Competition Studies in Linum’

. MANZOOR AHMAD KHAN AND A. D. BRADSHAW®

In order to inventigate competition In Limam, two experiments were Iald out
during 1952 end 1963, The first expecioent hed four varietien (two Lineeed and -
two flax) grown in five proportions and throz densities in three replications,
The sscond experiment included six varietiss {three linssed and three fax}
grown In two densitize and two propociions in twa replications,

The results of both the experiments indicate that in most of the cases, the
yields of the mixture are greater than tho pure stands. This la common hoth
for dry weight aod seed number, Individual apd relative crowding ceefficients

of both inseed and flax ¢hange with density and pregortion,

Individual and relative coefficlenty are higher when the components are in
low frequencies in @ mixtare,  The ratic dingrams show that the varzieties, at
lesst for somatime, do oot crowd for the same space, Both the components
petform bedter when they zre in Tow frequency in A mixture as mmplmi ta
their pure stends,

Ap the ultimate output of the mized coltures is better tl'm.n the puare
stands, nd the components do not appear to interfere, hence there is 5 good
degree of independence in their relationship in 8 mixture, There appeays (o be
no effect of competition in final hefght of the meit stem, thoot number and
stad tumber per capaule, but these is a profowrmd effect of sompetition on
capsule pumber and seed imdex, which can be due to the fact thatin a2
mixture of linseed and flax, the fAax plants, a8 & result of early maturatipn, release
the habftat in later stages and linsced plants utilize it pRrtly in increasing capsule
number and partly by increasing sced index.

INTRODUCTION

Struggle for existence, the universal biclogical phenomenon as ennnciated
by Darwin, or the sutvival of the fittest is alzo applicable in a narrowst sense
to individuals within a species, and has been termed competition by various
writers, although the exact definition of this term varies with various workers
according to the extent of competition between individuals within a species
for the same space and source of food. The phenemencn can be observed by
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putting together individuals in a species with varying characteristics and keoping
& record of the growth and development of the plant in various components,

Efforts have been made in the present studies to demonstrate this
phenomenon amongst the varicties of flax (Linm usitatissium). Linseed and
Hax types within Zinum usitatissium have been bred for different purposes, and
consequently they have developed different morphologies. A stidy of their
grawth in mixture of different combinations of varieties and at different densities
might, therefore, be expected to offer interesting information about the relation-
ship of the two types and aboat competitive mechanism in pgenersl.  Accord-
ingly, two experiments, one in the field and the second in the green house were
laid ont during 1962 and 1963.

MATERIALS AND METHODS

Experiment 1,

The first experiment included four varietiss (two linseed: Redwing and
Valuta; two flax: Starmont Gossamer and Wiera) grown in five proportions
and three densities in triplicats, The details of the combinations were as
follows; Stormeont Gossamer (Flax)4Redwing (Linsesd); Wiera (Flax} -
Redwing (Linseed); Stormont Gossamer (Flax}4-Valuta (Lirseed); Wiera
{Flax)4-Valuta (Linzeed). _

Flax and Linseed varietics were sown in the proportions of 0 and 100,
25 and 75, 50 and 50, 75 and 25 and 100 and O per cent respectively, The
number of seads of Flax and Liagsed for these proportion sown were D and 36,9
and 27, 18 and 18, 27 and 9 and 36 and O respectively.

The density of the seeds was kept at 40, 80 and 130 Ibs, per acrs which
gave 1.41, 1.00 and 0.8! inches space from plant to plant, The experiment was
sown in the field from 16-5-1962 to 19-5-1962 by means of hexagonal grids of
different sizes, all accommodating 36 plants, “The positions of the seeds of
respective varieties in different proportions were laid out at random on the
grids, using Fisher and Yates random tables,

Measgrement

At maturity the entire grid plot plants population was harvested, and
where it was 3 mixed plot the plants were sepacated inta linseed and Flax
components. Data with respect to final height, shoot number, capsule fumbse
and seed number per capsule were determined dh sn individual plant basis,
Seed index was also calculated. :

Information for dry weight and sesd oumber per unit area was also
caiculated. The value per plot D, and Dy (30 Ibs and 120 1hs ssed per acre)
were multiplied by 2.00 and 3.05 to adjust these fo the same plot size as Dy
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(40 1be meed per acre), From this, values per unit ares (61.2 sq: cms. of tize.
of the D; plot) were obtained.

