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FOREWOKD

Worldwide experiences in agricultural developr.ent over the past two decades provide a
wealth of understanding and direction tor the future. Those experiences, combined with
our present heightened awareness of waorldwide and regional resource limitations, environ-
mental fragiliy and demands for equity for rural people have led to a restatement of
agriculeural development directions. Those directions are articulated in the March 1983
document “The National Agricultural Policy.”

To nicet national needs in cach of the areas mentioned, our agricultural develepment
policy must be based on efticient ase of available resources. That use will permit a Mgher
degree of self-reliance, reducing our vulnerability to fluctuating werld supplics and prices
of manutactured inputs. We wish to emphasize that we are not advocating isolationism.
We are simply stating that we will provide for ourselves tirst and resort to foreign materials
and aid as a supplement to our own resources and etiorts.

With this attitude and policy, it is titting that the seminar, “Resource-Efficient
Farming Mcthods for Tanzania,™ was held. Planning for the seminar involved participation
by the Ministry of Agriculture, TARQ, the University of Dar ¢s Salaam, Rodale Press
and the USAID. The Ministries of Education, Industry, Agriculture, Natural Resources
and Livestock, as well as the CCM, UWT and numerous foreign assistance groups partic-
ipated in the seminar. The technologies discussed, centering on agricultural nutrient con-
servadon, nitrogen self=reliance, non-chenrical pest and discase management, and increased
use of animal power have been identified as key clements for improving productivity and
use of natural resources. They are especially relevant to improvement of the well-being
and productivity of the millions of small farmers who constitute the majonty of our people
and are responsible for the greatest part of our productivity.

We are extremeiy grateful to President Mwalimu julius K. Nyerere for his initiative,
support and parzicipation m the workshop. The Seeretary General of CCM, Hon. Mr.
Rashidi M. Kawawa, M.P., has given his full endorsement and support by his presence.
The support of USAID and Kodale Press is gratetully acknowledged. In addition, the
tircless eftorts of the organizing committee are greaty appreciated. Finally, the enormous
success of the conference 1s due in no small part to the willing and enthusiastic participation
of its many contriburors and participants.

We feel that the ideas presented and the suggestions for implementation of these
resource-cthicient technologies will provide a blueprint for progress in our agriculture for
the years ahead. We sincerely hope that other nations might benetit from our deliberations
and experience.

John B. Machunda
Minister of Agriculture
United Republic of Tanzania



OPENING REMARKS TO THE WORKSHOP ON

RESOURCE-EFFICIENT
FARMING METHODS

Thank you very much. All uf us who have come here from the Rodale
Reszarch Center are greatly honored by this opportunity. We are espe-

cially thankful that President Nyerere has made possible this chance to Mr. Robert Rodale
spend time with you, to see your country and to take part in discussions
about your country’s agriculture. CHARHSB%LNE%EEgg E\J%ARD

[ just want to mtroduce the other members of our group—
Medard Gabel, Bill Licbhardt, Dick Harwood and John Haberern. I'm
sure that they join with e in expressing our appreciation to your.

The primary focus of this workshop is on organic matier and
manure, which I know we a1l recognize to be extremely important. 1
sce i the organic resources of a country much more than just fertility. I'm gomg to have
a chance later to give a longer paper on this subject, but I've given the name regenerative
agriculture to what we have been working on for many vears. The phrase regeneranve
agriculture includes organic farming, but it embodies in it a much larger idea, particularly
the idea of self=reliance. It's people, bue it's closing the nutrient foops around them. By
using resources close at hand, they become able to support themselves with fewer outside

resources. This interest in seit-reliance has become extremely popular and important in the
United States.

One of the things I want to bring to you here is the awareness that things are
changing in the United States very rapidly. The farmers there are tacing many of the same
problems that you are facing here, of course on a much ditferent scale. But there is
tremendous interest inregeneration and self~relianee and using fewer inputs and buying
less. In eftect. inmvortng less from other arcas.

There's also a greater interest in alternatives. We used to have a vision that there
Was Just one way to farm in a country. But in America today. there are Springing up many
different methods. And these have been called alternative methods. But I think thae word
alternative needs examinaion, because in my vision, [ sce what is now the alternative as
becoming the main method of farming. In the long=term future of the United States—and
I'think the world—the very efficient use of organic and other nutrient and human resources
in a closed loop is going to become the main method. And that's why I've given at this
word regencrative, because [ think it embodices the spirit of the idea and also expresses that
it’s not an alternative. It's not something that we do because the main method isn't geod
cnough. It is really the best method.

[ just want to make one other comment that this is really a historic occasion. It's
historic in two ways. One, Jor the organic method, which really is about 80 or 90 years
old. Rodale Press was started by my father and I've been working for him for 32 yaars.
He died about 12 years ago. Since then, Pve been carrying on. My father was a link
between carlier pioneers: Franklin Hyde King, who wrote the book “Farmers of Forty
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Centuries,” and especially Sir Albert Howard, who developed the Indore method of
composting in India.

So what's happening today—it’s really a very historic occasion. I'm sare that it's
historic for Tanzania, because no country has ever done what you're doing here. And |
think that at the end of chis workshop, the ~roduct wiil become an example for many
other countrics, and even for the United States. Thank you,
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OPENING REMARKS TO THE WORKSHOP ON

RESOURCE-EFFICIENT
FARMING METHODS

Mr. President, it’s a great honor to share a platform witch you today and
to receive so many good friends here.

All of the speakers, including the President himself, bring per-
sonal qualifications to discuss agricultural issues, so 1 found myself
wondering what I might add in these briet remaiks,

HIS EXCELLENCY
Mr. David Miller

U.S. AMBASSADOR
TO TANZANIA

It struck me that vou might be interested in learning how this
seminar came about, why I believe it makes good sense, and what the
United States government has been doing in Tanzania to support agri-
culture.

First, let me review how we got here today. It's somewhat of a

humorous story—I was glad to hear vou chuckle there, because there will be some more
laughs in this story.

[t began, innocenty enough, a number of years ago when my wite, Mrs. Miller,
began a personal investigation ot what ' still calling alternative agricultural technology.
She, like a namber of other Americans, began to question the long-run wisdom ot our
increasingly capital- and chemical-intensive agriculture,

There's a growing group of people in the United States who are wondering if we
ought not to spend more time working with nature rather than tryving to overwhelmn it
And in her investigation, she came across Rodale Farms. Rodale Press, and she decided—
as many other people did—that this was really the owstanding center for alternative
agricultural technology in the States.

So to get on with the story, about two vears ago, Mrs. Miller and T found out we
were going to come to Tanzania. And before she let me get on the plane, sh2 said that we
must go visit Rodale Farms. T must say 1 was somewhat skeptical, and in “act, 1 got lost
driving up to the farm. But we tinallv got there—the long way,

It was a wonderful operation. I was very, very impressed. Basically, we spent the
day looking at small, buz tremendously productive agricultural plots. So 1 left Rodale
convinced that they really had something to ofier. But most mportantly, I left Rodale
carrying a big stack of books in my arm, because Mrs, Miller found out that they had a
bookstore there, and she bought virtually every book in the store,

One of them was *The Rodale Guide to Composting.™ That book cost $12.95,
and that’s why we're all here today. She read the book—she thought it was pretey good.
So she decided she might give it to her good friend, Joan Wicken, who might give it to
her good friend, the President. And that's what happened.

Now, we didn’t think this was going to resultin all of this. Aid that's where there's
really a humorous story which T want to spend just a foew minutes on, It involves the
President, the Minister, the Ambassador and our AID Director who's sttting out here, Mr.
Handly. And the story is what happens when the President decides something should be
done.
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As the story goes, the Minister was sitting at home one afternoon—he sent his car
and driver home—he thought he was through with work when the phone rang. He was
told he should show up at the President’s house to see the President right away. So, being
a good Minister, he got out a picce of paper and began to write dowr: all the ideas he
might have te cover with the President. He went to his neighbor, got a ride, and went out
not knowing it he was going to be 1oved to a different Job or what the question was
going to be. Who knew what would happen?

So he stood in there waiting for the President. The President comes downstairs and
he's carrving this book. He looks at the Minister and he said, “You know Mrs. Miller,
don’t you?”

And the Minister, being a gracious fellow, said, *“Well, sure I think 1 know Mrs.
Miller.”

And the President said, “Well, it’s the American Ambassador’s wife.”

And the Minister said, “Well, of course.”

And the President said, “1've read this book—"The Rodale Guide to Composting.’
There’s a great deal that's applicable for Tanzania here, and 1 think we should do something
about it. Let’s have a seminar.”

Well, after a little more conversation, the Minister left there. He went back to his
office and he phoned me. The Minister doesn't very often call me, so 1 paid ~reention
immediately. He got on the line and he said, *You've got 1o come sce me right away.”

And I said, “Yes, sir.”

And he said, “*Bring vour AID Director.”

And Tsaid, *Yes, sir.” And then I said, “ls it really serious?”

And he said, “Yes, sir.”

And so I brought my Deputy Chief of Mission, and we all trundled down to the
Mnister of Agriculture, and that’s when the Minister said, 1 think we're gomg to have
to do something right away.” And as we were leaving the oftice, he said, “If your wife
gives any more books to the President, would you please tell me about 12"

So that’s how we got here. Every once in awhile, when I'm at gatherings like this,
I'like to know how it all happened.

Let me ofter you just a few serious thoughts here. First of all, our socictics are
wresthing with the same problem. In the United States, we are trying to do more with
less. We are trying to import fewer expensive oil-based products. We are trying to con-
sume less power per capita. And in the fast 10 years, we put a good deal of emphasis, i
our environmental programs, on improving the quality of the life of our citizens. So, as
we histen to these presentations this week, and learn how to use more ~thciently resources
and assets that we tind around us, vou should remember that this is an exercise that all
countries are engaged in, even those that are relatively wealthy.

A second fundamental point is that Rodale is not talking about anything radically
new. In fact, they will deseribe some techniques and approaches that were probably used
by many Tanzanians in the past—and in fact, are being used right now in many places in
the country. The use of composting, crop rotation, of animal power, and so on, are all
techniques that have been known te us in bits and picces.

The wonderfiil thing about Rodale is, first, they've taken all these techniques and
worked them into quite a scientific package to optimize output. And sccond. they've
proved that these techniques can be cost-cffective in competition with capital- and chemi-
cal-ingensive agriculture.

I'don’t want to get too deeply into agriculeure, because I'm lable to embarrass
myself. But I would simply like ro add a few more words about our AllY program here in
agriculture.



The primary focus of our Al program in Tanizania since 1970 has been on national
institutions in agriculture education and research, with an emphasis on food crops and
livestock production. Assistance has been provided to this very college in Morogoro,
reactivating the Ministry of Agriculture farmer training wing, strengthening the Faculty
of Agriculture’s Department of Agricultural Education and Extension, developing seed
farms, extending the food crops research program, developing rangelands and water sys-
tems, providing tsetse fly control and working directly with the Tanzanian livestock au-
thorities. We have broughit i over 1,200 dairy animals to Zanzibar, Mafia, and the Tan-
zanian mainland.

But through all of this, traming has been the cornerstone of our activity., Since
1965, the United States has provided traming for more than 1,200 Tanzanians, 900 of them
in the agricultural field. And I'm very pleased to say that I think many ot them are here in
this taculey.

Let mie tmish my remarks by oftering my complinients to the leadership of this
fme institution. I've made their acquaintance just about six months ago. We met here twice
to discuss this project. I must say, my wite and [ were asked a number of tough questions
as to what might be accomplished. Nevertheless, our hosts were always very gracious and
[ think [ drank 1nore of their cottee than a reasonable guest should have, But [ think they've
done a marvelous job and I'd like o express my appreciation to all of you here at the
college for doing such a tine job. Thank you very much.

13
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OPENING ADDRESS TO THE WORKSHOP ON
RESOURCE-EFFICIENT
FARMING METHODS

Mr. Ambussador, your excellencics, ladies and gentlemen: You have
heard how and why you are here from the Ambassador. 1 don’t have to
Mwalimu Julius K. Nyerere say it 1s true, because it is true.

Your excellencies and friends, first of all, 1 ask vour permission

HIS EXCELLENCY

PRESIDENT OF o ;A ) v )
THE UNITED REPUBLIC to speak sitting down. I'm sure vou'll hear me back there., The previous
OF TANZANIA speakers have welcomed vou and thanked vou tor coming. | do endorse

their remarks, but Talso have some appreciation of my own to express.
For this workshop, as vou have heard from the Ambassador and the
Minister, has been organized at my request. And I want to say thank
vou to you all, and to all those who have cooperated to make it possible.

Fehank the Tanzania experts from the Ministry ot Agriculture and trom the Tan-
zania Agricultural Rescarch Organization who have been involved: 1 chank the Agricultural
Faculty ot the University of Dar es Salaam: and most of all 1 wish to thank the Rodale
Institute and the American Embassy in Dar es Salaam—rparticularly the Ambassador and
Mrs. Miller. Through the Embassy | naturally thank the American government and people
who have met seane of the costs involved. For this workshop is ain example of the most
aleruistic kind of assistance; we shall not buy a single extra ton of American tertilizer or
machines as a result of this week's activities; Mr. Ambassador: You have arranged a sharing

of knowledge and 1 thank vou.

About 80 percent of our people now et their living trom the land, and almost all
the rest of us are the children of peasant farmers. We often have 4 plot ot our ewn, 1 do,
and so we do not 1oed to be told that our lives and our future depend on the land, and on
its output. But I think we may be guilty of tking the land for granted. Except mna few
areas like Kilimanjaro and parts of Kagera region, there is and always has been plenty of
land for anyone who wanted to farm. We have used it and when it began to produce less,
we have abandoned a plot and moved elsewhere. If we loft it long enough, natural regen-
cration occurred before we came back to the same plot.

But this practice of shitting agriculture is no longer teasible. Our population is
ncreasing very tust, so there will not ahways be “plenty of Tand. ™ Also, we have abandoned
the practice of living like permanent refugees i temporary huts scattered throughout the
countryside. Now, we live in villages and are gradually building permanent houses: our
farms also have ro e vermanent, and reasonably near wher we live, The same picce of
soil has to go on for vear atter vear, producing the tood and export crops we need tor our
survival. Ttis, theretore, vital that we shouid recognize—and recognize quickly—the need
to adapt our traditional farming practices to these new conditions. The soil of Tanzania is
a valuable and irreplaceable natural resource which belongs to our descendants, as well as
to the present generation, and we have to treat it accordingly.

Growing crops use energy. They take goodness out of the land. But tortunately.
we now know that different kinds of crops take diftferent clements from the soil, and some



crops cven put particular substances back into it. Without realizing what has happened,
and why it has happened, our peasants have traditionally recognized this scientific fact and
putit into practice. They knew that atter growing maize, or millet, on a plot for a year or
two, it became less productive. But they also knew that by leaving that plot to be recap-
tured by the bush, they could later come back to itand usc it for grain a second time. They
also knew that the ash from burning crop residue on the plot was a good thing, although
tew, it any. of our tribal languages had any scientific terms to describe what was happen-
ing. By such practices, our peasants were fertilizing the soil, aibeit very crudely and
nethiciently. Their methods, hewever, are no longer appropriate, sufticient, or, indeed,
possible for us, at least as a prograim for the medium- and longer-term future.

We now live in villages. We have more and more people to feed from our land.
Our farmers now have to feed and support a much larger number of people who do not
cultivate tor themselves. Tt is in these new circumstances that we have three tasks to fulfill,
First, we have to maintain the existing fertility ot our soil. Secondly, we have to improve
that fertility. And thirdly, we have to do this cconomically on the basis ot self=reliance, and
in a sustainable manner,

The systems of shilting agriculture, of “burning and slashing,”™ and of moving
whole communities to iew areas, have, for along time, been recognized as being inefti-
cient or inappropriate for modern needs. When T was at schooi, in colonial time, we were

taught how to make compost and urged that this was a good thing to do. But few of

those who went to school in those days ever wend back to work on the fand; we became
clerks or teachers, and tended to regard this knovledge of compost as irrelevant. It may
be that, ar that time, agricultural ofticers were waing the use of compost upon the
farmers—-but the Extension Service did not reach very far. In any case, when our country
became independent in 1961, our ambition was to “modernize” our ceepomy. We did not
work this out very thoreughly; but it appeared to us that if you wanted a productive
agriculture, you had a mechanized agriculture, and vou used chemical tertilizers, chemical
nsccticides, and—to be completely up to date—cven herbicides. That, at least, was our
vision of American and Canadian agriculture—and we were often told that America is the
most productive agricultural country.

As we are a very poor country, we could not move very fast on mechanizing our
agriculture, but we did establish some punlicly owned commerzial farms, and while we
had any forcign exchange, we bought tractors and combine harvesters for them. We taught
our peasants also to hanker after those machines. As tew could aftord to buy them, or had
the means to get them maintained it they did, our peasants went on working with the
hand-hoe. It is only in very recent years that we have begun to put emphasis on what we
can do—that is, to move from the hand-hoce to animal-drawn implements.

We seem, looking back, to have acted ina very similar manner on questions relating
to feeding the soil. We urged the use of chemical fertilizers; we established a tertilizer
factory—hcavily dependent on imported components—-and we ensured that cheniical
fertilizers were used in growing certain of our export crops, especially cotton and tobacco.
We also adopted a World Bank-assisted maize program, which depended upon using
chenucal fertlizers. For the rest, we left our peasants to carry on as before. We even
stopped teaching compost-making in our schools, regarding this as a discredited and “old-
{ashioned™ technique, which was irrelevant to our future.

The net result has been that in many places, nothing is done at all to refertilize our
soil after it has been used, much less to improve the fertility. Our peasants can no longer
“move on™ after their plot has lost its fertility: they just get less result from their sweat
and—legitimately—complain that having told them to use fertilizer, we do not make it
available at a price they can atford or when they need it. And sometimes, the continual use
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of chemical fertilizers makes the soil very acidic, and thus reduces it productivity. We get
less cotton per hectare in Sukumaland now than we used to.

And we also discovered that in Europe, and in America itself, there are now very
many people who say that heavy use of chemicals on their soils has done great danage,
both to the soil itself and to their water supphes. Heavier and heavier dosages are required
year after year to achieve the same resule, And in some places, especially when insecticides
are being used, both the soil and its produce are being poisoned. Tam told there are some
U.S. tarmers who use chemicals to et ahigh output from their commercial crops, but
who meet their homestead needs from a separate area where thev do not use chemicals at
all. There is also a recent Indian report about the envirommental ofects of the Green
Revolution, with its heavy dependence on fertilizer, which has revealed adverse effects on
the health of farmers, and ot some peasants who do not themselves partake of the benefits
ot the new methods, but whose soil is atiected by water Howing trom the Green Revolu-
tion arcas.

We have not reached this intensity in the use of chemical fertilizers, except possibly
in the cotton fields, where the need may be to chunge the type of chemical tertilizer used.
And there is 1o reason why we should be afraid of chemicals, any more than a man with
an occasional headache should refrain from using aspirin because other people use so many
that they dic.

For I am not one of those, althcugh 1 know that such people do exist, who are
agast chemical fertilizers and insecticides on principle. I believe they can be very useful,
alone or in combination with natral methods of soil protection, when used in moderation
and in appropriate circumstances. We do have commercial farms in Tanzagia: they should
and they must use chemical tertilizers to maintain and improve their soil fertility, even it
they also use natural methods of soil enrichment. There are cortain crops which scem to
grow ccononncally in Tanzania only in tandem with chemical fertilizers. It may be that
even for the lateer, there are better ways—more self=reliant ways—ot fertilization; but until
we are sure of that, and know what they are, we must continue to buy or make chemical
fertilizers and transport them to the farms and the fields.

For there is the problem: Chemical fertilizers are a manutactured by-product of oil
or natural gas, or are minerals which have been treated in a large factory, or both. We have
one fertilizer factory in Tanzania, a country of about 360,000 square miles. Unil this year,
it has been getting its raw phosphate (as well as all its other chemical inputs) from overscas.
In the future, it will get it from v mine juse opened some 310 miles away. Incvitably, the
tertilizer is expensive. All oii-based products are expensive, and taansport, as well as the
imporred chemicals, are dependent on il products. Further. in our case, the foreign
exchange shortage means that supplics of fertilizer are sometimes interrupted—the factory
closes down because we do not have the foreign money with which to buy its inputs. And
there is for us also the physical ditficuley of transporting the manutactured fertilizer over
hundreds of miles of old railway line with few wagons, and over poor roads with old
lorries. Quite trequently the fertilizer does not arrive at the farm at the time it is needed.

Fortunately, most Tanzanian agriculture does not have to depend upon chemical
fertilizers. There are scientific methods of agriculture which preserve soil tertility and use
no chemicals at all. It is those, or some of them which we hwve come to this workshop to
learn about.

i many pares of Tanzania, our peasants traditionally grew a main crop and another
crop in the rows between it, or sometimes just scattered amonyg the other seeds. In our
enthusiasm for the highest possible output of particular crop, ¢ oawere at one time
discouraging this practice. It is now clear that, onee again, the peasant knew beteer than
the experts, for the total crop output trom mtercropping systems is frequently higher thar



that where a plot is reserved for the main cr p only. And certainly, labor productivity is
often higher, because the need for weeding is reduced and the soil is preserved from being
cither baked or washed away. Everything depends upon which crops you combine. Scien-
tists can now tell us which combinations are appropriate and why. For example, they can
explain why it is good in certain kinds of soils 1o interplant rows of maize with rows of
particular legumes, or banana plants with certain kinds of fodder grasses. Also, they have
demonstrated that appropriate interplanting reduces the incidence of some plant discascs,
or insect infestation; they can often tell us which kinds of intercropping have those effects.
We have such scientists, and such experimental plots in Tanzania, Our trouble is that we
do not disseminate that knowledge, and put it into practice.

Again, appropriate crop rotation—rplanting difterent crops in a cycle of three or
four years—can maintain or improve the tertility of the soil, without the apphication of
fertilizer, or even manure or compaa.. It depends on whae vour rotation is, and the correct
one depends upon your soil. For example, experimental results from Ukiriguru hove
shown that a fallow period of three to four years in which a cassava crop is leit in the
ground in that arca produces an ctfect comparable with a long period of fallow. This
principle of crop rotation is very casy tor our peasants to understand. It 1s, in ettect, what
they have been practicing by their svstem ot shitting agriculture,

Nor is that all. Where the soil tertility has already deteriorated, or where. for
cconomic or other reasons, the peasant does not want to follow an appropriate crop
rotation pattern, it is sall possible 1o improve fertility by natural methods. There is the
practice of “green maaure,” digging the crop residue back into the soil. And there is
compost. This also amounts to putting back into the soil the goodness which has been
taken out of it Fincl'y, tor those arcas where domestic animals are part of the peasant
culture, there is the use of manure, Again, we have in Tanzania places where this is used
to the maximum—with very impressive results. 1 hope that some of you will have visited
such farms; often they are run by our own experimental or training institutions, or by
missionarics.

Compost and other methods of fertilization are the subjects of this workshop. 1
have been talking only in general terms, and about the S neiples; the experts are here with
us. Gentlemen, vou are very welcome. 1 know that these experts trom Rodale Institute
will be the tirst to el us that neither they nor their country are unique in their | n0owledge,
or their practice of what is sometimes called “erganic turming.” There are practitioners
throughout the world. Lut it is perhaps appropriate that we should welcome Americans
talking on this subject. For if these methods of farming can hold their own in the home of
mechanical and chemical farming, then surcly people can hardly auesdon their relevance
to getting increased output in our own conditions of very much loveer agricultural pro-
ductivity.

And let us remember that our recently published Agricultural Policy Statement
gives very great emphasis to IMProving our peasant agriculture—increasing its output per
acre, and per man-hour. The use of COLIPOSL, manure, crop rotation and intercropping is
the answer to the peasants’ questions apout how they can increase their income without
becoming dependent upon ar unicliable supply ot expensive fertilizers and other inputs
from outside their village and farms. Compost can, as [ understand it, be made in cach
field. It certainly does not have to be transported from Tanga. When we taik about villuge
self-reliance as being the foundation of national selfor sance, this is the kind of thing we
should be talking abour.

All of you here are involved, directly or indircetly, in making a success of our drive
to increase agricultural output. Further, we are all concerned with peasant agriculture, not
commercial farming, for which this workshop may be less relevant, You are all experienced
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people. YYou will, I hope, have questions to ask our visitors, and you will also have some
experience or problems to contribute to the discussion. I challenge every one of you to
learn as much as you can this weck, and then to pass to others what you have learned.

For this workshop must be a beginning, not an end. The whole government
machinery, led by the Ministry ot Agriculture, and all our leadeis in other fields, must
promote the application of self-rehant methods of protectng and improving our soil
fertility. This 15 a crucial part of our drive tor increased output of tood and export crops,
and therefore of our recovery program.

Mr. Ambassador, Mrs. Miller, our guests from Rodale, Dr. Kascmbe, and friends:
I wish you all an interesting and useful workshop.

ke K[

Mwalimu Julius K. Nyerere




ROLE OF
WOMEN IN AGRICULTURE

Despite the ongoing war on economic saboteurs, we must also feed our

people. Actual (his workshop has been launched at the right time— HONORABLE

when we really need it. I would like to thank the organizers: His Excel-

lency, the U.S. Ambassador and his wite, and the Rodale group. Mrs. Gertruce Mongzlia, M.P,
Agru?ulturgl] science must have been bcgun bva woman, because MINISTER OF STATE

she spent much time around the home while men went hunting, and PRI!ME MINISTER'S OFFICE

sne was exposed to the seed which then produced wheat or barley.

Tanzanian women should have much to contribute to alleviate
our current tood problems. Most of our food comes from the peasant
farmers, who happen to be women, in most cases. In other words,
women are the most involved in this process ¢ production,

The main aim of this speech is to get the message across to the agricultural policy
planners that they should be aware of the woman's part i agricultural production, and
that they should bear that in mind when making agricultural decisions. For example, when
designing tools or equipment for new or improved farm technologices, the ultimate user—
the woman—should be considered., to avoid inconvenicnces 1.~ their usage.

In addition. any new technology to be implemented on te tarms should also reach
the women, who are actually going to put it into use. Therefore, the Extension services
should be eftective enough to channel the necessary information from the rescarcher to the
farmers. There are many well-established media that can be used to disseminate informa-
tion—and these should be used. Follow-up programs should be mplemented to evaluate
success or failure of introduced programs to tarmers.

Iwould also like to point out that costs of chemical tertilizers cannot be casily met
by farmers; thus, composts and manures are the most promising answer to our present
soll fertility problems. Our major aim should be in the mcreasing of output per given plot,
rather than expanding the arca. Compost can be prepared around the homestead, where
most food for home use is produced. Farmers once were self=sufticient for tood, with the
exception of a few articles purchased. Vegetables, root crops, fruits and oil sceds (ground-
huts, oyster nuts, cte.) were grown, and chickens, goats, cte. were kept around the
homesteads.

Should changes be needed, Umoja wa Wanawake Tanzania (UWT) can be vsed to
put pressure on society. A strong group pressure is usually needed to make these changes.
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IMPORTANCE OF
RESOURCE REGENERATION

R. Rodale, Rodale Press Inc., Emmaus, Pa. 18049

Whenever [ speak to a U.S. audience about
American agriculare, 1 ask people to think of
farming as a three-legged stool.

One leg is production. That is the part of
farming that most people think about. How much
tood and fiber is being produced? Admiceedly,
that 1s a very important question. But production
1s tar from being the only mcasure of the success
of a counuy’s agriculture.

The second leg 1s people. Farming is not only
a way of production—it is also a4 way of lite.
Many Americans want desperately to either stay
in tarming, or to become farmers, But they are
having dithculty doig that. The people Teg of
American farming is short; some would say 1o
short. Many millions have had to leave farming
and go to live in aties, where, intoday's econ-
omy, they sometimes have trouble tinding work.

The third leg of the farming stool is the nat-
ural resources that form the primary supply of
clements that How into farm production. The land
15 the chiet resource. In America, 1t is diminish-
ing. Over 6 billion tons of topsoil crode away
cach year. Water used for irrigation must be
pumped trom deeper in the carth cach vear, and
50 becomes more expensive. Even the quality of
the air is being changed by tarming,

[ pomt out to the people that American ag-
riculture has been formed into a stool with three
legs of unequal length. The production leg is very
long—actually too long. We produce more than
our people can cat, and much more than we can
sell to buyers in other countries. The people leg is
very short, and a part ot the resouree leg is being
cut ott cach year.

That image of our farming svstem being made
up ot three basic parts is extremely important.
Because 1f you look quickly and superticially at
farming in the United States, vou see only that it
is the most productive system ever devised by the
human mind. The amount of food and fiber being
produced on our tarms 1s so vast that 1t is hard to
find words that describe such production in terms
people can grasp.

Consider maize, for example. We produce 8
billion tons of maize cach year. How much is 8
billion tons? Itis simply two bushels of nuaize tor
every person alive today en the tace of the carth.
And 8 billion reas s also far more than we need,
or that we can sell.

U.S. production of sovoeans and wheat and
other important crops also tar exceeds the amounts
we need, or that we can market cttectively i in-
ternational commerce.

I point out those tacts because only when
vou look bevond production can vou see that
American tarming s more than the most produc-
tive svstem ever created. The vast production hides
the tact that farming on that pattern is adso the
most destructive ot all systems.

Itis destructive of large amounts o soil.
Roughly halt ot all our topsotl has been worn
awav. Agriculture is draining our Lind ot valuabic
water, The large aquiter running north and south
through the middle of America has receded deep
into the carth. You can drive tor miles through
rural arcas that once were heavily populated, ard
sce far fewer homesteads and shrinking towns.

‘et our production of tood and fiber is greater
than ever,

However, even great production will not hide
the fact that an agricultural stool with two short
legs 1s not very comtortable for ¢ty people to sit
on. And 1t is especially not suited 1o the needs of
the people who remain in farnung. The best way
to explain that is by switching from the analogy
of a stool directly into the realnn of economigs.
I'm not sure how it works in Tanzania, but in the
LES., peopie are accustomed to thinking of al-
most everything in cconomic terms.

The cost of farm production today is high,
and continues to get higher, while the prices tor
fartn commoditics remain low. Overproduction
is the prime reason tor low commodity prices, as
well as increasing competition tor markets from
growers in other countries. But, again, we need
to look beyond production to understand truly
what is happening. The costs of production are



continually rising, cven in the face of declining
prices for farm products. And it is that squecze
which is of prime concern to American farmers.
Take, for example, a H0-kilogram quantity
of nitrogen. Ten years ago, a farmer in our coun-
try could exchange 33.3 kilograms of maize tor
that nitrogen. Today, he must give the dealer 527
kitograms of maize to get that same 100-kilogram
quantity of nitrogen. And that is not an isolated

case. The same change i the exchange power of

farmers has taken place in almost all arcas. Farm
cquipment is now much more expensive. A farmer
who, 10 years ago, could buy a typical wheat
combine tor 6,290 bushels of wheat must now
give 23,800 bushels.

It the soi had not eroded, and i water were
still available i dry arcas close 1o the surface,
those problems would be less troublesome. Farm-
ers could then produce good crops with smuall
amounts of tertilizer, and with low pumping costs
for water. But the cutting away of the resource
leg of that farming stool I described carlier takes
those options out of reach of many people. They
now have to pay ever-higher prices for things that
they used to get tree, or almost tree, trom the
natural resource base of apriculture.

What are American farmers doing about the
poor cconomic conditions 1 which they must op-
erate? Many are simply cutting back as much as
they can on the use of inputs, and on the purchase
of equipment. A good example 15 Kutztown,
Penmsylvanmi, tarmer Ben Brubaker. Brubaker
spends $33.15 less per acre to grow muaize than
the average Pennsylvania tarmer, vet produces 28.3
more bushels.

In addition to growing maize, Brubaker teeds
about 250 cattle, and grows hay, sovbeans and
small grains on his 322-acre tarni He substitutes
machinery and labor tor svnthetic fertnilizers and
pesticides. But rather than purchase new equip-
ment every few vears like many tarmers, he re-
pairs and rebuilds worn-out items. The resule: His
current machinery, worth $280,000 new (at 1982
prices), cost him just $39,000,

To protect his 150-acre Wisconsin dairy farm
from crosion, Jack Kinsman quit growing maize
and using chemicals in 1965, Barnyard manure
and frequent renovations have kept his haytields—
some in use as long as 12 years—vigorous and
productive. And his 29-year-old tractor and $250
hand-baler are just two examples of how aban-
doning maize has kept Kinsman's cquipment costs
below $15,004).

Ten years ago, Vermont dairyman Leonard
Germain also gave up growing maize silage in
favor of a grass-legume mix. He cut back on feed-

ing purchased grain, too. And since then, he has
all but climinated soil crosion on his hilly, 150
acres, and nearly doubled his income over feed
COSILS.

Germain fertilizes his haytields with cow
manure after cach cutting, and says growing le-
gumes helps him produce more total nutrients per
acre and have better-fed plants, greater yviclas and
highcr-producing cows,

The United States government is helping other
farmers with its Pavment-In-Kind program, which
this year is giving American farmers large amounts
ot grain in storage it they agree to cut back on the
acreage they plant. That is certainly not a pro-
gram that can work over a long period of time,
but it is an c¢ttort to do something quickly to help
farmers through a ditheule period.

Many farmers, though, are thinking hard
about what is happening, and are asking them-
selves it they can do more than simply cut back
on the level to which they are using the cunrent
system of farming. They cemember that, in car-
lier times, when they grew more diversitied crops
i rotations mstead of just alternating niaize and
soybeans year after year—as many Corn Bele
farmers do—they needed much less tertilizer. And
their profit picture was better. )

Diversity  has helped  Dick and - Sharon
Thompson’s tarm in Boone, lowa, grow protit-
able and virtually self=sutticient. The Thompsons
teed hogs and catle, and grow hay, maiee, soy-
beans and oats on their 300-acre farm. They gave
up synthetic tertilizers and pesticides in 1967, and
now rely on wise manure handling and crop ro-

tation—including grewing a legume three out of

every five years—to reduce erosion, muaintain soil
fertility and control weeds and insects.

Of course, m carlier times, farmers had more
good topsoil than they do now. Bue they sull are
asking themselves whether they really need all the
ternlizer they have been buying. And many have
begun to work out and use new svseeme of farm-
mg that allow them to produce good crops, but
which reduce their need tor fertilizer and other
mnputs.

Hairy verch, a winter-hardy legume, sup-
plies up to 80 pounds of nitrogen per acre to Bill
Grantham’s maize and soybeans. The Millsboro,
Delasware, tarmer plants veteh atter harvest in fall,
and turns it under the following spring. In addi-
tion to adding nitrogen to the soil, Granthan says
the verch cover crop reduces soil erosion, increases
his soil organic mateer level, and ‘pumps’ P, K and
other nutrients tfrom lower soil levels to the soil
surface.

While Don Lambert’s neighbors, who grow
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winter wheat, spend nearly $50 per acre for nitro-
gen and lose up to 200 tons of topsoil per acre to
soil crosion each year, the Washington farmer grows
spring wheat instead. That Jets him use an Aus-
trian winter pea cover crop to provide all his ni-
trogen and cut erosion by as much as 75 pereent.
And though Lambert’s 780-acre tarm has been
chemical-free tor 73 vears, the top 12 inches ot his
topsol] contain more organic marter, and extract-
able N, P and K than heavily-tertilized farms in
the arca.

Fmally, by taking his 180 rolling acres in Bel-
mond, lowa, out of row crops i the late “70s and
planting them to soil-saving hav, Arden Kicter
actually reversed crosion on his farm. lowa State
University agronomists sy Kicter now builds one-
halt to one inch of nev: topsoil every five vears.
Converting to hay alse enabled him o climinate
pesticides. cut production costs, stabilize his cash
How, and reduce his machinery costs by 30 per-
cent.

At our Rescarch Center, we have given a
new name to that new way of managing the pro-
duction side o a tarm. We call it regenerative ag-
riculture, because it has the very ambitious and
important goal of serving to regencrate the soil,
the water, and the cconomy of tarms. Tt is a form
ot agriculture that looks bevond production—

which we admit is very important. The goal of

regeacrative agriculoure is nothing less than o re-
store the legs of the farming stool to equal length,

Regenerative 1s a wondertul word. It can mean
more than simply to make new again. b my die-
tionary, the detininon of the word regencerate is
expressed this wav: To restore o a better, higher,
or more worthy state. A regencerative agriculuure,
theretore, has as s goal the ever-mcereasing
soundness ot the human and natural resource base
ot our food-producing svstem, to help that svs-
tem continue to grow in strength to meet the
needs of our expanding world.

A regenerative agriculture does not aceept
destruction of people and land and water as & price
that must be paid for production. No! It savs that
those of us who want to be tarmers can still farm,
and we can make the land and the warer and the
air better in the process. At least, these are our
goals.

To accomplish that, however, farmers hayve
to make an important philosophical adjustment.
They need to ieave behind the idea that their func-
tion *s to domimate nature. Sad to sy, the basic
idea underlying much modern farming s the
thought that nature is not reliable, and theretore
must be controlled or dominated. Heavy applica-
tions of pesticides are sprayed not just to kill weeds

and insects, but to make the farm so toxic that
they won't dare try to live in that environment.

Yet on 1L 100 acres in «California and Arizona,
Steve Pavich and Sons grow | pereent of all the
table grapes sold in the United States—with no
synthetic pesticides whatsoever. By velyving on
compost for well-balanced soil fertility, the Pav-
iches produce healthy, rapidly growing vines ca-
pable ot withstanding pest outbreaks that would
devastate other tarmers. Beneficial sects rhrive
in the farm’s non-toxic environment, and turther
help keep pest populations low

Large amounes of fertilizers are applied to
Ancrican tarms primarily to bring nutrient levels
up to sonme sandard or norm, rather than to en-
rich the sed so that the soil wselt” can feed crop
plants tfrom its own regenerative storchouse of
nourishment. Land that hungers tor a continuing
variety ot plants, grown in rotaton, is torced to
grow the rame kind of plane vear atier vear.

All those efforts at dominance of the land are
costly. They raise the cconomie cost ot farming,
simply because the bills that come to the firmer's
desk for the nputs of dominance agriculture are
high. Bue they are costly in another wav, which |
teel is far more important. When nature is domi-
nated, it loses much or'its ability to give farmers
the tree wifts of the laind and the Tite i e Land,
which have alwavs been at the root of prosperous
agriculture,

The regenerative farmer gradually moves away
from the idea that his or her purpose s to doni-
nate nature. Taking che place of the idea of domi-
nance 15 the concept that the farmer is a catalyst
whosc purpose is to cause nature to allow greater
production to take place on the farm—hoyctully
while causing the farm itselt to inerease i value
and richness.

I think we could all agree that that 1s a tine
philosophy to express. but could be ditheult to
put mto practice. Anvone who feels that way—
who has doubts about the application of the re-
generative idea—need look only to the Orient o
see that the concept has been vsed etfectively there
almost siee the daswn ot agriculture. Franklin Hyde
King documented. in the carly vears ot this cen-
tary, the ways that Chinese, Japanese and Korean
farmers continually renew cheir tarms in his clas-
sic book, "Farmers of Forty Centurices, ™

fnd, incdeneally, 1 was that book and its
message which encouraged my facher and other
svople to begin to apply the methods ot regener-
ation to farming in the United States, over 40
years ago.

Listen to how King described the cconomy
that is the renewing torce of Oriental farms:



Ahnost every foot of land is made to contribute
material for food, fiel or fabric. Everything which can
he made edible serves as jood for man or domestic ani-
mals. Whatever cannot be caten or worn is used for
Siel. The wastes of the body, of firel and of fabric worn
heyond other use are taken back 10 the field; before doing
so they are housed against waste from weather, com-
pounded with intelligence and forethought and patiently
labored witl througl one, three or cven six months, 1o
bring thens into the most eflicient o 10 serve as ma-
nure for the soil or as feed for the arop. It seems 1o be a
polden vude weith these industrial classes, or i nor golden,
then an inviclable onc, that whenever an extia hour or
day of laber can promise cven a lintle lareer votun then
thar shall be: given, and neither a vainy day nor the
hottest sunshine shall be permitied 1o cancel tie obliga-
tion or defer its exeention.

I have been to China and Japan and have seen
how productive their tields remain atter 4000 vears
of farming. And I have seen the diligent way that
farmers return organic materials to the Lind, and
help it to continue to renew itselt. Therr work 1
a usetul example, partcularly because those coun-
tries must teed very large ninmbers of people trom
limited arcas of Land.

But T think that every country needs to de-
velop its own kind of regencrative agricutture, to
st its particular needs and culture. One country
or region can look at the tarnung ot another to
get ideas and possiblv inspiration. But 1 think we
need to be cautious about trvig o initate or
copy a specttic method that works well i one
part of the world. Geography and the social sei-
ences teach us that cach people and part ot the
world is ditferent in many wavs trom others. And
histery is replete with examples of taled attempts
to trensport whole farming methods from one
country to another, without allowing tor the fex-
ibility that is essential it methods are going 1o be
applicd in another place successtully.,

What is transferable trom one continent to
another—and Tam stating this as my opmion and
not necessarily as a proven fact—is the philoso-
phy of regeneration. It s inconceivable to me that
there is any place i the world where the carth

will not reward those who understand that vital
cyeles ot lite How through the soil, and need to be
protected and renewed. An idea like that is uni-
versal. It travels well evervawhere, and can torm
the basts of action inany country.

There s vet another idea which goes hand in
hand with the concept of regencration, and which
I dink adds greatly o its usetulness. That is the
thougat that we who are alive and working roday
have an obligation to consider the needs of tuture
generations, Farmers especiaily need to have in
therr minds the idea that the fand they tarm will
have to support even more people for many cen-
turies into the future,

We need o go bevond even the idea of sus-
tamabihity. Tt is not enough mierely o sustain the
present level of agricultural etfectiveness. Because
population is increasing, and because resources from
outside the farm and the countrey will probably be
harder o get i dhe faiare, we need o set futare
goals tor agriculture that are much Ingher than
those we try to attam today,

How are these twin ideas of regeneration and
reponsibility to the tuture being aceepted today in
the United States? They are growing m strength
and acceptance. Erosion of the soil is again a ma-

Jor issuc i our country. Farmers in America are

learmng to use less commercial tertlizer, and o
muke nuch better use of ther manure and other
OTEAIIC TCSOUTCLS.

There is also much more mterest m the con-
servation of water and of energy, Whiie the ma-

Jority of American tarmers are stll wned to the

idea of dominaton of natare, and have vet to un-
derstand the tull importance of regenerative con-
cepts, T teel much progress s being made.

Fam. of course, most tanihar with the agri-
cultre o mv own counery. T am convineed that
m America, anagricultare that is regenerative will
lead autonutically to the growth - productive
capacity that we must have to teed langer numbers
of people in the future.

My hope and expectation is that the same
progress toward regeneration and o greater abun-
dance of food can be achieved here in Tanzania,
as well,
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INTERNATIONAL OVERVIEW OF
REGENERATIVE AGRICULTURE

R.R. Harwood, Rodale Research Center, Kutztown, Pa. 19530

[ will attempt in this paper to provide a synopsis
of the origin and development of organic farming
philosophics, their major theories, the locations
and extent to which they are practiced and their
evolution into a regenerative concept. The paper
will conclude with an analysis of the relevance and
application of modern regenerative practices to
Third World development. Non-English linguage
literature is touched upon only brietly, but a gen-
eral reference is given to literature in various Fu-
ropean languages.

Overview

There are three themes which run through
regenerative agriculture philosophy: 1) the inrer-
relatedness of all parts of a farming system, in-
cluding the farmer and his family; 2) the impor-
tance of the innumerable biological balances in the
system; and 3) the need to maximize desired bio-
logical relationships in the system, and minimize
use of materials and practices which disrupt those
relationships.

It1s usetul to view the emergence and devel-
opment of regenerative philosophy and practice
against the changing agricultural technologies and
philosophics of the past century. Coincident with
those changing technologics, and perhaps because
of them, is the change in structure of both farms
and national agricultural systems.

Early 20th-Century Thought:
The Concepts of “Whoieness”

Agricultural development is the process of

adjusiing farming patterns and technologies, within
the constrats of available resourees, to achieve
ever-increasing, levels of productivity. There are
numerous hisrorical examples of social and tech-
nological changes which increased agricultural
productiviiy. Some practices led to resource over-
draft or environmental imbalance, and, in wany
cases, were altered as their weaknesses became
apparent. In others, the social system became so

locked into ¢ nor-sustainable pattern that change
was impossible and the civilization collapsed. Sir
Albert Howard (1947 describes the history and
consequences of such change.

The past 100 years in ugr culture, coincident
with the Industrial Revolutsn, has been aptly
named the “age of alchemy™ (Ritkin, 1983). The
work of Licbig ushered in the “chemical revolu-
tion,” characterized by a thought and scientific
process that redueed every process to its basic
chemical reactions. This process, sometimes termed
the “legacy of Licbig,™ has culminated in the
“dominance™ attitude and approach o agricul-
tural production of the 1960s and 19705 (Har-
wood, "983¢). This attitude is characterized by a
complete restructuring of nature through the use
of massive inputs to permit high productivity
within a specialized, biologically simplitied agri-
cultural system.

Agamst this background of change the re-
generative philosophies were taking root and co-
alescing. Many scientists and astute farmers were
apprehensive of contemporary trends. They re-
belled, in particular, against the mcreasingly nar-
row views of natural svstemis and their role in
“modern™ agriculture. Those with a more con-
plete appreciation of the complexity of biological
relationships  have contributed  several  classical
works which were pivotal to later thinking,

Charles Darwin spent his later years in En-
gland metculously studying soi} Horal and faunal
activity. His extremely interesting work, *The
Formation of Vegetable Mould Through the Ac-
ton of Worms, With Obscrvations of Their Hab-
its. ™ documents in great detail the intricate biolog-
ical balances in the soil (Darwin, 1882).

In the carly 1900, several works focused on
the broad, non-simplistic aspects of agriculture
and their complex interrclationships. Elliot, in 1907,
wrote of the complexities of pasture mixes and
their importance to soii tertility in rotations. The
true classic, however, which stimulated later
thinkers of the British and American schools, was
King's “Farmers of Forty Centuries™ (1911). King



described in this book, and in his following book,
“Soil Management” (1914), the complexity of in-
tegration of the then highly productive traditional
systems ot Asia. The interrelationships between
these systems were the key to the thinking of all
regenerative agriculturists who followed.

