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ABSTRACT

Field experiments were conducted in the maize-growing region on heavy gleic fluvisol from 1974 to 2000. Three variants
of straw management (straw harvested, incorporated into soil and burned), two variants of soil tillage (conventional
plough tillage to 0.22 m, shallow disc tillage to 0.12-0.15 m) and three variants of fertilization (30, 60 and 90 kg N.ha?)
were studied. After conventional tillage, the highest yield was obtained in the variant with burned straw (5.50 t.ha?),
followed by the variant with straw incorporated into soil (5.40 t.ha™) and the lowest after harvested straw (5.01 t.ha?).
At shallow tillage, lower yields were assessed in all variants of straw management in comparison with conventional tillage
(after straw burning 5.07 t.ha', incorporation into soil 4.66 t.ha? and harvest 4.54 t.ha?). The ranking of variants was
identical to that in inversion tillage; however, the yield increased more after straw burning in comparison with its incor-
poration into soil. Yields increased regularly along with increasing rates of nitrogen. If long-term effects of straw incorpo-
ration on yields and yield trends were evaluated (in comparison with straw harvest), statistically significant decrease in

yields was assessed after shallow in contrast with increase in yields after deeper straw incorporation.
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Changes in economic conditions are accompanied by
changes in the structure of crop and livestock produc-
tion. A number of agricultural enterprises without live-
stock production, or with livestock production but
without need of straw, have been increasing. At the same
time, the structure of crops has been narrowing and con-
centration of cereals has been rising. A question arises
how to use straw, which is not necessary for livestock
production. A lack of farmyard manure and necessity of
maintaining soil fertility with supply of organic matter
leads to direct straw fertilization.

There are now problems of appropriate techniques for
straw fertilization in both conventional and particularly
minimum soil tillage practices that have been more wide-
ly used.

Effects of various straw management practices on
yields of successive crops and modifications of the soil
environment have been described by a number of au-
thors (Harper 1989, Koch and Bacumer 1989, Krogmeier
and Bremner 1989, Ball and Robertson 1990, Rule 1990,
Christian and Bacon 1991, Thompson 1992, Johnson
and Smith 1993). The studies show that straw fertiliza-
tion, and particularly in combination with minimum soil
tillage (shallow incorporation of straw into soil, direct
sowing in no-tilled soil or surface-tilled soil) often re-
sults in difficult establishment of stands. A higher
amount of straw in the upper layer or on the surface of
soil (especially in the case of its non-uniform distribu-
tion across the field) does not allow deposit seeds uni-
formly and at the required depth. Furthermore, straw can
induce inhibitory effects on germination, emergence and
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initial growth of following crops. The inhibition most-
ly combines physical and biochemical effects (water
consumption for straw decomposition, phytotoxic sub-
stances released from straw or produced by its decom-
position).

The objective of the presented study is to evaluate
long-term effects of different straw management practic-
es in combination with different soil tillage techniques
and mineral fertilization on yields of continuous spring
barley under dry and warm conditions of the maize-grow-
ing region.

MATERIAL AND METHODS

Different straw management practices in combination
with conventional and minimum soil tillage and different
mineral fertilization were evaluated in a stationary field
experiment from 1974 to 2000. The experiment was estab-
lished in split-plot design in four replicates. The area of
the plot was 37.1 m? (5.3 m x 7 m).

Characteristics of the experiment site

The altitude is 176 m above sea level, average annual
temperature 9.54°C, average rainfall 480 mm (30 years
average, 1971-2000).

Soil characteristics: heavy gleic fluvisol (FM,,), neutral
pH, humus content in topsoil 2.5% and content of avail-
able phosphor and potassium good.
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Table 1. Yields of continuous spring barley (t.ha™'), average of 1974-2000

Nitrogen

Straw management

Soil tillage Average
fertilization straw harvested straw incorporated straw burned

Conventional plough 30 4.85 5.29 5.39 5.17

tillage to 0.22 m 60 4.98 5.42 5.48 5.29

90 5.19 5.49 5.64 5.44

average 5.01 5.40 5.50 5.30

Shallow tillage to 0.12-0.15 m 30 4.19 4.25 4.64 4.36

60 4.59 4.73 5.11 4.81

90 4.84 4.99 5.46 5.10

average 4.54 4.66 5.07 4.76

Average 4.78 5.03 5.29 5.03
Variants dence on soil tillage practices and mineral fertilization

