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.AGRO:'{OllY THES lS: 

Topic: 

The effect of Plant density on growth and yield in two varieties 

of Grain Barley. 

CHAPI'ER I. 

Dll'RODUCTION: 

As a thesis topic, I have chosen to work \Ii.th a temperate cereal 

viz: Barley (Hordeum distichum) and to examine in two varieties; Zep.eyr and 

Kenia:-

( 1 ) The physiologica..l and growth characters of tw Barley varieties 

differing in grain yield potential. 

(2) The effect of plant density on growth and developnent and on 

grain yield and its components . 

In cereals , as in many cro.i:s, an increase in plant density leads to 

an increase in total dry matter until a level of yield 1s 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 ot.ber band reaches a ruaximunl vith increasing density, after 

which a further increase in density leads to a fall in grain yield (Hollida.y, 

1960; .Donald , 1963). Crop growth, leaf area , tiller initiation and tiller 

death and other parameters are modified by pl.ant 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. 

Watson et al have mde very full studies am 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 ). 

METH ore OF S TODY: 

The problem of accounting for variation or yield in terms of growth 
and developnent of the crop pl.ant is obviously very complex, tor ultimately it 
involves the effect of external factors on all the physiological processes of 

the pl.ant, the interrelation between ditterent processes , and their dependence 

on internal factors determined by the geneticel 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 ~ts. 

(2) Field studies using Grovth Analysis techniques. 

(3) Field studies using the energy balance concept. 
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To discover the physiological basis for variation in crop yield it 
is necessary to supplement laboratory studies by direct observation on field 

gro\lll crops, measuring thoee 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 

11ore frequent sampling intervals. 

Growth Analysis is used as a technique in the field of studying 

related grovth pa.rwooters 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 or dry 

matter o.nd leaf area between the different parts of the plant as well as the 

total dry weight and leaf area accumulated. Physiological techniques appro-

priate for laboratory studies are, in general, not suitable for investigations 

on crops growing in field 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, CO2 concentration and water 

supply may differ in intensity from those outside. 

In early experiments with cereals (¥,ngledow and Wadbam, 192.3), the 
procedure tollo\led ws to l!llke a census or the g~ crop recording at 

intervals the mnber of plants/unit area, number of tillers/plant shoot height, 

and at harvest the number of ears/plant, gl"flins/ear and grain weight; the 

plant characters assumed to be related to yield. These censUB studies did not 

succeed in defining easily measured yield controlling characters that the cereal 

breeder can use es a basis for selection. as the different yield attributes are 

sometimes inversely correlated. The yield or a field crop is the weight/unit 

area of the harvested produce or some specific part or it, hence it is more 

logical to base an analysis or yield on the weight changes that occur during 

growth than on changes 1n morphological characters . The first step in devel­

oping a procedur for analyzing grovth in term of dry wight change was made 

by Blackman (1919 ) . Blackman showed that increase in dry weight can be 

regarded as a process of continuous compo'Wld interest, the increment produced 



in any- interval adding to tm 11 capital1t for growth in subsequent periods . 

The rate of interest, or relative growth rate; 

R = I x dw where w dt 
R = grovth rate 

W = dry wight 

t = time interval 

The dry matter yield of a plant was considered as dependent on 
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{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 . 

Howver, the dry wight 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 1s leaf size. The 

rate of increase of dry weight per unit leaf area, (I/L) (dw'dt) where Lis the 

total leaf area of the plant , is a l'IJ8asure 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 f'unct.1.on in the analysis of grovth and called it Net 

Assimilation Rate ( NAR) , and Briggs , G. , Kidd I 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 .u,. producing dry matter, or the difference bet~n rates of 

assimilation and respira.tion/100 gm dry weight at that tlme. 

Thus NAR and E is the rate of increase of dry weight per unit lea£ 

area. N .A .R. is capable of relatively simple peysiological. .u,.terpretation, 

while leaf' area is the result of many peysiol.ogical. and environmental processes:­

genetics of the plant , age, nutritional. status , temperature and moisture status , 

etc. LAI (Leaf area index) is of'ten taken as a measure of the size of the 

Photosynthetic System, but it is not a perf"ect measure because parts or the 

plant other than the leaf' laminae are capable of photosynthesis and may some-

times account for an appreciable fraction of the dry matter pi"oduct.1.on. Thus 

total annual photosynthesis is a funoti.on or 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 .u,.-tervals wre used. 

Watson ( 194 7) bas shcnm that while E varies between species grown in the same 

enviromnent, between varieties or 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 

betwen 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 (I/W, leaf 

area ratio) may be regarded as an index of the amount of • growing material I per 

unit dry weight of the plant. Consequently, the progress of dry matter 

accumulation and its end point yield at harvest can be c~npletely described in 

terms of thc3 t1JO attributes l'V!.R uid leaf area . 

It is not practicable to make a continuoUB record of the changes vith 

tima in total dry -weight and leaf area; instead, they are measured by taldng 

samples fron a. population of similerly treated plants at intervals, usually a 

week or r.tul ti :,les of a week. RGR and WR are then eE timated as '1'1E3an rates 

over the successive intervals . Fisher ( 1921 ) show'ed that, if w1 and w2 are 

the total dry ,..,eigt.ts at times t 1 and t 2 respectively, the rnean value of R.G . R. 

for the tim Lnterval t~ - t 1 is given by:-

Loge W2 - Loge \/1 

t 2 - t1 

and following Gregory (1926) it has been usual to calculate N . ,, .R. as 

N! R = (W2 - w1 ) (Log L') - Log L ) - e ,._ e -, 
( t2 - t1 ) ( 12 - 1-i ) 

For s hort intervals (1-2 weeks) it appears that this condition is approximately 

satisfied, and the errors introducted a.re negligibly small for field crops , in 

co~pa.rison ~ith those due to sampling variation in Wand L. 

Liraitations to the concept of U. A. .1 ~ 

It is important to bear in mind that N. A. . R. is not a pure measure of 

photosynthesis , but it depends on the excess of dry mE;tter gain by photo­

synthesis <:ner loss by respiration. S ome of the limitations to tho concept 

of N.A.R. are i-

(1) Photosynthesis occurs mainly in the leaves whereas respiration 

proceeds throughout the whole plant. 

( 2) N .R. is o:f'ten estimated from plant tops only ss roots are difficult 

to obtain. This udll result in an under-estimation of N. A.H., at the 

times when the root system is increasing in dry wight, i . e: the error 

introduced~ be large in the very early growth stages , later 

decreasing and becoming negligible . 
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(.3) .Another limitation of the N.AR 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 measm-e, 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 pirts 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, 19.39; Porter, Pal , and '1artin, 1950 ). 

( 5) ~lAR 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 a mean - fluctuations attain increasing 

amplitude as age of the pl.ant increases e . g: after 8 weeks in maize -

(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.A. 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 seem to be to use a basis of reference appro­

priate for photosynthesis, since this must be the dominant process vhenever 

increase in dry wight is taking place. Williams (1 9.39) preferred to express 

N.A. R. on the basis of leaf protein-nitrogen E although t his envolvea p 
elabo~te analytical procedures and it is doubti'Ul of its superiority. Hence 

it is better to continue to use the leaf area basis for the sake of uniformity. 
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RE,'VIEW OF LITERATURE. 

CHAFTER II. 

Usgs of Growth Analysis in Cereal Physiology 

1. Leaf growth and Crop yield: 

The problem of increasing agricultural yield is £undamenta.lly the 

problem of ho.,.r to increase the total annual photosynthesis/unit area of crop, 

hence size of the photosynthetic system must be one of the determf~nts of 

crop yield. TotaJ. annual photosynthesis is a measure of the size, efficiency 

and duration of the photosynthetic system. The 1.~·1.I. (awn of the laminae 

areas/unit area of land) ca.n be taken as a '!leasure of the size of the photo­

synthetic syste~. 

1. Methods of increasing L.A . I . 

(a) Nutritional. 

tUtrogen increases leaf area throughout the growth period; 

phosphate increases leaf area particularly in the early stages of growth, 

later it hastens leaf senescence , eventually it may decrease leaf' area, K 

tends to delny leaf senescence. 

(b) Species . 

To secure maxi.'.nal 1) . f . production in cereals., nigh values of L that 

persist for such a short time should occur wen seasonal -weather conditions 

are most favom-able for photosynthesis i . e: June and July for annual 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 E has fallen below its mid-eurnmer :na.ximum. The important point is to 

increase Lat 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. 

Limitations: 

As L incret1Ses a point is reached where mutual shading of leaves 

must eventually begin to decrease the rate of photosynthesis of part of the 

foliage and so to decrease E. If E Yere independent of L, the rate of 

increase of D.J. per unit area of land, crop grovth rate (Ex LAI) woul.d 

increase indefinitely with L, but mutual shading prevents this . Watson {1954) 

found that increased LAI caused decreased r , and the effect was greater for 

kale than for sugar beet, probably due to growth forms . 
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Relative importance of LAI and E as determinants of yield. 

The lirnit to crop grovth rate is set primarily by climatic and soil 

factors e.gi length of the frost free period. Yield is decreased \lhen the 

growth period is shortened by late planting of spring crops or by early 

harvest . 

,1 measure of the efficiency of the photoaynthetic syste11 is 

provided by the rate of increase of dry '.Jeight per unit leaf area, N . A .R. or 

E, which can be esti11ated from successive determinations of dry weight and leaf 

area at short intervals throughout the grovth period. At present this is the 

only method available for making e~tensive ~easl..ll"ements of ~ean 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 

sa.rne species, and bet-ween seasons for the same crop in the same environment, 

Watson (1947) . Variation of~ within and between species is acco~pa.nied by 

relatively e,reater variation in leaf area, and yield of a crop from year to 

year is nore closely correlated with variation in mean leaf area than with 

~eun t . Com_E:nrison between species in respect of the relation of yield to 

L and E 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 , sugar beet wid potatoes is nearly proportional 

to the integral of Lover the growth period, i.e: the leaf area duration, u. 
Vari ation in nutrient su~ply over a wide range has little or no 

effect on E, atson (1 947) compared with the effect on L.n..I. In some cases, 

water stress decreases~ , but it decreases L more consistently wntson (1952). 
The existence of variation in l!. within species suggests the possibility of 

increasing Eby 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 yield. The main source or variation in E is 

change in external factors such as light and temperature i . e: show a 

seasonal trend associated vi.th climatic changes, and is maximum in mid summer 

and falls to zero in Winter. 

Heath and Gregorx (1938) summarised the available data on N.A.R. 

mostly del'ived from pot cultures, but including some field orope; over periods 

ranging from 4 to 14 wsks in order to el im:f nat,e the effects of short term 

variations in climatic conditions. Gregory concluded that the '!lean N •• R. 

during the vegetative phase ws approximately constant for all diverse plants 

and environments investieated. However, Watson (1947) disproved this as E ot 
4 species tested; sugar beet, potatoes (dicots), wheat and barley (monooote) 
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differed widely; results were from 15 experiments in 6 years . Ho1,1ever, 

differences in crop yield were attributed to wider differences in L. Of the 

species tested, barley "18.8 the most efficient in E over a short period followed 

by wheat. Sugar beet and potatoes do not develop a large L until late in the 

season when E has fallen, due to drop in temperature a.zxl solar radiation. The 

important point is that L should be at a rnrutimum when E is high. 

\--1ataon (1952} reported estimates of E for cereals sown on the sa'lle 

day for the period 27 ·lpril to 21 Ju_11.e: 

\'wheat Barley Oats 
2 

Mean E (gnv' m /wk) 35. 8 31 . 2 28. 7 .! o.65 

In wheat , watson (1947) found no evidence of My differences in E 

betwen 3 varieties of winter wheat Square heads Master, Yeoman and Victor , in 

2 years . Lupton (1961) presented data for E in 5 varieties of winter wheat 

and one variety of spring wheat, all uutu'TJ.!l sow. For most of the experi­

mental 1:>eriod the spring variety eko, had a higher E than the winter 

v arieties. This difference between spring and winter wheats was observed 

by watson, ' horne and French (1963) where E of spring varieties wa.'l about 50% 

greater. In this instance there were no di fferences between ,c; of spring 

varieties .,tle arxi Jufy I, but for nuch of dpril and 1ay B of variety 

Ca ,1pelle-Desprez was r,reater than that of the older vi.nter variety Squuresheads 

laster . Jifferences in e were caused by ':lutual shading arising from differ-

ences in L.A .I., and not changes i leaf phys iology. In a field experiment 

i nvolving 3 barley varieties, Plu11age ilrcher, Herta and i.Toctor, wats on, Tl.!2!:ru! 

and French ( 19 58) found no differences in E before ear e11ergence, but in a pot 

experiment Plumage ,.rcher had a significantly greater ,c; tnan Kenia, Herta or 

Proctor for part of' the experimental period . Thorne {1963) reported similar 

rates of apparent photosynthesis in leaves of Plumage ,rcher and Proctor both 

before and after ear emergence. Cannell (1967) using seven barley varieties 

ranging in grain yield potential found no consistent differences in between 

the barley varieties. Simil&rly, in wheat even though variety tle, one of 

the older varieties had a consistently lover Ethan the other cultivated 

varieties , no association was evident between and the yielding potential of 

t!E series of related varieties. In this study, the stronger relationship 

between mean leaf area and shoot -weight increase support the conclusion of 

Watson 1952, that dry-matter production can rnost readily be innuenced by 

adjustments in leaf area. Thus the variation in N.A. R. ' within ' species is 

not great, and too opinion of Gregory (1950) that , 'there is little hope 1n 

increasing efficiency of the photosynthetic process 'within species • , is 



9 

probably justified, unless there can be progress from selection for differences 

in pa.llisade cell numbers ot photosynthetic pathways e.g: the c
4 

cycle as in 

maize aJYi certain tropical grasses. 

Effect o£ PJ,ant spacing on Yield and Yield Components. 

:ereal 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 nt1tilber of fertile tillers per plant, the number of grains/ear, 

(this can be sub-divided in wheat and oats into grains/spikelet and spikelete/ 

ear), and finally grain weight. 

Plant Number: 

The first of tb3se 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 short:t,­

after brairding was found to change little throughout the season except at 

densities of more than 600 plants/m2• Kirby (1967) has shown that plant 

density in barley shoved no significant change t hroughout the season over the 

range from 100 to 800 plants/m2• In oats grown over a comparable range of 

densities there was some reduction in plruit number, but the :i:-elative range 

vas the same in all treatments, Jones and Ha.yes (1967). 

Fertile Ears. panicles per plants 

All cereals show a marked fall in fertile ears of panicles per plant 

as pl.ant density is increased. The data taken f'rom the above sited examples 

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

the effect. 

TABIE III. 

Cereal S peeies Plants/m 2 
No Ears/Plant 

( 100 4.1 
( 

200 2.5 Barley ( 
( 400 1.5 
( 

800 1.0 

A = Approx. 

( 20<:/' 2.1 * 
Wheat ~ 600- 0.7 * 

! 2oot 1.75* 
Oats 

700 0.7"? 
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In 'Wheat , at very low densities , where there is almost no inter­

plant competition almost JO ears/plant a.re 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 fewr plants at lower densities, 

but in all experiments for which data is available , the greatest number of 

ea.rs per unit area is found at the highest density. 

Because or intre.-plant competition, the greater number or extra ears , 

greater grain weight and grains per ear at "11.de s pa.cings compared with narrow 

spacings is partly off set. 

Grains per ear and groin weight: 

In barley, which has the s implest inflorescence of the cereal crops, 

changes in ear size with decreasing density have been shown by Kirby. E. J ., 

( 1968) where average number of spike lets/ ear falls from 26 at 50 plants/ m
2 

to 

16 a.t 800 plants/m2• In wheat and oats , where there lo a further component 

of grain nurnber/spi.kelet , the spikelet nu~ber falls with increasing density, 

but the number of florets per spikelet is less affected . The effect of plant 

density on the number of spi.kelets per ear reduces still further the effect of 

plant density on grain yield. 

Grain -weight is the final yield co,--nponent to be considered, and the 

last one to be detemined in the life cycle of the plant. Unlike other yield 

components it is difficult to dra\./ a ny general conclusions as to the response 

of 1000 grain -weight to plant density. l!.xperiments with wheat, oats and 

barley indicate that this yield co11ponent is least affected by plant density. 

Puckeridge ( 1962) has recorded in detail the effects of plant 

density on the grovth of 'Wheat, although he did not include N levels in his 

experimental design. Wheat was sow at a range of densities from 5.7 to 

3,540 x 1o3 plants/acre , an even denser sowing of 19 x 106 plants fer a.ere 

could not be maintained. 

TABU: IT. 

Initial Density Shoots/ ?lant: 

x 1 c} plants/ acre: Weeks from sowing ( 23rd 'fay, 1961) 

4 10 14 17 20 

5. 7 1. 8 16.4 24.9 40. 5 37. 0 
28. 3 1.9 16.1 30. 0 29 . 5 ZI . O 

141 . 6 1. 8 13. 7 11 .9 10. 6 9. 5 
7~.2 2 . 0 5. 5 4.1 3. 0 J.O 

.3 , 541 . 0 1. 3 1 . 6 1.4 1. 2 1. 5 

24 
33. 0 
24.5 
9.9 
.3.3 
1 . 2 
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As sho'Wl'.l 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 

700 , 200 plants/acre (a ;::iopulation slightly lower than normal field population) . 

At the highest population sho'Wl'.l (over 3 ti.mes a satisfactory field population ) 

few tillers are forrred and the number varies little. Since the time at -which 

the numbers of shoots ;,er plant were greatest depends on the plant density and 

the dates of ear emergence are similar to all densities, the decJ_ine of shoot 

nwnbers is clearly not directly related to some physiological stage of grovth 

or developnent. Clearly competition between pla~ts affects tiller number 

per plant us in this e::iqeriment , but there must also have been competition 

bet..ieen tillers 'within • the individual plants since the number of shoots per 

plant declined from a maxi-num even at the widest si:ecing. .:;ither 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 

numbers a.re adjusted without recourse to competition by using c. c .c (an antj,.. 

gibberellin ), Huinphries 1962 f ound that the increase in tiller nmibers is 

associated with a. definite decline in yield . This would sue,gest an ' internal • 

competition effect for available nutrients required for era.in growth. 

Tillerinp a nd ~eaj Yield in Cereals: 

Introduction: 

The life history and longevity of till ering in annual grasses will 

vary considerably with the time of origin (sea.son) and t he environment. In 

annual cereals , the time trend is such tha t live tillers reo.ch a peak in 

spring, falling to a minimum ' before ' ear emergence anJ varying litUe 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 (Uatson, Thorne and Frengh 1958, Thorne, 1962, Kirby. 1962, and in 

winter and spring sown wheat, De S ilva, '1961, Krishnamurthy. 1963, Watson, 

Thorne 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 or Nutrients: 

( a) Tzye of Nutrient: 

Gregory (1,37) summarised the data for barley 1n their relative import­

ance for tillering N> P>K. Watson (1947) showed that nitrogen increased shoot 

number and leaf urea per shoot; phosphate increased shoot nu'llber but had little 

effect on leaf area per shoot tending to depress 1 t in later stages of grovth by 

hastening leaf death. Potassium had little effect on shoot number, but increased 

leaf urea per shoot, possibly by prolonging leaf life. This order of importance 

of nutrients for tillering viz: N">P -,. J\ has similarly been found in grar-1sea . 

Langer (1959) found in Timothy that high N gave tvice the tiller nu'llber of low N 

at 3 weeks sLillarly for phosphate at 4 weeks, and for K these differences were 

not attained. It is not always clear what level of nitrogen is available to 

plants or how much the primary responses are distorted by increased 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 wre 

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 in.florescences without sLrnilarly 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 Ha-wson 

(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 U by senescing tertiary tillers to fertile tillers was small ( 2 . 8',t of 

maximum N content of whole plants). 

(b) Periodicity of Tille~!ll2 • 

Aspir1all (1961 ), (1963) in barley, and Langer (1959) in grasses have 

shown that mineral nutrition affects the number of fertil tillers ani the length 

of time over -which new tillers appear:-

Figure 2 . Piroline Barley epinall (1961) 
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Tille~inp and Ear emergence of Piroline Barley under ya.eying nutrient regimes. 

