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The aim of this paper was to compare root morphology of three new Czech luceme candivars with the standard variety Jarka under
different levels of soil compaction. Three candivars with different ratio of American pasture luceme varieties in their origin were
used. Plot experiment was established in split plot design with four replications: variant 1 and 2 with average soil bulk density 1.39
g.cm 3 and l.5l g.cm 3' respectively. These palameters weÍe measured: tap-Íoot diameter under crown (TD), lateral root number
(LRN), latelal root diameter (LRD) and lateral root position (LRP) of plants sampled in spring and autumn period. The TD value
was in positive correlation with LRN and LRD and all these were negatively correlated with the stand density. Only candivar XLII
proved significantly 1ower TD in comparison with the standard varieý Jarka, but this trait was not connected with more branched
root or higher persistence. Significantly lower LRN was observed for a1l candivars; low reached values indicate the inclusion of al1
candivars within sativa limits. The higher soil compaction significantly reduced LRP, LRN, and number of plants per m2. On the
basis of these results, we can conclude that all evaluated candivars are without substantive differences in root morphology param-
eters compared to the standard varieý Jarka. From the point ofview ofroot morphology, evaluated candivars do not extend attributes
of luceme varieties in the Czech Republic.
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INTRODUCTION

Cultivated luceme (M. sativa subsp. sativa) is one of
the most important forage crops in the world in terms of
total area, economic value and energy efÍiciency (M c -
Coy, Echt, 1992). Sickle lucerne (Medicago sativa
subsp. falcata L.) is grown only in marginal areas, fre-
quently in the grass legume mixflre. The tetraploid form
of M. falcata can be crossed with tetraplotd M. sativa
(Duki ó, E r i ó, 1995)' The most important character-
istics contributed by M. falcata germplasm for breeding
of M. sativa are winterhardiness, drought resistance, dis-
ease resistance, and creeping roots or rhizornes (M i c h a u d
et a1., 1988). From thepoint ofview species traits, K I e s -
nil et al. (1965) characterized this lucerne as a species
with yellow flowers, prostrate habitus and sickle pods.
One of the most important traits is shallow and fibrous root
system. The hybrid forms of lucerne (hybrids M. sativa x
M.falcata, with different ratio of M./alcata)have shal-
lower and more branched root system in comparison with
M. sativa(Duk i ó, Er ió, 1995).

Generally, morphological characteristics of luceme are
significantly correlated with yields and quality of dry mat-
ter (K a t i Č et al, 2003). According to many authors, the
lLrcerne root morphology is a very important agronomic
trait. For example, Johnson et al. (1998) concluded
that the root system morphology is in the relation with
plant persistency and L amb et al. (2000) presented that
productivity of lucerne was influenced by root morphol-
ogy. B 1 i s s (2003) reported the positive effect of shal-
lower and more branched root system for tolerance to
worse soil conditions and better growing flexibility in

various environments including legume grass mixture as
well as a higher persistence in these stands. According to
K a I i s ta et aL. (2006), the persistence of lucerne stands
is also affected by auturnn cut management. Root mor-
phology traits in lncerne are heritable, but are strongly
influenced by dormancy and geographic origin (L a m b
etaL.,1999). Š antrůč ek (1988) concludedthatreasons
for more branched lucerne root system are, except for
genotype, the term of stand establishment, stand density,
and soil compaction.

There are 14 luceme varieties listed in the Czech Re-
public 9 domestic and 5 of foreign origin (National
list&plant variety right database, 2005). It seems that all
these varieties have a long, main tap-root that grows deep
to the soil. Nowadays, we tested new experimental candi-
vars of luceme with higher ratio of M. falcata at the De-
partrnent ofForage Crops and Grassland Management. These
canďvars come from the breeďng station in Želešice in South
Moravia. The aim of this paper is to compare root morphoi-
ogy ofthree candivars with the standard varieý Jarka under
different levels of soil compaction. If the new experimental
candivars have root morphology with traits near to M. fal-
cata,we will be able to consider their higher persistency and
potential using in worse soil conditions as well as in legume
gmss mixture or pasfure. Luceme varieties with these haits
would extend a list of Czech luceme varieties.

MATERIALAND METHODS

The plot experiment with evaluated candivars was es-
tablished in the ťreld of the Research station of the Czech
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University of Liťe Sciences in Cervený Ujezd in spring
2001. The rnean annual temperatrre is'7.1 "C, the long-
term annual sum of precipitation is 493 mm. The detailed
experimental measurement of root morphology was con-
ducted in2004 (last vegetation year). According to L a m b
et al. (2000), densely seeded plants needed more tirne to
show maximum expression of root traits and scored lower
for LRN and had smaller TD than spaced plants. Based on
this thesis, we assnmed that the most expressive differ-
ences in root morphology should be determined by open
stands in last year in comparison with dense stands in pre-
vious years.

