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Plate 1

The interaction betwsen nitrogen levels and populatiors
of Lolium sppe.



CHAPTER I.  INTRODUCTION

Most grass brecding programmes have developed the variation and combin-
ation of characters in natural scotypes or cultivated varieties.

Cooper and Breese (1971) have shown that a morc long term approach

lies in deliberately combining characteristics from different elimatic

and agronomic populations, in accordance with a well defined physiological

or morphological model,

Model hybridization has been used both within species or, more
ambitiously, between related species. Interspecific hybridization has

been used most often between Lolium perenne L and Lywltiflorum Lam,

Stabilization has been needed and this has been achieved either by back
crossing (Corkill, 1957) or by inducing polyploidy (Breese and Lewis,
1969). The hybrids used in the present experiments are the progeny of
a half diallel betweon selected climatic and agronomic populations of

Leperconne and L.multiflorum produced by Dr, J. P. Cooper at the Welsh

Plant Brgeding Station,

Deliberate sclection for characters of mineral nutrition is also a

recent innovation (Vose, 1963). ifuch unconscious seclection for perfor-
mance at different levels of nutrition must have occurred during the
development of successful varieties in different parts of the world,
Indeed, Jain and Bradshaw (1966) found a high degrec of matural selection
among Agrostis plants noar lead mines., These plants had svolved very
sophisticated mechanisms of tolerance of lead, copper and zine. Similarly,
in agricultural conditions, variations and adaptations occcur. Butler et

al (1962) found that individual plants varied in their content of many



nutrients, ILike the development of new varieties for increased yield,
the study of wariatlon in characters of mineral nutrition for agronomic
purposes began with the use of ecotypes (Antonovies et al, 1966; Goodman
1969). More recently the nutrient studies, like the yield studies, have

turncd to using model diallel crosses between L,peremnc and L.multiflorum,

The variations found in nutrition of L,perenne ecotypes have been greatly
inereased by using the model diallel (Bowerman and Goodman, 19713 Qwen,

1972}

Variations in characters of mineral nutrition may take several forms.
Firstly there is variation in the exXpression of deficlency symptoms, and
variation in tolerance of shortage or toxic levels of minerals (Jain and
Bradshaw, 1966; Randall, 1963), Sccondly, therc is variction in content
of different nutrients (Butl:r ot al, 1962), Thirdly, thore is variation

in growth response to applied nutrient or fertilizer.

Yield response fto applicd fertilizer is an important economic attribuie.

It represents the marketable return for fertilizer application, Yield
responge may be cXpressed in several ways. Total yiold may be found to
vory at different fertilizer levels, or the nutrient rate giving optimal
growth may very, or the shapc of the yicld response curve 1o fertilizer
may vary. In practice thore is variation in all three of thesc characters,
as shown in a group of eight pasture specics studied by Ozanne, Keay and

Biddiscombe (1969). ZAven within the single species Hordeum vulgare

Boken (1970} found small but consistent variations in maximal yield and

response curve shape.

Boken (1970} ant earlicr, Vose and Brecse {1964) had concluded that

“officieney® or Mutilization" of nutrient (g.dry matier per g.fertilizer



applied)} was a meaningful measure of response, This value measurss the

agricultural significance of selections made for nutrient response.

Work on the half diallel used in these experiments has already been done

in sand culture (Goodman and Hughos 1972). Consistent and significant
differences were found in response of differcnt varieties and progenies

to nitrogen, phosphorus and potassium, There were two problems in
applying this work to pots of soil. Firstly, suitable rates of application
had to be found for nitrogen, phosphorus and potassium. Those for phos-
phorus were already known from the work of Lawas and Goodman (1970).
Secondly, these rates are known to depend to some exXtent on interactions
with other nutrients (Goodman, 1969), with light intensity, temperature and

cutting regime (Hughes, 1970).

The rates of application were judged from somewhat limited prior experience
especially of nutrient interaction and cutting effects, Doses of fertilizer
varying one nutrient at a time were made to increase logarithmically from a
bagal formula, .Separate oxperiments were carried out measuring response to
nitrogen, phosphorus and potassium, as previous experience had shown that
factorial experiments were too large to handle satisfactorily and the inter-
actions between nutrients were too complex for simple interpretation

(Goodman, 1969),

This work represents an intermediate stage between measuring response of
diallel progenies to different nuirient conditions in sand culture and
the ultimate testing of these varieties for fertilizer response in the

field, which still rcemains to be done.



CHAPTER 1I. MATERIALS AND METHODS

MATERIAIS

Three similar experiments were carried out to investigate the effect of

nitrogen (Exp.A);

selected populatioms of Lolium Species (Table 1).

Table 1. -~ Selected popultions of Lolium species.

phosphorus (Exp.B) and potassium (Bxp.C) on eight

Code

Number Species Variety Origin

1 x1 Lemultiflorum Liscate (Bb1277) Italy

5% 5 L.multiflorum S22 Aberystuyth
L X4 L.perenne Bab280 Normandy
3x3 L.perenne S.23 Aberystwyth
1% 5 Lemultif x Lemultif Lisecate x 38.22

1x3 Lemultif x L.percnne Liscate X 3.23

4LX 5 L.peremne X Lemultif Bab280 x S.22

4x 3 L.perenne X L.perenne Ba6280 ¥ S.23

The particular interegt was to find whether the varieties responded differently

to increasing fertilizer levels. Thus, the eight popultims were treated with

a8 basal addition of macro and mieronutrients,

Macronutrients:

Sodium Nitrate pure cryst NaNO

Potassium Nitrate KNO,;

33
3

Calecium Nitrate Ga(NO3)2;



Sodium Dihydrogen orthophosphate N&HQPOA;
Potassium Chroride KOL;
Calecium Chloride CaCLZ.6H20,-

Magnesium Sulphate MgSOA.Tﬁzo;

Micronutrientss

Ferric EDTA solution
Micronutrient solution as deseribed by Shivz and Robbins {1942)
The populakin seedlings were planted in John Innes compost with 20% sand to

which no fertilizer had been added,



METHODS
One hundred and eighty seeds of each popmlation were placed on wet fine sand
in Petri dishes, set into two groups of 90 seeds and Jeft to germinate under
shade for a week., The sand was kept damp throughout this period. Strong
seedlings about one inch tall of each popiation: were selected and transplanted
to 12 pots of compost.
Fach 5-inch pot, with 9 seedlings, contained a basal nutrient mixture of
nacro and micronutrients mixed dry with the soil.
To determine the response of the eight popdbtions. to different nitrogen,
phosphorus and potassium levels, in each experiment one of these three
major nutrients was supplied at four levels while the other two were
standardized.
There were three replicates of these 4 levels at random over the 12 pots per
wadation .. The three replicates were fully randomised within three blocks,
Thus each block contained 32 treatments (8 pouktions X 4 nutrient levels),
The pots were placed in saucers and watered from above twice daily.
Fifteen days from transplanting the plants were thinned down to five plants
per pot.
Four harvests were carried out within each experiment. Tho leaf variates
(number, area and dry matter) were recorded at each harvest time. At the
last harvest each plant was removed from the soil by weshing, then separated
into its three parts:s leaves, stem and roots. The loaf variates, stem dry
matter and root dry matter were each then recorded. Finally after all
harvests had been taken, the plant variates, total leaf number, total leaf
area, total leaf dry matter and plant total dry matter were estimated from

all the harvests combined,



The leaf area was measured on & fresh leaf sample in the "Hawashi Denko

Leaf Area Machine'. The dry matter was esiimated using an oven at 100°%

for 24 hpurs, then weighing.

The analysis of variance for each wariate was worked out as for the

random blocks. Since the analyses of variance all had the same pattern

and numbers of degrees of freedom, sample analyses are presented (Appendix D)
to illustrate the method used. Significance was determined by the Duncan's
New Multiple Range and Least Significant Difference tests., Statistical

analyses was carried out for individual and combined harvests.



Experiment {A). Nitrogen Treatment

On May 15th, 1972, seedlings of the eight populitiemi grown on wet fine sand
in Pebri dishes were transplanted to 5-inch pots which contained the
following basal nutrient mixture:

4e0ge N&HQPOA;
BGOEU KGL;
5 mls of ferric EDTA solution;

5 mi. of micronutriént solution;

NaN03= NO = 0Og.
Ny = 0.5 nitrogen
Nz = 2,02, levels,
= 8,0g.
NB 8,0g

To avoid replanting, nine seedlings were planted per pot., Only five were
allowed to grow through the experiment which was carried out in the greenhouse.
The pots were placed in saucers and watered from above twice daily for 70
days.

Four harvests were carried out at 32, 44, 56 and 70 days after planting.

The leaf variates, number and arsa were not recorded at A4 days after

planting,



Experinent (B). Phosphorus Treatment

On December 14th, 1971, seedlings of the eight miulitians grown on wet fine
sand in Petri dishes were transplanted to 5-inch pots which contained the
following basal nuirient mixtures

4o Ogo KNOB;
9.5 Oa(NOB)g;

2.7g. Mg30 .THZO;

4
5 ml, of ferric EDTa solution;

5 ml, of micronutrients solution;

NeflP0,: By = Oge

1 phosphorus
P, = 4 Ote levels,
= 16,02,
P3 6.0g

To avoid replanting, nine seedlings were planted per pot. Only 5 were

allowed to grow through the experiment.

The experiment carried out in a controlled environment (growth room) at 75
Wmfz for 16 hours daylength at 20°%¢, The pots were placed in saucers and

watered from above twice daily for 86 days.

Four harvests were carried out at 41, 58, 70 and 86 days after planting.
The leaf variates, number and area were not recorded atv 58 days after

planting,



Experiment (C), Pobassium Treatment

Oon July 5th, 1972, seedlings of the elght populatims grown on wet fine
sand in Petri dishes were transplanted to S-inch pots which contained the
following basal nutrient mixture:

4e0ge NaNO_;

3
8.8g. GaCL,.6H,0;
2.6 MpSO L 7,0
5 ml. of ferric EDT4 solution;

5 ml, of micronutrients solution;

XCL: Ky = Oge
K, = O.5ge  potassiumm
levels,
K, = <,0g.
K3 = 8.0¢.

To avoid replanting, nine seedlings were planted per pote. Only 5 were

allowed to grow through the experiment.

The experiment was carried out in the greenhouse. The pots were placed

in saucers and watered from above twice daily for 78 days.

Pour harvests were carried out at 30, 42, 58 and 78 days after planting,



CHAPTER IlI, RESULTS

EXPERIMENT (A}, - NITROGEN TREATMENT

The results are summarized in Appendices A, B and . Sample analyses of

variance are shown in Appendix D,

The material and methods used in the nitrogen experiment have already been

deseribed in Chapter II "Materials and Methods',

1, Bffect of Different Nitrogen levels.

(1) Total Yields for all Harvests Combined.

(2) Leaf number per plant (Table 2},

(b)

(a)

The total leaf number increased as nitrogen supply increased over

the whole range from NO to NB' From NO to N, and from N, to ¥, the
differences were gignificant, From NO %o N2 the leaf number increased
about six times as much as from N, to NB'

Leaf area per plant. (Table 2).

The total leaf area increased uniformly as nitroged supply inersased
over the whole range from Ny to N3. The leaf area increment between
treatment levels was significant over the whole range.

leaf dry matter per plant, (Table 2),

The total leaf dry matter increased as nitrogen supply increased over
the whole range from Ny to NB’ The yield at NB wags about thres times
that at Nye The largest inerement was from H, to N, but the other

increments between the treatment levels Ny and N,, N, and N, were

3
also significant,

Stem dry matter per plant, (Table 2}.

