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a  b  s  t  r  a  c  t

In integrated  soybean–beef  cattle  systems,  the  pasture  grazing  intensity  affects  the  grain  crop  perfor-
mance  in  succession.  In  addition,  the  dung  cattle  input  influences  the  soil  nutrients  distribution  in  the
field affecting  the  grain  crop  yield.  This  experiment  aims to  evaluate  the  effects  of  winter  pasture  heights
and  cattle  dung  input  in soybean  crop  performance  in succession.  Main  soil macronutrient  content,  soy-
bean  plant  population,  dry  shoot  biomass,  plant  height,  plant  nutrient  content,  soybean  yield  and  yield
components  were  assessed  in  the  10th  experimental  year.  The  experiment  was  conducted  in the state
of  Rio  Grande  do Sul, Southern  Brazil,  in  a long-term  integrated  crop–livestock  systems  implemented  in
2001.  Treatments  were  arranged  in  a  split  plot  design  with  four  pasture  heights  (0.10,  0.20,  0.30,  and
0.40  m)  and  two levels  of  dung  input  (with  or without).  For  all the  variables  analyzed,  there  was  no  inter-
action  between  pasture  heights  and  cattle  dung  input  (P  >  0.05).  The  pasture  height  management  had  only
effect  in  soil  P content,  soybean  dry  biomass  production,  plant  height  and  number  of  grains  per pod.  The
increase  in  grazing  intensity  was associated  to  the  rise  in soybean  plant  height  and  dry  mass  production
but  was  without  effect  on  grain  yield.  The  presence  of  grazing  animals  in  the  integrated  soybean–beef
cattle  systems,  and  the  resultant  augmentation  of  dung  input  increased  by 122%  and  38%  the  availability

of  soil  K  and P, respectively  in relation  to the  absence.  Thus,  the  content  of such  nutrients  in the  plant
were  increased  in  41% and  7%,  respectively.  The  improvement  in  soybean  nutrition  increases  the  amount
of  pods  per plant  by 20%,  and  resulting  in  a 23% increase  in  soybean  yield.  These  results  indicate  that
cattle  dung  input  resulting  from  grazing  animals  in  the  pasture  phase  increased  soybean  grain  yield  due
to better  plant  nutrition.  Although,  the occurrence  of cattle  dung  was  very  concentrated  in  some  spots  of
the field  and  thus  future  studies  should  address  strategies  to improve  spatial  distribution  of  cattle  dung

input.
Please cite this article in press as: da Silva, F.D., et al., Pasture grazing intensi
soybean nutrition and yield in integrated crop–livestock systems under no

Abbreviations: a.i., active ingredient; SY, soybean yield variation; WG,  weight of
000 grains; NPP, number of pods per plant; NGP, number of grains per pod; NPA,
umber of plants per area; DM,  dry shoot biomass at the R2 stage; PH, plant height
t the R2 stage; NP, N content in the plant; PP, P content in the plant; KP, K content in
he plant; PS, P content in the soil; KS, K content in the soil; HPM, height of pasture
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1. Introduction

The challenge of achieving high yields in soybean [Glycine max
(L) Merr.] depends on a complex combination of environment
conditions, crop management factors, and soil quality with an
emphasis in plant nutrient supply. Among nutrients, N and K are
required in greatest quantity for soybean (Fageria et al., 2011).
Moreover, to each ton of soybean grain yield the legume demands
ty and presence or absence of cattle dung input and its relationships to
-till. Eur. J. Agron. (2013), http://dx.doi.org/10.1016/j.eja.2013.10.009

83, 15 and 38 kg of N, P2O5 and K2O, respectively. The soybean
harvest results in an exportation of 61, 65 and 53% of N, P2O5
and K2O, respectively, uptake by plants (EMBRAPA, 2008). The
soil N and K availability is markedly influenced by pasture and
cover crops nutrient cycling in conservation tillage systems (Santi
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t al., 2003). These authors reported that black oat (Avena strigosa
chreb.), with adequate N supply, was very efficient in cycling
. The N soybean is partly provided by the soil (25–35%) and
ainly by symbiotic fixation of atmospheric N2 (65–85%) (Gerahty

t al., 1992). In Brazil, Bradyrhizobium inoculation has success-
ully replaced the use of mineral N fertilizer on soybean (Mendes
t al., 2003). These authors reported that even under input of
igh C/N residues in no-till systems, which causes temporary N

mmobilization, there was no need of mineral starter soybean N fer-
ilization. The winter pasture in integrated crop–livestock managed
nder no-till greatly reduces soil erosion and the runoff loss of P
García-Préchac et al., 2004). Also, the winter pasture could restore
oil organic matter and therefore decrease the P fixation by clay
inerals of Oxisol (Amado et al., 2006). Therefore, the long-term

rop–livestock system with balanced fertilization can increase the
oil P availability even in Oxisol’s, which are characterized by low
ontent of P.