Biodynamic Agriculwure

The tirst organized and well-defined move-
ment of growers and philosophics was the bio-

dynamic movement, which arose from a series of
lectures given by Rudolt Steiner, the tounder of

Anthroposophy, i 1924 (Steiner, 1958, The ba-
st tenets of biodynanie farming include:

1) Sound farming and gardening technigues, no
miatter whether old or new, 2) Such principles as diver-
sification, yecycling, excluding objectionable hemicals,
decentralized production and distribution, cte., ideas held
in-other hiological movements. Since the 19205, biody-
mamic Javmers have developed the execntion of sucl
principles, and also veintroduced usepiul nuditional tech-
migues; 3) The specific biodynamic measies amd con-
cepts s they cvolve from Steiner’s spivinwal 1eaching,
which mould the wmethod into o consistent whole., ( Koepy,
1981)

The latter point is usually what separates bio-
dynamic practices from the rest of biological ag-
riculture. It includes “the stmulation and regula-
tion of complex lite processes by bicdynamic
preparations tor soils, plants, manures”™ (Koept
1981). It also includes the consideration of cosmie
and terrestrial torees on biological  organisms.
Biological rhythms are atfected by a range of cos-
mic torces. Although growing evidence, mostly
from biomedical rescarch, suggests the presence
of such cttects, their importance in agriculture has
not been carctully evaluated.

Early publications in biodynamic agricalture
include Pteitter (1934 1943; 1936) and Baker (1040,
These publications set torth the arguments for the
disruptive cttects of concentrated synthetic fertil-
izer and pesticides, which have been major posi-
tions of all biological or organic practitioners
through the vears, The connections betiveen the

biological “health™ of the soil and the health of

animals and humans associated with it or using
produce from it were also articulated at this time.

These concepts did not necessarily originate
with the biodynamic schiool, but they became an
integral part of rthe thinking ot Steiner and his
followers. More recent summuaries of the biody-
namic concepts include Koepr™ (1981), Steiner
(1938), Ratcaver and Rarcaver (1973), Pauli (1967),
Koept et 1. (1976), Pank (1976), and Jravons (1979).

Although the biodynamic movement is con-
centrated in European and Scandinavian coun-
tries, a limited number of practitioners,  both
commercial and home-garden, are found in the
United States and Canada,

Development of “Humus Farming”’
Concepts

A school of thought evolved, both as a part
of and in addition to the biodynamic school, which
tocused on the importance of fumus in agricul--
ture. This concept tormed the foundation tor sev-
cral biological agriculture  philosophics  which
emerged inhe 19305 through 1960,

Browne, in 1855, wrote “The Ficld Book of
Manures or the American Muck Book. ™ Roberts
(1907), Fletcher (1907) and Waksmian (1936) wrote
basic works on humus-oriented soil fertility which,
at the tme, were eonsidered state of the art m
scientitic thoughe.

A myjor development which not only ad-
vanced the techniques for compost naking, bue
pegan to discuss the disruptive etfects o coneen-
trated synthetic fertlizer, was that ot FHoward and
Wad in 1931 This work marked a0 major point of
departure tor the hunius-tarming school. Defini-
tuve technical books and applied humus-farming
books soon tollowed (Waksman, 1936; Billing-
ton, 1942; King, 1943; Bruce, 1943; 1943a; 1943b).

In 1943, Sir Albert Howard's book, “An Ag-
ricultural Testament,™ became a4 new laindimark.
Not only did it add significanty to the emerging
thought on humus tarming through its exposition
of the Indore method of composting, it restated
in positive, modern terms the coneepts of inte-
grated tarming,

“An Agncultural Testament™ highly influ-
enced the Soil Society work in England, as well
as the writing of | L Rodale in the U.S. Subse-
quent works by Howard turther clucidated the
connections between soil and health, and « - “tied
the methods to be used in an agriculture based on
biological structure rather than on the use of syn-
thetic chemical nputs (Howard, 1945; 1946; 1947),

The humus-farming philosophy reached s
peak in the carly 19305 with publications by Svkes
(1949, 1951, 1939) and Scitert (1932). These works
proved to be the mamstay of the organic farming
movement that followed.

The principles of composting and compost
use were well-articulated by this tme, and coi-
siderable research has since been done on the han-
dling ot municipal waste. with emphasis on
methodologies. Many teel the culmination of the
agricultural composting studies is the “Rodale
Guide to Composting™ (Minnich and Fune, 1979).
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The Emergence of the Organic
Philosophy

The basic tenets that led to organic, biologi-
cal and ccological agriculture, and eventually to
the regencrative farming movement, can be traced
to Sir Albert Howard's “An Agricultural Testa-
ment” (1943). The ideas of an integrated, decen-
trahzed, chemical-free agricuboure were advocated
by Northburn (1940) in a largely overlooked work.
As far as we can tell, he was the first to use the
word orgauic to refer to the entire philosophy and
practce.

Graham (1941) and Barlow (1942) exemplity
the rethinking of agricultural thoughe that oc-
curred in the 19405, Barlow was especially critical
of the impacts of carly-1940s agriculture on soil
degradation and reduction i diversity through
spectalization.

In 1943, the momentum increased signiti-
cantly with the publication of Lady Eve Baltour's
“The Living Soil ™ Faulkner's “Plowian’s Follv™,
in 1943, was another classic spurred by the Dust
Bowl ot the 1930s in the American Great Plains.
Faulkaer described in foreetul terms the biological
and human tragedy resulting from misdirected
technology.

Table 1: Alternative Agriculture Farms in Euvope

In 1945, ]. 1. Rodale’s *Pay Dirt” became the
rallying point that carried the ciganic movement
in America through the difficult [960s. A lengthy
scrics of books by “J.1." was to follow (Rodale
1948: 1933: 1)54: 1977).

The late 19405 and carly 1950s was a prolific
period for organic literature. Faulkner (1946; 1947;
1952) was not only a critic of contemporary ag-
riculture, but an experienced Extension agent and
furmer as well. He detailed his own experiences
in the regeneration of worn-out soil with organic
farming pracuces.

Louts Bromtield also made a significant con-
tribution, with his accounts of organic farms where
people, crops and livestock were intermeshed in a
living svstem (1946, 1947; 1930; 1953). Bromficld
felt strongly that the sensitvity, skill and dedica-
tion required of a good farmer meant that “not
evervbody can tarm™ (1930).

Several other avthors, including Pleitter (1947),
Cocannoucer (1930; 1954; 1938) and others (IFow-
ard, 1947, Wickenden, 1949; Tainsworth, 1954)
continiied through 1936 to articulate the increas-
mig envivonmentil harm and resource degradation
brought about by “modern™ tarming mechods.
They repeatedly advocated the wholistic approach
to agriculture.

Biodynamic Total Alternative
Nordic Countries Number Area (haj Number Area (ha)
Sweden 150° 1.800 200 2,400
Denmark 85 1,200 150° 2,000
Norway 30! 350 40 480
Finland 25’ 500 50 1,000
5,800
Total agricultural area of these countries = 10 million ha (less ‘han A%).
Netnerlands 170to 180 1,800 350 3,000 (0.15% of area)
Germany 600 1o 700 12,000 1,300 to 1,500° avg. 25 ha (0.1% of area)
1.2 cattle’ha
France 150 3,000 5,000° (1.1% of area)
Switzerland 100 oCo! 8,400 (0.8% of area)
Austria 100 600° 12,000
England few 200° (30 to 50 pure)
italy ? ?
East Germany 1 1
Belgium few few
Spain few few

Sources: personal contact, 1983
'Petterson, B “Vogtmann, H. 3Lairon, D. ‘o, P

*Plaholm, G. “Woodward, L.



The year 1956 marked the end of nearly 20
years of publication in the arca of organic farming,.
Interese in the concept remained mostly with gar-
deners cencerned about their health and home en-
vironments inthe [960s and carly 19705, In
Amecrica, this group was served by Rodale's
Organic Gardening_and Farming magazine.

The widespread adoption and scientitic focus
i the 19505, *60s and *70s on chemical technolo-
gixs eftectively suppressed new thinking in organic
agriculture. In Furope, the biodynamic move-
ment was holding its own at low levels ot partici-
pation. Despite Rachel Carson’s “Silent Spring™
and an awakening of environmental conscious-

ness, the 10005 and carly 705 were a period of

dormancy tor regeneratve agric duural thought.

Causal Relationships

There appears to be a relationship betveeen
the dominant agricultural philosophies of the past
and the subsequent development of regencrative
agricultural thinking.  The carly impetus for
wholistic thinking scemed to be 1 reaction to the
reductionism i agricultare brought on by the In-
dustrial Revolution. The muajor mpetus tor organic
thinking in the 19405 tollowed the trauma of the

Table 2: U.S. Commercial Regenerative
Farms’

Number of Farms

USDA Estimate” at least 24,000

Rodale Estimate, 1983 (total)’ 30,000
Mixed crop/animal® 70% 21,000

Beef, Hairy. sheep.
Coastal Oregon,
North-central states,
Corn Belt

Mixed ficld crop® 5% 1,500

No livestock.
Dryland. srar
grain-producing
areas in Michigan,
scallered areas
Mixed vegetables® 15% 4,500
510 30 acres

Specialty crops, fruit” 10% 3.000

From. Harwood. 1983b

“From. Papendick et al, 1980

“'Based on very rough estimates of The New Farm subscnber base
"Most produce sold through normal channels with no pnce
difrerential

“Produce often sold as organic at a higher price

Dust Bowl in the U.S., ar ' emerged in England
trom the introspection fol. awving World War 11,
The dominance of chemical-intensive agri-

culture in e 1960s, spurred by the cuphoria of

Sputnik and unhindered by concerns tor environ-
mental tragility or impending resource con-
straints, - significandy influenced  philosophical
thought during that period. Organic philoasophy,
ac least i the ULS., was relegated to a growing
number of garden enthusiasts. The impact of that
cra is sl being telt today, particularly among
scientists traned during the 19305 and 19605 who
still see organic agriculture in rhe garden context
(Donaldson, 1961).

I the late 19705 interest i organic farming
grew exponentially, because of imcreased environ-

mental awareness and 1 heghtened sense of

worldwide resource limicaton-

Present Extent of Commercial
Farm Practice

The organie gardening movement in the U.S.

has grown o mclude a signiticant proportion of

the country”™s more than 30 nllion home wardens.
Crovth in commereial organic agriculture was
slow through the 1960s, but has aceelerated mark-
edly in the late 19705 and 195 Few hard statis-
tics are available, but the best-informed estimares
for Europe show 1 percent or less ot the arca
tarmed organically or biodvaamically (Table 1),
The French farms follow, in large part. Lenaire-
Boucher methods. Figures on numbers of biody-
namic tarms are relatively accurate because of the
distinctaess o their technology and the linkages
between  them through  biodynanie Organizi-
tions,

I the ULS. statisties on numbers of regen-
cranve farmiers e largely absent, The st esti-
mates were done in 1980 by the ULS. Department
of Agriculture (Papendick et al., 1980), Extrapo-
lating. from a survey ot readers ot The New Farm ®
magazine', USDA estmated that there were at
feast 24,000 commeraal organic farmers in the
U.S. (according to the USDA detinition of “organic
tarming™). Based on our own circulation data and
estimates, the number appears closer to 30,000,
with a breakaown presented in Table 2.

'The New Farm: Magazine of Regenerative Agriculluce is pub-
lished seven times per year by the Regenerative Agriculture As-
sociation, Emmaus, Pannsylvania, 18049. It has a subscription
base of 40,00N readers.
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Present Schools of
Regenerative Agriculture Philosophy

Biodynamic: The biodynamic movement is
the oldest and best-detined of the alternative
movements. Its key sour-es were listed above.

Howard-Balfour  Agriculture:  Bocringa
(1980), in his ranslation of the “Dutch report™ on
alternative agriculture (Com. for Res. into Biol.
Methods of Agri., 1970), deseribes the British
organic system of tollowers ot the “Howard-Bal-
four™ writings. This system climinates synthetic
terrilizers and chemicals, and maintains soil fertil-
ity with manures, composts and a crop system
which brings nutrients upward in the soil through
rotation with deep-rooted crops. Composting s
an mtegral part of the system, There are very few
commercial practitioners ot Howard-Baltour ag-
riculture in England, but a large garden move-
ment subscribes to these principles, which resen-
ble the principles deseribed by | 1. and Robert
Rodale in the U.S,

Lemaire-Boucher  Agriculture: The  Le-
maire-Boncher system, which is widespread in
France but little-used clsewhere, inclndes arable
farming avd the raisiug of catle. Boeringa (1980)
states:

It is based upon the notion that mineral fertilizers
and chemical pesticides, just as much as uncomposted
ereanic fertilizers, aisturb the “balasce” of the sofl and
thus induce discases and pesis (Bowcher, 1968). Through
administration of composted organic fertilizers, legumi-
nous plants and Calmagol (a product characterized as
unique which consists of coral algae Lithothamminm
calcereun), the balances ave restored and maintained.
Calmagol is also the catalyst of the so-called biological
transmutations by which under the influence of primar-
ily micrabiological processes, elements change into other
elements, in-ideal civumstances according to the vequire-
ments of the crop.

This latter point is unique to  Lemaire-
Boucher.

Organic-Biological Agriculture: The theo-
retical basis for this form of agriculture was spelled
out by . P. Rusch in a series of publications
beginning in 1955. Early ficld demonstrations were
done in collaboranon with Dr. Fans Muller and
his wife, Maria (1969).

In “orgamisch-biologische™ agriculture, the soil

15 seen as a digestive organ™ for plants, Cycles of

lactic acid-forming bacteria include those of the
soil-plant-animal=soil and soil-plant-man-soil. The
crucial interrelationships of these cveles, in order
to function properly, cannot be disrupted by non-
organic materials it high standards of health and

productivity arc to be maintained in all organisms
of the system. Organic-biological agriculture as
practiced by commercial growers in Switzerland,
France, Belgium, The Netherlands, and West
Germany s closely linked o the practice of hu-
man microbiological therapy.

North American Organic Agriculture: The
U.S.~Canadian rype of organic agriculture has been
detined by the USDA (Papendick i al., 1980) as
follows:

Organic farming s a production system which
avoids or largely exchudes the use of synthetically com-
pounded jertilizers, pesticides, growth regulators, and
livestock feed wilditives. "1e the maximun extent feasi-
ble, organic farming spstems rely upon crop yotations,
crop residues, animal wanures, legomes, green ma-
nres, off-farmr organic wastes, mechanical cnltivation,
mmiineral-bearing rocks, and aspects of biological pest con-
trol 1o mnaivain soil productivity and tilth, 1o supply
plant nutricnts and 1o control insects, weeds and other
PUsIs.

This detiniton includes firmers who occa-
stonally use a pesticide or a terdlizer, bue still con-
sider themselves “organic.™ Some, for instance,
may usc urca but no other tertilizer or pesticide.
The numbers n Table 2 are based on this detini-
ton,

In Mame, the Mame Organic Farming, and
Gardening Association (MOFGA) has certifica-
ton rules which exclude farmers who use any
non-organic nuterials. Statewide regulations in
Calitornia and Oregon specify organic “purity”
for produce labeled organic. No other states have
strict codes or guidelines for organic growers.

The mixed field crop/livestock svstems have
an increasing, cconomic advantage in many parts
of the U.S. as input prices increase. This tvpe
2ccounts for 70 percent of America’s organic farms.

The philosophical and scientitic basis tor North
American organic agriculture has been drawn trom
the several European schools discussed  previ-
ously. The first American summary of those the-
ories was | L Rodale’s “Pay Dirt” in 1945, On
page 23, tor example, | L quotes trom both Lady
Lve Baltour's “The Living Soil™ (1943) and Eh-
rentried Pleiffer’s “Bio-Dynamic Farming and
Gardening™ (1943):

We must keep in mind the fact that important
stbstances come frons soil hacteria, and we must consider
whether it is correct 1o disturh the fine interplay of all
the soil organisms by bringing in nitrogen in the form of
potassivn nitrate and nsing lime and phosphoric acid,
becanse the development of the varions sorts of organ-


http:EuIrtOpC.1i

ismms is thus disturbed and hindeved, and on this account
diffiendties will someday avise.

Thus, radonai and workable tdeas have been
borrowed from many sources to arrive at an
“organic” svstem which does not melade all of
the ideas of European philosophies, but which has
taken at least something trom most of them.

North American Research Since 1976

Two Lindmark summuaries of aleernative and
organic agriculture gave impetus to turther work.,
The "Duteh™ report (Com. Foro Res. nto Biol,
Farming Mcthods) ni 1976 summarized sevenl
Earopean philosophics, but was Targely unavail-
able in Enghshaspesking countries until summa-
rized i 1980 by Boeringa, tollowny an carlier
complete translagon. The USDA “organic™ re-
port (Papendick eral.. 1980} detaled, tor the tirst
tme, the status of ULS. organie agriculure. This
work was turther summuarized by Parr er o in
1933, using the same data,

Stmmaries of organic agricultur n Austra-
Ha (Conacher and Cenacher, 1982), Cada (1l
1983) and Saskarchewan, Canada (1 Lainleyv, T980),
give sinnlar tindings, for the most part medudimg
numbers of farmers, types of Lrmes, nagor theo-
ries and, m some cases, speaitic technologies used.

The tirst international conference on aleer-
native agriculture was held by the Internanonal
Federation of Orgame Agriculture Movements
(IFOAM) in Sisaach, Switzerlaind. Iis 25 pub-
lished papers represent a first attempt at scientitic
documentagion on an mternatonal scale (Besson
and Vogtmann, 1978). The [FOAM symposia off
1978 (Montreal) and 1980 (Brusselsy (Hhtl and O,
1932) showed continued rescarch improvement.
The 1979 Prince Edward [shind conterence (Prau,
1979; included papers on torest farming, soil test-
ing, tarm-scale composting and mregrated  pest
management. The Latest svmposinm was held by
IFOAM at the Massachusetts Insttuee ot Tech-
nology in 1982 (Lockeretz, 1983),

Economic Writings and Research

A general summary of the then available cco-
notnic literature on organic agriculture from Eu-
rope and the U.S. was done by Ocelhat” in 1978,
Ovclhat concluded that organie tarms generally use
more libor and tewer cash mputs, and canachieve
about the same net reurns as conventional farms,

In & more detatled hield study, Kracen (1979)
found that organic small grain firmers (without
livestock) in the ULS. Northwest muade less profit
than their conventional counterparts. The number
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of comparicons was small, however, and at least
one of the organic tarms realized a greater net
return than the comparison conventional tarm.

The same method ot paired comparisons was
used for Midwestern mixed beet. feld crops or
dairy farms by Roberts e al. (1979), and by Lock-
eretz and Wernick (1979; 1980) and Lockeretz e
al. (1981). Roberts er al.. (1979 tound that organic
farms use less mputs and energy, and achieve higher
net income The more comprehensive, loneer-term
studyv by Lockererz ef al. (1981) tound that organic
farms produce slightly less chan their conventional
paired comparisons, but use ar less nputs, have
20 pereent to 30 pereent lower production costs,
and have about the same net return (Table 3. The
most starthng tact, however, was 4 bb-percent re-
duction i petrochemical energy use per dollar of
produce on the organic tirms. Similar results were
reported i g shorter studsy in Minnesota (Bergh,
1981, Breimyver (1980) comes to asimilar conclu-
sion after reviewing al available data,

A wdely quoted study by Olsony eral (1982)
concludes that widespread adopiion ot organic ag-
riculeure i the LS would reduce total produc-
tion. The ULS. would have enough tood o tneet
meernal demand, but export surphises would be
cut. l'illcl‘g‘\' use would decrease, tood prices would
increase and farmers i every part ot the country
voould make mote monev. Harwood (1983a) re-
ports that a case study organic tarm in Pennsyl-
v: nia had corn production costs 30 percent lower
r.an convenucnal tarms of the are.,

Table 3: Comparative Economic
Performance for Crop Production on

14 Organic and 14 Conventional Farms,
1974 to 1976

Organic Conventional
Value of crops 167 187
(133 to 196)" (167 to 200)
Operating cosls: 33 © 53
(2710 07) (44 to 5
Returns over costs 134 134

(106 10 155) (11610 150)

Albdata are averages tor tee fwe grougss for all crepiand oneach
tarm. . S per acre of cropfand

INumbers 0 parentheses dre ntorguart'e ranges (e ange en-
compassing the midce hat of each Groan)

Varabio casts only Leed fertigern foel labneation, repairs, pes-
teides and ted, famity and operator iabor)

Source Locketety and Wernick . 1980



30

Other Scientific Reports

Zatriquin et al. (1981) report on a mixed dairy-
ficld crop farm in Nova Scotia wiich achieves
complete nitrogen and feed scli=suthciency, largely
through the use of Faba bean. Patten (1982) showed
similar production levels on paired whear tarms
in Washington state. The organic farm had con-
siderably higher soil test potassiam levels (Figure
1, suggesting the organic system concentrated

nutrients more etticiently in the apper levels of

the soil protile. Neither farm received potassium;
the organic “irm, in it received no svnthetic
nutrients duing more than 70 years of inrensive
cropping,.

Petteron and Wistinghausen (1979) reported
in a long-term experiment in Sweden that bio-
dynamically treated plots had higher biolegical ac-
tivity, better tilth, more organic mateer and better
water-holding, capacity than com entional plots.

There has been considerable scientific debate
over the relative nutritional qualiey of organic and
conventonally-grown  food. Vogtmann (1981)
summarizes recent work and presents data show-
ing longer storage lite of certain crops, lower ni-
trate and higher vitamin C levels in leaty greens
grown under organic management.

Other Recent Organic Writings

Masanobu Fukuoka's "One Straw Revohi-
tion™ (1978) describes his osvn farm m Japan where
synthetic inpuis and tillage have been eliminated.
This work stresses the “good life” enjoyed on a

Figure I: Average Concentrations of
Extractable K With Depth in the Lamhert
(Organic) and Clausen (conventional)
Summer Fallow Plot Soil.
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fari in harmony with nacure, cchoing the thoughts
of Faulkner and Bromfield in the 1930s and 1940s.

The concept of social/viological interaction
m a sustainable agriculture was detailed by Berry
(V77 The Unsettling of Anierica. ™ Berry
stresses that modern U.S agriculture is not an
agriculture of people, b ause farms are seen as
factories without consideration for hunia,: and en-
vironmental well-being,

Wes Jackson, in “New Roots for Agricul-
ture™ (1980), proposcs a new maodel based on peo-
ple, and describes the destruction of natural re-
sourees brought on by plow-based production of
4 small number of annaal cereal erops. He pro-
poses cshitt to perennial-hased agriculrure,

Edens and Koenig are also in the forefront of
regenerative agriculture thinking, They suggest
that imvending resource shortages will mandate a
closed auatrient-loop agriculture (Edens and Ko-
cg, 1980),

There are several recent works i the ULS,
describing arganic/ecological agriculture and s
various technologies (Edens and Koeing, 1980,
Merrill, 1976; Wolt, 1977: Poirot, 1978 Walters
and Fen Lu, 1979 l\'11('}'—\V(\rlhinglun, 1981, These
books are detailed guides to CrOpP rotitions, coni-
posting, leguminous nitrogen, tertlizers and crop
fertlity, and even tree farming and permaculoere,
They all tocus on U.S. agriculture, and are rele-
vant mainly to commercial growers.

Wernick and Lockeretz (1977) report that
organic firmers are highly motivated by concern
tor the health of themselves, their lvestock and
those who consumie their products. The desire to
stop soil crosion and protect the environment s
also important. The desire to reduce dependence
on agricultural chemicals is strongly expressed by
others (Burns and Campbell, 1979).

The Broadening of the Organic
Concept Into Regenerative Agriculture

The concept of regeneration in agriculture is
not new. Kolisko and Kolisko (1939) wrote:

We e in the midst of destruction: "The powers of
war are vel niless; they are destroying the life of man,
of whole pepulations; they are destroying masterpicees
of art and curcural e, suel a movement it is inper-
ative to acknovledye the immense need of constructive
and regeneratin ¢ powers: Lwant wownite therefore ahont
the regenerarion of agricdtuve, which is the basis of the
physical existence of ment,

Kolisko and Kolisko went on in a lengthy
exposition of the Biodynamic micthods ot agricul-
ture proposed by Steiner.
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Robert Rodale has recently suggested the
words regenerative agriculture to refer to a new
type of agriculture which goes beyond the organic
concept to include changes in macrostructure and
social relevancy, and to increase rather than de-
crease production resources (Rodale, [1983). Har-
woced (1983b) articulated scveral of the compo-
nents of such an agriculture.

A working detimition of regencrative agricul-
ture is:

Regenerative agriculture is one that, at increas-
ingly high levels of productivity, increases ouy land and

soil biclogical production base. It has a high Tevel of

built-in economic and biological stability. It hays mini-
mal 1o no impact on the environsuent beyond the farm
or_field boundarivs. 1t produces foodstuffs free from bio-
cides. It provides for the productive contribution of in-
creasingly large mmbers of people duving a transition
to minimal reliance on non-rencrradle resonrces. (KRodale,

1983)

Harwood shows that production ethiciencies
ot such an agriculture are traced to its biological
as well as spacial structuring.

Summary of Regenerative
Agriculture Philosophy

1) Agriculture should produce highly nutri-
tional food, free from biocides, at high vields.

2) Agriculture should ncrease rather than de-
crease soil productivity, by increasing the depth,
fertility and physical characteristics of the upper
soll layers.

3) Nutnent-flow systems which tully inee-
grate soil Hora and fauna into the pattern are moge
efficient and less destructive of the environment,
and ensure better crop nutrition. Such systems
accomplish a net upward flow of nutrients in the
soil profile, reducing or climinating, adverse envi-
ronmental impact. Such a process is, by defini-
tion, a soil genesis process.

4) Crop production should be based on bio-
logical mterrelations for stability, climinating the
need for syntheric brocides.

5) Substances which disrupt biological struc-
turing or e farming system (such as present-day
synthetic tertihze=s) should not be used.

6) Regenerative agriculture requires, i its
biological structuring, an intimate refationship be-
tween manager/participants of the systern and the
system itself.

7) Integrated systems which are fargely sclt-
reliant in nitrogen through biological hixadon should
be utilized.

8) Animals in agriculture should be ied and
housed in such a manner as to preclude the use of
hormones and the prophylactic use of antibiotics
which are then present in human tood.

9) Agricultural production should generare
icreased levels of employinent.

10) A regenerative agriculture requires na-
tonal-level planning, out a high degree ot local
and regional self-reliance to close nutrient-flow
loops.

Implications of
Regenerative Agriculture
For Third World Development

Selt=reliance and resource-use efficiency st
be the bailding blocks tor any long-term solution
to Third World agriculeural development. Many
countries in the Third World have integrated svs-
tems which may be closer in straeture to a regen-
cragive systenn than the U.S. model. Tt remains to
adapt the largely Temperate-zone  regenerative
philosophics and practices to Third World condi-
tons. It would be better to develop new models
relevant to Tlord World conditions.

Two recent writings deal with that adapra-
tion to Tanzaman conditions {Gonsalves, (982,
Maher, 1982). Mahier, in the first part ot his paper,
deseribes the applicability and ditheulnes 1o be
expected.

In most Third World countries, agricultural
productivity is increasingly limited by low levels
of tixed nitrogen and carbon in tarm systems. In
fact, some countries are actually experiencing long-
term decrcases of these nutrients. Meanwhile,
newly released crop varieties from the massive
crop improvement cftorts of the Tast two decades
have provided major cereals resistane to a wide
range of pests, discases and adverse soil condi-
fons.

High ievels of natrient input, and of nitrogen
in particular, will often give spectacular vield in-
creases, even in mainly rainfed arcas. Our pri-
mary goal should be to bring the systems to a
high level of productivity (with its high levels of
cveled nutrients and carbon) and to maintain that
high level. This cannot be accomplished solely by
the use of highly soluble nutrient sources.

It is hoped that this seninar, with its focus
on nutricnt cycling, nitroger: balance and other
resource-cthcient technologies, will provide a range
of alternatives to meet many of Tanzania's current
agricultural needs.
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DISCUSSION

Internationa! Overview of Regenerative Agriculture

Q:(Jana, University of Ivar es Salaam): In your
paper, you discussed the origin and develop-
ment of organic farming mainly in the Dnited
States and Europe, with very little reference to
China. Why did you not consider developing
countries?

A:(Harwood, Rodale Research Center): Farming
systems ot developing countries are tradition-
ally closer to organic farming, so there would
be very little o discuss in the way of origin
and development.

Q:(Jana): Can vou clarity the differences between
organic farming, alternative tarming and con-
ventional farming?

A:(Harwood): The terms have been redetined. In
developing countries, conventional agriculture
implies organic tarming,

Q:(Jma): The farming systems of developed
countries are based on extensive use of chen-
cals, resulting in high yiclds. How docs this
compromise with the lower yiclds likely to be
obtained under alternative farming systems?



A:(Harwood): Production as conceived under the

Green Revolution works if you continue add-
ing large amounts of inputs. However, we have
realized that alternative farming systems can
produce comparable or even higher vields.

Q:(Naburi, SUDECO): The coneept of organic

farming 1s ideally thinking backwards, think-
g of the harmtul ctfeets of chemicals, cte.
Tanzania is in a hurry to produce enough tood
tor its hungry people, including myself. Fow

do we change the preconceived idea that use of

inorganic fertlizers is the quickest way of doing
this?

A:(Harwood): We do not advocate complete ab-

stinence from inorganic fertilizers. The full an-
swer to your question will be given in the nexte
paper, which discusses organic farming in Tan-
zania.

Q:(Mukurasi, UYOLE Agricultural Center): Ever

since the publication of “Silent Spring,” a
numbcr of changes have taken place resulting
in different groups in the twe extremes. What
1s the clear concept of organic versus conven-
tional farming?

A:(Harwood): We are ralking of middle-of-the-
road philosophy.

Q:(Kapande, MATI, Ukiriguru): Rotation with
legumes has been taken as a method of reduc-
ing production costs in maize through the use
ot residual nitrogen, so that addition of inor-
ganic nitrogen is not necessary. The fertilizer
recommendation for maize is 40 kilegrams or
more of nitrogen per hectare. Is it possible to
get this amount from rotation of maize with
groundnuts?

A:(Harwood): Alfalta crop leaves a much higher
residual nitrogen. With enough power, rota-
ton with alfalfa is quite cthcient in the Tem-
perate arcas. But in the Tropics, tree/cereal ro-
tation may be more cfficient in recyeling
nutrients. We are not sure how much nitrogen
would be available from » groundnut crop in a
groundnut/niize rotation,

Mrs. Zuberi, Horticulture Tengeru, observed that
she had read the Rodale guide to small firmers
and felt that i was applicable to Tanzania. She felt
it appropriate at this workshop to emphasice
organic farming and discourage the destructive
habits of burning and overuse of chemicals.
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ORGANIC FAPMING IN
TANZANIA

J.N.R. Kasembe, Tanzania Agricultural Research Organization, P.O. Box 9761, Dar es Saiaam

J.M.R. Semoka, Dept. of Soil Science, Uni #rsity of Dar es Salaam
J.K. Samki, Tanzania Agricultural Research Organization, Mlingano, Private Bag Ngomeni, Tanga

Recently, there has been renewed interest in the
use of organic materials as sources of nutrients for
crop production. This was triggered by the en-
ergy crisis which sent the prices of ol and its
products skyrocketing. Developing covntries have
been hit harder by the energy crisis than devel-
oped countries, and any serving in resources is
very much desired. In the developed countries,
the interest in manure use in agriculture is also
aimed at solving the problenn of waste disposal
from the livestock industry (Prawe et al., 1973;
Oosthock, 1982).

Tanzania has a large number of livestock, and
efficient use of the waste products of these ani-
mals could supplement the use of inorganic fertil-
izers to an appreciable extent. Even where live-
stock numbers are limited, the possibility of organic
farming exists through the use of other organic
wastes, such as kitchen garbage or refuse, animal
wastes trom slaughterhouses, crop residues such
as cereal stalks, and other wastes such as isal
wastes, coconut husks, ete. However, it must be
emphasized trom the start that the role of organic
materials in agriculture at the natonal level will
be to supplement the inorganic tertilizers rather
than to replace them. This does not pre-empt the
possibility in some districts of heavier dependence
on organic materials than on inorganic fertilizers,

Benefits from the Use of
Organic Materials

Manures and compost have a number of ben-
ctits which make them attractive for agricultural
use, especially these days, when most countries
are facing economic ditficulties.

First, manures and compost provide a cheap
source of plant nutrients which does not involve

the use of foreign ¢ schange. In many parts of
Tanzania today, -nanures can be obtained free of

charge, and one needs only to mecet the transport
costs. This situation is, however, likely to change

when the use of manure and the benefits accruing
from its use become widely appreciated. Even then,
the cost may still be less than that of inorganic
fertilizers.

Second, manures supply almost all the nutri-
ent clements required by plants, It must be em-
phasized that the nutrient contents of manures are
highly varnble, and the tigures quoted in Table 1
are vrovided as 4 general guide. 1o s proper o
sy aate the nutrient content of each manure source
betore it 1s used. Manures also supply all micro-
nutrients, but rehable data tor these clements are
not yet available, Therefore, the use of manure is
usetul in correcting multple deticiencies, includ-
my undiagnosed deficiencies of some nutrients.

Manures also have more pronounced residual
ettects, even with respect to N, because a large
proportion of the nutricnts are present in organic
combinations, and are theretore released slowly.

In addition, manures and compost are known
for their contribution in improving the physical
properties of soils, such as soil structure, water-
holding capacity, water infiltration, ere Improve-
ment of these properties leads o soll and water
conservation, and hence increases crop produc-
fon.

Table 1: Average Nutrient Content of
Manure From Different Species o/ Animals.

Type of anmal N P K Ca Mg S

percent in air-dried samples

Cow 05 02 05 11 02 0.1
Goat 04 02 07 09 = *
Sheep 13 04 10 25 08 05
Chicken 13 08 03 1.7 03 06
Pig 04 03 03 = * *

*No rehable dala is available
Source. Modified from Uniyo et al., 1979,



Problems Associated with
Manure and Compost Use

Manure and compost have a number ot lim-
itations which should be caretuliv taken into con-
sideration if their use is to be successtul. Manure
and compost contain very low amaounts of nueri-
ents per unit weight, and thus, o Latsty the re-
quirements of crops, large quantities must be used.

Studies carricd out on the nutrient contents of

manure and compost used in western Tinzania
are given in Table 2.

Several tons of the materials per hectare are
required, and often they cannot be profitably used
far away from the source, because transport costs
become prohibitive. Le Mare (1939) esumated that
the manures can only be used profitably within a
40-kilometer radius of the source. Since t rsport
costs have nereased tremendously ever s L at
present, the distance may not be greater than 10
kilometers. The large quantities to be handled call
tor simpliticd and less tedious methods of trans-
porting and mcorporating the manure.

Nutrient imbalances are often encountered
with the use of manures. The element trequently
quoted as being out of” balance 1s phosphorus, and
this is duce to the low amount present and the slow
rate of release from organic torms,

Types of Organic Farming Practices
in Tanzania

The organic farming practices used in Tan-
zania revolve around the types of organic materi-
als used, the most common being the application
of animal manures on agricultural land. The ma-
nure used, especially i those areas with large
numbers of livestock  is usually accumulated 1
open kraals (bomas). This practice 1s common in
Mwanza, Shinvanga, Mara, Arusha, Tabora, Sin-
gida and Dodoma regions. The manure may ac-
cumulate i the kraal for several vears without
being removed, and thus is usually in various states
ot decomposition. As a result of this, the nutrient

content is also very varnble. In most of these
arcas, mamitre 15 used on both annual foed and
cash crops.

A sinular practice in terms of use, but ditter-
ent n the way manure ts handled, s found in areas
of high population density and low  hvestock
numbers. Inarcas such s Hai, Mosly Rural,
Rombo, Same, Arumeru, Rungwe, Bukoba, and
Mjombe districts, and Ukara Island, amimals are
ted by zere grazing. Thus, all the dung and bed-
dings. together with the remains of todder, are
piled up for some time and eventaally applied to
the field. This is, in essenee, compost. But untor-
tunately, in most cases, no cfforts are made to
improve the nutrient content of the piles or o
reduce the losses which are likely to occur during
decomposition. Compost in these areas is used on
both annual and perennial crops.

In the above cases, it s ditheult to quantity
the amounts of manure and compost used and the
benefits aceruing tfron their use. However, whereas
m arcas ot high population density almost all the
manures are utihized, oaly a small tfraction is used
m arcas of high livestock numbers. Maher (1982)
reported that, m the drier parts of the Arusha
region, the practice 15 to apply small amounts of
manure over a large area of land. It would be
more beneticial, and the results more convineing
to the tarmers, af the amount available was con-
centrated on a small area to serve as a demonstra-
tomn,

Another type of organic farming, and cer-
tainly the most commonly used, is the practice of
mtercropping legumes with other crops. The
common legumes used as intercrops are beans,
cowpeas, pigeon peas, groundnuts, bambara nuts,
broadbeans and chicken peas, the first four being
the most common. Recently, the practice of inter-
cropping has been extended to torestry, where it
15 termed agrotorestry. The basic principle of this
practice s to grow trees with some food crops.

Although this practice must certainly have
some beneties, they are ditheult to quantity. The

Table 2: Nitrogen. Phosphorus and Potassium Contents of Some Manures and Compost

in Tanzania.

Manure/Compost Source N

P K

Ukiriguru open kraal manure

with crop residues 0.5810074
Farmyard manure made 150
in a covered yard '

Manure from peasant open 0.53 to 0.85

kraals without crop residues

percent in air-dry sample

0.16100.23 0.831t01.03
0.30
02510042 1.31102.22
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amounts of nutrients contributed by the legumes
are, in most cases, lmited, particularly because
the usual practice is to remove the crop residues
fron: the ficld and thrash them elsewhere. Hence,
only a small amount of organic materials coming
from roots and leaves contributes to nutrient re-
cvcling in the system.

The tourth type of organic farming which
merirs discussion is the deliberate incorporation of
crop residues into the cultivared tand. This i nre-
ticed mainly on large farms like che wheat com-
plex in the Hanang district, and some of the rice
tarms such as Mbarali. In the wheat complex,
special cultivation equipment like the chisel plow
is used tor incorporating crop residues partially
into the soil. This practice serves as a soil conser-
vation measure, and helps improve nutriene sup-
ply. In Mbarali rice farn,, limited rotation involy-
ing sovbeans is practiced in some fields atter a few
years of rice cuitivation. The sovbean straw s
incorporated into the soil aiter harvest. Attempts
to incorporate rice straw have also been made, but
were discontinued due to pest and discase prob-
lems (Kikaho, 1982, personal communication).
Small farmers in some parts of Tanzania also carry
out the practice of incorporating organic residucs
nto the soil, for example, m the Ngoro system
of the Matengo.

In addition, there is the use of mulches. This
practice is commonly used on perennial crops,
such as bananas, coffee and tea. In coftee, mulch
is applied unitormly over the entire surface and
has proved to be beneticial in arcas with sub-op-
timal raintall (Acland, 1970). The amount of mulch
used varies, depending on availability, but rates
ranging from 5 tons to 1) tons per hectare have
been used in Tanzania.

In bananas, mulch may be applied uniformly
or around cach stool, leaving the inter-row spaces
bare. This practice is more familiar because less
mulch is used.

Results From Studies on the Use

of Organic Materials

A number of experiments employing organic
materials were conducted between 1950 and the
carly 1970s (Evans and Mitchell, 1962; Peat and
Brown, 1962; Scaife, 1968; 1971). In many of these
cxXperiments, treatments testing Jitferent combi-
nations of inorganic tertilizers and manures were
also included for purposes of comparison. Some
of the reenlts ebtained are summarized in Table 3.

Itis evident from Table 3 that manuare appli-
cation increased vields, bur that a combination of
manure and inorganic wrtilizer. gave the highest
yields in all cases. This suggests that the two ma-
terials complement cach other. Probably, the ir
organic fertilizers correct imbalances of nutrients
inherent in nuanures, whereas manures supply other
nutrients bordering on deficiency. The nutrient
ciement often reported as being out of balance
with others in manures is phosphorus. but the
results of Evans and Mitchell (1962) showed that
N was also inadequate. This was probably acerib-
uted to slow release of N from manures which
have stayed in kraals for too long. Castellanos and
Pratt (1981) observed that very old manures re-
leased very little N, and in fact caused immobili-
zation of N during the tirst tew weeks after in-
corporatton into the soil.

Responses from manure application have been
obtained with other crops as well. Peat and Brown
(1962) applicd manure to cotton every three years
at the rate of 15 tons per hectare and obtained an
average response over a nine-year period of about
550 kilograms per hectare per year. Scaife (1968)
showed that manure applied on cotton at the rate
of 7.5 tons per heetare resulted in significant in-
creases - seed cotton vield. Other crops which
have given positive results with manures are
groundnuts (Scaife, 1971) and pigeon peas (Evans
and Mitchell, 1962). These results show clearly
that manures and compost increase yields of dif-

Table 3: Effects of Manure and Inorganic Fertilizers on Maize Yield (kilograms per hectare)

in Different Parts of Tanzania.

Mwanhala, Maruku, Urambo,
Treatment Nzegax Bukoba Tabora
Contrgl 1,152 495 1,000
Manurex* 1.751 1,282 1,400
Inorganic fertilizers 2,369 2,022 1,500
Manure & inorganic fertilizer 2,777 2,478 1,900

*The data for Mwanhala is a mean of three years; the others are for one year
**Rates of manure were 7.5 tons per hecltare per year al Mwanhala and 25 tons per hectare per year at Maruku and Urambo

Source: Scaife, 1971; Evans and Mitchel , 1962



ferent crops, and sustain the fertility and produc-
tivity of the Mind. They also show that supple-
menting manures with inorganic fertilizers increases
yields ever further.

Data on the cftects of different rates of ma-
nure on yields are limited. Scaite (1971) provides
some data on this aspect as shown in Table 4.
Both crops responded to manures up to 15 tons
per hectare, but there was a tendency toward lev-
cling oft for groundnuts. The data tor maize sug-
gest that higher rates may still increase yields,

Manures, compost and mulch are known to
sustain good yelds of bananas and coffee, as has
been observed in Kilinanjaro, Arumeru and Bu-
koba, where some farmers have grown these crops
for decades using these materials only. Evans and
Mitchell (1962) observed that, when changing from
shifting cultivation to permanent cropping on
“Rweya™ infertile soils ot Bukoba, cattle manure
played a very significant role in the establishment
of bananas. Thercfore, although quanditative data
are lacking from peasant production, there is
enough circumstantial evidence to support the hy-
pothesis that organic materials have been beneti-
cial m maintaining the productivity of these soils.

Future Strategy

In order to increase the role of manures and
compost i the agricultural production of the
country, the following strategies are suggested:

1) Although the country has a big reservoir of

organic materials, very little of this is being used,
mainly because of lack of awareness of the usetul-
ness of this resource, Demonstrations showing how
to use manure and compost, and the benefits ac-
cruing from their use, should be emphasized in
this campaign.

2) People should be exposed to improved meth-
ods of making compost, so that nutrient losses
are reduced and maximum benefit obtained from
them. Alternative materials tor making compost,

Table 4: Effect of Manure Rates on the Yield
of Maize and Groundnuts.

Rate Maize Groundnuts

tons per hectare kilograms per hectare

0 492 532
3.75 1,295 954
7.5 2,295 1,250
156.0 3,167 1,449

such as wastes from slaughterhouses, sisal wastes,
garbage, sawdust, cotton stalks, maize cobs, maize
stalks, cte., should be cmphasized to show the
wide applicability of this farming practice. Until
now, only animal manure and, to a fesser extent,
manure nuxed with animal bedding materials have
been utilized.

3) Easier means of transport and spreading, such
as the use of oxcarts and “mikokoteni,” will lead
to greater use of the materials.

4 Rescarch on the long-terni implications of both
organic materials and inorganic fertilizers should
be continued by our research institutions to equip
the nation with the information necessary for the
better utilization of these resources.

Summary and Conclusions

It is evident that organic farming has an im-
portant role to play in the agricultural develop-
ment of Tanzania. This approach can be com-
bined advantageously with the use of norganic
fertilizers. From the data available, tentative appli-
cation rates of manure and compost of 5 tons to
10 tons per hectare per year, or 10 tons to 20 tons
per hectare every other year, are suggested. This
recomriendation would be improved as more data
become available, by developing rates based on
ccological zones, as has been done for inorganic
tertilizers by Samki et al. (1981).
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DISCUSSION

Organic Farming in Tanzania

(Comment by Kapande, MATI, Ukiriguru):
Abrupt emphasis on the use of organic manures
may lead to other prohibitive problems, such as
weed problems which discouraged farmers in
Dodoma from using farmyard manure. He sug-
gested that the use of organic manure should be
taken on a small scale, for example, by regions in
order to assess problems that might arise.

A:(Kasembe): Political forces in the country may
not accept small-scale applications, because it
is being taken as a national priority.

(Comment by Ngeze, CCM chairman, Kagera):
He congratulated the authors for an excellent pa-
per on organic farming and reiterated that this
was not new in Tanzania. In “Siasa Ni Kilimo™
(1972), it was emphasized that farmers should not
continue to rely on inorganic fertilizers. This was

not taken up. He added that the involvement of

the President and the Secretary General of CCM
in this workshop will give the program political
support, hence, its implementation. He suggested
that, although the paper had shown that combi-
nations of inorganic and organic fertilizers gave
higher yiclds, we should start using organic ma-
nures immediately.

(Response, Kasembe): Thanked Mr. Ngeze for
his comments and explained that Mr. Neere was
the ploneer of organic farming n Tanzania, and
had published a book on “Mbolca ya takataka,”
whicl was available for sale. e explained that the
establisned fct that a combination of organic and
morganic tertilizers gave better vields was op-
tional to use.

(Comument by Kapinga, USAID, Dar ¢s Salaam):
The emphasis on organic manures has overlooked
certain facts about farmers. He said that available
information indicates that only about 7 percent of
tarmers use inorganic fertilizers, 11 percent use
tarmyard manure, 3 pereent use green manures,
25 pereent use by-products, and 50 pereent use
mulches. He emphasized chat this kind of infor-
mation should be taken into consideration when
drawing up strategics for implementation.

