
Editors: Dov Pasternak is an agricul-
tural development adviser with decades 
of experience in the area of dryland 
agriculture. He worked with the Ben Gurion 
University of the Negev in Israel from 1971 
to 2001, as director of the Institute for 
Agriculture and Applied Biology. From 2001 
to 2011 he worked with ICRISAT-Niger as 
Principal Scientist in charge of systems and 
crops diversification.

Introduction
About 98% of agricultural 
production in the Sudano Sahelian 
region of West and Central Africa 
is based on rainfed crops. With a 
mean annual rainfall of 300 to 800 
mm/year, the number of staple 
crops is very limited.  It includes 
two grain crops: pearl millet 
(Pennisetum glaucum) for sandy 
soils and grain sorghum (Sorghum 
bicolor) for heavier soils. (Corn 
is grown in high rainfall regions.) 
Two pulses are also produced: 
cowpea (Vigna unguiculata) and 
groundnuts (Arachis hypogaea). 

All five crop species are sown at the 
beginning of the rainy season and harvested 
three to four months later. Average yields of 
these crops are only 20% of potential for 
three main reasons:

1. The very low fertility of Sudano Sahe-
lian soils combined with the fact that 
farmers do not add chemical fertilizers

2. Sporadic rainfall and frequent droughts

3. Diseases and pests that attack these 
crops 

In the Sudano Sahel, an agro-pastoral 
system is practiced.  The relative impor-
tance of the livestock component increases 
as we advance to regions of lower rainfall. 
Animal feed production is a very important 
component of the production system.  It 
is provided by the hay produced from 

cowpeas and groundnut stems, and by 
sorghum and millet straw. 

In recent years, the farmers of northern 
Nigeria and the Tahoua region of Niger have 
discovered and unleashed the potential of 
a long-duration variety of lablab (Lablab 
purpureus) as a crop for the semiarid 
regions of the Sudano Sahel. 

Lablab (also known as the hyacinth bean 
in English-speaking countries and dolich 
in French-speaking countries) is an African 
species. Its wild relatives can be found 
in the arid regions of Namibia and other 
southern and eastern African countries. 
Lablab is much better known in wet tropical 
regions than in dry regions like the Sahel, 
even though it is considered to be a 
drought tolerant species. Some claim that it 
is even more drought tolerant than cowpea. 
Lablab is tolerant to a wide range of soil 
pH, ranging from 4.5 to 7.5. It can grow 
in sandy soils and in fine-textured,  well 
drained soils. Lablab responds to improved 
soil fertility (using manure or fertilizers), but 
in most cases farmers do not use manure 
or fertilizers on lablab. 

The deep and prolific root system of lablab 
(in both sandy and clay soils) gives it a 
major advantage in the semi-arid tropics. 
The roots can exploit soil moisture to a 

depth of 2.0 meters and allow lablab to 
complete a full life cycle without irrigation. 

Farmers of the Tahoua region in Niger 
exploit this trait by sowing lablab in the 
wet soil of retreating temporary lakes. 
Temporary lakes are very common in the 
Sahelian region in places where silt and 
clay soils dominate. The area of these lakes 
ranges from a few hectares to hundreds of 
hectares. After the rains, the water of the 
lakes starts to evaporate and the lakes 
retreat. By the end of the dry season the 
lakes have completely or almost completely 
dried up. Farmers in Tahoua start sowing 
lablab in the beds of the lakes as soon as 
the water starts retreating (see Figure 1).

Planting pits 10 cm to 15 cm deep are 
dug in the soil at 50 cm x 50 cm spacing. 
Three seeds are immediately planted in the 
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Figure 1. Lablab is planted in the dry season in the wet 
soil of retreating temporary lakes.
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moist soil of each hole. When seedlings 
emerge, they are thinned out leaving one 
or two plants per hole. When planted at this 
density, 8 kg of seeds will be needed per 
hectare.

Initially lablab grows slowly (Figure 2), but 
at some stage it starts to spread, sending 
long runners that eventually cover the 
whole field (Figure 3).

In the north of Nigeria and Tahoua-Niger, 
lablab is mostly used as a dual purpose 
crop for grain and for forage.

Reported grain yields range from 500 to 
2,000 kg/ha while forage dry matter yield 
ranges from 1 to 5 tonnes/ha (1,000 to 
5,000 kg/ha) depending on variety and 
growing conditions. For comparison, the 
average grain yield of cowpeas in the 
Sudano Sahel is 500 kg/ha and forage dry 
matter yield ranges from 600 to 1,000 kg/
ha. 

The protein content of lablab seeds is 
around 28%. Crude protein content of 
lablab dry leaves is also 28%, and that of 
stems is about 11%. 

Lablab leaves can be cooked and used as 
a leafy vegetable. Green lablab pods can 
also be used as a vegetable. As a matter 
of fact, in Bangladesh and in India, lablab 
is mostly used as a vegetable, and special 
varieties have been developed for this 
purpose. 