Integrated systems of grain production and grazing cattle can
ring benefits to grain crops, pasture, and soil quality by provid-

ng weed control, interrupting insect and disease cycles, as well
s increasing plant productivity, which is often due to improve-
ents in soil structure and nutrient cycling (Bullock, 1992; Entz

t al., 2002; Franzluebbers, 2007; Humphreys, 1994; McKenzie
t al., 1999; Tracy and Zhang, 2008). These benefits depend on
roper pasture management, which allows for satisfactory animal
erformance, ensures sufficient plant residue for soil protection
nd allows for pasture regrowth (Carvalho et al., 2010). Accord-
ng to Anghinoni et al. (2011), the adjustment of grazing intensity
esults in an improvement in the pasture ratio of root/shoot
nd a positive effect on soil organic matter content in integrate
ystems.

The negative effects of higher pasture grazing intensities on
oybean yield generally are noted during the establishment of the
ntegrated crop–livestock systems, when the system is not yet sta-
le (Cassol, 2003). After the initial phase, the soybean yield is less
ensible to winter pasture grazing intensity (Ferreira et al., 2011;
lores et al., 2007; Lopes et al., 2009). The reduction in the quantity
f pasture residue returned to soil in the integrated livestock–crop
ystems is compensated by an improvement in nutrient cycling
ssociated to cattle dung and overall positive effects of the
iversification on agro ecosystem (Carvalho et al., 2010; Vieira,
004).

The presence of grazing cattle during pasture phases could be
eneficial to the following grain crop, since it influences nutrient
ycling indirectly and directly (Whitehead, 2000). In the indirect
ffect, the cattle intake of pasture stimulates plant growth and
oil nutrient uptake. In the direct effect, the cattle dung and urine
nputs drive the nutrient cycling in integrated crop–livestock sys-
ems (Cantarutti et al., 2001; Dubeux et al., 2007; Whitehead,
000). N and K are mostly excreted through urine (70–90%), being

 in the ionic form, which is water soluble and readily avail-
ble for plant uptake, while P is deposited with the dung (95%),
s organic and inorganic P, depending on the amount and type
f forage ingested (Haynes and Williams, 1993; Mathews et al.,
996). The cattle’s excreta were generally concentrated in areas
hich attract animals such as watering, resting and salting areas

Auerswald et al., 2009; Bailey et al., 2001; Haynes and Williams,
993; Hirata et al., 1987; Tate et al., 2003; White et al., 2001). The
esult was an unequal distribution of excreta infield (Teixeira et al.,
012; White et al., 2001) affecting in some level the following crop
erformance.
Please cite this article in press as: da Silva, F.D., et al., Pasture grazing intensi
soybean nutrition and yield in integrated crop–livestock systems under no

This experiment was designed to test the hypothesis that in
ong-term integrated crop–livestock systems a range of grazing
ntensities, which do not spoil the soil quality, has a minor effect
n following crop performance, but on the contrary the cattle dung
nput drives the soybean nutrition and yield.
 PRESS
nomy xxx (2013) xxx– xxx

2. Materials and methods

2.1. Local characteristics, experimental design and treatments

The present study was conducted at Espinilho farm (28◦56′ S,
54◦20′ W,  425 m high) in the state of Rio Grande do Sul, South-
ern Brazil. The soil is classified as Rhodic Haplorthox (Oxisol), deep
and well drained. The soil textural values were clay 540 g kg−1,
silt 270 g kg−1, and sand 190 g kg−1 (0–0.20 m layer). The climate
type is Cfa, humid subtropical, according to Köppen’s Classification.
Soil chemical properties at the beginning of the experiment were
11.5 mg  dm−3 of available P, 180 mg  dm−3 of available K, both were
extracted using the Mehlich-I extracting solution, 0.45 cmolc dm−3

of exchangeable Al, 39 g kg−1 of organic matter and a pH of 4.8 in
water in the 0–0.10 m soil layer.

After 10 years of continuous soybean in succession with black
oat as the cover crop and with most of the residue returning to
soil, the experiment was  established in 2001. Since then, the area
has been managed within an integrated crop–livestock systems
using no-till. Soybean has been rotated with a mixture of black oat
and italian ryegrass (Lolium multiflorum Lam.) for winter grazing.
During the pasture phase, four grazing intensities were applied by
managing pastures at 0.10, 0.20, 0.30 or 0.40 m using continuous
stocking of animals with put-and-take as proposed by Mott and
Lucas (1952) in order to maintain the intended pasture heights.
The animals used were crossbreed steers aging 10 months on
average.