The time of onset of the non-tillering and its duration both depend 

on the nitrogen nutrition of the pl.ants. This has been sho\,lll to occur in 

Timothy maintained at 3 levels of Nitrogen (Langer, 19 59), 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 1.e: when nutrients were 

applied before germination. At lo-w N levels, tillering stopped sooner and 

after fewr tillers had appeared than those where nutrients were given at f'u.11 

strength. The degree but not the proportion of tiller death also varied with 

the amount of rrutrients applied. Continuous nutrient supply ( case B) in Fig. 

2 reduced the length of the lov 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. 

ph_ysiologically. Where small doses are given regularly, tillering is almost 

continuous while large doses of N given regularly cause an almost complete 

lack of effects of ear emergenc6 on tillering. 'Watson et al, (1958) sho\<led 

that in the field, ' Proctor' and ' Herta • Barley but not 1 Plurnage J..roher 1 

continued tillering after ear emergence when N was applied at sowing i.e: 

varieties do differ in their response patterns to nutrients. 

Cc) Tiller survival and Ear emergences 

There are two possible phenomena involved in the cessation of tillering 

on the one ham, and the appearance ot the ear and resumption or tillering on 

the other:- viz, internal competition for nutrients (especially N) and apical 

dominance (and influence from the ate apex) on 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 powerf'ul. influence than inactive ones, but since tillers 

develop their O\lll photosynthetic and root syste at an early stage, it is 

more than doubtful that the distribution of nutrients is the controll.i.Dg 

factor, even though it is possible to affect the onset and duration of minimal 

tillering by application of N. 

This problem has been studied in two nearly 'iso-genic' cultivars or 
barley segregated tor male sterility (Laude, Ridley and Suneson, 1967). 
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The nUll1ber of living tillers am tiller mortality was similar in fertile and 

a terile plants alike until 1 O days •after ' awn emergence. 

These authors state that this senescence is not attributable to the 

mobilization of nutrients into the developing grains , but tha.t the triggering 

mechanism for pre-heading shoot senescence ap;?ears to be operative at the 

initial stages of noral development and before mechanical debudding is 

feasible. 

Effects of Nutrients on the resu.~qtion of tillering: 

The level of mineral supply also affects the resUlllption 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 im.11ediate response in tiller production , but 

in later treatments , resumption of tillering was progressively delayed. In 

another variety of barley, evidence was obtained that the developing grains 

are competing strongly for minerals to the detriment of tiller-bud growth 

(Aspinall 196.3 ) . 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 aw 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 ' a experiments also shov 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 , Watson et al (1958, 1963) Thorne (1962), .Qe Silva (1961 ) , 

am Buntw (unpubl.. ). 

Apical dominances 

As in most plants , the expansion of lateral buds of cereal.a into 

tillers can be encouraged by removing the young infiorescence at a. suitable 

stage thus preventing the shoots f'rom becoming reproductive. Leopold ( 1949) 

showed that plants 1n wich the api cal region is damaged tiller freely unless 

lAA is a;:iplied to the damaged apex:. However , Thorne (1962) shoved that 

removing ears from ' Plumage Archer ' 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 bad no effects . Similarly, Aspinall (196.3) was 
unabl e to d8!llonstrate an effect of these t reatments , and suggested that the 

pat tern of growth of t he pl.ante was already determined in some wey by the 



distribution and supply of carbohydrates and nitrogen. 

Inter- tiller relationships . 
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That :naterials for gr owth can 11ove from one tiller to another has 

been demonstrated in young wheat plants using tracer C 14, Lupton ( unpubl . ) , 

::<,U1 nl sm and Sagar ( 1962) , however movement from parent shoots to the younger 

tillers decreases with age. when surplus tertiary tillers are re~oved , the 

yield oi" the rest of the plant can be increased Hashimoto e:t.. aL ( 1956) , 

Hirano and Shimada (1960) arxi I-Shun (1958) and ~filler (1949) in wheat, and 

Tincker and Jones (1931) in wheat. Recently, Donald and 1ta.wson (1969) 

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 am01mt of N 

transferred is small . The death of tillers is associated with the movement 

from them into the parent shoot of minerals a.rxi certain carbon compounds; this 
was shown by Dungan (1931) in maize , by Ngkwnura (1 956) in rice, and by Smith 

(1 933) and Palfi and Dezai (1960) in wheat. 

Thome (1962) noted that when tillers of Plumage Archer barley died 

there was no check in growth of the \ilhole 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 band , Krishnamurthy (1963) found 

that the ubs olute growth rate of 4 varieties of winter wheat waa markedly 

decreased at the time 'When tiller numbers were falling . The interruption in 

the growth curve of the plants as a whole was not refle cted in the vurve for 

the main axis , but appeared as a net fall in the weight of tillers . In 1962 , 

in a similar series of observations , the fall in absolute growth rate \185 much 

less marked because the losses of tillers were spread over a much longer period. 

Patterns of Tillering in relation to yield. 

Temperate cereals , barley and wheat exhibit differences in shoot 

survival , although the generalised time trend is similar in both species; 

Watson E!i_al (1958); Thorne {1962); Kirby (1967); Laude ~QJ.. (1 967) . 

Exceptions to this generalised tizoo trend were recorded in ' Herta. • barley by 

Watson et l!i. (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 ~ 1958; Thorne 1962; K1rb;y 1967). Bunt1ne and Drennan 
(1966) draw attention to varietal differences in the proportion of shoots 

forming ears , and concluded that highest y i elds are often obtained from 

variet ies in which tillering is limited. Bingham (1967) showed in an 
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experiment -with wheat that this association held in that the ' proportion I of 

shoots forming ears was leaat in the older variety 1Holdfast • and greater in 

the newr varieties I Professeur Marchal I and I Cappelle-Desprez ' ; the varieties 

differed in yield approximately in the ratio 75s 95: 100, Holdfast , Professeur 

Marchal and Cappelle i'.:esprez 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 i~rcher ' gro\lil in pots produced '!lore shoots 

than did the higher yielding I Proctor•, but had fewer ears at maturity because 

some shoots died about 7 day::i before ear emergence. It is interesting to note 

that in this study the nu-nber and position on the plant of the shoots that died 

were not always the last to be produced. 

Relation of shoot comoonents to yield: 

Many workers e . g: Engledow and Wadha.".l (1923), Thorne (1966) and 

Cannell (1969) have found that the earlier for:ued tillers have higher survival 

rates and contribute most to grain yield. Thorne (1966) made a study of 

component tillers to yield in pot grow barley. At lov level of N, ' Plumage 

11rcher1 with a peak of 3 . 5 shoots/plant and a final number of 1 . 5 shoots/plant 

derived nost of its final yield from the main stem and the tiller at the second 

node. In I Proctor• , the maximum shoot nunber per plant was 3 . 3 and the final 

number approx 2. 2; the third node tiller contributed more to final grain yield 

than the second . ii. t high levels of N, P11.l!Il8ge JLrcber and Proctor had :n~imu,n 

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'.t of its yield 

from the main stem and from tillers at the 2nd., 3rd . , and 4th. , nodes , while 

Proct.c,r derived 82i from the sa.rne 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 t'WO barley varieties Spratt ~rcher (representing old) and 

,.faris Badger (representing new) under tw fertilit y regimes , low N and high N. 

The newr variety appeared to be more ' adaptable I in terms of the number of 

shoots surviving per plant than the older variety. Whereas at a higher level 

of N there was very little difference in tiller survival- peak values being 6. 7 

for Spratt Archer and 7. 1 shoots per plant for Maris Badger respectively, 

under low N there was a considerable divergence. Krishnamurthy (1963)tound 
in t i ller marking studies in too field with 6 vheat varieties tha.t 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 . Kbatri (1965) -working with New Zea.land bred varieties of wheat 

found the best yielders to be those 'With the higher numbers of surviving 

tillers . 

From the e,ridence cited it wuld appear that shoot survival is a 

varietal characteristic that plant breeders cannot afford to overlook when 

examining yield components of cereals . Studies to explain why more of the 

early formed tillers survive in the more ·nodern 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. S ince this character 

is affected 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 a.ci the nitrate-reductase system (Zieserl et al 1963) . 

single versus :1u1ti-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 adv-a.ntage 

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 permitted 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 nurnbera of fertile 

spikelets per ear, grains per spikelet and also smaller percentage and absolute 

nu'Bbers of sterile spikelets than corresponding treatments with 3 culm or 2 

culm plants . 

Effect o!: Uniculm §!lg :.ful~1£!aJ.m Hab! ts on Yi~lg 
and Yielg Comoonents . 

Fertile Grains/ Weight Yield of 
Dispersed 3- S pikelets/ culm spi.Jl:elet /grain grain 
culm plants 100 100 100 100 

Dispersed 1-
culm plants 110 114 101 107 

sign* sign• N.S • sigztt 
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The total effect of the uniculm habit involving both the uni-culm 

influence and the increased dis pers&l 'Which it permits, is best illustrated 

by comparing dispersed 3-culm and 1-cul.m 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 for'!led root systerrG . other reasons are also suggested such as a 

longer period of apex differentiation by main sterns 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 

:;owing rates would be needed . Similarly the capacity to grow 'With its like 

neighbours with :ninima.l mutual interference may also mean that it is susceptible 

to competition from weeds , Tanner et!!. (1966) . Thus the concept of seeking a 

minimal intensity of tiller competition in cereals ~oderates any significance 

of high yield per plant . The important aspect is not that a plant grow large 

but only that it makes good use of its environment above and below ground. If 

the cereal plant although o.f low absolute yield is efficient in using its 

restricted environment within the crop and is of low competitive ability 

ae11inat its neighbours, then high crop yields can be secured simply by increas­

ing the population or density. 

Effects of the environment: 

(1 ) 1oisture Stre~s: 

l'\Spin.all (1964) has show in barley that a water stress before stamen 

initiation in barley is likely to influence only tillering. A single cycle of 

stress 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 given 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 ; ~ and Watson 1956 in sugar beet; Robbins 

and Domingo 1962 in wheat. .iUthough this rnay be associated 'With the uptake and 

distribution o~ nitrogen Stan.hill (1958) , tiller buds have also to be 1n a 

responsive condition. Stress late in development gives a much smaller increase, 

if any, in tiller n'WDbers as in nutrient supply, Pi.gall (1961 ). Alternative-

ly the maintenance of apical dominance by major tiller apices ma,y depend on 

their continued growth, and a temporary check during soil moisture stress rrs.y 
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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 viev that since P and N 

migration is least pronounced in the most active and developing leaves and in 

rneristema.tic tissue, ~n removal of the stress further cell division rnay be 

stimulated by increased availability of N and P compounds in the vascular 

system. 

\.~here soil moisture stress is continued for 11ore than one cycle, 

however , tillering is curtailed by a stress occurring late in development 

(anthesis). In thi::; case, late tillers which elongate after ear emergence in 

barley lll'e completely suppressed. The data collected by Aspinall , Nicholls 

an:i Aay ( 1964) , supports the contention that the organ which is growing most 

rapidly at the ti'116 of the stress is the one most affected; as found by Hagen 

et al in clover. In barley, the effect of reduced tillering by a stress is 

greater the earlier the period of stress , and is probably related to nutrient 

uptake and distribution i.d. thin the plant. Grain number per ear is seriously 

affected by stress occurring prior to a..,thesis , an effect probably associated 

with the process of spikelet initiation and luter with the formation of the 

gametes . Grain size, however, is reduced more by a stress at e..nthesis and 

shortly after. Chinoy (1962) concluded that varietal differences in drought 

resistance in wheat reflected differences in stage of maturity between 

varieties rather than ans- genetic difference in resistance to wilting. ~;ells 

and Dubetz (1966) concluded that in barley, the effects of stress on grain 

yield were greatest at or near anthesis. They al.so 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 i s of short duration and the ma.j ority of the 

population nower sirnultaneously. In wheat and barley, Watson 1952, Asana and 

Saini and others have shown that continued active photosynthesis after fruit 

set is also a most important determinant of final yield. Wardlaw (1967), 

studying the effects of water stress on translocation in relation to photo­

synthesis and grovth during grain developnent 1n wheat found that gre.in growth 

vas unaffected b1 several d838 of leaf wilting and this was partly aecompenied 

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. ardlaw suggested that water stress acts directly on the 
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leaf rather than indirectly through effects on grovth or sugar movement within 

the conducting tissue. 

Asana and~ (1963) using an Indian 'Wheat lbc281 subjected to 

intermittent drought sho-wed that during the early stages of grain development, 

( the first fortnight uf'ter anthesis) although 'Water stress reduced the increase 

in dry weie,ht of the shoot and inhibited accUMulation of sugars in the stem, 

the incrense in grain weight was not affected. During the later stage 

( between 27 and 34 days later) , erain -weight was reduced under water stress 

ano this effect was attributed to reduced photos.},nthetic activity resulting 

from rapid yelloYing of the ear, and depression in the rate of transfer of 

stem sugars to the ear as indicated by their suboequent hie.her level in the 

s tem. 

For deternina.te species such as mD.i.ze there is evidence for a 

marked critical period of water stress effects on reproductive development. 

Data of Denmeo.d and Shaw (1960), and Robbins nnd Domingo (1 <) 53) have shovn 

thut 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\. am 5CY, grain yield respectively, Robbins and 

Domingo ( 1953 ). Stress a~Jplied \.lhile the pl3.!1t is still actively expanding 

retards enlarge11ent of plant parts . ilecovery when the stress is removed 1s 

not blIIledio.te but growth rate a )pears to return to nor:nal 1...fter a few days . 

,i si"'lilar lag period followed by recovery ir reported by HnPen .e.t al for 

Ladino clover and by Van i)er Pa.aw {1949) in oats . Early stress has an 

indirect effect on grain yield through reducing the size of the assi:nilatory 

surface at the tiroo of ear developnent. 11 yield reduction of 21 ; from stress 

during ear formation, Den"leud and Shaw (1960) is largely due to a reduction in 

the photosynthate produced . Van Der Paaw (1949) found that a critical ;,eriod 

for oats was evident at heading and that lower yields were primarily due to 
barrenness of the innorescence. 

2. Temperature effects on growth in cereals: 

The generalized temperature response curve for growth of plants 

follow closely the shape of an enzyme res ponoe curve rising rapidly at the 

lower temperature range o0 to 15°c and less r apidly 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 temperatm-e response is know for 

many plant tissues and includes rates of photosynthesis and growth of 

coleoptlles, stelll3 , 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) . 

TJJ3LE I . 

Effect of Temperature on Root/Shoot Ratio. 

Tem~ratur~: Spring Spring Oats Maiz~ 

oc Wheat( Peko) l:3arley(Herta) ( :4arne) ( Pioneer) 

1 o0 1 . 5 1 . 7 2. 2 

16° 3. 0 J . O 4. 0 J.O 
25° 4. 2 3. 0 4. 0 5. 0 

From the above table it can be concluded that root/shoot ratio 

generally increases with temperature , (also observed by Khalil; 1956 ). 

At tenperatures just above zero cereals show ratios betwen 1 and 2. In the 

r ange 10°-16°c much higher values are reached, and between 16° a nd 25°c 

several species seem to show a maximum, or at least no further increase . Also 

there are distinct differences between spring sow temperate crops and sub-

tropical crops s uch as maize. In the l atter, the shoot/root r atio and growth 

rate increase without reaching an optirnulll value within the r ange shown. Also , 

co!11parisons of Tables I and II sho-w a clear agreement in temperature response 

between shoot/root r atio and growth r ate. This is strong evidence t hat the 

growth response to temperature ls mainly governed by shifts in the shoot/root 

ratio. 

T.11.BLE II. 

T~moeratur~: S pring S pring Oats: .faize: 
Wheat: 

10°0 32 
16°0 22 

25°c 20 

Barley: 

20 

12 

11 

23 
20 

18 

19 

9 
Number o:f dSJS in which the Dry Weight of Juvenile Plants increased 

1 0-fold under Optimal Conditions . 

The temperature determines the ultimate size as the result of a 

mutually independent influence of temperatm-e on growth (increase in dry weight) 

and development ( length of the gro-wth period) . For small cereals , the time 

available for production is reduced by a rise in temperature "1ithout being 

sufficiently compensated by more vigorous growth so that plants remain smaller 

when the temperature is higher. hen the temperature is raised from 1 o0 t o 

16°c, the rates of growth and development are accelerated stronger than in the 

range 16°c - 25°0 . 



T,;1.BLE III . 

lfo . of Days from Bmergence unt il Heading in Cereals or Flowering 

in Maize: 

Tcm~rature: Spring Spring Spring 
oc Rye ,,he1..1t Barley 

1 o0 82 129 99 
16° 51 70 63 
-::50 37 57 52 

.1. iBU IV . 

ilccelerution of the Hates of Growth and uevelopment from a 

Rise in Temperature : 

Rise in 
te11gerature: 

1 O -16°C 

1 • Rate of Growth 

Sprine 
Rye 

1. 4 

:? . 11 11 development 1 . 6 

16°- 25°c 

1 • Rate of growth 1 • 1 
r, ti 
r.. . 11 .Jevelopment 1 . 5 

Spring Spring 
i1heat Barley 

1. 4 1 . 7 

1. 8 1 . 6 

1 . 0 1 . 1 

1 . 3 1 . 2 

.faize 

-
87 

50 

:-1aize 

2. 1 

1. 7 

23 

Gro-wth = To . of days in 'Which the .Jry ,,eieht i ncreared 10-fold at 

10°c (16°c) divided oy tne sa:no vnlue at 16° ( :-:5°c) . 

TliL11E V • 

Dry I eight (mg) of Plant ( To~) at the mo11ent of Heading (s,llall 
cereals) or for fir r t fiowering ( , ~ ze) attai ned at Reveral 

constant temperatures . 
oc Spring S pring Spring 

Temperature : Rye wheat 13urley Oats ,•1aize 

1 o0 8780 16, 240 12, 000 16, 21 O 

16° 4560 11 ,100 6,790 9 , 750 13, 600 

25° 405 7, 250 5,400 7 , 350 35, 150 

For maize , the reverse relations hold , i . e : when the te~perattn"e 

r ises from 16° to ?5°0 growth is accelerated relat ively more than devel opment, 

so that the plants finally become larger, i . e: maize ha.~ the ability of com­

pensating and even over compensating for the acceleration of development a t 

higher temperattn'es by a relatively still greater increase in daily growth 

r ate. 
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The effect of temperature on R.G.R, and its components . 

The relative growth (R.G.R.) provides a means of comparing efficiency 

of grovth of plants of -widely different size and can be separated into a 

morphological component, the L. A.R . (1/vJp dm
2
gm-

1
) and a physiological compon-

ent Ea . :i.n increase in temperature over the range of 10°-25°c results in 

higLer values of A/wp in ~uis spring -wheat (Friend et aJ 1965) because of 

increases in both A/Wl (Unit leaf weight, dm
2

gm-
1

- a measure of leaf thickness) 

and ~1/wp (leaf weight ratio, or way in ~hich the aRsi:nilates are distributed 

between leaves and the rest of the plant) . .tUBO since , .G . R. = Ea x .4/Wp, 

( Hughes 1962) an increase in tE; :1perature over the range 1 5° - ?o0c leads to a 

higher v&J.ue of H.G.h. in vheat because the increase in 1vwp (.LM.R) more than 
0 compensates for a decrease in E.a.. hbove 25 C, rl.GR. is reduced by a decline 

in ,v'wµ. 

In maize, however , ~,ilson 1967 showed a linear increase in E , HGR 

and Ln..H. over the temperature range 1 o0 to Jo0 c wider controlled environments . 

1Uso an increase in te~perature not only raised the general level of Ea, but 

also stee;,ened the res poni::e to radiation. other , ultiple regression studies 

l 1ctve sho1,1n increase in Ea \.Jith duily rWl[e of temperature in barley, clover 

and tlotatoes (Grerory 19:-'6; '11.:::ck 1') 55; ~, utson 1')47) . .. . . . . . .. (Ea) DJ.so varies 

between s"Je.11 cereal species, e . g: ..... tson 1c,, 47 ,::_ ncl leclitlEW with time in 

3arley, t-Ven illl..:er const, .. :.nt co:iditions , Tl iorne 1';)61 . 

