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4.l Introduction 

In Section 3 we concentrated on the CxL tables separately for each year. 

It is worth repea ting the reason why we have chosen to break up the analysis of 

the complete CxL xY da ta set into pieces: 

( i) The struc ture of the da ta sets is such that in any par ticular yea r 

there is a complete CxL table 1 i. e . in any year th~ same cultivars were tested 

at each of the locations used in that year. 

(ii) The cultivars tested var ied quite dramatically over the 10 years. 

We could have attempted to analyse the c omp lete C xL xY table using a 

package sue h as R.E~L to estimate var ia nee com po nen ts, however this approad:..._ 

seems to suffer due to sparseness of the data ((ii) above) as well as ignoring 

the valuable structure available ((i) above). 

In order to ove rcome t he problem of chang ing cul tivars from year to yea r 

(see Table 1.3.2), it seems best to not try and estimate parameters for the 

full CxL xY table, but rather look separately at various components; for 

example in the las t Chapter we concentrated on the CxL (within years ) tables . 

In this Section we look at the analyses of L x'( table s . We justify considering 

such tables , even though the cultivars change from year to year by: 

(i) Allow ing the cultivars in any year to be r andom , with a constan t 

va riance over years; this last point is s upported by obse rving that 

in Appendix C, the cultivar mec.n square (column (5)) does not vary 

dramatically from year to year. 

(ii) Being aware that in estimating margins from a LxY table, the est imated 

year effec ts may include a component from the cultivars represented in 

that year, i.e. by assuming cultivac-s are random we are not excluding 

the possibility (probability) that average cultivar performance has 

varied (increased?) over years. 

In the next Section we look at the analysis of LxY tables, fitting mar~lns 

and in. Section 4.3 a generalization of the Fin~lay-Wilklnson a1>p roach ls 

applied to LxY titblt?s. 



0 
4.2 Fitting margins 

The statistical package GENSTAT was used to estimate year and location 

means from an LxY table. The model that simply says that an entry in a two-way 

table consists of an effect due to the appropriate two margins plus an error 

term is usually called the process of fitting margins. For our tables there 

are a number of blank cells so that the analysis is non-orthogonal (i.e. not 

just simple row !and column averages). Although the degree of incoiopleteness is 

nowhere near as bad as is the situation with the CxLxY tables, it is still best 

to exclude rows or columns with just one or two entries. In the case of the 

tables in Appendix F this corresponds to dropping out several of the locations, 

c:) depending on which variate is being analysed. 

0 

It should be pointed out here that the model we have used to analyse our 

Lx'i tables assumes independent errors for the entries in the table. This is 

not strictly correct since by assuming that cultivars are random, there is an 

induced correlation structure whereby entries in the table are related 

according to the nu:aber of cultivars they have in common. However we have not 

concerned ourselves with this aspect since mean values would be affected very 

litle and the style of this repol.""t does not demand precise standard errors -

whatever they :night be. Patterson and Silvey (1980, Section 5.4.4) use a 

similar procedure for estimation of variety means over years. 

The estimated locatlon and year means obtained by analysing the tables in 

Appendilc F are given in Tables 4.2.l. and 4.2.2 respectively. Analysis of 

variance details are also of interest and these are given in Table 4.2.3 along 

with a reproduction of the information on the average CxL mean square (which is 

really the combination of the CxL and CxLxY lines in a full thr~e-w~y analysid 

of variance table) and the average residual mean square (the error team in a 

three-way analysis of variance table) from Table 3. 3.1. 



Estimated Locat i on Means 

boll elon leng ltpc lyld mike strg unir ya i n yast 

bi 5.33 6.87 1.11 37.S 1325 4.19 23 .0 44.7 104 221 7 

bo 

dd 4.98 6.82 1.10 38 .S lUH 3. 81. 22 . l 45.0 108 2305 

em 4.24 6.46 l.08 38 . 6 1186 4 . 06 22.5 43 . 8 1U2 22Y4 

lo 

me 1.1 2 37 . 4 1452 3. 85 24.4 45.3 

mo 6. 57 l. 14 36 .8 1533 4. 20 24 .0 46. l 

mv s. 12 6. 77 1.13 38.7 1545 4 . 28 23.4 46.6 104 2334 

sg 4 . 52 6.91 l.09 38.3 1287 4 .10 22 .6 44.5 105 2290 

th 5.48 6 . 38 l.09 40.0 1470 4 .47 22.3 4 5 .0 1U4 2 ltl6 

un 

1.1a 4.64 6.94 1.12 37.S 1234 4 .13 23.0 45.7 1U7 23l9 

<,.rn 5.14 6.74 1.13 38 .1 1614 4.05 23.6 45.9 103 2376 
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Table 4.2.2 