The stem dry matter increased significantly only over the range N
to Noe The N2 and NB vield exceeded by three times that of NO and NT'
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Table 2, - Mean Yiecld, Standard Error, ILeast Significant Difference
and Duncan's New Multiple Range Tests of Witrogen Levels for all

Harveats Combined.

Variate Nitrogen Levels, gtand.} L,S.D., | proba-
(Per Plant) Mean values for all variates | Brror | At 5% bility
TN ® N I 8% lavel
0 1 2 3
Leaf number. 39,0 48-6 7641 82.9 2.68 7-58 ‘:‘1%
leaf area .
(cmS/pl} B | 13,4 ] 2109 | 3001 0.86 | 2.45 | 1%
Leaf dry 0.4 0.5] 09| 1.1]0.03 | 008 | _ 1%

matter {(g./pl)

Sten dry .
matter (g./pl) -OJI_JP“_.Q.'.], _9_‘,2_ O, 3 0.01 0.03 - 1%

Roct dry
mattor (g./pl) | 2edfea0a3d 03 | 0.2] 001 | 0.04 | 1%

Plant total dry
matter (g./pl) 0.8 1 . 009 1S ) 1.6 ) 005 0.17 P 1%

All means underscored by a2 single line do not differ significantly in the

Duncan's Multiple Range Test at 5% level.




(e) Root dry matter per plant., (Table 2},
The root dry matter decreased significantly fron N, to NB'
There was no difference between the yield means in the range
from Vg to Nyo

(£) Total dry matter per plant (Table 2, and Appendix D)
The plant total dry matter increased over the whole range from
Ky to NB’ but significantly only from N, to ¥,e The yield at

¥N., was double that at NO’

3
(ii) Effect of Different Nitrogen Levels on Individual Harvest Yields.
The data for individual harvests are presented as graphs. The yield
varied according to the harvest interval and thus, the variations in
absolute values are not importent. What is important is the ranking
of the yields at the different nitrogen levels. The variates leaf
pumber and leaf area were recorded only at the first, third and
fourth harvest, while leaf dry matter was recorded at the first
(41st day), second (58th day), third (70th day) and fourth harvest
(86th day after sowing).
(2) Leaf number per plant. (Figure 1).

Each increment of nitrogen supply from N, to N, increased the leaf

1 3

number per plant while NO remained almost the same at each succes-
give harvest. NB produced the largest yield throughout the experi-
ment but it did not differ significantly from Noe N1 and N,
differed at the third (56th day) and fourth harvest (70th day).

NO and N1 "eorogsed over! at the first harvest (32nd day after
gowing) when NO leaf number slightly exceeded N1. The progress

of mean leaf number throughout the experiment was calculated as



Bl

LEAF NUMBER PER PLANT

50

40

30

20

10

FIGURE 1. EFFECT OF NITROGEN ON LEAF NUMBER AT INDIVIDUAL HARVESTS.

L

[ L.5.D.5%

1.5.D5%]

IVQ/
o//

i e KEY

N3
N2
N1

NO

® | 4 0
* m 40

g - g

32 56 70
HARVEST TIME (days from sowing)



15

(mean value per plant): First harvest, X = 14.0; third harvest,
X = 16.,8; fourth harvest, X = 30.7.
(b) Leaf Area per pot. (Figure 2).
The leaf area increments varied significantly over the following
ranges: First harvest {32nd day) each increment from N1 to NB;
third harvest (56th day) each increment from Ny to N, and fourth
harvest (70th day) each increment from Ny to NB' The mean leaf area

values per pob, were: TFirst harvest X = 30,8 cmz; third harvest,

X = 22,2 cmz; fourth harvest, X = 38,3 ons

(c) Leaf dry matter per pot. (Figure 3),
At all harvests each increment of nitrogen supply increased the
leaf dry matier, Most bui not 311 of the increases were gignificant.
The leaf dry matter increased throughout the experiment and it was
caleulated as the mean value for each harvest per pot as follows:
First harvest (32 days), X = 0.9g.; second harvest (44 days)
X = 0,5g.; third harvest (56 days), X = O.6g.; fourth harvest

{70 days). X = 1.5g.

2. Effect of Different Populations

(1) Genotype Differcnces for all Harvesis Combined,
(a} Leaf number per plant (Table 3).

The smallest leaf number was found in Lolium multiflorum Liscats,

while the largest leaf number was found in L.muitiflorum variety

S.22. The Iolium perenne parents were intermediate in leaf number,

and not significantly different from each other, The differences

between the L.multiflorum and the L.perenne parents were sig-

nificant, The hybrids did not differ significantly in total leaf
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(b)

(e)

(a)

nunber.
Leaf area per plant (Table 3),

The largest leaf arez was found in L,multiflorum variety S.22.

This was gignificantly greater than the leaf area of L.multiflorum

Liscate, The L,perenne parents had significantly less leaf area

than the Lemltiflorum Liscate but were not significantly different

from cach other,

In the progenies, the L.multiflorum Liscate x Lemultiflorum S.22

vielded more leaf area than the two inter-specific hybrids which
did not differ significantly. The L,perenne hybrid Ba6280x%.23
yielded less than the interspecific hybrids, and did not differ

significantly from 1ts parents. The L.multiflorum hybrid Liseate

X S.22 did not differ significantly from its parents,
Leaf dry matter per plant {Table 3).

The Lemultiflorum parents yielded significantly more than the 1.

perenne parents. The Lolium multiflorum hybrid Liscate x S8.22
vielded significantly more than the interspecific hybrids Ba6280x
3422 and Liscate X S.23 and even greater than its parents but not
significantly so. The interspecific hybrids differed significantly
from their parents but not between themselves; they yielded inter~
mediately between the population, The L.perenne hybrid Ba6280 x
3.23 did mot differ significantly from its parents or froem the
other hybrids.

Stem dry matter per plant (Table 3).

In the parents, stom dry matter was greater in L.gultiflorum S,22

amd smaller in L.perenne S.23 than in the other parents, from which



(e)

(£)

19

they differed significantly. The parents L.multiflorum Liscate

and Leperenne Ba6280 as well as the hybrids Liscate x 5.22,
Liscate x S.23 and Bab280 x 3,22 did not differ significantly
from each other, All of theum yielded intermediately between the

parents Lemultiflorum S.22 and L.perenne S.<3 from which they

differed significantly. The L,perenne progeny Bab280 x S.23
differed significantly from its parents Bab6280 and from the other
progenies but not from its parent $.23.

Root dry matter per plant (Table 3).

In the parents, root dry matter was significantly greater in L.
multifiorum than in L,perenne, but there was no significant differ-

ence between the Lemultiflorum parents or bLetween the L, perenne

parents.
In the progenies, root dry matter was significantly greater in

the Lemultiflorum progeny Liscate x $,22 and significantly smaller

in the L.perenne progeny Bab280 x S$,23 and in the interspecific
hybrid Ba6280 x S.22. The interspecific hybrid Iiscate X 5.23
yielded intermediately between the other progenies and did not
differ gignificantly from its parent Liscate., The greatest yield

in the population was found in the Lemultiflorum hybrid

TLiscate x S.221,

Total dry matter per plant. (Table 3).

The greatest yicld was in the L.multiflorum hybrid Liscate x S.22
and the smallest yield was in the L.peremnc parent 8,23. There

was no significant difference betwoen the Lomultiflorum parents

Liscatc and S.22 or between thom and thelr hybrid Liscate x $.22,
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Table 3,
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Mean Yield, Standard Error, least Significant Difference and Duncan's
¥ew Multiple Range Tests of the Populations for all Harvests Combined,

gl e o

Populations, Mean wvalues for each variate per plant.
L, 8. D., Leaf Leaf areaj Leaf dry| Stem dry] Root dry | Plant total
Probability number | (cm /pl) motier matter matter dry matter
(g+/p1) } (8./p1) | {(g./pl) (g./p1)
Liscate 44,9 22.8 6.9 0.2 0.3 Ted
(L,multifl, ) be a a a a
S. 22 86.2 28.8 0.9 0.3 0.3 1.5
(L.multifl, ) a a 8 a
B8.6280 57.2 1207 0-5 On2 0!2 009
{L,perenne) a ef c a b ¢
S. 23 62.4 11'0 Oas 0.1 0.2 O|8
(L. perenne) a. £ ¢ b b ¢
Liscate x S.22| 59,3 26.1 1.0 0.2 0.4 1.6
(Leme x Lomo) | & ab a a a
Liscate x S5.23| 59,7 19.1 0.7 0.2 0.3 1.2
(Leme X Lop.) | & ed b a a b
Bab280 x 5,22 | 66,3 16,1 0.7 0.2 0.2 Ta1
{(Lepe x Lem,) | & de b a b b
Bab280 x S.23 | 57.2 11.0 U.5 Q.1 0.2 0.8
{Lepe X L.p.) | a £ ¢ b b c
Standardﬁ 3.79 1.22 0.04 0.01 0.02 0.06
Error, SX.
1. 8. 0D, At 10.71 3.46 0.12 0.04 0.07 0.18
5% level
Probability ~ % 14 <19 1% - 1% < 1%

All means marked with the same letter do not differ in the Duncan’s Multiple

& Range Test at 5% level.
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There was no significant difference between the L.perenne
parents Ba6280 and S.23 or between them and their hybrid

Bab280 x S.23., The interspecific hybrids ylelded intormediately
between the parents differing significantly from the parents

but not differing between themselves.

(ii) Popalation Differences at Individual Harvests.

The data for individual harvests are presented as graphs. The

values varied according to the harvest interval and thus, the

variastions in absolute values are not important. What is important

is the ranking of the different popdletioms in yield.

(a) Leaf number per plant. {Figure 4).

(b)

The greatest leaf number at all harvests was found in the L.
multiflorum S.22, which differed significantly from the other
parents and from the progenies. The smallest leaf number was

that of L.multiflorum Liscate at most harvests. The other parents

and progenies did not vary significantly,

Leaf area per pot. (Figure 5),

The Lemultifiorum S.22 gave the greatest yield at the last harvest
exceeding significantly the other L.multiflorum parent and the

hybrid between them. However, the L.multiflorum Liscate gave less

yield than the hybrid L.multifiorum 'Iiscate x S,22' and one of

the interspecific hybrids L.multiflorum Liscate x L,Berenpe S.23

at the last harvest, The smallest leaf area increments were given
by the L.perenne parents and their hybrid which did not differ sig-

nificantly.
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{¢) leaf dry matter per pot. (Figure 6)

The L.multiflorum parents greatly changed their yielding charac-

teristics over the duration of the experiment. At the first har~
vest they yielded most dry matter, butat the fourth harvest they
yielded least dry matter of all the populations,

Apart from the last harvest when the parent L.multiflorum yield

had declined, the L.perenns parent and hybrids yielded least dry
matter. The interspecific hybrids yielded intermediately between
their parents in dry matter., However, the greatest dry matier was

consistently given by the L,multiflorum Liscate x L.multiflorum S.22.

This is a most interesting hybrid in that the sharp decline in
yield of the Liscate and S.22 parenis relative to L.perenne
presumably caused by frequent cutting did not oceur in this hybrid.

