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ABSTRACT

Irrigated rice (Oriza sativa L.) pre-germinated production systems occupy approximately
100 thousand ha, annually cultivated in Rio Grande do Sul State, mainly in poorly drained areas,
and with infestation of competing plants, especially red rice (Oriza sativa L.). This system
constitutes the main technologic resource for rice crops produced on an ecological basis, by
means of soil tillage and water management. Despite this, water outlets, specifically after
seeding, have outstanding agronomic and environmental implications. Loss of nutrients and the
physical and chemical quality of drained water have been questioned by public research and
environmental institutions. This work evaluated the effects of different soil tillage systems and
retention time of water in irrigated rice frames. The experiment was conducted in Viamao town,
Rio Grande do Sul State. Two different soil tillage systems and four different times of frame
drainage after seeding were investigated. Results showed that the main limiting attributes of
water quality were turbidity, biochemical oxygen demand (BOD) and phosphorus (P) content,
reaching 1800 TNU, 115 mg L™, and 1.6 mg L, respectively. These attributes showed values
higher than established environmental thresholds. Water quality was inappropriate to discharge
directly into water courses, regardless of treatments.An alternative is the immediate placement
in rice production areas, in more advanced development stages of plants. Pre-germinated rice
crops require a system framework to avoid nutrient loss and consequent reduction of soil
fertility.

Keywords: irrigated rice, soil tillage, water quality.

Qualidade das aguas drenadas dos quadros de arroz irrigado durante
0 estabelecimento do cultivo no sistema pré-germinado

RESUMO
Os sistemas de producdes de arroz (Oryza sativa L.) irrigado, pré-germinado ocupam uma
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superficie de aproximadamente 100 mil hectares, cultivados anualmente no Estado do Rio
Grande do Sul, principalmente em areas com deficiéncia de drenagem e com infestacdo de
plantas competidoras, fundamentalmente o arroz vermelho (Oryza sativa L.). Esse sistema
constitui a principal tecnologia para o cultivo de arroz de base ecoldgica, através do preparo do
solo e do manejo da &gua nos quadros cultivados. N&o obstante, a retirada da &gua dos quadros,
especificamente apos semeadura, tem implicaces agronémicas e ambientais de destaque. A
perda de nutrientes e a qualidade fisica e quimica da dgua drenada tém sido questionadas por
instituicGes publicas, ambientais e de pesquisa. O objetivo desse trabalho foi avaliar os efeitos
de diferentes formas de preparo do solo, assim como o tempo de permanéncia da agua nos
quadros de arroz irrigado pré-germinado. O experimento foi conduzido no municipio de
Viaméo — RS. Foram utilizados dois tipos de implementos para preparo do solo, associados a
quatro tempos de drenagem dos quadros apds a semeadura. Os resultados indicaram que 0s
atributos mais limitantes em relacdo a qualidade da &gua, foram a turbidez, a demanda
bioquimica de oxigénio (DBO) e os teores de fésforo, que chegaram a 1800 UNT, 115 mg L™
e 1,6 mg L7, respectivamente. A turbidez, assim como as concentraces de P e DBO,
apresentaram-se superiores ao limite legal em todos os tratamentos avaliados. Devido o
envolvimento da &gua no preparo do solo, sua qualidade foi impropria para o descarte
diretamente nos cursos hidricos, independentemente do implemento utilizado e dos diferentes
periodos de decantagdo avaliados. Dessa forma, uma alternativa € a utilizacdo dessas aguas
imediatamente em &reas de producdo com arroz em estdgios mais avancados de
desenvolvimento. As lavouras de arroz pré-germinado, sobretudo nas producdes de base
ecologica, demandam uma adequacdo do sistema ao estabelecido pela legislacao, contribuindo
também para evitar perdas de nutrientes e a consequente reducéo da fertilidade dos solos.

Palavras-chave: arroz irrigado, preparo do solo, qualidade da agua.

