The Efficiency of Nitrogen Fertilization of
Spring Wheat Depending on Seasonal Rainfall

Edward Wilczewski

University of Technology and Life Sciences - UTP,85-225 Bydgoszcz, Poland.

ABSTRACT

Aims: The main objective was to determine the eptimalrates influence of nitrogen
fertilization on spring wheat grown after stubble catch crops or without them. in-years-with
i inf ; iodf M .

Study design: The split-plot experimental design with four replications was used.

Place and Duration of Study:

A field experiments were carried out in the years 2005-2008 at Mochetek (17° 13' E; 53° 13’
N) — an Experimental Station of the University of Technology and Life Sciences in
Bydgoszcz.

Methodology: A two-factor, field experiment was conducted on Alfisols formed of a sandy
loam in the north-central Poland. The N rates were [kg-ha'1]: 0, 40, 80, 120, 160. The second
factor was the catch crops — that were investigated — field pea (Pisum sativum var. arvense
L.), oilseed radish (Raphanus sativus var. oleiformis L.), and a control without a catch crop.
The main studied features were spring wheat yield and its components, depending on
nitrogen rates and-tetal-rainfall. Moreover the most economic rate of nitrogen for spring
wheat in years with different amount of rainfall were calculated.

Results: The optimal rate of nitrogen in spring wheat cultivation depended mainly on the
total precipitation that prevailed during its growth. The highest grain yield of this plant grown
after catch crops could be obtained applying 140-160 kg N-ha™" in the year with a very good
supply of rain water and 41-42 kg N-ha™, in the extremely dry year.

The effect of catch crops on the yield of spring wheat depended on the rate of nitrogen. Very
large increase in grain yield was obtained when no nitrogen was applied. After the
application of 120 and 160 kg N-ha” there was no effect of catch crops on spring wheat
productivity.

Conclusion: The most economic rate of nitrogen for spring wheat was lower than the
agronomically optimal rate by about 30% in the year with a favourable rainfall distribution. In
the extremely dry year, the nitrogen fertilization of spring wheat grown after catch crops was
economically unjustified. The effect of catch crops on grain yield was positive only in spring
wheat fertilized with nitrogen at a rate of up to 80 kg-ha™.

Keywords: Efficiency; nitrogen fertilization; wheat, catch crop.
1. INTRODUCTION

6g a-W a-fa hat-determines-beth-grain-yield Nitrogen is a
major factor in wheat development, affecting the shoot numbers, spike length, and grain
filling which determine grain yield [1] and its quality [+ 2, 3, 4, 5]. A-geed-supply-efnitrogen
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However, owing to the increasing prices of the energy needed for the production of nitregen
N fertilizers, their cost is increasing [6]. Moreover, even a statistically significant increase in
yield eften sometimes does not result in an improvement in crop profitability [7]. Therefore,
the nitrogen—N_application rate must be strictly adapted to the soil conditions and the
availability of water for plants. This would obviously be very important in system where N
applications are split into several applications and could be modified based on current

qrowmq season condltlons tH&alse%ssenttaHerdete#mne%hemeskpreﬂtabt&rate—whteh

The optlmum N fertlllzer rate needed by a wheat crop to maximize
profitability depends on the economic ratios of fertilizer costs, wheat grain values and the
environmental conditions under which the crop is grown. Maximum profitability may be
achieved at N rates 30% and even 90% less than those for maximum grain yields when
growing conditions are normal or extremely dry, respectively. To determine the rate which is
economically optimal, it is necessary to know the environmental conditions and the current
relationship between fertilization costs and the value of wheat grain. The most economical
rate of nitregen-N (MERN) may also be dependent on the availability of elements in the soil
that are derived from the mineralization of plant residues Ieft in the soil after the harvest of
the prewous crop

M - It is partlcularly
essentlal to pre0|sely determlne the nmcegerkN rate for wheat grown on light soils_prone to
crop water deficits that could significantly impact,—wherethe agronomic and economic
effectiveness_of the applied N.-are-determined-by-watereontent-in-seil: The available water
allows the plants to take up the applled nutrlent elements and ut|||ze them to produce a
hlgher graln yleld [3] v Y