3. Powulations x Nitrogen Interaction.

(1) mpultiong x Nitrogen Interaction for all Harvests Combined.
(a) Leaf area per pot, {Figure 7)
In the parents, the inereage in total leaf area caused by

increagsing the nitrogen supply was significantly greater in the

Lemultiflorum parents than in the L,perenne parents at N, and N3

levels. In the L.multiflorum parents, the total leaf area incre-

ment in 5,22 exceeded significantly that in Liscate and in its
hybrid at NB' The Leperenne parents did not differ significantly.
In the progenies, the total leaf area increment was significantly

greater in L,multiflorum progeny Liscate x S.22 than in the other

progenies at K, and N The interspecific hybrids always cccupied

3.
an intermediate position between the L, multiflorum hybrid and the

L.perenne hybrid, so, they were ranked in order thus: Liscate x 8.22;
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(b)

(e)

2/

Liscate X S.23; Bab280 x 5,22 and Bab280 x S.23. Each one

differed significantly from the other at N The leaf area inc-

3
reased as the nitrogen supply inereased in all populations,
Leaf dry matter per pot. (Figure 8).

In the parents, the total leaf dry matter increase caused by
increasing the nitrogen supply was significantly greater in the
Lymultiflorum parents and their hybrid than in the L.perenne
parents and their hybrid at N2 and NB' There was no significant

difference in total dry matier belween the L.multiflorum parents

and thelr hybrid or between the Le.multiflorum parents and their

hybrid throughout the range of nitrogen supply.
In the progenies, the total leaf dry maiter increment was signifi-

cantly greater in the L,multiflorum hybrid Liscate x $.,22 than in

the other progenies., Thus, the interspecific hybrids occupied an

intermediate position between L.multiflorum hybrid Liscate x S.22

and the L.perenne hybrid Bab6280 x 8.23, so, the populstims were
ranked in order thus: Liscate x S.22; Ba6280 x S,22; [liscate x
S.23 and Bab280 x S.23. The interspecific hybrids differed sig-
nifieantly from the other progenies but they did not differ
between themselves at NB'

Total dry matter per pot (Figure 9).

In the parenté, the increagse in plant total dry matlier caused by

increasing the nitrogen supply was grester in L.multiflorum than

in L.perenne parents throughout the range of the nitrogen supply.

Lemultiflorum parents yislded significantly differently from the

L;perenne parents at N2 and N3 levelsn,
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In the progenies, the intorspecific hybrids Ba6280 x S.22 and

Liscate x 8,23 yielded intermediately between the L.multiflorum

hybrid Liscate x S,22 and the L.perenne hybrid Bab280 x 5.23, but
did not differ significantly from them throughout the range of
nitrogen supply.. The interspecific hybrid Liscate x S.23 ylelded
significantly differently from the other interspecific hybrid

Ba6280 x S,22 and from the L,multiflorum hybrid Liscate x 8.22 at

the N2 level and also differed significantly from this last one
at N3 level, (Table 2). There were no significant interaction in
the following characters:s Total leaf number per plant, stem dry

matier and root dry matter for all harvests combined,

(1i) Popmlation x Nitrogen Interaction at the Individual Harvests.

(a} Leaf area per pot, (Figures 10, 11 and 12),

The populations and nitrogen levels interacted significantly in

leaf area in the first (32nd day), third (56th day) and fourth
(70th day) harvest. In the parents, the leaf area was consistently
and significantly greater in the L.multiflorum than in the L.
perepne at all harvests, The ranking of the parents throughout

the experiment was in the order: $.22; Liscate; Bab6280 and S.23.
The greatest leaf area was in the 3.22 and the smaller was in the
S«23. The Leperenne parents did not differ significantly between

themselves throughout the sxperiment, The L.multiflorum parents

only differed significantly at N3 in the last harvest.

In the progenies, the leaf area was significantly greater in the

Lemultiflorum Liscate x 8,22 than in the others at the first

(32nd day} and third harvest (56th day after sowing). The inter-
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gpecific hybrids ocecupied an intermediate position between L.multi-
florum parents and their hybrid on the one hand and the L.perenne
parents and their hybrid on the other hand at mest harvests. The
greatest leaf area in all the populdiios was always at N3 level,
The leaf area in the two interspecific hybrids "crossed over" in
the range N, %o NB in most harvest.

(b) leaf dry matter per pot. (Figures 13 and 14)
There was a significant interaction between populationg and nitrogen

lsvels at the first and fourth harvest. The ranking of pepulatians

was similar at the two different times. The L.multiflorum parents

and their hybrid yielded significantly more than the L.perenne
parents and their hybrid in response to nitrogen supply especially
at NB level, The interspecific hybrids occupied on intermediate
position between the other populstions, The greatest nitrogen res-
ponse was in the hybrid Liscate x $.22

e Heritabhility

Bstimation of heritability in this experiment is complicated by the
shortage of material itaken from the original hszlf diallel cross. Thus,
nutrient treatment was given to only 4 parents and 4 hybrids, which were
selected as follows:

Lemultiflorum variety fliscatet (1x1);

L.multiflorum variety 18.,22! (5x5);

Leperenne variety 'Ba6280! (4x4);
Loggrmne Variety 18023' (BXB);
Lenultiflorum hybrid 'Liscate x 8.,22! (1x5);

Interspecific hybrid 'Liscate x 8.23' {1x3);
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Interspecific hybrid 'Ba6280 x 5.22' (4x5);
Leperenne hybrid 'Bab280 x 8.23' (4x3).
As can be seen, the interspecific hybrids: Liscate x Ba6280 (1x4) and
S.22 x S.23 (5x3) were omitted on the grounds of shortage of space.
Therefore analysis of heriltability on the F1 alone is not possible., In
fact virtually the only test of heritability possible with this material
is o mid parent~progeny fegression. Obviously, this has to be applied
with caution for two reasons: firstly, because there are so few hybrids
(4}, and secondly, because the crosses arc between two guite different
specics, Nevertheless, regression analysis of yilelds and nutrient res-
ponses was necessary to investigate the breeding potential and appeared
to te worthwhile on material which differed so widely,
(1) yvield,
Estimation of heritability based on mid parent-progeny regression with
only / hybrids allows only two degrees of freedom, so that very few of
the variates measured showed significant heritability. Table 3 shows
that the correlation coefficient of the variate total leaf dry matter
was significant at 1% level of probability and the plant total dry
matter correlation coefficient was significant at 54 level, therefore,
their estimated heritabilities of (h2 = 1425) andf(hz = 1,27) respec-~
tively are assumed to be significant too,
There are very few points on the regressions, and this, together with
the considerable species difference between the two set of parents,
suggests that those heritability estimates may not be completely

accurata.
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Table 4., Mean Yield of Hybrids, Mid Parent-Progeny Regression and Correlation

Coefficients,

Populations, i Mean Yield of wvariates per Flant,

Regression Total | Total leaf| Total leaf| Stem dry| Root dry| Plant

and Correlation| leaf ar dry matier{ matter matter. { total dry

Coefficients. number {em™) (g.) (g.) (g.) | matter (g.)

Mid parent 65.55 25,80 0.90 0.25 0.30 1.45

value, P.

Liscate x S.22 | 59,30 26,10 1.00 0,20 0.40 1.60

Mid p&rgn’b 53.65 16.90 0070 0.15 0.25 1-10

value, F. .

Liscate x 3.23 | 5%.70 19.10 0.70 0.20 0.30 1.20

Mid parent 71.70 20,75 0.70 0.25 0.25 1.20

Value, P.

Bab280 x 3,22 66,30 16,10 0,70 0.20 0.20 1.10

Mid parent 59,80 11.85 0.50 0.15 0.20 0.85

value, P,

Regression

CoafFicient 0.36 0.95 1.25 0.50 2.00 1.27

Correlation XX b

Gosfficient 0.71 0.89 0.99 0.57 0.85 0.95
Key: x = 0,05 level of significance at t table

b
1

0.01 level of significance at t table
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(1i) Nutrient response
None of the nutrient response regressions of mid parent and progeny
was significant when tested at two degress of freedom, When tested
at 10 degrees of freedom, using replicates, the variates total loaf
area and total leaf dry matler had a significant heritabllity, thus
total leaf area response {leaf area at NB ~ leaf area at NO) had a
correlation coefficient of (r = 0.68) and a heritability of (h2 = 0,68);

total leaf dry matter response (leaf dry mavter at N, - leaf dry matter

3
at NO) had a correlation coefficient of (r = 0.62) and a heritability
of (h2 = 0,83), These values are given as indjcations rather than

proof of heritability of response.
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EXPERIMENT (B). PHOSPHORUS TREATMENT

The results are summarized in Appendides A, B and C. The malerials and

nethods used in the phosphorus experiment have already been described

in Chapter 11 "Material and Methods".

1. Effect of Different Phosphorus levels.

(i) Total Yield for all Harvests Cambined.

(8} Leaf number per plant, (Table 5),

(b)

(c)

(8)

The total leaf number increased as phosphorus supply increaged

over the whole range from Py to P,, but was significani only from

3
Py to Py. From B, to P, the leaf number lncreased about 11 times
as much as from P, to PB'
Leaf area per plant. (Table 5).

The total leaf area increased uniformly as phosphorus supply
increased over the whole range from Py to P3' The leafl area
increment between treztment levels was significant only between
Py and P,e The leaf area increment betwsen PO and 'P.i was three
times larger than that between P, and Py

Leaf dry matter per plant (Table 5).

The total leaf dry matter inereased as phosphorus supply increased
over the whole range from Py to P3. The increase was Significant
only from Py to Pye The leaf dry matter increment from P, to P,
was three times greater than that hetween ?1 and Pye The leaf dry
matter increased uniformly from P1 to PB'
Sten dry matter per plant, (Table 5).

The stem dry mattor increased significantly only over the range

from Py to P,» The treatment levels Pys Pé and ?3 all yiselded



(i1)

(e)

(£)
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double that of Pye
Root dry matter per plant (Table 5).

The roct dry matter increased from Ps to P3, but not uniformly,
since the yield at P, excceded that at P,. However, the yield at
P, and P, iffered significantly both in the least significant
difference and the Duncan's New Multiple Range Test.

Total dry matter per plant (Table 5)

The plant total dry matter increased as the phosphorus supply
increased over the whole range from P, to P,, but gignificantly
only from Py to Pys The total dry matter increment between P, and

P, was three times greater than that betwesen Py and Po.

Effect of Different Phosphorus Levels on Individual Harvest Yields,

The data for individual harvests are presented as graphs. A4As in the

case of nitrogen go for phosphorus the yield varied according to the

harvest interval, and thus, the variations in absolute values are not

important. What is important is the ranking of the yields at different

phosphorus levels, The variates leaf number and leaf area were recor-

ded

only at the first, third and fourth harvests. While leaf dry

matter was recorded at the first (41st day), second (58th day), third

(‘70th day) and fourth harvests (86th day after sowing),.

(2)

Leaf Number per plant (Figure 15).
The leaf number increased as phosphorus supply increased over the

whole range from Py to P3 at all harvests. The greatest leaf

number wasg found at P3 and the smallest at PO. Thesa differed

significantly throughout the experiment. There was no significant

difforence between By and by they differed significantly from
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Table 5. ilean Yield, Standard Error, Least Significant Difference and
Duncan's New lMultiple Range Tests of Phosphorus Levels for all

Harvests Combined.

