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Abstract

Due to the expansion of the slaughterhouses sector, there is huge availability of waste from agricultural products. These waste
products may be used as alternative for the production of organic fertilizers. Fertilizer efficiency depends on the type of rice
cultivar. Thus, traditional, intermediate and modern plant types may respond differently to the combined use of mineral and
organic fertilizers. The objective of this study is to evaluate the effects of different combinations of mineral and organic fertilizers
based on slaughterhouse waste on the development, productivity and industrial quality of upland rice cultivars. The soil of the the
experimental area was a typical clayey dystroferric Red Latosol and the climate of the region is Aw: humid tropical, rainy in the
summer and dry in the winter according to the Koppen classification. The experimental design was randomized blocks arranged in a
3 x 6 factorial design. We evaluated three different types of rice cultivars (Caiapo, traditional type; BRS Primavera, intermediate
type; and IAC 202, modern type) and levels of combinations of mineral and organic fertilizers (100% mineral, 80% mineral + 20%
organic, 60% mineral + 40% organic, 40% mineral + 60% organic, 20% mineral + 80% organic, 100% organic). The cultivar IAC 202
presented a productive potential higher than the cultivars Caiapd and BRS Primavera. The 60% mineral + 40% organic and 40%
mineral + 60% organic fertilizer combinations produced more yield in comparison with the 100% organic fertilizer. The cultivar
Caiapd showed the highest grain quality. Organic fertilizer based on slaughterhouse waste can be used for upland rice farming.

Keywords: Oryza sativa L., fertilizer, fridge waste, rice plant, Cerrado.
Abbreviations: a.i._ active ingrediente; DAE_ days after emergence; Kc_ crop coefficients; K,0O_potassium oxide; N_nitrogénio;
P,0s_phosphorus pentoxide

Introduction
Gitti et al., 2012; Artigiani et al., 2012; Arf et al., 2015; Silva

Rice (Oryza sativa L.) is the main food of approximately 3.5 et al., 2016), phosphorus (Tokura et al., 2007; Garcia et al.,
billion people, representing almost half of the world 2009; Rotili et al., 2010; Fidelis et al., 2013), potassium
population (Mohanty, 2013). In the region comprising Latin (Fageria, 2000; Silva et al., 2002; Zaratin et al., 2004; Barbosa
America and the Caribbean, Brazil is responsible for 65% of Filho et al., 2006), and nitrogen, phosphorus and potassium
the total rice production, 52% of all irrigated rice and 92% of (Crusciol et al., 2003; Guimardes and Stone, 2004; Dias et al.,
all upland rice. The area cultivated with upland rice in Brazil 2010; Yamashita et al., 2013; Soares et al.,, 2015) are
represents 62% (Grisp, 2013). However, it accounts for only evident. However, there are few studies using organic
21% of the total production (Ferreira and Santiago, 2012). fertilizers on upland rice in Brazil and in the world. Such
This is because the average grain yield of this system is studies should be encouraged.

considered low, i.e., 1,824 kg ha™, approximately three Mineral fertilizer combined with organic fertilizer may
times lower than the productivity of rice using the flooded provide a better crop productivity and an improved soil
system (Ferreira and Santiago, 2012). health (Imade et al.,, 2015). Over 295 million cattle were
In Brazil, several researchers have been studying factors that slaughtered in the world in 2012 (FAO, 2012). During the
could increase the productivity of upland rice, especially in same year, Brazil accounted for approximately 10% of this
the Cerrado, a region where rice cultivation can be amount, in which 31 million cattle slaughtered (IBGE, 2012).
introduced to integrate the crop rotation system. Among the In that year, the Brazilian industrial refrigeration sector
most studied factors the mineral fertilization with nitrogen generated more than 900 thousand tons of bovine rumen,
(Arf et al., 2005; Cazetta et al., 2008; Hernandes et al., 2010; which is the main waste produced. To avoid environmental
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damage, this waste can be recycled and used as a fertilizer
for crops (Nunes et al., 2015). Brazil, as one of the main
producers of cattle beef in the world, presents a great
potential for the use of slaughterhouse waste as organic
fertilizer.

