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ABSTRAC'P 

The pursui t of higher yields per unl t of ,ground area i5 

a constant challenge for agronomists, and plant density 

is one of the factors thatflimit the yields of field 

crops (Clements 1904; Day 1977). 

Loyola, Laurier, Conque st , Q.B.60.2 and Q.B.59.28 s'pring 

barleys, were grown during 1977 (Exp.l) and 1978 (Exp. 2) 

in the field at several plant populations, ranging from 

-2 170 to 686 plants m ,at three level~ of nitrogen, 0, 34 

-1 and 68 Kg N ha . 

B 

In both experirnents, lncreased plant density reduced the 
-1 . 

nurnber of tillers plant ,plant height, ~he number'of 

ears plant-l, the number of gralns ear- l , 1000 - grain 

weight and the harvest index; whereas, the nurnb~r of 
" , 

ears m- 2 was increased. Yield and grains rn-2 were re~uced, 

by above-optimurn plant densities in the case of.Loyola,~ 

Laurier and Conquest; whereas, Q.B.60.2 and Q.B.59.28 gen-

erally did not show reductions in yield by ~lant density. 

-1 Nitrogen increased the number of t~llers plant , tillers 
-2 . ,-1 . -2 rn , plant height, gralns ear , gralns rn and yie'ld, 

but reduced 1000 - grain weight and harvest index. 
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RESUME 

Il 

. 
La poursu~te de l'augmentation des rendements agricoles 

!' . 
par unité de superficie est un>n~!i continuel pour des 

~ 

agronomes; de Pl~ la quantité de plantes par unité de 
, ., 

superficie est ur des facteurs limitant le renqernent de 

la récolte. (Clements, 1904; Day, 1977): 

1 
Les variétés\~e l'orge du 'printemps, Loyola, Laurier, 

f 

Conquest, Q:~.60.2 et Q.B.59.28, ont été cultivéès ~ 

l'extérieur durant des années 1977 (EXp. 1) et 1978 

(EX~. 2).f Chacune de celles-ci ont été assignées 

plusieurs populations de plantes dans la m~me super-

( -2 ficie,rallant de 170 à 686 plants m , et trois taux 
( -1 

d'applications d'azote, 0, 34 et 68 Kg. d'azote ha . 
JI ..... " 

Dans les deux expériences, une population de plantes plus 

é,levées a reduit le nombre. de talles (tiges secondaires) 

par plant.e, la haut et de la plante, la quantité d'epis 

" 
/-

par plante, le nombre de semences par epi, le poids mesuré 

par milles semences et l'indice de la récolte; néanmoins 

le nombre d'epis par m 2 a été augmenté. Le rendement 

et la quantité de semences m- 2 ont été reduits lorsque une 

population de plantes au-dessus l'optimum a é~ ernployéè, 

dans les cas de Loyola, Laurier et Conquest. Cependa~t, 

Q.B.60.2 et Q.B.59.28 n'ont pas demontré des réductions -
>,; 

de rendement causées par le facteur de population des , 

.~ 
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plantes. 

L'application d'azote a augment~ le nombre ~s talles 
-2 , 

par plante, des talles,m , la hauteur des plantes, les 
-2 ~ 

semence~.par epi, les semences m et le rendement des 

plantes mais l'aJ~ement d'azote a rêduit le poid 
1'/ 

mesurê de mille seme,nces .et' l'index de la rêcolte. 
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1.- INTRODUCTION 

,-
~, 

The pur9uit of higher yie1ds per unit of ground area is 

a perm5,nent challenge for agronomists. Tth thin this 

context, the yield of field crops may be limited by 
< 

severa1 environmental factors that range from carbon 

dioxide concentration in the atmosphere to pfant 
"\ 

genotype. ~~y (1977) groupeœ these factors into three 

sections according to "the energy cost of relieving 

them" (Table 1.1:). /' 

1 Table 1.1. - The major, ~ctors' limiting field crop 

FIXED 

, 
EXFENSIVE 
TO VARY 

'productivity. (From Day, 1977). ~ 
, .. 

1.- CO 2 concentration. 

2. - Length of growing ,season .. 

3.- Total sunshine. 

4.- Soil type. 

5.- Available moisture (i~rigation). 

'6.- Soil fertility '(fertilizers). 

7.- Pests ~nd diseases' (pesticides). 

8.- Weeds (cu1tivat'f0n, her,bicides). 
, 

9.- Storage after h~vest. 

10.- Nutritional value. 

Il.- Marketing. 

) 

.. . . .~ . , 

( 

,.1 

. , 



• 

'/ 

t1 
INEXPENSIVE ~­
TO VARY 12.- Crop density 

13. - Plantit1~i-ûate. 

~~14.- Seed quality. 

15.- Crop genotype. 

Though somewhat simplified: Table 1.1 may give an over­
,lb 

v~ew of the most ~rnportant physical and biological / 

factors that lirni t and ofte'n reduce yields. Arnong the~ 
"'-

ca~ be distinguishèd plant den~ity, soil ~fert~lity and 

crop genotype. 

r 

In general, the barley plant is sharply affected in its 

grain yield b~plant density (Kirby, 1967), and no 

further increases in grain yield are attained when the 

q seed rate is increased to above-optimurn populations. 

ijowever, in recent tirnes Rew approaches in plant physi-. 
, 

ology and plant breeding rnay give in the,near future 

~~substantial advances in the effort to break the plant 

density barrier and increase grain yield, on the basis 

of new genotypes adapted to crowded environments. 

The present study was oriented with the main objective 
i\. . ,/ . 

of testing the.respon~es of several barley cultivars to 
~ ~ 

plant dens~ty and nitrogen fertilization under field 

conditions. 

. 
....... ~ -­.. 

2 

1 

1 
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, , 
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2. - REVIEVl OF LITERATURE 

2.1.- Plant Population - Yield Relationships. 

The interactions between the growth or a plant cornrnunity 
, 

and the factors of the environment, is one of several 

statements proposed 'in plant ecology to define the term 

"competition", (Black, 1966). 
, \ 

\r 
Clements (1904), as cited by Black (1966), defined 

competition as "... a question of the reaction of a plant 

upon ~he physical factors which encompass it, and of the 
~ 

effect of these modified factors upon the adjacent plants". 

From Clements' definition, it is clear that the compe~ 

tition within a plant community is the result of the 
" 

environmental effect on the individual plants and in the 
/ 

opinion of Black (1966), the studies of competition 

should "be restricted to the individual plant level". 

In accordance with this criteri~, the present work was 

approached as a stu~ of the growth of a ~lant community 

at the population level, in which the p~p~lation i5 the 

biological factor affected by modifications in the 

environment and the results are ~lated to land area. 

• 

, 1 

1, 

\ 

/ 

\. 
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J 
.' 

.. 
• 

Host agncul t';lral crops are populatlons of ind.î. v~dual 
, 

plants with almost identical genotype, star~ing growth 

at mueh the same t~me from seeds of similar size and 

guality, evenly distribut~d over an are a of soil . 

Usually, seedl~ngs gro~~ng at a wide range of dens~ties 

~w an initial per~od of growth ~n which there ~s no 

interplant competition. The plants are widely.distrib-
, 

uted and'they do not interfere with e~ch other, but later 

in ,the season, mutual interference appears and the growth 

is depressedf~~especially at high dens~tles, where each 

plànt suffers intense competition with its yield being 

reduced to 2G% or 10% or less of the yleld of an iso­

lated plant (Donald, 1'968). The departure of the growth 

rate from that of the isolated plant ~s~a funct~on of 

c~mpetition among the4?c(pulation and depends on the 

initial plan~ density, the rate of growth and the geno-

type. The resulting responses give interrelationships . ' 

between yield (weight per unit area) and densi ty' (number 

of plants per uhit area) in combination with other 

environmental factors. 
..... , 

In cereal crops, exte~sive'agronomic and physiolôgical 

studies have been done upon the effects of seeding 
" 

density on yield. Holliday {1960 a), supported b~ his 

work and reviewing that of other workers, stated that 

two d~stinct relations exist between yield and 

4 

( ,~( 

.. 



. ' 

plant population. 

First, the relat~onship between total dry matter produc-

tien and plant density can be graphically represented by 

ah asyrnptotic curve (Figure 2.1)., Total dry matter 

rises wlth increasing plant density, rea~lng a celling 

point of maxlmurn productlon,.whlch then remains constant, 

dèspite further in/lements in seed rate. 

On the ether hand, grain yield l~ a~7ected by seed rate 

'in a dlfferent way.· As plant nurnber per unit area is 
." 

increased, the grain yield increases up to a/maximum, 

which finally declines with further incrernents of 

densi ty, showing a "flattopped Il parabolic type of rer 

Donald (1963) in an exhau~tive monograph, reviewed the 

, effect of competition on several agri~al' plantsi 

'He has suggested that the response curves of grain" yieît 

and total dry matter weight are ~nterdependent and the 
~ 

minimum density g~vlng the plateau yield of a dry matter 

is also the density at which grain yield is.maximurn. 

It has been seen (Holliday, 1960 a) that the point of 

inversion in the yield respense curves varie~ consider-
, 

ably in different exper~ments. The p.recise forro of the 

-. 

• 
( 
• 

5 .. 

.. 
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.. 
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o 
1 

curve is determirled by the genotype and its interrelation­
i 

,shipS' wi th the environment. The number of plants required 
1:1 • 

per~unit area cannot be too small or not aIl the poten-

~ tial production,.. will~ be attained, nor ,can i t be too 

large, or excess~ve plant competition will reduce the 

~fficiency of the genotype. 
~ 

.i 
l 

,t 
.' , 

1 

1 

i 

." 
,/ 

,/ 

1 

. " 

) 
.... 

.--_.-. __ ._._-_._ .. ,,.--

PLANT POPULATION DENSI'fY 

, 
Figure 2.1.- Typical effect of plant density on biological 

l , 

yield (total dry matter) .-,'-.-.- and on ecqnomic.al yield 

(grain) -----, in cereals. 

L 
"~ 

In his review, Donald (1963) did an analysis of the 

environmental factors involved in the nature of plant 

competition~ namely: water, nutrients, ligh~oxygen 

" 

> , f 



" 

... '1" 

and carbon d!oxide. In.connection with the ~:lationship 

between nutrient suppl Y and plant density, Donald pro-
-' r , 

,posed: " ... there is sufficient evidence to derive the 

gene~al pr~ncipl~ that as the fertility status is 
1 0 '"'-

o 

improved, sa the de~sity required to gLve maximum yield 

by annual crops will incrèase. 

is increased, 50 the response 

continue to a ~igher'level of 
(). 

,0 

c~nvers~s d~nsity 

to an added nutrie~r will 

application." 
. , 

" 0 

Thorne and Blacklock (1971) ana~yzed the effect of 

""» --.' -/ "-" nit!oger!"""""on the growth· and yield of wheat sown at 

different densities. In their work, no interaction 
1 

1 1 

between increased levels of nitrogen and plant density 

was found. Under both conditions; low and hi~h density, 
~ , . 

nitrogen application increased grain~yiélds 
, ) 

at medium 
-1 . 

rates (125 Kg N ha ) put ?ot at.high rates (200 Kg 
. -1 

N ha ). Nitrogen decreased weight per grain but had 
, 

no êffect on,the number of grains per spikelet or peF 

eari the n~er of ears per square meter was increased 
• 

slightly. In all c~ses, total dry matter was ipc:reased 

by nitrogen application. 

In further experiments (pearrnan et ~l.' 1977p l~78) 

\' 

,. ,.< ~ 

Thorne's group observed that grain yield was increased 
q 1 \q 'Ï 

by nitrogen fertilization but les. than \eaf area -4 " 
dry weight of the. vegetative parts of the~lantl although 

/' , 

, , 

, , 

7 .. 

. , 

< 
\ 

, . 

o 
o b 
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the uptake of carbon diaxide

v 
by the~two top leaves, per 

uni t land area " ,increased a1most as much as leaf ar,ea • 
.. 

Exp1anatians suggested fo! this apparent inefficiency . 
in grain producti~n of 'crops given large amounts of 

nitrogen were that the grains provided an inadequate 

sink, ~9 that photosynthate was diverted to ~e stem 

and later stored Gr' lost by resPira:ion.· ~ ~~Pla-
1 .. ;1 

nation~was confirmed in the 1~78 experiment, in whic~ 

4 the inefficien~y of the leaves of crops given much, .. '-
-

nitrogen, in~producing grain, may be explained in terms 

of the effect-oi- nitrogen on respiration. 

\ The ef1ect of water supply on plant density, has been 

analyzed in Dorrald's 'paper (1963), and pe emphasized -,~ 

an old principle in agricultu~al practice r tha~~the 

optimum density in any annu~l crop will bé further 

reduéed in drier environments th an in w~t- ones . 
~ 

This statemerrt has oeen i11ustrated by Karper (Karper., 
" 

1929, as cited by Donald, 1!J68) , who in ten years of 
-

experiménts with grain sorghum production, showed how 
~ . ~ 

the. response of grain yi~ld __ toglant ~density can be' . 
) 

affected by rainfa11 and genotype. - Two I1cultivars", 
f 

Kafir and Milo, were qrown at different spacings from 

3 to 36 inches,in the row and a constant 'distance of 

36 inches petween raws. Kafir, à not-free-tillering 

plant, was more sensitive ta differént levels of moisture 
0;, 

! • 
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in the soil, giving {ts maximum yield pt a high density 
o 

in wet seasons, while the free-tillering \leul tivar" , 

Milo, produced its maximum yield at wide spaeings in 

either wet or dry seasons (31.6 and 3 inches of rainfall .. 
respectively) due to its capacity ~ tiller~ng, com­

pensating,/ foi low densi ties under wet conditions. ,; '.,.:- .~", 

wpen water lS a non-limiting factor in crop production, 

positive responses of grain yield 

'hi9~ denS}ties, partîcularly in 

can be expected from 

sorne genotypes. 

In wheat, Pelton (1969) found in tvestern Canada, that 

although different densities of spring wheat used almost 

the srume total amount of water, the most'rapid use of 

~ water in earlier stages of growth in the high density 

,treatments led to water defici ts, which affected gr,ain 
,Ii-., 

; 
,yieldi wheat produced less at high, densities under w~ter 

4L 
stresE!. 

1 • 
'-7 

In barley, (Kirby, 1970) evapotranspiration was esti-

mated ~rom plots with plants gr6wn at a rangè(Of densi-

ties .;from 50 ~\)l600 pl~ts m- 2 • From the he~di:n9 stage 

onwards, ~r?nspiration exce~ded rainfall~nd a sail 

water deficit occurred. 'This early onset of water 
'1 , 

'deficit may'ha~e led to reduced growth at the high 

densities' over~the latter part of the grain filling 

• 

o 

9' 

1 

l 

o 
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period, ot before, causing the reduced gra~n size' and 
1 

lower grain yie1d found at the highest densities (400-
-2 ' 

1600 plants' m ). 

In maize, many workers have studied the e,fect of plant 

density on yie1d: Alessi and Po~er (1965); Bunting 

(1971). Voldeng and B1ackman (1974) have shawn that 

the relationships between total dry matter yield and 
, 

......... -t 

density may be graphical1y represented by an asymptotic 

curve~ i.e. at high plant populations, the total dry 

matter yie1ds do not decline~ remaining,constant a~ aIl 

higher densities. Howev~r, when Water supply was in 

limi ted arnount's" greater shoot .yields were obtained at 

the lower densities. These phenomena were observed by 

Bunting (1971) and the low shoot yields were re1ated to 

low rainfa1l in one particular year. 

Summl.ng up in Dona1d~s words: "Little is known of this 

interacti~n between density and competition f0r water, 

beyorid the broad generalization 

is improved, sa can more plant's 

~uffering stress". 

that as the water status 

share ~h~,Without 

Milthorpe (1961) " as' cited by Donald' (1963)" states the 
.... 

-
~eneral principle that 'tt.he greater t,he amount of 'leaf 

..,. 
growth made before plants come into contact ~i th each 

'- . 
, 
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other, the more extensive will be the root system and 

the less l~kely is the plant to suffer, from drought. 

The higher the density, the smaller the plant,at any 

time during onto~ny, and the higher the water conten~ 

at which shortage of \V"ater is experienced." 

Competition for light can become the main limiting 

factor in crop production when nutrients and water are . 

. provided in ade'luate supply. As stated by Donald (1963): 

'''If there is a non-limi ting supply of nutrients and water 
" 

and if there are enough plants, then the yield will be 

governed by the growth form of the plants in the com­

munit y and thei~ capacity to intercept and use the light. 

When this limit is reached, the only means of in~reasing 

" yield is to turn to a genotype wi th greater capa,city to 

intercept and ~se light." ~7i th optimum light 'inténsi ty,' 

the plant community that is able to intercêPt'~ar 
r~diation in the shortest perio4 of time for more 

efficient use of light, while maihtaining a minimum of 

int~Plant 
index may , 

competition with an adequate LAI (leaf area 

give the higher crop growth rates. 

2.2.- Plant Population Yield Relationship.s in the 

Barley Plant. 

The effect of plant density upon thé growth and yield 

11 
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of barley has been extensively studied, especially by 

'- J.M. K~rby, who has dedlcated ten years (1967-1977) of 

work to the subject matter. 

Kirby (1967) studied the response of spring barley to 

plant density. Four cultivars were selected pccording 

to ro~ number (2 row and 6 row types) and til~ering 

capacity. There were four levels of plant density: 

100, 400, 400 and 800 plants m- 2 . 

Plant 'den~hty affected the yield and gro~h parameters 

of fundamental importance, namely: relative growth rate 

~RGR), harvest index (Ht~, leaf area index (LAI), net 

as~imilation rate (NAR), 1eaf area duration (D) and the , 
ratio of grain dry matter to leaf area duratipn (G) . .. 
Total dry matter was increased by a small,amount 

( 100 g m- 2)'with increasing density, but grain yie.ld 

dèclined sharply 'from a maximum obtained at an inter'" 

-2 ~ mediate density (200 plants m ) to a min~~um at the 

highest densi ty.· 

~ 

The number of ears and spikelet number per unit area 
, 

were increased in relatiqn 'to increments in plant pop-

ulation, but spikelet number per ear" ear number per 

plant and weight per grain, al1 fell, responding in 

12 
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the opposite manner, in s~ch a way that there was a mu-

tuaI counterbalance arnong\ the components of yiel&, 

tending to compensate for pla~t dens~ty. 

In genera1, it seerns that 1000,- grain weight was the 

parame ter more affected by plant den~ity, falling from 

about 42 g ~n the lowest denslty to about 32 g~ih the 

highest. Therefore, ~ntth~s experiment, ~t has 'been 

suggested tha~ lower gra~n yields at high populations 
,. 

were caused by a reauction of the grain size during 

grain filling and not by a 'smaller Size of the ear, 
\~ 

"un1ess the Size of the gra~n was deterrnined before 
,1-

grain fil1ing" (Kirby, 1967). 

A1though there was a smal1 increment of~total dry matter 

weight at high dens~ties, lt was not significant, ~ndic-

ating that maximum grain yïeld 'was obtained when the 

curve of total dry matter as a function of density 

became asyrnptotic. 1 The reduction of grain yield rnay be 

explained by the harvest index (Donald and Hamblln, 
, ~ 

1976) WhlCh was reduced frQm,O.42 at the wldest spacing 

• to 0.38 in the closest spaclng. The reduction in harvest 

inqex may be the result of a depression in the~GR, rnain-

1y after ear emergence, where for the ~owest seed rate 

-1 -1 there was a mean value of 0.43 9 9 week ,whi~e for 

-1 -1 the highest seed rate" it was only 0.25 9 9 week . 

\ 
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Thus, i t, se~ms clear that plant dens~ ty reduced the 

capacity of thè leaves~for produclng dry mat~ after 
6\ 

anthesls and th~s was reflected ,mainly in a srnaller 

gra~n size. However, further experiments upon the 

effect of plant population on graln yleld (Willey and 

Holilday, 1971 a, b) have demonstrated that graln yield 

was unaltered by a drastic reduction of carbohydrate 

synthesis during the graln filling perlod, by means of 

a sh~ding technique. Therefore, graln yield reductions 

in above-optimum populations are not entirely due to 

a deficient supply of as~imilates to the ear durlng the 

period of grain filling. They may be explained in terms 

of pre-~nthesis development of the ear, because shading 
" 

effects during ear development reduced grain yield, ~long 

with 1000 - graln weight and in partlcular the number of 

" 
grains per ear. The decrease in the we~t of the grain 

suggests a possible. reduction in the potèntial size of 

the subsequent grains at this stage. 