There were used following candivars with origin in
American pasture luceme varieties: Žpxtl (strain of va-
riety Preserv ey Žn xut (strain mixture of varieties Pre-
serve, Spreador, Drummor) and ŽE XLV (strain mixture
of varieties Drummor, Niva, N 2II, KAP, Zvzana).Yari-
ety Jarka was used as a control. Plot experiment was in
split plot design and divided into two variants with four
replications: l. notreatment after cut (average soil bulk
density 1.39 g.cm 3) 2. roller after cut (average soil bulk
density 1.51 g.cm 3). The plants were sampled in spring
and in autumn from area 0.25 m2 (a depth 1 50 mm) in each
plot. The number of plants p". -t was determined. The
following parameters were measllred by individr-ral plants:
tap-root diameter under crown (TD), lateral root number
(LRN), lateral root diameter (LRD) and lateral root posi-
tion (LRP - a depth of f,rrst branch). These morphological
parameters were statistically evaluated by multivariate
analysis of variance (ANOVA) or analysis of covariance
(ANCOVA) with interaction (Tukey, cr: 0.05). For evalu-
ation oť relations among measured parameters we used
PCA analysis. All these methods were performed by Sta-
tistica 6.0. For separating of evaluated variables effects
a variation partitioning by redundancy analysis (RDA) in
Canoco was used. The RDA analysis is a linear ordination
method based on PCA (L ep s, S mi 1au er,2003).

RESULTSAND DISCUSSION

The values of measured parameters by candivar, vari-
ant and period are in Table 1. The results of PCA show that
TD value was positively cor:related with LRN and LRD
and all these were negatively correlated with the stand
density. These parameters were displayed on first axis,
which explain eď 53 .860Á of measured parameters variabil-
ity. This ascertainment corresponds to results of J o h n -
s o n et al. (1998) about positive relationship between TD
andLRN aswell as of Š antrůč e k (1988) aboutimpact
of stand density on branching of luceme roots. The LRP
value was not affected by other parameters and was con-
nected with soil compaction.

The statistical results of ANOVA and ANCOVA by
candivar, period, variant and their interaction for evalu-
ated parameters are shown in Table 2. On the basis of pCA
results, we used analysis of covariance for TD, LRN, and
LRD evaluation due to significant relations of these pa-
rameters with stand density and tap-root diameter' Š a n -

2

trůček (1988) described significantly lower TD of the
variety Rambler (M. varia) in comparison with the vari-
ety Palava (M. sativa).In our experiment, the candivar ŽE
XLII provided the lowest values of TD in comparison with
the other candivars and the control variety, but this trait
was not connected with more branched root or higher per-
sistence. According to our expectation, the effect ofstand
density on TD value was highly significant. There were
some differences in LRD value among candivars and the
variety Jarka, but these differences were not significant
after ANCOVA. It can be explained by changes in TD
values. We can conclude that stand density was strongly
correlated with root morphology of luceme candivars.
These results correspond to L a m b et al. (2000). ln their
experiment, all root traits were affected by plant spacing
but, no germplasm X plant spacing interactions were
found. In our experiment, it seems that the most important
morphological trait was TD which significantly influenced
other traits. Its elimination (covariate) gave no significant
differences among candivars and variants.

Generally, L a m b et al. (1 999) published that reahzed
heritabilities ťrom lucerne germplasm sources ranged from
II to 43%o for lateral root number. In contrast with our
expectation, the significantly highest LRN value was ob-
served for the variety Jarka in comparison with all candi-
vars (Table 1). The variability of LRN by candivars and
the variety Jarka is shown in Fig. 1. Johnson et al.
(1998) compared 1067 luceme plant entries and described
the highest LP.N by falcata and x varia entries. The aver-
age LRN class in their experiment was from 8 to 11 LRN.
In comparison with their results, our obtained values of
LRN were very low, so we can suppose that our candivars
are within sativa lirnits in this trait. The significantly
higher LRN value was observed for uncompacted variant
and in spring.

