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ABSTRACT

This work was conducted with sinples collected
fromthe University Farm to study the chem cal conpositions
in Trirervilermes geminatus and the grass pieces in its
nmound. The characteristics studied were percentages of
ash, organic matter, lipid, protein and carbohydrate and
al so cal ci um magnesi um potassi um phosphorus, iron, Znc,
cobalt and copper.

The percentage conposition of ash in the feed repre-
sented the highest recorded. This, however, did not
reflect directly on the concentration of mneral elenents
in the feed, the highest concentrations occurring in the
worker caste, as a result of accurulation. The conposition
of ash and the concentration of mneral elenent were
directly proportional, in the insect.

lonic concentration was of two general patterns :-

K>Ca>M >P>Fe >2Zn in the feed
and

K>P>Ca>M >Fe >2Zn in the insect except in the
reproductives where the nmost abundant el ement was phosphorus.
Zinc, was found to be nore abundant in all the insect castes

than the feed,

Qganic natter concentration was |lowest in the feed, the high
val ue occurring in the mnor soldiers, The feed al so showed the | east ccon-
centrationof lipids, intheinsects, the reproductives had the hi ghest

val ues fol loned by the naj or sol diers, Grude protei n was nost



Y

In the reproduetives and least in the feed. Second

abundant
t hen, the najor

hi ghest val ues occurred in the workers and,

sol diers. Carbohydrate concentration was highest in the feed.
The mnor soldiers had nore carbohydrate than all other
in that

castes. Mjjor soldiers and workers came next,

order.
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CFAPTER QNI

I. INTROD UCTTON

1.1 Subject of Study ard Juestificntion

The probable relationship betwaon the chemical con-
egntration ~f Trdipnesvitfonames Aomdnoins Wasmann and the ©OD-
centration of the grass whish ocours within its mound is
the subject Ff this investication, |

The coinomic imngortsnce ©f tzrxmites in the tropies,
where they do enormous damnge, and z2ro among the most
numercus soil-dwelling animals, has besn documented by
Coaton, 1951, Sands, 1260; Augnt,. eif.al.,1960; Das, 1962;
Bigger, 1945 Harrisg, 196¢9%; Qhincu, 19735: Watson and &y,

1876; ~nd Collins, 1877, Tt has

by

wan raported that in the
process of nutriont receyeling, Lixmitus oan cause severe
denudatiosn 2f grasslands, oven comretine with livestock in
the removal of grass 2nd reductirn of orimary nroductivity.
frass removal has boon cstimatad €0 be about 14.6ka per
hectare per annum in 2 Sonth ~fyvieon veldt. Bodine (1973)
stated that the Jdosuerk tormite, Grhathatritfenmes Zubiformans
Buckley, ramoved S6Cke 2f arass pey hectare per annum

in West Texas, In Micorism, Ohiwvgg {18974a\gnve a grass
reamoval rate {volume ) ~f aporoximately 21kg per hectare

per onnun for T. gsemdeatusd at Mokwn.

1.2, Researceh Objeckivos

In wviuw 2F the welil Ywrown nd wide sprend destruction
of the grassland hv tormitces. it i3 accessary to investigate

not ohly the distrihbution of the “oynites in the grasslands,



but alse to d2termine the ral-tionship hctween the nutrient
conecentraticn of the aTrass <“nd th: chemical ¢ ncentration of
the termites Thorefore. tha mair obijective of this

studv is to enrrv cut chenic2! 2analv:as on the termite and
its food mat xinl, with thae solc enrrna: of determinine (1),
the nutriznt status »nf th- orass =nd {73, tha eoxtant of
accumulation of thc warious nutri.rts in the termita, The
£indincos of thies study wvonled not arly =ontrihute to our
knowledoe of th: ~hepiecal concentyaiti v 0 f the torméé an? its
food, but also aive ue an iraicht v L wotabkolic

efficiencv 2f th: termite in mot ralizine nutrients in

its tissues.



CIAFPTER TVO

1%, LITZRPTIRF QuEYIFW

11.1 TF5 TFEPKITFE

Termitae ar> isontzrane, whiash sarastitute A small
qaroup of insccts of anrrovitatolv 00 crocing {Liee and
Wood, 1971. Favcrtw 1971 They have *our glagsified into

six familiecs namelv-

G MASTOTERMITINAR

2 SALOTFPMITIDAE

3. IODNTRPMITIDAL (6 svh-families)

4. P FINOTRPMITIDAS it sub-families)
5 SERERTTTRYITIDAR

3 TURMITICAT (4 Sub-~-TFamilics)

The first five sunamilies are coll erivelv Xnown as the
lower teyrmit=s whkile th~ sixth Mermitidac), which includes
approximatoly 758 0f 21! ‘mowr ecocize. mala up the higher
termitas.

A1l tormites arc racia) Aaria 1l f ilgan, 1971} and are
found mainly in the tromic~l an’ v hirorien) roeoions
{Xrishna. 19269 Collins, 17°77). »lthonrh = “ovw zspocics have
baen rcoorted from the warmer tonmparata countrice (Imms.
1948 : Pranjo, 1970 fJarris. 1977 fagsner, 1970).

Manv worlers have roonorto? th=t tormites live in colonies
with a complix socind swrtam, within mounds or termitaria
(Thompsor 17917, 191" Mever. 12536, Coaton. 1949, Imms, 1948;:
Moirot, 1877 Toc and Yood. 1971 Lonahurst, 1977, and

Ohjiacu, 1277). 7 colonv consists of four main castes which



e

fall into two mein cateoorjics vis B rorroduactive and
sterile forms Thr: reoroduvrtivy:z: c2sr: consicts of the

primarv and sucnlemontary rorrvodoactivie, The former is
represcented ! vines and ounons which are responsihle for

.

the founAdia~ 23 »romuae~tior 2 noi colonies, the lattar on
the othoxr h~n@ powver losve the colonv and serve as subs-
titutes for “ings “nd/or auesns and 2ls0o commlement =the
eaa-~lavina of gucons,. shauld thiz €111 below the necessarv
level for the maiptonance 9€ +he colenics. The sterile
castes incliude individu-ls whicer mavy ho aoterous males and
females and ~ongists of saldiars for @ :fenca and workers
for labour, ~nd cdefoncs (Yalala i ; Fvarv colonv
also contains numerous ministnr: ivieeals of various
ages underccina Covelopmont irta - ar a1l of the above
castes, the direction of diffzrcnti-tlon acauired bhefore
the first moult., -noazarine to dcoocnd ~n nheronomes produced

bv membors of the renroductive: =and scldicr castes

{lLee and Wood. 17713,

In Iirndi- enocice of Yaenagtoames and Odontotoames

ar2 knowm £ar thodir Aapaes 0o eus~y <ane and whaat
{Biaacr, 1585° The marnituda af Ty which is of permanent
nature, c-uset to fom av, V4 ' Rala r2rmites

(Microteames spp | in 2 ri-in Juse-i it lnrth Fast India
has bgen estinatcd to ' o s v f spnual vield
(Das, 1962) Kafotanmay mi’ititiia ¢ rvs ond K. greend

are known to cause sovors intdonye o bR 37l o tissue of the

tea bush in Covlon {(Fornando. 19520 xparimental findings




-
.

have shown that frur species, ¥ieroterres radeniauia Sjost
M. albopertitus Sjist , Allodontzrmes terxar Silv. and
Ancistrotermes latirctue Holmgren , all of which arc

L

responsible for édamagz t» living plaats, prod minantly cause

losses te apausl crops in Scutheen Tanzainis (Biggovr, 1965).

L2y

In addition, O0dontotermes gambezienais Sjost , 0. latericiu

—

Har. and Macrotermes bzllicoswz Smenth, are sonetimes
found attacking crips, but scem to prefer dead or woody
miterials. A, latins‘ue has been recorvded elszwhere in
Tanzania as doing danmrges to cotton (Harcis, 1961). A survey
by Sands (1960) revesled that cassavz losses ranged from less
than 1% ta 40%, while 1osses in groundnuts were usuzlly

less than 10%, exceat in Bornu where up to 2595 lasscs, cecurrced
Losses to giinea crn and maize wore from 2 to 20%, 15-20%

in upland rice while yim losscs were from 1 to 65 - 70%.

The termites vesponsible far these losses included M, bal14-

eosus, M. natalenszzZas Har, , Ancialrctcrmen 85., Odontoleor-us
8p, Pazuldovuntliotermav militurig Hrgery , . gepinitus

and Amiterrmzs ¢Vunolifer Silv

~: = Resides fe, 4 Coylen, K. eaftldtares WM houns.rodnagd ]
on vubber, 'spcecics of gluderia, grevillza, Arvtocarpus,
Eusalyptue and Toornz us:l in re-aflarestationg Coastractional

and structural tirber are damigel in difforeont parts of the
world by termites <f the family Rhinsteraitidre. Of thusc,
Hodotermes tmidiccla Wasanann is known to c2usc hervy
dannges te tisbers wad fabricated timber stores in Indin
(LAwat ef,al,,1662), Odontotesrea oharuy ERimhur and
« kaye also been reporied, by Roonwal

0. parvidexs Hol g

[
L

et.al.[1962), to cause damages to woed. Harris (1962)




reported that 2 survey of housés in*Jamaica showed that .
infestaticn cf structurtl wood of 45 to 829 aad the Building
Reserrch Institute, Accra, suggestad the anival cost of
rerairing buildiags damaz<d by termites in West ifrica was
of the ordcr of 105 of their capital cost, Lobaritory
exzeriments by Mill and Fey (1974 showed that tormites,
including Misroterrua sp.; Odontotzrmes sp., and Macrrotzrman
eubiyzlinus Rambur , removed 90.46% of wood provilded
within a period of 30 days, in Northern Nigeria,

This economic impoctance of the ternites has prompted
diverse studics on thoir bechaviour, biolagy and ecolagy in
many parts of the world to facilitate the contr:l of the

pests (Narayanamurti, 1962).

IfT. 1.2. Di‘&tl_'__i_h_u_;_i_‘m of TC!'IE._i._:f‘.'S‘

In Australia, ternites are particularly common in

tropical savinnas (Lee and Wood, 1971). Typic~l are

tntarmadius, The only commonly occuming Eurepian species

are Kalotzsrmes flarirves and Leucotermas Turifungus (Imas,

. - . o . -~ s T . - . ' o o - . u »
1348). Ahr~d (1960) describing the toraite fauna of West
Pakistan reported the oucurrence of 41 species, vhich are
representative of the Kalsteraitid, Hedotormitid, Rhinoter-
nritid and termitid tormitcs The higher ternites nre piurly
represeated dn the 20l yoegions,

In :H""L:-..‘I'i‘!_' San.ls (I{J?J]-_’)j,!"i';fir.ir"-'! fiv: S..‘_'Eov' of

the genus Trivsrpftavacs which ive extensively cistribute!

4

X -
v

foom Naorvth of the riinfarest int neigh

ONEANg Countries

te 1atitule 15 - 16.M (Snads, 19652). Ruclle (1970) reported



7.

the occurvrence of ~ther tormites such as M, subhyalinus

N
0

threcuzhsut the guinen, saian and sahel savannn rocions of

Higeri=. _
-

Some othor stu'ics have shown 2 relationshi; betueer
soil structuce asnd distcibuticn of teraite specics (Wuud

! Ohitpgu, 1+°3). Kalot.rma3z kempaz 2nd Microtarree lutcus

tes B

-

rets ~f grey soils and black

Ty

are known to be 1lin
clays in the Tanzapiaa Qry bushland (Kemp, 1655). Mounds
of A, vitiosus in MNorthern Justralia are wore coamenly

1

found in arcas of ircressing clay propurtisa. Waisen an

Cay (3976) have mo2i2 ~n e@stimate of 350 neounds per hectir:

-

for Drepansteraczs g3, it Austrilia. Ohiagu (1576), citing
Murray, gave a2 pound densiry estincte of 5%4 miuals per
hoctarce for Trincreltamnss brinzroonidzz iv 3 S.uth Afgicoa
valdt., Sanlts (196 )Yhzs givear v ¢stinte € 735 noaads

per heckare fov T. goudwskys ner Zanin,

Il 1.3, TELMLY. POFJLAVIONS

i it - . = - - NIRL - r - - - . "
hsre 2re fow @stvtes ot naralycit g £ supharan:

mound-bullding termites 2 there are no relizbic estimtes
< . . o . - . T & o< " =, e . »
cf the totsl nurhors 2F apy hbitat [Los agl? W2 ¥971),
This is sttriburebia bt the Aflicetry in svpling terait

v !;ILE"l( ions wWhich s ff}?__tir,’ anl oy (Y fIVELAT -':__ (1_.‘-._- onl
Woud, 1971). Dhowovce, suveral attvr s hive boer male to
¢stinate populaticr s of mourd ichabiting spocivs deldlegus
(1‘.5’-_":) made 1 S::'L-" vetinaty of " natd riva of suhterc:nenn
(509 per motre sgiars) and mo WJ-buildrgs (337,85 7°)

vermites in Briaefiyzligda forest in ta: Caegd. Lec aal

Wood ((1968) estimated the populaticn of mouri-building



i

Masutitermas exitiosus iun Australiz 1t 60Cm “ in Nigeri-,

2

Sands (19657) estimate’ ae pepulati:n of T, geminatus t

Be betwocrn: 454 2 123¢,80 °.