The experimental data collected in this study only refers to
the 10th pasture–crop rotation year. Black oat was  sown in rows
with 45 kg ha−1 of seeds in the end of April 2010. Italian ryegrass
originated from natural reseeding. Forty-five days after sowing,
45 kg N ha−1 was applied in the form of urea (CO (NH2)2) (45% of N).
The pasture height was  monitored every 15 days, using the sward
stick method (Barthram, 1986).

The statistical arrangement was  a split plot design with four
grazing intensities (pasture heights of 0.10, 0.20, 0.30 and 0.40 m)
and two cattle dung input treatments (presence and absence).
The treatments were replicated 6 times totaling to 48 plots
(Fig. 1).

The grazing period in the 10th year occurred between July 6th
and November 3rd, a period in which cattle dung input was  geo-
referenced every 20 days using a geodesic GPS. A digital map  was
then created based on the spatial distribution of cattle dung accu-
mulated during the grazing period using ArcView GIS 3.2 software.
The cattle dung distribution in previous experimental years was
not evaluated, but considering that the congregation of cattle dung
was associated to the proximity of fences, watering, salt spots and
resting areas that were not changed during the 10-year period, it
was assumed that the spatial distribution of the 10th year (Fig. 1)
was valid for the entire experimental period.

Prior to the soybean establishment in the 10th year, the plots
were demarcated according to the dung spatial distribution digital
map  in each pasture height management treatment as represented
in Fig. 1. Each plot consisted of 3 soybean rows, 1.5 m in length,
spaced 0.45 m apart, and totaling to 2.025 m2. This size of plots
was defined based on the dung cattle congregation, i.e., with visual
presence or absence of dung in the plots according the treatment.
The total size of paddocks was  0.9, 1.3, 1.6 and 2.2 ha for the treat-
ments 0.10, 0.20, 0.30 and 0.40 m of pasture height management,
respectively.

Rainfall that occurred during the soybean growing season
ty and presence or absence of cattle dung input and its relationships to
-till. Eur. J. Agron. (2013), http://dx.doi.org/10.1016/j.eja.2013.10.009

(Fig. 2) was  monitored in situ, whereas other climatic data were col-
lected from the Meteorological Station of the Meteorology National
Institute (INMET). The region had an average rainfall of 857 mm
(climate normal 1961–2010), for the examined months (INMET,
2011).
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ig. 1. Map  indicating presence and absence of dung in different areas and differen
hereas white indicates areas without dung. Axes X and Y with UTM coordinates (i

.2. Soybean management

Two days before sowing, the area was dessicated with
lyphosate herbicide (2.5 L ha−1 of [N-(phosphonomethyl)
lycine] active ingredient (a.i.)) and ethyl 2-(4-chloro-
-methoxypyrimidin-2-ylcarba moylsulfamoyl) benzoate
150 g ha−1 a.i.).

The soybean strain, Nidera A6411 RR, was sown on November
7 (2010) after inoculation and treatment of seeds with
,6-dihydro-2-methyl-1,4-oxathi-ine-3-carboxanilide (75 mL  ha−1

.i.), methyl benzimidazol-2-ilcarbamato + methanal (30 mL  ha−1

.i.) molybdenum 10% + cobalt 1% + zinc 1% (75 mL  ha−1 a.i.),
nd fipronil + thiophanate-methyl + pyraclostrobin (50 g ha−1 a.i.),
eing fungicide, fertilizer and insecticide, respectively. Seeds were
Please cite this article in press as: da Silva, F.D., et al., Pasture grazing intensi
soybean nutrition and yield in integrated crop–livestock systems under no

own at a density of 35 seeds m−2 spaced 0.45 m between rows,
nd 240 kg ha−1 of the commercial formula 0–25–25 (N–P–K) was
pplied.

ig. 2. Average rainfall and air temperature during the experimental period
2010/2011).
ts of pasture management. Dark gray represents areas with large amount of dung,
ers).

2.3. Sampling procedures

Soil samples were collected at 0–0.10 m depth using an
auger with three replications per plot in order to analyze the
content of nutrients. The soil samples were randomly and cau-
tiously collected so that no samples were contaminated with
dung.

Fifty days after the soybean were sown, at the V8 growth stage
on the Fehr and Caviness (1977) scale, the initial plant population
was evaluated. Five random plants were measured using a grad-
uated ruler. The measurement was taken from the surface of the
ground to the apex of the main stem. In order to determine the dry
shoot biomass, five other plants were selected and cut above the
ground surface. Then samples were dried in an air forced-draught
oven at 50 ◦C, so that they could reach constant weight. Sixty-five
days after the soybeans were sown; another measurement of plant
height and dry shoot biomass was  carried out, at the R2 growth
stage on the Fehr and Caviness (1977) scale. Once dried the plant
samples were weighed, ground, and analyzed for N, P and K con-
tent, according to the methodology described by Tedesco et al.
(1995).