1 l"lean 1 ~H. wheat Barley 0-.1ts 

/ 2 - 1 g!llS dm wk 0. 358 0 . 312 o. 287 

'l'he decline in wheat is '!loot rapid at a te:npera.tm-e of 25°c, with 

high light intensities and long day lengths when growth 311d self-shading are 

also rapid. Gregory (1926) found that J . .. . . of barley .. a..., positively 

correlated with mean daily rnaxi~um temperature and negatively correlated with 

mean dally minimum. His interpretation was that high night ternperatl.ll"e 

increased respiration lo~s and so reduced :~ • •• • whereas high day te,'llperature 

increased j iR by increasing photosynthesis . In oats , Stoskopf ~ aJ. (1966) 

found a significant correlation of + 0. 691 between Ni and diurnal te'll rature 

difference asured at ground level within plots . The:Je authors suggested 

that since IT .R. failed to correlate too well with diurnal temperature range, 

solar energy may be the real cause for variation in N • • 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 r ate of tillering than on leaf pro­

duction by an individual shoot. In wheat, a rise in temperature from 20°c to 

25°c increases the rate of leaf production to a greater extent than that of 

tillering; s o that apical dominance is greatest at high temperatures ( J:i"riend 

et al 1962) . The close correlation between the ratio of root -weight/total plant 

weieht and the degree of apical dominance under a wide ranee of environmental 

conditions suggests that increased tillering at low tenperatures and high light 

intensities is brought about by the increased supply of photosynthates . A 

similar control of tillering in barley is reported by Po.leg and Aspinall 1 1964. 
\,hen the tenpera.ture is increased from 1 o0 to 20° or 25°c, the demand for 

assimilates by the ma.in axis becomes greater because of stimulation of cell 

division and the increase in rate of leaf prirnordium fo tion. (Friend~ Al, 
1962). In consequence , the supoly of assimilates available to tiller buds and 

roots is restricted and apical do,inance is increased. •~he ' percentage sur­

vival ' of tillers is not affected over the tc-1,"lernttrre range 1 o0 
- Jo0 c and 

light intensity range of 100o-20JOf.c. '{o,;ever at lo~.: te:nperature although 

rate of tillerinf is ::,low, the dur"'tion of increa::-e in tiller nu11bers contin­

ues for lonper tho.n at high te:n:1eratures Jecause of del:>.yed flowering . 

Tho effec t of the enviro-1 '1€·1t on leaf rrowth i.... of pri::ie i;nportence 

for growth of cereals . 'fhe rate of formation of single ridges , the earliest 

st· .. ge of a leaf primordiu-r1 increases with increusing tem)erature over the range 

1 o0 to 25°c in wheat, Friend (1 965 ). .\n increase in t emperature over the range 

1 o0c to J0°C results in narrover and thinner leaves . The le.-if length and area 

increases 'With increasing temperature over the range 1 o0 
- 20°c or 25°c and 

declines at 30°c for lJheat (Friend et.!!! , 1965) . 

The Physiological factors associated Yi th Grain Yield in Cereals : 

Understanding the control of I economic yield I in plant physiology 

envolves knowledge of the following factors: 

(1 ) ~hich parts of the photosynthetic system acts as sources of 

dry tter for economic yield. 

( 2) hat internal factors influence their photosynthetic activity 

and dry matter partitioning . 

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

(4) kha.t effect has respiratory losses on the accumulation of 

economic yield. 

( 5) What part does the environment play. 
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Sources of pry Matter 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 co2 
assimilated ' after ' the ears emerge as 1n 'Wheat and barley Thorne (1962), and 

after flowering as in rice and maize, Watson and Allison (1965) . The evidence 

that sugars foraed before ear emergence and stored in the root or shoot con­

tribute little 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 

un:ler normal conditions . Loss of sugar from the stems and roots of barley 

after ear emergence could account for only 2CY;t of the grain and vas probably 

caused mainly by respiration (Archbold and Muker:tee 1942) . Again , the CO2 
absorbed after ear emergence by the part or the shoot above the flag-leaf 

node including the ear accounted for most of the grain dry wight of barley and 

-wheat (Thorne 1963 , 1965) i . e , 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 number and potential size of the ' sinks I 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 1 ts D f ( leaf area duration after ear emergence) 

was only 17% greater than that of spring wheat. The relationship between 

grain yield and D can be described conveniently by the ratio betveen them, 
called the grain: leaf ratio, G, by Wa.tsQn n y 1963. G is a measure of the 

photosynthetic efficiency of the leaves in producing D. '1 . for grain in the same 

way as F.a 111:3asures the photosynthetic efficiency of the leaves during the 

vegetative phase. G is 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 1n the following relationships 

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

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

RN and Rd are respiration losses by night and dq 
res pee ti veJ..y. 

These above can be expressed as percentages of final grain weight or 

of increase in ear weight bet wen antheais azd 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 (196J}; Kriederpan (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 or the plant, Allison (1964). The sheaths al.so probably contribute 

littJ.e to the grain filling period as they provide only about 18 to 20;t of the 

photosynthetic area, 'wlhich is much less than in wheat. 

Rice resembles wheat 1n that most or the carbohydrate 1n the grain 

1s produced by photosynthesis after the ears emerge; howver up to a third may 

be contributed from carbohydrate stored 1n the shoot, Takeda and Murata (1955), 

Yin et al (1956), ~ (1962), and in Barley up to 20% from the same. 

Methods of study: 

A. Ear and Stem shading. 
Leaf' removal or shading. 

ContribuUons 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 or the plant; e.g: 

from shoot to grain as a resul. t of shading or leaf removal. 

(3) Greater photosynthesis in other parts of plants. 

B. Use or tracer c140;z in gaseous exchange stUdies using an infra-red 

gas analyser. 

c. other methods. 

Buttrose and ,!3I (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 rt\Stricted by ~hading. 

W = PE+ (R/n) where W = grain wt; R = total reserves translocated 

from shaded perts n = No. ot grains compared vith controls. Lupton ( 1961 ) 

and Buttrose ( 1962) used this method with wheat. In wheat• this method gave 

values of PE of 21-5~. 

Coonlarison ot . tbodas 

The following is a comparison of' values obtained for PE for the 

different methods:-
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1. Shading and Excision. 

Crop. Experimegter, Meth29: Value of PE, 

Wheat Thorne G. 1962 Pot Trial 14% 

...tuinlan & Sagar 1965 II II 25% 

De Silva 1961 Field 11 26% 

Boonstra 19 29 ti II 30,, * 
* = leaves and stem 25% each. 

~ - Ex~riraAAte[: i..fethod: Value of PE : 

2. Barley Watson & t~rman 1939 Pot trial 25% 
Archbold 1942 11 II 30% 
Watson et al 1958 11 11 '21:,'I, 

Thorne G. 1962 u n 10-14% 
ti II 1963 Field " 15-39% 

The lower part of the shoot seems to contribute little to the grain. 

Grain dry wight of barley w.s decreased by only 15% by shading the shoot 

below the oo.se of the flag leaf sheat (Watson et al 1958 ). 

co2 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 infra-red CO2 
analyser or by an absorption technique, because auto-radiography show that 

CO2 absorbed by the ear is not translooated to the shoot; Buttrose and '-'1.,r 

(1959); Lupton (1964) . Competition betwen kernels is not evident, although 

it can be induced 'When carbohydrate supply is artif'ically depleted by shading 

or s pikelet removal. The disadvantages of enclosing organs to easure their 

C~ exchange and the possible bias in the resulting estimate or contributions 

to the grain are that enclosed organs probably photosynthesize lees 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 or different varieties , provided enclosure affects them all simil­

arly. 002 uptake during the day, summed over the life of the ear gives PE -

Rd , and CO2 output at night measures Rn. PE 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 pl.ant interference to photosynthesis and 

respiration. Hence these give probably the most reliable estimations than 

shading methods . 



Barley 

Wheat 

Barley 

Experinenter: 

Porter et al; 1950 

Thorne G. , 196.3-65 
II II 

:..fethod: 

Pot 

Field 
II 

Value of PE: 

7~ 

17-30% 

67-91 % 
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The value of P.l!: for barley is generally higher than that of v1heat 

especially in this method. 

Attributes likely to enhance grain yield . 

(1) S ink Capacity. 

Grain yield -will be increased by increasing the capacity of the plant 

to produce grain assimilates; only vhen there 1a an efficient 11 sink11 to receive 

it, i . e : when enough grains are able to grow large enough to accept all the 

grain D • .f. that could be formed . Very little is know about the relationship 

between cereal yield and the capacity of the ear to accumulate dry matter, 

although Thorne Q, (1962 , 1963) has shown that it can be increased by shading 

the ear or decreased by removing some spikelets from ears, Nos berger and Thorne 

( 1965) , \1ardlaw ( 1965) . Wardlaw found that removal of grains from 2 out of 3 

consecutive spikelets reduced the velocity to assimilate movement to the ear 

from the flag leaf in wheat am increased transfer dow the stem to the roots . 

The yield of modern barley varieties seems not to be restricted by 

the •capacity• of the ears to accwrrulate or accept dry 11B.tter e . g: 1000 grain 

weight versus yield increase in N.I.,i . B. trials ( U. K. ) between 1956 and 1963. 

1 000 grain weight of 12 barley varieties introduced since 1946 increased 

nearly linearly 'With yield . Regression coef ficients of 1000 grain weight on 

grain yields were Kenia b = 0 . 24 , Rika b = o. 28 , Union b = 0 . 2~ , Proctor b = 
o. 28 , Ma.ythorpe b = 0. 56. 

1000 

Grain 

WT 

P...fil.b 
Introd. 1934 

30..._ _________ ___ _ 

1 5 20 25 30 ~'9 40 45 
Grain WT/ acre 

There 'W8B no curvature towards 

MAYTH0RPE 

Introd.since 

15 20 25 30 35 40 45 
Grain WT/acre 

the yield axis when yield vas large~ 

such as would be expected i1' grains have a limiting maximum s i ze that was 

approached when growing condi tions favoured l arge yield . 
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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 15°c after ear 
0 emergence had a greater 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 tht ~a..-s were shaded and therefore should have been larger sinks . 

Grain yield 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 

fewr . 

The main determinant of yield in \beat is grain weight/ear (Bunting 
et al , (1964) which is correlated with grain size in 'Winter varieties and grain 

number in spring varieties (Krishnamµrt.gy:, 1963) whereas tm larger yields of 

Proctor and Herta barley than that of Plumage rlrcher depend more on ears/ acre 

(Watson et al. 1958) . 

Tillering and Tiller survival: 

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

yield). 

Increasing the number of ears should in theory be a good ':lethod of 

increasing yield because the capacity of the system to produce and store grain 

dry matter should be increased. Producing fewer tillers with higher survival 

rates seems more economical and is characteristic of better yielding varieties, 

e. g: Watson and Thorne (1958) found that both Proctor and Herta barley out 

yielded Plumage Archer by 1 5% in field plots; while plants of Plumage Archer 

grow in pots produced more shoots than did Proctor, less ears at maturity 

vere produced by Plumage Archer because some of the shoots died about 7 days 

before ear emergence. This may not always be a characteristic or higher 

yielding varieties, e . g: a fairly recent wheat variety • Professeur Marchal • 

which yields well produces many more tillers than am-vive to form ears , 

Krishnamurthy . ( 1963). Tm capacity to produce more tillers than survive may 

have its advantages; it compensates UIXier conditions wich restrict tillering 

or cause some tillers to die, e . g: attaclllS or fungal or insect diseases , 

water shortage af'ter ear emergence N deficiency, etc. The dry matter in the 

tillers that do die lil83 not entirely be -wasted, e . g: all t ne 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 , Thorne G. (1962); Donald and 

Rawson ( 1969 ) showed this 1n 1i1heat also. 
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Size , duration and efficiency of the Photosynthetic surface after flowering 

and Kar emergence: 

The moat obvious 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 aIXl 

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 aeainst time. D will be 

large vhen maximum L ia large , "When maximum L is delayed, and especially when 

it occurs after the ears emerge, and 'When L pers ists for a long time • 

.'.f.ineral nutrition can affect the change of L with time and hence D 

and yield . Grain yield and D of winter \lheat \lere increased by giving N 

fertilizer, giving it early increased maximum Land giving it late delayed 

senescence Thorne and Watson (1 955) . 8arley loses leaf faster than spring 

wheat but at least 'When given N, barley has greater maximum L s o that D of 

spring imeat am barley may be similar al though their leaf area curves differ 

in shape. Grain yields of 3 varieties of wheat vere more closely related to 

the duration after anthesis of the leaf area above the flag leaf node than to 

the dm-ation after ear emereence of total leaf area, Wallbank et al (1965). 

Differences in leaf angle occur in soroo cereals, but their e f fect 

on photosynthetic efficiency has not been invest~ated; Donald (1 963) . 

Increasing the r ate of photosynthesis by the leaves that contribute to the 

erain, should increase grain yield, but although cereals have been f ound 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 betwen species ond also between varieties, 

but the differences cannot often be associated with equivalent differences in 

yield. Barley ears absorb mare CO2 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 awed ones, ~ sana and~ (1950) . lmB have chloroplasts 

am stomata, Grundbacher (1963) aIXl can photosynthesize. Some cereal strains 

with awns yield better than awl.ess ones especially in a drought, but not all 

do. Individual ears of Proctor barley photosynthesize s lightly 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 Plumage Archer. Thls wuld seem to account tor its 

greater yield , Thorne (1963 ). 
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Greater translocation to the grain of carbohydrate formed in the 

shoot should increase grain yield, 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 f orrner in 2 out of 3 experiments. { Thorne 1965). 

~rrect of the Environment: 

Mineral nutrition: 

In wneat, Single w.v ., (1 964 ) found that spikelet nuY!lber per ear was 

more than doubled between O and 8 ,,pm of applied N. A further increase in N 

concentration to 56 ppm gave an improve-nent of less than 20%, suge,esting a 

limited reSIX)nse. In wheat, Single \✓ .V. found that low N had less effect on 

the number of florets initiated/s pike let than on s pikelet number/ ear. However, 

raising the N level at various times until e:nereence of the nag leaf increased 

grains/ ear to approximately the same number because lack of spi.kelets in plants 

treated late was compensated for by greater fertility in the 3rd and 4th 

florets which otherwise rna,y not have developed . 

Tin.a of application is important, for Thorne (1947) showed that grain 

number/ear resIX)nded to N p,iven in spring , but its application at ear emergence 

had no effect on inflorescences already present. In barley, Gregory (1949) 

recorded s. high proportion of sterile no"181"s in plants receiving excess N in 

relation to their P status. Earlier vork had shown the i11portance 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 also the period over which nutrients enter the plant, particularly 

as the assertion by Gregory F ,G. (1 937) that barley grown in pots ceases to take 

up N at the beginning of the reproductive phase has not been substantiated by 

AspimalJ D. (1963) and other workers . 

Temperature and light: 
In wheat and other small cereals, high light intensities or low 

temperature resuJ. ts in high total plant dry wight at anthesis, Friend et !,l 

1962, with large stems and ears with ma.ny spikelets . Ear dewlopnent can be 

related to the differential. effects of temperature al¥i light intensity on the 

processes or growth and developnent. Low temperature retards the rate of 

developnent of the em- resulting in larger ears at anthesis . lDv light 

intensity shortens duration of ear developnant resulting in smaller ears with 

fever spikelets. Friend et al (1962) found that at 10°c spikelet nU11ber 
0 continued to increase, while e.t 30 C spikelet number stopped increasing at 
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about the stage of anther development. The inerease in number of spikelets 

on the mature ear at lov temperatures is brought about by a larger apex with a 

higher number or ridges at the time of doublt ridge formation. Working 'With 

4 varieties of wheat, Langer ( unpu.bl. ) 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 

s pikelets , compared with over 14 in plants exposed to 16 hours of light at 
0 15. 5 C. The effect of temperature on rate of spikelet formation depends on 

light intensity. In general , plants in weak light have more primordia to 

start with, but as spikelets are initiated more slowly und over a shorter 

period than in bright light the ears are shorter vith fewer spikelets . 

Similar effects of day length, light and temperature are reported for phleum, 

(Langer) 

In rice, Ueki K. (1'359) found that numbers of tillers and spikelets/ 

unit area decreased as the temperature of the .irrigation water rose from 22° 
0 • 

to 30 C. The numbers of grains ani grain weight/unit area were greatest in 

plots in which too mean w.ter temperature was 25-26 °c and the maximum temper­

ature was under 30°c. 

\ovorking with tw Indian wheat varieties, Asanu and Saini (1962) found 

that high temperatures initially increased the rate of era.in filling. However, 

as time .. ent on, r o.pid yellowing of the ear an<l stern combined with losses of 

stem sugars led to a reduction in final grain -weight. For every increase of 

5°c in the mean of maximum am :ninimum temperature, the 1000 grain weight was 

reduced by 1.3 . 9 and 17. 8% depending on the variety, probably through increased 

respiration of the grain and decreased photosynthesis . High temperatures had 

relatively less adverse effect on grain yield development in Pb281 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. Asana and Willia.ms ( 1964) showed 

in ,.,heat under controlled conditions that grain yield declined by 16% \dlen day 

te.rnperature was raised from 25° to .31 °c. ( Temperatures used were 25° , 28° 

am J1°0 by da.y and 9° and 12°0 by night). Grain weight 1s clearly a fairly 

stable varietal character, but the interaction leaves room for a possible 

differential effect, although not signi.fi('.ant in this case. Gtafins 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. hile night temperatures can-

not influence grain yield directly, the effect is probably indirectly through 

increased respiration rate . 
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CHAPI'ER III. 

,.faterials Methods am Measurements I 

This experiment was carried out in the 1968/69 spring-eummer period. 

The two varieties or 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 sequential havesta. This design was 

used rar the growth study, and grain yield data collected consisting or 4 

plants per plot .from each or 5 replicates . 

1 • s ow1ng procedure: 

The seeds wre sown on the 2nd, 3rd and 4th/11/68 in a square pattern, 

and the distances between seeds, area or ground per seed and approximate e:iuiv­

alent seed rates are given in Table I. These spacings give a range of 

densities, the narrowst being close to the uaual com;nercial sowing rate (100-

150 lbs. per acre) i.e, about 1.13 to 1.70 millions of seeds per acre: 

TABLE I. 

seed s o-winr Ra tea: 

Variety Spacing Area pa; Plants2 Seeds per 
cm: Seed cm per m acre( millions ) 

(1) Zepeyr 20 X 20 400 25 0.101 

(2) Kenia 15 X 15 225 45 o.1so 

11 X 11 121 83 

7.5x7.5 56.2 180 0.720 

To avoid "edge effects" all plots ware surrounded by a number or 

guard row, \lhich varied according to the spacing treatment (2, 3, 3 and 4 rows 

respectively far the 20 x 20, 15 x 15, 11 x 11 and 7. 5 x 7.5 c spacings). 

Within plots, the sampling 'W8S arranged so that all plants to be sampled ware 

separated by at least the above respective guard pl.ants in the four increasing­

ly dense s pe.cings. 

The equivalent or 3 cwt. of Super-phosphate per acre, plus 1 cwt.. or 
muriate or Potash was broadcast on to plots at sowing time. Plots vere sown 

by hand using metal frames divided into . the appropriate spacing vith cotton. 

One or more seeds wre placed at the corner of each division and seeds thinned 

at emergence to one pl.ant per position. 

2 . Growth Angl ysiS meaaurements: 

Sa:nples of single pl.ante per plot lol81'e harvested on each ot 12 
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occasions commencing after 1 O deys from sowing am 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.1~.R. 1s to be calculated for each between harvest 

interval from the follo"1ing formulae: 

Relative Growth rates: 

R.G.R. = Log
8 

w2 - Loge w1 
t2 - t1 

Net assimilation Rate UAR, E ( Unit leaf rate) 

NAR = 1 x .ru! 
A dt 

For the period ~ t 2, average NAR = w2 - w1 

t2 - ~ 

I -L 

In these formulae , t 1 and ~ represent two successive harvest dates 

and w1 , 11, w2, L2 are respective plant dry wights and leaf weights. 

Leaf Area ratios 

L.Jt = A/W 

Components of L\R = LW/W x A/lll, vhere LW/W = Loaf weight ratio 
p p 

and A/LW = Specific Leaf area. 

These three expressions are interrelated, and at any instant of time 

T, the following relationship holdss-

1 .!bi=lX.ru!XA 
W dt A dt W 

1.e: RGR = NAR x LAR 

Absolute Growth Rate 

G .R. = dry weight increment per pl.ant per unit 

time = w2 - w1 

t2 - ~ 

where w1 and w2 are dry -weights in /pl.ant at times ~ am ~ respectivei,-. 

Leaf' Area Durationa 

L .D. 1e the integral or the Leaf Area index over the growth 

period i . ea the area under the LAI✓Time graph. 