Variants of straw management:
1. Straw harvested (removed)
2. Straw incorporated into soil
3. Straw burned
Variants of soil tillage:
1. Conventional tillage (ploughing) to a depth of 0.22m
2. Sail tillagewith a disc cultivator to a depth of 0.12-0.15m
Variants of mineral fertilization (in kg of pure nutri-
ents.ha™):
1.30N,26P, 66K
2.60N,40P, 100K
3.90N,40P, 100K
Phytopathogenic agents were controlled uniformly in
all variants of the experiment according to the methods
of the State Phytosanitary Administration.

RESULTS

Effects of different straw management practices on
yields of continuous spring barley differed in depen-

Table 2. Statistical assessment of yield trends

(Table 1).

After inversion tillage to the depth of 0.22 m, the high-
est yield of spring barley on average for 1974-2000 was
produced in the variant with burned straw (5.50 t.ha™")
and slightly lower yield was obtained in the variant with
straw incorporated into soil (5.40 t.ha™). Considerably
lower yields were assessed in the variant with harvested
straw (5.01 t.ha™). The ranking of yields mentioned above
was assessed in all variants of mineral fertilization with
increasing nitrogen rates (30, 60, 90 kg.ha™).

The identical ranking of yields was recorded at shal-
low soil tillage with a disc cultivator to the depth of
0.12-0.15 m (the highest yield was in the variant with
burned straw 5.07 t.ha™!, followed by straw incorporated
into soil 4.66 t.ha™! and the lowest yield at harvested straw
4.54 tha') again in all levels of mineral fertilization. How-
ever, there is a bigger difference between the variants
with burned and incorporated straw.

On average of all variants of straw management, the
highest yields of spring barley were obtained after inver-
sion tillage (after inversion tillage 5.50 t.ha™!, after shal-
low tillage 5.50 t.ha™'). The largest difference in favour of

Parameters Significance
Soil tillage Straw management Fertilization of fitted line of b parameter
a b P
Conventional plough straw incorporated 30 1.035 0.004 0.225
tillage to 0.22 m 60 1.008 0.006 0.390 *
90 0.997 0.004 0.072
straw burned 30 0.974 0.010 0.035 *
60 0.993 0.008 0.036 *
90 0.980 0.008 0.042 *
Shallow tillage straw incorporated 30 1.090 —-0.005 0.043 *
60 1.122 -0.007 0.002 *
90 1.044 —-0.001 0.657
straw burned 30 1.146 -0.003 0.724
60 1.103 0.001 0.924
90 1.075 0.004 0.527
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Figure 1. Relative yields of continuous spring barley at conventional soil tillage (conventional tillage to 0.22 m), Zab¢ice 1974-2000

deeper soil tillage was found in the variant with straw
incorporated into soil (0.74 t.ha™'). The differences were
markedly smaller in variants with harvested and burned
straw (0.47 and 0.43 t.ha™).

Higher variation in yields in individual years was deter-
mined at shallow soil tillage (coefficient of variation for
shallow tillage 20.85%, for conventional tillage 13.69%).

In all variants of straw management and soil tillage,
yields of spring barley increased along with increasing
nitrogen rates, more markedly in variants with shallow
soil tillage. In addition to this, effects of long-term straw
incorporated and burned vs. harvested straw on yields
and yield trends of spring barley were evaluated. Figures
1 and 2 show relative yields and long-term yield trends in
variants with straw incorporation and straw burning (ra-
tio between yields in these variants and the yield ob-
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tained in the variant with harvested straw) and Table 2
gives statistical evaluation.

At deeper soil tillage to 0.22 m, yields increased with
time in the variant with incorporated straw (in relation
to harvested straw) and favourable effects increased
along with long-term use of this practice. The yields
significantly increased at nitrogen rates of 60 and
90 kg.ha'. As illustrated in figures, straw burning in-
creased yields of spring barley more than straw incor-
porated into soil. The effect of long-term straw burning
on yield increase with time is significant at nitrogen
rates of 30 and 60 kg.ha™'.

