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ABSTRACT

The consumption of corn-based foods is a good alternative for human
health due to their high content of proteins, essential amino acids and
polyunsaturated fatty acids of the omega-3 family. The present study
evaluated the effect of two medium-term canola (Brassica napus L.)-
corn (Zea mays L.) and bean (Phaseolus vulgaris L.)-corn rotations with
four residue incorporation rates (0%, 50%, 100% and 200% of the
preceding crop) on corn grain yield, residue production, nutrient
concentration and extraction after two rotation cycles in a volcanic soil
of south-central Chile. Results indicated that grain yield ranged from
17.04 to 17.40 Mg ha-!, and residue production ranged from 16.41
to 16.50 Mg ha-!, being unaffected by the preceding crop. Residue
incorporation rates had no effect on grain yield and residue
production. The preceding crop affected the concentration and
extraction of some nutrients in grain and residue. Residue rate
affected the concentration and extraction of some nutrients in grain
only. Ca distribution in corn grain was negatively affected by the
preceding bean crop and increased residue incorporation rate.
Nutrient concentration in grain ranged from 1.33 to 1.36% for N,
0.33% for P, 0.53 to 0.54% for K, 0.008 to 0.011% for Ca, 0.14%
for Mg, and 0.087 to 0.092% for S. The ranking of total macronutrient
extraction in the corn crop was K > N > Ca > P > Mg > S. The
extraction means ranged from 320.0 to 325.8, 56.0 to 57.1, 364.7
to 373.7,86.5 to 99.3, 39.4 to 42.4, and 22.6 to 23. 7 kg ha-!, while
grain nutrient partitioning coefficients ranged from 64.5 to 66.8, 90.1
to 90.9, 23.1 to 23.7, 1.3 to 2.0, 50.8 to 57.5, and 60.3 to 60.6 for
N, P, K, Ca, Mg, and S, respectively. The use of bean as a previous
crop allowed an increase in grain protein content (8.56 vs. 8.30%)
with respect to the canola crop.
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Introduction

Corn is a crop of high nutritional value with great
importance for human health '. The estimated area
under corn (Zea mays L.) cultivation in 2020 was
192 million ha. worldwide 2. In Chile, this area was
between 90,000 and 110,000 ha and gross
primary productivity was 12 to 14 Mg C ha! yr!
3, lower than the results indicated for the US
Midwest by Wingeyer 4. Given the high nutritional
demand of this crop 5%, conservation practices to
recycle preceding crop residues and include crop
rotations would contribute in reducing fertilization
of this crop, thus improving its productive potential
79, Conservation practices improve soil physical
properties, decrease the risk of soil erosion and
increase its productive potential 7:10-12, In addition,
conservation practices positively affect soil nutrient
cycling, mainly nitrogen (N) and carbon (C) and
increase N use efficiency 10.13-15. Soil biological
activity also improves with conservation practices
121618, Crop rotation increases grain yield in
cereals such as corn and bread wheat (Triticum
aestivum L) compared to monoculture of both
species 9. Pandiaraj !5 showed that grain yield of
wheat was higher after green grama (Vigna radiate
[L.] Wilczek) compared to corn as a preceding crop
because mineral N in the root zone of the soil is
usually higher in a cereal-legume cropping system
than in cereal monoculture. For durum wheat (T.
turgidum L.), Hirzel 20 indicated that grain yield
increased when the preceding crop was white lupin
or narrow-leafed lupin compared to durum wheat
monoculture. Similarly, several authors 101521 have
shown that residue incorporation increases grain
yields, such as in bread wheat. In contrast to the
benefits of residue incorporation indicated by
different authors, Limén-Ortega '3 observed a 0.2
Mg ha'! decrease in grain yield in bread wheat
monoculture when residue was incorporated instead
of burned. Swanepoel 22 conducted an experiment
for two consecutive seasons with a canola crop and
three bread wheat residue rates (high, intermediate
and low of 5.1 to 6.4, 4.3 10 5.3 and 1.5 to 1.9 Mg
ha-!, respectively) and two tillage systems (tine
openers and disc openers). They indicated that the
residue level of the preceding crop affected the
initial plant population and biomass production up
to 60 d after sowing without affecting the canola
crop yield; they concluded that canola can tolerate
some residue rates.

