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Abstract. In the experiment with 18 winter varieties the genotypic, phenotypic and environ-
mental correlations were estimated in all combinations between the pairs of 11 quantitative
characters.

Both yield of grain with its components and further characters were evaluated, of which flag
leaf size and leaf angle of the last but one leaf are of importance for the utihzation of light energy
and consequently for recelving maximum rates of photosynthesis.

In sumple genotypic and phenotypic correlations theiwr different stability with regard to mi-
neral nutrition, eventually to the date of sowing was proved.

In the discussion the limited signification of simple correlation for the statement of complic-
ated processes in plants caused by multiphed associations of characters was pomted out. In the
example of yield components of the plant at the application of 60 kg N per hectare 1t was shown
that also further unknown variable factors might participate in the genotypic correlation. It
may be concluded that the inclusion of them when constructing the selection mdexes will give
further foundations for handling yield as a breeding or genetic character, and for the causal
analysis of yield formation in wheat.

Knowledge of interrelationships between the pairs of quantitative char-
acters is widely utilized in many branches of science.

In plant breeding it may be one of the guides, which facilitate the interpret-
tion of achieved results and may form foundations for planning the program-
mes in the future. Thus, for example, in selecting high-yielding individuals
the correlation between a yield component with low heritability and other
high heritable character, though unimportant from an economic point of view,
makes it possible that selection may be performed for this second character
as indicator for keeping the first character, i.e. for the component of yield.
In early hybrid generations, the correlations together with the heritability
determine, on the basis of what characters the selection may be performed,
the individuals with otherwise desired characters not to be removed before
they could be analysed for them.

Evidence was given by plant physiologists and geneticists, that econo mic
yield might be influenced to a certain extent by a number of characters play-
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ing a role in the formation of biological yield through the functions participat-
ing in the high photosynthetic efficiency of plants, and that changes might
occur due to environmental conditions.

In cereals most frequently the relationships between the yield and its com-
ponents and quality characters were evaluated. These relationships were
estimated both in varietal trials and hybrid combinations or lines (GRAFIUS
and BrowxN 1954, NorDEN and FrEY 1959, NEI 1960, LEBSOCK et al. 1964,
Henx and BaArMooRE 1965, RasmussoN and Grass 1965, Stosgopr and
REINBERGS 1966).

Of interest to many authors is the variation of correlations within the
pair of quantitative characters. VLacH (1966) and Forar and APLTAUEROVA
(1967) observed in East and West-European wheat varieties and in Czecho-
slovak and foreign spring barley varieties, respectively, that many cor-
relations in these varietal groups differentiated not only in the value, but
also in the sign. Also Rasmusson and GLAss (1965) in estimating phenotypic
and genotypic correlations in various I; hybrid combinations of spring
barley and Nr1 (1960) in testing varieties and hybrids of rice in different
environments (at different dates of sowing) came to the same conclusions.
The action of locations and years upon the observed relationships between
the characters is also known. These variations of correlations are explained
by N1 (1960) through the interaction of genotype and environment and on
the basis of differences in the genetic structure of tested populations. From
the breeders’ point of view only such phenotypic correlations are utilizable
to which also high genotypic correlations are corresponding.

Morphological observations are completed with considerations about inter-
relations between physiological functions of individual parts and organs of
plants in evolution (FIEDLER 1952, ST0Y 1962, 1965, COOPER 1965, PRIKRYL
1965), thus laying the foundation for the causal analysis of yield formation
(NuCas 1966). BrzpEr (1965, 1966) follows the relationship between the
dynamics of fundamental nutrient reception (NPK) in some parts of wheat
and their relation to dry matter increase, lodging and yield of grain. JEN-
NINGS and BEACHELL (1964) recorded the relationship of a great number of
quantitative characters in rice from the point of view of appropriate possi-
bility of the utilization of mineral nutrients and nitrogen.

So far most works have been based on observed or phenotypic rather than
genotypic correlations. Knowledge of genotypic correlations and relation-
ships of modifying activity of mineral nutrients between the pairs of quanti-
tative characters through environmental correlations in cereals is so far
limited.

