:

i) land deterioration is related to gender and similarly is land management effectiveness.

ii) most land management measures to-date are beyond the means of the physical

capacity of females hence their failure.

14



iii) that agriculture is carried out in many homesteads as a matter of course to maintain

tenancy rights and not geared to economic production.

These hypotheses and the research questions will help trace the evolution, trend and future

of land management systems in Swaziland.

The usual tendency is many research reports is to applaud the high contribution of women

to rural agriculture, and to environmental management. The hypotheses put forward above that

women may actually be contributors to land degradation due to their inability to render quality

agriculture and land management is rather unusual and may deserve further exploration.

Lead Institution

Contact Person

Tel.

Fax

E-mail

Department of Geography, Environmental Sciences

And Planning, University of Swaziland

Professor M.A. Adewole Osunade

84011

85276

Funding Source Research Board

University of Swaziland.
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Chapter 6: Potential for Water Absorbing Polymers for Crop Production

Background

Drought and water shortage are now the greatest threat in agriculture in Swaziland and

elsewhere in Africa. There is also concern for the contamination of ground water resources with

inorganic fertilizers and pesticides through teaching through leaching by frequent irrigation. These

concerns have increased the search for ways of improving water use efficiency and reduced

contamination of water resources. One possible means of addressing these constraints could be

through the use of water absobing polymer, which have been in use since pre-historic times and have

been synthesized for the past century. One such polymer is agrogel.

Agrogel is a water-retaining polyacrylamide polymer, a superabsorbent which has

remarkably high water absorbing properties. It swells and forms gelatinous particles with water

which is loosely bound and can be released over a long period of time. Agrogel is non-toxic, non-

polluting, biodegradable environmentally safe soil amendments, some of which have time-release

mechanisms for water-soluble fertilizers. It neither contaminates plants, soils, growth media nor

ground water. It is capable of several wet/dry cycles and can absorb 100% capacity in one or two

hours. There are several commercial types of polymers and in 1996 there were over 20 that have

been used in agriculture. These include agrosoke alcohol, aquagron, aquakeep, aqualox,

hydrosource, soiltex, terrasorle and water lock. Their application to soil has been reported to lead

to marked increase in water soluble aggregates and other related soil physical properties. Their use

for the increase in crop yields and in the improvement of soil structure and soil water holding capacity

has generated considerable interest in agriculture, horticulture and in forestry.

Recent adverse effects on crop yields, frequent irrigation and the resultant effects leachates

in water resources has increased interest in the use of the water absorbing polymer, hence this

project on the potential of water absorbing polymers in crop production. Several studies were

conducted using agrogel, a water absorbing polymer. The studies included water and nutrient uptake
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and retention studies in aqueous solutions of fertilizers, methods of application of agrogel, response

of vegetables, fruits and hedgerow crops such as tomato, Corchrus olitorius, Ve.tiveria zizanioides

and pineaples

Moisture Absorption Studies: Water absorption by agrogel in aqueous solutions of three fertilizers:

urea, calcium nitrate and a compound fertilizer [3:24:24 (N: P2: O5:K20)] was determined. Water

uptake by aqueous solutions of the three fertilizer after seven hours were, 387, 170 and 267 cc,

respectively. The low absorption by calcium nitrate was attributed to block of absorption sites by

calcium. As expected, urea, an amide, had the highest water absorption.

Nutrient Retention Trials: Beans [Phaseolus vulgaris] were sown in pots in a greenhouse. Treatments

were sand with and without agrogel. Plants were fertilized periodically with either urea or limestone

ammonium nitrate [LAN] fertilizers for three months. After crop harvest, nutrient retained in the

sand were determined. Data showed that when agrogel was added to the planting medium, the

nitrogen retention was 20.6% higher when urea was used as nitrogen source compared to LAN.

