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In vitro haploid zygotic embryogenesis due to pollination with maize
pollen and induced in vifro androgenesis in Czech wheat breeding

genotypes

J. Vagera!, Z. Nesvadba?, P. Martinek?, L. Ohnoutkov4'

!Institute of Experimental Botany, Academy of Sciences of the Czech Republic, Olomouc,
Czech Republic
’Agricultural Research Institute KroméFiz, Ltd., Czech Republic

ABSTRACT

Induction of haploid zygotic embryogenesis and androgenesis was studied in 72 and 31 wheat genotypes, respectively.
Green zygotic plants (haploids only) were obtained in 52 genotypes (72%), and green androgenic regenerants (haploids
and spontancous polyhaploids) were observed in 17 genotypes (55%). In zygotic embryogenesis embryos developed in
65 genotypes (90%), and in androgenesis embryos or microsporial calli were detected in 28 genotypes (90%). The highest
frequency of haploid zygotic regenerants was 0.24 per pollinated flower, whilst that of androgenic regenerants was 0.08 per
cultured anther (0.24 per three anthers in one flower). On average, in induced androgenesis the plants were produced by
one out of three androgenic anthers. In induced haploid zygotic embryogenesis the plants were regenerated by every third
flower (ovary) with induced embryos. In a set of selected genotypes the yield of induced haploid zygotic embryogenesis
was compared with induced pollen embryogenesis. The productivity of both methods is discussed on the level of single

gametes and in total.

Keywords: wheat genotypes; induced embryogenesis; maize pollen; haploid zygote

Recently it has become realistic to obtain adequate
amounts of suitable haploid material in cereals by means
of two methods, either through pollen embryogenesis
from immature pollen grains or from zygotic embryogen-
esis induced by remote pollen, e.g. in wheat following
pollination of its emasculated flowers by maize pollen.
Subsequent dihaploidization (polyhaploidization) serves
as an interactive model for germplasm enhancement. /n
vitro culture of unpollinated ovaries has not been prac-
tical owing to a low level of haploid induction. A wheat x
maize method was studied by Laurie and Bennett (1986,
1988, 1989), Matzk and Mahu (1994), Machari et al.
(1995), and many others using different materials. In gen-
eral, most of recent experiments have shown that the
yield expressed as a total number of induced haploids
and spontaneous polyhaploids obtained from pollen
embryogenesis in androgenic responsive materials is
higher than that from haploid zygotic embryogenesis in-
duced by pollination of emasculated flowers with maize
pollen. There were three anthers per flower in cereals and
about three thousand pollen grains per anther, but only
one ovum per ovary in each flower. At the level of one
male gamete : one female gamete — the yield of induced
embryogenesis was opposite (Darvey 1998). A method
of wide hybridisation has been reported to be suitable
for such genotypes where the frequency of androgenic
plants is either very low or only albinos are regenerated.
Nevertheless, in all the cases the induction of haploid or
polyhaploid sporophytes within cereals strongly de-

ROSTLINNA VYROBA, 47, 2001 (5): 193-200

pends on a genotype of donor plants (Suenaga and Na-
kajima 1993). Genetic differences in the reaction were also
demonstrated in the experiments with non emasculated
wheat flowers bearing mature stigmas and immature an-
thers pollinated with maize pollen or after emasculation
by heat treatment only (Suenaga et al. 1997).

The present study was focused on possible applica-
tions of the method of induced haploid zygotic embryo-
genesis to selected Czech breeding materials of wheat.
Induced androgenesis was tested in some genotypes,
too.

MATERIAL AND METHODS

Seventy-two Triticum aestivum L. genotypes were used
as maternal plants and two genotypes of Zea mays L. (line
2001 and line Seneca 60) served as paternal ones. Wheat
genotypes described in Table 2 represent a commercial
intraspecific hybrids between raionized varieties (culti-
vars) or with some donors with favourable food quality
of corn. Genotypes in Table 3 (and Table 4) represent the
progenies derived from homogeneous donors. The all
plant materials of wheat were obtained from Agricultural
Research Institute Kromé&Fiz.

The seeds were sown gradually under experimental
field and greenhouse conditions. Wheat and maize an-
thesis was synchronized continually by means of differ-
ent sowing dates and temperature control. Three to two
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days before anthesis the youngest flowers were removed
from the spikelets, and the two remaining basal flowers
were emasculated (20 flowers per spike). In each plant,
only the first two spikes were used. Parts of maize pani-
cles containing fresh pollen were collected and immedi-
ately used for pollination of emasculated wheat flowers
when the stigmas of their pistils reached the feathery
receptive stage. The emasculated wheat flowers were
wrapped in paper bags before and after pollination to
prevent from desiccation and undesirable pollination.
Embryo development in the flowers was enhanced by
2,4-dichlorophenoxyacetic acid (2,4-D) applied to the
spikes or flowers that were sprayed with a solution of
10 mM 2,4-D. Enlarged ovaries were excised from the
spikes about two weeks after pollination. The develop-
ing embryos were extirpated immediately and transferred
onto the surface of nutritive solid media in Petri dishes
(Table 1). Earlier embryos were placed onto medium 1/2,
and later on they were transferred to medium 1/1 togeth-
er with some pieces of the former medium (Iglesias et al.
1994). After four weeks’ culture the growing embryos
were inoculated on the standard MS medium in Erlen-
meyer flasks. The plants were then transferred into gar-
den soil after about eight weeks’ culture depending on
the ontogenetic development of the regenerants. In an-
ther cultures the immature anthers containing uninucle-
ate microspores extirpated from cold-treated spikes were
cultured on a standard wheat medium according to the
known procedures (Vagera and Ohnoutkova 1993). The
frequencies of androgenic anthers, albino and green re-
generants were estimated as percentages per cultured
anthers, and the green plants were grown under green-
house conditions.

In wheat genotypes together responsive on androgen-
ic and zygotic levels the standard statistical evaluation
of ratios (Myslivec 1957) numbered per one experimental
flower was realized.

Shoots of haploid zygotic regenerants at ontogenetic
stage 2 (1 tillering stage) were washed in 0.5% solution
of colchicine with 4% dimethylsulfoxide (4-hour-treat-
ment), and regenerants were recovered in a greenhouse.
The ploidy of zygotic or androgenic regenerants was
evaluated by means of flow cytometric analysis (flow-cy-
tometer PARTEC II) according to DNA content in the
nuclei isolated from young wheat leaves (Dolezel and
Gohde 1995).

Table 1. The key to media used

RESULTS

The induced zygotic embryogenesis was successful in
65 out of 72 genotypes under study (Tables 2 and 3).
Green plants were obtained in 52 genotypes, and there
were only seven genotypes that failed to produce any
haploid zygotic embryos. The frequency of zygotic em-
bryos and green plants was ranging between 0.00-0.45
and 0.00-0.24 per flower pollinated with maize pollen,
respectively. In the first experiment with 41 wheat geno-
types the mean frequency of induced zygotic embryos
equalled about 0.16 per flower, in the second experiment
involving 31 genotypes it was about 0.05 per flower. The
mean frequency of green regenerants in the first and sec-
ond experiment was about 0.06 and 0.05 plants per flow-
er, respectively. Only some of the induced zygotic
embryos gave rise to regenerants, i.e. around one in three
flowers carrying embryos produced plants. All of the re-
generated plants were green. Ploidy detection by means
of flow-cytometric analysis of the nuclear DNA content
in the plants originated from zygotic embryos revealed
haploids only. There were no spontaneous polyhaploid
plants. The habitus of immature and mature green regen-
erants remained unchanged as compared to the control.
The polyhaploid (dihaploid) regenerants were obtained
through zygotic embryogenesis only following colchi-
cine treatment. Among zygotic haploids approximately
70% dihaploids were induced by colchicine (0.5% col-
chicine solution with 4.0% dimethylsulfoxide). There was
no increase in the number of in vitro regenerants arisen
either from additional embryogenic structures of the in-
duced zygotic embryos or from in vitro originated bulbs
on basal parts of the regenerants in induced androgene-
sis. It was impossible to find out a significant correlation
between the frequency of induced zygotic embryos and
those having given rise to plants.

Twenty-eight wheat genotypes out of 31 tested were
androgenically responsive (Table 3). A total of 19 geno-
types were able to produce plants, 17 of them green ones.
There was no significant correlation between androgen-
ic responsive genotypes and those with induced haploid
zygotic embryogenesis. In pollen embryogenesis, albino
and green regenerants were detected in 13 and 17 geno-
types, respectively. Eleven genotypes consisted of
a mixture of green and albino plants, two genotypes pro-
duced albinos only, whilst six of them green plants only.

Medium Macro-  Micro- Thiamine Pyridoxine Nicotinic Casseine Inositol  Sucrose Gerlite  Agarose 1AA  GA,
elements elements acid  hydrolysate

1/1 MS MS 0.1 0.5 0.5 200 100 30 000 - 8 000 - -

1/2 MS MS 0.1 0.5 0.5 200 100 150 000 - 20 000° = -

H2 MS MS 1.0 0.5 0.5 - 100 20 000 3 000 - 0.2 0.2

The numbered values in mg/l
MS = according to Murashige and Skoog (1962)
" type VII - low gelling temperature
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IAA = B-indolylacetic acid
GA, = gibberellic acid
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Table 2. The frequency of induced haploid zygotic embryogenesis in wheat

Genotypes of wheat Genotypes
of maize

pollen donors

of pollinated flowers

The number
of induced plants
per pollinated flower

The number
of induced embryos
per pollinated flower

The number

Koin/HYB 92104 Seneca 60
Contra/Alka Seneca 60
Estica/Kdin Seneca 60
HYB 92.104/Contra Seneca 60
HYB 92.104/355-2 Seneca 60
BR 84/HYB 93.15 Seneca 60
BR 84/355-2 Seneca 60
BR 84/HYB 92.104 Seneca 60
BR 84/BU 45 Seneca 60
BR 84/HYB 92.104 Seneca 60
BR 84/HYB 91.10 Seneca 60
BR 84/HYB 93.15 Seneca 60
Brea/HYB 93.15 Seneca 60
SG-U 410/Ambras Seneca 60
SG-U 410/Brea Seneca 60
Alka/246-10 Seneca 60
Alka/Kdin Seneca 60
Alka/SG-S 352 Seneca 60
SG-S 352/Contra Seneca 60
SG-S 352/BR9%4 Seneca 60
Ina/Brea Seneca 60
Ina/Kdin Seneca 60
HYB 93.15//ZG K 3-82/Hana Seneca 60
Livia/Koin Line 2001
HE 341/355-2 Seneca 60
BU 45/HYB 92.10 Line 2001
BU 45/Kdin Seneca 60
BU 45/Kdin Line 2001
BU 45/355-2 Seneca 60
342-4 Kdin Seneca 60
363-94//ZG K 3-82/K8in Seneca 60
Koin//ZG K 171-1-82/B.C. Line 2001
HYB 92.104//ZG K 171-1-82/B.C. Seneca 60
BR 94/ZG K 171-1-82/B.C. Line 2001
ZG K 171-1-82/Mona Seneca 60
ZG 171-1-82/HYB 92 Line 2001
MLU 3614/8G-S 352 Line 2001
Contra/Brea Seneca 60
Asta/Brea Seneca 60
KM 2912-1/HYB 92.05 Seneca 60
Ambras/KM 2912-1 Seneca 60

100 0.25 0.04
100 0.00 0.00
100 0.05 0.00
100 0.26 0.24
100 0.15 0.09
100 0.16 0.01
100 0.15 0.02
100 0.27 0.03
100 0.13 0.00
100 0.26 0.03
100 0.15 0.03
100 0.16 0.02
100 0.17 0.03
100 0.04 0.01
100 0.02 0.00
100 0.21 0.17
100 0.25 0.13
100 0.07 0.00
100 0.21 0.04
100 0.15 0.01
100 0.11 0.01
100 0.09 0.01
100 0.18 0.06
100 0.19 0.18
100 0.07 0.05
100 0.26 0.20
100 0.05 0.00
100 0.23 0.15
100 0.20 0.09
100 0.08 0.06
100 0.20 0.16
100 0.09 0.08
100 0.12 0.06
100 0.16 0.09
100 0.25 0.09
100 0.07 0.04
100 0.09 0.07
100 0.17 0.06
100 0.42 0.08
100 0.33 0.06
100 0.18 0.03

On the average, there was one plant originated from three
anthers with microsporial calli or embryos.

Practical effectivity (on level of used flowers) of both
methods of embryogenesis induction in such genotypes
which responded in both cases is demonstrated accord-
ing to ratios numbered per one experimental flower (Ta-
ble 4). There are 22 (from 31 tested) bilateral responsive
genotypes and nine genotypes in which the whole plants
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regenerated. Significant differences in responsivity ben-
efit to androgenesis were demonstrated in 12 genotypes,
one genotype benefited the haploid zygotic embryogen-
esis. On the level of whole plant regeneration the signif-
icant differences were registered in two genotypes only.
They benefited the androgenesis. According to total re-
sponsivity the androgenesis was preferred more than
according to regeneration of whole plants.
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Table 3. The frequency of induced androgenesis and haploid zygotic embryogenesis in wheat

Anther culture

Haploid zygotic embryogenesis

Genotypes
of wheat the number the number the number the number the number the number the number
of cultured of androgenic of albino of green of pollinated of embryos of plants
anthers anthers regenerants regenerants flowers® per pollinated  per pollinated
(%) (%) (%) flower flower
S 88 172 0.00 0.00 0.00 100 0.01 0.01
S92 384 15.36 2.86 0.78 100 0.06 0.02
S 102 312 13.14 1.92 7.37 100 0.03 0.00
S 105 196 0.00 0.00 0.00 100 0.02 0.02
S113 267 3.74 0.00 0.00 100 0.00 0.00
S 202 660 0.30 0.00 0.00 100 0.03 0.03
S 206 225 311 0.00 0.88 100 0.03 0.00
S 215 219 5.93 0.00 0.00 100 0.00 0.00
S 217 596 5.87 0.16 0.00 200 0.04 0.02
S218 705 14.60 2.12 1.13 100 0.02 0.00
S219 122 9.01 0.00 0.00 80 0.11 0.06
S 220 720 19.02 7.77 0.27 100 0.00 0.00
§221 420 13.57 1.42 0.23 40 0.01 0.12
§223 662 2.26 0.00 0.90 100 0.01 0.01
S 224 476 5.67 0.00 0.21 100 0.02 0.00
S 225 856 17.87 0.70 2.80 100 0.00 0.00
$227 596 3.52 0.16 1.51 100 0.03 0.03
S 228 401 1.49 0.00 0.00 100 0.10 0.00
$229 835 6.70 0.00 1.43 100 0.20 0.00
$230 438 18.49 1.14 3.42 100 0.20 0.00
$231 458 2.83 0.00 0.21 100 0.05 0.02
S232 590 27.45 1.35 3.05 100 0.00 0.00
§233 669 3.58 0.14 0.44 100 0.05 0.02
S 238 234 4.70 0.00 1.28 100 0.01 0.01
S 245 385 4.41 2.33 0.77 100 0.00 0.00
S 249 390 1.28 0.00 0.00 100 0.02 0.02
S 253 450 7.55 2.22 0.00 100 0.01 0.01
S 254 177 6.21 0.00 0.00 100 0.03 0.03
S 256 142 0.00 0.00 0.00 100 0.18 0.02
S 258 514 9.33 0.00 0.00 100 0.07 0.01
S259 440 5.00 0.00 0.00 100 0.13 0.00

" The pollination by the mixture of maize pollen from genotypes Seneca 60 and Line 2001 was realized

DISCUSSION

In the past years, the induction of haploid plants from
female gametes pollinated with remote pollen has been
realized in many cereals. Maize pollen was used in hexap-
loid wheat (Laurie and Bennett 1986; Inagaki and Mue-
jeeb-Kazi 1995; Inagaki et al. 1997; Sarrafi et al. 1999;
Marcinska et al. 1999, and others), and tetraploid wheat
(Inagaki 1998). Pearl millet (Pennisetum glaucum) and
sorghum pollen grains were applied experimentally (Oh-
kawa et al. 1992). Most of the authors reported success-
ful hybridization of maize pollen with wheat egg cells and
subsequent production of hybrid zygotes. Nevertheless,
the paternal chromosomes were rapidly eliminated from
hybrid zygotes during the first few cell division cycles.
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As demonstrated by numerous papers, the frequency
of induced zygotic embryogenesis is a very specific fea-
ture depending on pollen donors and maternal plant
genotypes (Laurie and Snape 1990; Laurie and Rey-
mondie 1991). Our as well as other experiments have clear-
ly shown that the amounts of embryos and plants
produced from them are not in a significant correlation
with each other (Giura 1998; Snape 1998; Bauer and
Schwarz 1999). A similar phenomenon was also observed
in induced androgenesis (Maheshwari et al. 1983; Hu 1997;
Inagaki 1998). It seems probable that embryo origin and
complete plant regeneration are controlled by different
genetic systems.

The induction of mere androgenic and/or haploid zy-
gotic embryos inside the same genotypes was rather rare,
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Table 4. Differences in ratios between responsive anthers and experimental flowers and ratios between responsive ovaries and experi-
mental flowers and differences in ratios between androgenic plants and experimental flowers and ratios between haploid zygotic plants

and experimental flowers in the same genotypes of wheat

Numbers of experimental

Ratios in responsivity

Ratios in regeneration of whole plants

Geno- flowers
types

andro- haploid andro- haploid t-values  significance  andro- haploid t-values significance

genesis zygotic genesis zygotic level genesis zygotic level

embryo- embryo- embryo-
genesis genesis genesis

$92 128 100 0.468 0.080 6.359 0.001 0.109 0.020 2.617 0.010
S 102 104 100 0.394 0.030 6.320 0.001
S 202 220 100 0.009 0.060 2:713 0.010
S 206 75 100 0.093 0.030 1.777 -
S217 199 200 0.176 0.060 3.599 0.001 0.005 0.020 1.920 -
S218 235 100 0.438 0.020 7.547 0.001
S219 41 80 0.268 0.175 1.196 0.050
S 221 140 40 0.407 0.150 3.006 0.010 0.050 0.125 1.682 -
§$223 221 100 0.068 0.020 1.778 - 0.027 0.010 0.975 -
S 224 159 100 0.170 0.020 3.728 0.001
§227 199 100 0.105 0.060 1.281 - 0.050 0.030 0.814 -
S 228 137 100 0.044 0.100 1.697 -
S 229 278 100 0.194 0.200 0.128 -
S 230 146 100 0.554 0.200 5.548 0.001
5231 153 100 0.084 0.070 0.403 - 0.006 0.020 0.973 -
S$233 223 100 0.107 0.070 1.044 - 0.018 0.020 0.179 -
S 238 78 100 0.141 0.020 3.079 0.010 0.038 0.010 1.269 -
S 249 130 100 0.038 0.040 0.077 -
$253 150 100 0.226 0.020 4.545 0.010 0.066 0.010 2.878 0.010
S 254 59 100 0.186 0.060 2.484 0.050
S 258 171 100 0.280 0.080 4.491 0.001
S$259 147 100 0.149 0.130 0.420 -

but the differences in the induction of green regenerants
were more frequent.

According to responsivity (induction of microsporial
calli and pollen embryos or haploid zygotic embryos)
numbered per one experimental flower in the same geno-
types the androgenesis was benefited more than andro-
genesis evaluated according to regeneration of whole
plants (Table 4). It again supports the differences between
inductive and regenerative processes.

All of the regenerated zygotic plants were haploids,
and no spontaneous polyhaploidization was observed.
On the contrary, high percentages of spontaneous poly-
haploids (dihaploids) of wheat are known from pollen
embryogenesis (Figure 1).

The absence of spontaneous polyhaploidization in
zygotic embryogenesis (Figures 2 and 3) can be affected
by two factors. The first one is a different developmental
stage of a female gamete during induction (i.e. after
megagametophyte) contrary to pollen embryogenesis
where the induction takes place before or within micro-
gametophyte. The second reason is a presupposed short
diploid unstable status of wheat female gametes after
their fertilisation with maize pollen.

ROSTLINNA VYROBA, 47, 2001 (5): 193-200

A list of the tested wheat genotypes (Table 3) points
to the fact that in some androgenic responsive genotypes
the development of haploid zygotic embryos was not
induced at all, and in some genotypes responsive to hap-
loid zygotic embryogenesis induction the process com-
pletely failed.

In our experiments with wheat only a third of the induced
zygotic embryos produced complete plants. In the last
experiment, the range of genotypes responsive to pollina-
tion with maize pollen was similar to those we could nor-
mally observe in experiments with induced androgenesis.

