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Aim and Objectives

The Corn-cricket, cr Armoured Ground Cricket, Hetrodes puous L. is 4
widaspread pest of croos in Southern Africa, and can devastate the
harvest in areas whers food supplies are anyway limited owing to drought
ana Door sGils. The aim of this projsct is to cevelcp 2 preparzticn
5ased on Rhus specias that can be usad 3s 2 simple and cheap anti-
feadant by local farmers to protect their crops from the corn cricket,
and to isolate and identify the chemical constituent{s) responsidle

for the unpalatebility of Rhus.
Ralavanca

Less Developed countries (LDC's) in Africa typically have food deficits,
and for many, population growth and urban migration have combined to
worsen the per caout food supply over the past twenty or thirty years,
sincae such couniries gainad indspendance. Furthermere, LOC's suffer
substantial losses of fced sucply through the effect of pests, a pro-

portion sometimes put in excess of 25%. Thus control of pest damage

0ffars an importznt way of increasing the amount of food available
lccally, sc saving vital and scarce foreign exchange.

Thus in Botswana, both the population growth in the ccuntry, and the
growth of the capital city, Gaborone, are among the highest in the
world. The climate is semi-arid, and the soils are poor. Agriculture
is carried out by farmers who have little education and few resources,
and generally use oxen or donkeys for draught-power. In years of good
rain, in the 1970's,it used to be said that they could provide just
about enough cerezl crops for feeding the country allowing for major

lossas by pasts. Since then there has been a drain of labour from the
rural areas to towns, the total population hds gruwn fiercely, and
fapmars have hzd o face the frustrations of several successive years
of drought. [f Botswana is ever again to to come even close to feeding
itself, it is assentizl to reduce loss of grain in the fields to a
minimum.

Althoucgh chemical pes<icides are an obvicus way of cantrolling pests,
(tnus carparyl can be used against Hetrodes) they are not really suitable
in LDC's like Botswana where agriculture is performed by subsistance
fsrmers who are too noor to afford them and who lack the experience

and educstion to use them properly. To these objections can be acded
the fact that resticides have to be imported, so draining foreign ex-
chinge, 2nd that they have fo be distributed, requiring an efficient
and effective sucply network, which is c¢iien lacking.

A locally available, low cost, trouble-“ree method of pest control is
thus very &tsractive. Rhus scacies appeir to be unpalatable to corn-
crickers, and four specias are common znd widely distributed in Botswana
znd naighbouring stztes in Southern Africz. If an effactive metncc

=2n 52 as-aplisnad for using one or mora of thass 3s 2n anti-fasdant

f5p Hatrocss. +hen we <hall have a virsuzlly cost-frae way of eliminating

n
r : .
one drain on the food suoply, and it wouia be 3ccassible to even the
oorest farmer. Becausa the vlants cccur in other ccuntries, the
results could easily e appliad there 2lizo.
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Movelty

Effort at controlling crop pests in Botswana has been limitad more-or-less
to the red-billad cuelea bird(Quelea quelea) and the migratory locust.
Virtually nothing has been done on the problem of Hetrodes, beyond
recommrnding control by carbaryl or picking off by hand!, neither
of which are satisfactory in practice. The use of an anti-feegant,

that could be prepared by the farmer himself from locally available
nlants has never been attempted in Botswana, and offers a most atiractive
prospect of increasing food supplies at negligable cost.

Background

The Corn Cricket (Setswana name "Setotojane") is in the genus Hetrodes
(sub-family: Hetrodinae; family: Tettigoniidae; order: Orthootera

_id is & relative of the locusts. Four species have bean described
(1,2) but the differences are slight, and only H. puous is referrad

