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ENERGETIC ESTIMATION OF WINTER WHEAT
NITROGEN FERTILIZING AFTER DIFFERENT TYPES
OF FORECROPS

A. Gawronska-Kulesza, I. Suwara

Agricultural University, Warszawa, Poland

The research was based on precise two-part experiments, held for years with
winter wheat. First factor: forecrop winter — rape, pea; second factor: four
levels of fertilizing N 30, 60, 90 and 120 kg per hectare. In the years 1994—
1998 the amount of crops and energetic value of yield were estimated, as well
as energetic efficiency of expenditure of material, labor, and mechanical force
expenditure. The above mentioned factors made the basis for the energetic
balance, energy consumption and energetic efficiency calculation. The ob-
tained results reveal the relatively high amount of energy used for fertilization
(from 36.2% with the dosage of N = 30 kg/ha up to 57.6% with 120 kg N/ha).
The most advantageous energy consumption parameters of winter wheat pro-
duction were obtained with pea as forecrop and 30 kg N fertilizing. The highest
energy consumption, lowest cost-eftectiveness and least advantageous energy
consumption parameters were observed after rape as a forecrop and high dos-
age of nitrogen fertilization (90 and 120 kg/ha).

winter wheat; nitrogen fertilization; forecrop; material force expenses; labor
and mechanical force expenses; energetic value of yield; energy consumption
(per unit); energetic efficiency (index)

INTRODUCTION

Mineral fertilization is still considered to be the main yield-producing
factor, as well as an important component of current economic and energy
expenses in agriculture despite a recent decrease in using this type of fertil-
izers.

Winter wheat is known as a plant highly reacting to a forecrop and nitro-
gen fertilization (Fotyma, Fotyma, 1993; Kus, Jonczyk, 1993;
SUWara, Gawronska-Kulesza, 1995; Szmigiel, 1994). But
CIop increase very often does not compensate the increase of the fertilizer
dosage. So, in a changing economic situation appears the question of fertil-
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izing profitability (if any at all). In the recent years of agricultural profitabil-
ity decline the economic analysis in this branch is of great importance.

But the above mentioned analysis is quite often limited to the production
criteria only. Energy calculation should be taken into consideration as one of
the main parameters of such analysis. Reasons for this calculation are men-
tioned by a number of authors (Blazek, 1990; Birski, Kreft, 1994;
Kus et al, 1992; Budzynski et al, 1996; Wielicki, 1989;
Wojcicki, 1983). One of the advantages of this method is the possibility
to compare results despite the price rate, as well as, using its figures in
complex estimation (Blazek, 1990; Wielicki, 1989).

Energy calculation enables production improvement through the increase
of cost efficiency. The results of 1989 study by Harasim show that ener-
getic efficiency factor is closely and positively correlated with profitability
figures.

There are not too many examples to energetic research in the literature.
From the existing studies it appears, that industrial production means exten-
sion results in reduction of energetic efficiency (Budzynski et al., 1996;
Harasim, 1989; Szemplinski, 1989; Szemplinski, Budzyn-
ski, 1994; Wrobel, Budzynski, 1994; Wielicki, 1986).

Our study attempts to analyse energetic efficiency of winter wheat produc-
tion depending on the forecrop and the dosage of nitrogen fertilizers.

MATERIAL AND METHODS

The research has been based upon the figures of steady exact crop rotary
system experiment, held on the Experimental Field of Cultivation Department
in Agricultural Research Institute in Chylice near Warsaw. The experiment
took place in 4 repetitions at split-plot, on black earth of the following
granulometric composition: light clay pH = 6.7; C org = 1.12%; N org =
0.118% assimilable phosphones P2Os = 24.8 mg/100 g of soil and assimilable
potassium K>O = 12.7 mg/100 g of soil.

The examined factors are winter wheat forecrop: A — winter rape, B — sowing
peas and 4 levels of nitrogen fertilization of the wheat: Ny — 30 kg/ha, No — 60
kg/ha, N3 — 90 kg/ha and Ns — 120 kg/ha. Nitrogen was applied as ammonium
nitrate (34% N) in two or three terms, but phosphates (triple superphosphate
P20s) and potassium (potassium salt 56% K,O) were applied before sowing of
winter wheat and the dosage had not been differentiated (Table I).

