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High wheat yields, besides the genetic potential and edaphoclimatic conditions, are obtained by proper
management and nitrogen use. The objective of the study was to define the most appropriate time for
N-fertilizer application, considering the range of greatest wheat requirements, dependent on the
succession system type and the predictability of favorable and unfavorable years. The study was
carried out in the 2008 to 2012 years, in Augusto Pestana, Rio Grande do Sul, Brazil. The experimental
design was randomized blocks with four replications, with N-fertilizer application at 0, 10, 30 and 60
days after emergence, considering the corn/wheat and soybean/wheat succession system. The study
found that the best time for nitrogen fertilizer application on wheat is mostly influenced by the year of
cultivation and is less influenced by the succession system type. The appropriate time for the N-
fertilizer application in favorable years of cultivation was about 45 days after emergence. In unfavorable
years, it must be anticipated. Regardless of the cultivation year and the succession system type, the N-
fertilization at 30 days after emergence evidenced the highest means as the most stabile grain yield.

Key words: Wheat Triticum aestivum, N-fertilizer time, optimization.

INTRODUCTION

In a globalized market, achieving self-sufficiency and the development of more productive cultivars, which are
competitiveness of Brazilian wheat is decisive. Therefore, tolerant and efficient in the use of light and nutrients is
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desired (Freo et al, 2011). Besides the weather
conditions, nitrogen management is essential to increase
grain yield (Flores et al., 2012). The amount of fertilizer
and the appropriate application time should also be taken
into account due to the possibility that high doses and too
early or too late applications might not be exploited at its
most (Silva et al., 2005; Ma et al., 2010). In this context,
the importance of nitrogen fertilization should be
highlighted, not only for the costs associated to it, but
also because it's efficient use is the key to sustainable
production (Costa et al., 2013).

The N-fertilizer dose in wheat is based on the soil
organic matter content, on the fore crop, and on the
expected grain yield (Siqueira Neto et al., 2010). On the
other hand, the appropriate time for nitrogen topdressing
is defined by the plant phenology, according to the period
of greatest deficiency of the nutrient during plant
development and formation of vyield components
(Bredemeier et al.,, 2013). The periods when wheat
mostly requires nitrogen is from the emergence until the
sixth leaf stage (Yano et al., 2005). If applied in the early
stages, the fertilizer promotes the maximum number of
spikelet and grains per spike; if applied in final stages, it
can increase the number of culms per area (Teixeira
Filho et al, 2010). In Brazil, the technical
recommendations for wheat production as the proper
time of fertilization indicate the period between the
beginning of tillering (V3 stage; code 13 in BBCH scale)
and the beginning of elongation (Ve stage; code 16 in
BBCH scale), that is, about 30 to 60 days after
emergence stage, especially between the 30" and 45™
day (Reunido da Comissdo Brasileira de Pesquisa de
Trigo e Triticale, 2013). It must be highlighted that the
period between the beginning of tillering and elongation
in wheat is indeed a large interval for the decision of the
appropriate time of fertilizer application. This raises the
need to consider factors other than just most favorable
conditions of soil moisture, which would help in the
definition of the more adjusted time of nitrogen supply,
resulting in better efficiency in the nutrient use, and better
grain yield.

The wide variation of grain yield is associated with the
great variability in weather conditions, making the
agricultural year the biggest contributing factor for the
production instability (Storck et al., 2014). The years of
favorable and unfavorable weather alter the nitrogen
availability and its efficient use by the plant (Espindula et
al., 2010). Also, it should be noted that nitrate leaching
increases when N-fertilizer application is followed by
excessive rain (Coelho et al, 2014), and ammonia
volatilization is favored when applied in hot and dry
periods (Ma et al., 2010). The type of vegetative cover
also influences the losses by leaching or volatilization,
and the nitrogen use efficiency (Ma et al., 2010; Viola et
al., 2013). Therefore, the biochemical composition of
residues affects the choice of proper dose and time of
nitrogen supply, taking into account the nutrient release
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rate into the soil and the decomposing tissues (Siqueira
Neto et al., 2010).