One other attribute that has orten been used 1n the Analysis of 

Leaf area changes should be mentioned viz: The Relative Leaf' Growth Rate 

1/L (dI/dt); although this was not used 1n iv study. It is usafu.l 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 w1 th external factors as 1 t provides a means 

of eliminating the effect of varying plant size a t different stages of growth. 

In this experiment LAI bas been used instead as an irxiex of leaf area increase. 

Trial Layout 

2 Varieties x 4 S pe.cings x 6 Replicates 

TABLE !ls 
No. Harvests Spacing ?lo. Guard JJist. bet-w. Plants/ Plot size 
allowed fors cm: Roi,s: Harv. Plants : Plot: rt: 

18 20 2 6o cm 352 1 O' X 141 

16 15 3 60 455 6 ' X 17 1 

16 11 3 44 555 5' X 1J1 

16 7. 5 4 37. 5 828 4' X 11 1 

Morphologigal and Phys iological measurements: 

At each harvest the following additional data ~ere collected based 

on measure11ents of single plants in ea.ch plot at each harvest. 

A. :~rphological: 

1 • No tillers/ ,)la.nt. 

2 . Rate of tillering, and tiller mortality. 

J . :Jo fertile tillers per plant and heading dates . 

4. Rate of leaf appearance. 

B. 1easurements of Dry weight , and leaf area , on various parts 

of the plant; 

1 . Green leaf (Lamina area) A & v. . 

2. Dead and Senescent leaf w. 
J. Stem A & • 

4. Ear Area am Duration. 

C. Final ilarvest: 

Basao on 4 Plants per plot. 

1 • Grain number/Ear. 

2. Grain Weight per Plant am 2 per metre • 

J . 2 
Nu.'llber of ears per Plant and per raetre • 

4. 1000 Grain Weight. 

All measurements for each Density and Variety are the same. Within 

spacing treatments, area sampled per plot 'WM the same, but differed between 

density treatments . 
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Photosynthetic areas 

The photosynthetic area was calculated for samples 1 to 11 inclusive. 

After harvest 1 o, 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 epa.eing at this 

tim.e. Estimates of the lamina area 'W8l"e obtained for the first two harvests 

using Leneth x Breadth x Coefficient (0. 7) . For the remaining harvests 

estimates were obtained using an Air-flow planirneter , and stem area (Leaf' 

sheath and peduncle when present from length and diameter) . Ears and awns 

'Were treated as a rectangle and length x breadth measurements made , and a 

correction factor used f'rom measurements made on ear and a'WilS separatel y . 



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 
11 cm Spacing Zephyr right at 5 weeks 



4- 0 . 
STAGES OF GROWTH IN GRAIN BARLEY 

PLATE 4 

11cm Spacing, Zephyr Right KENIA Left at 7 weeks. J 

PLATE 5 

7.5cm Spacing Zephyr right 
11 cm 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 4 1. 

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 Left 
Zephyr Right ripening stage 



CHAPI'ER IV. 

Experimental Results : 

Plant Num.ber: 

42 

After germination there was no evidence of plants dying during the 

course of the experi.rnent, and there w.s no do'W?lvard trend of plant number 'With 

time. T'.oere were however, varietal differences in the percentage establish-

ment from the seeds sown. In lephyr, 92 . 6~- of the seeds planted produced 

plants, whereas in Kenia only 90. Ji establishment was found . 

Germination ?ercentage. 

Variety: Spacing cm .-1ean % 
7. 5 11 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 

9i higher than in the field . 

Tiller Number: 

In most seasons, the tiller nurnber of Barley rises to a maximum, and 

then falls w1til just before ear e-n.ergence, after which there is little change 

in tiller number . Thia trend was observed in spacings 7 . 5 cm and 11 cm but 

was not observed in the 'Wider spacings of 15 cm and 20 cm, presumably because 

at these wider spacings both inter and intra-tiller competition for nutrients 

light and -water -was still lees 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 grovth of tillers at the 

widest spacing \mS 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 1n 

many Barley crops , Kirby (1967) and is a characteristic feature vhen moi st 

conditions synchronise with later stages or vegetative development . Af'ter 

Harvest No. 4 the trend for the tiller numbers to equalise for all densiti es 

ceased, and the curves tor tiller number ran mare or less parallel f or the 

nart'O\lest three spacings ; although arter Harvest 6 Kenia developed grea ter 

numbers of tillers at the 'Widest three spac ings than di d Zephyr. 
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Ear emergences 

There -were differences in time of ear emergence due both to spacing 

and variety. The most dense spacings aho'Wed ear emergence first about one 

week to 1 O 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 i(enia at equivalent spacings . 

Lodging: 

Heavy rains soon after ear emergence caused some lodging and again 

treatment differences were seen. The relative proneness to lodge \olB.S for 

spacing 7 . 5 cm > 11 cm > 15 cm, and for variety Kenia> Zephyr. 

Photoe,Ynthetic Area: 

The photosynthetic area \l8S calculated from Harvests 1 to 11 

inclusive. After Harvest 9 , the senescence of leaves and stems and ears made 

such estimates difficult to obtain, am subject to large errors. Some photo­

synthetic tissues were howver still present on too plant , ~ostly on the stem 

and ear . tstimates of lamina area were obtained using an air-flov planimeter, 

and the stem urea (leaf sheath and peduncle when present) from length and dia-

meter measurements . Ear areas were derived from simple length by breadth 

measurements am multiplied by a correction factor, depending on the variety. 

The main effect of spa.cine upon lamina area (see Figures 6 and 7) was that the 

close spacing, 7. 5 cm gave the highest maximum lamina area and this was reached 

earlier in the season than the wider spacings . 1.faxirnum L • • I . of variety 

Zephyr was 10. 43 at Harvest ~o . 5 for spacing 7. 5 cm, 5.44 at Harvest No . 5 for 

spacing 11 c , J • .33 at Harvest No . 6 for spacing of 15 cm, and 2 . 27 at Harvest 

No . 6 for spacing of 20 cm. After reaching the maximum, the decline was most 

rapid in the de:ise spacings (s ee Figure 7) , so that differences at the last 

sampling -were much smaller (Table No . 3, Appendix I) . .mi.mum L •• I . for 

variety Kenia \la.<! 8 .. 33 for spacing 7. 5 cm at H est No. 6, 5. 79 at Harvest No . 

5 for spacing 11 cm, 4 . 05 at Harvest No. 6 for spacing of 15 cm, and J . o6 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 es.rly stages . Variety 

Zephyr reached the maximum lamina area about one week before Kenia, although 

the peaks were fairly similar in size. The values obtained for total 



44 

photosynthetic area follow similar trends as those tor total lamina area , but 

tended to be rather variable a.f'ter ear emergence, due to difficulties in 

estimating stem area and ear area during this period. 

Analysis of variance of LAI within Harvests {see Appendix N) showed 

that spacings were significant from Harvests 1 to 11 except at Harves t No. 10, 

and varieties only significant at Harvests No. 3 and 11 . 

Leaf :1.rea Duration: ( 1.: .D.) 

1 •.•• J . is the integraJ. of L.,i..I. over the growing season (or the area 

W1der the 1.,. . I./Tiroo graph) . To examine the growth of the crop in the period 

after ear emergence , the parameters D and G were calculated for a pacing and 

variety treatments. These parameters developed by Watson et y ( 1963) give an 

integrated measurement of the size of the photosynthetic s1Eface and is 

analogous to the net assimilation rate . The values for D and G 1n this experi­

ment are show in the following tables. D represents total Photosynthetic 

area of leaves while D E represents the leaf area duration after flag leaf and 

ear emergence. These values wre highest for the narrow spacings and lowest 

for the wider spacings, while varieties were sirnile.r. 

1. Variety 

Zephyr 

7. 5 cm 

11 cm 

15 cm 

20 cm 

2. Variety 

Kenia 

7.5 cm 

11 CO 

15 cm 

20 cm 

Spacing 

1 

2 

.3 

4 

1 

2 

3 

4 

JT 

1✓KS: 

12. 68 

10. 27 

9 . 03 

7. 22 

12.83 

11 . 54 

8 . 63 

6 • .36 

DE Grain G. 
2 "') 

Yield/m g~1i' /w.. 

4.06 1 CR4.6 86. J 
J .95 1108.5 107.9 

J .34 104?.. 9 115. 5 

- 821 . 2 113.7 

4.46 967. 4 75. 4 

3. 68 1040. 6 90. 2 

3.12 974. 5 112. 9 

- 812.0 127.7 

DE represents ear area duration, a portion of Watson et el's DF for 

winter and spring wheats. 

Yield and Yield Components: 

When the crop vas ripe, the yield of Total Dry Matter and the 

valoos for the yield components were determined am are summarised for 

variety and spacing in Appendix I and II. 



Variance ratios of the main treatments and Interaction 
for Dry ,.fatter and gr ain yiel ds and some of the yield 

component s described in the Text. 

Sou1·ce of Plant Dry Grain ~ar Grains 
Variation .fatter D. 4 • No. / Ear 

Blocks 0 . 742 NS 7 . 3.3 irn 1 . 07 R3 2 . 50 16 

Vur ieties 9 . 295 :t 6 . 60 ;; ? . 87 l6 1Q. JJ It, 

Spacing 290. 84 * ,; 18 . 50 ** Y) . 63 kl< 6S. 67 'H 

Var x Spa.c 4 . 22 * o.s1 -~ s ? . 65 ?6 0 . ,3,3 f'S 

= Significant at the 5% Level 

= 11 II 11 1 /J II 

N S = Not S i gnificant 

Yield Compgnents: 
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Harves t 
Index 

1 . ,36 ~ 

o.oo tS 

1 . 81 t-5 

1 . 95 r6 

The effect of increasing density w.s to increase the number of' ears, 

but varieties responded differently t o density in this respect. Ear number 

of vari ety Xenia. was higher ut the three wides t spacings than that of' Zepeyr 

although the.re were no significant spacing effects . Ear number was almost 

the r-ame a.t the narrowest spacing. The poss ible cause for higher ear numbers 

of Kenia at the wider spacings could be attributed to the effects on this 

variety of yellow dwarf virus wL.ich ca.used leaf damage and plant stunting. 

Pointlngs or plant scoring over 4 replicates o.r plots for relative degree of' 

virus infection on 23/11/68 based on yellownes s of the leaf and plant growth 

stunting sho"8d a significant variety x spacing interaction. 

Variety means of degree of vi.rl.13 infection (0-16) scale: 

Variety 

1. ~p.qyr 

2. Kenia 

1iean 

4 . 50 

5. 00 

4 . 75 

11 

Spac ing om 

15 

4 . 75 10. 25 

8 075 12. 25 

6.75 11 . 75 

20 

10. 00 7 • .37 

1.3 . 25 9 . 81 

11 . 64 



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

Source of df 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 ~:H~ 

Spacings 3 259. 25 86 .42 261 . 87 #.~:; 

Var x Spa.c 3 8. 63 2. 88 8. 72 ;: * 

1Zror 31 10. 25 0. 3.3 
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Non-virus inf acted plants would increase in tiller number as inter­

plant competition for nutrients light and water would be reduced if neighbour­

ing plants were infected. 

Grain Nurnberh:ar: 

Grain number per ear responded in the opposite manner with increased 

plant density from that of tiller number i . e: it declined ~1th increased plant 

density. Both varieties and spacings were highly significant and the results 

are summarised in the following tables 

Variety and Spacing means for Grain Nm1ber/.l!:ar: 

Varieti 

7. 5 11 15 20 1ean 

1 . Zephyr 25. 1 27. 1 27 . 8 28.4 27 .1 I 

2. Kenia 24.4 26.9 27.2 27.6 26. 5 

.1ean 24 .7 27. 0 -:..:7. 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 f or the available assimilates . 

1 000 Grain \Jeight: 

'l'his yield component res ponded in a like manner to grain number/ 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 Zepcyr at 

these spacings. 
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Mean values and standard errors of Grain Yield Per Plant 
for Spacing and Variety: 

Variety: S12acing cm: 

7.5 cm: 11 C"ll: 1 5 cm: 20 cm: 

1 . iephyr 6.08 1J.37 23.1 0 32.85 

S E + 0.1 8 + 0.50 + 0.55 + 1.75 - -
2. Kenia 5. 54 12.98 21.66 32.48 

S E + 0. 22 + 0.81 + 1.35 + 2 . 30 - - -
Over the range of densities used in this e:xperirnent all varieties 

yielded the most grain at some intermediate density and considerine the mean 

of all varieties at each density, the highest yield was found at dens ity 11 0111. 

The fact that the density x variety interaction was not s ignificant indicated 

that both varieties responded to density i n the same -way; although grain yield 

was higher for Zephyr at all spacings than Kenia (see Figure 1 ) and t his was 

significant at the 5; level only. Since tJ1e tiller number bet-ween varieties 

was not significant then the varietal differences in yield must have been due 

to grain m.1r.1ber per ear a.nd possibly 1000 erain weight . .,lthougb ear number 

per plant , "pikelet number per ear and weight oer gruin all fell with increas­

ing density , ear number per unit area and spikelet nunber per unit area were 

higher in the dense spacings . 

Vari ety: 

1. Zephyr 

2. Kenia 

\fean 

s pikelet dumber/m 
2 

• 

7.5 cm 

4518. 0 

4392.0 

4455. 0 

.Spacing: 

11 cm 

2257. 4 

2240. 7 

2'249 . 0 

15 cm 

1251 . o 
1224.0 

1237. 5 

20 cm . .fean 

710.0 2184 . 1 

690. 0 2136 . 6 

700.0 

It is only vhen the yield component grains per ear 1s considered that 
reduced yield of grain found with variety Kenia at the highest density is 

accounted for. Thus at the highest density especially for Kenia there is over-

production of grain relative to the spacing giving maximum yield. Therefore, 

unless the size of the grain was determined before grain filling , the yield 

reduction is not due to the smaller size of the ' sink ' Thorne (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 

( 194 7) or ' harvest index ' , Stern and Beach ( 1965 ) • Increasing plant density 



had little effect on Harvest Index i . e: the results between density treatments 

were not signii'icant, neither were the varieties . 

Variety and Spa.cw Means of Harvest Index. 

Y!Y:!e~: Sj;u.u.iim ci 
7.5 cm. 11 cm 15 cm 20 cm 1ean 

1 • Zephyr 0. 514 0. 5C9 o.442 0.447 0. 478 

2. Kenia 0. 462 o.489 0. 478 0. 474 0.475 
.1ean 0.488 0.499 0.460 0. 460 

Generally, however , the closer spacings especially at 11 cm had slight­

ly h~her mean ' Harvest indices I than did the wi der spacings of 15 cm and 20 cm. 

In a similar spacing experiment 'With Barley varieties (densities used J . 5, 5 , 

7 and 1 0 cm square), Kirby ( 1967) recorded a rnaximum Harvest Index at the 10 cm 

spa cing . In this experiment, the eff ect of increasing dens ity was to signi­

ficantly reduce t his r atio of gre.in y i eld t o tota.l pl tlilt dry veight from 0 . 42 

a t t he 10 c m spac ing t o 0. 38 at the 3 . 5 c rn spacing . --t the 7 cm s pacing the 

Harvest Index -was 0.42 and a t 5 C'll spacing 0.40. 

Dry 1,,;e ight: 

There was a s i enificant ~i f ferance in total dry matter between both 

variety and density treat ments (see Appendix IV), but while density treatments 

were s i gnificantly d i fferent f r o:n Harvest No . 2 to Harvest No .12, varieties were 

significantly different at Harvests No . 4 and No.1 2. Ear dry matter showd 

similar trends to total dr y mat t er except t hat t he curves were not nearly as 

steep . Spacings were s i gnificantly different from Har vas t No. 7 onwards, but 

varie ties were not significantly different within harvests until Harvest No. 

10 i.e: until near grain developnent and maturation. Zepcy-r vas 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 s pacings and 6 to 7 for the widest 

spacings o S pacings were significantly different f rom Harvests No. 4 to Harvest 

No. 11, but vurieties only s ignificantly different at Harvests ifo . 4 and No. 11 

(see Appendix IV). 

Relative Growth Rates: 

Of the components of crop gro'Wth rate , leaf area has been sbo'Wll to be 

much affected by density, and to a much lesser extent by variety {see Figure 8) . 

Relative growth rate s ho-wed a gradual decline over Harvests, and mean Relative 

Growth r ates were 0. 76 .! O. (fl gnvgn{wk for Zepeyr and 0. 75 .! 0. ($ govgnvwk for 

Kenia. Simllarl7 Growth rates of ears in both varieties shoved a gradual 
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decline over Harvests anJ there appeared to be little difference betwen 

varieties . The mean R .G. R. for the ears of Zephyr was 1 . 50 .! 0 . 14 gnvgrn/wk 

and for Kenia, the "!lean ear R. G. : . was 1 . 47 .! gm/gm/wk. Leaf area ratio 

was examined in both tabular and graphical forms, (see Figure ; and Appendix 

III), and while varieties -were very sb1ilar, spacings were generally higher 

for the narrowest densities . The other co~ponent of Relative Growth rate 

viz: Net assi.lJU.l.ation rate, N •"" •tl • while it -was derived -was very si:uilar 

between varieties . 
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CHAPTER V. 

Grain Yield ; 

In my experiment, over the ranee of ::lensities used , both varieties 

yielded the 11ost grain at some interrnediate density , and considering the mean 

of both varieties at each density , the highest yield WflS found at density 

11 cm. Both varieties responded t o density in a sirnile.r 'Way except that there 

was a greater drop in grain yield of 1.0nia "'"t the 7. 5 cm spacing thun in Zephyr 

at this spacing . Variety lephyr significantly outyielded ~enia at the closest 

three spacings i . e: 7. 5, 11 and 15 c m, but varieties were not significanUy 

different at the widest spacing ( f:ee i•igure 1 ). i'he v:u-iety x density inter-

action was not significant. 

lt high densities .Cenia suffered some lodging and this '118.Y have 

caused u grea ter drop in yield than ~ight otherwise have occi.n-red. Grain 

yield in Barley may be exi)re•.;sed in ter'.'O.S of its components - pl ant nu.nber, ear 

nu11ber per plc.i.llt , spikalet nu11ber per ear -wd the weight 1)Cr grain. The 

response of the latter three co:nponents t o c ch.:inge in plant nQnber will deter-

mine the yield of grain . ,lthoush ear nu,:1t::,cr per plant spike1et nunber per 

ear, 11~1d weight _?er cr-ain <.t.ll fell with increasing density , '-'- .:r nu,1ber per unit 

area and spikelet nunber per unit 'll'e'1 were higher in the dense spac ingR . The 

increase in ear nurnber per plant with decre·1~ing dens ity partly co-npensates 

fo!' the fewer plants at low densities but in all ex L:>erinents for -which data is 

available , the greatest nurrbcr of ectrs _p:::r unit area is found at the highest 

density ( see Figure 5 ). The yield co 1porient grui'1S per ear is considered res-

ponsible for the reduced yield of grain found with Kenia at the highest density. 

Thus at the highest density there is over-production of grains relative to the 

spacing giving maximum yield with Kenia, but much less so with L.ephyr. 

1000 Grain -weight increased with decreasing density in both varieties , 

but l ep}vr increased in 1000 grain weight linearly while Keni a showed quite a 

marked decline at the widest spacing. Internal competition for metabolites tor 
developing grains , or damage to maturing grains done by virus which a£fected 

Kenia greater than L.epb_yr 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 Zepeyr and some of these 

tillers tended to be secondary late maturing tillers contributing little to 

final yield but adding more co~petition for metabolites to developing grains . 

Unlike the other yield components it is difficult to draw any general conclus-

ions as to the r esponse of 1000 grain weight to pl ant density. In some 



seasons, in Cambridge experiments Kirby (1968) , 1000 grain wight declined 

with increasing density while in others little effect was found . other 

experiments with Wheat and ~ts also indicate that this component is least 

affected by plant density. 

In an experiment with adapted and exotic varieties of Barley, Kirby 

(1969) showed that irrigation brought about a "lean increase of 50% in ear 

number, but varieties varied in response; on the one hand Phili p showed 

virtually no increase in ear nu,-nber, while Algeria 48 al'llost doubled its 

ear number. Philip, when irrig<i.ted g, ve only 96.~ of the yield in unirrigated 

treat:nent~, -while Deba- ,.bed and ,lgerie 48 yielded 44 and 4W, respectively 

more than in the unirrigated treat'l'lents. 