When agrogel was used as a soil amendment, nitrogen retention in treatments with urea and LAN

were 5.7 and 7.6%, respectively. In the absence of agrogel in the sand, the amount of nitrogen

retained from both sources of nitrogen fertilizers were about the same, 5.6 and 5.7% for LAN and

urea, respectively. The main points that emerge from the data are: less nitrogen is leached from soils

when urea is used compared to LAN. In the presence of agrogel, less urea can be used for crop

production resulting in savings, indicating that the use of urea should be preferred and in reduced

amounts as maize seedlings were damaged when the equivalence of 60 kg/ha of urea was used for

production. Maize seedlings with 60kg/ha of urea was used for production. Maize seedlings with

60 kg/ha with calcium nitrate as nitrogen source showed no signs of fertilizer injury.

Methods of Agrogel Placement: The use of a slurry [dipping seedlings or stem cuttings into a thin

paste] and mixing of hydrated agrogel with soil or sand were compared. Data showed that the

seedling establishment was improved with the slurry method, while the mixing of hydrated agrogel

was more suitable for direct planting of seeds.
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Ike of Agrogel for Tnmatn Production: The effects of three irrigation frequencies [low, medium and

high] and three agrogei levels [contol, l.5g of agrogel per litre of soil and 3.0g of agrogel per litre

of soil] were compared in a greenhouse trial. Seedling vigour as expressed by seedling leaf area and

dry matter were significantly affected by watering frequency and agrogel level, with the high rate of

agrogel producing 123.5 and 70% more area and dry matter, respectively than the control [no

agrogel]. The number oftomato fruits per plant for low, medium and high levels of agrogel was 4.8

6.5 and 8.3, respectively. The tomato yields for the respective agrogel rates were 26.6 43.3 and 45.3

tonnes/ha.

Residual Effects of Agrogel After the above tomato crop was harvested, another crop of tomato was

planted in the same pots. The trends reported above were repeated, indicating that agrogel has

residual moisture and nutrient retention properties even in the second year.

Response of Corchrus to Agroeel Levels: The effects of three levels [control, 1.5 and 3.0 g per litre

of soil] were studied in under greenhouse conditions. The results showed that agrogel had no

significant effects on neither leaf nor seed yield the trial is being repeated under field conditions.

Response of Vetiver to Agrogel Levels: The number of slips, canopy, height and dry matter of vetiver

was affected by agroge! levels.

Following the above experiments the following conclusions were reached:

1. That agrogel swells more in rain than tap water, suggesting that rain water be used for

preparing slurry solutions for dipping seedlings or stem cuttings.

2. Moisture and nutrient absorption by agrogel is largely dependent on the nature of fertilizer

in an aqueous solutions due to blocking on the agrogel site with fertilizers containing divalent

ions absorbing and retaining less water and nutrients than the monovalent ones.

3. Less fertilizer should be applied when using those with monovalent ions because more

nutrients will be retained and that recommended levels may therefore be toxic.

18



High levels of agrogel in a growing medium may retain too much water as to cause water

logging and impede drainage in some soils.

Benefits of agrogel may not be realized in seasons with normal rainfall and distribution and

may therefore be more suited to greenhouse year-round production of high value crops.

Lead Institution Faculty of Agriculture

University of Swaziland

Contact person

Tel.

Fax

e-mail

Prof. O.T. Edje

83021

83441

Collaborating Institutions Institute of Chemical Studies

University of Ljublijana

Slovenia.

University of Swaziland

Funding Source UNESCO : UNISPAR.
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Chapter 7 Chemical Analysis and Studies nn the Environmental Effects of Additives in

Paper Products from PuIp and Paper Mills in Swaziland

Background

Industrial pollution of rivers is a serious threat to the quality of water resources in many parts

of Africa where legal restriction on the disposal of industrial wastes is often lacking or weak. The

dumping of industrial effluents into rivers also poses a serious health hazard to the rural population

that uses untreated river water for cooking and washing, to aquatic life and even to livestock that

drinks from the polluted rivers plants the countryside especialy during the non-cropping season.