A valuable source of nitrogen-N and other nutrients for spring cereals can be the biomass of
plants grown as a stubbte catch crop and plowed in the autumn of the previous year [8, 9]. is
whieh }—This allows for the improvement of the biological
properties of soil [8, 9-10] and an increase in the grain yield of cereals grown after them. This
is of particular importance in the current system of agricultural production, which is
characterized by a-lew-propertion-of-legumes too high proportion of cereals in the cropping
system. This may leads to a decrease irg-in the organic matter in the soil and deterioration
of biological soil condition. To prevent this unfavorable process, catch crops can be
cultivated and preduced-the biomass produced ean-be-used as a green manure. The plants
which produce a high amount of organic matter and may positively influence the yield of
succeeding crops and its quality (i.e. biomass, decomposability and nutrient content) are of
particular value te-in achieve-achieving this aimgoal. My previous research indicated that
oilseed radish can produce a high yield of biomass and has a high ability to accumulate
nutrients remaining in soil after the harvest of cereals [9]. Field pea is well known as a plant
which has a positive influence on soil condition and the yield of succeeding crops. When
grown as a catch crop and plowed in, it can significantly influence the yield of cereals [11].
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The objectlve of the present research ‘was to determlne the mﬂuence

M on of catch crops (oilseed
raddlsh and fleld pea) on the fertlllzer N reqwrement n&FegenfeFthzat\teﬂ for of spring wheat.
grown after catch crops-or without them. Moreover, the influence of oilseed radish and field
pea grown as catch crops on the spring wheat yield, depending on nitrogen rates, was also
determined-:

2. MATERIAL AND METHODS
2.1 Site and weather description

a Field experlments were conducted eamedreut in theeyear—s 2005 2008 at the Mochetek (17°
13" E; 53° 13' N) — an Experimental Station of the University of Technology and Life
Sciences in Bydgoszcz. Fhe A split-plot experimental design with four replications was used,
where the whole plot treatments consisted of five N fertilizer rates and timings and the split-
plot treatments consisted of two catch crops and control, without catch crop.

Nitrogen fertilization was the first experimental factor. Fertilizers were applied before and
during the spring wheat growing period: the control (without N fertilization); 40 kg of N
(before sowing); 80 kg of N (40 kg before sowing and 40 kg at the BBCH 31-32 stage); 120
kg N (60 kg before sowing and 60 kg at the BBCH 31-32 stage); 160 kg N (60 kg before
sowing, 60 kg at the BBCH 31-32 stage and 40 kg at the BBCH 45-47 stage). The second
factor was the catch crops: field pea (Pisum sativum var. arvense L.); oilseed radish
(Raphanus satlvus var. oleiformis L.) and the control without a catch crop. The area of the
plot was 30 m?.

Meonth Mean-for1949-2008
2006 2007 2008
Mareh 27.4 479 612 243
April 770 17.6 38.7 28.0
May 59.9 734 145 447
June 218 105.5 15.5 53.5
July 242 1047 587 708
Total-1H-\VH 210.3 348.8 185.6 2183

The field experiment was carried out on Alfisols that was formed of a sandy loam [48-12].
The level of field water capacity at depths from 0 to 100 cm on this field range from 215 to
270 mm [44-13].

The soil was fieh abundant in available phosphorus (111 mg P per kg of dry soil) and
potassium (367 mg K per kg of dry soil) and had an average magnesium content (60.5 mg
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7.17 and 0.67 g ina per kg of dry soil, respectively. Soil pH |n 1M KCl was 6.47.

2.2 Plant measurement and analysis

After the spring barley was harvested, the soil was plowed and cultivated using a cultivator
with a crumbler roller. Catch crops were sown between August 3-11 in 2005-2007. After 70-
77 days of growth, the plants were harvested mowed at a height of about 5-7 cm and the
yield of green matter from each plot was-weighed. Subsequently samples of green matter
(about 1 kg per plot) were taken to determine the dry matter yield-ef-this-partof plants. The
rest of the green matter was returned to the placed-on-plots and plowed in. The yield of post-
harvest residue was determined -based on samples collected from soil monoliths of 25 x 25
x 25 cm, which were screened and rinsed with water. Each sample consisted of stubble and
roots.

Spring wheat (Triticum aestivum L.), ‘Tybalt’ cultivar, was sown between March 30 and April
11 in 2006-2008 in the stands where the biomass of the catch crop had been plowed under
in order to evaluate its previous crop value. Each year, before the spring wheat -was sown,
mineral fertlllzatlon was applied. Phosphorus and potassium were broadcast at doses of
28.4 kg P ha™ and 74.7 kg K-ha” " and mixed with the soil using a cultivator with a crumbler

roller aggregate.

