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TRIP REPORT - GUYANA 

Date Submitted: Dec. 18, 1973
 

Name: Forster Davidson
 

Title: Soil Microbiologist (Soybean Inoculum)
 

Div./Unit: 	 INTSOY (International Soybean Program)

University of Illinois, Urbana, Illinois 
61801
 

Period of Travel: (Inclusive Dates) November 21 
to December 14, 1973
 

Itinerary: 
 By plane from Port of Spain, Trinidad, to Georqetown, Guyana.

0030/0230, November 21, 1973. Depart Georgetown, Guyana, 1315, December 14,

1973
 

Purpose:
 

1. 	Give assistance to the Microbiologist at Mon Repos.
 

2. 	To introduce additional strains of rhizobia into Guyana.
 

3. 	Assist inconducting rhizobial strain trials.
 

4. Discuss 	the feasibility of a lequme inoculant pilot plant for Guyana.
 

5. To concentrate on research and development work insoil microbioloay related to
 
soybean production.
 

Organization!. and Persons Contacted:
 

Officials of the Ministry of ational Develoment 	and Aqriculture, the Central AgriculturalStation (Mon Pepos), the Ebini Research Station, the Kibilibiri Station, and tile USAID

Mission to Guyana.
 

Results/Accomplishments: 	 T 

1. 	Assisted inplanning field trtals for Rhizobim Japonicum.
 

2. Located 	and identified extensive peat drtnosits in Guyana.
 

3. 	 Discussed in great detail research and 	 developcent work in soil microbiology, e.g.methodology 	 for testinq and evaluatinq leNume inoctulants. isolation and screening ofstrains of rhizohia, techninues for evaluatinq neat as a carrier for rhizobia, basicprocedure for doing seroloqical tejino, procedure for' doing nitroen fixation studies, 
etc. 

4. 	 A areat deal of tine was soent develoning a ilan for a lenume inoculant oilot plant.
(Attachment A) 



Follow-up Action Required:
 

1. Additional strains of rhizobia for forage and grain legumes will be sent to the
 
microbiologist at Mon Repos.
 

2. Additional information and literature will be forwarded on equipment and supplies

needed inthe soil microbiology program.
 

3. Itwould be desirable to make further observations on soybean field plots as well 
as
the commercial soybeans planted at Kibilibiri at about flowering time or the pod

filling stage.
 

Other Remarks:
 

1. It is important that the best strains of Rhizobium Japonicum be introduced into
Guyana for commercial soybean production. This will involve fairly extensive
 
"Mission Oriented" research and development work.
 

2. I sincerely appreciate the excellent cooperation and efforts of many organizations

and persons in helping to make my visit as 
enjoyable and productive as possible.

I am especially grateful to Harry Persaud.
 

3. I was greatly impressed by the dedication and sense of urgency of the research

people at Mon Repos, Ebini and the Ministry of National Development and Agriculture.
The heavy emphasis put on aoricultural development by the Government of Guyana for
1974 is indicated by the fact that almost one 
third of the money approoriated for
development pro iects is going to aqriculture. This puts a lot of pressure on the

limited nunber of research people in agriculture. 

4. I was very favorably imoressed with the work at Ebini and Kibilibiri. One gets the
feeling from visiting these areas that they are dynamic areas of development. Theexperiment at Ebini on pasture improvement with combination of grasses and different

forage legumes alonq with fertilization exneriments obviously have qreat potential
for commercial develonment of the intermediate savannas. [he recognition of the
fertility limitations of these soil types can have a marked influence on the development
of crop production at Ebini and Kibilibiri. The fertility exODericient on stylo at
Ebini illustrates the potential of this forage legume under proper Itmanaerent. willbe interesting to see the final yield and nodulation data on this experiment. Citrusfruits and oil palm apnear to be doing very well at Ebini and under proper management 
one would expect these to have commercial potential in this area. Data collected 
to date indicates that soybeans and peanuts hotli have great commercial potential.Since I have not had any experience in the dry season here, I can only speculate
as to the possible effects of the dry season on crop production. 

When we visited Kibilibiri several hundred acres of commercial soybeans were observed. 
The plants were about three weeks was and noold. Growth vigorous visual symptoms
of nutrient deficiencies or 
insect damage was evident. There was some problems
with germinatioii. No nodulation was 
found on the roots of the plants observed. Since

40 lbs. of N per i.cre had been applied at planting time, alona with the fact that the 
soil PH1 
was about 4.5 one would not expect nodulation to occur. Mr. Fletcher indicated

he would expect a yield of about 1500 lbs. of soybeans per acre. Undoubtedly this area has great potential for commercial soybean production under the proper set of 
management practices. 

The white sands as 
observed at Long Creek appear to have considerably less potential

for crop production than the brown sands at Ebini and Kibilibiri. Care should be taken
 
not to drastically upset the ecological balance that exists in the white sands. 
 When
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the native vegetation isremoved and crop production is allowed to deplete the
 
soil organic matter what little fertility now exists may be lost. Itmay be difficult
 
for these soils to revert to natural vegetation and water holding capacity.
 

Recommendations:
 

1. An urgent need exists to broaden the base of agricultural research to lend
 
support to the commercial operations at Ebini and Kibilibiri as well as to offer
 
some help for the small farmer.
 

2. The microbiologist at Mon Repos needs at least one or two well trained technicians.
 
Laboratory, transfer room, and equipment are totally inadequate to do work on
 
rhizobia or soil microbiology in qeneral.
 

3. At Kibilibiri I would recommend that the rates of soybean inoculant application

be increased - the amount of increase should be correlated with the results of
 
the current field work inthis area. N application should be reduced to about
 
15 lbs. per acre; however, if nodulation fails then yields of soybeans will be no
 
more than the yields supported by 15 lbs. of N. If the soil cannot be limed
 
adequately, one should at least apply some powdered CaCo3 at the time of plantina

in order to create a micro-environment in the vicinity of the germinating seed which 
will favor rhizobial development and nodulation. 

4. I would highly recommend the establishment of a pilot plant/commercial unit for the 
production of lequme inoculants if the acreage objectives for soybeans and forage

legumes are sufficient to warrant the capital investment. However, the suitability

of indigenous peat for inoculant production isyet to be established. The loss is
 
viability of imported inoculants as well as the cost are sufficient justification

for indigenous production.
 