to in suhsequent literature, perhaps on the assumption that the
differences are too slight to support speciation. The insect breeds
prolifically in Southern Africa during the warm sc.icn (November-
April) and reaches near epidemic proportion in scme years. They have
voracious appetites particularly favouring younger parts of plants,
consuming tender growing twigs, flowering parts, and fruits, and their
depredations can be devasting such that whole fields are destroyed by
hy the insect (3). For example in 1971 in Makalamabadi, Botswana, "every
sorghum head was bare and every maize codb eaten " (4). OQther crops
they eat include legumes such as cow-pe3s, 2and vagetables. Unlike
arass-hoppers and crickets, they do not qove fast or fly, so can in
princinle he controlled by picking off by hand but thic ic pever under-
taken in oractice. Vhen one considers the labour invclved in daily
attempting this over several acres under & blazing sun, in fields sown
broadcast rather than in neat rows, one is not surprised. Moreover
lccal peoples traditionally believe that if one kills or kicks the
crickets, cre will die (8)or fall iil (5). Contrsl is possicle using 5%
Carbaryl dust (6),out this is expensive for subsistence farmers,

and potentially very dangerous to the farmer if not applied correctly,
so use of this is limited to commercial farmers and gardeners.

Although corn-crickets feed widely, it has been observed that they do
not consume any part of Rhus plants, which have a distinctive aromatic
smell. [t thus seems very likely that the leaves and voung stems
contain compounds that render them unpalatablz, that is,have anti-
feadant orocerties.  Sinca members of the genus Rhus are common and
wicesore2d in Southern Africa (7), this sresents the possibility of
develooing a simple deccction or preparation From available Rhus
species for application on growing crops as & orotection against
corn-crickets.

Four sgecies of Rhus are particularly premising, having wide distri-
butions, zcross several countries in Southern Africa, such thet at
least ona is likely to e common in the wild bush nezr a field. Thessz
are Rhus lances. R. leotodictya, R. pvreicss, and R. tenuinarvis

Rathar 1ittle has been puolisned on tnese trees. Tnelr l2aves are
browsed by stock and géme (8) the roots used infrequertly in traditicnal
medicine (9), and their wood used for furniturs (10). Ho chemical data
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has been published on R. pyroides or R. tenuinervis, one paper nas
been published bi-flavonoids from the Reartwood of R. leptodictya (11),
and several suych papers on R. lancea (12). Nothing has been reported
on their biological activity.

There is thus an excellent oocortunity of aquiring results that will
be of great importance economically and of interest chemically.

10.

11.
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6. ‘York Plan

The insacts in question only occur during the warm monti =, so a start
date of November 1987-January 1988 wculd be ideal. Given the lag-time
indicated in tha PSTC infgrmation sheats, it would appnear that the
best we can hope for is November 1988.

Phasa

hasa II:

T
I3

zllaction of plant matarial: oroducticn of si—le agquecus-
xtracts, and nalatability trials in the laboratory. For
example, leaf discs of known weight would be doused with fixed
small volumes of acetone solutions of the various Rhus extracts,
at varying concentrations, and when dry offered to corn crickets.
The anti-feedant effect would be monitored both on a competitive
basis with a choice of treated and untreated leaves. and on an
aksolute basis, to establish tha concentraticn needad to uttarly
prevent feading and whether all four Rhus species are equally
effective. Partially eaten leaves would be weighed to gauge
dagrae of unpalatability. The experiments would be done on
batches of 30 or more individual insects, to cover individual
variation, and on batches of insects selected for sex and age,

to detarmine if these factors have any influence. These
experiments are most amenable to quantification and statistical
analysis. Similar exceriments will be done using the aquacus
extract, and ground dried plant material to emulate the more
likely situation in the field. Ensuring an even application

of material will be more difficult, and one would expect a
greatar experimental scatter in thesa results, Time: 4-5 Mgnths,

r
-
a
=

Onca an approximate idea is gained of the concentration needed
for effactive anti-F2edant activity in the laberatory, fiald
trials can be started using small experimental stands, in
arezs with aoundant corn-crickets. It should be possible

to fird these within a 80 mile radius of CGaborcne, ard hooe-
fully a lot closer. MNo problem is forseen in getting the
co-operation of local farmers at this stage, since it neither
costs them anything nor ccmmits them to anything. A variety
of methods of application can be testad, such as dusting the
arowing crops with ground dried plant, sprinkling them with
the zqueous extracts, or even dreiching the surrounding

ground with the aqueous extract, again at varying concentration.
Tha 2¥Fact of rain and rac2ated ionlication urder field
conditions will élso be monitored. Time for this will be
limited to the rest of the growing season. [t is likely

that a second season would be necessary to evaluate the
metheds on a wicder scale, under dirfarant loczl conditiaons,
ang establish which Rhus scecies is/a2ra best under practical

