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Differences in chlorophyll content in leaves of sugar beet
(Beta vulgaris L.)

J. Pulkribek, L. Jozefyovi, O. Faméra, J. Sroller, P. Stépainek

Czech University of Agriculture in Prague, Czech Republic

ABSTRACT

In the course of vegetation in the years 1997-1999 changes in chlorophyll content in leaves of 21 select sugar beet variet-
ies in small-plot trials at Sedlec u Prahy were measured by chlorophylimeter. Chlorophyllmeter determines chlorophyll in
leaves of plants directly in field, without damaging them. The measured chlorophyll units show the relative amount of
chlorophyll present in leaves of plants. The assessment of individual values of chlorophyll content showed a correlation
between individual times of measurements and between the total average chlorophyll content. The assessment of relation-
ship between yield and chlorophyll content showed no stronger correlation. The statistical assessment showed no corre-
lation between chlorophyll content and the efficiency type (sugar, normal and yield type) of variety. The trials confirmed
different chlerophyll content in the surveyed varieties and, accordingly, the need for their classification into groups. The
varieties were classified into groups by the index of chlorophyll content in sugar beet leaves in the whole course of
vegetation. The values of percentage of index of chlorophyll content > 102.5%, 97.5-102.5% and < 97.5% were consid-
ered high, average and low, respectively. The overall highest chlorophyll content was found in Domino, Orion, Fox and
Kaweduca varieties. The medium chlorophyll content group is most numerous. The low chlorophyll content group in-
cluded four varieties, namely Madeira, Melina, Petra and Amelie. The low and high chlorophyll content groups were
assessed as statistically significant, with 95% probability rate. The above mentioned findings may be used for the cre-
ation of methodics for optimisation of nitrogen nutrition of sugar beet.

Keywords: sugar beet; varieties; chlorophyll; sugar beet growth; chlorophyllmeter; changes in chlorophyll content; nitro-

gen fertilisation

The content and activity of pigments and their correla-
tions depend on plant growth and development stage and
react sensitively to the effects of changes in the outer
environment (Stehlik 1982; Zalewski 1992; Svachula et al.
1996; Paguta and Baj¢i 1998; Pulkrabek 1998; Pulkrabek
et al. 1999). A number of growing interventions in the
technology of sugar beet growing has a significant in-
fluence on the chlorophyll content in leaves. The degree
to which radiation is utilised depends on the concentra-
tion of chlorophyll or, more precisely, of photosyntheti-
cally active pigments. Plant pigments, in particular
chlorophylls, reflect with sufficient exactness and visi-
bly physiological changes and health condition of sugar
beet. As such they were already used for the purposes
of identification of diseases due to the deficit of some
nutrients or virus diseases (Rimsa et al. 1978), observa-
tion of production processes by using distance methods
in plant production (Griepentrog 1998) as well as in pre-
cision farming (Griepentrog 1998). Recently, they have
also been used in the assessment of condition of stands
(Justes et al. 1994; Guérifet al. 1995).

The absorption of dispersed light depends consider-
ably on the colour of leaves and chlorophyll content.
The increase in photosynthesis in dark green leaves
exposed to light is rather steep while the photosynthe-
sis curve in light green leaves grows more slowly (Se-
banek et al. 1983). The intensity of photosynthesis in
early morning is 1.5-2 times higher in dark green leaves
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than in light green ones under the same conditions. The
same relations in these forms appear also in daytime
under low temperature and light intensity. On the con-
trary the benefits of dark green colour become hardly
visible or completely disappear at noon in clear weath-
er. A high intensity of photosynthesis is frequently vis-
ible in leaves with low chlorophyll content under such
conditions (Rubin 1968).

Changes in chlorophyll content in sugar beet leaves
may contribute to clarification of differences in yield and
quality formation under different environmental condi-
tions or serve as a basis for differentiation of growing
interventions with respect to the required root quality.
Guérif et al. (1995) show that the close correlation be-
tween chlorophyll content and concentration of nitroge-
neous substances in leaves enables to determine deficit
nitrogen nutrition and the optimum dosing and time of
fertilisation necessary for growing. In an attempt to con-
tribute to clarification of the influence of some factors on
the content of chlorophylls and to improvement or elab-
oration of new, possibly simple methods used in the as-
sessment of chlorophyll content the chlorophyllmeter
Minolta-SPAD 502 was examined at the Czech Universi-
ty of Agriculture in Prague. The present paper aims to
assess the possibility of use of the above mentioned
chlorophyllmeter for measurement of changes in chloro-
phyll content in sugar beet leaves in the course of vege-
tation; to find out the differences between sugar beet
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varieties and the degree of correspondence between the
measured content and the quantity and quality indices
of harvested sugar beet roots.

MATERIAL AND METHODS

In the course of vegetation in the years 1997-1999
changes in chlorophyll content in leaves of 21 select
sugar beet varieties were measured (Table 2). The chlo-
rophyllmeter is a light compact device for determination
of chlorophyll contained in plant leaves. The value mea-
sured by SPAD 502 provides data on the relative content
of chlorophyll present in plant leaves. The chlorophyll-
meter enables to measure chlorophyll in plant leaves
directly in field, without damaging them (relative chloro-
phyll units — SPAD). The SPAD values as defined by
Minolta determine the relative chlorophyll content in
plant leaves. The measured area is 1 x 3 mm. The values
are calculated on the basis of light transmitted through
the leaf in two intervals of wave lengths of different chlo-
rophyll absorption. The values measured by receiver (sil-
icon photodiod) are further computer processed and
displayed on the chlorophyllmeter display. The device
calculates the average value of chlorophyll units, usual-
ly of 30 individual partial measurements. After their sta-
tistical evaluation and potential completion it provides
the average determined chlorophyll units.

The measurement was made in small-plot trials estab-
lished by the Union of Sugar Beet Growers for the sys-
tem of joint variety trials in the Sedlec u Prahy station
of UKZUZ. The trial was established by the alpha de-
sign method. Each variety was established in three rep-
etitions on plots sized 10 m* The sowing was made by
non-remainder sowing machines with manual singling
to the required distance. Uniform commercial seed for
standard growing was used. The plants were counted
down before adjustment of the number to 90 pcs per
plot. The harvest was made by using three-row harvest-
ers. The roots of each variety and from each plot were
weighed and 25 average roots were selected for labora-
tory determination of technological values. The mea-

Table 1. Characteristics of weather in the years of trial

sured values were determined by analysis of sugar beet
pulp in automatic analyser.

The Sedlec u Prahy station of UKZUZ is located in the
north outskirts of Prague. The land located 300 m above
the sea level is classified as sugar beet-barley produc-
tion type. The geographic position is 50°12’ of north lat-
itude and 14°28’ of east longitude. The topography is
slightly undulating. The soil on the trial site is loamy, the
soil type is black soil. The location belongs to climatic
region T2 — warm, slightly dry. The annual mean air tem-
perature is 8.2°C. The annual mean precipitation reaches
501 mm. The months of highest precipitation are June and
July with the lowest precipation occurring in January and
February. Lang rain factor is 62. Table 1 shows the char-
acteristics of weather in the years of the trial.

The values of chlorophyll content were measured in
approximately fourteen-day intervals. Each measured
value was the average of thirty statistically evaluated
measurements. Two repetitions were measured twice in
each variety. The chlorophyll measurement itself in the
surveyed plants of sugar beet was based on the method-
ics published by Pulkrabek (1998). The measured values
were statistically evaluated. The linear regression and
variance analysis of individual trials were calculated by
using the Microsoft Excel.

RESULTS AND DISCUSSION

Selected for measurement in the involved sugar beet
stands were fully created and sound leaves in accordance
with our former recommendations. The youngest leaves
as well as the old dying ones have lower values. The
leaves most suitable for field measurement by chloro-
phyllmeter are considered to be fully developed, dark
green leaves with visible lustre (of balanced colour cor-
responding with the predominant colour of the stand). It
is necessary to avoid measurement of leaves in the mid-
dle (heart) and in the periphery of the leaf rosette as well
as of those which are damaged or already yellowing and
dying which would strongly influence the average of
measured values.

Agrometeorological year Aleaman
At temperature % precipitation
1996/1997 cold half-year +0.2 normal 93 normal
warm half-year +0.2 normal 92 normal
AMT 1996/1997 +0.2 normal 92 normal
1997/1998 cold half-year +1.4 warm 87 normal
warm half-year +0.8 warm 78 dry
AMT 1997/1998 +1.1 warm 81 dry
1998/1999 cold half-year +0.4 normal 106 normal
warm half-year +1.3 very warm 70 dry
AMT 1998/1999 +0.9 warm 81 dry
242 ROSTLINNA VYROBA, 47, 2001 (6): 241-246



Table 2. Rating of the surveyed varicties by chlorophyll content in individual years of measurement and total average chlorophyll

content for three years

Variety 1997 1998 1999 1997-1999 total
rating  index 1997  rating index 1998 rating  index 1999 average index
Domino 1 107.5 ks 107.4 1 107.7 587.76 107.5 high
Orion 2 107.0 3. 106.4 5 103.8 577.77 105.8
Fox 5. 102.2 5 103.4 4 105.0 566.31 103.5
Kaweduca 8. 100.1 4. 103.8 3. 105.9 565.19 103.2
Agrios 6 102.1 14. 98.8 2 106.4 560.04 102.4 average
Triumph 4 102.2 8. 102.1 7 102.0 558.22 102.1
Eureka 7. 100.9 9. 102.1 6. 102.9 557.70 102.0
Dunja 16. 98.5 2. 107.0 12. 99.0 555.42 101.5
Vegas 18. 97.5 6. 103.3 11. 99.6 547.95 100.1
Anca 13. 99.0 12. 99.8 8. 101.4 547.31 100.1
Elan 15. 98.9 Te 102.5 15. 98.6 547.01 100.0
Alice 10. 99.6 17. 97.6 9. 101.3 543.82 99.5
Hana 3. 103.0 5 B 100.3 19. 93.5 539.84 98.9
Hilma 11, 99.5 13. 99.7 16. 97.3 540.01 98.8
Format 9. 99.7 18. 94.8 10. 100.4 537.03 98.3
Kristal 19. 96.9 15 98.3 13. 98.9 536.36 98.1
Sofie 12; 99.2 10. 101.2 20. 92.6 533.40 97.7
Amelic 17; 97.7 16. 97.7 18. 95.2 529.31 96.9 low
Madeira 21. 95.7 20. 94.4 14. 98.8 526.44 96.3
Melina 20. 96.6 19. 94.6 17. 95.3 521.86 95.5
Petra 14. 99.0 21, 90.7 2L 92.5 513.08 94.1
Average 100 100 100 542.77 100
F-test 0.3198 1.8627 1.8599
P-value 0.999 0.0148 0.0155
Significance no yes yes

The calculation of average during vegetation (Table 2)
used the partial averages (of 120 measurements) of indi-
vidual (8-11) times of measurement (Figure 1). The mini-
mum differences in the measured values with the
standard deviation of the measured values in the inter-
val of 14.1-16.6 appeared at the beginning of vegetation.
The variance of values gradually increased in the course
of vegetation with the maximum values in the interval of
26.6 (1997) t0 50.4 (1999) reached in all measurements in
the month of September. The values of variance were al-
ready lower and the total chlorophyll content was re-
duced in the October measurement.

The assessment of relationship between individual
values of chlorophyll content showed a correlation be-
tween individual measurements and the total average
chlorophyll content. The correlation of chlorophyll con-
tent gradually increased in the course of vegetation with
a strong correlation already found in the second half. The
assessment of relationship between yield indices and
chlorophyll content did not show any stronger correla-
tion. Some values of the correlation coefficient moved
around 0.4-0.5 in case of some indices (natrium content)
in individual times of measurement; 0.2—0.3 in case of
sugar content and refined sugar yield; and around 0.1-0
in case of the other indices.

ROSTLINNA VYROBA, 47, 2001 (6): 241-246

The statistical evaluation did not prove any correlation
between chlorophyll content and the efficiency type
(sugar, normal and yield type) of variety. This allows the
conclusion that efficiency type has no relation to chlo-
rophyll content. The curve of average content (Figure 2)
and the equation of chlorophyll content in relation to the
length of vegetation period: y =—9E—0.7x* +0.0002x* —
0.009x?+ 1.3148x +425.7 were calculated in the total eval-
uation of chlorophyll content in sugar beet leaves in the
vegetation period.

The trials confirmed different chlorophyll content for
the surveyed varieties and, accordingly, the need for
their classification into groups (Table 2). The most ap-
propriate simple method suitable also for newly licenced
varieties was sought. The classification into groups is
necessary to optimize the nitrogen dose for sugar beet
fertilisation at the beginning of vegetation. The classifi-
cation by the index of chlorophyll content measured in
individual measurements or years proved to be the most
suitable. To select the index which could be used for the
best classification of varieties into several groups with
respect to the uneven representation of varieties with
different chlorophyll content. In accordance with these
limitations the classification of varieties by the index of
chlorophyll content in sugar beet leaves during the whole
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vegetation in relation to the average of surveyed variet-
ies was selected. The values of percentage of index of
chlorophyll content > 102.5%, 97.5-102.5% and <97.5%
were considered high, average and low, respectively.

The overall highest chlorophyll content was found in
Domino, Orion, Fox and Kaweduca varieties. The medi-
um chlorophyll content group is most numerous. The low
chlorophy!l content group included four varieties, namely
Madeira, Melina, Petra and Amelie. The low and high
chlorophyll content groups were assessed as statistical-
ly significant, with 95% probability rate.

The results of Purdl (2000) concerning efficiency and
uniformity of varieties under different conditions were
confirmed. The chlorophyll content was approximately
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the same for varieties in individual years of different
growing conditions.

The values measured by chlorophyllmeter were com-
pared with the chlorophyll content in sugar beet leaves
determined by extraction method (Sestik and Ullmann
1964). The values of correlation and regression analysis
[y=100.81x+108.97;x=(y—108.97)/100.81; and R=0.8856]
were deduced from the measured values (the same leaf was
measured by chlorophyllmeter and sampled for laboratory
determination by extraction method). The observation
measurements (Pulkrabek 1998) confirmed the suitability
of using chlorophyllmeter for observation of changes in
chlorophyll content in sugar beet leaves and comparabil-
ity of values determined by standard extraction method.

ROSTLINNA VYROBA, 47, 2001 (6): 241-246
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The aim of observation of chlorophyll content in sugar
beet leaves is to obtain sufficient data for the creation of
methodics for optimum fertilisation and observation of
health and nutritive condition of stand and possibility of
its operative solution. In the initial growing stage sugar
beet reacts very sensitively to any fertilisation with
a change in chlorophyll content. In the later vegetation
stage sugar beet reacts only very slowly with the intake
of nutrients from soil supply. The effect of this intake is
that sugar beet shows only very little changes in the
course of vegetation and that the change in chlorophyll
content is only slow. The change is more influenced in
the later stage by the weather course and sufficient pre-
cipitation enabling sufficient growth not only of root but
also of photosynthetic apparatus which requires suffi-
cient water supply for optimum activity. Variety has
a significant influence on chlorophyll content. This
knowledge is the key one for the creation of methodics
for optimisation of nutrition of sugar beet and observa-
tion of its nutritive condition during vegetation.

This research was done under the grant and research
plan of the Faculty of Agriculture and supported by
GA CR50and NAZV 6348.
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Rozdily v obsahu chlorofylu v listech Fepy cukrovky (Beta vulgaris L.)

V pribéhu vegetace v letech 1997 aZ 1999 byly v maloparcelkovych pokusech v Sedleci u Prahy sledovany pomoci chloro-
fylmetru zmény v obsahu chlorofylu v listech vybranych odrid cukrovky. Chlorofylmetr stanovuje chlorofyl v listech rost-
lin p¥fmo na poli, bez jejich poskozeni. Zjisténé chlorofylové jednotky udavaji relativni mnoZstvi chlorofylu pfitomného
v listech rostliny. P¥i hodnoceni jednotlivych hodnot obsahu chlorofylu byla zji3téna korela¢ni zavislost jednotlivych ter-
mint méfeni mezi sebou a celkovym priamérem obsahu chlorofylu. P¥i hodnoceni zavislosti vynosu na obsahu chlorofylu
nebyla zjisténa siln&jsi korela¢ni zévislost. PFi statistickém hodnoceni nebyla prokdzana zavislost obsahu chlorofylu na
uZitkovém typu odridy. V pokusech byl potvrzen rozdilny obsah chlorofylu u sledovanych odrid, a tudiZ i potfeba jejich
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rozdéleni do skupin. Odridy byly rozdéleny do skupin podle indexu obsahu chlorofylu v listech cukrovky b&hem celé
vegetace. Za vysoky obsahu chlorofylu byly povaZovany hodnoty indexu obsahu chlorofylu v procentech 2 102,5 %, za
priumérny v rozmezi 97,5 az 102,5 % a za nizky < 97,5 %. Celkové nejvy33i obsah chlorofylu vykédzaly odridy Domino,
Orion, Fox a Kaweduca. Skupina se sttednim obsahem chlorofylu mé nejvice zastupci. Ve skupiné s nizkym obsahem chlo-
rofylu se umistily ¢tyfi odridy: Madeira, Melina, Petra a Amelie. Pfi statistickém hodnoceni se jako statisticky rozdilné
s 95% pravdépodobnosti jevily skupiny s nizkym a vysokym obsahem chlorofylu. Uvedena zji§téni bude mozno vyuZit na
vypracovéani metodiky pro optimalizaci vyZivy cukrovky dusikem.
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The biochemical adaptive strategies for drought-salt resistance

of wheat plants

A.M. Hamada

Faculty of Science, Assiut University, Egypt

ABSTRACT

Responses of wheat (Triticum aestivum, Giza 164) to various concentrations of NaCl and levels of drought were fol-
lowed. With the rise of NaCl and drought together, pectin and lignin was retarded in shoot or root systems. Considerable
variations in the content of hemicellulose or cellulose were induced by NaCl-drought treatments. Salinity-drought induced
a considerable increase in soluble sugars, starch, soluble proteins and proline in shoots or roots of the test plants. Bipha-
sic action of salinity-drought treatments involving activation of free amino acids at shoot system and inhibition at root
system. Considerable variations in the content of Na*, K*, Ca?* or Mg?* were induced by NaCl-drought treatments.

Keywords: amino acids; cellulose; hemicellulose; lignin; pectin; proline; soluble sugars; soluble proteins; starch; Na/K and

Ca/Mg

The effects of drought and salinity on plant growth
represent two of the most important environmental
stresses influencing the productivity of agricultural sys-
tems around the world. Transient water deficit is normal
and universal experience for crop plants and most have
evolved appropriate responses to cope with this stress.
When the deficit is prolonged and occurs over large ar-
eas .of agricultural land, yield losses occur which are
a function of the timing and duration of the drought
stress (McWilliam 1986).

Wheat (Triticum aestivum L.) is a major crop grown in
large irrigated areas as well as in rainfed areas. However,
with an increasing human population, particularly in de-
veloping countries, there is an urgent need for expand-
ing its cultivation from irrigated or relatively high rainfall
areas to non-irrigated low rainfall areas.

Thus, the main objective of this study is to investigate
the biochemical adaptive strategies for drought-salt re-
sistance of wheat plants that may be cultivated in the
desert. The specific objectives are to assess cell wall
components, soluble sugar, starch, soluble proteins, pro-
line, other amino acids and mineral composition imposed
by different levels of salinity and soil moisture contents
in wheat plants.

