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Effect of fertilization and predecessor on chemical composition and energy value of
wintering oats grain

M. Dimitrova — Doneva'™®, R. Petkova’

'Experimental Station of Agriculture, 8300 Sredets, Bulagaria.
2Agricultural Institute, 6000 Stara Zagora, Bulgaria.

Abstract. A study has been conducted at the Experimental Station of Agriculture, Sredets to establish the effect of predecessor and mineral fertilization on
chemical composition and energy value of wintering oats grain. The object of this study was wintering oat (Avena sativa L) variety Jubile cultivated after
predecessors (A): stubble (A,), sorghum (Sorghum vulgare Pers) -(A,) and rape (Brassica napus var. oleifera L) -(A,) and fertilization, kg/ha - (B): N,,P,Ksi-By;
NP 10K Ba NP 0oKs,-B, @and B, control NP, K., The study covers chemical analysis of wintering oats grain made by Weende method. Calculations for the
nutritive value of feed grain based on data obtained from chemical analysis were made (for ruminants) expressed in gross energy (GE) - MJ/kg dry substance,
metabolizable energy (ME) - MJ/kg dry substance, feed units for milk ( FUM, kg) and feed units for growth (FUG, kg) of dry substance — by using empirical
equations. It was found that the predecessors stubble and rape increase the content of crude protein, crude fat and crude fibers in oats by 10.5and 12.1%, 5.2
and 3.9%, 5.6 and 1.2%. The content of minerals and nitrogen-free extract (NFE ) was the highest after predecessor sorghum. Increasing the doses of nitrogen
fertilizer led to increasing the content of crude protein and fibers in grains on average by 14.4% and decreases the content of crude fats, ash and NFE by 7.0%,
3.2% and 3.4%, respectively. The differences in chemical composition of oat grains did not have a significant impact on its energy value expressed by GE, ME,
(FUM) and (FUG).

Keywords: oat, fertilization, predecessor, chemical composition, energy value

Abbreviations: GE —gross energy, ME —metabolizable energy, NE — net energy, FUM —feed units for milk, FUG —feed units for growth, NFE — nitrogen-free

extract

Introduction

The significance of oat, the grain of which is characterized by
specific nutrients, determines it as an indispensable concentrated
fodder especially for young and growing animals. The quality of
winter oat grain is determined by various biochemical and physical
parameters, depending on genotype, soil and climatic conditions of
the area and farming technology. Several researchers establish the
positive impact of the predecessor and mineral fertilization on
productivity and quality of grain (Andrianov, 2000; Antonova and
Dimov, 2002; Savova and Koteva, 1999; Savova, 2001; Todorov,
1995). As these crops are source of concentrated fodder in the
rations of animals, the establishment of their energy nutritive value is
essential for stock breeding science and practice. Itis necessary for
the functioning of many vital processes to feed livestock and to
obtain the planned production from them (lliev et al., 2004; Todorov
etal., 2001; Shindarska and Ignatova, 2001).

This study aims to determine the impact of the predecessor and
mineral fertilization on the chemical composition and energy value of
wintering oats grain for the conditions of Strandzha.

Material and methods

The study was conducted during 2001-2004 in the experimental
field of the experimental station in Sredets, Bulgaria. The soil in the
tested area was leached maroon forest soil, low supplied with

* e-mail: md_doneva@abv.bg

available nitrogen, phosphorus and potassium in good stocks. The
object of this study was wintering oat variety Jubilee 4, cultivated after
predecessors (A): stubble (A,), sorghum (Sorgum vulgare Pers) (A,)
and rape (Brassica napus var. oleifera L) (A,), and fertilization with
kglha (B) (N,P.ooKs-B1, NgP.ooKe'By NipPiooKsmB; and control
NOPwoKs'Bo)

The study covers: chemical analysis of wintering oat grain
made by Weende method. Calculations were made based on data
obtained from chemical analysis for nutritive value of feed grain (for
ruminants), expressed in gross energy (GE) - MJ/kg, metabolizable
energy (ME) - MJ/kg of dry substance, feed units for milk (FUM, kg)
and feed units for growth (FUG, kg) dry substance — by using
empirical equations, described by Todorov etal. (2001).