Distribution:
 

Ministry of National Development and Agriculture/Guyana: 5 copies (Attn. Mr. Ben Carter)
 

AID/Guyana: 5 copies
 

AID/Washington: 5 copies (Attn. Mr. George Parman)
 

University of Illinois: 15 copies (Internal Distrilr~tion)
 

Attachments:
 

Attachment A - Pilot Plant for the Production of Legume Inoculants
 



ATTACHMENT A 

PILOT PLAIT FOR THS PRODUCTION OF LEXUMN INOCULANTS 

Introduction
 

The author has tried to outline some of the basic requirements for
 

a ;ilot plant/commarcial operation for the production of legiune inoculbnts. 

Whilo t.haro is nothing m-ric about the physical plant design, it is important 

to observe "flow-throu;h" design proper locationas w ll a of equipmront.
 

Since contamination can be a problem in the 2aboratoi.y tnd formentor 
room,
 

these facilities should be deosigned with a hiLh ntandvrd of nanitation in
 

mind. 

The Need for Inoculation
 

When a forago or Train logume in groeni on a soil for tho first time it 

is essential to inoculate or introduce the appropriate rhizobia kt tho time 

of planting. Thill is usually dor,;o by 1..iAtr1nj-,ng the vod with, watur jut 

before plantin, cnd upp~yinga visiblo culture of rhiznbin to the seod, Cvre 

should be takon to innuro that thi corrfct rhizbiUn .' uvicd on the pIm-lnt 

species involved; 0g. no 'bew;, require ! 2.1.1>), j.!(,fl.icu~o JhiCLX 

j ap _ni in t, off 'tiv:" on otLor .or,k'U.o p2:rts. 

The rAppropriatu ,lhlzobiu.ae ustzllishos syrbiotic relatiomshipbctcrir a 

with the plant wLveht,y thu rhizobiw, in nblu t, fix or cnzynfitically reduce 

atmospheric n troi,4!n which k iiond b, tho plant, The y,"'b.oL.c rcl;t.onohip 

iS eotablnhJd in the noduluon n root,, Lho plant0 Th-tha of plant providus 

the rhizobia with carbohydrates, minral, and other ounential growth nub

stances. 

http:lhlzobiu.ae
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There seems to be some disreemont among resoarch workers as to the 

amount of nitrogen that is fixed by tho rhizobia. Host soil iicrobioloj.ists 

would agree that most if not all the nitrogen noeds of the plant are met by 

the symbiosis when good nodulntion occurs with vn effective and an efficient 

N-fixing strain of rNzobiA. 1ot all associations between rhizobia Laid 

legumes are Lantficial. Some strains of rbivobia survive better, &nd fix 

more notrogen than other strains. 
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Laboratory and Transfer R~oom
 

A good laLoratory and transfer room are essential components in an
 

inoculant pilot plant or production unit. Thorn should be edequate facilities
 

and equipnent for doing basic reoserch and davolopment work orn rhizobia. SomXe 

basic research and devolop-ont vill consist of mitintitwrice of a rhizobial 

culture collection, isol;tion rnd screoning of new strains of rhizobia, nitroen 

fixation studios, and gr!1cril mission orientod ronearch. Rigid quality control
 

standards should bo followcd. 

A good bactorioloic. transfer room is one of the tiost import'nt cluronts 

in the production of quality lcfgusne inoculanta. 7ho JnporttLncO of keoping a 

rhizobial culturo collcctloa wull iduntifi.d wid fret of contim-nnatlon cannot 

be over-cmiphauj z-d. TLo trnnszfer roo:A should hr.va ultra violt. liAtn installod, 

gas outlots for Izboratory buzrn, u:L,,ctrict,, outlet.i for P v,,tur Lbth and 

possibly a iiicroscopo. Thor. ,v,,i,.d not. IL: dofl IiIIn tlkj roomt, un].or! they 

are complotely scaled, ;Ad thoro thould h.) only ono door which nhould onen into 

the laboratory. Ono lhioratory- bcrvh 1rout 30 inchcrn hiv.hi [;nd runnin th,3 

length of the t.ronafur room ono )i buon -oiould vufficj.Int. 

Generally ospcv.kin, thi, ]w.oratory ui6 trunsfer rouni Pru dos(iod for 

bactoriological. work. .xtonw-o vork with funi whoro funj-,% npores may 

become disporsad should ho diicoiurvjgud. The pronencn of funl jporo In a 

transfer room can create very difficult contimination probluno in rhizoblal
 

work,
 



Formentor Room 

The fermenter room where cultures are produced will require a high 

doree of sonitation. It is necesoary to stuirim sterilize thi culture media
 

and inoculate the culture tanks anucoptically. Storilo air is sparged into
 

the tanhs by r.iwno of a prc-storilized -lars wool filtor. In the production 

of Rhzobiim .i1,pmIcu (voybcin) it toikc 3-7 dz&ys to nchiove tin acceptable 

rhizobial count in a fcrwiertor. it, ia difficult to gornrlizu in rogard to 

rates of f;rowth, be!cause of tho influonco of culture mcdin, temperature, 

aeration, strainn of rhizobia, etc. 

The location of c1ctrical out!,st, wator lii3, elir linrs, etc. can be 

determined after thu forr:c-atrs nro inftallod. Installotion of a largo (30") 

exhaust fan vlout, 3.A.-24 . fro.ii tiJ coilint iii tUo vicinity of thi ftrienters 

should be dooo v:)W:n th buili,11.11 i ccrmtiuct.d. Ultra violet lights tiny 

have to be in1;t.&U~I,!d if urc'poct: A t1c! fl3ofo ntixwrattion uiriou. Floor 

drains should bo well spixCid teid tfcquA.o. 

There iv no such thhj. nn mi"d1.jal" for, entor donipn. i.zsch one )a its 

own advantti.r-;ti wio d:adv;ntaj'os, in /.nor.l a continuoua £ui:.'mtnt on system 

for rhizob-q is undcniriAl., 1uCezUv,,ue of the long tu horvtion tn..n of rhizobit 

and the diriculty of' opjr.tiug a continuous o.y.i: n ucptcti,.ly° For rhizobin 

production thu b;tr;h syntr m in much prvfnred. 1hu ferrrnrtor should bu rude of 

stailnlo.s stuel. DLh :AJs of d,%ruijjn of u ferinnter nre oxtr!nuly iJriortcnt to 

the auccon of tho oporation. For a pilot plant, the m.in1um mizo prohab.ly 

should ho 150 rlldown rid thm rarx1ruri, 300 ral1on:,. 