Pulp and Paper Mills are important enterprises which contribute significantly to the economy

of Swaziland but additives in paper products and effluents from the mills are polluting to one of the

larger rivers in the country. Resin and fatty acids, are terms that are used in pulp and paper industry

to characterize the material that is extracted from pulp and paper matrices into organic solvents such

as acetone, ethane and dchloromechane. The non-polar extractives, commonly called pitch or wood

resin are comprised mainly of fatty acids, resin acids, waxes, alcohols, terpenes, steryl esters and

glycerides. The extractives from wood usually comprise 3-6% of the weight of the wood depending

on the species. Residual amounts of extractives are found in a variety of pulp and paper matrices and

are important in many ways:

i) they are usually major contributors to the toxicity of untreated effluents from pulp and

paper mills.

ii) they usually cause pitch deposit problems, etc.

The extractives together with lignin from the wood usually end up inthe effluent from paper

mills and can be potentially toxic to the environment and affecting the quality of water for human,

animal and plant life. Other problems caused by these components may include increases in BOD and
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increase in su<
spended solids. Some of these compounds may survive all the treatment stages and be

discharged in thewater. This is especially true for non-biodegradable compounds. Additionally, some

non-toxic additives could be biodegradable and release toxic fractions. As a result, the determination

of these concentrations is very important in countries like Swaziland where pulp and paper industries

are major enterprises. Because the industry needs rapid methods for the measurement of extractives

there is a lot of research entered in this area.

This report describes the adaptation of a spectrophotometric procedure for the determination

of total resin and fatty acids in pulp and paper materials. The procedure was originally used to

monitor free fatty acids in vegetable oils. It is faster than the common chromatographic procedure.

The research report describe the procedure and results from the extractives from wood chips and

effluent samples obtained from Usuthu Pulp Mills in Swaziland. It describes an important procedure

for monitoring industrial effluent effect on one of the major sources of water in Swaziland.

The technical procedure provides for important progress towards managing water resources

and solving the problem of water pollution.

Lead Institution : Department of Chemistry

University of Swaziland

Usuthu Pulp Company.

Contact Person : Prof. V.S.B. Mtetwa

Tel. : 84011

Fax : 85276

e-mail

Funding Source : Research Board

University of Swaziland.
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Chapter 8: Maize Cultivar Adaptation Trial

Background

Maize farmers particularly the small scale producers located on Swazi Nation Land (SNL) are

affected by a host of constraints that limit their productivity. The result is that production per unit

area is low and has stagnated at about 2.0t/ha. There is evidence however to suggest that the use of

improved maize varieties and hybrids is more widespread, having increased to about 90% in 1990.

Their use has in turn increased yields and somewhat stabilized production in Swaziland.

According to CMMYT the most important factors that have influenced yields are climate,

moisture availability over the growing season and to a certain extent farmer level of inputs.

CDVCVTYT suggests that in the long-term an important means of increasing productivity is to steadily

provide materials with a high yield potential.

Maize evaluation trials aim at assessing new maize genotypes not only for their yield potential

but for several other traits known to influence maize grain yields on farmers fields. These traits

include time to maturity, prolificacy, seed vigour and strength in so far as they determine the final

maize population and ultimately yield stability across locations and seasons.

Swaziland's different agroecological zones provided for the assessment of the general

performance of new maize genotypes across locations in comparison to the widely grown commercial

cultivars SR52 and PNR 473. This work also aimed to identify stable maize cultivars and traits

associated with stability and to compile stability indices based on across season-across location data

and finally to determine relative contribution of rainfall to grain yield stability.

There was a large range in yield across the five environments in which trials were conducted.

This suggests that climatic and other cultural conditions were dissimilar. Mean yields for the highest

yielding environment (NhJangano, cool Middleveld) were about 8.5 ton/ha, some 3.0 ton/ha higher
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than the least productive (Hebron, Highveld). At Nhlangano the highest maize cultivar yields were

about 10t/ha, the harvest about 7.5t/ha while at Hebron the highest recorded yields were 7.3 and the

harvest 3.5t/ha. giving a very wide across locations range of nearly 5t/ha between the most

productive and the least productive environment.

