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The effe,',ts of n'Jtrient gru.dients on the growth and chemlc8.1 

compositions of three grass specief1 (Arilll:ll.];LQ®ll /lby<Ul.iuiilll.§. 

R, Br, ex lfresen; lIyparrhenia pilgerana C. E. Hubbard and 

Pennisetum aQ]liIflPftll A. Rich) grown in pure and mixed stands 

were investigated to examine the response of the grass 

species to different concentrations of total nutrients and to 

detect any difference in the growth 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 u. series of concentrations of the Long Ashton 

Nutrient Solution. 

Plant height, tiller number, leaf area, leaf length and leaf 

~lidth, total dry matter and nutrient concentrations in tt,e 

tissue increased with increasing nutrient supplies for both 

pure and, mixed stand experiments of all the three fJPeeies. 

Root /5hoot ratio, on the other hand, decreased as nutrient 

supplies increased. 

There was a significant differenee in plant height, tiller 

number, dry matter, and internal tissue concentration of 

plants grmm in pure and mixed stand. However, leaf area. leaf 

length, leaf width and root /shoot ratio did not show any 
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wltrients were increased density of the shoots. growth, and 

general improvements in the veget.::ttive vigor of the plar .. tfJ. 

The results of dry matter production and tiller number 

indicated that P. schinmeri to be a poor competitor in mixed 

st.ands. 
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un'nQD~;CTION 

conditions to form the grasslands that OCCUpy about o~e fIfth 

of the land surface of the globe (Mckell. 1972). Grasslands 

pastures for grazing animals. Thus man has always been 

interested in grasslands. and in their extent and management 

(Gould. 1968; Vos. 

Kocher, 1974). 

biotic factor upon 

1969; Duffey et.al. 1974; Jung and 

Since grazing is the imposition of a 

vegetation the maintenance of grassland 

becomes an immidiate ecological problem (Bor, 1973; 

Jewiss, 1966 and Baker, 1978). 

Out of the 10,000 estimated grass species of the world only 

40 are cultivated to any appriciable extent for pastures in 

both the tropical and t.emperate regions (Hartley & Williams, 

1956; cited in Mckell,1972, Tothill,1978). Although forage 

crops, grasses in 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 justifies their consideration 

as crops in their own right (Dunham,1957). If farmed at its 

highest potential, grass yields mOre starch and protein 

~quivalent per acre than any other crop (McIlroy 1972). If 

grassland agriculture is to be understood and exploited 
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t~o t,he full, 

po t.1:;l~ tial i t iee 

comn-lu.n i t~.es, 

it is 

Df 

t.heir 

essential at the outset 

grnf{l3eS J the iL' place 

lw,bit 8"d' phisiology 

to understand the 

j,n the natul.'l,l 

-, in ShOlt tite il-' 

ecologioal and biological relationships (McIlroy, 1972), 

Regulation of the mineral nutrition of plants is one of the 

most ancient and most accesible methods affecting the growth 

and yield of c~ops, and in the past many experiments have 

concentrated their efforts on the problems of plant nutrition 

(Willis, 1963; Hackett, 1965 and Langer, 1968), It is 

essential to knoH the response of plants to mineral elements 

since it is the major factor in determining their natural 

distribution and their ability to grow and survive in 

ecosystems that have been altered by man (Andrew and Johanson, 

1978) . 

Many pastures that are either sown or native, occasionally by 

design but more often by accident or influence of 

enviornmental factors consist of several species. Because of 

this pasture - scientists over the years have shown a 

continuing interest in studying interactions among pasture 

species (Hall, 1978; Tothill, 1978). Competition, as one 

of the underlying principles in plant communities, has 

received great impetus from the valuable contributions of 
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people like DEmit (l9,,:);ci~,ed h, H8.11,19'(8), R'1,'perU961; ,::ited 

in Hall,19 0 8) and Donald (1963; ci~ed in Hall, 1978), Plants 

may compete with each other for space, moisture and nutrients 

(Daniel and Robert'3,1966), 

Blaok (1966) indios.ted th.3.t few terms in eoology have been 

used with Buoh a wide diversity of meaning as oompeti.tion, 

while Williamson (1957) showed that different definitions 

were given to the term by various authors interested in the 

fJubject, EtY}(JoI6gioally, the word competition meanB eeek 

together" (Hall, 1978). Clements (1907; cited in Hall,1978) 

and Donald (1963 cited in Hall 1978) proPofJed a 

generally acoepted definition of oompetition though not in 

congruity with the majority of plant soientists. Acoording 

to Clements (1907: cited in Black 1966), "oompetiti6n ifJ a 

quefJtion of the reaction of a plant upon the physioal factors 

which enoompaSB it, and of the effects of these modified 

factors upon the adjacent plants" Black (1966) 6ummerized 

the definition of ooropetition, a6 proposed by Clements and 

compiled by Donald, as consisting of :-

i. the modification of the enviornment by the 

preBenoe of a plant and 

ii. the effect of these modifications 

fJurr0unding plants. 

upon 



Because of its wider aPfli.cation, the term competition in one 

usage may cover the relationship betHeen the 

cOlilmunities and the environlilental f8.ctors tha.t tend to 

p18.nt 

limit 

their development and, in another, a detailed analysis of the 

interaction of individual plants with their mioroolimate and 

their effeots on the neighbouring plants (Blaok, 1966). 

It is also known i;ha.t symbiotic phenomenvn 8.nd any 

determinant i'lflueooe of one plant on another like the 

secretion of toxic substances (allelopathy) have been 

ineluded in the definitJ.ons of competition by some authors 

(Hall, 1978). 

As pointed out earlier, nearly every author interested in 

the definition of competition has his OHn Yersion, 4 but 

Silvertown (1987) grouped these definitions into two types :-

i. those whieh define the interaction on the basis 

of its meehanism (eg. Grime, 1979) and 

ii. thoE;e Hhich em~)hasize the outoome of the 

int.eraot.ion betHeen two oompeting species 

Hhich must, for example, lead to a reduction in 

the fJurvivorship, gro.lth or reproduction of 

t.he oOfilpeting inlji Vicl.uals (Harper, 

Begon, Harper and TOHllsend, 1980) 

1977; 



Plants are conceived as competing for necessities that are in 

finite supplies (Trenbath, 1874).Those plants most competitve 

by virtue of being best 8.dapted to the enviornment at a given 

time will thrive ~nd spread at the expense of other plants 

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

A series of studies have been undertaken to evaluate the 

response of individual species to gr8.dients of nutrient 

concentrations or other envir.)nmental factors. In contrast, 

there have been few studies of species in mixtures along 

nutrient gradient,s (Auc"tin , 1982). 

Parrish and Ba3~az (1982) have indicated the complexity of 

nutrient their indirect effects on plants. 

HOHever, bcocause plant species do show marked differences in 

physiological and ecological responses along nutrient 

gradients, Parrish & Bazzaz (1982) have emphasized the 

importance of such studies presumably because it can offer 

valuable insights into plant community organiZation and 

competitve relations. 

Austin and Austin (1980) in various experimental works have 

studied the performance of several plant species in pure 

and in mixed stands under different levels of nutrients. 
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They 8ugge6ti~d that elJI]ll an eXP0riment could provi,j8 a 

framework to the ecology of the plants by indicating those 

portions of a fertility gradient where particular species 

will be most produotive and which species will achieve 

dominance in mixtures at different levels of fertility 

(Austin and Am;tin, 1980; Austin, 1980, Austin ~t....J2.l.,' 1985) , 

Beoause inherent differences between species can be more 

apparent under contx'olled environmental conditions, the 

present experiment Has designed to explore the effect of 

nutrient gradients on the groHth performances of three grass 

species grown in pure and in mixed stands, 

Grasses belonging to the genera Panicllilh bmniset,um " 

AndropogQR.- Themeda and Hy))acrlL~ provide the dominant 

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

Although there are a large numberr of grass species in 

Ethiopia (Froman and Person, 1974) , the North Western and 

Central highlands are predominantly covered by members of 

three grass genera; namely bndropogon, Hyparrhenia and 

Penniset:unl (Zerihun, 1987). 