MATERIAL AND METHODS

Wheat (Triticum aestivum, Giza 164) was grown in plas-
tic pots (10 cm in diameter and 13.5 cm high) with clay
and sand (2:1). Perforated plastic tubes (1.2 cm in diame-
ter and 15.7 cm long) were inserted into the soil to help
the distribution of water and nutrient solution. Five
grains were sowed in each pot, the pots were then irri-
gated and the water content of the soil was adjusted reg-
ularly near to the field capacity and the plants were left
to grow for 15 days. Thereafter, the pots (four replicate per
treatment) were only watered to the desired soil moisture
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content and salinity (70% field capacity and subjected
to 40, 80, 120 and 160 mM NaCl, 50% field capacity and
subjected to 40, 80, 120 and 160 mM NaCl and 30% field
capacity and subjected to 40, 80, 120 and 160 mM NaCl).
At the end of the experimental period (30 days) cell wall
fractionation was conducted essentially according to
Dever et al. (1968) and Galbraith and Shields (1981). Tis-
sue powder samples were extracted twice in distilled wa-
ter, twice in 80% ethanol to remove soluble metabolites.
The precipitate was then extracted in 2 m1 0.5 N NaOH for
starch, 0.5% ammonium oxalate-oxalic acids (90°C for
24 h) for pectin, 17.5% NaOH for hemicellulose and in
72% H,SO, (with 15 min autoclaving) for cellulose extrac-
tion. After that, the remaining precipitate was ascribed
to the lignin fraction according to Dever et al. (1968).
Content of soluble sugars, starch and wall polysaccha-
rides were determined by the anthrone sulphuric acid
reagent using glucose as a standard (Fales 1951), free
amino acids were determined according to Moore and
Stein (1948), free proline according to Bates et al. (1973)
and amount of protein according to Lowry et al. (1951).
Sodium and potassium were determined by flame photom-
eter method (Williams and Twine 1960), calcium and mag-
nesium by the versene titration method (Schwarzenbach
and Biederman 1948).

The results are the means of four measurements and
were statistically evaluated using the standard deviation.

RESULTS AND DISCUSSION

Cell wall structure and properties determine, to a large
extent, the magnitude of cell division and elongation, and
hence plant growth. Therefore, cell wall components of
the studied plants were estimated to evaluate how far
they could have been affected by water stress. The ac-
cumulation of pectin fraction in wheat shoot and root
cells was significantly lowered by combination of salin-
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Figure 1. Effect of combination of
NaCl (0-160 mM) and soil moisture
content (70-30% field capacity)
treatments on cell wall components
of shoot and root of wheat plants;
values in parentheses represent + SD
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ity and drought stress (Figure 1). Hemicellulose fraction
of wheat roots was significantly decreased by the expo-
sure of plants to salinity and drought combination. While
in case of wheat shoots, little variation in hemicellulose
biosynthesis were obtained at the various investigated
salt levels and drought levels. Considerable variations in
the accumulation of cellulose were induced by the vari-
ous levels of salt and drought. In case of 70% field ca-
pacity all the investigated salt levels induced an
inhibitory effect on the accumulation of cellulose in shoot
cells. Moreover, cellulose content in the shoot cells
showed a tendency to decrease with the increase of the
salt level in the culture medium. In 50% field capacity,
there were more or less no appreciable differences in cel-
lulose content in shoot between low (40 mM) and high
(160 mM) NaCl levels. In 30% field capacity all NaCl

treatments were of stimulatory effect on the accumula-
tion of cellulose in shoot cells. With respect to cellulose
distribution in roots, it could be noticed that in the three
drought levels, the various salt levels induced stimula-
tory effects on cellulose content. The data herein ob-
tained (Figure 1) clearly demonstrate that lignin
accumulation in shoots and roots of wheat plants was
inhibited by water stress and lignin accumulation de-
crease gradually with the rise of salt level and decrease
of soil moisture content. The possible mechanisms for
the inhibitory effect of salinity stress on the incorpora-
tion of glucose into cell wall polysaccharides have been
discussed (Hassan-Porath and Poljakoff-Mayber 1973).
Al-Hakimi (1999) showed that wall components as pec-
tin, cellulose and hemicellulose were drastically altered
by drought stress. Also, Van Volkenburgh and Boyer

Figure 2. Effect of combination of NaCl
(0-160 mM) and soil moisture content
(70-30% field capacity) treatments on so-
luble sugars and starch contents in shoot
and root of wheat plants; values in paren-
theses represent £ SD
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(1985) found that osmotic stress modifies the biochemi-
cal changes taking place in the cell wall during growth
and thus preventing their extension.

Further evidence of the role played by NaCl and
drought combination as a trigger for a chain of metabol-
ic changes that lead to growth interruption can be ob-
tained from the data presented in Figure 2. The data herein
obtained reveal that all the investigated salinization treat-
ments and their interactive effects with drought treat-
ments induced stimulatory effects on the production and
accumulation of soluble sugars and starch in shoots and
roots of wheat plants (Figure 2).

In the current studies the response of protein (soluble)
biosynthesis to salinity and its interaction with drought
was investigated (Figure 3). It is clear that most of the
investigated salinity levels up to 160 mM with drought

[L

treatment were of stimulatory effect on the production
and accumulation of soluble proteins in wheat shoot and
root. The activated soluble proteins accumulation in-
duced by salt stress (40-160 mM NaCl) increased pro-
gressively with the increase of the salinization level. The
data presented here and those obtained by other authors
(Ramagopal 1988; Al-Hakimi 1999) on the effect of salt
stress or drought stress on carbohydrate and protein
biosynthesis clearly demonstrate, that it is somewhat
difficult to follow the numerous and gross disturbance
in the different facets of cellular metabolism induced by
salinity stress or drought stress. The water stressed
plants showed marked and various responses at various
levels of the salinizing agent or soil moisture contents.
The interpretation of these responses and the factors
that determine their pattern and magnitude are of impor-
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40 + 30

Root
Figure 4. Effect of combination of NaCl
8 8 8 (0-160 mM) and soil moisture content
A (70-30% field capacity) treatments on
® ¥ 2 Na'/K* and Ca*/Mg** contents in shoot and

root of wheat plants; values in parenthe-
ses represent = SD
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tance in determining the mechanism controlling the salt
or drought resistance plants. The notable sensitivity in
the biosynthesis of carbohydrate and protein fractions
in the different organs of the test plants, which was dis-
played in the presence of various salinization levels and
soil moisture contents, may be taken as a further evi-
dence of the role played by water stress in modifying the
functional state at the sites of synthesis. Such modifica-
tions may contribute directly or indirectly to the enhance-
ment or impairment of the functional state at the sites of
synthesis, reflected in increased production. These re-
sults are in agreement with the results obtained by other
authors (Venekamp et al. 1989; Hamada and Khulaef
1995). The increase in soluble components may play an
important role in osmotic adjustment; a conclusion which
is in accordance with the results obtained by Flowers et
al. (1977) working with halophytic plants and Drossopou-
los et al. (1987) working with glycophytic plants.

Also, the role played by NaCl and drought in modifying
some other facets of metabolism to withstand water stress
can be obtained from the data presented in this investiga-
tion on proline and other free amino acids accumulation in
water stressed wheat plants (Figure 3). It appeared from
wheat plants responses that, in the range studied, the in-
crease in NaCl supply also drought levels generally had
a significant stimulatory effect on the accumulation of pro-
line in the different organs of the test plants, The highest
proline concentration in shoots or roots of the test plants
was consistently found in plants grown in the highest
NaCl with low moisture content cultures.

The biphasic action of NaCl and drought treatments
involving activation of free amino acids at shoot system
and inhibition at root system. This biphasic action, in-
volving stimulation of free amino acids accumulation in
one organ (root) and inhibition in the other (shoot), clear-
ly demonstrate the capability of NaCl and drought stress
in playing a role in amino acids mobilization and organ
adaptation mechanisms.

Proline accumulation is a well-known response to wa-
ter deficit, it also occurs with salt stress and has a pro-
tective effect on seed germination in saline media
(Bar-Nun and Poljakoff-Mayber 1977). Proline leads to
the maintenance of membrane integrity (Van Rensburg
et al. 1993). It has been reported that proline can protect
pyruvate phosphate dikinase from maize against stress
(Krall et al. 1989). It has been shown that plant membrane
damage is related to the peroxidation of membrane lipid
due to the stress-induced accumulation of free radicals
(Van Rensburg and Kriiger 1994). The major function of
proline seems to be the protection of the cytoplasm
against short-term (e.g. diurnal) fluctuations in leaf wa-
ter potential. However, other cytosolutes, including sug-
ar and sugar alcohol, probably provide greater protection
against long-term effect imposed by high salt concentra-
tions in the vacuoles (Bolarin et al. 1995).

Accumulation of compatible, low-molecular-weight os-
molytes, such as sugar alcohol, special amino acids and
glycine betaine, has been suggested as a major mecha-
nism that may counteract salt stresses (Yancey et al. 1982).
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Recently, several studies have demonstrated that genetic
manipulation of the accumulation of low molecular-weight
osmolytes resulted in increased tolerance to water or salt
stress in transgenic plants (Saneoka et al. 1995).

In addition to metabolic changes and accumulation of
low-molecular-weight protective compounds, a large set of
plant genes is transcriptionally activated, which leads to
accumulation of new proteins in vegetative tissue of plants
under osmotic stress conditions (Xu et al. 1996). It is gen-
erally assumed that stress-induced proteins might play
arole in tolerance, but direct evidence is still lacking, and
the functions of many stress-responsive genes are un-
known. It has been hypothesized, based on the correla-
tion of late embryogensis abundants (LEA) gene
expression with physiological and environmental stress-
es and the prediction novel structure of the LEA proteins,
that LEA protein may play a protective role in plant cells
under various stress conditions. Moreover, this protective
role may be essential for the survival of the plant under
extreme stress conditions (Chandler and Robertson 1994).

Ionic balance and distribution of the studied plants
exhibited variable changes in response to the imposed
salinity-drought-stress (Figure 4). Variations in the con-
centration of Na*, K*, Ca* and Mg?*" in shoots and roots
of test plants due to increased salinity-drought levels
were generally accompanied by reciprocal variations in
the concentration of other mono (Na*) and divalent (Ca?*)
cations, i.e. Na*/K* and Ca**/Mg?** ratios increase along
with NaCl-drought level; a trend which is in accordance
with some of the results of Garcia-Reina et al. (1988) and
Torres-Schumann et al. (1989) using other plant tissues.
Serrano and Gaxiola (1994) reported that the high con-
centrations of Na* negatively affected the intercellular
K* accumulation, presumably either by competing for
sites through which influx of both cations occurs (Jesch-
ke and Wolf 1984) or affecting membrane stability caus-
ing leakage of K* (Watad et al. 1991). The alterations in
distribution and accumulation of mono-and divalent
cations in the different organs of salt stressed plants
may be an indication of the role of these cations in reg-
ulating the physiological activities of these plants (Ben-
zioni etal. 1992).
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Biochemicka adaptaéni strategie pFi rezistenci rostlin penice vi¢i pfisudku a zasoleni pidy

Sledovali jsme reakci penice (Triticum aestivum, Giza 164) na rizné koncentrace NaCl a na riznou intenzitu pfisusku. Se
zvy$ovanim koncentrace NaCl i pfisusku se zpomalovala tvorba pektin a ligninu v nadzemnich &astech rostlin i v kofeno-
vém systému. Varianty koncentrace NaCl a pfisusku navodily zna&né kolisani obsahu hemicelulézy nebo celulézy. Zasoleni
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pudy a pfisudek vedly ke zna¥nému zvy3eni obsahu rozpustnych cukru, 3krobu, rozpustnych bilkovin a prolinu v nadzem-
nich &astech i v kofenech testovanych rostlin. Dvoufézové pusobeni variant zasoleni a pfisudku zpusobilo aktivaci volnych
aminokyselin v nadzemnich &astech rostlin a jejich inhibici v kofenovém systému. Varianty koncentraci NaCl a pfisusku
navodily znaéné kolisani obsahu Na', K, Ca** nebo Mg”*.

Kli¢ova slova: aminokyseliny; celul6za; hemiceluldza; lignin; pektin; prolin; rozpustné cukry; rozpustné bilkoviny; $krob;
Na/K a Ca/Mg
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Estimation of winter wheat nitrogen stress using
the CERES crop model

Z. Zalud', R. St¥alkov4?, E. Pokorny', J. Podesvova?

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

ABSTRACT

Deterministic crop growth CERES-Wheat model was used to estimate the relation between the nitrogen stress and grain
yield of winter wheat (Samanta variety). Climatological, pedological, physiological and management data measured during
three year experiment (1996-1999) form the database which was used for calibration of the crop model. Its evaluation
was done by grain yield, length of growing season and total amount of nitrogen in biomass. The nitrogen stress for five
growth stages was modelled for two treatments differing in the previous growth crop (treatment A with spring barley,
treatment B with alfalfa). These stress values were correlated with index of production (yield) potential Z, which is
computed as a ratio between potential and stressed (nutrient and water limited) yield. Its lowest value reached 72.3% in
1997-1998 (treatment A), the highest value was 93.4% in 1998-1999 (treatment B). Their statistic response (the coeffi-
cients of determinance varied between 0.6007 to 0.9686) describes the size of nitrogen stress in respect to grain yield.

The dividing of growth period to five stages enables to estimate the time of nitrogen stress occurrence.

Keywords: winter wheat; growth model; nitrogen stress; production potential

Simulation models of agricultural systems have a great
potential for increasing the quality of agricultural research
and development, when coupled with appropriate data
sources. Within the agricultural disciplines, crop production
involves a complexity of interactions between the crop gen-
otype, the soil, the atmosphere and the management prac-
tices. One of the crucial production moments in the cereal
growth and development is management of nitrogen fertili-
zation. In modern agriculture systems nitrogen has to be
applied frequently and in amounts which fit the crops de-
mand as close as possible (Harre and White 1985). Itis also
the most limiting yield factor in many cases.

Many field trials have been done to optimize nitrogen
or water supply in the conditions of sustainable agricul-
ture. To save time and experimental costs, the crop
growth models are used in various cases and studies. The
most useful simulations are those concerning estimation
of the nitrogen stress (Frissel and van Veen 1980) and
nitrogen supplement distribution (Groot and van Keulen
1990). Knowledge of how much and when to apply nitro-
gen is essential not only because the nitrogen inputs are
expensive, but also because they can be threat to the
environment, if too much of nitrogen is applied.

Considerable research has been done on the various
components of crop production and some of their inter-
actions. Crop models are also used to evaluate nitrogen
uptake and nitrogen leaching from soil. Some of these in-
formation are being used in models designed for specific
questions, such as limits of crop growth by the water or
nitrogen stress.

The crop models contained within the Decision Sup-
port System for Agrotechnology Transfer (DSSAT) Hoo-
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genboom et al. (1994), which is used as a tool in this pa-
per, attempt to meet these criteria and are designed for
a wide applicability. The DSSAT models have common
nitrogen balance and water balance routines and include
crop growth and development routines that are specific
to each crop.

It must be stressed at the beginning that simulation
models are not usable as a substitute for standard test-
ing and monitoring of the nitrogen behavior in soils and
plants. Rather they provide a tool to extend the value of
such measurements and to explain possible discrepan-
cies in field trials.

One of the tasks of the project Optimization of cereal
crop nutrition for sustainable cropping systems was to
describe nitrogen stress during three growing seasons.
Two treatments which differed in previous grown crop
(spring barley = treatment A and alfalfa = treatment B)
were analyzed during 1996-1999.

MATERIAL AND METHODS
Model description

The CERES-Models have been used for water and ni-
trogen stress evaluation. CERES-Wheat (Ritchie and
Otter 1985) is running under DSSAT computer sur-
roundings. The CERES (Crop Environment Resource
Synthesis) model is a dynamic, specific, explanatory, de-
terministic, non ultimate model designed to simulate crop
growth, soil, water, temperature and soil nitrogen dynam-
ics at field scale for growing seasons in daily step.
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More details and examples of the CERES-Wheat model
use can be found, e.g. in Dhakhwa et al. (1997), Mearns
etal. (1992, 1996, 1997) and Cuculeanu et al. (1999).

The CERES-Wheat model simulates most important pro-
cesses, associated with both crop nitrogen demand and
plant available nitrogen. It also simulates the availability
of nitrogen from different N fertilizers as well as the decom-
position of plant residue containing nitrogen. The capa-
bility to simulate the complex interactions of these major
processes makes also possible to estimate the efficiency
of different nitrogen sources and management practices.

The aim of the paper is to use the CERES-Wheat model
for estimation of the nitrogen stress and its influences
on the grain yield of winter wheat during various pheno-
logical stages.

Weather, pedological and management data

Observed weather data (daily series of SRAD — sum of
global solar radiation, TMAX — maximum and TMIN —
minimum air temperatures, and RAIN — precipitation
amount), required for the crop model simulations were
measured in Kroméfiz climatological station, located ap-
proximately in 0.5 km distance from the experimental field.

The experimental field is located in the middle part of
the Moravia region of the Czech Republic. Climatologi-
cal (at the climatological station), pedological (taken by
the soil pit), agrotechnological and plant parameters were
measured at the experimental station of the Agricultural
Research Institute Kromé&fiZ, Ltd. (altitude 49°18° N, lon-
gitude 17°23’ E and elevation 236 m above the sea level).

The experimental fields of the Institute are located in
a southern part of the Hornomoravsky (Upper-Moravi-
an) Vale which is formed by neogene and quaternary sed-
iments, among which minerals of the Czech massive arise
as small enclaves. The soil type is Luvi-haplic Chernozem
with the profile: Amp: 0-31 cm, Am (Bt): 32-68 cm, Cc: less
under 68 cm.

The planting details, management factors and fertiliza-
tion regime were set individually for each year. One dose
of nitrogen fertilization was applied (the total amount of N
was 40 kg.ha™' only) before sowing. Details on the previ-
ous grown crop, residue, tillage, rotation and chemical
application are discussed in the interim report Stfalkova
etal. (1999) of NAZV (National Agency for Agriculture
Research) project. No irrigation was applied.

Evaluation of crop models

The first condition in order to use crop model is its eval-
uation. Evaluation includes checking internal consisten-
cy and units used in a computer program, comparison of
the model output with an independent data set of real
world observations, uncertainty analysis, and judgement
of utility.

The grain yield, period between planting and physio-
logical maturity, total biomass, harvest index and leaf area
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index are often used for model evaluation (Bacsi and
Hunkar 1994; Iglesias 1995; Stastna 1998; Alexandrov
and Hoogenboom 1999; Zalud 1999). The grain yields and
length of the growing periods, simulated by the crop
growth model with use of measured pedological, physio-
logical, cultivation and meteorological data were com-
pared with observed grain yields in Table 1. The winter
wheat variety Samanta was used.

Description of the nitrogen module

Nitrogen dynamics in the model include mineralization
and/or immobilization of nitrogen associated with the de-
cay of crop residues, nitrification, denitrification, urea
hydrolysis, leaching of nitrate, and the uptake and use
of nitrogen by the crop (Godwin et al. 1984). The nitro-
gen module uses the layered soil-water balance model
described by Ritchie and Otter (1985) and the soil tem-
perature component of the EPIC model (Williams et al.
1984).

The nitrogen module itself requires input data that de-
scribes the initial amount of mineral nitrogen in the soil
profile and information that enables the estimation of how
much nitrogen will be mineralized from soil organic mat-
ter, the potassium sulfate, extractable nitrate (NO,") and
ammonium (NH,") in each of the layers. The soil bulk den-
sity is used in the calculation of nitrogen concentration
from mass units. In the model, different horizontal layers
in the root zone are distinguished, each with its own ni-
trogen concentration. The basic assumption of the up-
take model is that the uptake rate is regulated by demand
as long as the transport rate of nitrogen from bulk soil to
the root surface exceeds the required rate given by plant
demand.

The input data are completed by data specifying the
dates, amounts and types of the used nitrogen and oth-
ers fertilizer. The depths and degree of incorporation are
also required inputs.

The nitrogen formulation in CERES-Wheat has also
been tested in diverse environments (e.g. Kovacs et al.
1995; Semenov et al. 1996).

