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ABSTRACT

Conservation Agriculture (CA) is based in principles of the minimum soil disturbance,
preservation of organic mulch on soil surface and crop rotation. Therefore, this study aimed to
compare the CA versus conventional tillage for tomato and broccoli cropping. The experimental
treatments were two tillage method (no-tillage and conventional tillage) as the main plot and
species of cover crops, legumes, grasses and a mix (legume + grass) as subplot. Soil properties and
vegetable agronomic performance were assessment. No-tillage provided higher soil water content
and increased soil fertility and higher soil mechanical resistance to penetration than conventional
tillage. Broccoli growth and yield were impaired under no-tillage, while tomato had greater root
length and similar yield compared to the conventional tillage. Regarding to the cover crops there
was no difference on the experimental traits. Conservation Agriculture is recommended to increase
soil fertility and soil water storage as well as for ensure sustainable vegetable production.

Keywords: Solanum lycopersicum L., Brassica oleracea var italica, no-tillage, crop rotation, soil
conservation

INTRODUCTION

Conservation Agriculture (CA) is based on three agronomic principles: minimum soil
disturbance, preservation of organic residues that provide permanent soil cover and diversification
of crop rotation (FRIEDRICH et al. 2012). Together, these techniques aim to achieve the
sustainability of the crop environment, mainly toward the conservation of soil and water. The
erosive process in tropical regions causes soil loss from 6 to 20 Mg ha™* year when managed under

conventional tillage; however, field management based on no-tillage, crop rotation and soil surface
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permanently covering by straw or living mulch reduces runoff by up to 99% (LABRIERE et al.
2015).

Using cover crops in crop rotation and straw production for no-tillage improves
environmental conditions by increasing soil fertility through nutrient recycling and increase of
organic matter (BENINCASA et al. 2017; HOYT et al. 1994). As a consequence, it increases soil
water content (NOVELLI et al. 2017; MITCHELL et al. 2012; MAROUELLLI et al. 2010), the
stability of soil aggregates (WILLIAMS & WEIL, 2004; ROSOLEM et al. 2002), the organic
matter and nutrients (NYAMBO et al., 2020; BRANCO et al. 2017), the microbiological activity
(DUDA et al. 2003; HOLAND, 2004) and, finally, the crop yield (AHMADIANI et al. 2016;
MELO et al. 2010; MAROUELLI et al. 2006).

Notwithstanding, conventional tillage is the most commonly used method for establishing
horticultural crops in Brazil (FILGUEIRA, 2000), which aims to disrupt the soil in the arable layer
(0.3 m soil depth). Such soil disturbance increases the vulnerability to the erosion process and,
consequently, increases environmental impacts such as siltation and eutrophication of water
resources (HOLLAND, 2004). In semi-arid conditions, Murillo et al. (2006) found improvement
in soluble organic carbon, carbon of microbial biomass and protease activity under conservation
tillage, which means enhancement of soil fertility and sustainability on production system.
Researchers related crop performance comparing reduced tillage versus conventional tillage and
verified great crop yield achieved under no tillage (DERPSCH, 1986; YAU et al. 2010;
PITTELKOW et al. 2015). However, studies are necessary to ensure high yield of vegetables crops
at the condition of Conservation Agriculture, with minimum soil disturbance and high straw
quantity on soil surface. Therefore, the aim of this research was studied the impact of no-tillage
integrated with cover crops on agronomic performance of tomato and broccolis as well as

improvements in soil properties.
MATERIAL AND METHODS

Site description

On-farm trial was carried out in Ribeirdo Preto, Sdo Paulo state, Brazil, at geographic
coordinates 21°12°20°’S and 47°52’17°’N and altitude of 631 m. The average annual rainfall is
1,427 mm, with 19.3 °C and 25 °C as minimum and maximum average temperatures, respectively.