Experiment 2
The experiment was carried out jointly with Professor John L. Harper
and had 6 varieties (three linseed: Redwing, Valuta and Marcc; and three
flax: Stormont Gossamer, Wiera and SV.0.226), sown either pure or in 5)/50
mixture with two depsities apd two replications, This arrangement is a
mechanical analogy of & Genetic diallel. Densities were made by sowing two
plants and ten‘plants pec’pot. Tt was sown in a heated green house at Treborth
on 17-12-1962. The high depsity was sown in a2 hexagon pattern. The
mixture was sown at the following pattern:
X 0 X
X o X
0O X *X
Manstit eanent .
At maturity data for seed aumber per pot and per plant were obtainad
from all the plants at low density and from the central ¢wo at high density.

RESULTS

Experiment 1

Due to the complex nature of the results obtained from this experiment,
a simpile analysis of variance in order to establish the level of significance between
various verieties, combinations, proportions and densities was not possible,
because all vaiues are inter-relaied.  But to vnderstand the effact of competition
under different conditions of this experiment, the entire data wers examinsd in
four ways, which are described in sequence.

. Actual Yaldes

‘These are the velues for dry weight and seed numbet of each component
in the mixture together with their totals, calculated on per umit area basis.
The actual data are plotted in Fig. I and 2 respectively.

Iy Weight

A reference to Fig. I indicates that there is a profound general effect of
density. Density affects both components of the mixturs as well as the purs
stand. Secondly, the yield of the two components in mixture is not related to
their vields in pure stand, The yields of the mixturss lie on average above 2
line joining the two pure stand valves (Fig. 1). Thirdly, the inter-relation of
the components of the mixtures indicate a tendency for one componsnt
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o do better than the other due to interfersnce betwsen them. But this
inter-relationship is altered markedly by the changs in the varietal combinationa
and densities. For example, in the case of Valuta+Stormont Gossamer at
30 per cent mixture in I linseed (Valnta) gives higher dry weight, This position
is maintsined in Dy, but inD; linseed (Valuta) vield less than the Flax (Stormont
Gossamer). However, when Valuta is in combination with Wiera this situation
is oven altered in Dy, _
DRY WEIGHT FER PLOT

VigA Ve @ Bk VM Vel Wed (ARG Reb 300y QLW Bed Way
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PROPORTION

FEI. 1.—Ihy weight per plot {gm(.;) for four varisties, two linssed {Redwing and

Valuta) and two fax (Stormaont Gossamer apd Wiera) grown at thres densities in

five propoctions, The data are taken from Fxperiment]. The top line in each
graph {without symbols) represents the totat production for each coiftare,

Seed Nuomber

A study of Fig. 2 reveals that density again has very comspicuous
eifects on yield. It-affects both mixtures as well as pure stands. The situation
regarding the relationship between the yield of mixtures and that of the appro-
priate pare stands is exactly the same as it was in dty weight, mixiures often
giving more yield than could be expected. Further, it can be observed that

the intenreletionship between the components of mixture is again alterad with
changes i combinations and density,
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Eig. 2. —Ssed number per plot for four varieties, iwo linseed (Redwing and Valuta)

and two flax (Stormont Gossamer and Wisra} prown undler three densities and in five

Proporiions, (Experimest I). The top line in cach graph (without symbols) repre-
senth the total production for each mixture,

5, Ratio dlagrams:

Ag has been shown inFig. 1 and 2, under &ll combinations, propottions
and densities tried, mixed populations nearly always show better performance
than would be expected from the values of the pure stands, This phenomenon
can be investigated further by means of ratio dizgrams of the relative reproductive
ability following de wit (1960). In these log of O.fO,is plotied against log
21{zp, where O and Oy are the yiclds of the. species in inixture and Z; snd Z; are
the proportion of seed sown in & mixed population. In this investigation this
nomenclaturs bas been changed for clarity to Op/Oy and Zp/Zy where F and L
signify flax and lnseed respectively. From the above relationship values of
dry weight and seed number for all combinations, proportions and densitics were
calculafed and are plotted in Fig. 3.

