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Mechanical soil scarification and cover crops cultivation are promising tools to minimize
surface soil layer compaction in no-tillage systems. The objective of the current study was
to evaluate the effects of mechanical soil scarification associated with predecessor and
successive growth of cover crops on grain yield and industrial quality of upland rice in a no-
tillage system. The research was carried out in randomized block design in a 5 × 2 factorial
scheme with four replications in a Rhodic Haplustox soil with a clayey texture. The
treatments consisted of five cover crops (Cajanus cajan, Crotalaria juncea, Urochloa
ruziziensis, Pennisetum glaucum and fallow) andmechanical soil scarification (without and
with). The fallow and C. cajan as a cover crop in mechanical soil scarification increased
number of panicles plant−1 while cultivation of C. cajan, P. glaucum and C. juncea as
covers crop in without scarification increased number of grains panicle−1, total number of
grains panicle−1 and filled grains. Rice milling yield was increased in mechanical soil
scarification regardless of the cover crop as well as scarification, and C. cajan as covers
crop has increased grain yield of upland rice.
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INTRODUCTION

Rice (Oryza sativa L.) has great economic, social, and food importance due to its daily consumption
habit. The annual consumption per capita of rice in Brazil varies between 25 and 50 kg inhabitant−1

year−1 (FAOSTAT, 2011). Rice grain is an excellent source of carbohydrates, proteins, minerals
(mainly phosphorus, iron and calcium) and B vitamins such as B1 (thiamine), B2 (riboflavin) and B3
(niacin). Rice was cultivated on a total area of 1.7 million hectares with production of 10.6 million
tons and an average yield of 6.300 kg ha−1 in 2019–2020 in Brazil (Conab, 2020). Therefore, it is
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important to adopt sustainable practices and proper management
to ensure high quality and production of rice in tropical
savannah.

Soil compaction in no-tillage system (NTS) mostly occurs in
superficial soil layers due to heavy traffic of machinery and
implements in the soil with high moisture content or by
mobilizing soil only in sowing furrow (Carof et al., 2007;
Francaviglia et al., 2015). The heavy intervention of machinery
in the absence of adequate agricultural planning for cultivation of
cover or successive crops contributed to the intensification of
compacted surface soil layers in NTS that could disrupt soil
structure with affecting soil fertility and crop productivity
(Franchini et al., 2012). Soil compaction increased density and
root penetration resistance, reduced total porosity, macro-
porosity, and altering water and nutrients dynamics (Tokura
et al., 2017). Therefore, some sustainable and environmental
friendly soil management practices like mechanical
scarification with subsoiler and scarifiers while biological
scarification with cover crops cultivation are needed to adopt
to counter the harsh effects of soil compaction in long term NTS.

Mechanical intervention is carried out by means of scarifiers
or subsoilers with cutting discs in front of stems that resist crop
residues to incorporate into the soil. However, long-term effects
of mechanical soil scarification is altering with time limit, ranging
from few months (Seidel et al., 2018; Nazari et al., 2021) to few
years (Boreta Junior et al., 2021), relaying on the redisposition of
soil particles as a result of soil type, weather conditions, machines
and implements intervention, and predominant management
practices in particular production system (Silva et al., 2017).
Soil compaction has a direct on affect physical and mechanical
characterizations of soil which consequently impair plant growth
and development. In general, soil compaction impairs water and
nutrients uptake by limiting root length and penetration that all
ultimately lead to poor plant growth and yield (D’Or and Destain,
2016). Scarification breakdown compacted soil layers and
generating macro-pores to improve soil permeability and
facilitate root penetration and corrective movement.

Thus, management of plant crops in the no-tillage system,
such as cultivation of cover crops or in intercropping systems is a
promising alternative to increase plant biomass productivity and
nutrient accumulation in no-tillage system (Pereira et al., 2016;
Chieza et al., 2017). The plants of Poaceae family such as
Pennisetum glaucum, Urochloa ruziziensis, U. brizantha and
Avena sativa are fast establishing species and capable of high
biomass production and nutrient cycling (Teixeira et al., 2012;
Mauro et al., 2015; Pereira et al., 2016). The introduction of
Fabaceae family species in production systems, alone or
intercropped with Poaceae family species have the ability to
increase soil nitrogen (N) availability from biological nitrogen
fixation (BNF) and mineralization (Stagnari et al., 2017). In
addition, cover crops are important for regulating soil
sustainability, nutrients recycling and providing several
benefits to the crops of economic interest.