Zerihun's (1985) study of the grassland communities on the 

central plateau of Ethiopia has shown that three grass 

f.ipecies oonetitute the major cover of the plateau. 
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HYIH3rrh.0n.j-.'~. Djlg~:;x(:·n~ .3.nd An_d:r.PI-!.Qg'Q1.1 e.bYBin1_Ql-!.f:i_ P:.'f.;V8.iJ. I·_In 

prot~c·tGd sites wllereas the grazed areas are characterized by 

preponderance of £mill.isetn.l!l aQhinlP.~.rJ. (Zerihun, 1985,19813) , 

It is, therefore, needless to emphasis that livestock playa 

role on the local distribution of grasses by selectively 

grazing and browsing thus encouraging some grasses and 

eliminating others (McIlroy,1972; Watkins and Clements, 1978; 

Vos,1959; cited in Marten and Donker, 1968; Crawley, 1983) , 

Of the above three grass species, Amll.:9pogon abys J nicus and 

Hypan:.hIDli<l. pilgerl'\1lli. are more palatable. The latter to a lesser 

degree because of its coarse and stemmy nature at maturity 

(Froman and Person, 1974), hnn,Jsetum 1>-Q,hJmpeti 1S not 

favored by grazing animals, The unpalatability nature of £~ 

schimperi, is attributed to the very high fibre and silica 

content of the tissue (Evalson 1970; cited in Zerihun, 1985) , 

Zerihun (1985,1986) showed that gl'azing by livestock brings 

about a shift in the composition of the species. Overgrazing 

induces the replacement or dimunition of important species 

like Andropogon abyssinlcus and Hyparrhenia pilgerana by the 

less favored species like Pennisc{c,uul Bch! roperi on the central 

plateau of Ethiopia (Zerihun,1985,1986). 
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Gri.d 17; Y.' Pl'(-,:: ,_:},:>l, ,.::,'d C;OiHJ.)' t :1.on ij IJ,yP'fl. :rJ:b (:n.tt_ P tl g(~x";:i-n~'i t:: -;:-:; ;'!~eB 

t:;ventl.t·:'{.-;.]Y dl,·,.:-."i.n::Xl·t >:)ver A_L abY.9.Bini.c_vf.1. :}nd. tl"IL":.! ;:;hi-[t ill. 

domlnc<lK:e ft'Of(' 6~l'l,b:LB.£Lj,nJ.9_llli. to HYJ?_on:xh<:'J1.i.<l pJ,l1Ii,u:x!na is not 

highly desirable as far as palatability of the swords is 

coneen-.ed, It was, therefore, suggested that factors which 

could discourage the predominance of Hyparrl:\.ell.iR. R.l1fre=",,­

over the more palatable ones should be introduced for optimal 

exploi tation of pastures (Zerihun, 1985,1986) , l2.e.nnjJ;.ej;J.llll 

fillhimperi which is the dominant, species in most overgrazed 

6i tef., though not desired from the P8.1atabili ty point of view 

can give protective eover to the soil, The high 

rate of soil erosion on the central plateau of Ethioipa ( 

McDougall e..t....JlJ.." 1975; Virgo & Munro, 1977) can be adduced 

to the loss of vegetation cover and overgrazing beyond 

Pennisetum schimpru;:;i. dominance stage, There is no vestige ,:>f 

the original forest whieh once oharacterized the central 

plateau, The area no>! is covered by permanant or temporary 

croplands or grasslands, 

Because· grasses make less demand upon the habitat and }Jecause 

of the high productivity of the grassland vegetation, Zerihun 

(1986. 1988) propounds the vantage of maintaining the 

grassland so as to keep it in as produGtive a state as 

possible, Tothill (1978) in describing the ecology of a 

pasture, has mentioned the need for optiinization of pasture 
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productivity, so as to have a sustained long ter~ livestock 

produotion, and the simultaneous maintenance of landscape 

stability. It is also considered that these factors arB 

crucial in the objectives of a pas Goral sYGtem. Studies 

carried out on grasses are, therefore, not only of acadamic 

interest but also have their own agricultural and ecological 

value. 

The two 

Hyparrhenia 

grass species (audLQP~gQU abyssinlc1lli. ~ 

pilgerana) were taken as representatives of 

grasses in the protected areas and the third grass fJPecies 

(Pennise:\;!JJll schimperi) in over grazed areas. 

Composition of a grassland community can be rapidly and 

substantially modified mainly by grazing 1.n that animals 

select plant parts and plant species in proportion to their 

relative abundance in pastures (Watkins and Clements,1978; 

Crawley, 1983). 

Another factor Hhich can alter the eompo13ition of a grassland 

communi ty is the addition of nutrients. Inst8.l"llJe6 have been 

reported Hhere the addition of complete fertilizer often 

leads to dominanee by 8. simple speeies and thus, resulting in 

the elimination of divel'fJity. This if'; well illustrated by the 

work of 11il11s (1963) where the grasses &'s:\;una rubra and fua 

pratensis became dominant by the additiion of complete 

9 



S1.-0h l'--" '.Jic,F; m"y show the importance of relative level of 

nu '~L':L("" t. cc,ncen t ':"I-cion in determining the species compos i 1:- i 0(' 

of" n f1articular area. 

P) "",1:. Sl.'f'~j ~s show marked differences in phisiological and 

eoological responses ~long nutrient gradients. A regime whiD~ 

r~').Y prcfIlote optimum growth of one species may cause red,.'''''.( 

t1l'OliJth as result of toxicity or deficienc:: 

T-'3xr-c"l, and :lazze.z (1982) Buggested that tdifferencfcl'; 

bet;.een 8peaies that appear on an artificially produced 

inferf.; to diffel'ences in l'esources Ul3e at <, 
I -

given f'ite in ';,h8 field. The reElOurce availe,bility may be 

Hffect~j by n~lkhbours. Harper (1964; cited in Hall; 1978) 

Hr,)te "the essential qualities which determine the .~ool,);(:/ 

of a fJPecies n!1'ty only be detected by stuclying the reacti.'_'fj 

of itc L"QLviduais to their neighbours and. ,. the behaviol,r 

of the species in isolation may be largely irrelevant 'k, 

underfltanding th,!ir belwviour in the community ". He added 

differer;oes betHeen fopec:ies Hbic:h are c1'uoial in d.etel'mlnir;.: 

their fluc:ceflB or failure when groHn together may only I). 

exposed and demonstl'at.ed Hhen the species are grown together, 

10 



The purpose of the present work is. therefore, to examine in 

some detail the growth characteristio of the three grass 

species iH mixed. and pure stands and to determine if the 

growth functi')Gs of the species can bear some relations in 

the competitive ability of the grasses. Moreover, in this 

investigation it. is hoped to elucidate' the importance of the 

levels of the various nutrient gradients in controlling the 

vigor, distribution and relative abundance of the grass 

species. 

This study, therefore, has two major objectives:-

a. to analyse the growth of the grass species in 

pure f.;tand B.t different concentrations of 

total nutrients 

b. to detect any differences in the growth of 

species in mixed stand at different nutrient 

concentrations relative to their growth in 

pure stand. 

11 



~IATEHIALS AND. METHODS 

I. (U<!J;L'l.hQllru;t EA12ru:iQl©n.:t.". 

Scoriaceous sand was obtained and sieved to exclude the 

gravel fraction. It was then leached with tap water for 30 

days. 