Relation of the nitrogen stress and grain yield

The CERES-Model estimates the nitrogen stress for
five periods of crop development as described in Table 2.
The 0-1 scale proposed by model developers was taken
into account for the stress description. These values
were correlated for each period using the index of the
yield potential, computed by equation 1 to find out the
significance of the relation between the nitrogen stress
and grain yield for every stage. The value of the index
Z (%) is defined as a ratio of the stressed (Y) and poten-
tial (Y,) yields under given weather, pedological and man-
agement conditions:

Z (w, p, m) = Y,(w, p, m)/¥,(w p, m).100 (1)
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Table 1. Evaluation of the CERES-Wheat model by the yield and length of the growing period; the simulated potential yield is added

A (winter wheat after spring barley)

B (winter wheat after alfalfa)

Year Evaluation parameter

observed Al e observed sintalsed
real potential real potential
1996/1997 yield (t.ha™") 6.09 5.77 8.0 7.27 6.36 8.0
growing period (day) 293 2908 299 298
1997/1998 yield (tha™') 4.27 4.50 5.8 5.50 535 5.9
growing period (day) 289 277 293 276
1998/1999 yield (tha™) 6.31 6.62 73 5.63 6.78 7.3
growing period (day) 281 266 283 265

This index may serve as a measure of the impacts of lim-
iting factors on the grain yields. The value of Z is always
greater than 0% and lower than 100%. The zero value of
Z would mean that the stress totally inhibits the growth,
Z=100% would mean that no stress affects the yields.

RESULTS AND DISCUSSION

The first condition for a model use is its evaluation, as
it was already mentioned above. The successful evalua-
tion is a result of model calibration and parametrization.
All necessary input data were measured or taken from lit-
erature (some special physiological data). Table 1 gives
an example of CERES-Wheat evaluation for two treat-
ments differing in the previous grown crop. The yield and
length of the growing seasons were chosen as evalua-
tion parameters.

The probability, of the differences between the predict-
ed and observed yield are not more than 15%, should be at
least 80% (Hunkar 1994) for most practical applications.
The largest grain yield difference is overestimation by 17%
in 1998/1999 (treatment B — wheat after alfalfa) in our case.
The index of the production (yield) potential was comput-
ed as a ratio between the potential and stressed simulated
yield and is presented in Table 2. The potential yield is
defined as the total dry grain production of crops if the
canopy is optimally supplied with water and all essential
nutrient elements, and grows without interference from the
weeds, the pests and the diseases, limiting factors such as
temperature, radiation and crop genetic potential. The
stressed (water and nutrient limited) yield is the crop yield
obtained under real environmental conditions. In this case
the yield reduction is caused by limiting factors such as
e.g. water, nitrogen or other nutrients.

The best utilization of all factors influencing winter
wheat growth and development was observed in the
growing season 1998/1999. On the other hand, the vari-
ous stress effects decreased the index of production
potential by 27.7% in treatment A (wheat after spring
barley) in 1996/1997.

As it was expected, the nitrogen stress is lower in wheat
after alfalfa comparing the treatments in the same year. The
highest simulated stress occurs regularly before the be-
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ginning of the ear growth. In accordance to the results from
Tables 2 and 3, the highest stress was reached in treat-
ments when the lowest Z value was detected. Another
model analysis as comparisons of leaching or testing ni-
trogen uptake confirm that the best utilization of nitrogen
fertilization was in 1999 (Zalud and Stialkova 1999).

In Figure 1 the relation between the nitrogen stress oc-
currence in development stage 1 (Zadocks 10-30) and the
index of production potential Z (%) is analyzed. Correla-
tion is done by six values (three years trial with two treat-
ments). Occurrence of the nitrogen stress and its relation
to index of production potential is shown in Figures 2—-5
for other development stages described in Table 3 and
again in Table 5. High values of the coefficient of deter-
mination (the lowest 0.6007 in stage 3, the highest 0.9686
in stage 2) could indicate the good ability for the nitro-
gen stress assessment by the crop models for all tested
periods.

Evaluation of measured and simulated nitrogen amount
for some phenological stages is presented in Table 4. The
standard values vary in wide range depending on a test-

Table 2. Index of production potential Z (%) for three year expe-
riment and two treatments (A and B) of winter wheat

Year A B

1996/1997 72,3 79.6
1997/1998 76.9 91.0
1998/1999 91.3 93.4

Table 3. Description of the winter wheat nitrogen stress; the
value 0 means the lowest stress, number 1 is the highest stress

1996/1997 1997/1998 1998/1999
Stage DC
A B A B A B
1 10-29 0.028 0.021 0.046 0.009 0.001 0.001
2 30-49 0.776 0.706 0.773 0.509 0.538 0.494
3 51-59 0.712 0.653 0.618 0.364 0.559 0.541
4 61-69 0.352 0.246 0.345 0.058 0.116 0.102
5 71-90 0.074 0.072 0.058 0.010 0.024 0.020
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Figure 1. Relation between the nitrogen stress occurrence in stage 1
(emergence ~— term spikelets) and the index of production poten-
tial Z (%)

ed variety. The measured and simulated data are com-
pared with standard data, published by Baier et al. (1988).
The model mostly underestimated the nitrogen amount
(overestimated the nitrogen stress) with exception of the
beginning of 1999. This is in agreement with the results,
shown in Table 1 when in 1996/1997 and 1997/1998 the
simulated yield is lower than the observed yield (with an
exception of the 1997/1998 treatment — winter wheat after
spring barley).
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Figure 3. Relation between the nitrogen stress occurrence in stage 3
(beginning of ear growth — end of ear growth) and the index of
production potential Z (%)
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Figure 4. Relation between the nitrogen stress occurrence in stage 4
(end of ear growth — beginning of grain filling) and the index of
production potential Z (%)
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Figure 2. Relation between the nitrogen stress occurrence in stage 2
(end of vegetation — beginning of ear growth) and the index of
production potential Z (%)

The nitrogen balance and stress is often coupled with
the water balance and stress (St'astna and Zalud 1999). To
get a completely overview how the growth was stressed,
the water values are added (Table 5), in which the water
stress was described in the same way as by the nitrogen
stress assessment. It seems that available water and the
water stress was not crucial factor, which could limit yield.
The detailed analysis of meteorological conditions (air tem-
perature sums, lengths of the growing seasons, amount
and distribution of precipitation, occurrence of dry spells
and hot waves) is discussed in Stfalkova et al. (1999). The
same report describes soil and plant contents of another
nutrients as phosphorus, potassium and magnesium
which, comparing with Baier et al. (1988), seem not to be
limiting factors for yield formation.

CONCLUSIONS

The soil nitrogen and water content are mostly limiting
growth factors in the studied region. A field experiment
(winter wheat, two treatments differing in the previous
grown crop) was carried out to optimize the nutrient tech-
nology of the winter wheat crop in conditions of sustain-
able agriculture. The evaluated crop model CERES-Wheat

¥ =-0003x +02936
RP=0879

Nitrogen sress (0-1)

003
oon

*

70 75 80 85 %0 95 100
Index of production potential (%)

Figure 5. Relation between the nitrogen stress occurrence in stage 5
(linear grain filling phase) and the index of production potential
Z (%)
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Table 4. Comparison between the standard nitrogen amount (Baier et al. 1988), measured nitrogen by the Kjeldahl method and
simulated nitrogen by the CERES-Wheat model during selected phenological stages

Treatment A nitrogen (%)

Treatment B nitrogen (%)

DC
Julian day standard measured simulated Julian day standard measured  simulated
1996/1997 30 118 4.03 3.7 118 4.34 3.98
31 2.49-4.92 2.49-4.92
33
50 146 1.93 1.8 147 3.39 3.1
60 156 1.14-2.70 1.31 1.21 157 1.14-2.70 1.63 1.48
70 175 1.05 0.97 177 1.01 0.75
73 185 0.90 0.72 187 1.01 0.65
83 195 0.94 0.69 197 1.02 0.63
91 207 1.29-1.45 0.97 0.65 211 1.29-1.45 0.95 0.6
1997/1998 30 92 4.23 4.27 92 4.54 4.57
31 102 2.49-4.92 5.01 4.40 102 2.49-4.92 4.40 4.00
33 118 4.23 3.08 118 3.99 3.41
50 138 2.80 2.44 138 2.84 2.19
60 147 1.14-2.70 2.12 1.7 147 1.14-2.70 1.95 1.81
70 159 1.36 1.11 159 1.36 1.22
73 166 1.06 0.97 166 1.16 1.02
83 187 1.06 0.87 187 1.20 0.9
91 198 1.29-1.45 1.09 0.8 200 1.29-1.45 1.30 0.9
1998/1999 30 100 100
31 109 2.49-4.92 3.61 3.7 109 2.49-4.92 3.67 4.00
33 119 3.50 3.41 119 3.30 3.42
50 146 1.68 1.68 144 1.85 1.75
60 151 1.14-2.70 151 1.14-2.70
70 159 1.30 1.22 159 1.29 1.1
3 166 166
83 186 1.23 0.95 186 1.40 0.90
91 197 1.29-1.45 1.09 0.65 197 1.29-1.45 1.16 0.69

was used as a tool for nitrogen stress estimations, relat-
ed to its time of occurrence. The five phenological stag-
es, originally recommended by the model developers were
used to divide the growing season. Statistically signifi-
cant relations were established for each of the five stud-
ied periods between the level of nitrogen stress (number
between 0 = minimal stress and 1 = maximal stress) and

Table 5. Simulated water stress of winter wheat grown in the stu-
died vegetative seasons; the stress factors during growing season
are presented similar like in Table 3; the value 0 means the lowest
stress, number 1 is the highest stress

1996/1997 1997/1998 1998/1999
Stage DC
A B A B A B
1 10-29 0 0 0 0 0 0
2 30-49 0 0 0 0 0 0
3 51-59 0 0 0.085 0.071 0 0
4 61-69  0.025 0.022 0 0 0 0
5 71-90 0.034 0.031 0.046 0.045 0 0
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the Z value in % (the index of production potential com-
puted as a ratio between the stressed and potential
yield), which was estimated for every treatment. The real
(Kjeldahl method) and modelled (simulated) nitrogen
values are compared to estimate model performance in
respect to the nitrogen stress simulation. The compari-
son with standard data are shown. The importance of the
nitrogen stress as a yield limiting factor is emphasized by
the results. There were only few insignificant water stress
records during the experiment conductance (Table 5).

The following idea will be taken into account concern-
ing a future work: the crop models can estimate the opti-
mal split of the available total nitrogen during the real
growing season. The sensitivity analysis will be used as
a tool for optimization of the partitioning the nitrogen
fertilization for basic (September), production (February—
March), and regeneration (April) fertilization.

This study was supported by Czech National Agency
for Agricultural Research (NAZV) under research project
No. EP 7084 Optimization of cereal crop nutrition for
sustainable cropping systems.
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Stanoveni dusikového stresu u ozimé p3enice ristovym modelem CERES

Deterministicky dynamicky riustovy model CERES-Wheat byl pouZit k popisu vazby mezi arovni dusikového stresu
a vynosem ozimé pSenice (odriida Samanta). Klimatick4, pedologicka, fyziologicka a agrotechnologicka databéze tiiletého
experimentu (1996-1999) Zem&délského vyzkumného stavu Kromé&FiZ, s. r. 0., byla podkladem pro kalibraci modelu. Eva-
luace byla zaloZena na vynosu, dob& vegetace a mnoZstvi celkového dusiku v rostling. Pro ob& varianty lidici se v predplo-
din€ (varianta A = jarni je¢men, varianta B = vojt&tka) byl modelovan dusikovy stres pro pét ristovych fazi. Jejich hodnoty
byly vztaZeny k hodnoté indexu produk&niho (vynosového) potencialu Z, ktery je definovan jako pomér mezi potencialnim
a stresovanym (vodou a Zivinami limitovanym) vynosem. NejniZ3i &iselna hodnota Z = 72,3 % byla dosaZena v roce
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1997/1998 (varianta A), nejvy33i hodnota indexu Z = 93,4% byla dosaZena v roce 1998/1999 (varianta B). Jejich statisticka
zévislost (koeficienty determinace r* = 0,6007-0,9686) popisuje vazby mezi velikosti dusikového stresu a vynosem a sou-
Casné umoZiiuje uréit vyznam &asového vymezeni velikosti dusikového stresu ve vztahu k vynosu.

Kli¢ova slova: ozima p3enice; ristovy model, dusikovy stres, produkéni potencidl
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Comparative study of water balance on the experimental
catchments VSeminka and Drevnice

P. Kovar!, P. Cudlin?, M. KorytaF', F. Zemek?, M. Hefman?

!Czech University of Agriculture in Prague, Czech Republic
’Institute of Landscape Ecology, Academy of Sciences of the Czech Republic,
Ceské Budéjovice, Czech Republic

ABSTRACT

The paper deals with the computation of water balance of the 1997 growing season (April-October) on two small Mora-
vian catchments V8eminka and Dfevnice both with different forested catchment arcas (V3ieminka 48%, Dievnice 81%). It
provides results using the WBCM-5 model reconstruction in the major water balance components and it also provides
information on water storages in both unsaturated and saturated zones and the interactions between them. It reliably
tests the capability of the model to reconstruct rainfall-runoff regimes in the period examined. The results have shown
that on the Dfevnice catchment although much more forested than V3eminka, the total runoff in July 1997 was 65%
higher there when the rainfall was only 30% higher. This event focuses on assumptions that a rainfall depth and its
intensity is of greater importance than land use in a flood consideration. Further, the paper provides results of water
balance components after implementing the scenario, which simulates 50% deforestation of the catchments. Changes on
total runoff, direct runoff, interception and subsurface water storage have been computed. Under 50% deforestation, the
direct runoff is 22-35% higher, summary interception is 38% lower (on both catchments) and subsurface water storages
have been not significantly lowered as the flood year of 1997 was rich in rainfall depth. A conclusion can be made that
the WBCM-5 model in an adequate tool for catchment water balance simulation both in real and scenario situations.

Keywords: water balance model; scenario simulation; rainfall-runoff processes; intercepcion; evapotranspiration; surface
water recharge and storage; retention and accumulation of runoff

Water regimes of a catchment can be well quantified
by the analysis of water balance components with par-
ticular reference to direct runoff and subsurface water
recharge. Also a role of land use on water balance is
a matter of high importance in water resources manage-
ment and flood control.

A case study based on water balance computation has
been carried out using data of two small forested catch-
ments VSeminka and the upper part of the DFevnice catch-
ment (district Zlin) flowing together as the left-side
tributary of the Morava river (Figure 1). Both catchments
are of the fourth order and while the Dievnice catchment
is more than 80% forested the VSeminka catchment is a ty-
pical example of an agri-forest territory with a degree of for-

Figure 1. Situation of the experimental catchments

260

estation less than 50%. The aim of this study in a broader

sense is the effect of land use including forest diversity

and structure on water retention and accumulation capac-

ities in a catchment. The WBCM-5 water balance model

has been used as a tool for such an analysis which re-

spects areal variability of its parameters and can be imple-

mented using GIS facilities. Partial aims of this study were:

— assessment of physiographic and land use characteris-
tics of the catchments and determination of the model
parameters

— reconstruction of areal water balance situation in the
characteristic 1997 model year

— simulation of scenario situations reflecting the change
of land use

— comparison of water balance components of both expe-
rimental catchments in real and scenario situations

MATERIAL AND METHODS
Experimental catchments

Both experimental catchments cover almost the same
area. The shape of the Vieminka catchment is longitudi-
nal, the upper sides of the central valley are forested down
from the water divide, land use on the other parts is diver-
sified. The Dievnice catchment is fan-shaped, highly for-
ested and only its lower part has a more structured land
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Vseminka catchment
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use which for both catchments is given in Figure 2. The
physiographic characteristics of the catchments are given
in Table 1 and the species and age structure of the forest,
as well as the hydrological soil groups are presented in
Table 2. These groups have been selected according to the
methods widely used (U.S. SCS 1986).

Model

The WBCM model (version 5) that was implemented
with the aim of quantifying the water balance on the
Vseminka catchment is a lumped model with probability
parameter distribution over the area. It is based on the
integrated storage approach. Each storage element rep-

Table 1. Basic physiographical characteristics of the catchments

Figure 2. Land use of the
experimental catchments

Drevnice catchment

resents the natural storages of interception, soil surface,

root (or active) zone, and the whole unsaturated zone and

groundwater zone (if the latter is not very deep). The

model with a daily step takes into consideration the stor-

age of individual zones, and treats their daily values, in-

cluding input and output rates, in line with physical

regularities as reflected by the system of recurrent final

difference and algebraic equations balancing the follow-

ing processes (Kovar 1981, 1994, 1998):

— potential evapotranspiration, interception and through-
fall

— surface runoff recharge

— active soil moisture zone dynamics

— soil moisture content and actual evapotranspiration

— ground water dynamics, base flow, total flow

Catchment characteristics Vseminka Dfevnice
Catchment area (km?) 21.51 22.58
Length of river (km) 9.2 9.1
Average river slope (%) 3.6 3.8
Average catchment slope (%) 19.4 23
Minimum catchment altitude (m a.s.l) 270 335
Maximum catchment altitude (m as.l) 620 750
Average catchment altitude (m a.s.l) 400 495
Forestation (%) 48.2 81
Catchment perimeter (km) 23.64 24.45
Length of riparian vegetation (km) 13.81 7.47
Vand wse Vieminka Dtevnice

ha % ha %
1. Arable land 201 9.3 62 2.7
2. Permanent grassland, meadows 521 24.2 203 9.0
3. Public gardens, orchards 117 5.5 65 2.9
4. Urbanized area with vegetation 91 4.3 18 0.8
5. Wild greenery, riparian vegetation 182 8.5 82 3.6
6. Forest 1036 48.2 1829 81.0
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Table 2. Species and age structure of forest; hydrological soil groups

Species and age structure of forest (ha)

& Vieminka Dfevnice
ge (years) 0-10 10-40 > 40 0-10 10-40 > 40
Coniferous forest 79 75 565 137 220 838
Deciduous forest 7 27 295 52 107 496
Hydrological soil groups (ha) and catchments slopes (%)
Class of slope . i
catchment slope hydrological soil group
Vieminka
(%) ) A B C D
L 0-1 0-1 - - - -
IL 1-5 1-3 - - - -
11 5-10 3-6 2 22 - -
V. 10-20 6-11 1 127 50 -
V. > 20 > 11 -~ 884 5 -
Dfevnice
(%) ®) A B € D
L 0-1 0-1 - - - -
1L 1-5 1-3 - - - -
I11. 5-10 3-6 1 7 - -
V. 10-20 6-11 3 363 - -
V. >20 > 11 60 1388 28 -
Hydrological soil groups and land use (ha)
Land use V3ieminka Dfevnice
A B C D A B C D
1. Arable land - 53 47 92 5 22 12 21
II. Permanent grassland - 46 241 192 4 53 79 45
I11. Parks, gardens - 4 66 42 2 14 30 14
1V. Urbanised area - 1 30 58 4 4
V. Wild greenery - 5 81 50 4 20 21 11

The individual parameters of WBCM-5 have the follow-
ing physical meanings (the optimised parameters are bold):

AREA — catchment area (km?)

FC — parameter characterising the average value of the
field capacity of the active zone (-)

POR — parameter characterising the average value of
soil porosity of the active zone

DROT - depth of active zone (mm)

WIC - upper limit of interception capacity (mm)

SMAX — parameter representing maximum capacity of
unsaturated zone (mm)

ALPHA — parameter expressing non-linear filling pro-
cedure of unsaturated zone (-) '

CN - runoff curve number (-)

P1, P2, P7 — parameters affecting unsaturated zone
dynamics (filling and exhausting processes) (—)

GWM - parameter expressing capacity of the active
part of the ground water zone (mm)

BK - linear transformation parameter of base flow pro-
cess (days)

The modified Monteith-Penman method, as well as the

Priestley-Taylor method, or alternatively the Hamon
method were used for daily values of potential evapo-
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transpiration computation. The selection of one of
these methods depends on input data availability. The
model unit that computes actual interception and
throughfall is based on the simulation of irregular dis-
tribution of local interception capacities around their
mean value, WIC. These capacities oscillate between
zero (bare soil) and a multiple of WIC. To avoid an
abrupt threshold concept, a linear distribution around
the WIC-value was accepted.

