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BLTRACT

The effects of nutrient gradients on the growth and chemical
compositions of three grass species (Andropegeon abyssinicus
R.Br. ex Fresen; Hyparrbenisa pllgerana C.E. Hubbard and
Pennisetum schimperl A. Rich) grown in pure and mixed stands
were investigated +to examine the response of ﬁhe EYRES
species to different concentrations of total nutrients and to
detect any difference in the growith of the species in mixed
relative to their growth in pure stand. The experiment was
conducted under greenhouse conditions and the plants were
supplied with a series of concentrations of the Long Ashton

Nutrient Solubtion.

Fiant height, tiller number, leaf ares, leaf length and leaf
width, total dry matter and nutrient concentrations in the

tissue incoresased with incressing nutrient supplies for bhoth

L

pure and mixed stand experiwnents of all the three species.
Root /Shoot ratio, on the other hand, decreased as nutrient

gupplies increased.

There was a significant difference in plant height, tiller
number, dry matter, and internal Lisgue concentration of
plants grown in pure and mixed stand. However,leaf area.leaf

length, leaf width and root /shoot ratio did not show any



gnificant di7fevence betwesn the plants In pure &3 wised
ptenda, The most lweorhbant offscty of the addition of wminersl
natrients were increased densily of the shoots, pgrowth, and
general improvements in the vegetative vigor of the planis.
The results of dry maitter producticon and +tiller number

indicated that P.schimperi to be a poor competitor in nmixed

stands.
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conditions to form the grasslands thabt occupy about ore fifth

of the land surface of the globe (Mckell, 18972). Grasslands
are important to man's econcuny by virtue of troviding
pastures for grazing anlwals. Thus man has aluays  Deen
interested in grasslands, and in thelr extent and management

(Gowld, 1968; Vos, 189869; Duffey et.al. 1974; Jung and

Kocher, 1874). Since grazing 1s the imposition of a
biotic factor upon vegeta%ion the maintenance of grassland
becomes an immidiate ecological problem {Bor, 1873;

Jewiss, 1966 and Baker, 1878).

Out oFf the 10,000 eastimated grass speciesg of the world only
40 are cultivated to any appriciable extent for pastures in
both Fhe tropical and temperate regions (Hartley & Williams,
1866; cited in Mckell, 1972, Tothill,197Y8). Although forage

crops, grasses 1in general, have not received the same
attention as cereals during the early days, man through
experience,has learned that under proper care and management,
the feeeding value of grasses juétifies thelr consideration
as crops in their own right (Dunham,1957). If farmed at its
highest potentisal, gfass vields more starch and protein
aquivalent per acre than any other crop (Mcllroy 1972). If

grassland agriculture 1is %o be understood and exploited



to the full, it is essential at the outset to understand the
potentialities of grasses, their place in the natural
communities, their habit -and phisiology - in short their

ecologlical and biological relstionships (Mcllroy,. 18972).

Regulation of the mineral nutrition of plante is one of the
most ancient and most accesible methodes affecting the growth
and yield of crops, and in the past many experiments have
concentrated thelr efforts on the problems of plant nutrition
(Willis, 1963; Hackett, 1965 and Langer, 1968). It 1is
essential to know the response of plants to mineral elements
since 1t 1is the major factor in determining their natural
distribution and their ability +to grow and survive in
ecosystens that have been altered by man (Andrew and Johanson,

1878).

Many pastures that are eitﬁer sown or native, occasionally by
design but more often by accident or influence of
enviornmental factors consist of severai species. Because of
this pasture - sclentists over +the vears have shown a

continuing interest in studying interactions among pasture
species ( Hall, 1878; Tothill, 1978). Competition, as one
of +the underlying principles in plant communities, has

received great impetus from the valuable contributions of



pecople liks Dewit (19:0;cited in Hall,1878), Harper(l961; cited
in Hall,1978) and Donald (18863; ci<ed in Hall, 1978). Plants
way compete with each other for space, moisture and nutrients

{Daniel and Robert:s, 18966).

Black (1966) indiecsted that few termg in ecology have been
uged with such a wide diversity of meaning as competition,
while Williamson (1957) showed that different definitions
were given Lo the term by various authors interested In the
subject. EBtymologically. the word competition means " 6aeek
togathsr" (Hall, 1878). Clements (18807; cited in Hell,1878)
and Donald (1963 ; cited in Hall 1878) proposed a

generally accepted definition of competition though not in
congruity with bthe majority of plant aciantisbe. According
to Clements (1907: cited in Black 1968}, "competition is =a
question of the reachion of a plant upon the physical factors
which encompass 1it, and of the effects of these modified
Pactors upon the adiacent plants “. Black (19668) eummerized
the definition of competition, as propossd by Clements and

compiled by Donald, as consisting of :-

i. the modification of the enviornment by the

pregence of a plant and

ii. +the effect of thsese wmedlfications upon

gurrcunding plants.



Because of its wider apcglication, the terw comnpetbition in one
nusage may «over the relationship between the plant
communities and the environmental factors that tend to limit
thelr developmant and, in another, & detaileqd analysis of the
interaction of individual plants with theilr microclimate and

their effects on the neighbouring plants {Black, 1966).

I is also known that symbiotic phenomenon sand any
determinant influence of one plant on snother 1like +the
secretlon of toxic subkstanoes  (allelopathy) have been
included in the definitions of competition by some authors

(Hall,1978),

As pointsd oub sarlier, nearly svery agthor interested in
the definition of <competibtion haes hig own version.4d but

Sllvertown {1987} grouped these definitionsg inte twe hypes -

i, those which define the interasciion on the bhasis

of ite mechanism (eg. Grime, 1978) and

ii, thoese which embhasize the outooms of the
interaction betusen itwo oompeting spsciles
which mﬁ&t, for example, lead to a reduction in
the survivorship, growth or reproduction of
the oompeting individaales (Harper, 1977;

A
Begon, Harper and Townsend, 18380)



Flante are conveived as compebing for necessities that sre in

nite supplies (Trenbath, 1974).Those plants most compebitve

B
i_!.

by virtue of being best zdapted to the enviornment at a given
time will thrive znd spread at the expense of other plants

(Daniel and Roberts, 1966; Harper, 1977; Grime, 1979).

A series of studies have bheen undertaken to evaluate the
regsponse of individual species to gradients of nutrient
concentrations or other environmental factors. In contrast,
there have been few studies of species in mixtures along

nutrient gradients {(Auctin , 1882).

Parrish and Bar-az (1282) have indicated the complexity of
nubrient gr-ilents, thelr indirect effeétﬁ on prlants.
However, bacause plant species do show marked differences in
physiclogical and ecological responses along natrient
gradients, Parriszh & Bazzaz (1982Z) have ewmphasized the
importance of such studies presumably because 1t can offer
valuable insights into plant ocommunity orvganization and

competitve relations.

