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FOREWORD
 

Worldwide experiences in -agricultural developi.,ent over the past two decades provide a 
wealth of understanding and direction for the flture. Those experiences, combined with 
our present heightened awareness of worldwide and regional resource limitations, environ
mental fragility and demands C.)r equity for rural people have led to a restatement of 
agricultural development directions. Those directions are articulated iWthe March 1983 
document "The Natiomal Agricultural Policy."

To meet national needs in each of the areas mentioned, our agricultural developnient
policy must be based on cftficicnt Use of available resources. That use will permit a higher 
degree of self-reliance, reducing our vulnerability to flucttating wcrld supplies and prices
of manufactured inputs. We wish to emphasize that we are not ,dvocating isolationism. 
We are simply stating that we will provide fo(r ourselves first and resort to foreign materials 
and aid as a supplement to our own resources and ft.orts. 

With this attitude and policy, it is fitting that the seminar, "Resource-Eflicient 
Firming Methods for lizania," was held. llIaiining tbr the seminar involved participation
by the Ministry of Agriculture, TARC, the University of 1)ar es Salaam, ld ale Press 
and the USAII). The Ministries of Education, Industry, Agriculture, Naturil Resources 
and Livestock, as well as the CM.4, UWT and numerous fbrigm assistance groups partic
ipated in the seminar. The technologies discussed, ccntcrinl on agricultural nutrient con
servanon, nitrogen sel f-reliance, non-chew ical pest and disease management, and increased 
use of animal powTr have been identified as key elements for improving productivity and 
use of naturil resources. They are especially relevant to improvement of the well-being
and productivity of the millions of small fCirmcrs who constitute the majority ot our pe,)ple
and are responsible fbr the gre.test part of our productivity. 

We are extremely grateful to President Mwalinit julius K. Nvercrc for his initiative, 
support and paricipation III the workshop. The Secretary ceneral of (CM, I-Ion. Mr. 
Rashidi M. Kawawa, M.P., h;.s given his full endorsement and !.upport by his prcsence.
The support of USAII) and Rodalc Press is gratcfully acknowledged. In addition, the 
tireless efforts of the organizing cornnittec arc greatly appreciated. Finally, the enormotis 
success of the conti.rence isdue in no small part to the willing and enthusiastic participation 
of its many contributors and participants. 

We f'eel that the ideas presented and the suggestions for implementation of these 
resource-etlicient technologies wi lI provide a blueprint Ior progress in our agriculture for 
tile years ahead. We sincerely hope that other nations might benefit from our deliberations 
and experience. 

John B.Machunda 
Minister of Agriculture
United Republic of Tanzania 
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OPENING REMARKS TO THE WORKSHOP ON
 

RESOURCE-EFFICIENT
 
FARMING METHODS
 

Thank you very much. All uf us who have coeic here trom the Rodalc
 
Research Center are greatly honored by this opportunity. We are espe
cially thankful that President Nyerere has made possible llis Mr. Robert Rodale
chance to 
spend time with you, to see yoUr country and to take part in discussions 
about your country's agriculture. CHAIRMAN OF THE BOARDRODALE PRESS INC.I just want to introduce the other Ienibcrs of oUr group-

Medard Gabel, Bill ILiebhardt, )ick -larwood and John Ilaherern. I'm

sure that they join with me in expressing our appreciation to you.
 

The primary focus of this workshop is on organic matter ani
 
manure, which I know we 1l recognize to bc extremely important. I 
see ii, the organic resources of a country in1ticl llore than just f'Irtilitv. I'm going to have 
a chance later to give a lmger papcr on this subjece, but I've given the name regenerative
agriculture to what we have bccn working on tor nunv vcars. The phrase regenerative
agriculture includes organic tarmin g, but it cinbodies in it a much larger idea, particularly
the idea of sclf-reliance. It's people, but it's closing the nutricnt loops around them. 13\1 
using resources close at halld, thc beconie able to support thcmsec's with t.'wer outside 
resources. This interest in scif-rcliancc has becoiie extremely popular and important in the 
United States. 

One of the thing , I wair to bring to von hcre is the awareness that things are 
changing in the United States very rapidl,. The fImcrs there art theing iiay ot the same 
problems that you are facing here, of course on a much dill-'creiit scale. But there is 
tremendous interest in regeneration and self'-reliance and using tfcwcr inputs and buying 
less. In effect.. in'porting less from other areas. 

There's also a greater interest in alternatives. We used to have a vision that there 
was just one way to Farm in a coLntry. But in America today, there are springing lp alilly
different methods. And these have been called alternative methods. But I think thac word 
alternative needs examination, because in my Vision, I see what is now the altCrnative as 
becoming the main method of t'rming. In the !ong-term f'iturc of the United Stats-and 
I think the world-the very efficient use oforganic and other nutrient and huiman resources 
in a closed loop is going to become the main method. And that's why I've given it this 
word regenerative, because I think it embodies the spirit of the idea ald also expresses that 
it's not an alternative. It's not something that we do because the umain elCthod isn't good
enough. It is really the best method. 

I just want to make one other comiment that this is reall' a historic occaimoin. It's 
historic in two ways. One, ,or th,. organic iethod, which really is about 80) or 90 years
old. Rodalc llrc.;s was started by my ther ald I've bCCn working for him for 32 years. 
I-Ie died about 12 years ago. Since then, I've been carrying on. My fhther was a link 
between earlier 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. ]'III sUre that it's
historic for Tanzania, because no country has ever done what you're doing here. And I
think that at the end of this workshop, the .,oduct will become an example for many
other countries, and even for the United States. Thank you. 



OPENING REMARKS TO THE WORKSHOP ON
 

RESOURCE-EFFICIENT
 
FARMING METHODS
 

Mr. President, it's a great honor to share a platform with you today ard HIS EXCELLENCYto receive so many good friends here. I r 
All of the speakers, including the President hiniself bring per- Mr. David Miller 

sona! qualifications to discuss agricultural issues, SO I found myself
wonderaig what I might add in these briefreinaks. U.S AMBASSADOR 

It struck me that \,oil might be interested in learning how this 
seminar caie about, why I believe it makes good sCi se, and what the 
United States government has been doing in liimzii to support ;igri-

First, let tic rcvicw how we got hcre today. It's somewhat of A
 
himorous story--I was glad to hear von chuckle there, bcilusC thCre ,viIibe some more
 
laughs in this story.
 

It began, in lo ethl enungh,' a iltuinber oAye111Sr w ,S1 M rs.
ago hen" li\- w itii, M iller,
began a personal investigatiom of what I'n still cal ling alteri utivcigriglCtuhraIl teclhIology.

She, like a nomber of other A ncricamIs, began to question the mis,-ru \Visdoin of our
 
increasingly capital- amd chmical-imtclisiV agricultti re.
 

There's a growing group t people in the United States who are wondering if we 
ought not to spend more time working with 1iatucm rather thi i tryinig to ovCrwlelm it. 
And in Ier invstigaition, she carie across ROd,C 1arrms. Rodalc Press, and she dcci,icd
as iimany other people did- that th i WI
as real lV the ()Itstraiiding cmcter for a!t ,'r ativ 
agricultural technology in the States. 

So to get oii with tile stor\y, about two Wars ago, Mrs. Miller aiid I found Ott we 
were going to come to Tlinzania. Alid b cfirc she let filc get Oii the plane, sh said that we 
must go visit Rodae iarms. I must siy I vas somcwhat skeptical, and iII ;Wt, I got lost 
driving up to the tIrm. BUt wC fillaIV got therc--tlC long wa. 

It was a womidcrtiil operation. I was very, very imprcsscd. 3asicallv, \we spent the
day looking at small, but trcincldouslyv productive agricmIt rrl plots. So I left Rodalc 
convinced that they really had son iethig to ofiter. BUt Most i iiport.niitly, I left odalC 
carryin- a big stack of books i Iiv arm, bcausC Mrs. Miller fuLLnd out that they had a 
bookstore there, and she bought virtuilly every book ii the store. 

One of them was i"The odalC (;uide to (:onposting.' That book cost S12. 9,
and that's why we're all here today. She rcad the book-she thoulIt it was pretty good.
So she decided she might give it to her good 'i id, Joan Wicken. who might give it to 
her good friend, the President. And tht's whit h1ap1ed.

Now, we didn't think this WAs going to result ii all ofthis. And that's where thcrc'3 
really a humorous story which I want to spend just a ft'w m1intes oil. It involves the 
President, the Minister, the A nbassador aid our All ) I)iretor who's sitting out here, Mr. 
Handly. And the story is what happens when tile Prcsidcnt decides something should be 
done. 



12 

As t1he 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, lie got out a piece of paper and began to write dowi: all the ideas he
might have to cover with the President. He went to his neighbor, got a ride, and went out 
not knowing if he was going to be ..loved to a diftierent job or what the question was
 
going to be. Who knew what would happen?

So lie stood in there waiting for the President. The President coIes downstairs and
he's carrying this book. He looks at the Minister and he said, "You know Mrs. Miller, 
don't yoi?"

And the Minister, being a gracious tcllow, said, "Well, sure I think I know Mrs. 
Miller." 

And the President said, "Well, it's the American Ambassador's wifi." 
And the Minister said, "Well, of course." 
And the President said, "I've read this book--The Rodale Guide to Composting.'

There's a great deal that's applicable tor Tanzania here, and I 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 lie phoned i1C. The Minister doesn't very often call me, so I paid ",tention
immediately. He got on the line and he said, "You've got to conic see nie right away." 

And I said, "Yes, sir." 
And he said, "Bring votir All) l)irector." 
And I said, "Yes, sir." And then I said, "Is it really serious?" 
And lie said, "Yes, sir." 
And so I brought my I)eputy Chief of Mission, and we all trundled down to the

Minister of Agriculture, and that's when the Minister said, "I think we're going to have 
to do something right away."And as we were leaving the office, he said, "If your wife 
gives any more books to the President, would you please tell me about it?" 

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 tie oflr vou just a few 
 serious thoughts here. First of all.,our societies are
wrestling 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 trving to con
sume less power per capita. And in the last 10 years, we put a good deal of emphasis, in 
our environmental programs, on impro\ ing tile quality of the lifi. of our citizens. So, as 
we listen to these presentations this week, and learn how to use more ,fficiently resources 
and assets that we find arotnid us, you should remember that this is an exercise that all 
countries are engaged in, even those that are relatively wealthy.

A second f'undameiital point is that Rodale is not talking about anything radically
new. In fact, they will describe some techniqties and approaches that were probably used 
by many Tanzanians in the past-and in f-act, 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 to us in bits and pieces.

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

I don't want to get too deeply into agriculture, because I'm liable to embarrass
MysClt. But I would simply like to add a fL'w more words about our All) program here in 
agricuklurc. 
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The primary focus of our All) program inTanzania since 1970 has been onl national 
institutions in agriculture education and research, with an emphasis ol food crops and 
livestock production. Assistance has been provided to this very college in Morogoro, 
reactivating tile Ministry of Agriculture firiner training wing, strengthening tile FIculty 
of Agriculture's l)epartment of Agricultural Education and Extension, developing seed 
farms, extending the food crops research program, developing rangelands and water sys
tems, providing tsetse tOy control and working directly with tile Tmzanian livestock au
thorities. We have brot,,1t in over 1,200)dairy animals to Zanzibar, Mafia, and the Tan
zanian mainland. 

But through all of this, training has been the cornerstone of our activity. Since 
1965, the United States has provided training ftr more than 1,200 Tanzanians, 9))) of them 
in the agricultural field. And I'm very pleased to say that I think many ofthem are here in 
this faculty. 

Let mc finish my remarks by ofkring my compliments to the leadership of this 
fine institution. I've made their acquaintance just about six nionths ago. We met here twice 
to discuss this project. I must say, my wife and I were asked a iinber ot'tough questions 
as to what might be accomplished. Nevertheless, our hosts were always very gracious and 
I think Idrank more of their cotl'ec than a rcsonable guest should have. But Ithink they've 
done a marvelous job and I'd like to express my appreciation to all of you here at the 
college for doing such a fine job. Thank you very much. 
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OPENING ADDRESS TO THE WORKSHOP ON 
RESOURCE-EFFICJENT
 

FARMING METHODS
 

Mr. Ambassador, your ladies and Youexcellencies, gntcneln: have 
HIS EXCELLENCY heard how and why you arc here from the Ambassador. I don't have to 

Mwalimu Julius K. Nyerere say it is true, because it istrue. 
PRESIDENT OF Your excel!encies and triciids, first of all, I ask your permissionTHE UNITED REPUBLIC to speak sitting down. I'ni siire you'll hear me back there. The previousOF TANZANIA speakers have welcomed von and thanked you 6br coming. I do endorse 

their rcmark,, but I also havc Some appreciation of Iny own to express.
For this workshop, havc froni %Iias \'oi heard the A ssador and the
Miniister, hIs been org~aiizCd at HIV request. And ! want to say thank 
rt Ityou aid to AI those who have coopcratcd to make it possible.alli, 


I thank the TiMzaniAi experts from the Ministrv of Agriculture and from the Tal
zania Agricultu ral lWscarCh ( )r:,iization who hv.c been involved; I thank the Agricultural
Ficultv of the Universitv of I )ar cs Sdamn: and most of'all I wish to thank the Rodalc
Institute and the Ameicricai liib,ssv III I),ir Cs Slaai-particularlv the Ambassador and
Mrs. Miller. Through the Embiassv I naturally thank the American governicnt and people
who have riiet si..ic of the, costs involved. For this workshop is an example of the most
altruistic kind of assistance; wc shall not buy a single extra ton of American fertilizer or
machines as a result fl'this week's acti\ itics: Mr.Ambassador: You have arranged asharing
of knowledgc and I thank voi. 

About 8( pcrcent of'our poplc nOw gct their living from the land, iid almost all 
the rest ofris arc the children of.pcs;unt tu.n rs. \Ve otce have Iplot ,f'our '\wn. I do,
and so we do not e,
cd to bc told that our lives and our tlituirC LIcpiid on1the land, and on 
Its output. But Ithink wc tiv bc guilty oftikin, the land ur granted. Except Ina I'cwareas like IKiliiianijaro and purts of Kagera regiun. there isarid alwaVs has been plenty of
land tbr anyone who warlted tL rillt.VeC h,V us'd it,
allld "hCll it bCgan to produce less, 
we have abandoned apht and ii ioCd cls,",,'hcrC. If"we lctt it long enough, natural regen
eration occurred bef2re wc carrie ba:k to the sumte plot.

l1ut thi,practice of shiftinig agriculturc isno 
 longer teasible. ()ur population is 
increasing very tsr, so there will not always be "plenty of lid." Also, we have abandoned
 
the practice of living like permanent rctigees intCeipordrv hits scattcrCd tlroughout the

cotrrysidc. Now, we live iii villages and are gradually building permiaertIhouses; our
firiiis also have t,,M: rMAiCient, iud reasoibly wc live.ear wher, I hc same piece of
soil has to go on f1r year after year. prdrciiig the fo)od aiid export crops we need tr our
survival. It is, thicrefrc, vital that wc shonid re-' giize-arid recognize Liuikly-thc riced 
to adapt otir traditional fhriniiig pra(:ti'ces to these iiew coinidition s. The soil of'Tinzaiia is 
a valuablc and irreplaceable naturil resourcc wIichI beloigs to on r dCscCn dIants, as well as 
to the present gencratiot, and wc have t) tireait it accordingly.

(rowinig crops use cnergy. 'hey take goodncss out of the land. "' 
 But tbrtunately.
we now know that dili.'rcit kinds of'crops take difli'lit eleiiicnits fronii the soil, anrd some 
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crops even put particular substances back into it. Without realizing what has lppened, 
and why it has happened, our peasants have traditionally recognizedl this scientific fact and 
put it into practice. They knew that after 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 it and use it tbr grafi a second time. They 
also knew that the ash from burning crop rcSIduc on the plot WaS a good thing, although 
fi2\w, if any, of our tribal La1guages had any scientific terms to describe what was happen
ing. By such practices, our peasants \\crc fertilizing the soil, albeit very crudely and 
inefficiently. Their methods. IW,'wever, are no longer appropriate, sufficient, or, indeed, 
possible for us, at least as a program ftr the medium- and longer-term fruture. 

Ve now live in villages. We halve more and more people to t'ccd from our land. 
Our farmers now have to teed and support imuch larger number ofpeople who do not 
cultivate for themselves. It is in these new circumstances that we have three tasks to fulfill.
First, we have to maintain the existing 6itrtilitV ot our soil. Secondly, WC have 0 i1prove 
that tirtility. And thirdly, wC have to do this ecoinoiiiicallV oi the basis ofself-reliancc, and 
in a sustainable manner. 

The systemIis of shifting agriculture, of "burning and slashing," and of 'moving
whole coiuniuities to :icW areas, hlve, a long tite, been recognized being ineffifrI" as 

cient or inappropriate for modern needs. Wheii I was at sch)oi, in colonial time, wc were 
taught how to make compost aidl urged that this \vas a good thing to do. BUt fiew of 
those who went to school in those days cvCr wCt back to work on the land; wc becai1e 
clerks or teachers, an1d tended to regard this kno\,ledge of compost Isirrelevant. It may 
be that, at that tinie, agricultural officers were iiiging the use of coiiIpost upon the 
farmers--but the Extension Service did not reach vet V ivir. In aM case, when our country 
became independent in 1901, our ainhitioi; was to "iiodernize" our eck.,iPoiny. We did not 
work this out very thoroughly; but Itappeared to vsthat ifyou wanted a productive
agricIlture, you had a mechanized agriculture, and von used chemical f'rtilizers, chemical 
insecticides, and-to be completely up to date-even herbicides. That, at least, was our 
vision of Ainericai and (iaiadianl agriculture-and wc were ofiten told that America is the 
most productive agricultural country. 

As we are ivery poor coMtry, wc could not move very flastIn tecl.anizing our 
agriculture, but wC did establish soeIC puIlicly ovnCd coieiiicrcial ftirnis, and while we 
had any foreign exchange, we bought tractors and combine larvesters for them. We taught 
our peasants also to hanker after those machincs. As feXw could aflb.rd to buy theiii, or had 
the means if" working with theto get them maintained they did, ot1r peasants weint on 
hand-hoe. It is only in very recent years that WC hive begun to put emphasis on what We 
can do-that is,to move from tile hand-hoe to animal-drawn impleiients. 

We seem, looking back, to have acted in ivery simiar manner oitiquestions relating 
to fe'eding the soil. \Ve urged the use of chemical fertilizers: wc established a 62rtilizer 
fhctory-heavily dependent on imnporrt'd components- -and we ensured that chemical 
fertilizers were used ill growing certain of our export crops, especially cotton and tobacco. 
We also adopted a World B:nk-assisted maize program, which depended upon using 
chemical Fertilizers. For the rest, we left our peasants to carry on as beo:Frc. We even 
stopped teaching compost-making in our schools, regarding this as a discredited and "old
fasioned" technique, which was irrelevant to our future. 

The net result h:ms becn that in many places, nothing is done at all to refifrtilize our 
soil after it has been used, much less to imliprove the ft'rtility. Our peasants can no longer
''move oi'"after their plot has lost its fi'rtility; they just get less result from their sweat 
aiid-legitiaiiiately-colplaiin that having told them to use fitrtilizer, we do not make it 
available at a price they can afford 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 Sukumnaland now than we used to. 

And we also discovered that in Europe, and in America itself, there arC now very 
many people who say that heavy use of chemicals on their soil, has done great damage,
both to the soil itsclfzand to their water suppcs. -leavier and heavier dosages are required 
year after year to achieve the same result. And in some places, especially when insecticides 
are being used, both the soil and its produce are being poisoned. I ai told there are some 
U.S. farmers who use chemicals to get a high output from their commercial crops, but
who meet their homestead needs from a separate area \vhere zhc\' do iot use chemicals at
all. There is also a recent Indi'm rep,,rt about the einvironmiental cTccts of the Green 
R 1evolition, with its hcavy dependence on firtilizer, which has revealed adverse eftiicts on 
the health of,CIrmers, and of'some peasants who do not themselves partake of the benefits 
of the new mietlhods, but whose soil is aftictCd by Water flo\ViWin, from the Green R evolI
tion areas. 

We have not reached this intensity in the use of'chemica l tirtilizer, except possibly
in the cotton fields, where the need may bc to change the type of chemical t.'rtilizer used. 
And there is 1.o rcason wmihy we should be a fraid of cheminicais, any more thanI a man with 
an occasional headache shou!d ret'rain from using aspirin because other people use so many 
that they dic.
 

For I an not one of those, although 
 I kiow that such people do exist, who are 
against chemical fi'ertilizers and insecticides on principle. I believe they can be very uscftll,
alone or in combiiation with natural methods of soil protection, when used in irmderation 
and in appropriate circmlslaiccs. We do have conmmercial tirms in "lma ima: they should 
and they must ust chemical fertilizers to maintain alid inprove their soil tirtility, even if 
dhey also use natural iiithIOdS of soil enrichment. There are certain crops which seem to 
grow ecoonmically in Tanzania only iintandem with chv.imical fe'rtilizers. It may be that 
even for the latter, tbere are better wavys-more self-reliant wavs-o! fertilization; but until 
wce are sure of that, and know what they Ire, wc must contiute to buy or make chemical 
fertilizers alld traisport them to the flrms and the fields. 

For there is the problem: Chemical fertilizers are a Imanuticturcd by-product ofoil 
or natural gs, or arc minceras which have been treated ili a large tactory, or both. We have 
one fertilizer fictory ii lzalmi, a country of about 361,)01) square miles. Until this year,
it has been getting its raw ph sphtC (as \yell as all its other chemical inputs) from overseas. 
In the lturc, it will gct it tromi Il)iic jus opened some 310imiles away. Inevitably, the
Fertilizcr is expensive. All oii-based products !re expensive, and tansport, as well as the 
imported chemicals, arC dependent on oil products. Further, in our case, the foreign
exchange shortage means that supplies of fecrtilizer arc sometimes interrupted-the factory
closes down because we do not have the forci gn inoicv with which to buy its inputs. Anid 
there is for us also the physical difficultv of transportig the in aimaLIctured fiertilizer over 
hundreds of' miles of' old railwav line with few %v.wons,aMid over poor roads with old
lorries. Quite frCqucntly the flrtilizer does not arrive at tlc fi'rm at the tiie it is ieded. 

Fortunately, most Tmza:nian agriculture does not have to depend upon chemical 
tertilizers. There are scientific mimethods of agriculture which prescrvc soil f rtility and use 
no chemicals at all. It is those, or soic ft'thnCwhich wC I WC coniic to this workshop to 
learn about. 

nin any parts of Iliza ia,oUr peasants traditionallyv grew a ma iilcrop aiMd aioth,:r 
crop in the rows between it, or somietimnes just scatty red anmong the other seeds. In our
enthusiasm for the highest possible output of' a particular crop, were at one time 
discouraging this practice. It is now clear that, once agamin, the peasant knew better than 
the experts, for the total crop output fiom iiltcrcroppiiig systems is f'cquently higher than 
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that where a plot is reserved for the main cr p only. Arid c':rtainly, labor productivity isoften higher, because the need for weeding is reduced and the soil is preserved from beingeither baked or washed away. Everything depends upon which crops you combine. Scientists can now tell us which combinations are appropriate and why. For example, they canexplain why it is good in certain kinds of soils to interplant rows of maize wit rows ofparticu~lar legumes, or banuana plants with certain kinds of fodder grasses. A!so, they havedemonstrated that appropriate intcrplantiug reduces the incidenc, of sonic plant diseases,or insect intIfstatioii; they can often tell us which kinds of intercropping have those eflects.We have such scientists, and such experimental plots in anzania. Our trouble is that we
do not disseiniate that knowledge, and put it Into practice.

Again, appropriate crop rotatioti-plnting dift'rent crops in a cycle of three orfouI- yealrs-Call maiain or inprovc the fertility of the soil, without the application offertilizer, or evcn manutre or COlpc,.,. It dcpends on what your rotation is, and the correct one depends upon) your soil. For exaimple, experiiental results t'roin Ukiriguru h:.veshown that a fllow period of three to tour years in which a cassava crop is k ft in theground in that area produces an eftlct comparable with a long period of fiillow. Thisprinciple of crop roration is very easy br or peasants to understand. It is, in etfct, what
they have been practicing H, their system ofshi'fting agriculture.

Nor is that all. Where the soil tfirtilitv has alreadv deteriorated, or where, foreconomic or other reasons, the pcasallt does not want to follow an appropriate croprotation pattern, it is still possible to improve fLrtilitv by natural methods. There is thepractice of "green ma111re,' digging the crop residue back into the soil. And there iscompost. This also mioint:; to putting back into the soil the goodness which has beentaken out of it. Fin; i'y, for those areas where domestic animals are part of' the peasantculturc, there is the use of' minure. Again. we have in Tanzania places where this is usedto the maxinuini-with very impressive results. I hope that soIIIe of you will have visitedsach farms; often they ,re rimi bV our own orexperimeltal training institutions, or by
issionaries. 

Conpost and other methods Of tirtilization are the subjects of this workshop. Ihave been talking only inl general terms, arid about tlh.' - mci ples; the experts are here with us. Gentlemen, vOu are very welcome. I know that these experts from Rodale Institute
will be the first to tell us that neither they nor their cotint1-y are uinique in their 'iowledge,
or their practice of what is soietiiiies called ''organic tirming." Thrn, are practitionersthroughout the world. Lut it is perhaps appropriate that we shou!d ve',conie Americanstalking oin this subject. For if these methods oftfairming can hold teir oxln in the home of
nmechanical and chemical tfirming, 
 then surely people can hardly Iution their relevanceto getting increased otitput in our own conditions of" very much low,'er agricultural pro
ductivkity.
 

And let us rememnber that our recIitlv 
 published Agricultural Policy Statementgiv~s very great emphasis to improving our peasant agriculture-increasing its output peracre, and per man-hour. The use of cc post, manure, crop rotatioi and intercropping isthe answer to the peasants' questkmns an)out how they can increase their income withoutbecoming dependent upon ar un.Lliablc supply of expensive tf'rtilizers and other inputsfrom outside their village and Cirms. (omlpost can, as I understand it, be made in eachfield. It certainly does not have to be transported from Tanga. When we talk about vifhgeself-reliance as being the foundation of national self'r, '.ance, this is the kind of thing we 
should be talking about. 

All of you here are involved, directly or indirectly, in making a success of our driveto increase agricultural output. Further, we are all concerned with peasant agriculture, notcommercial farming, for which this workshop may be less relevant.You are all experienced 
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people. You will, I hope, have questions to ask our visitors, and you xvill 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 week, 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 of Agriculture, and all our leadci s in other fields, must 
promote the application ot self-reliant methods ot" protecting and improving our soil 
trtility. This i. a crucial part of our drive for increased output of 1od and export crops, 
and therefore of our recovery program. 

Mr. Ambassador, Mrs. Miller, our guests from Rodale, l)r. Kascmbe, and firiends: 
I wish you all an interesting and usefil workshop. 

Mwalimu ,Julius K.Nyerere 
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ROLE OF
 

WOMEN IN AGRICULTURE
 

Despite the ongoing war onieconomic saboteurs, we must also fcd otir
people. ActualIlais 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 wife, and the Rodale group. Mrs. Gertrude Mongalla, M.R

AgricLttiral science must have been begun by a wonla, because MINISTER OF STATEshe spent much time around the home while men went hunting, and PR!ME MINISTER'S OFFICE
 
suIC was exposed to the seed which then produced wheat or barley.


Tanzanian women should have much 
to ctontributC to allcviatc
 
our current tood problems. Most of our food coies from the peasant

farncrs, who h;appcnI to be \v1olIn, in most cases. In other words,
 
yeomen are the most involved in this process c 'protductioi.


The main aim of this speech is to get the nessage across to the agricultural policy

plaInCrs that they should be aware of the woman's part in agricultural production, and
that they should bear tlat in mind when making agricultural decisions. For example, when
designing tools or equipment tr new or improved t'arm technologies, the ultimate user
the woman-should be conSidrCd, to avoid incot vc:iiCCns i.-their usage.

In addition, any new technology to be implemented on t..' f'arms should also reach
the women, who are actually going to put it into use. Therefore, the Extension services
should be efthctivC enough to chanel the necessary intormation from the researcher to the
farmers. There are many well-established media that can be used to dissetiinate inlforma
ton-and these should be used. Follow-up programs should be implemented to evaluate 
success or failure of'introduced program s to farmcrs. 

I would also like to point out that costs of chemical fertilizers cannot be easily met
by tfrmcrs; thus, composts and manures are the most promising answer to our present
soil firtility problems. Our major aim sh,mld be in the increasing of output per given plot,
rather than expanding the area. Compost cam be prepared around the homestead, wvlhet,
most food for home use is produced. Farmers once wcrc self sufficient tf.)rfod, with the
exception of a i-ew articles purchased. Vegetables, root crops, fruits and oil seeds (ground
nuts, oyster nuts, etc.) were grown, and chickens, ,goats, ctc. were kept around the 
homesteads. 

Should changes be needed, Unioja wa Wanawakc lazania (UWT) can be used 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 I speak to a U.S. audience about Consider maize, for example. We produce 8 
American agriculture, I ask people to think of billion tons of maize each year. How much is 8 
farming as a three-legged stool. billion tolls? It is simply two bushels of naizc for 

One leg is production. That is the part of every person alive today ("I the t'accof the earth. 
tarmuig that most people think about. I low much And 8 billion ,-;,is wc need,is also firinore than 
food and fibcr is being produced? Admittedly, or that we can sell. 
that is a very iihnportant qucstion. But productionl U.S. production of soVCans .id wheat and 
is far from bcing the 0nV measure of the success other important crops also Lir cxcCCds the amounts 
of a counti y's agriculture we need, or that we can market CfthLctivelv iII in-

The second leg is people. FIrnning is not only tMrnational c'1,1loinerc. 
a way of production-it is also i \\-a of Il'e. I p.Illl OiLn thosc tIcs becaise onl' when 

Many Americans want despcra telv to either stav y-o look bey'ond plodutlt itI Cai 1 \'OilSee that 
in farming, or to become tiaincrs. But thcv ire American tniniilu is ne thin the ,ilost prodIlC
having diffictultv doing that. The people leg of tive system ever crealead. *lhC \'aSt productioinl hides 
American firmnimlg is short: SoIe would sa\v too the fact that farmning on tha1t pattern is also the 
short. Many millions have had to leave irilnimg most dcstructive of all systcms. 
and go to live in cities, wliere, in tdaV'S .Col- It is destructive of large a1lmountS of soil. 
only, they somietimes have trouble inding work. Roughly half Of all our topsoil has bccn worn 

The third leg of'the farmting stool is the nat- away. Agriculture is draiing ouir land of valuabic 
ural resources that form the primary supply of water. The large aquifer runiniiing north and south 
elements that flow into farm production. The land through the middle of America has receded deep 
is the chief resource. In America, it is diminish- ilto the earth. You can drive forlmiles through 
ing. Over ( billion tons of topsoil crode away rural ireas that once were heavily populated, ai I 
each year. Water used '0 irrigation ilust be see tar Cever homesteads and slhrimkilg towns. 
ptumpCd from deeper in the earth each \car, and Yet our produCtioi of fiod and fiber is greater 
so beconles mlore expensive. Evcn the quality of than ever. 
the air is being clhanged by farming. I lowever, even great production will not hide 

I point out to the people that American ag- the fact that an agricultural stool with two short 
riculture has been foried into .Istool with three legs is not very comtortable f'or city people to sit 
legs OtlunqLIal length. The productimon !eg is very Oil. And it is especiallv not suite.d to the needs of 

1l1ng1. irducelolg-actually too We more than th' people who remain ili tarining. The best way 
our people can cat, and niuch more than we can to explain that is by switching front the analogy 
sell to buyers in other countries. Tlic people leg is ot a stool directly into the realn, of Ccoitoillics. 
very short, and I part ofthc resource IC"is beintg ['mit not sure how it works in 'Ilzmaiia, but in the 

CUt off each "'ear. 1,S., peupie ,are Acistoilled to thinking of al-
That image of our tirniimlg ssteln being made most everything iuleciioiIc torits. 

ip oIt three basic parts is ce:- rettelv imnportaint. The cost of' t'arin production today is high, 
Because if you look quickly ald superficially at and continues to get higher, while the prices for 
farming in the United States, you see only that it Farm coi inolditiCs l0W.i'CiltIII v'erproduction 
is the iiltst productive syst.im ever devised by -he is the prime reisoin for low commodity pri'ces. As 
hunan mind. The anloumt ot-food and fiber being well as incasing eompettiol for utarkets front 

produced On our t'aris is so vast that it is hard to growers in other 'outliiitris. Blut, again, we need 
find words that describe such productiol in terms to look beyond production to understand truly 
people can grasp. what is ilappening. The costs of production are 
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contilnially rising, even in tile face of decliiing Ing purchased grain, too. And since then, he has 
prices for farm products. And it is that squCCze all but eliminated soil erosion on his hilly, 150 
which is of prinie concern to American farncrs, acres, and nearly doubled his inconc over feed 

Take, for example, a ICX -kilogram quantity costs. 
of nitrogen. Ien years ago, a i'arner in our couii- (;eriiiai fertilizes his hayfields with cow 
try could exchange 53.3 kilograms of iaize for manure after cacl cutting, aid . says growing le
that nitrogen. Today, he must give tile daier 527 gumes helps him produce IMore total nutrients per 
kilograms oftmaize to get that saie 1CC-kilogram acre and have bcttcr-t'd plants, greater Viekis and 
quantity of nitrogen. And that is not 1.nisolated highLr-producing Cows. 
case. The saintic change in the exchange power of The United States govcrnncnt is helping other 

rimtners has taken place ill alnost all areas. Flnr fitrniers with its la micnt-l n-Kind program, which 
equipment is now much more expensivc. A fiarner this \'car is uingAirican farmers large amounts 
who, IC0years ago, could buy a typical wheat of'grain in storagc it they agree to cut back on the 
combine to 60,29)C bushels of-wheat Imust now acreage tle,, plant. That is certainly not a1pro
give 23,8()0 busICls. gram that cn work ovcr i long pcriod of tinie, 

If'tile soil had not croded, Jinl if Watcr Wcre but it is an cl'brt to io somethiig qliiclklV to help 
still available iin dry areas closc to the SulirfacC, farmers through .i difficult period. 
those problcuns would be less tIotiblcsoi)IC. Iuirin- Many fairmers, though, are thinking hird 
ers could then produce good crops with sni.l1l1 about what is happening, and are asking theni
amounts offmrtilizer, and with loW puniipiug costs sclvcs if t'\c can do liiorc than simply cut back 
for water. Blut the cutting awaV of tle icsonrce on the level to which they are using the cuirent 
leg of that Eirming stool I described Carlicr takcs systen of farming. heyvI cniemiber tht, iin Car
those options out of reach of' many people. IThey her tines, when they grew miore diversified crops 
now have to pay cvcr-highcr prices for things thit ill rotatiois instead of Lust altermnating maize and 
they used to get free, or aiiost frce. from the soybeans war af.ter year-as iay (Cnrn Belt 
natural resource base Oft gricutiiirc. farmers do-theV nCCdCd iitich less fertilizer. And 

What are Ariercai fariuir-sdo,ig about the their profit picture was better.poor econtomic conditions inl which they must op- I)ivcrsity has helped I)ick and Sharo, 

rate? Many are siiply cuttiing back as much as Thompson's firm in Boone, Iowa, grow profit
the', can oi tile use of inputs, and oU til purchase able and virtually self-suficient. [he Tlonipsomns 
of cquipnlCt. A good examuplc is lKutztown., feed hogs and cattle, and grow hay. maie, soy-
Peinnsylvania, arimcr Beli rubaker. lrtibaker beanus aind oats oi zhelir 3()-acrc fIar . They gave 
spends S53. I5 less per acme to grow milie than up synthetic fertilizers and pesticide, ill 1967, and
the average tPennsy'slvania ffrmer, vet produces 28.3 now rely on wise manure handling and crop ro
more bushels. tation-including girwing i legume three out of 

In add ition tO growiiig in aizc, Iruba ker feeds every fivxe w.ars-to reduce erosion, maintai soil 
about 25C cattle, an:rd grows tax'. so'bcans and fertility and control weeds and iISccts. 
small grains on his 322-acre [irit. I Ic substitutes ()'course, iin earlier times, tarmers had more 
machinerv and labor for synthetic fertilizers aid good topsoil than they do nmow. But they still are 
pesticides. But rather tian purchase mie\v equip- asking themselves whether they really need all the 
mer'it every te' \ears like nItity fi'iiers, hc re- fertilizer they have been buying. And many have 
pairs and rebuilds worn-out items. The result: Ihis begun to work out and use nexw s'st:min1: of farm
current nachinery, worth S280,000i \-ew(at 1982 ilg that allow them to prtducc good crops, but 
prices), cost hint just S59, X(. which reduce their nccd for fertilizer aind other 

To protect his 15(-acre Wiscoisin tdairy firit inputs. 
from erosion, Jack Kinsman (Iit growing inaize I lairy vetch, a winter-hardy legume, sup
and using chemicals ill 1965. Barn,,ard Ianure plies ip to 80 pounds of' nitrogen per acre to Bill 
and frLquenlt renovations have kept his hayfiCels- (;rantham's maize and soybeans. The Millsboro, 
some in use as lo,ig as 12 years-vigorous Anld I)claware, itrncr plants vetch after harvest ill fill, 
productive. And his 29-year-old trictor and S25C ,ild turns it under the following spring. In addi
hand-baler are just two examtples ,of how aban- tion to adding nitrogen to the soil, ;ranthaml says
doning maize has kept Kitusnilams equipment costs tile vetch cover crop redtuces soil erosion, increases 
below S15,0)). his soil organic matter level, and 'ptimrmps' P,K and 

TIh' years ago, Verilomit dairymanilniLomIard other nutrients from lower soil levels to the soil
Germain also gave uip groxing maize silage in surface.
 
favor ofa grass-lcgunc mix. IIt cut back o fetled- While l)on Lambert's neighbors, who grow
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winter wheat, spend nearly S50 per acre for nitro-
gen and lose up to 200 tons of topsoil per acre to 
soil erosion each year, the Wishington farmer grows 
spring wheat instead. That lets hini use an Aus-
trian winter pea cover crop to provide /ll his Ili-
trogcn and cut rosion by as much as 73 picment. 
And thouIgh Lanmbert's 78()-acre iulIm has bceI 
chemical-free for 73 years, tli top 12 iIIcis )I-his 
topsoil contain iorc organic mlattCr, and ext:act-
able N, P and K thlan hica'ily-fertilized tirnis in 
the area. 

Finally, by taking his i 18(I rollin IacrtCs inIBcl-
lIoild, lo0va. out of row crops in the Iut' 7()s and 
planting thmcn to soil-saving hay, Ardeni 1Kiter 
actually reversed crosion ("I his fIll. IOwa StltCit 
University agronolists s,-, Kictikr now bhiics OIIC-
half to one inch of icv: topsoil every five y.aIrs. 
Convt'rting to hay alist' enabled him to tlitnini1te 
pesticides. cut product')il costs, stabili his cash 
flow, And rcdlcc his Utchitcry costs by 31) per-
cet. 

At our Rcscarch (cntter, wc have given a 
new natic to that new wrav of lanlgt,ing dile" pro-
duction side ofa fArii. We call it regenerative ag-
riculture, bCcaust it has tile VerV aiibitious itild 
important goal of ser't ig to regenerate the soil, 
the water, and the cotllolliV of ft tiis. It is a Iortii 
of agricuItirc tt,lt h O kS bt.\Onid prodlctiot-

whicWC adiit is very itiiportaitt. The goal of 
regencrative agriCUtlttilt iS tnotlhitng less taitI to ic-
store tie legs oftc tiefatiig stool to itjtil IcLgtll. 

RegeCrativc is.X 'onldclrfill word. It ciin tit 
more than sitmply to taLkc Il\' aaiLt. 1l1lIIV dit'-
tionary the dcInctIO iOf the wordnrgeierate is 
expressed this aX': 'I6 restore to a better. highe., 
or niore w\'orth' statc. A rcgcnirigti\' aricultrtIc. 
therefoire, its as its goal the tvcr-incrasing 
SOtildiCSS of the IiI a lttiatilatI'A IeSOIII'C baSe 
Of olr f0od-produIi(mg svStclti, to help that sXs-
ten continue to grow iii strength to tiect tile 
needs of oir expaildiiig world, 

A regenerative agricilture does 1tt accept 
destructiot of pcople and latd and water as :. price 
that must be paid for production. No! It says that 
those ofris who XXant to be titencrs call still fIrin, 
and we cani tmake the ]lid alid tile wattr alld tile 
air better iii the process. At least, those are our 
goals. 

lb accotiplish that, however, farticrs ]Iavc 
to make an important philosophical adjutsttmient. 
They ,iceCI to iaX'c behiIticd tle idea that tlCir fitlic-
tion ;s to domlinate tature. Sad to s;'y, the basic 
idea underlying tnuch ttocdern tarining is the 
thought that nature is not reliablc, and thierefte 
must be cottrolld or dotminatecd. I leavy applica-
tions of pesticides are ;praycd not just to kill weeds 

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

Yet on 1I1M acres in! .alilornia and Arizona, 
SteveIPavich and Sons grow I pccent of all the 
table gripes sold in the United States-with no 
synthetic pesticides whatsoever. By relying on 
ComptIost t;. r wel I-ba ll Ced soil iertiilit\', tile PIav
iches produce healthy, rapidly growilg vines ca
pable of withstanding pest outbreaks that wvould 
devastate other f'iriers. lictticial insects rlrivc 
in] the firmIs lion-toxic env'ironnltent. lld further 
help keep pest populitions low 

Large annotins of fertilizers arc applied to 
A eicrican irnts prinirily to bring nutritint leovcls 

)pIt Sonic titlldld or norm, tither tan to ell
rich tile sc,.l so that ili' st ii itscIt' CAi ficd crop 
plants fronl its Owii lgti'L tlMive storlhouse of' 
iourislitint. Land tli.It hulgers for a1('01ttinuin 
variety of' plants, grown ill rotation, iS trcd to 
grow the -atilc kind ofplitnt \car actr wear. 

All those efloits at dotiinanlc of thc land are 
cost]\'. lhiev raise tilc to ti" COSt Of tIing, 
sitiplv because tile bills that comte to the fAritir's 
desk tor the inputs of donlinatc agriculture arc 
high. But tile\ ar costly iti ,ilotler way, which I 
tcl is f-ar lmo'e iliportati. \{lil iature is dolii
iatcd, it loses niuich 0 its ibility to gi'c f'trlrncrs 
the free gifts of the 1ltd aid tile lifi.' iII tile hild. 
which have alwa's bti at the root of prosptrous 
agriculture. 

[lic regcutcrativc tirticr gLdta1lllvy Inowss away 
fro ti dIle idt that his Or her purpOSt is to dOhii
iltc Ilittre. Liking tile plicc of the idea otdoni
ia tiis e COtteep[ that thle IfiIicr S a caitalVst 
vhost purpose is to CauSet naturt, to allow grcatcr 

produtction to take plIcc Ott th li'ln-1o1-efttffly 
w'lile cluisilg the frtiu itself- to iticreasc ii \..tlile 
alld riciicss. 

I tliiik \'c cotld all agre that that is * fit 
philosophy to express, btt could be ditficult to 
put into practice. Aivoti' who Icels that \Xa'-
Who has douts about tile aplicaltioni of the t'
gencrative idCa-tIcd look only to the Oritent to 
see that the colltcpt his beti)C1-cd tetici\h" there 
alIost siltc e d.ih l t'ofigricultute.h Franklin I-Hyde 
King doctrnricttcd. it the cir'ly X'ac's of this ccii
tur', tie w'ays tliat (Cl'linese, ja pat.eSC aicd Korean 
fariers continually reniew their fIrls iii his clas
sic book, "Fartners oftortv (ctturits." 

And, incidentally it XXs.i that book atnd its 
message which eui'oltlraged I tiatlhcr ind othcl 
'.,, ople to biegitl to apply tile liCthiodS of rcgcnter
ation to f'artiing iii the United States, over 40 
years ago. 

Listen to how Kitig desctribd tice cCOiOn 
that is the renewXing force of ()riental fatitrs: 
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Almost ev,', lot 1lahind is ilnad to colitli!iit, will not reward those who understand that vital 
material fir fiod, ./ic or./ lric. lwhic'r)'tiiC n clai, n cycles ot'lide" flow through the soil, and neced to be 
be mad' edible se ''s ,I.jo lo)od.Ituiin ,hdonstic ,Mi- protccted and renewed. An idea like that i! uni
reals. Illiat(TIc a1ii ot be ,r 'olf is sed /Ir It travels well evervwlhere, .111d C.11tcatt o versal. tformi 
fitel. 771T' iid olfilbrit 1oil the basis ot tctioii it .t\', oIIItrv.n1astes of the bod), o-fie 
be'ondt other iuse, c lei id; cloitl) I here is vct aothTr idc.i which goe's han1d iIIar' ttkcn back to thilt ,' 
so tle)' (latili'l, 11attd With thel , aid \\htithare housed ai,',inst it',it,'./II cl- concpt tt rgcClicratioil, 
potlidid with iiitt'lkl',ic aiid li,rttoll.htit old ptictl)' I think adds greatly to its IsefIIless. ltat is the
hahorn'd niti thlroiill oiic, thrnt' o)r ,i'ti, sixv olt/is. t,, thmti it that wC who ire alive and workittg tdav 
brilt,'them ii io dieot1 'fliit'llit' to1 i s ri i11,s Iiny1h bl ati to cot le IthCds Ofbt o0i id hitItterC 

riitui rt. I, s t ,bea .etteritiots. Crttrsespecialily n to havC ittlr ti' soil ,r ,is fi ,dl.tir t/iti 
0oldt' ruit 'it/ith/t l i triilHi sses, or itinit ,hh'oldn, their itiitds the idea thAt the 1a1d thcv tlIt will 

L, iamy ceitthinl, ili ih'Itl ,,t that ihlCi ,l cxtIl hi010 or have to support CvCn tmore people [r(111)o 'Ill,,Y ((II Ipr,) iMc ,e'v' , little I,;,' :'t, t h,'wl (urics i t1[t0il ttI(ll-C. 

that shall/ i, Ciil'cl.,,hi,1 lititcraL ili,) Ii ) tit( WC IIetCd to giO be\ond even' tile idC. ot sishoth'st supishi~ellt,.4 ,11 w flmittci to t,111abilit\.. 10 SUSt.1nn thee ,l i~tl!',h- It is no~t CIlltILgII llltC'LVl\ 
tioil o(i'r its t,'.\tlLtiol). present levcl ,ofagricultur.t itivet lss. l cause 

I puIIAtion is iticreasitng, atd bLn CI'CS llt'Si trot 
I havC hCCI to l itt1a ld .lapait atd h.VC sccI titsiIhC the irin attd tie co nilr\ \will prob.lbly be

how productive their fields remain after 4,(N1 ''ears hardrCtoit ileC, We Setui_Ie fdIC IIed to 'UItUtre 
offaritg. Atid I havc sCn the diligenit \w.IV that goals foir a1rictilttclr that arc 1t14ich higher thaIt 
tarmtiers returnttorgaili materials tt tle land. anid those wec try to attain today. 
help it , itself. I IOWvcotttinc to renew [hcir work is are these Mtin iicas ofrcgClIcr.ltioln and 
a usetul -xautple. particllalrly bectist thttse coun- repInsibility to the tlttlrC beitig accCpltd Iodlv ill 
tries Itmust tecd vr laorge' t the UlitCd 'State,'s? {hLuv lie grovlig II stretngthI,'l iher ' o-t',ple front1 
limited arcis l if'lad. nd acL'cptacIILe. rostiOl of thC soil is 1gaill a ota

ccry l0t11tr1'W jtBut I tliik th V ned, it d'- Isstlie inI n)llCOlltrV. Lriers in Atierica are 
vclop its owin kind of rgcLiCt'.ItvC gItlh'ttlltc. to Ilea-nitig It )se lesscottunCercial tibrtilizer. and to 
suit its partiClar Itds an11d take titch bCtter use ot' their ilatll rc alid otherCtlltlC. ( )tiC (tlilt-v 

t1 rcu, iot.li t look it the tiriiiiig itt mtter to RguttiL resotres. 
get ideas and possibly inspir.tioM. tili I ihitik ',c There is lsto 1lLthil itore itItcrcst it the con
iCCd to be CatiOlis AbotIlivlig to itIllItate or sCl'',titll f \water ,ilItai CIIC'g WliiC the iI-V. 
copy a sptlt']L" IIcethod thlat \works well II titC .oritv 1f' Anicricin tirmcrs ire still timted to the 
part of the wrid. (;co.tiraihy .and the social 'CI- idea ttdo i .tlatioti otlltirc, l.d ha've vet to Liii
eticcs teach Us l At Cach pcitie' .111d part of the ders.lild th fill tlport.AIItC of1rg'Ciieriliv COitl
world is diflercitt ItI tt,1tV way's tii1 others. Alld Cepts. I ftel ttIch IO , is bt'iig III.dc. 
histcry is replete \vith CunAiphc,) t tiled .Ittlpis I ,tti. tt1-COit''s. nPost t1ttllilir, \With the ,lgri
to tr, tsport whole tiriiiig tllctht ds Iniltl tic itlltClir' iII iIt' t\vii ttttLitr\'. I ,lo tttivitt'cd thaI 
coutt V to aother, I, It]ttut .to\it., for the fiex- it i an agrtculture that is rcgcncrati', c Will 
ibility that is essential it- Icthtods are oillts 1t be lead attoinaticallv to the gro'th it producti\'s
applied II at1other placc uIcccsstlilIV. capacity that %c tnuIst hvc to t'ced Luger numbers 

What is transt'rablc t1it1 tilc coittitcnlt to otpeople itt the fututrc.
anothr-and I am statintg tis as tt opuitoi and Myv hopc .iitd expctation s that tie. saute 
not ticcessarilv as I proven tlidt-is the philtso- progress towird r'gclicratiili and I g:xitcr abtlill
phy of regeneration. It is inconccivablc to me thit danc Of' food c.1i be lchicV'cd here Itt "lit',antia, 
there is any place it the world Wvhere the earth As well. 
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INTERNATIONAL OVERVIEW OF
 
REGENERATIVE AGRICULTURE
 

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

I will attempt in this paper to provide a synopsis
of the origin and dcvelopment oforganic farming 
philosophies, their major theories, the locations 
and extent to which they arc 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 
Thi-d World development. Non-English language 
literature is totched upon only briefly, but a gcn-
eral retirencc is given to literature in various Et,-
ropean langtuagcs. 

Overview 

There are three tienies which run through 
regenerative agriculture philosophy: 1)the i irter-
relatedness of all parts of a farming system, in-
cluding the farmcr and his f-amily: 2) the impor-
tancC of the inmcrable biological balaiices in tie 
system; and 3) the need to maximize desired bie-
logical relationships in the system, and ,ni11iz 
use of iiaterials and practices which disrupt those 
rclationshi-, 

It is isc'ul to view the emiergece and dlvel-
opnient of regeierative philosophy amd practice
against the changing agrictlmral tchnologiCs ;lld 

philosophics of ti past ceitiry. Coincident with 
those changing technologies, and perhaps because 
of them, is the ,hange iii structure of both farms 
and national agrictltural systemus. 