Evaluations of soybean yield and the final plant population
were conducted at the R8 stage (harvest maturity). Before soy-
bean harvest, all plants present in the 48 plots were counted and
cut. Once harvested, ten random plants were separated, while
the rest were railed, dried and weighed. The ten separated plants
had their total number of pods counted in order to determine
the average of pods per plant. Then the grains were threshed,
divided into three groups of 100, and weighed. Subsequently,
the weight of 1000 grains was calculated by the determined
average.

The number of grains per pod was  estimated by dividing the
ty and presence or absence of cattle dung input and its relationships to
-till. Eur. J. Agron. (2013), http://dx.doi.org/10.1016/j.eja.2013.10.009

number of grains by the number of pods in the sample. In order
to determine the number of pods per unit area, the final plant
population was multiplied by the number of pods per plant.
The grain weight was then adjusted for a moisture content of
130 g kg−1.
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.4. Statistical analysis

The data was  submitted to an analysis of variance (ANOVA)
ith fixed effects for pasture height, cattle dung input, the pasture
eight × cattle dung input interaction, and the random effects for
lots. When differences were detected (P < 0.05), treatment means
ere compared using Tukey’s HSD test at 5% of significance level,

hrough the MIXED procedure of SAS (SAS Institute, 2008).
A path analysis, using the JMP  v.8.2 statistical program (SAS

nstitute, 2008), identified the variable (s) that best explained the
oybean yield variation (SY). For such analysis, the variables con-
idered as direct effects were: weight of 1000 grains (WG), number
f pods per plant (NPP), number of grains per pod (NGP), and num-
er of plants per area (NPA). Whereas the variables considered as

ndirect effects include: dry shoot biomass at the R2 stage (DM),
lant height at the R2 stage (PH), N, P, and K contents in the plant
NP, PP, KP), P and K contents in the soil (PS, KS), and height of pas-
ure management (HPM). The effect of the set of variables excluded
rom the diagram (residual) upon soybean yield was represented
y the letter U.

. Results

For all soybean attributes and soil fertility variables evaluated,
here was no significant interaction between heights of winter pas-
ure management and cattle dung input (Table 1). For this reason
he effects of pasture height management and cattle dung input on
oybean performance were analyzed separately.

The initial and final population of soybean plants did not differ
mong heights of pasture management (Table 2) or among areas
ith cattle dung input (Table 3). Soybean plants height at V8 growth

tage (50 days after seeding (DAS)), as well as at R2 (65 DAS),
howed significant differences (P < 0.05) as a function of heights
f winter pasture management (Fig. 3a). Therefore, areas managed
uring winter with pasture heights of 0.10 and 0.20 m presented
aller soybean plants when compared to plants in pasture height
f 0.40 m (Fig. 3a). On the other hand, plant height in areas with or
ithout dung did not differ significantly at the V8 (P = 0.9509) and
2 (P = 0.7139) soybean growth stages (Table 3). Concerning dry
hoot biomass at V8, there was no difference in relation to distinct
eights of winter pasture management (Table 2) and areas with
r without dung (Table 3). At R2 growth stage, dry shoot biomass
f soybean was higher in areas managed during winter with pas-
ure heights of 0.10 and 0.20 m than in areas managed at 0.40 m
P < 0.05; Fig. 3b), whereas there was no significant difference for
reas with or without dung input (P = 0.7139) (Table 3).

Soybean plant N content did not differ among heights of win-
er pasture management (Table 2) as well as among areas with or
ithout dung input (Table 3) at V8 and R2. Soybean plant P content,

n the other hand, was significantly affected by height of winter
asture management at V8, but not at R2 (Table 2). However, the
pposite occurred in areas with dung input, where P content was
ot affected at V8, but rather was affected at R2 soybean growth
tage (Table 3). Soybean plant K content differed among areas with
r without dung input (Table 3) at V8 and R2 growth stages, but was
ot affected by heights of winter pasture management (Table 2).

Management of pasture height also did not influence soybean
rain yield (Table 2). However, areas with dung input presented
igher soybean grain yield compared to areas without this organic

ertilizer (Table 3). The soybean yield components concerning the
Please cite this article in press as: da Silva, F.D., et al., Pasture grazing intensi
soybean nutrition and yield in integrated crop–livestock systems under no

umber of pods per area and 1000-grains weight, were not affected
y heights of winter pasture management or by the presence of
ung (Tables 2 and 3). In contrast, the number of pods per plant
as higher in areas with cattle dung input (Table 3). Nevertheless,

his component was not affected by the height of winter pasture
Fig. 3. Height of soybean plants at the V8 and R2 stages (a) and dry shoot biomass
at  R2 (b), in relation to heights of pasture management (2010/11 harvest). Averages
followed by distinct letters differ according to Tukey’s test, at 5% of significance.

management (Table 2). The number of soybean grains per pod was
affected by the height of winter pasture management (Table 2), i.e.,
the pasture managed at 0.20 m resulted in a higher number of grains
per pod than the paddock managed at 0.10 m,  whereas pastures at
0.30 and 0.40 m were similar. On the other hand, this variable was
not affected by cattle dung input (Table 3).

