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INTIRODUCT ICX, 

Those attending this syiTTx*sium had the privilege of listei'ing to no less 

than 15 papers concerned with the r(ju.rments, probiefms, and achieven-ints of 

weed science in developing countr:i.es: a fascinating pageant of p-rsonal exper­

iences, anialyses, th'.ries, successes, and clisappointments. hist d.ifficulties 

predorinated, a great deal was said which gave hope and encourageimq.nt for the 

future. Tibove all, the audience should have been left in no douibt ayout the 

vital role that improved weed control practices can and ust play in helping 

farmers and their fali]i.es in developing countries to grow more foe--.d and to 

improve their stmdard of living and their health. 

The span of subject matter covered by the papers in these proceedings is 

wider than the theme imTplied by the symposium title, which literally means the 

transfer of weed science technologies within or between developing countries. 

Carrrmunications was a key v-)rd throughout the program and it was used in a 

general sense by nny contributors. Others, whilst addressing WQselves to 

the actual transfer of improved weed control technology, did so large.y in the 

context of transfer from developed to developing nations. it: is clear, there­

fore, that we are here concerned with the whole broad scenario of hcw to- promote 

I/ A personal. synthesis based on papers presented at the DiSS-WSSA Syqposium 
on Ccnmmunication of Weed Science Technologies in Developing Countries. 
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I 

weed science and technology in developing countries as a-n essential part of 

efforts to grow more food and increase wealth. 

As an introduction to this volumo and in atterqt to draw soma conclusions 

frcm the s~ r'sium, I have selected a nud-.er of issues which featured often and 
in various fonms. I have given them a wider pe-rsT:-ctive and discuss them here 
briefly as topics which deserve fu.rther attention la-nd action. In particular, 

have highlighted the crucial roles to be p]ayed by FAO, the CGIAR network, IWSS, 
and the national and regionil wvee science societies. 

CCt,24UNICATIE S AN) T"0Ec OIL Y TPANSI.T WIMIN A COUNTRY 

Since the prLmary purpose of weed research is to improve the efficiency 
of agriculture, there have to be strong and effective linkJs between the weed 
scientist and a wide range of individuals and organizations concerned with the 
agricultural systm of his or her own countxy. This may seem ob,,._ous, but 
isolation of weed researchers, particularly tose in miversities, is by no 

means unc.frmon. The problem is referred to jin several papers as are the many 
difficulties involved. in Fig. 1, i have attempted to sumaTkrize the ccmminica­

tion net~s~rk at national level in which weed scientists are likely to have to 

operate. 

Extension personnel. In presenting the future, I have atteqpted to indicate 

that information flow can and often should be in many directions. Tfhe weed 
scienti.st is for exaniole, be the main sourcequite likely, ho of infol.mation 

about weed control and weed behavior foi -the extension officer specialists frn 
industry, who are often highl , skilled in helping farnrs and estates to adopt 
improved weed control practices. The oaper by Elster provides a good exanple 

of their e.,-rdse. 

Aadinistrators and the Public. All of us attending this symposium awarea-v-e 
that igno:rance and indifference by agricultural and scientific administrators 

are often at: ti.c root of inadeuqiately supported weed research throughout the 
world. But how ianny weed scientists who cmplain about the lack of support 
they receive real.ly DuL much effort into trying to improve the situation? Two 

oonmnts in the pape..s we have heard particularly caught my attention. One was 

http:scienti.st


by Vernon who describes hczq an article entitled 'The FxpensTive Weed' he wrote 
for a local farming rargazline was picked up by the 1main daily n4saper in Zambia 

and led, th-rough the national coverage it received, to a change of attitu": 
wi-rilin tje Ministy, of Aliriculture and to greatly iprfl:)roved support for weed 
control work thereafter. The other iws, by F.scher a.tnd Vernon who s-.o right.ly 
pointed out that howvA--er adverse circtiistances irmy i.,0 it a countrv, tHat despite 
mdi fference, bad leadership and lack of suppozrt, a wec-0 scientist who has the 
strenqth of characl-ec and the enthusiasm will always lbe able to 1,ake headway. 
I stroncjl, avree wih theni that t-hese are the pex:ople who 7rkst deserve our 

support. 

These authors endorse the need to make the government officials aware of 
the irmprtance of weed research and I am glad they, also Fischer in his cwn 
paper, refer to the great help that has Ken given in this and other respects by 
the Mexican Weed Science Society. TIhis is an extremely ilportant function of 
such societies. As I noted in nry paper at. the We-ed Science Soc:iety of Aimrica 
(WSSA) special meeting at Dallas in 1978, the formation in the UK of thie British 

Weed Control Conference in 1953 played a vital role in securing greater govern­
ment support for weed research and without which it is unlikely that Weed 
Research Organization (WRO) would have ccxae into existence. 

In a wider vein, Nicholson refers in his paper to the need for a broader 
segment of society to be interested in and kncaledgeable about agriculture to 
help generate and maintain support for agricultural research as a whole. 'This 
is an inportant point and a highly topical one in view of the growing disen­
chantment with goverrment support for a(,iriculture in Europe and North America 
caused by mounting food surpluses and problems associated with intensive 

production methods. 

Weed scientists. Having referred to my institute prompts me to endorse the need 
highlighted by Fischer and Vernon for weed scientists to comunicate not only 
with the network of organizations in Fig. 1, but also with each other. In a 
large country (or even in a small one where weed research is undertaken at a 
number of universities, government institutes, anu perhaps private research 
centers) it is all too easy for workers to become isolated and their research 
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Figure 1. 	 The agricultural communication network within 
a developing country. 

to be poorly (if at all) co-ordinated. At WRO we spend a great deal of time in
 
informal liaison and co-ordination activities to encourage weed scientists and
 

others with whom they should interact to get together. This role is much 
appreciated End has certainly helped to promote enthusiasm and support for our
 
discipline 	as well as m re effective national programs of all sorts.
 

Trainers and trainees. Another activity undertaken by WRO in addi tion to our 
priinary research function is the provision of periodic training courses, usually 
one-day affairs, hut occasionally lasting up to w-, weeks. The need for such 
courses in developing countries is of course paramount, and Nishimoto has given 
us an interesting account of sc~me in which he has participated. At WRO we are 
fortunate in having scme 50 graduate weed scientists, so we are able to cover a 
wide range of topics unaided. In countries where weed science is less wAll 
supportc:d, 	it nmay be essential for specialists from overseas to be brought in 
to help. Wherever possible, staff of local universities should be encouragod 
to participate in relevant courses as instructors or trainees as appropriate.
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The lack of university departm-nts teaching weed science is noted by several 
contributors as being a major deterrent to the advance of this discipline in
 
developing countries. Such involveoypnt can help to generate interest, 
 as
 
well as an awareness of the econmnnic and social j.ffnpartance of weeds and weed
 
research. Tho dearth of urdrsiticcs providing s-xecia ist courses in weed
 
science is not of course restricted :o developing COUntries 

Constraint.s ia ted.nc.oqy .raiser..hning for a nkment from contrunication
 
to technolcgTy tranyle- ovi-a! I l.ike to
a. t W te!el, should to refer briefly the 
interest-ing pap s by _reewman , Johnston, and N.chol.-3on w..hich contribute th.e 
ilupa-t ant: sxc~o-a- ni ~rc ani philosophical. elcxrr',-.s to this debate. Freeman has 
provi .,d 11s wJ tc-. 11 helpfu ia]tical approach t,.Twards the determination of the 
under]yi i.,g ii.)tiVrd!i on for the adoptiron or rejcn!: ion of improved weed control 
technolo . Ft is alL t:oo cnman for research v-kors to b-e b]lissfully unaware 
that the solution to a problem they are so earnestly investigating has little 
chance of being put into practice on account of lack of incexntive or other 
constraints as both Freeman and Nicholson describe so well in the context of 

developing countries. 

Johnston quite rightly emphasises the risk that the introduction of 
herbicides may displace labour where jobs in rural areas scarce,are thus 
contributing to unemploynmnt. He concludes that in such areas the ofuse 

labour-intensive weeding methods is greatly 
to be preferred, quoting the use of 
hand-pulled rotary weeders in rice. He makes what to sore may be a surprising 
point that adoption of mre efficient weed management techniques can actually 
lead to an increase in labour inputs per acre through enhancing the productivity 
of a cropping system and hence the wealth of farmers. This applies of course 
not just to hand and Rechanical Trthods, but equally to intergrated weed manage­
irment systems involving herbicides. A well-kncwn exanq le is the increase in 
labour used for hand-weeding rice in the Philippines following the introduction 
of 2,4-D as a supplement to hand-weeding. It can hardly be over-eonphasised that 
in small scale farming in the tropics, hand-weeding, cultural methods of weed 
control , and herbicides can all woark together to the benefit of rural 
carounities. They should not be regarded as mutually exclusive. 
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One other ccmnant is needed on this contribution. Even where there is 
normally abundant lab.,xour, i t is ccnmn in niny farming systems for there to be 
such drastic seasonal requireim-rnts for work in sowing or orharvesting crops 
tilling the land that serious Lx ttlenecks occur and t-here sin ply is not enough 
tin-e to hand-weed the crops effectively in addition to all the other jobs that 
must L.e done. Moreover, there are mamy weed control prober, r for which neither 
hand nor -mechanical methods are satisfactory: hoes do not fmction effectively 
in wet weather, soil conditions inv-t not allow tillage, mai-y poeremial weds 
cannot be eradicated by handwork; repeated cultivation for weed control may 
cause disturbance of crop roots and .ater loss leading to reduce yields. 
Examples can he found in the pape)ors by Li Yang-Han, and Fi scher and Vernon. in 
such situations the use of herbicides, in association with n-manual methiods, may 
be the only way to achieve the high level of weed control needed for mximum 
crop production. Moreover, their unique ability to kill weeds without disturb­
ing the soil can allow revolutionary changes in farming methods to be practiced 
with great benefit, a good example being minimum or zero tillage cropping
 

systems. 

CC4MUNICATION AND TECHNOLOGY TRANSFER BEWEEN NATICNS 

What can be done by the more advanced nations to help promote weed science
 
in developing countries and to assist their weed scientists? Some of the many
 
organizations and their relationships are shown in Fig. 2. Reading through
 
the written papers for the symposium, supported by my own experience, I have
 
selected three topics for brief discussion: training, literature, information
 

and advice.
 

Training
 

Matching courses to students and vice-versa. The successful transfer of any
 
kind of technology is dependent on appropriate training being available to all
 
concerned. 
At least five of the papers in this symposium draw attention to the
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Fig ue 2. 	 Organizations concerned in the communication and transfer of 
technology between nations (*see appendLx for examples). 
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crucial requirenant for t'ainingjweod scientists in developing countries and 
emphasise the importancc of their cwn role in providiny L:raininq for extension 
workers, fan-i rs, and others in their cowtries. All authors stress the nced to 
ensure that training courses are appropr-:iate to the work the pavticipants will 
have t.o do when the%, r,-eturn to their jobs. Ap1:d]eby and Swveet also stress that 
very careful select:ion nst b-e made of candidates allo;ed to attend advanced 
long-term courses overseas. They point out that not onhv s tirre and ironey 
wasted if a student: is not well n tched for a particular course, but that actual 
harm can be- done by an unsuitable student becoaing demoralized during the course 
itself or worse still after he or she has returned home loving failed to acquire 
the expected qualifications. 

Higher degTrees. The risk of the Ph.D. training not being matched to the 
research requirements of the student's country, or even resulting in the student 
deciding not to return hoan at all, has to be taken seriously. However, I doubt 
if anyone will dispute that the rnst ab'.e weed scientists, those identified as 
future leaders in cheir countries, are likely to benefit, together with their 
work, i f given the chance to take higher degrees at institutions overseas where 
appropriate training is available.
 

X J/ 
17I) 



I stress the %,x)rd 'appropriate.' Ideally this type_ of training should
 
combine a research project with fornal course work aimed 
 at providing a broad 
base of knowledge of agriculture, cIrop protection, and weed science. Courses 
of this nature include those available at the Dpartirent of Crop Science at 
Oregon State University in conunction with International Plant Protc2tion 
Center (IPPC) , University of tU2e Ph4 Iippines, Los Banos, and Reading University 
(UK) in association with WRO. A valuable feature of s( universities is that 
they provide for those students who, Iaving undertaken the ccurse of .,Drral 
lectures, wish to complete their deoree by carrying out their thesis research 
at an agricultural research center in thei r c~n or another developing country. 

Special training courses. Several contributors point out that, for many weed 
scientists concerned with applied research and extension wcrk, specialized
 
traiining courses lasting 
for a few weeks up to a year are much more appropriate 
than a three-year Ph.D. study. It would b; helpful if wider and foimal recogni­
tion of this in academic and official circles coulx e achieved. The require­
ments of such courses are well set out in tie paper by Nishimoto, who draws 
attenti on to the 1,t thi of pCatipantfa that f- trainti-' 4nbo 4-1-eie 

not only to beconie more proficient at their work, but to also become qT.ialified 
to train others when they return home, thereby helping to extend the expertise 
available in thir country. He also coments that courses should not be 
regarded as 'one-off' affairs and that p.,rticipants should be offered the chance 
to attend refresher courses from time to time to enable them to catch up with 
recent developments. This of course is correct, but the practical difficulties
 
of mounting such courses at regular intervals are considerable.
 

How to encourage the development of a network to cater for the training 
requirement of weed scientists in developing countries is vitally importanta 
issue to which we should address our attention. Wat can be done and who can
 

help? 

FAO. The recent initiat:L.v of the Food and Agriculture Organization (FAO), 
in conjunction with International Weed Science Society (IWSS), which led to a 
review in Rcme last year of the need for weed management training in Africa, 
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is encouraging, particularly as there are plans within the framewrk of the
 
FAO/UNDP Action Program for Improved Plant Protection to sponsor a series of
 
short courses in a ni ber of countries there. I hope this will pave the way
 
to a sirnilar activity by FAO in other countries. 

International Agricultural Research Centers. 
The helpful role of the
 
International Maize and Wheat Improvenent Center (CTIAYT) in training weed
 
scientists in agronxic matters in Mexicc is acknowtj].ged by Fischer in his
 
paper, and the active weed science programs at the International Rice Research 
Institute (TRRI), and the International Institute of Tropical Agriculture (IITA) 

2 /are well kiown These and the three IARC's would seem to be well placed to 
serve as keystones for an international network for training centers for weed 
scientists concerned with agriculture in developing countries.
 

ISNAP. The International Service for National Agricultural Research was estab­
lished with support from Consultative Group for International Agricultural 
Research (CGIAR) in 1980. Its primary mandate is 'to help strengthen national 
agricultural research capdbilities in developing countries', with the aim being 
to caplement other sources of technical assistance. Training is seen as one of 
t'e niost important ways progress can be achieved, and its intentions, as set out 
in the ISNAR brochure, are admirable. These include the organization of sympo­
sia, workshops, seninars, and training programs for research managers and scien­
tists from national institutions. It is essential that those who control ISNAR 
should be made fully aware of the vital role that eed science has to play in 
assisting the service to fulfill .ts primary role, namely 'ensuring that the 
benefits of improved technology are made widely available to increase global 
agricultural production.' FAO and IWSS have a clear responsibility to make sure 
this is done. 

IWSS. 
 IWSS, with much help frcxn WSSA, has already made a good start in focusing
 
attention on training requirements in developing countries by organizing this
 
symposium. I hope, that in collaboration with FAO and all the regional weed
 

2/ Other IARC's are provided in Appendix I. 
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science societies, it will continue to promote training courses at regional 
level as is already being planned for Africa. There are many other ways IWSS 
may 	be able to help. Here a few examples: 

(1) preparation of a list, revised annual, of weed science training 

courses catering for students from developing countries; 
(2) 	 promotion of Leaching aids and training manuals appropriate to 

different regions and in a range of languages, along the lines of 
those available or in preparation for the Philippines (B. Mercado), 
Australia (J.Swarbrick), and Indonesia (P.j. Terry). It is worth 
noting at this point that preparation of a directory of teaching 

material for weed science is currently under consideration by the 
Education Comnittee of the European Weed Science Society (EWRS); and 

(3) serving as a clearing house for inquiries concerning the names and 
special expertise of weed science experts who may be available to 
participate in local traininq courses. 

Regional Centers. The Southeast Asian Regional Center for Tropical Biology 
(BIOTROP) in Indonesia is, I believe, unique in having provided over many 

years a succession of excellent short and one-year training courses for weed 
scientists from throughout the region. There has been extensive use of 
expatriate weed specialists as instructors, particularly in the early stages, 
until adequate local expertise became available. 

Regional and National Weed Science Societies. The interest, initiative, and
 
cooperation of these bodies are essential if IWSS/FAO are to be fully effective.
 
Moreover, each can play a positive role on its own in organizing local training
 
courses. 
A recent development in EWRS has been the establishment of a Tropical 
Weds Liaison Group to promote ccmnunication and liaison between individuals and 
institutes in Europe concerned with weed control in developing countries. 

Literature, Infonnation and Advice
 

Literature. Unfortunately, the depressing picture painted by Fischer and Vernon
 
about the non-availability of agricultural publications in Zanbia is typical of 
many developing countries. We should note their suggestion that this problem, 
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which is largely caused by lack of foreign currency, could be overcome if 

technical aid were to include the establishment of an investment trust flund in 
the donor's country; thc annual interest from this would be used to purchase 
scientific publications for the recipient country. They also stress the impor­

tance of the technical publications which are widely distributed to developing 
countries without charge such as the IPPI_ Infoletter and Tropical Pest Manage­
ment. The TWSS biliography of key weed science publications is a valuable 

contribution, and I hope that support will he forth-coming to enable it to be 

continued and extended. 

There certainly seems no easy answer to the problem of ensuring that 
weed scientists in developing countries have direct access to even a modest 

collection of essential literature. Fischer and Vernon consider that up-dated 
reviews covering particular areas of weed science would be of enormous benefit. 
It would be helpful if IWSS were to consider how the production and distribution 
of more of these might be promoted. The need to translate existing reviews into 
major languages also needs discussion. Another good point made by these authors 

is the importance of external sponsorship of key weed scientists in developing 

countries to allow them to attend major conferences abroad. Where tiis can be 
done there is often an opportunity for the weed scientist in question to pur­
chase or be given textbooks and other publications which he can take back with 

him to his country. Moreover, the personal contacts which are made by attending 

conferences are of great importance in helping to overcome problems of 

isolation.
 

Reporting Research. The vital need for weed scientists in developing countries
 
to report the results of their work, both to other weed scientists and to the
 
agricultural coimmnity at large, is stressed by one or two of our contributors.
 
The difficulties of cagmunication however can be formidable: an unreliable or 

non-existent telephone service, lack of facilities or money for reproducing 

research reports, lack of local techn:ical journals, ignorance of those interna­
tional journals which might publish articles on weed science, the need to match 
up to the standard of texts required, and of course the language problem. Local 
and regional weed societies can help a lot here. By the organization of confer­

ences with printed proceedings, or failing that, by regular publication of 

newsletters or research reports, opportunities can be provided for the results 
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of local endeavors in the weed science field to be made available to others who 
can benefit from them. If published regularly, such reports will increasingly 
beccm a part of library holdings in many countries and will also benefit 
authors by drawing attention to their work and by promting contacts.
 

Specialist wee science journals. For reportinq research of a suitable standard 
there are, of course, the specialist weed science journals. Examples are Weed 
Science, Weed Research, Weed Research, (Japan), Australian Weeds, and the weed 
science journals of the Philippines, India, Korea, and Taiwan. In the case of
Weed Research, we are receiving an increasing number of manuscripts from workers 

in developing countries. This is an encouraging sign that serious research in
 
weed science is on the increase and that there is a growing awareness of the
 

benefits of publishing work in an international scientific journal of hign
 
repute. Unfortunately, many of the manuscripts submitted to Waed Research are
 
concerned with work which is trivial in nature or has been poorly conceived or 
executed. There is no alternative but to reject these, albeit with regret if 
the author has made a real effort. Others report work which is inherently sound 
and worth publishing, but which is presented quite unsatisfactorily. In such 
cases, my colleagues on the editorial board, who between them cover a wide range 
of expertise in weed science, are prepared, quite voluntarily, to go to much 
trouble to help authors to upgrade in order to achievetheir texts the required 
standard. Here then, is a source of skilled assistance and advice, given 
willingly and often in the editor's private time, to help weed scientists who 
are in need of guidance in the correct reportinq oC experimental work. 

Sources of advice. This leads on to the need of advice generally at all levels 
of weed science. Again, here is a role for weed societies which I am sure many 
effectively play already. Even if officers of a national or regional society
 
cannot answer the queries put to them by their merrbers, they ought to be able to
 
direct them to one or other of the many centers in various parts of the world
 
which have major weed science programs, or failing that, they can turn to IWSS. 

One of the main reasons for establishing an international society was to 
provide a back-up ccmmnication network for national and regional weed societies 
and, where these were not available, for individual weed scientists working 
anywhere in the world. For a nominal subscription, they can join IWSS and 
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benefit from the advice which is always generously available from the secretary 
at IPPC Oregon, or through the center's many contacts. These include: the 
Tnternational. Agricultural PEsearch Centers which can provide high level advice 

in many aspects of agronomy, agricultural science, and farming systems; speci­
alist weed research centers such as WRO at Oxford, tlh Royal Tropical Institute 
at AmLsterdaam, and imany centers in the United States; FAO and other echnicail 

assistance agencies, major agrochemical companies and their international trade 
asscxiation (GIF7P) ; regulatory Yxxies; major national crop research stations 
special izi g in particular tropical crops; national and regional weed societies, 
universities; and government agencies concerned with food production in third 

world agriculture. All, and many others, can provide advice and help if only 

the right contacts can be made.
 

A Recent Set Back. At WRO we regularly receive requests for advice and informa­
tion from wvzed scientists in developing countries. The wide range of expertise
 

we are fortunate enough to possess, backed by worldwide contacts and probably
 

the most comprehensive weed science library and information network available 

anywhere, has proved helpful over the years to weed specialists from many 

countries. The unique role of WRO was emphasised by delegates from developing 
countries who attended the FAO/IWSS Fxpert Consultative Meeting on Weed Manage­

nent Strategies for the 1980's for the Less Developed Countries (LDC's) held in 
Frme last Septerber. Regrettably, the funds wr have obtained from the govern.­

ent for more than 30 years to help us fulfill this role were terminated in ] 981 
due to cuts in public spending. The institute's formal remit has, in conse­

quence, beccme limited to assisting British agriculture. There nOW exists a 
real risk that in the future the role we can play helping weed scientists in 
developing cotutries nmy greatly diminish, unless our Ministry of Overseas 

Eevelopient or scxre other agency is willing to fund tropical weed science work 

at WRO. 

CONCLUSIONS
 

It seems generally agreed that the gap between food availability in the 
third world and the ever-growing needs of the people who live there can only 

get ider and that the problems of huiger will not be solved by encouraging 
countries in more favored temperate areas to increase their current food 
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surpluses for distribution to the undernourished millions living in the tropics. 
There seems no disagreefent that the way ahead imust lie in helping the devel­
)ping countries to increase their own- foo. prnduction by upgradiriq their
 
indigenous agricultural systems. If this is 
 to Lappen suc-,ssfull.y, then it is 
absolutely in erati-ve that wr-,] coat:t'o t.echnolocP,- is also developY-d in these 
countries. Wii]sl hilsld-wor-,di ig, -e, L he hr,- have' s;orved their pur.?se 
reasonab--. .wel!-!c.-i icuire, th-y will oftean 
fail. totally iLuthe f,- t of (71A;v- 'll - -- r1iw -i .. .i('h rd­
less of the of Wi u< - ­niuber pemi-n,, V -
.1 i c,. i qr icultural 
developrrent is to take, iii -vh Ia'-;rsui on
 

has to be better sup0-rtc' than i t is :s,, in l.ast cutrlies.
 

TO con-mnuicat. this fact fo-.cibly--and with the necessary evidence--to
 
scientists, acbiinistrators, and politicians, is the single rist imqortant and
 
urgent task requiring our attention. 
 How is it to be done? I blieve all weed 
scientists have a role to play. We have heard hcV the initiat-ivso, of a colleague 
in Zambia who wrote a popul]. article on loss of pro.duction of the national food 
crop caused by weeds led to recox]niti.on at government level of the need for weed. 
research to be better supported. TIhere must be countless opportunities for
 
local weed scientists the world over to undertake surveys of crop losses by
 
weeds, to write articles and, to minunt demnonstrations and exhibits whiich quan­
tify and publicize the devastating impact of weeds 
 and the inherent inadequacies 
of traditional methods of weed for nuderncontrol farming systems. They need 
encouragement and help.
 

Wed societies are already playing an important role. 
Can we assist them
 
to do a better job? So often their effectiveness, even their existence, is
 
governed by the availability of just one or two dedicated enthusiasts. These 
are the people who deserve our support. Do we kria who they are and what help 

they need? 

It is perhaps at the international level that there is the greatest need
 
for the importance of weed science to becce better understood. It is to FAO
 
and the international centers to which one must turn for active support, goaded
 
and aided by IWSS and the regional weed societies. It is heartening that the
 
FAO/IWSS partnership mounted the very successful Expert Consultation in Rcm
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last September and Is now sponsoring the training course initiative in Africa; 
also tjhiat FAO has, I understand, agreed in principle to the formation next 

a panel of exyerts 


last th_ gi nt which 


auttmn (f poal-nent on weed n _)nageinennt. It seemis that at 
has slept for so long as far as wec--J science is cunniied, 

has w]--. >Pc'h crit mst: .e gqiven to L. Mtthews of the FAO Secretariat 
forI' b{. C this d- ction. The AO/ WSS parpnership must continue. The 
two ~ o u a. ., a *uig tcth, c--i achieve much n-ore than eithcr on its c.in. 
It shold n . . ' Cd uiat 31l the finall arnalysis it is the attitude of 
nviticia],ld] os fv,.m UN rk",he Nations attending key FAQ inetings which
 
eally Vmatter. It is they h,,o dictate priorities and budgets. It is inrtant
 

that those c us in a position to do so should ensure that _members of such 
delegations are piropcrlv briefed axout the need for weed science to be appropri­
at., sup:orted in d veloping countries and the essential and ve.y positive role 

that FAO h.s to play. 

In conclusion, I should like to record my optimism that the crucial role of 
-.wd research ind irinproved w ,dcontrol technology in the mre extensive systems 

of crop proeuction so essential in developing countries to feed the growing pop­
ulations is at last beccming accepted. If the momentum, now gathering, is to be. 
mrinain, pro-ress[ .iust -e IrmdaC,in achieving the many and varied req4uirments 

for ccrim. m, Jiuviication techiodogy transfer identified during this sympvosium. 
WSS; and lI,,N S arc to be congratula-ed on their initiative in aranging and 
s-,onso: i tq i-.ting, which I bhaieve has achieved much. Do not, howver, 

let us disperse thini.ng that our task todlay has been completed. It is rry view 

it is just: .ef4inning 

ACKYNMDGh11RN1T 

I am greatful to my colleagues C. Parker and Mrs. Anita Wilson for their 
help in plaming the text and preparation of the figures, respectively. 

16
 

http:thini.ng


CCH1MUNICATICN OF WEED SCIENCE TECHNOLOGIES IN DEVELPING CCUNTRIES 
IWSSjWSSA INTEPNATIONAL SYMPOSIUM, 1983
 

CCVSTRAINTS OF RF.31EARCH AND THE TRANSFER 
OF TECHNOLOGY IN SOLVING HUNGER"
 

*Rlalph L. Nicholson
 

Associate Prcfessor of Plant Pathology and
 
Co-Director International Crop Protection Program
 

Department of Botany aid Plant Pathology
 
Purdue University, West Lafayette, IN 47907 / USA
 

INTRODUCTION
 

The Carter Ccmission on World Hunger and Malnutrition (13) asserts that
 
the United States is mnrally obligated to help solve the problems of world
 
hunger and malnutrition, that it is in the long term interest of the United
 
States to help conquer world hunger, and that the world's chronically hungry
 
are hungry primarily because they are poor. 
That is,people are hungry because
 
they have neither the income to purchase food nor the resources to produce it
 

themselves.
 

If that is the case, then solving the problem of hunger is not only a
 
matter of increasing the world's total supply of food. 
And research directed 
siMly toward producing more food may never touch the lives of the hungry. 
There is no way to choose between production and equity. If research is to be 
helpful it must increase production with equity; research must be directed 
toward increasing the capacity of the hungry to survive. Production by itself
 

1/ Portions of this paper were presented at the Church-University Conference
 

on World Hunger. 
Yahara Center, Madison, Wisconsin. April 1981.
 

17 



may never reach the poor, and equity by itself may mean that the poor share ever 

more meager resources.
 

Should agricultural scientists in the United States engage in research to 
alleviate hunger in other nations? The autaratic response is YES! because the 
system of agricultural research in the U.S. is unprallelled in respending to 
the problems people face in grcwing and consufing fcod. It is a natuLral way for 
us to help because we are gocx at it, but especially because we can orrre readily 
afford to invest in research than can the goverments of nations with severe 

problems of hunger and yoverty. 

What, then, is the role of research and what are the constraints on its 
effective use in combating hunger? Th-e overarchinq constraint is that research 
by scientists in the United States can, at nk-st., assist other people and nations 
in solving their own problems of hunger and poverty. We tisl, be constantly 
aware that in international agricultural develop-uent the nations with which we 
deal are sovereign, independent states. As scien-tists we are prone, to overlook, 
or at least not to understand, the political realities thaL affect the way ve 
perform our science at hce. If we also fail, in our dealings with other 
nations, to recognize the political and social realities peo.liar to the, then 
we may never effectively assist them in the alleviation of hunger, regardless of 
our zeal. 

With the purpose of designing an appropriate role for research, the
 
first section of this paper challenges researchers to be more sensitive to the 
political and social constraints on technically elegant solutions to hunger. It 
also challenges thie politically and socially sensitive to be nore aware of the 
biological constraints on socially desirable solutions. 
In the application of 
technology, it is often a question of developing a ratheror adapting procedure 

than exporting ready-made solutions. 
The second section examines the incentives
 
and disincentives to genuinely helpful Theresearch. final section addresses 
what I consider to be an overriding problem to the solution--the image of 
biological technology as the cowing solution to hunger. 
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CONSTRAINTS GN RESEARCH
 

While the problems of hunger are global, the problems of producing food 
are unique to geographic areas and the patterns of choosing, preparing, and 
consuming food are firmly established in local cultures. Appropriate research 

iist take account of the fact that people like and can grow different kinds of 
food. Foods which are standard in one comrunity are socially unacceptable or 
physically indigestible in mnother. A program for adapting soybeans to new
 
grcing conditions as a protein supplement would he- pointless if soybeans are
 

unacceptable as a food.
 

Research which is culturally specific and sensitive must at some point 

involve the intended beneficiaries, since they are the experts on the changes 

in production methods and consumption which can be implemrited. Just as social 

factors are spcific to conrunities, biological arid environrmental factors which 
limit plant and animal production are specific to geographic areas. Tempera­

ture, average day length, so:[l fertility, aid water availability obviously 

influence plant grcfth. These same factors influence the occurrence of specific 

disease, insect, and weed pests. The pests determine what plants and animals 
can be grown; they also reduce the yields, even of those which are best suited 

to that environrment. Posearch which strains the ecological adaptability of 
plants and animals way result in frustrated farmers and more hunger. 

Some areas of land are far better suited to agriculture than others. For 

very fragile areas, particularly in the tropics, there may be a direct conflict 

between the goals of the residents and the need to preserve the soil. A family 
may need to collect scarce wood as the only available source of fuel. The
 

resulting deforestation has national impact on food production and global impact 
on the environnent. Protecting the environment and conserving the soil may cost 

the residents their livelihood. Ir sume areas research which leads to a more 

abundant source of fuel is as critical to survival as more food. 

Patterns of land tenure often are more politically than environmentally
 

determined and draittically affect the kinds of research that can be imple­

mented. A large share of current research by industrial and agrarian countries 
understandably is directed toward export crops, since these are a major source 
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of foreign exchange. Increased national inc.xre, from research on export crops 
often does not reach the poor as increased family income. A politically 
realistic assessment is that research on export crops will have priority so 
long as the export crop is a major source of nati onal income and strengthening 
a nation's economy hastens development. A biologically and enviroMnritally 

realistic assessment is that, so long as the exprt crop accounts tor a large 
land area, an investment in research is warranted. rbny crops in agrarian 

nations, like imast major crops in the industrial nations, are grown in 
monoculture. And monoculture of rice, coffee, and jute, like monoculture of 
corn and soybeans, requires research to keep ahead of biological stresses and 

to reduce environmental damage. 

One of the problem- of monoculture and the export crop is that it is a 
leader in the displacement of people from the land. Where nost of the poor, 
even the rural poor, are landless, crop-related research may increase the gap 
between rich and poor, and worsen the problems of the clhronically hunr,. How 
are these people reached? Critics have argued that too nnch of the technical 
assistance offered by the industrial nations has stressed genetic similarity and 
large land areas as a means for increasing productivity. In many nations the 
poorest citizens either own snall amounts of land or have access to land as 
tenants. To help thcse farmrs, research must be directed toward the effective
 

use of small land areas fcor food and income. Of equal .importance to research 
is its practical jiilpmentation. Regardless of its quality, research will have 
no inpact in the absence of a wll structured, dependable extension or outreach 
program that stresses people working together. In many of the developing 

nations, those who advance to extension service positions are often from more 
wealthy and typically urban backgrounds with little understanding of the tra­
ditional practices of agriculture. It should come as no surprise that somre. 

farmers question the validity of outreach programs. 

The established agricultural network of a nation affects the appropriate­
ness of research in which scientists nmight cooperate. For example, agricultural 
research agencies in sor. nations are charged primarily with improving the trade 
position of export crops, possibly at the expense of food for local consumption. 
In other nations, the university system may serve inadvertently to maintain two 
cultures--the increasingly rich and the penmanently poor--by investing in
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sophisticated technology which may never "trickle down." It is also a reality 
that in development, industriaIization is a more tempting route than improvement 
of the agricultural sector. 

Governments differ in their corinitment to solving problems of any descrip­
tion. Even a govrirnnnt genuinely carmitted overcaming hunger mustto make 
concessions to pcwrfu] constitutuencies, often those who own extensive land, 
or focus on urban problenms. The research scientist needs to be aware of 
political relationships in order to evaluate what inroads might be acceptable. 
Is basic research on a "poor people's crop" m re acceptable than applied 
research or extension? Are infonaal ties to nongoverrnntal organizations 
more or less likely to reduce hur jer than an official joint project? 

If possible, the mst stable levels of society should be included in re­
search programs: the poorest farmers, village leaders, middle and lower level 
bureaucrats. Developing programs which include the more sta)e groups in 
society can help to insure that prc-jress through research will survive changes 
in government. This may not be easy. For example, agricultural research 
institutions' involvenvnt with farmers varies with the institution as well as 
with the nation. The ccaplex network for dissemination of information and 
assistance found in the industrialized nations is simply nonexistent in the 
developing nations.
 

The international research centers are sometines unfairly critized on the
 
basis that they lack an ade'uate people-to-people approach. What few G1 us 
realize, however, is that the centers often are buffered from such contact by 
the existing national agricultural research netw:ork. The centers exist at the 
discretion of their host countries and are responsible to the political struc­
ture of those countries. To be effective at the farmer level, the international 
centers must work through the nationa]l agricultural system. Frcm the perspec­
tive of the host country, the center may be only a temporary aid to developing 
a strong and stable agricultural research service. 

These are just a few of the constraints researchers face if they would 
direct their efforts toward eliminating hunger. This perspective is essential 
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to the extent that we enter the research process realistically and without 

dampening our enthusiasm. Investing in research without first understanding 

the constraints is a waste of time, money, effort, political resources, and
 

leverage. How then do we encourage the assistance of the research cormmunity? 

NCENTIVES FOR RESEARCHERS
 

One form of cooperation in international research which will continue to be 

important is having students from other countries come to the United States to 

study. Many American scientists participate by accepting students, since it
 

takes little extra incentive. The students often arrive with adequate stipends, 

and more than adequate ability, preparation, and commitment to learning. The 
problem of incentives is not only for the American host, but also for the visit­

ing student or scientist. Often, programs are not carefully designed to address 

the problems the returning scientist will face at hcxmr. Students are often 

trained in methods of science which depend upon technologies in the labooratory 

and the field which simply are not available. Yet learning to employ sound 

scientific methods does not require the use of sophisticated hardare. In 

effect, visiting students are socialized into the western culture of science and 
may no longer fit into the scientific culture in their cwn country. They are 

caught betwken desiring to remain here to do the kind of science they Iave been 

trained to do, or returning hce with an inappropriate background for solving 

challenging problems. 

Many more forms of cooperation are appropriate. Masters and Ph.D. programs 

can be better designed if we are more sensitive to the political, social, and 

agricultural constraints discussed in the first section. Programs should be 

based upon mu.tua1 understanding of the scientific culture in which the student 

will be practicing. If the 1io e nation cannot provide adequate incentive for 

the student to return, then perhaps we should. Certainly one incentive could be 

the development of cooperative research programs which would extend back to the 

student's country after his or her return.
 

Currently, there are few opportunities for agriculturalists of developing 

countries to study in the United States unless they are pursuing formal degrees 

such as the Ph.D. Nbt everyone needs an advanced degree. Short term associate 
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degree programs may be a partial answer, but such degrees must be vieed as 
legitimate and not as runner-up to the M.S. and Ph.D. Arrangements which will 
allow extension agents, agricultural technicians, students, and university 
faolty to come here for short term attention to a particular problem need to be 
developed. Certainly .orkhops crop protection relatedin and subjects need to 
be expanded to provide opportunities for trainin,., tti hel-re and abroad. Several 
organizations, for example the Consortium for Inter:ationa? Crop Protection,
 
have had marked success with traininq courses and workshops.
 