The present study estimates energy calculation of winter wheat production
according to the forecrop and the dosage of nitrogen fertilizer. The figures of
5-year period (1994-1998) winter wheat crops, transformed into cereal units,
were used. Labor force expenses and tractive force expenses were estimated
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I. Doses of fertilizers for winter wheat

Doses
Fertilization Term N, N, N, N,
LTI I — in autumn before sowing 15 20 20 20
N II — in spring after starting vegetation 15 40 40 60
111 — at the beginning of shooting - — 30 40
P,0s before sowing 80
K,0 before sowing 100

as the sum total of all the actions performed. These are cultivation, harvesting
and transporting of the agricultural products. Material force calculation was
based on actual sowing expenditure, amount of mineral fertilizers and plant
protection agents used per one ha. Production expenditure, labor force and
tractive force were transformed into MIJ, using the indexes of energy con-
sumption, that are used for energetic calculation of crops (Wdjcicki,
1983; Wielicki, 1986).

The following parameters were used for energetic estimation of the wheat
production technology:
— gain of cumulative energy (MJ/ha); this is the result of a substraction of

energetic value of the yield (Pe) and total input of the yield (Ne)
— energy consumption per unit per 1 ton of cereal
— index of energetic efficiency (Ee = Pe/Ne)
Energetic value of a combine harvester:
(1) the weight of the combine ZO56 = 7 200 kg = A
(2) used time (hours) =3 000 h = B
(3) the weight of the combine per hour = C
C = A/B = 7200 kg/3000 h = 2.4 kg/h
Value of used parts (D) = 1.44 kg/h
D =Cx 60%

Energetic value of the combine = 2.4 kg/h x 112 MJ + 1.44 kg/h x 80 MJ =
268.8 MJ/h + 115.2 MJ/h = 384 MJ/h

Fuel consumption of the combine and energetic value:
Fuel consumption = 15.6 I/h x 0.93 = 12.9 kg/h

L =129 kg/h x 48 MJ = 619.2 MJ/h

Energetic value of a combine-hour (kbh)
kbh = K + L

kbh = 384 My/h + 619,2 MJ/h = 1 003 MJ/h
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Energetic value of the tractor:

(1) the weight of the tractor (Mc) = 1 200 kg
(2) using time (hours) (Lhc) = 12 000 h

(3) the weight of the tractor per hour (Q)

_ Mc 1200kg
~ LHec 12000 h

=0.1kg/h

(4) Value of user parts Q x 60% = 0.1 x 0.6 = 0.06 kg/h

(5) Energetic value

0.1 kg/h x 112 MJ + 0.06 kg/h x 80 MJ = 11.2 MJ/h + 4.8 MJ/h = 16 MJ/h
(6) Energetic value of a tractor-hour c.n.h.

hard labor — 423 MJ/h

medium — 270 MJ/h

light — 167 MJ/h.

Fuel consumption of the tractor C-360:

(1) Hard labor: first ploughing, cultivating etc.
A) maximal fuel consumption = 10.6 kg/h

B) power usage = 55-80%

C) energetic value of oil 1 kg =48 MJ

D) energetic value of the tractor = 16 MJ

Fuel consumption = 10.6 kg/h x 0.8 = 8.48 kg/h

Energetic value c.n.h. (A) = energetic value of the tractor (B) + energetic
value of fuel used C

A =16 MJ + 407.04 MJ/h

A =423.04 MJ/h = appr. 423 MJ

(2) Medium labor: harrowing, fertilization, cultivation, sowing, road trans-
porting

A) maximal fuel consumption = 10.6 kg/h

B) power usage = 30-50%

Fuel consumption = 10.6 kg/h x 0.5 = 5.3 kg/h

A =16 MJ + 254.4 MJ/h = 270.4 MJ/h = appr. 270 MJ/h
(3) Light labor: transporting and machines

C) maximal fuel consumption = 10,6 kg/h

D) power usage = up to 30%

Fuel consumption = 10,6 kg/h x 0,3 = 3,18 kg/h

A =16 MJ + 152.64 MJ/h = 168.64 MJ/h = appr. 167 MJ/h
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RESULTS AND DISCUSSION

Material force expenses

Material force expenses consist of sowing malerial, mineral fertilizers (ni-
trogen, phosphates, potassium), p.lant protecting agents (Tables II and III).
These expenses differ only in a nitrogen fertilization level and the forecrop
does not differentiate material force expenses. . .

