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Abstract: An experiment was conducted in the years 2001-2005 to determine the direct and secondary effect
of barley straw (treatment with and without straw) and summer intercrop biomass (control without organic
manuring, farmyard manure, summer intercrop: red clover, Westerwold ryegrass, red clover + Westerwold
ryegrass) on total nitrogen content and uptake by sugar beet and spring wheat. Additionally, the farmyard
manure effect was compared with the effect of summer intercrop biomass on nitrogen content and uptake by
the crop plants. A field experiment was set up as a split-block design with three replicates. It was found that
an application of barley straw, farmyard manure and summer intercrop biomass significantly increased total
nitrogen content in sugar beet roots and leaves as well as spring wheat grain and straw. It also increased total
nitrogen uptake by the crop plants. When farmyard manure had been replaced with the biomass of either red
clover or red clover + Westerwold ryegrass, there were observed no significant differences in the total
nitrogen content in sugar beet roots as well as spring wheat grain and straw. The highest total nitrogen content
was found in the leaves of sugar beet plants harvested from the red clover-amended treatment. The quantity of
nitrogen taken up by sugar beet grown in the treatment amended with red clover + Westerwold ryegrass as
well as red clover was greater compared with the farmyard manure-amended treatment. The secondary effect
of red clover + Westerwold ryegrass biomass on total nitrogen uptake by spring wheat did not differ
significantly from farmyard manure effect whereas the effects of red clover and Westerwold ryegrass were
significantly smaller.
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Of the cultural operations, fertilisation and manuring are the factors that most
strongly affect plant chemical composition and quality [1-5]. As production of
farmyard manure, being the most valuable manure in sugar beet cultivation, is on the
decline, numerous attempts are made to search for alternative forms of organic manures.
In recent years intercrop green manures and straw have acquired more and more
importance on crop production-oriented farms as a source of organic matter in the soil
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[6-8]. As a result, many try to answer the question of how does farming without
farmyard manure application influence crop plant yields and quality.

The objective of the study was to evaluate the direct and secondary effect of barley
straw and summer intercrop biomass on total nitrogen content and uptake by sugar beet
and spring triticale. Moreover, the effect of farmyard manure application was compared
to intercrop biomass incorporation on changes in total nitrogen content and uptake by
the crop plants.

Materials and methods

Field studies were conducted in the years 2001-2005 at the Experimental Farm in
Zawady on neutral soil (pH in KCl 6.71-6.93) classified as Mollic Gleysol character-
ized by average available phosphorus, potassium and magnesium (49.3-55.1 mg
P- kg’l, 112.4-120.2 mg K - kg’1 and 55.7-57.3 mg Mg - kg’l) contents. The total
nitrogen content in the soil prior to the experiment set-up was 0.93—-1.05 g - kg’l,
the soil hydrolytic acidity was 14.2—15.1 mmol(+) - kg’l, the sum of exchangeable
bases was 92.3-106.5 mmol(+) - kg’l, total exchangeable capacity was 107.4-120.7
mmol(+) - kg’1 and saturation with base cations was 85.9-88.2 %. The soil belongs to
the cereal-fodder strong complex, quality class IIIb. A split-plot design with three
replicates was used in this study and it comprised two factors: I. Barley straw
application (treatment with and without straw); II. Summer intercrop biomass applica-
tion (control — without organic matter, cattle farmyard manure, intercrop: red clover,
Westerwold ryegrass, red clover + Westerwold ryegrass). The overall plot area was
37.8 m” but the harvested area was 21.6 m’.

Summer intercrops were sown into spring barley cultivated for grain whose straw
was incorporated in selected plots. When averaged across all the three years, straw dry
matter yield amounted to 4.05 Mg - ha . A supplementary nitrogen rate of 7 kg per
1 Mg straw was applied in the barley straw-manured plots, excluding plots under red
clover. In the third decade of October, prior to intercrop cutting, their cut dry matter was
determined in addition to the dry matter of post-harvest residues sampled from the
30-cm soil layer. Dry matter yield of summer intercrops (cut matter + post-harvest
residues) averaged 6.76, 10.49 and 9.11 Mg - ha™!' for, respectively, red clover,
Westerwold ryegrass and red clover + Westerwold ryegrass mixture. Cattle farmyard
manure was applied at a rate of 30 Mg - ha ! and ploughed under in the third decade of
October, similarly to barley straw and summer intercrop biomass.

