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Arild." ryegraaa cannot be considered a random sample from some hypothetical 

populatio*1, so only the Model I methods ot anal.yses presenta:i by Gritting ( 1956b) 

are a.ppropriato. 



CH.AP.rE.R II 

teriala and ethoda 

The Area ani the fertiliser Uaed ~or the l§?erinent. 

'Ille land used is desoribed as a :-.tu sandy loam with a pH 4--5. 

Lime (Caco
3

) had been previously applied at tllo· tom per acre-. Inmediately 

prior to pl.anting, ~three cwt .. per a.ore of superpbosphate (17;b F as P2o5
) ana 

one on. p«r acre .of nuria't& of pot.a.sh (K.C1) was applied ani rotary-hoed in. 

In addition,. two cwt. per acre of' anmonium sulphate (2010 N) was applied in 

June (six weeka a:f'ter planting), and two cwt. of nitrolime ( 16 ) was applied 

in Ooto~. 

The Ppplla.Uon 

The parents chosen for this experiment were deliberately chosen, i.e., 

they were not randomly ta.ken ttom some larger population. ?'or this reason, 

the data are interpreted in terms of Eisenhart' s :Model I analysis ( 194 7). 

Ten :ptrents re chosen, eight of which constitute the elite parents 

af tbe synthetic variety, 'Grasslands Ariki ' Ryegrass , ... Loli-um [ (nul tiflorum 

x perenne) x enne] - (Barclay., 1963). These 1Jere selected far the 

experimen t because information was required about th Ar1ld. variety. Two 

more parents were included to allow a mre acoura. te assessment ot ~e genetic 

parameters to be de. These two ere selected on the basis ot their high 

scare in the eoperiments in which the elite parents were progeny-teated. 

The parents used. are listed in Table I: 

Parent 
If 167/ 80 
N 188/1,0 
R 195/ '1 
K 198/ 95 
R 200/111 
B 2ai/139 
B 217/116 
1' 252/140 
B 295/109 
11 296/140 

-Table I -
Diallel parent mmber 

1 
2 
3 
4-
5 
6 
1 
8 
9 

10 

Elit.e parents 

+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
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Their geneal.ogy is given in Fig. 1.. 'l.'beir of'f'spring, re:ferred to as 

"lines•• are mmbered t to 4.5. 'l"he· r espective parents f or eaeh l:i.ne can be 

determined from Table II. 

ble ll 
EDllllera.tion of' the Lines. 

Parents 2 3 4 5 6 7 8 9 10 

1 1 2 3 4 5 6 7 8 9 
2 10 11 12 13 14, 15 16 17 
3 18 19 20 21 22 23 24 
4 25 26 27 28 29 30 
5 31 32 33 34- 35 
6 }6 37 38 39 
7 40 41 1+2 
8 43 44 
9 45 

Thus line 33 is the o:ff spring of parent 5 (N 200/111) and pirent 8 (N 252/140). 

Crossing techniques. 

Crosses were effected in duplicate using the technique of mtual pol­

lination under glassillg bags, (Jenkin, 1931a• Beddows & Davis, 1938) . The 

high self'- incc)Ql)at1bil1ty expressed by Lol.ium merme (Jenkin, 1931b) also 

occurs in L . nul tifiarwn and its hybrids (&relay, pers. co • ) , thus 

enaacul.ati.on is auper:tlucua. The lumidity under gla.s.sing gs y have con­

tributed towards the poor seed set achieved (IBoster, 1968); a number · of' crosses 

yielded inautticient aeed for the eXperiment and one cross produced only one 

seed. Miaaing plot values were later provided., aJJ explained below, to canplete 



Fig. 1. 

Genealogy or the parents used in the diallel cross. 

~B1571 <= B906 <== B'+-57 ~ B390 4-- B389 
E1080 . 

N167 ~N89 C ~E398 ~B1564~ 
I B549 

~ E41+-6 ~ B1543 ~ 
~ E1121 ~ 

N188 ~NtOO ---B1764~ 
~ A1727 I-...B1018 

A258 
N195 ~ E538 ~E218n 

c:---N103 I~ ~I B1229 ~- B753 ·<::= B'+-02 ~ 
N198 B388 

E76~ I E291 ~ ~ A246 
N200 ~ N104 ~ ~B1581<-1 B94.7 «:---B577 

~A1362< A1211 ~-: A925 ~A669 ~A88 ~ 
~A7¼ <;_ : A83 

---A1367< A1212 ~LA824 ~ __=JA291~ 
N206 -E-- N109 ~~ 

A255 
E1108 E81 ~ 

N217 ~N115 C ( ~B927 < B'+-62 ~ . 
_.,,.,A1674 B393 

~A1786 
N252 ~ N133 ~ I 

~ E501 )< E254 ~ E283 
N295 

~N144 
N296 ~ ~-- E1064~ 

Key:- A= Lolium perenne 

B = L. rrultiflorwn 

E366 

E = L. (nultiflorum x perenne) 

N = Lo [(rnultiflorum x perenne) x perenne] 

19. 

Arrows point from parent to offspring. Double shaf'ted arrows indicate 

full-sib Im ting. Where a single parent is shown, the pollen pa.rent is unknown 

but has usually been arroungst a number of' known parents, such as in a polycross 

block. Every line of' seed (for example, the seed from a parent plant in a poly­

cross block) is given a number, the precedir:g letter indicating the species or 

subspecies. When the seeds of' a line are planted out in the :f'ield, the resultant 

plants are also numbered. Thus N167/80 is interpreted as, "Ariki, line 167, 

plant number 80". In the earlier days at "Grasslands Division", D.S.I.R., line 

and plant rumbers did not always have this relationship, hence the anomaly in 

the :f'igure where line B'+.62 is shown as being derived from plant B393. 
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1'he ...a ...,,,_..,.tea Q.t the of ui,ciemioer 1967, dried and dreaeed. 

1procal onottobegrotsnscpara yin t,b 

ocpal. IDlllber'8 or -- f'rom each panin't e 'tQlked ~ possible 

l.ine. 

Arter iacnr:un to 

Seeds ot l 

tlats in agui~• 

tbe 1~ a1 , ll&U:Lll-.. line ' 

, the-~-~.~ 
IYrCJCD under tao 1ng ~,.u;.11;~0. or 

~ r8Tll"t'}J~n ta ti b plant br'll!lt'ldillrB at 

D. ::l. l.R. ar!d other o tiona, vis , 

plant tr cing, 

wa ~ ntt.e, t to plant t.ioa a9;,rciac.lt11.zlig t"mnd 1n rvcltlrliss 

da in th.lo c nv.ironment . A ~air inch by fmr inch spacinc; · a 

c:nrmWoOmi.111A h ftn-n the higher d ti.ea :xp.ected 1n a ....... u.~ and a dens1 v at 

......,...._.entll" ref"erz• to as the s t . 

at tb li tiono 1 sFlit far tho tments , oach of 

which oonaim two l"&l'd>l::U..V pl.a rlantn ~ ch li?:c ; t h e t pl.ants t'orm 

a -i,l.ot . 

....,J,.,_t ot o CX1:>-:>r::unetnt ia shewn 1n i-' 2, 3 wn 4. r a. 5 

ne lo.id a.it prier to lanUnth ard i --u"° growing 1n the 

n 1S 1-., • 
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Border 

row 

Rep. 1 

I 
S. P. 

I B 
Rep. 2 

I 
S. P. 

I B 
Rep. 3 EJ I 

S. P. 

I 
Rep. 4 

I 
S. P. 

I B 
Rep. 5 

I 
S. P. 

I B 
Rep . 6 

I 
S. P. 

I B 
Rep. 7 E] I 

S. P. 

I 
Rep. 8 

I 
S. P. 

I B 
Rep. 9 E] I 

r, P. 

I 
.::> . 

Rep . 10 I S. P. I EJ 
Bordfrr 
row '. 

Fig . 2. Plan of the experiment . S. P. indicates the spaced plant 
treatment 

Scale: 1 inch= 10 feet . Sw indicates the sward treatment 

' 
L 
l 



Fig. 3. 

Plan of the first two spaced plant treatment replications , showing sward treatments 

and border rows. 

JC X X X X X X X X X X X X X X X X X X X X X 

X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 X 

X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 X 
I I 

Replication 
X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 X I I 1 

X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 X 

X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 X 

X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 X 

Replication 
JC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 X I -1 

2 

X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 X 

x indicates border plants 

o indicates line plants 

Scale: 1 inch= 6 feet. 

I\) 

~ 



Fig. 4. Plan of' sinru.lated sward. 

Scale: 1 inch= 1 f'oot. 

b indicates border plant 

1 indicates line plant 

r\) 
\.,,J . 



Fla• 5. Nett.i.Qg laid cut r.rior to planting aica•Jated anard. 
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plant was placed in a separa. t.e paper bag and transported inside to be weighed 

on balances previcusly tared so that they read nett plant weight. A nwnber of 

plants e weighed , dried and re- ,eighed to assess dry natter percentage. 

At the second harvest, tillers e counted on plants :from three 

randonly chosen replications, viz, 3, 5 and 7; and at the final harvest, the 

mmbers of' f'ertile tillers were counted on all replications. The t~cpe 

uaed for co:m ting tillers was to proportion the plant either visu.ally or by 

weight and count the mmber of tillers in the proportion. Where there appeared 

to be ff!l'ftlr 'than 100 tillers, the entire plant was counted. 

At the final. harvest, seeds were removed :from the plants after a period 

of drying in a gl.asshcuse, and weighed. e s eed eigb t data are partly con­

founded by the occurrence of a severe outbreak of' er got (Clavicep s purp.u:ea). 

'this reason, 1,000-seed weight data are not included. 

Plant type notes. 

Type not.es were made of' the spaced plants far leaf width (visually 

scored 0-5), growth habit (0 = prostrate; 5 = erect), and after-math heading 

(number 0£ heads). 

Statistical analysis. 

Transf or tions , e not considered necessary tor most of these data, 

conseCp.1ently, all growth weight, seed weight and :flowering time data analyses 

are pert'or .ed on untransf'or d data. After-math heading data was, howe,er, 

trans fanned using x' = ,/x + 1 • 

Growth productions are given in green weight, as the dry ight percent-

a Ntimatea bad large m-ror terms. Yihile the maan dry .eight percentages did 

diff'er between harvests, the dry weight would have also d.i:f':f'ered 1t'i th change in 

the time ot harvest. 
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Fitting missing values. 

ere onl.y one plant of a line occurred in a treatment, its value was 

doub1ed for the plot tota1. ere both plants re missing as from the begin-

ning of the experiment, p1ot values were f'i tted using the technique described 

by Yates (1933). The iterative procedure used to fit values to a large rumber 

~ missing pl,ots is tedicus, but as no comp.1ter missing data program appeared 

to be available, a technique was developed which used a matrix inverting pro­

gram. This is described in the appendix (q.v. ) . 

Where an entire line s missing , viz, line 45., the analysis of 

varianc s performed on the remaining 44 lines. The analysis of variance 

~or the canbining effects s c ompleted by titting a value to line 45 so that 

the spooific combining ab~ty (S.C.A.) mean square at a mininum. This 

occurs when the S. C. A. eft"ect for line 45 (i.e., between parents 9 and 10) is 

zero. One de e o£ :t'ree.dom was removed 1'rom the S. C. A. degrees of 1"reedam. 

l'be c ombining ability analyses are performed on the 1ine means, ra tber 

than on -their totals . '.i.'he total of the sums of' squares for both combining 

ability ettects in a compl.ete diallel equals the line sums of sgµares in the 

analysis of variance. In these analyses, however, it was decided not to use 

this fitted line su.ma of squares in the analses o£ vari ance. 

The line IIN.DII at the plant green weight data are presented a1ong with 

1ghted least a1gn:11'icant differences estiroa-e,d by Tukey 's method (aoe 

Scheff'•• 1959). The N Range Test of :tuncan (1955) ap ars to be invalid 

(Schef:fe, loc. ci-t. ). Steel & Torrie ( 1960) suggest that the 10~ level is 

more &ppl'Opl"iate than the 5,a level tor fukey•s Test. 

The expectations f'or ee.n squares am the degrees of treed.om are given 

in Tablea llI, IV and V. These are givon tor b repl ications, t treataenu, 

l linaa. o plant• of each line per plot (i.e., per treatment in each replication) 
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and p pa.rents. The actual error degrees are reduced by the 1'lllJlber or miasing 

values. Tho errar term in the entire experiment anaJ.ysis is based on the plot 

totals. Table III is an extension of a table given by Anderson & .Bancroft (1953); 

tho line and treatment ef:rects are eonsidered to be fixed while the replication 

e1'fect s are considered to be rand.an. 

Tables IV and V are ta.ken :from Griti'i.ng {1956b) . The line and repli-

cations ef't ects are considered to be fixed. le a mixed mod.el_ presented 

by Griffing (loc. cit.) \\OUld be more appropriate (:fixed line . random repli­

cation effects), the expect& tions of mean squares are based on arbi tary as­

sumptions and are not considered appropriate. 

In the analyses of the d.a. ta, the denomilla. tor for the F ratio is shown 

by an asterisk. Anderson & Bancroft (loo . cit. ) point out the ditticul ty in 

obtaining an F rat.io when the r ep ., ica. tion variance is significant. 'l'he 

Sla tterwai te approxima. tion ( see .Anderson & Bancroft, loc. cit. ) , however, gives 

an F ratio very similar to that obtained using the replication-by-treatment 

mean square as denominator, and the intwaction degrees or treed Thus all 

F tests :ror treatment will use the interaction mean s quare as denominat or. 

As the time for the :final cut approached• it s noticed that the growth 

of plants in the nards had become most uneven. In spite of the two rows or 

border plants. the outer cows of the simlla ted Sftrds were growing more 

Tig~ously than the middle rows. 

}.-lreviously., no note s ma.de of" the plant 1 s ai tion when green weights 

were made , and as the lnycut was randomised. it we.a of"ten impossible to deter­

mine from _ i cb ot two :i::ositiona a particular Talue originated. Realizing this • 

I relabelled the bag s so that each plant record could be ooq>ared w1 th i ta 

po•i tion. As anticipated, analysis of the green ight data from the swards 

showed that both the plant and plot variances were too higb to detect signifi­

cant 'l'al"iancea ot any factor except that of treatment. 
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-i ble ,m 

Expectations o£ mean squares for the entire e:x:J oriment. 

source ot '98riance Jegrees o£ freedom E ( .. etlfl square) 

Replica t.iom ( t ) (b - 1) 62 .. l~ e 

1rea1amts (T) ( t - 1) <} ~ 
e i<tt + lbji\ 

RxT (b - 1 )(t - 1) 
2 

de+ l~t 

Li.nu (L) 2 ~ 
-t tb¢1 (l - 1) .,. ut1 e 

L lC .:.( (1 - 1 j(b - 1) e ~ + e 

l X T (l - 11( t - 1; 62 + ~u e 

:E:ITcr (l - 1 Hb - 1){t - 1) 
2 
e 

-'.i'a.ble ll 

Source of variance Degrees or f'reedan E l -Cart f,<~uru-e; 
,., 

Linea {L) (1 - 1) -4 bc¢1 e 

Repllcatlcma {R) (b - 1) 
2 l*c , 
e 

LX R (l - 1 ){b - 1) 02 + 
~ b e 

lb(c - · 1) 
2 
e 



p parents. 