I11. 1.4, Behavisur >f Tormites

The fecding habins a3a’ foraging p ttera of termites
hve hecn other av:235 ~f considerable intevest to workers.
Cleveland (1925, 192. 13254, 1925b) reportin- on [ propats

go. Heer and Racifnuldizepmes sp. Holmg. foun'! that thesc

capable of ~ aost indefinite gxistence on 2

14
L]
L1

Secles were
dict of pure cellulssc. 1 also estiblishz! th't there is

a relaticashiyy botweon the feeding Fobit of termite c2stos

ntestinal frunzr. Hareis (1968) revealed that

b

an! their
the fool materials callzcte? by workors wore shitrol by
regurzitaticn with the stuer castes, only a yortion being
retained by the indivi'usl worker {27 its own sustennace. |
However, +falake (1930b Jetgotad try shodiali of Jarge
‘»f_“ir caes of f'i-’-:f‘ anon s Loy ‘:‘ji-f;. 15 "{f«,[b, I'L'_l'!. yons bt Frum
the trophillactic regnrritation of €0l to the dupendant
castas and n}".-‘ha. T £he fun; US~Fat wi 12 PALT I emiEinac

el fuad‘br-u;ht by the workeces is only piitly disestoed

. -

e ® 8 & TE e T ey & s : -

bafare boing fiate up int. Bepius-c nbs, which av: Yater &3ten
gfter enrvichaznt by fur,us gros L. oa then. I his stady

¢ five species of Triaseuitternzs, Sw's (L961) Ffound that

-
L] -4 B - = . =
the harvesting habit iz post stron 1y devel et in 7, geominatue
(as T. ebumarianxs) onl tuwe s vcies, 7. ozecnomug and T

auritavecs, vere foun'® not to Sture grass at gil in their
mourids. In thesc specivs relative humidity an! t.ooucrailure

are known t9 be imporisat varpiables affecting thisz foraging

bahaviour and, is thus scas pal: s~i) sarf-ce ¢ TP ETALUPTS
greater than 387°C in th: eveniag 2nd less then Z0°C



in the rominyg inhibit foraging during the evening and morning, rus;,-r..ct.iv-:ly
(Sands, 1961; Chi~pu, 1879, Stulying 4. zvieedfer, Malaka (1930b)
chsurved that the »-te of tube-building, in the abscnce

of lowest humi 'ity (725 R.H.) and highoest teaperature

(ZT.SOC), but in the “resence rf food, the rate was laowost

at ‘a period when humility and tenperature were comparatively

An assessment of the grass covsumptisn by workers
while foraging has been reported by ¢r® -u (1979) for the

genus Trinzpvztcrrnca. Mo obscrved th cwiging workers and
those returaing to the mouad after foragine showed little
oY nO @

prectable diftsvence in weight. On Jdissecting some

o
foraging workers, Sanis (19€1) found that frijments of
fresh presn grass wer  ia the oesoph gus an! crop of

T. eberzornigqnus lefa.)

I1.2. CHEMICHE, CONCENTRATION GF BIDIOSGTUAL MOTERIALS

I1.2.1 Ash and Crs=aic Mattor CONCENTRATION
Ths asit of & bizi~gical mitorvitl is 2a an2lytlical tere

for the lnrepraic r-si-ue that reaaias altey the inceneration

nEf the organic matter., Its cantunt aw! Coeacentraklion are

-

directly proporticntl t2 th? nitare of foul ignited anl on

the method of ashine (Obadn, 1982} The ash is, thevefore

#

[
~—
v
—
~
-
rr
™
-
di
r

not the srae as tic 1a the srigin
fyod materisl; since thove miy be losses due to yslatiliza-
tion or chemical icceraction betweon the ¢ astituents
(Obcdn, 1932) sal als 2us to the prescace 3Ff elenents as

;

chlirrine 2a! macroputricats 1ike silicon 20t sulfer which

may not have peen analvsad for (Salisbury and Ross, 1969).
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I1.2.3 Crud: Prot:-in Conccntration

Th: me=sur: of nroteirn in 5 binloovical material is
usual)ly takor az the total nitrooen content. The problen
of the priccnes of non -orotein ritreoocen compounds is
overcnmz; ~c thasc compound=, rincrallye, renresent a
nealigqibhl: guantite AF pitroersn in hidloaical materials

(Obodc, 1992). tanv workors »ave ronorted or cernda protein

contents. Buttorworth {(1%58) Y Esinodg 7 7% for frosh
oreen crass in Fast Africa., wvhile I 22, 2., (1964)
have reportcd a protcin composition oF - .7%% for laandan

arasses. Bartha (1179) rerorted volacs rnoina fromn 5.54
to 6.42% for some arase spocics while 2dams (1975) agave a

rarce of §€.€ to 23.7% for ¢-irv cattle feads. Kapu(1975)

reported = valua »f 13.9 1.17 for some fodder plants

ir Morthern Micoria.
Certain € ctors Aare Inowr +0 orentlv influence the
cecntent of crud: prot in in rlante  uptake of nitroacn

which is =n iwmooreart iptoersY Af n-oweing, is known to he

linked 1o €4z intoxrforoone: oF sz T i%ko caleivm and

potasgsiun (Jhcobeon ot a” 1373 % ~ine is 211so known

tn result irn a doorase- in concousrotior 2% this elomant

in plants (Flomina, 12737

II.2 .4 Ciroohvdrate r_':‘;‘rlc;‘.ntg_-.\ S TRY

i 23

Carhohvdr~ten, »Tone with lipids »nd proteins, form
the principn) clnssos of areanic oowpounde that are found
in inscects and ther oreanists.  Carbohvdrates contrihute
to tho structurs and Fmmwtion of 1) tissues, and can be
found in nucl. i cvtorlasr anéd mem-ronces € c2lls, as

well as in tho cxtracaliniar hemslvinh and supportinc
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tissuzs (Chip-end+ig, 1978). The tevrm dendt-s -olyhyldro x-
1ldehydes ar? izt n2s ~3 theis derivatives, B:rth {1570
reported a ranzz of 33,28 tou §l.22% as the carb hydrate
contnts of some foYiev L lants iu Afrien, ifclz? anld
Migsun (137) by vepocted values ran in: froa 2.6 t.

69.13% as tho carbohylrate cosntert of coe®lain rrasscs,

Obsdo (1982) gave valae

LE1]

rarging from 63.04 t. £5.69% 25

the carbohy’rat: ¢ ntent 2 testas of sowe se2ds while he

reported a ;¥ values ¢f 3.57 t» 65.9%% for the nots

-

of thosc sculs Inscct carbahydezates are pressat bsth in
frec form an! combine” with oth:r rulecules, incluting
purines, pyricilines, pr teins and 1lipils (Cringandale,

1978). 1In zencral, carbohiylrate potabslism in ifasects is

simiiar to» that foun' in vertebrates; hovwover, ias.cts,

enlike vertebeates, 1o83:ss an exos ot chvt s rick

in tho amin g .-i}":;' SCHER il chitin ThAz als ¢ il i

Jisaccharite, techilas which ncis 28 a4 storroe foura OF

clucos S;.--.\"? feabieres “F insect errb-hylvat motebe-

Yisw, therefoze, c<atre oronsd the synbthesis a? Ayleolys
v e -~ < s - © » . .

S.artt (1976) zad Be 8§ 'yse (1978) have roport ot extensively
on the intoerslati ashiins betusen nutri=at Tovels of
animals and plosis, 2a? 2ls. za the inTlucpoe of the
chinicnal cf cesitiosn of sakls on thesg relnti-ashiys Mosk

of the pincer1l ¢¥oozats have a1
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I>ns can interici in two ways called natag'ﬂiém and
synergism (Curninghaen, 1964); anta_ calsn p2aps thrt uptike
of one inn ishibits or iczefores with the u tarke of apoather
isa while syncr_;isa is when the uptake of one stiquiates

the u_ take of an.thor., Competition for the sane active slces
on s;ucific Earricers' ( gostein, 195€) is the m st witely
accepted expleaation Hf anty, iism botween ins, but an
exrlier suggestion was U . it ar.se because the suws of

citiens in plants (M2 & . = C2 & My oxproessed in in-cquin/

100z dry weiht) were constane (Cuaninghan 1963). If this

is truc, this woul” cxplhin why the increiasing uptxs of o
cation Jdepressos the uptaXe of the others, Actull Mmounts
of varicus mi:erals taken up may, therefare, not renreseat

the nee! of the 2lant but, rather, oaly reflect 2 lusury

& velatively racitl 3ntabs of miacrils in exvrly prowith stuges,

Syathzstic frers incroise ~iry patbter protucli g, mincy sl
cencentritisn decevase dee o nsturt) dilvti-p processas,
This decrease in ths gerly avaitahility of storc ! nin, val

elenonts has =152 bzon voported for apinals (Jagubsin, eéf.a?



Back (1972) re~ur*tc? th:t Insccts 1o nt Jdiffer

markedly in their fualineatal qualitative requiremer.s fov

bi~chemictl nutrients thnt nust he bt izl by in-cstia?

f'r

i 1ad

m
-
-
o
U‘l
,.n

in, por 1t they show fratise.o) Jdiiferonces

»

from 2ther aninrl foras., However, trhe; a < known to

saecifically concentrat: certain ninersl eloments which

3

play iacortint rodes in their melzbolism (Sxng, 1958).

(2) CALCIUM

Stufies h shtown 3 ten-£51d raage of copcentration
(0.59 to 2.85) f calciuva in whoils plant: subjocte! to
anzlysis (Austin, 1930; Sicjgel_et.al,, 1952). C-pcentration
rarcing from 0.32 & 0.02 t» 0.36 ¢ 0.08 percent have been

rerorted for three species of grass (Long, et.al., 1972).

that

—

1

(94 ]

S’
-

f

-
.

Lo 4

From 2 five=yorr Eora ¢ stuly Jdans
crlciun Yevels rap-. trom 0.01 to 2.61% with 2 cf€f1ci ni
o€ viri-tion of 28%, Kszu (1975) reporting oo a vaviety

2 grasses save @ penn Sonceaty tisn of 0.3

-

Ao the b g teadh zalt _only 13 l;« in the salt ;_‘3‘»'.“»'
€th 3 ant WEEaLT 1978). Concoatratias ru,-viel by
Ampzrana, ed.al., (137) £ r in sriaat intersad arjans of
cattle were 21! reoor'sd ia won, Wherets the By 50w

a calcium concentratl ¢ <€ 33.2%,
(b) MGVESIU:

This glensnt 1§ 3se™t1a¥ in dhytasynt

Adaes, 1975). Cuanizhue (198:) zeg

£ty 0.22% for Italinn rye~orass while Jawes (1965),



-
—
J
-

reoorted a mean vaiue of 0,123% ip Kales. Loni, et.al.,
(i972) rezortel® viiwes of €,15 to J.253% for sum. rrisscs

while K~pu (1973) rave a2 mean »f 0.235 €:r tzn sp.cios of

grass., aazms (1375) rerortol that the ranse 2f variability

for maznosiua was fe-a C.07 to 0.75% with 2 coefficient of

variation of 33%.