The sand, about 500 gm and 750 gm was put in ceramic (clay) 

pots Hith perforated bases of average diameter 11 cm for the 

pl.\re stand and 13 cm for the mixed stand experiments. The 

inside of the pots Here lined Hith polyethylene to avoid 

contamination. The sand in the pots Has further Hashed Hith 

distilled Hater for purification. 

The seeds Here collected from a natural population. Heads 

containing seeds of AndmJ&KQu M.Y1lliinicu.ft were collected 

from a farm clo:ie to Menagesh forest in Wolmera and 

Hyparrheni<l,. pilge1:~ near the tree line above 11enagesha 

forest and those of t'ennlsetulO schimperi from the lower edge 

of Chilimo forest Western Shewa. 

Two series of experiments were carried out :-

a) Experiments in pure stand :- Seeds from a single species 

were sown in a pot for each nutrient level and upon 

emergence the seedlings were thinned out to three pel' 

pot. 

12 



~J ,". \~ 

Equal distanc'3 was maintained as much as possible between 

nearest neighbours either as ~ure or mixed stand of all 

three species .. 

Hando[(tized complete block design with three replication per 

treatment W8G ~~ed in all the experiments. To minimize edge 

effects J 66(:.(11.1 of the different species were SO,\:1 in 

pots arround the experimental pots. 

'l'h." seedlings entered the experiments on the 15th day 

after bowing. Tht, ,,;.;.trient solution used in the study Has the 

Long M;hton Nut;rient Solution (Hewitt, 1966), an efficient 

solution containing Sodium for use in Band cult.ures. The 

enviornmental gradients waB a serieB of concentrations of the 

Long Ashton Nutrient Solution ranging from 1/64 up to 8 

tlmeB the recommended concentration, giving 10 level6. The 

;>.:J.rticular treatloent levels were choBen for conveinience in 

dilution. Tap water was used as control. The basic chemical 

compoBition and the calculated nutrient composition of the 

basic culture solution and of extremes of nutrient series is 

Bhown in Tabl~ 1. 
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later 200 ml of t,he solution twice a Heek.. since lOGS by 

evapotranfJpil'a t i01e 

increases. 

18 likely to increase biOf(lo.ss 

The pots were inspected and watered with distilled water 

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

The exped.roent was run for five months and the plants 

~lere harvested on the 150th day after sowing. A second 

expriment Has run using the same procedure for three mont,hs 

for the determination of fIry m.9.tter production. 

The following parameters were recot'ded in the COUl'se of the 

expertments:-

The effects of nutrient gradients on plant height and tiller 

number were studied at ten days interval., and tho.t of dry 

matter production at four weeks interval. Leaf area. leaf 

width and leaf length of the first experiment were recorded 

at 148th day after sowing. 

i. E.1..;mtHe1ght 

Maximum height (stem + leaves) of individual plants ~aB 

measured from t.he sand 8ul'f8.ce in t.he pot to the htghefJt 

14 



2~~h to 75th day after sowing. The mean height per plaut 

Has then recorded. 

Tiller counts of individual plants were made at ten day 

intervals from 25th to 75th day after sowing. The mean 

tiller number per plant was then recorded. 

The third leaf blades were removed from randomly 

t;electcd plant.E; in each pots and traces were made on o. 

pap<"i:'. The area waf.; ·then estimated by planimetl'Y of 

tr.3.ci.ngs. Leaf Hidth and leaf length HeL'e estimated from 

148tl' day after sowing, 

The pj.ants were harvested at 4. 8 and 12 weaks after the 

start of the experiment. Whole plants were reMov~d fr0~ 

each pot and the root system Hashed in tap Hater to 

remov" s.'md, Plant parts were separated into shoot and 
o 

root portions, dried over-night at 100 c and weighed. 

The data were expressed as dry l{eight per plant part. and 

Root IShoot ratio. 

15 



and composi~ed into one sample. 

o 
The samples were transferred into an oven and dried at 70 c 

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 plant material w&s digested using the wet destruction 

method described in F.A.O. soils bulletin (1980) with slight 

modificaiions. 0.3g of the oven-dried plant material instead 

of O. 5g suggested in the F. A. O. bulletin, W.9.S introduced into 

a t,est-tube and digested with 4inl. conc. 
o 

plate at 280 c. Small quantities of 30% H 
2 

intervals untill the digest became clear. 

H SO on a hot 
2 4 

o waB ad.ded at 
2 
After cooling, 

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

D.!ll&l'.)l)ination. Qf K.~ {& and tlg 

Aliquats of digests were diluted with 0.1% Lanthanum 

chloride and concentra (.ions were determined by Atomic 

Absot'ption Spectrophotometer (Model Perkin Elmer 2380) , 

using a mixed standard of K, Ca and Mg. Air - acetylene was 

need as a fuel. 

16 



Aliquates of the wet digest solutions were diluted with 

lfi/.de Hith Cont~Xll.k··\I" Flo"1 tmalysic; (auto-al'lalYder) using t;he 

standard methods of Chellliab. Instruments Ltd.1981. 
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The raH da1i.;:t hnve been c:..", nsformed into histogeams and line 

graphs and these are shc~n in Figs. 1 to 16. Analysis 

of variance follc',ing Orloci and Kenekl (1985) Has run in the 

Biology Der,t. flora Project HeHlett - Packard 150 pc. The 

results of th'! :,.nalysis are shown in table 1 - 12 in the 

appendix 
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affect the compostition of the plant tissue (Raymond, 1969; 

Whitehead, 1966; cited in Duell & Trout, 1972, Viets, 1980. 

Donohue e..t~ §.l.. 1981. and Cherney and Robinson, 1985). 
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QONCLUSIQN 

The results of studies of the effect of nutrient gradients on 

the three grass species in pure and mixed stands showed that 

growth in all cases was highly reduced by a shortage of 

nutrient supply. Plant height, tiller number, dry matter, and 

leaf area, length and width of all three species increased in 

response 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 predicting establishment potential in 

the field (see also Tyler, Chorlton and Thomas, 1987). In the 

present study, with regards to dry weight and tiller number, 

L s"h j mped was found to be a poor competitor, it failed to 

survive conlpeti ti\)l1 when introduced in mixed stand with f!L... 

abyssinicus and Hyparrhenia Rilgerana. In '~he mixture 

experiment the species most benefited by the addition of 

nutrients were the two dominants, AndropQ.gQ1l and HYRarl'henia. 

In contrast, under the augmented nutrient regimes, £"schimperi 

was markedly depressed apparently because of the enhanced 

competitive pressure from the two luxuriantly growing 

dominants. 
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~ fiQ.himperJ being tolerant to grazing (or less favouL'ed by 

livestock) becomes dominant or replaces the less tolerant 

species, lh. abyssin.iQJJ.s and HYP.ru:.dL<m.i.a pilgerana in over -

grazed areas but fails to compete with them under conditions 

of less stress (see Zerihun, 1985, 1986). 

Tropical grasses 

Siewerdt & Holt, 

efficiency could 

tend to be low in nutritive value (see 

1\379) and even if a very small increase in 

be obtained by nutrient application, the 

overall economic benefits might be considerable. 