Having compared the numbers of the zygotic embryos
induced in emasculated flowers and those pollinated with
maize polen to the total number of ovaries contained in
the same flowers we found out that the highest frequen-
cy of induced zygotic embryos and induced green plants
(Figure 4) was 0.42 and 0.24 per flower, respectively. The
mean number estimated in all the experiments equalled
about 0.16 per flower for embryos and 0.05 per flower for
green plants. In spite of the fact that the frequencies of
the successful haploid zygotic embryo induction are con-
trolled genetically, the average amounts of embryos per
emasculated flower obtained in our experiments were not
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strongly different from other authors (Kisana et al.
1993 - 0.1, Bauer and Schwarz 1999 — 0.07, Biesaga-
Koscielniak et al. 1999 —0.19, and others). In our trials ev-
ery sixth female gamete being pollinated with maize pollen
developed an embryo, and every twentieth gamete pro-
duced green plants. In anther cultures, at the same level of
gametic responsivity (i.e. about 3000 male gametes per an-
ther) one anther could produce theoretically S00 pollen
embryos, and subsequently 150 green plants. Such
a frequency has not been achieved in our experiments us-
ing standard anther culture procedures common for all
cereals. It is evident that pollination with maize pollen is
more efficient for inducing embryogenic development in
wheat at the one-to-one gamete level contrary to in vitro
culture of isolated anthers. For example, in wheat geno-
types recently selected for high androgenic productivity,
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Figure 1. The histogram of relative nuclear DNA content obtained
by analysis of cell nuclei isolated from leaves of haploid and
spontancously dihaploid androgenic plant in Triticum aestivum L.
The nuclei of haploid plant were used as standard. The flow-
cytometer was calibrated so that peak of haploid nuclei in G, phase
was on channel 100, Peak of nuclei in dihaploid plant is on
channel 200

Figure 2. The histogram of relative nuclear DNA content in
haploid plant from haploid zygotic embryogenesis. Peak
corresponding to nuclei in G, phase appears on channel 100. Peak
on channel 200 represents nuclei in G, phase

Figure 3. The histogram of relative nuclear DNA content in
colchicine induced dihaploid plant from haploid zygotic
embryogenesis. The flow-cytometer was calibrated so that peak
of haploid nuclei in G, phase was on channel 100

a total of 493 pollen embryos and 65 green plants per
100 cultured anthers (0.65 plants per anther) were obtained
(Sarrafi et al. 1999). The highest frequencies detected in
cereal model objects for androgenesis (cv. Igri in barley and
cv. Florida in wheat) equalled about 12 green plants per
anther (Jahne and Lo6rz 1995, and others).

Based on the number of the responsive gametes, the
induced haploid zygotic embryogenesis is more efficient
than induced pollen embryogenesis. Nevertheless, the
procedure of induced zygotic embryogenesis is experi-
mentally difficult and the ratio of a total number of female
gametes to male gametes is rather poor in disfavour of
female ones. This method can be successfully applied in
androgenic non responsive genotypes and those con-
taining large amounts of androgenic albinos within the
scope of the Czech breeding materials.
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Figure 4. The samples of wheat plants from haploid zygotic embryos growing in vitre (a) and cultivated in situ (b)
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Haploidni zygotickd embryogeneze indukovana pylem kukufice a androgeneze in vitro u Ceskych Slechtitelskych
genotypii pSenice

U &eskych $lechtitelskych materiali pSenice (7riticum aestivum L.) jsme testovali moznost indukovat haploidii a spontanni
polyhaploidii jak sprasenim emaskulovanych kvéta psenice pylem kukufice (haploidni zygotickou embryogenezi in vitro)
u 72 genotypu, tak pomoci prasnikové kultury (androgenezi in vitro) u 31 genotypl. Rand pSeni¢na embrya exstirpovana
z vyvijejicich se ovarii byla kultivovana in vitro a dopéstovana in situ, androgenni regeneranti byli odvozovéni standardni
kultivaci prasnikl in vitro a dopéstovavani in situ. Ploidie viech regenerantii byla stanovovana pritokovou cytometrii. Ce-
listvé rostliny se podarilo odvodit haploidni zygotickou embryogenezi u 52 z testovanych genotypu (72%), androgenezi in
vitro u 17 z testovanych genotypli (55%). Haploidni zygotickd embrya se vytvofila u 65 z testovanych genotypt (90%),
pylova embrya nebo mikrosporialni kalusy u 28 z testovanych genotypu (90%). Nejvyssi frekvence tvorby celistvych ha-
ploidnich zygotickych regenerant byla 0,24 rostlin na jeden emaskulovany, kukufi¢nym pylem spraseny kvét psenice,
nejvyssi frekvence celistvych androgennich regeneranti byla 0,08 rostlin na jeden kultivovany prasnik p3enice (0,24 na tfi
pradniky v jednom kvétu). V androgenezi pfipadala v priméru jedna rostlina na tfi reagujici (androgenni) pradniky, v haploid-
ni zygotické embryogenezi na tii emaskulované kvéty, ve kterych vznikla embrya. Absenci spontdnné polyhaploidnich
rostlin a rostlin albikatnich v procesu indukované haploidni zygotické embryogeneze v porovnani s indukovanou androge-
nezi vysvétlujeme odlisnym ontogenetickym stadiem samg¢ich a samiéich gamet v okamziku indukce jejich sporofytického
vyvoje. V préci jsou diskutovdny moZznosti obou metod (na trovni jednotlivych gamet i celkového vynosu haploidie
a polyhaploidie) pii ziskavani izogennich regenerantli pSenice potiebnych pro rostlinnou produkei.

Kli¢ova slova: genotypy p3enice; indukovana embryogeneze; pyl kukutice; haploidni zygota
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Content of active components in dependence on the number

of lupulin glands in the hop cones

J. Sabo!, J. KiSgeci?, I. Iki¢!

!Institute of Field and Vegetable Crops, Novi Sad, Yugoslavia
‘Federal Institute for Plant and Animal Genetic Resources, Belgrade, Yugoslavia

ABSTRACT

The work is concerned with the investigation of the dependence of total resins content and content of a-acids on the
number of lupulin glands in the cones of 12 hop genotypes. It was found that the increase in the number of lupulin glands
is accompanied by an increase in content of total resins and a-acids. The increase of lupulin glands in the cones by
100 corresponds to an increase of total resins by 3% and a-acids by 2%. The dependence of the contents of total resins
and a-acids on the number of lupulin glands is significant (» = 0.649, r = 0.641).

Keywords: hops; total resins; a-acids, lupulin glands

Hop is cultivated for its female flower clusters — cones,
which are indispensable in the brewery industry, as they
lend to brewing the mellow bitterness and delicate hop
aroma. Its components act as antiseptic agents, increase
the biological value of beer, accelerate its clarification,
and increase the foam stability. A cone consists of the
stem, spindle, and two types of papery scales — bracts and
bracteoles. The scales are covered with lupulin glands,
whose secreta contain resinous matter and essential oils —
basic active matter in the brewery. The spindle is
a segmented axis of the fruit, partitioned by the nodes,
with the internodes between two successive nodes. From
each node are developed four bracteoles and two bracts.

The spindle and bracts, and especially the bracteoles,
are covered with the lupulin glands, whose secreta are
resinous lemon-yellow or gold-yellow matter. With the
naked eye they look like granules and they are also called
the lupulin granules or lupulin, and they contain the ac-
tive matter imparting the beer desired characteristics. The
inner part of bracteoles and the spindle are especially rich
in lupulin glands.

The resinous secreta of lupulin glands are called total
resins and they are composed of soft and hard resins and
essential oils. Soft resins consists of a- and B-acids.

Content of active matter depends primarily on the hop
genotypes, which, on the basis of the content of a-acids
are classified as aromatic and bitter ones (Roberts 1961).
Aromatic genotypes are traditional, originated from the
local populations, with pronounced pleasant hop aroma
and pleasant bitterness, and they are used in brewing of
high-quality beer. Their main component is a-acids,
whose content in the cones is up to 7%. Bitter genotypes
have been obtained by crossbreeding, and they usually
give higher yields than the aromatic ones, with the con-
tent of a-acids being in the range of 7-14%. As a rule,
they have no pleasant aroma and impart the beer un-
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pleasant bitterness. In the brewing process, they have
to be mixed with the aromatic hops.

As intensive research has resulted in various new hop
genotypes, the existing classification appeared to be in-
appropriate. Namely, many of the newly-created geno-
types have aromatic characteristics but also a higher
content of a-acids. For this reason a new classification
has been proposed (Joh. Barth and Sohn 1999):

A) genotypes with fine hop aroma (content of a-acids to

5%)

B) aromatic genotypes (content of a-acids in the range of

5-6%)

C) aromatic-bitter genotypes (content of a-acids in the

range of 6-8%)

D) bitter genotypes and genotypes with a high content

of a-acids (above 8%)

According to this classification the first group consists
of only several traditional genotypes giving high-quali-
ty brewed beverages, whereas to the second group be-
long the other traditional and newly-created aromatic hop
genotypes. To the third group belong the new sorts hav-
ing neither pronounced aromatic nor (unpleasant) bitter
component, whereas the fourth group is made of the gen-
otypes with a high content of a-acids, usually character-
ized by unpleasant bitterness.

Active matter content varies depending on the grow-
ing season and it is influenced by a number of factors.
A reduced content of active matter is mainly due to: a)
bad choice of seedlings in forming the hop field; b) non-
uniform nutrition of plants due to the inappropriate
choice of fertilizers and continuing use of mineral fertiliz-
ers, neglecting the organic ones; ¢) mechanized harvest-
ing, i.e. unavoidable cutting of plants in the stage of
technological ripeness of the cones before a full maturi-
ty of the plant itself; d) cone harvesting outside the op-
timal time of their technological ripeness; €) high content
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of impurities in the harvested cones (Spevak, Kisgeci
1982; Kisgeci et al. 1984; Galovi¢, Iki¢ 1992).

Weather conditions can also influence the content of
a-acids, as our hop region is at the south border of the
optimal growing conditions. Accumulation of active mat-
ter in the cones is favourably influenced by insolation,
relative air humidity, and mean daily temperatures in the
beginning of the plant growing (KiSgeci, Spevak 1982;
Kisgecietal. 1986).

Having in mind the previous findings on the depen-
dence of total resins content on the number of lupulin
glands (Polid¢uk, Zagrafova 1986) and the dependence
of the content of a-acids on the content of total resins
(Sabo 1989), the aim of this work was to find out the
potential dependence of the contents of total resins and
a-acids on the number of lupulin glands in the cones of
particular hop genotypes.

MATERIAL AND METHODS

The investigation encompassed 12 hop genotypes:
Backa, Htcl 2/23, Perle (quality group B), Aroma, Robus-
ta, Cascade, College Cluster, Wye Target (group C), Bre-
wer’s Gold, Magnum, Chinook, and Eroica (group D) from
the collection of hop genotypes of the Institute of Field
Crops and Vegetables Novi Sad. The genotypes Backa,
Brewer’s Gold, Robusta, and Htcl 2/23 are grown in our
country (Mijavec 1969; Lacok 1978; Galovi¢ et al. 1995),
Chinook, Eroica, and Cascade in the USA, Magnum and
Perle in Germany, whereas College Cluster and Wye Tar-
get are grown in England (Joh. Barth and Sohn 1999).

The cones were picked up manually in the stage of their
technological ripeness. Lupulin glands were counted
immediately after harvesting. Of the representative sam-
ples of each genotype 10 cones were taken for the inves-
tigation. The number of glands was determined from the
fourth node of the cone spindle (Polid¢uk, Zagrafova
1986) and the counting was carried out with the aid of
a binocular using 16x magnification.

The cone samples were also analyzed for moisture con-
tent. After drying the cones were assayed for the con-
tent of total resins, while c-acids were determined by the
Wolmer method.

The dependence between the contents of total resins
and a-acids on the number of lupulin glands in the cones
of particular hop genotypes was established on the ba-
sis of regression and correlation analyses.

RESULTS

Moisture content and numbers of lupulin glands in the
cones of particular hop genotypes are presented in Ta-
ble 1. The moisture content in the range of 74-83% indi-
cates the degree of technological ripeness of the cones.
The high moisture content (above 80%) suggests that the
cones were at the margin of their technological ripeness,
although they were picked up in the middle of Septem-

202

Table 1. Moisture content and number of lupulin glands in the
cones of particular hop genotypes

Variety Moisture Number of lupulin
content glands
(%)
Backa 83.2 353
Brewer’s Gold 80.3 477
Aroma 78.9 412
Robusta 79.4 424
Magnum 73.8 634
Chinook 80.8 520
Eroica 83.4 433
Cascade 78.6 382
College Cluster 82.7 270
Wye Target 82.6 435
Htel 2/23 83.0 262
Perle 752 532
Average 80.2 429

ber. Judging from their appearance, the cones were tech-
nologically ripe, so that the observed higher moisture
contents can be explained in terms of ample raining dur-
ing the growing season.

The number of lupulin glands varied in the range from
262 to 634. The number of glands above average was
found with the genotypes Magnum, Brewer’s Gold, Chi-
nook, Eroica, Wye Target, and Perle, while the smallest
numbers were found with Htcl 2/23 and College Cluster.

The total resins content was in the range from 9.23 to
23.72 (Table 2), the highest content being observed with
the genotype Magnum, while the values larger than av-
erage were observed for Brewer’s Gold, Aroma, Robusta,
Chinook, Eroica, and Cascade. The lowest content was
found with the genotype Backa, while the values below

Table 2. Content of total resins and a-acids in the cones of parti-
cular hop genotypes

Variety Total resins a-acids
(% water free) (% water free)
Batka 9.23 0.87
Brewer’s Gold 20.37 8.91
Aroma 22.76 10.78
Robusta 20.38 7.94
Magnum 23.72 11.00
Chinook 22.31 12.55
Eroica 22.70 12.19
Cascade 17.98 5.79
College Cluster 13.46 5.64
Wye Target 13.76 4.75
Htcl 2/23 10.68 1.85
Perle 14.57 6.01
Average 17.65 7.36
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the average were observed with College Cluster, Wye
Target, Htcl 2/23, and Perle.

Similar observations hold also for the content of a-ac-
ids (Table 2), the highest content being observed with
Chinook. Contents higher than the average were found
for those genotype having also a higher content of total
resins, the exception being the genotype Cascade. The
lowest content of a-acids was found for the genotype
Backa.

The dependence of the contents of total resins and
a-acids on the number of lupulin glands is presented in
Figure 1. It is evident that the increase in the number of
lupulin glands is accompanied by the increase in the con-
tents of total resins and a-acids. The constant b (y=a +
bx) shows that the increase in the number of lupulin
glands in a cone by 100 results in an increase of the con-
tents of total resins by 3% and of a-acids by 2%. The
increase in the content of total resins and content of
a-acids as a function of the number of lupulin glands is
significant at the level P, ., which is also evident from
the high values of the correlation coefficients ».

DISCUSSION

As was mentioned above, the content of active matter
in the hop cones depends on a number of factors. The
content of a-acids is primarily a characteristic of the
genotype, serving as the basis for classification. Besides,
the content of at-acids depends on the weather conditions
during the growing season (Zattle, Jehl 1962; Kralj
19964, b). It has been found that the content of a-acids
depends also on the number of lupulin glands (Lewis,
Thomas 1982). High values of the coefficient of correla-
tion between the number of glands and total resins con-
tent (» = 0.649) and the content of a-acids (» = 0.641)
support the literature data. There are opinions that this
can be explained by the fact that the influence of weather
conditions on the content of active matter in the cones is
especially pronounced in the blooming period (Park 1988)
and during the growth and ripening of cones (Hautke,
Petti¢ek 1968). This is the time of formation and activa-
tion of lupulin glands in which resinous secreta are
formed — total resins and a-acids.
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Figure 1. Dependence of the contents of total resins and a-acids
on the number of lupulin glands

A question arises as to the influence of weather condi-
tions on the number of glands and the amount of their
secreta. As the prospective male parents are determined
on the basis of the number of glands in the male flower
clusters (Brooks, Likens 1962; Kralj 1982) it can be sup-
posed that the number of lupulin glands is a genotype-
dependent quantity and that the amount of secreta —
resins, varies from year to year, depending on weather
conditions.

CONCLUSIONS

On the basis of the results obtained by studying the
dependence of the contents of total resins and a-acids
on the number of lupulin glands in the cones of particu-
lar hop genotypes, it is possible to draw the following
conclusions:

The number of lupulin glands varied in the range from
262 to 634, the highest number of glands being found with
the genotype Magnum and the lowest with Htcl 2/23.

Contents of total resins were in the range from 9.23 to
23.72%, the highest value being found for the genotype
Magnum and the lowest for Bagka. The highest content
of a-acids was observed with the genotype Chinook and
the lowest with Backa.

A relationship was established between the contents
of total resins and a-acids on the number of lupulin
glands in the cones. The increase in the number of lupu-
lin glands is accompanied by the increase in the contents
of total resins and ct-acids: an increase in the number of
lupulin glands in a cone by 100 caused increase in the
content of total resins by 3% and the content of a-acids
by 2%. The dependence of the contents of total resins
and a-acids on the number of lupulin glands is signifi-
cant, as the respective values of the correlation coeffi-
cients are 0.649 and 0.641.
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Obsah aktivnich sloZek v zdvislosti na po&tu lupulinovych Zldzek v chmelovych hlavkich

Byla sledovana zavislost obsahu veskerych pryskyfic a obsahu a-kyselin na poétu lupulinovych Zlazek v hlavkach 12 geno-
typu chmele. Bylo zjisténo, Ze zvy3eni poétu lupulinovych Zlazek doprovazi zvySeni obsahu veskerych pryskyfic
a a-kyselin. ZvySeni poétu lupulinovych Zlazek v hlavkach o 100 odpovida zvySeni obsahu veskerych pryskyfic 03 %
a a-kyselin 0 2 %. Zavislost obsahu veskerych pryskyfic a a-kyselin na poétu lupulinovych Zlazek je vyznamna (r = 0,649,

r=0,641).

Klicovi slova: chmel; veskeré pryskyfice; a-kyseliny; lupulinové Zlazky
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The content and quality of organic matter in cambisol
in a long-term no-tillage system

J. Horacek, R. Ledvina, A. Raus

Faculty of Agriculture, University of South Bohemia in Ceské Budéjovice, Czech Republic

ABSTRACT

A long-term field trial was conducted at Schwandorf (FRG) to determine some quality and quantity parameters of soil
organic matter in soil profiles to a depth of 0.55 m, split to 0.05m sequences, under Horsch no-tillage system for about
30 years and parallelly under a tillage system used nearby. All other cultural practices on experimental plots (crop rota-
tion, fertilizing, protection measures, etc.) were identical all the time. The values of the main parameters of soil organic
matter in no-tillage variant decreased slowly and steadily from surface to deepest sequences. In tilled variant these values
were steady from surface to sequence 0.3 m, then they fell steeply to a relatively low level. The contents of total carbon
C,, total, carbon of humic substances C_ HS (the sum of humic acids HA and fulvic acids FA) and hot water-soluble
carbon C, are comparable in both variants for the total of the sequences to 0.3 m, but they are lower in tilled variant for
the total of the sequences 0.3-0.5 m. At sequences below 0.5 m the values of soil organic matter parameters are steady at
a practically identical level. A similar trend was observed in the color quotient of humic substances Q4/6, which indicates
increasing condensation of HS at deeper sequences in both variants, and it is also confirmed by a humic to fulvic acid
ratio HA:FA. The presence and steady distribution of primary organic matters at deeper layers of no-tillage variant is
documented by a degree of humification Dh. The experimental results demonstrate that the long-term use of no-tillage
system led to an increase in the total content of organic matters in the soil, to their more favorable overall composition

especially in the subsoil and more steady distribution in the soil profile than in tilled control.

Keywords: soil organic matter; soil tillage; no-tillage system; humus content and quality; soil profile sequences

No-tillage (or conservation-tillage) systems with their
modifications have increasingly been introduced under
an economic pressure also in less favorable soil and cli-
matic conditions of the CR. These systems have been
well-known for a long time; for the first time they were
used at a larger scale in the USA in the fifties and sixties
(Sprague and Triplett 1986), nowadays Michalson et al.
(1999) report ca. 60% of farm land under this system in
production regions of the USA and Canada in total. Nev-
ertheless, no unambiguous opinion of the long-term con-
tinuous use of no-tillage technologies exists in the
agricultural professional community. Many authors de-
scribed some advantages of these systems in the past
years (Sprague and Triplett 1986; Horsch 1990; Ledvina
and Horacek 1996; Stach 1997; Kinsela 1998; Horagek et
al. 1999; Simon et al. 1999, etc.). Even though there have
occurred great changes since Duchoii’s era, who was
a zealous advocate of a tillage system, some other au-
thors underline certain risks of a long-term continuous
plowless system (Danfors et al. 1992; Alblas et al. 1994;
Hiila etal. 1997, etc.). The continuous omission of plow-
ing is not recommended by Skoda and Cholensky (1993)
or Simon et al. (1999), either.