If potential grain yield is determined at the ear devel-- " 

f 
opment stage ~n barley, the number of grains per ear, 

and in consequence the number of grains per unit ground ,. 
area, may be the most important determinant of yield 

(Willey and Holliday, 1971 a). A reductlon in this 

parameter under high density conditlons rnay lead to 

lower gfa~n yields. This statement. ~trad~cts the 

14 
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conclusion of Kirby (1967) that 1000 - graln weight"was 
1 

re,pon~ible for reducing grain yields under high plant 

- populations. 

• In a morphogenetic study,-Kirby and Paris (1970) shed 

". more l'ight on this discussion because the most attention 

was paid to ear development in the main shoot of Proctor 

barley grown at different dens~ties, ranging from 50 to 

1600 Plant~ m-~ 

Plant density affected leaf number, leaf size, stem and 

internode length, apex development and primqrdia 

production. 

The number of fully developed leaves was reduced from 

-2 10.2 in the 50 plants m treatment to 8.0 in the 

highest densi ty. . 

Under high populations the lamina and the sheath lengths 

of the lower leaves were increased, and lamina width was 

) 

At high densities, stern elongation started earlier and 

absolute growth rates were lower. The final stern length 

was reduced because growth fini shed earlier. 
llI:t 

.~ 1-
\ 
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The apex development was faster in the high density 

treatmgnts, reaching the double ridge stage SLX days 

earlier in the highest density treatment. 

The rate of primordiurn product~on was litt le affected 

by d nsity; but pr~mord~urn production stopped t~rst in 

-2 the 1600 .plants m treatment. 

The su\dden end oi primordiurn production in the high 

density treatments, wtich resulted ~n shorter ears, 

was probably due to morpho~ogical deficiencies of the 

apex and h~gh concentrations of gibberelilc acid in the 

t~ssue; the h~g~ levels mf gibbereillns promoted earlier 
.1 

gro~th and earlier competition for nutrients, \-,lhlCh were 

• limited by a poorly developed vascular tissue, resulting 

in starvation)nd death of the apex tip. (Kirby and Faris, 

1970) . 

~~ ~ 
In. the context of searching for interactions between 

~ltivar and plant density, the experiments described 

above have shown that barley plant is h~ghly .sus~eptible 

to variations in plant density changing lts morphèlogy 

and adapting to differe~t environments. The data from 

these experiments indicate that an explanation of the 

decrease in yield at high populations is to be found 

w~thin the relationship of the yield cornponents to grain 

• 
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yie1d, mainly 1000 -'grain weight and gra~ns per eari 

now we know that a barley plant adapted to high density 
- ..l ~ 

must have a large ear, which appears as' the most ... 

sensitive stru~ture ~plant densitYi yet until to now, 

~ittle has been said àbout the relationsh~p between 

, other morphological features of the barley plant and 

plant density, such as tillering habit and ,leaf dis-

position. 

For-instance, Finlay et al. (1971) studied the effect 

of seeding r~te on yie~d of different cultivars of 

barley. The cultivars were selected on the basis of 

their morphological distinction and yield~ng ability. 

Cultivars with erect leaves were compared to plants .. 
with droopy and wide leaves. 

Results of the experim~nt showed that differences in 
~, 

cu1tivar'merphology were related te different responses 

of the yield components. but not to differences in yield, 

"'i.e., erect-leaf types produced an increas.ed number of 

ears per unit. area, together with a reduced number of 

grains per ear, in cemparison te their droopy leaved 

equi valents • 

Although ~ct-leaved types weje unrelated to higher 

yields, it seems that they may be more adapted to 

17 
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crowded plant populations (ponald, 1968). 

In relation ta tillering habit, from an agronomie point 

of view it has been generally'considerkd as a favourable 

characteri~tic, especially uhder conditions where good 

plant est~bliShment 15 doubtfu1 and till~ring may be 
'-,an advantageous source ofM extra-tillers for, failures. ' 

, , ' 

However, Donald (1968) has suggested that under very 
.... 

specifie conditions, i.~., highly controlled environments 
-

'and an adeauate plant stand, the norm~l tillering Pkant 
, . 

rnay be ~urpaSSed~bY 't non-tillering 'type of plant: 

" 

Following_ this direction, s'tudies of Cannell (1~69 al, 

Kirby ancr Faris (1972), and Kirby and Jones (1977) have 
, \ 

been foeused ,on the "t'i11ering pattern in barley. culti­

vars and its relationsliip to the 'rest of the yie1d 

c0l!lponen ts . 

Cannel1 1 (1969 al found that -the proportion 0:; 
l' , 

yie1d eontrrbuted by the main stern ear was ~~ much as 

20 - 25% higher than, that by any of the tillers and 

about 51.6% of the total grain yield under low ni-trog,en 

~onditio~S (28 'Kg N ha-~l, but only, 25.9~ in high ni- , 

-1' trogen fertilization (88 Kg N ha ). 
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The second rnost important culm wa~ the first tiller in 

the axil of the first true leaf, which produced 26.7% 

of the total grain yield and waE,! 'unaffected by ni trogen 

fertilization. In addition, the main shoot ear had the 

highest grain weight, a higher number of grains and the 

heaviest gràin, followed by the first tiller ..aar . 
..,.) Il 

'According to these results, one may consider the rest .. 
of the tillers as'unnecessary and Cannell (1969 a) 

discus~ed the desirability of uniculm cultivars, con­

cluding that si'ngie stalked piants -may not be desirable 

on the basis of their extremely difficu~t management 
i '; 

f~~ successful grain production. 

~ ; 

Kirby and Faris (1972) reported two phases in the tiller 

Î development of barley grown at different densities. 
, ,... .J ,"-

~. -J r 

In the early stages of grow;th, or first phase, the ef- , 

fect of interplant competition was not evident. Tiller 

bud formation was unaffected by high densi ty; ·in other 
i 

words" five tiller buds were formed in ,the high density 
r 

. -2 
plantin~ (1600 plants m l from a maximum of six, in the . \.. , .. -, ~ -2 
lowest density_ (50 plants ml. 

Tne second 

.... above the 

density. 

de:~lh::tal phase, when a tillèr appeared 

subtending leaf sheath, was affected by plant 

-2 ' In the 50 plants m treatment, 92% of the 
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formed buds produc.ed a tiller, .while this p~rcentage was , , 
. -2 lowered to 83% in the 100 plants m population, 66% for 

-2 200 plants rn density, 52%, 34% and 19% in the 409, 800 

-and 1600 plants m- 2 treatm~nts, respectively. 

The tiller buds initiated in the first phase consurned ~ 
• 

assirnilates and mineraIs produced o~absorbed in other 
l ~r.. 

areas of the plant, becaus~ they were not capable of 

perforrning photosynthesis or cornpeted for light (Rawson 

and Donal~\ 1969"). At the tirne these tillers are 
... 

growi~g, the apex of the main shoot is"pro~ucing pri-
, 

mordia,t a very high rate (Kirby and F~r~is, 1970), 

destined to forro spikelets, and a competition for 

miAerals and assimilates may be established. Later on, 

whèn the buds. are transforrned into tillers, 'they may 

still receive assimilates exported from the ma~n shoot 

and this,may affect the rate of transpiration in the 

whole plant. 

A number of the formed tiIIers die at an early stage, 

without bearing any ear, thus aIl the plant resources 

used to promote the growth of these young and unpro~ 
. 

ductive tillers may be considered as wastef,n. 
""-

~ 
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2.3.- The Cpncept of Ideotype. 

Donald (1968) proposed à wheat.plan~ id~otyp~, suita~~e 

for densely populated communitles: His model was con~ 

ce1ved as a single-stalked or uniculm type, ,among other 

characteristics~ This advocacy for the un1culm plant 

1s ba5ad on the 1nterrelati~nsh1ps be~ween' a ienotyp~, 

its competitive ability ana. the environment. That i5, 

for this specifie "ideal lOf genotype, it' is expected .to' ~ 
exploit with high efficiency the environrnental resources 

f,· 

with ~ minimum of ~ntra and interplant competition in ' 

a densely populated corranuni ty for higher gra:in yield ,and 

for great~r grain guality. 

" Furtherrnore, the ideotype should be able no~ qniy to 

produce higheli total dry matter yields, but it mustoalso u 

be capable of giving higher harvest indices. The suc-
, \.., 

cessful cultivar should increase biologica~ yield at 

high density or fertility with a good capacity to main­
'11 

tain a high harves't "index (Donald and HaIJIb.~il'!!>y 1976). 
t 

"'oF 

The model proposed by Donald (1968) was idealized for 

a highly favourable environrnent· and was su:pport$'!d' by ~ 

, .;i;, consid~rable theoretical know1edge. and experimental. 

evidence. Such a model should comprise several features: q 
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1.- ~hort, strong stem.- Under high fertility conditions, 
'. 

, the presence of a" short st~m i5 desirable in order to 
\ avoid lodging and ~hould be resistant enougn to stand 

wind force. 

2.- Erect leaves.- Non-drooping leaves may~allow more 
~ , 

efficient use of the incident light in, dense communities. 
\ 

~ l 0 

In barley, thiS was d~~onstrated by Angus 'et al. (1972) 

who found greater photosynthetic efficiency in cultivars 

with erect !eaves, ~specially.~~ high densities. Similar 

conclusions were reached by Tanner et al. (1966), who 

found a strong association b~tween high yield~ and erect . , . , 
() 

leaves among barley and other small-grain plants . . , .. 
.!, -

3.- Few, small leaves.- ~heoretical consid~rations have 

postulated that populations adapted to high fertilizer 

~apPlic~tions a~d perhaps high density, tend to have 
, , . 

smaller leaves; in addition,fsmaller leaves tend also . 

"-to be erect in compar~son with larger lea~es, which are 
~ 

more likely to be curved:do~ward. It is possible too, 
. 

that small le~ves present a reàuced surface for poten-

tial transpiration. 

li~.and Doqald (1974), found'a strong relationship 

between grain yield and shorter l,eav~s 1 under communi ty 

conditio~1 especi~lly at hig~ nitrogen level. 

, ' 

\ 

1 

\ 

22 

. . 

. , 



,. f 
0 , . 

4.- Large ear.~ Larger ears are related to higher 

harvest indices. Heavy ears ~~ espé'êially important 

for the un~culm plant, b~~ng unab~e to produce tillersi 

ear ,size is the only ,phê'rJotypic adaptation to adverse 

en~ironmerital conditions. \ 

5.- Erect ear.- Drooping ears may he less efficient for 

light interception. 

6.- Presence ~f awns.- "' There is ample experimental 
f" ,', . 

~he,presence of' awns on tçe ear. eviden~e that supports 
" , 

al. ~973) found ~he p~esence of awns more 

in 'bariey than in wheat. The l~rger -barley' 

Biscoe et 

important 

awns were responsîhle for about 35% of the ~otal photp­

~yn~hesis of the ear. Johnson et al. (1975) also 

reported an increased-rate of net photosynthesis for 

awned ears. 

7.- Single ,culm~- ' Some possible,advantages of the 

uniculm cereal p'lant 1 have been already discussed in 
.. 

this review. The'principal asP)cts'Of intra-plânt 

competition ln barley have been considered. 

Of course, not -everythin.g may be considered advantageo~s 
~ 

in the model presented here" Thê environmental condi-

tions in which the ideot~pe iS'going to grow must present .. 

, " 

.. 
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seve~1 conditions that fit the specifie requirements 

of the plant for maximum yield response. For instance, . ' 
the planting density should be increased, the amount of 

~ertilizer has to be higher; the uniculm i5 unabl~ ta 

.campete efficiently with weedsi it i's more susceptible 

ta frost or drought conditions; finally and perhaps the 

mo~~ important, the water supply should guarantee 

a uniforrn and dense plan,:t stand because the model being 
," , 

unable to produce tillers, has lost the plasticity of 

the multiculm plant~· Yet in the long term, the ~niculm 

ear could ):lave a gl1,eatèr pla~ticity, and then it could 

replace the role of the tiliers in adaptation to a rân1e, 
. 

of seasonal limltations (Donald, }968). 

\ 2.4.- The Barley Ideotype. 

Many, if not aIl, of the wheat ideotype features could 

be tran'slated to the barley plant, keeping in mind that 
.. , 

the physiology of barley rese~les that of wheat 

(Thorne, 1966). In fact, ,there is ~considera,ble nurnber 

of cereal workers invo1ved in the deve10pment qf a suc­
\ , , 

cessful baFley ideotype, which çioes not differ much from 
\ 

the mode1 described. Klinck (1967), Fiddian ("1967), and 

Reid', and Wiebe (1968)' among others, have suggested the 
,. 

advantages of a single sta1ked barley cultivar, ca11ed 

"uniculm" by R. G. Shands (as cited by Klinck,. 1967) , 
1 

f 
,~ 
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/' 
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who obtained the Kindred type of uniculm after seed 

irradiation of the normal oultivar. 

" , 
Klinck~ (196~) reported important advances ~n the control-

• 
led evolution of this new type, by means of plant breeding. 

After several crosses and careful ~~lection, a number of ~ 

uniculm plants with irnproved agronomic characteristics 

over the parental unioulm type, were'obtained. The orig­

inal uniculm Kindred exhibited several undesirable 
. . . 

features in its rnorphology, such as an abno~al he~, 

mainly, in which large segments produled no seed. 

In ~iS work, Klinck discussed the uséfulness of the'new 

cultivar in-cornparison to the multiculm barley, in which, 

as ~t was mentioned before, useless tillers -mayl interfere 

with the full development,of the main ~ead. 
'-

In order to prove this la st assurnption, a uniculm ~~rley 

cultivar (a mutant of Proctor, produced in 1951 in the 
, .. 

Plant Breeding Insti tu té , Cambridge). was tested in the 
r ,-

field against the multitillered prçctor spring barley 

(Kirby~ 1973 a). The technique wa~,an a~alysis of growth 

1 • 

in which detailed measurernents of the main shoot, leaf, 

internode and ear development were made. In addition,: 
1 

the' number of primordia ,was counted, recording'the shoot' 

apex stages of development as weIl. 

f 

.... \ 
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Both uniculm and multiculm Proctor are of similar geno-

type, differing on1y by a single recessive gene that 

supresses tillerühg (Kirby, 1973 a): 

The 'resuits showed that unicu1m barley produced higher 

~rowth rates and in consequence greater final size. 

The ~bsence of com?~tition in, unicu1m, from secjPndary 

shoots, was expected lo' affect" not on1y the vegetative 
,.. ..,. 

developm~nt but the ear·size as well. However, the 

ears of the two genotypes did not differ -in relative 
, 

growth rate and .it was assumed that,the lowered growth 

'rates of uniculm during the grain filling period were 
, , ' 

due to the abnormal dey~loprnent of the ear, abnormal­

it~es that were expressed bY"severe reduètions in the 

numb~r of ~pikelets. 

!n this case, the inab~lity of the uniculm'Proctor to 
, \ 

produce spikelets did rlot allow to establish cornparison~. 

~-- . 
A further study on the devel9prnent of uniculrn barley, 

(.Kirby, 19'73 b) revea1ed that unictrn ea'rs were affected 

" by high ternperatures. In thèSe experirnents a, Kindred 

uniculm (Klinck ~ 1967') was, included and the rna:~n object­
-", 

r j, ' ive\was to determine the nature of the abnorrnal plants. 

The material was treat~d with different photoperiods and 
, 

'ternperatures, (both suggested as prornotors of ".P, 

/ 
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, 
abnorma'li ties). The degree of abnormali ty ranged from 

almost normal plants to several morphologica1 aberrations, 

i. e. : 

1.- Threènodes with opposite spikelets. 

2.- supernumerarY/arts. Two complete spike­
lets occupyin the median spikelet position. 

3.- Branc~ed rachis, 

4.- Bare nodes. Nades ln the rachis with no 
spikelets. 

5. - Twin florets.' Two f10rets in one sp.ikelet., 
, 

6.- Abnormal rachil~a. 
;~ 

7.- 0ne-ranked spikelets. Normal spikelet 
triplets at each nome, but only on one 

,. side of the rachis. 

8.- C01iar-1ike abnormality. .. 
9.- Aborted apex. Apex ceassed growth after 

formation of the 1ast leaf. 

10.- Tubular 1eaf. T~e flag 1eaf presènted 
fused margins surrounding the ear. 

The p~ants were gro~ ip~onsta~t-ènviro~en~ rooms at 
(, " "-
7, 17 or 26°C under constant il~urnination. The degr~e 

, 
of abnor.rnality was increased in'each temperature treat-

ment, ranging from 33% ta 100%. 
,. 

The induced abno~ali t'ies resernbled the damage caused 

by 2, 4-D (2,4-dichlorophenoxyacetic acid) and the 

affects were re1ated to a temperature sensitive change 

" 

2'1 

/ 

, 
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in the lAA~ndol-3 y1-acetic acid) m€tabo1ism of the 

plant associated with the uniculm c~~racteristic (Kir.by, 

1973 b). 

Up to now, research wark on bar1ey had been unable to 
'-

demonstrate in practice the primary hypothesis formulated 
, 1 

years before (Klinck, 1967; Donald, 1968) in which it had 

been stated that cultivars bearing only one productive 

,- head, with no interference from secondary tillers, should 

be capable of giving higher grain yields. 

, 
'An a1~ernative methodology ta su~port that hypothesis 

Jas estab,lished by Kirby and Jones (1977), l'in which the 
. '/ 

effect of tiller gtowth on the growth and the final 

size of the main shoot was assessed. 

At an appropriate stage of development, primary tiller 

buds of Procto~ barley were removed by surgical methods. 
:- '--

In other experiments the main shQot was removed from 

the ernbryo and the Slze of the coleoptile tiller was 

measured. 

, 
\ihen the developing tiller buds were removed, the rate 

',~ 

of leaf emergence. and the nurnber of leaves were greater 

in the main Shoot; dry weight of the main shoot also 

was increase9 two fold and the main shoot grain dry 

28 
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weight exceeded that of the control (untouched plant) 

by ~out 35%. The nurnber of grains on the main shoot 

was greater by,about 21% in the detillered 

the grains were heavier as weIl. 

When the main shoot apex was removed, the coleoptile 

tiller resembled the, growth of the main shcl>t., having 
, 

more leaves and more spikelets th an the control plant 

coleoptile tiller. ' \ 
The major conclusion from this work is the proof tha 

unproductive tillers, i.e., tillers with no ears, may 

compete with the main shoot at early stages of 
l" J 

opment when the formation and 1rowth of tiller buds is 

" litt le affected by plant density (Kirby and Faris, 

1972). Therefore, even at high densities, when the 
1 

tillering survival may be affected, thèse tillers that 

die early "and rnake no contribution to the final grain , 

yield ll
, should be considered as "wasteful" and the~ 

production "may teduce the final grain yield ll (Kirby 

and Jones, 1977) . 

,. 

r 
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3 . - MAT~RIALS AND METHODS 1 

ç-
, 

Two field experiments (1 and 2) were carried out at the 
, , 

Macdonald College Agronomy Research Station (Lat. 45° 

26' N, ~ong 73°56' W) during 1977 and 1978, respective1y. 
~ 

Exper~ment 1 was sown on a well-drained clay loam soil 

(range 604) in the spring of 1977. Experiment 2 was 

planted on a sandy lo~m (r~ge 927)'in the spring of 

1978. 'Thé sites were prepared" accord'ing to normal 

agricu1tural practice and received basJl dressings of 

340 Kg ha-lof 5-10-10 commercial fertilizer. ,..., 
U 

Il 

Sorne details 'Of the rainfail pattern, fçr '1977 and 1:978 

are given later in figure 3.~ In both years, May and 

July were .. below "normal". M'vy 1977 was jonsidered as 

;p:d extremely dry rnonth and July 1978 may be ,considered 

as just a dry month. In May 1977, the'p~ipitation 
\ 

was the lowest in ten years and only 33% ff the 

"normal" rainfal!. ( 
'-~ 

? 
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Figure 3.1. - Rainfal1 'pattern in 1977 and 1,978, a~' 

compared to the averag •. (mm). 