Theoretical considerations and experience with other crops suggest 

t hat the nearer the plant arrange:nent is to a square pat tern i.e: with all 

plants e -iuidistant from each other, the higher will be the yield per unit area. 

The plantine arrangement may be expressed as the ratio r/p of the distance 

between rows ( r) to the dist'lllce between plants in the row ( p ), and where 

plants are arranped in a square pattern this ratio of course is unity. 

Bxperiments -with spring wheat, Fawcett ( 1964) showed that for any seed rate 

yield per unit area fell c.s r/p l 11cre '-'ed to eie,hteen. A plant density of 

400 plants per m2 arrar.2,ed in 7. 5'' rows t' i ves an r/ p ratio of 1 5; vi th a 4 . 511 

row width as \.lith sone drills; -with the sune '.)lunt density, the r/p ratio is 6 . 

Co11purif'ons between the wide 1:1.nd narrow ro-w width has indicated that the latter 

gives up to 5 greater y ields . 

Photosynthetic Area: 

The ;Ja.ra'Ileters J and G were calculated for spacing and variety treat­

ments to exa'lline the growth of the crop in the period arter ear emergence. 

The values of D and Gin this experiment are shown in the results section. 

While DT represents total Photosynthetic area, DE represents the leaf' (ear) 

area after f l ag leaf Wld ear emergence. Thes e values were highest for the 
narro-w spacings and lo-west for 1..he wider spacings , while varieties were similar. 

Variety 

Zephyr 

Kenia 

DT: 
w:s 
9.8 
9.8 

DE: 
wks 

3. 78 

3. 75 

G:2 
gm/m /1k 

105. s 

101 . 5 

The values for G indicate that Zephyr is n more efficient producer 

of grain Jry matter than is Kenia per unit area of ground. In 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. \•/hile no significant differences between 

varieties were found, because of the inexact 'nethod of 110asurement it is 

possible that the variettl differences in G which were found were due to ear 

photosynthesis. 

It is therefore difficult to explain the differences in crop gro'Wth 

r 3te and yield 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 

\.Jould be expected to interce?t the maximum r ad i ation earlier than the low 

density treatments (the arrru1ge1ent of plwits was such that 'nutual shading 

was reduced to a rninimu-n. The greater leaf areas _persisted in the high 

density treatments after ear energence, although if the photosynthetic area 

of the ecr were ta.ken into account the apparent differences would be reduced . 

Allowing for these uncertainties it nevertheless see11S likely that density 

affected the efficiency of dry ·TJatter production by the leaves, both as 

measured by the NAR and the grain dry-rw.tter r ntio. 

Lamina area (L. , .I.) fol101,.ed a si"lil8.T pattern over time to leaf 

dry weights , rising to a rnaxi~u~ at be tween e:..rly and mid Dece1ber de pending on 

the s p11d.11.f. . The narrowest spacines \./ere first to reach a peak , :followed by 

the wider s pacines . Trends were Pi 11ilar in both varieties , and while 

ve..rie ties generully were not s i gnific:;.nt ly di fcrent \,ithin hLrves ts, sp:i.cings 

were s ignificantly ifferent. The nl:ll'ro'West ~pacings re:1ched the highes t peak 

in leaf area in both varieties followed by 11 cm 1 5cm 20 C"l spacing. 

The initial increuse of L •• I . in Bnrley i s a.._c;sociated with tiller­

ing. .Juring thfr phase , tho nunber of rneriRte-ns producing leaves increases 

an::1 tiller number reucheE :na:x i::iu_11 when L •• I. is still small and mazzy of the 

younger shoots subsequently die. The large increase in L. t .I. that occurs in 

late . ve:nber to mid December for Barley talces place during the phase of stem 

elongation aoo is the result of expansion of existing leaves . L. 1:1. .I. reaches 

its maximum at about the time 'When the shoots have attained half their final 

height. During the greater part of the life of annual crops Eown in row, 

L. n.I. 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 gro1<1ing season. Duri ng about three quarters or the growth 

period the L . I. of the .3 widest spacings was less than 5. When the leaf' area 

of a crop is less than the area of lam on 'Which it is growing, some of the 

incident solar radiation cannot be intercepted by the leaves and must fall on 

bare soil. This situation holds for a. large part of the life of annual croi:s 

which are sown in row 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 ma:x.imu-n until just 

before ear emergence, where it falls and remains little changed for the rest of 

the life of the crop a.s 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 aromoted by irrigation or r duced conpetition 

resultinp frorn virus at.tuck effects. :.rern'1er (1 1)69) sho11ed that in wheat 

varieties, the aresence of u large nu11ber of u.:1-productive s noots (tillers) 

appe to have only a transitory effect on the growth of ,r::,ductive shoots, 

and the latter were able to gr w rapidly nftcr the death of tillers and caught 

up with productive shootn which had been subjected to much le:,s inter-tiller 

competition. Varieties were significantly different in tiller number only at 

Harvests No. 8 and 9, while spacings were significantly d · ferent wlthin 

harvests from Llarvest .10 . J to Harvest «o. 12 see Appendix N) with Zephyr out­

tillering .e · · at ?O c'll, 1 5 c-n arrl 11 cm s ~cings . 

l)ry Weight: 

In gener.<l. the curves for tot..l L)lant ry 1 ... tter ,Jere ~· s haped espec­

ially for the clo<est sr-ccinr s of 11 c~ ......nJ 7 . 5 en, but f ~ilc d to reuch pen.ks 

at the widest spacines ~'robabl~ bec~~c of continued til:erin£ t these spacings 

and hence incren.sed dry 1etter. J.,.r dry 1-. tter f' hm-:ed si"nilar trends to total 

dry ~atter except that the curves were not 1e~.rly a~ steep. Variety lephyr 

w.s signific antly greater in ea ... · dry ,might at least at the tw wider spacings 

at .arvests No . 10 , 11 and 12. Leuf dry Yeight follow-ed 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 ee eral varieties were not significantly 

diff reat within harvests while spacings were significantly different from 

Harvests 1 o. 4 to Harvest .Jo. 11 ( see ppend ix N). 

Harve t Index: 

Results of this parameter i . e: the relation between the response of 

total yield arxi grain yield to density can be compar~d with those obtained by 

Kirby (1967) except that s~cings arrl v ieties were not significantly differ­

ent. Kirby (1967) shoi.ied that varietal differences in yield in his experiment 
were due both to differences in total Dry Matter and in the harvest index. 

Thus the higher yielding Proctor had both a high yield of dry tter and a high 

index, wherea.'3 1oore, a low yielding unadaptable variety had both a low index 

and a low yield of dry :natter. ~ueh differences emerged in a composition of 

some old and new varieties of Barley by Sa.ndfaer, Jorgensen and ~ (1965). 
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Kirby (1969) reported differences between varieties in Harvest index vhen he 

compared some adaptable am exotic vari eties : 

Algeria 48 

0.46 
Deba.-a.bed 

0.48 
Philip 

0. 5J 

S .E. + 0. 0088 

Proctor 

0. 46 

Yokozuna 

0.42 

,\bile Kirby (1967) reported a ma:xirnu11 harvest index at n spacing of 

1 O cm sq~e , in my experiment mnxirnum Jorvost Index was found at a spacing of 

11 cm square. 

Crop growth rate and Co11POnentP.: 

r..xamination of the conponents of ,..eb.tive grovth rate , and growth 

rate itself showed that varieties ~~re very si'llilar both for total relative 

growth r ate , and growth rates of ears . otal plant and relative growth rates 

of ears showed a s.ir?1ilnr gradual aecline over harvests , and there appeared to 

be little 1ifference between vr-1rioties . i ie,ures for Mean values of total 

.t .G. ~. of e:;:rs 1...re shmm in the results section t.n.d in ,.piJQndu III. The 

com;xments Leaf area r "'tio and 'let f's inilo.tion r ate were derived and there 'W8.S 

little difference oetwecn varieties . r.irby ( 1')67) found in hiF- e:xoeriment with 

4 J..:..rley v...rieties Proctor , .-luriuge- rcoor :.1.no uonen that the 1ean r~ . h .R. was 

1 . 87 ;ng/ cl/ wk :.i..nd there \lere significant dif ferer:ces be tween spacing treatments 

only. 

CcJ..culations based upon published d~t::i. on resJiru.tion rc.tes per unit 

dry '.!latter of l3arley but making large assu.nptions as to the response of 

respiration rate to densit and age of the plant etc., show that although the 

calculated gross photosynthesis was greatest in the high density treatments , 

this was o ,fset by a calculated high respiration rate per unit area of crop, 

thus resulting in the lo-west dry 11atter increment over tho period. Confirm,-

ation of this situation by actual measurements of respiration rate both of t he 

crop and of the various parts of the plant under the conditions is obvi ousl y 

needed • 

.Qonclusions: 

Cereal plant density affects yield and growth characters of funda-

mental importance. The experiment is described in which growth, yield and 

yield components of Darley gro,m over a wide range of densities wre examined. 

T-wo varieties , lephyr and Kenia were grown at densities equivalent to 25 , 45, 
83 and 180 plants per m

2
• Density was found not to affect seedling establish-

mentor plant survival, but there was a :naJ.l variety effect on seedling 

establishment in ravom- ot lephyr. 
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Varietal differences were seen i n maximum tiller and t he percentage 

of tillers surviving to form ears , as well l1f' spacing differences . The effect 

of increa.s ing density was to increase the mo.xi'llum tiller nu'llbe r per unit area , 

but this was followed by different r ates of tiller death until Harvests 6 to 7 

af'ter which there was no further co'llpensation for tiller nu~ber. Ear emer-

gence wa1=> affected by both variety and density. Tiller de:.:th 'Wat" greatest in 

the narrow spacings , \-ihile the .., oount of r,econdary tillerine, was greatest in 

tile \· ider c 1x .. cings . Yellow dwu..rf virus ..:. tt, ... c.k affected t11e t 11ount of tillering 

and le:....f production and r, tuntcd plant gro~t.I1. The effect ::>1' virus a1. tack was 

s i r,nific -ntly e,reator for '{enia tkn for ,:,ephyr at equiv~·.lent spacings . 

Total stem and lec.1.f dry 'latter per plunt increased with decreasing 

density ;:u-obably because of increnFed tillering and leaf 1xroduction at the 

wider :·pu.cirigs . Mr dry catter showed ci. ~i-nilar trend to le f' dr y matter 

except thnt the curves were not ne,irly a~ steep. The i::eneral shape of the 

curves for tottl dry ,otter versus ti:ne was S shar~d especially f or the narrow 

spacings . Varietal lifferonces in el1r a.nd total dry weit',ht were not observed 

until the later stages or ~ro-wth. 

foe ,ain effect of s 1x,c i11g upori 111.r,ina oreu \JUH Lhat the closest 

sp-::.cinr , 7 . 5 c:i, grvo the hi~hest ·:-v:.xic:tu--:1 Junina are" , n1 thio wa~ reached 

earlier in toc seu.son th·i.!l • he wider sp;:.,.ci.1r:-- . l1.,hOclf1' v ·-ll.• · for UT uid DE 

,,,ere si 11il. ... r between vurie tics , s xtcine v ·:ilueEi .,ere hiphest for the narrow 

spacings , ~..nd lowest for the widest spucinr,s . The vw.ues for G fodic1:1.ted that 

Zephyr was a ,nore efficient Jroducer of gr:J..in dry natter th1:ill was t.enia per unit 

area of e,round • 

. . elati ve erowth r ates , both totu.l nnu for cars , • . • ll . 1 s and leaf 

urea r atios vere siillnr between varieties . Tottl growth r ates and relative 

erowth rates of ears showed a decline over hv.rvests as did leaf area r at ios . 

Hoth varieties yielded tho moat erain at sorne inter;nediate density 

viz: 11 cm, and both varieties responded to dens ity in ter.ns of grain yield in 

a si-nilnr manner except that there w.s n r reater drop in yield at the closest 

spacine, with Keni a than with lephyr. Zepeyr out yielded ~{enia over three 

spacings , viz: 7 . 5, 11 and 15 cm, but not at the widest spaci ng. Of the yield 

components , grains per ear see'Iled to contribute most to the variation in grain 

yield. Ear nu"!lber per unit area rose with density, but grains per ear and 

1000 grain weight both declined. Virur- infection was co i dered a c ause for 

the drop in 1000 grain weight at the widest spacing , but internal competition 

for nutrients may also have been a factor because of increasod tillering of 

variety Kenia at this spacing. 
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These results are discussed in too lipht of current theories of 

yield in cereals , and differences in yield are n.lso exo:nined in terms of' leaf 

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



AP~'END IX I. 

ANALYSIS OF VARIA~E GRAI N YIELD AND YIELD COMPONEN'lS 

1 • GRAIN YIELD/~ 

Variety Means at each Soa.cinR/1 

Variety 1..2 11 12 -
1 • Zephyr: 1~4.6 1108.5 1042.9 

2. Kenia: 967.4 1040.6 974.5 

~ 1030.9 1074.6 1008.7 

ANALlSIS OF VARLUCE 

Source Sums of 

n1' V s:i-riJlnt!8 d.f. Sauares Sauare 

Between Blocks 4 2rh,264.76 51,565.75 
n Varieties 1 4/J,471.JJ!, 46,470.00 
11 Spacings 3 390,342.03 130,113.33 

Var XS interaction 3 17,423.0.3 5,808.33 

Error 28 200,551.17 7,162.54 

Total ~ 861,05.3.04 

L.S . D. ( Least S ignificant Difference) 

a) L.S . D. Spacings 5% level and Error df 

= t {error df') x 2 X E:-6 
n 

= 71.5 
b) L.S .D. Varieties = t (error df) x 2 lt E£ 

n 

= 55.8 

2. EAR NUMBE~tl 

V I 
Varie:!,z hl 11 12 

1. Zepeyr 990.0 786.3 781.2 

2. Kenia 943.2 827.9 850.5 

11!.EY! 966.6 scn.1 815.8 

~ /sfean 

821 . 2 1016.8 

812.0 948.6 

816.6 

F 

Ratio SiRn 

7.3.3.3 *** 
6,608 * 

18.504 *** 
0. 811 NS 

l.Q ~ 
702.5 815.0 

739.0 840.1 

720.7 



A LlSlS OF VARIAt£E 

Source Sums of Mean F 

r s es s io s n 

Between Blocks 4 11,254.0 2813.5 1.38 N S 

II Varieties 1 7,573.0 7573. O 3.73 NS 
II Spacings 3 313,856.0 104,618.6 51 .58 * ;}l, 

Var x S interaction 3 20,978.0 (/:J9 2.7 3.45 N S or 
* .Error 12 24,342.0 2028.0 

Total ~ 

a) L.S .D. Spacings 5% level = 43.88 
b) L.S .D • Varieties 5% level = .31 .02 



APPENDIX I. 

MEAN3 AND STANDARD ERROR3 FOR LEAF AREA ( IAI} 

1. Table I 
Variety: 

Zephyr 

2 . Table 2 

Variety: 

Kenia 

spacing Harvest 
1 2 3 4 Number 

MEAN S .E. ~ AN S .E. -®\N S . E. 1EAN S .E. 

0. 27 0. 01 0. 11 o.oo 0. 05 o.oo 0. 03 o.oo 
0.95 0.10 0.44 0 . 03 0. 26 0. 02 0.13 0. 01 

4-Cfl 0.41 2.36 0. 24 1. 25 0. 04 o. 63 o. o6 
6. 71 0. 54 4.34 Oo25 2. 04 0.17 1.15 0.11 

10. 43 1. 08 5.44 0.30 3.15 o. 63 2. (J} 0. 26 

7.79 o.?6 5. 11 0.37 3. 33 0. 24 2. 27 0.42 
6.74 0.96 4.70 o. 23 J.84 o.28 2. 03 o.44 
4. (;;J 0 • .39 3.51 0.1 8 2. 54 0.37 2. 23 0. (J} 

2.65 0. 24 2.62 0.39 1. 78 0.27 2.15 0.30 
1.92 0.30 1. 52 0.31 2.32 0. 24 1.46 o. 27 
0.11 0.07 0. 55 0.15 0.94 0. 28 o.68 0. 26 
Nil Nil Nil Nil 

1 

2 

.3 
4 
5 
6 

7 

8 

9 
10 
11 
12 

spacing Harvest 
1 2 3 4 Number 

MEAN S .E. ,-1.EAN S .E. ,-.fEAN S .E. '-1EAN S .E. 

0. 24 0. 02 0.10 o. oo o. (1) o. oo 0. 02 o. oo 
1. 03 0.1 0 0.33 0. 02 0.19 0. 01 0.11 o. oo 
3.49 0. 29 1. 49 0.1 1 o. 78 o. os 0. 05 0. 02 
6.49 0.73 J.64 o.29 1.70 0. 21 0.96 0.12 
7.96 0.79 5.79 0.50 2.71 0.25 1.56 0.1 s 
8.33 0.83 5.43 0-42 4. 05 0.23 2.33 0. 20 
7.10 o.71 4.47 0.37 3.54 o.34 J.Ci> 0.1 9 
4.19 0.42 J.88 0.42 2.:33 o.28 1.78 0.1s 
2.98 0.35 3.57 0.26 2.56 0.1s 1.52 0.23 
2.o6 o.~ 1.63 0.21 1.81 0.29 1.45 0.1.3 
0.11 0.05 0.46 0.19 0.32 0.1 8 0.17 o.ei> 
NU Nil fill Nil 

1 

2 

3 

4 

5 
6 

7 

8 

9 
10 
11 

12 



3. GRAIN NUMBER/EAR 

Varietx 
1. Zeph3r 

2. Kenia 

Source 

of Variance 

Between Blocks 
II Varieties 
II Spacings 

V x S interaction 

Error 

Total 

APPENDIX I 

Variety .:feans at each Spacing 
7,5 cm. 11 cm. 15 cm. 2Q cm. 

25.1 27.1 27.8 28. 4 

24.4 26.9 27. 2 27. 6 

27. 0 27. 5 28 . 0 

Standard errors needed 

d • .t. 

4 
1 

3 

3 
28 

'J9 

Sums of 

Squares 

3.00 
3.1 0 

61.85 

0.50 

s . 10 

Mean 
Square 

0.75 

3. 10 

20. 60 

0 . 10 

0. 30 

F 

Ratio 

2. 50 

10. 33 

68. 67 

0.33 

L.S . D. Spacings 5% 

L.S .D. Varieties 5% 
error d.r. 

11 ll 

= 0. 50 
= 0. 35 

1 QOO GRAIN WEIGHI' 
S~ci!Ji cm 

Variety 7. 5 11 15 20 

1 . Zepeyr 53.35 60. 27 62. 61 64. 57 

2 . Kenia 5.3 . 97 58. 17 6o. 98 59 . 51 

~ 53 . 66 59. 22 61 . 79 62. 04 

~ 
27. 1 

26 . 5 

S1'!.n 

i~ s 

** 
** 
NS 

14ean 

60. 20 

58. 16 



APPENDIX I 

.1EA.l'l3 AND STANDARD ERRORS FOR LEAF AREA/PLANT 

3. Tas!e J 
yarietz 

Zephyr 

4. Table 4 

Varietz 

1 

:-IEAN 

15.7 

54. 1 
281.J 

3T!. 8 

587.4 
438.6 

379. 6 
2£4.1 

149.4 
100 .4 

6.6 
tli.l 

Kenia 1 

S . E. 

1 .1 

5.7 

23 .3 

30.4 
61.0 

43. 0 

54.3 
22. 3 
14. 1 

17. 0 

4.1 

:"1h.AN S •• 

14. 1 1. 65 
58.6 5.7 
196.6 16. 8 

365.6 41 . 2 

448. 0 44. 7 
468.9 46. 7 

399.8 40. 0 
236. 2 ZJ .7 
168. 2 20. 0 
116.6 33.6 

6.6 2.9 
Nil 

Soaciru!. 

2 

.-IB.AN 

13.9 

54.9 
286.9 

526. 4 

659 . J 
619.9 

569.9 
426.0 
317.8 

184. 5 
67.7 
Nil 

S pacing 

2 

S . E. 

o.68 
4.6 

~ -5 

30.2 
36.3 

44.9 
28. 8 
22. 8 

47.9 
37.6 
18.5 

3 
,-iEAN S . E. 