(Response, Kasembe): The Farming Systems Re-
scarch Project, due to start later this year, will
take all the farmer-related facts into consideration
and will provide more data from villages. As a
follow-up to this workshop, the Director of Ex-
tension Scrvices in the Ministry of Agriculture



has requested a meeting of research, Extension,
and agriculture training staff to discuss ways of
implementing the recommendations.

Q:(Lwoga, University of Dar es Salaam): Pasture
and fodder legumes fix 70 to Y0 kilograms of
nitrogen per hectare per year. There is a big
potential iz these legumes. Are they being con-
sidered in crop production?

A:(Kasembe): The potential of pasture and fod-
der legumes has been realized. For example,
sunhemp (marijea) has been noted as an cfhi-
cient nitrogen fixer and cover crop, and is being
used ceven in our demonstrations. Others will
also be considered on their own merirs.

Mrs. Matagwaba, MATI, Mbeya, observed that
the problem of alternative uses of cow dung in

some areas was diverting its use as farmyard ma-
nure. This is commonly practiced in Sukumaland
and in Dodoma, where cow dung is used as fire-
wood. She also wanted some clarification on the
use of the terms “mbop™ and “samadi. ™

A:(Semoka): *Mboji™ means compost, “samadi”
nmeans manure.

(General comment by Jana, University of Dar es
Salaam): Referring to Mr. Naburi's carlier eques-
tion, Jana suggested that we must distinguish be-
tween peasant farmers and large tarmers. The
workshop has emphasis on small farmers. Large
farmers must continue to ensure their own self-
suthiciency in food production. However, overuse
of chemicals should be discouraged, as they nuy
have harmful ettects on the land and crops.
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ROLE OF LIVESTOCK IN
ORGANIC FARMING

M. L. Kyomo, Faculty of Agriculture, Forestry and Veterinary Science, University of Dar es Salaam
A. Chagula, Ministry of Livestock Development. Dar es Salaam

Animal excreta have had four principal uses: tuel,
fertilizer, animal feed, and building material. In
dried form, the dung of cattle, donkeys, horses
and water buffalo is used as tuel for cooking or
heating, not only in Africa, but also in the Near
and Middle East and parts of Asia.

In recent years, methods have been devel-
oped for producing methane gas from manure,
This gas is then used as fuel for vari-us purposcs,
including the production of clectri~iv, Feeding

Table I: Livestock Count by the Ministry of
Agriculture (Tanzania Mainland Only), 1978

Region Cattle Goats” Sheep'’

x1000 x1000 x1000

Arusha 2,026 1,505 1.102
Coast 100 20 5
Dar s Salaam 3 2 03
Dodoma 1,028 449 225
Iringa 487 182 102
Kagera 454 196 55
Kigoma 67 73 33
Kilimanjaro 414 434 247
Lindi 7 8 7
Mara 1,036 324 253
Mbeya 837 101 68
Morogoro 262 o1 53
Miwara 1 63 6
Mwanza 1,144 399 277
Rukwa 184 36 21
Ruvuma 36 55 13
Shinyanga 1,653 594 485
Singida 778 446 249
Tabora 995 281 212
Tanga 511 274 152
Total 12,032 5,533 3.565

Growth per year 'Cattle 2 3%  “Goals 2.2%  “Sheep 1.9%

dried cow dung to pigs and poultry, and vice
versa, is becoming common in several countries.
In the- paper. we hope to show the amount of
farmyard manure produced in Tinzania, how it is
being used and how to make a large proportion
of it available for crop production.

Livestock Numbers in Tanzania
and Estimated Production of Manure

The 1978 Tanzania Mainland Livestock Cen-
sus by the Ministry of Apriculture (1979), re-
vealed that Tanzania had 12 million head of cade,
5.5 million goats and 3.6 million sheep. FAO (1976)
has estimated that Tanzania had, in addition, about
62,000 pigs and about 22 :aillion chickens. The
country also has about 420 horses.

Because the offtake for lvestack are small,
about Y pereent tor cattle, 26 percent for goats and
25 pereent for sheep, we can assume that the
number of livestock is rising,.

Table 1 shows the number of cattle, goats and
sheep per region in Tanzania Mainlnd. From the
! nowledge of amount of food caten, digestibility
percentage,  amount  undigested  and  rejected
through the digestive system, and from the amount
of water ingested and passed out as urine, we can
caleulate the amount of dung availuble for fer-
tilization of tields (Taiganides, 1977). Sce Table 2.

Manure output will vary with the system of
livestock production, the most comnion ot which
is the semi-intensive system in Tanzania. The an-
imals roam the rangeland or the arcas surrounding
the homesteads during the day, and are penned at
night. It is assumed, therefore, that only about 50

However, in dairy sysrems, which form a small
percentage of the total cartle population, and in
commercial pig and poultry enterprises, animals
are confined day and night. Here, a high propor-
tion of manure can be collected.

Out of 12 million head of cattle, we assume
50 pereent are mature cows, and 3 pereent are
mature bulls. The rest are weaners and calves. If
two of these equal one mature cow, then Tanzania
would have 9 miliion mature cattle. Taiganides



Table 2: Estirnated Output of Livestock
Manure Per Region of Mainland Tanzania

Region Catlle’ Goats” Sheep"

amount of manure in metric tons
Arusha 2.737.500 349325 402,230
Coast 136,875 73,000 1,825
Dar es Salaam 4,197 730 110
Dodoma 1,407.075 163.885 82,125
Iringa 667,950 66.430 37,230
Kagera 622,325 71.540 20,075
Kigoma 93,075 26,645 12,045
Kilimanjaro 565,575 158,410 90.155
Lindi 10,950 2,920 2.555
Mara 1,418,025 118,260 92,345
Mbeya 1,146,100 36.865 24,820
Morogoro 359,525 33,215 19,345
Mtwara 16,425 22,995 2,190
Mwanza 1,018,350 145635 101,105
Rukwa 251,850 13,140 7,665
Ruvuma 21900 20,075 4,745
Shinyanga 2,264,825 216810 177,025
Singida 1,065,800 162,790 90,885
Tabora 1,363,275 102,565 77.380
Tanga 700,800 100,010 55,480
Total 15,872,397 1,885,245 1,220,335

'Based on output of § kg of manure per cow per day
“Based on output of 2 kg of manure per goat per day
“Based on output of 2 kg of manure per sheap per day

(1977) estimated that, tor mature beet caitle con-
suming 70 liters of water per day and 10 o 16

kilograms of teed per day with a digesubility of

45 pereent, the amount of manure outpat ranges
from 2 to 20 kilograms. The average outpue is
about 5 kilograms per head per dav. Thus, for 9
million head of cattle, the yearly manure output
m Tanzania is likely to be about 16 million tons.
Since the cattle spend roughly half the tme on the
range and halt the time in the houses, pens or
kraals, about half ot the dung would be available
for agricultural use. This would be about 8 mil-
lion tons.

Similar assumptions allow tor 2 million tons
of goat manure, 1.3 million tons of sheep ma-
nure, 59,130 tons of pig manure and 401,500 tons
of chicken manure per vear.

The total manure output from livestock is
about 1 million tons per year. Assuming the av-

crage N content of the manure is about 0.7 per-
cent (estimated from Table 1), the total N from
manure is 77,000 tons. This is more than thiree
tmes the amount ot nitrogenous fertilizer used in
Tanzania in 1980, according o estimates by
Chowdhury eral, (190.3).

Type and Quality of Manure

Livestock manure is made up of” the undi-
gested portion of the tood. bacteria and protozoa
front the digestive system, and other minerals and
waste products.

Factors mHuencing the quality of manure in-
clude

Kind of food caten: Concentrate toods (mix-

tures ot brans trom cereals and oil cakes)
produce better dung than torages alone.

Kind and age of animal: Dung trom ditterent
aninmals varies in nutrient content (Table 3).
The age of the animal is also important: Young,
growing ammals produce relatively more
manure than mature animals. Animals pro-
ducing milk vield dung of Tower quality, be -
cause most ot the nutrients have o replace

what goes to forni the nulk.

nutrients thaie rotted dung, however, fresh
manure—cspecially that of chickens—has high
N content, which may be injurious to plants.
Fresh manure also is very bulky. Thus, it is
advisable to dry the manure tor some time
betore applyving it w the field.

Manner_ot storage: Unless properly stored,
nutrient loss from manure can be very great.
Manure should be kept under shelter so that
itis protected trom leaching by rain water.
Gascous losses of N should be minimized by
composting.

lable 3: Percentages of Nitrogen,
Phosphate, and Potash in Different Animal
Manures

“ind of Ammal Nitrogen  Phosphate  Potash

Rabbit 2.4 1.4 06
Hen 1.1 0.8 0.5
Sheep C.7 0.3 0.9
Steet 0.7 0.3 0.4
Horse 0.7 0.3 0.6
Duck 0.6 1.4 0.5
Cow 0.6 0.2 05
Pig 0.5 0.3 0.5

Source Minnich and Hunt, 1979
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Other Waste Producis From Livestock

Other livestock wastes, like hoof, horn and
bone meals, are obtained from slughterhouses,
factories and markets. These are sometimes ap-
plied direetly to the soil as fertilizers. The nutrient
contents of manure and bone meal are shown in

Table 4

Use of Farmyard Manure

In arcas where a mixture of perennial and
annual crops . grown, farmyard manure (FY M)
is either collected and applicd daily, or he- ed in
piles and spread when dry.

Even i arcas outside the perennial-crop and
mixed-farm agricnltural systems, such as the Ukara
Islands, the value of farmyard manure is well-
appreciated. Gunn (1953) reported on the effect
of farmyard manure in wheat and tobacco ticlds
in the then Southern Hizhlands of Tanganyika
(mow Tanzania) at the rate of 12.5 tons per hece-
tare. Le Mare (1953) reported studies of FYM on
maize and groundnuts in the old Groundnut
Scliemie arcas (Kongwa, Nachingwea and Ur-
ambo). The rate of application was about 25 tons

per heetare. Peat (1953) reported on the effect of

FYM on cotton, maize, bulrush millet and
groundnut yield in Sulumaland. In some of these
studies, a comparison was made berween FYM
and artificial fertilizers.

The response from artificial fertilizers was
higher than or equal to FYM in the year of appli-
cation. Fowever, the residual effects of FYM were
fele up to eight years later in some cases (Peat,
1953). Tidbury (1933) also showed good crop re-
sponse to FYM from somie soils in Zanzibar,

Table 4: Comparison of the Nutrient
Contents of Cattle Manure and Bone Meal

Chemical Dried Cattle Manure Bone Meal

percentage nutrient content

N 2 2to4.5
P,O, 15 221028
K.O 2.2 02
Ca 33 201025
Mg 0.9 0.4
S 04 1
Cl 0.6 0.2
Cu 0.01 -
Mn 0.03 0.02
Zn 0.03 -

Source: Bowman, 1978

How to Improve Quantity and Quality

More manure is recovered from livestock kept
under intensive management systems than from
those under free or partial range systems. The
quantity of compost can be increased i bedding
or litter is provided. The loss of nitrogen in urine
15 also minimized under these conditions, because
it is absorbed into the straw. Fresh litter should be
added whenever the previous supply looks fouled
or dirty. Removal of the mixture of dung and
litter should be done three or four times a year.
This allows microorganisms to act on the feces,
urine and straw to produce a partially decom-
posed product.

In large dairy cattle and pig units, it is p()\\l-
ble to keep the manure in a wet torm it warer is
used to clean the pens. Such slurry is then spre: ud
dicectly onto the tields. Bue this is an expensive
way of handling manure, because there is a high
invesement for holding tanks and spreading tanks.

Potential of Using More Farmyard
Manure in Tanzania

The high cost ot artiticial fertitizer should be
one of the factors whick: may encourage farmers
to use FYM. However, there are some properties
ot the FYM which tend to discourage its wide
use: Bulkiness, smell and difficulties in spreading
are just some of these propertices.

The use of wheelbarrows, oxcarts and trac-
tor trailers can reduce the transportation diftical-
ties. However, it the manure was dricd and spread
toward the end of the dry scason, just before the
commencement of the rains, ease of handling
would be increased.

The quantity of FYM being produced in the
country could be increased if intensive systems of
livestock were adopted. Ficlding and Kyomo (1978)
have s wn thar teedlots for fattening beet catele
m Tanzania can be protitable. Readily available
hvestock feeds would encourage commercial pig
and poultry producers to use intensive systems of
animal production, which would lead to increased
amounts of farmyard manure needed for crop
production. It should later be possible to package
FYM, especially in dry torm, and wransport it to
nearby arcas where it caniot be obtained in suffi-
cient quantities.



Conclusion

Increased crop yields per unit of land can
come about if eftorts are made to add nutrients to
the soil and replace what is taken up by plants.
Artificial fertilizers can provide the macro- and
micro-clements needed by the plants. It seems the
most limiting cletnent is nitrogen.

Livestock in Tanzania produce about 77,000
tons of nitrogen per year, which is more than
three times the amount of N our country ob-
tained from inorganic fertilizers in 1980, This mcans
that all the nitrogen produced from artificial fer-

tilizers could be replaced by nitrogen from farm-
yard manure. Manure also has the advantage of
conditioning the soil and improving its water-
holding capacity and microbial activitics.

However, the availability of manure for ex-
tensive usage will depend on the means of trans-
porting it and of spreading it in the field. It is
reconmmended that every effort be made to adopt
mtensive livestock production methods in order
to obtain large quantitics of manure. Mcthods of
packaging this product in dry form to improve its
handling should also be investigated.
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DISCUSSION

Role of Livestock in Organic Farming

Q:(Harwood, Rodale Rescarch Center): It ap-
pears that the biggest difficulty is to get the
cattle dung from the kraal. What is your rec-
ommendation?

A:(Kyomo): It is a pertinent question and is of
importance if dung has to be used for agricul-
ture. This excercise could be very labor-inten-
sive if the dung has to be collected every day.
One method could be to put straw ¢ 1, and
then collect the dung along with the straw. In
arcas where | come from, we don't leave cattle
out in the open.

(Comment by Jana, University of Dar ¢s Salaam):
Where manure is left in the open, there should be
control of runoft to reduce losses. In other places,
farmyard manure is collected in ceiment pits, thus
retamnmg i atricnts.

(Comment by Kapande, MATI, Ukiriguru): In
1974, 1 read in the newspaper that small-scale pits
could be made with sand, ash and soil. This main-
tains the nutrient quality of dung.

(Comment by M. Oputu): In Tanzania, the ma-
jority of farmers are at subsistence level, and there
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is always a transport problen. If we ask a farmer
to make pits, he may be reluctant to do it, due to
its labor-intensive nature. Therefore, it is neces-
sary to have oxcarts, which cost Tsh. 4,000. Bur,
unfortunately, oxcarts are not casily available.

(Commient by Kasembe, TARO): Point regarding
oxcarts 1s taken. The organizations involved in the
manufacture of oxcarts are here and 1 hope they
will take note of the comment.

Q:(Flaule): If we are serious about using animal
excreta. then why not think wbout using hu-
man excreta? have heard that this is used in
many countries in the Orient,

(Comment by Kasembe): “UTAFITI” has 1
booklet on this subject. In some arcas of Tanzania,
such as Ukara, human excreta is used.

A:(Kyomo): Mr. Haule has raised an important
question. However, 1 teel that before we think
of using human waste, we must use manure
and compost more cthiciently, first. Secondly,
one has to look at the hedlth hazards due o
possible contamination of human waste with
discase-causing organisnu.,

(Comment by Haule): Tam a little concerned about
some constramts involved in the use of cattle dung,
Could the speaker comment on the campaign of’
“destocking,” and simultancously increasing pro-
duction of dung?

A:{Kyomo): What we want is fewer animals, but
with larger size.

(Comment by Milima). All farmers are not keen
on using manures because of their labor-intensive
nature. If farmers start collecting manures and ap-

plying them, there is very little time left for weed-
ing.

(Comment by Harwood): This question of weed-
ing problems with the use of compost will be
dealt with tomorrow.

(Comment by Ngeze, CCM chairman, Kagera):
I'wish to congratulate Professor Kyomo for his
excelient presentation. For the first time, 1 realize
that our country produces approximately 11 mil-
lion tons of dung. Stll, very little is used, espe-
cally in my region, Kagera. One could see nutri-
ent-starved cotton tields in Kagera. Here, 1 have
come to learn about the dangers of using human
waste. Bue, in my travels to Hungary, T saw pit
latrines, and trom there, human waste is used
without any problem. Even in Tanzania, we use
human excereta in Ukerewe Islands. In Hungary,
pit latrines have two doors. People use one door
until the pit on that side 15 used up. Then they
close it and start using the other side. Dry, de-
composed human waste is available for use on the
farm.

(Comment by Kyomo): F thank the previous
speaker for his comments. It appears that we are
not using human waste here in Tanzania due to
lack of awareness. Coming to health hazards in-
volved with using human exreta, medical tech-
nology has advanced to a considerable extent, and
most of the dangers have been climinated. The
work of Dr. Kiliman shows that use of human
exereta in the preparation of compost is safe.

(Comment by Jana): In some countries, like India,
human excreta is called “night soil.™ Once it is
decomposed, it is humus. In India, city councils
i big cities like Delhi, Calcutta, Bombay and
Madras collect and decompose night soil in large
pits and sell it for use in small gardens.



BIOLOGICAL ASPECTS OF
COMPOSTING

A. M. Borowski and W. C. Liebhardt, Rodale Research Center, Kutztowi, Pa. 19530

Composting is a dynamic, biological process
whereby a mixed microbial population converts
heterogencous organic matter into a -t.ble, hu-
mus-like product useful as a soil condinoner and
fertilizer. Being a biological process, the factors
and requirements intrinsic to biological activity
determine the course of composting. The follow-
mg discussion describes the nicrobiological as-
pects of composting and the environmental fac-
tors attecting it. (Golucke, 1972, Gray and
Biddlestone, 1971a)

Substrate

The physical and chemical nature of the sub-
strate is a key factor in determining the course
and rate of the composting process. Particle size
and chemical characteristics of the material are
two important substrate propertics.

The ideal size of particles would be the min-
imum size at which no compaction would occur.
Compaction impedes the ditfusion of oxygen to,
and carbon dioxide from, the sites of decomposi-
tion. Without adequate oxygen, the process can-
not continue.

Shredding or grinding raw materials makes
them more susceptible to microbial invasion by
exposing a greater surtace area to microbes. Fur-
thermore, with the presence of oxygen at the par-
ticle surfaces, greater acrobic activity is possible.
Shredded refuse heats more uniformly, withstands
excess drying at the pile surface, insulates against
heat loss and resists moisture penctration from
rain beteer than unshredded materials.

However, shredding of material 15 not al-
ways mandatory: It depends largely upon the na-
ture of the raw material and the use of the finished
product. Finished compost used as a potting soil
generally needs to be finer in texture than that
used for field applications. Shredded material can
generally be applied more easily and uniformly to
the land. (Golucke, 1972; 1977; Gotaas, 1956; Gray
and Biddlestone, 1971a; Regan and Jeris, 1970)

The mmportant chemical characteristics in-
clude molecular size and complexity, and clemen-
tal makeup of the material. These factors deter-

nine how vulnerable the material is to attack by
ricroorganisms.

Plant residues commonly used in preparation
of compost, such as straw, corn stalks, plant stub-
ble and leaves, are high in complex carbohydrates,
like celluloses, hemicelluloses, and lignin, Hemi-
cellulor=s are carbohydrates of about 50 to 150
ghacose units; celluloses are larger poly.ners of
about 2,000 to 10,000 glucose units, with as many
as 15,000 units, depending on the plant species.
Lignin, a very tough, woody, cell wall material,
is extrenmiely resistant to enzyme attack and is usu-
ally last to degrade during composting. (Golucke,
1977, Gray and Biddlestone, 1976; Waksman, 19306)

Since these carbohydrates are too complex to
be dircetly utilized by the microorganisms, they
must first be hydrolyzed by extracellular enzymes
to simpler form.,. The following reaction illus-
trates this mitial breakdown:

(CeH100s5), + nH,O — nCeH,,0,
cellulose glucose

This first step provides no useful energy to the
active microbial species,

Organisms get energy for growth only from
reactions occurring within the cell, so it 1s neces-
sary for the larger compounds to be transformed
nto simpler molecules that can penetrate the cell
surface. Regardless of the structural ditferences of
the starting material, once inside the cell, the car-
bon in the subes-ate will ultimately be metabo-
lized through #ire same steps. That reactions is as
follows:

CGH1205 + 602—‘6002 + 6H20 + enel'gy
(682 keal)

Oxygen is added to cach of the glucose carbons
to form CQO,, while some of the clectrons and all
the hydrogen in the glicose molecule will be lost
as Hy0. Energy is also released during this bio-
logical oxidation process. Due to the inefficiency
of the process, most of the encrgy liberated is lost
as heat. However, a portion of it is trapped by the
cell to form ATP (adenosine triphosphate).
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ADP (adenosine diphosphate) + inorganic phosphate + energy — ATP.

Wher: there is a demand for energy in cell synthesis, ATP is converted back to ADP with a controlled

release of energy.

ATP — ADP + inorganic phosphate + energy

However, these respiration reactions are not ac-
complished in a single step. The change from sub-
strate to end products involves numerous changes
and is accomplished by an claborate system of
enzyies, (Alexander, 1977, Brock and Brock,
1978; Levy et al., 1973; Pelezar and Reid, 1958)

In decomposing celiuloses and  hemicellu-
loses, microorganisms bring about the synthesis
of microbial ccll substance. During composting,
the compounds change from complex (cellulose,
hemicellulose) to simple (CO,, H,O) back to
complex (protoplasm).

Microorganisms utilize almost all clements
in their metabolism. The clemental makeup of the
substrate is signiticant in determining microbial
activity. When all nutritonally signiticant cle-
ments are abundant, a greater population of mi-
crobes can be supported and the process will pro-
ceed more rapidly and extensively.

The age of the plant also aftects the rate of
decomposition. Young tissues contain a larger
percentage ot water-soluble materials like simple
sugars and amino acids. As the plant ages, the
content of water-soluble substances, proteins, and
minerals decreases, and the percentage of cellu-
lose, hemicelluloses and lignin increases. As a re-
sult, in tissues in which 20 percent to 30 percent
of dry matter is water soluble, decomposition
proceeds rapidly.

Celluloses and hemicelluloses are the next
compounds to disappear, and lignins, which are
highly resistant, are relatively more abindant in
residual decaying organic matter. (Alexander, 1977:
Golucke, 1977)

The clements designated as macronutrients,
because of their abundance in cellular material,
are nitrogen, phosphorous and potassium.

Carbon, in an available form, makes up about
50 percent of the cellular mass. As mentioned car-
lier, carbon is used as an energy source in micro-
bial metabolism.

Nitrogen, however, is probably the niost im-
portant clement in the nutrition of composting
micreflora, since it is required for the assimilation
of the carbon substrate in organic wastes.

Phosphorus is next in importance, while K,
Mg, Ca, S, and trace quantities of several other
clements have an important role in cell metabo-
lism. These elements are usually present in most
wastes in suthicient amounts to permit satisfactory
composting without the need of further additions.
(Golucke, 1977; Gray and Biddlestone, 1971b;
Knuth, 1969)

Not only must these nutritional elements be
present in the substrate, but a balance between
them must occur. The balance between carbon
and nitrogen (more frequently referred to as the
C/N ratio) is one of the most important aspects
of successtul composting. This ratio is used to
assess the suitability of a given waste as a sub-
strate. Since carbon serves as a source of encrgy
and as an clement in the ecll protoplaism, much
more carbon than nitrogen is needed. Microor-
ganisms generally udilize 30 parts by weight of
carbon for cach part of nitrogen. Therefore, a
C/IN ratio ot 30 would seem desinaole for efficient
compostung. Table I gives the C/N ratios for some
compostable materials,

The suggested optimal C/N ratio is from 25
to 30. Note that this ratio refers to the amount of
available carbon to available nitrogen. In materials
such as lignins and some forms of cellulose, car-
bon may be present in a form so resistant to bio-
logical attack that its presence 15 not significant,
and the permissible C/N ratio could be higher
than 30. Nitrogen in most wastes is readily avail-
able, and so the permissible C/N ratio is rarely
lowered because of nitrogen being in an unavail-
able form. (Gotaas, 1956; Poincelot, 1972; Waks-
man, 1936)

Generally, i’ carbon is available and a C/N
ratio is above 30, the carbon will be in excess and
will slow down the composting process consid-
crably. The decomposition decreases once all the
nitrogen has been used. Some of the microorgan-
isms have to die hefore the nitrogen, which had
been immobilized in their tissucs, is released. The
use of this nitrogen by other organisms to form
new cell material requires the burning of excess
carbon to CO.. Several life cycles of microorgan-



Table 1: C/N Ratios of Some Compostable
Materials (dry-weight basis).

Materiai C/N Ratio
Urine 08
Blood 3
Young grass clippings 12
Vegetaole wastes (non-leguminous) 12
Tobacco 13
Farmyard manure (avyg.) 14
Onion 16
Lucerne (aifalfa) 161020
Grass clippings (avg. mixed) 19
Seaweed 19
Red clover 27
Oat straw 48
Flax waste 58
Corn stalks 60
Wheat straw 128

Fresh sawdust 511

isms are required to assimilate this excess carbon
satsfactorily and to bring the C/N ratio to a more
suitable level. (Gotaas, 1956: Shilesky and Mani-
otis, 1969; Waksman ot al., 1929)

It the C/N ratio is below 25, then carbon
{energy source) is less than that required for con-
veiang available nitrogen into protoplasm. The
microbes will muake tull use of available carbon,
and the excess nitrogen will be lost as ammonia,
The presence of exeess N as NH, * or NIH, can be
traced to microbtal metabolism of protem. Pro-
tems are polymers of amino acids, and the amino
group (= NI, is characteristic of amino acids.
Microbes utilize enzyvies to hydrolyze protein
molecules to their constituent amino acids, As with
complex carbohydrates, it is necessary for the large
protein molecule to be cleaved first to smaller
units that can then be assimilated within the cell.
These amino acids undergo turther biochermical
reactions and thereby become part of the micro-
orgaisms’ protoplasm. But when carbonaceous
compounds are insuthicient to accommodate the
amino acids in the synthesis of new protoplasm,
the excess amino acids will be deaminated. FHow
the amino group is removed and becomes am-
monia is as follows:

This is an oversimplication of the reaction,
but it demonstrates how the nitrogen can be lost
as ammonia through volatilization. High temper-
atures and alkalinity (pH above 7.0), both con-
mon during the composting, process, increase the
volatilization of excess nitrogen even more. This
nitrogen loss should be minimized if the finished
compost is to have somie tertilizer vahie, In addi-
tion, 1t the amount of excess N becomes too great,
ammonia concentrations could reach levels that
are toxic to microbial populations. (Alexander,

1977; Golucke, 1577; Poineelot, 1972)

Microorganisms

Bacteria, actinomycetes and fungi are the or-
ganisms chietly responsible for the decomposition
of plant and animal remains. The microflora pop-
ulation is continually changing during the pro-
cess, refecting the diversity of environments oc-
curring because temperatares and substrate are in
astate of ux. (Shilesky and Maniotis, 1909) Sce
Table 2.

Bacteria

Bacteria are present in all parts of the pile in
vast numbers, but because of their small size, they
represent less than half of the total microbial pop-
ulation.

Immediately after the material is stacked in
the pile, bacterial activiey begins. Mesophilic, acid-
producing bacteria are the first to appear and are
responsible tor the initial breakdown of arganic
material and for a large part of the heat energy
released into the composting mass. This meso-
philic stage is short, and some feel the primrary
role of these organisms is to raise the environinen-
tal temperature for the thermophilic organisis that
follow. During the limited time that they do
Hourish, they utilize the most readily accessible
carbohydrates and decomposable proteins.

As the temperature of the Compost pile be-
gins to rise above 40 C, the mesophilic bacteria
are replaced by the thermophilic ones. These ther-
mophilic bacteria initially decompose protein and
non-ceflulose carbohydrate components. They will
also attack the lipid and hemicellulose tractions,
but not cellulose and lignin.

As the temperature rises further, the species
diversity begins to narrow. At temperatures greater
than 70 C, most organisms beconie inactive, and

CH,CHNH, COOH + 1/2 0,
alanine

enzyme  CH,COCOOH + NH,
alanine pyruvic acid

deaminase
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Table 2: Microficral Population During Aerobic Composting.

Mesophilic (M)
Ambient to 40° C

Thermophilic (T)
40°Cto70°C Cooling

numbers per gram of wet compost at each temperature phase

Bacteria
(M) 10°
(M 10¢
Actinomycetes
(M 10*
Fungi
(M) 10¢
(M 10°

10° 10"
10° 10°
10° 10°
0 10°
10° 10°

only the spore-forming bacteria can develop. These
bacteria are chiefly responsible for the reduction
of hemicelluloses.

In the final stages, as temperatures begin to
decline, thermophilic bacteria disappear and mie-
sophilic vacteria reappear at temperatures below
40 C. The mesophilic bacteria are not as predom-
inant during this tme as they were itially. (Fin-
stein and Morris, 1975 Gray and Biddlestone,
19714; Poincelot, 1972; Waksman ¢r al., 1939)

Actinomycetes

Actinoniveetes are classitied as bacteria in the
strict sense, but do possess characteristics of tung,
and so are i a transitional group between simple
bacteria and tungi.

Actinomycetes are almost ¢ mpletely absent
at the beginning stages of composting. As tem-
peratures approach 50 C, thermophilic actinomy-
cetes become established and are capable of con-
tinued growth ar temperatures up to 70 C. These
organisms are capable ot using a wide array of
compounds, but mostly break down cellulose,
lignins, and other, more resistant compounds.

Actinomyeetes are the dominant group dur-
ing the Hmal temperature drop. They are consid-
cred inettecave competitors in the initial stages of
decomposition, when nutrient level is high and
competition 1s great. But when nutrients and
competition diminish, and when only resistant
compounds remain, a. i the final stages, the ac-
tinomycetes Hourish.

Their presence can be detected both by smiell
and sight at this nme. The faiag carthy odor of
the compost pile is the result of actinomycetes
activity, and becomes more pronounced as tinie
progresses.

The grayish-white, tilamentous or powdery
layer that forias in the outer tour to six inches of
the pile is the mycelium of o actinomycetes,

possibly miixed with some fungal mycelium. The
absence of this layer does not mean actinomyceetes
are absent or in low numbers, but rather that they
are dispersed throughout the composting nass.
Frequent turning of the pile will disturb this char-
acteristic laver, because of the lack of dme and
conditions necessary tor growth of the organisms,
(Alexander, 1977, Golucke, 1977; Gotaas, 1936;
Waksman eral., 1939)

Fungi

More types of fungi have been identified in
the composting, process than bacteria or actino-
myeetes, because of the relative case in identifying
then,

Fungi can be grouped according to sequence
ol oceurrence. These groups are arbitrary, since
there 1s a good deal of overlap and some occur in
more than one group.

Mesophilic fungi compete only tor a short
vne before the temperature rises. They exhaust
the stimple carbon substrate and then are quickly
replaced by the thermophilic fungi. Most do not
reappeir in the later stages to any degree, because
of the lack of casily available carbon.

Thermophilic fungi are capable of growth
m the 40 C o 60 C range, but die when the
temperature exceeds 60 C. They  decompose
henneelluloses and cellulose.

Tlus thermophilic stage oceurs when most
of the decomposition is taking place, although it
has not been determined which group of organ-
sts 1s largely responsible. Studies show that no
single organism, no matter how active, can com-
pare with 1 mixed population in producing rapd
and satistactory decomposition.

Mesophiles reappear m large numbers dur-
ing the cool-down phase. Evidently, while tem-
peratures are i the thermophilic rnge in the pile’s
center, these fungi survive in the outer layers until



the temperature drops sutticientdly for them to re-
distribute themselves. Despite being confined to
this arca and only becoming active in the latter
part ot composting, these fungi break down a
considerable amount of cellulose, lignins, and re-
sistant materials, which remain atter the more
readily decomposable materials have been util-
ized. (Chang and Hudson, 1967: Gotaas, 1950;
McCalla, 1960; Pomeclot, 1972)

Inocula

The question of whether o add additional
microorganisms to the pile to facilitate decompo-
sition 1s raised trequenty. There is signiticant ev-
idence to show that adding microbes alone produces
no beneficial results. The indigenous microbial
populations are present in abundance on organic
materials, and given the appropriate cnviron-
ment, they multiply rapidly and promote com-
posting without delay.

avstudy ot the etfects of various inocula on
the composting ot garbage and mixed muntcipal
retuse found that, even though the inocula were
rich in bacteria, none aceelerated the process or
mproved the final product. Garden soil, horse
manure, compost. and a spectal bacterial culture
were tested. There was no signiticant ditference
in the temperature curves, or in the chemical anal-
yses of the materials, at ditterent intervals in the
composting period. (Golucke e al., 195:0

The types of inocula or “actvators™ that nuay
prove beneficial usually contain mater s that are
otherwise Licking in the compost. Activators sup-
plying nitrogen or phosphorus, or materials that
change the pH level, are likely o attect the pro-
CCSS.

Theretore, when assessing an inoculun, care
should be taken to provide 4 control pile receiving
exactly the same treatment as the inoculated pile.
It the inoculum changes the plor nutrient levels,
then the control pile must have the same adjust-
ments made. The sole ditference between the two
piles should be that one s inoculated with 1 mi-
croorganism population, and the other is not.

In the unlikely event that an imoculuim is re-
quired. a shovel or two of rich warden loam, par-
tially decomposed horse manure or composted
matertal will contamn all the nucroorganisms needed
to decompose any substrate. (Golueke or al., 1934
Golucke, 1977: Van Vuren, no date)

Rate-Controlling Factors

Since composting s a biological process, the
factors controlling 1t are those that influence all
biological activity. The principal environmental

tactors that will be discussed are moisture, v y-
gen availability or acration, temperature and pH
level.

Moisture

Moisture governs microbial activity in two
ways: 1) Enough moisture needs to be present to
supply the physiological needs of the organisms.
Biological activity is wreatly reduced at substrate
moisture levels: below 30 pereent and ceases at
about 12 percent to 15 percent; and 2y Where
moisture is excessive, microbial activities are re-
duced not as aresule of the water itselt, but be-
cause the water indirectly hinders ai movement
and reduces the oxvgen supply.,

The optimal maisture content (wet weight)
should be between 30 percent and o) pereent. This
varies: because the gquantity of water required
changes according to the materials used. Straw
and strong, fibrous materiais, which are naturally
dry, can hold up to 80 percent moisture and re-
quire lirge amounts of water initially. Vegetable
trimmings and green, succulent materials can hold
50 percent to 70 pereent moiscure, but care must
be taken to avoid compaction when stacking these
materials.

A crude indicator of adequate moisture is the
ghstening appearance of the material. Also, when
compressed by hand, the material should form a
ball which will slowly expand like a sponge when
pressure is released. It there s too little moisture,
decomposition will not oceur.

Excess moisture causes draimage, which can
leach out soluble nutrients from the pile. This
dramage may occur betore the foul odors caused
by anacrobic conditions become noticeable.

Figure 1: Temperature Variation With Time
Indicating the Pihases of Microbial Activity.
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If anacrobic conditions do occur, nitrogen loss
can result through denitrification. Denitrification
results from the exclusion of oxygen, rather than
from the presence of water, itself. The denitrify-
ing bacteria are acrobic, but in the absence of ox-
ygen, the nitrate replices the oxygen—not as a
source of O,, but as an clectron or hydrogen ac-
ceptor during respiration. In the denitritication se-
quence, nitrate is frst reduced to nitrite, which is
then transtorined to NO. The NO, with N.O as
the intermediate, is converted to N, which is lost
to the atmosphere. The biochemical pathway of
denitrification proceeds as follows:

an indication of the extent of anacrobiosis. When
this happens, the pile should be turned daily unul
odors disappear and the pile returns to an acrobic
state. (Golucke, 1977; Gotaas, 1956; Gray and
Biddlestone, 1971a; Snuth and Thornton, 1945;
Van Vuren, 1950))

Temperature

At the start of the process, the composting
mase s ar ambient temperature. But in two or
three days, the decomposing activities of the me-
sophilic organisins rapidly heat up the pile to tem-

+4H
2 HNO; ———— 2NHO
? —2H20 2

+2H
_‘2H20

+2H
-H,

+2H

2NO ——
'—"Hzo

2N,0 N,

Oxygen will inhibit denitritication, so it is impor-
tant to maintain the optimal moisture content and
adequately acrate the composting mass.

Anacrobic conditions may also result trom
the increase in moisture that oceurs as decompo-
sition progresses. It acration is poor trom the be-
ginning, the water, an end product of niicrobial
metabolism, will accumulate and impede the pro-
cc . (Alexander, 1977, Golucke, 1977; Gray and
Biddlestone, 1971a; Poincelot, 1972; Smith and
Thornton, 1945; Tisdale and Nelson, 1973; Van
Vuren, 1950)

Acration

Oxygen 1+ required by acrobic microorgan-
isms for the decomposition of compost. In order
to supply oxygen to the microbes and to rid the
pile of major waste products (CO, and water),
adequate acration is vital.

To ensure good acration, the material should
be packed loosely and lightly when constructing
the pile. Here we see how acration and moisture
are mterdependent, as the material to be com-
posted attects the amount of air in the pile. Green
material, when freshly stacked, tends to compact
o firmly. Fibrous materials will usually make
the pile loose and too well acrated, and must be
thoroughly wetted to reduce the structural strength
of the material so decomposition may take place.

Pile construction atlects acration in another
way: The higher the heap, the poorer the air sup-
ply, particularly n the lowest layers where pres-
sure is greatest. In pit composung, care must be
taken to keep the bottom from becoming water-
logged.

A simple, ettective means of monitoring ox-
ygen supply is by odor. Foul odors signal anacro-
bic conditions in the pile; the intensity of odors is

peratures above 40 C, and thermophiles replace
the mesophiles. The temperature rises rapidly to
about 55 €, then beging to taper off at between
60 Coand 65 C, occasionally peaking at 70 C, but
rarely higher. These high temperatures are essen-
tial for the destruction of pathogenic organisms
and weed seeds.

This stage is tollowed by a gradual cooling
to amibient temiperatures. See Figure 1.

As niicrobial activity subsides, the subse-
quent reduction in heat energy being generated
causes the leveling in temperature. This slow-
down occurs because the readily broken aown
substances have been consumed, and only the more
resistant ones remain, At this point, the tempera-
ture begins ats final drop. The resistant com-
pounds can now be attacked by tungi and actino-
mycetes that once inhabited the outer edges of the
pile. The fact that these organising are restricted
to the outer fayers shows that the temperature is
not at a uiform level throughout the pile. Tt is
highest i the center and decreases toward the
exposed surface.

The ambient air temperature may have some
influence on the pile temperature. It materials in
outer lavers are porous, the temperature can be
atfected by pepztration from the outside air. Gen-
erally, orgapic macter will act as an insulator and
conserve the heat within the pile. Better temper-
ature diseribution and less heat loss oceur in ma-
tertals that have been shredded and are ina more
homogencous state. Moisture also decreases the
amount of ambient air penetrating the pile as it
fills interstices between particles, causing an in-
crease in convection of heat trom the high tem-
perature zone in the pile’s center.

Temperature is an excellent index of the course
of the process. If the temperature does not rise,



onc or more factors is absent or unfavorable, It
should be noted here that during turning of the
pile, the temperature may drop 5 to 10 degrees C,
but will return to its high ievel in a tew hours.
Temperature of the compost can be checked
by: 1) digging into the stack and fecling the tem-
perature of the material, although it may be too
hot to hold the hand in the pile for very long; 2)
mserting a metal or wooden rod two feet (0.5m)
mto the pile tor 10 to 15 minutes. The rod should
be too hot to hold when removed; and 3) using
long-stemmed  thermometers,  popul among
operators of larger composting operations. (Gol-
ucke, 1977; Gotaas, 1956; Gray and Biddlestone,
1971a; 1971b; Powncelot, 1972 Van Vuren, 1930)

pH Level

During  the  decomposition  process,  pH
changes occur. The initial pH s usually slightly
acidic (pH 6), but organic acids, which result from
the decomposing activity of mesophilic bacteria,
cause a reduction in pH to between 4.5 and 5. As
the temperature rises above 40 C and these acid-
forming bacteria are replaced by thermophilic or-
ganisis, the pH o will rise and become slightly

alkaline (pH 7.5 to 8.5). Finally, when tempera-
tures begin to drop and mesophiles re-invade the
pile, the pH drops by a small amount, and usually
remains shghtly alkaline.

The control of pH in composting is seldom
a problem it the material is kept acrobic. Addition
ofan alkaline material is rarely necessary and may
do more harm than good. Alkaline conditions
promote mtrogen loss as ammonia, if the nitrogen
18 present inexcess. (Gotaas, 1956; Gray and Bid-
dlestone, 1971a; Poincelot, 1972)

Finished Compost

The tmal drop in temperarure indicates com-
postis stabilizing and nearly finished. At this point,
some slow ripening and cellulose breakdown will
continue; the ripening time will vary consider-
ably, because it is a function of many variables,
such as the starting C/N ratio, availability of car-
bon, acration, cte.

“Ultimace™ stability is not desirable, because
that would be the oxidation of organic matter to
CO, and HLO, and morganic ash (chemical ele-
ments making up the original material). Instead,
the desired stability is one in which the readily

Table 3: Composition of Fresh Manure Produced by Animals Provided With Ample Bedding

(on a wet-weight basis).

Nutrient content

Components Proportions of Nitrogen Phosphorus Potassium
of manure components (as N) (as P,0.) (as K,0)
% kgit % kgit % kgt % kgt

Horse

Feces 60 600 0.55 3.3 0.30 1.8 0.40 24

Urine 15 150 1.35 20 trace 1.25 1.9

Bedding (straw) 25 250 0.50 1.3 0.20 05 1.00 25

Total mixture 100 1,000 0.66 6.6 0.23 2.3 0.68 6.8
Cow

Feces 63 630 0.40 25 0.20 1.3 0.10 0.6

Urine 27 270 1.00 2.7 trace 1.35 3.7

Bedding (straw) 10 100 0.50 0.5 0.20 0.2 1.00 1.0

Total mixture 100 1,000 0.57 57 0.15 15 0.53 53
Pig

Feces 49 490 0.55 2.7 0.50 25 0.40 1.9

Urine 33 330 0.60 2.0 0.10 0.3 0.45 1.5

Bedding (straw) 18 180 0.50 09 0.20 0.4 1.00 1.8

Total mixture 100 1,000 0.56 56 0.32 32 0.52 52
Sheep

Feces 60 600 0.75 45 0.50 3.0 0.45 2.7

Urine 30 300 1.35 4.0 0.05 02 2.10 6.2

Bedding (straw) 10 100 0.50 05 0.20 0.2 1.00 1.0

Total mixture 100 1,000 0.90 9.0 0.34 3.4 1.00 10.0
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Table 4: Nutrient Losses in Rotted Manure, Determined After 3 and 12 Months, With and
Without Protection.

Nutrient loss after 3 months Nutrient loss after 12 months

Nutrient Prolected Exposed Protected Exposed
kilograms kilograms
Organic matter 480 520 £31 605
Nitrogen (as N) 3.6 6.4 5.0 8.6
Phosphorus (as P,O,) no loss 0.9 0.5 1.8
Potassium (as K,0) nc i0ss 6.4 09 10
percentage percentage

Organic matter 55 59 60 69
Nitrogen (as ) 17 29 23 40
Phosphorus (as P,0,) no Inss 8 4 16
Potassium (as K.,0) no loss 22 3 36

Note: Amount of manure used in the study was 3,630 kg. containing 879 kg organic material, 21.8 kg nitrogen (as N), 11.3 kg phosphorus

(as P;0,). and 28.1 kg potassium (as K,0)

decomposed compounds are broken dowr, but
the decomposition of the more resistant com-
pounds is yet to be accomplished. The eftective-
ness of compost in the soil depends upon the final
decomposition of these compounds.

Physical tactors, other than the temperature
drop, that indicate when compost is finished in-
clude carthy odor; dark grevish-black or brown-
ish black color; and fufty, crumbly structure.

However, color alone is not a good indicator of

finished compost, because the appearance of rich
humus develops in good compost long before de-
clining temperatures signal the decrease in micro-
bial activity.

Chemical and biological tests used by larger

operations can give a more obvious indication of

when compost is finished. Testing the C/N ratio,
starch determination, oxyuen constmption and
CO; evolution, microorganism counts and plant
growth are a few such indicators.

The final compost is much lower in moisture
and bullk than the original pile. This reduction
results from the conversion of some of the sub-
strate carbon to CO, and H,O, which are lost to
the atmosphere.

The C/N ratio is lowered gradually through-
out the composting process as CO, is lost. A final
C/N ratio of between 10 and 12 s the acceptable
range for agricultural purposes. If it is any higher,
the compost will continue to decompose after being,
applied to the soil, at the expense of soil nitrogen.
(Golucke, 1977; Gotaas, 1930; Poineclot, 1972)

The controlled  decomposition of the pile
permits more organic matter to be conserved and
form stable humus than would happen it the ma-
terial were applicd directly to the soil. In conven-

tonal muanure handling, manure is often applicd
to the soil and not immediately incorporated. The
nutrients,  particularly  nitrogen, are then lost
through leaching or volatilization. From 30 per-
cent to 75 pereent of the nitrogen can be lost dur-
mg conventional manure handling, with 23 per-
cent being, lost within four days of ticld application.

When collecting and storing manure, care
should be taken to prevent the leaching of urine.
Because they are in solution, the nutrients in urine
are more readily available for plant use than those
in the teces. Slightly more than one=half of the
nitrogen, and much more *an three-fourths of
the potassium excreted by the cow are in the urine
Most of the phosphorus is in the feees. (MacLean
and Hore, 1979) See Tuble 3.

A study was conducted  where approxi-
mately 3.0 tons of 4 mixture of equal parts of
horse and cow manure was pliced in a weather-
tight shed. An equal amount was exposed to the
weather inan open box with wooden sides and a
wooden Hoor. Table 4 shows the amounts of fer-
tlizing clements that were lost in cach case. The
chieflosses occurred during the first three nionths
of storage. After 12 months, about 10 percent
more organic mattes was desiroyed in the exposed
manure than in the protected sample, and nearly
twice as much nitrogen was lost. The Josses of
phosphorus and potassium from the exposed -
nure were large. (MacLean and Hore, 1979)

In addition to conserving nutrients, com-
posting nianure has several other advantages over
conventional manure handling, The decomposing
processes, by releasing CO, and H,LO, can reduce
the volume by 25 percent. Also, the compost he-
comes less dense during the process. One study




Table 5: Composition Range of Beef Cattle
Feedlot Manure and Composted Feedlot
Manure.

