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Abstract
Conservation agriculture using crop rotation benefits the environment, soil fertility, and crop production. A biannual rotation
experiment during a period of 2 years was conducted in volcanic soil in south-central Chile in a production system under
conservation agriculture. The experiment considered two previous crops, canola (Brassica napus L.) and bean (Phaseolus
vulgaris L.), and four levels of residue incorporation (0%, 50%, 100%, and 200% of generated residue). Grain yield
(0.41 Mg ha−1), grain sedimentation value (5.5%), grain K (0.031%) and Ca (0.006%) concentrations, and residue K concen-
tration (0.159%) were higher when the previous crop was bean. The Ca concentration (0.037%) in wheat residue increased after
the canola crop. The different applied residue levels of the previous crop had no effect on any of the evaluated parameters in
wheat. There was a very consistent negative correlation between the grain S concentration and the residue P (− 0.55), K (− 0.55),
Mg (− 0.61), and S (− 0.63) concentrations in wheat when it was cultivated after bean. A larger number of study cycles are
required to obtain more consistent results about the effect of the different residue levels on these two biannual rotations.
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1 Introduction

Conservation agriculture and crop rotation benefit both the
environment and soil fertility (Sommer et al. 2007); and it
has different effects on crop production and nitrogen (N) use
efficiency (Limon-Ortega et al., 2004; Kazemeini et al. 2014;
Pandiaraj et al. 2015; Basir et al. 2016). Conservation agricul-
ture can increase soil organic matter (SOM), biological activ-
ity, macroporosity, stable aggregates, water infiltration, and
amount of soil water available to plant, and reduce bulk den-
sity (Fabrizzi et al. 2005; Wright et al. 2005; Liu et al. 2014a;
Basir et al. 2016; Stewart et al. 2018; Urra et al. 2018).
Formerly, Karlen et al. (1994) indicated that crop rotation
allowed breaking soil pathogen cycles and reduced weed
pressure. Hirzel et al. (2011) point out that crop rotation that

included pastures increased soil chemical fertility. Pandiaraj
et al. (2015) also demonstrated that wheat (Triticum aestivum
L.) grain yield was higher after green gram (Vigna radiate [L.]
Wilczek) compared with corn (Zea mays L.) used as a previ-
ous crop; this is associated with the fact that mineral N in the
root-zone soil is often higher in a cereal-legume cropping
system than in cereal monoculture. Kumar et al. (2018) indi-
cated that different crop rotations generate changes in soil C
mineralization, and the application of mineral fertilizers asso-
ciated with crop residues had a positive effect on C and N
mineralization and their kinetics. Besides, a permanent surface
residue layer provides a barrier against rapid water runoff
(Sommer et al. 2007). Residue incorporation reduces the
quantity of chemical fertilizers used in the crop (Sfez et al.
2017), which could be associated with increased available
nutrient concentrations and urease, alkaline phosphatase, and
catalase activities in the top soil (Zhang Li et al. 2018). Chen
et al. (2017) reported that the incorporation of both corn and
wheat residues generated increased carbohydrate-derived
components of SOM, with lower indices of aromaticity, alkyl
C/O-alkyl C, and hydrophobicity/hydrophilicity than the con-
trol without added residues. These authors indicated that aro-
maticity was higher when applying corn residue than wheat
residue. Several researchers are concerned about the influence
of straw residue incorporation on crop growth and production
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(Kaur and Mahal 2017; Kazemeini et al. 2014; Wang et al.
2018).