Another form (-f cooperation, less Frequent but which needs to be
 
encouraged, is n sixs
hav'ng Na:?rican sciensts extended periods in support
 
programs abroad. heaving th, United States going to a country
and devel.oping 
for an extended stay requi r,_s , ma-or rsoI coinuitment The nst altruistic 
researcher needs to R tir t ot h] aoppre inl thre: contriot-ion apd offort
 
being nolde, 'The in! rinsic (f ishiront a ,
rwid acr(< p f() ;cientisl ar
 
difficu].t enough ton- rmv, b in , \. ]- --- ]alWora tor ies Q i, 1 il:nt ]
 
States. 'Thie nods high 1ev, I of for
scie:ti st a ntoler-nce fiustration in a 
setting where the probtcpm. are far greater the facilities less adecuated, end 
the results possibly ]onger in coming. Thoug1h uni\!ersities differ in the 
amount of suI. port acco--ded researshers who oart:icir.te in JinternatiolL. pro­
grans, each reseac'her risks retuoiing to a less of professional ccncpetence and 
status within his or her (-rvn discipline. ]Thre- years oF not keeping up with 
the "rinht" journals and not contributing at the "edges of knowltdge " may b-? a 
permanent disadvantage to professional achievoment within the estalished system 
of university science. The iinportance of journal publications to a researcher's 
acceptance into an agricultural discipline is well documented (5,8). In a 
system in which the young scientist is in jeopardy of "perishing" if he or she 
does not publish, it may be only older, established sc±eists who can afford 

to participate by going abroad for long periods. 

Very often the pattern has been for American scientists to go to other 
countries for short periods, essentially as consultants. Though this may be 
helpful, the cooperation is unlikely to take sufficient cognizance of the 
constraints on effective research. A better system seems to be a long term 
relationship between institutions of agricultural research in both countries, 
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involving occasional travel, but consistent comnuunication. In this way, whole 
groups of people learn one another's problems, approaches, and idiosyncracies.
 

It is unfortun-ate that much of our s-'iety considers the practice of agri­
culture to be menial labor, requiring no skills beyond placing seed in the soil
 
and harvesting the end product. In the industrial revolution, it was sophisti­
cated to leave the farm for the zity. People who renmained on the farm were 
increasingly deemed those who could do no better. This concept of agriculture 
has continued, although the levels of scientific and technological expertise 
which underlie the practice of agriculture have increased dramatically. Unfor­
tunately, the concept spans the agricultural ccminity the world over. As long 
as agriculture, and agriculturalists, and jople who deal with agriculture as 
their source of livelihood are looked down upon by those outside the agricul­
tural comuity, we are going to have a hard tirre solving the problem of hunger. 
This is the cardinal problen of incentive. It does not matter whether we are 
looking down on an Amnerican Ph.D. doing basic research in a laboratory or on a 
Nigerian farmer with her hands in the soil. People associated with agriculture 

are considered DUMB. 

The paradox in the United States is that tuch of society both looks down on 

agriculture as nenial and romaticizes agriculture as a simpler, less frenetic 
way of life. Now, given the attention to environmental protection, displacement
 

of people from farming, and the energy intensiveness of agricultural practice,
 

agriculturalists have gained yet a second burden. 
Farmers and scientists are
 

held responsible for the disadvantages of technologically intensive agriculture
 

without being credited for the abundant food in the grocery store. 

A peculiar dileimu rests with those of us who practice agricultural 
science. Within the cr-nTunity of science, the "best" science is considered 
to be that 'diich is purest--knowledge sought for the sake of discovery,. Most 
agricultural science has been pursued in the clear context of practical problems
 
to be solved. Accordingly, most agricultural scientists receive funds only when 
they can demnstrate that their research is directly related to solving current 
problems. In effect, gefting from the laboratory to the field is far easier for 
agriculture than for other scientific disciplines. In the neantirre, because of 
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their practical mission, agricultural scientists often suffer as second class
 
cim1.ens of the scientific ccrmrunity (8,9).
 

Tne requiremrent for justifying dollars for research in terms of human
 
benefit ais compatible with the way we practice our science. The problem is 
 that 
the second class image also limits the funds available for research (9). Table 
1 presents U.S. government budgets for basic research and for total research and 
development of the major science agencies for fiscal year 1982. The allocation 
for food-related research suggested by the Department of Agriculture's budget
 
for basic research ($361 million) is less than one 
 fifthi the investment in basic 
research in medical sciences represented by the basic research budget of the
 
Department of Health and Human Services ($2 billion). Similarly, the total 
allocation for research and development in the Departnent of Agriculture ($859 
million) is about one twenty-fifth the proposed expenditure for military 
research and development (approximately $22 billion).
 

Table 1. Budget Authority for Basic Research and for Total Research and 
Development, by Agency, Fiscal Year 1982*
 

research and
authority 
 basic research development 
--(millions of dollars)--

Health and Human Services 2,003 4,155

National Science Foundation 950 
 1,002

Department of Energy 680 
 4,665

Department of Defense, Military 
 724 21,746
 
National Aeronautics and
 

Space Administration 
 592 6,017

Department of Agriculture 361 
 859
 
All others 
 210 2,518
 

TOTAL 
 5,542 40,763
 

Willis H. Shapley, A. H. Teich, G. J. Breslow. Research & Development
 
AAAS Report VI. New Directions for R & D: Federal Budget - FY 1982.
 
WashLington, D.C.: Almrican Association for the Advancement of Science,
 
1982.
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The final report of the Carter Commission on World Hunger (13) argues that 
mil] ions of deaths attributed to infectious and noninfectious diseases are 
directly attributable to malnutrition. Judged by governmental support for 
research, U.S. priorities have been on the secondary, rather than the primary, 
cause of death among the poor of the world. 

Somehow society has discovered migrant workers, dcam:stic hunger, agricul­
tural chemicals, and food additives and has decided to change or eliminate the 
"agricultural establishment," as if agricultural scientists were not themselves 
aware of the problmis and working diligently and unsung to overcmne_ them. In 
a vanishing constituency, where few are paying attention to research on food 
production and farming systems, the scientists and colleges of agriculture are 
apt to respond to the political pressures they are getting: the relatively 
narrow (not sinister) interests of those whose economic survival depends upon 

agriculture.
 

To make food-related research more relevant to hunger problems we need a 
broader segment of society interested in and knowledgeable about agriculture. 
To do that, we need to overccae the misconceptions of agriculture and agri­
culturalists and to demonstrate how difficult it is to solve the problems of 
increasing crop productivity, improving food quality, developing inexpensive 
and technologically simple production practices, and all the while improving or 
at least maintaining environmental quiality. If we really want funding for the 
kind of science that tackles fundamental research to solve these problems, then 
there must also bG support frcn the larger academic comunity for agricultural 
research. In short, we have to convince our colleagues that the science we 
practice is not second class: 

BICTECHNOIGY: THE TOOLS OF THE TRADE 

In order to put biotechnology into meaningful perspective, we need to 
consider some recent developnents in agriculture. ATiiculture is very much in
 
the public eye and has recently come under considerably criticism. In 1981 a
 
report of the Office of Technology Assessment pointed to a lack of appreciation 
for basic agricultural research by the USDA (11). It also questioned the value 
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of ongoing traditional programs of research in agriculture in the face of new
 
problems, increasing costs, and a diminishing research budget. In 1982 a con­
ference jointly sx)nsored by the White House Office of Science and Technology 
Policy and the Pcknfeller Foundation examined, and was highly critical of, the 
agricultural research system (17). Imn~rtantly, the participants in the con­
ference included leading spokesporsons for agrJ(ulture. i\mong other things, the 
report states t:hat agricultural scientists lack the respect of the scientific 
coimunity, that basic research is often not quality research, and that there are 
no consistent plans for national or international agriclltural policies. The 
weekly journal Science brought the report to the attention of the scientific
 
comminmity as a whole (10) and this was follcwed by an eye opening evaluation of 
the agricultural net,,ork by, Chemical and Engineering News (6). 

Concurrently with these reports of inadequacies in agricultural research 
have come a host of articles citing new approaches to the problems of agri­
cultural productivity both at haTe and abroad--and the message is that new 
biotechnologies will be a major factor in the increasing productivity (1,4,16). 
The National Academy of Sciences justifiably has recrwmnded the developm-ent 
and iplementation of new techmiques for inproving plant characteristics (7).
 

When confronted with the term "new biotechnology," most of us imnediately 
perceive genetic engineering, tissue culture, protoplast fusion, and other 
techniques of modern laboratory biology. It may came as a surprise, but some of
 
us in agriculture use those tools. However, soxre 
of us question their validity
 
because we don't understand them. We are all faced with the reality that they
 
are being hailed in several sectors as the solution to the problem of produc­
tivity both at hoe and in the developing nations. There is no question that
 
these technologies will eventually have a positive impact on agriculture
 
throughout the world. 
But, I question whether the present image of agriculture
 
has placed us in danger of relinquishing research funds sorely needed for
 
developing new tillage and cropping practices, coping with the environment,
 
understanding stress physiology, and the myriad of other fundamental questions
 
pertinent to agriculture (2,12,15).
 

Nyle Brady, Senior Assistant Administrator for Science and Technology for
 
USAID, recently pointed out that "one of the most serious scientific challenges
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of the next two decades is to develop farming systems to replace or improve
 

shifting cultivation systems" (3). He further emphasized the magnitude of the
 
problem with the statistic th,,at scme 240 million people in the developing
 
nations live by shifting cultivation. And, as populations increase, pressures
 

on the fragile land became greater. In his article on third world agriculture 
and biotechnology research, M.S. Swaminathan (16) suggested a number of ways 
that the tools of modern biotechnology are important if increased production 
is to be realized. Aimgng them were genetic enqineering, tissue culture, and
 
protoplast fusion. He also discussed the use of blue-green algae as nitrogen
 

fixing agents for wtland rice production and the development of "small scale 
village biotechnology" for preparation of algae inoculum.
 

In seems to me that if we arr to seriously enter into the effort of agri­
cultural development, we need to follow sime rules: make the commitment to 

understand what the problems are; convince our colleagues that the tools we 
have to offer and our understanding of field problems are invaluable; treat 
the technologies we employ as tools of our trade and demonstrate that it is 
the fundamental research that we are capable c that is important.
 

M.M. Schreiber has clearly stated a case for the concept of the
 
modernization of weed science and research in weed biology (14). It applies
 
,equallyto all disciplines of crop protection. Weed science, entomology, and
 

plant pathology are no longer emerging sciences with the need for descriptive
 
research. only the difficult problems remain and their solutions lie in the 

cooperation of fundamental researchers regardless of the tools they use. As 

M.S. Swaminathan so correctly pointed out, "solving a problem rather than
 

worshipping a tool should be the goal" (]6).
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INTRODUCTION 

The objective of the weed scientists is not just to control weeds per se 
but to grow more crops froin available land not only in the short-, but also in 
the long-term. As the agro-ecosystems beccm more precarious, he must be ever 
conscious of this sta9tement. A major geographical zone where this statenent 
applies is Central/Nofth Africa where there are broadly three ecological zones 
largely defined by rainfall; the dry uninxadal rainfall area, and the biarodal
 
rainfall area, which merqes into the semi-humid tropics. The scope of this 
paper is confined to the problems of the small farners in arable land in these 
zones.
 

Here, the basic weed problems are very broadly defined as parasitic weeds, 
perennial weeds, and annual weed species. If inputs of water and nutrients are
 
added to the 
first two zones, C4 species tend to increase or dominate. Sorghum
(Sorghum sp Wench.) and cassava (Manihot sp Adans.) are survival crops here, 

while maiize (Zea sp L.) is showing relatiA preference in many areas. 

1/ The views and interpretations in this publication are those of the author
 
and should not be attributed to FAO or any other Organization. 
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In general, herbicides are not employed by the small farnmr and weeding
 
time may vary widely fram 20% to 60% of his 
total effort in crop production.
 
Shifting cultivation 
is nore ccainon in the hindal and semi-huniid areas than in 
the dry uniiwxl area. Land clearinq, a more ccxmon requirement in the higher 
rainfall zones, is usually carried out during the dry season and burning is an 
integral part of the operation. The level of good weed inanagement is low and 
there is a direct correlation between the status of weed control technology and 
food deficits, though this correlation may mean very little in absolute terms. 
Moisture (deficits) plus unpredictable rain distribution have the greatest 
influence on the growth of any particular crop. 

AGRONOCMIC PROBLE.ViS OF THE SMALL FARMER 

Land clearing. 
Many of the survival weed species reproduce vegetatively.
 

Burning and shallow cultivation tend to activate recovery growth. In the past, 
when more land was available, the small farmer avoided the areas supporting the 
most difficult-to-control weeds. This often meant nmving further away fra the 
village and this increased transport difficulties and protection of the crop 
fron grazing animals. Normally, initial clearing and land preparation took 
about 20% of the farmer's total time. The first cultivation ,/as usually the 
deepest in order to reove as many rhizcnes as possible.
 

Fertilit!y. The most fertile zones are normally in the environs of the village. 
In the past, bush fallcyving was instituted to improve soil fertility. However, 
burning oxidizes nitrogen and, with shorter bush fallow rotations, the land 

after several seasons was abandoned due to weeds rather than to low soil 
fertility levels (1). 

Moisture. Often moisture dictates the type of cropping. In some areas, maize 
is showing preference over more traditional crops as it requires less protec­
tion against avian predators. Inbimodal rainfall areas where the first season 
is short, planting of maize at the onset of the rains may reduce the risk of 
moisture deficits at later critical growth stages of the crop. However, land
 
preparation is not comnenced until after the onset of rains because the soils
 
are hard and the animals used for tillage are weak after a prolonged dry period.
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Planting and weeding. L[ind preparation and Dlanting, which may be done sequen­
tially, take precedence over weeding. Even where labor is divided arrong family 
menbers--where the man does the land clearinc, the wife or wives do the land 
preparation and planting, and the children do the weeding--bottlenecks occur, 
particularly with improved varieties that require early weeding. In addition, 
while animals mny be train] to plough in a regular fashion, few animals are 
trained to the degree of precision required to inter-row weed, and tJeir use may 

result in excessive crop darmage. 

CONSTRAINTS IN WFE CONTROL 

The possib]le reasons why improved weed management is not utilized more 

widely are sunrnarized as follows:
 

Lack of awareness. Much of the sophistication in weed management has only 

been developed in the last tx decades. However, there is inadeouate flow 
of information on what can be achieved at the farm level in most developing 

countries. The overplay of possible environmental contamination by plant 
protection chemicals, including herbicides, has, instead, reached many more 
ears than good weeding management. This lack of information probably represents
 
the greatest constraint to inproved crop production. Further, the effectiveness 
of biological control techniques and the rapid advances made in the selection 
and propagation of semi-resistant and resistant varieties for insect and plant 

pathogen control has tended to ease the requirement for plant protection at the 
administrative level. The awareness that these technologies have dist-nctly
 
less applicability at present for control of weeds has not been clearly
 

differentiated at the same level of administration. 

Capital inputs. Often the lack of capital is given as the reason for the nonuse
 
of herbicides. However, even in countries of the developing World, rich in cer­
tain resources amd capital, little or no inproved weed management is conducted 
at the small farmer level, while even relatively poor countries rate their cown 
progress in terms of mechanization in agriculture, i.e., the amount of 

sequestered energy per head of agricultural population.
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THE ROLE OF IMPPRVED WEED MANAGE=T_ _ _ 

Improved w n at the farmer needs to be betteic- ragement small level 

defined. In lan clearing and preparation, useful vegetation (by planting a 

vigorous legume) may be more appropriate than the conventional use of herbicides 

or mechanical equipm nt. In the semi-humid areas particularly, research data 

show that crop establisment is hazardous where crops are established without a 

protective microclimate (permanent ground cover) (2). If useful vegetation, 

such as legumes, is employed as the main wrd control tool, less herbicides are 

required. Within a fragile or precarious agro-ecosystem, intra-row weeding 

should receive priority and the inter-row weds should be left as long as pos­

sible. At most, herbicides should be employed to assist the farmer to better 
schedule his weeding operations by controlling the first flushes of susceptible 

weeds rather than for the control of all weed species present. 

Further, the inter-relationship of increased mechanization and improved 

weed management requires closer evaluation at the small farmer level. Where 

comparisons have been made, weedinq at the small farmer level is more efficient 

than that of co-operatives and co-operatives, in turn, are more efficiently 

weeded than most larger scale state farms or support programs, i.e., the effi­
ciency of weeding appears directly related to the size of the holdings and the 

degree of mechanization. From this generalization, improved weed management 

must become an integral part of larger scale enterprises if improvements in 
production and methodologies are to be attained. 

The problem of partial rather than complete mechanization has to be 

considered also for the small farmer. This is instanced where a farer has 

animal power, but his resources limit his agronomic practices to a single 

implement which is usually a mould-board plough. He may attempt to even be 

encouraged to employ this eq i-pment as a weeding tool. In precarious or 
fragile agroecosystems, ploughing and seeding a single furrow rather than 

tilling the whole of the inter-raw area had distinct advantages, but again 

this practice depends on herbicides for full efficiency, particularly if the 

chemical fallowing technique is to be employed as a method of lowering the 

carbon-nitrogen ratio and to provide improved control of rhizcmatous species. 
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AN A=&ICN PROGRAM 

Clearly, any action program to promte improved weed managemeant must have 
roots at all levels from the small fanrr to the administrator. Priority must 
be given to creating awareness of the importance of improved wece d management and 
this may depend on opening the necossary lines of comnunication. In many cases, 
the lines of cc-munication are fully loaded, and the small weed control package 
imy have to ci 1 xte with milti-million dollar grants or induc(wrnts for other 
prograis 'n a country where human resources are not limiting. An improved 
action program may necessarily ha-ve humble be-.ginnings, but could include the 

following: 

Pooling of resources. The Weed Science Society of America (WSSA) is a glowing 
example of pooling national resources at rnvny levels. The staging of the Food 
and Agricultural Organization (FAO) /International Weed Science Society (IWSS) 
Expert Consultation on ITMroving Weed Managennt that was supported by all the 
regional weed science societies, some national and international agricultural 
research centers, and industry, is another example. The impact of the Expert 
Consultation is likely to be much greater as a result of such wide support.
 
However, there is 
not machinery established at the regional and international
 
level to improve the increasing necessity to pool resources in weed management.
 
The establishment of an international panel would focus attention on this
 
important aspect of improving weed rnanagement, but the desire and initiative
 
to pool resources must cane from all levels. 

Talking to others. WSSA has undertaken a deliberate policy of focusing
 
attention on the role of improved weed management at all levels within North
 
America. The role WSSA has played has no parallel. The thrust of the recent
 
FAO/IWSS Expert Panel had the same objective and developed approximately 100
 
recommendations for the improvement of weed management at country level and 
defined to whom the recommendations should be sent. 
If each reccrmndation(s)
 
could be drawn to the personal attention of the person (s)it concerns most
 
directly, then the impact is likely to be greater. 
A simple colored brochure,
 
graphically showing ccparisons in methodologies and likely benefits to accom­
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pany each reccxtrrendation, is likely to impact further. The preparation and 
publication of such a brochure is within the resources of a ccmbined effort, 

i.e., pooling of resources. 

Traininq of expatriate students in the problems of the small scale farmer. 
In one overseas developmient program, a notable weed scientist has taken his 
sabbatical leave in a developing country. 1Vo of his students assisting byare 
doing their thesis w7rk on local problems. rfis type of program should receive 

the highest attention. Also, universities in the developing countries Would 
benefit from more people taking their sabbaticals at those universities. 

Training the trainer. As part of the FAO Action Program on iRproving plant 
protection, two training programs are being staged in Webst Africa utilizing the 
expertise of the International Plant Protection Center (IPPC). Considerable 
effort by the TPPC and others is being expended to ensure the training piograms 
receive the widest pub-.licity and support so that future demands may fromcce 
country level. All weed scientists and weed science societies coiild assist with 

creating the demand for training. 

Fostering_ a weed scientist. ,bt all weed scientists, on returning after over­

seas training, are able to carve a niche and break out of the fetters of few 
facilities, no publications, and no one to turn to for advice and/or assistance 

in formulating a pr(qram, friendly advice on publ_.Ications, etc. They remfain 
nonentities and overall their productivity may be low. Their whereabouts or 
existence may remain obscure. A society such WSSA.as or even individual mem­
bers, could locate said weed scientists and offer assistance, even membership 
in WSSA, so that the person concerned has scmY support, and scamaone to turn to. 

Annual review of wed science. Small working groups within WSSA o ald compile 
biennially the literature on specific crop(s) of ixportance in the advancing 
countries and process the information as a reference source. If the foundation 
work was undertaken, by pooling resources, publication and distribution should 

be possible.
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FAO 	 Plant Protection Bulletin. Strictly this is the mouthpiece of tne Plant
 
Protection Service of which weed nyinaqennt shnuld be a vital e -emnt. The 
Bulletin is publishad ouarterlv and is distributed to all (152) member countries 
of FAO wi L surgmries in three languages. In the past, Lhe Bulletin contained 
few articles on technology transfer. New proposals call for a supplemnt on 
technoloV transfer. We'ed sc~:niov sts have an opn opportunity to publisil impact 
infornmition. A limited numbxer of author's contracts are available to promote 

the preparation of suitable data. 

Acceptinq the challenge. The challenge to up-grade weed management is open and 
the impact at country level is likely to be considerable. WSSA, in staging a 
symposium of Technology Transfer, has taken one steo forward. 
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CCHIMUNICATION OF WEED SCIENCE TBCHNOLOGIFS IN DEVELOPING COJNTRIE 

IWSS/WSSA IrNERNATIONAL SYMPOSIUM, 1983 

THE STATJS OF WEED SCIENCE IN ZAMBIA AND THE NEED 

FOR INCREASED TRANSFER OF WEED CONTROl TECHNOL3GY 

0 	R. Vernon, Weed Research Agronomist 

Lepartment of Akriculture 

Mount Makulu Research Station 

P. Bag 7, Chilanga, Zambia 

INTRODUCTION
 

Zambia. 	 Zambia is a land-locked central African country of 290,000 squaresome 

miles with 20 people per square mile. We have a wet summrer with around 1,000 mm 
of rain falling in 5 months, and a 	dry cool season with occasional frost. 

Table 1. Categories of Farmers in Zambia 

farmer category number description 

1.Tradiional 500,000 Hand cultivation; little or no purchased 

2. Emergent 5,000 
inputs; farms less than 5 hectares. 
Hand, ox or tractor cultivation; range of 

3. Large scale 1,000 
purchased inputs but at sub-optimal levels.
Highly mechanized; intensive use of fertil­

commercial izers, pesticides, herbicides, purchased 
seeds, credit. Cover perhaps 100,000 ha 
of cultivation. 

These categories are necessarily arbitrary and the farmer numbers very
 
approximate.
 

Source: 	 Vernon: personal communications with Zambia Department of 
Agriculture staff. 
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Table 2. The Main Cash Crops of Zambia
 

approximate
 
crop marketed area
 

(ha)
 
1. Corn 	 300,000
 
2. Sunflower 	 50,000
 
3. Peanut 	 40,000
 
4. Cotton 	 25,000
 
5. Sugar Cane 	 11,000
 
6. Soybean 	 10,000 
7. Wheat 	 4,000 
8. Tobacco 	 3,000
 
9. Rice 	 3,000
 

These figures exclude the often substantial 
areas grown by small holders for local consump­
tion, including finger and bulrush millets,
 
sorghum, and cassava. 

Source: 	Vernon personal conimunications with 
Zambia Department of Agriculture staff. 

Zambian 	agriculture. Farming in Zambia is diverse ranging fr:m villagers who 
aim to grow little more than f-hcy_ need tc c-at, to 1rgf-, highly-mechanized 
estates 	with intensive use of agro-chermicals. A crude breakdown of farner 
categories is given in Table 1. Zambia's major cash crops are listed in 

Table 2. 

Weed control research. The agricultural research branch has about 90 profes­
sional staff which includes a single weed scientist. The main thrust of the 
weed research progranre over the last 9 years has been a screening of herbicides 
suitable for our main cash crops under local conditions. More than 50
 
herbicides have been tested in this programme, wnich has resulted in several
 
new products being made available on the iccal market. Products currently on
 

sale in Zambia are listed in Table 3.
 

There have been smaller programmes on the problems faced by the ox
 
cultivator which are described later, on herbicide application equipment, 
and on a survey of the country's arable weeds. 
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Table 3. Herbicides Sold in Zambia and Estimated 1981 Use. 

(1000kg of % concentration shown)
 
Alachlor 48% 17 Linuron ?
 
Atrazine 50% 131 MCPA
 
Bentazon 48% 0.8 Metolachlor 72% 66
 
Bifenox 80% Metribuzin 70% 1.4
 
Brmacil 90% 0.3 MSMA
 
Cyanazine 56% Paraquat 20% 14
 
2,4-D 48 & 72% 15 Pebulate 12
 
Dalapon 85% ? Picloram ?
 
Diclofop 36% Pendimethalin ?
 
Difenoxuron 50% ? Prometryne 50% 3.6
 
Diquat 20% ? Propachlor 65% ?
 
Diuron 80% ? Simazine ?
 
EPTC 72% 9 2,4,5-T
 
Fluometuron 50% ? TCA
 
Glyphosate 36% 3.5 Terbutryne
 
Ioxvnil ? Trifluralin 48% 4.3
 

?= amount unknown, but probably less than 1.0 tome. 

Source: 	Vernon persona] ccxmmnications with manufacturers
 
and distributors.
 

THE NEEDS OF A WEED RESEARCH PROGRAMME 

Staff. Experienced weed scientists are rare in developing countries and skilled
 

technicians even more so. It is possible to operate without the latter, but no
 
prograimw is likely to corhence without the former.
 

Government awareness and funds. A weed researcher was appointed in Zambia in
 
1973, but there were no funds set aside for his programme. Any expenditure
 
had to be met out of general station funds, which were generally inadequate. 

By 1977, scme good research had been done and some new herbicides had 
appeared on the local market, but funding was a major limiting factor. A 
one-page 	article was then put in the local farming magazine, entitled "The 
Expensive Weed," in which it was pointed out that a conservative estimate of 
15% loss 	due to weeds in the country's corn crop means a national loss of $10
 
million in lost crop. This was picked up by the main daily newspaper which gave
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it further roveragp. The fol owing year the weed research budget. for $27,000 
was granted in full. Since that time, an active progran- has be-!en pursued and 
comprehensive reports issued aruiually--and funds have been adequate. 

Knowledge of local farming practices. The practices follc %edon hand and ox 
cultivated farms are very different from those of the large tractor-based farms 
in Zambia. Equally important, the methods used on small farms Hiffer widely 
from one region to another. Their problems, labour bottlenecks, and opportun­
ities for change vary sinilarly and need to he understood by the weed agronomist 
before there is much chance of him bringing about any improvement at t.eir 
level. This nmtter is taken up again later. 

Knowledge of local weeds. Current knowledge of weeds amongst Zambian extension 
agents is low: the ability to name 10 comon weeds is exceptional. Zambian 
farmers can often do better, but the position is made difficult by the large 
nuiuer (around 76) of local languages. Vernacular names are often less precise 
than botanical names: similar species and even genera are scetimes given the 
saie name. But then, the botanist's level of precision is not always needed 
on the farm. Vernacular names are often mere interesting: mtandaimbu, the 
cinyanja name of hoary basil (Ocimum canum Sims), con.s from mtanda, to chase, 
and imbu, mosq.ito. The smell produced when this weed is beaten against the 
walls of a house repels mosquitoes. 

There is amongst villajers a large, though rather dispersed, pool of
 
knowledge of the ecology of many plants, including weeds, which could usefully 

be tapped. 

There is little taxonomic expertise available ini the country and plant 
specimens have to be sent abroad for internationally acceptable determinations. 

Floras and weed guides. There are some 'second bests' available. The Flora 
Z&esiaca, which aims to cover the Zambezi River catchment area of Botswana, 

Mozambique, Zambia, and Zimbabwe, will eventually he7the definitive answer for 
the specialist, but is still far from complete, covering at present only six 
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of the 23 families containing comn TheZambian weeds. Flora of Tropical East 
Africa is much further advanced, but there are differences between the 

vegetation of that area and ours. 

Floras are of use to weed specialists, but not in general to farmers.
 
There exists a mimeographed booklet on Zambian weeds, but it is limited to
 
black and white line drawings of variable quality and brief descriptions using
 
technical terms uiderstood by very few people. V in theare final stages of 
preparing a new colour-illustrated Field Guide to Irportant Arable 9*_eds of
 
Zambia which includes, bexsides colour photographs, notes on reccxjnition, similar 
weeds, distribution, etc. Production of this guide has only been made possible 
through the coincidence of a weed scientist interested, and present long enough,
 
to produce it, and a donor, in this case Swaden, willing to pay for it.
 

Technical information. The critical dependence of the weed scientist in a
 
developing country on a reliable flow of information from the mainstream of weed
 
research elsewhere in the world, is described in 
a later paper by Fischer and
 
Vernon. In this paper I would like to concentrate on technology transfer within
 
a developing coutntry. Before I do so, it is necessary to consider some special
 
characteristics of the small-scale farm, at least as it is found in
one such
 

country.
 

CCAPLICATIGNS OF THE SMALL FARM
 

Contrast with large farms. 
Weed control research in Zambia has had a much
 
greater impact on large farms than on small farms. 
Large farms, which readily
 
take up new products and concepts in chemical weed control, actually have a
 
multi-million dollar industry working for them. 
The local researcher has the
 
fairly straightforward task of selecting out those that are locally appropriate.
 

Small farms usually lack the technical skills, financial resources, and
 
marketing services to make use of chemical weed control and are therefore cut
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off from this huge research and development effert. This will remain so until 
all three of these factors are brought to the mnall farm by extension services, 

lending agencies, and suppliers respectively. This is unlikely to happen in the 

near future. 

The only way for a small- scale fanner to plug in to the chemical weed 
control industry is for him to pull himself up the farming ladder to within 
the range of these three factors. The only short cut that can presently be 
envisaged is the reduction in the requirement of technical skills through the 

invention and distribution of simpler methods of herbicide application. The 
early hopes we had that battery-driven spinning disc applicators would do this, 
proved premature (3): they are still too complicated to spread spontaneously 

without intensive extension support, and they are too dependent on th- timely 
supply of herbicides, batteries, and farm loans. 

Largely precluded from chemical control methods, the small farm has to rely 
on mechanical control. The implications of this differ with farming system, and 

table 4 shows how for five systems described by Bessel (1). These data indicate 

that weeding absorbs more labour than any other operation. But it also shcws 
wide variation in the labour requiremnts of weeding: some farmers are deriving 

seven times the yield per hour of labour than others. This should offer scope 

to the agronomist for identifying improvements. 

This leads us to another complicating factor of small farms: it is not 
enought to show, as with a herbicide, that a particular method controls certain 

weeds. If we are to discover methods with a good chance of proving useful, we 
have to involve such factors as the labour requirement per hectare, the yield 

increase per unit of labour, the variation of labour demand through the season, 
the availability of labour in a family and its variation (for exai le, during 
school holidays), and finally, its opportunity cost. The last is the cash value 

of labour if deployed in alternative ways.
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Table 4. Labour Use for the Main Operations in Maize Cultivation on Small 
Farms in Zambia. 

farming system 
operation 
plant weed harvest yield 

1. Plant by hand, broadcast, 
-­ (man-hours/ha)-- (kg/labour hr) 

local variety 112 452 66 0.68 
2. Plant by hand in r(lws,

local variety 95 351 178 1.1 
3. Plant behind plough,

local variety 32 166 74 1.6 
4. Plant behind plough, 

improved variety 18 80 84 3.8 
5. Plant with planter,

improved variety 15 44 63 5.0 

Mean of five systems 54 219 93 2.4 

Source: Bessel, 1973.
 

Thus, weed control studies on small farms in the developing world need to 
include social and economic factors as much as, and perhaps before, technical 
ones. A precirsor of the latter may have to be a fairly detailed description of 
local farming systems. This is a formidable task, but a start has been made in 
Zambia by a CIMMYT-sponsored programme (2). 

TECHNOLOGY TRANSFER WITHIN ZAMBIA 

The agricultural extension seivice. Zambia employs some 1,400 extension staff 
including approximately RO universit. graduates, though none have specialist
 

weed control training.
 

Big farms. The large scale faraer who uses herbicides can be reached by
 
articles in the Ccmuercial Farmers Bureau's own monthly, 'Productive Farming.' 
This works fairly well and I put an updating article in every year or two. 
These farmers are able to come by car to the Central Research Station and seek 
advice directly from specialist researchers, and they frequently do so. 
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Small farms. The researcher often has much less contact with either extension
 

staff or with small-scale farmers. This is partly due to less research having 

beer applied to this sector, in which herbicides are not generally used. But
 

it is also due to the difficulty of conmunicating with 1,400 extension workers 

and half a million farmers scattered in many r7eote areas. The Departm.int of 

Agriculture publishes a periodical, 'Farming in Zambia' witi usual, three to 

four issues a year. Although 300 copies are said to be printed, distribution
 

is poor: sev:ral extension workers have told ne they rarely see a copy. 

Information storage and dissemination. A large anmunt of agri cultural research 

has been done in Zamb-ia over the past half century. -iuch of it is now available 

only with difficulty, in reports that have often becone rare with time. R hear 
a great deal these days of the iinortaance of prese-rving genetic resources of 

plants and animals in gene banks for future breeders to draw fron. I would
 

subimit there is a similar need for information banks to be established in 
developing countries. This need has two parts: information must be stored 

so that it is never lost, and a system must be established that allows a very
 

scattered population of extension and research staff to have access to it. The
 

former should not wait for the latter as the need to preserve existing material
 

is urgent. As senior staff retire and expatriates retun home, even the
 

knowl.edge of the existence of many publications is being lost.
 

It is tempting to think of a central storage facility linked to terminals
 

in each of the country's nine provinces and other key points such as institutes
 

of higher learning. The prospect of having distant extension staff able to tap
 

the large body of existing information is exciting.
 

And yet we do not kncw4 if such a system can be made to work in the
 

developing world, where it is a struggle to maintain even a telephone system at
 

a reasonably operational level. what we do know is that there is a serious loss
 
of knowledge between the researcher and the farm gate. To allow this dissipa­

tion to persist at its present level makes something of a mockery of funding
 
further research. In Zambia the Research Branch produces an annual report of
 

about 300 pages per year, an average of sowe 3 pages per professional staff
 

member. Yet those of the last 6 years have not been issued as they are still
 

waiting to be printed.
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Prior to the evaluation and iossible implementation of sophisticated
 
carputer-based information 
 storage and distribution systems, the establishment 
of research-extension liaison staff and publication and copying facilities offer
 
great scope for enhancing the short and lonc4 temi prodiuctivity of research. 

Training. Mention was made earlier of the ,tbsence of extension staff trained
 
in weed control. The 
 ned for such training for both extension and trainee
 
research staff is great, but ics im-qlenrntat:ion difficult. Nuimrous scholar­
ships are available in the developod countri.s, but thie -elevance of such
 
training, often 
 in a temp rate kclimrate and undei- hi.ql) capital., lcf lax)ur 
conditions, is questionable. It is possi:ble a sLt0ent could retmrn hiome after 
completing a woed science course overseas and e familiar with a logarithmic 
sprayer (though there is none available in his country) and yet be unable to 
identify a single local wecd. 

It seems preferable to run a weed science course in or near the country
 
of the trainee: such a course could usefully serve half a dozen adjacent
 
countries with similar climatos. crops, weeds, and economic and technical
 
backgrounds. It would then be important to ensure that the trainers were 
well versed in local condi tions. if expatriates are needed, which is likely 
initally, 5-year contracts are much to be preferred over 1-year terms, and 
conditions need to be set to render such a period acceptable to the person 
concerned. a-ie of these condition,-, v. uld surely have to be greatly improved 
weed science comnications, both inside the country and with the outside world. 
The setting up of such a training course would provide an admirable opportunity 

to establish these commnications.
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cmcgr OF WEEDS AND NOXIOUS =-EEDS 

Farm and garden weeds are neither wild nor cultivated plants. However, 

they still retain scn characteristics of wild plants by producing a large 

nunber of seeds and shedding them as soon as they becon-e mature (Table 1). On 

the other hand, they have characteristics of cultivated plants. For instance, 

due to the influence of farm practices which have long been adopted in China, 

both rice and its "cmpcnion weedI," barnyardgrass [Echinochloa crus-galli (L.)
 

Beauv.], have early, median, and late maturing varieties (or ecotypes), though
 

they belong to the same species with the san n morphological aspects. If the
 

late variety of barnyardgrass happens to grow with an early or nedian maturing
 

rice ecotype, it can only cause damage during the growing season, but cannot
 

complete its life cycle and produce seeds.
 

Table 1. Number of Seeds Produced from a Single hted Plant
 

weed 	 seeds produced
 

Amaranthus retroflexuLs L. 500,000 - 1,000,000
 
Chenopodium album L. 50,000 - 70,000
 
Sonchus arvensis L. 15,000 - 20,000
 
Cephalanoplos setosum 30,000 - 40,000
 

(Bunge.) Kitan.
 
Cuscuta chinensis Lam. 800,000 - 1,000,000
 
Orobanche cumana Walli. 60,000 - 100,000
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The so-called noxious weeds require three qiualifications: first, they 
occur abundantly in the field; second, they are difficult to eradicate; and 
third, they cause major reductions in the yield of crops. Fortunately, the 
number of species of noxious weeds is quite snmll. A Ccc-prehensive classi­
fication of noxious weeds is nude according to their ecological and biological 
characteristics (Figure 1). Nbst canron weeds occur in ricc (Oryza sativa L.) 
wheat (Tritictmu aestivum L,) , cotton (Gssypium hirsutum i. , and soybean 
(Glvcine mnvx (L.) A4enr.) fields, and farm ecds o,,) different scasons vear round 
are grouped and subdivided into several cateqorics. As showin in Figure 1, soa 
weeds are parasitic and sane are nonparasiti(c. Sonmv weeds are annual, bientnial 
or perennial. Same weeds are produced rmainly by seeds and some by vegetative 

organs. 

PARAS ITC LNON-PARASITIC 

EIPARASITI'HOLOPARASITIC 

ROOT SHOOT
 

"]-L 

NNP EREIA PERENNIAL
 

fLVE LATEE-WNTR 

ESTOLON RHIZOME 
 FIBROUS ROOT AOT
 

Propagated Mainly by 
 Propagated Mainly by

Vegetative Organs 
 Seed
 

Figure 1. Classification of noxious weeds. 
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FCOICGICAL IFJNCTI ONS 

Natural environment and cultural practices have important effects on 
farm and garden weeds. The interaction between weeds and the environment and 
the response of weeds to envirormntal effects are both very prominent. The 
morpho-ecologi cal and rw*-ural characteristics of weeds are obvious expres­
sions. Amonq the environn.ental factors, the influence of non-living factors, 
such as ILjhi , is very crmspicuous. omrptition for light in plants may operate 
throughout the life cycle:. For instance, in scxio fruit grcwing gardens in 
Xinjiang Autonomus Pr-j ion, har-nyardc.gass and co n lai)squarter (Chenopodium 
album L.) scattered here and there in the interspaces in the gardens may reach 

a height exceeding that of an average nman. 