At shallow soil tillage to 0.12—0.15 m, by contrast, the
decrease in yields was recorded in the variant with straw
incorporated into soil over time. The yields decreased
significantly at low and medium nitrogen rates (30 and
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Figure 2. Relative yields of continuous spring barley at shallow soil tillage (0.12-0.15 m), Zabg&ice 1974-2000

60 kg.ha™'). A higher nitrogen rate (90 kg.ha™') compen-
sated for, to a certain level, adverse effects of shallow
straw incorporation on yields of spring barley.

The variant with straw burning combined with shallow
soil tillage tended to decreasing yields at a low nitrogen
rate of 30 kg.ha™' only. A medium nitrogen rate did not
change markedly the yields and a higher nitrogen rate
shows an apparent trend toward yield increase. Changes
in yield trends at all nitrogen rates were statistically in-
significant.

DISCUSSION

Straw fertilization under minimum soil tillage practices
can induce, particularly under drier agroecological con-
ditions, inhibitory effects on germination, growth and
yields of successive crops.

Investigations into inhibitory effects of organic sub-
stances revealed that straw of spring barley demonstrat-
ed the highest inhibitory effects (Ridky 1977). Higher
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inhibitory effects in comparison with straw of the other
cereals are also reported by Kim et al. (1987), Kati and
Froud-Williams (1999), Ben-Hammouda and Oueslati
(1999), and others.

Data on long-term effects of straw incorporation and
burning in comparison with straw harvested on yields
and yield trends of spring barley show a trend toward
yield decrease with time after shallow incorporation of
straw into soil as well as some possibilities of compen-
sating for this adverse effect with nitrogen fertilization.
By contrast, yields increased with time at deeper soil till-
age (to 0.22 m) and this favourable effect grew along
with long-term application. Relative yields increased
with time more markedly if straw was burned than incor-
porated at deeper soil tillage. Straw burning in combi-
nation with shallow soil tillage decreased relative yields
with time at a low nitrogen rate (30 kg.ha™') and in-
creased them at medium (60 kg.ha™') and particularly at
a higher nitrogen rate (90 kg.ha™'). In general, results
demonstrate favourable effects of straw burning in con-
tinuous spring barley. This fact can be related to reduc-
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tion of inhibitory effects of straw and post-harvest res-
idues and phytosanitary effects of straw burning. Fea-
sibility of this treatment is, however, limited in practice
with regard to technical problems and adverse environ-
mental impacts.

Strongly positive effects of straw burning vs. straw
incorporation into soil on yields of continuous spring
barley on luvi-haplic chernozem in the beet-growing re-
gion were also observed by Hruby et al. (1996).

Soon (1999) gives long-term data on effects of differ-
ent straw management practices (straw harvested, straw
incorporated in soil by inversion tillage and disc tillage)
on yields of spring barley in continuous cropping. In
contrast with our results, under colder and more humid
conditions, yields tended to decrease after deeper straw
incorporation by inversion tillage.

Rule (1990) evaluated different straw management
practices (straw incorporated into soil by inversion and
disc tillage, straw burning) under various soil conditions
on experimental farms across Great Britain. Based on re-
sults, he indicates that conventional tillage is satisfacto-
ry on light and medium soils. On heavy soils, however, it
can even reduce yields.

Results of studying the effects of different straw man-
agement practices on yields of successive crops depend,
to a certain level, on conditions of experiments. Adverse
effects of higher concentration of straw in the upper lay-
er of soil at minimum soil tillage are more apparent under
drier agroecological conditions.

Our data obtained in a long-term field experiment on
heavy gleic fluvisol under dry and warm conditions of
the maize-growing region generally demonstrate that
shallow soil tillage in continuous spring barley for a long
time, and particularly at incorporation of straw into soil,
leads to gradual decrease in both a level and stability of
yields.

The study was supported by the Ministry of Educa-
tion, Youth and Physical Training of the CR, project no.
J08:432100001.

REFERENCES

Ball B.C., Robertson E.A.G. (1990): Straw incorporation and
tillage methods: straw decomposition, denitrification and

ABSTRAKT

growth and yield of winter barley. J. Agric. Engng Res., 46:
223-243.