Auvstin and Austin (1980) in various cxperimental works have
studied +the performance of geveral plant specises in  pure

and  in mixed stands under different levels of nutrients.



They suggested  that such an experiment  could provide s

framevork +to the coolegy of the plants by indicating those

portioneg of & fertility gradient where particular especies
will be wost productive and which gpacies will achieve
dominance in mixtures st different levels of fertility

(Austin and Ausetin,1980; Austin, 1980, Austin et.al, 1985).

Because inherent differences bhetween species can be more

apparent under éontrolled environmental conditions, the
present experiment was desglgned to explore the effect of
nutrient gradients on the growth performancesg of three grase

gpacies grown in pure and in mixed stands.

Grasses belonging to +the genera Panicun. Pennisetum,
Andropogon. Themeda and Hyparrhenia provide +the dominant

grass cover in both East and Central Africa ( Vos, 1969).

Although +there are a large numberr of gragss species in
Ethiloplia (Fréman and Person,1974), the Neorth Western and
Central highlands are predominantly covserad by members of

three grass genera; namely Andropogon., Hyparrhenia and

Pennisetum (Zerihun,1987).

Zerihun's (1986) study of the grasgsland communities on the
central plateanw of Ethiopris has ghoun that three grass

spacies conatitute the major cover of the platesu.



Hyparrhenia pilgersna and Andropogon abysinicus prevail  on
protacted sites whereas the grazed arvess are characterisad by

preponderance  of Pennisetuwm schipperi (Zerihun,1985,1286).

it is, thérefere, neediess Lo emphasis that livestock plav a
role on the local distribution of grasses by selectively.
grazing and browsing thus encouraging some grasgses and
eliminating others (Mcllroy,1872; Watkins and Clementé, 18978:

Vos,19859; cited in HMarten and Donker, 1968; Crawley,1983).

0f the sbove three grass species, Andropogon gbysinicus and
Hvparrhenia pilgerana are more valatable. The latter to a lesser
degree because of its coarse and stemny nature at maturity
(Froman and Pereon,1974), Pennisetum gohimperi is  not
favored by grazing animals. The unpalatability nature of P
schimperi, is attributed to the very high fibre and silica

content of the tigsue {Evalgon 1970; oited in Zerihun, 18985).

Zerihun (1985,1986) showed that grazing by livestock brings

sbout a shift in the composition of the species. Overgrazing

induces the replaoementAor dimanition of _important gpecies

like Androvogon abysesinicus and Hyparrhenia pllgerang by the

less favored gpecies like Pennisetum schimperi on the central
plateau of Ethiopia (Zerihun,1985,198886).



dnder provectad  conditions  Hyparrbenis pilgeranz  beosones
sventuaally dominent  over A, abvesinicus snd this shift  in

domirence from A.abvssinicus to Hyparrhenia pilgersna  is not
higinly desirable as far as palatabllity of +the swords is
concerned. It was, therefore, suggested that factors which
could discourage the predominance of Hyparrhenia pllgerana
over the more palatable onee should be introduced for optimal
exploitation of pastures (Zerihun,1985,1986), Pennisetum
gchimperi which is the dominant aspecies in meast overgraszed
glites, though not desired from the palatability point of view
Can give protective cover +Ho the soil. The high
rate of gs0il erosion on the central platean of KEthiocipa (
MeDougall gt.al., 1375; Virge & Munro, 1877) can be adduced
to the loss of vegetation cover and overgrazing beyond
Pennigetum schimperi dominance stage. There is no vestige of
the original forest which once characterized the central
platesu. The area now ig coversd by permanant or temporary

croplands or grasslands,

Because grasses make less demand upon the habitat and because
of the high productivity of the grassland vegetation, Zerihun
(1988, 1988 ) propounds the vantage of maintaining the
grasgland so as 1o keep it in as  productive a gtate as
possible,  Tothill (1878) in describing the ecology of =&

pazture, has mentioned the need for optimization of pasture



productivity, s0 a8 bo have a sustsined long term livestock
production, and the simultaneous maintenance of landscape
ghability. It is also considered that these faotors are
arucial in the objectives of a pastoral system. Studies
carried out on grasseé are, therefore, not only of acadanic
interest but also have their own agricultural and ecological

value,

The tWo grass species {Andropogon  abyssinicus  and
‘rhe villgerana) were taken as representatives of
grasses 1n  the protected areas and the third grass species

(Penuisetum schimperi) in over grazed areas.

Composition of a grassland community can be rapidly and
substantially modified mainly by grazing in that animals
select plant parts and plant specles in proportion to their
relative  sbundance  in pastures (Hatkins and Clements, 1978;

Crawley, 1883).

Another fachtor which can alter the compogiticon of a grassland
commiinity is the addition of nutrients. Instances have heen
reported where the addition of complete fertilizer often
lends to dominance by & sinple specles and thus, regulting in
the elimination of diversity. This is well illustrated by the
work of Willis (1963) where the grasses Eestuca rubra and Pos

pratensis became dominant by +the additiion of complete



nubtricnts  dn dry dune passture and Agroshis stolonifera  irx

ot deee slacks,
Arah widies  wmoy show the importance of relative level of

pubrient concentration in determining the species composition

of n rarticular area.

Piant =ver~ies show marked differences in phisiclogical and
acological responses along nubrient gradients. A regime uhich
oy preomote optimunm growth of one specles may gause rediac.d
grounth as 8 result of toxicity or deficienay

irn Avahher (Harmdstber, 1976).

Favriagn and DBaszzez (1582) suwggested that tdifferences
hetveen  dpesies  bhat appear on an  artificially  produced
wradient strongly infers to differences in resources usge alb o

te in +he field. The resource availlability may be

given ¢
affsotd by nrdphbours,  Harper (18643 oited in Hall; 1978
wrote U the essential qualities which determine the sooloay
of a specles may only be detected by studying the reactlon
of 1bp ingividuslis o their neighbours and ...  the behavionr
of the a8pecies in isolation may be largely irrelevant tbo
understanding  thair behaviour in the communlty . He added
differences between gpeciss which are crucial in determinin ;
thelr success or fallure when grown tozether may only o

exposed and demonstralted when the gpecies are grown together,

10



The purpose of the present work is, therefore, to examine in
some detaill the growth characteristic of the three grass
speclies  1u mixed and pure stands and to determine if the
growth functions of the species can bear some relations in
the competitive ablility of the grasses, Moreover, in this
investigation it is hoped to élucidate- the importance of the
levels of the various nutrient egradients in controlling +the
vigor, distribution and relative abundance of +the grases

species.
This study, btherefore, has two wmajor objectives:-

5. bto analyse the growth of the grass species in
pure stand at different concentrations of

total nutrients

b. to detect any differences in the growth of
gpecies in mixed stand at different nutrient
concentrations relative to thelr growith 1in

pure shand.