Material and Methods

In this experiment artificially constructed wheat population of 18 perspec-
tive winter wheat varieties was used, distinguishing morphologically in grain
quality and height of yield. The varieties used were as follows: Anti, Berthold,
Bezostaja 1, Breustedt Werla, Caro, Carsten VI, Carsten VIII, Consul, Diana I,
Florian, Format, Jubilar, Kastickd osinatka, Mironovskaja 808, Moisson,
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Record, Stabil and Tenor. In field randomised block design each variety was
seeded in 5X 15 cm spacing in six-row plots, with three replications. Two
levels of mineral nutrents and two dates of sowing were used, which, formed
experimental variants I—IV. Variant I was made on the basis of the applica-
tion of 60 kg N per hectare and additional fertilizers in the ratio N : P,Oj :
: K,0=1:12:16. In variant II 100 kg N was used and supplemented
with P,0; and K,O in the same ratio. The date of sowing in variants I and II
was October 4, 1965, Variants III and IV received the same amounts of
fertilizers as I and II, but the sowing was made three weeks later and this
may be characterized in KroméfiZ conditions as relatively late sowing.

During the growing period the measurements conducted were as follows:
the last leaf blade area of the main stem 14 days after ear emergence (sq.cm),
leaf angle in the last but one leaf from the top on the main stem in heading
time (°), the length of the plant in ear emergence measured on the main stem
from the ground to the last leaf (cm), and lodging (1 = prostrate — 5 = erect).
After harvesting the length of the plant was measured (cm), ear length of
the main tiller (cm), number of ears per plant, grain weight per plant — yield
of grain (g), stem weight per plant (g), number of grains per ear, and one
grain weight (mg). Quantitative characters with the exception of the lodging
were measured in 10 randomly selected plants per plot, all of them were
evaluated on a plot mean basis.

For the estimation of correlations the components from analyses of
variance and covariance were used, provided that the observed variance of
a quantitative character was expected to be o} = o} 4 o:. Correlations were
computed according to SEARLE (1963) and Lreee, MATZINGER and MaNN
(1965) in all possible pairs of characters.

Results and Discussion

High genotypic correlations were received in many pairs of characters and
not only in the association of yield with its components. The association be-
tween some pairs of characters existed in a single experimental variant only,
whereas in other pairs it was found in a greater number of variants and was
linked to either the level of N or the date of sowing.

As can be seen from Tables 1 and 2, the phenotypic correlation equal both
in the sign ands relative magnitude to genotypic correlation was found in
individual experimental variants in relationships between the following char-
acters: positive in flag leaf size and number of grains per ear at an early sowing
date and 100kg N and also at 60kg N and a relatively late date of sowing.

The relationship between the angle of the last but one leaf and length of
plant (in heading time) at an early date of sowing and 100 kg N and at 60 kg N
and a relatively late date of sowing was positive. The relationship with the
length of plant (in maturity) was equal at 100 kg N and early sowing.

The last leaf area and the angle of the last but one leaf at 60 kg N and a re-
latively late sowing date were found inverse to grain number per ear and to
one grain weight.
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Table 1
Genotypic correlations in individual experimental variants

Experimental variant
Correlated character 1 I1 III v

Flag leaf size

Number of grains per ear 0-5556 0-6229 0-5533 0-4023

Weight of 1 grain —0-7320 —0-3819 —0-5349 —0-3645
Leaf angle*

Length of plant++ 0-3912 0-7670 0-5760 0-0965

Length of plant+++ 0-4761 0-5811 0-2430 —0-0854

Number of grains per ear 0-0908 0-1047 0-8193 0-3760

Weight of 1 grain —0-1014 —0-3970 —0-6502 —0-4474
Length of plant++

Length of plantt+++ 0-8822 0-9179 0-8904 0-9074

Ear length 0-5521 0-4515 0-4911 0-5785

Number of ears 0-4510 0 —0-8789 —0-1169

Grain weight per plant ~0-6367 —0-1234 (x) —0-3169

Weight of 1 grain —0-4030 —0-5662 —0-3209 —0-2211

Lodging —0-6205 —0-6389 —0-6144 —~0-7683
Length of plant+++

Ear length 0-5335 0-6776 0-7159 0-7680

Number of ears —0-3148 0 —0-8158 —0-1776

Grain weight per plant —0-7041 —0-9787 (x) 0-0070

Lodging —0-8912 —0-7686 —0-6840 —0-8837
Ear length

Number of grains per ear —0-6831 —0-4700 —0-2950 —0-1387

Weight of 1 grain 0-6492 0-2206 0-3292 0-3368

Lodging —0-5375 —0-5729 —0-4462 —0-58256
Grain weight per plant

Weight of 1 grain 0-7553 0-8631 0-9114 0-3940
Number of grains per ear

Weight of 1 gramn —0-5622 —0-7330 —0-7510 —0-6646
+  last but one leaf (x) the genotypie correlation > 1