Composted
Fecdlot Manure Feedlot Manure

Moisture % 50 to 88 1910 25
Nitrogen % 09t01.5 20130
Phosphorus % 0.3t00.5 09to1.2
Potassium % 061018 28tc 35

shows that by combining the reductions i vol-
ume and density, composting reduces the entire
mass to three-cighths of its original size. By com-
posting, the cost of hauling manure to the fields
is lowered, because with a reduced volume of ma-
terial, less trips to the field muse be made. (Sahs,
1979, ¢ 1 Farmy Energy Project, 1980) See ‘Table
5.

The Lost signiticant contribution of com-
post Is its long-term ettect on permanent soil fer-
tility, structure, tilth, and permeability. In its role
as humus, compost has many characteristics which
exert a beneticial influence on the soil itself and on
growing vegetation. In the soil, it con to be
degraded by microbial activiey to CC .o O and
inorgamc salts. It has a high “apacity tor vase ex-
change, tot combining, with inorganic soil constir-
uents and tor water absorption.

Orgame actds resulting trom the metabolism
ot organic matter are capable of decomposing cer-
tain soil minerals. Specifically, this organic acid
production plays an important role i increasing
phosphate availability. Phosphorus in this com-
bined form is more eastly assimilated by plants.

Nitrogen 1s stored i microbial protoplasm
and becomes available when bacteria die and de-
compose. This gradual decomposition of insolu-
ble orgamce muatter resalts in a continuous supply
of wammonia, which can then be oxidized to ni-
trites and nitrates.

Due to its cationic nature, ammonium is ab-
sorbed by the soil colloids, and may be retaned
in the soil for long periods of time it conditions

tor nitrification are untavorable. The binding of

N i protoplasm inhibits nitritication in a two-
step process, e which amimonia is first converted
to nitrite (NO,), and then to nitrate (NOY).

2NH, + 30,—2NO, + 2H,0 + 4H"

2NO; + O,—2NOy

Tible 6: Evolution of the Main Nutrients
(N,P,K) of Farmyard Manure During
Composting.

Length of
composting period

(months)
Calculalion basis  Nutrients| 0 2 4 12
% dry matter basis N 21 29 30 26
P.O. 11 20 21 23
K.O 16 16 24 25
% of initial dry N 21 .20 16 16
matter P.O. 1112 11 11
K.O 16 19 19 15
Amount as % of N 100 95 86 76
initial amounts P.0O, 100 109 100 100
K.,O 100 90 9C 72
Organic matter presentas % | 100 68 46 38

of initial organic matter

Excess nitritication is undesirable,  because
nitrate nitrogen i completely mokile i soils and
moves with the soil water. When bound in micro-
bial tissue, the nitrogen can be available at a rate
which can be used by plants, and losses through
leaching are minimized. (Golucke, 1977; Tisdale
and Nelson, 1975)

Table 6 illustrates the changes in organic mat-
ter and nutrient content occurring during a 12-
month composting period.

Soil structure s greatly improved by com-
post applications. Compost promotes a crumbly
structure, which increases the available oxygen and
the water-holding capacity ot the soil. This in-
creased pore volume allows root svstems to de-
velop more extensively. (Golucke, 1977, Ou e
lll‘, “)HZ)

Ieis dithicult to assess cach factor i the com-
posting process separately, when cach depends on
all the others to some extent. The optimum levels
tor the process have been outlined and should be
adiiered o as closely as possible to produce a tin-
sshed product that is an effective soil conditioner
and fertilizer.
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DISCUSSION

Biological Aspects of Composting

Q:(Kasembe, TARQ): To what extent have they can decompose sawdust. Also, if sawdust
“biovegetals” been used in composting? is very fine, adequate moisture will be a prob-
lem. Sawdust can be used as a mulch, and it
will decompose slowly. The use of urine may
not be practcal, and neither is the use of ni-
trogenous fertilizers in sawdust composting.

A:(Liebhardt, Rodale Rescarch Center): Biove-
getals, or inocula, in rapid composting, is a
new concept which has been practiced in the
U.S.A. It has a bright future in the use of
organic terdlizers 1 problem arcas, as they fa- Q:(5emoka, University of Dar es Salaam): Ma-
cilitate decomposition. nures can be applied fresh. What are some of

. o . the problems of this praciice?

Q:(Keswani, University of Dar es Salaam): What
is the tinal status of microbes when compost
attains temperatures of 60 C to 70 C—espe-
cially plant pathogens?

A:(Licbhardt): Fresh manures are decomposed
rapidly. This facilitates least loss ot nitrogen. It
should be incorporated, especially at the onset

) of the rainy scason, and covered by soil. Farm-

A:(Licbhardr): Some arc destroyed. Plant patho- ers can combine the use of fresh manures and
gens are usually not thermophiles and cannot compost.
withstand high temperatures.

Q:(Myvijage): How do we ensure that the com-

Q:(Johnson): Is it possible to mix sawdust with post pit 15 kept optimal? How do we ensure
chemical fertilizers in order to make compost? that moisture is kept at 50 pereent to 6 per-
Could urine serve as a nitrogen source in the cent?

process? How long should sawdust be pre-
composted in making compost? Sawdust is an
abundant by-product of sawmills, and its dis-
posal poses a problem.

A:(Licbhardt): The pH could be adjusted by add-
ing lime, and a proper carbon-to-nitrog~n ratio
Is important in composting. The paper on
miethods of compost preparation claborates on

A:(Licbhardr): Sawdust is a poor material for these aspects. The proper choice of ingredients
composting. Bacteria will be confronted with is important. Adequate moisture is ensured by
a highly carbonaccous material. They will take repeated watering during layering of compost

nitrogen and cause nitrogen deficiency before ingredients.
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METHODS Or
COMPOST PREPARATION

P. B. Ngeze, P.O. Box 274, Bukoba, Tanzania
N. A. Mnzava, Dept. of Crop Science, University of Dar es Salaam
J. Ruttle, Rodale Press Inc., Emmaus, Pa. 18049

Self-reliance is one of the goals of Tanzania’s ag-
riculture. Nutriont self-sufliciency is part of that
effort, and composting of plant and animal resi-
dues will help o close up nutrient cyeles which
now result in the loss of valuable resources. Com-
posting should also help preserve nutrients, re-
store soil tertility and increase crop production.

Compost nuaking can be labor-intensive;
theretore, fresh manure can be incorporated into
the soil just prior to planting. This conserves both
labor and nutrient resources.

In Tanzaniy, the use of decomposed organic
materials has long been practiced in- school and
home gardens, and in banana- and coflee-grow-
ing arcas. Although compost making is not new
to most farmers, the science behind it is perhaps
not properly understood.

This paper describes tundamental principles
nd various methods of compost preparation ap-
propriate for ‘Tanzanian tarmers. Moditied ap-
proiches to composting as dictated by prevailing
conditions in Tanzania are also deseribed. Further
information on compost preparation is found in
more comprehensive books (Anonymous, 1978;
Golucke, 1973; Howard, 1945; Howard and Wad,
1931; Minnich and Hunt, 1979) and monographs
(Dalzell er al., 1979; Gotaas, 1956; Ngeze, 1976),
For East Africa, Wilson (1948; 1957) has de-
scribed a compost preparation method based on
Howard's Indore method (Minnich and Hu,
1979).

The methods presented should be viewed
more as guides than absolute recipes, because
compost can be made from many materials or
mixtures. It is impossible to cover every conceiv-
abie situation. Theretore, outreach programs need
to understand the basics of composting and mod-
ity the composting operation to meet existing cir-
cumstances. What is important is that composting
be used wlhierever possible,

Compost is the result of the breakdown of

organic wastes by enormous numbers of micro-
organisms and soil fauna in a4 moist, warm, acr-
ated environment to give a stable, humus-like end

product (Dalzell er al., 1979). For satisfactory re-
sults, the organisms must have sufficient food. air,
moisture and warmth. Al wastes in the compost
heap must be decomposable; a general rule is that
anything that once lived will decompose.

Preparation Methods
Factors to be considered in selecting o« com-
posting area include proximity to animal houses
and water, transport of raw materials and finished
compost, and volume and scason of production.

Equipment Required

Compost heap preparation can be done sat-
istactorily by using rudimentary equipment which
most farmers have or can make casily. Equipment
tor colecting and transporting organic wastes, such
as stretchers and bullock ~arts, can be made from
light poles o increase carrying capacity. Heaps
can be constructed and trned with forked spades
and hoes.

Though optional, air vents can be provided
using poles 6 to 8 teet long (2 to 2.5 meters) and
up to 2 inches (5 centimeters) in diameter. Water-
ing can be done with ocally-available tins, clay
pots, cans or gourds. Such vessels should be tinely
pertorated to ensure even water distribution.

Preparation of Materials

Fresh green materials, like weeds and vege-
table or fruit trimmings, can be used without pre-
treatment. However, bulky items, such as banana
pscudostems and  other  herbaccous  materials,
should be chopped into small picees.

Coarse materials like maize statks must be
cut into picces no larger than 2 inches (5 centi-
n.eters) using “pangas.” Rice bran, dry tree leaves
or straw can be used without pre-treatment, but
woody materials, like sugarcane trash, ree bark
and sawdust, can be pre-composted in moist
carthen pits and added to the compost heap when
damp. They can also be used directly.



Where possible, materials for composting
should pass through animal sheds as bedding in
order to soak in urine, which is rich in potassium
and nitrogen. Cow dung and poultry and pig feces
can be used directly.

Making the Compost

There are two methods (Univ. of Calif. at
Berkeley, 1953) emploved in compost prepara-
tion, and the choice of which to adopt depends on
several factors: climate, technical ability of the
farmer, equipnient available, amount and type of
wastes avatlable, and the quantity of compost re-
quired.

The Stack Method: This technigue involves
the preparation of compost above the ground. It
is perhaps casiest and most suitable during the
rany scason; and saves labor during the building,
turning and handling of compost. However, it is

inconvenient when making small quantities of

compost, since decomposition may be poor, Where

Figure 1: Structure of a Compost Pit (Cross
Section).

soll
surface
111 (30 cm) [~
P777777
€ 26 ft. > 45° slope
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1st turning
ingredients (2 weeks

there is no inner cover, hygienic conditions be-
come a problem; during dry weather, a large
quantity of water may be required to replace what
is lost by evaporation from the stack.

The Pit Mcthod: This technique is most ap-
propriate n the dry scason or when water is a
problen. Tes advantages are that it does not permit
excessive moisture loss, and, where organic mat-
ter is of kitchen origin or animal waste, it is a
more hygienic method, as these wastes are buried
so that they do not become a breeding, ground tor
houseflies (Gotaas, 1936; Rodale, {967, Wilson,
1957). This tacilitates an i sine Suild-up of bacte-
rial and fungal mocula tor eventual decomposition
of new organic matter that is added. However,
tabor costs in digging the pit and handling and
turning the mature compost are rather high. Dan-
gers of poor decomposition from waterlogging
also exist,

A pit of dimensions shown in Figure 1 1s dug
mto the soil. Arcas with a high water table should
be avoided. and pit depth should not wxceed 2 feet
(0.6 merers) or acration will be adversely atfected.
For case of compost handling, the pic should have
slanted edges. Usually, three pits are dug adjacent
to cach other so that transterring compost during,
the turming operation is casv. Air vents are con-
structed with poles, as shown in Figure 1,

The time to maturity will depend on the na-
ture ot the ingredients, moisture regime, the ex-
tent of acration, and ambient conditions, In a
tropical environment, decomposition is fast under
optimum conditions and reaction is complete i
three months.

Turning the compost permits rapid decom-
position at high temperatures. This increase in
temperature 18 due to an increase inom: robal ac-
uvity. A temperature of 35 C o 60 C (128 F to
140 ) for one day is essential to kill most weed
sceds and pathogens. The heaps should be no more
than 8 feet (2.5 meters) wide and 5 feet (1.5 mie-
ters) high, to encourage acration and prevent over-
heating in the center.

Changes in pH during composting are shown
m Figure 2. The organic materials become acidic
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Figure 2: Temperature and pH Variations in a Compost Heap in Relation to the Major
Biological Events During Composting (after Dalzell et al., 1979).

initially, and turn slightly alxaline after few days.
Regulating pFl is important, because highly alka-
line conditions lead to excessive nitrogen loss by
volatilization as ammonia (NFI,). Nitrogen can be
conserved by not adding wood ashes or limestone
to the heap. In the past, limestone (calciun car-
bonate) was widely used. This usage persists to-
day, but studies at Berkeley (Univ. of Calit, at
Betkeley, 1933) have demonstrated that it causes
significant nitrogen losses: The alkaline conditions
caused by the limestone appeared to favor the loss
of nitrogen as ammnionia.

Wood ashes are even more alkaline than lime
in most cases, so their use in composting should
also be discouraged. They should be return-d to
the soil, however, as they are a good source of
calcium, magnesium and potassium.

Layering of Materials
When building a compost heap, the layering
of organic materials is essentially the same for
cither the pit or the stack method, assuming wa-
ter, organic wastes and kraal manure are abun-
dant.

First Layer (bottom layer): The role of this
layer, which consists of coarse material like dry
grass and leaves, is to help with acration ~2d pre-
vent waterlogging, and to absorb leached nutri-
ents from decomposing layers above. This layer is
10 centimerters thick.

Sccond Layer (organic waste materials): This
layer consists of a variety of organic wastes to be
decomposed. It absorbs plant nutrients from lay-
ers on top, and can be up to 15 centimeters thick.

Third Layer (animal manure): This layer
consists of any type of animal manure, which
serves as an activaor and adds nutrients, espe-
~ially nitrogen, which are necessary for microbial
acavity. It is 5 centimeters thick.

Fourth Layer (soil): This layer of 2 cena-
neters prevents escape of NHF, pas from the de-
composing layers below, and prevents escape of
heat. it also adds mmeral elements to the heap.

If necessary, water is added after the soil layer
to ensure sufhicient moisture. The above layers
and watering are repeated until the heap is 1.5
meters high. The soil layer covers the top of the
heap.



Air vents, which are optional, consist of poles
inserted into the material.

Cover: This protects the heap from rain or
too much sun. It should be constructed with lo-
cally available, inexpensive materials, such as clay
and animal dung. In some areas, a cover of banana
leaves during composting would be advanta-
geous.

Turning the Compost Heap

Turning the heap is essential to facilitate mix-
ing of organic materials, even water distribution,
aeration and decomposition of the heterogeneons
raw ingredients.

Within a week atter completing the heap, the
center should warm up to its maximum temper-
ature of 60 C (140 F). The combined cffects of
heat, moisture, and microbial action weaken the
fibrous stienssth of organic waste,

At this temperature, weed seeds and patho-
gens will have died. But at the bottom, sides and
toward the top, the temperature drops rapidly.
Material in this cooler region decomposes slowly,
and noxious weed seeds and discase propagules
may not be completely destroved.

Normally, the first turning is carried out 14
days after heap building, and repeated every two
weeks until the compost is mature. During cach
turning, water is sprayed as necessary. The num-
ber of turns required depends on the nature of the
organic materials and the attention paid to acra-
tion and watering. The addition of 2 centimeters
of soil to the top after turning would reduce am-
monia loss.

Compost Maturit

Compost is considered mature w'ien the mass
has cooled (mesophilic stage) and sirunk to less
than halt of the original volume. With the excep-
tion of twig parts, none of the o iginal compo-
nents should be recognizable. Mature compost has
a friable texture, an carth 1 and - dark brown
color.

Compost Preparation Techniques
in Certain Problem Areas in Tanzania

Some farmers in Tanzania intending to start
making compost lack suthcient water and/or ani-
ntal manures. Details for making compost under
these conditions are Tisted below.

Making compost in areas without livestoc..
(especially cattle) but with plenty of water:

Layer 1t Coarse plant materials, 15 certi-

meters.

Layer 2: Organic wastes and leguniinous

plant materials, 30 centimeters.

Layer 3: Soil, 2 centimeters,

Add water if necessary and repeat.

Making compost in arcas where there is a
water problem, but herbaceous plants (sea-
sonal) and cattle are available:

In water-poor areas, the pit method can be
used to conserve moisture. Herbaceous plant ma-
terials like legumes, clephant grass and fruit pecl-
ings can be used in compost preparation using the
endogenous water they contain. The material is
chopped into small picces and laid in cattle build-
mgs to be mixed with urine and excreta.

Layer 10 Coarse plant material, 15 centime-

ters.

Layer 2: Chopped herbaccous material, 30

centimeters.

Layer 3: Kraal manure, 10 centimeters.

Layer 4: Soil, 2 centimeters.

It is important that the herbaceous plant ma-
terial layers be pressed against other lavers so that
moisture from the plant material will become
available. The importance of the inner cover un-
der such conditions is indispensable. The wrning
operation can commence after 20 days or longer,
depending on prevailing conditons.

Composting of Kraal Manure Only:

Kraal manure is a signiticant nitrogen source
which needs to be conserved. It is suggested that
manure be piled inan area close to the kraal every
two to four days. Immediately, 2 centimeters of
soil should be placed over the manure, to protect
it from sun and rain and to prevent loss of am-
monta. If dry, carbonaccous material is available,
it should be added as a bedding material o soak
up hiquid.

The layers should be alternated until the pile
is about 1.5 meters high, or unal management of
the pile becomes oo difticult. Oace complete, the
pile can be sealed oft by clay and dung,.

Trouble-Shooting in Compost Making

The most common problem in - comnpost
preparation s the failure of the pile to heat up
quickly. Under normal conditions and with opti-
mum proportions of carbon and nitrogen, the pile
should heat up in one or two days. During this
period, the compost heap passes through stages
of warming-up (30 C to 40 C), peak temperature
(68 C to 70 C), cooling down (ambient) and ma-
turity.

It the pile does not heat, there is probably too
much or too little moisture. The material in a
compost pile should be uniformly moist; excess
moisture excludes oxygen and reduces the process
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of aerobic decomposition. If this occurs, allow the
pile to dry and then rebuild it, mixing dry outer
materials with moist inner marterials, If the pile is
too dry, sprinkle it with water to a point where
free moisture can be squeezed out by hand. The
optimum moisture content (wet weight) for com-
posting is about 50 pereent to 60 pereent. When
the compost is finished, the moisture content nmay
be greatly reduced for casier handling,

The size of the pile also determines how fast
the temperature will reach the thermophilic stage
(peak temperature). Small piles lose heat faster
than large piles, since heat loss is proportional to
surtace arca, and heat generation is proportional
to volume. The larger pile, having a smaller ratio

of surface arc.- to volume, losss relatively less heat.
Pile size should be at least 4 cubsic feet.

Compost piws containing low nitrogen rela-
tive to carbon will also heat up slowly. Although
too much nitrogen does not retard heating, this
condition is wastetul, since nitrogen is lost as ani-
nionia. It the pile is deficient in nitrogen, add more
nitrogen-containing materials such as green chop,
fresh weeds, fresh manure and green Crop resi-
dues. Be generous with it, then cut back on sub-
sequent piles, using smell (ammonia) as a guide.

Finally, it the piles are not thoroughly mixed,
decomposition may be slow. Chopping and turn-
ing will homogenize the pile and generate more
heat.
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DISCUSSION

Methods of Compost Preparation

Q:(Samki, National Soil Service): Whac is the time
between turnings? Could one week be sug-
gested?

A:(Ngeze, CCM charrman, Kagera): No objec-
tion, depending on the nature of ingredients.
Under ideal conditons, T4-day intervals have
been recommended.

Q:(Mnzava, Umiversity of Dar ¢s Salaani): We are
advised that compost making using the pit
method 1s a sanitary process. How do we en-
sure against such hazards as hookworms dur-
ing compost making and haodling, when the
use of human excreta s considered?

A:(Licbhardr, Rodale Research Center): A dry
process using ashes and human excrement has
been developed and tested in Guatemala. This
method was effective in controlling internal
parasites.

A:(Harwood, Rodale Rescarch Center): Han-
dling human wastes is a high-technology pro-

cess. One has to maintain « temperature of 60
C to 70 C for three to four weeks. In China, it
is a sophisticated process.

Q:(Lwoga, University of Par ¢5 Salaam): Have
the authors considered the cost of operations i
compost making that the tarmers would face?

A:(Ngeze): When the tarmer is made to under-
stand the benefits of compost use, and adopts
composting as a routinge operation in handling
organic matertals available to him, the costs
involved are usually mmimal in comparison to
the benetits.

Q:(Hag): What 1s the role of anacrobic organisms
n organic matter decomposition?

A:(Licbhardt): Theie are always anacrobic arcas
in parts ot the compost heap. Under this con-
dition, rate of organic matter decomposition is
low, and temperatures of 60 C o 70 C would
not kill most of the anacrobes.
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AGRONOMIC ASPECTS OF
MANURE AND COMPOST USE

J. M. R. Semoka and B. J. Ndunguru, Faculty of Agriculture. Forestry and Veterinary Science,
University of Dar es Salaam

W. C. Liebhardt, Rodale Research Center, Kutztown Pa. 19530

Usually, conventional farn:.g systems ¢ nsider
nutrient cycles only in a chemical sense, placing
them second.: y to the addition of purchased nu-
trients. These purchased inputs may or may not
increase the yield of the associated crop, and, in
Many INstances, are Not regencrative.

Kock (1982) states:

Sustainable approaches to agriculmral develop-

ment would inchude all input-saving technologies, whether

these originate from traditional experience ar from sci-
entific experimentation. "Vhey would exchude by ecolog-
ical criteria, destructive farming practices and, by eco-
nomic criteria, costly, unsustainable high-input techmigues,
Use of this set of criteria implies that unsustainable
practices cannot be called economic. Applying these cri-
tevia helps in the general ovicntation of agricultural strar-
egies to cope with future demand..

We would like to develop nutrient-creating
and nutrient-conserving agricultural systems which
rely on management as much as possible to pro-
vide nutrients. For example, Jegumes fix nitrogen
and theretore remove inert nitrogen gas from the
atmosphere and convert it into forms which can
be used by plants. In a strict sense, nutrients or
matter cannot be created, but their availability can
be enhanced through management practices. To
achieve this, the concepts of nutrient cycling must
be understood.

Nutrient Cycling—An Overview

Nutrient cycling involves not only chemical,
but physical and biological factors. Figure 1 pre-
sents the general nutrient flow i a soil for any
clement.

As the figure indicates, nutrient equilibria are
extremely complex and dynamic, changing as the
soil environment changes. Organic matter, water,
temperature, oxygen, and soil pH largely influ-
ence the state of nutrients and their availability .t
a given time. The supply of any nutrient can be
increased or decreased, short-term or long-term,
by the level and type of management that the
systeni recelves,

Chemical, physical and biological strategies
can be devised to increase nutrient supply and
availability. However, rather than trying to achieve
these goals only in the short term, a regenerative
system—one that creates and conserves nutri-
ents—seeks to manage these supplics over the long
term.

Nutrient Availability and Stability in
Compost

In most farming systems, nitrogen i the most
crucial nutrient for crop production. In assessing
the agronomic aspects of organic materials in ag-
riculture, the tollowing characteristics of these
materials, and conditions associated with their use,
should be evaluated and, where possible, quanti-
ried:

1) The mineralization rate of the different

materials;

2) The residual cffects from the use of the

organic materials;

3) The effects of manures and compost on

the physical properties of soils.

Figure 1: Generalized Nutrient Availability
Diagram.
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Pratt et al. (1973) have proposed using a se-
ries of yearly mine.alization rates, which they called
decay series, to estimate paramieters 1 and 2 above,
with particular reference to N, They proposed
that the rate of decomposition will depend on the
N content of the material at the time of applica-
ton, and suggested the mineralization rates shown
in Table 1 tor ditterent manures.

The decay series 0.90, 0,10 and 0,03 tor
chicken manure means that % percent of the added
nmtrogen would be mineralized during the first
year, while 10 percent and 5 percent of the re-
mainmg N would be mineralized during the see-
ond an’ third vears, respectively. Insubsequent
years, the nineralization rate is expected to be 3
percent. Prate e al. (1976) and Pratt and Castel-
lanos (1981) have reporeed data supporting this
hypothesis,

In a four-year field trial (1970 to '74) at the
University of Californta, two types of manures
were used for barley grown in the wineer and
sudangrass grown in the summer on a Hanford
sandy loam soil. One manure was a liquid ma-
terial collected from a teedlot, and the other a
sohd material tfrom a dairy corral.

The liquid (90 percent water) was a fresh
material hauled to the site and disked into the soil
within 48 hours atter application. Field rescarch
showed that 75 pereent of the nitogen in this
hguid was available the first vear atter application,
whereas only 45 percent of the nitrogen from the
solid manure was available in the first year. Total
nitrogen i the liquid manure was 1.3 percent on
adry weight basis, whereas the solid manure con-
taned 1.6 pereent N, so that 68 pounds of nitro-
gen were made avatlable tor cach ton of dry weight

Table I: Mineralization Rates for Different Manures During the First 3 or 4 Years After

Incorporation.

Type of matenal 1st year 2nd year 3rd year 4th year
Chicken manure 090 0.10 0.05 —
Fresh bovine wastes, 3.5% N 0.75 0.15 0.10 0.05
Dry corral manure, 2.5% N 040 0.25 0.06 —
Dry corral manure. 1.5% N 0.35 0.15 0.10 0.05
Dry corral manure, 1 0% N 0.20 0.10 0.05 —
Liquid sludge, 2.5% N 0.35 0.10 0.05 —

Source Prattetal . 1973

Table 2: Data for Composition of Manures and for Available N Estimated as Mineral N Plus
Net N Mineralized During a 10-Month Period of Cropping in the Greenhouse.

% Available N+

Tota! Mineral Organic San
Manure N N C CIN Holtville Emigdio
Composted dairy 1.97 0.030 240 12.2 13.6 20.8
Beef 2.56 0.023 369 14.4 275 40.3
Sheep 2.28 0.075 30.3 13.3 271 358
Composted dairy 1.91 0.030 19.3 10.1 7.7 13.6
Chicken 459 0.153 298 6.5 549 64.9
Composted chicken 1.70 0.215 1.0 6.5 34 4 34.8
Pig 3.86 0.142 38.2 9.9 37.7 469
Dairy 287 0.078 34.4 12.0 247 297
Dairy 1.99 0.037 31.6 15.9 13.1 238
Very old, 2.14 0.056 14.3 6.7 4.4 6.2

composted dairy

+Percentage of total N
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Table 3: Nitrogen Content, Mineralized Nitrogen and Carbon, and Available Nitrogen During

Greenhouse Cropping.

Available nitrogen?®

Total Mineralized Mineralized
nitrogen nitrogen’ carbon® % of Pounds Pounds per

Manure (% of dry (% of total (% of total lotal per ton 15 tons
type weight) nitrogen) carbon) nitrogen dry wi. field wt.*
Chicken 4.6 48 33 65 60 600
Composted 1.7 29 22 35 12 120
chicken

Pig 3.9 34 28 47 37 370
Beef 2.6 23 16 40 21 210
Sheep 2.3 20 15 38 17 170
Dairy 29 21 16 30 17 170
Dairy 2.0 9 10 24 10 100
Composted dairy 20 6 5 21 8 80
Composted dairy 1.9 6 5 14 5 50
Composted diary 2.1 5 2 6 2 20

'Nitrogen mineralized in 10 weeks of incubation in the laboratnry
?Carbon mineralized in one week of incubation in the laboratory

*Nitrogen available dunng 10 months of cropping in the greenhouse

*Pounds of avallable nitrogen for a 15-ton apphication, assuming a hield weight of 67 percent solids and 33 percent water

Figure 2: Nitrogen Mineralized From Manure-
Amended Samples of San Emigdio Soi*
Incubated in the Laboratory For 10 Weeks,
Expressed as Percentage of Total N.
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added, or fron. 10 tons of liquid weight. The solid
manure gave only 14 pounds of N per ton of dry
welght.

Further rescarch on this subject with 10 mia-
nures and composts by Castellanos and Pratt (1981)
showed that both the material and soil type deter-
mined nitrogen availability (Table 2).

In this case, available N was mineral N plus
net minerahized N during a 10-month greenhouse
cropping period, where barley (Flordenm vulgare
L.y and sudangrass (Serghum sudanese) were cach
harvested twice. Available N varied trom about 5
percent in very old composted dairy manure to
65 percent m chicken manure.

The rate of N release over a 10-week period
of cach nuaterial in the San Emigdio soil is pre-
sented in Figure 2. The data shows that frésh
chicken manure was decomposed ar the fastest
rate, whil* old dairy manu os were decomposed
ar the slowest rates. Other manures were inter-
miediate,

The dairy manure containing 2 pereent N
and a C/N ratio of 15.9 showed N immobiliza-
ton during the first tour weeks of incubation.
Barley in this treatment yielded less than in the
control in the tirst cutting.

Table 3 gives addivonal data on the set of
manures used in the above studies by Castellanos
and Prare (1981). For instance, composted chicken




manure had much less total N than tresh chicken
manure, and that N was about half as available as
the N in the fresh manure. Thus, the composted
material per unit weight was about one-fifth as
valuable in supplying available N as the fresh nia-
nure (Table 3, column 3).

The three composted dairy manures had an
average total N concentration of” 2.01 pereent
compared with an average of 2,43 pereent for the
two manures collected from dairy corrals. The
data suggest that the composted dairy manures,
excluding the very old composted muaterial, Jro-
vide about 50 pereent as much available N as the
fresh dairy manures. The very old composted
manure provides about 20 pereent as much.

The data show that composting produces
materials with highly stable N and ¢ that is in-
dependent of total N and C contents. Compost-
ing reduces odors and - creates berer physical

properties, but dramadcally reduces the value of

the manure as a N feralizer,

Prace and Castellanos (1981) have also shown
the practical implications of the vitrogen release
rate of these materials. The last column in Table
3 shows the pounds of nitrogen available from a
I5-ton per acre application of air-dey manure as-
sumed to contain 33 percent water. It is obvious
from the data thau 15 tons per acre of the fresh
chicken manure with 4.6 percent nitrogen is too
much. A rate of 5 tons per acre would be appro-
priate for most situations. But for composted
chicken manure, 15 tons per acre is needed to
supply even a modest amount of available nitro-
gen. While for the old, composted dairy manure,
applying 15 tons per acre would provide only 20
pounds of avatlable nivrogen.

Data from both the ticld trial and the green-
house show that the nitrogen available from ma-
nures depends on the type of animal, the nitrogen
content, and the stability of the nitrogen or the
case with which it s mineralized.

Manures aged by wetting and drying as they
accumulate on Hoors or under pens lose nitrogen
by volatilization of ammonia; the renaining organic
nitrogen is more resistant to mineralization. The
extreme of this stabilization process takes place
during composting, which produces materials with
less odor and good physical properties. but with
lower nitrogen availability, Thus, for optimizing
nitrogen availability, 1¢is best to apply the manure
and mix it with the soil as soon as it is produced.

No data similar to those for N arz available
for phosphorus release. Although the total amount
of P applicd from manures can casily be esti-
mated, the quantity mineralized during a given
period is dithicult to come by, Brady (1979) esti-

Figure 3: Hypothetical Yie!d-Nutrient
Relationship
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mated thae about one-sixth of the organic phos-
phorus present in animal manures may be miner-
alized during the tirst vear of decomposition.

Potassium exists primarily s the potassium
1ot even e biological svstems. Therefore, it will
be highly soluble and readily available to plants.
However, due to its high solubility, leaching losses
may be lirges ways of minimizing this loss during
compostig should be practiced.

Calcinm and magnesium are less soluble than
potassim, so leaching should not be a problem.
Availability o these nutrients results prinuarily from
4 combinadon of biological activity and inorganic
chemical equilibria,

Sulphur availability, like that of phosphorus,
is largely a result of biological activity. The con-
centradon ot both nutrients i most biological
systems is very similar,

The micronutrients m compost should sup-
ply the needs of most crops.

Crop Response to Compost and
Manures

Figure 3 demonstrates that yields increase
dramatically with small compost applications in
infertile soils and decrease per unit of input as
nutrient sufticiency is approached. In using ma-
nure or conmpost, near optimum application on all
land is a wiser strategy than using it very heavily
m some arcas and not in others, assuming soil
conditions are equal. This was demonstrated by
Fhleman and Morclock (1982), who worked with
cotton gin compost on green beans in Arkansas.

Calealations trom their data of total analysis
of the ash indicated that the N, PO, and K,O
ratio was nearly 2-to-1-to-1. Theretore, a 3-ton
application would  supply approximately 118
pounds of N, 60} pounds of PO, and 70 pounds
of K,O at 20 pereent moisture. The water-soluble
aalyses showed that nitrogen and potassivim were
quite soluble, and that there was 4 sizable amount
of soluble phosphorus. These analyses indicated
that an adequate rate of” compost would supply
worthwhile amounts of soluble N, O, and K.O.
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Table 4: Yields of Fresh-Weight Greenbeans
and Above-Ground biomass in Compost-
Treated Plots. (Average of Four

Replications)
Compost Above-ground
amendment Greenbeans  Biomass
(tons/acre) tons yielded per acre

0 3.37 6.10

3 4.49 8.07

6 493 9.28

9 4.81 8.98
12 473 9.08
15 517 10.22

L.S.D. at 5% fur greenbeans = 095
L.S.D. at 5% for biomass - 1 63
L.S.D. at 1% for biomass = 2 25

The yield obtained by applying three tons of
compost is given in Table 4. All plots with com-
post had signiticantly higher vields ot both beans
and biomass than plots without conimost.

Augustburger  (1982) carried out  experi-
ments in ewo sites in Bolivia, comparing compost
and chemical fertilizers in potato production.
Chicken and cow muanure composts were pre-
pared using the “Indore” and compost heap meth-
ods, and both tresh and composted manures were
used i experiments located in rhe villages of To-
rolapa and Patrumani,

In the Torolapa expertment, 10 tons per hee-
tare of cach organic material was appiicd. Chem-
ical fertilizers were applicd at rates of 80 kilograms
of N and 120 kilograms of PO, per hectare when
potatoes were sown. The crop of “oca”™ (Oxalis
tberosum) that was sown the following vear re-
ceived no tertilization of any kind.

Fresh chicken manure produced the best yield
m the first crop (potato), and the lowest in the
second (“oca”). This was probably duc to the quick
release of nitrogen, high availability of phospho-
rus, and the neutralizing effect of chivken manure,
which is alkaline (pH 9.0), in an acid soil. The
chemical fertilizer was 4 mixture of urca and
diammonium  phosphate, which increases  the
acidity of an already acid soil. This tertilizer
produced inferior results compared with fresh
chicken manure in the potato crop.

In the Pairumani experiment, the same level
of nitrogen was used in all spplications; organic
manures were distributed according to their ni-
trogen content. OF the crops used i the rota-
tion—potato/grain corn/potato/silage corn—only
the potato crops received fertilization.

Nitrogen was applied at 80 kilograms per
hectare in 1980, and at 140 kilograms per hectare
in 1981, Phesphorus application rates were 120
kilograms per hectare and 140 kilograms per hee-
tarc as PO, respectively in 1980 and 1981, There
were no adjustments i the amount of cach organic
manure apphed according to their respective con-
centrations of P, K, Caand Mg,

I Pairumani, potato crops in 1980 and 1981
were grown in the dry season using Hood irriga-
tion. The highest yield was achieved with com-
posted chicken manure, because Bolivian farmers
usually scatter manure and chemical fertilizer on
top of the potato seed instead of under it. Scatter-
ing tresh chicken manure or chemical tertilizer on
top can occasionally burn the seed sprouts and
delay growth for more than two weeks. Ob-
viously, this reduces the yield. Using compost does
not harm the sprouts, and facilitates development
of young potato plants. [t also 1educes damage by
msects such as Hea beetle,

Table 5: Yields Obtained With Ditferent Manures and Fertilizers in Torolapa, 1980 to 1982,

1st crop: 1981

2nd crop: 1982

Manures/Fertilizer potato “oca”

(tons/ha) (tons/ha)
Chicken manure/fresh 36.05 a' 3.40
Chicken manure/composted 24.38 bc 5.93
Cow manurefiresh 20.56 ¢ 5.00
Chemical fertilizer 29.05¢ 6.28
Control 931d 2.35
P 0.05 55 NS

'Data in the same column followed by the same letter are not signilicantly ditferant at the 0 05 probability level.



Table 6: Yields Obtained With Different Manures and Fertilizer in Pairumani (1980 to 1982).

1st crop: 2nd crop: 3rd crop: 4th crop:
Manure/ 1980 1981 1981 1982
Fertilizer potato grain corn potato silage corn
(tons’ha) (tons/ha) (tonstha) (tons/ha)
Chicken manure/ 3459 b’ 8.96 2090 ¢ 18.63
fresh
Chicken manure/ 38.87 a 9.14 25.55a 19.17
composted
Cow manure/ 34.32b 8.81 23.18b 17.80
fresh
Cow manure/ 3461Db 9.00 22.13 bc 18.45
composted
Chemical 34.12b 9.29 14.07d 17.50
fertilizer
“ontrol 26.03¢c 8.44 10.33¢e 17.32
Average 33.76 8.94 20.69 18.14
P 0.05 4.91 NS 3.63 NS

'Data in the same column followed by the same letter are not significantly different at the 0 05 probabilty level

In the second potato crop (1981), a decrease
i yield was observed in comparison with the first
potato crop (1980). The potato vield obtained in
1981 with chemical fertilizer was signiticantly lower
than the control.

Neither corn grain nor corn silage gave a
statistically signiticant response to the residual fer-
tilizer lett in the soil atter the potato harvest, since
the fertility of the soil was quite high.

Russell (1973) discusses a hitdle-understood
factor of considerable importance to nutrient util-
izazion: Rotting material in the soil will usually
add more humus and nutrients than it it is first
composted and then added to e soil. Experi-
ments have been done at Rothamsted tor a num-
ber of years comparing a plowed-under dressing

of straw and nitrogen with the same quantity of

straw and nitrogen rotted ina compost heap and
then applied to the land. The plowed-in straw has
always given a better yield than the compost. This
may be duce to losses of nitrogen and potassium
during the composting process.

Russell (1973) reports that Acharya and his
co-workers in 1945 and 1946 found that nearly
one-quarter of the nitrogen in 4 mixed organic
refuse, whose C/N ratio was initially 32, was lost
during the first 20 weeks of composting, proba-
bly by v dlization as ammonia. But there was
no net loss it soil was added to the retuse. Pre-
sumably, the ammonia released during decoms-
position is absorbed by the clay in the soil and
then nitrified. Potassium is lost it any liquid drains

out of the compost heap; straw compost can be a
usetul source of potassium for the crop,

The nutrient content of some manure sam-
ples from Tanzanie and the effects of manures on
the yields of several crop species have been re-
ported by Kasembe, eral. (1983). In general, ma-
nures trom Tanzania had lower N content than
those from the United States quoted above. This
is due to low animal nutrition and poor handling
methods. Some manures used i Tanzanian stud-
ies were obtained from kraals withoue any cover,
causing greater nutrient losses. Despite the low
nutrient contents ot ‘Tanzania’s manures, similar
trends - relation to their ceffects on crop yields
were obtained,

Apart trom their chemical effects, compost
and manures also improve a number of soil phys-
ical propertics, such as aggregate stability, bulk
density, porosity, hydraulic conductivity and wa-
ter-holding capacity. Biswas and Khosla (1971)
have reported data showing the positive effects of
manures and compost on these propertics. How-
ever, data corrchiting the improvement in these
properties with vields is lacking.

Using intormation from Samki ¢t al. (1981),
we can attemipt to determine practical manure ap-
plication rates for Tanzania. Table 7 provides fer-
tilizer recommendations for nuaize in cach of Tan-
zania’s ccological zones. These rates are largely
based on crop response data, so they provide a
good basis for making estimates of manure or
compost rates. Nitrogen requirements generally
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Table 7: Optimum Fertilizer Rates For Maize in Tanzania Ecological Zones.

Ecological Regions Covered
Zone (Partially or ‘Wholly) N P.O, K.O
Optimum lertilizer rate (kg/ha)
1 Lindi — — —
2 Mtwara 80 40 30
3 Morogoro 50 50 —
4 Mbeya 80 60 —
5 Tanga, Dar es Salaam — — —_
6 Tanga 20 to 40 40 —
7 Arusha, Kagera, Mara, 50 40 —
Kiliminjaro
8 Iringa, Rukura, Lindi 60 40 —
9 Lindi 70 60 —
10 Kagera 50 40 —-
1 Tabora, Shinyanga, 70 60 —
Singida
12 Kigoma, Rukura 50 50 —
13 Coast, Tanga —_ —_ —_
14 Kiliminjaro, Arusha 80 60 —
15 Shinyanga, Mwanza _ — —_
16 Tabora, Dodoma — — —
17 Arusha, Kiliminjaro —_ —_ —_
18 Morogoro. Mwanza 40 — —
19 Mwanza, Shinyanga, Mara — — —_—
20 Mwanza. Mara, Shinyanga 80 40 —

range from 40 to 80 kilograms per hectare for
maize.

The data presented so far demonstrates that
there is considerable variability in both content
and availability of nitrogen in manures and com-
posts. Table 8 presents some hypothetical amounts
of nitrogen available from a 5,000-kilogram per
hectare application of compost. The same would
be true for manure. For example, ceological zones
3, 7 and 10 have a recommendation of 50 kilo-
grams per hectare of nitrogen. If our hypothetical
compost had 1.5 percent nitrogen, and 40 percent
of the nitrogen was available as determined by
crop response, 7,50 kilograms of” compost per
hectare would supply 45 kilograms of N per hee-
tare, which nearly satisties the requirements in these
zones.

At this stage, the use of manures and com-
post should be cmphasized on Tanzania’s small
farms, while appropriate systems for large-scale
farms are being developed.

Table 8: Available Nitrogen As Affected by
Nitrogen Content and % Nitrogen
Availability, With An Application of 5,000
kg/ha of Compost.

% Nitrogen Content of Compost

% Nitrogen
Avallability* 0.5% 1.0% 1.5% % 2.5% 3.0%

kg available nitrogen

20 5 10 15 20 25 30
30 7 15 22 30 37 45
40 10 20 30 40 50 69
50 1225 37 50 62 75
60 15 30 45 60 75 90
70 17 3 52 70 82 105
80 20 40 60 80 100 120

*Needs to be determined by crop response expernments in the
field



Future Research Needs
Future needs will be based on the principles
of a regencrative, self=reliant system. Sinee the
major problem is nitrogen, rescarch should con-
centrate on using, providing, and conserving this
soil nutrient. Potential rescarch topics include:
1) Manure handling and urilization, with
emphasis on nitrogen;
2) Compost handling and utilization, with
emphasis on nitrogen;

3) Response of crops in the neld to various
composts and munures;

4) Development of biological and chemical
criteria to estimate the value of compost
and manure in a crop rotation:

5) Development of informanon on other nu-
tricnts besides nitrogen;

6) Development of cropping patteins which
increase the use of legumes for food, com-
post, and green manure,
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DISCUSSION

Agronomic Aspects of Manure and Compost Use

Q:(Lwanda): How do you calculate the amount
of compost from a heap to cover an arca-—sav,
one acre? How much compost should be made
in cach heap?

A:(Semoka, Univasity of Dar es Salaam): Take a
measurement of a cart and determine the quan-
tity of compost it can hold. A given application
rate can then be met by spreading the required
amount per unit arca. Amount made in cach
heap depends on size of heap and nature of
ingredients.

Q:(Hag): What will happen to soil tertility it there
15 no water?

A:(Semoka): We assume that water is sufficiently
available.

Q:(Lwoga, Univerity of Dar ¢s Salaam): Legu-
minous planes have Ligh nitrogen. Can't they
be used in manures?

Az(Semoka): A paper on nitrogen selt=sutticiency
will discuss this.
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MANURE AND COMPOST
HANDLING IN TANZANIA

E.M. Ngaiza, Center for Agricultural Mechanization and Rural Technology, Arusha

Handling manure or compost is a tedious job.
The recommended amounts, which range from
17.5 tons to 50 tons per hectare, are so large that
a peasant tarmer will find it very dithicult to fol-
low them without propes equipment. Manure and
compost are usually moist, sticky, dirty ard heavy,
characteristics which further emphasize e need
for proper cquipment.

Storing compost requires a structure with a
water-tight Hoor to prevent leaching, of nutrients,
and a roof to prevent rain from spoiling it. In
Tanzania to date, kraals, which are commonly
used in areas with large numbers of livestock, do
not meet these requirements. Theretore, during
the rainy season, the manure or compost will be
too wet and poor. thndling the materials during
this period becomes very ditticult, too. There-
fore, as far as structures are concerned, there is a
lot to be done in crder to get good quality manure
Or conIpost.

Handling equipment is not well-developed,
cither. Most farmers still use pans, tins 2nd locally
sown containers to haul manure and compost to
the tields. As a result, the recommended quan-
tities are not applicd. Assuming that there were
enough produced, as is the case in some regions,
lack of durable, large and efticient cquipraent would
hamper the efforts of transporting the materials
to the farm.

Many farmers, most of whom are women,
still carry compost on their heads. Therefore, they
can carry only small quantitics at a time. Take, for
example, the recommendation of 17.5 tons per
hectare, and a farmer using one “debe,” which
can carry, a¢ most, 20 kilograms. It she had wo
travel 500 meters from home to the field, the total
distance traveled could be caleulated as follows:

S = toul distance traveled in kilometers to

cover one hectare,

R = recommended rate of application in kil-

ograms per hectare. -

C = capacity of equipment used to haul the

compost in kilograms,

D = distance from home to the field in kil

ometers.

S = 2DR
C
S=2x05x 17,500
20

S = 875 kilometers

If one used an oxcart that carries one ton per
trip, the distance traveled would be caleulated as
tollows:

S=2x05 x 17,500
1,000

S = 17.5 kilometers

This cquipmert, apart from reducing the dis-
tance traveled, puts no weight on the farmer him-
self, but the animal. It immediotely relieves him
of the burden to carry the manure or compost.
This example illustrates the need for proper
cquipment for handling such materials,

Compost-Handling Equipment
in Tanzania

Compost-ha..dling equipment i “Tanzana falls
into two main groups: traditional handling, equip-
ment, and improved or modern handling equip-
ment.