The breakdown of primary organic matter in the soil is
an important and frequently discussed problem of no-till-
age systems. If post-harvest residues and organic ma-
nure are shallow-incorporated into the soil or if they are
partly left near the soil surface, there arise considerations
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about organic matter accumulation in the surface layer
after long-time omission oftillage (Anger etal. 1993), and
about the insufficient breakdown of organic matters to
produce humus after shallow incorporation. But there is
a lack of information on this problem both in Czech and
in world agricultural literature. An absolute majority of
studies was carried out to investigate only humus con-
tent and/or C__ content in the surface layer or in topsoil
(Sprague and Triplett 1986; Salinas-Garcia et al. 1997) or
maximally at one or two other sequences. An exception
is the paper by Dalal (1989), who reported the carbon
content in carbon-rich fractions in the soil profile higher
by 26% for no-tillage system than at the same layers af-
ter conventional tillage.

As part of Project CEZ: 1222 00002, a detailed profile
study was carried out aimed at the content and quality of
soil organic matter in a field trial under a long-term no-
tillage system. Analyses were made of soil samples that
were taken by courtesy of Mr. M. Horsch from lands of
his firm at Sitzenhof where Horsch surface-tillage system
has been used for 30 years except a demarcated control
strip with conventional tillage.

The objective of the study was to determine the profile
sequence distribution and quantitative and qualitative
parameters of soil organic matter in a long-term continu-
ous no-tillage system in comparison with the same pro-
file under conventional tillage while other conditions
were approximately identical.
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MATERIAL AND METHODS

An experimental plot at Sitzenhof (Schwandorf, FRG)
is situated at a height of 430 m above sea level; average
annual temperature is 7°C, average annual precipitation
sum 550—600 mm and the soil quality (soil productivity)
scores according to a German scale (die Bodenzahl)
amount to 40. The soil type is Cambisol (Braunerde) of
medium-heavy to heavy texture (40.2% of textural class
1 <0.01 mm and 20.8% of textural class 11 0.01-0.05 mm in
topsoil, and/or ca. 46% of textural class I and 25-30% of
textural class II at sequences around 0.4 m), hence accord-
ing to Novak’s scale the soil type is on the boundary
between loamy soil and clay-loam. The plot is owned by
Horsch firm, and similarly like on all surrounding farm
lands, a system of shallow tillage without plowing has
continually been used there for 30 years. There is a con-
trol strip of land with conventional tillage, ca. 40 m in
width, in the middle of the plot. All other cultural practic-
es such as crop rotation, fertilizing, plant protection, etc.,
are identical every year.

Soil samples were taken in the fall 1998 from two pairs
of soil pits at soil profile sequences of 0.05 m to a depth
0f 0.55 m. The pits of no-tillage variant (Horsch system)
designated as SFH and control pits of plowed variant
(designated SFK) were situated close to each other to
avoid the effect of area heterogeneity of the plot. The
sequences 0.10-0.25 m were omitted in the tillage system
due to the expected minimum differences in soil proper-
ties in this part of the profile, hard sampling conditions
(wet soil) and savings of analytical time.

The soil was air-dried and processed with a soil pul-
verizer Pulverisette 8 (Fritsch) to 2mm screenings. A part
of homogenized samples separated by quartation were
processed to 0.25mm screenings that were used to deter-
mine total oxidizable carbon and for fractionation of hu-
mus substances.

These parameters were determined to characterize or-
ganic matter in soil profiles: total oxidizable carbon C_
total; oxidizable carbon of humus substances (acids) as
the sum of humic acids and fulvic acids in soil alkaline
extract C|_HS; oxidizable carbon of humic acids C,_HA;
oxidizable carbon of fulvic acids C_ FA; humic to fulvic
acid ratio HA:FA and degree of humification Dh (Dh =
C, HS.100/C ). A direct method was used to determine
color quotient Q4/6 of humus substances by measuring
the absorbance of their alkaline extract at 465 and 665 nm
in a Jenway spectrometer; hot water-soluble (easily me-
tabolizable) carbon C, _was determined by a method ac-
cording to Kubat (1994). Total carbon and its fractions
were determined by a commonly used method, i.e. wet ox-
idation by an excess of potassium dichromate in an acid
medium and re-titration of unused dichromate by addi-
tion of ferrous salt. A shortened procedure of humus
fractionation (Hrasko 1962; Valla et al. 1980, etc.) intro-
duced by this university (Hora¢ek 1995) was modified so
that 0.25mm screenings were used and an extract of hu-
mus substances was separated from the soil by centrifu-
gation instead of by filtration, and oxidation of total solids
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of HS, HA and FA was used instead of oxidation of ali-
quot parts of their solutions; finally, an equivalence point
of terminal reductometric re-titration was determined in
an automatic titrator DL 50 Mettler-Toledo.

All analyses were made in three replications, and excel
program was used for mathematico-statistical processing
of data acquired for the different parameters. As three
sequences were omitted in tilled control, significance of
differences in the means of the parameters was evaluat-
ed at three steps. First, the whole data sets (all profile
sequences) were compared, omitting the incriminated
three sequences in both variants. Secondly, the layer
0-0.30 m was evaluated separately (omitting again the
above-mentioned sequences in both variants), thirdly,
a data set from sequences 0.30-0.55 m was compared.

RESULTS AND DISCUSSION

Figure 1 shows that the total carbon content of organ-
ic matter in no-tillage variant ranged from ca. 1.55% (or
ca. 2.70% of humus after multiplication by the factor
1.724) in surface layer 0.0-0.10 m to 0.22% C__totalat the
deepest sequence of sampling 0.5-0.55 m. The values of
C,, total decrease quite steadily at deeper sequences
when slight increases can be observed at sequences
0.20-0.25 m and 0.35-0.40 m. In tilled control, the total
carbon content at a layer 0.0-0.30 m was about 1.30%, C_|
totalmade 0.18% at the deepest sequence while its expect-
edly relatively steady content in the profile of 0.0-0.3 m
with conventional tillage falls very steeply to quite low
values at sequences below 0.3 m. These values are sta-
tistically significantly lower to sequence 0.55 m in com-
parison with no-tillage profile. A comparison of the entire

Cp total (%)

0o 0s 10 15 20

o2 f-—

O SFH (m-tilhge) 8 SFK (dlied control)

Figure 1. Total oxidizable carbon content in soil profile
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Figure 2. Oxidizable carbon of the humic and fulvic acids sum
in soil profile

profiles of both variants makes it possible to state that
C,, total contents are comparable to sequence 0.3 m (on
condition that the values of the three omitted samples
from tilled control are around the mean of three determi-
nations, i.e. 1.32% in comparison with the average con-
tent 1.27% of the first six sequences of no-tillage variant),
but mainly as a result of higher values of C_ total at the
lower sequences of unplowed profile with long-time and
continuous surface tillage only the sum of total carbon
is higher in this variant than in a tillage system. Unlike
the opinions of Sprague and Triplett (1986), Hendrix et
al. (1989) or Salinas-Garcia et al. (1997) it is proved by
these results that neither primary nor secondary (see
below) organic matters are accumulated in the soil sur-
face layer in a long-term continuous no-tillage system.

Figure 2 shows a profile diagram of humus substances
C,, HS. In no-tillage variant, there is quite a steady de-
crease from soil surface to deepest sequences when the
values of HS at a layer 0.25-0.35 m are somewhat atypi-
cal. In tilled control, following the expected relatively
steady HS content at a layer 0.0-0.3 m (in agreement with
C,, total) the content steeply falls at sequence 0.3-0.35
to low values that are statistically significantly lower at
every corresponding sequence than in surface tillage.
This documents a more steady and generally higher con-
tent of humus substances and/or humic acids in the un-
plowed profile in comparison with control. Similar results
were reported e.g. by Sprague and Triplett (1986) or Kin-
sella (1998), even though some authors (Stevenson 1982)
believe that the content of humus substances in the soil
is hardly influenced by tillage.

A profile diagram of the content of humic acids in both
experimental variants is shown in Figure 3. The unplowed
profile is characterized by a continually decreasing trend
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Figure 3. Oxidizable carbon of humic acids in soil profile

of C_ HA while the decrease is somewhat steeper at se-
quence 0.35-0.40 m and a slight increase was observed
at sequence 0.45-0.50 m similarly like in humus substanc-
es as well as in the case of fulvic acids. In tilled control,
C,, HA steeply falls from almost steady values in the pro-
file sequences by 0.3 m to low values below this layer that
are lower at the corresponding sequences than in no-till-
age variant.

The content of fulvic acids shown in Figure 4 truly
copies the profile content of HA, and the interpretation
of FA values would practically be identical except the fact

Figure 4. Oxidizable carbon of fulvic acids in soil profile
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Figure 5. Humic acid to fulvic acid ratio in soil profile

that at all sequences of both combinations C_ FA is high-
erthan C_HA, that means the HA:FA ratio will be lower
than one as illustrated in Figure 5.

Profile evaluation of a humic to fulvic acid ratio as the
most frequently used quality criterion of soil organic
matter and/or humus substances is rather complicated in
this case. The value of this ratio increases at deeper se-
quences both in no-tillage variant and in tilled control,
which would demonstrate an improvement of humus
quality. But the actual reason is that there are hardly any
primary organic matters at deeper layers (see the follow-
ing evaluation of humification degree) and the remaining
humus substances present at a relatively small amount
are condensed to a larger extent. If the soil tillage sys-
tems are compared, better quality of humus substances
is indicated by an HA:FA ratio for tillage to sequence
0.45 m where this trend turns in favor of no-tillage vari-
ant, but neither of the trends is statistically significant.

The condition of soil organic matter in the investigat-
ed soil profiles and illustrative differences between both
systems are described by a degree of humification Dh
represented in Figure 6. It is comparable for both tillage
systems at layers that can be taken as topsoil (0.0-0.3 m),
at the same time it can be evaluated as high because hu-
mus substances account for about 50% of oxidizable car-
bon of organic matter. In no-tillage variant, Dh is slowly
increasing at sequences below 0.3 m, that means primary
organic matters also occur at deeper layers of the soil
profile although their amount steadily decreases at deep-
er sequences. On the contrary, in tilled control the de-
gree of humification steeply rises to values around 90%
at sequences below 0.3 m, which indicates the actual ab-
sence of primary organic matter, and parallelly a reduction
of energy sources not only for the edaphon but also for
humification processes in the soil. Graphical representa-
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Figure 6. Degree of humification in soil profile

tion of the degree of humification confirms the above-men-
tioned fact that primary organic matter is not accumulated
in the surface soil layer in a no-tillage system.

The values of color quotient Q4/6 shown in Figure 7
confirm higher condensation of aromatic nuclei of humus
substances at deeper sequences in both experimental
variants that was demonstrated by interpretation of the
HA:FA ratio, but in general, the numerical data are rela-
tively high and/or higher (especially in the topsoil) than
those usually reported for the soil type concerned (Pospi-
3il 1980; Pavel et al. 1984), so they would indicate the

Figure 7. Colour quotient of (HA’s + FA’s) extract in soil profile
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lower quality of humus substances in both variants, and
particularly in tilled control, confirmed also statistically.

Figure 8 shows the content of hot water-soluble car-
bon as quite a frequently used characteristic of soil or-
ganic matter in recent time.

The first three sequences of no-tillage variant had the
highest content of C, , then there is a more or less steady
decrease from surface to deepest sequences. In tilled
control, its steady content of topsoil falls to low values
very steeply, at sequence 0.35-0.4 m this time; but the
contents of C, _are in fact lower at all sequences than in
Horsch no-tillage system. This indicates not only better
soil structure [according to Haynes etal. (1991) C, _isin
higher correlation with soil structure than C__total] but
also, on the basis of the relationship determined by Wei-
gel etal. (1998), a higher amount of so-called potentially
mineralizable nitrogen determined by incubation time,
both in topsoil and at deeper sequences of the soil with
surface tillage and without plowing.

Let us mention some minor anomalies in the investigat-
ed profiles at the end of discussion. First, the surface
layer of tilled control (0.0-0.05 m) shows lower values of
most investigated parameters than other two sampling
sequences (0.05-0.10 and 0.25-0.30 m). It is possible to
state that the topsoil layer was likely to be increased by
subsoil incorporation or the breakdown of organic mat-
ters after turning the topsoil is faster. Some values deter-
mined for sequence 0.30-0.35 m are straying from the
other ones, mainly in no-tillage variant; it may be ascribed
to residual effects of previous conventional tillage as
mentioned also in the monograph by Sprague and Trip-
lett (1986). Finally, there are some departures of the val-
ues of soil organic matter parameters at sequence
0.45-0.50 m that are mostly higher than in the preceding
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(as well as in the subsequent) sequence and might be
explained by different chemistry of this soil profile se-
quence.

CONCLUSION

A detailed sequence study of the content and quality
of soil organic matter in a field trial at Sitzenhof in which
conventional tillage was compared with a long-term con-
tinuous no-tillage system has provided these results:

— the entire profile (0-0.55 m) of soil under a long-term
no-tillage system showed higher contents of organic
matter and humus substances including easily metabo-
lizable carbon than the tilled control while at the se-
quences below 0.3 m this difference is statistically
significant except FA content,

— the quality of soil organic matter expressed by the eva-
luated parameters in total is comparable in both sys-
tems, and the distribution of organic matters including
humic acids within the soil profile is more favorable in
the no-tillage system than in tilled control while they do
not accumulate in the surface layer.
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Obsah a kvalita organické hmoty v kambizemi zpracovéavané dlouhodobé bez orby

V dlouhodobém polnim pokusu ve Schwandorfu (SRN) byly v pudnich profilech do hloubky 0,55 m, délenych po 0,05 m,
stanoveny vybrané kvalitativné-kvantitativni parametry pudni organické hmoty ve varianté ca 30 let zpracovavané bez-
orebnou technologii Horsch a v paralelné zaloZené orané kontrolni varianté. Viechna ostatni agrotechnicka opatieni na po-
kusnych plochéach (osevni postup, hnojeni, ochrana apod.) byla shodna. Hodnoty hlavnich parametr pidni organické hmoty
v bezorebné varianté klesaji od povrchu do hloubky pozvolna a rovnomémé. U orby jsou tyto hodnoty od povrchu az do
0,3 m vyrovnané a pak klesaji skokové na pomérné nizkou troves. Obsahy uhliku celkového C_, uhliku humusovych latek
C,, HS (sou¢et huminovych kyselin HA a fulvokyselin FA) a uhliku za horka vodorozpustného C,,, Jsou v souttu vrstev
do 0,3 m u obou variant srovnatelné, v souctu vrstev 0,3 az 0,5 m jsou u orby niz8i. V hloubkach pod 0,5 m se hodnoty
jednotlivych ukazateli pudni organické hmoty vyrovnavaji na prakticky stejnou Grovein. Podobny trend ma i barevny kvo-
cient humusovych latek Q4/6, ktery zéroveil ukazuje na vétsi kondenzaci HS s hloubkou u obou variant, coZ potvrzuji
i hodnoty pomé&ru huminovych kyselin k fulvokyselindm HA : FA. Stupent humifikace Dh dokladé pfitomnost a rovnomérnéjsi
rozloZeni primarnich organickych latek i v hlub§ich vrstvach bezorebné varianty. Vysledky pokusu ukazuji, Ze dlouhodobé
uplatiiovani bezorebné technologie méd za nasledek zvy3Seni celkového obsahu organickych latek v pidé, jejich souhrnné
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The effect of time of weed removal on maize yield

Z. Martinkova, A. Honék

Research Institute of Crop Production, Prague-Ruzyné, Czech Republic

ABSTRACT

The effect of the duration of weed competition on maize aboveground biomass was investigated in the Central Bohemia,
in 1994-1999. Each year a maize crop was grown together with a concordantly established weed stand [largely Echi-
nochloa crus-galli (L.) P. Beauv.]. In the experimental stand we established series of four 2 x 5 m plots where weeds
were mechanically removed. Three series of plots were established successively, the first about 10 days after maize emer-
gence, the two latter in 10-20-day intervals. The plots were kept weed-free until the end of the experiment. On control
plots weeds were not removed. We compared the final mass, initial growth and changes of leaf chlorophyll content in
plants liberated from and stressed by weed competition. The final shoot mass (measured in early October) decreased
proportionately to the length of weed competition. The regression of standardized plant mass on duration of weed com-
petition (biological time) revealed that maize mass decreased until approximately 415 day degrees dd (above 10°C tem-
perature threshold) from sowing. The competition then reduced plant size to about 20% of shoot mass predicted for
plants growing without competition. During this period the rate of growth (log scale) of plants free of weed competition
was by about half greater than in plants stressed by weed competition. Leaf chlorophyll content of plants free of compe-
tition remained stable until late July, then gradually decreased. In weedy controls leaf chlorophyll content decreased since
mid-June. After liberation from weed competition chlorophyll content slowly increased to the level of non-competing
plants. The extent of damage caused by competition lasting < 250 dd from maize sowing varied largely between years,
but extended competition had similar detrimental effects in all years.

Keywords: critical period of weed removal; maize; weed; Echinochloa crus-galli; plant mass; growth rate; chlorophyll

content; weather

A great attention has been paid to the study of inter-
ference between weed species and maize growth. As in
other crops, the effect of weeds on growth and yield of
maize depends on the intensity of competition as well as
its length and timing. The intensity of competition in-
creases with the ratio of weed to crop abundance or
biomass (Ferrero et al. 1996). The models assume a hy-
perbolic relationship between decreasing maize yield and
increasing weed density (Spitters et al. 1989; Kropff and
Spitters 1991). The effects of weeds on maize are often
caused by underground competition for nutrients and
water (Ito 1990; Ognjanovic 1990; Varshney 1991; Mar-
tinkova and Honék 1998), in some cases also by above-
ground competition for light. The timing of competition
relative to crop development is very important. It is gen-
erally known that early weed competition is most detri-
mental to maize yield (Sandhu and Gill 1973;
Chandrasagar 1983; Bridgemohan et al. 1992; Ghosheh
etal. 1996). The importance of competition in early peri-
od of crop development for timing of protection measures
led to definition of the critical period which is a span of
time between that time period after seeding or emergence,
when weed competition does not reduce crop yield, and
the time period after which weed competition will no
longer reduce crop yield (Zimdahl 1988). The length of
critical period is investigated by two complementary
techniques: (a) The crop stands are kept weed-free for
varying intervals after seeding, then weeds are allowed
to grow. (b) Weeds are allowed to grow for varying inter-
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vals after crop seeding followed by a weed-free period
until the end of growing season (Zimdahl 1988; Welsh et
al. 1999). The first approach investigates the length of
period after which competition of newly established
weeds is unimportant. The second approach indicates
the length of period for which the competition of concur-
rently emerged weeds may be tolerated without a signif-
icant decrease of crop yield. The periods specified by
such studies are usually called critical weed-free period
and a critical time of weed removal (Bedmar et al. 1999).
With respect to a given yield loss, critical weed-free pe-
riod is longer than critical time of weed removal.

Barnyard grass, Echinochloa crus-galli (L.) P. Beauv.
is among the most important weeds of maize stands. The
studies of maize competition with barnyard grass or weed
mixtures where this species was an important component
revealed that critical weed-free period recommended for
agriculture practice was 2-3 weeks (in some cases up to
6 weeks) after sowing (Nayital et al. 1989; Ferrero et al.
1991; Varshney 1991; Al-Kathiri 1994; Song et al. 1997).
The length of this period depends on the accepted mag-
nitude of yield decrease, and is influenced by weather
and agriculture practices (Adzgauskiene and Jakstaite
1997). Some studies investigated also the duration of the
critical time of weed removal (Sharma and Nayital 1991;
Ferrero et al. 1996; Bedmar et al. 1999). The length of
critical periods varied annualy (Hall et al. 1992; Ferrero
etal. 1996; Bosnic and Swanton 1997; cf. Spitters et al.
1989).
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Since 1989, we studied the effects of weed competition
on maize growth and herbivore and predator perfor-
mance in weed-stressed and weed-free stands (Honék
and Martinkovéa 1991). The dominant weed species in
our experiments was E. crus-galli whose stands natural-
ly established after maize sowing. Relative abundance of
barnyard grass was probably influenced by temperature
and humidity variation in the uppper soil layer (Martin-
kova and Hong&k 1993) and termination of seed dormancy
(Hong&k et al. 1999). The changes of host plant vigour
caused by weed competition (growth rate, leaf nitrogen,
sugar and chlorophyll content) affected the rate of
growth and maximum abundance of aphid populations
(Hongk 1994; Hongk et al. 1998). Since 1994, the experi-
ments, primarily aimed at investigating tritrophic plant-
insect relationships, had a uniform design. Weeds were
removed from experimental plots at different times after
maize sowing and the plots were then kept weed-free
until the autumn. Maize plant mass, growth rate and
changes of leaf chlorophyll were examined. These exper-
iments were evaluated to reveal critical time of weed re-
moval in climatic conditions of Central Bohemia.