P and K contents available in the soil differed among areas with
or without dung input (Table 3), being higher under the presence of
dung input. It is noteworthy to mention that soil P content increased
according to winter pasture grazing intensity (Table 2).

Fig. 4 shows only the variables of considerable direct and indi-
rect effects, as well as the coefficients of correlation among these
variables in relation to soybean grain yield, with the 1000-grains
weight variable excluded. In this figure, unidirectional arrows indi-
cate the direct effect (path coefficient) of each explanatory variable,
while bidirectional arrows represent the interdependence of two
explanatory variables.

4. Discussion

In the 10th experimental year, different heights of winter pas-
ture management preceding soybean crop sowing did not influence
initial and final soybean plant population (Table 2). Flores et al.
(2007) previously in the same experiment it was  also reported that
pasture grazing intensity had no effect on the following soybean
plant population. Moreover, Carvalho et al. (2010) in the same
ty and presence or absence of cattle dung input and its relationships to
-till. Eur. J. Agron. (2013), http://dx.doi.org/10.1016/j.eja.2013.10.009

experimental area that our study did not find negative effect on
soybean yield of winter pasture grazing intensity during a five
year period. In our study, carried out in 10th year of the exper-
iment, we confirmed the same trend of which pasture grazing
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Table 1
Analysis of variance for plant parameters and nutrient contents in plant and soil in relation to pasture height and cattle dung input.

Causes of variation Parameters

IPP FPP PHV8 PHR2 SBV8 SBR2 PNV8 PNR2 PPV8 PPR2 PKV8 PKR2 GY PA 1000-GW PP GP SP SK

Pasture height ns ns * * ns * ns ns * ns ns ns ns ns ns ns * * ns
Cattle  dung input ns ns ns ns ns ns ns ns ns * * * * ns ns * ns * *
Pasture height vs. cattle dung input ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

ns: not significant; *P < 0.05; IPP: initial plant population (n◦ m−2); FPP: final plant population (n◦ m−2); PHV8:plant height at V8 (cm); PHR2: plant height at R2 (cm); SBV8:
shoot  biomass V8 (Mg  ha−1); SBR2: shoot biomass R2 (Mg  ha−1); PNV8: plant N at V8 (g kg−1); PNR2: plant N at R2 (g kg−1); PPV8: plant P at V8 (g kg−1); PPR2: plant P at R2
(g  kg−1); PKV8: plant K at V8 (g kg−1); PKR2: plant K at R2 (g kg−1); GY: grain yield (Mg  ha−1); PA: pods per area (n◦ m2); 1000-GW: 1000-grain weight (g); PP: pods per plant
(n◦); GP: grains per pod (n◦); SP: soil P (mg  dm−3); SK: soil K (mg  dm−3).

Table 2
Plant parameters and nutrient contents in plant and soil in relation to height of pasture management in integrated soybean–beef cattle system under no-till.

Parameter Pasture height (m)  Average P

0.10 0.20 0.30 0.40

Initial plant population, n◦ m−2 39.3 39.5 41.1 34.2 38.5 0.1450
Final  plant population, n◦ m−2 37.8 37.6 40.5 34.9 37.6 0.3128
Shoot  biomass V8, Mg ha−1 1.48 1.44 1.27 1.04 1.31 0.0835
Plant  N at V8, g kg−1 33.25 34.32 33.12 36.66 34.26 0.1648
Plant  N at R2, g kg−1 30.62 30.21 29.86 30.80 30.20 0.9544
Plant  P at V8, g kg−1a 1.67 ab 1.52 b 2.00 a 2.05 a 1.78 0.0081
Plant  P at R2, g kg−1 1.39 1.51 1.62 1.70 1.54 0.1674
Plant  K at V8, g kg−1 22.43 21.42 22.60 26.77 22.64 0.1929
Plant  K at R2, g kg−1 20.10 22.46 21.45 24.45 21.58 0.2244
Grain  yield, Mg  ha−1 3.58 3.43 3.63 3.71 3.57 0.2024
Pods  per area, n◦ m2 1528.40 1340.91 1467.50 1613.86 1471.98 0.3423
1000-grain weight, g 146.79 149.01 144.89 144.92 146.76 0.4309
Pods  per plant, n◦ 38.8 36.1 35.8 46.0 39.0 0.1122
Grains per pod, n◦a 1.86 b 2.00 a 1.91 ab 1.99 ab 1.94 0.0178