Sugar beet cv Korab was cultivated in the first year (2002-2004) and spring wheat cv
Helia was grown in the second year (2003—2005) following an application of barley
straw, farmyard manure and intercrop biomass. Mineral fertilizer rates per 1 ha in the
cultivation of sugar beet were: 110.0 kg N, 32.7 kg P and 116.2 kg K. Phosphorus and
potassium fertilizers and two-thirds of the nitrogen fertilizer were applied in the spring
prior to soil tillage performed using a cultivation unit. The remaining amount of
nitrogen fertilizer was spread following thinning of sugar beet plants. Spot seeding of
sugar beet was conducted in the third decade of April. The in-row spacing was 12 cm
and between-row spacing was 45 cm. Weed control was achieved by means of Betanal
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Elite 274 EC (phenmedipham, desmedipham, ethofumesate) and Fusilade Forte 150 EC
(fluazifop-P-butyl) whereas pests were combated using Decis 2.5 EC (deltamethrine).
Sugar beet was harvested in the second decade of October. The crop that followed sugar
beet was spring wheat. In the spring phosphorus, potassium and nitrogen fertilizers were
applied pre-plant at the respective amounts of 24.0 kg P - ha™', 70.6 kg K - ha™!' and 50.0
kg N - ha™' (the first rate). The second rate of nitrogen (30.0 kg N - ha™') was applied at
the boot stage of spring wheat. Wheat grain was treated with Raxil Gel 206 (tiuram,
tebuconazole) and sown in the first decade of April at the density of 500 grains per
1 m’ The following preparations were applied to protect wheat plants during
their growth: the herbicide Chwastox Trio 540 SL (mecoprop, MCPA, dicamba),
the fungicide Amistar 250 SC (azoxystrobin) and the insecticide Fastac 100 EC
(alpha-cypermethrin). Spring wheat was harvested at the full maturity stage in the first
or second decade of August. During harvest there were determined sugar beet root and
leaf yields as well as spring wheat grain and straw yields. Additionally, average samples
of sugar beet roots and leaves as well as spring wheat grain and straw were taken and
used to perform laboratory analyses. The plant material was fragmented and dried. Dry
matter content in sugar beet roots and leaves as well as spring wheat grain and straw
were determined by the oven-drying gravimetric method. Ground plant samples were
wet-mineralized using sulphuric acid and with a catalyst. Total nitrogen content in sugar
beet roots and leaves as well as spring wheat grain and straw were determined by the
Kjeldahl method [9].

Table 1

Average air temperature and total rainfall according to the Zawady Meteorological Station

Temperature [°C] Rainfall [mm]

Mot 2001 | 2002 | 2003 | 2004 | 2005 1951~ 2001 | 2002 | 2003 | 2004 | 2005 1951~
-1990 -1990

I -1.0 | -04 | -3.7 | 5.6 04 | -3.1 19.9 8.7 771 115 132 | 245

I -1.9 32 | 56 | -1.0 | 4.0 | -3.2 94| 375 471 21.0| 132 | 233
il 1.5 4.0 1.4 2.7 | -0.7 1.0 3.6 | 158 7.0 | 196 | 11.7 | 27.0
v 8.7 9.0 7.1 8.0 8.7 72 | 69.8| 129 | 13.6| 359 | 123 | 294
Y 155 | 17.0 | 156 | 11.6 | 13.0 | 132 | 28.0 | 513 | 372 | 97.0| 647 | 543

