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CHAPl'ER l. INTRODUCTION 

Most grass breoding programmos havo developod tho variAtion and combin­

ation of characters in natural ecotypes or cultivated varieties. 

Coopermd Breese (1971) have sho;m that a moro long terro approach 

lies in doliberately combining charactoristics froro different climatic 

1 

and agronomic populntions, in accordance with a well defined physiological 

or morphological modol. 

Modol hybridization has been usad both within species or, more 

ambitiously, botween relatod species. Interspocific hybridization has 

been usad most often botween Lolium perenne L. and L.multiflorum Lam. 

Stabili~~tion has been neoded and this has been achieved either by back 

crossing (Corkill, 1957) or by inducing polyploidy (Breese and Lewis, 

1969). The hybrids usod in the present experiments are the progeny of 

a half diallel betweon selected clima tic and agronomic populntions of 

L.peronno and L.multiflorum produced by Dr. J. P. Coopor at tho Welsh 

Plant Breoding Station. 

Deliberate solection for characters of mineral nutrition is alao a 

recent innovation (Vose, 1963). lluch unconscious selection for perfor­

mance at different levels of nutrition must have occurred during the 

development of successful varietios in difforent parta of the world. 

Indoed, Jain and Bradshaw (1966) found a high degreo of natural solection 

among Agrostis plante noar load minos. These plants had evolved vory 

sophisticatod mechaniSfJB of toleranco of lead, copper and zinc. Similarly, 

in agricultural conditions, variations and adaptations occur. Butler et 

al (1962) found that individual plants variad in thoir content of roan,.. 



2 

nutrients. Like the development of new varieties fer increased yield, 

the study of vuri~tion in characters of mineral nutrition for agronomic 

purposes began with the use of ecotypes (fl.ntonovics et al, 1966; Goodman 

1969). More recently the nutrient studies, like tho yield studies, have 

turncd te using model diallel crosses betweon L.perenne ~ L.multiflorum. 

The variations founa in nutrition of L.peronne ecotypes have been greatly 

increasod by using tho model diallel (Bowerman aud Goodman, 1971; Owan, 

1972). 

Variations in charactars of mineral nutrition may take several forms. 

Firstly there is variation in the e~prassion of deficiency symptoms, and 

variation in tolerance of shortage or to~c levels of minaraIs (Jain and 

Bradshaw, 1966; Randall, 1963). Socendly, thara is variation in contant 

of differant nutrients (Butl)r at al, 1962). Thirdly, thara i5 variation 

in growth response to applied nutriont or fertilizar. 

Yield rosponso to applied fertilizer ie an important economic attribute. 

It represents the marketable return for fertilizar application. Yield 

response may ba expressod in sevoral \l1'ys. Total yiolQ roay be found to 

vary at different fertilizer levels, or the nutricnt r~te giving optinal 

growth r.lay very, or tho shapo of the yiold rasponse curve te> fertilizer 

may vary. In practico tharo is variation in all threo of thoso characters, 

'1S shown in a group of eight pasture apecies studiod by Ozanne, Koay 30nd 

Biddiscombe (1969). Evon within tho single spacies Hordeum vulgare 

Boken (1970) found SITk~11 but consistent variatie>ns in maximal yield and 

responso curvo shapo. 

Boken (1970) and earlior, Voso and Breose (1964) had concluded that 

lIafficiancy" or "utilization" oí nutrient (g.dry matter pe:>' g.fertilizer 
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applied) was a meaningful measure of response. This value measuros the 

agricultural significance of selections mañe 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 signifieant 

differences were found in response of different varieties and progenies 

to nitrogen, phosphorus and potassium. There were two problems in 

applying this work to pots of soil. Firstly, euitable rates of application 

had to be found for nitrogen, phosphorus and potassium. Those for phos­

phorus were already known from the work of La.was and Goodman (1970). 

Secondly, these rates are known to depend to some extent on interactione 

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 effecte. Doses of fertilizer 

varying one nutrient at a time were rosde to incresse logarithmioally from a 

basal formula. Separate experiments were earried out measuring response to 

nitrogen, phosphorus and potaesium, as previous experienoe had shown that 

faotorial experimente were too large to handle satisfaotorily and the inter­

aotions between nutrients were too oomplex for simple interpretation 

(Goodman, 1969). 

This work represents an intermediate stage between moasuring response of 

di,ülel progenies to different nutrient conditions in sand culture and 

the ultimate testing of these varieties for fertilizer response in the 

field, whioh still romains to be done. 
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CHAYrER 1I. MlcrERlAlS A.NJ) ME'lliODS 

M!~TERLUS 

Three similar experiments were carried out to investigate the effect of 

nitro gen (Exp.A); phosphorus (Exp.B) and potassium (Exp.C) on eight 

selected WpUlat~otlS of LoUum Species (Table 1). 

Ta.ble l. - Selected IDPul3:tiDns of tolium species. 

Code 
Number Species Va.riety Origin 

1 x 1 L.multiflorum Lis cate (Bb1277) Italy 

5 x 5 L.multiflorum 3.22 Aberystwyth 

4x4 L.perenne ]3a6280 Normandy 

3 x 3 L.perenne S.23 Aberystwyth 

1 x 5 L.multif x L.multif Liscate x S.22 

1 x 3 L.multif x L.perenne Liscate x S.2) 

4x5 L.perenne x L.multif ]3a6280 x 3.22 

4x3 L.perenne x L.perenne ]3a6280 ¡r 3.23 

! 

1 
I 

The particular interest was to find whether the varieties responded differently 

to incroasing fertilizer levels. Thus, the eight popUht~ were treated with 

a basal addition of macro and micronutrients. 

Macronutrients: 

Sodium Nitrate pura cryst NaN0
3

; 

Potassium Nitrato KNO); 

Calcium Nitrato Ca(N0
3

)2; 



Sodium Dihydrogen orthophospba te NaH2PO 4; 

Potassium Chroride KCL; 

Calcium Chloride CaCLz.6H20; 

Magnesium Sulphate 11gS0407H20; 

Micronutrientsl 

Ferric EDTA solution 

Micronutrient solution as described by Shive and Robbins (1942) 

5 

The po;;:¡liJafu'l seedlings \/era plantad in John Innes compcst with 20% sand to 

\/hich no fertilizer had been addad. 
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MEil'HODS 

One hundred and eighty seeds of each pq:ulatisn were placed on wet fine sand 

in Petri.dishes, set into two groups of 90 seeds and laft to germinate under 

sbade for a week. The sand ~s kept damp throughout this periodo strong 

seedlings about one inch tall of each poplh\¡L::m, were selected and transplanted 

to 12 pots of compost. 

Each 5-inch pot, with 9 seedlings, contained a basal nutrient mixture of 

macro and micronutrients mixed dry with the soil. 

To determine the response of the eight popilitioo.s, to different nitrogen, 

phosphorus and potassium levels, in each experiment one of these three 

major nutrients ~s supplied at four levels While the other two were 

standardized. 

There were three replicates of these 4 levels at random over the 12 pota per 

popillatwn.. The three replicates were fully randomised within three blocks. 

Thus each block contained 32 trea tments (8 p:pihtiDns x 4 nutrient levels). 

The pots were placed in saucers and ~tered froro aboye twice daily. 

Fifteen days from transplanting tho plants were thinned down to five plants 

per poto 

Four harvests were carried out within each experimento Tho leaf varia tes 

(number, area and dry matter) were recorded at each harvest time. At the 

last harvest each plant ~s removed from the soil by washing, then soparated 

into its three parts: leaves, stem and roots. The lea! variates, stem dry 

matter and root dry matter were each then recordad. 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. 
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The lea.f area ;¡as measurad on a 1'resh lea1' samplo in the 1IHa:¡ashi Donko 

Lea1' Area Machine ll • The dry matter ;¡as ostimatad using an oven at 100°0 

1'or 24 hpurs, then weighing. 

Tho analysis 01' varianco 1'or oach ~riate was workad out aS for the 

random blocks. Since the analyses 01' variance all had the same pattern 

and numbers 01' degrees 01' 1'reedom, sample analyses are presentad (Appendix D) 

to illustrate the method usad. Signi1'ioanoe was determinad by tho Duncan's 

New Multiple Rango and Least Signi1'icant Differance tests. Statistical 

analyses was carried out 1'or individual und combinad harvosts. 
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Experiment (A). Nitrogen Treatment 

On May 15th, 1972, seedlings of the eight p;¡.puJ.1l;t;:im13 grown on wet fine sand 

in Petri dishes were transplanted to 5-inch pots wich contained the 

following basal nutrient mixture: 

4.0g. NaH2PO 4; 

3.0g. KCL; 

8.8g. CaC1:2.6H20¡ 

2.6g. MgS0
4

.7H20; 

5 rol. of ferric EDT~ solutiDn¡ 

5 rol. of micrDnutrient solution; 

lli:!IQ3 : NO = Og. 

N1 = O.5g. nitrogon 

N2 
:=: 2.0g. lavals. 

N3 = 8.0g. 

To avoid replanting, nine seedlinga Vere planted per poto Only five vere 

alloved te grev through the experiment wich was carried out in the greenhouse. 

The pots were placed in saucera and watered from above twice daily for 70 

days. 

Four harvests vera carried out at 32, 44. 56 and 70 days after planttng. 

The leaf variates, numbar and area were not recordad at 44 days after 

planting. 
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Experiment (E). Phosphorus Treatment 

On December 14th, 1971, seedlings of the eight ~~~g grown on wet fine 

sand in Petri dishes were transplanted to 5-ineh pota which contained the 

following basal nutrient mixture, 

4.0g. KNO); 

9.5 Ca(NO)2; 

2.1g. MgS0
4

.7H20; 

5 ml. of ferrie EDTA solution; 

5 ml. of mieronutrients solution; 

~~4: Po :: Og. 

P1 :: 1.0g. phosphorus 

P2 :: 4.0g. levels. 

p) :: 16.0g. 

To avoid replanting, nine seedlings were planted per poto Only 5 were 

allowed to grow through the experimento 

The experiment carried out in a controlled environment (growth room) at 75 

~ 6 o \>lm for 1 hours daylength at 20 C. The pota wero placed in saucers and 

watered from above twice daily for 86 days. 

Four harvests were carried out at 41, 58, 70 and 86 days aftor planting. 

Tho leaf variatos, number and area wore not recorded at 58 days after 

planting. 
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RXperiment (o). Potassium TreatQont 

en July 5th, 1972, soedlings of tho eight popwa~ grown on wet fino 

sand in Potri dishos were transplanted to 5-inch pets which contained tho 

following basü nutrient mixture: 

4.0g. NaNO); 

4.0g. NaH;<PO 4; 

8.8g. oaOL¿.6H20; 

2.~ HgS0
4

" 7E20 

5 ral. of forric IDT:, solution; 

5 ral. of micronutrionts solution; 

KCL: Ka == Og. 

K1 == O.5g. potassium 
levels. 

~ == 2.0g. 

K) == S.Og. 

To avoid roplanting, nino seedlings vere planted per poto Only 5 vere 

allovw to grow through the experimento 

The exporiment was carrioa out in the greonhouse. The pots varo placed 

in saucers and watorod frem aboye tvice daily fer 78 days. 

Four harvosts vero carried out at 30, 42, 58 ano 78 days after planting. 



OHAPTER 111, RESULTS 

EXPERIMENT (11.), - NITROOEN TRFATMENT 

1 1 

The resulta are surnmarized in A.ppendicea 11.., B ami O. Sample analyaes of 

variance are sh01m in A.ppendix D. 

The material and methods used in the nitro gen exper1ment have already been 

described in COOpter 11 "Materials and Hethods". 

1. Effect of Different Nitrogen Levals, 

(i) Total Yields for a11 Harvests Oombined. 

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

The total leaf number increased as nitrogen supply increased over 

the whole range from NO to N
3

, From NO to N, and from N, to N2 the 

differences were significant. From NO to N2 the leaf number increased 

about six times as much as from N2 to N
3

, 

(b) Leaf area per planto (Table 2). 

Tha total leaf area increased uniformly as nitrogerl supply increased 

ovar the whole ranga from NO to N
3

, The leaf area increment between 

troatment levela was significant over the whole ranga. 

(c) Leaf dry matter per planto (Tablo 2). 

Tho total loaf dry matter increased as nitrogen supply increased over 

the whole range from NO to N
3

, The yield at N} was about three times 

tOOt at NO' The largest increment was fram N1 to N2, but the other 

incremonts between the troatment levels NO and N1, N2 and N) were 

also significant. 

(d) stem dry matter per plant, (Table 2). 