1. INTRODUCTION

Rio Grande do Sul State is responsible for 70% of rice production in Brazil, with
predominance of the long-thin class (SOSBAI, 2018). The pre-germinated rice production
system occupies a significant area of 115.7 thousand ha in the State (IRGA, 2019). This system
comprises a set of operations and techniques for soil tillage, water management, sowing and
establishment of rice plants under irrigated cultivation, using pre-germinated seeds, broadcast
in level plots, usually separated by fixed and completely flooded partitions. The system
originated in Santa Catarina State, introduced by immigrants during the XX century, and today
occupies 98% of irrigated rice areas. In Rio Grande do Sul State, it occupies 11% of cultivated
area. The adoption and expansion of this system is fundamentally limited by costs of trained
labor and planting.

In a long-term experiment, Carlos et al. (2015) verified that pre-germinated systems
showed higher productivity in comparison with conventional and no-till systems, probably due
to better competing plant control as a consequence of seeding in previously waterlogged soil.
This method can be performed with lower costs and higher efficiency in comparison with
controls based on chemical principles (Avila et al., 1997). Besides this, soil tillage and levelling
quality, associated with adequate soil fertility management, irrigation and drainage, are
fundamental to obtain optimum yields (Anghinoni et al., 2020). On the other hand, it may cause
some problems, like the occurrence of birds and mollusks (Pomacea 2ulphur2rize L.) during
the emergence period, and lack of cultivars adapted to this system (Petrini et al., 2004). Pre-
germinated rice production is used in several countries in the world with good results with
respect to quality and resistance against problems like climate stress. Besides Brazil, with 20%
of cultivated area, other countries adopted the system, using it in 90% and 30% of cultivated
areas in Europe and USA, respectively, and other countries in Latin America, Asia and Africa.
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Guerra et al. (1998), focusing on rice cultivation in Asia, detected pre-germinated production
systems as an option to save water, due to thinner surface water layer and less water percolation
compared to transplantation systems. Tadesse et al. (2013) found higher and faster plant
development, avoiding droughts in terminal periods of the cycle, beyond other environmental
stresses. Tonthong et al. (2018), working in Ethiopia, showed greater germinability of pre-
germinated seeds, even when they are stored for periods of eight weeks, compared with dry
seeds. These authors emphasized the increase of the pre-germinated practice in Southeast Asia.

Some changes may also be noted in the chemical composition of seeds and plant growth
in pre-germinated system, like more availability of some elements (calcium, iron, manganese)
induced by metabolic processes, as well as quantitative and qualitative alterations in protein
content (Shallan et al, 2010; Kupkanchanakul et al., 2018). Rio Grande do Sul State is a pioneer
in ecological rice production, always associated with pre-germinated systems (Zang, 2020).
This type of production, free of pesticides, began in an agrarian reform settlement in 1999, in
small areas between 3 and 4 ha in the Porto Alegre Metropolitan Region (Vignolo, 2010). In
the “Filhos de Sepé” settlement (FSS), located in Viamao district, in the Gravatai River
Watershed, organic production began in 2001, in an area of 1.7 ha (Zang, 2020). FSS is
responsible for 30% of ecological basis rice produced in the agrarian reform settlements of Rio
Grande do Sul State, whose total extension, in 2020, was 3,470 ha (Anghinoni et al., 2020;
Miranda et al., 2016).

Despite the importance of this production system, there are still some technical and
environmental problems, like the quality of the water released from these areas, especially after
sowing. Significant solid particles and nutrients derived from fertilisers are released after first
drainage (Garcia et al., 2005; Marchezan et al., 2007a). Consequently, studies have shown that
some attributes, such as turbidity, greatly exceed the limits established by CONAMA (2005)
for wastewater (Resolution no. 357/05) (Table 1) (Marchezan et al., 2007b; Mattos et al., 2012;
Scivittaro et al., 2010). This resolution states that water from rice frames, if returned to the main
rivers in the watershed, needs to have quality compatible with uses like fishing, and irrigation
for fruits and vegetables.