~ Ina ratio diagram, if there is a simple relationship between the two
composdents of a mixture no matter what is sown, what is harvested is directly
related to what is sown. If the componenis are sown at several different
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proportions the points of 0, /03 against Z,/Z, should lie ona straight line of 45°
glope. If, however, the components do better than expected when sown at low
frequency in mixture, the points will lic on a line of slope less than 45°, This
type of performance in other words means that the components are not in

direct competitions and not crowding for the same spacein the sense of de Wit
{1960).

T Dl
s '}

D3

2

To d '}, e 3
Pig, 3.--Ratio diagrama for dry weight and seed number for four varieties, two

" linseed {Redwiog and Valate) and two Bax (Stormont Gossamer and Wiers) grown
under three densities aod in thret proportions,  {Experiment I)
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In the case of dry weight (Fig. 3a). It is acen that under all varietal
combinaticns these valuzs do not lis on a straight Line at & slope of 45°, which
indicates that the components do not crowd for the same space. But the
position of the line is clearly affected by density and variety combinations,

Fot seed number the examination of Fig. 3b indicates exactly the sams
sitvation and the components do not appear to crowd for the same space,

¢ Relatlve and Individusl crowding Co-cfficients:

Having established that the components do not compete or crowd for
the same space, the next logical step would b to look further at their relations
ship and to develop a measure of their individual perforrance and competitive
ability in a mixture, This can effectively be done by assessing the performance
of a pure stand expressed on a per plant basis, This value which can be termed
the individual crowding coefficient is given by K=0,/Z;/M;/Zm,, where Oy
is tha vield par plot of one component in mixture and Z; is the number of sseds
sown in that plot of the same component in mixture and M, is the vield of the
same component in pure stand and Zimy is the number of seeds sown of the same
component in pure stand.  If for any mxture the individual crowding coefficient
of the two components are combined together, in effect a comparison is obtained
of the relative sffect of mixing K on the two components. This can be writien
a5 below: ; '

K; OyZyM;/Zm,

Ka  Oyfs/MafZimg

Thig in fact gives the relative crowding co-efficient which has already
been derived by de-Wit (1960), who has written it as below:

0 M
R 2
Z, 7, M )

In equation (2) Zmy = Zm, since these are the numbers of seed sown
in pure stand, and are equal. Bquations (2) and (3} are therefore the same.
In the table (1 & 2) F has been substitated for I to deaote flax and L for 2 to
denote linseed,

Using the above equations, Ky, K & K for dry weight and seed
number were caleylated and are given in Tabie I.

A reference to table I revoals that the relative crowding co-efficient is
changed with changes in density and proportior. Aa the density shifts from
Dy to Dy the relative performance of flax in mixture conslstently improves.
The effect of proportion also is very conspleuous. In all varistal combinations
aud deasities, as the proportion varies the value for Ky, changes, being high

&
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when flax is low and vice-versa. This means that the componsnt which is in
small proportion in a mixture gives a relatively better performance in comparison
with the other. :

Tante 1. Relative and Individusl Crowding Coefficients for Dry Weight

Com- Proportion Dy D, Dy
hination AR

SG/R 9 27 1.59 1.71 1.07 1,12 1.44 1,21 1.29 1.01 ©.79
18 18 0.69 0.87 1.26 0.88 0.83 0.94 1.33 1.24 0.9.3
27 9 038 0,73 1.26 0.50 0.66 I.34 0.77 0.95 1.23

W/R § 27 147 115 0.78 2.08 2.3 1.23 2.62 266 1.01
18 18 112 1.15 1.03 1.8 1.19 1.38 1,78 1.52 O0.85
27 9 047 081 1.7T1 0.3 0.93 1.65 0.97 1.39 1.43