A lorgu horozoritil autioc:, ,;t ..L iest. 30" d..up x 2?" diwtr.tor) should be 

inotalled In thc f-r..wit'r roo clm.- to tho door into th, mi oratory. It will 

be noudod Ly tho fc'rnjtr room opiritor no woll no tho lsiboratary. Laboratory 

base cobJmtr, ihou)i ir, Innt.aljed it ono end of tho wot:..Ptor room. A small 

balance rin(d a la'zjr bua]vou(G-lO 1'.) w .A i. alrio b)a lqidod. 

http:prohab.ly
http:ucptcti,.ly
http:buili,11.11


Boiler Room
 

Space for a boiler or steam generator, an air compressor, and a cold
 

room(8'xlO) 
 which opens into the fermenter room must be provided. 
It in
 

preferable to locate the 
boilur and air comproscor n 
close to the formontor 

room an pon;ible. The boilor or tepaz gunerator should be approximately 5BDJP 
in order to st~rilizo fermtintors, oporate the autoclave, and stoa sterilize
 

transfor lines, etc.
 

3hippn, hou.1 

This roow.serves as an area for temporary otorage of finishcd product
 

and apace for Addrensing endchipping° Lecho 
riny be nodded, but can be
 

added inter ns the nocd,,(,rIl . Tho n:p:.ufi i:i beinf; r:;ado tht-t temporary 

atoroge of thu fini:hcrd proliuct cm, 1'c do;,., undor nlbitnt ttl:npUrtrLs tyid
 

humidity, If tils anuu ict n foud
is.tcr to Lo ncorrect, thun it Vrill
 
be necesniry to iatnall a partLtir in thfi 
 ship'ring rooni cnd inntall air
 

conditioriinjg.
 

Cartong, polythylcne bagn, and nealingl tipo 
cmn be rtred in thiB area, 

but care ihou]'d b uyercirsed In kcupinj: th::: clomi. P mrnall manluual tnpes 

dispensiing rachine ;.long with L vAr'Joty of crton tiiwcjs can facilitrato ship

mont of ord~jr'n of variou~i cItifntti,: of inoculum. A cot or ecailos (0 -100 lba.) 
for dotorlnrIng weijitr, wi.l b, needod.
 

Inocu]:-,n ii it 1,orlhlit vlo
roduct. wid shouldone emphsinize thiio fact that 

care should b exorrised Jn ex;'uditi:j' ohipjcnt to the users .;xpivrtion daton 

on the inocutwa packilgJO tdh) ld hO ,A.I;tltly ;dlicred to. ViL 1blity of the 

product mu,,L bo assuro.l at tho tirno of un,.. Inoculum should noL ko Bold or 

used aftor thu expiration date or after unat'ofactory stortor . 



Manpower Requirements
 

Professional
 

a. 	Sol microbiologist 

b. Technicians - 2 

c. 	 Laboratory assistants 

* 	 Office - socretary - 1
 

Laborers:
 

a. ermenter room operator 

b. 	XLixer-blendor operator
 

* 	 o. Filling iacliine operator 

* d. Shipping
 

* o. General laborers - 3
 

* Thnee people can be recruited after volume production begins.
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ANALYSIS OF COSTS AED RTURNS
 

Approx. 
us 

Fixed Coatst
 

-.-.-. ----

,Greonhouse -.. ..- - - ---- - - -


Building and Land-- - - -

Machinery and 1:quipment: 

Air compressor, 15-25C., 5 IP- -- - .- .--- - --- 1000 

Fermenter, 165 gallon, utainloos steel, used--- - - - -- 800 

Air conditioners, 2 ............ --....... 900 

Laboratory ovcn ...-.-.-.-.-------- .-...-- 300 

RofrigeraLors, 2 -.----.- -- -----.- .... 500- ... 

Laboratory shakur --.----- ---- -- -.. .... 800 

Mlicroscopo, NIkon, interfuronco pha) - - - - -- - - - -- 1500 

Misc. L!boratory glosswaare and Lupplies --- - - - ---- 2500 

il
Steam jcnrator or boilurj of 5 - - ---.- - --- - 3000
 

Autoc]a - - - - - - - - - 2000
 

Cold room, comnprossor, otc.- ------- - - --.- - -- 4500 

Rotary mixor-bui,,lor, c:niorcirl oizroi, ft. . . - 400010 cu. -

Packaging Zquip. nt (ft.iling irnichino and aoaling machine- 7500 

Aging puns , 30"x22" x 8, fibcrg-la- - -- 1500 

Misc. piping, valvcs, air rogulatorti, air holding tk, etc.- 1200 

Scalen, 0-200 lbs, 3 ------- -- -- --- -- --- 8CBo 

Sorologicol wito both - - ----- -- - -...-  300 

Tape dispensing machine --- ---- --........ 200 

gallon glaeod crocks. - ------- ------ 200 
200 
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Expendable Materials i 

Plastic bags, 2A mil, 5" x 7" for I acre, 50,000 - ..- 1000 

Plastic big,, 3 mils 5 acro size, 25,000 ....... . .1250 

Cartons: 1. oizo to hold 12 bags acre size, 4000 -- - - - -2000 

2. nize to hold 12 bage, 5 acre si.ze, 2000- - - 1200 

Calcium carbon3te, technical Erado, powdered, 2000 lbs - 75 

Peat, local ---------- 0 tons
 

Mineral oil, white- 55 gallon drum- -........-- -- 55
 

Gummed tap, 25 rolls .----.------- --- 75 

Brown wrappiu, papor, 5 rolls -- --- - -- - --- -- - 60 

Sucrose, ctint. ugnr, 200 lb ---- ..........----------- 100 

Mannito (roiitol), ;!00 ib --- - - -- - --- - - - - - 250 

Salts, U"Cl, I;1"204, Kf1 It1j - - - - - - - 20014, 4, etc. - 

5 kg oach
 

Yeast, bakors, local market ................
 

Other Costs:
 

Shipping
 

Advertising and salos
 

Trunaportation
 

Interost
 

Deprociation
 

Incomet 

25,000 bags (acres) at 03.00 each - - - - -w -o . w w 0$75,000 

or 

50,000 bags (acros) at G4~3,00 each w -- 01150,000 
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Suunarya 

Sales - - ---- -- --- . a a - - - - - -

Operating costs:
 

Depreciation on buildings ----- - - - -- - 

Dopreciat.1 on on ma.chinery & equipment- ... a .... 