Variate Phosphorus ILevels. Stand L.5.D. Proba-

_Mean values for all variates Iryor at 5% bility
(per plant) P P P o 8% level

0 1 2 "3

Leaf 19.4| 113.5] 121.4 | 124.6 6.50 | 18.39 1%
number - - - ‘ * -
Leag ares

2806 - . 60-6 2. 6 u8 -
Leaf dry
matter 1.2 1.8 2.0 2ol 0,10 0.31 1%
(g+/pl) 1
Stem dry
matter 0.2 0, 0.4 0s4 0,02 0.07 ~1%
(g./pl)
Root dry 0.2] 03] 0.2 0.3 0.03 0.08 19
matter 5 b a b =
(g./p1)
Plant Total
dry matter 1.6 2.5 2.6 2.9 0.15 0,43 4:1%
(g+/p1) —

All means underscored by a& single line or given the same letter do not differ

significantly in the Duncan's Multiple Range Test at 5% level.
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PO throughout the experiment but only differed significantly from
P3 at the first harvest (41 days after sowing). The leaf pumber
inecreased uniformly from the first harvest (4ist day) to the last
harvest (86th day) as can be seen by the smooth slopes of the
curves in Figure 15.

Mean leaf numbers in this experiment were: First harvest,

X = 24.6; third harvest, X = 38-0; fourth harvest, X = 47-0.

B, and P_ Ycrossed over" at the last harvest (86th day), but the

2 3
total production was greater at P, than at Py

3
Leaf arca per pot. (Figure 16).
The leaf area incrcased from the first to the fourth harvest,
showing a small increasce between the first and the third harvest
while there was a large increase between the third and the fourth
harvest, The leaf area increased as phosphorus supply increased
throughout the experiment,
The mean Jeaf areas per pot at the individual harvests were:
First harvest, X = 58,6 cmz; third harvest, X = 61.8cm2;
fourth harvest, X = 116,8cm°.
P, differed significantly from P;s Py and P3 throughout the
experiment., There was no significant difference between Py and
P2, The leaf area was significantly greater at P3 than at P1 in
the first and third harvest and just significantly greater than
P

2
Leaf dry matter per pot. (Figure 17}

in the third harvest,

The leaf dry matter harvested at the second and fourth harvests

wag greater than that at the first or third harvest, These
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differencoa wers caused by slower growth rates (before the first
harvest) and short harvest interval (before the third harvest),
The leaf dry matier yleld increased as phosphorus supply increased
from P, to P

0 3
The mean leaf dry weights at cach harvest were: First harvest,

throughout the cxperiment.

¥ = 2,1g.; second harvest, ¥ = 2,6g,; third harvest, X = 1.72.
fourth harvest, X = 2,7g.

The yield at the treatment levels Pys P, and P3 varied significan-
tly from PO throughout the cxperiment. Therc was no significant
difference between By and P, at any tinme, P3 differed sigmifican-

tly from P, at most harvests, but did not differ from P2 at any

1

time,

2« BEffeet of Different P8pulstions
(1) Population. Differaences for all Harvests Combined,

(2} Leaf number per plant (Table 6).
In the parents, the greatost leaf number per plant was in the

Loymltiflorun S.22 and the smallest leaf number was in the L.

percenneg Ba6280. There was no significant difforence betweon

the Lemultiflorum S.<2 and the L.perennc Se<3 or betwoen the

Lemultiflorun Liscate and the L.perenns Bab280 parents,

In the progenies, the greatest leaf number was in the interspecific
hybrid Liseate x S.23 and the smallest leaf number was in the
Laperenne hybrid Ba6280 x 8.23. The leaf number was not gignif-
icantly different hetween the interspecific hybrids Liseate x 5,23

and Bab280 x S.22 and the L,multiflorum hybrid Liscate x 5.22, but




(b)

(e)
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there was a significant diffsronce betwcen them and the L,
percong hybrid Bab6280 x S.23.

The greatest leaf number per plant was found in the interspecific
hybrid Liscate x S.23 and the smallest in the L.perenne parent
Bab280,

Leaf Area per plant (Table 6),

In the parents, the greatest total leaf area was found in the
Lemultiflorum Liscate and the smallest leaf area in the L.perenne

Bab6280. There was no significant difference between L,multiflorum

pavents Iiscate and S.22 or between the L.perennc parents Bab280
and S.23. The Lemultiflorum parents ylelded sipgnificantly more
than the L,percnne parents,

In the progenies, the greatest leaf area was found in the L.
multiflorum hybrid Liseate x 8,22 and the smallest leaf area in
the Leperennc hybrid Bab280 x 8.23, In the total leaf area the
interspecific hybrids occupled an intermediate position differing
significantly from the othor hybrids,

The greatest leaf area was found in the L.multiflorum hybrid
'Liscate x S.22' and the smallest in the L.perenne parent Ba6280,
Leaf dry matter per plant. (Table 6).

In the parents, the greatest leaf dry matter was found in the
Lemulbiflorym Liscate and the smallest in the L,perennc Bab280

and 5,23, The L.multiflorum parents yielded significantly more

than the L,perenne parents. There was a sipnificant difference

between the L.multiflorum parents and 3.22, but there wag no

significant difference between the L.perenne parents Ba6280 and

Se23.
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In the progenies, the greatest leaf dry matter w2s found in the

Lemultiflorum hybrid Liscate x S.22 and the smallest in the

L.perenne hybrid Ba6280 x 5,23, In leaf dry matter the inter-
specific hybrids again occupied an intermediate position
differing significantly from the othor hybrids, There was no

significant difference botween the interspecific hybrids,

The greatest leaf dry matter was found in the L.multiflorum hybrid

'Iiscate X 3.22' and the smallest in L,percnne parent Bab280.
Stem dry matter per plant (Table 6).
In the parents, the greoatest stem dry matier was found in the

L.multiflorum Liscate and the least in the L.peremnne Baé280,

The Lemultiflorum parents Liscate and 8,22 yielded significantly
more than the L.porenne perents Ba6280 and S.23. There was a

significant differcnce between the L.oultiflorum but not botween

the L.perenne parents,

In the progenies, the grestest stem dry matter was in the L,multi-
florum hybrid 'Liscate X $.22' and tﬁe least was in the L.perenne
hybrid Ba6280 x S.23. The interspecific hybrids yiclded inter-
mediately between the other hybrids differing significantly from

them but net between thoemselves.

The greatest stem dry matter in the population was found in tho

Lemulbiflorum Hybrid 'Liscatc x S.22!' and the smallest in the

L.porenne parent Bab280 and in the hybrid Bab280 x 5,23,
Root dry matter per plant (Table 6).

In the parents, the greatest root dry matier was in the



Table 6. Mean Yields, Standard Error, Least Significant Difference and
Duncan's New Hultiple Range Tesis of the Populations for all

Barvests Combined.

Populations Mean values for each variate per plant
L. 5. Do, Total leaf] Total leaf| Total leaf| Stem dry| Root dry{ Plant total
Probability number are dry matter| matter matter | dry matter
(L.Ho.) (em™) (g.) (g.) (g+) (2.}
Liscate 90.2 66,5 2.7 0.5 0.4 3.6
(Lomultifl. ) ¢ d ab a a a
S. 22 122.0 548 1.8 0.4 0.2 Rod
(L.multifl,) a e b a b b
Bab6280 80,6 25.2 1.1 0.2 0.1 Tady
(L.perenne) d d c b b c
S. 23 105.5 26,8 1.1 0.2 0.1 Ted
(L.perenne} ab d c b b ¢
Liscate x S.22] 126.4 75.8 2.7 0.6 0.5 3.8
a a a a a
Liscate x S.23] 132.3 53.1 1.9 0.4 0.2 2.5
&8 ¢ b a b b
Bab280 x §.22 127.9 50.9 1.8 Q.4 0.2 2oy
a c b a b b
Bab280 x S.23 92,7 26,7 1.2 0.2 0.1 1e5
be d ¢ b b c
Standard 2.19 3.91 0.15 0.03 0.04 0.22
Error, Sx
L.5.D, At 26,02 11.07 0. 44 0,11 0,12 0.61
5% level
Probability il 1 % - 1% r 1% N 1% -7 1% =, 1%

All means marked with the same letter do not differ in the Dumcan's New Multiple

Range Test at 5% level.
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Lemultiflorum Liscate and the least wes in the L.perenne Bab280
and 8423« The Lemultiflorum parents Liscate and $.22 differed
significantly, but there was no signifiecant difference between
the L.perenne parents Baé280 and S.23 or oven between them and
the L.multiflorum 3.22,

In the progenies, the greatest root dry matter was in the L.
multiflorum hybrid Liscate x 8.22 and the least was in the L,
perenne hybrid Bat280 x S.23. The interspecific hybrids occupied
an intermediate position between the L.multiflorum and L,peronne

hybrids, There was no significant differonce between the inter-
specific hybrids Ba6280 x $.22 and Liscate % 3,23 or aven between
them and the L.perenne hybrid Ba6280 x 8,23, but therc was a sig-

nificant differonce betwoen these and the L.multiflorum hybrid

YTizeate x S.22¢,

The greatest yield was found in the L.multiflorum hybrid 'Liscate
X 5,22' and thc least in the L.perenne parent.

Total dry matter per plant, (Table 6)

In the parents, the L.multiflorum Liscate and 8,22 yiclded sig-
nificantly more than the L,perenne parents Bab280 and S.23.
Liscate differed significantly from 5,22 but there was no sig-

nificant difference betwoen Bab280 and S$,23.

In the progenies the greatest plant total dry matter was in the
Lynultiflorum hybrid Liscate x S,22 and the least in the L.perenue
hybrid Batz80 x §,23. The intorspecific hybrdds did not differ

significantly but occupied an intermediate position between the
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Lemultiflorym and IL,perenne hybrids, differing significantly

from then,

The greatest yield in the population was found in the L.multiflorum

hybrid Liscate x S.22 and the lenast in the L.perenne parents
BabR80 and Se23.
(11) Population Differonces at Individual Harvests

The data for pepulation differences at individual harvests arc presented
ag graphs. As gtated in the nitrogen experiment, what is laportant is
tho ranking of the populatiors for the different variates, rather than
the absolute values which depend on the length of the harvest interwal.
(a) Leaf number per plant., {Figure 18)

The leaf number wag recorded only three times, 41, 70 and 86

days after sowing, In the parents, the greatest leaf number at

all harvests was found in the Lemultiflorum S.22 and the least

was in the L,perennc Ba6280, The L.perenng S.23 yielded inter-
mediatoly between the L.multiflorum parents S.22 and Liscate but
it did not differ significantly from them. AL almost all the
harvests there was a significant difference between the Lemulti-
florum parents in leaf number. Thoe L.perenne parents did not

differ significantly in this charactor.

In the progenles, the leaf number was greater in the interspecifie
hybrids Liseate x S.23 and Bab280 x S,22 than in the other hybrids.
Therc wis no signifieant difference betwoen the interspecific

hybrids. Thoe Lemultiflorum hybrid Liscate x 8,22 did not differ

significantly from the interspecific hybrids. The L.perepne hybrid

Bab6280 x 3,23 had the smallest leaf number per plant. The L.
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multiflorum and L.percnne hybrids differed significantly in leaf

numbsr at most harvests. The L.perennc parent S.23 and the inter-
specific hybrid Bab6280 x 5.22 increased their leaf number substan-
tially at each harvest in contrast to the other parents and progeny

vhich searcely inereased their leaf number after cutting.