Prior to harvest on each plot, the number of spikes and the number of grains in per spike
were determined. The number of spikes was counted on 2 randomly chosen rows, each
4.55 m long, which wasis equivalent to 1 m?. The number of grains per spike was
determined based on 20 randomly chosen spikes from each plot. Spring wheat was
harvested usmg a Wlnterstelger plot harvester during the period from August 1 to 8. Fhe
ed: Grain samples were taken
from each pIot in order to determlne |ts m0|sture and the 1000 grain weight. The grains
collected from each plot were weighed and grain yield per ha was calculated-—Mereever-the
grain-moisture-was-determined-and-grain-yields-were calculated-toand expressed on a 15%

moisture content.

The weather conditions were analyzed based on measurements made at the local
ebservations-and-measurement-unit weather station located at the Experimental Station in
Mochetek.

2.3 Statistical analysis

Analysis of variance was done using the results obtained in individual years. The
significance of differences was determined using Tukey’s test at a 95% level of confidence.
In the case of grain yield-additienally, Student T test hwas performedbeen-made to compare
pairs of independent samples i.e. yield obtained after field pea catch crop and 40 kg N per
ha vs yield obtained in control without catch crop and 80 kg of N per ha.

The analysis of regression was made using the Statistica for Windows program StatSoft.

The effectiveness of nitrogen fertilization (Ngg) was calculated separately for each interval
rate (0-40; 40-80; 80-120 and 120-160 kg N-ha ) Calculations were done according to the
equation:

-| Comment [i1]: Please give the soil test method or

extractant so the reader can place these numbers in
persepctive. For example is the P an Olsen, Bray, or
Mehlich-3 determination of P?
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Neg = (vield at NX- yield at NX-40)/40 (Eq. 1)

where suitable values for NX were: 40, 80, 120 and 160 kg and NX-40 were set-as-NXH0,
40, 80 and 120-as-NxX-40) in order to calculate the efficiency of nitrogen fertilization for rate
intervals: 0-40, 40-80, 80-120 and 120-160, respectively. The yield of spring wheat grain is
expressed in kg per ha and the calculated Ngg is expressed in kg of grain per 1 kg of N
applied at this interval.

Yields for each treatment year comblnatlon were fitted to a quadratic model: Y= aN2 + bN +c,
where Y is wheat grain yield (kg ha ), N is the fertilizer N application rate (kg ha” ), e—e—the
intereeptb-a and-e-b are regression coefficients c is the intercept,. Taking the first derivative
of the quadratic model (see Eq. 2) allows for the calculation of the slope (i.e. dY/dN) at any
selected value of N.

dY/dN = 2aN + b (Eq.2)

Setting the slope to equal zero allows the calculation of Fthe agronomically optimal rate of

nitrogen (AORN)-was-determined-by—caleulation—exdtremum-of-regression—funetions—{pi-of
spring-wheat-grain-yield-inindividual-years:i.e. 0 = 2a(AORN) + b, solving for AORN gives

p AORN= -b/2a (Eq. 23)

Similarly, Ssetting the slope to equal the price ratio (PR) -ef 1 kg-of N-in-the fertilizer applied
to-the-value-of 1-kg-of wheat grain(i.e. ($/kg grain)/($/kqg fertilizer)) allows for the calculation

of most economic rate of nitrogen (MERN) [5],
i.e. PR = 2a(MERN) + b, solving for MERN gives
MERN = (PR-b)/2a (Eq. 3)

the Agrlcultural Adwsory Centre (ODR) at Minikowo of 02. 11 2012 [42-14]. The price relation
ratio was 4.80:0.92 = 5.22.

" Polish Zloty; 1 PLN = 0.31 USD (http://www.money.pl/ 02.11.2012

-| Comment [i2]: Do not include application costs

when calculating the PR.