The tirst group, which includes tins or pans
of various sizes, is made of simple materials put
together by local craftsmen. The containers are
usually carried on the shoulder, head or back. Their
capacity is usually small, and it will take a long
time to haul manure or compost to complete one
hectare's requirement.

The second group is usually of larger capac-
iy uses wheels in transportation, and relieves the
farmer from the burden of carrving the material
himselt. This  group includes  wheelbarrows,
handcarts, ox=drawn carts and tractor-drawn carts.
Carts range from those with a single wheel, to
those with a double axle with four to six wheels.



These are usually loaded and unloaded manually
or mechanically. In arcas where the tractor is out
of reach to farmers, the equipment commonly
used is animal-drawn. This is in line with the
national policy on agricultural mechamzation.
Improvements on oxcarts are being made to make
them unload auromatically in the field. Improved
equipment can be made locally using local skills
and materials.

Another important aspect of handling cquip-
ment is tools for loading, unloading and spread-
ing. When manure or compost is loaded by hand
in small quantitics, 1t ircreases the burden on the
farmer. Some of the tools include the hand-=hoce,
shovels, forks, and, while in the field spreading,
rakes. On designs that spread automatically in the
field at a constant rate of output, the need tor
using tools in the ficld is minimized. The short-
comings of these tools are unevenness of spread-
ing, and high demand for man's energy.

Equipmeut Design Considerations

There ~re several factors which need atten-
tion when designing compost-handling equip-
ucitt. These are:

a) The source of power to haul the manure
or compost. When power available is small,
the size of the equipment also becomes
small, and vice versa.

The material used to construct the equip-
ment and it characterisucs. Under local
conditions, a wooden structure would be
more easy to make than a metal one. But
wood is heavy and rots casily; this could
be a limitation. Choice of raw materials is
limited by the amount of monev available.
¢) Cost of cquipment. The final product, af-
ter design, should be inexpensive but good.
A lot of farmers have meager incomes,
and will not invest in equipment that will
almost exhaust their capital,
d) Operation'd quality. Equipment that will
do the job with minimum adjustments and
maintenance will be preferred to that which
is complicated. Remember, our farmers
are meeting this experience for the first
time.
Available skills in the village. A place like
CAMERTEC designs prototypes that can
be made in rural arcas by village crafts-
men. There are usually some carpenters
and blacksmiths who, with little training,
can master the procedures in making a
particular picce of equipment. This is im-
portant if technology has to spread fast to
a lot of people.

o
=

o
~

Equipment Demand and Supply

The demand for handling equipment in Tan-
zamia is far greater than the supply. The issue of
farm implements in general is of great concern at
present, and handling equipment is no exception.
Many regions could produce their own equip-
ment it village workshops or district workshops
were set up. The skills involved are simple. A
survey of some regions revealed the following de-
mand for oxcarts (Table 1).

Table 1: Oxcart Requirements in Selected
Regions, 1982/83.

Oxcart Unit Price
S/NO. Region Requirement in Tsh.
1. Arusha 1,810 6.000 to 10,000
2. Dodoma 300 4,500 to 10,000
3. Iringa 2,525 3.500to 4,500
4. Kigoma 80 1,20010 2,000
5. Pwani 20 4,000to 6,000
6. Rukwa 200 7.000to 8,000
7. Shinyanga 1,000 4,500t0 9,000
8. Mwanza 2,000 7,000 to 12,000
9. Singida 2,000 6,000 to 15,000
10. Morogoro 300 6,000 to 10,000
11. Mara 1,000% 6,000 to 10,000

Other regions have nol responded
*Estimate based on past request

This kind of demand shows that the people
are ready to use this particular handling equip-
ment, but they have no supplier. At present the
following places are manufacturing  handling
equipnient:

a) CAMERTEC headquarters, Arusha

b) CAMERTEC branch, Nzega

¢) Kahama rural craft workshop

d) Kigwe—Dodoma rural craft workshop

¢) Songea rural craft workshop

£) Mbeya rural craft workshop

£) Musoma rural cratt workshop

h) Malya—Mwaniza rural craft workshop

1) Some SIDO workshops, ¢.g. SIDO

Singida

J) Themi Farm Implements, Arusha

k) Some private workshops

) Some missionary-run workshops

m) Sonie  government  departments,  e.g.

Magereza
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Toward Self-Reliance in Agricultural
Mechanization and Compost Handling

Together with using compost in agricultural
production, the whole emphasis on better agri-
cultural mechanization should be taken seriously.
It is clear that production per person is deter-
mined by the tools used. In order for Tanzania to
increase crop production, better implements, es-
pecially those drawn by draft animals, should be
used.

In drawing up plans o spread implements to
the farmers, regions have o survey their own re-
quirements for manure- an| compost-handling
equipment. The Center for Agricultural Mecha-
nization and Rural Technology has cnough expe-
rience today to help set up production units at
regional. district and village levels. What is re-
quired is a plan drawn by e region, and an allo-
cation of resources to establish and run such
workshops. Tanzania cannot rely on a few large
factories to satisty national demand for farm im-
plements. Each region will have te establish local
requirements and produce equipment to suit local
conditions. CAMERTEC has proven prototypes
that can be used immediately.

The various institutions that could produce
farm cquipment and manure- or compost-han-
dling facilities with farge capacity include:

a) The Tanzania s.gricultural Rescarch

Organization (TARQ)
b) Ministry of Agriculture Training
Institutes (MATIs)

¢) Prisons

d) JKT

¢) Technical schools

£) Ujenzi workshops

g) Crop Authorities workshops
h) Some tolk-development colleges (former
FTCS)

i) Some agriculture-based sccondary schools

These institutions do not require much ad-
ditional capital to produce agricultural machinery.
In some cases, they do not even have the handling
cquipment themselves, But, as a seltoreliance
measure, they ought to be well-equipped. This
will be an example to nearby farmers, and any
extra production can be sold to neighbors. It is
the duty of regions to set up production centers
and utilize regional mechanization officers to guide
production.

Strategy for Handling Manure
and Compost in the Future

The problems of handling manure and coni-
post are far from being solved. The idea of using
these materials is timely and relevant, but, in or-
der to handle such farge quantities of organic mat-
ter, a farmer will need larger equipment which
reduces his burden.

In the fuwre, districts and viliages should
look into local production possibilitics of handling
equipment. The present practice of using man to
carry all the load on his head should be discour-
aged, and the authorities must provide farmers
with better facilities in order to promote use of
manure and compost.

Editor’s Note: Following this paper, another paper
titled *Manure and Compost Handling: A Summary
of Methods and Practices; Used by Advanced Farm-
ers” was presented. The author was Manuel C. Pa-
lada, of the Rodale Rescarch Center, Kutztown, Pa,
19530.

DISCUSSION

Manure and Compost Handling in Tanzania

Q:!Kapande, MATI, Ukiriguru): Where there are
10 oxen as a power source, how best can com-
post be handled?

A:z(Ngaiza, CAMERTEC): Human power and
other equipment can be employed. For exam-
ple, carts and other wheeled equipment can be
used.

Q:(Mwambene): T wonder whethier donkeys and
horses can be employed to carry compost on

their backs.

A:z(Ngaiza): A donkey cart has been designed for
use as employed for these pack animals, Per-
haps handling horses in this country is a rather
dithcult issue.

Q:(Mutagwaba): Could litter from trees be used
in composting?

A:(Ngeze, CCM chairman, Kagera): Provided the
materials can provide a good mix, they can be
used. The critical factor is the carbon/nitrogen
ratio.



NITROGEN SELF-SUFFICIENCY

W. C. Liebhardt, Rodale Research Center, Kutztown, Pa. 19530

In many countrics, nitrogen <clf=suthciency s
achieved by the use of both biologically and
chemically fixed nitrogen. Cost of the latter form
is now becoming prohibitive, because energy costs
are mereasing dramatically. Theretore, farming
sysiems which rely on biological nitrogen are be-
coming increasingly important.

Biological Nitrogen in Temperate Zones

In the United States, biologically produced
nitrogen is becoming more important as the price
of nitrogen fertilizer increases. Voss and Shrader
(1979) presented information on the effectiveness
of biological nitrogen in lowa (Table 1).

After the first 10 years of rotation studices at
some locations, data indicated that similar corn
yiclds could be obtained whether the source of N
was provided by legumes or by fertilizer. Recent
summarics of data, however, indicate that yields
of first-ycar corn after meadow are greater than
subsequent years of corn, pa-ticularly continuous
corn, regardless of the amount of N furnished.
These are averages of the corn yields from all
comparable rotations at cach location. There is a
downward trend in corn yields as the frequency
of corn in a rotation is increased.

There appears to be littde ditference in the
effect of the frequency of a legume m a rotation
on corn yields. For example, corn yields are very
stmilar regardless of whether corn follows cither

two years of meadow, one year of meadow, or
soybeans. In cach case, the yield of corn following
a legame is higher than that of continuous corn.

Bin (1983) reviewed China's potential for us-
ing leguminous green-manure crops to nuaintain
or increase the amount of iexpensive biological
nitrogen. Owing to the very limited per capita
possession of tarmland (only 0.1 hectare) in China,
green-manure crops and other crops compete for
space and time. In fact, this competition is the
contradiction between land utilization and land
upkeep. Properly coordinating these conflicting
needs 1s not only a prerequisite for the cultivation
of green-manure crops, but also a basis of arrang-
ing the place of the green manure in the crop-
planting svstem. Table 2 summarizes how some
green-manure crops are used and how much ni-
trogen is brought into the systen.

Among the green-manure crops now culti-
vated in China. mest belong to the legume fam-
v, These plants are symbionts of Rhizobium, ca-
pable of fixing large amounts of nitrogen. The
amount of N tixed by the green-manure crop s
related to the biomass produced, just as the bio-
mass 1s attected by ditferent methods of cultiva-
tion. Usually, & green-manure crop fixes at least
30 kilograms of nitrogen per hectare, and would
reach up to 340 kilograms per hectare if it should
get 7,500 kilograms per heetare of biomass (fresh
weight).

Table 1: Effect of Fertilizer N on Yields of Corn in Different Crop Rotations at the Clarion-

Webster Research Center, 1971-78.
kg’/ha  Cont. C  CCCO, CCCO, CCco,

CSbCO, CSbCO, C€CCOM CCOM COMM

metric tons/ha

0 3.1 6.3 4.7 3.8
67 58 7.6 6.6 57
134 7.1 7.8 7.6 7.6
201 7.4 8.1 7.9 7.6

6.4 6.5 8.3 5.2 8.8
8.0 7.4 8.0 7.2 8.1
8.3 8.0 8.3 7.5 8.6
8.1 8.1 8.1 7.8 8.3

X = legume cafch crop, crop in bold type is related to yeld
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Table 2: Amounts of Nitrogen Fixed by Different Kinds of Green-Manure Crops.

Green-manure crop Method of cultivation

Yield of aerial parts,
fresh wt., t/ha

iNitrogen fixed,
kg/ha

Milk vetch Grown for one season in winter 2251075 101.2t0 3375
Sesbania Grown alone for one season 2251075 112.510 375
Interplanted in summer 11.21t0 30 56.2 to 150
Sunr. hemp Grown as catch crop in summer 15t037.5 6010 150
Sweet clover Grown far the whole year 3010 60 150 to 300
Interplanted at the early 7.5t011.2 37.5t056.2
stage of corn
Vicia sativa Grown as catch crop in winter 11.21022.5 56.2to 105
Grown alone for one season 2251045 105to0 210
Azolla Grown prior to transplanting 22.5t045 4510 90
rice seedlings for 20 days
Grown prior to transplanting 3751075 75to 150
rice seedlings for 30 days
Interplanted with rice for 15t022.5 3010 45
20 days
Interplanted with rice for 37.5t0 60 75t0 120
40 days

Nitrogen in the Tropics

Nitrogen is crucial to crop production and to
the protein availability to tropical people. Acid
soils limit available protein by reducing nitrogen
fixation by leguminous plants, which convert the
nitrogen of the atmosphere into available forms.,

Plant-available nitrogen is derived from organic
matter, leguminous nitrogen fixation, fertilizers
and animal manure. The main source of nitrogen
in the Tropics is organic matter. Therefore, prac-
tices which add organic matter to the soil are cs-
sential. Organic matter not only provides nitro-
gen, but improves the soil’s physical condition
and water-holding capacity, increasing water to
plants and decreasing the soil temperature.

Nitrogen Supply Process

Nature has provided the nitrogen for crop
production since the beginning of time. However,
seldom has it provided an abundance of nitrogen
for sustained periods of crop production on the
same land. Morcover, natural supply processes
scldom provide cnough plant-available nitrogen
to achieve the level of food and fiber production
needed to meet the demands of present-day crop
production.

Bartholomew (1972), states that the natural
supply processes include: 1) mineralization of ni-
trogen from soil organic matter and from crop

residues, and the reverse process of immobiliza-
tion in the decomposition of plant and animal de-
bris and soil organic matter; 2) fixation of nitro-
gen from the atmosphere, largely through biological
processes; and 3) addition of nitrogen through rain
and other forms of precipitation,

Soil organic matter is an important source of
nitrogen for crop production. However, soil ni-
trogen is not inexhaustible. It dechnes as it is used
by crops harvested from the land. Nitrogen in soil
is largely organic, replenished by periodic addi-
tions of fresh plant or animal residucs.

Under normal conditions, the nitrogen added
to the organic supply in the soil cach year through
crop residues (immobilization) is unavailable to
plants. However, through biological decomposi-
tion, organic nitrogen in the soil is continuously
converted to the inorganic form (mincralization),
which is available t~ plants.

Under any sustained system of crop and soil
management, these two processes tend to balance
cach other in magnitude (Bartholomew and Kirk-
ham, 1960). When this balance is attained, the
system 1s considered to be in equilibrium.,

The implications and consequences of an
equilibrium in the soil’s organic nirrogen need to
be emphasized. At equilibriuni, the amount added
to the supply of organic nitrogen is essentially
balanced by a like amount of decompesition. The
total quantity of soil nitrogen remains unchanged



and the net amount supplied to a crop is zero
(Bartholomew, 1972). Forest sotls and other vir-
gin lands tend to build up organic matter, accu-
muating as much as 10,000 Kilograms of nitrogen
per hectare. During the first vears of cultivation,
these sotls may supply up to 400 kilograms of
available nitrogen per hectare. Atter long periods
of cultivation, the soil’s organic matter becomes
exhausted, since it is the major source ot available
nitrogen. Unless legumes are grown, or the soil is
fertilized with nitrogen, the annual available nitro-
gen s depleted, except tor the limited amount
from rainwater and nonsymbiotic nitrogen fixa-
ton.

Many major land arcas ot the Tropics have
been cropped for extended periods, and the organic
matter stored under virgin conditions has been
dissipated. With little or no nse of nitrogen fertil-
izer, tropical crop vields reflect the paacity of the
natural nitrogen supply from rainwater and non-
symbiotic nitrogen tixation,

Figure 1: Pathways for Flow of N From
Legumes to Other Crops.

Seed Soil Fixation
1 2 3
Harve
I. Legume Plants | 4 Harvest
7 ¢6 5
<« seed |B—»
Death Grazing
y
151 V. Legume , 10,
Fire Residues lil. Animals Removal
Decay Excretion
13 11
V. Soil O.M. l7_ Erosion
16
Ne:
Mineralization
14 4 12
VI. Soil S )
Mineral N 19 Loss to Air, Water
18
Uptake
y
VII. Other
Crops

Corn yields of 600 to 1,200 kilograms per
hectare, and wheat yields of 400 to 800 kilograms
per hectare, require a nitrogen supply only a litde
larger than could be expected from rain and from
nonsymbiotic fixation. Yields this poor remove
no more than 15 kilograms of nitrogen per hect-
are from the land in the harveseed grain products.
Such minimal yields can be sustained for a long
time without fertilizer or legumes, but do little to
sustain the protein needs of animals or humans.

However, by including legumes in the rota-
tion, cither as a primary food crop or as a green
manure, the nitrogen supply in the soil-plant sys-
tem can be increased substantially. This could re-
sult in increased crop and protein production, and
help solve the malnatrition problen in the Trop-
ics.

Nitrogen Release from Organic Matter

Plant-available morganic nitrogen in most
tropical arcas shows a marked seasonal Auctuation
(Sanchez, 1976), characterized by a slow nitrate
(available form to plants) build-up during the dry
scason. There s a large, but short-lived increase
at the beginning of the rainy season and a rapid
decrease during the rest of the rainy season due to
leaching and plant uptake.

Since the leve! of pla-available nitrogen in
many tropical soils s low, the use of extra nitro-
gen (green manure, animal waste or compost)
will almost always icrease yields it crops can make
usc of the extra nitrogen.

In achieving mtrogen self=sufficiency, we need
to consider not just legume nitrogen fixation, but
the transter of nitrogen to other crops from le-
gumes. Henzell and Vallis (1975) reviewed this
subject extensively and present the hypothetical
How of nitrogen through the system in Figure .

Nitrogen in Legume Piants

The amount of N taken up by leguminous
plants varies according to species, ctfectiveness of
the  plant-Rhizobiim  symbiosis, environmental
conditions, soil fertility, and management. Crops
such as guar, cowpea, mung bean, soybean, and
groundnut commonly contain 80 to 250 kilo-
grams of N per hectare (Donald ef al., 1963; Nor-
man, 1966; Weber, 1966; Firth ef af., 1973; Musa
and Burhan, 1974), though a range of 30 to 60
kilograms of N per hectare has been reported for
pulse crops in India (Mchta, 1970).

The amount of N taken up by tropical pas-
tare legumes is similar to that of crop legumes.
Henzell (1968) estimated that the average growth
of pasture legumes in tropical and sub-tropical
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Australia yields 40 to 210 kilograms of N per
hectare each year, while very good growth
produces up to 340 kilograms of N per hectare.
Measurements in other tropical countries cover a
similar range (Jones, 1942; Moore, 1962; Whitney
et al., 1967; Keva, 1974). Most of these measure-
ments are tor legumes under cutting or lenient
grazing. The amounts under heavy grazing may
be nearer the lower end of the range.

The proportion of legume N derived from
syn:biotic fixation varies. It is often about 50 per-
cent in fertile soils (Vincent, 1963), but is likely to
be higher in N-deticient soils and lower where
substandal amounts of N fertilizer are used (Vin-
cent, 1965, Weber, 1960). In grass-legume mix-
tures, the proportion will probably be 80 pereent
to 90 percent or more, because the grass usually
takes up most of the available soil N (Walker of
al., 1956; Vallis et al., 1967; Henzell, 1908).

Because of the difhiculty of harvesting roots
and nodules, few data are available on che distri-
bution of N in legumes on a whole-plant basis.
Nevertheless, it appears that 70 percent or more
of the plant N is wranslocated to the above-ground
portions (Russell, 1961; Whiteman, 1971; Musa
and Burhan, 1974),

Where grain or forage is harvested, 60 ner-
cent to Y0 pereent of the legume N may be re-
moved from the land, the pereentage being greater
when the plant tops are harvested for green forage
or hay, and when the whole plant is removed for
threshing.

It is more difticult to define the pathways for
N pasture legumes. Pasture will usually be
grazed right up to the tme the land is plowd! for
cropping. At any instant, 70 pereent to 80 percent
of the N will be in the plant tops, but only part
of this can be grazed. With maximum cthciency,
domestic livestock may remove up to 90 pereent
of the herbage N that could be harvested by me-
chanical means (Henzell and Ross, 1973).

Okoric e al. (1965) estimated that under in-
tenstve rotational grazing, cattle utilized 45 per-
cent to 74 pereent of the available fodder in a
mixture composed  predominanty of Cynodon
plectostachiyns and Centrosema pubescens.

With sheep and cattle, the proportion of di-
ctary N removed in meat, milk or wool depends
on the productivity of the animal and the Juality
of its teed. Fenzell and Ross (1973) estimated that
the following pereentages of N were retained in
relatively productive pastoral systems: sheep tor
wool, 5 pereent to 13 pereent; milk cattle, 13 per-
cent to 28 pereent; beet cattle, 4 percent to 10
percent. In practice, the range will be from a neg-
ative percentage of ingested N (for animals in

negative N balance on poor feed), to about 28
percent. The proportion will usually be less than
10 percent when ruminants of average productiv-
Ky graze on tropical pasture legumes or on the
stubble of tropical legume crops. In absolute terms,
24 to 2.6 kilograms of N are removed in 100
kilograms of liveweight gain, and 5 t 6 kilo-
grams of N in 1000 kilograms of cow’s milk.

The other part is the N consumed on the
land, but excreted elsewhere. The loss of N must
be signiticant when animals are shut away at night,
and may be important even when they move off
the land merely for water or to camp. Although
no one has adequately quantitied this process as
far as we are aware, the distribution of excreta on
pastures has been measured. Flilder (19660) recorded
a considerable concentration of M on sheep canmps:
About one-third of the total fecal output was found
on less than 5 pereent of the area of most grazed
paddocks. Clearly, the fraction of ingested N re-
moved will depend on the amount of time spent
ot the land. More tecal N than urinary N may
be removed because of the faster rate of passage
of urinary N.

Even when grazing animals are confined to
cropping land, the N in their excreta is distributed
very uneveuly. Only about half the surface of highly
productive pasture kaind grazed by catdle is affected
by dung or urine in any one vear, with a high
stocking rate and complete return (Wilkinson and
Lowrey, 1973). The proportion of land influenced
by excreted N likely to be much smaller when,
grazing is for only part of the vear or at a lighter
stocking rate than the cow-and-calf per acre (2.47
per hectare) assumed by Wilkinson and Lowrey
(1973).

The partition of N between feces and urine
is related to the pereentage of nitrogen in the diet.
It 1s certainly not a constant, as some have ini-
plied. The excretion will be predommantly in the
feees when animals are consuming feeds of 0.4
percent to 0.6 pereent nitrogen with no apparent
N digestibility. On the other hand, animals on a
diet containing 3.5 percent nitrogen excrete about
three-tourths of the N in urine (Henzell and Ross,
1972\,

The preceding sections show that the amounts
of N rcturned to the soil in legume residues will
vary widely, depending on the yield of the legume
and whether it is utilized for grain, forage. grazing
Or green manure,

Loss of N from residues by fire or crosion
will not be considered in detail. If dry residues are
burned, more than 90 pereent of their N will
probably be lost. Loss by crosion will usually be
negligible,



Figure 2: Uptake of N by Rhodes Grass From

Un-Ground Legume Residues Mixed With Soil

in Pots.
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Figure 3: The Relationship Between N
Uptake by Rhodes Grass From Legume
Residues Mixed With Soil and the N
Concentration cf the Residues.
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The main interest is in the proportions of

residue N that are mineralized or incorporated into
soil organic matter. The nuneralization of N in
plant residues has been studied extensively (Bar-
tholomew, 1963). Only the main quantitative as-
pects will be discussed here. The proportion of N
released during decomposition ot the residues s
governed by the chemical composition of the res-
idues—espectally the N content, the manner in
which residues are returned to the soil, and envi-
ronmental conditions,

A predictable consequence ot the variable N
concentration - ditferent leginme residues is that
they will contribute varving amounts ot N to the
crops that tollow. This is demonstrated in Figure

2 (Henzell and Vallis, unpublished data). Most of

the ditterence between residues can be auributed
to their N pereentages (Figure 3). Materials con-
tuning less than about 1.5 percent N do not min-
cralize any of this in the short term. The excep-
tionally los availabiliey of Nin Desmodinm intortun
leaves is thought to be caused by a reaction be-
tween proteins and tinnin-like: polyvphenals that
accumulate in this species (Vallis and Jones, 1973).

A notable feature of N mmeralization m plant
residues is that, after a tew weeks, the rate of
mineralization s quite slow, regardless of the ini-
tal composition ot the residues (Figure 2). Appar-
ently, it is not the plant protems that are resistant
to decay, but the microbially produced organic N,
which becomes stabilized by reactions with aro-
matic polyphenols of microbul or plant origin
(Bartholomew, 1963), or with montunorillonite
(Sorensen, 1972:1975). This has important imipli-
cations in practice. Nitrogen i crop residues that
1s not minerahized during the tirst season becomes
available only very slowly o subsequent crops,
usaally at less than 5 pereent per vear, and cer-
tainly at less than 10 pereent per vear. Although a
single addition of crop residues will have a negli-
gible etiect on the N supply atter the first crop,
the effect of repeated additions over many yvears
may be measurable in two or three successive crops
(Bartholomew, 19653).

Placement of residues on the soil surtace rather
than burving or n.axing them i the soil results
generally i slower decomposition and - slower
minerahization or immobilization of N (Parker o
al, 1937; Parker, 1962 Moore, 1970, Environ-
mental conditions have liede etfect on the tinal
degree of mineralization or mumobilization of N
during acrobic decompaosition of residues; only the
rates of these processes are substantially affected
(Bartholonrew, 1903). FHowever. the delay caused
when mawerial dries on the soil surface should
always b noted.
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It has already been stressed that the N in
decaying legume residues, after the initial Alush of
mineralization, is made available quite slowly. Ni-
trogen in ruminant feces is considered to belong
immediately to the N in soil organic matter. Fecal
N is primarily bacterial material; the remainder is
undigested plant N or N of animal origin. Nitro-
gen in feees is mineralized more slowly than N in
plant. materiai with a similar N concentration
(Barrow, 1961).

At most, 60 pereent (Bartholomew, 1965) of
the N in legume residues is likely to be mineral-
ized in time for a following crop. The remainder
finishes up in soil organic matter. After the first
year, its availability is generally less than 10 per-
cent per year.

Soil Fertility in Semi-Arid Arcas

Nitrogen deticiency ts widespread in semi-
arid arcas, and soil management to provide ade-
quate nitrogen for high yields is of nearly univer-
sal concern. Since soils are often deficient, nitro-
gen must be added to the svstem o sustain
productivity. Manure and composts are one way
to accomphish this. but legumes should also be
considered if they fit well into the economic and
social pattern of the region’s agriculture and if
there is sufticient high-nitrogen residuc after har-
vest.

In areas where water is scarce, green-manure
crops must be carcfully managed or they will de-
plete soil moisture to a very low level, resulting
in reduced yield for the main crop. The nitrogen-
water relationships must be taken into account in
any cropping system which would use a green-
manure to provide the nitrogen.

If water deficits limie carly growth, or are
distributed throughour the season, cnopy devel-
opment and transpiration may be unaftected by
nitrogen level, and yield reductien from nitrogen
is improbable. Also, it inter-row soil surfaces are
wetted by frequent rains during canopy develop-
ment. evapotranspiration is less affected by the
additional cover caused by high nitrogen.

Since the best nitrogen levels must be deter-
mined based on probability of rainfall, the wider
optinuim range is of considerable value,

In the short term, crop residue manage-
ment—and therefore tillage—can have a major
impact on nitrogen avariability, Decomposition of
highly carbonaceous residues competes with the
crop for mincralized nitrogen in the soil. If the
residue is incorporated into the soil well ahead of
planting, decomposition will be largely  com-
pleted, and the nitrogen will be released and be-
come available to the crop.

But if residues remain on the surface up to
planting time, and are not in full contact with the
soil, decomposition  continues  after planting.
Whether the resulting cutback in available nitro-
gen is great enough to reduce yields depends on
the amount of residue remaining, its relative con-
tent of carbon and nitrogen, and the weather con-
ditions following planting,

Since the effects of residue depend on the rate
and timing of decomposition, variable results can
be expected where conditions ditfer. For example,
higher soil temperatures in warmer regrions may
acceelerate decomposition before planting, leaving
the nitrogen supply to the crop unaffected. It ap-
preciable residues are present at planting, higher
soil temperatures could speed decomposition and
enhance the competition with the crop for nitro-
gen.

Despite the complexity, the impact of pro-
posed residue management practices on the nitro-
gen supply to the crop abways should be consid-
cred. And it a nitrogen source is applied, the timing
should be compatible with both residue mainte-
nance and the nitrogen requirements of the crop.

Nitrogen Fixation in Legumes in
East Africa

Keya (1977) reviewed the role of legumes in
East African agriculture. Cropping systems in-
volving monoculture of non-nodulated Jlants re-
sulted in a decline in yields and depletion of cer-
tain soil nutrients. This decrease in productivity
was alleviated in the past by shifting cultivation,
and more recently by the use of inorganic fertiliz-
ers. Since the population in East Africa has been
mcreasing by approximately 3 percent per year
during the last decade, the resulting pressure on
the land has made shifting cultivation untenable.
The price of synthetic fertilizer has risen consid-
crably during the last 15 years.

In this context, research now is being aimed
at finding out to what extent biologically fixed
nitrogen can be supplied to crops. Jones (1942)
assessed the role of a leguminous cover crop such
as Glycine 1wightii in building up total soil N in
Kenya. The experiments ran for nine years and
compared soil from a legume-planted plot with
soil from an adjoining cultivated plot. At the end
of the study, the legume had increased the N con-
tent of the Kikuyu friable loam soil by 180 kilo-
grams per hectare per year, Tual soil N was in-
creased trom (.206 pereent to 0,292 pereent, a
gain of about 40 pereent. This is equivalent to an
accummlation of about 1,681 kilograms of N per
hectare within nine years, more than half occur-
ring in the first four years. Flowever, these values



were based entirely on an ungrazed legume cover
crop. In practice, the crop is normally harvested
or grazed as a source of livestock feed.

At Molo, Kenya, Morrison (1966 found that
Lowsiana white clover (‘liifolitm yepens)  with
cockstoot increased the pasture vield in the second
year as much as an application of 244 kilograms
of N per heetare as calcium ammonium nitra: >
(20.5 percent N). In Kitale, Kenva, the inclusion
of Desmodivm uncinanon with Nandi Setaria in-
creased the yield by an amount equivalent 1o the
application of 163 kilograms of N per hectare as
ammonium sulphate nitrate (26 pereent N (Sut-
tle, 1908).

Souza (1968), based at Kitale but working in
different ccological zones of Kenva, showed that
tucerne, a legume which did not nodulate natu-
rally, fixed the equivalent of about 56 Kilograms
of N in 120 days when inoculated. In tield trials,
he also showed that protusely nodulated Phascolus
tulgaris bean tixed adequate nitrogen o meet its
nutritional requircments. Keya (1977) estimares that
inoculated and nodulated beans grown at the Uni-
versity ot Nairobi fixed 33 kilograms of N per
hectare in 120 days, using non-nodulated beans
to caleulate nitrogen uptake from the soil.

On hillsand soils at Ukirigura, in western
Tanzania, five forage legume-grass mixtures were
compared with tour levels of fertilizer nitragen
applied wo Cenchrus ciliaris pasture (Walker, 1908).
Macroptilivon atroprrpurens and Stylosanthes - guya-
nensis i the grass-legume mixture increased her-
bage vield much more than an addition of 106
kilograms of N per heetare as nitrochalk to pure
grass.

On coastal, sandy sanls of mainland Tanza-

nia, Anderson (1968) reported that overseeding of

the palatable legumes with grass improved the
protem production of the indigenous sward, Add
ing lucerne to pastures increased the lli(l'ngtll sta-
tus of 4 versmic soil at Njoro, Kenva, without the
wse of nitrogenous  tertilizers (Thonas, 1972).
Thairu (1972) and Keva et al. (1971) showed that
increases in quantity and quality of herbage re-
sulting from oversowing the Deswoditm Spp. were
substantial.

Mixed: cropping s littdde used at present in
mtensive agriculture, but despite the promation
of sole cropping by Extension agents, the major-
ity of East African tarmers still practice it Tree
crops, cereals or root crops are interplnted with
short-term legumes such as beans, groundnuts,
Cowpeas, peas, cte.

There is ittle experimental evidence of the
benetits of legumes in mixed cropping. Flowever,
Osiruand Willey (1972) and Willey and Osiru

(1972) indicated that, in Uganda, there is a possi-
ble vield benefit by mixing maize and beans or
sorghum and beans under intensive tarming. Yicelds
of maize-beans and sorghum-besns mixtures were
up to 38 pereent and 55 pereent more, respec-
tively, than the combined yield of cach compo-
nent of the mixture when grown separately. It
was concluded trom the Uganda experiments that
yield increases occurred because the mistures het-
ter utilized the environmental resources, such as
light, and the dissimilar rooting depths of the dif-
terent crops exploited the soil more, with above-
ground competition being reduced by the heter-
ogenous growth eyeles. However, some benefit
from nodulation and nitrogen fixation cannot be
ruled out,

Preliminary work in Kenva has shown that
pure stands ot maize and beans vield 3,500 kilo-
grams per hectare and 1000 kilograms per hect-
are, respectively, while the misture produced 3,200
kilograms of maize and 600 kilograms of beans.
Intercropping is, theretore, an area of rescarch
which needs urgent attention, because, as the
holdings get smaller and farming, becomes more
intensive, mixed cropping probably has the great-
est potential to supply a family firm with a steady
cash ow and tood supply throughout the year,
Since legumes already i very well into mixed
cropping systems, nodulation and nitrogen fixa-
tion in an altered ccosvstem of mixed Crops mer-
its more attention.

Inoculation of Legume Sceds

Thar nodulation of both exotic and ndligre-
nous legumes is erratic when sown without inoc-
ulation was observed as carly as the 1930 by
McDonald (1933), and has been reiterated by
Morrison (1960) and others (see Keva and van
Einateen, 1975). Extensive nodulation studies in
Kenya showed that none of the introduced le-
gumes were able to nodulate effectively without
moculation (Souza. 1968).

I northern “Linzantan soils which had pre~
viously been planted to Phascolus vulgaris beans,
no increase m-yield was obtained by inoculating
seed wiath Rhizobium (McCartney and - Watson,
1900). However, inoculation is worthwhile on land
where beans have not been grown or where soil
pH s Tow (McCarmey and Wats n, 1960 Keya,
1977).

A series of experimints carried out between
1961 and 1965 by Weiss (1967), on Turbo and
Soya estates in Kenya, showed that the use of an
moculant is essential on soil where sovbeans have
not been grown previously. noculation is cssen-
tial for subterrancan clover in order to achieve
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nitrogen fixation (Morrison, 1963). It was turther
emphasized by Morrison (1964) that subterrancan
clover, Louisiana whit2 clover and Kenya white
clover all required ditferent strains of rhizobia tor
nodulation, and that the wild strains were not fully
ctfective. Bumpus (1957) working at Kitale, Ken-
ya, demonstrated that, in iifolivm semipilosim, I
labidis and Medicago sativa, better resules were ob-
tained by using a good inoculant than by relying
on the presence of Rhizovim in the soil. Bumpus
{1957} stated that it has been well-established dhae
there is no suitable Rhizobium in the soil for M.
sativa, esoecially as the genus Medicago s not rep-
resented i the local flora,

With Alysicarpus ghimacens, Bumpus (1957)
found that the uninoculated plot vield surpassed
all the inoculated treacments, and concluded that
none of the commercial strains of bacteria in the
“cowpea group” were as etfective as those already
in the soil. Nodulated planes were heavier than
unnodulated ones, a ditterence attributed to nitro-
gen fixaton in nodules.

Response to noculaton was further con-
tirmed by Thomas (1972), who showed that in-
oculated and lime-pelleted seeds of lucerne were
established quickly on voleanic ash soils at Njoro,
Kenya, resulting in substantial amounts of nitro-
gen accumuiating we the soil. This soil was about
neutral in its reaction, but one of the tactors lin-
iting nodulation of lucerne in most tropical soils
is low pH. Whether lime-pelleting might pro-
mote protuse nodulation in acid tropical soils has
not yet been answered fully. Experiments at Ki-
tale, conducted by Keya and van Eqjnatten (1975),
attempted to ascertain the role of seed pelleting
and moculation o Desmodium uncinatn under
greenhouse and field conditions. In pot experi-
ments, inoculated seedlings were vigorous, pos-
sibly because they were nodulated carlier and had
wore numerous and heavier nodules. Hlowewer,
there were no responses to inoculation and pellet-
g under ticld conditions. Keya and van Eijnatten
concluded that, since 1. wncinann naturally torms
cftective nodules over a wide range of sites in
western Kenya, inoculation and pelleting may be
omitted withone sdverse effects tor this legume.
Similar tield results were tound tor certain indig-
enous genera, such as Croralaria and Dolichos spp.
{Souza, 1968).

Nodule bacteria vary gready in their ability
to fix atmospheric nitrogen. Some are efticient
and of great value to the plant, but the majority
arc only moderately ettective in nitrogen tixation.
It 1s, theretore, necessary to correct the impres-
sion that, because nodules are present on the roots,
the bacteria in them must be of use to the plant.

The legume-inoculum  relationship has been es-
tablished for temperate legumes and highly cthi-
cient nitrogen-tixing strains of rhizobia have been
isolated for agricultural use. However, litde is
known of the tropical strains, most ot which fall
under the cowpea group. Field experience in East
Africa casts doubt on the value of most inuported
moculants used.

The implication of such tindings is that, for
new collections of indigenous or imported specics
grown under altered environments, the need to
supply moculants requires carcful and nrgent in-
vestgation,

The nitrogen tixation rate in a four-year-old
stand of the woody legume Lencacna levcocephala
(Lam.) de Wit. was estimated by Hogberg and
Kvarnstrem (1982) in the field at a rather dry site
in Tanzania, using an acetylene reduction tech-
nique. The amount of nitrogen tixed annually was
about 110 2 30 kilograms per hectare The re-
sults give strong support tor the use of L. lencoce-
phala tor soil enrichment in less humid areas of
tropical Atrica.

The Role of Trees

Use ot agronomic and borticultural fegumes
would help provide nitrogen in semi-arid envi-
ronments of the Tropics. As a strategy to provide
nutrients and stability, the use of trees needs o be
emphasized. This was recognized by East African
farmers who still use mixed stands of tree crops,
cereals, root crops and legumes, even though en-
couraged by Extension agents to plant single crops.
Keva (1974) and Kock (1982) suggest that trees
may be the key to successtul tarming systems in
the Tropics.

Land use systems relving on diversity to make
maximum use of an area’s productive potential
have 1o “simulate™ climax vegetations to obtain
maximum  biological productivity. This applies
especially to raintorests and savannas, which, ex-
cept for pure grass savannas, naturally contain trees
and bushes, whose density, composition and height
depend argely on rainfall.

The contribution of natural climax vegeta-
tons to humus levels under African conditions
has been summarized by Sanchez (1976), using
data of Greenland. Raintorests produce up to six
unies as much organic matter as savannas, but
their decomposition rates are only 1.5 times higher.
Consequendy, raintorest soils generally contain
twice as much organic matter as savannas. Again,
the net organic matter production of these de-
pends Lirgely on rainfall,

Although the advantages of tree integration
are known by traditional tarmers, and rescarch



has produced sufticient evidence of their effective-
ness, “Agricultural engineers . . . have not taken
a serious look at what can be done™ (Sanchez,
1976). Except tor conunercial plantations, tree in-
tegration has fallen between the stools of the ag-
riculturist, the forester and the pasturalist, cach
occupied with his own discipline, and cach miss-
ing decisive advantages available fron: tree inte-
gration. Only input scarcity scems to make us
aware of the superior perforinance of trees, whether
i crosion control, i biomass and todder produc-
tion, improvement of soil property, or vield per-
formance and energy supply. ‘Trees can be looked
at as a sclt-contained factory that creaces the con-
ditions of its high productivity, whether by soil
property or ccoclimatic improvement.

The tmportant aspect here is the choice of a
noncompetitive species for the various purposcs.
A growing stock of documentation on suitaple
species exists, supplying information on suitable
species tor semi-arid, humid and even hvdro-
morphic areas (IRCT, 1979; Nair, 1979 Nat. Acad.
Sci., 1977, 1979,

From semi-arid to humid arcas, tree ntegra-
tion is a characteristic of traditional, small-farmer
systems serving almost all purposes. Lagemuann
and Heuveldop (1982) show that farmers in the
humid areas of castern Nigeria respond to higher
population pressure with increasing tree densities
of varying heights and iecics, mcreasingly using
leaves and branches tor fodder and muleh. Net
income obtained from these farms exceeded that
of intensive maize cropping, The same tendencies
emerge from literature on - traditional farming on
all three continents (Anonymous, 1981: Sancher.
1976). What may often appear o development
workers as a “botanical happening over time, ™
instead s a subtle adjustment by farmers 1o
changing conditions, making optimum use of their

own resources. With tree integration, the role of

mulch on relatively undisturbed soils increases.
This factor indicates possible solutions tor small
farmers who cannot atord to plant separate green-
manure crops, but are able to use the superior
biomass  production  performance of trees o
maintain the organic matter balance in their soils.

Research has just begun to provide quantita-
tive evidence of ccoclimane imy ovement through
multi-storey farming svstems. An example s given
by Nair (1979) in India. Multiple cropping of co-
coa and coconut reduced evaporation (compared
with a bare soil) by 70 percent, reduced variations
n above-ground air temiperatures 20 times, and
helped more than double populations of bacteria
and fungi in the soil.

Proof of similar soil, ccoclimate and yield

improvements with tree integration in' semi-arid
arcas, although on a lower level of productivity, is
provided by French research in Senegal on Acacia
albida in a millet-groundnue rotation. These im-
provements led to sustanable yield increases in
millet of 100 pereent, and/or in groundnuts by 25
percent. In semi-arid arcas, nitrogen is more often
the limiting factor than water. The conventional
views that moisture is the most limiting factor in
dry regions, and that shade is always detrimental
to understorey crops, is overturned in situations
where soil fertility s low and adequate amoun.s
of mineral tertilizer cannot be added. But these
are precisely the conditions which characterize
small-holder  production in most developing
countries. Further evidence of beneticial effects
can be found in Borgnettau-Verainden (1980),
IRCTT (1979), Nat. Acad. Sci. (1977) and Sancher
(1970).

Although the superior performance of trees
is obvious to any observer going through a barren
landscape in the dry season, development projects
often are not geared to using trees as living tences,
as bunds tor crosion control, or as planned crop
mixtures. The same situation applies in the case
of local rescarchers, who generally lack the capa-
bility to provide seed collections of suitable spe-
ces and site-specitic agronomic recommenda-
tons.  Again,  monodisciplinary  training - and
organization is often to blame for this circum-
stance. Tree integration should be considered a
necessary: complement to livestock integration in
small-holder systems to provide fodder as well as
fertility. The classical distribution between for-
ests, arable lands, and pasture arcas should be a
thing of the past. Tree integration would convert
densely populated, barren landscapes, vulnerable
to all forms ot degradation, into “healthy,” park
landscapes with a light tree and bush cover.

Conclusions and Recommendations

Biologically produced nitrogen is becoming
mcreasingly important as synthetic nitrogen esca-
lates i price.

In many arcas, nitrogen is readily available

on the farm in manure and plant materials, I

muanaged properly, these materials could provide
suthcient nitrogen without the expense of chemi-
cal nitrogen. Traditional farming, methods in many
areas of the Tropics have reduced the soil organic
matter content to low levels, resulting i a nitro-
gen supply which does not support high vields.
Legumes ofter a biological approach to in-
crease substantially the nitrogen available to trop-
ical soils, and thereby lift the yield ceiling now
restricting crop production. The nitrogen-water-
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yield relationships will dictate the nitrogen man-
agement strategy. For instance, in water-poor areas,
green-manure crops can reduce yields by deplet-
ing available water. In these areas, mixed crop-
ping and the use of legume trees offer a superior
production system which uses resources efhi-
ciently and raises the yield plateau. 1t is important
that fegume trees be integrated into such a sys-
tein, since they are locally available and provide
stability to tropical production.

The amount of biological nitrogen provided
by manuces, plant materials and legumes could
far exceed that which is presently bought as
chemical nitrogen, and result in substantial yield
increases at lower cost while improving the soil’s
water-holding capacity. If the introduction of re-
get erative,  resource-cthicient  technologies  be-
comes a national priority in Tanzania, and re-
sources and outreach are provided, nitrogen selt-
suthciency can become a reality.
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CONTRIBUTION OF
BIOLOGICAL NITROGEN
FIXATION TO THE NITROGEN
SUPPLY OF SOILS

M. S. Chowdhury and B. J. Ndunguru, Dept. of Soil Science, University of Dar es Salaam
L. L. Lulandalla, Division of Forestry, University of Dar es Salaam

The original source of nitrogen for all biological
cells is N5 from the atmosphere. Plants can use
inorganic forms of nitrogen as NH, * or NQ),, the
supply and formation of which are regulated by
microbiota of the ecosystem. While forest ccosys-
tems are reasonably self=suthicient in nitrogen and
other nutrients duce to continual nutrient recy-
cling, agricultural soils are mostly depleted in ni-
trogen, with the possible exception of grasslands.
The major share of N depletion is contributed by
crop removal,

Population growth demands increased food
production, implying more nutrient removal and,
thus, lower soil productivity. Advances in indus-
trial technology, such as chemical fixanon of ni-

trogen as ammonia, nay help replenish the N
depletion.

Hardy and Holsten (1973) estimated that 36.5
million tons of N fertilizers were used in 1973 on
a global basis; this amount represented only one-
tifth of the nitrogen fixed biologically.

Soil nitrogen is replenished by addition of
crop residues and through biological nitrogen tix-
ation. In a developing soil where the environment
15 principally norganic, biological nitrogen tixa-
tion is the major agent i the formation ot soil
nitrogen.

The demand for nitrogen to maintain soil
productivity 1s increasing, every day. Global con-
sumption of tertilize: N oin 1973 has been esti-

Table 1: Fertilizer Nitrogen Consumption (tons) in Tanzania (1973-1982).

NPK NPK NPK  Other

Year SAx* ASN*  CANx Uea Tobacco 20:10:10 2555 NPK DAPx* Total

1973 50906 676.0 8400  506.0 56.1 2000 11,1250 3774 899.0 9.770.1
1974 84092 364.0 — 690.0 372 15400 11875 7038 1029 13.034.6
1975 9,797.3 2600 14700 1,656.0 840 5300 4375 8196 — 15,0541
1976 69479 — 2397.3 1,426.0 — 7000 1.250.0 3791 13751 14,458.0
1977 64258 - 1,890.0 2.300.0 769.8 300.0 750.0 4500 — 12.886.6
1978  9,373.1 — 16766 6440 12160 670.0 11,3250 - - 14,904.7
1979  5,996.1 — 3,235.1 2.305.1 493.9 4450 1,7008 - — 14,176.0
1980 10,7732 — 5460.0 2.396.' 836.6 — 12820 — 25857 23,333.6
1981 114673 - 25200 13225 9141 1,026.0 2,310.0 — — 19,559.9
1982  8.436.1 — 5.250.0 2.695.1 522.0 3984 15470 — — 18.848.6

*SA = Sulphate uf ammonia, ASN = Ammonium sulphate nirate, CAN
Source: Marketing Dwvision, Tanzania Fertilizer Cornpany, Dar es Salaam

= Calcium ammonium nitrate, DAP = Diammonium phosphate.
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mated at 40 million metric tons (Hardy and Hol-
sten, 1973); demand by the end of this century is
expected to be 200 million metric tons (Hardy
and Havelka, 1975). The trend of fertilizer nitro-
gen use in Tanzania is presented in Table 1.