MATERIAL AND METHODS

Crop stand. The experiments were conducted in 1994--
1999, at the locality of Dolinek (50°12° N, 14°25’ E, alti-
tude 270 ma.s.l.), 15 km north of Prague. Experiments were
established in crop stands grown in two fields of 30 x 60 m
(1994-1996) and 20 x 40 m (1997-1999) area, situated in
roughly 150 m distance, with identical soil quality, fertil-
ized each year with 30 t.ha™' manure. Silage maize hybrids
were sown in late April to early May (Table 1), densities
(60 cm spaced rows, plants thinned to 7-9 per 1 m of the
row, about 125 000 plants.ha™, about 10-15 days after
emergence) were maintained according to agricultural
practices accepted in the Czech Republic (Vrzal et al.
1995). Early or mid late maize hybrids were sown whose
selection was determined by the owner of the experimen-
tal ground. No cultivation or pesticide treatments were
made after sowing. Weeds germinated simultaneously
with maize plants and then grew concurrently until the
autumn. Experimental treatment consisted in establishing

Table 1. Details of experimental design; maize hybrids, terms

small plots where weeds were hoed, and maize was liber-
ated from weed competition. Every year (except 1998)
experimental plots were established in three terms (Ta-
ble 1). The first term of weed eradication (treatment 1) was
set within 10 days following weed germination, next two
treatments (treatment 2 and 3) were established in 10—
20-day intervals, according to weather conditions. On
each date we established four plots (replicates) of 2 x 5 m
area (5 m section of three rows). The plots established
on later dates were situated next to the earlier established
plots. After weed extermination all plots were hoed in fre-
quent intervals and thus kept free of weeds until harvest.
One series (control) consisted of plots where weeds were
allowed to grow until harvest. The plants were harvest-
ed at the end of vegetational season when the growth
was terminated by both early and mid-late hybrids. The
area of control and first treatment plots was doubled in
1996 and 1997, when samples of plants were removed in
May to July to measure plant growth (see below).
Plant growth. Growth and quality of maize were evalu-
ated by three criteria: (i) Final plant mass at maturity (Ta-
ble 1) was established every year. Ten or 20 maize plants
were cut 5 cm above the ground level in each experiment
plot (treatment replicate) and their wet shoot mass was
determined. Since it was impracticable to establish dry
mass of each plant, the samples of fresh biomass of each
treatment (about 0.3 kg plant material cut into small piec-
es) were weighed, dried at 105°C to constant weight, and
weighed again, with 0.1 g precision. The dry mass of
plants was then calculated by multiplying the fresh
weights by a coefficient C = (sample dry mass)/(sample
fresh mass). Since the average size of maize plants varied
among years (Table 2), the data were standardized by
dividing the average mass of the plants of weed-free treat-
ments by average mass of the controls. This quantity,
further called standardized plant mass (SM), was calcu-
lated for each replicate as SM = (average replicate plant
mass)/(average control plant mass). Using standardized
plant mass enabled to compare data of all experiment
years. (ii) Growth of maize plants in the early period of
their development was compared in control plants and
plants of weed-free treatment established first in the sea-
son. In May to July 1996 and 1997, samples of plants were
removed in weekly intervals. Seven (before mid-June) or

of maize sowing and harvest, and terms of weed exterminations

(treatments 1-3), calendary dates and biological time (day degrees dd above 10°C threshold) elapsed since the time of sowing

. Treatment 1 Treatment 2 Treatment 3 Harvest

Year Maize hybrid ~ Sowing

date dd date dd date dd date dd date
1994 CE 330 7. 5. 164.5 10. 6. 240.3 22. 6. 3923 4. 7. 1154.2 5. 10.
1995 CE 330 2: 8§, 49.8 25..5. 130.5 8. 6. 199.6 25. 6. 928.0 6. 10.
1996 KW 212 9. 5. 198.3 10. 6. 300.8 28. 6. 366.7 10. 7. 829.8 10. 10.
1997 TAO 220 10. 5. 102.6 22..5. 155.5 8. 6. 305.2 > 7 966.7 7. 10.
1998 TAO 220 27. 4. 143.1 14, 6. 244.5 29. 6. - - 972.2 7. 10.
1999 CE 240 1. §. 88.2 255 219.8 10. 6. 280.1 23. 6. 1100.1 7. 10
212 ROSTLINNA VYROBA, 47, 2001 (5): 211-217



sTable 2. The aboveground dry biomass of weeds and individual dry mass (average + SE) in maize plants liberated from weed competition
on different dates (treatments) and in the control grown under competition until the harvest

Maize plant mass (g)

Year Weed biomass (g.m2)
treatment 1 treatment 2 treatment 3 control

1994 287 133.8 £ 9.2 65.7 £ 6.6 326 £33 236 +23
1995 303 108.1 = 10.8 80.8 + 8.4 582+ 72 200 £ 2.8
1996 318 148.0 + 13.5 108.3 + 13.5 84. 8+ 124 494 + 7.5
1997 380 851124 78.0 £ 12.1 399 + 6.6 31.7+54
1998 442 1743 + 33.5 1303 + 14.2 - 729 £ 11.5
1999 485 118.1 = 35.7 108.7 = 30.2 65.0 173 22,7+ 3.4

three plants were removed from each treatment and
control replicate (the number of plants decreased due to
increasing plant size), dried at 105°C and weighed.
(iii) Changes in chlorophyll content of maize leaves were
measured in weekly intervals, in 1997. Chlorophyll con-
tent of leaves was measured optically by Chlorophyll
Meter SPAD-502 (Minolta). The measurement of chloro-
phyll content (indicated in SPAD units) is based on the
amount of light transmitted by the leaf in two wavelength
zones, in which the absorbance of chlorophyll is differ-
ent from carotenoids and other leaf components (peak
wavelength approximately 650 and 940 nm). Values indi-
cated by SPAD units are closely correlated with chloro-
phyll and nitrogen content of the leaves, and (in winter
wheat) with crop yield (Barraclough 1998). Of each repli-
cate we took 30 measurements, on the upper leaves which
already completed the growth. In plants at eight and more
leaf stage this was the 4th to 6th leaf from the top of the
plant. Two measurements were taken on each leaf, one at
quarter, the other at three quarters of its length.

Each year, weed (all species together) aboveground dry
biomass was determined after reaching its maximum
(July) (Table 2). Weed biomass per area was used as an
index of weed abundance, since numbers of weed plants
per area varied between years together with their indi-
vidual size. Four 0.25 m? plots were harvested from intact
weed stands near the edge (at about 1 m distance) of rep-
licate series. The samples were dried at 105°C to constant
weight, and weighed with 1 g precision. Average dry
aboveground weed biomass.m was calculated using
data of all replicate series. Dominant weed species were
recorded each year. Barnyard grass E. crus-galli domi-

nated in weed stands in all years of observation, except
1995, when the stand was dominated by Galinsoga
parviflora, and 1996 when dominant species was Ama-
ranthus retroflexus. These species together represented
each year more than 95% of the aboveground weed bio-
mass.

Data elaboration. When investigating the effects of
competition, calendary dates were transformed to biolog-
ical time (Table 3). This was measured in day degrees (dd)
above the threshold temperature of 10°C at which maize
growth ceases (Belej et al. 1982; Vrzal et al. 1995). Day
degrees were calculated as the sum of the differences
between average daily temperature and 10°C threshold
temperature, accumulated from the day of maize sowing.
This method of measuring biological time is well estab-
lished in ecological studies (Hon&k 1999) and convenient
for between season or between species comparisons.
Meteorological data were obtained from the meteorolog-
ical station of the Research Institute of Crop Production
in Prague-Ruzyng, about 15 km from the locality where
experiments were carried out. A comparison of the
Prague-Ruzyné data with data of a local meteorology sta-
tion (Sedlec, about 4 km from the experimental site, data
available only before 1995) revealed that the differences
between average daily temperatures were mostly less
than 1°C. Linear regressions (y = ax + b) and correlations
were calculated to establish the relationship between
standardized maize plant mass (y) and length of weed
competition in dd (x). Exponential regressions (y = be*)
were calculated to establish the relationship between log
dry maize plant mass and time elapsed since maize sow-
ing in dd (rate of maize growth).

Table 3. Temperature sums (day degrees dd above threshold temperature 10°C) during the period of maize growing; the figures for the
first and the last months are calculated from the date of sowing and until the date of harvest, respectively

Year April May June July August September October Total
1994 115.7 227.3 386.7 278.1 135.7 10.7 1154.2
1995 103.9 131.9 321.1 244.7 102.0 24.4 928.0
1996 96.1 212.0 214.4 252.9 36.9 17.9 829.8
1997 105.9 198.7 229.8 279.3 117.0 36.0 966.7
1998 25. 6 150.6 227.6 227.6 236.9 99.5 4.4 972.2
1999 148.4 184.1 297.8 241.8 217.1 10.9 1100.1
213
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RESULTS
Length of weed competition

Final maize plant mass decreased with the length of
initial weed competition (Figure 1). The common regres-
sion (a=-0.010, 5=5.220, R2 =0.476, F=13.612, df=15,
p <0.005) of standardized plant mass on length of weed
competition (biological time) indicated that damage,
which decreased plant mass to the size of control, was
inflicted after 417 dd elapsed since maize sowing. The
regressions calculated separately for data of particular
years indicated average. The regression predicted the
standardized plant mass 5.2 for a maize plant never suf-
fering from competition. Permanent weed competition
thus will reduce potential plant mass by 81%. The scat-
ter of data was greatest in early period of about 250 dd
following maize sowing (Figure 1). In this period the out-
come of competition differred between years and was
apparently influenced by environment conditions. As the
length of competition increased, negative effects were
important regardless of annual variation of experimental
circumstances and the data were then close to regression
line.
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Figure 1. The effect of the length of weed competition (biological
time in day degrees dd above 10°C threshold summed from the
time of sowing) on the aboveground mass of maize plants; stan-
dardized plant mass (above) and residuals of regression of standar-
dized plant mass on biological time (below) plotted against time
(dd) elapsed from maize sowing
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Figure 2. Growth of control (C) maize plants and plants liberated
from weed competition at the earliest term (treatment 1, T);
regression lines of log dry plant mass on duration of maize growth
(biological time in day degrees dd above 10°C threshold summed
from the time of sowing) in T (heavy line) and C (thin line) plants

Plant growth

The growth of maize plants between 150 and 450 dd
from crop sowing (period when damage was inflicted)
was compared in controls and plants of treatment 1 liber-
ated from competition at the earliest term (Figure 2). In
both 1996 and 1997 the growth rate of plants liberated
from weed competition (¢ =0.0117 and 0.0125, resp.) was
by half greater than in control plants (a = 0.0080 and
0.0081, resp.). Final differences in plant mass (Table 2)
originated due to variation of growth rate during the ear-
ly period of plant life. The dry matter yields thus de-
creased from 10.6-21.7 tha™ in treatment 1 t02.5-9.1 tha in
controls.

Leaf chlorophyll content

The changes in leaf chlorophyll content of controls and
treatments liberated from competition were checked in
1997 (Figure 3). Chlorophyll content was highest shortly
after emergence, before the onset of intensive competi-
tion (2-leaf stage, 45 SPAD units) but quickly decreased
to about 40 SPAD. In controls, chlorophyll content was
between 30-35 SPAD until mid-June, then decreased
quickly to roughly 20 SPAD after July 15, and remained
on this level until the end of August. In plants liberated
from weed competition on May 25 (treatment 1) chloro-
phyll content remained at approximately 40 SPAD until
late July, thereafter it decreased to about 30 SPAD at the
end of August. In plants of treatment 2 (liberated from
competition on June 10) chlorophyll content increased
slightly and paralleled the development in plants of treat-
ment 1. In plants of treatment 3 (liberated from competi-
tion on July 10) chlorophyll content increased slowly
above the level of control, but only matched the SPAD
of plants of the treatments 1 and 2 at the end of August,
when SPAD was generally low. The differences (Figure 3)
between SPAD of the control and treatments 1 and 2
thus increased to up to 25 SPAD units, in early July. By
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Figure 3. Chlorophyll content of maize lcaves (SPAD units) in
1997 season (calendary dates) changes of chlorophyll content in
control plants (C) and plants of treatments 1-3 liberated from
weed competition at three terms (T1-T3); seasonal course of
changes of leaf chlorophyll content (above) and differences (smo-
othed curve) between leaf chlorophyll content of plants of treat-
ments 1-3 and control (below)

contrast, the differences between control and plants of
treatment 3 increased slowly and remained below
10 SPAD units, because of the general decrease of leaf
chlorophyll content towards the end of the vegetational
season.

DISCUSSION
The effects of timing of weed removal

As expected from results of earlier works, the final
maize yield decreased with timing of removal from weed
competition. The increase of weed damage with the in-
creasing length of competition could be approximated by
a non-linear sigmoid function (e.g. Gompertz), which re-
flects the low effect of early competition and the large
increase of its importance at the time, when weed stand
becomes dense (Hall et al. 1992; Ferrero et al. 1996; Bed-
mar etal. 1999; Welsh et al. 1999). This type of approxi-
mation requires several treatments made during the same
season to prevent the effect of scatter caused by condi-
tions of different years. Our data were not convenient to
establish detail relationship for particular years due to
small number of treatments performed each year. We
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therefore preferred linear approximating of the data.
These approximations enabled to estimate (i) the length
of period during which negative effects of weed compe-
tition increased, and (ii) the extent of relative damage
which weed competition inflicts to maize plants when
competition extends over the whole season.

Using a common regression smoothed the differences
which may exist in the response of early and mid late
hybrids. In fact, regressions calculated for results of par-
ticular years (each calculated from 2 or 3 points only)
indicated that the period during which negative effects
of weed competition increased was shorter in mid late
cultivars (410 + 35 dd) than in early cultivars (543 + 42 dd).
The effects of large annual variation in the outcome of
competition revealed by the data was also smoothed.
This variation may be caused by differences in growth
rates of weeds and crop which have different threshold
temperatures for growth as well as temperature sums
needed to complete development until mature stage (Hall
etal. 1992). It is difficult to compare our results with data
of authors investigating competition effects on grain
yield. Nevertheless, the published results indicated sim-
ilar variation, apparently due to correlation which exists
between competition effects on grain yield and green
matter. Ferrero etal. (1996) found a 12.7% yield loss after
competition until 4-leaf stage in 1992, and a 8.3% yield
loss after competition lasting until 9-leaf stage in 1993,
Bedmar et al. (1999) established that critical time of weed
removal to prevent yield losses 0of 2.5% ranged from 128 to
261 dd (above 0°C threshold). The overal magnitude of
the negative effects on maize growth was similar as found
by other authors (Nayital et al. 1989; Adzgauskiene and
Jakstaite 1997; Song et al. 1997).

Origin of variation in crop growth

In our experiments the mechanism of differences be-
tween competing and weed-free crops consisted in de-
creasing maize growth rate during the early stage of its
development. This retardation of growth reduced stem
length and aggravated the effect of aboveground com-
petition, since weeds grew nearly as tall or even taller
than maize plants. The aboveground competition is not
very important when weeds establish later than maize
crop (Martinkova and Hon&k 1998).The development of
differences in plant size was paralleled by variation in leaf
chlorophyll content which decreased carlier in weed-
stressed than weed-free plants.

The effects of early competition were compensated.
Liberation from weed competition was always followed
by increase of chlorophyll content and plant growth.
However, chlorophyll content increased only up to the
level typical for non-competing plants of the same age.
The high leaf chlorophyll content similar to that of young
non-competing plants was never attained. Thus, there
exist two causes of negative effects of early weed com-
petition on maize growth: (a) small plant size attained at
the time of weed extermination (a consequence of slow
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growth under competition) and (b) incomplete compen-
sation of photosynthetic capacity following liberation
from competition.
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ABSTRAKT
Vliv terminu odpleveleni na vynos kukufFice

V letech 1994 az 1999 byl studovan v podminkéch stfednich Cech vliv délky trvani konkurence pleveli na biomasu nad-
zemnich &asti kukufice. Pokusy byly konany v porostech kukufice, v nichZ byl ponechén pfirozeny vyvoj zapleveleni rost-
linami vzeSlymi po zaseti kukufice, pfevazné jeZatkou kufi nohou Echinochloa crus-galli (L.) P. Beauv. V pokusnych
porostech byly kazdy rok zfizeny tfi série po &tyfech pokusnych parcelkach o rozloze 2 x 5 m. Série byly zakladany ve
tiech terminech, prvnf asi 10 dnf po vzejiti kukufice, dal3f v 10- aZ 20dennich intervalech. Pokusné parcelky byla mechanic-
ky odpleveleny a takto udrZzovany az do sklizn&. V dal3i sérii kontrolnich parcelek byl umoZnén nerueny rist pleveld. Na
téchto parcelkdch byla sledovéna hmotnost nadzemnich ¢asti kukufice pfi sklizni (pocatek fijna), rychlost ristu v pocated-
nim obdobi a zmé&ny obsahu chlorofylu v listech b&éhem sezony. Hmotnost nadzemni &asti kukufice klesala um&rn& délce
trvani zapleveleni. Regrese standardizované hmotnosti prytu kukufice v zavislosti na terminu odpleveleni (vyjadfeném
v biologickém ¢&ase jako suma dennich stupiiii nad prahovou teplotou 10 °C) ukézala, Ze hmotnost kukufice klesala az do
doby 415 dennich stuptiti od zaseti. Po del§im trvani konkurence by hmotnost rostlin poklesla na velikost trvale zaplevele-
né kontroly, ktera ptedstavovala asi 20 % pfedpoklddané hmotnosti rostlin rostoucich bez konkurence pleveli. Béhem ob-
dobi exponencidlniho ristu hmotnosti kukutice (asi 450 dennich stupiit) byla rychlost ristu rostlin zbavenych konkurence
plevelt asi o polovinu vy3$3i neZ u rostlin z trvale zaplevelenych parcelek. Obsah chlorofylu v listech rostlin bez konkuren-
ce se udrZoval na pfiblizng& setrvalé urovni do konce Eervence, pak zvolna klesal. Naproti tomu obsah chlorofylu v listech
u kontrolnich variant po¢al rychle klesat jiz od poloviny ¢ervna. Pozdni odpleveleni mélo za néasledek postupné zvy3eni
obsahu chlorofylu aZ na Grovei rostlin z ran¢ odplevelenych parcelek. V odpleveleni v raném obdobi (do zhruba 200 den-
nich stupiiil od vyseti kukufice) se (i¢inek na biomasu prytu kukufice zna&né li3il mezi jednotlivymi lety, del3i zapleveleni
viak mélo podobné negativni u¢inky ve viech sledovanych letech. Vysledky potvrdily rozhodujici vyznam zapleveleni
v raném obdobi vyvoje kukufice pro sniZeni jejiho vynosu.

Kli¢ov4 slova: kriticka perioda pro odpleveleni; kukufice; plevele; jeZatka kufi noha; hmotnost rostlin; rychlost rustu;
obsah chlorofylu v listech; pocasi

Corresponding author:

Ing. Zdenka Martinkové, CSc., Vyzkumny Ustav rostlinné vyroby, Drnovska 507, 161 06 Praha 6-Ruzyng, Ceska republika,
tel.: +420 2 33 02 22 88, fax: +420 2 33 31 06 36, e-mail: martinkova@vurv.cz

ROSTLINNA VYROBA, 47, 2001 (5): 211-217 217


mailto:martinkova@vurv.cz

The impact of fertilizing on fenugreek yield (7rigonella foenum-
graecum L.) and diosgenin content in the plant drug
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ABSTRACT

The impact of fertilizing on the seed yield and the diosgenin content in four cultivars (Margaret, lonia, Barbara, Paul) of
fenugreek (7rigonella foenum-graecum L.) was observed in a three-year field experiment (1995-1997) on two diverse
climatological and pedological localities in Slovenia (Rakican, Vinjole). The seed yields and their diosgenin contents were
compared in all four cultivars after various fertilizing schemes that had been applied (organic fertilization with no addi-
tion of nitrogen fertilizers, optimum fertilization with mineral nitrogen, high dosage of nitrogen fertilizers and control
treatment without fertilizers). When compared to the control treatment, high nitrogen fertilizing (170 kg/ha) had no impact
on the seed yield. Application of 30 kg N/ha (optimal nitrogen fertilization dosage) or of organic matter (43 t R-substrate/ha)
increased the seed yield on poor soil. The content of diosgenin, measured with GC, was not significantly influenced by
different fertilizing schemes (a = 0.01). The lowest content of diosgenin was observed in cv. lonia, the highest in cv. Mar-
garet and in cv. Paul, which had simultaneously the highest absolute weight of seed. The yield of diosgenin per hectare

can be increased only with selection of a cultivar with a high seed yield (lonia, Barbara).