The stem dry matter increased significantly only over the range N1 

to N2, The N2 and N} yield exceeded by three times that of NO and N1, 
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Table 2. - Mean Yield, Standard Error, Least Significant Difference 

and Duncan's New Multiple Rango Tests of Nitrogen Levels for all 

Harvests Combinad. 

Variate Nitrogen Levels. Stand. L.S.D. proba-
(Par Plant) Mean values for all variates Error ftt 5% bility 

NO N1 N2 N3 si laval 

Leaf number. 39.0 $.6 76.1 82.9 2.68 7.58 ~1% 

teaf area 
(cm jpl) 8.4 13.4 21.9 30.1 0.86 2.45 <:1% 

Lear dry 0.4 0.5 0.9 1 .1 0.03 0.08 ,c_1% matter (g.jpl) 

Stem dry 0.1 0.1 0.3 0.3 0.01 0.03 <::1% matter (g.jpl) 

Root dry 
matter (g.jpl) 0.3 0.3 0.3 0.2 0.01 0.04 L 1% 

Plant total dry 0,8 0.9 1.5 1.6 0.05 0.17 ¿1% matter (g.jpl) 

All means underscored by a singla lina do not differ significantly in the 

Duncan's Multiple Range Test at 5% lavel. 
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(o) Root dry matter per planto (Table 2). 

The root dry matter decreased significantly fron N2 to N3• 

There yaS no difference between the yield means in the range 

from NO to N2, 

(f) Total dry matter per plant (Table 2, and Appendix D) 

The plant total dry matter increased ovor the Whole range froro 

NO to N
3

, but significantly only from N1 te N2• The yield at 

N3 yas double that at NO' 

(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 important. What i6 important is the ranking 

of the yields at the different nitrogen levels. The variates leaf 

number 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). 

(B.) Leaf number ptlr planto (F igure 1). 

Each increment of nitro gen supply from N1 to N
3 

increaSed the leaf 

number per plant Whilo NO remained almost the same at each succes­

sive harvest. N
3 

produced the largest yield throughout the experi­

ment but it did not differ significantly from N2• N1 and NO 

diffored at the third (56th day) and fourth harvest (70th day). 

NO and N1 ncrossed over" at the first harvest (32nd day after 

sowing) When NO loaf numbor slightly exceeded N1• The progress 

of mean leaf number throughout the expcriment was calculated as 
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(mean value per plant): First harvest, x = 14.0; third harvest, 

i = 16.8; fourth harvest, x = 30.7. 

(b) Leaf ATea par poto (Figure 2). 

The leaf area increments varied significantly over the following 

rangos: First harvest (32nd day) each increment from N1 to N
3

; 

third harvest (56th day) each increment from NO to N2 and fourth 

harvest (70th day) each increment from NO to N
3

• The mean leaf area 

values per pot, uere: First h~rvest i ~ 30.8 cm2; third harvest, 

- 2 - 2 x = 22.2 em; fourth harvest, x = 38.3 cm • 

(e) Leaf dry matter per poto (Figure 3). 

At all harvests each increment of nitrogen supply increased the 

leaf dry matter. Most but not all of the increases uere significant. 

The leaf dry matter increased throughout the experiment and it waa 

calculatad as the mean value for each harvest per pot as folloue: 

Firat harvest (32 days), i ~ 0.9g.; second harvest (44 days) 

x = 0.5g.; third harvest (56 days), i = O.6g.; fourth harvest 

(70 days). x = 1.5g. 

2. Effect of Different P,,)pll~i0l1oS 

(i) Genotypo Differences for all Harvests Combinad. 

(a) Leaf number per plant (Table 3). 

The smallest leaf number was found in Lolium multiflorum Liscate, 

uhile the largest leaf number waa found in L.multiflorum variety 

8.22. The Lolium perenne parenta uere intermedia te in leaf number, 

and not significantly different from each other. The differences 

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

nifieant. The hybrids did not differ signifieantly in total leaf 
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FIGURé 2. EFFECT OF NITROGEN ON LEAF AREA AT INDIVIDUAL HARVESTS. 
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number. 

(b) Leaf area por plant (Table 3). 

The largest leaf area was found in L.multiflorum varioty 3.22. 

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

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

than the L.multiflorum Liscate but were not significantly different 

from each other. 

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

yielded moro loaf area than tho two inter-specific hybrids which 

did not differ significantly. The L.perenne hybrid aa6280xG.23 

yielded less than the interspecific hybrids, and did not diffor 

significantly from its parents. The L.multiflorum hybrid Liseate 

x 3.22 did not diffor significantly from its parents. 

(e) Loaf dry mattor per plant (Table 3). 

Tho L.multiflorum parents yielded significantly more than the ~ 

pere~~ parents. The Lolium multiflorum hybrid Liscate x 3.22 

yielded significantly more than the interspecific hybrids Ba6280X 

3.22 and Liscate x 3.23 and even groater 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 aa6280 x 

3.23 did mot differ significantly from its parents or frem the 

other hybrids. 

(d) 3tem dry matter per plant (Table 3). 

In the parents, stom dry mattor was greater in L.Wultiflorum 3.22 

amd sraaller in L.perenne 3.23 than in the other parents, from which 
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they diffared significantly. Tha parents L.multiflorum Liscate 

and L.perenne Ba6280 as well as the bybrids Liscate x 8.22, 

Liscate x 3.23 and Ba6280 x 3.22 did not differ significantly 

frem each other. ~ll of them yielded intermediately between the 

parents L.multiflerum 3.22 and ,Lo perenne 3.23 frem which they 

differed significantly. The L.perenne progeny Ba6280 x 8.23 

differed significantly from its parents Ba6280 and from the other 

progenies but not from its parent 3.23. 

(e) Root dry matter per plant (Table 3). 

In the parents, root dry matter was significantly greater in h 

multiflorum than in L.perenne. but there was no significant differ­

once between tho L.multiflorum parents or betweon the L.perenne 

parents. 

In the progenies, root dry matter ...as significantly greater in 

the L.multiflorum progeny Liscate x 8.22 and significantly smaller 

in the ~;!enn; progeny Ba6280 x 8.23 and in the interspecific 

hybrid Ba6280 x 3.22. Tha intarspocific hybrid Liscate x 8.23 

yielded intermediately botween tha other progenies and did not 

differ significantly from its parent Liscato. The greatest yield 

in the population was found in the L,multiflorum hybrid 

ttLiscate x 8.22". 

(f) Total dry mattcr per planto (Table 3). 

The greatest yield was in the L.multiflorum hybrid Liscate x 8.22 

and the smallest yield was in the L.perenne parent 3.23. There 

was no significant difference botwoen the L.multiflorum parents 

Liscate and 3.22 or between thom and their hybrid Liscate x 8.22. 
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Table 3. Mean Yield, standard Error, Least Significant Differenee and Duncan's 

New Multiple Range Tests of the Populations for a11 Harvests Combined. 

Populations, ¡'lean values tor each variate per planto 

L. S. D., Leaf Leaf area Leaf dry 3tem dry Root dry Plant total 
Probability number (cm /pl) matter matter matter dry matter 

(g./pl) (g./pl) (g./pl) (g./pl) 

Liscate 44.9 22.8 0.9 0.2 0.3 1.4 
(L.multifl. ) be a a a a 

. 
S. 22 86 • .2 28.8 0.9 0.3 0.3 1.5 
(L.muI tifl.) a a a a 

Ba6280 57 • .2 1.2.7 0.5 0.2 0.2 0.9 
(L. perenne) a ef c a b e 

5. 23 6.2.4 11.0 0.5 0.1 0.2 0.8 
(L. perenne) a f e b b c 

Liscate x 5 • .22 59.3 26.1 1.0 0 • .2 0.4 1.6 
(L.m. x L.m.) a ab a a a 

Liscate x 3.23 59.7 19.1 0.7 0.2 0.3 1.2 
(L.m. x L.p.) a cd b a a b 

Ba6280 x 3 • .22 66.3 16.1 0.7 0.2 0.2 1.1 
(L.p. x L.m.) a de b a b b 

Ba.6280 x 3 • .23 57 • .2 11.0 0.5 0.1 0.2 0.8 
(L.p. x L.p.) a f e b b c 

standard 3.79 1.22 0.04 0.01 0.02 0.06 
Error, si. 

L. S. D. At 10.71 3. ¡¡, 0.12 0.04 0.07 0.18 
5% level 

Probability ¿ 1% -c' 1% .:::: 1 % ,:::- 1 % --<C 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 

paronts Ba6280 und 3.23 or between them and their hybrid 

21 

Ba6280 x 3.23. The interspec1fic hybrids yielded intermadiately 

between the p:¡.rents differing significantly from the p:¡.rents 

but not differing between themselves. 

(11) Popillrti.cn Differences at Individual Harvests. 

The data for individual harvosts are presentad as graphs. The 

values varied acoording to the harvest interval and thus, the 

variations in absolute values are not importante What i8 important 

is the ranking of the different ¡:op:¡]atiams in yield. 

(a) Leaf nurober per planto (Figure 4). 

The greatest leaf nurober at all harvests was found in the L. 

multiflorum 3.22, which differed significantly from the other 

p:¡.rents and from the progenies. The smallest leaf number was 

that of L.multiflorum Liscate at most harvestS. The other p:¡.ronts 

and progenies did not vary signifioantly. 

(b) Leaf area per poto (Figure 5). 

The L.multiflorum 3.22 gave the greatest yield at the last harvest 

exoeeding signifioantly the othor L.multiflorum parent and the 

hybrid between them. However, the L.multiflorum Liscate gave les s 

yield than tho hybrid L.multifloruro 'Liscate x 3.22' and one of 

the interspecific hybrids L.multiflorum Liscate x ~.perenne 3.23 

at the le.st harvest. The smallest leaf area increments were given 

by the L.porenne parents and their hybrid Which did not differ sig­

nificantly. 
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(e) Leaf dry matter per poto (Figure 6) 

'\';\j" ...... ~ 

The L.!~~~l9r~ parents greatly ehangad their yielding eharae-

teristies over the duration of the experimont. Át the first har-

vest they yielded most dry matter, butat the fourth harvest they 

yieldad least dry matter of all the populations. 

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

had deelined, the L.perenne parent and hybrids yielded least dry 

matter. The interspeeific hybrids yieldad intermediately between 

their parents in dry matter. However, the greatest dry matter was 

eonsistently given by the L.multiflorum Liscate x L.multiflorum 8.22. 

This is a most interestL~g hybrid in that the sharp decline in 

yield of the Liseate and 8.22 parents relative to L.perenne 

presumably caused by frequent cutting did not oocur in this hybrid. 

3. Itpt.!latbns x Nitrogen Interaction. 

(i) l'bpllht,!.on$ x Nitrogen Interaction for all Harvests Combinad. 

(a) Leaf area per poto (Figure 7) 

In the parents, the inerease in total leaf area eaused by 

inereasing the nitro gen supply was significantly greater in the 

L.multiflorum parents than in the L.perenne parents at N2 and N) 

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

ment in 8.22 exceeded significantly that in Liscate and in its 

hybrid at }!). The L.perenne parents did not differ significantly. 

In the progenies, the total leaf area increment was significantly 

greater in L.multiflorum Progeny Liscate x 8.22 than in the other 

progenies at N2 and N
3

• The interspeeific hybrids always occupiad 

an intermediate position between the L. multiflorum hybrid and the 

L.perenne hybrid, so, they were rankad in order thus: Liscate x 8.22; 
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Liscate x S.23; Ba62g0 x S.22 and Ba6280 x 3.23. Eaah one 

differed signifiaantly from the other at N
3

• The leaf area ina­

reased as the nitro gen supply increased in all populatio.ns. 

(b) Leaf dry matter per poto (Figure 8). 

In the parents, the total leaf dry matter increase capsed by 

increusing the nitro gen supply was signifioantly greater in the 

L.multiflorum parents and their hybrid than in the L.perenne 

parents and their hybrid at N2 and N
3

• There was no significant 

difference in total dry matter between the L.multiflorum parents 

and their hybrid or between the L.multiflorum parenta and their 

hybrid throughout the range of nitrogen supply. 

In the progenies, the total leaf dry matter increment was aignifi­

cantly greater in the L.multiflorum hybrid Lisaate x 3.22 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 Ba6280 x S.23, so, the p.;¡pu:Jal;:i:.cns were 

ranked in order thus: Liscate x 3.22; Ba62g0 x 3.22; Lisaate x 

S.23 and Ba6280 x 3.23. The interspeaifia hybrids differed sig­

nifiaantly from the other progenies but they did not differ 

between themselves at N
3

" 

(a) Total dry matter per pot (Figure 9). 

