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Abstract 

HŘIB, J., ADAMEC, V., VOOKOVÁ, B.: In vitro testing of defense reactions in zygotic and somatic embryos of 
Abies numidica.  Acta univ. agric. et silvic. Mendel. Brun., 2011, LIX, No. 6, pp. 153–160

Defense of desiccated cotyledonary somatic embryos and mature zygotic embryos of Abies numidica 
was tested in vitro by dual cultures with tester, fungus Phaeolus schweinitzii. Both types of embryos 
expressed defense reactions manifested by inhibited growth of fungal tester towards the embryos. 
Mycelial growth was described by logistic sigmoid growth model with a single asymptote. Mutual 
comparisons of mycelial growth in presence of zygotic and somatic embryos showed signifi cant 
diff erences in parameters of mycelium growth curves towards the embryos. Larger defense reactions 
were observed in zygotic embryos relative to somatic embryos and unlimited control cultivations 
without embryo. The possible role of auxin in the defense response of plant embryos is discussed.
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There are many reports of previous studies 
presenting correlations between in vivo and in vitro 
expression of resistance in trees from experiments 
with plant tissue cultures (see review by Ostry and 
Skilling 1992). Use of embryogenic tissue cultures 
in studies of interactions between Scots pine (Pinus 
sylvestris L.) and Gremmeniella abietina was reported by 
Terho et al. (2000).

In our laboratory, defense reactions of conifer 
zygotic embryos were studied by Hřib et al. (1995a). 
The study described defense reactions of zygotic 
embryos and megagametophyte of Pinus nigra Arn. 
Basidiomycete Phaeolus schweinitzii was eff ectively 
used as a tester for in vitro study of defense reactions. 
P. nigra seeds presented defense reactions when 
proliferation of mycelium was inhibited in presence 
of embryos. From testing of embryogenic and non-
embryogenic callus tissue of P. nigra it resulted that 
the passive defense system in plants had already 
been formed in early stage of embryogenesis 
(Hřib et al., 1995b). This conclusion was confi rmed 

by Vooková et al. (2006), who observed defense 
reactions in developing somatic embryos of 
A. numidica in presence of P. schweinitzii. Both 
embryonal suspensor mass (ESM) and developing 
somatic embryos inhibited mycelium growth. 

In extension of these experiments, the current 
study of growth of P. schweinitzii mycelium in 
presence of A. numidica zygotic and somatic embryos 
was conducted. The objective of this study was 
to evaluate extent of defense reactions in somatic 
and zygotic embryos relative to untreated control 
cultivation.

MATERIAL AND METHODS
Plant material. Zygotic and somatic embryos of 

Abies numidica de Lannoy ex Carrière were used as 
an experimental plant material. Zygotic embryos 
were extirpated from seeds collected from open 
pollinated trees in Banská Štiavnica, Slovakia. 
They were sterilized in 70 % (v/v) ethanol for 30 
s followed by 15 min treatment in 0.1 % (v/v) HgCl2. 

1 IUCN Red list of Threatened Species [30320]
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Somatic embryos of A. numidica were obtained from 
embryogenic cell line No. 12. This embryogenic 
tissue was induced from immature zygotic embryo, 
as described by Vooková and Kormuťák (2001), 
and maintained on SH medium (Schenk and 
Hildebrandt, 1972) with 5 μM benzylaminopurine 
and 1 % sucrose. Maturation of somatic embryos 
was achieved on modifi ed MS medium (Murashige 
and Skoog, 1962) supplemented with 4 % maltose, 
10 % polyethylene glycol-4000 and 40 μM abscisic 
acid during 8 weeks. Cotyledonary somatic embryos 
were subjected to partial desiccation during three 
weeks in the dark at 21–23 °C (Vooková et al., 2001). 
Following partial desiccation, somatic embryos 
with at least four cotyledons were selected in the 
experiment.

Defense reactions. Defense reactions in 
mature desiccated cotyledonary somatic and 
zygotic embryos of A. numidica were tested by dual 
cultures. One somatic or one zygotic embryo were 
co-cultivated with inoculation of Basidiomycete 
Phaeolus schweinitzii (Fr.) Pat., which was used as 
a tester of defense reactions. The tester, P. schweinitzii, 
isolate No. 151 was obtained from Collection of 
Wood Destroying Fungi, 1969, Masaryk University 
in Brno. The culture was grown at a temperature of 
24 ± 1 ºC in the dark on 3 % malt extract and 2 % agar.