It is already known in the literature that weather
conditions and cultivation techniques modify the nitrogen
use efficiency. This justifies that the interactions between
the succession system type and weather conditions and
the periods of wheat greatest deficiency of nitrogen in
wheat should be considered in the choice of the most
appropriate period for application of N-fertilizer.

The objective of this study was to define the most
appropriate period of N-fertilizer application according to
wheat greatest requirement of the nutrient, dependent on
the succession system type and on the predictability of
weather favorable and unfavorable years.

MATERIALS AND METHODS

The experiments were carried out in the 2008 and 2012 years in the
city of Augusto Pestana, RS, Brazil (lat. 28°26'30”S; long.
54°00’58"W, at 298 m asl). The soil is classified as Oxisol
Distroferric Typical (Santos et al., 2006) and the climate, according
to Koppen classification is Cfa with hot summer without dry season.
The experiment was carried out in the same area during the five
years, and it had had direct seeding for more than twenty years.
The soil analysis carried out before sowings allowed to identify the
following chemical characteristics: in corn/wheat succession
system: Argil = 52%; Organic Matter = 2.9%; pH = 6.2; P = 40.8 mg
dm?®; K = 239.7 mg dm™; Al = 0.0 cmol. dm™; Ca = 6.5 cmol. dm™
and Mg = 2.5 cmol. dm™; and in soybean/wheat rotation: Argil =
54%:; Organic Matter = 3.2%; pH = 6.5; P = 26.9 mg dm®; K = 179.5
mg dm®; Al = 0.0 cmol. dm™®; Ca = 6.3 cmol. dm® and Mg = 2.7
cmol. dm™. Sowings were carried out between May 15" and June
30™ with a seeder-fertilizer. Each experimental field was formed of
5 m rows, spaced 0.20 m apart, composing the experimental unit of
5 m? Seeds underwent germination and vigor test in laboratory in
order to correct the desired density of 330 viable seeds m™ of the
bread wheat cultivar BRS Guamirim, which has early cycle and
short stature. During vegetation period, wheat plants were
protected against diseases by tebuconazole fungicide applications
of commercial name FOLICUR 200 EC® (Bayer CropScience Ltda,
S&o Paulo, Brazil), at a dose of 0.75 | ha™. Moreover, weed control
Wa? carried out with metsulfuron-methy! herbicide, at a dose of 4 g
ha™.

Wheat sowings basic fertilization (NPK) was applied in the rates
of 80 kg ha™ of P,Os, 60 kg ha™ of K,O and 10 kg ha™ of nitrogen.
The remaining part of nitrogen fertilization was applied in coverage
in order to achieve an expected yield of 3 t ha™ of wheat for each
succession system. Therefore, 50 and 80 kg ha™ nitrogen doses
were applied in the soybean/wheat and in the corn/wheat
succession systems, respectively. The experiments were set up in a
randomized blocks experimental design with four replications, with
N-fertilizer application (urea) at O (standard condition), 10, 30 and
60 days after emergence (DAE) of wheat plants. It should be noted
that the periods of fertilization of 10, 30 and 60 DAE characterize
the phenological stages of the wheat development V; (first
expanded leaf), Vs (third expanded leaf = early tillering) and Vg
(sixth expanded leaf = end of tillering and early elongation),
respectively. Wheat was harvested at ripening (code 87 in BBCH
scale). Grain yield was determined based in plants harvested
manually from three central rows of each plot, which were then
threshed with a stationary harvester. Grains were dried for humidity
of 13% and weighed.

The obtained data on yield per hectare were subjected to
analysis of variance for detection of interaction and for means
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Table 1. Summary of the analysis of variance of times nitrogen application in wheat, in the different years and succession system.