General ccd>i.ning 

ability 

.jpecif'ic combining 

a.bili ty 

En'Or 

1 ble 1 -

,egrees o:f f"reedom ., (i..ean square) 

(p - 1) 

-h,{p - 1) 

m 

m, is the aaioo o.s the error degree~ of' treed.an in 

tho analy::d.s o-£ vnriru co . 

To teat G. '...- . .. . -b., -treauoont interaction, an internction .i.cn.n s<uare iis 

obtained: 

(l) vf: = (G. c •• ) : ~(treatL'lcnt 1 ) 

(,. \ ., \.. . .., . .... ) • 

+ (G. •., • •• i \_ t.l'eatlrimt 2) 

(general nraysis) 

Thie ia tested against tJ1e EMS for the general nnnlynis o.f co.i:lbining 

ability effc,ota. (H.o.T...-n , pers. c ) 



Thus it was deci ded to employ an analysis o~ co-variance. 

First a re ession coet't'ieiont "b" was obtained of plant growth (y) 

on row position (x) in the sward. The value x is 1 :for rows 1 and 6; 2 :for 

rows 2 and 5; and 3 for rows 3 and 4. Professor Hayman advised me to u e a 

value obtained over all replications. 

The value "b" is obtained f'rom: 

Covariance (x:y1) 
b = 

Variance (x) 

.From this a set o:f weighted values are obtained to replace the raw 

data in the ana.:jysis, thus : 

where y 2 is the weighted value o-f' plant growth 

y 1 is the raw value of plant growth 

b is the regression coefficient 

xis the row position :for y1 

30. 

Coin_F,arisons be tween the parental lines tor the relationship between 

veg eta ti ve tiller number (measured in November) and :fertile tiller number 

(January ) are shown t'or each treatment. Similar relationships between green 

weight and tiller number (vegetative and :fertile), seed weight and .fertile 

tiller n.unber, and green weight and plant position in t he sward are al.so 

given. In the regression graphs, the dependent variables are shown covering 

the range of mean valuea obtained •. 

Heritability estimates. 

Heritabilitiea in the narrow senae (Lush, 194S) are estimated using 

the technique reported by Gardner (1 963). 

H = 
4-02 

g 
402 + 41)2 + 02 

g s e 



where o2 is the G. C. A. variance g 

o2 
1s the S-.C.A. variance, and 

8 

o2 
1s the error variance . e 

Theae are obtained t!ro the expects. tions of mean .squares of the 

analysis in Table VI. 

31. 

In this analysis, it is assumed tba t the paren ts are randomly selected 

and a.re non- inbred. Eailure of the first assumption invalidates the expect­

ations ot mean squares , while failure of the second biases the heritability 

estimates. The level of inbreeding in the population in this experiment afi'ects 

the results only by about 2/o. sit is supert'luous to estimte heritabilities 

to three signit-i.cant f'igures , this error is ·~ no conse~ence. The popula. tion 

cannot be considered rando y selected, however, and the :first assumption 

theret'ore !'ails , but in spite of this , the heritabilitiea are a standard by 

which ratios of.' additive genetic to phenotypic variance can be ob tained, as 

well as possible ga i ns from lect ion. 



Table f! 32. 

Expectations o£ mean squares far the combining e:f'fects . 

Source af variance Degrees of freedan 

Replications (R) (b - 1 ) 

Lines (L) 

(G.c . .... 
) 
lJ• V • ..;1. • 

RxL 

Error 

(1 - 1) 

(p - 1) 

~(p - 3) 

(l - 1)(b - 1) 

lb(c - 1) 

where l. = ·.d' (p - 1) 

E (11ean square) 

2 2 2 2 6 + cMC..1 + cb6 + ob(p - 2)6 e -o a g 
2 2 ,._ ,<2 

Qe + O~l + CDV5 



• 

Chapter Three. 

Tables of Results and Analyses of' Data. 



3's • -Table m. 

Average green weight (grma) per plant and rank tor each line tor the 

treatmenta separately and together. September barvea t. The similarity 

ot means of acme linea ia due to round~-oft. 

Line Spe.oed treatment Sward treatment General 
mean rank moan rank mean rank 

1 40 37 34 5 37 17 
2 43 31 3-' 17 33 27 ., 52 13 17 34 35 24 
4 49 20 23 23 36 20 
s 35 42 15 31 25 40 
6 35 41 14 40 24- 1+3 
7 48 21 19 30 33 26 
8 47 22 26 11 J7 19 

' 27 41+ 18 33 23 44 
10 61 5 19 31 40 11 
11 43 32 19 2' 31 32 
12 44 29 29 8 37 18 
1,3 45 27= 20 28 32 29 
14 36 l+O 23 18 ,0 33 
15 so 17 21 26 35 22 
16 56 7 32 7 44- 6 
17 l+6 24 24 15 35 23 
18 42 33 14 3B 28 37 
19 41 }5 8 41+ 25 42 
20 40 38 14 41 27 39 
21 44 30 24 11+ 3l+ 25 
22 45 26 14 39 29 35 
23 54- 12 39 3 ~ ' 24 54, 11 33 6 44- 7 
25 62 3 22 25 42 10 
26 49 18 17 .35 33 28 
27 67 1 23 19 45 5 
28 57 6 28 9 43 9 
29 49 19 26 12 }7 1.5 
,0 47 23 24, 13 " 21 
:,1 lt,5 25 18 32 :,2 ,0 
32 50 16 4-1 1 ~ 4 .,, 45 27. 12 42 28 36 
Ji. ,s a 20 27 3B 14-

'' ' 10 23 22 39 12 
'6 61 4 35 4 48 1 
37 31 43 2, 16 27 38 
38 41 36 22 24 31 31 
39 42 31+ 17 36 29 ,,.. 
40 51 15 26 10 '' 1) 
41 55 9 39 2 1+7 2 
42 51 14 2, 21 37 16 
43 64. 2 23 20 i.., 8 
ltJ.. 40 39 9 43 25 41 

(45} (51) (29) (40) 



35: - (oont.) Table m 
Spaoed treatment Swardtz-eatment General 

Over-all mean 48 22 35 

s.E. (Over-all mean) 1 1 1 

S. E. (Line mean) 5 4- 4-

S. E. (DU'terence between 7 6 s 
linei rneana) 

Tulrey'• Teat 10'fa 24, 22 19 

5% 26 23 21 

1% 27 24 22 



-Table ml 

General analysis of .variance tor green weight. September haneat. 

Source at varianoe Suma ot Degrees of Mean F ratio 
squarea t'reedom square 

Replica. tiona t~ 81 ,114 8 10,139 20.608 
Tree. tmenta 1' 246,129 1 246,129 149.1 
RxT 13,205 8 1,651 • :,.355 
Linea (L) 73,508 4-3 1,709 3.475 
LzR 158,-'83 34,4. 4-60 0.936 
Lx! ,1,090 43 723 1.470 
Errcr 154,4-78 31!.- 492 • 

Table J! 

~r. 
JW • 

P< 

.001 

.001 

.005 

.001 
NS 

.05 

Ahalysis ot variance for green weight {gms) in the spaced plant treatment. 

September harvest. 

Source of variance Sums ~ Degrees ot Mean P ratio P< 
squares treed.am square 

Replications (R~ 41,2a.. 8 5,151 9.54-6 .001 
Linea (L 58,388 4-3 1,358 2.517 .001 
R xL 1n,r:1)1 329 540 1.400 .01 
Error 122,130 317 385 • 

Table X -
Anal.ysis of variance tor green v..eight (gma) in the award treatment. 

September harvest. 

Som:'Oe ot variance Sums at Degrees ot 'I' tic P< -~· treeaom aqua.re 

:_1aat1om ~~~ 52,'60 8 6,620 16.121 .001 
46,060 4} 1,071 2.601 .001 

RxL 135,510 329 1+12 1.,0, .05 
Bnu- 99,124 315 .'515 • 



37-

Table E£ 

General analysis ot var1a:nce ot the combining etteota tor green ight. 
September harvest. 

Source at variance Sums at Degrees ot Mean F ratio P< 
aqua.res fi"eedaD square 

General combining 772 ' 86.8 6.277 .001 
ability 

Specit'io combining 1,2~5 314- 38.1 2.786 .001 
ability 

G.C.A.-by-1:Ntatment ' 179.2 13.113 .001 
interaction 

En-or 314 13. 7 • 

Table m -
Analysis of variance tor the combining e:f'.fects for green weight. Spaced 

plant treatment. September harvest. 

Sou.re ot variance Sums o£ Degrees of Mean F ratio F< 
squares treed.om square 

Goneral oooi:>ining 1, 114 9 123. 8 5.7£:4 .001 
ability 

Speoitio combining 2,142 34- 63.0 2.943 . 001 
ability 

Jizror 317 21 .4- • 

Components of mean squares. 

Item N.unerical value Fercent value 

12.8 

41.6 51+.9 

21.l,. 

100.0 



Table ffiY -
Analysis of variance of the oombining eft'ects tar green weight. Sward 

treatment. September harvest. 

Source of variance Sums or Degrees ot 
squares t'reedom 

General comb~ 885 9 
ability 

Specific combining 1,709 3lt-
ability 

Error 315 

Coq,onents of mean squares. 

Item Numerical value 

1\ 2 
!5Ls1j 

1,j 

o2 
e 

10.1 

32.8 

Table xiv -

F ratio P< 
square 

,a., 5.622 . 001 

50.3 2.875 .001 

17.5 • 

Percent value 

16. 7 

29. 0 

100.0 

G. C. A.•s and S. C. A. varianoea for green eight. September harvest. 

a.rent Spaced plant treatment Sward tre tment 

(i ) 81 Rank d2 
•1 81 Rank d2 

•1 
1 -6.5 10 23 -2. 7 8 26 
2 -1.0 7 46 2.1 3 14-
3 -0.9 6 1+7 -2.2 7 s, 
4 4. 9 2 4.8 -1.7 6 8 
5 2.2 4 11 -1.1 5 44 
6 -s.2 9 :,8 -2.9 9 10 
7 2. 8 ., 67 5.5 2 S6 
8 o.o 5 31 ... ,. 7 10 2, 
' 5.:, 1 15 6.4 1 17 

10 -1.9 8 23 -o. 7 4 22 

S.E. <1t> 1.6 1., 
s.B. (8,_ - gj) 2., 2. 1 

38 . 
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Table iv -
s.c.A. •a tor each cross far green weight (gms) . Spaced plant treatment. 

September harveat. 

Parente 2 3 q. 5 6 7 8 9 10 

1 o.o 2. 8 6.0 5.3 -1.1 -8. 7 6.7 0.9 -11. 9 
2 14.8 -a.7 -4.4 3.1 -13.1 2.9 3.7 1. 7 
3 -10.1 -7. 8 - 2.0 - 6.1 -2.4 1.4 9.3 
4 7.1 1.6 12.1 4.7 - 9.1 -3. 7 , o.6 -2.3 -5-3 0.3 6.6 
6 15.6 -11.7 -1., 1.1 
7 0.2 -o.6 2.8 
8 10.8 -5.9 
9 -

S.E. (si.1) = 4.1 (1 ,I. j) 

S.E. (•1.1 - 81k) = 6.1 (1 I j, k; j /. k) 
S.E. (sij - -ia) = 5.7 (1 I j, k, 1; .1 /. k, 1; k, 1) 

-Table XVI 

s . c . A. 's for each cross tor green weight (gms) . Sward treatment. 

September harvest. 

Parents 2 3 4 5 6 7 8 9 

1 10.8 4.9 -1.7 3.1 -3. 2 -1 2.7 1.8 -1.1 
2 - 3. 7 -3.8 5.6 -1.9 .. 7.2 -0.2 o.a 
3 -4.6 -11.8 -4.1 -2. 4- - 3.2 12.0 
4 1.6 -0.9 -3. 5 10.8 -1.6 
s -o.6 14-.0 -5. 9 -1.1 
6 10.0 7.1 -4.3 
7 1.6 4. 7 
8 -2.7 
9 

S.E. <•1.1> = 3.7 (1 I .1) 
s.E. <•1.1 • 8 :1.k) = 5.5 (1 -1 .1, k; j I k) 

s . . <•1.1 - 8Jcl.) = 5.1 (1 /. .1, k, 1; .1 I k, 1; k, 1) 

Table MI -
Heri:tabUity estimates tor green ight. September haneat. 

S-.rcltnatment 
Spaced plant tr tment 

H 1:1 0.05 
B :a 0.06 

10 

-1. 9 
-0. 5 
13.0 
3.7 
1.7 

-2.0 
-4. 7 
-9.2 -



40. 

Table XVIII 

Aftrage green weight (gms) per plant and rank fo.r ea.eh line for the 

trea:tmonta separately and together. November harvest. 

Line Spaced treatment Sward troattmnt General 
mean rank mean rank mean rank 

1 240 28 1+7 29 14-3 29 
2 241 27 52 25 146 26 
3 308 3 39 35 171+ 11 
4 278 11+ 52 2J+ 165 17 
5 183 44 26 44 10!. 4.1+ 
6 210 39 32 38 121 41 
7 230 33 4.5 32 137 35 
8 282 11 1+7 30 164 19 
9 205 l+2 39 36 122 40 

10 301 .5 55 20 178 7 
11 :,a. 4 69 7 186 3 
12 22.lt- 36 67 9 145 27 
13 232 30 4.5 33 138 34-
11+ 229 34- 30 41 129 37 
15 268 19 48 28 158 23 
16 282 13 59 16 170 15 
17 290 8 68 8 179 6 
18 245 26 44 34- 144 28 
19 208 40 27 43 117 42 
20 217 38 31 40 124 39 
21 220 37 58 17 139 32 
22 231 31 38 37 135 36 
23 234- 29 80 4 157 24 
24 269 18 75 5 172 14 
25 289 9 56 19 173 13 
26 199 43 32 39 116 43 
27 364- 1 61 14 212 1 
28 342 2 80 3 211 2 
29 264 23 66 10 165 18 
30 292 7 62 1} 1n 10 
31 227 35 55 21 141 31 
32 271+ 15 86 2 180 J+. 
3l 273 16 1+7 31 160 21 
34- 282 12 6.5 11 173 12 
35 265 21 .5' 18 161 20 
36 265 20 5lt- 22 160 22 
37 230 32 52 23 11+1 :,0 
38 206 1+1 so 27 128 :,e 
39 21+7 25 52 26 1lt.9 25 
40 273 17 S9 1.5 166 16 
41 2&.5 22 ,0 1 1n ' 42 292 6 6:, 12 178 8 
43 289 10 70 6 179 s 
44, 248 24 

(4-5) (27:,) 
29 42 

(72) 
139 

(172) 
33 
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Table XVIII (cont.) 

Spaoed tree.tmmt S-.rd treatment General 

Over-all mean 2,58 54 1.56 

S.E. ( Onr-all mean) 3 1 2 

S.E. (Line maan) 21 9 11 

s.E. (D1tterenoe between 29 13 16 

line mi,ana) 

Tukey'a Teat 10}& 108 4-9 60 

;~ 114, 51 62 

1% 120 54, 65 



l J-2 . 

Table m 

General anal.yaia ot nr1a.noe ~or green ight {gms). Nonmber harveat. 

Source of variance Suma at Degree• of Mean F ratio P< 
aquaru treed.an square 

ReplicatiCllS (R~ 632,190 9 70,24-3 14.427 .001 
Treatments ('1' 18,262,907 1 18,262,907 327.8 .001 
R :z '1' 501,47S 9 55,719 • 11.44 .001 
Linea, (L) 1,029,481 4) 23,91+ 1 :,.030 .001 
RzL 3,058,021 "j87 7,502 1.623 • .005 
TxL 453,TIS 4-3 10,553 2.167 .005 
J!nool- 1,723,74, 3.51+ 4,869 • 

Table XX -
Analya1.s ot variance far green weight (gms) 1n the spaced plant treatment. 