SG/V 9 27 0.9 111 1.13 0.90 0.83 0.92 1.77 1.82 1.03
18 18 0.68 0.93 1,37 0.42 0.79 1.88 2.17 1,08 0.
27 92 0.22 0,75 3.39 0.32 0.40 1.24 0,88 1.03 1.1%

WV 9 27 1.12 1.20 1.07 1.26 .38 1.10 1.35 1.02 0.7
12 18 0.53 0.75 1.43 1,01 1.52 1.51 0.81 1.1 1.17
27 ? 0.37 0,70 168 0.52 1.19 2.29 0.42 1.03 2.46

*F and L indicate Plax and Linssed respeciively,

**Kr. incident relative crowding coefficient of Ax and Hogped, whereas KF and Ko
indkate indlvlduzl crowdivg coeffiziont for Aax and lingesd varlty.,

An examination of the values for KF and KL igelades what s GOCULTIng,
Wheaever a component is in low frequency in & mixtare it has usually a high
individusl crowding co-efficient {more thaa one), while when ia high freguency
its individual crowding co-efficient is ruch less (usually less than one).

In the cazc of Kpp values for seed number and expmination of Table 2
indicates exactly the same trend as was shown for dry weight. Ky inctedses
with increase in density, indicating the relative superiority of dax in comparison
with linseed at high densitics, The same effoct of proportion. is also shown,
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Ky, declines with increase in proportion of flax in mixture, ugain indicating
that the components in amaller proportion in a mizture always have relatively
better performance. The individual crowding co-eflicients bear this out.

TABLE 2. Relattve and Individual Crowding Coefficient for Seed Number

| D, Dy

Com- Propartion D,
bination
Et L* K‘FL" KF“‘ KL‘“‘ KFL KF KL KFL K“F KL
SG/R 09 2T 1,27 151 118 1.3 1.9 1.29 151 1.60 084
18 12 0.4 092 1.4 'l]+93_ 1.2 1.04 1.55 1.67 1,07
21 2 0.61 0.63 1.07 0.53 0.83 1.57 0,68 1.04 1.55
WIiER. g 27 1.% 1.19 0.15 (.84 2.8 1.;2 2.% 300 1.17
18 18 1.19 1.33 2.1% 0.75% 1.37 1.82 1.84 1.76 D,
27 4 4 0,85 1.793 0.3 098 1.75 0.73 143 1.9
SG/V 9 2T 1.62 1.49 0.92 1.5 1.26 0.80 2.23 2.62 1.17
12 18 0.95% 1.37 1.4 066 1.10 1.68 2,29 1.35 0.59
27 9 0.24 091 3.7 0.52 0,53 1.01 1.05 1.14 1.08
WiV 9 21 1,27 L5 1.2 1.25 1.54 1.4 1.47
13 18 061 0.89 1.4 0.85 1.69 1.99 0.93 1.33 1.43
27 9 0.3 0.77T 2,09 0.3% 1.28 335 043 1.07 2.32

*F and L indicate Flox and Linssed respectively.

»oKpr indicates relative crowding coefficient of flax end linseed, whereas Krand KL
imlfcate iodivideal crowding cocfficient for fax and linszed variety.

d. Morphological Charncters: -
After studying the curlous nature of the relationship of flax and linsded

in mixtuse, some of the morphological character of the flax and linzeed plants
were examined to understand this relationship. The results for plant height,
shoot number for plant, capsule number per plant, seed number per capsule and
seed index are described in Tables 3-6.
. The results on finat height shown in Table 3 indicats that the effect of
density is very clear, but there does not appear {0 be any differential responsg
of varieties to either density or proporiion,
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TanLe 3. Final Height (CM) of the Matn Stem