1J. 8 1.98 

60.4 5.7 

284.6 9 . 1 

462.0 39 .6 

7rfj . 4 42.9 
750.J 54. 9 
l:A9 . 0 128.9 

572.7 84. 7 
401 . 6 61 .3 

523.5 56.2 
212. 7 65. 1 

Nil 

3 
MEAN S • .15 . MEAN S .E . 

13. 1 1.15 13. 8 1.o:) 

40.7 J . O 44.6 3.3 
181 . 7 14. 0 177. 2 19. 0 
441.0 36. 1 .383 .6 49 . 2 
701 . 7 6o. 5 610.7 57. 1 
658. 2 51 . 7 579. 0 178. 3 
542. 1 44.9 632. 5 105.6 
470. 8 51 . 6 527. 3 63.6 
432.9 31.9 577. 2 41 . 2 

197.9 25.7 4(:f} . 9 65 • .3 
57. 0 23 . 1 74. 6 42.6 
Nll Nil 

4 
1~-iEAN 

14.4 

57. 7 
256 .4 

461 . 5 

505. 7 
579 .6 

506. 9 

894.9 
528 . 5 
587. 2 

Z"/3 . 3 

Nil 

4 

Harves!t 
Numbe;t 

S . E . 

1.86 

4. 73 
26. 0 

45.4 

153. 8 

124. 7 
178. 2 

.39 . 2 
118. 7 

1 w . 2 

104. 6 

1 

2 

3 

4 

5 
6 

7 

8 

9 

10 
11 

12 

Harvest 
Num!>!!r 

,"1EAN s • .E • 

11. 1 

47. 2 
202. 1 

386. 2 

628.5 
6o1 .8 

226.6 
546 .1 
611 . 1 

582. 1 

71 .3 
Nil 

1. 32 

3.6 
11 . 3 

49.1 

73 .5 
143. 7 

77. 0 
1~. 5 

92.J 

53.6 
25.7 

1 

2 

3 

4 
5 
6 

7 
8 

9 
10 
11 

12 



Table 5 

Yariet,v 
Zephyr 

0. 11 

0.44 
2.30 
3.56 
s.n 
4.62 

4.3/4 

3. 24 

2 • .30 
1.80 
0. 57 
Nil 

Table 6 

EAR AREA 

t. . Variety 

Zephyr 

B. Variety 

Ken.\,a 

A?PE.JD JX I 

Ll1..1INA AREA 1\JID TDtE FOR V tJ{lliTilS 

S . E. 

0.05 
0.17 
0.96 
1.24 
1.85 
1.20 

0.96 
0.55 
0. 20 
0.19 
0.17 
~111 

S eaging 

1 2 

Variety 
Kenia 

0.10 
0.41 
1. 56 
3.19 
4.50 
5.03 

4. 54 
3.04 
2.65 
1 .74 
0.26 
.'lil 

.fEAN s .1. r>IEAN S . E. 

140.9 
157.2 
126.2 

89.J 
31.5 

-
1 

\fEAN 

143.0 
16o. 1 
156.2 
101.2 
32.1 
-

4.17 191.2 15.7 
9.45 282.1 17.9 
8.76 284.5 18.7 
21.3 245.7 42.0 
17.5 11 2.4 15. 1 

- - -
Spae1ne 

L. 
S .E . 'AN S . E . 

11 .5 209.0 17.4 
13.2 248.J 22.7 
8.5 282.5 .31 .7 
9.4 196.9 19.7 

17.5 129.5 24.9 - - -

S . E. 

0.04 
0. 21 

o.67 
1.23 

1.45 
1.26 

0.90 
o. 58 
0.4.3 
0.13 
o.07 
·a1 

3 

Harvest 
Number 

1 

2 

3 
4 
5 
6 

7 
8 

9 
10 
11 
12 

Harvest 
Number 

:1EAN S . E. 

246.7 
366.6 
410.3 
451.4 
320.6 

-

291 .o 
331., 
434.6 
410.7 
271.J -

11 • .3 
36.6 
31 .4 
20.6 
25.4 

-

7 

8 

9 
10 
11 
12 

Harvest 
S .E. Nu.uber 

22..7 
33.5 

25.5 
19.J 
21 .8 
-

7 
8 

9 
10 
11 
12 



Table 1. 

1. Variety 

Zepeyr 

1EAN 7•5s . E. 

0 . 12 0. 02 

0. 74 0. 12 
1 .45 0. 12 
;:> . 15 0. 14 
3. 65 0. 32 
5-84 0. 54 
7. 34 0.53 
6. 56 0. 32 

Table 2 

2. Variety: 
Kenia 

7. 5 
~' ' , ,. -1 "-' ... ,j . 

0. 07 0. 01 
0. 54 o.07 
1.46 0. 12 
2. 30 0. 20 
3. 29 0.31 
5.60 0. 20 
6 . 82 0.46 
6. 92 0. 63 

Table 3 

J . Variet, 
Zephyr 

7. 5 
MEAN s . , . 

- -
0. 57 0. 12 
1 . 22 o. ct> 
1 . 81 0. 15 
1 .66 0. 22 
1 .32 0. 25 
0.90 0. 04 
0. 60 0. 04 
0 .. 49 0. 12 
o.(1) o. C6 
o.oo o.oo 

PPEND IX II 

DRY WEIGHT DATA 

EAR DRY WEIGHT 

S pacing cm 

,fr.LU 
11 S .E • ,f;' ., 15 ~ ~ 

~-l'i ._ • .I:!, • 

o.o:; 
o.so 
1.92 
J. c6 
5. 23 
8. 48 

12. 61 
14. 69 

11 
,-ft!;.,~.&.• 

0. 11 
o. 67 
2. 23 
3 . 65 
6.40 
8.90 

13 . 07 
15. 48 

11 
;,WU 

-
o. f/:J 
1. 95 
2. 52 
2.41 
2. 23 
1 . 66 
1 . 25 
o.86 
0.19 
o.oo 

0. 01 0. 14 

o. 18 o.86 
0. 29 3. 12 
o. 26 5. 43 
0. 36 9 . 57 
0. 47 16. 35 
0. 9.3 l 0. 94 
0. 93 28. 2£ 

r.,.,gt DRY ~~ GUT 
~· :')f.CinP 

15 
C u • .t:.. . ii...~·1...l 

0. 05 0. 05 
0. 20 0. 59 
o. 35 2. 75 
0. 61 I 

4. 44 
0. 57 I 8. 50 
o.86 12. 67 
Oo74 17. 37 
o.86 22. 18 

IGilT 

15 
S . E. N 

- -
0. 16 o.'n 
0&13 2. o:; 
0. 22 3. 59 
0. 26 3. 26 
0. 24 4. 14 
0. 15 2.70 
0. 19 1 . 88 
0. 21 2. 39 
0. 10 0. 98 
o.oo o.oo 

0. 05 

0. 11 
o.~ 
0. 40 
o.68 
1. 12 
0.92 
0.96 

s . i . 

0. 01 
o.o6 
0. 31 
o.68 
1 .en 
1. 72 
1 .15 
1 . 85 

S .E. 

-
0.15 
0. 14 
o. ~ 
0. 34 
0. 49 
0.37 
0. 20 
o. 23 
0 • .32 
o.oo 

20 
•IEAN S .E . 

o.o6 0. 01 

o.64 0. 24 
3. 00 0.1+3 
5. 74 o.83 

12. 08 1 . 32 
21 . 98 1.58 
31 . 33 1. 91 
37.93 1. 74 

20 
.iE,.N - .h . 

0. 05 0. 01 
o.71 o. 13 
2. 07 0. 25 
3. 91 0.94 
9 . 03 1 . 02 

16. 53 1 .71 
24 . 35 1. 60 
33 . 26 2. 89 

20 . 11 s . • 

- -
0. 63 0. 21 
2. 56 0. 22 
3.83 0. 60 
5. 12 0. 4.3 
4. 79 0.49 
4. 03 o.27 
3. 55 0. 45 
2. 74 0. 33 
1 .12 0. 57 
0.77 0.71 

Harvest 
Nu_mber 

5 
6 
7 
8 
9 

10 
11 
12 

Harvest 

Number 

5 
6 
7 
8 
9 

10 
11 
12 

Harj,e t 
Number 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 



Table 4 

Variety 

Kenia 

7. 5 
• ..fEAN S.E. 

- -
0.47 0.10 
1. 11 0. 11 
1. 30 0. 05 
1. 33 0. 27 
1. 53 0. 25 
1.44 0. 15 
0. 72 0.0:> 
o. 56 0. 13 
0. 02 0. 01 

I o.oo o.oo I 

Table 5 

Variet.y 

Zephyr 

1 

. '1IW{ S . :8 . 

- -o • .36 o. os 
1.27 0. 13 
2.93 0.34 
3. 47 0.33 
4- <:FJ 0.28 
4. 80 0.14 
4.63 0. 22 
5. 55 o. 26 
5. 41 0.42 
4. 37 0. 24 

1EAN 

-
0. 49 
1 . 87 
2. 42 
2 . ?9 
2.37 
1 . 76 
1.77 
0. 93 
0. 27 
o.oo 

_-0-.,AN 

-
0. 37 
1. 94 
3 . ?9 
5. 16 
6. 57 
8.08 
9. 68 

10. 17 
10. 00 
9. 94 

11 

APtND JX II 

LEAF DRY WEIGHT 

S pacing 

1 5 
S .E . {EA~ 

- -
0. 11 o.39 
0. 13 1 . ?9 
0. 25 J . 18 
0. 20 3. 77 
0. 11 3. 26 
0. 16 2. 33 
0.14 2. 76 
0. 13 2. 20 
0. 13 0. 39 
o.oo o.oo 

::> fJ!. 1 Ji?:J.. v.ZICHT 

S pacing 

2 3 

s . i. • f:CAN 

- -o.08 0. 44 
0. 22 1. 59 
0. 22 4.ao 
0. 52 6. 67 
o.so 9. 76 
0.44 12. 89 
o.68 14. 56 
0. 60 16. 20 
0. 52 18. 17 
o. 85 21. 48 

;;-o 
S . E. .fEA.1\l 

- -
0 .13 0. 72 
0 . 22 2. 03 
0. 32 J .60 
0. 20 4. 55 
0. 23 4. 71 
0. 27 3.46 
o.:.u. 2. 70 
o.29 2. 30 
0 . 22 0. 23 
o.oo a.co 

I I 

4 

S . E. . ·IBAfl 

- -o.~ o. 26 
0. 16 1.98 
o • .38 4. 37 
0. 33 8. 29 
o.Jo 12. 62 
0. 98 16.35 
o.67 21 . 6o 
1. 31 24.62 
o. 35 29.JJ 
2. 1.3 Ji . J7 

S .E. 

-o.oo 
0.21 
0. 31 
0. 29 
0. 21 
O. JO 
o.35 
0.45 
0. 14 
o.oo 

S . E • 

-0. 12 
0. 25 
0. 73 
1 .32 
1. 17 
1 .31 
1. 11 
2. 26 
1 .64 
2.<:FJ 

Harvest 
Number 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Harvest 
Yumber 

2 
J 
4 
5 
6 
7 
8 
9 

10 
11 
12 

I 
I 
I 
I 
I 

I 

I 

I 

I 



Table 6 

Variety 

Kenia 

7 . S 

MEAN S . E. 

- -
0. 23 o.~ 
0.94 0. 19 
2. 26 o. 26 
3.46 o. 26 
4-22 0. 24 
4-84 0. 36 
5.46 0.31 
5. 41 0.71 
5.39 0. 62 
4. 63 0. 53 

Table 7 

Variety 

Zephyr 

7 . 5 

AEAN s .E . 

o.os 
0.40 0. 07 
1. 20 0 . 11 
2. 52 0. 20 
4. 88 0. 32 
6. 12 0. 55 
7. ZJ o. 28 
8. 28 0. 27 
9.35 0.15 

12. 81 0. 75 
14. 10 0.95 
11 . 83 0. 47 

-ID\N 

-
0.23 
1. 60 
3.46 
5. 27 
7.58 
9. 55 

10. 59 
11. 11 
11 . 38 
9.85 

~N 

o.06 
0.40 
1. 33 
J .93 
5.90 
8. 74 

10.96 
13.45 
16.85 
20. 70 
24. 89 
26. 27 

STJ.:. 1 DRY 1-IEIGHT 

Spacing 

11 15 

S . i . -1.EAN 

- -
0. 05 0 . 19 
0. 11 1. r:n 
o.J4 3. 38 
0. 72 7. '39 
0. 63 10. 56 
0. 64 13 . 74 
0. 50 15.47 
1 . 19 19. 01 
1 . 1 O 1s.81 I 
1. 10 19. 00 I 

8 we1ne 

11 1'5 

s • .!!: . ©iN 

C. o:} 
0. 01 0.40 
0. 14 1. 50 
0. 32 J . 73 
Oo23 8. 59 
o. 63 10. 93 
0. 76 16.72 
0. 70 21 . ='5 
0. 7/ 26. 96 
1.16 36. 35 
1.11 42. 15 
1 . 05 52.70 

20 

3 . E . f::1l~ 

- -
o.06 o. 26 
0.16 1.39 
0.33 J . 82 
0.49 7.98 
0.61 11 .32 
1 • 11 15. 04 
0.94 19.96 
1. 39 25. 76 
o.s2 29. JJ 
1.46 27. 05 

2J 

s ..E. 1\(h;A; 

0.07 
0. 02 0. 41 
0. 07 1.33 
0. 27 4. 56 
0. 58 8. 29 
0. 58 1, .. 52 
o.42 21 . 03 
1 • 1 .3 26 .84 
1.46 ,38. 38 
2oJ6 51 . 47 
o. 87 60. 27 
2.61 7.3 . 19 

S .E. 

-
0 . 10 
0.1? 
0. 73 
1. 01 
1 . 11 
1 . 71 
1049 
2. 03 
2. 13 
1.99 

S . E. 

0. 04 
0.14 
0. 44 
1 .31 
1 .89 
1. 8.3 
2. 29 
1.85 
3. 22 
J . 57 
1. 22 

Harvest 
Number 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Harvest 
Number 

1 
2 
3 
4 
5 
6 
7 
g 

9 
10 
11 
12 



Table 8 

Variety 

Kenia 

7 'i 

·k.AN S . E. 

o.rn 
0.34 0. 03 
0. 81 0. 09 
2.cn 0.15 
3.67 0. 30 
5.82 0. 49 
7. 51 0. 53 
8. 62 0.45 
9.84 0. 49 

12.45 2. 20 
13 .40 2. 39 
12.45 2. 30 

:1EAN 

o.rn 
0. 30 
o.86 
3.48 
5. 96 
8.92 

12. 57 
15. 58 
19.17 
22. 45 
26. 22 
27. 03 

A PENDIX II 

TOTAL DRY WEIGHT 

S pacing 

11 1 'i 

S . E. !E,U 

0. 07 
0. 03 0.32 
o. 06 0.83 
0.17 2. 89 
o. 58 6. 64 
0.95 12. 01 
0.88 17. 26 
1 . 28 21.65 
1. 28 27. 80 
1. 33 35. 50 
2. 00 39 . 41 
2. 09 44. 22 I 

20 

S . E. .IBAN 

o.r:n 
0. 02 0. 39 
0. 07 1 .12 
0. 38 3.46 
0.64 0. 64 
o. 65 13 .38 
0.92 18. 18 
1. 80 ZJ . 27 
1.93 32. 84 
2. 57 47. rfJ 
0. 27 57. 38 
2. 71 I 62. 76 

S .E. 

0. 03 
0. 15 
0.32 
7.66 
1. 30 
1. 30 
2. 59 
2.39 
3.91 
3.46 
J . 01 

I 

Harvest 
Nu:nber 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 



Zephyr 

Hnrvest No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Kenia 

Harves t No . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

/ 

APPEND IX II 

TI LLER NUMBER PER Pk\ NT 

r;feans and Standard Errors 

S oacinf!. cm. 

J.,.j 11 

.IBAN S .E. 

2. 50 0. 34 
7.16 o • .36 
7. 33 0. 50 
9 . 00 1. 17 
7. 50 0. 77 
5. 83 0. 99 
5.16 o.YI 
5.66 0. 36 
5. 00 0. 26 
5. 80 0.37 
5. 80 0. 20 
5. 60 I o. 21~ 

:1.EAN S .E 

3. 33 0.42 I 
7. 50 1 • 11 

10. 16 1. 0'7 
11 . 16 1. 13 
9 . 16 o.83 
8. 83 0. 54 
9 . 16 0.40 
9 . 33 o. 33 
8. 83 0. 30 I 

9 . so 1. 20 
10. 00 o.sJ 1 
9 . ao 0. 37 

S pacing em. 
11 

12 
: ,· N S E 

J . JJ 0. 33 
8.33 0. 61 

1 o. oo 0.33 
10. 50 0o72 
11 . 83 0. 30 
12. 00 0. 89 
14.66 0. 95 
14. 00 o. 68 
14. 16 0. 60 
17. 00 o. 83 
16. 80 1 . 11 
17. 00 0. 44 

12 
'.fEAN S .E I "1EA ~l S .E . . . ll • .fEAN S E 

J . 50 0. 22 J . 33 0. 21 J . 00 o.36 
8. 00 0.45 8.33 o.71 8 . 00 0. 96 
8. 50 0. 22 10. 50 o. 56 10. 66 1 . 3.3 
9 . 00 1. 49 10. 16 0. 40 10. 16 o. 87 
6. 00 0o44 9.33 0. 88 11 . oo 0. 77 
5. 66 0.44 8. 66 o. 78 I 14. 16 1 .1 5 
5. 83 0.40 9 . 50 0. 76 15. 50 1 . 17 
5. 66 0.33 10. 83 1 . 03 

I 
16. oo Oo63 I 5. 08 0. 27 10.90 o.s4 18. 00 o. s2 

6000 o.oo 11 . 00 0.73 16. 80 0 .73 
5. 80 0. 37 11 . 20 0. 80 I 18. 00 1.37 
5.40 0. 24 I 10.40 0. 24 I 18. 60 ' 0.75 

I 

~ 
:11!:AN SE . 

J . oo 0. J6 
7. JJ o.88 

10. 83 1. 60 
12. 33 0.84 
16. 16 1. 19 
17.16 0. 75 
21 .33 0. 61 
20. 83 0. 70 
20. 83 0. 94 
23 . 80 1 .59 
27. 00 1 . 78 
27. 00 I 1 . 22 

.2Q 

-IBAN S E s ! 

2. 83 Oo 16 
8 . 00 0. 63 

12. 00 1. 36 
11 . 33 1014 
16. 16 1. 37 
17. 33 1.30 
21 . 16 0.47 
22. 00 1 . 26 
22. 83 1 . 13 
26. 00 2.32 
27. 40 0. 92 
27. 60 0.74 



Appendix ). Rainfall and Solar Radiation 

During Experiment. 

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

using standard meteorological rain-gauge. 

Solar radiation measured with an Eppley pyrheliometer presented as 5 day 

avcra!;cs. Records from Plant Physiology Division, D·.s.l.R., 

Palmerston North. 

i 
I i 

I 



R.G .R. 

APPENDIX III 

RELATIVE GROWTH RAT.l!S/Wr~EK 

gm/gm/wk. 

1 . Table No . 

Harvest 
.Ng. 

1 

1 
2 J.79 
J 1 . 14 
4 0. 74 
5 o.66 
6 0.21 
7 0.18 
8 0.13 
9 0. 12 

10 0. 31 
11 0 . (1} 
12 -o. 16 I 

I 

Spacing for 
Total RGR Zephyr 

2 3 

4 . 15 J . 8J 
1 . 14 1 . 31 
1 . 10 0.90 
o.42 Oo83 
0. 38 0. 21+ 
0. 22 0. 43 
Oo21 o. 2.3 
0. 22 0. 23 
Oo21 0. 26 
Oo18 0. 15 
0 . 05 Oo21 

4 

4 . 02 
1 016 
1 . 2.3 
0. 55 
0 . 58 
0 . 39 
o. 21~ 
0 . 3'1 
0 . 26 
0. 15 
0. 20 

2 . Table No. 

I . 

Harvest 
,liQ. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

1 

3 . 78 
o.85 
0. 95 
0. 57 
0. 45 
o.26 
0. 14 
0. 13 
0 . 23 
o.o6 

-0. <17 

Spacing for 
Total RGR Kenia 

2 3 

J . 65 J.78 
1 . 05 0.94 
1 . 40 1 . 20 
0. 52 o. 85 
0 . 39 0. 60 
0 • .35 0. 36 
0. 21 Oo21 
0. 21 0. 25 
0. 12 Oo22 
0 . 15 Oo 11 
0 . 0.3 0. 10 

4 

.3.94 
1 . 03 
1 . 14 
o.76 
0 . 58 
Oo31 
0 . 22 
o.36 
0 • .31 
0 . 20 
0 . (13 

1 . Ze.PiJ1r 
MEAN RGR = 0. 76 .! 0. 07 gm/gm/w. 