The structure of energy expenses has been changed according to nitrogen
fertilizer dosage. Nitrogen fertilizers make 31.4% of energy expenses if
30 kg/ha, but up to 67.4% if 120 kg/ha. . ‘ ‘

It should be taken into consideration that the main amount of material force
expenses expressed in MJ are spent on fertilizers, first of all nitrogen ones.

That makes sense of usage of forecrop which enable decrease of nitrogen

1. Energetic value of material force expenses

. £ >\*§ % % structure for levels of nitrogen
Specification E | ¥zl 58 fertilization
& |88 &°¢
kgha [ken| M| S | 6 | w0k | 10k
Seeds 260 | 7.5 | 1950 | 287 21.43 17.09 14.21
Mineral fertilizers
Nitrogen 30" | 77 |2310] 34.06 X X X
60" | 77 | 4620 X 50.82 X X
90" | 77 |6930 X X 60.8 X
120" | 77 | 9240 X X X 67.4
Phosphate 80" | 14 |1120] 1650 12.31 9.8l 8.16
Potassium 100° | 10 | 1000 | 14.73 10.99 8.76 7.29
Pesticides
Chwastox D 0.89" | 300 | 267 3.93 2.93 2.34 1.94
Zaprawa nasienna 0.338" | 300 101.4 1.50 1.11 0.88 0.73
Funaben
Tilt 0.125"| 300 | 375| 055 0.41 0.32 0.27
67859 | 90959 | 114059 | 13715.9
MJ MIJ MJ YA
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fertilizer doses, not reducing the crops themselves. These results are widely
confirmed in the literature (Budzynski et al., 1996).

Mechanical force and labor force expenses

Mechanical and labor force expenses per ha of winter wheat production
are identical if fertilized by N; (30 kg/ha) and by Nz (60 kg/ha) (Table IV).
Then there are two nitrogen fertilizing rides, and it makes 7 438.4 MJ/ha. But
they are higher if nitrogen is applied in three rides and make 7 748.4 MJ/ha
for N3 and Ny (Table V).

The dominant place in the structure of labor and mechanical force expenses
of winter wheat production is taken by cultivation and harvesting expenses.
Similar results are also shown in some other studies (Budzynski et al.,
1996; Zawislak, Rzeszutek, 1992).

The forecrop does not differentiate labor and mechanical force expenses
as the production process of winter wheat is identical after both winter rape
and sowing pea.

Energy consumption of winter wheat production with different dosages of
nitrogen fertilizers

Energy consumption of winter wheat with different nitrogen fertilizer
doses was strictly different (Table VI). This is caused by fertilization. The

II1. Material force expenses

Level of nitrogen fertilizing
Specification N, =30 N, = 60 N, = 90 N, =120

energetic energetic energetic energetic

value MJ % value MJ % value MJ % value MJ %
Seeds 1950 (2873 1950 |21.43| 1950 |[17.09| 1950 |14.21
Nitrogen fertilizers 2310 |[34.06| 4620 |50.82| 6930 [60.80| 9240 |67.40
Phosphate fertilizers | 1 120 | 16.50| 1 120 [12.31] 1 120 9.81| 1120 8.16
Potassium fertilizers | 1 000 14.73| 1 000 10.99| 1 000 8.76| 1 000 7.29
Pesticides:
Chwastox D 267 3.93 267 2.93 267 2.34 267 1.94
Zapuiwa, nasicums 1014 ] 1,50 1014 ] 111 101.4] 088] 1014 073
Funaben
Bucek 375| 055 375| 041 375 032 375| 0.27
grzybobojczy Tilt
z 6 785.9 9 005.9 11 405.9 13 715.9
%o 100 134 168 202
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V. Mechanical force

and labor force expenses per | ha (N1 = 30, N2 = 60 kg)