Time: 3-4 months in 1988/89 and in 1989/90



Phase [II: This will be started with Phase Il but will be able to continue
throughout the winter months, and consists of the chemica:
isolation and purification of the active principle(c). Here
conventional methods on the whole will be used, including
solvent extraction, liquid chromatography using a variety
of stationary nhases, and possibly HPLC. Monitoring of the
progress of isolation will be don2 using insects as in Phase |
to identify the fractions with greatest anti-feedant activity.
Once a pure compound is isolated, it will be characterised,
and, if new, its structure deduced. This will involve use
primarily of spectroscopic methods, such as i.r.,u.v.,MS,
and esoecially PMR and CMR, Ultimately X-ray work may also
be neczssary. The project period should be sufficient to
cover at least a substantial part of the work encompassed
by the four chosen species but exact rate of progress will
depend on the difficulty of the separation, the naturat
concentration of the active components, and their structural
complexity, so it couid be quicker.

Phass [V: Assuming a successful outcome to the phases [ and II, the
logical next step would be to introduce the method to farmers
on a wider scale. This would be done through the extension
and education work of the Ministry of Agriculture, and other
bodies such as the non-profit-making Non-Governmental
Organisation "Thusano Lefatsheng”. No funds are being sought
for this stage.

7. Staff and Resources

a) Curricuiam vitae and oublication lists: enclose
b) Departmentai Resources

The Chemistry Denartment possesses 2 x ir, 2 x uv, HPLC, 60 M4Z
C-W PMR, a variety of pumps, columns, detectors and fraction
ccllector for liquid chromatecgraphy, and a reasonable range of
chemicals, reagents, standard glassware, and apparatus, such as
rotary evaporators, heating mantles, and vacuum pumps. These would
all be available for use in the project.

The University has a fine undergraduate library and although the
ranga of scientific journals taken is small the Inter-library Loans
service is fairlvy gcood. The Faculty has good Secretarial Staff

énd racrograchic ssrvicaes. It should also be added that i major
building programme is being nlanned to give larger new laboratories
for all the sciences, with a orojected cccupation date of October
1990. An Agriculture Fzculty will start functioning in 1937/88.

8. Csllaborstion

Mo major ~collaboraticon is eavisaged with cther institutions. However,
it can be noted that the University of Botswana does not possess CMR,
MS, or X-rav crvstallograchic facilities. It is propoczd to use either
commarcial laboratories in, for examele, the UK or RSA for these
servicas, or informal nerconal links with other scientisic in, “or
example, A.dis Ababa, or Australia, where we have had offers of helo
for such sgcectra.



Soecial Concerns

The question could be raisad of what effect the succassful outcome of the
orojecs mignt have on the environment. Specifically, would demand for
thesa species as anti-fasdants lead to their eracication? 7o a certain
extent this will deoend on the concentration of extract neeaad, and on
the density of the Rhus trees in a specific location. However, .
thres factors saem to suggest the danger initially is not great. In
the First placa it is procossd o use only the lesves anc young twigs
so the bulk of the tree should remain unharmed, and the effect will

be mora like a trimming or pruning encouraging re-growth. Secondly,

tha niants ¢o grow rather quickly, so they can recover from such
trimminc: For axamola, the stams of R. lancsa can grow three or more
feet 2 vear. Thirdly, the trees are rather commcn, and cne or more
speciaes c2n be found in almost any habitax. Nevertheless, at the
field =rial phase, projectad usage will be calculatad, and the effect
on the local bush assessed. Ideally, the useage should not impcse

any strass cn tha environment. Further monitoring over subsaguent
J@ars wouid D2 necassary =0 contirm Jr modify thes2 orojections.