The chemical fixation of nitrogen for fertil-
1ZCr Manufacture is an energy-consuming process,
with fossil fucls being the major source of raw
materials. When fossil fuels were cheap, nitrogen
tertilizers were also cheap. For example, one met-
ric ton of fertilizer that cost 830 in 1972 had jumped
to $140 by 1974,

The price hike of tossil tuels has adversely
atfected the overall economy of developing coun-
trics, particularly  those facking tossil tuel re-

sources. For them, the total buying capacity of’

the energy and raw materials for mitrogen fertil-
1zers has been considerably reduced, and as a re-
sult, the supply has become uncertain, The only
fertilizer factory mn Tanzania was in operation tor
only two and a halt months in 1982, although the
consumption ot tertilizer in the same vear was not
markedly reduced. Table 2 shows that most of the
nitrogen fertilizers were imported as the produc-
tion in the factory went down.

One alternative to this problem is to supply
agriculeural Lainds with nitrogen materials manu-
factured with the least amount of fossil tucls. Since
biological nitrogen fixation remains a nujor agent
of nitrogen supply in nature, and the process is
not dependent on fossil tuels, harnessing this pro-
cess has become inereasingly important.

Biological Nitrogen Fixation

Classically, there are two kinds . biological
nitrogen fixation: nonsymbiotic (asymiotic) or
free-living nitrogen fixation, carried out by cer-
tain bacteria, including cyanobacteria (blue-green
algac), without association of a host; ana Syn-
brotic nitrogen fixation, carried out by an intimate
association between a host (mainly a plant) and a
microbe (bacteria, actinomyeetes or cvanobac-
terna).

The ability to biologically fix nitrogen, de-
tined as converting clemental dinitrogen (N,) into
cell-utilizable, combined form, is restricted to ¢aly
atew proaryotes, fike bacteria and eyanobac-
tern.

Free-living nitrogen fixaton has been de-
tected in a least 20 genera of bacteria, with great
differences in their relations to oxygen, energy
source, clectron acceptor and other roperties
(Knowles, 1978). However, only in certain genera
did all the known species show nitrogen fixation
property. Among the evanobacteria, more than
80 species have been recorded to have nitrogen-
fixing ability in natural habitats. These species be-
long to the orders Nostocales and Stigonematales
(Stewart, 1974). All of therm are Glamentous ex-
cept Gloecocapsa. Classical examples of free-living
nitrogen-tixing bacteria are Azorobacrer, Beijer-
inckia and Clostridium.

Although doubt has been expressed regard-
ing the contribution of free-living nitrogen fixa-

Table 2: Local Production by Tanzania Fertilizer

Nitrogen Carrier (tons) in Tanzania (1978 to 1982).

Company (TFC) and Imports of Important

Production/ NPK NPK

Year Import SAx CAN=* Urea 20:10:10 25:5:5
1978 TFC 16.334 — —_ — —_

Import 28,300 7,984 1,400 3.350 5,300

1979 TFC 24,553 — - 2,225 6,803
Import 4,000 15,405 5.011 — —

1980 TFC 19.469 — — — 5128
Import 31,832 26,000 5,209 — —

1981 TFC 24,922 - — 5130 9,240
Import 29,684 12.000 2.875 — —

1982 TFC 6.839 — — 1,992 1,888

Import 33.333 25.000 5,859 — 4,300

*SA = Sulphate of ammonia, CAN = Calcium ammonium mitrate

Source: Marketing Division, Tanzania Fertilizer Company, Dar es Salaam
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tion in soil (Jensen, 1950), environmental and ec-
ological conditions in the humid Tropics favor the
fixation of from 20 to 50 kilograms per hectare
cach year by free-tiving bacteria (Odu, 1977).

Free=liviny bacteria were used as nitrogen
soarces for crops in Russia and Eastern Europe
under the commercial name “Azotobacterin.”
Experience showed that the beneficial aftect of
Azotobacterin could be due to plant growth fac-
tors produced by Azotobacter, rather than to the
nitrogen fixation (Mishutin and Shilnikova, 1971;
Alexander, 1977b). Recent experiments on inoc-
ulations of soil with .Azotobacter with different doses
of inorganic nitrogen fertilizers in India have dem-
onstra:ed the possibility of saving considerable ni-
trogen fertilizer while still attaining desiced yields
of rice (Subba Rao, 1977). Often, preparations of
Clostriditm have been used, but with doubtfui re-
cults. Thus, commereni exploitation of free-liv-
ing, nitrogen-fixing bacteria has not been very
successtul.

The most promising exploitation of free-liv-
ing nitrogen fixation could probably be achieved
oy “algalization™ (Venkataraman, 1961), whereby
cyanobacteria are applied to the rice ficlds. The
bencticial effect of cyanobacteria on the gram yield
of rice has been reported from China, Egypt, In-
dia, Japan, the Philippines and the USSR,

However, there are also indications of failures
of algalization. Venkataraman (1972) and Roger
and Koolasooriya (1980) reviewed the subject and
concluded that, “Increasing the etticiency of in-
digenous or inoculated nitrogen-fixing BGA by
cultural practices is certainly an etficient way of

providing an alternative source of nitrogen for rice
cultivation.”

Eftective algalization has been reported to in-
crerse the size of rice plants, their nitrogen con-
rent, nuntber of tillers, cars, spikelets, and also
filled grains per panicle; henee, an overall increase
m grain yicld. The technology has been casily
adopted by rice farmers in India, where trials con-
ducted at five stations showed that adding 10 kil-
ograms of BGA cultures as biofertilizer, costing
about 83, gave extra yields worth $50 to $70 (Rao,
1978).

If tarmers produce their own inoculants, the
cost of biofertilizer » vould be negligible. Based on
tlarge number of field trials i India, it was con-
ciuded that introducing algac technology into just
50 pereent of rice-growing arcas of that country
would save about 380,(X0) tons of nitrogen worth
about Rs. 14 million. The cost benetit works out
to 1:10% (All India Coordinated Project on Algac,
1979).

Unexpected mtrogen gains of 50 kilograms
per hectare per vear have been recorded in soils
beneath pure grass swards and in pure stands of
pines and other conifers, where no symbiotic as-
sociation was present. I: may be possible that non-
symbiotic nitrogen fixers were greatly stimulated
under rhizosphere effeets (Richards, 1974).

So far, no attempr has been made to find the
eftect of free-living, nitrogen-fixing bacteria or
cyanobacteria on crop growth in Tanzania. A sur-
vey conducted on the abundance of free-living
bacteria in 28 soils from five regions of Tanzania
revealed that Azorobacter were absent in acid, highly

Table 3: Symbiotic Associations in Biological Nitrogen Fixation

Macrosymbiont

Microsymbiont

1. (a) Nodulated Legumes

(a
{b) Nodulated Parasponia
{c) Norlulated zygophyllaceae

- Nodulated Non-Legumes of Alnus type
. Cycads

. Azolla (a floating aquatic fern)

. Lichens

. Liverworts

~N O U s W

. Podocarp and other mycorrhizal
nodules (?)

. Leaf nodules (?)/stem nodules

9. Wet leaf-bacteria association
(Phyliosphere)

10. Rhizosphere/Rhizoplane association
(Associative symbiosis)

[0}

Root-nodule bacteria of legumes
(Rhizobium)

Filamentous microorganisms (Frankia)
Cyanobacteria and possibly others (?)
Cyanobacteria {Anabaena azollae)
Cyanobacteria {Nostoc, Calothrix)
Cyanobacteria (Nostoc)

Fungi (?)

Bacteria/Cyanobacteria (Nostoc)
Bactleria

Bacteria (Azospirillumn)




leached soils from Arusha and Mbeya. Beijerinckia
were present (Chowdhury and Wenceslaus, 1976),
but their nurbers were not high enough to fix
substantial nitrogen in soil. The success obtained
in India and clsewhere on the algalization of rice
ficlds merits its trial in Tanzania to ateain nitrogen
self=sutticiency on rice tields,

Exploiting Symbiotic Nitrogen Fixation

The term symbiosis conzaonly implics a de-
gree of intimate association between two or more
organisms, and, although they can live indepen-
dently, a condition of mutual dependence or ben-
cfit when living together. Biological nitrogen fix-
ation in symbiotic associations  of  plants
(macrosymbionts) and microorganisms  (micro-
symbionts) have been observed in many cases.
Among the associations shown in Table 3, the
crop lecume-Rhizobium symbiosis, Azolla-Ana-
hacna symbiosis and associative symbiosis be-
tween grasses/cercals and Azospivillinn ave the most
promising for agriculture. The legume trees-Rhi-
zobinm symbiosis, and non-legume teees-Fankia
symbiosis are important for torestry.

Putative symbiosis in the rest of the associa-
tions may have ceological implications, but has
little promise tor exploitation in agriculture at the
present. It should be noted that many of the mi-
crosymbionts (mainly cyanobacteria) are tree-liv-
ing nitrogen fixers, while rhizobia and Fankia re-
quire the hosts or macrosymbionts for substantial
nitrogen fixation.

Crop Legume-Rhizobium Symbiosis

The most important contribution of biologi-
cal nitrogen fixation in both grains and pastures is
that of the crop legume-Rhizobinm symbiosis. Es-
timates on the nitrogen accumulation through
symbiotic fixation in legume monocrops range
from 50 to 350 kilograms per hectare per year,
although unusually high cstimates of 300 kilo-
grams per hectare per year have also been claimed
under the stimulus of grazing or mowing (Rich-
ards, 1974). However, it is generally accepted that
nitrogen tixation of around 110 kilograms per
hectare per year can be expected from the major-
ity of grain and forage legumes, provided that
successtul symbiosis takes place. On legume-rhi-
zobia symbiosis, the rhizobia infect the plant roots

through the root hairs, induce the formation of

root nodules, and enter into a symbiotic relation-
ship where rhizobia convert the dinitrogen mole-
cules to ammonia through an enzvme complex
called nitrogenase. Ammonia is supplied to the
host plant, which, in turn, provides the rhizobia
with carbohydrates required tor the fixation pro-
cess.

Factors Influencing
Symbiotic Nitrogen Fixation

Climate is the principal environmental factor
determining the magnitude of nitrogen fixation in
nodulated legumes. Radiation and CO, concen-
tration attect photosynthesis, rantall aftects soil
moisture, and daily changes in ambicnt and root
temperatures aftect plant physiology. Fortunately,
radiation and "0, concentrations are not limicir.
i the Tropics,

The cedaphic factors affecting nitrogen fixa-
tion, through their influence on root growth, rhi-
zobial survival and activities, and on the symbiotic
systen itselt, include soil pH, organic matter con-
tent, available nitrogen status, availability o’ 12
Ca, and Mo, and toxicity of Al and Mn. Soil
water and soil temiperature are important physical
factors, and are critical in the “Tropics.

Although a good deal of information on these
cdaphic factors is available (Quispel, 1974; Nut-
man, 1976; Ayanaba and D, 1977; Vineent, o
al., 1978, Doberemer e al., 1978, Gibson and
Newton, 1981), the mteractions among them need
carctul study betore we can muake recommenda-
tions tor exploiting the symbiotic nitrogen tixa-
tion by leguimes,

Finally, successtul symbiosis depends upon
several biotic factors: the physioloay and genetic

characteristics of the host plant; rhe etti wney of

the Rhizobinm strain, its compatibility with the
host plant, and its competitive ability to nodulate
the host against native inetlective strains; the in-
teraction ana influence ot other soil organisms on
the establishment of introduced rhizobia; and par-
asitic and pathogenic organisms affecting the host
plant.

The nodulation property of rhizobia is host-
specific (Dart 1974), and infection is regulated by
specitic lecums (Bauer, 1977). Even within the same
species of plants, there may be srrong host vari-
ety-Rhizohiim strain interaction (Webcr eral., 1971).
Such interaction in sovbean cultvars has been ex-
perienced in Tanzania (Chowdhury, 1977b). There
are physiological ditterences among plants in their
abilities to utilize the fixed nitrogen as well as the
energy budgeting tor fixing the nitrogen (Min-
chin eral., 1981).

The most important factor influencing nitro-
gen fixation is the presence of etherent Ritizobim
strains. When such bacteria are absene in the sonl,
cthicient strains can be introduced through seed
moculation. This technology bas given dividends
i nuany countries, and will be discussed in more
detail fater in this paper.

Whiic native rhizobia for a host are already
present in- the soil, the mability of the cefhicient
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strains to nodulate the host in competition with
the native surains also becomes a major limitation,
A number of workers have emphasized the ini-
portance of survival and competitive ability of of-
fective strains in the soil (Alexander, 1977a; Parker
etal., 1977).

After the introduction of efficient strains by
sced or soil inoculation, microbial antagonism/
predation may considerably limit the symbiosis
(Alexander, 1977a; Chowdhury, 1977a). The
problem lics mainly with the establishment of the
introduced strains in the soil. Saprophytic -om-
petence of the introduced strain may often govern
the survival of the introduced strains (Chatel er
al., 1968; Parker et al., 1977).

The influence of the parasites and pathogens
in limiting symbiosis has been described by scv-
cral workers. For example, Orellana et al., (1976)
demonstrated that Rhizoctonia solani, which causes
root-rot in sovbean, also diminished nodulation
and nitrogen tixation in soybean. The adverse ef-
fect, of neniatodes on nodulation and nitrogen
fixation have been deseribed by many workers. In
Tanzania, ro~* knot nematodes were found to de-
crease the nouulation and nitrogen fixation in
greengram and chickpea (Chowdhury and Mowo,
1979).

Azolla-Anabaena Symbiosis

In addition to functioning as free-living ni-
trogen fixers, some cyanobacteria can enter into
symbiotic relationships with certain hosts (Stew-
art et al., 1980). The host-cyanobacteria symbiosis
with the most potential for agriculture is the Azolla-
Anabaena symbiosis. Azolla is an aquatic fern which
harbors nitrogen-fixing  Anabacna azollae in it
leaves. Azolla has been traditionsily used as bio-
logica: nitrogen input for rice in Vietnam and on
some 1.3 million hectares in China (Brady, 1982).
But in recent years, Azolla has been tried as organic
manure or mixed crop with rice in India, Sri Lanka,
Thailand, Indonesia, ltaly, the Philippines and many
other countrics.

There are considerable variations in the growth
rate and magnitude of nitrogen fixation in differ-
ent species of Azolla. A recent international work-
shop on practical applications of Azolla for rice
production, held at the University of Puerto Rico,
provided a good deal of information on Azolla.

Two species of Azolla, A. pinnata and A,
nilotica, arc known to occur in the waters of Tar.-
zania {Mshegeni, personal communication), but
their practical utilization has not yet been tried.
Where cultivation of Azolla is possible, the fern is
likely to be a choice ingredient for compost mak-
ing cven for upland crops, p “ticularly vegetables.

The doubling time of Azolla is one to three days
(Stewart et al., 1980), and the rate of nitrogen
fixation is 300 to 450 kilograms per hectare per
year (Brady, 1982). The rate of decomposition is
also rapid due to its high nitrogen content {Bro-
toncgoro and Abdulkadir, 1978). It is very likely
that the use of Azolla as a nitrogenous fertlizer
and a green manure will be a common practice in
many rice tields in the near future.

Associative Symbiosis Between Bacteria
and Tropical Grasses/Cerecals

Several grass/bacteria associations scem to
have considerable potential as nitrogen-fixing sys-
tems in the Tropics (Dobereiner, 1977). Associa-
tions of nitrogen-fixing bacteria with the roots of
torage grasses and cereals have been reported tfrom
various parts ot the world. In many systems,
Azospirillum spp. seem to be the major nitrogen-
fixing bacteria present in the ioots of grasses and
cereals (Dobereiner, 1978). Two exeeptions are
Paspalum notatum and sugarcane, where Azotobac-
ter paspali'is responsible for nitrogen fixation.

Several other grass-bacteria associations have
also been found, in which bacteria are not only
present on the root surface, but are also found
inside the root cells. The significance of such
symbiosis is vet uncertain (Isle, 1982), but its po-
tential cannot be denied. Understanding the phys-
iology of” the association in relation to plane gen-
otype 1s necesaary  for its tull  exploitation
(Doberciner, 1978).

Legume Tree-Rhizobium Symbiosis

Though nitrogen fixation in crop legumes is
recorded in many different countries, such infor-
mation for leguminous trees s rather scarce. The
highest rates of fixation are uscally found in as-
sociation with herbaceous legumes. For example,
Leucaena lewcocephala was reported to fix up to 800
kilograms of nitrogen per hectare per year (Halli-
day, 1981).

In Morogoro, Tanzania, a four-year-old Leu-
caena lencocephala stand was estimated to be fixing
110 kilograms of nitrogen per hectare per year
(Hogberg and Kvarnstrom, 1982), and Acacia mol-
lisima, a woody species, 1s reported to have fixed
nearly 200 kilograms of nitrogen per hectare per
year over a 30-year period (Richards, 1974). Fi-
nally, Dommergues (1981) reported that tropical
legume trees can fix 200 to 500 kilograms of ni-
trogen per hectare per year.

Non-legume—Frankia Symibiosis

As many as 138 species of non legumes, be-
longing to 13 genera in cight different familics,



are known to be nodulated by actinomycetes-like
filamentous organisms (actinorrhizz) called Fran-
kia. The amount of nitrogen fixed in some nodu-
lated trees has been reported to be as high as 625
kilogra® 1s per hectare per year (Keya, 1979).

Logistics of Exploiting Biological
Nitrogen Fixation

Although the rate of nitrogen application is
increasing throughout the world, much of the
added fertilizer nitrogen is lost cither by leaching
or volatilization. Upland crops use only 50 per-
cent to 60 percent of the nitrogen they receive in
commeraial fertilizer nitrogen; rice Crons recover
only 25 percent to 35 percent of the added nitro-
gen in wet lands, losing 75 percent or more in
ammonia gas (Brady, 1982).

The nitrogen lost in leaching is ulrimately
disposed of in the rivers and lakes, where it be-
comes a potential pollutant (Alexander, 1977b).
These problems may be diminished by applying
nitrogen n organic forms which release the nutri-
ent slowly by microbiological processes in har-
mony with plant demand. Biologically tixed 11-
trogen is an organic product, and thus would
contribute to the conservation of nitrogen fertility
in soil as well as protection of the environnient.

Immediate Strategy

Legume-rhizobia symbiosis appears to be the
most promising system of biological nitrogen fix-
ation, because legumes are included in all kinds of
farming systems, and already are used in the Tropics
for intercropping or as a component in mixed
crop enterprises. Since legumes, grains and for-
ages are high in protein, their »itrogen demand is
very high. Consequently, if the legumes fail to
symbiose, they will exhaust soil nitrogen. Bue if
they symbiose etticiently with appropriate rhizo-
bia, not only docs the crop become independent
of soil nitrogen, but the crop residucs, after har-
vest, can contribute nitrogen to the soil.

chumc grains remain the mejor source of
protein for most people of the world. The ability
to produce them without the .xpplu.mon of nitro-
gen fertilizer is a great saving for the farmers, and
this techmque can be further improved through
the adoption of inoculation technology.

In order to C\plou inoculation technology to
the fullest, it will be necessary to:

1) dentify proper strains of rhizobia for par-
ticular legume species/cultivars. This can
be achieved by isolating rhizobia tfrom lo-
cal soiis, screening them for efhiciency on
a number of cultivacs of the homologous

host, and comparing the cfficiency with
known rhizobia. This should be done in
the greenhouse for individual legume crops.
In the case of introduced legumes, their
nodulation with native rhizobia needs to
be examined. If they are not efficiently no-
dulated, techniques to establish appropri-
ate rhizobia in the soil need to be studied.
2) Conduct field tests of the pre-selected
strains. This exercise is needed to find the
adaptability of the rhizobia to different re-
gions of a country. Such tests also will
reveal the compatibility of this strain with
the host, its competitive ability against lo-
cal indigenous strains, its s‘nproph)tic abil-
ity to persist in the soil against soil popu-
lation, and its ability to survive in the soil
under given environmental conditions.
These are difticult and time-consuming tasks,
but not impossible. Once the strains are selected
for a wide range of field conditions and cultivars,
or for a particular cultivar or condition, and their
use proves beneficial, inoculant production tech-
nology can be developed. The problem lies with
marketing the inoculants where storage facilities
are inadequate.

Application of Inoculation Technology

The objective of inoculation is to introduce
sufhiciently high numbers of pre-sclected rhizobial
strains in the vicinity of emerging host roots. These
introduced bacteria should have the ability to sur-
vive and proliferate in the soil, and also to form
effective root nodules. These pre-selected strains
are produced in mass culture in the inboratory,
and incorporated in high numbers in 1 carrier ma-
terial. Inocalation technology includ.s:

[} Screening and selecting appropriate strains
of rhizobia that are efficient in nitrogen
fixation with a particular legume host spe-
cles.

2} Inoculant manufacture, which involves
production of sclected strains in bulk cul-
tures in the laboratory, incorporation of
the inoculant into a suitable carrier that
will enable it to survive in high numbers
during storage, and marketing the inocu-
lant in suitable size packets.

3) Marketing and distributing inoculants to
ensure that farmers receive them with high
dcnsitv of rhizobia. This invoives storage
at 5 degrees C. as the inoculants die very

.]pldl\' ar ambient temperature, p.)rtuu-
larly in the Tropics.

4) Inoculating the seeds themselves, which
mvolves coating them with the inoculant;

o1
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Table 4: Mean Effect of Single Inoculation With Four Rhizobial Strains in the First Season,

and N Application in Each Season, on the No

dulation at Flowering Stage and Grain Yields

of Two Soybean Cultivars Over Three Consecutive Years (Average of Five Replications).

Uninoculated Inoculated
S.E.

Applied N IRj 2101 IRj2114 Treatment
Year Control @ 90 kg/ha spc. str. IRJ 2111 IRj 2123 means, *
Mean dry nodule mass at flowering stage, mg/plant
1979 0.0 0.0° 85.9" 148.1¢ 182.42 1412 18.90
1980 10.6" 5.7° 5.5¢ 16.2° 30.0° 14.8% 3.21
1981 7.4° 5.6° 3.6° 57° 17.2* 9.3» 2.88
Mean grain yields, kg/ha
1979 737 1,198 1,120 1,102 1,152° 942% 96.0
1980 627° 525° 199v 4842 265° 567* 57.5
1981 3347 376" 286° 4572 321° 378° 59.9

Means followed by the sarne superscript within a row are not significantly different at 5% level

Source: Chowdhury, Msumali and Malekela, unpublished data

or soil inoculation, whereby the inoculant
is directly implanted into the seed drili
cither in liquid or granular form. When
seed noculation is finished, adbives like
gum arabic or substituted celluloses are used
to ensure the contact of rhizobia with the
enierging roots of sprouting sceds

Inoculation technology has produced usetul
results in Tanzania. The strong soybean cultivar
and rhizobial strain interaction  observed by
Chowdhury (1977b) indicated the importance of
sclecting the appropriate rhizobial strain for a par-
ticular soybean cultivar.

Table 4 shows that inoculation with appro-
priate rhizobial strains resulted i soybean yields
cquivalent to the application of 90 kilograms of
nitrogen (as urca) per hectare. The table also sug-
gests the need to inoculate soybeans cach year, as
the introduced rhizobia failed to produce the de-
sired nodulation and grain yields in subsequent
years.

The nitrogen content of cowpeas was also
improved by rhizobial inoculation; Chowdhury
(unpublished data) observed nirrogen gains as high
as 90 milligrams per plan: in cowpea variety SVS
129.

The native cowpea rhizobia varied in nodu-
lation and nitrogenase activity with different va-
ricties of cowpeas. Among 50 cowpea varicties

tested, 33 were well-nodulated with high acety-
lene reduction activity, and 17 were either sparsely
nodulated or not nodulated at all by th. indige-
nous rhizobia (Chowdhury and Ndunguru, un-
published data).

Rhizobial inoculation coupled with lime pel-
leting of lucerne resulted in about a 233-percent
increase in crude protein contents in forage (kerra
and Chowdhury, unpublished d»za). It was cal-
culated that 109 kilograms of nitroge  ver hectare
couku be fixed by lucerne during a 13-week growth
period in pot culture, when inoculated and lime-
pelleted seeds were sown.

Long-_:rm Strategy

The application of biological nitrogen fixa-
tion technology through legume inoculation is
likely to give immediate dividends with crops that
would respond to rhizobial inoculation. Such ben-
ctits will be obtained in terms of protein output
per unit area of land.

The input of nitrogen to the soil through
legume-Rhizobitm symbiosis, however, wil! de-
pend on the farming system and manageraent
practices. The use of legumes as green manure
may be proposed, but its feasibility and cconomic
return is doubtful where the rainfall pattern is un-
imodal. Recent advances in genctic cngineering
and biochemistry have yielded new possibilities of
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transferring the nitrogen-fixing genes from bac-
teria to plant cells (Brill, 1979). While such so-
phisticated research may or may not be pursucd
m countries with limited trained manpower, al-

galization of rice fields and mass production of
Azolla with efficient nitrogen fixation and rapid
multiplication should receive serious attention for
application by the farmers.
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DISCUSSION

Nitrogen Self-Sufficiency and Biolegical Nitrogen Fixation

Q:With reference to nitrogen fixation, is there any
rescarch  onducted to compare the contribu-
tion of N from manure versus nitrogen fixa-
tion by plants?

A:In Tanzania, these two materials will coniple-
ment cach other. Legumes are knewn to add
nitrogen to the soil.

(Comment by Wagner, University of Dar ¢s Sa-
laam): Two types of organisms fix nitrogen: bac-
teria and blue-green algae, and both of these are
fr. living. Blue-green algac are commonly used
in iioe fertilization.

(Comment by Kihupi, UYOLE Agricultural Sta-
tion): Some legumes, such as lupines and soy-
beans, have nodulation problems when first intro-
duced to a new soil. These may need starter
nitrogen. Withour proper nodulation in a given
soil, no tixation of nitrogen would occur. Thus,
legumes would act like other crops, removing N
from the soil!

Q:(Kondela, Lyamunga, R.T.L): Nitrogen is fixed
during symbiosis. How does it move from
nodules to difterent parts of the plant, and to
other planes?

A:(Licbhardr, Rodale Research Center): First, the
N molecules go through a series of actions.
Fixation depends on the energy supply from
the leaves. Energy for fixation is dependent on
the rate of photosynthesis. Nitrogen is fixed in
nodules as ammonia, and is oxidized to nitrate
and translocated to the top part of the plant,
The translocation process is very important.
During the growing scason, N may be trans-
ferred to other plants, atter the legume crop
has decomposed to liberate N,

Q:(Nyonze, SUDECO): I would like to hear from
the Rodale group ou the role of mannres and
compost in sugarcane production.

A:(Kasembe, TARO): Manures and COMpost are
being used m several countries, for example,
the Philippines. Heaps of compost are mechan-
ically spread i cane fields.
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PLANT DISEASE MANAGEMENT

C.L. Keswani and J.M. Teri, Dept. of Crop Science, Faculty of Agriculture,
Forestry and Veterinary Science, University of Dar es Salaam.

F.M. Shao, Tanzania Agricultural Research Organization, llonga, Private Bag, Kilosa

The organisms capable of causing plant discases
are numerous, representing ditterent biological
groups. For example, there are over 600 known
viruses and viroids, about 250 species of bacteria
(including actinomycetes) and similar organisms
(miycoplasma and rickettsiac), probably 20,000
species of tungi, about 1,00 species of nematodes
and a few species cach of algace, angiosperms, pro-
tozoa and arthropods.

Because of the diverse nature of the or-
gansms causing plant discase, there are ditferent
tvpes of symptoms which appear on the plant.
They include leaf spots, blights, wilts, mildew,
rusts, smuts and others. Plant discase manage-
ment is mainly based on interrupting the life cycle
ot the pathogen. Therefore, it is essential to know
the identity and nature of the discase.

Depending upon the nature of the disease,
various methods could be adapted for manage-
ment. Here, we wish to emphasize only those
methods which are resource-efticient and reguire
little cash outlay by an individual grower.

It is a common fallacy that chemicals are nec-
essary to control plant diseases. In practice, the
most important aspects of discase management
are common sense measures that protect the crop
through good husbandry.

The basic methods ot plant disease nuanage-
ment are examined below:,

Exclusion

The successtul exlusion of a pathogen from a
given geographical area depends mainly upon the
mode of transmission and  distribution of the
pathogen. For example, pathogens that are widely
distributed i an area, such as maize streak virus,
cotfee berry discase fungus, and rusts on muaize or
beans, canpot be excluded. All pathogens which
are spread by wind are hard to control by this
method. On the other hand, this method can be
successtully applied against sced-borne patho-
aens, such as anthracnose-causing fungi in beans,
rice blast fungus, common bean mossic virus,
cte.

Exclusion of plant pathogens can effectively
be achieved through the followmg methods:

Treatment of propagative parts of the plant:
This can be achieved by treating seeds or planting
material with chemicals; or with other physical
methods, such as hot water, stcam, cre. In fact,
sced treatments are lov=cost insurance against nany
plant discases., particularly the seedling discases.

Quarantine: This is a legal method by which
an infected plant material is restricted or embar-
goed I its moventent fromy an arca where it can
be partially dangerous.

Inspection and certification of seeds and
planting material: This method involves inspect-
g seeds and planting material tor the absence of
plant pathogens in growers™ ticlds to ensure that
farmers obtain healthy plant material,

Eradication of Plant Pathogens

Plant pathogens may be eradicated from arcas
in which they have become established using one
or more of the tollowing approaches:

Eradicaton of susceptible plants: Eradica-
tion of some pathogens can be accomplished by
clininating susceptible plants or alternate hosts.
Alternate hosts are those plants which harbor the
pathogen whrn the main crop is not in the tield.
For examvle, maize streak virus can propagate in
several species of weeds, such as Sudan grass, and
subsequently be transterred to maize through in-
seCt actvity,

Crop rotation: In & sense, crop rotation is
the eradication ot the main and alternate hosts of
the pathogens. Many plant pathogens survive in
soil and plant debris only for a very short time in
the absence ot the host. Theretore, crop rotation
deprives the ysthogen of its host, thus reducing
or climinating i altogether,

However, crop rotation 15 not alwavs teasi-
ble, ' scause annual cash mcome or atilization of a
single crop may often be essential to the economic
well-being of certain farmers. A single annaal crop
grown vear after vear on the same picee of land is
vulnerable to periodic outbreaks ot devastating

95



96

plant discases, particularly those caused by nem-
atodes and other parasites like Fusarinm, 1évticil-
linm and Sclerotinia spp.

In addition, crop rotation may help o im-
prove soil tertility by changing the soil’s microbial
composition,

Soil treatment: Plant pathogens can be erad-
icated or controlled by dry heat, steam or hot
water. Hleating of soil has been used with much
success, espectally in small areas such as green-
houses and nurseries. This method of soil treat-
ment in large tickds may not be practical in devel-
oping countri-s like Tanzania.

A recent advance i the control of soil path-
ogens s “soil solarization,” where the soil is cov-
ered with clear polyethylene for several days., “T'his
process raises the temperature of soil between 38
Cand 55 C up o a depth of 20 centimeters,
killing nemazodes and other plant pathogens (Ka-
tan, 1981 Porter and Merriman, 1083).

Biological eradication of plant pathogens:
This generally involves the control of soil-borne
pathogens through the use of other MICrOOrgIn-
isms, whose activity is encouraged by appropriate
manipulation of soil environmental conditions. This
manipulation can be oo oomplished by the intro-
duction of new organists, or by increasing organic
nuatter levels with compost, green nuanures or crop
residues. For example, potato sealy (Stieptomyces
scabies), root rot of cotton (Phymatotrichum onmi-
vorm) and various other discases can be con-
trolled by plowing in suitable, fresh organic mat-
ter (Gregory eral., "932).

Eradicating soil-borne pathogens by biologi-
cal methods is complex, and may be due to con-
petition for nutrients, or antagonism, such as
through the production of antibiotics and preda-
tion. Inr seddition, antagonistic microorganisms have
a capact / tor genetic variaton and are likely to
produce siew strains, which are able to attack re-
sistant strains of the host.

Avoidance

The term “avoidance™ is used here to de-
scribe methods which manipulate the microenvi-
ronnients in which the crop is growing,

Crop husbandry should emphasize the opti-
mum growth of the plnt, thus reducing, the
chances of pathogen attack. Although cultural
methods alone cannot completely control - dis-
cases, they have proved to be very valuable as
supplementary aids. Cultural methods which may
be usetul in better management of plant discases
are:

Method and depth of planting: Faulty me-
chanical planting ~ould damage the seed, predis-

posing, 1 to attack by soil microorganisms. Plant-
ing should be at an optimal population tor cach
crop. Overcrowding may result in abnormally high
humidity, or have other effeets on the microcli-
mate within the canopy that encourage the growth
ot plant pathogens. On the other hand, high plant
density may help reduce the spread of some path-
ogens, by physically hindering the dissemination
of their propagules.

Planting depth has an important eftect on
some pathogens, notably those which attack seed-
lings. By delaying emergence, deep planting pro-
longs the suscepuble phase between germination
and emergence, thus favoring the attack by nuany
plant pathogens. This has been shown in several
seedling discases caused by Fisarium and Rhizoc-
tonia. Farly shallow planting, is preferable when-
ever possible, but much depends on the nature of
the soil. For example, in dry soil, fairly deep
planting may be necessary to ensure the supply of
adequate moisture,

Conditions for germination, emergence and
growth: These should be as favorable as possible
i order to encourage rapid germination and carly
growth of the plnt, so thet it may quickly pass
over the stage when it is most susceptible to soil-
borne pathogens. The longey the period between
plinting and emergence. tl e more vulnerable the
plantis o pathogens. Planting, theretore, should
be n well-cultivated soil of suitable texare, pH,
moisture, tertility and temperature. It emergence
is likely to be slow, it may be usctul to apply a
fungicidal or tungicidal-insecticidal seed dressing
to provide protection for seed and the cnerging
plant.

Planting date: Pathogens are able to infect
susceptible plants only under certain environmen-
tal conditions, which sometimes are very exact-
g, Plants tnd to reach maximum susceptibility
At certain stage in their development, and are
resistant at others. Therctore, it may be possible
to manipulate the planting time so that the crop
passes through its susceptible phase ar a time when
the pathogen is cither absent, or is un:bile to infect
the plant because ot unsuitable environmental
conditions or lack of inoculum, For example, carly-
planted maize can escape maize streak infestation
by avoiding later build-up of the insect that trans-
mits the discase.

Fertilizer use: 1t has been known for nuany
vears that fertilizer treatments can affeet the sever-
ity of plant discases. Fligh concentrations of nitro-
gen, particularly in readily assimilated torm, as in
nitrate, often predispose the crop to discase sus-
ceptibility. It is known, for example, that excess
nitrogen makes rice more susceptille to rice blase



pathogen (Pyricularia oryzae). However, this is nor
always true, becanse fertilizer often makes the plant
resistant by stimulating rapid growth. Deticiency
of some trace clements also predisposes plants to
attack by some pathogens and pests, emplasizing
the importance of nutritionally well-balanced soil
for improved crop production.

Intercropping: Intormation on the influence
of mixed plant populations on plant pathogens i
greatly Tacking. However, it is generally aceepted
that the incidence of discases mimntercropping sys-
tems s lower than in monocalture (Innis, 1980
Mukiibi, 1982; Keswant and Mreta, 1982), 4 fac-
tor contributing o the widespread use ot incer-
cropping by subsistence tirniers,

Under non-chemical famimg conditions, this
phenomenon may have been due 1o an ceolopical
balance between the host-pathogen and the envi-
ronment. There may, however, be exceptions to
this observadon, meaning, that, if experimental
evidence has 1o be provided, ditierent crop com-
binations should be examined.

Because wopical ccosysten. s are penerally
more complex than temperate: ccosystems, and
because there are more plant discases in the Trop-
ics than in Temperate regions (Wellnan, 1969),
the study of plant eptdennes is complex and needs
4 more tegrated svstem approach (Robinson,
1976,

Use of discase-resistant varieties: Resistant
varieties are crop varieties which are less prone o
attack by difterent pachogens than susceptible va-
ricties under certain environmental conditions.

Initiaily, to develop a resistant variety in-
volves considerable financial resources and human
cflort. But once developed, it is the most re-

source-cthicient, environmentally safe method ot

plant disease management.

Protection: Protection simply means pre-
venting the pathogen trom establishing itselt in
the host plant.

Chemical control: The liscovery of Bor-
deaux mixwure in the carly 18805 may be consid-
ered the first important breakehrough in the his-
tory of chenical control ot plant discases. In some
developing countries, this method of plant discase
management has become an integral part of crop
production, especially in the case of cash crops. In
Tanzania to date, cotlee berry discase and coftee
leaf rust are controlled mainly by tungicides.

Chemical controls have certain limitations,
particularly in developing countries like Tinzania,
A major limitation is the increasing cost of tungi-
cides, since the basic materials tor their formula-
tion are imported at the expense of much-needed
forcign exchange. The potentially adverse etfects

of pesticides on non-target species and the micro-
bial balanee of nature are also matters of concern.
In addition, human health hazards from residucs,
although not common, are a distinet possibility.
The indiscriminate use of tungicides has oc-
casionally been responsible tor phytotoxicity. In-

creasing evidence pomts o the development of

pathogen resistance to chemicats, thus making the
crop more vulnerable to pathogen attack.

It chemicals are to be used safely and ethi-
ciently, there is aneed to develop chemicals which
are free ot these disadvantages. Some progress in
this direction is evident in the development of sys-
tenie fungicides,

In addition, 1wt may be necessary that fuwre
chenicals for pline disease control depend on bo-
tanical or microbial sources, which biodegrade
sately, are less toxic to humans and plants, and
nuy be etfective in small quantities.

Advances in Plant Disease
Management Techniques

Apart from the presently aailable plant dis-
case managenient methods,  plant  scier ustes
worldwide are striving to develop more cconom-

1al, cttective and sate disease controls. One of

these s the immunization ot plants against path-
ogens, similar to vaceines tor ammals and human
bemgs. Some suceess i this direction has been
obrained i the case of crown gall discase, caused
by Agrobacteriune mmefaciens.

Another area ot recent advancement has been
through wenetic: engineering, whereby  resistant
genes from one plaint have been transterred to a
susceptible host with better agronomic characer-
istics, making the receptor plant resistant to a par-
ucular pathogen.

It may be possible that these new technolo-
gies will be more resource-cthicient, less hazard-
ous and higher-vielding, thus contributing a great
deal toward the selt=suthiciency of tood in devel-
oping countries like Tanzania.

Conclusions

In this paper. we have attempted to describe
low-cost methods tor plane disease management.
Although we have deseribed the: control mea-
sures separately, a farmer should not apply any
method i isolation. Several ditferent plant discase
ceitrol measures often must be combined 1o
achieve best resules with minimum cose.

The basic reason behind management of plant

discases is to raise healthy and vigorous crops. If

this can be accomplished with agronomic prac-
tices, such as the use of healthy planting inaterial,

g7



98

effective soil management, optimal plant popula-
tion, and adequate soil moisture, there will be
little need to apply synthetic chemical controls.
However, despite our knowledge of good crop
husbandry, serious outbreaks of plant discases are
common from year to year in ditferent crops. Plant
discases often attain epidemic proportions due to
factors beyond the farmer’s control. Therefore,
the most resource-cfficient plant discase manage-
ment system would prevent discases prior to their
becoming a serious threat, by using one or more

non-chemical techniques, or by adopting an inte-
grated approach, including chemical control. An
mtegrated disease management system is a broad,
ccological approach utilizing several control tech-
nologies in a compatible manner. Some plant dis-
case control measures may be labor-intensive, and
not practical in all cases.

Judicious use of the above methods, together
with advances in new techniques, such as immu-
nization and genetic engineering, might soon lead
to the “Green Revolution Phase 11."
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WEED CONTROL

A. N. Minjas and R. K. Jana, Dept. of Crop Science, Faculty of Agriculturs,
Forestry and Veterinary Science, University of Dar es Salaam

Weeds have been a problem in farming from time
immemorial. They atfect the growth of crop plants
at ditterent phenological stages, cause serious losses
m yield and quality, and increase production costs,
ultimately reducing the farmer’s net return.

Weeds in cultivated fields compete with crops
for nutricats, water and light. Estimates of vield
losses from weeds vary greatly, depending on the
mtensity of weed population, the weed species
and the fertility level of the soils.

Various indexes have been developed to esti-
mate yield losses due to weeds. Some of these
indexes are: The Competition Index (Dew, 1972),
Relative Crowding Coefhicient (IDe Wit, 1960 ),
Aggressivity (McGilchrist and Trenbath, 1971),
Competition Ratio (Willey and Rao, 1980) and
Interterence Ratio (Minjas, 1982). The amalysis and
quantitative determination of yicld losses due to
weeds form the key steps in developing integrated
weed control practices.

Table 1: Principal Weed Species in Tanzania.

Scientific Name

This paper examines the usc of manure,
compost, mulching and other weed control prac-
tices commonly used in agricultural fields, and
discusses how a combination of these practices
can lead to integrated control of weeds.

Weed Species Infesting Tanzanian
Agricultural Fields

Although detailed  statistical data are not
available, vield losses caused by weeds in Tanzania
may be assumed o be very high. This is because
the climate and edaphic conditions of Tanzania
cncourage numerous weed species that compete
heavily with crops.

Among the weed species listed in Table 1,
seven have been reported to be among the ten
worst weeds worldwide (Holni et al., 1977).
However, based upon their population intensity
and aggressivity, Cyperus esculentus, Rotthoellia ex-
altata, Setaria verticillata and Striga spp. have been

Associated Crops

Cyperus rotundus
C. esculentus
Rottboellia exaltata

Stiga spp.

Brachiaria errifolia
Setaria verticillata
Digitalia scalarum»
Ageratum conyzoides
Eleusine indica*
Echinochioa colunumx
Imperata cylindrica*
Cynodon dactylon*
Amaranthus spp.
Oxalis tatifolia

Maize, cotton, rice, coffee
Maize, wheat, rice

Maize, sorghum, millet, wheat,
sugarcane, soybean, greengram

Same as for Rottboellia exaltata

Same as for Rottboellia exaltata
Sugarcane, wheat

Maize, wheal

Sorghum, maize

Maize, wheat, finger miliet

Maize, cowpea, kenaf, greengram, rice
Tea

Sugarcane, maize, tea

Horticultural and field crops

Coffee, maize, bananas, vegetable crops

*These weeds are among the lop len worst weeds in the world (Holmer al , 1977)
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Table 2: Estimated Production Losses of Major Cereal Crops Caused by Weeds, Pests and
Diseases in Africa as Comparcd to the World Average.

Crop Africa World
Percent losses due to weeds

Maize 35.0 15.0

Rice 13.5 10.8

Wheat 15.0 9.8

Sorghum and Millet 25.0 17.8

Maize

Rice

Wheat

Sorghum and Millet

36.6
20.2
24.0
20.0

Percent losses due to pests & diseases

21.8
36.6
14.1
20.2

Source: Cramer, 1976

reported to be serious weeds in many crops in
Tanzania (Minjas, 1978). The dominance of these
weeds is mainly due to their ability to reproduce
vegetatively by tubers and rhizomes; a large num-
ber of minute seeds with long viability and late
physiological maturity; and cfficient fruit and seed
dispersal.

An understandig of these factors for the weed
species in agricultural ficlds may yield valuable
information for the selection of eftective weed
control measures (Socrjani, 1981).

Weed Control Measures

When compared with controls for plant dis-
cases and insects, scientific weed control practices
are poorly developed (Noda, 1977), possibly be-
cause the eftect of weeds on crop yield is much
less dramatic than that of discases and insect pests.
Table 2 depicts yield losses in major cereals due to
weeds, pests and discases in Africa as compared
to the world average. The yield losses shown in
Table 2 are only averages, and do not necessarily
reflect the substantial losses experienced by Jirm-
ers at any local environment.

At Morogoro, for example, Mugabe et al.
(1980) have shown that yiclds of maize, sorghum,
soybean and greengram are lowered by 61.4 per-
cent, 96.2 percent, 97.1 percent and 97.3 pereent
respectively in non-weeded fields compared to
weed-free ones. Such yield reductions call for sci-
entific weed control practices in all agricultural
ficlus if the farmer is to get any return from his
inputs to the field.

The weed control measures employed in crop
fields may be summarized as follows:

Sced-bed preparation: This includes plow-
ing, disking, harrowing and their combination.
These operations primarily aid weed control so
that the crep seedlings do not emerge and estab-
lish in soil that has already been occupied by weed
plants (Ross and Harper, 1972).

Preventive measures: Steps to cnsure that
weeds do not set seeds or establish within a crop.
Use of clean crop seeds, well-decomposed ma-
nure and clean equipment are examples of preven-
tive weed control measures. The ase of clean crop
sceds 1s particularly inportant because some weeds
resemble the crop plants so much that it becomes
impossible to control them until both plants have
reached very advanced growth stages. This pr.b-
lenv is particularly prevalent in Sumbawanga, Tan-
zania, where toger miliet (Eleusine corocana) 1s fre-
quently infested with a morphologically similar
weed, Eleusme indica (Minjas, 1978).

Manual weeding: This is the most common
method of weed control in most of the tropical
developig countries. It includes hand-pulling of
old weed plants, and hand-hoe weeding. This
method 1s slow and tedious, and it is normally
accomplished after weeds have depressed  the
growth of crops. In addition, many crops are
weeded only once because of labor shortages dur-
ng the cropping, scason,

Crop Rotation: Generally, certain weeds are
associated with certam crops, For example, wild
oats (Avena fatua) are commonly associated with
wheat, barley and oats. Continuous cropping re-
sults in a build-up of such associated weeds, but
crop rotation allows for weed control measures
alternatively among crops. In Egypt, for example,



a rotation of rice, cotten and wheat cffectively
prevents infestation of certain noxious  weeds

(Noda, 1977).