Thought:
Early 20th-Century 
The Concepts of "Whoieness" 

Agricultural development is the process of 
adjus:ing farming patterns and technologies, within 
the constraimts of available resotirces, to achieve 
ever-increasing levels of productivity. There are 
numerous hisrorical examples of social and tech-
nological changes which increased agricuttiral
productiviy. Some practices led to resotirce over-

locked into nioi-sustainable pattern that change 
was impossible and tilecivilization collapsed. Sir 
Albert 1loward (19471 describes the history and 
CO1SqenlClCCS of'SLch chanrge. 

The past (100years in ag cultutire, coincident 
with the Industrial lcvolut'In, has been aptly 
named the "age ofalchemy" (Ritkin, 1983). The 
work of Licbig ushered in the "chemical revolti
tion," characterized by a thought and scientific 
process that rednc,.d every process to its basic 
chemical reactions. This process, soiuetimcs termed 
the "legacy of Liebig," has culimiinated in the 
"dominance" attitude and approach to agrictl
ttral production of the l()s1 a1Id 197()s (liar
wood, ' 983c). This attitude is claracterized by a 
complete restructuring of nature through the use 
of massive inputs to permit high productivity 
within a specialized, tiCidbiologically si agri
cultural system. 

Against this background of change the re
generative philosophies were taking, root .111d co
.lescing. Many scientists and astute fhriers were 
apprehensive of :ontemporary treids. They re
belled, in partictlar, against the increasingly iar
row views of natural systems and their role in 
..modern" agriculture. Those with a more coim
pletc appreciation of the complexity of biological
relationships have contributed several classical 
works which were pivotal to later thinking. 

Charles )arwin spent his later years iii En
gland mCticuouslv studying soil.ti.'ral and Ltiinal
activity. His extrenimch interesting work, "The
Formation of Vegetable Mould Through the Ac
tion of Worms, With Observations of Their [lab
its," docun'juCts in great dctil the iitrict biolog
ical balances in the soil ()arwi, 1882). 

Ii the early 19X)1s, several works fiatcsed ol 
the broad, nion-simplistic aspects of agriculttrc 
and their complex interrelationlships. Elliot, in IA7, 
wrote of the complexities of pa:,ttrc mixes and 
their importance to soilfertilitv in rotations. The

draft or environmntal imbalance, and, in ,,taMmy trtie classic, lioxvever, ViicI stimtmlatCd later 
cases, were altered as their weaknesses became thinkers of the British and Ammcricm schools, wasapparent. In others, the social system became so King's "Farmers of Forty Centuries" (I911). King 
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described in this book, and in his tiollowing book, Although the biodyualnic niov,'ncint is con
"Soil Management" (1914), the complexity of ini- centratd ill European and Scandinavian coun
tegration of the then highly productive traditioi'al tries, a limited number of practitioners, both 
systems of Asia. The intcrrelationships between commercial and honc-garden, are totund inI the 
these systems were the key to the thinking of all United Stats and (C>iriada. 
rcgencrative agriculturists who fbllowed. 

Development of "Humus Farming"
Biodynamic Agriculture Concepts 

File first organized and well-definted nloV'C- A sciool of thought CvolVcd, both aS a part 
ment of growcrs and philosophies waS the bo- of ad ini addition to the bodvnamnic school, which 
dynauliic ii ovCliC t, which arosc from :i se, ies of foCLsCd on tile importaince of I'uliMius iII a ricuI.
lectures given by Rudolf Steiner', til' foatlder of turc. This concept formed tile fundationi for scv-
Anthroposophv. in1192-1 (Steiner, 1958). Fl-c ba- oral biological agriculture phil Osophtics which 
sic tImets O bIdiii t11 1rlin1ig iidtce: Cmer'gCd in lie I')3(s tlrough I9l(t)s 

Brovnc. ill 1855, wrote ..'[he Field Book ofI) sod/ t.loil ,'i tiii t 'shmiqltl, Mar Itres Or tile AiicricaN1 Muck Book." I barts
matte'r 'Jl/hrold o. it'',2) Stth minlil,'sis i/ 'r- (1917), Fletclier (09)7) atd Wiks lan (193) wrote
siticatio , tO,lill,, tv/i tin allt,',biion,,ti itliials. ba:ic works on huIiitis1-orict ted soil teirtilitv wlhich,

titvenulirtd pl/diition id distri/iutioi, ct,., ic b licthl at tile time, C'is idcred state of tIilc airt illwere 

in otirr ltitlottical tlot 'tinm1t. Sinc dirt 920, /ti,,d,- sciettiCI lti ght.
1t,lnilic .lltcrs h/nvc den ,11 tdtilt, c'.-tuion o/'.,uih A mal;jor dIC\'ClopnentI whichI Hot 0111Vid 
princi/ths, ,il ilso rimtodut'td tst/;t/ditit l th- V';aiced tile teeliiqucs tor compost iiraking, but
uit/tu's; 3) lt' ./tt'ctl/t" Itiodlyta ic ttlSIt' 's I il on- be l [ii tile fisrtu ptive ctIects tto l)Ceeri0 dis(IISt 
Ct/its is fit'), i'olt' iom st'iii'r 5 v,ifituif Itactini', trated s\'Itleuic teirtilizer, wIs thAt o ft h10W rd Illid
twhidit littl itit It,)sistct u'hitl'. (lt' Wild in 1931. Tills work iaiked I ajOr pOillt 01fliotl, 

1981) departure ,Itr thl hiutttitts-f'irtiling school. I)elti
tive teciiicaIl btoks arid 1ppliedhuittcts-tiriiling

Tile latter point is ustilly' what sepa ratcs bio- books soon followcd (\V.iksrtlin. 193(t: Billing
dnVIamiic practices fromn the rest of bihhtlgicall ag- ton. 194 2; King, I94 3; Bruce, 19432 1945a; 19451).
riculttire. It iuCltides "the sthiutttint ,und rgtili- in 194 3, Sir Albert I-o\Vard's book. "Ai Ag
tioni of CoItplcX life processes by blodvrinic riCtilItral l.'stailICt," becaie . new lidinark.
preparations for soils, plants, Iitiiiircs'" (Kocpf Not IV did it ;ild signirlicaitIly to the e!iergilg
1981). It also includes the ConlsidCration '.ci',SlulC thought oi htniiitls firiig hrough its eXptsition 
and terrestrial forces oil lttlogical organisms. of the lndOre nMethod of colntpstintg, it restated
Biological rhthins are AIetetlI lV i range of cos- ill pSitivc, itodern tcrrns the concepts of bitc
mic forces. Although growing e\ide ce, mnostlv grated ainting.
frott bioiiiLdicrl reseircht, stiggsts the presce ' AgricuhIlIurl highly inith,"An 'iTstiuicnl"i 
of such efl[cts, their importince irt agriculitl'c Is eCCud tie Soil Socictv work ill Enigluld, is well 
tot been carefillh evaltiated. is till' writing of I. IZodalC ill tile U.S. Stibsc-

Early publicatioins ill bit t V i ilagricir qucit works by IIoward firtlicr elurcilIt ed the
incldC Ptiflcr (1934; 1943; 195() iiit I aker (It) 4 )), cotniilectio is bt'eci soil 111d cih, arind "ed 
These publications 

' ' 

set ftrth the arguieins ftr the the ,niCthtOds to be Ised ill ar1agricu0ltuIre based on 
disruptive Cfefcts (tf CoIClltl'i ted synthetic fi'rtil- biological stricture rather than ot tie si Of s\n
izer atd pesticides, which have bcen IIna.jor posi- thetic chenical iputs (I Ioward, I 144 6 ; 1947).
tions of' all biological t)tr orgainic prlctitioners The htuIrnuis-frning philosophyV 

t 

reIat'iCld hs 
thirxttgh the wears. The conectitons bet'T tile peak ill the early 1950s with publicltilons by 'ykcs
biological "icllthi" of thi soil itn1d the health of (949; 1951 ;t95)) aid Seifi'rt (1952). These worksniintals aind lln11,1rs issociated with it or using prov-d to fc tilalnstay ofthe 0rgaic fati g 
produIce t'roil it were also articulated at this tinc. Illrove lllCllt that ftllowed. 

These cotcept.; did ioitt rCiessau ihlv origilte The principles Of conlpostin atd compost
with tile biodynarjlic schttcti, but they becantIlC an tise wcre wcll-artioullftCd by this tMie, .uld c1l
integral part of rite thinking of" Stcincr Mid his siderabll' research has since been done oi the han
followers. More recent sutmlmaries of thelteidv- ilinig of nriitriciparfl Wv'StC. with eliiphiasis Cin 
namic concepts iulItILfC KtOCp'l (I 81). Stciricr I iictliodologics. Many feel tlle cul intion o' the
(1958), Rateaver Ind Rateavcr (1973), Pauli (1907), Igriculturl COliinpostinig Sttldies is the "Roudalk 
Koepfet,!. (1976), Pank (1976), andjlavons (1979). (;uidc to (.O(lostiig" (Nliiniici and I!Tut, 1979). 
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Trhe Emergence of the Organic In 1945, J. 1. Rodale's "Pay !)irt" became thePhilosophy rallying point that carried the o.i;auic niovenielit 
in America through the difficult 1960s. A lengthy 

ihe basic tenets that leId to organic, biologi- series of books by"J.1.' was to tollow (Rodale
cal and ecological agicttltrc, and eventually to 1948: 1953: 1)54: 1977).
the regenerative firming Inovcneent. can be traced The late 1940s and early 1950s was a prolific
to Sir Albert I loward's "An Agricultural lesta- period tor organic literature. Faulkner (1946; 1947;
menit" (1943). The ideas of an integrated, dcccn- 1952) 'as lot only a critic of contemporary ag
tralized, clienical-free agriculture werc advocated riculturc, but an experienced Extension agent anod 
by Northburn (1940) in a largely overlookcd work. f..rnicr as well. He detailed his own experiences
As far as we can tell, he was the first to use the iin the regeneration of worn-out soil with organic
word organic to r6-r to the entire philosophy and farinig practices. 
practice. Louis Bromfield also made a significaMt coll-

Graliii (1941) 1i1d IB low (942) cXCiup',lity tribution, with his accouits of organic tarnis where,
the rethinking of agricultural thought that oc- people, crops and livestock were interineshed in a 
curred in the 1940s. Barlow was especially critical living systeni (19-10; 1947; 1950; 1955). Broifield
of the impacts off carly- I 94(Is agriculture on soil felt strongly that the sensitivity, skill and dCdica
degradation and rCduction il divcisity throughl tion required of I good ti rn icr meiant that "not
specialization. evc,-;body can Cuil'' (1950).

In 1943, the niolcil-ttlni increased signii- Several other athors, iicluding I'tiitU'r (1947), 
cantly with the publication of Lady Eve Balfour's (Cocalloticr(195; 1954; 1958) .id others (How
"The Living Soil " Faulkner's "*lowinan's Fdlly", ard. 1947, Wi:kedcii, 1949;: llainsworth, 1954)
in 1943, was aiothir classic spurred by the I)ist coiitiitUe4 throug,h 1950 to articuLitc the incrca.I-
Bowl ofrthe 1930s iin the Atierican (rcat Plain,. ing environnitnidl iarii and resource dCgradation
Faulkner described in tircefuil ternis the biological brought about bv iiiodern" tArtlii'g iielchods. 
and hunian tragedy rcsil: i,g froni ,nisdircctcd They repeatedly advocated the wiolistic approach
technology, to agriculture. 

Table 1: Altarnative Agriculture Farms inEu,'ope 
Bio dynamic Total Alternative 

Nordic Countries Number Area (ha) Number Area (ha) 

Sweden 150 1,800 200 2,400 
Denmark 85' 1,2L0 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 (les6, .an. 1%). 
Netnerlands 170 to 180 1,800 350 3,000 (0.15% of area) 
Germany 600 to 700 12,000 1,300 to 1,500' avg. 25 ha (0.i% of area) 

1.2 cattle/ha 
France 150 3,000 5,000' (1.1% of area) 
Switzerland 100 b00' 8,400 (0.8% of area) 
Austria 100 600' 12,000 
England few 2006 (30 to 50 pure) 
Italy ? ? 
East Germany 1 1 
Belgium few few 
Spain few few 

Sources personal contact, 1983
 
'Petierson, B 'Vogtmann, H 3Lairon, D. 
 40tt, p 'Plaholm. G 'Woodward, L 
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The year 1956 marked the end of ne;rly 20 Dust Bowl in the U.S., an' emerged ill England 
years of publication ill tile area of organic larninig. from the introspcution fI. wing World War II.
Interest inthe concept remained mostly with gar- The dom inanitc of cheniical-intcnsivc agri
dencrs cenc.riLd about their iealth and ionis cii- cIture intleI 19()s, spturrcd by tie uCIIphIior i of' 
vironnients in the 19tl ts and carly 1970s. It Spitik Mid unlhindercd iy cnll'Crnis ftr cnviroll-
America, this group was served by Roidale's mieittal fragility or itpeciiuiig rcsotllrec coll-
Organic Gardening and Fartniitg magalitle. straiitS, signitiicaittly itluciIictted phiil'plitpical

The widCspread aidoption and sicittitic focus thonghtIduring that peri od. ()Irgaiic philosophy
it) the 195(0s, '6)s and '7)s on chctiieal tcchiholo- at least ill the U.S., vas relegated to a groviig
gigs etlctivcy suppressed itew rthinking it organic 	 number of garden nthusilsts. The inipac't ofthat 
agricuhiurc. In Europe, the biodimniic iiiove-	 cra is still bcing t-lt today. particularly aitolig
i1nnt was holditg its owii at low lvkc otpirtici- scientists trained ditriig the 1950S aitd I90s wlIo 
pation. l)clpitc Rachcl (:.iisu'S "Silent Sprig' still see organtic igrictilture in ,he gairdci context
 
and ai awakenitg of ii'iroitit ctisious- (I)oialtIsot0, 1,961).

niess, the !"'60s alid crh" "7l s wcrc a period (I* 
 II the late 197(1, Interest it org.uiic taintigdoritallty flo.r regeCne1rati\ve itural t'ltll, 	 grew cx1ocntialky, ICC'lSC O)( ISCd ct'eiviron

tttC!ttil awareIess atid a hteighitcttICl scitse of 
Causal Relationships \vwlrldclwidc resource Iiitat tow 

"Te re appeai's bea iinship bct.ctlto rc at 

the dotitait agri t tur'd philhso phtics Otf"th pist Present Extent of Commercial
 
a nd t e su s q it tt d cve hp ti nt of r c ',c rativ e Fa rtmi P rac tice
 

agricultural 
 thinking. TheC early il'ipCtitS 1for lie orgaic ,,ardciltig IIOw\titett Ill tie U.S. 
vholistic thitking st'cteed to be I reactioti to the has grown to itteidedC a igiiticiit prolortioit of 
reductoitiiII itt agrictiltirc btotiLt ott by the lit- the CtiOiltrv's inlrC thall 3 1 1l1litl 11o1iC gardIS.
dustrial lcvolutioti. The 1,11or itipctis lor orgittie (io'tl ill Coittitiercial orgi0 c agricultu .As 
thinking iii the 19 .Ws follo\vcd tlt tratii.i of- the slow throigh the 961 s, bitt has accleratcd mitark

cdlv ini the late 17( s atd It l.c\ hrd statis
tics are available, but tie best-itifortited cstitilres

Table 2: U.S. Commercial Regenerative for Europe shlo\% I percett or less Of the arca
Farms' thruicd organically or biodv'altiticAl v Ehiblc I). 

The Frenc linus 1follow,lartve lcniaircitt part.
Number of Farms Boucclr lt'th o.ds. Figures ott tminiibcrs of biodVlialiic t'aun s arc rela1.tively ICIt'lll+,tC I)CCAIsc Ot-11h 

USDA Estimate' at least 24,000 itin tarss ar tivcly r te ae
citecesdtil th nouLlog tird\'n1n1Cot g,tiae-

Rodale Estimate, 1983 (total)' 30,000 tlitonbi s. ih gaa

Mixed crop/animal' 70% 21,000 Il the U.S., stIstisics 
on IItliIbrS 011I'orgCll-

Beef, lairy, sheep, 	 erativc tanttelrs atc ltrinel ibiscnt. Th first esti-Coastal Oregon, iiiates werc dic ill 19),() ky the U.S. I)'irtticiitNorth-central states,Corn Belt 	 of Agriciltire lPAitdick it 4., 1). Extrapoo"Arc tr lpnikc lIS)EtaoMixed fiel cp15lating fromn a survc of rcadcrs ot"'lic New Finn"Mixed field crop' 5% 1,500 magazilc', US] )A cstittatCd th,lt tlIrc \\ere at
No livestock, least 14,1()11 cot rt-cial orgaiic tirners ill theDryland sma U.S. (according to the USI )A detinition of-organic
grain-p roduc ingfti'' Baeotoroitcrutondtad 
areas in Michigan, larning"),. lascd (11Otl OWVl CIrcultioI Lht~l And
scattered areas estinmates, the tnunibcr appears close to 3),0(W). 

Mixed vegetables" 15% 4.500 with a breaktowin prcscitcd in liblc 2. 
5 to 30 acres 'The New Farm: Magazine of Regenerative Agnculh,,-e is pub-

Specialty crops, fruit', 10% 3,000 	 lished seven times per year by the Regenerative Agriculture As
sociation, Emmaus, Pennsylvania, 18049. It has a subscription 
base of 40,000 readers. 

IFrorn Harwood. 19833b 
"Frorn Papondick et al, 1980 
:Based on very rough estimates of The New F-,n subscriber base 
'Most oroduce sold through rignoml channels with no price 
dIlterential 
"Produce olten sold as organic at a higher price 
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Present Schools of productivity arc to be maintained inall organisms
Regenerative Agriculture Philosophy of the system. Organic-biological agriculture as 

Biodyianic: The biodyintic mlovement is practiced b' conimercial growers in Switzerland, 
the oldest and bcst-dcfi ncd of the aternative France, Bihiuin, inhe aids, WestNttherla and 
movements. Its ke: sour-cs were listed above. (;c,'lany is closely linked to the practice of hi

Howard-Balfour Agriculture: Bocringa man microbiological therapy. 
(1980)), in his translation of thc "I)utch report" on North American Organic Agriculture: The 
alternative agriculture (Com. fer Rcs. itolBiol. U.S.-CAlladiall type of organic agricihtunrc has been 
Methods of Agri. 19 70), describeS the British dctined by the USI)A (Papndick e; al., 198)) as 
organic system t o lhlwcrs O'tilc "IIowarI-II'l- Illows: 
ton r" writings. This svstcniiliiiates synthetic O1-,liic fining is a pro.d ectiol systo'n wi'hich
fertilizers and chemicals, and mamaiiis soI trtil- aIloi' s or Ctihih's the us ofelxlu) ),'ntlctictall), toni
it,, with itainures, coiit posts ad a crop systemitmtl d jfirtili crs, Ipcstiides, g,,wtlh ri: ltocr', and 
which brings nutrieiits upward in the soil through k' fed iti's. "I the ,na.xinci ,xtent feasi
rotatioit with deep-rooted crops. (C:)ipostiilg is W,1?.*0,iC.ldImiII1Q .,tvls rely tio otop roItiols,
al iittcgral part of thc svstcn Tltere arc very feCw ro r, h,'s a i n l ,' 

q 
,e'l .. niai'5ren 

commercial practitioners of I loward-BalforI,- ag,- Ili's. ofI, i" o' lcli, nasWes, lcwthuIical ili'itioi 
rictulturc in Englind, but a large garden IttovC- ro cil, (cStmicral- cairiiig, c, aspictts ofhSio'oial ,OO
,ment subscribes to these p-iltiples, which rcscm- uol to ,. il lioductivity ,ini tilth, to suppl ), ble the principles described by .i.. and lobcrt 1Ill tr itM icid to ,nltlol iisCtsc i, t i i d itl 
Rodalc in the U.S. 

Lcmaire-Boucher Agriculture: The Le
mairc-FBo, wher system, whichI is widespicad lt 
France hut little-tscd elsewhere, incldes arable This dfcittitioi1 includes fi riticrs wlto ocCa
ftrnring atd the raisiing of cattle. locringa (1980) sioiallv use a pesticide Or a fertilizer, but still con
states: sider themselves "organic." Sonie, for litstitcte, 

It is based upon Iit' otimn that mintral may ust urea but no other feirtilizer or pCsticidc.t The nunbers it Tible 2 are based 01t this titIti
and c/ic',ial pi'sticides, .jst s mui as uncomptstt'd tiO, 
rqa ic.fifrtilizers, aistirbtli'he aanci''" ftI soil and II Maii te Maiit ) g itc [a ru 1ii alit

tits induce discases aild pests (13out/'r, 1968). 'J"ictlt./h (;ardc ig Association (MO.)F(;A) has ccrtifica
administrationoft,,ilostcd organic.firtilizets,legnini- t rules which exclude tiritners who use ,iiV 
nions plants and ('alintcl (a priduct charactcrized as 
imiqu' wllicli consists t"/' ciral , Lttun o-orga l~lt'iti's ar t'rd/ mifa aIind rtals. StatewiI' rt'gilatioi ts ii,l lll, ilre itjiicininci ( IiwCai Oregin slIA'it' t r,;aic "piirity"calce're' ), tilt, l's ar' re'sti'tl anii nlainaite'ii for produce labclcdtorgaitic. N,) ot lCr states haIve 
Calnla ol is lso thi Catalyst of t/ifc so-called iio ioiIa strict coCdes liiC WO\\crs.or gLiI Its fior orgaii c 
tralnstnitatioisby whichi unidic the in/lucino oflprimar. TIe ItIIxed ft'Id t rt / IiVCt's t k s'stciis Iave 
il), iniclciciohtgica1procsses, cleiclits tllnii into Other in1 iiicreasiitg,'eccont'i ,dviitagt' iic IltanyV pllt
elements , ill ideal cirt'lflstlcti 'cci tl tic tle et i - of the U .S. as iiip ut pricts t cre.se. I Iiis tvpc
lle'lits o~file tCop. counts for 7(0 ptrcnt of Aitcrica's orgalli 'farms. 

The plhilos,plhicail and scitntific basis for NorthThis latter point is uniquC to Le'mairc- American organic agrictilturC IAs bCC drawn rOIti 
IBouchcr the several EuIrtOpC.1i schlools discussed prcvi

Organic-Biological Agriculture: The ttco- ously. The first Anericat summary of those tltc
rctical basis for lthis frm ot agricultur was spelled orics was 1I. Rodale's "ay I)irt" iln 1945 . Ot 
out by I-1. P. RuIsch in a series of publicatiots page 23, for example,.1. 1.quotes ftrom both Lady
bcginning in 1955. Early field tlcnonstratiolts were Eve BalfOLir's "The Liviig Soil" (1943) and El
done itt collaloratiun with I)r. Ilans Muller ald renti'ied lt fi.iflcr'S "l~io-I)vnamic Firming and
his wif., Maria (I969). (;ardting" (1)43):

In "orgau isch-bit) logisclt"' agricuhuc, the soil 
is scei as a "Iigestive orgat" for plants. Cvcles of I mllf st kci ill liind tie iia, t/hat ilnmortant 
lactic acid-lbrmig bacteria ii clIId those of the slubstanc's collie' fn oililctc'ria,all I st oei lmust 
soil-i'laut-ai iit tal-s]oil ailt SOil-pIalit- stla-soil.The whe/lither it is cootl to disllb thc fine illtcplly of till 
crucial iitcrrclatiouships of thtse Vcles, ill order th' soil ergaccisls icy ,riiging illii itrqi' ill tlefornl ofl 
to tilnction properly, calnn)t be disriuIpted by 11011- iItalssiu litti' aind lsinlg litie and plost/loric acid,organic materials if higlt standards of' hicaIth atd cafsbeLI tile tci'lolipnent of thlec ',niols sorts of cergaI

http:EuIrtOpC.1i
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isms is thus disturbed and himh'red, and on this accotint of coniparisons was small, however, and at least
uithIt'tis will sonleda), ais. one of the orgatic tirnis realized . greater net 

return than the coniilon cotlventiotital t.ir. 
The saie iilethd ot-paircd cottiparisolnsl was 

Thus, rat iat 1id workaIhc iLdes have bCC used fIOr 'Lidwstcri ii ti cbeet "I'dcrops )r 
borro\vCd iorn nan\ soti:cs to arrive it an Lair\' tillits 1 Roberts ttal. ( 197)), anod b\ LOk
"org.anic systeni ,,hich does not inlude all of crctz aid \Vernick (I971: 98))) antd lockeretz ct 

the ideas of Furopcan philosophies, but which has ii. (I l1I). ,oberts cti,. (I 979) tii tl th orgnlialt 
taken aitlist .,oiucthin.i, frothl llOSt of thcnleiI iarms use less inputs mid energy, mtl achiev,. higher 

ltt imict'lilit -lhc miiore collipreclesive., Ioni'er-crini 
North A erican Research Since 1976 studlv by Lockcrctz ci a!. (I981) that organic founidI 


"lWoIlatdniark sIMlnlltl-ics of altcrnativc andlti l'IImiS p'odtlc slightly less thumi their tomicnriotinal 
olrgani' .griculrllr gavC iipelus to hrther work. paired colmparisotls, but use iAr less inputs, have 
lhe "1)utch" rcport (Con. lor. lPCs. 1ilto Biol. 21 -rc.lt to 3(1 pcrcelit lOWcr productiol costs. 

laritiing MN.'te4 lU )1 Sltt111 'd seCxt' 11 t11d iivte about tilt' satii eC rt'ilr'i LibC 3). Theilio (), 

L.1iropeaii plllilo ,tpli,, but i largly iiiiva\l]- Most startlmig t"ict, l+tlv,\'''r. ;,is a -ercctc rc

able inliiglishi-,pc i. nuttllt-lcs ductioii iII p trohctI'tii ,]Cik-' l st' ullr ofliltil stLtlllll,l- pcr dI 
iizCtL iII 1 h%"d 1ciiii, ftllowitg aIn product' oi the Org"iniC t'firmiS. Sittilm r-csults Wtoreby catrlicr 

t
conipicte tritl'iion I lie U, I\ "orgaitit'r- reportcd iII a slorcr sttd' it innMIICsota (lT'rgLi, 
port (l'ipcitlik ctit.,1 I)I)dttailcd, tor' tit" first I981). heIiI'Cr (I981) it 's to ,t,,tiilar c, llhi
titl , tile status Of 11..1 li.l,,illc ,iwiw ltlrc'. Ilmis sioni afi(r re wlVig ill I\.llllblC ilitl. 
work wvas furthtr sunilittlcd b liu-rc' ii. in \ w:dch IIotel sttlV k ( )llf'ti1 ci (I1982) 

1983, ti';imlg tile otilthldeCs tht \\itLsprcl.ldtioii triiiic ,isainti' tiLi. n 
Smlmimiiaries Of ('IrgalitC Agilir i '\ll-tra- rictl[ttir illthe U_. wOull Iclt'J itti O l rtulhit

liM (ColiIci t' td C l'ii h'r, 1982), (_. Ia (I fill. lioni. i'l'U.S. wouli ltl c chltitoll.h totoi to Ilicct 

1) 83) iid iSiskatchc'\,i, C uiada (I lailc%, 11)80). ii kICinintti bitt C'xI)t -t',IrIuIe',c \\'tilLuIritrntl be 

gi'c sitilir fitding, for tilt' o.t pirt ilitliliii tit. licr'i ist' would tIcreic, tool r Wvtli 
itiiiib'rs tiriii',. typts of Iari, iilior tleti- inT's' 11tt fairtiitcrs ill c''er\' pintIOf tileCotil1trv 
rics ind, iIll cascs, spcotic tccltliologitsi:s'cI. V oultL ikt' Ilol t iitlltcv. I la1oot (I983.l) re-Smtlt' 

I h th'frt A IWl toitlcicte oil miter- p ,rts tllait a casC stIl, OrgItlnic trit ill I l'ns'llhltclati 
nat'e ,IgrituIltuirc wi, hldClw tile linternatiomia V: iia had ttrl proItictiollt costs 3()pt'rCtll'u lower 

tledcr.ati)II of ( )iiic A;griculture oviit/t'mitls t.ami t';Il eiltc.'ll titIs of the Irci.t'.l 


(IF()ANi) il Sisitchl, Switci'rland. Its 25 pub'

lishII p pipCr'itr'c<clt A fh"t ittellipt tsic titIflt 
tloctiit'lit.ltioln mt i1 initt'inition'ii stilt' (ML ,,eson lible 3: Comparative Economic 
Aind Vogiiiimilt. 1978). lt l I()ANI ,ynposa of' Performance for Crop Production on 
I)78 (MonLtrtil) a1ti I1),80 (Brussls) (I fill ad t)tt, 14 Organic and 14 Conventional Farms, 
1)82) showtL cottitiC rt'st'irth iipr lviiitnt. 1974 to 19761 

The It)71) lrincc ldwatd I[.lllil ttetli-cCC (Pratt.
1979)) iiitldtt pap'R oil it t'iilill, Silil tt- Orgarlic Conventional 

intiL,ftait-,lc tiMlv iiithu iitt'1gulted pist 
ailatlllctt'i. h ltest svll'oiiullwls Value of cropsa held b \ 167 187 

(133 to 196)" (167 to 200)II()AlM at the N1 sihttInstt itliiutt of- l*ch-

nology iil1) 2 (Lockerct, 1)83), Operating costs 33 53 
(27 lo "7) (44 to 57) 

Econoriic Writings and Research Returns over costs 131 134 
(106 to 155) (116 to 150) 

Y' genci'rl suniiary ofthe then ,iailablel eco

liotilic fitcraturc oit orgaiiic Agriculture f'roill ELu- Al liti a'.. ri q,, fr t' (rot ., fr iir( Ite !v- 111L (Hrl c 

rope and the toite b t1Ir,,$ tnor ofCr,iir(iU. S. was )eliaf' inl1978. ., ,Cr 
lr 'lltatt0
C)elIhaf'cotICihldC that Organit farlIlis gcncrally use Numboi ; in narnIri i I>, r;rhnitI& 

Imore labor intl f'wcr caslh input,,, lut ll c ICIIevChiii I t'rlit01T tin I ( h 0r ccitt 'I t(vf ' iroa) 

about the sIlit' lt r.ttltul-s tO l lls. 'in n stly1 !h,',r rii vn replirs, pes-
1(I(,I.J, t'd fed tlT%'ly tFriOli(tt~rl() i711Or) 

as C tlhll ill".VrV);i 1,. i rit 

Illa mo1t~re dltailei eti sttiv. IKr,it'il : ir,:- , nc')t arril W rnctl, Ht(J(I )7')) 

found that orgiiic sitall giin laincrt'r (without 

livestock) inthe U.S. Northvest ni c hllesprofit 
thain theitr tnveittWiniI citiC'rparts. The ntiiiibcr 
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I 

Other Scientific Reports tIrint in harniony with nature, echoing the thoughts
Patriquin I al. (1981) report otia mixed dairv- ot Flulkner mid lonfic.ld in the 193t0s and 194()s.field crop trirm in Novi Scotia which Iachievs of wThe concept soial/siological interactionContplerC nitrogen alnd tCsClf-sui lt'cIiccv\, largCh' in a susta in.. griag lrtrc was titaiIerryled buthrough thle use , tliba he i . I ttetsimilar 	 (1')82) shLvd (i.77)'Iproduittii levels tl paired wheat "'lC Uinsettlnig of A rtiri." IlerryvalrmVs StrCSSS that niodetCrill U.S ,lgricllture is notin 	 Washington state. The organic t*rirI Ihl tlf)- agriculture of' people, E -tuse liuris arc secn I.,sideirably higher soil test pottasstn levels (Figure tactories withott coilsideratioi fir ltuntaai andtciin

I), :;lggcsting thic org, uc sv'stein ,nctitated vironnlnal wel-beint.
nutricnts Inmoi cflicicnttlV in thl,, pper 
 levels of WVs Jackson, ill "New Roots fi'" Agriculthe soil profile. Neither ilMnIrcT'iVcld I ')tasslin tore'" (198(), proposes anew nIodcl bascd on pothe or(ia;i, 
t 

irni, in Lftt, rceivCd no0 s\Itlctic pIe, and describes the tcstrLctioll of itattilA rcntutrit:,ts l iiig more thai 7() vcirs of inKr'iisivc sotir'e- brott on 1w plow-based prodictioi ofcropping. a siiall nulbcr of annual cereal crops. I lc prol'cttcr,.oi til 	W ist in hiiscti (1979) tlporitL'l poSCS t shitt to p rcnitiii.l-baIscd i.ricutilrc.ill 	 I olw-tcrll CxpCriiniciit ill SwCden tll,t io- KociiK arcMVdcnsaiialso iilthL frICt'Ot ofdyiaiiti,,ll treated plots had {lihiCr biohgical c- regeierattive agriculture thinkinil. l'tey suggesttivity, better tilth, lloic olganic ntter uld becitr that iCni ig 	 rFsOtlriX will ntandate;llort dgcs awater-holding calpulcity than cot isintioital plots. clo~:I nutricint-op agricultmic ( dcns .rodTltere hias beC cilisiderable -.ciciti c dc .,tc ciig. I )81)). 
Ko

over the rclativC iiutrntituih lityof MLttgiad hor," tie SCvtral i'CCtllt \o)ks ill tile U.S.c~utvcnttioitall-gr- i t0od. Vogtllin (1981) describiiig llgcal IFrgaittcigicultur and itsStiitlitarizes rccent work mid prcsiits data siow- various tchnologies ( d.nsai Koeoig. 1(1ing loligeir storagc lit': olcertain crops,tr'ate andlt 	 lo\weir nl- Mcrrill.higher vitauini (. levels iii loi' greens 'l7,: \Voltf 1977: lirot, [9)78:tl-It 	 et.il)7)lil-\oitiigoi19).IisMIl 	 llt1121_ZVit11111 an \waltc.C lCV lSIllIC ,\"IcLoI and I-.in -11,1979: K'ILc-Worthiniltotln IP)8 ). rhcsc 
gro\Vn 1uillde orgi,llic IiiiilI'lit'llt. -books ar' 	 dctlile.d guides to crop totltitON,iscOii

posting, lcgilIiflotlls Iitroge., 'rtlili/crs aid lropOther Recent Organic Writings fortility, and eveit tree tiiig and pcr:iaculttre. 
Masanobu Fuikitoka's "()cie Straw ls'e,,,,- They Al focs oil U.S. agriciilti\'ant Inlaillk t,) c01nu1IICiall grIowers.ton' (1978) describes his ownahWcrnicki 	 tii inJapan vhiilcreTilstheti psntteghvbensesganic 	 and Lockerct/ (1977) report ttatfaormeCrs arc lhglily nitotivatcd 1y conicerniThis woirk stresses thc ''got id life'' cijti..d i d tbr tile icalth O"thetselvcs, theirlivestock and 

those Who COuuSilieIC thleir prtticis. "lC dCsirc to 
Figurc 1: Average Concentrations of stop soil erosion aid protcct the ctiVIroitilient isalso illlportalt. Thc desireIto reduc depCltdeCtCCExtractable K With Depth inthe Lamhert on agricultural clnicals is strotlglx eXpIeSSe.d 1I
(Organic) and Clausen (conventional) 
 others (luris and (C, 1 'bt-,Icll, 197)).Summer Fallow Plot Soil.
 

Extractable K (pprn) 
 The Broadening of the Organic
100 200 300 00 Concept Into Regenerative Agriculture 

[Ihe coie-pt if rt,'cncritliOi itt ag ricIltuIre is 
itot Itcw. Kolisko ad IKolisko (I93)) wrote:

30	 E" /- Lambert I I, i. I ill tllc midist (!~clttitoll: "Ilcw io,,,wTs (:;" 
-" Clausen60 	 i1'l1 r ii' JI'/ ti'l1 < iL'c 11', iil' 'troiq,the lilti' o(I nC1 n, 

010 go  t 	 ld o tiii, /i/c" Ill ,i' ,Ilol ,11n- it IS -

IlLiiiknot'iI' t/l'i t oi'' ci' imnit('i' nll'od o/LlilStr'li'til,120 -and rCk1c(,ra i, ) w r. I w,llt it) 11ritc t w ') c,/O 
fter' /'ln olo,{101t1t1w
11'l1icll1Ii ofthe, istlle 


150 ri/t'sil, I .\istiL' /l't. 

Kolisko id Koilsko \\vtilt til ifi I lcngthv 
Source. Patten, 1982 exposititn fthe Bio dly aiti.ntuirc proposco.1 hy Steiner. c lltitl ids o'.1gricil

180 
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Robert Rodale has recently suggested tie 8) Animals in agriculture should be ;eCd and 
words regenerative agriculture to reter to a new housed in such a manner as to preclude the use of 
type of agriculture which goes beyond the organic hormones and the prophylactic use of antibiotics 
concept to include changes in macrostructure and which are then present In human food. 
social relevancy, and to increase rather thaiil de- 9) Agricultural production shoutld generate 
crease production resources (Roda,, 1983). Har- increased levels of employment. 
wocd (1983b) articulated several of the compo- 10) A regenerative agriculture requires na
nents of such an agriculture. tional-level planning., at a high degree of local 

A working definition of regenerative agricul- and regional self-rcliance to close nutrienit-flow 
trre is: loops. 

RIy:icatilve a,ricldtune is one that. titlireas- Implications of 
inlqy i,h'iil inctreasesourevels olfprod ctit'ity, lild ard 
soil b,ieiical prodilction Im. It has a i/h hi of Regenerative Agriculture 
ti|it-ifi ecliollit alid biohlic, stability. It has minli- For Third World Development 

inal to no t, Self-reliance efliciencyiimplet onitl oiirotnicit beonl thc firn aid resoutrce-use .nust 
or field bonidaMes. It piroduces kotsti¢sfire fron bit- be the building blocks tbr any long-term solution 
tides. It pro'ides.1for tilt prodnctii ccolltriblitioi of in- to Third World agricultural development. Many 
cretisin,'i) ia,'c nuiibers ofpcoli diril, a tnsition countries in the Third \Vorld have integrated sys
to iniinimal (Rodab', 

, 

ice on non-imrcnableiresoi rces. teils which may be closer in sm,,'ture to a rcgen

1983) erative systent than the U.S. iiodel. It remains to 
adapt the largely T'emperatc-zone regenerative 

H-arwood shows that production ethcicincies philosophies anid practices to Third Vorld condi
of such an agriculture ;are traced to its biological tions. It would be better to develop new models 
as well as spacial structuring, relevant to Third Vrd conditions. 

'Iwo recent writigs deal \witli that adapta-
Summary of Regenerative tion to Tanzanian conditions ((;oisalves, 982; 

Agriculture Philosophy Maher, 1982). Maier, in the first part of his paper, 

1) Agriculture shotld produce highly nutri- describes the applicability and difliculties to be 

tional food, free from blocides, at high yields, expected. 
In most Third \Vorld countries, agricultural 

2) Agriculture should increase rather than de- productivity is increasingly limited by low levels 
crease soil productivity, by increasing the depth, of fixed nitrogen and carbon in farm systems. In 
fe'rtility aid physical characteristics of the upper hit, sone countries are actally experiencing long
soil layers. term decreases of these nutrients. Meanwhile, 

3) Nutrient-flow systems which ulllyite- newly released crop varieties tiroi the massive 
grate soil flora and Itiuna into the pattern are more crop improvement etlbrts of the last two decades 
efficient and less destructive of the environment, have provided iiajor cereals resistant to a wide 
and ensure better crop nitrition. Such systems range of pests, diseases and adverse soil condi
accomplish a net upward flow of nutrients in the tions. 
soil profile, reducing or eliminating adverse envi- High levels of nutrient input, and of nitrogen 
ronmiental impact. Such a process is, by defini- in particular, will often give spectacular yield in
tion, a soil genesis process. creases, even in mainly rainf'd areas. Our pri

4) Crop produhction should be based on bio- mary goal should be to bring the systems to a 
logical inteirelations for stability, cliiinatitg the high level of productIty (with its high levels ot 
iced for synthetic biocides. cycled nutrients and carbon) and to maintain that 

5) Substances which disrupt biological strut- high level This cannot be accomplished solely by 

turing ot'!"" Ftarning system (such as present-day the use of highly soluble nutrient sources. 
synthetic tiertilizrs) should not be Used. It is hoped that this seminar, with its fbcus 

on ,itrciit cycling, nitrogen; balance anid other6) lRegeiierative agrictret rc,lifires, 'inits )resourcc-cflicienttcchnologies, will provide a range 
biological structuring, an intimate relationship be- of alter liatiyes to meet 11anly of Tanzania's cuirrent 
twcci manager/participants of the system ald the agricultural needs. 
system itself. 

7) Integratcd systems which are largely self
reliant in nitrogen through biological fixation should 
be utilized. 
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DISCUSSION 
International Overview of Regenerative Agriculture 

Q:(Jana, University of Dar es Salaam): In your Q:(Jafra): Can yot clarify the difTrnccs between 
paper, you discussed the origin and develop- organic farming, alternative farming and con
nient of organic farming mainly in the Idnited vcntional farming? 
States and Europe, with very little reference to A:(-Iarwood): The terms have been redefined. II 
China. Why did you not consider developing devloping countries, conventional agriculture 
countries? implies organic trrtning. 

A:(1larwood, .odalc Research Center): Farming Q:(Jana): The farming systems of developed 
systems of' developing contries are tradition- conitries are based on extensive use of chemni
ally closer to organic farming, so there would cals, resulting in high yields. Ilow does this 
be very little to discuss in the way of origin compromise with the lower yields likely to be 
and development, obtained under alternative farming systems? 
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A: (Harwood): Production as conceived under tie 
Green Revolution works it you continue add-

A:(Harwood): We are 
road philosophy. 

talking of middle-of-the

ing large amounts of inputs. lIowvcvcr, we have 
realized that alternative firming systents can Q:(Kapandc, MATI, Ukiriguru): Rotation with 
produce comparable or even higher yields, legumes has been taken as a llCthIOd of reduc

ing production costs in maize through the use 
Q:(Naburi, SU I)EC()): The concept of organic 

farming is ideally thinking backwards, think-
ing of the haritLil et .cts of chemicals, etc. 
Tanzania is in a hurry to produce enough tbod 

or its hungry pccple including uyself I-low 

of residual nitrogen, so that addition of iuor
ganic nitrogen is not necessary. The fertilizer 
recommendation for maize is 40 kilcgi'ams or 
more of nitrogen per hectare. Is it possible to
get this anmont trom rotation of maize with 

do we change the prCconceived idea that use of grotndntutsr 
inorganic tirtilizcrs is the quickest way 0f'doillg A:(liarvood): Alftillticrop leaves a mtlch higher 
this" rcsidual nitrogen. With enough power, rota-

A:(I larwvood): Wc do not advocate complete ab-
stinence from inorganic tcrtilizcrs. The fitll :I-

ton with altalft is quite elticient in theIt 
perate areas. But in the Tropics, tre/ccrcal 

-
ro

s\cr to your question will Bc given Inthe next 
papr, which discusses organic Ftrning in im- tation Illay be more ctlicicut in recycling

nutrients. We are not ,rc how much nitrogen 

za7ia, would be available fronm ; groutdnIut crop i a 
grounidnut/utaize rotation. 

Q:(Mukurasi, UYOLE Agricultural Center): Ever Mrs. Zuberi, Horticulture lngeru. observed dhat 
suwe the publicatiot (i "Silent Spring,' a 

ummbcr of changes have takcit place resulting 
intditenrcit groups innthe two extreecs. What 
is the clear concept of organic versus convcn-

she had read the Rodale gulidC to stall tirutrs 
alld tilt that it was applicable to Tnania. She tIlt 
it appropriate at this workshop to cmIphasle:c 
organic tarming and discourage the destructive 

tional farming? habits of burning and overuse of eltinicals. 
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ORGANIC FAI-MIING IN
 
TANZANIA
 

J.N.R. Kasembe, Tanzania Agricultural Research Orgeoization, RO. Box 9761, Dar es Salaam 
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 oil and its 
products skyrocketing. )eveloping cotuntries hve 
been hit harder by the energy crisis than dCvCl-
oped countries, and any serving in res,urces is 
very mnuchI desired. In the developed countries, 
the interest in ianiure sC in agricultuirc is also 

aimed at solving the problcm of waste disposal 
from the livestock industry (Pratt etal., 1973; 
Oosthock, 1982). 

Tanzania has a large itumber of livestock, And 
efficient use of the waste produIcts of these ani-
reals could supplement the tue of inorganic ficrtil-
izers to an appreciable extent. Even where live-
stock numbers are limited, the possibility oforganic 
farming cxists through the use of other organic 
wastes, such as kitchen garbage or refuse, animal 
waste,; from slaughterhouses, crop residues such 
as cereal stalks, and other wastes such as '.i;al 

wastes, cocontt husks, etc. IlowevCi, , must be 
emphasized fron the start that the role of'o.tganic 
materials in agricUtture at the national level .%ill 
be to supplement the inorganic firtilizers rathci 
than to replace them. This does not pre-emnpt the 
possibility in some districts of heavier dependence 
on organic materials than on inorganic tertilizcrs. 

Benefits from the Use of
 
Organic Materials 


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

First, manurcs and compost provide a cheap 
source of plant nutrients which does not involve 
the use of foreign 'change. In nmany parts of 
Tanzania today, 'nalnurcs can be obtained free of 
charge, and one needs only to mct 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 tlat of inorganic 
fertilizers. 

Second, manures supply almost all the nutri
cut elements required by plants. It inust be m
phasizcd that the nutrient contents Of' iiiai.urtS 0Tr' 
highly variable, and the figures quLoted in Eible I 
are trovidC' as a genral guide. It is proper to 

cs,, tate the nttrient content of each manure source 
bcfbrc it is used. Manures also supply all micro
nutrients, but reliable data tr these elements are 
not yet available. Thcrefore, the use of nanurc is 
usefI in correcting multiple deficiencies, iiiclud
ing undiagnosed deficiencies of some nutrients. 

Manures also have More pronlouncCd residual 
eflects, even with respect to N. because a large 
proportion of the nutrients are present iinorganic 
combinations, and are thcref're released slowly. 

Inaddition, manures 11d compost are known 
for their contribution in improving the physical 
properties of soils, such as soil structutrC, water
holding capacity, water infiltration, etc Improve
ment of these properties leads to soil and water 
conservation, and hence increases crop produc
inon. 

Tablc I: Average Nutrient Content of 

Manure From Different Species ol Animals. 

Type of animal N P K Ca Mg S 

percent in air-dried samples 
Cow 0.5 0.2 0.5 11 0.2 0.1 

Goat 0.4 0.2 0.7 09 * * 

Sheep 1.3 0.4 1.0 2.5 0.8 0.5 
Chicken 1.3 0.8 0.3 1.7 0.3 0.6 
Pig 0.4 0.3 0.3 * * * 

*No reliable data isavailable
 
Source Modified from Uriyo et a/.,1979.
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Problems Associated with content is also very variable. In most of these 
Manire and Compost Use areas, manure is used Ol both i food0titl and 

Manure and conpost haIve a number ot lii- cash crops.
 
itations which should be care jlmuh A sinilar practice in tcrins oti sc, but ditfkirtaken Into coil-

sideration it" is to he successtil. -lit in tie wav ianurc is hantlcd, is finttid in ar'as
their use Maure 

and compost contain vcrv low aiouts of nutri- of high poptll.tiOll dcISitV ald Io\\ I vcstock
 

nu.1IIIbCr-S. InIAVS UI ili Rural,
arci Iuc MIOslncnts per unit ald thus, to ,atist'V re- A I1 , , IIr(lw eight, the l nbcrS.ii ,c, t'h lll Bo hi 

quircinents of'crops, large quanltities nIust be used. ,otnbo, Salmc, Arutntr, lungwv, Itkoba, and
 
Studies carried out oi tilenutrient contents of Mjonilc districts, and Ukara1 Island, anil,iS Ire
 
mnutre-anld comllpost uls,d Ii weternl'l inzl2alnia msd by zero grazing.gL Tius, all tiledung and bCd
are given in "ihll2. dings, togcthcr with the remains of foddcr, arc
 

Several tons of- thle inaicirials per h't'' 111' piled up for sonic tilnc and Cventuall' applied to
 

rcquircd, and otftcn tile' be profitaibly used But utnftirctal1lIot the field. This is, ill cessnce, compost.
tunlItch', ill Most 1l0 ,Ire llIAdC itoC'IlSCS, CfiotH'tS 


ar aVay t'oi tilte source, bceause transport costsi
 
bcconc prohibitive. Lc Marc (1950) CstitinAtCd that iuIprovC the nutrient c-mitClnt Of tile pilcs or to
 
the titantires cal oIlv be uscd profitably withi ,I reduce the losses which arc likely to occur diuring
 
40-kilouictcr radius of'the source. Since t: i sport dcolnpositoi., t7onpost in thtse" ues is used on
 
costs havC iIrcasCd trctCIlidoulS]V Cver S11 , a
 it ISdiltil(t'uhIlltile A)O'C tCSCS, tO LlLItif' 
present, the distant'c InItV not be greater thL, IIkilometers. itlarge (uthits to be handled 'all the aliounts oftlmiatirc atd colpost Used ,uld the 

for siniplitfid and less tedious inctliods o! trais- blltiets ,o'uiig frontl their es.I lowClvm \vherts
 
porting and illtolpOlatillg the 1nan,1t in .rras of'lhigh populamioii detim ,limost all thle
Ntrictit ilnbalances arc oftt'n etitatitered natiurcs are utilized, oilv a simall fiaction is usedwith the iseottatnirCs. ire lticiCt tIlr ttOitly' ill;.reas of high livcsto'k numbers. Ma,|licr (t1982) 

quoted as being out of balance is phlhsphorts, aud reportcd that, i the rir parts o' the ArutsA' 
this is due to the low ,tuoitit prescnt ,ud the sli,)w regioi the prctice is to aIpply ain.al imtinlts bt 
rate of rcCAsC 41'rol1 Organmic is Iiiatrc over a lirge area It voukl beiiort benieficial. of land.aid the results lmiore cotivincing 

to the tiriincrs, if the anotint aivailablc was con-Types of Organic Farming Practices cclntrated oti a smnall arca to scrve is i denionstra
n Tanzania tiotn. 

The orgatiic ftilrming practices used illTin- Another type of organic tIing,, ,mtid cer
zaiia revolvc arumld the types oforganic miatcri- taiIlv the most conLmiionlv uscd, is the practice of 
als used, the llost conllllillo intercropping wvith othcr crops. Thebeing the ipplicatioi legoncs 
of ainial milanurs otil agriculturai 1llid. T 111ti- COllumllOImI legtls Used ,is ititcrcrops ire heas 
nure used, especiillv II tIosC AIas with largc covpcas, pLigoCn1 PtS, 'l'OI.lidlmlutS, ba'iibirai tts, 
nutnbers of li,stock is usuilly acctuiiitlatcd iin broadbCMIS mnd chickcn picas. the first ftur beinig 
open kraals (bonas). This pra('ticc is CtOItIIIOII ill the most coimmon. Rcccntly, the practicc ofintcr-
Mwaniza, Shinyanga. Mara, Alishia, Libora, Sin- cropping has betln extenided to tOrstry, where itgida and I )odotllla regiotis. Th'le IllliturP, tlaV ,ic- is ternied agrofortstrv. The basic principle of' this 
ciutlat-e ii tile kraal tfr scveral y'ears \without practic is to grow trees with sotice food crops. 
being removed, aid thus is isumillv ilivarious states Although this pralctice ilmiust ccrt.illv have 
of dcconiposition. As a result of this, tilettri t Stile biectits, the' are difticult to quaitiif. Th, 

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

inTanzania. 