For quantifying direct runoff recharge, the US Soil
Conservation Service (SCS) method based on curve num-
ber (CN) assessment was used. The standard procedure
for the initial CN value was accepted, and the daily stor-
ages of the active zone SS were computed by this proce-
dure. The recharge of active (root) and thus of all
unsaturated zones depends greatly on the previous soil
moisture content, and is controlled by the FC parameter.
The evaluation procedure is based on the assumption
that the distribution of local FC-values around their av-
erage is non-linear (parameters P1, P2, P7, ALPHA). Only
where FC has not yet been reached, the recharge can
replenish these zones (one by one) up to the FC-limiting
value. The one-dimensional Richards equation is used in
the finite difference form.
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Table 3. The WBCM-5 parameters

Parameter value Vieminka Dfevnice
Non-optimised POR (=) 0.45-0.50 0.44-0.48
FC (-) 0.40-0.42 0.40-0.43
DROT (mm) 300.0 300.0
CN (-) <62, 92> <68, 94>
WIC (mm) 2.0 2.2
ALPHA, P1, P2, P7 (-) 1.0, 0.1, 0.2, 0.7 1.0, 0.1, 0.2, 0.7
Optimised SMAX (mm) 582.0 600.0
GWM (mm) 1100.0 1000.0
BK (day) 8.5 10.0

The BK parameter values well correspond with those derived through catchment depletion curves analysis

2 )

()
in finite difference form:
’ -q. AE .
0., =6, + Qin-1 ~Din _ i ()
' ' Az Az
©)]

Gistn = K(e)m’—l [M-Fl)
o 3 e

where: @ - soil moisture content (=)
H — pressure head (m)
t —time (s)
z — depth of saturation (m)
K (©) — unsaturated hydraulic conductivity (m.s™)
q — inflow to soil layer (m.s™)
AE - actual evapotranspiration (m.s™')

Simultaneously, exhaustion from this zone by evapo-
transpiration was computed. In order to simulate this pro-
cedure, an approach was applied which takes into
account the proportion between actual and potential
evapotranspiration according to the soil moisture con-
tent and according to the particular physical properties
of the soil.

The saturated zone is filled with groundwater recharge
and depleted through base flow. This is simulated only
within the framework of short-term groundwater partici-
pation in the water balance. The Williams and La Seur

Table 4. Monthly water balance components in 1997 (in mm)

(1976) method was applied here. In cases where possible
control of model efficiency can be achieved either
through runoff or through groundwater table fluctua-
tions, automatic optimisation is applied. The SMAX,
GWM and BK parameters were optimised by minimising
the sum of least squared differences between the com-
puted and observed 10-day runoff depths on the experi-
mental gauged catchments.

Thus, the water balance equation controls the volumes
of the main components of the water balance:

SRAIN=AE + STF+(AWP+AWZ)=AE+STF+AW (4)

where: SRAIN - rainfall depth (mm)
STF — total runoff depth (mm)
AE - actual evapotranspiration (mm)
AWP - change in soil moisture content (mm)
AWZ - change in ground water storage (mm)
AW - change in subsurface storage (mm)

RESULTS AND DISCUSSION

For the V8eminka and Dfevnice catchments, the follow-

ing data were used:

- daily rainfall data from the SluSovice, Vizovice (Viemin-
ka) and Velikové (Dfevnice) stations

—.daily data on free water evaporation from the Vizovice
station

Rainfall Actual evapotranspiration Total runoff Changes in sub-surface storage
Month RAIN (mm) AE (mm) STF (mm) AW (mm)
J
Dtevnice Vieminka Dfevnice Vieminka Dfevnice Vieminka Dfievnice Vieminka
4. 48.9 44.1 39.3 39.2 26.3 16.8 -13.5 -12.0
S 118.4 144.3 91,5 915 37.4 54.9 -1.3 -2.1
6. 97.5 106.5 85.1 87.4 37.2 36.6 -32.0 -17.5
73 384.7 296.1 68.3 68.7 226.3 136.9 81.3 90.5
8. 102.9 51.1 85.7 84.2 49.5 13.7 -50.5 -46.8
9. 44.0 37.4 38.6 36.5 15.8 6.8 9.2 -5.9
10. 37.5 33.5 15.5 15.2 9.8 7.3 16.7 11.2
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Table 5. Seasonal water balance components in 1997

Date (1/4-31/10/1997; mm) Dievnice V3eminka

Rainfall depth RAIN 833.9 713.0
Total runoff depth STF 402.3 272.8
Direct runoff (incl. STF) SOF 227.8 79.3
Potential evapotranspiration PE 449.4 449.4
Actual evapotranspiration AE 424.1 422.9
Summary interception AIR 183.0 171.4
Change in soil moisture content AWP -91.7 -101.5
Change in groundwater storage AWZ 100.3 119.8
Change in subsurface storage AW 8.6 18.3
Water balance difference DIF -1.20 -1.0
Efficiency coefficient RE 0.96 (-) 0.96 (-)
Variation coefficient PE 0.05 (=) 0.04 (-)

— daily runoff data from the SluSovice (VSeminka) and
Ka3ava stations

— land use data, topographical and physiographical cha-
racteristics of the catchments

— hydrological and soil parameters from maps and soil
analysis: as to be seen in Table 3

—initial soil moisture contents at the beginning of growing
season (April 1) were assessed according to 30 days
antecedent precipitation (in March)

Reconstruction, parameter calibration

The model was implemented with data to simulate the
growing season from April 1 to October 31, 1997 in both
experimental catchments. The SMAX, GWM and BK pa-
rameters were optimised on this data. Tables 4 and 5 show
the main water balance components in their monthly and
seasonal values, respectively. Incoming and outgoing
balance components should be equal on both sides satis-

Dfevnice catchment
240 — -
220 - Legend #8 Rauiiall

= Ramll!
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fying eq. 4. Goodness of fit of measured and computed
decades (10 days), monthly and seasonal runoff values
according to two criteria, i.e. efficiency coefficient (RE)
and variation coefficient (PE) is very good. The values
RE =1.00, PE = 0.00 hold for the best goodness of fit.
Also the balance errors not exceeding 1.2 mm (Dfevnice)
and 1.0 mm (VSeminka) can be neglected. All significant
water balance components have been plotted on the sub-
tracting graph (Figure 3) where the lines were construct-
ed as follows: RAIN — AE — STF + AW. Formation and
propagation of direct runoff and, on the other hand, ap-
propriation of subsurface recharge are mostly influenced
by the following factors:
— intensity and duration of rainfall
— physiographic catchment characteristics
— land use and watershed management

As the first two factors cannot be changed, however,
changes in land use and watershed management have
been implemented in the form of hypothetical scenarios
simulating changes in land use.

Scenario simulation

From a possible spectrum of various scenarios, a simple
scenario A simulating both experimental catchments after
50% deforestation when the forest older than 40 years was
cut mainly on slopes steeper than 20%, has been chosen.
This significant change in land use reflects changes in
model parameters, in particular in DROT (depth of active
zone), CN (curve number), WIC (limiting value of intercep-
tion) and BK (parameter of depletion curve). Other param-
eters (including two optimised parameters SMAX and
GWM) remained unchanged. The existing (real) state was
represented by scenario 0. Table 6 gives the parameter
values in both scenarios implemented.

Altered parameter values in scenario A can be explained
as follows:

Vseminka catchment
240, TS - et 5 ]

Lageunt 8 Raniall = Kol |
220 - Evapouanspiration m AW

il W ] B s T B o] s ":‘"“."'

123485678 9101112131415161718192021 22
Decade

Figure 3. Water balance — catchments of Vieminka and Dfevnice 1997 (subtracted graphs)
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Table 6. Changes of the parameter values of the WBCM-5 model

Viliis ot sticdel Vieminka Dfevnice

parameters 0 A 0 A

SMAX 582 mm 582 mm 600 mm 600 mm

GWM 1100 mm 1100 mm 1000 mm 1000 mm

BK 8.5 days 7.0 days 10.0 days 8.0 days

DROT 600 mm 500 mm 600 mm 500 mm

CN (average) 72 (-) 76 (-) 70 (<) 75 (=)

wiC 2.0 mm 1.2 mm 2.2 mm 1.4 mm

Table 7. Scenario simulation of hydrological bal on the h V3eminka and Dfevnice in the growing period 1997 (1. 4.-31. 10.)

Vieminka

Dievnice

Water balance component (mm)

0 (existing) A (50% deforestation) 0 (existing) A (50% deforestation)

Rainfall depth RAIN 713.0 713.0 833.9 833.9
Total runoff depth STF 272.8 284.0 402.3 421.3
Direct runoff (including STF) SOF 79.3 96.6 227.5 307.5
Actual evapotranspiration AE 422.9 417.3 424.1 410.3
Summary interception AIR 171.4 105.6 183.0 112.2
Change in soil moisture content AWP -101.5 -109.0 -91.7 -97.3
Change in groundwater storage AWZ 119.8 120.7 100.3 100.8
Change in subsurface storage AW 18.3 11.7 8.6 3.5
Water balance difference DIF -1.0 -1.0 -1.2 -1.2
ol e ST SesrRaeeoE — Change of the DROT value corresponds with 50% defo-

(mm)
300 +

200 —

100
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Existing state Vieminka (scenario 0)
Existing state Dfevnice (scenario 0)
Scenario state Vieminka (scenario A)
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Figure 4. Comparison of the existing and scenario water balance
on the catchments of Vieminka and Dfevnice in the growing
season 1997
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restation when active zone becomes more shallow (root
zone decreasing) temporarily by about 15-20%.

— Similarly, the limiting value of maximum daily intercepti-
on capacity expressed in WIC is decreasing to 1.2 mm or
1.4 mm (Chow et al. 1988).

— CN and BK changes reflect land use changes according
to scenario A (U.S. SCS 1986; Chow et al. 1988).
Comparison of the scenario values of the most impor-

tant water balance components on both experimental

catchments is given in Table 7. Graphs in Figure 4 pro-

vide the illustration of scenarios 0 and A.

CONCLUSIONS

The data on hydrometeorological observations, soil,
land use and watershed management data have been rec-
ognised reliable enough and then spatially processed by
ARC/INFO on the catchments of VSeminka and Dfevnice.
Then, after the WBCM-5 model implementation on that
data, the scenario outputs (0 and A) were analysed.
Without overestimating the achieved results, the follow-
ing conclusions can be made:

Total runoff and, in particular, direct runoff are very
high on both catchments because of the significant rain-
falls in July 1997 (V8eminka STF = 272.8 mm, SOF =
79.3 mm; Dievnice STF=402.3 mm, SOF =227.5 mm).

265



Rainfalls on Dfevnice were even 90 mm (about 30%) high-
er than those on V8eminka. This 30% higher rainfall
caused the direct runoff 2.8 times higher than on VSemin-
ka. Therefore, in spite of the relatively greater percent-
age of forestation on Dfevnice (81.0% against 48.2% on
Vseminka) a conclusion can be made that a depth of rain-
fall and its intensity are more important factors than land
use in a flood consideration.

Scenario simulations of a land use considering rain-
fall-runoff processes when 50% of a former adult forest
had been cut, well reflect this situation. The summary
interception depth was 38% lower (on both catchments).
Direct runoff under such deforestation was 22-35%
higher, however, when active zones were fairly saturat-
ed, actual evapotranspiration did not change substantial-
ly much and similarly subsurface water storages were not
significantly lowered. Obviously the latter two process-
es were deeply influenced by surplus of rainfall water
which occurred in that flood year.

Changes in subsurface water storages due to defores-
tation, as described above, were not significant and they
remained positive (+ sign) even during the growing sea-
son when they usually reach negative values that time.
The water-abundant year of 1997 was the reason again.

In general, the WBCM-5 model is an adequate tool for
such a simulation in both real {0) and scenario (A) situa-
tions. Some model parameters (namely the optimised
SMAX, GWM and BK) will be further related to corre-

ABSTRAKT

sponding physiographical/geomorphological parameters
of the experimental catchments to achieve trends and
correspondence, which are supposed to be extrapolated
and utilised on ungauged catchments in the future.
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Srovnavaci studie hydrologické bilance experimentédlnich povodi Vieminky a D¥evnice

Prispévek poskytuje feSeni hydrologické bilance vegetatniho obdobi (duben—fijen) povodiiového roku 1997 na dvou malych
moravskych povodich Vieminky a Dfevnice, s riznou plochou zalesnéni (VSeminka 48 %, Dievnice 81 %). Uvadi vysled-
ky rekonstrukce tohoto obdobi modelem WBCM-5, pokud jde o hlavni slozky hydrologické bilance, a pfinasi informace
o objemech vody v nenasycené a nasycené zoné povodi a o interakcich mezi témito zonami. Dokazuje schopnost modelu
pomérné spolehlivé rekonstruovat srazko-odtokové rezimy. Dosazené vysledky ukézaly, Ze na povodi Dievnice, ackoliv
daleko vice zalesnéném nez povodi VSeminky, dosdhl celkovy odtok v ¢ervenci 1997 o 65 % vy3si hodnoty, i kdyZz byla
vyska Cervencovych srazek pouze o 30 % vétsi. Tento jev potvrzuje znamy piedpoklad, Ze vyska desté a jeho intenzita je
pro vznik povodiiovych situaci diilezit&j§i nez zmény vyuzivani pidy a hospodafeni na povodi. Dale pak pfispévek po-
skytuje vysledky simulace zmén téchto hydrologickych reziml zpisobenych zménami po 50% odlesnéni povodi. Tento
zasah byl simulovéan scénéafem, reflektujicim zmény parametri modelu a pfindSejicim zajimavé vysledky v odchylkéch cel-
kovych i piimych odtoku, intercepci a dotaci podpovrchovych vodnich zdsob obou experimentélnich povodi. Scénafova
podminka 50% odlesnéni poskytuje vysledky simulace pfimého odtoku o 22 az 35 % vyS$siho, souctové hodnoty intercep-
ce 0 28 % niZsi (na obou povodich) a dotace podpovrchovych vod sniZené jen nevyznamné, protoZe testovany povodiovy
rok 1997 byl srdzkové bohaty. Celkové se zdd, ze model WBCM-5 je vhodnym ndstrojem pro simulaci hydrologické bilan-
ce redlnych i scénafovych situaci.

Kli¢ova slova: model hydrologické bilance; scénafové simulace; srazko-odtokovy proces; intercepce; evapotranspirace;
vytvafeni povrchového odtoku; retence a akumulace odtoku
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Bypassing ratio and its measurement in macropore soils
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ABSTRACT

Bypassing ratio is defined as a ratio of the rate of macropore flow to the application rate which must be higher than the
infiltration rate into the soil matrix. Four methods were used to measure the bypassing ratio in four soils in the Danubian
Lowland: clay soil in Jurovd, loamy soil in Macov and Most near Bratislava, and loamy-sand soil in Kalinkovo. It was
found out that the bypassing ratio is high both at the soil surface and below the root zone during the whole vegetation
season. Taking into account the extensive measurements made by Siitor (1986), the mean infiltration rate into the soil matrix
was set to be 2 mm.hr™' for this region. As it was calculated by Fasko (Lichner et al. 1999) from 10-year-lasting observa-
tions, the rain with intensity higher than 2 mm.hr~' and duration more than 1 hr can appear 24-times in the average in the
south-western Slovakia during vegetation season. That rain in the combination with a high value of bypassing ratio can be

the cause of a drop of fertilization efficiency, as well as the shallow groundwater pollution in the Danubian Lowland.

Keywords: macropore flow; bypassing ratio; Danubian Lowland

Water applied to the soil surface at rates higher than the
infiltration rate into the soil matrix could pass rapidly down
the surface-vented macropores and disappear to the sub-
soil without bringing a benefit to roots of plants, and with-
out wetting and leaching the soil between macropores. The
above-mentioned rapid macropore flow is the cause of
a drop of irrigation and fertilization efficiency, as well as
an increase of the shallow groundwater vulnerability to
agrochemicals. At the same time, the matrix flow of water
occurs in the soil at the rates up to four orders of magni-
tude slower than the macropore flow (Beven and Germann
1982). A dichotomy of the real soil is a basis of two-domain
models of water flow and solute transport (Jarvis 1994).
Neglecting the effects of macropore flow can be the cause
of underestimation of the position of infiltration and redis-
tribution front with the models based on the Richards’
equation for a homogeneous soil (Stekauerova etal. 1999).

The bypassing ratio BR is defined as a ratio of the rate
at which water bypasses the soil matrix (i.e. the rate of
macropore flow) to the application rate (rain or irrigation
intensity) (Kneale and White 1984). It is a useful charac-
teristic of the rapid vertical movement of water and sol-
utes along macropores through an unsaturated soil
matrix. As it is a relative value, it can be used for a com-
parison of the effects of macropore flow in various soils,
depths, etc., and therefore, as an indicator of a drop of
irrigation and fertilization efficiency, as well as the shal-
low groundwater pollution (Lichner etal. 1999).

In this paper, four methods were used to measure the
bypassing ratio and its variation in various soils under
various crops during vegetation season. Combination of
those results with the probability of heavy rain (with the
intensity higher than the mean infiltration rate into the
soil matrix and duration more than 1 hr) was used to make
conclusions about the shallow groundwater vulnerabili-
ty from agrochemicals in the Danubian Lowland.

ROSTLINNA VYROBA, 47, 2001 (6): 267-270

MATERIAL AND METHODS

The Danubian Lowland is a large (1260 km?) agricultur-
ally utilized area, with shallow (0.5-3 m) underlying aqui-
fer containing about 10 km® of freshwater. In this region,
the bypassing ratio and its temporal variations were as-
sessed on light, medium heavy, and heavy soil in the
course of vegetation season. The light soil occurs in
Kalinkovo [loamy-sand soil, Eutric Fluvisol (FAO 1994)].
The medium heavy soil occurs in Macov and Most near
Bratislava [loamy soil, Calcari-mollic Fluvisol (FAO 1994)].
The heavy soil occurs in Jurové [clay soil, Calcari-mollic
Fluvisol (FAO 1994)]. Basic characteristics of the soils
under study were estimated by Fulajtar et al. (1998).

Four methods were used to measure the bypassing
ratio and its variation in various soils under various
crops during vegetation season. As the first method, the
laboratory method for bypassing ratio measurement de-
signed by Kneale and White (1984) was used. In this
method, presumption of no outflow from the soil matrix
serves to make the rate of outflow equal to the rate of
macropore flow.

As the second method, the way similar to that designed
by Watson and Luxmoore (1986) was used. The hydrau-
lic conductivity of the soil matrix K(—3 cm) at the tension
h =-3 cm was measured with the tension infiltrometer,
the saturated hydraulic conductivity of the soil K‘, was
measured with the double-ring infiltrometer (inner ring of
30-cm diameter and buffer ring of 55-cm diameter), and
the bypassing ratio was calculated by:

BR=[K ~K(-3 cm)J/K, 1)
As the third method, the way similar to that designed

by Wopereis et al. (1994) was used. In their design, shal-
low surface tillage (0-50 mm) was used to reduce the

267



macropore flow in a cracked clay soil. In our design, the
double-ring infiltrometer (inner ring of 30-cm diameter
and buffer ring of 55-cm diameter) was used to measure
both the steady flow through an undisturbed soil surface
[equal to the saturated hydraulic conductivity K (Sutor
1986)], and, after manual destroying the structural pores
near the soil surface in the inner ring, the steady flow
through the textural pores only (equal to the hydraulic
conductivity K ). Bypassing ratio BR  was calculated by:

BR,= (K- KK, @

The relative error Sﬁkofthe BR , measurement was cal-
culated by:

8,,= (BR,~ BR)/BR ©)

where the value BR was deemed to be the true value.

