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ABSTRACT

The paper presents some theoretical assumptions of the SYCA (Sequential Yield Component
Analysis) and the application of SYCA followed by TDP (Two-dimensional Partitioning) to analysis
of the data from a plant breeding experiment with fodder pea. Partially balanced incomplete block
design with 25 morphologically different breeding forms in 4 replications was applied. In both
methods of data analysis plant height was the first trait in a sequence of independent traits, fol—
lowed by different traits depending on the method.

The results of the analyses proved that in a morphologically highly differentiated population of
fodder pea the contribution of plant height to the yield variability is reduced, with plant height to
the first pod being one of the traits that have a significant effect on yield. According to the SYCA
method, when the pea forms were divided into groups of plants similar in height, the effect of plant
height as the first yield component was high and significant. Generally, the higher were the plants
in the groups, the smaller was the share of the trait in the yield, although still relatively high and
significant. For the purpose of yield component analysis in pea it is recommendable to divide the
breeding material to groups of plants of a similar height.

As for the other yield components, the highest contribution into the final yield was attributed to
the number of nodes with pods by plant height and seed weight by number of seeds calculated ac—
cording to the SYCA and the number of nodes with pods calculated according to the TDP method,
respectively.

The authors, who have used the two yield component analyses for several years, have gained
enough experience to claim that the two methods can become effective statistical tools for the elab—
oration of yield components. Moreover, they can be useful not only in plant breeding studies but
also in many other types of agricultural experimentation.
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INTRODUCTION

The main practical aim of a breeding programme is to obtain high
yielding plant forms. At each stage of a breeding programme the breeder
analyses the growth and development of plants and specifies significant
traits, defined as yield components, which determine the yield volume.
The relationship between yield and yield components can be interpreted
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using many statistical methods, of which the most common are correla-
tion analysis, multiple regression and, recently, path analysis (e. g.
IdZzkowska et al. 1993a 1993b, Gotaszewski and Puzio—Idzkowska 1996,
Boros et al. 1996). However, in all these methods the sequence of yield
components, which is arranged in a mathematical model, seldom corre-
sponds to the succession in which they differentiate at plant develop—
ment stages. Obviously, it is not necessary to adhere to this succession
in order to fulfil the formal conditions of analysis, but any diversion from
the succession in which yield components are formed may lead to erro-
neous conclusions. This is usually due to the fact that, firstly, some vari-
ables introduced to the mathematical model are strongly correlated
with each other or are derived from the recalculation of other variables
present in the model, and secondly, each successive variable introduced
to the model explains only part of the yield variability which has re—
mained after the introduction of preceding cause variables. Conse-
quently, if a cause variable strongly correlated to the cause variable
previously incorporated in the model is introduced, its actual contribu—
tion to the formation of yield will be masked because the yield variability
resulting from the mutual influence of the two traits has already been
partially explained by the trait introduced earlier to the model.

The assumption of the sequential transfer of part of the total yield
variability to successive traits differentiating during plant ontogenesis,
which can be compared to the passing of a baton in a relay race, allows
the researcher to capture an independent contribution of each trait
present in the model to the final yield.

In this paper, Sequential Yield Component Analysis (SYCA) and
Two—dimensional Partitioning (TDP) from analyses of variance for ev—
ery yield component were applied to demonstrate a new opportunity of
statistical evaluation of relationships between seed yield and its compo—
nents in fodder pea. The assumptions on which the two methods are
based and the relevant nomenclature were published by Eaton and Kyte
(1978) and Eaton et al. (1986).

No examples for the application of SYCA can be found in Polish refer—
ences. As regards TDP, the publications of Gotaszewski (1996) and
Gotaszewski et al. (1996b, 1998) contain a complete computation algo—
rithm of this method and its applications.

MATERIAL

The considerations are based on the results of measurements on fod—
der pea plants. The comparative experiments with pea (25 entries), us—
ing a partially balanced square lattice design with four replications,
were conducted in 1998.