Estimated Year Xeans 

boll elon leng lt pc lyld mike strg unir ya in yast 

74 5.00 6.62 1.13 36.S 1361 4.24 23.5 46. IJ 105 "1.372 

75 4.94 6. 96 1.09 38.2 1041 3.85 22.l 47.0 97 2047 

76 4.o4 6.46 1.10 38.4 922 3.98 23.0 46.0 103 22J7 

77 5.35 6.55 1.10 38.4 ll82 4.34 22.6 45.6 111 2337 

78 4.SO 6.39 1.11 37. 4 1462 3.90 22.. 3 44.9 101 2315 

79 4.95 6.64 1.09 38.8 1468 4.50 22.5 44.9 103 2251 

0 80 4.63 6.83 1.13 39.3 1364 4.53 24.0 45.3 111 24J9 

81 7.36 l.ll 40.8 1726 4.18 23.S 44.5 105 2334 

82 6.67 1.13 40.9 1809 4.29 23.9 43.9 

83 1.ll 40. 4 1496 3.36 23.6 43.6 

0 



Tao1e £+.L. , .> 

Summary of Stratum Error Terms so far* 

y L** L y C L Residual 

boll 0.54 0.86 0.17 0 . LU 0 . 07 

el on 0.64 0. 28 0.09 0. 13 0.09 

Ieng 1. 72 2. 12 0. 51 0 .32 0 .16 

ltpc 10.97 4. 51 2.11 o. 71 0.48 

lyld 59 . 52 19 .13 7.73 l. 28 0.41 

mike 9.38 2. 48 1.25 0 .45 0.22 

st rg 4.50 2. 84 0.76 o. 54 0.29 

uni r 9.02 S. 04 1.04 0.61 0.37 

ya in 15.69 2.31 l.56 1.49 1.04 

ya st 9.06 2.62 1.08 0.85 0 . 40 

* scaled as in Table 2.3.l 

** after fitting years 



4.3 Interpretation of Tables 4.2.1 - 4. 2 . 3 

Firstly looking at Table 4. 2 .3 we can observe that the magnitudes of the 

LxY and CxL mean squares are small in comparison to those for L and Y. This is 

particularly the case fo r lyld, the mos t important va riate, so that altho ugh 

lyld sho~ed the largest CxL interaction , we probably have to get this result in 

pers pective when considered against the L a nd Y mean squares. This possi bly 

explains why there was no discernible explanation for the significant C XL 

interaction when measured against the residual mean square (see Table 3. 3.1) -

it~ s really quite small relative to the L and Y values . 

The va lues i n Table 4. 2.3 are more fo r an indicat ion of levels of 

Q magni tude rathe c than a ny exact considerations, beca use we must re1oember chat 

the analyses of this Chapter have excluded some of the locations. Nevertheless 

it is interesting to look at the rank ings of the analysed loca ti ons, i.e . 

ranking the estimated location means in Table 4. 2. l from highes t to lowest; 

this is done in Table 4 . 3. l. There are some intert::!Stin~ results apparent frow 

this table especially when we underline the Queensland locations . It is c leac 

that for l eng, strg, unir and yast in partic ular there is a separa tion into ~SW 

and QLD locations . This issue has been rai.sed in discussion with the plan t 

breeders from NSW and QLD but it seems that no sati sfac tory expla nation tor the 

i mplications in Ta ble 4.2.4 has been given. Furtht::!r tho ugh t i~ required here 

0 in order to ded uce what the results of Table 4.2.4 are attempting to say . Th~ 

explanation probably depends on information not under considerat ion in this 

report , but it s eems to be a priwary area for fu r ther de tailed investigation . 