Chemical Herbicides: Herbicides form the
basic method of weed control in advanced tech-
nology a_riculture. This is mamly due to their
effectiveness, etticiency and cost-benetit relations.

In developing countries, where traditiona!
agricultural technology is commonly employed,
herbicide usage is not signiticant, becarse:

® Herbicides are extremely expensive.

® Application cquipment is also expensive,

» Spray equipient needs to be carctully cal-
ibrated to deliver the required doses of the
herbicide.

Risks develop tor non-target plants.
® Over- or under-application mav accur wich

negative resules.

Specitic herbicides are frequently not avail-
able when needed.

¢ Application cquipment  requires  mainte-
nance and replacement, which may involve
additional cost.

Somc  herbicides are in.ttective against
noxious, perenmal weeds which are widely
distributed in the rropical developing coun-
trics.

Each ot these weed control nieasures has ad-
vantages and disadvantages. Manual weeding s
cheap. but may not provide complete control and
is not casily available at the peak of weeding pe-

ricd. Crop rotation may provide a solution, but it

it 15 to become cconomically viable, it should be
limited to large-scale tarms, not the small tarmers
n tropical developing countries,

Figure 1: Steps in Iniegrated Control of Weeds.

Herbicides have high ctficiency in the control
of limited weed species, but are generally poor
against certain weeds.

Need for Integrated Weed Control

Application of several weed control meth-
ods, known as “integrated control of weeds,” is
more cttective at controlling noxious weeds than
any onc method used alone. Seth (1977) has shown
that combining cultural practices with herbicides,
or using a combination ot herbicides, provides long-
term control of specitic noxious weed species or a
nuxed weed species. However, increased knowl-
edge of weed-crop coinpetition, danvage and yield
losses due to weeds, eniergence pattern of the
weed populations, weed lite cyeles, and the ecol-
ogy and physiology of weeds must be empha-
sized for ntegrated weed control to he successtul.

Approaches to Integrated Control
of Weeds

Ennis (1977) proposed a scheme that identi-
fies some of the steps of an ntegrated weed con-
trol program (Figure 1). The scheme emphasizes
understanding the weeds, thar population dy-
nanucs, and the species that wiil cause the most
damage betore planning the control program.,

Integrated weed control is a long-term process
that includes monitoring shifts in weed popula-
tons. bor hardy weeds, alternative technology may
be needed as such shitts occur (De Datta aind Ber-
nasor, 1981). Crop rotations, preventive inca-
sures, mechanical controls and herbicides might
all be used. This program will reduce the weed
popularion to a tolerable level.

5. Decide on alternative

technology to apply.

4. Deciae whethier to
apply a control.

6. Choose technology
compatible with
total system.

CROP PROTECTION
3. Predict weed TECHNOLOGIES 7. Apply protective
populations. measures.
Cultural
2. Assess species Chemical 8. Evaluate effective-
most significant. Biological ness of controls.

1. Identify weeds
causing losses.

9. Decide on need for
further protectior.

10. Monitor weed
population.

Source: Ennis, 1977
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Evaluation of 'Traditional and
Integrated Weed Control

Rescarch that compares tiie economic re-
turns from tradiional ard integrated weed con-
trol in crop fields is scant. However, Munroce ef
al. (1981) compaied farmers’ weed control prac-
tices and integrated weed control in upland rice in
the Philippines. The major findings from these
experiments were that:

1) Generally, there was no significant yield

difterence between difierent hand weedmg

freatnents.

2) Use of an herbicide at high or low rate,

plii one hand weeding, produced  yields

comparable to the weed-free check.

3) S'he higher rate of herbicide without hand

weeding reduced populations of grass weed

species bue also resulted in a shift toward
broadleaf weeds.

It appears, theretore, that high yields can be
achieved by using labor-intensive weed control
practices like cultivation and hand weeding. How-
ever, if labor is a constraint, use of an herbicide
could climinate post -plant cultivations and reduce
the frequency of hand weeding.

Weed Competition in Relation
to Fertilizer

Manure has been shown to have the same
effect as inorganic fertilizers for 4 number of crops,
if applicd at the same rates. However, since crops
are continually invaded by weed species, the fer-
tilizer is bound to be shared by both the crop and
weeds. Albamper (1976) provided an analysis of
crop-weed-fertility interactions, emphasizing that
weeds usually absorb nutrients faster and in larger
amounts than crops, and therefore derive greater
benefit relative to the crop plants. This observa-
tion is supported by other studics, such as that of
Vengris et al. (1955).

Vengris ¢t al. compared the nutrient uptake
of weed-free corn, corn infested with Amaranthus
retroflexus, and A, retroflexus alone. They tound
that the contents of N.PK, calcium (Ca) and
magnesium (Mg) were significantly lower in weed-
nfested corn, and that the K, Ca and Mg contents
of A. remroflexus itself were appreciably greater than
in weed-free com. The better nutrient uptake by
A. retroflexus may be due to morphological attri-
butes or other factors, like high root demand (Drew

et al., 1969) or the ability to avoid roots of neigh-
voring plants (Baldwin e al., 1972).

Hurtston (1956) made the following remark
for conditions encountered in England: “Fertiliz-
ers have the same effect on wild oats as cultivated
cereals, so top-dressing an infested field may re-
sult in a heavier crop wits more vigorous wild oat
plants.” This raises the point that, although the
eftect of artificial fertilizers is mainly observed in
the year they are applied, farmyard manure (FYM)
can have residual etfeets lasting for many years
(Kyomo and Chagula, 1983). Hencee, while FYM
is cheaper than artificial fertilizers, its residual cf-
fect means longer-lasting weed populations and
higher weeding costs. Long-term support of weed
growth by manure can be reduced by spreading
mulcl. on the field after tillage. Tillage removes
the vegetative part of the weed, which manufac-
tures food for further growth, while mulching
cuts off light rcaching the emerging weed seed-
lings.

Farmers without livestock can substitute well-
decomposed organic material for FYM. This re-
cycles nutrients absorbed by plants back into the
soil.

They can also mulch with leguminous plang
materials. Legumes contain nitrogen, and can serve
a dual purpose of providing nitrogen and other
clements absorbed trom the soil (Hall, 1974), while
providing u soil cover to prevent weed growth
and minimize water loss.

The Future of Weed Control

Weed control will remain one of the farmer’s
MOst Important operations in crop production.
Sclective weed control practices in monocrop sys-
tems normally resule in shifts in the weed popu-
lagion toward more tolerant species. Under tropi-
cal conditions, these shifts can occur in a single
cropping cycle.

An integrated weed control program would
cmploy a combination of control measures, in-
cluding herbicides. The rising cost of herbicides
will require more national and international co-
operation to allow small farmers to afford them.
This is particularly important considering the high
costs of labor in the present world. Plant breeders
can possibly rescue the situation by looking at
germ plasm that can be incorporated into plant
miaterials that will inhibit weed growth (Putiman
and Duke, 1978).
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of Chemical Pesticides.”
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ALTERNATIVES TO THE
CONVENTIONAL USE OF
CHEMICAL PESTICIDES

A. K. Karel and M. E. Quentin, Dept. of Crop Science, University of Dar es Salaam
D. L. Matthews, Rodale Research Center, Kutztown, Pa. 19530

Man has been raising plants and animals for food
for thousands of years, and there has always been
a battle between the farmer and invading insects.
Weapons used against the insects have changed
drastically over the years, as have the methods of
agriculture in most areas of the world. Continu-
ous monoculture plantings and heavy use of syn-
thetic insecticides are common now. But contin-
ued use of these synthetic biocides has caused pests
to build up resistance to them, necessitating more
applicazions of increased dosages to obrain con-
trol.

Other consequences of repeated insecticide
usc are: 1) The natural balance between beneficial
parasite and predator specics and pest species is
disrupted, aliowing the pest population to flour-
ish or rebound later on, usually in the absence of
the beneficaals; and 2) Other, non-target organ-
isms, such as soil decomposers (carthworms, Col-
lembola, ctc.) are disrupted.

Crop Protection in Tanzania

Tanzania’s cconomy is mainly dependent on
agricultural crops. About 10 percent of the coun-
try’s arable land is under cultivation in the forms
of subsistence production predominantly, and
commercial export production to a lesser extent
(Karel and Ndunguru, 1980).

Originally, mixed cropping and intercrop-
ping, along with crop rotation and land fallowing,
were major  practices in - subsistence  farming,
However, the increasing food demands of a rap-
idly growing population necessitated the transi-
tion from shifting cultivation to semi-permanen:
and permanent ciltivation systems. Expansion of
the cropping arcas and changes in the cropping
patterns occurred. Monocultures became preva-
lent, and other cultural practices such as crop ro-
tation and land fallowing were almost abandoned
in some areas.

The current emphasis on modern agricul-
tural techniques and inputs to increase crop out-

put may be detrimental to the crops in the long
run. This i« particularly true when the repeated,
excessive use of broad-spectrum chemical pesti-
cides causes pest outbreaks to occur due to insec-
ticide resistance, disruption of the natural enemy
populations, or a build-up of secondary pest pop-
ulations which were previously unimportant.

Inscce problems are becoming increasingly
difficult in some production areas of Tanzania.
Substantial progress has been made in controlling
a number of pests of large-scale farming, with a
major focus on cash crops. But pest damage is
still extensive in food crops, particularly among
small farmers, who are the major food producers
in the country. A large proportion of the small
farmer’s produce, mainly cereals, suffers damage
before and after harvest,

Recommended insecticides are employed by
some farmers to reduce losses, yet the expected
results often are not achieved. This may be due to
improper application, particularly where correct
dosage, timing and cquipment for application are
concerned. Ecological factors also interfere with
the action of the chemicals.

Generally, one method of pest control alone
will not provide effective, long-termt control, be-
causc pests have adaptive abilitics, and because of
the many variables related to scasons, locations
and cropping systems. Therefore, it is necessary
to tind alternatives that can be used with or with-
out chemical insecticides. This often can be ac-
complished by taking a ‘softer touch’ approach to
pest management.

Knowledge of the Crop Ecosystem

Before an effective crop protection scheme
can be developed, thorough knowledge of the in-
sect specivs residing in the crop is needed. A farmer
should be able to recognize all stages of the bene-
ficial and harmful species present, and know whicl,
life stage of the harmtul species is most vulnera-
ble. This will enable him to choose appropriate



control methods and time them to control pests,
but preserve benceficial insccts. Insecticide appli-
cations that do not coincide with the most vulner-
able life stage of the pest are wastetul, and may
do more harm than good, since benefidal species
are also affected. If a farmer sees that predator or
parasite populations will soon be large enough to
provide natural control of a pest, time and money
may be saved by reducing or eliminating insccti-
cide applications.

Government agencies and  universities can
provide an invaluable service to farmers by help-
ing them become more familiar with the crop
ecosystems.

Polycuiture vs. Monoculture

“It 1s widely accerted that the stability of a
community and of its constituent specics is posi-
tively related to its diversity,” (Way, 1976).

Intercropping is commonly practiced in many
Third World countries, in commercial farming
systems in the U.S., and in backyard gardens
worldwide. The benefits of such polyculture
methods of planting arc:

1) Efficient use of land (by planting two crops
whose growth habits and requirements
ditfer).

Efficient nutrient cycling and selt=sufhi-
ciency (vihen intercropping legumes and
non-legumes).

Reduction in insect pest problems. (a. In-
sects are unable to locate the appropriate
host plant because the interplanted crop
masks its odor. b. Insccts are sometines
repelled by the mterplanted crop. ¢. Para-
site and precator densitics increase i the
diverse plant canopics.)
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Field studics have been done to determine if

polycultures actually do have fewer inscct prob-
lems. Most have tested interplant combinations
that are mentioned repeatedly in gardening folk
literature and are commonly practiced by farmers
and gardeners. Although some planting combi-
nations have been ineffective against certain in-
sects under certain conditions (Latheef and Irwin,
1980, Gessell ¢t al., 1975), the majority have proved
very eftective (Risch, 1980; Burandav and Raros,
1975; Adesiyun, 1979; Matthews e al., 1983:
Franas, 1978, Frandis et al., 1978; Crookston, 1976).

Although intercropping is as old as agricul-
ture itself, modern farming in most countries
means large acreages of monoculture plantings, a
far cry from the diversity that typifies a polycul-
ture system. Conscequently, insect pest problems
arise, and with them the need for chemical insec-
ticides.

If we are now to answer the question, ‘Huas the
adoption of monoculture systems led directly 1o an in-
crease in the number and severity of pests and diseases
of Jorest crops?” the answer wonld have to be yes. 1We

could add that there seems to be evidence that much of

this is due to the uniform and cowded conditions that
plantations provide and that the cultural opevations as-
soctated with these crops have ofien accentuated probless
that have had other origins, (Gibson and Jones, 1976).

Many inscct problems can be avoided by
planting in a polyculture system. planting hedge-
rows and leaving “weedy™ arcas near and perhaps
within crop fields to encourage beneficial msects.
“Optimal plant detense should ncorporate any
mechanisms that influence the teeding behavior of
potential pests,”™ (Atsatt and O'Dowd, 1976).

Increasing crop diversity by intercropping or
mixed cropping can help to control inscct pests
by attracting predator and parasite populations, or
atracting the pest from susceptible to non-sus-
ceptible crops. For example, beans and cowpea
are interplanted with maize in East Africa to re-
diee pest damage. I has been found that toliar
beetle (Qotheca bennigsent), stink bug (Nezara viri-
dula) and other pests are attracted to niaize, where
they rest and cause less harmi to the legunie crop
(Karel eral., 1980; Karel and Matary, 1983).

In conclusion, species diversity is an important
Jactor i preventing population outhreaks in communi-
ties. When possible, diversification of both faunal and
Horal varieties should he enconraged. The use of specific
pesticides and biological control agents which attack only
the pest without sterilizing the other_fauna shonld prove
to he a sound agricultural practice, (Pimentel, 1961).

Repellant Plant Studies

The concept ui interplanting with aromatic
plants to repel insect pests from their host crop
has been known for years. Odors given off by the
essential oils (secondary plant compounds) of these
plants mask the odor of the host crop and/or 2c-
tally repe! or discourage aitacking pests. Little
research has been done to test this method.

Over the past four years, tield trials have been
conducted at the Rodale Rescarch Center (RRC),
to determine the effectiveness of certain mixed
plantings of vegetables and flowers or culinary
herbs against insect pests. The 1983 IFOAM pa-
per titled “The Effect of Traditional Inscct-Repel-
lant Plants on Insect Numbers in a Mixed Plant-
ing System” (Matthews ef al., 1983) summarizes
the results of the field erials. Many of the inter-
plantings, particularly tansy (Tanacenum vulgare) and
catnip (Nepeta cataria), were effective against pests.
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Resistant Plant Varieties

The use of host plant resistance to insect at-
tack has been practiced for many decades (Painter,
1951), and there are now more than 100 plant
varictics resistant to more than 25 pests (Sprague
and Dahmn, 1972),

Many pest problems can be avoided simply
by growing varictics that have been b od to resist
the attacks of pests. Many of today’s popular crop
varicties have been bred only to imiprove yields or
processing ciaracteristics, with little regard for cheir
susceptibility to insect feeding. As a result, the
“super yielders” often turn out to be “super deli-
cious” to both disease and arthropod crop pests.

In his 1951 book “Insect Resistarce in Crop
Plants,” an internationally known authority on
host plant resistance, the late R. H. Paiuter, sug-
gested three interrelated factors that affect resis-
tance: 1) Plants may not be acceptable to the pest
as food, oviposition site, or shelter; 2) Insects are
adversely aftected by feeding on the plant (anti-
biosis); and 3) Plants can tolerate feeding that more
susceptible varieties cannot.

Suceessful developrent of resistant crop va-
rieties has been a major factor in increasing and
maintaining high levels of crop productivity. “rom
a farmer’s viewpoint, pest-resistant varictics are
usually the most economical m.ans of controlling
msect pests. In East Africa, planr resistance to
msccts has been found in many sorghum vari-
eties, which are naturally resistant to sorghum
shoctfly (Antheripona soccata). Many cowpea vari-
ctics have been ide wified that are resistant to green
pea aphids (Acyrthosiphon gossypii) and leathoppers
(Karel and Malinga, 1986). Mest of the cotton
varieties developed at Ukiciguru are resistant to
cotton jassids (Impoasca spp.) Recently, some bean
varieties resistant to foliar beetle (Ootheca bennig-
seni) (Karel and Rweyemanu, 1983), and beanfly
(unpublished observations) have been identitied in
Tanzania.

More emphasis should be placed on breeding
resistance ito varicties, and farmers should try to
use the resistant varictics that are presently avail-
able. This may encourage seed companies to sup-
port rescarch on resistant breeding. The impor-
tance of conserving an extensive gene pool from
whick desirable traits may be drawn for crop va-
riety breeding cannot be over emphasized.

Cultural Control

Cultural control is the deliberate manipula-
tion of the environment to make it less favorable
to pests by disrupting their reproductive cycles,
climinating their fond, or encouraging their nat-
ural cnemics. Alternating the time of planting,

tillage, irrigation, harvesting and weeding, as well
as using crop rotation and pest-free seeds, are some
of the ways to achieve cultural control.

Time of Planting: Some insect problems may
be avoided simply by timing the planting of a
crop so that its growth stage does not coincide
with the growth stage of the pest. Knowledge of
the insect’s life cycle, and how it interacts with its
host crop and the weather, is essential. Depending
on weather and soil conditions, the farmer nay
choose to plant carlier or later than usual in order
to avoid a pest problem.

Trap Crops: Certain varicties or plant types
are preferred by inscct pests. A way farmers can
take advantage of this is to plant “trap” plantimgs
of these susceptible varieties near the crop. Insects
are attracted to the trap crop, where they can be
destroyed or allowed to mature if they are not
harming the main crop.

Sometimes trap crops are planted earlier than
the host crop to ensure its success. A cornmon
practice in some areas of the U.S. is to mix green
bean seeds with soybean seeds at plandng. The
Mexican bean beetle prefers the green beans, and
causes little damage to the soybean crop.

Sanitation: Field sanitation can be an effec-
tive way of munaging insect pests. Insects that
spend one or more of their life stages in crop
debris may be destroyed by disking or plowing
after the harves:.

Timing of Harvests: Although most crops
have an optimum harvest time, some, like clover
and alfalfa, can be harvested earlier i order to
destroy a building pest problem. If insect counte
reveal thav a large population of alfalfa weevil is
building up, the hay is cut early, thus destroying
the weevil in the larval stage, when it is most
virinerable. Although there may be a reduction in
total tonnage, the protein quality of the hay may
be better and the succeeding generation of weevils
is lessened.

Crop Rotation: If a ficld is planted with
varying crops every other year or every few years,
the pests of each crop have less chance to build up
than they do if their host crep is always available.
Besides disrupting corn rootworm populations,
rotating corn with a legume hay crop also im-
proves soil conditions.

Hedgerows and Nectar Sources: Most ben-
eficial parasites and predators need areas to repro-
duce, find nectas, and protect themselves from
unfavorable envirenmental condition.. By plant-
g or protecting native hedgerows or “weedy”
areas adjacent to croplands, these useful insects
arc encouraged to stay nearby.



Integrated Pest Management (IPM)

The IPM conceept relies on ar: integration of
biological and chemical control methods A trained
scout surveys the crop, making visual counts or
using pheromone traps. If pest numbers have
reached the econemic threshold, a control method
is reccommended. The ccononic threshold s the
density of « pest poputation below which it fails
tc cause enough injury to justity the cost of con-
trol efforts. If possible, a sclective or, at least, short-
lived botanical insccticide should be used to dis-
rupt the crop ccosystem as little as possible. 1f the
number of pests is teo low to warrant treatment,
the scout will suggest withholding control mea-
sures. Weather data, such as temperature, rainfall,
and Growing Degree Days, are also used in an
IPM program.

[PM is becomitng more popular because of a
collapse of existing control systems and, in many
cases, because of the danger of environmental
contanunation.

The suceess achieved with synthetic insecti-
cides resulted in exclusive reliance on broad-spec-
trum products. This led to reanlar spraying pro-
graimns on a routine, preventive basis, and provided
a shield of insecticide protection whether the pest
was present in damaging numbers or not. Bat it
also resulted in the development of resistance to
various insccticides by many insect pests. Brown
(1970) reported 119 inseet species of agricultural
importance to be resistant to insecticides, and to-
day, some pests are practically immuse to all avail-
able pesticides. In addition, some secondary pests
have become primary pests because their natural
enemies were killed by the insecticides in use.

To control resurgence of the pests, farniers
have increased applications of highly toxic insec-
tiades. Under these circumstances, the cost of pest
control often has made crop production profitless,
resulted in serious health hazards to agricultural
workers, and deteriorated environmental quality.

IPM requires tolerance of pests,  because
complete eradication is generally not needed for
aigh yields. Most plant species can tolerate a cor-
tain level of damage without appreciable effect on
vigor and sced yield. The levels of crop damage
by pests can be appreciated by knowing the fol-
lowing paramcters:

Economic Injury Level (EIL): EIL is the
lowest pest popalation density that will cause cco-
nomic damage to crops (Stern et al., 1939). The
determination of EliL is critical in detming the
ultimace aim of any IPM program, and in delin-
cating the pest population level below  which
damage is rolerable. EIL varies from crop to crop,
season to season and arca to area.

Economic Thresheld (ET): ET is defined
as the density at which control measures shonld
be applied to prevent an increasing, pest popula-
tion from reaching the cconomic injury level (Stern
et al., 1959). The ET always represents a pest
density lower than that of EIL, to allow control
measures o take ctfect before the pest density
exceeds the EIL,

General Equilibrivm Level (GEL): GEL is
the average aensity of an insect population over a
long period of time. The population density fuc-
tuates near this mean level as a result of parasiies,
predators and pathogens. Thus, control measures
should be employed only to reduce and maintain
the pest population at tolerable levels.

LM emphasizes the use of existing regula-
tory and limiting factors such as inclement weather,
competition within and between species and nat-
ural insect enemies. Changing the pest's environ-
ment to enhance the action of natural forees is an
important goal of [IPM.

IPM also stresses an interdisciplinary sys-
tzms approach, which requires cooperation i the
research, development and implementation phases.
Cooperating entomologists,  pathologists, weed
scientists, agronomists, plant physiologists, ccon-
omists, metcorologists, engineers,  sociologists,
mathematicians and computer scientists are im-
portant in coliccnng, the information and tormu-
lating the management strategy.

Public understanding and acceptance of IPM
is in.portant, because IPM strategies demand more
detailed studies of crops and their pests, and often
take longer to bring pest populations under con-
trol. According to Luckmann and Metealf (1975),
bringing people to an understanding of pest man-
agement is the best way to deal with inseet pest
probiems. Special efforts should be made by en-
temologists to educate farmers and the public in
the methodology of 1PM and the reasons tor us-
g it. Etfective communication and salesmunship
are the kevs to successtul public understanding
and acceptance of IPM.

We in Tanzania, using [PM technology, have
found that up to two applications of insccticides
can be reduced in controlling bean pests (Karel,
1983b). IPM ca: also help prevent the deteriors-
ton of the environment and human health.

IPM programs m many advanced countries,
especially in the ULS.. have been particily or com-
pletely successtul for many crope. i recent years,
IPM progranis have also been used successfully in
some developing countries tor certain crops, es-
pecially in Egyprt, India, and Peru. An IPM pro-
gram for soybean has been successtully employed
in Brazil.
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IPM is very new to the African continent,
and virtually no reports were available until re-
cently. In East Africa, we have recently started
work on an IPM strategy for the management of
bean pests. The experiments conducted so far have
given very encouraging vesults. The use of better
cultural practices, resistant bean varicties, Bacillus
thuringiensis and judicious use of insecticides has
resulted in better management of insect pests. High
seed yicld has been realized more cconomically
than by chemical pesticide control (Karel, 1983b),

Based on the current results and other avail-
able information necessary for IPM, an IPM pro-
gram for beans in East Africa has been proposed
(Karel, 1983a). The proposed IPM model will be
tried in paired fields in two locations in the Mor-
ogoro region, in which one field will be ranaged
according to the IPM progran, and the other by
the farmer’s own methods.

Tools of IPM

Some of the most effeciv  non-chemical
techniques, such as biological control, host plant
resistance, and tillage, were widely used before
synthetic pesticides ever appeated. Insecticide re-
sistance, other side effects, and increasing cost of
pesticides have renewed interest in the tollowing
non-chemical techniques:

Biological Control: Biological control is the
manipulation of predators and parasites, mcluding,
pathogens, to keep pest populations at desirable
levels. It usually requires monitoring pest num-
bers and timing releases of beneficial species into
the environment where control is nesded. In clas-
sical biological control, the beneficial species is
reared in the laboratory and inscctary, and re--
leased or sprayed on the infested area. Included
under biological control methods is the rearing,
sterilization, and releasc of males of the pest spe-
cies. These sterile males mate with fertile fermales
in the field, but ro offspring are produced.

These techniques have proved to be very ef-
fective against several major insect pests and weeds.
So far, 120 different pests have been partially, sub-
stantially or completely controlled by the release
and colonization of insect pathogens, parasites and
predators. Successful biological control of several
pests in East Africa has been reported by Karel
and Odindo (1978).

Biological control, which utilizes parasites,
predators and pathogens of insccts, is relatively
permanent, because the natural enemies are self-
perpetuating. It is also cconomical, specific in ac-
tion, and virtually free of adverse side eftects and
other disadvantages of chemical control (Karel and

Odindo, 1978).

Microbial Insecticides: Compared to para-
sites and predators, fewer pathogens have been
exploited for pest control. But many known
pathogenic agents offer excellent alternatives to
chemicil controls. Fungi, bacteria, viruses and
protozoans are the four main classes of pathogens
used in biological control of pests.

Bacillus thuringiensis and B. popillae are two
common bacterial pathogens found to control the
population of many lepidopteran larvae and bee-
tles. These spore-{orming pathogens produce en-
dospores, which enable them to live in a dormant
sate i an unfavorable environment. When an in-
sect eats plant dssue containing the spores, it re-
mams alive for o few days, but its gut becomes
paralyzed and it canmot eat. Commercial prepa-
rations of B. thuringiensis and B. popillae are mar-
keted by several companies. Karel (1982) found
B. thuringiensis to give effective control of African
armyworm (Spodoptera exempta) in maize, and of
other pests in East Africa. Recently, it has been
found to give excellent control of pod borer (Ma-
mica destulalis), 2 serious pest of bean and other
legume seeds and pods. Even the older larvae,
which are difficult to control with chemical insec-
ticides, were killed by B. thuringicnsis (Karel, 1983a).

Some 700 species of insect species are af-
fected by viruses (USDA, 1978). Several types of
viruses are known, but three are more common
than others. These are Nuclear polyhedrosis virus
(NPV), Cytoplasmic polyhedrosis virus (CPV)
and Granulosis virus (GV). NPV has been effec-
tve i controlling armyworm, (Spodoptesa ex-
empta) in East Africa (Karel and Odindo, 1978).

Other biological agents like protozoa have
limited potential because they act too slowly and
must be produced on living hosts, muking pro-
duction costs high.

Nosetma locustae is 2 commerdially available
protozoan discase to combat grasshoppers. A
nematode (Neoplectana carpo-apsae Weiser) attacks
the larvac of several species of insects and is com-
mercially available.

Several additional insect discases that are not
yet available in the U.S. are available i Europe.

Pheromones: Pheromones are communica-
tion chemicals released by insects. Much research
is being done to synthesize insect pher. mones of
crop pests for use in IPM programs. Traps baited
with pheromones are used to moniter e popu-
lation levels. Insects attracted to the trap e caughe,
qiving an indication of field populati .ns. Phero-
mones are also used in traps baited with a pesti-
ade. Insects are drawn to the traps, contact the
poison, and dic. A pheromone atfects only the
msect species from which it was derived.



Juvenile Hormones and Growth Regula-
tors: These are compounds found in insects that

regulate how and when an insect develops. If

properly timed, sprays of these compounds can
disrupt a pest’s life cycle and provide effective
control. Some of them have been synthesized and
are available for use iz a pest management pro-
gram.

Chemical Biocides

Contrary to the thinking ot some people, the
use of pesticides is not an ecological sin. When
used according to sound ccological principles,
chemical pesticides provide dependable and valu-
able tools for the virologist. Their use is indis-
pensable to modern society (Nat. Acad. Sci., 1969).

However, much use of insccticides has so far
been ccologically unsound, leading to inscct pest
resistance, cutbreak of secondary pests, adverse
etfects on non-target organisms, and direct haz-
ards to the user (Smith, 1970). Pesticides should
be employed primarily as “stop-gap™ or “fire-
figliting™ tools. The misuse and overuse of pesti-
zides have been the most important factors in the
grrowth ot interest in [PM.

Pesticides can be betrer used it employed ju-
diciously instead of routinely. Proper use of insec-
ticides can be achieved by selective use, and selee-
tivity can be either physiological or ccological.,

Ecological selectivity can be achieved by
proper timing of application, and by using the
minimum amount of insecticide, to have the least
adverse effects on non-target organisms (Karel and
Odindo, 1978). Sclecrivity of pesticide use can
also be achieved by improving application meth-
ods, which are oftten determined by the formula-
tions available and the urgency of the circum-
stances. The development ot application equipment
that precisely directs the pesticide deposits into the
habitat of the pest, thereby minimizing drift and
contamination outside the target arca, is another
excellent way to achieve ceological selectivity. The
recent developmient of the Electrodyn sprayver may,

in the near future, further solve the problem of

cffective and sate application of insecticides to tar-
get areas.

Botanical Insecticides

It is not a sound practice to apply either syn-
thetic or plant-derived biocides to an environ-
ment. However, it conditions are such that severe
crop losses will occur without immediate treat-
ment, a plant-derived insecticide is more desir-
able. These have 1wos redidual activity thar syn-
thetic insectiaides e thus are probably less
environmentally disruptive over time.

As the world’s second largest producer of
pyrethrum, Tanzania is well-supplied with this
useful plant-derived insecticide. Some of the ad-
vantages of growing and utilizing pyrethrum are:

1) Like other botanicals, it is generally less
disruptive to the environment because of
its short-lived action.

It decomposes into harmless compounds
in sunlight and soil.

Insects have not developed resistance to
pyrethrum, as has occurred with many
synthetic pesticides.

Growing, processing, and marketing py-
rethrum in Tanzania would create jobs.
Growing pyrethrum instead of importing
synthetic pesticides will help Tanzania gain
independence and self=sutticiency in pest
control.
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Summary

A fundamental consideration in developing a
sensible pest management program: should be
“How will this practice affect the environment
now and in the tuture?” Although the cost of an
IPM program may seem high at first, it may be
more cconomical in the long term. Using less dis-
ruptive, locally available, botanical insecticides such
as pyrethrum makes more sense than importing
synthetic biocides, whose use may already be
banned tor human and environmental health rea-
sons 1 the conntries where they have been
produced.

The techmques mentioned here cannot solve
all pest problems, but should be tried, and where
successtul, should become recommended  prac-
tices. Research and education should be encour-
aged in these pest management arcas to develop
successtul regional practic:s for specitic crops in
Tanzania.

109



110

REFERENCES

Adesiyun, A. A. 1979, Etfects of intercrop on frit fy (Oscinelia
Jrit) oviposition and survival on oas. Ent. Exp. and Appl.
26(2):208-218.

Atsatt, PR, and 1. ] O'Dowd. 1970, Plant defense glds:
many plants are functionally interdependent with respect
to their herbivores. Science. 193:24-29,

Brown, A W. A, 1970 Insect sesistance. Farm Chemicals.
September-November 1969; February 1970

Buranday, R, P and R. S, Raros. 1975, Effects of cabbagre-

tonuato intercropping on the cidence and aviposition of

the diamond-back motl (Phuetla xylostella L.}, Philip. Ent.
2(5):369-374.

Crookston, R. K. 1976, Intercropping: 1 new version of an
old idea. Crop and Soils. 28(9):7-9

Francis, C. A, 1978, Multiple cropping potentials of beans and
maize. Hort. Sci 13(1):12-17.

Francis, C. AL Co AL Flor and M. Prager. 1978, Erfects of

bean assoctation on vields and vicld components of maize.
Crop Sci. 18:760-764.

Gessell, S. G.. R.J. Prescheur and W, Hepler. 1975, Com-
panionate plantings: do they work? Brooklyn Botae
Garden Record. Plints and Gardens. 31(1): 2428,

Gibson, L. A, S.and T Jones, 1976 Monoculture as the origin
of major forest pests and diseases. fn Cherrett, JoMoand
Go R Sager (ed.). Origing of pest, parasite, discase and
weed problems. The 18th Syinp. of the Brit, Ecol. So-.
Blackwell Scientitic Publications, Oxtond, England.

Karel, AL K. 1982, Investigation on the control of African
armyworm (Spodoptera exempta Walk) using, Bucillus thu-
ringiensis and inseeticides. Presented at International Con-
ference on the Control of Atmyworm and Other Migrant
Pests in Lastern Africa. Arusha, Tanzania, July 529, 1982,

——— . 1983 Integrated pest eanagement in beans in East
Africa. Presented at International Workshop on Inte-
grated Pest Control of Grain Legumies. Gisania, Brazil,
April 3-9, 1983,

1983b. Integrated pest control in beans (PMhaseolus
endgars L) in Tanzania, To be presented at Hoth Interna-
ticnal Cong. of Plant Protection, Brighton. England.

Karel, A Ko and M. OL Odindo. 1975, Chemical vs. biolog-
1al control of pests. i oth FAO/SIDA Conference on
Aquatic Pollution i Relation to Protection of Living Re-
sources. RAOL TF-RAE 1121232131

Karel, A. K., Do AL Lakhani and B3, 1o Ndunguru. 1980,
Intereropping in maize and cowpea: effect of plant pop-
ulations on insect pests and seed vickls. In Keswam, C. L.
and B, J. Ndunguru (ed.). Intercropping. Proc. of the
2nd Symp. on Intercropping in Semi-Arid Areas. Moro-
goro, Tanzama. August =7, 1980, p 102-109,

Karel. AL K. and Y. W K. Malinga. 1980, Leathopper and
aphid resistance in cowpea varietics. Trop. Crain Legume

Bull. #20:10-11.

Karel, A. K. and B. J. Ndunguru. 1980, Review of appropri-
ate agricultural production practices for small farmers in
Tanzania. FAQ, Rome. 75 p.

Karel, A K. und RO DR, Matary. 1983, The effect of insec-
ticide application and plant populations on inscet pests
and yield of intereropped maize and beans, Bean Impr.
Coop. 26. (in press).

Karel, AL K. and C. L. Rweyemanu. 1983, Resistance to the
foliar beetle (Oatheca bennigseni Weise) in common beans,
Bean lmpr. Coop. 26. (in press).

Latheet, MU A and RL DL Irwin, 1980 Etfects of companion-
ate phinting on simap bean inseets Epilacdina varivestia and
Heliothis zea. Env. Ent 9{2):195-197.

Luckmann, W. H. and R. L. Metaalt 1975, The pest manage~
ment concept. p.6-7. In Metealf, R. L. and W. H. Luck-
maxn {ed.). Introduction to insect pest management. John
Wiley & Sons Inc., N.Y.

Matthews, 1D L., P S. Michalak and R. J. MacRae. 1983, The
effect of traditional msect-repeiiant plants o tnect num-
bers i a mixed planting system. In Lockerctz, W, {ed.).
Proc. 4th International Federation of Organic Agriculture
Movements (IFOAM) Conference, Cambridge, Mass.
August 18-20, 1983, (in press).

Natonal Academy ot Scienees. 1909, Prinaples of plant and
animal pest control. Insect pest management and control,
Nat. Acad. Sci. Pub. 1965 (3). 508 p.

Painter, RoHL 1951 Insect resistance crop plants. Macmil-
lan Publishing Co.. N.Y. 320 p.

Pimentel, DL 19610 Species diversity and msect population
outbreaks. Ann. Ent Soc. Amer. 54:70-86,

Risch, | 1980, Fewer beetle pests on beans and COWpEas 1nter-

planted with banana in Costa Rica, Turrialba, 3 1(2):228-
')7()'

Smuth, R E 1970, Pesucides: therr use and himitations in pest
management. In Rabb, R Eoand EE Guihnie (ed),
Concepts ot pest. muanagement. North Carolina State
Unmiv., Raleigh, N.C.

Sprague, G Eand R G, Dahmin, 1972 Development of crop
resistance to insects. . Environ. Qual. 1(1):201-234,

Stern, V. ML RLE Smith, R Van den Bosehand K. S, Hagen.
1959, The integrated control concept. 29(2):81.

United States Department of” Agricultore, 1978, Biological
agents for pest control: statas and prospects, USDA,
Washington, D.CL 138 p,

Way, M. 1. 1976, Pest and discase status i mixed stands v,
monocultures: the relevance of ceosystemn stability. I
Cherrett, | M. and G, R, Sager (ed.). Origins of pest,
parasite. disease and weed problems. Blackwell Sai. Publ.,
Oxtord, England.



DISCUSSION

Plant Protection: Pests, Diseases and Weeds

Q:(Diwani, University of Dar ¢s Salaam): On the
use of farmyard manure, only advantages have
been seressed. 1 have observed that discase and
weed problems seem to be more serious in
manured plots. Would you please comment?

A:(Jana, University of Dar ¢s Salaam): When the
soil is enriched, weeds are also encouraged.
Thercfore, it is necessary to use integrated weed
control measures.

A:(Licbhardr, Rodale Rescarch  Center):  In-
creased nutrient availabilicy leads to increased
weed and pest problems. Thus, natural con-
trols, such as the use of mulch to reduce light
in culivated plots to control weeds, and
changing plant populations to reduce pest
problems, would be useful.

Q.{Representative, UYOLE  Agricultural Cen-
ter): Maize Streak has been observed in Rhodes
grass. Please comment,

A:(Keswani, University of Dar ¢s Salaamn): Over
25 different species of grasses are alternative
hosts for Maize Streak virus. Therefore, weed
control is essential in maize production. The
major control technique, however, would be
the use of resistant varicties.

Q:(UYOLE representative): Cyperus spp. and Av-
ena fatua weeds have become a problem in some
arcas, Would you comment on their control?

A:(Jana): If no culwaral aleernative control is effec-
tive, use a selective herbicide as an emergency
measure, and later go back to cultural control.

Q:(UYOLE representative): As regards the terms
mtercrepping, mixed cropping and monocrop-

ping: There is a need for clarification on defi-
nitions. Would you please clarify?

A:(Jana): Intercropping means specific spacing and
arrangement of different crops grown in the
same plot (intercrops). In mixed cropping, there
1$ no systematic arrangement or spacing of the
intercrops. Monocropping means one crop is
Zrown per scason in a given arca. Monoculture
is a land-use term, meaning the same crop is
grown cver and over. Intercropping may en-
rich the soil, and suppress weeds, discases and
pests, 1f appropriate intercrops are used.

Q:Please comment on biological or natural con-
trols, such as use of tobacco leaves, liquid ma-
nure and crotalaria seed in controlling pests of
stored crops. would like to know of any other
methods ot such kind in use in Morogoro. |
have tried the above three methods.

A:(Quentin, University of Dar es Salaam): Some
methods in use at Morogoro are application of
pepper to control bean field pests, and use of
edible materials to control stored bean pests.
Ash is also used for storage pests. For turther
reference, the Rodale book, “Organic Plant
Protection,” would help.

Q:Composting and manuring may encourage
spread of pathogens, rather than only create
conditions untavorable for such a problem.
Please comment.

A:(Keswani): If you have well-decomposed com-
post, chances of pathogens surviving in this
material are minimal, because the high tem-
peratures (60 C to 70 C) attained during the
decomposition process kill most of the patho-
gens.
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NATIONAL IMPLICATIONS OF
RESOURCE-EFFICIENT
FARMING METHODS

M. Gabel and A. Heiland, Redale Press Inc., E mmaus, Pa. 18049

What would happen if Tanzania's tertilizer supply
were cut oft?

A portion of Tanzania’s present agricultural
system was planned or structured at a time when
energy and other inputs to agriculiure were rela-
tvely abundant and cheap. This situation has
changed drastically, {or Tanzania, A frica and the
rest of the world.

Without large inputs of fertilizer, the nature
of the modern, energy-intensive agricultural sys-
tem changes. Soil health, measured by biomass
production. nutiient and humus content, be-
comes vital. The goal m such a food system is
sustainable high production with mimmum ex-
ternal inputs. (Kock, 1962) The system chunges
from an “energy-rnensive” to an information-
mtensive™ operation. Instead of trying to domi-

nate and control nature with expensive, high-
energy concentrations of resotirces, the farmer de-
pends more on knowledge, and on working with
nature. Fertilizer’s role changes from a prime mover
of agricultural production to that of a corrector of
aatrient deficiency. (Kock, 1982) Nitrogen self-
sufhiciency becomes crucial in such a system,

Tanzania is presently confronted by a short-
age of nitrogen fertilizer. Without such fertilizers,
Tanzanid’s food production could drop, and this
could, without large imports of food, be disas-
trous tor its people.

In 1980 (the most recent figures), Tanzania
consumed 22,041 metric tons of nitrogen. (United
Rep. of Tanzania, 1982a) This nitrogen came from
“domestic™ (7,700 MT) and foreign sources (15,300
MT). (FAO, 1981) Domestic fertilizer was

Chart 1: Present and Projected Fertilizer Use in Tanzania.

1980 1985
MT of Material MT of Nitrogenx MT of Material MT of Nitrogenx

Food Crops

Maize 44,203 9,282 107,392 22,252
Rice 1,752 367 7,936 1,666
‘Nheat 260 54 4,552 955
Sorghum and Millet 5,739 1,205 8,862 1,861
Cash Crops

Coffee — — — _
Cotton — — — —
Sisal 45,664 9,589 60,939 12,797
Tobacco — — — —
Tea - — — —
Sugarcane 7,342 1,541 13,050 2,740
Total 104,960 22,041 202,731 42,573

*Assumes source of nittogen 1s sulphate of ammonia, with nitrogen content of 1%

Source: United Rep. of Tanzania, 1982a



Chart 2: Estimated Manure and Nitrogen Production Per Year in Tanzania.

Manuie kg Per  Total Number Total Manure Produced kg Nitrogen  Total Nitrogen
Source kg Manure Year Per  of Animals, Per Year from Native  Per Animal  Produced Per
(weight) Per Day Animal  Tanzania (10%)  Animals (millicn M7) Per Year  Year (1,000 MT)
Cow beet

(250 kg) 13 4,745 12.9% a7 27 267
Goat

(45 kg) 1.8 657 5.7 3.799 7.4 42
Sheep

(45 kg) 1.8 657 38 2.533 7.4 28

Pig

(67.5 kg) 4.41 1,609 165 .265 11.25 2
Chickens 226 8.623 096 827 118 11
(2501.8-kg  (perab0- (per450- (number of (per 450-

layers) kg unit) kg unit) 450-kg units) kg unit)

Ducks 405 14,783 010 148 205.8 2

(250 1.8-kg  (per 450-  (per450-  (number of (per 450-

ducks) kg unit) kg unit) 450-kg units) kg unit)

Ass 11.25 4,106 165 677 24.5 4
Human 1.33 487 20 9.740 5 48.7
Total 97.69 35,667 42836 65 406.35 671.7

*Number of Mature Amimals
=63x 10"

99 x 10" The number of mature cati'e .s estimated 10 be 53% of the total number of caltte 53 x 12 9 x 10°

The remaining 47% are weaners and calves. 2 of which equal 1 mature cov. in weight. 47 x 129 x 10% = §.07 x 10°

607 x 10" = 304 x 10" mature cattle 68 » 10" + 304 x 10
2
Source. FAQ. 1981, Kyomo anu Chagula, 1983, Van Vuren. no date

produced in Tanzania with imported raw materi-
als. The cost to the Tanzanian farmer toq these
22,041 M (using 1981 farm prices for nitrogen
in the form of sulphate of ammonia) was more
than Tsh. 1955 mnullion or $23.8 million
(81,034.78/MT). (Samki, 1982)

The 22,041 MT of nitrogen fertilizer used in
Tanzania in 1980 was only 19 pereent ot the aver-
age amount recommended tor Tanzania's 13 ma-
jor crops. (Samki, 1982) Most of the imported
nitrogen fertihzer is reported to have been used
on non-food cash crops such as cotton and cottee
(Spurling, 1982), but there is some disagreement
abour this. (Kapaga, 1993, personal cc-nmunica-
tion)

The ditference between what was used in
1979/80 and what was recommended 1s over 94,000
metric tons. To meet the recomniended levels o
nitrogen application for its 13 major crops with
imported fertilizers, Tanzania would need to pur-
chase Tsh. 1.170 billion or $117 million worth (at
1983 import parity prices) of nicrogen cach year,
To meet the nitrogen needs of its major food crops,
Tanzania would need 92,000 MT or Tsh. 920 mil-
lion (892 million) worth. (Spurling, 1983, per-
sonal communication)’

99 x '0" mature cattie

If the nitrogen needs of Tanzania’s farmers
are not met, a number of consequences could re-
sult. Depending on the crop and arcas under cul-
tivation, vicld, could be reduced by between 0
percent and 40 pereent the tirst year, if no nitro-
gen fertilizer were applied to crops (other than
what the rans could bring). For crops already
being fertilized, the reduction could be about 40
percent; tor crops currently receiving little or no
fertilizer, the reduction would be much lower. The
national average, given Tanzama’s current rare of
nitrogen, would probably be around 10 percent to
20 percent. Conversely, meeting the nitrogen re-
quirements of Tanzania’s crops would raise yields
by at least 50 percent. (Licbhardt, 1981) If the
shortage were to continue, yields would probably
be cut by 50 percent to 75 percent. (Licbhardt,
1981) At Tsh. 1.75 per kilogram (198283 official

‘The 1983 landed price for nitrogen fertilizer (material) in Dar es
Salaam is $210 per MT which equals $1.00 per kg of nitrogen in
the form of sulphate of ammonia (SA) and 80¢ per kg of nitrogein
in the form of calcium ammonium nitrate (CAN). Recommended
nitrogen use fcr 13 cropsis 117,040 MT. $1 perkg x 117,040,000
kg = $117.04 million and $117.04 million x 10 = Tsh. 1.170
billion. Recommended nitrogen use for food creps is 91,900 MT.
$1 per kg » 91,900,000 kg = $91.9 million. $91.9 million x 10
= Tsh. 919 million.
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Chart 3: Meeting Tanzania's Nitrogen Requirements With Cattle Manure.