In the fourth' method, the leading edge of radioactive
tracer '*'I~ was formed below the area of maximum plant
uptake, and its displacement # was measured with the
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Figure 1. Variations of the bypassing ratio as measured in three
soils in the vegetation season 2000; the values of BR and BR, were
calculated using eqs. (1) and (2), respectively
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Geiger-Miiller detector. The bypassing ratio was calcu-
lated by:

BR=1 —hnl/l 4

where: / is the cumulative infiltration of water resulting
in the displacement / of the radioactive tracer leading
edge formed in the soil matrix, n,= © -0 isthe effective
porosity of the soil under study, ©_is the saturated water
content, and © _ is the residual water content of the soil
matrix (Lichner 1997, 1998).

RESULTS AND DISCUSSION

The bypassing ratio measurement with the first meth-
od was undertaken in the undisturbed loamy soil column
(20-cm diameter and approximately 35 cm long) sampled
in the untilled field covered with grass in Most near Bra-
tislava in September 2000. Water was applied at the soil
surface with the rain simulator composed of the water
applicator with 66 needles and a peristaltic pump. Out-
flow from the column began 33 minutes after starting the
irrigation (with an intensity of 2.8 cm.hr™), but it did not
reach a steady rate as it was observed in case of clay soil
columns (Kneale and White 1984; Van Stiphout et al.
1987; Wopereis et al. 1994). As a result, the bypassing
ratio increased from 4— 90% in the course of 2-hr lasting
measurement. It was concluded that the laboratory meth-
od for bypassing ratio measurement designed by Kneale
and White (1984) fails in the case of medium heavy and
light soils where the presumption of no outflow from the
soil matrix cannot be fulfilled.

In the vegetation season 2000, the bypassing ratio
measurements were undertaken in the soils under winter
wheat with the second and third measuring method. From
the results taken with the second method it was found
out that the bypassing ratio BR varied in the topsoil be-
tween 89.2-99.8% in Jurova, 53.6-98.2% in Macov, and
76.8-98.2% in Kalinkovo (Tables 1-3 and Figure 1). The
highest variations of BR were in the loamy soil iri Macov.
The values of BR were very high in the clay soil in Jurova
during the whole vegetation season due to enormously
high temperatures and low precipitation resulting in the
formation of desiccation cracks. The values K(-3 cm)> K|,
as measured in Kalinkovo on May 18 and September 20,
2000, cannot be explained by the authors. An impact of
the harvest (decrease of the BR-values in all the three
soils) and shallow ploughing (increase of the BR-values
in all the three soils) were in contrary to our anticipation.

As it can be seen in Tables 1-3, relative error §,, of the
BR  measurements was high in loamy and loamy-sand soil.
It should be noted that closing the ports of surface-vent-
ed macropores was most effective in the soil with a high
clay content (almost 60% of particles <0.01 mm was found
in the surface layer of the soil in Jurova, Table 4).

In 1993-1996 the bypassing ratio was measured in the
loamy soil in Most near Bratislava with the radioactive
tracer technique [together with the TDR-measurements
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Table 1. Hydraulic conductivity, bypassing ratio and relative error 8, as measured in the clay soil in Jurova

Date 3. 5. 2000 25. 5. 2000 11. 7. 2000 16. 8. 2000 19. 9. 2000
K(=3 cm) (m.s™) 9.03.10°¢ 1.47.10°¢ 1.83.10°6 3.17.10°¢ 1.42.10°¢
K, (ms™) 8.33.10°% 6.67.1074 1.67.10°% 2.22.107* 1.67.1074
K, (ms™) 3.13.10°¢ 3.71.10°% 2.32.10°% 1.67.10°5 1.23.10°3
BR (%) 89.2 99.8 98.9 98.6 99.1
BR, (%) 96.2 94.4 86 92.5 92.6
8z (%) 7.8 =54 -9.1 -6.2 -6.6
Table 2. Hydraulic conductivity, bypassing ratio and relative error 8., as measured in the loamy soil in Macov

Date 3.5. 2000 25. 5. 2000 11. 7. 2000 16. 8. 2000 19. 9. 2000
K(-3 em) (m.s™) 1.08.10°% 5.83.1077 1.19.10°¢ 3.22.10°¢ 1.50.10°¢
K (ms™) 2.33.10°° 1.67.1073 7.83.10°¢ 3.33.10°% 8.33.10°°
K, (ms™) 2.78.10°¢ 3.92.10-¢ 2.78.10°¢ 1.15.1073 2.22.10°%
BR (%) 53.6 96.5 84.8 90.3 98.2
BR, (%) 88.1 76.5 64.5 65.5 73.3
8pp (%) 39.2 -20.7 -23.9 -27.5 -25.4
Table 3. Hydraulic conductivity, bypassing ratio and relative error ., as measured in the loamy-sand soil in Kalinkovo

Date 18. 5. 2000 6. 6. 2000 13. 7. 2000 15. 8. 2000 20. 9. 2000
K(=3 cm) (m.s7!) 8.92.10°¢ 5.83.1077 1.16.1073 1.14.10°¢ 1.94.10-%
K, (ms™) 8.33.10°¢ 3.33.10°° 5.00.107% 2.33.10°% 4.17.10°¢
K, (ms™) 2.78.10°¢ 5.13.10°¢ 1.01.107% 9.01.10°¢ 2.78.10°¢
BR (%) - 98.2 76.8 95.1 -
BR, (%) 66.6 84.6 79.8 61.4 33.3
g (%) - -13.8 3.9 -35.4 -

of macropore flow in 1995 (Alaoui et al. 1997)]. It was
found out that the macropore flow was about 49% of the
total flow (BR = 0.49) as measured in the depth of z =48 cm
ina spring barley field in April-May 1993, BR=0.15 in the
depth of z =56 cm in a maize field in July 1995, BR=0.55 in
the depth of z = 78 cm in the grassland soil in August 1996.
It can be seen that the warm and rainless second half of
April 1993 (similar situation repeated in April 2000) result-
ed in the crack formation and as high macropore flow in
the barley field as in the untilled soil with well-developed
macropore systems.

The bypassing ratio measurement was repeated in the
same untilled field covered with grass in September 2000
using the third method. From the measurements of the
steady flow through an undisturbed soil surface and the
steady flow through the textural pores only in the depth

of z =40 cm with the double-ring infiltrometer techniques,
BR,=0.31 was estimated.

The surface-vented macropores can lead water and
solutes rapidly to the subsoil if the rain or irrigation in-
tensity is higher than the infiltration rate into the soil
matrix. Taking into account the extensive measurements
made by Sttor (1986) in the Danubian Lowland, the mean
infiltration rate into the soil matrix was set to be 2 mm.hr~!
for this region. As it was calculated by Fasko (Lichner et
al. 1999) from 10-year-lasting observations, the rain with
intensity higher than 2 mm.hr"! and duration more than
1 hr can appear 24-times in the average in the south-west-
ern Slovakia during vegetation season (April-October).
That rain can be the cause of rapid transport of surface-
applied agrochemicals down the macropores and shallow
groundwater pollution in the Danubian Lowland, and

Table 4. Textural composition of the surface layer (0.1-0.2 m) of soils in Jurova, Macov, and Kalinkovo (Fulajtar et al. 1998)

Sand (%) Silt (%) Clay (%)
Site
2 0.25 mm 0.25-0.05 mm 0.05-0.01 mm 0.01-0.001 mm < 0.001 mm < 0.01 mm
Jurova 1.54 11.35 27.84 37.32 21.92 59.27
Macov 0.86 36.14 28.84 19.94 14.22 34.16
Kalinkovo 6.04 55.77 22.48 10.22 5.49 15,71
269
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therefore, the subsurface fertilizer banding [e.g. with the
fertilizer applicator designed by Ressler et al. (1997)]
should be used in this region.

CONCLUSIONS

Bypassing ratio yields an information about the part of
rain or irrigation water which could pass rapidly down the
surface-vented macropores and disappear to the subsoil
without being of benefit to roots of plants, and without
wetting and leaching the soil between macropores. It can
serve as an indicator of a drop of irrigation and fertiliza-
tion efficiency, as well as the shallow groundwater pollu-
tion.
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Obtokovy podil je definovany jako podil rychlosti proudéni v makropérech a rychlosti infiltrace vody do pudy. PouzZili
jsme &tyfi metody méfeni obtokového podilu ve &tyfech pudéach v Podunajské nizing: v jilovité pidé v Jurové, v hlinité
pudé v Macové a v Mostu u Bratislavy a v hlinitopis¢ité pudé v Kalinkove. Zjistili jsme, Ze obtokovy podil byl vysoky jak
na povrchu pidy, tak i v podkofenové oblasti béhem celé vegetatni sezony. Z rozsahlych méfeni, kterd provad&l Sator (1986),
jsme stanovili stfedni hodnotu infiltragni rychlosti do pidni matrice pro tuto oblast, kterd je 2 mm.h~'. Fasko (Lichner et al.
1999) z desetiletych pozorovéni sraZek zjistil, Ze dé¥t’ s intenzitou vy33i nez 2 mm.h™' a trvanim del¥im neZ 1 h se v oblasti
jihozépadniho Slovenska vyskytne b&hem vegetalni sezony primérné 24krat. Tento dést’ ve spojeni s vysokou hodnotou
obtokového podilu muzZe zpusobit pokles u€innosti hnojeni a kontaminaci mélkych podzemnich vod agrochemikaliemi.

Kli¢ova slova: proudéni v makropérech; obtokovy podil; Podunajské niZina
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Influence of the seed-tuber size on yield and yield parameters
in potatoes

J. Divi§, J. Barta

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

ABSTRACT

In a potato-growing area above 400 m sea-level on a plot with the soil of brown type (loamy-sand soil) the impact of
tuber size (25-30, 30-55, 5575, 75-85 mm) on yields and yield elements was studied in the years 1996-1998. The
varieties Krasa (very early table potato) and Svatava (semi-early table potato) were chosen for thesc experiments. A high
impact of the particular year on the yield and yield elements was recorded in the described experiments. The differing
results can be attributed to the high rainfall in May. In comparison with the other years, the growth in rainfall amounted
to more than 300%. The tuber yield responded positively to the growing tuber size. The highest yields in both mentioned
varieties were achieved in the variant with the largest seed tubers. The increasing seed-tuber size resulted in the growing
percentage of emerged plants. Larger tubers were accompanied by the growth of the number of stems per plant. In both
varieties, a growing number of stems per plant as the result of the growing seed tuber size was recorded. The growing
size of tubers resulting in the decrease of average weight per tuber can be considered a trend. The recorded differences are
statistically not significant. The differences recorded in other studied features were statistically significant. The results
show that the growing size of seed tubers results in an increased yield security. Larger than standard seed tubers result in
the increased weight and costs for the necessary seed tubers. To respond to the tuber size of acknowledged seed-tubers
by double sorting. In larger seed tubers a larger seeding distance between tubers should be preferred and the number of

individuals per hectare within the recommended density for the given utility class should be reduced.

Keywords: potatoes; seed-tuber size; yield; yield elements

In order to use the yield potential of potato varieties, it
is necessary to apply healthy and size-selected seed-tu-
bers (Rybéagek 1988). In the sixties Votoupal (1964) stud-
ied size-selection and recommended to apply seed-tubers
ranging between 40 and 60 mm. These seed-tubers result-
ed in higher yields. Wiersema (1989) compared small
seed-tuber sizes with standard seed-tubers (40-60 g) and
found that standard seed-tubers gave a higher total yield
and yield rate of tubers exceeding 40 mm. Futkaradce
(1998) also states increased yield and yield rate values of
table tubers with a higher weight of seed-tubers. Cepl and
Vokal (1996) achieved a yield higher by almost 6 t.ha™
with seed-tubers between 40 and 50 mm as compared
with seed-tubers of 30 to 40 mm.

Kumar et al. (1991) state a significant increase in the
weight of leaves, stems and leaf area index with larger
seed-tubers as compared with the values achieved with
seed-tubers of 25 g and 50 g. On the other hand, the au-
thors recorded a higher tuber yield in seed-tubers of 25 g
in another experiment.

Yields were always greater from the mixed populations
of different seed sizes planted alternately than from the
means of uniform populations (Hide et al. 1997).

Zarzynska (1993), Kulik and Kosik (1993) found that the
growing seed-tuber size resulted in an increased number
of stems, tuber numbers and their weight per plant.

Larger seed-tubers are accompanied with a weight in-
crease of the required seed-tubers. Minx and Divi§ (1994)
considered the consumption of 3 t.ha™' economically ef-
ficient.

ROSTLINNA VYROBA, 47, 2001 (6): 271-275

MATERIAL AND METHODS

The experiment was carried out in the potato-growing
production region on 400 m above the sea-level. The soil
of the plot was cambisol with loamy-sand character. The
rainfall and temperature conditions and soil qualities are
stated in Tables 1 and 2.

In the experiment the acknowledged varieties Krasa
(very early table potato; grade of propagation C2) and
Svatava (medium early table potato; grade of propaga-
tion C2) with the following sizes were tested: )

variant A =25-30 mm

variant B=30-55 mm

variant C = 55-75 mm

variant D =75-85 mm

Each of the variants was repeated four times. The fertili-
zation scheme was the same for all variants: 120 kg N.ha™
(ammonium sulphate), 35 kg P.ha™' (superphosphate),
60 kg K.ha™! (potash salt). The crop density amounted to
45 thousand plants per ha (30 x 75 cm). The tuber planting
by hand was followed by full mechanical cultivation.

Late blight of potato treatment (five times), Colorado
beetle (one treatment). The calculation of yield per ha was
based on the harvest area of 9 m?. The number of emerged
plants and the number of stems per plant were counted in
30 plants. The tuber count per plant and the mean weight
per tuber were determined after harvest and repetitions.

The programme STATISTICA 6.0, dispersion variance
analysis and Tukey HSD test were applied for the pur-
poses of statistical evaluation.
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Table 1. Rainfall and temperature conditions

Year/Growing season

Average

1901-1950 1996 1997 1998
Rainfall (mm)
620/427 712.8/489.3 706.3/482.3 579.5/341.0
Average temperature (°C)
7.8/13.8 7.1/13.8 8.3/14.3 9.3/16.3
Table 2. Pedochemical conditions (Mehlich II)
P M C
Year pH/KCI K 8 %
mg.kg™!
1996 5.8 88.0 160.0 105.0 1.05
1997 6.3 78.0. 142.5 64.5 1.32
1998 6.2 81.0 170.0 94.0 1.07
RESULTS AND DISCUSSION

A high impact of the particular year on the yield and
yield elements was recorded in the described experi-
ments. The differing results can be attributed to the high
rainfall in May. In comparison with the other years, the
growth in rainfall amounted to more than 300%.

The dispersion variance analysis of the recorded val-
ues showed the impact of seed-tuber size on yield ele-
ments and tuber yields, with the exception of mean tuber
weight (Table 8). The growing size of seed-tubers in both
varieties resulted in increased tuber yields (Table 3).

Table 3. Tuber yield (t.ha™)

A more significant yield growth was recorded in the
medium early variety Svatava. The highest tuber yields
in both varieties were detected in the D variant, with
seed-tubes sizes exceeding 75 mm — Svatava 31.82 t.ha™!,
Krasa 28.39 t.ha™. The achieved tuber yield results cor-
respond with the data stated by Futkaradce (1988),
Wiersema (1989), Cepl and Vokal (1996) as well as with
the fact that the mentioned authors also recorded higher
yields in larger seed-tubers. The differences among the
individual tuber size variants were statistically signifi-
cant. Only the differences of the variants C and D were
statistically insignificant.

The number of emerged plants of both studied varieties
responded to seed-tuber sizes. The plant counts showed
negligible reduction — maximal reduction was in variant A.
When comparing the variant B (tuber size 30-55 mm =
100%) with other variants, a decrease by 2.9% was record-
ed in Krasa and by 1.1% in Svatava. In variants C and D
a higher number of emerged plants with a maximum in-
crease was found in Svatava 2.3%. Although the differ-
ences are very small, the differences (Tables 7 and 9)
between variant B and the other variants were statistically
significant, the significance level amounting to 99%. The
difference between variants C and D was statistically in-
significant. A statistical impact of year and variety on the
counts of emerged plants (Table 8) could not be proved.

Krasa variety showed a higher number of stems. In
both varieties small differences were recorded between
the variants A and B and the variants C and D (Table 4).
Solely the differences of variants C and D as compared
with variants A and B (Table 9) were of statistical signif-
icance. Larger tubers resulted in an increase of stem
counts per plant. Similar results were stated by Kulik and
Kosik (1993) and Zarzynska (1993).

Variety Krasa Svatava

p average average
Tuber size 1996 1997 1998 1996-1998 % 1996 1997 1998 1996-1998 %
A (< 30) 6.96 21.70 28.85 19.17 73.1 6.67 23.00 28.20 19.29 79.0
B (30-55) 11.48 29.89 37.28 26.22 100.0 13.59 26.26 33.43 24.43 100.0
C (55-75) 12.30 31.67 40.20 28.06 107.0 17.56 30.66 37.75 28.66 117.3
D (> 75) 15.11 32.04 38.03 28.39 108.3 22.59 33.78 39.08 31.82 130.2
Table 4. Number of emerged plants (per 30 seed-tubers)
Variety Krasa Svatava
= . average average
Tuber size 1996 1997 1998 1996_1998 % 1996 1997 1998 1996-1998 %
A (< 30) 28.00 28.75 28.25 28.33 97.1 28.50 28.75 28.50 28.58 98.8
B (30-55) 28.75 29.25 29.50 29.17 100.0 28.25 29.00 29.50 28.92 100.0
C (55-75) 29.25 29.25 29.50 29.33 100.5 29.75 29.25 29.25 29.42 101.7
D (> 75) 29.75 29.75 30.00 29.83 102.3 29.00 29.00 29.75 29.25 101.1
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Table 5. Number of stems per plant

Variety Krasa Svatava
. . average average
Tuber size 1996 1997 1998 1996—1998 % 1996 1997 1998 1996-1998 %
A (< 30) 6.75 2.50 5.50 4.92 100.0 7.00 2.25 4.75 4.67 116.8
B (30-55) 4.00 5.00 5.75 4.92 100.0 3.75 3.25 5.00 4.00 100.0
C (55-75) 5.00 7.00 6.75 6.25 127.0 4.50 5.00 575 5.08 127.0
D (> 75) 5.75 7.50 6.75 6.67 135.6 5.75 6.00 5:75 5.83 145.8
Table 6. Average weight per 1 tuber (g)
Variety Krasa Svatava

R average average
Tuber size 1996 1997 1998 1996-1998 % 1996 1997 1998 1996-1998 %
A (< 30) 51:5 98.4 92.7 80.9 96.1 40.2 87.8 92.9 73.6 100.5
B (30-55) 54.5 99.0 99.2 84.2 100.0 46.8 80.3 92.6 73.2 100.0
C (55-75) 57.6 87.5 92.6 79.2 94.1 49.1 67.6 85.8 67.5 92.2
D (> 75) 61.9 93.1 91.7 82.2 97.6 50.1 70.5 87.3 69.3 94.7

Svatava variety showed a higher tuber number per
plant in comparison with Krasa variety. This corresponds
with the characteristics of the said varieties and their
vegetation lengths. In both varieties a growth of tuber
numbers per plant as a result of increasing tuber sizes
was recorded. D variant in Krasa variety represented the
only exception here, a decrease of tuber number per plant
in comparison with C variant was detected. This yield
element showed the most relevant differences among

Table 7. Number of tubers per plant

variants, highest values were recorded in Svatava. The
variety with a longer vegetation period (Svatava) re-
sponded to the growing seed-tuber size by a higher num-
ber of tubers per plant as compared with the variety with
a shorter vegetation period (Krasa). The maximum
growth of tuber number per plant between A variant and
D variant in Svatava amounted to 5.58 pieces and in Kra-
sato 2.41 pieces (Table 6). Kulik and Kosik (1993) and
Zarzynska (1993) stated similar results.