It is possible to suppress the less palatable grass, 

P.schimperi by application of fertilizer in pastures. The 

economic benefits must, however, be weighed and optimal 

concentl'ation or rate of fertilizer application 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 

palatability at old age. 
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¥able A.!. tille. 2i IJillYI.. fur. 
tim 1iW.!l1 CD I pla!t t 

Species Source of SS D.! . H.S. 
variation 

A 250.625 m.m 43.S39 t 

AHDROPOGOH B 27765.130 5 5551.025 96S.540 * 
C 15870.4[0 10 15810.4[0 276.334 t 

AB 160.656 5 32.131 5.195 * 
AC 161.122 10 16.142 2.915 u 

BC 539S.250 50 101.925 18.192 t 

ABC 533.166 50 10.615 1.859 * 
Error 1516.203 264 5.743 

Total 51650.460 395 

BYPARRKHIA Treataent 

A 32.S56 32.656 6.625 Ut 

B 32668.880 5 6533.176 1325.413 * 
C 19960.310 10 1996.031 40ts24 * 
AB 188.156 5 37.631 7.m * 
AC 134.891 10 43.489 8.822 * 
BC 5471 .612 50 109.553 22.225 * 
ABC 318.m 50 7.569 1.535 H.S 

Error 1301.359 264 4,926 

Total SOm.380 395 

Key A - Mixing FI - Significant at 0.1% level 
B - The of Probability 
C - Nutrient ~eve18 tt - Significant at 0.5% level 

of Probability 
ttt - Significant at 2.5% level 

of Probability 
H.S - Hot Significant 
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Species SQurce of SS 
Variation 

PEKR!SKfOH Treaheni 

A 67.680 

B 36729.170 

C 15(96 • .730 

AB 650.438 

AC 759.180 

BC 12660.810 

ABC 50l!.438 

Error 26696.580 

Total 98522.020 

Key A" Mixing 
B - TiDe 
C - Hutrient Levels 

60 

D.f. M.S. 

67.680 0.669 

5 7345.835 72.642 

10 1594.673 IS.770 

5 130.088 1.286 

10 75.198 0.7S1 

50 253.216 2.504 

50 100.229 0.991 

264 101.123 

395 

fi " Significani at 0.1% level 
of Probabiliiy 

it - Significant at 0.5% level 
of Probability 

itt" Significant at 2.5% level 
of Probability 

H.S " Hot Significant 

H.S 

* 
I-

H.S 

H.S 

* 
N.S 



Table A.2 hlk 'Ii AJ!Ql'A. ill: 
lllk!:. I!lilbll / P Ian t 

Species Source of SS U. H.S. 
Variation 

Treahent 

AHDROFOGOH A 102.328 I 102.328 8U89 t 

B 1419.595 5 295.919 245.199 * 
C 2568.261 10 256.825 212.806 * 
AB 110.(22 5 22.084 18.299 * 
AC 91.251 10 . 9.425 7.810 * 
BC 1311.917 50 26.360 21.842 * 
ABC 104.659 50 2.093 1.134 N.S 

Knor 318.608 264 1.201 

Total 6096.092 395 

TreatRent 

BYPPARHKHlA A 25.104 I 25.m 12.805 i 

B 2351.369 5 410.214 239.813 * 
C 3680.109 10 388.011 191.944 * 

AB 18.951 5 3.190 1.933 N.S 

AC 17.013 10 1.101 3.931 t 

BC 1(82.809 50 29.656 15.121 * 
ABC 83.113 50 1. 663 0.848 N.S 

Krror 511.615 264 1. 961 

Mal 8436.162 395 

Key A - Kixing F* - Significant at O.IX level 
B - Tiae of Probability 
C - Nutrient Level N.S - Kot Significant 



Table A.2 . hlk 2i M!lli. f.ll 
lUltt Iliullli. IPlant 

Species Source of 
Variation 

Treahent 

PKHHISKTOK A 

B 

C 

AB 

AC 

BC 

ABC 

Error 

Total 

ley A - MIxing 
B - Tile 
C - Nutrient Level 

SS D.L 

2(0.319 I 

1(55.6(8 5 

1648.911 10' 

US.585 5 

125.574 10 

958.786 50 

117.221 50 

546.m 264 

5239.584 395 

M.S. 

HO.319 116.091 * 
291.130 140.644 * 
16U98 79.662 * 
29.317 14.163 * 
12.557 6.066 * 
19.176 9.26( i 

2.3H 1.133 H.S 

2.070 

Ft - Significant at 0.1% level 
of Probability 

H.S - Hot Significant 
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Table A.3 Wtk ~ IJ!ill. fur. 
~ 

~ Arta CD I Plant 
~ __ ,··~~~~~_~"~~_· __ ·, ______ ~_~ __ ~ __ ~~~, ____ ··~_~c~ __ ~~~~~~ ____ ~ 

Species Source of SS D.F. K.S. F 
Variation 

Treahent 

AKDROPOGOK A 51.6H I 51.614 1.249 H.S 

B 1842.620 10 18U62 25.849 * 
AB 13UOI 10 l3.m 1.811 H.S 

Error 313.655 H 1.129 

Total 23H.351 65 

Treataent 

HYPPARHKm A 13.215 13.215 1.310 U.S 

B 2954.863 10 29U86 . 30.491 * 
AS 52.413 10 5.241 0.541 U.S 

Error 426.383 H 9.691 

Total 3H6.99( 65 

Treataent 

PKKHISmK A 0.255 I 0.255 0.086 H.S 

B 1182.565 10 118.256 (0.012 * 
AB 23.015 10 2.302 0.119 H.S 

Error 130.0H H 2.956 

Total 1335.819 65 

Key A - Mixing f* - Significant at O.I%level 
B - Nutrient Level of Probability 

U.S.- Hot Significant 
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Table A.4 roo 0 f 6JlQY1 ill. 

Leaf!&nill CR fPlant 

~<r_"<~._~_~_.,~,, __ ·_~:~~~~ ___ ~,~_~~" __ ·~"·~r ___ ._<~~~_~_, __ . __ ~~~~<~~~~ __ 

Species Source of SS D.F. , H.S. F 
Variation 

Treahent 

AUDROPOGOH A 103.355 103.355 1.219 H.S 

8 3199.951 10 319.996 26.5(1 ~ 

A8 248.219 10 24.822 1.134 H.S 

Knor 629.953 44 14.311 

Total 4181.465 65 

Yreahent 

HYPPARHKHIA A 29.203 1 29.203 1.050 H.S 

B 8551.086 10 655.109 30.753 t 

AB 251.891 10 25.169 0.921 H.S 

Krror 122U05 14 21.625 

Yotal 10068.460 65 

Treahent 

PiKKISKYOH A 0.612 0.612 0.029 H.S 

B 8255.666 10 825.561 35.269 * 
AB 413.964 10 H.398 1.169 H.S 

Knor 1029.953 44 23.408 

Total 9100.218 65 

(ey - A - Mixing H - Significant at O.IXlevel 
B - Nutrient Levels of probability 

H.S. - Hot Significant 
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Table U tab.k of 6.l!.QU. ill. 
~ tlid1a, Ci IPlant 

Species Source of 5S OJ. U.S. 
Variation 

Treahent 

AHDDROPOGOH A 0.000 0.000 0,001 N,S 

B 1.505 10 0,150 30.091 * 
AB 0,113 10 0,011 2,261 H,S 

Krror 0,220 H 0,005 

Total 1.836 65 

Treahent 

HYPARRHKHIA A 0,022 0.022 U U.S 

B L231 10 0,123 25,394 * 
AB 0,015 10 0,001 0,306 H,S 

Krror 0,213 H 0,005 

Total l.461 65 

Treatuent 

PKHHISKTOH A 0,010 0,010 1.016 H,S 

B 0,681 10 0,069 1,19t • 
AB 0.150 10 0,015 1,515 N,S 

Krror 0,420 H 0,010 

Total L261 65 

ley - A - Mixing F* - Significant at 0,1% level 
b - Nutrient Level of probability 

U,S.- Not Significant 
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Table A.6 hlk !!.f. Al!ill fur. 
Drt ~ Production. ga fPlant 