In the aniral boly, =magresium is the fourth most

plentifi? caticn and the second most abuxlant intracellular,

V)

Rook an torxy (19¢2) kave reportod abosut 50 ta 704 of total
bzdy magnesiun in bine an? the remrinler in s ft tissucs.
Anmerman  et.al., (1£74) have reporead vatues rangin: fron
626 t= 963 pym for £he iateraixl organs of catgle 2l a volue
of S620 pum for bone.

() POTASSIU!

Patassiun is oresort in plants in quorncitiss 1larer

c=nteations rangin; from 1.20 tor 5.0% ware Jbhtaiact hy
Curainzham, (196%) while Bartha (1770) reomric? 3.02 ¢

4.3t3. Lnn: @

L
S
S

v (1972) zave values ran fn. frip 1.35
~, = . : 3 e
i

- E N r e
t> 2.095 an? Kavu (1578) sbtaine? 2.56%. 2 lmws. (1975)

.
-

regorted that the © officient of variation € the conceatea-

tizn of potassiun was 32% anl mear cwcenteat iz was 1,68

Ra
Prtassium i3 not s2ore'to any l=cege extent in the
‘.b
bonc; 4t exiscs in the buly prisarily as n~ cellular consti=

tuspt, Repovts (Mrmoras e, a4l.  1973) 1adicdte it s the

S

single most abualant clcmert ir the suft tissuss with
concaatraticn ronzias from X,12 (ia the ¥i'ooy) t: 1.82%

(in the spleca) Jf catile,



(1)  PHOSPHORUS

This nin:vral is sxtramely mesilzs in plants and

T
<
o
o
P
-

=}

Cuaninchan (1251) ragorte? a rause of O

P12
rye-grass while Long et.al., (1272) ave 0.23 to 0.31%.

Kapu (197S) reported C.21 anl! 0 2.% for bruwse an' gross,
respectively. The elemeat had 2 v, of G.G7 t» 0.74%

with a coefficient ~f wvariation cf 25% (Alass, 197§).

Y i1 {1376) summarised the phasphorus values of 1030 grass
s 1 123, Results inticatad that 760 -f the Ir1sscs containel
less than 0,203 phosphorus, 81 of the grassces comtaine!
less than 0.153 »hoson rus; an' 208 o€ the grasscs containg
l1:ss than 0,10 rh s h rus.

Phosphorus represonis about 13 of the bidy weisht of
animals, with 2pproxiaately 805 of .the tital ia the bines

an! 205 in the soft tissucs (De Swus:, 1973). Accounts

td

1

show that (he [hes horys in the boly,; ceclu’ia; the boae

4

dutassium (Crnoacewarn z2t.at.  197:).

tissuz, is Sccop ! oanly &

They reporte! concerntritions which ruve” fom 0.78 (in

. -

L - . -

(c) HINOR G7 TRICE F!FENTS

the muscle) to 1.51% (in the s l.cu) of cattle,

Adams (1975) rojortel that there are wile 2iflercnces

botween law aal hisk vwilaws f£ar maay trice elonwewts within
a given tygsr of fool, aa? the varistd f-r F:r«78s riage
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{Cunta et.al., (1367) inlicote? that dr.awc.n
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beer chrring ! in grysses (v, Souse, 1973). Zanc

AatinY netrsisnt for animals, tunctisnin; Iwrpely

y in eazyr. systueas ae? beias 3o Ave? in prstdin

(3o, 3572), Croeitliec on Miscea) Mubriti
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cattle, sujgeste! extrane deficiercy, Looney et.al,,(l378)
note! that virtunlly 211 the dvse . f cakeje f2i t: shee,
IT. 3. RESLARCH WETHODCLOGY

Even as considarabis apount of work has keen Jone con

ternites, there is insufficient iaforoaticn on their

chomic:l concentration an! the relati nship of this &3 that
£ iheir feed, The aresent stuly is prooose’ to srovide

wich information, which is 2l1s> expoecte! 5 be ws:ful in 2
.

nore detaileld future examination of the interactiosn € the
insect and their feel at the melecular level. It is hopo!
that the finll stu’y £t revesl the attractant an? ropellent
¢components &f particular slaat srocies woulll subzly iafor-
mrtisn mecessary far 2 pr o ramms of devel.omont »F resistant
strains in plants. This woull be »seful in £agilitatin, the

¢ aterl of tlie Inscet ia an intéprated conts 1 = Craiig

m>:le ssh, srzanizc mitber, 1ipi?, comle pasteta an’
c-chobylrate concentration s wicll as the ¢ ncentration of

e T e ', . - . o £ . _ . ® & .
s me nincral eloments ia vhe irscer an' the rass raterind
(focl) foun! within th. ternite munds will b antlysed,

to revearl the relatizsshi » between the insect ant thair

Jarect nutricent soutrce.



ChAPTER  THREE

I, .LTERL LS .MU METLODS .

ITT.1, SIEE; SCIL, CLLLVTE AND VECEIATION

Materinls use! in this stuly wore collected frem the
Pepartment Of Binlosical Scicnces Ecllngical plat at the
Ahnadu Belle University Farm situate! on the Zaria - Sckoto
Highway, ¥:-:ria. In this arer, ajpzrt from superficial
deposits, taere are un’ervlyine rocks cof preceshrizn to
early Paleszoic 2:¢ (¥ri-ht aa’ McCurry, 1969; McCurry,b1973).
The rocks ave compase! mostly of both meteasrphic an!
ignecus ruocks, terzed bSzsement-complex because of their
fmalricate nattern (McCarry, 1973). The climate has a marke!
seasonility owing & altern:ticn ofF twe coittrastiang air
riss<s meviag acr ss the arca: a Jdry continental 2ir wmass
("hirmattan®™) from the NLE. an) a humid maritipe alr mass
from the S.¥. The lateer follows the 2assege of the iater-

trooicnl discontinnity (e.ting poiat of the 2ir masses).

-
-

A single rainy su~s n ocours in this are: an? the dry serson
. i B3 S U ", e L L - - . .

is from Noevenbior 4 Bargh (Kowol anl Kunbe, 3372).
The mear z2rewal v2in€rll in Sagarw is 43" < 48"
(112cnm = 122cn) with a siacle nerk cecrering in Angust
( kw2l 2t Kanle, 1372). The relative husility ranges
from mezn mopthly vitees of $3.4 - 21,2 R.H in the morning
t about 29 - 70; R.H, in the aftern on frs the moaths

0

of April t2 Aupust, (Krwal an! Knabe 1972) During the dry

o

sctson, the hustility lecrcases from 76% ¢ 155 RuH. in the

morain; and from 63% t- 11% in the afteran-a from the
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n'nths of September to Fihiruary. The me2a aanunl tempera-

¢

ture is ahaut 25 C with the metwr minisun (at-~at 12°2) in

Dzcembar, 2n! the pe=n raxinum L2 iroture at the hitiest

rart 9f the year (Marvch - Spril) bein- 37 C.

When unliscarhe ! by man

tion reaches 21 clinix a2ieclas

trees arcunld 75¢ (z3m) in hei

-

wm? on suit:bl: s ils, veceta-

¢d buz 11 :ht wiud ci0 2y with

ght. The preY-minaat trees

AT Isobepz!:n"':a dOka Cr=ib '1"'1 St‘.‘)f and % dalziz2lii

vr2ib anl Stapf (C-llias, 1

wccurring trees inclule Afazl

-

Cambretun bund-ovrizeun 2nl

iy

v‘t
are alsy lemse stan's of aris
Kunth , Eragrosiis tromela,

satwr pedicallatu~ (J'cks m,

9772). Other c mov.nly

.
ta africana, Farkia clappertonizy
yroapercur paradizum There

s2s such =2s Andropogin gayenus
Cymbopogon gigantaus ' Penrxi-

187¢ ; Collins, 197721},

s carric! cut bstween zhe nonths

aat Juna, Jely, Igx2 Th.

'
=
3
&

-
%
vy
-
W
-y
A
-
-
o
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Lab yato v anlvhes Wore corrisc] sun s thy BDeoaph 0t

y
I . « - 2 . L - i & - . T .
of Bilhalca) Szioaves Al as ti! a3’ in ti T G U

TAE, 2. ANLLYSIS OF 'S NPLES
If1.2.,1 Treatmont of Szwples
a. Inscct Sangles
The wounls were ¢ litely br kon down aal the different
Caslus Werce scoar fr o cach 2ther an? alse }r v particles

Y4



of the inlividuals (dry weight, in o0 0.2, ¢.7, 1.4 anl

3.7 for the
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tives, respectiv-ly) 2nscqots of ilontic i ¢astes wers
wraled tegethor. The 8rétirpeas wore htn “Iace i in petyi-

dried samples ware thix rround & paw e in 2 mirtarr and
kept in the oven for a further 3%, ¥ vot rvid of all
moisture. The - ow'ler was then al. ot ©onl ia o2 dessi-
cater, 2nd on ¢ oliacwss store ' 30 2 clean Sry s;pecinen
bottle.

b. Plant Saupleos

Plant sam) l2s were abtained froe the mouals after they

moun! by the ins oot veee carefully 57 el to ren va s7al
sarticles from tham.
The prass s=m les woere drie? in the sven (> eliminat

moisture) for 43 hrs, nt 704

with an electeic blenler, 28 ¢ ling, an™ fiasily ¢ un' ta
. ¥
F e o™ W I S - [ ST ~ . . o - .
pewder ia a mertar the groua) mrteri-ts wore kopt ia th

La) - . -
oven at 690°C £ar 2 fucth.® ZHrs, €0t stipe! in SeCiman

battles, after ¢. lise in a dessicuitor,

IDE. 2.2 -_Il.’,:t < 3_‘:::_3::_'-. tion

_(_':‘_‘3," Concenkralion

—— .
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About one graw <f tho eocle’ ~owleve! Frass s=ale
(five hundred pillicrims for the inscor) wns velshed into
@ crucible of knowe welght, The crucible was thea placed

in a Muffler furpace

»



22
The crucibls »nd its C o~ntant wors  allowed to cool in a
dessicator =nd tho weicht doterniined. The ash econcentration

wag determinced as followe:

wt. of orucihlae = 1
wt. ©of crucitle - mamels = ol

wt., of crucible + graple {afhcer irnition) = ¢

wt., of sample f(after iconition} = ¢-a = Agh

¢ oAash voema y 1009

* ot [

I11.2.2.2 Inscct 3rumles

Five millilitrns of 3% hvdrochloric acid were added to
the ash rosidoe in the erucible {sec ahovz), and to emptv
crucibles for contral troatment, aftor samples had heen
allowed to co2l to room temperiture.  Tha crucibles and
contents werae allowsed o stand for 15 to 30 mins., Ten mil-
litres . of do-ionized wntar warl zdd.d and the solutions
were filtorad into 50ml conical flasws. Tho filterates ware
made up to mark with do-iordized w-thy. Tha salutions were
monitored for Coleiwm {In}, Maagnasium Mad, Potassium {(K),
Iron {Fe), Copnox (ful), Chromiam {0r;, ~obalt {G3) ang
Zinc {(Zn) using a Perkin-Blror Modal 2908 2tomic absorption
Bp@CtIOphﬂtﬁmetﬁr*u ehmarhorus wns roead using A Baush and
Lamb Spectronic 0~ 43, Thoe vercentade concetration
of these azlaments was caloviated ae Adescribad in appendix 3.

ITTI. 2.2 Plant Samoles

Fivae hundrzd milligrens of  the powdzred sample was
weighed into 2 5%90ml Kjeldahl digestion flask and 25ml
Tenarvy solution {Z0iml coheaentrate” sulpvhuric acid; 20ml

Perchloric 2eid and 250wl coneontrated YNitrio acid) were

*
The Perkin-Flwmer Corporation (1%71), ¥Vorfolk,. Conn.,U.S.A.



al'led. The simv quantity of the tenavy s-lutisn was

mezasure” ing - an em ity 5C2ml Kjzlinhl fl=sk fr the control
ALY ]

treatient, The Flasks vwra heoate!

tisn heesin: maintle, §2 at 80°C, for 30rins. The ¢ lour

Lol

lutip chonved foom rast LBr.wn t. o z.urless,
The flasks were chen 2l »wetl €3 ¢l T2 rucn tar =riturs
ap ' 1oml de-irnize! witor was alled ty €xca aa' shaken
vicorously, ts wish the stilcs . £ the flask, Th. li-esc was
filtered into 50m1 coindical flask an! =1k t. mark with
deisnized water in each c1se. The s~luti w2is moniture?
for the elenonts liste

in I7(.2.2a and thelir nerceatae

concentration alss 'aternined as desceibel in o andix 3.