Similarly we could produce l"ankings foC" the results in Table 4. 2. 2 and try 

to relate the conclusions t o other informotil)n such as geographic variables or 

cl imate (day degrees?) . 



Table 4 . J.1. 

Ranking Es timated Location Means 

boll el on leng ltpc lyld mike st:rg unir ya in yast. 

Rank 

1 th wa mo th wn th me mv dd wn 

2 bi ~ mv mv mv mv GlO mo wa mv 

3 wn bi mn em mo mo wn wn 3- wa 

4 mv dd me dd th bi mv wa th dd 

5 dd mv wa ~ me wa bi me bi em 

6 wa wn bi wn bi ~ Ya dd mv ~ ) 
7 ~ mo dd wa 3 em sg t h wa bi 

8 em em ~ bi wa wn e m bi em th 

9 th th me em me th ~ 

em mo dd dd dd em 
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4.4 Appendix B Tables for lyld 

The tables i n Appendix B contain F values and the mean square error f rom 

~ 

the individ ual experimental designs and as such consti tute another set of LxY 

tables which can be analysed by fitting margins. We will only consider frep, 

fcl t and fmse for the variate lyld, i . e . the F values for replicates and 

cultivars a nd the mean square errors fo r lint yield from each experiment. The 

resul ts from fitting margins are given in Tables 4.4.l and 4.4 . 2. The analyses 

have been ca rried out on the natural logs of 100 times the tables in Appendix B 

(the mul tiplie r 100 is purely for convenience of presentation, the logarithmic 

transformat ion is desirable for frep and felt but not so necessary for fmse). 

n The values given in Table 4.4. l and 4.4. 2 fo r felt and fmse have been 

graphed in Figure 4.4.1. The most desirable situation is for the low values of 

fmse and high values for felt. These would be expected to be negatively 

correlated as seen from Figure 4.4.1. Interpreting Figure 4.4.1, it seems that 

mv has a low fmse, whereas mo and wn have good discriminating power between 

cultivars. Bad locations are dd and sg. On the other hand considering years, 

we see that 1975 and 1976 had low fmse; whereas 1976 and 1'1~3 were the best 

years for discriminating between cul t!vars . These results should presumably be 

re lated to climatic conditions i n the var ious years, For example 1975 and 1Y76 

were pr obably wet years and 1981 a dry year . 



Table 4.4 . 1 

Estimated Location Means 

frep felt fmse 

bi 5.87 6.43 4.81 

bo 

dd 5.84 5.86 4.99 

em 5.19 6.08 4.71 

lo 

me 6.80 6.47 4. 79 

mo 6.41 6. 79 4.58 0 
mv 6.38 6 . 48 4.18 

sg 6.52 5.82 5.14 

th 6.13 6.40 4.42 

un 

wa 6.07 o.34 4.66 

wn 6.36 6.78 4 .58 
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Table 4. 4 . 2 

Estimated Year Means 

frep f elt fmse 

74 4.01 6.02 4 . 84 

75 6.39 6 . 36 4.02 

76 6 . 40 6. 75 4.05 

77 6 . 82 6. 42 4 . 37 

78 3.83 6.44 4.89 

79 6.20 6 . 28 4 . 96 

80 6.34 6.22 4.68 

81 7 . 22 6.11 5. 07 

82 7.74 6.11 4 . ~8 

83 6.61 6. 72 4.49 
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4.5 Digby Analyses 

The Findlay-Wilkinson model (3.2.l) which was applied to the CxL tables 

could be used on any two-way table where we suspect that a significant 

interaction can be modelled as a linear regression on one of the margins. Thus 

for the LxY tables we could possibly argue that dif feren t locations show 

different reactions over years; one locaion could be stable and give similar 

results in good or bad years whereas another location could be susceptible and 

vary markedly in good and bad years . The model would be 

µ + aj + 6 jwk + E 
ij 

(4.5.l) 

where yjk is an element of a LxY table; and 6. is a regression coefficient for 
J 

location j; and wk is a parame t er for year k. 

There is an added problem with the LxY tables that did not arise with the 

C xL tables, i.e. the LxY tables are incomplete . Digby (1979) looked at the 

generalization of the Fin4lay-Wilkinson analysis to non-orthogonal tables. We 

have prog rammed the Digby cethod and analysed the tabl~s in Appendix f. 