Species Source of 55 D.F. H.S. 
Variation 

Treaheni 

AHDROPOGOH A H.032 41.032 38.096 * 
B 2591.615 10 2591.161 209.928 * 
C 15.510 2 1.155 6.281 H.S 

AB 81.915 10 8.198 6.640 * 
AC 1.116 2 0.888 0.119 H.S 

BC 111.989 20 8.899 1.209 * 
ABC 12.419 20 o.m 0.505 H.S 

Krror 162.961 132 1.235 

Total 3091.396 191 

Treahent 

HYPARRBKHIA A 9.689 1 9.689 15.828 * 
B 1252.831 10 125.284 204.653 * 
C 14 .235 2 1.111 11. 626 * 
AB 11.601 10 1.160 11.696 * 
AC 0.938 2 0,(69 0.166 H.S 

BC 41.335 20 2.361 3.866 * 
ABC 8.898 20 o.m 0.121 H.S 

Krror 80.801 132 0.612 

Total 1486.341 191 

ley - A - Mixing r* - Significant at 0.1% level 
b - Nutrient Level of probability 

H.5.- Hot Significant 
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Table U hlk 2i /J!ill ill: 
llul!liill. r.rMl!illQn., go fPlant 

Species Source of SS 
Variation 

Treahent 

PKKKISi!OH A 42.113 

B 633.~29 

C 3.643 

AS 241. 281 

AC 0.6(2 

BC 19.&18 

ABC 9.304 

irror 20.512 

Tohl 953.633 

ley - A - Rixing 
B - Kutrient Levels 
C - The 

D.r. 

10 

2 

10 

2 

20 

20 

132 

191 

H.S. 

42.113 270.998 * 
63.353 m.m * 
l.62i 11.704 * 

22.418 lH.118 * 
0.321 2.063 K.S 

0.916 6.271 * 
0.465 2.989 * 
0.156 

F* - Significant at 0.1~ level 
of probability 

II.S.- Not Significant 
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Table A.1 'Will. 'l1. A.I!01A. fur. 
lW1 L S.hQQi l\ili.Q 

Species Source of fiS D.V. K.S. F 
Yariation 

Treahent 

AHDROPOGOK A 0.112 0.112 0.857 H.S 

B 5.(63 10 0.546 U16 * 
AB 0.405 10 0.040 0.309 H.S 

Error 5.151 H 0.131 

Total 11.136 65 

TreatBent 

HYPARRH!RIA A 0.086 0.086 0.560 H.S 

B U56 10 0.486 3.116 n 

AD o.m 10 0.042 0.211 H.S 

Error 6.149 H 0.153 

Total 12.106 65 

Treataent 

PKHHISETOH A 0.001 1 0.001 0.013 H.S 

B 2.170 10 0.217 2.130 m 

AB 0.513 10 0.051 0.506 H.S 

Error U6I H 0.101 

Total 7.W 65 

[ey - A - Mixing Vi - Significant at 0.1~ level 
B - Nutrient Levels of probability 

H - Significant at 6.6% level 
of probability 

m - Significant at 2.5~ level 
of probab IIHr 
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Table A.8 

Species 

AHDROPOGOH 

mmHKHIA 

PKKKISKTUH 

Key -

Lalli. Q.f. AJllli. fM. Percentage 
It C!!nilli Qf. Ltl.ru. 

Source of SS D.L 
Variation 

Yreataent 

A 0.246 1 

B 16.481 9 

AB 0.404 9 

Krror 0.030 20 

Tohl 11.161 39 

freataent 

A 0.161 

B 12.tH 9 

AB 0.509 9 

Krror D.041 20 

Mal 12.856 39 

Treahent 

A 0.104 

B 13.618 9 

AB 1.464 9 

Krror 0.103 20 

Total 15.349 39 

H.S. 

0.246 16U64 * 
1.832 1225.340 * 
0.045 30.041 * 
0.001 

O.ISI 11.139 * 
1.349 650.326 * 
0.051 21.283 * 
0.002 

0.104 20.182 * 
l.520 29U92 * 
0.163 3l.544 * 
0.005 

A - Mixing F* - Significant at O.IX level 
B - Nutrient Levels of probability 
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Table A.9 !alli ti AJlQl'A ill Percentage 
l'. Cillrull ti lliYM. 

Species Source of SS n.f. K.S. 
hriation 

TreatBent 

AKDROPOGON A 0.016 0.016 416.153 * 
B 0.229 9 0.025 618.112 * 
AB 0.035 9 0.001 104.833 * 
Krror 0.001 20 0.000 

Total 0.281 39 

TreatHent 

H!PABRHKHIA A 0.000 0.000 8.066 u 

B 0.022 9 0.002 6U18 * 
AB 0.005 9 0.001 16.210 * 
Error 0.001 20 0.000 

Total 0.028 39 

Yreahent 

PKHNISKYUH A 0.005 0.005 26U55 * 
B 0.181 9 0.020 1118.(05 * 
AB 0.026 9 0.003 164.111 * 
Krror 0.000 20 0.000 

Total 0.212 39 

Key - A - Mixing !t - Significant at O.IX level of 
B - Hutrient Level probability 

i* - Significant at 2.5% level of 
probability 
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Table A.I0 

Species 

AHDROPOGOH 

RYPARRHiNIA 

PKHHISKIOH 

ley - A -
B -

Source of 
Variation 

Treahent 

A 

B 

A8 

Krror 

Total 

Treatlent 

A 

B 

A8 

Krror 

Total 

Trea\lent 

A 

8 

AB 

Error 

Total 

Klxing 

Wk Q.L aHQ.'U. fur. ruillllli. 
t I&n.\lli Q.f. I&.lli.6. 

SS U. 

0.686 

1.083 9 

0.182 9 

0.069 20 

8.620 39 

0.021 1 

9.090 9 

0.111 9 

0.024 20 

9.912 39 

0.518 1 

22.298 9 

0.191 9 

0.031 20 

23.111 39 

M.S. 