Keywords: field experiment; saponins; medicinal plants; secondary metabolites; Leguminosae

More and more attention is being placed on increasing
the yields of aromatic and medicinal plants in agrosys-
tems through augmented biomass production. Conse-
quently, the extending and merging of ecological
analyses with up-to-date techniques is assuming ever
greater importance. Although considerable information
on model production systems is available, the principles
and practices characterizing the primary plant production
cannot be directly applied to the production of second-
ary plant products. Namely, the appearance of special
products (i.e. secondary metabolites) in ecological sys-
tems postulates the presence of special circumstances
beyond general production regularities (Bernath, 1986).
The accumulation level of secondary products depends
on the physio-ecological background of the accumula-
tion of secondary compounds influenced by environ-
mental factors.

Nowadays, the industry, especially the pharmaceutical
industry, needs sufficient amounts of standardized raw
materials with high and uniform contents of special com-
pounds for profitable processing. Becduse of the low and
variable content of active compounds in native (non-se-
lected) populations, plants collected from nature cannot
meet the demand from the processing industries. As an
interesting alternative, cultivation of medicinal and aro-
matic plants has became an important way of optimizing
the quality of raw materials.

Our study was aimed at determining optimal fertiliza-
tion practices in the sustainable cultivation of fenugreek
(Trigonella foenum-graecum L.). Fenugreek is a plant
with a good agricultural potential, also for the colder ar-
eas of Europe and of North America. This plant is due to
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its short vegetation period cultivated in the Mediterra-
nean and Indian areas as well as in the colder areas of
Europe (Elujoba 1987).

It is used in the following forms: as a condiment (Shar-
ma 1986), as a food additive (Mital and Gopaldas 1985),
medicinal plant (Bhati 1986; Sharma 1986; Wichtl 1989;
Javan et al. 1997), forage (Mir et al. 1993), biotic protec-
tive (Afifi et al. 1988; Panadey et al. 1993), mixed crop
(Mosaad and Abdel Shafi 1990; Sharma and Khanna
1991; Makai and Pecsi 1993), nitrogen fixation crop (Des-
perrier etal. 1985; Nikolai etal. 1990). It is mainly used as
a raw material for isolation of diosgenin, a well known
starting material in pharmaceutical semi-synthesis of ste-
roid hormones. Many pharmacopoeias comprise the
monograph of Foenugraeci semen (European Pharma-
copoeia I1T, Suppl.1999, Deutsche Arznei Buch 10, Os-
tereiche Arznei Buch 1990, Pharmacopoea Helvetica VII,
British Herbal Pharmacopoea 1983); the drug plant has
also been approved by the German Commission E Mono-
graph (BAnz. No. 22a. 1. 2. 1990). Ground fenugreek
seeds are known for their health benefits with respect to
reduction of cholesterol (Madar and Shomer 1990; Shar-
ma et al. 1990) and sugar levels in the blood stream.

The objective of the present research work is to study
the production potentials of fenugreek in a continental
climate compared to that of a Mediterranean area, with
respect both to the yield capacity and to the quality of
the crude drug. In our experiment the influence of fertili-
zation and selection of the cultivar on the seed yield and
the diosgenin content were studied. These parameters
are very important for field cultivation of fenugreek for
the pharmaceutical industry.
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MATERIAL AND METHODS
Field experiment

Three-year (1995-1997) field experiment was plotted on
two climatologically and pedologically different localities
in Slovenia. In Rakican (46°40° N, 16°10’ E, continental
area, mean year temperature 9.4°C, mean annual precipi-
tation 814.2, sandy loam soil with pH 5.9, P,O,(mg/100 g
soil) 12.2, K,0 (mg/100 g soil) 20.6, organic matter 1.7%,
C 1.0%), and in Vinjole (45°32’ N, 13°34’ E, Mediterranean
area, mean year temperature 13.5°C, mean year precipita-
tion 1046.5 mm, loamy soil with pH 7.2, P,0, (mg/100 g
soil) 108.0, K,0 (mg/100 g soil) 37.4, organic matter 2.4%,
C 1.4%). The decades of meteorological data are shown
in Figures 1-3). Four different cultivars were examined:
cv. Barbara and cv. Paul (intersubspecies crossbreed
between subsp. foenum-graecum and subsp. indica);
cv. Margaret (subsp. foenum-graecum); and cv. Ionia
(listed on OECD List of varieties/Schemes for varietal cer-
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Figure 1, Mean daily temperature and precipitation in Vinjole and
in Rakican in the year 1995
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Figure 2. Mean daily temperature and precipitation in Vinjole and
in Rakican in the year 1996
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Figure 3. Mean daily temperature and precipitation in Vinjole and
in Rakican in the year 1997
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tification of seed moving in international trade). Experi-
ments were repeated on the same site during the three
years of study. The effects of three different fertilizing
methods (organic, mineral with optimal nitrogen supply
of 30 kg N/ha, mineral with high nitrogen supply of
170 kg N/ha) and of control treatment on the seed yield
and seed quality (diosgenin content) were observed. Be-
cause fenugreek does not tolerate fresh manure, the
R-substrate (producer Agro Ruse, 43 t/ha) was applied
in organic fertilization treatment. This substratum con-
tains approx. 0.6% N, 0.07% P,0,, 0.03% K,O and be-
tween 60 and 70% of organic matter. The R-substrate was
mixed up before sowing. For the other two treatments we
used mineral fertilizers (producer INA Kutina). Our opti-
mal fertilization treatment (30 kg N/ha) was based on the
observation of Parek and Gupta (1981), who reported that
the highest seed yield and diosgenin content in seeds of
fenugreek were achieved with a dosage of 30 kg N/ha.
Nitrogen fertilizer was applied in two periods, one half of
the total amount before sowing and the other half after
three weeks. The second treatment was called intensive
fertilizing, in which 170 kg N/ha were applied. This
amount is the highest quantity of nitrogen, which is al-
lowed to be applied on water protection areas in Slovenia.

In the basic fertilization treatment (before sowing peri-
od) the combined fertilizer (N:P:K = 15:15:15) was used.
In additional nitrogen fertilizations we also used a com-
mercially available fertilizer (nitrochalk, KAN-Kutina),
containing equal amounts of nitrogen in nitrate and in
ammonium forms (soluble mineral forms, available to
plants). Nitrogen in the intensive fertilizing method was
applied three times during a three-week period, with first
application before sowing. The crop field was manually
cultivated without the use of pesticides. The distance
between rows was 25 cm and inside the row 10 cm. The
sowing and harvesting periods are presented in Table 1.
The plants were harvested after full legume development.
Seeds were dried at 40°C.

The field plot was designed as a split plot experiment
(Hadzivukovic 1969; Mead and Curnow 1990) on the as-
sumption that the overall soil growing conditions were
homogenous. The field area was divided into four strips.
Each of the strips represented one of the treatments (con-

Table 1. Growing periods of fenugreek

Vinjole Rakican
Sowing 5.4.1995 19. 4. 1995
Harvest 11. 7. 1995 18. 7. 1995
Growing period 97 days 90 days
Sowing 26. 3. 1996 9.5.1996°
Harvest 22. 7. 1996 13. 9. 1996
Growing period 118 days 127 days
Sowing 27.:3:1997 14. 4. 1997
Harvest 16. 7. 1997 5. 8. 1997
Growing period 112 days 113 days

* Sowing was late because of the bad weather conditions in spring
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trol, organic — R-substrate, optimal and intensive). The
strips were divided into five blocks (representing five rep-
etitions), where the cultivars were randomized. The size of
parcels within the experimental plot was 3 m?. ANOVA, the
standard errors of two average differences and Critical
values of two average differences were used in statistical
evaluation (Stratgraphic program) of plant samples.

Chemical analyses

Chemicals. The following chemicals of analytical grade
(p.a.) were used in the extraction procedure: methanol, di-
chloromethane (Merck, Darmstadt, Germany), sodium hy-
droxide (Kemika Zagreb), hydrochloric acid (37%) (Merck,
Darmstadt, Germany). As a reference, the commercially
available standard diosgenin (25 R-spi-rost-5-en-3 b-ol)
(98%) (Sigma Chemical Co., Germany) was used.

Glycoside hydrolisis and extraction of diosgenin. Di-
osgenin is an aglicon (sapogenine) of saponin glycoside
dioscin. Saponin glycosides are regarded as a chemical-
ly heterogeneous group of secondary metabolites, due
to the differences in their sugar moiety as well as in their
aglycon functional groups. Therefore, there is no univer-
sal method of determining the quantity of saponins in
plant material. Among the different methods the most
common are high performance liquid chromatography
(HPLC), gas chromatography (GC) and thin layer chro-
matography (TLC). All of these methods define saponin’s
aglykon. To determine the seeds’ diosgenin content in

our study, hydrolysis of glycoside dioscin was neces-
sary. Hydrolysis and successive extraction of fenugreek
seeds followed a procedure described by Sanchez et al.
(1972). 1.00 g of whole seeds of fenugreek was hydrolyzed
with 30 ml of 3M HCl in a 100ml flask for two hours under
reflux. After neutralization with 10 M NaOH, the samples
were filtered with a vacuum pump. The filter papers with
seeds were dried up in a vacuum dryer (VS-50 S, Vakuum-
ska tehnika Kambic) under negative pressure at 60°C.
The dried seed samples (1.0 g) were extracted with dichlo-
romethane (50 ml) in Erlenmayer flasks on a shaker (Ki-
netor M, Elektromedicina) for four hours. The extracts
were filtered and the solvent was evaporated under re-
duced pressure (Biichi Rotavapor, Switzerland) at 40°C.
Before GC analysis, the dried extracts were dissolved in
5 ml dichloromethan and samples (1 pl) injected into a gas
chromatograph.

Gas chromatography. A 5890 Series II model gas cro-
matograph (Hewlett Packard) equipped with a flame ion-
ization detector and coupled with an integrator (HP 3396
Series II) was used. The diosgenin determinations were
carried out on an Ultra 2 capillary column (25 m x 0.32 mm
inner diameter; (5%)-diphenyl-(95%)-dimethylsiloxane
phase — 0.52 pm), with temperature programming from
230°C to 310°C at 1°C/min. The carrier gas (helium) and
hydrogen flow rates were 1.50 ml/min and 66.7 ml/min,
respectively, and the air-flow rate was 286 ml/min. The
injector and detector were thermostated at 280°C and
320°C, respectively. The overall chromatographic analy-
sis took 25.4 min.

Table 2. Average seed yield (kg/ha) and their diosgenin content (% dw) in fenugreek cultivars in Vinjole (Slovenia) in the years 1995,

1996 and 1997
1995 1996 1997
yield diosgenin yield diosgenin yield diosgenin

(kg’ha) (%) (kg/ha) (%) (kg/ha) (%)
Margaret control 277 0.24 432 0.32 179 0.30
organic 339 0.20 513 0.36 365 0.30
optimal N 307 0.20 661 0.33 145 0.28
intensive N 230 0.18 753 0.31 137 0.23
average 288 0.21 590 0.33 206 0.28
lonia control 518 0.22 243 0.26 325 0.23
organic 441 0.21 614 0.28 416 0.24
optimal N 376 0.20 834 0.29 499 0.23
intensive N 418 0.17 804 0.25 359 0.24
average 438 ° 0.20 623 0.27 400 0.24
Barbara control 417 0.19 378 0.29 287 0.29
organic 419 0.19 570 0.31 306 0.26
optimal N 352 0.19 618 0.30 348 0.31
intensive N 347 0.19 701 0.29 344 0.26
average 384 0.19 567 0.3 321 0.28
Paul control 356 0.22 404 0.31 266 0.29
organic 423 0.23 572 0.35 249 0.27
optimal N 222 0.27 569 0.30 270 0.27
intensive N 214 0.20 800 0.37 158 0.21
average 304 0.23 586 0.33 236 0.26
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The determination of diosgenin was carried out by the
external standard method with diosgenin as the external
standard. The calibration curve for diosgenin was mea-
sured by analysing the standard solutions (0.1-1.0 mg/ml),
six times for each standard. The signal was linear in the
whole range of measured concentrations (regression
coefficient, 0.9998; standard error for diosgenin, 0.377).
The relative standard deviation of the peak areas was
3.168%. The quantification limit was 36.2 pg/ml. The con-
centration (mg/ml) of diosgenin in each of the samples
was calculated by comparing the areas under the peaks
of the analytes with those of the external standard.

RESULTS
Seed yield

In the year 1995 the yield was higher in Rakican than in
Vinjole, which could be the consequence of the dry Med-
iterranean climate in Vinjole. The interaction between
cultivar and fertilizing was not statistically significant
(o = 0.05). In Rakican and in Vinjole there were statisti-
cally significant differences between the cultivars; in Vin-
jole the fertilizing differences were also statistically
significant. In Vinjole, cv. Ionia had the highest yield
(438 kg/ha), followed by cv. Barbara (384 kg/ha), cv. Mar-
garet (288 kg/ha) and cv. Paul (304 kg/ha). Between the
last two there was no statistically significant difference
(0. = 0.05). The control and R-substrate treatments did

not differ significantly, and were better than optimal
and intensive fertilizing. In Rakican the best yield was
obtained with cv. Margaret (1810 kg/ha) and cv. Paul
(1624 kg/ha). The quantities of seed yield are shown in
Tables 2 and 3.

The interaction between cultivar and fertilizing in the
year 1996 was statistically significant (o = 0.05) in both
places. The yield rose with increased nutrition. Most
cultivars had the same yield on R-substrate and optimal
fertilizing, worse under control treatment, and the best
with intensive fertilizing.

In Vinjole, in the year 1997, the interaction between cul-
tivar and fertilizing was statistically significant (oc = 0.05).
Most cultivars had an equal yield on R-substrate and op-
timal fertilization. However, it is not yet clear what influ-
ence the fertilizers have on the seed yield. The only
statistically significant difference in Rakican was between
the cultivars,

Diosgenin content

The diosgenin content was not influenced by fertiliz-
ing in the years 1995, 1996 and 1997 in Rakican. It was
influenced only in Vinjole in 1995, when the statistically
significant (o = 0.05) lowest yield was observed in inten-
sive treatment. The differences were noted only between
the cultivars. Cv. Paul (0.23-0.35%) and cv. Margaret
(0.21-0.35%) had the highest average diosgenin content.
Cv. Barbara had 0.19-0.30% of diosgenin, and cv. [onia

Table 3. Average seed yield (kg/ha) and their diosgenin content (% dw) in fenugreek cultivars in Rakican (Slovenia) in the years 1995,

1996 and 1997

1995 1996 1997
yield diosgenin yield diosgenin yield diosgenin
(kg/ha) (%) (kg/ha) (%) (kg/ha) (%)
Margaret control 1723 0.29 75 0.29 422 0.34
organic 1753 0.26 124 0.31 462 0.35
optimal N 1710 0.27 146 0.31 420 0.30
intensive N 2054 0.29 303 0.32 435 0.31
average 1810 0.28 162 0.31 435 0.33
lonia control 1224 0.25 94 0.27 478 0.31
organic 1381 0.24 99 0.29 451 0.30
optimal N 1647 0.23 130 0.24 384 0.28
intensive N 1780 0.24 92 0.25 438 0.24
average 1508 0.24 104 0.26 438 0.28
Barbara control 1304 0.28 56 0.26 651 0.32
organic 1234 0.29 86 0.33 649 0.35
optimal N 1430 0.31 86 0.30 1041 0.33
intensive N 1673 0.30 159 0.29 780 0.30
average 1410 0.3 97 0.3 780 0.33
Paul control 1298 0.34 79 0.33 381 0.38
organic 1544 0.28 152 0.29 558 0.34
optimal N 2171 0.27 211 0.32 392 0.36
intensive N 1482 0.31 163 0.33 444 0.32
average 1624 0.30 151 0.32 444 0.35
221
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contained the lowest quantity of diosgenin (0.20-0.27%).
The content was higher in Rakican than in Vinjole in 1995
and 1997. Presumably this is a consequence of humid
weather during the ripening period in Rakican. The con-
tents of diosgenin are shown in Tables 2 and 3.

Diosgenin content and seed yield

Diosgenin yields per hectare are presented in Tables
4-9. The interactions between fertilizing and cultivar
were significantly different for all three years in Vinjole,
but only in 1996 in Rakican. Cv. Barbara and cv. Ionia had
high seed yield and low diosgenin content. The differ-
ence between the diosgenin content in better and worse
cultivars was not so markedly pronounced as the differ-
ence in seed yield. Consenquently, it is better to use the
cultivars with high seed yield than those with high dios-
genin contents (cv. Margaret, cv. Paul). Cv. Paul had the
highest yield of diosgenin (5 kg/ha) with optimal fertili-
zation, and cv. Margaret with intensive fertilization in

Rakican in 1995. The lowest yield (0.15 kg/ha) was ob-
served with control treatment in Rakican in 1996.

The yield of diosgenin was higher in Rakican than in
Vinjole. The statistically significant differences are
shown in Tables 4-9.

DISCUSSION

Our hypothesis that the content of diosgenin depend-
ed on fertilizing proved to be incorrect. There was no
evidence that R-substrate or mineral fertilizers do increase
the diosgenin content.

The field experiment embraced a three-year period, and
also three different weather conditions in two pedologi-
cally different places. As mentioned in the introduction,
ecological factors also influenced secondary metabolite
production. The oscillations in seed yield and the con-
tents of diosgenin were mainly influenced by climato-
logical conditions, and special by water availability.
A particularly unfavorable year (with respect to precipita-

Table 4. Diosgenin yield (kg/ha) and statistically significant difference in Vinjole in 1995

Control 5% Organic 5% Optimal N 5% Intensive N 5%
Margaret 0.66 a 0.68 a 0.61 a 0.42 a
5% a a ab b
lonia 1.14 b 0.93 b 0.75 a 0.71 b
5% a ab b b
Barbara 0.80 a 0.80 ab 0.67 a 0.66 b
5% a a a a
Paul 0.78 a 0.97 b 0.60 a 0.43 a
5% ab a b b
Table 5. Diosgenin yield (kg/ha) and statistically significant difference in Vinjole in 1996

Control 5% Organic 5% Optimal N 5% Intensive N 5%
Margaret 1.38 a 1.83 ab 2.18 a 2.33 a
5% a b c c
lonia 0.68 b 1.72 a 2.42 a 2,10 b
5% a b [ b
Barbara 1.10 c 1.77 ab 1.86 b 2.03 b
5% a b b b
Paul 1.25 (- 2.00 b 1.71 b 2.96 c
5% a b b c
Table 6. Diosgenin yield (kg/ha) and statistically significant difference in Vinjole in 1997

Control 5% Organic 5% Optimal N 5% Intensive N 5%
Margaret 0.54 a 1.09 a 0.41 ac 0.31 a
5% ab a b b
lonia 0.75 a 0.97 ab 1.15 ab 0,86 ab
5% a a a a
Barbara 0.83 a 0.80 ab 1.08 b 0,89 b
5% a a a a
Paul 0.77 a 0.68 b 0.86 c 0,52 a
5% a a a a
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Table 7. Diosgenin yield (kg/ha) and statistically significant diff-
erence in Rakican in 1995

Avcrage 5% Margaret Paul Barbara Ionia
Margaret 5.03 a 0 0.23  0.86" 1.42°
Paul 4.80 a 0 0.63" 1.19*
Barbara 4.17 b 0 0.56
lonia 3.61 c 0

tion) was 1996, with high rainfall (Figure 2) in the maturation
period. The seed yield and the contents of diosgenin in
Rakican were very low in that year. The conditions were
better in Vinjole, which can be explained by the earlier sow-
ing and more favorable weather conditions during the rip-
ening period. In the Mediterranean area intensive fertilizing
increased the seed yield only in 1996, when precipitation in
growth seasons was higher than in the other two years.