In the parenta, the increase in plant total dry matter oaused by 

increasing the nitro gen supply was graater in L.multiflorum than 

in L.perenne paranta throughout tha ranga of the nitrogan aupply. 

L.multiflorum parents ¡ialded significantly differently from the 

L.perenne parents at N2 and N
3 

levals. 
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In the progonios, tho .intGrsp~cific hybrids Ba6280 x 8.22 and 

Liscate x 8.23 yielded intermediately betveen the L.multiflorum 

hybrid Liscate x 8.22 and the L.perenne hybrid Ba6280 x 8.23, but 

did not differ significantly from them throughout the range of 

nitrogen supply. The interspecific hybrid Liscate x 8.23 yielded 

significantly differently from the other interspecific hybrid 

Ba6280 x 8.22 and from the L.multiflorum hybrid Liscate x 8.22 at 

the N2 level and also differed significantly from this last one 

at N
3 

level. (Table 2). There vere no significant interaction in 

the folloving characters I Total leaf number per plant, stem dry 

matter and root dry matter for all harvests combined. 

(ii) Po¡:nla;tion x Nitrogen Interaction at the Individual Harvests. 

(a) Leaf area por poto (Figures 10, 11 and 12). 

The pqpUlaUone and nitro gen levels interactod significantly in 

leaf area in the first (32nd day), third (56th day) and fourth 

(70th day) harvest. In the parents, the leaf area vas consistently 

and significantly greater in the L.multiflorum than in the L. 

perenne at all harvests. The ranking of the parents throUghout 

the experiment vas in the order: 8.22; Liscate; Ba6280 and 8.23. 

The greatest leaf area vas in the 8.22 and the smaller vas in the 

8.23. The L.perenne parents did not differ significantly betveen 

themselves throughout the experimento The L.multiflorum parents 

only differod significantly at N
3 

in the last harvest. 

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

L.multiflorum Liscate x 8.22 than in the others at the first 

(32nd day) and third harvest (56th day after soving). The inter-
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specific hybrids occupied an intermediate position between L.multi-

f1~~um parents and their hybrid on the one hand and the L.perenne 

parents and their hybrid on the other hand at most harvests. The 

greatest loa! area in a11 the po?u1~ was always at N] levo1. 

Tho loaf aroa in the two interspecific hybrids flcrossed over" in 

tho range N1 to N] in most harvest. 

(b) Leaf dry matter per poto (Figures 1] and 14) 

There was a significant interaction between populltionsand nitro gen 

1eve1s at the first and fourth harvest. The ranking of rcpu~ti4ns 

was similar at the two different times. The L.multif1orum parents 

and their hybrid yie1ded significantly more than the L.perenne 

parents und their hybrid in response to nitrogen supp1y especially 

at N] level. The interspecific hybrids occupied on intermedia te 

position between the otherpopula~,~ The greatest nitrogen res­

ponsewas in the hybrid Liscate x 8.22 

4. Heritability 

Estimation of heritability in this experiment is complicated by the 

shortage o! material taken from the original half diallel cross. Thus, 

nutrient treatment was given to only 4 parents and 4 hybrids, which were 

selected as fo1lows: 

L.multiflorum variety 'Liscate' (1x1); 

L.multiflorum variety '8.22' (5x5)¡ 

L.peronne variety 'Ba6280' (4X4); 

L.peranno varioty 13.2]' (3x3); 

L.multif1orum hybrid tLiscate x 8.22' (1x5)i 

Interspecific hybrid 'Liscate x 8.23' (1x3); 
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Interspecific hybrid 'Ba6280 x 3.22' (4X5); 

L.!~.r~.e hybrid 1Ba6280 x 3.231 (4X3). 

31 

As can be seen, the interspecific hybrids: Liscate x Ba6280 (1x4) and 

S.22 x 3.23 (5x3) were omitted on the grounds of shortage of space. 

Therefore analysis of heritability on the F1 alone is not possible. In 

fact virtually the only test of horitability possible with this material 

is a mid parent-progeny regression. Obviously, this has to be applied 

with caution for two reasons: firstly, because there are so few hybrids 

(4), and secondly, because the crosses aro between two quite different 

speaies. Nevertheloss, regrcssion analysis of yields and nutrient res­

ponses was neaessary to investiga te the breeding potential and appeared 

to be worthwhile on material which differed so widely. 

(i) Yield. 

Estimation of heritability based on míd parent-progeny regression with 

only 4 hybrids allows only two degrees of freedom, so that very few of 

the varia tes measured showed significant heritability. Table 3 shows 

that the correlation coefficient of the variate total lear dry matter 

was significant at 1% level of probability and the plant total dry 

matter correlation coeffiaient was significant at 5% level, therefore, 

their estimated heritabilities of (h2 ::: 1.25) and{h2 = 1.27} respec-

tively are assumed to be signifiaant too. 

There are very few points on the regressions, snd this, together With 

the considerable spocies difference between the two set of parents, 

suggests that thoso heritability estimates lnay not be completely 

accuratc. 
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Table 4. Mean Yield of Hybrids, Mid Parent-Progeny Regression and Oorrelation 

Ooefficients. 

Populations, ~Iean Yield of variates per Planto 
~._.-

Regression Total Total lear Total lear 
and Oorrelation lear ar~ dry matter 
Ooefficients. number (cm ) (g.) 

Mid parent 65.55 25.80 0.90 
value, P. 
Liscate x 8.22 59.30 26.10 1.00 

Mid parent 53.65 16.90 0.70 
value, P. 
Liscate x 3.2:3 59.70 19.10 0.70 

Mid parent 
value, p, 

71.70 20.75 0.70 

Ba6280 x S.22 66.30 16.10 0.70 

Mid parent 59.80 11.85 0.50 
value, :P. 
Ba6280 x 8.23 57.20 11.00 0.50 

Regression 0.36 0.95 1.25 Coefficient 

Correlation 0.71 0.89 0.99xx 
Coefficient 

Key: x = 0.05 level of significance at ~ table 

xx = 0.01 level of significance at ~ table 

Stem dry Root dry 
matter matter. 

(g.) (g. ) 

0.25 0.:30 

0.20 0.40 

0.15 0.25 

0.20 0.30 

0.25 0.25 

0.20 0.20 

0.15 0.20 

0.10 0.20 

0.50 2.00 

0.57 0.85 

Plant 
total dry 
matter (g.) 

1.45 

1.60 

1.10 

1.20 

1.20 

1.10 

0.85 

0.80 

1.27 

0.95x 
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(ii) Nutrient response 

Nono of the nutrient response regressions oí mid parent and progeny 

was significant when tested at two degrees of freedom. When tested 

at 10 degrees of freedom, using replicatos, the variates tot~l loa! 

area and total leaf dry mateor had a signifi:::ant hel'itability, thus 

total leaf area response (leaf a:ea at N] - 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 matter at N) - leaf dry matter 

at NO) had a correlation coefficient of (r = 0.62) and a heritability 

of (h2 = 0.83). These values aro given as indications rather than 

proof of horitability of response. 
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EXPERll1ENT (Bl. mOSffiORUS TRFATMElIT 

The results are SUTilmarized in ~ppendices ~, B and C. The materials and 

lllethods usad in the phosphorus experiment havo already been described 

in Chapter n uMaterial and Methods". 

1. Effect of Different Phosphorus Levels. 

(i) Total Iield for all Harvests Combined. 

(a) Leaf number per planto (Table 5). 

The total leaf number increased as phosphorus supply increased 

over the whole rango from Po to P)' but was significant only from 

Po to P,. From Po to P, the leaf number increased about 11 times 

as much as from P2 to P3' 

(b) Leaf area por planto (Tabla 5). 

The total lea! area increased uniformly as phosphorus supply 

inereased over the whole range !rom Po to P
3

• Tho lea! area 

increment between treatment levels was signi!icant only between 

Po and 1,. The IGllf area increment between Po and P, was three 

times larger than that between P, and P2' 

(e) Lea! dry matter per plant (Table 5). 

The total loa! dry matter increased as phospharus supply increased 

aver the whole range !rom Po ta P
3

0 The inerease was significant 

only fram Po to P,. The leaf dry matter inerement fram Po ta P1 

;;as three times greater than that between P, and P20 The leaf dry 

matter inereased uniformly fram P, te P3' 

(d) stem dry matter por planto (Table 5). 

The stero dry matter increased significantly anly over the range 

from Po to p," The treatmont levels P" P2 and P3 all yioldad 
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double that of Po, 

(e) Root dry matter per plant (Table 5). 

The root dry mattor increased from Po te P3' but not uniformly, 

since the yield at P1 exceeded that at Pz' However, the yieId at 

Po and P3 differed significantly both in the least significant 

difference and tho Duncan1s New Multiple Rango Test. 

(f) Total dry matter per plant (Table 5) 

The plant total dry matter increasod as the phosphorus supply 

increased over the whole range from Po to P3' but significantly 

only from Po to P1, The total dry matter increment between Po and 

P1 ~s three times greater than that between P1 and Pz' 

(ii) tffect of Different Phosphorus Levols on Individual Harvest Yields. 

The data for individual harvests are presented as graphs, f.s in the 

case of nitro gen so for phosphorus the yield varied according to the 

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

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

phosphorus levels, The variates loaf 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). 

(a) Loaf Number por plant (Figure 15). 

The leaf number increased as phosphorus supply increased over tho 

wholo range from Po to P
3 

at all harvests. The greatest leaf 

number \13.8 found at P3 and the smallest at PO' Theso differed 

significantly throughout the experimento There was no significant 

d:i.i'forenco be-cween F1 arrd I'Z; they dif'ferEld aign:'.fiwnGly f:::-Offi 
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Table 5. Hean Yield, standard Error, Least Significant Difference and 

Duncan' s Ne,¡ Hultiple Range Tests of Phosphorus Levels for all 

Harvests Combined. 

-
Variate Phosphorus Levels. stand L.S.D. Proba-

l1ean values for a11 varia tes Error at 5% bility 
(per plant) 

Po P1 P2 P3 
si level 

Leaf 79.4 113.5 121.4 124.6 6.50 18.39 ~, 1% number 

Lea2 area 
(cm /pl) 

28.6 47.3 2J.l¡. 60.6 2.76 7.83 <1% 

Leaf dry 
matter 1.2 1.S 2.0 2.2 0.10 0.31 ... ;:" 1% 
(g./pl) 

Stem dry 
0.4 0.4 0.4 matter 0.2 0.02 0.07 .:::: 1 % 

(g./pl) 

Root dry 0.2 0.3 0.2 0.3 0.03 0.08 /1% matter --
(g./pl) 

a b a b 

Plant Total 
dry matter 1.6 2.5 2.6 2.9 0.15 0.43 < 1% 
(g./pl) 

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

significantIy in the Duncan' s l1uItipIe Range Test at 5% level. 
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Po throughout the experiment but only differed signifieantly from 

P3 at the first harvest (41 days after sowing). The leaf number 

inereased uniformly from the first harvest (41st 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. 

P2 and P
3 

"erossed over" at tho last harvest (86th day), but the 

total produetion wus greater at P
3 

than at P2" 

(b) Loaf area per poto (Figure 16). 

The loaf area ineroased from tho first to tho fourth harvest, 

showing a small ineroaso betweon the first and tho third harvest 

while thore wus a largo inerease betwoen tho third and the fourth 

harvost. Tho leaf area increased as phosphorus 8upply increased 

throughout the experimento 

The mean leaf areas per 

First harvest, x = 58.6 

pot at 

2 cm ; 

- 6 2 fourth harvest, x = 11 .8em • 

the individual harvests were: 

third harvest, x = 61.8em2; 

Po differed signifieantly from P1' P2 and P
3 

throughout the 

experimento There was no signifieant differenee between P1 and 

P2. The loaf area was significantly greater at P
3 

than at P1 in 

the first and third harvest and just signifieantly groater than 

P2 in the third harvest. 

(e) Leaf dry matter per poto (Figure 17). 

The leaf dry mstter harvested at the Boeond and fourth harvests 

was groater than that at the first or third harvost. These 



FIGURE 16· EFFECT OF PHOSPHiJRUS ON LcA F AREA AT INDIVIDUAL HARVESTS 
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differences wero oaUSGd by slowGr growth ratos (bofore the first 

hervest) end short harvost intorval (before tho third harvost). 

Tho loaf dry mattor yield increased as phosphorus suppIy inoreased 

from Po to P
3 

throughout the experimento 

Tho mean loaf dry woights at each harvest were: First harvost, 

iC = 2.1g.; second harvGst, x = 2.6g.; third harvest, x = 1.7g.; 

fourth harvest, x = 2.7g. 