An adequate management of fertilization is essential to
increase rice productivity (Che et al., 2016). However,
research shows that an efficient use of nutrients by rice is
influenced by the type of cultivar (Crusciol et al.,, 2016).
Traditional cultivars such as Caiapé are tall and susceptible
to lodging (Arf et al., 2012) but provide high 100 grains mass
(Arf et al.,, 2012; Boldieri et al., 2010), a low tillering
potential (Alvarez et al., 2012), and produce relatively well in
low soil fertility (Fidelis et al., 2013). Modern cultivars, such
as IAC 202 are short and resistant to lodging (Arf et al.,
2012), present a high number of spikelets per panicle, a low
one hundred grains mass (Boldieri et al.,, 2010), a high
tillering potential (Alvarez et al.,, 2012), and are more
responsive to fertilization (Crusciol et al., 2012; Pavinato et
al., 2009). Intermediate cultivars such as BRS Primavera are
medium-sized but may be susceptible to lodging (Arf et al.,
2012; Fidelis et al., 2013) and present an average 100 grains
mass (Soares et al., Boldieri et al., 2010) and an average
tillering potential (Breseghello et al., 1998).

Little is known about the use of mineral fertilizers combined
with organic fertilizers on upland rice cultivars. Upland rice
cultivars may respond differently to combinations of mineral
and organic fertilizers. Organic fertilizers based on
slaughterhouse waste may replace part of the mineral
fertilizer used for upland rice. Thus, the objective of this
study is to evaluate the effects of different combinations of
mineral and organic fertilizers based on slaughterhouse
waste on the development, productivity and industrial
quality of upland rice cultivars.

Results and Discussion
Climate aspects and development

Fig 1 (a and b) shows the mean values for rainfall and
maximum and minimum temperatures during the
conduction of the experiments in the two agricultural years
(2009/10 and 2010/11). During the 2009/10, there was a
cumulative rainfall of 68 mm between the sowing and the
emergence from the emergence to the harvest and the total
rainfall was 748 mm. It is noteworthy that during the grain
filling phase, there were less rainfalls. The water
requirement of plants was supplemented by sprinkler
irrigation. In 2010/11, the rainfall was 110 mm between
sowing and plant emergence and 1,100 mm between
emergence and harvest. There was a good distribution of
rainfall throughout the vegetative phase. Only during the
grain filling and maturing phases, there was an excess of
consecutive rains. Rainfall values were consistent with the
requirements for each stage of the crop. According to
Fornasieri Filho and Fornasieri (2006) and Stone et al. (2015),
rice crops require 600 to 700 mm of water during their life
cycle. The average minimum temperature during the rice
cycle was 21.6°C and the average maximum temperature
was 31.9°C in 2009/10. In 2010/11, temperatures were 21.1
and 31.7°C (average minimum temperature and average
maximum temperature, respectively). Such temperatures
are considered adequate for the crop development.
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According to Yoshida (1981), the optimum temperature for
rice cultivation is between 20 and 352C.

In the first cultivation year, the cultivars Caiapd, BRS
Primavera and IAC 202 flowered at 76, 72 and 75 DAE (days
after emergence), respectively. In the second year, the
cultivar Caiapd flowered at 89 DAE, the cultivar BRS
Primavera at 86 DAE and the cultivar IAC 202 at 88 DAE. The
harvesting of the three cultivars and the different
combinations of mineral and organic fertilizers was
performed at 100 and 114 DAE in the first and the second
year, respectively.

Plant height, lodging, number of panicle per m’ and
number of spikelets per panicle

Considering the cultivation year 2009/10, the cultivar Caiap6
had the highest plant height, followed by BRS Primavera and
IAC 202 (Table 1). During 2010/11, the cultivar Caiap6 also
showed a higher plant height, when compared to BRS
Primavera and IAC 202. Regarding plant lodging (Table 1)
cultivar Caiapé showed superiority during 2009/10. Both
plant height and lodging were influenced only by the cultivar
type. This is due to the type of plant of each cultivar: Caiapo:
traditional (Soares et al., 1993), BRS Primavera: intermediate
(Breseghello et al., 1998) and IAC 202: modern (Bastos,
2000). According to Colombari Filho and Rangel (2015), tall
plants are more susceptible to lodging than short plants,
because tall panicles cause a strong movement at the base
of the stem.