Mean square

Grain yield (kg ha™)

Source of variation DF -
. Soybean/wheat succession
Corn/wheat succession system
system
Block 3 43558 105077
Days after emergence 3 3374337* 2058141*
Year 4 3783418* 15555800*
Days after emergence x Year 12 433321* 112229*
Error 57 41745 57978
Total 79
Overall mean 2236 2658
Coefficient of variation (%) 9.14 9.06

* = Significant at 5% confidence level by the F test; DF = Degrees of freedom.

grouping by the Scott & Knott model. Mean grain yield values along
with information of temperature and pluviometric precipitation in the
wheat vegetation period were used as criteria for classification of
favorable and unfavorable years. Wheat yield stability was
estimated according to Wrick (1965) and Eberhart and Russell

(1966) models. The Wricke model, named ecovalence (¢wi), was
estimated according to the equation:cs, = Z;?:l(eh’j f} with the

Nitrogen time (eN); = Yii-Yi-Y;-Y, where Yj is the mean of time “i” in

the environment “j”; Y;is the mean of time “i” for all environments;

Y; is the mean of the environment “” for all times; and Y = mj is the
overall mean. According to this methodology, it is considered stable

when reduced values of wi or i (%) are observed. The Eberhart &

Russell model is based on the linear regression: Y; = BO; + B1il; +
S%; + Ej, where Yj is the mean time “i’ in the environment “”; BO; is

the overall mean of the time “”; Bliis the linear regression
coefficient, whose estimate represents the response of the time “i”
to the variation of the environment “; ljis the codified

environmental index; S% is the regression deviation; and Ej is the
experimental error expectation. The stability of the time of N-
fertilizer application was obtained by the Szi,- parameter. An indicator
was considered stable when S% = 0, and unstable when S%; # 0.
Furthermore, regression equations were applied in order to define
the study years (as favorable or unfavorable), and the most
appropriate time of N-fertilizer application dependent on the
succession system (soybean/wheat; corn/wheat). The statistical
analyses were carried out with the aid of the GENES program
(Cruz, 2006).

RESULTS AND DISCUSSION

Table 1 shows the analysis of variance, the interaction of
N-fertilizer application time with the year of cultivation
was detected, regardless the succession system.
Therefore, the best time for the application was
dependent on the year of cultivation, and the magnitude
of the mean square shows major change in
soybean/wheat succession system. The interaction
between weather and the use of nitrogen in wheat results
in variations from year to year in grain yield, being the
availability of water the most decisive factor (Benin et al.,
2012). The type of residuals coverage also affects

the efficiency of fertilizer harnessing (Nascimento et al.,
2012). In wheat, the use of leguminous plants has
reduced the demand and the losses of nitrogen (Pinnow
et al.,, 2013). The cultivation of wheat in succession to
sunnhemp, the species of high rate of N-residual release,
also promotes high vyield, reduces the demand for
fertilizers, and the losses of N by leaching and
volatilization, and the total cost of the tillage (Nunes et al.,
2011). Although the best use of fertilizer depends on the
weather conditions and the succession system, genetic
differences among cultivars also influence the rate of
nitrogen uptake (Wamser and Mundstock, 2007). Besides
the cultivars which have high grain yield those which are
more efficient in fertilizer use, and are tolerant to
environmental stresses have been continuously used
(Oliveira et al., 2011).

Table 2 presents the corn/wheat succession system,
the higher grain yield in the overall mean was obtained in
the years of 2008 and 2011, which had values closer to
the expected of 3 t ha™. Likewise, in the soybean/wheat
succession system, 2008 and 2011 were the years with
greater contribution to yield, surpassing the expectation
of desired vyield. It should be noted that in the years
favorable for wheat cultivation in corn/wheat succession
system, N-fertilizer applications were applied at 30 and
60 days after emergence (DAE). In the soybean/wheat
succession system, this condition was also detected in
2008; however, the year of 2011 favored the application
at 10 DAE along with the other times tested, except for
the control treatment without fertilization.