Tho yiold at tho treatment levels P1' P2 and P
3 

varied significan­

tly from Po throughout tho oxperiment. Thoro was no significant 

difforence betwoon P1 and P2 at any t:iIae. P3 differed significan­

tly from P1 at most harvests, but did not differ from P2 at any 

time. 

2. Effect of Different fepulations 

(i) fuPQ]ation. Difforencos for aH Harvests COLlbinod. 

(a) Leaf numbor por plant (TabIe 6). 

In the paronts, the groatest loaf number por pIant was in the 

L.multiflorum 8.22 and tho smallost leaf number was in the ~ 

permme Ba62$O. There was no significant difforence between 

tho L.multiflorum 3.22 ~d the L.pcrenne 3.23 or between the 

1.multiflorum 1iscate und tho L.perenne Ba6280 parents. 

In the progenies, tho greatest loaf number was in tho interspecific 

hybrid 1iscatü x 3.23 and the smallest loaf number =s in tho 

L.poronno hybrid Ba6280 x 8.23. Tho loaf numbor ~s n~t signif-

icantly differont botween tho interspocific hybrids Liscato x 3.23 

anc1 Ba.6280 x 3.22 and the 1.multiflorum hybrid Liscato x 3.22, but -
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thoro was n simaificant difforonco betwoon tho@ and the L. 
o -

perenne hybrid Ba6280 x 8.23. 

The greatest leaf number per plant was found in the interspeoific 

hybrid tiscate x 5.23 und the smallest in the L.perenne parent 

)38.6280. 

(b) Leaf Area per plant (Table 6). 

In the parents, the greatest total leaf area was found in the 

L.multiflorum tiscate und the smallest leaf area in the L.perenne 

Ba6280. There was no significant difference between L.multiflorum 

parents Liscate and S.22 or between the t.perenne parents )38.6280 

and 3.23. The L.multiflor~ parents yielded significantly more 

than the L.peronne parents. 

In the progenies, the greatest leaf area was found in the ~ 

multiflorum,hybrid tisoate x 3.22 and the smallest leaf area in 

the L.perenne hybrid )38.6280 x 3.23. In the total leaf area the 

interspecific hybrids oocupied an intermediate position differing 

signifioantly from the other hybrids. 

The greatest leaf area was found in the L.multiflorum hybrid 

'tisoate x 3.22' and the smallest in the L.perenn~ parent )38.6280. 

(o) Le~f dry matter per planto (Table 6). 

In the parente, the greatest leaf dry matter was found in tho 

L.multiflorum tiscate and the smallest in the L.perenne Ba6280 

aIkl 3.23. The L.multiflorum parents yielded signifioantly more 

than tho L.paronne p~rents. Thore was a significant difforenoo 

between the L.multiflorTh~ parents and 3.22, but thero was no 

significant difforence between the L.perenne parents Ba6280 und 

3.23. 



49 

In the progenies, the greatest leaf dry matter ~s found in the 

L.multiflorum hybrid Lis cate x 3.22 and the smallest in tha 

L.porenne hybrid Ba6280 x 3.23. In leaf dry matter tha intor­

specific hybrids again occupied an intermediate position 

differing significantly from tha other hybrids. Thera was no 

significant differenca botwaen the interspecific hybrids. 

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

'Liscate x 3.22' and the smallest in L.perenne parent Ba6280. 

(d) Stem dry matter par plant (Tablo 6). 

In the parents, the groatest stem dry matter was found in the 

L.multiflorum Liscate and tho least in tho L.porenne Ba6280. 

The L,multiflorum parents Lis cate and 3.22 yielded significantly 

moro than tho L.poronne parents Ba6280 and S.23. There was a 

significant differonce botween the L.multiflorum but not botween 

tho L.perenne parents. 

In the progenies, the groatest stem dry matter was in the L.multi­

florum hybrid 'Liscate x 3.22' and the least was in the L.perenne 

hybrid Ba6280 x 3.23. The interspecific hybrids yiolded intor­

mediately betwoon tho other hybrids differing significantly from 

thcm but not botween thomselves. 

Tho groatest atom dry mattar in th~ population was found in tho 

L.multiflorum hybrid '1iscato x 3.22' and tho s~llest in tho 

L.poranno parent sa6280 and in the hybrid B~6280 x 3.23. 

(0) Root dry mattor por plant (Tabla 6). 

In the parents, the grcatest root dry mattor was in tho 
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Table 6. Mean Yields, Standard Error, Least Signifieant Differenee and 

Dunean's New llultiple Range Tests of the Populations for all 

Harvests Combined. 

Populations ),lean values for eaeh variate par plant 

L. S. D., Total leaf Total leaf Total leaf Stem dry Root dry Plant total 
Probability number are!i dry matter matter matter dry matter 

(L.No. ) (cm) (g.) (g.) (g.) (g.) 

Liseate 90,2 66.5 2.7 0.5 0.4 3.6 
(L.multifl. ) e d ab a a a 

8. 22 122.0 54.8 1.8 0.4 0.2 2.4 
(L.multifl. ) a be b a b b 

Ba6280 80.6 25.2 1.1 0,2 0.1 1.4 
(L. perenne) d d e b b e 

8. 23 105.5 26.8 1.1 0.2 0.1 1.4 
(L. perenne) ab d e b b e 

Liseate x 8.22 126.4 75.8 2.7 0.6 0.5 3.8 
a a a a a 

Liseate x 3.23 132.3 53.1 1.9 0.4 0.2 2.5 
a e b a b b 

Ba6280 x S.22 127.9 50.9 1.8 0.4 0.2 2.4 
a e b a b b 

Ba6280 x 8.23 92.7 26.7 1.2 0.2 0.1 1.5 
be d e b b e 

Standard 9.19 3.91 0.15 0.03 0.04 0.22 
Error, si 

L.8.D. At 26.02 11.07 0.44 0.11 0.12 0.61 
5% level 

Probability ":;-1 % -1% ~ .. <: 1% ' .1% -.1% <.1% 

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

Range Test at 5% level. 

! 
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L.multiflorum Liscate and the loast was in the L.perenne Ba6280 

and 8.23. The L.multiflorum parents Liscate and S.22 differed 

significantly, but thero was no signifiaant differenco betweon 

the L.peronno parents sa6280 and 8.23 or even betweon them snd 

the L.multiflorum 3.22. 

In tho progenies, the greatest root dry mattor was in tha h 

multiflorum hybrid Liscate x 8.22 and the leaat vas in the h 

perenne hybrid sa6280 x 8.23. The interspecific hybrids ocaupied 

an intormediute position botween the L.multiflorum and L.perenne 

hybrids. Thero was no signifiaant difference between the inter­

speaific hybrids sa6280 x 8.22 and Lisaate x 8.23 or oven between 

them nnd the L.peronne hybrid Ba6280 x 8.23, but thero was a sig­

nifiaant differonco betweon these snd the L.multiflorum hybrid 

'Lisante x 3.22'. 

The greatest yiold was found in the L.multiflorum hybrid 'Lisante 

x 8.221 and tho least in the L.perenne parent. 

(f) Total dry matter por planto (Table 6) 

In tho parents, the L.multiflorum Liscato and 8.22 yiclded sig­

nifiaantly moro than tho L.perenne parents Ba6280 and 3.23. 

Lis cate differod signifiaantly from 3.22 but there vas no sig­

nifiaant difforence botwoen Ba6280 and 8.23. 

In tho progenies the greatest plant total dry matter was in the 

L.multiflorum hybrid tiscnte x 3.22 and the loast in the L.peronne 

hybrld Bn.6280 x S.23. The intorspocific hybrids did not differ 

significantly but occupied un intermediate position botwoen the 
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L.multiflorum and L.perenne hybrids, differing significantly 

from them. 

Tho gro~tost yield in the population was found in the L.multiflorum 

hybrid Lisaate x 3.22 and tho least in the L.perenne parents 

Ba62$0 and 3.23. 

(11) RlpuJa;t¡i.on Differences at Individual Harvests 

The data for popoJ:ation differencos at individual harvests aro presGnted 

as graphs. A.s stated in the nitrogon experimont, wh'lt is i;nportant is 

the ranking of the popu]¡j.tiore for the different variates, rather than 

the absoluto values Which depond on the length of the harvest intervalo 

(a) Leaf number per planto (Figure 1$) 

The loaf nlli~ber was recorded only throe times, 41, 70 and $6 

days after sowing. In tho parents, the grGatest leaf number at 

all harvests was found in the L.multiflorum 3.22 and the least 

was in tho L.perenne Ba6280. Tho L.peronne 3.23 yielded inter­

modiatüly between the L.multiflorum parents 3.22 and Liscate but 

it díd not differ signifiaantly from them. At almost all the 

harvests there was a significant difference between the L.multi­

flQrum parents in le~f number. Tho L.perenne parents did not 

differ significantly in this charactor. 

In tho progonies, tho loaf number was greater in the intorspecific 

hybrids Líscate x 3.23 and Ba6280 x 3.22 than in the other hybrids. 

Thero ~~s no significant difference betwoen tho interspocific 

hybrids. Tho L.multiflorum hybrid Liscate x 3.22 did not differ 

significantly froID the intorspecific hybrids. Tho L.perenno hybrid 

Ba6280 x 3.23 had tho smallost loaf numbor por planto Tho L. 
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multiflorma and 1.poronne hybrids differed significantly in leaf 

number at most harvests. Tho L.perenno parent 3.23 and the inter­

specifie hybrid Ba6280 x S.22 ineroased their leaf nanbar substan­

tially at eaeh ho.rvast in eontrast to thc other parents and progeny 

whieh scareely inereased their leaf number after cutting. 

(b) Leaf area per poto (Figure 19). 

Tho leaf arca was measured three times at 41, 70 and 86 days 

aftor sowing. In tho parents, tho grcatost lo~f area was found 

in tho L.multiflorum Liseato or 3.22 at tho last h~rvest and the 

least in ~~Eo!?E?e Ba6280 or 3.23. Tho Liseate was slightly more 

adversely affoeted by suceessivo harvosts than tho other paronts. 

The L.multiflorum parents had a significantly greater loaf area 

than the L.perenne throughout the exporiment.Up to the third harvost 

(70th day) thore was a signifieant differenee between the L.multi­

florUlil parents Liscate ,and S.22 but this lator disappeared. Tho 

L.peronno parents aa6280 and 3.23 did not differ signifieantly at 

any harvost. 

In tho progenios, tho greatost loaf area at all tho harvosts was 

in the L.multiflonmhybrid Liseate x 3.22 and the loast in the ~ 

perenne, hybrid Ba6280 x 3.23. The intorspoeific hybrids 1iscate x 

8.22 and aa6280 K 8.22 occupied an intormodiato position botwoon 

tho othor hybrids in this eharacter differing signifieantly from 

thom at most of tho harvests. Thero was a significant differeneo 

throughout the exper~nent botwoon the L.multiflorum and L.perenne 

hybrids, but thoro was none betweon the intorspoeific hybrids. 

(e) Loaf dry mattor por poto (Figure 20). 
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In the parents, fue gro~test leaf dry matter was in tho L.multi­

florum Liscate and fue least in L.perenne 3.23. The L.multiflorum 

parents Liscate and 3.22 diffored significantly furoughout the 

experinont and they yieldoo moro th~ fue L.perenne pa.rents at 

all harvosts. There was no significant difforenco botween tho 

L.perenne parents Ba6280 and 3.23, but they differod significantly 

from tho 1.multiflorum Liscato at all harvests and froID the ~ 

EIultiflorum 3.22 at tho third (70th d3.y) and fourth (86th day) 

harvests. 

In the progenies, tho greatest loaf dry matter W3.S in tho ~ 

multiflorum hybrid Liscato x 3.22 and this differed significantly 

from the others at an ha.rvcsts. The interspocific hybrids did 

not dlifer significantly. Thoy occupied an inter1llodhte position 

batween tho athor hybrids, differing s ignificantly from tho L.multi­

florum hybrid Liscate x '3.22 at D.11 harvests and from the L.]?:,lrenno 

hybrid Ba6280 x 3.23 ~t most hnrvosts. Tho sma110st loaf dry 

mattor in the progonies was in the L.pcrennc hybrid ut all 

harvosts. 

3. ]'opulations x Phosphorus Interaction. 

(i) Populations x Phosphorus Interaction for 0.11 Harvests Combinad. 

Thore W1S no signHicant intor3.ction betweon populations and tha phos­

phorus 1evo1s in any character for all harvests. 

(ii) Populations x Phosphorus Interaction at the 1ndividQ~l Harvests. 

(a) Loaf numbcr per pla.nt (Figuro 21). 