11



MATERIALS AND METHODS

Glasshouse Experigents
“Scoriaceocus sand was obtalned and sieved to exclude the
gravel PFfraction. It was then leached with tap water for 30

days.

The sand, about 500 gm and 750 gm was pubt in ceramic {clay)
pots with perforated bases of average diameter 11 cm for the
pure .stand and 13 om for the mixed stand experiments. The
ingide of the pobts were lined with polyethylene to avoid
contamnination. The sand in the pots was further washed with

distilled water for purification.

The seeds were collected from & natural population., Heads
containing seeds of Andropogon abyvssinicusn were collected
from a farm close to Menagesh forest in Wolmera and
Hyparrhenia pillgewrana near the tree line above Henagesha
forest and those of Renndsetun schimperl from the lower edge

of Chilimo forest Western Shewa,
Two series of experiments were carried out :-

a) Experiments in pure stand :- BSeeds from a single specles
were sown in a pot for each nutrient level and upon
emergence the seedlings were thinned out to three per

pot.

12



DY Expeobwe e o oa e T Lo - e e Fowm ool osr T ow o e
planted randealy in  oue pon For o osnzh Sreeatoenh. AT ey
germinated seoedlings  weroe rovovad so $hat thvos plancs of

gach soeclel ronein in o pot, 9 plants all taogelber,

Bqual distancs was maintained as much as possible between
nearest neighbours either ag nure or mixed stand of all

three species.

Randomized complete block design with three replication per
treatment was vged in all the experiments. To minimize edge
affacts, seedyn of the different speclies were gocan in

pohs arround the experimental pots.

The seedlings entered the exXperimesnts on the 15th  day
aftver sowing. The nulrient selutlon used in the gtudy was the
Long Ashiton Nutrient Solution (Hewitt,1966), an efficient
solution containing Sodium for use in sand cultures. The
enviornmental gradients was a series of concentrati&na of the
Long Ashton Nutrient Selution ranging from 1/64 up to 8
times ‘the recommended concentration, giving 10 levels. The
sarticular treatwment levels were chosen for conveinience in
dilutlon. Tap water wae used as control. The basic chemical
composition and the calculated nutrient composition of the

bauslc culiture solution and of extremes of nubrient mseriss is

shown in Tabl-s 1.

13



Lonobhe cavey siomes of gyowth (e Hioat B ovwerely, e xhov.s
rocoiycd 0 L owml of  bie aprreoriste patyoant o anluatlon zod
later 200 ml of the golubion twice a week, since loss by
evarotrangpliration iz  likely to  incresse a8 blomass

increases,

The pots were inspected and watered with distilled water

either once or twice a day, depending on the humidity.

The experiment wasg ruan Tor five months and the plants
were harvesied on  the 150th day after sowing. A  second
expriment was run using the same procedure for three months

for the determination of dry matter production.

The followlng parameters were recorded in the course of the

giperinents: -

GROWTH PARAMETERS

The e¢ffects of nutrient gradients on plant height and +illier
number were shtudied at ten days interval, and that of dry
matter production at four weeks interval. Leaf ares,leaf
width and leaf length of the first experiment were recorded

at 148th day after sowing.

i. Flant Height
Maximum height (sitem + leaves) of individual plsnis was

neasured from the sand surface in the pot fto the highest

14



pele
s

iv.

point on the teliest leaf st ten dey intsr-a’ s from the
2uth  to THth day after sowing., The mean helight per plant

wasg then recorded.

Tilier NHumber
Tiller counts of individual plants were made at ten day
intervals from 25th to 75th day aftter sowing. The mean

tiller number per plant was then recorded.
Lesf Area, Leaf Width and Lesaf Lensth

The third leaf blades were removed from randomnly
selected plante in each pots and traces were made on  a
vaper, The area was then estimated by planimetry of
tracinge. Leaf widith and leaf length were eptimated from

the sawe tracings. These paramneters dere recorded st

148tl: day after sowing.

Pry datter and Root / Shuot Ratio

The piants were harvested at 4, 8§ and 12 weslks aiter the
start, of the esxperiment. Whole plants wers renovod frow
zach ot and the root system washed in tasp water 1o
remove  sand. Plant parte were sgeparated into shoot and
root portions, dried over-night at 10000 and walghed,

The data were expressed as dry weight per plant part and

Root /SBhoot ratio,



I,

Plant Tissue Analysis
The upper most leaf blades of esch treabaoent were collecond
and composived inbto one sample.

0
The samples were tranaferred into an oven and dried at 74 ¢

for 24 hours. The oven dried samples were ground in a mill
to pass a 1 mm , sieve and kept in plastic containers until

analysis,

The piant naterial ves digesgted using the wet degiruction
method described in F.A. 0. =soils bulletin (1880) with slight
modiflcsiions. 0.3z of the oven-dried plant material instead
of 0.5g suggested in the F.A.Q. bulletin, was introduced into
a tesgt-tube and digested with 4wl., conc. H 30 on a hot
wlate at.ZBOOG. Small guantities of 30% Hz Gz wis added at

intervalzs untill the digest became clear. After cooling,

the digests were diluted to 75 ml. with deionized water.

Deternination of K, Ca and Mg

Aliquats of digests were diluted with 0.1% Lanthanum
chloride and concgentrations were determined by Atomic
Absorption Spectrophotometer (Model Perkin Hlmer 2380,
using a mixed standard of K, Ca and Mg. Air - acetylene was

used azg a fuel.

18



Beobe o enoar ol oof 7 ouoan o

Aliguates of the wet digest solutions were diluted with

vuare wWahber and gimaltznecus determination of N and P owvere

mades with Contlinuce Flow Analysis {aubo-analyesy) uaing the

standard methods of Chemlsb. Instrumentes Lid.1881.

17



e lbe

The raw dats have been ol nesformed inte histogramsg and line
graphs and these are shown in Figs., 1 to 16, Analysis
of varisnce following Orlioci and Kenekl (1985) was run in the
Biology Dert. UTlora Pyvolect Hewletl - Packard 150 po.  The
resulte of ths wnalysls are shown in table 1 - 12 in  the

appendix . .
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affect the composiition of the plant tGissue (Raymond, 1989;
Whitehead, 1968; cited din Duell & Trout, 1972, Viets, 1980,

Donohue at., al. 1981 and Cherney and Robinson, 1985).