Nonmber harvest. 

Source of variance Sums of Degrees ot Mean F ratio P < 
squares freedom square 

Replications iR~ 1,096,646 9 121,a.50 14.445 .001 
Linea L 1,266,498 43 29,453 3.492 .001 
RxL 4,062,855 370 10,981 1.302 .05 
Errol- 3,137,980 372 8,435 • 

'l'able m 

Analysis ot varianc for green 1gbt (SJDS) in the nard trelltment. 

November harvest. 

Source ot varianoe Swu al Degree• ot 7 ratio P< 
aquarea treecl.CID aqua.re 

Replic&Ucma ~R~ 37,019 9 4,113 2.409 .os 
IdDell L 216,758 4-3 5,0..1 2.952 .001 
RsL 11a,,15 370 1,9lt-3 1.1,a NS 
11:Tar' 601,070 352 1,708 • 



Table mi -
General analysis of variance of the combining e.ffects £or green weight. 

November harvest. 

Source~ variation Sums of Degrees of .Mean F ra.Uo J? < 
squares freedom square 

General combining 12.no 9 1.418.9 11.6.56 .001 
ability 

Speottic combining 13.242 34- .)89.5 3.199 .001 
ability 

G.C.A.-by-treatment 9 ,.177.6 26.110 .001 
interaction 

ElTm:- 354- 121. 7 • 

Table XXIII 

Analysis of variance of the combining effects for green wight. Spaced 

plant treatment. November harvest. 

Source of variance Sums of Degrees of 
aquarea t'reedom 

C-.eneral combining 30,358 9 
ability 

Speci£ic combining 33,202 34-
ability 

En-or 372 

Coq,cnenta ot mean squares. 

Numerical value 

sss 

Mean F ratio P< 
square 

,,1,.1 7.997 .001 

976.5 2.315 .001 

4-21.B • 

Percent ftl.ue 

J1.4 

1eo.o 
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Table XXIV 

Analyaia of variance far the combining efreo ts for green weight. Sward 

treatment. November harvest. 

Source of varia.me Suma of Degrees of Mean F ratio P< 
s~es t'reedom square 

General combining 4625 9 513.9 6.019 .001 
ability 

Specific combining 6531+ 34, 192.2 2.251 .oo, 
ability 

En-or 352 85.4 • 

Canponents of mean aqµarea. 

Item Nlmerical value Percent value 

53.6 21.8 

106. 8 43.5 

100.0 

-Table m 
G.C.A. 'a, and s.c.A. variances for green weight. November harvest. 

Bl.rent Spaced plant treatment Sward treatment 
(i) 81 Rank a: gi Rank <f-

i •1 
1 -1 8 8 657 -1,., 10 12 
2 6 6 ss, o., 6 102 

' -1 ~ ' 555 -,., 8 1,58 
4 36 1 1107 ,.o s 69 
5 0 7 196 3.0 4 127 
6 _.,, 

10 J89 -11.2 9 0 
7 ' 2 854, 6.o 2 168 
8 8 ' 28 -2., 7 11+2 
9 7 ' 120 13.9 1 21 

10 8 4 151 :,.a ' 86 

S.E. (gi) 7 ,., 
S.E. <11 - g~) 10 4,.6 



-Table XXVI 

3 . C. A. 's of each cross for green ight (gms). Spaced plant treatment. 

Kovember harvest. 

Parents 2 3 4 5 6 7 8 9 
1 -7 20 32 38 -19 -39 -19 35 
2 56 4 -41 7 -45 .. 4 11 
3 -YJ -31 17 -28 -16 -12 
I+ -5 -55 61 40 -37 
s 8 7 7 17 
6 37 3 -20 
7 •2 -10 
8 16 
9 

S.E. <•1.1) = 18 (1 I j) 

S.E. <•1j • 8 ik) = 27 (1 I j, k; j -1 k) 

S.E. (sij - skl) = 25 (1 I j, k, 11 j I k, 1; k I 1) 

Table XXVII 

s.c.A. 'a of ea.oh cross for green weight (gms). Sward treatment. 

No-vember harves:t • 

Parents 2 3 4 s 6 7 8 9 
1 6.1 14.5 -4-3 8.6 -3.5 -14.5 6 • .5 -8.1 
2 4.4 12.0 9. 7 1. 7 -30.3 -3.8 -9.5 
3 -10.0 -26.6 -a.4 1.3 -10.6 15.0 
4 -4.2 -13.9 -1.8 25.4 -4.9 
5 8.8 22.6 .. a.2 -6.2 
6 5.4 11.9 -6.9 
7 1.1 16.l+ 
8 4.1 
9 

S.E. <•iJ) a:: 8.1 (t I J) 
S.E. <•iJ - •Sk) = 12.2 (1 I j, kJ JI k) 

S.E. <•1.1 - •kl.) = 11.3 (1 I j, k, 1, j I k, lJ k I 1) 

Tabl nYIII 

Haritab:1.llty eatimrotea tar green weight. Novenher harvest. 

Sward. 1:1-Mtment 

Spaced plant treatment 
H • 0.07 

H = 0.11 

10 

- 43 
18 
22 

-10 
-1 
21 
18 

-26 

10 

-5.3 
9.7 

20.3 
1. 7 

-4.6 
4.9 

-0.3 
-26.4 -

45. 



46. -Table XXIX -
Aftl'age green weight (gms) per plant a%¥i rank tar each line tar the 

treatment. aei:erately and together. January harveat. (SlBri. aaw. aro 

weighted tar all analyaea.) 

Line Spaced trea. tment 3-rd treatment General 
mean rank mean l'&IJk mean rank 

1 553 29 54- ~ -'>l 28 
2 606 2.3 n 8 '42 19= 

' 675 12 » 43 351 16 
4 656 14c 52 ,:., 354. 17 
5 369 44 1+1 41 20S 44 
6 613 21 i1 41) 327 24 
7 513 YI 24, 287 '6 
8 705 8 73 1}:: 389 8 
9 551 30c 49 '2 ,x) 31 

10 n, ' 69 17 421 3 
11 656 14= 75 10 365 1}= 
12 1+67 1+1 78 6 272 40 
13 54,1 32 l+j 33 295 33 
14 1+73 40 28 44 250 4.2 
15 502 38 48 34. 275 38 
16 706 7 71 15 388 9 
17 6}9 17 76 9 358 15 
18 615 20 68 18 ~ 19= 
19 44.8 42 39 42 2.44 43 
20 529 35 42 38 286 37 
21 598 21+ 61 22 330 23 
22 497 39 51 31 274 39 
23 427 43 108 1 267 41 
24 676 11 89 4 382 10: 
25 566 27 6J+ 21 315 26 
26 551 30= 55 28 303 28:: 
27 798 2 61 23 429 2 
28 661+ 13 73 1}= 369 12 
29 712 6 78 7 l6J 7 
]O 740 l+ 7z. 11 4-
.31 523 36 56 25 290 ,._ 
J2 6 10 70 1, 382 10. 
33 6,a 18 44, ,., J,S 21 
~ 721 ' 83 5 402 ' 35 620 19 " 19 ,..., 18 
36 558 28 1.6 .JS -'>2 ,, 
37 535 .,,.. 41 .,, 288 ,_, 
38 540 '' 55 2' 298 32 
39 610 22 61.. a, ,,., 22 
40 592 25 55 rt 32J 25 
41 69S 9 ,., 2 3'6 ' 42 812 1 74- 12 443 1 

""' 640 1, '1 ., '65 1J. 
44, 569 26 /+S 36 '!1)1 27 

(4-.5) (717) ,r..) (405) 



47. 

Table -xx:c: (oont.) 

Spaoed 1reatmant Sward treatment General 

Over-all mean 606 63 ,,,. 
S. E. ( Over-all. mean) 1 1 ' S.E. (Line mean) z..s 11 2J 

S.E. (Ditterenoe betnen 64, 16 33 
line means) 

1\akey'• Teat 10}b 2,j 58 121 

~ 25,'5 62 128 

1% 281 69 14.2 
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-Table XXX -
General analyaia ~ "8l"iance tor green wight (gma). Jamary harveat. 

Source ot variance Suma of Degrees of Mean F ratio F< 
aquaNa freedom square 

Replicat1ona (R~ 2,159,509 9 239,94-5 11.,35 .001 
~tmenta (T 125,670,989 1 125,670,989 202.2 .001 
RxT 5,570,805 9 618,978 • 29.ii..1 .001 
Linea (L) 5,013,4-73 43 116,592 4.065 .001 
LzR 11,101,101 387 28,685 1.355 • .05 
LzT 7,159,532 43 166,,501 7.864 .001 
EzTol- 7,451,170 352 21,168 • 

Table XXXI 

Analysis of variance f or green weight (gms) for the spaced plant treatment. 

Jamary harvest. 

Source of varianc Sums of Degrees of Mean F ratio P< 
squares treed.om square 

Replications (R~ 4,323,676 9 480,408 11.628 .001 
L ines (L 8,561,346 43 199,101 4.819 .001 
R xL 21, 142,9.30 369 57,298 1."j87 .05 
En-or 14,005,844 339 4-1,315 • 

Table XXXII 

Aml.yaia ot ftl'ianoe far green wight (gma} for tho --.rd _..tman11. 
JaJJJllrY haneet. 

Soutoe ot 'f'U'ianoe Suma ot Degreee of F ratio F< 
aqua:re,e l'reedca aqua.re 

Repli t1ona (R~ 55.828 9 6.203 2.516 .01 
Linell (L 260,852 "-' 6,066 2.4.61 .001 
RxL 1(,0.149 370 2,055 o.8J2 NS 
Brrcl:- 852,92} 31+6 2,'4.6.5 • 



Table XXXIII 

General analysis ot variance ot the combining etf'ects for green ight. 
Jamary harvest. 

Souroe ot 'f&ria.nce Sums of Degrees of F ratio P < 
aquarea freedom square 

General combining 64.,073 9 7,119 13.453 .001 
ability 

5P"1tic combining 66,1+25 ,,., 1,951+ 3.692 .001 
ability 

o.c.A.-byi-treatment 9 18,968 ,s.Bt+, .001 
interaction 

Errcr 352 529 • 

fable XXXIV 

Analysis of variance at the combining aft'eota for gr en weight. Spaced 

plant treatment. January harvest. 

SQ.U'Ce o£ variance Sums o£ Degrees of 
squares 'treed.an 

General comb~ 194,642 9 
ability 

Speo1t'1o combining 245,960 3l.-
ability 

Errol- 339 

Components~ mean squares. 

2,445 

5,168 

2,066 

F ratio P < 
square 

21 ,627 

7,2.34- 3.502 .001 

2,066 • 

Percent ftlue 

25.J 

2t., 

100.0 
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Table XXXV -
Analysis of variance o'f: the combining effects for n ight. Swa.rd 

treatment. January harvest. 

Source of variance Sums of 
aqua.res 

General combining 8,106 
ability 

Specif'ic combinirlg 5,94-8 
ability 

Error 

Components of .mean aqua.res. 

Item 

1_\, 2 
35L_8

ij 
1,j 

o! 

Degrees of 
treed.om 

9 

34-

,z..6 

123.3 

Table XXXVI 

Mean F ratio l?< 
aqua.re 

901 7.y:J7 .001 

175 1.419 NS 

123.3 • 

Percent value 

19.0 

45.3 

100.0 

G.C.A. 'a, and S. C.A. varia.noes for green weight. January harvest. 

Parent Spaced plant treatment Sward treatment 
( i) 81 Rank cl- gi Rank cf 

•1 81 
1 -27 7 354-3 -9-7 9 31 
2 -18 6 100..0 -2.1 6 93 

' -36 8 11697 4.9 ' 116 
4 65 1 420 2.6 4 -10 
5 -16 5 5231 -1.7 5 78 
6 -87 10 1352 -14.6 10 -» 
7 1+7 4 lt-C»..9 ""4,.0 7 60 
8 -39 9 57} -6.9 8 42 
9 51 ' 5188 23.2 1 43 

10 60 2 1320 a.3 2 -:, 

S. E. (g1} 15 3.7 
S.E. (gi - gj) 23 5.6 
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Table .xxxvn 

s.C.A. '• of each arosa ~ar green weight (gma). Spaced plant treatment. 
Jamiary harvest. 

Parents 2 3 4- s 6 7 8 ' 1 -8 63 30 93 -12.3 -14- -28 15 
2 221 2 -105 4-1 -162 -4.7 67 
3 -21 106 4-6 -20 -34- -19; 
4- 89 -3, 79 31 -10 
5 20 57 81 80 
6 -a 56 -30 
7 -23 -9 
8 22 
9 

S. E. <•1,> = 40 <1 I j) 
S.E. <•i., - •ilc) • 60 (1 I j, k; j I k) 

S.E. <•1.1 - 8n) - 56 (1 I .1, k, 11 j I k, 1; k I 1) 

Table XXXVIII 

s.c.A. •a of each cross for een weight ( gros) • Sward treatment. 

January harvest . 

