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AGROMONY THESIS:

Topic:
The effect of Plant density on growth and yield in two varietles
of Grain Barley.

CHAPTER I

INTRODUGTION:

As a thesis topic, I have chosen to work with a temperate cereal
viz: Barley (Hordeum distichum) and to examine in two varieties; Zephyr and
Kenia;-

(1) The physiological and growth characters of two Barley varieties
differing in grain yield potential.

(2) The effect of plant density on growth and development and on
grain yield and its components.

In cereals, as in many crops, an increase in plant density leads to
an increase in total dry matter until a level of yield is reached after which
increase in density does not lead to a further increase in yield. The data
upon which this statement is based often refers to shoot dry matter only.
Grain yield on the other hand reaches a maximum with increasing density, after
which a further increase in density leads to a fall in grain yield (Holliday,
19603 Donald, 1963). Crop growth, leaf area, tiller initiation and tiller
death and other parameters are modified by plant density. Attempts have been
made to relate these parameters with grain yield in studies envolving the
physiological basis of varietal and fertilizer effects upon grain yield.
MWatson et al have made very full studies and have suggested that high grain
yield is dependent upon having high values of leaf area and leaf area duration,
especially after ear emergence (Watson, Thorne and French, 1963).

HODS 5 TUDY:

The problem of accounting for variation of yield in terms of growth
and development of the crop plant is obviously very complex, for ultimately it
involves the effect of external factors on all the physiological processes of
the plant, the interrelation between different processes, and their dependence
on internal factors determined by the genetical constitution of the plant.

There are three main methods of study used by experimenters in sorting out such
problems.,



(1) Controlled environment with either whole plants or plant parts,
(2) Field studies using Crowth Analysis techniques.
(3) Field studies using the energy balance concept.

To discover the physiological busis for variation in crop yield it
is necessary to supplement laboratory studies by direct observation on field
grown crops, measuring those attributes that are capable of relatively simple
physiological interpretation. The disadvantages of any field study is that
high variability in the plant population nece-sitates repetition of each
observation on a large number of samples or a smaller number of samples with
nore frequent sampling intervals.

Growth Analysis is used as a technique in the field of studying
related growth paremeters in order to give some picture of the effects of
density on grain yield, and is based on the principal that the increase in
dry weight of plants in a given period is a measure of net photosynthesis.
Full analysis of yield requires consideration of the distribution of dry
matter and leaf area between the different parts of the plant as well as the
totel dry weight and leaf area accumulated. Physiological techniques appro-
priate for laboratory studies are, in general, not suitable for investigations
on crops growing in fleld conditions. One reason for this is that such
techniques may themselves change the environment; for example although it is
possible to measure directly the gas exchange of plants growing on a field
plot, this involves enclosing the plants in an airtight chamber inside which
the environmental factors of light temperature, Co, concentration and water
supply may differ in intensity from those outside.

In early experiments with cereals (Engledow and Wadham, 1923), the
procedure followed was to make a census of the growing crop recording at
intervals the number of plants/unit area, number of tillers/plant shoot height,
and at harvest the number of ears/plant, grains/ear and grain weight; the
plant characters assumed to be related to yleld, These census studies did not
succeed in defining easily measured yield controlling characters that the cereal
breeder can use as a basis for selection as the different yield attributes are
sometimes inversely correlated. The yield of a field crop is the weight/unit
erea of the harvested produce or some specific part of it, hence it is more
logical to base an analysis of yield on the weight changes that occur during
growth than on changes in morphological characters. The first step in devel=
oping a procedure for analyzing growth in terms of dry weight change was made
by Blackman (1919). Blackman showed that increase in dry weight can be
regarded as a process of continuous compound interest, the increment produced



in any interval adding to the "capital" for growth in subsequent periods.
The rate of interest, or relative growth rate;

R = I x dw where R = growth rate
v ak W = dry weight
i.es I.,oge W, = Loga Wy t = time interval
-4

The dry matter yield of a plant was considered as dependent on
(1) the initial capital, i.e: the seed weight, (2) The relative growth rate,
and (3) the length of the growth period and variations in yield can be analysed
in terms of these three quantities.

However, the dry weight of a plant is not all productive capital, for
a considerable part of it consists of skeletal material not active in growth.
As dry matter increase is attributable to photosynthesis, a better measure of
the productive capital or "growing material" of the plant is leaf size. The
rate of increase of dry weight per unit leaf area, (I/L) (dw/dt) where L is the
total leaf area of the plant, is a measure of the excess of the rate of photo-
synthesis over the rate of dry matter loss by respiration. Gregory (1917)
suggested the use of this function in the analysis of growth and called it Net
Assimilation Rate (NiR), and Briggs, G., Kidd, F. and West, C. developed E
(Unit leaf rate) as an 'efficiency index'. The relative rate of plant growth
at any one time, may be taken as an expression of the efficiency of the plant
at that time in producing dry matter, or the difference betwean rates of
assimilation and respiration/100 gm dry weight at that time.

Thus NAR and E is the rate of increase of dry weight per unit leaf
area, NJd.Re is capable of relatively simple physiological interpretation,
while leaf area is the result of many physiological and environmental processes:-—
genetics of the plant, age, nutritional status, temperature and moisture status,
etc., LAI (Leaf area index) is often taken as a measure of the size of the
Photosynthetic System, but it is not a perfect measure because parts of the
plant other than the leaf laminae are capable of photosynthesis and may some-
times account for an apprecisble fraction of the dry matter production., Thus
total annual photosynthesis is a function of the size, duration and efficiency
of the photosynthetic system. Growth analysis envolves sampling or harvesting
whole plants at different growth stages over time from a population of similar-
ly treated plants at intervals, in this case weekly intervals were used.
Watson (1947) has shown that while E varies between species grown in the same
environment, between varieties of the same species, and between seasons for the
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same crop in the same place, variation in E within and between species and
between seasons is accompanied by relatively greater variation in leaf area,
so that measurement of leaf area is important in the study.

Thus it is clear that the relative growth rate (R.G.R.) is the product
of N.A.R. and the ratio of leaf area to total dry weight; this ratio (L/wW, leaf
area ratio) may be regarded as an index of the amount of 'growing material' per
unit dry weight of the plant. Consequently, the progress of dry matter
accunulation and its end point yleld at harvest can be conpletely described in
terms of the two attributes N/iR and leaf area.

It is not practicable to mske e continuous record of the changes with
time in total dry weight and leaf erea; instead, they sre measured by taking
samples from a population of similerly trested plante at intervals, usually a
weeck or nultioles of a week. ACR and N:R are then estimated as mean rates
over the successive intervals, [Fisher (1921) showed that, if H.l and w2 are
the total dry welights at times t, and t, ree pectively, the mean value of R.G.R.
for the tim2 interval t. = t, is given by:-

b = %
and following Gregory (1926) it has been usual to calculate N...R. as
MR = (W, = W) (I.oge L, - Logg L)
For short iatervals (1-2 weeks) it appears that this condition is approximately
satisfied, and the errors introducted sre negligibly small for field crops, in
conparison with those dve to sampling varistion in W end L.

Linitations to the concept of N.4,3s

It is important to bear in mind that N.i.R. is not a pure measure of
photosynthesis, but it depends on the excess of dry metter gain by photo-
synthesis over loss by respiration. Some of the limitations to the concept
of N.i.Re are 1=
(1) Photosynthesis occurs mainly in the leaves whereas respiration

proceeds throughout the whole plant.

(?) N.AR. is often estimated from plant tops only as roots are difficult
to obtain, This will result in an under-estimation of N.A.i., at the
times when the root system is increasing in dry weight, i.e: the error
introduced may be large in the very early growth stages, later

decreasing and becoming negligible.




(3) Another limitation of the NAR concept arises from the fact that photo-
synthesis is not entirely restricted to the leaf lamina, but occurs
also in other parts of the plant difficult to measure, e.g: in stems
and petioles, and in the leaf sheaths and ears of cereals.

(4) Photosynthesis may occur at a greater rate in different parts of the
plant, e.g: nearly half the dry weight increase of Barley plants after
ear emergence is the result of photosynthesis in the ears (Watson and
Norman, 1939; Porter, Pal, and ‘frtin, 1950).

(5) M.R varies with changes in the external climatic factors, viz: light
and temperature. Weekly values for increase in Dry Weight/Unit leaf
area vary more or less about & mean = fluctuations attain increasing
anplitude as age of the plant increases e.g: after 8 weeks in malze -
(Briggs, Kidd and West, 1920) when sampling errors are largely responsible.

Watson (1952) points out that there can be no ideal basis of reference
for N.,i.R. that will render it wholly independent of the 'internal factor! or

'growing material'! of the plant since NAR depends on both photosynthesis and

respiration. The best course seems to be to use a basis of reference appro-

priate for photosynthesis, since this must be the dominant process whenever
increase in dry weight is taking place, Williams (1939) preferred to express

HeAsRe on the basis of leaf protein-nitrogen Ep although this envolves

elauborate analytical procedures and it is doubtful of its superiority. Hence

it is better to continue to use the leaf area basis for the sake of uniformity.




REVIEW OF LITERATURE.

CHAPTER II,
Us of Gro A G

1. Leaf growth and Crop yield:

The problem of increasing agricultural yield is fundamentally the
problem of how to increase the total annual photosynthesis/unit area of crop,
hence size of the photosynthetic system must be one of the determinrnts of
crop yield., Total annusl photosynthesis is a measure of the size, efficiency
and duration of the photosynthetic system. The L.i.I. (sum of the laminae
areas/unit area of land) can be taken as a measure of the size of the photo-
synthetic systen,

1. Methods of increasing L.A.I.
(a) MNutritional.

Vitrogen increases leaf area throughout the growth period;
phosphate increases leaf area particularly in the early stagee of growth,
later it hastens leaf senescence, eventually it may decrease leaf area, K
tends to delay leaf senescence.

(b) Species.

To secure maxinal D. fs production in cereals, nipgh values of L that
persist for such a short time should occur when sessonal wenther conditions
are most favoursble for photosynthesis i.e: June and July for annuzl cereals
such as wheat and barley (U.K. conditions), sugar beet and potatoes do not
develop a large leaf area until late in the season, (September and October)
where £ has fallen below its mid-summer maximum. The important point is to
increase L at the time of the year when E is high i.e. better synchronisation
of the leaf growth curves with the seasonal drift of £ without change in the
magnitude of L.

Linitatdions:

As L increases a point is reached where mutual shading of leavea
must eventually begin to decrease the rate of photosynthesis of part of the
foliage and so to decrease E. If E were independent of L, the rate of
increase of D.!. per unit area of land, crop growth rate (E x LAI) would
increase indefinitely with L, but mutual shading prevents this., MWatson (1954)
found that increased LAI caused decreased NAR, and the effect was greater for
kale than for sugar beet, probably due to growth forms,



Relative importance of LAI and E as determinants of yield.

The liait to crop growth rate is set primarily by climatic and soil
factors e.g: length of the frost free period. Yield is decreased when the
growth period is shortened by late planting of spring cropes or by early
harvest.

A measure of the efficiency of the photosynthetic systea is
provided by the rate of increase of dry weight per unit leaf area, N.A.H. or
£, which can be estimated from successive determinations of dry weight and leaf
area at short intervals throughout the growth period. At present this is the
only method available for making extensive measurements of mean rates of photo=
synthesis of field crops for successive periods of the order of 1 week. E.
varies between species grown in the same environment, between varieties of the
same species, and between seasons for the same crop in the same environment,
Watson (1947). Variation of & within and between species is accompanied by
relatively preater wvariation in leaf ares, and yield of a crop from year to
year is more closely correlated with variation in mean leaf =area than with
mean ke Comparison between species in respect of the relation of yield to
L and B are more difficult because the growth period varies in length and in
the part of the year that it occupies. However, variation in mean dry weight
yield between wheat, barley, suger beet and potatoes is nearly proportional
to the integral of L over the growth period, i.e: the leaf area duration, D.

Variation in nutrient suoply over a wide range has little or no
effect on E, Watson (1947) compared with the effect on L.~.I. In some cases,
water stress decreases L, but it decreases L more consistently Watson (1952).
The existence of variation in E within species suggests the possibility of
increasing E by breeding and selection, however there is evidence that within
each species, & and L are inversely correlated, so that selection for high E
will not necessarily increase yleld. The main source of variation in E is
change in external factors such as light and temperature i.e; E shows a
seasonal trend associated with climatic changes, and is maximua in mid sumner
and falls to zero in Winter.

Heath and Gregory (1938) summarised the available data on N.A.R.
mostly derived from pol cultures, but including some field crops over periods
ranging from 4 to 14 wesks in order to eliminate the effects of short term
variations in climatic conditions. Gregory concluded that the mean N.A.R.
during the vegetative phase was approximately constant for all diverse plants
and environments investigated. However, Watson (1947) disproved this as E of
4 species tested; sugar beet, potatoes (dicots), wheat and barley (monocots)



differed widely; resulte were from 15 experiments in 6 years. Ilowever,
differences in crop yleld were attributed to wider differences in L. Of the
species tested, barley was the most efficient in E over a short periocd followed
by wheat. Sugar beet and potatoes do not develop a large L until late in the
season when £ has fallen, due to drop in temperature and solar radiation. The
important point is that L should be at a maximum when E is high.

watson (1952) reported estimates of E for cereals sown on the same
day for the perlod 27 April to 21 June:

Wheat Barley Oats
Mean § (gn/m~/wk) 35.8 3.2 28.7 + 0.65

In wheat, watson (1947) found no evidence of any differences in B
between 3 varieties of winter wheat Square heads Master, Yeoman and Victor, in
2 years. Lupton (1961) presented data for £ in 5 varieties of winter wheat
and one variety of spring wheat, all autumn soun, For most of the experi-
mental period the spring variety Peko, had a higher § than the winter
varietlies, This difference between spring and winter wheats was observed
by watson, LThorne and French (1963) where £ of spring varieties was about 50%
greater, In this instance there were no differences between & of spring
varieties /tle and Jufy I, but for auch of April and ‘ay £ of variety
Cappelle-Desprez was preater than that of the older winter variety Squaresheads
laster., Differences in E were caused by mutual shading arising from differ-
ences in L.A.I., and not changes in leaf physiology. In a field experiment
involving 3 barley varieties, Flumege ircher, Herta and Proctor, watson, Thorne
and French (1958) found no differences in E before ear emergence, but in a pot
experiment Plumage Archer had a significantly greater & than fenia, Herta or
Proctor for part of the experimental periode Thorne (1963) reported similar
rates of apparent photosynthesis in leaves of FPlumage ~rcher and Proctor both
before and after ear emergence. Cannell (1967) using cseven barley varieties
ranging in grain yield potentisl found no consistent differences in E between
the barley varieties. Similarly, in wheat even though variety Atle, one of
the older varieties had a consistently lower £ than the other cultivated
varieties, no association was evident between E and the ylelding potential of
the series of related varieties. 1In thie study, the stronger relationship
between mean leaf area and shoot weight increase support the conclusion of
¥atson 1952, that dry-matter production can most readily be influenced by
adjustments in leaf area. Thus the vsriation in N.A.R. "within' species is
not great, and the opinion of Gregory (1950) that, 'there is little hope in
increasing efficiency of the photosynthetic process 'within species?!, is
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probably justified, unless there can be progress from selection for differences
in pallisade cell numbers of photosynthetic pathways e.g: the C, cycle as in
maize and certain tropical grasses.

4

cereal crop yields are remarkably stable over a wide range of
densities, and this can be examined by considering the response of yield
components to density. The yield components are: the number of plants/unit
area, the number of fertile tillers per plant, the number of grains/ear,
(this can be sub-divided in wheat and oats into grains/spikelet and spikelets/

ear), and finally grain weight.
Flagt Number:

The first of these components (plant No/unit area) is determined by
the experimenter, and is itself little affected by the density of initial
establishment, except at extremely high plant density levels. In experiments
with wheat (Puckeridge and Donald 1967) the plant number determined shortly
after brairding was found to change little throughout the season except at
densities of more than 600 plants/mz. Kirby (1967) has shown that plant
density in barley showed no significant change throughout the season over the
range from 100 to 800 plan‘ba/m?‘. In oats grown over a comparable range of
densities there was some reduction in plant number, but the »elative range
was the same in all treatments, Jones and Hayes (1967).

Fertile Fars, panicles per plant:
411 cereals show a marked fall in fertile ears of panicles per plant
as plant density is increased. The data taken from the above sited examples

over a wide range of environments will serve to illustrate the magnitude of
the effect.

TABLE III.
Cereal Species Plants/m” No Ears/Plant
( 100 it
Barley E 200 25
E 400 1.5
800 1.0
¥ = Approx.
( 200* 2,1 *
Vheeh ¢ 600° 0.7 *
{ 200% 1.7%
e 700 0.77*
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In wheat, at very low densities, where there is almost no inter-
plant competition almost 30 ears/plant are formed, and in barley at 20 em
square 30 or more ears are formed. Increase in ear number per plant with
decreasing density partly compensates for the fewer plants at lower densities,
but in all experiments for which data is available, the greatest number of
ears per unit area is found at the highest density.

Because of intra-plant competition, the greater number of extra ears,
greater grain weight and grains per ear at wide spacings compared with narrow
specings is partly off set.

G ne d in weisght:

In barley, which has the simplest inflorescence of the cereal crops,
changes In ear size with decreasing density have been shown by Kirby, E.J.,
(1968) where average number of spikelets/ear falls from 26 at 50 pl.ant..re!/tu2 to
16 at 800 pla.nta/mz. In wheat and oats, where there is a further component
of grain number/spikelet, the spikelet nunber falle with increasing density,
but the number of florets per spikelet is less affected. The effect of plant
density on the number of spikelets per ear reduces still further the effect of
plant density on grain yield.