3.1.- Experiment 1. " 

.... 3.1.1.- Çu1tivars ... Fïve cu,ltivars (six row type) of 

9 sprtng barley tHordeum vulgare L.), differi~g in Yie~-

,ing ability, til1ering capac~ty and rnorpholog~cal' 

characteristic6 were se1ected for this study. Cultivar 

names and sorne of their featrl,res are presented in the 

Table 3. 1. ~ J 

\ 
\ 
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.~ Table 3.1.- Characteristics of cultivars used in 

.. 

Exper imen t 1. 9 

"-

Cultivar Tillering Yielding ability 
capacity at normal dens,ity 

~ 

... 
Q.B. 59.28 nil 

i 
low 

ç 
Q. B. 60.2 nil low 

Laurier med:i.um , high 

Loyola medium 1 ?igh' 
Conque st high medium ! 

.,. 

The sèed of a11 cultivars'-was teste~,under greenhouse 
. , 

condi tions for germination ~nd emerge,nce abili ty in 

boxes containing a mixture' tV/V) of soil (3) 1 peat moss 

(1), sand (0.5) and perlite CO.5). The resu1ts' df the 
, , 

test '~howed tn~t 96% of the seed germinat~d ,weIl; 

tnerefore, the seed was considered as of good ,quality. 

• 
" , 

3.1.2.- Treatments'and Design.- The'cu1tivars we~e 

studieq at tt~ee plant populations. The expected plant 

densi ties 1 assuming 100% of seedlin'g en'Iergence,' were 

170,,250 and,SOO plants m-2 These plant populations ., 

were ca~culated accordirg~o the weight- of 1000 grain 
! • 

samples, randomly extracted frqm each cultivar seed ~t, . , -

and the precise number of seeds per row wa~ attained. 

i \ '", 
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In the field, different plant populations resulting from 

changing the distance between rows frqm 30 cm (170 p1an~s 

m- 2} 1 to 20 cm (250 plants m- 2 ) and. 10 cm (500 plants 

-2 
In ), keepîng constant th? plant number within the row 

at 2 cm distance from .each other ~ 

j:I 

,Th{e.leV~lWOf nitrogen, 0,34, and 68 Kg ha-\ in the 

forro of ~onium nitrate were studied. 

. , 

1 

1 

The'treabrrents were laid-out in a 'split-split-plot 
) 

experirnental de'sign 1 wi th ni trogen levels as main plots, 
, ~ 

pla~t densities as sub-plots and,~he' cultivars as sub--

sub-plots. The sub-sub-plots were oI 3.,8 In x 1.2 m of 

surface. There were three, replicates.·' 
"" '-

The plots were sown from April 29 to Hay.1 by a hand-.-

operated, roodified cone seeder and the nitrogen appli-

cation was d.one at the three-1eaf stage of growth, with 
, 

a Planet Junior seéder. 

, , 

Weed-control was done by hoe' in the 30 cm row-spaced D 

lplo~s anq by hand in the intermediate and densest 

t~eatmen,ts. However,. sorne weeds were present in the 

experiment 1 especia:lly in the .medium deI)si t:y. This 
"' 

problem in the' field forced elimination of the 

intermediate plant populations from the, discussion. 

j 
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At the end of the growing season, when the Plan~ e 

2 :: ~, • • fully ripe (w~th no green coloratlon), 2 m from eacn 

s~b-sub-plot were harvested by hand, pulling out th~ 

pl~nts earefully. • 2, A 1000 cm sample was separated 

'from the 2 m 2 harvested p1dt fqr sorne calculations. 

As soon as possible, all the harvested vias 

placed in a hot-air dryer at 60° c .. 

The ~ta collected in this experimen 
( 

l 

1.- Number of days from planting to heading, 
i (when 50% of the culms in eaqh plot had 

visible ears) . 

2.- Number of plants p~r square meter. 

3.- Number'of tillers per square meter. 

4.- Ear number~per square meter. 

5.- Number of1ears per plant. 
" 

6.- Number of tillers p~r plant. ) 

'-
7.- Total ab ove ground dry matter weight 

(biological yield) in grams'per square 

• 

8.-

meter. S 
Grain yield (economi~al Yield). Expressed 

, . ' 

in grams per square meter. . 

9~- Thousand-grain weights. 

10. - N,umber of grains per ear, (estitflated from 
the grain yie~d divided by number of ears 
per square méter, divided by mean grain " 
weight) . 

11.-'Number of grains per squa~e meter. 
" \ - " 

12 • - Harvest ipdex. ,~ 

./ 
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. 2 
Points 2 tO,6 were coun~ed. from the 1000 cm ~ s~e. 

The dat~ was statistically ana1yzed by an el~onic 
l ' ~ , 

computer, using the SAS package . 
.. 

1 
3.2~- Experiment 2. 

3.2.1.- Cultivars.- Three cultivars ~sixJrow type) of' 

. spri,ng barley 'laurier,' Q.B .60: 2 an~ Q: B. 59.28, were 

selected fo.r ~study ,on thé bas~s o..f, their performance in 
. 

the field (previous experiment). 

l ' ~, 

The seed was teste~ tor 'germ~nation capacity using the 
-

) 

rnethod reporte~ for~peri~ent l, and the results showed 

a good ( ,95%) perC'entage of germination. 

. 
3.2,.2.- Treatments and Design.- The cultivars were 

studied at three ~lant papu1atian~, and Qssuming 100% 
,. . 

of seedling emèrgence~ they w~re as follows: 2~O, 500 
-2 ' 

and ~oo plants m 1 respectively. The plant popu- ' 

lations were calcu1ated in accordance with several seed 
, /' 

rates using the sarne procedure described previously ... 
(experiment 1) .. ~However, in this experiment the 

distances between row? were from 20.CIn (250 plants m""2) 

to '10 cm (500 plants ~-~) an~ 5 -cnt) (lOO,.('plants m -2) • 

7;"-
" 
\ 
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.. , 
• " -1 Three ni tro.gen dosages, 0,' 34 and 68 Kg ha ,were 

applieo ta t~ail again and their effect an th: grow;h 

, ând yield of barley was assesseq. 
, . • 

) 
The lfXperi~ent wàs laid-out in the field as was de- ~ 

scribed previously (experiment 1) 1 bu~ with ~ur 
'? 

• ~a~es • 
. 

• c 

) v • 

-) , 

,,, 

,. ~ 

~ 

• 

\ 

" 

.' 
were planted fr~m May 11. t~ May 14, as The plots 

, ? 1 

described 
~/' 
'a~en 

before (experi~ent 1),' excePt: that this (iear 

frame with aluminum rails was especially • 
# 

built ip arder to improve the seeding. The cone-seeder 

"machine was placed on the rails and the frame was moved 
" ~ 

.each,time to the following row.' This procedure allowed 

a. highly'_precise ~istance between rows, and at the sa~e 
~ ... 

time the machine-operator always walked on the frame , 

ca~sing no damage to the seedbed. AIso, the 
li / _ ;-

was smoother in i ts 'Op~ration bec'ause the wheels 

of on the ground. 

, 1>;0 • 

~he nitrogen was applied by hand, as soon as t~ plants 
( t ~" , 

'within the rows were visi~le. ". 

1 

1 ) • 

In 1978,' weed-control 
J ' 

-1 was done by herbicide l4l8 ~ ha 

of 2,4t.D) • A very accurate broad-leaf we~d control was 
f • 

11 , 

,obtainèd-ànd,the re~aining ~eds were eliminatep by hand. 

.. l't •• 

) \ ' ( 
• 

J ' . 
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No w~ed interference was observ~d ln this experiment. 

, , 
At maturï,ty, p.lots of 2 In .2 were dlvided in two portions, 

,J 

o'ne of them wi th 2000 cm 2 was sele~ted at random and , 

, h~rVeSjed qy hand, the plants being pulled carefully , 

and~aced .in cotton bag~. The greater portion:was cut 

with a sickle and the harvested materia11 bagged sepa-' . , 
rately from the sample. As saon as possi~le, the material 

was stored and treated -as described before' (experirnent -1) • 

~, 
The da~a collected in experiment 2 comprised: 

1.- Number of days'to heading. 
--L 

2.-
. .. 

Plant height. Measured'as the me an 
between the lowest and highest ears 
the centr~l portion of the piot. 

3.- Number of plants per square meter. 

4.- Number of tillers per'plant. 

5.- Number of earS\per plant. 

6' ... }Number of tillers per square meter: 

7. - Number ot,_~ars per square meter. 

8.- To~al above ground dry matter weight 

height 
from 

.J' 

ÜJiological yieldl, measured from the ""-
,total plot and expressed in grams per 
square me ter . .....;JI 

9~ - ~rain yield Ceconolnical yield}. ,Measured 
from the whole plot and described in grams 
per squàre meter. 

10.- Thousand-grain weights. 
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11. - Number of grains per ear (çalculated as 
d~scrl.bed before in, experiment 1), 

, .. 
12. - Number of grain~ par square meter. 

13.- Harvest index. 
~. 

Variables 3 to 7 were est'imated ~roin the' 2000 cm 2 sample. 
, , 

The data was statistiça11y 'anaiLyzed as desèribed elsei 

where (experiment 1). 

, , 

{ 

, ' 
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4.- RESULTS AND DISCUSSION 

4.1. - Experiment 1. 

4.1.1. - Pl~nt Nurnb~r,.:" Th;i,s experiment was sev~rely af-, -
fected bW ve~y dry weather, during ~he initial stages 

/ 

of growth in May. Seed germination was reduced by 

defi.cient moisture and the ~xpected n-umber of plants, 

assuming 1001& seed germination~ f~r ~e,- different plant 

densîties was consequently inferior. Plartt establish-

ment was especially affected in plots with higher seed 

'rates, where approximately 49% of the,planted seeds 
1 

failed to e~erge, whereas 30% and 14% were qbserved in' 
\ ; 

the 20-cm~nd 30 cm spaced row p1ots,'respectively, . 

" .... 

In Figure 4.1 and Tabl-e 4.1 are presented in detai!, 

sorne 'of the characteristi&s dèsc~ibing this situation 

in the field. 

> ' 
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Figure 4.1.· Number of expected 

* 

• 
j 

f\. 
-2 plants' (m ), -----i 

actual number of plants ~ maturity -2 (m ), ---; and 
l --2 

number of seeds (m ~. 

* Means of ~ive/c,ultivars, three leveis of nitrogen and 

three replicates, 

l' 

) 
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Table 4.1.- Mean* seed rates, seed density, mean** plant" 
" . /' 

establishment, mean** plant density (at maturity) and 

row spacing. 

J • 

t. 

SEED SEED ESTABLISHMENT PLANT ROW 
RATE DENSITY DENSITY SPACING 

-1 -2 -2 Kg ha , seeds m percentage plants m cm , 

)p 

84 170 86.5 147 30 ~ .. , . 126 250 7 0 ~ 0 175 20 
, " 

252 500 5l~4 257 10 

{ 

*Mean of five cultivars, 'calculàted,on the basis of 

1000 - grain weights. , , 
**Mean of five cultivars at three 1evels of nitrogen " 

and threè replicates. ' 

Th~~levels of significance for the various treatments 

and interactions of sorne crop parameters are shown 

below in Table 4.2. 

1~ 

( 

\ 
, . 

. , 

., , 

" 

'" 

} 

;, 



.. 

, 

J 

r, 

'. 
Table 4.2.- Variance ratios of ~he main treatments and .. 
intera€tions for sorne of the crop pararne~rs under study 

in Experirnent 1. 

Source 
of 

V;ariation 

Nitrogen 
(N) 

Plant 
Density 

(D) 

N x D 

Cultivar 

Plants Bars 
per 2 per 

,rn Plant 

0.98 1. 26 

Grains 
per 

EiiF 

0.07 
"-

37.40**23.33**5.98* 

5.29* 1. 46 2.25 

1000 
Grains 
Weight 

0.23 

29.42** 

0.4'8 

Grains Total Grain 
per2 D.Matter Yield 

m Yield 

1. 36 1. 91 1.12 

4.48* 1. 70 4.15* 

0.86 0.09 0.30 

42 

(C) 2.92* 22.67**14.49**96.l7*~86.83**45.75**82.93** 

N x C '. 1.16 1. 24 1.16 2.62* 1.10 1. 33 1:24 

D x C 0.27 4.33** 2.71* 1. 59 7.40** 5.42** 8.32** .. . 
N x D x C 0.79 0.45 1.61 0.95 1. 99* 1. 82"* 1. 96* 

*Signific~nt at 0.05 level~ 
, , 

**'Significant at E>. 01 ~vel. ' 

, ,~ 

According to Table 4~2 the significant value for the 

densi~y j::reatrn,ent,' indicates 'that the~ was a signif~ant 

difference arnong the three plant densities. The Duncan's 
. ' 

. New Mul t'ip,1e Range Test (DNMRT) at the 5% probabili ty 



43 

level, (Appendix, Table" showe~ that the 'difference 

was established ma~nly between the highest plant popula~ 

tion (257 plants m- 2) and the lowest one (147 plJnts m- 2) . 

',On the other ha~d, a non s~gnificant difference was 

found between the lowest density and the lntermediate 

density (175 plants m- 2); therefore, in this discussion, 

t 

\ 

for the most part only two levels of plant density 

(147 and 257 plants m- 2) w~ll ne considered. . ' 
Also, the analysis of variance for the varlable PLANT, 

NUMBER, Appen~ix, Table l, sqowed a s19nificant inter­

action between nitrogen a~plant density. This inter-

action was found linked to the intermediate denslty. 

The unexpected and undesirable slgnificant value for 

cultivars and after the DNMRT at the 5~ leve1 was done, 

indicated t~at Q.B.59.28 had an inferior number ~f " 

pJ:ants in comparison to the other cultivarS (Appendix" 

Table 1). Only 54% of th& seed planted "for Q.B.59.28 

produced plants. For this .. reason, tne d~scussion will 
1 

be ~ntered mainly on Laurier, Loy61a, Conquest and 

Q.B.60~2. 

4.1.2.- Tiller NUmber .~ 

1 

1 

4.1.2.1.- Ti1lers per Plant. Although N increased slightly 

the mean number of tillers per, plant, the differences 

+ . ' 

, " 
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were not significant (Appendix, Table 2). 

However, this var1able was significantly affected by plant ~ 

density. The n~e~ of tillers per plant was reduced in 

general (COnSider~g the means of five cul,tivars and three 

levels of nitrogen) from 0.88 in the~lowest density to 

0.42 tiller_s per plant in \-tthe 'highest densi ty . 

. 
At all denS!ies, conquest,'produced the largest yeunber 

of tillers (Appendix, Table 2). In'geperal, Conque~ 
i 

~ gave 1.29 tillers per plant, signiflcantly more than 

Laurier (0.98) and Loyola (0.93), Nevertheless, the cul-.. 
tivars had significant differences only at the lowest 

If 
density. Under more severe competition (highest density) , 

no significant differences were detected and the numbers 

were 0.89, 0.60 and 0.59 for Conquest, Loyola and Laurier, 

respectively (Appendix, Table 2) • 

. 
A great portion of ~llers produced ~t the lowest density, 

did not produce any ear, and this could hav,e reduced the 
, 4. 

total grain yield of a plant. It has bee~established 

(Kirby and Jones, 1'977) that tilleFs which do not con­

tribute to the fina~ grain yield may be regarded as 

wasteful and in consequence, 'may reduce the grain yield~ 

A great product1on of tillers in plants at wider row 

spacing can be considered as an advantageous feature, 

v 



, 

, 

. 
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'yet only up to a certai-n po~nt Il in. which excessive 
, 

tillering may be undesirable. 
1 .. 

In this stùdy, Conquest was more exhuberant in its 

_tillering than other cultivars, 'however, the higher 

grain yields were found elsewhere. 
'). \ 

Figure 4.2 may-give a better ide a of the relationships , 

between plant density and tiller production. 

These~esults coincide with previous work done by Kirby 

(19,67) ," in which the number of tillers per plant in 

barley, was reduced by increased plant density. 

. 
4.1.2.2.- Tillers per Square Meter.- Heavier applications 

of N in the soil increased significantly the number of 
-2 . tillers m (Appendix t Table 3) from a mean number of 

, , 
-1 87.33, obtained at .re lowest level of N (0 Kg N ha ~ 

to 122.22 when the hi9h1fst level of N (68 Kg N ha- l ) was' 

added to the soil. AlI these differences were detected ~ 

on basis of the D~MRT at the 5% level and considering 

f~ve cultivars at three plant densities. 

There was no significant difference ïn the number of 

tillers between the highest and the lowest densities; 

the number of plants compensated for supressed tillering 

" 
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'CONQUEST Q.B. 60.2 
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Figure 4.2.- Effect of plant d~n~ity (a, lowest ùensitYi h, highest density), on the· 

number* of tillers ~er plant of Laurier, Loyola, Conquest and Q.B.60.2. 
i 

*Means of three leveis of nitrogen ~nd three replicates. 
... 
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in.the higher population and viceversai nevertheless, 

the mean tiller numbe·r was higher il) the wider spacing 1 

with 124.09 and ~ower 1n the densest populated plots,' 

giving 106.99 tillers per s9uare meter. 

-
In general, Conquest has' the' largest mean number of 

tillers per p~artt. Thus,' the max1mum number of tillers 

per unit of ground area, was attributed to Conguest. 

This_cult-ivar produced 226.70 til1ers" sign'ificantly 
c. --' ~' ' 
\JI , .. 

mor.e than Lau~iet (160.00) and Loyola (1?;9.40). 

Of course, the uniculm cultivars, Q.B.60.~ and Q.B.59.28 

did not produce any.tillers. 

The interaction D x ~ showed no significance. However, 

a DN~T was done and pr~uced significant resu1ts. 
,.-.... ~ " 
At higher densities still Conque st produced more ti11ers 

- than any other cultiva~, with 235.55; in second place 

Laurier and 'Loyola Jith 163.75 and 130.00, respective1y; 

at the lowest density there were no significant d1f­

ferenées and aIl cultivars, with the exception of' the 

uniculm, pr~duced the same number of tillers, rangi~g 

from 193.33 to 241.11 tillers m-2 (Table 4.3) • .. 
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~Table 4.3.- Duncan's New Multiple Range Test for the ~ 

, 

,-

comparison of cul ti var means * for nurnber of tillers m- 2 

at two densities. 

Cultivar 

"\ 

Conquest "" 

Laurier 

Loyola 

Q.B.60.2 

-2 147 plants m 

'241.11 a 

193.75 a 

193.33 'a 

0.00 b 

-2 
• 257, plants m 

235:-55 a 

163.75 b 

130.00\b 

0.00 c 

Means within columns fol1owed by the same letter are not 

significantIy differerl't at 0'.05 probabili ty leve1." 

* Means of three leveis pf nitrogen and three replicates. 

( 

4.1.3.-'Days to Heading.- Ear emergence was not signifi-

cantly affected by 'nitrogen fertilization (Appendix, 
. ...., 

Table 4); however, in the plots in which the higher rate 

of N was added, the plants showed a slightly earlier ear, 
i 

appearance. (' 
1 

'J.lhough a non significant eJfect heading wa:s 
1 

l 

detected for plant densitirs, higher populated plots 

1 

-J 1 
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had earlie'r' ear emetgênce. 

The only significant difference found was that for 
, 

,cultivars. Q.B.59.28 was the earliest cultivar, heading 

in 53.48 days, and was significant1y different from 

Conguest (54.59 qays), and Laurier (54.96). The most 

tardy cultivars 

~S). 
were Q.B.60.2 (5~.37 days) and Loy?la 

~ 

4.1.4.- Ear Nurnber 
" 

4.1.4.1.- Ears per Plant.- The analysis of variance 
( 

. (Appendix, Table 5) for this variable showed a signifi-
, " ~ 

cant value for the effect of.plant density.' Increased 

'plant density produced a consistently lower number of 

ears per ~lan~'from 1.45 to 1.24 to 1.08 at i47~175 

-2 and 257 plants m , r~spectivêly. 