Lablab as a secure crop for 
the Sudano Sahel
In the Sudano Sahel, lablab has significant 
advantages over cowpeas and other tradi-

tional staple crops as follows: 

• It is the “ultimate food 
security crop.” Other staple 
crops are sown at the begin-
ning of the rainy season, and 
their yields depend on both 
the distribution of rain and 
the quantity of rain. Lablab, 
however, is planted in water-
saturated soils and its yield is 
therefore almost “guaranteed.” 
You know at the time of plant-
ing that you will get a yield. In 
most cases, you also know 
about what yield might be expected. 

• Lablab fixes atmospheric nitro-
gen. Even though groundnuts are 
leguminous, they do not add nitro-
gen to the soil. For cowpea, nitrogen 
fixation depends on varieties; many 
varieties fix very little atmospheric 
nitrogen. Lablab fixes atmospheric 
nitrogen at a rate of 15 to 40 kg per 
1,000 kg of dry matter. Thus a 5.0 
tonne/ha yield will add about 150 kg 
of nitrogen to the soil. Lablab’s pro-
lific root system remains in the soil 
after harvest and enriches the soil 
with organic carbon.

• Lablab has few pests and dis-
eases. Most field crops suffer from 
pests and diseases that significantly 
reduce yields. For example, if one does 
not spray cowpeas (and most Sahelian 
farmers do not spray) the grain yield 
is only 10% of what it could potentially 
be. Lablab, on the other hand, has few 
pests and diseases so there is no need 
to spray. 

If lablab is sown in the October to January 
period (gradually, as the lake water 
recedes), it will give a heavy forage yield 
from February to May. This is a period during 
which most pastures and crop residues 

have been exhausted, and livestock start 
losing weight. Fresh or dry fodder at this 
time of the year is very important for the 
performance of livestock.

In many Sahelian towns and cities, people 
keep livestock (particularly sheep and 
goats) in their backyards. The supply of 
relatively good quality lablab forage to city 
livestock owners towards the end of the 
dry season is a very important economic 
activity, both for the forage producers and 
the animal owners (Figure 4).

Lablab’s place in various 
production systems 
In addition to planting lablab in water-
saturated soils that were flooded during 
the rainy season, lablab can be planted in 
many other situations. For example:

In rice fields. In the Sudano Sahel, irrigated 
and rain-fed rice are mostly produced 
during the rainy season. In both cases, 
lablab can be planted immediately after the 
rice is harvested. In irrigated fields, if the 
top soil is not saturated, consider irrigating 
before planting lablab. 

Intercropped with maize and sorghum. 
Lablab is planted in places where soil 
moisture is sufficient for both the main crop 
and the intercrop. In maize and sorghum 
fields, lablab can be sown two weeks 
after the main crop is sown (to prevent 
competition from the lablab; see Figure 
5). After the grain crop is harvested, the 
lablab will start spreading and will produce 
a grain and forage yield. Lablab can also 
be planted in the grain field a few weeks 
before harvesting, but only if the farmers 
realize that there is enough moisture left in 
the soil for the lablab crop after the main 
crop is harvested (Figure 6).

Figure 2. Lablab two months after planting, ready to 
start spreading. Notice retreating water in the back-
ground.

Figure 3. Lablab, three months after sowing, showing 
full field cover and beginning of flowering.

Figure 4. Camel bringing fresh lablab forage to a 
Niger town in the middle of May.
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Lablab varieties 
The two most common lablab varieties are 
Rongai and Highworth. Rongai is a late 
flowering variety (90 days) and Highworth 
flowers about 50 days after sowing. Both 
varieties originated in Kenya. They are 
widely used in Australia and elsewhere, 
mainly for forage. Lablab varieties display 
wide genetic variability as regards time to 
flowering. In Nigeria, some genotypes have 
been identified that flower about 40 days 
from sowing, and others that flower a full 
150 days from sowing. 

A large amount of genetic variability also 
exists in relation to seeds’ color and size. 
The preferred color is white, but many 
varieties have colored seeds. 

ECHO is offering trial packets of seeds 
from four different varieties, as follows : 

Rongai: An excellent forage and ground 
cover. Does well in humid regions but is 
fairly drought resistant as well. 

Highworth: Matures quickly 
and yields well; pods are 
non-shattering. 

White: White seed. Vines can be 
used for forage and seeds are 
edible for human consumption.

Chiang Dao: From Thailand; a 
drought-resistant green manure 
cover crop that is usually relay 
cropped with maize. Mature seeds 
are sold and processed as a snack 
food.  

Mix: ECHO also has a seed packet 
containing a mix of the White, 
Rongai and Highworth varieties.

Since lablab has been an underuti-
lized crop, to date there has been 
very little interest by the scien-
tific establishment in the genetic 
improvement of this crop. If and 
when lablab starts spreading in 
the semi-arid regions of Africa, 
research institutes will start devel-
oping varieties that are suitable for 
each ecological condition and that 
can tolerate pests and diseases 
that are likely to spread with the 
intensification of lablab production. 