In many situations, the benefits of continuous conservation
agriculture practices in production systems can appear after
several years (Lawrence et al. 1994; Sommer et al. 2007).
For example, Sommer et al. (2007) indicated an approximate
increase of 1 g kg−1 in organic C content in the first 20-cm soil
after 7 years under zero-tillage with retained residues. These
authors also showed increased grain yield of 0.13 Mg ha−1 in
corn cropped with conventional tillage when residues were
retained in the soil with respect to their removal. Stewart
et al. (2018) reported increased soil organic C of 3066 kg ha−1

with the full incorporation of corn residues during 7 years of
monocropping compared with their partial incorporation; fur-
thermore, there was an increase in the arbuscular mycorrhizal
fungal biomarker in the 0–7.5-cm soil depth. A meta-analysis
conducted by Liu et al. (2014b) indicated that crop straw in-
corporation increased in 13% and 42% total organic soil
(TOS) and labile organic C fractions, respectively, as com-
pared with management without residue incorporation.
Govaerts et al. (2005) showed increased yield of
0.66 Mg ha−1 in corn and 0.12 Mg ha−1 in wheat in a corn-
wheat rotation with zero-tillage and retained field residues, as
compared with the same tillage and residue management in
corn or wheat monocropping. For conventional tillage prac-
tices of retaining residues in the field, these authors stated that
the corn-wheat rotation increased corn and wheat grain yield
by 0.83 and 0.10 Mg ha−1, respectively, with respect to
monocropping in both crops. Pandiaraj et al. (2015) pointed
out that crop residue incorporation increased wheat grain yield
by 1.31 times and straw yield by 1.38 times, as compared with
the control without residue incorporation. Basir et al. (2016)
showed an increase of 12.0% and 3.5%, in wheat grain yield
with residue incorporation without N application compared
with the practices of removing or burning the residues. In
addition, Chen et al. (2018) indicated that straw incorporation
increased rice and wheat grain yields by 11.6% and 11.1%,
respectively, as compared with the same crops managed with-
out residue incorporation. In contrast to the benefits indicated
by different authors for residue incorporation, Limon-Ortega
et al. (2008) observed a decrease in grain yield of 0.2 Mg ha−1

in monocropping wheat when residue was incorporated in-
stead of burning. As for biomass activity, Urra et al. (2018)
showed increased arylsulphatase, alkaline phosphatase, β-
glucosidase, and urease activities with corn stover incorpora-
tionwith respect to its removal from the soil. In a soil managed
as a permanent pasture, repeated addition of different plant
residues (e.g., faba bean and wheat straw), N availability and
microbial biomass N are influenced by residue rate and order
(Truong and Marschner 2018).

Crop rotation and residue incorporation affect both crop
productivity and soil fertility, but most of the time, these ben-
efits are not seen in a short term, and it is necessary to carry on

several experiments during several years to identify positive
effects. Our hypothesis is that residue incorporation from a
previous crop such as canola or bean does not negatively
affect the wheat crop yield, but it does affect wheat plant
nutritional composition, which contributes to demonstrating
the short-time positive effect. Therefore, the objective of the
present study was to evaluate the short-term effect of canola
and bean as previous crops, and four residue levels of each
crop, on grain yield, industrial grain quality, and nutritional
composition of both the wheat grain and the residues.

2 Material and Methods

The experiment was conducted during the 2016–2017 and
2017–2018 crop seasons at the Santa Rosa Experimental
Station (36° 31′ S; 71° 54′ W), Instituto de Investigaciones
Agropecuarias, INIAQuilamapu, Chillán, Chile. The soil is of
volcanic origin (Melanoxerands) and has low effective depth
(0.45 m). The climate is temperate Mediterranean with a hot,
dry summer and cold, wet winter with 605 and 563 mm pre-
cipitation for the 2016 and 2017 seasons, respectively, con-
centrated in winter and spring. The evaluations and analysis of
results correspond to wheat in the 2017–2018 season.

2.1 Experiment Management

The crop rotations were canola (Brassica napus L.)-wheat
(Triticum aestivum L.) and bean (Phaseolus vulgaris L.)-
wheat; agronomic practices normally used in Chile for these
crops were standardized for the Chillán location. The canola
cultivar was Eminem-von Baer, bean cultivar was Torcaza-
INIA, and wheat cultivar was Pandora-INIA.