In this study we hypothesized that some variables of the production system, such as the
method of soil tillage and the time the water remains in the plots after the sowing of rice,
influence the physical and chemical quality of the wastewater and the loss of soil and nutrients.
The aims of this study therefore were: a) to evaluate the physical and chemical characteristics
of drainage water from the cultivation of pre-germinated rice under different types of soil
preparation and the amount of time the water remains in the plots after sowing; and, b) to
compare the quality of this water with the standards established and defined by environmental
resolutions.

2. MATERIAL AND METHODS

The work was carried out in the district of Viamao, RS, in an area of the FSS located 35
km from Porto Alegre, in the Pampa biome, between the Coastal Plain and the Central
Depression of the state (Figure 1).

The geology of the area is composed of little-consolidated sedimentary material of wind
and colluvium-lagoon origin, with variable selection and stratifications of silty-clay material
(CPRM, 2008). According to the Képpen system, the climate in the study region is classified
as type Cfa, subtropical, 3ulphur3rized by rainfall every month (CGHG, 2012). The mean total
annual rainfall is 1,309 mm, with no major difference in distribution between seasons.

The FSS is located in the Environmental Protection Area of “Banhado Grande”, the largest
sustainable environmental conservation unit in the state.

FSS is also located in Gravatai River Basin, considered to be the most sensitive in the
region, and one of the most degraded in the state. According to FEPAM (2020), and mainly
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based on the indicators of total phosphorus, E. coli and dissolved oxygen, Gravatai River has

extremely poor water quality.
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Figure 1. Location of the district of Viaméo in Rio Grande do Sul, showing the Filhos
de Sepé settlement.

Ecologically based rice in the FSS is produced in an area varying from 1200 to 1600 ha
over the last six agricultural years (Zang, 2020). The experimental area comprises
approximately 6 ha of flat relief (0 to 2% slope). The land has imperfect drainage, with the soil
classified as a Haplic Planosol according to EMBRAPA classification (2018), and Gleyic Eutric
Planosol according to FAO-WRB classification (IUSS, 2015). The experiment was conducted
in October 2018.

The main characteristics of the soil are: 225 g kg clay; 120 g kg™ silt; 655 g kg™* sand;
pH 5.3;3.0mg kg! P; 12.0 mg kg* S; 15.8 mg kg K; 20.4 mg kg Na; 8.5 g kg* total organic
carbon (TOC); 3.3 cmolc kg* Ca; 1.4 cmol. kg™ of Mg; 0.18 cmolc kg™ of A" and 4.6 cmol.
dm® of AI¥* + H*. The experimental area has been cultivated with ecological-based rice,
certified as organic, for around ten years, with one or two years of fallow. Sowing density was
150 kg ha. Liming at a dose of 600 kg ha* was carried out in the area. Basic fertilizer was
applied in late September, consisting of 1500 kg ha™* poultry litter with a dry basis composition
(65°C) of 660 g kg* dry matter, 320 g kg™ C; 20 g kg™* N; 31.5 g kg* P20s; 29.0 g kg* K20;
82.0 g kg Ca?*; 10.0 g kg Mg?*; 5.9 g kg™ S; 7.2 g kg Na*; 44 mg kg™ B; 41 mg kg™ Cu;
480 mg kg Zn; 1314 mg kg* Mn and 4384 mg kg total Fe.

Immediately after fertilizer application, the area was flooded with a water depth of around
0.10 m. Two soil tillage systems practiced, a) hydraulic levelling harrow (LH) and b) rotary hoe
(RH) as specified by Anghinoni et al. (2020). Final tillage and levelling of the soil were carried
out about 20 days before sowing. Inundation was topped up after tillage, maintaining soil
submerged in a water layer of 0.15 m depth.

The second factor (variable) was the time the plots were drained following sowing.
Drainage was carried out at 0, 2, 3 and 5 days after sowing (DAS). Using this combination,
eight treatments were employed with three replications, giving a total of 24 experimental units.
The delineation model was completely randomized; however, the drainage time after sowing
was controlled. In this way, the plots where the water was drained sooner after sowing (in the
order of 0, 2, 3 and 5 DAS) were located from the closest to the farthest position in relation to
the main drain. We applied this method since the water from one plot could have entered to
others during the flow until the main drain channel. Consequently, this control avoided any
influence of their flow on the characteristics of the other plots, drained later.