Lablab consumption 
Dark-seeded varieties of lablab 
have high levels of both a cyano-

genic glycoside and a trypsin inhibitor. Both 
of these compounds appear at lower levels 
in the light-colored lablab seeds. For this 
reason, lablab seed consumers boil the 
lablab seeds for about one hour, discard 
the water and boil the seeds again. Lablab 
seeds are rich in protein (about 26-28%) 
and are tasty. 

In Bangladesh and India, both the green 
pods and the leaves are consumed. The 
rural population of the Tahoua  region of 
Niger consumes fairly large quantities of 
cooked lablab leaves, which they prefer 
over cooked cowpea leaves. In this region, 
where the annual rainfall is 300 to 400 
mm, lablab is already more important than 
cowpea for the region’s economy. 

Fresh lablab leaves are one of the few 
green vegetables available in the Sahel 
during the dry season.  They can play a 
very important role in both rural and urban 
nutrition. 

Lablab—a new staple crop for 
the Sahel 
Practically all the literature on lablab is 
for the tropical regions. I could not find 
any reference of lablab production in the 
Sahel. But the biggest potential for lablab 
proliferation is in the Sahel and the Sudano 
Sahelian regions! These regions have very 
few staple and forage crop alternatives. 
The many attributes of lablab described in 
this article make this outstanding plant a 
potential new staple crop for the Sahel and 
the Sudano Sahel. 

The short duration varieties that flower 40 
days from sowing are particularly inter-
esting as rainfed crops that might take the 
place of cowpea as a main food and feed 
crop for the rainy season.

As in the case of Farmer Managed Natural 
Regeneration (FMNR; see ECHO Technical 
Note #65, updated in 2012) the proliferation 
of lablab in the Sudano Sahel will be carried 
out by NGOs and other similar organiza-
tions and by farmer-to-farmer interaction. 

An NGO called CLUSA (Cooperative 
League of the USA) has already started 
disseminating lablab in East Senegal with 
great success. 

The potential of lablab is compelling. In my 
opinion, the mass introduction of lablab 
to the Sudano Sahel is a challenge and 
an obligation for all who care about food 
security and poverty alleviation in dry Africa. 

Recommended Literature 
Lablab purpureus (L.) Sweet. www.fao.

org/ag/AGP/AGPC/doc/Gbase/DATA/
Pf000047.HTM 

Maas,B.L. M.R.Knox, S.C. Venkatesha, T.T. 
Angessa, S.Ramme and B.C. Pengelly. 
2010. Lablab purpureus-A crop lost for 
Africa? Tropical Plant Biology 3: 123-125

A.M. Murphy and P. Collucci. 1999. A 
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Development (11) 2. www.lrrd.cipav.org.
co/lrrd11/2/colu112.htm

Figure 5. Lablab planted in a sorghum field two weeks 
after sowing the sorghum.

Figure 6. This lablab was planted in a sorghum field 
three weeks before sorghum harvest. Whole sorghum 
plants were laid down between lablab rows for drying.
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The article by Dov Pasternak about lablab 
(in this issue) reminded me of material in 
ECHO’s files from many years ago. Reimar 
von Schaaffhausen, working in São 
Paulo, Brazil, sent articles and letters over 
the years about the valuable role that lablab 
(and pigeon pea [Cajanus cajan]) have 
played in providing feed for livestock during 
the dry season. The information is summa-
rized in the next several paragraphs. 

Von Schaaffhausen wrote to Martin Price 
on May 31, 1990, after an article on pigeon 
pea was printed in EDN. He wrote, “It has 
been little recognized that it has another 
remarkable property. It can solve the 
forage problem in developing countries in 
warm or tropical regions just by making a 
little change in the method of harvesting 
the beans. If cut near the ground as is 
usually done, the plant does not return. If 
it is cut over knee high, the stems sprout 
vigorously, giving more harvests without 
replanting. Even more important is the 
fact that the leaves stay green and highly 
nourishing for the farm animals kept for 
food, work or transport, even during the dry 
season when grasses are dry….[The seed 
of Lablab purpureus] can be used for the 
same purposes as pigeon pea, for food, 
feed from the green leaves during drought, 
and soil improvement. Both beans may 
help to improve the living conditions of the 
rural population in countries with periodical 
drought by supplying high protein forage in 
the critical dry season.”

A friend in Angola originally sent lablab 
seeds to von Schaaffhausen, but it was 
cows that alerted him and colleagues to 
the potential of lablab as a dry season 
feed. The cows broke through a fence and 
started eating lablab that was being grown 
for evaluation as a green manure/cover 
crop. 