(b} Leaf area per pot. (Figure 19),
The leaf arca was measurcd three times at 41, 70 and 86 days
after sowing. In the parents, the greatest lezf areaz was found

in the L,multiflorum Liscate or 5.22 at the last harvest and the

least in L.perenne BabR80 or 5.23. The Liscate was slightly more
adversely affected by successive harvests than the other parents.
The L.multiflorun parents had a significantly greater lecaf area

than the L.perenne throughout the experiment.Up to the third harvest
(70th day) there was a significant difference between the Lemulti-~
florum parents Liscatc and S.22 but this later disappesred, The
Lgperenne parents Ba6280 and S.23 did not differ significantly at

any harvest,

In the progenies, thc greatest leaf area at all the harvests was

in the L.multiflonm hybrid Liscate X 5.22 and the least in the L.

perenne hybrid Bab280 x S.23. The interspecific hybrids Liscate x
Se22 and Bab280 =® 3.22 occupled an intermediate position betwoen
the other hybrids in this character differing significantly from
them at most of the harvests., There was 2 signifilcant difference

throughout the experiment between the L.multiflorum and L,perehnc

hybrids, but thoerc was none between the interspecific hybrids.

{(¢) Leaf dry matter per pot, (Figure 20}.
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In the parents, the greatest leaf dry matter was in the L.mlti-

florum Liscate and the least in L.perenne S.23, The Lemultiflorum

parents Liscatc and 5,22 diffored significantly throughout the
experinent and they yielded more than the L.perenne parents at
all harvests. There was no significant differencc between the
L.perenne parents Ba6280 and 3,23, but thoy differed significantly

from the Lemultiflorum Liscate at all harvests and from the L,

multiflorum S.22 at the third (70th day) and fourth (86th day)

harveats,

In the progenies, thc greatest leaf dry matter was in tho L.
maltifiorum hybrid Iiscato x S.22 and this differed significantly
from the others at all harvests. The interspecific hybrids did

not differ significantly., They oceupied an intermediate position
betweon thoe other hybrids, difforing significantly from the L.mulbi-
florum hybrid Liscate z S,22 at all harvests and from the L.percnne
hybrid Bab280 x S.23 at most harvests.e The smallest lcaf dry
matter in the progenies was in the L.perennc hybrid at all

harvests.

3. Populations x Phogphorus Interaction.

(i) Populations x Phosphorus Interaction for all Harvests Combincd.
There was no significant interaction between populations and the phos-—
phorus levels in any character for all hurvests,

(ii) Populations x Phosphorus Interaction at the Individual Harvests.

(a) Loaf number per plant (Figure 21).

Populations and phosphorus lcvels interocted significantly on leaf

number por plant at the first harvest (41st day). In the parents,
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the Lemultiflorum Lisecate leaf number inercased significantly from

Pb 3¢

Jeaf number increased significantly from PO to Pys but declined

fron P, to 2% It then inercascd slightly from P, to PB'

perenne Bab280 leaf number increased very little from Py to P3.

The Lepercnne S.23 leaf number decreased from ?O o P1 and 92 to

The L,multiflorum S,22

to P2 and then deelined from P2 to P

The L.

P3. P, did not differ significantly from Pye

In the progenies, the L.multiflorum hybrid Liscate x 8.22

increased slightly in leaf number from Py to P There wag a

3.
slight decrease from IH to Py but then an increase from £, to P3.

The interspecific hybrid Liscate x S.23 lcaf number decreased from

Py to P, but then inereased to P,. The interspceific hybrid

3
Bab280 x 3,22 leaf number increascd significantiy from Py to P.,

3
The L.perenne hybrid Ba6280 x S,23 leaf mumber showed a significant

E

incrcase from Py to P, although there wos a glight decreasc from

3
Py to Fse
(b) Leaf area per pot (Figure 22).
Populations and phosphorus levels intoracted significantly at the
third harvest (70 days after sowing). In the paronts, leaf area

increased as phosphorus supply increased. This was significant

in the L.multiflorum Liscate from PO to P1 but thon it decreased
significantly from P, to Pre It incrcased slightly from P, to P3

The L.oultiflorur: 8.22 loaf arca inercased very little from Py to P3

The L. porcnne Ba6230 increased its leaf area very little from Py
to PB' The L.perennc 3.23 leaf aren decrcased from Pb to PE'

This parent showed little increase in leaf arca from PH to Eb

In the progenies, leaf arca inereased significantly in the La
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multiflorunm hybrid Liscate x 8.22 from P, to PB' The increasc was

very marked from P, to PB' The Interspecific hybrid Liscate x S.23

leaf area inereased very little fron Py to Py« The interspecific

hybrid Ba6280 x S.22 leaf arca incroased wnifornly and significantly

from Py to PB' The L,perenne hybrid Ba6280 x S.23 increased very

little in leaf arca from P, to P3.
(¢) Leaf dry matter por pot (Figure 23).

The populations and the phosphorus levels interacted significantly

at the third harvest (70th day after sowing). In the parents, the

Lenultiflorum Liscate leaf dry matter increased from P, to Py, but

then decreased significantly from P, to F,, increasing again from

F,

inereased significantly in leaf dry matter from PO to P2 and then

to P3 though not significantly., The L.aultiflorum S.22

declined from P, to PB' The L.perenne Bab280 increased very little
in leaf dry matier from PO to PB' The L.percnne S.23 increased in

leaf dry matter from P1 to P3 but then declined from P2 to PB'

In the progenies, the leaf dry matter increased significantly from

PO to P3 in the L,oultiflorum hybrid. There was a large increase
from P1 to Pé. The interspecific hybrid Liscate x 3.23 did not
significantly increasc in lcaf dry mattor from Fjy to PB' The
interspecific hybrid Ba6280 x 3,22 increased in leaf dry matter

fronm PO to P3-

4e H eri‘babilitv
As in nitrogen aml potassium exXperimenis, the estimation of heritability

is couplicated by the shortags of w.ferial from the original half diallel

crosse The only possible test of heritability with this material is =2
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mid parent-progeny regression as was shown in experiment A.

(1) Yiola

(i1)

Very few variates measurcd showed significant heritability at the

tvwo degrees of freedon allowed by the mid parent-progeny regression.
Table 7 shows that the regression coefficients of the variates, total
leaf aren, total leaf dry matter and stem dry matter were gignificant
at 5% level of probability, so that those characters arc heritable
Total leaf area had a vegression coefficient of (r = 0.98) and o
heritability of (h2 = 1,37); total leaf dry metter, r = 0.95 and

h2 = 1,163 stem dry matter, r = 0,98 and h? = 1453. As in the
nitrogen oxperiment, so with phosphorus, the h2 valucs appear to

bo over cotimated unless there is much heterosis.

Hutrient Response.
lone of the nutrient responsc regressions of mid parent and progeny
waes significant when +tested cither at 2 degrees of freedom or at 10

degrees of frecdonm,
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Table 7. Mean Yield of Hybrids, iid Parent-Progeny Regression and Correlation
Coefficients.

Populations, Mean yield of wvariates per PFlant, q

Regression

and Leaf ILeaf area | ILeaf dry! Stem dry} Root dry| Plant tot-

Correlation number { (em™/pl) matter matter matter | al dry

Coefficients (g./pl){ (esb2) (g./p1) | matter
(g./pl)

Mid parent 106,10 60.65 2.25 0445 0.30 3.00

value, P.

- Liscate x 5,22 | 126,40 75,80 2,70 0.60 0.50 3.8
Mid parent 97.85 16,65 1.90 0.35 0.25 2e5
value, P,

Liscate x 3.23 132,30 53.10 1,90 0.40 0.20 2e5

Mid parent 101,30 40,00 TS 0.30 0.15 1.9

velue, F.

Bab280 x 3,22 127.90 50,90 1.80 0,40 0.20 244

Mid parent 93.05 26,00 1.10 0.20 0.10 ek

value, P,

Bab280 x 8,23 92,70 26,70 1.20 0.20 0,10 Te5

Regression

Coefficient 2,33 1.37 1,16 1.53 1.60 1.28

Correlation 0.70 0 98x 0 95x 0 98x 0.84 0.94

Coefficient * ° * * * °
Key: x = 0,05 level of significance at t table.



EXPERIMENT C, - POTASSIUM TREATMENT.

The results are summarized in Appendiges A, B and ¢, The materials and methods

used in the potassium experiment have already been desecribed in chapter II "

Materials and Methods®,

1+ Effect of Different Potassium Levels,

(1) Total %ield for all Harvests Cowbined.

(a) leaf nunmber per plant (Table &)

(b}

The total leaf number decreased as potassiun supply increased over

the whole range from KO to K3. There was thus an over supply or an
imbalance of potassiunm, Despite this negative potassium response

what is inmportant for genetic purposes is the ranking of the variety
nean ylelds at the different treatment levels. Before the variety
means can be discussed, it is necessary to examine the mean effects of
potasgiwn for all varictiecs, (Table 8)., Thus the greatest leaf number
per plant wag at Ko level while the smallest leaf number was at KB
which had the groatest potassium supply. Therc was no significant
difference in the leaf number between the levels KO, K1 and K2, but

there was a significant decrease between JioN and K3 in the mean leaf

number,

Leaf area per plant (Table 8)

Like the total leaf nwiber, the total leaf arca decroased as the
potassium supply increased from Ky to K3. The ranking of the leaf

arca means in thoe treatnent lovels can be seen In table 8., The greatest

leaf area per plant was at Xy while the gmallest Jeaf arex was at KB'

There was no significant difference in the leaf area at Kys K, and



(i)

and K, but there was a significant decrease to K3.
(e¢) Leaf dry mtter per plant (Table 8)
There was no significant differcnce between Ky Ky and K, but there

was a 8ignificant decrease between them and KB.

() Stem dry matter per plant (Table 8).
The stom dry matter decreased significantly from K, ta Kys thus the
sten dry matter yield of the lovels Lo and K, was gignificantly greater
than that at K, and K3 levels,
(e) Root dry matter per plant (Table 8).
The greatest root dry matter per plant was at K,, with a smaller yleld
at KO and K1 and also at KB' The K2 lovel yielded the greatest root
dry matter which declined thon at KB'
(£) Total dry mattor per plant (Table 8)
The greatest total dry matter yicld was at K, level and the smallest
yicld was at X, level., These differences were significant. There was

3
no significant differcnce botween K1, Ky and Ky levels,

Effect of Different Potassium Levels on Individual Harvest Yields.

The data for individual harvests are presented ag graphs. As In the case
of nitrogen and phosphorus so for potassium the yield varied according to
the harvest interval, the variation in absolute values are not important.
What is important is the ranking of the yields at different potassium
levels., The variates, leaf number, leaf arca and leaf dry weight were
measurcd 30, 42, 58 and 78 days aftor sowing.

(2) Leaf number per plant. (Figure 24).

Increasing potassium supply gonerally decreased the leaf number per plant
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Table 8, Mean Yield, Standard Error, Least Significant Difference and Duncan's
Wew Multipls Range Tests of Potassium Levels for all Harvests Combined.

Variate Potagsivum Levels Stand Le2.D. Proba--
) Mean values for all variatss Brror At 5% bility
er plant ) 8% Level
(p Ky Kq K, K,
Leaf
Nlmlber 79-1 ?1_,6 =7_3'6 58.5 3.03 8056 L 1%
Iesi area
(cmg/"pl) 2906 2702 28.6 20.3 1051 4.28 ‘ 1%
Ieaf dry
?at;ei} 0.9 0.8 0.9 0.61 0,04 0.11 = 1%
g/ D
Stem dry 031 o0.21 o.31 o0.20 0.01 0.04 < 1%
matter a b a b
{g./pl)
1t
Root dry 0.41 04| 0.5 0.3] 0.04 0,11 - 5%
mat}er ab ab a b
(g./p1)
Plant Total
{g./p1)

All means underscored by a single line or given the same letter do not differ

significantly in the Duncan's Multiple Range Test at 5% level,
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over the whole harvest period., The greatest leaf number was found

0 while the smallest was found at KB' There was a gignificant

but not between KO’ K1 and K2 at any

at X
difference bhotweoon KO and K3

harvests., K, differed significantly from KB at the second (42nd day)

and third harvest (58th day).