I1r.2.3 Determinatiza 2n) Analysis of Or.o-nic Matter
— - i S el e == S egeete i it

LLorcentration

The weijhe =

« # W, oF vwasihlis e simsle (€t Avifin) .= §

~ %

¥t: ofF pr:onic natter

fn
-

o
—~

o

I

3

L

- ¥ !...' -
S 00M = 2= x q005, -
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II1.2.3.1i Estimation of Cruds Proteir Cosneantration

The protzin <oncontration € 2 bislo-ical samples or
can be aestimpted from: the total nitrocen after conversion
of the protoin nitroc-r 0 ammonium salt by digestion which
invalves acid hvdrslruis hnown as  Njaldahl,

Botweon 100 znd 2S5~ »f the cooled nowdercd insect
sample (500me “or the nlant’ wrs voichoed intc a 500ml

Kicldakl flnsk, T2 th. s2aple 7~ {4~ for the mlant) of

catalvst eontaining 197 =oAiam sulnhate, 106 cupric

sulphate and 1o selamiam) core W@l Thaege muantities
were also welghed rogpoctivalr ir4y cmehr T00m., flacks,

to serve as blanks in ¢k - yoprimorts axearsialv involving
the inscct and plant. 7Ten nilliliiraz eoncontrated sulphuric
acid were added inta cach fls2k, nd Ji~cetion was c¢arried

out bv heating thce flaske and vontants on a Kieldahl

digestion heatinag m-n+=!: in = fume envboard, at 100°¢

until a colour chan~e zcurrcd from klack to licht blue, in
the flasks whirh cont~ic7 sapplecza, The diaestion was con-
tinued for =noth.r Zhis =+ 70 ¢, hw wyhich time the solutions
became cnlourlass Tho deocse was then allawed to cool to
room tomperature an’ 13ale of deirnized water were added.

The flasks were shakaen vioorouslv in arder t2 rinse the

sides. The solutim n Zicht Wilns in ealony ) was poured

inte a 50ml valumctric €l-s> Mm@ mado o mard with deionized

water.

Two millilitres ~€ th: JSiluges 7t wars nipetted into
a micro~Kjeldahl distiliation mparvitre and 10ml 4N sodium
hydroxide were ndde?. The ammonin rcleased was trapped in

10ml 1M boric acid into which throc drops 2f a methvl
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blue and methvl red indicators {(sce appendix 1) hadé been
added. The colour »f tha mixture nt this staqge was purple
but this later turn. licht ecreon with the ammonia. The
light orcon solutim was tity~ted asainst 0.05N Sulphuric
acid. Thce end point was reachae? when the snlution turned
purple acain, BRe in the ~thor exnerimants the figure used
in calculatine percont=2cs mitrooen was obtained after
subtractinc the valucs for the nlants. Sec appendix 4 for
calculation.

The total cruds protzin was “he value ~htained on
multiplication of percceninoz nityo~en ™ an apnropriate
ccnstant, K. Proteins usuallv rormrescnt 1% of the total
cencentration of oraganic materinals an’ the constant is
derived as the quotient »n Jdivision of the total oreanic
matter (100%) by 16, which aives 6.25,

thercfoere.

Crude Protein = K x $H

See table 1 for approrriate constant for some organic

materials.
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Toable 1. Witrogen-Protein Conversion F-ﬁctors+

Fastors £or convertinag

Foca Type Mitrogzn to Protein
oo led £.83
Milk nLA0
Others A
Rice 5.5
Barlay,0ats,Rye,Wheat 5,377
Soy beans 5.71
Wheat flour, other carcals 5.70
telatin 5.55
Poanuts, Broazilnuvds 5.45
Muts and other goods %.30
Almonds 5.18

* Obtained from Obndn (1902}

++ Used for insect smamploo

e tsed for plant samnlosn

IT1.2.3.11. Dotoyminaticoy oF the Ligld Ceoncentration

The lipid concentrztisn % 2 bRisfosical sample ean be
estinmited by diractly extractins lLipids from the drv
powdered samples oxhaustively . usine gultable lipld-extracting
solvents. Tha differ-~nce bhoetweaen the Tinal and initial weiaghts
of the apparatur raprasents the weight of lipids present.

ahout ong arax of the powdoared sample was weiqhed (w1)
into a2 thimble <f known weirht (w). Thay together weighed
W Pengey chdps wers addoad to the aextraction flask and
the total welcht »f the flask {with contents) and chips was

ohtained Iw About 50ml othwl cthaer were added o the

2!(1




27,

fl1ask. The thimbl: was i-~seri=d in a conlenser which was

in turn c-nrecte! to the extr-cti-a fiask., The thimble

-
-
[

red was usel o 1ower the thinble st ¢ was suahmerce)
in the ether. Water was a2llowel t  cu. to keep the cun-
densor ¢ »l. The flask was heated 2n 2 heatins mantls,
with a2 slow incresc in tempertturce until the ¢ther boilel

-

rapidly. The timble was kezt in the boiling erher for

10 - 12mins, thea the thinble rod was riisc’ witil the
thimble w2s abave the bailin: ether, anl ti © asition was
miintiine! for a furthor 20-25aips. Heater wis turne off

an? s1id back from unler the flask. When the flask had

caolel, the conlenser wzs remove! 2nd, using a2 hot-plate

T

sir 2 fume cup-board, 21l ‘the cther wns evaporate!l from the
fl+sk. The flask z2n' content wore then weishe! uatil a
constant weight was abtain E_(us).

wt. of °3

IT1.2.3.iii. Deterninttioa of Carbuliylrit. Concentration

e .« $Ince proteive, Fipkds ant-Curbe iy dretes skl Uup vro %
matter, the carbshylrals concgntration was ohtalaged by sub-

tractinz the sum o0 pritein an! fat fren the value obtarine?
for arganic matter
Organic motter = 3
Protein = b
Fat (1ipid) - o .

Carbohyldrate “ A
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but,

?- e L + C + “
Y+ o 2
-__..“.__- L @ G

o
n
(=]
1
-~
= 3
L
o
e

ITI.3. Statistical An:lysis

To deternine the statistical relati=a: s Letween
the results obtzine!, an antlysis Sf varience was crrrie!
1

out to show the least sinificant lifferences.: The merhd

usc! an!d results ~btoine! are given in appealix 3.
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CFAPTER FOIR

IV.  RESILTS

IV.1 ash Concentration

The nercentane vneantration of 1sh ranged from 21.22
to 33.35 with 2 mean » &.8 of 2¢ .38 -+ 1,46, as shown in
Table 2. Tho histograme 37 “hoss valn:s are shown in Fig.t.
Analysis of variznce show ¢ 1 ai~niTie nt fifference at
the 1% leval hetween tho walaee riror ? 7or the worker
an? reproductive chst.s The wlints 7o 2hz major and minoy
scldiers werec not si-rifiosnglyv “i77ar o o 2ach otherx
at this level.

Iv.2 Craanic Mattzer Concentration

The valuss chi—in-? as the oraanic matter concentration
with their mean « 6.%. 2z. ~iven in table 2, Figure 2 shows
the histoagrams for thoce volnaes for the different mounds.
Analysis of varionce ~isc showed the values to be sionifi-
cantly c¢ifferent ~t tic 1% lowel) for the worker anéd repro-
ductive castes, whil.e the values for th: major and minor
gsoldiers fid not diffoy misonifizantivy Ffrom cach other

at this level, {2prondix S5).

IV.3. Lipid Concentrticn

Fighest values war- rJdeord.c %1 th: roorcoductives
{(Table ¢). Fipures 3 and 14 show the hist~~rans of the values
for the different mounss and th: m-an valucs, respectively.
The values differcd sionificantly (P ¢ 0.01) amonc the

Aifferent castes and the f£ood.






31

Table 17 shows that thc corncortration of this clement is

higher in the insect, exceprt the minor soldier, than in

the feed.
e'd Magnesium Conc.niration
Table 9 and Mea, ° aive the valves and the histograms

of thesa valu.: o re JiftToront mounds, respectively. Figure
17 and 17 szhow tha rtio oFf con~antration of the
element in raiation to the Food ~nd the worker, respectively.

d) Potassiurs “oncentration

This cler vt whe barvily “~ommiloted in the worker
(Tables 1%, 16. 17 and " vmn. T oand 17). Values and
histograms of thcsc valaes, for- e wmounds=, arc shown in
T-able 10 and Ffia. 9. resucotisr 1

e) Phosphorus Concontra'ion

The highest concantration for thiz mineral element
also occurrcd in the work.r (Tahles 11.14,17 and 192; Figs.10
and 17). Mound valvwos ard corrosponding histoarams are
given in Tablu 1% = Pi~ 17 rasmechively.

£) 7Zine Concansrasian

Tahle 12 and Piec. 11 zive the valucs and correspond-

ing bhistogrars ‘in rom) vricordcd for this clement, for the

difforent mouvndes. Bs showvn in Tabhlis ~nd 1€ and 17, the

concaontration of thy ¢lamen* in =271 the insect castes
exceedaed its concentration in the foed.
a) Cobalt and Coppur Conczntration

These elements were not detort 7. darine monitoring
within the ahsorbance rance oF the s-=17>rd solutions used

(appendix 2).
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The mineril (ash) corgentration of termite an! grass

expresscd as percentage of dry

weight,

PERCENTAGE COMPOSITION

— [ e § wemn]  BESROD
b — e e o R e R
% 25.43 .47 5.67
2 21,22 14.01 5.9
3 23.3 16 13 6.09
(. 23.51 13.28 .. 73
S 22.76 12.99 T2
6 21. By 12.31 5.45
7 30.053 1}.56 7.89
8 32.67 12.61 6.63
9 33.35 15.5% 8.241
10 249,69 17.79 0 4
X 26.33 13.96 6.6
B 1.46 0.AS 0. 31

. —

bMAY
5.47
4,98
5.12
5.17
5.7%
5,18
5.84
5.84

6.69

Lo ]
.
I~

5.63

0.18

SOL ! MIN. SOI

5 - :1?6
4.89
5,00

5.28

=0} w o - w
I~
—

~18
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TABLE 3

The organic matter concentration 9f tevrmite an! grass

expressed as percentage of  ¢dry weight.,

PERCENTAGE COMPOSITION

— - - — —_— S S ———

S¢L, | MIN, SOL.|

o ——— - = =g

kouuus FEED | WORKER

1 74.57 88.53 44.33 9..33 34.54
2 85.78 85.99 91.51 95.02 95.13
3 76.7 83.27 93,91 3.88 95,00
L 76.49 86G.72 93,27 94.55 94,72
5 87.34 87.01 92.89 94.27 94.94
6 78.17 87.63 91!.55 1.82 95.01
7 63.97 87.43  92.11 9:.11 93,79

‘. 67.353 §7.19 93,32 9. 11 94.63 |

9 65.65 84 .87 91.7¢ 92,31 93.82 |
1o 70.31 82.21 92.98 9% S8 91.58
'i X- * - 75.35 © T Bu.0s ' 93.% ' 9f2 T TeiTs2
&.E 2.4% 0.65 0.31 0.25 015
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TARLE 4§
The 1ipid curcentratlon of termite and grass expressed

as percentage of  dry weight.,

[ L PERCENTAGE -COMPOSTTION
pouos | FEED | WORNFK | : éi:;;;dif”;' MAJ. SOL. | MIN.SOL.
1 0.65 6.67 17.84 4.99 3.66
2 1.10 5.18 18,21 5. 34 4.0
3 0.75 3.53 18.05 3.78 2.66 |
4 0.51 5.07 17.73 8.1 3.4 |
5 1.59 . 6.45 1§.00 7.32 4.5
6 2.70 6.70 18.07 8.53 3.70 .
7 2.4 3.62 18.90 5.98 4.91
& 1.29 $.70 18.40 6.46 3.73
9 1.21 5,18 J7.47 ¢.0% 2.93
Po 0.78 5 1% 17.92 7.5 . 3.04
li | 1.3 S.2f 18.06 6.1 3.63
E:F.. _ qua | °T3; - 0.12 .. Q ¢§ | o:g; ' i
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The protein czgnoentrstionof termite and grass ex) ressai

as percentage of dry wejght,

PrRCENTACE COMPOSTTION f

b e e e e e e

FOUNDS l FEED WORKER ! REPRQD. : MAJ. SOL ! MIN.SDL.i

e el e e r——— — - —

1 . 2.57 39,41 ~ 55.10 36.10 36.57
2 1.05 45.13 55,00 35.31 37.%0
2.0% 52,81° 56,31 36.87 38,31
2.57 47.81 53,75 3¢.81 36, 5

03 +3.75 55.87 38 .87 37,25

L

- i2.87 §5:13% 36.87 35.87

L]

5
4
5 3.03 5Z.51 53.3%¢ 38.50 37.5
6
7
§

f 4.60 SO, 00 58.256 20.13 34 oo
g 1,06 51.37 55.75 3%.9, 34,19

10 2.04 SO, 31 56,75 38.54 37.37

R'*vw 276 T 7 47.87 " 58,24 37.71 37.3%

o
o
>
]

Is.E. C.32 1.43 0.43 0. 1%
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TABLE ¢

The carbechylrate corceqtrationof termite an' grass

expressed as percentage of  dry weight.