Manure/Compost Source N P K 

percent in air-dry sample 
Ukiriguru open kraal manure 0.58 fo 074 0.16 to 0.23 083 to 1.03 
with crop residues 

Farmyard manure made 1.50 0.30 
in a covered yard 
Manure from peasant open
kraals without crop residues 0.53 to 0.85 0.25 to 0.42 1.31 to 2.22 

http:nbcrS.ii
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amounts of nutrients contributed by tilelegumnes Results From Studies on the Use 
are, in most cases, limited, particularly becatse of Organic Materials
the usual practice is to remove the crop residues A number of expcrinicnts employing organic
from the field and thresh the;m elsewhere. Hencie, materials were conducted between 1950 and the
only a small amount ot organc materials couming earl, 1970s (E-vans and Mitchell, 1962; Peat and
from roots and leaves coiitributes to nutrient re- Brown, 1962; Scailt, 1968; 1971). In many of thesecycling in the system. experiments, tretments testing ditlhrcnt combi-

The tOurth type of organic tarniing which 
merirs discussion is .cdeiberate incorporationi of 
crop re'siducs into the cultiva:d la:. . ,,prl'-
ticed mainly on large frMis like the wheat corn-
plCx in tihe -lanang district, and some of the rice 
farms such as Mbarali. In the %vheat complex, 
special cultivation equipment like the chisel plov 
is used tor incorporating crop residues partially 
into the soil. This practice serves asa soil coliser-
vation micsure, and helps imiprove nutrient sup-
ply. In Mbarali rict farni, limited rotation iivolv-

nations of inorganic ft'rtilizers and manures were 
also ichded for purposes of coniparisou. Some 
oof :he ults obtained arc-f: .turiniarizcd in Table 3. 

It is evident tfroin Table 3 that nlianure appli
eation increased yields, but that a conibination of 
,manure and inorganic iertilize, gave the highest 
yields in all cases. This suggests that the tvo ma
tcrials complement each other. Probably, the ii' 
organic fcrtilizers correct inibalances of ntitrients 
inherent in mantres, whereas nianures supply other 
nutrients bordering on deficiency. Tlie nutrielt

ing soybeans is practiced in some fields after a fc\.v cielnent often reported as being oUt of balance 
vcar. of lice cultivation. Tle soybean straw is 
incorporated into the soil aiter harvest. Attempts 
to incorporate rice straw have also been iiide, but 
were discontinued due to pest and disease prob-
Icts (Kikaho, 1982, personal conmnuication). 
Small1 rniers in some parts of lnzania also carry 
out the practice of incorporating organic residues 
into tile I-or example, ii the Ngoro systemsoil, 
of the Matengo. 

II addition, there is the use of nmuilches. This 
practice is commonly used oil perennial crops, 
such as bananas, cotiee and teal. In cotf'ke, inlch 
is applied unifbrmly over the entire surf'ce aid 
has proved to be beneficial in areas with sub-op-
timal rainfill (Acland, 197)). The amount of mulch 
used varies, depending )it availability, but rates 
ranging from *,tons to I) tons per hectare have 
been tscd illTanlzallia. 

In bananas, iiiilcI ,Iniy be applied Lil 1r1IN 
or around cacti stool, leaving the inter-row spaces 
bare. This practice is more familiar because less 
murlch is used. 

wvith others in manures is phosphorus, but the 
results of Evans and Mitchell (1902) showed that 
N was also inadequate. This was probably attrib
tired to slow release of N froiin rinures whicllh 
have stayed in kraals for too long. Castellaros and 
Pratt (1981) obscrved that very old mantires re
leased very little N, and i1 tct causcd uiinobili
zation of N during the first tew, wccks after iin
corporition into the soil. 

Responses trom riauiure application have been 
obtained with other crops as well. Peat :imd Bro\vn 
(1962) applied manure to cotton every three years 
at the rate of 15 toils per hectare ard obtained an 
aver age response over a nine-year period of about 
55) kilogrims per hectare per year. Scaite (1968) 
showed that manure applied on cotton At the rate 
ot 7.5 tons per hectare resilted illsignificant In
creases in seed cotton yid. Otier crops which 
lave given positive results with mamures are 
groundnuts (Scaift, 1971) aid pigeon peas (Evans 
and Mitchell, 1962). These rCsuls shoV 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. 

Treatment 

Control 
Manure** 
Inorganic fertilizers 

Mwanhala, 
Nzega* 

Maruku, 
Bukoba 

Urambo, 
Tabora 

1,152 495 1,000 
1,751 1,282 1,400 
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 hectare per year at Mwanhala and 25 tons per hectare per year at Maruku and Urambo 
Source: Scaife, 1971: Evans and Mitchel, 1962 



39 

ferent crops, and sustain the fertility and produc- Table 4: Effect of Manure Rates on the Yield

tivity of the 
 mnd. They also show that supple- of Maize and Groundnuts.
 
menting mantres with inorganic tfrti!izers increascs
 
yields evcn fuirther. 
 Rate Maize Groundnuts
 

Data ol the effects of difTcrent rates of ma
nure on yields are limited. Scaite (1971) 
 providcs tons per hectare kilograms per hectare 
some data on this aspect as shown in "Tble4. 0 492 532
Both crops responded to manurcs Lip to 15 tons 3.75 1,295 954 
per hectare, bUt there was a tendency toward Icy- 2,295 1,250
cling off for groundIuts. The data ft'r maize sug
gest that higher rates may still inicre.ise yields. 
 15.0 3,167 1,449


MalLures, compost and nitilch arc known to

sustain good velds of bananas and coflkc, is has suich as wastes from slaughterhouses, sisal wastes,

been observed in Kilimanjaro, Aruicrn and Bt,- garbage, sawdtist, cotton stalks, maize cobs, maize
koba, where some farnicrs have grown these crops stalks, etc., 
 should be emphasized to show the

for decades usinr these materials only. Evans and wide applicability of this farnijmt practice. Until
Mitchell (1962) observed that, when changing from 
 now, only animal manure and, to a lesser extent,

shifting cultivation to permanent cropping oin 
 maLrc mixed with animal bcddimg materials have
 
"Rweya" infe.rtile soils of Btikoba, cattle manlure 
 been Itilized.
 
played a very significant role iII the establishment 3) Easier 
means of' transport and spreading, stich
of bananas. Thereibre, although quantitative data as the tise of oxcarts and "mikokoteii," will lead
 
are lacking from peasant production, there is 
 to grcater use of the materials.
enough circumstantial evidence to support the by- 4) Research on the long-term implications of both
pothesis that organic materials have been beci- organic materials and inortanic tcrtilizers should
cial in maintaining the prodtictivity of'thcsc soils, be continued by oir research institutions to equip 

the nation with the information necessary fbr the
Future Strategy better utilization of these resources. 

In order to increase th, role of manures and 
compost i, the agricultural production of' the Summary and Conclusions 
country, the following strategies are suggested: It is evident that organic farming has an ira
1)Although tihe cotuntry has a big reservoir of portant role to play in the agricultural develop
organic materials, very little of this is being used, mnent of Tanzania. This approach call be coin
mainly becatise of lack of awareness of the uiseful- bined advantageotisly with the use of inorganic
hess of this resotirce. Demonstrations showing how tiCrtilizers. From the data available, tentative appli
to use manure and compost, and the benefits ac- cation rates of manure and compost of 5 tons to
cruing from their use, should be emphasized in 1(0tons per hectare per year, or I() tons to 20 tons
this campaign, per hectare every other year, are suggested. This2) People shoild be exposed to improved meth- recommendation would be improved as more data
ods of making compost, so that nutrient losses become available, by developing rates based on 
are reduced and maximum benefit obtained from ecological zones, as has been done for inorganic
thcm. Alternative materials for making compost, fertilizers by Samki et al. (1981). 
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DISCUSSION 
Organic Farming inTanzania 

(Comment by Kapande, MATI, Ukirigurn): (Response, Kasembe): Thanked Mr. Ngcze for
 
Abrupt emphasis on the use of organic manures his comments and explained that Mr. Ngec7 was
 
may lead to other prohibitive problems, such as the pioneer of organic farming in Ihnzania, and
 
weed problems which discouraged farmers in had published a book on "Mbolca ya takataka,"
 
Dodoma from using t'arnvrd manure. I-Ie sug- which was available tb.rsale. He explained that the
 
gested that the use of' orgailic nainure should be established 'act that a combination of organic and
 
taken on a small scale, fo()r example, by regions in inorganic ti.rtilizers gave better yields was op
order to assess problems that might arise. tional to use.
 

A: (Kasembe): political frces in the country lay 
not accept small-scale applications, because it (Comment by Kapnga, USAII), I)ar es Salaam):
is being taken as a national priority. The emphasis on organic manures has overlooked 

certain facts about farmers. HIe said that available 
(Comment by Ngeze, CCM chairman, Kagera): information indicates that only about 7 percent of 
He congratulated the authors for an excellent pa- farmers use inorganic fertilizers, II percent use 
per on organic farming and reiterated that this farnyard Immure, 3 percent use green manures, 
was not new in Tanzania. In "Siasa Ni Kiliimo" 25 percent use by-products, and 50 percent use 
(1972), it was emphasized that farmers should not mulches. He emphasized that this kind of infor
con1tinuC to rely on inorganic fertilizers. This was mation slcLmld be taken into consideration when 
not taken up. HIe added that the involvement of drawing up strategies fiarimuplementation. 
the President and the Secretary General of CCM 
in this workshop will give the program political (Response, Kasenlbe): The Farming Systems Re
support, helce, its implementation. IHIe suggested search Project, due to start later this year, will 
that, although the paper had shown that comnbi- take all the farmer-relatcd facts into consideration 
nations of inorganic and organic ticrtilizers gave and will provide more data from villages. As a 
higher yields, we should start using organic ma- tbllow-up to this workshop, the l)irector of Ex
nures immediately, tension Services in the Ministry of Agriculture 
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has requested a meeting of research, Extension, some areas was diverting its use as tfmnyard ma
and agriculture training staff to discuss ways of nure. This is commonly practiced in Suktimaland
implementing the recomniendations. and in l)odoma, where cow dung is used as fire

wood. She also wanted .-me clarification on theQ:(Lwiga, University of l)aRc es Salaam): Pasture use of the terms "iboji ind "sainadi." 
and todder legumnes fix 70 to 90 kilograms of 
nitrogen per hectare per year. There is a big A:(Semoka): "Mboji" means compost, "sanladi" 
potential in these legumes. Arc they being con- means manure.
 
sidered in crop production?
 

A: (Kasembe): The potential of pasture and foid- (General comment by Jana, University of l)ar es 
der legumes has been realized. For example, Salaam): Referring to Mr. Naburi's earlier eqtie,
sunhenip (Imarijea) has been notcd as -I cmi- tion, Jana suggested that we must distiIISuish be
cient nitrogen fixer and cover crop, and is being twcen peasant tarmers and large farmers. The
used even iII our demonstrations. Others will workshop has emphasis on small trmers. Large
also be considered on their own merits. .arniers must continue to ensure thcir own self

su fficieIIcV in food production. Howcver, overuse
Mrs. Motagwaba, MATI, Mbeya, observed that of chemicals should be discouraged, as they may
the problem of alternative uses of cow dung in have harmil efl'cts 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 

Aninlal excreta have had tour principal uses: fuel, 
fertilizer, animal f~cd, and building material. InI 
dried form, the dung of cattle, donkeys, horses 
and water butlalo is used as thil fur cooking or 
heating, not only in Africa, but also in the Near 
and Middle East and parts o| Asia. 

In recent years, methods have bCCn dcvCl-
oped for produc in ethane gas from manure, 
This gas is then used as feicl for var ; ,.s purposes, 
including the production of electri,-iv. Feeding 

Table 1: Livestock Count by the Ministry of 
Agriculture (Tanzania Mainland Only), 1978 

gicun 

Arusha 

Coast 
Dar es Salaam 
Dodoma 
Iringa 

Kagera 
Kigoma 

Kilimanjaro 
Lirdi 

Mara 

Mbeya 
Morogoro 

Mtwara 

Mwanza 
Rukwa 
Ruvuma 
Shinyanga 
Singida 

Tabora 

Tanga 

Total 

Growth per year 'Cattle 2 3% 'Goals 2.2% 

Seep 

x1000 

1.102 

5 
0.3 

225 
102 

55 
33 

247 
7 

253 

68 
53 

6 
277 

21 

13 
485 
249 
212 

152 

3.565 

'Sheep 19% 

dried cow dung to pigs and poultry, and vice 
versa, is bccoming common in several countries. 
In tlii. paper, We hope to show the amount of 
tarnivard nanurc produced in Tanzania, how it is 
being used alld how to make a large proportionl 
of it available ho.)r crop production. 

Livestock Numbers in Tanzania
 
and Estimated Production of Manure
 

The 1978 Tinzania Mainland Livestock Cen
sus by the Ministry of Agriculture (1979), re
vealed that Tanzania had 12 million head of cattle,
5.5 million :ots and 3.0 million sheep. IFAO (1976) 
has estimated that *Inz,miia had, in addition, about 
02,()) pigs and about 22 aillioii ehiri'ens. The 
country also has about 420 horses. 

Because the offtiake for liv-;t-ock are small,
about 9 percent for cattle, 20 percent tor goats and
25 percent for sheep, we can assume that the 
number of livestock isrising. 

Table I shows the number of cattle, goats and 
sheep per region iii Tlnzaila Mainland. From the 
1owledgc of amount of food eaten, digestibility 
percentage, amount undigCstCd and rejected
through the digestive system, and from the amount 
of water ingested and passed out as uirine, we can 
calculate the amotnt of' dung availblc for fer
ilization of fields (Taiganidcs, 1977). See Tble2. 

Manure output will vary with the system oflivestock production, the most coinmmon ot which 
is the semi-intensive system in Tnlizania. The an
inals roam the rangeland or the areas surrounding 
the homesteads during the day, and are penned at 
night. It isassumed, theretorc, that only about 5( 
percent of the t'ccs can be collected. 

However, inl dairy systems, which fbrni asnall 
percentage of the total cattle population, and in 
commercial pig and poultry enterprises, animals 
are confined day and night. Here, a high propor
tion of illlure caii be collected. 

Out of 12 million head of cattle, wc assume 
50 percent arc mature cows, ,nd 3 percent are 

mature bulls. The rest are wecancrs and calves. If 
two of tllese equal one mature cow, then Tanzania 
would have 9 million mature cattle. "aiganides 

Cattle' 

x1000 

2.026 

100 
3 

1,028 
487 

454 
67 

414 
7 

1,036 

837 
262 

11 
1,144 

184 

36 
1,653 

778 
995 

511 

12,032 

Goats' 

xlO00 

1,505 

20 
2 

449 
182 

196 
73 

434 
8 

324 

101 

91 

63 
399 
36 

55 
594 
446 
281 

274 

5.533 
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Table 2: Estimated Output of Livestock erage N content of the ntanure is about 0.7 per-
Manure Per Region of Mainland Tanzania cent (estimated ftront 'Etlhe 1), the total N frout
 
manure is 77,()(M) tons. This is nore than three
Region Cattle' Goats Sheep tities the anotnit otnitrogcuotIs tertilizer ulsCd inI
 
'Einzania ii I9t) according to estimatesI w
 

amount of manure inmetric tons ( h]lflhry ri 9,3).
ii. (lI 

Arusha 2,737.500 349 325 402,230
 
Coast 136,61b 73,000 1,825 
 Type and Quality of Manure 
Dar es Salaam 4,197 730 110 L.ivestock manure is Made up oI" the undi-

Dodoma 1,407.075 163,885 82,125 gestcd portion of the ti od, bactri,t attd protozoa
8frotthe digcstivc systcm., attd otlicl minerals and 
Iringa 667,950 66,430 37,230 vaste products.
 
Kagera 622,325 71,540 20,075 IFactors itltiticticint the quality o ,1111nure
ill-
Kigoma 93,075 26,645 12,045 Clde.Kilimanjaro 565,575 158,410 90,155 	 1Kindi ot tood catci : (.:otcnrt e toIs (itixtutres of brans fion 
 cecralsLindi 10,950 	 and oil cakes)2,920 2,555 produce betterL dItlltrn;ill foal',lgCs lo0liC.
 
Mara 1,418,025 118,260 92,345 
 Kil.d ad age ofaniii: I)ttg Iri di tcrncr
 
Mbeya 1,146.100 36,865 24,820 
 aniuials aries in IItriCnt Co[ItCtIt (lble 3).

Morogoro 359,525 33,215 
 19,345 Ihe ageo the atittiti is also important: Young
 
Mtwara 16,425 22,995 2,190 growiIng mitals produce rclativcl more
 

11ta1Itl1C tha) lln;ature aminals. Animatls pro-Mwanza 1,018,350 145,635 101,105 duciig tmilk yicld doinig oflvci' quA ty, le-

Rukwa 251.850 13,1140 7,665 itMost
cause of the llltl' Lllt livC t0 replace
Ruvuma 21 900 20,075 4,745 what goes to torit the ittilk.
 
Shinyanga 2,264,825 216.810 177,025 Age of duntig: Fresh 
 1,ni1ur. conttains ,1t0r1 
Singida 1,065,800 162,790 90,885 	 nitrieits thai, rotted duig, however, tresh
 

ianure-especially that ft'chickens-las high
Tabora 1,363,275 102,565 77,380 	 N content, whMh may be inijurious to plants.
 
Tanga 
 700,800 100,010 55,480 Fresh ntltminre also is very bulky. lttis, it Is 

advisable to 
dry the utau1t1
for sontC tnt1

Total 15,872.397 1,885,245 1,220,335 before !pplying it io the licl.
 
' Based on 001001I Of kg ofman ire f~r cnw per~iy 
 Mannertof storage: Uitles properIly stored,
 
'Based o outpout 012 ko of nrmarrt 1)0! {t dr( nutriett loss froitImi ure cani
be very great.
 
"Based on OLOUI Of2 kq of rmrur pe~rr. poi day lMaiiire stoul( be kept tcl 'l sel ter so thIat
 

it is protcted{ trtttl eAIctitIg by tain wttr.
 
GasCous losses ofN sltoIald be tuiniitizcd by


(1977) estimatcd that. tor tiattrc beef caatle co- COtMpOsting. 
sunim nu 7(i liters (It it perrday 1ud I(0 tt lb 
kilograis of feCd per day \%ith Adigestibility of lbk 3: Percentages of Nitrogen,
45 percent, the .tottnt of 111ature outptt ratiges Phosphate, and Potash in Different Animal 
trout 2 to 20 kilograis. lc average output Ius Manures 
about 5 kilogram s per head per (li. 'Its, ft - ') 
nmilliott head 0it cattlc, the ycarly Iture output Ki otAniral Nitrogen Phosphate Potash 
ini Tauzatnia is likely to be abolt 10 tnilltoti tolts. 
Sitte the cattle spend rugll halftc titit ottthe Rahhit 24 1.4 0,6 
range and half the tite in the htojiscs, pens) or len 1.1 0.8 0.5
kraals, about half ot the dung would be ai,,lble Sheep C.7 0.3 0.9
for agricultural _'. [his wouldM be Abotit 8iil- Steer 0.7 0.3 0.4 
lion tolts. 

Similar assunptions ,llov tr 2 millioti totls Horse 0.7 0.3 0.6 
of goit tatitrc, 1.3 milliotn towt of shep Ducktm- 0.6 1.4 0.5 
ire, 59,13) totts ot pig Ittatutre attd -1)1,51)11 toils Cow 0.6 0.2 0 5

of chickeit mature per year. Pig 0.5 0.3 0.5 
The total italtire output tromt livcstock is

;Ibotlt I I tillion tolls per year. Assuming the i\v- Sourcr Minnich and itirnt 1979 
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Other Waste Products From Livestock 
Other livestock vaste, like hoof, horn and 

bone meals, are obtained from slaughterhouses, 
factories and markets. Ihese are sometimes ap-
plied directly to the soil as fertilizers. The nutrient 
contents of mantire and bone meal are shovn in 
Table 4. 

Use of Farmyard Manure 
In areas where a mixture of perennial and 

annual crops .; groxvn, tHirmyard mnanure (FYM) 
is either collected and applied daily, or li- ed in 
piles and spread when dry. 

Even in areas outside the perennial-crop and 
mixed-irin agricultural systems, such as the Uka ra 
Islands, the value of tarnLvyard manure is well-
appreciated. (unn (1953) reported on the effict 
of thrmyard manure in whleat and tobacco fields 
in the then Southeri ig-lL~hlads of Tiiga, i'ika 
(now Tanz'ania) at the rate of 12.5 tons per lice-
tare. Le Mare (1953) reported studies of FYM oiP 
maize and groundnuts in tie oh( (roiidnIit 
Scheme areas (Kongwa, Nachingwea and Ur-
ambo). The rate of application was about 25 tons 
per hectare. lPeat (1953) rpoi ted oii the efk.ct of 
FYM on cotton, niaize, bul rush i illet and 
grotudnut yield in Sul:unilland. In ionic of these 
studies, a comparison was niade betweeii FYM 
and artificial fItrtilizeis. 

The response firo artificial I'rtilizers was 
higher than or eq.lual to FYM in the year ofappli-
cation. I owcver, the residual eflcts of FYM were 
tilt up to ,ight years later in somhe cases (Peat, 
1953). Tidburv (1953) also showed good crop re-
sponse to FYM fromi soini 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 2 to 4.5 
P20, 1.5 22 to 28 
K,0 2.2 0.2 
Ca 3.3 20 to 25 
Mg 0.9 0.4 
S 0.4 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 inaliure is recovered from livestock kept 

under intensive nianagenient systems thani from 
those under free or partial range systems. The 
quantity of compost can be increased if bedding 
or litter is provided. 1he loss of iitrogeni in urine 
is also minimizcd iunder these conditions, because 
it is absorbed into the straw. Fresh litter should be 
added whenever the previous supply looks foutled 
or dirty. Removal of the mixture of dung and 
litter should be done three or tour times a year. 
This allows microorganisms to act on the feces, 
urine and straw to produce a partially decom
posed product. 

II large dairy cattle and pig units, it is possi
ble to keep the manurc in a wet form it w-rer is 
Used to clean the pens. Such slurry is then spread 
directly onto the fields. But this is an expensive 
way ot h1andling manurc, because there is a high 
inve,;tniic for holding tai ks and spreading tanks. 

Potentil of Using More Farmyard

Mantre ii Tanzania
 

The high cost of :irtificial icrtilizer should bc 
one of the tctors whic; may en courage faz-iers 
to use FYM. However, there are soie properties
of-the FYM which tend to discourage its wvide 
ise: Bulkiness, siiiell and diflicultiCs ill spreading 
arc Itist sonic of these properties. 

The use of wheelbarrows, oxcarts and trac
tor trailers can reduce the transportation dificul
ties. However, if'the 1aiiure was dried aid spread 
toward the cnd of the dIV seasou, jlist befor, the 
con|iincncenct of the rains, ease of iaidliig 
would be increased. 

The quantity of FY M being produced in the 
cotntry could be increased if inteiisive systeius of 
livestock were adopted. Fieldimg and Kyonio (1978) 
have s!" Xi1 thait fedlots for tttening beef cattle 
in Eianzaia can be protitable. Readily available 
livestock f.eds would encotirage coin iiuercial pig
and poultry producers to use intensive systellS of 
,iinual production, whilch wotild Lid to incrcased 
amounts of farnivard manure nIeCded tor crop
prodtction. It should later be possible to packageFYM. especially in dry forni, and transport it to 
nearby areas where it caiiiot be obtained in sutli
cicnt quantities. 
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Conclusion tilizers could be replaced by nitrogen from farm-

Increased crop yields per unit of land can yard manure. Manure also has the advantage of 

comc about if efforts are made to add nutrients to conditioning the s-il and improving its water
the soil and replace what is taken up by plants. lolding capacity and microbial activities. 
Artificial fertilizers calu provide the macro- aild -owever, the availability of manure for ex
micro-elements needed by the plants. It seenis the tensive usage will depend on the means of trans
most limiting element is nitrogcn. porting it and of' spreading it iii the field. It is 

Livestock in Tanzania produce about 77,0(X) reconiiended that every cflort be made to adopt 
tons of nitrogen per year, which is nore than intensive livestock production methods in order 
three times the amount of N our country ob- to obtain large quantities of manure. Methods of 
taied from inorganic ftrtilizcrs ill1980. This means packaging this product in dry form to improve its 
that all the nitrogen produced from artificial fir- handling should also be investigated. 
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DISCUSSION
 
Role of Livestock in Organic Farming 

Q:(Harwood, Rodale Research Center): It ap- (Comment byJana, University ofIDar es Salaam): 
pears that the biggest difficulty is to get the Where nantre is left in the open, there should be 
cattle dung from the kraal. What is your rec- control of runoff to reduce losses. In other places, 
om mendation? t'armiyard niaiure is collected in cement pits, thus 

A:(Kyonio): It is a pertinent qtcstion and is of rtainimi :,iIts. 
importancc if dung has to be used for agrictil- (Coninment by Kapande, MATI, Ukirigtru): In 
turc. This exercise could be very labor-inten- 1974, 1 read in the newspaper that small-scale pits 
sivc if the dlug has to be collected every day. could be made with sand, ash and soil. This main-
One method could be to put straw CA, and tains the nutrient quality of dun1g. 
then collect the dung along with the straw. In 
areas where I come from, we don't leave cattle (Comment by M. Opttu): It Tanzania, the ma
out in the open. jority of frirmcrs are at subsistence levcl, and there 
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is always a transport problem. If we ask a Eirnier 
to make pits, he may be reluctant to do it, due to 
its labor-intensive nature. Therefbre, it is neces
sary to have oxcarts, which cost Tsi. 4,(fl{. But, 
unfortunatelxv, oxcarts are not easily available. 

(Comment by Kascnbe, TARO): Point regarding
oxcarts is taken. The organizations involved in the 
manulfacture of oxcarts are Ilcrc and I hope they
will take note of the comment. 

Q:(Hiaule): It ve are serious about using inlal 
excrcta, then why not think ;bout using he-
man excreta? I have heard that this is used inl 
111an1y coIntries in tie Orient. 

(Comnment by1Kascnbc): "UTAFITI" has a 
booklet on this subject. Insomie arcas of"Tanzaiia, 
such as Ukara, hmIall excreta is used. 

A:(Kyomo): Mr. I-lalC has raised an importalt
ueclosefusion ,huow ste cthateforese inkr 

nu 
and compost more efliciently, first. Secondly, 
one has to 

Of uIsing hu.1111 \aste. \Ve m1ust uISC 11anuIre 

look at the hc,:th hazards due to 
possible contamination of huiian waste with 
disease-causing organism. 

(Comment by laule): I ani a little concerned about 
some constraints involvCd in the use of cattle dung. 
Could the speaker conient on the campaign of 
"destocking," and simIIultaIeouslV increasing pro-
dtuction of dung? 

A:(Kyomo): What we want is fiwcr animals, but 
with larger size. 

(Coinmenit by Milina). All fharniers 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. 

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

(Comment by Ngcze, CCM chairman, Kagera): 
I wish to congratulate Proficssor Kyomo for his
exceflent presentation. For the first time, I realize 
that our country produces approximately II mil
lion tons of dung. Still, very little is used, cspe
ciall} in my region, Kagera. Out could see nutri
cnt-starvCd cotton field, in Kagera. I lere, I have 
come to lcarn about the dange'rs i)'f usiIn humlan 
waste. But, inI llytravels to I lugarv, I saw pit
latrines, and from there, human waste is used 
without any problem. Even in 'lIuzania, we rIse 
human excreta ilUkerewe Islands. In I lungarv, 
pit latrines have two doors. PCople use one door
 
until the pit on that side is used up. Then they


it and start using the other side. Dry, decomposed lhuman waste is available tr use oil the 

farm. 
Ctiicnt by Kvono): I thank the previous


speaker fr his comnients. It appears that 
 we are
 
not using huinan waste here illTiazania due to
 

Lck of awareness. Coming to heahh hazards I
volVed Withdsincg thl xreta, medical tech
nology has advanced to aconsiderable extent, and 
most of the dangers have been eliminated. The 
work ofI )r. Kilimian shows that use of human 
excreta illthe preparation of conipost is sate. 

(Comii rltby lan,l): IlIISOnIC countries, like India,
human excrcta is called "night soil." Once it is 
decomposed, it is humlus. In India, city councilsin big cities like I)elhi, Calcutta, Bombay and 
Madras collect and decompose night soil in large
pits and sell it for use in small gardens. 
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BIOLOGICAL ASPECTS OF
 
COMPOSTING
 

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

Composting is a dynamic, biological process 
whereby a mixed microbial population convert,; 
heterogeneous organic matter into a 'bi, hn-
ims-likc product useful as a soil conditioner and 
tertilizer. Being a biological process, the factors 
and r(uireiiclts intrinsic to biologic:l activity 
determine the ,ourse of coiil,)sting. 'Fle ollow-
ing discussion describes the microbiological as-
pects of composting and the environmental Fac-
tors aftecting it. (Goiueke, 1972; (;ray and 
Biddlcstonc, 1971a) 

Substrate 
The physical and chemical nature Of tile sub-

stratc is a key factor in determining the course 
and rate of the composting process. Particle size 
and chemical characteristics of the mnaterial are 
two importanot substrate properties. 

The ideal size of particles would be the nin-
imum size at which no compaction would occur. 
Compaction impICs the diffLusion of OXyge to, 
and carbon dioxide from, the sites of dccomposi-
tion. Without adequate oxygen, the process can-
not continue, 

Shredding or grinding raw materials makes 
them more susceptible to microbial invasion by 
exposing a grcater surface area to microbes. Fur-
thcrmore, with the presence ofoxygen at the par-
ticle smrifaces, greater aerobic activity is possible. 
Shredded refuse heats more uniformly, withstands 
excess drying at the pile surface, insulates against 
heat loss and resists moisture penetration from 
rain bctcr than unshrcddcd materials, 

However, shredding of naterial is not al
ways mandatory: It depends largely tuwon 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 unitormly to 
the land. (Goluckc, 1972; 1977; (;otaas, 1956; (;ray 
and 13iddlcstone, 1971a; Rcgan andjeris, 1971) 

The important chemical characteristics in-
cludc molecular size and complexity, and clemni-
tal makeup of the material. These factors deter-

mine how vulnerable the material is to attack by 
microorganisms. 

PlMant residues coinimonly used in preparation 
of'compost, such as straw, corn stalks, plant stub
ble and leaves, are high in complex carbohydrates, 
like celluloses, hemicclluloses, and lignin. icnimi
ccllulo."::s are carbohydrates of about 50 to 151 
glucose units; celluloses are larger poly,ncrs of 
about 2,(1)(X) to I(),( 1()glucose units, with as many 
as 15,0)() units, depending on the plant species. 
Lignin, a very tough, woody, cell wall material, 
is extremely resistant to enzyme attack and is usu
ally last to degrade during composting. ((;olucke, 
1977; Graylraanand lBiddlestone,idstn,17 1970; \Vaksim-am, 1930)177 Wksa,19)

Since these carbohydrates are too oiplcx to
be directly utilized b I they 
must first be hycdrolvzcd by cxtracellular enzynies

h ean 
to simpler fornu. The followingtae hsiiilbekon reaction illus
_______thisinitialbreakdown: 

(CAH,0), + nH20- nCH1201 
cellulose glucose 

This first step provides no useftl energy to the 
active microbial species. 

Organisms get energy for growth only from 
reactions ocetirring within the cell, so is netes
sary for the larger coimpouinds to be transtormCd
into simpler molecules that can penetrate the cell 
surface. Regardless of the structural diftirenccs of 
the starting material, once inside tie cell, the car
bon in the sub,"atc will ultimately be mctabo
lized through e same steps. 'That reactions is as 
follows: 

C6 H120 6 + 602- 6C0 2 + 6H20 + energy 
(682 kcal) 

Oxygen is added to each of the glucose carbons 
to form CO, while sonic of the electrons and all 
the hydrogen in the glucose molecule will be lost 
as HO. Energy is also released during this bio
logical oxidation process. Duc to the inefficiency 
of the process, most of the energy liberated is lost 
as heat. However, a portion of it is trapped by the 
cell to form ATP (adenosinc triphosphate). 
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ADP (adenosine diphosphate) + inorganic phosphate + energy - ATP. 

When 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 elaborate system of 
enzyies. (Alexander, 1977; Brock and 3rock, 
1978; levy a al., 1973; Pelczar and Reid, 1958) 

II decomposing cefluloses and hemicelluI-
loses, microorganisms bring about the synthesis
of microbial cell substance. l)uring colposting, 
the compounds change from complex (cellulose, 
hemicellulose) to simple (C():, 1-1 ) back to 
complex (protoplasm). 

Microorganisms utilize almost all elencts 
in their metabolism. The elemental makeup of the 
substrate is significant ini determining microbial 
activity. When all nutritionally significant lc-
meits arc abundant, a greater population of mii-
crobes can be supported and the process will pro-
cced more rapidly and extensively. 

The age of the plant also afle-cts the rate of 
decomposition. Young tissues contain a larier 
percentage of water-soluble materials like simple 
sugars and amino acids. As the plant ages, the 
contetnt of watcr-solublc su~bstanccs, proteins, and 
minerals decreases, and the percentage of cellu-
lose, hemIicClluloses and lignin increases. As a re-
stilt, ill tissues in which 2(1 percent to 3(1 percent 
of dry matter is water soluble, decomposition 
proceeds rapidly, 

Celluloses and henicelluloses are the next 
compounds to disappear, and lignins, which are 
highly resistant, are relatively more aLindant in 
residual decaying organic tatter. (Alexander, 1977; 
Golueke, 1977) 

The elements designated as macronutrients, 
because of their abundance iII cellular material, 
are nitrogen, phosphorous and potassium, 

Carbon, inI anl available form, makes up about 
50 percent of the cellular mass. As mentioned ear-
her, carbon is used as an energy source inI nicro-
bial metabolism. 

Nitrogen, however, is probably rte most ini-
portant element iii the nutrition of composting 
microflora, since it is required fur the assimilation 
of the carbon substrate iI organic wastes. 

P~hosphorus is next in importance, while K, 
Mg, Ca, S, and trace quantities of several other 
elements have an important role in cell nctabo
lism. These elements are usually present in most 
wastes in suflicieiit avounits to permit satisfactory 
composting without the need of further additions. 
(Goluekc, 1977; Gray avid l3iddlestoue, 1971b; 
Knuth, 1969) 

Not oilv must these nutritional elements be 
Oresent in tile substrate, but a balance between 
them must occur. File balance between carbon 
and nitrogen (more frequently refe'rred to as the 
C/N ratio) is one of the most important aspects 
of successful composting. This rati,) is used to 
assess tile suitability of a given waste as :Isub
strate. Since carbon serves as a source of energy 
and as an element in the cell protoplasm, much 
more carbon than nitrogen is needed. Microor
ganisms generally utilize 30 parts by weight of 
carbon for eacii part of nitrogen. Therefbre, a 
U/N ratio Ot 30 \%,'vutld m;CuI(1 'C for ellici'ntdesi, 
coMpoSting. lable 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 anount of 
available carbon to available nitrogen. In materials 
such as lignins and some forns of cellulose, car
bon may be present in a form so resistant to biO
logical attack that its presence is not significant, 
and the permissible C/N ratio could be higher 
than 31. Nitrogen nI 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; Poincclot, 1972; Waks
man, 1936) 

Generally, if carbon is available and a C/N 
ratio is above 30, the carbon wvill be in excess and 
will slow down the conipostig process consid
erably. The decomposition decrea:ses once all the 
nitrogen has been used. Some of the iicroorgan
isms have to die hefbre the nitrogen, which had 
been inmobilized in their tissues, is released. The 
use of this nitrogen by other organisms to form 
new cell material requires the burning of excess 
carbon to C'O. Several life cycles of microorgan
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Table 1: C/N Ratios of Some Compostable This is an oversimplication of the reaction,Materials (dry-weight basis). but it demonstrates how the nitrogen can be lostMaterial C/N Ratio as amninionia through volatilization. Iligh temper
attorcs and alkalinity (plI above 7.0), both con-

Urine 0.8 iton during the composting process., increase tile
Blood 3 	 volatilization of excess nitrogen even more. This

nitrogen loss shotld be niIniIIed if'tie finishedYoung grass clippings 12 compost is to have sonic fertilizer valne. In addi-
Vegetable wastes (non-leguminous) 12 tion, iftle aInIOLot of excess N becomes too great,
Tobacco 
 13 	 anililloilia concentrations conld reach levels that
Farmyard manure (avg.) 14 	 are toxic to microbial populations. (Alexander,Onion 15	 1977; (ohLeke, 1N77; Poincelot, 1972) 
Lucerne (aitalla) 16 to 20 
Grass clippings (avg. mixed) 19 Baicteria1 icroorganirctinonivcetes and tingi are thle or-
Seaweed 
 19 	 gauisms chiefly responsible for the decomposition
Red clover 27 	 of plant and animal remains. Ihe microflora pop-
Oat straw 48 ulation iS contiiinally changing during the pro-

Flax waste 
 58 cess, reflecting the diversity ofenivironents oc-
Corn stalks 60 	 curring becanse temperatures and Sutbstrate are in a state of flux. (Shilesky and Maniotis, 1909) SeeWheat straw 128 i:'lible 2.
 
Fresh sawdust 
 511
 

Bacteria
isms are required to assimilate this excess carbon Bacteria are present in all parts of the pile in
satisfactorily and to bring the C/N ratio to a more 
 vast ntunilbers, but because otltheir small size, theysuitabLe 	level. (Gotaas, 1956; Shilesky and Mani- represent less than half of the total microbial popotis, 1969; \Waksnan tal., 
 1929) elation.


If the C/N ratio is below 25, then carbon minediately ater the inaterial is stacked in
(eneigy source) is less than that required toar con-
 the pile, bacterial activity begins. Mesophilic, acidvei lnig 	available nitrogen into protoplasm. The producing bacteria are the first to appear and aremicrobes will make titll use of available carbon, responsible tor the initial breakdown of organicand the excess nitrogen will be lost as ammonia, material and for a large part of tile heat cncgyThe presence ot cxccss N as NI-I,- or NI I,can be released into the compostiTig mass. This niesotraced 	to microbial nietabolisin of protein. Pro- philic 	stage is short, and Some ti'el :he pritiiaryteins are polymers of aniino acids, and tile11ino role of these organisms is to raise the eciroinengroup 	(- N I-I,) is characteristic of auin o acids. tal temperature lIr the thermophilic organisits that
Microbes utilize enzyies to hydrolyze protein tlloW. ILuiring tileIimited time that 
 they domolecules to their constituent aniil(o acids. As with flourish, they utilize the most readily accessiblecomplex carbohydrates, it is necessary tbr the large carbohydrates and decomposable proteins.protein molecuCle to be cleaved first to smaller As the 	temperature of the cnnpost pile beunits that can then be assimilated within the cell. gins to 	rise above 41 C, tileinesophilic bacteriaThese 	 ;aniino acids uidergo tlrther biocheminical are replaced byithe theriophilic ones. These therreactions and thereby become part of the micro- moplilic bacteria initiall' decompose protein andorganisiIs' protoplasm. But when carbonaceous non-cellulose carbohydrate coimpoents. They wvillCOipOtlids are ifISnfticient to 1aCCOin1itodate the also attack tilelipid and Iemicellulose fractions,anino acids iii the synthesis of new protoplasm, but not cellulose aid lignii.the excess amino acids will be deainiiated. I low As the temperature rises further, the speciesthe amIino group is removed and becoiimes aii- diversity begins to narrow. At temperatures greaterni1onia is ISfollows: than 7(1 	(:,most organisms become inactive, and 

CH3CHNH 2 COOH+ 1/2 02 enzyme CH OCOOH +NH, 
alanine alanine pyruvic acid 

deaminase 
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Table 2. Microficr"al 9opulation During Aerobic Composting. 

Mesophilic (M) Thermophilic (T)
°Ambient to 40 C 40' C to 70 C Cooling 

numbers per gram of wet compost at each temperature phase 
Bacteria 

(M) 108 106 10"
(T) 10, 101, 107 

Actinomycetes 
(T) 10, 108 105 

Fungi
(M) 106 0 105 

103(T) 10' 106 

only the sporc-torming bacteria can develop. These possibly mixed with sonie t'ingal mvceliuiii. The 
bacteria are chiefly responsible for the reduction absence of this layer does not mean actinoiyecetes 
of'helicelIlloses. are .bsc:tor in low numbers, but rather that they 

In the final stages, as temperatures begin to ;ire dispersed throughout the comiposting mass. 
decline, thcrmophilic bacteria disappear and me- Frequent turning of the pile will disturb this char
sophilic bacteria reappear at temperatures below actcristic layer, because of' the lack of tinie and 
40(C. The icsophilic bacteria are not as prCdoni- conditions necessary tor growth ofrthe organisnis. 
inant during this time as they wcrc initially. (Fin- (Alexander, 1977; (;oltieke, 1)77; (;otaas, 1956; 
stein and Morris, 1975; (ray and Biddlcstonc. Waksman ct al., 1939) 
1971a; lPoincclot. 1972; Wakslnan ct al., 1939) 

Fungi 
Actinomnycetes More types ot ftungi have been identified in 

Actinon;'.cetcs are classified as bacteria in the the composting process than bacteria or actino
strict sense, but do possess characteristics of- fungi, mycetes, because of the relative ease in identifying 
and so are in a transtional group between simple theni. 
bacteria and fungi. Fungi can be grouped according to sequence 

Actinornvcctes are almost ( mpletely absent of' occurrence. These grotps are arbitrary, since 
at the bcginning stages of composting. As tem- there is a good deal otoverlap and soeIC occur ill 
peratures approach 50 C, thermophilic actinomy- more than one group. 
cetCs becoIIIe established and are capable of con- Mesophilic fLingi conpctc only tor a short 
tinned growth at temperatures tp to 71) C. These time before the temperature rises. They exhaust 
organisms are capable of using a wide array ot" the simple carbon substrate anii1d then are quickly 
comnpounds, but mostly break dowti celllosC, replaced by the thermiophilic t'ungi. Most do not 
lignins, aud other, more resistant comIIpounds. reappear in the later stages to any degree, because 

Actinomvcetes are the dominant group dur- otfthe lack ofeasily available carbon. 
ing the filial temiperature drop. They are consid- Thennophilic fungi are c,!pable of grovth 
ered inetiectivc competitors in the initial stages of in the 41 C to 0) C range, but die when the 
decomposition, when nutrient level is high and temperature exceeds (1 (. They decompose 

competition is great. But wheu nutrients and hcniicclluloses and cellulosc. 
competition diminish, and wvhen only resistant This theriophilic stage occurs when most 
compounds remain, a., hi the final stages, the ac- of the decomposition is taking place, although it 
tinomycctcs flourish. has not bcc determined which group ot" organ-

Their presence can be detected both by smell isnis is largely responsible. Studies show that no 
and sight at this time. The thitit, earthy odor ot single organisn., ti0 matter how active, Can coin
the compost pile is the result of actinonyivctes pare with a imixCd population in producing rapid 
activity, and becomes more prontOniccdI is tile aiid stistactory deco Mposition. 
progresses. Mesophiles reappear in large numbers dur-

The grayish-white, filamentous or powdery ig the cool-down phase. Evidently, while ten
layer that torlis ill the outer tour to six inches of peraturcs are ii the thcrinophilic range in the pile's 
the pile is the myceliuI of t- actinoniycetes, center, these fungi survive in the outer layers until 
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the temperature drops sulfficiently for tlien to re- tactors that will he discussed are moisture, :.:ydistribute themselves. I )cspitC beinilg COntintled to gen availability or aeration, temperature and pH
this area and only becoiniig active if] the latter level. 
part of colnpostig, these tiUgi hreak down 'a 
considerable anotnt of cellulosc, lig nins, and re- Moisture
 
sistant natcrials, which remain itcr the 
 more
riae,{ly decoinlposiblerily osag mater ijls haIW (ccha ,lld { b.cn itldsol,1S I7;V I)C~laIt5l) Moinstuire gver~smicrobialI activitvinltWvoways: 1) Enough umoisture needs to tv present toMeCal Ill, I: llIOcehm 190972)1 supply the physiological needs ofBiological activity tie organisnils.is greatly reduced at substrate

InocLu moisture 
ablout 12 percet to 1.5 percent; anId 2) Where 

ni lcvels below 301percent and ceases at 

The question of whether to add additional Imoistlrc is exce'ssive, inicrobial activities are remicroorganisms to the pile to icilitate dLecolllplo- duced not as a result o' tile(, water itself" bUt besition is raised t'requcntly. Thl'ic is signiicalt cv- the indirectlycause watcr hinders Ail tuovnICent
idenice to show tlat add ie nit. rohes alhoe prohItit'cs Aiid rlieducs lie OxU i Stupply.
no beneficial rcsults. Th. iindigeious nlicobi l l optiml,ll liOiStulre cOltelt (\'et weiglit)populations are prescit inIIbutdli OI orgnik siould be bCt\'Cn 5Hl percentt and () Iperc.lt. This
materials, and give, tile appropri.tt, c\'ivr(n- varie.s btecauI tsel tile qitLiltity of water requirednent, they nultiply rapidly Alld priliotC (cnm- CI.IihLtCS *tCCordiiig to the maltCrials uIsed. Strawpostinte withott delax, and strong f1Ibrous nateriais, which are naturall 

I study oh the eAlhects oh' varioNs titoCuliA on dLry, C'iii hold up to 80 p,.Cerent lloistlre ntid re
the coipostiiig oh garbagc id ltiXCLd ii1itiCipal quire lalrge amllolullts o' water iiiitiallh. Vegetable
reflusc found that, eveI thlugh die IioC tla wt'rC triiuniligs 11id gre. sutcCUileit iiaterials can holdrich ill bIacterlia, nione acclrated' the process or 5() l"~'l to 7(1 percnt.eiLlt bit Ca ilIutSt IllOiSnirelC,

inlproved tihe fillI piIltclit[. (;,eden 
 soil, lor-se be taken to ivoid COI'ptiii't 'lienstacking these 
lllatire, cotilpost, Al(l 1 speciTl aterA tiltllrCi ( ri,tetials.
were testcd. Ilicre iS no sigificirit dilhi.ic-cn A e'lithe itdicator oh;IdeqtLC(I n.imosttirc is the 
ill the teIIIpeIatIIr cIIrVC. i te" cllctiic, anal- glisteninig ,apperIInlcC of the tIatcrial. Also, vhcii 
yses of the materials, at difi'rCit itcrvills in the coiipressed by hu d, the miiatcrial should t ori acolpostiung pcitod. (( ;oluiekc' C[a i, 195-1) ball which will slo\vlv Cxpalnd like i sponge when

The types oinocula or acti',tors that hiaV pre'ssure is released. If there is too little moisttire, 
prove bcneficilI usual'l cOItaii llatcr . it are decoilpositio \will Hot oCIlr.otlicrwis,, lacking iii tiel comupost. Activitors Sup- Lcss tuotsture causes draiag, which caII 
plying nitrogen or plospliortis, or nattrials tH.it !,acli out soluble nutrients tront the pile. Thischange the p1lI levl, ire likCl to alect tie pro- draiiige maV occur bclo.+re the iul odors caUsedtess. by\ iiiate.robic conAditio~ns become. toticea.h.
 

ThiCr'tiurc. \\liil .sSSilig an inoculiii, care
 
should be., ta kci to 'rtidc ,ucontrol
exactly' thaint'Sllc treut Inent ile receivingils ti t' i lated pile. Figiture l: Temperature Variation With Time 
If the intocuilumit clilAIgCs the p or nut riitlt lc\'els, Indicating the Phases of Microbial Activity. 