~ general, the cultivars had almost the sarne number of 

ears per plarit, in spi te of th~ Qespecially high nurnber 

of tillers per plant observed in Conquesti however, this 

cultivar had the 1argest number of ears per plant. 
'<0' 

The differences among cultivars within plant density are 

shawn in' the Table 4.4~ 

..... 
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, ~ Table 4. 4 . - Du~c~fs' New Multiple Range ter for the 

\ co~pariso'n ~f cultivar, means* for Jlumb),f ears per 

~ plant at twd densi ties . ( , 

li. ,t 

Cultivar 

, ~COl1IQUEST 

~URIER 

~OYOLA 

Q.B.60.2 

• 

" 1 

147 plants m- 2 

• 

2.00 a 

1.67 ~ 

1.62 1". 
1.00 c 

, 
-2 257 plants m , 

1.16 a 

1.13 a 

, Means within ~olumns foÙowed by·.the same letter are not 

Signi~ic~ntl~' di~ferent .~: the O.05'probability lev~l. 
, • ~ , ~' 1 

, ,. 1 JI" \ 
o • 

\Me~n:.O( t:ree leyels of,~itrogen and ~firee replic~tes. 

, ..,; -2 1 

unde;/co~aitions of high density (257 plânts m ) the 
./ .. q 

l ' ' " al cultivars produced a sirnilar numbe~ of ears per plan~ 
p ~"; , ....... 

and the di.fferences were'n&. significant, resembling 
< jl 

\ . 
a uniculm plànt in ear n~e '. Figure'4.3 represe~ts 

" 
- ,--

, sorne rnorphological ch~ra~ter 

at" differ~~t ~ensi~ie~ , 
~ , 

stics of the.-culttvars , 

, 

... 

l ' 

, 

D 

1 
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Figur~ 4.?- Effect of plant density (a, lowest densitYi b, highest density), on the 

n,llmber* of ears per plant of Laurier', Lôyola, Conques.t and Q.\ 60.~ 
-/ , .. 

*Méans of three levels of ni~rogen' and three replicates. :.,. 
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The eff~cts of N on this variable were not significant. 

Nevertheless, in the present study, the number of ears 

per plant was slightly increased by the highest dosage 

of fertilizer. 

4 .1.4.2 • - Ears per Square M.eter'. - In correspondance w~ th 
, ~ 

Kirby (1967, 1969), Willey and Hdllid~y 11971V an~ other 

workers, (see Literature Review), the final number of 

ears per unit of ground area was increased with increas-
\ . 

ing plant density. In general, this nurnber,was up to 

216,50 in the densest treatmeht, while 210.~ ears m- 2 

were counted 
"-

for the lowe'st density. The analysis of 
. t f\!lr this parameter showed the difference var1ance as 

significant (Appendix, Table 6} • 

\ 
- -2 Conques;t was detected as the maximum producer of ears m 

, 

highfùmber of with 287.00, as'a consequence or-Its 
1 

1 , .. 
ears per plant ai: all dens!til' • J' -- \ 

In second p'lace,'Laurier and Loyola produced a significant 

equal'number of ears with 262.40 and 246.30, respectively. r 
.. 

Q.B.60.2 and Q.B.59.28 were the lowes~ with only 190.00 J 

and 164.60, respectively. , 
. - ' , .. 

Although the ni trogen effect was not significant, dJl' 

genera1, heavier dosages ,of N increas~c1 ~he nÛInber of 
"", 

r-. 
.. 

" t r 

'> 

J ~ 
-, ' 

Q , , ) 
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, 

.' ears m- 2 ';n all dens';t';es. H th"" f' t~ ~ • _ • ~wever, e s~gn~ ~can 

. interaction of N x D, indicated after the DNMRT was done, 
, -1 

that at the medlurn application of N (34 Kg ha ) the ear 

nurnber was depressed in the highest density and the ear ,- . 
nurnber ~etwJen highest and 

significantly different at 

lowest densities was on1y 
~ .. 

the lowest and hig~est ap­
i' 

,plications of nitrogen. This may be interpreted as an 
• 

effect ~the low levels of 5\il moi sture in the densest 

treatment~', However 1 in all densities the ear number was 

increased by the highest levei of nitrogen. 
'\ 

Figure 4.4 represents the effects of plant dens~ty on 

th lb of shoots rn,-2 urnb >- -2 d urnb e n~ er n er OI ears rn an n er 

of tillers m- 2 

. 
4:1.5.- Grain Number. 

~ 

4.1.5.1.- Grains per Ear.- The variance' analysis 

(Appendix, Table 7) for this pararneter showed that the 

'~umber .Of ,gr«irl~ ,~ was significantlY,affected by 

plant density(' Previously, it hJs been established 

tha! an increase\in number Of ears per unit of area is 
, 

genérally ~ssoci~ted with reduotions in ear size, 

'J (Kirby; 1967, I969i Willey ~nd ,uolliday, 1971)~ 

~ Î 
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* . The responses in the number of shoots per square meter, 1; humber 
~~ 

Figure 4.4.-

\! 

of ears per square meter, 2; and number of tillers per square 

meter, 3, of the cu1tiv~rs .~o the lowest density, (a), and the 

highest density, (b). ~ 

*Means of three levels of nitrogen and ihree ~eplicates. 
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In th~s experiment, this.variable, an important yield 

,compon.t, 
\ 

was reduced in general from 17.57 in thè 
\ 

-2 • 147 plants m treat~ent to 16.00 in thè 175 ,plants In 

density and 14.44, when,the plant density was 257 

-2 plants In" being significantly different only in 'th~ 

former and the latter. 

..,2 

For cultivars, a significant difference was evident, in 

gênerai, for Loyola, the 1argest producer of gra{ns per 

ear (Table 4.5). 
, , 

Tâb1e 4.5.- Duncan's New Multiple Range Test for the 
. * \ cOInparison of cultivar means for number of grains per 

ear at two densities. 

-2 147 plants m 

Loyota 21. 35 a .. ' 

Laurier 20.03 a 

Conquest 19.11 a 

Q.B.60.2 13.27 b 

~ -2 257 p1aftts 'm . 

Loyola 17:79 

Q.B.60.2 15.10 

Conquest 13.17 

Caurier 12.90 
../ 

~ ~ 

, 

a ",'-
a, b 

b > 

b 
" 
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• 
Means within columns fo11owed by the sarne letter are not '~ 

significant1y different at the 0.05 probabi1ity level~ 

* 

" 

Means of three l,evels of ni trogy' and three rep1icates. 
"'. 1.. 
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" . Under the lowest derrsity a~l cultivars produced a simi-

lar number of grains p;-r ear, ;xcept Q:B:~, wh\ch 

was lowér than Loyola by about 38%; however, at the 
~ 

..... ~ , r, 

~ghest density only Loyola,and Q,B.60.2 had equal 

nurnber of grains per ear, and fUFthermore, these cultivars 

were the only ones wh~ch maintained a signi~i'cant similar 
r ,. . 

number of grains when the DNMRT was applied ~n the 'com-
" ..,. 

parison of both densities within each c~ultivaf' 

. 
~ The small increase 

by Q.B;60.2 at the 

in grain number per ear ac~ounted for 

highest density, despi~ing the plant .. 
densi t,Y effec\,,~bserved for t~e ~the: 

partially explained o~ the basis ~at 

in barley present a greater degree of 

cultivars, may'be 
,1 

the uniculm plants 
( 

~ar abnormalities 

(see L!terature Review) at lower derisities (Badra, 1918, 
.... 

perso~l communication), which affects the gr:in ~umber. 

4.1.5.2.- Grains per Square Meter.- In conformity with 
'" 

the analysis of v~riance (Appendix, Table 8), for this 

parameter, a highly significant interaction of plant 

densit~cultivar was detected. In all cultivar~, 

wi~h the" exception of Q.B.60.2 ana Q.B.59.28, this 

variable was reduced by plant ~ensity. In general, ~ 

q~her number of plants per unit area and the larger 

~ nurnber of ears per unit a~ea observed at,the higher 
" 

plant density, were overcome by the reduction in grain 
~ 
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number per ear, resu1ting in a decreased final nurnber 

of grains per square mete~ (Table 4.6). 

Table 4.6. -' Duncan' s New Multiple Range Test Lor the 

* comparison of cU,ltivar means for number of grains per, 
, " ' 

square meter at two densities. 

\. 

-2 147 plants m 

Conquèst 5343.62 a 

Loyola 5087.-55 a 
. 

Laurier 4715.87 a 

Q.B.6Q.2 2131. 43 b 

-2 • 257 plants m 

Loyola 4730.76 

Œonquest 4139.31 
.1 

Laur~er 3966.43 

Q.B.60.~ 3547.85 
CJ 

a 

a, 

b 

b 

'" Q.B.59.28 1685.94 "b Q.B.59.28 2780.63 c 
~ 

Means within columns fol1owed by the 

b' 

\0-' 

significant~y·different at the 0.05 pL~~.ui1ity level. 

--

* Means of ~ree leve1s of nitrogen and three repiicates. 

When the means were comp~red between plant densities, 

only the diffe~nce between 5087,55 and 4730.76 was no~ 
1 

~ignificant. Loyola was the multiculm cultivar least 

affected by density,~ ~ite of th$ fact that it 

-2 produceq 4the lowest mean nurnber of ears m ~g the 
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rnulticulm cultivars. Certainly, its greater capacity 

to produce more grain,s per ear th an any other Icul ti var, 

has re~ulted in a sup~ior performance at high densities; 

~ MQreover " the ana"lysis showed also Po significant inter-

action of N x D x C for this variable, and the DNMRT al: 
\ 

the 5% level indicated that Loyola responded to the 
, 

highest level of n~rogen, producing significantly m9re 
. \ .~ 

grains (6537.04) at the lowest dendity in cornparison to 
~ • -2 

the lowest level of nitr~en rit~ only 423P.62 grains rn 

(Appèndix, Table 8). 1 

4.1.6.- Grain ,Size.- In general and according to the 

analysis' of .variance, (Appendix, Table 9), plant density 

Signf4i:~ntlY affected grain size.' 'THe l~OO ~_grain 
• 

weig~t was lower/d from 36,.48 9 at the lowest density .. 
to 34.06 9 at "'the intermediate, down to 31. 41 9 at the t 

highest density. ~hiS reduction was brought in ~ the 

greater plant competition in the more densely populated 

plots (see Literature Review): 

In g~nerai '( J:.he largest ~ains were those of·. Laurier 

with 37.93 9 being followed b~and statistically dif­... 
ferent Q.B.60.2 wit~ 36.26 g, Loyola with 33.98 g, 

\ . . 
Q.B.59.28 with ~3.27 9 and Conque st with 28.85 g. ~ 

Loyola and 0,B.59.28 '"ere not S1gn1fiCan~ different. 

, l • 
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The effect of plant density on the size of bariey grain 

'has been wide'ly discussed and the resul ts presented here 

are in agreement with the findinEs of Kirby (1967, 1969) 
~ 

Willey and HO,l'liday (1971), and Fin1ay et aI'; (1971). 

. J 
The variance ana1ysifi allowed the détection of a signif-

-
icant interaction of N x C, in which the cultivar Q.B.60.2 

respo~ded in a different way to N fertilization. Usually, 
,l', 

heav~er applications of N are found to decrease grain size 
bo 

Andersen and K95iê,~ 1975) and according to - \ I~ • 
. (fata, 1969; 

M ra~a, heavy N fertflization increases the formation of . 
"yield containers" (grains or ears) more than the capacity .. 

... 
for production, distribution and storage of assi~ilates 

in the developing grain. 

Recently, ~earman et~al. (19771 have found that generally 

59 

~ 

, '. 
N fertilization increases the net photos~thetic rates by 

means of an enlarged 1eaf area: however, the "sink"'size 
1 

is not adequate to store the carbohydrate surplus, this 1 \ . (,J 

latter"being d~pl,eted from the leaves and s.tem~ an 
, . 

increased respiration rate, that may possibly be even 

higher at closer row spacings. 

In this .study, Q~60 .. 2 and Q.B.59,28 produced larger 

grains at heavier applications of N (Table 4.7t. 

, 
, ' 

... 

.,-
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Table 4.7.- Duncan's Ne~ Multiple Range Test for the 

"-cornparison "~f cultivar means* for 1000 - grain we~ght 
(, 

(g) of nitrogen. 

/ -1 o Kg ha N 34 Kg ha-1 N 68 Kg 

-", \ 

-- Laurier 38.28 a Laurier 38.76 a Q • B. 60 • 2 3 7 • 2 9---- a 

, 

Q.B.60.2 36.87 a Q.B.60.2 34.61 b ,,;Laurier 36.93 a 

Loyola 35.05 b Q.B.59.28 33.56 b Q.B.59.28 33.59 b 

Q.B.59.2,8 32.70 c Loyola 33.41 b Loyol~ 33.49 b 

Conquest 28.51 d Conquest 29.31 c Conquest 28.73 c 

') 

, 
Means within colUrnns followed by the Saffie ~etter are not 

'---

significant1y differerit at 0.05 probabi1ity 1eve1. 

* Means of three plant densi ties a~ three rep1icates '. 

. ' 
4.1.7.- Grain Yieid.- AcOPrding to the analysis of 

variance for grain yie1d (Appendi~, Table 10), 1arger 

amounts of N in the s9i1 did not significantly affect 

irnal grain,yield. Low ra~nfall conditions and a rather 

c1ayey soil, resu1 ted in 11. ttle N effect in 197'7. 

'Never~less, the DNMRT at 0.05 probaoi1ity level indi-
\ c 

, ' 

cated that, in,general, considering the means of five 

cul~ivars and thre~lant densities, the h~aviest 

t 
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,. 

.. -1 rate of N (68 Kg ha ) increased non-significant1y grain, 
~2 l , -1 '-2 

yièld from 108.99 g m at 0 Kg N ha , to 138.19 g rn 

(Figure 4.5). 

Grain yièld may be expressed in terms 'Of its comt-0nents, 

l . e., plant number, 'ear number per plant, grains, per ear 
. 

and grain size. The r~s onse of ~he latter three com-
..r ~ -r< 'r 1 

ponents~o a change i the number of plants per unit 

area (plant density) and/or n~trogen fertilization will 

regulaté and determine grain yield. 
• 

In conformi ty wi th the partial 'resul ts éxposed before 

in this work, it has been seen that larger amounts~f 
nitroge~ increased s1gnificantIz the number of tl11ers 

par square meter, increased also the numbe. of ears pe~ 

square rneter, and more grai~s per square me ter were 

obtained (Figure 4.6 a). The number of grains 'per 
" , 

-i 
affected and grain size' was reduced, Q.B.60~2 

and Q.B.59.28 being the only exceptions. These result~ 
" 

coincide partially with the work of Thor~e and Bl~cklock ,.. 

(1~71) j in their study, nitrogen decreased the weight 
" 

per ~rain, ,but ha~ no e~~ on 'the numbeYof ~raiQS 
spikelet (in wheat) or per ear. 

\ 
~he number of ears per square meter w~ i~creased by 

'-

per ... 

nitrogen. In agreement with the results reported here, 

" . 
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a n'on sign~fic~ interaction of N x D was observed. 

, ' , 

According to Figure 4.6 a, all cultivars had larger ear . 
, ,numbers at higher ni tr~gen levels. 'Th~s increment was 

atta~n~ by ~eans of l' higher number OOf ~ars per Pl~t 
and more fertile cUl~g. Although all cultivars showed 

" 
an inGreased response in number of ears pet square meter 

, . 
to nitrogen; the DNMRT at the 0.05 level for ~ach cul­

llI(I 

tivar, in consideration of rneans of three densities, 
'\.. 

showed that only Loyola responded significant+y ~o the 

highest ,le~el of nitrogen, givi~g the largest'nurnber of 
, ,.J . 

'ears ~er unit area. Also, it was sb~wn previously, that 

p 

, ""'" ' ~ ,~.. ) 

Lo~ola produced a significantly hi9her numb~ of grains 

p;'r sqUare mete~ at th ... lowest densHy. i'n rrse on~e. 
more to the highe~t leyel of nitrogeni th~refore, Loyola 

• 
was the only cultivat which had a significant !~sponse 

to nitrogen fertilization i~grain yield. This was at­, 
tained at the ~owest·density and' highest rate of nitrogen. 

Sornething that calls for a closer' look is the 

ih grain n~er of Q.B.~O.~ (Figure .4.6 bl. 

re~se 
It i5 the 

1 Il') 

only cul 1='i va~ in which a 

recorded. fi9her.levels of 

, 
reduction ~n grain nurnber ~s 

~ . 

nitrogen we~e found associ-

ated with reductidh~ in the number of grains per ear - . 
~nd c~nsequently grain number per square meter. No dras-, . 
tic reductions in grain yield at higher nitrogen levels 

'1 ~ ~ 
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meter te i1ant,density and nitregen'fertilization~ w, 

(L~; 1bwest densillYi (H), highest density~ [$3,'0 Kg N ha- l ;, 
-1' J -1 ) fi 1 Of 34\ Kg N ha ; 0:1:,68 Kg N"ha • ' , \ T 

\:' I~e~ns of three ~T~~es. · 
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of Q'r:.J0.2. 

f t> 1 \ 

Al though tonguest produced the largest. mean' numbe'r of 

ears per square me~er and a conSider~b1e number of • 
,~ , 1 <. 
, r 

graips, its grain'yields were consistentl~ lower than 
}: , ' , 

those of Loyèla and Lau.rier, due,'to its... very smaii 
i J 

grainp and relatively few grains per ear. 1 
1 

The differences in gr~in Yi~d~r the-interaction df 
Ir .... 

~ X C v;ere significant tAppendix,a. Table 10) a~q. ,t;-he 

66 

DNMRT at the '0.05, Ievtü, indicated in gen~r~L l\auri~r l 

,. 
and Loyola as the l:5est cul t~ vars (Table 4.8)._ 

Table 4.8.- Duncan1s N~W' Mu~tiple Range Test for the 

oompa,rison of, cu,lt:ivar me/ms * for gr~.in, yield' (g ,m': 2 ),' 
, ' , V; ~ 

at two densities. 

Laurier' 
, ',~o. ~l -a 

1 \ 
Loyqla 182.43' 

, 
b a, 

Q , 

Qonqdest 165.40 b 
"-

Q.B.60.2 '82.84 c' 
~\ 

" 

J 
" 

.. 

" 
.. 2 

257 plants I!I ' 

~oyola 147.82 a 

,\ 'Laurier 141. 83 a 
\ , 

Q.B.60.2 115'.3(7 'b 

.-
Conquest Ill. 37 b . ' 

li' 

.' 
" \.1 " , 

, ... 

" 

'!:._.I,---~- .,. ____ ~ 

• , 
1 

G· , r 

,f , 

• 

, 



. 
1 

... , 

~ . 

\ 

Means within columns followed by the same letter are not 

significantly different at 0.05 probab~l~ty level. 
,* , 

Means of three levels of nitrogen and three replicates . 

. , .... 

The, -differences ,in grain 'yield between densi ties for each 
, A 

_ : cultivar we~e si~nifi6ant and aIl the multicu1m plants 
-' "..-- \ 

• 

f. 

• 

gave :their maximum grain yields a t a lOw 'den~ ty f whereas" 

Q.B.60.2 produged more grail:l yield"at a high density_. ,,, .. 
1 A 

The effects of pla.nt.' pOPu1a;ion on g~! y~eld anl ,~ts ",,' 
, 

.' components- are presented in Figure 4.7. 
4r fT 

• 
The effect of increas,ing density wa,s te increase the 

'" .1 

number of ea~s in' all~c~lt~vars. Howeve~ the nurnber 

of ,grains per ear, grain number and 1000 - grain weight . ~ 
responded in the opposite manner in the multicuim cu1-

tivars-, tl:iese producing lower gra~n yields. at higher 
\, 

plant <t'populations. 
r 

On the'othe~ hand, the significant 
;;) 

D ..... 

interaction of cultivars by plant densities indicated 
" 

that not all cultivqrs respondfd in ,the saine way to 
- . ~ 

densitYi Q.B.60.2'produced more grains per ear, more 
,-, . 

grains pe~ squa~e metet; and higher grain yields at '<t 

\ '.1 / 

cleser spacings, though a reduced grain s~ze was 
1 

observed. j 

, 
} 

, 

• .. 
1 • 

j. 