Proportion Dy Dy, - Dy

Combination
i " ‘Zp Z; Flax Linseed Fiax Lisseed Flax Linseed
- 8GR 0 36 .. T6 .. 613 .. 6.0
9 27 950 684 9.6 €9.7 8.5 61.0
18 18 962 0.4 855 646 8.4 .0
.9 94 8T BT 669 89.6 607
36 ©0 97.5 .. B4 .. 8.7
W/R 0 3. .. W6 . .. IS .. 6.4
| § 27 9.0 734 9L3 0.0 851 68.4
18 18 942 744 853 68.6 85.4 9.4
219 9.7 MWT W2 618 815 619
I 0 9.7 .. 858 .. 7.3
SG/V 0 3% .. 6.8 .. 6.1 . .0
$ 27 953 699 BTl 61.8 887 65
B 18 9.2 638 %5 6.8 8.3 6.
79 989 6.1 888 61 892  6os
3 0D 95.0 .- 89,5 i 87.5 ..
WiV 0 3% . 6,1 . 687 .. 663

¢ 27 8.7 706 80.7 63.6 8.8 619

18 1B 89.2 679 512 66.9 894 9.3
279 9.7 6.2 883 653 §7.6 7.7
38 0 954 .. .92 .. 868




The results for shoot nunber given in Teble 4 show that varicties give
somea indication of differential regponse to density, but apparcatly scems to be

Results for capsmle number given in Table 3, however, reveal that
proportion here has.a very startling effect on ihis character, In both the typ:s
when 2 compenent s in low frequency in a mixture, its capsule production
improves s compared o when it is in pure stand. This behaviour has already
been seenin K & Xg values for dry weight and seed number (Table'l &2),
whiere in both the cazes K shifts with the change in proportion, and is always
higher whea the component it in low frequency in a mixture. The relative
effect of depsity on both components is gimilas, : )

The results on seed number per capsule givea in Table & indicate that
thers appears to be no differential response of both the componeats to density
and proportion but there is a-slight indication ef the effect of density on both
the components.. . , _

. The finat character of sced index (Fig. 4) does not directly contribute to
the character of seed number, abd only litsle to the character of total dry weight,
and it can, therefore, b considered separately; the resulis are, however, peculiar
and of interést, There appears to be & differential tesponse to different pro-
porticns shpwn by both the components. Seed index is & faizly stable character
in relation to change in density. The flax componsnt of the roixtures majntain
this ‘situation, but in the case of the linseed compo nents, there appears a profound
and consistant effect of the propartion. With the exception of only a few cases
the Jinseed component has a higher seed index whea it i3 in a mixture 83 com-
pared to wlhien it s fn & pure staod. Apart from this behaviour it changes with ™
proportion. - ' ' '

At tow frequencies seed index. appears to be higher than at high fre-
quencies. The effegt of density seems to be negligible,

Experiment 3:

Data for seed nuntber from this experiment were sxamined in two different
ways: {a) actusl values, (b} by the diallel anafysis, and these are described in
{¢) Aciual Values: _

In this case the actual values represent the seed number per pot in pure
and in mixed-stands:- The average vatucs of the reciproeal components {arrays
in genetic sense) for both the densities are plotted in Fig. 5a &b In the
case of mixture the black columns represent the actual yields observed and  the
Blagk ones fepresent the cxpecied yields from a mixture on an additive s,
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Tasie 4. Shoot Nwenber Par Plant,

. .. Proportion Dy D, - D
Combination i :
"F L Flax Linseed Flax Lioseed Flass Linseod

SG/R D 36 = 1.1 . 1.0 . 1.0
9 27 . 1.0 1.0 1.0 1.0 1.0 1.0
18 18 1.0 1.0 1.0 1.3 1.0 L
27 9 1.0 1.0 1.0 1.0 1.0 1.0
36 d 1.0 . 1.¢ - 1.0

W/R 6 3% .. L3 . L0 . 10
' $ 27 1,0 L2 L0 10 1.0 1.0

18 1% 10 L5 1o 1.0 10 1.0

2% 9% L2 18 10 19 1.0 1.0

3 0 L0 .. Lo .. 1.0 -

SGYV I - S T e .. 1.0

18 18 1.0 1.5 1.6 1.0 1.0 1.0
2? g ].ﬂ 113 1+u 1|0 l-ﬂ Ilﬂ
36 0 1.0 2 1.0 . 1.0

WiV o 36 .. L3 . T, 1.0

8 18 1.0 E.7 1.0 1.0 1.0 1.¢
27 9 1.0 1.2 1.0 1.0 1.0 1.0
3’6‘ ﬂ .I-u' [N} Iiu [ ] 1.0
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A reference to g, .5e imdlostes quite Bimdlar resulis as shown under
experiment I. In some of the cases, the yield of the mixture is better than the
pure stands. In the cass of high density & siady of Fig. 5b reveals the same
information. Again, there are some indications of the- bétter performam of
tnixtures as compared to pure stands.