190

191
192
193
194
195
196
197
198
199
200
201

202
203
204

205

206
207
208
209
210
211
212
213
214

215
216

217

3. RESULTS

The water supply during the growing period of spring wheat was highly varied in the years of
the study. NeFe-we ied-with-rain-wate i - ek

. In 2006, timely precipitation occurred during the critical plant growth
stages of tillering and shooting, although the remainder of the growing season had
significant moisture deficits (table 1). Further stages of development proceeded under
conditions of a very substantial rainfall deficit. In 2007 rainfall distribution was alse-well
adapted to the needs of spring wheat. Only a short-term deficiency of precipitation occurred
in April. The water supply in the period from May to July was 48-97% higher than the
average for the area of the study. In 2008 the weather conditions were extremely
unfavourable for spring wheat. The total precipitation in May and June accounted for only
28.4% of the mean total precipitation for those months from that in the years 1949-2008.

Table 1. Total monthly precipitation on the research area [mm]

Year

Month Mean for 1949-2008
2006 2007 2008
March 274 47.9 61.2 24.3
April 77.0 17.6 38.7 28.0
May 59.9 731 11.5 41.7
June 21.8 105.5 15.5 53.5
July 242 104.7 58.7 70.8
Total 1II=VII 210.3 348.8 185.6 218.3

Nitrogen fertilization as well as stubble catch crops had a significant effect on grain yield and
on the yield structure elements components of spring wheat (Table 2). The effect of the
nitrogen rate on the number of spikes and grain yield differed in the years of the study. In
relation to the number of grains per spike and the 1000 grain weight, there was no
interaction of the experimental factors with the years. Therefore, these features are
presented in this paper in the form of means from the years for individual fertilization levels
and catch crops. Due to the significant interaction between the experimental factors and the
years in relation to grain yield, the results concerning this variable are presented both as the
means from 2006-2008 and for individual years.

Table 2. F-values and significance levels from an analysis of the variance of main
spring wheat traits

Factors Interactions
Traits of spring wheat ! 'Raie - Cat::h Ixl IxYears IlxYears Ix 1 x
of N crops (df=8) (df=8) (d.f=4) Years
(df=4) (df.=2) o o o (d.f.=16)
Number of spikes 8.068"* 6.46* 042ns 817" 032ns 0.31ns
Number of grains per spike  6.01***  11.66™* 151ns 090ns 067ns 0.71ns
1000 grain weight 3.31% 764™* 050ns 157ns 247ns 1.10ns
Grain yield 59.31** 93.68"* 10.53*** 48.31** 15.27** 223

& _rates of N [kg ha'']: 0, 40, 80, 120 and 160;
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A - catch crops plowed in the autumn of previous year: field pea, oilseed radish and control without a
catch crop
*P<0.05 **P<0.01;, ** P <0.001; d.f. - degree of freedom; ns — no significant;

3.1 Yield of plants grown as stubble catch crop

The yield of field pea and oilseed radish in the presented study was at an average level for
the experimental region (Table 3). The highest yields of plant dry matter were obtained in
2006 and 2007 and the lowest in 2005. Fhe Although the dry matter yield of field pea was
S|gn|f|cant|y h|gher than that of oilseed radlsh Ihed#erenee—msu#ed—#em—a—mem—than—we

M y ish. Fhe the
mean post harvest reS|due yleld of fleld pea from 2005 2007 was 5|gn|f|cantly lower than that
of oilseed radish.

Table 3. Dry matter yield of catch crops plowed in the autumn [Mg-ha™]

Year
Part of plant Plant Means for
P species 2005 2006 2007 2005-2007
Eoin o] FP* 1074 3.07a 290a 235a
OR 0.64b 0.92b 148b 1.01b
Post-harvest FP 1.27 0.80b 1.10 1.06 b
residue OR 1.10 1.89a 1.04 1.34a
Total dry FP 234a 387 a 4.00a 341a
matter OR 174b 281b 252b 235b

*FP — field pea, OR — oilseed radish
* _ means marked with different letters in columns differ significantly at a = 0.05

3.2 Spring wheat yield components

Experimental factors had an effect on the features determining wheat yielding yield (Table 4,
Figures 1 and 2). The nitrogen rate significantly modified the number of spikes of sprlng
wheat in the years 2006-2008, which was the largest after the application of 40 kg- ha™, and
significantly smaller for treatments that were not fertlllzed with nitrogen or that were fertlllzed
with a very high rate of this element (160 kg-ha ) The effect of nitrogen on the number of
spikes differed in individual years. In 2006 the number of spikes was the hlghestMI
significantly greater than the 0 kg N-ha' after the application of 120 or 160 kg N- ha”.-and
segmﬂeaﬂﬁﬁmaﬂe%m#heakﬂeﬁeﬁﬂ&e@w&#@&eiemeﬂt In 2007 it was enough to apply
40 kg N- ha™ to obtain the maX|maI number of spikes. In 2008 spring wheat fertilized with
nitrogen at a rate of 40 kg- ha™ also formed significantly more spikes than the wheat that was
not fertilized and increasing the rate of this element to 120 and 160 kg-ha led to a
significant decrease in the number of spikes.