Samples were collected close to the water outlet of the plots, at opening of the drains and
6 hours after opening. To know previously some issues related to quality of water used in the

experiment, two water samples were collected at the entry of the channel to the experimental
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area, called the ‘irrigation channel’, and also from randomly chosen plots one day before
planting. These data were not statistically analyzed and were only used as a reference.

No rainfall was recorded during the collection period. Winds with average gusts (m s™) of
3.14 were recorded on the day of sowing, 6.39 one day later, 5.95 at 2 DAS, 6.33 at 3 DAS,
4.34 at 4 DAS and 7.11 at 5 DAS, according to data from the Porto Alegre automatic weather
station of Inmet. The wind gusts, particularly those concentrated between 06:00 and 17:00 each
day, were also greater at 5 DAS, with an average of 6.70 m s, followed by 1 DAS, with gusts
of 6.30 ms™,

In the field, pH was determined using a Digimed® portable pH meter. Aliquots were
placed in plastic bottles and stored in refrigerated compartments. The following analyses were
carried out in the laboratory: total organic carbon, by ignition after drying; biochemical oxygen
demand by O2 consumption in incubated samples; nitric nitrogen by the chromotropic method;
ammonia nitrogen by the Kjeldahl method; and suspended and total solids by weighing after
drying at 103 to 105°C, with prior filtration through 0.45 um filters to obtain the former.
Turbidity was determined using the nephelometric method. The element contents (aluminium,
boron, calcium, copper, 5Sulphur, iron, phosphorus, manganese, magnesium, molybdenum,
potassium, silicon and zinc) were obtained via triacid digestion, and determined in the extracts
using induced plasma atomic absorption spectrophotometry. All determinations were made
following APHA et al. (2017) except for nitrogen which ABNT (1992) was used.

The results were analyzed statistically via analysis of variance — ANOVA and Tukey’s test
at 5%; in cases of non-parametric data, the Kruskal Wallis test and the post-hoc Dunn test were
used. Principal component analysis (multivariate) was also carried out, with the aim of verifying
the greatest proximity between treatments (Ferreira, 2008). To do this, the mean data for the
attributes under evaluation in each treatment were converted to standard scores.

3. RESULTS AND DISCUSSION

The pH values remained in the range of 7.5 to 8.0 (not shown). The variation between
treatments was small (p>0.05) and, moreover, fell within the values stipulated for Class 11 by
CONAMA 357/05 (between 6 and 9), and were therefore not considered a restrictive factor.

The water in the irrigation channel showed values for turbidity of 55 NTU. After preparing
the soil, these values reached levels higher than the limits established in CONAMA 357/05 (100
NTU) in all treatments (Figure 2).

In experiments conducted in areas of pre-germinated cultivation in Rio Grande do Sul and
Santa Catarina, the results of the water analysis from the first drainage showed values for
turbidity greater than 100 NTU, regardless of the time of collection (Machado et al., 2006;
Molozzi et al., 2006; Mattos et al., 2012).

The water collected before sowing showed better quality than most treatments, indicating
that the sowing operation remobilizes some of the particles precipitated during the previous
period. This trend is reinforced by the similar behavior found for total solids (Table 1). The
RH-0ODAS and RH-5DAS treatments showed the highest levels of total solids, at both 0 and 6
hours after opening the drains, albeit with no significant differences for RH-2DAS, LH-0DAS,
LH-2DAS or LH-5DAS (the last two only in the ‘6 Hour’ collection). Treatments where the
water remained for three days after sowing (RH-3DAS and LH-3DAS) showed the best results,
regardless of the type of equipment used for soil tillage. On the other hand, the levels of total
solids in the water collected from the irrigation channel (240 mg L) were much lower than
most of the treatments, indicating a lot of turbulence and sediment suspension caused by soil
tillage and the remobilisation caused by sowing afterwards.