Grain weight is the finsl yield component to be considered, and the
last one to be determined in the life cycle of the plant. Unlike other yield
components it is difficult to draw any general conclusions as to the response
of 1000 grain weight to plant density. [Lxperiments with wheat, oats and
barley indicate that this yield component is lesst affected by plant density.

Puckeridge (1962) has recorded in detail the effects of plant
density on the growth of wheat, although he did not include N levels in his
experimental design. Wheat wes sown at a range of densities from 5.7 to
3,540 x 10° plants/acre, an even denser sowing of 19 x 106 plants per acre
could not be maintained,

TABLE IV.
Initial Density Shoots/ "lants
x 10° plants/ecre: Weeks from sowing (“3rd By, 1961)

4 10 14 17 20 24

5.7 1.8 16.4 2449 40.5 37.0 33.0

28.3 1.9 16,1 30.0 29.5 27.0 2.5

141.6 1.8 13.7 1.9 10.6 9.5 9.9
708.2 2.0 55 4.1 3.0 3.0 3.3

3,541.0 1.3 1.6 Tk 12 1.5 1.2
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As shown in the above table, with increase in density, the number of
shoots per plant begins to decline earlier from week 17 at 5,700 to week 10 at
708,200 plants/acre (a sopulation slightly lower than normal field population).
At the highest population shown (over 3 times a satisfactory field population)
few tillers are formed and the number varies little. Since the time at which
the nunbers of shoots per plant were greatest depends on the plant density and
the dates of ear emergence arec similar to all densities, the decline of shoot
numbers is elearly not directly related to some physiological stage of growth
or development. Clearly competition between plants affects tiller number
per plant as in this experiment, but there must also have been competition
between tillers 'within' the individual plants since the nunber of shoots per
plant declined from a maximum even at the widest spacing. Lither this is the
explanution, or that earlier developed shoots exert a suppressive effect on
the later formed tillers at all spacings. If on the other hand tiller
nunbers are adjusted without recourse to competition by using c.c.c (an antie
gibberellin), lHunphries 1962 found that thc increase in tiller numbers is
associsted with a definite decline in yield.s This would suggest an 'internal!

competition effect for available nutrients required for grain growth.

Tilleringe and Seed Yield in Cereals:

Antroduction:

The 1life history and longevity of tillering in aanual grasses will
vary considerably with the time of origin (season) and the environment. In
annual cereals, the time trend is such that live tillers reach a peak in
spring, falling to a minimum 'before! car emergence and varying little until
final harvest. With wider spacing, or decreased density, late tillering is
more pronounced than with denser spacing. This is the pattern in spring
wheat (Watson, Thorng and French 1958, Thorne, 1962, Kirby, 1962, and in
winter and spring sown wheat, De Zilya, 1961, Krishnammwthy, 1963, katson,
Zhorne and French, 1963).

Once a tiller has become reproductive it usually survives, and when
a reproductive tiller dies, its decline has usually started before the apex
begins to elongate, but the morphological development of the apex continues
for a long time even though the fate of the tiller is sealed (Krishnamurthy,
1963).
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Effect of Nutrients:

(a) |Type of Nutrient:

Gregory (1937) summarised the data for barley in their relative import-
ance for tillering N>P>K. Watson (1947) showed that nitrogen increased shoot
nunber and leaf srea per shoot; phosphate increased shoot number but had little
effect on leaf area per shoot tending to depress it in later stages of growth by
hestening leaf death. Potassium had 1little effect on shoot number, but increased
leaf erea per shoot, possibly by prolonging leaf 1ife. This order of importance
of nutrients for tillering viz: N>’ >K has similarly been found in grac<ses.
Langer (1959) found in Timothy that high N gave twice the tiller number of low N
at 3 weeks similarly for phosphate st 4 weeks, and for K these differences were
not attaineds It is not always clear what level of nitrogen is available to
plants or how much the primery responses are distorted by incressed competition
due to appearance of new tillers and increases in the size of tillers already
present. In cocksfoot, Lambert(1966) found that the primary effects of N were
to increase the number of tillers and ears per plant and to accelerate the rate
of development of inflorescences; in addition N advanced the date of initiation
of the inflorescences without similarly advancing the date of complete different-
iation. Greatest increases in numbers of tillers due to application of N were
in autumn each year when the highest numbers were recorded. Donald and Rawson
(1969) found in wheat that most of the N of the plant is taken up via the root
system of the main stem and primary tillers with only a small uptake by the roots
of the secondary tillers and an almost nil uptake by the tertiary tillers, while
loss of N by =enescing tertisry tillers to fertile tillers was small (2.8% of
maximum N content of whole plante).

(b) Periodicity of Tillering.

aspinall (1961), (1963) in barley, and langer (1959) in grasces have
shown that mineral nutrition affects the number of fertile tillers and the length
of time over which new tillers appear:-

Figure 2, Piroline Barley Aspinall (1961)

30 he 120 B.

(a) All nutrients applied
before germination
Soln 100% 50% 10% N

8 80 (3), (2), (1).
15 60 (b) 50# 5% 1% N Soln.
10 40 Nutrients given weekly.

20|

0 12 22 0 12 22
Weeks from Emergence



The time of onset of the non-tillering and its duration both depend
on the nitrogen nutrition of the plants, This has been shown to occur in
Timothy maintained at 3 levels of Nitrogen (Lgnger, 1959), and more recently
by Aspinall (1961) in Barley (Fig.2). In the first case tillering followed
a 2 phase pattern, rising at first then levelling off i.e: when nutrients were
applied before germination. At low N levels, tillering stopped sooner and
after fewer tillers had appeared than those where nutrients were given at full
strength. The degree but not the proportion of tiller death also varied with
the amount of nutrients applied. Continuous nutrient supply (case B) in Fig,
2 reduced the length of the low tillering phase depending on the level of
nutrition, but even a 5% nutrient solution regularly supplied resulted in more
continuous tillering than a full strength solution given at the beginning of
the experiment. In both series ear emergence occurred much later than the
reduction in rate of tiller appearance, which suggests that these two events
are not necessarily correlated, although in this context, time of initiation
of growth rather than appearance of the tiller would be more meaningful
physiologically. Where small doses are given regularly, tillering is almost ‘
continuous while large doses of N given regularly cause an almost complete
lack of effecta of ear emergence on tillering. \Watson et al, (1958) showed
that in the field, '"Proctor' and 'Herta' Barley but not 'Plumage Archer?
continued tillering after ear emergence when N was applied at sowing i.e:
varieties do differ in their response patterns to nmutrients,

(e) Iiller survivel end Ear emergence:

There are two possible phenomena involved in the cessation of tillering
on the one hand, and the appearance of the ear and resumption of tillering on
the other:- viz, internal competition for nutrients (especially N) and apical
dominance (and influence from the stem apex) om developing grains,

It is difficult to accept that rapid stem elongation causes tillering
to cease; the two events do not occur together. Actively growing meristems
clearly exert a more powerful influence than inactive ones, but since tillers
develop their own photosynthetic and root systems at an early stage, it is
more than doubtful that the distribution of nutrients is the controlling
factor, even though it is possible to affect the omnset and duration of minimal
tillering by application of N.

This problem has been studied in two nearly 'iso-genic' cultivars of
berley segregated for male sterility (Laude, Ridley and Suneson, 1967).
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The number of living tillers and tiller mortality was similar in fertile and
sterile plants alike until 10 days ‘'after' awn emergence.

These authors state that this senescence is not attributable to the
mobilization of nutrients into the developing grains, but that the triggering
mechanism for pre-heading shoot senescence apoears to be operative at the
initial stages of floral development and before mechanical debudding is
feasible.

Lff of Nutri on the resumption of ar 3

The level of mineral supply also affects the resumption of tillering
which usually occurs soon after the beginning of ear emergence. In Piroline
barley, Aspinall (1961) found that raising the nutrient supply as soon as the
first ears had appeared caused an immediate response in tiller production, but
in later treatments, resunption of tillering was progressively delayed. In
another variety of barley, evidence was obtained that the developing greins
are competing strongly for minerals to the detriment of tiller-bud growth
(aspinall 1963). However it required a disproportionately high concentration
of external nutrient supply to overcome the influence of the grains i.e. in
this case factors other than mineral nutrition are likely to play a part. In
the study by Suneson et al 1967, the shoot mortality prior to awn emergence
does not appear to be related to nutrient deficiency since increased tillering
following awn emergence occurred in both fertiles and steriles without nutrient
addition to the pots,

Aspinall's experiments also show that nitrogen can be taken up after
ear emergence by barley in pots, and Gregory's suggestion (1937) that the uptake
of N ceased when plants reached the reproductive phase has not been supported

by work on field crops, Watsopn et al (1958, 1963) Thorne (1962), De Silva (1961),
and Bunting (unpubl. ).
Apical dominance:

As in most plants, the expansion of lateral buds of cereals into
tillers can be encouraged by removing the young inflorescence at a suitable
stage thus preventing the shoots from becoming reproductive. Leopold (1949)
showed that plants in which the apical region is damaged tiller freely unless
IAA is applied to the damaged apex. However, Thorne (1962) showed that
removing ears from 'Plumage /‘rcher' and !'Proctor! barley plants on the older
shoots had no effect on the production or survival of shoots, while application
of auxin to the cut ends also had no effects. Similarly, Aspinall (1963) was
unable to demonstrate an effect of these treatments, and suggested that the
pattern of growth of the plante was already determined in some way by the
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distribution and supply of carbohydrates and nitrogen.
tiller rel hips.

That materials for growth can move from one tiller to another has
been demonstrated in young wheat plants using tracer c”‘, Lupton (unpubl. ),
Juinlan and Sapgar (19€2), however movement from parent shoots to the younger
tillers decreases with age. When surplus tertiary tillers are removed, the
yield of the rest of the plant can be increased Hashimoto et al (1956),
ilirano and Shimada (1960) and I-Shun (1958) and Miller (194%) in wheat, and
Tincker and Jones (1931) in wheat. Recently, Donald and Rawson (1963)
showed that sterile tertiary tillers can act as a temporary nutrient reservior
for the fertile plant parts, but they are of little value as the amount of N
transferred is small, The death of tillers is associated with the movement
from them into the parent shoot of minerals and certain carbon compounds; this
was shown by Dungan (1931) in maize, by Nakamura (1956) in rice, and by Smith
(1933) and Pglfi and Dezai (1960) in wheat,

Thorne (1962) noted that when tillers of Flumage Archer barley died
there was no check in growth of the whole plant, and concluded that either dry
matter was transferred from dying shoots or that other shoots grew faster
because competition was less. On the other hand, Krishnamurthy (1963) found
that the absolute growth rate of 4 varieties of winter wheat was merkedly
decreased at the time when tiller numbers were falling. The interruption in
the growtn curve of the plants as a whole was not reflected in the vurve for
the main axis, but appeared as a net fall in the weight of tillers. 1In 1962,
in a similar series of observations, the fall in absolute growth rate was much
less marked because the losses of tillers were spread over a much longer period.

r P r atio .

Temperate cereals, barley and wheat exhibit differences in shoot
survival, although the generalised time trend is similar in both species;
Mztson et al (1958); Thorne (1962); Kirby (1967); Laude et al (1967).
Exceptions to this generalised time trend were recorded in 'Herta' barley by
Watson et al (1958), where live tiller number continued to increase after ear
emergence and in 'Proctor' where no pre-ear emergence decline was apparent,
although there was some decline in both varieties by harvest.

Higher survival rates of shoots in newer barley varieties have been
observed (Watson et al 1958; Thorne 1962; Kirby 1967). Bunting and Drennan
(1966) draw attention to varietal differences in the proportion of shoots
forming ears, and concluded that highest yields are often obtained from
varieties in which tillering is limited. Bingham (1967) showed in an



17

experiment with wheat that this association held in that the 'proportion' of
shoots forming ears was leust in the older variety 'Holdfast' and greater in
the newer varieties 'Professeur Marchal'! and 'Cappelle-Desprez'; the varieties
differed in yield approximately in the ratio 75: 95: 100, Holdfast, Professeur
Yarchal and Cappelle iesprez respectively, and the percentage shoots surviving
to form ears were 25.8, 28,1 and 34.3. [Thorne (1962) found that the lower
yielding barley variety 'Plumage sircher' grown in pots produced more shoots
than did the higher yielding 'Proctor', but had fewer ears at maturity because
some shoots died about 7 day=s before ear emergence. It is interesting to note
thut in this study the nunber and position on the plant of the shoots that died
were not always the last to be produced.

Relation of s ts eld:

Many workers e.g: Engledoy and Wagham (1923), Thorne (1966) and
Cannell (1969) have found that the earlier formed tillers have higher survival
rates and contribute most to grain yield. Thorne (19¢6) made a study of
component tillers to yield in pot grown barley. At low level of N, 'Plumage
Archer' with a peak of 3.5 shoots/plant and a final number of 1.5 shoots/plant
derived most of its final yield from the main stem and the tiller at the second
node. In 'Proctor', the maximum shoot nuaber per plant was 3.3 and the final
nunber approx <,2; the third node tiller contributed more to final grain yield
than the second. At high levels of N, Plumage ircher and Proctor had maximum
shoot numbers of 6.8 and 5.8 per plant with final values of 4.2 and 5.0
respectively. At this level of N, Plumage Archer derived 96% of its yield
from the main stem and from tillers at the 2nd., 3rd., and 4th., nodes, while
Proctor derived 827 from the same tillers, but in addition the tiller arising
from the axil of the prophyll of the second node tiller provided 14% of the
total yield. Krishnamurthy (1963) working with wheat has found higher
survival rates in early appearing shoots which also had larger ears. (Cannell
(1969) compared the two barley varieties Spratt archer (representing old) and
Maris Badger (representing new) under two fertility regimes, low N and high N.
The newer variety appeared to be more 'adaptable' in terms of the number of
shoote surviving per plant than the older variety. Whereas at a higher level
of N there was very little difference in tiller survival-pesk values being 6.7
for Spratt Archer and 7.1 shoots per plant for Maris Badger respectively,
under low N there was & considerable divergence. Krishnamurthy (1963)found
in tiller marking studies in the field with 6 wheat varieties that of 2,2 ears
produced per plant from a total of 4.3 shoots, 1.5 were on shoots that appear—
ed before the end of March. The earliest formed tillers not only had a much
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higher chance of survival, they also produced larger ears than later formed
tillers. Khatri (1965) working with New Zealand bred varieties of wheat
found the best ylelders to be those with the higher numbers of surviving
tillers.

From the evidence cited it would appear that shoot survival is a
varietal charscteristic that plant breeders cannot afford to overlook when
examining yisld components of cereals. Studies to explain why more of the
early formed tillers survive in the more modern varieties than in the older
or less successful varieties are urgently needed. The contrast may well
depend on differences smaller than can be detected by infrequent sampling
within the period at which the earliest nodes expand. Cince this character
is uffected by the supply of nitrogen it may be associated with differences
in the efficiency with which varieties take up and utilize N and hence in
biochemical features such as the nitrate-reductase system (Zieserl et al 1963).

Single versus fulti-tiller plants:

The value of the single culm habit in wheat was subjected to
preliminary tests in 1967 by Donald, using the semi-dwarf variety 'Pitic!'.
From pot studies the uni-culm or uni-tiller habit had a clear yield advantage
over 3 culm and 2 culm habit plants which did not differ in their productivity.
Donald's conclusions were that there was a benefit due to the single-—culm
habit per se, and one due to more dispersed arrangement permiited by single
culms. Perhaps there is less internal competition for growth substances and
nutrients during ear and grain development in the uni-tiller case. This is
supported by the fact that uni-culm plants had greater numbers of fertile
spikelets per ear, grains per spikelet and also smaller percentage and absolute
nunbers of sterile spikelets than corresponding treatments with 3 culm or 2
culm plants,

Fertile Grains/ Weight Yield of
Dispersed 3- S pikelets/culm spikelet /grain grain
culm plants 100 100 100 100
Dispersed 1=
culm plants 110 114 101 107

sign® sign® NS. sign*



19

The total effect of the uniculm habit involving both the uni-culm
influence and the increased dispers:l which it permits, is best illustrated
by comparing dispersed 3=-culm and 1-culm plants. Donald (1967) considers that
the grain yield increase from the uni-culm habit under pot conditions may have
been due to the advantages of greater photosynthetic area at emergence, or more
and earlier formed root systems. Dthar’reasons are also suggested such as a
longer period of apex differentiation by main stems and better light relation-
ships among the plants.

These findings must be confirmed under field conditions especially
with limited water or nutrient supply. This 'ideal' wheat plant may fail
when compared with existing cultivars under standard conditions as heavier
sowing rates would be needed. Similarly the capacity to grow with its like
neighbours with minimal mutual interference may also mean that it is susceptible
to competition from weeds, Tanner et al (1966). Thus the concept of seeking a
minimal intensity of tiller competition in cereals moderates any significance
of high yield per plant. The important aspect is not that a plant grows large
but only that it makes good use of its environment above and below ground. If
the cereal plant although of low absolute yield is efficient in using its |
restricted environment within the crop and is of low competitive ability
aguinst its neighbours, then high crop yields can be secured simply by increas-
ing the population or density.

Lffgets of the envirogment:

(1) _foisture Stress:

Aspinall (1964) has shown in barley that a water stress before stamen
initiation in barley is likely to influence only tillering. 4 single cycle of
strese either long or short will slow down tillering rate, but upon rewatering
a large temporary increase in tillering ensues, This response is so like that
of plants civen a divided application of mineral nutrients, Aspinall (1961),
that the availability of nutrients, could be postulated as the dominating
factor involved in both instances. A temporary increase in vegetative growth
above the control rate has often been observed upon rewatering following a
stress; Gates (1955) in tomatoes; Owen and Watson 1956 in sugar beet; Robbins
and Domingo 1962 in wheat. Although this may be associated with the uptake and
distribution of nitrogen Stanhill (1958), tiller buds have also to be in a
responsive condition. Stiress late in development gives a much smaller increase,
if any, in tiller numbers as in nutrient supply, Aspinall (1961). Alternative-
ly the maintenance of apical dominance by major tiller apices may depend on
their continued growth, and a temporary check during soil moisture stress may
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release the sub-ordinate apices from their control. It is thought that the
observations of more rapid R.G.Rs and higher NAR after a period of water stress
than before Gates (1955) can be reconciled with the view that since P and N
migration is least pronounced in the most active and developing leaves and in
meristematic tissue, ~n removal of the stress further cell division may be
stimulated by increased avallability of N and P compounds in the vascular
system.