Table 4. The number of spring wheat spikes per m?

Year
2006 2007 2008 2006— 2008

Factors
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0 520 b 431b 280 b 410¢c

Nitrogen fertilization 40 556 ab 512a 363 a 477 a

[kg-ha'1] 80 572 ab 521 a 291 ab 461 ab
120 588 a 523 a 250 bc 454 ab
160 591 a 514 a 198 ¢ 434 bec
FP* 574 507 283 455 a

Catch crop OR 571 505 276 451 a
C 551 489 270 436 b

*FP — field pea, OR — oilseed radish, C — control (without a catch crop)
— means marked with different letters in columns differ significantly at a = 0.05

Both plants grown as a stubble catch crop for green manure exerted a significant, positive
effect on the number of spikes of spring wheat from the years 2006-2008. The impact of this
factor was not significant in individual years.

Fertilization with nitrogen had a significant effect on the number of grains in the sprinq
wheat spikes (Fig. 1). This was the highest after the application of 80, 120 or 160 kg N-ha’
and significantly lower in wheat not fertilized with this element.
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0 40 80 120 160 FP OR C
Rates of N [kg-ha™] Catch crops

Fig. 1. The number of grains per spike of spring wheat as affected by N-fertilization
and catch crops plowed as a green manure in the autumn of previous year — means
for 2006-2008

FP — field pea, OR — oilseed radish, C — control (means marked with the same small or the same
capital letters do not differ significantly at a = 0.05)

Field pea and oilseed radish grown as stubble catch crop resulted in a significant increase in
the number of grains per spike. No interaction was found between the experimental factors
and years in relation to this feature.

The factors of the experiment significantly affected the 1000 grain weight (Fig. 2). On the
treatments where 160 kg N-ha™ was applied, it was significantly larger than in the control
without nitrogen fertilization. The stubble catch crops plowed in the autumn also contributed
to a significant increase in the 1000 grain weight of spring wheat relative to the control.
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Fig. 2. The weight of 1000 grains of spring wheat [g] as affected by N-fertilization and
catch crops plowed as a green manure — means for 2006-2008

FP — field pea, OR — oilseed radish, C — control (means marked with the same small or the same
capital letters do not differ significantly at a = 0.05)

3.3 Spring wheat grain yield

The spring wheat grain yield was significantly dependent on both experimental factors
(Table 5) On average in the three-year period of the study, the most favourable rate was 80
kg N-ha™', after which had a S|gn|f|cant|y higher weight-ef-grain-was—harvested yield than
after the appllcatlon of 40 kg N- ha™. The lowest wheat yield was obtained on treatments
where nitrogen was not applied. Increasing the nitrogen rate to a level of 80 kg- ha™' resulted
in a significant increase in grain yield both on treatments where wheat was grown after catch
crops and in the control W|thout catch crops. Wheat grown after catch crops and fertilized
with a rate of 40 kg N- ha” gave the same yield as the control after the application of 80 kg
N-ha™. Increasing nitrogen fertilization from 80 to 120 kg-ha™ resulted in a significant
decrease in the grain yield of spring wheat grown after stubble catch crops.