As an example, the total volume of solids can be calculated using a reference depth of 0.10
m of water. In this case, for an area of one hectare, a loss of 1 mg L™ is equivalent to 1 kg ha™.
Then the lowest and the highest rates of soil loss were 410 and 2300 kg ha't, respectively.
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Figure 2. Turbidity values in water drained from crops of pre-germinated irrigated
rice under different methods of soil preparation and periods for the water remaining
in the plots after sowing, for two collection times.

DAS = Days after sowing (period for the water remaining in the plots after sowing,
in days); LH = hydraulic levelling harrow; RH = rotary hoe. Hour 0 and 6 refer to
the collections made when opening the partitions and 6 hours later. The blue bars
represent the standard deviation. Different letters indicate significant differences
between treatments at p<0.05 by post-hoc Tukey test.

The biochemical oxygen demand (BOD) indicates the amount of oxygen needed to oxidize
the organic matter in the water (Telles and Gais, 2013), and it is related to the release of organic
loads in water bodies, mainly from domestic sewage.

This attribute showed a similar behavior to that of turbidity, but with values in the irrigation
channel above the limits established by CONAMA 357/05, maintaining this level regardless of
the management system (Table 1). BOD and solids, especially in suspended form, are among
the main factors to influence turbidity (Miljojkovic et al., 2019). The highest values were seen
in RH-ODAS for both collection times after opening the drains. However, comparing the two
drain opening times, there was a difference between RH-ODAS and LH-3DAS. The greatest
values exceeded 80 mg L™, far higher than the limit of 5 mg L for Class Il of water quality
classification. Based on the observed BOD values of irrigation channel, it seems that despite
the abrupt increase in wastewater from the plots, this characteristic is intrinsic to the soils and
drainage waters of this lowland area, with a tendency for organic matter accumulation,
including the formation of more-mobile organic compounds (Felisolla et al., 2019; Nascimento
et al., 2010). We state that differences in environment should be considered by government
agencies when they are establishing threshold values for attributes. Among the attributes under
evaluation, turbidity presented a correlation coefficient (rs) of 0.78 and 0.72 with total solids
and BOD, respectively. As such, turbidity is an indicator of physical and biochemical condition
of the water, as well as soil loss.

The ammonia N content was reduced due to some of the applied treatments, reaching levels
below the limits established by CONAMA 357/05, and close to those found in the irrigation
channel. Treatments in which water remained in the plots for three days after sowing showed
the lowest ammonia N content. Under tillage with the rotary hoe treatments, the greatest values
were detected with 0 and 5 DAS, the latter may be related to the climate conditions, especially
the effect of the wind that, when moving the water, caused remobilization and dilution of clay-
minerals and organic particles.

Considering the values established for intermediate environments (Figure 3), the levels of
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phosphorus found in the irrigation channel are 12 times higher than the limit established by

CONAMA 357/05.
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Figure 3. Phosphorus levels in water drained from crops of pre-germinated irrigated rice
under different methods of soil preparation and periods for the water remaining in the plots
after sowing, for two collection times.

DAS = Days after sowing (period for the water remaining in the plots after sowing, in days);
LH = hydraulic levelling harrow; RH = rotary hoe Hour 0 and 6 refer to the collections made
when opening the partitions and 6 hours later, respectively. The blue bars represent the
standard deviation. Values submitted to the Kruskal Wallis test. Different letters indicate
significant differences between treatments at p<0.05 by post-hoc Tukey test.

This attribute was influenced by the type of management, and some of treatments
decreased to below the values found in the channel; however, all of the values were greater than
the limit established for Class Il framing.

The treatments with higher levels of phosphorus did not show significant difference for the
collections at Hour 0, except for LH-5DAS. At Hour 6, the greater values for 2 and 5 DAS are
noteworthy, despite only RH-5 DAS showing significant differences at 0 and 3 DAS. The levels
were between 0.23 and 1.58 mg L, with a relatively high range between treatments. These
values correspond approximately to those obtained by Marchezan et al. (2007b), indicating
probable influence of fertilizer prior to sowing.