Both lablab and pigeon pea grow a deep 
taproot (one lablab plant had roots more 
than 3 meters deep after six months!), so 
the plants are able to access water and 
nutrients from deep in the soil. If a plant 
is cut at least 50 cm from the ground, 
new leaves and branches will grow from 
the woody stem. Extra branches can be 
chopped and used for mulch. New leaves 
and branches will also sprout if cattle 
graze or browse directly on the plants. If 
managed in this way, a lablab plant can be 
grown year-round for several years before 
replanting.

If you plant lablab or pigeon pea for 
cut-and-carry forage, one idea is to cut a 
few plant tops at a time, so that you have 
a continuous supply. Plants should be left 
to regrow for between one to three months 
before harvesting again. With close spacing 
within a row (10 to 50 seeds/m), stems will 
stay thinner and plants will not get woody.

In a Developing Countries Farm Radio 
Network program (Package 13, Item 4), von 
Schaaffhausen outlined three methods for 
growing pigeon pea (or lablab). 

1. The legume is intercropped with 
another crop. Sometimes one row is 
planted between a few rows of corn or 
sorghum; at other times a handful of 
lablab/pigeon pea seed is mixed with 
four or five handfuls of maize seed 
before planting. The legumes, says von 
Schaaffhausen, grow slowly at first, but 
will start to grow more quickly around 
the time the maize is harvested.

2. The legume is alley cropped with other 
plants. Lablab or pigeon pea is planted 
in rows 3 to 4 meters apart, following 
the contour if the land is sloped. Within 
each row, seeds are planted 2 to 10 cm 
(1 to 4 inches) apart. This method is 
good if you want the lablab or pigeon 
pea to grow in a more perennial 
fashion.

3. The legume is alley cropped in a 
pasture. In this case, you would need 
to keep livestock away from the lablab 
or pigeon pea for the first couple of 
months, until the plants were well-
established. During the rainy season, 
livestock tend to eat the grass first; 
the lablab and/or pigeon pea are a 
welcome source of feed when the dry 
season comes.

Von Schaaffhausen summarized an exper-
iment he did over 98 days between July 
and October, 1974, during which no rain 
fell. Thirty two-year-old Zebu bulls and 10 
crossbred cattle were grazed in a grass 
pasture containing strips of pigeon pea 
over 1/3 of the area. The animals were 
given nothing extra to eat except salt and 
trace elements. Animals were weighed at 
the same time each morning.  On average, 
over the course of the experiment, they 
gained 16 kg per month (0.54 kg per day); 

their individual weight gains ranged from 
43 kg to 83 kg. In that area, grass-pastured 
animals usually took four to five years 
to reach slaughter weight. By contrast, 
the animals in the experiment reached 
slaughter weight in less than three years.

A note about cultivars: von Schaaffhausen 
commented in a letter to Dr. Price that 
lablab varieties differ greatly in size, color, 
photosensitivity, drought resistance and 
soil requirements; more than 50 varieties 
of lablab exist. In an article in Economic 
Botany, he mentioned that flowering 
depends more on photoperiod than on 
temperature, and that cultivars ripen when 
days get shorter. In São Paulo, that is 
around May, two months after the maize 
harvest.  Pods of the cultivars used in 
Brazil do not shatter, so seed was easy to 
collect. Flowers of the variety used in São 
Paulo are white; the beans are black with 
a white hilum. Lablab beans for human 
consumption must be cooked longer than 
many other beans. They have a high lysine 
content (lysine is an essential amino acid 
lacking in grains).

For more information, see an article by 
Reimar von Schaaffhausen published in a 
1963 issue of Economic Botany: “Dolichos 
lablab or hyacinth bean: its uses for feed, 
food and soil improvement” (Volume 17, 
pages 146-153).

In Roland Bunch’s new book, Restoring 
the Soil (subtitle: A Guide for Using Green 
Manure/Cover Crops to Improve the 
Food Security of Smallholder Farmers), 
he mentioned a system similar to the 
one described by von Schaaffhausen (in 
Restoring the Soil, the system is listed 
as S24). Bunch commented, “During the 
last 20 years, large-scale lowland cattle 
ranchers in southern Honduras have begun 
intercropping lablab beans with their maize, 
so that the cattle will have a plentiful, green, 
very palatable and high-protein fodder 
throughout the 6-month dry season.”

In correspondence related to this article, 
Roland shared, “I got to know a lot of people 
working on gm/ccs in Brazil in the 1980s 
and 90s….The Brazilians originally worked 
a lot with lablab, but in Santa Catarina, at 
least, they quit using it because of severe 
problems with aphids.

“However, here in Africa there are several 
major differences with Brazil.  First of all, 
most of the climates we are working with 
are drier than Santa Catarina, so aphids 
are just not much of a problem.  Secondly, 
in many countries (Kenya, Uganda and 

Further Support for the Use of Lablab in Dry Areas
by Dawn Berkelaar
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An important principle of conservation 
agriculture is that of targeted, precision 
applications of organic or inorganic fertilizer 
near crop plants, as opposed to evenly 
dispersing inputs over an entire field.  In 
a row-crop setting, this can be done by 
banding fertilizer next to the crop plants.  
In systems such as zai or Foundations for 
Farming, fertility inputs can be placed within 
small planting basins in which the crop 
seeds are sown.