2. Kenia 
t'1E.AN RGR = O. 75 .! O. 00 am/ grrv w. 

.1ean spacing S .E. 

J . 94 0 . 15 
1 . 19 0. 11 
0. 99 0. 03 
0. 62 0. (13 
0. 35 o.oo 
a . Jo 0. 05 
0. 20 0. 03 
o. 23 0. 05 
o. 26 0. 05 
0. 14 0. 07 
o.c:n I o. 06 

'.fean spacing S .E . 

.3 . 79 0. (13 
0. 97 0 . 10 
1 . 17 0. 11 
o.68 0 . 11 
0. 51 0 . 11 
0 • .32 o. ci> 
0 . 20 0. 04 
0 . 24 o. ci> 
0. 22 o. ei> 
0. 13 o.06 
0. 0.3 0. 05 



Table No. 

Harvest 
Uo. 

5 
6 
7 
8 
9 

10 
11 
12 

Table No . 

Harvest 
li,Q. 

5 
6 
7 
8 
9 

10 
11 
12 

1. 

2 . 

Ai'ffiNDlX III 

RELATIVE GRWfH RATFS 

EAR> . 

Spa9ing1 For RGR @rS 
Zephyr 

7. 5 cm 11 cm 15 c•n 

6.92 
1.92 
o. 71 
0.40 
0. 51 
0. 51 
o. ;i.3 

-0.10 

6. 76 6. 82 
2. 06 2. 20 
0.96 1. 31 
o. 51 0. 55 
0. 54 o. 56 
0.49 0.47 
0.39 0. 25 
0. 15 0. 30 

S pacing : For RGR Ears 
Kenia 

7. 5 cm 11 cm 15 c:n 

6. 51 6.61 5.64 
2. 02 1 .98 2. 60 
1. 02 1 • .35 1 . 53 
0.1+4 0.48 o.66 
0.35 0.60 0.45 
o.60 0.32 o. ::;6 
o. 18 0. 39 0.35 
0. 01 0.16 0. ?3 

Zephyr 
ACAN KiR = 1.50 .! 0.14 

Kenia 
MEAN RGR = 1.47 .! 

20 cm :vtean S . E . 

6. J O 6.70 0. 27 
2. 05 2. 06 o. 28 
1. &'9 1. 22 0.1s 
0.64 0. 52 a.en 
o.75 0. 59 O. Cft 
0. 50 0.49 o.oo 
o. 35 o. Jo o.08 

I 0.19 0.1.3 I 0. 07 
I 

20 cm s . I!: . 

5. 59 6. 08 
2. 75 2 • .34 
1 . 14 1. 26 
0. 56 0. 54 
0.91 0. 57 
0. 57 0.46 
0.40 0 • .33 
0.30 0.17 

I . 



1. Variety 

~ephyrs 

143. 74 
2c:F) . 76 
128. 91 
104. 82 

68.61 
49.70 
31 . 28 
18.20 
10.75 

,3.16 

2 . Varietv 

Kenia 

~ 
I 

I 
144. 05 
216. 90 
139. 20 
104 • .30 

75. 85 
53 . 40 
'2}:} . 43 
20. 10 
10. 64 
1 . 50 

144. 90 
235. 94 
150. 30 
119 . 87 

71 .64 
5.3 . 55 
31 . 77 
16. 1 O 
8. 40 
0. 46 

7. 5 

172. 34 
246. 14 
182. JO 
122. 00 

81 • .38 
53. 67 
28 . 21 
17. 53 
9 . 11 
0 . 50 

APf)li...:NDIX III 

LEAF AREA RATIO 

Spacing cm 

11 

133. 44 
218. 38 
136. 24 
111 . 28 

7': . 00 
5.3 . 80 
31 . 94 
18 . 96 

8. 92 
2.64 

S 2aci.nP cm 

11 
l 

138. 42 
217. 76 
128. 10 
11 8. 77 

75 .4.3 
44 . 73 
J0. 87 
?.3 . 00 
8. 82 
2. 44 

15 20 
l 

151 . 46 'lL+5. 18 
191 . :::J 1')3. 50 
124 • .36 104. 75 

82. 92 105. 21 
68 . 57 62 . 26 
51 . 85 39 . 61 
26 . 96 34. 46 
15. 12 :z2. 63 
14. 35 11. 3.3 
4 . 94 4. 62 

15 20 

138. 70 126. 75 
212. 96 190. 74 
134. 57 111. 81 

9.3. 10 8.3 . 32 
76 . 26 70. 36 
47. 20 68 . 0.3 
25 • .34 33. 31 
21 . 02 18. 87 
12. 21 12. 42 

1 . 90 1 . 16 

Harvest 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Haryest 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 



Variety 
Zephyr: 

7. 5 Q!ll 

MEAH S • .L?: . 

12. 7 
5.9 
4.0 
5. 0 
2.4 
2. 8 
J .4 
5.4 

27.0 
173.0 

Variety 

.t(enia: 

2.1 
0. 5 
0. 4 
o.6 
o.8 
1 . 3 
o.B 
1 .1 
4.4 
-

7,5 cm 
MEAN S . ~ . 

10.7 0.4 
4.1 0. 7 
4.9 0.9 
4.1 o.s 
4.6 0.9 
4.0 0.9 
3.7 1. 0 
5.9 1. 5 

18. 5 6. 6 
27. 0 -

I 

APr>ENDlX III. 

NET _j,SSI .fILATI O -J RATE 

2 
gm/cm /day 

Spacing cm 

11 cm 1_j gm 

fr.AN r, ' u • .t. . 

13. 5 0.3 12. 7 o.6 
6. 5 0.9 7. 6 o.6 
6. 6 0.4 6.o o. 6 
3.4 0. 7 11 .3 3. 4 
4.4 0.8 3. 2 0. 5 
J . 7 0.7 7. 5 1.3 
5. 0 1. 2 6. 7 1. 5 
9. 2 1.3 13 . 0 4.8 

20.0 6.3 20. 8 4-9 
46. 8 18. 3 19 .• 1 6 . 8 

Spgcing cm 

11 cm .1.L<w 
•Ll:.aN S .E. 

12.5 1. 7 11 . 6 0. 5 
6. 1 0.9 5.3 0. 2 
9. 2 0.9 7. 4 0.9 
4. 3 0. 7 6.3 1.7 
4.3 1.1 7. 4 1. 5 
6.3 0.9 8. 1 1. 3 
6. o 1.3 7.4 2. 0 
8. 7 4. 0 12. 1 4.3 
9. 4 2. 8 13.9 2. 5 

64. 0 33. 5 15. 5 10. 2 

llaryest No. 

13.6 2. 0 2 
6.E 0.4 3 
9. 5 1.4 4 
5. ? 1. 2 5 
7. 0 1 . 1 6 

26.6 - 7 
12.6 6. 8 8 
1J. O 2. 3 9 

I 19.4 /4 . 6 10 
?5. 5 7. 5 I 11 

I , 
' 

Harvest No. 

~ 
' tEAN S . E. . 

16. 0 2. 0 2 
6.9 1. 0 3 
8.4 o.B 4 
8.4 1.6 5 
7.6 1.4 6 
4. 5 0.9 7 
5.3 1.4 8 

14. 7 2.4 9 
22. 5 6. 2 10 
47. 7 23 . 0 11 



Harvest No,2 

I Source of 
Variance 

Ii locks 
Varieties 
S pa.cings 

ar x Spac 
l:rror 

Harvest 12...J 

Source of 
Va:x,iance 

9loc 1cs 
Varieties 
;.spacings 
Var X S pa.c 

I ~or 

Harvest No,4 

S ource of 
Variance 

Blocks 
Varieties 
S pacings 
Var X Spac 
Error 

Harvest No.5 

Source of 
Variance 
Blocks 
Varieties 
Spacings 
Var x Spac 
Error 

ANA LYS JS OF VAR.I AI'l:E 

DRY W.E. IGHT DATA 

F RAT ICE AND S IGil lFICA -ICE 

d.f leaf s te:u 

5 2. 33 N, 2. 33 I,3 
1 2.33 l·S ?. 33 T' . µ 

3 0. 77 ) ,. ~ ,.) O. 77 !-S 
3 0. 77 m 0.77 w 

35 

F RATIC:S •. 1;0 S IC J IFIC,.JJC I.: 

df. 

5 
1 
3 
3 

35 

le&f' 

1 1 o . . . ....., , .... 
J.52 IB 

1 $ 
1 r,n 

stem 

.... ~ ,,-. 
I , P 

5. 49 * 
1 t£ 
1 .iS 

F RATICB AND S IG11 IFICA .·Xa.: 

df leaf stem 

5 2. 40 N3 2. 25 N3 
1 5.44 * 13 . 62 -:t ~-

.3 19 • .33 ** 6. 68 -a 
3 0. 96 N3 o. 26 1£ 

I 35 

F RATICB Alli> SIG 'UFIC.1-L,CE 

df leaf stem 
5 1.63 N3 1.96 N3 
1 2.14 R3 J.98 N3 
3 20.96 it :~ 5.40 ** 
3 0.19 N3 1.12 I'S 

.35 

ear 

!£ 
I£ 
~s 
i£ 

oar 

ear 

o.oo N3 
Q. OQ II 

o. 00 11 

0. 00 II 

ear 
0.2:116 
1.85 t6 
o.84 m 
1 .11 N3 

':'otal: 

o.s2 N3 
5.42 * 
0.52 m 
0.32 !£ 

Total: 

2. 16 t6 
23 e53 IL 

1 ~s 
1 . 12 j£ 

Total: 

2.44 I£ 
12.90 ** 
14.45 lLI-

o. 65 N:i 

Total: 
1.79 W 
J.61 

11.94 ** 
0.75 R3 

I 

7 



Harvest No,6 

F Ri~TICS A.ND S I GN U 'IC,dCE 

I 

Source of 
Variance d1' leaf stem ear Total; 

Blocks 5 2 . 86 16 1.79 r£ 2 .85 u- 2.o6 t6 
varieties 1 0 . 00 IB 0. 07 r6 1 . 76 i'S 0. 005 !£ 
Spacings 3 58. 83 t'" 17. 94 irn 0 . 19 rs 77. o6 <t 

Var X S [Xl.C I 3 ;? . 05 !~ 0. 19 tS 0.56 • ' 0.49 r£ 
EITor 35 . 

. ilaryes t ~:o. 7 
F R.J-~THB AN.!J ~HG 1JI!IC:\' ] E 

Source of 
V,iriance df leaf stem ear Total: 

P.locks 5 1 . 21 fl; 2. 52 ~ 2. 79 * 3 . 26 :t 

Varieties 1 O. 50 Ii i 0. 13 !'l3 1 . 84 s c. 02 rs 
S ?B,cings 3 44.98 *l: 58 . 1 0 ,l-.; 12. 30 1('. 77 . 92 ,..~ 

V;:,,.r x Spac 3 1 . 27 iS 1 . 33 N3 2. 18 ·n 2. 41 N3 
fu-ror 35 t 

I 

Harvest -~o, 8 

S ource of 
Variance d1' leaf stem ear Total: 

Blocks 5 1.01 I6 ? . 32 f.:, 2.n K3 2.€:f} * 
Varieties 1 0. 76 s 0.17 N3 1 . 82 i:S 0 .03 m 
Spacings 3 47.24 *lt 56.93 ,L, 11.37 ;:* 55.76 :1 ~ 

Var X S pe.c J 1. 26 m 0. 47 B 2. 03 I£ 1 .4£ ts 
Error 35 

Harvest o.9 

F TICS AND S IGHIFICANCE 

Source of 
\ Variance elf leaf stem ear Total: 

Blocks 5 2. 82 ·:C 0. 94 1.14 m 1 .35 m 
Varieties 1 1 .oo o. 17 16 2. 20 m 0. 21 
Spacings 3 44. QO H 126. 42 ~~t 32.55 *• 120.30 *" 
Var x Spac 3 5.50 ** 1 . 11 N3 2.JJ;, fS 2.84 . 
Error 35 



Harvest No. 10 

F H,.1.T::ffi AND SIGND ICA "CE 

Source of 
Variance df leaf stem ear Total: 

Blocks 4 J . 61 ~ 2. 37 :c 1 . J7 ~s 2. 11 :S 
Varieties 1 o. 55 )f 1 • 72 B 7. 50 :, 0. 37 iB 

I 
S p:icings J 37. 76 89 . ]/+ 54. 57 '' 106. 00 } " 

I 

! 
Var x S pa.c J 0. 55 .... 0. 45 ,. ;-' . l}3 ~ o.66 . ,. . 0 

Error 28 

,rlarvest .No . 1..1 

-
Source of I 

Variance df leaf stem ear 'l1otal: 

Blocks 4 2. 30 • 1 . 65 1J3 0. 14 ~s 0 . 22 ~s 
I Vll'ieties 1 4. 63 :t 0. 45 hJ 9. 71 -;~- o.68 ;s 

s pa.cines 3 J.47 ... 184. 54 ;:-., 1 (FJ .45 ~ ;f, 165. 37 ;;,. 
Vur x J :iac 3 1 . 71 tL 0. 19 s J . 88 )I- 0. 43 '6 
Brror 28 I 

larvest ~!o . 12 

F RA'l'Iffi rJrn .:J IGJIFICM UE 

S ource of 
Variance df leaf stem ear '.i.'otal : 

!,locks 4 1. 00 N3 o.66 ·S 1 • .32 .s O. 74 I,S 
arietiea 1 0. 99 M> 2. 42 ..... 5.35 it 9.30 ;i-,t . 

Spacings 3 1. 00 LO 1 o6. 54 ~ ' 145.30 * 290.84 *" 
var x S pe.c 3 0 . 99 ~6 1 . 02 ~ 2. 83 LP 4 . 22 * 
f;rror 28 



APP~@lX IV 

AN.AUSlB VARIANCE 

TILIER NU?1BER/PLA.NT 

1. Harvest No . 12 Variqnce Ratios 

Sums Mean 

Source M Sgu§:t~ Square 
Between Blocks 4 7 .65 1 . 91 

11 Varieties 1 4.23 4.23 
ll Spacings 3 2732 . 68 910. 89 

VxS Interaction 3 4 . 07 1 . 35 

Error 28 55.15 1 . 97 

Total 'y:J 

L.S .D. Spacings 5% error df = 1 . 16 

2. Harvest No . 11 Variance Retios 
Sums Mean 

Sourc9 M Sguares Square 

Between Blocks 4 29 . 25 7. 31 
It Varieties 1 4 . 90 4.90 
II Spacings .3 2583. 50 861 . 16 

VxS Interaction 3 2. 70 0. 90 

Error 28 135. 15 4. 82 

1 
Total J9 

L.S .D. Spacings 5% error df = 1 .82 

J. Harvest No.10 Variance Ratios 

Sums 

Source .!l!: Sguares 

Between Blocks 4 60. 85 
II Varieties 1 7. '23 
n Spacings .3 2046. 88 

VxS Interactions 3 8.67 
Error 28 206.35 
Total ~ 

square 
15.21 

7. 23 

682.30 
2.89 
7. 37 

L.S .D. Spacings 5% error elf' = 2. 'l!l 

F 
I Ratio 
I 0. 97 

2. 15 

462. 38 

o.68 

F 

Ratio 

1. 51 

1 . 01 

178. 66 

0. 1s 

F 

Ratio 

2.06 

0.98 
92. 57 
0. 39 

Sign 

re 
R3 
,:; u, 

w 

S ign 

$ 

I£ 

** 

§.kB 

lS 

I'S 

** 
lS 

I 
i 
I 
I 
I 

I 

I 
I 



APPEiID IX r.v 

4. Harv§st No .5! V~lance ~tios 

Sums •fean F 

Source M Sguares Sguare Ratio §jga 

Between Blocks 5 26 . ff:) 5. 33 1. 87 16 
(I Varieties 1 46. 03 I 46. 03 16. 21 ** 
11 S pacings 3 1937. 07 645. 69 227. 35 ** 

V x S Interaction 3 22. 05 7.35 2. 58 N3 
I 

Error ' .35 99 .48 2.84 
Total 47 

L.S . D. Spacings 5% error elf= 1. 52 
L.S . D. Varieties 5% II " = 0.97 

5. ~est ~ 18 Varil!!ct Ratios 

SUIIS ,4ean F 

Source fil: Sgunres 1 Sguare Ratio S ign 

Betwen Blocks 5 9.92 I 1.98 o.~ rs 
II Varieties 1 16.33 16. 33 4.86 ** 
II Spacing 3 1645.42 548-47 16.3. 23 ** 

V x S I nteraction I 3 6. 50 2.17 0.64 16 

Error 35 117. 75 3.36 
Total I 47 I 

I 

L.S . D. Spacings 5% Error df = 1. 52 
L.S .D. Varieties 5% II " = 1. 07 

6. Harves;l! li2,2 V&iance R....t!2§ 
Sums ean F 

Source gl_ Sguaree Square Ratio §.kn 

Between Blocks 5 5.67 1.13 0.40 t6 

" Varieties 1 2. 03 2. 03 0. 74 16 
11 Spacing 3 1703. '11 567. 70 199.89 ** 

VxS Interaction 3 11 .74 3. 91 1.38 1-S 

Error 35 99.3.3 2.84 
Total 47 

L.S .D. Si:acing 5% Error df' = 1.38 



APPENDIX IV 

7. Haryesjc N:> 1 6 Variance Rayos 
Sums ,-fean 

Source M: Sguares Sguar§ 

Between Blocks 5 0.92 0.1s 

" Varieties 1 3. 00 3. 00 
II Spacing 3 910. 25 303 . 41 

VxS Interaction 3 11 .34 .3 . 78 
Error 35 180.41 5. 15 
Total 47 

L.S .D. Spacing 5% error df = 1.86 

8. liarv~jc Nos!? V~~!lC8 Rajc!~ 

Sums Mean 

Source g,r Gguar~ Sgu.ar~ 

Between Blocks 5 49 .35 9. 87 
II Varieties 1 2. 52 2. 52 
11 S pacings 3 592. 23 197.41 

VxS Interaction .3 .3.73 1. 24 

Error .35 138.15 3.94 
Total 47 

L .D . Spacing 5% Error df = 1.64 

9. Harvest No,4 Variance Ratios 
Sums 

Source df' Sguari!s 

Between Blocks 5 79 .35 
" Varieties 1 3. 00 
ti Spacings .3 51 . 73 

VxS Interaction .3 2 . 41 

Error 35 201 . 49 
Total 47 

Mean 

Sguar§ 

15. 87 

J. 00 
17. 24 
o.so 
5.75 

L.S . D. Spicing 5% Error df = 1.9.3 

F 

Ratio §.!&D 

0. 035 t6 

0. 58 1£ 

58. 91 ** 
0. 73 1£ 

l 

F 

Ratio I filJm 
2. 50 * 
0. 64 t6 

50.10 ~t- 1-

0. 31 I'6 

F 

Ratio ' I §.ks 

2. 76 * 
0. 52 m 
J. oo * 
0. 14 lS 



APPEHDIX IT 

10. Harvest ~ 1 J Variance Ratio§ 

Sums '.iean 

Source .9!:... Sguares Sguare 

Between Blocks 5 73 . 25 14. 65 
II Varieties 1 8. 33 8. 33 
II S pa.cings 3 78.83 26 . 7/ 

VxS Interaction J 1. 50 0. 50 
Error 35 190. 01 5.43 

I Total 47 

L.$ . D. Spacing 5% Error df = 1.92 

11 . Harvest No1 2 V~ i§ageg Ratios 

Sums 

Source .9l Sguares 

Bet-ween Bloc.kB 5 38.42 
II Varieties 1 3. 00 
11 S pacings 3 2. 50 

VxS Interaction J 1. 50 
Brror 35 105.9? 
Total 47 

12. Harvest Nq.1 Va;:iance Ratios 

Sums 

Source st Sguares 

Between fil.ocks 5 9. 85 
II Varieties 1 0. 18 
fl Spacings .3 1 . 23 

V X S Interacti on .3 3. 23 

Error 35 13 .99 

Total 47 

Mean 

Sgu£e 

7. 68 

3. 00 
0. 83 

0. 50 
3. 02 

Mean 

Sguar~ 

1 . 97 
0.18 
0.41 

1. cn 

0. 40 

F 

Ratio Sign 

2. ~ * 
1. 5.3 r6 

4. 83 ** 
o. o:; N3 

F 

Rati o §.!&n 

2. 54 ,< 

0.99 1£ 

o. ?'7 rs 
0.16 1£ 

F 

Ratio Sign 

4.90 *It 

0.45 N3 

1 . 02 ~ 

2. 67 N3 



APP.b.NDIX IV 

,~N~.L!S JS OF V \Rid CE LAI 

WITH I'l H.illV liS 'IS 

Harvest No , 1 

Source of df Aean F' S!£n 

Variagcg Square l!!ll.12 
Blocks 5 0 . 0019 5 2. 010 
Varieties ·1 o. 00110 1.134 .tS 
Spacings 3 0. 12698 130. 907 ltlHt 

1 

Var x Spa.c 3 0. 00046 0. J...74 
35 0.00007 C:rror 

L .D. Spacings 5'J level = o.026 

Harvest Iy . 2 

Source or df Ae~ F Sign 

Variance Sguare Ratio 

Blocks 5 o. 04001 2 . 73 5 it 

Varieties 1 0 . 01.33.3 0 . 911 m 
Spacings 3 1 . 83035 125. 109 lH, I< 

I Var x ;.;pac 3 0. 02o68 1. ,.,.14 !S 
Error 35 o. 01463 

L.S . D. Spacings 5~ level = 0.100 

Harvest No, 3 

SourS:e of gf ,·iega I' Si,g11 

Vsg:!anc~ Square Ratio 
Blocks 5 0 . 7479 J . 930 *~ 
Varieties 1 6 . 6752 .35 . 075 *** 
Spacings 3 32. 1485 168.927 *** 
Var x Spac 3 1 . 0J':17 5.442- * 
Error 35 0.1903 

I 

L . D • S pe.cings 5% level = 0. 362 

Harvest No,4 

So of r F s n 

Vnria!);CS2 Square Rati_q 
Blocks 5 1 .3128 1.760 t6 
Varieties 1 1 .5987 2.142 l6 
Spacings 3 73."/642.. 98.8,36 ~ * 
Var x Spac 3 0.1680 0. 225 
Error 35 0.7/J,3 

L.S . D. Spacings 5% level = 0.716 



.cl.?PENDIX IV 

Harvest No.5 

Source o df Mean F s n 

Variance Sauare Ratio 

; Blocks 5 3. 7146 2.o&4 l-6 
l Varieties 1 7.184.3 3.991 N, 

Spacings 'l 129.20:24 71 . 7'5 **ll ~ 

Var X S pac 7 4. 3437 2. 413 t6 ., 
I Error 35 1 . 8001 -

L.S .D. Spacings 5% level = 1 . 11 ? 