The poor quality of the waters of the Gravatai Basin is mainly due to the levels of
phosphorus and the BOD. This finding is corroborated by FEPAM (2020), where in
approximately 60% of the samples, values for total phosphorus exceeded the limit of Class I11.
Again, we consider this point is an aspect to be considered in legislation, to evaluate the
possibility of establishing different threshold values according to environment characteristics.
On the other hand, it may be noted that the use of water in these rice irrigated frames increased
the phosphorus levels in at least one of the collection times for all the treatments, showing the
influences of this use.

There is no normative value for potassium in wastewater (Table 1). However, the data
show significant values for the losses of this nutrient. The post-seeding drainage of the water
used/involved in soil preparation showed loss of K ranging from 0.7 to 5.2 mg L. Again, water
management (drainage time) had an influence, with smaller losses where the water remained
for three days in the plot. Other evaluations made in areas of pre-germinated irrigated rice in
RS (Marchezan et al., 2001; 2007a; 2007b; Weber et al., 2003; Machado et al., 2006) found a
loss of K from 2.46 to 5.24 kg ha’. The loss of nutrients is more significant when drainage is
carried out less than two days after preparing the soil. According to Macedo et al. (2001), under
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IPABHt



8 Marthin Zang et al.

such conditions, losses of up to 48 kg ha™* potassium can occur.

Ammonium — N, Ca, Mg, K, S and P showed lower contents with the use of LH, although
they had significant differences with RH mainly in 0 and 2DAS. Major effects of soil
disaggregation and nutrients mobilization may be observed when RH is used. Upadhyay and
Raheman (2019) showed less soil compaction with the use of levelling harrow compared to
rotavator implements. This may increase water percolation, diminishing water, soil and
nutrients losses. Besides this, LH may be considered less intensive due to the absence of soil
turnover, resulting in less soil pulverization. This lower intensity may promote major aggregate
stability, decreasing losses with water flow (Weidhuner et al., 2021). In our study, it seems that
RH promoted this pulverization with aggregate disruption, increasing particles suspended in
the water. Consequently, this effect neutralized, and even reverted, the possible positive effect
of basic fertilizer incorporation in relation to LH. This also increases losses of nutrients.

Comparing collection times, iron (Fe), aluminium (Al) and silicon (Si) also showed the
highest levels in the RH-5DAS, RH-0DAS, RH-2DAS and LH-0DAS treatments, albeit with
some difference in order. The greater presence of suspended particles on the day of sowing (O
DAS) should be noted, with a tendency for particle sedimentation and a reversal at 5 DAS,
especially for the rotary hoe. Potassium showed a high correlation with aluminium (rs = 0.89),
iron (rs = 0.96) and silicon (rs = 0.87), and with total solids (rs = 0.87), turbidity (rs = 0.79) and
BOD (rs = 0.83). Potassium can indicate the presence of such minerals as mica in solid particles.
The elements K, Fe, Al and Si are generally present in sediments originating from arable land
(Kandler etal., 2017, Kdmpf and Curi, 2012). The relationships between some elements or even
between attributes in general, are confirmed by the high correlation coefficients between them.
In the case of Si, Al and Fe, these are always greater than 0.90 (p<0.01) and also show the same
origin, i.e. particles in suspension, even when they are colloidal in size. The elements Ca and
Mg also show a high correlation (rs = 0.95).

Ammonia N also showed a high correlation with the mineral components of iron (rs =
0.90), silicon (rs = 0.78) and aluminium (rs = 0.77). According to the correlation coefficients
for total solids and turbidity (rs = 0.81) for both attributes, these values indicate a loss of mineral
nitrogen as soil particles are entrained; there was also a high correlation with Ca, S, Mg (rs =
0.80), and with K and BOD (rs = 0.90 and 0.81 respectively). The levels of micronutrients Cu,
Zn and Mo were mostly below the detection limit (not shown), whereas the levels of Mn were
largely detectable; consequently, a comparative statistical analysis between treatments was not
carried out as some of the data were missing. Such factors as composition of the organic
fertilizer used and the high organic matter content of the soil are probably related to the higher
levels of Mn, some of which were above the limit of 0.10 mg L established by CONAMA (2005)
for Class Il water.