Table 5. Grain yield of spring wheat [t Mg-ha™], depending on nitrogen fertilization and
biomass of catch crops plowed as a green manure — means for 2006— 2008

Nitrogen fertlllzatlon Catch crop

[kg-ha™] FP* OR c Mean
0 2.41 cA* 2.44 cA 2.11cB 2.32¢c
40 2.96 bA 3.02 abA 2.75bB 291b
80 3.14 aA 3.19 aA 3.01aB 3.12a
120 295b 2.98b 291 ab 2.95 ab
160 2.97 ab 2.98b 295a 2.97 ab
Mean 2.89 A 2.92A 2.74B 2.85

*FP — field pea, OR — oilseed radish, C — control (without a catch crop)
# _ means marked with different small letters in columns or different capital letters in rows differ
significantly at a = 0.05

Field pea and oilseed radish grown as stubble catch crops for green manure caused a
significant increase in the grain yield of spring wheat. The effect of catch crops on the yield
of spring wheat depended on the rate of nitrogen. Wheat not fertilized with nitrogen
responded with very large increases in grain yield (14.3% after pea and 15.5% after radish).
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After the application of 40 kg N-ha™, the increase in yield amounted to 7.8 and 10.0%,
respectively. Wheat fertilized with nltrogen at a rate of 80 kg-ha' also had significantly
increased graln yield under the influence of catch crops. After the application of 120 and
160 kg N- ha™ there was no effect of catch crops on spring wheat productivity. The response
of spring wheat to fertilization with nitrogen differed in individual years of the study. The
second degree polynomial regression analysis indicates that the agronomically optimal rate
of nitrogen (AORN) in 2007 amounted to 139-161 kg-ha™ after catch crops and 174 kg- ha™

in control treatment (Table 6). In 2008 it was only 41-42 kg- ha” and 51 kg ha respectively.

Table 6. Regression equations and yield of spring wheat at agronomically optimal
rates of nitrogen (AORN) and the most economical rates of nitrogen (MERN)

Yield at & Yield at
Year S:_:;h Regression equation# Ezg;zzls;z? [Q’ Orl"\; N] AORN ['\::ﬁ: ] MERN
[Mg-ha™] [Mgrha™]
FP* y=-0,073N” + 15,2N+2043 0.905 104 2.84 68 2.74
2006 OR y=-0, 068N + 14, 7N+2018 0.895 108 2.81 70 2.71
C y=-0,081N? + 19,0N+1670 0.952 117 2.78 85 2.70
FP* y=-0,060N” + 19,3N+3066 0.920 161 4.62 117 4.50
2007 OR y=-0, 076N2 +21,2N+3112 0.892 139 4.61 105 4.50
C y= -0, 062N2 +21,6N+2636 0.941 174 4.52 132 4.41
FP* y=-0,059N” + 4, 8N+2261 0.738 41 2.36 0 2.26
2008 OR y=-0,066N” + 5,6N+2331 0.780 42 2.45 3 2.36
C y=-0,068N” + 6,9N+2142 0.795 51 2.32 12 2.22

*FP — field pea, OR — oilseed radish, C — control
- regression equation calculated based on grain yields from plots expressed as kg per ha
the values were calculated for the ratio of cost of 1 kg of N to price of 1 kg of grain: 5.22:1.00

The analysis of fertilization profitability determined based on the regression equations and
relations—of nitrogen—prices—to—wheat grain—value price ratio showed a peer—economic
effectiveness-of thisfactor different effectiveness of this factor in individual years (Table 6).
At the current price relation of nitrogen to wheat (5.22:1), the MERN for spring wheat were
lower than the AORN by 24.1-35.2% in the year (2007) with a good or moderately favourable
rainfall distribution. tn-the-extremely-dry-yearalready-nitrogen-rates-higherthan-12 kg-ha "in
eentrektreatmenkwem&npreﬁtabt&ln the extremely dry year (2006) an increase in nitrogen

rates above 12 kg ha™in control treatment caused a decrease in profitability. The fertilization
of spring wheat grown after field pea catch crop in this year was economically unjustified.

The effectiveness of nitrogen fertilization (Ng) within the range of 0 to 40 kg-ha'1 was very
high in all of the years of the study (Fig. 3). The average increase in grain yield per 1 kg of

nitrogen applied ranged from 12.4 kg in 2008 to 17.0 kg in 2007. The effectiveness of higher -

[ Comment [i3]: This does not seem correct.