After studying the better performance of inixtarss as compared to pure
stands, the individual performance of a plant in mixture as compared to its
performance in a pure stand was studied. This in effect is sguivalent to examin.
ing its crowling eo-efficient. This information is plotted in Fig. 6a and b.

A study of Fig, 6a and b reveals that in thé case of low density (Fig. 6a),
the performance of Redwing, Maroc and 5¥O 226 is very spectacular, no matter
what is mixed, their yield in mixture on an individual plant basis goes up.
But the other varieties do not behave in this way and give less yield in mixture
as ‘compared to theif pure stands, while on the other hand Vaiuta and Wisra
give exceptionally betier performances in mixture as compared to their pura
gtands.

From a comparative study under bothths densities it appears thet thete
is a congiderable tendency for varieties to give better vields in mixture thas in .
pure stands. But thiz differs ‘with different varieties and viith different densitias,
With some exceptions linseed varieties give better performeances under low density
and flax varieties do well under high density.

{#) Diallel Analysis:

In this case data were amlywi in a dialle! fashion and the Yr,.fWr grapha
ate plotted in Fig. 74 and b. The aciual avéfage valies of the recipracal
components {arrays in genetiﬁ senab] for both densities are those given in
Fig. 58 aml b, o .

. A reference to Fig. 7o and b reveals that in the case of low density
(Fig, 7a) the regressipn line with unit slope cuts the Wr axis above the origin.
In B genetic semse this situation would signify that the gene action is additive
with partial dominance, and Wigre, Maroc and 8¥0 226 have the most dominant
Eenes.  But its interpretation in term of competition (Fig. 6a and b) appears
to be that in most of the arrays, with few exceptions, thera is a general trend that
the yield of the mixture is greater than that of the mean of the purs stands of
the fwo components, following deWit (1960). This means that the species do
not behave i an additive fashion and hence do not crowd for the same space.
It, therefore, appears that on the VrfWr graphs the occurrence of tha degres of
deminance in ecological terms means that the species do not act in an additive
manner, hence partially or flly are not crowding for the same space.  In thecas -
of high density (Fig. 7b) the situation appears to be of a dominant r¢lationship,
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TABLE 5. Capsule Number Per Plour.

Pl'ﬂpﬂfﬂﬂﬂ DI. D! Dy
L Flax Linseed Flax Linseed Flax Linseed

Combination

SG/R 0 % G 5.2 o 2.6 O
¢ 21 40 60 27 15 1.6 2.1
18 1B 23 1.1 1.3 29 L7 2.6
279 1.9 5.7 1.1 4.1 13 3.8
3 00 2.5 - 1.6 . 1.1 -

WiR 0 36 .. 59 .. 1 2.6
9 27T 43 44 47 32 31 3.1
18 18 48 64 24 39 1.8 2.2
27 9 3,1 106 1.7 3.5 1.5 4.3
% 00 1.6 1.7 . 1.1

SV 0 36 o 3.6 - 2.3 i 2.5
g 27 3.2 3.7 2.0 2.6 2.4 2.8
15 I8 2.8 50 1.8 3.2 1.4 1.5
21 .9 1.9 12.1 0.¢ 2.5 0.9 2.4
% 0 2.5 = 1.6 . 0.9 s

WV 0 . 36 - 3.2 1.8 . 2.3

9 29 49 42 26 20 19 2.0
18 18 28 51 28 31 22 31
27 % 23 69 21 48 17 54
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~ a8 the regression line passes through the origin, But there appears to be some
interaction as the line signiflcantly deviates from u nit slope.