The inclusion of cover plant species (leguminous and/or
grasses) have the capability to alleviate soil compaction by
acting as barrier between machinery and soil as well as
increasing mineralization and nutrient recycling. In addition,

natural BNF capacity of leguminous plants allow the reduction
of N supply by up to 23% in the first cropping season (Adeux
et al., 2021), while increasing grain yield in the absence of N
fertilization in coverage (Mahama et al., 2020). The use of Poaceae
species as cover crops provide longer period to cover soil with
their residues due to thier high C:N ratio and organic matter
mineralization (Raza et al., 2019). The combination of
mechanical scarification with cover crops reduce compaction
of topsoil layer, increasing root development and penetration,
yield and quality of successive crops (Melkonian et al., 2017; Sarto
et al., 2018; Fin et al., 2018; Fin et al. al., 2018; Adeux et al., 2021).

Considering the above discussion of maintenance and
alterations in management practices in NTS and a diverse role
of cover crop for successive crops, the hypothesis adopted that
would mechanical soil scarification and cover crops in NTS have
positive influence on grain yield and quality of rice. The objective

FIGURE 1 | Rainfall (mm), maximum and minimum temperatures (oC)
during the rice growing period of 2012/2013 (A) and 2013/2014 (B) in Selvíria,
MS, Brazil.

Frontiers in Environmental Science | www.frontiersin.org June 2022 | Volume 10 | Article 8959932

Nascimento et al. Cover Crops Increases Rice Yield

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


of the study aimed to evaluate the effects of mechanical soil
scarification associated with previous and successive cultivation
of cover crops on grain yield and industrial quality of upland rice
in tropical Cerrado of Brazil, being no-tillage system for 12 years.

MATERIAL AND METHODS

Local of the Experimental Area
The research was conducted in 2012/2013 and 2013/2014
growing periods in Research and Extension Farm, Sao Paulo
state University (UNESP) at Selvíria, Brazil (51°22’ W, 20°22’ S,
and altitude of 335 m) in a Rhodic Haplustox soil with clayey
texture (EMBRAPA, 2018).

The site received an annual average rainfall, temperature and
relative humidity of 1,370 mm, 23.5°C and 75% respectively. The
climate of the region is classified as Aw-type according to Koppen
climate classification, characterized as humid tropical with a rainy
season in summer and a dry in winter. The climatic data recorded
during experiments are shown in Figure 1. Irrigation was carried
out by a central pivot sprinkler irrigation system at water depth of
14 mm after every 3 days or according to crop requirements.

Experimental Design and Treatments
The experiments were designed in randomized blocks in a 5 × 2
factorial scheme with four replications. The treatments were
consisted of five cover crops (Cajanus cajan, Crotalaria
juncea, Urochloa ruziziensis, Pennisetum glaucum and fallow)
associated or not with mechanical soil scarification. The fallow
treatments associated or not with mechanical soil scarification
were allowed to the development of spontaneous vegetation of
predominant weeds species of the region such as Ipomoea
acuminata, Bidens pilosa, Leonotis nepetaefolia, Conyza spp.,
Commelina benghalensis and Zea mays (voluntary corn). Each
experimental unit has a total area of 12.0 × 7.0 m and a useful area
of 10.0 × 5.0 m.

