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COMPETITION BETWEEN WHEAT AND UNDERSOWN PASTURE, WITH
PARTICULAR REFERENCE TO THE LIGHT FACTOR

W

1.0,0, INTRODUCTION

The practice of establishing pasture under a cereal or
other orop has gone on in many countries for a long time, The
main purpose has been to obtain some return from the field in the
year of seeding, since grazing in that year may adversely affect
establishment, Apart from this economic factor it is also
claimed that the cereal crop "nurses" the pasture seedlings in
winter,

The oereal crop sown with the pasture is variously
called "cover orop", "murse crop" or "ocompanion crop". The first
term is also used where crops are sown to provide a ocover to the
80il to reduce the risk of erosion., The second term implies that
the oereal orop murses the pasture, which in faot, ocours only
Tarely; more often the growth of the pasture is harmed., These two
terms are of wide use in the United Kingdom, The third is used
mainly in the United Stetes of America, In this thesis the
practice will be referred to as "cover ocropping” or "undersowing"
and the oereal orop as the "cover crop".

The cover crops most commonly used are small grain
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cereals such as wheat, barley, oats and rye, Ceorn (maize) and
some legumes and flax are also used in some parts of the world.
The cover crop is usually harvested for grain, but may be grased
at an early stage in the growth cycle or cut for hay or silage.
Removing the cover orop at an early stage is advocated partiocular-
ly in dry areas in order to eliminate competition and thus

improve the establishment of the pasture, Cover cropping is also
Practiced to provide winter feed for stock in aress where winter
growth of pasture is low,

Particularly in dry years, undersown pasturss often fail
to establish satisfactorily. As a result the practice of under-
sowing has been abandoned in favour of pure cropping in many
" Places, while in others attempts are being made to understand the
Processes involved, and to devise methods whereby satiafactory
growth and yield of both crops can be obtained.

The phencmenon involved is one of competition between
the cover orop and the pasture for those factors of the environ-
ment essential for growth, such as soil moisture, mutrients and
light, Competition arises when in an association the demand of
all plants present for one or mers of the sbeve factors exceeds
the supply; when this occurs those plants best able to obtain
& supply of the factor in short supply will flourish, while the
others will become subordinate (suppressed). The extent of

dominance of one species and the suppression of another depends
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on the difference between them at the initial stages of growth
(embryo end seed sise), the relative growth rates and the height
and spread of shoot and root systems, Cereals in general have
larger seeds, higher growth rates and taller shoot and deeper
root asystems then pasture species, and sre therefore better

able to exploit soil reserves, Even when the soil factors are
in sufficient supply the cover orops, due to their greater
stature, would shade the pasture, the growth of which would be
reduced, Thus it would appear that there is always likely to be
some reduction in growth of pasture when undersown,

Experience of sowing pasture seeds into already
established cover orops has shown the practice to be generally
unsatisfactory, due to greater competition from the cover orop.
It 15 also well known that redusing the rate of sowing and/or
increasing the row width of the cover orop improves the establish-
ment of the pasture., In most instances the cover and pasture
Orops are sown together along the same row and experiments have
shown that separating the two orops in alternate rows or sowing
them et right angles to one another result in better establish-
ment of the pasture, Recent work in U,S.A, has demonstrated that
sowing in alternate rows rumning North-South result in better
growth of both orops than where rows are sown East-West.

With a few exceptions these studies were concernsd
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mainly with either the effect of the cover orop on pasture estab-
lishment or that of the pasture on the yleld of the cover crop
or both, with a view to making practical recommendations, Very
1ittle attention has besn given to an analysis of the growth
faotors involved and the extent of competition for them,

In Australia the importance of the pasture phase in
& rotation camnet be overemphasised, yet the beat way of
establishing the pasture has not been fully worked out. In
South Australia, with a Mediterranean type of climate, wheat and
other small grain ceresls are widely oultivated, In the early
Part of this century farms were oropped to cereals continuously
and as a result the yieldsdropped to very low levels, Fellowing
the introduction of wheat - fallow - wheat rotation there was
80me upward trend in yields; and inolusion of a few years of
pasture in the rotation brought sbout a 50% increese over that
obtained by contimous oropping to cereals. This inoreased yield
is claimed to be due to high levels of nitrate nitrogen fixed in
the 80il by the clover and other legumes in the pasture, Further-
More a very high percentage of the sheep population of the state
is maintained in the oeresl belt, Thus a highly productive
Pasture in this area would have a two-fold advantage, and a
marked swing to the use of e pasture phase in the rotation hes
been noted. A typical practice is to seed 2 1bs. subterranean

olover (Trifolium subterraneum L,) end 1 1b, of annual rye grass
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(Loliwm rigidum Gaud,) with the last orop of cereal in the
rotation, but in some places only the clover is sown as the amount
of volunteer rye grass and other grasses is considered sufficient
for a satisfactorymard., Some annual medics (Medicago spp.) are
used in some parts instead of the clover,

In this thesis, after reviewing available literature on
the subject and assessing the effect of cover oropping under
Adelaide conditions, an attempt is made to determine the nature and
extent of competition for the various factors, particularly light,
by studying the microclimate and the growth of clover beneath wheat
orops sown in various ways, While studying the effect of the
cover orop on the pasturs, the effect of the pasture on the cover

orop was also taken into consideration.
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2,0,0, LITERATURE REVIEW

In this section undersowing as an agrieultural practice
and the present opinion of it in various comntries will be
surveyed, and the literature on experimental studies examined
%o assess the effect of the cover crop on the pasture species
and vice versa, Light and its availability under Adelaide
oconditions under different types of cover orops and its messure-

ments will be dealt with in detail,

2,1,0 Undcrsom as an agrioultural practice

Undersowing is a long established practice in nearly sll
the temperate, sub-temperate and ¥editerranean countries.

In England the climate is moiat throughout the growing
Beason, At least up to the first quarter of this century all
Pastures were established by undersowing usually te wheat, barley
or oats and very occasionally rye, the cover orop being harvested
for grain, In adddtion to the econcmic return from the cover
orop, the practice was widely adopted because the cereal was
SUpposed to protect the pasture seedlings in the winter and suppress
weed growth. Davies (1945) considered that the system is satisfac-
tory for short duration leys of rye grass and red clover, but
Tisky in long rotation pastures unless the cover orop is grased
or snsiled, In the South West of England, where summer rainfall
is high, grazing the crop early is practised and is highly successful,



7.

In the drier districts of South East England failure or poor
ostablistment of the pasture undersown to cereals was observed by

Jones, Jones and Jones (1948). Williams and Jones (1949) observed

that in East Anglia (another dry ares) spring sowing under a cereal
or autumn sowing under winter wheat resulted in unsatisfactory
establishment of subterranean clover, Garner (1955) studying the
establistment of leys in the Cambridge fens noted that undersowing
was satisfactory in wet years and disastrous in dry years, In
Northamptonshire Tristram (1956) obtained best results when
lucerne was drilled alone, edding that annual weeds in the stand
could be overcome with fertility adjustments.

The summer climate of Scotland is similar to that of
England with good rainfall from April to October. The annual
rainfell varies from 30" in the East t§ 80" in the West, Summer
drought is considersd exoeptional, Jones (1945) , discussing the
establishment of sown pestures, stated that pasture seeds are sown
With a cereal cover orop and there is little difficulty in getting
008 establishment, Any fatlure is due to heavy growth and/or
lodging of the cereal. On this point Pritchett (1950) showed that
With high nitrogen there would be heavier growth of the cereal
which 4n turn would cause greater shade on the clover thus reducing
its growth, an aspect which will be discussed later. Heddle (1948)
working in the east of Scotland observed that a heavy application

°f nitrogen to a mixed crop of barley with Italian rye grass and
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broad red clover resulted in complete failure of the clover. In
West Scotland seed mixtures are normally sown broadcast under
oats and according to Hunt (1954) failures are rare; summer
rainfall is sufficient for the development of both grass and
oats,

The climate of Wales is wetter than that of other parts
of the United Kingdom, with rainfall well distributed over the
growing season, The annual rainfall varies from 50" in the
lowlands to 80" in the uplands, with the Eastern border receiving
between 30 and 35", According to Thomas (1945) experimental
evidence in Wales showed better establisiment in the sbsence of
& cover crop, Cereals harvested for silage or graged early make
Successful cover orops. |

According to Kernohan, Williams and Howe (19.8)
8rass and glover in Ireland are usually sown under a cover orop
of oats or barley, and establishment is fairly satisfactory.

Here again, rainfell is high.

In the United Kingdom and Ireland recent work on this
Practice appear to show, however, that establishment of pasture
would be better if no cover orop iz used,

The practioe is wide spread in other European countries
also, Sghwanborn and Proler (1949) reviewing methods of herbage
Production in Scandinavia recorded that sowing of red clover in

8Pring cereals (barley) is suiteble. They consider that the cover
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orop should not be thick and only moderate smounts of nitrogen
should be applied. Except in Demmark pasture sowing in an
sutumn sown cereal is also practised. Lier (1925) recommended
spring sowing in cereal for Norway as autumn sowing is risky;
while Nilsson and Erricson (1935) recommended sowing in spring
céreals and harvesting early.

Sowing under winter or spring cereals is very con'on
in France, Xhatchadorian (1951) reccsmended that temporary
Pastures sown on bare ground or with Italian rye grass would
give better stands especially in dry years than when sown under
& oereal cover orop. Voisin (1960) stated that even though
there is a reduction in pasture yleld, the cover crop pays off,
but pointed out that lodging of cereal causes poor swards,
Application of nitrogen caused lodging of the cereal, and if
the pasture is sown late into a cereal crop smothering will ocour,
Yolkart (1934) working in Switserland considered from experimental
evidence that even though the pasture establishment was poor in
Cover oropping it was of significance only in the first pasture
Joar where he observed a mean reduction of 12.6%; the reduction
thereatter was only 2.%%.

The practice is widely employed in Russia particularly
in the South Rast (Kudssey 1940) and in the Ufs province
Q?Mik_in 1941) . It is also practised in Hungary (Bittera 1935
04 Gruber 1936). In the Itelian plains (Qlive 1948) lucerne used

t
© be undersown to wheat but now the practice is abandoned and
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the seeds are sown alone.

In the United States of America cover cropping is common,
particularly in the high rainfall aress (Montgomery 1928 and Hughes
&nd Hanson 1957).

In the North Great Plains where the rainfall ranges from
10" in the North-West to 27" in the South-East, Rogler (19.5)
recommended the use of flax in the West and spring cereals in the
East both sown at reduced rates, In the North Central States whers
the rainfall is favourable throughout the growing season 75% of
the grass and legume seedings ere carried out with cereals,
Ahlgren (1945) considered that the cereal protects the pasture or
forage seedlings from wind and water erosion during the slow
establishment, oontrols weed growth and provides an economic return
during the year of sesding, Working in Ohio Willard et al. (1934)

showed that autumn sown cereals protect early spring sown forage
from freesing.

In the Pacific North Western States where the rainfall
ranges from 100" along the coast to 10" inland Schoth (1945)
Considered that .coier oropping is used to advantage where the soll
moiature is satisfactory.

The North Eastern States (Sprague and Hein 1945) are humid
with about 40" rainfall which is well distributed. In the Southern
balf of this region where orop rotation is practised timothy is

drilled in with winter cereals, In the following spring the clovers
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are sown brosdcast into the wheat., In the Northern half a spring
cereal may or may not be used., In areas not suited for rotational
cropping a spring cover crop may or may not be used.

In the South Eastern States with rainfall of 45 - 60"
(m 19L45) thers is no general agreement as to the use of cover
orops, It is considered desirable in weedy lands but harmful in
dry areas due to competition for moisture. When cover orop is
used the rate of sowing should not be more than half the normal
rate and should be cut when soil moisture become deficient,

In Austrelie arable agriculture is largely restricted to
the southern coastal belt, South of a line from Canarvon to
Sydney winter rainfall predominates with maximum plant growth in
September and October, Davies and Christian (1945), reviewing
Pasture establishment, stated that pasture is sometimes somn with
the lagt cereal crop in the rotation but did not consider it e
€004 practice, Lucerne is also esteblished with a cereal crop sown
2t & low rete and imvariably the growth is retarded aue to
competition for soil moisture, Teakle (1957) investigating the
establishment of lucerns at Biloela, Queensland, concluded that
the wheat cover orop proteots the lucerne seedling to some axtent
from frost, In the Victorian Mallee (Webb 1944) a cover orcp of
wheat at low rates helped to prevent sand drift and checked weeds

in establishing lucerne. Morrow, Killeen and Bath (1948) afiter

extensive investigations at Rutherglen, Victoria, concluded that

wheat yields were higher in wheat - clover ley rotations, when
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the clover was sown with the last cereal crop, than in fallow -
wheat cropping. Cook (1941) reviewing the establisiment of lucerme
with cover crops in South Australia considered that the rate of
sowing of the wheat depends on the rainfall of the districts; in
low rainfall srees it would be advisable to dispense with the
cereal, Both Cook (1941) and Angove (1942 and 1952) consider the
use of gover crop in areas lisble to drift sand advantageous in
lucerne establishment. Schraeder (191,9) stated that good éstablish—
ment of lucerne was obtained in the Murray Plains when sown with
wheat in April, Best establishments were recorded in we! years.
Cook (1947) dealing with the establisiment of anmual clovers, medica
and grassés stated that successful establishments were obtained
when a cereal cover crop was used.

In New Zealand (Department of Agriculture Bull, 220,
1956) the practice is confined to arable districts in short rotation
Pastures, Commonly used cover crops are wheat, oats, barle;, rye,
flax, turnips, rape and mustard., Flax, wheat and other crops with
minimum of flag are more satisfaotory than crops which produce more
shade, Considercble success has been obtained with Monigomery red
clover when sown with wheat early in spring. Brougham (1954)
8tudying the use of barley as a cover crop to provide winter feed
at Palmerston North concluded that barley adversely affected spring
growth of pasture without increasing the feed available in winter,
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2+.1.1« Conclusion

In nearly all the pasture producing countries of the
world, undersowing is frequently practised, Except in a few
isolated cases the practice is not actively encouraged, while in
dry areas it is definitely discouraged, because of the competition
for soil moisture., It would appear then that the most important
factor in undersowing is soil moisture, Very little attention has
been given to mitrient competition, perhaps because it is difficult
to isolate mutrient competition from soil moisture except under
controlled experimental conditions, The shade cast by the cover
orop on the pasture has also received some attention, This factor
operates under all conditions; and would be more so where the
growth of the cereal is favoured, both by soil moisture and rutrient
supply,

This review also shows that the success of the practice
depends to some extent on the type of pasture that is undersown.
Permanent pastures of perennial species seem to be affected more
than annual species, This may be because regrowth of perennial
species depend on the mmber of plants that are established at the
end of the season of sowing while in the case of the annual species
the regrowth would depend on the seed produced, Unless the
enviromental conditions were so bad that all plants of a species
died without any seeds being produced, a plant would usually produce

some seeds; those in favourable positions would produce more, and
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and with normal scattering of the aeeds a stand of some sort would
be produced in the next season. In other words, the reduced growth
of the amnual species would result in reduced production of seeds
and this would result in less dense stands in the next season,

but the effect would be lost with time as this thin stand grows

and covers the area, A further bad effect on the perennial species
may be that the plants may not have reached a stage of development

in which they cen overcome the ensuing dry period and do not
persist,

2.2,0 The phenomenon of competition

From the preceeding section it is obvious that the
Presence of the cover crop reduces the growth of the pasture, a
result of competition between the cover orop and the pasture species,
To paraphrase Clements et al (1929) "Competition is & purely
Physical precess”. In this case "competition arises from the
reaction” of the cover crop "upon the physiocal factors about it end
the effect of these modified factors upon the" pasture species,
Conversely the pasture plants would react and modify the faotors
about them and this would effect the growth of the cover orop.
Competition would arise for soil moisture, mtrients and light as

800n &8 one or more of them are in supply below the combined

requirement of the assoeiation.
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2.3.0. The effect of the cover crop on the undersown pasture

2.3.,1, Competition for soil moisture

Very little work has been done to ascertain the
extent and mods of competition for soil moisture, Pavlychenko
&nd Harrington (1934) studying competition between cereals and
weeds among which some were grasses (e.g. crested wheat gross)
showed that the cereal roots from the time of germination tg
maturity have a greater horisontal spread and penetrate to deeper
layers than the weeds. ‘'his spread gave the cereals the ability
to draw their water requirements from a large volume of soil, This
8lso caused the upper layers of the soil to be exhausted of
moisture, thus leaving the shallower rooted weeds in dry soil,

Companion orops differ in their ability to alter the

molsture conditions of the soil. Klebesadel and Smith (1959)

working with winter wheat and rye, spring wheat and barley and pess
found that the winter cereals depleted the soil moisture faster
than the spring cereals, and winter rye more so than winter wheat.
When yield and establishment of legumes under these orops were
considered there was greater reduction from the winter cereals than
from the spring crops, Stahler (1946) attempted to study the
behaviour of 5041 moisture under different orops and weed infesta-
tions but could not attribute the failure of weed growth under
certain crops to limitation of available so0il moisture because when

the orop was removea weeds began to grow with normal vigour, He
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also found that moisture content of the soils under the various crops
did not drop below 157, which amount was however sufficient for the
growth of both orops, Staniforth (1948) studying the effect of soil
moisture on the growth of soybeans and weeds, carried out experiments
with soybeans grown alone and with weeds, The weeds were removed

et various stages of the growth of the soybeans, and a renge of
moisture treatments was imposed, There was very little difference
due to presence or absence of weeds in the yield of soybeans.
Pritohett and Nelson (1951) pointed out that when moisture is adequate
the cover orop would grow faster and shade the pasture, Scott (1960)
subjected mixed and pure stands of lucerne and two ceresls (grain
sorghum and maize) to four levels of simulated drought and found no
significant evidence of serious competition between crops for soil
moisture. Klebesadel and Smith (1960) found that longer the ocat
oover orop remained uncut the greater was the depletion of available

80il moisture and less dense the stand of lucerne beneath them.

2,32, Competition for mitrients
Plants compets for nutrients as well as for soil

moisture. XKurtz et al. (1952) pointéd out that competition would
osour mainly for mobile substances like soil moisture and nitrogen.
These workers showed that in sbeemce of nitrogen fertilisation and
irrigation corn yields deoreased by about 757 due to an undersown
forage crop but in the presence of both nitrogen and water ths reduo-

tion was only 127, Unfortunately no data were collected by them
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with respeot to the growth of the intercrop. Scott (1960)
atudying the uptake of potassium by lucerne grown alone and in
combination with sorghum at two levels of available soil potassium
found total K in tops of lucerne grown alone to be higher than in
that grown in association with sorghum, The lucerne was eight
weeks old at the time of sampling. This work suggests that
there oould be competition for mutrients other than nitrogen.
This is further supported by the findings of Vergris et al. (1953
and 1955) that inoreased application of phosphatic fertilisers
resulted in greater growth of weeds and decreased yields of corn.
They ooncluded that most weeds could extraot phosphorus usually
unavailable to crop plants, It is diffioult to generalize how
the pasture species would behave in this respect, but it is
reasonable to assume that different species would extract to
Varying extent the various mutrients from the soil. Pritchett
2nd Nelson (1951) showed that in presence of adequate nitrogen
the cover orop grew better and cast more shade on the forage
seedlings than at low nitrogen, Charles (1961) showed that when
N was applied to Italian rye grass/red clover mixture undersown
to spring oats, the grass ylelded higher than in the sbsence of
N while the reverse was true with clover,

It is well known that legumes could with the aid of the
todule bacteria fix nitrogen and hence when legumes are undersown

to cereals they should not be sericusly affected by competition
for nitrogen,
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243¢3s Competition for Light
Unlike soil moisture and nutrients, which plants

draw from a "reserve", light energy is instantaneous and has to be
interoepted and utilised instantly or is lost for plant growth
(Donald 1961). 1In this respeot the foliage has to be exposed

to inocoming radiation and the stature of the associates assumes
importance, Cereals are usually taller than the more leafy pasture
species, and this would result in the pasture being shaded by the
cereal and hence growing more slowly.

It was not till recently that the importance of light
intensity in the growth of orops was appreciated. It was
generally believed that since the incoming rediation was usually
of & higher intensity than that required for the optimum rate of
Photosynthesis of detached leaves, there would be no shortage of
light energy for the growth of a crop. Blagk (1955) reviewing
the literature on light intensity and orop growth showed how
reduction in the intensity of dsylight reduces the growth of orops.

The first attempt at studying the effect of shade cast
by the cover orop on pasture species was mede by Klages in 1935.
He meagured the light intensity above the leaves of alfalfa and
red clover growing under various cover oropé and found & very close
positive rehtiomhip between light intensity end vigour of the
legumes. An exception was hemp, under whioh the light intensity
compared to the other cover orops was high but the vigour of

legmes was low., This was explained by him as being due to
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competition for soil moisture, Godel (1935) Pavlychenko and

Harrington (1934), Rademacher (1940) and Stahler (1918)
demonstrated that the shade cast by coreal crops would retard
and in some cases climinate weed growth, Rademacher further
pointed out that a orop which could cause shading early in its
growth and maintain this shading over long period not only at
ground level but also throughout its profile, would be much more
efficient in reducing weed growth, Stahler obtained similar
results, In the present context such crops would seriously
reduce the growth of pasture species,

Stahler (1948) was probably the first to record chenge
in 1ight intensity beneath a crop throughout the growing period.
For various crops he showed that there were three distinct phases
in the emount of 1ight received at ground level. From planting
there was & gradual reduction ti11 a low value is reached; then
8 phase in which the 1ight intensity remains at this low level
for a pericd of time and then as leaves dry and the orop mature
@ phase of gradual inorease in the amount of 1ight received at
ground level, Easentially the same pattern was recorded by Black
(1952) and Kisbesadal and smith (1955). Stahler in eddition
recorded 1ight intensity at aifferent times of the day (8 a.m.,
10 a.m., 12 noon, 2 p.m, and pem.). Bula et al, made their
light measurements between 10 a.m, and 2 p,m, while Klebesadel

end Smith recorded between 10 a.m. and 3 pem. exclusive of the

hour from noon and 1 p.m,
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None of these works specify the direction of the rows
¢f the crops studied, nor the exact position in which the
measurements were made (directly beneath the rows or at some
Position in the space betwsen rows)., Rademacher appears to have
made his measurements between rows, Bula et al., have worked with
TOWS running E - W and measured along the interspace between rows,
for they say "three readings were made down a row from east to
west and three were made in a different row from west to east."
Drill width is rarely specified and it could well vary from
country to country and within a country from region to region.

Pritchett and Nelson (1951) studied the growth of
leguminous seedlings in a greenhouse, using five intensities of
light which they considered to be normally encountered in undere
Sowing, They found that dry matter production decreased with s
decrease in the intensity of light and that the growth of roots
were affected more than the shoots, Root nodulation also
deoreased with decrease in the 1light intensity. Similar results
were obtained by Gist and Mott (1957 and 1958), Bula et al. (1959)

Bula (1960) and Rhykerd et a1, (1960), Reduced light intensities
had the

greatest effect on birdsfoot trefoil followed by ladino
clover, red clover and alfalfa, In a field experiment, Peters

(1961) showed that thess legumes bsheved in similar mamner whenm
undersown to a cever orop of oats. Tossel and Pulkerson (1960}

found that red eclover and timothy were most sensitive, alfalfa
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and orcherd grass less so and brome grass least when undersown
to a cover crop. Dibbern (1947) studied growth of different
clones of Bromus innermis at 100, 46, 14 and 55 of sunlight and
found that all dones died at the lowest light intensity studied
while 10 and 17 clones survived under 4L and 467 sunlight

respectively, showing that some clones would tolerate shading

compared to others,

2¢3.4. Indirect effects and interaction of factors

The foregoing review concentrated mainly on the
effect of the various factors for which plants compete. In
practice g change in one factor affects the response of the plants
to others,

Pritchett and Nelson (1951) showed that with incresse in
nitrogen level the cover crop produced more herbage which in turn
produce greater shade and thus reduced the amount of light

available to the undersown pasture. Gist and Mott (1957) studying

the interaction of soil moisture, light and temperature on the
growth of alfalfa, red olover and birdsfoot trefoil seedlings
showed that seedlings responded to moisture only when light

intensity was adequate. Burton et al. (1959) studying levels of

light intensity ang nitrogen on the yield of coastal Bermuda grass
(QZEEQEE.QEQEﬂEEQ concluded that in full sunlight treatments
recelving 600 1bs, N,/acre yielded higher than those receiving

200 1bs, N./acre, while the reverse wes true under 297 of sunlight.



The response to any level of nitrogen was lower at 295 sunlight
than at 1007,

2.3.5. Qther factors
In addition to the factors already discussed,

other factors may be involved, Rademacher (1940) showed that when
weed seeds wero sown with cereals their germination was reduced in
comparison to pure sown controls in pots, He further showed that
the reduction in germination was greater with rye than with wheat,
1t is therefore possible that when pasture species are sown with
cereals there would be reduced germination resulting in a reduced
stand to start with.

Another important factor is depth of sowing, Cereals
ére normally drilled at depths of about 41" and if the pasture
Species are also drilled at the same depth there would be lesser
emergence than when they are sown at shallower depths. In Adelaids
(Waite Inst, Ann, Rep. 1941-12) it was shown that establishment of
lucerne and subterranean clover under cover orops was better when
Planted at " depth than at 1", Lueck et al.(1949) found
establishment of brome grass sown at or less than 1" depth to

establish better stands than those planted deeper than 1",
2.3.6. Conclusion

From the above discussion it would appear that under all
circumstances the cover crop is likely to reduce the growth of
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pasture species, purely by its morphology both above and below
the 80il surface. Above the soil surface the leaves are held

at greater heights and thereby have priority for the intercep-
tion of incoming radiation, to the detriment of the smaller
pasture species, Below the soil surface the cover crop, by
virtue of its large root system would be able to absorb moisture
and nutrients, This advantage of the spreading and deep
Penetrating root system helps the cover crop not only in exhaust-
ing the s0il faster at the shallowsr layers and causing dry
conditions for the pasture species, but also in obtaining
moisture and mutrients from lower layers, In this manner the
cover orop would be able to continue its growth and progressively
shede the pasturs species when soil moisture is low, as in dry
Teglons, or when mutrients are low, as in less fertile soils.
Even when these two factors are present in adequate supply the
GOVer orcp would still reduce the growth of the pasturs by the
shade it casts, and under the reduced light intensity the pasture
would not be able fully to utilise other factors.

2e4e0s  Agronamic practices aimed at reducirg the competition
Mﬂw

Various methods have been adopted to reduce the competi~

tion from the cover crop, the chief among them being :=
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(1) Time of sowing
(11) Early removal of the cover orop
(i1i) Type of cover crop
(iv) Rate of sowing of cover erop
(v) Row spacing

(vi) Row direction

2el4e1, Time of sowing

Nearly all recormendations on undersowing stress the
importance of sowing the two orops at the same time., When pasture
is sown in spring into autumn sown cereals there would be greater
competition ang consequent reduction in growth of the pasture,
Eendleton (1957) obtained more successful stands of alfalfa when
band seeded with winter wheat in the fall then when it was broad-
cast into the wheat crop in the following spring. In countries
Mith sutumn and spring sowing of orops, seeding with spring crops
&ppears to be prefersble. Foth et al, (1961) sowed a mixture of
brome grass ang lucerne in autumn with wheat » in spring into
autumn sown wheat ang in spring with oats and found that autumn
sowing of the pasture mixture gave lowest ylelds followed by
SPring sowing into autumn sown wheat, In this conmestion the work
of Xlebesadel and Smith (1959) on the 1ight and soil moisture

status beneath different orops would explain the advantage of
8pring seeding,
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24442, Early removal of the gover orop

Because of the many failures encountered in
cover cropping, attempts have been made to remove the cover crop
8% & stage earlier than maturity, such as by grasing, and/or

outting for hay or silage. (Griffith 1934; Thather et al 1937

and Dgvies 1952) Bates (1946) considered that grazing early to
remove the cover crop would be injurious to the pasture seedlings
and m (1954) showed that using a cover crop of barley to

provide winter feed only led to reduced growth of the pasture in

the spring and summer, Klebesadel and Smith (1960) removed an

oat cover orop at various steges of its growth and found that
the later the cover orop was removed, the poorer the stand of
the legume,
Removal of the cover crop at the hay stage would change

the enviromment of the pasture species drastically and this mey

adversely affect their growth, Pritchett and Nelson (1951)
transferred 8eedlings of legumes grown under reduced light
intensities to the Open and could not find any deleterious effects,
but as they pointed out there could be other factors involved,
.-?E'_m (1950) carried out a gimilar oxporhent with svbterranean
clover and 414 not observe cny bad effects either. As Elack (1955)

comments the problem needs more extensive investigations under
field conditions,
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2ehe3e Iype of Cover Crop

Different species and different varieties
possess varying extents of competitive ability. Crops with the
least amounts of leaves, small stature and stiff straw Neisen
1960) are prefersble es cover crop in that they cast the leest
amount of shade, Klebesadel and Smith (1959) showed that winter
oats reduced 1ight and soll moisture beneath it more than winter
vheat, Collister and Kremer (1952) obtained a negative
correlation between height of oat varieties and yield of clover
beneath them, while recognising effect of competition for soil

mo’sture and mutrients., However Smith et al (1954) studying the

establishment of legumes under four varieties of oats could not
obtain significant aifference over a four year period, Bula et al.
(1954) found no aifference in the 1ight intensity beneath five

varieties of oats and there was no difference in the mmber of

legumes per upit area beneath them,

2olpolye Rate of sowing of the cover orop

The majority of recommendations on cover
Oropping advocate the use of cereals at rates leas than normal
(Znemenskii 1939 ang Ryeikov 1941). Smith et al. (1954) found

no inorease in legume stand wiiu decrease in rate of ocats on heavy
80ils where weed growth was heavy at the low rates of ocats, On a

sandy soil however there was sonsiderable improvement in the legume
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stand at the low rates of oats., The asuthors attribute the overall
low legume establishment on the sand to soil moisture stress and
the better stands at lower rates of the cover crop to less severe

competition for soil moisture, Tossel and Fulkerson (1960)

studying establishment of grasses and legumes under nine rates of
oats (O to J bush./scre at 1 bush. increments) at 7" row spacing
concluded that 4% bush/acre oats allowed the esteblishment of more
and vigorous alfalfa plants than did 2} bush./acre., the normal

rate of sowing in Ontario., Bula et al. (1954) studying light
intensity beneath Clinton oats at different rates of sowing obtained
higher light values in low rates at the early stages of growth but
later there was very little difference. They attributed the lack of
difference to inoreased growth of weeds with decreased rates of
sowing of oats, so that the combined canopy of oets and weeds

becams similer at all rates of oats sown, This is supported by
their data on the total yield of oats and weeds where there was no
significant difference. The yield of legumes was not significantly
different between rates of sowing of oats, nor was there a consistent
trend, In both years (1949 and 1950) rain fall was ample end it
would have been interesting to see whether the light intensity

and the yield of legumes would have responded to rates of sowing

of cover orop had there besn no weeds. Temner and Peterson (1960)
measured the fraction of light received at the 80ll surface beneeth

eorn orops to that above it, spaced LO" apart. For rates of 13000,
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16000 and 22000 plants/acre the fraction of light received between
7 a.m, and 5 p,m, were 0,27, 0,26 and 0,18 respectively.

From these studies it may be concluded that legume
establishment would be better under reduced rates of cover crop,
particularly when soil moisture is limiting, When soil moisture is
adequate thers do not appear to b;?ggfference due to the rate‘of
the cover Srop sown, and perhaps because under these circumstances
the suppression would be mainly due to the shade cast by the cover
°rop. This factor, particularly at the conventional row spacing

of about 7" for small grain crops, would not change materially
with the rate of sowing,

2e4e5, Row spaging
When the space between rows of the cover crop
Was inoreased, better establishment of the undersown pasture hes
frequently been noticed. Most of the studies were oarried out in

the United States of America, either with oats or corn.

Hughes and Nelson (1919) obtained increasing number of
elfalfa and brome grass seedlings per 1000 em>, with incresse in

the row space of oats from 7 to 21". Similar results were

htained by Pondleton end Dungan (1953) in 1959 when rainfall in
Yay and June was below average, but not in 1951 and 1952 where
rainfall in those months was adequate. Harper (1946) also observed

better establistment of Melilotus &lba in 155" than in 7" spaced

Tows, particularly in dry years. Stringfield and Thatcher (1951)

Soheller and Larson (1955) Pendleton et al, (1957) and Tesar (1957
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all working with different spacings of corn found that there was
an increase in forage establishment with inorease in the row space,
particularly in dry yenars,

Tanner and I'sterson (1960) measured the fraction of light
received at soil surface beneath the crop to the total above #t in
corn rows spaced 40, 60 and 80" with similar number of plants/acre
and obtained values of 0,26, 0,31 and 0,4l respectively,

Schaller end Lerson (1955) observed better establishment
between rows of corn than beneath the rows and Tesar (1957) recorded
Do establishment of legumes 81" on either side of the rows of corn
and an increase in the mmber of plants from 84" to the mid position
in 140, 60 ang 80" spaced corn rows, Haymes et al. (1959) studying
"proximity effeoct" of corn on alfalfa found that the shoo%;a of the
legume were affsoted upto 20" from the base of the corn rows. The
effect on roots (diameter of spread) extended 3" further in 12"
drilled rows and 42 x 42" hills than in any of the other patterns
of plantings. These observations on the available light and the

"Proxinity effect* would explain the edvantage recordsd in
establishment of pasture and forage seedlings in wide spaced rows

of cover orops. That there was no improvement in the establishment
with wider spacing of the cover crop when rainfall was satiafactory
would be rather diffioult to explain on the findings of Tanner et al.
(1960) on the aveilavle light energy., This however will be

considered under the hext section, These findings would explain

the recommendations of Kudasev (1940), Korjakina ard Zurukin (1950)
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Schindler (1944) who recoumended sowing of pasture and cover crop
in elternate rowe3 whick in effect is doubling the row width

of the cover orop compured to normal sowing and drilling the pasture
along the middle of the imterapace.

2.446. Row direotion
Kislev (1936) observed that cross sowing at 5"

8pacing was better than in the same direction. He considered that
Cross sowing would provide a better light micro-climate to the
Plents, which wouwld result in better utilisation of soil moisture and
nitrogen, Kilcher and Heinrichs (1960) obtained better establishment
of pasture when sown at right angles to the rows of cereals than
when the two orops vere sown on the same row. Contrary to this,
Yersinin (1945) concluded that sowing of olover and timothy between
rows of cover orop instead of broadcasting them or sowing scross
the rows resulted in quick establishment of planté which were able
to withstang drought and other severe conditions better.

Fendleton et al. (1957) recorded better establishment of
legumes between corn rows planted north - south than in an east =

vest direction, Larson and Willis (1957) studied the establishment

of legumes ip varying spacing and direction of corn rows. They

concluded that in 80" spaced rows running E ~ ¥ the mmber of legumes

Per 8q. ft. inoreased with an increase in the distance from south

of the row, Soil moisture increased and 30il temperature decreased

in that direction., The light intensity measured at normal incidence
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4" above the so0il surface decreased in the sare direction (Fige 1)
There was no arpreciable difference in the light intensity with time
of measurement (10 a.m., 1 p.m. and L p.m.). In similarly spaced
N < S rows the mean scil temperature was slichtly higher on the
immediate western side end the soil moisture followed & reve: :e
pattern, The light measurements followed the same pettern as did
the 501} temperature., Light intensities in LO" spaced rows were
Siniler in both directions while those in 60" spaced rows were
intermediate between those recorded for &0" and LO" rows. They
also concluded that legume establishment was more uniform in ¥ - §
Tows then in & - W rows. That there was little difference between

40" spaced rows is supported by the findings of Tanner and Peterson

(1960) who cbserved 0.27 and 0,28 of total light in N - S and T -
" rows of corn at 40" spacing respectively,

It is interesting to note that in the 30" spaced & = W
rows legume growth was positively correlated to soil moisture and
hegatively to the amount of light received. The soil temperature
during the period of +.. experiment was very high [90°F) and the
3eéacon was very dry, and under the circumstances the heating effect

of the sun probably far exceeded the photosynthetic advantage, This
%23 again noted with the western side of N - § rows; the authors
claim that the afternoon sun caused greater heating on that side -

at a time when the air temperature was high - than in the morning

on the eastern side, The assumption that growth of undersown



Fig. 1. Percentage daylight, L" above ground level between
rows of corn at different times of the day,

(After Lerson and Willis, 1957).
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legumes was determined by available soil moisture in these
experizents is supported by tie findings of Krietemeyer (1955,
quoted by Larson and 7illis) who observed poor growth on the
immediate eastern sid: of N - § rows which corresponded with the
region of maximum shade in a season where rainfall was plentiful,
That is, when soil moisture was not limiting the growth was
related to the amount of light available,

Ce540, After effects
The effect of the cover crop on the undersown

pesture would be of economic importance only in the year the pasture
is being utilised, When either due to soil moisture or shade there
had been no establishment at a1l in the year of sowing there could
be no pasture growth in the following year, but where some starnd
was established the growth and yield in the following year would
depend on the density - yield relationship, At the early stages of
regrowth the yield of a pasture would be linearly related to the

density of the stand, but with time the same ceiling yield would be

reached (Dopald 1951), If the pasture is needed for utilisation

early in the following season, a high density would be necessary,

although eventually there would be little difference in the
available,

feed
Two other important factors are weed growth in thip

stands and the relative Proportion of the pasture species (e.g.
grass and clover),

Tossel and Fulkerson (1960) , studying the effect of vary-
M

ing rates of octs on the establishment of undersown pasture species,
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could not find a relationshin between the number and vizour of
elfalfa plants established in the fall of the year of seeding and
the hay yield at the early stages of the following season. They
concluded : "This is probably due to the fact that in all years

& good level of estezblistment was obtained, probably a level

high enough to provide the plant populetion needed for satisfactory
hay yields." Schaller and Larson (1955) recorded mumber of plants,
Yield cf hay and ;i weeds in hay of an alfalfa - red olover - timothy

mixture in the year following establishment (Table 1) which

Table |

The establishment, yield and weed growth in pastures in the year
after undersowing to corn at two specings,
(After Schaller and Larson 1955)

Row Width Plant./Sq, Ft. Hay Teeds
Alfelfa | Red | Timotny |ToBs/Ac.| % of Totel
Clover
w 5.‘.. 0.8 2.5 0.92 55
8 102 | 24 | 26 | 175 18

illustrates the effect of corn spacing on the establishment and growth
of undersown pasture. The mixture was sown in June 1953 and

establistment counts made in April 1954, showed that there was an

inorease in the mmber of legume plants per sq. ft. with increase

in row width of corn, but not in the mmber of grass plants, Hay

¥ield also incrsased with spacing and there was less weed growth
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in 80" than in ,0" spaced corn rows, probably due to a denser

stand of pasture.