From a comparative study it appears that occurrence of the degree of
dominance on the Vr/Wr graphs, in an ecological sense, gives a falt indication
of the crowding nature of the components of a mixture. On the ather hand, jt
is very difficult to explain the position of array point on the regression line in
these terms. In low density, Redwing gives a betier performance in mixturs,
while Storment (Rossamer gives poor performance in mixture, but on the ¥/ Wr
graphs they ocoupy the same most recessive position, Hence, at least in this
experiment, no definite relationship with respect to array points on the line can
be worked out,

DISCUSSION

Investigations of Sakai (1955), Roy (1960}, Harper and McNaughton
(1962), Cavers and Harper {1962) and others have shown the effsct of com-
petition stress on various phases of plant Life and its possible biological inter-
pretaticn. Harper (1961) suggests that the result of interference is the gain of
one specigy at the expense of another,  Sakai (1935) states that the performance
or competitive ability under competition varies with the wvaricties or species
and has some genetical basis, From the result described, it becomes clear that
mixed cultures frequently give better performances than either of the pure
atands.

This particular behaviour posss a peculiar problem in understanding
the mechanism of competition in flax and linsted. The sitwation becemss
most clear if the results are looked in term of interference. In Fig. 1 and 2,
the yield curves of the separate components are in the same direction indicating
that one component dees not gain at the expense of ancther. This is borne
out by values for individual and relative r:mwdmg co-efficients. When g
componant is in low frequency in a migture, it has a high value Tor both relative
and individual crowding co-efficients. In other words, this mezns that the
component performs better when it is in low frequencies in a mixture ﬂmn
when it is in high frequencies.

The regults of the second experiment tend to confirm these cmlumons
In effect, the cumponmt reacts more to its own Jensity than it does T that of
the component with which it is mixed. Similar finding in a competmuu BX-
periment on red clover, Trifolium proteins and Lucern, Medicago sfativa have
been reparted by Black (1960). He concluded -that a clover plant is most
suppressed when clover numbers are high and lucern number are low, and
exceeds the expected value where its own density is low and that of lucern is

‘bgh.  Phecisely the same holda for Jucern, which Is most suppressed whed
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TABLE 6. Seed Number Per Capsule.

D,

Proportion D, D,
Combination
F L Flax Linseed Flax Linséed Flix Linseed
SG/R 0 3% .. BB ., W .. 7.5
' 9 27 802 8.3 7.87 7.65 897 7.8
18 18 882 8§55 8.06 7.3 8.63 7.0
279 8.6 7.8 842 802 752 T.89
36 00 9.14 7.15 8.11
W/R 0 36 . 8,07 it 7.54 .. 7.61
9 27 9.08 827 8.8 7.93 $.67 71.22
18 18 9.03 836 85 7.93 8.8 7.91
27 % 889 797 8.95 827 8.7
¥ b 9.4 877 8.29
5G/V 6 36 ., 688 .. 64 .. 604
27 843 6.23 1.8% 587 7.49 591
18 18 8.81 T.28 7.99 6.66 6.80 561
27 9 853 165 7.63 605 1.53 5.9
3 00 7.57 7.55 7.01
Wiv 0 % - 7.18 = 5.41 = 6.13
9 27 B  6.66 B8.47 616 848 5.4
18 18 B8.49 6.65 8.92 632 87 610
27 9 9.08 693 898 680 8.7 6.17
3 8.61 8.93 §.46
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Lucern numbers are high and clover numbers low, and which gains most when '
clover densities are high end its own are low,