Populations und phosphorus lovols intoracted significantly on loaf 

numbor por plnnt at tho first harvost (41st day). In tho parents, 
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tho L.multiflorum Lisciüe loaf nwnber incroased significrmtly from 

Po to P2 and thon declined from P2 to P J' Tho L.multiflorum 8.22 

10a1' nwnbor incroasod significantly from Po to P1, but doclinod 

from P1 to P2• It thon incroasod slightly from P2 to P3' Tho L. 

porenno Ba6280 loaf ntmber increased VGry littlo from Po to P
3

• 

Tho L.porillmo 8.23 loaf nwnb"r decrcased from Po to P1 and P2 to 

P
3

• P
1 

did not differ significantly from P2• 

In the progonios, tho L.multiflorum hybrid Liscato x 8,22 

incrcased slightly in loaf numbor fron Po to P
3

• There was a 

slight decreaso from P1 to P2 but then nn increase from P2 to P3' 

The interspocific hybrid Liscate x 8.23 loaf nwnbor decroased from 

Po to P1 but then increased to P3' Tho intorspocific hybrid 
, 

Ba6280 x 8.22 loaf nunlber incron.sod significantly from Po to P
3

• 

Tho L.poronno hybrid Ba6280 x 8.23 loaf nwnbor showed a significant 

inoroase from Po to PJ although thore was a slight decreaso frolo} 

P1 to P2• 

(b) Len.f area por pot (Figuro 22). 

Populations and phosphorus lovels interactod significnntly at tho 

third harvost (70 days aftor sowing). In tho paronts, loaf area 

L~oron.sod as phosphorus supply incroasod. This was significant 

in the L.multiflorum Liscato from Po to P1 but thon it docreased 

significantly fror,) P1 to P2' It incrcasod slightly frO¡;l P2 to PJ 

Th<c L.'lUltiiJ~ 3.22 lo.].f ::1rO::1 incro::1sod vory li,ttlo froD Po to PJ 

Tl¡c L. p"r()ll-"lü .8:,,6280 incroased its loaf aroa vory littlo from Po 

to P
3

• Tho L.pvrel~o 8.23 loaf aren. docroased from Po to P3' 

This parent showed little increaso in loar araa frem P1 to P2 

In tho progenies, loaf area incroased significantly in the L. 
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.~ultiflo~~.hybrid 1iscato x 3,22 from Po to PJ' The increaso was 

very marked from P1 to PJ' The interspecifio hybrid Liscate x 3,2J 

loaf area increasod vory little from Po te P" The interspocific 

hybrid Ba6280 x 3,22 loaf aroa increased uniformly and significo.ntly 

from Po to P3' Tho L,perenne hybrid Bo.6280 x 3.23 increased very 

little in leaf arca from Po te P3' 

(o) Loaf dry mtter por pot (Figure 2J), 

The po¡)ulo.ti::Jl'.s and the phosphorus levels interacted significantly 

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

1.multiflorum 1iscato leaf dry matter increased from Po to P" but 

then decr~~sod significantly from P, to P2, increasing again from 

P2 to PJ though not signifioantly, Tho L,multiflorum 3,22 

inoroosod significantly in leaf dry matter from Po to P2 and thon 

deolinad from P2 to P3' Tho 1,perenne Ba6280 increased very little 

in leaf dry matter fror.l Po to PJ' Tho L.peronno 3,23 increusod in 

leaf dry matter from P1 to P
3 

but then declined from P2 to P
J

, 

In tho progenies, the loaf dry matter increased signifioantly from 

Po to P
3 

in tho L.multiflorW1l hybrid, Thoro was a hrge increase 

from P1 toP2 , Tho interspecifio hybrid Lisoate x 3,2) did not 

signifioantly increasc in loaf dry mattor from Po to P
J

, The 

interspocifio hybrid &0.6280 x 3,22 inoroased in loaf dry mattor 

from Po to p)' 

4, Heritability 

!ls in ni trogon and potassiurn experiments, the estinm. tion of heri tabili ty 

1.S COLljl1iC~tuJ by th" 3Lort.J.gú óí ,_.turiJ.l fror;¡ the original h3.lf diallel 

cross. Tho only possible test of haritability with this ilUt"dll is e. 
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mid parent-progeny regression as was shown in experiBent A. 

(i) Yiald 

Very few varia tes measurad shoyed significant heritability at the 

tvlO degroos of froodon allowm by tho mid paront-progony regression. 

Tablo 7 ahoys that the rogression coefficionts of tho variatos, total 

leaf area, total loaf dry nn tter o.nd storo dry rotter wore significant 

at 5% lovel of probability, so that thoso charactors are heritable 

Total loaf area hnd a regressien ceofficient of (r = 0.98) and ~ 

heritability of (h2 = 1.37); total leaf dry lnatter, r = 0.95 and 

h2 = 1.16; atem dry rotter, r = 0.98 und h2 = 1.53. As in the 

nitrogen experiment, so with phosphorus, the h2 mIuos appoar to 

be over Gstimated unIess thoro is much hotorosis. 

(H) lJutrient Response. 

Nono of the nutricnt rosponse regrossions of mid parent and progeny 

was significant l-¡rwn tested oithor at 2 dogre OS of froedom or at 10 

dogreos of freodom. 
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Table 7. Mean Yield of Hybrids, Hid Parent-Progeny Regression and Correlation 

Coefficients. 

Populations, Mean yield of varia"':..es par Planto 
Regression 

Plant tot-and 1eaf Lea~ area Leaf dry stem dry Root dry 
Correlation number (cm ¡pI) matter matter matter al. dry 
Coefficients (g.¡pl) (g,111) (g.;pl) matter 

(g.¡pl) 

Mid parent 106.10 60.65 2.25 0.45 0.30 3.00 
value, P. 
Liscate x 8.22 126.40 75.80 2.70 0.60 0.50 ).8 

Mid parent 97.85 46.65 1.90 0.35 0.25 2.5 
value, P. 
Liscate x 3.23 132.30 53.10 1.90 0.40 0.20 2.5 

MiO. parent 101.)0 40.00 1.45 0.)0 0.15 1.9 
value, P. 
Ba6280 x 3.22 127.90 50.90 1.80 0.40 0.20 2.4 

Mid par!:nt 93.05 26.00 1.10 0.20 0.10 1.4 
value, P. 
Ba6280 x 3.2) 92.70 26.70 1.20 0.20 0.10 1.5 

Regression 
2.33 1.37 1.16 1.53 1.60 1.28 Coefficient 

Correlation 0.70 0.98x 0.95x 0.98x 0.84 0.94 Coefficient 

Key: x ~ 0.05 l~vel of significance at ~ table. 
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EXPERllfENT c. - POTASSIUM TREl\.TllENT. 

The results are slli~arized in Appendi~es A, B and C. The materials and rnethods 

used in the potasSilli1J exporiment have alroady boen described in chapter II " 

"M-:l terials and Methods". 

1. Effect of Different potassium Levels. 

(i) Total ~ield for a11 Harvests Conbined. 

(a) Leaf number por plant (Table 8) 

The total loaf number decreased as potassiuo supply increased ovor 

the whole range frem Ko to KJ' There was thus an over supply or un 

imbalance of potassium. Despito this negative potassium response 

what is important for genetic purposes ls the ranking of the variety 

moan ylelds at the different treatElent levels. Before the variety 

moans can be discussod, it is necossary to eXamine the IDean effects of 

potasSilli1J for all varieties. (Tabla 8). Thus the greatost loaf number 

per plant was at Ko level while the smallest leaf llImber \olaS at KJ 

which had the groatest potassiul1 supply. Thoro was no significant 

differenco in the loaf numbor between the levels KO' K1 and K2 , but 

there "as a significant deeroase botwoen 1'2 and KJ in the mean loaf 

nw~ber. 

(b) Loaf area por plent (Tablo 8) 

Like tho tetal loaf nWlbor, tho total loaf aroa deereased as the 

petassiw:J supply increased froo Ka to KJ' The ranking of the leaf 

aroa. maans in thú treatnent lovals eCJ.n be seen in tCJ.ble 8. The greatest 

leaf ,CJ.rea por plant was at KO whilo tho smallest loaf aroCJ. was at KJo 

Thero was no significant difforonco in the loaf aroa. at KO' K, and 



and K2 but thero ;¡as a signifieant dcercase tc K}. 

(e) Leaf dry wattor par plant (Table 8) 
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Thore ;¡as no signifieant difference betyeen Ka, K1 and K2 but there 

;¡as a significant deercasa batYoon them and K}, 

(d) Star.1 d.ry natter por plant (T'lblo 8). 

Tho atom dry mattar deereasod signifieantly froID KO to K1, thus tho 

ston dry 11\9.ttor yield of tho lovels Ka und K2 was signifieantly greator 

than tha t a t K1 and K} lovels. 

(o) Root dry mattor por plant (Tablo 8). 

Tho grcatost root dry matter por plant ;¡as at K2, Yith a smallar yield 

at Ka and K1 and also at K}. The K2 laval yioldad the greatest root 

dry mattar whieh doclinad thon at K}. 

(f) Total dry oatter per plant (Table 8) 

Tho greatost total dry r.1Ilttor yiold was at ~ level and the s~llest 

yield ;¡as at K} lovel. These differeneos yare signifieant. Thera;¡as 

no signifieant difforonca betwoan K1, KO and K2 lovels. 

(ii) Effeet of Different Potassium Levols on Individual Harvost Yiolds. 

The data for individual harvasts are presentad as graphs. As in the case 

of nitro gen and phesphorus so for potassium tho yiold variod aeeording te 

tho harvest intorval, tho variatien in absoluto values aro not ir.lportant. 

What is ioportant is tho ranking of tho yields at difíeront potassium 

levels. Tho variates, leaf number, loaf aroa und loaí dry yaight yero 

measurod 30, 42, 58 und 78 days aftar sowing. 

(a) Loaf number por p~~nt. (Figuro 24). 

Inereasing potassium supply gonorally deereased the leaí number per plant 
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Table 8. Mean Yield, Standard Error, Least Significant Difference and Duncan's 

Ne\" ¡,jultiple R.ange, Tests of Potassium Levels rOl' all Harvests Combined. 

1 
Potassiwn Levels L .. 8.D. Proba .. I I Stand Variate Nean values for all variates Error A.t 5% bility 

(per plant) KO K1 K:2 K3 
Sx Level 

---
Leaf 79.1 71 6 ,73.6 58.5 3.03 8.56 ... : 1% Number 

Leaf area 
(cm jpl) 29.6 27.2 28.6 20.3 1.51 4.28 < 1% 

Leaf dry 
matter 0.9 0.8 0.9 0.6 0.04 0.11 ,....~1% 
(g.jpl) 

Stem dry 0.3 0.2 0.3 0.2 0.01 0.04 '" 1% matter 
(g.jpl) a b a b 

Root dry 0.4 0.4 0.5 0.3 0.04 0,11 .... :: 5% matter 
(g.jpl) a b a b a b 

Plant Total 1.6 1.4 1.7 1.1 0.09 0.25 _ 1% 
dry matter 
(g.jpl) a b b a 

A.ll 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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ovor thc ;¡holo harvost periodo The greatcst loaf number was found 

at Ko ;¡hilo the s~allest was found at K3, Thcre was a signifieant 

differenec botwoon KO and K3 but not betweon KO' K, and K2 at any 

harvosts. K.¡ differed signifieantly fro¡;¡ KJ at the seeond (42nd day) 

and third harvost (58th day). 

Tho loaf number meMa for tho difforent harvests "cro: First h:J.rvest 

(Joth day), x::: 15.5; seeond harvest (42nc1 day), x::: 18.7) third 

harvcst (58th day), x::: 19.9 and fourth harvost (78th do.y after sowing), 

x ::: 16.5. 

(b) 10o.f area per poto (Figuro 25). 

Inereasing poto.ssi~~ supply genoro.lly doereasod thc lc:J.f o.roo. por pot 

thus thü greo.test loaf o.roa was o.t KO' whilo tho smallest was at KJ' 

Ko and K3 as wel1 as K.¡ and K3 differod signifieantly at 0.11 harvests, 

~ and K3 difforod significantly at the soeand, third and fourth 

oorvests. 

The loar area meallS per pot for tho different harvosts worel First 

t~rvest (30th day), x::: 32.7 em2; seeond harvest (42nd day), x::: 31.6 

cr,;;<'; third harvost (58th day), x::: 40.3 er.?; faurth harvost (78th day), 

- 2 x ::: 26.2 en , 

(e) 10o.f dry =ttor por poto (Figuro 26) 

Inereasing potassiwa supply generally decroased the leaf dry matter 

por poto Thus, the smallest leaf dry mtter was at K3 J.nd it difforod 

significantly from tho othor lovels o.t tho s€leond (42nd day) anel at 

tho third harvest (58th day). At the first harvost (30th do.y) there 

was a signifieant difforeneo botween Ka and K3, At the fourth harvost 
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FIGURE26. EFFECT OF POTASSIUM ON LEAF DRY WEIGHT AT INDIVIDUAL HARVESTS 
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(78th day) there was no significant differoncc between any levels of 

potassiun. 