Table 2. The Relation of Water Depth to Different Weed Ecotypes 

biological type
weed ecotype and example water affect 

Xerophytic 
(in di-v fields) 

Annual, as green bristlegrass, 
and perennial, as thistle, 

Weeds die at a water 
depth of 5-10 cm. 

weeds. 

Mesophytic 
(average or 

optimtun water 
supply) 

Annual weeds, as barnyardgrass. Growth of dry and 
water field barnyard­
grass is suppressed 
at the depth of 15 cm 
and 23-35 cm, respec­
tively. 

Hydrophytic Annual, as monochoria, and Weeds die when water 
(Roots underwater; perennial, as water plantain, is insufficient. 
part of the shoot weeds. 
is above the water 
surface) 

Weeds are also very sensitive to water supply. 
In Table 2, scre examples
 
are given to show the effects of water on weeds. 
We may take knotgrass

(Ppalumdistichiun L.) as another example. 
This grass, thriving on water­

soaked land, does not grow well when the water is too deep. 
Knotgrass grows
 
along the mrgins of rice fields and will encroach upon the fields when there
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is optimum or average water supply. Because of the presence of water, the
 

number of species of weeds in rice fields is limited, and they all have the 
same characteristics--tender in texture, without cuticle layer, and with thin 

epidermis poorly developed vascular bundles, and large air spaces. The entire 
weed plant is suitable for the absorption and translocation of herbicides. This 
is the reason why herbicides are used successfully in rice fields to ccAnat 

weeds. 

Soil constituents, especially salt in saline soil, bear a close relation 
to the kinds, distribution, and growth of crops and weeds. For instance, the 
principal weeds in newly cultivated regions near the sea are grouped in 

accordance with the salt content in the soil. 

A soil with high salt content and with no plants grcing on it is called 
"bare plate." Salt-adaptable weeds, such as Suaeda o lauca Forsk., have 
xerophytic and succulent structures of the stems and leaves and elaborate 
structural modifications, which are much like those found in plants of the 
desert flora. Salt-tolerant weeds, such as Aeluropus littoralis, are not 

typically xerophytic in structure. The water, though present, is of such high 

osmotic concentration that it cannot be readily absorbed by the plants. Soluble 
salt is accumulated within the cells. Salt-secreting weeds, such as Statice 
bicolor, have secreting cells in the stem and leaves. Salt is secreted con­

tinuously to the surface and is washed away by rain. After the improvement 
of the soil conditions, the importation and the growth of weeds and the wide 
dissemination of noxious weeds make the weed control problem in these r-3',ns 

more conplicated. 

In addition to nonliving factors of the environment, the interrelationship
 

between weeds and living factors is also very ccrplicated. Some weeds, such as 
conmon vetch (Vicia sativa L.), field bindweed (Convolvulus arvensis L.), 
Japanese hop (Humulus scandens Merr.), and catch weed bedstraw (Galium aparine 
L.), climb on the crops, thereby interfering with the harvest procedure. Some 
weeds are semi-parasitic, such as European mistletoe (Viscum album) and Cassytha 
filiformis L., which live on fruit and timber trees. Some are obligate 
holoparasitic weeds, such as dodders (Cuscuta sp.) and broom-rapes (Orobanche 
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sp.) living on crop plants. Soe weeds may be invaded by insect and fungi 
pests, and as a result their growth is inhibited. This can serve as a means 
of biological control of weeds. 	 theIn China, influence of the environment
 
on both weeds and crops is very conqJlicated.
 

THE RESPONSE OF WEEDS TO THE INTr7,3R TED INFLUFNCE OF EVIRON(MEN=S 

In case of Jiangsu Province is taken as an example to show the response
 
of weeds to the integrated influence of ecological environments. Jiangsu 
Providence is situated as a transition reqion from the warm temperate zone to 
the subtropical zone. Thc temperature and precipitation increase gradually from
 
the north 	to the south. Therefore, the response of crops and weeds, in their 
kinds and 	distribution, to the environmental effects is in definite regularity. 
The kinds 	and distribution of weeds correlates with the change of latitude. 
There are 	about 392 species belonging to 72 families. The difference in the
 
number of families and species of weeds in the various agricultural sections
 
of this province is very evident. In each region, 
 the number of families with 
four species is different from each other. Changes in vegetation also occur
 
in different topographic regions. Because of the ccmplicated topography, the
 
mountainous region has more families and species. 
The region along the sea
 
shore with saline soil has fewer families and species (Table 3). 

Table 3. 	 Number and Distribution of Families and Species of VL-eds 
in Six Agricultural Sections of Jiansu Province 

families with more 
section families species than four species
 

Northern 29 134 	 12
 

Central 39 39 	 6
 

Sea shore 24 82 	 5
 

River shore 63 270 	 22
 

Mountainous 71 314 	 17
 

Taihu Lake 47 193 
 13
 

53
 



There are 25 species of comron weeds in rice fields and among them seven 
are most noxious (Table 4). Weeds in dry land (wheat, cotton, corn, soybean, 
and peanut fields) are comparatively ccmplicated. There are 47 species, and 

eight of them are noxious ones (Table 5). 

Farm weeds are in their most vigorous growth in May, June, and July. 
Summer crops are damaged seriously, and manpo&er for hand weeding is in great 
demand. In the Central section with a central basin low land, there are quite 
a number of aquatic weeds. In the sea shore section, the soil contains a high 
percentage of salt, and only salt tolerant weeds are found. All this definitely 

indicates that natural or ecological factors have their integrated influence on 

the kinds and distributions of weeds. 

Table 4. Noxious Weeds in Rice Fields 

botanical name conmmon name 

Echinochloa crus-galli (L.) Beauv. barnyardgrass 

Paspalu-n distichtun L. knotgrass 

Cyperus difformis L. small flower umbrellaplant 

Scirpus planiculmis (Fr.) Schmidt bulrush 

Eleocharis yokoscensis Franch & Savat. spikerush 

Fimrbristylis miliacea (L.) C.B. Clarko fimbristylis 

Potamogeton distinctus A. Benn pondweed 
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Table 5. Noxious Weeds in Dry Fields
 

botanical name common name
 

Setaris viridis (L.) Beauv. green foxtail
 

klopecurus aequalis Sobol. foxtail
 

Galium aparine var. tenerum catchweed bedstraw
 
Gron. & Godis. Robb.
 

Cyperus rotundus L. purple nutsedge 

Vicia sativa L. ccauon vetch
 

Stellaria media (L.) Cyr. chickweed 

Avena fatua L. wild oat
 

Eleusine indica (L.) Gaertn. goosegrass
 

INTFXRATED CONTROL OF WEEDS
 

Practice has proved that each control method has its own limitations. 

There are disadvantages as well as advantages. Single application of herbi­

cides cannot satisfactorily control weeds. The desirable process is to apply 

ecological principles such as biological suppression of weeds together with the 

application of herbicide treatment during the early stage of weed growth. In 

order to acconplish this, we must initially survey the weeds and the damage 
caused by them, and then select the most noxious weeds and study their biolog­

ical characteristics. Herbicides should be applied to control the weed in the 
early stages, so that the number of weeds can be suppressed to the minimum and 
the crop can grow in a favorable condition. In this way an integrated 

controlling system is established. 

Yield has been the most sensitive indicator of weed con-petition. For 

instance, we plant soybean or sesame in rows in the interspaces between fruit 
trees to inhibit the growth of many weeds. As a consequence, the fertility of 
the soil is increased, which enhances yield. We plant sweet potato (Ipcmea 
batatas L.) or mimosa (Mimosa sp. L.) plants in the rubber tree garden to reduce 

55 



the damage caused by a most noxious weed, cogongrass [Inperata cylindiica var.
 
major (Nees) Hubb.]. These intercropping systems have proved very beneficial.
 

Another example is the weed control system in cotton fields in the southern 
part of China. Formerly, in order to suit the long growing season of the cotton 
plant and to get more yield, growers planted cotton early in the season when the 
temperatures were still low. Early seedings (April 20) and low plant popula­
tions (4-5 thousand plants per mu / ) were utilized. The crop's slow early 
growth permitted early vigorous weed competition. Extensive soil tillage (5-6 
times) was the primary meth-od of controlling weeds. Repeated fertilizer appli­
cations were made in order to increase the boll number per plant. The cropping 
and weed control system has been altered by .eeding after spring harvest (in 
May), thus avoiding the attack of cutworms and increasing the plant population 
(15 thousand plants per mu, row space 20 cm). Under this system, no tillage is 
needed. Early weed control is achieved with a herbicide (5% fluometuron, 1-1.2 
catties 2 / per mu) for 22-27 days. , 3turon reduces the damage caused by 
barnyardgrass, fingergrass (Chloris sp), green bristle-grass, shepherdpurse 

[Capella bursa-pastoris (L.) Medic.], bermudagrass [Cynodon dactylon (L.) 

Pers.], nutsedge (Cyperus sp) and field bindweed by 90%. Flucmeturon is used 
to eradicate most of the weeds in the early stage and the density of the crop 
inhibits the growth of weeds during the whole growing season. 

Now the length of the growing period of cotton is shortened by 50 days, the 
labor required is reduced by 50%, the production cost reduced by 30-40%, and the 
yield of cotton is 50-200 catties per mu. Vkeds grow less vigorously among cot­
ton plants planted in narrow rows and yield is increased by condensed spacing. 
This provides a sound basis for the combination of ecological function with 
chemical control. This integrated controlling method for weed control in cotton 
fields is now applied in many provinces. In China, a practical integrated weed 
control system should be the rmst economical combination of individual measures 

1/ mu (a unit of area) = 0.0667 hectares. 

2/ catties = 0.5 kilogram.
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to produce optimum weed control with minimum environmental and health hazards. 
This might be the future trend of weed control in mainland China. 

LITERATURE CITED 

1. 	 Holm, L., J.V. Pancho, J.P. Herberger and D.L. Pluchnett. 1979. A
 

Geographical Atlas of World Weeds. John Wiley and Sons.
 

2. 	 Li Yang-Han. 1981. Indentification, Control and Quarantine of Farm and 
Garden Weeds (in Chinese). Jiangsu Science and Technique Publishing House. 

3. 	 Zimdahl, R.L. 	 1980. Weed-crop Coipetition. A Review. International Plant 

Protection Center, Oregon State University, Corvallis, Oregon, United
 

States.
 

57
 



.............
 

53 



CCWIUNICATION OF WED SCIFNCE TECHNOILGIES IN DEVFLOPING CCUNIRIES 

IWSS/WSSA INTERZATIC(AL SYMPOSIUM, 1983 

V=D CONTROL IN MMXICO 

0 Albert Fischer 

University of Chapingo, Mexico
 

Current Address: Department of Crop Science
 

Oregon State University, Corvallis, OR 97331 / USA
 

INTRODUCTICN 

Mexico offers great diversity of agroecological areas, and equally diverse
 

is the technology used in them. Thus, we find highly technified and high­
yielding farmland in the north, rainfed agriculture in the central high valleys 
with mostly small farmers, and tropical farming in the south where the small 

farmers also prevail. 

our experience is mainly related to the rainfed farming in the high plateau 

of Mexico, where most of the farms average 2 to 4 ha. However, we have also had 
several opportunities to visit the tropical south. Small farmers, whether in 
the rainfed central valleys or in the tropics, face many of the same problems. 
Therefore, our conents in this paper will focus on the small farmers, with 
particular reference to the high valleys of Mexico (Fig. 1). 

SC4E CHARACTERISTICS OF THE SMALL FARMING SYSTEMS 

Small farming is primarily subsistence oriented, employs family labour, has 

a low cash turnover, and consequently, also low levels of farming inputs. 
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Figure 1. Chapingo and surrounding States in the Valley of Mexico. 

Our area of work is within the range of influence of the University of 
Chapingo, Mexico. The altitude is 2,250 meters above sea level. The climate 
is sub-humid with an average yearly rainfall of 645 nm (528 nm from May to 

September) and winter drought; average yearly temperature is 150 C. 
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In the Chapingo area, farming mostly takes place during the rainy season 
("tem-poral"), which provides an average rainfall of 528 nm fron May through 
September. Only those grow'.ers that can afford irrigation grow crops in the dry 

season. 

Hand labour and animal-drani cultivation are the prevalent weeding prac­

tices. Many farmers use knapsack sprayers for disease and insect control, but
 
their use to apply herbicides is very limited. Larger farmers ( >50 ha) ar? 
mechanized and some have tractor-mounted spraying units. Their services miy be 

contracted by the smll farmn:r. 

The smaller farms tend to be more diversified, while the larger ones tend 
to concentrate on one or two crops (Fig. 2). In the central valley of Mexico, 
the major crops are maize and beans intercropped, plus barley and alfalfa for 
hay. 
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the barley areas who are using
 
two different rotations, by farm size (4). 
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Repeated cultivations (either mechaunical or by hand) are the principal 
means of weed control in maize and beans. Soax larger farmers may use atrazine 
in maize. For beans, the official recommendation is dinoseb (alkanolamine salt) 
as a preemergent herbicide. However, we believe the use of this herbicide to be 
very restricted, and furthermore, it was recently dropped from the nvirket. UW. 
have also found that the residual activity of this compound cpn be too short to 
be effective in our light soils when heavy rains occur. Also, this is a highly 
toxic material which can be very hazardous in the hands of an unexperienced or 

illiterate farmer.
 

The intercropping of nmize and beans, sometimes even including other crops 

such as squash, is very popular and 20% of the maize in Mexico is grown in a 
mixture with other crops (12). farmers higher incomeThe find a stability with 
this system. Lepiz (13) found a Land Equivalent Ratio > 1, which indicates that 
it would take mere than one hectare of pure stands of maize and beans to obtain 

what is produced in one hectare of intercropped cultures. Mixed crops are also 

more competitive with weeds (12). Cultivation Fnd hand weeding are the preva­
lent weed control measures in the intercropped situation.
 

Alfalfa is grown for hay. It is planted at the tnd of autumn to avoid
 

serious weed problems. It establishes slowly during winter, and in spring it 
grows together with the great flush of weeds of that season. Thus a whole 
season (winter) remains virtually unproductive. The first clipping in spring 
is the only weed control practice employed. Farmers do not use herbicides in 

alfalfa. 

Barley is mainly grown in areas where the risk of frost and lower rainfall
 

make the maize cropping inconvenient. The use of 2,4-D is quite widespread
 

among these farmers. The on-farm training and research prograrme of CIMD4YT 
(International Center for Maize and Wheat Improvement) has had importantan 

impact in prooting the use of herbicides, fertilize'rs, and improved varieties 

among these farmers. 
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WhEMEC(NTROL AND OnrER IMTMTATTONS TO IDPRYJED FAPMING 

Land tenure and general crop management are the main tecihnical limitations 

to agricultural production in small farm. areas. Educational deficiencies and 
lack of good roads and basic services are very often additional disadvantages
 

the peasant farmer must face. 

Small farm holdings do not allow the build-up of capital necessary to
 

increase the level of farming inputs conducting to higher yields. This is an
 

entirely political issue and governmental action is needed to improve this 

situation.
 

In resrct to crop management, one of the deficiencies is an excess of 
tillage operations. To plant maize, a farmer will plough, harrow, and then
 

ridge the soil surface. Four to five seeds are deposited at the bottom of the
 
ridge, every 50 cm. Ridges (crop rows) are 90 cm apart to allow the passage of 
cultivating implements. Twenty days after emergence, the crop is cultivated to
 

control weeds and accumt1late earth at the base of the plant. Forty to 50 days
 

after emergence, a second cultivation follows. Some farmers apply fertilizer
 

with this last cultivation. The use of fertilizers is quite erratic however, or
 

at least most of the farmers are unaware of their composition (4).
 

In the case of beans, cultivation and weeding are done by hand. This 

excess in tillage not only poses a risk for soil conservation (expecially on
 

sloping lands, and heavy showers during the rainy season) but also means a
 

considerable amount of time and energy spent to control weeds. Cultivation
 

can also damage the crop considerably; particularly if heavy rains force late
 

operations and horses are used '_o pull the cultivator through an already fairly
 

developed crop.
 

Weed control is the crop management aspect that currently claims highest 

attention. Though weeds pose a serious threat to the crops in central and
 

southern Yxico, information available to the farmer is very scarce, except for 

the individual efforts of the chemical companies which may overemphasize the 

use of herbicides. Official recommendations are scarce and very often quite 

outdated. 
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The farmer has learnt to live wiM the weeds, adopting a sort of fatalistic 
attitude, rather than being able to keep them in check. By this we mean that 
several of the main problem weeds (MAnranthus spp; Portulaca oleracea; etc.) may 
have becone part of the peasant's diet, perhaps due to his inability to eradi­

cate them. Yield reduction due to weeds is impressive (Table 1). 

Table 1. 	 Effect of Weed Interference and Theding Practices Upon the Yields
 
Painfed Corn and Barley
 

grain grain yield reduction
 
yield reduction when a conventional weed
 

crop in a weedy crop control technique is used
 

Corn (intercropped-%------------------- -)
 
with beans) 99 No data
 

Corn 	 88 
 34*
 
Barley (1979) 22 	 0* 
Barley (1980) 43 	 l0"*
 
Beans 	 79 
 31*
 

Source: 	 Fischer, A.J., 1981. Consideraciones Ecologicas para el Control de 
Malezas. Texto de la Conferencia dictada para el Curso Intensivo de 
Agroecologia. Enero-Febrero 1981; Depto. Fitotecnia, Univ. Autonoma 
Chapingo, Dept. de Parasitologia. 

* 	 Two cultivations, 20 and 40 days after emergenice; **Standard treatment 
with 2,4-D. 

Hand labour and mechanical (or animal drawn) methods are almst the
 
universal nmeans of controlling weeds (except for the previously mentioned barley 
growers). Hand labour is so slow it seldom allows athat timely elimination of 
the weeds. The critical period of weed competition in corn and beans, as well 
as for the intercropping of those species, has been established (1,3,15,16) and 
occurs within the first 30 to 40 days of the crop's growth. However, weeds are
 
generally not controlled until 20 to 25 days after emergence with the first
 

cultivation. A great deal of the yield potential has by then been lost to the
 

weeds. Rains very often delay the cultivations, making this situation worse. 
Q the other hand, if weeds were effectively controlled during those first days 

of the cycle, the usual cultivation at 40 to 50 days after emergence would not 
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be necessary, since the crop will by then dominate the weeds, provided a good
 

stand exists. 

~Wen the machete is used for weeding, the weeds have to reach a certain 

height to ix, grabbed and cut; this usually happens 20 days after emergence. 

This cutting takes one pe-rson a week to clean one hectare. If one farmer has 10 

hq he can only use 3 to 4 ha, because by the time he finishes cutting the weeds 

in those 3 to 4 ha, the crop will be already lost by weed interference on the 

rest of his farm (17). 

Plants per Spacing_ 
hectare Rows Plants 

166666 0.6 0.1
 

E77 166666 0.3 0.2
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WKeedy Check TWO 	 Weed Free 
Cultivations Check
 

Figure 3. 	 Effect of plant density and distribution on the 
yield of beans under varying weediness (12). 
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Hand hoeing is slow, painful and often unhealthy. The passage of machinery 
compacts the soil and pulverizes the surface, increasing the erosion problems. 
Horses and oxen often tread and damage crop plants. Weeds within the row are 
usually poorly controlled. 

In order to allow for physical or mechanical weed control practices,
 
crops have to be grown in wide rows, not benefitting from the potential yield
 
increases obtained under narrower rows and higher densities, with the water
 
supply of the rainy season (Fig. 3).
 

New technology should provide higher yields, less effort, and additional
 
time to work off the faj.Tn and have a better inccme, or increase the amount of 
land to be farmed by the same family (17, 11). 

PROPOSED MANAGE4ENT ALTUENATIVES 

The research activities inweed science at the University of Chapingo,
 
Dept. of Plant Parasitology, focus on a systems approach to manage the weed
 
problems of the small farmers.
 

1he introduction of herbicides, reduced tillage (Table 2), modifications in 
seeding rates, and plant distribution (Fig. 3), have shown promising benefits, 
especially if residual herbicides avoid the need of wide row spacing for culti­
vating. The rationalization of fertilizer use and a better understanding of
 
symbiotic-N fixation have proved effective in avoiding excessive weed growth by
 
favoring the cxarpetitive ability of the crop.
 

Table 2. Grain Yields of Maize Using Herbicides and Different Tillage
 
Operations
 

planted on flat soil surface ridged + ridged + 
ground & no ridged & no 1 culti- 2 culti­

treatment 
 further tillage further tillage vation. vations.
 
Atrazine +- -------------------------- (kg/ha)----------------------­
alachlor
 
(pre-emergence) ?507 1.869 2112 2475
 

No herbicide 0 562 644 
 1058
 

Source: A.J. Fischer et al.
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Competition expe:riments (1,3, 15, 16) have given a better idea of the 
"critical periods" during the growth cycle of the crop inwhich intc-ference by 
weeds occurs. 'rhecrop has to be free of weeds during the critical period in 
order to obtain maximum yields. The farmers [hus should know when to start and
 
when to stop weeding, how to use the competitive ability of their crops to
 
suppress weed growth, and avoid excessive labour and tillage in eliminating
 

.
weeds when they are no longer detrimental to the yield.F


Alfalfa can be planted in spring if herbicides are used for a safe estab­
lishment. The preceding winter can thus be used to grow a 
winter crop to make a
 
profit during that season, which would otherwise remain virtually unproductive
 
under the traditional management.
 

Other alternatives proposed for weed management are:
 

- establishment of a rotation programme including legume forages, thus
 
lowering the need for nitrogen fertilizers if the legumes are adequately
 
inoculated with efficient Phizobium strains;
 

-
current efforts to improve the status of symbiotic-N fixation in crops
 
such as beans (5), should lead to the use of this process as a way of
 
selectively supplying nitrogen to the crop and not to the weeds. 
Since
 
high levels of mineral nitrogen are known to inhibit nodulation by
 
Rhizobium and nitrogen fixation (10), application of nitrogen fertilizers
 
to these legume crops should seck to cciplement, but not to inhibit
 

symbiotic-N fixation;
 

-
the equipment and the techniques of herbicide application should be adapted
 
to the needs and means of the small farmer. Spraying equiipment is often
 
too expensive for the subsistence farmer in relation to the cash returns he
 
can expect from his crops, even if yields are increased by its use (14).
 
The manual operation of current hydraulic knapsack equipment is arduous,
 
and very often seems to be the only way small farmers can use herbicides.
 
Some alternatives have been proposed, such as the use of granular formula­
tions in order to avoid purchasing spraying equipment (11). Dawson (6)has
 
shown the possibility of using herbicide-treated seed which allows planting
 

67
 



and applying herbicide in one operation. Manual planters, such as early
 
American farmers have used, could b adapted to apply seed and granules in 
one operation, or be used to plant herbicide-treated seed. These planters 
could beccme efficient no-till seeding equipment. The small farrrers cur­
rently use a spade or sharp stick to open a hole in the ground where the 
seed is deposited and covered with the foot. With these mthods, cultiva­
tion would still be needed to weed between the rows, but good weed control 
within the rows will ensure safe crop establishment. Reduced, or no-till 
operations need not be based only upon sophisticated or inaccessible 

equipment; 

- reduced volume spraying and controlled droplet application will definitely 
have a place in areas where water is scarce or its transportation diffi­
cult. Progress is being made in order to adapt such equipment to the 
working conditions of the peasant farmer (9). Hand-held rope wick appli­
cators will be very helpful for selective postemrqent control and in the 

management of perennial weeds; 

- herbicide screening should aim at finding ccnpounds with a wide safety 
spectrum for use in several crops. The ideal situation would be to use 
just one product for most situations. Even if only major weeds were
 
controlled, the current weed infestations would be significantly lowered
 

within the criLical periods (11). 

All these proposals may be effective if complemented by improved crop 
-an 
 pln p-L iy
agtI a crop -ie S, at 

measures, fertilizer use, etc. 

...... ..... aL ... va± JLnt protection±
 

DIFFICULTIES TO TRANSFER MORE EFFICIENT WEED MANAGE7AENT TBCHIOLOGIFS TO 

THE FARMER 

The farmer is usually more aware of the losses due to insects and diseases 
than those due to weeds. 

Not always is the farmer interested in higher yields per hectare. Rather, 
he strives for minimum risk and sufficient production to feed himself, his 
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family, and the animals on his farm. The peasant farmer will be reluctant to
 
incorporate non-traditional practices which may 
also demand more cash expense
 
and therefore seem more risky.
 

In some cases, illiteracy does not allow the farmer to understand extension
 
bulletins (if they reach him at all).
 

Less labor-intensive weed control measures may create unemployment in
 
certain areas. However, we do not think this is a prevailing situation.
 

The farmer may not always have enough cash available to purchase new
 
products or equipment. Credit is available however, and the farmer should be
 
made aware of this situation and advised for an adequate use of that money.
 

Farmers grow a diversity of crops, very often intercropped, which makes the
 
use of herbicides more difficult. However, as we have said before, improved
 
weed control on small farms is a vegetation management situation, where herbi­
cides should only be one of the many tools to be considered.
 

Communication of research among scientists has traditionally been
 
deficient. There is
an obvious gap between those who generate the technology,
 
or have the "know how," and the peasant farmer. This gap must be traced to the 
areas of research, extension, and teaching in weed science. 

Research can often be academic rather than practical, looking into rather 
sophisLicated aspecLs wid leaving field problems unsolved. 

A systems, or vegetatioi. management, approach is not always used in weed 
research, perhaps because weed research is not always oriented towards the small 
farmers. The national research institute in Mexico has a weed research pro­
granme. 
The results of their work need to be published and diffused; these 
have been, so far, poorly known. The ccrnnication gap between the diverse 
institutions involved in weed research activities has lead to tho duplication 
of efforts while several areas have remained unattended. 
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Researchers are not always fully aware of the weed or management problems 
the farmer faces. More on-farm research should help close this gap and also 

serve demonstrative purposes. CIMMYT, with its on-farm training and research 

progranmes, and the Department of Parasitology at the University of Chapingo, 
with a high percentage of its weed experiments carried out on farmers' fields, 

have already moved in this direction. 

There is a national extension progranie within the State Department of
 
Agriculture (SAJIR). The Plant Protection Division, also within the SARH, also
 

has an extension branch with plant protection scientists. The general feeling
 
seems to be that these programmes need to be motivated to effectively reach the
 
farmer. It is typical to see good husbandry and high yields within experimental
 

fie]As, and poor levels of crop production on nearby farms. The plant protec-

Jion scientists have had an exposure to weed science during their career, but
 

there are no full-time weed scientists in extension. Except for the plant 
protection personnel, the extensionists in the national programe have little 

or no training in weed science. 

Extension should be responsible for making the farmers aware of the losses
 
due to weeds and of the management alternatives they can use to face this pro­
blem. Extensionists should help the farmer make advantageous use of the credi'_
 

facilities, which otherwise tend to be largely misused.
 

We believe that all institutions teaching agricultural sciences should 
include a compulsory course on weed science. Ln addition, institutions with
 
lready LUrain wed- uiejiLists Shld"'" Spclbu h provide good 
practical training and suffic±int theory in weed science to extensionists and 

fieldmen in general. Industry has an excellent opportunity to contribute in 

this aspect. 

RECENT PROGRESS
 

The status of weed science in Mexico has improved considerably during the 

last year. This has been mainly due to the revival of the Mexican Weed Science 
Society (SCMECIMA) which has already sponsored national meetings in 1980, '81, 
and '82. Industry and official institutions have had active participation in 
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these events. The 1981 meeting was held at, and organized by, the Parasitology
 
Department of the University Chapingo, Mexico.
 

In the Dept. of Parasitology, Univ. of Chapingo, there are five full-time
 
weed scientists engaged in teaching and resea-ch. 
Three hundred undergraduate
 
students take a one semester course on weed science each year. Together with 
scientists from other institutions, Chapingo has offered short courses to 
extensionists and fieldmen of private and public institutions. In due course, 
Chapingo will i)lemnent graduate level weed science training. 

Weed science teaching in Mexico was positively stimulated since the Weed
 
Science Teaching sessions at the 1981 SOMECIMA meeting in Torreon, Mexico. At 
that time, teaching programmes were discussed, and the role of universities in 
research assessed. Since then, other institutions have beccme More active in 
weed science teaching; teachers from Chapingo have often been invited to lecture 
at other national universities. The Instituto Tecnoloqico de Monterrey has also 
been active in weed science teaching and research. 

The weed research progranmm at Chapingo began to work actively in 1979, and 
since then has distributed its research reports to other scientists in Mexico. 
We hope that other institutions will also feel stimulated to publish and distri­
bute the results of their efforts. This would be a great contribution towards 
the exchange of knowledge among scientists and would help provide updated 
recomendations to the farmers. 

Th1= curr'iiL tf.fULLs Lu bxost weed science in Mexico itusL assign greater 
importance to activities in the tropical areas and inject new life in the
 
tropical weed research progranmmes. There it is very commn to find an 
agroncuiist at an experiment station in charge of the management and breeding 
of several crops at the same time, and in most cases without adequate training 
in weed science research techniques. 

The Univerity of Chapingo has regional centers in different agroecological 
areas of Mexico. It is hoped that weed scientists, after ccmpleting their basic 
training at Capingqo, will be sent to those outposts to work on local problems. 
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If the current trend of effort continues, we foresee a prcmising future for weed 

science in Mexico. 
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INTRODUCTICN
 

Technology is inherently social because it consists of standardized 
operations by which users expect to obtain predetermined results. Such 
procedures require that people organize effectively to implement them according 
to 	design specifications. 
Failure to organize in appropriate fashion for the
 
use of a technology is a 
major obstacle to its successful transfer. The tech­
nologies of weed control specify requirements for human behavior which must be
 
fulfilled if that objective is to be attained. Improved weed control technology 
is of critical importance, depending upon specific local conditions, because 
much of the farmers' time is consumed in weed control efforts. It has been 
proposed that "... more energy is expended for the weeding of man's crops than 
for any other single human task" (4). The land a small farmer can plant may be 
limited to the land that one can weed (6). 

When weeds are effectively and appropriately controlled, it is because 
people have organized decision systems capable of diagnosing weed threats,
 
allocating labor and technical resources to the control of those threats,
 
resolving priority conflicts among the threats, and regulating the technologies
 
so as to minimize external repercussions mung the comrunity of farmers. There­

one afore, when introduces new weed control technology, one is transferring not 
simply a physical item, but a new pattern of behavioral expectations which must 
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be incorporated in the host social systn. Such behavioral expectations have 
organizational implications. It is the purpose of this analysis to examine two 
properties of technology which have major ih plicationi for scx-ial oryaiiizaLion 
and the technology transfer process, and to apply the analysis to the domain of 

Ned science. 

TECHNOLCGY AND SOCIAL OICANIZATION--AN ANALYSIS 

Six types of technology are distinguished on two strategic dimensions (2). 
First, the dimension of divisibility--a technological good is said to be 
divisible if it can be utilized productively in "anall" units as well as large. 
This is to say that productivity of the good is insensitive to scale. For 
example, seeds, fertilizer, and herbicides are highly divisible because farmers 
with varying amounts of cultivatable land can utilize whatever amounts of those 
inputs they require. An indivisible good, on the other hand, is lumpy in 
nature--units of soa substantial minimum size are required with no possibility 
of subdividing as in the case of large pieces of machinery or, in the extreme, 
large hydro-electric or nuclear power projects with associated electrical grids. 
Interest in "fractional" technology has to do with making relatively lumpy 
technologies more divisible by shrinking their scale as in mini-pumps, scaled­
down tractors, backpack sprayers, and the like. It is worth noting at this 
point that weed control chemicals, by nature, are highly divisible, although 
they may not be marketed as such.
 

The second dimension is that of collective versus private goods. A 
technological good is said to be private if its major benefits can be captured 
by the investor and be denied to those members of the community wh:o do not 
invest in it (1,3, 5, 7). A collective good is one, tihe significant benefit of 
which cannot be denied to those who do not help bear the costs-.-the free riders. 
For example, if chemical residues should contaminate an irrigation canal serving 
a community of farmers and thereby impose a cost upon all fariners in the form of 
reduced crop stands, and a decline in yields, an investment in cleaning up the 
water by a few will confer a benefit upon all. If one should make an investment 
of time, energy, and money to improve the water quality, the benefits cannot be 
captured by the single investor who determines that it is rational to wait for 
others to undertake the investment. If each of three farmers suffers a $40 loss 
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of production and if reiredial action would cost 	$60, no single farmer will find
 
it in his interest to clean up the residue. Yet the $60 cost is clearly less 
than the gain to the thrcc-mr,,' er c$iLy--idiYl>, $120. Yet, each rational 
decision-maker finds it in his interest to be the "free rider" on the investutent 
of others and nothing will be done--unless there is a social organization
 
available to insure that each pays an equitable share. The public goods
 
situation can only be mi tigated by the presence of social organization with 
sanctions to control free riders so that each contributor will be assured that 
each other beneficiary will contribute. 

These two analt.ical dinensions of technology, although continuous, can 
be broken and combined into a six-fold matrix Gable 1).
 

Table 1. Six Types of Technology
 

type of divisibility

good high medium low
 

Private Cell OWe Cell Two 	 Cell Three 

seeds, fertilizers, large tank sprayers, centralized
 
herbicides, pesticides, tractors, production of
 

private products.
 

Public/

Collective Cell Four Cell Five 
 Cell Six 

sub-community control conmunity control centralized 
of weed threat or of weed threat control of 
herbicide residues, or herbicide weed threat 

residues, or herbicide 
use. 

sector of small sub- sector of ccmmunity 	 sector of 
carunity organization. organization 	 large scale
 

public enter­
prise.
 

Cell one. High divisibility of technology is combined with private goods
 
in this cell. Although small farmers tend to lag behind larger operators
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Ln adopting these kinds of technology, smaller farmers can and do respond to 
economic incentives to adopt them whenever they are: 1.) aware of them; 2.) 
reasonably certain of tleir efficacy; 3.) able to seuire necessary credit and 
technical assistance; and 4.) able to locate sufficient supply such that more 
powerful operators do not utilize all of what is available. Herbicides clearly
 

fall into this category.
 

If technologies of this type can be demonstrated to have good cost-benefit 
ratios and if risks ar-e managealle, chances are that the herbicide technologies 
can be diffused through the marketplace. The required analysis here is that of 
demonstrating technical and economic feasibility combined with sociological and 
extension %.Ark to determine that the marketplace is functioning with appropriate 

information. 

Cell two. This sector presents moderately divisible technologies of a private
 
type. The econonic man model applies here only for larger operators who have
 
access to the capital and credit to make purchases of items such as large units
 

of farm machinery. Large estates for the production of sugar, tea, coffee, and
 
rubber provide examples (6). Herbicides, bv nature, do not belong in this cate­

gory unless we force them here by the manner inwhich they are packaged and
 

distributed.
 

The question becomes: are there weed control technologies too ltmRp to be 

adopted by smaller operators? If so, what are the obstacles to breaking them 
down into smaller, more divisible units that characterize cell one? Are there 
safety or other reasons for application of herbicides only with moderately lumpy 

equipment? If so, smaller operators will have to be served by small-scale 
private cooperatives or mutual coapanies which can purchase and maintain such 
technologies, and develop the specialized skills for handling them since, as 
Parker (6)notes, most of the oonventional selective herbicides for annual crops 

do not have adeqiate safety margins for use by uneducated farnr.rs. 

Cell three. Representing a ccnbination of technologies of low divisibility but 
of a private nature, this sector is exemplified by centralized factories for 
producing herbicides. These chemicals may well be divisible in actual field 
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application, but the production technologies can be expected to be highly lumpy. 
Still, the investor obtains he returns and the free rider can be easily con­
trolled. Thlie orqnizational probleis of this sector are traditionally defined 
by industrial sociolcgy--how to organize the work process such that it is 
integrated woi] with te needs and perceptions of the work force. At the level 
of the over-all industry, the problems are typically those of the state's 
willingness to pyovide adequate incentives for production and distribution of 
the product. Assuming these incentives exist, problems of technology transfer 
center on training the work force, licensing agr-ements, securing credit, and 

the like. 

Cell four. Here one finds a combination of collective goods which are rela­
tively divisible. Since individuals who are rational will not find it in their 
interest to invest in projects which produce major benefits for the free riding 
noninvestors, some social organizational structure must exist to ensure that 

recipients of benefits will also pay an acceptable share of the costs. Such
 

organizational structures are to be found in small organizations limited to
 
subunits of the local comatmLity who share a particular weed control problem. 
For example, if application of a given herbicide should result in residues 

carried by irrigation tailwater into neighboring fields and thereby interfere 
with crop production, the particular subset of affected far Prs can organize 
to enforce rules for herbicide application so as to minimize the generation of
 
external damages. The sociological problem is how to sustain conditions for 
small-scale subcommunity organizations for such purposes. 

Cell five. This sector contains those collective goods technologies which 
are only moderately divisible. There may be weed threats to the ccmunity of 
farmers which cannot be adequately addressed by one or a few faimpers alone. In 
effect, many farmers in the ccmrnunity must actively engage in controlling such 
threats to production. For example, local irrigation water courses serving 
local ccmnunities of farmers become infested with weeds such that delivery 

efficiencies are drastically reduced. If one farmer should spend energy and 
money necessary to clear the fraction which passes his lid, his contribution
 

to increased water delivery is so negligible as to make his investment unpro­
ductive. Efforts of the few will be overwhelmed by negligence on the part of 
the many. Here organizations must collect resources from the many and apply 
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wed control technologies to the entire watercourse system to sustain crop 

production. 

Individuals will not invest in tIis kind of technology because if any one 
should make an investment and many others do not, then the single contribution 
comes to naught. If, on the ether hand, many others through some irrational 
altruistic spirit make the investment and he does not, the project will be
 
completed without his re2atively negligible contribution and he will benefit 
frcn the conunity's work. ransfer of %weedcontrol technologies for such 
collective purposes necessariiy entails construction of a disciplining social
 

orqanization. 