Expendable materials - - --- --- - - - - - -

Interest - - - - - - - - - - a- a- a - -

Labor -- - - -- ...... .... . - a a-

Utilities - a - - a - - - a a a - ---------

Total Operating Costs 

Not Roturn: 

Inconi, from salos - - - a a a a a a a a a a a a a a a a 

Yinus cporating - a ... .. acosts a.. a..a 



Greenhouse
 

A greenhouse is essential for research and davelopnent work on inoculants 

as well as quality control work on the finishod product. Total bench length 

of about 60 feet should be sufficient for an inoculant pilot plant. A 7 ft. 

x 30 ft. structure with 30 inch bonchut; on each side should be sufficient. 

Artificial lighting mny be necded. The greenhouso should be located close to 

or even attached to the inborptory. 
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PUAT PlOCSS3iuG 

There are throe basic steps in proceasing peat for inoculant us&. 
The first stop involvoes tho romovl of peat from the bog, proforably 
durinig t1ho dry n Tho nocond utop InvolvuS drying tho peat to about 
10%moisturo aftcr tha oxcc ns water l1as dr'arIod out. hu fnzi.lll step is grind
:ng tho peat to iTholt 200 rmooh. A corzorciat h:zrer rinll should work fo- this 
atop, but may requiro moro than one paso through the mill. 
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Detailed 	list of laboratory equi tont and supplies 

1. Nikon phase contrast microscope
 
2, Toot tubogo---0O

3. Petri I'1af.Q--5W0 glih3 or plastic disposable 
4. 	 Pipottos: 10 zl----O0
 

.1 U-iliO
 
5. Beakersi 1100 nl--I00
 

150 iAi-50
 
250 ml---50
 
4,O0600 U].----Iil--' 

6. Stainloss ate-l pipotte casen--6
 
7. Brlenmeyor 	flasks: 1000 ml----60
 

500 ml.----20 
2000 --- 6 

63000 m---

8. Laborptory shakor capable of hondling 18 flasks of 1 liter size. 
9. 	 Graduatod cylindor ;:
 

2000 ml ..- 2
 
1000 ml---..-3 
100 rU] -- 3
 

50 nl ---- 3
 
25 1.---- 3
 
10Lri----- 6
 

10. InocuitAn!, 10ooe131--6 
11. Tubcrcuiri tyivo, I ml .NTingu-6 
12. Slidu ind 	 covnr gaisses----6 boxes each 
13. 1hu2:.rcyt:,vf, tu C 
14. Vjtrc(f- ' brct~r:2. courting chamber 
15. ho r-2,:t 	 r . 

16. Lurk; rn ur:rn,- 2 lvrgo and 2 small 
17. f~lorc ,co I3 :,

30-'J:1-6 
(.030 in1 ..... 6 

18. Laborbitory ovn
 
19. L borntory laaunco
20. lit-d t I.- y 

21 Quebec colony cointor 
22. Dilution Lott hn 

16 oz.----- 1,O016 oz.-) 20
 

23. i.hit,- l try!y to handlo bottles
24. Tenit tube 	 baskeotu 
25. '1JAt tUh-) 	 Ir1c< 

26. 	 B3tctoriolo;i.cil Culture Media and Chemicals
 
1'vn ultol
 
Sucroso Ca4O
4
 
/ gar Poptone

K112 P04 Beef -.-trnct
 

42III) 3rom Thymol blue indloator 

l1 aC1 I l a 

M9so4	 etc. 



: '-"'(TRIP- '- '" 	 REPORT - GUYANA
 

NAME: 
 Scott E. 	Cramer 

TITLEE: University of Illinois/Consultant 	 -- 73-17 /N 

DIV./UNIT: INTSOY (International Soybean Program) 	 / 8.' 1Zt' 

University of Illinoi!
 

PERIOD OF TRAVEL (inclusive dates): January 13 to February 8, 1974
 

TASK ORDER NO. 1 -
Area of soybean production and processing plant requirements
 

PURPOSE:
 

As a member of an INTSOY team to make an assessment of the two exlsting processing

plants and the available raw materials, copra, soybeans, and other crops; and
 
develop a technical and economic feasibility on multi-purpose processing plants
 
as outlined in Mr. Ben Carter's letter of January 15, 
1974, attachea;
 
Attachment A.
 

ORGANIZATIONS AND PERSONS CONTACTED:
 

Officials of the Ministry of Agriculture, the Central Agricultural Station (tion

Repos), the Ebini Research Station, the Kibilibiri Station, the USAID Mission 
to
 
Guyana, and several private sector individuals and representatives of corporations

with emphasis on 
two oil mills, feed mill, layer and broiler growing operations,

flour mill, vegetable oil refinery, transportation and carrier firms, sugar, rice,
 
coconut, and palm oil plantations.
 

RESULTS/ACCOMPLISHMENTS:
 

I. 	Developed an understanding of the need for the production of 
an increased
 
supply of vegetable oils and protein to assist Guyana in becoming more self
 
sufficient.
 

2. 	Guyana is now producing annually vegetable oil - 8.2 to 9.3 million pounds,

and import a total of 7.3 to 6.1 or total consumption 15.5 to 15.4 million
 
pounds.
 

3. 	The problem simply resolves to:
 
Copra production is not increasing.
 
Palm oil production is approximately five years away (minimum except
 

for 200 acres).
 
Cottonseed and peanut production undetermined.
 
Can or cannot soybeans be profitably growjn, with application of expertise


from United States and by the private sector which was the motivating

force 
in the USA, Canada and Brazil to take the research from the
 
scientist and put it effectively to work on the farm - Applied Research.
 

01-N.10 



-2

4. 	Application of Applied Research - Worked with all concerned on an agreed test
 
plot program for soybeans to be planted April - early May, 1974, on commercial 
basis. Involves 100/165 acres by private sector - up to 1,314 acres by the 
Ministry of National Development and Agriculture In 1974. 

5. 	Efficient and effective farm management of prime importance and this is
 
where further work isso vitally needed by the farm manager.
 

6. 	Proceed with specifications for a 100 ton solvent mill with time table for
 
need 1977-1978. In the meantime, the two copra mills can crush those beans
 
which may be raised and not n,.eded for seed. When the soybean harvest and
 
yields are determined this September-October, 1974, changes should be made
 
in new plant time table.
 

GOALS AND PRODUCTION POLICIES OF MINISTRY OF NATIONAL DEVELOPMENT AND AGRICULTURE
 

OF GUYANA:
 

A. 	Development Goals:
 

1. To increase the production and marketing of specific agricultural
 
commodities to a leveal of domestic self-sufficiency.
 

2. 	To maximize the export of agricultural commodities - with emphasis upon
 
the marketing of surplus within the Caribbean community.
 

3. 	To allocate development investments equitably among the geographic
 

regions of Guyana.
 

