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cultivation (humus content 0.8-4.9%, neutral reaction, micro-plot experiments)
with increase of the humus content in soil. A close correlation dependence
between the humus content and barley yield (r = 0.98) was found for soils
with humus content ranging from 0.8 to 4.9% as well as between humus
content, mte of nitrogen fertilizer and barley pmductlvny (r=0.91 at the rate
60 kg N.ha™ "and r = 0.86 at the rate 120 kg N.ha"~ 1. Close correlations were
found also between productivity of spring barley and selected fractions of soil
nitrogen (Niotr, Nmineralizable» Nmin). Gradated nitrogen fertilization did not in-
crease nitrogen content in grain and straw dry matter on any soil.

spring barley; micro-plot experiments; humus content in soil; soil nitrogen;
nitrogen fertilization

TRODUCTION

Humus hag favourable effects on numerous chemical, physical and biologi-
al Processes in soil and therefore it has a direct relationship to potential soil
]'“]“W o more perfect use of applied fertilizers etc. (Kolaf, Pezla-
gt\llta f 990). Particularly soil physical properties, nitrogen content and ca-
Urmio soil to supply plants with this nutrient are in close correlation with
b sow 'tent. High humus content is therefore a decisive prerequisite for

soil fe rtility, though not its guarantee. Optimal soil supply with organic

b
Stances js fully effective in terms of the utilisation of yield potential of
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Productivity of spring barley was increasing under the given conditions of




plants solely in the complex with all others measurements and factorg Koy
schens, 1990). 7

To assess production capacities of soils, it is very important to kngy, the
limit of minimum humus content whose exceeding worsens physica] angd
chemical as well as biological qualities of soil to such a degree that Irrevers.
ible processes of its degradation occur. Minimum humus in soil is preserveq
under natural conditions and at omission of any fertilization and under black
fallow. It is practically unimpressionable and depends on soil texture, For
example, K6rschens (1990) reports that on chernozem on loess of Bad
Lauchstadt 2.5% of humus is a limit value that represents fully depleted gojj.
On sandy soils of the north of Germany under the same conditions the valyg
0.5% of humus was attained. It means that without knowing a soil texture jt
is not possible to make a picture of the degree of soil reserve with humusg of
of the amount of humus, that should stay in soil for securing of optimum
yield level of field crops within the whole crop rotation. For example, under
the conditions of Belorussia Kulakovskaja (1982) considers optimum
humus content in loam sandy soils 1.6 to 2.0%, in sandy loam soils 1.8 to
2.2% and in loam soils 2.0 to 2.5%. Jefimov and Osipov (1991) report
for non-chernozem region of the European part of Russia as an optimum
humus content from 2 to 3% for wheat cultivation, for potatoes over then 3%.
Minejev (1990) classified the soils in Russia according to humus content
and pH into soils with weak (humus < 2%, pHkci < 4.5), medium (humus =
2-3%, pHkcl = 4.5-5.5) and good (humus > 3%, pHkcl > 5.5) production
capacity.

As reported Skarda (1980) most of arable land of the Czech Republic
contains in topsoil layer 2-3% of humus, whilst long-term observations did
not show any more significant changes. The lowest humus content (about 1%)
have light luvisols on sands, cambisol have approximately 1.5-2.0%, mﬁdiuﬁ1
heavy fluvisols and chernitsa on fluvial deposits contain 3-4% and also I
chernozems there is a percentage humus content similar or even higher. It s
considerable that ratio of humic acids to fulvic acids worsened significantlys
what reduced humus quality, above all due to acidification of soils, bad
quality of used organic fertilizers and worsening physical properties. '

The content and fractionation of nitrogen in soil is in close correlation with
the humus content. Conditions, when mainly mineralization or on the co
trary immobilization processes take place, are affected by carbon content a
its form in soil, by the ration C : N, moisture and temperature conditions al
many other factors (Vanék etal., 1989, 1997). It means that the content
mineral for the plants available nitrogen in soil is much varying quantity "
utilization of the results of soil analyses on the content of mineral nitroge?
is very needed, but excessively complicated, for practical nutrition of Plzlrlts
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variable hydrothermal c‘ondilior‘ls ‘of‘ the (?zech Republic. Despite it, its
content 1S consnd_crcd one of l'he basic mfor.ma(mn for optimisation of nitrogen
[ates before sOWINg a‘nd ‘durmg the growing season of Qifforem agricultural
Crops- The capacity of soils to stfpply the plants with available nitrogen forms
can be judged by the content of Ninorg.