246,0, Effect of the Hasture on the cover orop

Undersown pastureas would compete with the cover crop
for soil moisture, nutrients and even light, depending on the
relative stature of the two crops. Charles (1958) reviewed the
avallable literature and concluded that the effect on the cereal
depended on the type of pasture species undersown, The various

groups of pasture species and their effect on the cover erop are

shown below ;-

Pasture type Effect on Cover Crop

Grain yield Straw yield
Legumes Little or none Little or none
Grass/Legume ¥ix, Slight reduction Slight reduction
Grass Low to marked reduction

From the evidence presented it appears that when legumes are under-
sown to small grain cereals they would not be competing for nitrogen
even if they do not release sufficient nitrOgen &t the right tine
for utilisation by the cover orop. The grass species on the other
hand would compete for nitrogen with the cover crops, and the

competition would inorease with increase of the stature and growth
rate of the ;-

a8s ooncernsd; when the cover orop and the pasture
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species assume similar stature then competition for light would
also be & significant factor. In most instances where the yield
of %the cover crop was reduced competition for soil moisture was
also of significance {.vans 1933).

Charles (1960 and 1962) studying the effect of undersown
pastures on spring oats found that Italian rye graas reduced ihe
straw yield and panicle mumber partiocularly when nitrogen was
epplied. Kurte et al. (1952) tound that in absence of nitrogen
erd irrigation forage growth depressed the yield of cornm, but in
the presence of both factors thers was no redustion, Similar results

were obtained by Stivers (1956) with ladino olover and nitrogen
fertilisation,

2.7.0, Rats of sowing, row spacing and direction on the yield
of orops.

Of the various methods adopteéd to improve the establish=
ment of the undersown pasture species, the decrease in the rate of
8owing, inorease in the space between rows and the direction of the
rows of the cover crops were the most important. These factors
must have some effect on the yield of the cover crops,

Holliday (1960) has reviewed the literature on yield and
Plant population. For the present purpose let it be asmmed that
the optimum area per plant for maximum production per acre is a
fquare, Haynes and Sayre (1956) working with 4ndividual rows of

eorn at varying spacing showed that with decrease in the within-

Tow distance betwsen plants there was an increase in the extension
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of roots into the interspace at right angles to the rows. This
root extension would in some measure ensble the plants to utilise
more efficiently the soil factor., But when the row space is
widened beyond the optimum area necessary per plant then the soil
factor will not be utilised to the full,

While root extension with inerease in inter-row space
end decrease in intra~row space would contribute to maintaining
maximm yields per aore, no data are available to show to what
extent the merial enviromment (e.g. light) would be utilised,
There is no evidence on the extension of the shoot system under
the seme circumstances as already discussed for root extension.
If proportionate spread in the shoot system does not ocour, the
light evailable for photosynthesis may be limiting and yield per
aore would fall below the maximum as row spase increased and/or
rate of sowing decreased,

It ia also necessary to reconsider whether the rate of
sowing pow adopted in the various countries is optimal since the
work of Tossel and Fulkerson (1960) in Ontario ani that of Thomas
and Cariss (1951) 4in West Australis would show that aonsiderable
reduction in the rate of sowing would result 4n no loss of vield,

The influence of row direction on the establishment
and growth of undersown pasture has been pointed out earlier,
Perekaljskii (1951) with wheat, Abe and Takalaski (1957) with

Potatoes, Pendleton and Dungan (1958) with oats and Secreiber (1961)

with sugar beet obtained higher yields when the crops were planted



in North - South rows than in East - West, These workers all
attributed the higher yield in planting in N = S rows to better
illumination which enabled the plants to utilise the soil factors
more efficiently, However, very little informetion is available
on the illumination between N - S and & - W rows of orops.
Pendleton and Dungan (1958) showed that the difference between

N - S and E - ¥ rows increased with increase in the inter-row-
space of *the crops, Screiber (1961) observed that at lesser row
spacing (16 and 22") the N - S was superior to % - ¥ but at 28"
spacing the E « 7 row ylelded higher than N - S, Tanner and

Peterson (1960) measuring radiation received beneath corrn crops

found 1little difference between N - S and E - U’ rows at L0 spacing,

Similar results were obtained by Larson and "illis (1957) for 4O

spaced corn rows, but at wider spacings (60 and 80") there was over—

all increase and uniformity in N - S thea in E - 7 rows.

2.8,0, Conclusions

This review has shown that methods of sowing markedly
affect the establishment and growth of undersown pasture species,
In the main, the verious methods tried had been either to decrease
the density of the cover crops or to arrange the relative positions
of the two crops so as to reduce the competition between them,
Soil moisture appears to be the most important factor in the success
of undersowing and light baoomo:important when soil moisture is in

sufficient sunply, Very 1ittle or no consideration hed been given



36,

to nutriert competition between the two orops, Unless the
reduction in esteblishment is very severe, a moderately low stand
would be eble to yield as much as a high density stand in subsequent
years. The yield in the following year and the proportion of the
components needs more detailed study, partioularly with anmual
spscles where their regrowth depends on the seeds produced anu not

on the number of plants established as in perennial species,
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3040, Ti¥ PROGRAYME OF INVESTICATION

Bl
The effect of undersowing and subsequent growth and yield

of pestures in a "Mediterranean" climate have rot been previously
studied in detail. Experiment 1 measured these effects during the
course of the growth of the crops and attempted to assess the

available soil moiature and light under the various treatments in
the year of sowing; the regrowth and yield of the pastures in the

ar
first pasture/was slso followed,

Since wheat and pasture species are of different stature
the former would be expected to reduce the light available to the
latter, and the extent of that reduction would depend on the rate of
sowing, space between rows and row direction, In experiment 2 and
2A 1light profiles were measured at regular intervals, The light
Penetrating a orop would depend on the distribution of plant
material available for interception; the leaf area distribution of
these wheat orops were therefore measured in vertical and lateral
layers, As an encillary projeot the experiments were sampled at
intervals to follow the growth and yield of wheat,

The 1ight available at various positions within rows of
123

" wheat orops vary considerably depending on the distance between

rows and the direotion of the rows, Experiments 3 and 3A were

Planted to measure the growth of olover sown in rows at various
positione relative to wheat rows spaced 14" apart imn both N - S
and E - W directions,
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Finally in Experiment ) the optimum rate of sowing of
wheat at 14" spacing and N-S direotion for the satisfactory growth
of clover was studied. An attempt wes also made to relats the
growth of the clover at the various positions to the light energy

received at those positions and the leaf area distribution of the

wheat crops,
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L4s0.,0, NATERTAL AND YETHODS

Four field experiments were undertaken during the
growing seasons of 1960 and 1961. Experiment 1 was planted in May

1960 and after observations were ocompleted in that year was carried

over into the 1961 season,

Lela0, Description of the fielda.
Letels 1960 Exporiment

Experiment 1 was planted in the Waite Institute
Field ¥.5., where the s0il has been desoribed by Litchfield (1954)
88 "red brown earth usually with 10" or more of top so0il of fine
sandy loam texture, a prismatic structured clay subsoil and a
caloarsous deep subsoil transition from top soil to subsoil
marked but rather difuse° free from gravel o* stonez. (Urrbrae
series A-1)". This field was sown to paature in 1953 with
Wimmera rye grass (Lolium rigidum, Gaud.) end subterranean clover

(Trifolium subterraneum L,) with 2 owt, superphosphate/acre, It

remained under pasture for the next three years during which tire
1t received 1 owt. superphosphate/acre/year. In 1957 it was left
fallow and in the following year was planted to rows of vheat and
‘barley in a selection experiment, during which no fertiliser was
applied. In 1955 it was again left fallow,

hele2. 1961 Experiments

Experiments 2, 3 and L were planted in field 7.l
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the s0il of vhich ir oo the same type as %hat of 7,5, This field
had beer under pesture from 1954 to 1559, and received 1 cwt,/acre
superphosphate each year. In 1960 it was planted to oats for hay

with 1 cwt,/sore supernhosphate, Dry conditions were experienced

following planting of Lxpts. 2 and 3 and emergence was unsaticfac-
tory, It was decided to abandon them and replant the expsriments

with some modifications in field V.25,

Kost of the soils of ¥,25 is of the same type as Urrlras
series A-1 as in the previous fields except for the South Testern
correr, where portions of Blocks 4 and 5 of Experiment 3 were
situeted, According to Litchfield the soil here corsists of "mosnics
of red brown earth, lime enriched black earths and variable and

mottled snd layered transitional soils; sometimes with variable
stones or gravel; incipient gilgai features may be apparent,”
The field was under pasture from 1956 to 1959 during which time

it received 1 ecwt, superphosphate/acre/year. In 1960 it was planted
to oats for hay, with 1 cwt./acre superphosphate.

Subsequent evorination of the discarded erperiments in
V.4 appeared encouraging end they were allowed to remain in the
Programme so that additional information could be obtained, !urther
reference to these two experiments on the two fields would be as
follows:-

those planted in June in 7,25 as experiments 2 ard 33

those planted in ¥May in T,k nos experinents 2\ ond 3.,
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Le2,0, Planting methods

The fields were ploughed twice at fortnightly intervals
and harrowed once before planting, Finer seed bed preparationa
were not undertaken as there is a risk of surface sealing in these
soils if very wet conditions are experienced immediately after
planting, eonditions which would seriously affect seedling emergence,

The experiments were planted with a standard 14 hoe
drill with arills 7" apart in 1960, Superphosphate was drilled in
with the seeds at 1 cwt,/acre in all experiments except Experiment
4 where the seme amount was broadcast,

Except for Experiments 2A and 34 all others were kept
frea of weeds throughout the growing pericd by hand weeding,
Experiment 4 was irrigated with overhead sprinklers from early
October to maturity; all other Experiments received only the
normal rainfall. The 1960 rainfall was favourable while that of
1961 was relatively less 80, and finisned early, The monthly
rainfall for the two years and the monthly mean over 37 years
(1961 inclusive) for the Waite Institute are shown in Table 2, In
all experiments the variety of whest used was Gabo;

grass was rye

grass (Lolium rigidum Gaud.); and the legume was subterranean clover

(Crifolium subterraneum L.) var. Bacohus Marsh,

443.0, Harvest methods

All experiments were harvested at frequent intervals so that
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the progress of coupetition could be studicd. "o tL.i

&)

erd all plots
were Civideou into sections and for eac): hervest the secticn to Le

harvested was chocen at random. Ir the chosen sechi 1y, the cenvral

reglon was harvestec lcaving arecas on ell sides to el:minate berder

effects, The plants were cut at ground level and placed in labeiled
paper bags. They were then taken to the laboratory, where the total
sanple of any species was sufficiently small af'ter sub sampling for

other determinations (described later) to te mage, Samples were

placed in an oven at 3¢ and left taere for 24 hours to ¢ry before
being weighed to determine dry matter yield., ‘‘here hLowever the

total fresh suuple was large they were weighed and a weighed ryupe

sumple was oven dried,

Sub samples were taen to determine tiller weight, leaf

weight, stem weight and leaf area messurements. in 21l experiments

the finad barvest iucluded waeat grain ylelds uctermined by ‘hreshing
a8 weighed sul

ciple in addition to dr;- matter yield estimatione,
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in some experinents weliznt, lengih, number of fertile spikelets

and head/straw retios were also determined,

LelidO, Leaf distribuiion measurements

In 1960 leaf area measurements and leaf area index
calculations were mede as a single factor without considering leaf
distribution, In 1961 e technique was ceveloped to measure the
distribution of leaf area along the height and breadth of the rows
of wheat crops. Immediately after the main sanple of the harvest
had been taken a rectangular board of masonite with grid lines
merking out 13 horizontal strips of 3", and into vertiocal strips
3" each labelled A to E, allowing for 17:" spread between rows of
crops, This board was placed not more than 3" behind a row of
orop from the end of the row after the main sampling., Care was
teken not to disturb the leaves and tillers while placing the
board in position. (Plate 1). It was then centred so that the
central vertical strip C was direotly behini the plants on the row,
A metal frame divided into rectangular grids with cross wires wes
Placed in front of the row, and the board and the frame were then
brought together to hold the leaves and tillers in position beiweesn
them; +the edges were then clamped with welding clips, The tillers
that were so held between the board and the frame were cut off at
ground level, The assembly was then taken awey from the plot and

the leaves and stems within each ractengle were cut with a scalpel



Plate 1, (a) Masonite board with grid lines placed behind the prlants to be sampled

for leaf area distribution measurements,

(b) The metal frame Placed in front and clipped to the board to hold the

leaves in position,
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and pleced in appropriately labelled plastic bags, Two such
composite samples were made for each plot.

The semples were then taken to the laboratory and placed
in a refrigerator for temporary storsge. The material in each bag
was later separated into stems, dead material and leaves, The stems
and dead material were oven dried and leaf areas obtained in the
air flow planimeter (Jenkins 1959) after which they were oven dried
and weighed,

he5.0 Soil moisture measurements

Soil moisture measurements were made in Experiment 1 in
1960, when a one inch Veilmeyer tube was used to obtain samples
between rows at depths of 0=9 and 9-18" of soil, Samplings were
made at fortnightly intervals during the growing season, four samples
being taken in each Plot. The four samples from each depth were
Placed in air tight tins and taken to the laboratory where the
contents of each tin was thoroughly mixed and a subsample of about
200 gns. was weighed, dried in an oven at 105°c for 24 hours and
weighed again to obtain moisture contents,

L.6,0. Light measurements

All light measurements were made with & Weston Illumination

meter Model 756. In 1960 measurements were made within 30 mins, of

mean solar noon (12,15 p.m, Local Standard Time) . Measurements

were made at 3" intervals from ground level to above the orop, These
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series of measurements were repeated at 3" intervals across the
rows commencing fromw the base of a row, FExamination of these dste
showed that the relative illumination were related to the azimuth
of the sun, In the 1960 Experiment, the rows were planted approxi-
mately N-S, and it was observed that asymetry in the light intensity
between 1," spaced rows was related in the main to the time of
measurement. Another contributing factor of lesser significance
was that the rows were 3° West of true North, To eliminate these
errors the 1961 Experiments were planted in strictly N-S and E-¥
directions taking into aceount the magnetic declination which
acoording to Sutton (Personal communication) is 7-7:° West of North
in Adelaide., The True Soler Noon (T.5.N.) was calculated fram the
relationship :-

TeS.Ne = 12 hrs, + 16 min, & Equation of time of day
Based on this, and since shadow movement would not be expected to be
serious iu E-W rows, all messurements in NeS rows were made within
10 mins, of T.S.N.j; while the measurements in E-¥W rows were made
before and after this pediod,

In addition to these measurements at noon, in Experiment
2 similar measurements were made J hours before and after noon, All
these three sets of measurements were made on the same day, and
were repeated at weekiy intervals, At fortnightly intervals,
measurements were made at ground level only at noon beneath and

between rows in all plots of Experiment 2 for the pirpose of



18,

statistical comparison, In Experiment 2A detailed fortnightly
measurements were made only at noon. In Experiment 3 light
measurements were made at fortnightly intervals at noon immediately
above the clover rows and directly above the orop in all plots,
sgain for statistical purposes. No light measurements were made in
Experiment 3A, In Experiment ) detail measurements were made at
T,S.N. at fortnightly intervals, On those occasions hourly readings
conmencing from noon, were made at ground level across the rows to
study the movement of shadow with time of day.

Wherever detailed measurements of light profiles were
made, only one replicate of the experiment was considered, since
the measurements had to be made at T.S.N., In each plot studied
there was soﬁne internal replioation of the measurements, since in
all 7" spaced crops three sets and in 14" orops two seis of measure-

ments were made. Because of this limitation however , the data
could not de treated statistically,

447 40s Details of Exggrinantg

4.7.1. Experiment 4

This Experiment was designed to study the

competition between wheat and undersown pasture in a range of plant-

ing patterns, At the same time data were collected of the soil

moisture status through the growing season and light available for

the growth of the pasturs, Regrowth of the pasture in the following

season was also measured. There were 7 treatments in 5 blocks :-
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T 1 Wheat only at 7" row spacing,

T, Pasture only " " "

T 3 heat and Pasture mixed at 7" spacing

T L Wheat and Pasture in alternate rows at 7" spacing
T5 Wheat only at 14" spacing

T6 Pasture " " * "

T7 Wheat and pasture mixed in 14" spacing,

These are shown diagramatically in Fig, 2,

The drill was set to sow 60 1lbs,/acre wheat and 10 lbs./
acre pasture, when planting at 7" spacing. The rate per acre would
therefore be half when planting at 14" spacing. The pasture seed

Rixture consisted of Wimmera rye grass (Lolium rigidum Gaud,) and
subterranean clover (Trifolium subterranewm L,) var, Bacchus Marsh

in the ratio of 3:2 by weight,

The plots were 15 m. long and 1,75 m, wide (i.e. width of

one 11 hoe drill), A pathway of O.5m., was left between plots, All

plots were planted in an approximately N-S direction although the
significanca of row direction was not appreciated at that time; the

rows were, in fact, only 3° West of True North, The layout is shown
in Figure 3.

When planting this experiment » Tg (pasture only at 11"

spacing) was drilled first, by shutting off completely the wheat box,

and the fertiliser box filled with superphosphate and pasture seed

mixture to feed the "odd number" hoes and superphosphate only teo



Fige 2, Diagram of the treatments of Experiment 1, (The spacing

of plants along the rows is not representative)
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Fig. 3. Layout of Experiment 1-
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feed the "even mmber" hoes, When the 5 Blocks were drilled with
this treatment the wheat box was turned on and by allowing only
the "0dd mmber" hoes to plant, T, (wheat and pasture mixed at 14"
spacing) was drilled, After that those compartments of the

fertiliser box containing the mixture of fertiliser and pasture

seeds were emptied, cleaned and filled with superphosphate only

to drill Ty (wheat only at 14), Following this the superphosphate
in "even mumber" compartments were emptied and filled with the

fertiliser seed mixture and Thv(vheat and pasture alternate at 7")

was drilled. Then the remaining compartments of the fertiliser

box containing superphosphate only were exptied and filled with the

mixture and by oampletely shutting off the wheat box T, (pasture

only at 7") was planted. By allowing all the hoes of the wheat box

also to plant Ts (wheat and pasture mixea at ™)
completing thia

was drilled., On

the fertiliser box was again emptied und filled with
superphosphate only and with all the

hoes of both boxes planting
T1 (wheat only at 7") was drilled,

The drill was set to deliver 1 owt. superphosphate/acre,

When phosphate only in some hoes and the mixture in the others

wers sown there may have been some difference

fertiliser applied along the rows, The

in the amount of the
field had, however,
received considerable quantities of phosphatic fertilisers over the

years, and any such differences would not be serious,

At emergence it was noticed that the central row of
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pasture in Th was not sown in all Blocks due to some blockage
of that hoe during planting and they were hand sown; however,

during harvesting this row and the central row in all other

treatments were discarded,

Zach Plot was divided into 9 harvest areas 1,25 m. long,
separated by 0,5 m. of border area, In the 5 treatments with
pasture a group of three adjacent harvest sections were selected

at random and were left for observations in the 1961 season,

The remaining 6 sections were randomly allocated for harvesting

in 1960, At the first four harvest ocoasions, herbage yields of

the three apecies were determined, At the fifth ocossion, the

grain yield of wheat also was estimated, On the sixth ococasion

only seed yields of the pasture species were obtained, The

harvest dates ang stage of growth of wheat were as followss=

Harvest Date Stage of wheat
1 8 leat
2 Eé/ ; lnthem sis
3 17/10 ' Milk atage
& 1/11 Dough stage
5 1;/12 Hature
6 9/1/64 Stubble

In the first three treatments, the

outermost rows on
either aide of the plots and the

ocentre row were discarded ana the
remaining eight rows harvested, while in the last three ('1'5 € and 7,)
i

In Tk the

5, 6 and7) and for pasture, fouwr rows

four rows were harvested, omitting the two outer rows,

wheat wags harvested as 4n T



52,

were harvested omitting the centre row, It should be noted that
the harvesting was based on unit aree, eight rows being harvested

in 7" row spaced treatments and four rows in 14" row space, This

can be summarised as follows:=
harvested
T1, 2 and 3 (7 row space) 8 rows es

T, (alternate rows of wheat and pasture at 7*)
b }, rows of each

TS. 6 and 7 (14" row space) l, Tows

At the first harvest the three species were harvested
separately, and the plants counted, In subsequent harvests they
were harvested as wheat and pasture; the pesture samples wers then
separated into grass and legume, After the firth harvest s and when
8ll pasture seeds had been shed, the wheat was harvested and the

whole experiment grazed down with & flock of sheep to remove the

stubble. In those treatments including pasture, seeds of grass

and clover were collected from two 1 ft, square quadrats placed at

random on the 6th harvest seotion, All meterial ir~1-ding the
e '3:,,, 5

801l to the depth of seed burial ‘_pré collected and the two sub~

samples bulked for each plot, They were then cleaned as far as

possible and yleld of grass ang clover seeds obtained,

The plots were then left undistrubed and with the
in early April 1964, the pasture seeds germinated,
using a 3" core sampler,

rainsg
On April 1,

Scoreaianonotacorcsuchwithr

distance between cores were taken per plot. The position of the
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rows were seleoted at random, From each of these cores the
number of grass and clover seedlings were counted,

Further growth of these plots showed severe nitrogen
deficiency and on May 48, each plot was divided into north and
south halves, Ore half selected at random received a top dressing
of urea at 1 owt./acre. With the imposition of the nitrogen

treatment the experiment took the form of a 5 x 2 split plot design
with 5 replications,

Each subplot was then divided into four harvest sections,
25 om, long and 1 m, broad, with border strips 20 cm. between

harvest sections and 50 om, along the sides, On the dates of

harvesting, a metal quadrat wes placed over ths area to be sampled

and all plant materigl within the quadrat was removed, At the

first harvest the total fresh materiel was separated into grass and

legume fractions which were then dried in an oven to determine ary

natter produotion, At subsequent harvests the fresh materiasl was

too large to be dried in its entirely, and after veirhing to obtain

fresh weight, a subsample of 250 gns. was separated into grass ang

clover and dried. Total dry weight was then determined from the

ratio of fresh to dry weight of the subsample and fresh weight,

hel.24 Experiments 2 and 24

These experiments were Planted to study the 1ight

microclimate in wheet cropc planted at different denaitiea,
88 might be

such
used when sown with pasture species, In particular it
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was intended to relate the light profiles to the distribution
of the leaf area of the wheat and, in addition, the effect of
these Planting densities on wheat yields, In these experiments
two directions of sowing (N-$ and T}, two rates of sowing (60
and 30 1bs,/acrs) end twqf:;auoings (7 and 14") were studied on
& 2x 2x 2 split plot design with five replicates, The two
directions of sowing formed the main plots and the four
combinations of rates and spacings formed the subplots, The

four combinations of rates end spacings gave the following seed
Populations:-

Irsatment Rate Spaging Seeds (1bs,/acre) No, of seeds
Rer m, row length
D 1 60 ™ 60 28
D2 30 ™ 30 14
D, 60 14" 30 . 28
%, 30 14" 15 1
The

first combinatiop (D1) would represent the normal method eof

80wing wheat in South Austraiia, D2 and l)3 would have the same

mmber of plants/asre but differ in the number of plants per unit

length of the Tow, The directions of the rows were determined with

& compass ang corrected for magnetic declimation,
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Experiment 2A was planted on 12 ¥ay, 1961 in Vaite
Institute Field W), and Experiment 2 four weeks later on 9 Juns ’
in Field W25, Even though the design and layout were similar in
both instances they were separately randomised, The layout of
Experiment 2 is shown in Fige L.

The mein plots were 6 m, apart, this space being necessary
for the manipulstion of the tractor. The subplots were 10 m, long
end 1,25 m, wide (width of one § hoe drill), There was 0,25 m,
Space between subplots. Each subplot was divided into harvest
8reas with border strips as in the previous experiment, The length

of the harvest area was 1 m. Five harvest areas were allowed for,

&lthough not all were used in Experiment 2A., Harvesting was based

°n unit number of rows, i.e, in 14" spaced treatments 3 rows each a
matre long were harvested omitting the outer rows; and in 7" spaced
treatments the 3rd, 5th end 7th rows were harvested., This was

done for two reasons 1 firstly the individual hoes of the drill
verisd considerably in their rates of sowing, so that by harvesting
the same rows this scurce of error could be eliminated. Secondly
oonsiderable time was saved in harvesting and handling of the
meterial,

Leaf area messurements e3 described earlier were made at
the first harvest in Expt. 2A

Exptt 20

oy 8nd at the first two harvests in

Originally it had been intended to male such measurements

&t 211 harvests in Expt. 2 but the senescence of nearly all the

'



Fig. 4. Layout of Experiment 2
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leaves between the second and third harveats mede this impossible,

ke7 .3+ Experiments 3 and %A,

These experiments were desigred to study the

effect of wheat on clover planted in rows at different positions

relative to the rows of wheat, and the effect of clover planted in

these ways on the growth and yield of wheat,

The design was & 2 x 6 split plot with 5 replicates, The
main plots were the two directions of sowing, N=S and E-W rows.

Bach mein plot was aivided into 6 zubplots; two were controls of wheat

and clover, both planted at 14" spacing, The other four were wheat

with clover Planted at different positions between the wheat rows.
The wheat in these were planted at 1)" spacing and the distance

between the clover rows waa also 13",
T

The six treatments were :-
4 Vheat only 14" row spacing

T, Clover only 14" row spacing

T3 clover rows 0" from wheat rows (Wixed pl-znt :_ on the

same row) P,
Tk clover rows 33" to right of wheat rows P}%
T5 clover rows 7" to right of wheat rows P7
Tg clover rows 10}" to right of wheat rows PiO%

The positions were relative and determined in the case of E-W rows

by facing east and measuring left to right; end in N-S rows by

facing south and again reading left to right,
of Presentation, in 1line
would be ;-

An alternate form
with that of Larson and \'illis (1957)
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For -7 rows

Clover rows O" socuth of wheat TOows

Fo
Clover rows 3" south of wheat rows P}%
Clover rows 7" south of wheat raws P7
Clover rows 10" south of wheat rows P 104

The scheme of treatments are shown diagrammatically in Fig. 5, end
the layout of Experiment 3 in Fig, 6,

The experiments were planted with a2 9 hoe drill using
1 cwt,/acre superphosphate,
the

In Experiment 3A wheat was sown from
wheat box with the 2nd, L4th and 6th and 8th hoes blocked,

The clover seeds were in a separate
wheat box,

box attacked in front of the

Wheat only plots were sown with the clover box
completely shut off end the olover only plots with the wheat box
shut off, Plots of Po were sown with both boxes feeding orly the

"0dd mumber” hoes, Then the "0dd mmber" hoes were shut off and

"even mmber" hoes were opened in the clover box to plant the

plots of P.,. To plant P}% and P 104 the "even mumber" hoes that

were planting clover were shifteq 35" to the right of the
muber” hoes planting

"odd
wheat, and in any main plot the tractor

was driven in ome direction to plant P}’g and in the opposite

10%° It should be noteq that both

clover seeds were sown at the same depth,

direotion to plant P wheat ang

In Expei'imont 3 the Planting technique was 8ssentially



Fig, 5. Diagram of treatments of Experiments 3 and 3A.

(The spacing of plants along the rows is not

representative)
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Fig. 6. Layout of Experiment 3
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the same except that the clover seeds were led along separate
tubes to allow them to fall onto the ground surface at the
different row positions, This method was adopted so that the
clover seeds could be planted shallower, enabling better establighe
ment, but it involved a risk of spreading the clover seeds and
consequently some inaccuracy of row positiong however, subsequent
establishment showed that this was not serious,

Experiment 3A was planted on May 12, in Waite Ins‘titute
Field W), with wheat at 15 1lbs./acre and clover at 7.5 1bs,/acre,
Experiment 3 was planted on June 9, on field W25 with wheat at
30 1bs./acre and clover at 11 lbs./acre. Each subplot was 11 m,
long and 1,25 m wide with 0,25 m pathway between, They were
divided into harvest sections with border strips 0,5 m, long, When
harvesting, the three centre rows were tsken in the control plots,
and Tj. In the others, wheat was harvested as per control Plots,
The clover harvest consisted of the two centre rows plus one of
the outer rows chosen at random for each plot at esch harvest,
Experiment 3A was harvested on three ocoasions. At the first
harvest both species were harvested, at the second only clover
was hervested, while only wheat was taken at the third, Experiment
3 was harvested on five occasions, While at the first four occasions

both species were harvested, the fifth harvest consisted only of
and

wheat as all the clover had died/disintegrated,
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Le7.4s Experiment I
This was the final experiment undertaken in

this series of investigations, It set out to determine for under-
sown clover the optimum rate of sowing of wheat at q," spacing
end in a N=S direction; to confirm the growth of clover in relation
to their position to the wheat and the effect of the oclover on the
wheat, The design of the experiment was rather complex and the
statistical analysis proceeded in 3 stages.

(1) 4 x 2 split plot design with 5 replicates consisting of
main plots of L rates of wheat with split plots of
presence and absence of oclover,

(41) Randomised block design of 5 levels of wheat on the
growth of olover, Four of these levels of wheat would
be the four wheat clover plots of the previous
arrangement with a 5th plot of clover only,

(4i4) 4 x 4 split plot design with 5 replicates. The four
main plots here would be the wheat - clover subplots
of (i) and the split plots would be the i positions
as in Experiment 3 and 3A, The layout is shown
diagrammatically 4in Fig, 7.
The clover in this experiment was broadcast, and position
P, was a strip 3" wide running 13" on either side of the wheat
rows, P}} would be another strip 3" right of P, and s0 on,

While in Experiment 3 and 3A, where the olover was sown in Tows,



Fig. 7« Layout of Experiment .
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the positions were in effect lines, here, with broadest clover
they were strips, the centre lines of which were comparable to
the rows in Experiments 3 and 34,

The wheat was planted with a 9 hoe drill with the even
number hoes blocked., No fertiliser was drilled in, but all the
plots were Y | cast with superphosphate at 1 owt,/acre, The
clover was broadcast at 50 lbs./aore and was gently raked in,
Each subplot was 5 m, long and 1.25 m. wide, They were divided
into 3 harvest sections, each 1 m. long and separated by border
strips 0.5 m, long.

After the two orops had emerged, quadrats were placed
in the clover plots, one in each of the harvest sections, Each
quadrat was 10" x 28" with cross wired dividing it into 8 atrips
each 10" x 3", The 8 strips would represent an internal replica-
tion of 2, (See Fig. 8 and Plate 2). Since only two rows of
wheat were necessary one of the outer rows was omitted at random,
The quadrats were then placed across the two selected rows sueh
that either the 1st, 2nd or 3rd strip enclosed the outer row of
wheat, Again the position was selected at random. Only those
three strips were permitted to cover the outer row as the fourth
strip would carry the quadrat too far to the edge of the plot,

The three centre rows of wheat were harvested and the clover plants
in each of the sirips were placed in separately labelled paper bags,

Three harvests were taken, in the third of whioch clover was

harvested only for seed yield,



Fig. 8. Diagrem showing a quadrat freame dividing the area between rows

of wheat into positions for harvesting clover,
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Plate 2, (a) General view of one of the undersown subplots
with the quadrats frames for harvesting clover
acroass the rows of wheat,

(b) A close~up view of one quadrat frame in position,
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54040, RESULTS

5¢1¢0e ZIxperiment 4

5¢1e1. Plant mmbers

The number of plants per meter length of row was
counted on two occasions (3 and 1L weeks from sowing). The first
ocoasion was after all specles have emerged and the second was at
the time of first harvest.

Wheat

There was no significant difference in the mmber of wheat
Plants per meter length of row between treatments at either count
or between counts, The mean mumber of plants per meter length of

row at the first count was 11.1 and at the second 10,7,

Grass
At both counts there were highly signifiocant differences

(P < 0,001) between treatments, as shown in Table 3,

Table 3

Mean Number of Lolium Plants/m, length of row

At emergence 18,9 14.8 2343 30.6 19.9
At 1st Harvest 18,2 12.3 19.4 24,6 15.4

¥ean 18.6 13.6 21.4 27.7 177 Seks

The difference between the controls (T2 and TG) and the
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undersown treatments may be attributed to a suppression of establish-
ment of the grass by wheat, but it would be difficult to explain

the big difference within the controls. The only difference between
. these treatments was that in T2 the rows were 7" and in T6 14" apart,
It would be difficult to imagine that at sush an early stage in
growth there was some effect of competition between rows; eon the
other hand, the overall reduction in mmbers at the second count

may be attributed to competition.

Clover
Treatment differences were again significant (P < 0,01) at
both counts and the effect was similar to that of the grass as shown

in Table L. No significant differences were observed beiween counts.

Iable &
Mean mmber of Clover plants/m, length of row

T, TB Ta Tg r., L.S.D. 5%
At emergence 8.5 7.6 9.7 12.6 10.2
At 18t Harvest 9,5 5.3 8.1 13.3 73
Mean 9.1 6.5 8.9 13.0 9.0 2.1
5.1.2, matter vield

At all harvests those treatments sown at the higher
rate of sowing (30 lbs./acre wheat and 10 1bs./ acre pasturs) both
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individually and in combination, ylelded significantly higher

(P < 0,001) than the corresponding treatments with half the rete

of sowing. At the high rate of sowing the yield of the wheat
control was always higher than the pasture control., The combination
of wheat and passture was higher than the wheat control, at the fiyast
four ocoasions, while at the fifth occasion there was no significant
difference, (Fig, 9). At the low rate of sowing, the relationship
was essentially similar to that of the high rate except that the
mixed treatment (T7) was not significantly different from the wheat
control (!'5) except at the fourth harvest ocoasion. In the three
mixed cropping treatments (Tj’ T&- and T7) the 7" spaced treatment
was oonsistently higher than the other two, The alternate row
treatment (Th) was not different from the 14" spaced treatmert (T7)
at the first oocasion, but was higher at the third and fourth
occasion, This increased yield was not significant at the fifth

occasion,

Yield of wheat

At the first harvest occasion the 7" spaced wheat treat-
ments yielded more than the 14" spaced treatments and this difference
between the two groups was maintained throughout the experiment.

At the first ococasion there was no difference between the 7" sontrol
and the 7" mixed treatment, This relationship was maintained till

the third harvest, and at the last two ocoasions the yield of the
control was greater than the mixed treatment, indicating a competitive



Fig., 9. Dry matter yield/n2 of the three species at

successive harvests,
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effect of the undersown pasture on the wheat. Among the 14"
spaced treatments the control always yielded higher than the

two mixed treatments, The difference was alight at the first
occasion, but increased with time, Of the two 14" mixed treat-
ments, that with the two crops on the seme row (T7) vielded
consistently higher than that with the two crops in alternate
rows (Tk) » even though both had the same number of plants per
unit area., In other words where the two orops were in alternate
rows there was greater depression of wheat than when they were
mixed on the seame row,

So far dry matter production has been considered on a
unit area basis, but the effects of competition might be better
understood by studying the yield per plant, Plant oounts were
however made only at the first harvest occasion but a very olose
approximation would be robt&inod by examining the yield per unit
length of row under eech system of cropping (rig. 10).

Considering first the g, dry matter yield per meter
length of row, the mean yield of 7™ spaced treatments were lower
than that for 14" spaced treatments, In the 7" spaced treatments
the yield of the control was higher than that of the mixed treat-
ment at the last two harvest oocasions. The 14" oontrol trestment
was higher than the mixed treatments » and where the pasture was
mixed with the wheat on the same row the yield was higher than
where the two crops grew in alternate rows, It is of interest



Fig. 10. Dry matter yield/m. row length of the three

species at successive harvests.
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(D]
to note that where the crops grew in alternate rows, the yield was

the same in both 14 and 7" treatments till the third harvest
occasion, while et the fourth oeccasion the 14" yielded more than
the 7" treatment; at this harvest, as stated earlier, the 7"
mixed treatment yielded singificantly lower than the 7" control,
This relationship among these three treatments were maintained at

the final harvest,

Yield of égsturo
The yield of pasture in the control treatments was
significantly higher (P < 0,001) than the mixed treatments at
all harvests; and again the 7" spaced control yilelded higher
than the 14" on a 1:00‘:'/1112 basis, Among the mixed treatments, Th
was significantly higher (P < 0,01) than Ty and T, at ell stages.
T‘3 was significantly higher than T., at the first two harvest
occasions, but thereafter the difference was not significant, It
is interesting to note that among the mixed treatments the yield of
wheat in Tl» was the lowest while the yield of pasture was highest.
Considering yield per metre length of row, T6 was higher
than T2 and the relationship between Th and T7 was the same as for
Yield per unit area., The yield of TJ dropped significantly below
that of T7. This difference increased with time, On the whole Th

gave the highest pasture growth among the mixed treatments,



66.

Yield of grasas

Since all pastures in the experiment were grass dominant
throughout, the yield gnd pattern of response of the various
treatments were largely controlled by the grass fraction, =80 that
any description would emount to repetition of the statements made

in the last section,
Yield of clover

Yields of clover in this experiment were very low, The
highest yield recorded was 124.L g/a at the fourth harvest, as
compared to aé yield of 728,2 g/hz of grass for the same treatment
and harvest, Clover in this experiment nﬁs growing under severely
reduced light intensities, being shaded by the gras or by both
grass and wheat. However, even at this low level of growth there
were interesting responses to the various treatments whioh were on
the whole in accordance with the response already recorded for the
pasture,

The control treatments (T, and T ) yielded higher than
the mixed treatments and again T2 was higher than TG’ Among the
mixed treatments there was no significant difference at the first
harvest, While the lack of difference between Tk and T7 may have
been due to the similar corpetitive effect of the associated
species on clover and, that in T3 was more severe, even though T3

had double the number of clover plants/'m2 8till the yield was not
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higher than Tl+ or T7. This relationship however was changed at

the second harvest where there was no difference between T3 and Th
although the yield of T7 was significantly lower, a relationship
evident also at the third oocasion, At the fourth occasion T3 »

T, end T, ylelded 72.3, 6k.9 and 56,0 g/a’ respectively.