It is important to quantify the benefits of residue
incorporation from previous crops, and to consider
that adverse factors to this practice are the possible
phenomenon known as “N starvation” and the
difficulty of establishing a crop in the presence of
residues, which could occur in some soils. Agricultural
production systems with residue incorporation
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usually produce long-term effects, but there is little
information on medium-term experiments. We
hypothesize that different rates of residue
incorporation of these two preceding crops may
positively affect corn grain yield, plant nutrient
concentration and extraction, and grain protein
content, and justify the application of residue
incorporation as a soil conservation method or
cultural technique. In addition, there is insufficient
information on the maximum residue rate that does
not adversely affect subsequent crop yield or on the
possible interaction between plant species and
residue rate. The objective of the present study was
to determine the effect of two medium-term
biannual rotations and four rates of incorporated
and/or imported residues on corn grain yield,
residue production, nutrient concentration and
extraction, and grain protein content.

Methods

The experiment was conducted from 2016 to 2020
at the Santa Rosa Experimental Station, INIA-
Quilamapu, Chillan, Chile (36°31’ S, 71°54" W).
The soil is of volcanic origin (Melanoxerand) and
has a low effective depth (0.45 m) 23, The climate is
temperate Mediterranean with a hot, dry summer
and a cold, wet winter. Precipitation was 605, 563,
730, and 460 mm for the 2016-2017,2017-2018,
2018-2019, and 2019-2020 seasons, respectively,
which were concentrated in winter and spring. Mean
temperature was 12.8, 13.2, 13.5, and 13.4 °C
and evaporation was 1,023, 1,041, 990, and 980
mm for the 2016-2017, 2017-2018, 2018-2019,
and 2019-2020 seasons, respectively.

Since the objective was to evaluate the effect of
two preceding crops and four residue rates for each
crop on both productive and nutritional parameters,
the results were evaluated and analyzed for the
corn crop after two crop rotation cycles (2019-
2020 season).

Experiment management

The crop rotations were canola (Brassica napus L.)-
corn (Zea mays L.) and bean (Phaseolus vulgaris L.)-
corn; agronomic practices normally used in Chile for
these crops were standardized for the Chilldn
location. Cultivars were Eminem-von Baer and
Imminent-SIS for canola (first and third seasons,
respectively), Torcaza-INIA for bean (first and third
seasons), and DK-469 and DK-585 (Dekalb) for
corn (second and fourth seasons, respectively).

The sowing dates for the first season of the
experiment were May 15 and October 27, 2016
and harvest dates were April 5 and February 28,
2017 for canola and bean, respectively. In the
second season, corn was sown on October 25,2017
and harvested on April 22, 2018. In the third
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season, canola was sown on May 25, 2018 and
harvested on January 15, 2019, while bean were
sown on October 27, 2018 and harvested on
February 28, 2019. In the fourth season, corn was
planted on October 27, 2019 and harvested on
April 15, 2020.

Each experimental unit was 40 m long and 14 m
wide (560 m2 plot) with row spacing of 0.7, 0.7,
and 0.7 m for canola, beans, and corn, respectively.
Seed rates were 30, 120, and 40 kg ha-! for
canola, bean, and corn, respectively. Irrigation was
applied to the canola crop at the flowering stage
and at the beginning of the grain filling stage.
Irrigation for bean was applied at 80% crop
coverage, 75% at flowering, and at the beginning
of the grain filling stage. Irrigation in corn was
applied weekly from the beginning of November
2017 to March 15, 2018 (second season) and from
the beginning of November 2019 to March 20,
2020 (fourth season). Total weed control was
carried out and disease control was not necessary.
Lime was applied at the rate of 3,000 kg ha-! prior
to sowing canola and bean in April 2016.
Fertilization rates of nitrogen (N), phosphorus (P) as
P-Os, and potassium (K) as K2O were 160, 120,
and 80 kg ha-! for the canola crop, 60, 60, and 60
kg ha-! for the bean crop, and 350, 120, and 120
kg ha' for the corn crop, respectively, in
accordance with soil chemical properties (Table 1).
In the three crops, P and K were applied 100% at
sowing, while N was applied 50% at sowing and
50% at 80% crop coverage in canola, 100% at
sowing in bean, and 40% at sowing and 60% at
the 6-leaf stage in corn. Fertilizers used were ureaq,
triple superphosphate, and potassium chloride. In
addition, magnesium (Mg), sulfur (S), zinc (Zn), and
boron (B) were applied as magnesium sulphate, zinc
sulphate, and calcium borate fertilizers in all the
crops at rates of 30:33:8:4:2 kg ha-! before sowing
according to soil analysis (Table 1). In the first
season, average grain yields of canola and bean
were 3.2 and 3.8 Mg hal, respectively, and
residue production was 8.0 and 7.3 Mg ha-! for
canola and bean, respectively. For the second
season, corn grain yields ranged between 15.7 and
17.5 Mg ha! and residue production between 16.0
and 16.8 Mg ha' with no significant differences
associated with the preceding crop . For the third
season, average grain yields were 4.3 and 3.7 Mg
ha! and residue production was 10.3 and 7.2 Mg
ha-! for canola and bean, respectively. At harvest,
canola and bean residues were ground and
incorporated at rates of 0%, 50%, 100%, and
200% in the same experimental unit; the plot was
divided into four split-plots 20 m long and 7 m wide
(140 m?2). The equipment used to grind and
incorporate the residues were Maschio, (Model
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Tornado 310, Gaspardo S.p.A.) and Lemken
(Model Rubin 9, Lemken GmbH & Co. KG),
respectively.