Parents 2 3 
1 3.1 19. 1 
2 3.4 

' 4 
5 
6 
7 
8 
9 

S. E. <•1.1> e 

s •• <•1.1 - •ik) • 
s •• (aij - kl) • 

I+- 5 ' 7 8 9 
-17.2 0.7 2. 2 - 8. 0 14. 9 - 2. 8 
11.5 19. 4 2.6 - 28. 6 - 5.5 -1 3.1 
- 2.2 -27.0 -11.0 - 2.3 -10.0 17.0 

-0.2 ,.a 2.7 14.9 -10.7 
9.3 13.0 -10.3 -1.5 

1.6 -0.2 15.9 
3.1 14.8 

12.1 

9.8 (1 I j) 

14-. 7 Ct I .1, kJ ~ I k) 

1:,.6 (1 I 3, k, 1, .1 I •, 1, k / 1) 

H • 0.12 

H * 0.11 

10 

- 88 
-s 
4-S 

' -30 
31 
99 

-58 -

10 

-1 2. 0 
7.2 

12.9 
0.3 

-3.6 
7.5 
6.8 

-19.0 -
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-Table XL -
A'nlft8e aeed production {gms) per plant and rank far each line tor the 

treatments separately and together. (Saro data are weighted tor all 

anal.yaea. ) 

Line Spaced treatment SWard treatment General 
mean rank mean rank mean rank 

1 30.3 19 2.35 28 16.3 20 
2 35.0 10 3.58 7 19.3 9 
3 31.7 13 1.90 35 16.8 1, 
4 35.2 9 2.43 2.5 18.8 10 
5 20.9 39 1 .49 43 11.2 39 
6 40.2 5 2.3' 27 21., 5 
7 22.2 ~ 3.06 13 12.6 34-
8 31.2 16 1.88 36 16.5 17 
9 28.0 22 2.11 30 15.0 23 

10 33.2 11 2.90 17 18.0 11 
11 36.2 7 2.95 16 19.6 7 
12 30.6 18 3.96 2 17.3 14 
13 22.0 36 2.23 29 12.1 36 
14 28.8 21 1.26 44 15. 1 22 
15 16.6 41 1.n 38 9.2 41 
16 27.6 2.4- 3.n 4 15.7 21 
17 35.8 8 3.17 10 19.5 8 
18 23.8 32 2.80 21 13.3 32 
19 13.4 43 1.,38 43 7.4 43 
20 22.9 33 1. 73 39 12.3 35 
21 J.+JJ.7 4 2.88 19 21.8 4 
22 8.7 44 2.02 32 5.4 44 
2} 21. 7 37 4.38 1 13.1 33 
24. 37.8 6 3.49 9 20.6 6 
2.5 26.5 26 2.39 26 14.4 2B 
26 27.7 23 2.02 33 14.~ 2.4-
27 45.1 2 2.50 23 23.8 2 
28 25.0 JO 2.~5 1.5 13.9 :,0 
2' 25.9 28 3.63 ' 14.8 2' 
:,0 27.0 25 2.61+ 22 14.8 2.5 ,1 25.8 29 2.86 20 14., 2' 
.32 4'., 1 3.90 :, 25.4 1 

'' 11.s 40 1.n J1 9.6 40 
3ft. .32.9 12 J.06 12 18.0 12 
35 31., 14- 2.4, 24, 17.0 15 
36 .}1.1 17 1.97 ,., 16.5 18 
31 22.2 ,s 1.ss 40 11.9 '7 
38 21.0 38 2.0, J1 11.s ,e 
39 26.J 27 2.'9 14- 14.6 27 
40 24,.1 )1 2.e, 18 1,., ,1 
41 ,1.4 1.5 ,.sa 8 17.s 1J 
42 43.J ., 3.59 ' 23.4. ' 4, 29.5 20 ,.1, 11 16 • .3 19 
J+l+. 16.1 4.2 1 • .52 41 a.a 42 

(45} (,0.4) (3.52) (16.9) 
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- (oont.) Table lit 

Spaced treatment Sward treatment General 

Over--all mean 28.5 2.64 15.6 

S. E. ( Over-all mean) 0.4 o.os 0.3 

S. E. (Line mean) 3.0 0.52 2.8 

S.E. (DU'f'erence between lt,.2 0.7:, 5.7 
line means) 

1\tkey'a Teat 10J' 15.7 2.74 8.8 

~ 16.6 2.90 9.4 

1% 17.5 3.a.. 9.a 
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Table XLI 

General analya1a ot variance for seed production (gms). 

Source ot variance SUms of Degrees of" an :F ratio .P < 
agµares :freedom square 

ReplioatiOl'UI (R~ 8,272 9 919.2 8.106 .()()1 

~tmenta (T 293,107 1 293,107 327.a .001 
R z T 8,01+-7 9 894.1 • 7.886 .001 
Linea (L) 32,024 43 74J+..7 6.34-3 .001 
LxR 43,421 370 117.4 1.035 • NS 
LxT 26,955 43 626.9 .5.529 .001 
Error 41,91+-6 370 11;.4 • 

Table Eg 

Anal.ysis of variance far a ed produotion in the epaced plant tree. tment. 

Soorce of varianoe Sums of Degrees of Mean F ratio .P< 
sgµarea freedom quaro 

He1-lieations (R~ 16,262 9 1,807 10.129 .001 
Lines (L 58,44-7 43 1 ;)59 7.619 .()()1 

R xL 83,578 370 226 1.266 .05 
~r 62,259 349 178 • 

T ble XLIII 

.Ana.139ia ot wriance far seed production in the nard treatment. 

Scuroe of varl.ance .-;) of Degrees or Mean F ratio P < 
aqua.res b-eedom 8~ 

RepUca.tiona (R~ 57.2 9 6.360 1.17.} NS 
L1nN (L 531 .1 i., 12.351 2.278 .005 
RsL 1,789•4 Y/0 4.. 836 o.s92 NS 
~ 1,,19.8 35tt- 5.4-23 • 
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Tabl XLIV -
General a.nal.ysis of variance of the combining ef:f'ecta far seed production. 

Source 0£ variance Suma of Degreea of Gan F ratio P< 
squares freedom square 

General oombining 4-61 .8 9 51.31 18.104. .001 
ability 

SpeoU'ic combining 34-0.a !4 10.02 3.536 .001 
ability 

G. C. A.-by-trea. tment 9 167.51+ 59.118 .001 
interaction 

Error 370 2.83 ... 

Table XLV -
Aml.ysi of variance of the combining abilities for seed production. Spaced 

plant treatment. 

Source of varianoe Sums a£ Degrees of 
squares freedom 

General combining 1,729 9 
ability 

Specific combining 1,197 !4 
ability 

Error !49 

Col:iponents of mean aquarea. 

Item 

1 ~ 2 ; Tst 

Numerical value 

26 • .} 

a., 

Mean F ratio P< 
square 

192.19 21.,51+. .001 

35.19 3.95 .001 

a.92 ... 

100.0 
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._ 
Table XLVI -

Analysis of variance o£ the oombini.ng ef'f'ects for seed production. Sward 

treatment. 

Source of variance Sums of De es~ 11 an F ratio P < 
sgµarea 1.'re dom square 

General combining 9.370 9 1.a..1 3.&.o . 001 
ability 

Speoifio combining 17. 968 3l.- 0.529 1. 9.50 .01 
ability 

Error 3~ 0.271 • 

Canponents o-r mean squarea. 

Item Numerical ftlu Percent value 

0.096 

0.257 

0.271 

100.0 

T ble XLVII 

G.c.A. 'a, and variances or s.c.A. for seed production. 

Parent Spaced plant treatment Saro tr tment 

(1) gi Rank cf 
81 Rank cf 

•1 •1 
1 2 .} ' 7 -0.33 8 0.3 
2 o.6 5 18 0.08 5 0.3 
3 -2.4- 8 51 0.18 ' 0.4 
4, 1.6 ,. 12 o.oo 7 -0.1 
s o.s ' 31 o.06 6 o.s 

' -4.6 9 6 -0.,1 10 o.o 
7 9. 4, 1 2' 0.14, ,. 0.3 
8 -,., 10 ,, -o.,, 9 0.2 
9 -o.6 7 18 o.66 1 0.1 

10 2.5 2 17 0.22 2 0.1 

S.E. {gi) 1.0 0.18 

s •• (gi - gJ) 1., o.26 



57 . 

Table XLVIII 

s .c.A. •a of each oroas for seed production (gms). Spaced plant tr•tment. 

Parents 2 ' 4 5 6 7 8 9 10 

1 - -1.1 6.6 -o.6 3.9 -5.4 o.o o.a 1.0 -5.3 
2 6.5 5.5 1.1 -2.5 -9-7 -3.2 -o., 4.2 
3 -,.a -13.2 1.4 5.2 -8.1 -3.8 ,.2 
4 -4.1 2.2 5.6 4.2 -3.6 -s.s 
5 1.4 a.5 -2.2 4.5 0.1 
6 - 2.2 7.6 -2.4- -0.1 
7 -4.5 -5.9 2.9 
8 10., -5.6 
9 ... 

s.E. <•s.J> = 2.6 <s. I .1) 
s.E = 1+.o {1 I J, k; j I k) <•iJ - •!le) 
S.E. <•1J - 9kl.) = 3.7 (1 I j, k, 1, .1 I k, 1, k -t 1) 

-Table XLIX -
s.o.A.'a of ea.ch oroaa t'ar seed production (gms) . Sward treatment. 

Fuents 2 3 l+ 5 6 7 8 9 10 

1 -o.a.. 1.09 -0.1,_ 1 o.06 - 0.22 - 0.10 1.14 - 1. 09 -0.42 
2 0.05 0.?3 1.1 9 0.12 -1. 61 -0. 57 0.39 0.24 

' -0.02 -1.50 -o.4,8 -o.08 -0.41 0.90 0.45 
4 -0.31 -0.02 -0. 29 0.70 0.33 -0.22 
5 o.n 1.06 -0.54- -0.30 -0.4, 
6 -0.21 -0.10 -o.61 0.74 
7 0.50 0.13 0.59 
8 0.2J+ -0.95 
9 -

S. E. (ai.1) = o.46 (1 I .1) 
S .E . = o.,, (1 I J, kJ .1 I t) <•1.1 - •11c> 
S. E. <•1.1 - 8id) • 0.61.. <11 J, k, 1; J I k, 11 JE 11> 

-Table i 

Heritabillty eat11at.e• ,ar ..ea production. 

8-.rd tNatlllnt H • o.a.. 
Spe.o plan trN.t.men't H • o.22 
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-Ta.bl .a 
D te f'lowering conmenced. 

27th Deoember 20th December 

S.E. (:t.te) 0.02 0.03 0.01 

Table Lll -
General anal.y&ia of 'Y8rianoe tor day fiowering coumenoed.. 

Source of variance Suma ot Degrees of Mean F ratio P < 
squares treed.om square 

Replioa.tions ~R~ 6oo.9 9 66.n 2.595 .05 
Treatments T 78,658.4. 1 78,658.4 972.5 .001 
RxT m.o 9 80.88 • 3.144 .01 
Linea (L) 4,272.4 43 99.36 J.862 .001 
LxT 2,93}.8 43 68.23 2.652 .001 
L xR 8,915.2 '3137 2J.a+ 0.896 R3 
Rrrar 8,695.1 338 25. 73 • 

Table LII! 

Analysis of variance for day flowering ooarnenood in the apaood plant treatment. 

Source of variance Sums o:t Degrees ot F ratio P< 
aquarea freedom square 

Replica tiona ~R~ 132.1 9 14.68 0.931 m 
Line L 3,7,a.7 Z.3 87.41 s.Slt-2 .001 
R xL 5,995.9 ,10 16.21 1.027 NS 
En-or s.615.s 3'6 1s.n • 

Table ili -
Amlyaia ot ftrianoe tar day :tlowering a noed in the nvd -- t. 

• ot 1'1lrianoe Suma ot Degre• ot P' ratio P< 
aquarea squan 

RepU•Ucma ~R~ 1,101.z. ' 122.;e 4.275 .001 
14DN L J,i..12., 4.3 ao.75 2.629 .001 
1l z I, 12,209.2 356 )1...30 1.1,a 
Jlraue 7,700.5 269 28.63 • 
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Table iJi -
General analysis of' variance of the combining eft'eota t'or day f'lowering 

coamenced. 

Source of var:ianee Sums of Degrees of }(,ean F ratio P< 
squares 't'reedan square 

General combining 56.139 9 6. 238 9.699 .001 
ability 

SpeoU'io combinins 51.618 34- 1.518 2.361 .001 
ability 

G.C.A.-by-treatment 9 16.100 25.034- .0)1 
interaction 

&Tar 338 0.64.31 • 

Table m 

Analysis of variance ot the combining et~f'eota tar day :f'lanri.ng coam,nced. 

~?ced plant treatment. 

Source of variance Sums of Degrees of 
squares lnedom 

General combining 128. 75 9 
ability 

Specific combining 59.38 34. 
ability 

356 Error 

Canponanta ct mean squares. 

Item 

0.957 

0.78, 

Mean F ratio 
square 

14 • .305 18.138 

1. 746 2.214 

0.7887 • 

Pero nt w.lue 

22., 
100.0 

P< 

.001 

.001 
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Table i:vfi -
Analysis of varianc. of the combining ef':fects for day flowering ecameneed. 

S-.rci treatment. 

Source ot variance Sums of Degrees of Mean ~ ratio P < 
squares freed.can square 

General. combining 44.32 9 4.924 3.440 .001 
a.bUi\y 

Speed.tic combining 1:,0.52 34- 3. 839 2. 682 . 001 
ability 

ErraE- 269 1.4-31 • 

Couponenta of mean squares. 

Item Numerical value Percent 'Yalue 

0.437 10.2 

i,j 

1.431 

100. 0 

Table ~ 

G.C.A. 'a, and s . c . A. variances tor d.a.y !'lowering OOl!IDenoed. 

Parent Spaced plant treatment Sward treatment 
(i) 81 Rank <I-

•1 
gi Bank <r 

•1 
1 1.57 2 1.6 .0.24 6 -o.o, 
2 1.87 1 0.9 o.e1 3 1.14 

' -1.oa 8 0.1 .. 1. ,:¾. 10 1.10 ,. 1.09 3 o.6 -0.45 1 1.38 , -1.98 10 -0.1 0.26 ,. 4.39 
6 -1.67 9 2.0 -0.5' 8 ,._,, 
7 0.31 5 O.lt,< 0.2, s -0.39 
8 .0.56 7 1.6 o.s, 2 2.69 
9 ...0.31 6 0.5( -o.68 ~ '·'° 10 0.75 4 0.3 1.08 1 -0.07 

s •• (g,) 0.30 0.40 
s •• <s1 - gj) 0.44 o.60 



Table LIX -
Analysis of variance, and G.C. A. 'a for a£ter-ma.th heading . Spaced plant 

trea. tment. 

Source ot variance Suma, of Degrees of' li an F ratio P< 
squares f"reedom square 

Repl.ioations (R) 1,073,678 9 119,298 1.}56 11B 
Linea (L) 26,053,126 4-3 605,887 6.889 .001 
Error 32,191,712 366 87,956 * 

Parent gi Rank 

(i) 
1 27 5 
2 -46 8 

3 35 4-
4- -28 7 
5 -70 9 
6 89 2 . 
7 184 1 

8 -107 10 

9 -27 6 
10 58 3 

S.E. (gi) 21 

S.E. <11 - gj) 33 
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Table ti 

Analysis of." variance, and G.C. A. •a tor leaf-width. Spaced plant treatment. 

Scw.-oe of variance Suma~ Dogrees ot F ratio P< 
squares treed.om equare 

Replioatlona (R) 32.81._ 9 3. 611-9 5.465 • 001 

Linea (L) 239.59 4-3 5. 572 8.34-6 .001 

En-or 24-7. 66 371 0. 6676 • 

Parent gi Rank 

(i) 

1 -0.024 7 
2 -0.34-3 10 

3 0 . 026 6 

4 0.1 76 3 
5 0.076 4 
6 0.0/+5 5 
7 -0.199 8 

8 0.,308 1 

9 0. 226 2 

10 -0. 293 9 

S.E. (gi) 0.061 

S. E. (gi - g j) 0.091 



Table LXI 

Analysis of variance, and G.C.A.'a for habit. Spaced plant treatment. 

SOIJl"Ce of variance Sums of Degrees of an F ratio P< 
squares freedom square 

Replioationa (R) .37.96 9 4 . 218 2.109 .05 
Linea (L) 238.30 4.3 5 . .542 2. 772 .01 

Error 737.84 369 2. 000 • 

Parent '½. Rank 

(1) 

1 - 0.03 6 

2 -o.oa 7 
3 -0.17 8 

4 0. 2.3 2 

5 0. 01 4 
6 -0.38 10 

7 -0. 26 9 
8 Q.4-0 1 

9 0.22 3 
10 - 0.01 5 

S. E. (gi) 0.11 

S. E. (gi - g.) 0.16 
J 
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Table mi 

Regression o£ green weight (gma) on tiller mm.ber (per plant). Ncmmiber 

harvest. Spaced plant treatment. (See Fig. 7.) 