The contents of diosgenin with regard to fertilizing were
significantly different only in Vinjole in 1995. This could
be attributed to the dry second part of the growing period.
Growth was increased by intensive application of nitrogen
during the first part of the growing period. Taller plants are
more sensitive to drought; they need more water, due to
higher evaporation (Larcher 1995). Our results are in ac-
cordance with those of Bhati et al. (1980) and Randwana
(1996), who reported that the quantity of applied nitrogen
does not influence the contents of diosgenin.

The absence of a statistically significant difference in
seed yield with different fertilization in Rakican was prob-
ably a result of the high contents of organic matter in the
soil (2.3-3%), leading to the conclusion that fenugreek
cultivated on soil rich in organic matter does not need
any additional fertilizing.

The yield of diosgenin was not higher when more nitro-
gen was applied. This is probably because the diosgenin

does not include nitrogen. The surplus of nitrogen (NO,)
is probably converted into other secondary metabolites.

We may, therefore, conclude that high nitrogen fertiliz-
ing (170 kg/ha) does not affect the seed yield or the dios-
genin contents. With the addition of mature organic
manure or 30 kg N/ha in the form of mineral fertilizer, we
can increase the yield of fenugreek seeds. Fertilization
with a high dosage of nitrogen can also halt biological
fixation with Rhizobium meliloti (Desperrier et al. 1985),
thus increasing the production costs and presenting the
danger of pollution of the groundwater.

The study indicates that the water and its interaction
with fertilization has a significant impact on the produc-
tion of fenugreek and the contents of diosgenin. This is
in accordance with the finding, that water availability in-
creases the seed yield of fenugreek (Elujoba 1987). The
results of arecent study have also confirmed that the
optimal irrigation regime is essential for the high yield and
quality of the crude drug (Semen Foenugraeci).

CONCLUSION

Cv. Ionia and cv. Barbara were proved to be most con-
venient cultivars for growing fenugreek in open fields
irrespective of seed yield or diosgenin yield. The fertil-
izing with a high dosage (170 kg/ha) of nitrogen has no
influence on the seed yield or on the diosgenin con-
tents.
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Table 8. Diosgenin yield (kg/ha) and statistically significant difference in Rakican in 1996

Control 5% Organic 5% Optimal N 5% Intensive N 5%
Margaret 0.22 a 0.39 a 0.45 a 0.97 a
5% a a a c
lonia 0.25 a 0.29 a 0.31 ab 0.23 b
5% a a a a
Barbara 0.15 a 0.33 a 0.26 b 0.45 c
5% a be ab c
Paul 0.26 a 0.43 a 0.68 c 0.54 c
5% c a c b
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Vliv hnojeni na vynos piskavice fecké seno (Trigonella foenum-graecum L.) a na obsah diosgeninu v rostlinné droze

V tiiletém polnim pokusu na dvou klimatologicky a pedologicky odlidnych lokalitach ve Slovinsku (Rakican, Vinjole) jsme
sledovali vliv hnojeni na vynos semene a na obsah diosgeninu u &tyf odrid (Margaret, Ionia, Barbara, Paul) piskavice Fecké
seno (Trigonella foenum-graecum L.). U viech &tyf odrid jsme porovnavali vynosy semene a obsah diosgeninu po pouZiti
riznych rezimi hnojeni (organického hnojeni bez pfidavku dusikatych hnojiv, optimalniho hnojeni mineralnim dusikem,
vysokych davek dusikatych hnojiv a kontrolnf varianty bez hnojeni). Ve srovnéni s kontrolni variantou vynos semene nijak
ncovlivnily vysoké davky dusikatého hnojeni (170 kg/ha). Na chudé pudé se vynos semene zvy3il po pouZiti davky
30 kg N/ha (optimdlni ddvka dusikatého hnojeni) nebo organické hmoty (43 t/ha hnojiva R-substrat). Rizné rezimy hnojeni
nemély vyznamny vliv na obsah diosgeninu zjidtovany plynovou chromatografii (a = 0,01). NejniZ$i obsah diosgeninu
jsme zjistili u odriidy Ionia, nejvy$si u odridy Margaret a u odridy Paul, kterd zaroven vykazovala nejvy33i absolutni hmot-
nost semene. Hektarovy vynos diosgeninu lze zvysit pouze selekci odridy s vysokym vynosem semene (Ionia, Barbara).

Kli¢ova slova: polni pokus; saponiny; lé¢ivé rostliny; sekundarni metabolity; Leguminosae
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Variability of chemical properties of sage (Salvia officinalis L.)

S. Drazi¢, D. Brki¢

Institute for Medicinal Plant Research, Dr. Josif Pancié, Belgrade, Yugoslavia

ABSTRACT

The content of essential oil and its more important constituents (ct-thujone, B-thujone, camphor, 1,8 cineole, a-pinene,
camphene, B-pinene, B-caryophyllene, a-humulene, viridiflorol, manool) was monitored during two years. These proper-
ties varied from 4.7% (a-thujone) to 28% (B-pinene). Effects of a ycar were very significant on observed properties.
Different values of interrelationship were detected among chemical properties.

Keywords: sage; chemical properties; variability; interrelationship

Usability of sage as a row material is an expression of
genetic constitution of the plant itself and impacts of
environmental factors. The studies showed that there
was a spectrum of genetic variation of principal constit-
uents of essential oil. This could be a source of germ-
plasm to be used in the development of improved
cultivars (Franz 1990; Drazi¢ 1999).

Proportion of hereditary and non-hereditary compo-
nent on the amount of essential oil is different. Studies
of relations between yield and amount of essential yields,
on one hand, and growing conditions on the other, point
out to essential oil content as more stable property, mean-
ing that its variability is more regulated by genetic fac-
tors (Drazi¢ and Surlan 1991).

MATERIAL AND METHODS

Primorska, this domestic population is derived on the
basis of the autochtonous material (origin: Monte Ne-
gro and south Herzegovina) that expressed wide adapt-
ability, hence it is successfully grown in northern
regions of Serbia (Drazi¢ 1999). The plant height of the
population is 50-70 cm. Comparing with sage indige-
nous to these regions, leaves of these populations are
larger (6-8 x 1.5-2.5 cm) with poorer hair density and
more intensive green colour. The flower corollas are pale
violet (Stepanovi¢ 1999).

The crop development was performed by either plant-
ing of 1-2 kg seeds.ha™' (graded seed is recommended)
at the beginning of April or by planting of seedlings in
October. The duration of a growing season amounts to
approximately 60 days. Flowering starts at the end of
May and runs on the for about 30 days. This popula-
tion can be grown on different types of soil and is toler-
ant to drought and low temperatures. Lack of light and
warmth during the growing season is unfavourable for
the essential oil content. The yield of dry herb, dry leaves
and essential oil amounts to 4-6 t.ha™, 2-3 tha™ and
20-30 kg.ha™!, respectively. A portion of leaves in the
herb amounts to about 60% (Drazi¢ 1997, 1998, 1999).
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The trial with the Primorska and four replications was
carried our in the experimental filed of the Institute in
Panéevo during 1995 and 1996 (Drazi¢ 1999). The elemen-
tary plot size was 26 m’. Planting was done in October with
a spacing of 70 x 30 cm. Cutting was performed in the
37 decade of July and the 2™ decade of September (two
harvests). Common sage growing practices was applied.
Qualitative traits were determined in samples of dry leaves.
Oil content (%) was done after Clevenger in accordance
with Ph. Jug. IV (1984). Chemical content of essential oil
was gas-chromatographically determined by the applica-
tion of GC-FID and GC-MS techniques. The following oil
constituents were analysed: o-thujone, B-thujone, cam-
phor, 1,8 cineole, o-pinene, camphene, 3-pinene, 3-caryo-
phyllene, a-humulene, viridiflorol and manool.

Furthermore, the following parameters were estimated:
mean (x), standard error of arithmetic mean (S ), standard
deviation (s.d.) and coefficient of variation (CV%). Re-
sults were processed by the factorial analysis of vari-
ance. The interrelation of the observed components was
determined by simple correlations.

Conditions under which the trial was conducted. —
Pancevo is situated under conditions of semi-arid climate.
Experimental plot soil belongs to marshy black soils. The
average annual temperature amounts to 11.3°C, while the
vegetation temperature (the temperature of the period
April to September) amounts to 18.2°C. The precipitation
sum amounts to 380 mm, i.e. 664 mm, for the vegetation
period, i.e. the whole year, respectively.

RESULTS AND DISCUSSION

According to parameters of variability, standard devi-
ation and coefficient of variation, the greatest variation
(CV=28%) and variation range (0.41-2.4%) was detect-
ed in the proportion of (B-pinene). On the other hand,
the lowest values of these parameters were obtained for
o-thujone (CV'=4.7%; 33.93-38.89%) (Table 1).

The average essential oil content in sage leaves
amounted to 1.15%, which is not in accordance to the
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Table 1. Mean values and variability of observed traits

No. Components xS, min max s.d. CW(%)
1 essential oil 1.15 = 0.68 1.02 1.26 0.1 8.7
2 a-thujone 36.00 + 0.36 33.93 38.89 1.68 4.7
3. B-thujone 4.00 £ 0.28 3.02 5.31 0.87 22.0
4. camphor 12.8 £ 0.33 12.01 14.10 0.7 - 15
5. 1,8-cineole 9.4 + 0.04 8.59 10.80 0.81 8.6
6. o-pinene 1.63 = 0.16 0.88 3,12 0.1 19.4
7 camphene 1.64 + 0.17 1.01 2.78 0.38 23.8
8. B-pinene 1.47 £ 0.13 0.41 2.40 0.41 28.0
9. B-caryophyllene 1.28 + 0.43 0.56 1.96 0.33 26.0

10. a-humulene 494 £ 0.5 3.54 6.18 1.05 21:2

ELs viridiflorol 7.9+ 0.8 6.3 9.24 1.18 15.0

12. manool 7.1 £ 0.05 4.47 10.46 1.94 27.4

requirements (the lowest percentage of essential oil is
1.5%) of the standard Ph. Jug. IV (1984). Obtained values
for a small range of variation of essential oil are in accor-
dance with literature data (Drazi¢ and Surlan 1991; Drazi¢
1997; Aiello et al. 1998). Monitoring proportion of essen-
tial oil Drazié¢ (1997), Adamovi¢ (1998), Stoeva and Bosse-
va (1998), Aiello et al. (1998) detected contents higher
than the values obtained in the present study. The anal-
ysis of variance shows that the effects of a year were
very significant on this trait (Table 2).

By observing a possibility for establishing quantitative .
relations between meteorological factors and essential oil
amounts Drazi¢ (1997) found out that temperature con-
tribution amounted to 21.8-44.3% of variation. Precipita-
tion mostly adversely affected essential oil amounts.
A small proportion of their effects (5.2—-22.7%) indicates
more expressed contribution of all other factors.

Based on data for variability, high values of coefficient
of variation were detected for the content of 3-caryophyl-
lene, manool, camphene, B-thujone and a-humulene (Ta-
ble 1). These constituents of oil had large variation range.
A year significantly affected the proportion of 1,8 cine-
ole, camphene, B-pinene, and manool (Table 2), which is
in accordance with the data stated by Adamovié¢ (1998).

According to the standard Ph. Jug. IV (1984) sage oil
should contain at least 40% of thujone ketones. The pro-
portion of thujone in these studies was equal to the stan-

Table 2. Two-factorial analysis of varianec

dard. Based on parameters of variation this proportion is
much greater (4%) for B-thujone (Table 1). Based on long-
term investigations of thujone proportion in several
sage genotypes Adamovi¢ (1998) and Aiello et al. (1998)
determined a variation range of 27-54% and 30-45%, re-
spectively. Stoeva and Bosseva (1998) point out that the
average proportion of thujone in sage (Salvia officina-
lis L.) was 47%, which is a higher value than the one ob-
tained in this study (Table 1).

The analysis of correlation coefficients () shows that
o-pinene and camphene, as well as a-pinene and B-pi-
nene were positively and very significantly correlated
(0.995" and 0.915""). Furthermore, high significant inter-
relation was detected between B-pinene and camphene
(0.949™). Interrelation between essential oil content and
B-caryophyllene, 1,8 cineole and a-pinene and between
1,8 cineole and camphene was positive and significant,
offering possibility to selection required genotypes
(Table 3).

A very significant and negative correlation was deter-
mined between B-thujone and a-humulene, as well as
between B-thujone and manool. Moreover, highly signif-
icant and negative correlation was detected between vir-
idiflorol, on one hand, and a-pinene, camphene and
o-humulene, on the other hand.

A positive, but statistically insignificant interrelation
prevailed among other observed properties (Table 3).

Source of df MS

NSRRI 1. 2. 3] 4, 5. & 7 8. 9, 10. 1. 12,
Components 11 0.0002 1.281°° 0.196 0.161 0.06° 001 0006 00024 0057 043" 006 0.82
Year 1 0.0077" 0.033 009 0234 3.03" 463" 353° 234" 034 011 687 5.67*
Interaction 11 0.0013 0248 021 0.081 003 0.14 07  0.02 0.13 012 007 074
Total 23

“and ™ significant at 0.05 and 0.01 probability level

1. essential oil, 2. a-thujone, 3. B-thujone, 4. camphor, 5. 1,8 cineole, 6. a-pinene, 7. camphene, 8. B-pinene, 9. B-caryophyllene,

10. a-humulene, 11. viridiflorol, 12. manool
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Table 3. Correlation coefficients (r) between analysed traits

No. Trait 2: 3 4. 5. 6. y i 8. 9. 10. 11. 12.
1.  essential oil 0.024 -0.140 -0.053 0.281 0.121 0.098 0.140 0.801° 0.020 -0.265 -0.196
2 a-thujone - 0.426 -0.755 0.072 -0.061 -0.013 0.101 0.571 -0.572 0.171 -0.561
3 B-thujone - - 0.239  0.460 0.385 0.346 0.133 0.027 -0.903"* -0.190 -0.875""
4. camphor - - - 0.521 0.516 0.444 0.192 -0.522 0.049 -0.511 -0.097
§. 1,8-cineole - - - - 0.822°  0.810" 0.693 0.237 -0.205 -0.782 -0.634
6. a-pinene - - - - - 0.995*" 0.915™ 0.048 0.001 -0.973 -0.618
7: camphene - - - - - - 0.949"° 0.073 0.035 -0.968 -0.601
8. B-pinene - - - - - - - 0.208 0.206  -0.923"" -0.408
9. B-caryophyllene - - - - - - - - 0.213 -0.111  -0.396

10.  B-humulene - - - - - - - - - -0.179 0.746

I viridiflorol - - - - - - - - - - 0.484

12. manool - - - - -

"and " significant at the 0.05 and 0.01 probability level

CONCLUSION

Performed investigations show high variability of
chemical properties in sage. The variation range, i.e. large
maximum and minimum limits, detected for: B-pinene,
B-caryophyllene, manool, camphene, B-thujone and
a-humulene, could be of a practical importance in sage
breeding and selection. Besides, a significant effect of
a year on the expression of chemical parameters of oil
quality was observed. Prevalence of the negative and
weak correlation aggravates selection of more qualitative
genotypes of this medicinal plant.
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Variabilita chemickych vlastnosti $alvéje (Salvia officinalis L.)

Po dobu dvou let jsme sledovali obsah silice a jejich nejdulezitjdich slozek (a-thujonu, B-thujonu, kafru, 1,8 cineoly,
a-pinenu, kamfenu, B-pinenu, B-karyofylenu, a-humulenu, viridiflorolu, manoolu). Obsahy t&chto sloZek kolisaly od 4,7 %
(a-thujon) do 28 % (B-pinen). Vliv ro&niku na sledované vlastnosti byl velmi vyznamny. Mezi chemickymi vlastnostmi

jsme zjistili rozdilné hodnoty vzéjemnych zavislosti.

Kli¢ova slova: 3alvéj; chemické vlastnosti; variabilita; vzajemné zavislosti
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Regeneration of Rumex obtusifolius L. after cutting

Z. Martinkova, A. Honék
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ABSTRACT

The time of spring sprouting of fertile shoots in individual plants of Rumex obtusifolius L. from a population at Prague-
Ruzyné& varied by more than 30 days. We investigated the effect of this variation on regrowth and reproduction after
cutting of rosette leaves and fertile shoots in June or July. The number of plants which regenerated fertile shoots and the
number of shoots regenerated per plant increased with the original (before cutting) date of sprouting. In uncut plants, the
achenes matured in early August. Although sprouting date between these plants differred by one month, the average date
of maturation varied only by about 12 days. Cutting postponed achene maturation by roughly one month and eliminated
the significant covariation between sprouting and maturation date. Individual differences in seasonality persisted between
years, but cutting advanced sprouting of fertile shoots in the following year. The individual variation in seasonality may

vary susceptibility of R. obtusifolius plants to grassland and pasture management regimes.

Keywords: Rumex obtusifolius; seasonality; cutting; regrowth; plant size; reproduction; seed maturation

In the Czech Republic, the broadleaved dock Rumex
obtusifolius L. is among three most important weeds of
pastures and grasslands, together with Cirsium arven-
se (L.) Scopoli and Taraxacum officinale agg. (Mikulka
etal. 1996). Increased abundance of broadleaved dock is
favoured by extensive farming methods which often
caused gradual deterioration of grassland quality. The
converting of arable land into pastures with intensive cat-
tle grazing has promoted the spread of broadleaved dock.
Reproduction of R. obtusifolius takes place mostly by
seeds and rarely by regeneration from split roots (Die-
rauer and Thomas 1994; Pino et al. 1995). Germinating
plants may withstand intraspecific competition as well as
competition with surrounding weeds or grass stand
(Kobayashi et al. 1989; Nashiki et al. 1989, 1992; Nashiki
1995; Pino et al. 1995). Removing or destroying achenes
before maturation thus substantially decrease the chance
of R. obtusifolius spreading. Although viable Rumex
achenes may ripe also on cut fertile shoots left in the field
(Maun 1974), cutting significantly contributes to de-
creasing of achene production and dispersal (Hughes et
al. 1993; Pino et al. 1994). Removal of fertile parts before
reproduction together with manipulating nutrient content
of soil (Novak 1995a) and sowing competitive plants
(Novak 1995b) are the principal non-chemical means of
preventing R. obtusifolius spreading.

The effect of cutting on Rumex performance was ex-
tensively studied. It generally decreases plant fitness
and performance and, in combination with competition
of surrounding grass, may reduce Rumex abundance
(Hughes et al. 1993; Niggli et al. 1993). The negative con-
sequences of cutting are greater in young plants estab-
lished in the same year than in old plants. However,
cutting also promotes branching (Hughes et al. 1993;
Pino etal. 1995) and in absence of competition may even
increase dock abundance (Aquilina and Clarke 1994).
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Biochemical composition of intact and regrown shoots
is different (Nashiki et al. 1998).

Clearly, cutting progressively decreases size and achene
production of the regrown plants as its date is postponed.
However, even in simultaneously cut plants there is a large
variation in the intensity of regrowth. The causes of this
individual variation were not explained. Our studies (Mar-
tinkova and Hon&k 2000) revealed an important effect of
seasonality on several parameters of R. obtusifolius life
history. These effects include also the intensity of re-
growth after cutting. In this work we report the study made
in an experimental R. obtusifolius stand at Prague-Ruzyng,
in 1998-1999. Its protected position enabled two year in-
vestigation of seasonality of individual plants and their
response to cutting. We deal with the effects of seasonal-
ity on immediate and delayed consequences of cutting for
R. obtusifolius growth and maturation.

MATERIAL AND METHODS
Experimental plants

The experimental area was established in 1998 at Pra-
gue-Ruzyné (50°06° N, 14°16’E, altitude 340 ma.s.l.) in
a natural R. obtusifolius stand persisting at the locality
for about 10 years. The 20 x 20 m area with roughly
300 R. obtusifolius plants was fenced and removed from
ordinary grassland management. Previously, the sward
was cut once or twice per year, last time on May 20, 1997.
In the experiment plot grass and broad leaved weeds (ex-
cept Rumex) were cut in approximately three weeks inter-
vals, dry remnants of Rumex plants were removed in late
February. In 1998 and 1999, 218 experimental dock plants
were marked by wooden labels and included into two
experiments.
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Table 1. Two-way ANOVA of the effect of early and late sprouting and date of cutting on number of fertile shoots in regrown plants of

experiment (i)

Effect Error
F P
SS daf MS SS daf MS
Sprouting 28.650 1 28.650 224.053 40 5.601 5.115 0.0292
Cutting 21.678 2 10.839 224.053 40 5.601 1.935 0.1577
Interaction 11,717 2 5.859 224.053 40 5.601 1.046 0.3608

Experiment (i). In 1998, experimental plants were divid-
ed into two groups: plants whose fertile shoots appeared
before May 20 (early sprouting) and plants whose fertile
shoots appeared after this date (late sprouting). We in-
vestigated the effect of cutting on number of regrown
fertile shoots. Ten early and 10 late sprouting plants were
cut on each of following dates, June 15, June 30, and
July 21. The numbers of regrown shoots were counted
on January 9, 1999. The control consisted of 15 early and
15 late sprouting plants grown intact, whose shoots were
counted on September 25, 1998. The experiment was con-
tinued in 1999 by weekly recording (see below) the date
of sprouting of cut and intact plants.