Results and discussion

Data on the content of crude nutrients in grain of wintering oats,
depending on the predecessor and mineral fertilization, on average
for the period, are given in Table 1. Studied factors - predecessor
sorghum has the smaller impact on the content of crude protein,
crude fat and crude fiber and stronger impact on the levels of mineral
substances and nitrogen-free extract (NFE ) raising them by 6.5 and
2.8%, respectively. Higher influence on the content of crude protein,
crude fat and crude fiber had the predecessors stubble and rape as
they increased their values by 10.5and 12.1%, 5.2 and 3.9%, 5.6 and
1.2%.
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Table 1. Chemical composition of the fodder- g/kg dry substance, average for the period

Variants , :
Crude protein Crude fat Crude fiber Ash NFE
Predecessor Fertilization kg/ha

(A) (B)
By(NoP15oKso) 120.3 65.6 86.6 414 686.1
Stubble B,(N,,P.ooKs0) 129.6 64.0 98.7 4138 665.9
A, B,(NgoP-0oKso) 135.4 64.0 97.5 403 662.8
B(NpoPooKso) 151.9 60.1 107.5 409 639.6
Average A, 134.3 63.43 97.58 41.1 663.6
By(NoPooKso) 105.0 63.8 85.7 447 700.8
Sorghum B, (N,oPooKso) 122.9 62.1 91.8 449 678.3
A, B,(NgoP 100Kso) 127.3 58.0 95.6 43.7 675.4
B4(NxoPooKso) 130.7 57.3 96.3 419 673.8
Average A, 121.48 60.3 92.35 4338 682.08
Bo(NoP1ooKso) 129.3 67.4 83.4 440 675.9
Rape B, (N,oPooKso) 131.3 65.8 93.1 422 667.6
A, B,(NgoP-0oKso) 139.6 60.9 93.9 39.8 665.8
BS(N120P100K50) 1448 567 1033 42.2 6530
Average A, 136.25 62.7 93.43 42.05 665.58

Fertilization had more significant influence on the chemical

composition, compared to predecessors. An increase of the amount
of protein on average was found for the options by 8.7% as a result of

fertilization with the lowest nitrogen rate N,,P.,K,, during the study.
Further increase of nitrogen rate of N,, and N,,, kg/ha of active

substance increased the content of protein by 13.9 and 20.8% on
average compared to the control N,P,Ks, This fertilization
influenced on the content of crude fibers in an appropriate way by
increasing them on average for the period by 10.8%, 12.2% and
20.1% compared to the control. The tested options with increasing

Table 2. Content of GE, ME and NE -MJ/kg dry substance, average for the period

Variants GE MJ/kg ME MJ/kg NE MJ/kg

Predecessor Fertilization B B % to B B % to B B % to

A) kgha®) Ve o oaB, B, V% o oap, B, A% o 0aB, B,
B,(N,P...Ks)) 18.79  100.00  100.00 1255  100.00  100.00 7.60 100.00  100.00
Stubble B,(N,,PoKs) 1886  100.37  100.37 12.44 99.12 99.12 7.48 98.40 98.40
A, B,(NgoP10oKs0) 18.94 10079  100.79 12.40 98.80 98.80 7.49 98.52 98.52
B,(NpoPooKso) 1901 10117 10117 12.21 97.29 97.29 7.34 96.58 96.58
Average A, 18.90 100.00 12.40 100.00 7.48 100.00
By(NoP5oKso) 18.58 98.88  100.00 12.51 99.68  100.00 7.59 99.87  100.00
Sorghum  B,(N,P..Ks) 18.70 9952  100.64 12.40 98.80 99.12 7.49 98.59 08.71
A, B,(Ny,P.ooKs0) 18.68 99.41  100.53 12.30 98.00 98.32 7.42 97.66 97.79
B,(N,oP.Ks0) 18.77 99.89  101.02 12.22 97.37 97.68 7.42 97.60 97.73
Average A, 18.68 100.53 12.35 99.59 7.48 98.55
By(N,P.ooKs,) 1882 10015  100.00 1258  100.23  100.00 7.60 100.04  100.00
Rape B,(N,,P.ooKs0) 1890 10058  100.42 12.43 99.04 98.80 7.53 99.08 99.04
A, B,(NgoP0oKso) 1891 10063  100.47 12.34 98.32 98.09 7.47 98.33 98.29
B,(N,,oP.Ks0) 1884 10026  100.10 12.21 97.29 97.05 7.33 96.50 96.46
Average A, 18.86 99.78 12.39 99.91 7.48 08.42

140



doses of nitrogen have reduced the levels of crude fat, ash and NFE
by 7.0%, 3.2% and 3.4% on average of all options.