The combined effect of years suitable for wheat
cultivation (2008 and 2011) with the succession system
of high N-residual release considerably contributed to
increase grain yield. On the other hand, the unfavorable
years nullified the benefits of soybean/wheat succession
system (Table 2). Variations in temperature were not so
high to the point of damaging the culture of wheat, except
for particular conditions in 2009, in June and July, with
minimum below 5°C (Table 3). Daily maximum
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Corn/wheat succession system - Year

Days after emergence (DAE)

2008 2009 2010 2011 2012
0 A 1605° A 16042 A 1425° A1717° A 1571°
10 A 2671° C 17212 B 2015° A 2527° B 2134°
30 A 30432 B 1919% B 21572 A 3204° B 2181°%
60 A 32687 B 1869% B 1815% A 3215 B 2042%
Overall Mean 2647"" 1779%" 1853%" 2666"" 1982%"

Soybean/wheat succession system - Year
D f DAE
ays after emergence (DAE) 2008 2009 2010 2011 2012

0 A 3160° C 1553° C 1301° B 2672° C 1672°
10 A 3607° B 2050% C 1508° A 33892 B 2138%
30 A 40792 C 20572 C 2257% B 36612 C 2213%
60 A 40372 C 21052 D 1758° B 3334 C 2209?
Overall Mean 3721% 1941%* 1706%" 32647 2058%"

Means followed by the same capital letter on the line, small letters in the column and with * sign represents the overall mean of each year between succession system, do not
differ significantly by Scott & Knott test with 5% confidence level; DAE = days after emergence.

temperatures, even in the warmer months of the
cycle, did not exceed the month average of 27°C.
It stands out that, in the years which favored grain
yield (Table 2), the total cumulative of pluviometric
precipitation was similar to the average
precipitation along the previous 25 years (Table
3). On the other hand, reduced grain yield was
obtained in the years with precipitation excess
(2009) and precipitation restriction (2010 and
2012), when compared to the long-term average.
The analysis of the mean values of grain yield
with the conditions of temperature and
precipitation allowed to classify 2008 and 2011 as
favorable years (FY) and 2009, 2010 and 2012 as
unfavorable years (UY) to wheat cultivation (Table
3). The agronomic efficiency of nitrogen
fertilization  strongly depends on weather
conditions (Battisti et al., 2013). Benin et al.
(2012) observed that wheat was more responsive
to grain yield increase by nitrogen fertilization

when the precipitation was not a limiting factor.
However, under favorable weather conditions, the
use of high rates of nitrogen is not always the
most appropriate strategy. The increase of grain
yield can be achieved by improvements of the
utilization efficiency of the fertilizer by the plant
(Tavares et al., 2014).

The environmental variations, for being decisive
in the time of fertilization, highlight the demand for
high means with stability in wheat grain yield. This
is a condition that qualifies the estimate of general
means with the stability parameters in the five
years of study at each fertilization time (Table 4).
The wuse of N-fertilizer in the corn/wheat
succession system indicates that the highest
values of grain yield were obtained as a result of
N applications at 30 and 60 DAE. At these
development stages, the combination of high
means with the lowest ecovalence value, and S?;
= 0 in the promotion of the greatest stability, was

obtained with fertilization at 30 DAE. In the
soybean/wheat succession system, the highest
values of grain yield were also obtained with
fertilization at 30 and 60 DAE. The greater N-
residual condition enabled the high productivity
with stability at the treatment of N fertilization at
60 DAE. This result confirms the effect of N-
fertilizer application in cases under more
restrictive conditions of N-residual release. On the
other hand, the appropriate release of nitrogen
contained in the tissues of soybean allows the
possibility of nitrogen application delay under
conditions of the soybean/wheat succession
system. In the joint analysis involving succession
systems (Table 4), the most stabile grain yield
was correlated with fertilization at 30 DAE.
Presented studies confirmed the previous results
of Nascimento et al. (2012) and Benin et al.
(2012), that plant residue decompose type
affected the efficiency of nitrogen fertilization of
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Table 3. Temperature and precipitation data in the months and years of wheat cultivation.