PERCENTAGE COMPOSTTLON
MOUNDS | FEED | WORKER | REPROD. | MAT. SCL | MIN.SOL.
I P NPL I TIPS I B

E 71.35 42.42 21 .30 58.3% 55.69

-
|
|

2 .86.62  35.62 21.30 55,33 5367
73.91 27.2% 19,55 51.23 53.07
-~

73.41 33.84 16.79 19.72 55.0%

Co T TS
[« o]
(%]
=
141

28 .45 18.52 18, 34 52.91

! 72.17 37.24 20.5) 47.42 5.4.0%

! 7 65.00 35,95 18,01 51,24 53,01

l ‘ 61.43 32,43 26,17 47.52 §1.90

Iu 61.3¢ 28,9 15.05 37,24 §2.€5
10 67.49  26.42 . 20.31 .,  7.53 5,512 ')
X 71.55 35.28% 12.4° 50 6% 83.62 i
|
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TABLES 7

-
Calcium concentration of termite an! grass expresscd
as percentage of dry weight,
e e A B R — ._.u___}

PLAENTAGE CONCENTRATION

TR e g e

5‘101.5?‘;[‘3 | FEED WURIER 1 REPROD., l MAS. SCL. | MIN, SOL,
_ R i [

|

| 1 0.32 0 23 0.11 0.15 0.0
]

2 0.27 G 33 0.1! 0.1% 0.95
i

—
oh
o
..—\.

ra

>.29 0.17 0.

L
o
L
w
o

0. 38 Q.33 QLT 0.-16

o o
c
L7}

0.3! 0.25 G, 14 0. 13
0.3% 0.23 0.15 0.13 .ol
.17 0.2 ¢.1¢ L B 0.n5
0.29 0.45 .17 G.12 0.07

L o - = N 7, |

0.15 0 35 0.16 0,13 0.0¢

6" 42 Ytowm 0.1° 012 G 07

X 0.246 0.32 0.16 .13 0.95

S E Q.03 Q.02 0,003 .09 C.00%
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TABLE 8

Fron concentration of termite

percentage of dry welght,

N Dy N

MOUNDS
I—

an! grass expresscd as

: CON' INTRATION 1Y pra
T T PP BT
78 167 94 G7 14

6?2 158 55 €3 21

52 15¢ G5 51 23

18 1735 5 59 21

55 1645 48 €3 17

G} 17¢ 75 53 13

7L 181 12° 6J 21

() 157 &3 47 22

53 177 71 6 21

32 5. 208 s .. tRRZ oY T O~ - DG

58.2 172 » 77.3 5J. 2 20.9
el ST 8.42 2.62 C 71

i i " —
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TABLE 9

Magnesium ¢oucentration of ternite anl grass expiessad

as percentage of dry welght,

i s e - . B =

I
| PERCED ¢ AGE CONCENT AT LON
} FirED

WOIER L RERQID. | s st

EVU;-; SE
1 '

0.0 0.24 .13 0.08 .05

G 11 £ I K& €07 0,08 .63

L7 S

C.LS 0.17 0.4 O.07 0.03
0 LS 0.21 L0.13 ¢.0% G.02

as

N

0.15 0,2 ¢.11 0.Cs 0.03

e 0.12 0.39% 0.C» 0.0% G.0%

o G.14 0.2 .12 Q.11 ¢.0?
9. C.15 C.25 b D ¢ 12 .63

10 F ok "¢ 028 ©DMN) ede T tpuos

X 0.3 .2} P | 0.3y C.03

S.E 0.807 )0 0.0L3 {005 G 0l
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ass expressed
Potasslum concentiation of termite and grass expresse

as percventage of dry walght.

f PLUACENTAGE 'CONCFENIRATION
MOUNDS ' FEED WORKER | REPROD. | MAJ. SOL IMI%. SCL

0.27 - G.739 Q.17 G.18 0.11

L ; d
e e

0.37 0.71 C.15 Q.16 0,07

0.25 0.8 0.16 Q.18 0.08

- m——— e

0.27 0.8 Q.20 0.18 0.12
0.22 0.%5 Q.16 e.19 0.28

0-2; :.' Otl: 0.!" l'-07

>

Q.23 Q.72 0.24 0.18 0.13

0.2y 0.75 0.15 2,15 0.06

0.27 0.97 0.23% 0.17 G.11 :

o
™~

5 1,00 0.25 .13 7,12

]

>

Lo

.01 .01
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TABIE 11

ity Pl L s S i

Phosphorus concentration of termite and grass

expressed as percentage of dry wecighr,

‘ PERCENTAGE  CONCENTRATION
X P e e —— e e e et e S — - - -
MOUNLS  FEFQ WORKER i RUPROD. | MAJ. SOL f bSO

1 ~5.13 C.5 G.35 0.1% C s
| 2 0.07 0.0 0. 34 0.13 0.06
R 0.05 0 44 G 34 0.16 .01 |
1

4 Q.11 G. 7 C.11 ¢.1 .07

o

] 6.1 0.5 0.41 0.13 ¢.07
6 .09 0.5 G. 41 0.15 (R
7 0.07 G ! 3.2 0.15 .06

8 0.12 .55 G. 34 0.15 0.8

) 0.1R8 0 5! 0.33 0.15 Q.07

pu Q.15 0.8 .41 0.13% 0.07
"o oLy T T ass T 0 3a "0.15

e B |
-
r
It e cm—— o

'S.E., Q.01 G2 0.1 Q.12 Al |
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Zine concentration of termite and prass expressed

as percentagze of dry welght,

,l !V COUCENTRATION IN pom

R - - | o o
MoUsDS | FEED WORKER . REPROD. | MAJ. S°L | MIN.

| SR I — R =S i/ R

i | 3.8 101 30 31 R &
3.0 95 FAY 24 15

8 G 92.5 3. 22 ) 4

-~

10 9G6." 37 26 S.u
) §5.70 38 23 12

.9 32,8 29 1 15

LI - S - S . B~ ¥~ B N

5

G

2.0 112 29 14 12
4.8 109 27 17 g.0
5

. 122 36 35 £.4
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38 52 11
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Mcz2n percentzie concentration 2 S,E, recorlce!l

for termite 2nl frass.

E l“ 'lN L4 S E
| i T R
E.Ls“l-W(‘E FEED | WORKER: REFD  MJ. S | MIN. SOL.

. ~
n=1" n=1) n=10 n =10 n =10

ASH 26,3551.5%  13.96+0.65  6.64+0.31  5.68:0.18 5,330,
ORG. MiT.  75.43:2.44 #6,05+2.65 53,36:0.31 91.22+0.25  94.82:0,

kIPLU 1.340.25 5.26+0.3% 18.062D.12  6.41+0.4% 3.63+0.72

l

iP&JfoN 2.7523,32 «7.57+1,43 50,25+0,43 37.71:0.13 37,390,

ICARBOMYD,  71.55%2.64 35.25:1.7% 12.47+0.49 50.68:1.22  §3.62+0,

l
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TABLE 1}

Ratin of tav chemltcal concentration in the fecd to the

conecentratlion in the termlite castes,

FEED WoRKTR REPROD, V. S, MIN. S
n 10 10 19 10 }C
ASH ] .83 6.25 522~ 0.2
OKG. MUTER 1 1.1! 1.2 128 1.26
LIPL 1 c 08 13.89 5,93 2.7,
PROTEIN 1 13,24 2. 38 13.5¢ 13.55

CARBUHD. 1 C.09 0.27 .71 0.75



LBLE 15

Ratio of the chemlical concentriation of the ternite castes,

n
ASH

QRG, MATTER
LIPID

PROTEIN
CARBOHYD,

P T |
%

REPROP,

10

MJ

S’L

MIn, SOL
10

0 33

1.10

0.69

0.79

1.52



TABLE 16

The mean percentage (ppm fur Iron and Zinc) concen-

trations * S.E. for nineral elements for termite and grass.

MEAN * 5.E.

ELEMENTS | FEED | WOPKER | REPROD. | MAJ. SOL. - MIN. SOL.

n=1¢0 n=10 n=10 n=10 n=10

CALCIUM 0.20£0.03 O.32:0.02 0.10x0.003 ©.13+0.004  0,05:0.005

FRON 58.2%4.2  177.545.76 V7.348.52  G0.2+2.62 20.9£0.71
PAGNES. 0.13+#0.007 0.21+0.01  0.11+#0.013 0,00+0.005 0.03x0.001
TASS. 0.27¢0.01 0.83:x0.03  0.19+0.01 0,170,001 0.1+0.01
PHOSPHD.  0.11£0.01 73.08:0.02  0.3840.1 O.lStU,IZ 0.07+0.01

i .
b

ZINC 5.4840.73 107.5+5.85 32.7x1.37  26.1x3.42 11.06£0.50
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TARBLE 18

Rati of the circentration 2f mineral elements

in the termite castes,

WORKER KEPRODUCTIVE  MAJ. SOLDIER MIN. SULUILEX
n 10 i0 10 10
CALC{UH 1 C.5 0.=! 0.16
IRON 1 U.45 ’ 0: 55 12
MAGNESTUM 1 0.582 0.43 Q.14
POTASSIUM 1 D23 C.21 0.12
PHOSPHORUS 1 0.79 C,.31 0,19
ZINC 1 0.32 G.25 0.1l
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CERPTER FIVE

DISCIESION

P .

As  shown in tanhier 2,1% ~nd *8 firs,. 1 and 12, a
hirther percentaas crorecentrotin of ash wae racorded in the
feed than in the different insect castes. Fowever, the

higher ash c-noaptratiom did not renresent a hishor concen~

e

tration of minerals analvsad for, in the feed (Tables 16

and 17 Fig., 17). 7This situation mav have ariscn for the
followina reasons- gertalin mincral oleoments. ae chlorine

and macronutrients 1lik%: silicen and sulfar are known to be
abundant in plants {Slisbury and Boss, 1%959), and silicon

is particularly abund-nt in monocots. eznacially momhers

of the orass family: also, carbon, carbonates and oxides

of certain minarals nersist Inrince ashine {Obodo, 1982).

for the hiagh valucs roeordcd Inr 2ah onconiration in the feed.
Similar values have boaor reporh.) bv Adams {1975} and Oni

)

{1279). Amonat the insoek sastns, b ~sh omcenfrotion was

ol

directly proportionn! to ths nonssanbration of mineral clements.
The distribution of —~ontantr-tior of thke mineral celoments

fellows tha pattorn aiven »v Quarinchan (1964}, CGhuch (1972),

H

and 2dams (19278 for fornnce nnd Pmmerman ef.afl,, (1074}
for ~animals. Porngsium asbowed the hichast concentration in
the fz24 and nll tho imscot c23ta:8, apart from the reproduc-

tivos, This mincral zlament wis found to he very hichly

concentrated in tho comrvors (Tible 17). In colls, potassium

appears to »xist as = froo proternlasmic compongnt and has
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been reported t¢ have 2 cartain nercantage bound  to proteins
as c¢n-factors in some onzvme svstems {Stout et.al.,1947),

and alsc functione as o eccll membrance componant involved in
the maintinanca »f ionic bilancc snitable for the activity

of the living cells. Its hich gonconbtration in the worker,

fq:(?ﬂﬂe 172, was probobly "un £ wccumulatisn, a phonomennn
commonly occurrina in animale {(Rack and Balch, 1962; Rook
and Storry, 1962 :Jiras and Fendrock, 19°%: Cohen, 1973)
The abundance 2Ff this elaemont in wl-nts and animals has
been widely reoported, althouch iits zssentinlity in these
orcanisms is not ton well knwn {(Ghach, 1972). The higher
concentration of chosvhoras in tho rorroductives is strongly
linked to hoth their protaoin oontent and carbohydrate
phosphoryvliation, whichk sxe fully discussed later. The
results obtained are similar teo those of several authors who
have worked ~n forags {Connincham, 1974, Taag ef.al,,1967;
Jacobson  ef.al, 1977 Tens of,ad. . 1%72; Comide, 1976: and
Smartt, 1875} and anim-l zamnleg fochon, 1973, Ammoerman
ef.af,, 1873),

Caloium wng nexnt 9o persgeisy in sbundaace in tha
foed (Tahles 7 and 16 Fie. ),
third, behind potassium and Chozoowrs,  Calcium is a known
component of ths c2ll panbrance a0l 2120 an
eggentinl nart of a4~ amvlnsa, "n eazvme o which it acts

as an activator., Cell divigion is slsn affected by ¢alcium

-

where the olemont plavs o part in £hae synthegis 0f the
cell plate {ehnach, 18727,

The results obtrined aorece with those of Austin (19301},
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et.al,, .