 < 0.05

i
A
w
0
b
g
n
i
w
4

T
P

a

Soil  P, mg  dm−3a 12 a 10 ab 

Soil  K, mg dm−3 333 348 

a Means followed by distinct letters on the line differ according to Tukey’s test (P

ntensity had no effect on soybean yield (P = 0.2024) (Table 2).
veraged across the different pasture heights the soybean yield
as 3.57 Mg  ha−1, ranging from 3.43 to 3.71 Mg  ha−1 to 0.20 and

.40 m pasture height, respectively. This result confirms that soy-
ean is a rustic crop that has some elasticity to adapt to different
Please cite this article in press as: da Silva, F.D., et al., Pasture grazing intensi
soybean nutrition and yield in integrated crop–livestock systems under no

razing strategies during the winter since the soil quality was
ot severely depleted. It is noteworthy that climatic conditions

n our study were favorable to crop grain performance (Fig. 2),
ith accumulated precipitation above the average for the last

9 years. Conte et al. (2007) demonstrated that the increase of

able 3
lant parameters and nutrient contents in plant and soil in relation to the presence or ab

Parameter Dung 

Presence 

Initial plant population, n◦ m−2 38.3 

Final  plant population, n◦ m−2 37.4 

Plant  height at V8, cm 27.6 

Plant  height at R2, cm 51.9 

Shoot  biomass V8, Mg ha−1 1.26 

Shoot  biomass R2, Mg ha−1 2.36 

Plant  N at V8, g kg−1 35.42 

Plant  N at R2, g kg−1 31.42 

Plant  P at V8, g kg−1 1.90 

Plant  P at R2, g kg−1a 1.68 a 

Plant  K at V8, g kg−1a 27.83 a 

Plant  K at R2, g kg−1a 25.90 a 

Grain  yield, Mg  ha−1a 3.94 a 

Pods  per area, n◦ m2 1578.32 

1000-grain weight, g 145.65 

Pods  per plant, n◦a 42.7 a 

Grains per pod, n◦ 1.95 

Soil  P, mg  dm−3a 11 a 

Soil  K, mg dm−3a 433 a 

Means followed by distinct letters on the line differ according to Tukey’s test (P < 0.05).
8 b 8 b 9 0.0087
288 287 298 0.6748

).

grazing intensity on winter pastures increases soil penetration
resistance but did not negatively affect the following soybean crop
performance.

Contrarily, to previous study investigated Lunardi et al. (2008)
reported that the pasture grazing intensity reduced the number of
ty and presence or absence of cattle dung input and its relationships to
-till. Eur. J. Agron. (2013), http://dx.doi.org/10.1016/j.eja.2013.10.009

pods per soybean plant resulting in 51 and 39 pods for low and
moderate pasture grazing intensities, respectively. In our study
the grazing intensity did not affect the number of soybean pods
(P = 0.1122), ranging from 39 to 46 for high and low pasture grazing
intensities, respectively (Table 2).

sence of dung in integrated soybean-beef cattle system under no-till.

Average P

Absence

38.7 38.5 0.8448
38.0 37.6 0.7559
27.7 27.6 0.9509
51.1 51.4 0.7139

1.36 1.31 0.4376
1.36 2.33 0.8243

33.25 34.26 0.0901
29.32 30.20 0.1043

1.71 1.78 0.1218
1.43 b 1.78 0.0197

18.79 b 22.64 <0.0001
18.33 b 21.58 <0.0001

3.23 b 3.57 <0.0001
1397.02 1471.98 0.0994

147.16 146.76 0.4598
35.6 b 39.0 0.0278

1.94 1.94 0.8116
8 b 9 0.0010

195 b 298 <0.0001
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ig. 4. Diagram presenting coefficients of correlation among variables of direct and

Significant correlations between the variables NPA × PH
r = 0.52; P < 0.001), NPA × DM (r = 0.45; P < 0.001), and DM × PH
r = 0.54; P < 0.001) were observed in our study (Fig. 4). Thus, the
ncrease in soybean plant height, due to a search for improve-

ent in sunlight interception (Board and Kahlon, 2011; Shibles and
eber, 1965), resulted in greater dry shoot biomass. In our study,

asture height management at 0.40 m resulted in shorter soybean
lants (Fig. 3a) with less shoot biomass when compared to heights
anagement of 0.10, 0.20 and 0.30 m (Fig. 3b). This response may  be

aused by the lower microbial biomass and by lower soil basal res-
iration associate to lower grazing intensities (0.30 and 0.40 m of
asture height) in relation to high grazing intensity (0.10 m)  (Souza
t al., 2010). Moreover, for higher winter pasture grazing intensities
0.10 and 0.20 m of height) there was less mulch accumulation in
elation to low grazing intensities, which results in faster nutri-
nt cycling as a consequence of higher soil-residue contact and
igher microbial activity (Souza et al., 2010). Therefore, the ini-
ial development of soybean at lower pasture grazing intensities
s compromised, possibly reducing soybean plant height and dry
hoot biomass (Carvalho et al., 2010). In the 10th year this exper-
mental confirmed the trend observed in previous experimental
ears, adding to the increase in soybean plant height which resulted
n a significant increase of NPA. This yield component was positively
ssociated to SY (Fig. 4).