Cointrol tilethen thile pile iIist lAv suiC A1ijuistii eiits de. ThIini i'sole di ht'reicicebet we.cn t il e twi 
piles shoulld bC that on,' IS ioCulacd w'itll .1 Iii-croorg;iilisitt po~pulaltionl anid tile. other is nitt. 70 

IIIthe umilikely event that 1 illoCUlttllill is r- 55 
quired. alshovCl or two ou rich g,lrdmll ]ttllll, par
tiall dc y ctiitnptscdIorse Imamure (I COtt)llptstc4d ,(\material will cc(u)lt,ill 1allthe iiicrorgaiinisIItS iiCC(ded 40 

to (hecoiiipose arty sub tritc. (( ;,luckc ci at., 1954: 25
 
G;h]ucke. I)77: Vin Vuren, io (late) a /5 

Rate.-Controlling Factors u~10 
Time-)
 

in ccCi nltpIt)stiillg is A bi h ugicIl process, 
 tile A resophlic B thermophilic C cooing D- maturing
fictors contrlling it are those that imflUCne all 
bio)logical activity. Tilie principal environircntal 

http:appropri.tt
http:Iperc.lt
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If anaerobic conditions do occur, nitrogen loss an indication of the extent of anacrobiosis. When 
can result through d.nitrification. Denitrification this happens, the pile shouki be turned daily until 
results from the exclusion of oxygen, rather than odors disappear and the pile returns to an aerobic 
from th,: presence of water, itself. The denitrify- state. (Goluekc, 1977; Gotaas, 1956; Gray and 
ing bacteria are aerobic, but in the absence of ox- Biddlestone, 1971a; Smith and Thornton, 1945; 
ygcn, the nitrate replaces the oxygen-not as a Van Vuren, 1950) 
source of 02, but as an electron or hydrogen ac
ccptor during respiration. In the dcnitrification se
quence, nitrate is first reduced to nitrite, which is Temperature 
then transformed to NO. The NO, with N(e as At the start of the process, the composting 
the intermediate, is converted to N-, which is lost mas, is at ambient temperature. But in two or 
to the atmosphere. The biochemical pathway of three days, the decomposing activities of the me
denitrification proLeCds as tollows: sophilic organisms rapidly heat up the pile to tem

+±4H + 2H + 2H + 2t
2 HN0 3 +411 2 NH0 2 -2H1- 2 NO + 2 N2 0 + N2- 2H,0 -2H 20) - H20 - H2 

Oxygen will inhibit denitrification, so it is impor- peratures above 40 C, and thermnophilcs replace 
tant to maintain the optimal Illoisture conteit and the mesophiles. The temperature rises rapidly to 
adequately aeate the composting mass. about 55 C, then begins to taper off at between 

Anaerobic conditions may also result t-oin 6(0 C and 65 C, occasionally peaking at 70 C, but 
the increase in moisture that occurs as dccompo- rarely higher. These high temperatures are essen
sition progresses. Ifacration is poor from the be- tial t"r the destruction of pathogenic organisms 
ginning, the water, an end prodIct of microbial and wccd seeds. 
metabolism, will accumulate and impede the pro- This stage is tbllowed wba gradual cooling 
cc ..,. (Alexander, 1977; Golueke, 1977; Gray and to ambient temperatures. See Figure 1. 
Biddlestone, 1971a; Poincelot, 1972; Smith and As microbiad activity subsides, the subsc-
Thornton, 1945; Tisdale and Nelson, 1975; Van quent reduction in heat energy being generated 
Vuren, 1950) causes the leveling in temceraturc. This slow

down occurs because the readily broken cd:wn 
Aeration substances have been constumed, and only the more 

Oxygen i; required by aerobic microorgau- resistant ones remain. At this point, the tempera
isms for the decomposition of compost. In order ture begins its final drop. The resistant com
to supply oxygen to the microbes and to rid the pounds can now bc attacked by fungi and actinIo
pile ot major waste products (CO. and water), mvcetes that once inlhbitcd the outer edges of the 
adequate aeration is vital, pile. T'he Elct that these organisms are restricted 

To ensure good aeration, the material should to tile Outer layers shows that the teiperature is 
be packed loosely and lightly when constructing not at a unitorm level throughout the pile. It is 
the pile. Here wc see how aeration aiid moisture highest in the center and decreases toward the 
arc interdependeiit, as the matcrial to be coin- exposed strtace. 
posted affects the amomit of air ill the pile. Grcin The an ibient air temperature may have some 
material, when freshly stacked, tends to compact imfluemce on the pile temperature. If materials in 
too firmly. Fibrous materials wvil! usually make outer layers are porous, the temperature call be 
tile pile loose 3nd too well aerated, and ilmust be al]iected by peivitration from the outside air. (en
thoroughly wetted to reducc the structural strength erally, orgaorc matter will act as an insulator and 
of the material so decomposition may take place. conserve the heat within the pile. Better temper-

Pile construction aftkects aeration iii another ature distribution and less heat loss occur in ma
way: The higher the heap, the poorer the air sup- tcrials that have been shredded anid are iii a lmore 
ply, particularly in the lowest layers where pres- homogeicous state. Moisture also decreases the 
sure is greatest. In pit compostimg, care must be amount of ambient air penetrating the pile as it 
taken to keep the bottom from becoiming water- fills interstices between particles, causing an in
logged. crease iii convection of heat from the high tem-

A simple, ettkctivc mcans of monitoring ox- perature zone ill the pile's center. 
ygen supply is by odor. Fotul odors signal anacro- Temperature is an excellent index of the course 
bic conditions ill the pile; the intensity cf odors is of the process. If the temperature does not rise, 



53 

one or more factors is absent or untvorable. Ii alkaline (pHl 7.5 to 8.5). Finally, when tempera
should bc noted here that during turning of the tures begin to drop and nicsophiles re-invade the 
pile, the temperature may drop 5 to 11 degrees C, pile, the pFI drops by a sniall amount, and usually
but vill return to its high level in a f.'w hours. remains slightly alkaline. 

Temperature of the compost can be checked The control of pl I inI conposting is seldom 
by: 1)digging into the stack and tcling the tent- a problem if the material is kept acrobic. Additiol 
peraturc of the material, although it may be too of an alkaline material is rarely necessary and ma' 
hot to hold the hand inI the pile for very long; 2) do more harn than good. Alkaline conditions 
inserting a nctal or wooden rod two t.'ct (0!.Smn) promote nitrogen loss as a nionia, if the nitrogen
into the pile fior I0 t,) 15 minucs. 'lie rod shoud is present inI excess. (Gotaas, 1956; Gray and Bid
be too hot to hold wh-u remiovcd; and 3) uIsing dtlcstone, 1971a; Poincclot, 1972) 
long-stCmlcd thernomlCtCrs, popula a 1101iog
operators of larger conposting operations. ((,ol- Finished Compost 
neke, 1077; Got aas, 1956; Gray ad liddlcstozc, 
1971a; 1971 b; Poincelot, 1972IVan Vuren, 1950)) The final drop in temperature indicates conl

post is stabilizing and nearly finished. At this point, 
some slow ripening and celhtl,usc breakdown will

pH Level continue; the ripening tine wviIlvary consider-
During the decomposition process, pl-i ably, because it is a function of mlany variables, 

changes occur. The initial pl-I is usually slightly such as the starting C/N ratio, availability ofrcar
acidic (pl-l 6), but organic acids, which result from boll, aeration, etc. 
the decomposing activity of ncsophilic bacteria, "UItiniate'" stability is not desirable, because 
cause a reduction in pl-I to between 4.5 and 5. As that WOuld be the oxidation of organic ,matter to 
the temperaturc rises above 40)C and these acid- (X, and 1-10, alld inolgan1ic ash (chlmical eic
forming bacteria are replaced by thcrinophilic or- nients making up the original material). lIstead, 
ganisnlis, the pH-1 will rise anod becoImte slightly the desired stability is one in which the readily 

Table 3: Composition of Fresh Manure Produced by Animals Provided With Ample Bedding
(on awet-weight basis). 

Nutrient content 

Components Proportions of Nitrogen Phosphorus Potassium

of manure components (as N) (as P.O,) (as K2O)
 

% kg/t % kg/t % kg/t % kg/t 

Horse 
Fecer 60 0.55600 3.3 0.30 1.8 0.40 2.4
Urinr. 15 150 1.35 2.0 trace 1.25 1.9
Bedding (straw) 25 250 0.50 1.3 0.20 0.5 1.00 2.5 
Total mixture 100 1,000 0.66 6.6 0.23 2.3 0.68 6.8 

Cow 
Feces 63 630 0.40 2.5 020 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 5.7 0.15 1.5 0.53 5.3 
Pig

Feces 49 490 0.55 2.7 0.50 2.5 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 0.9 0.20 0.4 1.00 1.8 

Total mixture 100 1,000 0.56 5.6 0.32 3.2 0.52 5.2 
Sheep

Feces 60 600 0.75 4.5 0.50 3.0 0.45 2.7
Urine 30 300 1.35 4.0 0.05 0.2 2.10 6.2
Bedding (straw) 10 100 0.50 0.5 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 Protected Exposed Protected Exposed 

kilo-Qrams kilograms
Organic matter 480 520 531 605Nitrogen (as N) 3.6 6.4 5.0 8.6Phosphorus (as PO,) no loss 0.9 0.5 1.8Potassium (as KO) nc ;oss 6.4 0.9 10 

percentage percentage
Organic matter 55 59 60 69Nitrogen (as N) 17 29 23 40Phosphorus (as P.,O,) no loss 8 4 16Potassium (as KO) 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), 113 kg phosphorus 
(as P,05), and 28 1 kg potassium (as KO) 

deconIposed conmpounds are broken dowin, but tional inantire haiidlling, manure is often appliedthe decomposition of the more resistant coni- to the soil and not iunmediately iucorporattd. The
pounds is yet to be acconiplishcd. Tle ctlective- nutrients, partieularly areCitrogen,thell lostneSS ofCoHipost in tile soil depends lpon tle final througih leaching or volatilization. [ronm 51 per
decolmposition of these colnpounds, cent to 75 percent oftei nitrogen ciii be lost dur-Physical tactors, other than the tentperature ing contvetntional nianure handliLng, with 25 perdrop, that indicate, when compost is hlislhcd i'- cent being lost within tour days offield application.
Clude e;arthy odor: dark greyish-blaick or brown- When collecting and storing manure,ish black color; .1nd fHuffy', crumbly structure, 

care 
should be taken to prevent the lcaching of urine.

However, color alotne is itot Agood indicator of lecausc they are ii solution, the nutrients in urinefinished con post, bcausC the' appea rance of rich arc more read ilVava i 1able,(Br plant use than thosehumus develops in good compost lolg before de- in the feces. Slightly nore than one-half of thedining temperatures signal tle decrease in nicro- nitrogen, and nuch iore '1aill thlmrcc-bturtlis ofbial activity, the potassiumn excrctCd by the cow are iii the urine
Chei~nlica l aId biological tests used by larger Most of the , hosphlorus is ii the fics. (MacLtan

operations can give a niore obvious inidicationi of an1d I lore, 1979) See ,Olte 3.wheon coiipost is finished. "lstiig the (/N rattio, A StuldV wIs coIiLidted \vwhere approxi
starch deterniinatiomi, oxyvgen coIIsuIIptiOni and niately 3.6 toils of 1 IlixturC of Cqual parts of
CO, evolution, imicroorgaulisilt counts and plant lorsc and cow Imnmure was placed in I wcithergrowth are a ixv such indicators, tight shded. An equal anount was exposed to the,

Ihe final cdIlpost is itiicl lower iII iloisture1 weather in i sidesopen box with woodei ild aand bulk than the original pile. iis reduction wooden floor. lible 4 shows thc 1iou1ltS of t'rresults front the conversion of somer of the sub- nlizing elements that wcre lost in each cistc. 'heCstrat carbon to C0), and 110, which are lost to ,hiCflosses occurred during the first thrce months
the atiosphere. of storage. Alier 12 niontlis, about 1(I percent

The C/N ratio is lowered gradualllv through- more organic iiUttC, \vwIs dIsIIrove' in the exposedout the colnpostiing process as C(). is lost. A final nianiure tIan in the, prottcted snIplC, and nearlyC/N ratio of between HIfand 12 is tle acceptable twice is much nitrogn \vis lost. Tht, losses ofrange, for agricultural purposes. If'it isany higher, plosplioruts 1iid potassititiI roun the exposCd mla
the compost will continute to decoiltpose after being nuire were large. (Maccan and I lore,, 1)79)
applied to the soil, at the expense of-soil nitrogen. Iln addition to coinserviig Inutricnts, cotil
(Golueke, 1977; (o;tias, 195(; lo-iclot, 191/2) postiig nanurc has sCvCral other adValntages overThe controlled decounpositini of the pile convetinoinal mnur liandliig. lhe dCconliposiigpermits more organi: ihatter to be coiiserved and processes, by releasing C) and 112,). can reduce
6orii stable huInus than would happen it'the na- the volini c by 25 percent. Also, tile compost be
tcrial w'ere applied directly to the soil. liI coinvein- coes less dCnSe during the process. n)iestudy 
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Table 5: Composition Range of Beef Cattle Table 6: Evolution of the Main Nutrients
 
Feedlot Manure and Composted Feedlot (N,PK) of Farmyard Manure During

Manure. Composting.
 

Composted Length of

Feedlot Manure Feedlot Manure composting period
 

(months)

Moisture % 50 to 88 19 to 25
 
Nitrogen % 0.9 to 1.5 2.0 1 3.0 Calculation basis Nutrients O 2 4 12
 
Phosphorus % 0.3 to 0.5 0.9 to 1.2 %dry matter basis N 2.1 2.9 3.0 2.6
 
Potassium % 0.6 to 1.8 2.8 tc 3.5 P,0, 1.1 2.0 2.1 2.3
 

K20 1.6 1.6 2.4 2.5
 

%of initial dry N 2.1 2.0 16 1.6 
matter P.O., 1 1 12 11 1.1
 

sh'ws that by colibiting tilte rcductions ill vol- K;.O 1.6 1.9 19 1.5
 
nnc and density, cotpOsting redces the entire
 
Mass to three-eighths ot'its originil sze. lBv comi- Amount as %of N 100 95 86 76
 
posting, the cost of hattling manure 

toI 
tek 

initial amounts PO., 100 109 100I100
to t fICILs K,O 100 90 90 72is lowere'd, because with a rcduce'd volunc of'ma- ,O -.100 90 90 72 
terial, less trips to tile fheld t1s1 be made. (Saihs, Organic matter present as % 100 68 46 38 
1979; Y , 'll Farm Energy Protect, I98iI) See "l*bibe of initial organic matter 
5. 

TI ,ost significant cnttributiou of* oni
post is its long-tern eflect on pCInattCnt soil lfter
tility, structure, tilth, and permeability. It its rol E.xcess nitritication is nitdesirable, because 
as hllnus, cortpost las tliaiy clar'ct'ri, is which litratt litrogen is mpletecly it loliIc ilt soils atd 
exert a beteticial itlluence ott the s,hI i: Oiatt(lt mo'es with tile soil w,:tcr. When botrund il micro
growing vegetation. Iln the soil, it (- to bC bial tissue, the nitrogen can be available at a rate 
degraded by microbial activity to .V .. ) and which can be used by plants, and losses through
inorganic salts. It has aItigh :'apacity fr ease cx- leaching are IIitiizcd. (;OLcke, 1977; Tisdale
change, ft .'lbitiin; with ilorganic soil cotust'- and Nelson, 19175) 
nents anrid for water ,bsorptit. 'EthI o iIllustrates the ciattges itt orgatie iat-

Orgattic acids resiltitig frottt the tttCtabolisil ter anid utitrictIt cotttett occurrttig dtrit a 12
of orgaitic ntatter are capable Ol'dCcottipositIg ccr- 11tot1thtcoIlIpostitg perioI. 
tain soil ntintcrals. Specifically, this orgutic acid ;Oil stincture is greatly improved by cotII
prodiction plays an itu portatit role ill inucreaTsing post applications. (ompost protiutcs a crumbly
phosphate availa blitv. lIlospiorus itt this c nit- stuctulic, wIthich iItt cicss til" Ivailab.lc oxy\'gent an1(i 
bincd tortit is tiiort casly assitIilated( by plants. the watcr-ltnldittg capacity of1the soil. ihis in-

Nitroget is storeLI itt tIticIobial proItopIasttl creased pore vonliiitC allows root systtls to Lie
and becontes available wheIt bacteria die atd tIC- vclop tiorc extensively. ((;oltckc, 1977; ()tt (.1 
compose. This gratial dieconiposition of insoht- (1/., 1982)
ble organic iatter results itt a cottituous supply It isdifficult to assess eacl lactor ill tile COlli-
Of amm111onia, Which catl theit bLcOxidLizCd toIll i- posting process separately, when aci dLepelILIs oil 
trites and nitrates. all the otliers to sonic extent. The optiitum levels 

Dle to its catiolic niatutre, aitt1It1tliiiu1 is ab- for the process have bCC outttliied at1id shotlId be 
sorbcL by the soil colloids, anid inay be retainled adihercd to as closely as possible to proLidcC .1fit
in the soil for long periols Of tithe if CL'itnitIils isltcd product that is itn eftictive soil couhiditioutr 
fo)r nitrification are uttntti'orabl. The binding Of' alld t'rtilizer. 
N ii protoplasti ihibits nitrificatioi ill a two
step process, ii whicl aintioniai is first c(llvcrtcLd 
to nitrite (No.,-), atid then to nitrate (N(),). 

2NH4 " + 302-2 N0 2 " 2 H20 + 4H + 

2 N02" + 0 2 - 2 N03 " 

http:Ivailab.lc
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DISCUSSION
 
Biological Aspects of Composting 

Q:(Kasembe, TARO): To what extent have 
"biovegetals" been used in composting? 

A:(Liebhardt, Rodale Research Center): L3iove-
getals, or inocula, in rapid composting, is a 

new concpt which has been practiced iII the 
U.S.A. It has a bright f'ututre i the use of 
organic fertilizers in problem areas, as they fa-
cilitate decomposition. 

Q:(Keswani, University of I)ar cs Salaam): Whait 

is the final stattis of microbes when compost 
attains tcipcraturcs of 60 C to 7) C-cspe-
cially plant pathogens? 

A:(Licbhardt): Some are destroyed. Plant patho-
gcns are usually not therniophilcs and cat not 
withstand high temperatures. 

Q:(Johnson): Is it possible to mix sawdust with 
chemical tfertilizcrs in order to make compost? 
Could urine serve as a nitrogen source inthe 
process? [low long should sawdust be pr-
com posted in m aking compost? Sawdust is an1 
abundant by-product of sawmills, anrd its dis-posl psesa poblmis 

posal poses a problem. 

A:(Lieblardt): Sawdust is a poor material for 
composting. Bacteria will be clf'rontcd with 
a highly carbonaceous material. They will take 
nitrogen and cause nitrogen dcficiency befbrc 

they can decompose sawdust. Also, ifsawdust 
is very tine, adequate moisture will be a problem. Sawdust can be used as a mulch, and it 
will decompose slowly. The use of rine may 
n ot e cl, t hc use of iii 

not be practical, and neither isthe use of I
trogenous fertilizers in sawdLIst Composting. 

Q:(Semoka, Univcr.ity of l::r cs Salaam): Ma
ures can be applied fresh. What arc some of 

the problens ofthis prace 

A:(Liebhardt): Fresh manures are decomposed 
rapidly. This lacilitates least loss ofnitrogen. It 
should be incorporated, especially at the onset 
of the rainy season, and covered by soil. Earm
ers can combine the use of fresh manures and 
Compost. 

Q:(Mwvijage): Ilow do we ensure that the com
post pit is kept optimal? I low do we ensure 
thlat moisture is kept it 501percent to 60 per
cent? 

A: (LiebhardQ: The pl could be adjusted by add-
In(Lic a d ;h be gst
prp c ould i tdj i a tio 
ing lime, aud a proper earbon-to-nitrogi ratioinmportant iincoinposti,;g. The paper on 
methods ot compost preparationlelaborates on 

these aspects. The proper choice of ingredients 
is important. Adequate moisture is ensured by 
repeated watering during layering of compost 
ingredients. 
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METHODS OF
 
COMPOST PREPARATION
 

P.B. Ngeze, P.O. Box 274, Bukoba, T.nzania 
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 o 'liuzaia's ag- product (I)alzcll ct al., 1979). I)r satisfactory rericulture. Nutr,:iit selt-sufliceic,, is part of that suits, the organisms must have s0lhcient food. air, 
eflort, and compostiig of plant and aniinal resi- moisture and warmth. All wastes in the compost
dues will help o close up mtricnt cycles which heap must be decomposable; a general rule is that 
now result in the loss of valuable resources. Coin- anything that once lived will decompose.
posting should also help preserve nutrients, re
store soil f'rtility and increase crop prodictiou. Preparation Methods 

Compost making ca i, be labor-intensiveP
 
theretbrc, fresh manure call b incorporatcd rite icsto be considered 
 in selecting n
the soil just pri!)r to planting. This conserves both posting area include proximity to animal houses 
labor a,,d nutrient resources. and water, transport of raw materials and finished 

In Tuvai, i tile Se o decoitiposCd or-gilll]C ('OllPOSt, Ailld v\oltlitlC llt S(AiSOII Of 'prlhttlCtilI.
 
materials has I''it bCC practiced in SC11001 and
 
home gardens, and in baunaa- and cof'ce-grow- Equipment Required

ing areas. AlthougiLh compost makiing is not new
to most tricrs, thl science behind it is perhaps Compost heap preparation can be dotC satnot properly uiderstood. ist'actorily by using rudimentarv equipment which 

most farmers have or can make Casily. Fquipmtc 
,d variousTid varios dsr Of-C preparationipc for collcctig alld transporting orgalic Wastes, suchpaper damntlmethods of compo~st prepration - ,as stretchers aud bullock -arts, can be made from
propriate for "lhnzimiian fiarers. Modified ap- Iiilt poles to incriease carrying capacity. I leaps
proa-clcs to composting as;,Io tc,:,ribd. F~rt C 

cotiditit u il ILizaia iaare Also described. Further ub.
 

cou~ionsm arLzanidictated by prevailing 311abc constru~cted and tulrned with forked spades 

intmormatiol on compost preparationl is tiid il .ota hoes. i 
more compreheisive books (Anonymous., 1978; Thou t 
Golucke, 1973; I-lox''ard, 1945; 1loward aind \id, u,,ing poles i, to 8 ficet long (2 to 2.5 Ieters) and
 
1931; Mimich ild Ihnt, 1979) mid monographs
( i)alzcll al.1 lot. Lip to 2 inches (5 cititmeters) in diameter. Water19); igomigr9ip)s iig can be done with locally-available tins, clay
Fo)astell ica!., W979-; 951; 7) he. tI-~pots. cans or gourds. Such vessels should be finely

For East Afica, Wilsoni (19Th; 1957) h1as (Le-
 perforated to enisure eveni water distribtioii.scribed a compost preparatioii method based on 
19wards Indo method (Mii id Filuiit, Preparation of Materials 

The methods presemited shlold be viewed Fresh grecit materials, like weeds and vcgc
more as guides than absolt recipes, because table or fruit trinmtings, cmi be used without pre
compost can be made from many materials or treatment. However, bulky items, such as baniana 
mixtures. It is impossible to cover every conceiv- psIcudostCms and other herbaceous materials,
able situation. Theretore, outreach programs need should be chopped into smiall pieces.
to mderstand the basics of compostiitg and ood- Coarse materials like maize stalks must be
ify the composting operatioi to meet existiig cir- cut iito pieces ito larger thrit 2 inches (5 ceiti
cuimstaimecs. What is important is thai coin posting ii.etcrs) u:.,ing "pangas." Rice bran. dry tree leaves 
be used wherever possible. or straw calt be used without prc-tratlcit, but

Compost is the result of the breakdown of woody materials, like sugarcanie trash, ree bark 
orgaitic wastes by enorittotis mtliibcrs of' itticro- .ilid sawdust, call be prc-e' iiiposted ill moist
organisms and soil tiniia in a it oist, wariin, aer- eartlhten pits amid added to tile Conmpos t hea.p whci 
ated cnviroimit to give a stable, humus-likc cud daittp. They Cl also be used directly. 
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Where possible, materials for composting there is no inner cover, hygienic conditions be
should pass through aninal sheds as bedding ill conic a problem; during dry weather, a large

order to soak in urine, which is rich in potassium quantity of water may be required to replace what
 
and nitrogen. (ow dung and poutry and pig feces is lost by evaporation from the stack.
 
can be used directl. The Pit Method: This technique is most ap

propriate in the dry Season or when water is a
 
Making the Compost problem. Its advuLtages ire that it does not perlit
 

There are two methods (Univ. of Calif at excessive oisture loss, and, where organic nut
is of kitchen origin or animal waste, it is aBerkeley, 1953) clnployed ill Comnpost preparla- ter "
 

tion, and the choice of which to depends n mdopt
more hygienic method, as these wastes are buried 

several thictors: climate, technical ability of the that they do not becoiie a bredng ground tirI 

tarner, equipilent waill.iblc, amount and type of houseflies (Gotaas, 1956; Rodalc, iP7: Wilson,
 
wastes avai ibc, aid the quinultity of cotmpost re- 1957). This Imilitatcs An ill silo !uild-uip of bacte
quircd. rial and tiingal iMocula for eventiIdecolmpOsition


of new organiiic mattci thrit is iddcd. Ilowcver,
The Stack Method: This technique ivolv'es tabor costs in digging the 11id hlndlilg ,uLI
 

the preparation of compost ibove the groUlld. It turn* the COlptst piiMturear rather hilig
d )an
is perhaps easiest 31nd most suitable durinigg the miatpoorcopositl froln atlerlogging

si\'es
rainy seasol; and SI labor during the building, Also exist.
 
turning and handling of Compost. lowevCer, it is A pit ofLiiLinsiolns shIOwit in i I is dug

inconvenient when inakiig smill quaitities of 


rainy season; ~gers of P(u- LecollitpositiitIotwtrlgig 

into the soil. Areas with a high water table should
 
coMpost, since decoiitnpositioi niliNy be poor. Where be avoided, id pit depth should not ':xceed 2 feCet
 

(0.6 ineters) or acration will be advcrscly atticted. 
For ease of coiipost liaidling, :11c pit shoulL haveFigure 1: Structure of a Compost Pit (Cross slanted edges. Usually, three pits irC dug adjaccnt
 

Section). 
 to each other so that transterring, coilip)st dtilrilig 
the turimng operation is casy. Air vents ate Coll-

Outer cover soil strutted with poles, is shiwvn in Figure 1. 
surface The timli to iatirity will depeli nit the la-
Inner ture of the ingredients, moisture rcgilnic, the excover 1 ft. (30 cm) tent of acratiOLi, Alld JilnbiLtnt cOLditions. IIia 

tropical eivirolIielit, LiCColliosition is ist under 
- optimnunt cLtLditilOS AIn reaction is complete in 

(60ft.cthree iiiths. 
lining the coiipost permits rapid dcconi

26 ft. 45 slope position at high temlperatures. This iiicrease in 
telnperature is die to nceiasee Ill. robiall acin III 
tivity. A teliperatur it 55 C.to (i)C 128 F to 
14) F) f-or One diay is essential to kill lmtst weed 
seeLis MiId patlhogeins. The licps shtoiuld be no inore 

8 5 m than 8 feet (2.5 icters) wide aid 5 ftct (1.5 lie
tcrs) high, to encourige aeration aidl prevent over
heating in the center. 

ChaIges il pl I Lurinig Coltpostilg are shownmi oin Figure 2. The organic naterials becolic acidic 

1st turning 2nd turning 3rd :urningIngredients (2 weeks) (2weeks) 

Use 

Pit1 Pitf2 Pift3 0 
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Figure 2: Temperature and pH Variations in a Compost Heap in Relation to the Major
BiologicalEvents During Composting (after Dalzell et al., 1979). 

initially, and turn slightly ,:kaline after ti\v days. First Layer (bottom layer): File role of this 
Regulating pH is important, because highly alka- layer, which consists of coarse material like dry
line conditions lead to excessive nitrogen loss by grass and leaves, is to help with aeration -id pre
volatilization as ammonia (NI-I ). Nitrogen can be vent watcrlogging, and to absorb leached nutri
conserved by not adding wood ashes or litestone ents f'rom decomposing layers above. This layer is 
to the heap. In the past, lincstonc (calcium car- 10 centimeters thick. 
bonate) was widely used. This usage persists to- Second Layer (organic waste materials): This 
day, but studies at Berkeley (Univ. of Calitf at layer consists ota variety of organic wastes to be 
Berkeley, 1953) have demonstrated that it causes decomposed. It absorb:; plant nutrients from lay
significant nitrogen losses: The alkaline conditions ers on top, and can be up to 15 centimeters thick. 
caused by the limestone appeared to tavor the loss Third Layer (animal manure): This layer
of nitrogen as aminionlia,1. consists of any type of anitial manure, which 

Wood ashes arc even iore alkaline than lime serves as an acti'.,tor and adds nutrients, espe
in most cases, so their use in compOsting should .ially nitrogen, which are necessary fi- microbial 
also be discouraged. They should be return' to acivity. It is 5 ccntimeters thick. 
the soil, however, as they are a good source of Fourth Layer (soil): This layer of 2 ce,,ti
calcium, magnesium and potassium. 1rieters prevents escape of N-I, gas from the de

composing layers below, and prev,:.nts escape of 
Layering of Materials heat. Italso adds mineral elements to the heap.

When building a compost heap, tile layering If necessary, water is added after the soil layer
of organic materials is essentially the same for to ensure sufficient moisture. The above layers
either the pit or the stack method, assuming wa- and watering arc repeated until tileheap is 1.5 
ter, organic wastes and kraal nianure are abun- meters high. The soil layer covers the top of the 
dant. heap. 
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Air vents, which are optional, consist of poles Layer 2: Organic waszes and legtntinous 
inserted into the material, plant materials, 30 centimeters. 

Cover: This protects the heap from rain or Layer 3: Soil, 2 centimeters. 
too much sun. It should be constructed with lo- Add water if necessary and repeat. 
cally available, inexpensive materials, such as clay Making compost in areas wlherc there is a 
and animal dung. In some areas, a cover ofbanana water problem, but herbaceous plants (sea
leaves during composting would be advanta- sonal) and cattle are available: 
geols. Iv water-poor areas, the pit method call be 

used to conserve moisture. lerbaccous plant na-

Turning the Compost Heap terials like legumes, elephant grass and fruit peel
ings can be used in compost preparation using the 

Turning the heap is essential to facilitate mlix- endogenous water they contain. Tile material is 
ing of organic materials, even water distribution, chopped into small pieces and laid in cattle build
aeration and decomposition of the hcteroge,,os ings to be nmixed with urine and excreta. 
raw ingredients. Layer 1: Coarse plant material, 15 centinie-

Within a wcck after completiig the heap, tle ters. 
center should wvarn LP to its llaXimuitmli temper- Layer 2: Chopped herbaceous material, 30 
attire of 60 C (141) F). The combined etfcts of centimeters. 
heat, nioisture, and microbial action weaken the Layer 3: Kraal manure, 10 cemtimeters. 
fibrouS stXeng-th of organic waste. Layer 4: Soil, 2 centimeters. 

At thi., temperature, weed seeds and patho- It is important that the herbaceous plant ma
gens will have died. But at the bottom, sides anid terial layers be pressed against other layers so that 
toward the top, the temperature drops rapidly. moisture fron the plant material will become 
Material in this cooler region dccomilposes slowly, available. The importance of" the itiner cover ti
and noxious weed seeds and disease propagules dcr such conditions is indispensable. The turning 
may not be completely dcstroyed. operation can contnence aftcr 21 days or longer,

Normally, the first turning is carried OUt 14 depending on prevailing conditions. 
days after heap building, and repeated every t\vo Composting of Kraal Manure Only: 
weeks until the compost is ,nature. )iring each Kraal nianmire is a significant nitrogeni source 
turning, water is sprayed as necessary. The unmi- which needs to be conserved. It is suggested that 
ber oft trns required depends on the nature otthe mianure be piled fii an area close to the kraal every 
organic materials and the attention paid to aera- two to tbur days. liiiediately, 2 centimeters of 
tion aid watering. Tile addition ot'2 coitieters soil should be placed over the manure, to protect 
of soil to the top after turning would reduce am- it froni sun and rain and to prevent loss of fill
monia loss. monia. If dry, carbonaceous material is available, 

it should be added as a bedding material to soak 
Compost Maturit up liquid. 

Coipost is considered natuire Nen thle nis lThe tild be altk mated until the pilelayers sh 
has cooled (mesopliilic stage) and s; rtmik to less is about 1.5 meters hii, or Il Maita'emiit Of 

than half of the original volume. WAh tile excep- the pile becomes too diffictlt. ,ice complete, the 
tion ot twig parts, nlone ot tle e igial compo- pile can be sealed off by clay and dung. 

nents should be recogmizabl,. ',Lture compost has Trouble-Shooting in Compost Making 
a friable texture, al cartl" '11,and dark brown 
color. Tile most common probleii in .u*1 post 

preparation is the lailure of the pile to heat up 
Compost Preparation Techniques quickly. Under normal conditions and with opti

in Certain Problem Areas in Tanzania nuumn proportionls of carbon and nitrogen, the pile 
should heat uIp in one or two days. I)turing this 

Sone tfarmers in Tanzania intending to start period, the compost heap passes through stages 
making compost lack sufficient water and/or ani- of warming-up (3) ( to 41) C), peak tenperature 
nal nlanure':. I)etails tbr making co(mpost Under (60 C to 71) , cooling down (amibieiit) and ma
these conditions are listed below. turity. 

Making compost in areas without livestoc:. If the pile does not heat, there is probably too 
(especially cattle) bit with plenty of water: much or too little moisttre. The material ill a 

Layer 1: Coarse plant materials, 15 cemti- compost pile should be uniformly moist; excess 
meters. 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 dr outer 
materials with moist inner materials. If the pile is 
too dry, sprinkle it with water to a point where 
free moisture can be squeezed out by hand. The 
optimumn moisture content (wet weight) for coin-
posting is about 50 percent to (1) percent. When 
the compost is finished, the moisture content may
be greatly reduced for easier handling, 

The size of the pile also detmincs how Cast 
the temperaturc will reach the thermophilic stage
(peak temperaturc). Small piles lose heat t'ister 
than large piles, since heat loss is proportional to 
surface area, and heat generation is proportional 
to volume. The larger pile, having aismaller ratio 

of surface arc. to volume, loses relatively less heat. 
Pile size should be at least 4 cubic feet. 

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

Finally, ifthe piles are not thoroughly mixed,
decoumposition may 1e 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 ccss. One has to maintain a tcmpcrature of 60 
between turnings? Could one week be sng- C to 70 C for three to four weeks. In China, it 
gestcd? is a sophisticated process. 

A:(Ngeze, (CM chairman, Kagera): No obljc
tion, depending on the nature of ingredients. Q:(Lwoga, University of ar s la 
Under ideal con1dition_;, 14-day intervals have the authors considered the cost of operations ,;, 
been recoill lnCd.d compost making that the thrmers would thcc? 

A:(Ngcze): When the tatrnicr is made to uinder
Q:(Miuzava, University of l)ar es ,,alaan:): We are stand the bCnCfits of' compost Use, and adopts 

advised that compost inaking nsing the pit cinposting as a routine opcration in handling 
method is a sanitary process. H-low do we on- organic materials available to him, the costs 
sure against such hazards as hookworms dur- involved are usually mnnimal ii comparison to 
ing compost making and handliig, when the the bein'tits. 
use ot human excreta is consid:rcd? 

A:(Liebhardt, Rodalc RCsearch Ceter): A dry Q:(l-laq): What is the role o anerolic organisms 
process using ashes and huiI ian excrement has in organic matter decompositioln? 
been dccloped aid tested ii (;uatcnaIla. This A:(Libardt): Fhcc He alas ,acrobic areas 
method was cflectivc in controlling interial 

in parts of' the compost heap. Under this con
dition, rate of organic matter decomposition is 

A:(Hlarwood, RodalC Rcsearch (:enter): -lan- low, and temperatures of 6)C to 70 C would 
dling human wastes is a high-teclnology pro- 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. Fnrestry and Veterinary Science,

University of Dar es Salaam
 

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

Usually, conventional farirn.g systems c isider Chemical, physical and biological strategiesnutrient cycle, only in a chcn',ical sense, placing can be devised to increase nutrient supply andthem second.:: y to the additioa of purchased u1- availability. Hlowcvcr rather thai trying to achievetricots. These purchased inputs may or may 11ot these goals only in the short term, a regeicerativeincrease the yield of the associated crop, and, in system-onc that creates aid conserves mtri
maiN instances, arc not regenerative, cuts-sceks to manage these supplies over the lontg

Kock (1982) stat,,;: term. 

Siistiil'lih pitiiWads to 1.Iiultiiral dtvelo)- Nutrient Availability and Stability inmetit iouhil itihidt all itnpit-s, vit(,Q tchtolo s, /itr'htho"
 
ftse or ,iiateiom t;, hlitioil ,.xpcrince1r iom sci- Co mpost
 
eltic E.VJU'rimtii. They,isti ht xci: h't),
CC,/k,- In most f1.1rminig systems, iiitrogeii i,.the miostical criteria, k,tt,),-,iiQrac.tices 111 . I), Co- crucial nittriciit h ,r crop prodtctiOcIn assessingnIOlic critriT, cost)' lisittfidl/h hiih-ili t tciti'tip'S, 

InI 
the agronio10ic aspects of'orgaiie inmaterials in ag-UsC ofl this sitt of iiitt ii es /htsiistii ii/rh1/h riculturc, the tollowing characteristics of thesepractic's c,ililot /Itcalh'd ecofloolic.. l!,l),'ly, materials,them, Iri- anod conditions associated with their use,

tCrii lielps ill the, o lrtiitat;o riidt'llsat-
C.is to rope ivill th lt'i,al.: 

1titO1, should be CvalatCd and, where possible, quaimned: I1)The mineralization rate of the ditThret 
We would like to develop nutricnt-creatilg materials;

and nutrient-conserviig agricultural systciis which 2) The residual etfects fro the use ot the
rely on mianagement as much as possible to pro- organic materials;vide nutrients. For example, leIgtumcs fix nitrogen 3) The ptthcts op rpanures and compost 0n
and theretbre remove inert nitrogen gas firoii the the physical properties nfsoils. 
atnmosphere aid conivert it into forms which can

be used by plants. In a strict sense, ,ttrients or Figure 1: Generalized Nutrient Availability

matter camot be created, bit their availability can Diagram.

be enhanced through mianagciimt practices. "b ,To 

achieve this, the concepts of nutrient cvClilig must loss . ' iiS .,,,be understood. Vo" I ,
01,,i,.,o 


Nutrient Cycling-An Overview f---

Nutrient cycling involves not only chemical,
 
but physical and biological tactors. Figure 1 pre
seilts the genera lnu triciit flow iII 
 a soil tbr aiiy t.S,)J Msa! S. r'tw, OikM lrrrajl 
eleiet. 

As the figure indicates, ntfitriet cqulilibri:i are 
extremely complex and dynamic, cliaigiig as the ,.oJ,,11... 

soil environmient chaiges. Orgaiiciiiatter, water, 
temperature, oxygen, aid soil P1-1 Iarg,-iy Hiflu- i i ... , 
cice the state of nutrients and their availability .t 1 a given time. The supply of aniy nutricnt can be ---- ---- --.-
iicreascd or decreased, short-ternm or loiig-tcrni, Mrepresents any nulent Boad broken lines represent possibleby the level and type of nIanagemeit that the inputs Narow broken lines represen possible losses Solid linessystem receives. represent redistribution within the soil-plarit-armnial losed system 
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Pratt et al. (1973) have proposed using a sC- In a four-year field trial (1970 to '74) at the
ries of yearly mfine..alizatotion rates, which they called University of California, two types of niantures 
decay series, to estimate paranietcrs I and 2 above, were used for barley grown in the winter andwith particular retticice to N. lhey proposed sudangrass growni in the suntnter on a I lanbrd 
that the rate ot dccottposition will dcpeLd .Oil the sandy loan] soil. ()ie nanure was a liquid ma-
N content of the material at the ltle of applica- terial collected froml a teCdlot, and the other a 
no], atnd suggCstCd the mineralizat ion rates sio(owi solid ttaterial t'ont a da ry corr I1.
in ELIle I tbr ditierent manutres. Ile liquid (90 percent vatcr) was a tresli 

The decay series l).9), IH.I() and ().05 for material hauled to the site and disked into the soil
chicken itmatntu re ,ieats that ')( I) crcct t'tlie added within 48 hours at'er application. Field research
nitrogcn would be tititctrali1cL during t le first sloved that 75 percent o( the nitiogeti inl this 
year, while 1(0 percent and 5 pcrcent of the re- liquid was available tie first year after application,
maining N \vottld be itincrialicd duriting the see- wvhereas only 45 percent of tie nitrogen f'rotn tile
ond an,' third y'ears, rcspctivCely. Itt suseqotuct solid manure was avaiIlblC Itt the first \'ear. 'Ibtal 
years, the mincraliAtioti rate Is expctcd to be nitrogen itt the liquid itaitrc vas 4.5 pcl'cent oil 
percent. lPrau et ,/. (1970) atdt Iratt atnd (Castel- a dry weiglt basis, whteteas the solid mature cott
lanos (1981) hive n'p)rtCd data supporting this t.itted I .0 percent N, so tlhait () poutIds of ttitro
hypothesis. geti, were Itadc available for each ton ofdry we ighit 
Table 1: Mineralization Rates for Different Manures During the First 3 or 4 Years After 

Incorporation. 

Type of material 1st year 2nd year 3rd year 4th year 

Chicken manure 0 90 0.10 005 -

Fresh bovine wastes. 35% 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 
 035 0.15 0.10 0.05
 
Dry corral manure, 10% N 0.20 
 0.10 0.05 -

Liquid sludge, 2.5% N 0.35 0.10 0.05 
 I 

Source Pralt Wtal, 1973 

Tablh 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* 

Total Mineral Organic San 
Manure N N C C/N Holtville Emigdio 

Composted dairy 1.97 0.030 24.0 12.2 13.6 20.8 
Beef 2.56 0.023 36.9 14.4 27.5 40.3 
Sheep 2.28 0.075 30.3 13.3 27.1 35.8 
Composted dairy 1.91 0.030 19.3 10.1 7.7 13.6 
Chicken 4.59 0.153 29.8 6.5 54.9 64.9 
Composted chicken 1.70 0.215 11.0 6.5 34.4 34.8 
Pig 3.86 0.142 38.2 9.9 37.7 46.9 
Dairy 2.87 0.078 34.4 12.0 24.7 29.7 
Dairy 1.99 0.037 31.6 15.9 13.1 23.8 
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 nitrogen3 

Total Mineralized Mineralized 
nitrogen nitrogen' carbon2 %of Pounds Pounds per

Manure (% of dry (%of total (%of total total per ton 15 tons 
type weight) nitrogen) carbon) nitrogen dry wt. 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 2.9 21 16 30 17 170 
Dairy 2.0 9 10 24 10 100 
Composted dairy 2.0 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 laboratvry 
'Carbon mineralized in one week of incubation in the laboratory
 
3

Nitrogen available during 10 months of cropping in tlhe greenhouse 

'Pounds of available nitrogen for a 15-ton application, assuming a field weight of 67 percent solids and 33 percent water 

Figure 2: Nitrogen Mineralized From Manure- added, or trot,, I) tons ofliqaid weight. The solid 
Amended Samples of San Emigdio Soil' manure gave only 14 pounds of N per ton of dry
Incubated inthe Laboratory For 10 Weeks, weit. 
Expressed as Percentage of Total N. Fturther research on this subject with 1) ma

50 hures and composts by Castcellutos and Pratt (1981)
showed that both the material and soil type deter-

Chicken mined nitrogen availability ('Table 2). 
In this case, available N was inillcral N plus 

40 let iltineralized N during a ll)-molh greenlhouse 
Pig cropping period, where barley (llort'dcm vu' tare 

L..) aId sodangrass (Sot.lr s danmese) \vere each 
30 harvested twice. Available N varied frolm about 5 

Composted percent inl very old colIlpostCd dairy ilautre to 
00 hic percent ill manure.0....65 chickeni 

Thetirate of N release over a I()-week period 
'i 20 / Beef, -each iaterhil in the San Enigdio soil is lre-

Sheep sclited inl Figure 2. The data shows that t'sh 
chicken iianmure was decomposed ait the tastestDairy (2.9% N) rate, whil," old dairy mant, cs wele decomposed 

10 i.,atthe slowest rates. Otier mantures were inter-
IIClledate. 

The dairy nianure containing 2 percent N 
-- -/Dairyton Conr posted and a uri/N ratio of 15.9 showed N ilmtobiliza-

Day (Average of tiring the first tbtr weeks of incubation. 

Dairy 3 Manures) Barlev ill this treatment yidded less than in the 
(2.0% N) control in the tirst cutting. 

-10 I I I I Tble 3 gives additional data oIl the set of 
1 2 4 6 8 10 ialtres tused ill the above studies by CastCllanos 

Incubation Time, Weeks and Pratt (1981). For instance, colmlposted chicken 
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manure had nich less total N than fresh chicken Figure 3: Hypothetical Yie!d-Nutrient
 
manure, and that N was about 
 alf as available as Relationship
 
the N in the fresh manure. Tlius, the cotiposted

material per unit weight was about one-fifth is 100
 
valhable insupplying available N as thite freshina
nure (Table 3, colunni i).
 

The three coi pOStedt dairy manures had all
 
average total N concentration of 2.1i percent % Yield
 
compared with aInaverage of 2.I percent tbor the
 
tw o Illainiies collectd froll) dairy corrals. Fhe
 
data suggest that the co i ipostcd dir ii n~u's, 
 Rela,.ve Soil Nutrient Concentration 
excluding the very old conlipostcd mtcrial, I ro
vide about 51 percent IsIltlCh available N isthe mated that about onie-sixti of tile organic phos
fresh dail'y mllltelS. Thc very old cLoItipOsted pliorus present in Imnal mnrcs Illay be liner
nanure proviids about 2,1 pci-cent as 1iuichi. AIlizCl during tile firstycar of dccouposinIon.

Tli 	 data sitow\ that Loitipostitg pro)ducs tOLItassitni cxists priiiirily is tilepotissititll
materials with highly stable N antd ( that is in- iom, eveti in biogical systcns. lhercfilrc, it \will
dependent of total N and ( contcnts. (Compost- be highly soluble ald rIcadily ivail able to plants.
ing 	 reduces odors and IeatC S bettCr physical I lowcver. dLC to its high solIbIlit\. lcaching losses
properties, but drauaticallv rcdiucs the v.lC of illaV be largc: wy's of IImitiiiuIiitig this loss during
the nianure as a N firtili/er. coinlposting should be practiced.

Pratt and (astcllatios (1981) have also shown ( alcitin aid i1agneltSilS 1 ire less soluble thlllthe practical iniplicatiotis of' the mitrogcn relcasc potassiu1, so lcachiiig should ilot be a probleni.
rate of these materials. Thie list cohunniti iii lil Availabilitv ottecse nutrients results primitarily tron
3 shows the pouids of nitrogci availablc frOtt a . contibinatn tobiolgical activity and inorganic 
15-ton per acre applicatioi of'air-dry 111.1t111C ,As- chnliical equilibria.
sulied to contain 33 pci'cit witcr. It is obvious Sulphur availability, like that of phosphorus,
from tile data that 15 tons per acre of' the fresh is largely a resul ,fbiological activity. The coll
chicken nIanure with 4.0 percenlt nittroge is too centration of both nutrieits in most bio!ogieal 
nuch .A rate of'5 tolls per acre would be appro- systets is vcrv siiillar. 
priate for niost situatitmis. Btt tr cOipOSt(d The micronutricnts in compost should sup
chicken manure, 15 tons per acre is nccded to ply tileneeds ofniost crops.
 
supply even a I tioLst a111o0ti)of availableIn litro
gen. While for tleo]d, coinpostcd dairy itre, Crop Response to Compost and
 
applying I5tons per acre would provide only\ 20 Manures
 
pounds oflav'ailablC nitrogen. Figure 3 dcnionstrates that yields increase)ata troin botl tile ielI trial and the grcen- iraniatically witli sniall conpost applications in
house sh ow tiat the nitrogen avilIable frolini1a- infertile soils and decrease per unit of input as

iures depends ott the type ofaninial. the nitrogen nutrient suflheicvnc is approaclied. Iiusing la
content, anid the stability of the iuitrogei o- the nure or conmpost, ncir optiniun ipplication ottall 
ease 	witl which it is iliicralied. land is a wiser strategy than using it ver hcavily

Mantires ;tgcd by wetting aId dryiig aIthey il sonilc arcas aid not inothers, asstliniig soil
accuitiulate oul tloors Ocrndr cnS lose iiitrogeni conditions ate CLlal . This was dcelionistrated by
by volatilization ofaititotnia: the reminiiiing orgaitic I liltian and Mtorelock (I 982), who worked witi
nitrogen is itore rCsiStatlt to IIiieCrAliioti1. Tle ottotll ginl CutilpOst oltgreen beans iII Arkansas.
extreice of this stabilization priccss takes plac CACil.itiOlIs from0their data of total analysis
duritig cOipOsting., wich prodices nMaterials with if the ash indicated that the N, P.,()and K,(.)less odor aid good physical properties. but with ratio was 	 nearly 2-to-l-to- I. lierefhre., a 3-tonllower nitrogen availbilitV. f'or optitlizing ApplicltiO l s 
nitrogen availability, it is best to apply tihe Ilal',!rc poutids of N, 0iI pounds of P,( ), andI7() pouIILIs
anid nmix it with the soil as sooti as it is produced. of lK,() at 2 percetit moisture. Ile watcr-soluble

No LIta sit1tilat- to those for N .i-- available aialyses showcd that !titrogcnt aId pOtssiun were
for pliospliortus releaise. Although (iletotal 	AIIOtlLt uLiite solublc. Ard thlit therefC was Isi/able at1louillt 
of'P applied fiolt Illallurcs ciii easily be csti- of soluble piosphorus. licse lyhses inidiCatcd
tnateL, the llialtity tnincralicd during a given that 111AdClLtC rate l1' :OitipOst Would supply
perioL is diflicuilt to conie by. IBrady (1979) csti- worthwhile artitutits of soluble N, 1.,(alld K(). 

http:Rela,.ve
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Table 4: Yields of Fresh-Weight Greenbeans Fresh chicken manure produced the best yield
and Above-Ground biomass in Compost- inthe first crop (potato), aid the lowest in the
Treated Plots. (Average of Four second ("oca"). This was probably due to tle -luick
Replications) release oft nitrogen, high availability of phospho-
Compost Above-ground rus, and the neutralizing etht othken manure, 
amendment Greenbeans Biomass which is alkaline (p-I 9.)), in an acid soil. The 

chcmnical tertilizer was a mixtture of urea and(tons/acre) tons yielded per acre diau nI un1Il phosphate, which increases tile 
0 	 3.37 6.10 acidity of an already acid soil. This trtilizer 
3 	 4.49 8.07 produced interior results compared with fresh 
6 	 4.93 9.28 chicken manure in the potato crop. 

Ilthe PairunLani experiment, the same level4.81 8.98 of nitrogen was used in all ipplications; organic 
12 	 4.73 9.08 manures wvere distributed according to their i
15 	 5.17 10.22 trogen contelt. Of the crops Used illthe rota-
L.S.D at 5% for greenbeans - 095 	 tion1-potato/grai corn/potato/silage corn-only 
L.S.D at 5%for biomass 11 63 the potato crops received 	trtilization. 
L.S D at I%for biomass - 225 Nitrogen was applied at 80 kilograms per 

hectare in 1980, and at141) kilogranis per hectare
The yield obtained by applying three tons of in 1981. lhcsphorus application rates were 120 
compost is given in lible 4. All plots with coin- kilograms per hectare and 14ff kilograms per hc
post had signifcantlv higher yields of both beans tare as 1)'20, respectively ill198fand 1981. There 
and bioniass ti an plots withotit COlllpOSt. were 110 adji1Sti 1ilts in the ,a;iottt ofcadi organic

Augustbtirgcr (1982) carried out experi- mianiure applied acordiiig to their respective coit
,enits ill Bolivia, comlparing compost centratiois of l,K,Ca and Mg.tWo sites iin 
and chenical fi.'rtilizcrs inipotato prodtiCtio. In lPairtumaini, potato crops in 1981 and 1981 
Chicken and cow manure composts were pre- were grown in the dry season tis it; flood irriga
pared using the "Indore" A*id compost heap m1th- tioil. The highest yield was achiev'd withl coni
o0is; and both fresh and composted iiiaiiur,:s were posted chickeni mantire, because Bolivian tiriners 
ti.:t iii experilimeinis located iinthe villages of "- usually scatter nanure and chenical t'rtilizr on 
rolapa and Pairumani. top Of the potato sCCd instead of tinder it. Scatter-

In the lorolapa experiment, 10ftolls per liec- ing fresh chicken niatiire or chemical ficrtilizer oil 
tare of each organic material was appiied. Chent- top call occasionally burn tileseed sprouts and
ical tertilizers were applied at rates of'80 kilograms delay gross th tilr more than two weeks. Ob
of N aid 121 kilograms oftl,(), per hectare when viously, this reduces the yield. Using compost does 
potatoes were sown. The crop of' -oca" (Oxalis not harm the sprouts, and thioilitatcs developmiment
tUbrrosion) that was sovii the ti.,llowing year re- Of you ng potato plants. It also cidUccs dalagC by
ceived no fCrtilization ofany kind. insects suIh as flea beetle. 