48



CONCLUSION

The resultis of situdies of the effect of nutrient gradients on
the three grass species in pure and mixed stands showed that
growth 1in 811 cases was highly reduced by a shortage of
natrient supply. Plant height, tiller number, dry matter, and
leaf area, length and width of all three species increased in
responge to increasing nutrient supply while the root/shoot

ratio decreases with increased nutrient supply.

Among other characters dry weight and tiller number are the
most informative for prediciting establishment potential in
the field (see also Tyler, Chorlton and Thomas, 1987). In the
present study, with regards to dry welght and tiller number,
P, gchimperi was found to be & poor competitor, it failed to
survive competition when introduced in mixed stand with A.
abvssinicus  and Hyparrhenis pillgerana. In +the mixture
experiment the speciezs most benefited by the addition of
nutrients were the two dominants, Andropogon and Hyparrhenia.
In contrast, under the augmented nutrient regimes, P.achimperi
was markedly depressed apparently because of the enhanced
competitive pressure from the two luxuriantly growing

dominants.
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B, pehiwperd being tolerant to grasing {(or less favoured by
livestock) Dbecomes dominant or replaces the less tolerant
species, A, abvssginicus and Hyparrbenis pilgerasna in over -
grazed areas but falls to compete with them under conditions

of less stress (see Zerihun, 1885, 19886).

Tropical grasses tend %o be low in nutritive value (azee
Siewerdt & Holt, 1978) and even 1f a very small increase in
efficiency could be obtained by nutrient application, the

overall economic benefits might be considsrable.

It is ©possible to wsuppress the lsss  palatable grass,
E.schimperi by application of fertillizer in pastures. The
eéon&mic benefits must, however, be weilghed and optimal
concentration or rate of fertilizer appllcation must be
assessed for definite recommendations, To get the most
return of such endeavour the time of harvest should be
determined since Hyparrhenia pilgerana can iose its
palatability at old age.
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Table A.1,

Table of AHOYA for

Plant Height cn /plant

Species Source of o .t K.5. ¥
variation

4 250,825 1 250,626 {3,638 ¢

ARDROPOGOX B 2765430 B 5451.02% 966,540 %
¢ 15870410 10 15870.410 276.33¢ ¢
4B 160.856 3 32.131 5,195 1
A 167.422 10 16.742 2915 wu
B 5336.250 50 107.925 18,792 %
ABC §33.786 &0 10.675 1859 ¢
Error 1516.203 264 5.743
Total 51650.460 395

HYPARRERTA Treatrent
i 32.656 t 32.656 §.625 %
B 32668880 5 £533.77% 1326473 %
G ' 19069.310 10 1996.031 404,824 ¥
1B 188, 154 § 37.831 7.6 «x
i $34.891 10 43.489 8.822
BC 5417.672 §0 109.553 22,225 %
48C 378,453 5 7.669 1538 .8
Rreot  130L.350 264 1.9%
fotal  60442.380 395

Key & - Hixing Ft - Bignificant at 0.1% level
B - Tiae of Probability

6 - Hubrieni levels

it - Significant ai 0.5% level
of Probability :

e - Sigpificant gf 2.5% level
of Probability

H.§ - ot Significant
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Table of AHOYA for
Plant Heisht cm /plant

Species Source of 89 D.E, K.S. f
Yariation
PEMRISETON  Treatment
& 57,680 1 67.680 0.669 H.§
B 36720.170 3 7345.835 \ 72.642 %
¢ 15486.730 10 1594.673 15,710 ¢
A8 §50.438 5 130.088 1.286 .8
i 759.18¢ 10 75.198 0.750 .S
B¢  12660.81¢ 50 253.218 2.504
480 5011.438 50 | 100.229 0,991 W.8
Rrror  26696.580 264 101.123
Total  98522.020 385
Fey & - Hizing Pt - Significant at 0.1% level
8- tiee of Probability

G - Hutrient levels it - Sigaificant at 0.5% level
of Probability
ket - Significant at 2.5% level

.5 -
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of Probability
Hot Significant



fabie 4.2 Table of ANOVA for

filler fumbey /Plant
Species Source of 38 DR H.5. ¥
Yariation
Treatnent
ANBROPOGON 4 102.328 1 102,528 84788 &
3 WIS 5 5018 M50
¢ 2568.251 10 256.§25 212,806 ¢
iB 110,422 5 22.084 18,299 *
i6 §4.254 10 9.425 7.810 %
B BT s 26,360 20842
480 104,859 50 2.093 11 1S
Etror 318.608 264 1.207
Total 6096.092 395
Treatnent
HYPPARKENIA 4 25.104 i 26,104 12.805
B 2351.1869 5 470.274 239.8713 ¢
¢ 3660.709 10 388.071 19734 ¢
8 18.951 5 3.780 1,833 WS
AC 17.013 10 1.701 3.9 1
B¢ 1482.809 50 29.65¢ 15,121 ¢
ABC 83.173 50 . 1,663 0.348 H.8
frror 817,575 264 1.961

fotal 8436.762 383

Key

A - Hixing
B - Tiee
¢ -  Hutrient level

F& - Significant at 0.1% level
of Probability
0.5 - Hot Signiflcant



fable 4.2 ‘fable of RHOYA for

filler Hunber /Plant
Specles Source of a5 D.E .5, F
Yariation
Treatnent
PEHEISETON A 244,319 t 240.319 116.097 &
B 1455648 5 291.130 140,644 2
¢ 1648.977 1 164.998 79.662 %
i8 146,585 § 29,311 14.153 *
i 125.574 10 12,587 6.066 *
e 958,785 59 18,178 9.284 ¢
480 £, 50 2.344 1,133 0.5
Error 546.4714 264 2.070
Total 5239584 395

ey b - Hixieg
B~ Time

€ - Huirient Level

B¢ - Significant at 0.1% level
- of Probability
H.5 - ot Significant
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B - Hutrient Level

of Probability

H.5.- Hot Significant
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fable 4.3 fable of AHOVA for
A
Lgaf Area ca / Plant
Species Source of Hh .k H.5. ]
Yariation
freateent
AKDROPOGOR ) 51674 { 55.674 .49 K.5
B 1842.620 14 184.262 25.840 %
AB 133.401 10 13.340 1.871 1.8
Brror 313,655 L 7.1
Total 2341.351 65
Treataent
RYPPARREXIA i 13.215 1 13,475 1.3710 .5
B 2954863 10 295,486 - 30.492 &
&b 52.473 18 5.241 0.541 H.5
Brror £76.383 i 9,891
Total 346,594 85
Treatment
PENKISESON A 0.255 1 0.255 0.088 N.5
B 1182,565 1] 118.258 0,012 %
4B 23.015 i 2.302 0.179 %.5
frror 130.044 4 2.956
Total 1335.879 65
Eey A - Hixing Ft - S{gnificant at 0.1%}evel



fabie 4.4

Table of AHOTA for

eaf Length c¢a /Plant

Species Source of 88 D.E., H.5. £
Yariation
Treatuent

ABDROPOGON & 103.355 i 103.355 .21 #.5
B 3793.957 10 378,998 26.541 %
AB 248,219 _ 18 24,822 1,134 N8
frror 629.953 44 £4.317
Total 4781.485 ]
freatrent