The sowing dates for the first season of the experiment
were 15 August and 27 October 2016 and the harvest dates
were 5 April and 28 February 2017, for canola and bean,
respectively. Wheat was sown on 5 July 2017 and harvested
on 20 January 2018. Each experimental unit was a 40-m-long
and 14-m-wide (560 m2) plot with 0.7-, 0.7-, and 0.2-m row
spacing for canola, bean, and wheat, respectively.

Seed rates were 30, 120, and 220 kg ha−1 for canola, bean,
and wheat, respectively. Irrigation was applied in canola at the
flowering and at the beginning of the grain-filling stages.
Irrigation for bean was applied at 80% covered, 75%
flowering, and at the beginning of the grain-filling stages.
Irrigation in wheat was applied at the booting, heading, and
milk to dough stages. Total weed control was carried out and
disease control was not necessary. Limewas applied at the rate
of 3000 kg ha−1 prior to sowing canola and bean in April
2016. Nitrogen, P (P2O5), and K (K2O) fertilization rates were
160, 120, and 80 kg ha−1 in canola; 60, 60, and 60 kg ha−1 in
bean; and 240, 120, and 120 kg ha−1 in wheat, in accordance
with soil chemical properties (Table 1). In the three crops, P
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and K were applied 100% at sowing, while N was applied
50% at sowing and 50% at the 80% covering stage in canola,
100% at sowing in bean, and 15%, 45%, and 40% at the
sowing, tillering, and flag leaf stages in wheat. Fertilizer
sources were urea, triple superphosphate, and potassium chlo-
ride. In addition, Mg, S, Zn, and B were applied at rates of
30:33:8:4:2 kg ha−1 before sowing in all crops, in accordance
with the soil analysis (Table 1) with magnesium sulfate, zinc
sulfate, and calcium borate fertilizers. Canola and bean grain
yields were 3.2 and 3.8 Mg ha−1, respectively. At harvest,
canola and bean residues were ground and incorporated at
rates of 0%, 50%, 100%, and 200% in the same experimental
unit; so the main plot was divided into four split-plots of 20 m
long and 7 m wide (140 m2) to evaluate the effect of the
residue level on the parameters to evaluate in the wheat crop.
The machines to grind and incorporate residues were a
mulcher (Tornado 310, Maschio Gaspardo Iberica SPA,
Barcelona, Spain) and a compact disc harrow (Rubin 9,
Lemken GmbH and Co. KG, Alpen, Germany), respectively.

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 level (4) with four replicates. Results were analyzed
by ANOVA and Tukey’s test (p = 0.05) using the SAS PROC
MIXED Model procedure (SAS Institute, Cary, NC, USA).
For the significant interactions, contrast analysis was used to
separately compare treatment effects. In addition, a Pearson

correlation analysis was performed for all the analyzed
parameters.

2.2 Wheat Grain and Residue Yield, Grain Quality,
and Plant Tissue Analysis

Plots were harvested manually at grain maturity and grain and
residue yield for each plot was expressed as Mg ha−1. Plant
samples from a 2.0 m2 plot area were collected and separated
as grain and aerial residue. Grain and tissue samples were
oven-dried at 70 °C for 72 h.

Nitrogen, P, K, Ca, Mg, and S concentrations in grain and
aerial residue were determined. Dried subsamples were
ground with a mill, passed through a 2-mm sieve, and ana-
lyzed. After dry ashing at 500 °C and acid digestion (2 M
HCl), total N was determined by the macro-Kjeldahl proce-
dure 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
in accordance with the molybdate ascorbic acid method. The
turbidimetric determination of sulfate as barium chloride was
performed.

2.3 Grain Quality

The wet gluten content and sedimentation value were deter-
mined in the grains. For sedimentation, the sodium dodecyl
sulfate (SDS) test was conducted according to the procedure
outlined by Peña et al. (1990). Gluten content was determined
in 10-g pure flour mixed with 5 mL 2% saline solution, ho-
mogenized, and then placed in a glutenwasher (Promylograph
type TIK, Austria) for 5 min.