Where soil moisture stress is continued for more than one cycle,
however, tillering is curtuiled by a stress occurring late in development
(anthesis). In this case, late tillers which elongate after ear emergence in
barley are completely suppressed. The data collected by Aspinall, Nicholls
and day (1964), supporte the contention that the organ which is growing most
rapidly at the time of the stress is the one most affected; as found by llagen
et al in clover. In barley, the effect of reduced tillering by a stress is
greater the earlier the period of stress, and is probebly related to nutrient
uptake and distribution within the plant. Crain number per ear is seriously

fected by stress occurring prior to anthesis, an effect probably associated
with the process of spikelet initiation and later with the formation of the
gametes., Crain size, however, is reduced more by a stress at anthesis and
shortly after. Chinoy (1962) concluded that varietal differences in drought
resistance in wheat reflected differences in stage of maturity between
varieties rather than any genetic difference in resistance to wilting. uells
and Dubetz (1966) concluded that in barley, the effects of stress on grain
yield were greatest at or near anthesis, They also showed that this is
probably the best stage for differentiating between genotypes for reaction to
stress,

In determinate species, the effect of water stress can be quite
marked as the reproductive phase is of short duration end the majority of the
population flower simultaneously. In wheat and barley, Watson 1952, Asapna and
Saini and others have shown that continued active photosynthesis after fruit
set is also a2 most important determinant of final yield. MWardlaw (1967),
studying the effects of water stress on translocation in relation to photo-
synthesis and growth during grein development in wheat found that grein growth
was unaffected by several days of leaf wilting and this was partly accompanied
by a change in the distribution of assimilates from the lower parts of the
plants to the grains. The movement of assimilates into the conducting tissue
is prolonged in wilted leaves, but the velocity of translocation is little
affected by stress. MWerdlaw suggested that water stress acts directly on the
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leaf rather than indirectly through effects on growth or sugar movement within
the conducting tissue.

Asang and Basu (1963) using an Indian wheat Pbc281 subjected to
intermittent drought showed that during the early stages of grain development,
(the first fortnight after anthesis) although water stress reduced the increase
in dry weight of the shoot and inhibited sccumulation of sugars in the stem,
the increase in grain weight was not affected. During the later stage
(between 27 and 34 days later), grain welght was reduced under water stress
and this effect was attributed to reduced photosynthetic activity resulting
from rapid yellowing of the ear, and depression in the rate of transfer of
stem sugars to the ear as indiecated by their subsequent higher level in the
stem,

For determinate species such as maize there is evidence for a
marked critical period of water stress ¢ffects on reproductive development.
Data of Denmesd and Shaw (1960), and Robbins and Domingo (1953) have shown
that the tasseling - silking period is most critical. Depletion of moisture
to wilting percentage for 1 to 2 days, and for 6 to 8 days during the tassel=
ing period resulted in 22§ and 507 grain yield respectively, Robbins and
Domingo (1953). Stress applied while the plant 1s still actively expending
reterds enlargement of plant parts. Recovery when the stress is removed is
not immedizte but growth rate aospears to return to normal after a few days.

A similar lag period followed by recovery is reported by lagen et al for
Ladino clover and by Van Uer Paaw (1949) in oats, Barly stress has an
indirect effect on grain yield through reducing the size of the assimilatory
surface at the time of ear development. A yield reduction of 217 from stress
during ear formation, Denmead and Shaw (1960) i= largely due to a reduction in
the photosynthate produced. Van Der Paay (1949) found that a critical period
for oats was evident at heading and that lower yields were primarily due to
barrenness of the inflorescence.

The generalized temperature response curve for growth of plants
follows closely the shape of an enzyme response curve rising rapidly at the
lower temperature range 0° to 15°C and less rapidly at the intermediate
temperature range of 15°C to 30°C (Leopold A.C., 1964) and falling off at
higher temperatures. This same type of temperature response is known for
many plant tissues and includes rates of photosynthesis and growth of
coleoptiles, stems, roots, leaves and other plant parts.

The effect of temperature on the growth and distribution in the
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plant is indicated for a number of cereal species in the following tables
taken from Van Dobben (1962).

TABLE L,
Effect of Temperature on Root/Shoot Ratio.
JTemperature: Spring Spring Oats  Maize
% Wheat(leko) Barley(Herta) (Marne) (Pioneer)
10° 145 1.7 242 -
16° 2.0 3.0 4e O 3.0
25° he2 3.0 4e0 540

From the above table it can be concluded that root/shoot ratio
generally increases with temperature, (also observed by Khalil; 1056).
At tenperatures just above zero cereals show ratios between 1 and 2, In the
range 10°-16°C much higher values are reached, and between 16° and 25%
several species seem to show a maximum, or at least no further incresse. Also
there are distinct differences between spring sown temperate crops and sube
tropical crops such as maize. In the latter, the shoot/root ratio and growth
rate increase without reaching an optimum value within the range shown, Also,
comparisons of Tables I and II show a clear agreement in temperature response
between shoot/root ratio and growth rate. This is strong evidence that the
growth response to temperature is mainly governed by shifts in the shoot/root
ratio,

T43LE II,
Temperature: Spring Spring Oats: faize:
Wheat: Barley:
10% 32 20 23 -
16°% 22 12 20 19
25°¢ 20 1" 18 9

Number of days in which the Dry Weight of Juvenile Plants increased
10=fold under Ootimal Conditions.

The temperature determines the ultimate size as the result of a
mutually independent influence of temperature on growth (increase in dry weight)
and development (length of the growth period). For small cereals, the time
available for production is reduced by a rise in temperature without being
sufficiently compensated by more vigorous growth so that plants remain smaller
when the temperature is higher. When the temperature is raised from 10° to
16%, the rates of growth and development are accelerated stronger than in the
range 16% - 25%.
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TABLE III,
No. of Days from Emergence until Heading in Cereals or Flowering

in Maize:
Temperature: Spring Spring Spring Maize
g Rye whesat Barley
10° 82 129 99 -
16° 51 70 63 87
25° 37 57 52 50
TABLE .
Acceleration of the Rates of CGrowth and Developaent from a
Rise in Temperature:
Rise in
tennerature: Spring b pring ‘3 pring Maize
10 =16"C Hye wheat Barley
1. Rate of Growth 1.4 14 17 o
2é ™ " development 1,6 1.8 1.6 -
16°-25°%
1. Rate of growth 1.1 1.0 1.1 241
2 0 " development 1.5 13 142 o't

Growtn = llo. of days in which the Ury Weight increased 10-fold at
10% (16%) divided by the same vnlue at 16° (25°C).

TaBle V.

Ury Wweight (mg) of Flant (Tops) at the moment of lieading (small

cereals) or for firct flowering (n21ze) attained at several
constant temperatures.

8 Spring O pring Spring )

Temperature: Rye wheat Barley Vatse HMaize
10° 8780 16,5240 12,000 16,210 =
16° 4560 11,100 6,790 9,750 13,600
25° 405 75250 5,400 75350 35,150

For malze, the reverse relations hold, i.e: when the temperature

rises from 16° to 25% growth is accelerated relatively more than development,
go that the plants finally become larger, i.e: maize has the ability of com=
pensating and even over compensating for the acceleration of development at

higher temperatures by a relatively still greater increase in daily growth
rate.



The effect of tempersture on R.,G.R, and its components.

The relative growth (R.G.R.) provides & means of comparing efficiency
of growth of plants of widely different size and can be separated into a
morphological component, the L.A.R. (4/Wp dngm-1) and a physiological compon-
ent Ba. 4n increase in temperature over the range of 10°-25°C results in
higher values of A/Wp in Marquis spring wheat (Friend et sl 1965) because of
increases in both A/Wl (Unit leaf weight, dngm'1- a measure of leaf thickness)
and wl/wp (leaf weight ratio, or way in which the assimilstes are distributed
between leaves and the rest of the plant). 4lso since i.C.R. = Ea x 4/Wp,
(liughes 1962) an increase in teaperature over the range 15°220%C leads to a
higher value of R.G.K. in wheat because the incresse in iA/wp (LiR) more than
compensales for a decrease in Ea, ibove 2500, i#CR. is reduced by a2 decline
in A/Wo.

In maize, however, Wilson 1967 showed a linear increase in Es, KGR
and Lill over the temperature range 10° to 30% under controlled environments.
Also an increase in temperature not only razised the general level of Ea, but
also steepened the responrce to radiation, Uther multiple regression studies
hive shown increase in Ea with duily range of temperature in barlsy, clover
and potatoes (Grepory 1976; Dlsck 1955; watson 1947)s  de.site (Ba) slso varies
between smell cereal species, e.g: Lotson 1947 and declines with time in

Barley, c¢ven under constunt conditions, Thorne 1961.

Yiean' AR wheat Barley Quts
gma/dn i 0.358 0,312 0,287

The decline in wheat is most rapid at a temperature of 25°C, with
high 1ight intensities and long day lengths when growth and self-ehading are
also rapid. Gregory (1926) found that N.i.R. of barley was positively
correlated with mean daily maximum temperature and negatively correlated with
mean daily minimum. I!lis interpretation was that high night temperature
increased respiration loss and so reduced N./i.i. whereas high day temperature
increased NAK by increasing photosynthesis, In oats, Stoskopf et al (1966)
found a significant correlation of + 0.691 between NAR and diurnal temperature
difference measured at ground level within plots. These authors suggested
that since N.A.R. failed to correlate too well with diurnal temperature range,
solar energy may be the real cause for variation in N.A.R. and not diurnal
temperature range.
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Effect of temperature on tillering: leaf production.

In most cereals, maize being the notable exception, the rate of leaf
production by a plant depends more on the rate of tillering than on leaf pro-
duction by an individual shoot. In wheat, = rise in temperature from 20°C to
25°C increases the rate of leaf production to a greater extent than that of
tillering; so that apical dominance is greatest at high temperatures (Friend
et al 192), The close correlation between the ratio of root weight/total plant
welight and the degree of apical dominaance under a wide range of environmental
conditions suggests that increased tillering at low temperatures and high light
intensities is brought about by the increased supply of photosynthates, A
similar control of tillering in barley is reported by Paleg and Aspinall, 1964.
When the temperature is increased from 10° to 20° or 25°C, the demand for
assimilates by the main axis becomes preater because of stimulation of cell
division and the increase in rate of leaf primordium formation, (Friend et al,
1962). In consequence, the supply of assimilates available to tiller buds and
roots is restricted and apical dominance is incresesed. The'percentage sur-
vival! of tillers is not affected over the tencerature range 10°= 30°C and
Light intensity range of 1000=2000f.c. However at low temperature although
rate of tillerinp ie slow, the duration of increase in tiller numbers contine
ues for lonper than at high temperatures because of delayed flowering.

The effect of the enviroament on leef growth is of prime importance
for growth of cereals. The rate of formation of single ridges, the earliest
stuge of a leaf primordium increases with increasing temperature over the range
10° to 25% 1in wheat, Friend (1265). An increase in temperature over the range
10% to 20°C results in narrower and thinner leaves. The leaf length and area
increnses with increasing temperature over the range 10° - 20°% or 25°% and
declines at 30°C for wheat (Friend et al, 1965).

g olo s associa th G 1d = $

Understanding the control of 'economic yield' in plant physioclogy
envolves knowledge of the following factors:

(1) which parts of the photosynthetic system acts as sources of
dry matter for economic yield.

(2) What internal factors influence their photosynthetic activity
and dry matter partitioning.

(3) wWhen during the growth period are these sources active.

(4) what effect has respiratory losses on the accumulation of
economic yield.

(5) What part does the environment play.



Sources of Dry Hatter Yield:

The evidence is for temperate cereals (wheat, barley) and sub-
tropical rice and maize) that most of the grain dry matter is formed from CO,
assimilated 'after' the ears emerge as in wheat and barley Thorne (1962), and
after flowering as in rice and maize, Watson and Allison (1965). The evidence
that sugars formed before ear emergence and stored in the root or shoot con-
tribute 1little to the grain is indirect and based on the fact that shoot and
root do not lose much of their sugar and dry weight while the grain is filling
unier normal conditions. Loss of sugar from the stems and roots of barley
after ear emergence could account for only 207 of the grain and was probably
caused mainly by respiration (Archbold and Mukerjee 1942). Again, the CO,
absorbed after ear emergence by the part of the shoot above the flag-leaf
node including the ear accounted for most of the grain dry weight of barley and
wheat (Thorng 1963, 1965) i.es: yield is mainly determined by growth after ear
emergence, and growth before ear emergence affects grain yield only by affect-
ing (1) the potential surface for photosynthesis after ears emerge, and (2)
the nunber and potential size of the 'sinks' for starch accumulation. Watson
et al, 1963 point out the far greater importance of leaf area duration over
total LAI is greater than twice that of spring wheat until ear emergence, but
yields only 14% more grain as its Df (leaf area duration after ear emergence)
was only 177 greater than that of spring wheat. The relationship between
grain yield and D can be described conveniently by the ratio between them,
called the grain: leaf ratio, G, by Watson et al 1963. G is a measure of the
photosynthetic efficiency of the leaves in producing D.4. for grain in the same
way as Ea measures the photosynthetic efficiency of the leaves during the
vegetative phase. G 1s fairly constant for differences in yield of any variety
within one season and most of the variation within seasons can be explained by
variation in radiation and temperature, but there are differences between
varieties (Welbank and Witts 1965).

Final Grain Weight W, can be expressed in the following relationship:

W= (PE - RN - Rd) + S,
S = D.M. that moves from the shoot into the ear.

PE = D.4. contributed by photosynthesis in the ear
itself.

RN and Rd are respiration losses by night and day
respectively.
These above can be expressed as percentages of final grain weight or
of increase in ear weight between anthesis and maturity which equals W because

weight of the glumes and rachis does not change after ear emergence in barley



and wheat, Porter et al (1950); Krishnamurthy (1963); Kriedeman (1964).
In maize, photosynthesis in the ear contributes very little to final

grain weight, because the surface area of the ear is only about 2% of that of
the rest of the plant, Allison (1964). The sheaths also probably contribute
little to the grain filling period as they provide only about 18 to 20% of the
photosynthetic area, which is much less than in wheat.

Rice resembles wheat in that most of the carbohydrate in the grain
is produced by photosynthesis after the ears emerge; however up to a third may
be contributed from carbohydrate stored in the shoot, Takeda and Murata (1955),
Yin et a1 (1956), Enyi (1962), and in Barley up to 20% from the same.

Methods of study:

A, Bar and Stem shading.
Leaf removal or shading.

Contributions of different organs to the grain have been estimated
quantitatively from the effects on grain yield of removing organs at ear
emergence or shading them after ear emergence.

Possible discrepancies of shading or leaf removal are:-

(1) ©Shaded ears may yield less grain because of greater respiration
caused by increased temperatures.

(2) Translocation of carbohydrate from other pars of the plant; e.g:
from shoot to grain as a result of shading or leaf removal.

(3) Greater photosynthesis in other parts of plants.

B. TUse of tracer 01402 in gaseous exchange studies using an infra-red

gas analyser,
C. Other methods.

Buttrose and May (1959, 1962) devised a method of estimating PE
(ear Photosynthesis) whereby the weights of grains in comparable positions on
ears with different numbers of spikelets are compared with carbohydrate supply
from stems restricted by shading.

W= PE + (R/n) where W = grain Wt; R = total reserves translocated
from shaded parts n = No. of grains compared with controls. Lupton (1961)
and Buttrose (1962) used this method with wheat, In wheat, this method gave
values of PE of 21=50%.

Comparison of ‘ethods:
The following is & comparison of wvalues obtained for PE for the
different methods:—
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1. Shading and Excision.

Crop. Experimenter: Method: Value of PE:
Wheat Thorne G. 1962 Pot Trial 14%
Juinlan & Sagar 1965 " " 25%
De Silva 1961 Field ™ 26%
Boonstra 1929 o " 30% *

# = leaves and stem 25% each.

Crop. Experimenter: Method: Value of PE:
2, Barley Watson & Norman 1939 Pot trial 25%
Archbold 1942 nooom 30%
Watson et al 1958 . . 6%
Thorne G. 1962 " " 10=14%
L 1963 Field " 15-39%

The lower part of the shoot seeme to contribute little to the grain,
Grain dry welght of barley was decreased by only 15% by shading the shoot
below the base of the flag leaf sheat (Watson et al 1958).

co, Exchange methods:

Contribution of photosynthesis by the ear to the grain can be estim-
ated directly by neasuring the gas exchange of the ear with an infre-red Co,
analyser or by an absorption technique, because auto-radiography shows that
CO, absorbed by the ear is not translocated to the shoot; Buttrose and fay
(1959); Lupton (1964). Competition between kernels is not evident, although
it can be induced when carbohydrate supply is artifically depleted by shading
or spikelet removal. The disadvantages of enclosing organs to measure their
002 exchange and the possible bilas in the resulting estimate of contributions
to the grain are that enclosed organs probably photosynthesize less than
unenclosed ones because light intensity is less and temperature greater. But
this should not affect comparisons between different organs, or between the
same parts of different varieties, provided enclosure affects them all simil-
arly. CO, uptake during the day, summed over the 1ife of the ear gives FE -
Rd, and CO, output at night measures Rn. FE can be calculated if Rd is
measured in the dark and assumed to be the same as in the light,

Results are generally higher for exchange methods than for shading
and excision as there is less plant interference to photosynthesis and
respiration. Hence these give probably the most reliable estimations than
shading methods.