During the first growing season of a zai 
study that ECHO is conducting in South 
Africa, soil nutrients were higher in manured 
than in non-treated zai pits.  In season two, 
we wanted to further document the effect of 
targeted (near sorghum seedlings) versus 
dispersed cow manure.  To do this, we 
added flat-ground treatments including 1) 
flat ground with broadcast manure and 2) 
flat ground with the manure concentrated 
near the sorghum plants.  Each treatment 
was replicated four times in a randomized 
complete block design.

Cow manure was applied about three 
weeks prior to sowing sorghum seeds on 
15 October 2012, with each plot receiving 
the equivalent of 400 g of manure per zai 
pit (or flat-ground planting station with the 
same 75 cm x 75 cm spacing as the zai 
pits).  In the flat ground plots, the manure 
was lightly raked into the top 5 cm of soil.  
In the zai pits, the manure was mixed with 
5 cm of soil at the bottom of the hole.  Soil 
was sampled the same week that sorghum 
seeds were sown.  A soil probe was used to 
collect soil near the sorghum at a depth of 
0 to 10 cm.   

We found that, within the flat ground treat-
ments, the soil concentration of nearly 
every nutrient was significantly higher 
with concentrated than with broadcast 

manure. Broadcast manure did not even 
raise the measured soil nutrient concen-
tration above that with no fertilizer. Figure 
7 illustrates what we found with soil nitrate; 
the trend also held true for phosphorus, 
potassium, calcium, magnesium, sulfur, 
iron, manganese and zinc. Nutrient concen-
trations were even higher with the manure 
placed in zai pits (30 cm wide X 20 cm 
deep), although it should be noted that the 
zai pits had already received a previous 
application of manure at the beginning 
of season one of the study.  By the 15th 
week after seeding in season two, when 
the plants were producing grain heads, 
the sorghum plants had grown 14 cm taller 

with preplant-concentrated than preplant-
broadcast manure.   

These results help validate the concept of 
targeting fertility inputs near crop plants to 
get the maximum benefit, a practice that 
ECHO has encouraged over the years. 
By placing manure or other organic or 
inorganic fertilizer near the plants, fertilizer 
rates can be reduced.  Using less fertilizer 
(than you would to treat a whole field) is 
important to avoid injury to crops from “salt 
burn” that results from over-application of 
fertilizers.  We did not see salt burn on the 
sorghum plants in this study. See EDN 84-3 
for related information on “micro dosing” 
fertilizers.

Concentrating Manure near Crop Plants Boosts 
Soil Fertility

an ECHO South Africa Research Update by Tim Motis

Tanzania, at least), lablab beans are a 
very common and appreciated food.  Thus, 
people will put up with more problems than 
they would in Brazil in order to produce 
them.  Lastly, we now know of some very 
cheap, non-toxic ways of controlling aphids, 
so they need not cause much of a problem 
[see next paragraph].  As a result, lablab 

beans are one of the two or three most 
popular gm/ccs for using in conservation 
agriculture here in Africa.

“Any good desiccant [drying agent] will 
get rid of aphids, because they require 
a good deal of moisture to survive.  The 
most successful and least expensive one 

that farmers used in Honduras was plain 
old wheat flour.  They mixed it with water, 
and sprayed it on their crops.  When the 
flour dried out, it operated as a desiccant.  
I would guess that for African farmers, 
cassava flour would work just as well, but 
people would have to try it out.”

Figure 7. Soil nitrate at 0 to 10 cm depth with a 7 tonne/ha rate of cow manure applied near crop 
plants versus evenly broadcasted over the entire field. Soil sampling occurred at planting time, 
three weeks after manure application. Data are the average of four replications.
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Introduction
Sometimes the smallest of things can 
impact human health beyond all proportion 
to their size. Trace elements are an example 
of this. Trace elements in an amount  that 
is either above or below certain thresholds 
in soil, animal feed, or the human diet can 
have important impacts on the health of 
both livestock and people. 

Everything around us—solid, liquid and 
gas—is made up of some combination 
of the one hundred or so elements that 
are part of creation.  Some elements, like 
carbon, oxygen, and hydrogen, are rather 
abundant. Others, such as zinc, copper, or 
mercury, are much less abundant and are 
called trace elements, because they are 
found in trace amounts.  We are all exposed 
to trace elements through our food, water 
and air, and they can significantly impact 
our health if exposure levels are too low or 
too high.