1 

10 

5 

7 

9 

3 
4 
6 

2 

8 

Regression 
coettioient 

0.56 

0.41 

0 • .39 
0.36 
0.34-
0.33 
0 .31 

0.26 

0.21 

0.19 

95/4 Contideneo 
limits 

.1 0.19 

.10.18 

.t 0.18 

.t 0.09 

.1 0.15 

.t 0.12 
+ 0.21 -
+ 0.21 -
.t 0.17 

.t 0.22 

Equa ti.on of line 
(y = gJ"Mn weight) 
(x = tiller number) 

y = 49 + o • .56x 
y = 89 + 0.41x 
y. 118 + o.39x 
y = 108 + o.,36x 

y = 133 + o.34x 
y = 111 + o.33x 

y = 147 + o.31x 

y = 135 + 0.26x 

y = 179 + o.21x 

y = 197 + o.19x 

*All the atf'spring o£ parent 1 are referred to as progeny 1, etc. 

•va1uea opposite a comnon line are not significantly different at the 5% 
probabill ty level. 

Table WII 

Carrel.a. tion ooef't'icients between green weight and tiller number. 

November harvest. Spaced plant treatment. 

7 
1 

3 

9 
10 

5 
4-
6 

2 

8 

Correlation 
ooel"f'icient 

o.86 

o.n 
0.74 
0.1, 
0.70 
o.68 
0.61 

0.55 
0.46 
o.~ 

s.E. Signif'ioance 
O't coetticient 

0.20 

0.21 

o.a:> 
0.22 

0.22 

0.21 

0.21 

0.21 

0.20 

0.21 

.001 

.001 

.001 

.001 

.001 

.001 

.01 

.01 

.05 
NS 

5% Lea.•t significant 
dit.ference 
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65. 

Progeny 

1 

600 

Fig . 7. Regression lines of green weight (gms) on tiller numbers in the 

spaced plant treatment for the November harvest . 
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Table iiiv' -
Regression of green ight (gms) on tiller munber (per plant). November 

harveat. Sward treatment. (See Fig. 8.) 

4 
8 

10 

9 
2 

5 

7 
1 

3 
6 

Regression 9!1)& Contidence 5/o Least 
ooetticient limi ta si,gnif'ioant 

1.02 

1.08 

0.83 
o.a1 
0.69 
0.67 
0.65 

0.65 
o.61+ 
0. 59 

.t 0.22 

;t. 0.15 

.t 0.14 
;t; 0.25 

.t 0.20 

.t 0.12 

;t. 0.14 
+ 0.22 -
+ 0.16 -
+ 0.16 -

Table LXV 

differeno 

~tion or line 
(y = green wight ) 
(x = tiller m.unber) 
y = -15.4 + 1.02.x 

;r = -s.J + 1.oaz 
y = 2.a + o.a,x 
y = 0.1 + o.81x 

y = 6.3 + o.69x 
y = 15.4 + 0.61,x 

y = 6.3 + o.6.5x 
y c a.,+ o.6;x 
y = 12.4 + o.64.x 
y = 11.0 + o.59x 

Correlation coefficients between green weight and tiller number . 

NoYember harvest. Sward treatment. 

P.rogeny 

8 

10 

5 
7 
4 

3 
6 

9 
2 

1 

Correlation 
coefficient 

0. 54 

0. 94 
0. 92 
0. 89 

0. 89 
o.86 
o.as 
0.84-
0.81 
0.7') 

S.E. 

0.22 

0.20 

0.20 

0.21 

0.21 

0.21 

0.20 

0.21 

0.24 
0.22 

Significance 
of ooef£ioient 

.001 

. 001 

. 001 

.001 

.CX)1 

.001 

.001 

.001 

. 001 

. CX)1 

~ I.east aigni1'icant 
ditterence 
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Fig. 8. Regression lines of green weight (gms) on tiller number in the 

sward treatment for the November harvest . 
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-Tabl !:!II 

Awrage tiller number and average green weight ( ) per plant, and average 

tiller weight (gms). Replications 3, 5 and 7 only. November harvest. 

Progeny Spaced plant trea nt Sward treatment 

.Plant wt. Tiller Tiller wt. 1-'lant wt • Tiller Tiller wt. 
(gms) number (gma) (gms) number (gms) 

1 250 360 0.70 49 62 0.78 
2 2~ 510 0.56 57 71+ o.n 

' 260 450 0.57 56 69 0.81 

4 300 490 0.61 71 85 o.a3 
s 270 390 o.6~ 69 80 o.86 
6 2,0 380 0.62 4.8 63 o.n 
7 290 500 o.,58 62 86 0.72 
8 280 410 o.67 56 61 0.92 
0 290 480 o.60 66 82 o.a1 ., 

10 270 450 0.61 63 72 0.87 



Table LXVII 

Regression of green weight (8JDS) on fertile tiller rumber (per plant). 

Spaced plant treatment. January harvest. (See Fig. 9.) 

Progeny Regression s . E. 5% Least 

3 

.5 
4-, 

10 

2 

7 
1 

8 

6 

ooetticient sign11"icant 

1. 24 

1.19 

1.18 

1.16 

1.08 

1.03 

0.99 

0.84-
0.83 

0.79 

0.14 

0.13 

0.15 

0.17 

0.17 

0.15 
0.16 

0.16 

0.16 

0.14 

dit':f er.-ence 

Table LXVIII 

Equa. tioa ot line 
(y = green ight ) 
(x = tiller rumber) 

y = 118 + 1.24x 

y = 193 + 1.19x 

y = 189 + 1.1&: 

y = 184 + 1.16x 

y = 266 + 1.08x 

y = 206 + 1.03x 

y = 190 + o.99x 

y ~ 230 + 0.8/+x 
y = 321 + o.a.3x 
y = 220 + o. 79x 

CoITela tion coefficients between gr n weight and fertile tiller mmber. 

Spaced plant tr tment. Jamary harvest. 

Progeny Con-elation S.E. ~ L.S. D. 
coefficient 

5 0.70 0.11 

3 0.70 0.11 

4 0.65 0.11 

9 0.62 0.11 

10 0.59 0.11 

2 0.59 0.11 

7 0.55 0.11 

6 0 • .51+ 0.11 

1 0.51 0.12 

8 o.i..a 0.11 

AU aoettioi nta are aign1tioant at tbe P<.001 18"1. 



,-... 
Cl) 

s 
t,() 

'----"' 

+> 
..i:: 
tlO 

·ri 
Q) 
~ 

~ 
Q) 
Q) 

lE 

70 . 

Frogeny 

10 
800 

54 
n 
3 
B 

700 2 
7 

1 

6 
600 

500 

400 

300 

200 300 400 500 
Fertile Tiller Number 

Fig . C .., . Regression of green weight (gms) on fertile tiller number for 

the spaced plant treatment for the January harvest . 



Table tin -
Re ssion of green weight {gma) on 1'ertlle tiller rn.unber (per plant). 

Sward treatment. January haneat. (See Fig. 10.) 

Progeny Regression s.E. 
coetticient 

10 

9 
3 

.5 
2 

8 

4 

7 
1 

6 

1.n 
1. 71 

1.67 

1.65 
1.61 

1.57 
1.54-
1.52 
1.19 
1.16 

0.07 
0.09 

o.06 
o.oa 
o.06 
0.10 

0.07 

0.04-
0.07 

o.06 

,J& L.S.D. Equation ot line. 
(y = green ight) 

(x = tiller number) 

Y = -1.21 + 1.nx 
y = -0.78 + 1.71x 

y = -3.61 + 1.67z 
y = -0.93 + 1.65x 
y = -0.98 + 1.61x 

y = 3.66 + 1.57x 
y = 2. 50 + 1. 54,x 

y = -7.23 + 1.52x 
y = 4.69 + 1.19x 

y = 2.79 + 1.16x 

Correlation coetticients between green weight and tiller number. 

Sward treatment. January bar¥ st. 

Frogeny CoITelation S.E. L. s . D. 
coefficient 

7 0 .9,i.. 0.077 
10 0.905 o.oa1 
3 0.903 o.on 
2 0.896 0.076 
4 0.892 o.oa,.. 
9 0.862 0.087 

5 0.861 o.o~ 
6 o.84,6 0.087 

1 0.807 o.oas 
8 o.n9 0.079 

All oorrelationa are aignitioant at the P <.001 level. 
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Fig. 10. Regression of green weight (gms) on fertile tiller 

number for the sward treatment for the January harvest . 
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-Table !d:!l 

.Fertile tiller numbers. Jamary harvoat. 

Progeny Spacod plant $-.rd 
treatment treatment 

1 410 23.3 
2 370 26.0 

' J70 26.7 
4, 410 29.1 

' 330 25.7 
6 390 23.9 
7 460 31.1 

8 290 21. 7 
9 390 36.6 

10 360 25.3 

S.E. 20 1.5 

Table LXXII 

Ratios of fertile tiller number (January) to -vegetative tiller mmber (November). 

l:Togeny Spaced plant Sward 
tre&.fment treo.tment 

1 1.14 0.37 
2 0.73 0.35 
3 o.a2 0.39 

4 0.84- 0.34-

5 0.85 0.32 
6 1.0,:, o.,a 
7 0.92 o.:,6 
8 o. 71 0.39 
9 o.a1 0.45 

10 o.ao 0.35 



Table LXXIII 

Regrusiona ot fertile tiller number on vegetative tiller mmber measured 

in Nonmber. Spaced plant treatment. (See Fig. 11.) 

Froge~ Regression 9.5% confidence Equation ~ line 
coet.ficient limits ~Y = fertile tillers ~ 

x = vegetative tillers 

1 0.43 .:t. 0.24- y = 260 + o.43x 

2 0.22 + 0.22 y = 270 + o.22x -
' 0.38 .:t. 0.18 y = 190 + o.,38x 

4 0.37 i 0.18 y = 210 + o.37x 

5 0.34 .:t. 0.29 y = 200 + 0.,31+x 

6 0.38 ± o.a.. y = 210 + o.38x 

7 0.41 ± 0.29 y = 280 + 0.4,1x 
8 0.23 .±. 0.27 y = 210 + 0.2:,x 

' 0.22 ± 0.24- y = 200 + o.22x 

10 0.40 .:t. o. 25 y :a 190 + O.J+Qx 

'l.'he coe:N'icients are not s1gni:f'ioantly di1'1'erent at the ~ level. 

T ble LXXIV 

COITelation coe:N'icients between fertile tiller number and November 

vegetative tiller wmber. Spaced plant trea ~nt. 

ProgeD3 Correl tion S. E. Signi:f icance ot 
coettioient coetticient 

1 0.59 0.21 .01 

2 0.35 0.20 NS 

' 0.65 0.20 . 001 ,. o.66 0 .21 .001 

5 0.44 0.21 .05 
6 0.56 0.21 . 01 

7 0.50 0.20 .01 

8 0.31+, 0.21 NS 

' o.,a 0.22 NS 

10 0.59 0.22 .01 

1'he ooe:tticienta are not aignUicantly ditt en t at the level. 
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-Table &m_ 

Regreuiona of fertile tiller m.mbor on November vegetatiw tiller 

nmber. Sward treatment. (See Fig. 12.) 

9 
8 

4 
2 

3 
5 

10 

7 
6 

1 

Re8X"9uion 9% Conf'i4ence 
ooet:ticient limits 

0 • .58 
0.42 

0.39 
0.38 
0.37 
0.35 
0.35 
0.31 
0.25 

0.21 

.:t 0.25 

,10.11 

.:t 0.14 

.:t 0.17 

.:t 0.13 

.:t o. a. 

.:t 0.12 

.:t 0.09 

.:t o. 25 

.:t 0.05 

iable LXXVI 

5% L.S.D. Equation ~ line 
{y = fertile tillers ) 
(x = vegetative tillers) 

y = -14. 5 + o.58x 
y = -2.5 + o.42x 
y = -1.0 + o.39x 
y = -3.7 + 0.}8:x 

y & 3.0 + o.37x 
y = 0.9 + o.35x 
y = -1.7 + o.3.5x 
Y C 4.0 + 0.31X 

y = 13.1 + o.25x 
y = 10.4 + 0.21x 

CoITeation coefficients between fertile tiller wmber a.nd November 

vegetat ive tiller J'I.UJlber. SWU'd treatment. 

Progeny 

10 

8 

2 

9 

5 

' 7 
4 
6 

1 

Correlation 
coefficient 

0. 95 
0.89 
o.e, 
0.75 
0.75 
0.75 
0.73 
0.69 
0.46 
o.,, 

S. E. 

0.22 

0.20 

0.20 

0.21 

0. 21 

0.21 

0.20 

0.22 
0.24 
0.22 

Significance ot 5% L. s. D. 
ooet'!'ici ent 

.001 

.001 

.001 

. CX)1 

. 001 

.001 

.001 

• 001 

.os 
R3 
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Table ExxviI 

Regreaeion coetticients of green weight (gms) on plant position in the 

a-.rd treatment. January harvest. (See Fig. 13.) 

x = 1 tar rows 1 and 6 
x = 2 tor rows 2 and 5 
x = 3 tor rows 3 and 4 

Progeny Regression S. E. 51' L.s.n. Equation of line 
coettioient 

' -37.1 6.7 y = 136 - 37.1x 
4 -26.4 4.6 y = 102 - 26.i.z 
3 -22.3 5.5 Y= 90 • 22.,x 
6 -20.2 3.6 Y= 72 • 20.2:x 

7 -1 9. 4 4.6 Y= 79 - 19.J+x 
5 -1 9. 2 4-.3 Y= 79 - 19.2:x 
2 -18.2 4.4 Y= 79 - 18.2% 
8 -17.8 4.9 y = 75 - 17.8x 
1 -17.7 4,.0 Y= 70 - 17. 7x 

10 -16.4 4.6 Y= 80 - 16.4% 
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Regression lines of progenies 2, 7 and 8 are not drawn for 

the sake of clarity. They are similar to that of 5. 
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Table LXXVIII 

Regression of seed production (gma) on t'ertile tiller mmber (per plant). 

Spaced plant treatment. (See Fig. 14.) 

Progeny 

3 

10 

5 
8 

1 

9 

2 

6 

7 
,._ 

Regression S.E. 5';6 L.s .D. 
ooet:ficient 

0.093 
0.085 

0.082 
0.061 

0.055 
0.053 
0.052 

0.052 

0.047 
o.a._6 

0.010 

0.011 

0.010 

0.007 
0.011 

0.011 

0.009 

0.009 

0.013 

0.012 

-Table LXXIX 

Equation ~ line 
(x = fertile tiller munber) 
(y = seed weight ) 

ya -8.05 + o.093x 

y. 0.33 + o.oa5x 
y a:: 1.81 + o.oa2x 
y = 2.05 + o.061x 

y = 8.15 + 0.055:x 

y = 6.64 + o.053x 

y = 9.49 + 0.052.x 
Y C 4.34. + 0.052.x 
y. 15.05 + o.Ott.7% 
y = 11 .38 + O.Q4.6x 

Correlation coet'ficients between seed producti on and :fertile tiller 

l'JWDber. Spaced plant treatment. 

Progeny 

3 
8 

5 
10 

6 

2 

9 

1 

4 
7 

Correlation s.E. 
coettioient 

o. 71 
0.69 
0.67 

0. 65 
0.56 
0. 52 
0.50 
0.49 
0.41 

0.'6 

0.1 1 

0.11 

0.11 

0.12 

0.11 

0.11 

0.12 

0.11 

0.11 

0.11 

51~ L.s.D. 

All ooetticienta are aigniticant at the0.1% lenl 
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-Table I:m 

Reg:reaaian ot aeed production (gms) on fertile tiller number (per plant). 

Sward treatment. (See Fig. 15.) 