Soil in the experiment area is classified as Oxisol with clayey texture: 10.2% sand, 32.1% silt and
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57.7% clay; and soil chemical fertility: pH=5.7, organic matter (OM)=21 g kg™, phosphorus (P)=69
mg kg?, potassium (K)=2.8 mmolc kg?, calcium (Ca)=37 mmolc kg?, magnesium (Mg)=12
mmolc kg, cationic exchange capacity (CEC)=77 mmolc kg™ and base saturation (BS)=67%, at
0.0 to 0.2 m depth.

Experimental design and trial management

Treatments were no-tillage and conventional tillage as main plot, combined with three
species of cover crops: legumes, grasses and mix of both species of cover crops as sub plot. Vetch
(Vicia sativa L.), bristle oat (Avena strigosa Schreb) and the mix of both species were grown in the
autumn/winter experiment. In spring/summer experiment, millet (Pennisetum glaucum L. R.
Brown), sunn hemp (Crotalaria junceae L.) and the mix of both species were grown. The
experimental design was a split-plot (2x3) in a randomized block with four replications, totalling
24 experimental plots. The area of the experimental plots was 60 m?, with 4 m width per 15 m
length.

Crops were grown in this chronological sequence: winter cover crops (May—August 2016)—
broccoli (September—November 2016)-summer cover crops (December 2016—February 2017)—
tomato (March—July 2017). Each plot was grown keeping respective cover crops species—
legumes, grasses, or mix of both species—at the same plots during the two years of the experiment.
Winter cover crops were sown with no-tillage seed-drill equipped with straw cutting coulters, at
0.25 m spacing between row, 133 kg ha* of vetch seeds, 100 kg ha* bristle oat seeds and a mix of
66 kg ha? vetch seeds and 50 kg ha? bristle oat seeds. There was no fertilisation or crop
management of the cover crops, which were allowed to grow freely.

At the end of the cover crop cycle, 85 days after sowing, samples were taken from 1 m? at
two points of each plot, to measure aboveground biomass. Afterwards, the cover crops were killed
with a 2.0 m wide roller crimper (model Terras altas®—Agrimec company, Santa Maria, Rio
Grande do Sul State, Brazil) and left as straw on the soil surface throughout the whole experimental
area. Later, in the plots designated to conventional tillage, the soil was tillage at 0.3 m depth with
disc harrows with 20 inch powered by 100 hp tractor, incorporating the cover crops residue into
the soil. In order to raise the basic saturation to 80%, liming was performed with 1.2 Mg ha* of
dolomitic limestone throughout the experimental area. In the case of conventional tillage, lime was

incorporate into the soil by disc harrow at 0.30 m depth at time of tillage.
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Broccoli, Avenger hybrid, was transplanted with a spacing of 0.8 m between rows and 0.6 m
between plants, with seedlings having five established mature leaves. The transplanting was done
using vegetable mechanical transplanters with a single row (Sathya company, Indaituba, S&o Paulo,
Brazil), equipped with straw cutting coulters and powered by a 75 hp tractor. This planting method
was done for both no-tillage and conventional tillage. The base fertilisation was performed with 60
kg ha! of N, 200 kg ha! of P,Os and 180 kg ha® of K;O, and topdressing fertilisation was
performed with 150 kg ha™of N and 100 kg ha™* of K,0, sliced in two applications, 30 and 60 days
after transplanting. The sources of fertiliser were ammonium sulphate, triple superphosphate and
potassium chloride.

Water was supplied through drip irrigation with 0.2 m spacing between drippers, at a 2 litres
hour? per linear m. Irrigation management was done by tensiometry and the volume of water
applied based on the recommendations by Marouelli et al. (1996) to broccoli by the data of daily
evapotranspiration and kc indice of the crop. As the broccolis grew under good climatic conditions,
there was little attack of pest and diseases and so there was no necessity for pest and disease control.