HYPPARRENIA i 29.203 i 29.203 1,050 4.8
B §557.086 1] 355,708 30,753 &
AB 257,841 1] 25,788 8.921 H.8
Ereor 1224305 L1 27.825
Total 10068. 430 5%
Treatment E

PERGISETO A 0.672 { 0.672 0.019 H.8
8 8255.668 10 523,567 35.269 1t
AR §13.984 16 41,398 1.769 R.8
Error 1029.953 44 23.408
Total 2740.278 g5

A - Hixing

Key - .
B - Hutrient Levels

Ft - Significant ab 0,1%1evel
of probability
H.5.- Hot Sigeificant
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fable 4.5 fable of ANOVA for.
heaf Hidth , e /Plant
Species Source of B8] D.E. #.9. ¥
fariation
Treatnent
AHDDROPOGOH L} 0.500 t §.000 0,061 &.8
B 1,905 1B 0.150 30.007 ¢
4B .13 10 0011 2,261 NS
Error 0,220 44 0.005
Yotal 1.838 6%
Treatnent
HIPARRHRHIA [} ¢,022 H 0.022 45 HS
B 1.231 10 0.123 26,334
4B b.016 10 0.001 £.306 .5
Brror b.213 4 0.003
Total t.481 85
Treataent
PEANISERUN A 0.010 1 0.010 1016 K.$
B 0.687 10 0.069 .08 ¢
AB 0.150 19 0,015 18715 H.§
Error 0.420 Y §.010
Total 1.261 65

fey - A - Hixing

b - Heirient Level

F& - Significant at 0.1% level
of probability
H.5.- Hot Significant



Table 4.6 Table of AHOVA for

Dry Hatter Production, gm /Plant

Species Source of 55 D.E. 0.5 !
Yariation
Treatnent
ANDROPOGON & £1.032 1 47,032 38,096 ¢
B 2891.67% 10 2591. 167 209.928 ¢
¢ 15.510 2 7.785 | 6.281 M.§
AB 81.975 10 8.198 B6.640
&€ 1.776 Z 0.886 0.719 K35
i 177.989 20 8.6830 7,209 ¢
88C 12.4719 i 0.624 .508 4.3
Rrror 162.981 132 1.235
fotal 309,396 197
Treatnent .
BYPARRHENIX & 9.68¢ 1 9.689 15.828 ¥
B 1252.831 10 125.284 204,663 ¢
¢ 14,285 2 7111 ‘11.626 4
8 71,601 1t 7.160 11,696 ¢
iC 0.938 2 0.469 6.766 .5
Be 47335 2 2.381 3.866 ¢
480 8.898 Pl 0445 0.721 .8
Error §0.807 132 0.612
Total 1486.341 197
fey - A - Hixing ft - Bigniffeant at 0.1% level
b - Hutrient Level of probability
K.5.- Hot Significant
#
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Table 4.8 Table of AHOVA for
Dry, Hatter Production, ga /Plant

Specles Source of 85 .k K.5. 3

Variation
Treatzent

PERNISET0N & 42.113 1 42.173 270.9%8
§ 633,529 10 63,483 407,092 %
6 3.643 2 f.821 H.704 ¥
L3 244.281 1 22,428 144,118 ¢+
AC 0.642 2 0.321 2.063 H.5
BE 19,518 20 0.976 §.271 %
450 §.304 2t 0,485 2.989 %
Error 20,542 132 0.156
Total 953.633 197

Bey - A - Hizlng

B - Hutrient Levels

¢ - Tige

Bt - Signifieant at 0.1% level

of probabillty

H.9,- Hot Significant
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Table A.7 Table of ANOTA
Root / Shoot Ratio

for

Specles Souree of 85 bt .5, ¥
fariation
Treateent
ANDROPOGON 4 ¢.112 1 .112 0.857 H.§
’ B 5.463 10 0.546 {116 %
18 0,405 10 $.040 §.309 A8
Rrror 5,787 L1 0.1
Total 11,736 65
Treatocnt
HYPARRARAIA & 0.086 H 0.086 §.560 4.5
B 4856 10 0.486 6w
8 0.415 14 0.042 p.2711 NS
Error 6.743 44 0.153
Total 12,146 6%
Treatasat
PERHISETOY & g.001 1 R 0.013 k.S
B 2.710 16 6.2711 2,130
&8 5.5[3 10 0.051 0.506 ¥.5
Brror 4,464 4 .10
65

Tolal 7.748

Fey - & - Hixisg
B - Hutrient hevels
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Ft - Signifieant at 0.1% level
of probability

it - Gignificant ab 0.5% level
of probability

Y - Sigaificant at 2.5% level
of probebility



fable 4.8 Table of ANOTA for Percentage

i Contenk of besves.
Gpecies Source of 55 AR i.5. F
Yariation
freatnent
ERDROPOGON 4 0.246 1 0.246 164.864 ¢
B 16.487 9 1.832 1225.340 ¥
£8 0.404 9 0.045 30.047 ¥
Error 0.030 20 0.901
Total 17,167 38
freatzent
HIPARRHERIA & §.161 i 8.161 .13 %
B 12.144 9 1.348 850.328 ¢
48 ' §.509 ) 0.057 .28 ¢
Error §.041 Pl 0.002
Total 12.858 33
Treatuent
PEMRISETOR A 0.104 ! 0.104 20.182 %
B 13.678 L} 1,520 4792 %
18 1.464 9 0.163 LB %
Ereor 0.103 20 §.005
Total 15.34¢ 3
Fey - 4 - Hizing % - Significant at 0.1% level
B - Nutrient Levels of probability
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n