Crop Experimenter: Hethod: Value of PE:
Barley Porter et 2l1; 1950 Pot 70%
Wheat Thorne G., 1963-65 Field 17-30%
Barley . : " 67-91%

The valus of Pk for barley is generally higher than that of wheat
especially in this method.

Attributes likely to enhance grain yield.

(1) Sink Capacity.
Crain yield will be increased by increasing the capacity of the plant
to produce grain assimilates; only when there is an efficient "sink" to receive
it, i.e: when enough grains are able to grow large enough to accept all the
grain D.M. that could be formed. Very little is known about the relationship
between cereal yield and the capacity of the ear to accumulate dry matter,
although Thorne G. (1962, 1963 ) has shown that it can be increased by shading
the ear or decreased by removing some spikelets from ears, Nosberger and Thorne
(1965), Wardlaw (1965). Wardlaw found that removal of grains from 2 out of 3
consecutive spikelete reduced the velocity to assimilate movement to the ear
from the flag leaf in wheat and increased transfer down the stem to the roots,
The yield of modern barley varieties seems not to be restricted by
the 'capacity' of the ears to accumlate or accept dry matter e.g: 1000 grain
weight versus yield increase in N.I.A.3. triales (U.K.) between 1956 and 1963,
1000 grain weight of 12 barley varieties introduced since 1946 increased
nearly linearly with yields Regression coefficients of 1000 grain weight on
grain yields were Kenia b = 0.24, Rika b = 0.28, Union b = 0,29, Proctor b =
0.28, Maythorpe b = 0.56.
] KENIA ] MAYTHORPE
45 Introd. 1934 Introd.since 1946

1000
404
Grain /
35
WT
30 . . : . .
15 20 25 30 35 40 45 15 20 25 30, 35 40 45

Grain WI/acre Grain WI/acre
There was no curvature towards the yield axis when yield was large,

such as would be expected if grains have a limiting maximum size that was
approached when growing conditions favoured large yields.
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Thorne (unpubl) found that G became less as the temperature fell and
attributed this to a sink effect. Wheat and barley grown at 1 5°C after ear
emergence had a grenter D than plants grown at 20°C because the leaves senesced
more slowly. But this extra leaf produced little or no extra grain and so G
at 15°C was less than half that at 20°C. But a sink effect cannot always be
the explanation because G of barley was less at the colder temperature even
when the cars were shaded and therefore should have been larger sinks.

Grain yleld can be increased by increasing one of the yield components
either separately or in combination, but in practice large increases in one are
usually accompanied by decreases in the other e.g: N fertilizer often increases
yield by increasing the numbers of ears, but grains/ear are usually smaller and
fewer,

The main determinant of yield in wheat is grein weight/ear (Bunting
et al, (1964) which is correlated with grain size in winter varieties and grain
nunber in spring varieties (Krishnamurthy, 1963) whereas the larger yields of
Proctor and Herta barley than that of Plumage ircher depend more on ears/acre
(Matson et al, 1958).

Iillering and Tiller survivgl:

This topic has been dealt with previously (see tillering and seed
yield).

Increasing the number of ears should in theory be a good nethod of
increasing yield because the capacity of the system to produce and store grain
dry matter should be incressed. Producing fewer tillers with higher survival
rates seems more economical and is characteristic of better yielding varieties,
@.g: Watson and Thorne (1958) found that both Proctor and Herta barley out
yielded "lumage Archer by 15% in field plots; while plants of Plumage Archer
grown in pots produced more shoots than did Proctor, less ears at maturity
were produced by Plumage Archer because some of the shoots died about 7 days
before ear emergence., This may not always be a characteristic of higher
yielding varieties, e.g: a fairly recent wheat variety 'Professeur Marchal'
which yields well produces many more tillers than survive to form ears,
Krishnamurthy,(1963). The capacity to produce more tillers than survive may
have its advantages; it compensates under conditions which restrict tillering
or cause some tillers to die, e.g: attacks of fungal or insect diseases,
water shortage after ear emergence N deficiency, etce The dry matter in the
tillers that do die may not entirely be wasted, e.g: all tie N and apparently
most of the D.M. from the tillers of Plumage Archer barley that died before
ear emergence moved to the rest of the plant, Thorme G. (1962); Donsld and
Rawson (1969) showed this in wheat also.
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S ura and effici of the Photos ic surf (o)
and bLar emer :

The most ohvious character likely to contribute to large grain yields
is ample leaf area after ear emergence. Different yields are often correlated
with differences in D, e.g: the increase in grain yield of Herta barley and
Peko spring wheat caused by N fertilizer is explicable by the increases in D.

D depends on the shape of the curve of leaf area L sgainst time. D will be
large when maximun L is large, when maximum L is delayed, and especially when
it occurs after the ears emerge, and when L persists for a long time.

Mineral nutrition can affect the change of L with time and hence D
and yield. Grain yield and D of winter wheat were increased by giving N
fertilizer, giving it early increased maximum L and giving it late delayed
senescence Thorne and Watson (1955). Barley loses leaf faster than spring
wheat but at least when given N, barley has greater maximum L so that D of
spring wheat and barley may be similar although their leaf area curves differ
in shape. Grain yields of 3 varieties of wheat were more closely related to
the duration after anthesis of the leaf area above the flag leaf node than to
the duration after ear emergence of totel leaf area, Wellbank et al (1965).

Differences in leaf angle occur in some cereals, but their effect
on photosynthetic efficiency has not been investigated; Donald (1963).
Increasing the rate of photosynthesis by the leaves that contribute to the
grain, should increase grain yield, but although cereals have been found to
differ in the rate of photosynthesis of their combined flag leaf lamina and
sheath and peduncle, the faster rates were not associated with greater grain
yields,Thorne (1965).

Ear photosynthesis differs between species and also between varieties,
but the differences cannot often be associated with equivalent differences in
yield. Barley ears absorb more CO, than those of wheat, but the barley shoot
absorbs less because it has a smaller surface area and is less efficient,
Thorne (1965). Wheat varieties reported to photosynthesize most in their
ears are usually awned ones, Asana and Mani (1950). Awns have chloroplasts
and stomata, Grundbacher (1963) and can photosynthesize. Some cereal strains
with awns yield better than awnless ones especially in a drought, but not all
do. Individual ears of Proctor barley photosynthesize slightly less than
those of Plumage Archer, but Proctor has more than enough extra ears to compen-
sate for this, and per acre, ear photosynthesis contributes more to the grain
in Proctor than in Flumage Archer. This would seem to account for its
greater yield, Thorne (1963).
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Greater translocation to the grain of carbohydrate formed in the
shoot should increase grain yleld, e.g: the faster growth of ears of Proctor
than of Plumage ’rcher could be explained by the greater loss in dry weight
from the former in 2 out of 3 experiments. (Thorne 1965).

E the E g
Mineral nutrition:

In wheat, Single W.V., (1964) found that spikelet number per ear was
more than doubled between 0 and & ppm of applied N. A further increase in N
concentration to 56 ppm gave an improvement of less than 20%, suggesting a
limited response, In wheat, Single W,V. found that low N had less effect on
the number of florets initiated/spikelet than on spikelet number/ear. However,
raising the N level at various times until emergence of the flag leaf increased
grains/ear to approximately the same number because lack of spikelets in plants
treated late was compensated for by greater fertility in the 3rd and 4th
florets which otherwise may not have developed.

Time of application is important, for Thorne (1947) showed that grain
number/ear responded to N piven in spring, but its application at ear emergence
had no effect on inflorescences already present. In barley, Cregory (1949)
recorded s high proportion of sterile flowers in planis receiving excess N in
relation to theilr P status. Earlier work had shown the importance of adequate
food supply at the time when the 5th floret in the spikelet is about to cease
developing, Hudson (1934). Not only must external concentration be taken into
account, but aleo the period over which nutrients enter the plant, particularly
as the assertion by Gregory F.G. (1937) that barley grown in pots ceases to take
up N at the beginning of the reproductive phase has not been substantiated by
Aspingll D. (1963) and other workers.

Temperature and light:

In wheat and other small cereals, high light intensities or low
tenperature results in high total plant dry weight at anthesis, Iriend et al
1962, with large stems and ears with many spikelets, Ear development can be
related to the differential effects of temperature and light intensity on the
processes of growth and development., Low temperature retards the rate of
development of the ear resulting in larger ears at anthesis, Low light
intensity shortens duration of ear development resulting in smaller ears with
fewer spikelets. Friend et al (1962) found that at 10°C spikelet number
continued to increase, while at 30°C spikelet number stopped increasing at
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about the stage of anther development. The increase in number of spikelets
on the mature ear at low temperatures is brought about by a larger apex with a
higher number of ridges at the time of doublt ridge formation. Working with
4 varieties of wheat, Langer (unpubl.) confirmed the effect on rate of devel-
opment of the individual spikelets of photoperiod and showed that temperature
was also envolved. Plants in continuous light at 24°C produced about 8
spikelets, compared with over 14 in plants exposed to 16 hours of light at
15,5°C. The effect of temperature on rate of spikelet formation depends on
light intensity. 1In general, plants in weak light have more primordia to
atart with, but as spikelets are initiated more slowly und over a shorter
period than in bright light the ears are shorter with fewer spikelets.
Similar effects of day length, light and temperature are reported for phleunm,
(Langer )

In rice, Ugki K. (1959) found that numbers of tillers and spikelets/
unit area decreased as the temperature of the irrigation water rose from 22
to 30°C. The numbers of grains and grain weight/unit area were greatest in
plots in which the mean water temperature was 25-26°C and the maximum temper-
ature was under 30°C.

working with two Indian wheat varieties, Psana and Saini (1962) found
that high temperatures initially increased the rate of grain filling, However,
as time went on, rapid yellowing of the ear and stem combined with losses of
gten sugars led to a reduction in final grain weight. [Ior every increase of
5°C in the mean of maximum and minimum temperature, the 1000 grain weight was
reduced by 13,9 and 17.87 depending on the variety, probably through increased
respiration of the grain and decreased photosynthesis. High temperatures had
relatively less adverse effect on grain yleld development in Po281 than in NP
270 and the difference was associated with slower rate of yellowing of the ear
and higher level of stem sugars in Pb 281, Asgns and Willjems (1964) showed
in wheat under controlled conditions that grain yield declined by 167 when day
temperature was raised from 25° to 31°%C, (Temperatures used were 250, 28°
and 31%C by day and 9° and 12°C by night). Grain weight is clearly a fairly
stable varietal character, but the interaction leaves room for a possible
differential effect, although not significant in this case. Grafins I.E.(1956)
studied the interaction of genotype with night temperature in cereals using
oats and barley at several locations and concluded that night temperature or
some related factor could explain part of the erratic behaviour of oats and
barley not due to disease, drought or fertility. While night temperatures can-
not influence grain yield directly, the effect is probably indirectly through
increased respiration rate.
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CHAPTER III.

This experiment was carried out in the 1968/69 spring-summer period.
The two varieties of grain Barley used were Zephyr (high yielding) and Kenia
(a lower yielding Barley from Binder x Gold). The experiment was laid out in
a randomised block design comprising 2 Varieties x 4 Plant Densities x 6
replicates and plots were split for 12 sequentiasl hervests. This design was
used for the growth study, and grain yield data collected consisting of 4
plants per plot from each of 5 replicates.

1. Sowing procedure:

The seeds were sown on the 2nd, 3rd and 4th/11/68 in a square pattern,
and the distances between seeds, area of ground per seed and approximate equiv-
alent seed rates are given in Table I. These spacings give a range of
densities, the narrowest being close to the usual commercial sowing rate (100=
150 1bs. per acre) 1l.es about 1,13 to 1,70 millions of seeds per aecre:

TABLE
Seed Sowins Ra

Variety Spacing irea pex Flants, Seeds per
en: Seed cm per m acre(millions)
(1) Zephyr 20 x 20 400 25 0.101
(2) Kenia 15 x 15 225 45 0.180
MM x 1 121 83
7.5x7.5 56.2 180 0.720

To avoid "edge effects" all plots were surrounded by a number of
guard rows, which varied according to the spacing treatment (2, 3, 3 and 4 rows
respectively for the 20 x 20, 15 x 15, 11 x 11 and 7.5 x 7.5 cm spacings).
Within plots, the sampling was arranged so that all plants to be sampled were
separated by at least the above respective guard plants in the four increasing-
ly dense spacings.

The equivalent of 3 cwit. of Super-phosphate per acre, plus 1 cwt. of
muriate of Potash was broadcast on to plots at sowing time., Flots were sown
by hand using metal frames divided into the appropriate spacing with cotton.
One or more seeds were placed at the corner of each division and seeds thinned
at emergence to one plant per position.

2,

Samples of single plants per plot were harvested on each of 12



35

occasions commencing after 10 days from sowing and then regularly at 7 day
intervals throughout 12 harvests. Measurements of plant material present (W
or dry weight) and of the assimilatory surface (A or LAI) were made at each
harvest. These measurements enabled relative growth rates RGR, NAR's
absolute growth rates and L.:.R.'s to be calculated for each between harvest
interval from the following formulae:

Relative Growth rates:

R.GQR. = LC% Hz - Loge W.‘

b=t
Net assimilation Rate NAR, E (Unit leaf rate)
NAR = 1 xdw
A dt
For the period t..l t2, average NAR = H2 - N.l I

t,-t% L
In these formulae, t, and %, represent two successive harvest dates
and Wy, Ly, W,, L, are respective plant dry welights and leaf weights.

leaf Area ratios
LR = A
Components of LAR = LN/HP x A/LW, where LW/HP = Leaf weight ratio

and A/LW = Specific Leaf area.
These three expressions are interrelated, and at any instant of time
T, the following relationship holdsi=-

1l dw =1 x du x 4
W dt A dt W
i.es RGR = NAR x LAR
Absolute Growth Rate
G.R. = dry weight increment per plant per unit
time = Mz-\ui.I
= H
where W, and W, are dry weights in gms/plant at times t, and t, respectively.
Leaf Area Duration:
L.A.D. is the integral of the Leaf Area index over the growth
period i.es the area under the LAI./Time graph.
One other attribute that has often been used in the Analysis of
Leaf area changes should be mentioned viz: The Relative Leaf Growth Rate
1/L (dl/dt); although this wes not used in my study. It is useful for compari-
sons of growth in Leaf area at different times in the growth period and for
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correlation of leaf growth rate with external factors as it provides a means
of eliminating the effect of varying plant size at different stages of growth.
In this experiment LAI has been used instead as an index of leaf area increase.

Trial Layout
2 Varieties x 4 Spacings x 6 Replicates
TABLE II,

No. Harvests S pacing Ho.Guard Dist.betw. Flants/ Plot size
allowed for: cms: Rows: Harv, Plants: Plot: fts

18 20 2 60 cm 352 10 x 14!

16 15 3 60 455 6t x 17

16 1 3 44 555 5' x 13¢

16 75 4 35 828 L' x 111

—Morphological and Physiological measurements:

At each harvest the followlng additional data were collected based
on measurenents of single plants in each plot at each harvest.
Ls  Morphological:
1. No tillers/plant.
2. Rate of tillering, and tiller mortality.
3 Jo fertile tillers per plant and heading dates.
4 Rate of leaf appearance,
B. feasuremente of Dry welght W, and leaf area A on various parts
of the plant:
1. Green leaf (Lamina area) A & .
2. Desd and Senescent leaf W.
3. OStem A & W,
4. BEar Area and Duration.
C. Final Harvest:
Based on 4 Plants per plot.
1. Grain number/Ear.
2. Grain Weight per Plant and per mtrez.
3. Nmborofearnperﬂantandparmmz.
4. 1000 Grain Weight.

All measurements for each Density and Variety are the same., Within
spacing treatments, area sampled per plot was the same, but differed between
density treatments,
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Zhotosymthetic arca:

The photosynthetic area was calculated for samples 1 to 11 inclusive.
After harvest 10, senescence of leaves and stems made such estimates difficult
to obtain, The photosynthetic tissues still present on the plant were stem
and ear mainly, and varying amounts of leaf depending on the spacing at this
time. Estimates of the lamina area were obtained for the first two harvests
using Length x Breadth x Coefficient (0.7). Tor the remalning harvests
estimates were obtained using an Lir-flow planimeter, and stem area (Leaf
sheath and peduncle when present from length and diameter). Lars and awns
were treated as a rectangle and length x breadth measurements made, and a
correction factor used from measurements made on ear and awns separately.
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STAGES OF GROWTH IN GRAIN BARLEY

PLATE 1

After Sowing showing Barley

at the 4 leaf stage

PLATE 2

Barley plants at the 6 leaf stage

PLATE 3

7.5cm Spacing Kenia left
11cm Spacing Zephyr right at 5 weeks
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STAGES OF GROWTH IN GRAIN BARLEY

PLATE 4

PLATE 5

7.5cm Spacing Zephyr right
11cm Spacing Kenia Left at 7 weeks

PLATE 6

7.5cm Spacing Zephyr showing Nets for Bird protection at ripening stage



STAGES OF GROWTH IN GRAIN BARLEY Al

PLATE 7

Foreground, 15cm Spacing Zephyr left
15cm Kenia right, showing Virus infection.

PLATE 8

20cm Spacing Kenia,

showing Virus infection

PLATE 9

7.5cm Spacing Kenia Léft
Zephyr Right ripening stage
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CHAPTER IV.
LY T 8 3

FPlant Humber:

sfter germination there was no evidence of plants dying during the
course of the experiment, and there was no downward trend of plant number with
time. There were however, varietal differences in the percentage establish-
ment from the seeds sown. In Zephyr, 92.6 of the seeds planted produced
plants, whereas in Xenia only 90.3% establishment was found.

Cermination Percentage.