3 Results

Significance testing (Table 2) only showed the effects of the
previous crop on yield (p < 0.01), sedimentation value (p <
0.01), and K (p < 0.01), Ca (p < 0.01), and Mg (p < 0.05) con-
centrations in the grain. Wheat residue was only affected by
the previous crop for the K and Ca (p < 0.05) concentrations
(Table 2). Meanwhile, the previous level of incorporated res-
idue and its interaction on the previous crop had no significant
effects (p > 0.05) (Table 2). Grain yield of the wheat crop
fluctuated between 5.47 and 6.30 Mg ha−1 (Table 3 and
Fig. 1), which was usual for the study area associated with
the low effective soil depth (Hirzel et al. 2011). The highest
grain yield was reached after the bean crop (p < 0.05)
(Table 3). The highest sedimentation value and K and Ca
concentrations in the wheat grain were also attained after the
bean crop as well as a higher K concentration in wheat resi-
due; however, Ca concentration in wheat residue was lower
after bean (Table 3). The lowest Ca concentration in wheat

Table 1 Soil chemical properties in 0–0.2 m depth before sowing
canola and bean crops (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−1 109.20

EC, dS m−1 0.11

Available N, mg kg−1 54.10

Olsen P, mg kg−1 21.30

Exchangeable K, cmolc kg
−1 0.54

Exchangeable Ca, cmolc kg
−1 4.20

Exchangeable Mg, cmolc kg
−1 0.36

Exchangeable Na, cmolc kg
−1 0.08

Exchangeable Al, cmolc kg
−1 0.12

Available Fe, mg kg−1 28.30

Available Mn, mg kg−1 1.70

Available Zn, mg kg−1 0.20

Available Cu, mg kg−1 1.20

Available B, mg kg−1 0.10

Available S, mg kg−1 23.50

EC electrical conductivity
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residue and its higher concentration in wheat grain cultivated
after bean compared with canola indicate higher Ca transloca-
tion to the grain associated with the previous crop, but it must
be verified by the correlation analysis discussed below.

The correlation analysis of wheat crop parameters after
canola (Table 4) indicated significant (p < 0.05) or highly sig-
nificant correlations (p < 0.01). Grain yield was negatively
correlated with hectoliter weight, grain N and S concentra-
tions, and residue K concentration. On the other hand, grain
yield was positively correlated with grain K concentration
(Table 4). Hectoliter weight was negatively correlated with
the sedimentation value and positively correlated with grain
S concentration and residue K concentration (Table 4). Wet
gluten content was positively correlated with the sedimenta-
tion value, but negatively correlated with both residue K and S
concentrations (Table 4). The sedimentation value was also
negatively correlated with residue K concentration (Table 4).
As for nutrient concentrations, there was a positive correlation
between grain N and S and residue K (Table 4), but a negative
correlation with the grain K concentration. The grain P con-
centration was positively correlated with grain Mg concentra-
tion and negatively correlated with grain S concentration
(Table 4). The grain K concentration was also positively cor-
related with grain Ca concentration and negatively correlated
with grain S concentration (Table 4). Correlations for grain
Ca, Mg, and S concentrations with other nutrients were al-
ready described, as were correlations between nutrient con-
centrations in the residue and other evaluated grain parameters
(Table 4). However, significant correlations were observed
between some nutrients found in the residue (Table 4). The
residue N concentration was positively correlated with residue
P, Ca,Mg, and S concentrations (Table 4). Likewise, there was
a positive correlation between the residue P concentration and
residue Mg and S concentrations (Table 4). The residue K
concentration was positively correlated with the residue S

Table 2 Statistical analysis of
wheat grain yield, quality
parameters, and nutritional
concentrations in grain and
residue