Tahle 4.9 Table of AHOYA for Per
P Content of leaves

Species Source of 85 D.E. i.5. F
Variation
Treatnent
ARDROPOGOH A 0.016 ! 6.016 416,153 ¢
B 129 9 0035 GTTI ¢
A8 0.035 g §.004 104,833 3
Error 0.001 20 0.000
Total 0.281 39
Preatnent
RIDARRMENIA A 0.000 1 0.500 §.068 k&
B 0.022 9 0.602 §4.318 %
48 0,005 9 0.001 .26 ¢
Eeror 0.001 20 0.800
Total 0.028 18
Treatnent
PENNISETON & 0.005 ! 0.005 264.15%
B 0.181 § 0.020 1148405
A8 9.026 § 0.003 184,777 &
Brror 0.000 i 0.000
Total 0.212 39
Rey - & - Kixing : ¥ - Gigalficant nt 0.1% level of
B - Hutrient Level probability
it - Significant at 2.5% level of
probdability
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Table 4.10 Table of AMOYA for Peveentsge
B Content of Leaves
Opecles bouree of 88 .2 1.5, f
Variation
Treatnent
ANDROPOGOK & 0.886 1 0.686 199.318 ¢
B 1.083 9 0,787 225.508 ¥
AB 0,782 § 0.087 26,218 ¢
frror 0.088 20 0.003
Total §.620 38
Treateent
HYPARBHEHIA A 0.02t 1 0.2t 17.588 3
B 3.090 8 1.610 833.138 .«
4B 0.771 § 0.086 71619 ¢
frror 0.024 20 0.001
Total 9.912 3
Treatnent
PRHMISETON & 5,578 { 0,578 315.65¢
B 22.298 $ 2478 1361.953 ¢
48 0.791 9 0.088 48,352 ¢
Exror 0.031 20 0.002
Total 2.1 3

fey - & - Rixing

B - Hulrient Levels

of probability

Bt - Significant at 0.1% level .



Table A.11 Table of LHOVA for Percenlage

s Content of heaves
Species Source of 55 D.E. N.5. f
Yartation
Treataent
ARDROPOGON & 0.016 1 0.016 9.088
B §.710 9 0.079 $H.97 ¢
AB 0,188 9 0.021 12,148
Brror 0.034 20 f.002
Total 0.948 3
Treataent
RYPARREENIA & 0,192 1 0.192 88,303 ¢
B 1,795 § #.198 §2.423 %
| i3 0.223 8. 0.925 11.495 ¢
Beror 0.043 20 §.002
fotal 2.253 39
Treataent
PEHKISETON & §.163 1 0,163 314,088 ¢
B 0.939 8 0.104 201501 ¢
LB 0.153 9 0.617 32.903
Error 0.610 20 0.001
fotal 1,265 3

fey - A - Bixing
B - Kutrient levels

gt - Gigeificant at 0.1
level of probabiiity

8 - Significmmt at 1%
level of probability
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Table A, 12

lable of AHOVA for Pevcentage
e Content of heaves

Species Source of b B.E, K.8. !
Variation
Treatzent
AKDROPOGON & 0.001 H 0.001 9.520 ¢
B 0,082 9 0.009  140.068 ¢
i8 9.008 g 0.001 14,800 «
Error §.001 20 0.000
Total 4,093 38
reataeat
RYPARRHERIA A §.014 ! 0.014 273,885 3
B 0.338 9 §.038 751233 ¢
48 ﬁ.ﬂll g £.601 25.142 ¢
Eeror 0.001 20 0.000
Total 0.364 38
Treatnent
PRNHISETON A 0.025 1 0.028 801344
B 0.158 ? 0,017 §28.931 &
48 8.023 § 4,003 93.863 ¢
Error g.901 20 £.000
Tolal 0.204 39

Key - A - Mizing
B - Hutrient levels

Ft - Significent at 0.1%
level of probabillty

t - Significant at 1%
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DISQUSSION

Among other vegetative properties height has been considered
important in competitlve interactions beiween species in relation
te environmentsl gradients (Dubbs, 1871; Shamsi and Hhitehead,

1977; Grime, 18792).

In the pregent experiment analysis of wvariance ghowed that
the effect of nutrient gradients on the height of all plants was
statistically significant (P< 0.001). The plants also showed a
slgnificant difference in héight with time (Figs. 1-3).The height
of all species increased in response %o inareasing nutrient
concentrations. Plants that were grown in lower concentration
1/32x, and 1/64x were greatly reduced in silze and hardly

branched.

The effect of wmixing on height was more pronounced in
A.abvssinicus and Hyparrbenia pllgerans than E.gchimperi where
there waes not a significant difference in height Dbetween wmixed
and pure plants { Appendlix Table 1). All speoclies sttained
maximam height at the 2Zx and 4x nutrient level, The interaction
‘hetween nixing and time and mixing and nutrient concentration was
gignificant (0.l%leyel) only for Andropogon and Hyparrhenisa while

there Has a significant interaction bhetween nutrient



congentration & %ine for sl} species. The interaction between
time, nubrient concentration and esch parameber were
significant only for Andropogon. Thesge would iwply that in
Andropogon a difference in height attributable to mixing
depends on the particular level of nutrients and days of

meaguremnent.

Tillering vrefers to branching at the base of the grass sten.
Although the grasese plant is an aasemblage of shoots, the
individual +tiller has been considred by many investigators to he
the growth unit of grasses (Bor, 1873). Productivity, in fact,
depends to a greater extent on the ability of the plant +o

initiate tillers and on the later development of these shoots.

For many perennlial grasssg the tiller is important as the organ of
perennation (Jewiss, 1966; Langer, 1978) and the sbility +to
tiller rapidly is recognized as an imporbant attribute of a

pasture grass, eg. knight (1861).

In the presgent atudy snalvesis of variance sghowed & gilgnificant
difference (P<0.001) in the number of tiliérs produced in plants
that were grown at the different nutrient laveis in =811 three
species. The effect of mixing and tine on tillering was algo
statistically significant ( Fig‘ 4-6, Appendix Table 2 ).The
interaction hetween mixing .and time was slgnificant only in AL

abyvsainicus and P, sgchimperi. There were significant
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interactions beitween mixing and nutrient <oncentration and
between +ime & nutrient conceniration in all species. The
interaction bheiweer Lime, tiller number and nutrient
concentration wag not significant, dimplying that a difference in
tillering attributable %o mixing does not depend on the

particular level of nutrients or on dayvs of measurement.

Tiller production in both annual or perennial epescies has bee
shown to Dbe strongly affected by the level of mineral supply
(Laude, 1872). Mineral nuitrition has a s&trong influence on
the number of tillers produced, and it also determines the lengtk

of time over which new tillers appesr.