4. 	To create 10,000 new agricultural employment opportunities.
 

5. To increase and distribute income in the agricultural sector equitably
 
between the smaller and larger producers.
 

B. 	Major Production Programs of Ministry Relative to Oils and Proteins:
 

1. 	A significant increase in the production of cereals - rice and corn.
 

2. An Ircrease inproduction of peanuts, black-eyed peas, and other peas
 
and beans.
 

3. 	A rapid increase in the soybean acreage.
 

4. 	Breakthrough in corn production In Intermediate Savannahs.
 

5. 	The attainment of an all time record output of copra and copra oil.
 

6. The Introduction of oil palm cultivation by Demerara Co. In the Demerara
 
River and then planting 800 to 1000 acres at Wauna.
 

7. 	A very great increase in poultry production.
 

8. 	Encouraging the formation of breeder farms.
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9. 	Increasing the production of milk, beef and pork.
 

10. 	 Manufacture of nutritious food for children and adults - based on soy
bean and rice.
 

THE GOVERNMENT'S NEED FOR GROWING MORE OILS AND PROTEINS VERY SOUND AND A NECESSITY:
 

Since 1968 the Guyana economy continues to expand mainly as a result of growth
 
of bauxite construction and government services - the overall rate of real growth
 
of GDP iJbout 3% per annum.
 

Farming is still the largest sector of employment (about 1/3) second largest In
 
terms of value output. There still is less than 5% of total area of Guyana under
 
cultivation.
 

Population expansion has slowed some - growth rate now about 2 1/2% per annum. Now
 
estimated as follows:
 

1967 565,000 people 
1970 700,000 
1972 727,000 

Projected 1981 848,000 

The 	production of vegetable oils has remained fairly constant, ranging 7,000,000
 
to 9,835,000 pounds - 1964-1972, while import of vegetable oils has nearly doubled
 
to 6,336,000 pounds during the years 1964-1972.
 

Poultry, eggs, and corn have risen mainly through the efforts of a few large
 
producers, the sharp increase in output of pork has resulted from the activities
 
of a 	large number of very small producers.
 

Poultry meat is the outstanding example of consumers choice of wanting protein
 
on their table. The following striking ex.imple parallels the early development
 
of the broiler industry in the USA with the development of high protein soybean
 
meal, effective antibiotics and efficient management of layer and broiler flocks.
 

Years Million pounds poultry meat produced
 

1964 1,882
 
1970 7,500
 
1973 12,500
 

CONCLUSION:
 

Soybean production - It is therefore decisive, in my opinion, of all the oil
 
bearing seeds available to Guyana, that soybeans offer one of the highest potential
 
crops for the farmers to produce successfully. I am greatly impressed with some
 
of the management capabilities in the private sector and their eagerness to make
 
some supervised soybean growing tests. The "time gap" existing from planting to
 
harvest is most favorable compared to oil palm and/or coconuts.
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My observations and recommendations are:
 

1. 	Applied Research - At this date we should place high priority on a program 
for planned growing tests and proceed with the one best variety developed -


Jupiter. Mon Repos has custody of the seed. It has been agreed with Ben
 

Carter to have several well managed growing tests with planting in early
 
May to be harvested during September-October (dry season).
 

In view of the 90" rainfall they have a major need for help from University
 

of 	Illinois on:
 

A. 	Proper handling of planting seed and inoculant.
 

B. 	The application of weed killer and fertilizer (slow release).
 

C. 	Control of ants.
 

D. 	Preparation of soil and depth to plant.
 

E. 	Combining or hand cutting, threshing, clearing and drying (several
 
growers have lost their crop by storing bulk or sacked - without
 
drying to 10/12' moisture).
 

A. 	TEST PLOT AGREEMENTS:
 

Agreements between Mr. Ben Carter and each of the following business firms or
 

Individuals have been made for April/May 1974 plantings.
 
Acres
 

1. 	Blairmont Estates, Ltd. Winston E. H. Tyrell
 
West Bank, Barbice Administrative Manager 30/50
 
Guyana, S.A.
 

2. 	Diamond Estates John Smith, Director
 

Diamond, East Bank Oil Palm Project 10
 
Demerara
 

3. 	D. A. Yearwood
 
48 Robb Street 10/15
 

Lacytown
 

4. 	Essur Doobay (son Bobble)
 
Land of Plenty, Phone 234 10/50
 
Essequibo (Georgetown phone 68869)
 

5. 	Baldeo Raingooian
 
Sand Hills 
 20
 

6. 	40 farmers - picked by government extension
 

by Ben Carter 
 20
 

Total Test Acreage to be Planted: 100/165
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B. 	ACREAGE AND TEST PLOT AGREEMENTS WITH MINISTRY:
 

Ministry of National Development and Agriculture has targeted for 1974 planting

according to Ben Ca-ter:
 

Ebini Research Station (sandy loam)	 Acres
 

Mon 	Repos - N~orth Plot 2
South Plot (sandy) 2
Global, Kibilibiri 
 Up to 800

Matthews Ridge 
 Up to 500
 

Total Acreage Up to 1,314
 

C. 	FARM MANAGEMENT is of major importanca. Previously, as an example, I reported

some growers lost their soybeans by storing too high 
in moisture. These
unfortunate happenings remind me of the many mistakes 
some of the USA farmers
In Arkansas, Alabama, and Georgia made 25-30 years ago when first raising

soybeans.
 

Good farm management practices aia critically important to success.
 

It Is most fortunate that George Eason has 
been raising soybeans in northwestern Iowa for nearly 30 years. 
 Alter our many visits with farmers, he
strongly recommends, and 
I fully support, that the University of Illinois
seriously consider selecting an experienced farmer from the southern states
who has raised soybeans successfully for 15 years or more 
to spend adequate

time with the management of Kibilibiri.
 

Successfully managed soybean plots planted April-May this year can assist
Guyana greatly. 
 They cannot afford a management failure. These section
cross
plots should provide the knowledge whether soybeans can successfully be
 
grown here.
 

2. 	Agronomic Research Projects on 
Soybeans - I am giving this second priority
among the projects and recommend University of Illinois move ahead as

Dr. Hittle outlined in nis 
report of October 30, 1973.
 

3. 	Facilities for Crushing Oil 
Bearinq Seeds -

A. 	Short Term:
 

Additional quantities of copra. soybeans, 
can 	be handled most advantageously

through the established surplus capacity existing at 
the 	two copra plants

because:
 

Any 	sizeable increase 
in copra J".,Ks very doubtful.
 
Oil palm is two years away.
 