The soil of research site consisted of 385, 120, and 495 g kg−1 of
sand, silt and clay respectively with bulk density of 1.54 Mg m−3

in 0.00–0.20 m layer according to Embrapa (1997). The chemical
attributes of the soil were determined before experiment
installation by collecting 20 random samples in entire
experimental area to form a composite sample in 0.00–0.20 m
layer, presented the following results: 25 mg dm−3 of P (resin);
16 g dm−3 of OM; 4.7 pH (CaCl2); K

+, Ca2+, Mg2+, H + Al, SB and
CEC = 1.6, 13.5, 9.5, 35.5, 24.6, and 60.1 mmolc dm

−3 respectively
and 41% base saturation according to procedures of Raij et al.,
1997. Based on soil analysis and recommendation of Raij et al.,
1997, soil correction was carried out 35 and 123 days before
cultivation of cover crops and upland rice respectively. The field
site was applied with a dose of 1.6 Mg ha−1 dolomitic limestone
(CaCO3) having effective neutralizing power of 85% of effective
calcium carbonate equivalent (ECCE) to raise base saturation
to 70%.

The mechanical soil scarification was carried out on 9th
August 2012 before cultivation of cover crops. The seven-
shank scarifier (three on the front bar and four on rear) and
chisel tip with spacing between 300 mm, attack angle of 22° and

crushing roller coupled to the tractor traction bar was used before
cover crops cultivation. The average working depth was adjusted
to 0.30 m and cutting swath width was adjusted to 2.10 m. The
operations were performed at a soil moisture content close to
friability point as well as disk harrow was carried out in
chiseled plots.

All cover crops were sown on 14th August 2012 and 5th

September 2013 by manual seeding machine with 0.45 m row
spacing without application of mineral fertilizer. The sowing
density of 60 kg ha−1 for C. cajan, 30 kg ha−1 for C. juncea,
12 kg ha−1 for U. ruziziensis and 12 kg ha−1 for P. glaucum was
maintained during cultivation. These cover crops are either
grasses or legumes. The cover crop C. cajan and C. juncea are
a legume crop species, highly adapted to tropical Cerrado of
Brazil and are capable to tolerate drought, increase soil N content
by BNF and produced high straw yield with intermediate C/N
ratio (Wutke et al., 2014; Silva Filho et al., 2018). In addition, U.
ruziziensis and P. glaucum are among the most adaptable grasses
in Brazilian Cerrado due to their high straw production, high C/N
ratio as well as increasing water and nutrients recycling and
protecting soil from degradation (Pacheco et al., 2013; Ferreira
Junior et al., 2018; Silva Filho et al., 2018).

All cover crops and fallows were chemically desiccated at
68 days after sowing (DAS) in 2012 and at 63 DAS in 2013 with
application of glyphosate + 2,4-D (1.440 + 670 g ha−1 of a.i.) by a
tractor sprayer at 200 L ha−1 spray volume. The mechanical
management of crop residues was carried out after 10 days of
desiccation cover crops in all treatments with the help of a
horizontal mechanical straw crusher at a cutting height of
0.10 m above ground level.

Rice cultivar (IAC 203) was sown on 13 November 2012 and
21 December 2013. The cultivar had modern architecture with
upright and small size leaves, and resistant to lodging with a 50%
flowering at 69 days and an average cycle of 112 days (Regitano
Neto et al., 2013). The rice seeds were treated with
pyraclostrobin + thiophanate-methyl + fipronil (5 g + 45 g +
50 g a. i. per 100 kg seeds respectively) a day before plantation.
Seeds treatment is a common technique in Brazil to avoid
pathogen and insect attack in tropical soils. Each plot was
consisted of 20 rows of 12 m length and 0.35 m apart with 18
central rows (0.5 m discarded at both ends of each line) being
considered as useful area. Fertilization in the sowing furrows
and topdressing was calculated according to the chemical
characteristics of the soil and recommendations of Cantarella
and Furlani. (1997). The fertilization was performed in sowing
furrow at the dose of 250 kg ha−1 of NPK (04-14-08) in both
cultivations. Nitrogen fertilization (60 kg ha−1) in topdressing
was applied 30 days after emergence (DAE) from the source of
ammonium sulfate (20% N and 22% S).