Grain yields were subjected to AOV for the individual environments. This analyses shows

that for Nhlangano (cool Middleveld) yield differences though evident were not significantly different

so that it is not possible to discriminate among the test genotypes. Despite this, new genotypes that

show most promise are IB 8321, RO 411, PNR6549, ZS 225 and SNK 2147. AOV for Malkerns

(moist middleveld) yield data reveals highJy significant yield difference (PO.01) among maize

genotypes. The promising genotypes on the basis of this parameter are RO411, RO415, ZS225 and

SNK 2147, all with yields in excess of 7t/ha.

Grain yields records in the highveld were also very high ranging between 5.4 and 5.9t/ha grain

Grain yield differences at Mangcongco (Highveld) were again highJy significant (P< .001) suggesting

that there were differential performance among genotypes. New promising genotypes identified in

this trial include PNR 6549, SNK 2147, RO411, RO415 and RO413. At Hebron (Highveld) grain

yield differences were also highly significant (P<0.01). Maximum mean yields were 7.2t/ha recorded

in SNK 2147 while the lowest yield was 3.5t/ha recorded in PNR5429. At this site the best

performing genotypes are SNK 2147, ZS 225, RO 411 and to a lesser extent PNR 6549, RO 415 and

IB 8321.

Factors affecting grain yields at each were examined based on data on prolificacy, plant

density, shelling percentage etc. Perhaps the most important factor that determined the performance

ofthe hybrids is rainfall. Though the season started late in October, instead of September, and was

sporadic during November, its distribution turned out to be favourable for grain and development in

the later months. The trials at Malkerns (moist Middleveld) was planted in well watered soil and

through the next seventy days sufficient rains fell to support the subsequent vegetative growth. The

reproductive development also occured under a favourable moisture regime after fall amounting to
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more than 200mm had been recorded. Subsequent to this more frequent rains kept the soil profile

sufficiently moist to support the maturation period.

Rainfall distribution for Mangcongco (Highveld), Luve (Dry Middleveld), Nhlangano (Cool

Middleveld) and Hebron (Highveld) was similar to the pattern observed at Malkerns. Evidently

rainfall amount and distribution were favourable for optimum production at all five sites. It is

therefore not surprising that yields were consistently high across all locations including Luve

Lead Institution Malkerns Research Station

Ministry of Agriculture and Cooperatives

Annual Report 1990/1991

Contact Person
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e-mail

: Chief Reseach Officer
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Chapter 9: An Evaluation of Maize-Cownea Intercrnnning Systems in Swaziland

Background

Most Swazi Nation Land (SNL) farmers practice intercropping. This is carried out as a means

of insuring against adverse environmental conditions, diversifying diets and farm activities, or

improving productivity with limited resources. Much recent work has shown that intercropping could

increase crop output per unit land area through the production oftwo or more crops on the same area

within a season. Intercropping could also reduce pest and disease damage, yield compensation when

one component crop is damaged, and through higher land equivalent ratios. Crop production as a

result of reduced probability of crop failure is cited as another advantage attributable to intercropping

practices.

However intercropping also has shortcomings. The shorter components suffer yield reduction

as a result of shading from the taller crops. A more productive intercrop combination would result

if this influence was reduced. Adaptation of suitable crop cultivars and manipulation of plant

population and relative times of planting of the component crops are commonly used to achieve this

goal.

Maize the stable food in Swaziland, is grown by every SNL farmer. Maize is intercropped

with many other species principally, pumkin, bean, cowpea and melon. The usual objective in

intercropping systems with maize is to achieve additional production of the secondary crop while

maintaining maize output. However there is clearly need for a more complete understanding of these

systems, both to identify the most productive practices and for the development of cultivars

compatible with farmers' cropping practices. New crop cultivars will most likely be grown in

intercropping systems.