Harvest No,6 

Source of df Meru1 P' Sign 

Variance ~ &.tio 

Blocks 5 o. "FJ78 0. 516 w 
Varieties 1 1 .9967 1 . 292 t6 
Spacings J 73.250S 47 • .388 ~;Hf 

I Var x Spac 3 0. '2474 0.160 $ 

, Error .35 1. 5457 

L .S .D. S pa.cings 5% level = 1 . 030 

:larvest No17 

Source of df Mean F SiPD 

Vm;:ian~ Square Ra.t!,<2 

Blocks 5 2 . 881+4 2.118 m 
Varieties 1 0. 4880 0.358 M3 
S pa.cinge 3 40. 7999 29.964 11- nl 

Var x Spac .3 1.0407 0.764 rs 
Error 35 1.3616 

L.S . D. Spacings 5% level = 0.967 

lianl!St No1§ 

So!:!£c~ of gf Mefa!l F Sign 

Variance Square Ratio 

Blocks 5 1. 6328 3. 503 .. 
Varieties 1 o.4602 0.987 
Spacings 3 15. 1523 32. 5<1> ** 
Var x Spac .3 0.4772 1 . 024 m 
Error 35 o.4661 -

L~ .D. Spacings 5% level = o.566 



Harvest No.9 

Source of df 1ean F Sien 
I 

Variance Sguare Ratio 

Blocks 5 1. 24.32 J . 160 * 
Varieties 1 1. 5516 .3 . 944 ~ 

S paciags 3 4. 02~ 0 1 o. 221 '~ *H 
Var X Spa.c 3 1 . 5039 J . 8 23 * 
Error 35 0.39J4 -

~ 

L .s .D. s i: ElC ings 51 level = 0. 520 

..:larvest ilo 11 0 

f ,1e F s n 

Variance Scuare BA:ti~ 
Blocks 5 5. 1071 14.400 *It!:· 

Varieties 1 0. 0357 0. 101 $ 
Spacings 3 o. 7615 2.146 ts 
Var x Spac 3 0. 1904 0. 537 1'6 
Error .35 0. 3548 

-1 

L.S . D. Spacings 5·;:, level = 0.494 

Harvest No.11 

Sourc§ of df Me~ F S ie.n 

Varj.BllCe Sguar1 Ratio 

Blocks 5 0. 4730 3. 715 ** 
Varieties 1 o. 7651 6. 010 it 

Spacings 3 o. '3979 J . 126 * 
Var X Spa.c 3 0 . 1914 1. 501., N3 

ITOr 35 0. 1273 

L .J3 .D . S p.1cings 5% level = 0.296 



APPEND lX IV 

ANAL$ IS OF VARIANCE 

EAR AREA 

1 . lL".Rl/.bST N0 , 7 VARlil.NCh AATICE 

Sums Aean 

Source .9! Sguares 

Between Blocks 5 2012. 51 
ti Varieties 1 4116. 5 
ti SpacingE; 2 96847.8 

V xS Interaction 2 2750. 0 

Sguare 

402. 5 

411 6. 5 

48423 .9 
1375. 0 

1534. 2 Error 

Total 

25 38.354. 2 
.35 

L . D. for spacings = t 25 elf x 2 x B..£ 
n 

2. IB.RVl:ST ,'fO . 8 VAR!a .CE H.ATICS 

Source 

Between Blocks 
11 Varieties 
II Spacings 

V X s Interaction 

l!:rrar 

1 Total 

Su.:qs \I. .;ean 

df Sgu:u-es Sguare 

5 38633. 8 7726 .7 
1 4408.9 4400. 9 
2 218071 . 6 1~035. 8 
2 2832. 4 1416. 2 

25 6763?. 9 2705 • .3 

35 

L . D. f or spa.cing = t 25 df x 2 x E 
n 

= 43. 73 

F 

Ratio n ~ 
o. 26 1£ 

2.68 N3 

.31 . 56 *~ 

0.89 i6 

F 

Ratio Sign 

2. 8 5 * 
1 . 63 N3 

40030 ! ;1-,t-

0. 52 rs 

I 

I I I 



APPENDIX IV 

3. lfoRV .l!S T NO .9 V ARIA II[; .I!: RAT I CS 

SUnB ,-lean 

S0YF9e _gg Sguares Sguare 

Betwen Blocks 5 I 9572 . 8 1914 . 5 
ti Vari eties ' 1 410 . 1 410.1 
ti Spac ings 2 422362. 0 211181 . 0 

V xS Interaction 2 1393. 9 f:f)6 .9 

Error 25 84847. 5 3.393 .9 
ToW. 35 

L.S . D. f or spacing = t 25 d£ x 2 x EA3 
n 

=~ 

4. liAH.VI!ST N0.1 0 V1---RTu. r>CE RATIJ::> 

Sums ,1ean 

Source df Squares 09uare 

Bet wen Bloc ks 4 19199 . 4 4799 . 8 
II Varieties 1 511 5. 2 5115 . 2 
II Spac ings 2 575542. 0 227771 . 0 

VxS Interaction 2 5301 . 6 2650. 8 

~rror 20 48598 .9 2J(~ . 9 

Total 29 

F 

RRt!o §lim 

0. 56 N3 

0. 12 t6 

62. 22 ** 
0. 20 m 

F 

Hatio ~ 
1 .97 N3 

:? . 10 I£ 

118. 43 lt* 

1. (J) 1-6 

" l 

L " . D. for spacing = t 25 d.f x 2 x E:.U 
n 

=~ 

5. HARVEST NO, 11 VARIANCE RATICB 

Suma Mean 

Source .9! Squares Square 

Between Blocks 4 20<X>6. 8 5016. 7 
11 Varieties 1 834. 2 834. 2 
fl S pacings 2 361 053. 5 180526.7 

V x S Interaction 2 5990. 4 2995. 2 

Error 
Total 

20 31 718. 7 1585.9 

29 

L .D. for spacing = t 25 df x 2 x E'£ 
n 

= 37. 13 

F 

Ratio §.kn 

3. 16 * 
0. 52 AG 

113. 83 ltit 

1. 88 m 



BIB LIO GRAPH Y: 

1. Donald, C. M. (1963) ' Advances in Agronomy ' Vol. 15. 

2. Watson, D. J., Thorne, G. N. and French, S. A. \, . {1963) 
1 Annals of Botaey N .S • 1 Vol 27. 

3. Engledo"W, F . L. and Wadha.m, S .-i. (1923) 

4. Blackman, V. II . {191 9 ) 

5. Gregory, F . G. {1917) 

' Journal Agricultural Science ' Vol . 13. 

1 .Annals of Botany' Vol. 33. 

Third Ann. Rep; Experimental and Research 

S tn. , Cheshunt. 

6. Briggs , G. E., Kidd , F ., and West, C. {1920) 

' Annals Applied Biology' Vol . 7. 

7. Watson, D. J . (1947) 1 Annals of Botany N .S • 1 Vol. 11 • 

8 . F'isher, R. A. (1921) ' '\nnals !.,,plied Biology ' Vol. 7. 

9 . iJatson, D • . J . a."D Norman, A. G. (1939) 

' Journal Agricultural Science ' Vol . 29 . 

10. Porter, H.K. , Pal . N. and :--fartin, R. V. (1950) 

11 . Willi8.1113, R. F. {1939) 

1 2. Watson, D. J . (1954) 

' Annals of Botany N.S .• Vol . 14. 

' Australian Jom-nal Exptl. Biology ' Vol.17. 

' Growth of Leaves ' Proc. .3rd Nott . Easter 

School Ed. Milthorpe. 

13. Heath, 0. V. and Gregory, F. G. (1938) 

• Annals Botany .{ .S • ' Vol. 2. 

14. Lupton, F. G. {1961) ' Annals Applied Biology' Vol. 49 . 

15. Watson, o. J ., Thorne, G • .N., and French, s •• w. (1958) 

16. Cannell , R. • {1967) 

17. Gregory, F . G. (1950) 

1 Annals of Botany N .s • • Vol. 22. 

' Journal of Agric. Science , Cambridge. Vol70. 

• Nature' Vol. 166. 



18. Kirby, E. J.M. (1967) 

19. Thorne, G. N. (1962) 

20. De Silva, w. H. (1961) 

21 . Krishnarnurthy, K. (1963) 

22. Gregory, F. G. (1937) 

23. Langer, R. H. i . (1959) 

24. pinall, D. ( 1961 ) , ( 1 963 ) 

' Journal .Agric. Science ' Cambridge. Vol. 70. 

' Journal ' gric. Science ' Cambridge. Vol. 58. 
• Annals Botany N .s • ' Vol. 26. 

'Studies in Crop Ph3siology of Wheat ' PhD. 

Univ . Reading. 

'Studies in t.oo Physiology of Cereals' PhD. 

Univ. Reading. 

' Annals Review Biochem.' Vol. 6. 

' Annals Applied Biology ' Vol. 47. 

I USt. Journal Biological Sciences ' Vol. 14. 
II 

11 
11 

" Vol.16. 

25. Laude, Ridley and Suneson, (1967) 

• Crop Science ' Vol. (1967) 

26. ~uinlan, J. D. and Sagar , G. H. (1962) 

' Weed Research ' Vol. 2. 

27. Hirano, T. and Shimada, H. (1960) 

' Proceedings Crop Science Society• Japan. Vol.28. 

28. I-Shun, T. (1958) ' Acta Botanical Sin. 1 Vol. 7. 

29. Tinker, . .f.A. am Jones, 1-i. G. (1931) 

JO. Dwlgan, G. H. (1931) 

31. Nakamura, K. (1956) 

1 Annals Applied Biology' Vol. 18. 

' Journal knerican Soc. gronoiuy ' Vol. 23. 

1 Proceedings Crop Science Society' Japan. Vol. 25. 

32. Thorne, G. N., Bunting, A. H. and Drennan, D .H. 

33. Bingham, J. (1967) 

34. Thorne , G. N. (1966) 

35. Cannell, R. Q. (1969) 

' Growth of Cereals and Grasses • Ed. Milthorpe, 

F. L. & Ivins, J. D. 

' Journal gricultural Science• Cambridge. Vol .70. 

' Annala Botany N.S . 1 Vol. ,30. 

' Jom-nal Agricultural Science• Cambridge. 
Vol. (1969). 



36. Khatri, 1. I . (1965) 

37. Donald, C. 1. (1967) 

' Pakistan Journal Science • Vol. 7 No. 1 . 

' Proceedings 3rd. International Cereal (Wheat) 

Breeders & Geneticists Conference• . (1967) . 

38. Aspinall, D., Nicholls and t~ (1964) 

39. Aspinall , D. (1961) 

40. Gates, C • T. ( 1955) 

41. Gates , c. T. (1957) 

' Australian Journal Agricultm.-al Research 

(1964) Vol . 

' Australian Journal Biological Sciences • 

Vol . 14 . 

' Aus tralian Journal Biological Sciences • 

Vol . 8 (1955 ). 

' Australian Journal Bioligical Sciences • 

Vol . 10 (1957) . 

42. Owen and Watson, D. J. (1956) ' Natm.-e • (19.56) . 

43. Robins, J. S . and Domingo , C. E. (1 953 ) 

' Journal gronomy 1 Vol . 45 (1 953). 

44. Chinoy, J. J. (1 962) /;YT0N Vol. 19 No. 1 . 11-20. 

45. Wells, S • •. • aIXi Dubety, S . ( 1965) 

'Canadian Journal Plant Science' Vol. 45 No. 5. 

46. .fack, A.R. and Ferguson, w. s. (1966) 

'Canadian Journal Plant Science' Vol . 46 

47. Asana, R. D. and Saini, A. D. (1962) 

48. sana, R. D. and Basu 

49. Wardlaw, I . F. (1965) 

50. WS.rdlaw, I . F. (1967) 

51 . Slatyer, R. 0. (1957) 

52. Slavik, B. (1965) 

' Indian Journal Plant Peysiology• No's 1 , 2 . 

(1963) 1 Indian Journal Plant Physiology ' Vol. 6. 

• ustralian Journal Biological. Sciences J Vol. 18. 

' Australian Journal Biological Sciences I Vol . 20. 
No. 1 . 

' Australian Journal Biological Sciences 1 

Vol. 10. (1957). 

•Growth or Cereals and Grasses • Ed. .filthorpe . 

Proceedings 12th. Nottingham Easter School. 



5.3. Slatyer, R. 0 . 

54. Denmead and Shaw, (1960) 

55 . Lang , D. R. 

56. Leopold, A. c. (1964} 

57. Van Dobben, w. H. ( 1962) 

58. Friend, et al . {1965) 

59. Wilson, w. (1 967) 

• Plant Water Relationships ' 

' Journal of Agronoll\Y • Vol. 52 ( 1960). 

• Plant Environment and Efficient Water Use'. 

• Physiology of Grovth in Plants ' • 

' Netherlands Journal Agricultural Science• 

Vol. 10 (1962) No. 5. 

• Proceedings 12th. Nottingham !!aster School 

Agriculture, l!:d . filthorpe, F .L. & Ivins, J .D. 

' Annals of Botany N .S • 1 ( 1967) Vol. 31 • 

60. Stoskopf, Klink & Steppler (1966) 

' Canadian Journal Plant Sciences ' ( 1966) Volo 1. 

61 • Gregory, F. G. ( 1926) •Annals of Botany ' Vol. 40 (1926) . 

62. Friend , D. J . , Helson, V. A. and Fisher, J . E. (1962). 

' Canadian Journal Botany I Vol . 40 ( 1962) • 

6.3. Friend , D. J .,Helson, V. A., and Fisher, J.E . (1963) . 

'Canadian Journal Botany • Vol. 41 . 

64. Aspinall , D. and Paleg , L. G. (1964) · 

' Australian Journal Biological. Sciences • Vol . 17. 

65. Watson, D. J . and Allison, J .C. (1966) 

' Annals of Botany ' Vol • .30 (1966 ). 

66. c hbold, H. K. (1942) ' Annals of Botany N.S .' Vol. 6. (1942) . 

67. Archbold, H. • and Mukerjee, B. N. (1942) 

' Annals of Botany N.S . 1 Vol 6. (1942) . 

68. Welba.nk, J . P., Witts , K. J . (1965) 

69. Kriedeman, P. (1964) 

'Report Rothamsted Experin:ental Station fer 1964. 

' Grovth of Leaves and Grasses •. Ed .• :filthorpe . 

PhD Thesis University Melbourne ex 'Grovth or 
Leaves and Grasses '• Ed. Milthorpe . 



70. Allison, J . C. S . (1964) ' Journal Agricultural Science', Cambridge, 

1964, Vol. 63. 

71. Takeda , T. and '.furata, H. (1955) 

' Proceedings Crop Science Society ' Japan, 

Vol. 24. 

72. Yin, H., Shen, Y., Chen Y. et al (1956) 
• Acta Botanical S in I Vol. 5. 

73. Enyi, B. A. C. (1 962 ) ' Annals of Botany N f Vol . 26. • 

74- M«J.ts uahima 1 .1ineral Nutrition of the Rice Plant • 

75. Buttrose, :-1:.s • (1962) ' Australian Journal Biological Science ' Vol.15. 

76. Buttrose, ,·1. S • and !-By, L. H. (1959) 

' Australian Journal Biological Science• Vol.12. 

TI. Thorne , G. ~'1 . (1963) 1 Annals of Botany ' ( 1963) Vol. 2'7. 

78. Nosberger, I., and Thorne, G. N. (1965) 

• Annals of Botany N .S • • Vol . 29 . 

79 . Dunting, A. H., Drennan, D.S . , de Silva, W. H. and Krishnamurthy, K.(1964) 

' Abstract 1oth. International Botanical Congress• 

80. Welbank, P. J ., French, S .A ., and Witts , I. J. (1965) 

' Report Rothamsted ~perimental Station for 1964! 

81 . Thorne , G. N. and Watson , D. J. (1955) 

'Journal Agricultural Science ' Cambridge, Vol.46. 

82. Thorne, O. N. (1965) ' Annals or Botany• N.S . Vol.29 (1965). 

83. Asana, R. D. and Man.t., V. S . (1950) 

•~iologia Planta' Vol. 3. (1950). 

84. Asana, R. D. and Saini, A. D. (1958) 
1 Phys i ologia Planta1 Vol.11. (1958). 

85. Grundbaeher, F. J. ( 1963 ) • Botanical Beviev• Vol. 29. ( 1963). 

86. Langer, R.H. M. (1967) 'Field Crop Abstracts • Vol.20. No.2. 



87. :.fay, L. H. and :filthor~ , F. L. (1962) 

' Drought Resistance of Crop Plants ' 

Field Crop Abstracts (1962) Vol . 15 , No.J. 

88. S ingle , W. V. {1964), Thorne, G. N. (1947), Gregory, F . G. (1949 ) 

Hooson, P. S . (1934) ' Ex. Review by Langer R. H. M. • 

' Field Crop Abstracts • Vol . 20. No. 2 (1967 ). 

89. Grafius , J . E . (1956) 1Agronorny Journal 1 (1956) Vol . 48. 

90. rlsana, R. D. and Williams, R. F. (1965) 

91 . Kirby, E. J • . 1. (1968) 

92. Radford , P. J . (1967) 

93. \~atson, D. J . 

94. Lambert, D. A. (1966) 

' Australian Journal Agricultural Research' 
Vol. 16 (1 965). 

• '.1 
11 

• c te 1y R · • No 80 (1968 ) ., . r . .a •.. , . ~uar r eviev . . 

' Growth Analysis Formulae • 

Crop Scien.ce Vol. 7 (1967) No. 3 . 

' Advances in Agronomy ' Vol . 4 . 

' The Physiological I3asis for Variation in Yield ' 

' Journal British Grasslands Society' Vol21 . 