In the yield per meter length of row the response of the
olover was different to that of wheat and grass., Of the controls
T, was very much higher than T53 in fact T, was 30 low that
except at the first harvest there was no significant difference
between it and T#. There wes no difference between T3 and T7 at
the first two occasions while at the next two T7 was significantly
greater than Ty (P < 0.05). This aifference was not sigrificant

at the last ocecasion,

Grass elover ratio

The proportion of grass to clover was lower when the
pasture and the wheat were mived in the same row than when the
pasture rows were separated from the wheat rows (Fig. 11). At the
second harvest the ratios of all treatments decreased considerdly
in comparison to that at the first occasion and remsined mere or
less at that level at the third ogcasion, At the fourth oceasion
however T, and T¢ (controls) rose to a high level while TA was
only slighily higher than the previous oceasion, '.l'} and T7 dia

not vary apprecisbly,



Fig, 11. Grass-clover ratios at successive harvests,
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It would appear that in the presence of wheat clover
grows relatively better than grass; 1in other words the grass is
depressed to a greater extent than the clover by wheat. The trend
of T N is not clear in this experiment though it appears to be

intermediate between the controls and the mixed treatments,

5.1030 Slmna_.;:! of gield data

In all treatments the yield at the hat occasion
was lower than at the fourth, as & result of the loss of leaves in
all species end the shedding of seeds in the pasture,

While various changes occurred throughout the growth of
the experiment, the response at the fourth harvest would adequately
sumarise the results of the experiment and elucidate the results of
competition between the two crops,

(1) In total production the 7" mixed treatment was superier
to the 14" mixed and the alternate treatments,
(41) Wheat ylelds were also highest in the 7" mixed treatment.
(i41) Pasture yields were highest in the alternate treatment
and there was little differsnce between the other two,
(4v) The yield of grass was essentially similar to that of

the pasture,

(v) Clover yields were highest in the 7" than in the alternate
treatment and least in the 1i" mixed ireatment, These

relationships are shown diagrammatically in Fig, 12,



Fige 12. Diagram showing the difference between
2
treatments in Dry matter yield/m“ at the

fourth harvest,
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S5elelse Yield componsnts
Theat
Tiller mmbers per plant

There were no significant differences between treatmentsa
8t the first harvest, but the counts made at the final harvest

showed significant differences betwsen treatments (Table 5) e

Table 5

Mean pumber of tillers per wheat plants

T1 23 Ta rs 1'7 L,S,D. 5%

H 5.87  4.36 3,62 5,05 .68 1.13
H 5.15 Loo48 6.12 848 6.7 0.61

In the presence of pasture there was a marked reduction in tiller
numbers, a reduction which was greater in the 14" spaced treatments
than in the 7", These data are in accordance with the dry matter
production of wheat and would to a very great extent explain the
difference in yield observed there, At the last count the number of

sterile tillers were negligible,

Tiller weights

There was a steady inorease in weight per tiller with time,
but there was no significant differences between treatments at any
hervest (Table €). These dats indicate thet the difference in

yield per meter length of row of wheat was not due to difference

in weight per tiller,
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Table 6

S ———

¥ean weight per tiller of wheat at successive harvests

H H H H H

1 2 3 4 5
T1 0.76 2,14 3el2 3498 4020
T, O 7L 1.97 3.67 Le16 Lek9
'J.'k 0.65 2,02 3.67 L.38 L.37
'r7 0.69 1,86 3.42 Leliky Le28
Lo SeDe % ns ns ns ns ns
Leaf area index

The mean L for the various treatments are recorded in

Table 7, Significant differences wers observed between the 7" and

Table 1

Mean L of wheat at successive harvests

B, H, H,
T, 1.09 1.76 0,78
L 1,08 tolily 0.91
T, 0,58 0.82 0.4ty
T5 0.92 1420 0.58
T7 0,74 1,08 0.47

L,S.D. 5% 0,28 0.52 0.32
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14" spaced crops. The depression due to the presence of pasture
wes evident at all harvests and for all treatments except between
the 7" control and mixed treatments at the third harvest, The
depression was more marked in the 14" then in the 7" crops, and

among the former more so in the alternate then the mixed treatment,

Grain yield

The 7" spaced control yielded higher than the 14" control,
Within the 7" spaced treatments yields were significantly reduced
by the presence of the pasture.Within the 14" spaced wheat crops
the control was superior (not significantly) to the mixed treat-
ment, but was significantly higher than the alternate row treat-

ment (Table 8),

Table 8

Grain yield of wheat

- T L.S.D,
T, T Th T, 7 5%

G/a2  481.78  363.01  252.19  333.38  281.15  112.86

G/m row
length 84.52  63.66 88,48 116,93 98,25 17.61

These yield figures are in accordance with the dry matter
production recorded for wheat, showing a depression due to presence
of pasture, which is higher in 1," spaced treatments when the pesture

is between rather than beneath the rows of wheat, The extent of
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depression is clearly seen on the basis of yield per meter length
of row, Since the increased yields of T5 did not ocompensate for +the
reduction in the number of rows, the utilisation of the land must
have been inefficient when wheat was planted in 14" spacing as
compared to 7", The depression due to pasture was greater in 7"
spaced crops (24,7%) +han in 41" spaced orops (16,07, and it is
interesting to note that the yileld of 7" control was not
significantly different from the alternate row treatment, If both
these two treatments were considered to be basically 44" spaced
wheat orops, with another row of wheat alternating in T1 and &
row of pasture in Th’ then it would appear that the row of pasture
was g8 effective as the row of wheat in competing with the basio

rows of wheat; Th was 2,.%5 less thankTs.

Weight per grain

Significant differences were observed in 1000 grain weight
between the control and mixed treatments with 7" spacing, dut there
was no difference between the corresponding 14" spaced treatments,
The alternate row treatment gave the lowest weight and was
significantly lower than either of the controls (Table 9)

Table 3
1000 grain weight of wheat

1, 13 rk 1'5 T7 L.S.D. 5%

43.30 41,32 40,16 42,32 42,01, 1.78
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Grass

Iiller mumbers per plant

At the first harvest, the only occasion where tiller
nunbers could be estimated with any acouracy, there were no
8ignificant differences between the two control treatments, The
three mixed treatments were not different among themselves but were

significantly lower than the controls, (Table 10),

Zable 10

Mean mmber of tillers per grass plants at the first harvest

T T T T T L.S.D. 5%

2 3 N . 6 7

15439 9.63 8.80 15.11 6.53 372

The reduction ir tiller mmbers due tc the presence of wheat was
quite evident, Earlier it was recorded that thera was & large
reduction in the mmbers of grass plants due o the presence of
wheat and with this reduction in tiller mmbers the reduced yields
recorded for grass in assooistion with wheat could be largely

explained,

Tiller weights

No significent dirferences were observed between treatments
at the first harvest., At the fourth occasion, howaver, in the 7"

spaced treatments the tillers from the mixed treatment weighed
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significantly less than (P < 0.05) the control, This difference
was evident at the first two occasions also, though not signifie-
cant, (Teble 11); a similar trend between the oontrol end mixed

14" spaced trestments was evident, No data were recorded at the

Table 14

Mean weight per tiller of grass at successive harvests

H, H, 35 H‘+

T, 0,079 0,212 0,52, .77
T3 0.058 0,176 0.555 0,616
'131+ 0,083 0.225 0,509 0,718
T6 0,062 0,185 0.554, 0,631
T7 0,075 04168 0,464 0.576
L.3S.D, % as ns ns 0.127

fifth harvest due to uneven shedding of seeds., Here again - as in
the ocase of the wheat - the difforence beiweeu tiller weights would

not account for the big differences between treatments in herbage

yields,

Leaf area index

The L of the mixed treatments were significantly lower
than the corresponding control treatments. The depression due to



the wheat wes ¢rester ir tha 7" spaced treatments than in tre 41",

Among the latter the mired treatment was reduced muech more than the

alternating treatment (Table 12)

¥ean L. of grass at successive hervests

H1 H2 H3
T2 0.94 Rl 2.0L
T5 0,36 0,78 0,6l
T& Oolly el Oe9L
T6 0,707 1,62 1eli9
T7 0.25 0.€0 0,67

L.S.D, 57  0.23 0.63 0,53

Seed yields (Grass)
The relationship between treatments in seed yields were
similar to that obtained in herbage production (Taeble 13).

Highest yield was obtained in7" eontrol treatment,

Table 13

¥ean Yield of Grass g/m2

80,31 39,75 55433 65.72 43.66 9496
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Of the mixed treatments the highest yield was obtained in Th'
establishing the superiority of this treatment in as much as growth

of grass in undersowing is concerned.

Clover

Leaf ares index

The effectshere were similar +o that observed with the

grass (Table 42).
Iable 1L

Mean L of clover at suocessive harvests

1 2
Tz 0421 0.80
T3 0.08 OQkB
T L 0,06 0.56
'r6 0.40 0.63
.22
T., 0,05 0

L.S.D. 5  0.04 ns

Seed yield (Clover

Trends similur to that observed with grass seed yields

were evident though not significant in the case of the clover (Table

15) .
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Table 15

¥ean Seed Yield of Clover g/hz

T2 T3 T# T6 T7

3.53 2027 3058 3.){14. 2.1&-1 n.s.

5s%9e5. So0il ¥oisture
Soil moisture determinatiors were made in all
plots et two depths (O - 9" end 9 =18") {rom the time of planting
to maturity, (Fig. 13).

There were no significant differences in percentage soil
moisture between treatments et either depths except st the last
occasion (24,/xi) where at O - 9" some differences were observed,
On this occasion (Table 16) those plots with wheat were higher than
the pastuce controls. Prior to this determination there had been
some rain,2,75 inches from 12/xi to 23/xi, by which time a good

Table 16
Mean % so0il moisture at 0 - 9" from 9/ix - 24/xi

Treatments 9/ix 12/x 9/ix 2./xi

T, 20,47 12,10 6,00 10,26
T, 21,41 10,87  L4.83  9.05
Ty 20,48  11.71 433 11.28
Th 20,90 1194 470 10,41
Tg 20,83 12,83  5.63 11.70
T 20,46 11,57 516 9.12

20,38 12,95  5.95 9.38

3
~N o




Fig. 13. Percentage s0il moisture at depths of O-9*
and 9=-18" in the various treatments throughout
the season (1960),
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proportion of the wheat leaves were blown away while a thick
mat of herbage covered the ground in the control pasture plots.
This enabled more water to reach the soil in the plots with wheat

than those of the control pastures, and hence the difference

between these two groups of treatments.

5.1.6, Light intensity

Light intensity from ground level to above the
orops at 3" intervals were measured weekly commencing 12 weeks
from planting in all treatments of Bloek 2, On all occasions
measurements were taken in the same order, commenoing with Plot 8
and ooncluding with Plot 14, In a.ll treatments 12 sets of
measurements were made giving 6 and 3 replications in the 7" and 1)"
spaced treatments respectively, In 7" spaced orops measurements
were made beneath the rows (P,) and mid way between rows (PE) and
in 14" spaced crops beneath the rows (Po) and at 3" intervals

giving three other sets of measurements (Pﬂ" P7 and P1072—) o Measure-
ments were commenced at 12 noon (Looal Standard Time) and completed

by 1 p.m. at the early stages; later in the season a slightly

longer time was taken due to the inorease in the mmber of readings

with inorease in the height of the crops,

Light intensity at ground level in control wheat plots

In both the 7" and 1," wheat treatments the mean percentage

light intensity reaching ground level decreased with time, attaining
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& low level and then, after heading of the crops, rose steadily
(Fig. 14). It has been established by other workers (Stahler

1948; Black 1952 and Klebesadel and Smith 1959) that there are
usually three distinct phases in the light reaching ground level

in cereal crops, Firstly a stage of steady decline, then a

stable low value, which after a time steadily inoreases. The first
and the last stages were clearly evident in this experiment, but

it could hardly be said that the stable stage existed for any
appreciable length of time, particularly in the 7" crop.

It should be noted from Fig. 14 that the 7" crop inter-
oepted more light than the 14" crop at all times, although the
difference between them was not v;ry high, The leaves would be
the main agents of light interception and a comparison of the leaf
area and light reaching ground level would be of interest (Table
17)« Within each spacing the light intensity followed an inverse

Table 17

L.A.I. of wheat and 1ight intensity at ground level at the first
three harvests.

H . H, 33

™ L.A.I. 1.09 1476 0.78
% light 55 30 25

1w LoA.I. 0.92 1,20 0.58
% light 63 40 32




Fig. 1. Mean { daylight end ground level in wheat orops
throughout the season (1960)
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relationship to the L.A.I. except at the third harvest., Here
L.A.I. was a measure of the green leaves only, while the light
was intercepted by the green leaves as well as by dead leaves
and with decrease in total leaf area due to shrinkage and curling
of dead leaves the relative amounts of light intercepted by stems
would also become considerable, At the second harvest maximum
L.A. I, and minimum light intensities were recorded.

The spread of leaves across the rows suggested that
there would be differences in the light intensity reaching the
ground at the various positions between rows, and the mean values
presented in Fig, 1) would not adequately desoribe the light
enviroment, Examining the data for the various positions within
rows (poanap}l_ in 7" andPo,P’i_ , P7andP1o%in1l+" spsoed
crops) showed that in 7" spaced crop P, received less light than
P}% throughout the growth of the orop (Fig, 15). The difference
however was very small at the time of maximum interception.
Similar examination of the data for the 14" orop where the differences
between the various positions should be even more marked showed no
pattern as expected. In Fig, 16 the ¥ light at ground level at
the various positions on four selected occasions are given for T5°
The point of maximum illumination moved eastward till the third
occasion, and on the last returned to the position as at the second

ocoasion, T, was the last treatment (Plot 14) to be measured on

5
all ocoasions and the time was well past True Solar Noon; and the



Fig. 15. Percentage daylight at ground level beneath and

ridway between rows of wheat at 7" spacing.
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Fige 16, Fercentage daylight at ground level at the various

positions relative to the wheat rows in 14" spaced

wheat orop on I, selected dates,
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pattern of light at ground level indicates that the sun was West of

North, The change in the trend on the last occasion was due to

change in T,S.N, whose deviation from Local Standard Time deoreased
to a minimum on the third occasion and then increased at the fourth
and resched the same value as at the second. (see Fige 52). Thus
it cen be concluded that small variations in time of sampling oan have

large effects on relative illumination within the crops.

Light profiles in wheat orops

while the intensity at ground level would give some
information it would not describe the conditions under which an under-
down pasture would grow, For thia purpose three occasions were
selected, one on the decending slope (16/9), one at maximum inter-
ception (30/9) and the other on the ascending slope (25/11) of the
curves presented in Fig, 14. On these dates the i intensity of light
at different heights of the crop in all the positions as described
earlier were plotted and the 20, 40, 60 and 80% isopleths of light
intensity were constructed and are shown in Fig., 17. The asymetry
in the 14" spaced orop was due to the measurements being n§de after
true solar noon,

The mean |, light intensity for the various positions were
Plotted against the heighta.’ The height along the y axis and the
light along the x axis starting with 100% at the origin and decreas-
ing away from it (Fig., 18). This was adopted to incorporate in the

same disgram the shade oones as presented by Rademacher (1940).



Fig. 17. Isopleths of % daylight within 7" and 14" wheat crops

on three selected dates,
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Fig. 18, Profiles of % daylight in 7" and 44" wheat crops

on three selected dates,
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The ourves however would show only half the cones. In both crops

the amount of light intercepted at each height increased appreziasbly
at the second occesion and decreased at the third, The 7" crop
intercepted more light at all heights and at ell times than the 14",
Rademacher (1940) considered that a orop with a shade cone with least
interception and whose interception decreagsed steadily along its
height would not be suitable for suppression of weed growth; the
antithesis of his arguments would therefore be acceptable for the

establishment of pasture undersown to cereal orops. On that basis
the 14" wheat would allow a better growth of the pasture than the 7"
wheat, as was the case in the yield of pasture in the 7" and 14"
mixed oropping treatments, The shape of these curves were similar
to those described by Mitchell end Calder (1956) for pure grass
swards, The light intensity decreased steadily with the depth of
the crop, suggesting an even distribution of the intercepting agents

along the height of the crops.

Light intensity in control pasture gwards

As in the pure wheat plots the light Intensity at ground
level in the coantrol pasture plots decreased steadily with time,
reached a low value which was stable for an appreciable length of
time (6 weeks) and then inoreased steadily. In contrast to the
wheat plots, interoeption in pasture plots was almost complete, The
14" plot intercepted slightly less than the 7" plot (Fige 19).

Except for the first three ocoasions there were no appreciable



Pig. 19. Hean % daylight at ground level in 7" and 14"
pastures throughout the season (1960).
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differences between the various positions., This was due to greater

tillering of the grass and spreading growth of clover, both of

which covered the inter row space almost completely,

Light profile curves for the pasture are presented in Fig, 20,
On the first occasion the curves followed & pattern similar to that

expocted in & pure grass plot (Witohell and Calder 1956). On the

second ovcasion the pattern was unchanged in the 14" plot, while in

the 7" plot there was & low rate of increase in light intensity from

ground le
rate of increase in the first 6" of the swurd may have been dus to

vel to about 6" and then a higher rate of increase. The low

the presence of the majority of the clover leaves at about that height,
the rest of the sward being grass. The absence of a proncunced region
of low interception as might have been expected in a grass/clover
nixture may be due to the very small amounts of clover in the pastures,
On the third occasion both treatments showed three regions in the
1ight profiles, From the top of the pestures there wes a steady
decrease in light intensity till 9" from the ground, then e region

of 3" depth where there was little or no change in interception, and

then steady interception to ground level,

Light intensity in mixed treatments

The pattern of light interception in these treatments closely
followed that of the corresponding control wheat treatments, Inter-
ception was however greater, as would be expected from the presence

of the pasture species. The pattern of light interception is shown



Flg. 20. Profiles of % daylight in 7" and 14" spaced pasture
rows on three selected dates,
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in the profiles for the three treatments at the three selected
occasions in Fig. 21. On all oéoasions the 7" wheat and pasture
nixed treatment intercepted more light than the oorrespbnding
control wheat, but in the other two mixed treatments (T N and T.,)
the interception was greater at the base of the crops, although
above the height of the clover the interception was less than the
‘correaponding control wheat treatment; and more so in the wheat
and pasture alternating treatment than in the wheat and pasture
mixed on the same row,

In the 7" spaced treatments the greater interception by
the mixed treatment over the control may be explained by the
presence of a greater amount of plant material and hence leaf area,
It should be noted that there was only a vefy small reduction in

wheat yleld and L.A,I, in T 3 as compared to T Similerly in the

1
14" mixed treatment there was greater reduction of yield and L.A.I,

of wheat and hence less light interception at the 3", 7" and 10}"
positions, The pasture which was present at the 0" position would
have affected the illumination only in that position where the

wheat itself would have caused a large regulation, In the treatment -
with wheat and pasture in alternate rows, the yield and L;A.I. of
wheat were more reduced by the pasture, but, since the pasture
occupied the 7" position it would have intercepted 2 very high
proportion of the light in that position even if it did not affect
the edjacent 3" and 10{" positions. The situation however could

be explained if it is assumed that the points of meximum illumination



Fige 21, Profiles of ¥ daylight in the mixed treatments
on three seleoted dates,
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were at some distance away from the position of the pasture rows.
It has already been stated that the light measurements in this
experiment were made sometime after true solar noon and the point
of meximum illuminetion had shifted towards Esst and in most
ocoasions had reached the 105" position, On this basis the pattern

of light profiles can be understood.

Percentage light at the surface of the pasture in mixed treatments.

These values were obtained by caloulating the mean % light
immediately above the pasture specles (grass) and are shown in Fig.
22 for the measursments from 16/9 onwards. It is evident that very
much less light reached the pasture surface in the 7" mixed treatment
than in the 14", These curves follow the same pattern as that of
the light intensity at ground level for the control wheat treatments
and it would therefore be reasonsble to assume that from the time of
planting to 16/9 there had been a progressive decrease in light at
the pasture surface, It will be noted that from about mid October
onwards the amount of light at the pasture surface was only 10 less
than full day light, but by this time the orops have attained nsar
maturity and would not have utilised the radiation, At no stage of
growth would the % light at the surface of the pasture indicate the
amount sotually available or utilised by the pasture, A very
considerable portion of the radiation would presumably have been

absorbed by the wheat beneath the pasture surface. It was alse



Fig. 22, Percentage daylight immediately above the pasture
in the mixed treatment {1960),
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noticed from light measurements at ground level that while in the
pure pasture swards there waes almost complete interception during
most of the growing period, there was a considerable amount of
light reaching ground level in the mixed treatments, Hence the
amounts available and utilised by the pastures would have been mich

less,

5e1e7« Regrowth of ture in the follo season (1961
During the 1961 season the regrowth of the pastures
in the five treatments (2 controls and 3 undersown) were followed

to atudy the effect of undersowing.

Se ulat

The pasture seeds germinated with good autumn rains in
late March, 1961 and on April 11, 3" core samples wers taken to
eatimate seedling populations in the va;'ioua treatments. Bach apecies
(rye grass and subterranean olmr)};re counted separately. There
were no significant differencss between treatments in clover popula-
tion, and the mean mumber of clover seedlings was 28 per 32. Ic the
grass the differences were of the same order as obtained with seed
yields, The weight of seeds and mmber of seedlings per n2 are given
in Table 18,

Table 18

Mean weight of seeds and seedling number of grass per na

T, 'r3 rh Tg T7 L.S.D. 5%

Seeds (g/nﬂé) 80,08 39.38 54,78 60,01 L3.45 9.98
Seedlings/m> 37700 11,00 19600 29,00 18200 3650
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Following these counts each plot was divided end one
half received a dressing of ures &t 1 cwt./acre on 18 May. Ths
first harvest was made on 30 Xay, and thereafter three other

harvests were made on 22 June, 28 August and 25 September.

Total dry matter yield of pasture

At the first harvest there was no aignificant difference
between the two control pastures, and they ylielded signifiocantly
higher than those which had been sown with wheat, among which
there was no difference (Fig. 23). In each treatment the applied
nitrogen increased yields significantly, A similar response was
observed at the second harvest, At the third harvest there were
significant diff'erences between treatments, and a small response
to applied nitrogen, At the last harvest all differences had

disappeared,

Yield of zrass
At the first two harvests the yield of grass followed

the same pattern as the total yleld of pasture, At the third
harvest the response to applied nitrogen was much greater than that

recorded for the total yield and this was maintained at the fimal

harvest,

At no stage were significant differences between treatments

recorded, although a trend towards higher yields was evident in the



harvests in the year following establishment (1961) .
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mixed treatments, particularly in '1’3 and T7 as coxpared with the
controls, A similar situation was observed in 1960 also, Nitrogen
had no effect on the yield of clover at the first two harvests, but
significantly decreased yields at the next two harvests, It is
interesting to rote that while there wes no response to added
nitrogen at the final harvest in total production, there was
inoreased yields of grass and decreased yields of clover., This may
almost certainly be attributed to a suppression of clover growth

as a result of the greater shade east by the grass when given
additional nitrogen (Stern 1960)

Since among the treatments the only difference demon-
strated was that between the controls on the one hand and the mixed
treatments on the other, mean yielda of these two groups of treat-
ments both in presence and absence of nitrogen were plotted against
time and are presented in Fig, 24 for grass and clover, The effect
of nitrogen on grass yield at all times is evident and a trend
towards higher yields in the control plots as compared to the mixed
treatments is also evident both in presence and absence of nitrogen,
In the clover however there were no signifiocant differences at the
first two harvests, but a separation into low ylelds in the controls
as against high yields in the mixed treatments regardless of nitrogen
is evident, The relationship between grass and clover growth in
presence and absence of nitrogen is shown in Plate 3 which was taken

prior to the third harvest in one of the mixed treatments,



Fig. 2. Dry matter yield/'m2 of oontrol and undersown pastures

et successive harvests in the year following establishment
(1961) .
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Plate 3, A pasture plot in 1964, Left half did not receive

nitrogen and the right half received ures at
1 owt/acre,
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501.,8. Interim discussion on Experiment 1

The results obtained during the year of planting
showed that the growth of pasture was better in the 14" than in
the 7" spaced wheat, and within the wider spacing when the pasture
was between rows than beneath the rows of wheat. Thera was no
difference in soil moisture under any of the treatments and it is
; oonsidered highly unlikely that there was any shortage of soil
: mtrients, On the other hand light measurements showed that there
was greater interception by the wheat in 7" than in 44" spaced
crops, and hed the measurements been made at true solar noon it
might have been possible to establish that the mid position in
the 14" spaced wheat received a much higher percentage of day light
than beneath the rows, It was also noticed that during the major
portion of the growing season (up to heading) the pasture species
were much shorter than the wheat and it is therefore reasonable
to assumme that they were receiving much less light energy than the
corresponding control swards of pasture, This reduced light alone
would be sufficient to reduce the growth of pasture species regard-
less of competition for other factors, Further, Donald (1958)
stressvd that a plant growing under reduced light is not able to
exploit to the full other factors such as s0il moisture and
mitrients,

Since light would always bde at a reduced level under a
cover orop it is necessary to understand the shade cast by cersal

orops planted at different row spacing, rate of sowing and row
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direction. To this end Zxperiments 2 and 2A were planted.

52,0, Experiments 2 and 2A

These were planted to study the light microclimate within
wheat eropsof differing row directions, row spacing and rate of
sowing; and incldentally the leaf area distribution and the growth
and yield of wheat, The four spacing X rate treatments are

designated as follows for ease of reference:-

60 1bs/acre 7" spacing as D 3
30 L] " 7" ] L D
30 " n 11"" ” "

15 L " 4“‘_'! " ” !

N

& W

5¢2.1. Dry matter yleld, Experiment 2¢

The dry matter produced may be studied in terms
of yield per unit area (g/a®), yleld per unit length of row (&/m
length of row) and finally yield per plant (g/plant), These three
aspects of yleld are presented in Fig, 25 as mean of N-S and E=v#
rows, There were no significant differences between the two row
directions even though from the second harvest orwards the yield
from N-S rows were oonsistently higher than that from the E~¥ rows
as the mean yield per plot would show (Table 19), Though the
differences were small they were consistent and the lack of
significance may have been due to the very low degrees of freedom
of the "error term" (41:4). Another factor may be the high wvariation

between blocks,



Fig. 25. Dry matter yield of the four rate x spacing treat-
ments (Experiment 2),
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Table 19
Kean dry matter yield per plot ( gﬁnz)

H, H, H, H, H,
N-8 L6.8  2,3.9 639.9 646.9 625.5
E-¥W 48.2 233,2 614,8 612.5 587.2
% inorease
of N-5 over =2,8 4.6 348 5¢7 6.5
E-W

Yield per n2
There were very highly significant differences (P < 0,001)

between spacing, with 7" yielding better than 14". Rate of sowing
was very effective at the firs{ harvest but differences decreased
steadily at subsequent harvests., A point of interest was the

higher yield from D2 compared to D Both these trestments had

3.
the same mmber of plants per aore bhut differently arranged.

Yield per meter length of row

Here again the effect of rate of sowing was essentially
the same as per mz. Specing was without effect at the first harvest,
but thereafter was highly significant with 14" spacing being far

superior to 7",

Yield per plant

In contrast to the first experiment where the mmber of
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plants per unit length of row in all treatments was the same, here,
due to differences in the rate of sowing within each spacing the
mmber of plants per unit length of row in the high rate would be
double that in the low rate., Unfortunately no plant counts were |
made in this experiment except at 3 weeks from sowing, but it would
be reasonable to assume that the mortality of plants at the rates
of sowing adopted in this experimont would be negligibles except
perhaps in the 60 lbs/acre 7" spaced treatment, Puckridge (1962)
studying competition among spaced wheat plants (var, Insignia) did
not observe any mortality at the lower densities. There was
however, 185 reduction over the whole growing season in the fourth
density, which was equivalent to the 60 lbs/acre 7" spacing treat-
ment (D1) in this experiment, Wassermann (personal communication)
also working with Insignia wheat at a comparable density found 153
mortality up to the tima of flowering, but practically no reduction
in plots sown at 20 lba/acre. At the time plant counts were made
in this experiment there were 29.) and 15.5 plants per meter length
of row in the 60 and 30 lbs/acre drill set rates of sowing. While
appreciating the possibility of plant mortality and hence its
oonsequence on the effect on the yield of surviving plants, the
weight per plant throughout the experiment is calculated from the
mumber of plants/m row length at the time of emergence.

At the first harvest there was no significant diff'erence

between spacing but the low rate of sowing yielded higher than the
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high rate, a difference that was maintained throughout, A point of
interest was the superiority of the 30 1bs/ecre 7" spacing over the
30 1lbs/acre 44" spacing,

In this experiment there was no increase in dry matter
produced after the third harvest, 19 weeks from sowing. This wes
probably due to the dry conditions experienced from early October
onwards, which would also evplain the low levels of yield and the

lack of the yield-density relationship with tire,

S5e2ee —iller procuction

Mumber of tillers per m2

At the first hervest there was no significant differences
due to row direction, but both spacing and rate of sowing were highly
significant (¥ < 0.,001) . The differences due %o spacing and rate of
sowing were maintained at subsequent harvests. Row direction wes
significant (I < 0.05) at the second and fourth harvests when the
ll=S rows were higher than the E-V rows, In the 60 1bs/acre 7"
spaced treatment there was a steady decrease in the mmber of tillers
up to the third harvest., In the 30 lbs/acre both 7" and 14" spacing
there was very little change with time, while in the 15 1vs/acre 14"
spaced treatment a large increase from the first to the second harvest

was noted, after which tiller mmbers were maintained constant,

Number of tillers per m length of row

Here the relatiorship with spacing was opposite to that in
the previous seotion but was similar as far as rate of sowing was

concernsd,
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Number of tillers per plant

Higher tiller numbers were recorded in the low rate of
sowing than in the high rate and within each rate the 14" spacing
was better than the 7" spacing.

Tiller mumbers followed the same relationship as did the

dry matter production.

Weight per tiller

’ There was no significant difference at any stage due to
row direstion, and mean weights are presented in Fig. 26, At the
first harvest there was no significant difference between treat=
ments. At the second harvest the 14" spaced treatment produced
heavier tillers than the 7" spaced and ths 30 lbs/acre treatments
had heavier tillers thsn the 60 lbs/acre treatments. At the third
harvest Dh recorded the highest weight and D 1 the lowest, D2 and

DB’ both of which had the same number of plants per acre, recorded
similar weights. The relationships at this harvest was maintained
at the fourth and fifth harves$s.

D 4 had the highest mmber of tillers per u2 but the mean
weight per tiller was lowest, and the reverse was true of Dh' In

spite of this the former recorded the highest yield and the latter
the lowest, since the reduction in tiller mmbers was not compen-

sated by a sufficient incresse in tiller weights. The high yield

from D2 oompared to D3 was due to higher number of tillers in that
treatment as there was no difference between the tiller weights

from the two treatgonts.



Pig. 26. Dry wt/tiller in the four Rate x spacing treatments
at successive harvests (Experiment 2),
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50203‘0 _(:r_'ffij,?“l 2§:el_d
There was no significant difflerence due to row

directiors, and mean values are presented in Table 20,

Tetle 20

Tield of crain

D b D n
1 2 b) 4

g/m2 278434 278,18  210.64 196,95
g/m row length  46.74  46.27 35,10  65.65
g/plent 2,92 5.78 Lo10 8420

These follow the seme pattern as the dry mstter yield except thet
the rate of sowing had no effect on yield/bz and meter row length;

and because of this the yield/plant was highly signifioant,

5.2.4. Dry matter vielda of Experiment 24

This experiment, which was planted four weeks before
Experiment 2, was harvested or three occasions and produced some data
which supplemented those of Experiment 2, Firstly, there was &
larger difference between the N-5 and E-W rows which assumed signifi-
cance (D < 0,05) at the second and third harvests. Secondly there
was no difference between D2 and D3 at the firal harvest, The mean
dry matter yleld of K-S and E«l/ rows for the various treatments are

presented in Fig, 27.



Fig. 27, Dry matter yield of the fowr Rate x Spacing treatments

at successive harvests, (Experiment 2A)
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Yield per m

At the first harvest there was no significant difference
between row directions cven though the N=S rows yielded 13.35 higher
than the E-¥ rows, The relationship between spacings and rates of
sowing were as those recorded in the previous experimeat, At the
final harvest the diff'erence due to row direction was significant
at the 57 level, the N-S rows ylelding 10,57 more than the E-¥ rows,
and the 7" spaoing yielding higher than the 14", Within each the
higher rate yielded more than the low rate, so much sc that there
was no difference between D, and D,. Even though row direction was

2 3
significant there was no interaction with spacing or rate of sowing.

Yield per m row length

On the first ocoasion neither row direction nor spacing
had any significant effect and yleld was directly related to rate
of sowing, At the second harvest, there was an overall incresse in
%S rows, significant at the 57 level, 1," spaoing ylelded higher
than the 7" and within each spacing there was some advantage from
the high rate of sowing, At the final harvest essentlally the same

relationship between treatments were obsorved.

Yield per piant
At the first harvest no significant differences were observed,

but at the second ocoasion the low rate and wider spacing yielded

higher, TWhile this was maintained at the final harvest D2 and D5
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yielded the same amounts, showing taut regardless of arrangement

the sarme number of plants finelly approach similar yields,

5¢2¢5. Grain yleld
The grain yield followed a slightly different
pattern to the &ry matter produced at the final harvest., The three

aspects are presented in Table 21, The N=S rows yielded higher than

Table 21

Yield of grain.

D D D D

1 2 3 L
&/n° 351,12 336.6€  349.58  279.61
g/m row length 56,11  56.11 116,52  93.20
g/plant 2.93 5.61 5.83 9.32

the E=W rows, In the yield/n2 there was signifioant difference
between spacing in the dry matter produced with 7" spaeing ylelding
higher than 14" but this was not significant in the grain yleld;
and the diff'erence between rate of aovingr was significant at the
0.17 level for dry matter yield but grain yield was significant
only at the 5% level., Other aspects of grain yield however

followed the same relationship as did the dry matter,

5.2.6., Leaf ares index Experirent 2

At the first two harvests lesf area measurements
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were made to study the vertical and latersl distributions along
the rows. It was the original intention to study the distribution
throughout the growth of the crops, but due to early and sudden
death of the leaves between the secornd and third harvests the

programme wes discontinued.

Total L.

For any harvest total L. was calculated by adding the
various fractions. There was no signifiocant difference beiween
row direotions, and mean values for the treatments are presented in
Table 22, These figures follow the dry matter yield at both
harvests, At the first harvest there were big differences between

Table 22

Mean L. at the first two harvests

D, D, Dy D, L.S.D. 5%

Harvest 1 1,49 1404 0.65 0ul3 0419
Harvest 2 2,69 2,05 1469 1451 0.36

spacings and within each spacing the rates; but at the second harvest
while the difference betwsen spacing was highly significant (P < 0,001)
the rates within the 14" spacing were not significantly different

compared to 7" spacing, though the trend was evident,
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Vertical distribution of leaf ares

As for total L there were no significant differences
between row directions, and the mean values for the four treatments
are presented in Fig, 28, At the first harvest the leafl area
increased with height reaching a maximum between 3 and 6" from the
ground and then decreased steadily in all treatments, At the second
harvest this tendency was evident though leas prcnounbcd, and the
leaf tissue was spread over a greater height of the orop (6—21").

In the 7" spaced orops the maximum was attained between 18 and 21"
while there was no defined maximum region in the 14" spaced corops,
where the leaf area was spread evenly from 6 to 21", At the first
harvest the high rate of sowing had less leaf area in the lower
layers than the low rates, and within each rate of sowing the 7"
spaced rows were less than the 14" spaced rows, This relationship
was completely reversed above the height of maximum leaf area, A
similar trend existed at the second harvest also,

In Table 23 the dead leaves are shown as 5 of the total
of dead and green leaves, There was greater mortality in the closely
spaced treatments than in the widely spaced ones, and within each
spacing more in the high rate of sowing than in the low, There was
higher mortality in the E-IV than in N-S rows though this did not

reach significance.



Fig, 28, Vertioal distribution of leaf area at the first two
harvests,
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Table 23

Dead leaves as & of total weight of leaves at the second harvest

4
D1 D2 D3 Dk L.S.D. F%

N-S rows 9.53 Te33 1493 2.50
F-W rows 11.33 B8.13 6.23 3.66

Mean 10.14-3 7073 5059 5008 20162

Lateral distribution of leaf area

75% of the total leaf area was acsounted for in the centre
strip which covered 1.75" on either side of the rows, This was true
of all treatments at both harvests (Fig, 29). There was iittle
diff'erence betweeﬁ the leaf area on either side of the rows in N=-S
and E-VV rows, At the second harveast however while the difference
in the NS rows was of the same order and direction as at the first
harvest, the southern side had considerably higher amounts than the
northern side in the E~¥ rows, The lateral distribution of leaf
tissue is shown in Plate L for D1 and D3 one week before heading.
This consiatently higher amounts of leaf tissue on the western side
of N-S and southern side of E-W rows would suggest that there was
greater growth on those sides, While this could be real the wind
direction at the time of sampling could influence the results. 1In

the field the leaves and even whole plants could be blown to one



Pig. 29, Lateral distribution of Leaf area at the first two

harvests,
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Plate 4. Showing lateral spread of the plants in Experiment 2 prior to the second harvest,
(a) D, 60 1bs/ecre 7" spacing

(v) I)3 30 1bs/acre 14" spacing.
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side or ithe other by the wind, Cn boti harvest occasions the.wiﬁdyw
was nortlerly varying betweer north eest nnd north west, with an
average speed of 13 mepeh. The wind ~t the time of sampling would be
perticularly effective in the t- rows, where more plant naterial
would be found or the southern side ther on the northern, IFurther-
more the effect of the wind would be greater the taller the plants;
hence the bigger difference at the second harvest then at the first,
Both the vertical and lateral distribution for the various
Ltreatments at the two times of samplings ere presented in Fig, 30 and
31, where L, in each position is showﬁ as histogram covering the
entire lateral distance of the particular position. The adjacent
unhatched row in each treatment is a repetition to reconstruct the
L. distribution in the orop. There was very little leaf beyond
5.25" from the row on either side, giving a waximum spread of 10,5",
even in the 14" spaced crops. This would leave a central region
3,5" wide hetween the rows in 14" spaced ireatments where the light
would be virtually unintercepted at noon in N=S rows, No such region
would exist in the E=¥ rows as the plants would be at right angles to

the sun's rays at noon.