From ali this it can be seen that the components show a fair degres of
independence, i.e., each is affected more by itself than by the other. Since the
two components ¢o-operate to. give the final yleld, this is bigher than if they
interfered with each other. Such indepsadence can be equated with the
deWit concept of not crowding for the same Space. In the diallel analysis the
occurrence of dominance may be equated with the same thesis: Now the
question arises what enables them to be independent? what s the diffsrsace in
their biology? de they have the same growth pattern? do they E;-::-wd for the
same space for light or not? Do Wit (1960} from his experiment on Anshioxan-
thant odoragum when grown in a mixture with Phieym pretense for 2 full season
under ontdoor conditions obtained a similar relationship to that found for flax
and linseed. The reason suggested in this case was that in a full seaseq out doors
Anthoxanthan odoratum has its mafor growth period earlier than Phienm pre-
tense. No experiments have been carried out to test this effect in linseed and
flax crops. But from a qualitative observation it is seen that flax varisties as a
group mature earlier than lingeed types, and during their growth pariod at least
for some time they do not crowd for the same space.  This is sufficient to explain
the results of the first experiment but in the second experiment the situation is
more complex since some linseed varietios are as early as flax.  Apart from this
thers might be seme physiological and morphological factors playing a part .
in this type of relationship between flax and linsesd, :

Another feature of thess investigations is the effect of competition stress

“on various developmental characters. It is seen that on fing height of the
main stem, shoot numbet and seed number per capsule, there appears t0 be
no effect which can be due to mixing, but there is ari effect of density. In the
case of capsule number per plant the effects of competition i3 very clear and
final cut put of seeds appears to be the direct reflaction of this character. In
this case as the proportion of a component changes from high to low the capsule
number per plant goes up. This trend is common in both the companents.
It is here that the first sign of independence of the components is shown, It is
not shown at the earlier stage of shoot production. This allows the sugeestion
that the phase of independence occuts later than the stage of shoot production.

The eurious results for seed index can be used to support thiz argument
further. Changes in density sppear to have no ‘effect 2t all on this character
in pure stand, although thers may be violent changes in seed number. But
in mixtures thers is a profound effect due to changes in proportion of the
components. This ig very clear in linseed, but flax types show no such effect.
The change that occurs is, that there is an increase in seed index of Linseed



ot
[
=

PAKISTAN JOURNAL OF AGRICULTURAL SCIENCES

sV

3G

EXPOSED TO gmnmu

M

Vo

]

SEED NO PER PLANT
HIGH DENSITY

?

.-mjﬁmmmmﬂ
&mm_ﬂﬁ_mmm
Elli_i_ii-iﬁs

5v

56

M

v

f;mm_ﬂﬁm'ﬁ Wﬁ_lllﬂl]l

SEED NO PER PLANT
LOWDENSITY

(]

COMPONENT EXPOSED TO C%ﬁPE TITION COMPONENT

3

T ONILLIGWOD LNINOIWOD

Fig. 6.—The petformance of six varietks, threo linseed {Redwing, Yaluta and Mam}
end thres fdax (Siarmont CGressamer, Wiera and $¥ O 226) (as measured by the number o

soed . produced per plant} when the vatistics ate ex
The blenk colomns represent the increase in yield w

The data are taken from Experiment J1.

bed to ference Bt two déngities,
o the variety 13 exposed to interference.

The patched columns show the decreass in yisld when the vatiety in exposed 10 interference.



COMPETITION 1N LiNtmg 11'1

-SEED NO PER POY
HiGH DENSITY

vy
oo

o how
L

SEED NO PER POT
LOW DENSITY

3 <

o000 4

<

Fig. T.—Vr/W: grophs, Aand B are sced nurnber: per pot et low epd high depalties
redpectively, The data are taken from Experiment I1 where aix varicties, three lipseed
(Redgg, Valuts and Maroc} end three Hax (Stormont Coesamer, Wiea and 5V O 226}
wera ; :



112 PARISTAN JOURNAL OF AGRICULTURAL SCIENCES

with the decrease of proportion in a mixture. The only pessible reazon for
this type of behaviour would seem to be that in a mixture of flax and linsead
the flax plant matures 2.3 weeks earlier, while linseed plants are still growing,
%0 that they get the advantage of extra food and light which results in the
increase of seed index. In the Jater stages of the development of a mixture the
flax plant bepins to mature and allows the linsced plant in the seme mixture to
utilize an increasing environment which becomes available, According to the
particular stage of development of the linseed this may allow an increase
in capsule number per plant and an increase of seed weight.
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