Table 5: Yields Obtained With Different Manures and Fertilizers in Torolapa, 1980 to 1982. 
1st crop: 1981 	 2nd crop: 1982 

Manures/Fertilizer 	 potato "oca" 

(tonslha) 	 (tonslha) 
Chicken manure/fresh 36.05 a' 3.40 
Chicken manure/composted 24.38 bc 5.93 
Cow manure/fresh 20.56 c 5.00 
Chemical fertilizer 29.05 c 6.28 
Control 9.31 d 2.35 

P 0.05 5.5 	 NS 

'Data in the same column followed by the same letter are not significantly different at the 0 05 probability level. 
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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 1982Fertilizer potato grain corn potato silage corn 

(tons/ha) (tons/ha) (tons/ha) (tons/ha) 
Chicken manure/ 34.59 b' 8.96 20.90 c 18.63 
fresh
 
Chicken manure/ 38.87 a 9.14 25.55 a 19.17
 
composted
 
Cow manure/ 34.32 b 8.81 23.18 b 17.80 
fresh
 
Cow manure/ 34.61 b 9.00 22.13 bc 
 18.45 
composted
 
Chemical 34.12 b 9.29 14.07 d 
 17.50 
fertilizer
 
Control 261.03 c 8.44 lo.33 e 
 17.32 

Average 33.76 8.94 20.69 18.14
 
P0.05 4.91 NS 
 3.63 NS 
'Data in the same column followed by the same letter are not significantly different at the 0 05 probabiltiy level 

In the second potato crop (I981), a dccre.ase out of the compost heap: straw compost can tc a
 
in yield was observed in comiparison with the first usct'ul source of potassiunl for the crop.
 
potato crop (1980i). The p 
 in Iu utrient of-sonie 

1981 with chemiical fertilizer was stgiicatly loer pIes fi'i 1 IzaTia !"d the Cti'cts of 


t;to yield obt ained e t content ,nialiture sa in
lnianurc' on
 

than the control. the ViCls of several crop species have bcc re-

Neither corn graili nor corn silage gave a ported by Kalsenibe, t al. (1983). 1In general, mat

statistically significant response to theiresidual tr'r- nurcs fro mlizania had lower N coitcnt than
tilizcr left iin the soil Alfctr the potato harvest, since those from the United States quotcd .i
bOVC.This
 
the feirtility ot'tlie soil was quite high. 
 is due to low iminaliutrition and poor hatdlimig


Russell (1973) discusses a litle-tiiidCrstriod nietliods. Sonic 
manures uIsCd ill liInizaiai stud
tIctor of considerablc iiliportAicc to nutrient util- ics \cre obtained froin kraals without atnV cover,
ization: Rotting naterial in the soil will ustally causing gr.ieter nltricnt losscs. I)cspitc the low 
add lnore humitlS Alld mitrients than it' it is first nutrient contents of luiztniat's tiatires, siniular 
coiiipostcd aid then added to die soil. Expert- trends ini relation to their ctiects oil crop yields 
men IiShavc bCC doiIe .At Rtiathin;tcd , were obtained.tiir a i"ii 
ber of years C(ittipariig a plowed-unader dressing Apart f'roti their chtiinical ct]i'cts, cotpost
of' straw atid nitrogen with the sanic qttaltity of and tttircs also improve a nunmber of soil phys
straw and iitrogeti rotted in .aCOItpOst heap alld icA1 pOprtics, such as aggregate stability, bulk 
theiapplied to the laid. The plicd-ini straw has density, porosity, hydrlulic cOtLdIttctivitv 1iidwa
always gi cn tle comlpst. This tcI-lloldiig capacity. hliswas alnd Khosla (1971)a better yield than th 
may be duie to losses ot" nitrogeti Mid poitassiuin have reportcd data showing the positive cfttcts of 
during the conposting process. manures an(l compost oii these properties. I low-


Russell (1973) 
 reports thlt Acliarya and his ever, data correlating the iniprovetieCit ili these 
co-workers in 1945 and 1946 ftind tiat nearly properties with yields islacking.
ole-qualrtcr of the iiitrogen int a Inixcd organic Using iiforniation frotn Satiki c, al. (1981),
refuse, whose (IN ratio was initially 32, was lost we catn attempt to dctcrtiiit practical nianure ap
during the first 20 weeks of coitposting, probi- plication rates lbr lInzania. ETblc 7 provides fi.r
bly by v .dlizatioii As 3lluullollii. But there wals tilizcr rcconinicnlations for naize ini cach of"Itti
no net loss if"soil was added to the refuse. Pre- zania's ccological zones. These rates arc largely
sUlnab!y, the Uninionia released dutring dcconi- based on crop response data, so they providC a 
position is absorbed by tie clay ini the soil ,tnd good basis for iiaking cstimatcs of iiatiurc or 
then nitrified. POtIssiuml is lost if any liquid (irains cotmpost rates. Nitrogen reqUirelnients generally 
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Table 7: Optimum Fertilizer Rates For Maize in Tanzania Ecological Zones. 

Ecological Regions Covered

Zone (Partially or Wholly) 
 N PO, K20 

Optimum fertilizer 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 I 

Kiliminjaro 
8 Iringa, Rukura, Lindi 60 40 _ 
9 Lindi 70 60 

10 Kagera 50 40 
11 Tabora, Shinyanga, 70 60
 

Singida
 
12 Kigoma, Rukura 50 
 50 
13 Coast, Tanga - I 
14 Kiliminlaro, Arusha 80 60
 
15 Shinyanga, Mwanza - _
 
16 TaLora, Dodoma
 
17 Arusha, Kilimninlaro
 
18 Morogoro. Mwanza 40 
 -

19 Mwanza, Shinyanga, Mara - _
 
20 Mwanza. Mara, Shinyanga 80 40
 

range from 401 to 81) kilograns per hectare t- Table 8: Available Nitrogen As Affected by

maize. Nitrogen Content and % Nitrogen


The data presented so thr demonstrates that Availability,With An Application of 5,000

there is considcrable variability in both 
 content kg/ha of Compost. 
ani availability of nitrogen in manures and com
posts. Tible 8 presents soie hypothetical amiounts % Nitrogen Content of Compost 
of nitrogen available friom a 5,J)A(1-kilogra n per %Nitrogen
hectare application of compost. Ile Sai ie wout Availability* 0.5% 1.0% 1.5% 2 0% 2.5% 3.0% 
be true t-r manure. For cxainplh, ecological zones 
3, 7 and !() have I recoin iiieinidation of' 5) kilo- kg available nitrogen 
grams per hectare ofnitrogen. Ifour hypothetical 20 5 10 15 20 25 30 
compost had 1.5 pcrcent nitrogei, and 401 percent 30 7 15 22 30 37 45 
of the nitrogcn was available as detcrinind by3 40 10 20 30 40 50 69 crop response, 7,5(X1) kilograms ot compost pc,"
hectare would supply 45 kilograms of N per hec- 50 12 25 37 50 62 75 
tare, which nearly satisfies the requireiieints iii these 60 15 30 45 60 75 90
Zones. 70 17 35 52 70 82 105 

At this stage, the use o0 iaIltLres alld co1- 80 20 40 60 80 100 120 
post should be emphasized on Tliz.amiia's small
tfaris, while appropriate systems 1tr large-scale *Needs to be determined by crop response experimenls Inthe 
larls arc being developed. field 
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Future Research Needs 3) Response of crops ill the rieki to various 
Future needs will be based on the principles coIposts and immures;

of a regenerative, self-rcliant system. Since the 4) l)evclopnient ,f1brological and chcnical 
major problem is nitrogen, research should con- criteria to esti mate the valuc of compost 
centratc on using, providing, and conserving this aid niiariueC in a crop rtatior' 
soil nutrient. PotCntial research topics include: 5) D~evelopment of iIforniioi oil other n

1) MalnurC handling arid utilization, with trierts besides iiitrogcrn; 
en iph asis or ritrogen; 6) l)evelopricrit of ciroppirig pitte; ris which 

2) Conipost handling and utilization, with increase the use otlegli,,ics for fbod, coin
eripha sis ori nitrogenl; post, and greerni iimitric'. 
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DISCUSSION
 
Agronomic Aspects of Manure and Compost Use 

Q:(Lw;nda): How do you calculate the amouit Q:( latIl): What will happn to soil ft'rtilityifthere 
of compost from a heap to cover an art'i--sa\v. is rio wItel? 

acre? Flowonelt. llltlch C01l1lpOSt Sl101ukl bc II11;IC'
one i l ? A: (Serinoka): \Ve assunie that \\itcr is sufficiently 
pavailiblC. 

A: (Senoka, Unlivci sit of- I )ar cs Salaai): Eike' a
 
rci'isIfreriierit of i cart ;r!d determi C
the tfuai- Q:(Lwoga, Uriivcr,,, o" I)Ircs Sal;iaii): Lcgi
tit),of'conilpOSt it cill hold. A given ailpliiotit)n iraite canl I-A CCdl t~ ~lI IIC I~l' dI 11li ls pliuts Iliiv- h ni~trogen'l. ( ],ln'tllI~ bV SI)V.I IV Itll-C lo t!-,Ig thicytlheni be ilet iwv spreaiding~t the rctluhit'd be"ulsetl iii riaiurtl'eS? 

arinount per unit area.' Anioutill iiad illeali 
heap deperids oil size of hc;ip llidratur. of' A:(Sen oka): A paper oil itrogtclr sclf-suficierncy
ingredients. will discuss this. 

http:Nluiucr.ih
http:fiii-ye.ar
http:potiii.Il
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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 rccomnecndcd a onits, which range from 
17.5 tons to 50 tons per hectare, are so large that 
a peasant Larmer will find it very difflicult to fol-
low them without prope,' equipnent. Manre and 
compost are uIsu~ally nmoist, sticky, dirty a'd heaivy,
charac.teristics which ftirther cIphsizL :,,c ieed 
for proper Cqipnlct. 

Storing compost rcqtnircs a strncture with a
water-tight floor to prevent leaching of nutrients, 
and a roof to prevent rain from spoiling it. In 
"l-azania to date, kraals, which are conmonhl, 
used in areas with large numbers of livestock, do 
not mect these requirements. Therefore, during
the rainy season, the nianure or compost will Ie 
too wet and poor. iLandling the materials during
this period becomes very diflicult, too. There-
fore, as far as structures are concerned, there is a 
lot to be done in order to get good quality inanureor conpost.oridlis. ew lself, 

I-adigeupeti itwl-eeoe,
either. Most farmcrs still use pIIs, tins :'nd locally 
sown containers to ha manure and cmpost to 
the fields. As a result, the recollmlCndCd qt1131-
tities are not applied. Assuming that there were 
enouigh produced, as is the case in son regions, 
lack of durable, large awd efficient cquip ileit would 
hamper the efforts of tranisporting the materials 
to the farni. 

Many farmers, most of ".%,holi are womiien, 
still carry compost cn their heads. Therefore, thcy 
can carry only small quantitics at a time. Take, for 
example, the iccomilmindatiom of 17.- tons per
hectare, and a farincr using one "debet," which 
can carry, a most, 21) kilograms. I f she had 1o 
travel 500 meters fromiI homc to the field, the total 
distance traveled could be calculated Is llows: 

S = total distanice traveled in kilometers to 
cover one lectare. 
R = recomieided rate of'applicatioi in kil-
ograms per hectare. 
C = capacity of cquipilielt used to haul the 
compost iin kilograms. 
D = distaice from home to the field iII kil-
ometers. 

S = 2DR 

C 
S = 2 x 0.5 x 17,500 

20 

S = 875 kilometers 

If one used an oxcart that carries one ton per 
trip, the distance traveled would be calculated as 
fllo\s: 

S = 2 x0.5 x 17,500 

1,000 

S = 17.5 kilometers 
This equipmemt, apart from reducing the diS

tance traveled, puts no weight on the farmer himbut the aninlal. It inimediately rclieves himl 
of the burdeni to carry the manu1)Lre or compost.
thexampe tates the miced or poper 

r proper 
equipmneit for handlilg such materials. 

inotanln ip e 
in Tanzania 

Co1post-h,,. dling CqLipImiCt III [lTizalia ftalls 
into two ,nmail groups: traditional handlilg equip
ment, ard improved or Modern handling equip
mlnt. 

The first group, which includes tils or palls 
of 'arious sizes, is niade of si[,Ile materials put 
together by local craftsmni. The conitaiers arc 
isuailly carried oi the shoder, Iead or back. Their 

capacity is usually sliiall, takeanrd it will a loug 
tille to haufl ia.l;itire or compost to coIplete one 
hectare's requirniemt. 

The second group is usually of larger capac
it)' uses wheels iin traisportation, and relieves the 
farmer f'romn the burdeni of carryiiig the material 
himself This group includes wheelbarrows, 
handcarts, ox-drawn carts amid tractor-driwn carts. 
Carts rainge f'rom those with a single wheel, to 
those with a double axle with four to six v,'hccls. 
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These are usually loaded and unloaded manually Equipment Demand and Supply
 
or mechanically. In areas where the tractor is out 
 The demand for handling equipment in Ta
of reach to farmers, tile coliiilyI ITh zania is far greater than the supply. The issue ofeLILipulent 
used is anim al-drawn. This is in line w ith the zani isire ate i ng eera l isse at 
national policy on agricultural mechanization. farm impleen nts in general is of great concern atiprovements onl oxcarts are being made to makethem unload aur-,unatically in the field. 

present, and handling equipment is no exception.Improved Many regions could produce their own equip
equipment can be made locally using local skills ment itvillage workshops or district workshopsand materials, were set up. The skills involved are simple. AAnother important aspect of handling equip-

Anoter Iportntspec of~anding quip 
survey of some regions revealed the following delmandf for oxcarts (Table 1).ment is tools for loading, unloading and spread

ing. When manure or compost is loaded by hand 
in small quantities, it i,,creases the burden on the Table 1 Oxcart Requirements in Selected 
farmer. Some of the tools include the 1111d-h4e, Regions, 1982/83. 
shovels, forks, and, while in the tield spreading,
rakes. On designs that spread automatically in the Oxcart Unit Price 
field at a constant rate of output, the need tor S/NO. Region Requirement in Tsh. 
using tools in the field is miniinized. The short
comings of these tools ;ire of spread-unevenness 1. Arusha 1,810 6,000 to 10,000
ing, and high demand for ni~ns energy. 2. Dodoma 300 4,500 to 10,000 

Equipme.it Design Considerations 3. Iringa 2,525 3,500 to 4,5004. Kigoma 80 1,200 to 2,000
There .re several factors which need atten

tion whe, designing compost-handling equip- 5. Pwani 20 4,000 to 6,000
These are:T ic:: 6. Rukwa 200 7,000 to 8,000

a) The source of power to haul the manure 7. Shinyanga 1,000 4,500 to 9,000 
or compost. When power available is small, 8. Mwanza 2,000 7,000 to 12,000 
the size of the equipment also becomes 
small, and vice versa. 9. Singida 2,000 6,000 to 15,000

b) 	The material used to construct the equip- 10. Morogoro 300* 6,000 to 10,000
menit and its characteristics. Under local 11. Mara 1,000* 6,000 to 10,000 
conditions, a vooden structure would be
 
more easy to make than a metal one. [it Other regions have not responded
 
wood is heavy and rots easily; this Colld *Estimate based on past request
 
be a limitation. Choice of raw materials is
 
limited by the amount of nioncv dvaiilable.
 

c) Cost of equipment. The final product, af-
 This kind of demand shows that the people
ter design, should be inexpensive but good. are ready to use this particular handling equip-
A lot of farmers have meager iomes, nicent, but they have no supplier. At present the 
and will not invest in equipntent that will following places are manufactu,'ing handling
almost exhaust their capital. eq1uipi1cnt:

d) 	Operationd quality. Equipment that will a) CAMvERTEC headquarters, Arusha 
do the job with ininnuni adjustuIem Its and b) CAMERTEC branch, Nzega
maintenance will be pretirred to that which c) Kahania rural craft workshop
is complicated. Remember, our farmers d) Kigwc-l)odona rural craft workshop 
are meeting this experience tr the first e) Songea rural craft workshop
time. 0 Mbeya rural craft workshop

e) Available skills in the village. A place like g) Musonia rural craft workshop
CAMERTEC dcsigns prototypes that can h) Malya-Mwaza rural cralt workshop
be made in rural areas by village crafts- i) Some SI)0 workshops, e.g. SI0)0 
men. 'here are usually some carpenters Singida
and blacksmiths who, with little training, j) Themi Farm Implements, Arusha 
can master the procedures iunmaking a k) Some private workshops

particular piece ofcquipment. This is im-
 I) Some missionary-run workshops
portant if technology has to spread fast to m) Some government departments, e.g. 
a lot of people. Magercza 

http:Equipme.it
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Toward Self-Reliance in Agricultural g) Crop Authorities workshops
Mechanization and Compost Handling h) Some tblk-development colleges (former 

Together with using compost in agricultural FTCS)production, the whole emphasis oi better agri- i) Some agriculture-based secondary schoolscultur.l mech:mization should be taken seriously. These institutios do not reulire nmch ad-It is clear that production per person is deter- ditional capital to prodtce agricuteural machinery.nined by the tools used. In order tir Tuizania to Isome eases, they do not even have the handlinincrease crop production, better implements, es- cquipnment themselves. But, as a self-reliance
pecially those drawn by draft anfimals, should be measure, they ought to be well-equipped. Thisused. will be an example to nearby farmers, and any

II drawing u) plans to spread implements to extra production can be sold to neighbors. It isthe tarmers, regions have to survey their own re- the duty of regions to set up production centersquirenlents tbr manure- an. I c,Iipost-haiidlig and utilize regional mechanization officers to guide
equipment. The Centcr 1 r Agricultural Mocha- production.
nization and Rural Tclnology has enough exp'- Strategy for Handling Manure
rience today to help set up production units at and C

regional. district and village levels. What is re- Compost in the Future
 
quired is a plan drawn by he region, and 'm allo- The problems of handling manure and concation of resource,: to establish alld run such post are tar from being solved. The idea of usingworkshops. Tanzania cannot rely on a tew large these materials is timely and relevant, but, in orfactories to satisfy national demand 1i,(r larii im- der to handle such large quantities of organic natplements. Each region will have tc "stablish local ter, a larnier will need larger equipment whichrequirements and produce cquipicnt to suit local reduces his burden.
conditions. CAMERITEC has proven prototypes In the tIiture, districts and villages shouldthat can be used inIImCdiatcV look into local production possibilities of'handlingThe various institutions that could produIcc equipment. The present practice of using man totarni equipment and maniui-e- or coiiipost-liai- carry all the load on his head should be discourdl;ig facilities with Large capacitv include: aged, and the authorities nuist provide f-arners 

a) The Tanzania i.gricultural Research with better facilities in order to promote use ofOrganization (TA RO) manure and compost.
b) Ministry of Agriclture Training Editor's Note: Following this paper, another paperInstituts (MATs) titled "Manure and Compost Handling: A Summaryc) risons of Methods and Practice; Used by Advanced Farm-d)JKT ers" was presented. The author was Manuel C. Pae) Technical schools lada, of the Rodale Research Center, Kutztown, Pa.,
f) Ujenzi workshops 19530. 

DISCUSSION
 
Manure and Compost Handling in Tanzania 

Qz1,Kapande, MATI, Ukiriguru): WhlCr there are A: (Ngaiza): A donkey cart has been designed forno oxen as a power source, how best can corn- use as employed for these pack animals. Perpost be handled? haps handling horses in this country is a rather 
A:(Ngaiza, CAM ERTEC): Human power and difficult issue. 

other equipnient can be employed. For exam- Q:(Mutagwaba): Could litter from trees be tsedple, carts and other wheeled equipment can be i coiiostimg? 
used. 

A:(Ngezc, CCM chairman, Kagera): Provided theQ:(Mwambenc): I wonder whether donkeys and materials can provide a good mix, they can behorses can be employed to carry compost on used. The critical factor is the carbon/nitrogen
thor backs. ratio. 
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NITROGEN SELF-SUFFICIENCY
 
W C. Liebhardt, Rodale Research Center, Kutztown, Pa. 19530 

In many countries, nitrogen :elfstifticiency is two years of meadow, one year of meadow, or
achieved by the use of both biologically and soybeans. In each case, the yield ofcor, tollowiig
chemically fixed nitrogen. Cost of the latter form a ]cgdtnC is higher than that ofcontintots corn. 
isriow becomiiig prohibitive, because energy costs Bin (1983) reviewed China's potential 6br us
are increasing dramatically. "lhercforc, frulIul I lg leguminous greeti-miature crops to maintaii 
systems which rely on biological nitrogenl arc be- or iiicrcase the at nit ()f.'iixpcnsi\yC biological
comilng increasingly imnportant. iltrogen. O)wing to the very liiimited per capita
Biological Nitrogen in Temperate Zones possession of ftrmland (only I. I liectare) in (China. 

green-nitiute crops and other crops compete for
In the United States, biologically produced space aid time. In fatct, this compctitiou is the

niltrogetI is beCottinig more itliportatitAs the price contradiction betweci land ittili/atioi and land
of nitrogen f.'rtilizcr increases. Voss and ShradCr upkeep. Properly coorinting these coiflicting 
(1979) presented ifirtrmatiom on the eflcctivCCss I1cds is riot otnly a prerequisite tot the ltivauion
of biological iitrogeti ili Iowa (lible I). of greti-tu1alttrc crops, but also a basis ofarraig-

Afitcr the first I) years of rotation studies at iig the place of the greeti manure in the crop
some locations, data iidicated that sililar co nt planting svsteI. ibl 2 sumitiIarizes how sotIIe
yields could be obtained whether the source ot'N greei-matire crops arc used and IIow much Ii
was provided by legumes or by tbirtilizer. Recetit trogen is brought into the system. 
sItmmarics of data, however, indicate that yields Among the grecii-maimir crops tiow culti
of first-year corti attcr mtcadow arc greater than vated in China. tit'st bclonig to the legume titii
subsequtenit ycars of corti, pa-ticularly contiiuts iltv. These plants arc svtubiots of Rhizobitmt, ca
corn, regardless of the attiount of N f'urnished. pablc of fixiig large amouits of tiitrogeti. The 
These arc averages of the corn vicds from all aiotitmt of N fixed by the green-maiure crop is 
comparable rotatiois at each location. There is a related to the bioiiass prodIuced, Iust as the bin
dowtiward trend inlcorn yields as tc frequtetiCy niass is aflctCd by dillrcIIt mCt hods iOf culItiva
of corn it a rotation is itcreased, tiOt. Usually, a green-m atnre crop iIxCs at least 

There appears to be little difert',ce itt the 3(0 kilograms of nitrogei per hectare, and would
eflect of the f'requcncy of a legutme Ill a rotatioti reach up to 34) kilograms per hectare if'it should 
on corn yields. For example, corn yields arc very get 7,5(W)1 kilograms per hectare ofbiomass (fresh
similar regardless of whether corn follows either weight). 

Table 1:Effect of Fertilizer Non Yields of Corn in Different Crop Rotations at the Clarion-
Webster Research Center, 1971-78. 

kg/ha Cont. C CCCO, CCCO. CCCO, CSbCO, CSbCO. CCOM CCOM COMM 

metric tons/ha 
0 3.1 6.3 4.7 3.8 6.4 6.5 8.3 5.9 8.8 

67 5.8 7.6 6.6 5.7 8.0 7.4 8.0 7.2 8.1 
134 7.1 7.8 7.6 7.6 8.3 8.0 8.3 7.5 8.6 
201 7.4 8.1 7.9 7.6 8.1 8.1 8.1 7.8 8.3 

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

Yield of aerial parts, Nitrogen fixed,Green-manure crop Method of cultivation fresh wt., t/ha kg/ha 

Milk vetch Grown for one season inwinter 22.5 to 75 101.2 to 337.5 
Sesbania Grown alone for one season 22.5 to 75 112.5 to 375 

Interplanted insummer 11.2 to 30 56.2 to 150 
Sunr, emp Grown as catch crop insummer 15 to 37.5 60 to 150 
Sweet clover Grown for the whole year 30 to 60 150 to 300 

Interplanted at the early 7.5 to 11.2 37.5 to 56.2 
stage of corn 

Vicia sativa Grown as catch crop inwinter 11.2 to 22.5 56.2 to 105 
Grown alone for one season 22.5 to 45 105 to 210 

Azolla Grown prior to transplanting 22.5 to 45 45 to 90 
rice seedlings for 20 days 

Grown prior to transplanting 37.5 to 75 75 to 150 
rice seedlings for 30 days 

Interplanted with rice for 15 to 22.5 30 to 45 
20 days 

Interplanted with rice for 37.5 to 60 75 to 120 
40 days 

Nitrogen in the Tropics residues, and the reverse process of immobiliza-
Nitrogen is crucial to crop production and to tion in the decomposition of plant and animal de

the protein availability to tropical people. Acid bris and soil organic matter; 2) fixation of nitro
soils limit available protein by reducing nitrogen gen from the atmosphere, largely through biological 
fixation by leguminous plants, which convert the processes; and 3) addition of nitrogen through rain 
nitrogen of the atmosphere into available forms, and other tbrms of precipitation. 

Ilant-available nitrogen is derived froni organic Soil organic matter is an important source of 
matter, legunnious nitrogen fixation, fertilizers nitrogen for crop production. However, soil ni
and animial nianure. The main source of nitrogen trogen is not inexhaustible. It declines as it is Used 
in the Tropics is organic matter. Therefore, prac- by crops harvested from the land. Nitrogen in soil 
tices which add organic matter to the soil are es- is largely organic, replenished by periodic addi
sential. Organic matter not only provides nitro- tions of fresh plant or animal residues. 
gen, but improves the soil's physical condition Under normal conditions, the nitrogen added 
and water-holding capacity, increasing water to to the organic supply in the soil each year through
plants and decreasling the soil temperature. cropplants.rcsidues (immobilization) is unavailable toHowever, through biological decomposi

tion, organic nitrogen in the soil is continuously
converted to the inorganic form (mineralization), 

Nature has provided the nitrogen for crop which is available t- plants.
production since the beginning of time. However, Under any sustained system of crop and soil 
seldom has it provided an abundance of nitrogen management, these two processes tend to balance 
for sustained periods of crop production on the each other in magnitude (Bartholomew and Kirk
same land. Moreover, latural supply processes h2m, 1960). When this balance is attained, the 
seldom provide enough plant-available nitrogen system is considered to be in equilibrium. 
to achieve the level of food and fiber production The implications and consequences of an
needed to meet the demands of present-dav crop equilibrium in the soil's organic nirrogen need to
production. be emphasized. At equilibrium, tile amount added 

Bartholomew (1972), states that the natural to the supply of organic nitrogen is essentially
supply processes include: 1) mineralization of iii- balanced by a like amount of dccompesition. The 
trogen from soil organic matter and from crop total quantity of soil nitrogen remains unchanged 
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and tile net amount supplied to a crop is zero Corn yields of 6W0 to 1,2(X) kilograms per
(Bartholomew, 1972). Forest soils and other vir- hectarc, and wheat yields of 4X) to 800 kilograms
gil lands tend to build up organic matter, accu- per hectare, require a nitrogen supply only a little 
nitnating as iIutIch as II1,)0(kilograms otfnitrogeni larger than c(.,uld be expected troin rain and from 
per hectare. )uring the first years ci cultivation, nonsymbiotic fixation. Yields this poor remove
these soils iiav supply Up to 4)t) kilograms of no more than 15 kilograms ot nitrogen per hect
available iitrogeii per iectare. After long periods arc front the land in the harvested grain prodIcts.
of cultivation, the soil's orgai oc matter becooles Such miniliial yields can be sustained for a long
exhausted, since it is the niajor source of ,vailable time without fertilizcr or legumes, but do little to
nitrogen. Uinless legumes are growil, or the soil is sItsail the protein needs of alinials or hu:iInans. 
fertilized with iitrogen, the ,iiiii.tl availab!c ilitrO- Howeve,', by including legunies in the rota
gen is depicted, except trI the 1iinited anio1nt tion, either as a primary food crop or as a green
front rainwater and ntlis'iVllbiot ic nitrogCn tixa- ianure, the iitrogeni supply in the soil-plant sys
tiOIl. ten call be increased substantially. 'Ihis could re-

M.areV 11l1jor lu1d areAs of tIe Tropics have stilt in increased crop and protein production, and 
beCIl cropped tl.r CXtClldCd periods, aid tile orgailic help solve the malnutrition problem in the Tiop
matter stored tilder virgin coilditions lias been ics. 
dissipated. With little or iio ise of nitrogen fertil
izer, tropical crop yields rcflcct tile paucitV of the Nitrogen Release from Organic Matter 

niatural nitrogen supply tfroii railwater aid non
svbi otic iiitro,gei fixation. Plant-available iiorganic nitrogen il) lost 

tropical areas shows a marked seasonal fluctuation 
(Sanche7, 1976), characterized by a slow nitrate 

Figure 1: Pathways for Flow of N From (available form to plants) build-tip during the dry
Legumes to Other Crops. season. There is a large, but short-lived increase 

at the beginiig of the rainy season and a rapid
Seed Soil Fixation decrease during the rest of the rainy season due to 

leaching and plant uptake. 
1 2 3 Since the leve', of planl-available nitrogen in 

many tropical soils .s low, the use of extra nitro-
I.Legume Plants 4 Harvest gen (green IlaIlur,.-, animal waste or compost) 

will almost always ,ncrease yields if crops can make 
7 , 5 ise of the extra nitrogen. 

In achieving nitrogen self-sutlicncy, we need 
Death Grazing to consider not jist legumIe nitrogen fixation, but 

If the transt'er of nitrogen to other crops from le-
Fr Residues Il. Animals 10 gtimcs. -leiizell and Vallis (1975) reviewed this 

isRemova I subject exteisivelv and present the hypothetical 
flow of nitrogen through the system in Figtre I. 

131 Nitrogen in Legume Pants 
V Soil 0.M. 17 Erosion The amount of N taken tip by lcguminot,s 

plants varies according to species, efli'ctiveiess of 
16Ne: the plant-Rlizolium symbiosis, environmental 
Mineralization conditions, soil fertility, and lanagelelnt. Crops 

112 sich as guar, cowpea, mng bean, soybean, and 
VM.Soil N gratiindlitit commonly contain 81 to 250 kilo-
Mineral N 19 Loss to Air, Water, grams of N per hectare ()onald ct at. 1963; Nor

nlan, 1966; Weber, 1966; Firth et al., 1973; Musa18 and Burhan, 1974), though a range of 30 to 60 
Uptake kilograms of N per hectare has been reported for 

VII. Other pulse crops in India (Mehta, 197,)).
Crps0 The anlount of N taken up by tropicalCrops pastore leglumes is siillar to that of crop legunies. 

H-clzell (1968) estimated that the average growth 
of pasture legunles ii tropical and sub-tropical 

http:iiiii.tl
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Australia yields 40 to 210 kilograms of N per negative N balance on poor fed), to about 28
hectare each year, while v'ery good growth percent. 'Fle proportion will ustally be less thanproduces up to 340 kilograns of N per hectare. 10 percent when ruminants of average productiv-Measurements in other tropical countries cover a iky graze on tropical pasture legumes or on thesimilar range (Jones, 1942; Moore, 1962; Whitnev stubble of tropical legume crops. In absolute terms,
etal., 1967; Keya, 1974). Most of these measure- 2.4 to 2.6 kilograms of N are removed in I)meits are for legIuInes tinder citting or lenient kilograms of liveweight gain, and 5 to 6 kilograzing. The amounts under heavy grazing may grais of N in I,(XH) kilograms of cow's milk.be nearer the lower end of the range. The other part is the N consumed on the

The proportion of legume N derived from land, but excreted elsewhere. The loss of N mustsyn')iotic fixation varies. It is often about 50 pcr- be significant when animals are shut away at night,
cent in feitile soils (Vincent, 1905), but is likely to and may be important even when they move oilbe higher inN-deficient soils and lower wilere the land merely fbr water or to camp. Although
sub',i.aitial amounts of N fertilizer are used (Vin- no one has adequately cqua;ntified this process ascent, 1965; Wher, 1960 ). 1Ingrass-legume mix- far as we are aware, the distribution of excreta ontures, the proportion will probably be 80Ipercent pastures has been measured. I likcr (196) recordedto 91 percent or more, because the grass usually a considerable concentration of N on sheep camps:
takes tup most of th,. available soil N (Walker et About one-third of the total fical output was fou)nd1956; Vallis ct 

Because of the diflicultv of lhaIrvesting roots paddocks. Clearly, tihe fraction (f ingested N 

al., a/., 1967; Heiizell, 1908). oil less thaii 5 percent of the area of most grazed 
re-and nodules, fi.'w data are available oil ie distri- moved will dcpCnd Onf tle ai1ouint of time spentbution of N in legumes Oln a whole-plant basis. of1 the land. More fcal N thait urinarv N mayNevertheless, it appears that 71 perceit or more be removed because of' III: faster rite (fpassage

of the plant N is traiislocated to the above-ground of urinary N.

portions (Russell, 1961k Whiteman. 1971; Musa to
Even when grazing animals are confined
and Burhai, 1974). cropping land, the N in their excreta is distributed 

Wlerc grain or fbrage is harvested, 61 per- very iieve, dy.Only about halfthe sUrtie ofligilycent to 91 percent of tihe legume N may be re- productive pasture land grazed by cattle is aftected
moved fiom the land, the percentage being greater by iting or urine in any one \-car, with a highwhen the plant tops are harvested for green forage stocking rate anredcitiplcte return (Wilkison and or hay, and when the whole plant is removed ftor Lowrc, 1973). The proportion of land influenced
threshing. by excreted N iy likely to be much smnaller whenIt is more difficult to define the pathways for grazing is for omily part of the year or at a lighter
N in pasture legunies. Pasture will usually be stocking rate than the cow-and-calf per acre (2.47grazed right u" to the lttle the land is plow,! for per hectare) assumed by Wilkinson and Lowrey
cropping. At any instant, 71 percent to 81 percent (1973).

of the N will be ii the plant tops, but only part 
 The partition of N between feces and urineof this can be grazed. With maxiiiuiin efliciely, is related to the percentage ol'fiitrogen ii the diet.domestic livestock may rc'iovc up to 9) percent It is certainly not a constant, as sonic have iiiof the herbage N that could be harvested by fiie-
 plied. The excretion will be precdommamitly iii thechanical nieans (I-leuzell and Ross, 1973). feces when animals are consuming feeds of 0.4

Okoric ,et (1905) estiiated that under i)- percenti. to (.6 percent nitrogen with no apparenttensive rotational grazing, cattle utilized .t5 per- N digestibility. Ol the other limlid, aninials on acent to 74 percent of the available fidder illA diet containing 3.5 percent nitrogen excrete about

mixture composed predominantly of ('yi'mdon thrce-fiurths ,fthc N ii urine (Ilenzcl and Ross,

)lectoslachyius and Cct-osco1a plhiscOs .
 19*17:)


With sheep and cattle, the proportion of di- ''lie
preceding sections show that the aimiouiitsetary N removed in nicat, milk or wool depends of N turiicd to the soil ill leguinie rCsidues Willoii the productivity of the animial and tile ctuality L vary widely,depending oithe yield of the legume 
of its fed. I-lenzell and Ross (1973) estiIeatecd that aid whether it is u~tilized for grain, firrage, grazing
the following percentages of N were retained iii or green inanure.
relatively produictive pastoral systems: sheep for Loss of N flrom residues by fire o.erosioiiwool, 5 percent to 13 percent; milk cattle, 13 per- will not be considered ii dItail. If dry residues arecent to 28 percent; beef cattle, 4 percent to I10 burned, more than 901 percent of their N willpercent. In practice, the range will be fiom a Ileg- probably be lost. Loss by erosion will usu~ally be
ative percentage of iiigested N (fOr animals in negligible. 
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Figure 2: Uptake of N by Rhodes Grass From The main interest is in the proportions ofUn-Ground Legume Residues Mixed With Soil residue N that arc tnincralitcd or incorlporatCd into
InPots. soil organic flatter. The nncrali/.tion ot' N in 

plant rCsiduCs has bccn studicd cxtcIsivClv (1atr
30 - - tholomcw, I9(95). ()Il\. the lutli qIIntitaItivc as

pccIs will be discussed herC. ThcI proportion It N 
released during Liccomiposition ot" the rcsiducs is 

4 4 /overiIeLd25 44% 1 the cliciiical coniposition o1 the res
', 
 iducs-cspeciallv the N colteilt, the minner inn
 
- 20 
 which rCsidLleS are returned to tlc soil, .lnd niVi-
CU - l'lilnricitll conditions. 

A prcdictabic COnSCI 1 ilt'Ce O tt" vriablc N 
15 - / 34%'concentration illditl'rent liCuIue residues is thatCL tile\' "iiicontribute \'arviiii, aiionts of'N to the 

crops that tolow. This is dcitlOnstritcd in Figure10 / 26% _
0) 2+ the. and Vallis, niipulblishe,d// 280 x (I Ien data). Most of(IielCRC bctVCIaIICdLC )Jttr'ibutedlr-// : --. tile di t] .rtnteebet wecin re'sidues caiilea iti 

to their N pIilltl t" (F:iiguirc 3). Mterials cLon
_Q) 5 41% taininlg less than ibott 1.5 percttL N do not iiln-
CL C, a t this inI the Short terill. The exttepraliz (IVD tionaliv low tvillabilitv otfN inl)c'inhilintounomi 

..._...----'______ _ -. lea';veS is thoughlt to bC causCd w aire1laction tC-
I I I\cell proteins and tmnin-likC pllypciniilOs HIat 

0 6 12 18 24 aCCIntiillateC in this specics (Villis ,li*Jtidloes 1(73). 
Weeks A notabic t.'.aturc of N illiilionlOhI IIpniut

reVsiducs is that. iter ,ifew wcks, tie( ratc of'0 Q MACROPTILIUM AfROPURPURtUM LEAF. LITIER uiiieraiiaioii is qite slow, Rcu ardless of the Hi-
A ADESMODIUt*INTORTUM LEAF, LITTER 

DESMODU- TORTUOSUM LEAF tial conulptsitiOt ofithc rsidu'Cs (iiuure 2). Appar
j STYLOSANTHES GUYANENSIS LEAF. STEM citly, it is lot the plant pitotclll, that irc resistant 

to decay', butit the iirTObi , dlV prtiIiiuccI orgailic N, 
which bC'oinics st.abilied I1y rcactiotn, with aiii
ilnatic polyplhlnols ol" microbiail or phlmt origiti 
(liartiolonicw,. oro'-S)\vitll nntunorilloiite 

Figure 3: The Relationship Between N (Sorenscni, I972: 1975). This lus itportint itipli-
Uptake by Rhodes Grass From Legume cations ill pr,ictice. Nitrogcn iiI crOp rcsiducs that
Residues Mixed With Soil and the N isnot iiiner.liicid diriIg tile tilrstsclsoll Iecollies
Concentration ef the Residues. availlc 111Vvery slVlV to subs'quent crops, 

usually' at less tlni p 'rcit pir y'lr.d tcr
tailIV ItlCss tItln i pirCtult pir year. Alituinigih a

2 30 sintl' additiln of crlop residics will h\ ,aven'gli
'O giblC ctICct oilthc N supply Aflter thc lirst crop,)0- of repcatcd iadditions over ntaiiv \,carsthc eltleCt 


(1020 
leastlrA bC it Ot it 

([lartlioloticw, 1I9S). 

Itt;iVbeVti t\( trcc s'CCcssi v' crops 

10 laCi CIt Of Ircs Oil tilt rtIicrCt (t iO I Sirtir ce10 A a thail biirvyiilg or ltri the soil rcsiltsixitig inin) 

gcIcIralIV iII shOWCr iicOtiipositiln IulI shO\cr 
Z 0 nmintrl ationl or linio hliz~lition Ol'N (P~iukcr ct 

t i I - t ,t/., lN,rc,I 7-1).I9.57: l'ukcr, 11(2: l:iivirti
0 1 2 3 4 5 itllt i i'iliilitiOliS haive litte' Cil'eCt (iltheC tIIIf 

N inadded material (lcgrcc Otf iiiic,-,li.itiiln r tiiniolbilizatioli ofIN
Iduring bicro ioSitilc iIic.onp Ii f rcsidtics; onlv tile 

0 j MACROPT.'IUM ATROPLIRPULEUM I EAF, I-1TER rites It tlic., process's are sibstanti.tllv aitetd 
A A DESMODIUM INTORIUM LAFt If Eru (lBartholO'c\, P)-5). I Io\vevt'r. tile dcliv CJiiseii 
C, DESMODIUM rORTUOSUMLEAF wicii n,crial dirics Oil the soil stirl'ac'siulti
[ rJ STYLLISANTHES GUYANENSIS LEAF. STEM always ):noted. 
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It has already been stressed that the N in But if residues remain onl the surfice tp todecaying legume residues, after the initial flush of planting time, and are not in fiul contact with themineralization, is nade available quite slowly. Ni- soil, decomipositionl Continues after planting.trogen in runinant feces is considered to belong Whether tileresultiig cutback in available ,nitroimmediately to the N in soil organic matter. Fecal gcn is great enough to reduce yields depends onN is primarily bacterial material; the remiainder is the amount of residue remaiinnj.g, its relative coiiundigested plant N or N of animial oigjn. Nitro- tent ofcarbon) id itrogei, mnd tile
weather coi
geni in feces ismineralized more slowly than N iiI ditionls followinig plantilg.
plant ,material with a similar N conceitration Since the effects of rcsidue depcnd on the rate(Barrow, 1961). aind timing of decomposition, variable results canAt most, 6(0 percent (Blartholoiew, 1965) of be expected where conditions difl[hr. For example,the N in legumc residues is likely to be miieral- higher soil temperatures in warmer regions mayized iltime for a following crop. The remainder accelerate decomposition betore planting, leavingfinishes up iinsoil organic matter. After the first the nitrogeii supply to the crop tialtfcted. If apyear, its availability is generally less than 10Iper- preciable residues are present at planting, highercent per year. soil temperatures could speed dccomipositioi and 

enhance the competitiom with the crop for nitro-Soil Fertility in Semi-Arid Areas gen.
Nitrogcn deficiency is widespread in semi- Despite the complexity, tile proimpact ofarid areas, and soil management to provide ade- posed residue management practices on the introquate nitrogcn for high yields is ofwarly ivc,-
 gei supply to the crop al'ays should be coiisidsal concern. Since soils are often decficient, nitro- ered. And if'.1itrogenl source isapplied, the timinggcI must be added to the system to sustaii should be compatible with both residue mainteproductivity. Manure and coillposts are oe way liance and the nitrogen requirciciits of the crop.


to accomplish this. but lcgt,ies should dlso be

considered ifthcy fit well into the 
 conoiic and Nitrogen Fixation in Legumes in
social pattern of the region's agriculture and if 
 East Africa
there is stffcieit high-nitrogen residue after liar- Kcva (1977) reviewed the role of lcgutmes invest. East Af'ricai, agriculture. Cropping systems

In areas where water is scarce, green-ilianmre 
ill

volving tiloiotCiltLre of non-nodulated ,lants recrops must be carcftilly ililaaged or they will de-
 stilted in a decline inI yields and dcpltioi o ccerplete soil moistlre to Ivery low level, resulting tai soil nitrieiits. This decrease in productivity
in reduced yield for the main crop. The nitrogen- was alleviated in the past by shifting cultiv'ation,
water relationships iust be taken into account ill and more recently by the use of inorganic fiertilizany cropping system which would use a greei- ers. Sice the population inEast Africa has beenilianure to provide the nitrogei. increasing by approximately 3 percent per yearIf water deficits limit early growth, or ;ire during the last decade, the resulting pressure oiidistributed throughout tile canopy devel-seasoti, the land has made shifting cultivationl titelable.opcnit and transpiratio iiiay be uiiai'cted by The price of synthetic firtilizer has riseim coisid
nitrogen level, and yield reitlcti-I from nitrogen erably duriiig the last 15 years.
is iiprobable. Also, ifiniter-row soil sturftacs are 
 In this context, research ,iow is being aimiedwetted by frequent rains during calopy develop- at fildilg out to what cxtent biologically fixedment evapotranispiratioii is less afh'ectcd by the nitrogen canl be stupplicd to crops. Jones (1942)additional cover cauIsed by high nitogcn, assessed the role of a legmniiiious cover crop suchSince the best nitrogen levels must be deter- as (,lyilc iqltt.,htii inlbuildiiig up total soil N inlmined based ol probability of raintfill, tile wider Keiya. File experiments rani for nine years andoptimum rmge is ofcomsiderable viue. compared soil from a leguimic-plai ted plot withIn tileshort term, crop rcsidue maiiage- soil f'rolm anl adoining cultivated plot. At the endncint-and thercfore tilage-caii have a iiiajor of the stuldy, tileleguiMIe had increased the N conimpact on nitrogen ava,'I.ibility. I)eciposition of tent of the Kiku\yu friable loamii s,,lby 180 kilohighly carbonaceous residues collpetes with the grams per hectare per year. T.,tal soil N was incrop for iiiiiieralized nitrogen iI the soil. Itthe creased fromn 1.206 percent to 1.292 perceit, aresidue is incorporated into tie soil well ahead of gaii ofabout 41 percen. This is equivalent to anlplanting, decomposition will be largely coin- accum,'latioi of abott 1,681 kilograms of N perplcted, and the nitrogei will be released anld be- hectare withinl nine years, more thaii half occur

come available to the crop. ring in the first four years. However, these values 
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(1972) indicated iat, Uganda, there is a possi
were based entirely on an ungrazcd leguite cover ill 
crop. In practice, the crop is normallv harvested be yield benefit by mittixing ntaizC alid beans oror grazed as a source of livestock teed. sorghui and beans under intensive limning. YieldsAt Mole,Kenya, Morrison (19(i6) t./uind that Of' Ittize-bais atildsorghutnit-be.uls nixtures wereLouisiana white clover ('Iioliunim rlus) with up to 38 percent and 55 percent more, respeccockstoot increased the pasture vild inI t11e scold tivchv' than the comllbined yield of each Conipoyear as much as an apl'!catioit of 244 kilograms icint of the mixture when grown separately. Itof N per hectare as calcitili att11101tin nitr, was concluded 'rotiltite Uganida experinents that(20.5 percent N). In Kitale, Kenva, the inclusion yield increases occtrred becattsc the iixtures betof DeSilodimln utcina tit \ ith Natdi Setaria itl- ter utilized the cnvironmental resources, such ascreased the Vield by 111atto1tti11 cl\',iictIt to ieC liglht, Alid tihe dissimilar rooting depths of the ditapplication of 103 kilogratms of N per iectare ,v,; ferent crops exploited the soil more, with aboveanuoniiun sulphate nitrate (20 pcc'cnit N) (Sti- gl'otlllld
coInpctitit being reduceI by the hctertie, 1968). ogClltouS growth cycles. I lowever, sottic bettefitSoila (19 8), bViscd at Kittle but working itn froittt ttOdItIatiott tuldntitltg,ct fixttiott Cattitot bedifikrent ecologicAl 70ies Ot iKetVa, sIho\Vcd thtt rlcd out. 
luCerntC,
a IClguLtC wihich did tint Ildilatt ltatti- I'relIintnary work itn yttv'thas shown thatrally, tixCd the ciliValCtIt of tboitt 5(, kilograis pure stands of itlaize and beans vield 3,500ff kiloof N ill120 lays when iitoctulated. li field trials, grais per iectare atdI1,t I kilograts pet htothi aIso sio\wed that prOtnsel y t dulii atCd I)Itstoltis are, respectively, while the nmixturc produced 3,2(X)I',l fixed adCtLate ntitrogeti to tieet itsaris beait kilogrmis of tnai'c and ( X)kilogrins of beans.nutritional requiretients. Kcya (1977) estittates that ltCrcrtppittg is,thereftre, tit area of researchiltoCulaItedL alid IollatCd beatts grown at the Utti- which teelds tilgetlt attention, bIccAtsC, is theversity of Nailrobi tixcd 55 kilogratms of N holdintgs get smaller and tarnirttii beconics morehectare ill120 das, 

per 
tsitsiitg ttitt-tttdutl3tcd bCtis tcntttsiVC, tilixCd croppintg pioblibly ias (iegreat..to Calculate itirogt uptake from the soil. Cst potcitiall to supply a fin til farmtilwith a stCaly0tt ItilIsalid soils at Ukrigiurt, i) wcstrt cash flow tttd fiOL supply throutghout the year.laititltia, five t~rage cgpitic-grass mixtures wcc Since legues already tit very well into mixedCotip.tl' with fol" ICvcls of lertilizer iitrogCi crolppitng systemts, nodulation atid nitrogen lixaapplied to (; chr.t tili, i.Imstit'ic (Walker, 198). tin illalatered ecosVSte ottlltixcd crops mer

,Licroptiliim t tnrl at tl l Iv-nt'tH .t)'h.,,s1tt its more attentoti.tl('ISis ill the g i1,i'Ss-lCglnc)LMn
iXtu rltInILrcascd hier-
bagc y'CIM liUC llti I o u ~ t o f L101-C hl Aill Additi~mOll ( g m e dnu'iio o10gu0C ed
 
kilograis ot N per hccittir
as ntroch,ilk to ptt Th.1tar itiulationi of both exotic .id imudigegrass. touS lcgunLtcs is errattC when sovi without inoc(O ctastl, slldy soils of 1iauilaid Iallza- tl.till Was Ob'cr\Vcd as cirly, as tit"e 1930fs byItia, Aiderso( (198) reporitd that overscciding t MCl )ottald (1935), ad has beei reiterated bythe palhtable legutnes with grass itnprovcd tilt Morrisoitl (196 ) a11d others (see IKcva .i1d Vallprotein prdiltiint of'thc ittdiicnouis swirld. Adi [iAjittcI, 1'975). Exteisivc nodulatiot studicsIig litcerlic to pistuircs inLTc.lscdl 

ill 
the iitrogoCi sta- IeIIn\ slIOwvcdi that 1ite1C of the inttroIitceLd ICtits of',a vi Iuie soil at NJorO. KeliVa, %Vithluttilt' guties \vere abu to itititllitc ctlectivcly without


1lC ot"ntitrogenious fertilizers (TIloias, 1972). illotitlatioll (Sotltl/. I)(8).
Thairu ( 972) ind IKcv.i t al. (1 )71) shOWd thit It iOtrtitCrn litnztii,it soil', which had pieincreases ill ntitattluq t indquality of iterhage r- viouisly been plaited tt I'lasitolis itiu!dtriS bCalls,
siting firoi ovcrsowing the )t'.'itdiul spp. wrc 110 ittcrtease illvICId was obtinted 
bv intoctinlatii
Substa ntia. 
 seed with Rkli.Zo tliu (Me( ,arttev a d \Vitsoni,Mixed cropping is little used it present inl 9 