Cell six. This sector repre:;ents highly indivisible technologies that are 
public or collective in nature. If any single technologically related dis­

cipline can be associated with this cell, it would be civil engineering. A
 
great share of the products of civil engineering--dams, barrages, large canals,
 

bridges, roads, and electrical crrids--cannot be purchased by individuals, pri­

vate organizations, or public organizations of modest scale, but must be pur­
chased and maintained by large-scale public organizations which can capture the 
costs fram socially diverse and geographically widespread benefiting groups.
 

In the domain of weed control, technologies enter this cell in the senses 

that: 1.) the public sector must insure, at the national and international 
levels, proper handling and application of these materials through regulation 

and enforcemnt, information dissemination, and formal education of skilled 
expertise capable of performing weed control research and product evaluation; 

and 2.) specific weed control tasks can only be performed in large units (e.g., 
irrigation networks) beyond the capacity of local organizations. 

Certain rules for packaging, labeling, and applying specified herbicides 
must discipline marketplace exchange to ensure the health and wellbeing of the 
populace, and to prcmote long term ecological stability of farming systems (8). 
Furthermore, large-scale public organizations must conduct large-scale weed 

control efforts over sizable land and water units, such as livestock grazing
 
ranges or large-scale irrigation networks. Technology transfer, for these
 
purposes, requires that large-scale publir organizations develop the skill to
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manage these tasks with care and sensitivity. Those who would wish to involve
 
themselves in such technology transfers must involve themselves in the affairs
 
of large-scale bureaucracies.
 

CONCLUSICN
 

In sum, it is suggested that the constit ent technologies of weed control 
can be usefully divided into six mutually exclusive categories. Each category 
represents a unique combination of properties which, it is asserted, affect 
adoption and utilization of the technologies involved. Each type of technology 
implies a different organizational problem to be addressed in technology 

transfer. 

If weed control problems can be addressed by private and divisible tech­
nologies of cell one, the transfer problems appear in their simplest form. The
 
analytical problem is to insure that the technological packages are attractive
 
from a benefit-cost standpoint and to address problems of target group aware­
ness. If functioning marketplaces do not exist for the distribution of these 
technologies, they must be built; there may be need to overccme the problems 
associated with maldistribution of social and econcmic power whlh operate to 
undercut small farmer participation in the marketplace. 

If weed control problems are those of cell two, the focus can still be
 
largely econcmic for large operators who can deal with the moderately lumpy
 
control problems they face, but the focus of technology transfer must be on 
construction of appropriately scaled private organizations for smaller oper­
ators who can thereby join in common effort to provide the moderately lumpy 
good and keep noninvestors from enjoying the fruits of their investment. 

If one sees cell three weed control problems, the appropriate response 
would be to ferret out the econcmic problems preventing private firms from 
supplying necessary inputs to farmers--individually or collectively. The 
technology transfer problems become those of internal firm organization which 
affect productivity or those constraints to transfer occurring between state and 
firm affecting the firm's incentive to produce. 
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If problens are those of cell four, the technology transfer task i to 
design ways to create local small-scal!E organizations which can provide col­
lective goods to su;ccxrmunit iunits. 1o matter how techno' ogically feasible or 
econcmically attractive, these weed control technologies will not be emnployed to 
achieve the goals intended if sma'l units of farmers cannot work out ways 
to overcare the iec ative repercussions of local misapplication of weed control 
technologies which beccm the basis for communitv dissension and mutual sabo­
tage. The te2'Inology transfer task here is to ccuprehend the existing local 
organizations and to determine feasible ways of harnessing such organizations 
to the objective of sustaining the needed small-scale but essentially public
 

control technoloyy.
 

Ifprobleis center around cell five, the analytical problem is to design
 

larger community level organizations to provide collective goods for the appro­

priate area. Failure to control a Dersistent weed in one subarea can lead to 
its rapid spread to another adjaccnt area, an6' to the next. The transfer 
problem is a larger version of that found in celJ four. 

If one views the weed contri1 problem to be that of cell six, the task 
is to investigate problems of intra-and inter-bureaucratic relationships and 

the linkages of large-scale regional or national bureaucracies to local 

organizations. Problems viewed at the local level may well be an outcc'e of 
deficiencies in market regulation that can only be performed by central public 

authority.
 

Weed control projects can encounter difficulties associated with any one
 

cell or any combination of cells. The tasks of sociological analysis of weed 
control technology must differ significantly as the diagnosis of the technology 

transfer problem shifts from cell to cell. Furthermore, any given weed science 
technology takes on a different character at different points in its production
 

and use. A herbicide may well generate a cell three problem at the production 
stage, a cell two problem in the distribution stage, a cell one problem if small 
operators cannot obtain it on local marketplaces, a cell four problem after it 
has been applied in the field, and a cell five problem if an insufficient pro­

portion of the community employs it appropriately, and a cell six problem if it 
is being mispackaged or mislabeled on provincial or national scale. The problem 
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is to diagnose the strategic weed control problem constraininq production, then
 

to devise.,a research-action program to relax those constraints. If social
 

organizational factors are left unanalyzed, then there is real risk that
 

attempts to transfer weed control technology will be unsuccessful. 
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INTRODUCTICN
 

Both authors have experience in developing countries., but in different 
continents. ... It became obvious soon after they asked to write awere joint paper 
that developing countri. are a very heterogeneous group. Som have no trained 
weed scientists, others have only one working in comparative isolation, while 

others have flourishing weed science societies. 

Despite such differences, it has been possible to identify important ccfmon 
features which widely limit ccrnmnication of weed science technology. These 
will be described first and then followed by suggested ways in which such 
limitations may be eased.
 

CHARACTERISTICS OF DEVELOPING COUNTRIES
 

Restricted staff. Many countries have a shortage of professional weed science
 
staff and where they do exist they often have to work in caparative isolation
 
because there is little likelihood of there being another professional of the
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same discipline in the area, or even within hundreds of miles. The resulting
 
lack of inspiration and stimulation to be had fron fellow weed scientists is
 
a significant handicap. This handicap is enhanced by the inevitable gaps in 
allied professions such as plant physiology, taxonomy, biometrics, ecology and 
soil science. Similarly, there is a shortage of skilled technicians. Unskilled 
labour is usually plentiful, but skilled work will often have to be done by the
 
professional until such time as sxcnone else can be taught to do each particular
 

task.
 

Most of our countries lack an effective teaching, research, and extension 
triangle. In weed science this is aggravated by the fact that rather few 
agricultural schools offer a course in weed science. Therefore, a great number 
of professionals involved in weed management situations have limited training in 
this discipline. W have few extension agents and very few of them have a full 
time ccintitment to weed science technology transfer. In general, teachers and 
extension agents are insufficiently aware of the progress of research. 

Limited facilities. Supplies and equipment of all kinds, workshop and library 
facilities, and scmetimes finance, are in much shorter supply than in developed 
countries. In many cases, one can improvise but this is hardly possible in the 
case of an inadequate library. The specialist journal is the most important 
contact that the developing country weed scientist has with the mainstream of 
weed research elsewhere in the world. 

In 1977, the Agricultural Department Library in Zambia subscribed to 380 
journals. But in 1981 the allocation of money for journals was zero. This was 
due to a shortage of government funds in general and an acute shortage of 
foreign exchange. The latter depends very largely on the world price of copper, 
the principal export, which has declined in real terms over recent years. This 
elimination of funds for periodicals has caused the number of journals received 
to decline to 95 in 1982. These 95 were those available free or in exchange for 
Zambiu, publications, and did not include the three weed science journals which 
had been formerly subscribed to. 

What has been said about journals applies also to books. The lack of 
periodicals reduces the chance of seeing reviews and announcements of new books, 
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and those one sees require foreign exchange to purchase. The problem is less 
acute for the expatriate worker paid in external currency. He cai order books 
from overseas, though if they come by air, the cost may be doubled for the more 
distant countries. 

Training. Most developing countries have a University, but in countries with a 
mall population such as Zambia (6 million) or Uruguay (3 million) the range of 
courses offered is necessarily limited and neither of these two offer weed 
science courses. 
Indeed, the subject hardly appears within their agricultural 
syllabuses. In contrast, Mexico, with a population of 72 million, has at least 
two active University weed science teaching and research progrirms. 

Help from overseas. A number of overseas institutions provide valuable help,
 
usually in the field of publications, to the developing country weed scientist.
 
Both authors have been impressed with the flow of information from the
 
International Plant Protection Center at Oregon State University. This service, 
through their INFOI0EFR, is greatly enhanced by their supply of many of the 
publications they review, without charge. The value of such free issues is 
often the difference between obtaining a publication or not, as payment in a 
foreign currency is often prohibitively difficulty. 

Both authors have had assistance frcm the International Agricultural 
Research Centers such as those in Mexico (CIMMYT), Nigeria (IITA) and India 
(ICRISAT). Such help has included advice, equipment, and research reports. 
These centers perform a valuable role in taking on research that is more 
fundamental or speculative than can usually be justified within the very 
limited resources of a developing country. 

The Tropical Weeds Unit at the British Government Weed Research 
Organization has provided much help to Zambia over the years, in terms 
of advice and research reports, though it has recently succumbed to the 
governient cut-backs in spending and been closed. 

IMPROVING CC1MUNICATICN 

Publications. Attention was drawn earlier to the importance of technical 
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journal as a means of contact between the developing country scientist and 
the mainstream of research elsewhere. The difficulty of maintaining foreign 
currency subscriptions to journals was also explained. 

Substantial aid is available to third world countries, but donors have 
preferences in the way they give, and ccrmitment to a never-ending subscription 
is not one of them. A way around this problem could be for a donor to make a 
single grant of, let us say, $200,000 to be set up as an investment trust in the
 
donor's country. A return of 10% could be split, 6% to maintain the capital,
 
and 4%, or $8,000, for subscriptions to 200 journals at an average of $40 each.
 
These funds would, of course, already be in foreign currency.
 

In developing countries, the publication of the researcher's work is often
 
unlikely. This has kept many valuable research results in the files of their
 
authors, while this information should also reach scientists with similar weed
 
problems in other countries. Could the Latin American Weed Science Society
 
(ALAM), assisted by the International Plant Protection Center, issue a journal
 
with at least the abstracts from relevant work in that continent?
 

We 've seen valuable contributions, like Ccxpton's Annotated Bibliography on 
Small Farm Weed Control (1)or Robert Zimdahl's review on Weed-Crop Competition 
(7). Many people would benefit from a translation of this last book into 
Spanish and French. It would also be good to see similar publications on topics
 

such as:
 

- weed management in reduced tillage systems, and
 

- weed management in nultiple croppings.
 

These are just two examples of areas where research is needed in Latin 

America. 

At the University of Chapingo, in Mexico, 300 students take a weed control 
course every year and do most of their learning from notes taken during the 
lectures. Translated bibliographical material is still very scarce. Could 
some of the well-trained Latin American weed scientists be assisted in writing 
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a textbook with emphasis on relevant Latin American situations? Could ALAM 
indertake this project? Can this effort be encouraged and supported in other 
regions as well?
 

Training. Two areas are considered here, short courses, and the inclusion of
 
weed science in University agricultural syllabuses. Until more universities and
 
agricultural schools become active in weed science, an attempt to cover this gap
 
would be the implementation of short weed management courses. 

These courses run from a few days to a few weeks. They are usually in the 
country of the participants so that training is given under local conditions. 
They can be structured to meet the needs of the participants and are a very 
effective way of transferring information and technology. Several such courses 
have successfully been run in Latin America and the Philippines (2), and others 
are planned for Africa. These short courses should provide enough opportunities 
for "hands on" and field experience; they also allow identification of promising 
individuals for further training or collaboration. it is important to train 
people with potential to train others in -heir own environment. 

The inclusion of an element of weed science in University agricultural 
courses has been successful in Mexico. Students have selected weed science as a 
subject for their research theses, and the proqrcnrre has been a stimulus in the 
development of the Mexican Weed Science Society. W do not know of attempts to 
introduce weed science into agricultural courses in smaller countries. 

Local scholarships. Several aid schemes offer scholarships to developing 
country scientists, usually for first or higher degrees, in developed countries. 
Such courses are often given under extraordinarily different conditions to those 
the scientist will later be working in: high capital, low labour, different 

climate, crops, and weeds and, in some cases, a new language. Applicants are 
attracted by the prestige of overseas travel and and by the financial advantage 
of free board and lodging while their salary accumulates at hote. But at the 
end of two or three years, trainees are dropped back into their old environment 

of limited facilities. Library services, technicians, workshop facilities, 
Fjcess to experienced colleagues, and advanced equipment are all removed and 

they are left alone to do what they can. 
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A local scholarship could avoid these problems while simultaneously doing
 

much to improve local facilities. Developing country scientists would be
 

invited to present a case for sponsorship of their hceu-based research for 
perhaps a 5-year period. It would include a package of liaison with experienced 

persons abroad, journal subscriptions, equipment, local transport if needed, and 
assistance with publication of the results. It should probably include 

occasional visits from an overseas 
'tutor' and attendance at one or two
 

international meetings.
 

Such a system would attract those primarily interested in research. And it 
would leave them settled in a reasonably productive environment. 

International P icultural Research Centers. It was earlier said that the work 
of these centers was seen to be useful and of a nature that could often not be 
handled by a developing country. This situation could be improved further by 
the centers inviting developing country scientists to participate in selecting 

items for research and to take part in scme progranmehs. The plant breeders seem 
to be ahead of the weed scientists in this nutter. 

The international centers can contribute to weed science research by having 

themselves a weed research project with at ]east one full-time weed scientist. 
This does not happen at some of the most relevant centers / (3). 

CONCLUSION 

Despite differences amongst developing countries, there is a coimon factor
 

of the transfer of weed science technology being restricted by remoteness and 
communication problems, and by shortages of trained staff and, to some extent,
 

funds. All but the last of these factors have been largely overcome in the 
developed world, which offers some hope that they may one day be resolved in 

the developing countries too. 

1/ Doll, J.D., 
1982. Status of eed Science in Latin America. Personal
 
cctmnication. Agron. Dept. Univ. of Wisconsin, Madison.
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To improve the status of weed science technology ccnumnications in devel­
oping countries, attention should be paid also to the transfer of technology 
within and among these countries. 

Foreign advice should make a strong effort to understand local agriculture 
and to promote in their counterparts an integrated weed management perspective. 
On-farm research and denmnstration activities should be encouraged. 

Equipment and literature, including translated material, should be sent to 
individuals in an effort to concentrate aid on specific projects.
 

Regional and national weed science societies still need to be promoted and
 
many will require financial help; industry and foreign aid organizations therein
 
have a good opportunity to help. These societies should assign first priority
 
to the publication of research progress reports in their respective countries 
and 	to praote the teaching of weed science at universities and agricultural 

schools. 

Wbrkers in developing countries are clearly disadvantaged in ccmparison 
with their colleagues in the developed world, although it is probable that their 
problems are just as challenging and their successful solution equally satis­
fying. The need, and potential, for improved weed control in these countries 
is large (4, 6, 7) and the rewards, in terms of better fed and therefore more 
stable and productive populations, must also be large. 
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INTRODUCTION
 

The objective of the symposiumn i s to understand better the process of 
comnunicating weed science technologies in developing countries. 
 I take -the
 

view that the transfer of weed science technologies is no different from the 

transfer of other agricultural technologies, I shall, therefore, discuss 

agricu .tural techNoloqv transfer in general and identify .actors that influence 

the transfer process from those who develoo the technology to those wb utilize 

the technology. I will, howver, also call attention to unique features known 

to affect the transfer of ied science technologies, particularly the transfer 

of weed control technology. Tn b-K± cases {i.e., transfer of agricultural 

technolog ir general and weed science technology in particulal), I will draw 

upon the knowlealge and experience gained in efforts to transfer technologies so 

that these inay be utilized to increase rice production in developing countries, 

particularly of Asia. 

TRANSFER OF AGRICULJIPAL TEHiNOLOGIES 

When addressing the issue of technology transfer (synonymously, overcoming 

the technology gap), it is important to recognize that a chain of events takes 

place from undertaking research, generating technology, and transferring tech­

nology into an eff-_ctive use pattern. Cbviously, the chain is only as strong 
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as its weakest link. The whole process involves not only the product (the
 

technology), but also the individuals who implement the transfer and those who 

make policy decisions that influence the effectiveness of impleimentation. It 
is not too diffic. It to understand that in such a situation--where a chain of 
events involves several institutions and individuals--there is a natural ten­
dency to '"putthe blame" on others when things do not turn out as expected. In 
the beginning, the failure of farmers to adopt the new rice technology was 
ca-imnly thought, particularly by researchers, to be due to:
 

- farmer's conservatism and backwardness; and,
 

-
failure of extension to do its job of technology dissemination.
 

In addition, it is comiLrinly pointed out that biological scientists
 
initially involved in the development of the technology paid little or no
 
attention to the economic imlications of the application of the technology.
 

I will call attention to three of the more important factors that could be,
 
and have been, shown to be constraints to the transfer of te(hnology and/or to
 

its utilization by rice farmers.
 

Is the technology useful to the farmer in his enviroment? Farmers in
 
developing countries, and especially the small faxrnmer with limited lanC and 
capital resources, often,regard new technology with skepticism. Usually it is
 
not unwillingness to try the new technology--rather, that the new technology
 

has often failed him. 

To illustrate my point, I will draw upon the stud!y made by R. Barker and
 
T.K. Pal (1)on "Barriers to increased rice production in Eastern India." The
 

three states of eastern India--Bihar, West Bengal, and Orissa--account for 40%
 
of India's rice area eand 34% of its total rice production. A comparison of
 
these eastern states with rice-producing states in northern India is shown in
 
Table 1. Rice yields in the southern area are about double those in the eastern 

states, so that while 40% of the total rice area is accounted for by the three 
eastern states and the southern states only 20%, each contributes about the same 
to India's total rice production. A higher level of adoption by the southern 

states of modern senidwarf varieties, use of fertilizers and irrigation, all of
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Table 1. Statistics for selected states of India, 1974.
 

Northern Southern Eastern 
India India India 

Total rice area (% 2 40 40 
Total rice production (%) 3 33 34 
Rice irrigated (1970) (%) 89 84 29 
Area in Modern varieties (%) 71 62 12
 
Fertilizer (kg NPK/ha) 28 28 10
 
Yield paddy (t/ha) 3.0 2.6 1.4 
Area in rice (000 ha) 9,000 7,900 15,100
 
Total Production (000 t) 2,700 20,540 21,140
 

States selected:
 

Northern India: Punj ab, Haryana, Jammu, and Kashmir. 
Southern India: Andhra Pradesh, Karnataka, Kerala, and Tamil Nadu. 
Eastern India: Bihar, West Bengal, and Orissa 

Source: Barker, R. and T.K. Pal. 1979. Bsirriers to increased rice
 
production in Eastern India. IRPI Res. Paper Ser. Int'l. 
Rice Res. Inst.
 

which are highly complementary, were responsible for the higher yield. The
 

information in Table 1 suggests why yields are lower in the eastern states, but 
it does not tell us why the farmers are not using "modern technology." For 
indeed, there are many scientists who believe that technology does exist in the 
experiment stations of eastern India which, if applied on farmers' fields, would 
significantly increase farm yields. Let me try to show why for good reasons 

farmers in eastern India do not use the modern semidwarf varieties. 

In terms of water regime, the 15.1 Mha rice area in eastern India may be 

classified as: 

- irrigated rice--water from canals, pumps, storage tanks, etc., 

utilized for irrigation;
 

- upland unbunded rice--water not impounded; 
- deepwater rice--water depth exceeds 100 an from tillering to 

flowering. 
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Furthermore, rice areas where water is impounded but totally dependent on 
rainfall for irrigation may be considered in three groups based on water depth: 

- shallow rainfed--up to 20 c~n water depth; 

- intermediate rainfed--21-50 cn water depth; 

- semideep rainfed--51-100 cm water depth. 

The water depth determines the plant type that could be grown. The mordern 
semidwarf varieties do well in water depths up to 20 cm. A few modern varieties 
of meditm height could be planted in areas with water depths of up to 50 cm. On
 

the other hand, the traditional tall varieties survive in water 1 m deep and the 
floating rices are grown in areas with ,ater depths greater than a meter. One 
othler characteristic of the variety needed for this area is that of photo-period 

sensitivity. Ihis characteristic allows harvest time to coincide with the
 
recession of the deep waters. Most of the mcdern varieties--nonsensitive to 
photoperiod--beccne unsuitable with increase in water depth. 

The example above illustrates a biological constraint associated with the 
technology:the technology is not suitable to the farmers' particular growing 

environment. 

Is the use of the technology econcnically feasible? Econcmic feasibility
 

of the application of a technology could be determined by a calculation of the 
benefit:cost ratio resulting frcAn the use of the technology. More and more 
econcmists work alongside biologists in the effort to develop technology for 
farmers so that there is ample opportunity to estimate the econonic implications 

of a technology before its widespread introduction to farmers. 

I will call attention to other kinds of econcmic implications that could 
becre constraints to the adoption of a technology no matter how biologically 
useful it may be. T illustrate this through two examples of recommende-d rice 
production technologies. 

Ihe first example is the recamiendation to make a basal application of 
fertilizer at the time of the last harrowing. In a survey of Laquna farmers 
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(3), it was found tt 90% of the 50 farmers interviewed wre aware of the 

reccmnrendation. In fact, although nminy of the ffaimcr have tried the reco­

mendation, only a few still practice it. One of the noin reasons given by 

the farmers for abamdoning the practice of basal application was that this 

fertilizer ianageiy-nt practice leads to earlier weed growth and to higher weed 

costs. Many farmers a! re mention increase in ins!ect and disease problems. 

The second exa-ple is the reconmndatinen to p1ow soon after rice ha-1rvest, 

particularly in areas where only one crepI of rice is grown a year. Insect life 

cycles (e.g., yellow steaorer, green leafhopper) are interruipted by immediate 

plowing under of the stubbles. Also, the practice often reducer.. war.ter loss. At 

least in Central I -on (the rice bowl of the Philippines) point out that 

the ratoon crop, no matter how low the yield, which is lost by the practice is a 

critical fall-back resource for farmers after ntural disasters and at all tijims 

for the landless workers (3).
 

Is there a political will and an effective organizational set-up? I will draw
 

upon the experience in the diffusion of modern rice technolo&y amrong farmers in 

Buzma. High-yielding irodern rices were first introduced in Burma in 1966, but 

their adoption by farmers was slow. one of the reasons was, "the agricultural 

extension organization was small and could not agressively promote the new
 

modern varieties" (5). Acmittorly, there were other reasons for non-adoption 

associated with the technology (biological constraint). Thus the government 

decided that since "it was clear from the scope of the problem and the size 

of the potential area of production... the approach would have to be one of 

selective application and exploitation." With the objective to increase milled 

rice production by 0.1 M tons annually, the government, through the Agricultural
 

Corporation of Burma, designed/developed the "Whole Tbwnship Rice Production 

Program." The program had five components: 

- proven new technology;
 

- government support and leadership;
 

- selectivity and concentration;
 

- ccmunity organization;
 

- demonstration and competition.
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I will ccrmnt on two ccrponents--govereant support and leadership and 

crmpity organization--to show the kind of rx)litical will and organization 

utilized. ! quote frrn the paper, 'The ircr-ct of a special high-yielding rice 

program in Burma:' '"The Burma Socialist PLrty, state agencies and the Peasants 

Asiayone provided political leadership in and s tpport of the Whole Township Rice 
Production Piogramm at the national level. T7heir lower echelon levels provided 

leadership dcwn to the village level. 

"Four important ccnmittees were formed at the tcr7nship level:
 

- Agricultural Management Ccmittee; 

- Cultivation Activities Connittee;
 

- Procurenent and Distribution of Inputs Cmraittee;
 

- Disease and Insect Control Corxmittee. 

"The Township Party Unit C-rrnuttee and the Township People's Council 

closely supervised the program. As resident-, of the townships, the mabers were 

familiar with the physical, biological, social, and econmi.c conditions of their 

constituents. They also had the authority to cocxrdinate the activities of the 

various government agencies within the township and could make decisions during 

the implementation of the program. 

"Organizationally, there is one divisional manager for each township, a 

village tract manager for each village tract, and a village manager for each 

village. The extension workers who are in constant touch with the fanm~rs are 

the village managers and the village tract managers." 

In order to make full use of the new technology, some sort of ccmmunity 

organization was essential. For instance, the recomnended plant population was 

320,000 hills/ha, double that normally used by farmers, thus requiring more 

transplanters. Cormunity organizations provided additional transplanters by 

reviving the age-old Burmese practice of helping each other through voluntary 

labor. The higher labor requirements were also met by increasing the remun­

eration of the village workers and recruiting transplanters from the urban 

areas. 
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Fig. 1 Rice production, yield, area harvested and area in HYV of Burma from
 
1967-81; indicating increased production, yield and area in HYV as outcome
 
of whole Township Rice Production Program started in 1977.
 
(Source: Khin Win, Nyi Nyi and E.C. Price, 1981.) 

Just briefly on the outcme of the transfer of technology program,
 
the average yields of the townships before and after the program all showed
 
increases and all the participating townships realized favorable economic
 

returns from the program.
 

The long-term trend in area planted to rice and rice production in Burma is 
shown in Figure 1. 

The above are same of the more important issues that have been shown to
 
determine whether or not the technology is effectively transfei red to the farmer
 
for whom they were supposed to have been designed and developed.
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Next I would like to focus my presentation a little more specifically to
 
the transfer of weed science technology and more specifically draw upon the
 

experience fron the transfer of weed control tcchnology 
 for rice production. 

TRANSFER/ADOPTION OF WEED CONTROL TLEXHOIGY FOR RICE 

Rather than talk about the constraints, I will discuss factors that have 

been shown to influence adoption of weed control technology by farmers and/or 

the level/kind of weed control technology adopted by farmers. 

Weed control technology is part of a package. In crop production, a 

technological input does not by itself result in increased yields; it is
 

well-recognized that it is more often a "package of technology" that 

accomplishes the objective.
 

Rice farmers seem to adjust the intensity of their weed control to the
 

potential productivity of the crop under their particular conditions. Weed
 

control, for instance, is much more intensive where yields are high, but
 

intensive weed control by itself will not have much impact on yields where 

water control, variety, and other production factors are limiting. 

Farmers' access to credit. At least in irrigated, transplanted rice areas, 

farmers' access to credit may not be a major constraint to achieving adequate 
levels of weed control. A specified level of weed control can be achieved by 

different comnbinations of labor and other nonlabor inputs. Within linits, labor 

can substitute for other inputs in controlling weeds. Weed control practices
 

which conplement other conponents of the new rice technology are significantly
 

different from practices involving application of fertilizers or insecticides.
 

Human labor is no real substitute for nitrogen; on the other hand, pulling a 

weed out or killing it with herbicide can achieve the same effect. However, 
because of the need for a package of technology, access to cash or to credit
 

could have another influence on the adoption of weed control technology,. The 
absence of such an access lowers the farmer's ability to use other inputs, such 

as fertilizers, to increase yields. Consequently, the potential gain from
 

better weed control is reduced and, the;-fore, makes the adoption of a better
 

weed control technology less attractive.
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Economics of weed control. Rice farmers are aware of the impact weeds have in 

reducing yields and use a combination of methods to obtain the level of control 

they desire. Farmers' "rationality" in adopting or not adopting new technology 

is n-.fq widely accepted. Farmers wi 11 adopt the new weed control technology only 

if it is more profitable than the one they are using. For instance, where the 

use of herbicides is being introduced in an area where farrnrs have tradition­

ally used handweeeding/other methods of mechanical control, obwiously the 
adoption of the nco, technology will depend on the cost of hired Labor, the cost 

of the herbicide, and the returns from the increase in yield due to the control 

of weeds. For instance, among Taguna (Philippines) farmers, labor utilization 

for weeding increased beteen 1970 and 1975 when herbicide prices increased 

sharply and wages declined. On the other hand, between 1975 and 1978 labor for 

weeding per hectare decreased viien wage rates increased and herbicide prices 

remained unchanged (Fig. 2) (2). 

Input cost and labor use index 
400 
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Figure 2. Effect of relative Transplanting wage
input costs on weeding laLor 50­
for 45 Laguna farmers, 1965­
1978 (from Smith and Gascon, 
1979). 0
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There is great diversity in prices the Asian rice farmers have to contend
 
with. 
During the study years, rice prices ranged from US $0.06/kg to $0.19/kg 

while labor cost ranged from $0.50/day to $2.38/day. Thus, in areas with low 
labor cost, little or no herbicide expenditure was reported, while those areas 
with high labor costs reported the use of herbicide equal in value to 25-40 kg 

of rough rice per hectare. 

Farnminq system. The overall farming system into which the new weed control 
technology is to be introduced must be taken into consideration. A weed control 
technology which may be profitable when the rice crop is considered in isola­
tion may not be profitable when the whole farming system is considered. For 
instance, a farmer who practices rice-fish culture will riot adopt weed control 
technology that includes chermicals toxic to fish. A rice farer also engaged in 
livestock raising may not want to remove weeds iintril they have reached a certain 
stage of growth. A tenant-landlord arrangement could be a further disincentive 
because while all the "weeds" are harvested and utilized by the tenant farmers, 
they stand to gain very little from increased rice yield resulting from early 
weeding. 

The transfer of weed science technology is influenced by the same kinds of 
factors that affect the rate/the enthusiasm agricultural technologies in general 
are adopted by faners. The technology must be suitable to the farmer's partic­
ular growing and socioeconomic environment. The technology must not only be 
biologically adapted to the farmer's graqing conditions; maybe more importantly, 
its adoption must be economically beneficial to the farmfer. Vhile biological 

adaptation can be evaluated and the financial advantage of the use of the tech­
nology can be calculated, it is not always easy to understand and/or appreciate 
the more subtle socioeconcmic implications of the farer's adoption (or rejec­
tion) of the technology. After a technology has been proven to be biologically 
useful. and socioeconomically advantageous to the farmer, still there must be the 
political will and an effective organizational set-up in place if the technology 
is to be utilized by farmers to such an extent as to bring about the increased 
production expected from its adoption. 

102
 



More specifically, in terms of the transfer of weed control technology, 

it seeirs that farmers adjust the level of vxcd control they practice to the 
potential productivity of thoir crops. qhe implication is that factors that 

affect the adoption of other production technologies will, therefore, influence 

the 	level/kind of 1Aeed control technology adopted by farmers. 

filndlly, it should be recognized that weed control technology does not by 

itself bring alxeut increased yields; it is a fact that a package of technology 

including weed control technol]c-y is needed to attain better yields and 

increased production. 
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INTRCDUCTION
 

"Weed management is perhaps the most important single element needed to 
inprove crop stability in the humid tropics..." (5). Although this staterent by 
Harwood focuses on "stability" and the humid tropics, I take it for granted that 
good weed management is also critical to the success of efforts to increase crop 
yields and is important throughout the developing world. In this paper, I 
examine some of the socioeconomic characteristics of developing countries that 
are relevant to choosing che type of weed nunagcrint techniques that are likely 
to be most appropriate. I will argue that it is important to identify logicala 

sequence of "low cash-flow technologies" adapted to the needs of small farmers
1./
 
with very limited purchasing power. /This is not because "small is beautiful," 
but because of the nature of the socioeconomic constraints that limit the 
options that are feasible in developing countries. Those constraints are espe­
cially severe in the lower income, late-developing countries where agriculture 
still provides employment and income for same 50% to 80% of the labor force. 

1/ 1 will argue that this emphasis by Harwood (4), on "low-cash flow tech­
nologies" is relevant to the sectorwide choice of agricultural technologies and 
not merely a concession to the fact that small farmers face special problems.
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SOCIOECOCMIC CONSTPAMNTS AND THE CHOICE OF AGRICULTURAL TECHNOIOGIES 

Countries such as India, Bangladesh, Kenya, or Tanzania confront special 

opportuniticrs and problems because of the large stock of scientific knowledge 

and technologies that is at their disposal. This is because technology transfer 

is a doubie-edqed sword. qThe enormous technological backlog that is available 

reduces the time and resources required to produce useful. knowledge, thereby 

offering the possibilit%of a very rapid economic growth. But those oppor­

tunities foi technology borrowing are a mixed blessing because of the strong 

possibility that the technologies that are transferred will be ill-suited to 

the resource eidcvent of a low-inccie country. The fundarmntal problem is 

that efforts to modernize agriculture in these countries are limited by an 

acute shortage of capital. in all its forms--hunma skills, knowledge, and 

organizational capital as well as physical capital. Hence, the importance of
 

the timing and sequence in which innovations are introduced and of choosing and 

adapting technologies to take account of the socioeconomic characteristics of
 

the low-income developing counti ies. 

The fundamental difference in the technologies appropriate for a developing 

country as contrasted with developed countries has ben well illustrated by a 

comparison betieen Kenya and the U.K. (9). It was noted that in Kenya the total 

labor force was growing at an annual rate of 3.3% compared with 0.4% in the 

U.K.2/ Per million population, Kenya must find eight times as many additional
 

productive jobs each year as the U.K. However, Kenya has available only one­

fifteenth of the resources per million population for creating new jobs. If 

Kenya tried to provide the additional jobs in such a way that the new employment 

opportunities created would be of the same kind as in the U.K., less than 1% of 

the annual additions to the labor force would find jobs.
 

The combination of a rapidly growing labor force, and agriculture's large 

share in the total labor force, means that in late-developing countries a large 

2/ These estimates were for 1973; more recent estimates indicate that Kenya's
 

rate of natural increase is approximately 3.9% so that the country's population
 
of working age will be increasing at more than 3.3%.
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percentage of the annual additions to the vrk force mnst find employment in
 
agriculture. For example, if acgriculture 
 accounts for 70% of a country's labor 

force and nonfarn e-rTloyn.b it is increasing at the relatively rapid rate of 4% 
r*-r year, just over 50 years would be required to reach the turning point when 
the absolute size of the farm labor force heqins to decline, qiven a 2.1% annual 
rate of increase in th)e total I.abor force. However, if the total labor force 
were to increase a!- a constant rate of 3%, 95 years would be required to reach 
that tuorning [oint. 3/' mese structural-demographic characteristics have especi­
ally significant implications for tihe choice of technologies for agricultural 
development in a country such as Kenya where scxr 80" of the labor force was
 
still dependo-nt on agriculture in 1978 as compared to approx-inLitely 2% in the
 
U.K. and the U.S. (12). 

It is unrealistic to assume that Kenya's population will continue to grow
 
at its present high rate, but it seems clear that the decline in the country's
 
population gru/,v-th 
 rate will be, a slow prucess; and there will, of course, b-e a
 
further tire. lag before 
 a decline in the birthrate will be reflected in a
 
decline in the rate of increase in the population of working age. It has been
 
projected, on the basis of a likely estimate of changes 
 in the rate of natural
 
increase and fairly optimistic assumptions concerning the grawth of nonfarm
 
employment, that Kenya will experience 
 a fourfold increase in its rural labor 
force between 1969 and 2024 in spite of a sixteenfold increase in the economti­
cally active population in urban areas (10). 

In less developed countries, past growth of population has already reduced 
the scope for expanding the cultivated area. Continuing growth of their farm 
population, therefore, r-eans subdivision of holdings and a decline in the size 

of the average farm unit. 

3/ These results are calculate.d fram the following identity which shows 
how the rate of change in a ..crntry's agricultural labor force (L') will be
determined by agriculture's initial share in the labor force (L /L ) and the 
rates of change in the total labor force (L' ) and in the nonagicultural labor 
force (L' ): nL' a =(L' t - L') 1 + L' 

L/L 
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,Aretrospctive analysis by Vyas (11) examines this process in India. It 
is especially striking that between the early 1950s and early 1970s the number 

o. "marainal" farm households with less than 0.4 hectare more than doubled, 

rising frt, 15 to 36 million in less thar. 20 years. These ma)-ginal and landless 

households bore he brunt of the increasing pressure of population on tie land. 
But it. was not a castr of "the small getting saller because the biq were getting 

bigger." The number of "big" and "lare" farms declined, and there was a decline 

in the average size of holding in every size category. Clearly, the driving 

force was the increase from 49 million to 81 mil].ion in the number of farm 
households, coupled with a trivial increase in the cultivated area from. 123.5 
to 126.0 hectares. Hence, the average farm holding declined from 2.6 to 1.5 
hectares. Moreover, it is clear that this trend is continuing and will continue 

for many years. 

Even in countries where there is still substantial scope for expanding 
the land area, it is highly important to emphasize a sequence of "low cash-flow 

technologies." This is because of the cash incom or purchasing power con­

straint that is inevitable when the numb-er of farms is very large relative to 
the number of households dependent on purchased food. This constraint is 

related gust directly to the small dorestic ccronrcial market for agricultural 
products. Under favorable circumstances, rapid expansion of production for 

export can enable a countiry's agricultural sector to enlarge its cash incxcne at 

a rate which substantially exceeds the growth of darestic cmrmercial demand. In 
general, however, the possibility of producing export crops qualifies but does 

not elifnifte the significance cf this cash income constraint. 

ALTIERNATIVE PAITERNS OF ARICC[IfLJRAL DhVEIPMUIT 

So-re farms in a developing country can escape frcm this cash income or 
Dirchasing power constraint that is a general feature of the agricultural 

sector. In many developing countries, agriculture is characterized by a 
dual-size structure: a relatively small number of large, highly commercialized 

farms coexist with a imuch larger number of small and predominately subsistence 

farms. Ariciiltural scientists familiar with the array of technologies now 

available for rapidly increasing farm productivit maly see this as a logical 
means of enabling at least same farms to take advantage of modern scientific 
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knowledge, including the recent advances in weed science. Furthermore, it might 
be argued that concern about the adverse effects of a dualistic pattern of agri­
cultural development on opportunities for productive employment in agriculture 
and on incowr distribution are misguided. In low-incm_ countries with an
 
urgent need to expand food production, it might be asked, shouldn't the growth
 
objective taike priority over equity considerations?
 