The pea plant material consisted of 15 original cultivars and 10
breeding strains of three—podded pea obtained by Puzio-IdZkowska
(1997a, 1997b). Forty plants were sampled from each entry (10 plants
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per plot from each replication). The following measurements were
taken: plant height, plant height to first pod, number of internodes to
first pod, number of nodes with pods, number of pods per plant, number
of seeds per plant, weight of 1000 seeds and seed weight per plant.

Statistical methods

Both methods, SYCA and TDP, include the orthogonalisation process
which leads to the production of a set of non—correlated independent
variables (Eaton et al. 1986, Golaszewski 1996).

A starting point for the SYCA method is a multiplicative model, in
which all the variables are assigned the same reference point (here: an
individual plant) and each successive variable introduced to the model
constitutes a proportional contribution attributed to the unit of the pre-
ceding variable.

Let us consider the algorithm of SYCA method applied to three inde—
pendent variables X;, X, X3, which constitute a certain sequence, and a
dependent variable Y.

Initially, the mathematical model is as follows:

){1 XXixXi l =Y
1 X2 'X3

When logarithms for both sides of the equation are found, the follow-
ing additive model appears:

10gX1+log(X%( ]mg(X%( J+log(%( j:logY
1 2 3

For the purpose of simplification, let us assume that:
X1 =10g(X1 ); X2 =10g(X2 /X, )’Xs =10g(X3 /X, );
X, =log(Y/X,) Y =log(Y)

Orthogonalisation. A new set of non—correlated independent variables
is created corresponding to the input variables:

X, =X,
X,=X,-E(X,), and E(X,) =b, +b,x X,
X, =E(X31), andE(X;) =b, +b,x X, +b, xX ,
X =E(X,), and E(X,)=b, +b,xX, +b,x X, +b,x X,
Determination of the per cent contribution of each successive inde—

pendent variable into the resulting trait.
a) when the variables are standardised
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E(Y')=b, +b,x X, +b, x X, +b,x X, +b, x X |

where
r i2 = bi2

and
2 2 2 2
rl + 7‘2 + ’-3 + 7"4 1

b) when the variables are not standardised, contribution of each cause
trait into the resultant one may be determined as the square of sim—
ple correlation coefficients between the variables obtained in the
orthogonalisation process and the resultant variable.

TDP may be viewed as an extension of SYCA if analyses of variance
are carried out for the variables transformed as above and the results
are incorporated in a two—dimensional table (Eaton et al. 1986). How—
ever, the fact that the results from the SYCA on which the conclusions
are formed are indices rather than actual traits could be a problem here;
besides, they are presented in a logarithmic scale. On the other hand,
the indices have their practical meaning, for example the relation:
number of seeds divided by number of pods describes the average num-
ber of seeds per pod.

The procedure described above for SYCA method can also be applied
to the original data X;, X5, X3 and Y, starting the analysis by first creat—
ing the additive model and then applying the orthogonalisation process.
The determination coefficients 7° set according to this method will cor—
respond to the successive participation of non—correlated independent
variables and, in comparison with the TDP, they will correspond to the
total sums of squares from analyses of variance.

In this paper analyses of data for fodder pea were conducted according
to SYCA with four independent variables: plant height, number of nodes
with pods, number of pods, number of seeds and the dependent variable
seed weight. Besides, the TDP method accounted for all the traits of pea
described was applied.

RESULTS

Table 1 contains the data on the contribution of pea yield components
in per cent of yield variation determined according to SYCA. Groups of
plants of different height, both original cultivars and strains, were in—
cluded.

The results of the SYCA analysis for groups of plants different in
height show that all the yield components taken into consideration had
a significant influence on the seed yield. The dominant effect was pro—
duced by the plant height (PH) and the proportion which determines the
number of podded nodes per unit of plant height (PN/PH), that is the
first two traits introduced to the model. The average contribution of
these two components to the yield was about 60%. It is interesting to no-



Yield component analysis with SYCA and TDP in fodder pea 81

tice that although the total contribution of the two components was
similar, the proportion between them changed at different lengths of
plants. The contribution of the former variable was declining while the
plant height was increasing; at the same time the proportional contri-
bution of number of nodes with pods per plant height was on the in—
crease. This tendency was observed for both cultivars and strains. As
regards the other variables, i. e. the number of pods per node (NP/PN),
number of seeds per pod (NS/NP) and the weight of one seed (SW/NS), it
is difficult to determine unambiguously their relation to the grouping of
plants. It may be assumed that each of these variables had a significant
effect on the yield of seeds per plant and contributed similar informa—
tion.