The high correlation between ammonia N and cations, as well as with the BOD,
demonstrate the bonds between organic material and these elements. Permanently saturated soil
can preserve organic matter, highlighting the cation adsorption capacity (Silva Netto et al.,
2015; Felizolla et al., 2019). Tete et al. (2015) showed that N may be linked to labile organic
compounds formed under waterlogging soil conditions, and this may explain the high correlation
between BOD and this element.

As a general tendency, drained waters may show unconformity compared to quality
thresholds of government agencies (Table 1). For this reason, its immediate reuse in
downstream crops, as well as upstream crops through pumping systems, may be an alternative
to be adopted. It consists of a change in the drained water management, with its use for irrigation
of crops when the plants are in more advanced development stages. Luminosity reduction may
be induced by the water turbidity, promoting an effective control of red rice or other species,
preserving rice plants that will be in more advanced stages in their cycle (Lauretti et al., 2001;
Noldin et al., 2015; Anghinoni et al., 2020).
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Table 1. Turbidity, Biochemical Oxygen Demand, total solids and total elements of the water used in the treatments.

TREATMENT Total solids BOD (05) AmmoniaN Potassium  Calcium  Magnesium Sulphur Iron Aluminium Silicon

Implement  Drainage! mg L?

Collection at the start of drainage (Hour 0)

0 DAS 14740 ab 10110 a 2.3 ab 34 a 378 a 15.7 a 11 ns 352 a 611 ab 912 a

RH 2 DAS 14293 ab 83.67 abc 1.5 bc 27 ab 354 ab 143 a 1.0 316 ab 575 ab 956 a

3 DAS 786.7 d 78.67 abc 0.7 d 19 bc 256 ¢ 10.7 b 0.8 18.7 bcd 24.1 c 391 ¢

5 DAS 17727 a 89.33 ab 3.3 a 3.8 a 311 abc 101 bc 1.2 387 a 609 ab 994 a

0 DAS 1276.0 abc 7133 abc 0.9 cd 23 abc 26.1 bc 8.4 c 1.0 27.2 abc 62.7 a 97.7 a

LK 2 DAS 9547 bcd 50.00 abc 05 d 14 c 8.7 d 5.5 d 07 172 cd 411 abc 743 ab

3 DAS 8340 cd 43.33 bc 0.6 d 16 bc 85 d 5.7 d 07 168 cd 359 abc 573 bc

5 DAS 848.7 cd 32.46 C 0.6 d 1.3 c 8.8 d 5.5 d 07 139 d 281 bc 439 bc

Collection after 6 hours drainage (Hour 6)

0 DAS 22640 a 11470 a 2.3 ab 4.6 a 506 a 18.9 a 14 a 488 a 83.5 a 1272 a

RH 2 DAS 15833 ab 9533 ab 1.5 bc 2.9 b 398 a 15.6 a 12 a 368 ab 668 ab 1030 a

3 DAS 411.3 c 49.67 bc 0.4 e 0.7 e 103 ¢ 5.21 c 04 ¢ 68 d 14.8 c 198 ¢

5 DAS 22153 a 11370 a 3.7 a 5.2 a 336 a 118 ab 13 a 437 a 783 a 1153 a

0 DAS 1310.7 ab 57.33 bc 1.0 cd 21 bc 259 ab 8.2 bc 09 b 262 bc 556 ab 982 a

LH 2 DAS 16000 ab 72.00 abc 0.8 d 38 cd 253 abc 85 bc 09 ab 265 bc 663 ab 89.8 ab