Ben-Hammouda M., Oueslati O. (1999): A germination bioas-
say to test the allelopathic potential of barley. Rachis, /8:
51-54.

Christian D.G., Bacon E.T.G. (1991): The effect of straw dis-
posal and depth of cultivation on the growth, nutrient up-
take and yield of winter wheat on a clay and a silt soil. Soil
Use and Mgmt, 7: 217-222.

Harper S.H.T. (1989): Management of crop residues. EUR —
Report, 11250: 127-132.

Hruby J., Dovrtél J., Prochazkova B. (1996): Effect of differ-
ent agronomy practices on yields of continuous spring bar-
ley. [Scientific Studies.] VUP, Troubsko, 74: 65-71.

Johnson P.A, Smith P.N. (1993): Comparison of the effects
of growing barley for malting or feed on the nitrate leaching
risk under two husbandry regimes. Asp. Appl. Biol., 36:
293-300.

Kati V., Froud-Williams R.J. (1999): Studies on the allelo-
pathic potential of various cereal cultivars on selected test
species. In: Crop Protec. Conf. Brighton, UK: 579-580.

Kim K.U., Lee L.J., Jung H.J., Kim D.S. (1987): Potential
allelopathic substances identified from crop straws. In:
11th Asian Pacif. Weed Sci. Soc. Conf., Taipei, Taiwan:
303-310.

Koch H.J., Bacumer K. (1989): Agronomic risks in cereal
production from application of straw mulch — observation
in field and pot experiments. Mitt. Gesel. Pfl.-Bauwiss., 2:
124-127.

Krogmeier M.J., Bremner J.M. (1989): Effects of phenolic
acids on seed germination and seedling growth in soil. Biol.
Fertil. Soils, 8: 116-122.

Rule J.S. (1990): Seven years’ straw incorporation. Arable
Fmr., 6: 49-50, 84.

Ridky K. (1977): Padni organickd hmota jako regulator dy-
namiky rostlinnych Zivin v pidé — nékolik poznamek
o vlivu zpracovani pudy. In: Recyklace organické hmoty
v pud¢, Ostrava.

Soon Y.K. (1999): Crop residue and fertilizer management ef-
fects on nutrient use and barley production. Can. J. Soil
Sci., 79: 389-394.

Thompson J.P. (1992): Soil biotic and biochemical factors in
a long-term tillage and stubble management experiment on
a vertisol. 1. Seedling inhibition by stubble. Soil and Tillage
Res., 22: 323-337.

Received on May 31, 2001

Vliv riznych zpisobi hospodareni se slAamou na vynosy jarniho jeémene péstovaného v monokultuie

Pokusy probihaly v kukufiéné vyrobni oblasti na tézké fluvizemi glejové v letech 1974 az 2000. Byly v nich zatazeny tfi
varianty hospodafeni se slamou (slama sklizena, zapravena do pidy a palena), dvé varianty zpracovani piady (orba na 0,22 m
a zpracovani talifovym nafadim na 0,12-0,15 m) a tfi varianty hnojeni (30, 60 a 90 kg N.ha™'). Pfi orbé byl nejvyssi vynos

[V

meélkém zpracovani byly ve srovnani s orbou u vSech variant hospodafeni se slamou dosazeny niz§i vynosy (po paleni
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slamy 5,07, po zapraveni do pidy 4,66 a po sklizni 4,54 t.ha™'). Pofadi variant bylo stejné jako u orby, patrné je zde vSak
vyrazn€j$i zvySeni vynost po paleni sldmy ve srovnani s jejim zapravenim do pudy. Se zvySujici se davkou dusiku docha-
zelo pravidelné ke zvySovani vynosi. Pti hodnoceni dlouhodobého vlivu zapravovani sldmy (v porovnani se sklizni slamy)
na vynosy a vynosové trendy byl zaznamenan statisticky prikazny pokles vynosi po mélkém a naopak nartst vynost po
hlubsim zapravovani slamy.

Klicova slova: jarni jeCmen; vynos zrna; hospodateni se slamou; zpracovani pidy; mineralni hnojeni
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