A second question tc be asked is whether the users, the subsistence
farmers, could te endangered in any way. The possibility could arise
that the axtract or powdered plant has allergenic properties,

esoecially given that they are related to the "poison {vy" R..
toxicodendron and to R.. vernicifera for which some allergenic

acTivity nas been reported. However, these Rhus species have 2 long
history of being used for furniture-making, rancing, etc without

any ranorts of ill affects, thus this fear would seem fairly unimportant.
Notwithstznding this, care will be taken to look cut for any rashes

or otner til-efttects

August 1987 John Woollard



.Schedule (2)

CASH ADVANCE ANALYSIS
FOR THE PERIOD THROUGH

A. Advances Received from USAID
Prior to this Period
puring this Period
Total Advances Received
B. Advances Accounted for
Prior to this Period
During this Period
Total Expenditures Reported
C. cash Balance - End of Period (A - B)

D. Estimated Expenditures ~ Next 30 days

£. Additional advance Requested or Cash
Returned to USAID (D - C)




QUARTERLY EXPENDITURES BY BUDGET LINE ITEM

Schedule (1)

FOR THE PERIOD

A, Salaries

B. Equipment

C. Materials & Supplies

D. Training

E. Consultation

F. Travel

G. Overheads

H. Indirect Costs

Net Expenditure

Total Budget:

_ THROUGH
TOTAL EXPENDITURES CUMULATIVE
AMOUNT THIS PERIOD EXPENDITURES
BUDGETED
$ 36,500
2,300
12,000
4,700
4,700
4,300
9,675
$ 74,175



Budget (US $)

a)

b)

c)

d)

e)

9)

h)

Salaries:
ii)

fii)

Equipment:

Year ! Year 2
1989/90 1990/91

Technician: recruitad for project 7 000 4,000
Resaarch Assistant 10 000 11.5C0

Resaarch leaders

(Ors. Woollard and Yepoan are
salaried as members of UB staff:
10% of time available)

ftems for collecting plant specimens
and insects, and maintaining them 2 300 —

Materials and supplies: solvents, chromatographic

stationary phases, special reagents

and glassware 500 g 500

[83]

Training: No specific plans are in hand at this stage for training, but it
is pcssible that consultation or advice may be needed with
scientists in say Addis Ababa, where there is an excellent
Natural Products research groUD:....eeceeereeescoecanconns

Consultation: 2 200 2 500

Travel: Collection of plant material, insects,
organising and monitoring field trials.

Assume 4 plots at average distance of

50 miles, and weekly visits for 3 months,

plus collecting:- 2 200 2.500
Say 6000 miles at 37c/mile:then 42c/mile;

UB has a vehicle Tleet, and one of

these will be used.

Overheads: Running of spectra elsewhere, cost of
inter library loans, casual labour in
collecting plants, repairs and breakages 2 000 2 300

Indirect costs: administration of programme 4 680 4 995

Total $35 880 $38 295
Tatal $74,175

y \\



ANNEX 2

Payment Provisions

Upon signature of this Grant Agreement, USAID will request
an advance payable to the Grantee for the Pula equivalent
of U.S. &15,000 (approx. 1/5 of Grant total). As often as
is necessary, but not less than once each calendar
quarter, the Grantee will submit to the Controller of
USAID reports on expenditures under the Grant and on the
status of advances and the Grantee's estimated cash needs
for Grant related activities during the next 30 days.

Such reports shall be presented in the format shown in the
attached Schedules, Number (1) and Number (2), and will be
the basis for any further one-third of Grant advances.

Within 90 days of the expiration of the Grant, the Grantee
will submit a final report showing total disbursements,
total advances received, and any cash remaining on hand,
which will be refunded to USAID.



a)

B)

C)

D)

E)

PROJECT PRULLUURLD

Life of Project Costs:” The funds in the grant represent
the maximum that AID/SCI will contribute to the project.

For this proposal the estimated project completion date
is June 30, 1992. This adds several additional months to
the project and should cover start up and close out time
often not anticipated by investigators but which later
results in numerous requests for extensions to recapture
lost time. Generally AID/SCI considers no-cost
extensions when well justified. These should be executed
by the Project Officer at least 180 days prior to
expiration. The approved proposal consists of the
revised proposal submitted September 22, 1987, and
principal investigator's (Dr. Woollard) response to
provisos of the AID external panel as well as

Dr. Woollard's final revised proposal, dated May 15, l989.

Cost-Sharing: 1In addition to any amounts stated in the
approved budget that the recipient institution proposes
to contribute, the recipient institution should
understand that it, in effect, assumes responsibility to
secure any additional resources that may be required to
complete specific objectives. This point is a logical
extension of the statement in Para A that the AID/SCI
funds approved constitute the maximum AID/SCI
contribution.