3 DAS 738.7 bc  39.67 c 0.6 de 1.2 d 10.3 bc 5.9 c 04 ¢ 128 cd 246 bc 409 bc

5 DAS 1596.7 ab 68.67 abc 0.9 d 2.2 b 9.7 c 6.8 bc 08 b 218 bcd 561 ab 859 ab
Before planting — RH 1340 68.5 15 2.6 35.1 14.5 0.9 26.6 38 70.4
Before planting — LH 1157 26.5 0.4 0.9 6.9 4 0.6 8.7 17.8 324
Irrigation Channel 240 13.6 0.2 0.6 1.4 1 0.5 2.5 3.1 8.7

CONAMA 357/05 Class Il 500 5 2.002 - - - - 0.3 -

!Days after sowing. 2Mean pH between 7.5 and 8.0.2 Intermediate environments. RH: rotary hoe; LH: levelling harrow. Values followed by different letters
are statistically different (p<0.05) by post-hoc Tukey test. ns = not significant. Phosphorus: submitted to the Kruskal Wallis H-test (nonparametric analysis)
and post-hoc Dunn test at p<0.05. Other attributes at p<0.05 by the Shapiro and Wilk normality test (1965), with comparative analysis of variance and
Tukey’s test at 5% significance.
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Figure 4 shows the values for the principal component analysis of the selected attributes,
represented by the vectors, with the respective treatments under evaluation.

These principal components synthetized 91.2% of results variability. The relative
proximity between treatments shown by the time variable (DAS) can be seen, from which it
can be inferred that the implement used in preparing the soil had less influence compared to the
time the water remained after sowing. The centroids representing treatments using the hydraulic
levelling harrow (LH) are closer, while the treatments with the rotary hoe (RH) appear more
dispersed. The results for 5 DAS varied widely, showing a tendency for an increase in the levels
of elements and compounds in the drainage water, following a reduction at 3 DAS, mainly in
RH. It is estimated that wind gusts reaching higher speeds at 5 DAS, associated with greater
pulverization of soil, increased susceptibility to particle suspension, which took place five days
after sowing (Gonzales et al., 2013; Marrenjo et al., 2016).

The grouping between attributes can be seen: Mg and Ca; K, S, Fe, Si, Al and BOD;
ammonia N, total solids and turbidity, demonstrating their close correlation, different from
phosphorus which did not present sinificant correlation values with the other attributes.

*RH 5DAS
1.504 P
0.754 o
H 2DAS
~ ®LH 5DAS A onia Ne- Total solids
= urby,
2 .
g A_Kgs N
£ . . . . - . ‘
g -5 -4 L1 3hAS 2 -1 REL2DASeSEOD 2 3
© *RH 3DAS Sé%
-0.75
Ca
Mg *LH 0DAS
1504 ®RH 0DAS

Component 1

Figure 4. Principal component analysis for 12 attributes evaluated in water drained from crops of
pre-germinated irrigated rice under different methods of soil preparation and periods for water
remaining in the plots after sowing, for two collection times.

The lowest loss of nutrients — the best results — can be seen in the 3 DAS treatments, when
the water remained for a longer period in the areas after sowing. By this logic, the worst results
occur in the treatment drained immediately after sowing, mainly for calcium and magnesium.

4. CONCLUSIONS

The water drained after sowing rice in a pre-germinated system is unsuitable for release
into water courses regardless of the type of management applied, due to the high values for
turbidity, total solids, BOD and phosphorus.

Sowing remobilizes some of the elements precipitated during the preceding decanting
period, in addition to climate factors, which may favor the suspension of nutrients in the water.

The irrigation water showed values above the limits established by CONAMA 357/05 for
BOD and P, demonstrating the natural characteristics of the water courses in that area.

It can be concluded that there is a need for adapting agricultural practices in the pre-
germinated system to avoid the loss of soil and nutrients, as well as environmental damage -
especially to the water resources.

These results showed that management of water in pre-germinated rice cultivation is still
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a challenge, mainly for ecological basis cultivation. Its technological matrix has to be continued,
by distinct institutions compromised with this productive system improvement and
consolidation.
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