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ABSTRACT

The pursuit of higher VYields per unit of ground area is
a constant challenge for agronomists, and plant density
is one of the factors that’limit the yields of field

crops (Clements 1904; Day 1977).

Loyola,bLaurier,‘Conquest, Q.B.60.2 and Q.B.59.28 spring
barleys, were grown during 1977 (Exp.l) and 1978 (Exp. 2)

in the field at several plant populations, ranging from

170 to 686 plants m=2

1

, at three levels of nitrogen, 0, 34

and 68 Kg N ha”
8

In both experiments, increased plant density reduced the

number of tillers plamt-l

1

, plant height, the number "of
ears plant ~, the number of grains ear—l, 1000 - grain

weight and the harvest index; whereas, the number of

-2 . . , -2 y
ears m - was Increased. Yield and grains m ° were reduced.

©

by above-optimum 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 plant density.

Nitrogen increased the number of tillers plant_l, tillers
m~2, plant height, grains eart, grains n 2 and yield,
but reduced 1000 - grain weight and harvest index.
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La poursuite de 1‘adgmentatioh des rendements agricoles

/ : .
par unité de superficie esttgnldéfi continuel pour des .
agronomes; de plus la quantité de plantes par unité de

superficie est un des facteurs limitant le rendement de

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

n s . [
)
!

¥

Les vari&tés,de l'orge du printemps, Loyola, Laurier,

Conquest, Q.B.60.2 et Q.B.59.28, ont &t& cultivées a

-

l'extérieur durant des années 1977 (Exp. 1) et 1978 j}
y I
/
(Exp. 2).¢ Chacune de celles-ci ont &té& assignées “
plusieurs'populations de plantes dans la méme super-

-~

ficie,fallant de 170 & 686 plants m-z, et trois taux
1

d'appiicatiqqs d'azote, 0, 34 et 68 Kg. d'azote ha~

Dans les deux expériences, une population de plantes plus
Elevées a reduit le nombre - de talles (tiges secondaires)

par plante, la hauter de la plante, la quantité d'epis

Y 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 &té augmenté. Le rendement

et la quantité de sémences m_2 ont &t€ reduits lorsgue une
population de plantes au-dessus 1'optimum a 6t€ employéé,
dans les cas de Loyola, Laurier etﬂConquest. Cependaht,
0.B.60.2 et 9.B.59.28 n'ont pas demontré des ré&ductions *

de rendement causées par le facteur de population des .




'plantes. .

s
-

L'application d'azote a aligmenté le nombre ?Es talles
- 4
par plante, des talles m 2, la hauteur des plantes, les.

) -2
semences, par epi, les semences m et le rendement des

plantes mais l'ajoitement d'azote a réduit le poid

/
e
mesuré de mille semences,et l'index de la récolte.

¢
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The pursuit of higher
a permanent challenge for agronomists. Within this
context, the vyield of
several environmental

dioxide concentration

genotype.

sections according to

Day

(1977)

¥
1.- INTRODUCTION

P

N

-

themﬂ (Table 1.k). ~

Table 1.1.- The major’ actors limiting field crop

-

- productivity. (From Day, 1977).

%

yields per unit of ground area is

f;eld crops may be limited by
factors that range from cafbon
in the atmosphere to plant
grouped these factors into three

"the energy cost of relieving

FIXED

L\ )

EXPENSIVE
TO VARY

10.~

11.-~

CO2 concentration.
Length of growing season. .
Total sunshine.

Soil type.

< 'J‘ -

Available moisture (irrigation).

Soil fertility'(fertiligers).
Pests and dise;sesl(pesticides).
Weeds (cultivat@on, herbicides) .
Storage after hé;vest.
Nutritional'value.

Marketing.
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o«

@

INEXPENSIVE&

TC VARY

12.
13.
wrld.

15.

Y

- Crop density

Plantifigwdate.

Seed quality.

Crop genotype.

+

. Though somewhat simplified, Table 1.1 may give an over-

LB :
view of the most important physical and biological

<

factors that limit and often reduce yields. Among the

' ~
can be distinguished plant density, soil fertility and

crop genotype.

£

\

m

In general, the barley plant is sharply affected in its

grain yield by plant density (Kirby, 1967), and no

further increases in grain yield are attained when the

seed rate is increased to above-optimum populations.

However, in recent times nrew approaches in plant physi-

ology and plant breeding ﬁ%y give in the. near future

\\subs£&htial 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 presént study was oriented with the main objective

Fy o

of testihg'Ehe.responseé of several barley cultivars to

Q .
plant density and nitrogen fertilization under field

conditions.

©

LY

®
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2.- REVIEW OF LITERATURE
2.1.- Plant Population - Yield Relationships.

The interactions between the growth of a plént comﬁunity
and the géctors of the environment, is one of several

statements proposed in plant ecclogy to define the term
"competition", (Black, 1966).

?

Clem\énts (1904), as cited by Black (1966), defined

! competition as "... a guestion of the reaction of a plant
upon the‘physical factors which encompass it, and of the
effect of these modified factors upon the adjacent plants”.
From Clements' Qefinition, it is clear that the compe~
tition within a plan£ community is the result of ‘the
environmental effect on the individual pl%nts and in the
opinion of Black (1966)C the studies of competition
should "be restricted to the individual plant level".
In accordance with this criteri#n, the present work was
approached as a stuq§‘of the growth of a plant community
at the population level, in which the population is the
biological factor affected by modifications in the

environment and the results are %glated to land area.

v



*

Most agricultural crops are populations of individual
plants with almost identical genotype, starting growth

at much the same time from seeds of similar size and

quality, evenly distributed over an area of soil.

Usually, seedlings growing at a wide range of densities
%gow an initial perlda of growth in which there 1s no
interplant competition. The plants are widely distrib-
uted and'they do not interfere with each other, but later
in the season, mutual interference appears and the growth
is depressed,=especially at high densities, where each
plant suffers intense competition with its yield being

~

reduced to 20% or 10% or less of the yield of an iso-
lated plant (Donald, 1968). The departure of the growth
rate from that of the isoclated plang i1s~a function of
cgmpetition among the¢égéalation and depends on the

initial plant density, the rate of growth and the geno;
' type. The resulting responses give interrelationships

between yield (weight per unit area) and density (number

of plants per uhit area) in combination with bther ié
! a
"environmental factors. ,
. .
¢ ¥

In cereal ciops, extegsive'agronomic and physiological
studies have been done upon the effects of seéding
density on yield. Holliday {1960 ;), supported by his .
work and reviewing that of other workers, stated that

two d%stinct relations exist between yield and

/



plant population.

First, the relationship between total dry matter produc-

tion and plant density can be graphically represented by
' ' s

ah asymptotic curve (Figure 2.1). Total dry matter

rises with increasing plant density, rea2§1ng a ceiling

point of maximum production, which then remains constant,

deéspite further i?;;ements in seed rate.

On the other hand, grain yield 1is af{ected by seed rate

in a different way.: As plant number per unit area is

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

which finally declines with further increments of

" density, showing a "flaﬁ@opped" parabolic type of rer

Y

curve (Figure,2.1l). - .
A

e

sponse

Dorntald (1963) in an exhauq}ive monograph, reviewed the

t

effect of competition on several agr%ﬁy&fﬂial'plants;

‘He has suggested that the response curves of grain‘yiefgé

and total dry matter weight are interdependent and the
N
minimum density giving the plateau yield of a dry matter

is alsoc the density at which grain yield is.maximum.

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

inversion in the yield response curves varies, consider-

2

ably in different experiments. The precise form of the

P

»
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1

curve is determided by the genotype and its interrelati?n—

ships with the environment. The number of plants required

per unit area cannot be too small or‘hot all the poten-~
A‘tial production, will,be attained, nor .can it be too

large, or excessive plant competition will Zeduce the

efficiency of the genotypé.
4

-

YIELD

~r

PIANT POPULATION DENSITY

B

&
SN N

Figure 2.1.- Typical effect of plant density on biolbgicél
yield (toiél dry matter) --.-.--.- and on economical yield
(grain) ,—, in cereals.

’
.
.‘bj" v
.
-

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

environmental factors involved in the nature of plant

competition, namely: water, nutrients, lighffoxygen

A

o &

0
v

»
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and carbon dioxide. 1In.connection with the relationship

&

between nutrient supply and plant density, Donald pro-
: e

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

general principle that as the fertility status is "

(.

improved, so the density reguired to give maximum yield

by annual crops will increase. anveréjﬁgﬁ)as density
“

is increased, so the response to an added nﬁtrienﬁ/will

continue to a higher level of application."
G LoD

- b

Thorne and Blacklock (1971) analyzed the effect of
nit;ogeﬂ.%n‘the growth-and yield of wheat sown at
éifferent densities. In\ihe%t work, no intéraction
betw;;n increased levels of nitrogen énd‘piant density
was foﬁnd. Under both conditions, low and high dengity,
nitfogen application increased grain .wyieélds at medium
rates (125 Kg N ha"1) but not at-high rates (200 Kg

v

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

no effect on. the pumbernof grains per spikelet or per

ear; the number of ears per square meter was increased
' . .

sligﬁtly. In all cases, total dry matter was ipcgreased

by nitrogen application. ) ‘ ‘<:

<

In further experiménts (éearman et él.‘1977ﬂ 1978)

n
Thorne s~ group observed that grain yleld was increased

by nitrogen fertilization but less than- eaf area,aﬂ%“

dry weight of the. vegetative parts of the plant, although
/ Kl

s

4
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the uptake of carbon dioxide by theltwo top leaves, per
unit land areaﬁ‘increased’almost as‘@uch as leaf area.
Explanationsisuggesied for this aﬁpareng inefficiéqcy
in grain productibn of -crops giveﬂ large amouﬁts of

nitrogen were that the grains provided an inadequate

sink, s¢ that photosynthate was div%;ted tihiZe‘stem

and later stored ofr lost by respiration. T expla-_

) - ” 2
nation-was confirmed in the 1978 experiment, in which,
the inefficiency of the leaves of crops given much.

‘ AN
nitrogen, in, producing grain, may be explained in terms

of the effect 6f nitrogen on respiration,

~

e

The effect of water supply on blant density, has been

analyzed in Donald's paper (1963), and he emphasized

N
v

an old principle in agricultural practice, thatithe -

optimum 8ensity in any annual crop will bé further

reduced in drier environments than in wét ones.

»

k
This statement has been illustrated by Karper (Karper,

1929, as cited by Donald, 1968), who in ten years of

experiménts with grain sorghum production, showed how

the,re;ponse of grain §iéld¢EoAplan£~density can be
affected by rainfall and genotype. - Tﬁo "cultivars",
Kafi; and Milo, were grown at different spacings frqé
3 to 36 inches in the row and a copstant“distance of

36 inches betﬁeen rows. Kafir, a not-free-tillering
. N

.
]

plant, was more sensitive to different levels of moisture
N L]

v
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in the soil, giving its maximum yield at a high density

a

in wet seasons, while the free-tillering "cultivar",
Milo, broduced its maximum yield at wide spacings in

either wet or dry seasons (31.6 and 3 inches of rainfall
- s !

respectively) due to its capacity ﬁq{ tillerlﬁg, com-

pensating for low densities under wet conditfons. . . .

WA

N L]

When water i1s a noﬁ—limiting factor in crop production,
positive responses of grain yield can be expected from
higﬂgg deng;ties, particularly in some genotypes.

’ b
In wheat, Pelton (1949) found in Western génada. that
although different densities of spring wheat used almost

the same total amount of water, the most ‘rapid use of

'

{ water in earlier stages of growth in the high density

»

‘treatments led to water deficits, which affected grain

.yield; wheat produced less'at high densities under water

-

stress.

L]

s

In barley, (Kirby, 1970) evapotranspiration was esti-
mated ?rom pl?ts.with plants gré&glat a rangéZof densi- °
ties 4rom 50 EQDIGOO plgnts n”%, From the heading stage
onwards, transpiration excegded rainfall.and a séil

water deficit occurred. 'This early onset of water

~deficit may have led to reduced growth at the high

densities over'the latter part of the grain filling




=3

JPEN

>

[}

s |
period, or before, causing the reduced grain size and
) +

lower grain yield found at the highest densities (400- i
1600 plantsvm—zf. |

T

In maize, many workers have studied the qéfect of plant
density on yield: Alessi and Pswer (1965); Bunting
(1971). Voldeng and Blackman (1974) have shown that
the relationships between total dry matte£ yield and
densi€§4may be graphically represénted by an asymptotic
curve; i.e. at high plant poéulations, the total dry
matter yields do not decline; remaining constant at all
higher deﬁsities. However, when water supply was in
limited amounté,,greater shoot .yields were obtained at

r

the lower densities. These phenomena were observed by
N

N

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

low rainfall in one particular year. - ‘
Summing up in Donald!s words: "Little is known of this
interactign between density and competition for water,

beyond the broad generalization that as the water status

>

is improved, so can more plants share the s'pplnyithout

suffering stress".

» :

N

4

Milthorpe (1961), as cited by Donald‘(l9§3}, states the
general principle that'the greater the amount of ‘leaf

growth made before plants come into contact with each

4 -

NI
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other, the more extensive will be the root system and

the less likely is the plant to suffer from drought.

The higher'the density, the smaller the plant .at any ' \

time during ontoﬁgny, and the higher the water conteng\

at which shortage of water is experienced."”

Competition for light can become the main limiting

factor in crop productioq wﬁen nutrients and water are.
provided in adequate supply. As stated by Donald (1963):
'"I§ there is a non-limiting supply of nutrients and water
and if there are enough planfs, then the yield will be
governed by the growth form of the plants in the com-
munity and their capacity to intercept and use the light.
When this limit is reached, the only means .of increasing - L
yield is to turn to a ;enotype with greater capacity to
intercept and use light."' With optimum light intensity,’
the plant community that is able to intercdpt solar
radiation in the shortest period of time for more
efficient use of light, while maintaining a minimuﬁ of
intkaplant competition with an adequate LAI (leaf area
index)\may give the higher crop growth rates.

2.2.- Plant Population - Yield Relationships in the . .

Barley Plant.

i

The effect of blant density upon the growth and yield

X



of barley has been extensively studied, éspecially by
J .M, Kirby, who has dedicated ten years (1967-1977) of

work to the subject matter.

Kirby (1967) studied the response of spring barley to
plant degsity. Four cultivars were selected according
to row number (2 row and 6 row types) and tillering
capacity. There were four levels of plant density:
100, 200, 400 and 800 plants m 2.

v

Plant density affected the yield and growth parameters

of fundamental importance, namely: relative growth rate

NRGR) , harvest index (HI), leaf area index (LAI), net

assimilation rate (NAR), leaf area duration (D) and the

ratio of grain dry matter to leaf area duration (G).
§

thal dry matter was increaéed by a small .amount

( 100 g m—2)~with.increasing density, but‘grain yield
declined sharply from a maximum obtained at an inter-
mediate density (200 plants m-z) to a miﬁﬁmum at the

highest density.:

The number of ears and spikelet number per unit area
were increased in relation ‘to increments in plant pop-
ulation, but spikelet number per ear, ear number per

plant and weight per grain, all fell, responding in
1

\Q)

I3
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the opposite manner, in such a way that there was a mu-~
tual counterbalance among: the components of vyield,

ténding to compensate for plawmt density. -

Fn general, 1t seems that IOOO'— grain weight was the
parameter more affected by plant density, falling from
about 42 g in the lowest density to about 32 g in the
highgst. Therefore, 1n(thls experiment, 1t has ‘been
suggested that lower grain yields at high populations
were cahsed by ? reduction of the grain size during
grain filling aﬁd not by a smaller size of the ear,
"unless the size of the grain was determined beforg
Grain filling" (Kirby, 1967).
q
. Although there was a small increment ofjhtotal dry matter
weight at high densities, 1t was not significant, indic-
'ating that maximum grain yield ‘was obtained when the
curve of total dry matter as a function of density
! became asymptotic. 6 The reduction of grain yield may be
explaingd by the harvest index (Donald and Hamblin,
1976) which was reduced frqm'O.zz at the widest spacing
|

to 0.38 in the closest spacing. The reduction in harvest

index may be the result of a depression in the_RGR, main-

v

ly after ear emergence, where for the lowest seed rate

1 week™d, while for

-1

there was a mean value of 0.43 g g

the highest seed rate, it was only 0.25 g g% week
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Thus, it sebtms clear that plant density reduced fhe
capacity of the leavesifor producing dry mat§é¥ after
anthesis and this was reflected mainly in'a smaller
grain size. However, further experiments upon the

effect of plant population on grain yield (Willey and

Holliday, 1971 a, b) have demonstrated that grain yield

was unaltered by a drastic reduction of carbohydrate

synthesis during the grain filling period, by means of

a shading technique. Therefore, grain yield reductions
" ’ in above-optimum populations are not entirely due to

a deficient supply of assimilates to the ear during the

period of grain filling. They may be explained in terms
B _ of pre—;nthesis development of the ear, because shading
effects during ear development‘reduced g;ain yield, #long
with 1000 - grain weight and in particular the number of
> , grains per ear. The decrease in the weégbt“of the grain

suggests a pessible reduction in the potential size of

the subsequent grains at this stage.