Progress Reports: Interim progress reports are required
every six months except for the last six month period
which will be pre-empted by the final report. One copy
each should be sent to following addressees: AID/SCI,
Room 320 SA-18- Washington, D,C. 20523; Ms. Wendy White,
BOSTID, National Academy of Sciences, 2101 Constitution
Ave., N.W., Washington, D.C. 20418; AID Reference Center,
PPC/CDIE/DI, Room 105 SA-18 Washington D.C. 20522; and
technical backstop office: S&T/AGR, Carroll collier, Room
420~F, SA-18, Washington, D.C. 20523.

Since the research schedule often is not updated until
after the funds are obligated, the first report should
contain revisions in any key dates based on the revised
research schedule. Substantive scientific input should
be included when there is something significant to
report. Interim reports are due within 30 days following
each six month period.

Final Report: The principal investigators should submit
the final report no later than six months after the
completion date of the project which currently is
estimated as June 30, 1992. Please forward three copies
to AID/SCI, one to ATID Reference Center, and one to the
technical backstop cffice. The report should be
sufficiently detailed to substantiate findings and to
permit scientific evaluation of research. The principal
investigators are encouraged to share the draft report
with the AID Project Officer for comment prior to formal
final submission.



A Reference to “this’agreemenc' means tle original ?roject
Ag*eem nt as nodified by any ravisions which have enterad into
effacc. Refarence tao 'caoperating countrsy' means the country
or tarcitary of the Grantee.

Block 3, of this Agreement, as neceusary for the Zraje
aay te Sursher descoibed in Annex A

B. (L) AID will make available the amourt specifiad in
c=, as

(2) The Grantee will make available the amount specified
in 3lock 4 of tais Agreemenc, as necessacy for the Projecz=.,. as
may further be described in Anmex A- The Grantae uill also
make, or arringe to have made, add- -ilonal contzibutions of
nropecty, sar7ices, facilities and fuads zaquired for carzving
out the Proiect as sgecified in Annex A.

C. AID ané the Grantae may obtzin the assistance of other
public- a“a grivats agenclies in cacrzing out their respective
cligazions under Lhis Agre=menc. The twWO parties may agroee

£9 accegt conccibusions of property, serzvices, facilliies and
-unds Zar suzzoses of tals Agreement £-om. other public and
privace- ace"c es, ané may agras upan tie particizatisn of any
such thizd party in carzving out ectiviities under t,zs
Agreementc.

[w)

- Excest as othe'ste specifiad herein or subsequently
ead bv the parties, all concributions of the parcties
suant =90 this Agreement shall be mace o or before tae

agr

uz

rojeckt ass iscance Completion Data, or amended datsa A
aa

(=3

O W

tzibution of goods or secvices snall be consxae:aa to have
1en made wnen the services have been perZformed and the goods
urnisned as conctamplaced LR tais Agresmenc. Dizbursement of
funds may tazke place aftsr Einal contzibutions have been made,
but AID shall not.be :aauLFea to disburse funds, hereunder atter
the expization oL nine months following the estimated 2rojecs
Assistance Completion Dace (Block 5 of this Agresment) or any
amended Projectz Assistance Complecion Date specified.

.

urnu

n iy

E. The- procurement Of commodities and secvices to be-
£inanced i wihole or im part by AID mavy (where so reguired by
AID proceduras) be undertaken onl[ pursuant to Pfo]ec:
Tmplementacion Orders (2I0s) issued by AID-

. Unless otherwise specified in the applicable PIQ or
Zroject Implemeptation Latter (2IL), tie procurement ot
commodities imporzaed speciil ly for the Project and Zinanced
with &the AID contzibucion 2 rad %o in Block 3 of &tiis
Agreement shall be subject ¢ ne provisions of AID Regulation

G. Unless ocherwisa agraed by the sacties or ocharWise
specified in the applicabla 2rQ, &tizles o all proce =y procured

anciag L'v AID pursuant =2 3lock 3 of this Agreemenc
she Grancee, orC such pudiic or privace agency as it
a
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