Corn grain yield, residve yield, and plant tissue
analysis

Plots were harvested manually at grain maturity,
and both grain yield and residue production for
each plot were expressed in Mg ha-'. Plant samples
from a 2.1 m? plot area were collected and
separated into grain and aerial residue. Grain and
residue samples were oven-dried at 70 °C for 72
h.

The concentrations of N, P, K, calcium (Ca), Mg and
S in the grain and in the aerial residue were
determined. The dry subsamples were ground with
a mill, passed through a 2-mm sieve, and analyzed.
After dry-ashing at 500 °C and acid digestion (2M
HCI), total N was determined by the macro-Kjeldahl
procedure and total K, Ca, and Mg by atomic
emission (K) and atomic absorption (Ca and Mg)
spectrophotometry. Phosphorus was measured in
the same extracts by colorimetry according to the
molybdate ascorbic acid method. The turbidimetric
method was used to determine sulfate as barium
chloride 24. Grain protein content was estimated
with the conversion coefficient of N-form to protein
content, which corresponded to 6.25.

Nutrient extraction in grain or residue was
determined by the ratio of grain yield to nutrient
concentration or residue vyield to nutrient
concentration. The distribution coefficient of
nutrients in grain was determined as the percentage
ratio between the extraction in grain and the total
extraction of each nutrient.

Experimental design and statistical analysis

The experimental design was a split-split plot in
which the main plot was the crop rotation (2) and
the split plot was the residue rate (4) with four
replicates.

Results were analyzed by ANOVA and Tukey'’s test
(p = 0.05) using the SAS PROC MIXED Model
procedure 25. Contrast analysis for significant
interactions was used to compare treatment effects
individually.

Results

Significance analysis

Significance analysis indicated no effect of
preceding crop or residue rate on grain yield and
residue production (p < 0.05) (Table 2). The
preceding crop only affected N, protein, Ca, and S
concentrations in the grain and Ca and Mg
concentrations in the residue (p < 0.01). Meanwhile,
the preceding crop affected Ca (p < 0.01) and S
(p < 0.05) extraction in the grain and Ca and Mg
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in the residue (p < 0.01). The distribution coefficient
of Ca and Mg to grain was also affected by the
preceding crop (p < 0.01) (Table 2). Residue
incorporation rate only affected N, Ca, and Mg
concentrations in the grain, but interacted with the
preceding crop (p < 0.05). The interaction with
preceding crop and residue incorporation rate
affected grain P (p < 0.01) and residue Mg (p <
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0.05) concentrations. The N, P, and Ca extraction in
grain was also affected by residue rate, but with
the interaction of the preceding crop (p < 0.05).
Meanwhile, Mg extraction in grain was affected by
preceding crop and residue rate (p < 0.05).
Residue rate also affected the distribution
coefficient of Ca in grain, with the interaction of the
preceding crop (p < 0.05) (Table 2).

Table 1. Soil chemical properties at the 0-0.2 m depth before sowing canola and bean crops at the start of

the four-year rotation (2016-2017 season).