The response of P. schweinitzii mycelium to 
placement of the embryos was studied in Petri dishes 
(Ø 90 mm) on agar B-25 medium (Hřib and Rypáček, 
1981) without growth regulators. Mature somatic 
and zygotic embryos were placed on medium at 
the margin of the dish and cultured in the dark. 
Inoculation of mycelium was done a� er 6 days of 
cultivation. 10 × 10 mm pieces of the fungus were 
taken from the margin of the basic culture on malt 
agar and placed at a distance of about 2.5 cm from 
the embryo. The control dishes were inoculated 
only with the fungus. The cultures were incubated 

at 23 ± 1 °C in the dark. The measurements of fungal 
mycelium size were taken in 2-day intervals in the 
direction towards the embryo and in the direction 
opposite from the embryo. Control dishes were 
measured on four peripheral points corresponding 
to two perpendicular diameter axes. Each Petri dish 
was replicated four times. 

Statistical analysis. The experiment follows 2 × 3 
factorial design with replications. The objective 
was to describe growth of fungal tester refl ecting 
hypothesized diff erence in defense reactions 
between the control (absent embryo) and two 
experimental variants (zygotic and somatic embryo) 
and also between the sides of measurement (towards 
and opposite from embryo) as a function of time 
from zero to ten days post inoculation. 

An early inspection of mycelium size from control 
and experimental cultures suggested a sigmoid 
growth process, characterized by three-parametric 
logistic formula with a single upper asymptote, 
assumed by Koch (1975) for mycelial growth
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In this equation, Y was observed size of mycelium 
[mm],  was the coeffi  cient of upper asymptote of 
the logistic curve, 0 was the coeffi  cient representing 
time required to reach infl ection point positioned 
approximately at /2, 1 was the scale parameter 
indicating time required for mycelium to grow 
from half to 1/(1 + e−1)  3/4 of the asymptotic 
height, X was cultivation time of mycelium a� er 
inoculation in days and  represented random 
residual disturbances. Interpretations of the logistic 
parameters are illustrated in Fig. 1. 

It is hypothesized, that model coeffi  cients, 
primarily , are likely to vary, depending on all or 
some of the sources of variation, including two-way 

 
1: Interpretation of the logistic curve parameters
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interactions. Model coeffi  cients, especially  and 
to a smaller extent 0 and1 are assumed to display 
noticeable inhibitory eff ects of plant embryos on 
mycelium growth. Several generalized fi xed and 
mixed models were, as a result, constructed to 
reveal extent of the growth inhibition in response to 
embryo type (or control) and side of measurement. 
A general logistic model was constructed early for 
the combined data. In models with grouping factor, 
the model coeffi  cients were allowed to fl uctuate. 
Competing nested models were compared by 
likelihood ratio 2 test to ascertain simultaneous 
signifi cance of the added eff ects. Including random 
eff ects of Petri dishes on the logistic parameters was 
aimed at validating random variation associated 
with the dishes apart from the error term. Solutions 
to the coeffi  cients , 0 and 1 were obtained by 
iterative Gauss-Newton algorithm. The process of 
iteration to convergence was traced. 

Estimated parameterizations of the coeffi  cients 
applied by statistical so� ware due to issues of 
identifi ability, were linearly transformed to 
improve interpretations and facilitate meaningful 
comparisons of fi xed eff ects. Linear combinations 
were estimated using * = C’, where C is a matrix 
storing coeffi  cients of linear parametric functions 
and  is vector of the non-transformed coeffi  cients. 
Covariance matrix of the linear combinations was 
obtained by applying Var(*) = C’Var()C, where 
Var() denotes the covariance matrix of the primary 
coeffi  cients. Corresponding standard errors were 
received by taking square root of the matching main 
diagonal elements of the transformed parameter 
covariance matrix. Statistical signifi cance of the 
coeffi  cients and parametric functions was verifi ed 
by regular t-test. 