The values of TD and LRD were significantly influ-
enced by sampling period as well. These changes could be
caused by a decrease ofstand density and following plant
development. Š antrůč ek (1988) describedsignificant
effect of soil compaction on lucerne root morphology. In
our experiment, the variant2 wlthhigher soil compaction
had a significantly lower count of plant per m2, lower LRN
and lower LRP in comparison with variant 1. On the oth-
erhand, variant 2 reachedhigherTD value than variant l.
However, it was caused only by lower density because
ANCOVA provided no significant resr,rlts. Conversely,
Šantrůček (1988) presented significantly lower TD
values under higher soil compaction in the second and
third vegetatíon year but no significant differences in
count of plant per m2 were described among compacted
and uncompacted variants in his experiment. It seems that
higher soil compaction caused the shallower branching
and in case of lower number of plants p". at, consequent-
ly a higher TD values by open stand. The variety Jarka and
XLII provided significantly higher plants numbe. p", mt
in comparison with XLI and XLV. There were no signifi-
cant differences between variants for XLV and between
periods for Jarka. It seems that Jarka showed higher stand
persistence evaluated by nr"rmber of plants because of no
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Tablc l ' Avcragc valttes oť measurcd traits including covariatcs: taproot (TD) arrd lateral root dial]]eter (LRD), latcral root numbcr (LRN), latcral
root position (LRP) and numbcr of plant. p", r,.r 

t

Factor TD (mm) LRP (mrn) LRN (pcs.plant r) LRD (mm) density (pcs.m 2)

Canclivar

Variety

ZEXLI
Žp'xt'll
Žp.xrv
.Iarka

2.26

0.91

3.07

2.55

3.83

J.4)

2.25

5.71

l. l9

t.t2

0.98

1.48

2.76

3.0 l

3.03

3.28

6l

15

62

16

Varianl uncompacted

compactcd

2.06

l.i )

5.72

1.93

.35

.02

3.08

z.9s

71

59

Period sprlng

autumn

0.91

-t.4 )

3.13

3.9 I

r.4t

0.91

3.28

z. /6

83

54

Table 2. Results of ANOVA or ANCOVA of taproot (TD) and latcral root diamctcr (LRD), latcral root numbcr (LRN) and lateral root position (LRP)
and number ofplants pcr m 2

unC - uncompactcd, C - compactcd variant, * diflcrcnces significant on 0.05 probability value, ** 0.01 probability valuc

Factor Df F-ratio Tukey

TD

(ANCOVA)

plants pcr m 2 (covariate)

candivar

period

variant

candivarŤpcriod

candivarxvariant

period*variant

I

)

I

I

3

3

I

12.s8

ll.3l
58.96

0.85

2.84

0.90

1.65

0.0004

0.0000

0.0000

0.3567

0.0369

0.4412

0. l 988

XLII < all8*, XLI < XLV
spring < autumn**

XLII < all** in autumn

LRP

(ANOVA)

candivar

pcriod

variant

candivar+period

candivar*variant

period*variant

3

I

I

3

3

I

1.46

0.02

9.35

1.68

t./)

0.18

0.2238

0.8816

0.0022

0. I 688

0. I 600

0.66'.79

unC > C8

LRN

(ANCOVA)

TD (covariate)

candivar

period

variant

candivar*period

candivartvariant

pcriod*variant

I

3

I

I

3

3

I

204.98

5.82

21.1'.7

13.43

0.ó1

0.36

0.10

0.0000

0.0006

0.0000

0.0002

0.6098

0.'7827

0.4043

Jarka > all*+, XLI > XLV*, XLII*

spring > autumn**

unC > C**

LRD

(ANCOVA)

TD (covariatc)

candivar

pcriod

variant

candivarxpcriod

candivar*variant

periodxvariant

I

)

I

1

3

-)

I

z4s.6t

1.42

1.53

0.4'7

1.07

3.29

1.05

0.0000

0.2365

0.0061

0.4925

0.3600

0.0201

0.3052

spnng < auhlmnxx

XLI unC > C*

Plants per m2

(ANOVA)

candivar

pcriod

variant

candivar*period

candivar*variant

period*variant

3

I

I

)

3

I

2s.48

352.59

14s.37

31 .89

3l .11

1.14

0.0000

0.0000

0.0000

0.0000

0.0000

0.0075

Jarka, XLII > XLI**! XLV**

spring > autumn+E

unC > C**

XLI, XLII, XLV spring ) autumn**

Jarka, XL], XLII rurC > C**

unC > C** at spring and autumn
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significant changes between periods in comparison with
all candivars.

For separating of ťactor effects on measured parame-
ters, we used the variation parlitioning performed by RDA
analysis (Table 3). The results without covariables repre-
sent effect of each factor without influence of other fac-
tors; inch-rding covariables represent effect ofeach factor
after including other. On the basis of this analysis, we can
conclude that the most important factors, which inflr-renced
root morphology of lucerne, are the period and stand den-
sity. The inflr-rence of these cannot be exactiy separated
due to overlap of their effects (approximately 12%). The
candivars and soil compaction explained substantially
lesser part of variability but were still significant wrth in-
clr.rded covariables. The whole model explained 4I '6oÁ of
measured parameters variability.