The leaf number means for the different harvests were: First harvest
(30th day), X = 15.5; second harvest (42nd day), X = 18,7) third
haryest (58th day), X = 19.9 2nd fourth harvest (78th day after sowing),

X = 16,5,

(b} Leaf area per pot. (Figurc 25).
Increasing potassium supply generally decreased the leaf arca per pot

thus the greatest leaf aren wag at Kys vhilc the smallest was at KB'

K, and K3 as well as X, and K3 differed significantly at a2ll harvests,
K, and K3 differed significantly at the sccond, third and fourth
harvests.

The leaf area means per pot for the different harvests were: First
harvest (30th day), X = 32.7 Cm?; second harvest (42nd day), X = 31.6
cm?; third harvest (58th day), X = 40,3 cm?; fourth harvest (78th day),

X = 26,2 cnz.

(¢} Lenf dry matter per pot. (Figure 26)
Increasing potassiwa supply génerally decreasced the leaf dry matter
per pot., Thus, the smallest leaf dry matter was at K3 and it diffored
significantly from the othor levels at tho second (42nd day) and at
the third harvest (58th day). At the first harvest (30th day) there

was a significant difference between K, and Kye At the fourth harvest
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(78th day) there was no significant difforence botween any levels of

potassiun,.

The lcaf dry matter means per pot for the different harvesis were:
First harvest (30th day), X = 1,0 g., second harvest (42nd day),
X = 0.9 g., third barvest (58th day), X = 1.3 g., fourth harvest

78th day), X = 0.8 g.

2. Bffect of Different Populations.

(1) Population Differences for zll Harvests Combined.
(a) Leaf number per plant (Table 9).

In the paronts, the greatest leaf number per plant was in Lenultiflorum

S22 and the smallest in L.nultiflorum Liscate. These differed sige

nificantlys The parents L.porcnne Ba6280 and 3423 ocecupied an inter

mediate position between the L.nultiflorum parents. Thoy did not differ

significantly from cach other or froa the L,multiflorun Liscate.

The L.multiflorum S.22 differed aignificantly from all the other

parcats.

In the progenics, the interspceific hybrid Ba6280 x 3,22 was signif-
icantly greater than the other hybrids. Therce was no significant dif-

ference betweon tho folleowing progeniess Le.multiflorum hybrid Liscate

X 84223 Interspecific hybrid 'Liscate x 3,23' and the L.percnne
hybrid! Bab280 x S,23'.

The greatest and the least leaf number in the populatiom were found in

the Leanltiflorun parents S.22 and Liscate respectively.

(b} Leaf aren per plant (Table 9)

In tho parents, the greatost total leafl area was in the L.multiflorum
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(e)

8,22 and the least in Lepercnne S.23. The L.multiflorum and the

Leperenne parents differcd gignifieantly.,

In the progenies, the greatest leaf area was in the L,multiflorum
hybrid Liscate x S.22 and the smallest in the Le.perenne hybrid
Bab280 x S.23. There was no significant difference between the

interspecific hybrids BabR80 x S.22 and Liscate x S.23, but they

differed significantly from the Lemultiflorum hybrid Liscate x $.22

and from the L.perenne hybrid Ba6280 x S.23,

The greatest and the least leaf area in the populatiorswere found in
the Lymultiflorum hybrid 'Liscate x 5.22' and in the L.perenne parent

15.23" respectively.

Leaf dry matter per plant (Table 9)

In the parents, the greatest total leaf dry matter was in the L,multi-
florum 'Iiscate' and the least in the L.perenne Baé280 and S.23;

this difference was sighificant. There was no significant difference
between the L.multiflorum parents Liscate and S.22 nor between the
L.perenne parents Ba6280 and S.23. However the two species were sig-

nificantly different,

In the progenies, the Lemultiflorum hybrid Liscate x 5,22 significantly

out yielded the L.peremne hybrid Ba6280 x S.23. The interspecific
hybrids Ba6280 x 8.22 and Liscate x .23 did not differ significantly.
However, they did differ significantly from the hybrids Liscate x $,22
and Bab6280 x $,23. The greatest yicld in the population was found in
the Lemultiflorum 'Liscate x S.22' and the least in the L.perecnne

pa.ren'b |B8-6280' ™



A

/4

(d) Stem dry matter per plant (Table 9).

In the parents, the L.multiflorum S.22 yielded significantly more than

the others which did not differ significantly. In the progenies, the

Lemultiflorum hybrid Liscate x S.,22 and the interspecific hybrid

Bab280 x 5,22 ylelded significantly more than the other hybrids or

parents.

(e) Root dry matter per plant {Table 9)

(f)

In the parents, the greatest root dry matter per plant wag in the

Lemultiflorum S.22 and thc smallest in the L.perenne S.23. The differ-

ence between them was significant, The L.multiflorum parents Liscate

and 5,22 d4id not differ significantly nor did the L.perenne parents

Ba6280 and S.23,

In the progenies, the Lomultiflorum hybrid Liscate x 5,22 significantly

out yielded the L.perenne hybrid Ba6280 x S.23., The L.multiflorum

hybrid !'Liscate x 5,22' did not differ significantly from the inter-
specific hybrid Baé280 x 5,22 neither did the interspecifie hybrid
Liscate x 8,23 diffor from the L,peremne hybrid Ba6280 x 8,23,

The greatest yield in the population was found in the L.multiflorum

hybrid 'Liscate x S.22' and the least in the L.perenne parent S.23.

Total dry matter per plant (Table 9).

In the parents, there was no significant difference between the L.
miltiflorum variatics Liscate and S.22 or between the L,perenne
varizties Bab280 and 3,23, However, thoe speciocs Lemltiflorum and

Le.perenne differed significantly.

In the progenies, there was no significant differcnce between tho inter-
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Table 9, Mean Yield, Standard Error, Least Significant Difference and
Duncan's New Multiple Range Tests of the Populations for all

Harvests Combined.

Populations, Mean waluss for each variate per Plant
LeS.De; 80d 1m 101 Jeaf | Total leaf | Total leaf| Stem dry| Root dry| Plant Total
Probability number ar dry matier| matter matter | dry matter
(T.L.1.) (em™) (g.) (ge) (g.) (g.}
Jiscate 56,20 31.40 1,06 0.20 0.50 1.76
(L.multifl) | b bec ab b ab ab
(L.multifl, }{a ab b a a ab
Bab280 59,90 16,60 0,50 0.20 0,30 1.00
(L.perennz) § b d c b ed e
5. 23 62,70 1420 G.50 0,20 0,20 0.90
(L.berenne) { b d o b d c
Iiscate x .{69.70 39.20 1.10 0.30 0.60 2,00
S5, 22 b a 8 a a a
Liscate x 69,30 26,30 0.90 .20 0.40 1.50
S. 23 b c b b be b
Bab280 x 85,08 29,80 0,90 0.30 0.50 1.70
8. 22 a c b a ab ab
Bab280 x 67.70 17.20 0.60 0.20 0.30 1.10
5. 23 b 4 c b cd e
Standard
Error, S% 428 2.14 0.05 0,02 0.05 0.12
L.S.D. A%
5% level 12,10 6.05 0.16 0.06 0.16 0.35
Probability .14 < 1% = 1% = 1% = 5% = 1%

A1l means marked with the same letter do not differ in the Duncan's Multiple
Range Test at 5% level.




specific hybrids and the L,multiflorum hybrid 'Liscateo x $,22°,

However, the L,perennc hybrid Ba6280 x S.23 yielded significantly

less than the other hybrids,

The greatest yicld in the population was found in the L.multiflorum

hybrid 'Liscate x S,22' and the least in the L.perenne parent 3,23.

(3i1) Topulabion Differences at Individual Harvests,

The data for the population differences a2t individual harvests are

presented as pgraphs. As stated In the previous experiments, the values

varied according to the harvest interval, and thus the variations in

absolute value are not important., What is important is the ranking of

the different populatiorsin yield.

(2)

(b)

Leaf number per plant. (Figurc 27)
In the parents, the greatest leaf number at all the harvests was in

the Lemultiflorum S.22 which differed significantly from the other

parents. After the first harvest the smallest lcaf number was in

Lemultiflorum Liscate, The L.perennc parents Ba6280 and S.23

differed significantly from the Lemultiflorum 3.22 but not from the

Lemultiflorum Iiscatc or from each other.

The progenics did not differ signifieantly at any harvest. They

yiclded intermediately between the L.multiflorum parents and did not

differ significantly from them,
Leaf arca per pot. (Figure 28)
In the parents, thoe Lemultiflorwn S.22 significantly out yiclded the

Leperenne S.23 at all harvests. There was no significant difference

betwoen thoe L,multiflorum parcnts Liscate and 3.22 or between the
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L.peranne parents Ba6280 and S.23 throughout the experiment, The L.
multiflorum and L.perenne parents differed significantly at the first

(30th day), second (42nd day) and third (30th day) harvests,

In the progenies, the L.multiflorum Liscate X 8.22 significantly

out ylelded the other hybrids at the first (30th day) and second
harvest (42nd day aftor sowing), The L,percnnc hybrid Ba6280 x 5,23

vielded significantly less than the L.multiflorum Liscate x S.22,

The interspecific hybrids Liscate x $,23 and Ba6280 x 8,22 differed
significantly only at the fourth (78th day) harvest, there was a
significant difference between them and the other hybrids at the first

and second harvest.

Leaf dry matter per pot. (Figure 29),
In the parents, there as o significant difference between the L.multi-~

florum and L.perennc parents at the first (30th day), second (42nd day)

and third (58th day) harvest,

In the progenies, the greatest leaf dry matter at all the harvests

was in the L,multiflorum hybrid Liscate x S.22 which differcd from
all the other hybrids at the first and second harvest. The lowest
leaf dry matter at all harvests was in the L.perennc hybrid Ba6280 x
Se23 which differed significantly from the other hybrids at the first
and second harvest. The interspeeific hybrids Liscate x S.23 and
Bab280 x 8.22 were not sighificantly differont, but occupied an intof—
mediate position between the other hybrids differing significantly

from them only at the first harvest.

Botween parents and progenies, the greatest yicld at all harvests



LEAF DRY WEIGHT (g per pot)

2.0

1.5

1.0

0.5

FIGURE 29 EFFECT OF DIFFERENT GENOTYFPES ON LEAF DRY WEIGHT
AT INDIVIDUAL HARVESTS.

KEY
«1X1
————— v 5X5
f———— o 4X4
¢ ——— 3X3
1X5

LSD5%

LSDSs%

L.SD5%

LSD 5%

30

e

42

58 78
HARVE ST TIME (days from sowing)



g1

was given by the Lemultiflorum hybrid Liscate x S.22 and the lecast

by L.perenne parent S.23.

3. Populationg . Potagsium Interaction.

There wos no signifiecant interaction between populatiorsand potassium in any

of the characters studicd either for all harvosts combined or for individual

harvests,

4o Heritability.
Asg In the exporiments A and B, the heritability of the characters in the

progenies was tested by Mid Parent - Progeny regression using two degrees

of freedom,

(1)

Yield,

ﬁbst of the wariatos neasurcd showed significant heritability at the two
degrees of freodom. In Table 10 can be scen that the wariates, total leaf
area, stem dry matter and root dry matter had a correlation coefficient
significant at 1% level. The variates total leaf dry matter and plant
total dry matter hod a correlation coefficient signifieant at 5% level,
Therefore, all these variates showed a significant heritability estimated
by the regression coofficient,

Nutrient Response.