334 nitrogen rates was much different in the years of the stud¥. In 2006 a small positive effect
335 was found in the range of 40 to 80 and of 80 to 120 kg-ha . Increasing the rate from 120 to
336 160 kg-ha'1 resulted in a decrease in grain yield by 4.4 kg on average per each kg of the
337 applied nitrogen. In 2007 a relatively high effectiveness of nitrogen was obtained within the
338 range of 40 to 80 kg-ha'1. The effectiveness of nitrogen fertilization in the range of 80 to 120
339  kg-ha' was from -1.63 for wheat grown after radish to 1.93 for wheat grown in the control
340  without a catch crop. In 2008 the effectiveness in all of the studied ranges of rates above 40
341  kgha'was less than zero.
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Fig. 3. Effectiveness of nitrogen fertilization (Ngs) of spring wheat grown after catch
crops (field pea, oilseed radish) or without them (control), measured separately in
particular rate intervals (kg of grain yield increase-kg™ "N rate increase)

In all of the years of the study, there was a correlation between grain yield and the number
of spikes of spring wheat (Table 7). The number of grains per spike and the 1000 grain
weight were positively correlated with grain yield only in the years with a good or moderate
water supply (2007 and 2006).

Table 7. Correlation coefficients between grain yield and the yield components of
spring wheat (n=15)

. Yield-of grain-in-years-Grain yield
Yield components 2006 2007 2008
Number of spike per m 0.92* 0.85* 0.92*
Number of grains per spike 0.92* 0.88* 0.34
Weight of 1000 grains 0.65* 0.78* 0.09

*— significant at a. = 0.05;
4. DISCUSSION
4.1 Yield of plants grown as stubble catch crop

The abeve-ground-dry green matter yield of plants grown as a stubble catch crop depends
mainly on the supply of water and fertilizer elements. Under conditions of a favourable
dlstrlbutlon of precipitation, good soil fertlllty and nitrogen fertilization applied at a rate of 60-
90 kg- ha™ it ranges from 3 to 6 Mg- ha” [9-43,14 8, 15, 16]. In general, plants of the family
Fabaceae give lower yields than oilseed radish. In the present study, field pea formed a
significantly higher yield of abeve-greund-dry green matter and total biomass than oilseed
radish. The reason for the poor yield of radish could be the relatively low soil abundance of
nltrogen This element is taken up by radish in very large amounts, often exceeding 160
kg ha™ [16]. When grown in soil that is not rich abundant in nitrogen and under conditions
where there is a lack of fertilizing catch crops containing this element, radish cannot form as
large a yield as pea.

4.2 Grain yield of spring wheat and its structure

The average grain yield of spring wheat from the 3 years of the study was very low (2.85
Mg-ha™). This was a result of both the unfavourable weather conditions that prevailed in 2

out of the 3 years of the study and from the sandy-loamy soil that was hot very fertile jon

which the wheat was grown.

A positive effect of nitrogen fertilization on all the wheat yield components confirms the need
for splitting its application into three rates. This is indicated by the effect of nitrogen
fertlllzatlon on the 1000 grain weight of wheat. Increasing the N rate by as much as 120
kg-ha™ did not affect this feature. Only after the application of 160 kg it was significantly
higher than in the control. This effect results from the way of division of the highest nitrogen
rate. The third part of this rate (40 kg ha™’ ) applied directly before wheat earing caused
formation of better filled grain. Splitting into two equal parts spread before sowing and at the
beginning of shooting stage, appliedfor(-rates 80 and 120 kg-ha” ) had no effect on 1000
grain weight. A positive effect of nitrogen applied before earing on the 1000 grain weight was
obtained in 2007, characterized by a favourable rainfall distribution during spring wheat
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growing period. This effect was not observed in the other years. Thus in years that are
characterized by rainfall deficit in this period the application of this rate is ineffective.
According to Engel et al., [1] and Boaretto et al., [17] alse-the air temperature is also of
utmost importance for_the yield-forming influence of nitrogen applied at later development
stages. Under conditions of very high temperatures the period of grain filling is shortened,
leading to a decrease in 1000 grain weight and the yield. A negative effect of high
temperatures on wheat yielding was observed even under conditions of a _high amount of
precipitation. In the present study, in 2 of 3 years air temperatures in the period of grain
filing were considerably higher than the long-term averages, which combined with rainfall
deficit led to formation of poorly filled grain.

Field pea and oilseed radish grown as a stubble catch crop for green manure exerted a
positive effect on the grain yield of spring wheat. This positive effect resulted mainly from an
increase in the number of spikes and the number of grains per spike. The 1000 grain weight
was also dependent on catch crops, but an increase in the value of this feature under the
influence of plowed biomass was only 1.5-1.7%.