The loaf dry matter lne~s per pot for the different harvosts were: 

First harvest (30th day), i = 1.0 g" socand harvest (42nd day), 

x = 0.9 g., third harvest (58th day), x = 1.3 g., fourth harvest 

78th day), i = 0.8 g. 

2. Efíect oí Difforont Fopul¿tio~. 

(i) Population Differences for all Harvests Combir,ed. 

(a) Lea! number por pllnt (Tablo 9). 

In the paronts, the greatest leaf number por pllnt was in L.multiflorum 

3.22 and tho sinallest in L.oultiflorum Liscato. These differed sig~ 

nificantly. The parents L.perenne Ba6280 and 3.23 occupied an inter~ 

mediate position between tho L.multiflorum paronts. Thoy did not differ 

significantly fron oach other or froill the 1.multiflorum 1iscate. 

Tho L.nultiflorum 3.22 differed significantly froro all the other 

parents. 

In the progonies, the interspecific hybrid Ba6280 x 3.22 was signif­

icantly greater than the othor hybrids. Thero was no significant dif­

ferenee botwoen tho following progonios: L.multiflorum hybrid Liscate 

x 3.22; interspecifie hybrid 'Liscate x 3.23' ana the L.peronne 

hybrid' Ba6280 x 3.23'. 

Tho greatost aud tho least leaf nuraber in the populationswcre found in 

tho 1.multiflorun parents 3.22 ~d Liscato respectively. 

(b) Leaf aroa per pl~t (Tablo 9) 

In tho paronts, tho groatost total loaf area was in the L.multiflorum 
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8.22 ~nd tho loast in L.peronno 8.23. Tho L.multiflorum 3nd tho 

L.peronne parents differod significantly. 

In the progenies, the greatest leaf area was in the L.multiflorum 

hybrid Lisoate x 8.22 and the smallest in the L.perenne hybrid 

Ba.6280 x 3.23. There was no significant differenee between the 

interspecific hybrids aa6280 x 8.22 and Lisca.te x 8.23, but they 

differed significantly from the L.multiflorum hybrid Liseate x 8.22 

and from the~~~_~e hybrid Ba6280 x 8.23. 

The greatest a.nd the least leaf area in the populatiomwere found in 

the ~~~tif~?~~ hybrid 'Liscate x 3.221 and in the L.perenne parent 

'8.23' respectively. 

(e) Leaf dry matter per plant (Table 9) 

In the parents, the greatest total leaf dry matter was in the L.multi­

florum 1 Lis cate , and the least in the L.perenne aa6280 a.nd 8.23; 

this difference was significant. There ,.ras no significant difference 

between the ~mu~~"~g~rUJll parents Liscate and 3.22 nor between the 

L.pere~-2 parents Ba.6280 and 8.23. However the two apecies were sig­

nificantly different. 

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

out yielded the L.perenne hybrid Ba6280 x 8.23. The interspecific 

hybrids Ba6280 x 8.22 and Liscate x 8.23 did not differ significantly. 

However, they did differ significantly from tho hybrids Liscute x 8.22 

and aa6280 x 8.23. The greatest yiold in the population was found in 

the L.multiflorum 'Liscate x 8.22 1 and tho loast in the L.peronne 

paront 'Ba.6280'. 
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(d) 3tem dry matter per plant (Table 9). 

In the parents, the L.multiflorum 3.22 yielded significantly moro than 

the othors which did not differ significantly. In tho progenies, the 

L.multiflorum hybrid Liscato x 3.22 and tho intorspocific hybrid 

Ba6280 x 3.22 yiolded significantly more than the other hybrids or 

paronts. 

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

In the parents, the greatest root dry m~tter per plant was in tho 

L.multiflorum 3.22 and the smallest in the L.pcronne 3.23. The differ­

enco betwoen them was significant. Tho L.multiflorum parents Liscate 

and 3.22 did not differ significnntly nor did the L.perenne parents 

Ba6280 and 3.23. 

In the progenies, the ~.:n~~iflo~~ hybrid Liscate x 3.22 significantly 

out yielded tho L.perenne hybrid Ba6280 x 3.23. The L.multiflorum 

hybrid 'Liscate x 3.22' did not differ significantly from the inter­

specific hybrid Ba6280 x 3.22 neither did the interspocific hybrid 

Liscate x 3.23 diffor from the L,:p,,;r.:epno hybrid Ba6280 x 3.23. 

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

hybrid lLiscate x 3.22' and the least in the L.perenne parent 3.23. 

(f) Total dry matter por plant (Tablo 9). 

In tho paronts, thero was no significant differenco botwoon tho L. 

multiflorum variatios Liscato and 3.22 or bet,,¡oon tho L.perenno 

variatios aa6280 and 3.23. However, tho spocios L.mU+~iflorum. and 

L.pcrenno diffored significantly. 

In tho progenies, there was no significant differonco betwoen tho inter-
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Table 9. Mean Yield, Standard Error, Least Significant Difference and 

Duncan's Hew Hultiple Range Tests of the Populations for a11 

Harvests Combined. 

- I 
Populations, Mean "aluea for each variate per Plant 

L.S.D., and Total leaf Total leaf Total leaf Stem dry Root dry Plant Total 
Probability number ar~ dry matter matter matter dry matter 

(T.L.N.) (em ) (g. ) (g.) (g.) (g. ) 

Liseate 56.20 31.40 1.06 0.20 0.50 1.76 
(L.multifl) b b e ab b ab ab 

S. 22 94.90 37.10 0.90 0.30 0.60 1.80 
(L.multif!. ) a ab b a a ab 

Ba.6280 59.90 16.60 0.50 0.20 0.30 1.00 
(L. perenn3) b d e b ed e 

S. 23 62.70 14.20 0.50 0.20 0.20 0.90 
(L. perenne) b d e b d e 

Lis cate x 69.70 39.20 1.10 O.JO 0.60 2.00 
S. 22 b a a a a a 

Liscate x 69.JO 26.30 0.90 0.20 0.40 1.50 
S. 23 b e b b b e b 

Ba.6280 x e5.0e 29.80 0.90 0.30 0.50 1.70 
S. 22 a e b a ab ab 

Ba62eO x 67.70 17.20 0.60 0.20 0.30 1.10 
s. 23 b d e b cd e 

Standard 4.2e 2.14 0.05 0.02 0.05 0.12 Error, Si 

L.S.D. At 12.10 6.05 0.16 0.06 0.16 0.35 5% level 

Probability '. 1% ~ 1% ,,",1% < 1% <5% < 1% 

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

Range Test at 5% level. 

I 
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specifio hybrids and the L.multiflorum hybrid 'Lisoate x 3.22 t • 

Howover, the L.perenne hybrid Ba6280 x 3.23 yielded significantly 

less than the other hybrids. 

The groatest yield in tho population was fcund in the L.multiflorum 

hybrid 'Liscate x 8.22 1 and tho least in the L.perenno parent 3.23. 

(ii) ?opulatica1D1fferences at Individual Harvosts. 

The data for tho population differences at individual harvests are 

presented as graphs. As stated in tho previous exporiments, the valuea 

varied according to the harveat intervul, and thus tho variations in 

absolute value are not important. What ia important ia the ranking of 

the different populations in yield. 

(a) Leaf nwnbor por planto (Figure 27) 

In the parents, tho groatest leaf numbor at 0.11 the harvests was in 

tho L.multiflorum 3.22 which differed significantly from the other 

parents. Aftor the first harvest tha smallast loaf number was in 

L.multiflorum Liscate. Thc L~pe!e~~ parents Ba.6280 and 3.23 

diffored significantly from tho L.multiflorum 3.22 but not from tho 

~.multif1oI~ Liscato or from cach other. 

Thc progcnics did not differ significantly at any harvcst. They 

yielded intermediately bctwocn tho L.multiflerum parenta and did not 

differ significantly frem them. 

(b) Leaf aroa per poto (Figure 28) 

In tho parents, the L.multiflorw~ 3.22 significantly out yieldod tho 

L.porcnne 8.23 at 0.11 harvests. Thore was no aignifioant difference 

betweon tho L.multiflorum parents Liscate and 8.22 or betwoen tho 
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L.perenno paronts Ba6280 and 3.23 throughout the experiment. Tho 1.t. 

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 3.22 significantly 

out yielded the other hybrids at the first (30th day) and socond 

harvest (42nd day after sowing). The L.peronne hybrid Ba6280 x 3.23 

yioldod significantly less than tho L.multiflorum Liscato x 3.22. 

The interspeeifie hybrids Liscate x 3.23 and Ba6280 x 3.22 diffored 

significantly only at tho fourth (78th day) r~rvest, there was a 

significant differenee between them and the other hybrids at the first 

and seeond harvest. 

(e) Leaf dry matter per poto (Figure 29). 

In the parents, there as a signifieant difference between the L.multi­

floTlli~ and L.perenne parents at the first (30th day), second (42nd day) 

and third (58th day) harvast. 

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

was in the L.multiflorum hybrid Liscate x 3.22 Which differod from 

all the other hybrids at the first and second harvest. The lowest 

leaf dry mattor at all harvests was in the L.perenno hybrid Ba6280 x 

3.23 \mieh differed significantly from the other hybrids at the first 

and seeond harvest. The interspoeific hybrids Liscate x 3.23 and 

Ba6280 x 3.22 wero not significantly differont, but oceupiod an intor­

mediato position betwoon tho other hybrids differing signifieantly 

from thom only at the first harvest. 

Between parents and progenios, the greatest yiold at all harvests 
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was given by the L.multiflorum hybrid Liscnte x 3.22 and +11e least 

by L.perenne parent 8.23. 

3. Populatioll! .. Potassium Intoraction. 

There was no significant interaction between populatiom and potassium in any 

of the chüracters studied either for all harvests combined or for individual 

hürvests. 

4. Heritability. 

As in the experiments Á and B, the horitability of the churactors in tho 

progenies was testad by Mid Parant - Progeny regression using two dagraas 

of fraedom. 

(i) YioM. 

Most of the vnrintas mensurad showad significnnt heritability at the two 

do graos of freadem. In Tabla 10 can ba saen that the variates, total loof 

aroa, stom dry mntter and root dry matter hnd n correlation coefficiont 

significant at 1% levol. The vnriates total loof dry =tter and plant 

total dry mntter had a correlation coefficient significant at 5% lovol. 

Therefore, all thesa varia tes showed a significnnt heritability estimated 

by the regression coefficient. 

(ii) Nutrient Response. 

None of the nutriont response regressions of mid parent and progany was 

significant when tested either at 2 or 10 degreDs of freedom. 
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Table 10. Hean Yíeld of Hybrids, ¡üd Parent-Progeny Regression and Correlation 

Coefficients. 

Populations, ~Lean Yield of varia tes per 
Regression I 
and 

1eaf 1 1ea~ area Leaf dry stem dry 
Correlation number (cm Ipl) matter 
Coefficients (g./pl) 

Hid parent 
value, P. 

75.55 34.25 0.98 

Liscate x 3.22 69.70 39.20 1.10 

Mid par:;nt 59.45 22.80 0.7$ 
value, P. 
Liscate x 3.23 69.30 26.30 0.90 

Mid par:;nt 
value, P. 

77.00 26.60 0.70 

Ba6280 x 3.22 85.08 29.80 0.90 

Mid parent 
value, P. 

60.90 15.15 0.50 

Ba6280 x 3.2] 67.70 17.20 0.60 

Regressíon 0.58 1.14 1.01 Coefficient 

Correlatíon 0.67 0.99xx 0.9r Coeffícíent 

Key: x:: 0.05 level of significruro at t table 

xx :: 0.01 level of significance at t table 

matteI' 
(g./pl) 

0.25 

0.30 

0.20 

0.20 

0.25 

0.]0 

0.20 

0.20 

2.00 

0.99= 

Plant 

Root dry Plant tot-
matter al dry 
(g./pl) matter 

(g./pl) 

0.55 1.78 

0.60 2.00 

0.35 1.33 

0.40 1.50 

0.45 1.40 

0.50 1.70 

0.25 0.95 

0.]0 1.10 

1.00 1.09 

0.99= 0.9Sx 
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CRAPl'Ea IV DISCUSSION A.ND CONCLUSIONS. 

The results are summarised in Appendices Á; B and C. 

Effoets of nutrients. 