An analogous analysis on mean values of traits from all the experi—
mental plots (100) confirmed a high contribution of the PN/PH compo—
nent. The effect of the plant height turned out to be rather small, while
the other traits had a much higher contribution to the yield than the
contribution analysed in groups according to plant height; the later the
trait developed in the plant ontogenesis, the higher its contribution to
the yield.

Total sums of squares from analyses of variance and percentage con—
tribution of components to pea seed yield according to TDP are pre-
sented in Table 2. Two sources of variability were distinguished -
entries and environment related. The term ,environmental variability”
includes the variability between replications, between blocks and re—
spective genetic x environmental interaction which compose the experi—
mental error of the incomplete blocks design. The pea experiment was
established on a highly variable soil, and the weather in 1998 was gen—
erally favourable to the vegetation of plants (Szczepanska 1999).

The two traits, plant height and number of internodes to the first pod,
had a non-significant effect on the total variability of pea seed yield.
The contribution of the plant height, 1%, was the same as determined
with SYCA on the mean values for plots (Table.1). This is connected to
the fact that the plant height was the first trait taken into consideration
and constituted a reference point for the remaining traits (independent
ones and the dependent one). The studies conducted earlier by
Gotaszewski et al. (1998) with the TDP method applied to the analysis of
15 pea entries, including 12 medium-height (about 80 cm) breeding
strains of seed type fodder pea showed that in a population of pea uni-
form in terms of height the contribution of this trait to the yield was ap—
proximately 30%. These observations are in agreement with the results
produced according to SYCA, obtained on pea strains of a similar plant
height (Tablel).

Plant height to the first pod, commonly considered as indicative of
plant earliness, was the only morphological trait which significantly de—
termined the yielding of pea plants. It is also interesting to notice that
the contribution of the entry variability for plant height and plant
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height to the first pod to the total variability was higher than that of the
environmental variability. For the other traits the relation between the
two terms of variability was opposite.

Table 1
Contribution of pea yield component [%] according to SYCA.
No of nodes No of pods/ Seed
Plant . No of seeds/ _ ! Seed
No of height with pods/ No of nodes No of pods weight/ No weight

; plants Plant height with pods
Mean height [cm] (PH) (PN/PH) (NP/PN) (NS/NP)

Original cultivars’

SWNs) W

69 200 41 19 12 14 14 100
103 120 38 29 18 6 9 100
167 280 27 38 8 13 14 100

Strains!
67 200 39 18 12 20 11 100
157 200 20 36 14 14 16 100
Average for pea® 1 30 17 22 30 100

lanalyses for traits recorded from single plants (n — number of plants)
Zanalyses for averages per plot

Table 2.
Two-dimensional partitioning of pea yield variation.

Sums of squares from analyses Percentage of the total yield

Parameters of variance variation
Variability Variability
Variable (trait) Entries E;:gé’anl_ Total®*  Entries Er:llgrill;(;?b_ Total

Plant height 6.3%%* 0.4 6.7 1 0 1
Plant height to 1st pod 37.27%% 14.5 51.7*% 3 1 4
No of internodes to 1st pod 6.8% 12.0 18.8 1 1 2
No of nodes with pods 124.1 205.4 329.5%* 11 18 29
No of pods 74.0%* 103.2 177.3%* 6 10 16
No of seeds 124.6%* 148.5 273.0%* 11 13 24
1000 seed weight 105.4%* 118.7  224.1%* 9 10 19
Residual variability 14.1 46.3 60.3* 1 4 5
XX -144.5 144.5 -13 13

Seed weight 347.9%* 793.5 1141.4 30 70 100

& — the totals were tested by regression of noncorrelated independent variables and yield

b _ zero results from rounding

¢ — cross—products — possible interaction between components calculated for each source of varia—
tion in analysis of variance; the sum of cross—products equals zero

* FF _ significant at P=0.05 and P=0.01, respectively

The total variability of the other pea yield components: number of
nodes with pods, number of pods, number of seeds and weight of one
thousand seeds, was significant, with its contribution to the final yield
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at 88%. These traits were strongly modified by the environment, which
is confirmed by a higher environmental effect compared to the treat—
ment effect. A considerably high contribution to the total environmental
variability was ascribed to the number of nodes with pods. No signifi—
cant differences between the entries were found out for this trait, al-
though it was a dominant yield component and the experimental
material was highly variable.