Parameters Value
Clay, % 16.70
Silt, % 44.60
Sand, % 38.70
Bulk density, g cm™3 1.00
pH (soil:water 1:5) 5.52
Organic matter, g kg”! 109.20
EC, dS m! 0.11
Available N, mg kg! 54.10
Olsen P, mg kg! 21.30
Exchangeable K, cmolc kg-! 0.54
Exchangeable Ca, cmolc kg”! 4.20
Exchangeable Mg, cmol. kg"! 0.36
Exchangeable Na, cmol. kg! 0.08
Exchangeable Al, cmol. kg"! 0.12
Available Fe, mg kg 28.30
Available Mn, mg kg! 1.70
Available Zn, mg kg 0.20
Available Cu, mg kg"! 1.20
Available B, mg kg"! 0.10
Available S, mg kg”! 23.50

EC: Electrical conductivity.

Table 2. Significance analysis of corn yield and nutrient concentrations in grain and residue for the second

corn crops in a four-year rotation.

Parameter Previous crop Residue rate C * R
(Q) (R) Interaction
Grain production NS NS NS
Residue production NS NS NS
Grain nutrients N ** *k **
concentration P NS NS *x
K NS NS NS
CQ sksk skk sk
Mg NS * *
S ** NS NS
Grain nutrients N NS * *
extraction P NS * *
K NS NS NS
CG sksk skk sksk
Mg NS NS *
S * NS NS
Residue nutrients N NS NS NS
concentration P NS NS NS
K NS NS NS
Ca ** NS NS
Mg sk NS *
S NS NS NS
Residue nutrients N NS NS NS
extraction P NS NS NS
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K NS NS NS
Ca ok NS NS
Mg ok NS NS
S NS NS NS

Grain nutrients N NS NS NS

distribution coefficient P NS NS NS
K NS NS NS
CQ sk * *
Mg o NS NS
S NS NS NS

* Significant at the 0.05 probability level; **Significant at the 0.01 probability level; NS: nonsignificant.

Corn grain yield and residue production

Grain yield and residue production ranged from
17.04 and 17.40 and 16.41 and 16.50 Mg ha-,
respectively, (Table 3), with no effect of preceding
crop or residue incorporation rate. Given these
values for grain yield and residue production, which

were averaged for all residue doses used in each
rotation, the coefficient of dry matter distribution to
corn grain can be calculated as the average for
each rotation; thus, values of 49.0 and 48.6 were
obtained when corn was grown after oilseed rape
and beans, respectively.

Table 3. Corn yield and nutrient concentrations in grain and residue after the canola or bean crops for the

second corn crop in a four-year rotation.

2019-20 season
Tissue Parameter Preceding crop
Canola Bean
Grain Yield, Mg ha! 15.80 a 15.58 a
N concentration, % 1.328 b 1.369 a
Protein content, % 8.30 b 8.56 a
P concentration, % 0.326 a 0.327 a
K concentration, % 0.533 a 0.539 a
Ca concentration, % 0.011 a 0.008 b
Mg concentration, % 0.143 a 0.138 a
S concentration, % 0.087 b 0.092 a
Residue Residue, Mg ha! 1641 a 16.50 a
N concentration, % 0.711 a 0.645 a
P concentration, % 0.035 a 0.031 a
K concentration, % 1.760 a 1.695 a
Ca concentration, % 0.518 b 0.595 a
Mg concentration, % 0.102 b 0.127 a
S concentration, % 0.054 a 0.057 a

Different letters in the same row indicate differences according to Tukey'’s test (p < 0.05).

Nutrient concentrations and protein content in the
corn grain

Most of the nutrient concentrations in the grain were
affected by the interaction between the preceding
crop and the residue incorporation rate (Tables 2
and 3). The N concentration and protein content
were higher after the bean crop (p < 0.05);
however, both N concentration and protein content
in the grain significantly increased with the three
highest residue incorporation rates after the canola
crop (Figure 1). The P concentration was also
affected by the canola residue rate but its effect
was erratic because the highest value was obtained
with 100% residue (Figure 2). The Ca concentration
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was higher after the canola cultivation (p < 0.05).
After bean cultivation, there was an inversely
proportional relationship between the residue
incorporation rate and Ca concentration obtained
in corn grain (Figure 3); there were no significant
differences between the three highest residue rates
(p > 0.05). The Mg concentration after canola
cultivation showed an erratic effect with respect to
residue incorporation rates and was highest at the
100% (Figure 4). The S concentration was higher
after the bean crop (p < 0.05).