VI 17.1 | 17.2 | 184 | 154 | 159 | 16.2 360 | 61.1 | 26.6| 52.8| 44.1| 693
Vil 23.8 | 21.0 | 200 | 17.5 | 20.2 | 17.6 554 99.6 | 26.1 | 49.0 | 86.5| 70.6
VIII 206 | 202 | 185 | 189 | 175 | 169 24.0 | 66.5 47| 66.7| 454 | 598
IX 12.1 | 129 | 13,5 | 13.0 | 15.0 | 12.7 | 108.0 | 18.7 | 243 | 19.5| 158 | 482
X 10.6 6.9 5.4 9.4 8.5 8.0 28.0 | 489 | 38.0| 295 0.0 | 320

XI 2.3 3.8 4.7 32 2.7 26 | 28.0| 16.1| 147 | 204 | 13.8| 392
X1 -6.6 | 7.7 0.5 1.3 | -09 0.4 134 0.7 ] 17.0 76| 329 | 373
Average/

Sum 8.6 8.9 8.0 79 8.0 7.5 | 423.5 | 437.8 | 221.6 | 430.5 | 353.6 | 514.9
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Total nitrogen uptake was calculated on the basis of nitrogen content of the dry
matter and yield of both crop plants. The experimental data were subjected to analysis
of variance and treatment means were compared by Tukey’s test at the significance
level of 0.05.

Air temperature and precipitation amount and distribution over the study period
varied (Table 1), which influenced the growth conditions of intercrops, sugar beet and
spring wheat. Compared with long-term mean temperature (7.5 °C) and precipitation
sum (514.9 mm), the average air temperature in the study years was higher (by 1.1 °C in
2001, 1.4 °C in 2002, 0.5 °C in 2003 and 2005 and by 0.4 °C in 2004) whereas the total
rainfall was smaller (by 91.4, 77.1, 293.3, 84.4, and 161.3 mm in 2001, 2002, 2003,
2004 and in 2005, respectively). The rainfall was higher than the long-term mean in
April and September of 2001, February, July, August and October of 2002, October of
2003, April, May and August of 2004 and May and July of 2005.

Results and discussion

The studies conducted under the conditions of the Siedlecka Upland showed that
there was a significant influence of barley straw and intercrop biomass application on
total nitrogen content in the roots and leaves of sugar beet (Table 2).

Table 2

Total nitrogen content [g - kg™' d.m.] in sugar beet roots and leaves, average for 20022004

Roots ‘ Leaves
of summ?rpirr)l ltlec:lctrlgg biomass Application of barley straw*
a b average a b average
Control 7.27 8.09 7.68 25.13 26.67 25.90
Farmyard manure 8.80 8.72 8.76 27.70 28.84 28.27
Red clover 8.88 9.17 9.03 30.40 31.66 31.03
Westerwold ryegrass 8.23 8.44 8.34 27.06 28.01 27.54
Red clover + Westerwold ryegrass 8.61 8.92 8.77 28.22 29.64 28.93
Average 8.36 8.67 — 27.70 28.96 —
LSDy s for:
straw incorporation 0.04 0.19
application of summer intercrop biomass 0.29 0.92
interaction: straw incorporation x application
of summer intercrop biomass 0.41 1.37

*a — treatment with straw; b — treatment without straw.

An application of barley straw prior to sugar beet cultivation increased total nitrogen
content by an average of 0.31 and 1.26 g - kg”' d.m. in roots and leaves, respectively, as
compared with the control. Sugar beet roots and leaves harvested from farmyard
manure-amended treatments and summer intercrop biomass-manured treatments were
characterized by a significantly higher total nitrogen content compared with the control
(respectively, by 1.08 and 0.66-1.35 g - kg ' d.m. for roots, and by 2.37 and 1.64-5.13
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g - kg'! dm. for leaves). Also experimental results of studies by other authors
demonstrated an increase in total nitrogen content in leaves and roots of sugar beet as a
result of an application of farmyard manure [3, 6] and stubble intercrops [2]. Natural
and organic manures are a source of macro- and microelements which are gradually
released and made available to the following plants during the process of organic matter
mineralization [4, 6, 10]. Nitrogen availability for plants depends on the C/N ratio of the
mineralized organic matter. A narrow C/N ratio is associated with intense mineral-
ization of nitrogen utilized by plants [11]. In this experiment an influence of
Westerwold ryegrass biomass on total nitrogen content in sugar beet roots was
significantly smaller compared with farmyard manure in the treatments without straw.
The highest total nitrogen content was determined in roots harvested from plots
manured with both barley straw combined with red clover and a mixture of red clover
and Westerwold ryegrass. When farmyard manure was replaced with red clover
biomass in treatments with and without barley straw, there was observed a significant
increase in total nitrogen content in sugar beet leaves. The differentiated influence of
farmyard manure and intercrop green manures, either with or without straw, on total
nitrogen content in sugar beet roots and leaves, which was also reported by Wesolowski
et al [7] and Stowinski et al [12], results from the speed of the organic matter
mineralization. Sugar beet leaves, being an assimilative and photosynthesis organ, were
characterized by a higher total nitrogen content than roots [10, 12].