Sie;el/(lQSZJ, Alams (1975) and Ammerman et.al,, (1373).

whereas magnesiun is the thir! most abunlent eloment
in the feed, it is fourth in ths inscct (T=2hle 9 2n! Fig.
3). This element is kniwn to be very essential in photo-
synthetic activity ss a part of the chloreyhyll molecule.
The element is als: 2an activator £5r enulase, hex kinase
an! carboxylase. It als> plays a r~le in the catabolism of
alenosine di-and tri-ph sphates t- give off energy. These
important metabolic roles account for the ﬁbunﬂ%néw Gk this
mrcronutricent in both the feel an! the inscct castes. As
discussed earlier, the very high concentratin of the element
in the worker is duc more t.» accumulation thin actuxl need,
As obtainc! in this stuly, Bartha (1370), L'n. et.al., 1972)
an! Adams (1575) have reported similar cencentrztion for
firages. Also, Anacrmen et,al., (1974) an? be Sousa (1974)
have reporte! the clemeat to be ths fiurth most abunlant
in the tissuc of anin:ls,

Lower phasphorcus levels occurre! for the fee! than the

. . L -

e . LI

insccts except the minar sollier (Tahlos'$ 2m 17 ant Fig. 19).
In animals and plants, vhosphorus is a constituent of miny

compaunds as nuclespriteins, phos, v 1lipids an! certzin

L
cocnzymes, As a cumponent of nucleoaprateins, phospharus is

involved in ccll Qivisi n an) the transfeor of horelitary

characteors by the chromosomes (McElroy an? Glass, 1951,1952),
The phasghoelinil, lecithin, is believe!? tu be present in cell
m.mbrane aul tus be of universal occurrence in all living

T

cells, S

a

eci2l hy?rigeén i~n carrviers, diphosphopyri

nuclentide (DPN or NADP) are concerned with hylrogen iom
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transfers that occur 2z steps ir the Yrobh's cyele, alyecolysis
and the PpPentose cycle. Frosphorus is 2 2onstituent of the
unique; hiagh cnercv compounds ADP and AT?. (nlike in plants,
laraoe amountsg of carhchkvdratos arc converted into lipids by
phosphorvlation 2nd this mw accunt £ the additional regquire-
ment of the elament ir #h:0 ircoct. Acain, in the reproductives,
where lipids ~hound 'nl w'-re orotein content is high (as re-
ported earlier! dua o m toccnesis, the eoncentration of
phosphorus olomen? oxew 7 @ that of pctasseium. These metabolic
importance of phosplarue in the resroductives could account for its
higher conrncintration 2né its urtakas mav have antagonized
the absorption of potnssiae (Tabic 12)Y. The concentration
of the elemcnt obktafncd £or he ninar saldicrs (Table 17)
is linked with their e-~rbohvdrats an? nrotoin contents. The
values obtained for the 7F20d in thiz studv ~ro in accordance
with those reportcd hy Cunnincham (1264). B-rtha (1970),
Adams (1975) and ¥Xapu {(1375). Valucs similar to those
cbtained for the irscct have also becn renorted by Ammerman
et.al., (1374)

Cencentration o7 ‘ron was hichest among the micronu-
trients {(Takles 4 an! 1+ »rd Ti~. 7)) in Yoth the insect and
the fecd. It hias boen 2st~viish>? that iron is a consti-
tuent of onzvmes az cyrkochrome oxidas. which is involved in
the tcrminzl stop of wilatiorn ia th: ¥rebs (Citric acid)
cycle. Tron is als: ~seoginted =with <plorosphyl synthesis in
plants and is known t. ro o conmronent of farrodoxin, an ele-
ctrontransferring protein {Purris, 1266'. R guirements of

ron in metabolism s cnly in smnl))l aguantitizs as 2
i i tabolism i ly i 11 it 1e obhserved in
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this study. The function of this c¢lomuint in enzyme activity
and protein svnthesis account Inr its agroater abundance
in the inscects than in the foegd. "mono the insect its
concentration in the workor is nrobably duce to accumulation
as alluded t.: cuylior. An2rensi ¢f.al., (1969), Cohmide
et.al.,{19°9") »rA “dwmg {1975) have reported Hn the
concentrati-~» ~f iv~n in 7lsnte and the values reported
tally witk the reenlts nf t*is stadv »eports by Cunha et.al.,
{19€9) And mmerman &f.a. 177 Y -1 indicated that animals
require an iron level ~rantoe thr Eh-t of the nasture as
was obscrved for tho insuom ARG ~contration was also
lower in the fecd than ir thoe irsoos " nles 12 and 17 and
Fig. 11). 2Zinc is reguiyr-? in =Vin-s - thi. maintenance cf
auxin in an active statz (Skowe, 12 23 and the clement is
a prosthetic arup in carbinic anhvdrasoe apd many respiraeory
enzymes. Thes.: Inttar “uangvi~ns ~“nd ianvolvement in protein

synthesis »r¢ the ratior riles »lavsd by the element in animals.

These met2onlico ~nd BHicchemiaal invalivements account for
the trend strv. | i tho gepdy The: rosults agree with

those ~f Jadpacad ef.as. 172y, »i1lsy (1972), Adams (1975)
and 2mEorrn ¢ af, 11871)

Coprv-r ia = knowr o'msitume .° some nlant proteins and

enzZymay ek 175N, ar. xio-iag s 3 1, 28 blrad constit-
ment, in invertehrates, ¥ aRrees ' ion SYatectisn of this
element in this giudy ooes ) Jed vl f very low

T"exeira et.ald.,

]
-
]
L
Le
[}
—

concentratisn in both Lhe

L

(1971) rep-pted cqurlly Yo counccarroty. po in trosh forages.
Cunba ef.ai.. {19:4) and Tmmerman ¢2.af, {197!) have reported

fairly hich toler-ne2 in the ziszuce of animals. Cobalt has
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been reported to be essentia

71

t3» le-umees havina nitrocen-

fixing bacteri~ {Gruch, 17972). W demonstrable essentiality
has been renorted for arimals. Like cywpper, cobalt was
undetectaed in this studv and this wis nrobably as a resule »of
its low concontracvion in hoth the ins.ct and the feed. Fernandes)
and Carma (1272)Y rooortod vers 1w eonceontration in fresh
forage plants with =~ thartlor dr.p scecurring with aoc

Locney ef. i 1975 ) have rivart th. rojection of cobale

by the tissu.s . f sheos Their winsisn that ecobalt con-
centrations in plants n - n n i=mat, copalt availability

to animals clearly explnin n feweticn 0f this clement
in the inscct.

The urganic mrttir ooatont Yainl an? 14 and Fig. 13)
show fairlv low values for the €002 .3 explaine? farlier,
this may be duez t~ th2 loss ~Ff s >m: orsiainic carbon, that
may have porsisted in the sk fObod’~,. 1282),. There was no
siognificant diffcrence batweon the valuaes obtained as organic
matter contuent f£r the majosr and ainor soldicrs; this may
be linked t thodir simiizy guocture an? role in the termite
colony fqms (18€75)Y ba r.oorted eomponsitions similar €o
those abtainz.. Fory the ¢z in thizg studvy, Lipid compasieion
was lowast in tho 5 « Ep-rov eivstritcs ars mainly stored
in plants =s zarbohyirnte: whil c cnimales, a areat
quantity of the carkochvirate ir hos rv!iated into fatty acids.
This pcssibly ncc-unts for + iesmy ity in 1inid composition
in the insectg and foeod., The romi "actives erntain sitmifi-
cantly more 1linids than the ~thor ca 5. Thic is probably
as 2 result of the limited mbility ~f this caste, s very
little lipi2 is oxidlscA for the ~uarposae of cnergv
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utilization (Mathur and Yurkienicz, 1969}, T his hich lipid
concentration may also prohahly be related to the use of
lipids in eqg develovment (Ba'lev, 1975}. The cephalic
secretory glands in the soldisrs mev aczount for the increased
indéx of linids ohtained for these castes. Fowever, this
gquantity mayv have been too “ov in the minor soldiers to

supercede that of the worhoers., Repovts v Bartha {1970), and

Ohodo (1982) are similar to the findings of this studv.
Carbohvdrates are the malin onerev substrates in plants,
but these are cstazyified into fattv acids in the insects. This
carbohvdrate conuersion hv osterification prohahlv also account:
for the hicher cencontration of lipids in the insects than
the fced and for.the inverse lowor concechration of carbohy-
drates in the ing.cts az chown in tables & and 14 and figs 16,
As obtained, the concoantration of carhohvdrates in the
soldars may ba g 5 result of their possossion of a higher
frequency of the nminovolvazacchatridc {chitin}, a vital
exoskeleton component . to £rv weiaht, than the other castes.
The rasults of this studv 21l with the findinas of galisbury
and Ross (1969}, Barth- 019773, and Moicod and Minson (1974).
Roproductives nogsnasg ¢ pexoir=11c ihigher concentration
0f protein than the otbor cnstnes ~nd tho feod {(Tables 5 ang
14 and Fig. 15}, This wm v ho Linad €5 thae need for protein
in gametogenssis and other zzzomtisl svsthosis related to
reproduction. *he low concentration in the feed mav be assoo-
iated with the interferronce of notassium and other ilons in
the uptake of nitrcoen. {(Jncobson et.al. .19%972), an esscntial

component of protoing., The results are gimilar to thuose
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obtained bv Rutt.rworth {(197°Y. 1gre 27 a’ | 71964, Bartha
(1970), and Adrme {127%}.

Cenz2r=)lly the reproductivoes execelled in the concentration
of proteins, lipids ard, oxeludine the werkers, all the
mineral clomerntz This mav »h. ascoci-ted with their havino

a greater 2bility ¢o mathhalize thesc biomolzcules and

elemerts more o>ffaciortl thnn the other, castes.
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APPENDIX I

SOLUTICHS: COMPOSITION AND CONCEXTRATION

(i) Sulphuric acid; concenrated 8Sp.

Nitrogen free.

e———— .

-

03.

Gr. 1.84,

(ii) Sulphuric acid; 0.03M, St=.dardised.

(iii) Boric acid,(HsBOS); 0.3 solution, prepared by

disccolving of Boric acid in water and miking the volume

up to IC!Ocms.

(iv) Sedium Hydroxide Solution; 4M, greparcd by

disolving 160~ of carbopate-free sodium hydroxide

pellets in distilled water and making volune up to

lODOCms.

(v) Kjcldahl Catalys:.

of Copp-r Sulvhate and 1lg of sclepium powdor, ground

and mixz? in a mortar.

100g of Saliu

m Sulphate

.