2| 512 | 2| .5 ¢ 2
7 s |g3| 82| s | 25| 23 g 5
Specification O | mo| @S> o m o m > m >
rbh rbh rbh cnh | enh/MJ cnh  |cnh + rbh
Ml | MJ MJ MJ MIJ
Skimming 2.0 | 40 80 | 2.0 | 423 846 926
Harrowing 0.9 | 40 36 | 09 | 270 243 279
Fertilization K,0, P,0s, N 1.5 | 40 60 | 1.3 | 270 351 411
Ploughing + rolling 3.0 | 40 | 120 | 3.0 | 423 |1269 1389
Harrowing 0.9 | 40 36 | 09 | 270 243 279
Sowing 25| 40 | 100 | 25 | 270 625 725
Using of herbicide 1.2 | 40 48 | 1.0 | 270 270 318
Spring fertilization (N + Nj) 1 40 40 1 270 270 310
Plant protection 12 | 40 48 | 1 270 270 318
Harvest 1.8 | 40 72 | 1.87| 1003° | 18054 | 18774
Grain transport 3.0 40 120 1.8 270 486 606
% total 19 760 | 17.2 6 678.4 | 74384
V. Mechanical force and labor force expenses per 1 ha (N3 = 90, N4 = 120 kg N/ha)
Specification 8|58 55| & G g 58 5
rbh rbh rbh cnh | cnh/MJ cnh cnh + rbh
M) | MJ MJ M]J MJ
Skimming 20 | 40 80 | 2.0 | 423 846 926
Harrowing 09 | 40 36 | 09 | 270 243 279
Fertilization K,0, P,0s, N 1.5 | 40 60 1.3 270 351 411
Ploughing + rolling 30 | 40 | 120 | 3.0 | 423 1269 1389
Harrowing 09 | 40 36 | 09 | 270 243 279
Sowing 25 | 40 | 100 | 25 | 270 625 725
Using of herbicide 12 | 40 48 | 1.0 | 270 270 318
Spring fertilization (N3 + Ny)| 2 40 80 | 2" 270 540 620
Plant protection 12| 40 | 48 | 1 270 270 318
Harvest 18 | 40 | 72 | 18711003 | 18054 | 18774
Grain transport 30 | 40 | 120 | 1.8 270 486 606
Z total 20 800 | 18.2 6948.4 | 7748.4
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VI. Input of cumulative energy for particular element of winter wheat production in MJ per ha
related to nitrogen fertilization

Variant of N fertilization

Production operation N, N, N, N,

Miha'| % |Miha'| % |Miha'| % |Miha'| %

Soil tillage 2594.0| 182] 2594.0| 157| 2694.0| 13.5 2594.0| 12.1
Fertilization NPK 5151.0] 36.2| 7461.0| 45.1|10 081.0| 52.6|12391.0| 57.7
Sowing 29540 20.8| 2954.0| 17.9| 2954.0| 15.4| 2954.0| 13.8
Stlj‘i‘g;pm‘““o“ and we-\ o419 73| 10419 63| 10419 55| 1041.9] 49
Harvest and transport 24834 17.5| 2483.4| 150 2483.4| 13.0| 24834 115
Total 1 4224.3[100.0| 16 534.3|100.0| 19 154.3(100.0|21 464.3|100.0

Total material including | 6 785.9| 47.7| 9 095.9| 55.0|11 405.9| 59.6] 13159]| 63.9

Inputs of human labor

L 7 438.4| 52.3| 74384 450 7 748.4| 40.4| 7 748.4| 36.1
and mechanization

Total 14 224.31100.0| 16 534.3|100.0{ 19 154.31100.0|21 464.3100.0

highest expenses were during the highest fertilizer doses of 120 kg/ha. With
reduction of nitrogen doses energy expenses are reduced, too. It should be
pointed out, that energy spent on fertilizing NPK of winter wheat made {rom
57.7% of all the expenses while using N4, down to 36.2% with the lowest
dose of nitrogen. The stream-structure of energy expenses displays the fact
that in all the experiments from 47.7 to 63.9% of energy was applied in
materials.

The least energy expenses in winter wheat production make cultivation and
plant protection.

The cultivation energy expenses make only 7.3-4.9% of all the expenses.

Energetic efficiency of winter wheat production after different forecrop and
different dosages of nitrogen fertilizers

Analysing the amount of crop in the form of cereal units, as well as energy
units it was found that winter wheat production after peas is much higher
than the one after winter rape (Table VII). It is worth saying that the similar
crops of wheat were reached after peas with fertilizing 30 kg/ha and rape with
120 kg/ha fertilizing level. This configuration of expenses, energy and crops
caused that energy consumption per unit with 30 kg/ha and peas as forecrop
of wheat was very advantageous and quite low (2 746.0 MJ/ton of wheat
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tic efficiency of winter wheat production growing related to forecrops and mineral
VII. Energetic

nitrogen fertilization doses (mean 1994-1998)