The ranking of nutrient concentrations in the corn
grainwas N> K >P > Mg > S > Ca (Table 3).
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Figure 1. Nitrogen concentration in corn grain for the second rotation season (2019-2020) after four residue
incorporation rates of canola crops. Different letters over the bars indicate differences according to Tukey’s
test (p < 0.05). Lines over the bars correspond to the standard error.
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Figure 2. Phosphorus concentration in corn grain for the second rotation season (2019-2020) after four
residue incorporation rates of canola crops. Different letters over the bars indicate differences according to
Tukey’s test (p < 0.05). Lines over the bars correspond to the standard error.
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Figure 3. Calcium concentration in corn grain for the second rotation season (2019-2020) after four residue
incorporation rates of bean crops. Different letters over the bars indicate differences according to Tukey’s
test (p < 0.05). Lines over the bars correspond to the standard error.
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Figure 4. Magnesium concentration in corn grain for the second rotation season (2019-2020) after four
residue incorporation rates of canola crops. Different letters over the bars indicate differences according to
Tukey'’s test (p < 0.05). Lines over the bars correspond to the standard error.

Nutrient concentrations in the corn residue of bean residue incorporation before sowing the
Most nutrient concentrations were not affected by corn crop (Figure 5), and the lowest value was
the preceding crop or residue incorporation rate obtained with the highest residue rate (p < 0.05).

(Tables 2 and 3). The Ca and Mg concentrations The ranking of the nutrient concentrations in the corn

were higher after the bean crop (p < 0.05); Mg residue was K> N > Ca > Mg > S > Ca (Table 3).
concentration was inversely proportional to the rate
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Figure 5. Magnesium concentration in corn residue for the second rotation season (2019-2020) after four
residue incorporation rates of bean crops. Different letters over the bars indicate differences according to
Tukey'’s test (p < 0.05). Lines over the bars correspond to the standard error.

Nutrient extractions in corn grain

Most nutrient extractions in corn grain were
affected by the interaction between the preceding
crop and the residue incorporation rate, except for
K and S; however, S extraction was affected by
preceding crop (Tables 2 and 4). N extraction was
directly proportional to the rate of canola residue
incorporation (Figure 6), and the highest values
were obtained at the two highest residue rates (p
< 0.05). P extraction was higher in the two highest
rates of canola residue (p < 0.05) (Figure 7). Ca
extraction was higher after canola cultivation (p <

0.05) (Table 4). After bean cultivation, there was
an inversely proportional relationship between Ca
concentration and residue incorporation rate
(Figure 8); the lowest extractions were obtained at
the two highest residue rates, exceeded only by the
control without residue incorporation (p < 0.05). Mg
extraction was erratic for the different rates of
canola residue incorporation (Figure 9), with the
highest value obtained at 100% residue (p < 0.05).
S extraction was higher after bean crop (p < 0.05)
(Table 4). The ranking of nutrient extractions in corn
grainwas N> K >P > Mg > S > Ca (Table 4).

Table 4. Nutrient extraction in grain and residue and nutrients distribution coefficient after the canola or
bean crops for the second corn crop in a four-year rotation.

2019-20 season
Tissue Parameter Preceding crop
Canola Bean
Grain N extraction, kg ha-! 209.3 a 213.2 a
P extraction, kg ha! 51.4 a 50.9 a
K extraction, kg ha-! 83.8 a 83.7 a
Ca extraction, kg ha"! 1.7 a 1.3b
Mg extraction, kg ha"! 22.7 a 21.6 a
S extraction, kg ha! 137 b 143 a
Residue N extraction, kg ha! 116.5 a 106.8 a
P extraction, kg ha! 5.7 a 5.1 a
K extraction, kg ha-! 289.5 a 281.0 a
Ca extraction, kg ha"! 84.8 b 98.1 a
Mg extraction, kg ha"! 16.8 b 20.8 a
S extraction, kg ha"! 8.9 a 9.4 a
N 64.5 a 66.8 a
. . P 90.1 a 90.9 a
Crom utrients g 23.1a 237 a
istribution
coefficient (%) Ca 20a 1.3b
Mg 57.5a 50.8 b
S 60.6 a 60.3 a
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Different letters in the same row indicate differences according to Tukey's test (p < 0.05).
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Figure 6. Nitrogen extraction in corn grain for the second rotation season (2019-2020) after four residue
incorporation rates of canola crops. Different letters over the bars indicate differences according to Tukey’s
test (p < 0.05). Lines over the bars correspond to the standard error.
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Figure 7. Phosphorus extraction in corn grain for the second rotation season (2019-2020) after four residue
incorporation rates of canola crops. Different letters over the bars indicate differences according to Tukey’s
test (p < 0.05). Lines over the bars correspond to the standard error.
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Figure 8. Calcium extraction in corn grain for the second rotation season (2019-2020) after four residue
incorporation rates of bean crops. Different letters over the bars indicate differences according to Tukey’s