The amount of total nitrogen taken up was calculated as an outcome of dry matter
yield and nitrogen content in the yield [10, 13]. There was found a significant influence
of an application of barley straw and intercrop biomass on total nitrogen uptake by
sugar beet roots and leaves (Table 3).

Table 3

Total nitrogen uptake [kg - ha™'] by sugar beet roots and leaves, average for 2002-2004

Roots Leaves In total (roots + leaves)
App lication O.f summer Application of barley straw*
intercrop biomass
a b average a b average a b average

Control 101.2 | 119.2 | 110.2 | 118.6 | 144.8 | 131.7 | 219.8 | 264.0 | 241.9
Farmyard manure 135.1 | 138.7 | 1369 | 160.9 | 173.4 | 167.2 | 296.0 | 312.1 | 304.1
Red clover 133.1 | 148.8 | 141.0 | 168.5 | 210.2 | 189.3 | 301.6 | 359.0 | 330.3
Westerwold ryegrass 119.9 | 1239 | 1219 | 1358 | 1469 | 141.4 | 255.7 | 270.8 | 263.3
Red clover + Wester-
wold ryegrass 141.5 | 151.8 | 146.7 | 166.4 | 1954 | 1809 | 307.9 | 347.2 | 327.6
Average 126.2 | 136.5 — 150.0 | 174.1 — 276.2 | 310.6 —
LSDy s for:
straw incorporation 1.4 1.8 3.7
application of summer intercrop biomass 6.8 8.9 16.8
interaction: straw incorporation x applica-
tion of summer intercrop biomass 8.9 11.6 22.1

* a — treatment with straw; b — treatment without straw.
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Total nitrogen uptake by sugar beet roots and leaves in the barley straw-amended
treatment was significantly higher (respectively by 10.3 and 24.1 kg - ha ', on average)
compared with the treatment without straw. Farmyard manure and biomass of summer
intercrops significantly increased total nitrogen uptake by roots (by 26.7 and 11.7-36.5
kg - ha ', respectively) and leaves (by 35.5 and 9.7-57.6 kg - ha ', respectively) of sugar
beet, compared with the control. The greatest total nitrogen amount was taken up by
sugar beet roots and leaves in the treatment manured with the red clover + Westerwold
ryegrass biomass as well as red clover. An impact of intercrop biomass on nitrogen
uptake by sugar beet roots and leaves was modified by barley straw manuring. The
overall uptake of total nitrogen by sugar beet (roots + leaves) ranged between
219.8 kg - ha ' in the control without straw to 359.0 kg - ha ' in the barley straw + red
clover-amended treatment. The amount of nitrogen taken up by sugar beet roots and
leaves detected in this experiment was within the limits mentioned by Wisniewski [10].

Total nitrogen content in spring wheat grain and straw fluctuated significantly under
an influence of barley straw and intercrop biomass in the second year following their
application (Table 4).

Table 4

Total nitrogen content in spring wheat grain and straw, average for 2003-2005 [g - kg’ d.m.]