If potential grain yield is determined at the ear deve}-

v
opment stage in barley, the number of grains per ear,
"and in consequence the number of grains per unit ground
]
S area, may be the most important determinant of yield

(Willey and Helliday, 1971 a). A reduction in this

parameter under high density conditions may lead to ~

lower grain yields. This statement,qﬁﬁéradlcts the

-

i

14
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‘
conclusion of Rirby (1967) that 1006 - grain weight'was
‘respoﬂsible for reducing grain yields under high plant -
populations.

In a morphogenetic study,*K{rby and Faris (1970) shed

&
more light on this discussion because the most attention
was paid to ear development in the main shoot of Proctor

barley grown at different densities, ranging from 50 to

1600 plants m—zé\; !

\

Plant density affected leaf number, leaf size, stem and
internode length, apex development and primordia

production.

The number of fully developed leaves was reduced from
10.2 in the 50 plants m_2 treatment to 8.0 in the

highest density. .

/

I

Under high populations the lamina and the sheath lengths
of the lower leaves were increased, and lamina width was

decrleased.

* 4
At high densities, stem elongation started earlier and

absolute growth rates were lower. The final stem length

was reduced because growth finished earlier,
m &

X

b &3
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The apex development was faster in the high density
; treatments, reaching the double ridge stage six days

earlier in the highest density treatment.

The rate of primérdium productldn was little affected
by density, but primordium production stopped first in

the 1600 plants n 2 treatment.

The sw@den end ofhprimordium ﬁroduction in the high
density treatments, which resulted in shorter ears,
was probably due to morphological deficiencies of the
apex and high concentrations of gibberellic acid in the
tissue; ghe high- levels of gibberellins promoted earlier
growth and earlier competition for nutrients, whlch\were
limited by a poorly developed vascular tissue,'resulting
in starvation and death of the apex tip. (Kirby and Faris,
1970).

o 4

»’7”&;

In, the context of searching for interactions between

-

\EEltivar and plant density, the experiments described
above have shown that barley plant is highly .susceptible
to variations in plant density changing its morphdlogy‘
and adapting to different environments. The data from

. these experiments indicate that an explanation of the

* decrease in yield at high populations is to be found

within the relationship of the yield components to brain

| o
? K
/ N
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yield, mainly 1000 ~->grain weight and grains per ear;
now we know that a barley plant adapted to ?igh density
must have a large ear, which appears as' the most % :
sensitive struéture szwplant dénsity; yet until to now,
Nittle has been said about the relétionshlp 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 rate on yield of different cultivars of
barley. The cultivars were selected on the basis of
their morphological distinction and yielding abilityl
Cultivars with erect leaves Qere compared to plants

with droopy and wide leaves.

Results of the experiment showed that differences in
cultivar'morphoclogy were related to differ:Et responses
of the yield components but not to differences in yield,
“i.e., erect-leaf types produced an increased number of
ears per unit.areg, together with a reduced numbe; of
gkains per ear, in cdmpgrison to their droopy leaved
equivalents.

Although erect-leaved types wgge unrelated to higher

yields, it seems that they may be more adapted to
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crowded plant populations (Donalﬁ, 1968).

/

In relation to tillering habit, from an agronomic point

of view it has been generally/consideréd as a favourable

»

characteristic, especially uhder conditions where good
plant establishment Is doubtful and till@ring may be
.ah advanﬁggequs source ofsextra-tillers for failures. -

However, Doriald (1968) has suggestgg that under very

~

specific conditions, i.e., highly controlled environments

and an adeguate élant stand, the normal tillering p}ant

may be éurpassed‘by non-tillefing‘type'of plant.
YR

Following this diré;tion, studies of Cannell (1969 a),
Kirby and Faris (1972), and Kirby and Jones (1977) have

been focused on the . tillering pattern in barley culti-

vdrs and its relationship to the rest of the yield
, , , .

i

- components.

@

Canneli (1969 a) fﬁund tﬂat:the p;oportion of grain -
yvield co%t;ibﬁted by the main stem ear waslas much as

20 - 25% higher than that by an¥y of the tillers and
about 51.6% of the total grain yield under low nitroggn-—

conditions (28 Kg N ha™’), but only 25.9% in high ni-

trogen fertilization (88 Kg N ha 1).
: a = V 4 ‘
= ¢
3
. S
%
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The second most important culm was» the first tiller in ///
d

the axil of the first true leaf which produced 26.7%
of the total grain yield and was unaffected by nitrogen
fertilization. In addition, the main shoot ear had the

‘highest grain weight, a higher number of grains and the
heaviest grain, followed by the first tiller «ar.
) 8 ,

§o

» According to these results; one may considér th& rest
of the tillers as-unnecessary and Cannell (1969 é)
discussed the desirability of uniculm cultivars, con-
cluding thatysingie stalked plants may not be desirable

on the basis 6f their extremely difficult management
[N {‘7

for successful grain production.

~

9

“ . ‘ ,
Kirby and Fa;is (1972) reported two phases in the tiller

r' development of barley grown at different densities.

-l 1}
In the earl§ stages of growth, or first pha%e, the ef-

fect of interélanf competition was ot evident. Tiller
bud formation was unaffected by high density; -in other

¥
words, five tiller buds were formed in the high density

planting (1600 plants m_z) from a maximum of six, in the
e - L

4

lowest density (50 plants m 2y,

-,
~

The second developmental phase, when a tiller appeéred

"t above the subteﬁdfﬁg leaf sheath, was affected by plant

density. In the 50 plants m™2 treatment, 92% of the

19
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form?d buds produced a ti}ler,.while this percentage was
lc;we‘red to 83§s in the 100 plants'm—z population, 66% for '
200 plants m ° density, 52%, 34% and 19% in the 400, 800
~ané 1600 plants m"2 treatments, respectively.

| <
The tiller buds initiated in the first phase consumed
assimilates and mineralg produced gi;absorbed in other
ageas of the plant, because they were not capable of
performing phbtbsynthesis or compe£ed for ;ight (Rawsoni'
and Donal@\ 19695. At the time these tillers are
growing, the apex of the main shoot is\p§04ucing pri-
mﬁrdia at a very higﬂ rate (Kirby and Fap}s, 1970),
destined to form spikelets, and a compefition for
minerals and assimilates may be established. Later on,
when the buds are transformed into tillers,\théy may
still receive assimilates exported from the main shoot

and this may affect the rate of transpiration in the

S

whole plant. .

. s

A number of the formed tillers die at an early stage,
without bearing any ear, thus all the plant resources
used to promote the growth of these young and unpro-

ductivé tillers may be considered as wasteful. -

A

Loy
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2.3.- The Cgncept of Ideotype. oo ) ¢

o

by

Donald (1968) proposed & wheat plant idqotypé, suitable '
for denséiy'populated communities. His model was con;. - .

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

" characteristics. This advocacy for the uniculm plant ‘o

- = ¢ \\ ‘
is based on the interrelationships between a genotype,

its competitive ability and, the environment., That is,

for this specific "ideal" genotype, it is expected.td\ \\*-~\\\

exploit with high efficiency the environmental resources
&5 )
with a minimum of intra and interplant competition in ’

a densely populated cﬁmmunity for higher grain yield and

for greater grain gquality. )
’ , é ' . a
o ' »

Furthermore, the1ideotype should be able not, only to
produce higher total drxry matter yields, but it must-also .

be capable of giving higher harvest indices. The suc-

cessful cultivar should inéreasé’biological yield at

high density or fertility with a good capacity to main-

tain a high harvest index (Donald and Hamblirmy 1976) .

1
1 Y

“ayr

-

The model préposed by Donald (1968) was idealized for
a highly favourable environment and was supported by

.&,considgrable theoretical knowledge. and experimental.

evidence. Such a model should comprise several features: -

°
~ @

-

q
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.- Short, strong stem.- Under high fertility conditiqns,

A3

the presence of a short stem is desirable in order to

avoid lodging and ‘should be resistant enough to' stand

- 1

wind force.

ts

. 4 '
: ) - \
2.- Erect leaves.- Non-drooping leaves may-allow more
§

effic%eﬁt use of the incident light in dense communities.

In barley, this was demonstrated by Angus et Bl. (1972)

]
who found greater photosynthetic efficiency in cultivars

with erect feaves, especially.éi high densities. Similar

®

conclusions were reached by Tanner et al. (1966), who
g found a strong association between high yieldk and erect

leaves among barley and other small-grain plants.
. 4 , ) - s ¢ "
3.- Few, small leaves.~ Theoretical considerations have

postulated that populations adapted to high fertilizer

applications and perhaps high density, tend to have
’ #

smaller leaves; iﬂ additioh, smaller leaves tend also’

\ ' ) .
to be erect in comparison with larger leaves, which are
#

more Iikely to be curvedfdognward. It is possibie too,

that small leaves preseht a reduced surface for poten~

v

tial transpiration, C-

\

liqggnd Donald (1974). found'a strong relationship

between grain yield and shorter Leavéé, under community

14

conditions, especid&lly at high nitrogen level.

22
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_7.- Single culm.~ ' Some possible.advantages of the \ 1

uniculm cereal plant,have been already discussed in 1

23

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

[

harvest indices. Heavy ears aze especially important
for the uniculm plant, being unable to produce tillers;

ear size is the only .phehotypic adaptation to adverse s ‘

I \

environmental conditions. : - ‘ . ‘

5.- Erect ear.- Drooping ears may be less efficient for
light interception. ‘

6.~ Presence éf awns.- There is ample experimental .
- j \ I . i N
evidence that supports the presence of awns on the ear.

Biscoe et al. 4<f73) found %he pfeseqce of awns more
important in barley than in wheat. The larger barley

awns were responsible for about 35% of the total photo-

o

synthesis of the ear. Johnson et al. (1975) also

reported an increased-rate of net photosynthesis for -

a
[

awned ears.

Y ‘ -

-

this review. The  principal asgSFts'of intra-plant . ’
competition in barley have been considered. . , S

>

Of course, not everything may be considered advantageous
2 o . )
in the model presented here. The environmental condi-

tions in which the ideotype ié‘going to grow must présent




seveﬁal conditions that fit the specific requiremeﬁfs
of the plant for maximum Xiela response. For instance,
the planting density should be increased, the amount of
fertilizer has to be higher; the uniculm is unable to
_compete efficiently with weeds; it is more susceptible
to frost or drought conditions; finally and perhaps the
most important, the)water supply should guarantee

a uniform and dense plant stand because the model being
unable to broduce\iillers, has lost the plasticity of
the multiculm plant.- Yet in the long term, the uyniculm
ear could have a greater plasticity, and then it could

replace the role of the tillers in adaptation to a ran%e

of seasonal llmltatlons (Donald l968)
2.4.~ The Barley Idéotype.

. Many, 1if not\all, of the wheat ideotype features could
\bé translated to the barley plant, keeﬁing in mind that“
the physioloéy of barley reseMbles that of wheat t
(Thorne, 1966). In fact, there is \\considerable number
of cereal workers 1nvolv$d in the development Qf a suc-
cessful\ba;ley ideotype, which does not differ much from
bthe model described. Klinck (1967), Fiddian (1967), and
Reid and Wiebe (1968) among others, have suggested the

advantages of a single stalked barley cultlvar; called

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

’
L R '
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who obtained the Kindred type of uniculm after seed

irradiation of the normal cultivar.

-t

Klinck, (1967) reported important advances in the Eﬁntrol- \
led evolution of this new type, by means of plant breediné.
After several crosseg and careful ;eléction, a number of -
uniculm planés with improved agronomic characteristics |

over the parental uniculm typé, were*obtained. The orig—

ipal uniculm Kindred exhibited several undésirable

features in its morphology, such as an abnormal hei?,

maigly, in which large segments prodﬁied no seed.

In his work, Klinck discussed the uséfulness of the new
cultivar in comparison to the multiculm barley, in which,‘

as it was mentioned before, useless tillers may interfere

" with the full development of the main head.

In order to prove this last assumption, a uniculm barley
cultivar (a mutant of Pro&tor, produced in 1951 in the

Plant Breedind Institu%é,‘Cambridge) was tested in the

o

field against the multitillered Pfsctor spring barley
(Kirby, 1973 a). The technigue was an aflalysis of growth
in which detailed measurements of the main shoot, leaf,

internode and ear development were made. In additionw

the number of primordia was counted, recording’ the shoot:
- [ I

apex stages of development as well. : ~ Y

e

9
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Both uniculm and multiculm Proctor are of similar geno-
type, differing only by a single recessive gene that

© supresses tillerﬁﬁg (Kirby, 1873 a):

, H
|

. The results showed that uniculm barley produced higher

growth rates and in conseguence greater final size.
The Ebsence of competition in uniculm, from seépndary .
shoots, was expected {o(affect.hot only the vegetative

- »
development but the ear.size as well. However, the
ears of the two genotypes did not differ -in reiative
g£ewth rate and it was assumed that.the lo;eéed gfdwth ' -
‘rates of uniculm dur;ng the grain filling period were
due te the abnormal deyelopment of the ear, abnormal-
ities that were expressed by severe fedﬁctions in the
numpgr of %pikelets.

-~ F
. N\

in this case, the inabjlity of the uniculm Proctor to

S |
produce spikelets did not allow to establish comparisons.

]

o

A further study on the development of unlculm barley,
(Klrby, 1873 b) revealed that unlcgg; ears were affected
by high temperatures.) In thése experiments a. Kindred
Pnicuim (Klinck; 1967) was.included and the main object-
i;;\was to detefmihe the nature of the abnormal plants.
The materlal was treated with different photoperlods and

o

‘temperatures, (both suggested as promotors of (L\;»
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abnormalities). The degree of abnormality ranged from /
almost normal plants to several morphological aberrations,
i.é.:
‘ *
#
‘ 1.- Three nodes with opposite spikelets.
2.- Supernumerary parts. Two complete spike-
) lets occupyindf the median spikelet position.
/
3.- Branched rachis._
4.- Bare nodes. Nodes ain the rachis with no
spikelets. ‘ .
t
5.- Twin florets.' Two florets in one spikelet.
6.- Abnormal rachilia. ‘
7.- One-ranked spikelets. Normal spikelet
triplets at each node, but only on one
- side of the rachis.
8.~ Collar-like abnormality. . .
N .
9.~ Aborted apex. Apex ceassed growth after
formation of the last leaf.
10.- Tubular leaf. The flag leaf presented
fused margins surrounding the ear.
~ ) ‘ '
The plants were grown %p/ponstathEnVironmen; rooms at
. N
7, 17 or 26°C under constant iilumination. The degree
of abnormality was increased in each temperatufe treat-
ment, ranging from 33% to 100%.
@ AN ’ ]
The induced abnormalities resembled the damage caused
by 2, 4-D (2,4-diéhlorophenoxyacetic’acid) and the
effects were related to a temperature sensitive change
¢ -,
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in the IAA (Indol-3 yl-acetic acid) métabolism of the
plant associated with the uniculm cﬁaracteristic {(Kirby,

1973 b).

Up to now, research work on barley had been unable to

\ " v
demonstrate in practice the primary hypothesis formulated

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.
‘J, ‘
)
‘An al;ernative methodology to support that hypothesis
ggs established by Kirby and Jones (1977),/in which the .
: ‘ /
effect of tiller g&owth on the growth and the final

size of the main shoot was assessed.

At an appropriate stage of development, primary tiller
buds of Proctor barléy were removed by surgical methods.
= ~

In other experiments the main shqot was removed from

the embryo and the size of the coleoptile tiller was

2 »
measured.
f,)j ' X -

AN .
When the developing tiller buds were removed, the rate

' of leaf emergence and the number of leaves were greater

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

was increased two fold and the main shoot grain dry

3 t
S o
.




weight exéeeded that of the control (untouched plant) Y

s

by about 35%. The number of grains on the main shoot

was greater by]ab;ut 21% in thg detillered plants and

the grains were heavier as well. |
. ) ‘

When the %aiﬁ sﬂoot apex was removed, the c?leoptile 3

tiller resembled the growth of the main shdbg, having

more leaves and more spikélets than 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 %} early stages of devel

opment when the formation and 7 rowth of tiller buds is

. little affected by plant density (Kirby and Farls,

1972). Thegefore, even at high densities, when the

" tillering surviyal may be affected, those tillers that

dig éarly "and make no contribution to the final grain

yield", should be considered as "wasteful" and their

production "may reduce the final grain yield" (Kirby ~

and Jones, 1977).
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3.~ MATERIALS AND METHODS -

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

Macdonald Colleée Agfonomy Research Station (Lat. 45°

26' N, kong 73°56' W) during 1977 and 1212; respectively.

Experiment 1 was sown on a well-drained claf loam soil
(range 604) in the spring of 1977. Experiment 2 was
planted on ; sandy loamr(rzzge 927) in the spring of
1978. "The sites were‘prepared‘according to normal
agricultural pracgice and received basél dressings of
1
%

Some details of the rainfall pattern,‘fgr 1977 and 1978

340 Kg ha = of 5-10-10 commercial fertilizer.

are given latér in figure 3.} In both years, May and
July were be}ow "normai". MIZ>1977 was/génsidered as

aﬂ’extreﬁ;ly dry month and July 1978 may be considered ,
'as just a dry month. 1In May 1977, the pretipitation

\
was the lowest in ten years and only 33%<pf the

.