test (p < 0.05). Lines over the bars correspond to the standard error.
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Figure 9. Magnesium extraction in corn grain for the second rotation season (2019-2020) after four residue
incorporation rates of canola crops. Different letters over the bars indicate differences according to Tukey’s
test (p < 0.05). Lines over the bars correspond to the standard error.

Nutrient extractions in corn residue

Most nutrient extractions in the corn residue were
not affected by the preceding crop (except Ca and
Mg), residue incorporation rate, or by the
interaction of both factors (Tables 2 and 4). Ca and
Mg extractions in the residue were higher after
bean cultivation (p < 0.05) (Table 4).

The ranking of nutrient extractions in corn residue
was K> N> Ca > Mg > S > P (Table 4).
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Distribution coefficient of nutrients to the grain
The partition coefficient for most nutrients to corn
grain was not affected by the preceding crop,
residue rate or the interaction between the two
factors (Tables 2 and 4). The value for Ca was
higher after the canola crop (p < 0.05) (Table 4);
however, it was inversely proportional to the
residue incorporation rate after the bean crop
(Figure 10), and the lowest distribution coefficient
values to grain were obtained at the two highest
residue incorporation rates (p < 0.05).
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The ranking of the nutrient distribution coefficients
in the grain was P > N > S > Mg > K > Ca (Table
4).

Different Crop Rotations and Residue Levels as They Affect Corn Grain, Residue
Production, and Nutrient Concentration
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Figure 10. Grain Calcium distribution coefficient for the second rotation season (2019-2020) after four
residue incorporation rates of bean crops. Different letters over the bars indicate differences according to
Tukey'’s test (p < 0.05). Lines over the bars correspond to the standard error.

Discussion

Corn grain yield and residue production were
normal for the study area ¢7:26; other authors have
mentioned the lack of effect of preceding crop or
residue rate on yield in short- and medium-term
studies 67,2227 The lack of effect of residue rate on
grain yield and residue production can be
explained by the high organic matter (OM) level at
the experimental site, which may reduce the
response to organic C addition derived from
residue incorporation during the experiment. Corn
grain yield and residue production in the present
experiment were higher than the results reported
by Woli 28 in field experiments conducted in lowa,
USA, and by Overmann and Scholtz 29 for a
production model based on Northern Hemisphere
data, which is likely associated with the lower
productive potential of these soils compared to the
soil used in our experiment. In addition, the
coefficients of dry matter distribution to corn grain
are normal for the study area 39,

Increased concentration of some nutrients and grain
protein content in corn plant tissues following a
legume crop like bean has been reported by other
authors, mainly for N 913 31-33  gssociated with
increased soil biomass activity 812.17.34 and its effect
on nutrient supply.

The higher residue incorporation rate of both
preceding crops may have produced a higher
nutrient availability for the corn crop, resulting in a
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higher concentration of nutrients in both grains and
residue. This was partially observed in some
nutrients, probably associated with the adequate
soil fertility (Table 1) and fertilization used in this
experiment, which meets the crop needs for this
production condition 426, The higher Ca
concentration obtained in corn grain after canola
cultivation may be due to the higher mass of canola
crop residue compared to the use of bean and the
Ca contributions with this residue, since this is a
nutrient with a moderate input through crop
fertilization (261 kg ha' triple superphosphate
providing 37 kg Ca). The inversely proportional
effect of bean residue rate on Ca concentration in
corn grain may be related to higher soil microbial
activity compared to higher residue rate and the
nutrient requirements of this biomass 83334 in
addition to the formation of organo-mineral
complexes in soil aggregate formation33.