Tissue Parameter Previous crop (C) Residue level (R) C × R Interaction

Grain Yield ** NS NS

Hectoliter weight NS NS NS

Wet gluten content NS NS NS

Sedimentation value ** NS NS

N concentration NS NS NS

P concentration NS NS NS

K concentration ** NS NS

Ca concentration ** NS NS

Mg concentration * NS NS

S concentration NS NS NS

Residue N concentration NS NS NS

P concentration NS NS NS

K concentration * NS NS

Ca concentration * NS NS

Mg concentration NS NS NS

S concentration NS NS NS

*, **Significant at the 0.05 and 0.01 probability levels, respectively; NS nonsignificant

Table 3 Wheat grain yield, grain quality parameters, and nutritional
concentrations in grain and residue after canola or bean crops

Tissue Parameter Previous crop

Canola Bean

Grain Yield, Mg ha−1 5.74b 6.15a

Hectoliter weight, kg hL−1 78.14a 78.64a

Wet gluten content, % 41.16a 40.50a

Sedimentation value, cm3 46.54b 52.04a

N concentration, % 2.305a 2.293a

P concentration, % 0.331a 0.326a

K concentration, % 0.509b 0.540a

Ca concentration, % 0.060b 0.066a

Mg concentration, % 0.126a 0.116a

S concentration; % 0.124a 0.124a

Residue N concentration, % 0.620a 0.642a

P concentration, % 0.038a 0.039a

K concentration, % 1.324b 1.483a

Ca concentration, % 0.310a 0.273b

Mg concentration, % 0.070a 0.068a

S concentration; % 0.097a 0.093a

Different letters in the same row indicate significant differences according
to Tukey’s test (p < 0.05)
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concentration. The residue Ca concentration was positively
correlated with both residue Mg and S concentrations
(Table 4). Finally, the residue Mg concentration was also pos-
itively correlated with residue S concentration (Table 4).

For the correlation analysis of evaluated wheat parameters
after bean, some significant (p < 0.05) or highly significant (p <
0.01) correlations were found (Table 5). Grain yield was posi-
tively correlated with grain P concentration and residue N, P, K,
Mg, and S concentrations (Table 5). The wet gluten content was
only positively correlated with the sedimentation value
(Table 5). For the grain nutrient concentration, there was a
positive correlation between N and the grain S concentration
(Table 5) and between P and the residue P concentration
(Table 5). The K concentration was positively correlated with
grain Ca concentration (Table 5). On the other hand, S concen-
tration was negatively correlated with residue P, K, Mg, and S
concentrations (Table 5). Correlations between residue nutrient
concentrations and evaluated grain parameters (Table 5) were
already described. For the residue nutrient concentrations
(Table 5), a positive correlation was found between N and the
P, K, Mg, and S concentrations as well as positive correlations

between P and the K, Mg, and S concentrations. The Ca con-
centration was positively correlated with the Mg and S concen-
trations (Table 5). Finally, there was a positive correlation be-
tween the Mg and S concentrations (Table 5).

4 Discussion

Effects of the previous crop on grain yield have been de-
scribed by other authors (Govaerts et al. 2005; Hirzel et al.
2011; Pandiaraj et al. 2015). These effects can be associat-
ed with differences in residue nutritional contribution of
previous crops or to the effect of residue composition on
soil biomass, which can stimulate increased activity of
beneficial soil microorganisms with positive effects on
the productivity of the next crop (Kumar et al. 2018; Urra
et al. 2018; Zhang Li et al. 2018).

Regarding the level of incorporated residues from different
previous crops, the results of the present study differ from the
positive effect on yield and nutritional properties or grain
quality pointed out by several authors (Kaur and Mahal

Fig. 1 Wheat grain yield after
incorporating four residue levels
of canola (A) and bean (B) crops.
Different letters over the bars
indicate significant differences
according to Tukey’s test (p <
0.05). Lines over the bars
correspond to the standard error
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Table 5 Pearson correlation and significance level for wheat grain yield, grain quality parameters, and nutritional concentrations in grain and residue
after the bean crop