1 

T 

'. ' 

• • 

" . ~ , 

• 

1 ~ 
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Figure 4.7,- The effect of plant density on grain yield and 
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,1 

An J.anat~~O·f the reduction in gra~~ ~iel/at ~igher 
densi ties in the case of mul t:itculm cul ti vars may be, 1 

found in the response of thl different ~ie~d'co~p'o~nts, 
particularly grains perPear and 1000 ~ gra~n weight, 

, " because the thlrd component, ear number showed consiste~ 
, . 

Ir 
increments, in accordance with the results of Ktrby 

(1967, 1969) and valley and Holliday (1971 a, b) • 

1 

In Q.B.60.2 the gra~n yield at low density is evidently , 

lower in comparison with the, multiculm types, and is due 

,mainly to the inability of thè uniculm type to produce 

tillers, and its lo~r grain nurnber., Increments ln ear 

nUmber bymeans of increasing plant density improved 
~ • h 

grain yield, ~rain size reraining as the~nly limiting 

factor to grain yïeld at h1igher denslties for Q.B .. 60.2. 
1 
~ 

~ ., 
, 

In this' ~xperiment th&.t'e i5 strong evidence that grains 

per ear ~s closely' related with the grain yield response , / 

of both plant types; al though grain Size\ limi ts gr~in 

- " yield in both multiculm and uniculm cultivars at higher 

dàn~i ties, a correlation a~a~sis betwe@n grai: yield ' 
'" 

and grai'n ~number for all cultivars at the highest den-
~ 

~ty ~ a~l ·levels of nitroge 

r=O~9'4~lCh is sign1ficant 

gave a coeffic'ient of 
~, 
0.05 level. 

This coeffici;nt was only O. for 1000 - grain weight. , 
The r value for aIl cultivars and aIl leve15 of nitrogen 

-
~ 

..- . ' 
(f 

l 
) , " 

~ " 
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( 

at the lowest density between grain yi~ld and grain 

nurnber was slightly higher, ':'0.97. Thes~ correlation 

\ 

~ values suggest,that ear capacity and ear n er play( 

the ost impor~t role in grain production a any 

densi y. Th~ ~value for\lOOO - grain welght at the 
\. \ 

\f ' 

O.O~, showing a d~~ 

creas~d importance. . ~ ') , 

\ 
r ' 

The importance of ear capacity in 
( 

the forro of grains per 

ear in ?elation to grain yi~ld was aiso'analyzed, giving 
\ ,. , 

a correlation value of 0.37, which was h~gher than r val-

ue for lOO~ - graip w,ight vith only 0.18 \t ~he highest 1 

~ , \ density, for aIl cultivars and three levels f nitrogen . 

• 

This coefficient at the lowest"Plant pOPUla~idn~ oduced 
') . 

a value of 0.7f for grains per ear and 0- 0.09 for l 00 -

grai~weight • 

~ 
'*~ 

From this brief analysis, it iS~\~dgg~sted that aIthe!)ugh 
,\ :r 

grain Si~è~ an important factor,in grain ~~Oduction 

~ at'a high den~ it can be'seen that the number 9f 
~ 

-grains per ear is a major deterrninant of grain yield. 
" 

'-

Kirby l1967) concluded that the most important factor~ 
"'-

in reducing grain yield at high densities is the size . 
of the grain, mainly because ~e.~1\Ou:hd an" over-production 

,.' 

l' 
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" 

-, , 

.t • 

• of grains in the higher dens~ty treatments relative to 

the medium density which gave, the higher grain yields., 

suggesting tha'b' ",',. u~ss t~e, siz'e ci the ,grain was ' 

determ~ned befor~ gt~n filling, the yi~ld r9ductio~ 
J 

(at hîgher densities) is not due to the smaller size of 
1> 

the sink". 

\ 
Th~s asseverati6n is ~ontrary to the opinion of Willey 

and Holr~day (1971- a, b), who did not find reductions 
") 

in barley grain yield when the plants were shaded during. 
~ ~ 

the grain fi11ing period, demonstrat~ng that grain yield ., 
may be determined earlier, that is, during ear deve1-

~ opment. Growth reductions during this period due to 

. ( 

11 

plant competition may reduce the capacity 'of the ear a~q , 

consequent1y, a redu~ion in the nurnber of grains per 
1 

~ear may be observed. 

1 
These \tl;t~~ies wi\l be discussed further on basis of 

informa~ion, from experiments done in 1978, where a w~d~r 

range of plant popu1at~ons ,~ere studied. 

The quite low yields observed in ttïs~periment and the 

sùdden reductio~s in grain yie1d i~~he. m~lticulm cul­

tivars eve~ ~at lo~ pop~lations rnay be -eXPlained by the 

experiments of Pelton (1969) and Kirby (1970}. In 
Z 

Pelton's experiment, reductions in grain yield by • 

) 

';' 

•• 

\ 

... 

• If 
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ri 

'*, ... 
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! -

\ 
r 

i.creasing density wére ~elated to a dry environment. , . '- ~ 

He showed that although different densities of wheat 
" 

used almost th~ same totai arnount of water, the hi~h 

d ' \ d" ens~ty treatments use more water 

of growth (Co~nCiding' with the ~~y 
at the initial sta~s 

~pell reported in 

7'2 

,. 

t~is work). This earlier onset Of, a )10isture deficit in 1> 

. the soil may hav~affected plant gr~~h, resulting in 

lower yields from the denser treatments, Pelton's work 
~ 

~ reported consecutive reductions in grain yield of 8.5% 
'\. ~ J ...... 

• ,- -1 -2 
____ J'rom seed rates of 22 :Kg ha jO plants m ) t~ seed 

~ rates of 100.8 Kg ha- l (180 plan m- 2). 
• 

.,.... Ii} / 

... 'f' 
1 

Th~ hig~er seeding rate treat~ents resulted in a higher 

~ " ~ number of ears per unit ~ea, ye there were no signif-
~ l 

ica~ differences in the nurnber of grains per unit area. 
, .. / 

: Also, the low seeding rates resulted in~heavier grains 
.. \. 

of a ~ghtly lower prote in content. 

~ , 

In Kirby's experi~erl'ts Cl-~70) the same ,.tr1nd of l~~er il'oItl. 
, 

yield~ at high populations in ielation to water deficits 

at the ùnitial stages of growth was confirmed: this time 
" 

with barley. 

,1 
4.1.8. - Total Dry Matter Yield. - Apcording to the anal,-• 

~is of variance CAppendix, Table 11), for total dry 
. \ ' 

-~r " '~' 
matter (weight of all a50ve-ground ateriall, no sighificant' 

t \ ( 

1 

.. 
, 

1 
1 
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" \ 

, . 
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) 
, , 

. , 

• 

1 

" 

~" 
diffe,rences were found by ni trogen effect; however, 

~ ~ J , 
heavier applications of fer'tilizer, increased total dry JIto 

~ .. 
-2 matter slightly ~ f~om 231. 27 9 m r produced ab the "'-4 ,,' . /' 

lowest levél of nitrogen, con~iaeri~g the me~ns of all 
• j 

cui{ivars at three plant, densities, to 263.69, at 

medlum levels af nitrogen and 298.07 at the highest 

'\ 
No ~ignificance was faunp for differencês in dry matt,r .. 
fôr d~si:eies. Hawever, the cultivars responded . ..-' 

a different ";y ta plant densi ty. 

'shawn below,in Table 4.9. 

The differences gre 
~ 

~ \. 
'Table 4.9.~ Duncan's New Multiple Range Test for the ".,,, 

* comparison 
.... 2 

of cultivar means for dry matter yield 
v il, • .! 

(g m ) at tw~ densi ties. "\~ 

-2 l47'plants m 

Laurier 358.50 a 

conq~est 

, 
.. 2 

257 plants m 

• LOyol~ 30 Zl.l1 a 
1 n.' 

Laurier 292.87 a 

73 

\ Loycla 1 Q.B.60.2 274.72 a 

Conque st 256.~3 ~' 
r. 

Q,B.60.2 209.39 b 

Q.B.59.28 148.94 c 

\ 

• 9.B.59.28 190.87 b 
'" .' 

• 

. " ... , . 
1 ~. 

.. .. 
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.) , 

Means within colurnns followed by thf same letter are not 

si'gnificantly different at..> 0.05 probabili ty" level. 

* Means of three levels of nitrogen and three replicates. 
\ J 

AlI cultivJrr~ produced similar ylelds o~ry matter. 
<..:> ~/ < ! '" 

Withtfl each densi~y, with the exception of Q.~.60.2, . \ 
w~ich gave significantly lower yields at the lowest 

·1 

density. However; Laurier /at the l~west population was 

the best ~roducer in 'gen'Jral, for gJ!laiÀ yiel-d and total 

dry matter becausr was more stable. At lower appli­

cati~ns ~f N its ~ields were the highest. klthough 

Conquest gave a good total dry matter yiel~ at the 

lowest$"~ehsitYI its harve,ft index (see secti,o,n 

was lower tpëD CMose of Laurier and Loyola and 
\ f • t;. 

consequence the grain yield of Conquest was the 

among the multiculm cultivars. 

4.1.9) 

in ' 

lowest 

., 
At ~ higher density, Loyola ranked in the first position 

and Conquest was drastically lowered to last place, 
J 

.... 

while Q.B.60.2 improved notably. The highe~ dry ~atter 

yields of Loyola were reflected in better grain yields 

a~{~' high density, giving the highest harvest index of 

aIl cultiv~In addition, Loyola was the only cultivar 
~ 1 a ~ 

, 
in which total dry matter was not significantly di~ferent 

'when comparing nsities within each'cultivar. , 
. (' 

Laurier, Conquest an Q.B.60.2 changed their total'~ry 
\ '. 

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

,,. 
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, 
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~ ~I 

t ). 

• 

~ 

1 matter yields significantly from.one another; densi ty ,;,e 
reluced at 
/ 

the yields of L~urier and Conquest being 
1 \ , .. 

higher populations. 
'" \ 

~j 
'.. \ Loyola performed weIl, in terms of yield, at higher 

densi:ies ~ecaJ6e it had the highest' nurnber of grains 

per ear and a better final grain nurnber per unit area. 

• On the,?ther hand, Lau~ier at low density, consid~ing 
a ,~ 

t~ mean of three levels of nitro~en, produced hig~er 

yields, mainly because this cultiva~ had the largest and 

hea~est grains in spite of the fact that it had the 

lowest number of grains per un!t area among ~ê multi­

culm cUltivJ-:. Cl't ., 

Conquest, meanwhile, had the highest number of ears at 
;1 , 

both ~ensi ties ,and a good nurnber -_ai grains per uni t area 

at both densities (the highest at the low population and 
~ 

the second at the high population) but its grains were 

the $'mallest at any treatment.' 

~ \ 
\ 

, \ 
The significant interaction of nitrogen by aensity by 

\ 
, ,\ 

" cu+tivar tor tqtal.e'dry' matter indicatés ,~n the first 
1 A ~ ~ ; J" "', 
place, that Loyola had the only significa~.spcnse to 

, " ' w ) 

nitrogen,'an~ according to the DNMRT at the 5% level, 
........ . 

the difference was detected at the/lowest density, and 

for the highest amount of nitrogen, 
• 

, . 

, 
" .. 
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to respond ,n a fa,.vourable Jay, giving higher Yie~, 

, J:-

Accord~ng to the information provided by Kirby (1976) 1 

.-
total dry matter yie~ds increase with increasing plant 

density to a maximum value and at'higher densities tend 

) to remain constant, provided there are ~d inter~ering 
"-

factors. Grain yield incre~ses to 'a maximum value but 
J.. , 

.. declines as d~nsi ty is further increased. '}n tnis 
:- 'experiment, both yields decreased with further in,cre-

ments in plant population. This pattern has been 

ob~rved only under conditions of dry weather, mainly 

at the beginning of the growing season (see Literature 

Review)' . 

4.1.9.- Harve~t Index.- This paramete'r is the ra.tip' of 

• • the yield of grain to the biological yield (total dry 
\. i ~ • 

matter yield) and according to Donald and Hamblin 11976t, 
.. .. 

i t provides "a me,asure1of the "ef!!..ciency" o~ the p1an'17 
" 

for ÇJ'rain prCfduc,tion, Hig~r harvest indices are 
\ usually related to more "efficient" 'plants that produce ,. 

higher grain yields. 
• 

In the present study" the index was not affected> by' 
r' \. 

,nitrogen ferti;'~t:!.on (Appendix, Table 12}.. ' This -~e..j 

\ suIt i5 no~ in acc~rdance to the reports in tke lit~ 
•• litt 

ture, which show reduction of ;arve~t indices by heavier 
) 

J' 

j 

" , 

7é 

" 

• 

Cl 



l, 

, 
1 

" 

1 

l , I~ 
1 - • .:.' , 

/ 

.. 
nitrogen application (Russell and'Watson, 1940, as cited 

,. 
by Donald and Hamblin, 19~6). 

~, 

The general1y Iow effect of nitrogen in this experiment 

may.reflect also the little response of harVeSt index. 

'" 
In conformity with the DNMRT at ~t\T O. 015\ pr~biIityJiJ 

level, Laurier and Loyola g~ve thJt hignest h~r~st 
indices, 0:, 5.1 ~,rd O. 5,~4 respecti vely r" which were n,ot 

~ s1gnificantly different. They' were. fo1lowed 'Iby Conquest. 

with o,~, ~ value that is signi~ican~ly di erent,·and 

;1 

, " 

at the bottorn Q.B.60.2 
~ ~ fi 

than the other values. These differences were ca1cu-

'iated on the basis of rneans 

" thre,~ 1118' of nit~ogen. 
for threé densities andL---~ 

'" . 

The sign:i,ficant F value for the intera,ct~op D, x C 
, 

indicated that not aIl cu~ivars responded in the sarne 
" ) , -3 

manner to plant ~nsity (Table 4.101. 
~ '" 

.. 

" 

( 

) 
\ .. 

\ 

. . . \ 

'. 

c::::-,. • . 

(' { . T 1 '" , " 
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Table 4.10.- Duncan's New Multiple Range Test for the 

* comparison of cultivar means for harvest index at 
" 

two densities. 

". , 

LAURIER LOYOLA ÇONQUEST Q.B·.60.2 

.[J . .. 
1 

147 -2 0.53 a - '0.52 0.46 a 0.40 a plants m a , . 
-2 257 plants m 0.49 b 0.49 a 0.43 a 0.42 a 

.~ 

Meà~ within columns followe~ by the same let ter are not 
"-

. significant1y different at ~.05 probabi1ity level. 

* 'Means of three levels- pf nitrogen and three replicates.' 
. il 

"\ 

In Table 4.10 it cart be seen that ?t the high~st~density 

" the h~rvlst index of L-aurier was depressed in a ~signif­
icant way, whereas that of Q,B.60.2 increased from< 0.40 

to 0.42 a1though it"was not significant1y different. 
d 

In :gre'vious studies (ScarsbrooK and DOss, 1973; 
;-' -# 

l , 

Puckridge and Donald, 19~7i Mprrow and Hunt, 1891, as 

cited by Dona1à and Hamblin, 19761 a consistent 

progressive decline in harvest index has been reported 

at densities above the maximum grain y~eld. These 

findi~gs indicate that the maximum plant density for 

• 

,~ 

.... , .. ~ ..... , 

'. 
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1 

8 

1 
maximum grain yield in Q.B.60.2 has not been reached 

yet, and further higher populations must be ,studied. 

\ 
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4.2.- Exper:Lrnent 2. 
1Ç' 

V" '\, 
.. 

1 ,-H' 

? 'This experirnent was designed in a similar rnanner to 

Experiment 1. The main objective was to study the 

effects Qf plant density and nitrogen fertilization on 

spring bar1ey yie1d. Neverthe1ess,' in Ex~riment 2 

higher plant densities were used in order to rneasure 

those effects ~ain1y on the uniculm plant, having as 

a'point of reference mu1ticulrn barley . 
.. , \ 

4.2.1.- Plant Nurnber.- ~lthough growing conditions were 
" 

better in 1978. ('see Section 3) than in 1977, sorne 
~ . 

reductions in plant nurnber were observed,. Appro~imate1y . 
86% of the seeds p1anted in the lowest ,den~i~y gerrninated 

and 'g;eiT norrnaày . ' The percent~ge was slightly lower 

for the medium densitv with 81.4%. In the higher den-
• 

sity only 68.6% of uhe e~pected plants ~ere counted at . 
the mature stage. r It is irnpossibl~ to say whether the 

.~lan.t~ died duri'ng growth or the' ge&ination was irreg-
, 

ular. 'Hô'Wever, Cannell (1969 a) in' a study of plant 

density in barley reported'litt1e plant death and the 

reductions in plant number in this experim~nt hre 

assUrned te be failures at the moment of germination • 
• '? 

. In Figure 4.8 and Table 4.11 sorne data for plant .estab-
,.l 

lishment and seed rates are presented. 
1 

---
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100 ZOO :tao fOo SOO '"00 700 IOO~ '100 1000 

-2 Seéds m 

-2 Figure 4.8.- Number of expected plants m 

100% of Plan~e~tabliShment), ----; ~ctual 
(assuming 

* number of 

plants established (counted at rnaturity), -----; and 

"number of seeds m- 2 

* Means of three cultivars, three levels of nitrogen 

and four repl!cates. 
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. * -'" ** ~ Table 4.11.- Mean seed rates, se~ density, mean plant 

** establishment, mean plant density (at maturity) and 

row spacing. 

SEED 
RATE 

-1 Kg ha 

100 

200 

SEED 
DENSITY 

-2 seeds m 

250 

5,00 .... 

ESTABLISHMENT 

percentage 

86 

81. 4 f' 

PLANT 1 ROW 
DEN5ITY SPACING 

-2 plants m cm 

215 20 

407 10 
.. 

400 1000 68.6 686, 5 

" , . 
It 401: 

* Mean of three cultivars calculated on basls of 1000 -

grain weights. 

** Mean of). threè cultivars at three levels of nitrogen. 
<l> 

• 
.e 

All the results in both experiments ref#r to '. the. actual . 
" ' 

number of plànts a~ maturity, not to the number 0f 

seeds sown, for the reasons explained abbve. 

The variance ratios fo~the various treatments and 
1 

interactions are shown in Table 4.12. 

\ 
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Tabl~ 4.12.- Variance ratios of the main treatments and 

interactions for sorne of the crop parameters under study, 

in Experiment 2. 

Source .Plànts Ears 
of per2 per2 Variation m m 

Grains 
per 
Ear 

1000 Grains Total Grain 
Grain'- per2 D.Matter Y~e1d 
Weight m Yield 

Nitrogen 
* ** . t· (N) 0.56 0.51 ,3.63 1.15 10.04 . 14.38 6.03 1; , 

1 

Plant ' ~/~ , ~ 

Density 
** ** . ** ** ** ** l * (D) 2B7.03 ~36~57 36.75 57.BO 32.93 13.90 5.55 

N x D 0.37 0.16 0.00 1.21 0.49 0.59 0.33 

B j 
Cultivar 

** ** ** * (C) 2.02 7.90 6.30 36.17 3.18 0.78 " 4.60 

* N x· C 0.29 0.21 0.40 3.0B 0.94 0.43 0.42 
... ** ** 

~ 'le 

D x C 0.31 1. 00 0.09 7.57 10.71 3.15 3.18 

** N x D x C 1. 33 1. 59 0.53 4.65 1. 20 0.63 0.58 
.... .... 

* ,Significant at 0.05 1evel. 

** Significqnt at 0.01 1eve1. 

r ""-'."--,, 

The ana1ysis of variance (APpendix~~able 13) for the 

variable number of plants' per square meter shows that .. 
there were significant d~fferences on1y for the treatment 

density (D). After the Duncan's New Multiple Range .. 

* 

* 
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Test (DNMRl') at 0.05 prol?ability level was done, signif-

icant dffferences were foimd for all lev~ls of plant 
ri 

density, the maximum number of plants per square meter' 
", 

being 686 for the highest plant sensity, 407 plants for 

,the' intermediate dens!ty and 215 plants per unit area , 
l' 

at the lowest plant p'~pul~tion. ' ;;. 
! . 