5¢2¢7. Light intensity, “rperiment 2
Detailed light measurements were made at weekly
intervals in Block 3 commenoing eight weeks from planting, On each
occasion measurements were made at True Solar Noon and four hours

before and after. In addition fortnightly measurements were made at
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Leaf area distribution and isopleths of % daylight

at the first harvest,
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Fige 31. Leaf area distribution and isopleths of :; daylight at the second harvest.
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noon beneath and between rows at ground level in all plots of

the Experiment.

Mean light intensity at ground level

In all treatments the ¥ daylight reaching the ground at
noon was higher than at 8 a.m, and 4 p.m, except in the E-W 1"
spaced treatments at the end of the experiment. There was no
difference between the morning and efternoon measurements, The
change in & 1light with time is shown in Fig., 32. The various points
were scattered and the curves were fitted by eye and amoothed to
eliminate irregularities caused by unevenness of the orops, changes
in cloudiness, wind etc. Since there was no difference between
the morning and sfternoon, only the morning measurements are pre-
sented in the figure, In the morning and afternocon the rate of
decrease of light was faster than at noon and reached minimum value
approximately two weeks before the noon measurements, The % light
reaching ground at the time of maximum i.m;erce»ption in the various
treatments are shown in Table 24, There was more light reaching
ground in the 14" spaced treatments than in the 7%, and within each
spacing the low rate of sowing was slightly higher than the high
rate, On the whole there was very little difference between row
direction, particulerly in the 7" spaced treatments, In the 14,"
spaced treatments the N-S rows were higher than the E«W at noon

and lower in the morning and afternoon,



Fige 32. Menn 7 daylight at ground level throughout the season
at the solar noon and four hours before, The curves
were fitted with eye and the actual readings are not

shown, (Data in Appendix 10,3.7. (a) = (b))
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Table 2l
Mean % light reaching ground level at time of maximum interception

Noon (aeme & poms)

¥ean
D, 15.0 2.5
D, 20,0 5.0

K-S |
95 5.0 75
Dl‘_ 42,5 10,0
D 15,0 2.5

1

D, 25,0 5.0
SO T O 17.5
b, 315 20,0

% light at various positions at ground level

North - South rows

There was very little difference between the rates of
sowing within sach spacing in the pattern of the light received
at the various positions and in Fig. 33 the higher rates at the
two spacings are shown, Again there was little difference between
the morning and afternoon measurements, except in the 14" spaced
treatments of N~-S direction where Pl’é‘ and P 10} were in the morning
the reverse of that in the aftermoon, purely due to the change in

the direction of the sun from East to West. In the 14" spaced



Fig. 33. Percentage daylight at the various positions at ground
level in the high rate of sowing in each spacing
throughout the season at solar noon and four hours
before, The curves were fitted with cye and the
actual readings are not shown. (Data in Appendix
10.3.7. (a) ~ ().
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treatment there was very little difference between P, and P 10}

5%

at noon, the mean ourve of which was intermediate to P0 and P7.

Taost « West rows

Here again the pattern of light received at the various
positions were different only between the spacings; the morning
measurements were not different from the afternoon measurements,
and in Fig, 33 the higher rates of sowing at each spacing are
shown, In the 7" spaced treatment P}% received more light than

P. at the early and late stages of growth in the morning. At noon

0
there was very little difference up to the time of the ascending
slope, when P'}% received less light then Pj. In the 14" spaced
treatment, in the morning P, received less light than the rest of
the positions followed by P3% » P7 and P‘lO%' At noon the relation-
ship between thé various positions were inoonsistent and the range
of values detween the lowest and the highest was very narrow
compared to the corresponding N-S row, At the early stages the
relationship between the various positions were similar to that
recorded for the morning,

There was very little difference betwesen N-S and E-W
rows in the various treatments in the pattern of light recorded
in the morning and afternoon but very large differences were
recorded at noon, In the N-S Rows the light at Po steadily reached
a low level and remained at that level for a considerable length of

time and later rose very little, while in the E-W rows the values
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rose sharply, The light at other positions followed a similar

yove o

Lytoos

pattern to that of P, in E-W rows while in the N=S5 rows there wae

0
very large differences between the various positions,

Light profiles
Light profiles on three selected occasions representing

dates on the descending slope (42/8), time of maximm interception
(9/9) and the ascending slope (29/10) are presented in Fig, 3l for
solar noon and four hours before. On the first occasion the light
decreased steadily with increasing depth from the top of the orops,
more light reaching the ground in 44" than in 7" spaced crops; and
within each slightly more in the case of the low than the high rate
of sowing, On the second occasion and in the morning a similar
difference between treatments were observed, but instead of a steady
rate of decrease with depth, after about 2/3 the way down there was
very little further interception, This was very marked in the N-S
rows, At noon the N-S rows showed a rather steady decline in light

with depth, and treatment differences were of the same order as at

the first occasion., There was very little difference among the treat-

ments in E-W rows., The situation at the third occasion was
essentially similar to that at the second except that interception
was uniform through the depth of the orops. Light profiles for
the various positions in 14" spaced 30 1lbs/acre (D) treatment at
the time of maximum interception (9/9) are given in Fig, 35, for

the two directions and at solar noon and four hours after, Any



Fig. 3L. Profiles of mean ;5 daylight on three selected dates.
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differences between directions and positions were mainly at noon,

Isopleths of light intensity

Isopleths of light intensity across the rows for the three
occasions were constructed and are presented in Fig, 36 for
morning and noon, Generally speaking the isopleths in the N=5 rows
at mornings were similar to the E-W rows at noon and the pattern at
morning in the E-W rows being similar to those at noon in N=5 rows.
As might be expected, the isopleths are related to the angle of the
sun and the direction of the rows, the point of maximum illumination
being decided both by the angle of the sun and height and row spacing
of the crops, From these curves it may be concluded that for the
1)" spaced orops in the E~W rows - particularly during the growing
period - more light would be received at Pm& than at any other
and would decrease as P0 was approached; in the N-S rows P7 would
receive the highest, Pﬂ‘ and Pw’,! being equal to each other and
less than P.,. with least illumination at Po. It would also appear
that P0 would receive more light in E-W rows than in N-S rows, all
other positions in N=-S rows would receive more than E-W rows, since
at no time did direct light reach the inter row space. The pattern
of shadow movement in D3 were photographed from noon onwards one

week before heading and are shown in Plate 5,

Light and leaf area distribution

In Figs, 30 and 31 along with the distribution of L, iso-



Fig. 35. Profiles of % daylight at the verious positions in
30 1lbs/acre 14" spaced wheat crops, at the time of

maximum intereeption,
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FPig. 36. Isopleths of % daylight on three selected dates,
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Plate 5., Movement of shadow between rows from solar noon
onwards in 30 lbs/sore 14" spaced wheat a week
prior to heading in Experiment 2.
(a) N-S rows

(b) E-W rows
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pleths of light intensity measured at T.S.N., two days prior to the
date of harvest are presented. As mentioned when leaf distribution
was discussed there was no difference in total L. or its distri-
bution due to row direction, The isopleths of light intensity,
however, varied with row direction, At the second harvest in 7"
spaced crops there was a more even distribution of illumination in
N-S than in E-W rows indicating that at the lower layers the leaves
of the orops would receive more light. In the 4, spaced crops this

was less marked,

Detained analysis of % daylight at ground level,

Light measurements were also made at fortnightly intervals
at noon beneath and between rows in all plots at ground level, and
the percentage values were transformed to angles for statistical

analysis,

Beneath rows

This would represent Po referred to earlier, On the first
occasion (13/8), when there was direct sunlight (6000 F.C.) E-W rows
recorded higher 1ight intensity than N-S rows (Fig. 37). Within the
E-W rows, 14" spaced rows recorded higher ¥} 1light than 7", while
there was no difference among the different specings in N-S rows,
On the second occasion when the sky was overcast (2200 F.C,) there
was no difference either to row direction or to row spacing, On
subsequent occasions the relationship between row direction and

spacing wers as at the first occesion,



Fig. 37. Percentage daylight (transfermed to angles) at

ground level beneath and beiween rows at solar noon,
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Between rows

These would represent P}% and P., in 7"and 14" spaced
orops respectively., On the first occasion higher light intensities
were recorded in N-S than E-W rows, Within the N-S rows the 60 lbs/
aocre 7" spaced orop was much lower than the rest, among which there
was no difference. In the E-W rows the high rate of sowing recorded
less light than the low rate of sowing, At the second occasion
there was no difference due to row direction, and higher light
intensities were recorded in the 14" than in 7" spaced crops., Within
each spacing the low rate was better illuminated than the high rsate,
On subsequent ocoesions the situation encountered at the first date
was generally repeated, '

These data showed firstly that E-W rows received more
light then N=S rows at Po and the N=-S rows received more in mid
positions than the E-W rows and secondly that 14" were superior to
7" spaced rows, There was no difference between row direction under
cloudy conditions, Even though E<W rows recorded more light than
N-S rows at Po the differences were much smaller than between N-S and
E-W rows in the mid positions, On this findings it could be said
that undersown species at P., would receive more light in N-S than in

E=Y rows of cereals,

5e248, Light intensity, Experiment 2A

Fortnightly measurements were made at noon in this

experiment, The &’ 1light reaching ground level followed the saxe



Fig. 36. Mean % daylight at ground level in the various

treatments throughout the season (Experiment 2A).
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pattern as in the previous experiment except that at maximum inter-
ception less light reached ground level and that low level was

maintained for a considerable period (6 weeks in E-W rows) see

Figo 380

5¢2+.9. Interim discussion on the 1light measurements of

Experimentas 2 and 2A.
These experiments in the main established the

difference in the light microclimate within N-S and E-¥ rows of
whegt. In 14" spaced N=5 rows PO would receive the least amount
of light followed by P}% and P10:1;’ P.’ would receive the highest
amounts throughout the growth of the crops. In similarly spaced
E«W rows the pattern depended on the height of the orop, altitude
of the sun and the height above ground under consideration, In the
early stages bf growth, when the crop was short and the altitude
of the sun was low, Po and P}% would be mostly shaded while P10l-
would be virtvally unshaded. As the height of the orop increases,
shade will extend beyond the width of the rows and all positions
will be shaded, This would maintain for most part of the growing
season, The two patterns are shown disgrammatieally in Fig, 39.
Undersown pasture species will always be shaded by the
cereal and regardless of competition for other factors the under-
sown species will be at a disadvantage in that they have to grow
under light microclimates which are substantidly less than full

daylight. It is now well known that the growth of plants will be



Fig. 39. Percentage daylight at ground level at the various
positions in 44" wheat in N-5 and 3-F row directions

over the growing season,
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reduced when the light available is reduced, The growth of the under-
sown species would depend on the amount of light available, The
amount of light received in E-W and N-S rows were different and in
them there were differences between the various positions, Henoe

the growth of the pasture species would vary when undersown in cereals
of differing row direction and to the relative positions the pasture
species ocoupy. To this end Experiments 3 and 3A were planted to
study to what extent the difference in light received at the various
positions in the two row directions would affect the growth of

pasture species,

5¢3.0. Experiments J and JA

These experiments were carried out to atudy the growth of
subterranean 6lover planted in rows at the four positions referred
to in the last two experiments in relation to rows of wheat, both in
the N-S and E-W directions. Expériment 3A was planted on 12 Kay, 1961
with wheat at 15 1lbs./acre 14" spacing and clover at 7,5 lbs./acre
also at the same spaocing. Experiment 3 was planted on 9 June 1964
with wheat at 30 lbs./acre and clover at 11 1lbs./acre, both at 14"
spacing. In addition to the effect of wheat on clover the effect of
clover on wheat was fellowed, Experiment 3A was harvested on three
occasions; on the first occasion both species were harvested while
at the second only clover and on the third only wheat was horvested.
Experiment 3 was harvested on five occasions and on the final occasion

only wheat was sampled,
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5¢3¢4s Experiment 3

(a) Dry matter and grain yield of wheat

Clover had no significant effect on the yield of

wheat at any stage, nor was there any consistent trends. It may
also be noted that there was no effest of direction of row on the
yield,
(b) Dry matter yleld of clover

The control treatments yielded very much more
than the mixed treatments, showing the effect of wheat on clover.
Within the ocontrol treatments the oclover in N-S plots yielded more
then in the E«W, a difference which was significant at the last two
harvests (Fige. 40)., Because of the big difference (Table 25) between
the control and mixed treatments the former was omitted and the yield
of clover was analysed to study the effect of row directions and

positions more precisely.

Table 25

Mean yleld of clover of control and mixed treatments
at successive harvests (g/m

51 H2 115 H3

Control treats. 1.46 79.6, 231,70 165,00
Mixed treats, 8.56 38,45  62.52 52,82




Fig. 4C. Dry matter yield/'m2 of pure clover swards (T2) at

successive harvests,
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Prom the second harvest onwards the mean yield from the
N-S row direction was higher than the E~W, though significant
(P < 0,05) only on the third occasion., The yield data for the
various positions in the two directions are presented in Fig, L1

for the four harvests.

Harvest 4

On this ocoasion all the positions were significantly
different (P < 0,001) from one auother and the Position X Direotion
interaction was also significant (P < 0,05)., The interaction was
asscsiated with the marked increase in Pq at E-W over N~3. P,
recorded lowest yields. In the N-S rows there was very little
difference between PE and P‘lO': and they were much higher than P,
end were similar to the corresponding positions in the B-W direction,

P7 in both directions was much higher than the other positions,

Harvest 2
Similar results to the previous harvest wers recorded. The

difference between the N-S and E-W direction in Po was not significant
at this harvest, The difference between positions within NeS
direction was of the same pattern as at the previous harvest., Within
the E-W direction there was no difference between P7 and P10& and

the difference between these positlions in the N-S direction was not
sufficiently large to bring about a significant Position X Direction

interaction,



FPig. L1. Dry matter yield/'m2 of clover at the various positions
and percentage daylight above the clover, at successive

harvests,
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Harvest 3
The yields in the N=S direction on the whole were

signifioantly higher (P < 0,05) than in the E-W in ell positions,
the difference being greatest in P}‘-' In the N=-S direction P.,
2
yielded higher than P 10% while in the E- the reverse was the case,
Z

but in neither case was the differences significant.

Harvest )
The yield from the various positions at this lervest

was less than at the third showing not only a cessation of growth
but also loss of material due to senescence, The K-S direction
was in all positions yielded higher than the E-W although the
differences were not significant, Here agein there was no significent
difference between P7 and P1O% even though in both directions P., was
higher than P 105

The data were reanalysed treating the two directions as
separate experiments to assess more precisely the differense between
the various positions in each directlon at successive harvests. The
analysis took the form of a split plot design with harvests as main
plots and the four positions as sudb plota,

In both directions, harvests and positions were significant
(P < 0,001)s In the N=S direction yleld of P, was significantly
less (P < 0,01) than others. PE and P‘lO& were oqual and significantly
less (P < 0,05) then P,, In the E-W direction P, was significantly

7
less (P < 0,05) than all the others, Among the others there was
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no significant difference but P,; was less than P., and P 10L° between
2 2

}_
which there was no difference, Comparing the two direotions, P., in

N-S yielded higher than the corresponding position in the E-W,

(¢) Light intensity
Light intensity was measured immediately above

the clover and the orops in all treatments at fortnightly intervals
commencing from 20/8 (first harvest) to 29/10 (fourth harvest) . In
Fig. 4,1 the mean percentage light above the olover in each position
a day previous to the harvest is shown, In the N-38 rows there was

a very olose relationship between the percentage 1light received at
noon and the growth of clover in the various positions. At the first
harvest in E-W rows there was significant differemce in the light
between P, ard P

"k
This was probably dus to the fact that while the growth response was

, but there was no difference in the yield of clover.

to light available at the two positions from planting to first harvest,
the light measurement was made at the time of harvest, It should be
noted that the height at which the light was measured in relation to
the wheat at successive barvests would be different due tc an inorease

in height of the clover plants with time,

5 0302. E ent
(a) Dry matter and grain yield of wheat

As in Experiment 3 there was no significant

difference between directions and positions in the dry matter yield of
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wheat but there was considerable effect of the clover on the grain

yield, The control treatment yielded higher than the mnixed treat-
ments. (Table 26).

Table 2_6_

¥ean grain yield of wheat per treatment (g/mz)

Con P, PH:‘ p., P, o} L.S.D. 5%

(v) Dry matter yield of clover

Here again the control yielded higher than the
mixed treatments, and within the controls the N-S was better than
the E-¥, thoﬁgh not significant as Table 27.shows, For thls reason
the control treatments were eliminated from the analysis, The dry

ratter yield recorded at the two harvests are shown in Table 28,

Table
Mean yleld of clover (g/mz)

N-8 E-W N-8 E-W

Control treat. 29.49 28.98 234,10 214.60
¥ixed treat, 762 7.98 18,76 50,88
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Table 28

Mean yisld of clover (g/mz) at the various positions
at the two harvests

P P P P L.8.D,
33 5

0 7 10%

N-S| 9.5, 14,76 20,66 15.75
Ftr] 11,90  17.98  19.28 1477

Mean 10,87 16436 19.97 15.26 435

N-S| 4L6.80 95,80 143.60 104,30
E-W| 64,40 100,40 131,60 110,20

H,

Meen | 55.60 98,10 137.30 107.25 22,06

At the first harvest the pattern of yields followed that already
established in Experiment 3. At the second harvest the N-S direction
followed the expected pattern but in the E-¥ direction the P 10% yield
was very much less than that of P7 and was not appreciably different
to that of P}%’ In other words there was no great difference in

the pattern in the yield between the two row directions,

5e3¢3. Interim discussion
There was very little effect of the olover on the
wheat but the presence of the wheat decreased the yield of the clover
considerably both in the N-S and E-W rows. Within the mixed treat-

ments there was considerable difference between positions, In both
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directions when the clover was mixed on the same row as the wheat (PO)
the yield wes very much less thun at any other position. Among the
other positions P7 was superior to P}%— and P10% in N-8 rows, and in
E=W rows there was no difference between P., and Pﬂ% both of which

were higher than P This difference however was not significant

3%
but was consistent. 1t is worth noting that these patterns closely
follow the light pattern shown in Fig, 39.

From the point of view of maximum light available and least
competition for soil factors P., would be the moat suitable position
for the growth of pasture species in companion oropping, In N=-S
rows P7 would receive more light than in E-V rows, while competition
for other factors would be similar in both directions. On that besis
the yleld of clover in P7 should be higher for N=S than E-V rows,
This again was quite evident though not significant.

It may then be assumed that clover ylelds highest in the
nidway position (P.,) in N-S rows, It now remains to decide what
would be the optimumm rate of wheat for satisfactory growth of clover.

ixperiment L was undertsken to study this particular problem,

Sehe0. Experiment 4
This experiment was undertaken to determine the optimum

rate of sowing of wheat in N-S rows at 14" spacing when undsrsown
with pasture spesies, and to confirm if possible the relationahip
between positions recerded in the previous experiments for the
growth of clover, and the effeot of clover on the growth and yleld

of wheat at the various rates of sowing,



5eliele Dry matter and grain yield of wheat

In the absence of clover there was &r almost linear
relationship between yield and rate of sowing at all harvests (Fig. h2),
ond & levelling off of yield was noticed only between,R3 and Rh.at
the last hervest, The presence of clover had ro effect on any of
the rates of sowing at the first itwo harvestis, at the third harvest
there was a significant depression (P < 0,05) et the first rate due
to presence of clover, but there vas no eff'ect at the higher rates,

The grain yield followed the same pattern, except that the difference

between rates wes less marked,

5¢4.2. MNumber of tillers per_gz

with increase in rate of sowing there was an increase
in the number of tillers, and this difference was meintained at all

Larvests, The presence of clover generally reduced the number of tillers

et all rates of sowinge

5elie3s Mean weirht per tiller

Lt the first harvest weight per tiller increased with
rete of sowing but differences were rot significant, At the subsecuent
hurvests however, the weight per tiller decressed significantly (P < 0,001)
with increase in rate of sowing., The presence of clover significantly
inoressed the weight per tiller at the first harvest but wes without
effect at the second. /4% the third occasion, at the lowest rete of
sowing, the mean weight in the presencs of clover was significantly

lower (P < 0,005) than in its absence,



Tig, 42. Dry matter and grain yield/n2 of wheat, alone and when sown with clover,
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Beltelye Total L.
On the firat ocoasion L inoressed with inorease

in rete of sowing while on the second ococcasion there was an overall
reduction due to death of leaves, but the relationship between the

rates was maintained (Table 29),

Table 29
Mean L at the two harvests

R, R, 113 111+ L.S.D. 5%

H 0.6L6 1,188 1.400 2,03, 0,203
0.483 0,720 0,896 0,96, 0,156

Sele5. Percentage dead leaves
The weight of dead leaves were caloulated as % of

the total of dead plus green leaves at the second harvest, A trend
towards increasing mortality with increasing rate of sowing wes
evident (Table 30).

Table 30

Dead leaves as % of total leaf weight

31 R2 R3 kh

1742 17.1 19.1 27.1
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5ekheb6. Leaf area distribution
At the first harvest the percentage of the total
leaf area found at the base of the crops Jdecreased with increase
in rate of sowing, and the leaf area was distributed over a greater
height (Fig. 1.5). At the second, this was even more marked so that
at the base there were no green leaves in R3 and R, and very few

&
in R2. There was no difference in lateral distribution due to rate
of sowing and on the average 70 and 677 of the total leaf area at
the first and second harvests respectively were in the 3" along the

row (Po) with very little beyond 55" on either side of the rows.

5e4e7. Dry matter and seed yislds of olover

Clover was hervested for dry matter yield at the
first two occasions and for seed yield at the third, On all occasions
there was a big drop in yield from the control clover swards to those
sown in the presence of wheat, (Fig. h4). Among the various rates
of sowing of wheat there was an approximately linear relationship,
with the dry matter and seed yield of clover decreasing with

inoreasing rate of wheat,

Sele8e Yield at the various positions
At the first harvest yield at PO was significantly
less (P < 0,01) than at the other positions, among which there was

no difference, On the second occasion, however, the yield at P7 was



Fig. 43 Vertical and lateral distribution of leaf area at

the first two harvests.
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significantly (P < 0,001) higher than at Pyy end Py, between which
there was no difference (Fig. L5). In each position the yleld
decreased with increase in the rate of sowing of wheat, In P7 no
difference was evident in the first three rates, but in the fourth

rate the yield of clover was much less than in others, There was no

difference between positions in seed ylelds.

50‘&090 Lght intensigx
Fortnightly measurements were made at noon, and

from the first to the second harvests hourly measurements at ground

level were made from noon onwards,

The emount of light reacking ground level decreased
with increasing rate of sowing till the period of maximum interception.
Thereafter on the sscending phase there was very little difference
among the rates (Fig, 46). Similar trends were noticed at the various
positions, At PO the light decreased very rapidly and remalned at
the low level, There was no difference in illumination between P}}
and P, o}* At P71:lght was never below 755 daylight in any of the
rates of sowing and for the most part was at or about 1007,

The measurements mads at hourly intervals at ground level
showed that the point of meximum illumination shifted towards East
as the sun moved West., The percentage light received at the various
positions with time is given in Fig. 47 for R} on four ocoasions, It

will be noted that at each position there was a peak at some time of



Fig. 4. Mean dry matter and seed yield/m2 of clover at the
five densities of wheat. (In 4he absence of wheat

and the I rates of sowing) .
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Fige 45, Dry matter yield/m2 of clover at the four positions at the first two harvests
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Fig, 46 (a) Percentage daylight at ground level at solar noon

in the four rates of sowing (mean of all positions)

(b) Percentege daylight at ground level at solar noon

at the various positions (mean of the } rates of

sowing) .
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Fig, 47. Percentage daylight at ground level between rows at
hourly intervals from solar noon on four dates in

wheat sown at 45 1b/acre,



(-]

(% DAY LIGHT)

LIGHT AT GROUND LEVEL

25/8 7/9

T
o¥ e—m
ol

ov Lo——an

0,

o

22/9
)
a
L)
T'- a><- o ]
- & ]
a a
o
. o— o N a 3
| ¢ L 1 I ]
P P P ]
% R £ P, 0 vy 0
€} (w) (W)
e—o_——o TSN o—o0——0 3 HRS AFTER TSN
a—a——a 1 HR AFTER TSN o—a—o 4

——a—u 2 b—o—ao S



122,

at noon P_,

7 5z
would have reached its peak at a time before noon as did PB%

the day; 2 at some time after noon, and Po still later,

P 104
after noon, The time at which P}L— and P 10% reach their peaks would
depend on the height of the orop and the azimuth and altitude of the
sun, It would be reasonable to assume that in the abaence of
differential cloudiness PE‘ and P1 O%— in the morning would follow

respectively in the afternoon, while

the mirror image of P and P

103 3%
P7 and PO would be the mirror image of themselves,

S5elieiie Interim discussion
Acoepting the reversal pattern for the various

positions, the light recorded in foot candles at the different
positions was plotted against time of day from 7 a.m. to 5 p.m. Though
1t would be true that the 1ight intensity would be different in the
early morning and late afternoon hours due to atmospheric oconditions
it was considered that the difference would not make the assumption
totally untenable as the intensities recorded at the various positions
including those above the orops were very low in the early morning
and late afternoon when compared to the rest of the day (Fige 48).
Prom these curves the total illumination for the day aa foot=candle-
hours was obtained., This quantity was oconverted to kilo lux-hours
and from that to G Cals. om 2. Day | using the formula x = 1.40%,
¥ = 15.2 of Black (1960). These radiation values were then plotted
against time (Fig. 49) and from them the total radiation received
at the various positions between the first and second harvests were

calculated,



Fig. 48, Light intensity at ground level at the various
positions from 7 a.m, to 5 p.m., on four dates

in 30 lbs/acre wheat,
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Fige 49, Estimated solar radistion at ground level at the

various positions in 30 lbs/acre wheat from 25/8 -
6/10,
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The total radiation received at ground level at the various
positions for the four rates of wheat sown and the inorease in dry
matter of clover between the two harvests are shown in Fig, 50, In
the computation of both radiation and clover yields the values for
P}% and P10% were pooled as they were not significantly different,

The dry matter increase per day between the two harvests for
8ll plots and positions is shown against radiation received in Fig, 51,
The linear relationship would suggest that the growth of clover was
dependent on the amount of radiation available, This would then
suggest that there was no competition for other factors such as soil
moisture and nutrients. The yield of clover in the conirol treatment
was however 16,60 gms, m 2, day ' bLetween the two havvests and the
mean radiation recorded on a Kipp solarimeter at the Waite Institute

1. While the radiation dropped from 456 to

was 1,56 g.cals o~ day
336 g. oals, t:m"2 dng’1 from the control plot to P7 in R1 the yield
of olover dropped from 16,60 to 2,63 gm. nl 65331. Closer exame
ination of Fig, 51 would show that the efficliency of utilisation
of radiation decreased with increase in the distance of the clover
from the base of the wheat plants, This may be due to greater
competition for soil factors at some distance away from the wheat
plants than directly beneath them; probably due to the concentration
of the absorbtive regions of the roots of wheat being higher at some
distance away from the base of the plants,

The computed rudiation values did not take into account



Fig. 50, Estimated total radiation received at ground level
and dry matter increase of clover between harvest 4
and 2 in the various positions of the ) rates of
sowing of wheat,
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Fige. 51.

Dry wt, inorease of clover and radiation received
between harvest 1 and 2,
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cloudiress, All the days on which hourly measurements were made
happened to be cloud free and the computation would be somewhat

exaggerated, Even allowing for this faot the growth of clover would

be far below that recorded for the control plots.
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6.0.0. General discussion and conclusions

In all experiments the growth and yield of undersown
pasture was significantly reduced by the wheat, This was no doubt
due to the competitive advantage of the wheat over the pasture
plants. As pointed out by Rademacher (1940), wheat is at an
advantage by its greater stature, enabling it to exploit deeper
layers of the soil for moisture and mutrients and to shade the
pasture above the ground, In the 1961 experiments Block
differences were significant. The field received uniform treat-
ment for at leest six years prior to the planting of the
experiments and no explanation can be offered for these block

differences,

6e1.0, Competition for mtrients

The extent of competition for mutrients in these

experiments was not assessed, It may be assumed that this would

not be a serious factor in the experiments carried out in 1961, as
the only pasture species studied was clover which presumably would
be independant for its nitrogen requirements, Superphosphate was
applied at 1 owt,/acre at time of planting and other nutrients

were expected to be in sufficient supply in the soil, Certainly no
symptoms of mutrient deficisncy were observed., In the 1960
Experiment, where Wimmera rye grass was a component of the pasture,
the soil contained 30 p,p.m. nitrate nitrogen at the time of sowing,
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which amount was considered suffiocient for satisfactory growth in
all treatments, No symptoms of nitrogen deficiency were observed
during the growth of the crops, In the following year, however, all
treatments showed symptoms of nitrogen deficiency in the early
stages and each plot was therefore divided into halves, one of
which received urea at 1 owt,/ecre. At the subsequent barvests
there was no interaction between treatments and nitrogen, indlcating
that in the previous year all treatments exhausted the soil nitrogen
to the same extent, Under the circumstances it would be possible
that there may have been a shortage of nitrogen in the first year;
the wheat may have been able to obtain its requirements from the
deeper layers of the soil by virtus of its deeper root system
while the grass was limited in its growth due to insufficient
nitrogen, This however could not be ascertained without analysis
of the plant mferial and s0il at periodic intervals during growth,
On the ether hand the low nitrogen level in the soil at the
beginning of the 1961 season may have been due to leaching caused

by the heavy rainfall recorded at that time,

602,0, Competition for soil moisture

Soil moisture measurements made in 1960 showed no signi-
ficant differences between treatments, suggesting that there was no
competition for this factor., Soil moisture was at or near field
capacity throughout the major portion of the season and when the

soil cormenced to dry out, the pasture species at least were nearing
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maturity, The effect of the wheat on the yield of pasture had been
noticed at the first harvest, and soil moisture could hardly be
held limiting up to that time., In 1961, which was a relatively dry
year, the clover sown with the wheat in the non irrigated experiments
died following the third harvest and at the fourth, dry matter being
reduced below that recorded in the previous harvest. In contrast,
in the control clover treatments there was an increase in the dry
weight. This death of clover in the presence of wheat was mainly
due to soil moisture stress, as could easily be seen on casual
observation, The soil under the control clover sward was wet while
under wheat it was dry and cracks appeared on the surface.

The influence of soil moisture stress in reducing the growth
of undersown clover was greater than that of the shade cast by the
wheat as was shown in the "yleld - radistion" relationship between
contrel and undersown clover swards, The literature review
particularly stressed the failure of undersown pasture in areas
susceptible to drought, but few studies had been carried outin a
Mediterranean type envirorment, where the soil moisture is usually
suffioient during the major part of the growing season, It is
therefore partioularly interesting to obtain data on the behaviour
of undersown clover pastures as the soil dry out with the onset of
the summer., It is clear that in a dry year, when the s0il dries
cut early, the shortage of soil moisture can have a catastrophie
effect on clgvnr growth and, presumably, seed set, on which growth in

the following year depends. In a wet year, moisture would be sufficient
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for both crops,.

6¢3.0, Availability of light

Light, unlike the soil factors, is instaneous and hg&/to
be intercepted by the plants and utilised instantly (Donald 1961).
The light available at any time has both a& direct and a diffuse
component, On a clear day the amount of diffuse light is small,
but within that day the amount would be high around sun rise and
sun set, decreasing to & minimum at noon, With inerease in cloudi-
ness the total intensity and direct light would decrease and the
amount of diffuse light would increase,

In a orop of cereals with definite rows of plants with
restricted tillering and erect habit the distribution of plant
material.would be uneven and hence light penetration would be
different at different positions, The difference would depend on
the spacing and height of the crop, the altitude and aszimuth of the
sun and the atmospheric conditions (cloudiness).

Considering first a wheat crop at 7" spacing with the sun
at 90o altitude and 0° asimuth : on a clear day, the shadow cast
would be directly beneath the rows and the intensity of light
"beneath" and "between" rows would vary with the distribution of
plant material in the two positions., Under these oconditions there
would be no difference between N-S and E~W rows, The difference
between the amounts of light received beneath and between rows would
inorease with inorease in the row space as long as the plants do

not spread and cover the inter rwo space. A solar altitude of 90'
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would be attained only within the tropics at noon at a particular
time of the yeer. Outside the tropics, an altitude of 90° would
not be achieved and towards the poles the maximum solar altitude
decreases, resulting in the sun being on the South in the northern
hemisphere and on the North in the southern hemisphere, In Adelaide
(1at, 514.5°B) the maximum solar altitude is 78.5° at the stm;zu'
solstice (December 21 approx.) at noon, Such a solar angle will
elways cast a shadow to the south of an object. In an individual row of
& crop running E<W the shadow would be on the southern side of the
row, and there could be dirsot illumination on the northern side;
in the case of a row running N-S » the shadow would be direotly bensath
it - as would be the case when the solar altitude is 90°, The solar
eltitude in Adelaide increases from 32,5° ot the winter solstice (June
21 approx.) 1=¢'»°>7f3.50 at the summer solstice, and then follows the
reverse pattern (Fig, 52), The shadow cast by & orop of unit height
would vary with the altitude of the sun acoording to the equation;
1
shadow length = —tTna-

where @ = the altitude of the sun,

In Adelaide wheat is sown in May - June and harvested in
December - January, Fof the present purpose the period between the
two solstices may be considered as the growing period of the erops
in Adelaide, With the ineresse in the altitude of the sun through
this season, the length of the shadow cast would decrease ;3 but at
the same time the orop would inorease in height, A diagram of the



Fig. 52, Altitude of the sun at True Solar Noon and derivation of True Solar noon from

Local Noon (12 Noon Local Standard Time) in Adelaide,



ALTITUDE OF THE SUN A

TSN, —

32w . L S e A
TRUE SOLAR NOON (ADELAIDE)
30 : o
28 ——
2 26 82
§ 244 78
3
& 221 |74 .
w
Yl20- L 70
2
2 ‘
18~ 66
wh
3
=1 6= 62
g 14 -58 .=z
( [o]
o N
z -
< 12 -54 %
2l on -
, [5€ 5
i)
< ;
o 8= -“;E‘
O :
-l g 42 g
Y
o
4 - _33
+2 - —34«
NOONH o
-2 4 1 I I L I 1 1 L s . i T i 1 I N i Ll . '
5 2 12 26 12 26 9 23 71 2 182 1B 30 8 27|10 24 8 22 [ 17 3 {
LJAN | FEB | MAR | APR | MAY JUN. | JuL | AUG ;| SEP ocT NOV DEC | !




130.

length of shadow cast by a crop of wheat at solar noon reaching a
height of 4O inches is shown in Fig, 53. ‘

At times other than noon the solar altitude would very
between 0° and the maxinum for the day and this again would change
the length of the shadow, The azimuth will also change. This
change of agimuth would alter the direction ir shich the shadow is
cast and would be of significance in N-S rows, where the shadow
would move from bensath the rows into the inter-space. Tae extent
to which the shadow of a NS row would extend into the interspace
depends on the azimuth and the altitude of the sun and the height of
the crop. The "day light" asimuth of'» the sun increases from the
winter to the summer solstice, resulting in the sun rising more and
more in the East and therefore setting more and more in the West,
The azimuth traversed by the sun during this period for Adelaide is
shown at monthly intervals in Fig, 54. When the sun rises due East
and therefore sets due West the shadow cast by an E-W row at those

times would be similar to that cast by & N-S row at noon,
When rows are parallel to each other as in crops the

i11lwnination at noon in the interspace would depend on the height of

the crop and direction and spacing of the rows, If the spacing is
greater than the lemgth of the shadow, then the northern side of an

E-¥ row will receive full sun light; but with a decrease in the
distance between rows the ground would be completely shaded when the
row distance is equal to the length of the shadow, Further decrease
in the row space would gradually deorease the depth to which the



Fig. 53. Height of orop and length of shadow at True Solar Noon throughout

the growing season in Adelaide,
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Fige 54 "Day light" agimuth from sun rise to True Solar
Noon from the winter solatice to summer solstioce

in Adelaide,
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northern side of the rows would receive full illumination and
finally a stage would be reached where only the top layers of the
crop would receive full light,

Before and after noon the altitude of the sun would be
less than at noon and this would inorease the length of the shadow,
¥inimum shadow would thus be cast at noon, and on either side of
noon the decrease in solar altitude would be tantamount te
decreasing the space between rows, In rows running N-S the shadow
at noon would be directly bensath the rows and if the rows were
wider than the lateral spread of the plants then that portion of
the interspace into which the orop has not spread would receive
full illumination, but as the row space decreases and the spread
from adjacent rows overlsp the interspace would also be ghaded,
Yhere the row spacing is such that at noon the oentral region of
the interspace receives full illumination, with change in asimuth the
shadow would traverse into the interspace and approash the same
pattern as in E-W rows, The extent to which a erop with N-8 rows
approaches a orop with E-W rows would depend on the spacing between
rows and the height of the erop,

It is therefore clear that the maximum difference between
N=S and E-YV row directions would be at noon and for some period
before and after noon, the extent of which would depend on the
height and spacing of the erops. For a given spacing and height of
crop the difference between N-S and E-W row direotlon, would

increase with a decrease in the altitude of the sun around noon; that
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is, the aifference would be greater at higher latitudes. Conversely
at a given latitude the difference between N-S and E~V row would

be greater, the narrower the space between rows, There is however a
1imit to which the space between rows could be reduced, beyond which

overlapping of leaves would form & ocanopy resulting in the elimination

of the row effect,
With a deocrease in the inter row space the difference between

N-S and B=W rows would inorease but simultaneously the time during
which the difference is maintained would deoreass, As far as growth
and yield of the undersown pasture and the cover orop are concerned,
the time factor may be too asmall to cause any measurable difference,
Therefore below a certain row spaocing, even though the differensce

in the available light around noon between N-S and E=W rows would be
relatively high, the difference in the total quantity of light energy
received would be reduced, The optimum row distance would depend on
the height and spread of the orops at a given latitude.

The above discussion was restricted to the study of
{1lumination on clear days. Under cloudy conditions, where direct
{1lumination is eliminated and the total illumination is diffuse light
only, there would be no directional effect : <the difference between
NeS and E=F rows would then depend on the amount of direct light
received around noon. In Adelaide the day length increases from a
minimum at the winter solstice to & maximum at the summer solstice
(Fig. 55) but due to cloudiness the actuel duration of direct sunlight

would be much less than tha calculated values. Since the period around



(a)
Fige. 55. Day length and recorded duration of sunshine in

Adelaide (Waite Institute data).