All living things require certain elements 
in order to function.  An element that 
is required by a living thing is labeled 
an essential element.  An element is 
considered essential when it is part of at 
least one molecule among the thousands 
that are part of an organism’s regular metab-
olism. Too little of an essential element 
can affect the health of living things, and 
can even result in death.  Elements such 
as hydrogen, carbon, oxygen, nitrogen, 
potassium and phosphorus are required 
in large amounts.  Other elements, called 
essential trace elements, are required 
only in very small amounts (on the order 
of micrograms (one millionth of a gram) or 
milligrams (one thousandth of a gram) per 
day).  Examples include iron, 
zinc, and selenium.  Another 
class of elements is called 
nonessential trace elements.  
These are elements that 
are neither present in large 
amounts, nor required by 
living things; lead, mercury 
and cadmium are examples.  
Some of these are at times 
consumed by humans and 
other animals and can be 
toxic in small amounts.  
Finally, some elements are 
difficult to classify; they are 
not considered essential, but 
organisms do seem to benefit 

from the presence of these elements in their 
diet.  For example, selenium is required 
by mammals but not by plants, yet there 
are reports that plants benefit from some 
selenium.

Sources of Trace Elements
Trace elements in the environment can occur 
naturally or can arise from human activ-
ities.  Trace elements are naturally found 
in rock, and are released into soil as the 
rock breaks down into soil.  The amounts of 
specific elements vary from place to place; 
in some places, trace elements are present 
in higher concentrations, while in others 
they are truly rare.  Volcanic eruptions, 
windblown dust or smoke from natural fires 
can move these elements around in the 
air, after which they are deposited in soil 
or water.  There are a number of human 
sources.  Trace elements are sometimes 
added to fertilizers as micronutrients (e.g. 
zinc, copper, and/or iron), and other times 
are found as a contaminant in fertilizers 
(e.g. cadmium).  They are frequently a 
contaminant in coal, oil, or gas, and are 
added to the atmosphere when these are 
burned.  Industrial processes, such as 
mining or smelting, frequently release trace 
elements into water (as a result of leaching) 
or air.  For many years, the combustion 
of leaded gasoline resulted in the release 
of significant amounts of lead into air and 
soil near roadways.  While leaded fuel is 
now banned in most countries, it was still 
in use in over 60 countries as recently as 
2005 (Taylor and Gethin-Damon, 2012).  
Finally, certain waste products can contain 
trace elements.  Batteries can contain 
lead or cadmium; solar panels can contain 

cadmium; some household paints contain 
lead; and fluorescent light bulbs contain 
mercury.  Disposal of these products can 
result in their release to soil, air, or water.

Once in the environment, trace elements 
begin to cycle.  In water, trace elements can 
be accumulated by aquatic plants, small 
animals, and ultimately, fish.  Elements 
in soil can be accumulated by plants to 
different degrees, which may in turn become 
part of the human diet, or be consumed by 
grazing animals (which also may be eaten 
by humans).  Fertilizing with manure or 
compost can recycle trace elements back 
into soil.  

Trace Elements and Human 
Health
  Depending on the dose, exposure to 
non-essential trace elements can either 
cause harm or have no effect.  Essential 
trace elements are of concern because 
harm can be caused to humans and other 
living things if they are exposed to too 
little or too much of these in their diet.  A 
number of diseases have been attributed 
to deficiencies of specific trace elements. 
For example, an iron deficiency can result 
in anemia, and an iodine deficiency can 
cause goiter.  

Iron (Fe) is probably the best known 
essential trace element.  It has many roles 
in the human body.  One role is to deliver 
oxygen to all cells of the body.  In that role, 
Fe is a part of hemoglobin, a molecule 
found in red blood cells.  A lack of dietary 
iron results in insufficient production of 
hemoglobin, which in turn causes anemia, 
with symptoms of pallor, fatigue, and 
weakness.  About half of all cases of anemia 
are caused by lack of iron.  

While any trace element has the potential to 
cause harm if too much is ingested, several 
are of particular interest in specific regions 
of the world; the rest of the article will 
consider a number of these case studies.

Arsenic (As)
Arsenic (As) is a non-essential trace 
element that causes significant problems 
in Bangladesh and parts of Southeast Asia.  
Unfortunately, soils, rock and groundwater 
in these regions naturally have quite high 
amounts of As present in the environment.  
In parts of Bangladesh, drinking water 
is high in As because it is collected from 
shallow tube wells (these are drilled to 
avoid water contaminated with bacteria).  

Figure 8. Leaves showing micronutrient deficiencies.

Trace Elements and Human Health
by Dr. Edward Berkelaar
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The World Health Organization (WHO) has 
set a standard of 10 ppb for drinking water 
(maximum uptake of ~ 130 µg/day for an 
adult). Over 50 million people are estimated 
to be drinking water that has As levels in 
excess of these standards.  Aside from 
drinking water, a second route of exposure 
is consumption of plants that have accumu-
lated As from soil or from contaminated 
irrigation water.  Consuming too much As 
can lead to acute poisoning.  Chronic effects 
include skin, lung, and bladder cancer.  