If indeed a substantial trade-off between growth and equity is inevitable,
 

it would be difficult to challenge the view tLhat priority should be given to 
growth. It is clear, however, that som- countries--nost notably Japan, Taiwan, 
and South Korea--have been able to pursue "dispersal strategies," i.e., policies 
and progrms which emphasize divisible "lc-cash flow" technologies that make 
it possible to progressively modernize a large and increasing percentage of the 
existing smll-scale farms. Mreover, there is persuasive evidence that the 
broadly based, employment-oriented pattern of agricultural development resulting
 
from their dispersal strategies has had significant economic as well as social
 

.advantages com-pared to a dualistic pattern of developrment resulting from "focus 
strategies" in which scarce resources are concentrated within a subsector of 
large-scale farms or within limited areas singled out for preferential treatment
 

(7, 6, 2).
 

I stress this choice between alternative strategies leading to different
 
patterns of agricultural development because an emphasis on focus strategies 
tends to preclude the possibility of successfully implemnting dispersal strat­
egies. That is, to a considerable extent, the two strategies represent mutually
 
exclusive alternatives. To my kmowledge, Malaysia is the only developing 
country that has been able to simultaneously and successfully pursue focus and 
dispersal strategies, This was possible because of a nun-ber of virtually unique 
factors, notably the availability of abundant agricultural land and a heavy con­
centration on production of rubler and other export crops by botl the large­
scale plantation and the snil-1-scalc sectors. E\ven in Malaysia broad progress 
in the smallholder sector has been handicapped to scxne extent by the orientation 
of research toward technologies best suited to plantation production. Neverthe­
less, there have been a variety of di sersal strategies-for ruibber and oil palm 
as well as rice and other food cropjs--that have fostered widespread increases in 
productivity and incme anng small holders. Ln contrast, rubber iprovenment 
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programs in the outer islands of Indonesia have emphasized a focus strategy that 

is so resource intensive that it will be a half century or more before the great 

majority of sinmi] -scale rubber producers can benefit from improvemnt programs 
unless there is a shift in policy tcward a dispersal strategy (]). 

Before I ccment on the choice of weed management technologies appropriate 

to late-developing countries, I want to present a schematic view of the princi­

pal factors influencing changes in farm productivity (Figure 1). Attention
 

is focused on output per worker in thae agricultural sector as the key factor 
influencing increases in per capita farm incomes as well as the increases in 

output required to meet the needs of an expanding nonfarm sector. A distinc­

tive feature of increasing agricultural productivity is the importance of the 
interaction between farm-level factors and socially determined factors. Apart 

from specific innovations, farm productivity will be influenced strongly by the 

extent to which the technical and managerial efficiency of farmers achieves 

cost-minimization. The most important socially determined factor operating at 

Sprcad oif (nceitilration of 
biochemical purlhawd inputq on 

aCoit minimizai. n: Invetments innovalioni fertili/cr and otherFarm-lecic eladteryedfactors: technical and managerial in power and ycdiccinand their yield yicld.u rcasingefficiency equipment potential inputs 

Out/put~~ai workerr Increases in lncrcemses_da--xiyce
per -acreage per x in yield pcr 

wo rke r farm %Yorker cultivated acre 

Rate of structural transformationien or Orinioav-- Relative iienorsy Orienatio RelativeSocially- Growth of Change in size indieol y of 

determined / commercial of farm pnces evolved of prices 
factors: demand labor force technology 

J 

Price of Farmer Investments 
foreign training in infra­

exchange structure 

Figure 1. Schematic Summary of the Principal Factors Influencing
 
Changes in Farm Productivity. (Source: Johnston and Kilby [8]).
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this general level is the rate of structural transformation, especially the
 

increase in the nonfarm labor force relative to the size of the farm labor
 

force. This structural transformation process is the major determinant of the 

growth of dctwE-stic carmercial deind and of the direction well as theas rate 

of change in the si-e oT the farm labor fore. Historically, the truly rapid 
increases in farm labor productivity have oc(curred when a decline in the size of 
the farm work force provided large scope for labor-saving innovations affecting 
the entire agricultural sector rather than just a subsector of atypically large
 

and commercialized units.
 

The more specific policies, investments, and innovations sh,-vn on the
 

right-hand 
 sido of the diagram are partitioned into two sets of factors--those 
that increase acreage cultivated per worker (A/L) and those that increase yi.-ld 
per acre (Y/A) . Many of us have used this partitioning between factors that 

influence A/L and those that influence Y/A because the former tend to correspond 

to mechanical innovations and the latter to biological-chemical innovations. At 

any point in time this partitioning of the increase in farn labor productivity 
(Y/L) into A/L and Y/A is merely an identity. But the partitioning is useful 

because, to a close approximation, the increase over tire in Y/L will be equal 
to the su of the rate of increase in A/L plus the rate of increase in Y/A. 

Not surprisingly, with the dispersal strategies pursued in Japan, Taiwan, 
and South Korea, the historical increases in Y/L have been mainly the result of 

increases in Y/A. In fact, an impressive 3.3% annu&," increase in Y/L in Taiwan 

between 1952 and 1.966 was achieved in spite of an annual decline of 0.8% in ti-
A/L ccnponent resulting from a substantial increase in the farm work force lead­
ing to a reduction in the average farm size during that peoriod. (Itwas not 

until the late 1960s that Taiw-n reached a "structural transfoi.mation turning 

point" and the absolute size of the farm labor force begian to decline.) The 
special significance of yield-increasing innovations such as improved seed­

fertilizer coabinations is thiat they are divisible and cci)]eientary to the 
farm-supplied inputs of labor and land. Hence, the can facilitate the sector­
wide progressive rwycirnization of a coutry's small-scale farm units based 

on a gradual expansion in the use of off-farm purchased inputs. Moreover,. 

requirements for the particularly scarce resources of capital and foreign 
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exchange are minimized because these technologies permit fuller as well as more 

efficient utilization of the relatively abundant resource of farm labor. 

It will be obvious that weed management techniques do not fall neatly into 

either of the two categories. A shift frm intensive hanJ weeding to the use of 

herbicides, for example, is mainly acreage-increasing and labor displaciLng. But 

the adoption of weed management techniques that result in better weed control 

is, of course, yield-increasing and may lead to an increase in labor inputs per 

hectare. For example, in the Philippines thle spread of the very simple hand­

pushed rotary weeder, that had been developed much earlier in Japan, had the 

effect of increasing labor inputs for weeding. Although the rotary weeder re­

duced the labor for a given "amount" of weeding, the total application of labor 

for weeding was increased. It seems clear that the explanation lies in the 

increased marginal productivity of labor applied to weed control because of the 

combined effects of using the rotary weeder and of adopting the high-yield, 

fertilizer-responsive varieties of rice that began to spread in the late 1960s. 

CCNCLUDING CCOMFNTS 

The general conclusion suggested by this analysis of socioeconomic 

constraints has been expressed succinctly by Young et al. (13): "In 

labor-abundant regions with few alternative employment opportunities like 

Northeast Brazil, agricultur.-al scientists should stress development of a 

labor-using, yield-increasing technology. Examples include lcally adaptive 

high-yielding seed varieties, better soil and water conservation practices,
 

low-cost irrigation techniques, and improved manual and animal-poiered weed 

control ipplements and methods." 

I suspect that if I were a weed scientist, I would not like that conclu­

sion. Certai, ly the temptation would be strong to focus on those "islands" 

of modern, large-scale, highly ccxmmircialized farming where cash income is 

sufficient for the use of herbicides along with a wide range of other purchased 

inputs. Given the technical efficiency of some of the herbicide-based tech­

niques now available, government subsidies to increase the private profitability 

of herbicide use might even seem desirable from the point of view of a weed 

scientist.
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I assume, however, that weed scientists are first of all agricultural
 

scientists and, like agricultural economists, are concerned with the multiple
 
objectives that mist be realized if agricultural and rural development are to 
lead to significart improvement in the well-being of the rural population. 
The nature of the problems confronting the contemporary low-incme countries 

suggests that even a short list of essential objectives would include: 1.) 
accelerating the expansion of farm output; 2.) generating productive employment 
opportunities (both within and outside agriculture) for a growing labor force;
 
3.) reducing the particularly serious manifestations of poverty (especially
 

malnutrition and excessive mortality and mor-bidity among infants and small
 
children), and 4.) creating an environment favorable for slowing the rate of 

growth of population.
 

Th-is emphasis on multiple objectives is not motivated by a penchant for
 
grandiose ideas. In fact, I am convinced that one of the major sources of
 

ineffectiveness in the design and implerentation of rural developaent strategies
 

is the tendency to overcomt resources by undertaking a great range of activi­
ties, each of which seem desirable when considered in isolation, but which add 
up to requirements for money and trained imanpower that exceed the resources 
available. A major conclusion of my recent bcok with William Clark (7) is 
that widespread and sustained progress toward improving rural well-being in 
lcw-income countries requires that only a few of the highest priority, nost
 

mutually reinforcing programs should be undertaken.
 

Historical experience and theoretical considerations, however, seem to
 

support the conclusion that broad-based, employment-oriented agricultural
 

strategies can and should make a notable contribution to the riultiple objecti­

vies of rural development. The major challenge confronting agricultural 

scientists and economdsts concerned with fostering progress in developing 
countries is to identify sequences of innovations adapted to the needs of small
 

farmers subject to a severe purchasing power constraint and operating under a 
variety of agroclimatic conditions. In general, I believe that Binswanger and 
Shetty (3) are right in concluding that farmers should not be expected to buy 
herbicides when their "resources are so severely constrained that they cannot 
even invest in better seeds or fertilizers." To be sure, there may well be 
situations where herbicide use merits a high priority in spite of existing
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socioeconmic constraints. Introduction of minihmun tillage techniques in 

situations where this is essential to reduce soil erosion and to increase 

moisture retention might be an example. But given the sectorwide constraints 

that need to be considered, there is a strong presumption that priority should 

be given to labo:-using, capital-saving innovations. 
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ITRCDUCTION 

The main agricultural system utilized by local farmers in the Peruvian 
Amazon is the slash-and burn nthod. It consists of clearinq the forest and 
cropping the land until native fertility provided by the ash is depleted. The
 

large land areas which must be cleared under shifting cultivation, population 
pressures, and the increasing ecological ccnceins my soon restrict such prac-­
tices, Therefore, a so,,ud soil nunageaint strategy for continuous cultivation 
should be developed and made available to the shifting cultivators and accepted 
by them. Such a development would help to increase food production for the 
people of the humid tropics and at the same time help to preserve the ecological 
integrity of much of the yet undisturied rainforest of the Amazon Basin. 

In 1971, North Carolina State University's Tropical Soils Research 
Program, in cooperation with antecedent agencies of the Instituto Nacional de 
Investigacion y Promcion Agraria (INIPA), initiated a research project in 

Urimaguas, Peru, to determine whether continuous food crop production is 
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possible in an area considered representative of the different climatic, soil,
 

and socioeconomic constraints of the Amazon Basin.
 

In 1978 it was felt that the improved continuous cropping systems had been 

developed sufficiently to begin extrapolating them from the research station to 

small farners of t-he area. 

The purpose of this paper is to describe sore soil management technologies 

developed during the last ten years and their technologqy validation in fanrer 

fields near Yurimaguas. 

FERTILIZER MANAGNYTN FOR CONTINUOUS CROP PRODUCTION 

The field experhimnts were conducted on nearly level positions of the 

Yurimaguas Experirment Station in the Low Selva of Peru (5°45'S, 76'5'W, 

182 m above sea level). D/kan annual temperature is 251C, wile r.ran annual 

precipitation is 2200 mm with no pronounced dry season hut cxzcasional dry 

spells. The soil is classified as the Yurinu-guas series, a fine loamy, 

siliceous isohyperthermic Typic Paleudult (Tyler, 1975). Selected soil 

properties on which field research was conducted are shown in Table 1. 

Table 1. 	 Properties of the Yurimaguas Ultisol Used in the Continuous Cropping
Experinent Prior to Clearing. 

org. exchanaeable eff. Al 
depth clay sand pH C Ca M9 K Al CC sat. 

(an) --- MM-	 -----------(neg/.OO cc) ----------- (%) 

0-5 6.4 80.2 3.8 1.25 0.84 0.37 0.20 2.05 3.49 59
 
5-13 10.1 69.6 3.7 0.84 0.05 0.03 0.04 2.63 2.76 95
 

13-43 14.9 61.0 3.9 0.42 0.06 0.03 0.03 3.11 3.24 96
 
43-77 16.6 57.2 4.0 0.29 0.03 0.01 0.02 3.12 3.20 98
 
77-140 24.8 50.6 4.1 0.18 0.03 0.01 0.03 4.48 4.58 98
 
140-200 24.1 53.7 4.4 0.17 0.06 0.03 0.04 3.80 
 3.94 96
 

Source: Tyler (1975)
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High-input Soil %anaea2emnt Technoloy 

The high-input soil mnagement technolog.y consists of eliminating soil 

fertility constraints by applying the necessary amnounts of fertilizers and 

lime for cultivars with high yielding potential. 

Methodology. in die continuous-cropping experiment using high-input technology, 

the fei-tilizer value of the ash from the traditional burn as practiced by shift­

ing miltiv-,tors was determined and soil nutrient dynamics and crop yields with 

and without ]iane and fertilizer over tine of cropping were monitored. Various 

rot.-itions of thiree crops per year were employed; in this pa-?er w'e will sumaIrize 

results frn the upland rice-corn-soybean rotation. 

Yields. Figure 1 shows the grain yields of 21 consecutive crops harvested 

from the sae field since it was clearcd by slash-and-burn in O(tober 1972, 

O RICE 43 -CORN A-SOYBEAN M 
ROTATION 

4 Chocro I u n o ,uas 4 

f3/ 

W 2 2 

Z " 

cr_ No Ftrlizker 
o o 3. 41 5 7._1=
F-2 -TIT 

'.0 It "1 14 15 16 I7 I 1 1 
1972 !973 1974 1975 1976 197 1976 1979 1980 1981 

CROP NUMBER AND YEAR 

Fig. 1. Yield record of a continuously cultivated plot in 
an Ultisol of Yurimaguas, Peru with and without
 
fertilization. 

Source: Nicholaides et al., (1982)
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and cropped with the rice, corn, and soybean rotation. Without fertilization, 
yields dropuped to ero after the third consecutive crop. With ccnp1ete 
fertilization, on the other hand, the long-term average yield of thi s rotation 

is 7.8 t/ha/yr. 

Effects on soil -)ioperties. The soil dynaics cata frcn the field exqerimnts 

and the on-farm extrapolation trials were monitored through periodic soil 

analysis. 

Nutrient wmaagement is the key factor for maintaining the production 
capacity of soils. The tining of the appearance of soil fertility limitations 

is described as follos: ash frcruL the burning produced a te orary increase in 
pH, available nitrogen, phosphorus, potassiun, cahitimn, macpesi.in, and svmv 
rnicronutrients. It also decreased e-xcharcjcoabie ahtmnum to nontoxic levels. As 
a res .il of the fertilizer value of the ash (Table 2), upland rice, the first 
crop planted, did not suffer from soil fertility l imii tions. About 8 mknths 
after clearing, however, the levels of available nitrogen and potassiunm were 
reduced to deficiency levels; additionally sporadic sulfur, copper, and boron 

deficiencies appeared. 

Table 2. Nutrient Contribution of Ash and Partially Burned Material to an 
Ultisol of Yurima uas, Peru After Burninq a 170-year-old forest. 

total 
element cqqosition additions 

Nitrogen 1.72% 67 
Phosphorus 0.14% 6 
POtassium 0.97% 38 
Calcium 1.92% 75 
Magnesium 0.41% 16 
Iron 0.19% 7.6 
b.nganese 0.19% 7.3 
Zinc 132 ppm 0.3 
Copper 79 ppm 0.3 

Sou-rce: Seubert et al. (1977)
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Phosphorus and magnesium beca me deficient durinc the second, year, calciun 
after the first 30 annths, and zirc during the forth year. Manganese deficiency 
is suspected after the eighth year. lblybdentu-m deficiencies were detected at 
times in soybeans. 

Rice (37 harvests) 

4 2 	 Mean, 2.7 1 
0a 

2 0 

0 c 0 0 Mean, 0.99 

Corn (17 harvests) 

4 - 0 Mean.2.81 

is 0 

2 6 00 0 

o 0 aMean, 	 0.21 

O -oybeans (24 harvests) 

. 4­

- ~~ 0 Mean,2.3 

"2 A @ 

- 0 	 Mean,0.24 

6 -Peanuts 

(10 harvests) 0 Mean.3.46 

40 

2 
00 

0 0 0 Mean,0.69 
'0 * °10,11 

20 40 60 80 100 

Months after burning 

Fig..2. 	 Crop yields as a function of time after clearing with and
 
without fertilization. Yurimaguas (1972-1980). Source:
 
Sanchez et al., (1982)
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Table 3. Chances in Tbpscil (0-15 cm) Properties After 7-3/4 years of Continuous Cultivation of 20 
crops of Upland Rice, Corn, and Soybeans with Conrlete Fertilization in Yurimaguas, Peru. 

org. exchangeable 
 eff. Al available 
tire pH matter Al Ca Mg K CEC satn. P Zn Cu n Fe 

(mq/100 cc)e(%) (%) (ppm)------------
Before 
clearing 4.0 2.13 2.27 0.26 0.15 0.10 2.78 
 82 5 1.5* 0.9* 5.3* 650*
 

94 miionths 
after 5.7 1.55 0.06 4.98 
 0.35 0.11 5.51 1 39 3.5 5.2 1.5 389
 
clearing
 

*30 nonths after clearing. 

Source: Sanchez et al. (1982)
 



In the fertilized plots, fertilization rates based on initial soil tests 

resx'Jted in adequate yields until the second year when continued K fertilization 

without any Mg fertilization further exaggerated a Mg deficiency. Also, the 

hydrated lire used had a shorter than expected residual effect. After these 

constraints were identified by soil test:s and corrected, grain yields increased 

and have remained stable (Fioure 2). 

Soil chemical properties were improved by cntinuous cultivation in limed 

and fertilized plots (Table 3). After 8 years and 21 crops, topsoil pH 

increased frcwt 4.0 before clearing to 5.6; exchangeable Ca increased by 20-fold 

(as a consequence of ]in applications), aval ilable P increased from below the 
critical level of 10 ppn to substantially ahove it; and Al saturation decreased 

from high l]eels to miniinal anunts. No significant changes in extractable K, 
Mg, or Zn were observed. In addition, the 15 to 50-cms layer of the subsoil has 
undergone significant increases in exchangeable Ca and Mg and a decrease in Al 

saturation, which is likely to promote deepr rcx-t deveoxient and thus 

attenuate water stress during drought pericds (Figure 3). 

Low Input Soil Manaeent Technololy 

Need for low-input continuous cultivation. The lcw-input soil manage-ent 

technology is used because the high-input soil management relies on the use of 
machinery (rotovation) for the incorporation of lirn, and fertilizers; the use of 
high rates of fertilizer and lime, and manual labeyr for weed control. Although 

this system is economically viable, the loca] faitrs still sh(w a low degree of 
acceptance. For this reason, the Tropical Soils Prociram initiated a new series 

of expriments ainyed at dev loping a low-input continuous-cropping system. It 
consists of reducing tillage, recycling residies, using cultivars and species 

adapted tc suboptimal soil conditions, lower fertilizer rates, cheaper or 

alternative sources of fertilizer, and the judiciJ use of chemical herbicides. 

Preliminary results. Data from a tillage, residue, weed control, liming, and 

potassipin fertilization experiment conducted by Piha (1982) are presented in 
Table 4. After two crops, he found no response to tillage and that a no-tilled, 

residue-recycled system is the least expensive because it has a low labor
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Exch. Ca (meq/lOOcc) Exch. Mg (meq/OOcc) 
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Fig. 3. Chacra I - Complete fertilization effects on subsoil properties. 

Source: Bandy and Sanchez (1982)
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requirement. Thus, he considered this the most suitable system. He also used 
aluminum tolerant germplasm and found no reqoonse to fertilizer in the second 
crop. Research .s continuing.
 

WEED MANAGF24ENIT FOR CONTINUOUS CROP PRCUCTION 

The results of the field exoeriments at the Yurimaguas Experiment Station 
shcw that 	weed control is critical and must be accepted by the producer if
 
permanent agriuilture to bec-ire reality. Weed growth is
is a luxuriant due to 
high temperature and frequent rainfall. Fur-Jieimrare, the frequency of rainfall 
during certain periods of the year make weed control difficult. At least four 
hand cultivations are necc -sary during the rainy season for weed control and two 
weedings are usually required in the drier part. of the year. 

Table 4. 	 Yield Data for the Second Crop (Vita 7 cowpea), Yurimaguas,
 
Peru, 1982
 

treatments 
 grain yield

(t/ha)


Residues recycled, 0 K (All tillage systems combined) 1.79

Residues recycled, 60 K (All tilIage systems comfbined) 1.67
Residues remved, 0 K (All tillage systems coynbined) 	 1.72
Residues renuved, 60 	 ccxbined)K (All tillage systems 	 1.89 
Residues rEnoved, 60 K + Lime (All tillage systeims ccmbined) 1.79
No till (All treatm-knts c(ombined) 1.73 
Strip till (All treatmnts combined) 1.76
Rotovation (All treatments combined) 1.78 
Residues inco-r-prated (All treatnents ccmbined) 1.83 
Residues burnt (All treatments cxnbined) 	 1.70 

bte: No statistically significant differences in grain yield. 
 b-till
 
residue recycle.1 system is the least expensive and has a low labor 
requireitent. 

Source: Piha (1982) 

Most of the farmers now accept the necessity of weeding more than once per 
crop; but the importance of weeding at the correct tine is another matter. For 
example, yield reductions from 41% to 100% would be the result of weed competi­
tion if the first handweeding was delayed (Madrid et al, 1972).
 

125
 



Table 5. Weed Survey at Yurimaguas, 

A. Weeds present in cultivated areas 


Annual grass weeds
 
tickle grass 

goosegrass 

large cralxwass 
natal. grass 


.Annual broadleaf weeds 
groundcherry 

nurui 

pigwr-ed 

cann purslane 

dayflcer 

speedwell 

tall purslane 


Perennial cirass 
sour paspalum 

West Indian fox-tail grass 

guineagrass 

slickgrass 


Sedge
 
cunimon sedge 


B. Weeds present in pastures
 

Tall 	weeds
 
"ocuera" 

"chlsea" 


Short weeds
 
"mat,pasto" 

arrow leaf sida 

cutting sedge 


C. 	Weeds present in Cassava
 
blue mrningglory 


Source: Lewis (1979)
 

Peru 

(corn, peanuts, soybeans)
 

Panicum trichoides 
Eleusinre indica 
Digitaria sanguinalis 
PIynchelytrum repens
 

Physalis angulata
 
Phyllanthus niruri 
Amaranthus spp. 
Portulaca oleracea 
Commelina diffusa
 
Veronica sp_
 
Talinma paniculatum
 

Paspalum conugat
 
Ando=.on bicornis
 
Panicum ixlT
 
Haiolepsis aturensis
 

Cyperus diffusus
 

Dapatorium macrophyllum
 
Epatorium odoratum
 

Pseudolephantopus spicatus
 
Sida rhanbifolia
 
Scleria pterota
 

Ipcm)ea congesta
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Current Research 

Weed survey. Table 5 lists weeds identified in the Yurimaquas area. The most 
camxo)n weeds observed in imaize, p7eanuts, or soy.bean are Panic-un trichoidea 
(tickle grass).. Eleusine indica (goosegrass), IPhysalis anulata (groundchery), 
Phyllanthus niruri (niruri) , and Talinu paniculatum (tall purslane). Bidens 

pilosa (spanish needles) is usually present when cassava is grcwn. 

Preliminar e rinents. Studies were carried out by Piha (1982) to determine 
which herbicides and rates should be used to control the existing vegetation in 
a two-mnths secondary, fores0. The weed population consisted of the following: 
37% cyperaceae, 24% broadleaf peremials (tree reqro th); 13% broadleaf creeping 

types; 6% annual broadleaves; 9% annual grasses; 3% musaceae; 3% perenrial 
grasses. Table 6 sunmyrizes the resslts. Glyphosat.e shcmvxi the best control, 

but was too expensive. Overall, the most econcvmical treatnVnt was first to 
slash the vegetation near weed flowering time, then wait 10 days for regrowth 

and apply a mixture of paraquat with 2,4-D antd finally, one weed later, apply 
the same mixturp as a localized "touch-up" treatment. Any escaping weeds (i.e., 
tree regrowth and Misaceae) are then controlled by ntachete. It can be. con­

sidered very fortunate that the Cyperaceae weeds (nminly Scleria pterota) could 

Table 6. Preplant Weed Control: Preliminary Studies in 
Yurimags, Peru 

recommended 
herbicide rate weeds controlled cost 

(1/ha) (US$/ha) 
Glyphosate 3 all except soriv 90 

broadleaf trees 

Bentazon 6 Cyperacae only 66 

Paraquat 2 Cyperacae, annual 20 
grasses and broad­
leaves
 

2,4-D 1 ost creeping and 5
 
annual broadleaves
 

Source: Piha (1982)
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be effectively controlled with a relatively cheap contact herbicide such as
 
paraquat. It was also interesting to notice that the mixture of a contact 
herbicide (paraquat) with a systemic herbicide 2,4-D in the same tank did not 

affect the performance of either chemical. 

Piha 9,2) later recotmended a iYr-plqnt we-d rnrirrnl ui-;ina 2.5 liters of 

paraquat plus 1.2 liters of 2,4-D per ha (i.e., U.S. $32 4 5 man days/ha.). Due 
to the ineffect.veness of herbicides a-gainst tree regrcwth and Musaceae species, 
manual control was considered the imost appr-priate weeding system for follow-up 

weed control. 'Tis took only 10 man days/ha and thus the total cost: for weed 

control was $6.2 ($32 for herbicides and $30 for laxor). Besides ixing cheaper, 

tlis method requires less labor, avoids loss of nutrients via weed rearoval, and 

gives better weed control.
 

Weed control ,n upland rice. Piha (1982) compared the weed compxe-titiveness of 
the traditional type of rice with a dtwarf variety. Close spacing is one of the 
best ways to improve competition against weeds, but traditional varieties cannot 

be grown at close spacing due to lodging susceptibility. The question whether 

traditional varieties at close spacing offer better weed competitiveness than 
dwarf varieties at close spacing needs to be evaluated. 

In practice, it has been noticed that manual weeding between closely 
spaced plants is very tedious due to the necessity of avoiding the crop plant. 

Farmrs' fields are always infested with weeds at harvest time due to the fact 

that only one early handweeding is practicel. A later weeding would probably 

fi prova yields, but apparently most fauners consider t]is uneconalical. The 

tall weeds usually present at harvest ,,Nould be a serious disadvantage to dwarf 

varieties. To produce a sati.sfactory crop of dwarf rice, two hand weedings 

would be necessary, which ireans that the production costs v)uld increase. 

When tall rice is grown at wide spacing, a directed application of paraquat 

at about 60 days has been found to be a very cheap and effective way of control­
ling late i-thout This control mavthod costs.;ccds seriously affecting yields. 

about one-fourth of the cost of a hamncweeding, and is imuch cheaper than an 

application of a selective herbicide, such as prcpanil. Damage to the rice crop 
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is usually slight and this weed control rthod requires further evaluation, but 
it would undoubtedly only be applicable where the rice is tall and widely 

spaced. 

TBNOLOGY VALIDATION IN FAR=R FIELDS 

The true test for any improved technology for continuous cropping in the 
Amazon Basin is its acceptance and utilization by the target group--the shifting 

cultivators. 

First-year On-fami Research 

14thodolo. Demonstration plots were established in shifting cultivators' 
fields within an 80-kilcmeter radius of Yurirmaguas on 11 site locations situated 
on soils tentatively classified as Typic and Aquic Paleudults, Typic Tropudu].ts,
 

Typic Tropudalfs and Vertic Eutropepts. 

Th]ree crop rotations consisting of three crops planted one after another 
within a year, as shown in Figure 4, weree tested under three levels of input 

in each of the site locations. The three systems are: 1.) traditional; 2.) 
improved agronomic practices without fertilizer or lime; and 3.) i proved 
agronomic practices with fe2-tilizer and lim. 

" JA 0JN D J F IMA 

CORN PEANUT CORN 

PEANUT RiCE (tall) SOYBEAN 

SOYBEAN RICE (short) PEANUT 

Fig. 4. Crop rotations used in the Yurimaguas small
 
farmer extrapolation program. Source: Bandy 
et al., (1980),
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The traditional system is the way each farmer has always cultivated his 

land, using his own seedstock when available. System 2 is an inlproved agronomic 

practice system utilizing better varieties (when available) , correct plant 

spacing and population, weeding, and application of pesticides when needed. 

System 3 uses the same improved agron .Tic practices as system 2 plus the use of 

line and fertilizer. 

Table 7. 	 Fertilizer Requirenkats for Continuous Cultivation of 
3-crop-a-year (rice-corn-soybeans, or rice-peanuts­
soybeans) on an Arid Ultisol of Yurimaguas 

input* rate f requency 

Lin 3 tons/ha once per three years 

N 60-100 kg N/ha rice and corn respectively, 
split applied 

P 25 kg P/ha per crop 

K 100 kg K/ha per crop, split applied 

Mg 25 kg Mg/ha per crop, unless dolcRitic 
lime is used 

Cu 1 kg Cu/ha per year or two years 

Zn 1 kg Zn/ha per year or two years 

B 1 kg B/ha per year or two years 

MD 20 g t4o/ha mixed with legume seeds only 

*Ca and S requireients are satisfied by lime, simple superphosphate, 
and Mg, Cu and Zn carriers. 

Source: Nicholaides, et a!. (1982)
 

The Yurimaguas fertilization schedule (Table 7) was modified to a general 

application of one ton of live CaCO3-equivalent per year, 60 kg N/ha for rice 

and corn only and on a per crop basis, 35 kg P/ha, and 22 kg Mg/ha, as adjusted 
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by on-site soil tests. Some soil chemical characteristics after the traditional 

slash-and-burn system of land clearing, but befor, planting of the first crop, 

are shown in Table 8. Economical analysis of the results was performed. 

Yields. Average crop yields of eight farmeKrs' fields for the four crops, 

corn, peanuts, rice, and soybeans planted in three rotations and under three 

production systems are shown in Table 9. 

Table 8. Some Soil Chemical Properties from the Eleven Chacras Sampled 
After the Burn but Before First Planting (soil depth 0-15 cms) 
Yurimaguas, Peru, 1978 

WX1. 
chacra forest KCl-extractable Olsen organic 
location no. fallow oHl A1 Ca P carbon 

Law exch. A!­
(yrs.) (--meq/100cc--) (ug/cc) (%) 

Fan. 15 1 4 5.7 0.2 8 1 6 1.7 
Puerto Arturo 4 1 6.6 0 35 5 5 3.1 
Km. 8 5 10 6.2 0.2 20 2 9 3.6 
Km. 22 (A) 6 4 6.3 0.1 2 1 7 0.8 

Ppangurayacu 7 1 6.0 0.1 34 8 10 2,2 
Sapote 8 6 6.7 0 22 3 15 2.5 
lKm. 28 9 7 6.5 0 14 2 13 2.3 

High exch. Al: 
Munichis 2 8 4.7 1.7 8 2 10 3.2 
Callao 3 4 4.3 3.5 2 1 9 1.8 
Shucushyacu 10 8 4.5 1.7 6 1 7 2.3 
Km. 22 (B) 11 8 4.5 3.1 2 1 13 1.9 

Source: Bandy, et al. (1980)
 

Using lime and fertilizer, individual crop yields were similar to those 

obtained at the Station (3 tons of rice per ha, 4.5 tons of corn, 2.6 tons of 

soybean, and 1. 8 tons of peanuts). With lime and fertilizer, accumulative 

corn-peanut-corn grain yield ranging from 7.5 to 11.4 tons/ha was obtained, 

while yields from the same rotation under the traditional system ranged from 

3.5 to 5.3 tons/ha.
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Effects on soilproperties, Soil analysis after three consecuitive crops on the 

traditional system cevealed nutriefnt depletion due to crop remova1 and leaching 
(Table 10). Cl all .amms, soils had 1wnccnx rooe" deficiei:- :in P and more acid 
(higher exchanqeab:l Al cw(er and Ci, I4A) . 'This nutrient depletion was 

reflected in a dec]inc of corn yields ithe conn-FeaanuL--cflrn rotation. As the 
nutrient depletion .}ec- n) :e severe in the second year of the trials, yields 
declined even further in the tradiitional system ,hile they ,.,ere i vintained in 
the imparoved systen) with limTe and fetilizer (Figure 5). 

Econmic analysis. An econ(-nic evaluation was made assun-ing limited resources, 
restricted capital, lbox)r, and work output of the stall] holder farm fazuily at 
all possible levels and c.ominations. For the lie d and ferLtilized corn-pea­

nut--corn 	 rotation, the analysis showed that a farmer with 1.45 ha of land, U.S. 

$180 of capital ($90 of his own and $90 borrov.{ d at 68% annual interest rate), 
and a 7-memer fam-ily lldxr Ixol could realize a net faim inc.me of $2,797/ycar 
(Nicholaides, et al., 1982). That net incoee is considerably higher thain the 

current small farm incene of U.S. $750 in the Yurimaguas area or the $1,500 net 
income of the top 25% of the families in the slums of Lim (Nicholaides, et al., 

1982). 

Farmers acceptance. Although the corn-peanut-corn system is economically 

viable, the local farmers still have a low degree of acceptance (Figure 6) as 
the rPcniirPd inputs are tm high. Thc far-mr's i--dtcd- iL rice. 

We must deal with this potential receptivity to alternative methods of success­
f'l rice production in order to gain their confidence in trying more complex 

approaches associated with continuous cultivation. The major problem, once 
soil constraints are attenuated, is weed control in rice. What herbicide should 

be applied at what rate and when? The 1978-1979 extension experience has 

Fig. 5. 	Corn yield response to farming system and exchangeable aluminum
 
content for (A) first planting after clearing and (B) third
 
planting after clearing. Yurimaguas, 1979. Source: Bandy
 
et al., (1980)
 

132
 



A. 	 MAIZEI s t HARVEST 

O----O < 1.0 meq Exch AI/100cc 

6.0 	 >1.0 meq Exch AI/IOOcc 
o 5.0 

4.0
 

0A .
 

3.0 

z 2.0 

(
 
1.0
 

IO I 	 I-

FARMING SYSTEM 

B. 	 MAIZE,3rd HARVEST 

o----0( 1.0 meq Exch AI/00.cc, 
6.0 - ).0 meq Exch AI/1008cG;K 

0 -C 5.0	 ;K> 

I ' ,.;, ', 

Z 2.0 c i
 

zr 1.0
 

0 I " !
 

0 I 	 if ';TIT!' 

FARMING SYSTEM 

1.33
 

http:AI/00.cc


Table 9. 	 Grairi Yield Results, FRtrapolation Trials Around
 
Yurimnaguas (mean of eiqht fa.rt:r fields)
 

crop rotati o., 
corn neanut soybean
 
peanut rice rice
 

crop nutner corn 
 so an 	 peanut 

-------- (i:/ha)--------

First 
 4.8 1.6 2.3
 
Second 	 1.6 3.9 2.0 
Third 	 4.1 2.8 2.2
 

Total 	 10.5 8.3 6.3 

Source: Bandy et at. (1980)
 

Table 10. Saone Soil C-rical Properties from the Pemrining Eight Chacras,
Sampled After the Third Crop Haviest (12-14 nos.) in System I 
only (soil depth 0-15 cm) Yurimaguas, 1979 

Md.clacra 	 forest KC1-xtractable Ol-en organic
location no. fallow PH Al Ca+m, P carbon 

(yrs.) (-.-fc-q/100cc---) (ug/cc) M% 

Rm. 15 1 4 4.8 3.5 4.4 1 0.95
Km. 8 5 10 5.5 0.3 20.1 1 1.5]

Km. 22 (A) 6' 4 .,5.4 0.6 1.4 2 0.57

Km. 28 9. 
 7 5.9 0 18.5 2 1.89
 

Manichis 2. 8 , 4.3 7.6 1 7.2 5 1.54 
Callao 3 4 4.2 11.1 . . 3 1.31 
Shucushyacu 10. 4.2 	 .3...8 4.7 6 1.07
 
Km. 22 (B) 11 8 4.4 5.41 . 2 . 5 1.57
 

Source: Bandy, et al. (1980)
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allowed, in spite of its short duration, to transmit th follaving simple 
message to the small farmers in the region: "More than one crop after clearing 
is possible if you use fertilizer, control weeds, and use other acceptable
 

agronomic practices."
 

irrent extension proram in Yurjmaguas 

The 1978--80 extension experiences with test plots showd that, in the 
second year, considerable pressure developed to get involved with increasing 
nurbers of fa-rrs, schools, etc. to the point that in sore cases extensionists' 
contacts with th.2 farmers were not sufficiently fre-quent to m-et the farmrs' 
satisfaction. The present progrm must be guided carefully to be sure that 
there is a noargin cf extra time and resouriyes in case of unusual bad weatier, 
trave] problems, budget restrictions, etc. 

The following demonstration plans are tentatively outlined to be initiated 
in January 1983: 

A. Select "suitable" sites of about .5 ha, as uniform possible, withas 
slopes up to about 6% are acceptable, but trying hard to avoid a plot 
having concave positions within the area. The demnstration is to begin 
after the first crop of rice h.as been grown by the farmer following his 
clearing of the fallow. 

B. A second rice crop will be planted approximately in January after the 
farmr harvests his current crop. To minimize possible insect and disease 
hazard of a second crop of rice, we propose that the first-crop rice 
residue be burned, but good burns are difficult in January because of the 
rainy weather. 

C. Based on soil analysis and previous research results, as well as 
general info~nnation, decide the appropriate fertilizer rate for a second 
rice crop and apply the fertilizer according to the best information 

available.
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D. Nply the most effective and potentially farw.er-acceptable herbicide 
program for weed control in rice, being careful to mininze the build-up 
of weeds for future cropping. Apparently imst fairirS place insufficient 
eaphasis on the potential of weed seed build-up because they do not intend 
to use the field for future annual cropping. 

A proposed mnthoc is to slash the straw of the origLnal rice crop,
 
then wait 10 days for regrowth and apply a mixture of 2.5 liters of
 
paraquat plus 1.2 liters of 2,4-D per ha. 
 Finally, one week later, apply
 
t-ie 
sane mixture as a localized "touch-up" treatmrent. Any remaining weeds
 
(i.e., tree rcgrcwth and Musaceae) a1e then controlled by machete.
 