(b)

Hours of direoct sunshine between 10 a,m, and 2 p.m,
from May to November 1961 in Adelaide (Waite

Institute date)
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noon is the most effective in row direction the hours of bright
sunshine between 10 a,m, and 2 p.:. read off the cards of a
Campbell-Stokee recorder are also presented at weekly intervals
for May to November 1961 in Fig, 55. During July to September
direct sunlight wes received only for about 2,25 hours of the
possible 4,00 hours per day between 10 a.m, and 2 p.m. This
redustion in the available direot sunlight would result in a

decreased effect of row direotion.

The percentage daylight at ground level recorded at noon
in the various treatments of wheat showed a steady decline with time,
reaching a minimum value coinciding with heading, Thereafter it
gradually increased with the ciasth of the leaves, Black (1952)
in ingland, Stahler (1954) and Klebesadls and Smith (1959) in U.S.A.
observed a rather considerable period during which the low light
value remained constant., In the present experiments such 2 period
was evident only in the noon measurements of E-W rows ef wheat
planted early (Experiment 2A).

The amount of shade cast and the length of time over which
it is maintained would depend on the amount of plant material
available for light interception., The authors quoted above worked
in climatio conditions which would permit longer period of vegetative
growth, and it is also probable that the rate of sowing of the orops
studied by them there would have had more plant material,

When soil moisture was limiting, the undersown pasture died;



13k

when the moisture stress was less severe, yield was related to the
amount of radiation received. Iven here the yield of pasture was
reduced to a very great extent due to campetition for soil factors
(presumably soil moisture) and at that reduced level of growth the
yield was linearly related to the radiation received (Pige 51).

The rediation received between 10 a.m. ard 2 p.m, acoounted for
a very high proportion of the total, and the growth of the clover at

the various positions between the rows of wheat in both N-S and E-W

rows bore a very close relationship to the % light received directly

above them at noon, In other words, yield of clover increased with

increase in the light received. In this respect these results are

directly opposite to those of Larson and Willis (1957) and Pendleton
and Dungan (1958) , who observed better establishment and yield of
undersown legumes in positions recelving least amount of light,
Larsbn and Willis carried out experiments in three success~
ive years (1954=1956)« In 1954 when the rainfall during July -
September was 2,1" less then the average there was very little
difference between the positions between rows in the establisiment
and yield of clover, while Jucerne establishment and yield was higher
at positions receiving full sunlight in 80" apaced corn rows in E-VW
direction, There was very little difference betwsen positions in 1955
when the reinfall was 3.8 = 5.7" less than the average. In 1956
however, tie establishment was higher in positions receiving least
amount of light. In their data no account of rainfall was given for
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19563 but it appears from their conclusions that establishment and
yield of undersown legumes were related to soil moisture in the first
instance and when that factor was present in adequate supply, growth

was related to the amount of radiation received., Pendleton and

Dungan concluded that in their experiments the evaporative effect of

solar radiastion received, far exceeded the photosynthetic advantage,
In sdelaide, where the mean soil temperature during winter
and early spring are considerably lower than during summer in U,S.A.
and the maximum ligat intensity even on clear days is also relatively
low, the heating effect of the radiation would be negligible, Thus
radiation is unlikely to reduce establishment under Adelaide
conditions, Blagk (1955) showed that the relative growth rate of
subterranean clover var. Bacchus March in the early stages of growth

depended on the radiation received and not en the temperature, If
this is so, the yleld of clover would be high at positions where

rodiation received was high provided soil moisture was not limiting,

6.4.0, Regrowth of undersown pasture

Experiment 1 was oarried on into the following year, and it
was shown that the esteblisbment and early yield of the grass and
olover seedlings in that season were closely related to the amount of
seed produced in the previous season. A marked response to added
nitrogen was also observed at the early stages. With time, however,

these differences were reduced and at the final harvest there was ne
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significant difference in the total yleld per plot between the
original treatments or the applied nitrogen. This attaeimment of
ceiling vield with time from stands of differing initial densities is
in aceordance with the work of 232539 (1951). There was, however, a
significant difference between the vield of grass and the yield of
clover due to epplied nitrogen., .here ritrogen wes applied there
was more grass than clover and vice Verse. Similer results have
frequently been obtained with grass - olover mixtures and have
recently been examined in detail by Stern (1960) . The conclusion

reached by Stern - that with applied nitrogen clover is shaded out

following increased grass growth - undoubtedly holds here,

6.5.0. Effeot of pasture on wheat

A oonsiderabie reduction in taoe yield of wheat caused by
the presence of clover was observed where the rate of sowing were 15
and 30 1bs/acre in the 44" and 7" spacing respectively, It is
interesting to note that in all experiments where the yield of wheat
was reduced due to the presence of pasture the number of wheat plents
per meter length of row was the same (12 plants approx.)

In the experiment where rye grass was included & greater
reduction was observed in 14" treatments than in 7". Within the 14"
treatments the reduction wes greater when the rows of the two crops
were alternate than when mixed., At this spacing the better the
growth of the pasture the greater was the reduction in the yleld of

wheat, The reduction in the yileld of wheat was considerably higher
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vhere the pasture consisted of rye grass and clover than when
clover only was present., Charles (1961) concluded that grasses have
& greater effect on the cereals reducing their vegetative as well

as reproductive ylelds while legumes depress the reproductive

yield slightly, These experiments lend support to his findings,

despits the climatic differences between Adelaide and the U.K.

66660, Concluding remarks

It is obvious from thesa experiments that the growth and
yield of undersowr pastures in the year of sowing depend on the rate,
spacing and row direction of the cover crop and the relative position
of the pasture species, The effect of the cover orop on the pasture
was carried over into the early growth in the foilowing year., Based
on this it may be argued that as far as regrowth is concerned, early
feed ir any case being oomparatively small, there would be nc harm
in undersowing with wheat at 7" spacing, for any loss of early feed
in the following year would be compensated by correspondingly higher
cereal yields in the year of sowing, It should however be pointed
ocut that the rate of wheat sown at 7" in the 1960 Experiment was half
the normal rate of sowing in South Australia, It would be difficult
to assess {ram these data the effeot of the normal rate in the year
of sowing and hence in the following year,

Vhen s0il moisture was limiting early in the season under-

sown clover plants died and no seeds were set even when the cover crop
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was at 14" specing, showing the severity of competition for soil
moisture, ‘/‘hen soil moisture stress wes less severe due to
irrigation there was no interaction between positions of clover and
the radiastion received. It is therefore reasconable to conclude that
when soil moisture is limiting there would be no advantage due to
oither wider spacing and/or reduced rate of sowing of the oereal,
and when so0il moisture is in sufficient supply the effect of the
cereal cover crop will not be carried over with serious consequences,
It should however be remembered that in these experiments
only amual pasture species were studied, The results of undersowing
peremial species may well show advantage to rate of sowing, row

spacing and row direction of the cover crop and the relative position

of the pasture plants to the rows of the cereal,

6.7.0, Yield of wheat in Experiments 2 and 24,

In Experiment 2 there was no difference to the rate of

sowing in yiela/ha, but row spacing was significant, This was true
oven when the mmber of plants per acre were equal (D2 and DB) .
There was no significant difference due to row direction, In
Experiment 2A however, the reverse wes the case, These contrasting
results require some attempt at explanation.

The main difference between these two experiments were that
Experiment 2A was plented ) weeks before Experiment 2 and in &
different field, It would be difficult to assess to what extent each

of these factors contributed to the difference in the results observed,
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Though the two fields were located at some considersble distance, the
soil types and the past history were the same and it is unlikely

that this could have been the reason for such differences, On the
other hand, the plants in Lxperiment 2A by virtue ef early planting
were maintained et satisfactory soil moisture conditions during their
vegetative growth and were sble to grow better, recching a ceiling
yield, while those in Experiment 2, dus to dry conditions following
heading, were unable to grow to the same extent, This can be seen
in the change in the dry matter produced with time, In Experiment 2
there was no increase in dry matter after the third harvest which

was made on 11 September following anthesis, Normally a erop contimues

to inorease in dry weight until maturity.
ith adequate supply of soil moisture and mutrients the

effect of rate of sowing will first be lost, followed by that of
spacing, beceause of the greater population pressure along the rows
than between rows, In Experiment 2 there was no significant effect
due to rate of sowing but on the other hand spacing was significant,
In Experiment 2A however, spaoing was not significent and therefore
it would be in order to expect the rate of sowing also to be without
effect, Rate of sowing was however significant,

In both experiments the N-S rows yielded higher than the
3<% rows (significant only in Experiment 24). The increase due to
N-S direction was higher in 7" than in 14" and within each specing

the lower rate of sowing gave higher difference than the high rate,
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{~ahle 34), That the difference between M-8 and Z-¥ directions would

Table 31

7 {increase due to M-S direction over TV

Experiment 2 Bxperiment 24

60 1bs/acre ™ 55 10.1
30 1ts/acre 7" 17.0 51,3
30 lbs/acre 14" Sk 2,5
15 1bs/acre 1" 7ol 10,8

be higher at the narrower spacing that at the wider spacing has
already been discussed; but e higher response at lower rate of sowing

is aifficult to explain et this juncture. Even though the "rate of

sowing X direction" inieraction in Experiment 24 was not significant,

the difference between the low and high rates of sowing in E-V row
direction (272.1 to 339.7 gus.) was higher than in I=S direction
(3401 to 361.0 gms.), and this was probebly the cause of the
significant effect of rate of sowing in that experiment, providing

o possible explanation of the anomalous finding mentioned earlier,

648.,0, Light and leaf area distribution in wheat orops

There was no difference in the proportion of lateral
iistribution of leaf area in any of the treatwents (rates, spacing
and row direction) at the two harvests of Zxperiment 2, There was

however, some differences in the vertical distribution due to rate
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of sowing and spacing (Fig. 28), where relatively more leaf area
was near the top than at the base in 7" crops, while in 14" crops
there was a more uniform distribution,

In Figs. 30 and 31 the isopleths of light intensity and
leaf area distribution in Experiment 2 are shown, There were
considerable differences in the distribution of light et noon, The
light along the rows of plants was more evenly distributed in the
B~ rows than in N=S rows, while between rows there was better
distribution in N-S than in E-W rows., It has already been shown
that nearly 707 of the total leaf area in both row directions was
at PO; this would mean that at noon there was better 1llumination
of the majority of the leaves in E-¥ rows than in N-S rows, which
then should result in better growth of E~¥ than N-S rows, However,
the superiority of N-S over E-W rows has been established,

At noon in N-S rows the light has to penetrate the full
depth of the crop along the row while in E-¥ rows the depth of orop
to be penetrated would depend on the solar altitude and the row

spacing, The light profiles along the various positions at the time

of maximum interception are shown in Fig, 35. It should be noted

thet at noon in 14" E-¥ rows the depth of the orop to which full

day 1light reaches increase fram North to South (p o b0 P1O§-) o The

<2
depth to which full day light would penetrate the northern side of
E<Y rows would depend on the solar altitude and the effective space

between rows according to the equation

depth of penetration = tan & x effective row space,
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Penetration would therefore be at maximum at noon and would decrease
with decrease in solar altitude.

With the change in the solar altitude after noon, where
the direction also changes from East to West, the angle of penetra~
tion of light would change in N-S rows and the depth to which full
daylight would reach the eastern side of the row prior to noon and
the western side after noon would depend on the solsr asimuth, On
the date taken in Fig, 35 to be the time of meximum light inter-
ception (9/9), the solar altituds at noon was 50° and at that
altitude the light profile along the row in E-W rows was better
distributed then in N-S rows, Before and after noon the profile in
E=-W rows would show greater interception at the top of the crop and
less penetration to the lower layers. In N-S rows however with

change in azimuth and altitude there would be even mors penstration

to the lower layers,
The extent of light penetration and the interception and

utilisation would largely depend on the angular dispersion of the
individual leaves, so that it is necessary to study the leaf angle as
well as the direction of the leaf plane, If for example the majority
of the leaves form very acute angles with the stem and due to intra
row density are pushed laterally into the inter row space and are
hence exposed with the leaf plane parallel to the rows, then in N=-§
rows at noon and around that period these leaves would be parallel

to the incident light or form very small angles to it, Due to low
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angle of incidence of the light the intensity at interception would
then be low and considerable amounts would pass to the leaves behind
and below., In the E-W rows the leaves would be at right angles to
the incoming light and intercept at high intensity, much more than
necessary for maximum utflisation, and at the same time reduce the
intensity of the transmitted light considerably, In other words the
E=¥ row would behave like a clover sward while N-S5 row would behave
like & grass sward, This difference between N-S and E~¥ rows would be
greater for a given row spaoing at lower solar altitude at noon.

If leaf arrangement was as suggested above, the continued
light interception on the northern side of E-W rows and relatively
low light on the Southern side would lead to less efficient
utilisation of light as compared to the change in the illumination
and hence interception in N=5 rows,

An interesting feature observed in Fig. 35 was the ocoasional
lower light at 3" height than at ground level, This could be caused
by the dispoaition of leaves, where, at low solar altitudes a more
or less erect leaf flsgging at its distal end would intercept the
light and cast a shadow behind it while below it the light may not
be interospted and hence record a higher value, Th;l.a effeot was
particularly marked in E-W rows than in N-S, probably due to greater
flagging of leaves parallel to the rows on either side and therefore
being at right angles in E-W rows and parallel in NS rows to the
incident light at least around noon, This discussion, far from
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explaining the advantage of N-S rows over E«W has focussed attention

on the need for further studies on leaf dispersion and more frequent

1light measurementas,

66940, Some problems of light measurements in cereal crops

As far as the author is aware there have been no detailed
studies of light measurements within cereal orops, Considerable
difficulties and restrictions were imposed on such measurements due
to the nature of the orops., In this investigation a Weston light
meter was used for all light measurements, The receptive Su’rface
was 1,5" in diameter and the breadth of the whole probe was 2,0",

The insertion of such a probe intoc a crop undoubtedly caused considerable

disturbance, resulting in large errors. A smaller probe would have

caused less disturbance but at the same time increased errors due

to sun flecks and contact with leaves would increase, In the measure-
ments made along the rows (Po) , the probe had to be placed in the gaps
between plants on the row rather than among the tillers due to risk

of disturbing the crop. This again introduced considerable errors,
resulting in the measurements being artifically increased. Due to

the directionsl effeoct of the sun it was not possible to insert the
probe from any direction., The observer always had to face the sun and
insert the probes ahead to avoid casting shade at the point of

measurement,

Due to the large number of readings that had to be made and



145,

since the light intensity varies rapidly with time the operation
had to be carried out very quickly., This again restricted random-
isation of the order of measurements in the various treatments and
as a rule in Experiments 2 and 2A the E~T row plots were measured
first commencing 30 minutes before solar noon. Two of these plots
were completed within 15 minutes and then all four plots of N-S row

direction were measured; by then it was 15 mimutes past solar noon,
and the remaining two plots in the E<W direotion were finslly

measured., In the morning and afternoon either the E~W or the N-S

set were completed first,
Because of the need to make measurements quickly the probe

could not be aligned perfectly horizontally and all levels were
made by eye estimation only. This variation in the angle in which
the probe was held would have caused oonsiderable error, The time
factor restricted the number of replications to only one bleck in
each experiment and in each plot to only two intermal replications
per position in 44" and three in 7" crops,

A very serious problem encountered was the change in the
percentage light recorded at the various positions between clear and
cloudy conditions, To measure this effect, a coin was placed at P7

on the ground in the 30 lbs 14" erop in E-W row direction at moon on
& day with patches of clouds. Measurements were made immediately

above the coin and the orop when the sun wes obscured by a patch of
clouds and when it was clear, and are shown in Table 32, Under
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Tabls 32

Intensity of light beneath and above a crop of wheat under
clear and cloudy conditions

Clear Cloudy
Above Beneath Above Beneath
F.0. 9800 16,0 2400 1000
% 100 16.7 100 32,2

cloudy conditions the % light reaching ground level was 32,2 compared

to 16.7 under clear conditions. The time lapse between the measure-

ments was only a few minutes. In a programme of investigation such

as was undertaken here it would not be possible to select particular
conditions to mske light measurements. Furthermore it is questionable
whether measurements should be made on clear days or on overcast days
only, Neither of these would be typical and for a fuller understanding
of the nature and mode of light interception by crops it would be

necessary to study interception under both conditions, Better still,

an integrating device could be used. The errors in measurements would

be considerably reduced under overcast conditions and it would be

possible to show smooth trends in light profiles, isopleths and time

trends, It has already been shown that under overcast conditions
there would be no directional effects, and had all measurements been
made under those conditions it would not have been possible to
explain many of the phenomenon observed in the course of these

investigations, These large variations in the light interception
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the very wide scatter of points in the figures showing time trends

in the light st ground level,

No doubt many of the improvements in the methods of light
measurements suggested by Stern (1960) would be heneficial. A grid
system of integrators either of photoelectrical or chemical nature
would be most useful, yet the present and widely available instruments
would help to add considerably to our knowledge of light interception

and utilisation by crops. A very useful improvement to the present

apparatus would be a narrow receptive surface of sufficient length
that would minimise the errors caused by the irregularity of plant

distribution along the rows.
The most important factors to be encountered in cereal

crops are row direction, spacing, position and time of light
measurements, As pointed out earlier in this thesis the early

records of 1light measurements within cereal orops have made ne

reference to these factors. From the conclusions derived in the

last seotion the importance of the time of measurement cammot be
over emphasised, Unless the rows are planted due N-S and E-W with
reference to true and not magnetic north, light measurements at noon
would not be oorrect records, because of the deviation of the magnetic
north from the true north, which, in Adelaide, is 7.25° west of north.
Furthermore the term "noon" can be very misleading, meaning either
local noon (Local Standard Time), mean solar noon or true solar noon,
The true solar noon fluctuates from the local noon through the year

and correotion has to be made from time to time, The deviation of the
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T.S.N. with local noon in Adelaide is shown in Fig, 52.

The position at which measurements are made also needs
characterisation, This would be important as the row width increases;
similarly the time of measurement becomes important due to shadow
movement., All previous light records in cereal orops have besn either
at or nsar ground level only, No data is available on the light
profile through the height of the crops except scue measurements by
Rademacher (1940) in connection with weed control in cereal orops,
and some unpublished date of Black (private communication), While
measurements at ground lavel wouJ.d describe to some extent the light
microclimate available for undersown pasture growth, the growing
pesture would be extending its photosynthetic tissues to various
heights within the cover crops and the 1ight availeble at these
heights would not only be higher than at ground level but could be
quite different between the various positions from beneath ene row
across to the next in the various row direstions, To characterise
sdequately the light mioroclimate within cereal crops it is necessary

to make frequent measurements and op each ocession at different times

of the day becsuse of the marked direotional effeots.

6.10,0, General conclusions

These experiments clearly demonstrate that the growth of
undersown pasture was greater at wider spacings of wheat rows (14™)
than at normal spacings (7"), and when the pasture row was midway

between rows of wheat at that spacing than at any other position,
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There wes an indication that the growth in N-S rows may be superior
to that in - rows., At 1\" spacing of wheat the growth of undersown
clover decreased linearly with inorease in the rate of wheat sown,
When soil moisture was limiting the undersown pastures died
ever though the wheat remained green. When moisture stress was less
severe there was a marked reduction in the growth of the pasture
plants, and at this reduced level, growth wes linearly related to the
amount of radistion received, There was also same indication that
the efficiency of utilisetion of rediation increased with a decrease
in the distance between the rows of wheat and clover, The radiation
received between 10 a,m, and 2 peite each day foarmed a very high
proportion of the total per day and the effect of row direction was
largely due to the direct radiation received during those four hours,
With the inorease in the growth and yield of undersewn
pasture there was a corresponding decrease in the groewth and yield

of the wheat; this was due %o reduction in the number of wheat plants

per unit area and aoctual depression by the pasture, The depression
of wheat yield was greater when grass was a component of the pasture,

The regrowth and early yield of the pastures in the

following year was related to the amount of seeds produced, but with

time all treatments yielded the same amount, Applied nitrogen
inoreased the overall yields at the early stages, and later the

proportion of the grass in the pasture,
Wheat crops planted early in the season yielded higher in
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N~S than in E- rows, and the difference was higher in 7" than in 14"
spaced crops, probably due to greater differensce in the amount and
better distribution of radiation received around noon, but with late
planting no similar relatiomnships were demonsircted.

Regardless of rate of sowing and row spacing and direction
between 70 and 757% of the total leaf area of a row of wheat was
distributed within a strip 31" along the row, the remainder was equally
distributed within strips of 3" on either sids, For a fuller under-
standing of the advantage of N-5 over E-W rows it would be necessary
to study the leaf angle and plane with frequent measurements of light
intensity within the crops.

Although the experiments were not designed to form the
basis for practical recommendations, a great deal of data on the
competitive reiationzhips of undersown pastures snd cereal crops

have been analysed and have led to an inoreased understanding of the

mechanisms of competition involved.
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7.0,0. Summary

Four field experiments were carried out at the Walte
Agricultural Research Institute, Adelaide, during 1960 and 1961 to
study the nature of competition between whezt cnd undersown
pasture, with particuler emphasis on the light factor.

In Experiment 1, wheat and pasture both alone and together
at 7" and 14" row specings and in alternate rows at 7" spacing were
planted in N-S rows to study the effect of competition between the
two orops., The presence of wheat reduced the growth and yield of
pasture in all cambinations, Pasture yields were greater at 14"
spacing than at 7", and at the wider aspacing pasture rows midway
between rows of wheat (alternate rows of the two orops) yielded
more than those mixed with the rows of wheat, The reverse was

true of the yield of wheat.

Soil moisture measurements made at fortnightly intervals

at depths of 0-9" and 9=18" showed no difference betwesen treatments,

indicating no differential exhsustion of soil moisture in the various

treatments.
Light measurements were made in all treatments at weekly

intervals around noon, A series of measurements were mede at 3"

intervals from ground level upwards through the orops so &8 to

obtain a complete picture of the light mioroclimate within the various

treatments. These measurements showed, as expected, that the 7%

wheat orop intercepted more light than the 14". The % daylight above
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the pasture in the 7" mixed treatment was lower than that in the

corresponding 14" treatment, which was lower than that in the

alternate row treatment,
The experiment was continued so that the regrowth of the

pastures in the following season would be studied, The yield at

the early stages bore a close relationship to the seeds produced in

the previous year, but with time the yield of all treatments became

the samse,

In the second season, & particular study was made of row

direction and the position of pasture rows vis-a~vis wheat, In

Experiments 2 and 24 wheat was sown in 2 row directions (N=-S and E-¥)

at 2 rates of sowing (30 and 60 1bs/acre) and 2 row spacings (™

and 14") to study the light microclimate within wheat crops and their

leaf ares distribution end also the yield of wheat,

More light was received between rows at 1," spacing than

at 7" and there was very little difference between the rates of

sowing at each spacinge
Difference between row directions was evident only at noon

and in direct sunlight,
Under these conditions in N-S rows the least amount of light

was received beneath the rows (Po) and the highest midway between

rows (Pﬁ)' The intermediate positions (Pj% and10%) received equal

amounts and were intermediate to that received at Po and P7. In B-W

rows the amount of light received inoreased from beneath the rows to
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midway between rows from north to south, There was no difference
between the midway position and that 3i" further south (P 10%) N
Beneath the rows the E=¥ direction received more light then the N-S

direction and at midway between rows the reverse was true,

particularly at noon.

The vertical and lateral distribution of leaf areas was
measured at the first two harvests in Experiment 2 by a technique
developed for the purpose. Regardless of the rate of sowing, row
spacing and row direction, 70 to 75% of the total leaf area was
found within 3" on each side of the centre of the row, the remainder

being distributed equally in strips 34" wide on either side thereof,
At the wider spacing the vertical distribution was unifom

over the height of the crop, In the narrower spacing more leaf area
was found near the top than at the base of the crops.

The high rate of sowing yielded more than the low rate at
the early stages, but with time the effect due to rate of sowing was
eliminated and the wider spacing yielded more than the narrow spacing,

Wheat crops planted early in the season (May) yielded
higher in N-S than in E<VW rows, and the difference was highe in 7"
than in 14" spaced orops, but with late planting (Junse) no such
relationships were demonstrated,

In Experiments 3 and 3A, clover was planted in rows at four
distances (O, 3, 7 and 10%") from wheat rows at 14" spaesing in K-S
and E-W row directions, to study the effect of competition, The

yield of clover was directly related to the | " daylight received at
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those positions at noon and it was also noticed that the yleld of
clover in the control treatment in N-S row direction was higher than
in E-W rows. When soil moisture beceme limiting the clover sown
with wheat died, while that sown alone continued to grow,

In Experiment 4 wheat was planted in N-S8 rows and 14"
spacing at ) rates of sowing and clover was broadcast in split plota.
An additional pure clover sward was also planted to measure the growth

of clover in absence of wheat, Metal quadrats were placed in the

Wheat-Clover subplots to mark out strips 3" wide which would represent
the positions studied in the previous experiments. Clover reduced
the yield of wheat only at the lowest rate of sowing, but the presence
of wheat markedly reduced the growth of clover,

At the reduced level of growth the yleld of clover decreased
almost linearly with increase in the rate of sowing of wheat, both in
the total per treatment and also for the various positions, The

position effect was similar to that recorded for N-5 rows 1n,Experimenta

3 and 3A,
The growth of clover at the various positions under the

wheat was linearly related to the amount of radiation received at
those positions. There was an indication that the efficiency of

utilisation of radiation increased with a decrease in the distance

between the wheat and clover plants,
These results are discussed from the point of view of

competition between the two crops. It was concluded that soil moisture

was a very important factor in the success of undersowing, T¥hen soil
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moisture was in sufficient supply the cover crop would depress the

growth of pasture by reducing the amount of radiation available to

the pasture,
The availability of light under Adelaide conditions and

its effect on row direction are discussed, For a fuller understanding
of the effect of row direction both for the growth of the cover crop
and the undersown pasture it is necessary to study the leaf angle
and plane as well as to obtain frequent measurements of light,

Many problems were encountered in the course of light

measurements within whest crops, These were discussed, and the need

for frequent or integrated measurements siressed,
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10,0,0, Appendix
10.1.0. Experiment 1

10.1.1. Plant numbers/m row length (Means)

(a) Wheat

{ L.S.D,
T1 '1'3 T4 T5 T7 Mean

At emergence 10,3 10,8 1442 11,7  11.6  11.1

At 1st Harvest 10,1 9¢3 1148 11,7 10,7 10,7

Yean 10.2 1001 11.5 1107 11.1 N.So
DF 88 XS VR
Blocks lg. 22067 5066 130&-7‘
Times 1 2033 2033 505’-!—
Error (i) 1.70 001}2

Trexts,
Time x Tr,

L

IR

4

Brror (1i) 32  57.4 1.79
Total 49  113.45

22059 5061& 3.15
6,72 1.68 N.S.
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(r) Grass
T, T 3 Th Ty T, Yean

At emergence 18.9 14,8 23.3 30.7 19.9 21.6

At 1st+ Harvest 18,2 12,3 19.L 2h.6 15.k 16.0

ean 18.6 13.6 21 ok 2707 17.7
oy S8 MS VR
BloOka l} 93067 23041 2053;*
Times 1 157008 157.08 16097
Exrror (i) 'y 37003 9025
Treats. L 1098.,2 274.60 10.40"
Times x Tr. & 1027 10,31 N, S,

Irror (11) 32  844.97 26440

Total L9 2272,36

L.S.D. 5 = 3.4
1% = ‘}.7
001% = 605
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(¢} Clover

'1‘2 T3 Th '1'6 T7 ¥ean

Lt ewergence 8.5 7.6 9.7 12,6 10,2 9.0
At 1st Harvest 9.5 5.3 8.1 13,3 7.3 8.8
Kean 9.1 6.5 8.9 13,0 9.0

Blocks A 69,98 17.49 13.15°

Zimes 1 12,30 12,30 9.16

Error (1) I 5622 1,30 B

O O B B

Error (ii) 32 305.60 9,55

Total 49 638,26

L.S.D. % = 2,1
1% = 340
0,17 = 40
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10.1.2. Dry weight g/1.75 e (Means)

(a) Total
H1 H, H5 Hh H5
T, 194.8 593.,8 1007.8 1495.8 1071.8
T3 3302 853.,8 1718.2 1802,8 1844.6
Th 221,0  655.C 1217.8  1724,.,0 1496.4
T5 199.4 618,2 1196,0 1521,8 1342.6
T6 129,8 380,6 860.L  1142.2 795,0
T7 216.0 630,00  1144e8  1653.4  1407.6
L.3.D. 54 5142 435 729 53.0 105,.6
1% 694 59,0  100.1 719 143.2
001% 9209 7900 13’4—00 9602 191 07
Harvest 1
N D. F. SS NS V.R.
Blocks L 17165 4251 1498,
Treats, 6 123842 10640 9.53
Exrror 24 51983 24€5
Total 3 192990
Hairvest 2
D.F, ss NS V.R,
Blocks l{- 9533 2333 1‘)49*¢$
Treats, 6 66537 14089 7412
Error 2l 37340 1556
Total 34 113214
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Harvest 3
D.F, N MS V.R.
Blocks L, 15573 3893 N.Spqn
Treats 6 225382 37563 8.35
irror 2L 107957 54,98
Total 3. 548942
Harvest 4
D, P, S8 MS VR
Blocks & 32657 8162, 3.52
Treats. 6 1373574 22895 9,89+~
Error 2l 55538 2314
Totel 3, 225569
Harvest
Blocks L 4729 11823 1.28
Treats 6 18306L 80510 8,76%%*
Error 2L, 220433 9181,
Total 3, 750791




(v)
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H1 B, giA gg H5
T, 260,0L, 771.26 1368.66 1568.31 1932.23
TB 27he56 700,48  1423,68 142618  1612,21
T4 140,80 392,22 732,07  4102.70  1041.54
TS 199.43 610,05 1196.,06 1521,98  342.54
T7 170,92 534,73 876,80 1329,3; 1152.55
L.S.D. %% 60.89 1,5,18 92,00 62,31 L3446
1% 83.89 204,17 126477 85.88 59,86
0. 1% 115,32 280,.6) 174425 188,01 82,34
Harvest 1
D.TF. ss ¥S YR
Blocks L 23641 5910 2,86
Treats, L 65485 16371 T34+
Error 16 33020 106
Total 2 122146
Harvest 2
Blocks . 29810 9952 N.S.
Treats, I L6849 111742 941544+
Error 16 19523, 12202
Total 23 681893
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Harves
Blocks IN 26058 6511, 1.38
Treets, I 186950 46737 G928 4%
Srror 16 75366 4710
Total 2l 288371,

Harvest 4
Blocks L 2372, 5934 2,70,
Treats, L 68371 47092 7.91#%
Error 16 31,560 2160
Total 24 126655

Harvest 5
Blocks L 5869 1467 1.39
Treats, N 26001 6500 6,20%%
Brror 16 6779 1048
Total 2L L3649




(¢) Pasture
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I, H, H, i

T, 194.88  593.77 1007.89  1495.79 1071.87

T3 63469 164440 294463 376633 232436

Th 80,15 262,68 485,75 621411 5454468

Tg 129.45 380,73 860,36  4142.3L 794498

T7 44,097 98,85 27724 324417 255420
LeS.De BT 10496 94,55  150e43  438.4h 154423

1% 15410 130,10

209.47 172,74 253.83

Harvest 4
b, 1, Ss MS VR
Blocks 4 13544 33485 N.S.
Treats. L 7287.6 1821,90 27, 25% %%
Error 16 1069.7 66,85
Total 21.- 8&92.7
Harvest 2
D.,F. S8 ¥S VR
Blocks A 47150 11787 2,36
Treats. N 765337 191334 3841, 2% %%
Error 16 79683 ° 4980
Total IN 892170
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Harvest 3
D.F,. S3S MS VR
Blocks L 23227 8306 N.S.
Treats, L 2217681 55420 1,7 .06%%%
Error 16 188,77 11779
Total 2l 21,39385
Harvest
D.F, 3s ¥S VR
locks N 126473 31€18 2,96
Treats. L 5194523 1298630 129, 74%¥=
Error 16 170705 10669
Total = 24 5491704
Harvest 5
b F. 88 KS VR
Blocks X 55030 13757 Nes. .
Treats, L 2642748 €60687 35,94 %%
Error 16 29,071 18379

Total 2l 2991849




Grags
H, H, Hj Hl* 35_
T2 160,60 593,77 823,17 1277.56 970,68
'f3 51¢37 164440 194,98 2,9.50 201.04
T, 109,91 380,78 695.13  975.95 7u5.18
T-, 36441 98,85 199.69 225,92 222,10
L.5.D. 5 31076 94.55 166421 1€9.39 134483
17 L3.76 130,23 229,00 233,39 185,77
1% €016 179,07 31477  320.80  255.35
Harvest 1
D,F. S8 MS Vi
Blocks L 14,47.1C 361,77 £.:.
Treats. L 50360,90 12590,22 22,4 3%
Error 16 8990.05 561,87
Total 2, 60798.05
jlarvest 2
D,F, SS S
Blocks L 47450 14787 2.36
Treata, L4 765337 191334 38,520 %%
Error 16 79683 1,980
Total 2l 892170




Harvest 3
D, F, SS NS VR

Blocks N 3,575 8643 N.3,.
Treats, L4 1650678 412669 264818+
Zrror 16 24,6238 15289
Total  2& 1931491

Harvest )

D.F, S8 uSs TR

Blocks L 7766 1941 1.21
Treats, I 330369 107592 YA ELL
Trror 16 2550 1596
Total 2, 463675

Harvest 5
Blocks 4 154575 38643 3.81%
Trzats, 4 2265264 566315 558l eaw
Error 15 162262 10141

Total 2 2582058
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(e) Clover

T, 31028 110,55 184471 248,23 101.18
TS 12,32 52,72 99,65 126,92 31,32
TA 10.85 60,32 66,49 113,88 29,60
Is 19453 1543 165,23 166439 49,80
T7 855 26431 7755 98.25 33,70
L.S.D, 5% 7.83 35,61 60,42 €035 56,60

% 10479 49,07 83.25 110,70 77.99

A 14483 67 L5 114 li3 15¢e47 107.20

llarvest 1

D.F, Ss ¥S VR

Blocks . ‘0- 207042 54-0 85 1. 51

Treats, 4 2179453 544,680 15.95%%#

Zrror 16 546,56 3416

Total 24 29353.51

Harvest 2

D. 7. SS MS VR

Blooks N 6122 1530 2¢14
Treats, L 19252 4810 be75%+

Error 16 11399 712

Total 2L 36763
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darvest 3
D, ¥, 58 XS VR
Blocks L 13729 332 146
Vreoats, IN L5355 11134 DelGwx
“rror 16 32,25 2026
Total 2, 90423
Harvest &
LF, S8 ¥ VE
?Zlo c.is - IN 12821 ) 3205 N.S,
Treats, L 56500 14,125 3,92%
Zrror 16 57524 3595
Total =~ 24, 126845
Harvest
L.7, 38 ¥S VR
Blocks L 12448 2112 173
Treats. I 18234 4558 2.5
Error 16 28675 1792
Total 2L 59357
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i0.1.5. Components of Yield

(a) Wheat

(1) Tillers/plant (Mean)

T, T T T T L,S.D.
R R S S
Harvest 4 3.5  Sui 3.6 5¢1 7 1.1 1.5 2,0
Harvest 5 541 Lol 641 8.5 6,5 1.0 1o 2.0
Harvest 1
D.F, 8s ¥S VR
Blocks L 436 1.09 1469
Treats. ‘“0-0“{- 3.61 5059**
Errox 16 10,32 0.5h
Total 2L 29,12
Harvest 5
Blocks 4 349 0.87 1.}4.2
Treats, 4 47,48 11.87 194,55 *
Error 16 9,81 0.61 |
Total 2, 60,78
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(11) veight/Tiller

) K ’ H2 H‘3 HL Hﬁ
T, 0.76 2.4 3042 5498 620
T3 Ou 71 1,97 3.67 Lelb Lel9
T ) 0.65 2,02 3467 4e38 he37
T5 0,69 1,87 Le18 4e51 4405
T, 0469 1486 3e42 Lelk 5428

L. Se D. N. S. N. S. No So No S. No So
Harvest 4

D.F, Sg M8 VR
Blocks I 0,089 0.022 1429
Treats, L 0.025 0,009 NoSe
Error 1€ 0,027 0.047
Totel 2L 0,103
Harvest 2

D.F. Ss NS VR

Blocks &4 0.952 0.238 N.S.
Treats, L 0,23} 0,058 M. 2.
Error 16 6.738 0.421
Totel 2, 7.92
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Harvest 3
D.F. S8 ¥S VR
Blocks 4L 0,027 0,007 N.S,.
Treats, L 1,182 0.296  N.S.
Error 16 1.061 0,316
Total 25 64270
Harvest )
D,F, S8 ¥S VR
Blocks 4 129 0,32 1460
Treats, L 0,96 0.2 1.20
Error 16 3,33 0,20
Total 2 5.58
Harvest 5
Blooks Lo 136 0u3k 2,12
Treats, 4 0,60 0415 N.s.
Error 16 2,67 0,16
Total 2 Le63
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(1i1) Leaf area index

1 2 3
T 1 1.09 1.76 0.78
T 3 1.08 Tolidy 0.91
T L 0,58 0,82 Oulidy
T5 0,92 1.20 0,58
T7 0. 74 1.08 047
L.S.D., 5% 0.28 0,52 0.32
1% 0037 Na so N. S.
o 1% 0,53 N.S. N. S,
Harvest 4
D,F, Ss MS VR
Blocks L 0,1916 0.0479 1.09
Treats, L 0.9587 0.2396 545
Error 16 0.7033 0.0439
Total 211» 1 08536
Harvest 2
D.F. 8S uS R
Blocks l{. 0031 21 000780 N.S.
Treats, 4 2052425 006356 l;,.19‘
Error 16 2,4269 0.1516
Total 24 5.2815
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Harvest§
D.F. SS MS VR
Blooks L 0.3657 0,091 1.61
Treats, I 0.8320 0,2080 3,68+
Error 16 0,9048 0.0565
Total 24 2,1025
(iv) Grain yield, g/1.75 n°
B1 32 ‘Eé_ Bh- 35 Totsal Mean
T, 893.39 1253,22 767.58 615,10 696,90 4226,19 845.23
T5 638474 625,61 642,16 586,38 690.45 3183434 626,66
Th- 682,59  169.69 268.3,  519.82 271.77 2242,21 42,4
T5 538,13 651,82 704,68 522,11 507.7L 292448 584,89
T7 419.25 5_14.55 687.37 455.70 389.42, 266,31 493,26
Total 3172,10 3514489 3070,13 2699.11 2556.30  15012.53
D.F. 8S MS VR
Blocks I 117404 29351 1.34
Treats, I 489653 122,13 | 5e62%%
Error 16 3481,90 24780
Total 2) 955547

L.S.D. 5% = 198,00
1% = 272,23
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(v) Grain yield g/m row length

B, B, 32 BL 35 Total Mean
T, 89,33 125,32 76.75 61.5% 69,69 422,60 84,52
T3 63,87 62,56 6l 621 58463 69,04 318,31 63.66
T,+ 136,51 93.93 53.66 103,96 54035 2,41 88,48
T5 107.42 130,36 140,93 104,40 101,55 581,66 116,93
T7 83.85 102,91  137.47 91.14 75.88 491,25 98,25
Total 480,98 515,08 473,02 1419.6L4 370.51 3259.23
D.F. SS MS VR
'I‘reats. 4 759037 189081+ 5058‘
Error 16 84,7.79 52,98
Total 2), 1866,12
L.S.D. 55 = 17.64
1%: 2)4,.28
(vi) 1000 grain weight
B, B, By B B, Total  Mean
T1 43.10 42,60 43.60 43,60 43.60 216,50 13,30
T3 40,80 40,30 40,80 42,60 12,10 206,60 ,1.32
Th k2,10 39,50 40,30 39,40 39,50 200,80 40,16
T5 41,20 41,10 44,40 39.40 43,40 211.60 12,32
'r7 42,60 40,80 42,10 42,60 42,10 210,20 42,04
Total 209,80 207.30 210,90 207,30 210,40 1045.70
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D, F, SS MS "R
Blooks N 2.38 0.59 N.S.
Treats, L 27.48 6.87 3,00%
Error 16 28,22 1.76
Total 21 58.08
LosoDo % = 1078
(b) Grass
(1) Tillers/plant at Harvest 1
B1 32 BB BA B5 Total Mean
T, 1318 10,53 22,65 1445 16.16 76,97 15.39
Ty 11,32 8,27 10,06 8,26 10,2, 48,15  9.63
TL 8,2, 11.81 10,06 6,06 784 44,01 8.80
TG 18.99 10,49 18,99 12,64 14,46 7557 15414
T, 569 475 7462 9,80 14,56 32,67  6.53
Total 57.67 145.85 69.38 51,21 53,26 277.57
D.F, 88 MS VR
Blocks 62,78 1246 2,
Tr::ta. f: 511..10 7353 10?%1*"
Error 10 123070 7075
Total 2l 500,68
L.S.D. 5% 3,72

1% 513

1% 7.05



(i1) Weight/tiller
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H 1 I-I2 H 3 Hh
T2 0,079 0,212 0.524 0,774
T 3 0.058 0,176 0.555 0.616
TA 0.083 0.225 0.509 0,748
Tg 0,062 0,185 0.554 0,631
Ty 0.075 0.168 0. 462 0.576
L.S.D. 5% NS, N.S. N.S. N.S.
Harvest 4
D.F, SS MS VR
Blocks 0,032 0,008 N.S,.
Treats, 5 0.236 0,006 2,00
Error 16 0.473 0,006
" 3 24 0.7l
Harvest 2
D.F. SS us VR
Blocks lq. 00005 oow1 N.S.
Treats, I 0,012 0,003 1.50
Error 16 0,027 0,002
Total 2, 0,043
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Harvest 5
L.F. SS MS VR
Blocks N C.148 0.030 ¥.S.
Treats, N 0.028 0,007 N.S.
Error 16 G516 0,032
Total 25 C.662
Harvest )
D.F, SS S VR
Blocks L 0.0y 0,040 N.S.
Treats, I 0,13 0.032 3.55%*
Error 16 0.45 0.009
Total 2y 0,32
(iil) Leaf area index
H, H, H,
1‘2 0,94 3otk 2,0,
T 3 0,36 0.78 0.6l
iy L Ooise 1.14 0.94
'1‘6 0,70 1.62 1.49
'1‘7 0.25 0,60 0.63
L.S.D. 5% 0.23 C.63 0.53
1% 0,32 0.87 0,73
A% Okl 1.20 1,01
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Harvest 1

D.F, SS MS VR
Blooks L  0.418  0,0295 N.s.—
Treats, L 1.555 0,3888 13,03% 8%
Error 16 0.479 0.0299
Total 2, 2,152
Harvest 2

D,F, SS S VR
Blocks A 1.450 0,363 1.63
Treats, IN 20,742 5.185 23,339«
Error 16 34555 0,222
Total 2, 25.74,7
Harvest 3

D.F, S8 MS VR
Blocks L G575 0.1436 N,s.
Treats, b 766  1,9159  12,17%%s
Error 16 2,519 0,1573
Total 2), 10,758




195.