Temperature (°C)

Precipitation (mm)

Year Month — - Class
Minimum Maximum Mean Mean 25 year* Occurred
May 8.7 225 15.6 149.7 83.8
June 7.4 18.1 12.7 162.5 231.2
July 11.4 23.1 17.2 135.1 60.8
2008 August 10.1 21.2 15.6 138.2 128.0 FY
September 9.1 21.9 15.5 167.4 72.4
October 14.5 255 20.0 156.5 390.8
Total - - - 909.4 967.0
May 10.7 24.4 17.5 149.7 189.0
June 4.6 17.9 11.2 162.5 55.6
July 4.3 17.5 10.9 135.1 137.2
2009 August 10.1 23.0 16.5 138.2 268.2 uy
September 9.8 21.9 15.8 167.4 348.0
October 11.7 26.7 19.2 156.5 126.9
Total - - - 909.4 1124.9
May 8.0 13.8 10.9 149.7 149.7
June 8.5 14.5 11.5 162.5 119.8
July 7.7 16.9 12.3 135.1 225.3
2010 August 7.2 18.1 12.6 138.2 41.7 uy
September 8.4 24.9 16.6 167.4 145.1
October 11.8 25.6 18.7 156.5 109.4
Total - - - 909.4 791.0
May 10.5 22.7 16.6 149.7 100.5
June 7.9 18.4 13.1 162.5 191.0
July 8.3 19.2 13.7 135.1 200.8
2011 August 9.3 20.4 14.8 138.2 223.8 FY
September 9.5 23.7 16.6 167.4 46.5
October 12.2 25.1 18.6 156.5 211.3
Total - - - 909.4 973.9
May 11.1 245 17.8 149.7 20.3
June 9.3 19.7 14.5 162.5 59.4
July 7.4 17.5 12.4 135.1 176.6
2012 August 12.9 234 18.1 138.2 61.4 uy
September 12.0 23.0 17.5 167.4 194.6
October 15.0 255 20.2 156.5 286.6
Total - - - 909.4 798,9

* = Mean of pluviometric precipitation obtained based on the months from May to October 1982-2007; Class = classification suggested by the

authors; FY = favorable year; UY = unfavorable year.

the culture in succession. Furthermore, growing wheat
after soybeans, when compared to corn/wheat
succession system, greatly increases grain yield with the
same fertilization due to the greater availability of N-
residual (Bredemeier et al., 2013).

The predictions of the optimal time of N-fertilizer

application for the conditions of favorable and
unfavorable year of cultivation, and the regression
equations that indicate the need for early or late
applications are presented in Table 5. It is noteworthy
that in the different succession systems, only favorable
years (2008 and 2011) showed significant linear trend for
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Table 4. Stability parameters on grain yield dependent on the application time of N-fertilizer in succession system by the Wricke

model and Eberhart & Russell model.

Days after emergence Mean of grain yield Ecovalence Regression
(DAE) (kg ha™) wi wi (%) S% R? (%)
Corn/wheat succession system
0 1587° 2075079 53.3 1767"™ 44.2
10 2233° 197904 5.0 9170™ 93.3
30 2580° 333655 8.5 -773™ 98.4
60 25412 1293254 33.2 -718™ 99.0
Soybean/wheat crop roation
0 2171° 132556 13.2 -12538" 90.8
10 2638° 312704 30.9 23843" 97.5
30 3013° 389679 38.6 34180 96.8
60 2808° 175121 17.3 -283" 99.2
Joint analysis (corn/wheat + soybean/wheat)