Many different spatial arrangements are encountered in intercropping. One system in

Swaziland involves planting the component crops randomly within the same row. Neither efficiently
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of this system nor the compatibility of its components have been established, This study was

undertaken to assess the performance of maize-cowpea intercrops planted in within-row and alternate

row association in three agro-ecological zones of Swaziland.

The technical details entailed two similar sets of trials in 1989/90 and 1990/91 seasons at Luve

Experimental Plot (LEP, dry middleveld), Nhlangano Experiment Farm (NEF, highveld), Lowveld

Experiment Station (LES) and Malkerns Research Station (MRS, moist middleveld). Unfortunately

trials at LES and MRS were destroyed during the two seasons before harvest.

Luve experiment is located at an altitude of 350 metres above sea level and is characterised

by an unreliable rainfall distribution, shallow sandy soils (lithosols) with a depth of less than 50cm

which may easily become water-logged under continuous rainfall. Summer temperatures at this site

are high and range between 25 and 30°C

NhJangano on the other hand is located 1000 metres above sea leavel, receives adequate and

reliable rainfall (7,850mm) which is cooler with summer temperatures ranging between 20 and

25°. The soils at this site are deep loan clays.

A maize hybrid R201 and cowpeas IT82D-889 were used in this study. R201 is an early

maturing three-way hybrid that orginated from Zimbabwe and is particularly suitable for the more

marginal rainfall areas because of its long pollunation period and a effective pollen-shed to silking

synchronisation process. The cowpeas line on the other hand is determinate, extremely early

maturing and thus can be grown twice in the dry middleveld and lowveid regions of Swaziland. It

has been evaluated in agronomic and nutritional trials and is being released.

Yields

Maize : In all four treatments maize grain yield was reduced with increasing proportions of

cowpeas as intercrops. Yield reduction due to intercropping dependend to some extent on whether
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the intercrops were planted in alternate row system or within row system. The intercrop system

where one row of maize alternated with three rows of cowpeas produced the highest cowpeas grown

yields across the seasons and locations while three hill maize to one hill cowpeas pea with the same

row was theleast productive.

Because of the variations in grain yields across locations and seasons, pooled analysis of

variance were carried out to identify possible interaction between cropping system, location and

seasons. The analayses reveal that the main effect due to intercropping system (s) and the interaction

(SXE between treatments and environments were both highly significant (P < 0.001) suggesting that

cropping systems effect on grain yields for the two crops differ and that their response to the cropping

systems were confounded with environmental factors.

Considering farmers objectives and circumstances not al! the four systems are likely to be

acceptable to SNL farmers. Since cowpeas are nearly always intercropped with maize; this suggests

that in screening cultivars that are likely to be grown in mixed cropping systems, it is imperative that

the materials are tested under condition akin to those of the traditional farming systems taking into

account farmers objectives and circumstances.

Gross returns from the systems used were not stable for the two seasons. Nevertheless the

benefits from intercropping are evident. SNL farmers like most other resource limited farmers

elsewhere according, require returns to purchase inputs, equipment and to crary out other

investments such as building permanent houses. It was observed that farmers, despite the large cereal

grain output per hectar from monocropping prefer intercropping because of its greater cash rtums.

This suggests that those intercropping systems that satisfy household grain requirements and produce

surplus for sale are likely to attract farmers interest and are likely to be the candidate technologies

to accompany the new cowpeas release.
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Chapter 10: Sorghum Improvement Research

Background

The Agricultural sector in Swaziland is best described in terms of two very distinctive sub-

sectors the modem subsection and the traditional sub-sector. The modern sub-sector is characterised

by its large scale capital intensive enterprises with sugar cane, citrus and pineapple being major arable

crops. These crops are produced mainly for export, import markets. The contribution of this

subsection to the nations food requirement is small. The traditional sector, on the other hand,

consists of Swaziland Nation Land (SNL) which is used commonly by the Swazi people and held in

trust by the King for the nation. The average holdings sizes vary between 1.68 ha in the highveld and

2.5ha in the Lowveld. The total number of homesteads is estimated at between 52,000 and 60,000

cultivating a total of 105,000 - 140,000 ha (in 1990). The traditional sector thus consists of small

scale enterprises that are managed for subsistence and geared to the production of the nations food

requirements. Cotton and tobacco are the only crops that are grown for commercial purposes.