Furthermore, there was a negative correlation between PS and
PM (r = −0.44; P < 0.001) (Fig. 4), meaning that high soil P values
ere associated with high grazing intensities (Table 2), probably
ue to the higher stocking rate, which is necessary to maintain

 short pasture height. The higher stocking rate results in further
attle excreta having a positive effect on soil biology and nutrient
ycling.

In plots with a presence of dung input, soybean average yield
as 3.94 Mg  ha−1, while in plots with an absence, soybean aver-

ge yield was 3.23 Mg  ha−1, both yield values were above the
tate’s (Rio Grande do Sul) and Brazil’s national grain averages
or the 2010/2011 growing season (CONAB, 2011), which were of
Please cite this article in press as: da Silva, F.D., et al., Pasture grazing intensi
soybean nutrition and yield in integrated crop–livestock systems under no

.80 Mg  ha−1 and 3.10 Mg  ha−1, respectively. Therefore, the pres-
nce of cattle during the pasture phase can boost the soybean
rop performance in succession. Some studies reported that the
resence of cattle enhances soil nutrient cycling (Hati et al., 2006;
aughan et al., 2009; Sulc et al., 2005; White et al., 2001) resulting
ct effects upon soybean yield. n.s.: not significant. *P < 0.05; **P  < 0.01; ***P < 0.001.

in a maintenance or even an increase in the grain crop productivity
in crop–livestock systems (Entz et al., 2002; Lunardi et al., 2008;
Sulc and Tracy, 2007).

Considering that the dung input increases the soybean yield by
23% in relation to the absence of dung input, an in depth analy-
sis was  carried out to identify which yield components were most
affected. The three yield components that directly affected SY in
our study were NPA (r = 0.58; P < 0.001), NPP (r = 0.83; P < 0.001)
and NGP (r = 0.31; P < 0.05) (Fig. 4). Therefore, the NPP and NPA
had the strongest relationship with SY. This result was not unex-
pected, since the number of pods per plant is the yield component
which most frequently influences soybean yield (Iqbal et al., 2003;
Machikowa and Laosuwan, 2011; Rezaizad et al., 2001). Nogueira
et al. (2012) reported that the number of pods had correlations
ranging from 0.77 to 0.85 with soybean yield, the upper limit of
this range is similar to found in our study (r = 0.83) (Fig. 4). In our
study, we found the presence of dung input increased the number
of pods per soybean plant by 20% (Table 3).

A significant correlation between the NGP and SY was also
observed in our study (Fig. 4). This result was not expected, since
the NGP was  projected to present less variation in response to crop
management (Thomas and Costa, 2010).

The soybean nutrient uptake (PP and KP) and the plant attributes
(DM and PH) affected, to some degree, the yield components
(Fig. 4). The PP and KP showed correlations of r = 0.53 (P < 0.001)
and r = 0.40 (P < 0.05) with the main soybean yield component, i.e.
the NPP, respectively. Moreover, there was no significant corre-
lation of NP to NPP. This latter result was  probably associated to
soybean capacity of symbiotic atmospheric N fixation. Therefore
the soybean when efficiently inoculate with Bradyrizobium is less
dependent on N fertilizer input (Mendes et al., 2003) as organic N
(cattle excreta).

The P in plant is particularly important in the reproductive
organs of leguminous, such as soybean, since they contain high
levels of this nutrient (Kovacevic et al., 2011). According to Hrustic
et al. (1998), the uptake of P in plants is intense in the early plant
ty and presence or absence of cattle dung input and its relationships to
-till. Eur. J. Agron. (2013), http://dx.doi.org/10.1016/j.eja.2013.10.009

growth stages as well as during the formation of reproductive
organs. In our study, the PP had a strong correlation with NPP. In
some degree this result was  explained by the high demand for P
during advanced growth stages development when more than 60%
of P uptake ends up in the pods and seeds (INPI, 1998).
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The K in plant is the second nutrient demanded in higher amount
or soybean. This nutrient plays an important role in various phys-
ological processes (photosynthesis, assimilate transport, water
elations and protein metabolism), which have a positive relation-
hip with grain yield and quality (Pettigrew, 2008). Johnston and
ilford (2009) reported the occurrence of N and K interactions

ffecting crop growth and yield. Moreover, the main interaction of
hese nutrients occurs during the process of plant growth at cellu-
ar level. In our study we found a correlation of NP and KP (r = 0.42;

 < 0.001). The latter nutrient is responsible for the stimulation of
O3

− uptake and transport within the plant, as K+ serves as the
ccompanying counter cation (Blevins et al., 1978a,b; Pettigrew,
008). In addition, K stimulates leaf protein synthesis resulting in
n improvement of the efficiency in plant N use (Pettigrew, 2008).