E. We will leave a portion of the area (approxinmtely 20%) without
 
fertilizer. If w/e are correct, 
 the yield in this second crop after 
clearing will be reduced in the areas without fertilizer; the objective
 
of leaving this check area is to provide evidence to the farmer that a
 
successful second-crop was made possi le by the fertilizer application. 

F. 
 In the entire plot, the best technology as to va *iety, plant spacing 
and all other cultural practices will be used. If the individual farrmer 
prefers, a varietal coparison will be hmoscd. We would preferL to avoid 
any other form of internediate technology, such as partial fetilization, 
for the sake of ccnnmuicating a shmple message, i.e., "The use of fertil­
izer and a general package of good practices make more than one crop 
possible. This is easier and more profitable than your present program
 
which requires much labor and cost in clearing a new area for rice each
 
year."
 

G. For the third and forth crops we wil 1 be closely guided by the outccme. 
of present research (Piha, 1982; Gichuru, 1982). Probable crops follcwing 
rice harvest will be cowpeas or peanuts and then a third crop of rice. 

H. In this effort, we tentatively plan to use no lb-ne due to the fact 
that the crops used have been chosen for having grod to moderate tolerance 
of soil acidity. Also, factors are the costs, the logistical transport
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problems, and probably need for incorporation of the the in order to 
achieve rapid return to that investment. 

I. For this project, we intend to avoid any tillage other t-,an the
 
tacarpo (planting stick), the finger-like hoe be-. ing used presently in
 
Pila's work, or possibly a irylifie5 hand tool to imoke two holes for
 
planting seed and placing Thisfertiliz.er separately. "improved tacarpo" 
would have to work satisfactorily w1ere rc ts and stumps are present. 
Minimal soil disturbnce will Le the goal. Presently, no use of motcrized 
equipment for the preparation of ad to permit mchanical tillage is 
intended. until about the end of the second year. All of tis has the goal 
of increasina the acceptability of the practices to farmers.
 

Piha (1982) and Gichuru (1982) report that the clearing of stumps and 
roots from a new clearing of heavy timber so as to perimnit rototiller oper­
ation costs a labor c-ruivalent to U.S. $290 per hectare. While this amrunt 
is equivalent to only about one ton of rice/ha, and in the long run mauld 
undoubtedly be profitable for long-term continuous cultivation, it is 
fairly easy to understand that this concept is too drastic to be imTcdi­
ately acceptable to most farmers at the present tine. If we are successful 
in gettinq three or four crops from the plots (rice, rice, cowpeas, rice,
 
[peanuts?]) then i-t e majority of the wod will have 
 rotted away and mechan­
ical tillage, lime incorporation, and full-scale techmology may be an 
option acceptable for demonstration by extensionists.
 

Obviously, additional station research to support the extension of 
all aspects of fertilizer rates and placement, as well as other cultural 
practices for the cropping system proposed above, would be very desirable, 
except where the information is already clearly available. Piha (1982) and 
Gichuru (1982) report that fertiliker placement directly under the row 
using the curved, finger-like hoe cost 20 man-days/ha (U.S. S46/ha). They 
feel that this form of placement (in a hole made by the tacarpo) , scme­or 
thing similar, is worth the trouble because this tool is nore familiar to 
farmers. In view of the present limited acceptability to farmers of the 
whole concept of fertilizer use, it is important to have sound information 
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as to the minixnm degree of fertilizer incorp--ation required for efficient 

plant response to this practice. 

J. We must heed the results of considerable Yurimaquas data which shows 

that continuous rice cropping will be disasterous because of insects and 

diseases; that generally a heavy mulch is detrinental to rice yields; 

that legimvs rotated with rice appear ideal (rice/ccwpea, rice/peanuts, 

rice /soybeans). 

K. There are strong suggestio:ns that this demonstration program consider 

L*wo options after the second crop of rice:
 

1.) As proposed above, with cowpea, peanuts (if cIlciun is applied 

and digging is feasible) or corn (if lime is applied together with 

adequate P, K and N; all of these assume some repeated fertilization. 

2.) A low input system with little or no fertilization after the 

second rice crop. The plot ,Auld be planted with a k-dzu fallow for 

a few years and then repeated cultivation with fertilization would be 

promoted. Alternatively, a crop of cassava and/or plaiLins could be 

grown with abandonment oL the piot to forest or kudzu fallow 

afterward.
 

L. We must also work toward a package of technology for the lcer lying, 

less than well drained-soils. This should be set up for demonstration on 

farms by extensionists. These areas usually have sonmw..hat higher fertility 

(although evidence suggests P status is often lower than expected). Non­

flooding areas mny be the place to emphasize clearing for mechaiical culti­

vation after one or two years, ccnplete lime and fertilization package with 

tillage for long--term production of corn, rice, soybeans, and perhaps 

peanuts. Since these areas have little or no erosion hazard and less risk 

or moisture stress, it is essential that we also emphasize use of them. 

Also, it is apparent that farmers readily recognize that these soils have 

higher potential productivity; thus, a somreWhat different package of 

practices for these soils may be readily acceptable by farmers. 
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M. In addition to all of the above, work on flooded rice is needed. 

Extension involveiant in this should be dictated by priorities as 
extensionists see t' m. However, ftrmx t-he standpoint of the Yurimaguas 
prcgraiii, we have vcs-ted intirest :L-n airking extension progress in the use 

of upland soils, as pointed out above. 

C(NCTUSION 

A vigorous research program will be continued at the Yurimaguas site. A 
definite proxram of research on weed control should be initiated at the station. 
This may inc]Lude se]rcied t reaUn:nt s in on-go:ing expe imnts, adaptive research, 
and demnstration plots d-signed spoci.ficall'y to answer extensionists' ques­
tions. as well cs plot and facilities orcganized specifically to provide training 
opportunities for them, Short-Lenii projects to evaluate ptential niprovEMTents 
in haervst- techniques for mall-scale, hand planting equipr-ent will also be 

useful. 

LITERATURE CITED 

1. 	Bandy, D.E. and P.A. Sanchez. 1982. Continuous crop cultivation in acid
 
soils of the Amazon Basin of Peru. In, J.F. Wieiik and H.A. de Wit, eds., 
Workshop on the Fertility Managennt of Acid Soils in the Ameri.can Humid 
Tropics. IICA - Ministry of Agriculture and University of Suriname. 

2. 	 Bandy, D.E., R. Mesia, and J.J. Nicholaides. 1980. Yur41naguas small farmer 

excrapolation program. North Carolina State University. Annual Report: 

1978-79, pp. 197-219.
 

3. 	 Benites, J.R. 1981. Proposal and reccmaendations for the review of the 
Yurimaguas Small Farmer ExLrapolation Program. First draft, pp. 33. Lima, 

Peru.
 

4. 	Cardenas, J., C.E. Reyes, and J.D. Doll. 1972. 
 Tropical Weeds. Instituto
 

Col(cxbiano Aqropecuario, Vol. I. Bogota, Colombia. 

139
 



5. 	 Gichuru, M. 1982. Mj,,jim'. experLment: Tillage and P, Ca, M interaction. 

Unpublished data.
 

6. Lewis, W. 1979. Evaluation of weed control problems and suggestions for 

weed nuiageiment programs at the Yuriimagnas Agricultural ix-perimn-t Station 

in Peru and nearby farms. Trip Report, 10 pp. North Carolina State 

University, Raleigh. 

7. 	Madrid, M.T., Jr., F.L. Punzalan, and R.T. Lubigan. 1972. Some Comon 

Weeds and their Control, 1st ed., The Weed Sci. Soc. Philipp., Colleqg, 

Laguna, Philippines, p. 62. 

8. 	Nicholaides, J.J. III, P.A. Sanchez, D.E. Bandy, J.H. Villachica, A.J.
 

Coutu, and C.S. Valverde. 1982. Fertilizer management for continuous crop 

production in the Amazon basin. Pages 425-430, in, A. Scaife, ed., Plant 

Nutrition, 1982.
 

9. 	Piha, M. 1982. Minimn experiment: Tillage and K interaction.
 

Unpublished data.
 

10. 	 Sanchez, P.A., D.E. Bandy, J.H. Villachica, and J. J. Nicholaides. 1982.
 

Amazon basin soils: Management for continuous crop production. Science,
 

216:821-827.
 

11. 	 Sanchez, P.A., J.H. Villachica, and D.E. Bandy. 1983. Soil fertility
 

dynamics after converting a tropical rainforest to continuous cultivation
 

in the Amazon of 1eru. Aqron. Jour. (In press). 

12. 	 Seubert, C.E., P.A. Sanchez, and C. Valverde. 1977. Effects of land 

clearing mthods on soil properties and crop performance in an Ultisol of 

the Amazon Jungle of Peru. Trop. Agric. (Trin.) 54:307-321. 

13. 	 Tyler, E.J. 1.975. Genesis of the soils wiLin a detailed soil survey area 

in the Upper Amazon basin, Peru. Unpublished Ph.D. thesis. North Carolina 

State Univesity Microfilms, Inc., Ann Arbor, Michigan. 

140
 



C(M.JUNICATIaM OF WEED SCIENCE TECHNOLOGIES INq DEVELOPING CCNT-IMES
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Washington, a' 20523 / USA 

INTRODUC.IYC__ 

By definition, albeit somevdwat arbitrarily, developing countries are so 
classed because of low r.er capita incomes. Thus, if a developing country is to 
move up on the scale tward self-reliance, some form of inccfe generation muast 

be developed, 

In a fogw favored countries, income- from valuable energy or mineral 
resources, if wisely ixnvest, , can serve that purpose. In too many cases 
howver, such wealth is not distributed equitably, and the imjority of 
populations remaYoin yxx.r, especially when tIe mainrity are rural residents. 
There are a fe.w ca.nses also, where labor is plentiful ready access to raw 
materials exists, and goverm'ent poly 'cies promtc it, that economic devel­
operunt is achieved Htrough industry and trade. kjain, however, economic 
benefits often do not spread evenly across all se.mnts of the opulation 

and many -eople remain poor. 

The conditions just cited are not the rule, but are the exception aniong 
the developing countries. Most of the countries in question are dominantly 
agrarian wiiT, 60% to 90% or imre of the population dependant upon land and/or 
water resources for their liveliho.d. Thus, the principal source of incak 
qeneration is agriculture, including forestry and fisheries. 
So, if incomes
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are to increase, agricultural prcxluctivity, in its econ(anic sense, must be 
enhanced. 'IT-at, in the real. sense of the wrds, is agricultural development. 

Pricultural deveiopwrenit has r,'nny dinE.nsions. It clearly includes 
increased levels of p.rcductiono. This, when ccanbined with sensible pricing 
policie3, reans both ra-)-e adecluai e ;o]supplies and increased fan ecr incore. 
It includes oth-er iJ.. e-oratC activities as well, both on the farm in 

tenrn of hired ilx)r and of f the farm in terms of input service and supply 
systers and in processirng and wzrketing. Also, it impa-acts favorably on the 
country's trade balance--reduced imports and/or increased exports of agricul­

tural products. 

By all odds, then, the first a-d central requirement to support agricul­
tural deve.orrment is increased crop prcxduction. LIn most developing countries, 
yields are far be].c,. the ptential of the agroclinatic norm. The or, -:t-unity 
for increased prcduction does exist if solutions can be found. 

So, what are the solutions? Wnat roles do international organizations
 

play in finding and using them?
 

DISCUSS ICN 

Plant growth and developmrant is a natural phenamenon that operates under
 
natural laws. Agricultural science strives to understand those laws as a basis
 

for developing technologies to positively alter plant growth and development.
 
The factors influencing the process can be manipulated in crop production sys­

tems through those science-based technologies. TLis is the first major and
 

essential role for international organizations--the generation and adaptation
 

of technologies to enhance crop production. 

NrVmng the international organizations, the principal burden for playing
 

this role, as it relates to agricultural development in developing countries,
 
rests with the International and regional Agricultural Research Centers and
 

Institutes. This network includes not only the 13 supported through the
 
Consultative Group for International Agricultural Research (CGIAR), but a number
 
of regional ones as well such as the International Center for Insect Physiology
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and Ecology (ICIPE) in Kenya, and the Tropical Agricultural Research and 
Training Center (CATIE) in Costa Rica.
 

The role of these organizations, as suggested, extends beyond the 
generation of technoloqies. Through Linkages with national research systems,
they play a vital role in delivering those technologies into the countryresarc proam wiere 
 the country

research proramls where the critica.L testing and adaptation vrxrk is performed. 
The invo]veim .nt of the international Maize and Wheat Improvement Center (CIMMYT) 
and International Pice lPksearch Institute (IRRI) scientists witl those in India 
was a vital factor in helping capture and bring to fruition the potentials of
 
the plant nteri.als that triggere-.d the "green revolution" 
 in that country.
 
Similarly, lRrI. has played a critical role in the work leadinig 
 to the doubling 
of rice production
 

in Indonesia over the past decade.
 

Beyond the international and regional centers and institutes, other
 
international organizations assist in qenerating and adapting technologies to
 
developing country needs. 
TRhe multilateral lending organizations, such as the
 
World Bank and the Regional Developmeint Banks, provide financial resources to
 
assist in building research institutions, in the conduct of research, and in
 
tihe training of research personnel, as such asdo organizations t.:Organization 
of Petrolem Ex_)orting Countries (OPEC), and the Orqanization for Economic
 
Cooperation and DOevelopment (OErD). The Food and Agriculture 
 Organization 
(FAO), the United Nations Develogient Program (UNDP), and other multilateral
 
technical assistance organization provide such assistance in research and in
 
the training of scientists. 
The first solution, then, is effective interna­
tional, regional, and country specific research.
 

A second solution to successful support of agricultural developtent is the
 
developnint of processes and the building of institutions through which improved
 
technologies are used in production and marketing enterprises. The benefits of
 
new technologies flow to agricultural developament only when that happens.
 

There are several dinensions to the process through which new technologies
 
are transferred to use in systems of production and marketing. 
First, amd as
 
suggested earlier, the technology must be tested and adapted within the environ­
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rrent in which is is intended for application. This includes not only the 
physical and biological, but the sociocultural environment as well. Factual 

inforrration concerning the technology must Ixe developed and made accessible to 

users in readily and easily understood form. Systems for information delivery, 

follow-up, and problem resolution must be developed and institutionalized. 

One general observation fron the many attempts made over the past decades
 

to develop and sustain effective extension systems in developing countries, is
 

that they usually have not worked very well. Reasons cited for this include: 

1. technologies were not available to extend;
 

2. 	government policies failed to provide incentives for applying technologies 

to increase output, thus generating farmer apathy; 

3. 	 extension systems were "weak," extension workers poorly trained, and/or 
lacked incentive, opportunity, and/or the "tools" needed to do the job; 

and, 

4. 	 weak linkages between researchers and extension workers blocked the flow of 

information. 

There is likely truth in each of these. Others might be cited as well. A
 

growing body of evidence suggests that the root of the problem is the lack of
 

articulation in the technology generation, transfer, use, arid feedback system.
 

That is, there often has been inadequate linkage aarng researchers, extension 

workers, and farnmrs to assue a balanced two-way information flow. Too often 

the flow has been one-way cnly from the researcher to the fairnr. This fails 
to take account of farmer needs, constraints, and desires. 

From this body of evidence has emerged whait is referred to as the "farming 

systems" approach to technology development and transfer. In this approach, the 

farmer, the researcher, and the extension worker operate as a team in identify­

ing 	problems, in designing research, and in synthesizing component technologies
 

into production systems that are evaluated in practice by the team in the 
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farmer's field. The farmer thus becomes a full partner in the planning and 

conduct of the test.
 

A helpful adjunct to the development of this approach has been use of 

networks anvcng research and denonstration activities in similar environinnts. 

This articulation anong researchers permits early and frequent sharinq of 

information and experiences and hastens the adaptive process.
 

Tis methodology has emerged from successful experiences in Lzatin America 

aid Asia. The effectiveness in diffusing rice technologies in South and 

Fsutheast Asia through the rice-ased "cropping systems" approach and network 

stands as a most successful example. 'l-e "farmting systems" approach is 

increasingly being put to practice in other parts of the world, most notably 

in Africa. 

Training is an important requisite of a functional "farming systems" 

approach. Practitioners in research and extension organizations must learn 

how to identify problems, to develop or select component technologies to address 

then;, and to synthesize cot- ne_nts into workable systems. 

As in the developnent and adaptation of techiologies, it follows that, 

within a "farming systems" context, the International and Regional Centers and 

Institutes play a role in technology transfer as well. kbrking through national 

systems and networks as in the case of IPRI in the Asian rice experience, full 

articulation is achieved. And the centers served as an important and useful 

training resource. 

Again, the nmltilateral organizations fund country and regional institu­

tions and programs for technology transfer. Training both long- and short-term 

is an important elemnent of that fund support. 

A third set of international organizations play a role in transfer of 

technologies--namaly, the private and voluntary organiization. This includes 

quasi-goverrmental organizations such as the Peace Corps, religious groups such 

as the Catholic Relief Service, and private associations such as the Cooperative 

League, USA. Personnel and resources of such internationally oriented organi­
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zations are used to deliver kncn and available technologies to prcducers in 

developing countries. CollaboJration between such organizations and publicly­

supported organizations working in developing countries reirains one of the 

uncaptured opporxtunities in technology transfer. 

Another area to which irnternational ,)rgqniL.ations contribute is thiit of 

information generation, analysis, and synthesis. Such efforts may be descrip­

tive, statistical, or analytical in nature. The inform.ation lprvided may 

describe and analyze problems, or bring toaether infornotion helpful in 

generating solutions. Notable in this typo of activity are the global natural 

resource and climntic assesrrents and inventories of the FAO, and the country 

and global agricultural situation reporjts of the World Banrk. These are rost 

helpful in prDblem identification and in assessing opportunities for technical 

interventions Sindilarly, "situation monitoring" and resulting statistical 

reports help :o better focus efforts on key develowmnt probleis. 

WArkshops, symposia, and technical conferences organized and sponsored by 

international organizations are lik L .ise most useful. These bring together and 

synth, sizv te "state-of-Lhe-r-t" infoniation in probiem or subject matter 

areas. Reports and reccavrendcations freom such activities, along with indepen­

dently developed techrical reviews, serve as valuable source nmaterials for 

researchers and practitioners alike.
 

F:ally, international organizations assist countries to analyze podlicy n 

institutional frameorks to support agricultural developnr nt. Notah)l.e in this 

area are the efforts of International Food Policy Research Institute (TFPRI) and
 

International Service for National Agricultural Research (ISNAR). 

C:NCLUSICN ___. 

International and regional orcianizations play several vital roles in 

agricultural technology dcvelopmeit and transfer, through conduct or support 

of research and the development of technologies; through adaptation, testing, 

and applications of technolcgies; and through inforITOtion generation, anal.ysis, 

and svnthesis. These efforts make a valuable contribution to international, 

regional, and country scientific and technological efforts to help solve the 
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vrld's food problen. It will require the best and continuing efforts of all 
involved in that system if continued success is to be achieved. I hope and 
trust that this will ccur. The world's future--not only in highly developed 
countries, but the twell being of hundreds ,of millions in developinq countries­
hinges on the outccK. 
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* E. N. Tolson, Director 

Agricheinicals Marketing Division
 

Biochemical Depart rent
 

E.I. Du Pont De Neours and Company
 

Wiliminton, DE 19898 / USA
 

In the past half century, the acrrichemical industry has helped make America 
breadbasket of the Worl-d. Irovative crop protection technolxy has been 

developed and successfLully introduced to farners both at himi- and abroad where 
local conditions provide parallel opportunities for new ideas and ne.q concepts. 

Now, we hear nuch about farm and foocl needs for tomorrow. There is 
empghasis on increases in world Fxmpulation and increases in fo-d crop demvand, 
especially from developing nations. Industry hnas cons iderable practical 
experience in helping tc introduce new farm technology during a period of 
remarkable gains in yields and farm productivity. 

How can this experience be fruitfully directed to the emerging needs of 
developing countries? That is a challenge we face today. History also suggests 
it is a challenge that is likely to be with Ls for years to come. America, 
after all, had its own long years as a developing nation. 

Well known to many of us are the complexities of crop protection in the 
tropics, where there is nw :-erhaps the heaviest concentration of developing 
countries. 1AL-erous constraints and probl6-s have already been discussed in 
the s3y-rpsiuin. Still, in considering industry's role in the transfer of crop 
protection technology to developing countries, it is important to stress that 
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successf.l efforts to introduce new concepts m.st be based on local adaptive 

research and developnent. 

We cannot expect prcxgress without loncg-range planning to develop effective 
crop managewm nt systems. Ae need precise targets and goals, plus a rectgnition 
that success and fai lure may readily depend on seemingly trivial eletents, suich 
as when is "]thie bost tine" to control a specific weed. 

Th1is symposium is naturally focused on weed science technology, a major 
elent in farm progress. Herbicides have becom a dominant c(nonent in crop 
protection. Yet, in developinj countries an initial priority can obviously 
involve infestations of plant disease or insects. Fly examples today highlight 
various aspects of industry experience in crop chenicals, not herbicides alone, 

Great diversity and unexpected size seem to characterize both developing 
countries and the agrichemical industry; two-thirds of .ankind lives in develop­
ing nations. iD culture and incaii-e, societies range form aboriginal to those 
that are very ad'anced. There are countries with practical government policies 
prcanoting economic and political progress. There are others still in search of 

such plans.
 

The agrichemical industry is often conceived to include everything from 
established conmodities (such as fertilizers) to innovative, unique crop pro­
tectants. It is an industry that is represented on every continpnt and in most 
nations around the world. It is a industry based on sophisticated technol ,', 
ncw making an annual investnent of more than $600 million in crop protection 

research w)rldwide. But it is also an industry Lhat depends heavily on outside 

research and development to delivk-r a useful flow of products to the farm 

crrminity. 

Indeed, farm success with new chedcal technology stems from the vital 
developnent partnership carried on by industry, uiversity, and governrent 

scientists.
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In simple terms, then, it has been industry's role to discover and create 
new agrichemical ccwnipounds and to initiate broad developent programs that will 
assure enviroiThental. and human safety while evaJ.'ating efficacy and farm values 
of this technolo y. The satisfactory transfer of this technology, however, has 
depended on a good econ~r.yc fit with a local tarming need. 

Specific local crop studies are frequently critical, and industrnbs
 
multi-million dollar research and development ccianitments depend 
on the
 

opportunity to recoup research costs and earn a satisfactory return on its
 

investment.
 

It is here tlat developing countries represent both challenges and 
opportunities. On the one hand, industry looks for large potential m-arkets for 
new products to help defray costly research and developmewnt. Yet experience 
indicates it will be n-any years lxefore farn.rs in developing nations will find 
a place for much of today's hiyhly sophisticated technology. Industry must be 

patient and seek to share only that technology that truly fits, even though it 

does not include n w developnents. 

In developing nations, the agrichemical industry seeks international trade
 
policies and practices that reflect oportunity and consistency. Here diffi­

culties can arise, scxretitres via local administration of irrxrt licenses and 
sonetnes because of differences found in patent protection on new. technology. 

Specific examples trace the complexities and indicate farmei needs for 
dependability in corp protection. The first example concerns Mexico, where
 

Du Pont has been an active agrichemical supplier for several decades providing
 

herbicides, fungicides, and insecticides for major crops. In 1971, folloing
 
extensive field trials, we introduced "Benlate, our new fungicide for control
 

of nu nerous troublesane diseases. 

For seven years, Mexican farmers had ready access to Du Pont's "Benlate." 
Our Mexicar colleagues in Du Pont helped to broaden its use via steady develop­
ment trials and new registrations, plus local formulations geared to Mexican 
needs. But in 1972, a mexican ccnany independent of Du Pont started local 
manufacture of bencmyl fungicide. Du Pont was i-mmediately excluded from the 

Mexican market for "Benlate" by denial of an import license. 
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Cn the surface, this could look like a successful transfer of agricheimtical 
technology. Peally, it underscored the technical problems inherent in making
 
modern chemicals, for the Mexican cormpany has had many production problems.
 
Only inferior quality benomal is now available to Mexican farmers. -The new uses 
and formu.lations projected by Du Pont specifically for Mexican use are not being 
developed. Overall, bencuyl is now being used on ]pss than 10% of the crops 
that would normally benefit from such use. There is severe underutilization 
of benumvl in Mexican agriculture. Du Pont's expertise on benomyl has been 
restricted in that country, even though it flows steadily to farmers around 
the world. 

Other developing nation troubles on "Benlate" have appeared in East Africa. 
Here the fungicide was hailed back in the early 1970's because it controlled 
critical diseases in coffee, a vital cash export crop in Kenya, Uganda, and
 
Tanzania. But in a few years there were patent pirates at work. In 1981, local 
African papers reported that a Dutch company had "won a Uganda tender to supply 
4,000 kg of the fungicide bencanyl, normally produced by Du Pont under the 
registered trade nrame 'Benlate'." 

The press mentioned that Du Pont's Uganda patent for "Benlate" as being 
valid through May 1983, but noted that the Dutch bencmyl was obtained at prices 
below those charged by Du Pont. To some observers, this might look like a 
"Robin Hood" type of technology transfer. But farmers and the local press had a 
different view when the substitute and substandard bencaryl proved ineffective in 
controlling disease.
 

A Tanzania paper said: "The (Dutch) consignments have often been found 
to contain either the wrong ingredient or to have been diluted to the point of 
uselessness." Kenyans estimated that 10% of the 1979-80 coffee crop was lost. 
Farmers lost confidence in agrichemical use. 

Fortunately, there is a brighter, positive side to the agrichemical story 
that cuts across our experience with developing countries. Vie observe intense
 
interest among scientists and the farm ccrmunity in new compounds and in world­
wide trials with these ccnpounds. So we intensify our marketing and information 
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efforts to help protect our technology, and we maintain our programs and a
 
measure of confidence in Mexico md Fast Africa 
despite setbacks. 

Local manufacturer of agrichemicais is often regarded as a desirable
 
ultimate goal 
for developing nations, I.Pwo significant examples are Du Pont
 
subsidiaries 
in Brazil and Coltbia that produce both "Karmex" herbicide and 
"Manzate" fungicide in multi-million dollar plants. ne Col xbia plat started 

up in 1963, the Brazil plant in 1966. Both have since been expanded. These 
plants have created local jobs plus added international trade for each country. 
The products they make have not only been widely used by farmers in Olombia and 
Brazil, but also by farmers in neighboring countries of Central and South 
marica. Industry investmnts have added a new dimension to the local econcmies 
of these developing nations.
 

In addition, these plants and these crop chenicals have paved the way for 
the introduction of other agrichemicals by Du Pont and other companies. So,
 
many farmers, and the developing nations 
as well, benefit from the introduction 
of new indLstrial technology. 

Success in such ventures certainly depends on a continuing product develop­
ment effort by industry. That is what fits a particular product into local 
farming patterns at the start, offering gains in yield, quality, and econcmy
 
to those who adopt the 
new technology. Blut product development is a function
 
jointly executed by industry scientists, farmers, and local scientists in the
 
universities and government agricultural agencies. And in effect, the farming 
comminity :ealizes a growing opportunity to evaluate new technology, as it
 
adapts available products to specific needs. 

Norman Borlaug has often discussed elements needed for agricultural 
progress in developing nations. 
The shortage of trained scientists he cites
 
as the greatest obstacle. 
But he ccmmonly takes special care to emphasize the
 
great range of the needs for successful introduction of modern farm technology.
 
Crop protection chemicals are a familiar 
art of the Borlaug equation. 


Ii developed nations where crop yields have surged in the past 40 years,
 
Dr. Borlaug says the private sector has played a 
major role in the development,
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introduction, and distribution of these chemicals, as well as in the development 

of better application equipment. He looks for an extension of this effort to 

boost yields in the developing countries. 

Industr. has intensified its vrnrldwide jioc rur ii,agrichrmicals. The 

objective is to share our technology where it can be useful and to do so under 

arrangements that assure protection of innovative developments and products. 

Developing nations make little progress when they provide a refuge for pesticide
 

pirates.
 

Yet, with soiun programs and dedicated leadership, these nations can set 
the stage for real long-term gains in agriculture., based in part on the transfer 

and sharing of crop chemical technology. 

I rLI 



CCWMUNICATION OF WEED SCIFCE TEXI-NOLO2IES IN DEMELOPING CCXINTRIFS 

IWSS/WSSA INF TNATIcJAL SYM.POSIUM4, 1983 

TRAINING WFEE SCIENCE GRADUAE S iUDFN S 

FRCa DEVFLOPING CONTRIES 1 / 

0 	 A. P. Appleby and R. D. Sweet, Professors 

Dept. of Crop Science, Oregon State University 

Corvallis OR0 97331 / USA; and 

Dept. of Vegetable Crops, Cornell University 

Ithaca, NY 14853 / USA 

INTRODUCI1 IZN 

The need for trained personnel in weed science in developing oauntries of 

the world is unquestioned. Short-term research contracts tunded by the more 

developed countries may be helpful in iiproving agricultural systems ot the 

third world, but without trained personnel remaining behind to carry the effort 

forward, any short-term gains from research contracts will soon fade. Indeed, 

we all recognize the need, even in the more developed countries, for a strong 

and continuing effort in agricultural research, extension, and teaching to main­

tain and improve agricultural production. The premise of this paper is that 

there must be well-trained and competent agriculturists within the developing 

countries if there is to be significant long-term improvement in food produc­

tion. There are several ways to achieve that training, but only formal graduate 

studies in the U.S. and Canada will be addressed in this paper. 

1/ Oregon Agric. Exp. Stn. Tech. Paper No. 6604 and Paper No. 805, Dept. of 
Vegetable Crops, Coll. of Aqric. and Life Sci., Cornell Univ. 
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Graduate training programs for foreign students are not always as success­
ful as they ought to be, for a nmmuber of reasois. Because of the differences in 
technical experience, professional objectives, cultliral background, and language 
problems, the challenges to a department and to the major professor are often 
greater than with dc(xestic students. However, the needs are great and, there­
fore, there is considerable gratification associated with producinI coiq~xtent 
and well-trained individuals who will return hoce and contribute to food 

production in their (wn way. 

We will present ideas on procedures and techniques which ay help to
 
improve the training of foreign graduate students. We do not claim to have 
anowers to all questions on this topic, and it is in the spirit of exchanging 

ideas that this paper is presented. 

DISCUSSICN 

Selection of students. The careful selection of students may be the most 
important aspect of a successful training program (1). The difficulties 
involved are nzany. Unfairdliar grading systems and overly optimistic letters of 
reference often can mislead us into accepting students unprepared for the rigors 
of graduate study. How do we kncw the candidates really want to study weed
 
science? This may simply be an opportunity for ambitious young persons to get 
away from hane and study at a prestigious wuliversity. They may not really be
 
interested in weed science or even in food production. The candidates nay
 
prefer to wear dress clothes all day and visualize the soft bureaucratic job
 

waiting for them when they return home. How do we know this? 

Effort spent in selecting students generally pays off many times over in
 

reduced timre later. Talk with appropriate references by telephone, if possible. 
At least one of the references should have completed sane graduate studies at a 
major university in order to better understand the demands awaiting the candi­
date. Meet the candidates in person, if possible, and spend scme time with 

them.
 

Select persons who have already made a comitment to agriculture and weed
 
science. Chances of selecting persons who are genuinely interested in the
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discipline are improved if those persons have already worked for a tew years 
professionally and have exhibited a willincness to get their hands dirty in the 

field. 2/ 

Scholastic ability is difficult to assess. Par in class may be a better 
indication than grade point average. 
Unless there is some familiarity with
 
the grading systmi, a brilliant scholar may have what appears to be a mediocre 
scholastic record when using our scale of reference. To make matters worse, 
grading systems change from year to year. NIst universities have professionals 
in their admissions departnrent, or their international office, who can help 
assess scholastic records. Gcouparisons with previous students from the same 
system nmay also be helpful. 

Coripetence of the student is not the only factor for consideration. The
 
suitability of a phrticular training program for each student also should be 
eXamined. University programs have different philosophies and objectives. 
Potential students should be advised--clearly and in advance--of the type of 
prograrm offered and exactly what expected If student isis of them. a primarily 
interested in physiological studies in the laboratory, he/she should be strongly 
discouraged from enrolling in a program whose major interest and activity is 
field research. InformaLion may be requested from the student's supervisor at 
home regarding the student's future responsibilities, the mission of the employ­
ing institution, and specific suggestions for educational experiences to be 
provided (5). 

Sponsoring agencies may not always recognize the extra problems facing 
foreign students and will sometimes expect them to complete their degree in the 
same or even less time than domestic students. This attitude often stems from 
a lack of understanding of the vigor and pace of U.S. and Canadian universities 
or from the mistaken belief that agricultural training is less rigorous than 
a classical education. Lack of technical background, difficulties with the 

2/ Borlaug, N.E. Personal camlnication with second author. August 1982.
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language, and the need to adapt to a different educational system make earninq a 
degree in a minimum time almost impossible. W-believe that students should not 
be accepted if their financial support depends on the ccaipletion of the degree 
within a relatively short tixne.
 

We cannot over-emphasize that carefl] selection of students is 
not only the 
first, but also the most important step in successful training. Some, sponsoring 
agencies do a fine job of selecting students who have an interest in agriculture 
as well as the ability to handle the acaderics necessary for obtaining the M.Sc, 
and PhoD. degrees at a first-rate university. H.wever, when Selection is poor 
and we accept a student who does not belong in a weed science graduate program, 
we subject the student to a traumatic experience. Unfortunately, too otten we 
think of the heavy burden on ourselves as advisors rather than what is happening
 
to the student. Not only are experiences while here damaging, but if
we are
 
uicble to award a degree, then an even worse trauma awaits the individual upon 
retunning hce. In some instances, this may encourage the awarding of a second­
rate degree from a first-class institution. 

Role of domestic students. Foreiqn students somtimes are mare successful in 
obtaining financing for their studies than domestic students. Most major pro­
fessors receive numerous applications from abroad and may be tempted to fill
 
their training programs with foreign students. Nevertheless, a core of compe­
tent domestic students can be a significant asset in a training program. They
 
are more familiar with the customs and characteristics of the country and, at 
least initially, are more skilled in interacting with technical assistants,
 
growers, and extension agents. Domestic students can provide a continuity to
 
the training program and can serve as a bridge to the foreign students, helping
 

them relate to their new educational environment.
 

English language requirements. Many bright students frcal developing countries
 
have a poor start in graduate studies because their proficiency in English is
 
inadequate. Most universities require a certain level of achievenent in 
a stan­
dardized language examination such as the TODEFL (Test of English as a Foreign 
Language), as well as the GRE (Graduate Pecord Examination). These tests are 
imperfect predictors, but they certainly provide scae indication of proficiency 
in English. If competence in English is a problem after the students' arrival,
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"c...aeful selection of students s not
 

only the first, but the mst imp'ortant step
 

in successful training ..........
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there are generally special courses in DEglish available which they should be 
required to attend. rThey should be encouraged !o use English with family or 
friends. Often students carl gain a considerable advantage by arriving for their 

graduate studies early in the sutner, rather than im-ediatel before classes 

begin Jn the fall, so that they are more comforcable in the use of Diglish 

before class work bgins. 

.Bjinnrinq scr..sters are critical. Arriving directly from a foreign countrI and 
being planged into a rigorous graduate program can be insettling and traumatic. 

i:iptina to a new language, ieing introduced to new teaching procedures, akhano 

social adjustmnts, and suffering from general homesickness are problems that 

any of us could face when studying in a different country. Along with helping 
to learn the language, early arrival also allows the students to bv-me scmPwhat 

adjusted socially before classes begin. Perhaps an even greater adantage is 

that early arrival permits the students to beco-ime acquainted with on-going 

research, and they can much imere quickly make decisions regarding thesis 

research.
 

Careful counseling is required at this critical stage. Students often are 
under considerable pressure to finish their program within specified timea 

limit. Do not sacrifice the student to such artificial tine constraints, but 

keep tJe course load at a reasonable level, particularly the first semester. 

The major professor should be more available than usual for consultation and 

advice. le should let the student kncoa that somneone is available to help at 

any time. 

Individual course programs. As with any craduate student, the course program 

should be tailored to fit the specific needs of each individual. Usually 

students from developing countries need a wider and rore diversified training 

program than U.S. or Canadian students. 'This does not :nean a "watered-down" 

program of elementary courses. A thorough understandig of the interrela­

tionships between a plant and its environment may be as diffji.cult to master as 
the chemical steps in glycolysis. Designing the best cropping sequence for a 

given combination of soil, climatic, and economaic conditions may require a more 

astute mind than calculating an advanced statistical problem. Chrtainly a 
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broad, .flexible program need not 1he less dernimding thani a more specialized one. 
Rigorous courses in soil clh~ssification and mariageient, crop culture, plant 

taxonc~y, field1(lob des.¢, plant paIthlOIgy, and entcwdi ogy way be mrore useful 
,than e:-ten., cours'C- ,kL in ad'anced biochemi str-y, radio tracer technology, 

advanced stati stics, etc 

Tesis research. In a se]m:-Qt'on of a thesis topic, emnhasis should be on the 
type of work students are likely to do after returing hme. A ma-jor objective 
in a training prCoqram sho-uld be to provide experiences preparing the weed 
scientists to return home and efficiently use their experiences in producing 

more fcod]. The need for basic re-search in all aspects of science is unques­

tioned. lloever, adapting new technology to local situations stil I re;:uires 

considerable skill and often will lead to a're rapid improvement in food 

production than if the few well-trained personnel available work primarily on 

basic questions. 