Experiment (ii). In 1999, sprouting was recorded in
weekly intervals. Experimental plants were assorted ac-
cording to the time of sprouting into five groups, plants
that sprouted before May 10, on May 11-17, May 18-24,
May 25-31, and June 1-7. Ten plants of each sprouting
date were cut on June 21. The control was a group of
78 control intact plants, where 13 to 23 plants were labelled
on each date, when sprouting was recorded. The course
of maturation of fertile shoots in both intact and regrown
plants was recorded in 14-day intervals starting from
July 27. The maturity was evaluated according to seven
degree scale (Martinkova and Hon&k unpubl.), where full
maturity was marked by brown seed testa, dark brown and
desiccated perianth, dead leaves of fertile shoots, and
stems dried at full length. The number of mature fertile
shoots was recorded, in control plants on September 22,
in cut and regrown plants on October 5, 1999.
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Figure 1. The proportion of plants with regenerated fertile shoots
(bars, left ordinate) and average numbers (£SE) of fertile shoots
(symbols, right ordinate) in early sprouting (before May 20) and
late sprouting plants (after May 20); 10 early and 10 late plants
were on each of three dates indicated on the abscissa
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Data elaboration

The differences between cut and control plants were
evaluated according to (a) frequency of plants which did
not regrow fertile shoots after cutting and (b) number of
mature fertile shoot per individual in plants which regen-
erated shoots. Means + standard errors (SE) are indicat-
ed throughout the text. For statistical analysis the data
were not transformed. The significance of differences
between means was tested by one-way or two-way
ANOVA, with date of sprouting and/or date of cutting as
factors and data of individual plants as replicates. All cal-
culations were made using STATISTICA® for Windows
(StatSoft 1994).

RESULTS
Regrowth and seed maturation

Experiment (i). In 1998, plants cut late produced less re-
growth (Figure 1). The proportion of plants that regener-
ated fertile shoots as well as average number of shoots
per regenerated plant were smaller in early sprouting
(70% regenerated, 3.3 £ 0.5 shoots) than late sprouting
plants (83% regenerated, 8.9 + 0.5 shoots). The two-way
ANOVA revealed only a significant (p = 0.029) effect of
time of fertile shoot sprouting on the variance of final
shoot number (Table 1). In control plants the average
number of shoots was 11.5 £ 0.7 and the difference be-
tween early and late sprouting plants was not significant
(one-way ANOVA: df,, = 1,F=2316,p=0.1401). With
increasing cutting date decreased the proportion of
plants which regenerated reproductive growth (from 95%
following cutting on June 15 to 50% following cutting on
July 21) as well as number of fertile shoots per regenerat-
ed plant (Figure 1). In early sprouting plants average
number of fertile shoots per regrown plant was not sig-
nificantly affected by cutting date. In late sprouting
plants average number decreased from 5.6 + 0.6 following
cutting on June 15 to 3.0+ 0.5 following cutting on July 21
(one-way ANOVA: df . =2, F=3.9775, p=0.0335). The
overall effect of cutting date on number of fertile shoots
was, however, not statistically significant (Table 1).

Experiment (ii). The proportion of plants with regenerat-
ed fertile shoots increased with date of shoot sprouting
(Figure 2) from 40% in plants sprouting on May 10 to 100%
in plants sprouting on May 24 and June 7. The number of
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Table 2. One-way ANOVA of differences between shoot number of plants sprouting on May 10 and 17 and plants sprouting on May 24
to June 7 in experiment (ii); ANOVA was calculated separately for plants cut on June 21 (cutting) and those left intact (control)

Effect Error
Plants F P
SS df MS df MS
Control 22.4 1 22.4 4259.0 75 56.79 0.395 0.5314
Cutting 152.2 1 152.2 1001.4 37 27.06 5.623 0.0230

Table 3. One-way ANOVA of the variation in the date of fertile shoot maturation as a function of the date of sprouting; ANOVA was
calculated separately for plants cut on June 21 (cutting) and those left intact (control)

Effect Error
Plants F P
SS df MS df MS
Control 1266.4 4 316.6 2491.9 72 34.61 9.1477 0.0000
Cutting 6717.7 4 169.4 2928.4 29 100.98 1.6778 0.1821

shoots regrown in early (May 10 and 17) sprouting plants
(3.2 £ 0.6) contrasted with numbers regrown by late
(May 24 to June 7) sprouting plants (7.7 £ 1.1). The differ-
ence between plants sprouting before May 17 and after
May 24 was significant in cut plants, but not in controls
(Table 2), where average shoot number was 15.1 + 2.7.
Average shoot numbers in groups of control plants sprout-
ing on particular dates varied between 13.3 + 2.7 and
19.1 £2.2 with a maximum in plants sprouting on May 24.
However, the differences between sprouting dates were
not significant due to a large variability of shoot numbers
(one-way ANOVA: df., =4, F=1.3306, p=0.2669). The
average date of maturation in groups of control plants in-
creased with the date of their sprouting (Figure 3) and the
differences were highly significant (Table 3). However, the
magnitude of original differences in seasonality between
groups of control plants was decreased during the period
of shoot development and maturation. While the sprout-
ing dates in the spring varied by approximately 28 days,
the average dates of maturation (July 31 to August 12)
varied by only 12 days. Cutting postponed the time of mat-
uration by roughly one month (Figure 3). Although all
plants were cut on the same day (June 21), average dates
of maturation for groups of plants sprouted on particular
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Figure 2. The proportion of plants which regenerated fertile sho-
ots (bars, left ordinate) and average numbers (=SE) of fertile sho-
ots (symbols, right ordinate) in cut plants (squares) and intact
controls (circles); the abscissa indicates the date of sprouting of
the plant cohorts
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dates also differed by 12 days (August 29 to Septem-
ber 11). There was a tendency to mature earlier in plants
which sprouted later on, but the differences between
groups of plants sprouting on particular days were statis-
tically not significant (Table 3).

Delayed effects on shoot sprouting

Experiment (i). In 1999, the differences between early
and late sprouting plants persisted in 1999 (Figure 4). The
time of sprouting varied also according to whether the
plants were cut or left intact in 1998. The differences were
significant (Table 4) in the early sprouting plants, where
plants cut in 1998 sprouted in the average by six days
earlier (May 13) than the control plants (May 19). The
difference in late sprouting plants was only two days,
being not statistically significant.

DISCUSSION

Regrowth. In control plants of this study timing of
spring sprouting did not significantly affect the number of
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Figure 3. The average date (+SE) of maturation of intact control
plants (circles) and plants cut on June 21 (squares); the abscissa
indicates the date of sprouting of the plant cohorts
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Table 4. One-way ANOVA of the effect of cutting in 1998 on the time of fertile shoot sprouting in 1999; the effect was tested
separately for early (before May 24, 1998) sprouting and late (after this date) sprouting plants

Effect Error
Sprouting F P
SS daf MS df MS
Early 348.5 | 348.5 1729.1 38 45.50 7.6589 0.0087
Late 11.8 1 11.8 752.6 38 19.81 0.5938 0.4457

fertile shoots. This contrasts with other Rumex species,
where number of shoots decreased in late sprouting co-
horts (Sman et al. 1992). The timing of sprouting, however,
affected the extent of regrowth and maturation after cut-
ting. Earlier studies revealed that intensity of regrowth in
R. obtusifolius depends on several factors including the
time and frequency of cutting, competition with surround-
ing plants and position at which the cutting was performed
(Nilsson and Halgren 1991; Dierauer and Thomas 1994;
Novak 1995a; Hopkins et al. 1997). The influence of sea-
sonality on the process of regrowth was perhaps demon-
strated for the first time. The early sprouting plants
regenerated less fertile shoots and were more seriously
affected by cutting than the late sprouting plants. The
moment of transition between early sprouting plants which
suffered deleterious effects and late sprouting plants
which suffered benign effects was around May 20. The
negative effect of cutting increased with the time elapsed
between the sprouting and date of cutting.

The variation in timing of spring sprouting of fertile
shoots had caused relatively small (though significant)
difference in timing of plant maturation. The extent of
variation in seasonality thus decreased with the course
of season. Curiously, the order of maturation was re-
versed after cutting. The cut plants which sprouted on
later dates matured earlier and were less affected by cut-
ting than early sprouting plants. The effect may be also
due to immediate regeneration of late sprouting plants
which contrasted with early sprouting plants which
ceased sprouting and after cutting required some time to
resume this activity.

Body mass and time investments to reproduction may
explain the observed differences between early and late
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Figure 4. The average date (+SE) of fertile shoot appearance (in
1999) in plants that were cut or left intact in 1998; EC — carly
sprouting cut plants, EU — ecarly sprouting control plants left
intact, LC — late sprouting cut plants, LU - late sprouting control
plants left intact
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plants. The results revealed that the more time a plant has
had to invest its resources into flowering, the less likely
it was able to recover after cutting and the slower was
the maturation once cut. Probably the plants that had
a longer time between sprouting and cutting had commit-
ted more resources to the flowering shoot, had lost
a greater proportion of their total biomass when cut, and
therefore had the slowest and poorest regrowth. The
most affected early plants postponed the flowering into
the next vegetative season.

Delayed effects. The timing of fertile shoot appearance
is typical for individual plants and the habit of early or
late sprouting was maintained in successive years. How-
ever, cutting modified the intrinsic variation and acceler-
ated the sprouting in the following year. Cutting may
thus not only promote branching (Hughes et al. 1993;
Pino et al. 1995) but also move its timing. Ecophysiolog-
ical explanation of this effect remains to be studied.

Consequences. In general, the study indicated an im-
portant effect of seasonality on plant performance and
response to cutting. This type of variation may affect the
sensitivity of R. obtusifolius plants to agriculture prac-
tices. Earlier studies indicated some variability in re-
sponse of R. obtusifolius. Some authors reported
suppressive effects of cutting (Novak 1995; Hopkins et
al. 1997), absence of negative effects (Nilsson and Hal-
gren 1991; Fisher et al. 1993) or differences in response
between populations (Aquilina and Clarke 1994). The
early sprouting plants may be more affected by agricul-
ture practices as cutting negatively affects their growth
and seed production. On cut meadows we will thus ex-
pect the selection against early sprouting plants. The
work revealed that seasonality is an important factor of
R. obtusifolius biology.
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Regenerace §t'oviku tupolistého (Rumex obtusifolius L.) po posekani

Doba jarniho radeni fertilnich lodyh se u jednotlivych rostlin $toviku tupolistého (Rumex obtusifolius L.) z populace v Praze-
Ruzyni lidila o vice nez 30 dni. Zkoumali jsme vliv t&hto rozdilu na obristani novych fertilnich lodyh a zrdni nazek po
posekani nadzemnich ¢asti v Cervnu a v Cervenci. Pocet rostlin, které regenerovaly, fertilni lodyhy a pocet fertilnich lodyh
na rostlinu vzristal s puvodnim (pfed posekanim) datem ra$eni. Nazky nesekanych rostlin zraly v prvni poloviné srpna.
Ackoliv rozdily v datu jarniho radeni byly vice nez jeden mésic, rozdily v primérném datu zrani byly pouze 12 dni. U rostlin
posekanych v €ervnu a znovu obrostlych bylo zrani naZek zpozdéno asi o jeden mésic a rovnéZz zmizela pozitivni korelace
mezi jarnim datem raSeni a datem zrani, zji$t€na u rostlin neposekanych. Individudlni rozdily v sezonnosti raseni mezi
rostlinami pfetrvavaly v nasledujicim roce, av8ak sekani v pfedchozim roce vyznamné urychlovalo jarni raleni v nésleduji-
cim roce. Individudlni variabilita v datu radeni fertilnich lodyh $toviku tupolistého miZe ovlivnit tvorbu naZek a reprodukci
v polnich podminkéch.

Klitova slova: Rumex obtusifolius; stovik tupolisty; sezonnost; sekani; obrustani; velikost rostlin; reprodukce; zrani nazek

Corresponding author:

Ing. Zdenka Martinkova, CSc., Vyzkumny tstav rostlinné vyroby, Drnovska 507, 161 06 Praha 6-Ruzyng, Ceska republika,
tel.: +420 2 33 02 22 88, fax: +420 2 33 31 06 36, e-mail: martinkova@vurv.cz

232 ROSTLINNA VYROBA, 47,2001 (5): 228-232


mailto:martinkova@vurv.cz

SHORT COMMUNICATION

Identification of weed species using dimensionless analysis of leaves

P. Axman', J. K¥en!?

'Mendel University of Agriculture and Forestry in Brno, Czech Republic
’Agricultural Research Institute Kromériz, Ltd., Czech Republic

ABSTRACT

To identify weed species in digital images, a dimensionless analysis of leaves was tested at two locations in the Czech
Republic with different soil and climatic conditions (Zabgice and Bfevenec) in 1999 and 2000. Differences were deter-
mined among the following six weed species: Agropyron repens (AGRRE), Chenopodium album (CHEAL), Galinsoga
parviflora (GALPA), Amaranthus retroflexus (AMARE), Malva neglecta (MALNE), and Convolvulus arvensis (CONAR).
Discrimination was carried out according to the following leaf features: compactness, roundness, elongation, roughness
and aspect (ratio of ellipse length and width at the equivalent area). It was possible to distinguish significantly the pre-
sented weed species from each other. There was the only case (location Zabgice in 2000) when significance of differences

between the species GALPA and CONAR could not be assessed.

Keywords: field weeds; identification; image analysis

Standard methods for assessment of weed infestation
in field crops are based on either subjective with visual
(scoring) evaluation or are very laborious (count and
weight methods). Progress in new technologies provides
possibilities of reducing laboriousness and achieving
more accurate quantification. One of them is dimension-
less analysis of leaf area.

The above-mentioned method enables us to determine
some shape features of leaf area, i.e. its elongation,
length/width ratio, a number and frequency of indents on
blade margin, roundness, etc. The most frequently used
features for distinguishing leaves reported in literature
are compactness, roundness, elongation, roughness,
aspect, and central invariant moment. These features al-
low us to evaluate characteristics genetically dependent
on the species, and thus they are suitable to identify it.

The simplest and least intensive computational meth-
od is the use of the outline, or the so-called borders of
the leaf (Jain 1989; Gonzales and Woods 1992). To de-
scribe leaf area, Kincaid and Schneider (1983) used out-
lines of individual leaves with normalized Fourier’s
coefficient, leaf complexity. Woebbecke et al. (1995)
identified weeds using the following leaf shape fea-
tures: roundness, aspect, leaf perimeter length, elonga-
tion, and central invariant moment. They report the
ability to discriminate between monocotyledons and
dicotyledons from 60 to 90% when the most suitable
distinguishing features were aspect and central invari-
ant moment. Yonekawa et al. (1996) tested a possibility
of discrimination of idealized leaf blades using the shape
features compactness, roundness, elongation, lobation,
and roughness. They concluded that up to 1280 types
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of leaf blades can be theoretically distinguished. Guyer
etal. (1986) were able to distinguish eight weed species
at the error of 10% on the basis of leaf area analysis
using the features elongation and compactness. Petry
and Kiihbauch (1989) distinguished six weed species at
different growth stages using up to nine features at the
error of about 18%. McDonald and Chen (1990) demon-
strated utilization of morphological analysis to distin-
guish leaves of African violet from Glechoma sp., i.e. in
species that are very similar in leaves.

Results in the cited studies were obtained under well-
prepared model conditions when the plants were careful-
ly displayed in the image. Under these conditions, they
confirmed that dimensionless analysis of leaves was able
to distinguish standardized blades in selected weed spe-
cies. Our work was focused on utilization of this method
for selected weed species occurring in field crops.

MATERIAL AND METHODS

The evaluation was carried out in 1999 and 2000 on six
weed species with different character of leaf area as fol-
lows: Agropyron repens (AGRRE), Chenopodium album
(CHEAL), Galinsoga parviflora (GALPA), Amaranthus
retroflexus (AMARE), Malva neglecta (MALNE), and
Convolvulus arvensis (CONAR). The weeds are designat-
ed with five-place codes according to the nomenclature of
the EWRC — European Weed Research Society (Kohout
1996). The growth stages were assessed according to the
decimal BBCH scale (Meier 1997). Selection of the weed
species depended on its occurrence at both locations:
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— Zabgice, maize-growing region, about 20 km south of
Brno, gley fluvisols;

— Bfevenec, cereal-growing region, about 30 km north of
Olomouc, typical cambisols, saturated and unsaturated
(acid) with different skeleton.

At anthesis (BBCH 59-71), leaves without stalks were
cut from weed plants and images were immediately taken
in dispersed sunlight on white background using a digi-
tal camera Olympus 1400. Thirty leaf samples (evaluated
as replicates) were taken per weed species from the top
part of plants, maximum two leaves per plant.

Data from a memory card of the camera Olympus 1400
were imported to the computer hard disk using Flash
Path. The analysis of images was carried out on Pentium
350 MHz computer at the memory size of 128 MB using
the Image Pro Plus 3.1 software. If necessary, the images
for individual assessments were corrected by threshold-
ing and pseudocolours.

We assessed the features compactness, roundness,
elongation, and roughness as reported by Yonekawa et
al. (1996), and aspect (Woebbecke et al. 1995). Particular
features (Figure 1) were defined as follows:

Compactness (C) indicates roundness or compactness in
dependence on leaf perimeter and shape. It is defined as:
47A
P'.’
C = compactness, 4 = leaf area, P = leaf perimeter
Roundness (R) indicates roundness or compactness relat-
ing leaf perimeter and is defined as:
4A
n.l
A =leaf area, L = maximum leaf length, R = leaf roundness
Elongation (E) defines elongation in dependence on leaf
length/width ratio:

E==
w

C=

R=

E = leaf elongation, L = maximum leaf length, # = maximum
leaf width
Aspect (A) is defined as a ratio of maximum length and max-
imum width of ellipse (leaf) with the equivalent area:
Le
We
A =aspect, L =maximum ellipse length, ¥ = maximum el-
lipse width
Roughness (G) reflects leaf margins in dependence on their
irregularities (the crenate, dentate, and others), and is defined as:

H

w
H = leaf perimeter obtained by joining two edge points (con-
vex hull), W= maximum leaf width

A=

Based on assessed numerical values measured by Im-
age Pro Plus 3.1, values of individual features were pro-
cessed using Microsoft Excel software. Their variability
was assessed by coefficients of variation. Then a single
factor analysis of variance for statistical evaluation was
used where the number of leaf samplings within one spe-
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Figure 1. Scheme of measured leaf
dimensions

cies (a number of replicates) was 30. Differences among
weeds were calculated by Tukey’s test at the significance
level of 95%. Unistat 4.53 software was used for all sta-
tistical assessments.

RESULTS

An assumption for distinguishing selected weed spe-
cies was a significant difference at least in one feature.

Coefficients of variation for the features are given in
Table 1 and 3, and mean values in Table 2 and 4. Signifi-
cance of differences is illustrated using confidence in-
tervals in Figures 2, 4, 6, and 8. The differences are
insignificant if a join of the points (in Figures 3, S, 7,
and 9), which characterize individual weed species, con-
Verges in one or more common points.

Location Zab&ice

Coefficients of variation for measured features were
rather low in both years. They exceeded a value of 15%
in some cases only (Table 1). AGRRE was the only spe-
cies that showed high values in leaf elongation in 1999,
and particularly in compactness and roundness in 2000.
The high variation was caused by a different leaf length
in the measured set (up to double in some cases).

Table 2 shows rather good balance of evaluated fea-
tures in individual weeds except for AGRRE that consid-
erably differs from the other species.

Figures 2 and 3 show that all weeds differed at least in
one feature, which confirms applicability of this method
for distinguishing evaluated weed species.

Significant differences among individual weed species
were assessed in all evaluated shape features also in 2000
(Figure 4). Only the differences between GALPA and
CONAR were insignificant, which means that they can-
not be distinguished from each other. It was probably due
to larger variance in roundness, particularly in CONAR
where a coefficient of variation was higher than in the
other cases.