Results seem to be difficult to interpret and we feel at thi s stage it would be 

premature to present any summaries in this report. It does seem that any 

conclusions would concur with those obtained from fitting morgins as in Sec tion 

4. 2. 

•I 
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S.l Introduction 

In the last Chapter we explained the reasons for concentrating on the LxY 

tables rather than the full CxLxY table and why in that situation it was 

convenient to assume the cultivars within years to be random eff~cts (with a 

mean shift incoC"pora ted into fixed year effects). Of course frow. the plant 

breeding point of view relative cultivar pexfol'.'mances are important so so;n.e 

effort has to be made to estimate cultivar effects from a CxY table in spite of 

the very sparse nature of this table (see Table t. 3. 2). Therefo t'E! we hav~ 

decided to fit margins to the CxY table, but so that the tstimation is 

r~asonable we have restricted our attention to those cultivars that appear in 

at least three of the ten years of testin~. This reduces the number of 

cultivars to 31 for most of the variates. In fitting car~ins to the ~xY tables 

most of the points made in Section 4.2 about LxY table$ are again relevant. 

Results ar~ presented in Tables 5.1.l and S.l.2 for tSti~ated cultivar and 

year m.:!ans respt!ct ively. Analysis of variance details are ~iven in Table 

S.1.3 along with the information we have already summarized in Tabl~ 4.L.3. We 

now have two estimates of the mean square for years. one fro:ri the LxY table and 

the other from the CxY table. Such awkward situati0ns s~em inevitable with a' 

very sparse CxJ.xY table; the different estimates for Y mean square have: 

effectiv~ly cotne from differ~nt data sets, due to th<:! elin1inati.011 of poorly 

represented loc3.t ion on the one hand and cultivars on tt1e other. 

0 
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0 Table 5 . 1.l 

Est imated Cultivar Means 

boll el on l en9 ltpc l;tld mike str<J unir yai n yast 

dpl6 4 . 99 8.02 l.16 37 . 6 1345 4 . 82 22.9 47.8 101 225 5 
d psrn 4. 6 7 8 .00 1. 1 4 37. 3 1309 4.8 0 22.8 48. 2 102 2 287 

dpsll3 4 . 79 7.19 1. 1 4 37.5 1284 4.78 22.8 47. 9 101 22 70 
kiml l 4. 63 7 .78 1.12 38. 5 1343 4. 76 22 . 1 4 8 . 1 101 2 212 

hop 5.75 5 . 67 1.13 37.3 1221 4 . 60 26.9 50 . 6 106 2697 
g l06 4.52 5.82 1.11 33.7 1063 4 . 9 0 23 . 4 49.5 1 02 2 353 

ma sup 4 . 53 7.21 1.11 38.3 1181 4.54 22.1 46 . 7 100 22t.3 
del277 5 . 19 7 .83 1.18 37.5 1262 4 . 48 24 . 6 48.8 106 2510 

s t7A 4. 67 6.26 l.15 36. 6 1274 4.8 2 22.s 48. 4 101 2 287 
st7Ane 4 . 58 5 .61 1. 13 36.4 1268 5.06 22.6 49. 0 102 2 302 
basrnl 4 . 75 6 . 47 1.19 36 . 4 1174 4 . 19 23 .8 4 6.9 100 2481 
ac70 5.27 5.31 1.16 37.9 1225 4 . 32 2 6 . 1 48. 9 104 2653 

narn 5 . 39 5.12 1.18 36.2 1302 4 . 63 28 . 2 48 . 7 102 2881 

() cr79 5 . 22 5.87 1.14 3 5. 7 1164 4.75 22 .2 47. 8 102 22 68 
cr7 4 5 . 39 5 .74 1.14 3 5. 7 1188 4 . 72 22.2 47 . 4 100 2265 

rexsm 5 . 33 6.40 1.12 35. 6 1246 4.6 3 21. 6 48. 3 102 2 200 
h 62 4 . 58 6 .59 1 . 18 33. 9 1197 4. 69 23.9 48 .l 102 2 427 
han 5 . 22 6 . 29 1.12 37 . 1 1225 4. 57 22 . 8 48.7 101 2340 

mcnl032 4.57 6.72 1.10 36.9 1291 4 . 87 2 3.7 49.7 103 23 93 
r ivg 4.66 6.02 1. 02 33.9 1055 4.93 21. 9 49 . 7 99 21 67 
dp61 4 . 78 7. 6 6 1.15 39.3 1 4 31 5 . 09 23.0 48 . 7 100 2242 

tamsp37 4 . 97 7 .41 1 . 12 37. 9 1241 4. 32 22 . 0 4 8 . 0 101 2226 
ma 4 . 88 7.03 1. 12 37.0 1246 4.55 22 . 3 47. 8 1 0 0 22 ~1 