(1v) Seed yield, g/i ft.>

B, 3, B, B, By Total Kean

T, 26,60 28,85 23,90 39,20 27,90 145.65  29.13
Ty 11,30 41,45 42,40 49.85 16,55 74,55  4L.34
T, 21,60 19,00 21,15 12,50 25,35 99,60 49,92
Tg 27,35 18,25 22,75 22,40 27.55 118.30  23.66
T7 13,60 43,00 43,05 18,40 20,90 78,95 1579

Total 102,65 87.55 93425 11235 118,25  514.05

DR, Ss MS YR
Bloocks L 130.74 32,68 129
Treats. N 595,66 148,94 5¢90¢»
Error : 16 403,30 25,20
Total 25 1129.70

L.S.D. 57 3.80
1% 5.23
1% 7420



(c) Clover

196.

(1) Leaf area irdex
iy Hz
T 2 0,24 0,30
T 3 0,08 048
T L 0,06 0.56
T 6 0,10 0,63
T 0,05 0,22
7
L.S.D. &7 0.0 N, S,
19 0.06
1% 0.08
Hmést 1
D.F. S8 MS VR
Blocks N 0,0087 0.0021 1,90
Treats, L 0.0752 0.0188 17.,90%%»
Error 16 0/0187 0,0011
Total 2y 0.1026
Harvest 2
D,P, SS M3 VR
Blocks & 0,4008 0.,1002 1.43
Treats, l{- 0.9069 002267 5.25
Error 16 1.1159 0.0697
Total 21.. 2.)0256




197.

(ii) Seed Tield, g/i ft.°

}31 32 B5 Bh B5 Total Xean
T2 146 1,08 4,20 1.18 1410 6,02  1.20
T3 0.57 1434k 0480 0,70 0,65 4,06 084
Tg 2423 1,50 0,71 0,99 0.81 6.2, 1.25
T7 0s64 0,85 1,30 1,04, 0,56 4.%9 0,88
D, F. Ss MS VR
Blocks X 0,4622 0,1155 N. S,
Treats, . L 1,0006 0.2501 1038
Error 16 2.8972 0.1810
Losal 2l 4,3600
10.1.4¢ Soil moisture., Mean Percentage
(a) 0-9"
25/5 29/ 9@ 12/10  26/10  9/11 2/11
T, 17.25 17.29 20,47 12.10 6451 6,00 10,26
T, 7.77 17.95 2141 10.87 557 L83 9,05
T3 1793 1729 2048 11.7% 5638 h.33 11,28
Th 17.08 17,19 20,90 11,94 5.78 170 10.14
T5 1714 17.60 20,83 12,83 6439 5.63 11,70
Tg 17.00 16,85 20.46 14,57 5.80 5.16 9,12
T7 18,07 17.83 20,38 12,95 6.61 5495 9.38
L.S.D. N,S. N.S. N.S. N.S. N.S. N.S.

e ——

N.S.




198.

(b) 9=18"
25/5 29/6  9/9  12/10 26/10
T, 16417 16,07  17.54 13,08 11,06
T, 17.09  15.82  17.54, 12,26 8.76
: T3 15.99 16,12  16,7° 12,23 8.28
T, 16,58 16,11 16,72 13.06 8.7
Ts 15,96 15,88 16,48 143,13 9.82
Ty 16,54 16,32 17.25 13,44 10,37
L.s.D, N.S. eSe N.S. KeSe N.S.
10.2,0, Experiment 1, Regrowth 1561
10,2,1, Plant Ccunts Number/eight 3" cores
(a) Gress
31‘ 32 B3 Bk E5 Total Mean
'?'; 1072 1333 1524 1217 1523 €669 133,
T 3 227 451 339 622 378 2047 403
Th 751 556 778 709 660  3,5) 691
T6 1338 529 1108 1405 1152 5232 10,0
T, 678 716 496 781 550 3221 6

Total 4066 3585

h2h5  LA3L 4263 20593

D.F, 88 ¥s VR
Tredts. L 2961 Gows 1w
Error 16 612996 38342
Total 2, 3379418
L Lo, mus @ w2 mem




199.

(v) Clover

¥
B1 32 B3 Bk B5 Total ean

T, 28 3 3 16 19 128 27
Ts 15 26 36 16 18 111 22
T, ¥ k12 33 29 165 33
T¢ 52 §2 2 29 17 13 27
T, 39 w6 25 19 26 455. A

Total 183 187 109 405 109 693

DF SS MS VR
Blocks & 1440 360 2,88
Treats, 4 3 93 N. S.
Brror 16 2013 125

Total 2l 3826




zw.

Dry matter yield g/0.25 m°

10.,2.2,
(a) Pasture
Ty Ts Ty Te Ty L.S.D.
5% A% W%
Ny 36.5 24,5 23,9 35.3 20.1
He N, 46,0 31,7 25,7 k2.1 32.0
Mean 4102 28.1 2&.08 3807 26¢0 302 10»024- 600
Ny 55.6 45,7 43.9 55.0 40.7
", N, 76,0 65 56,1 78.2 61
Mean  €5.3 55,0  49.9  66.7 51,1 10.3 1L.2 19.5
. NO 130.1 133.2 129,5 131.4 126.3
3 XN, 135.1  152,9  142.5 132.,5 151.3
Mean 132.6 1“5.3 156.0 132.0 138.9 22.6 3006 -
Ny  172.4  175.2 167.2 163.0 159.2
B N, 17702 1642 15k.2  163.6  193.8
¥ean 175,.7 169.,6 160.8 163.3 181.6
Harvest 1
by SS ¥S VR
Bloocks 4 L55.7 113.9 2.19
Treats, L4 2326,6 381.6 14.22¢»#
Nitrogen 1 691.9 691.,9 28,59%%»
T2 X No l!» 1)4-101 35.2 1.10-5
Error(ii) 20 485,3 24,2
Total L9 1930,.1




201,

Harvest 2 IF 83 xS VR
Blocks L 8249  206,2 170
Treats, . 24,98.6 62,6 5e27%%
Error (1) 16 1896.2  118,5
Nitrogen 1 4629.h  }621.4 105,270k«
T, x N I\ 206,2 5145 1.17
Error (ii) 20 879.5 43.9
Total L9  10926,8
Harvest 3

DF S8 ¥s VR
Blocks L 2116 529,0 N. S,
Treats, L 762 190.5 N.s.
Error (1) 16  8%15 557 .1
Nitrogen 1 2033 2033.,0 LeB5%
T, x N L 1065 266,2 N.S.
Error (i1) 20 8380 419.0
Total L9 2321
Harvest i,

P CH] S R

Blocks N 4809 1201 143
Treats, N 2965 744 N.S,.
Error (i) 16 16987 1061
Nitrogen 1 5 5 N.S.
T, x N 4 2279 569 145
Error (4i) 20 7843 392
Total L9 3,888




202,

(v) Grass
L.S.D,
7 7 74
Tz T3 le T6 T7 59"0 1/0 .1/0
No 313 19.1 18,2 30,9 13,7
N, 419 233 214 35.5 26,1
Mean 56.6 21.2 19.8 3302 1909 507 709 1009
NO 50011- 2903 Boolt 10-306 2906
N1 7061 Shel L45.7 69,9 51,7
Vean 60.2 14.1 07 38.0 5607 1}006 109 2.7 307
Nb 751  59.7 81.5 B85.5 60.5
Ny 119.4 122.3 121.7  97.3 113.8 21.9 31.7 43.6
Hean 973 91,0 1016 91.5 87.2
Nb 100eh 7642 58,0 79,2 74.6
yi 141.8  123,2 99,2 435,54 134,8
Y ean 121.1 9907 77.6 10703 1014-02 5805 5300 7209
Barvest 1
ar 33 MS VR
Blocks 4 24,2,0 60,5 1.62
Treata. L 2628,0 657.0 17,66+ %+
Error (1) 16 59641 37.2
Nitrogen 1 612,5 612.5 310455
T2 x N & 1754 4L3.8 2,22
Error (i1) 20 395.0 19.7
Total 10-9 l+6‘+903




203,

Harvest 2
) Ss MS VR
Blocks N 32,75 8,18 1.95
Treats., I k176332 104433 2L, 954%+
Error (i) 16 66,96 Le18
Nit;ogen 4 585005 585005 60049**‘
T2 x N L 18,90 472 N.S.
Error (i1) 20 193.43 9.67
Harvest 3
DF 8s MS VR
“Blocks L 10500, 2527¢3  Lell*
Treats, i 41300,0 325.0 KR.S.
Error (i) 16 u48.7 590,5
Nitrogen 1 22527,2  22527,2  39,03%%x
Error (ii) 20 1154044 577.0
Total 19 59006,3
Harvest I
Dr Ss ¥S VR
Blooks I 16866 4216 2.55
Treats, N 9983 21,95 151
Error (1) 16 26103 1652
Nitrogen 1 28560 28560 27.20%%%
T, x N N 613 153 N.S.
Error (ii) 20 21018 1050
Total L9 103,83




20L,.
(¢) Clover
L.S.D.
T2 C[‘3 Th TG T7 5 y 1
Nog 6.30 4,30 5.70 4.0 6,40
H1 N1 4,10  8.40 14,30 6,70 .20
Mean  5.20 6.30 £,00 5,50 6,10 NeSe
No 5409 15,70 1359 11.48 11.17
"2 N, 5.9 10.90 10,07 8,39 11.59
¥ean 5,30 13,30 14,83 9.93 11.38 Iie 5.
g, Np 55450 73.60 48,10 146,50 65.90
>, 15,70 50.60 20.70 35.20 37.60
Yean  35.60 64,20 su.uc;— 40,80 51,70 N.S.
g Ny 73.00 98.00 109,00 85,00 93,00
“ N, 35.0 41.00 57,00 28,00 50.00
Lean 54,00 $9.50 83,00 56,50 71.50 N.s.
Harvest -
DF ss S VR
Blooks Lo L5.45 11.36 N.S.
Treats. L 13.75 3.43 N.S.
Brror (i) 16 207,30 12,55
Nitrogen 1 0,00 0.00 N.S.
T, x N 4 68,58 17.14 2,50
Error (ii) 20 137.05 6.85
Total 49




205,

Harvest 2
IF SS S VR
Blocks A 248,61 62,15 2,31
Treats. L 354,09 88,52 3430
Error (i) 16 126,92 26,82
Nitrogen 1 51,24  51.24 1.93
T, x N X 63,60  15.90 N.S.
Error (i1) 20 529,72 26,.8
Total %9 1674e15
Harvest 3
oF 8s ¥3 VR
Bloocics 4 4822,3  1205,5 2,88
Treats, 4 5547.9 1386.9 3e31
Error (1) 16 6693.3 418.3
Nitrogen 1 38L,16.2  8416.2 26,06%%x
T,>N oy 1055.0 26347 N.S.
-;:ror (i131) 20 645945 322,9
Totel L9 32999.2
Harvest I
DF Ss %S A
Blocks L 14626 1156 1.76
Treats. b 5663 1415 2.15
Exror (1) 16 104,37 656
Nitrogen 1 304,06 30406 L6.,90%%e
T, x N 4 782 135 N.S.
Error (ii) 20 42959 647
Total L9 64,933




10.3.,0, Experiment 2

10.3.1. Dry matter yield of wheat g/3m length of rows (I eans)

206,

LoeSeDe

% P2 %3 % CZ N A 7
N-S 33,62 29,41  35.05 26,81
E-W 35077 22&—096 )-(»3007 28.20
Ne O 154490 132,70 222,90 189,60
B =% 155,10 124,10 494,40 186,00

H, Mean 155,00 123,90 208,65 187.80 3.38 1,58 Eell
N-3S 392,15 332,17 588.20 520,61
E =W 351.56  337.88 594,17 488,14

_fl Mean 371485 335,02 591,19 50438  47.63 64.55 B6.43
N-3S 300,40 365,30 572,00 504,350
E-W 368,30 313,60 578,50 505,90

j& Mean 38e35  339.45 575420 505,10 4493 60,89 81,53
NS 373,20 333.80 585.40 502,60
E-V 339020 319080 523.“) 50901+0

H Mean 356420 326,40 554420 506,00 19,66 67,30 90.10

(a) 2nelysis of variance es 2 (main plots) x 4 (srecing-rate combination)
randomised block design,

Harvest 1
DF SS ¥S VR

Blooks L 1157.35 289,33 16,91*%
Direction 1 34464 3L .61 2,02
Error (1) N 68 o441 17.40

Densities 3 102242 310,80 7525
Diro X DGD. 5 187015 62.38 1037
Error (ii) 2L 1086,49 L5.27
“Total 39 3556643




207,

Harvest 2
DF ss ¥s VR

Blooks N 614011 153.52 13,68+
Direction 1 8.78 8.78 N.S.
Error (1) N 44,88 11,22
Drexben. 3 A em we
Error (ii) 2 325,14 13.50
Total 39 4420,06
Harvest 3%

oF SS kS VR
Blocks I 185626 46,06 1C.91%
Direction 1 2255 2355 N.E,
Error (1) N 17002 1250
Densities 3 42243 14,0744, 52,78 *x
Dir, x Den, 3 4570 1523 N.S.
Error (ii) 2, 63987 2666
Total 39 695683
Harvest )

4 ss Ms VR
Blocks L 213189 53297 9.15*
Direction 1 3572 3572 N. 8.
Error (i) L 23289 5822
Densities 3 252380 147,60 L9.54%%%
Dir. x Den, 3 5802 1934 N.s,
Error (ii) 2 56933 2372
Total 39 655165




208,

Harvest 5
SS ¥S VR

Blooks I 201389 50347 13,33
Direction 1 6812 6812 1,80
Error {i) N 15100 3775
R T S e
Error (ii) 2l o 69467 289y,
Total 39 - 671755

(b) Analysis of variance as & Z (mein plot) x 2 (spacing) x 2 (rate)
fastorial desisn,

Harvest 4
F RE M3 VR

Blocks L 1557435 289,33 16,91%+
birection 1 3le61 34461 2,02
Error (i) L 68.oh1 17.40

Spaoing 1 584 83 58, 83 129
Rate 1 925.35 925.35 20 44 ns
Dir. X Sp. 1 52.06 82.06 1.81
Dir. X Ro 1 105001 105001 2031
Spo x R 1 3802‘l- 38.2!} Noso

D X Sp. x Ro 1 Oﬂw 0008 N‘S.
Error (ii) 2y, 1086449 45027

Total 39 3556443




209,

Harvest 2

) 53 ¥S VR
Blocks l}, 611{-011 153.52 13.68*
Direotion 1 8,78 8.78 M. S.
Brror (i) L 44,88 11,22
Spacing 1 345445 345.75 25,58%%%
Rate 1 6747 67.47 4.99%
Dir, x Sp. 9 hoh6 Lok N.S.
Dir, v %, 1 2,28 2,28 N.S.
sp. X R. 1 2.62 2.62 N.S.
Dx Sp, YR, 1 5.70 5,70 X.S.
Error (3ii) 2 321,14 13.50 -
Total 39 11,20,06

Harvest 3

or SS 1S VR
Blocke ‘}. 185626‘0 ‘4.6‘;0600 10091‘
Direcotion 1 2355.,0 2335.,0 N. 3.
Error (i) I 47002,0 4250,0
Spacing 14 377684 .0 37681,0  141,66%¢e
Rats 1 38218,0  38128,0  14.33%se
Dir, x SP. 1 uoo 1‘\5.0 R.S.
Dir. x R 1 3800 5800 Noso
Sp. x R 1 62440 6214.,0 2.34
D x Sp. x R. 1 44,89,0 4359,0 1,68
Error (ii) 24 63987,0 2666,0
Total 39 695683.0




210.

Harveat I

P 3s ¥S VR
Blocks N 213189,0 53297,0 9.15*
Direction 1 3572,0 3572,0 NoSe
Error (i) 4 23289,0 5822,0
Spacing 1 317730.0  317730,0 133.,95%#=
Rate 1 33062,0 33062.0 13,93%%
Dir, x 3p. ] 5290,0 5290,0 2,23
Dr. x R, 1 78,0 378,0 N.S.
Sp. x K. 9 1588,0 1588.,0 N, Se
D x Sp., xR, 1 13,0 13,0 N.S.
Brror (ij) 2l 56933.,0 2372,0 .
Total 39 655165,0
Harvest §

IF Ss - MS VR
Blocks L 201389,0 50347,.0 13633%
Directicn 1 £812,0 6812.0 1.80
Error (i) L 45100,0 37710
Spacing 1 35645540  356455.0 123,17%%s
Rate 9 15210,0 15210,0C 5.25%
Diro x SP. 1 2900 2900 N‘S.
Dir. X Ro 1 wBLOO l‘-Bel.}.O 1.68
Sp. X Ro 1 8’4.6.0 81;-6.0 N.So
D. x 5p. xR, 1 156340 1563,0 N.S.
Error (ii) 21 69467.0 289L..0
Total 39 671755,0




211,

10,3,2, Number of tillers/m length of row (Mean)

D D D D LD
1 2 3Tk 5% 15 o 1%
N - S 6902 50.0 814»08 5702}
L =W 7765 51,0 87¢4 57.8
T4 Mean  73.3 50,5 8641 57.6 7.,  10.0  13.4
Ne S 69,8 358.8 83.6 75,0
B e 60 51.8 85,2 79.6
T2 Mean 66,1 55.2 B4k 723 12,86 7., 23.3
H - S 61.6 1}6.6 83.2 69.6
. E =T 63 52,2 8hL.2 55.5
“3
¥ean 62.5 )4.9.1;. 83.7 6707 7e9 10.7 1443
Na-3 63.6 49.6 B80.&E 71.6
Hk E =¥ 59,6 43.0 76.2 66,2
Nean 62.6 L46.3  TB.E 6849 5e5 7.5 10,0
Harvest 1
I S8 VR
Blocks 4 1870.0 16745 6,10%
Direction 1 93.0 93.0 1.27
Error (1) L 292.0 73.0
Spaoing 1 99000 990,0 1503&**‘
Rate 1 65790  6579.0 102,00%%*
Dir. x Sp. 1 24,0 24,0 N. S.
Dir. x R¢ 1 5600 56.0 Noso
Spe x R, 1 82,0 82,0 1.27
D x Sp. xR, 1 15.0 15.0 N.S.
Error (ii) 2], 1548.0 645




242,

Harvest 2

F Ss M8 VR
Direction 1 122,0 122,0 11.,09*
Error (i) I 450 11.0
Sp&cing 4 278800 278800 11&029 A
Rate 1 1562.0 1562'0 8001 %
Dir. x Sp. 4 27.0 27.0 N.S.
Dir. X p.. 1 68.0 68.0 H.S.
Sp. x R. 1 300 340 N. S,
D. x SP. x Re 1 600 600 N.S.
Error (ii) 2, 1693.0 195.0
Total 39 143640
Harvest 3

IF S8 ¥S VR
Blooks 4 44.33.0 1408.0 92,.335%%+
Direction 1 1340 13,0 1408
Brror (4) L 19,0 12,0
Spacing 1 3900,0 3900,0 53.42¢0
Rate 1 2117.0 2147.0 29,00%»»
Dir, x Spe 1 66,0 66.0 N.S.
Dr, x B 1 1.0 1.0 N.S.
Sp. X R. 1 21.0 21.0 NQS.
Dx S‘p. x R ;| 1;.6.0 2.5.0 Noso
Error (ii) 24 1764..0 73.0




213,

Harvest I
DF S8 s VR
Blocks N L161,0 1040,0 17.93%
Direotion 1 349.0 219C 550
Error (i) & 233.0 58,0
Spacing 1 3705,0 3705.,0  102,99%+*
Rate 1 16770~ 4677.0  1f,58v==
Dir. x Spe 1 5.0 5.0 N.S.
Diro X R. 1 100 100 Noso
SP. X R. 1 115.0 113-0 301}
Dx Sp, xP. 1 0.0 0.0 N, S.
Error (ii) 2l 873.C 36,0
Total 29 11087,.0
10.3.3. Weight/Tiller (Mean)
L.3.D
D D D D sTeTe
N-8S 0,157 0,158 0,157 0.1%5
g BeW 0.152 0,151 0,165 0,162
1
Mean 0,155 0,150 0,152 0,159 N, S.
N-S 0,716 0,844 0,390 0,825
H, B-W 0,775 0,745 0,796 0,885
Mean 0.7&.6 00793 OOBM O. 855 N. s,
K-S 1,927 2,377 2,358 2,507
E% 1,809 2,314, 2,352 2,87
- _
3 yean 1.898 2,346 2,355 2,197 0,097 0,131 0,176
B 2,127 2,384 2,445 2,641
B
b Mean 2,063  2.432 2,409 2,601 0,167 0,227 0,301
N-S 1.868 2.‘02‘} 2.3010, 2,“25
H5 RE=¥ 2,020 2,235 2,266 2,504
Mean 1094, 2,329 2,285 2,46k 0,198 0,268 0,359




21l

Harvest 1
DF SS ¥S VR

Blocks L 0,004
Direction 1 0,000
Rrror (i) N 0,001
Spacing 1 0,000
Rate 1 0,000
Dir. x 3p. 4 7.000
Dir. » &, 1. 0,000
Sp. x R, 1 0,000
D x Sp. xR, 1 0,001
Error (ii) 2L 0,001
Total 29 2,007

Harvest 2

JF 88 S VR

Bloolks 4 0,027 0,007 14,500+
Direction 1 0,001 0,001 2,00
Error (1) I 0,002 0,005
Spacing 1 0.007
Rate 1 0.C01
Dir, x Sp. 1 0.0C0
Dir, x R, 1. 0,0C0
Sp. x Re 14 0.001
D x Sp. x R. 1 0,002,
Error (ii) 2n 0.010
Total 35 0,053




Harvest 3
Su ¥S Vi
Blocks L C.179 0,04, 8,80«
Direction 1 8,014 0,041 2,80
Y
Error (i) L 0.022 0.005
Spaciné, 1 0.925 009?5 81{-009*‘““
Rate 1 0.874 - 0,871 79,18%*»
Dir. x Sp. 1 0,005 0.005 N.S.
Dir. b d R. 1 Q.ml}. 0.0‘“4. 1.27
Sp. x 2. 1 0.233 0.233 21,48%**
Dx Sp. x R, 1 0,000 0.060
Brror (ii) 2}, 0,261 0.011
Harvest

. DF S8s MS YR
Blocks 4 0,108 0,027 N.S.
Direction 1 0,020 0,020 N.S.
Error (1) I 0.207 0.051
Spacing 1 00661‘. 006615. 20.12*‘*
Rate 1 0.734 0.784, 23,8395 %¥
Dil‘. X 890 1 0.0@ 0.009 N.So
Diro xR 1 00029 0-029 NoSo
Sp. x R, 1 00078 00078 2056
Dx SPO x R, 1 0.035 0.035 1.m
Error (13) 2, 0.798 0,033
Total X 2.732




Harvest 5
i 33 uS VR
Blocks L 0,324 C, 082 N. S.
Direction 1 0.0C0 0.0C0 N.S.
Error (1) L 0.323 c.083
SP&OiIlG 1 00567 00567 12,329
Rate 1 0.738 00793 1705‘&* v
Diro X 5:‘. 1 0.003 oomj No So
Di.r. by = s 4 0.03’1 0003'1 N. So
Sp. x %, 1 0.105 0,105 2,28
Dy Sne v R, 1 0,133 0.133 2,89
Error {ii) 2l 1,102 0.0i6
Total 39 3.403
\
10,3.4o Grain Yield, g/3 m lengtk of row
B1 32 33 B# 85 Total Mean
D, 148.8  175.2 17€.2  94.6 11948  71he6  142.9
_ L, 232.7 163,00 114.8  113.1 126,5 750,1 150,0
Dy 156.6 219.7 290.% 212,  192.1  1070.9 24,2
le . 210,8  231.0  229.4  153.5 11243 947.0 189..4
Total 748.9 798,9 810,35 573.6 £50.7 44B2.6
D, 419.h,  139.6  144.3  118.6 125.2 677.1 13544
D, 142,7  122.2 1544 Eel 125,.8 64,0,8 128,2
o 93 212,6 2%9.9 28.7 185.5 138,8 1035,5 207.1
?4 2hkok  233.6 210,53 183.0 151.,2 1022.5 204 ¢5
G/total 152840 153462 1548.2 415644 1091,7 6858.5




DF 58 Ms VR
Blocks N 2534340 64,60,0 25443%
Direction 4 285.C 285.0 1612
vrror (i, &4 1019.,0 254..0
specing 1 41816.0  11816,0 30,18+
Rate 1 17440 L7440 N, S,
Dir, x Spe 1 57340 873.0 NoSe
Dir. x }\Q 1 38.0 5800 N.s-
5Po % Ko 1 Léjgo 2{»6300 No 3,
Dz Sp. 2 N1 831,.0 83i..0 N. 3.
Lrror (ii) 24 26291,0 1095.0
Total 39 9793640
L.S.D. &7 = 30.5
1o = Mok
01% = 55,4 -
10.3.4. Total L (Mean)
Lo Se Do
D D D D
1 2 3 b 1%  0.1%
N-S 1,523 1,093 0,563 0.L51
E - 10452 0‘98&. 00731 0.‘%-1’-‘1-
¥ean 1 02{»37 1 0038 006)4—7 0.432 00193 00271 0.38)4.
N-S 2,770 1,988 1,589 1.625
D= 2,609 2,103 1,798  1,40i
Hp Mean  2.689 2,045 1,093 1.514 0,363 0,510 -




Harvest 1

DF 3S S VR
Blocks 2 0.,42€ 0,063 2.25
Direotion 1 0,004 00001 N.S.
Brror (i) 2 0,057 0,028
vensitics 3 3.880 1.293 26 4385 ¥x:
Jire ¥ Tene 3 C.069 0,023 AR
EZrror (44) 12 C.599 0.04¢
Totel 23 L7302
Harvest 2

P 88 M3 VR
Blocks 2 0.678 0,339 Le18
Directica 1 C.002 0.002 Nese
Error (i) 2 0,163 0,081
LDensitiss 3 48,2 1.6 9.55%+
Dir, » Den, 3 00196 00065 N.S.

Error (ii) 12 2,035 0.169

Total 23 7.916

10.3.5« L. cistribution

A = FE are lateral sections with the cenire of the
nlants in "C* reading E to W 4n M-S rows urd N %0 §
in -V rows. ,

(a) Hervest 4 & - W rows
60 lbs/acre 7" spacing (D‘)

A B ¢ D E Total
12=15" - - - - - -
912" - - 0.86 0.91 - Oy07
6=9" - 0,03 Q.4 0,20 - 0.67
36" - 0,07 1.1 0.23 - 1.41

O 3" 0,01 0,06 0.56 0,07 0,01 0,71

Totel 0.01 0,16 2.17 Ce51 0,01 2,86




219.

30 1bs/acre 7" spacing (D2)

A B c D E Total
12-15" - - - - - -
9=12" - - 0.01 - - 0,01
6=9" - 0,09 0,26 0,05 - 0.40
3 - 0,16 0.67 0.08 - 0.91
0-3" - 0.08 0.)4.6 oooll- - 0058
Total - 0.33 1.43 0.17 - 1.93
30 1bs/acre 1#" spacing (D3)
A B c D E ’Jé‘tal
12=15" - - 0.01 - - 0.01
G=12 - - 0.10 0,01 - 0.11
=9 0,01 0,09 0,39 0.17 - 0.66
3-6 - 0,17 1.02 0.16 - 1.35
0-3 - 0,05 0.59 0006 - 007&»
Total 0,01 0,35 2,11 0.40 - 2.8
15 1bs/acre 14" spaocing (Dh)
A B ] D E Total
12=15" - - - - - -
9"12. - - 0002 - - 0002
6=9" - 0,02 0,29 0,05 - 0,28
3-6" - 0,07 0.65 0,09 - 0,81
0-3" - 0,05 0.42 0,06 - 053
Total - 0.1k 1.34 0,20 - 1,64




220,
(b) Harvest 1 N - S rows
60 1bs/acre 7" spacing (D1)

A B c D E Total

12-15" - - - - - -
9=12" - 0,0, 0,07 0,02 - 0.13
6=9" 0,01 0,11 0.49 0,18 0,014 0,80
3-6" - 0.09 1.219 0.14 - Tolidi
0= 3" - 0,05 0,52 0,05 - 0,62
Total 0,01 0,29 2,29 0,39 0.01 2,99

30 1bs/acre 7" spacing (D2)

A B c D E Total

12-15" - - - - - -
G=q2" - - 0,09 Q.02 - 0.11
6"9" - 0006 0033 0012 0.01 0.52
3-6" - 0,06 0,78 0,16 - 1.00
O=3" - 0.06 0.39 0.07 0.1 0.53
Total - 0.18 1459 0.37 0,02 2,16

30 1bs/acre 14" spacing (D3)

A B c D E Total

12-15" - - - - - -
9‘12" - 0.01 0007 0002 - 0010
6=9" - 0.09 0O.,41 0,09 - 0.59
3-6" - 0.08 00814. o.1’+ - 1‘06
0= 37 - 0.0, 0.39 0.04 - 0.47
Total - 0022 1 .71 0029 - 2.22




"1,

15 1bs/acre 14" spacing (D&}

A B c D E Total

12-15" - - - - - -
9-12" - 0,02 0,03 0,01 - 0,06
6=9" - 0,07 0.2, 0,06 - 0.37
3=6" - 0,08 0,66 0,114 - 0.85
0'3" - 0009 0039 0.02 - 0050
Total - 0.26 1.32 0,20 - 1,78

(¢) Harvest 2, E « W rows

60 lbs/acre 7" spacing

" A B c D E Totel
21!-"27" - - 0007 oo 01+ - 0.14
24=2" - 0,02 0,47 0.1 - 0,60
18"21" - 0011 0075 0012 - 0098
15-18'. - 0006 0'69 00110- - 0.89
12“15" 001 0005 0065 0.1 1 O. 01 0.81

0
- 0,07 0,55 0,15 0,03 0,78
6=9" 0,01 0,02 0,57 0,02 - 0.62
- =~ 0,02 0,2, 0,01 0,01 0,28
0-3" - - 0.03 - - 0.03

Total 0,02 0,33 L4.00 0,70 0,05 5,40

30 1bs/acre 7" spacing (Dz)

A B C D E Total
24-27" - - 0,03 - - 0.03
24=2)" - 0,02 0,26 0,10 - 0,38
18-21" - 0,03 0,50 0,16 - 0,69
15-18" - 0,08 0.55 0,09 - 0,72
12"15" - 0009 0057 0013 0001 0’80
9e12" - 0,07 0.6 0,04 - 0,57
6-9” - 0.06 0.2;2 0006 - 005‘!-
36" 0,01 - 0.28 - - 0,29
0=3" - 0,02 0,06 0,01 - 0,09
Total 0001 0037 5013 0059 0001 li»011




222,

30 1bs/acre 14"spaci:. (Dj)

A B C D E Total
2L=27" - - 0.11 0,06 - 0.17
21921, - 0,02 0,27 0,12 - 0.4
18=21" - 0,03 0,61 0,29 0,04 0,97
15=18" - 0,09 0,9, 0,26 0,02 1631
12«15" - 0,06 0,85 0,22 0,05 1,18
G=q2" - 0,07 C.,97 0,20 0.0 125
G=9" - C.08 C,69 (.15 0,01 C.93
6" 0,01 G045 Co54 0,09 - C.65
O 3" 0,04 C,02 C,13 (.03 - C.19
Total 0,02 Q.41 5,08 .42 0.13 7,06
15 1bs/acre 14" spacing (D&)
A B C D E  Total
2h=27" - - 0,01 - - 0,01
21-2," - - 0.12 0,06 - 0.18
18=21" - 0,0 0,35 0.,19 0,02 0,60
15"18" - G.OI;. 0065 (3025 - 0‘92
12—15" . - 0.05 0068 R 0.16 - 0.89
9‘12" - 0002 00710- 0017 0001 0092}-
6-9" - 0444 0,73 0,14 - 1,01
3=6" . - 0.11 0.53 0,06 - 0.70
O 3" - 0,02 0,23 0,06 - 0.31
Total - 0.1}2 li.oolp 1007 0003 5.56
(d) Harvest 2, N-3 rows
60 1bs/acre 7" spacing (D1)
A B C D E Total
27=30" - - 0.05 - - 0.05
2)=27" - - 0.23 0,10 - 0.33
21-21;." - 0.01 0.51+ 0011 - 0076
18-21" - 0013 0082 00124- - 10@
15-18” - 0005 0076 0013 0001 0095
12"15” - 0006 0.62 0.01(. - 0.72
9= q2% - 0,05 0,66 0,02 - 0.73
6-9" - 0.0l'. 0050 0.014, - 0058
3G - 0,02 0,17 0,01 - 0.20
&3" - - 0004 - - 0.0&
Total - Oo 36 1-1-020-9 0059 0001 5.145




30 1bs/acre 7" spacii.. (Dz)

A B c D B Total
27=30" - - - 0.01 - 0.C1
2427 - - 0.06 0,04 - 0.10
21"21*." - 0.01 0028 Oa09 - Oo :;8
18=24" - 0,07 0,50 0,11 0,04 0.7
4 D18 - ¢, 08 0,52 0.09 - 0.09
12=15" - 0.05 Co43 0,03 - C.51

C-12" - 0.03 038 (.05 - C.L.6
G=OM - 0,05 Q.34 (.02 - Colit
3-6" - 0.0, 0,22 (.02 - .28
O 30 - 0,01 0,10 0,01 - .12
Total - 0.3)4, 2.83 O.).;.? O. 01 .,065
30 lbs/acre 14" spacing (Dj)
A B c D E Total
2u=27" - - C.05 0.0 - Ca.09
242" - 0,03 C.47 C.1h - G461,
16=21" - C.09 G.85 Ce11 - 1.05
15-18" - C.03 8,96 C.17 - 1,16
12=-45" - Cl.08 0,82 ¢€,09 - .99
G q2¥ - 0.08 0,71 0.09 - 0,88
o - C.06 0,70 0,08 - 0.8
5"6" - 0008 095’4- 0005 - 0067
0=3" - ooolc- 017 - - 024

Total - 049 5.27 0,77 - 6453
15 1bs/acra 14" spacing (D&>

A B c D E Total
27.50' - - 0001 O. 01 - 0002
24=27" - - 0.12 0.10 - 0.22
21=24" - - 0.38 0.22 0,01 0,64
18-21" 0,01 0.03 0.68 0.19 0,44 1.05
15=-18" - 0,10 0,62 0.19 0,02 0.93
12-15" - 0.25 0.64 0.15 0,01 1.03

9-12" - 0.15 0.67 0,17 0.01 1,00

6=9" - 0.11 0,58 0.09 - 0.78

3-6" - 0,09 0,0 0,06 -  0.55

0-3" - O'OA- 0~15 0001 - 0.20
————

Total 0,01  0.75 4.25 1.19 0.19 6.39




Zie

10,3.6., Harvest 2, Wt. of dead leaves (57 of total dry matter),

B, B, B, Total  Mean
D, 9.4 11.5 7.7 28,6 53
D, 7.4 6.F €.1 22,0 7.33
33 5.2 o7 1e9 1448 4493
Dh. 3.5 09 201 705 2050

N - S Total 25.5 24,6 22,8 72.9

D1 12.9 14.C 7e4 3440 11.33
D: 8.0 10.7 S5¢7 20l 8413
D3 8.3 7.1 33 18,7 6.23
DQ_ Le8 1.7 Le5 11.0 3,66

DF SS ¥S VR
Blocka 2 1909 9095 Noso
Direction 1 9.6 9.60 N.S.
Error (1) 2 9.9 4e95
Densities 3 176,0 58,66 15,85¢%%
Dir. x Den, 3 0.8 0.26 N.S.
Error (ii) 12 hliol 3.70
Total 23 256,41

LQS.DC SZ = 1.77
1% = 2.)...0
01% = 3022



10.3.7.