(vi) Mixed iedicator, preparcd by miving 1.25z of

mcthyl red and 0.8255 of Methyl blue a

- L L] * LY - -

in 1 litce absolute ethanol. For half

-

M.R. an! 0.¢

£

125 M.B.

PHOSPHORUS

-

Vanidate-molybdate compsite reagents.

nd the

Lo * .
Jitee, O .625;

Prepa

(&

10,

v - Vusi
L2 d'_f\.\--.rlr-'
-

1 Cd. h)

) . iy . - —
dissolving 70; of Ammonium molybdate in 410cn™ of

warm water; lg ¢f Ammonium vanaldate in 320cn

beiling distilleld water,

and forty millilitres of concentrates

ard cooling.

*

Tw> h

perchl

was graduially added, with strircing, to the

3
Ot

-:.r'."l“_ :
-
oric arci

vanadate

-

‘

-

L



solution. Finally the molybdate solution was gradually
added to the 2cid van:date solution, with stirring, and

then diluted to litre with distilled water.
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APPENDIX 2

Determination of Standard Curves. The abscorbance
value (percent2ge transmission or opticn) density for
phosphorus ¢ for standarl sclutions coataining known parts per
million or microgram per gram (ppm) of inorganic elements
to be monitored for (calcium, Magnesium, Iron, Copper,
Chroniui:, .cbait, Pot-ssium, Phosphorus and Zinc) were
determin: for differunt ppm (Concentraticns). Using a

.
Perkin-Elmer Molel 2904 atomic absorptioa spec rophotometer
(B-ush and Laab Spectronic fur Phosphorus). The values
obtained gave the v2lucs for the Y-axis in the standard

curves, Sce figs 18-2¢6,
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APPENDIX 3

Estimation of mineral elements in inorsanic material

(i) CALCIUM AND MAGNESSIUM

Five millilitre of diluted sample (seec Chapter Two)
were pipetted into 2 conit2l flask an! made up to the SOml-
ma k with de-ioniscd water. 1000 ppm strontium chloride were
added to eliminate interfercace of other elements, eg.
Aluninium and phosphorus. The absorbdance values were
separately read off for Calcium and Magnesium. From the
valucs obtained were subtracted the valucs for the blank,
i.e. control samples. The percentage of the elemsnt present
was calculated using the simultancous lincar relationship
obtained for the stendard solutious, For Calcium, Sce Fig 1°

If 6.0ppm Ca (Stantard) has a2n absorbince of 60.0

ticn . " m W met . te % . Vs ¥
- i-la . ‘. Ul

x dilutionx extract

wt. of S“’-.-"J‘-" usad " - -

—
-
yod

X absorbince unit = 6/63 x x/l

6, ~ . xx 10 x 50
= 00 X =——r
! 10 ppm Ca
B & % 5 P % z
$ Ca = E?"jl!‘fﬂ $ since pom 1S C(;rra;ul in million
0 x 1D
- E'P;ﬁ_ :
10



Percentage magresium was determined by simply substituting
values obtained in Figz.23 for the stand~rd constant
relationship. 1
(1) POTASSIUN

Five miltilicives (Smls) of sample was diluted teo
SOmls with de-isnis2d water, as in (i) above. 0.01%
lithium chloride was added to prevent ionization of the
element in the hot acetylene flame. The absorbaince for
the sample was monitored 7.d poreentage of the element was
calculated as in (i) aboy , but using a standard coastant
relationship obtz2ined for potassium. Sec Fig. 24.

(iii) CHROMIUM, COBALT, COPPER, IRON AND ZIC

Absoibnce values for the cxpericmental sanples were
monitored. to further dilution wi:s nocessary before noni-
toring i.e. part of solution diluted to 5Omls after filterd-
tion (sece (i) above) was dirccily introduced to the spectro-
photometer for mincpal detection.  The calculation for estim:tion
wis similar to thoso doscribed above., Standard constants
from the relevant curves were used,

> .

(iv) PHOSPHORUS
- -_—-—‘-- ‘-._L-l' L] LI i b o ™ » - .l

Ten m%liilitrus (10mls) of soluticn containing SO;wms
of Ammonium molybdate in 600mls of watcr, 253gns of Ammonium
vanadate in 500mls of witer and 700mls of perchloric acid
were aldded ') 25mls of the diluted sapple.  The volums was
made up to 50mls with deionised water. The solution was
then allowed to stand for 10mins. for develeopment.  The
percentage trasmittance of the phospborus in a 10mm cell

was recorded with a s;

ectronic 20 (Brush and Lamb) set at

440rm, The ppm phospheorus, X, was obtzaise by finling the



(ol
v

quotient of the log of percentage transmittance of a

standard blank (Io* taken as 100) and the loz of percentage
transnittance of the sample (Il read off from the Spectronic
20). Experimental blanks were zlso treat-d as LB and their

value substractced from the value of sampie ¢xperiments,

Lo}
Tl
= leg I, = Log I1
-t
= log 120 - log% transmittance of sample

x = 2 - log § transpittance (loz 100 = 2)
Finn{ valuz of x was calculated from equation in
which optical dc$sity of stanlard solutions are known
(sce Fig. 25).
Standard ppi « X xd ilution x totzl sample volun

Optical density  wt. of sample useld

From Fig. 25, for ex'mple,

n o= 3 %2 x50 __»
ppm - X =360 po
. %}‘1 y }11_:_j*x_1£','_, - - TR o y 3 o
[
10 x 10
-4
= ppm x 10 7,



APPENDIX 4

ESTIMATION OF NITROGEM

Calcul=ation: -

If Iml of f...f‘S-\:HzS{lq was reqair. ! to reacc with hydrated

ammonia to form (ﬂﬁ¢)2504 in the chemical reaction

) + o e a1 * - N B =
2Nt - H| + 2H,53, S2|NH, |+ |SO.H]T+ SG, ¢ 2{H["+ 2G|

q

+
192]
*
ra
X
1

+ (&

a)2%%

then ~

. H.SO. = 0.1'25 E‘-lt ‘
1ml of O.f‘SM.ZSL-d 2 1m0 gn of N

where 14 = atomic weight of ntrogan
_6.05 x 11 x x xtotnl Samp. Vol

ooxml of 0.05\H,S7, =

“4 10 x wt, of Saip uso! x vl
= 0.05x 11 xx x50 o
T 1000 x 8,25 x 2 g of |

0.05 x 11 x x x 5 100

%N'- N X-] oo, . N -
biose IWXoxB,2522 ° ° + - : :



APPENDIX S

Determination of Least Significant Difference (LSD)
: , 2
1. Correction Factor (CF) = Grand Total"

Treatment(s) x Ne. of castes(l) x no of Mounds (M)

. C1?2
T SxTxM

2. Total Sum of squires (T.S.S.) = X’+..... +x2 - ¢.F.

’ 2 4 2 2
3. Insect sum of squares (I.S.S)= h—-t—gs-;—!i%— 2N gk

P 2
4. Mound sum of squares (M.5.8.) = ‘1%t Yo - cF
I x5
5 Experirental Error sum of squares
2 , I A
(E.ESS.) ~ §1+_ “_h - (CF+I.S.5.#M.5.8.)
S
6. Sampling Frror sum of squrres
* BES.S) > T05.5 - (1,587 + M8)S: + Bapt. E.5.5)

Fualysis of Variuwce

- s
Sb/n.}‘ l\..SI

M.S. Eroor

Source Peyree of Freodom sum of squares

Meon Squre F,

Insect (I-1) = 3
Mound (M-1, - = 5
Expt. Err. (I-1) (1) = 27 '
Sogl. Err. ILM.(S-1) = 40

cn
-3

F‘:Ul‘f‘il f'.:' T =



98,

L.S.D. = t/value for which F is significant), /2 x Error Mean Square (B'6)
M.S.
The value for the L.S.D. detemin significance as the
difference between the variables has to be greater thaan the

L.S.D. to be si nficantly different.



'__'I'ld CONCE

{a) Ash Cemp

Determinaticn of the significence
‘-.['l":ii'.;-S.
I .‘:_if.i*'_n
' ™ o a - -
I. !LT\&.J)(Q:-JC C my syt n

!
V$:145{ﬂ
4 )
B Sq
)
)
a‘b Sl
S
3 s,
52
A 5
S,
s« &
3
| 2
|
'6 q
51
! S,
i
7 s
5,
f 8. SI
85
9. s,
o
'10 s
! %

T T L N
“L‘.L-,'l‘ ‘1-71.", Tod. ‘f 2jor

M (W

-

11.45 5.63 S.47
11,49 5.71 ° 5.47
14.00 5.23 5.00
11.02 5.5 1.96
16.74 6.1 5.1
16.72 65.07 5.14
13,26 6.71 5. 46
13.30 6.75 5.48
13,00 7.11 .75
12.99 7.11 5,71
12.3 5.45 5.2
12.31 5.45 5.16
12.52 7.86 5.92
12.60 7.93 5,87
12.9 6.67 5.9
12.93 6.65 5.39
15.54 8.2 6.7
15.52 8.26 6.68
17.76 7.06 6.42
18.04 6.98 6.43
276 39 132,71 113,71

2§ cen

Minor

1Soldicr (MJ) Soldicr

5.1

1.59

$5.26

5.09

503

4.96

5.41

6.19
6.16
5.46

5.38

107.71

5.52°

|

[.
|
1

-
| ) |
58, 7% .21
{
58.75 22

1

65.87 2

I© '8
61.52 134
g-
16Y.79 '25
55,85 Iz
' 6
65.1 z,
61,72 |
T ;..,g
!
73,25 ;zg
1
7333 %o
633.52 |



Source

Ins (I-1)
Mounds (M-1)
Expt. (I-1(M-1)
Samp (IxM) (S1-1)

Pooled Evror

L.S.D. = t/at si-

2.576 35

D.F.
K
)

27

40

-
/

&.8.
993 49l
45.61

~2996.99

3068.03

71.0%
s §2
If .’}Tt

— ANALYSIS OF VARIANCE

M.S
33i.3

<111.00
76.7
1.06

10()' -

3t2

55

4.875



(b)

Organic Matter Content.

1¢1

Percentage Compnsition
Mounds ;.“_h:lhi-‘_ ur;b_h—-_*? Mﬁv-‘_v )}
1 88 .55 95.37 94.53 931.6
§5.5¢ 93.29 94.29 63.48 715.86
2 85 .93 94.52 95.0 95.10
85.97 94.5 95.04 g5 11 741.23
3 83.26 93,9 9i.9 95.0
83.23 25.93% 24.86 95.0 735.13
B 8+.7. 93.29 94.54 Y7
81.7 93.25 94.52 91.74 755.48
5 87.00 92.89 94.25 95.91
87.11 92:89 94.29 95.97 758.31
6 87.7 94.54 94.8 95.04 L
87.6% 4.5+ 94.8% 1.98 I?il.li
7 87.43 92.14 91.C8 93.7¢C
87.4 32.07 9+4.13 93.83 731.9
.8 87.1 +,953 , 9.1 ... 94,66 .
§7.07 83.3% 93.21 9..59 735.28
9 8i1.4€¢ 91.8 93.3 93.81
84.45 91.74 93.32 G3.84 726,78
10 82.2: G2 G4 93.58 Gi.h!
- 81.96  93.0?  93.57 91,62 726.417
) 1716.63 1ﬂa?.27i153a.23 (1333,29 7362 .54



MS
347.07

4.84

-339304.63 -12566.8

Organic Matter

Source DE 55

Ins. (I-1) 3 1041.21

Mounds (M-1) 9 43.56

]‘,' T i E'l'l‘. l.' 27

{ie1) (M-1)

Samp. IxM(s-1) {40 339367.58

Pooled Err. 67 62.95

/1.88 ;

2.576 ¢ 35 — v0.057

8484.19
0.94

162



(c) Lipid Composition

Mounds

1

1C3.
! percentage Composition
v R M | M |
5.63  17.8 4.8 3.62
6.7 17.88 5.1  3.59 [ 66.12
§.22  18.23 5.4 4.0
5.15 ., 13.1¢ 5.36 .0 65.55
3.5 18.07  3.75 2.61
3.5¢ 18.03 3.8 2.65 | 56.04
5.1 17.7 8.0 3.17
5.06 17,76 7.6 3.1 67.47
6.48  15.0  7.34 4.53
6.42  15.0 7.3 a.17 | 72.54
¢.63 18.1 8.5 3.66
6.77  18.04 8.56 3.73 | 24.0
4.65  18.92 5.9¢ 5 0
., 4.58 _ 18.88..5.95 . _4.82 | 63 .82
4.72 18,41  6.4% 3.75
4.63 18,36  6.4% %2 66.57
4.16  17.45 6.02 7@
4.16  17.5  6.14 3.02 | 61.43
5.5 17.94 7.5 0.31
5.46 _ 17,89  7.49  3.0¢ | €7.9
105.12 ESGI.IR 127,54 | 72.66 1666.5



i 2

Lipid Conmpesition

_AIALYSIS CF VARIANCE

Source DF 58S i4S F
Insect (I-1) 3 2599,53 866.53 312.5%
Mounds (M-1) 9 29.64 3.29 4.575
Expt. Err(1-1)(M-1)]| 27 ~4070.61 -150.76

Samp. Err.IxM(s-1) |4C 3.7 4 102.79

Pooled Err. X 07 +3J.97 .61 .