After broccoli harvest, the spring/summer cover crops were sown with a no-till seed-drill at
0.25 m spacing between rows, with 70 kg ha™* of millet seeds, 100 kg ha* of sunn hemp seeds and
the mix composed of 35 and 50 kg ha* of millet and sunn hemp, respectively. Crop management
was not performed during the cover crop cycle, and the plants were left to grow freely. After 60
days of cover crops sowing, in the blooming, samples were taken from 1 m? at two points of each
plot, to measure dry biomass yield of the cover crops. Afterwards, the plants were terminated with
a 2.0 m wide roller crimper (model Terras altas°>—Agrimec company) to provide straw on the
soil’s surface. In the plots intended for conventional tillage, the soil was harrowed with a 20 inch
disc harrow powered by 100 hp tractor. Tillage was performed at the 0.30 m depth of soil profile,
incorporating all residues into the soil.

Tomato, Candieiro hybrid, was transplanted when seedlings presented five leaves, at 40 days
after sowing. The seedlings were transplanted with 1.5 m spacing between rows and 0.5 m between
plants with single row vegetable mechanical transplanters (Sathya company), equipped with straw
cutting coulters and powered by a 75 hp tractor.

Base fertilisation was performed with 60 kg ha™* of N, 300 kg ha* of P,Os and 200 kg ha* of
K0, and topdressing was performed with 200 kg ha™ of N and 240 kg ha* of K20, sliced in three
applications 30, 45 and 60 days after transplanting. Water was supplied to the tomato plants through
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drip irrigation, applying water volume management as described by Marouelli et al. (1996) using
data from evapotranspiration daily and kc indice of the crop. Pest control was done with preventive
applications of entomopathogenic fungi, Metarhizium anisopliae and Beauveria bassiana, and the

bacteria Bacillus thuringiensis.

Soil water content

Soil water content was measured by the gravimetric method, taking soil samples with an
auger with rings of 98 cm?, at 0 to 0.05 m, 0.05 to 0.10 m and 0.10 to 0.20 m soil depths, in three
points per plot, at 15 days after transplanting (DAT) of broccoli and 26 DAT of the tomatoes. For
those dates, there were 25 days with no rain on the broccoli crops and 17 days with no rain on the
tomato crops, indicating a dry period (Ciiagro, 2017). Soil wet sample was measured with the aid
of digital scale and after was sent to dry at 105 °C for 72 hours in drying oven, reaching constant
mass. Then, the dry weight was measured, and the percentage of moisture (soil water content) was
calculated as %U={(MF-MS)/MS}*100, where MF = fresh weight of the soil sample, and MS =
dry weight of the soil sample.

Soil mechanical resistance to penetration

Soil mechanical resistance to penetration (RP) was measured at six points per plot, three
points in the crop row and three in between the rows, at 15 and 26 days after transplanting of
broccoli and tomato, respectively. Measurements were taken using the automatic penetrometer
DLG PNT-2000 (DLG Automacéo Industrial, Sertdozinho, S&o Paulo State, Brazil) with a 0.60 m
rod, with readings recorded every 0.05 m down until 0.60 m depth. These measurements were done
when the soil presented about 21% and 19% of moisture for the broccoli and tomato crops,

respectively.

Root and aboveground growth of the vegetables

Broccoli and tomato root length was measured by using the mini rhizotron method. For this,
acrylic tubes, 400 mm long with 70 mm diameter, were inserted into the soil in the crop row, in
between two plants and at one point of each experimental plot. Afterwards, the images were
generated through the introduction of a root scanner, model CI-600 (CID-Bioscience, Camas,
Washington, USA), into the acrylic tubes. Images were generated at 55 (DAT) of broccoli and at
60 DAT of tomato from the area of 0.42 m? of the visual field from the acrylic tube, at 0.0 to 0.40
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m soil depth. Then, the images were processed using Winrhizotron® (Regent Instruments, Quebec,
Qc, Canada) software to quantify the total root length (m).

Growth of broccoli and tomato plants was measured as the aboveground dry biomass. For
this, two plants were randomly collected from each experimental plot and dried at 70 °C for 72
hours, reaching constant biomass. Afterwards, the aboveground dry biomass of the plants was
measured with a digital scale with accuracy of 0.1 g. Harvesting of plant samples for this purpose

was performed at 50 and 82 DAT for broccoli and tomato plants, respectively.