(a) 60 lbs/mecre 7" spacing N - S rows (p.)

Light intensity at ground level (7 daylight)

., PRPS

D P L P P

ate 0 3  Heen 0 Kean 3  Mean
30/7 54,7 57.9 36.3 52,3 72,4 57.3 62,9 60,1
5/8 52,8 56.8 54,8 3.0 5heli 53,9  54e7  54.3
12/8 1.4 13.7 12,5 54,0 S5het 16,8 12,0 4.
19/8 9.0 16,8 12,9 1.6 3.8 5,0  L.1 Le5
26/8 20,2  15.9 18,0 16,2 39.2 2.9 3.8 3k
2/9 5.0 .8 R 32,7 2.5 1.9 2.2
9/9  13.7 sy 5.4 7.2 21,1 15.8 12,6  44.2
16/9 3.7 2.9 3.3 45,2 5.5 2,0 2,0 2.0
2%;9 15 1.5 1.5 1.1 26.1 1.3 1.3 1.3
30/9 - - - - - - - -
7/10 5.0 6,6 5,9 2.3 26.1 8.1 10,8 9.5
15/10 6.2 7.5 6.8 8.5 8ok L7 Lhel Lk
22/10 12,6 1.6 8,6 8.9 11,9 17.0 18.3 18,0
29/10 18,3 23,3 20.8 8.9 L1,0 12,1 12,0 12,1
5/11 507 9'3 7.5 1902 Shl7 - - -
12/11 8.5  ke6 5.1 17.2 41,9 22,1 20,3 21,2
19/14 - - - 1149 37.9 - -

(b) 60 lbs/acre 7" spacing E = ¥ rows
a,.m, P.m,

Date Po P}% Kean PO Yean P}% Mean
30/7  49.9 58,3 541 89.4 86,5 48.1 55.8 51,9
5/8  62.3  T71.2 66,7 L9.4 50s6 56.6 70.0 63,3
12/8 22,6 20,1 21,3 68.1 70.5 18.1 17.5 17.8
19/8 10,1 13,0 11,5 30.4 28,7 10.0 5.0 7.5
26/8 22,2 17,8 20,0 33,3 26.5 43 Lo4 4.2
2/9 8.2 9,0 8.6 14.3 15.7 6.3 10,5 8,4
9/9 10,7 12,9 11.8 20.6 20, 27.6 29,9 28,8
16/9 363 346 ¢4 15,8 17.7 1.7 1.2 1.4
23/9 2. 2,2 2,3 16,6 10.5 2.1 4.3 3.2
30/9 - - - - - - -
7/10 7 1.8 1.7 8.1 16.h 23,4 23,0 23,2
15/10 3 16,8 12,5 2.7 257 119 143 13.4
29/10 6 28,8 27.7 149.0 42,3 9.1 31,5 20,3
5/11 L 62,4 3he3 47,3 49.9 - - -
12/14 4L 34,0 35,7 46.9 8.1 15,6  73.3 WL
19/11 - - Bl 52.5 - - -




226,

(o) 30 lbs/acre 7" spscin=, N = S rows (D2)
Q.M. Noon Delle

Date Po P5% Wern Po P}% Yean PO P5% Mean
30/7 65.8 6L.2 55,0 8.2 90.1 79.2 57.0 66,6 61.8

5/8 63,7 ok 66.5 348 884 616 50k £5e1 62,8
12/8 22,2 2.2 22,2 66,2 79.3 T72.8 5.k 5.9 6.
19/8 4k, 17.5 16,0 12,6 55.0 33,8 11.8 5.4 8.
26/8 15.2 21,3 18.2 20,9 81.8 514 3.0 2,9 3,0

2/9 12,0 21.9 16.9 21,7 L9.4h 35.5 6.6 5.8 6.2

9/5 143 18. 16,3 8,5 35.0 21,8 47.0 2,9 21,0
16/9 hed  hed ko 17 2.1 20,6 2.1 2,0 2,0
23/9 143 1.3 13 1,8 36.6 19.2 1.3 2.7 2.0
30/9 - - - - - - - - -

7/10 9.9 1.0 10k hek 860 L5e2 15.6 149  15.3
15/10  11.6 2.9 12.2 146 k.9 ko7 10.3 9.0 9.6
22/10 21,3 7.7 1ke5 9.1 63,4 36,2 20,9 25,5 23.1
29/10 25.0 31.6 26,3 4.9 72:6 4348 16.5  20.5 19.5

5/11 709 806 802 1302 7007 li-109 - - -
12/11  11.2 10,7 109  14.5  55.6 33.5 16,6 17,9  17.2
19/11 - - - 17.7 75.5 L46.6 - - -

(&) 30 1lbs/ecre 7" spacing. L - W rows (D2)
8eM, Noon Pel,

Date Po P}% Neen 0 Pj% Mean 10 P}% Mean
30/7  39.2 56.5 47.9 83,0 8h.7 83.9 57.1 61.1 59.1
5/8 59,6 69.8 6iel 7.7 67.8 72,8 55,3 59.2 57.2
42/8 22,1 23.5 22,8 67.h  73.0 70,2 29,6 17,2 19.4
19/8 12,8 12,1 12 37,2 30,6 3349 L. 5.1 9.7
28/8 8.6 16,0 12,3 31.2  53.7 k2. 3.1 Le5 3.8
2/9 3.1 11.9 10,0 36,0 19.0 27.5 7.6 9.6 8.6
9/9 15.2 24,0 19.6 3.8 29,6 30,7 23.0 26,53 2.7
16/9 3,3 49 Lot 25,0 26,1 25,5 1.2 3.3 2.2
23/9 2.3 2,2 2.2 18,2 2T 22,8 2.2 2.4 2.
30/9 - - - - - - - - -
7 10 1.5 2.2 1-9 41.1 22.1 31.6 1)+.6 15.7 15.1
15/10 T2 8-7 81.0 341 5‘}08 e 8.0 11462 9.6
22/10 70 32.1 19.5 542 3506 L4349 27.6 34 29.5
29/10 25,0 31,2 28,1 61,5 5h.6 58,0 9.2 30,8 20,0
5/14 5,0 543 29,6 60.1 50,9 55.5 - - -
12/41 11,7 1362 149  5he8 55,0 51,6 2.0 37.0 30.5
19/11 - - - 65!5 7202 68.8 - - -

[3



227,
(e) 30 1bs/acre 44" spacing N - S rows (Dj)
(i) a.m,

Date Fo Pyt Ps Piof  Mean

30/7 5843 5843 66.6 73.3 65.3
5/8 60.1 6667 80.3 73.0 70,0
12/8 8.0 148 L1e6 23,14 21.9
19/8 7.0 5,0 La7 649 549
26/8 23,4 15.7 15.7 L3e3 19.5
2/9 3he7 16.6 19,7 26.5 2hol;
9/9 2641 30.4 35.5 33.6 L1IN
16/9 9.5 8ol 7.8 10.9 9.1
23/9 1.6 1.6 146 2,5 1.8
30/9 - - - - -
15/10  19.6 19.4 21,7 26,3 21.7
22/10 1.7 18,7 26.6 31.3 22,8
29/10  41.6 41.6 Lholy 47.2 L3.7
5/14 22.7 16,2 22,8 27.2 22,2
12/14 20,0 1.1 17.4 11,6 15.8
19/11 - - - -

(ii) Noon

Date Fo pﬂ- 5 P‘I%’ Mean

30/7 75.0 95,0  100,0 93,0 90,7
5/8 30.6 84.3  100,0 87.6 75.6
19/8 19.0 87.5  100,0 87.3 72,4

26/8 36.7 77.6 100,0 76.7 72,7
259 19.5 (I 83.5 61.6 5742
9/9 22,0 h8¢7 6508 L7.9 42,3

16/ 25.7 3645 41.2 31.2 33.6

2349 1.6 58,8  97.1 57,7  53.8

Y - - - -
7/10 5e1 50,7 88,7 5041 18,6

15/10  18.3 21,0 30,2 Thels 23.5

22/40 8.7 80,8 96.3 77.2 59k

29/10 10,2 83.3 95.6 87.8 67.2
5/11  13.2 87,5 91.8 87.7 60,1

12/41 8.9 82.1 100,0 91,0 70.5

19/11 1646 65,0  100,0 62,5 61.6




(1)

228,

(114) Pell,
Date Po P}}-; P? P1012- ¥ean
30/7 68.9 71.7 7549 56e4 68,2
5/8 5941 71.7 770 6549 684l
12/8 32,9 37.7 26,2 14,0 27.7
19/8 25,2 143 18.0 5.2 15.6
26/8 10.1 39.3 13.9 6.9 1745
2/9 6.9 1445 20.8 71 12,3
?;P 21,5 24,8 23,2 10,6 20,0
16/9 20,4 30,0 7.0 301 15,0
23;9 13.8 542 23.6 7.8 12,6
30/9 - - - - -
7/10 22,9 28,5 29,8 20,9 25.5
15/10 3.1 45,0 3745 3145 3643
22/10  39.7 37.9 32,7 31,0 35.3
2?;10 33,6 28,8 24,9 26,8 28,5
5/14 - - - - -
12/14 49.9 66,6 55.2 55.3 5647
19/11 - - - - -
30 1bs/acre 1," spacing, E - W Rows (D3)
(1) a.m,
Date o P}’g P7 P“lOg’g Mean
30/7 u2.2 61.8  57.5 62.5 56.0
5/8 55.3 82,7 83.9 82.1 76.0
12/8 13.8 16.6 194 409 22,7
19/8 24.1 6.6 15.4 32,6 19,7
2648 28.8 19.8 481 4.9 3€.4
2/ 13,5 18.9 23,2 22,4 19,44
9/9 25.3 31.3 3449 37.6 32.3
16/ 9.7 75 he3 1C.4 8,0
2349 3.6 7.2 57.6 81.5 42,5
30/9 - - - - -
7/10 L5 14.7 545 72.8 3€.8
15/10 143 16.6 53.1 81.6 Ll
22/10 6.5 53.2 75.3 7362 52,0
29/10  25.9 4343 43.3 42,3 32.9
5/11 L3 66,2 84.6 1els 584
12/11  12.4 28.1 62,5 8€.4 47.3
19/11 - - - - -




229,

(ii) Noon
Date Fo Pj_%_; P7 Py 0% Mean
30/7 76.8 86.1 97.6 87.5 87.0

5/8 69,5 7244 81.6 91.5 78.7
12/8 59.5 79.2 86.9 79.2 7642
19/6 83.1 16,6 70.9 91,6 65.5
2648 53.4 18,3 37.0 . 95,0 50,9

2/; 73.9 28.3 37.9 0.1 5.0

9 30,4 25.0 26,9 48,5 32,7
16/9 41.8 39.7 15.8 36.4 40,9
23/; 144 22,6 9 8 28.h 18,8
30, - - -

7/10  50.4 3he1 19.8 z.z 3 36.6
15/10 36,8 36.7 44e9 45.6 41,0
22/10 72,2 29,5 32,2 30.7 11,0
29/10 82,3 22,6 3744 53.9° 49.0

5/11 83,3 62.2 59.7 87.6 73.2
12/41 6441 29.4 37k 67.8 48.9
19/14 58,3 15.8 63.3 95,0 65.6

(141) p.m,

Date _PO P}é Py P10% Mean
30/7 6343 57.1 87.5 86.6 73.6
5/8 55.0 76.3 85.9 71.8 72,2
12/8 35.5 22,5 32.5 39.1 32,0
19/8 27.0 11,5 9.6 5445 25.6
26/8 10,5 6ol 7.2 20,0 11.0
2/9 18.7 22,0 21.6 15.6 19.4
9/9 38.1 40,7 42.0 38.4 39.8
16/9 2.0 L3 3.0 2,0 3.3
25;9 15.2 21.6 13.6 L45.4 23.9

30/9 - - - -

7/10  28.8 33.1 36,8 35.7 53.
15/10 20,9 17.0 20,8 59.3 29.5
22/10  34.5 42.8 5345 44,2 15.6
29;10 N 27 5 50.8 83.5 a2 8

5/14 - - -

12/11 13,7 71.2 76.8 8745 68.7
19/11 - - - - -




230,
(g) 15 lbs/acre 14" spacing N - S rows (Dh-)

(1) a.m.

P P

Date ) 7 10% Mean

S

30/7 66.6 7he9 749 83.3 7he9
5/8 63.6 79.0 89.2 75.6 76.8
12/8 17.1 21,5 30.5 29.) 25,3
19/8 12.4, 5.0 15,2 7.8 10.1
26/8 11.0 20,8 2h.1 21.9 19.4
2/ 12.7 4.6 17.6 18.5 15.8
9/9 32,6 35.6 39.0 39k 366
16/9 W7 7.9 10.5 10.7 10.9
2353 5.8 L9 3.3 21.3 8.9
3 - - -
7/10 10,0 1holy 16.6 19.0 15,0
15/10 21,3 17.7 27.8 26,5 23.3
22/10 9.8 20,3 22.6 22,8 18.8
29/10  11.6 41.6 47.2 47.2 Ldyoly
5/11 10.8 10.8 11,9 10.8 11.0

12/11 7.2 9.6 8.8 13.6 9.8

19/11 - - - - -
(11) Noon

Date o P}& 1:’7 P10’5 Mean

30/7 67.7 9€.5 100.0  95.6 83.1
5/8 35.4 9€.7  100.0 90,3 86.0
12/8 59.7 81.4 92,3 76.8 77.5
19/8 1.7 8z,8 1000  100.0 73.8
26/8 14.9 Tl 95.7 68.5 63.6
2/9 18.3 62.5 89.2 62,0 58,0
959 o 48.8 5€.8 5146 12.9
9 201 41440 55.3 L3.6 46.5
27/ 2.2 . 63,6 97.7 63.2 49.9

30/9 - - -
7/10 4.0 . 93.5 61,2 47.7
15/10  12.5 . 26,7 25,0  23.8
22/10 7.8 . 78.4 96.1 66.6

5/11 16,5 80,0 71,0  64.6
12/44 13.3 100,0 83.6 70,2

2.5
2L..5
83.6
29/10  10.1 80,1 93,6 80.8 66,9
70.0
81,2
19/11 16,6 77.0  100,0 73.0 €6,




231,

(iii) pom,
Date Fo P}% Py P1O% Mean
30/7 72.5 85.9 90,4 68,5 79.0
5/8 67.3 79.6 85.6 66,7 748
12/8 18.8 66.6 69.9 32.7 5le5
19/8 3.9 Thab 76.2 14.3 17.3
26/8 3.1 5.9 3.0 2.7 Ied
2/9 27.3 16.6 1541 13.1 18,9
9/9 15.4 31.5 27.6 11,2 29,4
16/ 506 4.‘} 207 1'9 306
23/9 2.7 8.1 93 2,7 5.7
30/9 - - - - -
7/10  25.1 30,4 29,3 21.8 26.5
15/10 25,3 23,7 19.4 18.1 21.6
22/10  37.1 336k 36.8 40,2 32,4
29/10  29.7 24..9 19,1 13,0, 21,8
5/11 - - - - -
12/11 2.9 38.7 30.6 26,5 30,2
19/14 - - - - -
(h) 145 lbs/acre 14" spacing = - ¥ rows (D )
(1) a.m.
Date Fo P}% P7 P‘IO% Mean
30/7 59.8 77.3 Tieh 785 717
5/8 78.5 87.2 88.9 89.0 85.9
12/8 35,0  3C,2 15.3 40,0  30.1
19/8 251 11,2 27.5 50.1 28,5
26/8 20.1 16.1 18.0 16.4 17.6
2/9 14.5 13.3 7., 1.2 21.3
9/9 3C.0 36.0 3€.7 39.7 35.6
16/9 11,6 e.4 2.6 12,4 10,7
§g§g 12.0 £.2 ko3 40,5 1.7
7/10  1€.9 10.14 21.7 65.0 28,4
15/10  14.8 1£.6 37.3 80,0 3€.9
22/10  41.8 21.8 6€.4 15,2 36.3
29/10 LZ.7 et 52.3 5X.1 52.3
5/11 €.2 90.6 83.3 72.1 61..8
12/11 7.1 72.3 74,0 127 38.1
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(i1) Noon
Date o P}; P7 P‘IO% Mean
30/7 78.1 8.3 10C,0 90,6 88,3
5/8 90,6 67.7 98.2 95.9 88,1
12/8 70.7 3.8 9248 82,9 82,8
19/8 6349 23,4 50,5 %5 5841
2648 98.3 3141 42,0 90,2 65,
2/9 38, L3 48,8 52.5 45,8
9/9 35.6 28,0 37.5 58,1 39.8
16/9 33.6 33,3 3L.6 28.7 35.0
2;;9 89.9 29.9 19.4 50.5 L7.4
30/9 - - - - -
7/10 2908 5406 11»7-){» 6602 M.S
15/10 26.1 38,9 38.8 30.5 33,5
22/10 60,8 1347 60 6945 52,0
29/10 72,0 19.9 18.0 75.8 53,9
5/11 80,0 53.5 40,5 5440 57.0
12/14 62,5 72,2 70.5 8.8 72,5
19/11  71.8 7643 99.0 85.4 83,1
(111) p.m,
Date Fo P},lj Fq P‘IO% Mean
30/7 72,5 73.8 83.3 85.4 78.7
5/8 70,8 83.2 88,8 TN 8443
12/8 62,2 22,7 16.1 59.3 40.1
19/8 3147 27.5 14.0 59.0 33.1
2648 12,2 29,2 a7 29,3 2.3
2/9 23,8 21.6 22,0 36.0 25.8
9/9 26.0 19.8 25,9 24,5 24,0
16/9 9.6 3.8 8.8 20.8 10,7
2349 16,2 15.2 6.9 31.1 17.3
30/9 - - - - -
7/10 30,7 33.8 36,6 4.2 36.3
15/10 L.k 12.3 23.1 Thok 31.0
22/10 22,5 28.5 61,2 36.1 L3.4
29;30 9.8 19,6 64,2 76.7 42,6
5/41 - - - ~ -
12/41  43.7 53.1 81,2 81.2 64,8

19/11
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10,3.8. Light intensity beneath rows. (7 daylight transformed
to degrees).

D. D >
v B 3 A

12/B N-3 29010 28.83 23.12 26.93
- Bt 4ha29 54,490 63430 66,08

27/8 M-S 33,46 37,20 37.01 5347
E-W 35.58 39.11 38.11 . h40h3

N’S 1003' 11.46 11031 12.22
09 B asiy 19017 25.92 25.96

23/ NS 9.35 8.75 9466 11404
33 pw 2150 24.32 29.32  35.42

/10 MNeS 13,5 14.62 14403 14,59
7 BV 26.79 3,46 36,07 39,30

NS 22, 5L 26,91 15.66 20,85
22/10 gy 37418 LheB0 L5419 46412

13, August (Clear day)

DF 8s ¥s R
Bloocks 4 775.0 193.5 1,78
Direction 1 76450 7615.0 70,45%%%
zrror (1) 4 4330 108,5
Spacing 1 653.0 653,0 6.01%
Rate 1 31,0 4.0 N.S.
Dir. x Sp. 1 10444.0 1444,,0 13,29%»
Dir, x R, 1 0.C 0.0 N. S,
Spe ¥ Ro 1 24,0 2,,0  N,S,
Dx Spe x R. 1 1.0 1.0 K. S,
Error (i1) 2), 2607,0 108,6

Total 39 13613.0
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27, August (cloudy day)

DF S3 M3 VR
BlOCkS 1& 872.0 218.0 8.26-8 *
Direction 1l 81,0 81.0 3415
Zrror (i) I 103,0 25.7
Spa.cing 1 9540 9540 3.66 *
Rate 1 136,0 13640 525
Dirt x Sp 1 50 560 N.S
Dirt x R 1 12,0 12,0 N.S
Sp x R 1 1.0 1.0 NoS
DxSpxR 1 18,0 18,0 N.S
Error (ii) 2, 622,0 2549
Totel 39 1945.0

10, September (clear day)

DF SS MS VR
Blocks ll- 3010-00 76-0 2057
Direction 1 1196,0 1196,0 LOLSh **
Error (1) 4 118.,0 2945
Spacing 1 16840 168,0 10437 **
Rate 1 . 600 6.0 N.S
Dirt x Sp 1l 105.0 105,0 Celi8 *
Dirt x R 1 1.0 1,0 NS
Sp x R 1 1.0 10 NS
DxSp xR 1 0.0 0.0 N.S
Error (1i) 2 3900 16,2
Total 39 2289,0




255

23, September (clear day)

DF S5 13 VR
Blocks 4 135240 L5340 1.72
Direction 1 296340 296540 11,01
L0 (:L) l,- 1076.(./ -—-CB.O
Spoeing 1 35540 3255.0 1740 »=%
birt x S5p 1 21740 217.0 10,63 **
MArs ox 2 1 12,0 12,0 N.S
3P X o 1 434G . 4340 2,10
D X \."p b ."i 1 lj.o 13.0 N.S
srror (ii) 2 49140 206l
Total 39 7309.0

7, Cctover (clear day)

DF 33 1S VR
Blocks L 74940 127.2 3631
Direction i 398"{%0 39:\‘1.00 70.51 *&x
Error (i) it 22540 5665
Rate - 1 9Ce0 9340 2436
Dirt x :2p 1 22, 20,240 Be83 *
pirt x I 1 540 Ce0  NeS
U X.pXx 7 1 10.0 10,0 NeS
Lrror (.Li) 2L 99600 le5
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22, October (clear day)

DFr SS MS VR
Blocks 4 422,0 105.5 3.17
Di metion 1 4.359.0 4359,0 131,29 *+=*
Error (1) I 133.0 33.2
3pacing 1 0.0 0.0 N.S
ute 1 125.0 SRR 1.71
Dirt x Sp 1 216,0 216,0 2,95
DArt xR l 6.0 6,0 N.S8
Sp xR 1 57.0 57.0 N.S
L xS xR 1 6.0 6.0 N.S
Error (ii) 2 175240 7340
Total 59 707800




257,

10. 3. 9 L1Light intensity midway between rows (¢ daylight
transformed to degs.) .

D1 D2 D3 DY

NeS 62,07 81,82 8517 87416
13/8 Bt 37430 44493 37.8, 4743k

N=3 33413 41427 50464 60429
27/8 B 39047 41,03 50426 59.88

N-S 51,43  66.82 83,78 86,01
10/9 E<# 17495 1738 25,63 26,74

23/9 E=W 21.92 32489 28,40 28,95

N~3 52,63 63e4dy 70,70 70.15
7/10 Ewif 3e56 35430 31,51 37.11

=3 53486 60,84 74490 13677

13, August
DpF S3 MS UR

Blocks 4 1204.,0 30140 4431
Direction 1 138,1.0 13841,0 198,57 #x+
srror (i) I 27940 69.7
Spacing 1 61640 616.0 7,78 *
Rate 1 9%5.0 94540 11,9, #*
Dirt x 3p 1 406.0 406,40 5el3 *
pizt x R 1 12,0 12,0 Ne Se
P xR 1 157.0 157.0 1,98
DX XR 1 242,0 22,0 3405
Error (ii) 2 1900,0 79.1
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smgust (cloudy day)

or SS LS VR
Blocks 4 873.0 218.2 4e02
Diprection 1 18.0 18.0 NS
srror (i) 4 217.0 5ire 2
Spacing 1 2737.0 2737.0 7377
iate 1 525.0 525.0 1e15
Dirt x Sp 1 29,0 29,0 MaSe
Dirt X R 1 11.0 11,0 N.S.
Error (ii) 2l 892.0 37.1
Total 39 5402.0

10, September (clear dey)

DF 8S MS VR
Blocks 4 565.0 14l.2 3448
Direction 1 25084.,0 25084.0 619.35
Error (1) b 162.0 40.5
Spacing 1 2939 .0 2939.0 6l.o k5
Rate 1l 207.0 207,.0 L.53
Dirt X Sp 1 T44..0 Tidee O 16.31
pirt X R 1 182.0 182,0 3.99
Sp X R 1 82.0 82,0 1.79
DXSpxR 1 137.0 137.0 3.00
Error (ii) 2l 1095.0 45.6
Total 39 31197.0

L2 25
ok
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23, Septeuber (clear day)

239

DF SS ¥S VR
Blocks L 2074..0 518.5 6.98
Direction 1 8769.0 8769,.0 52,32
Error (1) & 664..0 166.0
Spacing 1 346.0 346.0 4e51
Rate 1 172.0 172.0 2.24
Dirt X Sp 1 424.0 424.,0 5.52
pDirt X R 1 10.0 10.0 N.S.
Sp X R 1 " 27.0 27.0 N.S.
srror (ii) 24 1842.0 76.7
Total 39 13645.0
7, October (clear dsy)
DF ss MS VR
Blocks N 1227.0 306.7 1.84
Dipection 1 8769.0 8769.0 52,82
Error (i) I 66440 166.0
Spacing 1 34640 346.0 451
Rate 1 172.0 172.0 2e24
Dirt X Sp 1 424..0 424..0 5452
pirt X R 1 10.0. 10,0 K.,
Sp X R 1 27.0 27.0 NeSe
DXSXR 1 164.0 164.0 2,13
srror (1i) 24 1842.0 76.7
Total 39 13645.0

b 2]
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22, October (clear day)
DF Ss NS UR
Blocks 4 L46.0 361.5 beolt2
Direction 1 457340 4573.0 55.97  w%*
Error (1) 4 327.0 31.7
Spacing 1 890.0 890.0 Ted3  *
Dirt X Sp 1 570.0 570.0 he76  *
pirt X & 1 9.0 9.0 N.S
Sp LR 1 0.0 0.0 leS
L X5 XR 1 162.0 162.0 1.35
Brror (ii) 2 287440 119.7
Total 39 11002.0
10.4.0 Experiment 2.4.
10.4.1 Dry matter yield (g/1 m length of row)
D, D, D3 Dh LeSeD.
5k L 1%
.25 11.62 17.12 11.81
15.11 8417  15.36 92l
Hy Mean 1468  9.90 16.24 10.52 1,80 2.4 3.26
H=S 12440 117.06 207.77 170.22
Jopm] 115. 144 114,04 166. 93 15he4d
H, Ween 120,08 115.55 187.35 162.33 25.24 24.20 45.80
N=S 198.20 184.53 34440 272.86
E<W  182.60 153.33 333.73 242.86
Hj Fean 190.43 168.93 339.06 258.36 27.39 37.12 49,70




Harvest 1
DF es MS VR

Blocks & 326,07 21.51 7.02
Direction 1 6,06 6,06 NeSe
Error (1) N 46441 11.60
Sp&Cing 1 2.2&-:’: 2.42 N.S.
Rate 1l 55 077 55-77 14.71
Dirt X sp 1 0.38 0.38 N.S.
Dirt X R 1 3433 3433 NeS.
SpXR 1 Oul3 043 NoSe
D XSpXR 1 1.5¢ 1.55 NeSe
srror (11) 24 91,06 3.79
Total 39 533-2?8
Harvest 2

DF SS MS VR
blocks 4 95206,0 23801.0 28.71
Dirsction 1 5898.0 5898,0 7.11
Srror (1) I 3319.0 829,0
Spacing 1 658430 6584.3.C 39,21
Dirt X Sp 1 2561.0 2561.0 3el7
Dirt X B 1 1190.0 1190,0 1,61
SpX R 1 2126.0 2126.0 2,88
DXSpXR 1 479.0 479.0 NeSe
srror (ii) 24, 17720.0 738,0
Total 39 19876.0

pkk
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Harvest 3
DF SS MS VR
Blocks 4 93029.0 2325740 Yol **
Direction 1 10-20600 11206.0 80&& *
Error (i) I 299540 52340
Spacing 1 12755640 12755640 141495 ***
Rate 1 2318640 23,8640 26,68 ***
Dirt x 3P ,1 28.0 28.0 NeS
Dirt x R 1 64740 64740 N.3
® xR 1 7&1‘910 7&5-900 8.91 *
DxSp xR 1 5060 50.0 N.S
Error (ii) 2 21132,0 53040
Total 39 280078.0
10Q ‘-i-o 2. Grain yield
D1' D2 D5 D‘O-
g/M2 N-S 368,0 39%.2 35348 294..0
E-W 33h.2 27940 345.2 26542
Mean 35144 336.6 3495 27906
NeS 61.3 65547 118,0 9840
g;/m.'b.r. E-% 5507 -'+605 11501 88.10.
Mean 5305 56.1 11695 9502




£/

g&/m row

243,

DF S5 WS VR
Blocks ]-l- 199.7 4909 5009
Direction 1 217.2 2172 1349 *
srror (1) I 6l ob 1641
Spacing 1 8543 85.8 320
Kate 1 17842 17842 6.6 *
Dirt x &p 1 77.6 776 2,89
Dirt x R 1 6lroly (SRR 2440
31) X R 1 77.1 77.1 2087
DxS xR 1 2344 234 N.S
Error (ii) 2k Qo7 26.8
Total 39 1632.7
length

o) 5 S5 ¥s VR
Bloocks 4 14667.0 366640 2497
Direction 1 783540 783540 6e35
Spacing 1 203490,0 20349060 133,61 **=
Rate 1 1’4—90000 114.900.0 9.78 *3
Dirt x Sp 1 85&-.0 85’{-.0 N.S
Hrt xR 1 2307.0 2307.0 151
SP xR 1 S841,0 98L1.0 646 *
Error (i1) 2 36553.0  1523,0
Total 39 295705,0
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10¢ 4o 3 Light intensity at ground level (.. daylight)

(a) N=S Rows
Date D‘I D2 D3 Dlf
/7 3746 41.0 78,9 82.7
21/7 21.6 27.8 Sire5 5649
L/8 1647 1942 3342 3645
18,/8 8.6 G5 12,0 29,0
1/9 39 1343 168 2742
15/9 347 1041 1446 23,
29/9 3643 3e9 4245 4846
13/10 2545 3840 6348 Iy
27/10 345 3244 6741 6849
10/11 431 5249 3940 41,1
(b) E~# Rows
Date D, D, Dy D,
/7 32,3 30,9 6047 6243
21/7 9ol 173 37.0 48,0
L/8 9e¢5 15.9 25,6 387
1/9 7ok 2,1 2146 23
15/9 367 1842 12,8 1941
29/ I 1542 2343 3542
13/10 2543 6040 2748 42,6
27/10 1840 5540 42,6 50.9
10/11 31e5 1149 3641 42.6




2hSe
10s 5¢ O Lxperiment 3

10e 5. 1 Dry matter yield of wheat (g/mz)

Control P ° P};_ P7 P10& Le 34D
N'S 89.6 8309 910-05 8600 7700
o 8645 98.6 8649 794 89.1
H1 liean 88.0 91 .2 90.7 . 82;7 85.1 Ne 3
N-S 36705 386.2 34201 36207 37905
& 3630 328.9 3074 3500  377.8

Hpdean 3753 357a5 327 358 378.6 NS

N=3 63745 57645 5752 62345 500,8
E=¥ 5959 70341 620.9 6liye2 634

H, Xean 616.7 63948 5986k 63440 56745 NS

NeS 7375 689.8 666,41 70349 671.3
E-w 767 oiy 83244 66842 763.9 742,41

Ne3 686,49 65047 631,5 04502 566.8
ey 685.6 7335 543e2 61245 604, 0

k. liean 68643 69241 55743 62849 59544 NeS

Harvest 1
DF S5 M5 VR
Blocks 4 17018,2 42545 S5el8
Disection 1 4563 4543 NeS
Treats ‘i- 66501 16507 NeS

Error (ii) 32 1335448 41743
Total 49 3532343




Harvest 2
DF S8 MS VR
Blocks 4 11216, 28041 2,66
Direction 1 3785 3785 NeS
Ervor (1) k 42066 10516
Treats 4 18260 4565 NeS
Dirt x T2 4 827%, 2058 NeS
Error (ii) 32 149812 4681
Total 49 33,324
Harvest 3
DF 38 M3 VR
Bloocks 4 59613 14903
Dipzction 1 4025, L0250, 1.18
Frror (i) i 136h48 3112
Treats 4 73 8618 1.81
Mrxt x '1'2 L 5,728 13682 2.88
Error (ii) 32 151745 4742

Total L9 477261




2L7.

Harvest 4

DF SS MS VR
Blocks 4 11993 2996 1433
Direction 1 L656 4656 2415
Error (i) 4 8657 2184
Treats 4 5812 1453 204
birt x T2 4 28C1 700 HeS
Zrror (i) 32 22799 712
Total 49 56718

Harvest 5

DF S KS VR
Blocks L 30826 7706 2.38
Directions 1 25 25 NeS
Error (i) b 12943 3235
Treats 4 9723 24,30 1,95
Dirt x 1'2 4 3980 995 N.S

Error (ii) 32 39880 1246
Total 49 97377




10¢ 5¢ 24 Grain yield of wheat (g/hz)

248,

Control PO P i P1 0‘%
NaS 225,2 21643 20449 20645 199.7
Bl 213.5 2,9,2 165.,0 2211 208,41
YMean 2194 232.8 185.0 213.8 203,9
DF SS S VR
Blocks 4 93135 23283 26,42 **
Direction 1 Q 9 N.S
Srror (1) 4 3524 881
Treats 4 12711 17 1.14
Dirt x T2 4 7804 1951 N.S
Error (i4) 32 88660 2770
Total 49 205843
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10s 54 3. Dry matter yield of clover g,/m2

) Le Se D
Control P, Pi P2 Py 55 1% 15
NaS 12418 6,05 847 9485 8,27
Feiy 10s73 8.57 849 9,82 8,89
ﬁ;1 fean M6 To31 CiB 9487  8.59 0.85 1.15 154
R=3 87613 29454 33429 49.51 ‘38.#8
Ly 72409 32,45 36495 L0.,%0 L40.08
HZ Mean 79,64 31410 38,13 ‘ L5.21 39.29 8.18 8637
=3 248,90 45,10 72.70 77.90 72,60
el 214450 40,50 57.5C 65,90 68,00
NeS 309.7C 40430 5340 67.50 58,90
By 220430 360 51,30 55,70 53420

38435 55.30 61460

56405 13452 18,32

The analysis of variance and L.S.D.recorded are for the
mixed {reatments (PO - P10%)

Harvest 1

DF s M3 VR
Blocks I 14.89 3.72 N.S
Direction 1 634 643k 1.07
2rror (1) I 23.67 5691
Treats 3 32.85 10495 13,03 **=
Dirt x T, 3 10,40 346 Lett *
srror (ii) 2 20,2 0.84
Total 39 108439
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Harvest 2
DF Ss MS VR
Blocks b 38.72 9468 N.S
Direction 1 27451 27.51 NeS
Error (i) IN 136473 34,03
Treats 3 1004.,68 334489 Teith **
Dirt x T, 3 195,97 6532 145
Error (ii) 2 1077.18 4,88
Total 39 21,80.19
Harvest 3
DF ss M3 VR
Blocks " 36,16 9.0  1.01
Direction 1 82,61 82,381 9,27 *
Error (i) k 357k 8493
Treats 3 Sl 05 181435 Be52 ¥**
piTt x T, 3 21453 7.17 N.S
Error (ii) 24 510,71 21,27
Total 39 1231400
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Harvest 4
DF VR
Blocks A 159.20 39.80 N.S
Direction 1 551430 551430 1,96
Error (1) A 1122,50 280,60
Treats 3 2977.70 992,50 Le62 *
Dirt x T, 3 84420 284,00 NeS
;;mr (11) 2, 5152,10 214,60
Total 39 10047.00
10e 6o O Lxperiment 3.4e
10. 6. 1 Dry matter yield of wheat (g/m2)
Control P, Py P, P)og
NeS 13945 156.8 131.5 15604 102,44
B 138.9 15648 124.7 135.7 15249
H, Mean 139.2 156.8 128,1 6.1 13746
N~3 728.0 63148 672.7 5855 698,8
Bl 6054 657¢3 6234 657 ols 67548
H; Mean 76647 Ells.o8 64541 62145 689e4
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Harvest 1

DF sS  uS R
Blocks 4 34161.5 854043 13630 *
Direction i 1.4 1.k N.S
srror (i) 4 256841 642,0
Treats I 45445 1136,1 N.S
Dipgt x T2 & 3512,0 878,0 N.S
srror (ii) 32 3851949 120347
Total 48 83307 ¢4
Harvest 3
DF 3S _ MS VR
‘Blocks 4 9929 2,82 1.33
Direction 1 8 8 N.S
Error (1) 4 7466 1866
Trents L 4881 1220 1.36
Dirt x Tz 4 2600 650 N.S
Error (ii) 32 28671 895

Total 49 53555




10. 6. 2

2554

Grain yield of wheat g/m2

Control B, P 34 1’7 P, 0% 17 L.