2.576 V122 = 06T = 0.25
= 0.64



(d) Protein Content

e

Percentage Composition

931.4@!1124.75{75:.5

'Mounds i ﬁ"__a{_h_. .i[ MJ
I,.___- R e
1 39.4  55.16 36.2
' 39,5  55.22  36.19
2 45.2  55.0  35.35
45.1 55.0 35.28
3 52.5 5§5.3  36.85
52.5 56.3%  36.9
4 47.835 S$8.75  36.81
47.81 58,75 36.8
5 52.47 56.35 38.5
52.54 58,4  39.2
6 43.74 5§5.85 38.8
43.77 §5.9  38.0
7 42.89 55,16  36.9
, 42.8% 55.1 . 36.85
8 §0.0 58.2  40.1
50.0 53.3 40.3
g §1.4 S$4.72  38.95
§1.3: §:.78  38.91
N0 50,3 5,75 38.5
 50.33 §6.75 _ 38.5

[
R

356.5
36.53%
37.42

"37.38

3853
8.37

(%2
o

o~
=

w~ (7]

~) o
- - - -
sl v v W

(]
-~

=
~{
I~

10 9,

368.06

359.74

370.46



106.

ANALYSIS OF VARIANCE

SRS S ——
Source :U.F 8.8, M.S. F
Ins. (I-1) 3 4835.55 1611.85  420.85
Monds (M 1) S 203.26 22, 58 5.9
Expt. (I-1)(M-1) | 27 -82533.31  -3C36.79
Samp. (1xM) (s'-1) | 40 82790.17 2069, 75.
Podled Error 67 256.86 3.83

2.576 J’%5¢6 = /0.0383 = 0.619

Vs

.59



107.

(e) Carbohydrate Compesition

——————— e —
| Pe c'ntage Composition
hownts Tw TR w3
1 42.52 21.41  53.53 53.483
«2.3t 21.19 §53.24 £.25 342.93
2 3.8 21.27 54.32 53.68°
‘ 35.63 21.31 4.29 $3.75 329.79
3 27.26 19.53 54.3 54.91
27.22 19.635 $35.25 53.94 309.12
4 31.83 16.81 49.73 55.03
31.85 16.74 50,12 55,14 '30?.25
5 28.1 18.53  48.4S 52 83
28.15 18.49 47: D 5§3.0 295 .4
6 37.3% 20.59 47.5 .18
37.15 20.6 47.38 53.94 318.67
|7 ¢« -#33.93 Y206 51,2 °. "52.806° °
39.58 18.89 53.3 51.19 325.41
8 32.33 16.6¢  47.56 51,81
32.35 1¢.65 47.37 51.83  294.85
!9 28.9 1%.63 48.32 52.63
( 28.9¢ 19.46 48.27  §2.67  298.86
?G ’ 26.4% 18.35 47.5% 54.09

26.17 13,33  47.78 54.14  292.93

) 650.08 '382.23 1005.26 !1053.61 3117.21



108.

Source, O.F, S S. M.S. F
Ins., (I-1) 3 15361 .67 5120, 56 740
Mounds(M-1) 9 321.12 35.63 5.16
Expt.Evr.(I-1)(M-1) 27 -63310.75 +2531.14

Samp. Err.(s-1)(1-M) 40 63804.51 ¥720."

—Pooled Err. 67 463.76 65
>
2,576 J13:85 o s 2 0.3
= 2.11



()

(1

7

|

Calcium Concentration.

1

i Perceatage
IMounds |W | R

L~A--—-—-—q..—_'—.‘.., —— | — . —

0.32
0.26
0.32
0.34
0.27
0.31
0.40
0.37
0.25
0.25
0.25
0.2

0.32

0.26

0.16
G.14
0.16
0.16
0.16
0.19
0.19
0.17
G.16
0,16
0.17
0.14
Q.17
0.1

7

0.18
O.Lﬁ
0.15
0.138
0,17
0.17
0 3.29

0.15
0.15
0.12
0.14
0.13
(g J 3
0.16
0.16
C.12
C.l4
.15
0.11
0,12 .
0.12
0,12
0.12
Q.12
0.16
Q.12 «
0.13
} 2.65

- —

Conceatratinn

w1

| M

0.75

«05

]
o o © o 0 O ©° Y o o o o o o o o

—

|

(8

13

.28

.34

31

wn
W

.16

.14

24

61

, 3%

52

109



Source

Ins. (I.1)
Mound (#i-1)
Expt.(I-1)(M-1)
Samp. !x%[sﬂl)
Pooled Err.

AMALYSIS OF VARTANCE

D.F.

O

217
40
67

S.S.

- 175

-1.51

v/.0001 = 0.01°

r‘:‘ St

0.26

LO03

~0.058

0.0395

.DOY

110

260



(2) Iton Conceatration

Mounds

1

10

71

 Concentration in ppm
R | W T |,

161
15¢#
160
156
167
158
177
169
162
165
172
180

- - - b - —— ——

98
SO
55
55
47
44
90
81

48
7 .
77
225

116

68
66
64
61

A

52
62
58
6

62

S0
55

70

rl?éw

63

18
20

22

20
25
21
27
20
13
16
18
20
ZZ
20
22
22
22
20
25

_2?‘_

{ 418

679

593

563

67y

783

577

665

111



112
AALYSIS OF VARIANCE
Scurce DiEs S.S. i1.S. F
Ins.(I-1) 3 246735.7 82244.9  §16.77
Mounds (M-1) 9 10522.2 1163.13  7.77
Expt. (I-1(}-1) 27 -398185.7 -14753.73
Samp. IxM(s-1) 40 408564 10214.1
Pooled Err. 67 10078.3 150.42
300,84 _ . ;e
2.876 /352" = A5G4z = 3.878¢

= 9.99.



(h)

Magnesium Concentration

; Percentage Concentration
Nounds | § ] R TR T TTUR T
Nl IR A I
1 0.22  0.15  0.03 0.03
a2 011 0.08 0.03
2 .t 0.07  0.08 0.03
0.17 0.¢7  0.C8 0.03
3 0.17 0.01  0.06 0.03
0.19 0.04  0.08 0.03
4 0.2 0.14  0.09 0.02
0.22 G.12  0.09 0.02
5 0.2 0.0  0.08 0.03
0.2 ©.1z 0. 0.03
6 0.17 0.06  0.09 0.03
0.21  0.08  0.09 0.03
7 0.12 .06 0.1 0.03
" %ehs T Gost 02 T 0los
8 0.24  0.11 0.1l 0.02
0.2 0.1 0.11 0.02
| 9 0.23 0.15  0.12 0.03
i 6.28 ©.15 0.12 0.03
10 0.25 ©.09 0.1 0.03
L_ 025 ©0s €1 0,03
y 4.11 11,93 | 1.88 ! 0.5¢

. S —— — - — e, e

S |

0.9

0.941

L
L8 =]

113
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AMALYSIS QF VARIANCE

Source ! D.F. S.S. . 8. F
In51(1_1] 3 n33 11‘ -3646?
Monds (}-1) 9 .22 024 -8
Expt.[I—l)(Mwl)i 27 -0.8114 -0, 30

L. |

Samp. (IxM)sT-1) | 4C 0.6374 0.016

Pooled Err. ; 67 ~0.174 -,003

2.576 "/925993 = /OO = 0.0173



(1) Potassium Concentiation

SE—— - - — .- v e——— - ——

ousis (5 T8 "1 ]

!1 0.76 0.16  0.18 o.ﬂ;
]' " 40,82 ‘maf 018" 0.1y

|2 n.72 018 0,18 0,07

0.70 0.15  0.17 0.07

'3 0.8  0.16  0.18 8,08

0.8 0.16 0.18 0.08

4 0.36 0,22  0.18 0.14

0.82 0.18  0.18 0.1

'S 0.95 0.17 0.2 0.08

0.95 . 0.15 _ 0.18 0.08

6 0.70 0.14  0.14 0.07

- 0.62 0.14  0.14 0.07

7 0.78 0.22  0.18 0.14

0.86 0.26  0.18 0012

8 0.78 0.15  0.15 0.66

0.72 0.)5  0.15 0.06

9 0.95 0.22  0.18 0.1

1.03  0.24  0.16 0.12

10 1.0 0.25 0.2 0.12
1.0 0.25 0.8 0.2

——— e —— e T — T —— T — e

) 16.52 13.7 | 3.44 | 1.89

115

2.49

3.0

3.2
25.65



Source

Ins.(I-1)
Mounds (11-1)

Expt. (I-1)(M-1)

* Samp. (IxM) (s1-1)

Pooled Err.

i

AMALYSIS OF VARIANCE

D.F.

3

-~

o

8.8.

7.05
«15
-7.63
7.7845

V. 0007 = 0.01

A

-

M.S.

2.

55

017

0.195

002

116

F

1175
8.5
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(1) rhosphorus Concentraticon

- - IE—— s— - L -

| . rercentage Concententicn
hewnts w | R 1w 1w ] %
sl LA NN 1. el
i1 0,52 0,35 0.17 0.08
! s v 0.2% 40.35 . 0.1S -, 0:08]-'2.18
i3 C.o 0.4 012 G.6
| 0.42 0.3  0.14 0 06| 1.08
3 0.47 0.36  0.16 0.07
| 0.41 ©0.32 0.6  0.97| 2.02
la 0.45 0,42  0.14 0.07
} 0.49 0.4 0.18 0.07 | 2.22
'S 0.5 0.38  0.12 0.07
{ 0.5  0.44  0.14 0.07 | 2.22
|6 0.54 0.4 0.16 0.06

0.46 0.34  0.16 0.06 | 2.18
| 7 C4 .29  0.16 0.06
i ).48 0,3 0.14 0.06 | 1.89
| 8 0.56 0.4 0.15 0.07

0.54 0.38  0.15 0.09 | 2.34
f 9 0.54 0.39  0.18 0.07
- 0.48 0.39 0,12 0.07 | 2.24
10 0.52 0.39  0.14 0.06
0.56 _0.42__ 0.12 0.06 | 2.29
) 9.72 7.5 . 2.86 | =.38 ) 21.56



ANALYSIS QF VARIANCE
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Source.

Ins.{I-1)
Mounds (M-1)
Expt. (I-1(M-1)
Samp.IxM)(sI-l)
Pooled Err.

D.F. 5.5.
3 2.26

G 024

27 ~0.41
40 176
67 L0656

= /0001 = .01

.73 750
L0026 2.6
-0,01535

J.0r2.

.001



(k)

iD 4

Zinc Concentration
-~ ! -
l Conceatration ir ppm
touads | W R MJ [ )
1 104 32 31 10
1 98 28 . 30 12 345
2 95 28 24 14
95 ‘ﬁo 24 12 322
3 94 35 24 12
9or 33 20 12 321
4 94 36 25 10
98 33 27 8 336
5 92 40 26 12
86 36 21 12 325
6 89 32 14 12
90 26 14 13 290
7 114§ 30 20 12
© 185, < ZF - 18 - © 12 “344
8 104 24 15 g
| 114 30 - 20 9 325
s 124 39 32 g
| 120 37 34 8 402
-0 116 43 48 10
122 356 54 R Y 438
I 2050 JGSB [521 213 448




B 7

Source ' D.F
Ins.(I-1) 3
Mounds (M-1) 9
Expt.(I-1(4-1) | 27
Samp. (IxM) (s'-1) | 40
pcaled Erc. | 67.

2.576 e/g 5 .'.?_?'

691345
2113.7
-1723305

126552

33044.8
235.86
~4556,85

3163.8

43.456

120

-
L]

681.9
4.85
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