Crop yield

Broccoli yield was measured by the harvest of the commercial inflorescence from eight plants
per experimental plot, measuring the biomass fresh weight (kg). For the tomato crop, the yield was
measured by the harvest of marketable fruit and quantified the fruits (number plant?) and their
fresh weight (kg plant?). The yield of both broccoli and tomato was estimated in Mg ha™ of

commercial production.

Soil fertility

Samples were taken from two subsamples in each experimental plot in order to analyse the
chemical fertility of soil. Samples were collected at 0.0 to 0.05 m, at 0.05 0.1 m and at 0.1 to 0.2
m soil depth at the end of the experiment, in between the rows of tomatoes. Afterwards the samples
were sent to the lab for analysis of organic matter (OM) by volumetric method, pH in CaCl, H+Al,
calcium (Ca), magnesium (Mg) and potassium (K) content by NH4CI extractor (van Raij et al.,
2001), base saturation (BS) calculated by sum of Ca+Mg+K and, cation exchange capacity (CEC)
calculated by sum of H+Al +Ca+Mg+K (Ronquim, 2010).

Statistical analysis
The results were statistically analysed using the SAS 9.4 software, with PROC MIXED
programming and analysis of variance and mean comparison by PDIFF. Previously, the data were

subject to a normality and homoscedasticity test and detection of outlier values.
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RESULTS AND DISCUSSION

Aboveground dry biomass of cover crops

In the winter, vetch was the cover crop that had greater aboveground dry biomass vyield,
compared to oats and to the mixture of both species (Table 1). During the cultivation of the cover
crops (86 days), there were 16 days of rain, with 151 mm of total precipitation; and the average
maximum and minimum air temperatures were 26.4 °C and 12.8 °C, respectively.

In the summer, aboveground dry biomass of both millet and the mix of millet and sunn hemp
were significantly greater than sunn hemp sole (Table 1). During the 59-day period of cover crop
growth, there were 36 days with precipitation, with 348 mm along the cover crops growth and the

average maximum and minimum air temperatures were 30.2 °C and 19.7 °C, respectively.

Table 1. Aboveground dry biomass (ADB) of winter and summer cover crops.

Winter Cover Crops ADB (Mg ha)

Summer Cover Crops ADB (Mg ha?)

(CC) (CC)

Vetch 212 & Sunn hemp 4.92b
Oat 1.48b Millet 7.78a
Vetch + Oat 1.50b Sunn hemp + Millet 754 a
P<F 0.0068* P<F 0.0248*
Tillage (Till) Tillage (Till)

No Tillage 1.62 No Tillage 6.17
Tillage 1.76 Tillage 7.32
P<F 0.3878 P<F 0.1904
Interaction (CCxTill) Interaction (CCxTill)

P<F 0.2133 P<F 0.4928

*Significant differences by the analysis of variance (ANOVA) at 5% of probability.
Y Differences between the means in the column are shown by different letters, by PDIFF at 5% of probability.

Soil mechanical resistance to penetration

Tillage methods had significant difference when considering the soil mechanical resistance

to penetration (RP) at 0.0 to 0.3 m depth at measured done at 15 days after transplanting (DAT) of
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broccoli crop, where RP was smaller in conventional tillage than in no-tillage. At 0.3 to 0.6 m soil
depth, RP was similar between the tillage methods (Figure 1a).

At 26 DAT of tomato crop the RP was smaller in conventional tillage on the profile from 0.0
to 0.3 m soil depth, but below that one, in the range from 0.3 to 0.6 m depth, there was no significant

difference between tillage methods (Figure 1b).
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Figure 1. Soil mechanical resistance to penetration in the profile of 0 to 0.60m of depth in
cultivation of broccoli (a) and tomato (b). Differences letters shown difference between
the means by PDIFF at 5% of probability.

NT = no-tillage; Till = conventional tillage.