N-S 23546 200,9 2314 19 3e3 201.8
E—W 256.2 215.6 18—,4-.2 ngb 2&’5.7
Mean 237,9 20843 207.8 196.,9 203.8 21,3 28,8 3846

- Dr SS M3 VR

Blocis I 6634, 1658 N.8

Diraction 1 1106 1106 NeS

Error (i) 4 8727 2181

Treats 4 9914 2478 468 **

Dirt x ’.7.‘2 4 5204, 1301 2,45

Error (ii) 32 16954 529

Total 49 200539




254,

10. 64 3 Dry matter yield of clover g/m2

Contiol P P, P P, L. 5. D
0 3 7 10z 1 1%
N-S 2949 9484 14,76 20,66 15475
B~y 28498 11,90 17.96 15,20  1he77
HJ lean 29,24 10487 16,26 15.97 15426 4e35 5690 7490
N=3 23410 16,80 95,20 143.00 104,30
Bl 212460 Gholi0 10040 131,60 110,20
n2 Mean 222,85 55.60‘ 93410 137,30 107.25 22,06 2490 40,03

Aralysis of variasnce and Le S3.D,

are for mixed treatments only,

Harvest 1

DF Ss Ms VR
Blocks 4 381,46 220,36 3450
Direction 1 526 526 N.S
Error (i) L 251,23 62,80
Treats 3 421 €3 140454 6429 *»
Dirt x 2, 3 3C.11 12,70 Nes
Error (1) 21, 53582 22,32
Total 39 2137.51
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Harvest 2

DF S3 MS VR
Blocks L 95he5 . 23846 1.26
Direction 1l 1743 1743 N.S
Error (i) 4 75442
Ireats 3 3418046 11333.5 19,92 *+*
Dirt x 1, 3 106449 55ke9 NeS
srror (ii) 2y 1372146 571.7
Total 59 5085041

10. 7. 0 Experiment 4

10. 7. 1. Dry matter yield of wheat g/u’

L. S D

B B 2 B A

- Cl 93416 160,01 191,22 257,16

+ Cl 10516 15541  192.43 230439

- C1 376,80 449,60 521,80 599,40

+Cl 338,00 466,60 505.20 530,20

H, Mean 357.4C 45810 513,50 589480 46.30 64490 91,70
- C1 536400 617,00 712,40 756,00

+ Cl 599.0\7 6&-1060 726000 757000 »

H, Mean 467,60 = 629,40 719.50  757.70 5590 78,40 110,80
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Hervest 1
DF 8s MS VR
Blocks L 20695 5173 6422 **
Rates 3 110496 36832 Gl o 32 *%2
Error (i) 12 9978 821
Clover 1 206 206 K.S
2 x Cl 3 2002 667 N.S
Error (ii) 16 11530 720
Total 39 154907
Harvest 2
DP SS ¥s VR
Blocks & 12491 18122 8,03 **
Rates 2 386863 95627 42,38 *s»
Error (i) 1z 26828 2256
Clover 1 207, 207, N.S
RxCl 3 4023 1341 NeS

Error (ii) 16 71,38 L6l
Total 39 463737
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Harveat 3

DPF 33 MS VR
Blocks. L 12975 5243 9485 va=
Rates 3 49957 16652 50e61 ==
Brror (1) 12 3952 529
Clover 1 615 615 136
R xCl 3 7233 21 3.1k
srror (41) 16 78997 452
Total 39
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10¢ 7. 2 Number of tillers of wheat/i2

. LOS.DQ
R R2 R3 B 54 155 1%
- C1 146 226 263 360
+ Cl 132 200 266 309
H1 Mean 139 213 265 335 17 2 34
-0l 166 224 253 315
+ Cl 142 196 249 303
H2 Mean 154 210 254 309 14 20 29
- Cl 143 199 247 301
+ Cl 127 196 26 256
H3 Mean 136 198 247 279 20 28 39
Harvest 1
DF ss MS VR

Blocks N 461 1865 Seh2 **

Rates 3 205316 681,38 198494 *+*

Error (1) 12 4133 Shde

Clover 1 4906 4906 10,68 *=

RxCl 3 3820 1273 2.77

Error (ii) 16 7345 459

Total 39 2329814
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Harvest 2
DF S5 W3 VR
Blocks 4 8113 2028 e17 **
Rates 3 128342 42780 193457 ***
Error (i) 12 2654 221
Clover 1 2958 2958 Le76 *
RxCl 3 903 301 N.S
Error (ii) 16 9940 621
Total 39 152910
Harvest 3
DF S8 MS VR
Blocks b 21,86 55M 12,97 ***
Rates 3 116851 38950 94,08 *3%
Error (1) 12 4975 XN
Clover 1 2529 2529 3486
R x C1 3 30414 1013 154
Error (ii) 16 10478 654

Total 39 159360
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10s 7. 3. Weight per tiller

Ri R2 R3 Ry . Le Se De ,
7S 1% 1%
- 01 0.67 0.73 Oe 74 074
+ C1 0.76 0.78 0.80 0.79
H1 Mean 0071 0075 0077 0.77 N.3
- Cl 2426 1499 2405 1489
+ Cl1 2,37 2421 1498 1.90
H2 Mem 2.32 2.11 2.02 1.90 0.0l.. 0006 0.08
- C1 373 3.09 2.87 24,51
+ C1 3e11 3429 2.89 2.81
H3 Mean 3,43 3.20 2.89 2.67 0.02 0,03 0,04
Harvest 1
DF Ss M3 VR
Blocks 4 0.088 0.022 LoliO *
Rates 3 0.019 0.006 1420
Error (i) 12 0,068 0.005
Clover 1 0.036 0.036 7420 *
RxCl 3 00003 0,001 Ne S
Error (ii) 16 0,067 0.005
Total 39 0301 |




Harvest 2
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Harvest 3

DF SS MS VR
Blocks 4 Ge22 0.055 e S
Rates 5 0093 00510 15050
Srror (1) 12 0.25 0,020
Clover 1 0.05 0.4.50 NS
ExCl 3 0.12 0.04L0 NeS
Total 39 2420

DF S3 MS VR

' Blocks L 0.57 0,142 2.73

Rates 3 340 10133 21478 *ux
Brror (i) 12 0463 0.052
Clover 1 0.01 0.010 N.S
RxCl 3 1.27 Oehi25 4e97 *
Brror (ii) 16 136 0.085
Tota.l 39 70214-
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10, 7. 4o Grein yield of wheat g/
L. S¢ D
R4 R2 R3 IR 5 1% 1%
= Cl 24942 260.7 292,6 2987 4043 543
Mean 210.3 2674 2924 292,7 21,8 30.6 4362
DF SS MS VR
Blocks 4 13788 3447 6,88 **
Rates 3 45162 10054 3060l ***
Error (1) 12 6013 501
Clover 1 3704 3705 3ol
RxCl 3 1227} 4091 k7
Error (11)16 18850 1178
Total 39 99791




10 7+ 5o Total L
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Le 3e D
R1 R2 R3 R4 S 17 1%
Harvest 1 0.646 1.188 1.400 2,034 0,203 0.290 Oeli27
Harvest 2 14932 2,882 3,584 3,356 0136 04224 04329
Harvest 1
19) ) S3 Ms VR
Blocks 5 00557 0.119 3030
Rates 3 3095‘} 1.318 36061 43
Error 9 0.326 0.036
Total 15 L.637
Harvest 2
DR SS MS VR
Blocks 3 0,189 04063 2.86
Rates 3 04553 001&!- 8036 hihd
Error 9 0,203 0,022




10 7o Go

L distribution

(a) Harves: 1
(i) 15 lbs/acre (R1)

A 2 ¢ D E Total
21,27 - - - - -
21=24 - - - -
18-21 - 0,02 Oelh 0605 0.0i 0.10
15=10 - 0.07 0418 0406 - 0e31
12=15 0.01 011 0.29 Ce0Y - 0450
=12 - 0,09 0,40 0,08 - 0.57
6-9 - 0.07 0038 0007 - 0052
3=6 OeCt 0.05 0.28 0.0 - 0e35
0=3 0.01 0,06 0.10 0,02 - 0421
Total 0.03 0445 1467 0635 0,01 2456
(ii) 30 lvs/acre (R2)
A B C ) E Total
24=27 - - .01 - - 0.01
21-2&_ - 0001 Onal- 0001 - 0o06
18-21 - 0,05  0eZk 0,09 - 0.38
15—18 - 0.16 0.14-5 00124- - 0.75
12"'15 - 0.17 0063 0.19 0002 1001
9ui2 - 0013 0.67 0415 0,01 0e96
6—9 - 0.07 O.5’+ 0015 - 00710-
3—6 - 0s04 0059 0.0? - 0050
0=3 - 0,03 0«18 0.05 - 0.26
Total 0.66 Je15 0.83 0403 Le67
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(1i1) 45 1bs/acre (R3)

A B c D B

24 =27 - - - - -
21=2L - - OeQ4 .01 -
18“21 - 0.&} 0.27 0.06 -
15"18 - 0009 0.63 0012 -
12=15 - 0.18 0,32 0.16 -
9'12 - 00110- 0087 0017 -

6=9 - 0.09 Oe 7h4 0.09 -

3-6 0.01 0.05 0.50 0.06 -

0-3 0001 0005 0021 0005 -

Total 0,02 0464

T
&

0.72




(iv) 60 1bs/acre (Ry)
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A B C D E Total

24=27 - 0.01 0.06 0.03 - 0«10
21=2) - 004 0.19 0.07 - 0¢30
18=21 0l.01 0.13 0.57 0.20 - 091
15-18 0,02 0.21 0.92 0429 0.02 1.46
12.15 - 0020 loozl- 0019 - 1024-5
9-12 - 0020 1.03 0016 0.02 loll'l
6'9 - 0012 0090 0009 - 1.11
b 0.01 0.15 0e66 0.08 - 0,90
0=3 0,01 0,04 0430 0.05 - 0440
Total 0.05 1,10 5.67 1016 00020- 8.02
(b) Harvest 2

(i) 15 lbs/acre (R1)

A B C D E Total

30-35 = - - - - -
27-30 - - 0008 0002 - 0010
24 =27 - 0.01 Ol 0.0k 0.01 0.20
21=2l4 - 0.01 0.13 0.10 - 0.2l
18"21 - 0005 0013 0005 - 0.23
15.18 - 0001 0.22 0-05 - 0.28
12-15 - 0,02 0.18 0.05 0.01 0426
9=12 - - 0e2h 0.03 - 0.27
6"9 - - 0017 0.01 Ld 0018
3=6 - - 0.07 0.02 - 0.09
O=3 - - 0.02 0.01 - 0.03
Total - 0410 1,38 0438 0,01 1,88




(ii) 30 lbs/acre (R2)

207

A B C D E Total
30=33 - - - 0.01 - 0.01
27=30 - - 0.02 0.02 - 0. QO
24=27 - 0.02 0ok 0.09 0.01 0426
21=24 - 0.02 0.15 0.07 0,02 0626
18-21 - 0.02 0016 0417 0.03 0438
15«18 0.01 0.05 0422 0el12 - 039
12"15 - Q.04 0033 0.10 0,02 0050
9=-12 - 0.02 0e27 Oelss 0.01 Oolids-
6=9 - 0.01 0e21 0,08 - 0.30
36 - 0.01 0el3 0.01 - 0e15
0=3 - - 0.03 - - 0.03
Total 0.01 0.19 1466 0.81 0.09 2476
(ii1) 45 lvs/acre (R3)
A B c D E Total
50"33 - - - 0.01 - 0.01
27-30 - 000’-!- 0007 0.0&- 0003 0.18
24=27 - 0e0 0.15 0,06 0.01 0426
21«2l - 0.07 0425 0.12 0402 046
18=21 - 0.07 0¢30 O.17 0.01 0655
15=18 0.01 0.10 O3 O.11 - 0.56
12-15 0.02 000‘0- 0.38 0008 0001 0053
9=12 - 0.01 0.30 0,05 - 0436
6=9 - 0,01 0,27 0,02 - 030
3-6 - - 00214- - - 0.24
0-3 - - 0.05 - - 0.5
Total 0403 0.38 2435 0466 0.08 3450
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(iv) GO lbs/acre  (R4)

A b 9] o & Total
30-33 - 0.01 0005 0002 - 0.06
27"30 - OOOLI- 0022 0007 0.01 O.j&»
24 =27 - OOl 0.28 0.10 - Oe42
21=24 c.01 0.07 0430 0.06 0401 - OukS
18"21 - 0009 0014»3 0.09 - 0.61
15-18 - 0e13 046 0,08 - 0.67
12=15 - 0.08 Oe31 Onil - 0e53
9=12 - 0.05 0.29 0406 - 040
6-9 - 0002 001 9 0.01 - 0022
3=6 - 0602 0,04 0.01 - 0.07
0‘3 - - - - - -
Total ‘.01 0e55 2,55 06l 0402 377

10 7+ 7o Dry matter yield of clover g/cuadrat (10" x 28")

Le S¢e D
WO W15 W30 W45 W60 5 1% 1l

Harvest 1 3478 28,44 28,42 25,22 20,67 5,92 8416 11,22

Harveo' 0 116429 6helB 57457 53425 39469 7.84 10684 Lhe85
Harvest 1
OF 33 MS VR
Blocks 4 163,22 40,80 5e99 *+%
Rates L 532478 133415 19,55 **»
Lrror 16 108,99 6481

Total 2l 804499




Harvest 2
DF 33 M3 VR
Blocks A 537499 1304449 1,06
Rates 1N 1728..,88 4321.,22 3923 R
Error 16 2019,53 126,22
Total 2, 1984240
10. 7. 8 Seed yield of clover g/quadrat
WO w15 w30 W45 W60
19,19 13,50 10.95 8.12 5455
DF SS M3 VR
‘Blocks 4 490425 122,56 695 **
Rates L 551051 157082 7.81 Ak
Error 16 28149 17.62
Total 2l 1323.,50
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10 7. 9 ? matter yield of clover at various positions,
strip (10" x 3,")

(a) Harvest 1

FO P3; P7 P105 Mean
R4 5486 6elt5 7.78 8o 34 7.1
R2 5453 771 .77 740 710
R3 4486 6496 6.92 67 6430
Ry 2497 6408 5¢36 5425 5¢16

Mean 5.05 6.80 6.96 6.86

DF ss NS VR
Blocks 4 31404 7.76 Le61 *
Rates 3 50460 164,86 10,03 **
Error (i) 12 20426 1.68
Positions 3 49,97 16465 6490 **
RxP 9 12,92 143 N.S
Error (ii) 48 115,98 241
Total 79 280,77

Rates Positions
LeSeDe 5% 1426 140

1% 1.77 1.88

1% 2,50 246
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(v) Harvest 2
PO P35 P7 P10% Mean
R 13.36 16430 19427 15455 16412
R2 9.87 14478 19.27 13.65 14439
R3 9elit 11,70 20,00 12413 13631
Ry 6.62 10431 12,19 10456 9492
Mean 9.61 1327 17463 12,97
DF 35 K3 VR
BlOCkS l]- 66.48 1 6.20 1 .61
Rates 3 409.71 136457 13.60 *
Error (i) 12 129464 10404
Positions 3 628,25 20941 40,27 *=*
R x P 9 89051 9e94 191
Error (ii) 48 249493 520
Total 79 157352
Rates Posgitions
LeSeDe 56 9 7h 6452
1% 13465 8.72
1% N.S 1145
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10. 7.10 Idght intensity at ground level (% daylight)
(a) 15 lbs/acre (R1)
Date Po P Py P10}
28/7 8l.1 100.0 100,0 92.8
11/8 71.0 91,2 9548 8945
25/8 5242 70.8 8843 7942
8/9 7.7 6646 9943 566
22/9 4eO 2946 92.7 3340
6/10 7.1 2149 91.7 8247
20/10 843 5847 93¢5 87.0
3/11 18,7 8246 96 o4 8le2
17/11 277 48,1 555 5843




273,

(b) 30 lbs/acre (R2)
Date Po P 3% £ 7 i 105
28/7 ThoT 9049 9548 86e7
11/8 655 8040 9641 7548
25/8 21.6 bhyo2 8347 7346
8/9 3¢5 404 88-5 L7.2
22/9 649 39ek 89.8 3745
6/10 542 51,0 97k 3647
25/10 347 5247 97.1 6947
3/L Se3 Thel 99.0 9544
17/11 37.6 477 6649 4645




(e) 45 1vbs/acre

(B3)

<The

Date Fo P £ F 10
28/7 92,1 914 100.0 Th-o8
11/8 29.0 81,2 91.9 753
25/8 13.1 394 &re3 7046
8/9 2.5 2445 9245 9346
22/9 2.8 3362 91.1 Sheols
6/10 ko5 3546 9549 7940
25/10 347 694 10040 5644
3/11 5e2 81.2 9647 9548
17/11 3440 39.1 48.7 41e3
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(d) 60 lvs/acre (R4)

Date Fo P 3 7 ® 6
28/7 6849 76.1 98,0 8047
11/8 5242 - 7640 8o 9 6043
25/8 15.6 32.7 77.5 379
8/9 Lok | 3be2 9640 32,7
22/9 1,.’7 27.2 Wpe2 264
6/10 1.7 67.8 89.7 4648
25/10 he? Shed 99.0 The2
3/11 12,2 89.0 97.1 81,8
17/11 38.8 39.1 5067 3846




10, 8, 0. Climatic records during the growing seasons of 1960 & 1961.

1960
Date h{ax.'rel@. Min.Temp. Rad., - Rain Evap.
2 6849 51.0 430 «03 13
3 73.0 4L9.7 461 17
4 68.8 5843 A 15
5 72.9 Shels L6569 23
6 81.1 59.0 457 «20
7 89.2 69.7 38 «20
8 72.6 6leb 127 «20
9 69.8 54 o0 336 <07 <07
10 72.8 50.8 283 A
11 67.5 539 217 .15
12 74,6 5he9 298 .09
13 7843 51le3 348 Jd1
1, 70.0 5849 114 «09
15 61.9 5248 327 «20 13
16 623 5049 121 «02 .15
17 6448 5he2 189 07 .08
18 6643 5567 250 «10 <09
19 67.9 5349 223 <09
20 62,1 531 96 .01 <07
21 59.1 L3.7 345 52 12
22 57.8 L5.8 247 oLk
23 58.5 L9.7 7 o1l
2, 62.1 L5.5 a1 <06
25 60.7 51.3 59 14 13
26 572 L9.7 162 61
27 5943 L7 182 48 .07
28 62,9 51,0 198 o4l .03
29 68.7 She7 281 QL Ok

30 62,2 572 165 <10
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1960
Date Maxe,Temp, Min,Temp. Rad,. Rain Evap.
May 1 60.5 5109 205 0210- 007
2 579 50.1 121 «08 «09
3 6o 3 51.7 i <08
L 5848 47.0 1 NS 12
5 5548 L3.6 203 40 «08
6 58.8 L7 158 o33 .08
7 61,0 5242 191 .12 «06
8 573 5042 191 J1 «06
9 572 4349 189 «08
10 6546 45,0 260 «07
11 537 5L.6 L6 .02 11
12 54e0 41.9 153 o7l «03
13 5944 4.9 198 86 02
L, 551 47.7 207 11 «05
15 5547 477 87 «18 <06
16 5747 48.1 236 .16 .03
17 58.2 bho3 232 «07
18 571 41,1 283 .08
19 60.9 41.8 227 «08
20 She? 4ha3 79 «03
21 558 42,2 103 .01 «03
22 52,8 N 84 .01 05
23 59 ks 42,7 259 Ro'N
24 65.7 43.9 275 <07
25 68.8 52,1 256 .09
26 66,1 5943 85 o1 «08
27 61.9 53¢2 266 1,55 <01
28 64e6 514 227 <01 W13
29 584 5040 127 37 «07
30 56.7 48,8 i .71 .03
31 56¢7 51.0 65 30 «03
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1900
Date Meax,Temp, liin.Temp. Rad. Rain Evap.
June 1 574 506 62 02
2 572 5048 80 06 o'
3 5943 4940 20 o13 04
L 6244 51.2 233 «09
5 573 5249 - 53 11
6 59.8 4845 217 23 <03
7 60.6 4546 177 <01 <06
8 58,2 5043 84 «06 <05
9 5746 47.1 117 «07 01
10 555 48,8 150 15 <03
11 55.1 454 138 ol «09
12 5649 7ok 133 .01 O
13 5843 45,0 259 «05
L, 5546 4942 41 13
15 52.1 4 ed 105 1,22 02
16 56.6 114-.8 M? 0110- 002
17 57.1 448 168 <06 o0l
18 57 07 1!20'4- 189 001 .05
19 5le0 45.8 97 e A
20 53¢k 4064 171 «05
21 574 4645 259 «07
22 59.7 439 226 «06
23 5,1 11,8 251 07
2 52,1 37.8 167 06
25 S5he9 3945 201 «01 Ne
26 5540 40,3 20 «01 Ol
27 58.1 42,8 245 «01 o'
28 5743 39,1 266 .01 07
29 5943 46.7 22 07
30 62.8 42,1 262 .09
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1960
Date Max, Tw@o Min.Temp . Rad, Rain EV&P .
July 1 61,2 479 171 «10
2 573 5243 65 11
3 9‘-0 9 lbﬁ 07 123 003
4 52,1 39,2 203 21 +06
5 5h.46 L1.6 130 07 05
6 51.2 31.7 87 «03 e
7 510-08 45,0 22 o0l
8 5845 48,2 100 11
9 57.1 L6.7 21, 17 07
10 53.1 Li.1 210 o2k «05
11 53 ek 3749 223 .03 +08
12 552 37.8 214 o0 .06
13 5346 4046 129 05
1 5302 14-509 314- 005 oO4
15 56 Lok 93 <06
16 5842 4,8 200 +02
17 5le9 L4t a6 97 «20 e
18 5346 38.9 201 26 «06
19 5242 435 64 o0l «05
20 539 4149 115 »20 004
21 56.8 “‘-‘6 26 «07
22 557 50,0 120 o1l «03
25 51.8 LOJ 123 «03 «05
2l 5649 42,5 121 «05
25 61,3 48,7 113 11
26 63eh 504 286 «09
27 64e9 49¢5 26 «09
28 5943 48,8 136 o0 «03
29 63 49.1 138 <Oh
30 62,6 49.7 165 04
31 5749 46l 300 <05 .08
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1960
Date Mex.Temp. Min,Temp. Rad. Rain Evap,
Aug 1 5543 4543 176 .10 06
2 S54e5 4240 265 o19 W06
3 5542 454 286 92 «09
4 5540 43,0 2L, «02 +06
5 577 bpe2 288 «08
6 70 4041 257 W11
7 5646 3642 318 07
8 52,1 L4.3 162 018 .08
9 5ol . 40.7 236 o1l «03
10 5448 43,2 168 Ol
11 L7.2 LO.7 100 27 .09
12 5061 39.1 67 ol «06
13 59 4546 185 23
L, 571 7.8 212 «05 01
15 61.7 48,0 351 .01 .06
16 6541 5042 35, ol
17 572 4943 257 »03 12
18 5343 40,1 197 01 .08
19 54he9 43.9 300 «02 «07
20 5501 38eh 333 07
21 59,0 42,8 280 .10
22 58.6 4549 227 o0l
23 5747 48.6 22, «06
2 61.0 3946 415 «05 «07
25 6742 49.0 362 15
26 6040 52,1 206 .18
27 5042 4641 99 03 07
28 51.0 41.0 U5 «03 .05
29 S5he7 40.7 339 21 .02
30 59.0 43.8 31 09
31 6540 503 275 10




1960

Date Max,Tempe  Min,Temp. Rad, Rain Evap.

Sep 1 5646 47.6 167 «08
2 564 46,1 285 Ok 07
3 551 45.5 325 42 .10
4 Shed 43.3 230 17 .08
5 5949 4349 8 06
6 5943 50.1 40 15
7 Sl L7.1 307 1.36 «05
8 5345 4he9 250 «06 07
9 5549 435 115 «02 +08
10 62,2 46,7 389 .01
11 69.6 51,9 390 <09
12 6947 59.8 17 013
13 60,6 5549 68 «59 07
]ll- 58020- 5008 73 030 .02
15 58,8 52,0 136 .02 N
16 597 51,0 22, 23 04
17 572 48,2 236 «50 «05
18 56.9 4 o9 266 +05 08
19 5804 45,0 375 07
20 6249 4245 440 «10
21 6542 L5 513 +10
22 71.8 50.7 407 57N
23 72.0. She7 42, 16
2 She? 48,8 204 «30 .16
25 5649 45.8 360 21 .15
26 58.2 4842 310 .10 .08
27 5642 49.1 247 .01 .07
28 68.8 43.1 531 <06
30 60.2 L8k 110 .02 08
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1960
Date Max,Temp. lin,Temp. Rad, Rain Zvap.
Oct 1 67.1 M.j 519 .03 10
2 The? 5541 337 11
3 7843 59.7 480 o15
4 5749 49.0 428 19
5 59.6 49,5 285 03 17
6 5646 51,0 135 o0l 07
7 60.0 4703 309 13 «03
8 6642 494 ) 019 «11
9 8041 4843 487 <09
10 58.2 L9.5 419 22
11 5944 TN 460 «15 13
12 '59.6 50.1 353 ol
13 71.1 4401 501 «J9
7N 80,2 58,1 614 15
15 8646 6448 478 21
16 85.9 752 316 32
17 5946 50.8 425 48 12
18 5848 47.7 321 Nul 17
19 59.2 Wy o5 32, 32
20 6549 48,1 582 o1l
21 Thed 50.8 545 .18
22 78.2 5642 620 10
23 8644 6.8 649 19
25 784 4703 659 23
26 82,7 61,1 655 022
27 78.6 51,5 672 21
28 79.7 49,9 608 27
29 88.1 640 327 31
30 60.6 50,9 536 «C5 25
31 58,8 4742 504 +08 2
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1960
Date Max,Temp. Min,Tempe Rad, Rain Evap,
Nov 1 57 47.1 31 01 16
2 69.8 424 599 A1
3 61,0 LBl 555 «08 21
4 . 6748 a2 711 : 17
5 6lreli 47.8 691 019
6 7363 4349 718 o19
7 8,49 57.8 516 «30
8 5902 52 .l 11'14-3 010"3 023
9 65¢7 b7 610 .03 15
10 Theb 5149 393 o2
11 Tia? 6343 55 21
12 58,0 51.9 156 2433 07
13 61.3 49.8 718 <05 .09
1, 69.5 4 e0 585 .16
15 81.0 55.8 602 25
16 751 6348 596 36
17 6642 5543 511 16 17
18 63k 5041 537 <07 15
19 773 5048 635 16
20 67.8 61.9 233 .28
21 62,2 43,9 492 «02 .13
22 6249 51,8 1 .01 2
23 63.8 5249 445 .08 .08
2 6549 . 505 617 «03 .08
26 6542 497 69 «19
27 T'rel 45.1 770 «19
28 88e4 55e2 602 21
29 64e7 5543 402 26
30 6%1 43.1 369 26
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1960
Date m-Temp . MinoTanP . Rad. Rain Evap'
Dec 1 79.9 57.7 2{-80 cOl 026
2 81.8 6347 601 29
3 6062 56.6 122, 23
L 6he7 534 409 02 11
5 713 539 641 11
6 7361 5246 49 «19
8 88.7 5246 765 +20
9 97.7 71.3 759 o
10 10C.8 81.8 628 o3
11 6€49 5649 797 o4l
12 722 47.3 799 27
13 763 51ek W7 27
lli- 7002 5007 502 '25
15 63.0 52.0 513 01 030
16 68,7 524l 631 .01 «10
17 78.2 53.0 776 o17
18 8449 5346 773 022
19 92.5 67.9 681 «28
20 9642 78.9 425 36
21 96,2 770 775 «28
22 85,8 6345 799 32
23 8643 60.3 79% b3
24 871.0 €34 817 28
25 59.9 €1.3 789 26
26 $8.9 €84 706 o32
27 98.9 724 789 26
28 9842 7440 694 31
29 101.0 8349 77 46
30 10C,2 84,0 L33 &9
31 4.8 6845 312 0L o2l
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1961
Date Max,Temp, Min,Temp. Rad. Rain Evap.
Apr 1 89.2 5543 478 «20
2 8743 6740 269 .18
3 90,7 Phe9 203 .01 .21
I 69.0 6ol 2 «56 «09
5 8440 60,2 W8 +28 .05
6 725 67k 70 L
7 75.7 6348 209 .76 «02
8 8543 64,0 415 o1l »09
9 7949 7440 165 23
10 71.8 6243 298 53 1
11 7042 57.8 248 .02 .10
12 654 5749 333 13 .08
13 60e9 5548 136 .15 .16
L, 61.8 5448 301 1.0 012
15 63.8 51.8 42 «29 12
16 6468 4546 a2 o0l 13
17 6349 52,1 L2 15
18 67.0 5549 262 .22
19 YN 55¢1 131 015 .18
20 443 5446 297 26 .01
21 7561 6241 389 .06
22 6742 6349 123 «02 .13
23 6641 57.1 226 .01 «06
2l 6641 5643 288 «20 .08
25 67t 532 266 01 «09
26 63.2 49.1 331 .08
27 6lhe3 4843 402 JA1
28 70,0 48,2 392 12
29 6649 5601 203 12
30 73.1 T 5640 381 .06
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1961
Date Max.,Temp. Nin,Temp. Rad, Rain Evap,

2 652 5542 164 11
3 58.0 46,2 a8 27 o1l
4 61.6 45,0 236 04 10
5 61,9 47.1 209 03 o4
6 61.7 5066 153 Ne 03
7 6342 4740 27 «06
8 63.1 5049 248 o0l 06
9 58.6 4543 215 15 08
10 60,3 42,8 350 07
11 61,2 43.8 351 «09
12 62.8 51.5 241 o1k
13 61.1 5l.2 197 22 «12
1, 6342 51.9 291 53 02
15 6543 52.0 179 03 «06
16 6763 540 328 «05
17 1047 Shols 5334 «10
18 70.6 534 333 «08
19 1.7 52.1 325 +07
20 70.8 5342 322 «09
21 702 5842 315 12
22 72.0 6049 277 o4
23 71.9 60,8 313 ol3
2l 6548 5249 209 01 08
25 62,0 53 ekt 20 «10 «06
26 62,1 5346 139 <Ol .08
27 6646 53.1 275 .02 <06
28 63.6 539 207 o1k +03
29 61.5 509 150 06
30 6509 48.7 2 01 «07
31 6&-01 52{-02 280 .08




0Ny

57

1961
Date Max,Temp, Min,Tempe Rad, Rain Evap,.
2 68els 5349 226 +09
3 61.2 52 ol4 206 18 «10
1&- : 60‘5 5103 173 0314- omb
5 63l 48,2 256 .10 01
6 66.1'- 5203 2""5 .08
7 66.3 5308 188 .10 012
8 6043 537 105 13 o0l
9 63,0 5l.e2 269 21 01
11 6845 555 283 <08
12 68,2 5646 280 «08
13 6549 5349 283 012
1 6545 573 186 14
15 6246 5649 80 15
16 5642 5242 176 017 <09
17 5749 4841 150 17 09
18 5949 51.9 176 27 «02
19 5545 4740 227 .17 05
20 5343 U3 150 o0l -08
21 5645 4245 253 15 Ol
22 %. 9 l'_2.2 221 +02 008
23 5345 4340 136 07
24, 59.8 478 212 63
25 60,1 U49e3 17k «02 o Qi
26 5949 5043 288 .08 «02
27 58.1 46.1 291 .10
28 61,2 L7k 186 .10
29 6249 49.1 218 +10

30 6‘"3 53010- ZL"B '0.8




1961

Date Max.Temp, Nin.Temp. Rad, Rain Evap.

July 1 63,1 L6.1 259 «09
2 5928 5l1.2 182 «18 <06
3 " 59.0 470 198 o3 06
I 6148 5042 167 oy 01
5 5549 45e1 206 o713 e
6 5545 4547 156 e o1l3
7 5549 4340 223 37 «03
8 5348 47.7 n5 «05 «05
9 54e9 472 1L, o0l 407
10 5646 4845 193 o1l «03
11 58,2 o5 227 el
12 5845 4546 173 «05
13 5247 4742 112 04
1 5740 LBeks 195 21, 02
15 572 44,0 235 01 <05
16 556 43.0 203 02 «06
17 5641 blre2 170 «02 0l
18 Slel 2,2 27 «05
19 ‘58.8 42,5 322 06
20 5644 40,8 325 <08
21 57.7 40,6 2y «08
22 5348 41.8 99 <09
23 Sle6 44 a9 132 27 «03
2 593 NN 292 16 01
25 6047 48.8 337 «02 «08
26 56 o1t 46,9 192 .08 +05
27 5he2 L8l 19 «10 «03
28 5647 L3e3 109 <06 03
29 558 494 127 <05 «05
30 6005 )+6a0 251 '11 002
31 59.1‘- h6.8 229 002 .m_




289,

1961
Date Max,Tempe Min,Temp. Rad. Rein Evap.
pug 1 57e3 Wb ol 165 0L Rony
2 57k 4846 242 07 03
3  Bheb 51.8 2542 «02 .08
A 5341 4045 204 +03 <05
5 553 3745 322 .07
6 5943 455 369 .10
7 61.6 4546 32 .08
8 67.6 53.1 288 13
9 5942 4245 257 20 o1
10 580 9 2'-509 22"5 '01 ‘Ol“
12 5943 46,8 189 05
13 67.8 49.2 399 07
u, 69.8 5548 356 JA1
15 5809 4708 }72 11 Jl
16 56 4649 303 25 +08
17 575 493 271 12 .10
18 56.1 Ll 238 03 .06
19 663 45.7 396 .08
20 55¢2 4246 300 056 .10
21 57.0 47.1 250 .15 +06
22 5745 4843 277 .17 J1
23 552 42,0 312 »10 +09
2 59.6 42.5 325 07 «08
25 60.0 4345 369 .01 <08
26 61.7 42,1 Li6 09
27 6349 49.9 300 o1l
28 575 47.1 363 03 +09
29 5545 46.7 288 07 «10
30 55.8 3943 158 01 «08
31 6245 48.1 271 o15 «02




290,

1961
Date Ma.x.Tw . }ﬁnoT@ . Rad. Reain Evap P
Sep 1 579 52,6 179 022 Ro'A
2 60.1 5001 589 007 003
3 66.8 4545 480 07
4 6543 535 173 .16
6 61.8 L8.9 248 <09
7 610-08 5107 301# 005
8 713 537 480 JA1
9 7.1 6Ce5 505 <19
10 68,9 4842 472 16
11 71.1 She? 504 19
12 735 6043 374 «25
13 59«9 578 174 N 22
i 58.1 46.,0 212 ol Ne R
15 6064 4643 333 30 07
16 5349 4963 319 .10 «09
17 5%¢3 485 Shde 07
18 6643 45.0 431 «10
19 715 545 545 13
20 7105 )+80 5 511" '12
21 6340 o2 555 W13
22 6lie6 49k 569 12
2 82,7 571 492 17
25 62.9 £3.0 481 «20
26 62,8 49,3 5,3 12
27 1249 1"—601 597 o1k
28 81.0 6041 596 .21
29 8845 6648 591 .27
30 92,0 7165 475 «30




-9l

1961
D&.‘te I‘iax‘ Teﬂ@ Y }xiin.Temp. R&d. Rﬂ.in Evap 'Y
Oct 1 61.2 5300 1-0-90 .01 032
2 6343 4563 617 01 13
3 7led 41e5 626 15
L 7362 53e5 368 .15
5 7247 5346 620 oLy
6 82,6 5341 607 20
7 8347 59.1 597 23
8 8043 575 622 16
9 8700 6900 14-64 02
10 6lols 5543 a8 10 o2
11 631 5345 448 ol «20
12 8047 5061 489 01 ol
13 %0 5849 572 o2
L, . 6542 53e5 415 ol
15 69.9 4843 369 .12
16 70.2 46 oL 679 W17
17 8149 556k 672 2
18 9249 6347 546 o2
.:1.9 8l.3 67¢3 291 26
el 63k L343 445 23
22 6340 4340 570 «15
23 6648 5345 495 17
2 62.8 55.1 365 «02 017
25 637 51.1 416 04 .18
26 6642 5062 543 13
27 7005 11»-6 .9 712 L4 !
28 83,2 51 693 17
29 9042 6243 653 23
20 88‘9 7202 507 ozl'l
o1 6643 She9 319 30 23




1961

Date Max,Temp, in,Temp. Rad. Rain Zvap.

Nov 1 5943 52,3 168 ol <10
3 8hel 53.C 679 11
L 92,7 70.6 595 o2
5 9940 8l.1 672 30
6 73¢9 6943 499 <01 30
7 677 476 584 «02 19
3 64,8 50e3 531 «20
9 61,7 5244 365 +01 o3
11 73.8 4940 780 -18
12 83.1 57.C 785 o2k
13 89.3 6543 767 33
1 6841 6506 466 .36
15 6549 52,0 535 02 18
16 630 8 wo 9 121 L 31
17 (W 52,5 451 .18 09
18 745 5540 737 09
19 80.1 61.1 705 .18
20 850 59.1 762 «20
21 9042 6647 505 25
22 72.2 5943 619 .22
23 6743 504ds 591 29
25 69.0 47.1 759 .01 .21
26 1.2 Shel 116 »28
27 7846 5846 740 +01 19
28 87.6 576 498 022
29 7244 60,8 409 o0l 26

30 70.0 57.1 2 01 oL




“33

1961
Date Max,Temp, Nin.Temp. Rad. Rain Evap,
Dec l 724-07 2#9.8 805 .21
3 9749 6448 - 712 o3
b 8145 59.6 Thels 39
5 6642 5365 L84 28
6 66.2 4945 81 01 NN
7 66,8 46,8 519 25
8 6542 . 5347 561 <06 23
9 685 5367 661 19
10 y 5245 634 o17
11 7647 Sle3 675 026
12 7649 61.3 350 35
13 7840 61.3 377 1O 22
VA 715 6043 307 «03 1y
15 The3 59.3 L6l L7 ol
16 W 61,0 300 .13
17 67.5 59, 37 o1l 022
18 6349 50,9 605 06 017
19 6748 48,2 759 ol 22
20 The 5045 835 25
21 8249 6040 823 25
22 9043 6740 82, o268
23 94,0 66.8 838 o3
2k 95.7 753 838 o7
25 94.8 6942 803 40
26 97.7 67.7 740 38
27 102,5 72.5 602 39
28 7843 60.1 458 «29
29 735 -~ 5645 848 22

51 7642 57k 762 o27