Yield HW WG Sed NG PG KG CaG MgG SG NR PR KR CaR MgR SR

Yield – − 0.10 0.01 − 0.38 − 0.38 0.69 0.34 0.09 0.49 − 0.38 0.66 0.87 0.70 0.01 0.56 0.73

HW NS – − 0.29 − 0.29 − 0.20 − 0.27 − 0.29 − 0.25 − 0.37 − 0.01 0.02 − 0.12 0.04 0.14 0.09 − 0.14
WG NS NS – 0.54 − 0.36 0.22 − 0.09 − 0.16 0.42 − 0.31 − 0.13 − 0.02 0.19 0.32 0.32 0.15

Sed NS NS * – 0.24 − 0.15 − 0.08 0.06 0.47 0.22 − 0.11 − 0.32 0.02 0.20 0.06 − 0.24
NG NS NS NS NS – − 0.22 0.17 0.24 − 0.08 0.68 − 0.22 − 0.35 − 0.34 − 0.05 − 0.48 − 0.48
PG ** NS NS NS NS – 0.44 0.35 0.43 − 0.21 0.14 0.57 0.46 − 0.23 0.12 0.21

KG NS NS NS NS NS NS – 0.62 0.29 0.07 0.23 0.23 − 0.02 − 0.21 − 0.24 0.02

CaG NS NS NS NS NS NS * – 0.14 0.02 − 0.05 0.07 − 0.11 − 0.39 − 0.42 − 0.26
MgG NS NS NS NS NS NS NS NS – 0.13 0.25 0.29 0.31 − 0.03 0.28 0.28

SG NS NS NS NS ** NS NS NS NS – − 0.42 − 0.55 − 0.55 − 0.33 − 0.61 − 0.63
NR ** NS NS NS NS NS NS NS NS NS – 0.81 0.65 0.24 0.71 0.80

PR ** NS NS NS NS * NS NS NS * ** – 0.76 0.08 0.65 0.82

KR ** NS NS NS NS NS NS NS NS * ** ** – 0.26 0.79 0.65

CaR NS NS NS NS NS NS NS NS NS NS NS NS NS – 0.60 0.46

MgR * NS NS NS NS NS NS NS NS * ** ** ** * – 0.83

SR ** NS NS NS NS NS NS NS NS ** ** ** ** NS ** –

Yield, wheat grain yield; HW, hectoliter weight; WG, wet gluten content; Sed, sedimentation value; NG, N concentration in the wheat grain; PG, P
concentration in the wheat grain; KG, K concentration in the wheat grain;CaG, Ca concentration in the wheat grain;MgG, Mg concentration in the wheat
grain; SG, S concentration in the wheat grain; NR, N concentration in the wheat residue; PR, P concentration in the wheat residue; KG, K concentration in
the wheat residue; CaR, Ca concentration in the wheat residue; MgR, Mg concentration in the wheat residue; SR, S concentration in the wheat residue

*, **Significant at the 0.05 and 0.01 probability levels, respectively; NS nonsignificant
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Table 4 Pearson correlation and significance level for wheat grain yield, grain quality parameters, and nutritional concentrations in grain and residue
after canola crop

Yield HW WG Sed NG PG KG CaG MgG SG NR PR KR CaR MgR SR

Yield – − 0.59 0.34 0.34 − 0.89 0.38 0.62 0.31 0.17 − 0.82 0.01 0.22 − 0.62 − 0.06 0.28 − 0.08
HW * – − 0.17 − 0.57 0.48 − 0.25 − 0.48 − 0.03 − 0.13 0.56 0.12 0.08 0.52 0.15 − 0.04 0.25