Soil water content

In the broccoli growing under no-tillage, soil had a greater water content compared to that
found with conventional tillage, about 13% at 0.0 to 0.05 m depth, 9% at 0.05 to 0.1 m depth and
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10% at 0.1 to 0.2 m depth (Table 2). In the tomato growing, the soil water content under the
treatments of millet and the mix of millet and sunn hemp resulted in greater water storage when
compared to sunn hemp at the depths from 0.1 to 0.2 m of the soil profile (Table 2). At the depth
from 0.0 to 0.05 m and 0.05 to 0.1 m, cover crops had no significant difference. The soil under no-
tillage in the tomato growing had better water content in the profile at 0.0 to 0.2 m depth, on average
24% above, when compared with conventional tillage.

Table 2. Water content (%) in soil profile (0.0 to 0.05, 0.05 to 0.10 and 0.10 to 0.20 m soil depth)
under broccoli and tomato cultivation.

0.0 to 0.05m 0.05to0 0.10m 0.10 to 0.20m

Cover crops (CC) Broccoli Tomato Broccoli Tomato Broccoli  Tomato
%

Legume® 20.1 18.0 21.5 16.9 21.6 18.6 b
Grass 20.8 19.6 21.9 18.6 21.4 204 a
Legume+Grass 20.7 19.0 21.2 18.1 21.1 20.2 a
P<F 0.7173 0.2677  0.6363 0.2199 0.8289  0.0130*
Tillage methods (Till)
No Till 21.8 @ 21.3a 225a 196 a 224 a 21.6a
Tillage 19.2b 16.4b 206 b 16.2b 204 b 179b
P<F 0.0026* <.0001* 0.0080* 0.0003* 0.0122*  <.0001*
Interaction (CCxTill)
P<F 0.7573 0.5597  0.6908 0.2895  0.8906 0.0124*

* Significant differences by the variance analysis (ANOVA) at 5% of probability.
Y Difference between the means in the column is shown by different letters, by PDIFF at 5% of probability.
XLegume = vetch and sunn hemp; Grass = oat and millet as cover crops for both broccoli and tomato crop respectively.

Root growth and the aboveground dry biomass of vegetable crops

During the broccoli growing (97 days), there were 45 days with rain, with 494 mm of
precipitation, with an average maximum and minimum temperatures of 30.5 °C and 17.9 °C,
respectively. The environmental conditions were favourable for good growth and yield of the
broccoli, according physiological requirement of the crop (Filgueira, 2000). Aboveground dry
biomass of broccoli at 50 days after transplanting (DAT) was greater in the plants grown in

conventional tillage about 57% compared to no-tillage. Tillage methods also had a significant effect
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on root length of broccoli at 55 DAT, as for conventional tillage, this was significantly greater than
for no-tillage at about 62%, (Figure 2).

Along 113 days of tomato growing there was 157 mm of precipitation in just 16 days, needing
water supply by irrigation. Average maximum temperature was 27.9 °C and average minimum was
15.7 °C. The environmental conditions favoured the good physiological and agronomic
performance of tomato plants (Filgueira, 2000). At 82 DAT, there was no significant difference
between tillage methods to the aboveground dry biomass of tomato. However, tomato root length
at 60 DAT was greater about 68% in no-tillage compared to the conventional tillage at the 0.0 to
0.40 m depth of the soil profile (Figure 2).
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Figure 2. Root length (a) and aboveground dry biomass (b) of broccoli at 55 days after
transplanting (DAT); root length (c) and aboveground dry biomass of tomato (d) at 60
DAT, in the different soil tillage. Differences letters shown difference between means
by PDIFF at 5% of probability.