Progeny Regression 
coet'ficiont 

10 

3 

5 
2 

8 

7 

' 4 

1 

6 

0.0862 

0.079} 
0.0781 

0.0740 

0.0712 

0.0649 

0.0636 
0 . 0621 

0.0595 

0.0503 

S. E. 

o.oo,38 
0.0024 
0.0032 

o.oo..o 
0.00}9 
o.oo,. 
0.0042 
o.oo.2 
o.00!+6 
0.00)8 

Table LXXXI 

F.qua tion 01' line 
(x = fertile tiller muri>er) 
(y = seed wight ) 

Y C 0.251 + 0.0862:x 

y =-0.277 + o.0793x 
y .-0.059 + 0.0781x 

y = 0.021 + o.07~0x 
y = o.o,a + o.0112x 
y. 0.022 + o.~9x 
y = 0.207 + o.06J6x 
y = 0.185 + o.0621x 
Y C 0.315 + o.0595x 
ya 0.266 + o.0503x 

Correlation coefficients between aeed production and fertile tiller 

nimber-. Sward tree. tment. 

} 

5 
10 

7 
8 

2 

9 

• 
6 

1 

Correlation s.E. 
coefficient 

o.,, 
o.89 
o.88 
0.82 

0. 82 
o.s2 
0.79 

0.78 
o.n 
0.75 

o.oa 
o.08 
o.oa 
o.oa 
o.oa 
o.oe 
0.09 
o.o, 
0.09 
0.09 

5% L.s.D. 

All coetticienta are aigmt'icant at the 0.1% lem. 
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l)ISCUSSION 

General Apptaiaal 

The data presented in the previous chapter show that tor all characters 

analysed (green weight for three harvests, seed procluotion an4 flowering time), 

there were interaotiona between the linea and treatmenta. 'l'haae interactions, 

while alight in the Septemb r haneat, beoa1111 more pronounced at later haneata. 

Interactions alao occurred for gen ral combining ability (G.C.A.) in 

all analyses, showing tmt aOJl9 parents produce ottapring more reaponaive to 

deoreaaed oompeti tion than others. 

Inter ptions tor men weight 

September Harvest 

:Prom the first analysis of Tarianoe, Table VIII, it can be seen that 

line-by-treatment interaction is sign:if'ioant eTen in the early stages of growth. 

This inter ction ia, however, scarcely within the % lnel of aignitioance, and 

would not be significant in an experi.ment with subatantUlly fewer degrees of 

f'reedom. These results compare with those of Kelly (1958), who showed that 

a relationship between award and apaoed plant performance existed only during 

the early, spring; the inference 1a that, it present, the interaction between 

llnea and apaoiDga waa not then a1grd1'ioant. 

Knight ( 1 960) ahowed that the cornlation between wide]J and oloaely 

spaoecl plants deteriorated aa the awarda aged. fte latter baneata in the 

preaent ezperi.ment ahow that the interaotiona beoo• aore pronounoed, tlma 

aubatantiating the abon-menticme4 work. 

The anal.yaia ot the oollbining etteota ot the parent. (Table XI) ahow 

aubatantial interaction tor the G.C.A. •a. The ooapariaon ot the rank:1.-
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f'or the G.C •• 'a (Table XIV) ahow that pa.renta 2, 4, 8 and 10 clit'ter moat in 

rank between the apac-ed plant and award aaaeaa ent. Parent• 9, 7, 5 and 6 

.iiow little change in rank between treatmenta. Table ~ ahowa that of the 

line.a which contribute towarda the interaction etteota, linea 1, 3, 1 O, 12, 14, 

25 and 37 diff'er oat in rank1ng between treat nta. It c n be seen trom 

T ble II that parent 2 oontributea to lines 1, 1 O, 12 and 14. Th ottapring 

of the other parents ahow leaa change in ranld.nga. 

Tabl XIV preaenta the varianeea for the apeoific combining abilities, 

(S.C.A.) tor eaoh parent. Theae show that in the spaced plant treatment, 

parents 9 and 4, both with high G.C •• 'a have widel.y dittering variances f'or 

their respeotiw s.c.A. 's. Parent 9 can be seen to obtain 1ta high rank tor 

G.C.A. trom uniformly highly productive oroaaoa, while parent 4 tends to haTe 

l ess unif'orm offspring. In the s ward treatment parent 9, still with a high 

G.C.A., baa a low S.C.A. Tariance. Parent 4, however, with a reduced 

relative G.C • .A. has a greatly reduced rank for S.C.A. variance. Parent 7, on 

the other hand, which ranka third in the spaced treatment, where ita S.C.A. 

variance u high, ranks aeoom in the award treatment. still with a high S.C.A. 

ri • Obnoualy, no general conclusions can be drawn. 

The com1POJltenta of the c 1ning ability mean aquarea (Tablea XII and 

XIII) abolr that 1n spite of the high leTela of int raotiona the clif'terencea 1n 

G.c.1 •• u .. t1mat by i 2._'2, aoCOW1t tor 1 i% ot the Tari tion; cli.f'terencea 

1n s.c.A •• eati.Jlatecl by 1I•2
• ao otmt for 51., to 5~ ot the ftl'iatio ; 

and ontrollable ftriat1on oount• tor 28 to $, ~~-• ot th treatment. 

The a.ember barnat ana~ia ( le Ill) ahoq that the 1J:rteraotton ot 

l1na8 with treat ta bu beooa highly aigJd.tioan.t. The ooapariaom ~ G.c •• 'a 

(Table XXV) abow that the parental line• moat attected by oompetitlon are 

ne eaaarily the • u tor the preri.oua harHat (Table Vil'). '1'ba G.C.A. •a 



86. 

~ parent 7 tor each treatment tor the RO"ffllber ban at are C0D11iat~nt w1 th 

ita prffious G.C.A. 'a, while parent I+ aholfa a similar r aponae to reduced 

oompetition tor both haneat.. Parent 2. however, pl'fl'iowsly showing a 

relatively better G.C.A. in the award than the apace<! plant tr tment, now 

ehon no auch interaction aa the G. C.A. • a rank aixt-h 1n eaoh treat ent. 

Parents 9 and 5, preYioualy uniformly good in both treatments, now ahowa 

reduced response to reduced competition. The linea showing moat change in 

ranking between treat enta tor mean green weight are 3, 12, 23 anc1 1+1 (table 

XVIII) ,. Parent 2 contributed lesa toward.a the e linea than the lines 

poaaeaaing extre interaction in the pre-dous hart'eat, thua substantiating 

the point made about parent 2 abOTe, i.e., that ita offsprin« are no longer 

counted amongst thoae with extreme interaotiona. 

The S.C.A. Tariano a of parents 2, I+, 5, 6, 7 and 9 show for the 

NOYember harvest a similar pattern between t:re t ments to the September harvest. 

It appears that changes in G.C.A. ranking cannot be readily ttributed to 

changes 1n the variability of the offspring. 

Th component ot the combining ability an aquarea (Table XXIII 

and XXV) ahow that the Tariation accounted for by G.C.A. ditter noes, s.c.A. 

ditterenoea, and uncontrollable ftriation haft changed fro the first barveat. 

The more significant int raotion may account tor the alight reduction in 

a«r9ement b tween the partitioning ot variation in the awal'U ana spaced plant 

tre tmenta. The awarda appear to ahow aore ftrlat1on au. to s.c.A. 41.ttereno • 

unoontrollabl aO\U'Oea. Both treat ta. howner. ahes that t;.C.A. 

clitt'ennoea aooount tor 110re of the Tariatlon t n in the prnioua h&rYeat. 

Thi• ia ret'l 1 the hi er (&lthou aU.ll l.ow) ml.mat a ot heritability 

(Table Xl\'Ill). 

Jamaary Baneat 

The analyaia ot the J'anuar:, harn•t green weight (!'able XXX) abolra 

tbat the interaotlcm ot lines with treatments ban 1noreuecl in 



aignifioanoe still further. An inoreaaed P-ratio tor the G.C.A. interaction 

ia shown in Table XXXIII. The table o'f G.C • .A . 's ('l'able XXXVI) ahowa that 

perenta 9 and 10 haTe high G.C.A..'s in both treat nta, while parent 3, with 

a relatiYely low spaced plant G.C .A., baa a high G.C.A. 1n the award aaseaa nt. 

hrent 4, how er, which rankecl f'irst for the apaoed plant treatment G.C.A. ,. 

loaea thia auperiority in the aWIU"d. S1rn11ar reduced relati-,e perf'ormanoea 

for G.C.A. occur with parents 1 and 7. 

The high G. C.A. poaaeaa cl by parent 9 bu been a consistent f'eature 

throughout all award ha"eate. Ita per'tormano in th spac a planted treat nt 

1a lesa unif'orm, being ranked 1'1rat tor the September harYe-at (Table XIV) , :ti1'th 

~r the November harvest (Table XXV) and third for th Jamary harv at (T le 

XXXVI). 

The perf"ormance ot parent 1 O, the hal.1'-sib of 9, ia interesting in that 

the G.C.A. '•, initially aigni1"lcantly ditterent in the t"irat l~ st, beco 

ranked adjacently in the final harrest , f'or both treatment , eT though the 

G.C . A. tor parent 9 ia si8nificantly superior to all the others in the final 

award assess t. 

Parent 4, consistently high in G.C.A. in the spaced plant treat t, 

baa only an nerage G.C.A. in tha award • Tho spaced plant treat nt G.C.A. 'a 

ot parent 3 c1i Terg fro 1 ta bal.f-aib, parent 4-, in t latter haneata, while 

the oppoalte p,he110mencm oo ~ 1n the 8\Yard trea • 

o f'lnite ttern appears in • C .A. Tarianoea. Parent 4 baa a 

re1at1.,.1y 1 r .c.A. ••rianoe 1n the tinal- a pl1111t bani at than the 

nt9bua 

.. c .A. Tari 1n tbll Jamar., a eel pl 

.c .a. Tarianoe at.ya nl ttnly 1 • 

urrecl in the mponent1 o~ •an •quare• tar the 

combining abilitiea (Ml• nnY -) • Dittereno in .C.A. •a u 

eatillate4 by- ;\I_ a2 Moount ~ a tar larger proportion ot t TU'iatioa 
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in the apacecl plant than 1D the a-..rd treatments. The clittereneea in G. C.A. •a 

aoo:ount tor more of the Tariatlon in the awarda, am the uncontrollable 

Yariation ia relati..-el.y higher in the a-warda. Thia shows that the apacec! 

plant method ot u eaement that waa uaed in the breed~ progra 

has probably red.uoed the actdi ti.,. genetic Tarianoe for that ell'l'1.ro nt ( • • 

spaced planta). Aa might be expected, the &clditin genetic v riation is higher 

in the emironme11t where leas eeleotlon waa employed (e.g. in th• ailllll.atecl 

award enrl.ronment). 

The heritability estimates, bowe..-er, are atlll similar b tween tre t en.ta 

aa the higher G.C.A. varianoea in the awards are effecti..-el.y cotmtered by the 

inoreaaecl uncontrollable ftriance. 

Seed Production 

The anal.yaia ot ..-arianc tor a d procluction (Table XLI) shows highly 

significant line-by-treatment interaction. Thoa linea which ohange in rank 

moat between treatment. oan be seen tro. Table IL to be 3, 6, 7, 8, 14-, 16, 23, 

Z7 and 29. Prom 'l'able II it oan be a n that parents 7 and 9 contribute moat 

towards these linea, while parents 1 and lt- contribute leas. The change in 

rank ot the G.C.A. •a ror eel wei8}lt refiocta tbia interaction. P rent 1, 

ranked third tor the spaced plant treat nt G.C .A., 1a ranked ninth in the 

81'81"Q, whUe parent 9, l"&llke4 anenth 1n the•--- plant treat t, u rankecl 

tint t n • T aignUioanoe ot • G.C...t. lntenotion with treat t 

11 fl17 hi (T le XLIV}. 

It wUl e tt , 1n o rS.n« the oaponenta ~ the IIND aquarea 

D.VI)_. that t poz-Mo 0~ thl total Tari.anoe clue to ~.C • .l. 

rn..-.1na•a 1a ~ar lower in thl Pard treatmm.t the the a·-·- pl.an:t treatment. 

!he proporti a.a. to .c. • 41ffenno • ia •1•:Du, wblle error Yar1anoe 

ta hi f'1r the awara t2"9atmeat than the a,~itea:. 'ftda h a Nfl.eoti · ot 

t • .e,p ettect 1n ti. awaria, whi could not be ntinly l'HD't'ef 1,7 uaing 
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weightec:1 4ata. An interesting f'eature 1a that the ratio ot i l«2 
to 55 Ia2 

is far lower in the s-ard treatment than the spaced plant treatment. Thia 

along with the higher error -variances in ~he award, reeulte 1n a. ower 

heritability esti te for seed y1 :l.d in the award than in the spaced plant 

treatment ( Table L). 

Seed production, while not ignored in the Ar1ki bre~ding programme, 

~ not a character under selection. Consequently, in the population, aeed 

yield would be expected to shOWf more add1tiTe genetic variance than a highly 

select d character such aa yield or green tter. Thia appears to be the 

oas, s the spaced plant heritabilitiea tor green weight are lower than for 

seed yield. In the award tre tments , however, the argument f Us; there 

bas been no selection tor sward green yield or aeed yield, but the heritabili.ty 

eati t are all uniformly low and less than the eatimatea for the spaced 

plant tr atmcnt. This oan be ascribed to the increased error variances in 

all e ea and ref'leots the high variability of plants of a line under 

competition. Alternati...-ely, di1'ferences 1n heritability estimates OQ.lld be 

ascribed to diff'erencea in ratios between additive genetic and total variance . 

It ia poaaible for a lower additiv genetic variance to be associated with a 

higher estimate or ritability, if the total Tarlance alt rs auf'ticiently. 

S relationahip b tween ae d production and ti.me of' t'l.01' ring ma.Y' 

be expect , ut the rankinp ~or G.C.A. tor flowering t1me (1labl• LVIIl) 

clo not coino1de with the rankings tor G.C.A. tor end roduction (Table XLVII). 

• p 

int 

t 6 r ninth tor both a proclllotion an4 tl ering ti.me G.C.A. 

plant treat t, ent 7 • ti.rat tar ee p uottcm. 1a fifth 

1.u.g t G.C.A. A loaer 1 at the tablq a a th t the parenta 

:r&nlCad bet een 1 and .5 tor • 1 amt 

.5 ror ti ot n. erlng • .A.• • that t later flowering Unu 

aren 2, · . .-ver, r&r.11acl tint t &.c •• tille 

otn (1 •• l.ut to start no ering), 1a d fltth tor ae 
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produotio G.C.A. • while parent 5, ranked laat tor time ot t'lowering G.C.A •• 

ia rank d aixth tor ae d production. It can be aeen that other parents, i.e., 

7 and 8, alao show s1mllar but leas extreme trends. 

In the award treatment, the rankings for G.C.A. 'a for seed produotion 

are 1n approximately the aame order tor flowering time, w1 th the notable 

except1om o£ parent 3, 8 ana 9. No detinite conclusion oan be drawn about 

th relationship betw n flowering time and seed yield. 

t first two s ed inoreaae generations ot Ariki were aown aa 

apacecl plant it could be auggeated th t the of'fapr1ng of parent 7 (i.e. 

progen.y 7) would be inclined to be selected as the ot'fapring of this parent 

ha.ye the higheat seed yield in the spaced plant treatments. These progenies 

have quite aati.d'aotory autumn and spring s"arcl growth (Tables XIV and nv), 

but low r gro.th (~able XXXVI). plant type (assessed as a spaced 

plant) ia inclined to posaeaa higher attermath heading (Table LIX), narrower 

lea•ea (Table LX), and a more prostrate growth habit (Table LXI) than the 

average. 