Cottonseed and peanut 
are still in test plots.

A large part of the soybeans harvested In 1974 will be saved for

seed - so there may be 
100 	to 600 tons available for crush.
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Our estimate ot soybeans harvested In 1974 range as follows:
 

Private sector: 

Acres Bushels Long tons_ 

100 20 bu/acre 2,000 60 
200 " " 4,000 120 

Combined private and government operations:
 

500 20 bu/acre 10,000 300 
1,000 " " 20,000 600 

B. Longer Term:
 

Propo;ed Solvent Crushing Plant
 

I recommend proceeding with plans for a business proposal with cost
 
estimates for a multi-purpose plant located on the East Bank of the Demerara
 
River with the capability of:
 

1. Receiving raw materials on water.
 
2. Shipping meal (eventually) to other C-ribbean countries.
 

This location differs frori 11. A. L. lorris' report July 1973 - A Review 
of Oil - Seed Processinq Projects for Guyana. 

The vegetable oil imported 1968-1972 was 5,300,000 pounds or 530,000
 
bushels of soybeans; Attachrlcnt B. 

To overcome the deficit inedible oil supply/demand this would require 
a plant with 100 ton p/day capacity - if there is only one plant the 
first few years. 

Example of Capacity 

Days operated per year 330 300 330 330
 
Tons crushed per day 25 50 100 150
 

Annual tons crushed: 8,250 1 33,000 49o5O
 

Estimated Raw Materials Crushed - 1977
 

Copra 8,000 8,000 8,000 8,000
 
Cottonseed -- --
 -

-
Peanuts --


Oil Palm three years away
 
Rice Bran - possibility 1,000 1,000 1,000 1,000
 
Tons soybeans needed -" 7,650 24,000 40,500
 
Bushels soybeans needed -- 252,000 792,000 1,336,000
 



-7-


I will proceed with development of a plan and have by April 1, 1974 detailed
 
equipment, estimated cost, with time table.
 

I am most appreciative of the excellent assistance an6 guidance obtained from
 
Mr. Ben Carter, Mr. George Eason, and other organizations.
 

ATTACHMENTS:
 

A - Letter from B. W. Carter
 

B - Table: Estimated consumption of fats and oils, 1964-1972
 

DISTRIBUTION:
 

Ministry of National Development and Agriculture/Guyana - 5 copies 	(Attn: Mr.
 
Ben Carter)
 

AID/Guyana - 5 copies 

AID/Washington - 5 copies (Attn: Mr. George Parman)
 

University of Illinois - 15 copies (Internal distribution)
 



MINISTRY OF NATIONAL DB 7ELOPMENT & AGRI(ULTIRE, 
P1O. Box 1001,' 

Georgetown* ATTACHMENT A 
IN RIPLYINO 9110191)AT? 
NIEREOF AND f, 

15th January, 1974. 

Cooperatively yours,
 

Dr, 	So. Cramer,
 
UoSAI.D., 	 From:- o...............o.,
 
Main Street# 	 B.W. Carter
 
Georgetown. 	 Chief Agricultural Officer
 

Dear Dr. Cramer,
 

Study to determine the technical and economic 
feasibility of establishing a multipurposa 
solvent extraction plant in Guyana. 

With regard to the above-mentioned project, I am
 
supplying as requested, a list of the objectives of the
 
study:-.
 

Objectives:
 

1. 	To determine the amount of soyabean, rice bran
 
and copra meal available for solvent extraction;
 

2. 	To deternine the possibility of establishing a
 
solvent extraction plant of 50 tons per 24 hours
 
capacity (with the possibility of expansion)
 
capable of extracting rice bran, copra meal and
 
soyabean meal and the economics of its operation;
 

3. 	 To determine the size and cost of a refining unit 
to cater for the output of the factory; 

4e 	To estimate the size and cost of a batch
 
hydrogenation unit and the economics of its
 
operation;
 

5& 	To visit the two existing oil mills and advise 
the owners on the foisJbility of expelling aoya
been and of the refining,/noyabean oil; 

6. 	 To appraise the proposal for the 25 ton plant; 

7o 	To advive on the utilisation of crude rice bran 

oil for soap anl other forms of usoage; 

0. 	 To fill out the Rosedowns questionnaire on the 
solvont extraction plant and the othor on oil
 



ATTACHMENT B
 
FATS AND OILS 

Table: Estimated Consumption of Fats and Oils, 1964-1972 

In thounsands of pounds unless otherwise indicated 
Item 1964 1965 1966 1967 1968 1969 1970 1971 1972 

Butter and Ghee 
Produced 1,781 2,074 2,302 2,756 2,739 2,488 1,806 2,494 3,366 
Imported 854 1,017 1,034 833 788 1,021 953 911 1,274 
Exported . - - - - - - -

Consumed 2,635 3,091 3,336 3,589 3,527 3,509 2,759 3,413 4,640 
Consumed per capita 3.90 4.96 5.19 5.45 5.22 5.10 3.94 4.78 6.30 

(pounds) 

Vegetable Oils 

Produced 8,485 6,365 8,094 8,443 8,773 7,331 7,841 8,188 9,835 
Imported 2,813 6,340 3,372 3,596 4,511 6,378 3,464 7,668 6,336 
Exported - - - - - - - 493 
Used for soap 347 340 320 278 308 329 347 331 319 
Consumed 10,951 12,365 11,046 11,711 12,976 13,380 10,958 15,525 15,357 
Consumed per capita 18.06 20.39 17.74 18.25 19.71 19.82 15.94 71.74 20.8P 

(pounds) 

Animal Fats 

Produced 6 7 10 14 22 13 9 25 23 
Imported 1,916 1,358 1,877 1,617 2,172 2,131 2,798 1,763 2p679 
Exported .-...... 

Used for soap -........ 

Consumed 1,972 1,365 1,897 1,631 2,194 2,144 2,807 1,788 2,702 
Consumed per capita 3.16 2.19 2.94 2.47 3.25 3.11 4.01 2.50 3.67 

(pounds) 
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TRPREPCIRT 

Date Sukitteds 16 December 1974 

NAMEr A. H. Boyd# 

TITLE University of Illinois Consultant 

DIV/UNITo INTSOY (International Soybean Program) University of 
Illinois, Urbana, Illinois 

PEIOD OF REPORTI Novomber 12-22, 1974 

ITINERARYo See attachment A 

PURPOSE 

1. 	 Make follow-up visit on previous trip covered by report dated 
September 2, 1974.
 

2. 	 Identify problems and constraints in the areas of seed processing,
 
drying, storage, production, and program development, and to give

assistance to the Ministry of Agriculture or other intoreatea parties.
 