The results of research presented in the literature concerning the impact of catch crops on
the yield of succeeding crops are ambiguous. Many studies have shown negative effects
[45-16,-47 18, 19, 20] or no impact of catch crops plowed underinto-the-biemass on the yield
of cereals [48 21]. In order to obtain the desired effect, it is necessary to select the
appropriate plant species for growing as a stubble catch crop.

The results of current research indicate that legumes grown as catch crops and plowed in
autumn have a favorable effect on spring cereals. Their biomass in soil undergoes fast
mineralization and- the nutrients that are released are taken up by cereals growing under
these conditions. The positive, successive impact of these catch crops is possible if they
produce a high yield of biomass. This is dependent mainly on the moisture conditions that
occur during July and August [19,-20 22, 23]. Non-legume plants are less sensitive to the
sowing date and weather conditions during growth. However, their impact on the yield of
cereals grown after them is often much weaker. The results obtained confirm previous
studies which suggest that oilseed radish grown in stubble catch crops and used for green
manure makes a significant improvement in the yield and grain quality of cereals [48 21].

4.3 Effectiveness of spring wheat fertilization with nitrogen

The rainfall deficiencies- that occurred during the present study had a very strong impact on
the effectiveness of nitrogen fertilization and on the values of individual yield structure
elements. The least favorable weather conditions that prevailed in 2008 at the stages of
shooting, earing and flowering resulted in very weak spike formation. The maximal grain
yield of spring wheat, amounting to only 2.4 Mg'ha'1 under those conditions, could be
obtained using 41-51 kg N-ha™, Applying nitrogen in such conditions was unprefitable less
profitable. In 2007, when the water supply was very-favourable throughout the growing
period, the yield it-was-pessible-te obtained was almost two times higher and the AORN was
3.5 times higher. Theese results confirm the well-known importance of nitrogen fertilization in
yield formation, particularly under conditions where there is a good water supply [5:2% 1,
24]. The obtained results confirm the necessity of flexible nitrogen fertilization. The rate of
nitrogen applied pre-plant should not exceed 40-50 kgha™ particularly in lighter soils with
poorer water retention. Such a rate is highly effective in respect of productivity, irrespective
of the weather conditions during growth. The effectiveness of higher rates is determined by a
good supply of water throughout the development period of spring wheat. The study by
Boaretto et al., [22 17] indicates that the main part of nitrogen fertilization should be applied
during the period of tillering. This ensures the maximal uptake of nitrogen by plants and
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minimal losses of this element from the soil. A negative aspect of top-dressing with nitrogen
is the risk of its poor effectiveness under conditions of rainfall deficiency [3;23 4, 25]. Since
the total preci itation and its distribution while carrying out the present study was usually

from 80 to 120 kg- ha™ did not result in an increase in the grain y|e|d of spring wheat or even
led to its decreasing. In a study conducted under more favourable sou and weather
conditions [4 2], the optimal nitrogen rate for spring wheat was 120 kg ha™. In the present
study, even in the year with a good water supply, no improvement of spring wd@ngwheat
yield was observed as a result of increasing the nitrogen rate from 80 to 120 kg-ha™. This
probably resulted from conducting the study on less favourable soil conditions.

The large differences in the economic effectiveness in the years of the study, which resulted
from extremely different supplies of rain water to plants, are typical for light soils. Under such
conditions, a growth in yield that can compensate for the incurred costs of fertilizers is
possible only in years with an optimal rainfall distribution or by applying irrigation [5-1].

5. CONCLUSION

The optimal rate of nitrogen in spring wheat euftivation production depended mainly on the
total precipitation that prevailed during its growth. The MERN for spring wheat at the current
price relatien ratio of nitrogen to wheat (5.22:1) was lower than the AORN by 24.1-35.2% in
the year with a favourable rainfall distribution. In the extremely dry year, N fertilization of in
spring wheat grown after field pea eateh-erop was economically unjustified and in the control
(without catch crops) it was peerly hardly profitable.

Field pea and oilseed radish grown as a catch crop and plowed in for green manure resulted
in a significant increase in the grain yield of spring wheat. The positive effect of catch crops
decreased along with an increase in the nitrogen rate. This effect was very strong in spring
wheat unfertilized with nltrogen or after the application of 40 kg N-ha™, and significant after
the application of 80 kg N ha™, whereas it did not occur under condltlons of fertilization with
higher rates of nitrogen.
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