Weeds were controlled with herbicides applied by tractor
sprayer at a flow rate of 200 L ha−1. The pre-emergence
herbicide pendimethalin (1.400 g a.i. ha−1) was applied in both
seasons to control weed infestation. In addition, post-emergence
herbicides metsulfuron methyl (2.0 g a.i. ha−1) and bentazon
(720 g a.i. ha−1) at 15 and 13 days after emergence in 2012/
2013 and 2013/2014 rice cropping seasons. The rest of the weeds
were eradicated manually with help of a hoe.
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A Preventive fungicide containing trifloxystrobin (75 g a.i.
ha−1) + tebuconazole (150 g a.i. ha−1) was applied at 58 and 79
DAE in 2012/2013 cropping season and at 60 and 82 DAE in
2013/2014 cropping season to control rice blast disease. The other
crop agronomic managements were those generally
recommended for the cultivation of upland rice in the region.
The crop was harvested on 4 March 2013 and 10 April 2014.

Assessments
The following evaluations recorded were: a) plant height (m)—
ten random plants in central rows of each plot were measured at
physiological maturity from soil surface to the upper end of the
highest panicle; b) number of panicles meter−2 was calculated by
counting number of panicles in 1.0 m row in the useful area of
each plot and then converted into per square meter; c) total
number of grains panicle−1 were calculated by counting the
number of grains in 20 random collected panicles in each plot at
the time of harvest; d) number of filled and empty grains per
panicle were calculated by counting number of filled and empty
grains in 20 panicles after their separation by air flow; e) 100-
grain weight was calculated by counting two samples of a
hundred random grains in each plot weighed on13% wet
basis; f) grain yield was calculated by harvesting three central
rows, keeping in Sun for drying, threshed and weighed by
electric balance, then converting into kg ha−1 at 13%
humidity; g) hectoliter mass was calculated by measuring
grain mass in a specific scale of 250 g at grain moisture
content of 13%; h) milling yield was calculated by collecting
a sample of 100 g rice grains from each plot and processed in a
test rice milling machine for 1 minute, then polished grains were
weighed and the value found was considered as benefit income.
Subsequently, the polished grains were placed in the rice length

grader (Number 1) for 30 s to separate whole and broken grains.
The grains remained in the rice length grader were weighed to
obtain yield of whole and broken grains, the results were
expressed in percentage.

Statistical Analysis
The data were submitted to normality test and then to analysis of
variance (F test). The means of cover crops (CC) were compared
by Tukey test at 5% significance. The means of mechanical soil
scarification (MC) were compared by F test at 5% significance.
When there was a significant interaction between sources of
variation (CC and MC) then means were also compared by
Tukey test at 5% significance level (Gomes and Garcia, 2002).
The statistical software Sisvar version 5.6 was used for all the
analysis (Ferreira, 2019).

RESULTS

Rice seedlings in both cropping seasons were emerged uniformly
on the sixth day after sowing (DAS), reached to full flowering at
82 days after emergence (DAE) and harvested at 106 DAE. There
was no problem of plant lodging in both cropping seasons. The
cultivation of predecessor cover crops positively influenced plant
height in 2013/2014 cropping season (Table 1). The cultivation of
U. ruziziensis and C. cajan as cover crops increased plant height
by 4.7 and 2.8% in relation to C. juncea, which was noted with
dwarf plants.

The interactions of cover crops and mechanical soil
scarification were significant for number of panicles m−2 in
both cropping seasons while the interactions for total number
grains panicle−1, number of filled grains panicle−1 and empty

TABLE 1 | Plant height (PH), number of panicles m−2 (NPM), total number of grains (TNG) and number of filled grains panicle−1 (NFGP) of upland rice after mechanical soil
scarification and cover crops cultivation in 2012/2013 and 2013/2014.

PH (m) NPM TNG NFGP

2012/13 2013/14 2012/13 2013/14 2012/13 2013/14 2012/13 2013/14

Mechanical soil scarification (MSC)

Without 1.11 1.10 238 194 214 307 181 276
With 1.14 1.09 262 183 217 282 183 257

Cover crops (CC)

Fallow 1.13 1.09 ab 268 181 225 292 189 266
U. ruziziensis 1.12 1.10 a 214 186 223 302 187 273
C. juncea 1.13 1.07 b 254 182 217 298 183 270
C. cajan 1.16 1.12 a 258 199 196 287 162 253
P. glaucum 1.09 1.09 ab 259 193 217 294 186 268