Easy_hyg,@mlyzablc 40rms of soil organic nitrogen from which nitrogen is
released and made av&ulablg to plan'ts l.hrough mineralization during the grow-
ing season substances partmpa‘te sxgmﬁcantly in the nutrition of plants. This
is the so-called releasable or mineralizable nitrogen. If we find the content of
mineral nitrogen and amount of mineralizable nitrogen, released during the
growing season, we obtain the basic data for making dosage of nitrogen
fertilizers more accurate. An aerobic incubation of soils with sand seems to
be the most suitable method of all the tested ones to determine mineralizable
nitrogen. Weekly or fortnight incubations at 30 °C are used most frequently,
as they correlate very well with intake of nitrogen by plants (Pavlikova
et al., 1992).

The aim of this contribution has been to obtain new knowledge on the
relationship of humus in soil, on some fractions of soil nitrogen and nitrogen
fertilization for yield formation of spring barley.

in

MATERIAL AND METHOD

Mi_cro«pim. trial with spring barley has been established each year at the
experimental site at Sojovice near Lysa nad Labem in the years 1990-1992.
Mlcm-ph s were of an area 0.029 m? and were formed by cylindrical pots
Wltl}out bottom of 19 cm in diameter and embedded 30 ¢m into soil profile.
SP"mg barley of the cultivar Jaspis, 15 plants cultivated per pot, was an
Cxperimental crop.

d in the experiments were sampled in 1990 before the spring from
om the region of regosols (soils 1, 2) and four sites from the region

a (soils 3—6) and were stored at the experimental site.
meitllﬁr()h“h;nn \?lo.rcd soil were taken befox.'e .cstab]ishmcnt of the expgri—
i m;/}(lgl t?dSlC agrochemical §hara;tcr13t1cs. The humus content zlfter
gnel‘-!j,:mr““ and the content of available nutrients (ph()s‘phoru.s aH;r
il S‘(l‘pﬁjr:i,i‘—:%;%l'l? and m(z)tgncsmm after S'chachtschabc‘l) were determined in
takep l<i\-\ dried at 40 C‘ m?d homogeplsed. Ir.l addition, soil ‘samplcs were
’ set the content of nitrogen. Mineral nitrogen (Nuin) in 1% K,SOy

of chernitg

extl"\c T . . . . .
Dle; ;‘lu; was determined by ion-selective electrodes from freshly taken sam-
S atter their : . .
‘Ul‘lh( ter their homogenisation. Moreover, samples were dried at 40 °C and
er

ﬁimyses were carried out from fine earth. The total nitrogen (organic
o g T . v . . - .
'H14) was determined by mineralization by concentrated sulphuric acid
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by the methods after Kjeldahl, subsequent distillation and titration, A
incubation method was used to set mineralizable nitrogen. Soils dil;negr
sand. in ration 1 : 1 were incubated for seven days at 60% moispyp,
maximum water capacity and temperature of 30 °C. Determination of mine o
ml‘rogcn in 1% K>SOy extraction by ion selective electrodes followed t;ral
Mineral N is the content of mineral nitrogen before incubation and p; .
alizable nitrogen represents a gain of mineral N during incubation Alner.
chemical characteristics and grain-size composition of soils are pl'esénteir(.)'
Tables I and 11, 1

Obje
Wit

I. Agrochemical characteristics and grain size composition of soil

~ Contgm of availabllc Grain-size category (% in dry ﬁ

E nutrients (mg.kg ') soil) 5

= . |

| _ 5 3 = n = =) N @
5| 8| &|38|%8 2| 8| 35| it
| 2| 2| L |wB|28| S| 2| 8| 5| 42
1 0.80 | 7.07 72 93 40 | 79.10 | 6.40 | 3.00 | 11.50 | loam sandy
2 0.92 ' 6.99 58 103 49 | 71.00 | 12.80 | 6.50 | 9.70 sandy
3 1.83 | 7.44 99 158 61 65.60 | 12.00 | 7.60 | 14.80 | loam sandy
4 2,10 | 7.48 46 310 72 | 41.30 | 19.80 | 13.10 | 25.80 | sand loamy
5 3.71 | 7.60 20 93 64 14.40 | 12.10 | 32.80 | 40.70 loamy
6 | 493 | 750 31 193 83 | 23.00 [ 31.70 | 21.60 | 17.70 | loam sandy