• c3 1 0 4 . 8 1 6 .63 1.21 38 .1 1343 4.8 2 23.8 47 .8 1 00 2 399 
mcn220 5.88 1.14 38.6 1412 4 . 86 24.3 48.9 

.. sicot2 7.44 1.16 38.7 1422 4.91 22. 9 48. l 
sicot l 7 . 62 1.17 38.B 1420 4 . 92 22.7 47.1 

dp55 6. 1 7 1.15 39 . 7 1440 4 . 78 23.0 47.1 
c3 15 6.57 1 . 20 40. 3 1 4 54 4. 85 25 .1 48. 9 
d p41 1.16 40.4 1 4 46 4.79 23 . 2 47 .4 

n40439h 1 . 15 4 0. 3 1522 4. 74 2 2 .6 4 6 . 8 

0 



w.::. l...l. lll<..4 .... - - - _. --

boll e lon leng ltpc lyld mike strg unir yai n ya st 

74 5.10 9 .45 1.16 38.2 1421 4.60 22.2 45.7 103 2122 
75 5.23 10.06 1.14 40.4 1151 4.15 21. l 45.9 97 1833 
76 5.12 9.38 l.14 38.7 1036 4.22 21. 8 44.7 102 1995 
77 5.55 9.40 1.13 38.3 1211 4.55 21. 6 44.0 111 2143 
78 5.08 9 .23 1.16 37.8 1552 3.93 21. 4 43.2 101 2149 
79 5.14 9.50 1.12 38.6 1561 4.59 21. 4 43.5 105 2 081 
80 4.77 9.50 1.15 38.l 1437 4 .60 22 .8 44.0 112 2245 
81 9.68 1.13 39.4 1679 4.25 22.3 43.0 106 2179 
82 9.27 l.14 39.3 1792 4.45 21. 9 42 . 7 

' 83 1.13 37.6 1588 3.48 22.3 42.7 

0 



Table 5.1.3 

Summary of Stratum Error Terms* 

yt ytt C** L** CxY LxY c xL Residual 

boll l.07 0.54 0 . 56 0.86 0 . 02 0. 17 0 . 10 0.07 

el on 0.83 0.64 3.83 0. 28 0 .04 0.09 0.13 O.U':I 

leng 3. 33 l. 72 4.81 2.12 a.us 0.51 () . 32 O. lo 

' ltpc 22.07 10 . 97 9.95 4.51 0.18 2. 11 0.71 U.4d 

lyld 144.40 59.52 3 . 28 19. 13 0.29 7.73 1.28 U.41 

mike . 15. 27 9.38 1.83 2. 4tj 0.08 i. is 0.45 U. LL 

strg S. 80 4.50 13.1:>9 2. 84 0.08 0.76 0. 54 0.£9 

unir 25 . 00 9. 02 3.67 s. 04 0. 14 l.04 0 . 61 (J. 3 7 

ya in 40 . 72 15.69 1.29 2.31 0.35 1.56 l. 49 l. ll4 

ya st 25.82 9 .06 17 . 47 2 . 62 O.l'i l.O~ 0 . lj5 U.4U 

* scaled as in Table i. }. 1 

** after fitting year 

0 
t from CxY 

tt from LxY 



The numbers in Table 5, 1. 3 must be taken only as a rough guide to sources , · 

of variation. Nothing more is possible considerin~ the way the first six 

columns of the table have been obtained. H.owever it does seem that the C Y 

interaction term is ruuch smaller than the L Y interaction tenu. Althou~h the 

coefficients for the components of variance coul d only be guessed at in this 

situation, it looks like there are more differences in behaviour of locatio ns 

over years than with cultivars. We note also that the variation in the ruain 

effects of years is in general the largest s ir.gle contributor to the total swn 

of squares in an overall analysis of variance (i .e. if one could have been 

done). 