3. 	 Check on progress of DITSOY trials and report observations. 

MOANIZATIONS AND PERSONS CCNTACTEDi 

1, USAID - Mr. George Eason, RDO 
Dr. Fred Marti, Agriculture Advisor 

2. 	Ministry of Agriculture Central Equipment Station
 
- Dr.Alfred V. Doner, Chief Aaricultural Officer- Crops 
- Mr. Herman Adams - Plant Breeder - Soybeans 
- Mr. Christian Nwasike - Plant Breeder - Corn 
- Mr. Neville McAndrew - Seed Specialist 
- 1r. Sonny Perswud - Asst. to McAndrew 

3. 	 Bookers Group - ER.oject Evaluation Unit 
- Mr. Jonathan Harlow - Businoss Analyst 
- Dr. Abdul Wahab - Crop Development Officer 

M 	TS AND ACCOMfLISHMUITS 

1, 	 Visited Central Experiment Station at Hon Repos to consult with the 
staff on production, processing and handling soybeans for seed. 
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Gave advice on modifications in drying equipment and processing.
 

2. 	 Gave help to the instructor of a proposed seed processing course at
 
the National School of Agriculture by presenting pertinent slides for'
 
teaching (see attachment B) and mimeographed or offprint materials
 
useful to the course or staff members (see attachment C).
 

3. 	 Discussed production and seed problems with Bookers Project Evaluation 
Unit. Neaded specifications and other information requested will be 
forwarded from U.S. Obtained interim report oa their soybean project
which is being forwarded toINTSOY. 

4. 	Discussed INTSOY trials with Herman Adams and obtained data sheets on
 

Mon 	Repos and Ibini from Christian Nwasike for forwarding to Dr. Hittle.
 

OBSERVATICtS/COMMENTS,
 

1. 	The Blairmont Estate produced 150 bushels of seed which reportedly
 
germinated about 95%. This yield is approximately twice this
 
convultants' estimate in August. As of 20 November, 1974 Global
 
Agri Industries at Kibilibiri reported 1215 bushels harvested off
 
65 acres with a total of 114 acres on the farm. It appears that
 
the country may have a little over 2000 bushels of seed for planting
 
if they are moved in rapidly and processed for planting.
 

2. 	 No concrete plans or timetable for planting were obtained anywhere
but from Bookers Project Evaluation Unit which was 49 acres planted 
at Blairmont and is trying hard to get a total of 100 acres planted 
on various soil types. They are currently held up by non-arrival 
of a shipment of inoculant from the U.S. 

3@ 	 At last report Global Agri-Industries had agreed to share inoculant
 
until a resupply was obtained from the U.S.
 

4* The seed section at the Central ExperimentStation in its function 
of support for the research program was engaged In cholling by hand 
small lots, of blackeye peas, pigeon peas and corn and processing small 
(I bag) lots of rice. No soybeans were being processed, but the 
Blairmont production had been processed the week before this consultant's 
arrival. Seeds were expected from Kibilibiri "next week." The 
seeds from Blairmont were inspected and found to contain large sticks,
pods, stems, and soil pods. This indicated that the air screen 
oleaner was being operated with no top or scalping screen as it was 
observed to be set up or the previous visit, This was questioned 
and we were told that the new screens for the cleaner had arrived 
from the U.S., but they were still in a crate in the warehouse. 

5. 	 Drying was being accomplished by stacking seeds of various kinds 
(peanuts, soybeans, sorghum, corn) in bags in such a manner as to 
leave a tunnel for air from the Lister drynr to pass among the bags.
Drying was accomplished but it is impossibla to dry evenly or 



consistently or to monitor progress with any precision with this 
system. We were informed that there are 	plans for constri.,:tion
of a more efficient system as soon as planting is completed. While
the above described system was 	not as good as desired, it will work
rather well if it is properly handled. The key to this or any drying
operation will be careful management and operation. 

6. 	 Four new CIApper 27A air screen machines were on hand to be sent 
to proposed seed centers. 
Locations under serious consideration
 
were Black Bush Polder, Charity, the Rupununi, and Matthews Ridge.It was recognized that drying and storage would also be necessary
for 	the centers. 
We were not able to obtain any concrete plans or

specifications for any of these locations even though it was expected

that funding for at least two would be forthcoming in 1975. While thecenters will be very rudimentary installations it will be impossibleto estimate needs for funds until some plans are made. 

7. 	 Mr, McAndrew was very interested in obtaining help in his proposedcourse in seed processing at the National School of Agriculture.
Several suggestions for laboratory exercises ar demonstrations to

strengthen the course were discussed with him. Slides and litc'iture 
were also made available (attachment B & C).
 

8. Planting of INTSOY trials was in progress, previous trials had been
 
harvested.
 

RECOMMENDATION S, 

1. 	The air screen machine at the Central Equipment Station should be

set up and operated with proper screens in place when processing

soybean seeds. A suggested set up for Jupiter is top 22, middle 20,

bottom 11/64 x 3/4 slot.
 

2. 	 A drying platform for bagged seed should be constructed for the Lister 
dryer as soon as possible.
 

3. 	 Concrete plans and specifications should be made for drying and
 
storage at the now seed centers. A concise statement of needs and

expected costs should be prepared. This consultant was informed

by Mr. McAndrew that specifications would be prepared when th"
 
funds were available but this should be made so that efficient
 
allocation of funds can be justified. 
A bag dryer platform similar toa design left with Mr. McAndrow has been found to work very well.
Help in calculating fan and heater sizes, etc., can be provided by
requeaL thru the USAID office to this consultant. 

4, 	The problems that Bookers have had with coordinatn and uperation of
their soybean project only serve to solidify our previous recommendation
that they should develop their own capability in seed production.For the next few years, the simplest of air-screen cleaners will suffice, 



Literature and most recent available prices wil be forwarded them 
on the Clipper M-2B, 27A and Crippen model A cleaners. 

.	 Price and other information will also be forwarded on planting
 
equipment which is also essential to the success of their project.
 

6. It is hoped that Bookers will not become discouraged but will continue 
their soybean project since it appears to be the bright spot in the
 
whole soybean development scheme at this time. 

ACKN0.EDGEMENTs 

The help and courtesies of George Eason and Fred Marti are gratefully

acknowledged. They were always generous with their time for advice
 
and logistic support both of which were much needed.
 