F-value

MSC 1.98ns 0.45ns 35.20* 8.78* 0.09ns 11.51* 0.09ns 6.07*
CC 1.17ns 6.56* 22.52* 3.29* 1.69ns 0.49ns 1.75ns 0.79ns

MSC x CC 0.69ns 1.80ns 9.07* 17.86* 0.91ns 8.29* 0.47ns 6.72*

CV (%) 5.25 1.94 5.03 6.35 11.64 7.99 13.01 9.10

ns not significant.
*Significant at the 5% probability level by the F test.
Means followed by same letter for mechanical soil scarification and cover crops didn’t statistically different from each other by Tukey test at 5% probability level.
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grains panicle−1 were significant only in 2013–2014 cropping
season in no-tillage system (Table 1).

Number of panicles m−2 of rice were increased with cover crops
cultivation associated or not with mechanical soil scarification in
no-tillage system (NTS) in both cropping seasons (Table 1; Figures
2A,B). Highest number of panicles m−2 in 2012/2013 were
observed in fallow treatments which was statistically similar
within the treatments of C. cajan in association with
mechanical soil scarification as compared to other treatments
(Figure 2A). In addition, number of panicles m−2 in second
cropping season were increased with mechanical soil
scarification in the treatments incorporated with crop residues
of C. cajan which were statistically at per with P. glaucum and
fallow area. The lowest number of panicles m−2 were observed with
residues of C. juncea in mechanical soil scarification in NTS
(Figure 2B). However, treatments without scarification were
observed with greater number of panicles m−2 of rice when
previously cultivated with P. glaucum and C. juncea and lowest
with U. ruziziensis in first cropping season (Figure 2A). In second
cropping season, previous cultivation of P. glaucum produced
higher number of panicles m−2 which was statistically similar
with C. juncea and U. ruziziensis in non-scarifies treatments
while the lowest was noted within fallow treatments (Figure 2B).

The mechnical scarification in fallow crop treatments were
oberved with greater total number of grains panicle−1 which was
statistically similar with U. ruziziensis treatments while cultivation of
P. glaucum, C. juncea and C. canjan as a cover crop without

scarification produced greater total number of grains panicle−1 in
relation to fallow in second cropping season (Figure 2C). The lowest
total number of grains panicle−1 in ricewere observedwith cultivation
of P. glaucum, C. juncea and C. canjan in scarified treatments while
without scarification in fallow treatments (Figure 2C).

The number of filled grains panicle−1 in 2013/2014 were
higher with residues of U. ruziziensis and fallow treatments in
mechanical soil scarification. The cultivation of P. glaucum and C.
juncea as cover crops in non-scarified treatments were observed
with higher number of filled grains panicle−1 (Figure 2D). The
lowest number of filled grains panicle−1 were observed with C.
juncea in scarification and in fallow without scarification in
relation to other treatments (Figure 2D).

The interaction of mechanical soil scarification and cover crops
for empty grains panicle−1, 100-grain weight and hectoliter mass
were significant only in 2013/2014 cropping season (Tables 2;
Figure 3). The highest number of empty grains in mechanical soil
scarification was observed with treatment of C. juncea as a cover
crop which was statistically similar with fallow treatments. The
lowest empty grains panicle−1 were observed with the effect of
scarification in soils previously cultivated with P. glaucum as
compared to other treatments (Figure 3A). In addition,
treatments of C. canjan in non-scarified soils produced higher
number of empty grains panicle−1 which was statistically not
different from the treatments of P. glaucum and U. ruziziensis.
The lowest empty grains panicle−1 were observed with fallow
treatments in non-scarified soil (Figure 3A).

FIGURE 2 | Effect of mechanical soil scarification (MS) and cover crops (CC) in no-tillage system on number of panicles m−2 of upland rice in 2012/2013 (A) and
2013/2014 (B), total number of grains panicle−1 in 2013/2014 (C) and number of filled grains panicle−1 in 2013/2014 (D). Means followed by same lowercase letter for
CC within MS and uppercase for MS within CC were statistically not different by Tukey test at 5% probability.
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TABLE 2 | Number of empty grains per panicle (NEGP), 100-grain weight (100W), hectoliter mass (HM) and grain yield (GY) of upland rice after mechanical soil scarification
and cover crops cultivation in 2012/2013 and 2013/2014.