"normal" rainfall.
. T
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FPigure 3.1l.- Rainfall pattern in 1977 and 1978, ag

compared to the average.(mm).

~

3.1.- Experiment 1. . °
1

3.1.1.~ Cultivars.- Five cultivars (six row type) of

-

9 sprtég barley (Hordeum vulgare L.), differing in yleld-
.ing ability, tillering capacnty and morphologmcal
characteristics Were selected for this study. Cultivar
names and some of their features are presented in the

Table 3.1. & } \

31
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Table 3.1.- Characteristics of cultivars used in

~
Experiment 1. o
cwvar | Himm o melmeio
\ .
L4
Q.B. 59.28 nil j lo%
Q.B. 60.2 nil 4 ’ low
Laurier " medium ’f high
Loyola - ’medium v hiéh' “k
Conquest ’ " high “ medium roo

e

-«

Tﬁe sted of all cultiyars“was tested under greenhouse
conditions for germinaéion and emeiggnce ability in
boxes contéining a mixture ¥V/V) of soil (3), égat moss
(1), sand (0.5)—an§ perlite (0.5). The results of thg

test 'showed that 96% of the Qeed germinated well;

therefore, the seed was considered as of'good,quality. .

Y

3

" 3.1.2.~ Treatments- and Design.- The: cultivars were

studied at tﬁree plant populations. The expected plant
densities, assumihg 100% of seedling emergence, were )
170,250 and. 500 plants n 2. Theée plant populations
were calculated accordipgvto the weight of 1000 grain
sampigs, rgndomly extracteé from each cultivar seed Mt,

and the precise number of seeds per row was attained.

LA
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In the field, different plant populations resulting from
changing the distance between ro&s from 30 cm (170 plan?s

n %y, to 20 cm (250 plants m~ %) and 10 em (500 plants
)

m-2), keeping constant th? plant number within the row

at 2 cm distance from each other:

\ g

\Th4§;'hévelsfof nitrogen, 0, 34, and 68 Kg ha-ly in the‘

. . . k]
form of ammonium nitrate were studied. ‘

t
-

1]

)

The treatments were laid-out in a'splif-split—plot

"

) -
experimental design, with nitrogen levels as main%plots,

plaﬁt densities as sub=-plots and the cultivars as sub-- 3\\\\;\v‘

sub-plots. The sub-sub-plots were of 3.8 m x 1.2 mof

surface. There were three replicgtes.“ -

t

~ " .
The plots were sown from April 29 to May .l by a hand-.

/ .
operated, modified cone seeder and the nitrogen appli-
'capion was done at the three-leaf stage of growth, with
a Planet Junior seéaer.

o

Weed-control was done by hoe in the 30 em fo&—spaced &

1

plots and by hand in the intermediate and densest

Y

t@eatments. HoWeverh some weeds were présent in the -
expeiiment, especially in the,medium density. This

~
problem in the field forced elimination of the

intermediate piént populations from the discussion.

\
4

4



At the end of the growing season, when the plants wdge
fully ripe (with no green coloration), 2 m 2 from each‘

sub~-sub-plot were harvested by hand, pulling out thé

vr___~‘__-\‘_—/ﬂf,;f plants Carefully. A 1000 cm 2'sample was separated )
] ~ a L - .,
[ LTS 2 ;

% from the 2 m © harvested pldt for some calculations.
As soon as possible, all the harvested materNal was
placed in a hot-air dryer at 60° C..

"

The g&ta collected in this experimen{ included:

y S - .
l.- Number of days from planting to heading,

(when 50% of the culms in each plot had
visible ears). .

I

3

2.~ Number of plants per sguare meter.

3.~ Number of tillers per square meter.

4.- Ear number .per square meter. | -
* 5.« Number offears‘per plant.

6.- Number of tillers per plant. ,
- < oo
7.- Total above ground dry matter welght
(biological yield) in grams' per square
- AN - meter.
8.~ Grain yield (economical yield).\ Expressed
in grams per square meter. :

9.- Thousand-grain weights.

. 10.~ Number of grains per ear, (estiifiated from
the grain yield divided by number of ears
per square meter, divided by mean grain
weight). :

. . NS “

11.~- Number of grains per square\?eter.
‘ 12.- Barvest index. ‘e

{ ) . 2

[
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Points 2 to 6 were counted from the 1000 cm :/%;yéie. _)
The data wad statisticailyuenalyzed by an elettronic

computer, using the SAS package. i
] ‘ .
[ ’ ’ -

3.2.- Experiment 2.

-

3.2.1.~ Cultivars.- Three cultivars (six row type) of

Pl

" spring barley, ~raur1er, Q.B.60.2 and Q B.59.28, were
selected fargstudy on the ba51s of, thelr performance in

the field (previous experiment) .

[ - I b,

The seed was teste ébr"germlnation capacity using the

method reported for gxperiment 1, and the results showed

a good ( 95%) percentage of germination.

=]

3.2p2t- Treatments and Design.- The cultivars were
studied at three Rlant populations, and assumi;g 100%
of seedling emérgence, they were‘as follows: 2?0,.500%
and ﬁQOO plants mpz, resﬁectively. The plant pobu—'
lations were ca;cu}ated in eccog@ance with several seed
rates using the same presedure described previously
(experiment 1). ,However, in Fhis experiment the

2{

distances between rows were from 20 ecm (250 plants m

to 10 em (500 plants m"2) and 5 em (100¢ plants m™2)

)
3 4
%
{
|

G

&
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o

Three nitrogen dosages, 0, 34 and 68 Kg ha-l, were
@

applied to thé‘foil again and their effect on the growth
. A

. and yield of barley was assessed.

i

"within the rows were visible.

. ! » )

The{ﬁmperiment was laid-out in the field as was de- -
scribed pfeviously (experiment 1), buty with four
repliéates.

5
»

- A

<

The plots were planted from May li td May 14, as -,
£ s ? 3
described before (experiment 1), except that this‘year

a™weeden frame with aluminum rails was especially ,
. [

built in order 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

- /
a highly precise fistance between rows, and at the same

time the machine-operator always walked on the frame

»

oards, causing no damagé to the seedbed. Also, the

A ’ '

¥ - . .
machine was smoother in its operation because the wheels

ran On the railsqinstead of on the ground.

L ES

%

-

' .
The nitrogen was applied by hand, as soon as the plants
: ‘ R :

« &N
¥

>

T -

t . ) .
In 1978, weed-control was done by herbicide (418 g ha~t
. J \ ' N

of 2,44D). A very accurate broad-leaf weed control was
v ' o : '
obtainéds and - the remaining Weeds were eliminated by hand.

f N
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At matufiﬁy, plots

’\

- - «

"No weked interference was observed in this experiment.

of 2 m 2 were divided in two portioﬁs

one of them wifh 2000 cm 2 was seleéted at random and

~har:i;fed by hand, the plants being pulled carefully -

14

and#placed in cotton bags. The greater portion was cut °

with a sickle and tﬁe harvested material“badged sepa-’

L \
rately from the sample. As soon as possible, the material

A

was stored and treated as described before (experiment -1).

-

The data collected in experiment 2 comprised:

10.

Number

.

of days*to heading.

between the lowest and highest ears from

the central portion of the plot.

Number

Number

- Number

.¥lﬁumber

- Number

of plants per square meter.

of tillers per plant.

of earshper plant. v

\

of tillers per équare meter. .

of, ears per square meter.

Total above ground dry matter weight

{(biological yield), measured from the ~
-total plot and expressed in grams per
square meter. o

brain yield (economical yield). Measured

from the whole plot and described in grams
per squdre meter.

1

Thousand-grain weights.

Plant height. Measured-as the mean height

q’:
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A

11.- Nuinber cf grains per ear (calculated as
described before in experiment 1).

12.~ Number of grains per squaré meter.

13.~ Harvest index. ) ‘ -

Variables 3 to 7 were estimated from the' 2000 cm 2 sample.

The data was statistically analyzed as described elseq

where (experirﬁent 1y. - vt \

:

[

' N
f = -
e * \
’
. - "
-
. - .
’ el
’
. \
. \ ;
u .
, . * bt
~
- 1
P, v
i
Y
-
¥
f
o ‘
t
B
A
. +
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4.- RESULTS AND DISCUSSION

\\:> ) '
. )
. .

~

4.1.- Experiment 1.
4.1.1.- Plant Number.- This experiment was sevgrely‘af- R

\ . ,
fected by very dry weather, during the initial stages

of growth in May. Seed germination was reduced by N : -

deficient moisture and the expected number of plants, [h\\
- : .

assuming 100% seed germination; for %e\ different plant .

densities was consequently inferior. Plant establish-

AN 1

ment was especially affected in plots with higher seed
‘ rates, where approximately 49% of the.planted seeds
failed to emerge, whereas 30% and 14% were gbserved in’

the 20'cm.§nd 30 cm spaced row piots,‘}espébtiveiy. -

N
7 J
\ R .
'y b4 ' .
: &

In Figure 4.1 and Table 4.1 are presented in detail,

‘.

some ‘of the characteristids désc;ibiﬁg this situation

/\

3 . N )
in the field. o SN
, . 4 T ‘ B
/ N . ' >
e o
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Pigure 4.1.~ Number of expected plants (m "), ====- ;o
* -
actual number of plants at maturity (m 2), ; and
rd ) .

number of seeds (m_zl.

* " N
. Means of five cultivars, three levels of nitrogen and

three replicatés.
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?able 4.1.- Mean* seed rates, seed density, meap** plant-

gstéblishment, méaﬂ;* plant.densiiy (at maturity) and }/‘

row spacing.

~ .
¥ , -

¢

SEED _ SEED - . PLANT ROW

RATE DENSITY ESTABLISHMENT  pppcroy  SPACING
Kg ha-} seeds n 2 percentage  plants m > cm "
: ’ g - .

84 170 . B6.5 147 30 °

. ) "

- 126 250 70.0 ° 175 20

252 500 . 51.4 257 10
N

N
2

*Mean of five cultivars,‘calculéted,on the basis of

1000 -~ grain weights.
N ’ _t
**Mean of five cultivars at three levels of nitrogen

2

and three replicates.

-

‘ThéVlevels of significance for the various treatments

and interactions of some crop paiameters are shown

4 LY

below in Table 4.2. g "
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Table 4.2.- Variance ratios of the main treatments and
L 3 .
interactions for some of the crop parameters under stud

in Experiment 1. !

Source Plants Ears  Grains 1000 Grains Total Grain

of per per per Grains ©per, D.Matter Yield
Variation . m " Plant Ear  Weight m Yield .
Nitrogen
(N) 0.98 1.26 0.07 0.23 1.36 1.91 1.12
- Plant
Density , '
(D) 37.40%%23,33%*%5,98% 29, ,42%* 4,48%* 1.70 4,15%
N x D 5.29% 1.46 2.25 0.48 0.86  0.09  0.30
Cultivar
(C) 2.92% 22,67%*%14.49*%*%06,17*%*86.83**45 T75%*g82 03**
N x C.. 1.16 1.24 1.16 2.62* 1.10 1.33 1.24
DxC 0.27 4;33** 2.71* 1.59 7.40%% 5 42%% g 32%%

'NxDx C 0.79 0.45 1.61 0.95  1.99% 1,82% 1,96%

E)

fSignificant at 0.05 level’ o -

'
) \/
B
a ~

According to Table 4.2 the significént value for the

*§Significant at ©.01 level.

density ;reatment,'indicates ‘that thexe was a significant

difference among the three plant densitieg. The Duncan's

" New Multiple Range Test (DNMRT) at the 5% probability

N/}rk . - .

¢ ' .
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level, (Appendix, Table‘li‘showed that the difference
was established mainly between the highest plant popula=

tion (257 plants m-z) and the lowest one (147 pl!hts m—2

) .
", On the other hapd, a non significant difference was
found between the lowest density and the intermediate
density (175‘plants m_z); therefore, in this discussion,

for the most part only two levels of plant density

(147 and 257 plants m—z) will be considered.

[

é
Also, the analysis of variance for the variable PLANI}

NUMBER, Appendix, Table 1, showed a significant inter-
action between nitrogen ang.plant density. This inter-

L 4
action was found linked to the intermediate density.

The unexpected and undesirable significant value for
cultivars and after the DNMRT at tneIS% level was done,
indicated that Q.B.59.28 had an inferior number of ~.
pbanté in comparison to the other cultivars (Appendix,
"Table 1). Only 54% of the seed planted for Q.B.59.28
produced plants. For this reason, the discussion will'
be dEntered mainly on Laur;er, Loy6la, Conquest and
Q.B.60.2,

- | 4
4.1.2.- Tiller Number ‘ R

- . 5 ¥

RS

4.1.2.1.- Tillers per Plant. Although N increased slightly

the mean number bf tillers per plant, the differences

’

A
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were not significant (Appendix, Table 2).

However, this variable was significantly affected by plant \\
density. The nu&é;# of tillers per plant was reduced‘in
general (considering the means of five cultivars and three
levels of nitrogen) from 0.88 in the*®lowest density to

0.42 tillers per plant in\%he'highest density. , ) .
At all dens%%ies, Conquest.g}oduced the largest.gmmber
of tillers (Appendix, Table 2). In geperal, Congquest
gave 1.29 tillers per‘plant, significantly more than

Laurier (0.98) and Loyola (0.93), ©Nevertheless, thé cul-

I

L]

tivars had significant differences only at the lowest
‘ e
&
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, .

'L

A great portion of \;llers produced at the lowest density,

respectively (Appendix, Table 2).

7dgid not produce any ear, and this could have reduced the

total grain yield of a plant. It has beersestablished
(Kirby and Jones, I97?) th?t tillers whic@ de not con-—
tribute to the final grain yield may be regarded as
wasteful and in consequence, ‘may reduce thg grain yield:
A great production of tillers in plants at wider row

spacing can be considered as an advantageous feature,

®

-
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"yet only up to a certain point,, in, which excessive

1

tillering may be undesirab#e.

.-
!

In this study, Conquest was more exhuberant in its

~tillering than other cultivars, however, the higher

grain yields wsre found elsewhere.
™ _

Figure 4.2 may give a better idea of the/relationships,

N
between plant density and tiller production.

N

These results coincide with previous work done by Kirby
(1967), in which the number of tillers per’plant in
barley, was reduced by increased plant density.

4.1.%.2.- &illers per Square Meter.- ;eavier applications
of N in the soil increased significantly the number of
tillers m 2 (Appendi#, Tab;? 3) from a mean number of
87.33, obtained at fhe lowest level of N (0 Xg N ha g
£o 122.22 when the hightst level of N (68 Kg N ha™l) was.
added to the soil. All these differences were detected -

on basis of the DNMRT at the 5% level and considering

five cultivars at three plant densities. \\\\

A
~

There was no significant difference in the number of

=,

tillers between the highest and the lowest densities;

the number of plante compensated for supressed tillering

| S

oo
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Flgure 4.2.- Effect of plant density (a, lowest density; b, highest density), on the

number* of tillers ?er plant of Laurier, Loyola, Conquest and Q.B.60. 2.

N
o
*Means of three levels of nitrogen and three replicates.
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- in.the higher population and viceversa; nevertheless,

L4

P\\\ the mean tiller number was higher in the wider spacing,

with 124.09 and lower in the densest populated plots,’

, 4~

In general, Conguest has the' largest mean number qfl

giving 106.99 tillers per square meter.

— v

3 b

tillers per piant. Thus,‘the maximum number of tillers
per unit of ground érea, was attributed to Conquesi.
This_cultivar produced 226.70 tillers, significantly

A\
more than Lau%yer (160.00) and Loyola (150 40).

Ve - Of course, the uniculm cultivars, Q.B.60.2 and Q.B. 59 28
& ” - »
- . ‘dld not produce any tillers. . .
*

The interaction D x C showed no significance. However,
a DN&RT was done and prqduced significant results. ‘
At higher déhéﬁties stiil Conquest produced more tillers
N '-than any.other cultivar, with 235.55; in second place
. Laurier and -Loyola with 163.75 and 130.00, reséectively;
at the lowest density £here were no significant dif-
fefenées and all éultivars, with the exception of the

. uniculm, prgduced the same number of tillers, ranging

from 183.33 to 241.11 tillers m ° (Table 4.3),

]
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A

—Table 4.3.- Duncan's New Multiple Range Test for the

. , * . -2
comparison of cultivar means Yor number of tillers m

+

at two densities. ) i .
Cultivar 147 piants m= 2 ,25% plants n 2
- N
Conguest ™ 241.11 a2 235755 a
Laurier ) 193.75 a 1é3.75 b
‘ Loyola 193.33 a 130.00' b
Q.B.60.2 ' 0.00 b . 0.00 ¢,
, 3 \

Means within columns followed by the same letter are not

~

significantly differegl at 0.05 probability level.

%*
Means of three levels of nitrogen and three replicates.