Training in the use of ccniplex and expensive laboratory equigmnt often is 
of little value when weed scientists return home. It may actually deter them 

from engaging in productive applied research. Often students are given the 
:impression that basic laboratory research is required for prestige, resulting 

in establishing exTensive laboratories designe- for basic research. Ti.s may 

result in large exuxenditures of scarce funds which leads to a frustrate:d scien­

tist, who works on problems of little or no immediate benefit to the country. A 
weed scientist shouid, in iost cases, work in the field to solve weed problems, 
not in thie ia oratory working on the mechanism of action of a specific herbi­
cide. Eh'phasis then should be placed upon the full understanding of fundamental 
biological principles and basic agronomic and horticultural skil.ls This will 
provide confidence in the dailitv to -return home to conduct a research proi.ram 
designed to IiTprove food production. 

on area of weed science sadly neglected in many U.S. training programs 
is weed ecology and biology of individual. species. Whether from developed or 
developing countries, weed scientists should kno .,,
the techniques for investi­

gating weeds. Without a thorouga knowledge of weeds, weed scientists cannot 
fulfill their obligations to assist in improving cropping systems. This area 

of training should receive equal rank with that in biology, agroncmy, and other 

areas mentioned earlier.
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'rhe pu-p-)se of the thesis is to provide an opportunity to do independent 

research with guidarce., fran advisors. (hi completion, it shoul. demonstrate that 

the student has tils ability. Research requires intellectual exercise and 
emphasis should be on imaginative and creative thinking (3). Too often a thesis 
is judged, not on its merits, but by the axiount of ccaiplex F .T-rr .t used or the 
current popularity of thbe subject. However, the merythod of financing the thesis 
research can scue-times contribute to this difficulty. Selection of the tlhesis 
topic often is dictated by the source of funds available to tile nnjor professor. 
Students nmy be given a segiTrent of a large, ongo.ing research project as thesis 
work and, in essence, hx-cceyw cheap labor. rpey may write research papers and 
recxive sc,- recoqition but, as Kelly (3) indicates, the student Y,.ay be 
"cheated out of part of his education--the privi lege of learning independently, 
the exercise of his ingenuity and imagination, and the opportunity to grcw,and 

develop intellectually.i 

None of us prefers to work under budget limitations, but the best training 
for a foreign student actually Ira occur when the budget is limited, when appar­
atus and techniques must be improvised, and emphasis is on intellectual effort 
rather than on nechanics of tutrning knobs on the nist up-to-date, complicated 
equipaent. In nost cases, students wil1 return home to a situation in which the 
budget is limited. Having access to the bex-_st of everything during the training 
period my not actual.ly be in the best interests of the students in the long 

run. 

At least some of the financial difficulties may be overcome by expecting 

the supporting agency to proide a nr:,dest budget to finance thesis research. 
The research can then be directed toward the needs of the student rather than 

the needs of the research project. 

An alternative approach to thesis research is for the students to conduct
 
the research in their hcwe coumtry or a third country. This would be practical 
only if crn~etent acdvisors are stationed at the research site. For example, 
scientists at the international centers could be appointed as courtesy profes­
sors of the hane university and could provide excellent counsel to students. 
The thesis research would be directed toward a problem iqxortant to the 
students' courtri, costs would be ninimized, and the students would need to 
spend less time out of country. 
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Integration of research. Ideally, students should get involved in incorporating 
their rese.rch into a cropping system by ',001:kinq with agronomists, breeders, 
soil sciLI.,Lz, amd econcr.stf.. For c:aipie, supljose a :student chooses to 
stud-'t o of fect of nppiica-uiin t i .. of a certain herbicide within a given crop. 

Pesigrinq thc e:-Deruiint, m-lkiina ar r-angements for Iand andc!.terial , and physi­
call- imakin( dpplications and collecting datzi are all desirable exp-rie, ce from 
a traininj standpoint. But the student rrIsL understand that research should not 
stop there, Hc-lodoes this interact wi.th a grower's schedule? Will it -cincide 
witi Fertilizer treatmerits or other tastic]ie applications? What are the 
econeics of the treatn-rnt and can the grcwer afford to use it? weed control 
deos not occur in a vacui-m. The team approach and integrating research into a 
workab-e croppling systeam should be emphasized. 

Extendinci research results. This leads into a related problem--extending 
research results to the users. We all knate of bright, energetic scientists with 
files of data which have never been made avaiiable. There are no bulletins, no 
fact sheets, and no journal articles, just a qreat: deal of infonation which 
hecomes unavailable when the scientist retires. This is especially true in nLany 
developing countries where no extension services exists. Research workers often 
are trained only to do research, and transfer of inforn.tion to the growers is 
neglected. For this reason, foreign students should become thoroughly familiar 
with the philczophy and techniques of adult education systems in agriculture. 
Tine spent traveling with extension specialists around the state may prove ben­
eficial in gaining appreciation for the extension system, as well. as being
 

helpful in learning more technology. A good course in extension methods nmy 

be helpful. Time. spent with a farm family can be enlightening to the student 
in obtaining a greater understanding of farm technologies, in gaining an appre­
ciation for the use of the extension system as a channel of canrunication 
between research workers and growers, and enjoying social contacts in a rural 

environment (2). 

Cormrunication skills. Scme research projects in developing countries have 

failed to progress satisfactorily, not from a lack of technical skill, but 
rather because the project leader could not comranicate clearly with adminis­

trators and subordinates. Training in inter-personal relations is difficult, 
but it is, nevertheless, a critical factor in the success of a program, whether
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foreign or domestic. Therefore, competent students who are potential candidates 
for project leadership in their hcme country should be exposed to a variety of 
cai-vanication techniques. Leadership requires not only basic skills, but also 
the development ot confidence. This might be acccnplished in a number of ways. 
Seminars, student discussion groups, special speech courses, and nm-ebership in 
such activities as the local Toastmasters Club, may provide experience in a 
leadership situation.
 

Teaching experience. The training of a weed scientist in a U.S. or Canadian 
university generally enphasizes research methods when, in tact, many foreign 
students will be primarily involved in teaching. Although using an undergrad­
uate class as a laboratory for training foreign students to teach may not always 
be desirable, teaching rrethods should receive scue attention. Helping to organ­
ize a class laboratory, helping to formulate and grade examns and discussing
 
techniques and philosophies with proven skilled teachers can be valuable
 
experiences. 

Protessional attitude. 
In many cases, developing proper professionalism in
 
a trainee is 
a major challenge. This involves the development of scientific
 
approach including attitude, integrity, and dedication. There is no easy way 
to provide training in these areas. Attitudes must be conveyed by personal
 
example, by discussion sessions, through contact with other students, or by
 
other ntans. Perhaps unhurried and uninterrupted sessions during autcxrobile 
trips while traveling to nretings, off-station research plots, etc., can lead
 
to maningful discussion beneficial to both the student and the professor. 

Krebs (4) illustrates the point that characteristics such as wurking 
habits, dedication, and scientific methods can be_ conveyed from the professor
 
to the student. Krebs, a Nobel Laureate, was a student of Warburg, himself a
 
Nobel Laureate. In tact, three of Warburg's students were Nobel prize winners.
 
Warburg was a student of Fischer, a Nobel winner. Three of Fischer's students 
won Nobel prizes. Fischer in turn was student of Von Baeyer, whoa taught a 
total- of four Nobel Laureates. This scientific "genealogy" can be extended even 
further (Figure 1). It drives howe- the point that a close-working relationship 
beten the professor and the student can be very effective in developing 
professional attitudes a.nd habits.
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von Baeyer
 

1 1 	 1 
Willst~tter Wieland Buchner Fischer
 

Kuhn 	 Lynen 
 1 

Diels 	 .Warburg Windaus
 

Alder 	 Butenandt
 

Meyerhof Krebs Theorell


1~I
 
Lipmann Ochoa
 

Figure 1. 	 Scientific "genealogy" of von Baeyer's students. 

The arrows indicate the teacher-pupil link. All 

menbers of this "family" are Nobel laureates (4). 

Pelationship with private industry. Private industry can play a very important 

role in agricultural development. In many countries, including the U.S. and 

Canada, commercial concerns are of major importance in conducting research and 

extension activities. Students should be made aware of how industry can help
 

develop agricultural resources. This might be accoplished by arranging for
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the students to spend a week or more with selected industry representatives. 
They also should be included in planning sessions involving cooperative programs 
between the university and industry. Private industry is now staffed with per­
sonnel who are as well trained and ccmpetent as th-ose at the university and the 
students need to understand that fact. A close-working relationship with in­
dustry in the hcre country may help make the difference between a mediocre and a 
successful research program. 

Evaluation. Each graduate student, foreign or dcrwstic, is constantly being 
evaluated. If the student is not performing satisfactorily, adjustments are 
made or the student is asked to terminate the program. The rrental ability of 
a foreign student may be more difficult to evaluate than a domestic student 
because of language differences, different social custcRs, etc. Still, we must 
not fall into the trap of the so-called "double-standards." It is not a kind­
ness to lower standards for inconpetent students. This cheapens the degree, 
not only for the student, but for all other graduates of that university. Even 
secondrate students often are put into a position of authority at hme because 
of the advanced degree. These people my actually hinder the progress of their 
ham country. 

Foreign students are under considerable pressure because failure in the 
degree program may mean loss of status and opportunities at home. Major 
professors should do everything possible to assure satisfactory performance, 
sponsoring agencies should clearly understand that most foreign students cannot 
be expected to ccrplete degree requirements in the minimum amount of time, and 
students should be carefully selected by advisors. All of these procedures 
can help students reach their best potential. But, if a satisfactory level of 
efficiency and performance is not achieved, the students should be sent hame. 
Poor thLnkers and poor workers should not be given a degree just because they 
are foreign. 

Follow-up contact. A critical factor in a weed scientist's success may be a 
continuing association with the parent university after returning hare. This 
not only helps the weed scientist by keeping abreast of technical aspects, but 
it also demonstrates to administrators that the scientist is indeed carrying out 
a meaningful and important research program. Pamples could be cited of cases 
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in which association has not been continued, resulting in a declining producti­
vity, either because of a decliniag interest on the part of the investigator or 
because of lack of administrative support. A mininim continuing association 
could take the form of regular exchange of data and ideas. Personal visits, 
whenever possible, by a person from the degree-granting institution are nost 

helpful. 

C(NCLUSIONS 

Chances of a success[ul training program can be improved by careful 
selection of students, offering sympathetic counseling in the early stages, 
designing course program and thesis to meet the student's needs, providing 
opportunities outside the formal degree requirements, and maintaining close 

association after returning home. 

Training studpnts from developing countries can be difticult for the 

student as well as for the department and major professor. But it also can be 
tremendously gratifying for all concerned. Many of the world's brightest young
 
p ople are located in the third world, and unless they can be provided with 
training and opportunities, they represent a tremendous waste of human talent. 
Watching this talent blossom and grow can make any difficulties involved seem 

small in perspective. 
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INTRODUCTION
 

The weed science short course can be an effective mchanism For technology
 

transfer tirough dissemination ot information in a relatively short period of
 

time. Altlough these courses can vary considerably in scope, content, and
 

audience- this paper will address detai is of a coinTrniy held (.ut perhaps not 
twpica]) 2-- to 5--weeks course primrily geared to the educational level of a 

university qraduale. The perceived value of such courses will be discussed. 

The fo] Ieowing ccmnrnts about weed science short courses are based on my 

expericnces, I.r) courses for the International Plant Protection Center (IPPC) 
and the Nationa1 Crop Protection Center (NCPC) in the Philippines, three courses 

for the Insti.ue of Tropical Biology (BIOTROP) held in Indonesia and the 

Philippines, and one course for the South Pacific Co~mission in Western Sana. 
In addition, one or t-o-day workshops were conducted for other agencies. All 

of these expe:riences cam: frcn, Asia and the Pacific. 

The need for specialized training in weed.science has been expressed by
 

those who have considered weed science needs in developing countries (3,4).
 

Journal Series No. 2714 of the Hawaii Institute for Tropical Agriculture
 

and HLman Resources. 
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Training is necessary to provide leadership in instruction, research, and 
extension in weed control programs. for other personnelaind to conduct and 
assist in research, extension, and training. Furthermore, relatively few weed 
science courses are taught at universities in developing countries, and if 
taught, often they are not required. 

DISCIJSSION OF TRAINING COUPSES 

'bst weed science training courses are similar to, but often broader in 
scope than, introductory weed science cokirses taught in universities. Typical 
topics include wecd identi fication, classification, distribution, charac­
teristics associated with weediness, cmpeti.tion, and other bases for losses. 
The principles underlying different weed control methods, their usefulness 
and limitation are discussed. Herbicide topics include: 1.) application and 
calibration of equipmnt; 2.) foniulations and adjuvants; 3.) uptake, translo­
cation, and factors affecting them; 4.) behavior of herbicides in soils; 5.) 
crop selectivity; 6.) inherent susceptibility of weed species to herbicides and
 
other practices and resulting shifts in populations/biotypes; 7.) toxicology;
 
8.) registration/legislation; and, 9.) me-chanismns of action and uses of several
 
important herbicide families. The emphasis is on principles rather than 
specific details.
 

The state-of-the-art of weed control technology in various cropping
 
systems is presented. Wherever possible, local weed scientists are selected
 
here because they are familiar with the regional practices and cropping systems.
 
Finally, unlike typical university weed science courses, an overview of research
 
methodology is provided. A few simple greenhouse and laboratory experiments are 
planned and conducted, but field research is ephasized. The goal is to expose 
the participant to experimentation in weed science. 

In all courses in which I participated, a well-planned field experifrent 
best illustrates the activities associated with designing and implementing 
field research programs. For the two courses srxnsored by IPPC and NCTC, a 
moderately-sized field experiment was conducted with about a dozen herbicides 
applied at two rates, preemergence and post-emergence to several weeds and 
several different crops. Participants staked out plots, planted crops, sprayed 
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herbicides, md evaluated plots qualitatively, scetimes using two rating 

systems, such as the percent scale and the European system. An overview of 

statistical rteLhCA and hints on ty:pical plot designs ;cro provided. The Field 

Manual for Weed Control Pesearch (1) provided an excellent reference -ource for 

tie field aspects. Herbicide selectivity and symptoms are well-illustrated by 

choosing herbicides with different mechan.isms of action. These examples provide 

a most vivid illustration of herbicide activity and plant selectivity. 

Nunrous other points often taken for granted by researchers are illus­

trated to the trainees by actually being involved with every phase of the 

experiiTnt. For example, the small anunL of herbicide required to control 

vegetation is best learned by measuring and observing the amount used rather 

than num ears from a calculation pad. The endless problems associated with 

sprayer calibration, such as rough terrain and wind patterns, are illustrated 

by a well-planned field practicum.
 

Timing of field experiences in the course sequence can be critical. If 

participants are actively involved initially with sprayer calibration, herbicide 

calculations, and application, they are better able to relate this early experi­

ence to materials covered in the course. It wil ] also allow the establishment 
of the field herbicide experimnrt in the firs': few days of the course and will 

permit participants to follow the experiment during the relatively short 3-week 
period of the course. This approach is most useful for short courses. 

in conjuction with field experiments, another practical phase of the course 
is the establishment of greenhouse or laboratory projects. These projects can 

include herbicide wash-off, direction of translocation, and phenoxy volatility
 

described by Burrill, et al (2). Participants working in teams of about five 
gather background literature related to the project, set up the experiment, take 
appropriate data, interpret their data, and present and defend thieir research 

results to the rest of the participants. This provides added experience in 
experimentation and gives the participants a feel for every phase of a simple 

research project. 

Thus, these courses are generally much more extensive than a typical 

introductory weed science course. They are extremely effective in upgrading 

the level of understanding of weed science concepts and weed research.
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In addition to the aforementioned, other techniques are essential to have a 
successfal course. The course organizers must have written material prepared or 
available fur each lecture. This is extremely useful for participants during 
the course. Wiere English is not the native language for these participants, 
written lecture notes or references from leaflets, textbooks, or journal arti­
cles provide a tangible foundation for reinforcemnt ot principles presented 
during the lectures. These lecture notes and other references are so-etimes the 
only source of weed science literature for these pirticipants. Thius, it becow.?s 
a most i portant part of their library, functioning as a vital reference source. 

Visual aids should be used when possible. They are extremry effective 
when the participants are not fluent in the laiguage the course is presented in. 

Another useful techmique is the presence of aq many of the instructors as 
possible in every formal class period. This gives the participants an opportun­
ity to interact with all instructors as a concept is being presented. Although 
this active participation is rather tifre-consuming for the instructors, I 
perceive it to be worthwhile. 

Finally, an examination at the end of the course should be conducted for 
these short courses. It is not only useful to test the participant's ccnapetency 
in the principles which had been taught, but it also reinforces these principles 
and encourages the participants to integrate several concepts. Further, a pre­
test is a helptul device to determine the knowledge base prior to the course, as 
well as providing a useful outline for the important topics to be covered in the
 

course. 

The typical participant has a B.S. degree in Agriculture, some have M.S. 
degrees, and very few complete diploma programs only. Nearly all have no
 
exposure to weed science in their formal degree coursework. Participants are 
mainly research assistants, extension workers, instructors at agricultural
 

colleges, and privatc corpany representatives.
 

Feedback from the participants indicates that these courses are quite 
useful. There is clear evidence that the participants' knawledge of the subject 
matter improved substantially. This is evident through active discussions as
 
well as quantitative data foim pretests and post-tests.
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One shortcoming of this type of course is that it does not adequately 

prepare th-e participant to conduct research independently, and many Aho caiplete 

the course desire a rore advanced course which would prepare them in experi­

mental design and data interpretation. I do not he] ieve that thle short course 

is the way to handle this enhanced research need, but a graduate program would 

be well-suited for this purpose. Certain institutes, such as the Institute for 

Tropical Biology (BICFOP) have a 1--year training course in weed science. In 

addition to formal lectures and la]beratories, this program is highly research 
oriented, and n-upy ot these participants utilize their research as part of their 

thesis in a degree prcxyram from an educational. institution. 

These short courses miqht be the most econmnica. way of teaching intro­

ductony weed science principles and research methodology to those not previously 

exposed to weed science. The participants are away frozn their normal respon­

sibilities for a relatively short pezriod. Instructors pa)rticipating in these 

courses are also involved for a short period of txnn. 

Participants probably gain the most benefits in small classes. However, 

the high cost of conducting these courses for small groups may render small 
classes unfeasible. The maximum number of participants should not exceed 30. 

This enizolhment would permit interaction among the participants. 

SUM/CRY OF PESPNSES FRCM PARTICIPANT' S QUESTIUNINAIRE_ 

.Ln an effort to assess the effectiveness of these short courses, a 

questionnaire was sent in ndd-June 1982 to approximately 60 participants of the 

1979 and 1980 3-week IPPC/NCPC short courses held in Los Banos, Philippines. 

Peply was requested by I-ate July 1982. While only 17 questionnaires were re­

turned, the remarkable similarity in answers led to same general impressions. 

The topics and responses are suinTrarized below: 

1. Extent of participant's involvement in weed science. Six categories of 

involvement were provided; none, less than 10%, 11% to 25%, 26% to 50%, 51% to
 

75%, and 76% to 100%. Nine of 17 respondent spend 26% to 50% or their time in 
weed science efforts. (Olyone respondent spends less than 10% time in weed 

science, while two indicate 76% to 100% time in weed science. The respondents
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include technical/econmics assistants, extension workers, training officers,
 
researchers, assistant professors, and chemical ccpany representatives. This
 
mixture of participants is typical of all short courses that I participated in. 

2. Improvement of knowledge in weed science technolcgy. Although different
 
aspects of the 
course appear most important to the different respondents, they 
feel that the course has a very positive influence on them. All respondents 
clearly indicate that the course upgrades their general knowledge of weed 
science. Many express greater confidence in dealing with issues on weeds, weed 
control methods, and herbicides. 

3. Use of information from the training course. Miny are able to establish 
farmer training programs or research!demonstration trials illustrating the 
usefulness of weed control practices. These range from ccmnarisons of mechani­
cal and chemical control, minimum and zero tillage practices, to shifting farmer 
practices from a monocrop system to crop rotation. Some have conducted programs
 
to train technicians, who are responsible for training farmers. Two are 
assistant professors in crop protection providing weed science instruction as 
well as advising on weed research projects, 

Several respondents cite the importance of the references and notes given 
during the course as being very helpful in their programs. It appears that 
these references are the major source of information that many participants now 
have in weed science.
 

4. Benefits to the ultimate user. Typical responses are as follows: "The 
farmers have information from which decisions on weed control methods can be 
made." "Farmers are using the technology of herbicide application quite effec­
tively in several crops." "Farmers are now considering rotation instead of 
planting the same crop throughout the planting season." "Farmers are now 
practicing minimum tillage in soybeans." "The technicians can mrore effectively 
train farmers." These responses indicate that technology transfer is taking 
place.
 

5. Constraints in use of information. It is difficult to gain perceptions 
here, although many express problems with insufficient funds and equirnynnt to 
launch effective programs. 
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6. Other comments. When asked to provide any other coments describing the 
usefulness or lack of usef,]lness of the training course, it is interesting to 
note that nine of 17 respondents indi]cate a desire for periodic courses to
 

upgrade their kn-owledge in weed scieilce. This response is noteworthy since 
the question was not posed directly. 

CONCLUSIONS 

Although it is difficult to make conclusions based on this limited 
questionnaire, it is clear that the courses are enormously beneficial in
 

upgrading the knowledge of the participants. The multiplier effect, or 

technology transfer beyond the knowledge gained by the participants, appears 
to have taken place. Furthermore, the increased knowledge in weed science gives 
the participants a better base to discuss weed science rrore effectively with 
colleagues, administrators, and the general public.
 

Besides the short course described here, the technical content of short 
courses/workshops can be- increased and effectively utilized for weed science 
professional or administrators. A 2- or 3-day program by top scientists in 
their fields can effectively update professionals. Thus these "short courses" 
may take different forms and, wlen properly impleinnted, can be effective tools 

in the transfer of technology. 
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EXIENSION TFi3ZNIQUBS TO REACH 'flE FARMER 

a 	Burghard Elster
 
Manager of Avertising and Sales Prcmotion
 
BASF Wyandotte Corporation
 

100 Cherry Hill Road
 

Parsippany, NJ 07054 / USA
 

INTRODUCT ION 

The title of this presentation is itself an example of how cammLnications 
work. I saw that the title ot my talk was to be 'Extension Techniques to Reach 
the Farmer' when I received a copy of the agenda. This is an excellent title 
which, if I interpret it correctly, means "how to extend information to reach 
farners." -Asyou will see, the word extension is especially appropriate.
 

I should note that we at BASF are well aware of the total comamibent 
required to sell herbicides in developing nations. Not only are there financial 
questions, there are serious concerns about the proper use and disposition of 
all chemicals. It is not enough to provide directions for use, especially in 
areas of high illiteracy, nor is it adequate to explain use directions to a farm 
worker who is incapable of understanding what you mean. It is necessary for any 
marketer of agricultural chemicals to build a bridge in ccnmmunications to the 
farmers of developing nations--to extend rather than simply provide information. 
It is this eftort which I would like to describe to you. To do so, I feel that
 
we must begin with a basic conmunications model.
 

'THEELENTS OF COMMUNICATICN 

The fundamental components of a ccrmnunications model consist of a sender 
and receiver, The information flows from sender to receiver. Understanding of 
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the 'nformation is verified by the receiver, who feeds back information to the 
sender. 

There is another elerent in the conrmunication model called background
 
noise. As the term implies, 
 background noise interferes with ccntmunication.
 
Two people talking in a 
noisy factory have to overcome background noise. To 
someone listening to a radio program, background noise is called static. 
Yet
 
background noise is not necessarily audible sound. Visual interference with a 
television broadcast could also be called "background noise" and, as you will
 
see, cultural differences also cause a kind of background noise of tleir own.
 

FORMS OF CCMMUNICATMtS 

'Te sLmplest form of cairnunication is two way, face-to-face crmumnication-. 
More coplicated formns ot ccamunication involve group-to-group, or even many
 
groups to many groups. The advertising industry most closely
is connected to
 
mass ccxmunications 
 in the mind of the consumer, but advertisers are relative
 
latecomers 
 to the ccmauni cations field. Churches, governnnts, schools, and 
the family ccrmrunicated information that had profound effecta on society long
before marketers thought of using it. Like these institutions, marketers have 
frequently been accused of manipulating people through their advertising. In my
experience, people feel that they are being manipulated when they disagree with 
the sender's conmunications objective. Manipulation, therefore, is mostly a 
question of perspective. In all cases, the basic steps are the same: you must 
first capture the awareness of your target audience and then interest them in 
your message, which should motivate them to think or act in a way that meets 
your communications objective. 
This simple sequence is critical to any suc­
cessful communications effort, but the way in which they must be deployed varies
 
greatly when comparing industrial nations with developing nations.
 

CCMMUNICATING TO THE AGRICULTURAL SECTOR 

For conparison, let's first see how communications are used in the U.S.
 
agricultural industry. 
Here we have 4 million people working on 2.3 million 
farms with a total value of one trillion dollars About one million farntrs 
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are the decision makers in this audience and, in 1980, they spent a record $135 
billion on materials and services for production. In that same year, marketers 
spent $500 million in mass media to cormunicate to this group. This, then, is
 
an excellent example of group-to-group conrmnications. 

'ite normal tools used by advertisers of agricultural products to reach this 

target audience are: TV, radio, print advertising, direct mail, and printed 
materials. Of course, the basis for comuicating successfully with this target 
audience is a sound marketing program--but we'11 concentrate on the 
communication aspect rat-her than marketing.
 

The methods conmonly used to determine the effectiveness of a ccmmica­
tions program include: pre-testing, readership studies, attitudinal studies,
 
benchmark (comparative) studies, recognitioi studies.... The list is endless, 
and the measurement techniques have become kicreasingly sophisticated. 

Obviously, then, the industrialized nations make a great effort in
 
measuring the effects of commuinication on consumers, yet there remain many 
more questions than answers. We must also be concerned that the very level of 
comamunications builds resistance among consumers. American farr, rs are now 
overly exposed to advertising and they criticize the industry for spending so 
much money in advertising. In fact, the most recent edition of Aqri Marketing1/
magazine contains a feature story on how major agricultural ccripanies are 
attempting to overcome this sensitivity. Ciba-Geigy, Elanco, Sperry-Holland, 

DuPont and even the U.S. Departxnent of Agriculture nci have ccnmunications 
programs designed to improve public perception of farming in the United States. 

We must have alternate ways of camunicating, whether it is through satel­
lites, cable TV, or hcme camputers--we really don't knc% the answers. So, if we 
don't have all the answers for industrialized nations, what prospects are there 
for developing nations? 

"The Image Maker," Ari Marketing, January 1983, page 50. 
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CBSTACLES TO COMMUNICATIONS WITH DEVELOPING COUNTRIES
 

Let's return to our basic crmmiuncation model. T1he el1ent of background
 

noise now beccmes an important barrier to corrnunicating with people in cultures 

that are fundaentally different thvan ours. Those of us raised in
 
industrialized nations have a perception that we understand theimotivations of 
people with whon we communicate. This perception is not valid if we apply it to 
people who have vastly different cultural practices. In fact, the mistaken 
belief that people in developing nations understand us creates a cultural 
background noise that must be overcome. In order to overcome this barrier, we 
must recognize the difference between formn of cocnication and the meaninq of 
communication. A friendly wave may be interpretated as a threatening gesture to 
people of some cultures. The form of ccnmunication, a wave of the hand, does 
not conform to the meaning it has to the recipient. This difference in form and 
meaning is a critical obstacle to cmmunications with people in developing 
nations. Although the concepts held by those exchanging infornation may be 
identical in form, they differ in context, regardless of the vehicle used. 

An example of the difference between form and meaning is the word family. 
In Encilish and German, the word family, or fanilie, sound alike and have the
 
same basic meaning; a small unit consisting of parents and children. Form and
 
meaning are alike. In Swahili, the only comparable word is "ndugu." This word
 
means all relations, a much larger unit than what we mean by "family." 
 The form
 
may be similar, but the meaning differs--and cormunications suffer. At BASF, we
 
worked together with organizations like the Food and Agriculture Organization
 
to overcome those obstacles and improve ccmrunications with the people in
 

developing nations.
 

Another obstacle to cammunications in these countries is the lack of tools
 
available to reach the audience. 
In order to achieve effective communications,
 
UNESCO recommends a minimum of the following vehicles for every 100 inhabitants:
 
one newspaper, five radio sets, two cinema seats, and two TV sets. 
 Few develop­
ing nations have reached these minimums. Not only do we have the problem of
 
overcoming background noise, we also lack the (amiunications tools needed to 
reach farmers.
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Before detailing some of the alternatives available, I'd like to mention 
the political ramnifications of the absence of conruications tools in develop­
ing nations. A few intriguing questions have been raised by Professor Doctor 
Franz Ronneberger of the F.A. University of Erlangen/Nuernberg: 

1.) 	 What is the imniact on a developing country of instantly importing the 

technologies and iedia systems of the industrial nations? 

2.) 	 Mat is the impact of having total governunent control of radio and 
television programs in countries that have no freedom of information? 

3.) 	 What effect will there be on the culture ot a developing nation when, 
because of financial limitations, all progranuting is borrowed frcm 

industrialized nations? 

4.) 	 What happens in countries where no ccnrmon culture or language exists? 

5.) 	 What will be the impact of the increasing separation of rural and 
urban areas of developing nations--a difference that could he 

increased by mrodern ccmmmication tools? 

These questions represent the tip of a very large iceberg. The issues are 
important and should be kept in mind because they profoundly effect all 

communications within the country. 

EXAMPLES OF CCMUNICATIONS WITH DEVELOPING NATIONS 

I now have a few examples ot how we attempted to ccMnuicate with consumers 
in developing nations. I should explain that I do not intend to sell BASF
 
products to you--you are not the target audience, after all--but I never regret
 

exposing people to our advertising. In fact, I enjoy it. Still, my examples
 

are all from BASF, a coincidence.
 

We certainly do not claim that everything we have done worked perfectly. 
The examples I will show seemed to work very well and represent our best efforts 

at the time. 
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coorainatea the use of billboards with the activities of our teclmical staff. 
Wherever the technical people worked in field tests plots, the billboards
 
explained what 
 the product in the test would do. The road signs had removable 
panels constructed so that different messages could be inserted on the front of 
the sign. 'Tesepanels were stored on the back of the sign, and were changed
 
frequently. The 1)illboards becare something of a roadside newspaper. Through 
experience, we learnied that the most effective billboards were simple and very 
visual. In countries where even the most basic construction materials, like
 
wocd and cardboard, difficult to get, used
were we stencils, paint and a brush. 
After a while, the signs became a canmon sight throughout agricultural areas. 

A second example shcws a colorful, cartoon-style poster used for an
 
agricultural project in Afghanistan. 
 It has no T-ords at all and describes the 
need for proper soil cultivation and fertilizers. Although fairly simple in
 
appearance, I would say that it is still overly ccmplicated for the target
 

audience.
 

Another example was developed in Ethiopia where we wanted to teach farmers 
about the benefits of using fertilizer. We had no idea how to do it, since 
there were no media to work with. A Norwegian missionary school helped us with 
the problam. The missionaries asked the children how they would tell their 
parents what fertilizers do. Their answer was simple: when plants are hungry, 
they need food. How do we get this message to the parents? The children gave 
us another idea--use the covers of their school books. W designed the covers 
with simple illustrations and had our message hand delivered to our target 
audience. 

These were among our earliest attempts in conimunication. While we were 
busy trying to educate our target audience, we also learned a great deal 
ourselves. Our later attmpts reflect an improvement in understanding 
ocrmmnication techniques.
 

As a result of a well-directed market survey, we discovered that there was
 
a demand for crop protection products and specialty fertilizers in Morocco, and
 
that the demand was growing steadily as agricultural yields increased. 
Govern­
ment agronomists helped us a great deal. Ke had to inform farmers about the 
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need to combat weeds in sugarbeets in a way that allowed for tremendous 
differences in education among the population. In Morocco, our advertising 
planning was done backwards, with plans adjusted to accommodate differing
 

patterns of behavior.
 

Films are an excellent cam-unication tol in countries like Morocco, but 
they must be used carefully. Films produced in industrialized countries cause 
uneasiness and even resentment in the population of developing nations. All
 
people appreciate an effort to present information in a more familiar environ­
ment. In fact, one sinple slide can be more effective and. more successful than 
a full length film, so long as that slide showis local scenes. Also, the lack of 
suitable facilities for showing slides and films--and the inability of farmers 
to travel--made it necessary to devise ways to bring slides and films to the
 
farmers. When done properly, audio-visual is the best way to train custamers
 

in correct product use. 

An ideal way to brin4 the message to the consumers was found in the shape 
of a trailer. We purchased a trailer with all necessary audio-visual equipment. 
It was the center of attention wherever it went. Theoretical instruction was 
supplemented by practical tiaining, examples, and denonstrations in the field. 
Simple drawings in leaflets distributed to the farmers repeated the story in 
pictures and provided the far-er with a way of retaining the main idea; he then 
explained what he had seen to other farmers in his area, thus multiplying the 

message.
 

This project was a great success and yielded measurable results. Despite
 
this, the trailer was no panacea. Costs were high, logistical support was 
complex, and the need for precise planning was critical. The trailer had to 
arrive in an area at the proper stage of an agricultural test. In addition, 
invitations have to 'e sent out and a fcllow-up visit must be carefully planned. 
So the trailer concept is not always the perfect answer. 

In all cases, we discovered that our developing country consumers responded 
best to illustrative and symbolic language. We designed leaflets to capitalize
 

on this fact and to allw farmers to consolidate information and pass it on. 
Rather than using German designers, we tried to find art directors who were 
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very 	familiar with the people of the region. We learnred a lot about graphic 
communication from these designers, even though itwas not always easy to work 

with 	them.
 

Perhaps the best example of getting close to the target audience is the
 
"magic poster" experiment which we used to train tractor drivers in inBrazil 
applying crop protection products. 
This poster has very thin lines illustrating 
the proper way to care for application equipmnt, TLhe lines cannot be seen by 
the audience, but the trainer can see them clearly. We would train a local 
technician to use this poster, filling in the lines as he went along. When he 
gave the training information, he would use local language and local examples 
while still onveying the key points. As a result--simply by drawing over 
existing lines--the trainer becaire an expert in teaching local tractor drivers 
how to apply products safety and maintain the equipment effectively. As always, 
a leatlet that duplicated the training information was distributed. When the 
tractor driver looked at the illustrations in these leaflets, he associated them 
with the explanations provided by one of his local people, rather than with the 
explanation given by a German capany. By doing this, we helped to minimize the
 
background noise in the ccrrnnication process. 

CCNCWSICNS: FAF2MDING INFORMATION 

Tle latter examples show how earlier lessons were incorporated and expanded 
upon. Same of the many lessons learned can be summarized in three points 
critical to cacmunicating with audiences in developing nations: 

1.) 	 Get close to your target audience by finding people who can cormu­
nicate with you and with your target audience. This may require 
more than one person and you may have to ignore the normal social 
hierarchy, but it is essential that you ccmmunicate content, not just 
formns. 

2.) 	 Listen to these people. Do not simply lecture to them. What they 
have to say is real and very valuable. 

3.) 	 Some of the people with whom you conmunicate will be natural leaders. 
These leaders are your most important asset, because they can multiply 
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the impact of your mssage. Train them to train others. Give them 
basic communication tools and teach them how to use them.
 

The essential point of cmanication is to initiate a process that is 
self-perpetuating. Find an area of people with similiar problems and an 
individual capable of translating your solutions to others within that circle. 
From that pc-nt on, comunications beccoes a chain reaction: the people learn 
from one another. This is the way to extend information to reach farmers of 
developing nations. 
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M.P.I.A. from the Graduate School of Public and International Studies, and the 
UrLiversity of Denver where he received his Ph.D. fr m the Graduate School of 
International Studies. With USAID support he has done research in South Asia, 
particularly Pakistan, and with the U.S. Forest Service has done research on 
problems of water resources planning. Currently he is an Associate Professor 
in the Department of Sociology at Colorado State University where he teaches a 
course emphasizing technology as a social and political phenomenon. He is 
presently involved in social studies and in social organizational aspects of 
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irrigation systems. 
Dr. Freeman is very active in professional societies
 
including the American Association for the Advancement of Science, American
 
Sciological Association, Prerican 
Political Science Association, and the Policy 
Studies Association.
 

Fryer, JOln D.
 
Professor 
Fryer has received M.A. degrees from both Cambridge and Oxford, 

and is presently the Director of the Weed Research Orgaization as well as a
 
Visiting Professor at Reading University. He has served as a irember on the
 
National Academy of Science 
Ccmittee on the Effects of Herbicides in Vietnam,
 
as a chairman of the Program Cormittee 
 for several British Weed Control Con­
ferences and was the 
first weed specialist for Plant Protection Ltd. Currently, 
PIrofessor Fryer is the Chairman of the Editorial Board for Weed Research, mrniber 
of the Board of Managewent for the British Crop Protection Coicil, member of
 
the Executive Ccrimi.ttee of both the European Weed Research Society and Inter­
national Weed Science Society, and Chairman of the Scientific Advisory Ccni.ttee 
Agricultural Chemical Approval Schen-e. He is very active in professional
 
societies including Foreign member of Academic 
 d'Agricultir:e de France, European 
Weed Research Society, International Weed Science Society, Weed Science Society

of America (Honorary Member) , Honorary Fellow tlyal Agricultural Society of
 
England, member of the Association of Applied Biologists and Fellow of the
 
Institute of Biology. In 1979, 
 Professor Fryer received both the Otto Appel

Cceayneorative 
 medal for outstanding contribution to research in the field of
 
wed science and the CBE (Commander of [the Order of] 
 the British Empire) for
 
services to the Agricultural Research Service.
 

Johnston, Bruce F. 
Dr. Johnston attended Cornell University, where he received his B.A. in 

Government, and Stanford University where he received his M.A. in Econcrics and 
Ph.D. in Agricultural Economics, He served as the Chief, Food Branch, Econcuiic 
and Scientific Section, General Headquarters, Supreme Commander for the Allied 
Powers in Tokyo, Japan from 1945 to 1948, and as the Agricultural Economist, 
Food and Agricultural Division, European rejjonal office, Marshall Plan, in 
Paris from 1952 to 1954. Li 1962 he was a Visiting Trofessor at Makerere
 
University in Uganda and fra 
1975-1976, at the University of Nairobi. 
Cur­
rently Dr. Johnston is Professor and Economist in the Food Research Institute 
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at Stanford University. He is very active in professional societies including 

American Fomnomic Association, American Agricultural Fconctics Association, 

International Association of Agricultural FEcondsts and Africian Studies 

Assciation. Dr. Johnson has authored or co-authored several books dealing with 

the agriculture and economics of developing nations including his recent books 

"Agricultural Change in Tropical Africa" with K.R.M. Anthony, W.O. Jones, and 

V.C. Uchendeu (1979) and "PRdesigning Rural Developmnt" with W.C. Clark (1982).
 