++ in ear emergence

1 1 0 Because estimate of O‘z for number of ears in variant II was
+++ in maturity

negative, & nonpositive square root occurred.

The plant length in heading time and that in maturity were in negative
relationship with ear number per plant at 60 kg N and a relatively late date
of sowing and with the yield at an early date of sowing and 60 kg N. The
correlation between the plant length in heading time and one grain weight
was negative at 100 kg N and early date of sowing.

The relationship between ear length and grain number per ear was negative
at 60 kg N and early date of sowing and positive with one grain weight.

In some cases the genotypic and phenotypic correlations were more stable.
The correlations between plant length in ear emergence and plant length in
maturity were found to be high and equalled the sign (<) in all experimental
variants. The plant length (in heading time) was in positive relationship with
the ear length at 60 kg N and both dates of sowing, as well as at a relatively
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Table 2
Phenotypic correlations in individual experimental variants

Experimental variant
Correlated character I II III v

Flag leaf size

Number of grains per ear 0-4406 0-5410 0-4753 0-3057

Weight of 1 grain —0-4296 —0-4449 —0:4730 —0-3160
Leaf angle

Length of plant++ 0-4036 0-7171 0-5486 0-0958

Length of plant+++ 04857 0-5505 0-2352 - 0-1089

Number of grains per ear 0-0606 0-1086 0-6787 0-3852

Weight of 1 grain —0-0626 —0-3518 —0-5880 —0-3972
Length of plant++

Length of plant+++ 08530 0-8964 0-8526 0-8004

Ear length 0-5407 0-4302 0-4726 0-6550

Number of ears —0-3308 —0-0517 —0-5617 -~0-1154

Grain weight per plant —0-4865 —0-5119 ~0-5689 —0-1774

Weight of 1 grain —0-3479 —0-5065 —0-2899 —~0-2063

Lodging ~0-4987 —0-5929 —0-5740 ~0-7222
Length of plant+++

Ear length 0-5247 0-6443 0-6920 0-7499

Number of ears -~ 02105 —00766 —0-5027 -—0-1879

Grain weight per plant -~ 0-4722 —0-4273 —0-5792 —0-0074

Lodgmg —0-7142 —0:7027 —0-6661 -0-8231
Ear length

Number of grains per ear — 05728 —0-3990 —0-2609 —~0-1074

Weight of 1 grain 0:5295 0-2174 0-2959 0-3224

Lodging —0-4762 —0-5140 —0-4272 —0-6353
Grain weight per plant

Weight of 1 grain 0-5220 0-5405 0-4959 0-3610
Number of gramns per ear

Weight of 1 grain -~ 04842 —0-6033 —06101 —0-5777
+  last but one leaf Phenotypic correlations of 0-4683 and 0-5897 are ne-
++ 1 ear emergence cessary to be significant at the 59 and 1% levels, re-
t++ in maturity spectively

late date of sowing and both, 60 and 100 kg N. The ear length and plant height
in maturity were in positive relationship in all experimental variants. A higher
plant in ear emergence as well as in maturity was assumed to be more suscept-
ible to lodging.

Grain weight per plant (yield) was in positive relationship with one grain
weight at both dates of sowing at 60 kg N and grain number per ear was in
negative relationship with one grain weight in all environments.

From the environmental correlations in Table 3 it can be seen that high
correlation with positive sign occurred especially in relationships between the
pairs of low heritable characters (SMOCEK 1968), such as ear number per plant
with grain weight per plant (yield) and the yield with stem weight.