WG NS NS – 0.71 − 0.15 0.44 0.26 0.31 0.36 − 0.02 − 0.44 − 0.25 − 0.78 − 0.28 − 0.48 − 0.72
Sed NS * ** – − 0.17 0.11 0.36 0.18 0.01 0.01 − 0.19 − 0.23 − 0.63 0.01 − 0.24 − 0.44
NG ** NS NS NS – − 0.33 − 0.56 − 0.30 − 0.20 0.87 − 0.13 − 0.37 0.51 − 0.02 − 0.45 − 0.05
PG NS NS NS NS NS – 0.28 0.31 0.84 − 0.52 − 0.29 0.12 − 0.42 − 0.39 − 0.12 − 0.45
KG ** NS NS NS * NS – 0.52 0.16 − 0.59 0.09 0.10 − 0.30 − 0.06 0.14 0.15

CaG NS NS NS NS NS NS * – 0.20 − 0.31 0.16 0.21 − 0.35 0.04 0.12 0.01

MgG NS NS NS NS NS ** NS NS – − 0.39 − 0.44 − 0.11 − 0.32 − 0.45 − 0.29 − 0.46
SG ** ** NS NS ** * * NS NS – 0.09 − 0.18 0.45 0.24 − 0.27 0.04

NR NS NS NS NS NS NS NS NS NS NS – 0.83 0.43 0.76 0.86 0.80

PR NS NS NS NS NS NS NS NS NS NS ** – 0.22 0.54 0.85 0.60

KR * * ** ** * NS NS NS NS NS NS NS – 0.26 0.26 0.73

CaR NS NS NS NS NS NS NS NS NS NS ** * NS – 0.77 0.59

MgR NS NS NS NS NS NS NS NS NS NS ** ** NS ** – 0.74

SR NS NS ** NS NS NS NS NS NS NS ** * ** * ** –

Yield, wheat grain yield; HW, hectoliter weight; WG, wet gluten content; Sed, sedimentation value; NG, N concentration in the wheat grain; PG, P
concentration in the wheat grain; KG, K concentration in the wheat grain;CaG, Ca concentration in the wheat grain;MgG, Mg concentration in the wheat
grain; SG, S concentration in the wheat grain; NR, N concentration in the wheat residue; PR, P concentration in the wheat residue; KG, K concentration in
the wheat residue; CaR, Ca concentration in the wheat residue; MgR, Mg concentration in the wheat residue; SR, S concentration in the wheat residue

*, **Significant at the 0.05 and 0.01 probability levels, respectively; NS nonsignificant



2017; Kazemeini et al. 2014; Wang et al. 2018). However, our
results correspond to only a biannual rotation cycle in which
residue incorporation occurred only one season before the
wheat crop. Given the high organic matter level of the exper-
imental site (Table 1), the addition of organic C derived from
the one-time residue incorporation during the crop rotation
may have little effect on soil physical, chemical, and biologi-
cal properties, and no effects on crop production or nutritional
composition. Several authors have indicated that the effect of
residue incorporation is observed a long time after carrying
out this practice (Lawrence et al. 1994; Sommer et al. 2007).

In addition, negative effects have been reported by some
authors; these effects are attributable to increased soil micro-
organisms caused by a high C:N ratio in straw and the promo-
tion of fixed soil N, which lead to insufficient N supply at the
seedling stage and crop growth inhibition at the early growth
stage (Thuy et al., 2006; Jin et al. 2013; Fu et al. 2013).

The positive effect of the bean crop on yield, sedimentation
value, and concentrations of some grain and residue nutrients in
the wheat crop can be associated with higher N contribution of
a legume compared with a non-legume crop (Pandiaraj et al.
2015). It can also be the effect of residue incorporation with a
low C:N ratio on soil biomass activity and SOMmineralization
with contributions from nutrients and compounds that stimulate
development and higher crop productivity (Kumar et al. 2018;
Thuy et al., 2006; Urra et al. 2018; Zhang Li et al. 2018).

Regarding the correlations in the evaluated wheat grain and
residue parameters after canola or bean, Koutroubas et al.
(2016) have reported correlations between grain yield and N
and K accumulation in wheat as well as a correlation between
N and P translocation to the grain and its accumulation at
anthesis. In the present study, a correlation was found between
grain yield and grain K concentration for wheat after canola
(Table 4). This partially coincides with results pointed out by
Koutroubas et al. (2016) and contrast with these authors for
correlations between grain yield and grain nutrient concentra-
tion after the bean crop (Table 5).