Soil fertility

Regarding the chemical fertility of the soil at 0.0 to 0.05 m depth, there was significant
difference between tillage methods. Under no-tillage there was increasing in the contents for

calcium (Ca), magnesium (Mg), sum of bases (SB), phosphorus (P), organic matter (OM), cation
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exchange capacity (CEC) and base saturation (BS) and decreasing in pH and hidrogen+aluminum
(H+Al) compared to conventional tillage. At the 0.05 to 0.10 m of soil depth no tillage provided
improvement in Ca, Mg, SB, CEC and BS and decreasing pH, H+Al (Table 3). However, there
was no difference between tillage methods at 0.10 to 0.20 m depth. Also, there was no difference

among cover crops on the soil chemical fertility.
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Table 3. Chemical fertility, calcium (Ca), magnesium (Mg), potassium (K), sum of bases (SB), phosphorus (P), organic matter (OM),
pH, hydrogen + aluminium (H+Al), cation exchange capacity (CEC) and base saturation (BS) at 0.0 to 0.05 m and 0.05 to
0.10 m soil depth.

Ca Mg K SB P OM pH H+Al CEC BS%
Tillage Methods
mmolc kg? mgkg? gkg? mmolc kg*

0.0 to 0.05m depth of soil profile
No Tillage 69.5aY 282a 9.4 1134a 162.2a 31.2a 6.6 a 151a 128.7 a 87.8a
Conventional
Tillage 50.5b 22.2b 9.2 81.9b 12340D 27.7b 59D 22.8b 104.7 b 78.0b
P<F <.0001* 0.0010* 0.8435 <.0001* 0.0412* 0.0062* 0.0001* <.0001* 0.0002* <.0001*

0.05 to 0.10m depth of soil profile
Tillage Methods
(TM)
No Tillage 64.3aY 25.8a 7.9 99.9a 143.6 27.4 6.4a 18.2a 118.3 a 84.4 a
Conventional 50.6 b 22.1Db 8.5 81.1b 123.3 28.1 59b 23.7b 105.0b 76.8b
Tillage
P<F 0.0014* 0.0163* 0.4581 0.2894  0.4222  0.0026* 0.0061* 0.0022* 0.0002*

0.0002*

* Significant differences by the variance analysis (ANOVA) at 5% of probability.
Y Difference between the means in the column is shown by different letters, by PDIFF at 5% of probability.
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Crop yield

Regarding the broccoli yield, there was significant difference between tillage methods,
whereby the conventional tillage produced each inflorescence with 18% more fresh biomass and
had yield of 37 Mg ha, 43% greater than that of no-tillage (Table 4). Tomato yield was not affected
by the treatments, so the number of commercial fruits per plant and the commercial yield were not

affected by cover crops and tillage methods.

Table 4. Commercial fresh mass of inflorescence (FMI), broccoli yield, commercial number of
tomato fruit (NCF) and tomato yield.

Broccolis Tomato
Cover crops (CC) FMI Yield NCF Yield
(g plant™) (Mg hat) number plant* (Mg ha)

Legume* 619.0 33.0 42 57.3
Grass 670.9 32.7 46 55.8
Legume+Grass 649.0 29.1 50 63.0
P<F 0.214 0.4171 0.3858 0.3773
Tillage methods (Till)

No Till 592.3 b¥ 26.0b 45 57.5
Tillage 700.3 a 37.2a 47 59.9
P<F 0.0003* 0.0007* 0.6992 0.5865
Interaction (CCxTill)

P<F 0.6222 0.3077 0.0885 0.1077

* Significant differences by the analysis of variance (ANOVA) at 5% of probability.
Y Difference between the means in the column is shown by different letters by PDIFF at 5% of probability.
XLegume = vetch and sunn hemp; Grass = oat and millet as cover crops for both broccoli and tomato crop, respectively.

Cover crops and vegetables performance

During the of winter cover crops growing, the low quantity and irregular distribution of
rainfall hindered adequate growth and, consequently, the aboveground dry biomass yield of the
winter cover crops. Even under low water availability, vetch produced a greater amount of
aboveground dry biomass than oats or the mix of vetch+oats. In the summer cover crops
cultivation, climate conditions were favourable to plant growth, with adequate distribution of
rainfall and, consequently, a great aboveground dry biomass yield. Hence, millet and the mix of
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millet+sunn hemp had a better productive performance of aboveground dry biomass than sunn
hemp sole. Although the effect of cover crops on the properties studied in the experiment was little
evident, the biological action of roots on soil decompaction is very relevant, highlighting millet
potential to be used in conditions of soil with high levels of penetration resistance (ROSOLEM et
al., 2002).