Variety Krasa Svatava

. average average
Tuber size 1996 1997 1998 1996_1008 % 1996 1997 1998 1996-1998 %
A(< 30) 3.00 5.00 5.25 4.42 71.6 4.00 6.25 6.25 5.50 73.3
B (30-55) 4.75 7.00 6.75 6.17 100.0 7.00 7.50 8.00 7.50 100.0
C (55-75) 5.00 8.50 8.75 7.42 120.3 8.00 10.50 11.00 9.83 131.1
D (> 75) 5.50 7.75 7.25 6.83 110.7 10.75 11.25 11.25 11.08 147.7
Table 8. Analysis of variance
Factor df F-ratio Number of
(interaction) per plant tuber yield number of tubers tuber weight number emerged plants

per plant of stems  (per 30 seed-tubers)

1 2 4093.77" 43.41" 15102.41°° 7.03" 1.14
2 1 8.30 123.76™" 2755.26"" 14.26" 0.38
3 3 547.55" 81.59" 126.33 15.40** 5.49""
1 %2 2 58.16" 2.39 370.94™ 3.51° 0.09
1x3 6 6.98 2.20 254.63" 15.67"° 0.75
2x3 3 27.81 12.45" 36.94 0.90 0.82
1x2x3 6 8.46 0.45 23.53 0.32 0.20
1 = year, 2 = variety, 3 = seed-tuber size; * p = 0.05, ** p = 0.01
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Table 9. Tukey HSD test

Variant A B C D
Tuber yield

A * ¥ * % * %
B * % * *¥
C *%x * NS
D * ¥ * % NS

Number of tubers per plant
A * ¥ * ¥ * %
B * ok * % * %
C * % * % NS
D * % * ¥ NS

Tuber weight

A NS NS NS
B NS NS NS
€ NS NS NS
D NS NS NS

Number of stems per plant
A NS * ¥ * %
B NS * % * ¥
C * % * % NS
D * % * ¥ NS

Number of emerged plants
A NS * * ¥
B NS NS NS
C * NS NS
D *3 NS NS

* p-level 0.05, ** p-level 0.01, NS - no significant differences

As opposed to the findings of Zarzynska (1993), the
seed-tuber size did not respond relevantly by the chang-
ing weight of a single tuber. The recorded differences
were negligible and statistically insignificant (Table 9).
Svatava showed a lower weight per tuber as compared
with Krasa, which can be assigned to the higher tuber
count per plant. In the very early variety Krasa the weight
increase per tuber amounts up to 12.9 g in D variant as
compared with the medium early variety Svatava (Table 5).

In both varieties differing in the vegetation period
length, the growing tuber size resulted in an increased
number of stems and tubers per plant. The increased

ABSTRAKT

number of tubers per plant was accompanied by a de-
creased average weight per tuber.

Double sorting in an acknowledged seed potato vari-
ety makes it possible to respect the tuber size in the
seeding process. In larger seed tubers a larger seeding
distance between tubers should be preferred and the
number of individuals per hectare within the recom-
mended density for the given utility class should be
reduced.

This experiment was carried out at the Faculty of Agri-
culture of the University of South Bohemia in Ceské
Budgjovice as a part of the research project MS CR:
CEZ.J06/98 12200002/2.
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Vliv velikosti sadbovych hliz na vynos a vynosové prvky u brambor

V bramboréiské zemédélské vyrobni oblasti ve 400 m n. m. na pozemku s pudou typové hnédou (pidni druh hlinitopis¢i-
ty) byl v letech 1996 az 1998 ovéfovan vliv velikosti sadby (25-30, 30-55, 55-75, 75-85 mm) na vynos a vynosové prv-
ky. Byly vybrany odridy Krasa (konzumni, velmi rand) a Svatava (konzumni, polorana). Byl zaznamenéan vysoky ro¢nikovy
vliv na vynos a vynosové prvky, pouze roénik 1996 se odliSoval, coz lze vysvétlit vysokymi srazkami v kvétnu. Ve srov-
nani s ostatnimi roky byl dosaZen vice neZ 300% nartst. Vynos hliz byl pozitivné ovlivnén zvy3ujici se velikosti hliz,
nejvy3siho vynosu u obou odriid bylo dosaZeno u varianty s nejvét§imi sadbovymi hlizami. S narustajici velikosti sadby se
zvySovalo procento vzeSlych rostlin, vE&tSi hlizy pfinesly nérist po&tu stonkl na jednu rostlinu. U obou odrid byl zjistén
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zvy3ujici se po&et hliz na jednu rostlinu s narustajici velikosti sadby. Velikost sadbovych hliz neovlivnila primé&rnou hmot-
nost jedné hlizy. S narustajici velikosti hliz dochdzi k poklesu primérné hmotnosti jedné hlizy; vzniklé rozdily byly statis-
ticky neprukazné. U ostatnich sledovanych znakd byly vzniklé rozdily statisticky prikazné. Z vysledkd vyplyva, Ze
s narustajici velikosti sadbovych hliz se zvy3uje vynosova jistota. Nadsadbové hlizy vyrazn& zvy3uji naklady na potfeb-
nou sadbu. PoZadavek na velikost hliz Ize u uznané sadby splnit dvojim tfidénim: u vé&t3ich sadbovych hliz volit pfi vysad-
bé vétsi vzdélenost a sniZit podet jedinct na 1 ha v ramei doporugené hustoty pro jednotlivé uZitkové sméry.

Kli¢ova slova: brambory; velikost sadbovych hliz; vynos; vynosové prvky
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The influence of substitution of wheat flour by amaranth flour
on fermentative gas production and quality of bread

A. Burisovi, L. Dodok, S. Skrovankovi, D. Serulova

Faculty of Chemical Technology, Slovak Technical University in Bratislava, Slovak Republic

ABSTRACT

The importance of substitution of wheat flour by amaranth flour (10, 15 and 20% w/w) on fermentative gas (CO,) pro-
duction and on quality of bread (specific product volume and sensory quality) was determined. Substitution of 10% and
15% (w/w) wheat flour by amaranth flour has a positive effect on dough quality (increased binding of flour, better dough
processing), the amount of produced CO, (increased), porosity of bread-inside (more regular with softer pores) and nutri-
tive value of products increased as well. A considerable decreased content of gluten and a negative effect on dough quality
(adhesiveness) and bread (very low specific volume, considerable amaranth flavour) for 20% (w/w) substitution of wheat

flour by amaranth flour was determined.

Keywords: amaranth; substitution; flour; fermentative gas; bakery products

There is a very propagative trend of the rational nour-
ishment these days and it is one of the reasons to mix in
different cereal and pseudocereal flours to the classic
wheat flour products. So amaranth flour increases the nu-
tritive value of products because of the protein content in
amaranth flour (14.5-17.8%), higher fibre value and more-
over, because of the higher value of sulfuric amino acids
(Sanchez-Marroquin et al. 1985; Briimmer and Morgen-
stern 1992; Chaturvedi et al. 1993; Magomedov 1998). The
main reason for mixture of amaranth flour to the wheat flour
products is nearly three-time higher content of an essen-
tial amino acid — lysine in amaranth flour than in wheat
flours (Becker et al. 1981; Betschart et al. 1981; Dodok and
Halasové 1997; Bejosano and Corke 1998).

Amaranth is an old cultivated crop and belongs to the
oldest cereals cultivated by people as it has been proved
by the excavations in South America, Nepal and India
(Williams and Brenner 1995; Lehman 1996). This crop has
been used only recently in Slovakia (research field of
AF SPU Nitra or VURV Piest'any). Amaranth has a great
potential to be a food and fodder plant because of its high
rate growth characteristic for C4 photosynthesis type
plants and because of ability to grow in the regions where
temperate zone plants are not very successful.

By evaluation of the amaranth seed we can say that the
seeds are very small (I mm in diameter) with specific
morphological structure (Betschart et al. 1981). Seeds
comprise a single-layered coat with no apparent cellular
structure, adjacent to the perisperm and two cell layers
adjacent to the embryo (Williams and Brenner 1995).

Amaranth flour does not contain gluten (suitable for
people with celiakie sprue disease), has spicy and slight-
ly pungent flavour and beige colour (JaroSovéa 1995).
The seed is utilized not only for production of bread and
bakery products, but also for pancakes, gruels and gran-
ish, too.
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MATERIAL AND METHODS

Bread wheat flour (BW), special wheat bakery flour
(SWB) (Mlyn a pekareii Jedl'a, Bratislava, SK), amaranth
grain — genotype K 343 from 1997 (AF SPU Nitra, SK).
The whole-grain flour was obtained by grinding of the
amaranth seeds in the laboratory mill (LMIM QC 109
Hungary). Raw materials used for bread dough prepara-
tion: bakery yeast (Fala, French), saccharose for food
use, NaCl for food use, Diasta, margarine Palmarin (Pal-
ma Tumys, Bratislava, SK).

Methods according to standards for determination of
flour properties were used: determination of flour mois-
ture (STN 56 0512-7), determination of gluten and its
quality (STN 56-0512).

Nitrogen was determined by the Kjeldahl micromethod
(Davidek et al. 1981).

Dough preparation: 0.3 kg of flour, 1.7% NaCl, 1.5% sac-
charose, 1% margarine, 4% yeast, water (according to
binding of flour). Wheat flour was substituted by ama-
ranth flour for 10, 15 and 20% w/w. Farinograph was used
for dough mixing with dough consistence of 600 BU (Bra-
bender unit).

The measurement of an increase of CO, amount was
run using Fermentometer SJA (Harberg system) and Fer-
mentograph (Brabender).

Bakery experiment

Dough preparation for baking: kneaded dough was left
to mature at 30°C for 45 min and again slightly kneaded
and devided into six pieces, 0.07 kg each. These samples
were shaped and left to ferment for a period determined
by maturographical test. Then they were baked at 230°C
in the laboratory oven warmed for 13—15 min.
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Table 1. Average amounts of dry matter and gluten qualities in wheat and mixed flours

Sample Dry matter Wet.glulen Dry_gluten Elas!ic.it.y/ Imbition

(%) (% in d.m.) (% in d.m.) Tensibility (cm?)
SWB 87.0 31.6 11.8 173 23.0-c
SWB + 10% subst. 87.4 28.0 10.1 173 24.5-c
SWB + 15% subst. 87.6 26.8 9.1 1/3 19.2-¢
SWB + 20% subst. 87.8 25.1 8.9 112 15.0-c
BW 87.8 35.6 13.3 173 10.0-m
BW + 10% subst. 88.1 28.9 11.5 1/3 10.5-m
BW + 15% subst. 88.3 26.6 10.3 1/2 11.0-m
BW + 20% subst. 88.5 243 9.2 172 11.3-m
Amaranth 91.2 - - - -

number of measurement n = 2, ¢ = limpid solution, m = soft opaque solution
number of elasticity 1 = very elastic gluten, number of tensibility 2 = less tensible gluten, number of tensibility 3 = medium tensible

gluten

RESULTS AND DISCUSSION

Standard flour analyses (moisture, wet gluten content
and gluten properties) of special wheat bakery flour
(SWB), bread wheat flour (BW) and mixed flour (wheat
flour substituted by amaranth flour: 10, 15 and 20% w/w)
were done. These results are shown in Table 1. Wet glu-
ten content in mixed flour, especially in flour with the
higher substitution (20%), decreased not only because
of high substitution by amaranth flour (no gluten) but
also of higher dough friability due to covering particles
present in amaranth flour. And some gluten properties

(elasticity, tensibility and imbition) with increasing sub-
stitution by amaranth flour are deteriorated too.
Amount of total nitrogen in wheat and mixed flours
and their products was determined by Kjeldahl method.
Results are shown in Figure 1. From these results it is
obvious that by increase of amaranth flour substitution
nitrogen amount increases in mixed flours and in prod-
ucts as well. It is probably due to the fact that amaranth
flour contains 2.66 + 0.02% of total nitrogen, what is
16.63% protein (N x 6.25), SWB only 2.12 + 0.04%
(12.08% protein, N x 5.7)and BW 2.13 + 0.03% (12.14%
protein, N x 5.7). These results are corresponding with

@ before baking (I after baking

S \@\g" \‘;.\e '\'s\:’ ¥ \s\a s > '\,S\; 6‘@
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Figure 1. Comparison of total nitrogen content in bread before and after baking (% in d.m.)
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Figure 2. Determination of gas volume on both apparatuses
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Table 2. Dough volume measured on SJA

SWB SWB + SWB +
10% subst. 15% subst.

SWB + BW BW + BW + BW +
20% subst. 10% subst. 15% subst.  20% subst.

Dough volume
(dm? after 2h) x 1072 495 + 7.9 358 = 4.03 346 + 8.06

330+ 9.64 309 £ 861 275 +9.67 262=403 246 + 6.56

S, (%) 1.01 0.71 1.47 1.85 1.76 222 0.97 1.69

S, — relative standard error, number of measurement n = 4

Table 3. Evaluation of bakery experiment

Sample SWB SWB + SWB + SWB + BW BW + BW + BW +
10% subst. ~ 15% subst.  20% subst. 10% subst.  15% subst.  20% subst.

Binding of flour (%) 48.8 49.5 50.0 51.4 54.8 5§53 55.7 56.5

Specific volume

(cm?/100 g bread) 250 = 10 204 = 12 199 = 20 192 + 21 178 + 8 169 = 13 165+ 8 161 = 7

S, (%) 3.7 5.6 9.4 10.2 4.3 7.3 4.6 4.0

number of measurement for binding of flour n = 2, § - relative standard error for specific volume, number of measurement for specific

volume n =6

other authors’ data (Betschart et al. 1981; Briimmer and
Morgenstern 1992; Valle et al. 1993; H6zova et al. 1996),
where the addition of amaranth flour into products from
wheat and other cereal flours has increased their nutri-
tive value.

The results of observation of the amaranth flour influ-
ence on development fermentative gas amount are shown
in Figure 2. An increase of fermentative gas (CO,) amount
with increasing substitution by amaranth flour for both
types of flour and both apparatus is seen. These results
were verified by measurement on both apparatus (Fer-
mentograph and Fermentometer). Higher percentage in-
crease of developed CO, was detected at SWB than at
BW. Based on our results supported by studies of Briim-
mer and Morgenstern (1992), Haber et al. (1994), Karpilen-
ko et al. (1994), we concluded that addition of amaranth
flour has a positive effect on fermentative processes in

Table 4. Sensory evaluation of breads

dough. It may be caused by higher content of ferment-
able saccharides (glucose, fructose, maltose and saccha-
rose) in the amaranth grain (Williams and Brenner 1995;
Hozova et al. 1996; Haber et al. 1994). An effect of some
enzymes, such as amylolytical enzymes, has not been
proved yet.

Dough volume was measured on Fermentometer SJA.
The measured data of dough volume are shown in Table 2.
Dough volume of both flours (SWB, BW) with increas-
ing substitution by amaranth flour decreases, what is
probably due to the lower gluten content and its de-
creased ability to retain fermentative gas in dough. As
the gluten content has decreased, sufficiently strong
gluten net cannot be produced. For explanation of lower
dough volume in more substituted flours (increased CO,
production) can be considered a disruption of gluten net
and so a leakage of gas.

SEHpIS SWB ) SWB + SWB + SWB + BW BW + BW + BW +
10% subst. 15% subst. 20% subst. 10% subst. 15% subst. 20% subst.
Product form camber 4 3 3 2 3 3 2 2
regular 3 4 4 4 4 4 4 4
Crust colour 4 ° 4 3 3 4 3 3 3
hardness 4 4 4 4 4 4 4 4
Crust/Inside aroma 4 4 3 3 4 4 3 3
flavour 4 4 3 2 4 4 3 2
Inside elasticity 4 4 4 4 4 3 3 3
porosity 3 4 4 3 3 4 3 3
colour 4 4 3 3 4 4 3 3
hardness 4 3 3 3 4 4 4 4
adhesion 4 3 3 2 3 4 3 2
Points together 42 4] 37 33 41 40 35 33
4 = excellent, 3 = very good, 2 = good, | = acceptable, 0 = unfit
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At the end of the study a bakery experiment was made
to give the most complex results of the amaranth flour
effect on CO, trapping and final quality of bakery prod-
ucts. Results of this experiment are shown in Table 3. The
specific volume values of breads have decreased with
increasing substitution by amaranth flour (it corresponds
with the results of dough volume in Table 2). It is proba-
bly caused by decreased gluten content and by its lower
ability to retain gas and water steam. All baked products
made from SWB had higher specific volume than all
BW products, what is connected with the results of
dough volume measured on SJA. The content of wet glu-
ten at BW flour was high enough but its quality, espe-
cially number of imbition, was significantly lower than for
SWB flour. Binding of flour is very important for techno-
logical aspects (Table 3). With increasing substitution by
amaranth flour binding of flour has increased, what is
a very positive bakery aspect (more products) but with
20% substitution the dough has been more adhesive.

The sensory quality of products (Table 4, twelve qual-
ity values for each product) has slowly decreased with
increasing substitution by amaranth flour. There was
a change to worse quality of flavour (stronger amaranth
flavour), colour of crust and inside (very deep) and cam-
ber (has lowered) and adhesiveness to palate (slightly
increased) in the products with higher substitution (20%)
by amaranth flour. Improved porosity of bread inside
(more regular with softer pores) was determined for prod-
ucts of 10% and 15% (w/w) substitution of wheat flour
by amaranth flour.
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Vliv substituce pSeni¢né mouky amarantovou moukou na tvorbu kvasného plynu a jakost chleba

Byl sledovén vliv ndhrady &asti pSeni¢né mouky moukou amarantovou, v poméru 10, 15 a 20 %, pfedevdim na produkci
kvasného plynu (CO,) a na kvalitu hotovych vyrobki — chlebu (specificky objem vyrobku a senzorickou kvalitu). Z vy-
sledkti vyplyva, Ze 10% a 15% néhrada amarantovou moukou ma pozitivni i¢inek na kvalitu t&sta (zvysila se vaznost mouky,
zlepdila se zpracovatelnost tésta), mnoZstvi vyprodukovaného CO, (zvySeni), pérovitost stfidky chleba (pravideln&j3i
a jemné&j8i péry) a zvysila se také nutriéni hodnota produktt (obsah bilkovin). U 20% néhrady amarantovou moukou
se vyrazné& sniZil obsah lepku a tato hodnota substituce ma negativni i¢inek i na kvalitu t&sta (lepivé) a hotovych vyrobku
(velmi maly specificky objem vyrobku, vyrazné chut’ i viiné po amarantu).

Kli¢ova slova: amarant; substituce; mouka; kvasny plyn; chleba
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Simulated and observed sugar beet and spring wheat yields
and yield variability in a long-term field experiment
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ABSTRACT

Potential and water-limited yields of sugar beet and spring wheat in the period 1964-1993 were simulated with the
WOFOST 6.0 crop growth model. Three different available water contents in the upper 100 cm of the soil at emergence,
20, 15 and 10 cm (20 WAC, 15 WAC and 10 WAC, resp.) were simulated. Outputs of the model were compared with
observed yields from a long-term field trial at Prague-Ruzyn&, Czech Republic. The experiment was conducted in one
field so each of the experimental crops was grown every other year. There were four fertilizer treatments, nil, organic,
inorganic and a combination of the last two. Our study aimed to estimate the difference between simulated yields only
limited by climatic factors and observed yields in the intensive two-crop rotation and to estimate yield variability. For
the 15 years when beet was grown, the mean potential, water-limited (at 15 WAC) and actual yields (averaged over the
four treatments) were 15.2, 12.3 and 10.9 t.ha™, resp. The equivalent figures for wheat were 8.3, 7.9 and 4.0 t.ha™'. The
inter-season variability of simulated water-limited beet yields reached 20-38% (the increase being due to decrease of
WAC) and 22-34% in observed yields with higher values in nil treatment. The observed variability in wheat ranged from
16— 21% in fertilized and nil treatments, while the variability of simulated yields ranged between 4-17%. The correlation
between observed (fertilized treatments) and simulated water limited yields was better in sugar beet (» = 0.60-0.75) than
in wheat (r = 0.27-0.44). There was no correlation between potential and observed yields in both crops. The analysis of

residuals showed possible ways for improvement of simulation results.