AN

4,1.3.-'Days to Heading.- Ear emergence was not signifi-

I

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,

|

appearance. - : .
PP a ¢ I \

Though a non significant elfect n days to heading was
i

detécted for plant densiti?s,

s

higher populated plots

Y
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. - ~
had earlier ear emergénce. @\

The only significant difference found was that for

o

{cuifivars. Q.B.59.28 was the earliest cultivar, heading
in 53.48 days, and was significantly different from
Conguest (54.59 Qays) and Laurier (54.96). The most

tardy cultivars were Q.B.60.2 (55.37 days) and Loyola

Wyg : }

4.1.4.- Ear Number »

4,1.4.).~- Ears per Plant.~- The analysis of variance
~(Appendix, Table 5) for this variable sh?w§d a signifi-
cant value for the effect ofeplant densi£y.' Increased
:plant density p;oduced a consisﬁently lower number of
ears per plant from 1.45 to 1.24 to 1.08 at 147,/175

;nd 257 plants n 2, respectively. '

™ éeneral, the culti%ars hadoalmp;t the séme number of
eéars per plant, in spite of theaespecially high number
of tillers per plant observed in Congquest; however, this

'

cultivar had the largest number of ears per plant.
Ly ~ .

The differences among cultivars within plant density are

shown in- the Table 4.4,

.n - .
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\ ) ) ¢ . Table 4.4.- Duncaﬁ?@ New Multiple Range Téﬁt for the

v

o

) comparlson of cultivar means”® for numéjxksf ears per . )

LN plant at twd densities. ’ . b
- . i N

b

L4

Cultivar -+ 147 plants m 2 257 plants m 2 _ ° -

Y

-

. “congusT < . 2,00 a 1.16 a
< - o IAURIER \5 1.67% 1.3 a
‘Lovora | 1.62 b ! 1.12 a
Q.B.60.2 L0 0.98 &

1

. Means within ﬁolumns followéd by-. the same letter are not

51gn151cant1% dlfferentoat the 0.05" probablllty levgl

L n ) P | -

DI I . *Means o§ three levels of%nitrogen and thiree repiicgtes. ‘ ,
) \'9 » o

- ‘ . ’

o e : Undiﬁ conéltlons of high density (257 pldnts m ) the L

LA Y T
- T cultlvars produced a 51T}lar number of ears per plant® )

)
) -

and the differences were ndt significant, resembling '
. /) \ i

a uniculm plant in ear numbe#., Fmgure 4.3 represths

\ R . _ —— e

some morphological chdracterdstics of the cultivars §
- i

) . . at different densities/.
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;i ' Figure 4.3.- Effect of plant density (a, lowest density; b, highest density), on the

N ~ . . K

number* of ears per plant of Laurier, Loyola, Conquest and Q.}ESO.Z
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The effects of N on this variable were not significant.
Nevertheless, in the present study, the numbe; of ears
per plant was slightly iqcreased by the highest dosage
of fertilizer. ) ) . -

\ "

4.1.4.2,~ Ears per Square Meter.- In’co;respondance with
Kirby }1967, 1969), Willey and Hdllidéy (l97lﬁ.ané other
workers, (see Literature Review), the final number of
ears per unit of géoﬁnd area was increased w;eh increas-
ing plant density. 1In gene;al, this number_&es up to
%ﬂG.SO in the densest treatineht, while 210.5% ears mfz
were counted for the lowest density; The analysis of

. L

t . .
variance for this parameter showed the difference as

[N

1

significant (Appendix, Table 67}.

Conquest was detected as the maximum producef of éars m_2
with 287. 00, as-a consequence of its hlgh?fj;umber of
ears per plant at all den51t1e? ‘ *

)
- [y
.

In second place,’ Laurier and Loyola produced a significant
>

™~

equal number of ears w;th 262 40 and 246.30, respectlvely ¢
Q.B. 60 2 and Q.B.59. 28 were the lowes; with only 190.00 Y,
and 164.60, respectively. » b

D

Althougg_jgg_g;trOgen effect was not significant, dn .

general, heavier dosages of N increasé@d the number of .

S -
. . - . . ,:«
R . ”n



1

. ears m % in all densities. However, the significant™

- interaction of N x D, indicated after the DNMRT was dbne,
that at the medium application of N (34 Kg ha-l) the ear
number was depressed in the highesi éensity and the ear

Car L]

numbexr bet%?en highest and lowest dqu}ties was only
signifiﬁantly different at the lowest and highest ap-
rplications of nitrogen. This may be integpreted as an
effect ofethe low levels éf s?fl moisture in the densest

treatment!‘ However, in all densities the ear number was

increased by the'highest level of nitrogen.

N [y
)

Figure 4.4 represents the effects of plant density on
the nfmber of shoots m 2, number of ears m ° and number

of tillers m 2

LN

A

-

4

4:1.5.~ Grain Number.
. .
4,1.5.1.- Grains per Ear.- The variance‘analyéis
(Appendix, Table 7) for this parameter showed that the
\qymber of grﬁiﬁs”er eay was significantly affected by
plant densi;y(l Previously, it hé% been éstaplished
Ftha% an increase\in number Jf ears per unit of area is
genérally éssociqtéd with.reductions in ear éize,

| (Kirby, 1967, 1969; Willey and Holliday, 1971), .

-y
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Figure 4.4.- The responses in the number”® of shoots per équare meter, 1; number

*

H

6? ears per square meter, 2; and number of tillers per sguare
meter, 3, of the cultiv§rs.§o the lowest density, (a), and the
highest density, (b).

Means of three levels of nitroge2 and ég;ee replicates. /
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| In this ex;;riment, this.variable: an important yield
. compone%t , was reduced in general froﬁ 17.57 in the
147 plants m 2 treatpent to 16.00 i"n the 175 plants m~2
density and 14.44, when.the plant density was 257

) plgnts mi?, being|significantiy different only in ‘the
former and the latter. ‘ ' | -

oW

For cultivars, a significant difference was evident, in
génerai, for Loyola, the largest producer of grains éer

t

ear (Table 4.5).

Table 4.5.- Duncan's New Multiple Range Test for the
e ‘
comparison of cultivar means for numbe? of grains per

ear at two densities.

’ . ~
. 93 . \
) RSN
¢ N

147 plants n~? 257 plaﬁgg'm-?
/) Loyola 21.35 a* Loyola 17.79 a2
Laurier 20.03 a ) Q.B.60.2 15,10 a, b
. Conquest . 19.11 a Conquest 13.17 b , )

Means within columns followed by the same letter are not

significantly different at the 0.05 probability level.

%*
} Means of three levels of nitrogq?-and three replicates.
no

/ | '\.. | ‘
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Under the lowest density all cultivars produced a simi-

~—

lar number of grains per ear, except Q:B'%Q*Ef whigh

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

. ]

heghest den51ty only Loyola, and Q,B.60.2 had equal

number of gralns per ear, and furthermore, these cultivars

S

were the only ones whlch malntalned a significant similar
number of grains when the DNMRT was applied .in the'com-

.
parison of both densities within each éﬁltivag.
f

i

[y . N -
&‘rhe small increase in grain number per ear acgounted for

/

partially explained on the basis

by Q.B.60.2 at the highest density, despiting the plant

. o
o1
hat the uniculm plants
!
in barley present a greater degree of ear abnormalities

»
density effec%fobserved for the Q;Ter cultivars, may" be

(see Literature Review) at lower densities (Badra, 1978,
A
persontl communication), which affects the grain number.
A

= ‘,‘
)

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

. a

the analysis of variance (Appendix, Table 8), for this

S

parameter, a highly significant interaction of plant ‘
density by cultivar was detected. In all cultivars,
with the exception of Q.B.60.2 and Q.B.59.28, this
variable was reduced by plant gensity. In general,ltﬁb
Qi her number of plants per unit area and the larger

number of ears per unit é%ea observed atsthe higﬁer

plant depsity, were overcome by the reduction in grain

t

A
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number per ear, resulting in a decreased final number

of grains per square meter (Table 4.6).

i

~ v

Table 4.,6.- Duncan's New Multiple Range Test for the
*
comparison of cultivar means for number of grains per,

) » . ' ;
square meter at two densities. , ;

\

. -~

- -2

147 plants m 2 Q; 257 plants n~2

y , |

. Conguest 5343.62 a Loyola 4730.76 a

{
{
1
Loyola 5087.55 a Gonquest 4139.31 a, b’ 4
Laurier 4715.87 a Laurier 3966.43 b ]
Q.B.60.2 2131.43 b '  Q.B.60. 3547.85 b
4 ' ' 02\ o
\\\EQ.B.59.28 1685.94°b 0.B.59.28 2780.63 ¢
/ L V ’
- j
- >
Means within columns followed by the letter *are not
signi%icant;yddifferent at the 0.05 piqbability level.
* . ) - 1
Means of three levels of nitrogen and three replicates.
PO -
m -
When the means were compared between plant densities, ]
only the diffexence between 5087,55 and 4730.76 was not J
, &
significant. Loyola was the multiculm cultivar least L j
affected by density,\?h ggﬁte of the fact that it

produced &£he lowest mean number of ears m"2 amjng the - i ((/ﬂ-’




multiculm cultivars. Certaiﬁly, its greater capacity

to produée more grains per ear than any other ‘cultivar, .
hasirééulted in a supé;ior performance at high densities:
Moreover , the analysis showed also a significant inter-
action of N x D x C for this variable, and the DNMRT af
the 5% level indiéated that Loyola responded to the
highest levei of n%;rogen, producing significantly more
grains (6537.04) at the 15west den§1t> in comparison ton
the lowest level of nit;;gen ﬁith only 4230.62 graiﬁs m'_2
(Appéndix, Table 8). f PN
4.1.6.~ Grain ,Size.~ In general and accofding fo the
analysi§‘of,variance, (Appendix, Table 9), plant density
signf@iyéntly affected grain size. THe 1000 = grain
weight“was loweifd\;}om 3?.48 g at the lowest density

to 34.06 g at the intermediate, down to 31.41 g at thet
highést density. %ths reduction was brought in b¥ the
greater plant competition in the more dense%y populated

‘ ’
plots (see Literature Review):.

In génefaiq\the largest GYains were those of'. Laurier c
with 37.93 g being followed by.and statistically dif-
ferent 0.B.60.2 witH 36.26 g, Loyola with 33.98 g,
Q.B.58.28 with 33.27 g and Conghest vith 28.85 g. .

Loyola’and QeB.59.28'%$re not significan;}§/different,

A
\ - ¢

~
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¢
- {/‘""\ . i

The effect of plant density on the size of\bariey grain

*has been widely discussed and the results presented here
' o

are in agreement with the findings of Kirby (1967, 1969),
%

'Willey and Holliday (1971), and Finlay et ali (1971).

B | )
The variance gnalysig allowed the detection of a signif-
icant interaction of N x C, in which the cqltivaf Q.E.GO.Z

respofided in a different way to N fertilization. Usually,

<. . . ) X .
< - heavier applications of N are found to decrease grain size

X #n [
Mdrata, heavy N fertilization increases the formation of

5 -~
"(E?Bata, 1969; Andersen and K¢ie,\1975) and according to

. "yield containers" (grains or ears) more than the capacity
-

4
for production, distribution and storage of assimilates

in the developing grain.

Recently, Pearman et-al. (1977) have found that generally

, ’

N fertilization increases the net photosynthetic rates by
S s -

means of an enlarged leaf area; however, the "sink'"' size

is not adequate to sESfe the carbohydrate surplus, this

* latter being depleted from the leaves and steﬁ;\QZ an

increased respiration rate, that may posgibly be even

1

higher at closer row spacings. ' i

- -

~

~—

1

In this study, Q¢B.60.2 and Q.B.59,28 produced larger
. @60, ,

grains at heavier applications of N (Table 4.7},
=~ >’
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Table 4.7.- Duncan's Wey Multiple Range Test for the

W * !
comparison of cultivar means for 1000 - grain weight

\

(g) at three levels of nitrogen.

) |

0 Kg ha-l N . 34 Kg ha-_l N 68 Kg h¥—l N ;

- Laurier 38.28 a  Laurier 38.76 a  Q.B.60.2 37.29 a
Q.B.60.2 36.87 a Q.B.60.2 3f1.61 b ~Laurier 36.93 a
Loyola  35.05 b Q.B.59.28 33.56 b  0.B.59.28 33.59 b
IQJLSQ.&B 32.70 ¢ Loyola 33.41 b Loyola 33.48 b
Conquest 28.51 d Conguest 29.31 ¢ Conquest 28.73 ¢

-

{ v
Means within columns followed by the same .letter are not

signif;cantly differerit at 0.05 probability level.
*Means of three plant densities aﬂé,three replicates.

L | . b
4.1.7.- Grain Yield.- Acoprding to the analysis of
variance for grain‘yield (Appendix’, Table 10), larger
amounts of N in the spil did not significantly affect
%gﬁal grain yield. Low rainfall conditions and a rather

clayey soil, resulted in little N effect in 1977.

'Nevertheless, the DNMRT at 0.05 probability level indi-_

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

cultivars and three plant densities, the heaviest .

v $

o




L

[

rate of N (68 Kg ha-l) increased non—signifiﬁant;y grain

yield from 108.99 g m 2 at 0 Kg N ha %, to 138.19 g m 2

(Figure 4.5). - . . v

Grain yiéld may be expressed in terms bf its components,

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

and grain size. The ;jj?onse of the latter three com-
< N BEERN
/

- »
ponents -£to a change inn the number of plants per unit

area (plant density) and/or natrogen fertilization will

regulate and determine grain yield.

»

~

In conformity with the partial results exposed before
in this work, it has been seen that larger amountsSof
nitrogen increased 51gnificant1¥\£he number of tillers
per square meter, increased also the ﬁumbeg of ears per
équare meter, and more grains per square meter were

3

obtained (Figure 4.6 a). The number of grains ‘per

ea "affected and grain size was %educed, Q.B.60.2
and Q.B.59.28 being the only exceptions; These results,
coincide partially with the workygf Thormwe and Blacklock
(1371); in their study, nitrogen dgcréased the weight
per gréain, but haé no eégggg on the numbef’bf grains psé
spikelet (in wheat) or per ear.

\

The number of ears per square meter wks increased by
~

nitrogen. In agreement with the results reported here,

- P

‘.

-
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Figure 4.5.- Grain yield response to0 nitrogen fertilization and plant density.

/ - " —
(L), lowest density; (H), highest density. [J, 0 Kg N ha l; ;

1, §a4 Kg N ha t; [Il, 68 kg N ha™ L.

sl

. <

Means of three replicates.
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_a ron signlficggﬁ interaction of N x D was observed.

I

’ . B

According to Figure 4.6 a, all cultivars had larger ear

- &

. humbers at higher nitr&gen levels. * This increment was

.t - q

attalﬁga—by jeans of # higher number of ears per plght

and more fertile culmg. Although all cultivars showed
oo .
an ingreased response in number of ears per square meter

to nitrogen; the DNMRT at the 0.05 level for each cul-
o %

tivar, in consideration of means of three aensities,
*
- showed that only Loyola responded significantly to the

highest level of nitrogen, giving the largest'number of »
, A '

£

©  ears per unit area. Also, it was shawn prevxously, that . =~

AN

} ' Lo%pla produced a significantly higher numbé% of grains L

per sguare meter at thes lowest density, in resgonse once

»

more to the highest level of nitrogen; therefore, Loyola
was the only cultivar which had a significant response

to nltrogen fertlllzatlon in“grain yield. This was at-

L] 9

tained at the lowest- dens1ty andvhlghest rate of nltrogen.

I ' ,
P g . . . >
s ] Something that calls for a closer look is the ré%g&pse

in grain number of Q.B,60.2 (Figure 4.6 b). It is the
oo l
only cultuvaﬁvln which a reduction in grain number was

recorded Flgher,levels of nitrogen were found associ- .

e ated with reductiohs in the number of grains per ear -
and cgnsequently grain number per square meter. No dras-.
.<¢/ t;f reductions 12 grain yield at higher nitrogen levels

\2 . / - ~ % .. - ~ T,

& il \

o
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werL notiéed,s dueyhé’ grbcﬁd1 grain weight of Q.B.g0.2. . '

¢ ¢ \ . )
‘ . », Although ‘Conquestgpfoduced the li:argedst,mea;‘ number of
~ 4 S

1} - ears per sqpare meter and a considedr-ab'l?e(number of
e gr'aips‘, its grainryields we'f? consistentlyi 1ow¢.ar than

those ©of Loyola and Lau;ier, due to its.very small
- ( ) | v grains and relatively few grains per efzar.“ ) / i

y ,

‘ : : \ oo
The differences in grain yigwd or th,e—interaction of

4

' .
. T + DxC x;;ere significant (Appendix, Table 10) and the
DNMRT at the 0.05 level, indicated in generai, Eaurler ,
L * '*
.. and LoYola as the Pest cult*&vars (Table 4.8)..
\ ' 1
' - \ ' ¢ R ” N
X 4 ) : B l .
Table 4.8.- Duncan's New Mugltiple Range Test for the
h ' . , %* . >f L < .
' comparison of cultivar means for grein yield (g'm 2)' -
! v, s "‘b B X . " ,
at two densities. ', '
¥ ' z . -2 AN
Ty + & 147 plants x‘— , 257 plants m

' ' ‘ ;go 01 ’a Loyola  147.82 a A

Laurier _
v | Loyola 182,43 a’ b )'Laurier  141.83 a
1"\( . - . , N . )
_  Gongflest  165.40 b 0.B.60.2 115.37 b
. Q.B.60.2  -82.84 ¢ Conquest  111.37 b
s b ) .v
1 ’J &
» | .
L ' ( . ¢ q f ©
e » .
P j ’ ! v 7. f
, SR #
L] " |
A Y A !
£t ] ."N A .
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“cultivar webe signifiéant and all the multiculm plants

0.B.60.2 produced more grain yield at a high density. .
. -, -»

, components are presented in Figure 4.7. ' '

- ‘ .
. ,. v -

Means within columns followed by the same letter are not L

significantly different at 0.05 probability level. .