Tosti et al. (2012) related that tomato had yield favoured when cultivated in succession with
a mix of barley and vetch as cover crops, when compared to barley alone. The better yield was
attributed to the improvement in the tomato nutritional status due to nitrogen fixed into the soil by
vetch. However, our study showed no significant effect of cover crop on the yield of broccoli and
tomato.

Broccoli aboveground growth was impaired when cultivated in no-tillage. The fact that
determined the reduction in growth under no-tillage was the smaller root length compared to that
under conventional tillage. The conditions of high soil mechanical resistance to penetration under
no-tillage at the first 0.3 m (Figure 1a) caused the reduction of broccoli root length. Conditions of
compacted soil reduce the foliar growth of broccoli by 54% due to the reduction of 70% of total
root length (MONTAGU et al., 2001). When comparing the agronomic performance of vegetable
species in high levels of penetration resistance of the soil, Wolfe et al. (1995) concluded that
cabbage, a species in the same family as broccoli, was the most vulnerable to loss of productivity
when compared to cucumber, beans or sweet maize.

On the other hand, even with the smaller yield of broccoli under no-tillage, techniques which
can favour the increase of crop yield in Conservation Agriculture (CA) could be suggested, like
the adoption of minimum tillage at crop row (‘strip tillage’), which promotes punctual reduction in
the soil mechanical resistance to root penetration and benefits root length (AHMADIANI et al.,
2016). Cultivation of cover crops with deep rooting in crop rotation associated with traffic
controlled in the field will also improve and help avoid the high levels of penetration resistance
(MCHUG et al., 2006). In a comparative experiment between no-tillage and conventional tillage,
Melo et al. (2010) did not find a difference in broccoli yield, suggesting its adoption by growers
for CA. Pittelkow et al. (2015) reported that no-tillage reduces crop productivity, although under
certain environmental conditions it could produce similarly to or even more than conventional

tillage. They also highlight that the adoption of CA by maintenance of the soil’s cover and crop
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rotation potentiates the crop yield under no-tillage besides significantly reducing the erosive
process and improving fertility conditions of the soil.

Different to broccoli, the root length of tomato plants was greater in no-tillage. The capacity
of root length of tomato plants stands out when it is confronted with the greater soil mechanic
resistance to penetration of the roots under no-tillage.

Regarding penetration resistance, the biopores produced by the roots of cover crops may help
alleviate soil compaction, especially under no-tillage, providing low resistance paths to successor
crop roots, a process dubbed ‘biodrilling’. Connected pores only exist in no-tillage, since tillage
destroys that structure (WILLIANS & WEIL, 2004). Plant species show different performance
when comparing conventional tillage with no-tillage. Yau et al. (2010) did not find difference
between conventional tillage and no-tillage on the dry biomass accumulation of barley, chick-peas
and safflower.

In the case of tomatoes, the similarity of productivity between no-tillage and conventional
tillage was assigned to the vigorous root length of tomato plants, even when under conditions of
greater mechanic resistance of soil to penetration under no tillage. Marouelli et al. (2006) reported
an increase of up to 17% in tomato productivity for no-tillage, compared to conventional tillage,
which is a fact that increases the feasibility of CA in the preservation of soil and water for
agricultural exploitation. Kuhwald et al. (2017) recommended on-time inversion tillage for
overcoming of some the main disadvantages associated with long-term reduced tillage, as the high
resistance of the soil to penetration, technique that preserving the positive effects of CA on soil
physical properties. In Mediterranean environment, marketable yield of tomato plants was higher
in no tillage legume mulched soil compared to conventional tillage and no tillage bare soil
(CAMPIGLIA et al., 2011).