0 1879° 2417195 45.5 64592" 84.9
10 2436° 513000 9.7 8590"™ 96.8
30 2796° 724178 13.6 15105™ 96.4
60 2675° 1660146 31.2 43993 93.7

Means followed by the same letter in the column do not differ at 5% confidence level (by the Scott & Knott test); DAE= days after emergence;
Ecovalence (wi) = Wricke; Regression = Eberhart & Russell; * significant at 5% confidence level by the F test; ™ not significant by F test; Szi,- =
deviations from regression; R® = coefficient of determination by the F test (Ho: S% = 0).

grain yield. Under corn/wheat rotation, in the favorable
years (2008 and 2011), the best time for fertilization in
coverage was at 44 and 45 DAE. In the years considered
as unfavorable (2009, 2010 and 2012), the demand for
anticipation of the time of fertilization is evident, with the
best weather condition around 34 and 35 DAE, that is, an
anticipation of 10 to 11 days (Table 5). In the
soybean/wheat succession system (Table 5) this trend
was also observed, showing the best time of fertilization
in coverage at 48 DAE in favorable years, and around 39
and 40 DAE, in unfavorable years, that is, an anticipation
of 8 to 9 days. The succession system presented less
correlation to the ideal time of fertilization (3 to 5 days)
compared to the effect of the year of cultivation. These
results demonstrate that the year of cultivation is decisive
for better nitrogen use, considering the ideal time of
fertilization for grain yield. The use of residual N in the
soybean/wheat succession system provided considerable
benefits to the grain yield of wheat. The additive effects of
weather conditions in a favorable year in this succession
system and the best time of nitrogen supply enables
grain yield superior to 4 t ha™ (Table 5).

As previously reported, the favorable and unfavorable
conditions in the year of cultivation were predominantly
defined by the pluviometric precipitation (Figure 1). The
2008 and 2011 vyears, considered as favorable,
evidenced the occurrence of precipitation close to the
nitrogen application time, with the exception of 2011,

when the fertilizer was applied at 10 DAE. On the other
hand, in the years 2009, 2010 and 2012, most of the
times there was no occurrence of rainfall close to the
nitrogen application time (Figure 1). Therefore, the
nitrogen use efficiency is reinforced when the fertilizer
was applied in the interval between 30 and 60 DAE, in
periods near the occurrence of precipitation, regardless
the succession system, as long as precipitation is not of
high pluviometric volume. These results emphasize the
importance of understanding the effect of year climatic
conditions and management practices in wheat
productivity. Stresses caused by deficiency or excess of
water in the soil negatively affect the plant development,
with direct effect on ultimate yield (Guarienti et al., 2005).
The most efficient way to reduce these risks is the choice
of proper cultivar, the sowing time (Silva et al., 2011), and
the dose and time of nitrogen application.

Conclusions

The choice of the best time for nitrogen dressing on
wheat was strongly influenced by the weather conditions
distribution on the year of cultivation; however, it is less
influenced by the succession system.

In favorable years for wheat cultivation, the best time
for fertilization with N-fertilizer was around 45 days after
emergence. In unfavorable years, the N-fertilizer should



4328 Afr. J. Agric. Res.

Year 2008
36 ED 10 DAE 30 DAE 60 DAE HD
33
30 /

—t

A " A [\ A A A
g PEW.NAN WA WA WA WP LA VYWY ALY
i LA M AW, "\j\\ I/ AVA'ARY AVARY \\ J/ WV WYL

<+

Maximum Temperature (°C)

TESE=22=2288&853 SSERRSTISER SESZLESISKES
Total cycle (days)
= P Precipi ‘mm) Maximum daily temperature (°C)
Year 2009
36 ED 10DAE 30 DAE 60 DAE HD
33 |