For ingtance Langer (1966) and Willis (1965) reported that in
both c¢ereals and arasses at low level of nutrition, +tillering
stopred sooner and after fewer tillers had appsared than when
nutrients were given at full strength. The presgent study is in
sgreement with the above findings. Not only were more tillers
produced, but also the tilillers were much bigzer and more vigorous
at the higher level of nutrition 2x, 4x and 8x, Tillering in the
baslc nutrient concentration (1x) waes moderabte but much better
than in the lower concentration and the control (tap water) where
tillering was uniformily poor. For all the epecies, either in
pure or in mixed stands, tillering did not appear until the

second time of measurement (35th day after sowing}.
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The difference between the plants In pure and mixed stands was
not only in tiller number, but also in the appearvance of new
tillers. In the mixed stands +tillering was not apparent in the
lower concentrations. For examnple, tillaring‘in A, abyesinicus
started only during the fourth measurement time (Eb5th day} at
1/8x nutrient level whereas in pure stands tillering started
already in the second measurement time (35th day after sawing) at
1/16 x nutrient level (Fig.3). The effect of-mixing is more
pronounced in P. sgchimperi because ftillering occurred at the 3rd
neagurement at 1/4x nutrient cone.,while in pure =stand it

cccurred at the lowest nutrient level (1/64x) (Fig. 6)

The effect of nutrient conc. on leaf area,leaf length snd leaf
width is highly significant{P<0.001} for all piants (Figs.7-9,
Appendix 3~5). Analvsis of variance showed that the differences
in leaf areas,leaf lengths énd leaf widths of pure and mnmixed
plante of all three species is not significsnt. The interaction
betwsen mixing and nutrient concentrstion is not significant either

Z
The highest mean leaf area (20.39 em ) in A. abyssincus in

pure stand experiment occurred at 4x nutrient level, while the
: 2
mean control leaf area was only 2.28 e¢m . In mixed stands, the

peak leaf area at 8x nutrient level. Hyparrhenia in bhoth

2
mixed and pure stand showed a peak mean leaf area ., 25.98 c¢m
2
and 22.59 cm respectively at 8x nutrient level. EB. schinperi also
showed a trend simlar %o that of Hyparrhenia pilgerans.
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A, abysginicug had s leaf length of mersly 7.70 cm in the control

while +the plant attained the highest leaf length (36cm) at  2x
nutrient level. Hyparrhenis pilgersna sttained ite highest
leaf length (50.30cm) at 2x nubtrient level while the control was
only 10 cm long. P. gchimperl at 1ix nutrient level was 45.76 om
long and the control only 7.03 cm long. dnalveis of varlance
between plants 1in mixed and pure stand experiments did not
show any significant difference. There was, however, a difference

betwesn the nutrient levels at which they attained a peak (Fig. 8).

Leaf width showed significant variation (FP«<0.001) under the
different freatmente. A.sbygsinlcug in pure gtand had maximun
leaf width (0.88 cm) at nutrient levels, 1x, Zx and 4x, while the
control was only 0.16 cm. wide. F.sehimperi had the highest
value, 0.56 em, at 8x nutrient conc. and the control was (.13 cm,
wide, However, there was no significant difference between leaf

widths of plants grown in pure and mixed stands.

In generai, the increase in leaf area, leaf length and leaf width
of all plants in response to increasing nutrient leveals
manifested the important role of nutrients in the overall growth

performance of plants,

The effect of nutrient gradient on the total dry weight yield is

ghoun 1in Fig.10-12, Increasing nutrient cone. increased dry

N



natter (DM) yields of all three species In both experiments for
the 4th, 8th, and 1l2%th week growth periods. There was =a
significant difference (D.1%) in yield between plants grown in
pure and mixed shtand experiments. There was a slgnificant
intéraction between mixing and nutrient concentration and +tine
and nutrient concentration, while the interaction between unixing
and time was not significant. The interaction Dbetween tine,
nutrient concentration & mixing was significant only in P.
aschimperi indicating that a difference attributable to mixing in
P. schimperi depends on the particunlar concentration of nutriénbs
and days of measurement (Appendix Table 6). All species show the
same ganeral trend of reeponsge of increase in yleld as nutrient
level incresses. However, +the dry welght of A.sabygsinicus and
P.oschinperi at the highest level,8x, is less than that of 4x. In
general, +the plants receiving the basic nutrient solution to
the higher levels showed good growth; those receiving lower
mbrient conc. showed moderate to poor growhh while the control
produced by far the least growth. A c¢lear and distinct difference
in yvield war observed at higher level of nutriticn wheresag in the
lower concentrations there was no marked difference in vield

between subseguent dilutions.

Improving plant performance by nubrient sppllcaticon is a long

known fact and has baen establisghed by several investigators
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{(Jordan 1913 cited in Gilbert, 1850: Evans,1960; Grundon.,18972;
Jung and Kocher, 1974, Remison, 18578; Austin and Austin, 1980

White and Halvorson 1980; Halvorson and Hhite 1981;Pemadasa, 198%).

The effect of excessive nutrient application in reducing plant
rerformance has also been reported (Andrew and Johansen, 1978,
Donohue et al., 1881; and $Smith, Cornforth and Henderson, 1985).
In the prgsent study , of the +three grass species Andropegon and
Fennisetum in both pure and mixed stand experiments had their
peak performed at the same nutrient level, 4x. Hyparrhenis

showed a maximum vield at 8x along the nutrient cone., gradient.

S0 far little work has been done using mixed stands when compared
to pure stands {S8immonds, 1962 : éited in England, 1868
Shontz and Shontz, 1972; Austine, 1982; Austine gf. al; 1985).
Although Pennisetum performed well in pure stands, it had a
mach  lower vield 1in mnmixed stands compared with those of
Androvogon and Hypgg;bgnjg. It was almost 4x and 3x less

than Andropogon: Hyparrhenia respectively at the 4x nutrient
level where it attained maximum vield, The maximam vield
observed for individusl species in wmixtures varies widely
from 12.66 g for Andropogopn %o 3.18 g, for Penpisebum egchimperi.
In the mixed stand experiment, the results obtained, specially
as regards to tiller number and dry matter production,

suggestes that P, schimperi is a poor
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competitor. Among other factors the relatively small seed
weight (1000 grain wt = 0.56 g} of P.schimperi, compared +to
1.77 ¢ & 1.66 g of Andropogon and Hyparrhenia respectively
might be attributable td ita poor competitive ability. It has
been stated +that 'In some instances the size of the seed may
confer a particular competitive advantage (Risser, 1968). Evans
and Young (1972) c¢laimed that most perennial grassss are

suscepitble in the seedling stage to competition because of
relatively low seedling vigor which 1is assoclated with seed size
and weight. And 1t is stated that increased seedling vigor
attributable to seced size and welght le a result of greater

reserve materials in the endosperm (Mckell,1972).