Soil water content

Soil water content was significantly greater in CA conditions than for conventional tillage.
This is attributed to the fact that no-tillage preserves the soil structure, improving stability of
aggregates and the relation of macro and micropores (NOVELLI et al., 2017), as well as the
maintenance of straw on the soil surface that reduces the evaporation (MITCHELL et al., 2012).
Despite the improvement in soil water content, there were not found any agronomic benefits for

the vegetables, because the adequate water supply by irrigation suppressed the benefits that could
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happen in conditions of water restriction. In the light of the results, we could suggest a reduction
of up to 15% in water supply when CA is adopted for vegetable cultivation.

Onion grown under CA reduced 30% of the irrigation water for the first 30 days of the cycle
and 19% along the cultivation compared to conventional tillage (MAROUELLI et al., 2010). In
study of tomato crop, Marouelli et al. (2006) reported an increase of 23% in water use efficiency
under no-tillage, when compared to conventional tillage. Therefore, the increase in the water saving

in crop irrigation under CA conditions is clear.

Soil fertility

Soil fertility increased in the superficial layers of the soil under no-tillage, with increases in
the content of organic matter and nutrients at 0.0 to 0.1 m depth. Preserving soil structure and
maintaining straw on the surface leads to increasing organic matter and nutrient content and,
consequently, improvement in soil fertility (NYAMBO et al.,, 2020; DUDA et al., 2003).
Notwithstanding, increase in soil fertility in the most superficial layer did not influence the
improvement of vegetables yield. However, based on the results, reduction in fertiliser could be
recommended for CA. Branco et al. (2017), while growing tomatoes under CA, reduced the
application of nitrogen fertiliser compared to the current technical recommendation by 51%, which
was attributed to the increase of organic matter in the soil. In semi-arid conditions also was reported
improvement on soil fertility on the top soil profile with increasing in carbon soluble, carbon of
microbial biomass and protease activity under conservation tillage (MURILLO et al., 2006).
Kumar et al. (2016), also related that soil management under CA improved the soil quality by
enhancing water-stable aggregates, labile and total organic carbon fractions and biological soil
attributes mainly in the surface soil layer of 0-0.05m.

Increase in pH and base saturation is assigned to the accumulation of nutrients Ca and Mg in
the top layer of the soil due to non-inversion by no-tillage. Therefore, below 0.20m depth under
no-tillage conditions, it is hard to reach the adequate Ca and Mg content and pH because to the low
mobility these nutrients in the soil profile. However, the results showed no difference between
tillage methods on Ca and Mg distribution, pH, base saturation and cation exchange capacity at a
depth of 0.2 m that contradict this low mobility of Ca and Mg. Caires et al. (2005) reported effect
of liming on depths below 0.2 m after two years of the application, for no-tillage conditions.

Therefore, the lime application on the soil surface, under no-tillage without incorporation, is
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enough for the correction of soil even at depths below 0.2 m. This mobility of Ca and Mg under
CA should be attributed by the dynamic of nutrients recycling and root exudation from cover crops

in rotation that drives to an increase in soil biology activity and soil fertility.

CONCLUSION

Under Conservation Agriculture (CA) the soil had greater water storage capacity and
increasing in fertility, mainly at a depth of 0.0 to 0.1 m, but had greater soil mechanical resistance
to penetration at 0.0 to 0.3 m compared to conventional tillage. Regarding the crop performance,
broccoli was impaired to growth and yield under CA. Tomato plants had improved root growth
under no-tillage and similar aboveground growth and yield between both tillage methods. The
winter cover crops, vetch, bristle oat and the mix of both species as well as summer cover crops,
millet, sunn hemp and the mix of both species despite be extremely important for the concept of
CA they didn"t differ among them regarding the traits studied in this experiment.

Therefore, we propose the adoption of CA for vegetable cultivation under tropical condition
but further studies, are necessaries for enhance this technique and achieve high yield of vegetable

crops with improvement in ecosystem services.
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