; 
l ' 

No significant va~tes were noted for ether treatm'ents 

or interactions. r 'However, . a very slight differepce was 
• J 

present for cult,lvarsi this' was caused by Q:B.5.9.28, 

which gave a mean numb,er of plants per square me ter 

(considering ~e three leveis of nitrogen and three den-

sities) lowef by 37 plants than La~rier. 
.1 

1 \ 

.-, 
Nitrogen ~hcrease'd the number of plants slightly from 

,1 ...... 

420 (at the lowest nitrogen rate) to 442 (at the highest 

ni trogen rate) consi'dering the mean for three densities 

and three cultivars, which is also unimportant. 
\ 

4.q{2 .. Tiller Number. 

/, 
4.2.2.1.- Tillers per Plant.- According to the analysis 

/ of variance table for this parameter (Appendix, Table 141 

Laurier'was depressed in its tiller nurnber by plant 
~ 

density. This cultivar produced a mean number of 0.46 

tillers at the widest spacing {considering the m~n. of 

ô. 
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three levels of ~itrogèn); furthér increm~nt~ in pl~n~ 

density reduced this tiller number to'-O.l?, which is 

significantly different. No f~rther reductions were 

observed wi th increasi,ng plant densi ty., . 

Jo. 

The significant interaction of N x D ihdicates that 

Laurier reacte? tD nitr~n fertilization, producing 
" 

more tillers only at the lowest djPS~ty in a significant 

way (Table '4.13). , 
Table 4.13.- Duncan'~'New Multiple Range Test for the 

* comparison of La~ier means for number of tillers per 

plant. 

• 

\ 

215 plants m-~ 407 plants m- 2 686 plants mC 2 

, 0 Kg N ha -1 0 . .25 c 0.10 a 0.20 a, 

32 Kg N ha- l O.-50 b 0.20 a 0.12 
1 

a 
<J 

64 Kg N ha -1 0.62 a 0.20 a 0.2"0 a 

, 

~ 

Means within columns followed by the sarne l~tter are not 

significantly different at 0.05 prooabîlity level. 

* Means of four replicates. 

_ .. -- .... _ .... ~ - ~ ., 
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At higher del!si ties the nitrogen effect on' tillering' w'~s 

inhibited by' the higher number of plant.s. At the high-, 

est density, Laurier had the sarne rnean number of tillers 

per plant, regardless of the nitrogen effect noted for 

the 10west density, where the number of tillers per 
" 1', C! 

plant was'significantly increased. 
" 

'4.2.2.2.- Tillers per Square Meter.- The analysis of 
~ 

variance for this variable shows a sign~ficant effect 

~ for nitrogen ferti1~zation. In general~ (considering 

( 

, 
the mean of three plant densi ties and Laurier) .the total 

number of tillers per square rneter was incr~ased ~y 

heavi~r application of nitrogen; 83.75 tillers rn- 2 were 
-1 ' 

obseryed at the lowest rate (0 Kg N ha ). This num-

ber was ,increased at the medium leve1 of nitrogen (32 Kg 

N ha -1) ta 100. 83 ti ll~~S 'm" 2 'and a still further ~ 
, crement was seen at the 'highest 1eve1 (64 Kg N ha-,ll , 

1 

givin~ 123.33 tillers m- 2. AIl these values are 

significant1y different according t.e the DNMRT at the 
v~~ • 

5% level; (see Table 15 in the Appendix for further 

detai1s in the analysis). 

The numbe~ of tillers per square me ter was significant1y 

different for the densities treatment. The highest 

numPer of ti1lers was obtained in' th,,: !Iig~~~t:_ ~ensi t::Y_ 

with 129.58 tconsidering the cultivar Laurier and the 

, , 
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( 
mean of' three l~vels of ni trogen) . The second,higher 

number of tillers was observed for the lowest spa~ing, 
l'\ ' '. "', \. 
in which a mean number of 101.67 t~llers was detected. 

Thé lowest tiller number corresponded to the medium 
. 

density, wi th on1y }6. 6'] ti11ers. AIl these differences 

are sign~ficantly different. 

The signifi~~nt interaction of N x D may 'give a more 

satisfactory exp1an~tion of the response of Laurier to 

plant density and nitrogen. The DNMRT indicated that 

this cultivar responded to nitrogen ferti1izatio~nl~ 
at the lowest ard medium densities, the response being 

very weak 1n the intermediate treatment. At the highest 

density no nitragen effect ,was observed, and the 1argest 

dose of nitrogen did not produce more ti11ers 

(Table 4.14) • 
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Table 4.14.- Duncan's New Multiple 'Range Test for the 

comparison of Lauri~r means* for number of tillers m-2 

6 ______________________________ _ 

88 

'\ ,\ . 
-2 -2 -2 

215 pla~ts m 40~ p~ants m 686 plants m ~ 

o Kg N ha -1 

32,Kg N ha -1 

64 Kg N ha -1 

56.25 b 

113.75 a 

135.00 'a 

45.00,b 

96.25 a 

88.75 a 

150.00 a 

92.50 b 

146.25 a 
i 

Means within columns fo~lowed by the srume letter~are not 

" -
s~gnificantly different at 0.05 probability level. 

* -Means of four replicates. 

According to Table 4.12, the final tiller nurnber is 

regulated by plant dens1ty at h1g~er plant populations 

ratherOthan by nitrogen. 

, 
4.2.3. - Days ~to Heading .'- As indicated by the analysiS 

of variance (Appendix, Table 16) for this parameter, th~ . 
'nurnber of days for ear emergence was unaffected by­

nitrogen. Con~idering the means for three cultivars at 

three plant densities, the number of days fo~ ear 

emergehce was, 45.6 when tl).e lowesJt level of nitrogen was 

used, 45.5 days for the medium level and 45.0 days under 

\' 

t' 

1 
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f J 
the largest ~itrogen application. 

Plant densi ty did no~ change the---rnean nÛrnbèr of days to 

heading. Thé nurnber of days"was as follows: 
1 

45.5, 

45.2 and 45.5 for the lowest,' medium,and highest density, 

respectively .. 

The only significant differènce noted was among cultivars. 

, ,Laurier headed in 44.9 days (lp days earJ.j.er .than the 

previous year) and was the earliest cultivar; Q.B.60.2 

followed ~aurier with 45.2 days (10 days earlier than 

the previous year)i the two cultivars were not signifi-

cantly different. The latest cultivar was Q.B.59.28 
" 

with 46.2 days; it was significantly later than the 

other cultivars. 

4.2.4.- Plant Height.- It is weIl known (Thorne and 
c;-

Blacklock, :;t1971 .. _p~arrnan et al. 1977) that nitrogen 

promotes, in ge ~ral, plant·g~owth. In this work, and 

--according t e an~ly~is of variance (Appendix, 
f 

Table 17), plant height was significantly affected by 

heavier rates of nitrogen. Considering means of three 

cultivars and three plant densities, 0 Kg N -ha- l 

produced plants 65.39 cm tal1i 32 Kg N ha- l increased 

~ant height to 74.!9 cm, a value that is'significantly 

higher, and 64 Kg N ha-1-increased the height to 
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,. 
80.30 cm, wpich ~s not significantly different. 

f 

Plant density, on the other hand, affects cereal plants, 

depressing their growth rate (K~rby, 1967)· and acc.ording 

to this findi~g in the present study, the shortest 
~ 

plants w~re those which gre~'in the rnost densely popu-
. 

lat~d plots; they measured only 67.41 cm. A~ tqe medium 
'" t 

level of plant density the plants had 74.44 cm of, height, 

being significantly different from tpose of thé highest 

density. The tallest plants were from the~ lowest den-

si ty at 79.00 cm; 'however, they are not significantly 

difxerent from~hose of the intermediate plant population. 

On these latter plants, the dens~ty effect was more severe 
't- f" 

for tiller production than for height, having fina~ly 

a good plant height. 

Among the cultivars, Q.B.60.2 ~as the tallest (consider­

ing means of three levels of nitrogen and three dens1ties) 

with 75.83 cm, followed by Q.B.59.2B at 7·4.47 cm, not . . 
signlficantly different and at the bottorn, Laurier, 

o 

-significàntly shorter with 70.28 cm. In Figure 4.~ are 

graphically represented the effects of plant density and 

nitrogen fertilization on the plant hei9ht. 

90 

., , 

1/11 • 

.. 

e ... 

r 

'\ v 



..J , 

, , 

~ 
......... 
5 
..., 
..c: 
t.o on 
al 
..c: 
..., ... 
s:: 
q\ ..... 
p., 

\ , 1 1 

,/ ". 

~ 

.... 

\. 
à 

L 

~ 
L 

L M M 

1-1 1 ( 
Il ... 

~, H 

~ 
(a) 

H 

": 

1 1 1 l ~ 

;0, 

ur Q.B.60.2 
, .. 

Q.B.~9.28 LAURIER 

"-, 

'0 
~ r----I '-

15 .--- , ~-

---70 
(b) 

'5 r--:--:-
r-----:i • ~ 

60 

sr 
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4.2.5.- Ear Number. 

4.2.5.1.- Ears per P1ant.- This variable was significant1y 

affected by plant density (Appendix, Table 18). The DNMRT 

at 5% level indicated that the mean nurnber of ears per 

plant (considering three cult~ars: Laurier, Q.B.60.2 

and Q.B.59.28 at three levels of nitrogen) was signifi-

, cantly reduced 

-2 plants m ) to 

from L--'Cfi- in t~ lowest densi ty {2l5 
1 

".. 

O.~~ in the medium density (407 plants 

-2 m ). Further 
( 

inèrements , of plant density (686 plants 
) 

m- 2 ) , 10wered this 
'f 

even more, down to 0.87~ 

significantly; the 

The analysis of variance detected also significant dif-

ferences for cultivars. Laurier produced the largest 

mean number (three densities and three rates of nitrogen) 

92 

of ears per plant with 1.00i a number that was signifi~ ~ 

cantly higher than the e~rs produced by Q.B,60.2, 0.92 . r 
and Q.B.59.28, O~è9. The difference between unic~ 

/ 
cultivars ~as not significant. 

, 
Nevertheless', not aIl cultivars responded in same manner 

to plant density. The si9':1ificant interaction of D x C 

indicated that Laurier suffered more drastic reductions 
'r-J 

) ~ 
of ear n~er ~er plant with increasing density 

) 

(Table 4 .1S) • 
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• Table 4.15.- Duncan's New Multiple Range Test for the 

* comparison of cultivar means at three plant densities 

for number of ears per plant. 

215 plants -2 407 plants -2 686 plants -2 m m m 
) 

Laurier 1. 15 a Laurier 0.97 a Laurier 0.87 a 

Q.B.60.2,' " 0.97 b Q.B.60.2 0.92 a,b Q.B.60.2 0.87 a 

Q.B.59.28 0.92 c Q.B.59.28 0.87 b Q.B.59.28 0.86 a 

" 

, 
Means within co1umns followed by the same~letter are not 

. " significantly different at 0.05 probabili ty lev,el. 

* Means of three leve1s of,nitrogen and four replicates. 

At 686 plants m- 2 al1 cultivars had a similar number of 

ears per plant, though lower than the number in the 

lowest ,density~ however, OI;lly Q.B.59.28 did,not have , . 
a signi~icant reduction in ear nurnber when the means 

were compared arnong the thr~e plant densities. The other 

cultivars did have a significant reduction of ears per 
- ", 

~lant when the sarne comparison was done. In other words, 

" while Q.B,.5-9.28 reduced its ear numher from the lowest 
~ . 

density to the ~ighe~t density by only 6.5%, Q.B.60.2 

suffered a reductiop of 10% and La~rier, 24%. 
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At the highest den~ity Laurier resembles a uniculm plant 

with the only ~obable handicap of having O.~O shoots 

per plant that are unproductive, whereas Q,B.6~.2 has 

only "0.13 unproduct~ve shoots for one productive shoot. 

At the lowest density, Laurier produced ears in only 

apprqximately 79% of its shoots and 33'_ of the tillers' 

, (about 99 tillers m- 2
) did not gi;ve ~ny. 

" 

At 407' plants m- 2 83% of the shoots produced an ear and 

100% of the tillers (approximately'69 tilrers m- 2) did 

not. 

-2 At 686 plants m approximately 74% of the shoots bore 

an ear fo again, no tiller (117 tillersl m-2) produced 

any. 

At a low population level the presence of a considerable 

nurnber of tillers seems des1rablei however, at.higher ~ 

plant populations the tillers that are unproductive,. may 
, 

be regarded as "parasites" of the main shoot·at their 

initial stages of' growth. 

\ 

'4.2.5.2.- Ears per Square Meter.- Although the ear 

nurnber per plant was reduced by plant density; the nUm- , 
ber of ears per unit of ground area was,increased. 

cl 

\ 
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~TRe analysis.of variance (Appendi~I'Table 19) indicated 
" 

that this number was significantly increased by plant 

-2 . density, from 221.86 ears m ~n the lowest population 

to 380. 55 ~n the medium density. 'Further increases in 

-2 • -2 number of plants m gave higher number of ears m 
J 

up to 603.~3, also significantly different. These num-

bers are means of three levels of ~itrogen and ~hree 

cultivars': 

This yield component is always increased with plant 

. density (Kirby, 1967, 1969; Willey and Holl~day, 1971). 

The fall in ear number per plant is compensated by 

plant number and the final number of ears per unit area 

is higher. 

In general, when considering the means of three plant 0 

j densities and three levels of,nitrogen, Laurier produced 

a significantly higher ~umber of ears, with 436:67 • 
• 

Both uniculm cultivars produced a si~~lar number of ears 

with 391.17 ~d 371.57 ears for Q.B.60.2 and Q.B.59.28, 

. respecti valy. 
;. 

Although, the interaction D x C isnot significant, 

a Duncan's New Multip~e .Range Test was done and the 

results are shawn in Table 4.16. 

r 
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Table 4.16.- Duncan's New Multiple Range T~st for the 

'* comparison of cultivar means at three plant' densities 

for number qf ears per square meter. 

'215 plants -2 
407~plants rn -2 686 plants -2 rn ln , 

"-
;t 

"\, 

Laurier 272.92 a Laurier 429.58 a Q.B.60.2 618.33 a 
, 

Q.B.59~~ ... 200. 42 b Q.B.60.2 362.92'b ~aurier -607.50 a 

Q.B.60.2 192.25 b Q.B.59.28 349.17 b Q.B.59.28 582.73 a 

r 
Means within col~s followed by the same let ter are not 

significantly different at 0.05 probability level. 

* Means of three levels of nitrogen and four replicates. 
" 

Only at the lower densitfes did Laur;er pr6duce a signif­

ic;fntly higher nUmber of ears. The nitrogen effect on :~' 

this variable showed no significancei neverth~lessi 

" heavier doses of nitrogen increased ear number"slightly, 

mainly between the lowest and medium levels of pitrogen. 

4.2,.6. - Grain NuInber. .. 
\ 

4.2.6,'1. -(l;ra~ns per Bar. - One of the most" striking ef-
l ' ' 

feots of plan't densi ty on barley yield is the reduètion 
1 

./ 
! 
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analysis of variance (Appendix, Table 20) show~ that the 

number of grains per ear was signiflcant1y red~ced in' • 

the h~gher d~nsities. Tht,S number was lower by approxi-
, 

rnately 46% between the lowest and highes~ densities.d 

The DNMRT indicates a significantly h~gher (0.05 1eve1) 
. '. 

nurnber 9f grains per ear for the lowest density with' 
• 

25.75, while the in~errnediate densit1 gave 19.68; further 

increases in plant density induced even sma11er heads 

with on1y 13.85 grains, considering the three cultivars 

at three 1evels of n~~rbgen. 

, . 
In genera1, Q.B.59.28 had the greatest number ot gra~ns 

1 
per ear with 21.88, which was significant1y.higher than 

Q.B.60.2 (19.62), ,and Laurier (lB~OO). This sig~ificant 
" 

value was only evident in the inte1rmedia'te de,nsity 
, ' 

. " 1 

(Table 4.17) . 
\ . 
~ 

'Table 4.17.- Duncan's New-Multiple/Range Test for the 

* comparison of cultivar means at ,'three plant densitl.es 
l " ~ \ ~ / 

for number of grains per, ear. ;' 

-2 2,15 plants ~m 

Q.B.59.28 ' 27.17 a 
/ 

/ 
/ 

1 

/ 
/ 
" 

1 
/ 

;. :--2 
407 ,plants m . " 

1 

/ 
" 1 

" Q.B.59.2S 22.46 

"-2 686 plants m 

a Q.B.59.28 , . 15.48 

Q.B.60.2 25.28 ar' Q.B.60.2 19.47 a,b 
~ 

Q.B.60.2 14.12 
! 

, 
Laurier 24.7~1 a Laurier 17.12 b Laurier 12.09 

1 
1 

'/ 

o • , 

'" 1 
/ 

' ~ - ~ -

'a 

a 

à 
~ 
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4 
Means within colurnns followed by the sarne letter are not 

:ignificant,lYJl.fferent at ,0.05 probabili ty leve:. 

Means of th.re ' leve):S 'of ni trogen and four replicates . 

. 
Although the nitrogen effect was not significant, the 

variance ratio (3-.63) is sornewhat large and the DNMRTt at 

5% level was applied. The results showed that the over-, 

aIl mean nurnber ~f grains pe~ hea~,had increased slig~tly 
. 

but ?nly significantIy at the highest rate of nLtrogen. 
, 

The nurnber rose to 21.77 frorn-18.14 grains per head 
• t ,.. . 

obtained at the lowest levei of nitroaen. -r ~ 

, 
4.2.6.2.- Grains per 

,anà1ysis of variance for this pararneter (Appéndix, , 

Tabie 21), nitrogen affecte~ significantly !he number 

of grai~s per unit are~. The largest nurnbeT of grains 

was obtai~ed whe:.n the maximum rate of pl.troget:l,was ap­

plied. cJn.siderin~ the overall rnean nurnbei o~ grains, . 

the heaviest dose of nitrogen produced 7828.90. At the 

., 

f 

intermediate dose the l'l;UII\ber was red.ce~,. ,yet net 

significan.tly, to 7041.94; th~ on~y sigrù,ficant differe.n'ge" . 

was at· the lightest ni trogen level, in which only 6002 ."9' .~:' 'dO 

grains'were harvested. 

We:have seen befGre how the uniculrn cultivars had the '.' 
\ 

larges~' ears in cornparison to Laurier. 
, ' 

Now, this attribute 

, , 

) 
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l1 
has'allowed them~o produce the~aximurn number of grains 

per square meter, yet only at the higher densities 

(Table 4.18). In general, the l''~rage of three dens'i ties 

and three' 1eve1s 0;1;1'1 ni trogen, 'indicated Q. B. 59.28 as the , 

1argest'produce~ of grains w~th 7193.47. In second place 

and not significant1y differe'nt, Laurier yielded 6983.50 . . 
" 

q grains per square meter:' In third position, with 6679.02, 

Q.B.60.2 was significantly different from Q.B.59.28! but 
-, - "" 

not from Laurier. 

,Table 4.'18. - Duncan 1 s New Multiple Range Test for 'fhe , 
* cqmp'arison of cu1ti'Zar means at. three-,plant densities 

'. .. , 
" f·' 
: (ïor number of grains per square meter. 

215 plants' m-2 407 plants -2 686 plants -2 m m 

Laurier 6532',67 a Q.B.59.28 -'l639.87 a Q.B.59.28 8667.36 

5396:00 
, 

Q.B.59.28 b Laur-ier }~31.29 a,b Q.B.60.2 8396.87 

Q.B.60.2 4827.60 bl Q.B.60.2 6812.58 b Laurier 7186.54 

'1; 

Means within cOlumns fo11owed by the sarne 1etter are not, 
,', 

, .sigpificant1y. different at 0.05 probabi1i ty level. , 4. ,;' . ' * 6". 01". ... # 

Me'ans of -'three- le've,is of ni trogen and four replicates. 

, . 

() 

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

~,. ,..... ' . '!: 
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According to Table 4.18, only Laurier was drastically 

affected by plant density. Its low nurnber of grains per 

ear prevented this cultivar from competing efficiently 

at high densi-ties. However, the l,miculm cultivar~ in~ , 

creased signiricantly their grain number at aIl defisities 

wi~h an evident trend. 