Dealing with an environment naturally high 
in As can be challenging.  It can help to drill 
deeper wells, to avoid shallow, As-contam-
inated water.  Also, while it is difficult to 
remove As from water, specialized filters 
containing iron hydroxide (rusted iron) can 
absorb dissolved As.  An example of a 
simple sand and iron-hydroxide-based filter 
is accessible at www.who.int/household_
water/resources/Bipin.pdf.  Alternatively, 
water can be distilled to purify it.  Finally, 
different plant species, and even different 
varieties within a species, vary in the 
degree to which they accumulate different 
elements.  For a number of species, it may 
be known which varieties can be grown to 
limit As accumulation in food crops .

Mercury (Hg)
Like As, mercury (Hg) is a non-essential 
trace element.  It is more toxic than As; 
the maximum recommended intake is ~ 30 
µg/day for adults.  It is especially toxic to 
children, because it affects the brain and 
nervous system—especially when those 
organs are still developing.  It accumulates 
in fat tissue and can be passed along to 
children through breast milk.  There is little 
Hg found in plant tissue; because it collects 
in fat tissue, it is more likely found in fish 
– especially older (larger) fish and top 
predators.  

In parts of South America and in Africa near 
Lake Victoria, small-scale gold mining and 
refining is a major cause of human exposure 
and environmental release of Hg.  Gold ore 
can be purified by mixing it with Hg.  The 
gold dissolves in the liquid Hg, which is then 
separated from the remaining ore.  The Hg 
is then burned off into the atmosphere, 
leaving a pure gold nugget behind.  As a 
result of these activities, small-scale miners 
are at risk of Hg poisoning and the local 
environment can become severely contam-
inated with Hg.  A simple retort can be 
constructed to (safely) recover much of the 
Hg during this process, reducing human and 
environmental exposure.  Following is a link 

to the first of four short YouTube videos that 
show how to make and use a simple retort:  
www.youtube.com/watch?v=KL9deyMSzs8
&feature=related.  In addition to preventing 
environmental Hg contamination, the Hg 
is recovered and can be reused, actually 
saving money since less Hg will need to be 
purchased by small-scale gold refiners.

Selenium (Se)
Selenium (Se) is a unique element because 
it is not essential for plants, but is essential 
for animals.  The recommended daily intake 
is 20 µg per day for children and 50-70 µg 
per day for adults.  While Se is needed for 
survival and good health, it can become 
toxic if too much is ingested (45 µg per day 
for children and 400 µg per day for adults).  
The amount ingested depends on what 
plants are consumed (plants vary in the 
amount of Se they accumulate) and where 
they are grown, since the amount of Se 
in soils varies from one region to another.  
The east coast of North America (including 
soils in the part of Florida where ECHO is 
located), northern Europe and large parts of 
China and sub-Saharan Africa are known to 
have soils low in selenium (amounts below 
0.5 mg/kg).  Plants grown on these soils 
will also tend to be low in Se.  Selenium is 
important for the body’s immune response.  
A deficiency of Se has been linked to an 
increased speed of progression of HIV/
AIDS, and to higher death rates from this 
disease.  In livestock, low Se can result 
in white muscle disease; animals with 
this disease may be stiff or in pain when 
walking, or even be unable to walk.  

Problems resulting from Se-deficient soils 
can be prevented in a few different ways.  
Sometimes Se is added to chemical fertil-
izers in order to boost its concentration in 
plants.  In areas with low Se soil, livestock 
feed is sometimes supplemented with Se, 
and livestock are occasionally given injec-
tions of Se to avoid deficiency.  Recently, 
a goat born on ECHO’s farm had trouble 
standing up. It was given an injection of 
supplemental Se in case Se was deficient, 
and the goat recovered soon after.

Soils of the Canadian and American 
Prairies, and parts of the Amazon and 
China, are high in Se.  Plants of the 
Brassicaceae family (cabbage, kale, etc) 
accumulate much more Se than many other 
types of plants.  Brazil nuts also tend to be 
high in Se.  When certain plants (e.g. the 
leguminous Astragalus bisulcatus) with an 
ability to accumulate high amounts of Se 
are consumed by livestock, it can result 

in a disease called the ‘blind staggers.’  In 
humans, Se toxicity can result in selenosis; 
symptoms include hair loss, garlicky breath, 
and birth defects.

Conclusion
Trace elements can and do impact human 
health, either because levels are too high, 
resulting in toxicity, or because levels 
(or consumption) of essential elements 
are too low to maintain health.  Issues 
involving trace elements are often site-
specific (e.g. low selenium or high mercury 
in parts of Africa, or high arsenic in parts 
of Bangladesh). Methods for reducing 
negative effects are also site-specific.
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PLEASE NOTE: At ECHO we are always striving to be more effective. Do you have ideas that could help others, or have you 
experimented with an idea you read about in EDN? What did or did not work for you? Please let us know the results!
This issue is copyrighted 2013. Selected material from EDN 1-100 is featured in the book Agricultural Options for the Poor, available from 
our bookstore (www.echobooks.org) at a cost of $19.95 plus postage.  Individual issues of EDN may be downloaded from our website 
(www.ECHOcommunity.org) as pdf documents in English (51-119), French (91-119) and Spanish (47-119).  Recent issues (101-119) can 
be purchased as a group from our bookstore (www.echobooks.org).  Earlier issues (1-51 in English) are compiled in the book, Amaranth 
to Zai Holes, also available on our website.  ECHO is a non-profit, Christian organization that helps you help the poor to grow food.