Grain Straw
of summ?rpirl)‘l ltlgfctrlg;l biomass Application of barley straw*
a b average a b average

Control 23.89 24.33 24.11 7.00 7.23 7.12
Farmyard manure 25.10 25.96 25.53 7.90 8.18 8.04
Red clover 2481 25.73 25.27 7.63 8.00 7.82
Westerwold ryegrass 24.42 25.08 24.75 7.37 7.79 7.58
Red clover + Westerwold ryegrass 25.71 26.23 25.97 7.87 8.26 8.07
Average 24.79 25.47 — 7.55 7.89 —
LSD o5 for:

straw incorporation 0.13 0.06
application of summer intercrop biomass 0.58 0.27
interaction: straw incorporation x application of summer

intercrop biomass 0.72 0.40

* a — treatment with straw; b — treatment without straw.

Barley straw ploughed under prior to the previous crop cultivation significantly
increased total nitrogen content in grain (on average by 0.68 g - kg ™' d.m.) and straw (on
average by 0.34 g - kg'' d.m.) of spring wheat, compared with the control. Total
nitrogen content in spring wheat grain and straw harvested from farmyard manure-
-amended treatment was significantly higher (by 1.42 and 092 g - kg' d.m,
respectively) compared with the control grain and straw. Manuring with summer
intercrop biomass increased total nitrogen content in spring wheat grain and straw (by
0.64-1.86 and 0.46-0.95 g - kg' d.m., respectively) in the second year following
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biomass application, as compared with the control. A beneficial secondary effect of
farmyard manure on nitrogen content in cereal grain was found by Mazur and Koc [1]
as well as Wiater and Debicki [4]. Stopes et al [13] reported that wheat grain from
rotations including green manures is characterized by an increased nitrogen content. It is
due to improved nitrogen release as a result of mineralization of fertilizers applied. An
interaction of the experimental factors indicated that total nitrogen content was
significantly reduced in spring wheat grain in the treatment where barley straw had been
applied in combination with Westerwold ryegrass, and in spring wheat straw in the
treatment without barley straw incorporation, compared with farmyard manure. In the
remaining treatments, the secondary effect of summer intercrop biomass on total
nitrogen content in spring wheat grain and straw was similar to the effect produced by
an application of farmyard manure.

Total nitrogen uptake by spring wheat grain and straw was modified by an
application of barley straw and summer intercrop biomass (Table 5).

Table 5

Total nitrogen uptake by spring wheat grain and straw, average for 2003-2005 [kg - ha ']

Grain Straw In total (grain + straw)
App lication O.f summer Application of barley straw*
intercrop biomass
a b average a b average a b average
Control 84.6 93.3 889 | 273 28.2 27.8 | 1119 | 121.5 | 116.7
Farmyard manure 112.8 | 120.2 | 116.5 | 32.8 36.5 346 | 145.6 | 156.7 | 151.1
Red clover 99.9 | 115.8 | 1079 | 31.0 349 329 | 1309 | 150.6 | 140.8
Westerwold ryegrass 97.2 | 109.9 | 103.6 | 29.4 32.8 31.1 126.6 | 142.7 | 134.7
Red clover + Wester-
wold ryegrass 1152 | 122.6 | 1189 | 338 36.4 35.1 149.0 | 159.0 | 154.0
Average 1019 | 1124 — 30.9 33.7 — 132.8 | 146.1 —
LSDy s for:
straw incorporation 1.1 0.4 1.7
application of summer intercrop biomass 59 1.9 7.6
interaction: straw incorporation x applica-
tion of summer intercrop biomass 7.2 2.5 8.9

* a — treatment with straw; b — treatment without straw.

Barley straw preceding the previous crop significantly increased total nitrogen uptake
by the cereal grain (on average by 10.5 kg - ha ') and straw (on average by 2.8 kg - ha ')
compared with the control without straw. Farmyard manure and summer intercrop
biomass significantly increased total nitrogen uptake by spring wheat grain (by 27.6 and
14.7-30.0 kg - ha ', respectively) and straw (6.8 and 3.3-7.3 kg - ha ', respectively)
compared with the control. The overall uptake of total nitrogen by spring triticale
harvested from treatments where the red clover + Westerwold ryegrass mixture had
been used as a manure was at the level similar to that recorded for farmyard
manure-amended treatment. In contrast, farmyard manure replaced by the biomass of
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red clover and Westerwold ryegrass significantly reduced the overall uptake of total
nitrogen by spring wheat. The secondary effect of summer intercrop biomass on total
nitrogen uptake by spring wheat grain and yield fluctuated depending on barley straw
application. Amounts of nitrogen taken up by spring wheat ranged between 111.9 and
159.0 kg - ha ' according to the treatment and supported the results reported by Goos et
al [5].