The correlation analysis indicated that in general, for 

the three cultivars "'arid considering means of tbree den­

sities an~ three level~ of nitrogen, the grain number 

parameter had a coefficient of r=O.93, r=O.93 and r=O.94 

with grain yield, for Q.B~60.2, Q.B.59.28 and Laurier, 

respectively. These correlations anticipate and , 

emphasize-the major importance of this variable in 

relation to grain yield, mainly at higher densities. 

4.2.7.- 'Grain Size.- Smaller grains were obtained in the' 

more dense plots. According tO,the analysis of variance 

(A,ppendix, Table 22}, this variable was significantly 

affected by pla~"S1-~. The weight Ç>f 1000 grains, 
o .. ,..........,...._~~r . 

in general, was 39.96 9 at the lowest density. This 
.,> " ~ 

number was reduced to 36.86 9 by increasing density te 
- ( '--2 407 plants In Further ~ncrements reduced aven more 

the weight .of 1000 grains to 33.06 g. _ It can be seen 

that the reduction was more evident from the intermediate . 
'density to the highest dens,ity. All the reductions were 

100 
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significantly different at 0.05 probability level. 

f -, 

Laurier had, in general, the largest grains among/the 

cultivars, with 38.28 g, béing fo11owed by Q.B.~0.2 with 

grains weighing 37.06 9 and significantly different. 

The smallest grains, signi:Hcantly srnaller tban Q. B. 60 . .2 , 

were ~th6se from Q.B.59.28. 

Th~ high1y significant interaction of D x C indicates 

variations in the respons~ of the cultivars to plant 

density (Table 4.19). 

Table 4.19.- Duncan's New Multiple Range Test for the 

* comparison of cultivar rneans at three plant densitie~ 
, 

for 1000 - grain weight Cg). ~ 

• . t/ -

215 plants m- 2 
'-~,. 

407' plants rn-2. 

Q.B.60.2 4l.45
J

a L'aurier 38.81 
J 

Laurier _39. 77 b Q'.B.60.2 37.39 

Q.B.59.28 38.67 b Q.B!59.28 34.38 

a· 
"-a 

b 

.,' 

-2 686 plants rn' 

" 
Laurier 36.25 

Q.B.60.2 32.33 

Q.B.59.28 30.43 
--,-

a 

b 

c 

Means within columns followed by ~re samè letter are not 

significantly different at 0.05 probability level. 

* Means of three levels of nitrogen and four repliqates • , 

l' 
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The effect of plant density was mu ch more severe for 

Q.B.60.2.than it was for Laurier. There was a reduction 
~ . 

of about 22% in grain weight for Q.B.60.2 when increasing 

plant density. Meanwhile Laurier suffered a reduction of 

only 9% in grain weight. In other words; L~urier showed 

more stability in its response th an the un~culm cultivars. 

') 
The overall effect of nitrogen, though n,ot significant, 

<,' 

was ta reduce 1000 - grpin wei~ht in a steady way. At.the 

highest lev~l of nitrogen, the general mean grain weight 

WqS 36 mg i the medium level of ni trogen, \ncreased this , 

vaIu~ ta 36.7 mg and the~lowest level of nitrogen produced 
1 

the heaviest grains with 37 mg. This nitrogen effect is 

typical in barley and has been seen by many workers (see 
,r 

Literature Review and Section'4.1.6 ~n this work). 

However, th~significant interaction of N x C indicates 

that the reverse trend in grain weight by increàsed ap-
~ . 

'plications of nitrog~n applies~nly partially ~ th,:~~ 

study (~able 4.20). ~ 

JI 
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Table 4,20.- Duncan's New Multiple Range Test for the 
) * 

comparison of cultivar means at three levels of nitrogen 

for 1000.- grain weight (g). 

" Â .. 
1 

o Kg N -1 32 Kg N -1 ha ha 
-.1 

( 
Laurier 39.98 a Laurier 38.02 a 

Q.B.60.2 36.83 b Q.B.60.2 37.04 a 

Q.B.50.28 34.41 c Q.B.59.28 35.J..4 b 

) --

-1 64 Kg N ha 

Q.B.60.2 37.30 a 

Laurier 3p.92 a 
1 

Q.B.59.28 33.93 b 

Means within columns followed by the same letter are not 

significantly different at 0.05 p~obability level. 

* Means of three densities and four rep1icates. 

From Table 4.20 it can be seen how the grain weiwht of 

Laurier is consistent1y decreased by h~her.l~vels of 

ni trogen. On the other hand, Q. B. 60".2 had an increased 

grain weight by nitrogen effèc~ and at the highest leve1 
\ .. 

of nitrogen the grains of Q.B.60.2 were even heavier 
, 

than those ~urier: 

If uniculrn cultivars are not increasing their grain 

.weight by nitrogen effect, at least it is less affected 

than Laurier grain weight. 

'" 

.. 
. . 
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4.2.8.- Grain Yield.- The results, of this experiment are 

in accordance w~ the typ~cal responses of cereals to 

n~trogen fertil~zation and plant density. 

In the first place, nitrogen inqreased grain yield 0, 

- , 

significantlyat aIl densit~es (Appendix, Table 23)~ 

The DNMRT 

the basis 

at ç.OS p~obability level indicpted that on~ 

of three cultivars and three densities, grai~ 
yield was increased from 219.94 IÇ 

-2 m (b) at the lowest 
, - 1'-2 

rate of nitrogen, to 255.47 g m (a,b) at the medium " ' 

, 

nitrogen lev~~ ,~~en the r~te ~as in~reased up to 

-1 -2 64 Kg N ha ,the grajn yield rose, to 279.37 9 m~ (a). 
~ 1 

1" No interactions pf N,x D, N x C, N x S x C" wèrw detected 

as being significant. 

The express~on of grain yield by its components (plant 

number, ear number per plant, grains'per ~ar 'and grain 

. weight) helps to ~derstand ~etter the nature of grain 

yield. In the pr~sent study, othe gains in grain yield 

• f ' by nitrogen effect were obtained main1y4by the 
i 

combined 
.' " 

slight increase in ear number per square meter and grains 

per ear (Figure 4.10). 
-t 
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ACcording to Figure 4.10, it should be noted that uniculm 

cultivars are distinguished by the~r powerfu1 response in 

-1 number of grains ear to nitrogen, especially Q.B.59.28, 

which though n~ data from ear abnormalities was obtained, 

in general showed a less degree of abnormalitiel than 

Q.B.60.2. On the other hand, the, ability of Laurier to 

\ produçe ~ore ears by nitrogen fertilization is quite 

~ evident at any level of nitrogen, especially at the low 
"-

population level. Secondly, the superiority of Q.B.60.2 

over Q.B.59.28 for grain yiel~ at the highest level o~ , 
~ ''-...-

nitrogen is based on'the much heavier grains,o~Q.B.60.2 
" 

and its greater ear survival •. 
t ~ 

It i8 also remarkable how thoug.h grain _size has been 
, -

,decreased by nitrogen, the grain yields of Laurier ïn-
~ 

creaseâ at any level of' nitrogen. Certainly, thé grain 
~ 

yields in Laurier were closely rela,ted to the fiumber of 

grains m 
-2, 

Grain y~eld was significantly affected by plant densi ty: 
\ . 

a~d the, éur;e respol'l~e of 'gr~in y~eJ.d p~?tted -against 

pl.ant population, :~hould 'fi.t the classical parabolic 

curve described ,b~many worker.s (see Li terature 'Reviewl . 

In other words'" g~ain yiEùd was increaseâ tly plant popu­

lation up to the poiI}t where i t did not i;nérea'se furthér,' 
,1 '. 

but declined. At 'the lowest 'pop~lation and' in genera1, 
Il 

l , 

'. J ' 
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grain yields were the poorest wL 222.86 9 rn-2 

Further increases in plant density raised grain yie1d up 

to 266.43 9 rn- 2 In the highest density, grain yie1d 

was reduced to 265.60 frn- 2 . No significance was found 
r 
betwe.en the two higher densi ties, but they were signir-

icantly different from the lowest density. 

Generally T Laurier produced h~gher grain yie1ds with, 

a'mean ,production of 266.10 9 m-2 and was signif~cantly 
, , 

differeht from Q.B.59.28 and Q.B.60.2 with 245.92 .and' , 
\ - ~. 

242.78 9 Im-~', respectively. However, \ a sign,ificaht inter-

aètion of, D x C W'as not:ed at O. OS probabili ty level, which -

is important and indicates that the cultivars .rea,cted to 
1 / 

" 
plant density in different manners (Table 4.21).' 

Table 4.21. - Duncan!/s New ,Mul tiplé Range Test for the 

comparison 'of cu~~~var m:'ans* at thr~e Plan'Ç' de~it~ 
'-2 for grain yie1d (g m .). 

215 -2 m -2 407 plants m 

Laurier 258.17 a _ Laurier ,28D.25 a , , 

Q.B.59.28 209.80 b Q.B.59.29 262;83 a 

Q.:B~60.2 2QO.62 b Q.B.60.2 256.21 'a 

l " 

1 

~ 

, , 

-2 686 'plants In 

Q.B.60.2 - 271'.50' a' 

Q.B.59.28 265.12 ,a 

Laurier 259 .. 87, a 

, 1 
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Means fol1owed by the' same let ter are not significantly 

ditferent ~t 0.05 probabi1ity level. 

* 'Heans of thrE!e 1eve1s of ni trogep 'and four rêplica tes. 

\ 

,On1y' at the lowest density,. was the 'superiori ty· 'of Laurier 

highly eVicJent. 

from 21:5 plants 

As· the p1ant·populati~n-was incre~sed 
-2 ' -2'· " 

m 'tQ 407 plants m , 'Q.B.60.2-and 
, 

Q~B.59.?8 gained 28 and 25~ i~ gi~i~ yield, respecti~ely; 
\ -

whereas Laurier increased its _grain, yield ~y only 8%. 
, ' ,." 

In the highest dens,ity; it can be seert ;n Figure 4.11' 
". ' 1 

that the upicu1m cultivars ~till increased,their yield~ 

(Q.B.60.2); whe~eas Laurier reduced its grain yie1d by 

approximately 8%. 
( 
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" 

, , rr· - . 
Mo're'over, Q'. B; 60,. 2 gave, the singl'e' highest gra.;in yie1d 

\' 01' 

- -in this' expez:inient ..at the highest levei of ,nit~.ogenJ anœ 

,,' - the' most p'opulated, t~eatmentJ witl,1, 311. 00 g '~'..2 
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The grain yield ~esponses of the cultivars were analyzed 

again -in terrns' ~f yield comE?0rfents an,d arè graphical)' 

represented in Figures 4.12 a, b , c and d. , , 

No significant interaction by nitrogen was evident; 

therefore 1 the results _are e~presseq on the basis of the 

means of three levels of nittogen. 

In Figu~e 4.12 it c~n b~ seen that in aIl cultivars the 

number of ea.rs per sq:uare meter increased wi th plant de,n-
, 

sity. On the other-hand, grains per ear and 1000 - grai~ 
1 \!;-,...:" • 

weight'were both reduced,by d~nser plant populat~ons. 

However, despitè the fact that the two latter components 
" - • - /' < 

were reduced by plant dènsity, consistent increment9 in 
1 

-, 
grain .Yield we~e observed in th~-uniculm cultivars with 

~ , , 
.1.r'l.creasing 'density and thé peak in grain yield of Laurie']:" 

\ .~ 
occurred a~,a~er density._ 

1 

Tbe only'decrement, in grfl.in yield, was observed in Laurier , 

,- at the highést deJilsity. P'igure 4.12 (b) shows that though 
, w\ ~ 1 

Làurier ~ad the heaviest grains ,at this density, its 

grain yield was the lowest'. Thus ~ if ear' nbmber per· 
, ,;' . 

squarè mete~ was increased with plant density and Laurier 

, had a reasona?lY good seed w~'ight at the densest po)?ula-:-
. 

~~tion, the explanation of-the decre~sè in grain,yield at 

denseJ;' popu~a:t~on~ for Laurier must be four:dfïth~n the, 
\ 
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response of the nUmber of grains per ear. Figure 4.12 (c) 

aiso shows that the reduction, in g!ains per ea~ wa~,more 
, . 

drastîc than the reduction in 1000 - grain weight. 

1 J 

Ne~ertheless, in Figures 4.12 (b) and (c) the reductions 

ain weight and grains per ear were not as­

s6ciat~d wi h r~ductions in grain yield (u~iculms).' 

~hus, and in accordance, ~it~, the findings of Willey and 

Holliday .ll91l a) , the most' sensit~vé yield co~ponent to 

plant density and the one re~ponsible for reductions of 

, grain yield a t higher dens.i ties i5 tl).e number of, graJ"ns 

~er unit area (Figure 4.12 (d». 

: 

The correlation analysis between grain yield and number 
" , . 

- of grains per square meter, 'cons:rdering, 'means of three 
# ~ , 1 

., ' 1 

, ' 

r value~ of 0.93, 0.93 
,1 ' 

ànd Laurier, 

levels of n.itrogen, resulted in 

0.94 for Q.B.59:28, Q.B.60.2 

4.'2.9.- To.tal Dry Matter Yield.- It ha's been established --- , /, 

that total dry matter increase'S with heayier fertilizat:lon 

" '" of nitrogen, if levels of moistur,e in the soil are, con-

sidered ,acceptàble, (see Literature Reviewl. In'this 
~ ~. - \ 1 ... 

exper;tment, and in conformj,.tY',with the analysis o'f 'vari-, 
,\ . 

l '\ ~, -. ' ... 

'. ance (Appendix,~ Table 24)., total dry matter' or biologiçal 

yi~ld increased significantly at highe~,levels of nitrogen~' 

; .. 

t ~~ 
'7 " It' 
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The lowest yield was obtained at the lowest level of 
, 

nitrogen, with 500 9 

-2 from 613.05 9 m at 
-2 ' 

677.34 ,g m ~t the 

-2 m , being significantly different , . , 

the medium rate of nitrogen and 

highes~evel, according to DNMRT 

at 0.05 probability level .. 

AIso~ it is generally known (see Literature Review) that 
'. 

biological yield is increased ~y plant density, ,reaching 

a: ceiiing poi'nt in which total dry matter IIflattens-ofin 

on the 'curve ,re)ating total dry 'matter to aensity. In 

the present study and due to 'the rather narfow range of 
<1/ 

l' 
,1 

plAnt populations, steady increases'of fliological yield , . 
(total above ground dry matter,; inc1uding gr'ail! ~i~idJ 

, -
'were observed with ipcrea~ing plant ,density. The lowest, 

" 

" dry matter yield was~ accounted for 'at 'the lowest densi ty 

wif{ 509.1,4 9 m-2 ,(cOnS:Ldering means, of three cUlti~ars " 

and three levels of 'ni:trogen) • This value rose with . 
SignifiCan~y dif-pl.ant density'to 625'.68 -2 being 9 rn , 

, ferent-. Further increments in populat,ion gave a'non-

signi.ficant increase in bio,199Lca-J. yield' with 655.88 9 m- 2 

which,probaply ind~cates that ~ maximùrn valu~ was obtained. 

, . 

In' general" I,raui'ier ptoduced: the 1argést' biological yield 
" 2" , ' 

" (604.35 9 rn-', ) , 'b~t was not si,gn:l;ficantly ~iffe'ren~ frOm 
, 2' -' -'2 

Q.:Èl.60'.2 (597.85;,g m- 1 arid Q.B.59.~8 (586.58 9 m, ). 
- , -II 

, 1 
, \ , 

,. 
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/1 However, the significant ~nteractjon of D x C indicates 

,different r~sponses of the cultivârs to plant density 

(Table 4.22). 

,Table 4.22.- Dunca~'s New Multiple Range Tes! for the 
~ *, , 

comparison of cultivar means at three plant densities 
~ -2 

for tot'al dry matter yield (g m ). 

-2 
~15 plants m " -2 407 plants m 

\, 

tau~ier 549.29 ~ Laurier~35.00 a 

Q.~.59.28 493.79 b Q.B.6Q.2 622.21_ à 

Q.B.60.2 ",484.33 'b' - Q.B.59.28. 619.8.3 a 

, . 
-2 '686 p'lants m 

Q~B.60.2 687.00 a 

,Q.B.59.28 651. 54 a,l) 

Means within cOlumns' followed by the same let ter are ~ot 

significantly different at 0.05 probabi-li ty level.!' 
* , , 
Means 'of three levels of nitrQgen and four rèplicates.' 

, . 

Table 4 ,'22 c~early shows that at the widest spabing Laurier .. . , , 

had, the ~argest gr'owth rates. At closer spaci,ngs, the rél-

ative growt~ r~es of Laurier were'depressed by plant dèn-

\; si ty 1 al though i t had' a larger biological' yield'i ~hat of 

the uniculm cultivars ~as much larger in comparison to , 
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the lowest density. MoredVer, at the medium density the 
o 

~ differences are not signiTicant. The con~istently higher 

growth ra~es of the uniculms at higher densities were 

evident at this point, ~hen the greatest yields were 

accounted for by Q.B.60.2 (687.00 9 m~2) and 'Q.B.59.28 

-2 (651.54gm ). a 

)-" . 
These results a,re in agreement with thos~ ,of- Donald (1963) 

w 

~nd Kirby (1967)" They noted that the ceiling bi010gical , 
, 

yield and the maximum grain yi~ld are generally achieved 
, . .,1 

at about the same density. 

'The reduction ,in dry ~a~tèr production at the ~igheS~,den~ 
sity, observed in the case of'Laurier, ma~be exp1~ined in 

terms of plant community growth concepts. 

'l', 
The ~rop .grow~h 1trt~ (CG~), or total dry rnatt;er pz'oduc-

, ,~' 1 

t~v~ty of the ,stand per 'unit, area over a period of time, 
, l , ....-. 

is expresseâ in terms of its èbmponents, net assimilation 

rat'e (NAR), which ,is the rate' 'of incr~ase in "the whole 

'plant ,of dry matt~r p~r unit ~eaf area, 'and leaf area 
..' " , ' , , . f 

index (LAI) ," the ratio of leaf area te gr6und area. 

, The NAR expresses the capaci ty of ~he pl~nt to produce 

dry matter as a fun~ti-on -of its leaf a,rea; 'it represents' 

the net ,res'\l'lt of 'phoeosynthate gain o:ve~ respiratory 
~ 

loss; 'and LAJ; ,rep~esents the proportion. o~ total leaf 

. 
> , 
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area to ground area. 

, 
When plant density is increased, a greater LAI is obtained 

up to a certain point where the maximum CGR is reached. 

Further increments in plant density, generally result in 

reduced CGR (K~rby, 1967) because the gain in a greater 

photos~nthetic .. ,~rea (+ LA!) is offset by ~ther factors 
,/ 

such as senescence of the l~aves and greater respiratory 

losses. These losses may be enhanced also by a greater 

temperature withfn the crop. 

L~urier might well hav~ rea~he 
e present experLment, 

its "optimum" LAI at the 
~ 

" medium .densi ty, 'and higher' de si ties induced lower CGR 
'1 

and hence lo~r final yields. 

In relat'ion to grain production these principles maye also '. 
app1Y and it has been demon~trated (Kirby, 1970) that 

1 barl,ey plants growing at higher densi tiês show~d dra'stic 

reduc~io~s in the nurnbér of spikele~ primordia when com-, 

.pared ~o plants growing at lower densities. The result 

was 'that in the same period of tirne, the stressed p1~nts 

fo~eà a si~nificant lower nurnber of spikelets. 