Mathematical properties of the transformed 
curves were assessed by fi nding root of the equation 
acquired by taking second derivative of the model 
with respect to time and setting equal to zero. 
Maximum gradient at the derived point of infl ection 
was computed by maximizing the model fi rst 
derivative with respect to time. Statistical analyses 
and construction of plots were accomplished with 
R so� ware (www.r-project.org), particularly the 
built-in nlme library (version 3.1-95) and lattice library 
(version 0.19-23).

RESULTS 
Coeffi  cients of logistic growth curves in control 

(pure fungal tester) and experimental variants 
(zygotic or somatic embryo) were estimated by 
iteration a� er reaching convergence with the 
criterion 10−6. The logistic parameters estimated 
from the combined data disregarding the 
experimental grouping (Tab. I), were statistically 
signifi cant (p < 0.01).

To evaluate the defense reactions, fi xed factors 
of embryo type and measurement sides towards 
or opposite from embryo and analogous two-
way interactions were sequentially added to the 
model. The added fi xed eff ects explained suffi  cient 
variation in the logistic growth, as confi rmed by 
simultaneous likelihood-ratio test of the extra 
coeffi  cients (2 = 271.9, p < 0.01) relative to the 
general unstructured model. Statistical signifi cance 
of random eff ects associated with Petri dishes was 
not confi rmed by the same test. 

Linearly reparametrized coeffi  cients for 
embryo types and control and measurement side 
combinations and respective standard errors were 
inferred from the original model (Tab. II). Estimated 
values of the growth curve at the infl ection point 
(0) reach approximately 50 % of the asymptote (), 
due to implicit symmetry in the logistic model. 
Maximum gradient at the infl ection point indicate 
that the most rapid growth in the acceleration 
segment of the curve occurred in measurements on 
the opposite side from zygotic and somatic embryos. 
Variants towards the embryos, on the other hand, 
displayed the largest inhibition of growth, which 

I: Estimated coeffi  cients and associated 95 % confi dence limits from 
the general model

Parameter Estimate 2.5 % 97.5 %

 30.77 29.14 32.40

0 4.43 4.12 4.73

1 1.51 1.27 1.76

e 3.57 3.20 4.04

f(x) at point of infl ection = 15.39 mm; maximum gradient 
= 5.08 mm·day−1

II: Estimated parameters of logistic curves, response at infl ection point and maximum gradient at infl ection point for embryo type and 
measurement side combinations

Combination  0 1

f(x) at point of 
infl ection [mm]

Maximum gradient of 
growth at point of infl ection 

[mm·day−1]

Control Opposite 37.50** 4.77** 1.63** 18.64 5.77

Control Towards 35.84** 5.05** 1.57** 17.94 5.70

Somatic Opposite 32.70** 4.02** 1.36** 16.26 6.03

Somatic Towards 27.80** 4.84** 1.75** 13.93 3.96

Zygotic Opposite 29.34** 3.68** 1.19** 14.79 6.18

Zygotic Towards 24.06** 4.74** 1.79** 12.05 3.36

Notation: ** coeffi  cients were signifi cant at  = 0.01
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was evident especially in growth towards the 
zygotic embryos. In the experimental variants, 
speed of growth opposite from the embryo also 
reached increased levels, compared to the control. 
This observation could be explained by elevated 
concentrations of the substances (auxin, lectins and 
others) in the cultivation media in the experimental 
dishes, where secondary metabolites produced 
by the embryo suppressed growth of fungal tester 
towards the embryo. Comparisons of the curves 
from the fi xed eff ects model and from the general 
ungrouped model are provided in Fig. 2. 

There is evidence, that presence of the embryo, 
embryo type (zygotic or somatic) and side of the 
measurement (towards or opposite from embryo) 
exert infl uence on the mycelium growth. Especially, 
the parameter  determining vertical size of the 
curve was strongly aff ected. Estimated coeffi  cients 
for the combinations of embryo types or control 

and sides of measurement allow for construction 
of linear functions of the logistic parameters and 
statistical tests of their signifi cance. Impact of the 
averaged eff ects of measurement sides and embryo 
types on all logistic coeffi  cients is illustrated 
in Tab. III. Opposite variants had on average 
signifi cantly higher upper asymptotes, required 
fewer days to reach the infl ection point and needed 
less time to reach ¾ of the asymptote. Augmented 
speed of mycelium growth in the direction opposite 
from embryo was obvious in both embryo types. 