0.686 199.318 i 

0.181 228.508 i 

0.081 2UI8 * 
0.003 

0.21 17 .588 i 

1.010 838.139 * 
0.086 11.619 i 

0.001 

0.518 m.m * 
2.418 1351.953 t 

0.089 (8.352 * 
0.002 

F* - Significant at O.I~ level 
Nutrient ~evelB of probability 
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Table A.11 hlk Qi M!ill. ill:. fmentm 
~ ~QiI&ill9. 

~~~_.~." ____ r __ ~_~_ •• _____ ~~._" ___ :-~~ ___ ~.~n, ______ .~~~_,_~ __ ~_.~ __ 

Species Source of S5 D.r. K.S. I 
Variation 

Treahent 

ANDROPOGOH A 0.016 I 0.016 9.088 n 

B 0.110 9 0.079 45.W t 

AB 0.188 9 0.02i 12.148 t 

Krror 0.034 20 0.002 

Total 0.9(8 39 

Treahent 

HYPARRHiHIA A 0.192 1 0.192 68.909 t 

B 1.795 9 0.199 92.423 t 

AB 0,223 9 0.025 11.495 t 

Error 0.043 20 0.002 

Total 2.253 39 

Treahent 

PiKHISiTOH A 0.163 1 . 0.163 314.069 t 

B 0.939 9 0.104 201.501 t 

AB 0.153 9 0.017 32.903 * 
irror 0.010 20 0.001 

Total 1.265 39 

Key - A - Kixing It - Signlficant at 0.1% 
B - Nutrient Levels level of probability 

** -Significant at 1~ 
level of probability 
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fable A.I2 

Species Source of 
Variation 

Treataent 

AHDROPOGOU A 

B 

AB 

Error 

Total 

Treatmt 

HYPARRHKm A 

B 

AB 

Krror 

Total 

Treahent 

mHISKTUH A 

B 

AB 

Error 

Total 

ley - A - Mixing 

!'.ilk U Al!frl'.A. ru Percentage 
iii. Ilruillll U ~ll'ill. 

SS D.r. 

0.001 

0.082 9 

0.009 9 

0.001 20 

0.093 39 

0.01l 1 

0.338 9 

0.011 9 

O.OOi 20 

0.361 39 

0.025 1 

0.156 9 

0.023 9 

0.001 20 

0.20( 39 

K.S. F 

0.001 9.828 u 

0.009 1l0.066 * 
0.001 14.800 * 
0.000 

0.014 273.88& * 
0.038 7&1.233 * 
0.001 2U42 * 
0.000 

0.025 891.341 * 
0.017 628.931 * 
0.003 93.863 * 
0.000 

F* - Significant at 0.1~ 
B - Nutrient levels level of probability 

** -Significant at 1% 
level of probability 

73 



ltg'HII l!>orrEre1tly fmknowIed'g"dl• 

J i' 
Signaet:un~: ~ ... : _~';':_::"'_' "_,_', :.:.,o..;,_'_.'~ ____ _ 

Dre1J:a crf submi·sBil.'''I! 

J'ul;r; 2! r98~' 



~:-",: - '. ' •. ,_:;,_. ;,_,:;:,:.~,:._" .. : .-. 7-" ''',' ,~ .,', .:;:~,.~-.,- ,-:;..;; ,-,::. .:,,\.;_c,:,,~,'_:,,_:, . __ .,-

DRY MATTER 
Produc.t~ ~rH'" ~" ~ J' ~\.:.)~ g 

Dry fd,:::tt/8r{grn/p~ant} 

-;~ 

, .... --.. -~-,' 

/ 
.,.,..- .--- ~ 

,. r--
i r, . /~ 
10 

~-.- .. 

8 
r> 
0 "', 

4. 

2 --~ 

ri~~-t'~r~ 
.... __ ••. ", ... , ••• ", _ •• ,,::7..1:, .• _ 

it5£§iC-t;~~.~i· ~I.II ~t~i;l '-~~fJl - =-~'''', 
"--._-- ... 

0. 
OMO 

Fig- 11 

--;;,'-."". .... , --.---===::::; ---- '~'-'.----'--' .. , >---, 
__ ",·aR·.·~ imR _.----;; _. 

~l IJII ._----.... _ .. _ . ....,. .. -......... -_.-.- ._- . __ ... _--, - -~ .. -~--- -----_._-- ,_._-,_.-

OMX 114"·10 1I4MX 1~1' ,:,) 1M >': 4MO 4~, .. f,X 

Reiative Nutrient Cone. 

~·\Jtr~ .... hq ",J 

ljjS:~ .. 

8~Y1 X 

[IIi 30 days r:;:/~f3 d 
'~"'~"---~ "00' avs ;~Z-~&.;.-: 01'" -~ '90 

, 
o.a'vs 

" 

The effect of nutr.1ent grad5ent or: the "'l~eld -:::i Et,yparrhen.1a $P. grovvD U~ 
t:XInoculture and mixtu:!:"e. (The StiliSCY'lght 1\<10. ::t:~\~e:r-$ to tbe ~rield. of pjan:.s 
at t.he- particular nutrient le",,'el in pt:re star!d and !~t-~ refers '\:0 the y·i51d 
in mixc:":ci stand). 



. , 

<'"' , / 

10 

8 
6~ 

4 

DRY MoA. TTER 

n ..... 
0'.,., :;,r 

Production 
~~_t<_, .... t,. ... ',-I''-l''''~\ 
l"<1'.~""'''_' \ ';:;.;ffiJ p':a.:'tJ 

- "'"1 

.. -,~ .. ~ -'-"-,,-~ .- ... - .-.-.-. 

------- -- .-"".""""'~"~"'; / ' ii~i~-Ii~ ':i.I~:tt[~ t~~c~ /:gz:]:~;, 7;:S~ 

. ,,,,,·c.·!:,,·,! -

2 - ... ~-......-,-.---~"- •. '- ," ~--r-~ •. ~= .. ''''"-"''=: .... -_."----'-'-"i - -_:~_"7:C~'::~.~ 

o "---'--,-.--~~'---'--'--'" .. __ ~._~' ___ .. ~ ._;- ,,-__ h_'_"~::':-_~ ~~. __ .~_~_ ta'=. ~ .. _-,._._" _ .... 

. /~ '-.-.--~ 

-~ - -- @.;l~~ 

OMO OMX 11411,10 V4MX 11-1.0 1MX 4-MO 4MX SMO 8r,,f~ X 

Relative Nutrient Conc. 

_ 30 days 
~.,.;.o!"""'~' 

fl.iS.~~ 60 day"" ~,--~""'" ..:;l' L,_190 days 

Ylg- 12 The effect of nutrient gradient on the yield of :S-Sca.ir!'.Pel'":i g:rQ\l..'!l in rronocu.lr"l.:rG 
and mixture" The suhscrigb.t 110 .. refers tC'; the yield of pl?..nts at the pat'tict:.la::­
nutrient level in pure st~'"1c. and Mx. refers to :he yield ill. mixed sta:..'""i.d). 

-.; 



I 1.0. 

1.J ""' 

'~-~ .• "~"""""""~--:;'f"",,,,-c----'f.o-''''.--''.r,-~~~''-< 
:)x, ,'?Y. l,lix 'I> z 

.' ] 

r . ) " 

]. , 

I 

" ... .... ~.~. 

_, v.:' 

'" 



o 

.. : 96 
• H 

\'. 

14-- G .. .' i ~ 

• 

.. - .--,.-. - - .. , 
.7. Y. 

-,'r- ~ J, /x ..f.- - ---. +-
"."Y. X 



, . . \.,-

I 
1'·2. 
I 0 

6 

. • ,1:-

J 

_ ....... 

, -; t . 

(), 8 

--,-<-
::( ... X 

. ''"''-''''c 

.' 
','. 



' .. Q 

6 

I~ 

,~ 1 
o. 

0 ... :-:. 

,-­
" 

..1 . 

'X :~;·X ~/b >: i>.J: 

\ i:: . ,. 

1 r 
.c 

D 

(J.t; 

~,.{ .. ,' " • j '!"y' .... -' . .. -:. / .... ' ...... :....... i".~, l' J /. ')x 
• ,. u . u.. . ..." .. 



DISClJSSION 

Among other vegetative properties height has been oonsidered 

important in oompetitive interactions between species in relation 

to environmental gradients (Dubbs, 1971; Shamsi and Whitehead, 

1977; Grime, 1979) . 

In the present expet"iment analY(5is of variance showed that 

the effect of nutrient gradients on the height of all plants was 

statistically significant (P< 0.001). The plants also showed a 

significant differenoe in height with time (Figs. 1-3).The height 

of all species increased in response to inoreasing nutrient 

concentrations. Plants that were grown in lower concentration 

1/32x, and 1/64x Here greOl.tly reduoed in size and hardlY 

branohed. 

The effeot of mixing on height HaB more pronounoed in 

A.abyssinicus and Hyparrhtll.i.li pilgerana than P.schimperi Hhere 

there was not a significant difference in height betHeen mixed 

and pure plantB (Appendix Table 1). All BPeoieB .Slttained 

maximum height at the 2x and 4x nutrient level. The interaction 

between mixing and time and mixing and nutrient concentration Has 

signifioant (O.l%level) only for Andropogon and Hyparrhenia while 

there a significant interaction betHeen nutrient 



concentration & time for all species. The interaction between 

ti.me, nutrient concontration and each parameter were 

significant only for Allilr9'p_QRQIl. TheBe Hould imply that in 

AndropogQl.l a difference in height attribut8.ble to mixing 

depends on the particular level of nutrients and days of 

measurement. 

Tillering 

Although 

refers to branching at the baBe of 

the grass plant is an assemblage 

the 

of 

grass stem. 

shoots, the 

individual tiller has been considred by many investigators to be 

the growth unit of grasses (Bor, 1973). Productivity, in fact, 

depends to a greater extent on the ability of the plant to 

initiate tillers and on the later development of these shoots. 

For many perennial grasses the tiller is important as the organ of 

perennation (Jewiss, 1966; Langer, 1979) and the ability to 

tiller rapidly is l'ecognized as an important attribute of a 

pasture grass, ego knight (1961). 

In the present study analysis of variance showed B. significant 

difference (P<O.OOl) in the number of tillers produced in plants 

that were gro,111 at the different nutrient levels in all three 

species. The effect of mixing and time on tillering was also 

statistically significant ( Fig. 4-6, Appendix Table 2 ). The 

interaction between mixing and time was significant only in L 

abyssinicus and £.... schimperi_. There were significant 
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interactions between mixing and nutrient concentration and 

between time & nutrient concentra"Gion in all s1Oe<1ies. The 

interaction tlme, tiller number and nutrient 

concentration was not significant, implying .that a difference in 

tillering attributable to mixing does not depend on the 