Li Yang-Han
 

Professor Li attended both the University of Nanking and Yale School.
 

of Forestry. Currently he is a Professor of Botany and Head of the Weed
 

Research laboratory in the Agronomy Department of Nanjingj Agricultural College.
 

Professor Li has been teaching botany in agricultural colleges in China for
 

nore than 40 years and has been working in the areas of weed bioloT and weed
 

control since 1953. During that time he has published several textjx)oks in
 

botany, plant identifica .on and weed control and qtiarantine. lie is very
 

active in scientific societies including the Botanical Society of Ch1ina, Plant
 

Protection Society of China and International Weed Science Society. Currently
 

Professor Li is the President of the Weed Research Association of China.
 

Matthiews, L. J.
 

Since completing his degree at Auckland University College in New Zealand,
 

Mr. Matthews has been very active in weed science and plant protection. He has
 

served as Officer-in-charge, Plant Protection, Ministry of Agriculture and
 

Fisheries, and as the Technical Developuent Officer, Agricultural Chemical Act.
 

Presently Mr. Matthews is the Weed Specialist for FAQ aand is responsible for
 

im-proving weed management at country level with specific reference to developing
 

countries and serves as focal point for the developnent of regional and global
 

programs. He is active in scientific societies and is a Honorary member of the
 

New Zealand Weed and Pest Control Society in which he has served as Secretary
 

to the Vice President and President, and the Asian-Pacific Weed Science Society
 

and Weed Science Society of America. Mr. Matthew.: is also a Fella of the New
 

Zealand Institute of Agricultural Science, Past-President of both the Asian-


Pacific and International Weed Science Societies and Executive nmhmber of the
 

European Weed Research Society.
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Nicholson, _Ralph C. 

Dr. Nicholson has attended the University of Vermont (B.A.), University 
of Maiine (M.S.) and Purdue University (Ph.D) where he is currently an Ass,ciate 
Professor of Pliont Patholckly and Co-Director of the Purdue Program in Interna­
tional Crop Protection, Dr. Nicholson's research progra is in disease physi­
ology and I:ichemist~r\ with ,:mphasis on corn and sorghtmi, and the biosynthesis 
of phenis, H l uco diea physiolocm_ and phenolic 

compound metah()lism. In the context of international agriculture, Dr. Nicholson 
has coli_ox)rative pr(Y1rams with researchers ln -in Paulo, Vicosa, and Campinas, 
Brazil. ard in Faisalabad, Pakistan. With his wife he has taught ail interdis­
ciplinary course in problems in aqricultural development -and international
 
agriculture and in 1979 was co-au;lhot of :he xxk Distant Huiqe_ whi W deals
 
with world huniger issues. He is very active in scientific socirLties including 

American Phytopathological Society, Canadian Phytopathological ,'bciety, 
Brazilian Phytopathological Society and the American Chemical Society. 

Nishimoto, Roy K. 

Dr. Nishnhcto atteded both Oregon State University, where he received 
his B.S. and M.S. degrees, and Purdue Univarsity where he received his Ph.D. 
Presently he is Chairman and Professor of Horticulture at the University of 
Hawaii where he conducts research to develon weed control practices and their 
integration in to horticul.tural crop production, teaches a senior-graduate 
course in weed science, advises graduate students and a-ctninisters the Departmelt 
of Horticulture. In 1976-77 he was a wisiting fellow at the Depa.-trrent of 
Vegetable Crops, Corne-.. University. Dr. Nishimoto has -aod extensive experi­
ence in wee( science shoirt courses and has participated as a consultant to help 
conduct several short courses/workshops on weeds and their control in Western
 
Samoa, Indonesia (twqice), Philippines (thrice), Saipan, and Tonga. He is also 
active in the Asian-Pacific Weed Science Society (current Secretary), Interna­
tional Weed Science Society, Weed Science Society of A'erica, and Anerican 

Society for Horticultural Science.
 

Robins, John S.
 
Dr. Robins attended Kansas State University, where he received his B.S., 

and University of California-Davis where he received his Ph.D. in Soil Science. 
Dr. Fobins conducted soil ai-. water management research, and supervised and 
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administered research programs of the Soil and Water Conservation Research
 
Division, Agricultural Rescarch Service in the western 
United States frcrn 1951 
to 1965. Frcn 1965 to 1970, he administered the Washinqton State Agric-itural 
Experiment Staion programns and seied as Dean of Aqriculture from 1973 to 1978. 
He was also the Associate Airninistrator for the Cooperative State Pesearch 
Service, USDA, fron 1970 to 1973. Presently, Dr. Robins is le Agency Director 
for the Food and Agriculture, Science and Technology Bureau in A. ID. and as 
such is responsible for providing leadership and direction to the Agency's 
service and technology activities in food and agriculture. Dr. Robins is an 
active member of th-e American Assoc-ation for the Advarceirent of Science, 
Arerican Society of Agronomy, Soil Science Society of America, Soil Conservation 
Society of America and Western Soil Science Society. 

Sweet, Robert D. 
Dr. Sweet attended Ohio University, where he received his B.S., ard Cornell 

University where he received his M.S. and Ph.D. Recently Dr. Sweet retired as
 
Professor and 
Chairnmn of the Vegetable Crops Department at Cornell University 
and presently is serving as Professor Emeritus. During his 38 years in weed 
science, Dr. SwRve has been very active in teaching, with his first Ph.D. stu­
dent receiving his degree 1949.
in His major emphasis is herbicide evaluation 
in horticultural crops. 
 In addition, Dr. Sweet is active in scientific socie­
ties including the "tad Science Sociuty of Aierica in which he was aelected 
Fellow in 1974, Northeast Weed Science Society, American Society of Horticul­
tural Science, International Horticultural Science Society, and Sigma Xi. 

T.blson, E. Norris 
Mr. Tolson received his B.S. from Nbrth Carolina State University where he 

served as the student body president in 1961--1962. After serving as an officer 
in v±he United States Army, he jointed the Du Pont Company in 1965 as an adver­
tising assistant. In 1970, he became a sales representative, a product manager
 
in 1971, marketing manager for agrichemical in Europe and Africa in 1975, and in
 
1977 was named general marketing manager of the Agrichemical Marketing Division.
 
In 1981 Mr. Tolson was appointed Director of Akricbenicals arketing PiJior, 
Diochcmical Eeparn ent-Worldwide. In this position, he coordirtes ee'elcrment 
ard v.crldwide aarkEting for the entire line of Du Point agrichemical products. 
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Vega, Marcos R.
 

Dr. Vega attended the 0niversity of the Philippines (B.S.A.), Cornell 
University (M.S.) F-aid North Carolina State University (Ph, D). He served as
 
the Director of Training 
 in which he had the administrative responsibility for
 
the International Rice Research Institute' - tr1aining program. This program
 

.
covers both decree and nondegrc training for participants coning mainly frcm 
rice-growing countries. In 1977, Dr. Vga was appointed Deputy Director General 
and has overall responsibility for IPBTT outreach programs. This responsi­
bility entails travel to cooperating countries for discussion with national 
agricultural research scientists! administrators on collaborative research plans 
and imp].errentation. Dr. Vega is also active in scientific societies including 
the Weed Science Society of the Philippines, Asian-Pacific Weed Science Society 

and International Weed Science Society. 

Vernon, Richard
 

Mr. Vernon received a B.S. from the University of Durham, a Diploma in
 
Tropical Aqriculture from the Uniiversity of the West Indies, and a Post Graduate 
Certificate in ECiucat ion fic the University of Tondon. During the past 1E 
yea1s, I oin sdela1bC.Ceprjece tropical mainly in.i ,11c. in agriculture, 
1 ', , ZLTC1r-ETCt,'(I r.a C i Q. . ,'C ,1>IEV "C' , ."I L: ,fl l' . (:r2CU r: 

'r.L rrp" t',nTcrari] sered as the Principle Pesearch Officer and as tle Chief 
j.rISvci Pe.c ZIci (:1iicer fc-r Zambia. Ile later served as leader of the Weed 

Control Pesearch lxtension Team for tile Zanbian Departmnt of Agriculture and. 
presently is an independent consultant in tropical agriculture specializing in 
weed rmnagement. Mr. Vernon is active in professional societies and is a memter 
of the Tropical Agriculture Association (london) and Institute of Biology
 

(London).
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COvMUNICATICN OF '.AEED SCTNIFCE TECHNOIAGIES IN DEVELOPINC CCUNTRIES 
IWSS/WSSA 	 TjVIT1PNATIONAL SYMPOSIUM, 1983 

APPENDIXES 

International Aqencies in Technical and Advisory Support of International and 
Pgional_O:,ianizations 

CAB 	 Commonweal tJ Nricultural Bureaux
 
Farnham House
 
Farn ham Royal
 
Slough SL2 3RN
 
U.K. 

CGIAR 	 Consultative Group for International Agricultural Research 
c/o Vbrld Bank 
1818 H St NW 
Washington, DC 20433
 
USA
 

FAO 	 Food and Agricultural Organization 
Via delle Tena- di Caracalla
 
00100 Rcx
 
Italy
 

Sace Governient Aaencies for Technical Training
 

ODA 	 Overseas Development Administration
 
Eland House
 
Stag Place
 
London SWIE 5DH
 
U.K.
 

BC British Council
 
10 Spring Gardens
 
London SWIA 2BN 
U.K.
 

TETOC Technical FWucation and Training Organization for
 
Overseas Countries
 

Dacre House
 
17-19 Dacre St
 
London SW1H ODJ
 
U.K.
 

GTZ 
 Deutschen Gesellschaft Fur Technische Zusanrenarbeit 
(GTZ) G M B H 
Postfach 5180 
6236 Eschborn 1 
West Germany 
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OPRTCM Office de la Recherche 
24 rue Bayard OPSTOM 
7500P Paris 

Agroncmique 

France 

GERDAT Groupement d'Ehudes et de !Recherches pour le Developpment 
de 1'Agroncruie Tropicale 

42 rue Scheffer 
75016 Paris 
France
 

International Auricultural Research Centers Under the Umbrella of CGIAR 

CIAT 	 International Center for Tropical. Agriculture
Apartado Aero 6713 
Cali 
Colombia 

CIIMMYT 	 Internacional Maize and Wheat Inprovement Center 
Apartado Postal 6-641 
Mexico 6, DF., 
Mexico 

CIP 	 Intermational Potato Cer er 
Apartado 5969 
Linma
 
Peru 

IBPGR 	 International Board for Plant Genetic Resources 
c/o FAO 
Via delle Terme di Caracalla
 
00100 Rmxre
 
Italy
 

ICARDA 	 International Center for Agricultural Research in Dry Areas 
PO Box 5466
 
Aleppo 
Syria
 

ICRISAT 	 International Crops Research Institute for the Semi-Arid Tropics 
Patancheru P.O. 
Andra Pradesh 502 324
 
India
 

IFPPI 	 International Food Policy Research Institute 
1776 Massachusetts Ave. NW 
Washirnton, DC 20036 
USA 

IITA 	 International Institute of Tropical Agriculture 
PMB 5320 
Ibadan 
Nigeria 
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ILWA 	 International Livestock Center for Africa
 
P 0 B 5689
 
Addis Aba-a
 
Ethi opia
 

ILRAD 	 international Laboratory for .ksearch on Animal Diseases 
PO Box 47543
 
Nairobi
 
Kenya 

IRRI 	 International Rice Research Institute
 
PO Box 932
 
Manila
 
Philippines
 

ISNAR 	 International Service for National Agricultural Research 
PO Box 93375-2509 AJ 
The Hague 
The Netherlands 

WARDA 	 West African Rice Developmnnt Association 
P') Box 1019
 
Mcnrovia
 
Liberia
 

International Organizations 

IDA 	 International Development Association
 
1818 H St N-W
 
Washington, DC 20433
 
USA 

ISTA 	 international Seed lbsting Association
 
Reckenholz
 
P 0 B 412
 
CH-8046 Zurich
 
Switzerland
 

IAMFE Intenational Assxiation for the Mechanization of
 
Field E;<periments
 

LTI, 1432 Aas--NLH
 
Norway
 

IAAID International Association of Aricultural Tibraries and 
Documentalists 

Wageningen
 
The Netherlands 

UNESCO 	 United Nations Educational, Scientific and Cultural Organization 
UNESCO House 
19 Ave. Kieber 
Paris M6e 
France
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IPPC 	 International Plant Protection Center
 
Oregon State University
 
Corvallis, OR 97331
 
USA
 

IDRC 	 International Developmnt Research Council 
Box 8500
 
Ottawa, Ont. KIG 4H9
 
Canada
 

IDS 	 International Aqricultural Development Service
 
Rosslyn Plaza
 
1611 N Kent St
 
Arlington, VA 22209 
USA
 

ILRI 	 International Institute for Land Reclamation and Iprovement 
PO Box 45 
67n0 AA Wageningen 
The Netherlands 

ICRAF 	 International Council for Research in Agroforestry
 
PO Box 30677
 
Nairobi
 
Kenya 

UNDP 	 United Nations Development Program
 
1 United Nations Plaza
 
New York, NY 10017
 
USA
 

ISSS 	 International Society of Soil Science 
c/o FAO 
Via delle Ternle di Caracalla
 
00100 PcIe
 
Italy
 

IAAE 	 International Association of Agricultural Econcmists
 
Dartington House
 
Little Clarendon St
 
Oxford OXI 2HP
 
U.K.
 

IFDC 	 International Fertilizer Developrmnt Center 
502 First Federal Building 
Florence, AL 35630 
USA 

Scue Regional Centers and Organizations 

AARD 	 Agency for AgriculLural Research and Development

Jalan Ragunan, 29 Pasar Minggu
 
Jakarta Selatan
 
Indonesia
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AVRDC 	 Asian Vegetable Research and Developrent Center
 
Shanhua
 
Taivar
 
Republic of China
 

ASAIHL 	 Association of S E Asian Institutes in Higher Learning
 
Secretariat 
Patasastra Building
 
Chulargkorn University
 
Bangkok 5 
Thailand
 

AIT 	 Asian Institute of Technology
 
P 0 B 2754
 
Bangkok
 
Thailand 

BIOTROP 	 Sean o Peqiona] Center for Tropical Biology
 
PO Box 17
 
Bogor
 
Indonesia
 

SEAMEO 
 South East Asian Ministers of Education Organization
 
c/o SEAMES
 
Darakarn Building
 
920 Sukhunvit Rd
 
Bangkok 10110
 
Thailand
 

SEARCA South East Asia -RegionalCenter for Graduate
 
Study and Research in Agriculture
 

Los Banos
 
Philippines
 

ASEAN 	 Association of S E Asian Nations
 
ASEAN Secretariat
 
Jalan Sisingan-angaraja
 
P 0 B 2072
 
Jakarta
 
Indonesia
 

E-W East-West Resources Institute
 
Center E W Center
 

Honolulu, HI
 
USA
 

CATIE 	 Center for Tropical Agriculture Research and Training
 
Turrialba 7170
 
Costa Rica
 

CARDI 	 Caribbean Acricu1tural Research and Development Institute 
University of the West Indies Campus 
St. Augustine
 
Trinidacd and Tobaco
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ESCAP 	 Econcic and Social Crinission for Asia and the Pacific 
niitecli Nations Building 
Pajadarnnern Ave. 
Ba1r.gkok 2
Thai land 

a) 	 Regional -7:-adinating Center for Research and Development
of c..- rains Pulses, Roots and Tkiber Crops

c/o ES.AP ,jil.cu.tural Division (as above) 

',NL,.-,J or 

c /o UNDP
 
P0 Box 7285 .ED
 
Manila
 
Phi li ppirne s
 

b) 	 Rec o.onal i Aijricultural Machinery 

IICA 	 Inter-2\mroric-m Iistitute for Cooperation Agricultureon 
1889 F St, nW, Suite 840 
WacTLington, DC 20006 
USA 

AASA 	 Asscmc tion for the ?Llancement of Science in Africa
 
P 0 B 3004'
 
Addis Ababa
 
Ethiopia
 

STRC 	 Scientific Tchical and Research Conrmtission 
Nigerian Ports Authority Building
 
PMB 2359
 
Marina
 
Lagos
 
Nigeria
 

BIS 	 Inter-African Bureaux for Soils 
BP 1352 
Bangui. 
Central. African Republic 

EAAFRO East African Agriculture and Forestry Research Organization 
PO Box 30148
 
Nairobi
 
Kenya 

AAU 	 Association of Arab Universities 
Scientific Computation Center
 
Tharwat St
 
PO Gi.za
 
Egypt
 

AOAD Arab Organization for Agricultural Development 
P 0 B 474 
Khartoun 

Sudan (Part of the Arab League) 
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RCD 	 Pegional Cooperation for Development 
5 Los Angeles Ave. 
Blvd Keshawarz 
P 0 B 3273 
Teheran 
Iran (Agricultural Committee 1978) 

CEF4AT/ Center d' Etudes e4 d'ExperiJmntation du Machinisme Agricole 
GERDAT Tropical 

Pa-rc de Tourvoie 
92160 Antony
 
France
 

IFARC/ Institut pour la Formation Agronomique et Rurale en Regions 
GERDAT Chaudes 

BP 5035
 
34032 Montpellier Cedex
 
France
 

IFCC/ Institut Francais du Cafe, du Cacao et autres Plantes
 
GERDAT Stimulantes
 

34 rue des Renaudes
 
75017 Paris
 
France
 

IRHO/ 	 Institut de Recherches pour Huiles de Pahre et Oleagineux 
GERDAT 	 11 Square Petrarque
 

75016 Paris
 
France
 

IRAT/ Institute de Recherches Agronomiques Tropicals
 
GERDAT et des Cultures Vivrieres
 

110, rue del'Universite
 
75007 Paris
 
France, 

IRFA/ Institut de Recherches sur les Fruits et Agrumes
 
GERDAT 6 rue du General Clergerie
 

75116 Paris
 
France
 

IRCF/ Institut de Pecherches du Coton et des Textiles Exotiques 
GERDAT 34 rue des Renaudes 

75017 Paris 
France 

IRCA/ Institute de Pecherches sur le Caoutchoul 
GERDAT 42 rue Scheffer 

75017 Paris
 
France 
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MCCO nternational System of Scientific and 'hcI ological Information 
in Agriculture and Forestry 

Ccuncil for ,Ltual Econranic A.d 
c/o Ministry of Foreign Affairs 
moscow 
USSR
 

ICAR 	 Indian Council for Agricultural Research 
New Delhi
Indi a 

CIE Conmrnweai:lih Institute of Entxology 
(HQ, Publications Office and Library) 
56 Daeens Gate 
London S"A7 5JR 
U.K.
 

CMI 	 CofrrJealth Mycological Institute 
Fer-ry Lane 
Kew 
Surrey 
U.K.
 

CIBC 	 Ommorwealth Institute of Biological Control 
Imperial College 
Sihxod Park 
Ascot 
Berks SL5 7PY 
U.K. 

CDC Cormonmvealth Development Corporation 
33 Hill St
 
london WTA 3AR 
U.K.
 

Some National Centers in Deveoped Countries 

Institut fur PhytorrTeizim, Universitat Hohenheim 
Postfach 106 
700 Stuttgart
 
West Germany 

Tropeninstitute
 
Justus Liebig - Universitat
 
Griessen
 
GDR 

Bioloqische Bundesanstalt fur Land-und Forstwirtschaft 
33 Braunsclmeig 
Messeug 11/12 
West Germany 

National Institute of Agricultural Science 
Konosu
 
Japan
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Royal Tropical Institute 
Mauritskade 63
 
1092 AD Amsterdam
 
'1he Nether icLnds
 

Aricultural University 
i dbouwhcvgeschooi
 

PB 9101
 
67 I Wageningen
 
'he Netherands
 

Institute for Soil Fertility 
PO Box 30003
 
9750 ]S Haren (Gr)

The Nether! ands 

Pepaftment of Crop H3sbandary and Plant Breeding 
Royal Veterinary and Agricultural University

Thorvaldsensvej 40
 
r/K-1871 Cbperhaen
 
Dermiark
 

Research Information Center
 
Cllege of Agriculture
 
S-750 07 Uppsala 7
 
SqA-:]en 

Agricultural Research Council, Weed Research Organization
 
Begbroke Hill
 
Yarnton 
Oxford OX5 IPF
 
U.K.
 

National Institute cf Agricultural Engineering

Wrest Park, Silsoe 
Bedfordslhire DW45 4HS 
U.K.
 

Overseas Spraying Machinery Center
 
Imperial College
 
Silwood Park
 
Ascot
 
Berks SL5 7PY
 
U.K.
 

International Center for the Application of Pesticides (ICAP)

Departmernt of Bio-Aeronautics
 
Cranfield Institu-e of Technology
 
Cranfield 
,,edford MY43 01L 
U.K.
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Tropical Devellopnent and Research Institute 
College House 
Wrights La te 
London W8 5SJ 
U.K.
 

International Tree Crops Institute
 
Convent Lane 
Bocking 
Braintree
 
Essex 
U.KY. 

Intermediate Technology Development Group
Applied Research Section 
Shinfield Poad 
Reading RG2 9BE 
U.K.
 

United States Departrent of Agriculture 
Agricultural Research Service 
NPS 351 Administration Building
 
Washington, 	DC 20250
 
USA 

United States Departuent of Agriculture

Agricultural Research Service 
Beltsville, 	MD 20705
 
USA
 

United States Department of Agriculture

Agricultural Research Service
 
Southern Weed Science Laboratory
 
Box 225
 
Stoneville, 	MS 38776
 
USA
 

eional Weed Science Societies 

Europe 

European Weed Science Society (EWRS) 
Secretary: Dr. T. Eggers 

Biologische Bundesanstalt 
MWsseweg 11/1.2
 
D-3300 Braunschweig

Federal Republic of Germany 

NorthAferica
 

Weed Science Society of America (WSSA)

Secretary: 	Dr. O.C. Burnside 

Agronorny Depa-tment 
University of Nebraska 
Lincoln, NE 68583 
USA
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latin Amrica 

Isscciacion Latinoamericana de Malezas (ALAM)
 
President: M.c. Also Alves
 

ERAPA
 
Av. Francisco Glicerio, 957, 80 And.
 

SP...13100 "annina" , , 

" Asian Pacific c5--us (:i';]wiUq Ausl-ralia, New Zealand, India, 

China, and Jppi 

Asian Facij. .:-\P-'VON : ;S
 
Secretary: Dr. R. .n.u <.t.
 

partiVPntL- Hr ticulture, Roam 102
 
I. 0 1  """ ... Hi­

2390 a'u .,e Way 

USA 

Africa 

W;ed Society 
Sco.,.etary: 	 Dr. R... ,.ichjeka 

Univ. of Nairobi 
Dept. of Crop Si. 

Fast. Africa: V. Science for Fast Africa (WSSEA) 

PO ., 30197 
Na irobi 

West Africa: West African .s- Seciencc- gocier, (WAWSS) 
Secretaryv: Dr.' G.,Ckn 

'Iai (al Ro;t Crops Research Institute 

Tiiudike PNDW!0('T1
Ukm,.dahwia
 
Niparjia
 

South Africa: Southern Afri can Wz . - ........ t
 
Secretary: i,. J.J. Wells
 

1-0 27552I
 
S inn,; s ide-
Noetaria 01 32 
Nuvth Africa 

Eastern Bloc Countries (Intclud1riL 1W R, 

CC.ExaC( 	 Clemica] "' ,e ,n" O.un-fereunce
 
Con.a - Pr f. Me'Ii",r
 

Inst itut ' ,.h Sredstv 
Zashchitv ast eni 
lgoscc"-
USSR
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Proceedings of National and International Conferences and Symposia 

National
 

United Kincdan; 
 British Crop Protection Conference (Weeds) - formerly
known as British Ted Control Conference (biennial) 

USA and Canada; Weed Science Society of America (annually)
The North-eastern Weed Science Society (annually)
The North Central ,eed Control Conference (annually)
The Western Society of Weed Science Conference 

(annuallv)
The Southern VSd Society Science Meeting (annually)
The Califor iar. d Conference (annually)
The Proceedings of the Washington State Weed Conference 

(annually)

Canada Ud -c,,nmttee - Eastern Section (annually)Canada WVeed (c.-nitt-ee - Western Section (annually) 

Gernany; Arbeitbesprehung. uher Fragen der Unkrautbiologie und 
Bekxazpfung (Nohei,:eiii) (biennial) 

France; Comite 1'rancal.; dc ]&tte contre les Mauvaises Herbes 
(COU1JA) (biennia i) 

Belgium; Interm:tional svnp-sium over Fytofa.macie en Fytiatrie 
(aruually)

International -Meetings of Selective Weed Control in Beet Crops(every five years) 

Scandinavia; $S,"dish Weed Conference (annually)
S-andinavia I.Lsticide Conference, Denmark, Finland,

iNrwa. and Sv..den (annually) 

Yugoslavia; Yugoslav Weed Control Conference (biennial)
 

Eastern Bloc Countries; COYIECM Chemical Weed Control 
Conference 
A-i.so CaMvCIN International Symposia 

Australia; Victoria Weed Conference 
Conference of the Weed Society of New South Wales (annually)Australian Weed Conference (irregular)
 

New Zealand; 
 Weed and Pest Control Conference (annually)
 

Asia; Asian-Pacific Weed 
 Science Society Conference (biennial) 

Other National WeedSocieties LpishinProce[nqs at irregularIntervals; 
 u!qhn
 

Israel Argentina Nigeria

India Brazil Qhana

Portugal Colorbia East Africa
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International: 

International Weed Science Society (no conferences yet)
 
Internationa 1 Congresses of Plant Protection (every four years)

International S cilosia on the Biological Control of Weeds (irregular)

Europeam e Rsearch (formerly Council)
-e SocietA' 
International Synuosiumc on Parasitic Weds (irregular) 
International Conference on Jk-chanization of Field Experimants 

(every f(ur years) 
International Syn sium on Aquatic Vaeds (irregular) 

Additional Sourcec of Infornmation 

Internatioral Libraries: AGLINET (Wrlcwide) Agri-ltural Libraries 
Network 

International (;?nter of ACINET; 	 David Iulin lmvrial Library 
FAO, Rame 

Regioal Centers; 

a. United 'iingdcn 	 and Ireland; Ministry of AgTriculture 
Fisheries and Food (MAFF) Library
 
London, U.K. 

b. 	 North Arerica; National Agricultural Library
 
Beltsville, M USA
 

c. 	 Africa (West); International Institute of Tropical Agriculture 
lbadan, Nigeria 

d. Latin America; 	 Centro Internacional. de Agricultura Tropical
Cali, Colombia 

e. Germany (Federal Republic); Zentralbibliothek fur 

Landhou-i ssenschaften (Bonn) 

f. No geographic limitation on service; 

International Rice Research Institute (IRRI) 
Library Documntation Center
 
Manila, Philippines 

g. Latin Aerica; 	Centro Interurericano de Doc-mentacion 
e Informacion Pgricola (CIDIA) 

Turrialba, Costa Rica 

h. Indonesia; Lembaga Perpustakaan Biologie dan Pertanian 
'BiblioLeca Bogoriensis'
 
Bogor, Indonesia 

Additional member 	libraries;
 

Wageningen; Central Idbrary of the Eandbouwkhgeschool
South East Asia; Agriclture Information Bank for Asia 

Laguna, Philippines 
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He teria: 

There are too many Herbaria to list, but the fol.lcring reference book lists 
all reliable herbaria around the -rld: 

Holbrren, P..j, and Keuken, W. 1974. (Ccmpilers)
Index Herbariorum. Part i.
 
The herbaria of the vz)rld, 6th edition
 
LAPT International Bureau for Plant Taxon my and Nonynclature.
 

397 pages.
 

Publishers: 	 OostLhoek, Scheltema and Holkena
 
E~mrataan 27, Utrecht
 
The Netherlands
 

Center for Agricultural Publishing and Docrentation 
Wageningen 
The Net-)erlands 

International Association for the Development of
 
Docu-nentation Tibraries and Archieves in Africa
 

B.P. 375
 
Dakar
 
Senegal
 

International System of Scientific and Technical 
Information in Agriculture and Forestry 

Slezsko 7 
Prague 2
 
Czechoslovakia
 

International Association for Plant Taxonomy

Bureau for Plant Taxonormy and Ncienclature 
Rocn 1904 
'I\eede Transitoriumn 
Uithof
 
3584 CS Utrecht
 
Netherlands
 

Canputer Data Bases Coverina Information on Weeds andrNbed Control;
 

CAB - Abstracts Ccumonwealth Agricultural Bureaux, United Kingdn. 

AGRICOLA - Agricultural Online Access, United States National
 
Agricultural Library.
 

AGRIS - Agricltural Information System, FAO, Rome, Italy.
 

BIOSIS - Previews Biological Abstracts and Bio-Research Index, USA.
 

CA - Searches Chemical Abstracts, USA, 
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CHEMNAME CA- Chemical Namte Dic:.ocary (Ccq,.[nwry file), USA. 

TIS- Nat ional Technical L if:m1it i on Service, USA. 

ected.... ... .. . ,< .cencn ( :.isk indicates fr.ee niterial) 

AGRICI] !1,TPIPJL AN-jK .j{r i-

Japan r-s
 

PO BOx 5030 
Tokyo r Ll 

AGF, "':i . 

A... ca: C'.. '% .f Agronomy
 
677 A.t , Poai
 

<a6:i~o::, ',j::, 1.1 

XH A) ACGICUI,. '].L" FENNII--E, anid 
ANINLES BOPAN.IC I- ]!i'..._C
 

kka Leeminen Kirja auppa
 
Leh tiosasto
 
Postiloktro 128
 
SF-0010 Helsinki IC
 
FinlanO, 

ANNALS OF APPIE,-D BIOLOGY
 
Biochemical Society (Pubs)
 
PO Box 32
 
Ccmnerce Way
 
W'hlitehall Industrial Estate
 
Colchester
 
Essex
 
U. K. 

ARCHIVES OF ENVIR(TMEqnIAL CCNTAMINATICN & TOXICOLOGY 
Springer-Verlag
 
Heidelberger Platz 3
 
D-1 Berlin 33
 
West CGermny
 

AUSTRALIAN TEDS 
Inkata Press Property Ltd. 
4 Iongbourne Ave. 
North Clayton, Vic. 3168 
Australia
 

CANADIIN JCUPNZAL OF BOTANY 
Nation-al Research Council of Canada 
Sussex Street
 
Ottawa, Oat. KiA OR6
 
Canada
 

209
 

http:BOPAN.IC


CANN©]?. JOURNA, 0?T.V12N,PLNT £r 
N-ricultara i.T;Q.iute .il Canada 
151 Slai:er SLreetI, inite 907 
OYtawa, Ori.t. KIP 5B4 
Cx:ada 

CROP 	 SCIECE
 
Crop Science Society of p.zrica

677 South Soe Road
 

IIa;ison, WI 53711
 
USA 

DE3,'SEK DES IvTEMrAL
 
149 t.ie de Bercy
 
75595 Par-Is (-edex 12
 
France
 

Duke UniversitCy Press
 
College St;.tion Box 6697
 
Durhza., C 27700
 
USA
 

Business Publishers Inc.
 
951, P-rshing Drive
 
Silver Spring
 
Madison, WIT 20910
 
USA
 

OWIRCMjTAL SCIENCE & TECHNOLOGY
 
linarican Chemical Society
 
PO Box 3337
 
Columbus, CIH 43210 
USA
 

FDPER4MEWAL HORTICULTURE 2IHNOLXGY 
PO Box 569 
London SEI 9NH 
U.K.
 

GEWASPRODJKS IE 
South African Soci.ety of Crop Production 
PO Box 1821
 
Pretoria
 
S u-Lh Arica
 

GFSUNDE PFIlq7ZEN 
Verlag Konmentator
 
Postfach 970148
 
6000 Frankfurt am Main 97
 
West German.y
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I 

INDIAN JOURJN OF WVF.D 'SCIECE
 
Indian fcie. Scienc(.,
of Wced 

Ek:partnr-nt (c g;..
 
College of Agricuture
 
.Nau. rajendragar
 
liyderaLmd-5~(j 030 (AP)

Indi a~ 

internation:alo Plant Protection Center
 
OC:qon State University
 
Corvallis, OR 97331
 
USA
 

II4T~i~T:c~A A Rc.T11.RAT, DEVEL PME:T
 
Pharos P--ublishing Ser-vices Ltd.
 
5-11 1x-vwington Street.
 
London SEI N%
 

TqTI@Y'U\L PFST CC(YATROL
 
'vicDonaid P aoi.cations (of London) Ltd.
 
268 High Street
 
Uxbridge, Mkiddlesex VB8 IUA
 
U. K. 

IW"SS 	 NgESLETITEP
 
Inteniationa1. 1ked Science Society Secretariat
 
c/o IPFXW 
Ore on State University
 
Corvalli s OR 97?31
 
USA
 

JAPAN PNSTIDE TINFOPMATICU 
Society of Agricultural Chmnical. Industry (Japan) 
Nihonbashi Club Buildinbg, 1--8-25 
Nihonbashi-Muroinachi, Chuo-ku 
'Ibkyo, 103 
Japan
 

JOURNAL OF AGRI.JLTURAL & FOOD CHEMISTRY 
ivrerican Chemical Sciety 
PO Box 3337
 
Columbus, OH 43210
 
USA
 

JOURNAL OF AGRICULTURAL SCIENCE 
Canbridge University Press 
The Edinburgh Building 
Shaftesbury P.ad 
Cambridge CB2 2RU 
U.K.
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JOiJT'AL OF ATATC PLANT N
 
'Thle Aquatic Plant R-uiagemnt Society Inc.
 
PO Box 16
 
Vicksburg, M.'; 39180
 
USA
 

JOURNAL ,F TElL ASSccI 
 ION OF OFFICIAL ANALYPICAL C{EHISTS 

1".ll North 19th Street, Suite 210
 
Ar].jJ-gtonD VA 22209
USA 

JaURNAL o TIfE BRi[..-i GPASSLAD SOCITEFY
 
T ackwel 1 £cienti fic Pulications
 

Osney Meal 

or'fo~d, 0X2 0EL 
U.K.
 

JCJROIL OF PEIMEL]fTAL BOTANY
 
Oxford University Press
 
Journals D-parbrent
 
Walton Street
 
Oxford, OX2 6DP
 
U. K. 

JMMRAL OF PF 'TICIDE SCIENCE
 
Jajxri Pub].ications Ltd.
 
PO Box 5030
 
Tokyo interna.t ionaJ
 
Tbkyo
 
Japan
 

JJPUNA OF~ iMNGF WNA1ENEr 
Society of R:ge Manaernmmt
 
2760 West 5th Ave.
 
Frenver, CO 80204
 
USA
 

JCYJRNAL UF THE SCIN.NCE OF FOO & AGRICULTJRE
 
Black-,ll Scientific Publications
 
Osney Ylaa
 
Oxford OX21 OFL
 
U.K.
 

JCTRNAL OF SOIL SCIE1\LC 
.ack-elL Sientific Publications
 

Osney Mead
 
Q~ford :7X20EL
 
U.K.
 

t4.LEZAS 
Revista de la Asociacion Argentina para el control de Malezas 
ASAM 
Av. Corrientes 123. Of. 607
 
Buenos Aires
 
Republic of Argentina 
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NACHRICHITEBLATF DES DE!UTS011Y, PFLANZENSCIIUTZDIENSTES
 
Verlag Eugen Ulfrer
 
Post"ach 700561
 
7 Stuttgart I
 
West Germaniy
 

NACHRITTIBIATT FUR DEN PFLANZENSCHUTZ IN DER DDR
 
T.=utscher Bluch Eport Und Import GZVBH

lPstfach 160 

DDR 701 Leipzig
 
West Gerrmny
 

Q',UOLOK ON. AGRICUITURE
 
Perganon Press
 
Headington Hill Hall
 
Oxford (iX3 (13W
 
U.K. 

PESTICIDE BICCHEMTSTRY & PHYSIOLOGY 
Academic Press Inc. (Iondon) Ltd.
 
24-28 Oval Road
 
London NW1 7DX
 
U.K.
 

PESTICIDE SCIENCE 
Blackwell Scientific Publications
 
Osney Mead
 
Oxford OX2 OEL
 
U.K.
 

THE PHI!IPPINqE .WEE-DSCIENCE BULLU;TIN
 
Weed Science Society of the Philippines Inc.
 
Bio Science Building C-222
 
U.P. at Los 1-akuos
 
College, Laguna 3720
 
Pi ilippines
 

PHYT(MIA 
26 aie Danielle Casanova 
75002 Paris
 
France 

PLANT & SOIL 
Khmer Academic Publishers Group
 
Distribution Center
 
PO Bxx 322
 
3300 AF! Dordrecht
 
The Netherlands
 

REVISTA CCIAAL I 
Publication de la Sociedad Colarbiana de Control de Malezas y

Fisiolcgia Vegetal (COMAITI) 
Ap'A :ado Aereo 29688 
Bogota, DE 
Colobia 
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SPAN 
Shell international Chemical Company Ltd. (CCL 014) 
Shell Center 
London SEI 7PG 
U.K. 

*%ROPICA, ' WvPSTPA ENEM 
T.D.R. I.
 
Col lege House
 
Wrichts T;,ne, Icndon WS 5JS
 
U.K. 

WEED ]F.EE PCH 
Blackwe]-11 Sci-erntific Pablications 
Osney -,af: 

JOrd QELfcO7(X2 
U. Y. 

WEED 	 SCIFJCT- (form:rr.v We-.eds) 
Weed Science Scidety of lAmrica 
309 Wekst Clark Street 
CiLpa~.~gr:, I, 61820 
USA 

WEEDS '<9iX'.Y 
Weed Science Society of PAmerica
 
309 West Clark Street
 
Champaipn, 1L 61820
 
USA
 

WORLD CTZOPS 
Agraria Press Itd.
 
Yew ree House 

Horne Horley
 
Surrey RH6 9JD
 
U.K. 

ZASSO KENKYU (Red Research Japan) 
Journal of the Weed Science Society of Japan 
Nihon Zasso Bojo Kerkyukai 
Ncgyogijut sukyokai 3-26 
Nishigahara i-CHIME
 
Kita-Ku
 
Tok-io
 
Japan
 

ZEITSCHRIFT 1UP ACK<R UND PFLANZFIBAU 
Verlag Paul Parey 
Postfach 1.06304
 
D-2000 Hamburg 1
 
Wbst 	 Germany 
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