NEGP 100W HM GY

- Grams kg 100 L−1 kg ha−1

2012/13 2013/14 2012/13 2013/14 2012/13 2013/14 2012/13 2013/14

Mechanical soil scarification (MSC)

Without 34 31 2.11 2.18 47.62 48.60 4539 b 4078
With 34 25 2.14 2.13 48.69 48.84 5091 a 4196

Cover crops (CC)

Fallow 35 26 2.13 ab 2.11 49.06 48.14 5000 b 3873
U. ruziziensis 36 29 2.05 b 2.21 48.17 51.35 4284 c 4155
C. juncea 34 27 2.19 a 2.15 48.53 48.58 5024 b 4204
C. cajan 34 33 2.16 ab 2.11 47.42 46.35 5614 a 4143
P. glaucum 31 26 2.09 ab 2.19 47.61 49.19 4154 c 4309

F-value

MSC 0.002ns 35.36* 0.64ns 7.17* 3.79ns 0.35ns 22.86* 1.51ns

CC 0.43ns 7.48* 2.85* 7.36* 1.19ns 16.44* 21.58* 2.26ns

MSC x CC 1.31ns 7.23* 1.24ns 7.51* 1.68ns 6.04* 2.04ns 1.87ns

CV (%) 26.05 12.00 4.47 2.27 3.95 2.59 7.57 7.35

ns not significant.
*Significant at the 5% probability level by the F test.
Means followed by the same letter, for the mechanical soil scarification and cover crops do not differ statistically from each other by the Tukey test at the 5% probability level.

FIGURE 3 | Effect of mechanical soil scarification and cover crops in the no-tillage system on tnumber of empty grains panicle−1 (A), 100-grain weight (B), and
hectoliter mass (C) of upland rice in 2013/2014 cropping season. Means followed by same lowercase letter for CC within MS and uppercase for MS within CC were
statistically not different by Tukey test at 5% probability.
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The treatments withU. ruziziensis and P. glaucum in NTS with
mechanical soil scarification had greater 100-grains weight. The
lowest grains weight in mechanical soil scarification was observed
with previous cultivation of C. canjan as cover crop in NTS
(Figure 3B). In addition, 100-grains weight of rice was increased
with C. cajan and C. juncea without mechanical soil scarification
in NTS. However, without scarification, low grains weight was
noted within fallow treatments (Figure 3B).

Hectoliter mass of rice grains was increased with mechanical
soil scarification in previous cultivation of P. glaucum under NTS.
(Figure 3C). The mechanical soil scarification within previous
cultivated U. ruziziensis in NTS showed potential for increasing
hectoliter mass of rice in 2013/2014 cropping season. The lowest
hectoliter mass in mechanical soil scarification was observed with
previous cultivation of C. canjan (Figure 3C). The non-
scarification within treatments of P. glaucum as cover crop also
increased hectoliter mass of rice while the lowest was noted with C.
canjan as a cover crop in relation to other treatments (Figure 3C).

The management with mechanical scarification and cover
crops significantly influenced grain yield of upland rice in
2012/13 cropping season while treatments effect in 2013/14
and their interactions in both seasons were not significant
(Table 2). Mechanical soil scarification increased grain yield of
upland rice by 12.2 and 2.9% as compared to without scarification
in 2012/13 and 2013/14 respectively. In addition, previous
cultivation of C. juncea and C. canjan have increased grain
yield of upland rice by 12.3 and 8.5% as compared to fallow
treatments in 2012/13 and 2013/14 cropping season.

Milling yield was significant only with mechanical soil
scarification in 2012/13 cropping season (Table 3). The

operation of mechanical soil scarification improved milling
yield by 1.8% in relation to without mechanical soil
scarification. The whole and broken grains yield of upland rice
in both cropping seasons were not influenced by mechanical soil
scarification and cover crops, and their interactions grains in the
two harvests, there was a significant effect only for the milling
yield in the 2012/2013 harvest (Table 3).