The effeets oí nutrients depend entirely on tho chosen rango. At low lovols, 

deficiencias occur, often mrJted by visual symptoms. Át intermediétte levels, 

ovar a widc rango, growth 18 afíeeted. Finally, at tha highest level, growth 

is unchanged by fertilizer inerements, or there is an adverse effeet. 

The nitrogon levols given in theso oxporimonts were apparently in growth-promoting 

rangee. Nitrogen affeeted leaf sizo moro than other plant parts. Loaf area per 

plant and leaf dry ¡lJiJ.tter per plant Vlore ineroased over tho \.'hole rango from 

NO to N)" Leaf numbor, stom dry matter ".nd tot:ü plant dry r.l!1.ttor were inereased 

signifieantly by nitrogon only up to N2• Nitrogon at tho highest lovel (N
3

) 

deereased tho anount of root. 

Phosphorus le veIs sooms to havo been rathor high, beeause phosphorus affeeted 

leaves, roots and stems only up to the P1 level. Phosphorus at the P2 level 

deereasad root dry mutter. 

Potassi~~ levels wera much too high. Inerease in potassium eaused a doerease in 

0.11 parameters measurod. 

Effects of population. 

The mean effeets of population ovar 0.11 nutrients showad that tho L.multiflorum 

parents Liscato (Bb1277) and 3.22 yiolded similarly in loaf area, loaf dry ll\:J.tter, 

stem dry mattor, root dry ~ttor and plant total dry matter. Houover, tho loaf 

numbor in Liseate uas consistuntly sTIk~llGr than in 3.22. This ~"pliGS that tho 

individual loavos of Liscato uoro largor than thoso of S.22. Tho L.porenno 
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parents Ba6280 and S.23 dif1'ered significantl:y from the L.multiflorum ps.rents 

but not 1'rom each othar. In leaf number Ba6280 Olld 3.23 vere usually greater 

than Liscate but ah18.Ys less than 3.22. 

In the progenies, the L.multiflorum hybrid Liscate x 3.22 alwsys yielded most, 

in loaf area, lea1' dry mattor, stem dry matter, root dry mattor and plant total 

dry mattor. The interspecific (L.multi1'lorum x L.perenne) hybrids yiolded inter­

modistoly in these characters and the L.perenne hybrid Ba6280 x 3.23 yielded 

loast. Leaf n~~ber did not vary consistently among the hybrids in the three 

(NPK) experimenta. 

At individual harvosts, the ]ater harvests showed a relative decline in leaf 

number and loaf area, less nnrkedly in leaf dry nntter, in Liscate comps.red with 

3.22 and L.perenne. Apps.rently thore was less recovery after cutting in Liscate 

than in tho other parents. Interestingly, the interspecific hybrids withstood 

cutting better than Liscate or S.22 in lea! number. In leaf area Olld leaf dry 

matter the L.multiflorum hybrid Lisca.te x 3.22 withstood cutting better than 

the interspecific hybrids which was unexpocted. 

Interaction effects - Population x nutrient 

The L.multiflorum ps.rents consistently responded more in lea1' area and loaf dry 

mattor to nitrogen and phosphorus than tho L.peranne parents. Thore Olas no 

intoraction between potassium and populations. 

In the progenies tho L.multiflorum hybrid LiscatG x 3.22 was more responsive in 

loaf area and dry Til9.tter to nitro gen and phosphorus than tho other hybrids. 

Usually tho 1.poranno hybrid Ba6280 x 8.23 was significantly less responsivo 

te nitrogan aOO phosphorus than othor hybrids. 



85 

An interesting observation on population x nutrient level interaction is that 

the ranking of populatiolB in these experiments was very consistent (A.ppendices 

B and e) in contrast to the observationa 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 l field experiments, and which 

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

The importance and the consistency of the interactions has provided material 

for further analysis. Boken (1970) expressed the interactions between populatioIS 

and nutrients as peroentages of msximum yield. The resulta for leaf dry matter 

response to nitro gen and phosphorus by individual populatiolBhave besn analysed 

in this way (Figs. 30 and 31). 

The percentage maximum yield curve for nitro gen (Fig.30) shows that response 

declines with increasing fertilizer dose, most noticeable in the populatiolB 

4 x 3 and 1 x 3 (Ba6280 x S.23 and Liscate x S.23). Population 4 x 5 (Ba6280 x 

3.22) responded strongly throughout the range of nitro gen application. 

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

in that the parents reached maximum yield at P1 or P2 while the progeny yielded 

moat at P
3

• There ia no obvious explanation for this. Thus several new points 

arise from using the percentage maximum yield analysis of BOkon (1971), which 

concentra tes on the shape of response ourves rather than their absolute values. 

Similarly, both Boken (1971) and Vose and Breese (1964) suggest analysis of 

"utilization" or "efficiency" of nutriente This analysis of the dry ma.tter 

produced per unit weight of fertilizer supplied, has agricultural significance 

as it represents the yield return for fertilizer outlay. 



CD 

" , ; T
 



11) 

::. Q
: 

(
)
 

lo 
11. 
11) 

O
 

!e 
lo 

• 
• • 

• 
11. 

/ 
O

 

/ 
'-11) 

'" 11. 
,. .... o "< 
.... '" 

<> '" lo 
.... 

'" • 
"< 

'" 
" O 

Q
: 

11. 
'" 

-1l')~C'01Lt\C"-)o.nf"\ 

'" 
... 

"'''''''''''''''''''''' 
lo 

... 
-
I
.
(
)
~
m
-
-
~
~
 

" 
i5 

• • 
• 

o 
. o 

"< 
-. 

... 
~
 

.;, 
O

 
~ 

,. 
~
 

-
'" 

.... -;; 
>c: 

~ E
 

O
"
 

IL
 

<-
• • " . 

• 
"
,
b

 

.... -Q: " .. 
,
:
-

-
. 
~
 

""$ 
-

• 
~
 

.., 
" 

• 
-. 

'" 
• 

'" Q: ::. 
"r 

'" -... 
'" 

'" 
C

) 

'" 
'" 

'" 
C

) 
<> 

C
) 

'" 
"' 

" 
'" 

'" 
"-

<o 
'" 

'" 
'" 

0
1

3
/ A

 
'X

'tW
 

'/o 



88 

The values of leaf dry matter rasponse par fartilizar suppliad are shown in 

tables 11 and 12. As a consaquence of the sigmom growth, the return is least 

from tho final fertilizer incremento It is noteworthy that all values are 

positive, and thus some return, however small, occurs from tha whola range of 

fertilizer applicatien. Loluim perenne gives noticeably smaller retuma for 

fertilizar outlay than does L.multiflorum at tha highar levala of fertilizer 

application. A.t low lovals however, thú difforeneos are mueh less obvious 

particularly among tho hybrids. Thus it may be that higher levels of fertiliz-

ation will ineroase tho advantage of L.multiflorum over L.porenne. The 1Iu!; ili-

zation" or "efficiencylt concept ls thus a helpful one in defining the agricul-

tural potontial of seloctions ~~de for oharaetars of mineral nutrition. 

Heritability - yield oharacters. 

Significant correlation coeffieients occurred in mm parant-progeny regressions 

involving most of the yiald parameters. This observation has limited value when 

based on only two degrees of freedom, but suggests, since the regression eoef­

fieients are large (h2~ 1) that this material is valuabla for breading 

purposes. In particular, leaf dry matter which is tha rnost important yield 

character measurad ~s significantly heritable (h2~ 1) in all three experi­

mente (N.P.K.) obvtously, much larger numbors of progeny (perhaps 50) are needed 

to give accurate heritabllity estimates but tho effect is none-tho-less sig-

nificant. 

Heritability - response characters. 

Although significant differences occurred in response, as mentioned earlier, 

none of these \laS significantly heritable. Again, larger nlllllbers of progeny 

need to be teste d to obtain a completely reltable resulto 



Table 11. The "efficiency" of nitro gen use by different populations 

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

per g. nutrient supplied) 

--
Code N1-NO N2-NO N3-NO 

1 x 1 20.0 8.9 3.5 

5 x 5 10.0 8.1 3.5 

3 x 3 11 .1 4.4 1.8 

4x4 5.6 5.8 2.5 

1 x 5 4.4 7.8 3.3 

4 x 5 8.9 6.1 3.3 

1 x 3 6.7 8.9 2.6 

4x3 7.8 3.3 1.4 

89 
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Table 12. The Itefficiency" of phosphorus use by different populations 

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

per g. nutrient supplied) 

Gode P1-PO P2- PO P3- PO 

1 x 1 13.0 2.8 0.6 

5 x 5 4.0 1.4 0.3 

3 x 3 0.0 0.8 0.1 

4x4 1.0 0.5 0.1 

1 x 5 2.0 2,0 0.7 

4 x 5 6.5 2.3 008 

1 x 3 1.0 0.5 0.3 

4x3 2.5 

I 
0.5 0.3 



CONCLUSIONS 

The L.multiflorum parents Liscate and 3.22 gave larger yields and responded 

more to nutrient level than L.perenne aa62eO and 8.23. However. the ~ 

multiflorum, espeoially Lisoate. declined in yield after outting relative 

to tho other parents. Tho disadvantages of tho parents were considerably 

offset in the progcny. whioh yielded more than the L.perenne,declined in 

yiold loss than tho Liscato and gave favourable responses to nitro gen and 

phosphorus, whether moosured as arithmetio response, perccntage of maximal 

yield, or return for nitro gen and phosphorus supply. 

Although the nutrient responses wero not significantly heritablo, usoful 

horitabilities wore found in yiold oharacters. Loof dry mattor, in particular, 

was significantly heritablo in all three experiments. 

These experiments agroe well \/ith results obtained in snnd culture (Goodman 

and Hughes, 1972). There is necd to repeat these trials in the field to assoss 

the agronomic potontial of tho gonotypo x environment interaction found and to 

increaso this potential by seleotion \/ithin the hybridS. 

Present opinion (Thomson and Wright, 1971) favours the use of intorspecific 

rather than intraspecific crosses in the production of new synthetic grasa 

varieties. Tho material usad in theso experiments is far from being idool 

hybrid material, and its hybrid nature brings problema in analysis of resulta 

as well as in agronomic uso. In mid parent-progeny regrossions the very diverse 

parent material roay itself influence tho type oí regrossion obtained. 

Despite those probloms the material in this diallol appears to be J.Imost ideal 

for studies on the physiological basie of yield, as shown by vork on canopy 
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structure (Rhodes. 1972) on biochomic~l attributoe (Troharne and Lloyd, 1972) 

and on nutrient physiology. Tho physiological principIes discovered by using 

this material can thon be applied to other material, per~ps less diverse, 

which will prevido agronemically dosirable herbago gr~sses fer the future. 
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CHAPl'ER V SUMHARY 

Four Inrents and four progeny from a hall dblle1 bet'Jeen popuhtions of 

Lo1ium perenne 1. and 1.nu1tif10rum Lam. were tested for responso to nitrogen, 

phosphorus and potassirnn, in three separate experiments. There 'Jere fOUT 1eve1s 

of nutrient in each experlment, a basal dressing wi thout the vJ.riab10 nutrionts, 

and three ferti1izer additions arranged in a 10garithmic sequenco, 0.11 in 

pots of soi1. Ma'l.surements 'Jere made of 1eaf number, loaf aroa and 1eaf 

dry 'Jeight at four hn.rvests; of stem dry 'Jeight and root dry 'Jeight at a 

final harvest, after ten to twe1ve weeks. 

Nitrogen supp1y up to $g. NaN0
3
!pot increased 1eaf size. Other p1ant parts 

'Jere inc'!"eased by N up to 2g. NaN0
3
!pot. Roots wero decreased by $g. NaNO/pot. 

Phosphorus supp1y up to 1 g. NaH2PO~pot increased 1eaves, roots and stems. 

4g.NaH2PO ~pot caused a decrease in roots. Potassium supp1y of O.5g. KC1!pot 

decreased a11 p1ant parameters. 

The Lo1ium multif10rum parents Bb1277 (1iscate) and S.22 significant1y outyie1ded 

the 1.?orenne parents Ba62$O and 3.23 in a11 characters except 1eaf number. 

Among the progenies, the 1.multif10rum hybrid Bb1277 x 3.22 a1ways yie1ded most 

in 10af area, 1eaf, stem, root and total dry matter. The interspecific hybrids 

yie1ded intermediate1y, and the 1.perenne hybrid Ba6280 x 3.23 yieldod 1eaat. 

Severa1 charn.cters, notab1y 1ear dry matter, 'Jere heritable. 