Location Bfevenec

Out of all locations and years the highest coefficients
of variation were assessed for AGRRE in 1999 (Table 3).
Variation in leaf length was highest. As the analysis
shows (Figures 6 and 7), it did not negatively affect weed
discrimination.
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Table 1. Coefficients of variation (%) for measured features in weed species at ZabGice

AGRRE CHEAL GALPA AMARE MALNE CONAR

Feature

1999 2000 1999 2000 1999 2000 1999 2000 1999 2000 1999 2000
Aspect 17.6 24.1 19.3 15.2 12.8 123 8.9 9.1 4.9 53 7l 12.1
Compactness 17.6 36.7 12.2 8.8 7| 6.1 5.8 6.9 11.3 5.9 11.1 12.2
Roundness 17.5 353 18.0 V51 12.9 13.7 9.9 10.0 5.0 5.1 9.8 14.2
Elongation 19.6 16.7 16.0 15.6 11.1 12.4 8.9 8.4 5.5 4.8 15.7 11.9
Roughness 2.8 1.7 4.9 5.2 3.8 4.8 2.9 3:1 2 2.4 5.6 8.7

Table 2. Means of evaluated features at Zabéice

Feature

Weed aspect compactness roundness elongation roughness

1999 2000 1999 2000 1999 2000 1999 2000 1999 2000
AGRRE 16.64 20.29 0.13 0.11 0.05 0.04 0.06 0.05 2.00 2.00
CHEAL 1.87 1.82 0.52 0.63 0.39 0.45 0.58 0.62 2.38 2.45
GALPA 1.42 1.40 0.75 0.78 0.57 0.59 0.68 0.69 2.60 2.60
AMARE 12917 1.61 0.74 0.74 0.46 0.52 0.55 0.62 2.40 2.51
MALNE 1.17 1.20 0.67 0.60 0.82 0.83 0.87 0.88 2.98 3.02
CONAR 1.79 1.53 0.52 0.77 0.45 0.61 0.64 0.65 2.74 2.70
LSD 0.52 0.85 0.02 0.02 0.02 0.03 0.03 0.03 0.04 0.05

In 2000, coefficients of variation for individual weed  quent discrimination despite of a high coefficient of vari-
species in all features were mostly lower than 20%. The  ation for AGRRE (Figures 6 and 7). All studied weeds
feature elongation in AGRRE was the only that reached  could be significantly distinguished at the location
25%, which was caused by differences in leaf length  Bfevenec in both years. Discrimination ability was not
again (Table 3). But this fact did not influence subse- influenced by a high coefficient of variation in AGRRE.

Table 3. Coefficients of variation (%) for measured features in weed species at Bfevenec

AGRRE CHEAL GALPA AMARE MALNE CONAR

Feature

1999 2000 1999 2000 1999 2000 1999 2000 1999 2000 1999 2000
Aspect 42.7 19.4 42.7 12.5 11.0 8.0 6.8 12.6 12.8 7.5 13.0 12.4
Compactness  154.7 16.6 154.7 14.3 9.9 9.0 7.0 7.7 2.6 10.2 8.8 7.4
Roundness 153.6 16.9 153.6 16.4 13.2 12.5 7.8 12.5 4.2 7.6 13:5 1.9
Elongation 46.9 25.7 46.9 10.6 11.7 8.9 6.1 11.3 4.5 6.7 13.4 13.0
Roughness 13 0.5 1.3 4.5 5.1 5.5 2.1 3.6 3.1 3.1 6.1 7.7

Table 4. Means of evaluated features at Bfevenec

Feature

Weed aspect compactness roundness clongation roughness

1999 2000 1999 2000 1999 2000 1999 2000 1999 2000
AGRRE 19.67 18.74 0.08 0.11 0.03 0.04 0.06 0.05 2.01 2.01
CHEAL 1.64 1.62 0.59 0.66 0.48 0.50 0.66 0.66 2.50 2.51
GALPA 1.30 1.19 0.73 0.75 0.60 0.67 0.73 0.80 2.62 2.74
AMARE 1.56 1.65 0.72 0.76 0.51 0.51 0.63 0.61 2.49 2.48
MALNE 1.30 1.22 0.59 0.62 0.73 0.79 0.82 0.87 2.91 3.00
CONAR 1.78 1.72 0.72 0.74 0.53 0.54 0.55 0.56 2.57 2.58
LSD 1.46 0.63 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.05
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Figure 2. Confidence intervals for evaluated features in individual weed species, Zabtice 1999 (A — AGRRE, C — CHEAL, G — GALPA,

L - AMARE, M - MALNE, O - CONAR)
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Figure 4. Confidence intervals for evaluated features in individual weed species, Zab&ice 2000 (A — AGRRE, C — CHEAL, G — GALPA,

L - AMARE, M - MALNE, O - CONAR)

DISCUSSION

Our measurements showed that combination of sever-
al selected leaf features enables in most cases to detect
differences among individual weed species. This meth-
od is also suitable due to relatively simple measurements
and modest requirements for equipment. To evaluate se-
lected dimensionless features it is also necessary to
choose appropriate software. Here we used one of the
most common software for image analysis, Image Pro Plus
3.1, which proved to meet our goals.

] —e— AGRRE

—m— CHEAL
i —a— GALPA
| —»—AMARE
| —%— MALNE
. —o— CONAR
N R . A - aspect

C- compactness
R-

E - elongation

A c R E G G - roughness

However, it still remains to test applicability of the
method at different development stages of weeds since
morphological changes are observed during ontogene-
sis of a number of species, which can modify examined
features. Thus it is necessary to carry out similar mea-
surements at different growth and development stages
of weeds. These problems have been solved in part by
Woebbecke et al. (1995) who studied changes of the pa-
rameters roundness, aspect, perimeter/thickness, elonga-
tion and first invariant central moment in 10 important
weeds till the 45" day after emergence. The least varia-

—— AGRRE
—&— CHEAL
—a— GALPA
—%— AMARE
—%— MALNE
—0— CONAR

A - aspect
C- compactness
R "

E - elongation
G - roughness

Figure 3. Significance of differences among individual weed speci-
es in evaluated features using Tukey’s test, ZabCice 1999
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Figure 5. Significance of differences among individual weed speci-
es in evaluated features using Tukey’s test, Zab¢ice 2000
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Figure 8. Confidence intervals for evaluated features in individual weed species, Bfevenec 2000 (A~ AGRRE, C - CHEAL, G - GALPA,

L - AMARE, M - MALNE, O - CONAR)

tion in leaves and the highest discrimination ability were
found on the 7 to 23" day after emergence.

The values we have assessed should be rather stable in
a longer period since the samples (leaves) were taken at
the flowering stage when the growth habit of plants is fin-
ished and there are hardly any morphological changes on
leaves. Among the examined shape features roundness
and roughness exhibited the best discrimination ability.
They enabled to distinguish the highest number of weeds
and were followed by the features elongation and compact-

ness. The lowest number of weeds could be distinguished
using aspect. Just aspect together with central invariant
moment are reported by Woebbecke et al. (1995) as the
most suitable features to discriminate between monocoty-
ledons and dicotyledons. However, it was measured at
earlier growth and development stages (up to 30 to 50 days
after emergence). But Katayama et al. (1998), in accordance
with our results, found roundness and central invariant
moment as the best distinguishing features in field flow-
ers till the 55" day after emergence.

—e— AGRRE
—&— CHEAL
—&— GALPA
—%—AMARE
—%— MALNE
—O0— CONAR

A - aspect
C- compactness

{ B- 858
E - elongation

A Cc R E G G - roughness

| A-aspect
! C- compactness

==

R-
E- elongation

A (o R E G G - roughness

Figure 7. Significance of differences between individual weed spe-
cies in evaluated features, Bfevenec 1999
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Figure 9. Significance of differences between individual weed spe-
cies in evaluated features, Bfevenec 2000
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Furthermore, it is necessary to test sensitivity of the
method in distinguishing weed species that are more sim-
ilar to each other, and particularly possibilities of appli-
cation of the dimensionless analysis of leaf area to
discriminate individual species of monocotyledons.
Based on a high coefficient of variation for assessed fea-
tures in AGRRE, we can suspect some problems that
could emerge, for example, in distinguishing among Agro-
pyron repens, Echinochloa-cruss gali, Apera spica ven-
ti, etc. Use of this method is likely to be accompanied by
some troubles. They could be avoided by a higher num-
ber of evaluated features, for instance, those that are re-
ported to be able to catch even smaller differences among
individual weed species. Yonekava et al. (1996) report
that combination of a greater number of studied features
allows us to distinguish a larger amount of weeds, theo-
retically up to 1280 species on the basis of leaf blades
standardized according to Makino (1969). Our results
suggest that even though this number will be markedly
lower in practice, it can encompass the most important
weeds common under our soil and climatic conditions.

A rather wide interval of accuracy in weed identifica-
tion (40-90%) using dimensionless analysis reported by
some authors (Woebbecke et al. 1995; Yonekawa et al.
1996; Guyer et al. 1986; Petry and Kiihbauch 1989) can
be explained by different weeds examined and different
used features and their numbers. However, identifying
weeds for on-line application of herbicides in practice it
would be sufficient to detect a certain group of weeds
only because broad-spectra herbicides can be applied.

In comparison with standard methods for assessment
of weed infestation (count and weight methods) use of
dimensionless analysis is of similar accuracy but less
laborious, i.e. it is more comfortable due to visual and
computational assessments of the digital image.

A great disadvantage of the method (at current state
of elaboration) is sampling leaves by hand and taking
digital images. Taking images of individual leaves direct-
ly in the canopy would enable to work with larger sets of
data (individual samples) and thus to make measure-
ments more accurate. The biggest problem at work in the
canopy are differences in the position of leaves towards
a digital camera (scanning component), which necessi-
tates mathematical adjustments of scanned areas and
makes the assessments rather difficult.

CONCLUSIONS

The used factors compactness, roundness, elongation,
roughness and aspect showed to be suitable to distin-
guish the species Agropyron repens (AGRRE), Cheno-
podium album (CHEAL), Galinsoga parviflora (GALPA),
Amaranthus retroflexus (AMARE), Malva neglecta
(MALNE), and Convolvulus arvensis (CONAR). The
equipment allowed us to obtain respective accuracy. Nei-
ther markedly different length of leaves in AGRRE had
negative effects on distinguishing individual species.
There was the only case when two weeds, GALPA and
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CONAR, were impossible to distinguish from each other
(Zabgice, 2000). It could be explained by a higher variation
in leaves of CONAR. Based on visual evaluation, some
leaves were slightly deformed, which resulted in deviations
from mean values. Therefore, it is desirable to take into
account even potential adverse (stress) effects at the lo-
cation that influence leaf shape. If such plants are present
at a low number, it is suitable to eliminate them because
they can considerably confuse the results.

Identifying weeds at the flowering stage when the
growth habit of plants is finished and most leaves at-
tained a final shape, roundness and roughness exhibited
the best discrimination ability. They enabled to distin-
guish the highest number of weeds. They were followed
by the features elongation and compactness. The lowest
number of weeds could be distinguished using aspect.
However, the results achieved by other authors given in
the discussion suggest that discrimination ability of in-
dividual features depend on ontogenesis (growth and
development stage of plants).

At the current stage of elaboration this method is suit-
able particularly for experimental measurements in small-
plot trials. The advantages and disadvantages mentioned
in the discussion are mostly of technical character. Their
elimination on the basis of further research and tests will
be crucial for their application in non-destructive assess-
ment of both quantity and quality of weed infestation of
field crops. Possibilities of practical use are, for instance,
in evaluation of herbicide efficacy in field trials or in pre-
cise farming at on-line herbicide application.

This study is a part of projects financed by the Na-
tional Agency for Agricultural Research of the CR no.
EP 0960006179 and Ministry of Education, Youth and
Physical Training of the Czech Republic no. CEZ:J08/
98:432100001.
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Rozlifovini plevelnych druhi pomoci bezdimenziondlni analyzy listd

Za utelem identifikace jednotlivych druhii pleveld na digitdinich snimcich byla ve dvou letech (1999 a 2000) a na dvou
lokalitach v CR s odli$nymi pudné-klimatickymi podminkami (Zab&ice a Bfevenec) ov&fovana bezdimenziondlni analyza
listi. Byly zjisfovany rozdily mezi esti plevelnymi druhy: Agropyron repens (AGRRE), Chenopodium album (CHEAL),
Galinsoga parviflora (GALPA), Amaranthus retroflexus (AMARE), Malva neglecta (MALNE) a Convolvulus arvensis
(CONAR), ato na zéklad& sledovani téchto vlastnosti (znaku) listd: kompaktnost (compactness), kulatost (roundness),
podlouhlost (elongation), drsnost okraje (roughness) a pomér délky a 3itky elipsy s ekvivalentni plochou (aspect). Uvedené
druhy plevelii bylo moZné statisticky prikazné vzajemng rozlidit. Pouze v jednom p¥ipad& (na stanovisti Zab&ice v roce
2000) nebylo moZné stanovit prikaznost rozdill mezi druhy GALPA a CONAR.

Kli¢ova slova: polni plevele; identifikace; analyza obrazu
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RECENZE

Regulacné technologie v produkénom procese plodin

M. Demo, P. Bielek a kol.

SPU Nitra, VUPOP Bratislava, 2000. 648 s., 94 tab., 175 obr.

Prof. M. Demo je v souCasnosti zfejmé& nejplodngjsim
autorem v oblasti zemé&délskych véd na Slovensku. Ne-
cely rok po vyjiti knihy Zrvalo udrzatelny rozvoj se nam
dostala do rukou obséhla publikace, kterou sestavil za
pfispéni dal3ich prednich odbornikii. Od doby vydani
Zemédélskych soustav akademika Kudrny nevy3lo v Ce-
chéch a na Slovensku tak souborné a prehledné dilo
v tomto oboru. Publikace ma slouZit pfedeviim jako vy-
sokoskolskd ucebnice, ale soutasné bude jisté vitdna
i odbornou zemé&délskou vefejnosti. Je totiz pies vyso-
kou védeckou uroveil velmi piehlednd, srozumitelna,
vhodné spojuje staré pravdy s novymi poznatky. Nuti
¢tenate k premysleni, nabizi variantni feSeni kazdému pro
vlastni uZiti. Ve st€zejnich kapitolach plynule prechazeji
informace souhrnného obecného charakteru az k vy-
znamnym detaillim v jednotlivostech a obracené.

Dilo je ¢lenéno na pét zakladnich ¢asti a osm kapitol.
V prvé &asti je v ivodni kapitole pojednano o krajinném
prostoru jako objektu produkéniho procesu a v nasledné
kapitole je charakterizovan produkéni proces v krajin-
ném prostoru. Zvlastni pozornost je vénovana ptde jako
objektu produkénich procesii a vodé jako vieobecné-
mu médiu transportu pfemény ldtek a energie v pro-
dukénich procesech. Regulaci energetickych procesi
v zemédelské soustavé se zabyva druha ¢ést publikace.
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Pro celou publikaci, ale pro tyto ¢4sti zejména, je charak-
teristické systémové pojeti, které je pro zemédélského od-
bornika nezbytné.

Nejvétsi prostor je v&novan soustavam regulace pro-
dukénich procest v zemé&délské krajing, zvlaste pak bio-
logickym a mechanickym regula¢nim technologiim.
Z biologickych regula¢nich technologii je pozornost sou-
stfedéna na vybér plodin, osivo a sadbu, osevni postupy
a biologické metody regulace $kodlivych &initeld. Z me-
chanickych regulagnich technologii je preferovana proble-
matika zpracovéni piidy (text je doprovazen velkym
mnozstvim schémat a fotografii naradi a strojti na zpraco-
vani pldy), méné& pak tprava vodnich pomé&r meliorace-
mi a nakonec i mechanickd regulace $kodlivych ¢initeld.

Chemické regulacni technologie jsou rozdéleny na bio-
genni a abiogenni a pojednany ponékud zjednodusené.
Zéjemce o chemickou regulaci $kodlivych &initeld, jakoZ
i vyZivu rostlin a aplikaci regulaénich latek bude muset
informace ziskavat z jinych zdrojii. Regulaci pleveld je
vénovana samostatnd kapitola. V celé publikaci pievla-
daji biologické a ekologické aspekty produkénich pro-
cesl. Preference metod podporujicich trvale udrZitelny
rozvoj, celostni a systémové pojeti, racionalni pfistup
a nabidka alternativnich fedenf patfi mezi pfednosti nové
publikace.

Doc. Ing. Jan Moudry, CSc.
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POKYNY PRO AUTORY

Casopis uvefejiiuje pivodni védecké préace, kratkd sdéleni
a vybérove i piehledné referaty. tzn. prace. jejichz podkladem

je studium literatury a které shrnuji nejnovéjsi poznatky v dané

oblasti. Prace jsou uvefejiovany v angli¢tiné. Rukopisy musi
byt doplnény anglickym a ¢eskym abstraktem (v¢etné klico-
vych slov). Autor je pIné¢ odpovédny za plivodnost prace a za

jeji véenou i formalni spravnost. K praci musi byt pfiloZzeno

prohlaseni autora o tom, Ze prace nebyla publikovéna jinde.
O uvefejnéni prace rozhoduje redakéni rada ¢asopisu, a to se
zietelem k lektorskym posudkim. védeckému vyznamu
a pfinosu a kvalité prace. Rozsah védeckych praci nesmi pre-
sahnout 10 strojopisnych stran v&etné tabulek. obrazku a grafu.
V préci je nutné pouzivat jednotky odpovidajici soustavé mé-
rovych jednotek SI (CSN 01 1300).

Vlastni tprava rukopisu: format A4, mezi radky dvojité
mezery. K rukopisu je tieba priloZit disketu s praci pofize-
nou na PC a s grafickou dokumentaci. Tabulky, grafy a fotografie
se dodavaji zvlast. Na v3echny pfilohy musi byt odkazy
Vv textu.

Pokud autor pouziva v préaci zkratky jakéhokoliv druhu, je
nutné, aby byly alespon jednou vysvétleny (vypséany), aby
se predeslo omylum. V nazvu prace a v souhrnu je vhodné
zkratky ne-pouZzivat.

Nizev prace (titul) nema pfesdhnout 85 Ghozi. Jsou vylou-
¢eny podtitulky ¢lanka.

Abstrakt je informaénim vybérem obsahu a zaveéru ¢lanku,
nikoliv vsak jeho pouhym popisem. Mél by vyjadfit vie pod-
statné, co je obsazeno ve védecké praci, a ma obsahovat za-
kladni ¢iselné Gdaje vcetné statistickych hodnot. Musi obsa-
hovat kli¢ova slova. Nema piekroéit rozsah 170 slov. Je tie-
ba, aby byl napsén celymi vétami, nikoliv heslovité. Je uve-
fejnovan a mél by byt autory dodan v angli¢ting a Cestiné.
Uvod ma obsahovat hlavni divody. proc byla prace realizova-
na, a velmi stru¢nou formou ma byt popsan stav studované
otazky.

Literarni pfehled ma byt krétky, je tfeba uvadét pouze cita-
ce majici uzky vztah k problému.

Metoda se popisuje pouze tehdy, je-li pivodni, jinak posta-
¢uje citovat autora metody a uvadét jen pfipadné odchylky.
Ve stejné kapitole se popisuje také pokusny material.
Vysledky — pfi jejich popisu se k vyjadfeni kvantitativnich
hodnot dava prednost grafiim pred tabulkami. V tabulkéch je
tieba shrnout statistické hodnoceni naméfenych hodnot. Tato
Cast by neméla obsahovat teoretické zaveéry ani dedukcee, ale
pouze faktické nélezy.

Diskuse obsahuje zhodnoceni prace, diskutuje se o moznych
nedostatcich a prace se konfrontuje s vysledky dfive publi-
kovanymi (pozaduje se citovat jen ty autory, jejichz prace maji
k publikované praci blizsi vztah). Je pfipustné spojeni v jednu
kapitolu spolu s vysledky.

Literatura by méla sestavat hlavné z lektorovanych perio-
dik. Citace se fadi abecedné podle jména prvnich autort. Od-
kazy na literaturu v textu uvadéji jméno autora a rok vydani.
Do seznamu literatury se zafadi jen prace citované v textu.
Na zvlastnim listé uvadi autor plné jméno (i spoluautoru),
akademické, védecké a pedagogické tituly a podrobnou adre-
Su pracovisté s PSC, ¢&islo telefonu a faxu, resp. e-mail.
Rukopis nebude redakei pfijat k evidenci, nebude-li po
formalni strance odpovidat témto pokyniim.

INSTRUCTIONS FOR AUTHORS

Original scientific papers, short communications, and selective
reviews (i.e. papers based on the study of agricultural literature
and reviewing recent knowledge in the given field) are published
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