The negative correlation between grain yield and grain N
concentration can be explained by the dilution effect on N
concentration when yield increased; however, a negative cor-
relation between grain yield and wet gluten content could not
be confirmed (Table 4). The latter is a protein content indicator
related to wheat grain glutenins and gliadins that are associat-
ed with grain N content. For the corn crop, Kovács and Vyn
(2017) indicated a positive correlation between grain yield and
N, P, and S concentrations in ear leaf samples at the mid-
silking stage, which is partially similar to the correlation ob-
tained between grain yield and residue nutrient concentrations
for wheat after bean (Table 5).

There was a consistently positive correlation between
wheat grain N and S concentrations after both canola and bean
(Tables 4 and 5), and this coincides with results reported by
Kovács and Vyn (2017) for corn ear leaf samples at the mid-

silking stage. Daur et al. (2011) also mention positive corre-
lations between the grain yield of faba bean (Vicia fabaL.) and
N, P, K, Ca, and Mg uptake in the whole plant, which is
similar to results for wheat grain yield and its correlations with
residue N, P, K, and Mg concentrations after bean (Table 5)
and partially similar to results for wheat after canola (Table 4).

Positive correlations between nutrients have been described
for corn leaves by Kovács and Vyn (2017) and can be associ-
ated with the effect of synergism (Fageria 2001), specifically
the N-P, N-S, P-S, Ca-Mg, and Ca-S correlations and without
pointing out negative correlations between nutrients. Similar
results were found in the present study, that is, a positive corre-
lation between wheat grain N-S and residue N-P, N-S, P-S, Ca-
Mg, and Ca-S for wheat after canola (Table 4). For the bean-
wheat rotation, our results were similar to those reported by
Kovács and Vyn (2017) in the grain N-S and residue N-P, N-
S, P-S, Ca-Mg, and Ca-S correlations (Table 5). Positive corre-
lations are pointed out for faba bean between nutrient uptake for
N-P, N-K, N-Ca, N-Mg, K-P, P-Ca, P-Mg, K-Ca, K-Mg, and
Ca-Mg (Daur et al. 2011). The abovementioned correlations are
partially similar to those obtained in wheat grain nutrients and
similar to those for wheat residue nutrients after canola
(Table 4). On the other hand, wheat after bean correlations is
very similar for residue nutrient concentrations (Table 5).

Positive correlations between the concentration of the same
nutrient in the grain and residue were found only in the P
concentration for wheat after bean (Table 5). Since this effect
was not observed in wheat after canola, it could be inferred
that there was a positive effect of the bean crop for P absorp-
tion and translocation in the wheat crop; however, P concen-
trations in both wheat grain and residue were similar to both
previous crops (canola and bean) (Table 3).

Negative correlations between the concentration of the
same nutrient in the grain and residue were found only in
the S concentration for wheat after bean (Table 5), which
suggests higher translocation of this nutrient from the residue
to the grain when wheat precedes bean. The positive effect on
N and P translocation for wheat has been reported by
Koutroubas et al. (2016).

5 Conclusions

In the evaluated biannual rotations, wheat grain yield was
higher when the previous crop was bean. The different applied
residue levels of the previous crop had no effect on any of the
evaluated wheat parameters for this short-term rotation.

Both positive and negative correlations were found be-
tween some grain and residue nutrient concentrations, which
were described in the literature as the effect of synergism or
antagonism. Positive correlations were much more consistent
for nutrients present in wheat residue, independently of the
previous crop. A very consistent negative correlation was

J Soil Sci Plant Nutr (2020) 20:75–82 81



obtained between the grain S concentration and residue Ca, K,
Mg, and S concentrations in wheat cultivated after bean.

Finally, a larger number of study cycles are required to
obtain more consistent results about the effect of different
residue levels on these two biannual rotations.
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