The means in Table 5.1.1 are probably most easily interpreted by producing 

rankings; thi s is done in Table 5. 2.1. lt may be possible to r':::late tho=se 

rankings to the genetic makeup of the cultivars, for example for lyld and strg , 

the deltapine cultivard have grouped togethe r, as have sicotl and sicotZ for d 

number of variates. Plant breeders may pick up other meaningful associ~tions. 

We must bear in mind in looking at Table 5.2.l that two thirds of the cultivar:> 

are not listed because they were used in less than thr~e years of trials, so tu 

try and gauge the ir perforwance it would be necessary to go back to tho:: 

particul<lr yed.rs who=re they were present. It would be reasonable to use the 

estiinated year ;ue<ins from Table 5 .1.2 to makl:! an adjust:11ent to the cul.tivar:> 

not lncluded in Table 5.1.1 and thereby slot the1n into the Table 5. 2 .1. We 

have not tried this exercise. 

II 



Table 5. 2 .1 

H<inking Es timnted Culti var Means 

boll e l an leng ltpc l~ld mike strg unir ya in yast 

hop dpl6 c310 dp41 n40439h dp61 nam hop del277 nam 
n am dpsm c315 n4 0439h c315 st7Ane hop rivg hop hop 

c r74 del277 bas ml c3 15 dp4 1 rivg ac70 mcnl032 ac70 ac70 
rexsm ki:nll del277 dp55 dp55 sicotl C315 gl06 mc nl0 32 del277 

ac70 dp61 narn dp61 dp61 sicot2 del277 s t7Ane rexsm basrnl 
cr79 sicotl h62 sicotl sicot2 gl06 rncn220 c315 nam h62 

han sicot2 sicotl sicot2 sicotl rncnl03 2 h62 ac70 st7Ane c310 
del277 tarnsp37 sicot2 rncn220 rncn220 mcn220 c310 rncn220 h62 rncnl032 

dpl6 rn8sup dp41 kirnll dpl6 C315 bas ml del2 77 cr79 gl06 
tamsp37 dpsll3 ac70 m8sup kimll st7A mcnl032 nam gl06 han 

ms rn8 dpl6 c310 c310 dpl6 gl06 han dpsm st7Ane 
cJlO mcnl032 dp61 tamsp37 dpsm cJlO dp41 dp61 tamsp37 st7A 

dpsll3 c310 n40439h ac70 n am dpsm dp55 st7A dpl6 dpsm 
dp61 h62 st7A dpl6 mcnl032 dp41 dp61 rexsm han dpsll3 

bas ml c315 dp55 del277 dpsll3 dp55 dpl6 dpsm st7A cr79 
dpsm bas ml cr74 dpsll3 s t7A dpsllJ sicot2 h62 dpsll3 cr74 
st7A rexsm mcn220 hop st7Ane kimll dpsm sicot2 kimll dpl6 
rivg han cr79 dpsrn del277 cr79 han kirnll ms mas up 

kimll st7A dpsll3 han ma n40439h dpsll3 tamsp37 basml dp61 
h62 dp55 dpsm m8 rexsrn cr74 s icot l dpsllJ cr74 ma 

st7Ane rivg hop mcnlOJ2 tamsp37 h62 n40439h c r 79 mBsup tamsp37 
mcnl03 2 mcn220 st7An e s t7A ac70 rexsm st7Ane dpl6 dp6l kimll 

rnBsup cr79 tarnsp37 b asml h an nam st7A ma cJlO rexsm 
g l 06 gl06 kirnll st7Ane hop hop ma cJlO rivg rivg 

cr74 rexsm nam h 62 han cr79 cr74 
hop han cr74 c r74 rnB cr74 dp41 

st7Ane ma cr79 mBsup rn8sup kimll dp55 
ac70 rnBsup rexsm b as ml del277 m8sup sicotl 

n am gl06 rivg cr79 tamspJ7 tamspJ7 bas ml 
mcnl032 h6 2 gl06 ac70 rivg n4043 9h 

rivg gl06 rivg basml rexsm mB sup 

c 
• • 0 
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