particular level of nutrients or on days of measurement. 

Tiller production in both annual or perennial species has bee 

shown to be stl'ongly affected by the level of mineral suppl)l 

(Laude, 1972). Mineral nutrition has a strong influence on 

the number of tillers prod~ced, and it also determines the lengtb 

of time over which new tillers appear. 

For instance Langer (1966) and Willis (1965) reported that in 

both cereals and grasses at low level of nutrition. tillering 

stopped sooner and after fewer tillers had appeared than when 

nutrients were given at full strength. The present study is in 

agreement with the above findings. Not only were more tillers 

produced, but also the tillers were much bigger and more vigorous 

at the higher level of nutrition 2x, 4x and 8x, Tillering in the 

basic nutrient concentration (lx) was moderate but mueh better 

than in the lower concentration and the control (tap Hater) where 

tillering was uniformily poor. For all the speeies, 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 he tween the plants in pure and mixed stands was 

not only in tiller number, but also in the appearance of new 

tillers. In the mixed stands tillering was not apparent in the 

lower concentrations. For example, tillering in L /Wyssinic\J.S-

started only during the fourth measurement time (66th 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 E-.. s.s;:himperi because tillering occurred at the 3rd 

measurement at 1/4x nutrient conc.,while in pure stand it 

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

The effect of nutrient cone. on leaf area,leaf length and leaf 

width is highly significant(P<O.OOl) for all plants (Figs.7-9, 

Appendix 3-6). AnalY8is of variance showed that the difference8 

in leaf areas,leaf lengths and leaf widths of pure and mixed 

plants of all three species i8 not significant. The interaction 

between mixing and nutrient concentr.:;.tion is not 8ignificant either 

2 
The highest mean leaf area (20.39 em ) in L /Wy..!Wincus in 

pure stand experiment occurred at 4x nutrient level, while the 
2 

mean control leaf area Has only 2.28 em. In mixed stands, the 

peak leaf area at 8x 'nutrient level. Hyparrhenia in both 

mixed and pure stand shoHed a peak mean leaf area, 25.98 em 
2 

and 22.59 em respectively at 8x nutrient level. E.... 8ehimperi a180 

shoHed a trend simlar to that of Hyparrhenia piJgerana. 
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L abY6sini..Q.W;t had .,. leaf length of mel'ely 'T. 70 em in the control 

while the plant attained the highest leaf length (36em) at 2x 

nutrient level. 1iY.P_ru:.l.'henia pi] gera!11i. 8.ttained its highest 

leaf length (50. 30em) at 2x nutrient level while the eontrol Has 

only 10 om long. P ~ sehimperi at Ix nutrient level was 45.76 cm 

long and the control only 7.03 em long. Analysis of varianoe 

between plants in mixed and pure stand experiments did not 

show any signifioant differenoe. There was, however, a differenee 

betHeen the nutrient levels at Hhich they attained a peak (Fig. 8). 

Leaf Hidth showed signifieant variation (P<0.001) under the 

different treatments. i'LJlb.Yi.<fllnlqqs in pure stand had maximum 

leaf width (0.66 cm) at nutrient levels, lx, 2x and 4x, Hhile the 

oontrol HaS only 0.16 cm. Hide. LWUID.llill:1. had the highest 

value. 0.56 cm, at 8x nutrient cone. and the control Has 0.13 cm. 

to/ide. HOHever. there was no significant difference between leaf 

widths of plants grown in pure and mixed stands. 

In general, the increase in leaf area, leaf length and leaf Hidth 

of all plants in response to increasing nutrient levels 

manifested the important role of nutrients in the overall groHth 

performance of plants. 

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

shoHn in Fig.l0-12. Increasing nutrient conc. increased dry 



matter (DM) yields of all three species in both experiments for 

the 4th. 8th. and 12th week growth periods. There Has a 

significant difference (0.1%) in yield between plants groHn in 

pure B.nd mixed stand experiments. There was a significant 

interaction between mixing B.nd nutrient concentration and time 

and nutrient concentration, while the interaction between mixing 

and time was not significant. The interaction between time, 

nutrient concentration & mixing was significant only in E.... 

schimperi indicating that a difference attribut.able to mixing in 

1'..... schimperi. depends on the particular coneentration of nutrients 

and days of measurement (Appendix Table 6). !',11 speeies show the 

same general trend of response of increase in yield as nutrient 

level increases. However, the dry weight of A.abyssinicl1S and 

P.schimperi 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 

nutrient eone. shoHed moderate to poor g1'ol>1th Hhile the eontrol 

produced by far the least g1'oHth. A elear and distinet difference 

in yield was observed at higher level of nutrition Hhereas in the 

lower coneentrations there was no marked differenee in yield 

betHeen subsequent dilutions. 

Improving plant perfOrl1lOl.nee by nutrient applieation is a long 

knoHn fact and has been established by several investigators 
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(Jordan 1913; cited in Gilbert. 1950; Evans,l9BO; Grundon.1972; 

Jung and Kochcr,1974; Remison, 1978; Austin and Austin. 1980; 

White and Halvorson 1980; Halvorson and White 1981;Pemadasa, 1981). . I 

The effect of excessive nutrient application in reducing plant 

performance has also been reported (Andrew and Johansen, 1978, 

Donohue et a1., 1981; and Smith, Cornforth and Henderson, 1985). 

In the present study , of the three grass species Andropogon and 

PenniseiJ.lm. in bot.h pure and mixed stand experiments had their 

peak performed at the same nutrient level, 4x. Hyparrhenia 

showed a maximum yield at 8x along the nutrient conc. gradient. 

So far little work has been done using mixed stands when compared 

to pure stands (Simmonds, 1962: cited in England, 1968; 

Shontz and Shontz, 1972; Austine, 1982; Austine s;.:t.... i.U; 1985). 

Al though Pennise_twn. 

much lower y1eld 

performed well 1n pure stands, it had 

in mixed stands compared with those 

a 

of 

Andropogon and Hyparrhenia. It was almost 4x and 3x less 

than Andropogon: 

level where it 

observed for 

from 12.66 g for 

Hyparrhenia respectively at the 

attained maximum yield. The 

individual species in mixtures 

4x nutrient 

maximum yield 

varies widely 

Andropogon to 3.19 g. fN f.JillDJ.ruttJ.lll1 sch 1 mpe.r.i. 

In the mixed stand experiment, t.he results obtained, specially 

as regards to t.iller number and 

Suggestes that ~ schimperi is a poor 

dry matt.er production, 



competitor. Among other factors the relatively small fleed 

weight (lOOO grain Nt ::: 0.56 g) of r_._iO-,~b_i[tQexi. compared to 

1.77 g & 1.66 g of An..dl".QQQ1{QJ1 and !JvPal"rhenlil. respectively 

might be attributable to its poor compet.i ti ve ability. It has 

been stated that in some instances the size of the seed may 

confer a particular competitive advantage (Risser, 1969). Evans 

and Young (1972) claimed that most perennial grasses are 

suscepitble in the seedling stage to competition because of 

relatively 10H seedling vigor which is associated Hith seed size 

and Height. And it is stated that increased seedling vigor 

attributable to seed size and weight is a result of greater 

reserve materials in the endosperm (Mckell,1972). 

The improvement in vigor of the grasses to Hhich increasing 

nutrients Here added Has reflected in increases in heights of the 

shoots, increased tillering and greatly enhanced -dry Heights. In 

general, the considerable increase of groHth in grasses enriched 