Relative to control, the presence of embryos 
signifi cantly reduced size of the logistic asymptote, 
especially when zygotic embryo was added, with 
reduction by almost 10 mm, while it only slightly 
increased 0 parameter having impact on duration of 
the acceleration phase (Fig. 3). Marginal eff ects of the 
embryo placement on 1 coeffi  cient, however, were 
not substantiated. Diff erences in vertical magnitude 

2: Estimated logistic curves for combinations of experimental variants and measurement side levels in the embryo type or control 
model and the ungrouped general model

III: Tests of main eff ects for measurement sides and experimental variants performed for parameters of logistic curves

Factor Main eff ects
Estimated parametric diff erence 

 0 1

Sides Opposite – Towards 3.95 ** −0.72 ** −0.32 **

Experimental variants

Control – Zygotic 9.97 ** 0.69 ** 0.11 ns

Control – Somatic 6.42 ** 0.48 ** 0.04 ns

Somatic – Zygotic 3.55 ** 0.22 ns 0.06 ns

Notation: diff erences were signifi cant at **  = 0.01, *  = 0.05, ns = not signifi cant
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of growth curves ( parameter) were also signifi cant 
between somatic and zygotic embryo types. 

Tests of simple eff ects are presented in Tab. IV. 
Relative to control, the presence of embryo still 
exerts decelerating infl uence on mycelium growth 
in the direction opposite from embryo (0), as 
well as on the vertical size of the growth curve (). 
The embryo appears to inhibit the growth on the 
side of the embryo, especially in late stages of the 
growth experiment, which is refl ected by signifi cant 
increase of 1 and indicates slower growth in 
respective dishes. The restrictive eff ects of embryo 
placement on mycelium growth were also evident in 
the direction opposite from embryo, but to a lesser 
extent. This observation could be explained by 
release of substances inhibiting mycelium growth 
by the plant embryo and successive spread of the 
inhibitors by diff usion through the cultivation 
medium.

DISCUSSION
In previous study by Vooková et al. (2006), the 

defense reactions were apparent at very early stages 
of development in somatic embryos of A. numidica. 
Both embryonal suspensor mass (ESM) and early 
somatic embryos inhibited mycelial growth of tester 
P. schweinitzii. High endogenous levels of indole-3-
acetic acid (IAA) were confi rmed by Michalczuk 
et al. (1992) in somatic embryos at initial stages of 
embryo development. 

In present study, mature zygotic and desiccated 
somatic embryos of A. numidica were compared 
with respect to defense reactions. Fungal mycelium 
of P. schweinitzii in presence of embryos detected 
strong defense reactions manifested by slow growth 
of the fungus in comparison to control dishes. 
The diff erences in extent of defense reactions 
were described by logistic function and confi rmed 
by statistical tests. Inhibition of fungal growth 
approximately 10 to 15 % was observed in zygotic 
embryos relative to somatic ones. 

3: Estimated logistic coefficients and respective 95 % confidence intervals for embryo type and measurement side combinations

IV: Tests of simple eff ects for experimental variants and measurement side factors holding the other factor fi xed, for parameters of the logistic 
curve