Higher Ca and Mg concentrations in corn residue
obtained after bean cultivation may be explained
by higher soil biomass activity and its influence on
soil nutrient cycles 81034, The effect of higher bean
crop residue rate on lower residue Mg
concentration was previously discussed and may be
associated with higher biomass activity in soils with
higher nutrient requirements 8:33.34,

The concentration of macronutrients and their
ranking in corn grains and residue are consistent
with the findings of several authors 28-30.36,
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Nutrient extractions in corn grain were normal for
the study area 3° and higher than several Northern
Hemisphere edaphic conditions 2829 and the
extraction ranking concurs with several authors
28,2936, The directly proportional relationship
between N and P extraction in corn grain and the
rate of residue incorporation after canola
cultivation can be explained by the higher nutrient
input associated with the incorporated residue.
Meanwhile, the inversely proportional relationship
between Ca extraction in grain and increased
residue rate in bean could be due to the higher
nutrient requirement of soil biomass when a higher
residue rate is added 3437.38 and to the aggregate
formation of Ca-organic complexes when residues
are incorporated to facilitate the delivery of
substrates to the soil microbial biomass 39. Melo 37
indicated that the application of calcium and
magnesium  silicate and limestone positively
influenced biomass and respiration rate in soil
grown with Bidens pilosa L. and corn. The higher S
extraction in corn grain after bean cultivation
compared to canola may be due to the lower C:N
ratio and polyphenol content of the bean residue
and the higher S concentration in this crop, resulting
in higher availability of this nutrient 33:40-43,
Nutrient extraction in the corn residue was normal
for the study area 30 and the extraction ranking
concurred with those indicated by several authors
28,29,36, The higher Ca and Mg extraction in corn
residue after bean cultivation contrasted with the
lower Ca extraction by grain and the erratic effect
for Mg; this indicates that Ca translocation and
partial Mg translocation to grain are affected by
the higher rate of bean residue. This could be
explained by metabolic processes in the plant that
affect nutrient translocation at the grain filling stage
during the final third of crop development 28:36.44;
this was not assessed in the present study.
Regarding nutrient distribution in corn grain and
other reports for cereal crops, the highest
proportion of N, P, Mg, and S was concentrated in
the grain 28303645 this is associated with the
structural and metabolic functions of these nutrients,
such as protein composition and enzyme cofactors
44, The highest proportion of K and Ca was found in
the aerial residue, which was also reported in other
studies on cereals 28303645  This greater
accumulation of K and Ca in the aerial residue is
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associated with the structural functions of Ca in the
rigidity of the stem (pectates, phosphates, and
oxalates), plant vascular system and the reduced
mobility of this nutrient towards carbohydrate
accumulation structures such as grains. Other factors
in the case of K are the functions of water status,
osmotic potential, neutralization of soluble and
insoluble macromolecular anions present in the
aerial residue, lignification of vascular bundles and
increased starch levels 44. The lowest distribution
coefficient of Ca and Mg in corn grain obtained
after bean crop can be explained by the higher
requirement of both nutrients by the microbial
biomass 37 and the aggregate formation of Ca-
organic complexes when residues are incorporated
that facilitate the delivery of substrates to the soil
microbial biomass 39.

Conclusions

The results indicated that grain yield and residue
production were not affected by the preceding
crop and residue incorporation rates. The preceding
crop affected the concentration and extraction of
some nutrients in both grain and residue. The
residue incorporation rate affected both
concentration and extraction of some nutrients in
grain only. Extractions of S in grain and Ca and Mg
in the residue was lower after canola. Ca extraction
in grain was lower after bean cultivation. The Ca
distribution in corn grain was negatively affected
by the preceding bean crop and its higher residue
incorporation rate. The ranking of total
macronutrient extraction in the corn crop was K > N
> Ca > P > Mg > S; mean extractions in the
experiment ranged from 320.0 to 325.8, 56.0 to
57.1, 364.7 to 373.7, 86.5 to 99.3, 39.4 to 42.4,
and 22.6 to 23.7 kg ha! for N, P, K, Ca, Mg, and
S, respectively. Grain nutrient  distribution
coefficients ranged from 64.5 to 66.8, 90.1 to
90.9, 23.1 to 23.7, 1.3 to 2.0, 50.8 to 57.5, and
60.3 to 60.6 for N, P, K, Ca, Mg, and S,
respectively.
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