II. Agrochemical characteristics of soils — nitrogen content

-1
o | | [ Nputreleh g |
" NH, | NO; 3 (mgkgl) | (BN
1 0.80 0.10 17 7 24 26 2
2 0.92 0.11 2 4 6 8 2
3 1.83 0.19 24 34 58 71 13
4 2.10 0.22 3 13 16 29 13 ‘
5 371 0.36 41 41 82 150 68 |
6 4.93 0.39 54 52 106 174 68
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glightly arid climate with average annual temperature 8.6 °C, 14.8 OC‘
;. A the gmwing season (April-September) and average annual sum of
- Ation 542 mm, 353 mm of it during the growing season, are typical
‘rcalpéh‘mi(m of the experimental site. The growing season of the years
3 (31199;7 can be characterised as warm and very dry.
19?ic scheme of the trial included four variants with six replicates. Only
nd phosphorus were used as the fertilizers on the control variant,
‘ogen rates (170, 255 and 340 mg per pot or 60, 90 and
720 kg,ha". l‘espcctively.‘) were gsquin further three variants. Ammonium
sulphate was used as nitrogen tc'rtlhzer: Phosphor.us and potassium were
supplied at a rate 255 mg per pot in th‘c florm potassium mono- and dyxhydro—‘
gen phosphate in ration 1 : 1.4. All fertilizers were applied in the form of
:olmion dispersed with the whole volume of soil before filling of the pot.
After emergence of plants the moisture of soils was adjusted by distilled
water watering to 60% of maximum water capacity. In further course of the
vegetation barley plants were neither watered nor treated chemically.

After harvest we found the content of total nitrogen in grain and straw by
the method after Kudejarov and the trial was evaluated statistically by com-
puter program Statgraphics by regression analysis.

otassium &
al’lldﬂted nitt

RESULTS AND DISCUSSION

sendence of the grain and straw yields of spring barley on the
.ontent and rate of nitrogen fertilization is confirmed by the results
of correlation analysis from Table IIL It follows from correlation coefficients
that closest relationship between these indicators is in the variant PK (r =
0.98). At gradated nitrogen rates the closeness of the relationship is falling
st free relatively, though statistically significantly very close is this
relationship in the variant N 340 at the rate 120 kg N.ha™! (r = 0.86-0. 88).
It can be read from the values of correlation analysis that very close depend-
ence is between soil fertility and nitrogen content or some its fraction in soil,
respectively. It can be deduced also from the fact that indices of correlation
l»hﬂl characterise connections between the yields of grain and straw and dif-
FCTCm fractions of soil nitrogen attain the values identical with those reached
in evaluation of the relationship of yields to humus content in soil. The yields
are in closest correlation with the content of total N in soil and with an
amount of mineralizable nitrogen. In both the cases index correlation r is
€qual to 0.99 in the variant PK and determination index R? is 98-99%. With
&rowing rates of nitrogen fertilization the values are falling, but still remain
O‘? a high level. In the variant N 340 r = 0.87 to 0.89 and R*> = 75-80%.
ignificant and particularly in the variant PK as well as at lower rates of
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nitrogen fertilization statistically highly significant rc]ationshipS & 1
found between the yields and the content of mineral nitrogen (Nmin)ere alg,
lation index r = 0.82 in the control variant, in the variant N 170 ¢ is -rCm:m
between 0.77 and 0.79 and is falling continuously through 0.74 ¢ 0l75apgmg
variant N 255 to 0.66-0.67 in the variant N 340. Similarly, the Valu“\ﬁle
determination index have a falling trend at gradated nitrogen rateg fromes of
in the control to 44-45% in the variant N 340. 689

LoZek etal. (1991) found a close dependence between Ninorg i
the yield and quality of grain of spring barley. The content of Ninorg in soil
was influenced highly significantly by the factors, such as a year (53,4%;
nutrition (23.8%) and time of sampling (22.8%).