Maximum Temperature (°C)
O

q
<

>

'<\
\
q

Total cycle (days)

mm Pluviometric Precipitation (mm) ———Maxi daily temp &)
Year 2010
36 ED 10DAE 30 DAE 60 DAE HD
33 |-
E 2.k . Al " N AA N\ A A
g 2t Al T\ A A AN AN T \W \~ ] Vg
R VALA'E AV AN\ AN/ W\ / \J N ¥ v v
E s 1.4 I A,
A4 N %
B | & "I Ill | Hl
A | | " |
TSR 22RO R EIR ST TARRBRCICRRRRELRISESESI2E2SIRER

Total cycle (days)

== Pluviometric Precipitation (mm) ~——Maximum daily temperature (°C)
Year 2011
36 ED 10DAE 30 DAE 60 DAE HD
33 A Ia) ~

A\

A A .
AWAWNAAWAY w V
I VWA

Maximum Temperature (°C)
O
=y
A
——t
LS|
~
"~
L

Total cycle (days)
s Pluvi ic Precipitation (mm) - Maxi daily temp O
Year 2012
36 ED 10DAE 30 DAE 60 DAE HD
33

gg\ P o L ol AN /\ h
24 P\ J] |\ <N TAAL /\ /V'\\IV\ A/ MW/V

o
<
g
t—
B
N
N
t—

Maximum Temperature (°C)
I
-]
q
-
-
N
<
-]
e

1 -
e = NN M T T T O EYiES 000000 OV NG £3 5.0 O o m Nt ooy
Total cycle (days)
= Pluviometric Precipitation (mm) = Maxi daily P ure (°C)

Figure 1. Climatological data of different years of study; ED = Emergence day; DAE = Days after emergence;
Harvest Day.

Pluviometric precipitation (mm) Pluviometric precipitation (mm) Pluviomelric precipitation (mm)

Pluviometric precipitation (mm)

Pluwviometric precipitation (mm)



Arenhardt et al. 4329

Table 5. Regression equations and the ideal time estimate of nitrogen supply for wheat grain yield in the different years and succession system.

Regression Model

2 . -1
Year Degree GY = atbriod’ R P The best time (DAE) GYe (kg ha™)
Corn/wheat succession system

1 2058 + 23.52x 0.71 *

2008-FY 2 1758 + 71.22x -0.78x° 0.92 * 45 3383
1 1670 + 4.33 x 0.64 ns

2009-UY 2 1594 + 16.28x - 0.23%° 0.99 * 35 1882
1 1752 + 4.02x 0.61 ns

2010-UY 2 1502 + 43.86x - 0.65 X° 0.90 * 34 2242
1 2097 + 22.72x 0.72 *

2011-FY 2 1768 + 75.23x - 0.85x° 0.99 * 44 3432
1 1894 + 4.65x 0.78 ns

2012-UY 2 1656 + 29.14x - 0.43x° 0.89 * 34 2150

Soybean/wheat succession system

1 3380 + 13.62x 0.70 *

2008-FY 2 3071 + 46.89x - 0.49%° 0.99 * 48 4193
1 1769 + 6.86x 0.69 ns

2009-UY 2 1648 + 26.16x - 0.33%° 0.77 * 40 2167
1 1495 + 8.41x 0.60 ns

2010-UY 2 1108 + 54.20x - 0.70x? 0.91 * 39 2156
1 3057 + 18.28x 0.97 *

2011-FY 4 4092

0 2 2754 + 56.52x - 0.59%° 0.93 * 8 09

1 2425 + 9.29x 0.69 ns

2012-UY 2 1163 + 45.95x 0.60x° 0.91 * 39 2042

FY = Favorable year; UY = Unfavorable year; * significant at 5% confidence level by the t test; ™ not significant by t test; Degree 1 and 2 = linear and
quadratic regression, respectively; R* = coefficient of determination, in decimal; P = significance level; significant (*), or not significant ("); GYg = Estimated

grain yield from the best time in kg ha™.

be applied about 35 days after emergence. Regardless of
the year of cultivation and succession system, N-
fertilization at 30 days after emergence enables high
stability of grain yield.
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