As shown in Fig. 4, there was significant correlation between
P × PP (r = 0.45; P < 0.001) and, PP × KP (r = 0.38; P < 0.01), since

hese are essential elements for soybean development and that
f the symbiotic bacteria associated with it. The N and P contents
n the plant increased by 7.1% and 17.5%, respectively under dung
resence in relation to absence (Table 3). For K content in the plant
his increment was as high as 41.3%. These results are similar to the
revious report by Mahmoodabadi et al. (2011), which reported the
ositive effect of sheep manure on soybean nutrition. Among the
ield components affected by K fertilization, the number of pods
er plant (Bharati et al., 1986; Coale and Grove, 1990; Jones et al.,
977; Nelson et al., 1945) and the weight of seeds (Bharati et al.,
986) are emphasized. In our study, the NPP was  affected by KP
r = 0.40; P < 0.05). However, there was no increase in the weight of
rains (P = 0.4598) or number of grains per soybean pod (P = 0.8116)
y dung input (Table 3).

The PS and KS were well correlated (r = 0.50; P < 0.001) (Fig. 4);
his result, at least in areas with dung input, was expected since
hese nutrients return to the soil through animal excreta (Teixeira
t al., 2012). Thus, the K content in the soil in cattle dung input
lots were increased by 122% (238 mg  dm−3) in relation to absence
Table 3). While, to P content in the soil this increment was 37.5%
3 mg  dm−3). The cattle dung in contact with soil decomposed as

 result of physical (rain and trampling) and biological processes
microorganisms and epifauna), thus releasing the nutrients. Cat-
le dung can be incorporated into soil within 24 h after input by
eetle activity (Monteiro and Werner, 1997). Therefore, the cattle
ung input in the grazing pasture phase should have the nutrients
eleased during soybean phase. The KS was well correlated with
P (r = 0.64; P < 0.001) (Fig. 4). In our study the K content in the
oil under dung input was as high as 433 mg  dm−3 (more than 4
olds higher than the critical level). When K supply was  well above
he level necessary to produce maximum yields a luxury consump-
ion is noted (Sale and Campbell, 1986). These authors reported
orrelations between mean yield and oil, protein and K concentra-
ions, over a wide range of K inputs, were 0.97, −0.94 and 0.98,
espectively.

The dung cattle input resulted in higher K and P contents in
he soil, which reflected higher K and P content in soybean plants
Table 3). This in turn affected the NPP and ultimately the SY
Fig. 4). Therefore, these results suggest that the dung cattle input
mproved the soil nutrient cycling since the mineral fertilizer input
56 kg ha−1 of K2O) was the same for the presence and absence of
ung input; the nutrient exportation by soybean harvest was  higher

n the presence (3.94 Mg  ha−1 × 0.20 kg of K Mg−1 of soybean har-
est = 79 kg ha−1) than in the absence (3.23 Mg  ha−1 × 0.20 kg of K
g−1 of soybean harvest = 65 kg ha−1) (Table 3). Therefore, based
Please cite this article in press as: da Silva, F.D., et al., Pasture grazing intensi
soybean nutrition and yield in integrated crop–livestock systems under no

n the soybean yield of the 10th experimental year there was  a
udged of −23 and −9 kg ha−1 of K2O in the plots with presence and
bsence of cattle dung input, respectively. The soil nutrient content
t 10th year was 433 and 195 mg  dm−3 in areas with and without
ung, respectively. In relation to the beginning of the experiment,
 PRESS
nomy xxx (2013) xxx– xxx 7

K content in the plots with dung input had an increase of 141% and
the plots with absence an increase of only 8%. The difference in K
content due its magnitude was  attributed to the long-term effect of
cattle dung input and not just from the 10th year. In a similar way,
the P budget considering the P2O5 fertilizer input and P exported
by harvest was  +17 and +24 kg ha−1 in the presence and absence of
dung input, respectively. As the P was maintained in the presence
of dung input and decrease in 30% in the absence in relation to the
beginning P soil content. These results highlight the role of dung
input as a K source to soil and plant.

5. Conclusions

There was no interaction of grazing intensity and cattle dung
input on soybean yield and components. In a range of grazing inten-
sity that did not spoiled the soil quality the soybean yield was  not
affect by pasture height management. The presence of free-range
cattle and their spontaneous dung in integrated soybean–beef cat-
tle systems increased the soil availability of P and K in such areas
reflecting an improvement in nutrient cycling. Thus, the content of
these nutrients in the plant was positively affected, increasing the
number of pods per plant by 20% and the soybean grain yield by
23% in plots with presence of dung input in relation to absence.
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