Petr et al. (1995) found a positive influence of the clover stand
content of Nmip in soil. A positive correlation was also found between Na
content and wheat yield. These relationships were not confirmed with pota.
toes. In addition, a positive correlation has been found between the conteng
of Nmin in spring period and uptake of N by wheat and between Nmin conten
in autumn and intake of N by potato harvest.

Bizik (1997) found a very close correlation between soil Ny and maize
yield.

N 8] ang

on the

As can be seen from Figs. 1 and 2, percentage content of nitrogen in dry
matter of grain and straw was not affected significantly by soil. Nitrogen
content in grain attained the values from 1.73% to 2.06% and in straw it
ranged between 0.73 and 1.01%. Certain trend to decrease of nitrogen content

Nitrogen content
(% in dry matter)

| ©Control N170  [IN255 N340 |

1. Nitrogen content (% in dry matter) in spring barley grain (average over the years 1990—1992)
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Nitrogen content
(% in dry matter)

[ OConrol _BNIT___ON255_ EN34 |

. T - vears 1990-1992) i
ontent (% in dry matter) in spring barley straw (average over the years 1990 ]
2. Nitrogen ¢ nt (% i

en yield characteristics and selected factors of soil fertility — correlation i

v

1. Dependence be

) i

(r) and determination index (R”) - . “‘\‘ N

B 1 | Nmin after i izable “h““ ‘H
Studied ‘ ‘ Humus Total N Ninin incubation “”“““‘1ﬂl U

M ‘ Vartant | | 4+ > - 5 i

| parameter f . [\ & . TRz ’ )7[7 R [lg il “

b " o | 5 ; 99 | 98.9 B

h ‘ PK ‘ 0.98 l 97.1 | 0.99 | 98.3 | 0.82 : 83.9 | 0.99 | 98 |

| 87.5 f

{% B vicid N 170 | 091 ‘ 83.7 | 0.91 | 84.1 | 0.79 69.5 l 0.93 I

| Grain yield | | I

I | N 255 ‘ 091 | 845|092 | 850 l 0.75 64.2 | 092 | 847 |

L | N340 | 086 #:_7 0.87 758*&67
‘ | PK ‘\ 0.98 0.82

97.5 | 0.99 | 99.4
Sn.,l\vyie,‘i“f\f 170 ‘0.92 85.9 | 0.93 | 87.1 | 0.77

N 255 | 093 | 86.7 | 0.93 | 87.8 | 0.74
| N340 | 0.88 | 78.5 | 0.89 7&2 %6

52.6 | 0.87 | 77.0 [
819 | 099 | 98.6 i
682 | 0.93 | 87.7 e
63.7 | 0.93 | 87.6 ik
\ 55_2Jr0.89 80.9 | M \‘

72.9 | 0.97 \ 94.1 L

PK 1 095 | 882|098 | 963 | 0.77

|

Q |

Uptake of | N 170 | 0.89 | 80.9 | 0.91 | 843 | 0.65 53.9 | 091 | 83.9 il

N by plant« | |

by Plants | o5 | 092 | 857|094 | 88.4 | 0.74 68.9 | 0.93 | 88.0 Il
L N340 | 091 | 844|093 87.1 | 069|492 60.2 | 0.93 | 87.8
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in grain and straw can be seen from figures with increasing SOil fortl "
Nitrogen fertilization did not increase nitrogen content in dry materrtlht

corresponds with the knowledge of Kandera (1995) who diq o fw
(hc growth of nitrogen substances in grain at high rates of nitrogen fErtiol?zr;
tion. .

.