with nutrients is a strong evidence of the importance of limiting 

effects of nutrient supply. 

The effect of nutrient gradient on the root/ shoot ratio is shown 

in Fig. 13. Analysis of,variance shoHed the difference in the 

root I shoot ratio of plant.s under the different treatments to be 

statistically significant (Appendix Table 7). HOHever, the 

difference in the root / shoot ratio of all plants grown in 
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pure and mixed stand iS'small «nd does not reaGh the level of 

statistical significance (10% level). The interaotion between 

mixing & nutrient ooncentration is not signifi'~ant. In all 

species and for both pure and mixed stand experiment8, the 

plants responded to each successive dilution by an increase in 

root I shoot ratio. (See also Vos, 1962; Viets,1965; Shamsi and 

Whitehead, 1977; Black 1968: cited in Andrew and. Johansen,1978 

and Austin ~ ~., 1985). 

Such 8.n increase in Shoot /Root ratio (or a decrease in root/ 

shoot ratio) at the higher level of nutrition is consistent with 

the hyppothesis that at low nutrient' concentration the ability to 

put more biomass into root produotion is an advantage whilst at 

high nutrient concentrations shoot biomass conferes a competitive 

advantage (Austin, 1982). 

A decrease in the dL'y Heights of roots with incre.9.sing levels of 

nutrients had also been established by other investigators 

( Vose,1962 ; Hackett~ 1965 and Clement, Hopper and Jones, 1978), 

Although in the pre8ent 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 receiving lower level of nutrition 

were more finely divided and had plenty of intertwined. roots, In 

contrast, at the higher concentration the root systems were much 

thicker and sparse. 
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Competition between the root and shoot for minerals and 

photoBYnthesis has frequentl.v been invoked to explain the changes 

in root to shoot ratio brought about by change in the 

environment (Trough ton , 1967). 

Meristems nearest to the source of supply of substance Can have 

the greatest competitive 8.bility for that substance. 

Accordingly, roots are the better competitors for minerals, while 

shoots the better competitors for photosynthates. This may 

explain why root growth is least affected by a shortage of 

minerals. The shoot meristems depended upon minerals 

translocated to the shoo·t and would therefore. increase in size 

or number in proportion to the nutrient supply. The accompanying 

decrease in root size is attributed to a limited supply of 

photosynthates (Humphries, 1958). 

Plant ana.lysis as a tool for assessing the nutritional status of 

plants has recetved much attention and many experimentfJ have 

shown the relationship between mineral element content in leaves 

and in the growth or substrate. Motivation for determination of 

nutrient concentrations in leaves for diagnostie PlU'pose6 arises 

from the assertion that there exists a relationship between 

nutrient supply and levels of elements and that increases or 

decreases in concentrations relate to higher or lower yields, 

respectively (Evenhius and Waard, 1980 and Okaye, 1980). 
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Changes in mineral nutrition appear to be reflected in the 

concentrations of leaf nutrients which varies with the conditions 

of nutrient supply in the medium. This variation in tissue 

concentration 

been reported 

1947; Smith, 

1977) . 

in response to a change in the external supply had 

by several investigators (Goodall and Gregory, 

1962; Vose, 1962; Hojjati, Templeton and Taylor, 

In the present study analysis of variance showed that there was a 

significant difference in the concentration of nutrients in the 

leaves of plants under the different treatments for both 

pure and mixed stand experiments (Appendix Table 8-12). Internal 

nutrient concentration rises in response to increasing nutrient 

supply (Figs.14-16). Similar refJults had been reported for 

Epilobium fill. and LYthX1l!!l fill. in the Horks of Shamsi and 

Whitehead (1977) Hhere nutrient concentrations in leaf, stem and 

root were affected similarly by decreasing concentration of the 

solution. They had found a very high nutrient levels in the 

leaves of plants groHn in the full strength culture solution than 

those groHn in the series of dilutions. 

For all elements analysed there was generally a rise in ti~sue 

concentration with increased levels of nutrient supply. though 

there Here a certain anomalities Hhere nutrient concentration in 

the leaves did not respond to increased nuitrient supply. For 
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instance, in A.~ llhYl'u;;.ixu'llifi plank; that wore supplied with 1/8x 

nutrient level relatively 8howed hlgher; percentage Mg content 

(0.31%) in leaf tis8ue than plants given 1/4x which had 0.29 

percentage Mg. Percentage P content in leaf tissue of 

Hvparrhenia pilgfrr.llilll. showed 0.18% in 1/2x the nutrient level 

while in the basic solution the percentage P content HB.S 0.16% 

Similarly in E... schimperi, plant8 grown in 1/4)( nutrient level had 

high percentage of P content (0.27%) than those in 1/2x nutrient 

level which had 0.24% P content. These anoTilalitles might be 

ascribed to small differences in nutrient level between 

subsequent dilutions. 

Since the supply of nutrients from soils can be variable, it is 

not surprising to find difference8 in the amount8 of various 

nutrients in plants in the field (Filter and Hay, 1981). The 

mineral nutrient requirement of ,all plants are not the same both 

qualitatively and quantitatively (Gerloff, 1963). Differences in 

the amounts of nutrients could a180 be observed under controlled 

conditions, 

are known 

and fm·thermore much uniformi tv and muoh 

to exist in the nutrient needs of PVl.l1t8 

diversity 

and their 

ability to get them (Viets, 1980). By the same token, in the 

present study contents of N, p, K , Ca, and l'Ig in leaf tissues do 

show variation among the three 8pecies. Asare (1974) had 

reported that in the pure st,';!nds Centrostima fill. hB.d the highest N 
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ccntent and Alli;!.l:2pogof!. gQ.yaUJlli the 10Hest 8.nd he 8.1130 found 

Gimilar reGulte in the mixed etands. 

Leaves of all epecies generally showed a higher percent of K 

content at all levels of treatments even at lower concentrations, 

than the other elements. A relatively higher percentage of Nand 

Ca content was obtained in leaves of A.aby~ than the other 

two species and a higher percentage of P and Mg content was also 

observed in Andropogon than Hyparrhen.ia , Hhile the percentage of 

P and Mg content was highe~t in leaf tissue of P.schimperi. 

The variation in the chemical composition of leaves between 

plants in pure and mixed stands was statistically significant.The 

interaction between mixing and nutrient concentration was 

significant which would imply that the difference in the internal 

tissue concentration of all plants under the different nutrient 

levels depends on whether' the plants are grown in pure or mixed 

stands. 

Although leaf nutrient concentration is controlled primarily by 

nutrient supply, there are many factors indirectly inflUencing 

the mineral element content of plants. The final manifestation is 

the resultant of all parameters influencing each other and the 

plant (Cottenie, 1980 and Okaye, 1980). Among these factors, 

maturity or physiological age of the plant, seasonal and 

climatic factors, soil parameters and plant species are known to 
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