Lo1ium multif10rum parents and their hybrid responded more to nitrogen and 

phosphorus than 1.perenne parenta or thoir hybrid. These responses were not 
--o..;. _ ...... ,., 

significant1y heritab1e, probab1y because the progeny numbers 'Jere so sma11. 
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CHAPrER VII APPENDICES 

APmwrx (A) - SUllllllary of the main significant effects oí nutrient levels. 

1. All harvests combined 

Leaf number per planto 

Lea! area per plant 

N» NZ~ N1> NO 

P1> Po 

K)<KZ 

Leaf dry matter per plant 

N» NZ> N, > NO 

P1> Po 

1\) <IS: 

Stem d!y matter per plant 

NZ - NO = 6x (N) - NZ) 

P1 - Po = 11x (p) - PZ) 

N) = Ji x NO 

P1 - Po = ) x (PZ - P1) 

N) =) x NO 

P1 - Po = ) x (PZ - P1 ) 

N) = NZ> 1'1 == NO: N) = NZ = ) x (N1 = NO) 

P1 :> Po P1 = Pz = p) = Z x Po 

K, < KO but KO = IS: and ~ = K) 

Root dry matter per p~ 

N) <HZ = N1 = NO 

P2 ,(P1 but Po = Pz and P1 = p) 

but KO = ~ = K) 



Total dry matter per plant 

N2> N1 

P1> Po 

K3 -<:. K2 

20 Individual harvests o 

Leaf number per planto 

III,N IV 

N1> NO; N2..> N1 J 

.I I-:ry 
P3> P2 = P1> PO; 

113 = :2 x NO 

P1 - Po = 3 x (P3 - P2) 

II,III 

Kz=K1>K3; 

Leaf area per pot 

I,HI,IY I,IlI 

N2 .> N1 :> NO 

P -2 -

I,II,IlI,IV 

K3 <:: KO = ~; 

Leaf dry matter per pot 

N3> N2 >N1 > NO 

overall 

(mostly significant) 

P3 = P
2 

= P1> PO; P3:> P1 (most harvests) 

I,II,III 

K3 <:: KO = K.¡ = Kz . 

Key: 1 = First harvest 
11 = Second harvest 

111 = Third harvest = th harvest 
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A.PPENDIX (B). 3ummary of the main significant effects of populations. 

1. Population differences at all harvests combined • 
• 

Paronts 

Leélf numbcr per plant 

N Liscate <.3.23 = 6280 <.3.22 

P 3.22 = S.23.>Liscate =: 6280 

K Liscato = 6280 =: 3.23 -c3.22 

Leaf aren per planto 

N S.22 > Liscato > 6280 = 3.23 

P Liscato = 3.22 >6280 =: 3.23 
I 

K LiD cato = 3.22 >6280 = 3.23 

Le--f dr;r matter per plant 

N Liscato =: S.22~6280 = S.23 

P Liscate > 3.22 >6280 = 3.23 

K Liscato >6280 =: 3.23 

3tvm drv matter ~r plant 
• 

N 3.2~ > Liscate = 6280> 3.23 

P 
.. 

Liscak > 3.22 >6280 = 3.23 

K 3.22 > Liscate = 6280 = 3.23 

Hybrids 

Lear number ~r plant 

A.ll hybrids equal 

Liscate x 3.23 =: 6280 x 3.22 =: Liscate x 3.22 ;>6280 x 3.23 

Liscate x 3.22 = Liscate x S.23 = 6280 x 3.23 ~6280 x 3.22 

Liscate x 3.22 > interspecifics > 6280 x 3.23 

Liscate x 3.22 ;::..interspecifics > 6280 x 3.23 

Liscate x S.22 > interspocifics > 6280 x 3.23 

Liscate x 3.22> interspecifics > 6280 x 3.23 

Liscate x 3.22> interspecifics > 6280 x 3.23 

Liscate x 3.22 ;::,. interspecifics ;::.. 6280 x 3.23 

other hybrids > 6280 x 3.23 

Liscate x 3.22 > interspecifics > 6280 x 3.23 

Liscato x 3.22 =: 6280 x 3.22> othor hybrids 
'Ü 
'Ü 



Parents Hybrids 

Root dEY matter per plant 

N 3.22 ::: Liscato >6280 ::: 3.23 Liscate x 3.22 >Liscate x 3.23> 6280 x 3.22 ::: 6280 x 3.23 

p Lis cate > 3.22 ::: 6280 = 3.23 Liscate x 8.22 >othor hybrids 

K 3.22 = Liscato > 6280 = 3.23 Liscate x 3.22 ::: 6280 x 8.22:;:.. Liscate x 3.23 = 6280 x 8.23 

Total dry mattor por plant 

N 3.22 = Liscate ::> 6280 = 3.23 Liscnte x 3.22 :;:..intorspecifics >6280 x 8.23 

P Liscate >3.22 > 6280 ::: 3.23 Liscate x 8.22 > intorspecifics >6280 x 8.23 

K LiscatG ::: 3.22 > 6280 ::: 3.23 Liscate x 3.22 = 6280 x 3.22;;::.. Liscate x 8.23 ::> 6280 x 3.23 

2. Population differonces at individQQl harvests. 

Leaf numbor per plant Lea! number por plant 

N 3.22> other parents Progenies Not significant 

p 8.22 ::: Lisaate > 6280 = 8.23 (Note A) most harvosts (Noto B) 
Liscate x 3.23 ::: 6280 x 8.22 ::: Liscate x 3.22 >6280 x 8.23 

Harvest ¡I,III,IV 

K 3.22 > other parents Pregenies not 3ignificant 

Leaf area por pot Leaf area per Dot 

Harvest DI 

N 8.22 :> Liscate ::> 6280 ::: 8.23 Liscate x 3.22 ::> interspecifics >6280 x 8.23 

Harvest I,III 

P Liscate .>3.22 = 6280 ::: 3.23 Liscate x 8.22::> interspecifics > 6280 x 3.23 

Harvost I,Il,iü I,n, Ul,IV J,JI,¡n Harvost 1,11 1.lÍ 

K Liscate:::. 8.22::> 8.23 ::: 6280 Liscate x 8.22 ::> interspecifics > 6280 x 8.23 

~ 

c:: 
c:: 



J?..r.onts 

l@af drr mattor por pot 

Harvest 1 I,n,IrI (Note A.) 

N Liscate ::::.-8.22 ~ 8.2) = 6280 

P Liscate:> 8.22.> 8.2) = 6280 

I,n,III 

K Liscate = 3.22 ~ 3.2) = 6280 

Key: 

1 = First harvest 

n = 3econd harvest 

nI = Third harvest 

IV = Fourth harvost 

Note A Liscate was affectod 
adversely by cutting in the 
experimunts - in loaf dry 
mattor so also was 8.22 
affocted adversely by cutting. 

Hybrid 

Harvost 1 1,111 

Liscato x 8.22 :> interspocifics .:::.. 6280 x 8.2) 

Harvest 11,111 11,111 11,III,IV 

Liscato x 8.22.> Liscato x 8.2)::::. 8.22 x 6280 :> 6280 x 8.2) 

1,11 1,11 

Liscatc x 3.22 :> intcrspl.lcifics.::> 6280 x 8.2) 

Note S 8.22 x 6280 and LiscatG 
x 8.2) werc less adversely 
affectcd by cutting than 
othcr hybrids. 

~ 
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APi'ENDIX (o). 3=ry of tho melio interelction effects (popuhtion x 

nutrient levol) 

Loaf numbor per pl:J.nt 

Parents 

Differences not consistent 

Hybrids 

Differenees not eonsistent. 

Leaf area par pot 

Parenta 

N x populations at combined harvests, 

at N2, N
3 

3.22> Liscate > Ba6280 = 3.23 

Hybrids 

N x populations at combined harvests. 

at N2 

Liso. x 3.22> Lise. x 3.23,/ BCl6280 x S.22 '= Ba6280 x 3.23 

at 

Liso. x S.22 > Lisc. x 3.23 = Ba6280 x 3.22> Ba6280 x 3.23 

Parents 

N x po pilla tions a t indi vidual harvests, 

at N1,N2,N) in 1,111 

3.22 = Liaoate > Ba6280 = 3.23 

at N) in IV 

3.22'> Lisante > Ba6280 = 3.23 
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Hybrids 

N x populations at individllial harvests, 

at N
3 

in 1, III 

Lise. x 8.22 > Ba6280 x 8.22 = Lise. x 8.23 > Ba6280 x 8.23 

Farents 

P x populations at individual harvests, 

at P1 in I 

3.22 > Lisaate = Ba6280 = 3.23 

at P1 ,P3 in III 

Liseate > 3.22 > Ba6280 = 3.23 

Hybrids 

P x populations at individual harvests. 

at P2' P
3 

in III 

Lise. x 3.22 > Ba6280 x 3.22 = Lise. x 3.23 = Ba6280 x 3.23 

P'arents 

K x po pula tions: l10t significI'!.nt 

Hybrids 

K x populations: Not significant 

Leaf dry matter per pot 

Farents 

N x populations at eombined harvests. 

~.t N2, 113 

8.22 = Liseate > Ba6280 = 3.23 

Hybrids 

N x populations at combined harvests 

at N
3 

Lise x 8.22 > Ba6280 x 3.22 = Lise. x 3.23 > Ba6280 x 3.23 
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Parents 

N x populations at individual harvests, 

at N1,N2,N] in 1 

Liseate 7 8.22 > sa6280 = 8.2] 

at N) in IV 

Liscate = 8.22 > Ba62$0 =; 3.23 

Hybrids 

N x populations at individual harvests, 

at N2 in 1 

Lise. x 8.22> Lise. x 8.2) > Ba6280 x 3.22· =.-]3.16280 x 3.2) 

at N) in 1 

Lise. x 8,22 > Ba6280 x 8.22 :: Lise. x 8.23 > Ba6280 x 8.2) 

at N] in IV 

Lise. x 8.22 :: Ba6280 x 8.22 :: Lise. x 3.2) "> Ba6280 x 8.2) 

Parents 

P x populations at individual harvests 

at P1,P3 in III 

Lis cate > 8.22 :: Ba6280 :: 8.2] 

Hybrids 

P x populations at individual harvests 

nt 1"" 
-' 

Lise. x S.22 > sa6280 x 8.22 =; Lise. x 8.2] :: Ba6280 x 8.2) 

Parents 

K x populations$ Not significant. 

Hybrids 

K x populations: Not signifieant 
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Plant total dry matter par plant 

Parents 

at N2, N
3 

3.22 = Lis cate > Ba6280 = 3.23 

Hybrids 

at NO 

Lise. x 3.22 "> Ba6280 x 3.22 = Lise. x 3.23 = Ba6280 x 8.23 

at N2 

Lise. x 8.22 = Lise. x 3.23 > Ba6280 x 8.22 = aa6280 x 3.23 

at N
3 

Lise. x 3.22 = Ba6280 x 3.22 = Lise. x 3"23"> Bs6280 x 8.23 

Key: 

I = First mrvest 

II = 3ecom harvest 

III = Third harvest 

: IV· = Fourth harvest 
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APPENDIX (D) Analysis of Varianco of tho plant total dry nn ttor in 

oxperinents A, B a.nd c. 

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

r--. 
Source of S.S • . df I M.s. V.3.. P. Significo 
Varianco LevGl. 

Total 668.57 95 

Replicatos 1.26 2 0.63 0.53 ;:11'5% N S 

Nitrogen levols 326.33 3 108.78 91.41 <1% * * * 
Populntions 215.03 7 30.72 25.82 <1% " " " 
N x pcpulations 52.18 21 2.48 2.08 c::: 5% .,. 

Error 73.77 62 1.19 

2. Sample Anova - Exporiment B - plant total dr>¡ mattor (g/plant) 

Source of S.S. df H.S. V.R. P. 3ignifi~ 
Variance level 

Total 3772.38 95 

Replicates 214.34 2 107.17 7.83 <,% * * " 
Phosphorus levols 563.62 .3 187.87 13.73 <1% * " " 
PopuJntions 1731.48 7 247.35 18.08 ..::: 1 % " * * 
P x populations 414.67 21 19.75 1.44 >5% NS 

Error 848.27 62 1.3.68 
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3. Samplo Anova - Expcrimont e - plant tota.l dry mutter (g/plant) 

Sourco of Sum of df H.S. V.R. P 
Significo 

Variance Squares Lcvel 

Total 905.30 95 

Replicatos 7.45 2 3.73 0.84 :->5% N S 

Potassium lovels 87.08 3 29.03 6.54 c.:.~ 1 % * * * 
Populations 394.14 7 56.31 12.68 <~ 1% * * * 
K x populations 141.57 21 6.74 1S, ~5% NS 

Error 275.06 62 4./,4 