The improvement in vigor of the grasses to which increasing
nutrients wore added was reflected in increases in heights of the
shoots, increased tillering and greatly enhanced dry weighﬁs. In
general, the considerable increase of growth in grasses enriched
with nutrients i/ & strong evidence of the importance of limiting

effectes of nubrient supply,

The effect of nutrient gradient on the root/ shoot ratioc is shown
in Fig. 13. Analysis of variance showed the difference in  the
root / shoot ratio of plants under the different braatmenta to be
statistically significant (Appendix Table 7). However, the

difference in +the root / shoot ratic of all plants grown in
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pure and mixed stand 1s small and does not reach the level of
shtatistical significsnce (10% level)., The interaction bhetueen
mixing & nubtrient concentration is not significant. In all
species and for both pure and mixed stand experiments, the
plants responded to each successive dilution by an increase in
root / shoot ratio, (See also Vos, 1862; Viets,1965; Shamsi and
Whitehead, 1977; Black 1968: «c¢ited in Andrew and Johansen, 1978

and Austin et. al., 1985).

Such an incresse in Bhoot /Root ratio (or a decrease in root/
ghoot ratio) at the higher level of nutrition is consistent with
the hyppothesils that at low nutrient’ concentration the ability to
pult more biomass 1into root production is an advaniage whilst at
high nutrient concentrations shoot hiomass conferes a competitive

advantage (Austin, 1982).

A decreasge in the dry welghts of roots with increasing levels of
nuatrients had &also heen established by other investigators
( Vose, 1982 ; Hackett, 1985 and Clement, Hopper and Jones, 1878).
Although in the present.study, the weights of roots were not
reduced at the higher concentration of nutrients.examination of
the root systems'revealed differences resulting form the nutrient
regimes. In general, roots recelving lower level of nautrition
were more finely divided and had plenty of intertwined roots, In
contrast, at the higher concentration the root aystems were much

thicker and sparse.
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Competition between +the root and shoot for minerals and
photosynthesis hag {requently been invoked to explaln the changes
in root. to shoot ratio brought about by change in the

environment (Troughton, 1967).

Herigtems nearest to the source of supply of substance can  have
the greatest competitive ability for that substance.
Accordingly, roots are the better competitvors for minerals, while
shoots the better competitors for photosynthsates., This may
explain why root growth is lsagt affected by a shortage of
minerals. The shoot merisgtems depended upon minerals
translocated +to the sheoot and would therefore, increase in size
or number in proportion to the unubrient supprly. The accompanyving
decrease in root size ig atbtribuited to a limited supply of

photosynthates {(Humphries, 1958).

Plant anslysie as a tool for agsesegine the nutritlional sibtatus of
plants has recelved much atitentlon and many experiments  have
shown the relationship between mineral element content in leaves
and in the growth or gubstrate. Motivation for determination of
nutriant concentrations in leaves for disgnostle purposses arises
from the assertion that there exisis & relstlionship between
nutrient supply and levels of elements and that increases or
decreases in  concentrabions relate to higher or lower yields,

regpectively (Evenhius and Waard, 1980 and Okaye. 1880).
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Changer in wineral mabrition sppear to be reflected 1in  the
concentrations of leaf nutrients which varies with the conditions
of nutrient supply in the medium. This variation in tissue
concentration in response to A change in the external supply had
been reported by several investigators (Goodall and Gregory,
1947; Smith, 1882; Vose, 1982; Hojlati, Templeton and Taylor,
1997).

In the present study analysis of variance showed that there was a
significant difference in the concentration of nubtrients 1in the
leaven of plants under the different Lreatments for both
pure and mixed stand experiments (Appendix Table 8-12). Internsl
nutrient concentration rises in response to increasing nutrisent
supply (Figs.14-16). BSimilar results had been reported for
Erilobium gp. and Lythrum gp. in the works of Phamsil and

Whitehead (1877) where nutrient concentrations in leaf, stem and
root wWere affected similariy by decreasing concentration of the
solution, They had found a very high nutrieant levels in the
leaves of planis grown in the full strength culture solution than

those grown in the series of dilutions.

For all elements analysed there was generally a rise in tiksue
concentration with increased levels of nutrient supply, though
there were a certain anomalities where nutrient concentration in

the leaves did not respond +to increased nulitrient supply. For
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instance, in A, abvssinicus plants that weres supplilied with 1/8x

nutrient level relatively showed higher; percentage Mg content

{0.31%) in leaf tissue than plants given 1/4x which had 0.29
percentage Mg . Percentage P content in leaf +issue of
Hyparrhenis pilgeransa showed 0.18% in 1/2x the nutrient level

while in the basgic solution the percentags P content was 0., 168%

Similarly in P.schimperi, plante grown in 1/4x% nutrient level had
high percentage of P content {0.27%) than those in 1/2x nutrient
level which had 0.24% F content. These anomalities might be
ascribed to small differences in nutrient level between

subsequent dilutions.

Bince the supply of nutrients from solls can be variasble, it is
not surprising to find differences in the amounis of various
nutrients in plants in the field (Filter and Hay, 1981). The
mineral nutrient reguirement of all plants are not the same both
qualitatively and quantitatively (Gerloff, 1963). Differences in
the amounts of nutrients could alﬁé be obssrved under controlled
conditione, and furthermore much uniformity and much diversity
are known to exist in the nubrient needs of planis and their
ability +to get them (Viets, 1880), By the same token, 1in the
present study confents of N, P, K, Ca, and Hg in leaf tissues do

show variaticn amonZ the three gpecies, Asgare {1874) had

i

reported that in the pure gtands Qentrogiimsa gn.had the highest B
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content and Andropogon gavanus  the lowest and he alsgoe  found

gimilar results in the mixed stands.

Leaves of all species generally showed & higher percent of K
content at all levels of treatmente evan at lower concentrations,
than the oither elements. A relatively higher percentage of N and
Ca content was obtained in leaves of A.abvasinicus than the other
two species and a higher percentage of P and Mg content was also
observed in Andropogon than Hyparrhenia , while the percentage of

P and Mg content was highest in leaf tissue of P.goehimperi.

The variation in the c¢hemical composition of leaves befween
plants in pure and mixed stands was gtatistically significant.The
interaction between mixing and nutrient coneentration was
significant which would imply that the difference in the intefnal
tissue concentration of all plants under the different nutrient
levels depends on whether the plants are grown in pure or mixed

atands.

Althbugh leaf nutrient concentration is contrelled primarily by
nuitrient supply, there are many factors indirectly influencing
the mineral element content of plants. The final manifesgtation is
the resultant of sll parameters influencing each other and the
plant (Cottenie, 1980 and Okave, 1980). Among these factors,
maturity or physiclogicsal age of the plant, seasonal and

climatic factors, soll parameters and plant gpecies are known %o
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