DISTRIBUTION: 

AID/Washington - 5 copies
 

Ministry of National Development and Agriculture/Guyana - 5 copies
 
(Attention: Ben Carter)
 

AID/Guyana - 5 copies
 

Central Agricultural Station, Mon Repos - 5 copies
 
(Attention: Dr. Alfred V. Downer)
 

Dr. A. H. Boyd
 

Dr. J. C. Delouche
 

Bookers Cugar Estates, Ltd. - Project Evaluation Unit - 5 copies
 

(Attention: Mr. Jonathan Harlow)
 
University of Illinois - 20 copies
 



ATTACHMENT A
 

ITINRARY - A.K. Boyd - November 12-21, 1974 

November 12 7140 P.M. Arrived Timehri Airport, 
and driven to hotel. 

met by AID car 

13 National holiday. Reviewed previous
trip reports and worked on Trinidad report. 

14 A.M. Chocked in at USAID office, discussed 
progress in soybean and general 
agricultural situation with George Eason 
and Fred Marti. 

POM, Travel to Mon Ropos with George Eason to 
set up appointmonts and begin work. Had 
short visits with Dr. Downer, Herman Adams, 
Neville McAndrew and Mr. Thomas. 

15 AMs Travel to Mon Ropes to meet with Neville 
McAndrow and staff. Discussed his 
drying, processing and storage problems, 
also his plans for use of new equipment, 
storage room and two new technicians 
he expects to add. 

P.M. Travel to Mon Ropos to discuss plans for 
new course in seed processing to be 
taught at the school of agriculture by 
McAndrew. Presented set of 24 slides 
from personal collection for his use 
and suggested various laboratory 
exercises on demonstrations to broaden 
the scope of the course. 
with Christian Nwasike. 

Met briefly 
He has his 

final work on INTSOY trials almost 
completed. 

& 1.7 Weekend. Completed Trinidad report. 
Prepared comments for Dr. Hittle 

18 AM. Travel to Mon Ropes. No contact with 
McAndrew. Chocked malfunctioning moistur6 
meter and returned to USAID office. 

P.M. Return to Mon Repos for appointment with 
MoAndrew but he was not in again. Returned 
to USAID office, bo,.n preparation of 
report and recommendations on work and 
observations to date. 



19 AsM, Work at USAID office 
and INTSOY. Attempt 

on report to USAID 
contact with 

Kwasike for further information on his 
INTSO! trial data. 

.}. Meet with Mr. Jonathan Harlow, Bookers 
Project Evaluation Unit. 

W41 A.M. Travel to LBI Estate to meet with 
Dr. Abdul Wahab, Crop Development 
Officer for Bookers Project Evaluation 
Unit. 

'P.M. Travel to Mon Repos to meet with Mr. Fisher, 
McAndrew and Nwasike for discussion of 
seed program, and development plans. 

21, AsM. USAID office - Turn in interim report to 
Mr. Eason. Meet briefly with Dr. Wahab, 
and make preparation for return to U.S. 

P.M. Depart for U.S. 



ATTACHET B
 

Slides furnished the Central Experiment Station, Mon Repos for use in
 

developing seed course at the school of agriculturet
 

1. Unloading system on bins at a soybean seed company.
 

2, Air-screen cleaner installed showing several points for better operation.
 

3. Disc (length) separator - closeup of disc pockets. 

4. Disc separator - deagram of operation. 

5. Disc separator picture. 

6. Spiral soparator. 

7. Pneumatic separator - diagram. 

8. Pneumatic separator - pictures 

9, Gravity table separating soybeans. 

10, Rollmill - diagram. 

1. 	 Raok of hand screens. 

32. 	 Equilibirum moisture content illustrations. 

23. 	 Title slides (6) illustrating steps and objectives of seed 
processing. 

3.. 	 Cartoon slides (5) illustrating principles of processing. 



ATTACHMENT C 

Publications and printed articles furnished the Central Experiment

Station, Mon Repost
 

1. 	 Differences in metabolic activity in peanut seed of different size
 
classes - Baskin, Charles C. and Dolouch, J.C. - MAFES journal No.
 
2192.
 

2. 	 Effects of mechanical shelling on storability of peanut seed -

Baskin, Charles C. and Dolouch, J. C. MAFES journal No. 2194.
 

3. Systems for controlling relative humidity and temperature - Beck,
 
James M
 

4. 	 How a psychrometric chart is used to determine air properties -
Beck, James M.
 

5., Principles and methods of moisture measurement - Boyd, A. H.
 

6, Processamiento de semillas - Boyd, A.H.
 

7. 	 Potential applications of color sorting techniques in seed technology-
Boyd, A. H. 

8. 	Harvesting handling and storage of soybeans - Delouche, J. C. 

9. 	Maintaining soybean seed quality - Dolouche, J. C.
 

10. 	Determinants of seed quality - Delouche, J. C. 

nl. 	 Storage of seed in sub-tropical and tropical environments -
Dolouche, J. C., Matthes, R. K., Dougherty, G. M., and Boyd, A. H. 

12. 	 Seed conditioning for tropical environments - Matthes, R. K., 
Deloucho, J. C., and Welch, G. B. - AFES journal No. 1738. 

13. 	 Drying processing and storage of corn seed in tropical and sub-tropical 
regions - Matthes, R. K., Welch, G. B., Dolouche, J. C., and Dougherty,
G. M. MAFES journal 11c. 1839. 

14. 	 Electrical properties of seed associated with viability and vigor
Matthes, R. K., and Bcyd, A. H. - AFES journal No. 1703 

15, 	 Physical proportios related to seed viability and vigor - Matthes, R. K.0 
Boyd, A. H., and Deloucho, J. C. - MAES journal No. 1609. 

16. 	Heated air drying of soybean seed - Matthes, R. K., Boyd, A. H., and 
Welch, G. B. - MAFES information sheot No. 1246. 
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17. 	 Harvesting, source of many problems - Miller, Lee. 

18. 	 Controlled temperature and humidity storage - Munford, R. S. 

19. 	 Low cost tcmprature control'ed roorns - Welch, G. B. and Dolouche, J. C. 

20. 	Seed processing zand storngo facilities for trcpica. environments -
Welch, G. B. and Dloucho, J. C. 

21. 	 Relation of moisture content, height of drop ad number of drops of 
soybean .-cd to Fermination. Mimoographod data shoot.. 

22. 	 Drying manual - The Reed Joseph Company, Groenville, Ilississippi. 

Note: 

All information sheets and reprints listed c.bove were supplid by the Seed 
Technology Lboratory, Dopartmni.t of Agronomy. Mississippi State University,
MItionippi State, MS 39762 