The positive genotypic and phenotypic correlation of ear number per plant
with stem weight at 100 kg N and a relatively late date of sowing is ac-
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companied with high environmental correlation (re = 0-8625). Similarly in
Table 3 in the relationship between yield and one grain weight the environ-
mental correlation shows difficulties, resulting from the modifying influence
of applied fertilizer of 100 kg N at both dates of sowing. This correlation
indicates the difficulty in selections at higher levels of mineral nutrients in
one grain weight in association with yield.

Table 4
Genotypic single correlations, partial and multiple (Rg) correlation coefficients, coefficients of
determination (r?) . 100 of yield components in experimental varants I and III

Experimental variant

Correlated characters I I
— 05962+ —0-5894*
T,
bl (rg?) . 100 35-5454 34.7392
—0-5622++ —07510++
. — 05622 _
gen0 (rg?) . 100 31-6069 56-4001
Tgs,10 0-6257++ 0-3094
Tan.e 10 —0-3789++ —0-5686+
Tis.10.6 —0-3021 —0-7402++
R 0-6436 0-8395
80010 (Rg?) . 100 414221 704760

Carrelation coefficients are significant at the 5% (*) and 19, (**) levels.
Characters: Xy = number of ears,

Xy = number of grains per ear,

X,o = weight of 1 grain.

From the results presented it is evident that in many cases the genotypic
correlations were higher than the phenotypic ones. The same observation
has been made previously by WEBER and MoORTHY (1952), JOENSON et al.
(1955), NI (1960) and Kwox and Torrre (1964). This fact can be explained
by means of relationships within the phenotypic correlation, as shown by
SEARLE (1963).

In several cases (Table 1) the value of genotypic correlation was higher
than 1. These correlations were marked with x. A similar case, when rg
exceeded 1 was also found by Harris (1963) and WILL1aMs et al. (1965).

From existing experience in plant breeding and from research knowledge
it is known that interactions among characters and physiologic processes in
the plant as an integrated system are possible. On the basis of partial and
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multiple correlation coefficients it is considered, to what extent such inter-
action can be comprised in the present genotypic correlations of the three
yield components and simultaneously the differentiality of this action in
applying 60 kg N in association with the early date of sowing (experimental
variant I) and the same amount of N with a relatively late sowing date
(experimental variant III). The yield components in the plant are the follow-
ing characters: X; = ear number per plant, X, = grain number per ear,
and X, = 1 grain weight (Table 4).

Table 3
Environmental correlations in individual experimental variants

Experimental variant
Correlated character I II III Iv

Grain weight per plant

Number of ears —0-5667 0-8151 0-7925 0-7823
Stem weight per plant 0-8982 0-9088 0-8872 0-5212
Weight of 1 grain 0-2149 0-6127 0-3720 0-4812

From genotypic simple correlations it can be seen that grain number per
ear had a negative effect in relation to the other two yield components. The
differences in grain number per ear (X,) in variants I and ITI were caused
at a rough estimate in 35-54%, and 34-749%, respectively, by ear number per
plant (X;) and in correlation rgy,,, in variants I and III roughly in 31-619%,
and 56-409, respectively, by one grain weight. Thus it may be assumed that
also further variable quantities are participating in differences in grain number
per ear besides characters X, and X,,.

From the comparison of the partial correlation coefficient rgy,g.50 and Tggg
results show that at an early sowing date and the amount of 60 kg N the
magnitude in this simple correlation was influenced by one grain weight
(X,o), whereas at a relatively late date of sowing this correlation was influenc-
ed by variable X, only slightly and therefore, the genetic action of unknown
variable characters, other than X, may be assumed.

When comparing rgg, e 8nd Igy, results show that at an early date of
sowing and 60 kg N the magnitude of this simple correlation was influenced
by ear number (X;), because in the partial correlation coefficient where the
genetic action of the variable X; was excluded, its value was insignificant.
At a relatively late sowing date this simple correlation was influenced by the
variable X; only slightly and thus the genetic action of further unknown
variable quantities may be presupposed.