(t)I lowcvcr, ilotilitioni is worthwhile tt landhttnisive' agriculture, hut despite t prmltiontl wiltre bens hivc ot becn grtwnt or where soilof'sole crippting by Extetnsiotnt agents, the mttajor- pI I is low (Mc( ,irtney alld \Vits I1,1966: Keva,
ity of' Last Ar,in f~iriltrs still prictiC it. licc 1)77). 
crops, ccreals or rOot crops ire Iitelltiteil vitll A series ottexpcriix tits carried out betwecnshort-terttlegtltleS suiht us hetti, grtildttS, 1961 ald 1965 by \Veiss (I97), oilllhrbo alldl cowpeas, pets. ete. Soya estates illiKeiVa, Showcd that the tISe o1'it1Thcre is little cxperilliCilta] cviittcc Of the itocutlaint is essenttial oil soil whiri stybeaits havebencts of']egincs inumixed cropping. I 1owcvcr, lint becn gr win previously. IucilatItin is cssei()sirui aid Willey (1)72) And Willey aid ()sirut tial for subterranean clover iniorder to ,thiieve 

http:Cotip.tl
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nitrogen fixation (Morrison, 1963). It was further Ihe legune-inoculum re,:tioiship has been es
emphasized by Morrison (1964) that subterranean tablished for temperate legtumes and highly eli
clover, Louisiana xvhite clover and Kenya white cient nitrogen-fixing strains of'rhizobia have been 
clover all required dilercient strains of rhizobia fbr isolated for agricultural use. I-owever, little is 
nodulation, and that the wild strains were not hilly known of the tropical strains, most of which fall 
etT.ctive. lBunipus (1957) working at Kitale, Kcn- under tile cowpca group. Field experiencc ili East 
ya, detnmonstrat,.d that, il"inli,m s " of
s'i ipilhsim, Africa casts doubt oi the vahict lost iii .ported 
laiNdis and ,h',licao sti'a, bctter rcsults were ob- iiioculaiits used. 
taincd by using a good itioculant than by relying The iiiiplicatioti of such tildiigs is that, tor 
on the presence of Rlhiotiim in the soil. Btluipus new collections of indigclnous or iiiportcd species
(1957) stated that it his beCn well-establislICd that g'ownI undr altered cnvironients, the iced to 
there is no suitable Rhioitmni inl tilesoil for 1I. supply inIoculants requircs careftil and irgent in
satiia, estnecially as the genus ,\cdicq,'o is iot rep- Vestigatioil. 
resented ii, the local flora. The ilitrogei fix atio rate illa four-year-old

With A lysicarpis ,Q,'Imcciuis, Iuniptis (1957) staid O1" tIc woody I]egn itte lcliou'niIChOcCIpmalad 
touiid that tile uiillocti!AIted plot yield stirpassed (Lai.) ieWit. was esti illated by I logberg and 
all the iiioculated treatments, and concluded thait i field at a rather dry site~vartistroivi (1982) tile 
none of' tle coininciircial strains of bacteria illthe ill 'Iaizatiia, Ising ail Icetv'lciic redutctioi tech
"cowpea grotp" were as eflectixe as those already ,Itqtle. The aiuntiit ot'ittrogei fixed amlinially was 
ill the soil. NodulatCd plants were licavier dlia, about Ill 4- 3( kilogratns perIlectare The re
uninodUtlated OliS, a dilth'recc attributed to nIit'o- suilts givetstioig Suppo't or the use of I.. h'iioc(i
getI fixatioii it) nodules. phIal, for soil ciiricli)i,it iii less liminiid areas of 

Iespolse to iloctilatioil was Ijirthcr coi- tropical Africa. 
firmed by Thonas (1972). who showed that in
oculated and litiiC-pClletCL seeds ofltcerne were The Role of Trees 
established quickly oii volcaiic ash soils at NJoro, Use ot agrtlotnic and lho'ticu~ltural legumes 
Kenya, resulting in substaiitial ain)uiits of' itro- would help provide nitrogen ili semi-arid envi
gen accuilllI.ltillg o4 tie soll. hllis soil was about ronieS of the Tropics. As a strategy to provide
neutral iii its reaction, but one of'thc Ictors lint- lutrielts and stability, the use of'trees neds to be 
iting nodtilatioi of Iicernei i most tropical soils eilphasized. This was recognized by East African 
is lo.' pl -1. Whether lini-pellcting might pro- tariiers who still ose mixed stands of tree crops, 
mote profuse iodtilatioi, ill acid tropical soils has cereals, root crops and legtltlles, cffci thotugh Cii
not yet been answvered filly. Experimcnts at Ki- coUraged by Extension agents to plant single crops.
tale, conducted by Keya and \a,,I:jiiatteni (1975), Keya (1974) and Kock (1982) su~ggCst that trees 
atteniptcd to asce'taiI the role of sCCd pelleting may be the key to sticcessft, tarin g systems ill 
aind i nOctIuatiOlI Of' 1CIsnodi mitl t0,111 IIIi,uiidcr the Tropics. 
grccnhotsc and tCld conditions. Il pot cxpci- Liid use systeIs rClyiii g oil diversity to make 
nt1iits, intocuJlated seedlings were vigorous, pos- iiiaxitiinlist ot an arca's productive potential 
sibly becauLse they \%'ere iiodtilated earlier and had haVe to "sitiiulate- climax ve getation)s to obtaini 
rnore numerous and heavier :odtiles. Ilowver, iiaxiiliiil biological prodtictivity. This applies
there were lo responses to intoculation aId pellet- especially to raintorests and savannas, which, ex
iig under field conditiols. Kea and xii Eijiattei cept for pure grass savatnas, naturally contain trees 
concluded that. since 1). ,,dinalmn niaturally fOrms ai tl bushes, Whose dciisity, comipositioni and height
efkctive ,nodtiles over a wide range of sites in depeid largely oii raintall. 
westeri Kenya. iniocilation and pellctit g max be The coltributiotiiofa clilaxntatral vegeta
omitted witho, .;d\,vrsc eft-ects for this legune. tionIs to lexels under AfricanIiitius conLditions
Similar lCId rcstilts werc tfonid for certain itidig- Ils beii st,,niarize by Satiche- (1976), tsiig 

("ot, and
elotis gcienra, suclh as nltri1(1olihos spp. diata Of (reei ilatld. l.aintorests procitlL'e tip to six 
(Sotza. 1968). tities as ttuch organic tmatter as savainas, btit 

Nodule bacteria vary greatly iintheir ability their decomnposition rates ate otilv 1.5 tinics Iiigher. 
to fix atmospheric itrogeti. Some are t'flicitIt Consetietitly rainforest soils gctirally contailt 
and of' great value to tile plant, blt theinajrity twice as iutch organic thatter as savatias. Again, 
are only tmoderattly ctlectivc ili nitrogten fixation. the net organic matter prodtCttioti o1 thtse dte-
It is, tlicret', tictessary to correct the impres- ptiLs largely oti r,ilitil. 
sion that, because 1ot1lcs are presetit oii the roots, Akh,.tgh the advantages o tice ititegratiot
the bacteria iii thie u to the plant. are kniown by traditional tircirs, and researchintst be of use 
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has produced suticient evidence of their cflective- ilprovements with tree integration in semi-arid ness, "Agricultural engineers . . . have not taken areas, although on a lower level of productivity, is a serious look at what can be done" (Sanchez, provided by French research in Senegal on Acacia1976). Except for con i-ercial plantations, tree ill- ,tbid, in a millet-grotndntut rotation. These imtegratiou has 'allen betwee the stools ol the ag- provements led to sustainable yield increases inriculturist, the forester and the pasturalist, each millet of' I) perceit, and/or in groundmiits by 25ocCupied with Ii'; own discipline, and each iiss- percent. I semi-arid areas, nitrogen is Ilion oftening decisive advallt. iges IvailAblc from tree into- the limitirg tictor than water. The coniventioal
gration. Only input scarcity to make uIs views that moisture is the most limiting ftctor iIIseems 

aware of the superior pt ri itucc of'trees, whether 
 dry regions, and that shade is al'.vavs detrineital
iin erosion control, in biomass aid odder prodniC- to understorev crops, is overturned iII situationstion, improvement ot' soil property, or yield pci- where soil t'rtilitv is low and adequate a11niotu111Sorniancce and energy supply. 1lres can be looked of 1iiiiicra Ifi'rtilizcr CaillItit added. But thesebe I
at as a sell-contAiIIed fi[iitor\' that crcaes ilt"coni- are precisely tile cotid itiois which characterizeditionis oF its high prtoducttviy, whether by soil small-liolder production iII most developingproperty or ccoclilitatic itp rovIltet, cou~ntrics. Furtlier evidence of betneficial eltcts

The important aspect here is tie choicC o'.a can be F'Mnd inl Borgnettalu-VerallndeI (1980),inonco1iipetitive species for the various purposes. IR(C1 (1979), Nat. Acad. Sci. (1977) aid Sanchez
A growing stock of documentation oii suitable (1970).

species exists, Stippltig iitirt.ttolt ott suitable Although 
 the superior perfotrmance of treesspecies toir senti-arid, 11lii1d ad evei Iydro- is obvious to att\ observer going through a barren
morphic areas (IIRCTY 1979; Nair, 1979; Nat. '\cad. la tdscape itt tile drv seastIoi, develop iiIttt projectsSci., 1977; 1979). oltiet are not geared to using trees as living t'iiCes,

Front setiti-aril to htumtnid areas, tree iitegra- as bUtlids tjr crosion control, or As ph.itttcd croptioii is a characteristic ot'tratditional, sttall-tariter titixtuires. [he saMue situlatiott applies it) the casesystems serving almost all purposes. Lagetmim f local researchers, who generallv lack the capaand l-letiveldop (1982) show that Carners ill the bility to provide seed collections of suitable spehumid areas of eastert Nigeria respond to higher cies at d site-spcci tic agronomic recomiiIeidapopulation pressure with increasing tree densittcs tiots. Again, titonodisciplitiarv trainiig audof varyintg heights and . ;,ccies, increasingly using organizatioit is often to blame or this circuileaves aid branches lor todder alld IuIIIlch. Net statce. Tce integratjot sholId be COtISideretL aincome obtained f'roln these lairms exceeded that necessary complement to livestock integration iiiofiitetisive maize croppitig. The saute tCtideicies small-holder systems to provide fodder as well asemerge f'rom literature ot traditioll tieuitg oti t.lrtility. The classical distribution between fjirall three coniits (Anotymotis, 1981; Saiclicz. ests. arable lands, atid pasture areas should be a1976). What may oltti appear to dcveh,pilicit thing of the past. "lice integration would convertworkers a. I "botantical happenilng over tieic, L'dtseIV populated, barrel latidscapes, vulterableinstead is a subtle adjtStIIClt bV tit,ler'S to to .ll lorms of degradatioit, into "lealhlv," park
changing conditions, makitg optiltiuIIl use of their landscapes with a light tree atid bush 
 cover.
 
own resources. With tree ititegration, the role of

mulch ott relatively undisturbed soils increases. 
 Conclusions and Recommendations
This lactor indicates possible solutions for stlt;tll Biologicallv produiced nitrogten is beconing
taners \0 10 cat tinit althird to pIitt separate greetn- it creasitllgly ittmportant as synthetic nitrogen esca
matuire crops, but are able to IISe the superior 1ites it price.
bioiass produtction pertl.rnatice Oh' trees to II ittaiy areas, nitrogen is readily available,maintain the organic matter balance inl their soils. Oil tle fartin i mantiure ald plaIt mIaterials. 1i"

Research has just beguI to provide Llutatita- ,mtantaged properly, these materials could providetive evidence of ecoclitIatIc imti 9veHtielt through sufficient nitrogem without the expCuie ot'chiCtti
multi-storey armig systems. Ai example is g ivel cal initrogen. Traditiot iift-iig iMet hods itt ll Illvby Nair (1979) itt India. Multiple cropping uif co- ireas of the Tropics have redt.ed tile soil orgaitic
COil aid cocontt reduced evaporatiolt (cotmpared matter content to low levels, resulting ill aIitrowith a bare soil) by 70) perect, reduced variatiotis gei supply which does tiot support high yields.in abovc-groutd air tettihiertuires 2(tmes, and Legumes otltr a biological approach to inhelped more than double poptilatious of bacteria crease substantially the nitrogen available to tropand fgitt in the soil. ical soils, and thereby lift the yield ceiliig howProof of similar soil, ecOclintate anrd yield restricting crop production. The nitroget-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 depIct-
ing available water. In these areas, mixed crop-
ping and the tse of legume trees ofier a superior 
production system which uses resources elii-
ciently and raises the yield plateau. It is important 
that legume trees be integrated into such a sys-
tern, since they are locally available and provide 
stability to tropical production. 

The amount of biological nitrogen provided 
by manu:cs, plant materials and legumies could 
far exceel that which is presently bought as 
chemical nitrogen, and result in substantial yield 
increascs at lower cost while improving the soil's 
water-holdin:g capacity. If the introduction of re
get erative, resource-etficient technologies be
comes a national priority in Tanzania, and re
sources and outreach are provided, nitrogen self
sufficiency 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 tor all biological trogen as aninionia, may help replenish the N 
cells is N, from the atmosphere. Plants can use depletion.
inorganic fornis of nitrogen as N! I,' or N(),, the I lardv and Holstem (1973) estimated that 36.5 
supply and tormation of which are regulated by million tons of N fi'rtilizers were u,cJ ill 1973 on 
microbiota of the ecosystem. While tbrcst ccos\s- a global 1asis; this anount represented only one
tens arc reasonably selt-suticicnt in nitrogen and ftith of the nitrogell fixd biologically.
other nutrients doe to continual nutrient rccv- Soil nitrogen is replcnished by addition of 
cling, agricultural soils are Mostly dkplctCd ill ill- crop residues a' d through biological nitrogen tix
trogen, with the possible exception of' grasslatnds. atioll. In a dceCVebp in, treS0oiwI the cl\'ironci t
The inaor share of N depiction is contributed by is principally inortani c, biological nitrogen tixa
crop removal. tion is the major agent in the torniation of soil 

Population growth dnCtanLds inlcrIseCAd tooti nitrogen. 
production, implying more nutrient renMoval and, The dcmand tbr nitrogen to iltaitaini soil 
thus, lower soil productivity. Advanccs in indus- productivity is incrca,.ig every day. Global con
trial technology, such as chemical fixation of ni- sutnption of ti'rtilizc N in 1973 has been csti-

Tablc 1: Fertilizer Nitrogen Consumption (tons) inTanzania (1973-1982). 

NPK NPK NPK OtherYear SA4 ASN* CAN* Urea Tobacco 20:10:10 25:5:5 NPK DAP* Total 

1973 5,090.6 676.0 840.0 506.0 56.1 200.0 1,125.0 377.4 899.0 9,7701 

1974 8,409.2 364.0 - 690.0 372 1,540.0 1,187.5 7038 102.9 13,034.6 

1975 9,797.3 260.0 1,470.0 1,656.0 84.0 5300 137 5 819.6 - 15,054.4 

1976 6,947.9 - 2,397.3 1,426.0 7000 1,250.0 3791 1,375.1 14,458.0 

1977 6,425.8 -- 1,890.0 2,300.0 7698 300.0 750.0 4500  12,886.6 

1978 9,373.1 - 1,676.6 644.0 1,216.0 670.0 1,3250 - .. 14,904.7 

1979 5,996.1 - 3,235 1 2,305.1 493.9 445.0 1,700.8 .... 14,176.0 

1980 10,773.2 - 5,460.0 2,396.1 836.6 - 1,282.0 -- 2,585.7 23,333.6 

1981 11,467.3 . 2,520.0 1,322.5 914.1 1,026.0 2,310.0 - 19,559.9 

1982 8,436.1 5,250.0 2,6951 522.0 3984 1,547.0 .. .. 18,848.6 

*SA : Sulphate ul amnonia, ASN = Arnmonium sulphate nitrate, CAN - Calcium ammonium nitrate. DAP Diammonium phosphate. 
Source. Marketing Division, Tanzania Fertilizer Company, Dar es Salaanm 

http:incrca,.ig
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mated at 40 million metric tons (Hardy and Hol- Biological Nitrogen Fixation 
sten, 1973); demand by the end of this century is
expected to be 200 million mctric tons (HlaIdy Classically, there are two kinds 'f biologicaland Havelka, 1975). The trend of'fiertilizer nit ro- nitrogen fixation: ,onsymbiotic (asynmlotic) or gen use in lTizania is presented in [able I. tree-living nitrogen fixation, carried out by ccr-

The chemical fixation of nitrogen for fiertil- tain bacteria, iiicluding cyaNJIobactCria (blu-green
izer mantutaCture is an encriy-cottsining process, algae), without association of a host; ant, STnwith fossil fucls being the major source of raw biotic itrogen fixation, carried out b\ an intilltate
materials. When tiissil fhels were chcap, nitrogen association betwccn a host (nainly a plant) and afertilizers were also cheap. For example, one met- microbe (bacteria, actintoni\cctes or cxanlobac
ric ton ot fertilizcr that cost S31( in 1972 had jumped tcria).
to S14( by 1974. The ability to bi og;CJlV fix nitrogen, de-

The price hike of fOssil fuels has adverscly field as converting elemental ditiitrogen (N,) intoathected tile overall ect ou1 y of dcvcloitlg cotin - cell-utilizable, cO!IbilR'd firin, is rcstrictcL to C)IV
tries, particularly those lacki g ( ssil l It - a ft'w pr, -aryotes, like bacteria and cvyaobac
sources. For them, the total buying capacitv of tcria. 
the energy ald raw natcrials ftOr nitrogen f'ertil- Free-living nitrogen fixation has bcen Lteizers has been rmisiderablv rldulkcd, at11d as 1 iC- tectecd in at least 21) gi'ncra of bacteria, with greatstilt. the supply has becoitte unccrtain. Flu only difTirences in their relations to oxygcn, cnergyfertilizer tictory iii "Eizaiii a was in opcritl for SoIIIre, electrot aCcptti i.ItOther properties
only two and a half' tiontlhs it 1982, although the (Knowles, 1978). 1lowvcr, oily in certain getneraconsumpgtion offi'rtilizcr in the s tc sear was tot did all the known species show ititroget fixation
markedly rCdtICCdt. "Libcl 2 shows that mnost of the property. Ainong the ctnoacteria, ttore thalnnitrogen fertilizers were ilinportcd as thc prodtlt- 80 species have been recordeL to haVC ttitrogtn
tioti in the factory went down. fixing ability in natuiral habitats. Thcst species be-

Oic ahtcrtttit to this problem is to sutpply long to the orders Nostocalcs attd StigotnIatalCs
agriculttral laItds with initrogeti mte,_rials itanItt- (Stewart. 1974). All of them are tilanetousfacttt t wth e least ait tolt0t11tOt'fossil IitCls. SitIcC 

cx-With cept (GIoeocaps,. (lassical examples of frC-Iiving
biological nitrogen fixation reittaitns a ictajer agem nitrogei-fixing bacteria are .- zi.otoki/,tcir, Heijerit 
of nitrogen supply in itature, and the proctss is incki, ani (Ostridito,.
not depettdetnt oti fossil t'ucls, harniessing this pro- Although doubt has been expressed regardcess has become increasingly important. ing the contribution of ft'c-living nitrogen fixa-

Table 2: Local Production by Tanzania Fertilizer Company (TFC) and Imports of Important
Nitrogen Carrier (tons) in Tanzania (1978 to 1982). 

Year 
Production/

Import SA* CAN* Urea 
NPK 

20:10:10 
NPK 

25:5:5 

1978 TFC 
Import 

16,334 
28,300 

-
7,984 

_ 
1,400 3,350 5,300 

1979 TFC 
Import 

24,553 
4,000 

-
15,405 

-
5.011 

2,225 
-

6,803 
_ 

1980 TFC 
Import 

19,469 
31,832 

-
26,000 

-
5,209 

-
-

5,128 
_ 

1981 TFC 
Import 

24,922 
29,684 12.000 

-
2,875 

5,130 
-

9,240 
_ 

1982 TFC 
Import 

6,839 
33,333 

--
25.000 

... 
5,859 

1,992 
-

1,888 
4,300 

*SA = Sulphale of ammonia, CAN Calcium ammonium nitrate 
Source Marketing Division, Tanzania Fertilizer Company, Dar es Salaam 
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tion in soil (Jensen, 1950), environmental and cc- providing an alternativc source of nitrogcn for rice
 
ological conditions in the htmid Tropics tvor tile cultivation."
 
fixation of from 20 to 50 kilograms per hectare Efftictive algalization has been reportd to in
each year by fie-living bacteria (Odu, 1977). 
 cre,,c the size of rice plants, their nitrogen con

Frec-'.Yviig bacteria wcrc uIsed as Ilitrogen r,ilt, number of tiilcrs, ears, spikelcts, and also 
soarcrs for crops in Russia and Eastern Europe filled grains per panicle; hence, an overall increaseunder the conmercial name "Azotobacterin." in grain yield. l'e technology has been easily 
Experience showed that the bencticial atTect of adopted by rice taners in India, '.'her: rils con-
Azotobacterin could be due to plant growth fic- ductcd at five stations showed that adding 10 kil
ters produced by Azotobacter, rather thai to the ogranis of 3(GA cultures as biofertilizer, costing
nitrogen fixation (Mishutin and Slilnikova, 1971; about S3, gave extra yields worth S50 to S70 (Rao,
A!exander, 1977b). Recent experiments on inoc- 1978).
ulat~ons ofsoil with Azoto,,crr with ditlerent doses It'f'armers produce their own inoculants, the
of inorganic nitrogen fertilizers in India have dcm-. cost of'biofcrtilizer .'ould be negligible. Based ononstra:,:d the possibility of saving considerable ii- I large number of field trials in India, it was con
troge!i fertilizer while still attaining dcsir'd yicids eluded tha;t introducing algae technology into just
ofricc (Shtbba Rao, 1977). Often, preparatins of 50 percit of' rice-growing areas of that country
Clostriditui have been used, but with doubtfui re- would save about 380,M0 tons of nitrogen worth
Fults. Thus, coninerciai exploitation of free-liv- about Rs. 14 million. The cost benefit works out
ing, nitrogen-fixing bacteria has not been very to 1:11". (All India Coordinated Project on Algae,
successful. 1979).

The most promising exploitation of free-i v- Unexpected nitrogen gains of' 51 kilograms
ing nitrogen fixation could probably be achic,cd per hectare per year have been recorded in soils
by "algalization" (Venkataraman, 1961), wh rcby beneath pure grass swards and ill pure stands of
cyanobacteria are applied to the rice filis. The pines and other conifers, where no symbiotic as
beneficial efl;:ct of cyanobactcria on the grail yield sOciation was present. 1,:nay be possible that non
of rice has been reported from China, Egypt, In- symbiotic nitrogen tixcerF were greatly stilliulated
dia, Japan, the Philippines and the USSR. Under rhizospherc ef]c.cts (Richards, 1974).

However, there are also indications of'fiires So far, no attemp, has been made to find the
of algalization. Venkataraniaj (1972) and Roger effect of free-living, nirogcn-fixing bacteria or
and Koolasooriya (1980)) reviewed the subject and cyanobacteria on crop growth in Tnzania. A sur
concluded that, "Increasing the cficiency of in- vey conducted on the abundance of free-living
digcnous or inoculated nitrogen-fixing BGA by bacteria in 28 soils from five regions of Tanzania
cultural practices is certainly all efficient way of revealed that .- zotoiaacr \ver .,bsenr in acid, highly 

Table 3: Symbiotic Associations in Biological Nitrogen Fixation 

Macrosymbiont Microsymbiont 

1. (a)Nodulated Legumes Root-nodule bacteria of legumes
(b)Nodulated Parasponia (Rhizobium)
(c) Nodulated zygophyllaceae 

2. Noduiated Non-Legumes of Alnus type Filamentous microorganisms (Frankia) 
3. Cycads Cyanobacteria and possibly others (?)
4. Azolla (a floating aquatic fern) Cyanobacteria (Anabaena azollae)
5. Lichens Cyanobacteria (Nostoc, Calothrix) 
6. Liverworts Cyanobacteria (Nostoc)
7. Podocarp and other mycorrhizal Fungi (?)

nodules (?) 
8. Leaf nodules (?)/stem nodules Bacteria/Cyanobacteria (Nostoc) 
9. Wet leaf-bacteria association Bacteria 

(Phyllosphere) 
10. Rhizosphere/Rhizoplane association Bacteria (Azospirillurn)

(Associative symbiosis) 
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leached soils from Arusha and Mbeya. leiierimkia Factors Influencing
 
were present (Chowdlhry and Wenceslaus, 1976). Symbiotic Nitrogen Fixation
 
but their numIbers were not high enough to 
fix Cit Is the principal environnta factor 
substantial nitrogen in soil. The success obtained ie in themgitud niroge f hatont atnu 
in India and elsewhere on the algalizatioi of rice idtedrmiig tle nagsitde ofnitrogen tixtion in 
fields merits its trial in Tanzania to attain nitrogen trdlatcd legctpostes, irainall aC, Cectscso
self-stufficicnIcV on rice fields. trtion ftcct photosynthesis, rainfiil afiects soil 

moisture, and daily clhanges in ambient and rootExploiting Symbiotic Nitrogen Fixation temperatures afict plant physiology. Fortunately. 
The term symbiosis coMrn,-;'nlV implies a tiC- radiation and 'O) concentrations arc not liittiti, . 

gree of intimate associationl between two or nIore in the Tropics. 
organisus, and, althugh theyv can live indepc- The Cdaphic fictors attcting itrogen fixadently, a conditioof mutual dpclldCc or hetI- tion, through their influence on root growth, rhi
efit when living together. Bliological nitrogen fix- zobal survival and activities, and oi the symbiotic
ation in symbiotic associations of plants system itself, include soil tf I, orgnic matter coll(macrosynibionts) Midtent, available nitrogCn status, availability o l,C, and Mo, aiitd toxicity of Aland Mn. Soil 
symbionts) have been observetd in ,n,0nV cases. 
Aniong the associations shown inl Tible 3, the water anid soil tcmpAiturc arc important physic,lcrop loiime-Rhiizolbiiio symbiosis, zl,,-A,,i- factors, and arc critical in the Tropics. 
b 'nii symbiosis aid associative symbiosis be- A lhigh a go(( d a olfiiifr tatio1974;these 
tween grasses!cereals adt A,,spirillinii are tl, most edaphic tctors is available (Quispel. 1974; Nut
promising for agriculture. The legunit trces-Rhi- ian., 1978; VaIab a neit l t. 1977; Vincett, mtzob int svytmb ios5is, anti ii 01l-ltgtliilIC t rtcs-Fniki, al., 19,'; l tbrcctt ., 19: (ist 1 a 

Z014011SVIIbI0iS,~d ion-cguic tc, -Fnikisymibiosis arc iitportait tor forestry. Newvtoni, 1981), thec itteractiotis aliong tlinil needcreful ttid tc thibeftore cin make recotint ta-i 
llutative syitbibosis ill the rest of the issocia

tions may have ecological iiplicatiots, but has tionis for exploiting the sviibiotic iltrogei fixa-. 
little promise f-or exploitatioi ilt agricultutrc at the tin by legtmts. 
present. It should be noted that nially of' th i- Fiially, succCssful svitbiosis ticpciI(Is upOtI
crosynbiotnts (iainly cyanobacteri) arc frce-liv- several biotic factors: the physiole\y aind genetic
ing nitrogen fixers, while rhizobia atid Fr,:,,i,i re- characteristics of the host plnt: rhc effi, :ncy of 
qtire the hosts or macrosytbionts for substantal the IhiC4hium straii, its cotitpatibility with the 
nitrogen fixation, host plant, attd its competitive ability to itodulate 

the host against native intef ective strails; the ilt-Crop Legume-Rhizobiunm Symbiosis teraction antd iifluence of other soil organisnis o 

The niost intportatt contribtutioi of biologi- the establishict t of introduceti rhizobia; and par
cal nitrogen fixatioti inl both graits aid pistires is asitic ad pathogenic orgatistits Aif'cting the host 
that of the crop lcgutnc-Rhizobuim syibiosis. Es- platt. 
titnates ott the nitroget accuitlation through The tiClulation propcrty of rltizobia is host
symbiotic fixation ill legute mionocrops raige specific (I),,t 197-1), and infectiot is regulated by
front 50 to 350 kilograis per Iectare per year, specific IctiIs (Balrer, 1)77). Even within the samealthough uttusnally high estintates tf S0 killo- species of platits, tlhtretM'ay itL .;tr g host van
grams per hectare per year have also been claimed ety-lhizoliium strain iItCractioit (\VcbLr It1Ill., 1971).
tnder the stitituhls of grazing or ,ttowint1 (litchI- Suich itciactiomI itt soybean cultivars has bece ex
ards, 1974). However, it is genirally accepted tHut pericnced itt Iaizaitia (Chowdlury. I977b). There
nitroget fixation of aroutid 1(X)kilograms per art physiological it1'retcs .a1itong platts ill their 

hectare per year can be expected from the titajor- abilities to ttilizc the fixed nitrogen as well as tile 
ity of graimn amid tforagc legumies, provided tlAt energy btidgcting for fixing the nitrogen (Mili
successfutl symbiosis takes place. On lcguine-rhi- chili c41l., 1981).
zobia symbiosis, the rhizobia intect the platit roots The tttost important tactor influencing iitro
through the root hairs, ititLucC tle tornmation of gmi fixation is the presetice ofcihCt.cnt Rhi.:ohiiu 
root nodIles, aid enter into a symbiotic relation- strains. When such bacte'ria are absemr itt the soil,
ship where rhizobia convert the dinitrgt tiole- eficiett strains can be intro, luctL through seed 
cults to mttoni;t throtigh ai cnzymc complex ittoculatiomt. This teclCItology has givttt divideds 
called nitrogenase. Aniionia is supplied to flhc itt itidv coumtrits, amid will bt discussed itt more 
host plant, which, itt turn, provides tit' rhizobiai theta il IatC itt this paper.
with carbohydr.ttes requIiired ur the fixaition pro- While iativt rhizobia for a host are already
cMss. present it the soil, the imability of the eflicicit 
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strains to nodulate the host in competition with The doubling time of Azolla is one to three daysthe native Atrains also becomes a major limitation. (Stewart etal., 1980), and tilerate of nitrogen
A number of workers have emphasized ira-tile fixation is 300 to 450 kilograms per hectare perportance of survival and competitive ability of ef- year (Brady, 1982). The rate of decomposition isfective strains in the soil (Alexander, 1977a; Parker also rapid due to its high nitrogen content (Broet al., 1977). tonegoro aid Abdulkadir, 1978). It is very likely

After the introduction of cflicient strains by that the use of Azol/a as a nitrogenous fertilizerseed or soil inoculation, nicrobial antagonism/ and a green manure will be a conmnon practice inpredation may considerably limit the symbiosis many rice fields in the near future. 
(Alexander, 1977a; Chowdhury, 1977a). The
 
problem lies mainly with the establishment of the Associative Symbiosis Between 
Bacteriaintroduced strains in the soil. Saprophytic :ome- and Tropical Grasses/Cereals
petence of the introduced strain may often govern Several grass/bacteria associations seem tothe survival of the introduced 
al., 

strains (Chatel ct have considerable potential as nitrogen-fixing sys
1968; Parker etal., 1977). tens in die iropics (Dobereiner, 1977). Associa-
The influIence of the parasites and pathogens tOlis of' nitrogen-fixing bacteria with the roots ofin limiting symbiosis has been described by sev- forage grasses and cereals have been reported fromeral workers. For example, Orcllana etal.,(1976) various parts of the world. In many systems,

demonstrated that lRhizoaomia solauj, which causes Azospirilhm spp. seem to be the major nitrogenroot-rot in soy'bean, also diminished ,odulation fixing bacteria present in the ioots ofgrasses and
and nitrogen fixation in soybean. File adverse ef- cereals (1)obereiner, 1978). Two exceptions arefet:t, of neiat<)des on nodulation and nitrogen Iaspalhm iwotatunmand sugarcane, where Azotobac
fixation have been described by many workers. lII ter paspali is responsible for nitrogen fixation.Tanzania, ro- -knot nematodes were found to de- Several other grass-bacteria associations have 
crease tilenouulation and nitrogen fixation in also been found, in which bacteria ;ire not onlygrcengramn and chickpea (Chowdhury and Mowo, present on the root surt'ace, but are also found
1979). inside the root cells. The sigfiificance of such 

symbiosis is vet Uncertain (Isle, 1982), but its pjAzolla-Anabaena Symbiosis tential cannot be denied. Understanding the phys-
In addition to functioning as free-living il- iology of the association inrelation to plant gentrogen fixers, some cyanol:acteria can cntei into otypc is ueces'ary for its frill exploitation

symbiotic relationships witi certain hosts (SLew- (Doberciner, 1978).
 
art etal., 1980). The host-cyanobacteria symbiosis

with the most potential for agriculture is the Azotla- Legume Tree-Rhizobium Symbiosis

Anabaena symbiosis. Aziolla is an aquatic firn wvhich Though nitrogen fixation in crop legumes isharborz nitrogen-fixing Anakcna azollac iii its recorded in many diflerent countries, such inforleaves. Azolla has been tradition,,Ny Lised as bio- mation for leguminous trees ;srather scarce. The
logical nitrogen input for rice iii 
 Vietnam and on highest rates of fixation are useally found in assone 1.3 million hectares in China (Brady, 1982). 
 sociation with herbaceous legumes. For example,
But in recent years, Azolta has been tried as organic Leucacna
leicoceTlialt! was reported to fix up to 800 manure or mixed crop with rice in India, Sri Larika, kilograms of nitrogen per hectare per ycar (Halli-
Thailand, Indonesia, Italy, the Philippines and many day, 1981).
other countries. In Morogoro, Tanzania, a four-year-old Leu-

There ire considerable variations in the growth cu'na hcucoccphala stand was estimated to be fixingrate and magnitude of nitrogen fixation iindiffier- I H) kilograms of nitrogen per hectare per yearent species ofAzolla. A recent international work- (I-logberg and Kvarnstrom, 1982), and Acacia
shop on practical applications of Azolla fOr rice 

tl
lisina, a woody species, is reported to have fixedproduction, held at the University of Puerto Rico, nearly 200 kilograms of nitrogen per hectare per

provided a good deal of information on Azotlla. y'ear over a 3(1-year period (Richards, 1974). Fi-
Two species of Azotta, A. piunata and A. nally, Donnergues (1981) reported that tropicalnilotica, are known to occur iii the waters of Tam,-- legumir. trees can fix 2W0 t, 5MX)kilograns of iii

zania (Mshegcni, personal communication), but trogcn per hectare per year.
their practical utilization has not yet been tried.
Where cultivatioim of Azotta is possible, tilefern is Non-legume--Frankia Symbiosislikely to be a choice ingredient for compost mak- As many as 138 species of non legumes, be
ing even for upland crops, p "ticularly vegetables, longing to 13 genera in eight difl-hrent fhmilies, 
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are known to be nodulated by actinomycetes-like 
filamentous organisms (actinorrhiza) called Fran-
kia. The amount of nitrogen fixed in sonie nolU-
laied trees has been reported to be as high as 625 
kilogra" is per hectare per year (Kcya, 1979). 

host, and comparing thc efficiency with 
known rhizobia. This should be done in 
the greenhouse for individual legume crops. 
Ill the case of introduced legumes, their 
nodulation with native rhizobia needs to 

Logistics of Exploiting Biological 
be examined. If they are not efficiently no
dulated, techniques to establish appropri-

Nitrogen Fixation ate rhizobia in the soil need to be studied. 
Although the rate of nitrogen application is 

increasing throughout the world, much of tile 

2) Conduct field tests of the pre-selected
strains. This exercise is needed to find the 
adaptability of the rhizobia to ditflerent re

added fertilizer nitrogen is lost either by leaching 
or volatilization. Upland crops use only 5(0 per-
cent to 60 percent of the nitrogen they receive ill 
coninic,:ial fertilizer nitrogen; ritc crops recover 
only 25 percent to 35 percent of the added nitro-
gen in wet lands, losing 75 percent or nior: ill 
ammonia gas (Brady, 1982). 

The nitrogen lost in leaching is ulrimnately 
disposed of in the rivers and lakes, where it be-

gions of a country. Such tests also will 
reveal the compiatibility of this strain with 
the host, its competitive ability against lo
cal indigenous strains, its saprophytic abil
ity to persist ill the soil against soil popu
lation, and its ability to survive in the soil 
under given environnental conditions. 

These are difficult and time-consuinlg tasks, 
but not impossible. Once the strains are selected 

comes a potential pollutant (Alexander, 1977b). 
These pr6blems may be diminished by applying 
nitrogen in organic tOris which release the nutri-
ent slowly by microbiological processes ill har-
mony with plant demand. Biologically fixed i,-
trogen is an organic product, and thus would 
contribute to the conservation of nitrogen trtility 
in soil as well as protection of the enviroinent. 

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 tile inoculants where storage ftacilities 
are inadequate. 

Application of Inoculation Technology 
The objective of inoculation is to introduce 

Immediate Strategy sufficiently high numbers of pre-selected rhizobial 
LegumLe-rhizobia symbiosis appears to be the 

most promising system of biological nitrogen fix-
ation, because legumes are. included ill all kinds of 
farming systenis, and already are used in the Tropics 
for intercropping or as a component in mixed 
crop enterprises. Since legumes, grains aiid tor-
ages are high ill protein, their 'itrogen demand is 
very high. Consequently, if the legumes fiIl to 
symbiose, they will exhaust soil nitrogen. But if 
they symbiose efficiently with appropriate rhizo-
bia, not only does the crop become independent 
of soil nitrogen, but the crop residuLes, after lar-
vest, caii contribute nitrogen to the ;oil. 

Legume grains remain the ii.'Jor source of 
protein for most people of the world. The ability 

strains in the vicinity of cmerging host roots. These 
introduced bacteria should have the ability to stir
vivc and proliferate ill the soil, and also to form 
effective root nodules. These pre-selected .trains 
are produced in mass culture in the iaborotory, 
and incorporated in high numbers in i carrier ma
terial. lnocalation technology includes: 

1) Screening and selecting appropriate strains 
of rhizobia that are efficient in nitrogeii 
fixation with a particular legume host spe
cics. 

2) Inoculant inanufacture, which involves 
production of selected strains in bulk cul
tures in the laboratory, incorporation of 
the inoculant into a suitable carrier that 

to produce them without the application of nitro-
gen fertilizer is a great saving for the farmers, and 
this teclnique can be further improved through 
the adoption of inoculation technology. 

In order to exploit inoculation technology to 
the fullest, it will be necessary to: 

1) identify proper strains of rhizobia for par-
ticular legume species/cultivars. This can 
be achieved by isolating rhizobia from ho-
cal soils, screening themn tbr efficienicy on 
a inumber of cultiva.'s of the homologous 

will enable it to survive in high numbers 
during storage, and marketing the inocu
lant in suitable size packets. 

3) Marketing and distributing iiioculants to 
ensure that faricrs receive theii with high 
density of rhizobia. This invol,,es storage 
at 5 degrees C. as the inoculants die very 
rapidly at ambient temiperature, particu
larly in the Tropi s. 

4) Inoculating the seeds thenselves, which 
involves coatiig then with tie inoculant; 
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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 Nodulation at Flowering Stage and Grain Yieldsof Two Soybean Cultivars Ove- Three Consecutive Years (Average of Five Replications). 

Uninoculated Inoculated 

Applied N IRj 2101 IRj 2114 S.E. 
Year Control @ 90 kg/ha spc. sir. IRJ 2111 

Treatment 
IRj 2123 means, ± 

Mean dry nodule mass at flowering stage, mg/plant 

1979 0.01 0.OC 85.9" 148.1" 182.4" 141.21 18.90 
1980 10.6 " c 5.7c 5.5c 16.2" 30.0" 14.8m 3.21 

7.4b1981 5.6t, 3.6" 5.7" 17.2a 9.3" 2.88 

Mean grain yields, kg/ha 

1979 737b 1,198" 1,120" 1,102" 1,152" 942"" 96.0 
1980 627" 525a 199" 484, 265" 557" 57.5 
1981 334" 376' 286" 457" 321' 378" 59.9 

Means followed by the same superscript within a row are not significantly different at 5% level
 
Source: Chowdhury, Msumali and Malekela, unpublished data
 

or soil inoculation, whereby the inoculant tested, 33 were well-nodulated with high acety
is directly implanted into the seed drili lene redtuction activity, and 17 were either sparsely
either in liquid or granular form. When nodulatcd or not nodulated at all by th._indige
seed inoculation is finished, adl': ives like nous rhizobia (Chowdhury and Nduinguru, un
gunm arabic or substituted celuloses are used published data).
to ensure the contact of rhizobia with the Rhizobial inoculation coupled with lime poIeiierging roots of sprouting seeds letitg of lucerne resulted in about a 2 3 3 -percent

Inoculation technology has produced useful increase in crude protein contents in fbrage (Ikerraresults in Tanzania. The strong ':ybean cQiltivar and Chowdhury, unpublished da). It was caland rhizobial strain interaction observed by culated that 1)9 kilograms oftitrogt oer hectareChowdhury (1977b) indicated tileimportance of coju be fixed by lucerne during a 1.-wcek growthselecting the appropriate rhizobial strain for a par- period in pot culture, when inoculated and limeticular soybean cultivat. pelleted seeds were sown. 
Tablc 4 sho-vs that inoculation with appro

priate rhizobial strains resulted in soybean yields Long-_-.rm Strategy
equivalent to the application of 90 kilograms of The application of biological nitrogen fixanitrogen (as urea) per hectare. The table also sug- tion technology through legume inoculation is 
gests the need to inoculate soybeans each year, as likely to give immIediate ,tividends with crops thattile introduced rhizobia iled to de-produce tile would respond to rhizobial inoculationi. Such bensired nodulation and grain yields in subsequent cfits will be obtained in ternis of prot,:it output 
years. per unit area of land. 

Tile nitrogen contct of cowpeas was also The input of nitrogen to tilesoil through
improved by rhzobial inoculation; Chowdhury legume-Rhizohium symbiosis, however, will de(unpublished data) observed nitrogen gains as high pend on the farming system and manager ent as 9(0 milligrams per plant in cowpea variety SVS practices. Tile use of legumcs as green manuire129. may be proposed, but its fasibility and economic

The native cowpea ,hizobia varied in uodu- return is doubtful where the rainftall patte, n is tinlation and nitrogenase activity with dift.rent va- iniodal. Recent advances in genetic engineering
rieties of cowpeas. Among 50 cowpea varieties and biochemistry have yielded new possibilities of 

http:Long-_-.rm
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transferring the nitrogen-fixing genes fro'm bac- galization of rice fields and mass production of
teria to plant cells (Brill, 1979). While such so- Azolla with efficient nitrogen fixation and rapid
phisticated research may or may not be pursucd multiplication should receive serious attentioii for 
in countries with limited trained malpower, al- application by the trmers. 
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Loingmntants, l.nIdot. 26 P. Ihbiats. P1ant and soil. Special Volinte. 

DISCUSSION
 
Nitrogen Self-Sufficiency and Biological Nitrogen Fixation 

Q:With reterence to nitrogn fixation, is there any Q:(Kondla, Lyaniunga, R.TI.): Nitrogen is fixed
research onducted to compare the contri)iI- during symbiosis. How does it move fromtion of N from tainure verstis ttitrogc:t fixa- nodtles to difTerent parts of the plant, and to
tion by plants? other plants?
 

A:In Tanzania, these 
two materials will cotnple- A:(Liebhardt, Rodale Research Centter): First, theretmt each other. Legumes arc known to add N molecules go through a series of actions.nitrogen to the soil. Fixation depends on the energy supply from 
the leave-. Energy fbr fixation is dependent on 

(Comment by Wigner, University of' D~ar es Sa- the rate of photosynthesis. Nitrogen is fixed in( CWoaigmeer,t bUyni v rsi y o P a r es a- od uleCs as a nI m lia,laam): Two types of organisms fix nitrogen: bac- tlot0 arid is oxid ize d]to c~itra tvandutaslo t1theI top p ox th nt.teria and blue-green algae, and both of these are The translocatioti process is ver Import ant.fr. living. Blue-green algae are cotionotly lswed T tile g ro essti, Nety hentraw
ili;.e fertilization,ti:.- lUring the growing season, N may he 

terred to other plants, after the legume crop 
has decomposed to liberate N.(Co ment by Kihtpi, U YO[.E Agricultural Sta

tion): Some leguIes, such s lupines amid soy- Q:(Noze . SUI )ECO): I would like to hear frontbeans, have nodulation problems when first intro- the Rodalc group on the role of nattres ,udduced to a new soil. These may necd starter compost itl sugarcane production.
nitrogen. Without proper modulatioti in a givt A: (Kasctbe. TA RO): Manures and compost aresoil, no fixation of titrogc would occur. Thus, bcing used in several cotitries, tir example,
lcgulmcs would act like other crops, removing N the I'hilippines. leaps if 'comiposl ire nectte un
from the soil! ically spread 11 carte fields. 

http:lridal.ld
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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.
 
FM. Shao, Tanzania Agricultural Research Organization, Ilonga, Private Bag, Kilosa
 

The orgaiiisms (apablc of causing plant diseascs 
arc m ncrous, representing ditthreat biological 
groups. For example, there are over 6(X) knowi 
viruses and viroids, about 25() species of bacteria 
(includilg actiitoIyceces) aRd similar organisms 
(ntvcoplasiua and rickettsiae), probably 2i(),)() 
species ot tilugi, about I,))4 species of' nclmatodcs 
alnd a tbew species each ofalgac, angiospernis, pro-
tozoa ald ,arthropods. 

iiecausC of the diverse nature of the or-
gansuts causing plant disease, there are diltercnt 
typcs Of symiiptoms which appear on the plant. 
Thc, inchide leaf spots, blights, wilts, mihdx,:v, 
rusts, sniuts and others. Plant disease manage-
ment is mainly based on interrtpting the Ilf& cy'cle 
of the path,gcin. Thcrcforc, it is esscutial to know 
the identity and nature oftthc disease. 

I)CpCLding upon tile Iturc of the di:;C,,sC, 
various Iethods could be adapted for manage-
mint. Ilcr,, WC wish to emphasize oi1lV those 
methods vwhimch are rcsource-tfliciett and require 
little cash outlay by an individual grower. 

It is a comnoi ftillacv that clenticils are ic-

essary to control plant diseases. Ill practice, tle 
most important aspects of disease ltitiagilert 

are conmon sense measures that protect the crop 
through good husbmdr., 

lie basic methods o plant disease itnage-
inent arc exaimed below, 

Exclusion 
The Slcsstiil e'xlusioi ot'a pa]),tliogeit troum a 

given geographical arc; dcpends In.ily upi',O the 
mode of trausmissioi tid distribtitiot of the 
pathogcn. For xaniolc, pathogetis that are widely 
distributcd i-, an area, such as ilaizc streak virus, 
coffec berry disease ftigus, and rusts oii mlize or 
beamS, camot be excluded. All pathogens which 
are spread by wind are iard to control bw this 
method. ()n the other hanld. i,, ittethlod cal be 
sucCCssfbllyv applied igaiist sc,'d-bornc pamtho-
gent;, such as atthricnos-catisig ffligi Ill I)eas, 
rice blast t6muigts. co11oit bean its,1ic viru, 
etc. 

Exclusion of plant pathogens can eflcct~velv 
be achieved through the tollowing methods: 

Treatnicnt of propagative parts of die plant: 
This can be achieved by treating seeds or planting 
material with cheiicals: or with other physical 
methods, stch as hot water, stcan., ctc. Ii fact, 
secd treatmcnts arc ov -cost insurance a.gainst IMallsy 
plIMt diseases, partictilarly the secdl itig diseases. 

Quarantine: This is a legal method 1 y which 
an intlccted plait u'atcrial is restricted or cinbar
goed iII its mlovelntt froumuII'area wlcrc it can 
be partially dangerous. 

Inspection and certificafion of seeds and 
planting material: This method involves inspect
i g seeds and plantit,, material for the absence of 
plait patlhogeis in growers' tields to ensure that 
firincrs obtain hcalthy plant material. 

Eradication of Plant Pathogens 
Plait pathogeis ii i be eradicated frot areas 

in vhich they have becoie established using one 
or more of the following approaches: 

Eradication of susceptible platts: Eradica
tiol o, solle pathogens can bc accomplished by 
climninatiig susceptible plaits or alternate hosts. 
Alternate hosts arc those plaits wich harbor the 
patthogen lh' the 1ain crop is not in the field. 
For cxamnlc, maize streak virus can propagate in 
several speccics of wecds, such as Sudan grass. and 

subsequenteitly be traislrrcl to miaiie through ill
sect activity. 

Crop rotation: li a sctisc, crop rot,tiot is 
the cradication of the maiii and alterlnate hosts of 
the patliogc,ls. Many plait pithhugcis survive in 
soil .nId platiit debris only for a ver" diort ine ii 
the absence of lic h]ost. "hcrctrc, crop rotation 
deprive'. rhe I thogci of its host. thils reduciitg 
or CliiiminltIig it altoi'cthcir. 

I lowever, crop rotatioii is it al a\vys ts,lsi
be, 'ause atitmtal cash Iiconm or itilliatiom ofa 
single crop ittIV Oftnl be CsetitiI t the Lconom0llic 
wcll-bcing o cert.iiit'iricrs. A sigle alit11Hul crop 
grow.i year altcr year otl te' sautnC pi ot Itt id is 
Vlne1CrablC to pCrio(dic otLibreAks Of dC','Jst,IIIg 
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plant diseases, particularly those caused by iel-
atodes and other parasites like )'isaMmi , Ih'ticil-
lium and Sch'vtinia spp. 

Il addition, crop rotatiotill 11 ' help to il-
prove soil fertility by eliangin the soil's microbial 
conmposition. 

Soil treatment: Plant pathlogens can be erid-
icated or controlled by dry' heat, steam or hot 
water. I[atinIu of'soil has 'Cen used with icli' 

success, especially in snall are,'s such is grccn-
houses and Inulrscries. This llethod of soil treat-
nilent in lalge fields may not be practiLal in devcl-
opinlg countri's like "[iiizanii. 

A recent adVatUe ill the control of-soil patlh-
Ogeisis SOis coy-
ered with char poIlCtlIletne fioir several d(Alvs. This 
process raises the tentper.torc Of soil betweet 38 
C and 55 C LIp to i depth of 21 centitlites, 
killing nienladiocs and othcr plailt pathogens (iKa-
tan, 1981: Porter lld Mcrritnal, 1983). 

Biological eradication of plant pathogens: 
This generally involves tie control of soil-borne 
pathogens tlrouli tIle use of otlher nlicroori'ul-
isils, whose activity is encouraged by appropriate 
nmanipulation otsoil cnvironnlentital cotditions. This 
niilipulationi call be ., milplislhcd by thel itro-
dtiCtion (file o'g'I lis/., ofr by iirL'casiItg Organiic 
latter lcvels %'ithL ilipot)(, gICCii tll.11tinCs or (TOp 

resiues. l'Or exanple, potato scab (,tcitomy-s
SClbii's), root (IP)'iiit), otmili-rit (f' cittott dli'Chuii 
i'lrliii1) and \'iu'iousotiller diiscases cal be coi-
trolled by plowitic ii suitable, frslIh organlo IIliIt-

ter ( .eg(rvct al., 152).
Eradicatiiig soil-borie pallogeis b\ bi Ilogi-

cill ,Metlhods is Ct)lplex, aid 1l1iv be dtie tio cotmt-petition for Ilutrielts, or allitagolisil, such is 
through the prtoduLtioti Of iltibiotics 11 prIda-
tioio. i 11it oi, Ilti ll istic I it'i( g;lliils S Ihi'C 
a eapaei , tor geiictiC Vari;atiO II,ir Iikel'liare toprot,!uce~ing
produce ww strains, whic atre able to ittack re-
sistant strains oiftho1st. 