DISCUSSION

When all the pea forms were included into a single analysis, the re—
sults from the two methods (SYCA and TDP) lead to the same conclu—
sion. Thus, it can be assumed that in screening experiments with pea
forms highly differentiated in their height (as in our experiment) the ef—
fect of plant height as an initial trait in yield component analysis was
negligible and the importance of the other yield components was signifi—
cant. However, dividing such a population into subpopulations of pea
plants similar in height revealed a high contribution of the plant height
to the final yield (SYCA). Another interesting observation from SYCA
analysis is that in groups of plants differentiated in height, the share of
height in the yield was decreasing for higher plants. The results from
the SYCA agree with the results obtained in the authors’ earlier studies,
where pea forms similar in height were analysed in a field experiment
(Gotaszewski et al. 1998).

The analysis of the pea yield components carried out according to TDP
showed a very small effect of the height of plants on yield, but suggested
that height of plants to the first pod was one of the morphological traits
which were significant yield components in our studies. Strong, signifi—
cant entry effect of the plant height to the first pod together with a small
environmental effect may suggest that the trait should be suitable not
only for the determination of the earliness of plants, but also for selec—
tion of high yielding plants in breeding tests on a wide spectrum of pea
plant morphotypes.

The other significant yield components: number of nodes with pods,
number of pods, number of seeds and 1000 seed weight, even so their
shares in the yield are very high, depend to the great extent on environ—
mental conditions. Thus, the appearance of the traits and eventually the
yield is strongly modified by the environment. For these traits, the TDP
method showed higher environmental variability than entry variability.

Concluding, it seems advisable to divide pea forms into groups of
plants approximately similar in height when evaluating pea yield com—
ponents and yield through field experiment. What follows is that entries
for tests must be appropriately located on the field in the sense of their
spatial distribution. It bears a new experimental situation when the ex—
periment can consist incomplete blocks of entries similar in height with
different capacity of the blocks. It also suggests some modification of the
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analysis of variance by including contrast in the entry variation or an
additional source of variation, i. e. morphologically different groups of
pea forms.

Having applied the two yield component analyses for several years,
the authors feel confident enough to claim that both of them can become
effective statistical tools for the elaboration of yield components. More—
over, the methods can be useful not only in plant breeding studies but
also in many types of agricultural experimentation. The plant breeder
will find the results obtained with SYCA and TDP of scientific value be—
cause:

1. Increments in 7 measure the contribution of every new independ-
ent variable when it is added in succession to the yield equation, in
the case of SYCA - to sum up to 100% of yield variation. Variables
in the SYCA method are indices, although they have practical
value, e. g. “weight of seeds/number of seeds” is practically the
weight of one seed, that is a trait similar to 1000 seed weight but
recalculated, not obtained empirically. The SYCA and TDP meth—
ods converge when the calculation is made on original data for
traits, but here to sum up to 100% an extra trait, residual variabil-
ity, is created.

2. Thanks to two—dimensional partitioning (TDP) of the total yield
variation according to the successive contribution of independent
variables — one direction, and the sources of variation from the
proper analyses of variance completed for all the traits studied —
the other direction, concise presentation and easy interpretation of
the results are attainable. In this type of presentation total yield
variation can be analysed not only as the effect of each independent
trait studied but also as a result of different sources of variation
calculated for each trait and derived from the analysis of variance
applied.

3. The TDP method can be used in synthesis of the data from many lo-
cations (years), in which case the method enables the breeder to as—
sess part of the total yield variability of each independent trait
attributed to environmental factors, experimental factors (i. e. va—
rieties, breeding forms, etc.) and to the environment x treatment
interaction.
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