Variety: Spacing em lean ¥
765 " 15 20
Zephyr 92,2  91.7 93.3  93.1 92,5
Kenia 89.6 89.3 90.8 91.7 90.3

In a preliminary germination test on undusted seed in a germination
chamber, no varietal differences were observed, and germination was about 7 to
9~ higher than in the field.

Tiller Number:

In most seasons, the tiller number of Barley rises to a maximum, and
then falls until just before ear emergence, after which there is little change
in tiller number. This trend was observed in spacings 7.5 cm and 11 em but
was not observed in the wider spacings of 15 cm and 20 em, presumably because
at these wider spacings both inter and intra-tiller competition for nutrients
light and water was still less than a maximum (see Figures 6 and 7). In the
former two spacings, the mean number of live tillers reached a maximum at
about Harvest No.4 i.e: well before ear emergence which occurred later at
Harvests 6 and 7., At the 15 cm spacing, tiller number reached a peak at
about Harvest 9, then levels off. The continued growth of tillers at the
widest spacing was attributed to the growth of smaller tillers possibly due to
irrigation effects after Harvest No.6, or possibly due to the virus attack
effects on tiller growth. This second growth of tillers has been observed in
many Barley crope, Kirby (1967) and is a characteristic feature when moist
conditions synchronise with later stages of vegetative development. After
Harvest No.4 the trend for the tiller numbers to equalise for all densities
ceased, and the curves for tiller number ran more or less parallel for the
narrowest three spacings; although after Harvest 6 Kenia developed greater
numbers of tillers at the widest three spacings than did Zephyr.
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Ear emergence:

There were differences in time of ear emergence due both to spacing
and variety. The most dense spacings showed ear emergence first about one
week to 10 days before the widest spacing, with the intermediate 11 cm and 15
cm spacings more or less equally interspersed. Over the whole experiment all
ears had emerged by Harvest No,9. Dry weights of ears were measured from
Harvest 5 i.e: before ear emergence, until Harvest 12, Variety Zephyr emerged
about 5 days before the ears of Kenia at equivalent spacings.

Lodgings:

Heavy rains soon after ear emergence cauced some lodging and again
treatment differences were seen. The relative proneness to lodge was for
spacing 7.5 cm > 11 em > 15 em, and for variety Kenla > Zephyr.

hetic H

The photosynthetic area was calculated from Harvests 1 to 11
inclusive. After Harvest 9, the senescence of leaves and stems and ears made
such estimates difficult to obtain, and subject to large errors. Some photo=
synthetic tissues were however still present on the plant, mostly on the stem
and ear. [Lstimates of lamina area were obtained using an air-flow planimeter,
and the stem area (leaf sheath and peduncle when present) from length and dia-
meter measurements. [ar areas were derived from simple length by breadth
measurements and multiplied by a correction factor, depending on the variety.
The main effect of spacing upon lamina area (see Figures 6 and 7) was that the
close spacing, 7.5 cm gave the highest maximum lamina area and this waes reached
earlier in the season than the wider spacings. |laximum L.A.I. of variety
Zephyr was 10.43 at llarvest No,5 for spacing 7.5 cm, 5.44 at Harvest No.5 for
spacing 11 cam, 3.33 at Harvest No.6 for spacing of 15 em, and 2,27 at Harvest
No.6 for spacing of 20 em. After reaching the maximum, the decline was most
rapid in the dease spacings (see Iigure 7), so that differences at the last
sampling were much smaller (Table No.3, Appendix I). Maximum L.A.I. for
variety Kenia wae 8.33 for spacing 7.5 cm at Harvest No.6, 5.79 at liarvest No.
5 for spacing 11 em, 4.05 at Harvest No.6 for spacing of 15 cm, and 3.06 for
spacing of 20 cm at Harvest No.7.

The differences between varieties (Figure 8) is very small and is
one of initial size rather than growth rate in the early stages. Variety
Zephyr reached the maximum lamina area about one week before Kenia, although
the peaks vere fairly similar in size. The values obtained for total
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photosynthetic area follow similar trends as those for total lamina area, but
tended to be rather varisble after ear emergence, due to difficulties in
estimating stem area and ear area during this period.

Analysis of variance of LAI within Harvests (see Appendix IV) showed
that spacings were significant from Harvests 1 to 11 except at Harvest No.10,
and varieties only significant at Harvests No.3 and 11,

Leaf Area Duration: (L...D.)

L.:eD. 18 the integral of L.A.I. over the growing season (or the area
under the L..i.I./Time graph). To examine the growth of the crop in the period
after ear emergence, the parameters D and G were calculeted for spacing and
variety treatments, These parameters developed by Watson et al (1963) give an
integrated measurement of the size of the photosynthetic swrface and is
analogous to the net assimilation rate, The velues for D and G in this experi-
ment are shown in the following tables, D represents total Photosynthetic
area of leaves while Dg represents the leaf area duration after flag leaf and
ear emergence. These values were highest for the narrow spacings and lowest
for the wider spacings, while varieties were similar.

1. Variety S pacing o7 LE Crain G.
Zephyr WKS 3 WES 3 Yield/rnzgw’n?/wk.
7.5 cm 1 12,68 4. 06 1094.6 86.3
11 cm 2 10,27 | 3.95 1108.5 | 10749
15 em 3 9.03 334 1042.9 | 115.5
20 cm 4 Te22 - 821,2 113.7
2, Variety
Kenia
745 em 1 12,83 |  4.46 967.4 754
11 ca 2 11.54 3.68 1040.6 90.2
15 em 3 8,631 3.12 974.5 | 112.9
20 cm 4 6.36 - 812,0 | 127.7

DE represents ear area duration, a portion of Watson et al's DF for
winter and spring wheats.

ield C 3

When the crop was ripe, the yield of Total Dry Matter and the
values for the yield components were determined and are summerised for
variety and spacing in Appendix I and II,
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Variance ratios of the main treatments and Interaction
for Dry datter and grain ylelds and some of the yield
components described in the Text.

Source of Plant Dry Grain sar Grains Harvest
Variation intter Dede No. /iar Index
Blocks 0.742 N 5 Tadd = 1.07 I8 2.50 & 1.36 NS
Varieties 9.295 * 6,60 * 2487 15 10,33 ** 0.00 IS
Spacing 290.84 18450 ** 39.63 ** 68,67 ** 1.81 18
Var x Spae Le22 * 081 IS | 2.65 18 0.33 | 1.95 18
® =

Significant at the 5% Level

_ " 1] 3] 1 ¥ n
= ]

NS

Yield Components:

The effect of increasing demsity was to increase the number of ears,
but varieties responded differently to density in this respect. Ear number
of variety Kenia was higher at the three widest spacings than that of Zephyr
although there were no significant spacing eifects. Ear number was almost

1l

Not ©ignificant

the same at the narrowest spacing. The possible cause for higher ear numbers
of Kenia at the wider spacings could be atiributed to the eifects on this
variely of yellow dwarf{ virus wiiich caused leal damsge and plant stunting.
Pointings or plant scoring over 4 replicates of plots for relative degree of
virus infection on 23/11/68 based on yellowness of the leaf and plant growth
stunting showed a significant variety x spacing interaction.

Variety means of degree of virus infection (0-16) scale:

Variety Spacing cm
7.5 1" 15 20 Mean
1. Zephyr 4450 4eT5 10.25 10600 7637
2. Kenia 5.00 8475 12.25 13.25 9481

Mean 4475 6.75 11.75 11.64

-
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Variance ratios of the mein treatments and Interaction
for degree of Virus infection:

Source of af Sums ‘fean F

Variation Squares Square Ratio Sign
Blocks 3 1.75 0.58 1.73 NS
Varieties 1 36.12 36.12 109.45 e
Spacings 3 259.25 86442 261,87 e
Var x vpac 3 8463 2.88 8.72 ot
Lrror 31 10.25 0.33

Non=wvirus infected plants would increase in tiller number as inter=
plant competition for nutrients light and water would be reduced if neighboure
ing plants were infected,

Grain Number/.ar:

Grain number per ear responded in the opposite manner with increased
plant density from that of tiller number i.e: it declined with increased plant
density. G“oth varieties and spacings were highly significant and the results

are sumarised in the following table:

Variety and Specing means for Grain Hunber/Lar:

Vari
Te5 1" 15 20 fean
1. Zephyr 25,1 271 27.8 284 2741
2. Kenia 2 oy 2649 27.2 27.6 2645
fean 2ol 27.0 27.5 28,0

Lower grain numbers per ear at the higher density treatments was
presumed to be caused by increased inter and intra plant competition by
developing grains ‘or the available assimilates.

1000 Grain leight:

This yield component responded in a like manner to grain n ear
with increase in plant density.

There were varietal differences in that variety Kenia at the wider
spacings showed a lower 1000 grain weight over that of Zephyr, which was
possibly due to greater intra-plant competition at these spacings or from
effects of virus infection which was greater in Kenia compared with Zephyr at

these spacings.
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Mean wvalues and standiard errors of Grain Yield Per Plant
for Spacing and Variety:

Variety: Spac cms
7.5 cm: 11 em: 15 cns 20 cm:
1. Zephyr 6.08 13.37 23.10 32,85
S K + 0.18 = 0.50 =+ 0.55 = 1.75
2. Kenia 5454 12,98 21.66 32.48
S B + 0.22 = .81 =# 1.35 =+ 2.30

Over the range of densities used in this experiment all varieties
yielded the most gruzin at some intermediate density and considering the mean
of all varieties at each density, the highest yield was found at density 11 cm.
The fact that the density x varlety intersction was not significant indicated
that both varieties responded to density in the same wsy; although grain yield
was higher for Zephyr at 2ll spacings than Kenia (see Figure 1) and this was
significant at the 57 level only. Since the tiller number between varieties
was not significant then the varietal differences in yield aust have been due
to grain number per ear and possibly 1000 grain weight. :ilthough ear number
per plant, spikelet number per ear and weight per grain all fell with increas-
ing density, ear number per unit arez and spikelet nunber per unit area were
higher in the dense spacings.

2
opikelet Number/m .

Variety: Spacing:

7.5 em 11 em 15 em 20 enm “4ean

1- Zephyl‘ 451800 2257.4 1251-0 710.0 2184.1

2. Kenia 4392.,0 2240,7 1224.,0 690.0 2136.6
lean 4455.0 2249.0 1237.5 700.0

It is only when the yield component grains per ear is considered that
reduced yleld of grain found with variety Kenia at the highest density is
accounted for. Thus at the highest density especially for Henia there is over-
production of grain relative to the spacing giving maximun yield.  Therefore,
unless the size of the grain was determined before grain filling, the yleld
reduction is not due to the smaller size of the 'sink' Thorme (1966).

Harvest Index:
The relation between the response of total yield and grain yield to

density may be summarised as a ratio i.e: the migration coefficient, Beavers
(1947) or 'harvest index', Stern and Beach (1965). Increasing plant density
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had little effect on Harvest Index i.e: the results between density treatments
were not significant, neither were the varieties.

Varioty and Spacing Means of Harvest Index.
. S poclng er
7.5 cm, 11 em 15 cm 20 em {ean
1- aephyr 00514 0.509 0-442 OOM,? 0!478
2. Kenia 0-462 00489 01478 0.474 0-475
lean O.ABB 00499 00460 0-460

Cenerally, however, the closer spacings especially at 11 em had slight-
ly higher mean 'Harvest indices' than did the wider spacings of 15 cm and 20 cm.
In a similer spacing experiment with Barley varieties (densities used 3.5, 5,

7 and 10 en square), Kirby (1967) recorded a maximum Harvest Index at the 10 cm
spacing. 1In this experiment, the effect of increasing density was to signi-
ficantly reduce this ratio of gresin yield to total plant dry weight from 0.42
at the 10 em spacing to 0,38 at the 3.5 em spacing. t the 7 cm spacing the
Harvest Index was Q.42 and at 5 em spacing 0.40.

Dry weight:

There was a sisnificant difference in total dry matter between both
variety and density treatments (see Appendix IV), but while density treatments
were sipnificantly different from Harvest MNo.Z2 to Harvest Yo.12, varieties were
significantly different at Harvests No.4 and MNo.12. Ear dry matter showed
gimilar trends to total dry matter except that the curves were not nearly as
steep. Cpacings were significantly different from Harvest No.7 onwards, but
varieties were not significantly different within harvests until Harvest No,

10 i.e: until near grain development and maturation. Zephyr was significantly
greater in ear dry matter at least at the two wider spacings.

leaf dry weight followed similar curves to lamina area, reaching a
peak at Harvests 5 to 6 for the closest spacings and 6 to 7 for the widest
spacings. Opacings were significantly different Trom llarvests No.4 to Harvest
No.11, but vurieties only significantly different at Harvests No.4 and No.11
(see Appendix IV).

Rela G 1 H

Of the components of crop growth rate, leaf area has been shown to be
much affected by demsity, and to a much lesser extent by variety (see Figure 8).
Relative growth rate showed a gradual decline over Harvests, and mean Relative
Crowth rates were 0.76 + 0.07 gw/gn/wk for Zephyr and 0.75 *+ 0.09 gn/gw/vk for
Kenia, Similarly Growth rates of ears in both varieties showed a gradual
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decline over Harvests anl there appeared to be 1little difference between
varieties, The mean R.G.R. for the ears of Zephyr was 1.50 + 0.14 ga/grrv'uk
and for Xenla, the mean ear R.G.%. was 1,47 + gn/gn/wk. Leaf area retio
was examined in both tabular and graphical forms, (see Figure ; and Appendix
III), and while varieties were very similar, spacings were generally higher
for the narrowest densities. The other component of Relative Growth rate
viz: Net acsimilation rate, N...i. while it was derived wes very cimilar

between varieties,
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CHAPTER V.
DISCUBS ION.
Grain Yield:

In my experiment, over the range of densitles used, both varieties
yielded the most grain at some intermediate density, and considering the mean
of both varieties at each density, the highest yield was found at demnsity
11 cm.  Both varieties responded to density in a similer way except that there
was a greater drop in grain yield of ienia &zt the 7.5 cm spacing than in Zephyr
at this spacing. Variety Zephyr significantly outyielded Xenia at the closest
three spucings i.e: 7.5, 11 and 15 cm, but varieties were not significantly
different at the widest spuacing (see Figure 1). The variety x density inter-
gction was not significant.

At high densities Kenia suffered some lodging and this may have
caused o greater drop in yileld than anight otherwise have occurred. Crain
yield in Barley may be expressed in terms of ils components = plant number, ear
nunber per plunt, spikelet numnber per ear und the weight per grain., The
response of the latter three components to & change in plant nunber will deter-
mine the yield of grain. J1though ear number per plant spikelet nunber per
ear, and weight per prain all fell with increassing density, «.r nuaber per unit
area and spikelet nunber per unit ares were higher in the dense spacings. The
incresse in ear number per plant with decreasinp density partly compensates
for the fewer plants at low densities but in all experiments for which data is
available, the greatest nuaber of eurs per unit area is found at the highest
density (zee Figure 5). The yileld coaponent grains per ear is considered res-
ponsible for the reduced yleld of grain found with Kenia st the highest density.
Thus at the highest density there is over-production of grains relative to the
spacing glving maximum yield with Kenia, but much less so with Zephyr.

1000 Grain weight increased with decreasing density in both varieties,
but Zephyr increased in 1000 grain weight linearly while Kenia showed quite a
marked decline at the widest spacing, Internzal competition for metabolites for
developing grains, or damage to maturing grains done by virus which affected
Kenla greater than Zephyr may have caused this drop in grain weight with Kenia
at the widest spacing. Internal competition is likely to be a cause, because
Kenia had more tillers at the wider spacings than did Zephyr and some of these
tillers tended to be secondary late maturing tillers contributing little to
final yleld but adding more competition for metabolites to developing grains.
Unlike the other yield components it is difficult to draw any general conclus-=
ions as to the response of 1000 grain weight to plant density. In some
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sessons, in Cambridge experiments Kirby (1968), 1000 grain weight declined
with increasing density while in others little effect was found., Other
experiments with Wheat and Oats also indicate that this component is least
affected by plant density.

In an experiment with adapted and exotic varieties of Barley, Xirby
(1969) showed that irrigation brought about 2 nean increase of 50% in ear
nunber, but verieties varied in response; on the one hand Philip showed
virtually no incresse in ear number, while Algerie 48 elmost doubled its
ear nunber, Philip, when irrigated gsve only 967 of the yield in unirrigated
treatmente, while Deba-i.bed and ‘lgerie 48 yielded 44 and A40% respectively
more than in the unirrigated treatnents.

Theoreticsl considerations and experience with other crops suggest
that the nearer the plant arrangement is to a square pattern i.e: with all
plants ejuidistant from each other, the higher will be the yield per unit area.,
The planting arrangement may be expressed as the ratio r/p of the distance
between rows (r) to the distance between plants in the row (p), and where
plants ore arranged in a square pattern this ratio of course is unity.
Experiments with spring wheat, Fawgett (1964) showed that for any seed rate
yield per unit area fell as r/p lncresced to eighteen. A plant density of
400 plants per rn?' arranged in 7.5" rows pives an r/p ratio of 15; with a 4.5"
row width as with some drills; with the sane olant density, the r/p ratio is 6.
Comparicons between the wide and narrow row width has indics=ted that the latter
gives up to 57 greater yields.

Photosynthetic 3

The parameters D and G were calculated for spacing and variety treat-
ments to examine the growth of the crop in the period after ear emergence.
The values of D and G in this experiment sre shown in the results section.
While DT represents total Photosynthetic area, DE represents the leaf (ear)
area after flag leaf and ear emergence. These values were highest for the
narrow spacings and lowest for the wider spacings, while varieties were similar.