Maize, sorghum and rice are the only cereal crops grown by SNL farmers. According to

reports sorghum at one time was the most important crop grown on SNL under subsistence

conditions. Before the 1960's more than 30,000 ha of sorghum were cropped. However with the

introduction of hybrid maize which was backed by a strong self-sufficiency campaign, the decline in

sorghum production started and by 1988/89 only 1000 ha of sorghum was being cropped. It is

believed that sorghum was neglected by farmers mainly because maize hybrids were higher yielding

even in the drier areas when rainfall was adequate.

According to data on areas cropped to sorghum as well as production/unit area for sorghum

the highveld is very important in terms of both yield and production. The middleveld connects a

relating large area to sorghum by production/unit area is low. In the lowveld sorghum production is

an important enterprise and is superior to the middleveld. Production in the Lubombo/area is also

reasonably high.
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Despite Government efforts to persuade farmers in the dry middleveld and lowveld to switch

to sorghum, farmers have continued to grow maize and cotton in these zones so that the relative

importance of sorghum has continued to decline. Success has been elusive. Several constraints to

sorghum production have been identified and documented.

The Government of Swaziland has continued to provide sorghum cultivars in her effort to

promote food security at the household level. Sorghum research subsequently reinstated with the

support of the SADCC/ICRISAT/SMEP with the premise that farmers land varieties were low

yielding and/or genetically exhausted and therefore improved and adapted sorghum genotypes could

improve yield and spur production.

This report summarised sorghum research activities and highlights achievements. It discuses

the performance and stability characteristics of selected sorghum activities - Analyses of variance for

yield revealed highly significant differences in all agro-ecological zones. The highest yielding

environments were Malkerns (moist middleveld) while Bigbend (lowveld) and Mangcongco

(Highveld) were very poor.

Following this study an adapted genotype must record high/acceptable yields across

environments, regression values not significantly different from unity and deviation mean squares of

zero. The results demonstrate that the best adapted genotypes in terms of these criteria are SDS

1513, 1CSV 112, and PNR 8564. These entries recorded high yield in most environment.

Lead Institutions : Malkerns Research Station

Ministry of Agriculture and Cooperatives

Contact Person : Chief Research Officer
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Chapter 11: Soil Fertility and Pland Nutrition Research

Background

In many cases the increase in crop production is largely retarded by soil fertility status in the

5 agro-ecological zones of Swaziland. These zones consist of the middleveld and the highveld where

soils are extremely acidic with soil recorded at 3.8 in Ca Cl2 recorded in many farmers' fields under

which aluminium toxity has adversely affected crop yields. This work has attempted to identify

technologies that will help farmers surmount this problem of soil nutrition. These technologies

include the utilization of fertilizer in order to increase crop production. The work also includes

providing small scale farmers with information regarding the necessity of using both lime and

fertilizers in fields located on acidic soils and conducting fertlizer trials to obtain data on soil fertility

status and to identify practices suitable for high crop production in different agro-ecological zones.

The number of farmers using inorganic fertilizer in Swaziland is increasing. Some farmers

have adopted a delayed fertilizer application method which involves placement of fertlizer after crops

emergence as opposed to fertilizer banding at planting. Trials were conducted at the Malkerns

Research Station (moist middleveld) on soils of pH 4.8 in CaCl2. This area records annual rainfall

ranging between 990mm - 1100 mm per annum. The trial was planted in December 1990.