Number of mature cattle in Tanzania
Total nitrogen produced per years
Total nitrogen needed for Tanzania's food crops

Total nitrogen needed for Tanzania's 13 major crops

9.9 x10°

267,000 MT

66,000 to 92,000 MT
90,000 to 117,000 MT

Nitrogen available under different assumptions, coflection and r:onfinement

[“ercent of Cattle Percent 2ercent of Available Nitrogen
Available Confinement Marure Collected (Metric tons)
50 60 80 64,080
50 50 75 50,062
60 60 80 76,896
70 60 80 89,712

*Assuming 27 ke of nitrogen per animal per year

producer prices). the loss from just Tanzania’s maize
crop due to nitrogen deficiency is more than Tsh.
500 million (850 million).

In theory, the recommended levels of nitro-
gen application could be ~chieved with manure
and compost, increasing yields by 40 percent to
100 percent beyond levels achicved without fertil-
izer. This would be worth an additional Tsh. 315
million (831.5 million) to Tsh, 787 million (878.7
million) to the Tanzanian farmer and cconomy.”

The decreased production caused by not
meeting Tanzania’s nitrogen needs, and the eco-
nomic dithiculties of having to purchase over §117
million worth of imported nitrogen tertilizer cach

year, make it imperative to emphasize the use of

atfordable and locally available organic materials.

Available Organic Materials

Chart 2 outlines the amount of manur+ cur-

rently available in Tanzania. Assuming half of
Tanzania’s cattle were contined for 60 percent of

the time, and that 80 percent of the manure they
produced while in confinement was recovered,
(4,080 MT of nitrogen would be available to help
meet Tanzania’s fertilizer needs (FAQ, 1981; Kyomo
and Chagula, 1983). This would meet most of the
nitrogen requirements of Tanzania’s major food

*750,000 MT maize - 300,000 MT = 450,000. 450,000 MT x
40% — 180,000 MT.

Tsh. 1.75 x 180,000 kg = Tsh. 315 « 10°($31.5 ~ 10%).
450,000 MT x 100% = 450,000 MT.

Tsh. 1.75 < 450,000 kg ~ Tsh. = 10°(78.7 = 108).

’64,080 MT nitrogern (amount available from cattle manure) within
the range of 66,000-92,000 MT nitrogen (total N needed for all
food crops).

68,000,000 kg ~ $1 per kg - $68 million or Tsh. 680 million at
1983 exchange rate of T=h, 10 = $1.

crops,” (see Chart 3), and would exceed by 21,000
MT the 1985 projected fertilizer requirements listed
in the 1982 Natonal Food Strategy Report. At
1983 import prices of nitrogen in the form of
sulphate of ammionia this is worth Tsh. 760 mil-
lion (8§76 million). -

Because crop residues are currently i wide-
spread use throughout Tanzania as animal todder,
we do not add their potential fertilizer capabilities
to this total. (Harwood, 1983, personal commu-
nicaton; Nishek, 1983, personal communication)
Nor are added the manure totals trom goats, sheep,
pigs, chickens, ducks, and asses, because these
ammals cither are rarely contined or their totals
are not large enough to warrant national implica-
tions. On a regional, local, and individual farm
scale, this could change.

Other organic sources of nitrogen, such as
intercropping, green manures and leguminous trees
like Lencacna lewcocephala, will be deale with later.

Costs and Benefits

To supply this organic teralizer to Tanzania's
crops will be neither casy nor inexpensive, but it
has the advantage of being casicr and less expen-
sive than meeting Tanzania’s wertilizer needs with
unported tertilizers.

One cost of mecting Tanzania's nitrogen needs
with lo lly available organic materials is the extra
tools that will be needed. To move cattle manure
from animal kraals or holding pens to a compost
wile, where the nitrogen can be preserved until
needed, will reguire two tools that are not now in
widespread use on Tanzania’s 2.25 million farms:
a turing tork and cither a single animal bullock
cart or a wheelbarrow.



Chart 4: Results of Meeting Recommendec Levels of Nitrogen Application on Tanzanian Fcod

Crops.'
Increased Value  (Official Producer Prices)
1981 Est. Gross Increas «d Est increased Increased Totalx Per hectaret®
Production Per Capita Total Production Gross Per Capita  Production Tsh Tsh.
Crop inMT Supply® (kg) (MT) Supply® (kg) {kg’ha) 3 3
Maize 750,000 53 1,125,000 60.7 865 1,96€,750,000 151375@ 175 Tsh./kg
205,078,120 157
Rice 200.000 156 300,000 16.2 1,999.5 900,000,000 59285 @ 3kg
93,750.000 624
Wheat 70,000 7.36 105,300 567 21 262,500,000 5,250 @ 2 5kg
27,343,750 546.8
Cassava 4,650,000 251 6,975,000 3768 7.3425 6,277,500.000 6,608 ® 90/kg
653.905.250 688
Sorghum 220,000 118 330,000 17.8 943 5 528,000,000 1,509 @ 1 6/kg
55,060,000 157
Millet 140.000 75 210,000 11.34 054 336,000,000 1.,26 @ 1.6/hg
35,007,000 159
Peanut 56,000 3 84,000 4.59 894 487,200,000 51852 @ 5 8/kg
(Groundnut) 50,750,000 156.4
Cowpea 21,000 (75to 1.13 31,500 1.7 429 ('76 110,250.000 1501.5 @ 3.5kg
‘77 FAQ est ) FAQ est.) 11,484,375 156 4
Pigeonpea 21,000(7510 1.13 31,500 1.7 750 ('76 42,000,000 1.500 @ 2:kg
'77 FAQ est.) FAQ esl.) 4,375,000 15625
Coconuts 320,000 17.3 480.000 259 — 2,016,000.000 - w4 2/kg
210,000.000 -
Pineapples 48,000 26 72,000 3.688 — 144,000,000 - @ 2/kg
15,000,000 -
Sweet 330,000 178 495,000 26.7 9,339 742,500,000 14,0085 @ 1.5/kg
Potatoes 77,343,750 5.1853
Bananas 790.000 426 1,185.000 64.02 16,593 ('76 3.665,000,000 49,779 @ 3/kg
FAQ est 370,312,500 5,185.3
Totals 7.616,000 43182 x 50 11,424 000 MT 616,95 x .50 17.,369,700.000
= 2159 kg/cap = 306 kg/cap 1.809,343.700

*1983 exchange rate 1s Tsh 96 = $1

'Assurmes a 50% level increase in production

Adapted trom FAQ Food Batance Sheet for Tanzania, 1975.-77 using 1980 FAO
Import and export figures ~nd 1981 production and population figures It
estimated that 50% of the comestic supply goes lof purposes other thar hurnan
consumption

The manufacture of 2.25 million forks and
wheelbarrows is a sizable investment of materials,
manpower and capital, but it is well within Tan-
zania’s capability. For example, more than 2.5
million hoes are being manutactured i Tanzania
in 1983. (Kapaga, 1983, personal commnunication)
The estimated cost of each fork is about Tsh. 80
(88.00). (Juckett, 1983, personal communication)?
The total for 2.25 million forks comes to Tsh.
180 million ($18 million). Wheelbarrows cost about
Tsh. 750 cach ($75), or Tsh. 1.6 billion ($168.75
million) for all 2.25 million farms. (Nishck, 1983,
personal communication) Oxcarts cost consider-
ably more, but not as many would be needed.
Because farmers can rent or share the carts (Ngaiza,
1983, personal communication), 500,000 would
be enough for one on every five farms.

These tool costs are basically one-time start-

A “apted from FAO Food Balance Sheet for Tanzamia, 18975-77. using 1981 FAO

, 1t duction and population figures and assuming nu IMports or exports fur the
avove crops

**Based on 1982 -83 Othicial Producer Prices from the World Bank; and based on
URT Ministry of Agnculture's Monthly Market Butletin, Apnl, 1982

up costs, and are less than two-years’ cost of
nieeting the recommended levels of nitrogen fer-
tilizer. Spread out over a five-year implementation
schedule, total costs would be about Tsh. 373
million ($37.35 million) per year to the Tanzanian
farmer. This is about Tsh. 159 (§16.00) cach. An-
nual tool maintenance and replacement costs would
be a traction of this.

The cost of the tools needed for cfficient
composting of Tanzania’s organic materials could
be carried by the Tanzanian farmer, perhaps with
government or international assistance. As will be
nc ed later, the increased benefits to the farmer
would justify his im stment in these tools.

“‘Cost estimate is based on cost of manufacturing forks in United
States on a scale of hundreds of thousands.
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Education

Another necessary cost associated with a
successful transition to nitrogen sulf-sufticiency
will be a widespread educational campaign. In such
an effort, the various goals, benefits, tools and
techniques of the overall nitrogen self-sufticiency
strategy nced to be effectively communicated to
Tanzania’s 15 million farmers, their Extension
workers, agricultural rescarchers and government
adnunistrators. Depending on the magnitude, such
an cducational cffort could cost from Tsh. 2.5
million to Tsh. 10 million ($250,000 to $1 mil-
lion) per year.

Production

If the nitrogen available in Tanzania's cattle
manure were used for fertilizer on Tanzania’s ma-
Jor food crops, production could be an average of
40 percent to 100 percent higher than levels achieved
with no fertilizer at all. (Licbhardt, 1983, peiconal
communication; Grimes and Clarke, 1962; Anon-
ymous, 1953; Lockeretz ef of., 1980) Chart 4 illus-
trates what these increases could mean (assuming
a 50-percent increase) to total production in tons,
production per hecrare, total dollar value and
availability of food per person. The total increased
value in ofhicial producer prices for maize alone is
more than Tsh. 2 billion (8200 million). All to-
gether, nearly Tslhi. 6 billion (86(X) million) worth
of crops could be added to Tanzania’s cconomy if
the country’s average nitrogen recommendations
were met (see Chart 5). This would be Tsh. 2,670
(8267) each year for cach farm in Tanzania—more
than three times the cost of the tools needed to
carry out this type of farming.

However, a S0-pereent production increase
in just one year is practically impossible. It would
be more realistic to expect a 10-percent increase
the first year, 20 percent the second year, and 30
perceni the third year

Employment

In addition to increasing the quantity and value
of Tanzania’s agricultural production, the manu-
facture of carts and forks could provide employ-
ment for many Tanzanians. For example, to
produce 2.25 million forks in five years using Tan-
zania craftsmen and manufacturing faclitics would
employ annually an cstimared 2,250 people (as-
suming cach person produced 20¥ iorks per year),

450,000 forks per year + 200 forks per yrar = 2,250 people.
450,000 forks per year + 100 forks per year = 4,500.

*An estimated 3 people can produce 1 single animal cart per day.
450,000 carts per year + 200 carts preduced for every 4 persons
per year + 2,253 x 3 or 6,758 persons per year.

Chart 5: Current Value of 13 Food Crops
Produced in 1981 in Tanzania (at Official
Producer Prices in Tsh. and U.S.)

Crop Value (Tsh) Value (8)
Maize 1,312,500,000 136,718,750
Rice 600,000,000 62,500,000
Wheat 175,000,000 18,229,166.66
Cassava 4,185,000,000 435,937,500
Sorghum 352,000,000 36,666,666.66
Millet 224,000,000 23,333,333.33
Groundnut 324,800.000 33,833333.33
Cowpea 73,500,000 7.656,250
Pigeonpea 42,000,600 4,375,000
Coconuts 1,344,000,000 140,000,000
Pineapples 96,000,000 10,000,000
Sweet Potatoes 495,000,000 51,562,500
Bananas 2,370.,000,000 246,875,000
Total 11,593,800,000 1,207,687,500

1983 exchange rate ts Tsh 96 = 31
The difference in value between 1981 production and pro-
duction increasea by 50% over 1981 levels is Tsn 5,775,900,000
($601,656,250)

$1,809.343,750 {Assumes a 50% increase in production}

—-1,207,68/.500 (Value of 1981 production at current

producer prices)
601,656,250 (Difference)

Source: United Rep. of Tanzania, 1982b

or 4,500 people (assuming cach person produced
100 forks per year).?

The production of 450,00 carts per year
would employ an estimared 6,700) persons (as-
suming three people produce one cart each day,
about 200 total per year). (Nishek, 1983, personal
communication)”

Given Tanzania’s annual requirement  for
135,000 new jobs in agriculture, (The Futures
Group, 1983) it makes good economic and social
sense not to try and emulate European and North
American food systeias, which are low-labor, and
energy-, material-, and capital-intensive.

e

1ime

Another cost of using organic materials for
nitrogen fertiizer is the time it will take the aver-
age Tanzanian farmer to collect, compost and
spread them. Time costs will vary according to
the different systems used. The more simple the
composting method, the less rime required. The
costs in time to the average Tanzanian farm—in



terms of number of animals and distance to fields—
would be about 240 hours per year per farm. This
breaks down to about 20 minutes cach day to
collect manure and put it in the compost pile and
another 20 minu. < “~ spread the compost. (Rut-
tle, 1983, personal communication)’ This extra 4)
minutes cach day, although scemingly a small
amount of time, could be quite difficult for some
farmers to deal with. But the rewards of mcreased
production make such an added burden a wise
mvestment of a limited resource. The average
Tanzanuan farm, given the increase in value of
farm crops, would in effect be carning Tsh. 11
(81.10) per hour for ¢hat extra 240 hours of labor
needed to collect, compost and spread available
organic materials. This is about Tsh. 3,000 per
farm. The average Tanzanan farm’s annual in-
come could be increased 50 percent from Tsh.

5,152 (8536.75) to Tsh. 7,728 (8805)."

Foreign Exchange

There are a number of other benefits that
could result from the implementation of a wide-
spread program to meet Tanzania's nitrogen fer-
tilizer needs from indigenous organic materials.
One such benefit would be a beteer foreign ex-
change picture. Without having to spend precious
forcign exchange on fertilizer imports and food,
Tanzania would have more capital to invest i other
areas.

By freeing itself from the need for imported
nitrogen fertilizer, which is tied to the price of
fossil fuels, Tanzania would climinate a cause of
inflation and avoid the long-term cost increases
that will affect the Earth’s non-renewable energy
sources, Over a 10-year period, Tanzania could
save Tsh. 4 billion to Tsh. 6 billion ($400 million
to 8600 million) in foreign exchange by switching
to organic materials to meet its recommended ni-
trogen fertilizer needs.” The amount saved will
depend on how much is spent on implementing
the use of organic materials.

Soil Vitality

Anocher benefit resulting from using organic
materials to meet fertilizer needs is that Tanzania's
soil vitality would be improved. (Steffen, 1979)
The increased humus content of the soil would
help retain both nutrients and water, thereby
making crops healthier and better able to with-
stand the stresses of drought, disease and insects.
(Oclhaf, 1978) Soils high in organic matter lose
significantly less nitrogen, because leaching and
gascous volatilization losscs are less. {Steffen, 1979)
Orgar:' materials in the soils will also help reduce
Tanzania’s soil crosion from wind and water,

(Steffen, 1979) which is a serious problem in parts
of central Tanzania, such as Arusha, Singida and
Dodoma. (Semoka, 1983, personal communica-
tion)

Because organic materials are already on or
near the farms where the nitrogen need is, there
will be 0 need for the Tanzanian government to
continue paying the annual Tsh. 150 nillion (815
million) in subsidics to transport fertilizers to the
countryside where they will be used. (The World
Bank, 1982)" Clearly, such a move could not hap-
pen overnight, but a 10-percent to 20-percent re-
duction could be implemented.

Imports

Besides all of the above, the increased pro-
duction brought about by meccting the recom-
mended nitrogen application levels in Tanzania will
allow for the reduction and eventual climination
of Tanzania’s major food imports-—maizc, rice,
and wheat. In 1982, this would have saved the
country Tsh. 956 million ($99.6 million) (The
World Bank, 1982)."" If production increases are
large enough and foreign economic condiri _as al-
low, Tanzania could possibly export its surplus
agricultural products as it once did.

Other Regenerative Strategies

As the previous pages point out, recom-
mended nitrogen fertilizer needs for Thanzania's
major food crops could be met by using just part
ot the manure produced by its cattle. Most of the
nitrogen needs for cassava could be met by inter-
crepping cassava with peanut, cowpeas and pi-
geonpeas.

Another strategy that could be used with
composting, grecn mamures, crop rotations and
interplanting cassava (and other crops) with le-

gumes or maize, is the widespread planting of

Leucaena levcocephala,

20 minutes per day to collect manure x 365 = 120 hours per
yeaar, plus 20 minutes per day to spread organic material x 365
= 240 hours per year.

*Tsh. 11,593,800,000 (value of fond crops produced in 1981 at
1981/82 producer prices) + 2.25 x 10° farms = Tsh. 5,152.8.
Tsh. 17,369,700,000 (value of yields increased by 50% trom 1981
production levels at 1981/82 producer prices) + 2.25 x 108 fanns
= Tsh. 7,720. (Tsh. 7,720 + 240 hours) - (Tsh. 5,152.8 + 240
hours) = Tsh. 11 ($1.10/hour).

°In order to meet nitrogen requirements for their 13 major crops
with imported fertilizers over the next 10 years, annual rate of Tsh.
760 million ($76 million) is muitiplied by 10.

""Note: It is not known what percent of the total subsidy gees to
transporting just nitrogenous fertilizers.

""The value of net commercial and aid imports of maize, rice and
wheat tolaled $99.6 million in 1981/82.
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If each farm in Tanzania that could grow L,
leucocephala planted one-half acre (.2 ha) of this
leguminous tree crop, more than 56,250 MT of
nitrogen would be fixed in the soil by the trees’
roots. (Hogberg and Kvarnstrom, 1982)"2 This is
255 percent more nitrogen than Tanzania used in
1980, and represents about 60) percent of the total
recommended nitrogen fertilizer for Tanzania’s
major food crops." This 56,250 MT of nitrogen
would be worth Tsh. 56 million (856 million) at
current import parity prices of nitrogen in the
form of sulphate of ammonia.™ Such a major un-
dertaking would require a large investment in time
and resources, but would yield substantial bene-
fits, as well.

In addition, Lencaena, because of it rapid
growth rate (nearly 20 feet per year), could be
trimmed back cach year and the trimmings used
for firewood. Because 99 percent of Tanzania’s
population depends on tirewood as its chicf fuel,
and 96 percent of the total wood consumption in
Tanzania is for fuel, planting one-half acre of Ler-
caena on every farm in Tanzania would supply 17

1At the rate of 110 kg/ha of N fixed annually, %2 acre would fix 55
Ibs. 55 Ibs. x 2.25 x 106 farins = 56,250 MT.

56,000 MT + 22,041 MT = 22.5%,
56,000 MT - 91,900 MT = 60%.

156,250,000 kg x $1/kg (the 1983 imnort parity price of N in the
form of sulphate of ammoria) = Tsh. 560 x 106 ($56,250).

L. Isucocephala charcoal has fuel valus of 7,250 calories per kg
or 12,980 BTU per Ib. Charcoal has a weight of 15 Ibs. por cubic
foot. Fifteen Ibs. per cubic ft. x 500 f.3 per acre (average amount
L. leucocephala wood yield) = 7,500 Ibs. per acre with a fuel
value of 97.35 x 108 BTUs. One barre! of oil (42 gallons) yields
5.8 x 10® BTU. Therefore, 1 acre of L. lsucocephala charcoal
could yield enough energy to equal 16.8 bairsis of oit annually.

*1.12 x 10% acres x 16.8 barrels of oil = 18.8 x 10° barrels of
oil. At $30 per barral, 18.8 x 10° barrels are worth $564 x 10°
or Tsh. 5.6 billion.

VL. leucocephala dry wood has a fuel value of 3,895 cal. per kg or
6,970 BTU per Ib. One cubic foot of dry hardwood weighs 40 Ibs.
Forty Ibs. x 500 H.3 per acre = 20,000 Ibs. per acre with a fuel
value of 139.4 x 10° BTU. 139.4 x 10°BTU = 24 barrels of oil,
Twenty-four barrels of oil x 1,12 x 108 acres = 27 x 10° barrels of
oil. $30 x 27 x 10 barrels = Tsh. 8.1 billion ($810 x 10%).

¥Assuming a liveweight of 1,000 Ibs. per cow, the conversion of
liveweight to dressed weight is .591 x 1,000 ibs. = 591 Ibs. per
cow. 1.125 x 10%catile x 591 ibs. = 664.8 x 10° ibs. or 332.4
x 108 kg dressed weight. The producer price of beef with bones
in April 1982 was approximately Tsh. 15 perkg. Tsh. 15 x 332.4
X 10% = Tsh. 4,986 billion.

¥Tsh. 18 billion = 2.25 million farms = Tsh. 8,000 (380G,

PAssuming 120 hrs./yr. is required to plant, maintain and trim these
trees, Tsh. 8,000 per farm + 120 hrs, = Tsh. 66.00 per hour or
$6.00 per hour would be earned per farm.

#Tsh. 11,593,800,000 (value of food crops produced in 1981 [see
Chart 5] at 1981/82 producer prices) -+ 2.25 million farms = Tsh.
5,152.8 ($536). $536 plus $720 per farm equals $1,256, $1,256
is 134% of $536.

450,000 MT x 100% = 450,000 MT,
Tsh. 1.75 x 450,000 kg = Tsh, x 10%($81.9 x 109).

million cubic meters of firewood—miore than half
the amount consumed in Tanzania in 1980, Three-
to cight-year-old Lencacna trees annually yield from
24 to more than 100 cubic meters of wood per
hectare, with the average being between 30 and
40 cubic meters per hectare. (Nat. Acad. Sdi., 1977)

One acre of Leucacna trees could produce
enough charcoal to yield the energy equivalent of
nearly 17 barrels of oil (Nat. Acad, Sci., 1977).1%
With 1.12 million acres (one-half acre for each
farm in Tanzania; 455,000 total hectares; 1.1 per-
cent of Tanzania’s forest and woodland) planted
in Lencaena and devoted to charcoal production,
Tanzania  could annually produce the enersy
cquivalent of 18.7 million barrels of oil—worth,
at 1983 oil prices, Tsh. 5.6 billion (856+ million)."
As dry wood, a similar planting of Lencaena would
yield the equivalent of 27 million barrels of oil
annually, worth Tsh. 8.1 billion (8810 million).
(Nat. Acad. Sci., 1977)"

Besides fixing nitrogen in the soil and being
used for firewood or charcoal, the nitrogen-rich
leaves (5 pereent nitrogen) from this remarkable
tree can be used for animal feed, composting or
for direct application to the soil. One-half acre (.2
ha) of Leucacna could produce 2.5 to 5 tons of
edible dry matter cach year. (Nat. Acad. Sd.. 1977)
This is 14 to 250 kilograms of nitrogen cach year
that can be used for composting—more than
enough to meet the total nitrogen requirement for
the average Tanzanian farm.

Used as animal feed, this amount of leaves is
equivalent to an annual production of 400 to 2 100
pounds of protein. At 2.5 tons per acre, 2.8 mil-
lion tons of high-protein forage would be produced
each year if cach farm planted one-half acre of
Lencacna. Interplanted with guinea grass (at 1-to-
I ratio), Leucacna pastures can carry up to one
COW per acre or two to three cows per hectare in
favorable conditions. The 330,040 metric tons of
beef that could be produced on such an arrange-
ment would be worth about Tsh. 5 billion at 1982
ofticial producer prices. (USDA, 1979; United Rep.
of Tanz., 1982b)™"

Adding together the value of the fixed soil
nitrogen, the firewood, the mean value of the ni-
tiogen m the leaves, and the forage crop value of
planting 1.125 million acres of Leucacna (one-half
acre =ach on Tanzania’s 2.25 mullion farms) would
result in an estimated Tsh. 18 billion (§1.8 biliton)
ncrease in Tanzania's total economy. This is Tsh.
8,000 (8800) per farm." Given the estimated time
required to plant, maintain and trim these trees,
the average farm would earn about Tsh. 66 ($6.00)
per hour for its efforts.™ Average yearly income

would increase by 134 percent—from $536 to
$1,256.*



Clearly, not all the costs are borne by the
same group, nor arc all the benefits quantifiable.
But taking the two major costs and benefics—that
of the tool costs of $187 million to $200 million,
and the increased production benefits of $601 mil-
lion—we find a payback on imvestment occurring
in about six months. Such an astonishingly posi-
tive figure should not be used, though, to mask
the real difficulties of achieving nitrogesn self-suf-
ficiency in Tanzania.

Summary/Conclusion

As ail the reports i this series illustrate, the
usc of organic materials to micet part of Tanzania’s
nitrogen fertilizer needs is technologically possi-
ble, ccologically sensible, cconomically viable and
socially advantageous.

Going in the other dircction—away from
meeting Tanzania’s nitrogen needs from indig;e-
nous organic materials—would be a serious mis-
take. And attempting to develop a *conmercial
agriculture which tends to minimize the direct
use of labor on the land,™ as some have recom-
mended, (The Futures Group, 1983) could have
scrious negative impacts on Tanzania.

Rather than a step forward to a so-called
“modernization” of Tanzania’s agricultural sys-
tem, such a move could be a step backward into
mass unemployment, fiscal bankruptcy and social
chaos. Instead of emulating the past of Western
food production technology, Tanzania would be
better ot adopting the agricultural technology of
the future—namely, an information-intensive, re-
source- and job-conserving, low-input, “regencr-
ative” food system.

If Tanzania had a farming system similar to
that of the Uuited States, more than 15 million
people presently living on farms would be dis-
placed and forced to migrate to the cities.® More
than 4 million presently empioyed Tanzanian
farmworkers would be unemployed. (Chain Store
Age/Supermarkets, 1982)* The machinery, fuel,
fertilizer and pesticide costs would be so high that
they could financially cripple the country in a
matter of weceks. For example, U.S. maize pro-
duction requires 209 gallons of oil equivalent per
hectare per year. This is more than 6.46 million
barrels of oil equivalent for Tanczania. The U.S.
toor' system uses close to 500) gallons of oil equiv-
alent per person per year. For Tanzania, this would
be more than 9 billion gallons per year, or more
than $6.5 billion worth. (Pimentel, 1981)*

Local industries employing local people to
manufacture tools for use by Tanzanian farmers
makes good economic and social sense. The job-
conserving tendency of regenerative agriculture

and the composting of organic material will help
keep Tanzania’s food system healthy, better able
to absorb new workers, and in the forefront of
new agricultural systems. In short, instead of re-
peating some of the major mistakes of a bygone,
intense resource-consuming cra, Tanzania can be
on the bold cutting edge of the new agriculture
that will be increasingly practiced throughout the
worla.

The advantages of meeting Tanzania’s nitro-
gen needs from indigenous organic materials would
seem to warrant the expenditures needed to im-
plement a nitrogen self-sutticiency program in the
country.

Given the overall prospects for fitting within
many of the national development goals of Tan-
zania—those of rising the standard of living;
achieving national self-reliance; emphasizing forms
of cconomic activity which encourage collective
and cooperative effort; making proper and cffi-
cient use of matwal resources; and organizing
projects which, while ensuring permanent and ¢
ficient development of the economy, may be im-
plemented in a relatively short time—it would
scem that a national, regenerative agricultural pro-
gram is highly desirable.

Limits of Study

The preceding pages deal with the problem
of nitrogen fertilizer availability on the national
level. Lost in dealing with the problem at this
scale are the differences that appear when separate
regions are examined.

For example, at the national level, we looked
at the total number of animals in Tanzania. This
provided us with the amount of manure available
for composting and for use on Tanzania's crops.

“Ir the United States in 1981 (latest FAO figures), 2.1% of the
eccnomically active population was in agriculture. A rate of 2.1%
applied to Tanzania's economically active population in 1981 is
167,626 total number of farmers employed instead of its actual
number of 6,037,000 employed farmers in 1981. 6,037,000 em-
ployed farmers minus 157,626 farmers remaining employed as
farmers equals 5,879,374 displaced farmers. This number of
farmers plus their famities would total nearly 15 million pecple.

“Today, one out of every four persons amployed in the U.S. are
amployed in the food system. Applying this rate to Tanzania,
1,718,874 persons out of the 5,879,374 displaced farmers might
be expected to find jobs in the food system other than farming.
This still leaves a totat of 4,160,500 farmers disp!aced who would
be unemployed.

95 gallons of oil equivalent per acre per year for corn production
in U.S. = 209 gallons of vil equivalent per hectare per year. Area
of maize harvested inTanzania in 1981 was 1.3 million ha. 1.3
million ha x 209 gallons of oil equivalent = 271.7 million gallons
+ 42 = 6.47 million barrels of oil equivalent for Tanzanian maize
production. 493 gallons of oil equivalent per person par year x
18.51 million persons equals 9.1205 billion gallons per year. At
$30 per barrel (42 gallons), this is worth $6.5 billion.
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One problem with this is the possibility that the
animals could be concentrated in one area, or that
animal raising and farming are not conducted by
the same groups of people. Both of these situa-
tions can be found in Tanzania. For example, Ka-
gera needs about 1,500 MT of manure o meet its
nitrogen needs, and it has about 2,000 MT of
nitrogen available, assuniing 50 percent of the an-
imals are confined 50 percent of the time, and 75
percent of this manure is <ollected for composting
(see Charts 6 and 7). On the other hand, Arusha,
Lindi, Mtwara and Ruvuma are short in available
nitrogen and cattle manure.,

Arusha needs about 10,680 MT, but only has
about 8,360 MT available. Increasing the rate of
collection to 60 percent brings the nitrogen avail-
ability from cattle munure up to 12,000 MT in
Arusha. In other words, by a more aggressive
collection pattern, Arasha's nitrogen needs can be
met from just compost.ng cattle manure.

Ruvuma, though, ‘s another story. It needs
more than 13,000 MT of nitrogen but only has
162 MT available from cattle manure. Even
changing the rate of collection to an inpossible
100 percent only produces about 1,000 MT of
nitrogen. Possible options to this nitrogen short-
age include using manure from other animals in
Ruvuma, adding more cattle to the district, grow-

ing nitrogen-producing tree crops (10,000 to 20,000
hectares of Lencaena would produce over 13,000
MT of nitrogen in just J-aves), composting other
organic materials, and growing grcen manures.

Chart 6: Comparison of Nitrogen
Production and Requirements for Foui
Regions of Tanzania.

Needs* Has
Arusha 10,680 MT 8,363 MT
West Lake 1,488 MT 1,954 MT
Ruvuma 13,253 MT 162 MT
Tabora 11,243 MT 4283 MT

*Nitrogen requirements were determined by multiplying the aver-
age per hectare recommendations of mitrogen ¢iven for all 20
agroecological zones in Tarzania for maize. nce, wheal, sorghum
and millet bv the area harvested for each ot the five crops within
each region Regional production figures for 1977/78 were divided
by 1979 nalional average yields by crop in order *o determine area
harvested.

Source: Samki, 1982; Berry et al, 1982, FAQ, 1981

Chart 7: Estimated Manure and Nitrogen Production Per Year in Four Regions of Tanzania

for Cattle.
Kg Manure Total Number Number of Total Manure
Produced Per Kg Per Year of Cattle Mature Animals Production/Yr.
Region Day by Cattle Per Animal (mi.lions) (miltions) (million MT)
Arusha 13 4,745 2.161 1.652 7.838
Kagera 13 4,745 507 .387 1.836
Ruvuma 13 4,745 .044 .033 .156
Tabora 13 4,745 1.108 847 4.019
N Produced
from 50% of
50% of no. animals
KgN of lature confined 50% Net N available
Per Cow Cattle of the time with 75% recovery
Region Per Year (millions) (MT) rate. (MT)
Arusha 27 .826 11,151 8,363
.991 (60%) 16,057 (60%) 12,043
Kagera 27 193 2,605 1,954
Ruvuma 27 .016 216 162
Tabora 27 423 5710 4,283

Source: ASAE, 1976; MWPS, 1979; Kyomo and Chagula, 1983.






122

PROGRAM OF ACTION FOR THE
IMPLEMENTATION OF
RESOURCE-EFFICIENT FARMING
METHODS IN TANZANIA

August 11, 1983

I. Intrcduction

The most limiting nutrient in agricultural pro-
duction in Tanzania and other developing coun-
tries is nitrogen. Theretore, emphasis will be put
on measures to increase the supply of this nutri-
ent. The program will include several technolo-
gies which interact to influence etticient nitrogen
production and use. The resources available for
this endeavor are manure and compost from dif-
ferent sources: compost materials: and grain, her-
baccous and tree legumes. Utilization of these
materials will be considered singly and in combi-
nations, at different rates, and will forni the basis
for this plan of action.

. Organizational Structure For
Implementation

There should be a system for supervising the
implementation program from the village up to
the national level. The following commiteces are
proposed:

A. Village Implementation Committee. Mem-
bership includes:

Village Chairman

Village Secretary

Village Manager

Village Livestock Ofticer

Village Education Cocrdinator

Village Cooperative Officer

Primary School Head Teacher(s)

B. Regional  and  District  Implementation
Committees. At these levels, the programs will
be drawn and supervised by the Regional and
District Development Conumittecs, respectively.

C. National Interministerial/Interorganiza-
tional Advisory Committee, to provide broad
guidelines on the implementation of the program.

Mcembership—Prime Minister’s Office:
Ministry of Agriculture

Ministry of Livestock

Ministry of Natuial Resources
Ministry of Industrics

Ministry of National Education
Ministry of Lands

CCM, UWT, Cooperatives, Youth, TAROQ,
TALIRO, University, CAMERTEC, Uyole
Agricultural Center

III. Specific Recommendations For
Field Implementation

It would be appropriate to divide the regions
into three categeries for tield implenientation on
the following basis:

A. Regions with medium population and an
abundant  supply of manure. These include
Mwanza, Mara, Shinyanga, Tabora, Singida,
Arusha, Dodoma and Mbeya.

1. Emphasis in these arcas should be on using
the large amount of manure available. Manure
should be removed trom the kraal every two to
four days, piled outside, and mixed with other
available organic materials. The pile should then
be covered with a bit of soil to reduce volatili-
zation. Emphasis is also on efficient compost-
ing, better placing of manure outlet to allow
casy collection, and providing carts to transport
manure.

2. Discourage burning of organic materials.

3. Encourage on-farm planting (initially as hedge)
of leguminous trees like Leucaena spp. to pro-
vide compost material, fodder and firewood.

4. It 1s reccommended that Mwanza and Singida
be carmarked for meensive implementation of
the program initially,



B. Regions with high population and little ma-
nure. Includes Kilimanjaro, Dar es Salaam, Ka-
gera and parts of Arusha and Mbeya.

1. Emphasis on better manure handling, cth-

cient composting, better placing of manure for

casy collection, and providing carss to transport
manure.

2. Introduce tree legumes, cspecielly in lower

areas.

3. Underseeding programs wath herbaceous le-

gumes on cottee and/or banana facms,

4. It is recommended that Kilimarjaro be car-

marked tor mitial intensive imple nentation ot

the program.

C. Regions with low population and litele ma-
nure. Includes Lindi, Ruvama, Mowara, Rukwa,
Morogoro, Iringa, Kigoma, Tanga and Coast.

1. Eniphasis on ethicient use ot the small amount
of compost and manure available.,

2. Appropriate intercropping, such as legume/
cereal combinations.

3. On-farm planting (as hedge) of tree legumes
like Lencaena spp. for fodder, compost material
and firewood.

4. Appropriate crop rotation.

IV. Additional Rescarch Needs

A. lmproved methods for handling and using
manure and compost. Experience can conve rrom
arcas in Tanzania already using these materials,
like Kilimanjaro.

B. Crop responses in the ficld to various types
and rates of manures and compost, and combina-
tions of these with inorganic fertilizers.

C. Studics on annual decay rates using biologi-
cal and chemical methods.

D. Studies on combinations of compost, 1ma-
nures and crop rotation.

E. Developing information on nutrients  be-
sides nitrogen, especially P and K.

E Screening ditferent varieties of Leucaena, in-
cluding the Australian low-mimosine types, and
other tree legumes like Acacia, Glyricidia and Al-
hizia for adaptability to difterent ecological zones.
Also, appropriate intercrovping methods to min-
imize shading effects. Expert assistanee will be
obtained fromi Australia, ITA, Hawaii, the Phil-
ippines and other arcas where Lencaena is grown
and used successtully. Arrangements should be
made for local experts on Lencaena to visit such
arcas to expand their knowledge. USAID has

agreed that this technical assistance and training
can he provided under a Farming Systems Re-
search Project.

G. Evaluation of the cffects ot herbaceous le-
gumes like crotalaria and lupines on weed control,
and their role as undersown green nanures. Stud-
ics on their content of toxins should also be made.
Crotalaria is recommended for low to medivm
altitudes, lupines for medium to high altitudes.
Draw on the experience of Tanzania tarmers, such
as Mission: farmers (especially Peramiho).

H. Studlies on biological nitrogen fixation by
legumes, nd development of local rhizobial in-
ocuia.

I Further studies on appropriate intercropping
patterns and plant popuiations, particularly using
legumes to provide nitrogen.

J. Research like the Rodale Conversion Project.
mvolving a comparison between resource-con-
serving regenerative methods, and - high-mput
conventional methods of crop production.

K. Studies on botanical insecticides and other
mscet and plant disease control methods using
indigenous materials and practices.

Training and Publicity

The Center tor Continuing Education at Mor-
ogoro will be the focal point for preparing trainers
in the country for efficient farming methods. The
first week-long training program will be held in

October for DADOSs (12), MATI/LITI {eyght of

the MATIs and LITIs in the regions of interest),
and trainiers for the six priority regions selected
tor the program. A similar program will run in

January 1984,

Within the first vear, three MATIs and one LITI
wili hold two one-week training programs for 40
workers cach to a total of 320 participants from
CCM leader, UV/T, Youth and Extensiu.: wvork-
ers. The remaining Extensien workers in the ve-
gion will be given a two-day triining program by
the DADO, whereby all Extension workers in the
SIX priority regions are trained in manure han-
dling, composting, usc of tree and crop legumes
and interplanting,.

The Extension workers would then conduct one-
day sessions in cach of the villages in the region
so that all farmers receive this training. Additional
sessions will be planned at Morogoro so that all
DADOs and LIDOs, some MATI and LITI in-
structors, and agricultural teachers at Folk Devel-
opment Colleges and other secendary schools re-
ceive training within the first two years of this
program. Likewise, all Extension workers will be
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given either one week of training at the MATIs or
LITIs, or two days of training in the Districts
during this time frame. This should ensure that
most villagers or farmers in the country receive at
least a one-day training session within two vears.
Additional details of these training, programs, along
with the required budget, are provided in the fi-
nancial plan.

The pamphlets, posters and flip charts will be
important training and publicity aids. All peaple
trained at Morogoro will receive flip charts tor use
in training Extension workers in cither the Dis-
trict or MATI/LITI. The tive sets of posters would
be available to Extension workers for use in train-
ing farmers, and for permanent display in cither
the village oftice or the school. The brochures also
would be available to Extension workers for the
village training programs, and extra copies would
be made available as permanent reading and train-
ing material in each village office and schools.

Rodale Press will provide the training and pub-
licity aids, as well as assistance in conducting the
first training programs. Furthermore, while pri-
ority will be given to only six regions the first
year, remaining regions ~vill be covered in the
second year. Also, posters and brochures will be
made available to other reg tons, and radio broad-
casts will be used to explain the Resource-Efti-
cient Frrming Methods program to Tanzania's
farmers.

Program Coordination

As indicated above, five different Ministries will
be responsible for various aspects of the program.
Since the main responsibility will be in the Min-
istry of Agriculture, a srecial Tanzania Program
Coordinator will be chosen by this Ministry to
coordinate the country-wide ceftort. This national
coordinator will establish a small office and be
responsible for the special budget used to imple-
ment this effort.

Rodale Press has agreed to help fund this co-
ordinator, and provide training and technical
backstopping in the future. Initally, Rodale would
agree on the appointment of the individual, thea
provide him or her with travel and training costs
for a month at Rodale to learn the workings of
resource-cfhicient farming methods. Rodale Press
will also supply a special stipend to this person
for the initial two-year program, and provide con-
tinual backstopping to the individual and the pro-
gram throughout the initial ewo-year cffort. Rodale
will also supply a vehicle and other miscellancous
items. The Tanzanian government will provide
funds to establish the coordinator’s office, includ-
ing salary, transportation and local operaring costs.

Publications

During the first year, various brochures, post-
ers, flip charts and other publications for in-coun-
try training will be produced by Rodale. Initially,
five different brochures will be published (10,00
copies of each) on the following: 1) Leucaena pro-
duction, 2) composting, 3) green manure, 4) in-
terplanting, and 5) manure handling. Also, 2,(XX)
pesters on each of these subjects will be developed
to provide national publicity on the program. In
the training program, 200 flip charts printed on
oil-based cloth in Swahili and English will be pre-
pared for the trainers. Additional publications will
be provided in the second year, as agreed by
USAID, Tazanian government and  Rodale,
Ukulima wa Kisasa, and the Ministry of Agricul-
ture. Radio will be used to publicize the program,
and Party Leaders, Youth and UWT will help
mobilize the masses.

Peace Corps Volunteers

The Tanzanian government is in the process of
asking the U.S. government for Peace Corps vol-
unteers to assist with rescarch, Extension and
training. At first, these volunteers will be placed
in the same District where the Farming Systems
Research Program is to be conducted. They will
also be located in the three major rescarch sta-
tions, and at the Ministries of Agriculture and
Livestock Training Institutes,

Inidally, 10 Districts, three research stations
(TARO and TALIRO), and three of the MATIs
and two LITIs will be programmed with two
volunteers cach, for a total of 36 volunteers. These
volunteers will be provided over a two-year pe-
riod if necessary, and will be trained at the Rodale
Rescarch Center in resource-ctficient farming
methods. They will work under the auspices of
the Ministries of Agriculeure and Livestock. At
the research statdions, the volunteers will work with
TARC and TALIRO, conducting off-station re-
scarch trials on resource-efficient farming meth-
ods. Inn the Districts, they will work for the Dis-
trict Agricultuic and  Livesrock  Officers in
conducting demonstrations on resource-cfhicient
farmmg methods, including fertilizer demonstra-
tions when possible. At the MATIs and LITIs,
they will work under the auspices of the Principal
of the Institutes, both in training Extension workers
and conducting on-farn1 demonstrations.

Appropriate Equipinent

To develop compost and make better use of
manure, more effective equipment will be needed
by Tanzanian farmers. Farmers need forks to han-



dle manure, and carts to transport it. More exten-
sive use of ox plows and wooden-handle hand
toois will allow farmers to tll more land, grow
green ranures and increase production.

Ettective with this plan, the Tanzanian govern-
ment, throuzh the Ministries of Agriculture and
Industry, will establish realistic but ambitious tar-
gets tor production of various farm implements
and hand tools. This plan will include the number
and types of cquipment, place of manutacture and
other important daca. The donor and/or foreign
excaange requirements tor producing and/or im-
porting these items will be provided in detail. Per-
sonnel trom the Ministries of Agriculture and lo-
dustry, and possibly TRDB, will prepare this plan.

CAMERTEC will also p'ay an nereasingly
important role i importing and testing proto-
types, and making designs available to local man-
utacturers. Increased efforts will be muade to de-
crease the amount of steel and. thereby, toreign
exchange needed to supply this equipment. Pro-
ducing wooden rather than steel plow handles,
and metal-rimmed wooden wheels instead ot all-
steel ones, are examples of where steel imports
may be reduced. Eftorts will also be made to ob-
tain the assistance of companies like “Tru-Tem-
per” in the U.S. to improve production ot hand
tols n Tanzania.

Resources for the Program

Funding and other resources needed to begin
the Resource-Etticient: Firming Methods pro-
gram are being provided by the Tinzanian gov-
crnment, Rodale and USAID. Some local fund-

mg already 15 available through the budget of

various Ministries. This applics espectally to sal-
aries and related costs of normal government statt,
as well as some funding for training, steel tor

cquipment and machinery and related costs.

A project proposal to cover additional costs for
this program, estimated to be about Tsh. 10 mil-
lion, has been prepared. The local shilling cost,
not included in the regular budget, covers the ad-
ditional costs of preparing Extension trainers in
Morogoro, MATIS/LITIs and tarmers; the cost of
establishing the program coordinator’s ottice; ad-
ditional cost of establishing rescarch trials at Mor-
ogoro and at the three major research statons;
cost of establishing on-farm demonstrations in the
major regions; and miscellancous costs.

USAID will also provide funds under the
Farming Systems Rescarch Project to direstly and
mdireetly support this program. Specitically, stort-
term consultancies will be tunded on both tree
and crop legumes, and for participants on these
subjects. Additional technical support will be pro-
vided tor research trials, demonstrations and re-
lated aspects of the Resource-Ethcient Farming
Mcthods program. USAID will also jointly fund
some techineal training consultants with Rodale
Press and the Rodale Rescarch Center by provid-
my per diem and travel costs. The U.S. govern-
ment has agreed to provide Peace Corps volun-
teers to help implement the program.

Rodale Press and the R dale Rescarch Center
will help tund the coordinacwor of the program
with the Tanzanian government, and  provide
training to the coordinator, to other Tanzanians,
and to Peace Corps volunteers assigned both to
the program and to related arcas. Rodale will also
pay tor the technieal assistance training consul-
tant, who will help conduct the traning program
i Morogore and other regions. Rodale Press also
has agreed to provide brochures, posters, fip chares
and a vehicle tor the coordinator, as detined carlier
n this plan.
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. Standard Tanzanian farm implements on dis-

play during field demonstrations. The array -
cludes (frem foreground) a cultivator, wheelbar-
row, seed cleaner, plow, bullock cart and a rare
working tractor.

. Craftsman shows locally manufactured seed

cleaner to President Nyerere (center).

. Technicians from the Universily of Dar es Salaamn

diive equipment back from the fields after
compost demonstration (cornpost piles at far
right) and tours of test plots comparing organic
and <onventional farming.

Prasident Nyerere points to wooden wheels that
can help Tanzania reduce steel imports and be-
come more self-sufficient.

. Workers demonstrate ox-drawn plow.

. Village craftsmen demonstrate hand-operated

planter and fertilizer applicator.
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