The subsequent seed increase generationa of Arild., however, were sown 

aa dril.led awarda. It the reaulta at the ainulated awards in thia experiment 

ar 1nd1cat1Ye of what happens in a drilled sward then, because ot its higher 

aeed pro otion, the progeny ot parent 9 would tend to be ael.eoted. Parent 

9 1a aaao i t with hi award production (Tables XIV, XXV an4 XXXVI). while 

,,.--.~-- plant type baa relatift]J' lower att th acting (T ble LIX). 

wicler lea • (T le LX) • and a rather more erect habit (Table LXI) than the 

PVage. Thia parent 1a also uaooiated with .earlier tl.owering tiM in the 

nara. althoug the flowering t:lJM ueeaaed on apaoecl planta 1a little 

4iff nt troa t t ot progeJ\V 7. 

uecl in tbia ezp rblent eannot • loae)s uaoo1ate4 with a clrUled nara, 
let alo a nar4 planted •laewh_... 
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Green Yialcl pd Tiller Number 

'l'he relaticmahip between tiller mmbar and green yield are ahown in 

Tabl• LXII to LJX, and 1'1.p. 7 to 1 o. Theae 1.nd1cate that any attempt to 

meuure green weight production from tiller nuni>er, with the purpose o't 

selecting high yieldi.ng genotypes, 1a impnident. 

The Ncnember Haneat 

The relatioMhipa between vegetatiYe tiller nuni,er, tiller night, 

and plant weight tor the November ha"eat for three replieationa are giYen in 

Table LXII, LXIlI, LXIV, LIV anc1 LXVI. It will be noticed that al though 

there are ohangea in rank, the dffiationa hem the mean for green yield tor 

the progen,y o't each parent are largely simUnr to the G.C.A. •a for thoae parents 

(Table XXV). The higher tiller weights tor the awarc!a appear to be anomalous. 

Lasenby & Rogers ( 1965a) t00nd in Lolium pererup spaced plant vegetatin tiller 

c!ry wei8hta to be higher than award wgetatiye tiller weighta except during the 

aummer and at the higher n1 trogen lnela. The effect waa more pronounced in 

the second year. Here, the hearier award tillers rJlil8,;j' be a refieotion of the 

technique uaed for counting the tillera. The grapha tor the regression ot 

plant weight on till.er nuni>er, howner, abow that the plant night• decreaae 

by a smaller proportion than the tiller Dllllbera, which indioatea that at lower 

tiller mmbera, plant• haTe hea'rier tillen. While thia wq be a refieotion 

of the atatiatioal •thocla uaed, the regreaaion equationa o't tiller mmber on 

plant weight ahow that only tor OM propny in •aoh treataent h the percentage 

inareue in tiller mmber greater than the percentage inoreaae in p1ant weight 

OTer tJM range of aTerage plant we1ghta. U dry Weight peroenta&Q &re allghtly 

h18her in the award•, 41.ft'erenoea 1n dr., weight peroentag• oannot be the oauae 

o~ the beerier aftl"I! tillera. 

Table LXVI ahowa that progeni• with high tiller mmben in the apaoecl 

plant treatment tend to ban'• bi&ber green weight in the narda, with the 
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exeeption ot 2 ana 5. While progeniea appear to retain aim:Uar rank1.nga tor 

tiller weight 'between treatments, there appears to 'be little correlation between 

award production and tiller weight. 

l'ig. 7 ehowa that due to the clitterent reigreaaion oo.n'ioienta tor 

progeniu 1 am 8, the former w1ll. have a higher plant weight than the latter 

tor a tiller number ot 500 to 600 while the reverse oocura tor tiller nwnbera 

below l+D(). At 8"n lower numbera, i.e. in the award {Pig 8), 8 ia still 

superior to 1 11 although the former now baa ita plant weight relati..-el.y more 

affected by tiller number than previoualy. '1'he oompariaona ~ green weight 

and tiller number ahow that the ranld.J18 for tiller number does not oloa~ 

agree with ranking for green ••isht in the apaoed plant treatment al.though in 

the awards the agreement ia f'&r better. Thia ia renected in the higher 

oorrelation ooettioienta in Table LXV compared with Table LXIll. 

The Jamary Ha.neat 

The relationships between f'ertile tiller number and green weight for 

the January harveat are given in Tables LXVII and LXVIIl, and in Pip. 9 and 

10. Aa the whole ten replications were uaed, the standard errors of the 

ooettioients are correspondingly lower than tor the prnioua harYeat. Al.so 

in the prerioua ban-eat there wore very tew fertile t illers, and vegetatin 

tillara oonatitute4 Yirtual.17 all the tlllen in the plants. Here, however, 

fertile and Yegetat1Te tillen are both aignitioant oomponenta ot the plant 

night, ancl U only one component, 1n thia oaae tertll.e tillers, 1a meuure4 

the accuraoy with •hioh green weight can be estimated trom the o011pOnenta 1a 

rec!uoecl. 1'he inoreaae 1n the mmber ot replt.oationa, howner, ottaeta W. 

Ul4 the ranp. ot oorre1ation ooeN'io1.•ta ia aimllar to that o~ the prnioua 

ban-eat. Aa the tertile tillers th .. el.Tea were not weighecl aeparatel.y troa 

the rewincJ-.r ot the plant •t•rial, no tiller weight• are gi.Yen. 

A ooaparlaon ot the apue4 pl.ant tr.tmant raulta (Table LIII with 
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Table LXVII) meal.a that the green weight• ot the progenies 8 and 6 are atill 

relatiftly little atteoted by ohange in tUler nunber, while the green weights 

tor progel\J' 5 atill ahowa a oonaiclerable dependence on tiller 11.UDber. Ot the 

other progeni•, 1 and 1 O appear to be relati wly 1eaa dependent on tertile 

tiller number than on Tegetatiye tiller nwnber, wbil.e 2 and 4 ahow the rnerae 

ettect. The progeni .. with low regruaion ooe:tticienta, 1, 6 and 8 al.ao h&Te 

low G.C.A. •a tor green weight (Tab1e XXXVI), which auggeata a relationship were 

it not tor progeny .3 with the highest rtt61"9aaion ooeffl.oient, but with a G.C.A. 

equally u low. The resreaaion coetnoiant ot 3, howner, can be aeen not to 

be aignit'ioantly cl1.tterent f'rom that of 8. On the other hand, ot the parent• 

with low G.C.A. '• u apace4 plants (Table XXXVI), 3 along ahows a relati'Yely 

higher G.C.A. in the award treatment. Thia etteot ia not retained by those 

progenies poaaeaaing lower regreaaion ooetticienta. 

In the narda (Fig . 10; Table LI IX) it can be aeen that the trend shown 

by progeny 8 ia not retained at the lower tiller DWllbera. The graph ahowa 

three baaic grcupa; progenies 1 and 6 with low regreasion ooetticienta, progeny 

7 with a higher regreaaion ooettioient, and the remainder with not only higher 

regreaaion ooetticienta but al.ao haring oonatantly higher green weiahta far a 

given tiller a.mber. 

The oompariaon at Table llXVI with Table LIII ahowa that prog91\J' 7, with 

a h14h rank tor tertUe tiller ll.lllber, bt.a a relatiftl.7 lower rank tor G.C • .A. 

tor green ni«ht. Thu 1a refieot:ecl in Pip. 9 an4 10. 

The relatioubipa between green~ an4 w.ler mmber an all tairly 

bi«h (Tabl• LII) and abow that apart 1'roa progenT 7, tbl rank• tor tiller- ma>era 

agne oloael.y with the rank tor grNn weight G.C.A. 

'!'be pert'ormano• '7 pro1~ 7 1A the award treatment appeara to be hlgbly 

anoeelooa. While it bu a wry h18h eorrelation ooettioimt ltetnen tiller 

md>er and 8l'Nll ••i&ht, ita high tiller Dlllber 1a not retleote4 in ldah grHD 

night c..c.A. TM oorrelat1on ooettioJ.en.t a, howner, a .... ure ~ 



correlation, noi precliotion, and the relati.Y.iy- low regreaa-ion ooetnoient 

g1vea a more true inclioation. The low atand.ard error anooiated with the 

regression coef'fioient ia retlectecl in the high correlation coettioient, while 

progeny B, with a higher regression coeftio1ent, but a larger standard error, 

baa the lowest correlation coe1't"ioient. 

Thia shows the danger uaooiated With correlation ooettioienta. 

Although the general trend agrees, the performance of progeny 7 au,ggeata that 

tiller numbers cannot be conaitlered a reliable guide to green woight production. 

Lasenby and Rogers (1964&) al.ao found that while tiller ~er was a 

reliable index o~ yield per plant within varieties, it wu a lase reliable 

i.Ddex of yield between varieties. 

VegetatiTe and Fertile Tiller Numbere 

Tablea LXXII to LXXV, Figs. 11 and 1 2 show the relationship between the 

fertile tUlex- number and the vegetative tiller number. The former was 

mea.,ured at the January harvest, while the latter waa measured at the preTioua 

NoYerober harvest. Theee show that in the spaced plant treatment, progenies 

1 and 7 produce more fertile tillera than progeniea 5 or 6 f'or a given number 

o'f vegetative tlllera. It also ahowa that pre>gef\Y 9 giTeS a relatiYely stable 

number ot f'ertile tillers regardleaa of' TegetatiYe tiller number. The 

extrapolation of' the grapha in Pig. 11 to the Tegetati Ye tiller m:nben 

experienced in the anr4 •usgeata that progeny 9 might then baYe a greater 

proportion~ fertile tUlen aria1n& t'N>m the Tegetati..-e tillera than the 

other progeni.••· Pig. 12 1howa that thla a.y b-e true. Hosner, progeny 9 

now ahon t!i&t ita f'ertlle tUl_. mmber 1a highly 4epeaclent on ngetatiTe 

tiller mmber while proge:r 1 now ahotre that it.a f'ertlle tiller mmba- !a 

rel.atiYely tnaepelldent of' Tegetat1~ tiller l!Ulllber. 

Then appears to be no olear relationaldp b.tween the ratio or hrtll• 

to "'•etatiYe tUlera an4 g:N.en •tter produotion (o.t. Table LXXIl w1th 
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DXVI). Wbtle the apaoe4 planted pro em.ea wlth the hlgb at tios, i.e. 

1, 6 and 7, abow a reduced relative p rtormance ~or green weight in the awards,. 

pro niea 2 and 8, with low ratios 4o not support the corollary that these 

hould therefore ahow an inoreas-e in relative aw&J'd pertormanc • 

A turtb r pe-0t of co :tition presented in Table LXXVII and Fig. 13, 

which show the ett ct on green weight due t o plant position in th swards. 

Plant. towarda th :dge ot the •ward ha~e higher green weighta than those placecl 

towarda th centre-. Thia inaicatea that c:o t1tion in the centre ie hi8her 

than oompet1tion at th edg • Future a1Dl1 ted award experiments should have 

more rowa or border plants than the two uaed here. 

Here. whll pro eny 9 showa greater relati-ve cluotion 1n production 

due to increased competition,. its initial superiority &t lower leYels of 

comp tition is retainod at higher leYela of competition and be-co second only 

to the rel ted pro~ 1 0 which, incidentally, is the least attect d by increued 

o-ompet1tion. There does not ppear to be a clear relationship b tween the 

response to increa&ed competition thin the award and the increased competition 

between the main spacing treatments. Tab1e XXXVI show that while pro ny 4 ia 

ranked higher in the spaced plant treatment than 1 o, progel\V 3 1a not. 

The grapba ot prog niea 1 and 6 ahow th t while their relat1Ye reduction 

in green weight tor imreuecl oompetition 1a leaa than that of 9, their 

interim ty at the lower le-, :la ot co eti tion 1a not lost t th high r 1 Tela. 

1'hile thia graph cl •ua t that progeJV' 9 1111(1' b coa le.sa oo titiff at h 

tition, it would • unwiae to extrapolate. 

ot l• 11V, XXV UlVI, whioh llat the • ight 

G.C.A. ' a tort thNe ban ata* renal.a P. gfJ1f3 10 gnduall.y lmpl'Ofta ita 

o-un w :t hA1i.-,•n tnatmenta 

ll&r'ftlata (fabl• VII, xvm ana DIX), ind1 t1- tnoreu 

relatiYe to the a.paced plantings;: t 



P ratio tor the line-by-treatment interaction (Tabl•• VIII, Xll and XXX) 

indioatee that thia u becoming more pronounced. The relat1-.ely improTe4 

performance of' progeny 10 ri th increased o.ompetition at l.ater hanesta ia in 

line with its relatively improved performance with increased 00D1p9tition with 

plant position 1n the award at the last haneet. The other progenies do not 

appear to show quite the same clear relationship. 

'l'he relationahip progeny 1 O ahowa in Fig. 13 ia tor the final harYeat 

only, and rt111J not necessarily be the aame relat.ionahip existing at any other 

ti.me. The abo•e-mentioned obaenation my be coincidental. 

Seed production and fertile tiller nuni>er 

The relationship between f'ortile tiller number and seed production is 

given in Tables LXXVIU to LXXXI and Pigs. 14- and 1 5. 

In both treatments progeny 5 and 1 0 haTe generally a higher seed 

produotion tor a giTen tiller number than the rest. Seed production ~ progecy 

3 is 1t10re dependent on tiller number. 

A oompariaon ot the G.C.A. '• (Table XLVII) with tiller numbers (Table 

LXXI) show that the rankinga tor each are ro~hly the same order, the notable 

exceptions being progenies 5, 6 and 10. Progenies 5 and 10, both with fewer 

tillers than 6, produoed more aeed tor the •ame number ot tillers, a superlority 

that enablea them to out-per.ton 6 tor aeecl production. 

In the award.a, pro«el\V 10 again ahowa a high aei.ld produotion per tlller -

again giving it a high aeea production in spite of a lower tiller IILUllber. 

Progen1ea I+, 6 and 7, however, ahow that their relatiffly better rank tor tiller 

JIWlber than ••e4 yield ia a retleotion ot their poorer aN4 pro4uotion per tiller 

ae ehown in Pia• 15. 

There doea not appear to be ei,y definite relationship bettMn treatJ1enta 

tor aeed production per till.er. 'l'ablfl LXXVII an4 LUX indicate a tea4enoy tor 

those progeniea with high regression ooettic1euts in one treatJaent to haff high 
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Ngreaaion coefficienta in the other treatment. 

ChA.neteriatios of competitive ability 

Bhodea {1968) auggeated that a deoll.ne in competitive ability ia 

associated with the onset ot floral initiation. In tbia etJl:J)eriment, thoae 

progeniea commencing flowering earliest would be those cOlSDenoing tloral 

initiation earliest, and theretore, other thinga being equal, ahculd be sooner 

anc1 t heref'ore more atteoted by competition. Rho4e'a conclusion.a, howeTer, 

were based on Phalaria coerulea.oena, which has a higher proportion ot f'ertile 

tillera than Lollum perenne, aDCJ wq not theret'ore be applicable to other 

apeoiea. 