4.2.10.-'Harvest'~ndex:- It has been widely elucidated 

, that the application of ni trogen usual;r iI:tcreases bio- . 
1 1 \ - , 1 

logical yield and depresses harvest index (see Literature 
, ' 

Review' and Ex~eriI'nent 1) .. In qther words, the proportion 

, ' 

, / , -

12.7 

,r;:::, 



. , 

of grain yield to .abdve' ground total dry matter is lowered 1 

by heavier rates oI nitrogen. 
) 

In the present work, the harvest ind~x was depr~ssed by 

nitrogen, from 0.44 in the absence or nitrog~n to 0.41 

-1 in-the presence of 32 Kg N ha ; cons~dering overall 

means. The difference was signi,ficant, according to 

DNHRT at 5% probabili ty leveI. No further reduct~ons in 

harvest ~ndex were seen at tqe ..faJl;,imum level 'of nitrogen . 

liA factor lf.kely always to be involved in the fall in 

harvest ~ndex at high densities 15 the light profile 

within the crops. At high densities total light inter~ 

ception occurs earlier an~ competition between plants 
r 

for light is more intertse. The percentage of tillers ~ 

producin~ ears, the-nurnber of grains per ear, and grain 

size are aIl reduced, ev en where water and nutrients are 

nonlimi ting" (Donald and Harnblin,' 1976;'1 . This short 

excerpt surns up much 0; thè work done in these experi­

ments. We have seen b~fore that in plant d~nsity stud~s 
, "Ir 

a point is reached where further incr~ases in l~af are~ 

no longer offset the reduction in net photosynthesis 

(NAR) due to compe~ition for light and a greater ,propor-
, 

tion ~f res~iratory los ses from shaded or senesced leaf 

areas prevails. 
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In" the -;;:'~nt 

·{ 

, '. 
study and in accordance with Donald and 

o 

Harnb~in (1976), harves~ index' declined before the maximum . 
grain yield was attained. At the lowest densi ty the '\har-

vest index was 0.43 considering the means of three cul-, 
tivars and three levels of nitrogen; at the medi~ density 

JI 

this value was reduced to 0.42, yet not significantly 

different~ at the highest density, further ~nd~significant 
\ 

"red'uctionp wer'e seen wi th 0-,4. 

Laurier had·the ljrgest harvest-indices with a rnean of 

0.44 ahd was significantly. different from: Q.B.59.28 (0.42) 

and Q. B . 6 0 . 2 ( 0 . 40) . , 

Although the interacti~n D x C is not significant, DNMRT 

~ shows. (Ta:b>le 4.29) that the cultivars responded differ-

ently ta plant density, 

( 
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Table 4.23.- Duncan's New Multiple Range Test for the 

*, 
cornparison of cultivar rnean~ at three plan~-densities 

-.., - ... 

for harvest index. 

-2 215 plants rn 

Laurier 

Q.B.59.28 

Q.B.60.2 

.. ' 

0.47 a 

0.42 b 

0.41 c 

-2 407 plants rn 

Laurier 

Q.B.59.28 

IQ·B.60.2 

0.44 a 

'0.42 a 

0.41 a 

{ 

-2 686 plants rn 

Laurier 0.41 a 
.-

Q.B.59.28 0 .. 40 a 

Q.B.60.2 10.39 a l ' 

, ~ 

Means within COlurnns~llowed by the sarne letter are not 

sig~ificantly different at 0.05 probability level. 

* Means of three levers of ni trogen and four replicates.# 

According to Table 4.23 J only at the lowest density are 

the differences in harvest index signif~cantly different. 

" It is known (Badra, 197~, .personal communication)' that 

at lower densities, the uniculm cultivars show greater 

ear abnorJ,nali tiès<t i. e. " rèduced nurnber of 'grains ~ when 
, .", ~ - , 

plant ~ensity is ipcreased, the degre~ of abri0rrnali,ty ,is 

reduced and the uniculm cultivars show their actual, 

potenti~l "for grain ~r_Oduction and better h:rvest indïces. 

, . 
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5.- CONCLUSIONS 

, . 
1.- In both experiments, plant density reduced signifi-

cantly. the ,number of tillers per plant, plant, heightî 
-

ears ~er plant, grains per ear-, 1000 - gra0 weight and 

harvest index (s~gnificantly only in 1978). 

H6wever, the number of ears per square metèi was s'ignif~ 
~. 1 j 

,icantly-incr~ased.: \Grains per squarè'meter and yield 

were reduced sign,ificant,ly ,by plant density in 1977; 

wherea~ in 19'7,8 there wa~ a sigilific~nt incrément' followed 
, '1 

by a redûction-at the highest density~ , 

\ ' 

2.- In both.experiments,.nitrogen ~n~reàsed the number 

of,tillers per plant (significantly ih 1978), tillers per 

sg~a~~ meter (significantly) "plant height (significantly 
\ , 

in 1978), al~o increased' siightly'the number of ears per 
l ' 

Plant'-' (in' 1977) , . ears per- square met'er and grains ~er ear 
.'. ,. • 1 

(significantly, in ;1978) •. ' Gra:ins per' square meter and 
~ .' 

yield ,were significantly in~rrea~,ed. :. ,Howev,r, 1000 - gr~in 

weight and harv.est index were reduced (significantly'ïn 
'. ' 

i~78) . , , , 

3. - In general, the un1!=ulrn· cUltivar,s did not shqw'reduc-, \ 
\ , 

tions in yield by plant density', 
, , ,f - .. 

'. ' 

Moreover, t~e single 

. highest ,graih l'ield was -accounted' for by Q. B. 60 ,.2 wi.th 
1'-

, , 

o 

, 

, 1 

, ' , , 1 



-~ 

" 

-
-21 ' ' • 

311 9 rn at the-highest dénsity, and ·.nl.trogen 1ev~1 in-, 

• '1 

, 
4. - The parameter number ,of grains m -,2 was mo're c16~ely \ 

apsociated with grain yield at nigher densities than any 
" 

other grain yield ,component. On the ,oth.er' hand, at 1 ow:,e r' 

densities, grain weight was more , important. 

~.:'" Grain yie1ds' can ,be ,increased by plant q.ensity if 
- ., 

the'environmenta1 conditions are favo~rable, liké in'1978. 
0, " ~ 

4'·\ 

"6.- Due to its great ear 'capaéity, Loyp1a.~ay' be more 

adaptable to crowded popu~ations. '. 
'1 

7.- Although 1000 - grain weight f>laYE7d a,~e.con4ary role " 

at higher ,dens.ities, i~ is an 'important limitant for " 
\ 

higner yields ~n Q. B. 59.28'. 

, 1 

., 
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Tab1'e 1.- ~lant numb-er 

P1~t density: 

~'b ~' Sx:;: _. 8 .8 
(1)"" ,'" r - Jx3x5 = 9. 23 

;J, 

257~21 a 
174.89 "0 
146.59 b 

Conquest 
Laurier 

, .Loyola 
Q.B-.60.2 
'Q.B.59.2 

2524.88 
3x3x3 = 9.67 

207.41 a 
204.&0 a 
192.59 ab 
191.48 ab' 
165.00'b 
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Table 2.- Tillers per plant 

:flan:t densi ti: 

S JB= ~ O.~6 = 0 08 "-
,x-~~ 45' ., 

, 2 
141 )?lants/m 
257 Il 

Cul tivars: 
, 

'. ' 

~ 'J '0.201 ' ' 
SX=~~ == ,?7 == 0.~9 ' _ 
", - - /' / \ 1 . ' 

Conquest 1.29 a 
Laurîer' 0.'98 b 
Loyola - 0.93 b 

• 1 

, , 

'Plant density: x Cultivars: 
"! 

S 
_ ~ _r-o:2Oï" _ 
x~~~~~~-

1 ~ 1 ~ , 1 

147 'plts/m2 251 p.lts/mZ '·. , 

Co.nqù.es~ 
~a~rier, 
L~yola. 

1.17 a 
1.34 b 
1. 3~· b 

Conquest 0.8,9 a 
,Loyola'; 0.60 a 
Laurier 0.59 a 

l ' 

( 1 " C?'" 
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Tabl'e 3.- Tillers per' squàre' meter 

= 
, 

,847.25 = 4 34 
3x3x5 ,-., 

68 Kg N/Ha '122 ;22 a, 
34 Il 113.10' ab' 
0" 87.i 33 b' .. ' 

Cultiv~rs:. 

~
E'C' 

Sx= ... '= 
·3350.8 ~ 
3x3x3 , ..,. r, 

Conquest 
Laur-ier 
Loio~a\ 

" 

" 

... 
\ 

; 

"-

226.7 !i 
160.0' 9. 
150.4 b 

, 
\ < 
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Table 4.- Days~ to, hea~ing 

------

~ ,Cultivars: 
" 

'~ E c ' O.64!" 
'=O.~5 s,oc:: ~ ()(.,' _ = 27 ,~). 

, 

Loyol~ 58.18- a 
Q.B-~60_.2 55".37 b , 

.J Laurier -54 .-96 bc 
Coriquest_ 54.59 c 

. '- - Q.B.59.2 53' . .48 d 
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Table 5.- Ears per plant 

.. 
Plant densi ty:' 

sx-~ _ 0.646 
.~~~ - 3x3x5 = 0.042 

) 2 147 plts/m2 1.45 a 
257 nlts/m 1.0~ b ' 

Cul tivars~ f 

S J~ JO,OF" - 0 05 
x .... ~,...~, =* 27 - • 

Conquest 
~aurier 
Loyola 
Q.B.60.2 

,. 

1.54 a 
1.40 ab 

(1.35' b 
0.99 c 

-\ 
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Tab1e 6.- ,Eàrs peI' sq~are meter 
, , ' .... , 

~lant d~ns~ ty i ,- " 

Sx= ~ = JZJ.~6 : 42 = 
f~ .45 _ 

10.7 

257 ~lts/m2 276:5 ~, 
147" 210.2 b \ , 

, • i 

- -, 
Cu.l tivars: -

, --!#F-c-Sx= lA . = 
--, 'rot.,":" 

, \ 

, ... , 

Cpnqu,est 
Laurier 
Loyola ' 

'Q.B.60 .. 2 

( 

J_ 

287-.0 a 
262.4 ab 
246 .. 3 b 
190.0 cI 

1 .' 
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Table 7.- Grains per ear , , 
, '/ 1 

" 

/} " Plant densi ty: " 
, 

\ ' , , ~ Ji1*- 9. 63 \ Sx= r ""i' =. 45 = 
1 . 

2' 
147 plts/m 17.57 a 

f- / \. ' 

b, 257, Il 14.44 
\ / 

~ 

Cultl,va:rs: 
.. 

.. . . J#f 13.09 " 
, 

Sx:::, T QI. ,P = â 0.696 3x3x3 
1" ' , 

" Loyola 19.83 a 
Lauri~r 16.54 ,b 

4r-, Conqu~~t 16.50 b' " 
Q.B.60.2 14.39 d 

l 
l' ,t 

l, 
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• " " , 
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i '. r 
1 1 

\ 

~ 
, .... " 

1 -, .:/ , ,Jo 

~ \ 

" 
1 

" 
J 

'\ 

" ,; , 

'\ . ...- -,. 
l, 

0 
" 
of 

, 
• 



\ 
Il 

:'1 

1 . , .1 , 

~'" 

, 1 

, , 

'. { 

, ' 

Table 8.- Grà~ns p~r square meter 
\ , 

PlaTlt denslty':' 

sx~C!î: ~J997805.6 
~~. ,45' 

, 2'· 
'257 p1ts/m, ,3854.37 a 
\ 147 'II' ,3771.90 ,a 

Cultivars: 

s' _~ _ 406~~.4 
X-~~'~. ,'2 

Loyola '4641.27 a 
Conq~~st 4590.51 a 
~a.urier 4100.2,6 b 

" ' 

Q.B.60.2 2.741.57 c 
'Q.B.59.2 ,2069.2~' d, 

, , 

-~. -
/' • _\- kJ ' " 
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,Tâble 9.-'Grain siae 
\ 

Plant densi ty: -

':""~ _ ~ 9.48' 'b 
sx-~~ - 3x3x5 0.4-6 

, 

147 
257 

2 ults/m2 
,pl tS/!ll 

36.48 ~ 
31.41 :d 

Cultivars~ 

Laurier" 37'.93 a 
,Q.B.60.2 36.26 b 
'Loy-ola 33.98 c 
'Q._B.'59.2' 33.2'7 
Conquest 28.S? 

c. 
d', 
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T~ble'lO.- Grain yield 

O,Kg N/Ha 108.99 a 
34 Kg N/Ha 120.18 a 
68 Kg N/Ha 138.19, a 

. Plant densi ty: 

r. . , 

q 

~ ~-'------~ Sx~ rTI:: =J \508.·57 ~ 5.79 ' 
~ i )'" ~ r' '45 , 

. 2 
147 plts/m ' 135.40 a 
,257 Il - Il 1.20.37 a 

Cu.l tivars: . 

S -~ _D1hL - 4'19 
x~J~ ~r--2'7~-, -, ,. 

, . 

-Loyola ~57.92 a 
.. Laurie}: , 156.37' !i 

, Cpnques,t 1}2. 41 b 
Q.B.6~.2 '97~56 c 
Q.B:59.2 68'.78·d 
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Tabl'e -lk.:- Total 'dry matter 

" , 

-0 Kg N/Ha;231~27 a 
34 Il J" '263.6g-a-
68 ~I n 298.07 a -,- ' 

Cu1-tivars: 

. S ,~E c "2254.'41 
x= ~ = 27, :;:: ~ , ~ , 

, '-) 
Loyola, ,318.44 a -', 
Laurier. 311.02 ab ,- , 
Conquest 290.57 b 
Q.B.'60 .. 2233.37.,c 
Q.B.59~2 168~25-~ 

) 
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Table 12.- Harvest 1ndex -, 

"­
Ni tro,gen x Plant densi ty x Cul t1var: 

Q.B.60.2 Laurier Loyola 

° Kg N/HIl 0 ~ 42 ' a ' 0.48 ~ 0.48' a 

34 " Il 0.44 a '0;50' a ,0.48 a 
,~B Il Il 0.39 a 0.47 a, 0.50 a 

f' 

,-

~ 0 Il If 0.43 a 
34 n Il 0.,35 a 
68 Il " 0.42 a 

Laurier 0.5Ql a 
Loyola i.~96 a 
Conquest O~453 b 
Q.B.60.2,O.419 c 
Q;B.59.2 0.401 d 

. , 

(' 

, 
1 

0',53 a 0.53 a 
0.54 a o. ,0 a' 

"0.52' 'a 0.53' a 

, \ 
\, , 

/ 
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Conquest 

0~43 . a 
'91ts/m~ 0.44 'a 257 

.().44 a -
'0.44 a 
0.47 a 
0.47 a 
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{r Tabl!!' 14.- T111ers /;r 
~ 

f'i" P1F t density x yultiv~r (Laurier) 
f "-, 

Jr-l)ECT~b _~2 ~O. 004+0.00.:22 
Sx= = 4xj'x3 :-0.018 

" ""r()l.y , , 
~ 

0 

. 2 
0.46 ~ 215 nlts/m a 

407 " Il 0.17 b' '-:> 
'f' ~ ... - 686 Il Il 0.17 b 
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Table 15.- Til1erS per square m~ter, 

l ' 

• Nitrogen x Cultivar (Laurier) 

Sx= (1-1 )'Ec+Ea 

""~r 
= (2)~66.4t297.64 

4x3x3 

68 Kg N/Ha-123.33 a 
1 

34" " 100.83 b 
Q Il' " _ 8Jt'-75 c 
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'>'II,> , 

Il 
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T~b1e 16.- Days to heading ,~ 

Ni trogen: 

s ~ x==~~= 
2.93' 

4x3x3 

• 
,0 Kg N/Ha 45.64 a 
3 4 '" , " 4 5 • 5 3 a 
6 8 Il ,,' '4 5 ~ 05 a 

Q.B.59~2 46~17 a 
~.B~60.2 45.17'b­
Laurier 44.89 b ' 
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= ,0.28 • 
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~ ",Table 11.- Plant helght ~ 

Nltrogenr 

5 -~ -12~5.68 - 2 56-x_ y (J,y - 36 -. 
- . .. . 

68 Kg N!~a 80.3& a ,~ 
34 Il " 74.89 ~ 

a '" 
0 Il tI 65.39. b t 

\ , 
\ . -V ' 

~lant density: \ ,9 

-5 -~ ~J i13.67 ~·1;8· " , 
;t. x- 'r ~ r;- 36 -. _ " "t 

2' 
215 "pl t:s/m 79.00 a If 

407 " " (74.44 a 
'686' " " 67.14 b , 

• J 

, . ' . 
CU~l li va:rs: \ 

, 
~ . ~ J 23.1~ -

Sx= '..,- (;(. ~ = ~6 = 0.8 l , 

,~ 

0(, 

\ Q.B.60;2 75.83 a , 
, " ' 

~ Q.B.59.2 74~47'a 
"-Laurier, 70.28 b .. / 

-"l "·v ( ~ , 
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>, , Table 18.- Ears -per '9lft 

Plant densitYj 
~ 

S JEh -J 0.0046· ~ 0.011 
Xl~ - 36 -

215 p1ts/m
2 

407 Il Il 

t,86 " " 

Cultivars: 

1.02 a 
0.92 b 
0.87 c 

, .. 

, , 

S -~ -J 0.0052 - 0.012 x-~ y oc: ~ - ( 36 ' , -

,> 
Laurier _ 1. 00 a 
Q. B. 60.2 0.92 'b 
Q.B.59.2' 0.89 b 
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Table 19.- Ears oer square meter -, 

" 

.. , 

'- , 
Plant de~slty: 

S '~'b , x= ::;: -r0t0'( 
9535.32 = 16.27 

36 / 

~215 

407 
686 

plts/m2 22f.86 a 
If Il 380.55 b 

\ 

" " b03.43 c 

Cul t 1. vars: " 

~ Sx= ~ lX ~ = 
5053.7 

36 

Laurler 43o.6t a 
Q.B.60.2 391.17 b 
Q.B.59.2 371.57 b 

~ . 

, . 

t " 

. ,J 

1 

= 11.85 
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~6.t.:;"e ,2D.- Gralns R'?l'" ,far 1 " 

.. 
-~ 

I~ 

~1 trogen: ... 
, , 

- ~. " - ' , ~ v ~ 'r-- "..32.55 • li--, ~ a. , 0.95 r ~ .). 

-" Sx= ~ fi r ,= = 
." 36, , 

68_ Kg N!Ha 21.77 
' , 

a 
34, Il " ,19'.59 é?-b 

0 Il IP ~, 18.1Â b '" te 

'';t, r , 
?lan,oft d fm~ i tfy':,: ' , • . , 

s~~~=~ 
~ t~ 

" , \ -1 1 = 0.97, 
Y'p(.y ,}6', ~ 

, - " 
,t;;)j 

, / 

, .. , 
- / 2 , -. 215 -01 ts m 26.75 , .. ', \ '- '" 407 " l' 19.68 b 

..j 

,\ ' \ 

685 
' - 1 ' ' 

" , 
' " 113.85 c, 

\ " ' ' \. 
" 

'. 
l' .. "-qu1;tlvars: 

'-~-r 21.3lb ~ 
( . .. 

,~ 
'<. 0 .. 77 -~x- "r.'(1<. P ,'- "36 '- ~ 1 ~ 

~', .' 

~ , , 

Q~·B.59._2 21'.88 a fil 

Q.3.60.2'19.62 b 
Laurier' -is.oo h' 1 
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I-h tro.gen: 

\. " 
,~ Kg N/Ha 219.3.7 a 
3 II· Il 255!'47 ab 
, 0 ,II Il, ,219'.9,4 b 

.. 

Cuitivàrs: 

• 
125'3.2 

, }6 
~ " 

Laurier -266.10 .'a 
, Q.B.59.2 2~5.92 b 
Q.B.6~2 242.78 b , " 
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• ~~ l t rc .7 en: , . - - .... 

, 
1913'8.12 

3'G = 23.41 

J ' 077:34 a 
o~3.-C5 a 
500.::= b 

l, 

? lè11.t' Jc:ens 1 t r:-
\.... _ v-, " 

'~ ~:;'I b ' 15J20.:)ô " 
:;,x= , =-, r = 20. 7' r ()I.. '( , 30 

, , -
\ 

21 S 1 "... / 2 :J9.14 ? ~I,!. i;,.!:;/ :Th 

407 " Il b25.68 t, 

6.36 Il Il ôc:.a 85 t '-" " . , , 
\ 

3658,,20 1 -, - ln 36 ,- I~ 

, , 

Laur-; e'r 604.35 a 
~.~;oO.2 597.85 a 
'~. B. 5:].2 586.58 a - ' 
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