Keywords: WOFOST model; potential yield; water-limited; variability; spring wheat; sugar beet

Crop models are used as a tool for answering questions
in research, crop management and policy. Crop modelling
has been used for estimating the extent of yield limita-
tion by weather and non-weather related factors by com-
paring potential crop yields with the actual yield in a field
(e.g. Aggarwal and Kalra 1994). The potential yields are
calculated assuming an optimal supply of nutrients,
pest-, disease- and weed free conditions, for either water-
limited or non-limited conditions. Yield predictions and
inter-annual yield variability reflecting fluctuations of
weather conditions are of interest to government agencies,
commodity firms and producers (Koning and Diepen 1992;
Chipanshi et al. 1997; Supit 1997).

We used the WOFOST 6.0 crop simulation model (Hij-
mans et al. 1994; Supit et al. 1994) to quantify the yield
gap between actual yields of sugar beet and spring wheat
in a two-year crop rotation and simulated potential and
water-limited yields. The inter-seasonal variability of
observed and simulated yields was compared.

MATERIALS AND METHODS
Field experiment
A long-term field experiment was established in 1964

at the Research Institute of Crop Production in Prague-
Ruzyné& (50°05° N, 14°20’ E) in Czech Republic to study

280

the long term changes of soil organic matter and total N
(Klir 1995). A fixed two-year crop rotation of sugar beet —
spring wheat was used from 1964 to 1993. The experi-
ment was conducted in one field so each of the experi-
mental crops was grown every other year. Wheat years
were the odd ones (1967, 1969 ... 1993), sugar beet years
were the even ones (1964, 1966 ... 1992). Throughout
the experiment the same doses of inorganic and organic
fertilizers were applied in four basic treatments: without
fertilization (nil), only inorganic fertilizers (NPK), organ-
ic fertilization (FYM), and a combination of the previ-
ous treatments (NPK + FYM). The yields analysed here
represent the average yields of subtreatments (differ-
ent rates of phosphorus and potassium) of the four
basic treatments. The actual observed yields were ex-
pressed as a dry matter (assuming that sugar beet has
23% dry matter, wheat grain 85%).

The soil is Orthic Luvisol, elevation 340 m a.s.l. The
ground water level is about 20 m below the field surface,
the upper 30 cm contains 27% clay, increasing to 40% in
the 3040 cm layer and to 49% in the 40—50 cm layer. The
soil pH was about 6.5. Precipitation per year is 464 mm
and temperature 8.0°C (long-term averages). Meteorolog-
ical data from 1961-1993 are shown in Figure 1.

Cultivars of spring wheat in the experiment were: Zlat-
ka (1967-1979), Mephisto (1981), Jara (1983), Sandra
(1985-1993). Sugar beet: Dobrovicka N (1964 and 1966),
Dobrovicka A (1968-1988), Semona (1990 and 1992).
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Figure 1. The average data on temperature, radiation and sum of precipitation for the growing period from May to September (sugar beet),
from April to July (spring wheat) and inter-seasonal precipitation (November to March or April) in the years 1961-1993

Simulations

WOFOST 6.0, acronym for World Food Studies, is
a generic crop growth model (Diepen et al. 1989; Hijmans
etal. 1994; Supit et al. 1994). The suppliers of WOFOST
6.0 is Alterra in Wageningen, the Netherlands. WOFOST
is a process-based model that simulates the potential and
water-limited production of crops determined by crop
species, soil type, hydrologic conditions and weather
during the growing season. Potential yields indicate the
production ceiling for farming non-limited by water, nu-
trients or other abiotic and biotic stresses. Crop growth
and soil water balance are described with a time resolu-
tion of one day in the model.

We used sugar beet parameters supplied with
WOFOST without changes. As the version of WOFOST
model does not include a spring wheat crop data file, we
constructed it by modifying winter wheat crop data in-
put parameters with use of spring wheat parameters giv-
en in the literature (Laar et al. 1997 and others). The sums
of effective temperatures were slightly modified accord-
ing to experimental data of spring wheat grown in a near-
by field trial in 1982—-1985 (not shown). Time series of
monthly mean values for minimum and maximum temper-
ature, sunshine hours, wind speed and humidity, as well
as daily precipitation data were available for the period
1961-1993 from the meteorological station three km from
field site (Figure 1). We specified water available capac-
ity (WAC = actual water content minus water content at
wilting point) at emergence equal to 20, 15 and 10 cm water
in 100 cm of'soil profile (treatments 20 WAC, 15 WAC, and
10 WAC, resp.). In beet, water supply in spring estimated
from inter-season precipitation (October—April) was used
for the simulation as well. The amount of water supplied
during the growth by precipitation was left unchanged,
i.e. as observed.

We simulated potential and water-limited yields of
spring wheat grain and sugar beet in the period 1964-1993.
We performed simulations for both crops using the actu-
al date of sowing. For sugar beet the final day of simula-
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tion was determined as the day of beet harvest, while for
spring wheat the final day was determined as the simu-
lated date of maturity. From the national agriculture sta-
tistics (Svec 1998) a time series of average crop yields for
wheat and sugar beet were abstracted for the experimen-
tal period. The linear trends of observed, simulated and
national yields were calculated. Besides statistical nation-
al yields, detrended yields were recalculated assuming
there was no increasing yield trend during the period,
were used.

RESULTS
Sugar beet

Simulated and observed beet yields are shown in Ta-
ble 1. The observed yields in nil and NPK + FYM ftreat-
ments were on average of years 43 and 72% of potential
simulated yields, resp., and 53 and 89% of water-limited
(at 15 WAC) ones, resp. There were negative linear trends
in the observed yields per year of 166 kg.ha™' and
83 kg.ha™! in nil and NPK + FYM treatments, resp. Aver-
age simulated potential beet yields were 15.2 t.ha™. The
water limited simulated (15 WAC) yields were reduced to
81% of the potential ones. The variability (as coefficient
of variability) of the observed yields (21.8-34.2%) was
similar to the simulated water-limited ones, but twice of
the potential non-limited yields (12.9%) (Table 1).

The positive correlation between observed yields and
simulated water limited yields was in range of » = 0.41-0.59
and r = 0.60-0.75 in nil and fertilized treatments, resp.
(Table 2, Figure 2). Potential yields were not correlated
with the observed yields. The residuals after regression
of the observed on simulated beet yields showed a posi-
tive relation to the sum of precipitation during May—Sep-
tember (» = 0.66) (Figure 3). Observed yields (fertilized
treatments) were positively correlated with the sum of
precipitation during May-September (Figure 4). When
yields were simulated with water supply at emergence
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Table 1. The summary of average simulated, observed and national sugar beet and spring wheat yields (t.ha™') and their variability
(CV = coefficient of variation); nil, organic (FYM), inorganic (NPK) and combination of organic and inorganic fertilization treatments

(NPK + FYM)

Ruzyne 1964-1992 Potential Water-limited
Period

nil FYM NPK NPK + FYM 20 WAC 15 WAC 10 WAC

beet-observed beet-simulated
In beet years (1964, 1966, 1968 ... 1992) (n = 15)
Average yield 6.6 93 9.4 10.9 15.2 13.3 12.3 10.4
CV (%) 342 245 27.6 21.8 12.9 19.6 26.5 37.6
National yields in beet years
Average yield 8.0
CV (%) 12.6

wheat-observed wheat-simulated
In wheat years (1967, 1969, 1971 ... 1993) (n = 14)
Average yield 2.5 3.2 3.9 4.0 8.3 8.2 7.9 6.8
CV (%) 15.9 17.9 21.4 212 4.4 5.1 7.3 16.9
National yields in wheat years
Average yield 3.0
CV (%) 12.6

estimated from the between-seasonal precipitation (Oc-
tober—April), the agreement between the observed and
simulated yields slightly improved (» = 0.80) (Table 2).

Spring wheat

Wheat grain yields are shown in Table 1. There were
negative linear trends of 6 kg.ha™' and a positive one of
31 kg.ha™' per year, resp., in observed nil and NPK + FYM
treatment yields. Average simulated potential yields were
8.3 tha™'. Water limited simulated yields at20 WAC equalled
the potential ones, and they were only by 0.4 t.ha™' lower

than the potential ones at 15 cm of initial water supply
(15 WAC). The observed yields in NPK + FYM and nil
treatments reached on average of years 51 and 32% of sim-
ulated yields (at 15 WAC), resp. (Table 1). The variability
of observed yields (15.9-21.4%) was pronouncedly high-
er than the variability of simulated ones (4.4—7.3%), except
for the 10 WAC treatment (16.9%) (Table 1).

The correlation between observed and simulated wa-
ter limited yields in fertilized treatments ranged between
r=0.27-0.43 (Table 2). The exclusion of outlying years
1991 and 1993 from the correlation increased the agree-
ment (r = 0.62). The residual from regression of the ob-
served on simulated wheat yields (NPK + FYM treatment)

Table 2. The summary of correlation coefficients between observed, simulated and national yields (see legend to Table 1)

Sugar beet Nil NPK FYM NPK + FYM (dcﬂzr;'r’:;;) (S‘Cji';f:;l)
Potential 0.16 ~0.15 0.06 0.08 ~0.01 0.01

20 WAC 0.59 0.67 0.67 0.72 0.61 0.49
15 WAC 0.53 0.70 0.67 0.75 0.58 0.51

10 WAC 0.41 0.64 0.60 0.71 0.49 0.47
Winter supply 0.51 0.72 0.67 0.80 0.64 0.60
CZ-beet (detrended) 0.47 0.63 0.52 0.61

CZ-beet (statistical) 0.26 0.48 0.38 0.54

Spring wheat Nil NPK FYM NPK + FYM (g‘irmﬁ) (Scén”:::::)
Potential, 20 WAC ~0.15 0.25 0.03 0.15 ~0.13 0.35

15 WAC -0.01 0.30 0.27 0.32 ~0.17 0.22
10 WAC 0.21 0.34 0.40 0.43 ~0.04 ~0.06
CZ-wheat (detrended) 0.27 0.25 ~0.08 0.34

CZ-wheat (statistical) 0.02 0.56 0.36 0.47
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Figure 2. The relation between simulated water limited (at 15 WAC) and observed yields (in t.ha™") of nil and combination of organic and
inorganic fertilization (NPK + FYM) treatments in in Prague-Ruzyn€ (15 WAC = 15 cm of available soil moisture in 100 cm soil profile

at emergence)

showed a positive relation to the average temperature
during May and June (» = 0.65) (Figure 3). The observed
yields were negatively correlated with the average tem-
perature during April-July [r= (-0.6)—-0.73)] and espe-
cially in April-May [r= (-0.59)~(—0.82)] (Figure 4).

Statistical yields of spring wheat and sugar beet
in Czech Republic

Average national yields (in dry matter) of both sugar
beet and spring wheat in the Czech Republic (Svec 1998)
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Figure 3. The relation between the residuals after linear regression
of simulated (at 15 WAC) on observed yields (FYM + NPK) and
average temperature (May-June) or sum of precipitation (May—
September)
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were about 25% lower than the observed yields in NPK +
FYM treatment (Figure 5). The calculated linear increase
of beet yields during the period was 43 kg.ha™' per year.
However, it was less regular in beet (» = 0.27) than in
wheat (» = 0.89). There was a positive relation between
simulated water-limited and both statistical and observed
yields. The calculated linear increasing trends of wheat
during the period 1961-1993 were of 58 kg per year, al-
most the double the yield level at the beginning of the
period. When wheat yields were corrected (detrended)
for the linear trend, the variability was almost the same in
both crops (14.3% and 14.8%).
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Figure 4. The relation between the observed yields and sum of
precipitation (May-September) or average temperature (May-
June)
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Figure 5. The comparison of statistical average yields of spring wheat and sugar beet (t.ha™) in the Czech Republic (CZ), simulated

(20 WAC) and observed yields in Prague-Ruzyné

DISCUSSION

We compared the observed yields in sugar beet and
spring wheat from a long-term stationary field experiment
in Prague-Ruzyné, Czech Republic, with the yields simu-
lated by the WOFOST model.

The simulation of sugar beet yields corresponded bet-
ter to observed field yields than that of spring wheat.
A good agreement between simulated and observed yields
in beet was supported (unlike wheat) by a positive rela-
tion between both observed and simulated yields and av-
erage statistical yields. Average simulated water-limited
(15 WAC and 10 WAC) beet yields approached observed
yields in fertilized treatments. In both crops potential and
water-limited yields at 20 WAC overestimated observed
yields. The high water supply 20 cm (20 WAC) represents
field capacity of the rooted 100-cm depth of soil that can
alleviate water shortage during dry periods.

The good relation of beet yield to the level of water
supply or to water use (e.g. Groves and Bailey 1997) is
well known. The total water consumption in spring cere-
als is lower than in beet (Roth et al. 1997); still, the effect
of water-limiting conditions on simulated wheat yields in
our simulation seems to be unrealistically weak. One of
reasons may be that wheat crop is not able to utilise water
supply in the whole 100-cm depth of rooted soil profile
as assumed in the model. Jamieson and Ewert (1999) con-
cluded in their analysis that root restriction (i.e. low den-
sity in deep scil layers) is often underestimated in wheat
simulation models which results in overestimating of
water uptake and soil water depletion under moderate to
severe water limitation. According to our observations
(Haberle, unpublished) the maximum rooting depth of
spring wheat in a near field was between 80-120 c¢cm in
several years; water and mineral nitrogen was effective-
ly utilized from 70-90 cm. On the opposite, sugar beet
may be able to utilize deeper layers than spring wheat, so
the increase of 100-cm rootable depth (as assumed in
model) may slightly improve water-limited yields in beet.

High simulated wheat yields showed that climatic con-
ditions, radiation and temperature were favourable for
growth and high yields. However, the high yield poten-
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tial was not realized in field due to some reasons. The gap
is big, even when taking into consideration that plant
parameters reffer to modern intensive cultivars and the
fact that wheat years, by chance, do not include the three
most dry seasons in years 1964, 1976 and 1990. The aver-
age yields of both crops simulated in all years 1961-1993
were similar to the average yields in selected wheat or
beet years (Haberle and Diepen 1999). Simulated wheat
yield level is high but realistic considering today’s top
yields in Czech Republic. In favourable year 1990 the
average yield of spring wheat in Czech Republic reached
5.1 tha™'. In our study the highest yields of both crops in
fertilized treatments were about 25% higher than the re-
public averages that corresponds with common gap be-
tween farm and trial yield levels. It should be also
mentioned that no forehead calibration of the model was
done. The reliability of simulated wheat yields is support-
ed by the similar level of spring barley yields simulated
with the same input data in years 1965-1993 (not shown).

The negative relation between the residuals of regres-
sion of simulated on observed wheat yields and average
temperature and the corresponding negative relation
between average temperature and observed yields sug-
gest that the agreement between predicted and observed
yields could be improved by a modification of crop input
physiological data in the model. A high radiation and
temperature produce high potential yields. However, ear-
ly sowing especially in years with a warm spring, is
known to be decisive for high yields in spring wheat.
A prolonged period of a relatively cold weather in spring
supports tillering and formation of a greater number of
grain in developing ear as opposite to a hot weather
when development is too fast (Petr et al. 1988).

The results of comparisons of simulated and observed
wheat yields in a long period accomplished by other au-
thors vary from case to case. Moulin and Beckie (1993)
used two simulation models to predict spring wheat grain
yield for long term (1960-1989). Both models poorly pre-
dicted annual yields (#= 0.16), but long-term mean yield
was predicted better. Roloff et al. (1998a, b) found that
simulation explained of 18 to 66% the variability observed
in a spring wheat long-term experimental trial (1967—1993)
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in ten different treatments. Touré et al. (1994) found great
differences between five simulation models used for
spring yield wheat in the period 1912-1992 (R?> 0.25) and
according to Moulin and Beckie (1993), the models un-
derestimated yields in high-yielding environments and
overestimated those in low-yielding ones. Donatelli et al.
(1997) concluded that CropSyst model was not able to
predict durum wheat yield contrary to several other crops
in the study. The authors remarked that rotation effects
caused a large amount of variability. As for beet, for ex-
ample according to Smit and Struik (1995) the mean ex-
plained variance from the analysis of six models used for
beet yields from several fields, regions and years varied
between 10-67%.

The reasons of the yield gap between the potential and
realized yields are believed to be due to phytopathology
problems. The recommended maximal concentration of
beet is about 20% but no unusual phytopathology prob-
lems were observed in the experiment. Other factors
which affect crop growth and yield along a long period
include change of cultivars, farm machinery (sowing, soil
tillage, harvest technology) and use of agrochemicals.
Also changes of soil fertility in a long-term experiments
(Klir 1995) may differentially affect the water relation or
nitrogen dynamics in soil, especially in dry and wet years.
Roloff et al. (1998a) found that water dynamics in a soil
profile under spring wheat was properly simulated and it
was probably not responsible for a poor agreement be-
tween the simulated and observed spring wheat yields in
long-term trials (Roloff et al. 1998b). However, the authors
found a low precision of nitrate-N prediction, especially
in deeper layers (also Smit and Struik 1995). Futher, year-
to-year variation in root depth modifies the access of
a crop to the nitrate leached to subsoil and water reserves
(Haberle et al. 1999; Haberle and Svoboda 2000).

CONCLUSIONS

We found a good agreement between the simulated
water-limited and observed yields in sugar beet and a weak
relation in spring wheat in a long-term field experiment.
The model also satisfactorily predicted year-to-year yield
variability in beet. Regression analysis showed the possi-
ble way for improving the results of the simulation.