Based on the results, soil management with mechanical
scarification and cover crops under sprinkler irrigation are
promising alternatives to develop sustainable agriculture
system in NTS of low-altitude Cerrado of Brazil.

DISCUSSION

The superficial mechanical scarification of soil provided greater
environment for development of rice plants in all cover crops
cultivation. This is due to the fact that mechanical scarification of
soil allowed the plants to develop greater roots system (Chieza
et al., 2017). Since, the current experiment was conducted in soils
being under no-tillage system (NTS) for 12 years and
accumulated soil particles of low porosity due to traffic heavy
machines in crop cultivation, treatments application and
harvesting. This high degree compaction of soil surface layer
may harm soil profile by limiting penetration of tap and
secondary roots in depth as well as reducing water and
nutrients absorption, that all hinder growth and productivity
of crops (Seki et al., 2015; Monteiro et al., 2017).

The highest number of panicles m−2, number of total grains and
number of filled grains panicle−1 of upland rice in 2013/2014

TABLE 3 |Milling yield (MLY), whole grain yield (WGI) and broken grain yield (BGI) of upland rice after mechanical soil scarification and cultivation of cover crops in the harvest
of 2012/2013 and 2013/2014.

MLY WGY BGY

%

2012/13 2013/14 2012/13 2013/14 2012/13 2013/14

Mechanical soil scarification (MSC)

Without 67.4 b 74.0 57.8 69.8 9.5 4.2
With 68.6 a 74.2 58.9 70.1 9.6 4.1

Cover crops (CC)

Fallow 69.3 73.4 59.7 69.5 9.4 4.2
U. ruziziensis 67.8 74.4 58.9 70.5 8.9 3.9
C. juncea 67.7 73.9 57.3 69.5 10.3 4.3
C. cajan 67.9 74.3 57.9 70.2 9.9 4.1
P. glaucum 67.3 74.1 57.8 70.0 9.4 4.1

F-value

MSC 6.09* 0.43ns 1.89ns 0.42ns 0.04ns 0.35ns

CC 1.96ns 0.49ns 1.33ns 0.63ns 0.95ns 0.57ns

MSC x CC 0.47ns 1.29ns 0.69ns 0.49ns 0.65ns 0.42ns

CV (%) 2.23 1.63 4.11 2.30 16.30 14.79

ns not significant.
*Significant at the 5% probability level by the F test.
Means followed by the same letter, for the mechanical soil scarification and cover crops do not differ statistically from each other by the Tukey test at the 5% probability level.
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cropping were observed withC. juncea and P. glaucum as cover crops
without mechanical soil scarification and in fallow with mechanical
soil scarification in NTS (Figure 2). Reis et al. (2017) also reported
that inclusion of C. juncea as a cover crop in rice cultivation system
had increased number of panicles and panicle mass in a no-tillage
system without mechanical soil scarification. The incorporation of
crop residues by rotary tiller in NTS has improved physical and
chemical characterizations of soil, even though resulted in greater
grain yield of rice due to greater organic matter retention (Tang et al.,
2020). Similarly, Klein et al. (2008) indicated that number of grains
spikelet−1, spikelets spike−1 and hectoliter mass were increased with
mechanical soil scarification in a NTS than without mechanical soil
scarification. Therefore, the present results also showed that
mechanical soil scarification in the treatments with U. ruziziensis
and P. glaucum as cover crops in NTS were observed with greater
100-grains mass and hectoliter mass of upland rice (Figures 3B,C).
The might be due to the role of mechanical scarification in NTS that
reduces soil compaction, sustaining organic matter, increasing
infiltration and retention of water in deep soil layers and also
increasing soil aeration (Monteiro et al., 2017).