. Energetic Gain of Energy
Doses | Grain value of el cumulative fconsumption| Index of
of N | yield yield input energy | per unit ;gﬁi‘;
i MJ/ha MJ/ha M/t
kg/ha | dvha Pe Ne Pe - Ne | Nefyield | Pe/Ne
e | a0 | 4 31575 | 142243 | 173507 | 33787 2.22
60 | 432 32400 | 165343 | 158657 | 38274 1.96
s ET LY 36825 | 191543 | 176707 | 39011 1.92
P 120 | 518 38850 | 214643 | 173857 | 41437 1.81
X 46.6 34950 | 178443 | 171057 | 38293 1.96
| g0 | sim 38850 | 142243 | 246257 | 27460 2.73
60 | 553 41475 | 165343 | 249407 | 29899 251
Pea 90 | 583 43725 | 191543 | 245707 | 32855 2.28
120 | 589 44175 | 214643 | 227107 | 3 644.2 2.06
X 56.1 42075 | 178443 | 242307 | 31808 2.36

cereal). Each higher level of nitrogen fertilization after both above mentioned
forecrops worsened this parameter due to the fact that increase of crops did
not compensate the increase of fertilizing expenses.

The energetic efficiency index, being the ratio of cumulative crop energy
and energy expenses, was the most advantageous in configuration of peas as
a forecrop 30 kg/ha fertilization and made 3.54 (2.73). The worst index was
obtained by rape as a forecrop and high dosages of nitrogen fertilization (N3
and Ny).

This analysis droves to a conclusion that peas (a papilionaceous plant)
enables reduction of costs and energy expenses for production of 1 ton of
cereal, and obtaining the best value of energetic efficiency index. Further-
more, we can conclude that during increased mineral fertilization mainly
pitrogen one the energy expenditure goes up and the energetic efficiency
index remains on a quite low level. The energetic analysis results appeared
to be similar to economic analysis and results of other researchers (Kus et
al,, 1992; Budzynski etal., 1996; Wielicki, 1986).
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CONCLUSION

I. Energy spent on fertilizing NPK of winter wheat is high, made from
57.7% of all the expenses while using Ny, down to 36.2% with the lowest
dose of nitrogen.

2. Energy and crops caused that energy consumption per unit with 30 kg/ha
and pea as forecrop of wheat is very advantageous and quite low. Each
higher level of nitrogen fertilization worsened this parameter due to the
fact that increase of crops did not compensate the increase of fertilizing
expenses.

3. The forecrop pea fertilized with 30 kg/ha N will provide the same yield
of winter wheat grain as that of wheat after forecrop winter rape, but
applied a dose of 120 kg/ha N. The forecrop pea can save about 7 200
MJ/ha energy in comparison with winter rape (Table VI).
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GAWRONSKA-KULESZA, A. — SUWARA, 1. (Zemé&d@&lska univerzita, katedra
agronomie, Varsava, Polsko):

Energeticky odhad dusikatého hnojeni ozimé pSenice po raznych typech pred-
plodiny.

Scientia Agric. Bohem., 32, 2001: 1-11.

Vyzkum byl zaloZen na presnych pokusech vedenych s ozimou pSenici béhem fady
let. Prvni faktor: pfedplodiny pSenice — fepka, hrich; druhy faktor: ¢tyfi stupné hno-
jeni dusikem — 30, 60, 90 a 120 kg/ha. V letech 1994-1998 byly stanoveny vynos
a energetickd hodnota vynosu a rovnéZ energetické vklady vyrobki, price a stroji.
Tyto faktory vytvofily zaklad pro vypocet energetické bilance, spotfeby energie
a energetické G&innosti. Ziskané vysledky ukazaly, Ze vysoké mnoZstvi energie je
vkladano hnojenim (od 36,2 % pii davce dusiku 30 kg/ha do 57,6 % pri davce
120 kg/ha). Nejvhodnéjsi parametry spotfeby energie u ozimé pSenice byly ziskdny
po predplodiné hrachu a pti hnojeni 30 kg dusiku na hektar. Nejvyssi spotieba ener-
gie, nejnizs§i energetickd Gcinnost a nejméné vyhodné parametry spotieby energie
byly zjiSt€ny po predploding fepce a pii vysokych ddvkach dusiku (90 a 120 kg/ha).

ozimd p3enice; hnojeni dusikem; pfedplodina; naklady materidlni povahy; pracovni
niklady a vydaje na mechanizaci; energeticka hodnota vynosu, spotfeba energie (na

jednotku), energetickd d¢innost (index)

(Preklad abstraktu do &eltiny byl pofizen v redakci Casopisu.)
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