None of the nutrient response regressions of mid parent and progeny was

significant when tested cither at 2 or 10 degrees of frecdom.
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Table 10. UHean Yield of Hybrids, Mid Parent-Progeny Regression and Correlation

Coefficients.
Populations, Mean Yield of wvariates per Plant
Regression
angd Leaf Leaf area | Leaf dry| Stem dry | Root dry{ Plant tot-
Correlation number | (cm /pl) matter matier matter | al dry
Coefficients {g./pl) (g./p1) (g./pl) | matter
(g-/p1)
Mid parent 75.55 34a25 0,98 0.25 0.55 1.78
value, P.
Iiscate x 8,22 | 69,70 39.20 1,10 Q.30 0.60 2.00
Mid parent 59.45 22.80 0.78 0,20 0.35 1.33
value, P. -
Tiscate X S.23 | 69,30 26,30 0,90 0.20 Q.40 1.50
Mid pvarent 77.00 26,60 0.70 0.25 0.45 1440
value, P,
Bab280 x 3,22 85.08 29,80 0.90 0.30 0.50 1.70
Mid parent 60.90 15.15 0.50 0.20 0.25 0.95
value, P,
Ba6230 x S.23 67.70 17.20 0.60 0.20 0.30 1.10
Regreasion
Goefficient 0.58 1.14 1.01 2,00 1.00 1.09
Correlation pod XK bod X
CoefPlolant 0,67 0.99 0.97" 0.99 0.99 0.98
Key: x = 0.05 level of significame at 1 table

o

0401 lovel of significance at i table



Yy

CHAFTER IV DISCUSSION AND CONCLUSIONS.
The results are sumorised in Appendices A, B and C,

Effects of nuirients,

The offects of nutrients depend entirely on the chosen range, At low lgvels,
deficiencigs occur, often marked by visual symptoms, At intermediste levels,
over a wide range, growth is affected. Finally, at the highest level, growth

is unchanged by fertilizer increments, or therc is an adverse coffect.

The nitrogen levels given in these exporiments were apparently in growth-promoting
rangep, Nitrogen affected leaf size more than other plant parts. Leaf area ver
plant and leaf dry watier per plant were inercased over the whole range from

Ng to ¥ Leaf number, stem dry matier and total plant dry matter were increased

3.
significantly by nitrogen only up to #,. Nitrogen at the highest level (NB)

decreasel the anount of root,

Fhosphorus levels secms to have been rather high, because phosphorus affected
leaves, roots ond stems oniy up to the Py level. Fhosphorus at the P, level

decreased root dry matter.

Potassium levels were much too highe. Increase in potassium coused a decrease in

all paramcters moasurcd.

Effccts of population.

The mean offects of population over all nutricnts showed that the Lemuliiflorum

parents Liscate (Bb1277) and 5,22 yiclded similarly in leaf area, loaf dry matter,
sten dry matter, root dry matteor and plant total dry matter. However, the leaf
nunber in Liscate was consistently smaller thanrin S8.22, This implies that the

individual leaves of Liscatc were larger than thosc of 8.22, The L, peronne
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parents Ba6280 and S.23 differed signifiecantly from the L,multiflorum parents

but net from each other. In lsaf number Bab280 and S.23 wore usually greater

than Iiscate but always less than S.22.

In the progenies, the L.multiflorum hybrid Liscate x S.22 always yielded most,

in leaf area, leaf dry matter, stem dry matter, root dry matter and plant total

dry matter, The interspecific (L.multiflorum x L.perenne) hybrids yielded inter-

mediately in these characters and the L.perenne hybrid Ba6280 x S.23 yielded
least. ILeaf number did not vary consistently among the hybrids in the three

(NPK) experiments,

At Individual harvests, the later harvests showed a relative decline in leaf
number and leaf area, less markedly in leaf dry matter, in Liscate compared with
S.22 and L.perenne, Apparontly thore was less recovery after cutting in Liscate
than in the other parents. Interestingly, the interspecific hybrids withstood
cutting better than Liscate or 3.422 in leaf number, In leaf area and leaf dry

matter the L.oultiflorum hybrid Liscate x S.22 withstood cutting better than

the interspecific hybrids which was unexpocted,

Interaction effects ~ Population x nutrient

The Lemultiflorum parents consistently responded more in leaf arca and leaf dry

matter to nitrogen and phosphorus than the L.perenne parcnts. There was no

interaction betwaeen potassium and populations,

In the progenies the Lenaltiflorum hybrid Liscate x S.22 was more responsive in

lcaf area and dry matier to nitrogen and phosphorus than the other hybrids.
Usually the L.porennc hybrid Baér80 x 5,23 was significantly less responsive

to nitrogen and phosphorus than other hybrids,
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Aﬁ interesting observation on population x nutrient level interaction is that

the ranking of populatioms in thesc experiments was very consistent (Appendices

B and ¢} in contrast to thc observations of Thomson and Wright (1971) who found
much variation. These different results may be caused by the number of different
interactions which occur in Thomson and Wrights! field experiments, and which

may vary between sites and seasons more than pot experiments will vary.

The importance and the consistency of the interactions has provided material

for further analysis. Boken (1970) expressed the interactions between populatioms
and nutrients as percentages of maximum yield. The results for leaf dry matter
response to nibrogen and phosphorus by individual populatiors have been analysed

in this way (Figs. 30 and 31).

The percentage maximum yield curve for nitrogen (Fig.30) shows that response
declines with increasing fertilizer dose, most noticeable in the populatiors
4 x 3 and 1 x 3 (Bab280 x S.23 and Liscate x S,23). Population 4 x § (Ba6280 x

8.22) responded strongly throughout the range of nitrogen application,

The percontage maximum yield curve for phosphorus (Fig.31) was interesting

in that the parents reached maximum yield at PH or P, while the progeny yielded
most at P3. There is no obvious explanation for this, Thus several new points
arige from using the percentage maximum yield analysis of Baoken (1971), which
concentrates on the shape'of response curves rather than their absolute values.
Similarly, both Boken (1971) and Vose and Breese (1964) suggest analysis of
Tytilization" or Yefficiency" of nutrient. This analysis of the dry matter

produced per unit weight of fertilizer supplied, has agricultural significance

as it represents the yield return for fertilizer outlay,
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The values of leaf dry matter rosponse per fertilizer supplied are shown in
tables 11 and 12, As a consequence of the sigmoid growth, the return is least
from the final fertilizer increment, It is noteworthy that all values are
positive, and thus some return, however small, occurs from the whole range of

fertilizer application. ILoluilm perenne gives noticeably smaller returns for

fertilizer outlay than does L.multiflorum at the higher levels of fertilizer

application. At low levels however, the differences are much lesgs obvious
particularly among the hybrids, Thus it may bo that higher levels of fertiliz-

ation will increase the advantage of L.multiflorum over L.perenne, The "ubili-

zation® or "efficiency" concept is thus a helpful one in defining the agricul-

tural potential of selections made for characters of mineral nutrition.

Heritability = yisld characters.

Significant correlation coefficients occcurred in mid parent-progeny regressions
involving most of the yield parameters, Thls observation has limited value when
based on only two degrees of freecdom, but suggests, since the regression coef-
ficients are large (hz;EL 1) that this materinl is voluable for breeding
purposes, In particular, leaf dry matter which is thermost important yield
character measured was significantly heritable (hzjga: 1) in all three experi-
ments (N.P.K.) obviously, much larger numbers of progeny (perhaps 50) are needed
to give accurate heritability estimates but the effect is none-the~less sig-

nificant,

Heritability - response characters.

Although significant differences occurred in response, as mentioned earlier,
none of these was significantly horitable. Again, larger numbers of progeny

need to be tested to obtain a completely reliable result.



Table 11, The ®efficiency" of nitrogen use by different populations
(g. leaf dry matter produced, above the "no fertilizert level,

per g. nutrient supplied)

Code N, ¥ N,-N -,
1 x 1 20,0 8.9 3.5
5% 5 10.0 8.1 3.5
3x3 111 IA 1.8
Lx 4 5.6 5.8 2.5
1x5 be 7.8 3.3
L X5 8.9 6.1 3.3
T x3 6.7 8.9 2.6
L X3 7.8 3.3 1.4

89



Table 12,

The Yefficiencyt of phosphorus use by different populations

90

(g.leaf dry matter produced, above the "no fertilizer" level,

per g. nutrient supplied)

Gode PH-PO PZ—PO P3-PO
1T x1 13.0 2.8 0,6
5x5 4e© Tod 0.3
3x3 0.0 0.8 C.1
LAX 4 1.0 0.5 0.1
1 x5 2.0 2,0 0.7
LX 5 6.5 2.3 3.8
1x3 1.0 0.5 0.3
L x 3 2.5 0.5 0.3
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CONGLUSTONS

The Lymultiflorum parents Liscate and 5.22 gave larger yislds and responded

more to nutrient level than L.perennc Ba6280 and S,23. However, the L,
pultiflorun, especially Liscate, declined in yield after cutiing relative
to the other parents. The disadvantages of the parents were considerably
offset in the progeny, which yielded more than the L,perennc,declined in
yvield less than the Liscato and gave favourable responses to nitrogen and
phosphorus, whether measured as arithmeitic response, percentage of maximal

yield, or return for nitrogen and phosphorus supply.

Although the nutrient responses werc not significantly heritable, useful
heritabilities were found in yicld characters. Leaf dry matter, in particular,

was significantly heritable in all three experiments,

Thesc experiments agree well with results obtained in sand culiurs (Goodman
and Hughes, 1972). There is need to ropeat these trials in the fisld to assess
the agrononic potential of the genotype x environment interaction found and to

increase this potential by selection within the hybrids.

Present opinion (Thomscn and Wright, 1971) favours the use of interspecific
rather than intraspecific crosses in the production of new synthetic grass
varicties., The material usod in these experiments is far from being ideal
hybrid material, and its hybrid nature brings problems in analysis of resulis

as well as in agronomic uss. In mid parent-progeny regressions the very diverse
parent material may itself influence the type of regression obitained,

Degpite these problems the material in this dinllel appears to be almost ideal

for studies on the physiological baosis of yield, as shown by work on canopy
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structure (Rhodes, 1972) on biochemical attributes {Trcharne and Lloyd, 1972)
and on nutrient physiology. The physiclogical principles discovered by using
this material can then be applied to other material, perhaps less diverse,

vwhich will provide agronomically desirable herbage grasses for the future.
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CHAPTER V___ SUMMARY

Four parents and four progeny from a half diallel between populations of

Iolium perenne L, and L.oultiflorum Lam. were tested for responsc to nitrogen,

phosphorus and potassium, in three separate experiments. There were four levels
of nutrient in each experiment, a basal dressing without the variable nutricnts,
and three fertilizer additions arranged in a logarithmic sequence, all in

pots of soil. Measurcments were made of leaf number, leaf area and leaf

dry weight at four harvests; of stem dry weight and root dry weight at 2

final harvest, after ten to twelve wocks,

Nitrogen supply up to 8g. NaNOB/pot inereased leaf sizg. Other plant parts
were increased by N up to 2g. NaNOB/pot. Roots werc decreased by 8g. NaNOB/pot.
Phosphorus supply up to 1 g. NaH2P04/pot increased leaves, roots and stems,
Ag.NaHEPOA/pot caused a decrease in roots. Potassium supply of 0.5g. XKBL/pot

decreased all plant parameters.