Comparing data for oat grain chemical composition obtained in
this investigation with tabular values reveals that they are higher. In
tabular values (in dry substance) for crude protein on average 125
g/kg, crude fat- 51 g/kg, crude fiber - 121 g/kg, ash - 34 g/kg and 669
g/kg NFE, results obtained in the present study were higher by 1.8 to
21.5% for crude protein, by 11.1 to 29% for crude fat and by 17.5 to
32% for mineral substances. Only values obtained for NFE and
tabular one are almost identical and the resulting fiber values were
lower by 12.6 to 45% compared to tabular ones, which probably
implies a higher digestibility of oat grains obtained by this
technological scheme for soil and climatic conditions of Strandzha.

The results of the study show that the predecessor and

fertilization have not resulted in a significant change in the content of
GE, ME and NE (Table 2). The content of GE increases with the
increasing nitrogen fertilizer amount and is in the range from 18.58
MJ/kg to 19.01 MJ/kg of dry substance average for the period.
Compared with tabular values these values are very close. The
content of ME is the highest in nitrogen-free control and the lowest at
the highest nitrogen rate and varies from 12.21 MJ/kg to 12.58 MJ/kg
dry substance. Compared to tabular values these results are higher
by 2.0 - 2.5%. The content of net energy (NE) for the conditions of
test is within the limits of 7.33 MJ/kg to 7.60 MJ/kg of dry substance
average for the period and decreases with increasing the nitrogen
fertilizer rate. In accordance with the new system of energy nutritive
value, the oat grain contains 1.24 food units for milk (FUM, kg) and
1.32 food units for growth (FUG, kg) and these values compared to

Table 3. Content of FUM and FUG -n/kg of dry substance, average for the period

Variants FUM n /kg FUGn /kg

Predecessor Fertilization Averaae B % B Average B B
A) kg/ha (B) g t0AB, % to B, g % to AB, % to B,
Bu(NoP-0oKso) 1.27 100.00 100.00 100.00 100.00 100.00
Stubble B,(N.,P...Ks0) 1.25 98.42 98.42 98.42 98.51 98.51
A, B,(NgoPooKso) 1.25 98.42 98.42 98.42 97.77 97.77
Bi(N1xoP1ooKs0) 1.22 96.06 96.06 96.06 94.81 94.81
Average A, 1.247 100.00 100.00 100.00
Bo(NoP-0oKso) 1.27 100.00 100.00 100.00 100.00 100.00
Sorghum  B,(N,oP,oKs)) 1.25 98.40 98.40 98.40 98.51 98.51
A, B,(NgoPaoKso) 1.24 97.63 97.63 97.63 97.03 97.03
B4(N1xoPooKs) 1.23 96.85 96.85 96.85 95.55 95.55
Average A, 1.247 100.00 100.00 100.00
Bo(NoP0oKso) 1.27 100.00 100.00 100.00 100.7 100.00
Rape B/ (NyoPooKs) 1.25 98.42 98.42 98.42 98.51 97.79
A, B,(NgoPooKso) 1.24 97.63 97.63 97.63 97.03 96.32
B4(N1poPooKs) 1.22 96.06 96.06 96.06 95.55 94.85
Average A, 1.245 99.83 99.83 100.00

tabular values are higher by 0.8 to 4.9% for FUM and 2.3 - 5.4% for References

FUG (Table 3).

Conclusion

The studied predecessors stubble and rape increase the
content of crude protein, crude fat and crude fiber in oat grain by 10.5
and 12.1%, 3.9% and 5.2, 5.6 and 1.2%. The content of minerals and
NFE is highest after predecessor sorghum.

The increasing doses of nitrogen led to increasing the content of
crude protein and fibers in grains on average by 14.4% and
decreased the content of crude fat ash and NFE by 7.0%, 3.2% and
3.4% on average. The differences in the chemical composition of oat
grains had not any major impact on its energy nutritive value
expressed through GE, ME, FUM and FUG.
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