Varie DT: DE: G:2
wks wks gn/m" /i

Zephyr 9.8 3.78 105.8

Kenia 9.8 3.75 101.5

The values for G indicate that Zephyr is a more efficient producer
of grain Dry matter than is Kenia per unit area of ground. 1In my experiment
an account was taken of the size of the ear which is itself an important
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contributor to grain dry matter. Vhile no significant differences between
varieties were found, because of the inexact method of neasurement it is
possible that the varietzl differences in C which were found were due to ear
photosynthesis,

It is therefore difficult to explain the differences in crop growth
rate and yleld in terms of leaf area and leaf area duration, for in the early
part of the season the high density treatments produced a closed canopy which
would be expected to intercept the maximun radiation earlicr than the low
density treatments (the arrangensent of plunts was such that mutuzl shading
was reduced to a minimum. The greater leaf areas persisted in the high
density treatments after ear energence, although if the photosynthetic area
of the esnr were teken into sccount the apparent differences would be reduced.
illowing for these uncertainties it nevertheless seems likely that density
affected the efficiency of dry matter production by the leaves, both as
measured by the NAR and the grain dry-natter ratio.

Lamina area (L...I.) followed a sinilar pattern over time to leaf
dry weights, rising to a maximun at between early and mid Decenber depending on
the spacing. The narrowest spacings were first to reach a peak, followed by
the wider spacings. Trends were =imilar in both varieties, and while
verieties generally were not significuntly dilferent within h:orvests, spacings
were cignificantly different., The narrovest =pacings reached the highest peask
in leaf area in both varieties followed by 11 em 15em 20 c¢n spacing,

The initial increase of L...l. in Barley is associlated with tiller-
ing. Juring thirs phase, the nunber of meristems producing leaves increases
and tiller number reachees maxinum when L./.I. is still small and many of the
younger shoots subsequently die. The large increase in L.:.I. that occurs in
late November to mid December for Barley takes place during the phase of stem
elongation and is the result of expansion of existing leaves, L.i.l. reaches
its maximum at about the time when the shoots have atteined half their final
height. During the greater part of the life of annual crops sown in rous,
Lenel. has very low values. But in this experiment which was sown in a square
pattern, the L.:.I. of the closest spacings reached greater than 6 for a good
portion of the growing season. During sbout three quarters of the growth
period the L.A.I. of the 3 widest spacings was less than 5. When the leaf area
of a crop is less than the area of land on which it is growing, some of the
incident solar rediation cannot be intercepted by the leaves and must fall on
bare soil. This situation holds for a large part of the life of annual crops
which are sown in rows and accounts in part for their low efficiency of solar
radiation interception.
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Tiller 'umber:

Depending on the spacing, tiller number rose to a maximum until just
before ear emergence, where it falls and remains little changed for the rest of
the life of the crop =23 with the narrowest two spacings. But with the wider
spacings, tillering continued on for much longer, and wa= attributed to growth
of secondary and tertiary tillers onromoted by irrigation or reduced competition
resultine from virus attack effects, remner (1969) shoved that in wheat
varieties, the presence of a large nunber of un-productive shoots (tillers)
appeared to have only a transitory effect on the growth of -raductive shoots,
and the latter were able to grow rapidly after the death of tillers and caught
up with productive shoots which had been subjected to much less inter-tiller
competition, Varieties were significantly different in tiller number only at
Harvests No.8 and 9, while spacings were significantly different within
harvests from liarvest lo.3 to Harvest io0.12 (see Appendix IV) with Zephyr out-
tillering Kenis at 20 em, 15 en and 11 em spacings.

Ury Velght:

In general the curves for tol:l plant dry matter were 5 shaped espec-
lally for the closest specings of 11 em and 7.5 cm, but falled to reach peaks
at the widest spacings probably because of continued tillering :t these spacings
and hence increased dry natter. Lar dry natter showed similar trends to total
dry matter except that the curves were not nearly ss steep. Variety Zephyr
was significsantly greater in ear dry velght at least al the two wider spacings
at llarvests No. 10, 11 and 12, Leaf dry weight followed similar curves to
lamina area, reaching a peak at Harvests 5 to 6 for the closest spacings and
6 to 7 for the widest spacings. In peneral varieties were not significantly
different within harvests while spacings were significantly different from
Harvests No.4 to Harvest No,11 (see Appendix IV).

Harvest Index:

Results of this parameter i.e: the relation between the response of
total yleld and grain yield to density can be compared with those obtailned by
Kirby (1967) except that spacings and varieties were not significantly differ-
ent. Kirby (1967) showed that varietal differences in yield in his experiment
were due both to differences in totzl Ury Matter and in the harvest index,

Thus the higher yielding Proctor had both & high yield of dry matter and a high
index, wheress Moore, a low yielding unadaptable variety had both a low index
and a low yield of dry matter. “uch differences emerged in a composition of
some 0ld and new varisties of Barley by Sandfaer, Jorgensen and Haar (1965).
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Kirby (1969) reported differences between varieties in Harvest index when he
compared some adaptable and exotic varieties:

Alperie 48 Deba=abed Philip Proctor Yokozuna
0.46 0.48 0.53 0.46 0.42
E - 0 - : 0. 0088

~hile Xirby (1967) reported a maximum harvest index at a spacing of
10 em square, in my experiment maximum [arvest Index was found at a spacing of

11 cm square.

Crop growth rate and Components:

kxamination of the components of llelative growth rate, and growth
rate itself showed that verieties were very similar both for total relative
growth rate, and growth rates of ears, Total plant and relative growth rates
of ears showed & similar pgradusl decline over harvests, and there appeared to
be little difference between varicties., Figures for mean values of total
ReGele of eurs ure shown in the results section and in Appendix III. The
components Leafl mrea rutio and det ssimilation raote were derived and there was
little difference between varieties, Kirby (1967) found in his experiment with
4 Barley varieties Proctor, flunage-.reher and Lomen that the mean N.h.R. was
1.87 mg/cm?/ wik and there wvere significant difierences between spacing treatments
only.

Calculations based upon published data on respiration rates per unit
dry metter of Barley but making large assumptions as to the response of
respiration rate to density and age of the plant ete., show that although the
calculated gross photosynthesis was greatest in the high density treatmente,
this was olfset by a calculated high respiration rate per unit area of crop,
thus resulting in the lowest dry matter increment over the period. Confirme
ation of this situation by actusl measurements of respiration rate both of the
crop and of the various parts of the plant under the conditions is obviously
needed.

Lonclusiong:

Cereal plant density affects yleld and growth characters of funda-
mental importance. The experiment is described in which growth, yield and
yield components of Barley grown over a2 wide range of densities were examined,
Two varieties, Zephyr and Kenin were grown at densities equivalent to 25, 45,
83 and 180 plants per n°. Density was found not to affect seedling establish=
ment or plant survival, but there was a small variety effect on seedling
establishment in favour of Zephyr.
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Varietal differences vere seen in moximum tiller and the percentage
of tillers surviving to form ears, as well as spacing differences. The effect
of increasing density was to increase the maximum tiller number per unit area,
but this was followed by different rates of tiller death until Harvests 6 to 7
after vhieh there was no further compensation for tiller nunber, Ear emer-
gence was affected by both variety and density., Tiller death was greatest in
the narrow spacings, while the amount of secondery tillering was greatest in
the vider epacings. Yellow dwurf{ virus attack affected the amount of tillering
and lezf production and stunted plant growth. The effect »of virus attack was
significantly greater for Kenia than for Zephyr at equivalent spacings.

Total stem and leaf dry matter per plant increased with decreasing
density probably because of increased tillering and leafl production at the
wider rpucings. [Har dry mtter showed a similar trend to leaf dry matter
except that the curves were not nearly as steep, The pgeneral shape of the
curves for totzl dry notter versus time wus S5 shaped especially for the narrow
spacings, Varietal differences in esr and total dry weight were not observed
until the later stages of growth.

Ine nain effect of spacing upon lenmina rea was lhat the closest
spacing, 7.5 e, geve the niphest muximun lanina area, =:nl this was reached
earlier in the season thun the wider spaciags. JLthough values for DT and DE
wvere similur between varieties, spucing values were highest for the narrow
spacings, and lowest for the widest spucinps. The velues for G indicated that
Zephyr was a more cfficient producer of groin dry matter than was denia per unit
area of ground.

ielative growth rates, both totul and for ears, il.i.Re's and leaf
arez ratios were similar between verieties. Total growth rates and relative
growth rates of ears showed a decline over harvests as did leaf area ratios,

Both varieties yielded the most grain ot some intermediate density
viz: 11 em, and both varieties responded to density in terms of grain yield in
a similar manner except that there was a preater drop in yield at the closest
spacing, with Kenia than with Zephyr. Zephyr out yielded Kenia over three
spacings, viz: 7.5, 11 and 15 em, but not at the widest spacing, Of the yield
components, grains per eer seemed to contribute most to the variation in grain
yield. Ear number per unit area rose with density, but grains per ear and
1000 grain weight both declined, Viru- infection was congéidered a cause for
the drop in 1000 grain weight at the widest spacing, but internal competition
for nutrients may also have been a factor because of increased tillering of
variety Kenia at this spacing.
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These results are discussed in the 1lipht of current theories of
yleld in cereals, and differences in yield are also examined in terms of leaf

area duration and the ratio of leaf area duration to grain yield G.



ANALYSTS OF VARIANCE GRAIN YIELD AND YIELD COYPONENTS

APENDIX I,

1, GRAIN YTELD/ Mz

Variety Means at each Spacing/i°

Varie 7s5 1n 15 20 Mean
% Zephyr: 1094.6 1108.5 1042.9 821.2 1016.8
2y Kenia: 967.4 1040.6 9745 812,0 948.6
ANA 0 A
Source Sums of Mean F
of Variance d.f, Sgusres Sguare Ratio Sign
Between Blocks 4 206,264.76 51,565.75 7.333 e

" Varieties 1 46,47 W48 46,470.00 6,608 *

- Spacings 3 390,342.03 130,113.33 18.504 s
Var x S interaction| 3 17,423.03 5,808.33 0.811 NS
Error 28 200,551.17 7,162.54

Total » 861,053.04

LS.D. (Least Significant Difference)
a) LS.D. Spacings 5% level and Error df
=t (error df) x 2 x EB
n
= 77-5
b) L.S.D. Varieties =t (error df) x 2 x EB
n
= 55,8
2. BAR NUMBE =
Variety Means at each Spacing/i’
Variety | 1.5 n 15 20 Mean
10 z’m 990.0 7%.3 78102 7&.5 81 5.0
< Kenia 943.2 827.9 850.5 739.0 840.1
Mean 966.6 807.1 815.8 720.7




ANALYSIS OF VARIANCE

Source Sums of Hean F
of Varlance dafs Squares Square Ratio sign
Between Blocks 4 11,254.0 2813.5 1.38 NS
» Varieties 1 75573.0 7573.0 3.73 NS
" Spacings 3 313,856.0 104,618.6 51.58 i
Var x S interaction} 3 20,978.0 6992,.7 3.45 NS or
Error 12 2% ,342.0 2028.0 ’
Total »
a) LS.D. Spacings 5% level = 43.88
b) LS.D. Varieties 5% level = 31.02
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APPENDIX I.
MEANS AND STANDARD ERRORS FOR LEAF AREA (IAI)

Table I
Variety:
Zephyr

Spacing

1 2 3 4

MEAN S.E, MEAN S.E. MEAN S.E. MEAN S,E.
0.27 0.01 | 011  0.00 | 0,05 0.00 | 0,03 0.00
0.95 0.10 | 0e44 0,03 | 0s26 0.02 | 0,13 0,01
4.99 0u41 | 2,36 0.24 | 1.25 0.04 | 0,63 0,06
6.7V 0.54 | 434 0.25 | 2,04 0,17 | 1.15 0.1
10.43 1.08 | 5644 0,30 | 3415 0.63 | 2,09 0426
7T 076 | 5.11  0.37 | 3633 024 | 2.27 0u42
674 0496 | 470 0.23 | 3.84 0.28 | 2.09 0.4
4,60 0.39 | 3.51 0.18 | 2, 0¢37 | 2.23 0.9
2,65 0424 | 2,62 0.39 |1.78 0.27 | 2,15 0,30
1,92 0.30 | 152 0,31 | 2.32 0.2% | 1.46 0.27
0.11 0.07 | 055 0.15 | 0.94 0.28 | 0.68 0,26
Nil dl Nil N1l

Spacing

1 2 3 4

MEAN S.,E. MEAN S.,E, MEAN S.,E. MEAN S.E.
0.2, 0.02 | 0,10 0.00 } 0,06 0.00 | 0.02 0.00
1,03 0.10 | 0,33 0.02 | 0,19 0.0 | 0,11  0.00
3449 0.29 | 1.49 0,11 | 0,78 0.08 | 0,05 0.02
6.49 0.73 | 3.64 0.29 |1.70 0.21 | 0.96 0,12
7.96 0. | 5.9 0.50 | 2.7 0.25 |1.56 0.18
8e33 083 | 5.43 0e42 | 4.05 0.23 | 2,33 0.20
7.10 0uTl | 447 0.37 | 3.54 0.34 | 3.06 0.19
4619 0.42 | 3.88 0.42 |2.33 0.28 |1.78 0.18
2,98 0435 | 3.57 0.26 | 2,56 0.18 | 1.52 0.23
2,06 0.9 |1.63 0.21 |1.81 0.2 |1.45 0.3
0.11 0.05 | 0e46 0,19 | 0.32 0,18 | 0,17 0.06
Nil Nil Hil Nil

Harvest
Jumber

W g o~ W =

- ik ek
N = O 0

lunber

O N 0 20w W N =

= T )
Md




APPENDIX I

3.
Variety feans at each Spacing
Variety Ze5 ca. A1 cm. 135 cm. 20 cm. Jean
1. Zephyr 25.1 271 27.8 28.4 27.1
2. Kenia A 26.9 27.2 27.6 2%.5
Mean 2.7 27.0 275 28,0
Standard errors needed
ANALYS IS OF ‘J'AI{I.‘NCE
Source Sums of Mean F
of Variance d,f. Squares Square Ratio Sign
Between Blocks 4 3.00 0.75 2.50 NS
L Varieties 1 3-1 0 301 0 1 0033 =
" Spacings 3 61.85 20.60 68.67 i
V xS interaction 3 0.50 0.10 0.33 NS
Error 28 8.10 0.30
Total 39

LS.De Spacings 5% error d.f. = 0.50
L& De Verieties 57 " . = 0.35
1000 GRAIN WEIGHT
Spacing cn
Variety 7.5 L 15 20 lfean
1.  Zephyr 53.35 60.27 62,61 6457 60.20
2, Kenia 53.97 58.17 60.98 5951 58.16

Mean 53.66 59.22 61.7 62,04




3. [Iable 3
Variety Spacing Mﬂt
Zephyr 1 2 3 4
MEAN Sk AEAN S K, EAN S B MEAN S.E.
15.7 Y1 13.9  0.68| 13.8 1.,98] 14.4  1.86] 1
5441 5.7 549 46 60ed 547 57.7 4T3 2
281,3 23,3 | 286.9 9.5 | 284.6 9.1 256.4 26,0 | 3
377.8  30.4 | 52644 3042 | 462.0 39.6 | 461.5 45.4 | 4
587.4 61,0 | 659.3 36.3 | 709.4 42,9 | 505.7 153.8 | 5
43846 43.0 | 6193  44.9 | 750.3 54.9 579.6 124.7 | 6
379.6  54.3 | 569.9 8.8 | 699.0 128.9 506.9 178.2 | 7
26441 22,3 | 426.0 22.8 | 572.7 84.7T | 89.9 9.2 ]| 8
149.4 14 | 317.8 479 | 401.6 61.3 528,5 118.7 | 9
108s4  17.0 | 184.5 37.6 | 523.5 56.2 587.2 109.2 |10
6.6 41 67.7 18.5 | 212,7 65.1 273.3 104.6 [N
ni1 Ni1 M1 Nil 12
b Ta
HNumber
Kenia 1 2 3 &
AN S.E. MEAN S.E. MEAN S.E,. MisAN S.E.
% 165 ) 130 1.5 | 13.8 1.9 | 111 1,32 1
58.6 5:7 40.7 3.0 4hs6 3.3 47.2 3.6 | 2
196.6 16,8 | 181.7 14.0 | 177.2 19.0 202.1 11.3| 3
365.6 41.2 | 441.0 36,1 383.6 49.2 | 386.2 49.1| 4
44840 4haT | TON.7  60.5 | 610.7 57.1 628.5 T3.5| 5
46849 46,7 | 658.2 51.7 | 579.0 178.3 | 601.8 143.7( 6
399.8 40.0 | 542.1 449 632.5 105.6 226.6 T1.0| 7
236.2 23.7 | 470.8 51.6 | 527.3 63.6 | 546.1 106.5| 8
168.2 20,0 | 4329 31.9 | 577.2 41.2 | 611.1 92.3| 9
116.6 33.6 | 197.9 25.7 409.9 65.3 582.1 53.6 |10
6.6 2.9 57.0 23.1 Thed 426 T3 257 |
N1 Nil Nil Nl 12

APPENDIX
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LAJINA AREA AND TIME FOR VARIETIES

lable
Yariety Varie Harvest
Zephyr Kenia Huzber
MEAN i LEAN S oBe
0.11 0.05 0.10 0.04 1
0.44 0.17 041 0.21 2
2.30 0.96 1.56 0.67 3
3.5 1424 3.19 1.23 4
5427 1.85 4.50 1.45 5
462 1420 5.03 1.26 6
434 0.96 4454 0.90 T
3.24 0.55 3.04 0.58 8
“¢30 0420 2e65 0+43 9
1.80 0.19 1,74 0.13 10
0.57 0,17 0«26 0.07 1"
Nil Nil Nl il 12
Table 6
EAR AREA
Jumber
Zephyr 1 2 3
MEAN  S,E, MEAN  S.E. MEAN  S.E,
140.9 417 | 1902 15.7 | 246.7 113 7
157.2  9.45 | 2821 17.9 | 366.6 36.6| 8
126.2 8.76 | 284.5 18.7 | 410.3 31.4| 9
89.3 213 | 245.7 42.0 | 451.4 20.6| 10
31.5 17.5 112.4 15.1 320.6 25.4| 11
- - - - - - |12
B. Variety 1 Spacing 3 Harvest

z -
Kenis  MBAN S.E. MEAN S.E. EaN  S.E, Jumber

143.0 11.5 209.0 17.4 | 291.0 22,7
160.1 13.2 248.3 22,7 3B1.1  33.5
156.2 8.5 | 282.5 31.7 | 434.6 25.5
101.2 94 | 196.9 19.7 | 410.7 19.3
32.1 17,5 129.5  24.9 2n.3 21.8