Karly tlower.lng progenies ditter between treatmanta (Table LYill), 

progenies 1, 4, 5 and 8 ehowing preaenoe ot' interaction. Howe..-er, progeny 3, 

with early f'lowering, performs relatiTel~ better in the award than the epaoed 

plant treatment for green weight (Table XXXVI) u well. as seed production 

(Table XLVII). Progel\Y 9, being ear]J' flowering in the awards, ia superior 

to all other progeniea for greell weight (Table urn) while progeny 1 o, a late 

tlowering progeny, baa a high green weight production which is, howrner, 

aigni1'1cantly leaa than that ot' 9. 

iltematiTely, it could be •U&geatllld that the progenies produoing 

relatiTely more tertile tillers tor a giTeD number ot Tegetatiw tillers .-ml.d 

be leaa aggreaaiw. Imm ctial"egal'd!.nc progeny 9. wbioh ahowa the highest 

ratio ot tertile to YegetatiTe tillera (Table tnll), the other progeniea 4o 

Mt ah01J a tendency tor ldgher rat1oa to be uaooiatecl with lowencl 0OIIJ)4ttit1:f'e 

ability. Were the Tegetatift tiller oounte4 'tor the January harnat, a 

clittennt aituation -.,y haw appeared. Prol9l\f 3, wbioh ahowa 111pron4 

oompeUtift ability 1n the awarda (Table XXXVI), bu a low fertile tUler 

Dllllber (Table LIII). J>ro«eniea It. anc1 7, l>oth o~ whiab aho• lower oompeUUn 

al>Uity_. haft high tertlle tlller DWlbera. Progen,y 9, h>wffer, 4ou not 



adhear to thia pattern. 

Rate ot tiller production has 'been cited aa the eharacteristio that 

enablea Loli.um perenne to c t strongly againat F tuoa prat naia 

(llilthorpe, 1961 ). Rhoclea (1968) augg sta that rate of tUlering is a 

character as ociat d with, rathff than a determinant~ competitive ability. 

lfbile production of green matt r is highly orrelsted ri. th tiller 

number, it ia dift'icult to dete-rm1ne if the increased yield ot the progeniea 

with the higher tiller numbers ia due to that alone, or due to the re4uoec1 
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yi 1d of the lower tilleri.DB progenies that are le s able to compete. From 

Table XIV 1 t oan be aeen that progenies 4 and 5 are aN'ected in opposing 

direot1ou by inc-reaaecl oo tition. Prog91\Y 4 baa a high r tiller number 

than 5 in both the spaced plant and award treat ente, although the difference 

ia not ignificant 1n the 1 tter. ProgeJzy" 8 baa a lower oompeti ti ve ab11i ty 

co pared with 9 and 1 o, and this is ret'l. cted in its lower sward tiller mmber. 

A comparison of monoculture with mixed awards o-t the type reported by Gardner 

& Hunt (1963) would not be eaay here, unless th parents could be croued to 

some neutral teat r parents. 

Donald ( 1 963) a\lg8eata that the auperior production ot oo tal Be da 

grass compared with th common Tariety ia a retl otion ot the former Tariety 

haviJl6 a more reot habit and 1110re widely spac d 1eaYea whioh allow a better 

41atr1bution and util1 tion ot light. In tb1a experiment. progeniq 4-, 8 

ana 9 Ye ereot habit. While the la~~er two pro m a ah an i rn 

perto oe in the na1"'Cl OOlllpaN4 with the e4 plant t-reat nt, t not 

bit poueas ~ 4 is insu:tticient to enabl.e i't to retain high awara 
pertormanoe. 



Genetic variation. 

CHAPl'ER V 

Conclusions. 
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1hia experiment bas shown tha.t conaiderable genetic variation exists 

for all characters examined, .i.e., green matter production for three harvests, 

seed production, fiowering time, growth habit, leaf width and after-math 

heading. Characters associated with yield, i.e., tiller mmber and tiller 

•ight, also show genetic variation. 

Differences in G. C. A. 's acc~.mt ~or 17 - 27: ( in the spaced plant 

treatment) and 17 - 36;: (in the s ward treatment) of the total variance for 

green matter production, whil e differences in s .c.A. 's account for 41 - 557; 

and 19 - 55% for the spaced plant and sward treatments respectively. While it 

is not possible to relate addi tive genetic variance and non-.a.dditive genetic 

variance directly to these values, they do show that oven t ha.lgh some additive 

genetic variation remains to be fixed, the high 1-evels of non-additive genetic 

variance l,ould hamper s election experimenta, eapecially in the earlier stages 

of growth. 1'he l ow heri tabili ties est1ma ted result partially t'rom this :fact. 

While the non-additive genetic variance is classed aa s.c.A. Tariance, 

thia, and the error variance, could be partially attributable to maternal 

et'tecta. Ir in each of the treatmmt blocks, the two plants of each c:roaa 

had different maternal parents, maternal effects would be balanced out in the 

general analyaea, and llWld largely contribute to error in the treatment 

anal.yaea. Iloweter, in thia experiment no attempt was a.de to balance JI11.terna1 

ettecta, nor, 1a a mmber of instances, ~d it have been poaaible. 

The experiments reported by Beddows et al ( 1962), Haywood & Breese 

(1966, 1968), ~ (1967), and Thomt.a (196i! 1969a, 1S69b) all showed that 
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ryegrass possesses considerable .oaternal ef':fects which are not necessarily 

conf'ined to seedling charactera. 

The tendency :far the variance due to s.c.A. diff'erences to decline in 

the sward treatments rray be ascribable to reduced maternal effects. Alt.er­

na:tively, the reduced proportion ot the genetic variance that is due to 

G.C.A. dif'terenoes in the spaced plant treatment compared to the sward 

u-eatment , may- be a ret'leotion that .. Ariki" was bred using spaced plant 

aaaeasments, and that in this environment less additive gen etic varia.nee 

remains. 

Interactions. 

This experiment has success:fully shown ~t f'or green mat t.er pro­

duction, seed yield and flowering time, genotype-by-environment interactions 

OCCUXTed. 'ri. th a suf':ficiently high significance to permit sericus questioning 

o:f the practice o:f assessing pasture species as spaced plants. \I/bile there 

is a definite trem f'or some genotypes to show a. good relationship between 

treatments, other genot-ypes do not, am selection under a spaced plant 

environcent u.y result in a reduced, if not zero, response in sward product­

ion. 

The conflicting results o£ some experiments eDJD:ining the relation­

ship between sward and apaced plant aaaessmenta (e.g., reported by Lazenby, 

1957&) could be a feature ot the genotype• uaed, apart 1"rom the techn1qt1ea 

uaed in aaaeument. In apiie o~ the tact that Iazenby's reall.ta (loo. cit.) 

do not entirely 1111pport his oantenticn that the performance rank.1.nga of 1'air 

~grass -.arieUa were •1m1Jar whether sown as spaced plants or award.a, the 

gen.otypea uae4 1"D"9 f'airly widely 1-aed and may not indicate the aituatico 

with ditt.-ent genotypes, or a narrower range of genotypes. 

The conclusioq_ reached with these reaul ts is neither that of lllrphy'• 

( 1952), n.s, "the breeder can uae any of the ••• metb.odaof'. 'planting imeatigatecJ 
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:for isolating selected plants ,.hioh ·~-:a,<)SHIIShigh yield potential.0 , nor, on 

the other hand, the.~ or Ahlgren et al. (1945) who concluded that there waa no 

relationship between estima.ted yielda or the selections grown aa apa.ced-planted 

rows and as swards. Here there is a re-1a tionship between per.fonnance rankings 

in each of the treatments, l:ut th&l"e are alao genotypes showil1g poor relation­

ship. It ia 1:he,ref'ore concluded that spaced plants give an inadecpate 

asaeasment ~ the expected perfornance o'l? genotypes under higher levels of 

ooupetition. It .IXllst be pointed rut , however, that the conclusions reached 

with this material ..,y not be a:pplicablo to either different species, or 

to aind.lar species which posaesa levels o:f heterosygosity different trom 

that or "Ar J.ki". 

Oompomnta of yield. 

The canponents of yield of the November harvest, i.e., tiller n.unber 

and tiller weight, show considero..ble geneti.C variation. The :fcrmer shows a 

oloeer relationship to green yi~ld than the latter, but the ditterencea 

between genotypes in both treatments render tiller mm.her per se an un­

sati.s:factory method ot assessir.g, either green natter production or competiti:ve 

ability. :Fertile tiller n.unbers , (which are tf!lflf!lr and eaaier to count than 

total tillers) are a.lac an unreliab_le guide to gree.c. weight producUcm. 

tiller mmbers rmy hav• a. sn-ater use llhare index selection is 

practiNd (e. g., Glenday &: Fej6r, 1956). 

Cppetition. 

'l"ba enm1mtion cl tiller 00UJ1ta and tiller weights, along with 

01:b.- cbaractara 1111:dch nay be a1ggeated aa attecting the reapome of the plant 
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to coq,etition, tail to produce any conclusion. However, the marked response 

of progeny 9 to increased competition within the award suggest that even between 

comperitively high level.a of eompeti tion, genotype-by-competition interaotions 

nay occur. Thia aericusly cpestiona the st1ggestion forwarded by Lazenby & 

Rogers ( 1964&) that provided eo let& eover is a.chi.eved, non-award densities 

atford the same competition met wt:frh i1. .in swards.. 

F.irther~ it could be argued that even the close planting uaed in this 

e erirnent does not subject the plant to true sward conditions, notwithstandi.llg 

the absence or other species, especially legumes. 

~s in plant type. 

The interaotion or genotype with enviror:umnt for seed yield suggests 

that changes in the genotype 0£ a popllatio~ during seed increase generations, 

su_ch as reported by Kelly & Boyd ( 1966) , Cooper ( 1959) , and Rumball ( 1 970) , 

can occur, and :furthermore, the changes are likely to be dit'i'erent .for a 

different sp cing. 

Limitations ot the experiment. 

"Arild.u rye.grass is essentially a permanent pasture species and the 

results of one year's growth may not indicate consequ nt per.for nee. Genotypea 

with large proportion at Lolium ml tit'lorwn ge~8 may laek pe;rsist-ence. in 

spite of a high growth rate in the earlier ata.g a o£ the experiment. The 

relative proportions ~ addi~ve and nan- additiff getietic variance CQ.lld 

1rell al > it the trends indicated in tbe first three harvests are 1ndicat1.ve. 

As ested abow, even the cloae spacing used in this ~t 'flJ83 

still an ina.deq_ua te sim.ll.a ti.on ot the sward environment, where different 

apeciea also occur, and clistanoea between plarita ~ be very variable. 

Furthermore, differences due to aoil fertility and mi.ature conditions D.Y 

also reailt in g-enotype-by-environment interaotious (Luenby & Rogers·, 196.5b), 

u wll as ditterenoea in cutting or grazing regimes (Lasenby & Rogers , 19650). 
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Summary. 

Ten lium ( (Dlllti:florwn x perenne) x perenne] plants~. eight ot 

which are the ~ te parents of' the ~1ety ' Grasslands Arild.' Ryegrasa,. were 

diallel crossed., The progeny were planted out in two treatments, vi.z., a 

2 ft. by 2 ft. spacing, representative of that conm:>nly used by plant 

breeders at "Grattslands Division" , D- I.R. .- and a 4-inch by 4--inch 

spacing in a .simllA tea. award,. 

Si.gnit"icant genotype-by-treatment interactions occutTed in. all: three 

green matter harvests during the first year o:f' growth. 

Vegetati.-e tillers were counted at the second harvest (November ) 

a.lld t'ertile tillers were coonted at the :final harvest (December). While 

there ,vere significant correlations between tiller mmber and yield, the 

results show that tiller ccunts were not a satis£actory technique to 

distinguish genotypes with potentially high sward Jroduotivity. 

The ~portion of' ~r,tile tillers that arose tram the November 

vegetative tillers ga.ve little insight either to produetion or competitive 

a bi lity , nor could the time :f'l owering con:mencod be related to either seed 

pr ction or competitive ability. 

An examination of the production 1n the award treatments in the last 

harvest revealed that inte:ractiona d genotype. with coq,etit:i.on occur even 

at t'airly high leve.ls of c-owpeU ti.on. 

lnteractiona at genotype with treatment al.so occurred :for seed -.reight 

and t1aB ot £1.oweriDg. selection that ~ 1-ve occun-ed d'.ie to geia\ypic 

clU'f'erencea in Med Jr()duotion 1R1re related to plant type, a.a determined 

by at"ter-Jlll.th heading• leaf' width and ·growth habit. 

It_,. ooncluded that in spi te o~ aubatantial genetic variation, 

1'Jrther J&'C)greaa f'rom selecti on in 1t.Arik1" :la likely to be l.imited, :tira-tly 

by the leftla o~ non-additive genetic nrianc4' am aeoondl.y by the presence 
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or genot.Jpe-by,-emiroDllllt inten.ctiona that would not allow aatiafactory 

eati.Jatea ot the yield or a genotype in a award ft-an the yield, am OC111pGb811ta 

at y:l.e,14 ol the genotype aa apaoed plAnt a. It appears that tho moat el'f'ioient 

-.a.Y ot a.a••••:!nc the performance ar a genotype in a ~ticular envirownt 1a 

to plaoe that genqtype in tha't enrironment and aeaeaa i ta J)el'1"ormanoe. 



• 

0 

Ya tea ( 19)J) gi 

ing plot. appro 

plot tor which the tanwla 1a • 

cm the econd ma,ing plot and on until all 

... 
the aboM tarwai. 

sSJ • Bl + Vi' - T 
(-.. - 1)(T., 1) 

pit k • (b - 1)(y - 1) 

. is 

w.LIIIO.&.l',R ....,..,.__ ilJ exJ~llaeKJ. in r--,- or all 

. .aen; 

total 



i•VLJ...- : 
k 

+ 

+ 

-

b (Swa of' all mi . ) 
k ( val1tea in block 1 ) 

i ~..:lu:. ;!1 
line j ~ 

1 ( ·. of all _ .. _.,) 
k (-.1.uea ) 

i + v L 1 - G ----h --- 1 ( of aU a1a 
k + v-1 ( 1nbl.ock1 

+ b ~ 1 ~valuoa ';!' l.1118
8
~~ 

1 ( 0£ all ~ ) 
- k ( lues remaining ) 

x. a 

s1 - J;k2 • ftx3 • • • - j&n a ( .1 + L j - G )/k 

wben - • 1/(y - 1) mMllt"el •p 1• 1n the 1iaPt block ~ 

- • 1/( - 1) wta-e •p ia 1n line Z., 

- • -1/k el.Mlliliero .. 

1o6. 

valnea) 
) 

r sult.. one 



107. 

:1 -¢ -¢ -¢. • . - ¢ X (bR1 + vL
1 - G)/k 2 3 4 n 

- 1'1 + 1 - ¢ - ¢ • • . -¢ x2 (bR2 + vL2 - G )/k 
3 4 n 

• • • • • • . . • . . . 
• • • .. ~ • • • • • . • = 
• • • • • • • • • . • • 

-16 -¢ -¢ -¢. • . - ¢ X (bR + vL - G)/k 
1 2 3 4 n n n n 

where the ¢' • take values according t.o the x with t."1" unit coetticient, and 

R
1 

and L
1 

correspond to the blocks and lines in which xi appears , i.e., R
3 

is not Block (3) bl t that block containing x
3 

• 

.Aa bin this experiment s 10, it was very q11ick to calculate (using 

a Canola 163) the RES of the matrix equation. This had to be reduced by 

nultiples of ten be:fore being used on the computer as JOOst o£ the IHS values 

are less than unity. ·,ere this not ef':fected , the computer program would 

.. " 
overflow. 

'.I.be co. tcr inverts the matrix and solves for all values of x 
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