* : -
Means of three levels of nitrogen and three replicates.

*
! ’ - 1 ‘ !
T e ' ~ !

. , . , ‘

. . . LI P
The. differences in grain yield between densities for each
3 P ' -

. f \
gave their maximum grain yields at a low dens%fyf whereas,

[ A ., [

’ . ) y ) » s -
The effects of plant populai!ion on gkai”b vield an{ its ¢ 3 .

\

& L4

\

L}
Ll

The effect of increasing density was to increase the y,

] ' , )
b

number of ears in‘al%ﬁgultivars. Howeve:g;the number ‘

'

of grains per ear, grain number and 1000 - g&ain weigh£ .

Y

responded in the opposite manner in the multiculm cul-

S

tivars, these producing lower grain yields at higher

plant “populations. On the‘oth%; haﬁd, the sigﬁificant '

o N .

interection of cultivars by plant densities indicated o

that not all cultivars respondgd in the same Way to

T . -

+ - . » q
density; Q.B.60,2" produced more grains per ear, more “
’ . wz
grains pen&square metex and higher grain yields at
’
g
closer spacings, though a reduced grain size was . '

¢ i . -
observed. ° * . 5 ) e
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An ex anat{ggbdf the reduction in grain Xield’at Q}gher
densities in the case of multiculm cultivars may be . .
found in the response of thé different ?ie;d'co%goqents,
particularly grains perfear and 1000 - éra:n weight,
because the third component; ear number\showe%>consisten¢
increments, in accordance with the res%lts of Kirby
(1967, 1969) and Willey and Holliday (1971 a, b).
2 S C v

In Q0.B.60.2 the grain yield at low density is gvidently L
lower in comparison with the’mﬁlticulm types, and is due
‘ma;nly to the inability of the uniéulm type to produce
tillers‘and its lower grain number. 1Increments in ear
?BFber by means of increasing plant density improved
grain gield, grain size re%aining as théQEnly limitiné

factor to grain yield it higher densities for Q.B.60.2.
‘ . | |

¥

69

\\J

SN /

In this\éxperiment there is strong evidence that grains

per ear 1is closely'relateé with the Yyrain yield response

\

of both plant types; although grain size' limits grdin
-
)

yvield in both multiculm and uniculm cultivars at higher

q A v
déhsitiés, a correlation aﬁdﬂésis betwe®n grain yield ;
and grainsnumber for all cultivars at the highest den- '

P | )
¢saty,and all devels of nitrogerf gave a coefficient of
‘ s‘\h‘h : o Y. !
r=0,94, which is significant 0.05 level,
¢
This coefficignt was only 0.}8 for 1000 - grain weight.
[ 4

The r value for all cultivars and all levels of nitrogen

'

) J

+

s

of



‘graingweight.

at the lowest density between grain yield and grain

number was slightly higﬁer,”0.97. Thegé cérrelatioﬂ ' !
values suggest that ear capacity and ear n mber play(

the osthimpoi§§Ft role in grain production at\ any

density. The value for\1000 - grain weight at\the

widest spacing was ewen lower, - 0.08, showing a Sér
creasdd importance. “\\T\* - ‘> '

Ly

i}

The importance of ear Fapacity in the form of grains per

N

ear in Pelation to grain yield was aigo'analyzed, giving

" a correlation value of 0.37, which was higher than r val-

ue for kpogﬁ- grain wq}ghtﬂwith only 0.18\at the highest '
density, for 511 cultivars and three levels of nitrogen.

v
1} -”\
p

) o
This coefficient at the lowest plant population p

a value of 0.72 for grains per ear and.- 0.09 for 1Q00 - .
. hl

¢

From this brief analysis, it i§“gagg§sted that althaugﬁ
115, ¢y

grain siié\gi an important factor in grain production
o
at a high dengit¥< it can be seen that the number of

~ ot

:grains per ear is a major determinant of gfain yield.

\ ~
P

“

Kirby (1967) concluded that the most important factor*

in reducing grain yield at high densities is the size

of the grain, mainly because he&ﬁpuhd an_over-production

b
'
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P

of grains in the higher density treatments relaﬁive to

:\ the medium den51ty which gave.the higher grain ylelds"
qw‘ ‘ N suggesting that- "... ur %ss the size og the graln was
A "% determined before gfdin filling, the yidld reductjpnb

(at hfbher densities) is not due to the smaller si?e of

the sink".

. \
This asseveration is vontrary to the opinion of Willey
and Holliday (1971.-a, b}, who did not find reductions

\
¥ in barley grain yield when the plants were shaded during.

the grain filling period, demonseiat}ng that grain yieldl\
may be determined earlier, that iei during ear devel-
» opment. Growth reductions during this period due to
plent competition may reduce the capacity of the ear and f
consequently, a redu®ion in the number of grains per
. ,ear may be observed. ‘ 'X;;
~ // 0
‘These\tbéQiies w1l be discussed further on basis of
information, from experiments done in 1978, where a wider
‘ / range of plant populaflons_were studied. ‘
. N( - \
The qulte low yields observed in t?l M%erriment and the
sudden reductions in graln yield lﬁ\the multiculm cul-
tivars evéh&at low popuylations may be explained by the
experiments of Pelton (1962) and Kirﬁy (1970). 1In

{ P .
“ Pelton's experiment, reductions in grain yield by’

N )
. ,



. Ly

imcreasing density were related to a dry environment. «
y .

. Hg'showed that although different densities of wheat
' - i .~ .
used almost the same total amount of water, the high p)

density treatments used mgre water at the initial stagfs

B of growth (c01nc1d1ng with the &%y gspell reported in -
this work). This earlier onset of a ploisture deficit in
the soil may hagglaffected plant gféég;, resulting in

lower yields from the denser treatmentsy Pelton's work

>

_ & reportedlcogsecutive reductions in grain yield of 8.5%

» - - -
— . from seed rates of 22 Kg ha 1 70 plants m 2) tg seed -

T = I -2

rates of 100.8 Kg ha ~ (180 plants m “).

) ‘# A ?
The higher seeding rate freatments resulted in a higher
) . F ~.
number of ears per unit area, yet there were no signif-
. Y ¥
\ icant differences in the number of grains per unit area.

e

. Also, the low seeding rates resulted in heavier grains '

N
of a dightly lower protein content. T~ :
N l

. ‘ -

v In Kirby's experipedts (1970) the same ;rgnd of loger e
4 N

yields at high popufations in relation to water deficits

at the unitial stages of growth was confirmedz thisrtime
™~ ' ® {

with barley. ;- . .

. A A

4.1,8.~- Total Dry Matter Yield.- Apcordlng to the anal-'
X 1 ;o‘rn i
) * dypis of varlaqge (Appendix, Table 11), for total dry

. # : ’

)

.

: A Y C s e
g? matter (weight of all aBove-ground material), no 51gh1f*Fant' &
. ,
\ e \ ' ¢

e



- \
diffgignces were found by n%}rogen effe;t; however, 7
heavier applications of fertilgéer, increased total dry »
matter slightly, ﬁ§;; 231.27 g m 2, produced at the -
lowest level of.nitroggn, consriderigg the means of all ’
'cuigivars at th;ee plant densities, to 263.69, at
medium levels of nitrogen and 298.07 at the highest
Lniérogﬁn level. =~ _ ‘. e
% N .
No significance was fournd for differencés in dry matter
for déhsiEies.V However, tﬁé cultivars responded in ™
a different’ggy to plant density. The differences #re
- "shown below .in Table 4.9. * N

| ’ ‘ ’ [\

o0 ,
‘Table 4.9.= Duncan's New Multiple Range Test for the
by

‘

*
comparison of c%ltivar means for dry matter yield

“ (g m*z) at tw® densities. -y

»

-
-

' 7) 147°plants m 257 plants m" >

Y
Laurier 358.50 a * Loyola 302,11 a
//ﬂ, A
. Conghest 356.11 ?\& Laurier 292.87 a
Loyb1§ 350,61 a% ' ' Q.B.60.2 274.72 a

~ & Q.B.60.2 209.39 b Conquest 256.33 a"

Q.B.59.28 148.94 c Q.B.59.28 190.87 b

~ v
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N
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Means within columns followed by the same letter are not

significantly different at.0.05 probability' level. "\

* . .
Means of three levels of nitrogen and three replic%tes.

N

All cultlwé%s produced similar yields of dry matter .

X

w1thfn each den51ty, with the exception of Q.B.60.2,
a %

which gave significantly lower yields at the lowest

-1

density. However; Laurier at the lgyest population was

_ the best ¥roducer in genpral, $or graid yield and total

dry matter becaus was more stable. At lower appli-
catﬂbns of N its yields were the highest. Although
Conquest gave a good total dry matter yield at the
ulowest‘dehsity, its harveft index (see sect;on 4.1.9)
was 1o;er tngT:hose of Laurier andnLoyola add in
consequence the grain yield of Conquest was the 1owest
among the multiculm cultivars.

At @ higher den51ty, Loyola rankeg in the flrst p051tlon
and Conquest was drastically lowered to last place,
while Q.B.60.2 improved notably. The highef dry matter

yields of Loyola were reflected in better grain yields

aQ{ hlgh density, giving the hlghest harvest index of

~all cultlvgﬁgﬁkhln addition, Loyola was the only cultivar

in which total dry matter was not significantly different

when comparing both densitiés within each cultivar.

gaurier, Conqﬁéét and Q.B.60,2 changed their totaligky

[N

«£

s
-~
-
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L]
matter yields significantly from one density }o another;

Fhe yields of L?urier an§ Conquest Being %ﬁdﬁced at
highé} populatggns. ? . N

N AN
Loyola performed well, in iéfms of yield, at hi%her

F
densities SEcaJse it had the highest numbexr of grains

{

-~

per eér and a better final grain number per unit area.
On the,other hand, Laurier at low density, considegfing
the mean of three levels ;; nitrogen, produced higher
&ields, mainly because this cultiva® had the largest and
heagtest‘grains in spite of the fact that it ﬂad the

lowest number of grains per unit area among t@é multi-

Vd <
culm cultivg{?. >y

Conguest, meanwhile, had the highest number of ears at

¢ | ’

both gensities and a good number -of grains per unit area

at both densities (the highest at the low population and
: ' )
the second at the high population) but its grains were

the gmallest at any treatment. +

»

<\

-4 N
, \
The significant interaction of nitrogen by &ensity by

gpltivar §or"tqtar“dry‘matter ipdicates,lin’éhe first
place, that ioyola had tﬁe oply significa%@bx§%p0nse to
nitroéen,'aﬂ? accofding to the DNMRT at the 5% level,
the difference was detected at theflowest density, and

for the highest amount of nitrogen, which enabl?d Loyola

® - / , ¢
, - 4 ' i

'
»
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N
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- .
- A to respond in a fayourable\yay, giving higher yie}§§§n
N0

1 According to the infbrmation provided by Kirby (1976),

total dry matter yields increase with increasind plant

densify to 3 maximum value and at’higher densities tend

g

] to remain constant, provided there are nd interfering
. - .
factors. Grain yield incregses to ‘a maximum value but

declines as density is furtler increased. “In this

-~

experiment, both yields decreased with further incre-

N *

* ments in plant population. This pattern has been

bbsé}ved only under conditions of dry weather, mainly

at the beginning of the growing season (see Literature

Review).

f

4.1. 9 - Harveit Index,- This parameter is the ratlp of

o - #

the yleld of grain to the biological yjeld (total dry
,L

matter yield) and according to Donald and Hamblin (19761,

it provides™a me;sure of the "efgiplency" of the plant

for grain production, Higher harvest indices are

| ‘usualfy related to more "efficient" plants that produce
- . -» .

higher grain yields.

\‘ n i 1’

‘ 3 In tﬂe p;;sent study the index was not affected by \
* nitrogen fertlllzation (Appendlx, Table 12). ' This '~

Y, sult is not in ;EFSrdance to the reports in the lite;;L
ture, which show ;eductlon of barve§t ‘indices by heavier

) -~ 2

(‘ — R " “ . ’
y .
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v 4
&~

nitrogen application (Russell and Watson, 1940, as cited
\ ) ] o,
by Donald and Hamblin, 197%6).
’ ~ .
The generally low effect of nitrOgéﬁ in this experiment
may .reflect also the little response of harvesg index.
& . “) [

In conformity with the DNMRT at EZE.O.OB\pr ability

&

1%vel, Laurier and Loyola gave th higﬁest hardest
indices, 0:51 and 0.50, respectively, which were not
significantly different. They were followed by Conguest.
with 0.45, a value that is significantly di erent,’and

at the bottom Q.B.60.2 with 0.41, significantly lower

—, LAY

~_"lated on the basis of means for three densities and

" three leYels of nitrogen, ~

The significant F value for the interactiop D.x C

than the other values, These differences were calcu-

°

L_/‘—’/:'r

- w ) LI .

“a

indicated that not all cultivars responded in the same

.t , - ) ' @ ¢ i

manner to plant density (Table 4.10). ' " .
o " '
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Table 4.10.- Duncan's New Multiple Range Test for the

’

! %
Yo comparison of cultivar means for harvest index at
0 N v
+
” two densities. ’ 4
., e

LAURIER . LOYOLA CONQUEST Q.B.60.2

[
=Ty A

i

147 plants m 2 0.53 a -'0.52 a 0.46 a ' 0.40 a

~

257 plants m_ 0.49 b 0.49 a 0.43 a _ 0.42 a

“ fe~ n«,; LR P

. . ” s v ey Ab el 8 v,
T ) o 1Y T IR 4+ ARCHRS R SRl S " ”
I I T W S AL, A Lol ’ (g

@

» . . p . *
Means within columns followed by the same letter are not
- ~ H
/ . significantly different at 0.05 probability level. . -
* . ‘
‘Means of three levels-of nitrogen and three rgpligatesﬁ

S

>
In Table 4.10 it can be seen that at the highest, density o
w

£
the haerst index of Laurier was depressed in a signif-
icané way, whereas that of Q.B.60.2 increased £rom: 0.40
'to 0.4éualthough it-was not significantly d%fferent.
In Brdvious studies (Scarsbrook and Doss$ 1973; o
Puckridge and Donald, 1967 ; Morrow and Hunt, 1891, as
4 cited by Donald and Hamblin, 1976) a conqistent.
progressive decline En haryest index has been reported .
at densities aboye the maximum grain yield. These

’ findiﬁgs indicate that the maximum plant density for
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i . L
maximum grain yield in Q.B.60.2 has not been reached

v »

yvet, and further higher populétions must be studied.
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4.2.- Experiment 2. ‘
. L . .
Yo AN &£
‘This experiment was designed in a similar manner to

Experiment l.' The main objective was to study the
effects'of plant density ;;d nitrogen fertilization on
spring barley yield. Nevertheless, in Exgtriment 2
higher plant densities were useé in order to measure
those effects ™ainly on the uniculm plant, having as

AN
a 'pecint of reference multiculm barley.

N
4.2.1.- Plant Number.- Although growing conditions were

-

“

b4

better in\1978.($ee Secgion 3) than in 1977, some
reductions in plant number were observed. Qéproximately
86% of the seeds planted in th; lowest density germinated
andrarey normally. - The percentgge was slightly lower

for the medium density with 81.4%.’ In the higher den-
sity only 68.6% ofothe esxpected plants were counted at
the mature étage: It is impossible. to say whether the
lean;s died during growth or thé gef%ination wgs irreg-
ular. HOwever, Cannell (1969 a) in'a study of plant
density in barley reported little plant death and the

reductions in plant number in this experiment are

asstmed to be failures at the moment of germination.
, ‘e

»In Figure 4.8 and Table 4.11 some data for plant estab-

- »
lishment and seed rates are presented.

=

80
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Figure 4.8.- Number of expected plants m-'2 (assuming

*
100% of plant/establishment), —-——; qgtual number of

plants established (counted at maturity), ; and

“number of seeds m 2.

*
Means of three cultivars, three levels of nitrogen N

and four replicates. ¢
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Pgrain weighté.