From the multiple correlation coefficient Rgg.q,o €Xpressing the common
action of both independent variables X; and X,, and its coefficient of deter-
mination results show that at early dates of sowing it would be suitable to
include still further independent variable characters. It is evident that in
some cases simple correlations cannot express clearly enough the complic-
ations of interactions in plant characters and the changes occurring in such
an association in the changed environment. More and more frequently con-
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clusions have been reached that in an effort to achieve high grain yields, the
selections in plant breeding need to be completed with specific plant features,
such as leaf angle, leaf area and height of plant (STroskopr and REINBERGS
1966). These specific aspects should be included, as they enable a more effect-
ive utilization of light energy necessary for maximum rates of photosynthesis.
When the yield components are regarded as more precise indicators of a
complex of metabolical and physiological processes than grain yield as it is
now, a further broadening of views may be expected on the basis of some
yield prerequisites, including factors participating in the photosynthetic
capacity of the plant. The judgement of their selective fitness in the selections
for the best wheat genotypes for yield and inclusion in characters used in
selection index construction may be one of the possibilities for the genetic
analysis of the potential yield capacity of wheat as well as a guide for over-
coming the present yield barriers.
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f. Cmouek, UccmemoBaTenbexwil HHCTITYT 3epHOBOrO Xxo3smifcrBa, Hpomepmmu: ®eno-
THNHTEeCKne, TCHOTHIMYECKHE M 3aBHCAIINE OT Cpefibl KOPPEIANUHN KOJMYECTBEHHBIX
npn3nakoB y o3mmoit mmenunpl. — Biol. Plant. 10 : 146—153, 1968,

B onure ¢ 18 copramu osmmoit mmwenminr Osuri naiifensl KOPPeIANAN it BeeX KOMOH-
Ralmld Meay napasi 11 KOJIMYecTBCHHBIX NPH3HAKOB.

Onennpany Kak ypoiKall 1 ero cocTaBHEE NPUSHAKK, TaK I ADYIHC UPM3HAKH, CPEAH KO-
TOPHIX HAKJIOH JINCTOBOM INIRCTHHEM M IVIOWAAL NOCJEMHETO JIACTA BAMKHEI JJISI HCIOJB30-
BaHMA CBCTOBOM SHEPTHH H TeM CAMMM A7 JTOCTIKCHMA BHICOKMX 3HadeHmil forocmuresa.

Hns OTHeNIBHRX FeHOTANMMYECKNX U PEHOTUIITICCKIX KOPPeAIMi YeTAHOBIICHA PABIMYHAS
UX VCTORYHBOCTDL B CBABH ( PA3TMYHSAMII MABEPATBLHOr0 NATAHMA ¥ (POKOB 1OCEBA.

B mmcxyccnu yxasano Ha OMPaHHIeHHOC 3HAYCHHe TIPOCTHIX KOPPOTANMA JUIA oNMcaHAs
CIIOIKHBIX TIPOLCCCOB, NPOMC XCAAINUX B PACTeHHAX, NPOARJEHIEM KOTOPHIX SABJISETCA MHO-
roofpasHas ¢BA3H UPU3HAKOR. Ha upuMepe coCTABHBIX KOMIIOHEHTOB Y POasl PacTennii Ipu
npuMeHennu 60 Kr aszora/ra NOKAa3aHO, KAK B KOPPEJALNME TeHOTHMIA MOIyT yYacTBOBATh
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Apyrme HeM3BecTHHIE NepeMeHHble. MOKHO IyMarbh, 4TO MX BKNIOYeHUE NPH KOHCTDYKIHE
CeJIeKIMOHHEIX MHACKCOB IIPUHECET HOBoe 00OCHOBAHME ]I MAHHUIYJMPOBAHUS ¢ yPOIKaeM
KaK ¢ CeJICKIMOHHEIM WJIM TeHeTHUYeCKWM HNPM3HAKOM W JIJIA NPHYMHHOrO aHANH3a oGpaso-
BaHWA yporkasA y NUICHUIH.

XI INTERNATIONAL BOTANICAL CONGRESS

The XI International Botanical Congress will meet at the University of
Washington, Seattle, Washington, U.S.A., from August 24 to September 2,
1969. The First Circular giving information regarding the Congress has al-
ready been mailed to more than 40,000 individuals and organizations. If
you wish to receive one, write to:

Dr. Richard S. Cowan, Secretary

X1 INTERNATIONAL BOTANICAL CONGRESS
3900 Wisconsin Avenue, N.W.
WasHINGTON, D.C. 20016, U.S.A.

Although the First Circular indicates December 1, 1967 as the date by
which preliminary registration forms must be returned, inquiries and regi-
strations after that date will be welcome.