N= O O 0o

- b b




APPEIDIX II

DRY WEIGHT DATA

Table 1. EAR DRY WEIGHT
1. Variety i 8
Zephyr S pac cm Number
EAN T°%5.E.  MEAN ') S5, MEAN VP S.E. AN 20 S.E. ]
0.12 1t 0.02 0.09 0. 01 0.14 0.05 0.06 0.01 5
0.71, 0.12 0.80 Ca.18 0.86 0.11 Oe64 Qe 24 ()
1.45 0.12 1.92 0.29 3.12 0. <2 3.00 043 7
2.15 0.4 3.06 0e26 5.43 0e40 5.4 0.83 8
3 65 0-32 5-23 0036 9057 0.68 1f -m 032 9
'7. 0.53 1? 61 0.93 | 20.94 0.92 | 31.33 .91 "
6. 56 0632 | 14.69 0,93 | 28,72 0.96 | 37.93 1.74 12 i
Table 2
2e Variety H )
Kenia Nugber
7:5 1 LS 20
{BAN Setie {BAN S obie fisiadd 5B ABAN 5 oEe
0.07 | 0.01 0.11 ] 0.05] 0.05 | 0.01 0.05 | 0.01 5
Ge 54 0.07 0.67 0,20 0.59 0.06 0.Th 0.13 6
146 0.12 2423 0.35 2.715 0.31 2,07 025 7
2.30 0.20 3.65 0.61 beldy 0.68 3.91 0.94 8
3.9 0.31 6440 0.57 8,50 07 9.03 1.02 9
5.60 0.20 8.90 0.86 | 12,67 1.72 | 16,53 1.77 10
6.82 0e4b | 13.07 0.74 | 17.37 A5 24,35 | 1.60 11
6.92 0.63 | 15.48 0.86 | 22.18 1.85| 33.2% 2.89 12
Iable 3
AF DRY WEIG
3. JVariely % iargest
Zephyr HNumber
7.5 11 15 20
MEAN S B MEAN S.E. MEAN SR MEAN S.E.
0.57 0,12 0.60 0.16 0.77 0.15 0.63 0.21 3
1.22 0.06 1.95 0.13 2.09 0.14 2.56 0.22 4
1.81 0.15 2.52 0e22 3.59 0. 24 3.83 0.60 5
1.66 Oe2 241 0.26 3.2 034 5.12 Oe43 6
1.32 025 2.3 0e24 44 0.49 4P 049 7
0.90 0.04 1.66 0.15 2,70 0.37 4.03 0.27 8
0.60 0.04 1.25 0.19 1.88 0.20 3.55 045 9
0.49 0.12 0.86 0621 2.39 0623 274 0.33 10
0.09 0.06 0.19 0.10 0.98 032 1.12 057 1"
0,00 0.00 0.00 0.00 0.00 0.00 077 0.77 12 |




APPSNDIX IT

LEAF DRY WEIGHT

Table 4
Variety Spacing Harvest
Number
Kenia S
7.5 11 15 20
| MBAN , S.E. MEAN | S.E. EAN , S.E. ABAN S 8.
- - - - - - = - 2
0.47 0.10 0.49 0.1 0. 0.13 0.72 0.08 3
1.1 0.11 1.87 0.13 1.7 0.22 2.03 0.21 4
130 0.05 2,42 0e25 3.18 032 3.60 0.1 5
1 033 0027 2-” 0.20 3-77 0020 4-55 Oca 6
1,53 0.25 2.37 0.11 3.26 023 4T 0.21 7
1-“ 0.15 1 -?6 0016 2-33 U.27 3046 0030 8
0.72 0.06 1. 0.14 2.76 Deddy 2,70 0.35 9
0056 0013 0.93 0013 ?- :'C 0.29 ?030 0045 10
0.02 0. 01 0e27 0.13 0.39 D622 0s3 0e14 11
. 0.00 0.00 0.00 0.0G0 0.00 Ce00 | C.CO 0«00 I 2
STw4 ORY WwiiICHT
Table 5
Variety  pac Harvest
Number
Zephyr
i 2 9 4
‘EAN s .E. MN \S oh‘n. ﬂ::\N !r-:' .E!Q '&:L:I :: .E-
e — - - - - - e 2
0.36 0.08 0;37 0.08 0.“ C}ow Co% 0-12 3
1.27 0.13 1.94 0622 1.59 0.16 1.98 0e25 4
2.93 0.34 3.9 0.22 480 0.38 4e37 0.73 5
3.47 0.33 5.16 0«52 6.67 0.33 8.29 1.32 6
4e 9 0.28 6.57 Ce50 9.76 0630 | 12,62 117 i/
480 0.14 8.08 044 | 12.89 0.98 | 16.35 1.31 8
463 0.2 9.68 0.68 | 14.56 0.67 | 21,60 1,11 9
5455 0626 | 10,17 0,60 | 16,20 131 | 24.62 2e26 10
5.41 042 | 10.00 0.52 | 18.17 0s35 | 29.33 1.64 1"
4437 0¢24, 9.94 0.85 | 21,48 2.13 | 37.37 2.09 12




A

' ND I

STl 4 DRY WEIGHT

Table &
Variety Spacing larvest
, humber
Kenia S
% 11 15 20
MEAN S WE. MEAN Sele EAN Siabe AN S oo
- - - - - - - - 2
0.73 0,06 0.73 0s05 019 0406 Qe 26 0.70 3
0.9[& 0.19 1 I60 001 1 1 .07 0.16 1 -39 0.1 7 4
2.2 0.6 3.46 0e34 3.38 0.33 3.82 0.73 5
3.456 0.26 5427 0.72 7.39 049 7.98 1.01 6
4o 22 0e24 7.58 0.63 | 10.56 0.61 | 11,32 111 7
484, 0436 9.55 0.64 | 13.74 1.3 1 15.04 i 8
546 .31 10.59 0.50 | 15.47 0494 | 19.96 1649 9
5¢41 O:Tt| 11,11 1.19 | 19,01 1.39 | 25.76 2,03 10
5439 0.62]| 11,38 1,10 | 18.87 0.82 | 29.33 2.13 1
463 0453 9.85 1.10 | 19.00 1446 27.05 1.99 12
——r
TOTuL ORY winIGHT
sable
Varie Spaecing Harvest
HNumber
Zephyp
T:5 11 15 2
ABAN 8 .Ea VA N SaBe AN S olie MBA N SKe
0.08 0.06 C.08 0.07 1
0.40 0.07 040 0.01 0.40 0.02 0e41 0.04 2
1.20 O.11 1.33 0.14 1450 0.07 1.33 014 3
2.52 0.20 3.93 0«32 3.73 0627 4456 Oedd 4
4.88 0.32 5.90 023 8.59 0.58 8.9 131 5
6.12 0.55 8.74 0.63 | 10.93 0e58| 14452 1.89 6
7.3 0.28| 10.96 0,76 | 16.72 Oe42| 21,03 1,83 7
8,28 0.27| 13.45 0.70 21,25 113 26 .84 2e79 8
9.35 015 16.85 0.77 26.96 1.46] 328,38 1.85 9
12,81 0.75| 20,70 116 | 36435 2:36| 51.47 322 10
14.10 0.95| 24.89 To11 | 42,15 0.87| 60.27 3.57 1
11.83 0e4T| 26427 1.05| 52.70 2.61| 73.19 1,22 12




4 PENDIX II
TOTAL DRY WEIGHT

Table 8
Variety Spacing Haryest
Keni Number
7 11 15 20
'LEJKN 2 elie ﬁ:'.!l” S .E. AN S oi‘.;. TEAN 5 .El
0.07 0.07 0.07 0.07 1
0.34 0.03 0.30 0.03 0.32 0.02 0.39 0.03 2
0.81 0.09 0.86 0. 06 0.83 0.07 1.12 0.15 3
2.07 0.15 348 0.17 2489 0.38 3.46 032 A
3.67 0.30 5.96 0.58 6.64 0.64 0.64 7.66 5
5082 | 0.49 | 8.92 | 0.95| 12,01 | 0.65 | 13.38 | 1.30 6
751 0.53 | 12.57 0.88 | 17.26 0.92 | 18.18 1.30 T
8.62 0.45| 15,58 1.28 | 21,65 1.80 | 23.27 259 8
9.84 0.49 | 19.17 1.28 | 27.80 1.93 | 32.84 2439 9
12.45 2,20 | 22.45 1.33 | 35.50 2,57 | 47.09 3.91 10
13040 2.39 26-22 2-0‘.3 3901}1 | 0-27 57-38 3.46 M
12045 2030 i 27-03 2.@ 44. 22 i 2.71 | 62076 3001 12
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APPENDIX II
TILLER NUMBER

FL:N

Spacing cm.
25 n 135 20
EEN S ,.E, BAN S oB. AN Sole  MEAN _ S.E,
2,50 | 0a34 | 3433 | 0e42 | 3.33 | 0.33| 3.00 | 0.36
7-16 Ol36 7.50 'lc‘!'i h 8.33 006'1 7-33 0088
7.33 | 0.50 ! 10,16 1.07 | 10.00 | 0.33 | 10.83 | 1.60
9.00 | 1.17 | 11,16 1,13 | 10.50 [ 0672 | 12.33 | 0.84
7.50 | 0.77| 9.6 | 0.83 | 11.83 | 0.30| 16.16 | 1.19
5.83 | 0.5 | 8.83 | 0.5, | 12.00 | 0.89| 17.16 | 0.75
5.16 0.37 9.16 0.40 | 14.66 0.95 | 21.33 0.61
5.66 | 0.3 | 9.33 | 0.33 | 14.00 | 0.68| 20.83 | 0.70
Stw 0.26 8.83 0033 | 14.16 0.60 20083 0.94
5.80 | 0.37 | 9.80 | 1420 17,00 | 0.83 | 23.80 | 1.5
5.80 0.20' 10-00 0.83 [ 16.80 1-11 27-00 | 1078 .
5.60 | 0De24 9.80 0,37  17.00 Oedd | 27.00 | 1,22 |
wpaging cm.
1.5 1 15 290
AN _ S.E,  MEAN  S.E,  BAN _ S.E, EAN | S.E,
3.50 | 0,22 | 3.33 | 0,21  3.00 | 0.36| 2.83 | 0,16
8,00 0.45 8.33 0.7 8.00 0.96 8.00 0.63
8.50 022 | 10450 0.56 | 10. C 133 | 12,00 1.36
6.00 | 0Qokd | 9433 0.88  11.00 | 0.77 | 16,16 | 1.37
5.66 0ok | 8.66 0.78 | 14.16 1.15 | 17.33 1.30
5083 | 040 | 9450 | 0,76 | 15,50 | 1,17 | 21,16 | 0.47
5.66 | 0,33 | 10.83 | 1.03 | 16.00 | 0.63 | 22,00 | 1.26
5,08 | 0427 | 10,90 | 0.84 | 18,00 | 0,82 | 22,83 | 1,13
6.00 | 0,00 | 11,00 | 0.73 16.80 | 0.73 | 26.00 | 2.32
5080 | 0.37 | 11,20 | 0.80 | 18,00 | 1,37 | 27.40 | 0.92
5-40 : 0.24- 1 0-40 0024 Il 180& | 0.75 27060 0074




Appendix 3. Rainfall and Solar Radiation

During Experiment.

Daily rainfall recorded at Grasslands Division, D.S.1.R., Palmerston North,

using standard meteorological rain-gauge.

Solar radiation measured with an Eppley pyrheliometer presented as 5 day
avcracges. Records from Plant Physiology Division, D.S.I.R.,

Palmerston North.

SOLAR RADIATION

RAINFALL

£ 1 8§ ¢ § ¢

1=AVO -WD VD




APPENDIX III

RELATIVE GROWTH RATLES/WiEK

L = Y
1. Table No,
Harvest Spacing for
No. Total RCR Zephyr
1 2 3 4 iean spacing S.E.
: r
2 3. 415 3.83 4402 3.94 0.15
3 1.14 1‘14 1.31 1.16 1.19 0.11
4 0.74 1.10 0.90 1.23 C.99 0.9
5 0.66 0e42 0.83 0.55 Ce62 0.9
6 0.21 0.38 Oe 24 0.58 C.35 0.08
7 0.18 0,22 0.43 0.39 C.30 0.05
8 0-13 Do 21 D. ?3 Oc :\f; 0020 0. 03
9 0.12 0422 0423 0.37 033 0.05
10 031 021 0.26 0.26 0e26 0.05
11 0.09 0,18 0.15 0«15 014 i 0.07
12 =0.16 0.05 0. 21 020 0.07 f 0.06
Ee Table lNo.
larvest spacing for
No. Total RGR Kenia
1
2 3.78 3.65 3.78 3494 3.7 0.09
3 0.85 1.05 0.94 1.03 0.97 0.10
A 0.95 1.40 1.20 1.14 1.17 0.11
5 0.57 0.52 0.85 0.76 0.68 0.11
6 045 0.39 0.60 0.58 0. 51 0.11
7 0.26 0.35 0.36 031 0.32 0.06
8 0.14 0.21 0621 022 0.20 0.04
9 0013 0021 0025 00% 0.% 0.%
10 0e23 0.12 0.22 0.31 0.22 0.06
" 0.06 0.15 0.11 020 0.13 0.06
] 12 -0.07 0.03 0.10 0.09 0.03 0.05
1. Zephyr
MEAN RGR = 0.76 * 0.07 gn/gn/uk
2. Kenia
MEAN RGR = 0.75 + 0.09 gm/gn/vk




APPENDIX IIT
RELATIVE GROWTH RATES

EA

Table No.
Harvest Spacing: For HGH kars
Ho. Zephyr
7.5 cem 11 cm 15 en 20 em jean Selie
1 |
5 6492 6.76 6.82 6.30 6470 | 0.27
6 1.92 2,06 2,20 2.05 2,06 0.28
7 0.7 0.96 1.31 1.89 1.22 0.18
8 040 0.51 0.55 064 0.52 0.07
9 0.51 De54 0.56 0.75 0. 59 0.09
10 0.51 D649 0.47 0.50 049 0.08
1 1 0. ?3 00 39 O. :35 0035 0| 30 | 0.08
12 =0.10 0,15 | 0.30 0.19 0.13 | 0.07
| i o !
Table lo.
llarves Spacing: For RGR Lare
No. Kenis
7.5 em 11 en 15 em 20 em “ean SBe
5 6.51 6.61 5.64 5.59 6.08
6 2,02 1,98 2.60 2.75 2.34,
7 1.02 1.35 1:53 1.14 1,26
8 Quddy O.48 0.66 0.56 0.54
9 0.35 0.60 0.45 0.91 057
10 0.60 0.32 0.36 0.57 0.46
11 0.18 0.39 0.35 | 0.40 0.33
12 0.01 0.16 0723 | 0.30 0.17
1.  Zephyr
MEAN RGR = 1,50 + 0.14
o Kenia

MEAN ROR = 1.47




APPENDIX IIT

LEAF AREA RATIO

Variety
Number
Mean 7.5 11 15 20
3
209.76 235.94 218,38 191,43 193.50 3
128.91 150.30 136.24 124436 10475 4
104.82 119.87 111,28 82,92 105,21 5
68,61 .64 72.00 68,57 62,26 6
49.70 53.55 53.80 51.85 39.61 7
31.2 3.7 31.94 26,96 3Le46 8
18.20 16.10 18.96 15,12 22,63 9
10.75 8440 €.92 14435 1433 10
3.16 0.46 R L4 462 1
Voriety
Kenia Spacine cm Harves
HNumber
lesn 75 " 15 20
1
14dye 05 172,34 138442 138,70 126.75 2
139.20 182.30 128.10 134+57 111,81 4
104.30 122.00 118.77 93.10 83.32 5
75.85 81,38 7543 76.26 70.36 6
53.40 53.67 b4 T3 47,20 68.03 7
29.43 28,21 30.87 25.34 33.31 8
20.10 17.53 23.00 21,02 18.87 9
10.64 9.11 8.82 12.21 12.42 10
1.50 0.50 A 1.90 1,16 11




}'LPT‘E&‘H I11.
NET 49 SI4ILATIOV RATE

2
T CM a
Yariety
Zephyy: Spacing ¢
7:5 c3 11 cm 15 ca 20 cn Harvest MNo.
MEAN Sl BAN &.E. AN 5.5, ABAN S.Es
12,7f 24 | 13,5 0.3 | 127 | 06 | 13.6] 2.0 | 2
5.9 Oe5 6.5 0.9 7.6 0.6 6,8 O 3
4.0 0.4 6.6 Ok 6.0 0.6 9.5 1.4 4
5.0 0«6 34 0.7 1.3 3.4 Se'l 12 5
24 0.8 Ledy 0.8 3.2 0.5 7.0 g I 6
208 1 03 3.? 007 7.5 103 2606 il 7
3.4 0.8 5.0 ol 6.7 1.5 12.6 6.8 8
5.4 1.1 Gl 1.3 12.0 PAR 13,0 2s3 9
27.0 Loeldy 20.0 6.3 208 g | 19.4 be 10
|1 73.0 - l L6.8 18.3 19.1 6.8 | 25+5 75 1
|
Varie
Kenia: Spacing cm Harvest lo.
7.5 cn 11 cn 15 en 20 ¢n
IE.'-LN s .ng:. _Li_ru.‘L.N S .:I-Q—L ':.‘;4\.;: S alie I!L;A_.N ::'3 .h‘l.
10.% 0.4 12.5 1.%7 11.6 0.5 16.0| 2.0 2
4.1 0.7 601 0‘.9 5.3 0.2 609 1 .O 3
449 0.9 Dol 09 Teds 0.9 8edy 0.8 4
4-1 0.8 403 007 6.3 1 .7 804 1-6 5
4eb 0.9 4e3 Vel y VA 1.5 7.6 1.4 6
4e0 09 6.3 0.9 8.1 1.3 4eb 0.9 7
3.7 1.0 6.0 13 T 2.0 5¢3 14 8
5.9 15 8,7 4.0 12.1 4e3 14.7 2.4 9
18.5 6.6 el 2.8 13.9 2.5 22.5 6.2 10