FROM OUR REGIONAL IMPACT CENTERS

ECHO Asia
The latest issue of Asia Notes (Issue 16, March 2013) contains 
the following articles:

• A Toolkit of Resilient Agricultural Responses to Climatic 
Challenges in Tropical Asia (by Rick Burnette)

• How to Facilitate Seed Exchanges During Country Meetings 
or as a Single-Day Event (by Ruth Tshin)

The issue is online at 
www.echocommunity.org/?page=AsiaNotes

ECHO East Africa
Erwin Kinsey, Director of ECHO’s East Africa Regional Impact 
Center, shares, “Dear ECHO East Africa Readership, 
“Greetings from Arusha; find us! Do not hesitate to drop by our 
office 10 km west of Arusha on the Nairobi road north, if you 
are ever in the area! Also, please spend some discovery time 
on the www.ECHOcommunity.org website. There are many new 

documents in English and Kiswahili on the ‘Resources’ section 
of the ECHO East Africa tab. Take special note that you can 
access ALL 44 PRESENTATIONS from both 2011 and 2013 
Symposiums, so if you missed the Symposiums, or were there 
in Arusha and desire to refer to these, they are all accessible to 
those who [FREELY] register online. You will also note that 15 
new documents in Kiswahili have been added, as well as a trans-
lation generator on Gmail to help with some outlandish Kiswahili 
renditions! We anticipate adding portions of the videos taken of 
the 2013 Symposium for those who have time and adequate 
bandwidth. We have also created a page with links to useful 
publications and YouTube videos in various subjects (see www.
echocommunity.org/?page=EA_Links).
“We are putting together a Best Practices Note which focuses 
on successful innovations in pastoralist areas. At the same time, 
we are building up to a training event on the same topic in East 
Africa later this year. We would welcome feedback from readers 
if you have some ideas of ‘what works’ and ‘where an innovation 
has been successful.’ Best feedback will be included in the 
upcoming BPN publication and you will be credited!”

Caribbean Regional 
Conference
October 29 to 31, 2013
Santo Domingo, Dominican Republic

Make plans to join us for the first Caribbean 
Regional Conference.  This conference will 
be geared toward individuals working in the 
Dominican Republic, Haiti, Puerto Rico, 
Cuba and Latin America.  

Health, Agriculture, Culture 
and Community Workshop
April 29 to May 3, or September 30 to 
October 4, 2013
ECHO Global Farm, North Fort Myers, FL

The HACC workshop is designed for 
Christian health, agriculture and community 
development professionals who work with 
rural and urban communities internationally 
or in the United States, in places where 
health and nutrition conditions are below 
standard. The course equips participants 
to motivate community leaders to take 
the initiative in improving the health and 
nutrition of their people.

Tropical Agricultural 
Development I: The Basics
May 20 to 24 or July 29 to August 2, 2013
ECHO Global Farm, North Fort Myers, FL

Those interested in preparing for short or 
long-term involvement in agricultural devel-
opment internationally are encouraged to 
participate in this one-week course.  Partici-
pants will gain an introduction to aspects of 
poverty and community development. They 
will also receive instruction on proven agricul-
tural practices and practical techniques, 
systems and technologies to meet agricul-
tural and nutritional needs of small-scale, 
impoverished farmers. There will also be time 
for hands-on work on the farm, visits with staff 
and study in the ECHO library. 

ECHO Florida Agricultural 
Conference
December 10 to 12, 2013
ECHO Global Farm, North Fort Myers, FL

Mark your calendar for the 20th Anniversary 
of the original ECHO Agricultural Conference!  

Tropical Agricultural Devel-
opment II: Impact Options 
June 10 to 14 or August 19 to 23, 2013
ECHO Global Farm, North Fort Myers, FL

This course takes a more in-depth look 
at some of the topics introduced in TAD I. 
It is structured to benefit those who have 
been involved in agricultural development 
for an extended period of time. Themes 
for the week include: sustainable farming, 
integrated systems for small-scale farms, 
and underutilized plants for health and 
nutrition. Sharing of ideas and experiences 
by class participants and ECHO staff add to 
the richness of the information transferred 
in this class.

More information and registration 
information for each of these courses 
and conferences can be found at 
www.ECHOcommunity.org (follow the 
“Events” tab in the left column). 

UPCOMING EVENTS