Simple eff ects 
Estimated parametric diff erence 

 0 1

Control Opposite – Control Towards 1.67 ns −0.28 ns 0.05 ns

Somatic Opposite – Somatic Towards 4.90 ** −0.83 ** −0.40 *

Zygotic Opposite – Zygotic Towards 5.29 ** −1.06 ** −0.60 **

Control Opposite – Somatic Opposite 4.81 ** 0.75 ** 0.27 ns

Control Opposite – Zygotic Opposite 8.16 ** 1.09 ** 0.44 **

Somatic Opposite – Zygotic Opposite 3.35 ** 0.33 ns 0.17 ns

Control Towards – Somatic Towards 8.04 ** 0.20 ns −0.18 ns

Control Towards – Zygotic Towards 11.78 ** 0.30 ns −0.22 ns

Somatic Towards – Zygotic Towards 3.74 * 0.10 ns −0.04 ns

Notation: diff erences were signifi cant at **  = 0.01, * = 0.05, ns = not signifi cant
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Etienne et al. (1993) measured contents of IAA 
and abscisic acid (ABA) in zygotic and somatic 
embryos and in the surrounding endosperm 
in Hevea brasiliensis. IAA and ABA contents in 
somatic embryos relative to zygotic ones were 
low and varied during ontogenesis. Woodward 
and Pearce (1988) studied inhibition of mycelial 
growth of P. schweinitzii. In general, increasing auxin 
concentration boosted the inhibition of fungal 
growth in presence of Sitka spruce callus. Mycelium 
of P. schweinitzii responded from concentration 
10−6 mol·l−1 IAA in agar medium with inhibition of 
mycelial growth. At concentration 10−3 mol·l−1 IAA, 
a total growth inhibition was observed by Hřib et al. 
(1999). From the above compounds, auxin is ranked 
among the most eff ective regulators of plant growth. 
At concentrations above 10−2 mol·l−1, it is responsible 
for correlative inhibition of plant organs (Rittich 
et al., 1992). The results of current experiment 
suggest that fungus tester is sensitive to auxin.

In future experiments, we will attempt to confi rm 
the idea of functional IAA mechanism in initial 
developmental phase of defense in conifer plant 
embryos by study of cationic isoperoxidases activity 
of both zygotic and somatic embryos of A. numidica.

CONCLUSIONS
In vitro cultivation of fungal tester in presence of 

mature zygotic and desiccated cotyledonary somatic 
embryos of A. numidica detected strong defense 
reactions manifested by inhibited growth of the 
tester compared to control dishes. The diff erences 
in extent of defense reactions in dual culture were 
described by logistic growth model and confi rmed 
by statistical tests. Diff erences in the defense 
reactions were prominent especially in advanced 
stages of the co-cultivation. Exact biochemical 
processes behind the observed defense reactions 
remain yet to be explained. The fungal tester of 
P. schweinitzii, used in this study, could be applicable 
in future cultivation experiments with conifers. 

In continuation of this experiment, it is possible 
to test defense reactions in desiccated cotyledonary 
somatic embryos from embryogenic cell lines of 
a particular coniferous plant species such as Abies 
alba or Pinus sylvestris. Eventually, comparison of 
defense reactions in zygotic embryos obtained from 
conifers of diverse origin can be proposed. 

SUMMARY
Zygotic embryos of A. numidica were extirpated from the seeds. Somatic embryos were obtained from 
embryogenic tissue induced from immature zygotic embryos (Vooková and Kormuťák, 2001). 
Defense reactions of desiccated cotyledonary somatic and mature zygotic embryos were tested by 
the technique of dual cultures with wood decaying fungus P. schweinitzii as tester. Growth response 
of Phaeolus schweinitzii mycelium to added embryos was studied on agar modifi ed MS medium (B-25) 
without growth regulators. Inhibition in mycelium growth acted as a quantitative indicator of embryo 
defense reactions in somatic and zygotic embryo types, unrestricted control without embryo and sides 
of growth measurement (towards and opposite from embryo). The experiment follows 2 × 3 factorial 
design with replications. Mycelium growth was modeled by a logistic curve as a function of time from 
zero to ten days post inoculation. Diff erences in linearly transformed parameters of the curve were 
statistically tested in experimental and control variants and sides of measurement. 
Experimental variants towards the embryo displayed the largest inhibition of growth, which was 
especially evident in impeded growth towards the zygotic embryo. Inhibitory reactions of somatic 
embryos were also signifi cant, but only moderate in size. Standard errors of the parameters in the 
mycelium growth curves were slightly larger in embryo treated dishes. In conclusion, possible role 
of auxin (IAA) in manifestation of defense reactions is discussed, as a result of sensitivity of the tester 
towards auxin levels. 

Dedication

The authors dedicate this article to commemorating the 100-th anniversary of birth of 
prof. RNDr. Vladimír Rypáček, DrSc.
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