. * ~ . kX N
Table 4.11.- Mean seed rates, se%g density, mean plant
) %* % . *
establishment, mean plant density (at maturity) and ——
row spacing. ' '
€ ’ » ] ' N
SEED SEED PLANT ROW

ESTABLISHMENT -

RATE DENSITY DENSITY SPACING
Kg ha_l seeds m-2 percentage plants m-2 cm ‘
100 250 86 215 20
200 500 o 8l1.4 - 407 10
400 1000 68.6 686, 5 :
¢ 4
7 ’ ‘ﬂ» ’ . a

* .
Mean of three cultivars calculated on basis of 1000 -~

-
«

* & . ’ .
Mean of. threé cultivars at three levels of nitrogen.
P

4

All the results in both experiments refer to the. actual " °
number of plénts at maturity, not to thé)numbér of

seeds sown, for the reasons explained abbdve.

< 3

The variance ratios fofﬁthe various treatments and

interactioné are shown in Table 4.12. ) ’

‘e
L3
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. Table 4.12.- Variance ratios of the main treatments and

«

interactions for some of the crop parameters under study

in Experiment 2. -

3
+

Source  Plants Ears Grains 1000 Grains Total Grain

of per, per, ‘"per Grain'' per, D.Matter Yield A .
! Variation m m Ear Weight m Yield
. . A *
Nitrogen - ’ ) , . e ‘;‘ "
(N) 0.56 0.51 ,3.63 1.15 10.04 - 14.38 6.037
- d
I
Plant ‘ . \$¢
: Density ** k% * % ok * %k *k | [*
5 (D) 287.03 436.57 36.75 57.80 32.93 13.90 5.55
N x D 0.37 0.16 0.00 1.21 0.49  0.59 0.33
éultivar L . *x "k * ) -
(C) 2.02 7.90 6.30 36.17 3.18 0.78 . 4.60
N x C 0.29 0.21 0.40 3.08" 0.94  0.43  0.42
- * % %* % v * x
DxC 0.31 1.00. 0.09 7.57 10.71 3.15 3.18

-

* %
NxDxC 1293 1.59 0.53 4.65 1.20 0.63 0.58

]

* .
Significant at 0.05 level.
*

*
\» Significgnt at 0.01 level.
P
The analysis of variance (Appendix;\gable 13) for the
' variable number of plants per square meter shows that

there were significant differences only for the treatment

density (D). After the Duncan's New Multiple Range
. o
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Test (DNMRE) at 0.05 probability level was done, signif-

icant differences were fohnd for all levels of plant
)'»

density, the maximum number of plants per square meter

being 686 for the hlghest plant density, 407 plants for

»

‘the’ intermediate dens#%y and 215 plants per unit area.

at the lowest plant populatlon . f‘

s
t

L] 1 ; N

L3 . -

No significant va?ﬁés were noted for other treatments

or interactions. fHowever,'a very slight difference was

L] -

present for cultivars; this was caused by Q.B.59.28,
which gave a mean number of plants per square meter
(considering ﬁ&e three levels of nitrogen and three den- ;?_

sities) 1owe;,by 37 plants than Laurier.

i \

. -
Nitrogen gﬁq;eased the number of plants slightly from
420 (at the lowest nitrogen rate) to 442 (at the highest
nitrogen rate) considering the mean for three densities

and three cultivars, which is also unimportant. e’
' ’ 8

4.%£;.~ Tiller Number. T

4 2 2, l.— Tillers per Plant.- According to the analysis °

/ of variance table for this parameter (Appendix, Table 14)

Laurier was depressed in its tiller number by plant b
s L]
density. This cultivar produced a mean number of 0,46

tillers at the widest spacing (considering the mean. of -
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i

three levels of nitroden); further increments in plant
density reduced this tiller number to:0.17, which is

significantly different. No further reductions were

¢

observed with increasing plant density. | . ) J

» ' ' 3
The significant interaction of N x D ihdicates that

Laurier reacted to nitrG%en fertilization, producing
more tillers only at the lowest d7nsi£y in a significant

v

way (Table "4.13). ) .

¢ 4

¢ k
Table 4.13.- Duncan's‘New Multiple Range Test for.the

*
comparison of Laurier means for number of tillers per
£

‘ plant.
) .
{ -2/ .—2 -2 \
215 plants m 407 plants m 686 plants m_

-0 KgNha’l 0.25 ¢ 0.10 a | 0.20 a . -
32 Kg N ha"* 0.50 b 0.20 a 0,12 a' ‘

<
64 Kg N ha_l

0.62 a 0.20 a ‘ 0.20 a

b o
Means within columns followed by the same letter are not

significantly different at 0.05 prcobability level.

*
Means of four replicates. .

L . R e I o . ) . 4
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At higher densities the nitrogen effect on' tillering was
inhibited by the higher number of plants. At the high-
est density, Laurier had the same mean nuﬁbér df tillerg
per plant, regardless of the nitrogen effect noted for

the lowest density, where the number of tillers per

plant was' significantly increased.

"4,2.2.2,~ Tillers per Square Meter.- The analysis of
- £

variance for this variable shows a significant effect

for nitrogen fertilization. In general, (considering

the mean of three plant densities and Laurier) the total

pumber of tillers per square meter was increased by

heavier application of nitrogen; 83.75 tillers m"2 were

1

observed at the lowest rate (0 Kg N ha ). This num-

ber was -increased at the medium level of nitrogén (32 Xg
' ¢

N ha'l) to 100.83 tillers £¥2 and a still further in-

crement was seen at the highest level (64 Kg N ha-l),

2

giving 123.33 tillers m . All these values are

significantly different according to the DNMRT at the
5% level; (see Table 15 in the Appendix for further

details in the analysis).

The number of tillers per square meter was significantly

different for the densities treatment. The highest

number of tillers was obtained in‘the highest density

with ligtgériconsidering the cultivar Laurier and the

[}
e



g

in which a mean number of 101.67 tillers was détééted. !

,

mean of three levels of nitrogen). The second higher
h &

Qumber of tillers was opserved for the lowest spacing,

The lowest tiller number corresponded to the medium

deﬁsity, with only 76.67 tillers. All these differences la

R .
are signjificantly different. ‘
| | _ /
- AN

. |
The signifigant interaction of N x D may ‘give a more
satisfactory explanation of the response of Laurier to
plant density and nitrogen. The DNMRT indicated that
this cultivaxr résponded to nitrogen fertili%atioﬂionly
at the lowest and medium densities, the response being
very weak in the intermediate treatment. At the highest

density no nitrogen effect was observed, and the largest

dose of nitrogen did not produce more tillers

@ 5

(Table 4.14).
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“" ., Table 4.14.- Duncan's New Multiple Range Test for the

* ~ -
comparison of Laurier means for number of tillers m 2.
s (

L

/

8

“ 215 plants m > 407 plants m 2 686 plants m -

0 Kg N ha™t 56.25 b 45.00,b 150.00 a
32 Kg N ha"t 113.75 a 96.25 a 92.50 b
64 Kg N hal  135.00 a 88.75 a 146.25 a

~N

" Means within columns followed by the same letter are not
s;gnificantly differenéuat 0.05 probability level.
*Means of four replicates. ' s

N
According to Table 4.12, the final tillexr number is
requlated by plant density at higher.plant popﬁlations

rather’ than by nitrogen. .

4.2,3.-~ ﬁays‘to Heading.- As in;}cated by the analysis
gf variance (Appendix, Table 16) for this parameter, the
" number of days for ear emergence was unaffected by-
nitrogen. Considering the means for three cultivars at
three plant densities, the number of days for ear
emergeﬁcé wa% 45,6 when the lowest level of nitrogen waé
used, 45.5 days for the medium level and 45.0 days under

\ DR

L
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the largest nitrogen application.

Plant density did not change the Tean number of days to
heading. Thé number of days"was as followg: 45.5,

45.2 and 45.5 for the lowest, medium, and highest density,
respectively. ; ‘\m’

The only significant difference noted was among cultivars.
Laurier headed in 44.9 days (10 dafg earlder than the
previous year) and was the earliest cultivar; Q.B.60.2
followed Laurier with 45.2 days (lo'days earlier than

thé previous year); the two cultivars were not signifi-
caetly different. The latest cdltivar was Q.B.§9.28
with 46.2 days; it waé significantly later than the

other cultivars.

4.2.4.- Plant Height.- It is well known (Thorne and
Blacklock, 1971'\anrﬁ§n et al, 1977) that nitrogen
promotes, in geperal, plant'growth. In this work, and
according t epangly§is of variance (Appendix, -
Table 17), plant height was signifiqantly affected by
heavier rates of nitrogen. Considering means of three
cultivars and three plant densities, 0 Kg N ha"* |
produced plants 65.39 cm tall: 32 Kg N ha™! increased
p¥ant height to 74.89 cm, a value that is'significantly

higher, and 64 Kg N ha * increased the height to

89
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80.30 cm, which 1s not significantly different.

. r .
Plant density, on the other hand, affects cereal plants,
depressing their growth rate (Kirby, 1967) and according
to this finding in the present study, the shortest
plénts wére those which grey\in the most densély popu-
lated plots; they measured only 67.41 cm. }? the medium

¢ . s'
level of plant density the plants had 74.44 em of height,

being significantly different from those of thé highest * ~ .
density. The tallest plants were from the lowest den-

sity at 79.00 c@;'however, they are not significantly

different from(;hose of the intermediate plant popuiation.

On these latter plants, the density effect was more severe °

N .
, for tiller production than for height, having finally -

a good plant height. t}
\« N ‘

Among the cultivars, Q.B,60.2 was the tallest (consider-

-

ing means of three levels of nitrogen‘and three densities)

with 75.83 cm, followed by Q.B.59,28 at 74.47 ¢m, not

A ’ - '

significantly different and at the bottom, Laurier,
“significantly shorter with 70.28 cm. 1In Figure 4.9 are .
graphically represented the effects of plant density and

.

nitrogen fertilization on the plant height.

3
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4.2.5.- Ear Number.

4,2.5.1.- Ears per Plant.- This variable was significantly
affected by plant density (Appendix, Table 18). The DNMRT
at 5% level indicated that the mean number of ears per
plant (considering three culti&ars: Laurier, Q.B.60.2

and Q.B.59.28 at three levels of nitrogen) was signifi-
cantly reduced from{L:ﬂf in the lowest density k215

plants m %) to 0.9é/in the medium density (407 plants

n~?). Further inégements of plant density (686 plants

m_z), lowered this ndﬁﬁgf even more, down to 0.87;
}
significantly, the lowesi.
7/
;/ s
The analysis of variance detected alsc significant dif-

ferences for cultivars. Laurier produced the largest

mean number (thrée densities and three rates of nitrogen)

of ears per plant with 1.00; a number that was‘signifi‘ /PJ/

cantly higher than the ears produced by Q.B.60.2, 0.92

and Q.B.59.28, 0,89. The difference between unigﬂfﬁ\\\///
/

cultivars was not significant.

.
n

7 '
Nevertheless, not all cultivars responded in same manner

to plant density. The significant interaction of D x C

. indicated that Laﬁrier suffered more drastic reductions

+

/
of ear number per plant with increasing den§ity S
[l » . )

(Table 4.15),

.92



) -
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 m? 407 plants n 2 686 plants n?
»

Laurier 1.1%5 a Laurier 0.97 a Laurier 0.87 a
Q.B.Go.z,\ 0.97 b Q0.B.60.2 0.92 a,b 0.B.60.2 0.87 a
0.B.59.28 0.92 ¢ 0.B.59.28 0.87 b (Q.B.59.28 0.86 a

.

Means within columns followed by the same”iétter are not
éignificaﬁtly different at 0.05 pfobability level.
*Means of three levels of. nitrogen and four replicates.

N
At 686 plants m > all cultivars had a similar number of
ears per plant, though lower than the number in the
lowest.densiFyi however, only Q.B.59.28 did not have
a signigicant reduction in ear number when the means
were compared among the three plant densities. The other

cultivars did have a significant reduction of ears per

plant when the samé comparison was done. In other words,
while Q.Bu59;28 reduced its ear number from the lowest
density to the highest density by only 6.5%, Q.B.60.2

suffered a reduction of 10% and Layrier, 248%.

93
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At tpe highest deﬁggty Laurier resembles a uniculm plant
with é%e only nrobable handicap of having 0.30 shoots
pér plant that are unproductive, whereas Q,B.60.2 has
only 0.13 unproductive shoots for one productive shoot.
At the lowest density, Laurier produééd ears in only
approximately 79% of its shoots and 33% of the tillers-
‘ (about 99 tillers m-2) did not give any.

‘

At 407 plants m_z, 83% of the shoots produced an ear and

" 100% of the tillers (approximately 69 tillers m 2) did

not.

At 686 plants m-2 approximately 74% of the shoots bore
an ear/él—é again, no tiller (117 tillers m‘z) produced

., any.

At a low population level the presence of a éonsi@erable
number of tillers seems desirable; h&wever, at higher ~
plant populations the tillers that are unproductive, may
be regarded as "parasites" of the main shootaai their
initial staées of growth,

b

N
"4.2.5,2.- Ears per Square Meter.- Although the ear

4

number per plant was reduced by plant density, the hum- ,

ber of ears per unit of ground area was.increased.
. -

ANE
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4
‘—The analysis_ of variance (Appendix, Table 19) indicated

that this number was significantly increased by plant
density, from 221.86 ears m % in the lowest population
to 380.55 in the medium density. -Further increases in
number of plants n~2 gave higher number ofdears mhz,

up to 603.43, also significantly different. These num-
bers are means of three levels of nitrogen and three

«“
cultivars.

This yield component is always increasgd with plant
. density (Kirby, 1967, 1969; Willey and Holliday, 1971).
‘The fall in ear number per plant is compensated by
plant number and the final number of ears ﬁer unit area
is higher. a ' ; '
In general, when considering the means of three plant -
densities and three levels 6f~nitrogen, Laurier produced
a significantly higher number ofﬂears, with 436.67.

Both uniculm cultivars préduced afsimilar number of ears
with 391.17 apd 371.57 ears for Q.B.60.2 and Q.B.59.28,
,respective%z. X 7
Although~tﬁe interaction D x C is not significant,
a Duncan's New Multiple Range Test was done and tﬁe

results are shown in Tablé 4.16.

r ’ . . -
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Table 4.16.- Duncan's New Multiple Range Test for the

‘k
comparison of cultivar means at three plant densities

for number of ears per square meter.

215 plants m™ % 407 plants m 2 686 plants k2

\¥

Laurier 272.92 a Laurier 429.58 a Q.B.60.2 618.33 a

Q.B.59528.-200.42 b  Q.B.60.2 362.92'b Laurier -607.50 a

o))

Q.B.60.2 192.25 b Q.B.59.28 349.17 b  Q.B.59.28 582.73

| t

¢

v

e :
Means within columns followed by the same letter are not
significantly different at 0.05 probability level.

* “.
Means\of three levels of nitrogen and four replicates.

‘

Only at the lower densities did Laurier préduce a signif-
i%@ntly higher number of ears. The nitrogeﬁ effect on

this variable showed no significance; nevertheless;
¥ .
heavier doses of nitrogen increased ear number slightly,

mainly between the lowest and medium levels of nitrogen.

® i

4.2.6.- Grain Number. ) '

°

4.2.6!;.-"Gxains per Ear.- One of the most striking ef-
fects of plant density on barley yield is the reduc¢tion

of ear sﬁﬁe (Kirby,'l967). In éhe\preégnt study, the’
. AN » « C
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analysis of variance (Agpendix, Table 20) shows that the

number of ¢grains per ear was significantly reduced in-:

the hjgher densities. Th%s number ﬁas lower by approxi-
mately 46§ between the lowest and highest densities.”

The DNMRT indicates a significéntly higher (0.05 level)

number of grains per ear for the lowest denéity'with‘
, .

25.75, while the intermediate density gave 19.68; further
increasesain plant density induced even smaller heads
with only 13.85 grains, considering the three cultivars .

F)
1

at three levels of nifrbgen. ks

v

)

In general, Q.B.59.28 had the greatest number Qf gréins

per ear with 21.88, which was significantly%hiéher than

. Q.B.60.2 (19.62),.and Laurier (18.00). This sighificant

value was only evident in the intermediate density

L /

(Table 4.17).

© -

y

¥rable 4.17.- Duncan's New Multiple Range Test for the

* , '

comparison of cultivar means at three plant densities
e 7 ¢
- ¢ \ b
for number of grains per ear. - - ,
' J
7
//Y

4

7

' - / -

215 plants‘m 2 . 407 .plants m

¢ /
~ /‘

\

2. 686 plants m 2

7
“n
'

Q.B.59.28 . 27.17 a “Q.B.59.28 22.46 a  0.B.59.28 ' 15.48 a

7/

Q.B.60.2  25.28 &’ Q.B.60.2 19.47a,b 0.B.60.2 14.12 a

Laurier 24.79a  Laurier 17.12 b Laurier 12.09 &
/ ’ -

Y

&

v
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- Means within columns followed by the same letter are not
significantl%wjlfferent at 0.05 probability level.

* ’ !
Means of three' levels -of nitrogen and four replicates.

Y

]
Although the nitrogen effecf was not significant, the '
variance ratio (3.63) is somewhat large and the DNMRT' at

5% level was applied. The results showed that the over-

all mean number ﬁf grains pex heag-had increased slightly
but only significantly at the hiéhest rate of nitrogen.