The Lolium multiflorum parents Bb1277 (Liscate) and S.22 significantly outylelded

the L,perenne parents Ba6280 and S,23 in all characters except leaf number,

Among the progenics, the L.multiflorum hybrid Bb1277 x S.22 always yielded most

in leaf areaz, leaf, stem, root and total dry matter. The interspecific hybrids
vielded intermediately, and the L.perenne hybrid Ba6280 x S,23 yiclded least.

Several characters, notably leaf dry matter, were heritabla.

Lolium multiflorum parents and their hybrid responded more to nitrogen and

phosphorus then L.percnne parents or their hybrid. These responses were not

gignificantly heritable, probably because the progeny numbors were so small,
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APFEIDIX (A) - Summery of the main significant effects of nutrient levels,

1.

A1l bharvests combined

Iecaf number per plant.

No> Iy >Ny

P4> Py
K3<K2

Ieaf area per plant

N3‘>. Nos Ny Ny
B> P

K3 < K2

leaf dry matter per plant

P1> Pq
t, <K,

Stem dr¥ matter per plant

NB =Ny» N = Ny: NB
Pi>P By

K < Ky

8,

P,

Root dry matter per plant

Ny (T, =
B, L2,

1{3 <K2

B4

N

P, - Py = 11x (P - By)

i

BX(N.I

= P3

bD.'bKO‘:KzandI’

By

but PO =

but KO =

=N

0

=2xP0

Bx(PZ—P1)

)

=K

Py

K1:

3

and P

T

™3



Key:

Total dry matter per plant

No> Ny
P A
Individual harvests.

Leaf number per plant,

111,1v v
¥y Hps B Bys
I I~V
Pys By = Py Bo
I-IV
Ky~ K35 Ky = K> Xy5
Ieaf area per pot
1,Iv  I,011,Iv  I,III
M3 My == § —~ Ny
1,111 1,11T
Pize B = B> B
I,1T,I11,IV I1,I11,IV
K3 <z % = K = K

Ieaf dry matter per pot

N3> N2> N‘l > NO
overall

P3=P2

I,I11,III
3 < K=K =%
I = Pirst harvest
II = Second harvest

171 = Third harvest
1V = Fourth harvest

(mostly signifiecant)

= P> Py; Py> P (most harvests)



APPENDIX (B),.

Summary of the main significant effects of populations.

1+ Population differcnces at all harvests combined,

N

Parents

leaf number per plant

Liscate « 8.23 = 6280 « 8,22
S.22 = 8,23 > Liscate = 6280
Liscate = 6280 = 3.23 «38.22

Icaf arsa per plant,

8.22 > Liscate » 6280 = 3,23

1

Iis?ato Se22 6280 = 5,23

Liscatc = 3,22 = 6280 = 3,23

Ie-f dry matter per plant

Liscate = $.22 =.6280 = 3.23

Liscate ~ 8,22 w6280 = 5,23

Liscate =6280 = 3,23

Stum dry matter per plant

o22 ~ Liscate = 6280 > 3,23

Liscate > Se22 = 6280 = §.23

it

S.23

]

S.22 > Liscate = 6280

Hybrids
Leaf number per plant

All hybrids equal
Liscate x 3.23 = 6280 x S.22 = Liscate X 8,22 > 6280 x 5,23

Liscate x 3.22 = Iiscate x $.23 = 6280 x S.23 £6280 x 8.22

Liscate x S.22 > interspecifics > 6280 x 5.23
Liscate X S.22 > interspecifics > 6280 x 3,23

Liscate x 8.22 > interspccifics > 6280 x S.23

liscate x 3.22 > interspecifics o 6280 x 5,23
Liscate % S.22 > interspecifics ~ 6280 x S.23

Iigcate X 3,22 » interspecifics =. 6280 x 3,23

Other hybrids m 6280 x $.23
Liscate X 8.22 > interspecifics = 6280 x 5.23

Liscate % S.22 = 6280 x 8,22 ~ other hybrids
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N

Parents

Root dry matter per plant

S.22 = Liscate = 6280 = 8423
Liscato > 8,22 = 6280 = 8.23
8.22 = Liscate = 6280 = 3,23

Total dry matter per plant

S22 = Liscate -, 6280 = 3,23
Liscate -.5.22 > 6280 = 85,23
Liscate = 8,22 >6280 = 8,23

Hybrids

Liscate ¥ 5,22 > Liscate ¥ S.23> 6280 x 3.2

Liscate x 8,22 >other hybrids

Tiscatc % S.22 = 6280 x S.22 > Liscate

Liscate x 8.22 m»interspecifics - 6280
Liscate x S.22 >> interspecifics > 6280

Liscate X S.22 = 6280 x 35.22 » Liscate

Population differences at individual harvests.

Leaf number per plant

Sek2 > other parents

S.22 = Liscate > 6280 = 83.23 (Note A)

i

Harvest I1I,I1I,IV
S«22 >> other parents

Ieaf area per pot

Harvest IV
8422 = Liscate > 6280

S5.23

Barvest 1,111

Ligcate =.5.22 = 6280 = 3,23

Harvest I,I1,III 1,I1,7I1,IVv 7,7I,III
Ligscate = S22 ~, 8.23 = 6280

Leaf numbsr per plant

Progenies Not significant

most harvests
Lisecate x S.23 = 6280 x 8.22 = Liscate

Progenies not Significant

Teaf area per not

Liscate x S.22 > interspecifics =.6280

Liscate x S.22 > interspecifics > 6280

Harvest 1,11 1,11

Iiscate X S.22 > interspecifics = 6280

11

6280 x 8,23

X S.23 = 6280 x 8,23

x S.23
X 3-23
X 3,23 6280 x 8.23

(Notc B)
X 3422 >6280 x S.23

X 8023

X 3.23

x 8.23

001



Parents
Ieaf dry matter per pot

Harvest I 1,11,IIT (Note A)
N Liscate 85,22 ~ S.23 = 6280

P Liscate™ S.22 > 8.23 = 6280

1,11,11I
K ILiscate = S.22 = S.23 = 6280

"R
D
1t .

First harveat
IT Second harvest
II1 Third harvest
IV = Fourth harvest

Note A Iiscate was affected
adversely by cutting in the
experiments - in leaf dry
mrtter so also was $.22
affected adversely by cutting.

Harvest 1 I,III
Liscate x S.22 = interspecifics &~ 6280 x 5,23

Harvest 1I,III 11,111 I1,I1I,1V

Liscate % S.22 =» Liscatc x 8.23 % 8.22 x 6280 >, 6280 x 8,23

1,11 1,11
Liscatc x S.22 =» interspecifics > 6280 x 3,23

Note B 3.22 x 6280 and Liscate
X S.23 were less adversely
affected by cutiing than
other hybrids.
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APFENDIZ (C)e Summary of the main interaction effects (population x

nutrient level)

Leaf number per plant

Parents

Differences not consistent
Hybrids

Differences not consistent.

leaf area per pot

Parents
¥ x populations at combined harvests,

at N,, N

27 73

S.22 > Liscate > Bab280 = 8,23

Hybrids

¥ x populations at combined harvests.
at N2

Lisc, X 8,22 > Lisc. x 5.23 3> B26280 x S.22 = Bab280 x S,23
at NB

Lisc. X 8,22 > ILisc. ¥ 8,23 = Bab280 x S.22> Bab280 x 5.23

Parents

N x populations at individual harvests,

at Ny,Np,N, in I,111

S.22 = Liscate > Bab280 = 8.23
at NB in IV
S22 > Liscate > Bab280 = 3,23
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Hybrids
N x populations at individual harvests,
at NB in I, III

Lisc. x S.22 > Bab280 x S.22 = Lisc, x S.23 > Ba6280 x 3.23
Parents
P x populations at individual harvests,

at P, in I
S.22 > Liscate = Ba6280 = 3,23

at P’I’P in II1I

3
Liscate > S.22 > Bab280 = 5.23

Hybrids
P x populations at individual harvests,
at Pos P3 in TII
Lisc. x S.22 > Bab280 x 8,22 = Lise. x S.23 = BabR80 x 8.23
Parents
K x populations: ot significant
Hybrids
K x populations: HNot significant

Leaf dry matter per pot

Parents
N x populations at combined harvests.

LAY Nz, H3

S.22 = Iiscate > Bab280 = 5,23
Hybrids

N x populations at combined harvests

at
Ny

Lisc x $.22 > Bab280 x 85,22 = Lisc., X S.23 > Babr80 x 5.23
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Parents
N x populations at individual harvests,

at Wyl H, in T

Liseate > S.22 > Bab280 = 5.23

at N, in IV

3
Liscate = S.22 & Bab280 = 3,23

Hybrids
N x populations at individual harvests,

at N, in I

P
Lizc. X S.22 > Lise, x 5.23 > Bab80 X 5,22 =.Bu6280 x 8.23

a’t.NBinI

Lisc. X 5,22 > Bab280 x G2

i1

Lisc. X S.23 > Bab6280 x 3.23
at NB in TV
Lisc. x 3,22 = Bab6280 x 35,22 = Lisc. X S.23 > Bab80 x S.23
Parents
P x populations at imdividual harvests
at P1,P3 in III
Ligeate> S.22 = Bab280 = 3,23

Hybrids
P x populations at individual haorveats
at P.,
&

Lisc. ¥ S22 > Bab280 X S.22 = Lisc, X S.23 = Bab2BD x 8.23

Parents
K x populationss WNot significant,

Hybrids
K x populations: Not significant
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Plant total dry matter per plant

Parents

at Nos N3

S.22 = Liscate >» Bab280 = S.23

Hybrids

at NO

LiSCe X S,22 > BabR80 x §.22 = Ligc, X 5.23

I

Baf280 % S.23

at N2

Lise, x 8,22 = Lise, X S.23 > Bab280 x 3,22 = BabR80 x 3.23
at NB

Lisc. X 8:22 = Bab280 x 5,22 = Lisc, % 3.23 > Bab280 x 3,23

Key:

I = First harvest
II = Second harvedt
II1 = Third harvest

IV - = Fourth harvest
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APPERDIX (D) Analyais of Variance of the plant total dry matter in

experiments A, B and C,

1. Sample Anova - Experiment A - plant total dry matter (g/plant)

Jource of 5.8, .{ at | wm.s. V.3, p. | Slewitic.
Total 668,57 | 95

Replicates 1426 2 0.63 0.53 2w 5% ¥S
Nitrogen levels 326,33 3 108,78 9141 = 1% * % %
Populstions 215.03 7 30.72 25,82 1% LR

¥ x populations 52,18 | 21 2.48 2.08 L5% 1 *

Error 7377 62 1,19

2., Sample Anova - Experiment B - plant total dry matter {g/plant)

Souree of ss. | oar | ms. | VR p, | SiEnille
Total 3772.38 95

Replicates 21434 2 107.17 7.83 1% L
Fhosphorus levels 563,62 3 1 187.87 1 13,73 < 1% | W xR
Populations 1731.48 7 | 247,35 | 18,08 <% | ***

P x populaticns 11467 21 19.75 1444, 5% NS
Brror 823,27 62 13.68




3, Sample Anova -~ Experiment ¢ - plant total dry matter (g/plant)

Verisnce Squres| 4F | M. | va | p fSECRe
Total 905430 95

Replicates Tedb 2 3.73 0.84 == 5% N8
Potassium levels 37,08 3 29,03 6,54 ~ 1% # % @
Populations 394.14 71 56031 | 12.68 | g | wwow

K x populations 14157 21 6.74 1.52 = 5%, ¥ s
Error 275,06 62 Ledd,