Avoidance 

'Fle tmill ",v(idai'e" is used Ilere to die-
scribe mtlthods whih niitipuiite the rietnvi-
r'Oitinieitts in wchich the crop is groxvillg, 

Crop hlusballdry should emiphliasize the opti-
IliLili growth of' tle pluit, thus rcducilg the 
chances of' piltlogen attack. Although culturi]
mnethods alolle Ctililot cotipletelt ctltrol (is-
cases, they have prived to be very valible its 
SupplHeilleiltary aids. ( :1tlturIml imetliods whichIally 
be'useful ill bctter Ailitii'Cllt offplant diseases 
aIre: 

Method and depth of planting: Iitilty tile-
chlliiCl plantiig ,'0hild dittiage tile SCed, predis-

posinr, t to attack by soil microorganisns. Plant
ing should be It an optimal population for each
 
crop. Overcrowding may result in abnormally high

humidity, or have other efkects on 
 the nlicrocli
tate within the canopy that encourage the groxvth
 

otplant patlluogcns. (,)nthe oilther
hand, high plant

density IiiV help Icllte tiI*L
spread oi'SOnic pIth
ogelis, by physically hi i,- the (lisselination
 
of thcir propagulcs.
 

Planting depth has al ilportant eflect on
 
sotie pathogens, notably tbose whiwh attack seed
lings. By delaing energence, deep planting pro
longs the susceptible phase between gernlillation
 
ailI Cnlcrgetice, thus i'oring the ittick by nmany
 
plant pathogens. 'his has shown 1i 11several 
seedlinig diseases CaisIISd bV /'i.,i io alltA d klli.z
ton i,. Pairhy shallow pl anuting is p refc rable wIlen
ever possible, bilt Illch depends on 
tile Ililtre of
 
the soil. For example, in dry soil, fIairlv deep
 
plantiig mttaV be titcessirv to etisutrc the supply of
 
aIdequate moisturc.
 

Conditions for genninanon, emergence and
 
growth: ThCse 1:hO0hL bc as tavorable as possible
 
il order to etleurigc rapid gcrilninaltio id early
 
giowth of the pltit, sO tht it inay quickly pass
 
ovcr tile stage whet it is iost suscCptiblC to soil
borne patllogcns. The lonigc' the period between
 
plltiii, 'nd cnlcrgelce. tI imore vulnerable the
 
planit is to pathogens. PIalntig, theref'ore, should

be in well -cuIt iltated1Ioi Iof sitable texutre, p1,

inoisture, fertility itid teniperature. IfetnerMnce
 
is likely to be slow, it inav be useful to apply a
 
fn igicidalI or tuiiinicid a-iisectidalIseed dressing
to prloxvide ptn ctnii tIbr scc ailid the etierging
 

plant.

Plalfing date: Pathogens are able to inlt'ct
 

susceptible plants only under certain eilvironlen
talI conditions, w hich so eictiies ire very exact
ing. Plants td 
 to reach tlxiiit susceptibilityPiinw IiilS Ihc ereabeibiitli'kreat I certaiil stage in their develop int, aid ire
 
resistatnt At others. Therefore, it layi be poss:ible
 

to il.ilipulate the planting tile so that tile crop
passes through its susceptible phase 
 iia ti te whlletie pathogeL is cither abstit, or is utihie to infi.ct 
tiithe plant beciUise ofttlisutitable clnirotiltental 
'onditions ur lack ofintcultitn. Ior exaiple, early

pliitedtI IlMaize ('ii escipe ilaiic streak intestaition 
by avoiding later build-up of the insect that trtllis-
Inits the disease. 

Ferilizer use: It ihs beei knuowi for Iliativ 
yellS that fertilizer treaitiemnts cantiameet the sever
it of'plant discascs. I ligh collceitraitiolls ot'nitro
gel., particularly in readily assinmilated forni, as in 
nitrite, olen prcdisiosL tile crop to diselse StlS
celtibilit\-. It is klnowi, for cxaniple, that excess 
litrogell Itakes rice mitore susceptilhle to rice blast 
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t1,i). 

always true, bec.itase ti'rtilizei otie iikes the plant bial balance of nature 

pathogenl (Pyricidi oriza However, this is not of pesticides oilt non-target species aid the micro

arealso iiatcrs ofcolcernl.
resistant by stimulating rapid growth. )cticientcv inaddition, hunai heahh hazards front residues, 
of soIc trce cln,:ints also predisposes plants to although not L'oIiuiiioit, ir1'e.adistinct p)ssibility.
attack by some pathogeiis anid pests, clnplasizing The indiscriniiiitC ise ot til'ugicidcs has oc
the inportancc ot nutritiomally well-balanced soil casioitally been rcsponsiblc tow phytotoxicity. In
tr iinproved crop priOducnt i i. ctCaSHiItg Cv ideite' pOilts (t tiledevCl0pintcit of" 

Intercropping: Inholiiatiotn on the influence patliogen resistance to titcnicais, thus Inaking the 
Of liXCL plaitt p(pitliItiOins on plant pathogens is crop more vulticrable to paithogeil attack. 
greatly lackit. I lo\vcvcr, itis cncrally accCptCd I1chtemic.ils are to be used sati.'tlv aid efli
that the ilinLCtiC .LiSCASi', III TriTppill,) S s- cicitly, th11re- iS 1nCCd to deVIlop chemicals which 
tIIIS is lowcr thlit iII tonolctilturc (In1iS, l1)98(I .a-Cfreco tlhettCSe Sonc progress indisadv.mtagcs. 

Muikiibi, I')82; 1keswai mid Mrmi, 1982), a Cc-
 tils direction is evident ii tle dcvclopntitCt of'sys
tor contributint- to th \'idlcsprcalI use of iiter- tenlic hiingicidcs. 
croppitg ubsistence inAdtits,,iditioii, it be 

Ulnder noti-LtehtnllcAl t"11illltt coldtion1S, this ehucliials fur plait iCsC conutrol depend Otl bo
phcnIOI1IClti iio ,IVh.1%' beent, 1111C 1.11 cIloiic,tI 

III nay nce.ssarv that tuture 

t.uiical or microbial sourcs, whichi bh degrade
balance betwen titehIst-pIttln ,id the ilenvi- safihy, are less toxic to 1nunius ald plaits, and 
roilttii. There na1,vy,hwvr a 

this obs.rvatiOl, t,1aiiig that, itcxpcriltIt ll
 
,' 'idlcLLe has to be pro'ided, dtfi.'rclt crop CoIII-


cxtcptiotls to Iy be etl'ctive in small oluantitics. 

Advances in Plant Disease
 
biitatiOns shIould bc cxamnld 
 Management Techniques

Becau se tro pic ystc recils i. ; arb g c n retillt preseittly pc

iore Otimplex ultai tcitipcratC CiOsystcl l d, eai A ipirt trt'lll n t
the , iable plait tis
bec(.talsc thr'lC l note pl~a t discascs inI the IOp- ese ilati tl t etlllls, plant sciei tsts 
ics than iII llnipfrftC RY101s (Wclhui,i.116)), worldwviIC are striviing to)nt ' 

develIop InOre cc oninttheStlty pitplt.'lli'iSt'Ollh~xlltt ~cc '-, iI I, cti.'CtiVC disc,ISC 11Cit111d saIt'C .'tlltrtls.0 Of'the sturdy n;if lt tcpd,\ tticsl Si oIplc exlAHineeds these is the i ll u ixtiztao llof plants ,ugaiinst path
197C Ingcins, 

s1iAtilar to 'accinCs for altinials and hnuntan 
Use of disease-resistant varieties: IcsistIllt betigs. Sotie stLccess in this direction has bcn
 

varieties are crop v.rictics \\'hidl are less prn c to 
obtaincd in the casc of crown mall dis.,Ise, caused
by Al' i , tt .tcrifmft ,t 


attack by difijuent plhogcis thait susceptiblc \'a- 'nothet aa rCetit .lIticit has b'erictics tHLldt' cerin11 CnvIrtkmnwnClt,il Cttl t1011s.A r.t'lttl IILI ltltV lt ll l[ha .Cl
Ieitsile, tt dCcipi rsistant \'rilin-
 geeltic wlereby 

v lvcidralv thdevelo an esis)tlanv hu tes Iroml 


througl ,t' engitneering, resistant 
ty - OmlC plant have been traitsfi.rred to a 

susceptible host wvitll bcttcr agronic charactcr
efl'ort. Blut oncc developed, is Mi rC-
it the nost istiCS, ittkimg te rceptor plait resistmtt to ,t
 
sOurce-C-mcieit, citirtitt 
 llh si eliothod t to
 
plttt disCasc t tm nt tiCiilar pathoge.
grotection It 111a,'be possible that thesC new technioloProtectio.n: trotcctin simply lcns
I r- is ,,vill be more rcsourcc-ef'icient, less hazardettieitc, tieplatiogeit trout estatiislig tsef In ous and higler-yieldintt..g thus cottributing t great
thedeal towvatrd tht sel-sufiicietny of tb.od in devel-

Chemical control: The I -twery of lBOr
dcauix mixture iII the carly l8Xls \ K tt)sid- opiitg couiitries like "litnzania. 
ercd the first imiportaint breAltlrouh it tilehis
tory of'chtc iical cotrol of'plant diseases, li sotI Conclusions 
dCvClo)itig cottries, this micthtod (f'plalt disease Ilithis paper. \Wc Itave attCltptCd to describe 
ntanagciltcit ]l.s becotie ainittcgral part of CrOp low-cost methods lir plant disease inaimagemueit.
production, especially iii the casc of cash crops. lit Although wC have described the: control ItIca-
Tanmnia to date, cot'_ bCerr disease 1inl COtfc sures separatcly, tIfirier sIouuldIIot apply any
leaf rust are controlled nainhy by fingicides. icthod if) isolation. Several difl'.refit plint disease 

Cll'iilictl controls have ceruain limitatiolis, c'itrol ncasures otcn imust be coitibied to 
particularly itt devc1oping cotmitrics like Eumzaliti. achlieve best results with milltillitilttCOO. 
A imijor lititatiotn is the increasing cost of filnigi- The basic reasim beliid tainagcileut of'plant
cides, since the basic itaterials tOr their fOruula- disetsCs is to raisC hcalt and vig,)rotus crops. It' 
tioi are in portcd at the ex petinse of nitiChi-ntededl this c.11 be aCt'tOlplishICd with .gro nit0miprac
foreign exchange. The potenti~tlly adverse tli'cts ticCs, suclt is the use of hc,althy planting iateriil, 
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effective soil management, optimal plant popula- non-chemical techniques, or by adopting an inte
tion, and adequate soil moisture, there will be grated approach, including chemical control. An 
little need to apply synthetic chemical controls. integrated disease management system is a broad,

However, despite our knowledge of good crop ecological approach utilizing several control tech
husbandry, serious outbreaks of plant diseases are nologies in a compatible manner. Some plant dis
common from year to year in ditl.ret crops. Plant ease control measures may be labor-intensive, and 
diseases often attain epidemic proportions due to not practical in all cases.lactors beyond the tarmer's control. Theretbre, Judicious use of the above methods, together 
the most resource-efficient plant disease manage- with advances in new techniques, such Ias inImu
ment system would prevent diseases prior to their 1mization and genetic engineering, might soon lead 
becoming a serious threat, by using one or more to the "Green Revolution Phase ll." 
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WEED CONTROL
 
A. N.Minjas and R. K. Jana, Dept. of Crop Science, Faculty of Agriculture,

Forestry and Veterinary Science, University of Dar es Salaam 

Weeds have been a problem in Carming from time This paper examines the ust of manure,immemorial. They atflct the growth of crop plants compost, mulching and other weed control pracat difficrent phonological stages, cause serious losses tices commonly used in agricultural fields, andin yield and quality, and increase production costs, discusses how a combination of these practices
ultimately reducing the tarcr's net return, can lead to integrated control of weeds.

Weeds in cultivated fields compete with crops Weed Species Infesting Tanzanian 
for nutricats, water and light. Estimates of yield
losses fron weeds vary greatly, depending on the Agricultural Fields

intensity of wcd population, the weed species 
 Althoulgh detailed statistical data are notand the trtility level of the soils. availablC, vield losses cauSed by weeds illTanzania

Various indexes have been developed to esti- may be assued to be very high. This is becauseirate yield losses due to weeds. SoNiC of' these the climate and edaphic conditions of "ianzaiiaindexes are: The (ompettion Index (I)cw,1972), encourage numerous weed species that compCtC
Relative (owding (oefficient (I)cWit. 196)), heavily witlh crops.

Aggrcssivity (Mc(;ilchrist and riCnbatlh, 1971), 
 Among the wecd species listed il l, I ,Competition Ratio (WillCy Atid 198)) seven becnRao, ani have reported to be .11o1n1ig the tenIntertierenice Ratio (Minjas, 1982). 'Fhe aalysis and worst weeds worldwide (floln Ct ,l., 1977).
quantitative dcteriinatin of yield losses due to lowever, based upon their population intcnityweeds form the key steps in developing integrated and aggressivity, Cy'petins escilctnts, Roulbotllia exweed control practices. aatta, Setaria verticillata and StriO spp. have been 

Table I:Principal Weed Species inTanzania. 
Scientific Name Associated Crops 

Cyperus rotundLus* Maize, cotton, rice, coffee 
C.esculentus Maize, wheat, rice 
Rottboellia exaltata Maize, sorghum, millet, wheat, 

sugarcane, soybean, greengram
Stiga spp. Same as for Rottboellia exaltata 
Brachiaria errifolia Same as for Rottboellia exa/tata
Setariaverticillata Sugarcane, wheat 
Digitalia scalarum* Maize, wheat 
Ageratum conyzoides Sorghum, maize 
Eleusine indica* Maize, wheat, finger millet 
Echinochloa colunum* Maize, cowpea, kenaf, greengram, rice 
Imperata cylindricaN Tea 
Cynodon dactylon* Sugarcane, maize, tea 
Amaranthus spp. Horticultural and field crops
Oxalis tatifolia Coffee, maize, bananas, vegetable crops 

*These weeds are among the lop ten worst weeds inthe world (Holm el al, 1977) 
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Table 2: Estimated Production Losses of Major Cereal Crops Caused by Weeds, Pests and 
Diseases in Africa as Compared to the World Average. 

Crop 

Maize 
Rice 
Wheat 

Sorghum and Millet 

Maize 

Rice 
Wheat 

Sorghum and Millet 

Source: Cramer, 1976 

reported to be seriots weeds ill nany crops in 
Tanzania (Minjas, 1978). The dominance of these 
weeds is mainly duc 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 ellicient fruit and seed 
dispersal. 

An Uihderstading of these ftctors tor the weed 
species in agricultural fields may yield valuable 
information tr the selection of etlc'ctive weed 
control imeasures (Soerjani, 1981). 

Weed Control Measures 
When compared with controls tbr plant dis-

eases and insects, scientific weed control practices 
arc poorly developed (Noda. 1977), possibly be-
cause the eflkct of weeds on crop yield is tuch 
less draitatic than that of diseases and insect pests. 
Table 2 depicts yield losses in major cereals due to 
weeds, pests and diseases ill Africa as compared 
to the world average. The yie,. losses shown in 
Table 2 are only averages, and do not necessarily 
reflect the sulbstantial losses experienced b\ .airin-
ers at any local cnvirotneut. 

At Morogoro, for example, Mugabe ct al. 
(1980) have shown that yields ofnaize, sorghuml, 
soybean and grecngram are lowered by 61.4 per-
cent, 96.2 percent, 97.1 percent and 97.3 perccnt 
respectively ilt non-weeded fields compared to 
weed-free ones. Such yield reductions call for sci-
entific weed control practices in all agricultural 
fields if the fariter is to get an return from his 
inputs to tile field, 

The weed control measures employed in crop 
fielcs may be summarized as follows: 

Africa World 

Percent losses due to weeds 
35.0 13.0 
13.5 10.8 
15.0 9.8 
25.0 17.8 

Percent losses due to pests & diseases 
36.6 21.8 
20.2 35.6 
24.0 14.1 
20.0 20.2 

Seed-bed preparation: This includes plow
ing, disking, harrowing and their combination. 
These operations primtarily aid weed control so 
that the crop seedlings do not emerge and estab
lisli in soil that has already been occupied by we'ed 
plants (Ross and Harper. 1972). 

Preventive measures: Steps to ensure that 
weeds do not set seeds or establish within a crop. 
Use of clean crop seeds, well-decomposed ma
nurc and clean equipment are examples of'preven
tive weed control measures. The ie o clean crop 
seeds is particularly important because sonte weeds 
resemble the crop plants so much that it becomes 
inpossible to control themit until both plants have 
reached very advanced growth stages. This pr.,b
lent is partictularly prevalent inl Sunbvawanga, Tan
zania, where 1.iger millet (l:htsinc woroa) is fre
quently intisted with a nmorphologically similar 
weed, I'lcusinc indica (Minjas, 1978). 

Manual weeding: This is the most conion 
method of weed control itt most of the tropical 
developing countries. It includes hand-pulling of 
old weed plants, and hand-lhoe weeding. This 
Method is slV and tedious, and it is nornially 
accoltplished after weeds have depressed the 
growth of' crops. In addition, mt11tV crops are 
weeded only once because of'labor shortages dtlr
ing the cropping season. 

Crop Rotation: Generally, certain weeds are 
associated with certain crops. For exanple, wild 
oats (.n'hna.hia) are comionly associated with 
wheat, barly and oats. ('ontinuous cropping re
suits int a build-up of such associated weeds, but 
crop rotation allows 1or weed control measures 
alternatively anowg crops. In Egypt, tbr example, 
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a rotation of rice, cotton and wheat eflctivLlv Herbicides have high cfticicncv in the control 
prevents infestation of certain noxious weed,; of limited weed species, but are generally poor 
(Noda, 1977). against certain weeds. 

Chemical Herbicides: 1lerbicides torm the Need for Integrated Weed Control 
basic method of weed control in advanced tech
nology ariculture. This is ii|oiv duC to their Application of several weed control meth
effectiveness, etfciency and cost-benetit relations. ods, known as iiitegrated control of weeds," is 

lindeveloping countries, where traditiona! more etfctive at controlling noxious weeds than 
agricultural technology is comnmonly employed, any one method used alone. Seth (19-/7) has shown 
herbicide usage is not signiticant, bdcc' c that combining cultural practices with herbicides,I Herbicides are extrecnly expesive, or using acombination ot'herbicides, provides long* Application re pmeit i also expensive term con1trol of specific noxiouIs weed species or a" Spray cquipnIt n Iedsto be carefully ci\l- mixed weed species. However, incrcased knowlibrated to deliver the required doses fuctif edge of weed-crop 	 ceipctition, danage and yield 

herbicide. 	 losses due to Weeds, ciemergcnce pattrn of the 
* Risks develop for non-target plants. weed populations, weed liti cycles, and the col* Over- or unader-application inay occur 	 wvith og~y and physiology of weeds nitlst he enipha

negative results, 	 sized for integrated weed control to be successful. 
* Specific herbicides arc frCquently Hot available wvhen needcd. 	 Apoce oItgae oto 

•Application equipment requires niainte- of Weeds 
Inancc and replacement, wIhich may imolv" Eunis (1977) proposed a scheme that identiadditional cost, 	 ties sonic ot the steps of an integrated weed coin

* Sonic herbicides arc iii-.tlctivL against trol program (Figure 1). The sclheiie emphasizes 
noxious, perennial weeds which are widely uinderstandimg tileweeds, thir population dydistributed in the tropical developing coon- nanucs, and thle species that will cause the most 

tries. d1l.i ilagc bctore planning the cont ol program.
Each of these weed control measures his ad- Integrated weLd comrol is a long-terin processvantag'es and disadvantagc:. Mainual weceding is that incldes monitoring shifts iii wreed popula

cheap, but may not provide complete control and tioms. hr hardy weeds, alternative tchinology may
is not easily available at the peak of weeding pe- be needed as ich shitt.; occur (l)e I )art, 'id Berriod. ;rp rotation, umav provide aIsoltion, but it" nasor, 1981). Crop rotations, preventive i~iea

it is to bccoiii Cecoi)oi1ically 'iable, it should be sures, mechaanical controls and herbicides might
limited to large-scale firms, n1ot the small firncrs all be used. This program tilewill reduce weedin tropicdl developing wutmitries. 	 population to a tolerable level. 

Figure 1: Steps inIntegrated Control 	of Weeds. 

5,Decidetechnologyon alternativeto apply., .Cos tcnlg 

4.Decime whether to 6.Choose technology 
apply acontrol. compatible with 

total system.
CROP PROTECTION3.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 9. Decide on need for
causing losses. further protection.

10. Monitor weed 
population. 

Source: Ennis, 1977 
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Evaluation of Traditional and et al., 1969) or the ability to avoid roots of neigh-
Integrated Weed Control ooring plants (Baldwin et at., 1972). 

Research Hurtston (195 0) made the fbllowing remarkthat compares t.ie ecOlonic r- for c,)nditions encountered in Englad: "Fertilizturns from traditional and integrated weed coil- ers have the same ecft on wild oats as cultivated
trol in crop fields is scaut. However, Munroe et cereals, so top-dressing an inti.sted field may real. (1981) compared farmers' weed control prac- suilt in a heavier ci op with more vigorous wild oat
tices and integrated weed control in upland rice in plants." This raises the point that, although
the Philippines. The major findings from these 

the 
eftfct of artificial tL'rtilizers is mainly obse ved inexperiments were that: the year they arc applied, farmnyard manure (FYM)

1) Generally, there was no significant yield can have residual etfcts lasting for many years
ditThirence between diftkrent hand weeding (Kyoino and Chagula, 1983). Hence, while FYMtreat, nents. is cheaper than artificial firtilizers, its residual ef
2) Use of an herbicide at high or low rte, fe.-ct means longer-lasting weed populations and
phi; one hand weeding, produced yield.S higher weeding costs. Long-term support of weed
coniparable to the wecd-free check, growth by manure can be reduced by spreading
3) ")he higher rate of herbicide without hand miulc, on the field after tillage. Tillage removes
weeding reduced populations of grass weed the egetative part of the weed, which nlalnltl|ic
species bubroadleaf weeds.also resulted in a shift toward ftures food for further growth, while mnulchig

cuts off light reaching tie emergingIt appears, therefore, that high yields can be lugs. g weed seed
achieved by using labor-intensive weed control Firiers without livestock can slbstitute wellpractices like cultivation and hand weeding. How- decomposed organic material tor FYM. This re
ever, if labor is a constraint, use ot anl herbicide cycles nutrients absoi bed by plants back into the 
could eliminate po, -plant cultivation.; and reduce soil.
 
the frequency of hand weeding. 
 TheyC can also mu1ch with legumilous plant 

Weed Competition in Relation materials. Leguties contain nitrogen, and can serve 
to Fertilizer a dual purpose of provid,'ig nitrogen and otherelenents absob,_ed from the soil (Hall, 1974), while 

Manure has been shown to ave the same providing a soil cover to prevent weed growth
effect as inorganic fertilizers fOr a number of crops, and mininize water loss.
 
if applied at the same rates. l-Ho\ever, since crops
 
are continually invaded by weed species, the fer-
 The Future of Weed Control
tilizer is bound to be :;hared ov both the crop and \Veed control will remain one of the firmer's
weeds. Albamper (1976) provided all analysis of most important operations in crop production.
crop-weecd-frtility interactions, emphasizinig that Selective weed control practices in monocrop sysweeds usually absorb nutrients fster and in larger tetns normally result in shifts in the weed popu
amounts than crops, and therefore derive ,r,'ater lacion toward more tolerant species. Under tropi
benefit relative to the crop plants. This observa- cal ."onditions, these shifts occurcan in a single
tion is supported by other studies, such that of cropping cycle.a 
Vengris et al. (1955). An integrated weed control program would

Vengris et al. compared the nutrient uptake employ a combination of control measures, il
of weed-free corn, corn infested with Anmarathns cluding herbicides. The rising cost of herbicides
retroflexus, anO A. retrolh'.xs alone. They tbtnd will require more national and international co
that the contents of N,PK, calciun (Ca) and operation to allow small tbrniers to aflord them.
magnesium (Mg) were significantly lower in weed- This is particularly important considering the highinfested corn, and that the K, Ca and Mg contents costs of !abor in the present world. Pl.mt breeders
of A. retroflextus itself were appreciably greater than can possibly rescue the situation by looking atin weed-free corn. The better nutrient uptake by germ plasm that can be incorporated into plant
A. retrflexns may be duc to morphological attri- inaterials that will inhibit weed growth (Putman
butes or other factors, like high root demand (Drew and Duke, 1978). 

http:retrolh'.xs
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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. Contint,-
ous monoculture plantings and heavy use ofsyn-
thetic insecticides are common now. But contin-
ued use of these synthetic biocides has caused pests 
to build up resistance to them, necessitating more 
applica'-ions of increased dosages to obtain con-
trol. 

Other consequences of repeated insecticide 
use are: 1) "Ihe natural balance between beneficial 
parasite and predator species and pest species is 
disrupted, a'iuwing the pest population to flour-
ish or rebound later on, usually in the absence of 
the bcneficals; and 2) Other, non-target organ-
isms, such as soil decomposers (earthworms, Col-
lenbola, etc.) arc disrupted. 

Crop Protection in Tanzania 
Tanzania'E economy is mainly dependent Oil 

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-permanenK
and permanent cultivation systems. Expansion of 
the cropping areas and changes in the cropping 
patterns occurred. Monoculturcs 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 lontg 
run. This F 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. 

Insect problems are becoming increasingly
difficult in sime production areas of* Fanzania. 
Substantial progress has been made in controlling 
a number of pests of large-scale farming, with a 
major tocus on cash crops. But pest damage is 
still tensive in tod crops, particularly among
small farmers, who are the major food producers 
in the country. A large proportion of the small 
farme's produce, mainly cereals, sutffirs damage 
before and after harvest. 

Recorniended insecticides are employed by 
some tarmers to reduce losses, yet the expected
results often are not achieved. This may be due to 
improper application, particularly where correct 
dosage, timing and equipment 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-term control, be
cause pests have adaptive abilities, and because of 
the many variables related to seasons, locations 
and cropping systems. Therefore, it is necessary 
to find 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 specics 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 which 
life stage of the harmful species is most vulnera
ble. This will enable him to choose appropriate 
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control methods and time them to control pests,
but preserve bnefical insects. lnsecticide appli- (Oi we are now to answer i qestin, t'di s thil 
cations that do not coincide with the most vulner- adostilon ot.nonocutre systenls led directly to an in
able life stage of the pest are wasteful, and may tin set erity 0!tpests and diseasesmn/ir amnd .ca. 
do more harm than good, since beneficial species tlorest crops?' the ansu'er u'ouht have to lie yes. II{' 
are also affected. If a thrmer sees that predator or could add tat there seems to hc ei'dence that much of 
parasite populations vill soon be large enough to this is d/in to i/ic unilmi and crowded conditions thar 
provide natural control of a pest, time and ,o)icy 10i/aitationsproi'ide and that the cultalll optrations ls
may be saved by reducing nr eliminating insecti- catetd n'it t these crois hat1'e lien acntmated problm76s
cide applications, that have had other or, is, (Gibson ,lid~ocs, /976). 

Government agencies and universities can Many insect problems be avoided bycan 
provide an invaluable service to farmers by help- planting in a polyculture system, planting hcdgc
ing them become more familiar with the crop rows and leaving "weedy" areas near and perhaps
ecosystems. within crop fields to encourage beneficial insects. 

"Optimal plant defe'nse should incorporate any
Polycuiture vs. Monoculture mechanisms that influence the t'edittg behavior of 

"it is widely accepted that the stability of a potential pests," (Atsatt and 0'1 )owd, 1976).
community and of its constituent species is post- Increasing crop diversity by intercropping or 
tively related to its diversity," (Way, 1976). mixed cropping can help to control insect pests 

Intercropping is commonly practiced in many by attracting predator and parasite populations, or
Third World countries, in commercial farming Ia'racting the pest from susceptible to non-sus
systems in the U.S., and in backyard gardens ceptible crops. For example, beans and cowpea
worldwide. The benefits of such polyculturc ire interplanted with maize in East Africa to re
methods of planting are: dlice pest dalage. It has been tlt that foliar 

1)	Efficient use of land (by planting two crops beetle (Oothcca lfcnmnseti), stink bug \,\Czara c'iri
whose growth habits and requirements ic/a) and other pests are attracted to nc1ze, where 
differ), they rest and cause less h'rin to the legume crop

2) Efficient nutrient cycling and self-suffi- (Karel et l.,1980); Karel and Matary, 1983).
ciency (vhen intercropping legumes and Ii onchion species dii'ersity is an Im/lortant
non-legumes). i.fctor inp','eminq population oultbreaks in commnli

3) 	Reduction I131', /ossilde, 

sects are unable to locate the appropriate florll t'arieticsshould li, 


in insect pest problems. (a. It- tics. / dilt'sification of both .nlialncd 
enCulrCaged. 'h1t use of'specific 

host plant because the, interplanted crop lsticidcs and tiohoicI control ,P'tsu,hit ttck on), 
masks itsodor. b. Insects are sonimtines thei 'stiuit/loutt stc'rilizin, tit fic t1'lotill' s/iotdd proi'e

repelled by the int.rplauted crop. c. I ara- to lie a somnd agricultural iracti"c, (IPinientel, 196 1).
 
site and predator densities increase in the
 
diverse plant canopies.)
 

Field studies have been done to determine if Repellant Plant Studies
 
polycultures actually do have fewer 
 insect prob- The concept oi' interplanting with aromatic 
lems. Most have tested interplant combinations plants to repel ir.sect pests from their host crop
that are ntctioned repeatedly in gardening folk has been known for years. Odors given off by the 
literature and are conrjonly practiced by tarmers essential oils (secondary plant compounds) of these 
and gardeners. Although sonic planting combi- plants mask the odor of the host crop and,'or .c
nations have been ineffective againist certain in- tually repe! or discourage aitacking pests. l.ittle 
sects under certain conditions (Laithcef and Irwin, research has been done to test this method. 
1980; Gcssell c tal., 1975), the majority have proved Over the past four years, field trials have been 
very effctive (Risch, !980; Burandav and Raros, conducted at the Rodale Research Center (IRC),
1975; Adesiyun, 1979; Matthews et l.,1983; to determine the effectiveness of certain nixed 
Francis, 1978; Francis et all., 1978; Crookston, 1970). plantings of vegetables and flowers or culinary

Although intcrcropping is as o1 as agrictl- herbs against insect pests. The 1983 IFOAM pa
ture itself, modern farming in most countries per titled "The EflIct of Traditional Insect-Repel
means large acreages of monoculturc plantings, .1 lant Plants on Insect Numbers in a Mixed Plant
far cry from the diversity that typifies a polycul- ing System" (Matthews ctal., 1983) summarizes 
turc system. Consequently, insect pest problens the results of the field trials. Many of the inter
arise, and with them the need for chemical insec- plantings, particularly tansy (Wtnacetmn t'ulqar) and 
ticides. catnip (N'peta cataria), were eflictive against pests. 
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Resistant Plant Varieties tillage, irrigation, harvesting and weeding, as well 
The use of host plant resistance to insect at- as using crop rotation and pest-free seeds, are some 

tack has been practiced for many decades (Painter, of the ways to achieve cultural control. 
1951), and there are now more than 1(X) plant Time ofPlanting- Sonic insect problems may
varieties resistant to more than 25 pests (Sprague be avoided simply by tining the planting of a
and Dahn, 1972). crop so that its growth stage does not coincide 

Many pest problems can be avoided simply with the growth stage of the pest. Knowledge of
by growing varieties that have been b d to resist the insect's life cycle, and how it interacts with its
the attacks of pests. Many of today's popular crop host crop and the weather, is essential. Dcpending
varieties have been bred only to improve yields or oil wc.ther and soil conditions, the farmer may
processing Llaracterisics, with little regard for their choose to plant earlier or later than usual in order 
susceptibility to insect ficeding. As a result, the to avoid a pest problem.
"super yielders" often turn out to be "super deli- Trap Crops: Certain varieties or plant types
cious" to both disease and arthropod crop pests. are preferred by insect pests. A way farmers can

In his 1951 book "Inscct Resistance in Crop take advantage of this is to plant "trap" plantings
tplants," an internationally known authority on of these susceptible varieties near the crop. Insects
host plant resistance, the late R. H. Painter, sug- are attracted to the trap crop, where they can be
gested three interrelated factors that aflhct resis- destroyed or allowed to ralature if they are not 
tance: 1) Plants may not be acceptable to the pest harming the main crop. 
as food, oviposition site, or shelter; 2) Insects are Sometimes trap crops are planted earlier than
adversely affected by feeding on the plant (anti- the host crop to ensure its success. A collmon
biosis); and 3) Plants can tolerate fi.'eding that more practice in some areas of the U.S. is to mix green
susceptible varieties cannot, bean seeds with soybean seeds at planting. Tile

Successfil development of resistant crop va- Mexican bean beetle prefers the green beans, and
rietics has been a major factor in increasing and causes little daniage to the soybean crop.

maintaining high levels of crop productivity. rToII 
 Sanitatio: Field sanitation can be an cffec
a farmer's viewpoint, pest-resistant varieties are ti~e way of managing insect pests. Insects that
usually the most economical rn,'ans of controlling spend one or more of their life stages in crop
insect pests. In East Africa, planr resistance to debris may be destroyed by disking or plowing
insects has been found in many sorghum var- after the harvest.
 
etics, which are naturally resistant to sorghuni

shoctfly (Antherina soccata). Many cowpea vari-
 Timting of Harvests: Although most crops
cris have been ide ,ified that arc resistant to green and alfalfa, can be harvested earlier in order to 
pea aphids (Ao1rthosiphon gossyli) and leafoppers destroya bilding pest problem. If insect Count' 
(K arel and M ali ga , 198 6. Most of the c o tton d e t hat l ag ps t iob l fa eevi Is 
varieties developed at Uki.liguri are resistant to reveal that a large population of alfalf weevil is
cottonjassids (Inoniasca spp.) Recently, some bean building up, the hay is cut early, thus destroying
varieties resistant to foliar beetle (Ottceaz tcnin,- the weevil in the larval stage, when it is most
sent) (Karel and R~wcycniaam, 1983), and beanflv v-'inerable. Although there may be a reduction in 
(unpublished observations) have been identified ill total tonnage, tile protein quality of the hay ay
Tanzania. be better and the succeeding generation of weevils
 

More emphasis should bc placed on breeding is lessened.
 
resistance into varieties, and farmers should try to 
 Crop Rotation: If a field is planted with
 
use the resistant varieties that are presently avail- varying crops every other year or every few years,

able. This may encourage sced companies to sup-
 the pests of each crop have less chance to build LIp
port research on resistant breeding. The impor- than they do if their host crop is always available. 
tance of conserving an extensive gene pool from Besides disrupting corn rootworm populations,
whicl desirable traits may be drawn for crop va- rotating corn with a legume hay crop also mi
riety beeding cannot be over emphasized. proves soil conditions. 

Cultural Control Hedgerows and Nectar Sources: Most beneficial parasites and predators need areas to repro-
Cultural control is the deliberate manipula- duce, find nectai', and protect themselvcs from

tion of the environment to make it less favorable unfavorable environmental condition-. By plant
to pests by disrupting their reproductive cycles. ing or protecting native hedgerows or "weedy"
eliminating their food, or encouraging their nat- areas adjacent to croplands, these useful insects
ural enenies. Alternating tile time of planting, are encouraged to stay nearby. 
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Integrated Pest Management (IPM) Economic Threshold (ET): ET is defined 
The IPM concept relies ol an integration of as the density at which control measures should 

biological and chemical conltrol miethods A trained be applied to prevent an increasing pest popula
scout surveys the crop, making visual counts or ion from reaching the economic injury level (Stern
using pheromone traps. Ifpest inuinbers have ctal., 1959). The ET always represents a pest
reached the economic threshold, a control method density lower thaii that of EIL, to allow control 
is recommended. The econmic threshold is tile measures to take cieot before tilepest denscity 
density of a pest p.pulation below which it tils exceeds the EIL. 
te cause enoubh injury to justify tilecost of con- General Equilibrium Level (GEL): GEL is 
trol efforts. If po;sible, a selective or, at least, short- the average ocnsity of an insect population over a 
lived botanical insecticide should be used to dis- long period of time. The population density fluc
rupt th,. crop ecosystem as little as possible. Ifthe tuates near this mean level as a result of'parasikes,
number of pests is tco low to warrnt treatmnt, predators and pathogens. Thus, control measures 
the scout will suggest withhilding control inca- should be employed only to reduce and maintain 
sures. Weather data, such as temperature, raint-ll, the pest populatioll at tolerable levels. 
and Growing Degree )ays, are also Used inI al I'M emphasizes the use of existing regula
1PM program. tory and liniting fictors such as inicleineiit weather,

1PM is becoming more popular because of a competition within and between species and nat
collapse of existing control systems and, in many ural insect enemies. Chaniging the pest's environ
cases, because of the danger of environmental ient to enhanc the actionu of natural forces is an 
contamination. important goal of Pll'N1. 

The success achieved With synthetic insect|-. HPM also stresses in interdiscipliniary sys
cides resulted in exclusive reliance on broad-spcc- t:ms approach, which requires cooperation in the 
trun products. This led to re,ular :;praving pro- research, developinent and iipleinetation phases.
grais on a routine, preventfiw basis, and provided iCooperatiig entomologists, patlOlogists, weed 
a shield of insecticide: protection whether the pest scientists, agonoinlists, plant physiologists, ecoll
was present in damaging numbcrs or not. Bat it oinsts, iiieteorologists, eingineers, sociologists,
also resulted in the developnient of resistance to mathelaticians and co'iputer scientists are ira
various insecticides by many insect pests. Brosvn portant in colicctiig the inf'rinatioii and formu
(1970) reported 119 insect species of agricultural lating the managcmncnt strateigy.
importance to be resistant to insecticides, and to- P,,blic understanding and acceptance of IPM 
day, some pests are practically imune to all avail- is in.portanw, because HPM strategies demind nore 
able pesticides. In addition, sonic secondary pests detailed studies of crops and their pests, 3and ofteii 
have become pilinary pests because their natural take longer to bring pest poptilatioiis under coii
enemies were killed by the insecticides in use. trol. According to Luckmani and Metcalf (1975),

To control resurgence of the pests, trimers bringing people to an tiidcerstmadiig of pest man
have increased a;iplications of highly toxic inSeC- agenwmt is the best way to deal with insect pest
ticides. Under these circumstanccs, the cost of pest problems. Special eflorts should be inide by cii
control often ha, made crop production profitle;s, toinologists to educate tfrmners and the public it)
resulted i,serious health hazards to agricultural the of II'M and reasonsnmethodologv tile tr us
workers, and deteriorated environmemital quality. ing it. Eflictive communication ;and salesmn:nship 

IPM requires tolerance of pests, because are the keys to successful public utnderstaudiiig
complete eradication is generally not needed for and acceptance of IPM. 
high yields, Most p;mmt species can tolerate a o.r- We iII TiEmzaimia. using II'M technology, have 
tain levl of damage without appreciable efliect on founid that up to two applications of insecticides 
vigor arid seed yield. The levels of crop daiiage can be reduced in controlling bean pests (Karel.
by pests can be appreciated by knowing the fil- 1983b). HPM ca also help prevent the deteriora
lowing parameters: tion of the enviroinment and human health. 

Economic Injury Level (Ell,): EIL is tile IPM programs in many advanced countries,
lowest pest population density that will cause eco- especially in the U.S.. have becn prti, ily or corn
nonmic damage to crops (Stern c al., 1959). The pletely successful for many crop,.. Iii tecent years,
determination of F. is critical iii defimimig the IIM progranis have also been used successfully in 
ultimate ain of any IIM prograim, and ill t1eliIi- soIe developing countries for certain crops, es
eating the pest populatioi level belov which pecially iinEgypt, Imdia, arid l'cru. Ai IPM pro
damage is tolerable. EIL varies from crop to crop, gram for soybeai has been successfully enmployed 
season to season and area to area. in Brazil. 
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IPM is very new to the African continent, Microbial Insecticides: Compared to paraand virtually no reports were available until re- sites and predators, fewer pathogens have beencently. In East Africa, we have recently started exploited for pest control. But many knownwork on an IPM strategy for the management of pathogenic agents oflier excellent alternatives tobean pests. The experiments conducted so far have chenic-.l controls. Fungi, bacteria, viruses andgiven very encouraging results. The use of better protozoans are the four main classes of'pathogens
cultural practices, resistant bean varicties, Bacillus used in biological control of pests.thuriniensis and judicious use of insecticides has Bacillus thriniyisis and B. Ptqillac are tworesulted in better management ofinsect pests. High common bacterial pathogens found to control theseed yield has been realized more economically population of many lepidopteran larvae and beethan by chemical pesticide control (Karel, 1983b). tes. These spore-forming pathogens produce en-Based on the current results and other avail- dospores, which enable them to live in a dormantable information necessary for IPM, an IPM pro- s.ate in an unfavorable environment. When an ingram for beans in East Africa has been proposed sect cats plant nssuc containing the spores, it re(Karel, !983a). The proposed IPM model will be mains alive for few days, but its gut becomestried in paired fields in two locations in the Mor- paralyzed and it cannot eat. Commercial prcpaogoro region, in which one field will be m1anaged rations of B. tluringiensisand B. popilla are maraccording to the IPM program, and the other by keted by several companies. Karel (1982) foundthe farmer's own methods. B. thurinQiensis to give effective control of African 

arn iNworm (Spodoptera evem ta) in maize, and ofTools oflIPM other pests in East Africa. Recently, it has beenSome of the most cffecciv non-chemical folund to give excellent control of pod borer (Matechniques, such as biological control, host plant nica testulalis), a serio:, pest of bean and otherresistance, and tillage, were widely used before lcgu,me seeds and pods. Even the older larvae,synthetic pesticides ever appeaied. Insecticidc re- which are difficult to control with chemical insecsistance, other side effects, and increasing cost of ticides, were killed by B. thliniensis (Karel, 19 83a).pesticides have renewed interest in the fOllowing Some 7(X) species of insect species arc afnon-chemical techniques: fected by viruses (USI)A, 1978). Several types of
Biological Control: Biological control is the viruses are known, but three ar more commonmanipulation of predators and parasites, including than others. These are Nuclear polyhedrosis viruspathogens, to keep pest populations at desirable (NPV), Cytoplasmic polyhedrosis virus (CPV)levels. It usually requincs monitoring pest num- and ((;rainulosis virus (GV). NPV has been eflicbers and timing releases of beneficial species into tive in controlling armyworm, (Sjwdtena cxthe environment where control is ne-ded. In clas- optta) in East Africa (Karel and Odindo, 1978).sical biological control, the beneficial species is Other biological agents like protozoa havereared in the laboratory and insectary, and IV_ limited potential because they act too slowly andleased or sprayed on the infested area. Included luist be produced on living hosts, making pro

under biological control methods is the rearing, (luction costs high.
sterilization, and releasL of males of the pest spc-
 .\oscna locutstac is a commercially available
cies. These sterile males mhate with fertile feimales protozoan disease to con;bat grasshoppers. A
in the field, but no offspring are produced. nematode (.\'oTpl'ctalaIart 4alSa Weiser) attacksThese techniques have proved to be very ef- the larvae of several species of insects and is coin
fective against several major insect pests and weeds. 
 inercially available.
So far, i20 different pests have been partially, sub- Several additional insect diseases that are notstantially or completely controlled by the release yet available in the U.S. are available i Europe.and colonization of insect pathogens, par-isites and Pheromones: Pheromones ire coMnMunicapredators. Successful biological control of several tion chemicals released by insects. Much researchpests in East Africa has been reported by Karel is being done to synthesize insect pher. i,,oics ofand Odindo (1978). crop pests for use in IPM programs. Traps baitedBiological control, which utilizes parasites, with pheromones are used to niolir ",Vtpopupredators and pathogens of insects, is relatively lation levels. Insects attracted to the trap m.canight,permanent, because the natural enemies are self- ,ivi,,g an indication of field popUlait 0S. iheroperpetuating. It is also eC,,nouical, specific in ac- mnones are also used in traps baited with a pestition, and virtually free of adverse side eflcts and cide. Insects are drawn to the traps, cont.ict theother disadvantages of chemical control (Karel and poison, and die. A pheromone aflects only theOdindo, 1978). insect species from which it was derived. 
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Juvenile Honiones and Growth Regula- As de world's second largest producer of 
tors: These are compounds found ill insects that pyrethrum, Tanzania is well-supplied with this 
regulate how and hiien an insect develops. If useful plant-derived insecticidc. Some of the ad
properly timed, sprays of these compounds can vantages of growing and utilizing pyrethrum are: 
disrupt a pest's life cycle and provide effective I) Like other botaihicals, it is generally less 
control. Some of them have been synthesized and disruptive to the environment because of 
are available for use ii- a pest management pro- its short-lived action. 
grain. 2) It decomposes into harmless compounds 

in sunlight and soil. 
Chemical Biocides 3) Insects have not developed resistance to 

Contrary to the thinking of some people, the pyrethruni, as has occurred with mnany 
use of pesticides is not an ecological sin. When synthetic pesticides. 
used according to sound ecological principles, 4) Growing, processing, and marketing py
chemical pesticides provide dependable and valu- rethrum in Tinzania would createjobs. 
able tools fbr the virologist. Their use is indis- 5) Growing pyrethrui instead of importing 
pensable to modern society (Nat. Acad. S6., 1969). synthetic pesticides will help "lmizania gain 

However, much use of insecticides has so tr independence and self-sufficiency in pest 
bccn ecologically unsound, leading to insect pest control. 
resistance, utbreak of secondary pests, adverse 
efects on non-target organisms, and direct haz- Summary 
ards to the user (Smith, 1970). Pesticides should A fuidamental consideration ill developing a 
be employed primarily as "stop-gap" or "fire- sen.sible pest management program should be 
fighting" tools. The utisuse and overuse of pesti- "How will this practice affict the environment 
:ides have been the mhost important lactors in the now and in the fiture?" Although the cost of an 
;rowth of interest ill IPM. IPM program may seem high at first, it may be 

Pesticides can, be better used if employed ja- mnore economical in the long term. Using less dis
diciously instead of routinely. Proper use ot insec- niptive, locally available, botanical insecticides such 
ticidcs can be tchicve,, by selective use, alnd selec- as pyretlirumn makes more sense than importing 
tivity can be either physiological or ecological. sy'nthetic blocides, whose use may already be 

Ecological selectivity call bc achieved by bainned for htun;u and environmiental health rea
proper timing of application, and by using the sons in the cotuntries where they have been 
minimum amount of insecticide, to have the least produced. 
adverse eflcts on non-target organisms (Karel and lhe techniques nientioned here cannot solve 
Odindo, 1978). Selectivity of pesticide use can all pest problems, but should be t,,cd, and where 
also be achieved by improving application nieth- successful, shOulld become re-0lluu1Cndelted prac
ods, which are oftien ceteriined by the torntila- tices. Rescarch mnd educati, ii should be encour
tions available and the urgency of the circum- aged in these pest manage ment areas to develop 
stances. The developuient of application cqulipmcnt successful regional practic:s for specific crops ill 
that precisely directs the pesticide deposits into the Tanzania. 
habitat of the pest, thereby niinimizing drift lnd 
contamination outside the target area, is another 
excellent way to achieve ecological selectivity. File 
recent development ot the Electrodyn sprayer may, 
in the near future, further solve the problem of 
effective and safte application of insecticides to tar
get areas. 

Botanical Insecticides 
It is not a soutd practice to apply either syn

thetic or plant-derived biocides to ai environ
ment. However, if conditions are such that severe 
crop losses will occur without himmediate treat
ment, a plant-derived isecticide is more desir
able. These have i, s reidual activity thar. syn
thetic insecticides ai,, thus are probably less 
environneitally disuptive over time. 
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DISCUSSION
 
Plant Protection: Pests, Diseases and Weeds 

Q:(Diwani, University of[)ar es Salaam): On the 
use of farnyard manure, only advantages have 
beun stressed. I have observed that disease and 
weed problems seem to be more serious il 
manured plots. Would you please commenlt? 

A: (Jana, University of Dar es Salaami): When the 
soil is enriched, weeds ,re also cncouraged. 
Therefore, it is lCcsCsary to use integrated weed 
control measures, 

A:(Liebhardt, Rodalc Research Center): In-
creased nutrient availability leads to increased 
weed and pest problems. Thus, natural con-
trols, such as the use of mulch to reduce light 
in cultivated plots to control weeds, and 
changing plant populations to reduce pest 
problems, woutld be isetil. 

Q.(Representative, UYOLE Agmicihttural Cn-
ter): Maize Streak has beer: observed in Rhodes 
grass. Please comment. 

A: (Keswani, University of l)ar es Salaam):Over 
25 different species of grasses arc alternative 
hosts for Maize Streak virus. Thcreforc, weed 
control is essential in maize production. The 
major control tcchniouc, however, would be 

of resistant varieties.the use 

Q:(UYOLE representative): (Cypemsspp. and At-
en lmia weeds have become a proble, ill soille 
areas. Would you comment on their control? 

A:(Jana): If 110 cultural alternative control is cti'c-
tive, use a selective herbicide as an emergency 
measure, and later go back to ctUral control, 

Q:(UYOLE representative): As regards the terms 
intercropping, mixed cropping and nionocrop-

ping: There is a need for clarification on defi
nitions. Would you please clarify? 

A: (ana): lntcrcropping means specific spacing and 
arrangement of different crops grown in the 
same plot (intercrops). In mixed cropping, there 
is no systematic ariangcment or spacing of the 
icntercrops. Monocropping means one crop is 
grown per season in a given area. Monoculture 
is a land-use term, meaning the same crop is 
grown over and over. intercropping may en
rich the soil, and suppress weeds, diseases and 
pests, if appropriate intcrcrops arc used. 

Q:Plcase comment on biological or natural con
trols, such as use of tobacco leave:;, liquid ma
nure and crotalaria seed in controlling pests of 
stored crops. I would like to know ofany other 

methods of su,:h kind in use in Morogoro. I 
have tricl the above three methods. 

A: (Quentin, University of I)ar 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 further 
rctrcncc, the Rodale book, "Organic Plant 
Protection,' would help. 

Q:Composting arid manuring may encourage 
spread of pathogens, rather than 0nl)' create 
condition; titlvorablc 1iar such a problem. 
please comment. 

A:(Kcswani): If you have well-decomposed com
post, chances of pathogeis surviving in this 
material are minimal, because the high tel
pcraturcs (6(0 C to 7(1 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, Rodale Press Inc., [ mmaus, Pa. 18049 

What would happen if Tanzania's f rtilizer supply 
were cut off? 

A portion of Tanzania's present agricultural 
system was planned oi structurcd at a time when 
energy and other inputs to agrictiL are were rela-
tivcly abundant and cheap. This situation has 
changed drastically, Cor Tanzania, Aerica and the 
rcst of the world. 