Conclusions

1. Manuring with barley straw, farmyard manure and summer intercrop biomass
increased total nitrogen content in sugar beet roots and leaves as well as spring wheat
grain and straw. It also increased total nitrogen uptake by both the crop plants.

2. The effect of farmyard manure was similar to the impact of red clover and a red
clover + Westerwold ryegrass on total nitrogen content in sugar beet roots and spring
wheat grain and yield.

3. The quantity of nitrogen taken up by sugar beet in the treatment amended with red
clover + Westerwold ryegrass as well as red clover was greater compared with the
farmyard manure-amended treatment. The secondary effect of a red clover +
Westerwold ryegrass mixture on total nitrogen uptake by spring wheat was similar to
farmyard manure whereas the effect of red clover and Westerwold ryegrass was
significantly smaller than farmyard manure.
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ODDZIALYWANIE ZROZNICOWANEGO NAWOZENIA ORGANICZNEGO
NA ZAWARTOSC I POBRANIE AZOTU PRZEZ ROSLINY

Katedra Szczegétowej Uprawy Roslin
Akademia Podlaska

Abstrakt: W doswiadczeniu przeprowadzonym w latach 2001-2005 okreslono bezposrednie i nastgpcze
oddzialywanie stomy jeczmiennej (obiekt bez stomy, obiekt ze stoma) oraz biomasy wsiewki mi¢dzyplonowe;j
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(obiekt kontrolny bez nawozenia organicznego, obornik, wsiewka migdzyplonowa: koniczyna czerwona,
zycica westrwoldzka, koniczyna czerwona + zycica westerwoldzka) na zawartos¢ i pobranie azotu ogotem
przez burak cukrowy i pszenic¢ jara. Porownano réwniez wplyw obornika z dziataniem biomasy wsiewek
migdzyplonowych na zawarto$¢ i pobranie azotu ogédtem z plonem ro$lin. Eksperyment polowy zatozono
w uktadzie split-blok, w trzech powtdrzeniach. Stwierdzono, ze nawozenie stoma jeczmienna, obornikiem
i biomasa wsiewek migdzyplonowych powoduje istotny wzrost zawartosci azotu ogdtem w korzeniach
i lisciach buraka cukrowego oraz w ziarnie i stomie pszenicy jarej. Zwigksza roOwniez pobranie azotu ogdtem
z plonem roslin. Zastapienie obornika biomasa koniczyny czerwonej i mieszanki koniczyny czerwonej
z zycicg westerwoldzka nie roznicuje istotnie zawartosci azotu ogoétem w korzeniach buraka cukrowego oraz
w ziarnie i stomie pszenicy jarej. Najwigksza zawarto$cia azotu ogdtem cechowaty si¢ liscie buraka
cukrowego z obiektu nawozonego biomasa koniczyny czerwonej. Ilo$¢ azotu pobranego z plonem buraka
cukrowego na obiekcie nawozonym biomasa mieszanki koniczyny czerwonej z zycica westerwoldzka oraz
koniczyny czerwonej ksztattowata si¢ na wyzszym poziomie niz z plonem w wariancie z obornikiem.
Nastepcze dziatanie biomasy mieszanki koniczyny czerwonej z zycica westerwoldzka na pobranie azotu
ogodltem przez pszenicg jara nie réznito si¢ istotnie od wpltywu obornika, a biomasy koniczyny czerwonej
i zycicy westerwoldzikiej bylo istotnie mniejsze.

Stowa kluczowe: burak cukrowy, pszenica jara, stoma, obornik, wsiewka migdzyplonowa, zawartos¢ i po-
branie azotu ogoétem