The following methods of fertilizer placement were followed:

1) Banding of fertilizer at planting (Ml)

2) Sidedressing and cover of fertilizer 20 days after emergence (M2)

3) Banding of fertilizer 20 days after emergence (M3)

4) Fertilizer is placed in the gap 10cm deep between each plant in the row 20 days after

emergence (M4)

5) Fertilizer is placed in the gap 10cm deep between every other plant in the row (M5)

6) Sidedressing of fertilizer 20 days after emergence.

Maize variety used were R201 and C9 4141
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The results showed that the performance of the six fertilizer placement methods showed that

all were superior over the conventional banding at planting. Although other methods did not differ

significantly, the trial indicated that where fertilizer was placed 10cm in the gap between plants in a

row, 20 days after emergence, the yield was higher than in other methods. The yield was lower where

the fertilizer was placed 10cm in the gap between every plant in the row 20 days after emergence.

The low performance ofthe recommended method could be attributed to the leaching which

might have taken place because of heavy raining received in the cropping season. The pattern of rains

from November to April suggests that the large amounts of fertilizer which was banded at planting

could have been lost through leaching. Nevertheless day to day monitoring of the trial showed that

emergence and tasselling were observed first in the plots where fertilizer was banded at planting.

There were no observable differences in all plots at the completionn of silking. On the other hand

delayed application formed a relayed fertilization with the residual nutrients which the crop used

before emergence and up to 20 days after emergence. This suggests that the fertilizer applied at that

time was responsible for the development of biomars only. The loss through leashing could have been

less compared to that of the conventional method because of the delayed fertilizer application.

Lead Institution : Malkerns Research Station

Ministry of Agriculture and Cooperatives

Contact Person : Chief Research Officer

Tel. :

Fax. :

e-mail :

Funding : Government of Swaziland.
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disappointingly low owing mainly to the short growth period of the crop resulting from the delayed

sprouting of the corns.

Turmeric seems to be an ideal crop for SNL farmers for three reasons: First, there are no foliar

diseases that have been observed on it and so no spray is required to project it. Second, turmeric can

be harvested over an extended period oftime without loss of quality. Third, turmeric is an ideal crop

to include in crop rotation to control soil borne diseases. The constraint which may hinder its

adoption by SNL farmers is the high fertilizer application rates (280 - 105 - 160kg/ha ofNPK to the

crop that is recommended by Burgershail Research Station in South Africa where extensive research

on turmeric has been done.

The problem of unavailability of fruit tree plants, particularly the deciduous trees was

addressed by the establishment of a nursery at Malkems Research Station where both subtropical and

decidous fruit tree types were propagated on a large scale but even then the farmers'demard could

not be satisfied. The tree types were: apples, bananas, litchis, peaches and plums. In addition an

investigation on propagating apple trees using cutting treated with rooting hormone (Seradic B No.2)

was carried out with an aim of replacing the conventional method of mound layering which has a

disadvantage of not producing enough layers to meet the intended targets.

This report gives the results of adaptation of the turmeric technology to the levels than can

be afforded by low resources farmers. The yiels from lowering the fertilizer inputs were extremely

low compared with the yield in BurgershaU. The conclusion here is that no level of fertilization can

produce economic yield unless the growing period of rhizone dormary which reduces the growing

period substantially.

Apples are commonly probagated by mound layering. This method has two disadvantages.

First it is difficult to know before hand the number of suckers that will develop each year. This

makes, future planning on tree availability difficult. Second the mortality rate of the layers at

transplanting is sometimes over 40%, which is very high. The mortality has been observed to occur
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on poorly developed root systems on the cullings. At Nyanga experiment Station in Zimbabwe,

mound layering has been replaced by the use of cuttings treated with a rooting hormone. The

cuttings are planted between September and October when the soil temperatures are at 26°.

According to Bud Payire the cuttings should be of mature wood, with 7 to 14 cuttings and planted

to a depth of about 30cm. The results obtained when using this method ranged between 70-80%.

The results ofthe trial in Swaziland indicate that Seradix B No.3 improves the rooting ability

of cuttings
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