This work was supported by the project MZE-MO01-
01-01.
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tem description of the WOFOST 6.0 crop simulation mod-

ABSTRAKT
Simulované a pozorované vynosy a vynosova variabilita cukrové fepy a jarni pSenice ve viceletém polnim pokusu

Pomoci ristového modelu WOFOST jsme simulovali potencidlni a vodou limitované vynosy cukrové fepy a jarni p¥enice
v letech 1964 az 1993. Vystupy modelu byly porovnany s experimentilnimi vysledky z dlouhodobého polniho pokusu
v Praze-Ruzyni. Tento pokus probihal na jednom pozemku, kde se stfidaly cukrovka (celkem 15 ro¢nikii) a p3enice (celkem
14 ro¢nikl). PouZili jsme vynosové udaje ze &yt variant: bez hnojeni, pouze organické nebo anorganické hnojeni a kombi-
nace dvou pfedchozich. Simulaci vynosi jsme provedli pro potencialni nelimitované podminky a vodou limitované podmin-
ky se tfemi odlinymi scénéfi zdsoby dostupné vody na poééatku vegetace ve vrstvé pudy 0 az 100 cm: 20, 15 a 10 cm
vody (ozna¢eno 20 WAC, 15 WAC a 10 WAC). Byly pouZity denni udaje o sraZkach a primérné mési¢ni hodnoty teploty,
radiace a vlhkosti vzduchu (obr. 1). Cilem prace bylo uréit rozdil mezi simulovanymi a pozorovanymi vynosy v intenziv-
nim osevnim postupu a rozdil ve variabilité vynosi. Primérné potencidlni, vodou limitované (pfi 15 WAC) a pozorované
vynosy cukrovky (primér variant hnojeni) dosahly v pfepo&tu na absolutni susinu 15,2, 12,3 a 10,9 t.ha™'. Odpovidajici
udaje pro p3enici byly 8,3, 7,9 a 4,0 t.ha™' (tab. 1). Nejvy33i vynosy poskytovala u obou plodin varianta s kombinaci orga-
nického a mineréalniho hnojeni. Meziro¢ni variabilita simulovanych, vodou limitovanych vynosti cukrovky stoupala s klesajici
jarni zasobou vody v pudé (WAC) z 20 na 38 % (tab. 1). Meziro¢nikova variabilita vynost cukrovky se pohybovala mezi
22 a 34 %; nejvy3si byla u nehnojené varianty. Variabilita simulovanych vynosui p3enice byla nizké (5 az 17 %) ve srovnéni
s variabilitou pozorovanych vynost (16 az 21 %) (tab. 1). Korelace mezi pozorovanymi a simulovanymi vynosy byla lep3i
u cukrovky (» = 0,60 az 0,75) nez u p3enice (r = 0,27 aZ 0,44) a u obou plodin byla t&sné&j$i u hnojenych variant nez
u nehnojené kontroly (obr. 2, tab. 2). Potencialni vodou nelimitované vynosy nemély vztah k vynosim v polnim pokusu.
Vynosy pSenice byly v negativni korelaci s primérnou teplotou v dobé& vegetace, u cukrovky jsme zaznamenali dobry vztah
vynosu a thrnu srazek (obr. 4). Soudasné jsme zjistili, Ze rezidudl z regrese pozorovanych a simulovanych vynosi p3enice
meél negativni vztah k primérné teploté v obdobi duben az kvéten (r = —0,66) a u cukrovky jsme zjistili kladnou korelaci
mezi rezidudlem a sumou sraZek ve vegetaénim obdobi (r = 0,65), coZ ukazuje na moznosti zlep3eni vysledki modelovanim
(obr. 3).

Kli¢ovi slova: model WOFOST; potencialni vynos; vodou limitovany vynos; variabilita; jarni pSenice; cukrova fepa

Corresponding author:

Ing. Jan Haberle, CSc., Vyzkumny tstav rostlinné vyroby, Drnovské 507, 161 06 Praha 6-Ruzyné, Ceska republika,
tel.: +420 2 33 02 22 54, fax: +420 2 33 31 06 36, e-mail: haberle@vurv.cz

286 ROSTLINNA VYROBA, 47, 2001 (6): 280-286


mailto:haberle@vurv.cz

Z VEDECKEHO ZIVOTA

K Zivotnimu jubileu prof. Ing. Ji¥iho Petra, DrSc., Dr. h. c.

Prof. Jifi Petr je uzndvanou osobnosti mezi rostlinafi
a obilnéfi u nds i v zahrani¢i. Narodil se 13. kv&tna 1931
v Hradci Kralové v rodiné sladka. Po absolvovani reél-
ného gymnazia vystudoval Vysokou $kolu zem&d&lskou
v Praze, kde po ukonéeni studia v roce 1953 za&al praco-
vat na katedie rostlinné vyroby nejdfive jako védecky
aspirant a od roku 1956 jako odborny asistent. V roce
1966 se habilitoval na docenta v oboru speciéln{ produk-
ce rostlinnd, v roce 1989 mu byl udé&len titul doktora v&d
a posléze byl jmenovén profesorem. Diky svym vé&dec-
kym, pedagogickym a organiza&nim schopnostem vyko-
naval v letech 1990 az 1994 funkci rektora VSZ. Pod jeho
vedenim $kola vyznamné roziifila spolupréci s Fadou uni-
verzit a vé€deckych instituci v Evropé i jinde ve své&tg.

Védecka osobnost prof. Petra pferostla Seské poméry
a stal se uzndvanou evropskou v&deckou kapacitou. Za
celozivotnf v&deckou préci v oblasti obilnafstvi mu byl
udélen v roce 1999 na §védské zemé&dé&lské univerzits
v Uppsale ¢estny doktorat agronomie.

Vé&deckou drahu zahéjil prof. Petr v roce 1953 studiem
biologie &eskych pfesivek. Ve své kandidatské praci se
zabyval kombinaci vlivu fotoperiody a jarovizace na ge-
nerativni vyvoj téchto forem p3enice. V 50. letech se za-
méfil na otdzky zimovzdornosti p3enice a postupné celou
problematiku produké&nich procesi u obilnin. Vyznam-
nym pifinosem prof. Jittho Petra je propojeni riistové
analyzy — tvorby biologického vynosu s tvorbou jednot-
livych vynosovych prvki tvoficich strukturu hospodéi-
ského vynosu. Dynamické pojeti, které u nas zavedl,
umoZiluje kvantitativni hodnoceni zmén pfi tvorbé jed-
notlivych vynosovych prvki v &ase, uréeni kritickych
obdobi pro tvorbu jednotlivych vynosovych prvki
a navrh regulaénich opatfeni. Rostlinna produkce se sta-
la pod jeho vedenim tviiréim procesem. Vysledky t&chto
vyzkumil shrnul prof. Petr s kolektivem autorti v knize
Tvorba vynosi polnich plodin, ktera u nas vysla v roce
1980 a nasledné byla pteloZena do &yt jazykd.

Rozpracovéanim teorie tvorby vynosu obilnin byl vy-
pracovan systém agrobiologické kontroly porostu, ktery
vyznamnég ptisp&l k zavedeni modern{ agrotechniky
a k ustupu od jejiho tzv. receptaiského pojeti. Aplikaci
vysledkl vyzkumu do praxe napomohly publikace /nten-
zivni obilndrstvi, Rukovét agronoma, fada metodik pro
praktické p&stovani obilnin i desitky tzv. polnich kazani,
pfedna3ek a odbornych &lanki. Vysledky studia odriido-
vych zvla3tnosti pfi tvorb& vynosu ptispély také k for-
movéni systému odriidového zkuSebnictvi. Prof. Petr fadu
let pracoval jako predseda statni odriidové komise pfi
MZe CR a podilel se na zavedeni tzv. odriidové agrotech-
niky. Sou&asné vystihl i vyznam variability ro&niku
v podminkéach klimatu stfedni Evropy. Teoretické podkla-
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dy a vysledky fady pokusti shrnul se spoluautory v knize
Pocasi a vynosy. Tato vynikajici publikace byla rovnéz
preloZena do n€kolika jazykd. Jeji prakticka aplikace vy-
tstila do rozpracovéni roénikovych agrotechnik.

V néslednych letech se prof. Petr podilel na vytvare-
ni koncepce Ucelovych péstebnich technologii podle
zamé&feni produkce a uzitkovych sm&ri, nejdfive u sla-
dovnického je¢mene a potravinaiské pSenice, pozdéji
i pro krobarenskou p3enici. Vedle t&chto hlavnich obil-
nin vénoval prof. Petr pozornost i dal§im druhiim, jako je
Zito, tritikale, proso, pohanka a laskavec, a v nemalé mife
i luskovindm. Alternativni plodiny mé&ly blizko i ke stu-
diu problematiky alternativntho a ekologického zem&d&l-
stvi, pro jehoZ propagaci vykonal prof. Petr v 90. letech
mnoho zasluZné prace. Stejné intenzivné se v poslednich
letech vé&nuje otazce kvality cerealii.

Rozséhlé védecké &innosti odpovida i jeho bohata pu-
blika¢ni ¢innost, kterou predstavuje 75 plivodnich vé&-
deckych praci, 210 referatt na v&deckych konferencich,
260 odbornych ¢€lanki, 20 metodik pro zemé&d&lskou praxi
a 54 monografii uréenych pro studenty i odbornou vefej-
nost. Prof. Petr je Feitelem fady vyzkumnych projekti
a grantii, v soutasné dobé& ptredsedd komisi Grantové
agentury CR Rostlinna produkce, $lechténi a genetika
rostlin, je predsedou redakéni rady &asopisu CZU Scientia
Agriculturae Bohemica a redak&ni rady asopisu Uroda.
Byl ¢lenem rtiznych védeckych spoleénosti, komisi
a védeckych rad domdcich i zahraniénich instituci.

Rozséhlé zkuSenosti z vlastni vyzkumné prace i aktualni
poznatky, ziskané téZ diky Sirokym zahrani¢nim kontak-
tiim, ptedal prof. Petr stovkdm posluchaci — studentiim
i odbornikiim z praxe pfi prednaskéch, cvi¢enich, seminé-
fich apod. Jeho vystoupeni jsou vZdy vysoce odborn&
fundovand, bohata na praktické poznatky a ukazuji smér
vyvoje do budoucnosti. Proto jsou jeho prednéasky hoj-
né navitévovany a velmi cenény. Vysoka invence se
projevuje v dobfe zadanych tématech diplomovych
a dizerta&nich praci, kterd jsou vZdy aktudlni, izce spjata
s vyzkumnymi tikoly a napomdhaji fesit problémy praxe
&i oveétit hypotézy zdkladniho vyzkumu. Prof. Petr doké-
Ze obdivuhodng pfenaset své nadSeni na své okoli, proto
mé vZdy tolik zdjemci o spolupréci. K védecké praci vy-
choval jako své pokradovatele a nasledovniky vice nez
100 diplomantti a pres 20 doktorandi. Usp&chy si nene-
chava pro sebe, rad se podéli o zku$enosti a poznatky,
které ochotné pfeddva dal, a poméha rozvijet védecké
i osobni kvality svych spolupracovniki. Je ptikladem ¢lo-
vEka, jenZ zasvétil sviij Zivot védeé a vzdélavéni.

Doc. Ing. Jan Moudry, CSc.
Doc. Ing. Jan Kren, CSc.
Doc. Ing. Franti$ek Vrkod, DrSc.
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RECENZE

Pseudogetreidearten — Buchweizen, Reismelde und Amarant
Pseudoobilniny — pohanka, merlik a laskavec

W. Aufhammer

Verlag Eugen Ulmer Gmbh & Co., Stuttgart, 2000. 262 s., 167 tab., 13 obr.

Jednou z cest restrukturalizace rostlinné vyroby je za-
vadéni alternativnich plodin rozsifujicich diverzitu osev-
nich postupl i spektrum rostlinnych produkti pro
spotiebitele. Kniha prof. Dr. W. Aufhammera je vyznam-
nym piispé&vkem piiblizujicim tfi ve své&t¢ aktualni pseu-
doobilniny, z nichZz pohanka je u nds tradiéni, ale
opomijenou kulturni plodinou, zatimco merlik i laskavec
byly dosud zndmy spiSe jako plevelné rostliny. Autor
¢erpéa z dlouholeté vyzkumné prace svého kolektivu
s témito plodinami. Vice neZ polovina uidajt v knize jsou
vlastni vysledky a navic cituje 160 a odkazuje na dalSich
78 odborniki, specialistii na dané plodiny.

Kniha je roz¢lenéna do tfi zakladnich ¢asti, jak je ziejmé
z nazvu. V uvodu pfedstavuje autor vybrané pseudo-
obilni druhy a charakterizuje jejich spole¢né vlastnosti
a vzdjemné odli¥nosti. Rozs4hl4 a zajimava je kapitola
o plivodu a historii p&€stovani pojednavanych rostlin, je-
jich 8ifen{ a hodnoceni sougasného stavu vyvoje ploch,
vynosii a produkce v jednotlivych &éstech svéta.

Uvedené pseudoobilniny nélezi v botanickém systému
k riznym rodiim, maji pomé&rn& pestré druhové ¢len&ni
s fadou poddruhii, agroekotypl a forem s vyraznymi
morfologickymi, fyziologickymi i uZitkovymi vlastnostmi.
Vyznamnym pfispévkem knihy je zaélen&ni piehledu di-
lezitych instituci zabyvajicich se uvedenymi plodinami.
Autor uvadi seznamy genetickych zdrojii v jednotlivych
genovych bankach i charakteristiky vybranych odrid.
Souéasné vytycuje Slechtitelské cile a agronomické i zpra-
covatelské poZzadavky, resp. doporu¢ované parametry
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standardil. V kapitole tykajici se vyuZiti porovnava autor
vlastnosti vybranych plodin (technologické, nutriéni
i zdravotni). Vhodnym dopliikem je piehled tcinnych
latek i antinutriénich sloZek v&etné jejich plsobeni
a vyskytu v rostling. Kapitola je uzaviena zajimavym
piehledem variant zpracovéni a vyuziti pseudoobilovin
véetné prilohy s detailnimi recepty na pokrmy z celého
svéta i vy¢tem moznosti nepotravinafského vyuZiti pro-
duktd.

Standardné je ¢lenéna kapitola o pé&stovani vybranych
plodin. Autor vychazi pifevazné z fady pokusii provadé-
nych na pokusnych bézich univerzity ve Stuttgartu-
Hohenheimu. Zvlaitni pozornost je vénovéana problemati-
ce vzchazivosti a vyrovnanosti porostli, odolnosti proti
stresovym faktortim, zvlaste biotickym faktorim redu-
kujicim vynos a kvalitu a otdzkdm dozrdvani porosti,
sklizn& a skliziiovych ztrat. Vyznamné jsou poznamky
o dal$im vyuziti pohanky, laskavce a merliku jako zelenin,
picnin, ale i okrasnych rostlin a o jejich mimoprodukéni
funkci.

Od erudovaného védce a pedagoga dostdvame do ru-
kou hutnou, srozumitelnou, zajimavou a inspirujici, tedy
velmi kvalitni védeckou publikaci. Specifikou knihy je
i jeji styl. Autor neoddéluje jednotlivé plodiny, ale ve
viech kapitolach i dil¢ich hodnocenich je vZdy porovné-
va a hodnoti spole¢né&. Na prvni pohled se zda obtiZné&;3i
se v knize orientovat, o to vice viak inspiruje k pfemys-
leni. Kniha je univerzalng pouZitelné pro praktiky, studen-
ty vysokych 3kol i odborniky z vyzkumu.

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

Casopis uveiejiiuje ptvodni védecké préce, kratka sdéleni
a vybéroveé i piehledné referaty, tzn. préce, jejichz podkladem
je studium literatury a které shrnuji nejnovéjsi poznatky v dané
oblasti. Prace jsou uvefejiiovany v angli¢tingé. Rukopisy musi
byt doplnény anglickym a ¢eskym abstraktem (v¢etné klico-
vych slov). Autor je plné odpovédny za ptvodnost prace a za
jeji vécnou i formalni spravnost. K praci musi byt pfiloZzeno
prohlaseni autora o tom, Ze prace nebyla publikovéna jinde.
O uverejnéni prace rozhoduje redakeni rada Casopisu, a to se
zietelem k lektorskym posudkim, védeckému vyznamu
a prinosu a kvalité prace. Rozsah védeckych praci nesmi pre-
sahnout 10 strojopisnych stran véetné tabulek, obrazku a grafi.
V praci je nutné pouzivat jednotky odpovidajici soustavé mé-
rovych jednotek SI (CSN 01 1300).

Vlastni dprava rukopisu: format A4, mezi fadky dvojité
mezery. K rukopisu je tfeba pfiloZzit disketu s praci pofize-
nou na PC a s grafickou dokumentaci. Tabulky, grafy a fotografie
se dodédvaji zvla3t. Na vSechny pfilohy musi byt odkazy
v textu.

Pokud autor pouZiva v praci zkratky jakéhokoliv druhu, je
nutné. aby byly alespon jednou vysvétleny (vypsany), aby
se predeslo omylium. V nazvu prace a v souhrnu je vhodné
zkratky ne-pouzivat.

Nizev prace (titul) nemé pfeséhnout 85 Ghozi. Jsou vylou-
ceny podtitulky ¢lanku.

Abstrakt je informa¢nim vybérem obsahu a zavéru ¢lanku,
nikoliv v8ak jeho pouhym popisem. Mél by vyjadfit vie pod-
statné, co je obsaZzeno ve védecké praci, a ma obsahovat za-
kladni ¢iselné udaje vEetné statistickych hodnot. Musi obsa-
hovat klicova slova. Nema piekrocit rozsah 170 slov. Je tie-
ba, aby byl napsan celymi vétami, nikoliv heslovité. Je uve-
fejiiovan a mél by byt autory dodan v angli¢ting a Cestiné.
Uvod ma obsahovat hlavni divody. pro¢ byla prace realizova-
na, a velmi strué¢nou formou ma byt popsan stav studované
otazky.

Literarni pFehled ma byt kratky, je tfeba uvadét pouze cita-
ce majici Gzky vztah k problému.

Metoda se popisuje pouze tehdy, je-li ptivodni, jinak posta-
Cuje 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 pfednost grafum pied tabulkami. V tabulkach je
tfeba shrnout statistické hodnoceni naméfenych hodnot. Tato
¢ast by neméla obsahovat teoretické zavéry ani dedukce, ale
pouze faktické nalezy.

Diskuse obsahuje zhodnoceni préce, 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 sestdvat hlavné z lektorovanych perio-
dik. Citace se fadi abecedné podle jména prvnich autori. Od-
kazy na literaturu v textu uvadéji jméno autora a rok vydani.
Do seznamu literatury se zafadi jen prace citované v textu.
Na zvladtnim list¢ uvadi autor plné jméno (i spoluautori),
akademické, védecké a pedagogické tituly a podrobnou adre-
su pracovi§té s PSC, &islo telefonu a faxu, resp. e-mail.
Rukopis nebude redakci pFijat k evidenci, nebude-li po
formélni striance odpovidat témto pokynim,

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
in this journal. Papers are published in English. Each manuscript
must contain an English and a Czech summary (including key
words). Czech abstracts will be provided for foreign authors. The
author is fully responsible for the originality of his paper, for its
subject and format. The author should make a written declaration
that his paper has not been published in any other information
source. The board of editors of this journal will decide on paper
publication, with respect to expert opinions, scientific importance,
contribution and quality of the paper. The paper should not exceed
10 typescript pages, including tables, figures and graphs.
Manuscript layout: paper of standard size (210 x 297 mm),
double-spaced typescript. A PC diskette should be provided
with separate text and graphic files. Tables, figures and photos
should be enclosed separately. The text must contain references
to all these appendices.

If any abbreviation is used in the paper, it is necessary to mention
its full form for the first time it is used, abbreviations should not
be used in the title or in the summary of the paper.

The title of the paper should not exceed 85 characters. Sub-
headings are not allowed.

Abstract should contain the subject and conclusions of the paper,
not a mere description of the paper. It must present all substantial
information contained in the paper. It should not exceed 170 words.
It should be written in full sentences and contain basic numerical
data including statistical data. It must contain keywords. It should
be submitted in English and, if possible, also in Czech.
Introduction has to present the main reasons why the study was
conducted, and the circumstances of the studied problems should
be described briefly.

Review of literature should be a short section, containing only
references closely related to the main topic of the paper.

Only original methods should be described, in other cases cite the
method used and any modifications. This section should also
contain a description of experimental material.

In the Results section figures and graphs should be used rather
than tables for presentation of quantitative values. A statistical
analysis of recorded values should be summarized in tables. This
section should not contain either theoretical conclusions or
deductions, but only experimental data.

Discussion contains an evaluation of the study, potential
shortcomings are discussed, and the results of the study are
compared with previously published results (only those authors
whose studies are closely related to the published paper should
be cited). The section Results and Discussion may be presented
as one section.

The References section contains citations arranged alphabetically
according to the surname of the first author. References in the text
include the author’s name and year of publication. Only the papers
cited in the text of the study should be included in the list of
references.

The author should give his full name (and the names of other
collaborators), academic, scientific and pedagogic titles, full
address of his workplace and postal code, telephone and fax
number or e-mail.

The manuscript will not be accepted by the editorial office
in case its format does not comply with these instructions.
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