CONCLUSION

Evaluated by PCA, the LRN and LRD values were
correlated with TD changes so we used it as covariate for

4

Fig. l. Box and rvhisker plots for LRN
measurcd by candivars and varicty Jarka

r Median
f-] zsu-ts%-f Min-Max

other analyses. After this procedure, the candivar ŽE
XLII reached the lowest values of TD in comparison
with the other candivars and control variety but this trait
was not connected with more branched root or higher
persistence. The significant differences among germ-
plasms were in LRN but low obtained values indicate
the inclusion ofall candivars into sativa group. Further-
more, it seems that new candivars reached a lower stand
persistency in comparison with the variety Jarka. The
higher soil compaction reduced significantly LRP, LRN,
and number oť plants per m'. consequently higher TD
va]ues for plants from open stand. The efťect ofcandi-
vars and soil compaction on root morphology was sig-
nificant but explained substantially lesser part ofvari-
ability than stand density and sampling period. On the
basis of these results, we can conclude that all evalu-
ated candivars are without substantive differences in
root morphology parameters in comparison with the
standard variety Jarka; thus they are within sativctlim-
its. From the point of view of root morphology, evalu-
ated candivars do not extend attributes oflucerne vari-
eties in the Czech Republic.
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Tablc 3. Results oťRDA analysis (cxplarratory variablcs ofal1 canonical axes, unrestricted permutations, numbcr ofpermrrtations 499)

Factor Covariables % of explaincd variability F-tcst P-valuc

Alt

Varicty

Pcriod

Compaction

Density

Variety

Period

Compactiolr

Density

compaction, period, dcnsity

variety, compaction, density

varicý, period, dcnsity

compactior.r, period, varicty

4t.6

o. 1

28.1

4.6

1s.4

5.8

t5.7

3.4

2.6

8.1 00

1.462

27.315

3.281

1 2.53 8

2.272

18.340

3.954

3.054

0.0020

0. I 520

0.0020

0.0360

0.0020

0.01 80

0.0020

0.0080

0.0340
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Cílem práce bylo porovnat morfologii kořenového systému u novošlechtění vojtěšek se Standardní odrudou Jarka
při ruzném utužení půdy. Byla pouŽita tři experimentální novošlechtění s rizným podílem amerických pastevních
vojtěšek ve svých původech' Pokus byl založen' ve schématu split plot ve čtyřech opakováních s variantou 1 ' objemová
hmotnost půdy redukovaná |,39 g.cm-3 a variantou 2. s hodnotou 1,5 1 g.cm 3. Na základě údajů v literatuře byla
podrobná měření provedena v posledním roce vegetace, nebot'nejvýraznějšírczďíIy v morfologii kořenového Systému
Ize očekávat u prořídlých porostů. Byly hodnoceny tyto parametry: průměr hlavního kořene pod kořenovým krčkem
(TD)' počet (LRN)' průměr (LRD) a hloubka prvního větvení (LRP) laterálních kořenů u rostlin odebíraných na podzim
a na jaÍe. Hodnota TD byla kladně korelována s LRN a LRD, tyto všechny pak byly v negati'u.rrí korelaci s hustotou
porosfu. Z tohoto důvodu byla v následných statistických analýzách hodnota TD použita jako kovariáta při hodnocení
LRN a LRD a hustota porostrr jako kovariáta při hodnocení TD. V porovnání s kontrolou byl u novošlechtění XLII
zjištěn průkazně nižší TD' ale tento parametr nebyl spojen s více rozvětveným kořenoým systémem ani s lyšší lytr-
valostí. U všech novošlechtění byl zjištěn prukazně nižší LRN v porovnání s kontrolní odrůdou Jarka. Dosažené hod-
noty byly ale velice nízké (1-1,4 větve na hlavní kořen) a nekorespondovaly s ýsledky jiných autorů uváděných
u vojtěšek typufalcata a X varia (8-11 větví). Z hlediska r,ytrvalosti porostů (hodnoceno počtem pŤežívajících rostlin.
m-' a změnami mezi obdobími) se Jarka ukazuje jako vytrvalejší než hodnocená novošlechtění. Vyšší utuŽení půdy
prukazně sniŽovalo LRP' LRN a hustotu porostu' s následně vyšším TD u takto prořídlých porostu. Výsledky RDA
ana|ýzy ukazují, že nejýznamnější vliv na morfologii kořenového systému vojtěšky mělo období odběru (28,1, resp.
15,1 yo) a hustota porostu (15,4, resp. 2,6 oÁ). Na základě zhodnocených výsledlď Ize Ííci, Že z hlediska morfologie
kořenového systému patří všechna hodnocená novošlechtění do skupiny vojtěšky seté a nepředstavují tedy z pohledu
vlastností kořenového systému rozšíření sortimentu vojtěškových odrud v České republice.

vojtěška; morfologie kořenů; novošlechtění; utužení půd
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