With respect to the above facts that the content of nitrogen in grain
straw was almost on the same level in most variants in most soils, the l;d
of grain and straw was decisive for uptake of nitrogen by plants. The facd
that uptake of nitrogen corresponds with grain and straw yield is evideng me:
the correlations found between uptake of nitrogen by plants and soil ferti]ity
or between humus content and selected fractions of nitrogen at soils used
respectively. Indices of correlation and determination reach the similar value;
like in the evaluation of the relationship of these selected factors of sgjj
fertility to the yield of grain and straw (Table III).
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Vliv obsahu humusu a nékterych frakei dusiku v piidé na tvorbu vynosu jarniho
jecmene.
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V letech 1990-1992 byl na pokusném stanovisti v Sojovicich u Lysé nad Labem
kazdoro¢né zakladan mikroparcelkovy pokus s jarnim je¢menem. Mikroparcelky mé-
ly plochu 0,029 m” a byly vytvofeny cylindrickymi nddobami bez dna o praméru
19cm a zapusténymi 30 cm do padniho profilu. Pokusnou plodinou byl jarni jeCmen
odridy Jaspis, péstovany po 15 rostlindch v kazdé nadobé&. Zeminy pouzité v poku-
sech byly odebriny v predjaii 1990 ze dvou stanovis( z oblasti regozemi (zemina 1, 2)
ALtyF stanovist z oblasti Cernic (zeminy 3-6) a byly uskladnény na pokusném stano-
ViSti. Pred zaloZenim pokust byly odebriny z uskladn€né zeminy vzorky pro stano-
veni zikladnich agrochemickych charakteristik (tab. T a ID).

Schéma pokusu zahrnovalo 4 varianty se 6 opakovanimi. Na kontrolni varianté
bylo hnojeno pouze draslikem a fosforem, u daliich tfi bylo pouzito stupiiovanych
davek dy ku (170, 255 a 340 mg na nddobu, resp. 60, 90 a 120 kghaﬁl). Jako
dusikata hnojivo byl pouZit siran amonny. Fosfor a draslik byly dodany v davce
255 mg na nddobu ve form& mono- a dihydrogenfosfore¢nanu draselného v poméru
bira, Viechna hnojiva byla aplikovana ve formé roztoku promisenim s celym

Objemey zeminy pied naplnénim nadoby. Po vzejiti rostlin byla vlhkost zemin upra-
Yena zilivkou destilovanou vodou na 60 % maximélni vodni kapacity. V dal$im

Pribehy vegetace nebyl jedmen zalévdn ani chemicky o3etfovdn. Po sklizni jsme
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zjistili v zrnu a ve slamé obsah celkového dusiku metodou podle Kudg;
byl statisticky vyhodnocen pocitatovym programem Statgraphics regregpj . Ok

'dl‘OVa a

. . , L. naly
Za danych podminek péstovdni (obsah humusu 0,8-4,9 %, neutrilnj reakcgz%,

kroparcelkové pokusy) se produktivita jarniho jeCmene zvySovala s rlstem ob ;i
humusu v padg. Jak vyplyvé z tab. III, pro pudy s obsahem humusu od (g o 4893hu
byla zjisténa t€sna korela¢ni zdvislost mezi jeho mnoZstvim a vynosem jetm 2 %

. . o . 3 7 2 P ene (o
0,98) a také mezi mnoZzstvim humusu, davkou dusikatého hnojiva a produkg rs

. . vi

je¢mene (= 0,91 pti divce 60 kg N.ha a r=0,86 pii ddvce 120 kg N.ha™!y, Tt“:;mf

korelalni vztahy byly nalezeny také mezi produktivitou jarniho je¢mene a Vybrany:]e-
i

frakcemi Pfldniho dusiku (Niot, Nmincrnlizovulclny« Nmin)-

Jak je vidét z obr. 1 a 2, procentudlni obsah dusiku v sudiné zrna a slamy neby|
zeminou vyznamné ovlivnén. Obsah dusiku dosahoval v zrnu hodnot od 1,73 do
2,06 % a ve slamé se pohyboval od 0,73 do 1,01 %. Stuptiované hnojeni dusikep,
pfitom obsah dusiku v susiné nezvySovalo.

Vzhledem k vyS$e uvedené skutecnosti, Ze obsah dusiku v zrnu i slam& byl u vg.
iny variant na vétdin€ zemin na piiblizné stejné trovni, byl pro odbér dusiku rozhg.
dujici vynos zrna a slamy. Ze odbér dusiku koresponduje s vynosem zrna a sldmy,
je zfejmé ze zjisténych korelaci mezi odbérem dusiku rostlinami a pidni Grodnosti,
resp. obsahem humusu a vybranych frakci dusiku v pouZitych zemindch. Indexy
korelace a determinace dosahuji podobnych hodnot jako pii hodnoceni vztahu téchto
vybranych faktorl piidni drodnosti k vynosu zrna a sldmy (tab. IIT).

jarni je¢men; mikroparcelkové pokusy; obsah humusu v pidé; padni dusik; hnojeni
dusikem
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