Without large inputs of trtilizer, the nature 
of the modern, encrgy-intcnsivc agricultural sys-
ten changes. Soil heald, measured by bioinass 
production. ntiient and humutis content, be-
comes vital. The goal in such a tIod system is 
sustainable high production with mimiimunu cx-
ternal inputs. (Rock, 19;2) The system chntges 
from an "cncrgy-;1.ensivc" to an "intirrmation-
intensive" opetation. !nstcad of tryint to domLi-

nate and control nature with expensive, high
energy concentrations of resources, the firmer de
pends more on knowledge, and on working with 
nature. Fe'rfilizer's role changes from a prine mover 
of agricultural production to that of a corrector of 
:iutrient deficiency. (Kock, 1982) Nitrogen self
sufficiency becomes crucial in stch a system. 

Tanzania is presently confronted by a short
age of nitrogen fertilizer. Without such tertilizers, 
Tanzania's food production could drop, and this 
could, without large imports of food, be disas
trous for its people. 

In 198) (the most recent figures), Tanzania 
consumed 22,041 metric tons offitrogen. (United 
Rep. of Tanzania, 19 82a) This nitrogen came from 
"domestic" (7,7(X) MT) and fbreign sources (15,3A) 
MT). (FAO, 1981) DoMestic fertilizer was 

('hart I:Present and Projected Fertilizer Use in Tanzania. 

Food Crops 
Maize 

Rice 
Wheat 

Sorghum and Millet 

Cash Crops 

Coffee 
Cotton 
Sisal 

Tobacco 


Tea 

Sugarcane 

Total 

1980 1985 

MT of Material MT of Nitrogen* MT of Material MT of Nitrogen* 

44,203 9,282 107,392 22,252 
1,752 367 7,936 1,666 

260 54 4,552 955 
5,739 1,205 8,862 1,861 

.... 

- _ 
45,664 9,589 60,939 12,797 
- _ 

- -_ 

7,342 1,541 13,050 2,740 

104,960 22,041 202,731 42,573 

*Assumes source of niogen is sulphate of ammonia, with nitrogen content f2 1% 

Source. Uniled Rep. of Tanzania, i982a 
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Chart 2: Estimated Manure and Nitrogen Production Per Year in Tanzania. 

Manute 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 M) Per Year Year (1,000 MT)
 

Cow beef
 
(250 kg) 13 4,745 12.0* 47 27 267
 
Goat
 
(45 kg) 1.8 657 5.7 3.799 7.4 42
 
Sheep

(45 kg) 1.8 657 3.8 2.533 7.4 28
 
Pig
(67.5 kg) 4.41 1,609 .165 .265 11.25 2
 
Chickens 23.6 8,623 .096 .827 118

(250 1.8-kg (per 450- (per 450- (number of (per 450-

11
 

layers) kg unit) kg unit) 450-kg units) kg unit)
 
Ducks 40.5 14.783 .010 .148 205.8 2

(250 1.8-kg (per 450- (per 4!0- (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 42.836 65 406.35 671.7
 

*Number of Mature Animals 99 x 10 The number of mature catie .s estimated to be 53% of the totalnumber of cattle 53x 129 x 10'
 
= 63x 10'
 

The remaining 17% are weaners and calves. 2 ofwhich equJLJal in weight
I mature co,.. 47 x 12 9 x 101 = 607 x 106 
607 x 10 304 x 10" mature cattle 68x 10' , 304 10 99 x 0"mature cattle
 

2
 
Source FAO. 1981. Kyomo ano ChagUla 1983. Var Vuren. no date
 

produced in Tanzania witlh imported raw materi- If the nitrogen needs of Tanzania's farmers
 
als. Th, cost to the Tanizanian iriner o; these are not met, a number of consequences could re
22,041 M'F (using 1981 tarm prices for nitrogen stilt. Depending on the crop and areas under cul
in the ftorm of sulphate of anlonilia) was more tivation, yield. could be redtuced by between 0
 
than Tsh. 195.5 million or S23.8 million percent and 40 percent the first year, if no nitro
(SI,(034.78/MT). (Samki, 1982) 	 gen fertilizer were applied to crops (other than 

The 22,041 MT of nitrogen fertilizer used in what the rains could bring). For crops already
Tanzania in 198( was only 19 percent ofthe aver- being fi'rtilized, the reduction could be about 40f 
age amount recommended for Lanzania's 13 ma- percent; for crops currently receiving little or no 
jor crops. (Sainki, 1982) Most of the imported fi'rtler, the reduction would be iutich lower. The 
nitrogen fertilizer is reported to have been used ,iational average, given Tanzania's current rate of 
on non-food cash crops such as cotton and cotfhe nitrogen, would probably be around 10 percent to 
(Spurling, 1982), but there is some disagreement 201 percent. Conversely, meeting the nitrogetn re
about this. (Kapaga, 1963, personal cc nin11tmn1iCa- qtuirenients of Tanzania's crops wotuld raise yields
tion) 
 by at least 50 percent. (Liebhardt, 1')81) If the
 

The difference between what was used in shortage were to contintue, yields would probably

1979/80a 
 d what was recommended is over 94,(X0) be cut by 50 percent to 75 percent. (Liebilardt,
metric tons. To meet the rc_'coninended levels of' 1981) At Tsh. 1.75 per kilogram (1982-83 official 
nitrogen application for its 13 major crops with 
imported fertilizers, Fanzania would need to ptr- The 1983 landed price for nitrogen fertilizer (material) in Dar es 
chase Tsh. 1.170 billion or S1 17 million worth (at Salaam is $210 per MT which equals $1.00 per kg of nitrogen in 
1983 import parity prices) of nikrogen each year. 	 the form of sulphate of ammonia (SA) and 80c per kg of nitrogen

in the form of calcium ammonium nitrate (CAN). RecommendedTo meet the nitrogen needs ol'its major food crops, 	 nitrogen use fcr 13 crops is 117,040 MT. $1 per kg x 117,040,000 
Tanzania would nered 92,(X) MT"or Tsh. 92) mil- kg , $117.04 million and $117.04 million x 10 = Tsh. 1.170lion (S92 million) worth. (Spurling, 1983, per-	 billion. Recommended nitrogen use for food crcps is 91,900 MT.$1 per kg x 91,900,000 kg - $91.9 million. $91.9 xmillion 10 
sonal connunication)' Tsh. 919 million.-
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Chart 3: Meeting Tanzania's Nitrogen Requirements With Cattle Manure. 

Number of mature cattle inTanzania 9.9 x 106 
Total nitrogen produced per year* 267,000 MT 
Total nitrogen needed for Tanzania's food crops 66,000 to 92,000 MT 
Total nitrogen needed for Tanzania's 13 major crops 90,000 to 117,000 MT 

Nitrogen available under different assumptions, collection and (:onfinement 

Percent of Cattle Percent Percent of Available Nitrogen
Available Confinement Manure 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 kr' of nitrogen per animal per year 

producer prices), the loss from just Tanzania's maize crops," (see Chart 3), and Would exceed by 21,0X) 
crop due to nitrogen deficiency is more than Tsh. MT the 1985 priected fertilizer requircments listed 
500 million (S5) million). in the 1982 National Food Strategy Report. At 

In theory, tile levels of nitro- 1983 import prices of nitrogen in the f'orni ofrecoinimenlded 
gcn application could be 'cthieved with manure sulphate ofanoinnion;, Ois is worth Tsh. 7() mil
and compost, i; ,rca.ing yields by 41) percent to lion (S76 million). 
100 percent beyond leveis w.hi-ved without ti:rtil- Because crop residues arc currently in wide
izcr. This mould be worth an additional Tsh. 315 spread use throughout Tanzania as animal fodder, 
million (S31.5 million) to Tsh. 787 million (S78.7 we do not add their potential fertilizer capabilities
million) to the Tani,.riian ftarmer and economy. to this total. (1-larwood., 1983, personal commu-

The decreased production caused by not niicat;on; Nishek, 1983, personal coLmunication)
meeting 'lam'ania's nitrogen needs, CeCo- Nor are added the manure totals front goats, sheep,and tile 
nroic difficulties of having to pmrchase over S117 pigs, chickens, ducks, and asses, because these 
million worth of imported nitrogen tlrtilizer each animals either are rarely contHied or their totals 
year, make it inpcrative to emphasize the use of are not large cnou~gh to warrant national implica
affordablc and locally availabl, organic materials. tions. On a regional, local, and individual Carn 

scec, this could change.
Available Organic ,'laterials Othr organic sources of nitrogen, such as 

Chart 2 outlines the aimount of' niautir" cur- intercropping, green manures and legutuinous trees 
rcntly availale in Tan zania. Assuming half of' like Leuc, ialt',Ocpitala, will be dealt with later. 
Tanzania's cattle were confined for 60 percent of 
the time, and that 80 percent of the manure they Costs and Benefits 
produced while in confinement was recovered, l6 supply this organic tirtilizer to "alzania's 
64,080 MT of nitrogen would be available to help crops will be neither easy nor inexpensive, but it 
meet Tanzania's firtilizer needs (FAO, 1981; Kyomo has the advantage of being easier and less expen
and Chagula, 1983). This would meet most of the sive than meeting Tanzania's iertilizer nieeds with 
nitrogen requirements of 'Ianzania's major food inported tirtilizcrs. 

One cost offl icttittg 1Ttzania's nitrogen needs 
2750,000 MT maize - 300,000 MT - 450,000. 450,000 MT vith lo lly available organic materials is the extra 
40% - 180,000 MT. tools that will be needed. [lirtove cattle mat!re 
Tsh. 1.75 x 180,000 kg - Tsh. 315 10' ($31.5 10fs 
450,000 MT x 100% =450,000 MT. 

.
"rOlll animal krals or holding pens to I compost

Tsh. 1.75 x 450,000 kg - Tsh. , 101 (78.7 . 106). pile, wv'here tile nitrogen can be prcscrvcd until 
'64,080 MT nitrogen (amount available from cattle manure) within nieeded, wvill require t,.vo tools that Are not tinow,\ hi
the range of 66,000-92,000 MT nitrogen (total N needed forall widespread use oil "-lanzania's 2.25 million taits: 
food crops).
68,000,000 kg x $1 per kg 7 $68 million or Tsh. 680 million at a tttrning fbrk and either a single al bullock
1983 exchange rate otThh. 10 = $1. cart or a wheelbarrow. 
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Chart 4: Results of Meeting Recommendec Levels of Nitrogen Application on Tanzanian Food 
Crops.' 

Increased Value (Official Producer Prices)19d1 Est Gross Increas ,'d Est Increased Increased Total-Production Per Capita Total Production Gross Per Capita Production Tsh 
Per hectare' 5 

Crop :n MT Supply' (kg) Tsh.(MT) Supply ' (kg) (kgfha) $ $ 

Maize 750,000 53 1,125,000 607 865 1,966,750,000 1,513 75 @ 1 75 Tsh./kg 
205.078,120 157Rice 200,000 15 6 300.000 162 1,999.5 900.000,000 5,9985 @ 3,kg 

93.750,000 624
Wheat 70,000 736 105,300 567 21 
 262,500,000 5,250 @ 2 5/kg 
27,343,750 546.8Cassava 4,650,000 251 6,975,000 3768 7,342.5 6,277,500,000 6,608 @ 90/kg 

653.905,250 688Sorghum 220,000 11 8 330,000 17.8 943 5 528,000,000 1,509 @ 1 6/kg 
55,000,000 157Millet 140.000 7.5 210,000 11.34 954 336,000,000 1,j26 @ 1 6i.,g 

35,000,000 159Peanut 56,000 3 84,000 4.54 894 487,200,000 5.185 2 @ 5 8/kg
(Groundnut) 

50,750,000 1564
Cowpea 21,000 ('75 to 1.13 31,500 1.7 429 ('76 110,250.000 1501 5 @ 3 5/kg

77 FAO est ) FAO est.) 11,484,375 1564Pigeonpea 21,000 ('75 to 1.13 31,500 11.7 750 ('76 42,000,000 .500 @ 2,kg
'77 FAO est.) FAO est.) 4,375,000 15625

Coconuts 320.000 17.3 480,000 259 - 2,016,000,000 - (_j)4 2/kg 

210,000,000 -Pineapples 48,000 26 72,000 3.88 - 144,000,000 @ 2kg 

15,000,000Sweet 330,000 17.8 495,000 267 9,339 742,500,000 14,008.5 @ 1.5/kg
Potatoes 

77.343,750 5,185 3Bananas 790.000 42.6 1,185,000 64.02 16,593('76 3,555,000,000 49,779 @ 3/kg 
FAO est 1 370,312,500 5,185,3 

Totals 7.616,000 431 82 x 50 11,424.000 MT 61695 x .50 17.369,700.000 
- 2159 kg'cap 306 kg/cap 1,809,343.7f0 

"1983 exchange rate is Tsh 9 6 $1 'Aapted from FAOFood Balance Shee for Tanzania 1975-77. using 1981FAOAssumes a 50% level increase in production
2 , ri Juction and population figures and assuming no imports or exports fur theAdapted from FAOFood Balance Sheet for Tanzania 1975.-77 using 1980 FAD auove cropsimport and export figures anc11981 production and population figures Itis 4'Based on 1982 -83 Official Producer Prices from the World Bank; and based onestimated that 50% of the domestic supply goes tor purposes othir than human URI Mminstry of Agricuture s Monthly M-ket Bulletin, April. 1982 
consumption 

The manufacture of 2.25 million forks and up costs, and are less than two-years' cost of
wheelbarrows is a sizable investment of materials, meeting the recommended levels of nitrogen fermanpower and capital, but it is well within Tan- tilizer. Spread! out over a five-year implementation
zanil's capability. For example, more than 2.5 schedule, total costs would be about Tsh. 373million hoes are being manufactured in Tanzania million (S37.35 million) per year to the Tanzanian
in 1983. (Kapaga, 1983, personal communication) farmer. This is about Tsh. 159 (S16.00) each. An-
The estimated cost of each fork is about Tsh. 80 nual tool maintenance and replacement costs would 
(S8.(0). (Juckett, 1983, personal communication)4 be a fraction of this.The total for 2.25 million forks cones to Tsh. The cost of the tools needed for efficient
180 million (518 million). Wheelbarrows cost about composting of Tanzania's organic materials could
Tsh. 750 each (575), or Tsh. 1.6 billion (5168.75 be carried by the Tanzanian farmer, perhaps withmillion) for all 2.25 million farms. (Nishek, 1983, government or international assistance. As will bepersonal communication) Oxcarts cost consider- nT ed later, the increased benefits to the farmer
ably more, but not as many would be needed, would justify his iN :stment in these tools.

Because farmers can rent or share the carts (Ngaiza,

1983, personal Com11IIication), 5(X),(X) would 
 'Cost estimate is based on cost of manufacturing forks inUnited
be elOLgh for one on every five tarns. States on ascale of hundreds of thousands. 

These tool costs are basically one-time start
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Education Chart 5: Current Value of 13 Food Crops 
Another necessary cost associated with a 

successful transition to nitrogen sult-sufhiciency 
Produced in 1981 in Tanzania (at Official 
Producer Prices in Tsh. and U.S.) 

will be a widespread educational campaign. In such Crop Vluir(Tsh) Value 
an effort, the various goals, benefits, tools and 
techniques of tileoverall nitrogen self-sufficiency Maize 1,312,500,000 136,718,750 
strategy need to be effectively conmmnicated to 
Tanzania's 15 million farmers, their Extension Rice 600,000,000 62,500,000 
workers, agricultural researchers and government Wheat 175,000,000 18,229,166.66 
administrators. )epending on the magnitude, such Cassava 4,185,000,000 435,937,500 
an educational effort could cost troni Tsh. 2.5 
million to Tsh. 10 million (S250,(XX) to Sl ail- Sorghum 352,000,000 36,666,666.66 
lion) per year. Millet 224,000,000 23,333333.33 

Groundnut 324,800.000 33,833 .133.33 
Production Cowpea 73,500,000 7.656,250 

If the nitrogen available in Tanzania's cattle Pigeonpea 42,000,000 4,375,000 
manure were used for ftrtilizcr on Tanzania's ma- Coconuts 1,344,000,000 140,000,000 
jor food crops, production could be an average of Pineapples 96,000,000 10,000,000 
40 percent to I(X) percent higher than levels achieved 
with Ito fertilizer at all. (Licbhardt, 1983, pci:onal Sweet Potntoes 495,000,000 51,562,500 
communication; Grimes and Clarke, 1062; Anon- Bananas 2,370,000,000 246,875,000 
ymous, 1953; Lockeretz et al., 1980) (hart 4 illus- Total 11,593,800,000 1,207,687,500 
tratcs what these increases could mean (assuming 
a 50-percent increase) to total production in tonls, 1983 exchange rate ,sTsh 9 6 $1 

production per hectare, total dollar value and The difference in value between 1981 production and pro

availability of food per person. The total increased duction increaseo by 50% over 1981 levels is Tsn 5,775,900,000 

value in official producer prices for maize alone is ($601.656,250) 
$1,809,343,750 (Assumes a 50% increase in production)-1,207,68/,500 (Value of 1981 production at current 

gether, nearly Tsh. 6 billion ($6(X) million) worth producer prices) 
of crops could be added to Tanzania's economy if 601,656,250 (Difference) 
tile country's average nitrogen recommen dations Source. United Rep. of Tanzania, 1982b 
were met (see Chart 5). This would be Tsh. 2,670 
(S267) each year for each farm in Tanzania-more 
than three times the cost of the tools needed to or 4,500 people (assuming each person produced 
carry out this type of farming. !,it forks per year). 

However, a 50-percent production increa,,c The production of 450,(XX) carts per year 
in just one year is practically impossible. It would would employ an estimated 6,700 persons (as
be more realistic to expect a 10-percent increase suming three people produce one cart each day, 
the first year, 20 percent the second year, and 30 about 2(X) total per year). (Nishek, 1983, personal 
percent the third year coinitication)" 

Employment 
Given Tanzania's annual requirement for 

135,(XX) new jobs in agriculture, (The Futures 
In addition to increasing the quantity and value Group, 1983) it makes good economic and social 

of Tanzania's agricultural production, the manu- sense not to try and emulate European and North 
facture of carts and forks could provide employ- American food syste-is, which are low-labor, and 
ment for many Tanzanians. For example, to energy-, material-, and capital-intensive. 
produce 2.25 million forks in five years using Tan
zania craftsmen and nanutfcturing facilities would Time 
employ annually an estimated 2,250 people (as
sumning each person produced 2(X) forks per year), Another cost of using organic materials for

nitrogen fertilizer is the time it will take the aver

s450,000 forks per year + 200 forks peryar 2,250 people.
450,000 forks per year +~100 forks per year = 4,500.thdiertsyem 

age Tanzanian farmer to collect, compost and 
spread them. Time costs will vary according toue.Temoeipete 

6An estimated 3 people can produce 1 single animal cart per day. 
450,000 carts per year + 200 carts produced for every 3 persons 
per year + 2,250 x 3 or 6,758 persons per year. 

comnposting method, the less rime required. The 
costs in time to the average Tanzanian farm-in 
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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 each day to 

(Steffen, 1979) which is a serious problem in parts 
of central Tanzania, such as Anisha, Singida and 
Dodomna. (Semoka, 1983, personal cotmnunica

collect manure and put it in the compost pile and tion) 
another 20 minu.- ",spread the compost. (Rut-
tie, 1983, personal communication)7 This extra 40 
minutes each day, although seemingly a small 
amount of time, could be quite difficult for some 
farmers to deal with. But the rewards of increased 

Because organic materials are already on or 
near the farms where the nitrogen need is, there 
will be -'o need for tl.e Tanzanian government to 
continue paying the annual Tsh. 150 million (S15 
million) in subsidies to transport fertilizers to the 

production make such an added burden a wise 
investment of a limitt'd resource. The average 
Tanzanian f1rm, given the increase in value of 

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

farm crops, would in effct be earning Tsh. I1 duction could be implemented. 
($1. 10) per hour for chat extra 240 hours of labor 
needed 
organic 

to collect, compost and spread available 
materials. This is about Tsh. 3,(XX) per 

Imports 
Besides all of the above, the increased pro

farm. 
come 

The average Tanzanian farm's annual in-
could be increased 50 percent from Tsh. 

duction brought about by meeting the recoi
mended nitrogen application levels in Tanzania will 

5,152 (8536.75) to Tsh. 7,728 ($805).6 allow for the reduction and eventual elimination 

Foreign Exchange of Tanzania's major food inports--maizc, rice, 

There are a nmber of other benefits that 
could result from the implementation of a wide-
spread program to meet Tanzania's nitrogen fer-

and wheat. In 1982, this would have saved the 
country Tsh. 956 million (S99.6 million) (The 
World Bank, 1982).'' If production increases are 
large enough and foreign economic condirt -as al

tilizer needs from indigenous organic materials, 
One such benefit would be a better foreign cx-

low, Tanzania could possibly export 
agricultural products as it once did. 

its surplus 

change picture. Without having to spend precious 
foreign exchange on fertilizer imports and food, 
Tanzania would have more capital to invcst in other 

Other Regenerative Strategies 
As the previous pages point out, recoi

areas, mended nitrogen fertiiizer needs for Tanzania's 
By freeing itself from the need for imported 

nitrogen fertilizer, which is tied to the price of 
fossil fuels, Tanzania would eliminate a cause of 

major food crops could be met by using just part 
of the manure produced by its cattle. Most of the 
nt 

inflation and avoid the long-term cost increases croping cassava with peanut, cowpeas and pi
that will affect the Earth's non-renewable eergy crcpping 

sources. Over a 10-year period, Tanzania could 
save Tsh. 4 billion to Tsh. 6 billion ($4(X) million 
to S600 million) in foreign exchange by switchingto organic materials to meet its recomniended i-

feortiteril to Te sved ii-
trogen frtilizr needs." The amount saved will 

geonpeas.
Another strategy that could be used with 
o trst regy at co be tus wit 

composting cn manures, croprota andinterplanting cassava (and other crops) with Ie
gumes or maize, is the widespread planting )f
Letcaena letcocephala. 

depend on how much is spent on implementing 
the use of organic materials. 

Soil Vitality 
720 minutes per day to collect manure x 365 = 120 hours per 
year; plus 20 minutes per day to spread organic material x 365 

Anodaer benefit resulting from using organic
isothertht Tnzani 

materials to meet fertilizer needs isthat Tanzania's 
soil vitality would be improved. (Steffen, 1979) 

- 240 hotrs per year. 
sh. 11,593,800,000 (value of food crops produced in 1981 at

1981/82 producer prices) 2.25 x 101 farms = Tsh. 5,152.8. 
Tsh. 17,369,700,000 (value of yields increased by 50% from 1981 

The increased humus content of the soil would 
help retain both nutrients and water, thereby 

production levels at 1981/82 producer prices) 225 x 106 farms 
= Tsh. 7,720. (Tsh. 7,720 - 240 hours) - (Tsh. 5,152.8 + 240
hours) = Tsh. 11($1.10/hour). 

making crops healthier and better able to with-
stand the stresses of drought, disease and insects, 

in order to meet nitrogen requirements for their 13 major crops 
with imported fertilizers over the next 10 years, annual rate of Tsh. 

(Oelhaf, 1978) Soils high in organic matter lose 760 million ($76 million) ismultiplied by 10. 
significantly less nitrogen, because leaching and "'Note: It isnot known what percent of the total subsidy ges to 
gaseous volatilization losses are less. (Steffen, 1979) transporting just nitrogenous fertilizers. 
Orgao. materials in the soils will also help reduce "The value of net commercial and aid imports of maize, rice and 
Tanzania's soil erosion from wind and water, wheat totaled $99.6 million in1981/82. 
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If each farm in Tanzania that could grow L. million cubic meters of firewood-more than halfleucocephala planted one-half acre (.2 ha) of this the amount consumed in Tanzania in 1980. Threeleguninous tree crop, more than 56,250 MT of to eight-year-old Leucaena trees annually yield fromnitrogen would be fixed in the soil by the trees' 24 to more than 1X) cubic meters of wood perroots. (Hogberg and Kvarnstrom, 1982)2 This is hectare, with the average being between 30 and255 percent more nitrogen than Tanzania used in 40 cubic meters per hectare. (Nat. Acad. Sci., 1977)1980, and represents about 60 percent of the total One acre of Leucae,,a trees could producerecommended nitrogen fertilizer for Tanzania's enough charcoal to yield the energy equivalent of3major food crops. This 56,250 MT of nitrogen 	 nearly 17 barrels of oil (Nat. Acad, Sci., 1977)."5would be worth Tsh. 560 million (S56 million) at With 1.12 million acres (one-half acre for eachcurrent import parity prices of nitrogen in the 	 farm in Tanzania; 455,000 total hectares; 1.1 perform of sulphate of ammonia. " Such a major un- cent of Tanzania's forest and woodland) planteddertaking would require a large investment in time in Leccacna and devoted to charcoal production,and resources, but would yield substantial bene- Tanzania could annually produce the cner';yfits, as well. equivalent of 18.7 million barrels of oil-wrth,
In addition, Leucaena, because of its rapid at 1983 oil prices, Tsh. 5.6 billion (S564 million). "growth rate (nearly 20 feet per year), could be As dry wood, a similar planting oftLetacna wouldtrimmed back each year and the trimmings used yield the equivalent of 27 million barrels of oilfor firewood. Because 99 percent of Tanzania's annually, worth Tsh. 8.1 billion (S810 million).

population depends on firewood as its chief fuel, (Nat. Acad. Sci., 1977)"and 96 percent of tile total wood consumption in Besides fixing nitrogen in the soil and beingTanzania is for fuel, planting one-half acre of LeLv- used for firewood or charcoal, the nitrogen-rich
caena on every farm in Tanzania would supply 17 leaves (5 percent nitrogen) fron this remarkable 

tree can be used for animal tcd, composting or 
for direct application to the soil. One-half acre (.2'2A! the rate of 110 kg/ha of N fixed annually, ,/ acre would fix 55 ha) of Leucacna could produce 2.5 to 5 tons oflbs. 55 lbs. x 2.25 x 106 farms = 56,250 MT. 	 edible dry nlatter each year. (Nat. Acad. Sci., 1977)"56,000 MT + 22,041 MT = 22.5%. This is 14 to 250 kilograms of nitrogen each year56,000 MT + 91,900 MT = 60%. that can be used for composting-more than 

156,250,000 kg x $1/kg (the 1983 im'port parity price of N in the enough to meet the total nitrogen requirement forform of sulphate of ammorfia) = Tsh. 560 x 106 ($56,250). the average Tanzanian farm. 
15L. Usedleucocephala charcoal has fuel value of 7,250 calories per kg as aniial feed, this amount of leaves isor 12,980 STU per lb. Charcoal has a weight of 15 lbs. per cubicfoot. Fifteen lbs. per cubic ft. x 500 ft.' per acre (average amount equivalent to an annual production of 4X) to 2, 100L leucocephala wood yield) = 7,500 lbs. per acre with a fuel pounds of protein. At 2.5 tons per acre, 2.8 rilvalue of 97.35 x 106 BTUs. One barrel of oil (42 gallons) yields5.8 x 106 BTU. Therefore, 1acre of L.leucocephala charcoal lion tons ofhigh-protein forage would be producedcould yield enough energy to equal 16.8 barrels of oil annually. each year if each farm planted one-half acre of161.12 x 106 acres x 16.8 barrels of oil = 18.8 x 106 barrels of Letuca'na. Intcrplanted with guinea grass (at I-tooil. At $30 per barrel, 18.8 x 106 barrels are worth $564 x 106 1 ratio), L'tcaena pastures can carry up to one or Tsh. 5.6 billion. 
"L leucocephaladry wood has a fuel value of 3,895 cal. per kg or 

cow per acre or two to three cows per hectare infavorable conditions. Tile 330,(XX) metric tons of6,970 BTU per lb. One cubic foot of dry hardwood weighs 40 lbs.Forty lbs. x 500 ft.' per acre = 20,000 lbs. per acre with a fuel
value of 139.4 	

beef that could be produced on such an arrangex 106 BTU. 139.4 x 106 BTU = 24 barrels of oil.Twenty-four barrels of oil x 1.12 x 106 acres = 27 x 106 barrels of 
lmlent would be worth about Tsh. 5 billion at 1982official producer prices. (USDA, 1979; United Rep.oil. $30 x 27 x 106 b arrels = Ts h . 8 .1 billion ($810 x10 1). of i a . 1 9 8 29) " 

"Assuming a liveweight of 1,000 lbs. per cgw, the conversion ofliveweight to dressed weight is .591 x 1,000 lbs. 	 of dTn t h evbe d s- 591 lbs. per Adding together the value of the fixed soilcow. 1.125 x 106 cattle x 591 lbs. = 664.8 x 106 lbs. or 332.4 nitrogen, tile firewood, the mean value of the iiix 106 kg dressed weight. The producer price of beef with bonesInApril 1982 was approximately Tsh. 15 per kg. Tsh. 15 x 332.4 pl In the leaves, and te forage crop value of 
x 106 = Tsh. 4.986 billion. planting 1.125 million acres of Letcaca (one-half"Tsh. 18 billion - 2.25 million farms = Tah. 8,000 ($80;, 	 acre ach on Tanzania's 2.25 million farms) wouldresult in an estimated Tsh. 18 billion (S1.8 billion) 

fArees, Ts'. 8,000 per farm + 120 hrs. = Tsh. 66.00 per hour or increase in Tanzania's total economy. This is Tsh.$6.00 per hour would be earned per farm. 8,000 (S800) per farm.",Given the estimated time21Tsh. 11,593,800,000 (value of food crops produced in1981 [see required to plant, maintainChart 51at 1981/82 producer prices) 	 and trim these trees,- 2.25 million farms = Tsh. the average farm would earn about Tsh. 6 (S6.00)5,152.8 ($536). $536 plus $720 per farm equals $1,256. $1,256is 134% of $536. per hour for its efforts.a Average yearly income450,000 MT x 100% = 450,000 MT. would increase by 134 percent-from S536 toTsh. 1.75 x 450,000 kg = Tsh. x 10 ($81.9 x 106). $1,256.1 
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Clearly, no- all the costs are borne by the 
same group, nor are all the benefits quantifiable. 
But taking the two major costs and benefits-that 

and the composting of organic material will help 
keep Tanzania's food system healthy, better able 
to absorb new workers, and in che forefront of 

of the tool costs of S187 million to 2(X) million, 
and the increased production benefits of S601 mil-
lion-we find a payback on investment occurring 
in about six months. Such an astonishingly posi-
tive figure should not be used, thougb, to mask 
tile real difficulties of achieving nitrogen, self-suf-

new agricultural systems. In short, instead of re
peating some of the major mistakes of a bygone, 
intense resource-consuming era, Tanzania can be 
on the bold cutting edge of tile new agriculture 
that will be incruasingly practiced throughout the 
worlo. 

ficiency in Tanzania. The advantages of meeting Tanzania's nitro
gen needs from indigenous organic materials would 

Summary/Conclusion seem to warrant the expenditures needed to im-
As all the reports in this series illustrate, tile plenient a nitrogen self-sufficiency program in the 

use of organic materials to meet part of Tanzania's country. 
nitrogen firtilizer needs is technologically possi- Given the overall prospects for titting within 
ble, ecologically sensible, economically viable and many of the national development goals of Tan
socially advantageous. 

Going in the other direction-away from 
zania-those of raising the standard of living; 
achieving national self-reliance; emphasizing forms 

meeting Tanzania's nitrogen needs from indie-nous organic materials-would be a serious nts-
of economic activity which encourage collective
and cooperative etfort; making proper and efl.

take. And attempting to develop a "commcrcial cent use of natural resources; and organizing 
agriculture which tends to minimize the direct projects which, while ensuring pcrnanent and ef
use of labor on the land," as some have reconi- ticicnt devclopnent of tile economy, my be iml
mended, (The Futures Group, 1983) could have plemented in a relatively short time-it would 
serious negative impacts on Tazania. seem that a national, regenerative agricultural pro-

Rather than a step forward to a so-called gram is highly desirable. 
"modernization" of Tanzania's agricultural s 
tem, such a move could be a step backward into 

Limits of Study 

mass unemployment, fiscal bankruptcy and social 
chaos. Instead of emulating tile past of Western 
food production technology, Tanzania would be 
better off adopting the agricultural technology of 
the future-namely, an information-intensive, re-
source- and job-conserving, low-input, "regcner-
ative" food system. 

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 

If Tanzania had a firming system similar to provided us with the amount of manure available 
that of the United States, 
people presently living on 

more than 15 million 
farms would be dis

for composting and for use on Tanzania's crops. 

placed and forced to migrate to the cities.2 More 
than 4 million presently empioyed Tanzanian 
farmnworkcrs Would be unemployed. (Chain Store
Age/StIpermarkets, 1982) ' The machinery, fuel, 

2 -r, the United States in 1981 (latest FAO figures), 2.1% of the
eccnomically active population was inagriculture. Araie of 2.1O%
applied to Tanzania's economically active popt,latio' in 1981 is 
157,626 total number of farmers employed instead of its actual 

fertilizer and Pesticide Costs Would be so high that
they could financially cripple tie country in a 
matter of weeks. For example, U.S. maize pro-

number of 6,037,000 employed farmers in 1981. 6,037,000 employed farmers minus 157,626 farmers remaining employed as 
farmers equals 5,879,374 displaced farmers. This number of 
farmers plus their families would total nearly 15 million pecple. 

duction requires 209 gallons of oil eiivalent per 
hectare per year. This is more than 6.46 million 
barrels of oil equivalent for Tanzania. The U.S.
foor ystem uses close to 500 gallons of oil equiv-
alent per person per year. R)r Tanzania, this would 

-"Today,one out of every four persons employed inthe U.S. are 
employed 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 inthe food system other than farming.
This still leaves a total of 4,160,500 farmers disp!aced who would 
be unemployed. 

be more than 9 billion gallons per year, or more 
than S6.5 billion worth. (Pimentel, 1981)24 

Local industries employing local people to 
manufacture tools for use by Tanzanian farmersmakes good economic and social sense. The job-e g18.51 
conserving tendency of regenerative agriculture 

2'95 gallons of oil equivalent per acre per year for corn production 
inU.S. = 209 gallons of oil equivalent per hectare per year. Area
of maize harvested inTanzania in 1981 was 1.3 million ha. 1.3million 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 per year xmillion 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 ing nitrogen-producing tre crops (10,000 to 20,000animals could be concentrated in one area, or that hectares of Leucaena would produce over 13,0)
animal raising and farming are not conducted by MT of nitrogen in just I aves), composting other
the same groups of people. Both of these situa- organic materials, and growing green manures. 
tions can be found in Tanzania. For example, Ka
gera needs about 1,50M MT of manure ,o meet its 
nitrogen needs, and it has about 2,l(X) MT of 
nitrogen available, assuming 50 percent of the an- Chart 6: Comparison of Nitrogen
imals are confined 50 percent of the time, and 75 Regions of Tanzania. 
percent of this manure is collected for composting
 
(see Charts 6 and 7). On the other hand, Arusha,

Lindi, Mtwara and Ruvuma are short in availabl, Needs* Has

nitrogen and cattle manure. 
 Arusha 10,680 MT 8,363 MT 

Arusha needs about 10,680 MT, but only has 
about 8,36(0 MT available. Increasing the rate of West Lake 1.488 MT 1,954 MT 
collection to 60 percent brings the nitrogen avail- Ruvuma 13,253 MT 162 MT 
ability from cattle minure tip to 12,0(X) MT in Tabora 11,243 MT 4,283 MT 
Arusha. In other words, by a more aggressive
collection pattern, Arisha's nitrogen needs can be *Ntrogen requirements were determined by multiplying the aver
met from just compostng cattle manure, 	 age per hectare recommendations of nitrogen given for all 20 

agroecological zones in Taizania for maize, rice. vheal. sorghumRuvuna, though, .s another story. It ne-ds and millet b the area harvested for each of the five crops within 
more than 13,00(0 MT of nitrogen but only has each region Regional production figures for 1977/78 were divided
162 MT available from cattle manure. Even by 1979 national average yields by crop inorder 'odetermine area 
changing the rite of collection to an impossible harvested.
 
I(X) percent only produces about I,(XX) MT of 
 Source Samki, 1982, Berry et at. 1982, FAO. 1981 
nitrogen. Possible options to this nitrogen short
age include using manure from other animals in 
Ruvuma, adding more cattle to the district, grow-

Chart 7: Estimated Manure and Nitrogen Production Per Year in Four Regions of Tanzania 
for Cattie. 

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) (millions) (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. animalsKg N of t,lature confined 50% Net Navailable
Per Cow Cattle of the time with 75% recoveryRegion 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 5,710 	 4,283 

Source: ASAE, 1976; MWPIS, 1979; Kyomo and Chagula, 1983. 
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PROGRAM OF ACTION FOR THE
 
IMPLEMENTATION OF
 

RESOURCE-EFFICIENT FARMING
 
METHODS IN TANZANIA
 

August 11, 1983 

I. Intr(duction 
The most limiting nutrient in agricultural pro-

duction in Tanzania and other developing coliun-
tries is nitrogen. Therefore, emphasis will be put 
on measures to increase the suIpply of this nutitri-
ent. The program will include several teclholo-
gies which interact to influence efhcicnt nitrogen 
production and use. The resources available for 
this endeavor are manure and compost from dif-
terent sources; conlpost materials: and grain, her-
baccous and tLeC legumes. Utilization of these 
materials will be considered singly and in conibi-
nations, at difTren rates, and will foirm the basis 
for this plan of action. 

II. Organizational Structure For 

Implementation 


There should be a system for supervising the 
iiplementation program fromii the village tip to 
the national level. rhe tllowing committees are 
proposed: 

A. Village Inplenientation Committee. Mciii-
bership includes: 

Village Chairman 

Village Secretary 

Village Manager 

Village Livestock Officer 

Village Education Coordinator 

Village Cooperative Officer 

Priinary School Head Teacher(s) 

B. Regional and District Implementation 
Comnittees. At these levels, the programs will 
be drawii and stuperviscd by the Regional and 
District Developuient Committees, respectively. 

C. National lintcrministeriail Intcorganiza-
tional Advisory Committcc, to provide broad 
guideliiies on the implementation of the program. 

Memnbership-Prime Minister's Office: 
Ministry of Agriculture
 
Ministry of Livestock
 

Ministry of Natunal Resources
 
Ministry of Industries
 
Ministry of National Education
 

Ministry ot Lands 
CCM, UWT Cooperatives, Youth, TARO, 
TALIRO, University, CAMERTEC, Uyole 
Agricultural Center 

III. Specific Recommendations For 
Field Implementation 

It would be appropriate to divide the regions 
into three categeries for field implementation on 
the following basis: 

A. Regions with meditni population and an 
abundant suipply of mannre. These include 
Mwanza, Mara, Shinyanga, Tabora, Singida, 

Anisha, l)odoma and Mbeya. 
1. Emphasis in these areas should be on using 
the large amount of mantrc available. Manure 
should be removed from the kraal every two tofour days, piled outside, and mixed with other 

available organic materials. The pile shotld then 
be covered with a bit of soil to reduce volatili
zation. Emphasis is also on efficicnt composting, better placing of manure ottlet to allow 
easy collection, and providing carts to transport 
manure. 

2. Discourage burning of organic iaterials. 
3. Encourage on-firmn planting (initially as hedge) 
of leguiinous trees like Letcaeta spp. to pro
vide compost material, fodder and firewood. 

4. It is recommended that Mwanza and Singida 
be earmarked for intensive implementation of 
the program initially. 
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B. Regions with high population and little ma-	 agreed that this technical assistance and training
mire. Includes Kilimanjaro, Dar es Salaam, Ka- can he provided under a Farming Systems Re
gera and parts of Arusha and Mbeya. search Project. 

1. Emphasis on better manure handling, et]i- G. Evaluation of the effects ot' herbaceous le
dent composting, better placing of manure for gnmes like crotalaria and lupinICs on wced control, 
easy collection, and providing carts to tran.:port and their role as tundersown green manures. Stud
manuire. ies on their content oft-xins shoutld also be miade. 
2. Introducc tIce legumes, especilly in lower 	 Crotalaria is recommended for low to meditm 
areas. 	 altitudes, lupines for mediuim to high altitudes. 

Draw on the experience ofTanzania tCarniers, such3. Underseediug programs with h,:rbaceous Ie- a; Mission farmers (especially Peranilho). 
gumes On coe and/or bnana faH. Studies on biological nitrogen fixation by 
4. It is recommended that Kilin ita aro be car-	 legumes, md development of local rbizobial in
marked tbr Initial iltCnsive 1i1ple nentation of cu1a.
 
the program. 
 I. Further studies on appropriate intercropping 
C. Regions with low population ai1d little l1- patterns and plant populations, particularly using 

irc. Inchdes Lindi, Riuvutma, Mtwara, Rukwa, l'gumcs to provide nitrogen.Morogoro, Iringa. Kigonla. langa and (Cotrst. J. Research like the Rodale Conversion l'roject.I. Enphasis on eflieiClt usc of/tlc small ailounit involving a comparison between resource-con
of compost and mantre available. serving regenerative nIletlods, anid high-input 
2. Appropriate intcrcropping, such as legume/ conventional methods of crop productionl.

cereal combinations. 
 K. Studies oi botanical iscoticidies ald other 
3. On-ftarm planting (as hedge) of tree legu,mes 	 insect and plant disease control methods using
like Lcmctia spp. for lodder, compost material indigenous materials and practices.
 
and firewood.
 

4. Appropriate crop rotation. Training and Publicity 

The Center for Contir_!ing Education at Mor-IV. Additional Research Needs ogoro will be th focal point tor preparing trainersA. Improved methods tbr ha,,dling alld usig 	 in thtcofntry/fr e/tieit arnmig methods. The 

manure and compost. Experience cai co, t.roni first week-long training program will be held in 
areas in Tanzania Already using these materials, October for l)Al)Os (12). MATI/LITI (eight of 
like Kilimanjaro. the MATIs and LITIs in the regions of interest), 

B. Crop responses inl the field to various types ad trainers tfr the six priority regions selected 
ad roespoansersi iledfOi~t, 31dvar iotype for the progran. A sinilar program will run inand rates of matnures and coiipost, and coibina,- 1984.
tions of these with inorganic fertilizers. a ti e first ear, three MAIs and one LITI
\Vithiunh is er heeMTsado cLT 
C. Studies on annual decay rates using biologi- will hold two one-week trainiiig programs for 4(1

cal and chemical methods, workers each to a total of 32(0 participants from 
1). Studies on combinations of compost, nia- CCM leader, UW-I Youth and Extensi. vork

miures and crop rotation. ers. The remaining Extensioni workers iii the ie-
E. Developing In o n utrientsintormatioi , ,i- gion xill be given a two-day triming program bysides nitrogen, especially P and K. 	 the I)ADO, whereby all Extension workers in thesix priority regions are traincd iii mainire han-

E Screening different varieties of Lencacna, iii- dling, composting, use of tree and crop legumes
cluding the Australian low-nimosiie types, and aid interplanting.
other tree legumes like Acacia, (U;),ricidiaand Al- The Extcnsian workers would then coiidtct olie
bizia for adaptability to different ecological zones, day sessions in each of the villages in the region
Also, appropriate intercropping methods to ,i!]- so that all thrmers receive this training. Additional 
imize shading effects. Expert assistance will be sessions will be planned at Morogoro so that all 
obtained from Australia, IITA, Ilawaii, the Phil- DADOs and LIDOs, some MATI and LIT1 in
ippines and other areas where Lctca, is grown structors, and agricultural teachers at Folk l)evel
and used succcssfilly. Arrangements should be opment Colleges and other seconidary schools re
made for local experts on L..etucna to visit such ceive training within the first two years of this 
areas ti,expand their knowledge. USAII) has 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 tarmers in the country receive at 
least a one-day trining session within two years. 
Additional details of these trainilg programs, *aong 
with the required budget, are provided in the ti-
nancial plan. 

The pamphlets, posters and flip charts will be 
important training and publicity aids. All people 
trained at Morogoro will receive flip charts for use 
in training Extension workers in either the Dis-
trict or MATI/LITI. The five sets of posters wotild 
be available to Extension workers for use in train-
ing farmers, and for permanent display in either 
the village office 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 -'.l be covered in the 
second year. Also, posters and b .)chures will be 
made available to other rejiois, and radio broad-
casts will be used to explain the i.esource-Efth-
cicnt Frming Methods program to Tanzania's 
farmers. 

Program Coordination 
As indicated above, five difl-rent Ministries will 

be responsible for various aspects of the program. 
Since the main responsibility will be in the Min-
istry of Agriculture, a s:,ecial Tanzania lProgramn 
Coordinator will be chosen by this Ministry to 
coordinate the country-wide eflort. Tills national 
coordinator will establish a small office and be 
responsible for the special budget used to inple-
ment this effort, 

Rodale Press has agreed to help fund this co-
ordinator, and provide training and technical 
backstopping in the future. Initially, Rodale woul:d 
agree on the appointment of the individual, thci 
provide him or her with travel and training costs 
for a month at Rodale to learn the workings of 
resource-efficient 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 two-year effort. Rodale 
will also supply a vehicle and other miscellaneous 
items. The Tanzanian government will provide 
funds to establish the coordinator's office, includ-
hig salary, transportation and local operating 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,(X) 
copies of each) on the following: I) Leucacna pro
duction, 2) composting, 3) green nianure, 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, 2(X) flip charts printed on 
oil-based cloth in Svahili and English will be pre
pared for the trainers. Additional publications will 
be provided in the second 'ear, as agreed by 
USAII), 1inzanian government and Rodale, 
Ukulima wa Kisasa, and the Ministry of Agricul
ture. Radio will b, Lised to publicize the program, 
and Party Leaders, Youth and UWI will help 
mobilize the masses. 

Peace Corps Volunteers 

The Tauzanian government is in the process of 
asking the U.S. government tor Peace Corps wol
unters to assist with research, Extension and 
training. At first, these volunteers will be placed 
in the same District where the Farming Systems 
Rescarch Program is to be conducted. They will 
also be located in the three major research sta
tions, and at the Ministries of Agriculture and 
Livestock Training Institutes. 

Initially, 10 )istricts, three research stations 
(TARO and TALIRO), and three of the MATIs 
and two LITIs will be programmed with tvo 
volumteers each, for a total of 36 volunteers. These 
volunteers wili be provided over a two-year pe
riod ifnmces.;ary, and will be trained at the Rodale 
Research Center in resource-etffcien tarming 
methods. They will work under the auspices of 
the Ministries of Agriculure and Livestock. At 
the research stations, the volunteers will work with 
TARO and TALIRO, conducting ofl-station rc
search trials on resourcc-efficient farming meth
ods. In the District,;, they will work for the Dis
trict Agricuultur and Livestock Oficers in 
conducting demonstrations on resource-eflicient 
farming methods, including erilizcr demonstra
tions when possible. At the MATIs and LITIs, 
they will work under tl auspices of the Principal 
of the Institutes, both in training Extension vorkers 
and conducting on-farm demonstrations. 

Appropriate Equipment 
To develop compost and make better use of 

manure, more effective cquipment will be needed 
by Tanzanian farmers. Farmers need forks to han
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dle manure, and carts to transport it. More exten- cquipment and machinery and related costs. 
sive use of ox plows and wooden-handhl hand A project proposal to cover additional costs or 
tools vill allow tarmers to till more land, grow this program, estimated to K' abott Tsh. I1 mil
green nmanurcs and increase production. lion, has been prepated. lhc local shilling cost, 

Efl'ctixe with this plan, the Tanzanian govern- not included in the regular budget, covers the ad
ment, through the Ministries Of Agriculttre and ditional costs of preparing Extcnsion trainers in 
Industry, will establish realistic but ambitiots tar- Morogoro, NIA:I'ls/LITI!; and I-rincrs; the cost of 
gets tor prodiction of vaio us t1rm implements establishing the prograim coordinator's officc; ad
and hand tools. This plan will inchlde the nuimber ditional cost of establishing research trials at Mor
ard types ofequipuent, plcC of matLctire and ogoro and at the three major research stations; 
other iwnportant data. The donor and/or toreign cost ofcstablishing on-f'trin denlOstrations in the 
exc.ianig retie lnIIIenAs tor producing and/or im- lajor regions; an(d miscellaneous costs. 
porting tliesc ite:ms will be provided in detail. IPer- USAII) will also provide FInds tinder the 
sonel fcomn the M/linistrics of Agriculturc and lo- Firming Systems Research Project to dire:tly and 
dustry, and possibly TI)B, will prepare this pl1. indirectly suipport this program. Specifically, slort-

CAMEITEC will also p'ayl an incrcasitiglv term cotisualtAciCs will be ftlidcd on both tree 
important role in iniportiln; and testing proto- and crop legumes, and ftr participants on these 
types, and making designs available to local 11n- subjects. Additionial technical support will be pro
uflCturcrs. Increased cflhrts will be 1i:dC to de- vided 60r rscearcl trials, deinonstrations and re
crease the amotit ot" steel and, thereby, foreign hatCd aspects ,) the Resource-Efficicnt firming 
exchange needed to st pply this equtipment. Pro- Nlethdds prograiti. USAII) will also jointly fiund 
ducinr: xvoodc'i rather than steel plow hn.dlCs, some tcchical tra:ng consultants with ROdale 
,,rd metal-rimtmed wooden wheels instcad ot All- Press and the Rodale Research (:enter by provid
steel ones, are examples of where steel imports ing ITr diIm and travCl costs. The U.S. govern
may be redticed. Efl-orts will also be mlade to ob- inint has agreed to provide Pciwt'e (orps v'.lhii
tarn the assistance of compamtics like "'Tri-lin- t 'rs to help implemtLnt the program. 
per" in the U.S. to improve production ot hand Rodale Press and the R dale Research Center 
tools in Tanzania. will help ftind the co,,rdina or of the program 

with the Lzaniangoveriinent, and provide
Resources for the Prograrn training to tlI coordinator, to other Tamzaniamts, 

Ftndiing and other rcs Lirces needed to begin and to Peace Corps volunteers .ssiimicd both to 
the Resource-Efficient Firming i Methods pro- the program and to related arCis. RodalC will also 
grain are being provided by the Tluzaniami gov- pay for the technical assistaice training consul
eminent, Rodale and USAII). Some local fund- taut, W1o Will help ,'ondulct tle training program 
ing already is available through the budget of ini Morogoro mid other regions. RodalC Press also 
various Ministries. 'lhis applies especially to sal- has agreed to provide brocthurcs, posters, flip charts 
aries and related costs of normal government statl} anod a vehicle for the coordinator, as defined earlier 
as well as some futnding for training, steel for in this plait. 
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1. 	Standard Tanzanian farm implements on dis
play during field demonstrations. The array in
cludes (frmrm foreground) a cultivator, wheelbar
row, seed cleaner, plow, bullock cart and a rare 
working tractor. 

2. 	 Craftsman shows locally manufactured seed 
cleaner to President Nyerere (center). 

3. 	 Technicians from the University of Dar es Salaam 
diive equipment back from the fields after 
compost demonstration (compost piles at far 
right) and tours of test plots comparing organic 
and conventional farming. 

4. 	 President Nyerere points to wooden wheels that 
can help Tanzania reducr, steel imports and be
come more self-sufficient. 

5. 	 Workers demonstrate ox-drawn plow. 

6. 	 Village craftsmen demonstrate hand-operated 
planter and fertilizer applicator. 
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