Harvest No,2

i1 }J"“'.:t.._}IX IV

ANALYSIS OF VARIANCE

DRY WEIGHT DATA

F RATI(B AND

SIGHIFICACE

| Source of
. Variance df leaf stem ear Totals
I'locks 5 2,23 N 2,33 13 S 0.82 18
Varieties 1 ;3-033 % ?-33 oS! 1 5.4? =
¢ pacings 3 0.77 077 IS ) 0.52 1B
Var x Spac 3 0.77 15 0.77 1B B 0.32 NS
Lrror 35
H s io
F RATI® AND SICIHIFIC.LICE
| Source of '
t Vapriance df. lesf stem ear Total:
| Bloeks 5 I 1,18 18 - 2,16 18
| Varieties 1 3.52 1B 549 * —~ b3 T
| Spacings 3 1 B 118 - 1 B
| Var x Spac 3 1 116 - 112 B
Lrror 35
1 e 8 _1
H N
F RATIB AND SIGHIFICA.GE
Eource of
Variance af leaf stem ear Total:
Blocks 5 2.40 B 2,25 15 0,00 1B 2,44 N8
Varieties 1 544 * 13,62 ** Q.00 " 12,90 ##
£ pacings 3 1933 ** 6,68 ** 0.00 " 1445 **
Var x Spac | 3 0.96 B 026 iS5 0.00 " 0.65 N6
Error | 35
i 1
Harvest No,5
F RATIOS AND SICNIFICANCE
Source of
Variance df leaf stem ear Total:
Blocks 5 1.63 B8 1.96 S 0.27 1B 1.79 8
Varieties 1 2.14 K5 3.98 B 1.85 B 3.61 B8
Spacings 3 20,96 ** 5. 40 ** 0.84 NS 11,94 #*
Var x Spac 3 0.19 N5 1.12 8 1.11 I8 0.75 NS
Error 5




APPENDIX TV

Harvest Ho.6
F RATIG AND SICHIFICANCE
Source of +'
Variance I daf leaf stem ear Total:
Blocks 5 2.86 1B 1.79 IB 2,85 *% 2.06 B
S pacings 3 58,83 ** 17.94 ** 0.19 15 27.06 7
Var x Spac | 3 2,05 16 019 1B 0e56 2 C.49 1B
Error 35
o NDo "
F RATIOS AND SIGNIFICAMCE
Source of
Variance daf leaf stem ear Total:
Elocks 5 1.21 I 2:52 ©® 2.9 * 3,26 ¢
Varieties 1 0.50 N 0.13 N2 1484 B 0.02 1B
Spacings 3 A4 .98 *¥ 58,10 4+ 12,30 #* Ti792 **
Var x Spac 3 1.27 IB 1.33 N5 2,18 B 241 1B
Irror : 35
ilmﬁy ;ig_,S
F RATI® AND SIGNIFICANCE
Source of
Variance df leaf stem ear Total:
Blocks 5 1,01 5 Ze32 1B 2.27 N3 2.60 #
Varieties 1 0.76 18 0.17 N3 1.82 16 0.03 IS
Spacings 3 47.24 ** 56.93 “* 11,37 2+ 55,76 **
Var x Spec 3 1.26 IS 0.47 & 2¢03 1B 148 15
Error 35
Harvest No,9
F RATI(E AND SIGHIFICANCE
Source of
Variance af leaf stem ear Totals
Blocks 5 2,82 = 0.94 18 1.14 S 1.35 18
Varieties 1 1.08 B 0.17 & 220 N6 0e21 IS
S pacings 3 44a 00 ** 126,42 ** 32,55 ** | 120,30 **
Var x Spac 3 5450 #* 1.1 8 2.46 B 2,84 *
Error 35




APPLUDIX TV

Harvest No,10
F RATIB AND SIGNIFICALCE
l Source of
Variance af leaf stem ear Total:
| Blocks i 3,61 * 2,37 18 1.37 16 2,11 16
Varieties 1 0.55 M 1,72 B 750 0.37 b
[)I}'J.Cings 3 37-76 ue \L..i"}."‘}"} 54- Sra? i 1(5-00 B
| Var x Spac 3 0.55 & 0.45 & Ce3 @ .66
I Error 28
{ Nogl
F RATIOS ARD SIGAIFICAKCE
Source of
Variance daf leaf stem ear Total:
: Blocks 4 230 B 1.65 15 0.14 1B 0.22 1B
| Varieties 1 |  4.63* 0.45 13 9.7 *- 0.68 18
S pacings 3 [ 347 * 184,54 ** 100,45 ¢ 165,37 =+
Var x 5paec 3 ! 171 0.19 B 3,88 * 0.43 B
Error 28 I |
Haryest No,12
F RATIB AND SIGHIFICANCE
Zource of
Variance df leaf stem ear Total:
Varieties 1 0.99 15 2.42 B 535 9,30 **
S pacings 3 1,00 i 106,54 ** 145.30 **# 290,84 **
Var x Cpac 3 0.99 1B 1.02 NS 2483 16 p Ao
trror 28




APPEIDIX

y = Harvest No,12 Variance Ratios

ANAIYS TS VARIANCE
N

Sums Mean F
Source | 4f Squares | Square Ratio Sign
| Between Blocks A 7.65 1,91 0.97 B
! A Varieties 1 4e23 4Le23 f 2,15 NS
’ " Spacings 3 2732.68 910.89 | 462,38 il
! V x S Interaction | 3 4.07 1.35 | 0.68 B
Error 28 55.15 1.97
Total 9
L.S5.D. Spacings 5% error df = 1,16
2., Harvest No.11 Variance Ratios
Sums Mean F
_: Source af Squares Square | Ratio Sign
| Between Blocks A 29.25° 7.31 | 151 1B
" Varieties 1 4.90 4490 ' 1.01 B
" Spacings 3 2583.50 861,16 178,66 e
V x S Interaction 3 2.70 .90 0.18 i S]
Error 28 135.15 4482
| Total 39 |
L.S D, Spacings 5% error df = 1.82
3. No, 1 Rz
Sums HMean F
Source 4ag Squares Square Ratio Sign
Between Blocks 4 60.85 15.21 2,06 s
. Varieties 1 723 7.23 C.98 B
"  Spacings 3 2046.88 682.30 92,57 =
V x S Interactioms| 3 8.67 2.89 0e39 B
Error 28 206,35 7.37
39

Total

i

LS De Spacings 5% error df = 2,27




4e 1} t No.9 V. t
Sums fean F
| Soure o af Sguares Square Ratio Sign
| Between Blocks | 5 2.6 | 5:33 1.87 B
" Varieties 1 46.03 46.03 | 16.21 an
| " Spacings 3 | 1937.07 645.69 | 227,35 L
'V x 5 Interaction 3 22,05 7.35 I 2458 ]
! Brror . 35 9948 2.84 |
fTot.a.‘L | &7 ' !
LS De Spacings 5% error df = 1,52
LS JD. Varieties 50 " " = 0.97
5. Harvest No.8 Variance Ratios
Sums “ean F
| Sowrce | 4f | Squwres | Square | Ratlo Sign
| Between Blocks 5 | 9.92 | 1.98 | 0.9 S
" Varieties | 1 16,33 16,33 | 4486 e
" Spacing 3 | 1645.42 548.47 | 163.23
V x S Interaction 3 | 650 2,17 | 0.64 B
Error 35 | 175 | 3.3
| Total | 47 | | !
L.S.D. Spacings 5% Error df = 1,52
LS .D. Varieties 520 " " = 1,07
6. larvest No,7 Variance R.tios
Sums Mean F
Source ac Sguares Sguare latio Sign
Between Blocks 5 5,67 1.13 0640 B
" Varieties 1 2.09 2,09 0.74 B
" Spacing 3 | 1703.09 567,70 199.89 "
V x S Interaction 3 11.74 3.91 1.38 NS
Error 35 99.33 2.84
| Total 47 | 1

L.S.D. Spacing 5% Error df = 1,38




APPENDIX IV

Ts No.6 Var Ra
Sums “iean F
Source at Sguares Square Ratio Sign
Between Blocks 5 | 0.92 0.18 ' 0.035 B
" Varieties 1 | 3.00 3.00 | 0.58 B
i Spacing 3 910.25 303.41 | 58,91 =
V x S Interaction| 3 11.34 3.7 | 0.73 B
Error 35 180,41 5.5 |
Total 47 !
LS .D. Spacing 5% error df = 1,86
8. Harvest No.3 Variance Ratiocs
Sums Mean F
Source af Squares | Square Ratio Sign
Between Blocks % | 49.35 9.87 2.50 *
" Varieties| 1 | 2.52 2452 0.64 s
" S pacings 3 | 592,23 197.41 50,10 L
V x 5 Interaction 3 | 3.73 10% 0031 6
Error 35 138.15 3.94
Total 47 jl : _
L.S.D. Spacing 5¢ Error df = 1.64
9. Haryest No.4 Variance Ratios
Sums Mean F
Source af Squares | Square Ratlo Sdgn
Between Blocks 5 79.35 15.87 2,76 #*
L Varieties 1 3.00 3.00 0.52 B
"  Spacings 3 51.73 1724 3.00 *
V x S Interaction| 3 2.41 0.80 Oel14 8
Error 35 201.49 5.75
Total 47

LS .D. Spaeing 5% Error 4f = 1.93




APPENDIX IV

10 H t Vari Rat
Sums Aean F
Source 4af | Squares Square Ratlo Sign
Between Blocks 5 73.25 14.65 2.69 ¥
" Varieties 1 8.33 8.33 1.53 NS
" Spacings 3 78.83 2%. 27 4483 %
V x S Interaction 3 1.50 0.50 0.09 B
| Error 35 190.® 543
| Total 47 _
LS .De Spacing 5% Error df = 1,92
11.  Harvest No,2 Variance Ratios
Sums Mean F
Source af Squares | Square Ratdo Sign
Between Blocks 5 ; 3842 7.68 254 *
. Varieties 1 ! 3.00 3.00 0.99 i
" cpacings | 3 |  2.50 0.83 027 6
V x S Interaction 3 ‘ 1.50 0450 0.16 B
Lrror 35 | 105.92 3,02
Total 47 Jl I
12, No,1 ¥ R
Sums Hean F
Sourge 4af Squares Sguare Ratio Sign
Between Blocks 5 2.85 1.97 4+90 ol
. Varieties 1 0.18 0.18 Oe45 1B
" Spacings 3 1.23 0e41 1.02 NS
V x S Interaction 3 3.23 1.07 2.67 16
Error 35 13.99 0640
Total 47




APPLNDIX TV

;tN;-LE-E QF v ‘LR_;;'.E“CE Lﬁl

Higrvest No,1
Source of af ‘ean F Sign
1' Variance | | Squs Ratio
| Blocks | 5 |  0.00195 2.010 6
| varietiﬂs ’ I | 0. (XT” 0 | 1 .134 IS
| Spacings t 3 | 0.12698 | 130.907 i
Var x Spac | 3 | 0. 00046 | 0474 B
Lrror | 3B | 0. 00097 -
LS De Spacings 51 level = 0,026
Haryest No.2
Source of daf lean F Sign
i Varianc i - BSaquare | Ratio !
Blocks 1 5 I 0. 04001 o275 | i
Varieties 1 1 0.01333 | 04911 B l
: Spacings 3 | 1.83035 | 125,108 b |
| Ver x Spac 3 | G.02068 1‘ 1474 | I8 !
| Error . 35 | 0.01463 - |
LeS.Ds Spacings 5% level = 0,100
Harvest No,j
So o df Mean P Sign
Variance | Square | Ratio
Blocks 5 0.741 | 3.930 s
Varieties 1 6.6752 | 35.075 A
Spacings 3 | 32,185 | 168.927 wrn |
Var x Spac 3 1.0357 Sebly? e .
Error 35 0.1903 | - '
LS sDe Spacings 57 level = 04,362
Harvest No.4
—Source of daf__ Mgan F Sign
Variance Square Ratio
Varieties 1 1.5987 2 L2 i3]
Spacings 3 73.7642 98.836 ni
Var x Spac 3 0.1680 0.225 )i 3
| Error 35 0.7463 : -
LS.D. Spacings 5% level = 0.716
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Harvest No,2
50 s af Jdean F Sign
Varianc Sgusre Ratio 1'
Blocks 5 3.7146 2,064 16 ;
' Varieties . 1 7.1843 3.991 S
Spacings ' 3 | 129,202 LTS g i
Var x Spac | 3 | 43437 5 2,413 NS |
| Error i 35 1 1.8001 | - |
LeSeDe Spacings 5% level = 1,112
H st No
Sour af___ Mean F Sign
- Yariance | | Sguaze | Betlo
Blocks ; 5 | 0.7 | 0.516 B
Varieties | 1 1.9%7 | 1,292 B
| Spacings ! 3 | 73.2506 47.388 i
{ Var x Spac 1 3 I D474 0.160 NS
| Error | 3 | 1.5457 -
LS .D. Spacings 5% Level = 1,030
arvest No.7
Source of daf Mean F Sign
| Varicnce | Square Retl
| Blocks ’_ 5 2.8844 | 2,118 8
Varieties | 1 04880 ‘ 0.358 i <]
Spaeings | 3 40.7999 L 29.964 i
- Var x Spac | 3 1.0407 ! 0.764 e
1 Error ! 35 1.3616 | -
L& De Spacings 5% level = 0.967
Harvest N¥o.8
___Source of af HMean F Sign
JYariance Square Ratio
Blocks 5 1.6328 3.503 *
Varieties 1 0.4602 0.987 B
Spacings 3 15,1523 32,506 i
Var x Spac 3 0.4T772 1.024 i <]
Error 35 0. 4661 -
L3 Do Spacings 5% level = 0.566



APPENDIX IV

Haryest No,9
Source of : daf 4ean F Sign
Variance ‘ Sguare Ratio
Blocks 5 1.2432 3.160
Varieties 1 1.5516 3.944
Spacings 3 4.0270 10,221
Var x Spae 3 1.5039 3.823
Error 35 0.3934 -
LS JD. Spacings 57 level = 0,520
il st lio,]
__Source of daf fean F s
Variance : Scuare Ratio
Blocks 5 5.107 144400 ol
Varieties 1 0.0357 0.101 B
Spacings 3 | 0.7615 2146 S
Var x Spac T 0.1904 0.537 NS
Error ! 35 |._ 0.3 548 - !
L .D. Spacings 5% level = 04494
Source of af Mean F
Varjance r Square Ratio
Blocks 5 04730 3.715 =
Varieties 1 0. 7651 6,010 K
Spacings 3 0.397 3.126 ¥
LS.D. Spacings 5% level = 0.296



APPENDIX IV
ANALYS TS OF VARIANCE
E‘EE .-BEE
1. HARVEST NO,7 VARIANCE RATIM

Sums fean E
| Source | af Squares Sguare Ratio
Between Blocks [ 5 |  2012.51 | 40245 0.26 NS
"  Varietles 1 4116,5 AL [N 2,68 S
" Spacings 2 | 96847.8 484239 | 31.56 |
V xS Interaction| 2 2750.0 i 1375.0 | 0.89
Error 25 3835442 {0 153%.2 |
Total 35! !

LS«D. for spacings =t 25 df x 2x BB

= 37.9
2, HARVIST 1O, 8 VARIANCE RATICE
S ums Yean ¥
Source i ar Squares ! Square | Ratio Sign
Between Blocks 5 38633.8 7726.7 2.85 r _
" Varieties | 1 4408.9 4408.9 163 | B |
" Spacings 2 218071.6 109035.8 40430 #E i
V x S Interaction 2 2832.4 1416.2 0.52 18
krror 25 67632.9 2705.3
{ Total 35

t25df x 2 x EB

n

LS .D. for spacing

43.73



3.
S ums dean _ i
Between Blocks .. 5 9572.8 1914.5 0.56 . |
| " Varieties | 1 41041 410.1 0.12 B |
‘ " Spaeinge | 2 | 422362.0 211181,0 62,22 o |
‘ V x S Interaction i 2 1393.9 69649 0,20 | 1S :
Error |25 | B4B4T.S 3393.9 | |
I Total i 35 |
LS.D. for spacing =t 25df x 2 x &8
n
4. HARVIST NO.1Q VARIANCE RATIUS
O umns _ean F
| Source ar Squares i square atio | Sign
| Between Blocks 4 19199.4 4799.8 1.97 B
" Varieties 1 5115,2 5115,2 2,10 NS
" Spacings 2 57554240 28777 0 118443 e
V x 5 Interaction 2 5301.6 2650.8 1.09 16
Error 20 4859849 242949 |
e 2 | L ! i
L.S.D. for spacing =t 25 df x 2 x BO
n
= 45.9
5. HARVEST NO,11 VARIANCE RATI(
Sums Higan E
Source 4af Squares Square Ratio Sign
Between Blocks 4 20066.8 5016.7 3.16 »
" Varieties 1 83442 8342 0.52 S
. Spacings 2 36105345 180526.7 113,83 i
V x S5 Interaction 2 5990.4 299542 1.88 s
Error 20 31718.7 1585.9
Total 29
L.S.D. for spacing =t 25df x 2 X EB
n

37.123
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