\
The number rose to 21.77 fr0@~18.14 grains per head

~ 2

obtained at the lowest level of nitrogen.

J . ¢ ,

- 4.2.6.2.- Grains per Square \Meter.- According to the -

[

.analysis of variance for this parameter (Appendix,

Table 21), nitrogen affected significantiy the numbér

of grains per uﬁit area. The lérgest number of grains ) o
was obtained when the maximum rate of nitrogen was ap- Y

plied. Czhsidering the overall mean number of grains, -

;he heaviest dose of nitrogen produced 7828.90. At the . N -
intermediate dose the number was reaéceéﬂ.yet not
signfficanﬁly, to 7041.94; the only sigglficant differenbe"'
was at‘ the lightest nitrogen level, in which Enly 6002:39“f§¢9

'

grains were harvested.

.
v

We 'have seen béfore how the uniculm cultivars had the

N

. \ s .
largest ears in comparison to Laurier. Now, this attribute,

.
AR)
\ ’

A



¢ grains per square meter.

» A

- o ‘
has‘allowed them &0 produce the

gnaximum numbor of grains

per square meter, yet only at the higher densities

(Table 4.18). 1In general, the‘ﬁ?@rage of three densities
and threelevels oﬁhnitrogen,‘indiCated Q.B.59:28 as the

1argest“proauce; of grains with 7193.47. 1In sécond place

and not significantly different, Laurier yielded 6983.50
" In third position, with 6679.02,

0.B.60.2 was significantly different from 0.B.59.28, but

o

not from Laurier. ° .

Table 4.18.- Duncan's New Multiple Range Test for the

* 3 * A > »
comparison of cultivar means at.three- plant densities '

.‘ 1
Ll
for number of grains per square meter.

S

L2

2

215 plants m 407 plants m 2 686 plants n~2

Laurier 6532.67 a Q.B.59.28 %639.87 a Q.B.59.28 B8667.36 a

0.B.59.28 5396.00 b  Laurier 7231.29a,b Q.B.60.2 B8396.87 a

Q.B.60.2 4827.60 b, Q.B.60.2 6812.58 b Laurier 7186,54 b

?

Means withinlcolumns followed by the same letter are not -

31gp1flcant1y dlfferent at O 05 probablllty level
Yo
Means of three levels of nltrogen and four replicates.
’ 3

.
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According to Table 4.18, only Lauriér.was drastically
affected by plant density. Its low number of grains per
ear prevented this cultivar from competing efficiently

at‘high densities. However, the uniculm cultivar§ in-

creased significantly their grain number at all densities

with an evident trend.

&

The correlation analyéis indicated that in general, for

the three cultivars“and considering means of three den-

4

sities and three levels of nitrogen, the grain number

parameter had a coefficient of r=0.93, r=0.93 and r=0.94

1

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 wvariable in

rélation to grain yield, mainly at higher densities.

w
*

L

4.2.7.- Grain Size,- Smaller grains were obtained in the:

-

more denée plots. According to_the analysis of variance

(Appendix,lTable 22), this variable was significantly
dffected by pl‘afgf”zré‘f_a%it&. The weight of 1000 grains,
in genéral, was %?.96\g at théwlgweszldensity. This
number was reduced to 36.86 g by fncreasing density to
407(plants m-z. Further increments feauced even more

the weight of 1000 grains to 33.00 g. . Iﬁ can be seen'

that the reduction was more evident from the intermediate

r

‘density to the highest density. All the reductions were

100
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significantly different at 0.05 probability level.

/
;-

/

Laurier had, in general, the largest grains among the

cultivars, with 38.28 g, béing followed by Q.B.60.2 with

grains weighing 37.06 g and significantly different. .

t

The smallest grains, significantly smaller than Q.B.60.2,

were jthose from Q.B.59.28.

1

¢

The highly significant interaction of D x C indicates

variations in the responsé of the cultivars to plant

e f
AN

density (Table 4.19).

"

Table 4.19.- Duncan's New Multiple Range Test for the

'

*
comparison of cultivar means at three plant densities

-

for 1009 - grain weight (g) 7‘

[ ¢

215 plants m™° 407 plants m2 686 plants m™2
Q.B.60.2 81.45'a Taurier 38.81 a. Laurier 36.25 a .
¢ o . Y
Laurier 39.77 b . @.B.60.2 37.39 a Q.B.60.2 32.33 b
Q.B.59.28 38.67 b 'Q.B359.28 34.38 b Q.B.59.28 30.43 ¢ y
Means within columns followed by the same letter are not .

significantly different at 0.05 probability level.

* : . N .
Means of threée levels of nitrogen and four replicates.
~ . '



e ve e

‘plications of nitrogen appliés‘aﬁly partiaiiz/ig,this

.

~

The effect of plant density was much 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

v

plant density. Meanwhile Laurier suffered a reduction of

only 9% in grain weight. In other words,;, Laurier showed

4

more stability in its response than the unjculm cﬁitivars.
The overall effect of nitrogen, though not significant,

was to reduce ;060 - grpin weight in a steady way. At_tﬁe
hiéhest level of nitrogen, the éenerél mean grain weight
was 3q mg; the medium level of nitrogén,\&ncreased this
value to ?6.7 mg and the;lowest level of nitrogen produced
the heaviest grains with 37 mg., This nitrogen effect is
typical in barley and has been seen by many workers (see

' . - /“
Literature Review and Section 4.1.6 in this work).

However, thgisignificant Interaction of N x C indicates

that the reverse trend in grain weight by increased ap-

study (Table 4.20). . .

v



Table 4:20.- Duncan's New Multiple Range Test for the
D ) L]

*
comparison of cultivar means at three levels of nitrogen
v

for 1000 - grain weight (g). \

A

'Y

3

1 1

A

1

, 0 XKg N ha~ 32 Xg N ha~ 64 Kg N ha

> ~

4
Laurier 39.98 a Laurier 38.02 a Q0.B.60.2 37.30 a

ES
Q.B.60.2 36.83 b Q.B.60.2 37.04 a Laurier f;u6.92 a
Q.B.50.28 34.41 c Q.B.59.28 35.14 b Q.B.59.28 33.93 b

s ’

Means within columns followed by the same letter are not
significantly different at 0.05 probability level.

N .
Means of three densities and four replicates.

From Table 4.20 it can be seen how the grain weight of
Laurier is consistently decreased by higher.levels of
nitrogen. On the other hand, Q.B.60.2 had an incregsed
grain weight by nitrogen effect and at the highest lfvel

of nitrogen the grains of Q.B.60.2 were even heavier

than those of L?urier. ‘ B

¢

If uniculm cultivars are not increasing their grain

_weight by nitrogen effect, at least it is less affected

than Laurier"grain weight,

103
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4.2.8.- Grain Yield.- The results of this experimemt are =

in accordance Q:;% the typical responses of cereals to

nitrogen fertilization and plant density.

In the first place, nftrogén inqréased grain yield o
significantly at all densities (Appendix, Table 23).

The DNMRT at (.05 probability level indicated that on

" the basis of three cultivars and three densities, grai

yield was increased from 219.94 g m-2 (b) at the lowest
rate of ni?rogen, to 255.47 gmé-z (a,b) at the medium o
nitrogen levg‘w «When the rate was incgreased up to

64 Xg N ha ', the grain yield rose, to 279.37 g m ° (a).

Q
No interactions of N‘x D, N x C, N x S x C, were detected

as being significant.

e

a

The expression of grain yield by its components (plant

number, ear number per plant, grains'per ear and grain

* weight) helps'to understand Better the nature of grain

yield. 1In the pqgsent study, the gains in grain yield
b . ¢ '
by nitrogen effect were obtained mainlylby the combined

slight increase in ear number per square meter and grains

v

per ear (Figure 4.10).

-. “
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Accérding to Figure 4.10, it should be noted that”uniculm \
cultivars are distinguished by their powerful response in
number of grains eau:_l to nitrogen, especially 0.B.59.28,
which though no data from ear abnormalities was ogtained,
in general showed a less degree of abnormalitiea.than
Q.B.60.2. On the other hand, the ability of Laurier to
prodﬁge more ears by nitrogen fertilization is guite

\_ evident at any level of nitrogen, especially at the low
population level. Secondly, tﬁe superiority of Q.B.60.2
over Q.B.59.28 for grain yield at the highest level of
nitrogen is based on the much heavier grains.of Q.B.60.2

and its greater ear survival.
N ¢ )

'

]

’

t

It is also remarkable how though grain size has been

decreased by\nitrogen, the grain yields of Laurier in-
creased at any level of'nitfogen. Certalnly, the grain
yields in Laurier were closély related to the fhumber of
-2, g :
grains m <. CL |
Grain yield was significantly affected by plant density‘
and the. curve response of graln y;eld p;otted-agalnst

plant populatlon, should flt the classmcal parabollc ) N

curve descrlbed by\many workers (see therature Rev1ew)

" . R

In other words, graln yield was increased By plant popu—
lation up to the point where it did not lncreaee further,

but geclined. At ‘the lowest populatiofl and’ in general,

4 - e , ~




grain yields were the poorest with 222.86 g m-2.

Further increases in plant density raised grain yield up
to 266.43 g m 2. In the highest density, grain yield
was reduced to 265.60 grm_z. No signifiéance was found
%etwegn the two higher densitigs, but they were signif-

icantly different from the lowest density.

Generally, Laurier produced higher grain yields with

a‘meahlproduction of 266.10 g m~2 and was significantly

different from Q.B.59.28 and Q.B.60.2 with 245.92 and ' -

242.78 g/m—z, respectively. However,‘a significaht inter-

action of D x C was noted at 0.05 probability level, which -

is important and indicates that the cultivars .reacted to
N

plant density in different manners (Table 4.21).°

Table 4.21.- Duncan!s New-Multiple Range Tebp for the

* ! N
- comparison of cultivar means at three plant densit;;g '

for grain yield (g 2y, -

~

215 plants m™2 407 plants m 2 686 ‘plants m 2

[

P

taurier 258.17 a . Laurier :280.25 a  0.B.60.2 ~271.50 a:
Q.B.59.28 209.80 b 0.B.59.28 262,83 a  Q.B.53.28 265.12 a

7

Q.B.60.2 200.62 b Q.B.60.2 256.21 a Laurier‘ 259.87-a

E SN

'
i *
b . —
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Means followed by the same letter are not significantly
’ different at 0.05 probability‘level.

. ‘ ‘ }
Means of three levels of nitrogen 'and four replicates.
‘¢ - \ AN

\Only/at the lowest density, Qas the'suﬁeriority‘of paurier 
highly evident. As the plant‘populatiqn—was increqséd
from 215 plants m-%‘tg 407 plants m—z,‘Q.é;66.2‘and
Q.B.59.28 gained 28 and 25% in grain yield, respectively;
whereas Léurigr increased ;ts,érain_yiéld by only 8%.I

In the ﬁighest density;‘if can be seen in Figure 4.11 °
that the uniculm cultivars still incfeased,éheir &ields
(Q.B.éO.Z); wheréas Laurier ;eduCed ifs grain yiéld by . *
aﬁp;oximatély 8%.

' “
\ B < Ny

et




B

, 28
270 b
260
N/\~150 r N “
lE s
80 240 o
i ) -
™ 230 p
=i
> .
5 asof :
]
&
20
200 |
: LL.LL'I:;I-_.LleIIL.I P |
B /00 200 oo . Yoo 500 é00 700
lb
' Plants ,m-2' -

Figure 4.11.- Grain yield response of Laurier, ——--;

~

Q.B.60.2, ~———i and Q.B.59,28, -.-.-., to plant density.

N A" .

‘

Means of three, levels of nitrogen and four replicates.

. . . .
'
‘
t

Moteo%er, QlB;éouz gave the ;ingfg"highesé graiﬁ Qield

- the most populated treatment with 311.00 g m~

2

¢

1]

1

\

" 4in this' experiment at the h;gheéf level of\niffpgén,an& :

N

b
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The grain yield responses of the cultivars were analyzed
(AR N\

again in terms

represented in

o

No significant

therefore, the

means of three

of yield comportents and are graphica%}g

Figures 4.12 a, b, c and d. .

interaction by nitrogen was evident;:

results are expressed on the basis of the

A

levels of nitrogen.

'

In Figure 4.12 it can be seen that in all cultivars the

number of ears per sguare meter increased with plant den-

sity. On the other-hand, grains per ear and 1000 - grain

N .
’

weight were both reduced by denser plant populations.

- ~

However, despite the fact that the two latter components
. ] . /‘/‘ \ ; * .
were reduced by plant dén§ity, consistent increments in

grain yield were observed in the uniculm cultivars with'

.. increasing ‘density and the peak in grain yield of Laurier

_occurred at a higher density. . -

'

. . I .
The only ‘decrement, in grain yield. was observed in Laurier .

- at the highest density. Figure 4.12 (b) shows that though

Laurier ﬁad the heaviest érains,at this density, its
gfain yield was the lowest. Thus, if ear number per-

N
square meter was increased with plant density and Laurier

# tion, the explanation of -the decrease in grain,&ield at

denser popu;ationé for Laurier must be found Aithin the

\ . ' —~—,

had a reason&ply'ﬁoéa seed wéiéht at the densest popula- -

111
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' fesponse of the number of grains per ear. Figure 4.12 (c)
also shows that the reduction in grains per ear was more

drastic than the reduction in 1000 - grain weight.

Ne&erthelesg, in Figufe; 4.12 (E) and (c) the reductions
of lObO - g ain weight and grains per ear were not as-
sociated with reductions in grain yield (upiculms):
Thus, and in accoraance_yitn'the findings of Willey and
Holliday 11971 a), the most‘sensit;vé yield combonent to
plant density and the\one rekponsible for reductions of
- grain yiéld at higher densities is the number dfbgrains

’ i

per unit area (Figure 4.12 (d4)).

The correlation analysis between gfain yield and number
. o ‘ . . .
of grains per square meter, considering ‘means of three

plant densities and threg levels of nitrogen resulted in

r values of 0.93, 0.93 any 0.94 for Q.B.59.28, 0.B.60.2
and Laurier, respecti

'

4,2.9.- Total Dry Matter Yield.- It has been established
S~—- \ \ :- /\
that total dry matter increases with heavier fertilization

of nitrogen, if levels of moisture in the soil are con-
SLdered acceptable (see Literature Review]. In this ;

exper;ment, and in conform;ty with the ana1y51s of varl-\

* ance (Appendlx,%Table 24), total dry matter or blologlcal

yield 1ncreased sxgnlflcantly at hlgher levels of nltrogen,"
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_The-lowest vield was obtained at the lowest level of
nitrogen, with 500 é m-z, being significantly diiferent
from 613.05Dg m? at the medium rate of nitrogen and %
677.34 g m_2 af the highes?"evel, eccording to bNMRf

at 0.05 probability level. -

Also, it is generally known (see Literature Reviey) that
biological yield is increased by'plant deneiéy,»reaching
a ceiiing point in which total dry matter "flattens-effﬁ
on the'curveleelating total dry'mateer to density. 1In

the presenﬁ study and due to the rather nar:ow range of

~

plént populations, steady increases "of biological yield
(total above ground dry matter, including grain yieid)
- were observed with increasing plent,densiti} The lowest |,

dry matter yield was- accounted for at ‘the lowest den51ty

w1€€ 509.14 g m =2 (considering means of three cultlvars
and three levels of nlgpogen).’ This value rose with \
plant density to 625.68 g n~?, being significanéiy dif-

_ferent. Further increments in populetion gave a non-

significant increase in biclogical yield with 655.88 g m—z,

which probably indicates that a maximum value was obtained.

I

'In‘genefaly Laurier produced the largest‘bioloéical yield

(604.35 g m™%), but was not significantly different from
Q.B.60.2 (597.85: g m2) and Q.B:59.28 (586.58 g m).,
: ‘ T R .

- 4




' significantly different at 0.05 probability level,

»E&

However, the significant interaction of D x C indicates

.different responses of the cultivars to plant density

(Table 4.22). ’ ] : :

§

‘Table 4.22.- Duncan's New Multiple Range TesJ’for the

- ) * d - i .
comparison of cultivar means at three plant densities
for total dry matter yield (g n~%y.

[ - , . - \ ; t

N -

I

=3

215 plants m - 407 planfé n? . 686 plants m 2 ’

. - - “gn

Laurier 549.29 a Laurier\§35.00 a Q.B.60.2 687.00 a

0.B.59.28 493.79 b 0.B.60.2 622.21 &  0.B.59.28 651.54 a,b
Q.B.60.2 ,484.33 b - (Q.B.59.28-619.83 a Laurier 628.75'b

¢
y -

-

-

Means within columns followed by the same letter are not

* ‘ -
Means of three levels of nitrogen and four replicates.’

.