The operation of mechanical soil scarification and cover crops
influenced grain yield of upland rice in the first cropping season
(Table 1). Soil management with mechanical scarification has
increased grain yield of rice by 12.2% in relation to treatments
without mechanical scarification. Milling yield was 1.8% higher
with mechanical scarification in no-till soil as compared to non-
scarified soil (Table 2). These results can be explained by the fact
that mechanical soil scarification increases total porosity and
macro-porosity, reduces soil density by disrupting compaction
of soil surface layers (Monteiro et al., 2017). This might be due
to the reduction of penetration resistance of roots to mechanical
scarification of soil which improved root system (Valentine et al.,
2012) with greater absorption of water and nutrients (Stagnari
et al., 2017; Sarto et al., 2018). The greater efficiency of soil
exploration by roots has a direct effect on water and nutrient
transport from the roots to aerial part of the plants that has
ultimately increasing photosynthesis and transport of photo-
assimilates to grains Fin et al., 2018), leading to better grains
filling. However, this effect decreases with time as traffic of heavy
agricultural machinery in NTS lead to the compaction of soil due to
natural reorganization of soil particles (Troccoli et al., 2015). Nunes
et al. (2014) described that positive effects of mechanical
scarification on physical attributes of soil and root development
of corn didn’t persisted for more than 18 months. Therefore, the
effect of frequently used machinery on soil can be mitigated by the
intorduction of cover crops, a large amount of straw residues
provided by grass species. In addition to the ability of some cover
crop species to reduce surface soil compaction, they also allow to
increase crop productivity (Sarto et al., 2018; Ogilvie et al., 2021).

The effects of cover crops in 2012/13 cropping season
indicated that cultivation of C. cajan provided greater grain
yield of upland rice than P. glaucum, U. ruziziensis and fallow
treatments (Table 2). This might be due to greater decomposition
potential of C. cajan that consequently release nutrients by
mineralization for the crop in succession, in this case rice is
successive crop. It was reported that P. glaucum straw can reduce
nitrogen supply by biological N fixation and mineralization of P.

glaucum as crop residue thus contribute to higher grain yield of
rice (Reis et al., 2017). In other case it was indicated that U.
ruziziensis was the best option of cover crop before rice
cultivation however, low grain yield was due to the deficiency
of water during pre-flowering stage (Pacheco et al., 2013),
different from the experiment in question as it was irrigated
with sprinkler irrigation system.

The integrated use of grasses as cover crops and mechanical
scarification provided greater soil exploration by soybean roots
which has consequently increased grain yield (Fin et al., 2018). The
crop residues of C. juncea are very similar to poaceae with relatively
high persistence due to high lignin content in stems that reduce soil
temperature and water loss therefore, promoting root-shoot
growth of crops in succession (Valentine et al., 2012;
Nascimento et al., 2019). The use of U. ruziziensis as cover crop
improved fertilizers use efficiency such as macronutrients and
managing to provide high amounts of these nutrients for
subsequent crops (Janegitz et al., 2016). In addition, Pacheco
et al. (2011) reported that highest rice grain yield in no-tillage
system was obtained after cultivation of P. glaucum and U.
ruziziensis. The introduction of legumes as cover crops can
reduce N fertilization by 23% as well as increasing
transportation and accumulation into the shoot and grains of
sorghum (Mahama et al., 2020; Adeux et al., 2021). Pedrinho
et al. (2018) indicated that using grasses as cover crops increased
grain yield and reduced N fertilization by 50 kg ha−1 while legumes
as cover crop has reduced N fertilization by 100 kg ha−1. Thus, use
of cover crops in agriculture system are able to reduce nitrogen
fertilizers as well as increasing profitability and economy along
sustainable production of rice.

CONCLUSION

Mechanical soil scarification and cover crops in no-tillage system
has positive impact on growth, yielding components, yield and
quality of upland rice in succession. The cultivation of C. cajan as
a cover crop in mechanical soil scarification provided greater
number of panicles m−2 of upland rice.

The mechanical soil scarification in fallow provided greater
number of total grains and filled grains of upland rice. The
cultivation of C. cajan as covers crop increased number of
empty grains in without scarification treatments. Mechanical
scarification within previous cultivation of U. ruziziensis and
P. glaucum provided higher 100-grains mass whereas greater
hectoliter mass was noted withot scarification in cultivation of U.
ruziziensis as a cover crop.

Mechanical soil scarification and Cajanus cajan as cover crop
increase grain yield and milling yield of upland rice in tropical
conditions of Brazil. The grains quality of upland rice was less
effected by treatments as compared to productive attributes.
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