' ‘Table 4,22 clearly shows that at the widest spating Laurier

had the largest growth rates. At closer spacings, the rel-

ative growth rates of Laurier were depressed by plant den- -

L

sity, although it had a larger biological yield; that of ‘ ‘

the uniculm cultivars was much larger in comparison to
“ . v ) .

i
z » h

i ’ &
: L4



the lowest density. Moredver, at the meéium density the
differences are not significant. The consistently higher
growth rates of the uniculms et higher densieies were
evident at this point, when éhe greatest yields were
accounted for by Q.B.60.2 (687.00 g m %) and Q.B.59.28
(651.54 gm 3. - . ' .

w? - ’ '

. 5~ C

These results are in agreement with thosg of Donald (1963)
and Kirby (1967),1 They noﬁed that the ceiling biolo;%cal
yield and the maximqm grain yield are generally achie;ed
et‘apout the:same deneityl ) s .

i - . ~ N [ .
‘The reduction in dry matter production at the highest.den-

sity, oﬁsér&ed in the case of Laurier, may/be expieined in
'terms of plant community growth ¢ohcepts. ,
\r*:_ ) 1' ' ’ ) ‘ -
The crop,growth?ﬁ&te (CGR), or total dry matter prodhc-
Ctivity of the.standlper\unit'aree over/e Egriod of time,
~is expressed in terms of its COmpoeents, net essimilation
rate (NAR); which is the rate of incréase in the whole:
'planf.of dr§ matper per unit leaf area, and leaf area
iﬁdei'(LKI),»the_fetio of leaf area te‘éébund area.
’,The NAR expressee tﬁe capacityrof the plant to produce
dry ﬁatter as a function(of its leaf area; it represents

the net result of photosynthate gain over resplratory

loss; and LAI represents the proportlon of total leaf

N
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Laurier might well have reache

(ﬁ
area to ground area.

When plant density is increased,.a greater LAJ is obtained
up to a certain point where the maximum CGR is reached.
Further increments in plant deneity, generally result in’
reduced CGR (Kirby, 1967) because the gain in a greater

photosynthetic _area (+ LAI) is offset by other factors

‘[ “ N
such as senescence of the leaves and greater respiratory

losses. These losses may be enhanced also by a gfeiter

e present experiment,

-

temperature within the crop. In

its "optimum" LAI at the

'mediumidensity,‘and higher*densities induced lower CGR

" g
and hence lo&q; final yields.

In relatlon to graln production these prlnc1ples may also
apply and it has been demonstrated (Kirby, 1970) that
barley plants growing at higher densitiés showed drastic

reductions in the number of spikelet primordia when com- .

.pared to plants growing at lower densities. The result

was ‘that in the same period of time, the stressed plénts
s

formed a significant lower number of spikelets.

4.2.10.—‘Har§eét‘1ndex;— It has been widely elucidated

. that the application of nitrogen usuall 1ncreases blo—

AY
logical yleld and depresses harvest index (see Literature

Review and Experiment 1). - In other words, the proportion

<
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« * o

of grain yield to.abdve'ground total dry matter is lowered ‘

v

by heavier rates of nitrogen.
]

°

In the present WOrg, the harvest index was deprgsseddby
nitrogen, from 0.44 iﬁ the absence of nitrogen to 0.41
in- the presence of 32 Kg N ha_l; considering overall
means. The difference was significant, according to
DNMRT at 5% probability level. No further reductions in
harvesp index were seen at the gmximum level’of nitrogen.

<

"A factor likely always to pe involved in the fall in
harvest index at high densities is the light profile
within the crops. At high densities total light inter-
ception occurs earlier and competition between plants
for light is more interise, The percentage of tillers 7
producing ears, the-number of grafns per ear, and géain
size ére all reduced, even where water and nutrients are
nonlimiting" (Donald and Hamblin, 19763.1 This short
excerpt sums up much of the work done in these experi-
ments. We have seen’before that in plant density i:udﬂ!s
a point is reached where further increases in le;f area
no longer offset the reduction in net photosynthesis
(NAR) due to competition for light and a greaéer'propor-
tion of reséiratory losses from shaded or senesced le;f

areas prevails.

>a
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. In. the present study and in accordance with Donald and
5 Hamblin (1976), harvest index declined before the maximum
grain yield was attained. At the lowest density the“ha;—

vest index was 0.43 considering the means of three cul-

£

- . this value was reduced to 0.42, yet not significantly
‘ ' different; at the highest density, further andvsignificant
,reductiohs were seen with 0«4.
. ¥

' v

) { Laurier had ‘the l;rgest harvest-indices with a mean of
——r

- . " 0.44 ahd was significantly different from Q.B.59.28 (0.42)

ang 0.B.60.2 (0.40).
J .

] - , ?

Although the interactign D x C is not significant, DNMRT .

" shows. (Table 4.28) that the cultivars responded differ-

AN
'

ently to plant density.

\ Sl

tivars and three levels of nitrogen; at the medium density

119
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Table 4.23.- Duncan's New Multiple Range Test for the
* -
comparison of cultivar means at three plant-densities

for harvest index.

L s
N ‘
-2 -2 ‘ -2
215 plants m , 407 plants m 686 plants m
Laurier 0.47 a Laurier 0.44 a Laurier 0.41 a
0.B.59.28 0.42 b Q.B.59.28 0.42 a Q:B.59.28 0-40 a
0.B.60.2 0.4l ¢  (Q.B.60.2 0.4l a 0.B.60.2 0.39 a
{ v

* ‘ ") .
~N

Ll
Means within columns“ﬁsllowed’by the same letter are not
significantly different at 0.05 probability level.

*
Means of three levels of nitrogen and four replicates.

~

According to Table 4.23, only at the lowest density are

the differences in harvest index significantly different.

-

]
It is known (Badra, 1978, .personal communication) that

« )

at lower densities, the uniculm cultivars show greater

ear abnormalitiés, i.e., réduced number of grains; when

plant density is ipncreased, the degreg of abnormality.is,f
reduced and the uniculm cultivérs show their actual -

- ‘ .p ]
potential "for grain ﬁpoduction and better harvest indices. -

8

V3



5.- CONCLUSIONS

1.~ In both experiments, plant denéity reduced signifi-

cantly. the number of tillers per plant, plant height;
ears per plant, grains per ear, 1000 - gia;n weight and

harvest index (significantly only in 1978).

However, the number of ears per square meter was signif-

’

.lcantly -increased.:@ Grains per square meter and yield

were reduced significantly by plant density in 1977;
whereas in 1978 there was a signhificant increment followed
\ . /, ‘_‘ , < R N .
by a reduction-at the highest density. S

-

2.- In both experiments,.nitrogen increased the number

“of tillers per plant (significantly in 1978), tillers per

squaré meter (significantly), plant heighth(Eignificantly
in 1978), also 1ncreased sllghtly the number of ears per
plant (ln 1977) , ears per square meter and gralns per ear
(s1gn1f1cantly in 1978} . " Grains peﬁtsquare meter and
yleld were 51gn1f1cantly 1ncreased 2 HoweG?r, 1600 —‘gfain
weight and harvest 1n§ex were reduced (51gn1f1cantly in_
ig7e). - . ) L

7

3.-1In general, the unipulm-curtivans did not show ‘reduc-
ﬁions in yield by plant density, Moreover} the single

hlghest .grain yield was accounted for by Q. B 60.2 w1th N

[ IR
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311 g m'-2
1978

>

at the’higﬁest dénsityJandlnltrogen levqlﬁin—

N

~

’

V7

»

\

s\

'

-

L S | | : S oaz2

4.- The parameter number of grains n¥ was more cloéely‘ ¢
associated with grain yield at higher densities than any

other grain yield .component. On the .other’ hand, at lower .

'

. densities, grain weight was more.important. . ~ .

4 o -
\ ~ .
N N . o -

t L * i PR

5.- Grain yields can be increased by plant den§ity if‘. . R

the environmental conditions are favourable, like in‘1978. .

- - " - I
- . ‘ . i B L S
’ L \ .

- X [y
~ ‘ ’ o~

v

6.~ Due to its great ear"cépaéity, Loyola,may'be moré

1

_adaptable to crowded populations

f

\

)

3

.

¢

.

i
i

‘.
¢
‘ ]
o }
' -

s T Althohgh 1000 - grain weight playéd a secondary role

.

higher yields in §.B.59.28.

!

‘

-

at higher densities, it is an important limitant for -/
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Table 1l.- §lant number

Plant density:

-

o Y, ¥ 3%3%5

~

257:&1 a

174.89 b .

146.59 b ‘

Cultivars: ,

oo LEC | 2524.88
N rec gy 3x3x3

Conguest 207.41 a
Laurier 204.80 a
Loyole 192.59 ab
Q.B.60.2 191.48 ab
Q.B.59.2 165.00 b

Eb .
SX—J M -

= 9.23

= 9067 \

I//

'

f
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Table 2.- Tillers petr plant

Plant density’
Eb 1.0 aﬂe - h
s_x_J Ty _J 7o = 0.08
, 2 - o ‘
147 plents/m~ 0.88 & ) . 4 / e
257 " . 0.42 v . Co \ o
N . ’7! , I Bl ) N \\
Cultivarss S s L *
E c [ 0.201 ' AU
S = | — = -_— OVO
vx Y“’ J’ '27 &\9 ) i ~
conquest 1.29a . .. 7 CT T
Laurier 0.98 b ] R ,' . ‘
Loyola -0.93 b co o - s ‘
Plant density x Cultivars: .
Ec | 0.200 .. .- - SRR |
S = = 0% T . \ , . .
xJ’_‘& I 3 015 | X | cL
147 nlts/m o 257 \p,lts/m , o |
: Conquest 1.77 a v Conquest 0. 89 a . . 1
Layrier 1.34 b . ' .Loyolsa -/, .60 a , ,
Loyola .32 b - Laurier 0.59 a . . LT
; ) ,\ ;e
! \ ¢ ' 1 ’
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o ‘ﬁable 3.~ Tillers perﬂsquare'meter‘
N Niirqgen:\ - - .
: U YEe  [L827.25 :
e ¥ T 3%3x5 \‘~4"34'
.. 7° 6B KgN/Ha122.22 & . .
Co o34 113.10 ab. .. -
\ e o 8733 b o

o ).'CultiVars: ‘ _ S
@ : Ec_ . |-3350.8.°

. - Sx=

Ty B T
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. 1
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Table 4.~ Days to heading

\

Cultivars:
. |.Ec . lo.641
Sx= r‘o(-@' _-« o7

Loyola . 58.18
Q.B60.2 55.3

Conquest. 54.5
Q.B.59.2 153;4

8 a

70
Laurier '54.96 be -
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Teble 5.- Ears per plant

-

Plent density:

0.646

= = 0.042
\ 3x3x5

147 plts/m® 1.45 a />

257 plis/m

Cultivars:

1008 b A

E c
S"’J e

Conguest
Laurier
Loyola
Q.B.60.2

1.54 a
1.40 ab -
(1.35'b
0.99 ¢

xw

P

172

138 -

e

-



Table 6.- Edrs per square meter -

-

i

* ?iant de_ns‘i,tyi". aot .
E b 5136.42

\ P =1 =10t

M Tay a0

257 plts/m° 276.5 & ’
©1a7 0 210.2b 0

-

v .

Cultivars: -

‘S‘k‘l Ec _ _|2515.62 _ 9’6/ .

ra@ 7] 3x3x3 .

Conquest 287.0 a
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Table 7.~ Grains per ear 1&; ’
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Table 8.- Gralns per square meter -
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_ Table 9.~ Grain size
Plant density:- .
[ v [ o.a8 \
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. Table 10.- Grain yield .

‘Nitrogens - L
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Tab%e l12.- ﬁarvest index -
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Table 13.- Plant number

Plant density:
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_|¥-1)Bc+Ea  _{(2)366.4+4297.64

Sx= = = = 5.35 -
r (.33( 4x3x3
- )
68 Kg N/Ha123.33 & _ :
4" " 100.83 b ‘
OA, " " i 8ﬁ\75 c oo ! .
\ ] / '
A v Y \ﬂ d ) ! )
N ]
\j - N
) N - . '
‘ #. -
- ‘ . \
P , . o N
» . v
: A .
m‘ - N . -
L . ‘y ° 1 e N
[ . t i N
— ‘; ) L9 .
. A .
r » ' S
, - 1
* ra
~ ! ) ? ¢
< ~ ~ I
L] a / :{ 1 .
by ‘ \ ’ B ,
»’ &' N .‘2 -

R




s
T
< |
'
t
i
4 )
, ‘
L
N} R
L
%
—— T
' 3
)
\
Eeod
'
[ ., ¢ .
A ]
-4
. ¢ s
o
' ! S '
w

Cultivars:.

Table 16.~- Days to heading

Nitrogen:
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.Table 17.- Plant height " o i

Nitrogen:
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Table 19.- Zars per square meter
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Table 22.~ Grain size
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- Table 23.- Grain yield

~

Nitrogen: \ : - .

i

o lme [samer
ver ¥

AN

= 12,1
3 :;

255,47 ab

q§ Kg N/Ha 279.37 a -
3 [0 1 '
' ,219.94 b

- . o -

. ‘
Plent defhsity: .

; vy

C[Ex, faoess |
Sx= \’OT?? =j‘ % t;~].Oj.,5
- , 2 ) Fan
- '2 ,“"

7 plts/m” 266.43 2 |
§ ) " " ’2054750’3 »
5 " " 222.86'b.

. .

-~

P4
B AT ¢ R S
O

. Cultivars:

v ~

E ¢ _ 12%302 _
ref . ¥
.‘ “ ' ‘

| Sx=
. Laurier "266.10 &
7 Q.B.59.2 245.92 b

Q.B.60K2 242.78 b ¢ - T

h - v =

~ - .
s \ ,

¢ = 1 ~

N -
’ . A %
» - i . I
N -
LA
- '
' 2

.

8

.

N

N
' i
1
.
~
N
-
’
A
-
.
te
AN
’
\
.
7

N
f
4 -
| -
, Py,
N
\
7! -
\
' f
- .
-
v
)
: -~
~
\
A
’
\
N -
N
’
’
«
’
\
1
A
'
f
. N
I
¢
|
] \h‘
N
N
- -
. -
N
v
v
1
N
'
_—
.
1
N ~
\ .
- .



- - ' - - - -
3 < . ; ~
- - 4 - . - T - M - = -
N ~ - N
~ - ) o ’
s ! .. Al
- N - -~ f
= » } \ -n - -
. - t h - - ~ - ~
- [ .- - 4 N
R T — N LT . _ A T \ » N Ty
) , . . - - . ' ,
i R - \ : . v :
) -
- - - - - " -
~ ’ / - Ve -
IR - A ~ '
- r 4 N ’ \
h - ~ - s
- N . - - 4 , ) N . N > - R
- 7 - M @ =~ > B )
~ - .
- - R ~ . -
A Ry N ~ -
. . . 3 R -
N _ ' - . ; 1 _
~ - - N -
L . ~ ~ =
' - \ R . ) R
R ) _ - . PR
N . T . ) . , . ) ~ >
' . \ s - - -~ -
- v - oo . PN ~
1 x - » [
R - - . s
: - - N N ' . '
B . '
- , N s ~ o -
. S . ~ -
¢
‘ - » H - |
V . . - ' N
~ - - -t ‘ -
- h - - . )/A.-I ’ N -
v N - =
N 7 N ~ ] - -
3 - e O t y - R
) N 7 R . .
Lot -0 ’ - ’ ’ i
. N . , - . - - . N - ,
. -~ - * L - N 0
‘ N [V3) B N , \ - , ~ \ - ,
r4 .o -~ - N
. -
By — . - > . . -
7 - ' - \ N
<t . , .

WO o S ce b e . e ‘

42 — p— O
- \ (%] - rlll‘. [l B ob 2

< . Ev . H 0 o N

=S R . ‘ _ ,
- o ’ . g - -l . g - & .
[ N —~ ~fo ! L4 @ 0 “fod . - A N >
- - S - ~noo Q0 _ N - 2 +ho - P - . N -
. T3 @Dl - (@3 [¥s] 3 a0 O [go1 ¥l \ . ‘ o
. . (a8 FAANINNEE ~ BN Ta e ) cymM _—\O O ¢ N Eis) W ©-. . . - ’
~ - —i b -~ Ty v T - ~3 e » . \Jol BN , ~ R . : -
[8)} b
]

T
1
4
7
¢

w k¥ Ny
AL - - - nm . % " $os i ¥
i B N S O * :

i . 3 N Uy ~\O —~
T N7 » I A — 24 ~ O a o] > B e . R .

10
4
J A
t

vcensi

e}

o
"
11}

{

82

2

o
5
5
£

-
le
v1trcge
l\":i
ng
1"
0
.t
e
r.
«
+3

. - , - .
. © [ AR ) o - R Y] 0" MR QVELS S o] LS vy . PR . . - - -
~ 4 N -~ 1 S o ) N / 1&. * . i
- » e
- _ - . < N . - A :
_ . . - i . ) .
~ R i . . - N .
> - ~ 1 ) - ' * ,/
. - - 4 ’ - - - » °
' i - - - - ‘
) - .- . SO -
- . - L - B .~ -
P 4 - - \ ’ o 4
- - p " . . - . ' ~ - -
- . i . A .ﬁ . .
-~ > 1 - ~
, . h \‘ . N , I3 ' ~ - B - <
- I3 ’ : N - - - 41 A
- - R ;- N
° . ~ ° ‘ N = 1 =
- - 3 - , - N T
B . . . .
. . e A - : . ‘ . . 7