Arf et al. (2012), studied growth and regulator doses of
upland rice cultivars and reported cultivar Caiap6 (150 cm)
as taller plant, followed by BRS Primavera (136 cm) and IAC
202 (116 cm) without using any growth regulators. The
authors reported a great lodging of plants for the cultivars
Caiapd and BRS Primavera, and the absence of lodging for
the cultivar IAC 202. Some authors reported a higher height
for the cultivar Caiapéd compared to the cultivar BRS
Primavera (Moura Neto et al., 2002; Nascente et al., 2013).
Some others reported a higher plant height for the cultivar
Caiap6 compared to the cultivar IAC 202 (Arf et al., 2000), a
lower height for the cultivar IAC 202 followed by BRS
Primavera, and a higher height for the cultivar Caiapd
(Soares et al., 2003).

By analyzing the number of panicles per m? (Table 1), we
verified that there was an interaction between the cultivar
and the fertilizer during the year 2009/10. The unfolding of
interactions is shown in Table 2. For the cultivar Caiapd, we
observed a higher number of panicles per m?’ using the 20%
mineral + 80% organic fertilizer than using 100% mineral,
60% mineral + 40% organic and 40% mineral + 60% organic
fertilizers. The cultivar Caiapé is traditional and
characterized by an average tillering (Breseghello et al.,
1998). The number of panicles is directly related to tillering
performance (Colombari Filho and Rangel 2015; Yoshida,
1981). Plants with such characteristics have a large root
system (Morais et al., 1983). Thus, the roots of Caiapd plants
can exploit a great soil volume and be better efficient in
using nutrients in combination with a high amount of
organic fertilizer (20% mineral + 80% organic) due to the
slow release of nutrients.

The combination of 80% mineral + 20% organic fertilizer
resulted in the highest number of panicles per m?’ for the
cultivar IAC 202 (291), and was not different with
combination of 40% mineral + 60% organic (253) only.



Table 1. Average values of plant height, lodging, number of panicle per m? and number of spikelets per panicle obtained in upland
rice cultivars as a function of combinations of mineral and organic fertilizer, Selviria (MS), 2009/10 and 2010/11.

Plant height Lodging’ Panicle per m? Spikelets
Treatments cm Ne Ne

09/10 10/11 09/10 10/11 09/10 10/11 09/10 10/11
Cultivars (C)
Caiapd 138 a 111 a 3.8a° 0 198 163 b 164 b 146 b
Primavera 122 b 97 b 0.0b 0 187 166 ab 200 a 173 b
IAC 202 104 c 101 b 0.0b 0 250 183 a 203 a 228 a
Combination of mineral and organic fertilizer (CF)
100% M 124 102 1.4 0 196 161 196 163
80% M +20% O 123 104 1.4 0 228 174 197 197
60% M +40% O 122 105 1.0 0 209 178 193 181
40% M + 60% O 120 101 1.0 0 207 178 185 170
20% M + 80% O 118 101 1.2 0 222 166 171 188
100% O 121 104 1.4 0 208 166 191 195
F Test
C 219.2** 25.6%* 178.6** - 60.7** 4.0* 8.4%* 28.0**
CF 1.8™ 07"™ 0.6™ - 3.5%* 09"™ 08"™ 15™
CxCF 04" 05"™ 0.6™ - 3.4%* 1.9™ 07" 05"
C.V. (%) 4.5 6.6 24.3 - 10.1 15.4 20.1 21.2
Average followed by distinct letter in the columns, differ by Tukey test at 5% of probability. ns — not significant * and ** significant at 5% and 1% de probability, respectively. Mineral (M) and
Organic (0).

* Scale of values for lodging: 0 - without lodging; 1 - up to 5% of lodged plants; 2 - 5% to 25%; 3 - 25% to 50%; 4 - 50% to 75% and 5 - 75% to 100%.
% for the statistical analysis, data were transformed into (><+O,5)D‘5
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Fig 1. Daily values of rainfall (mm), minimum and maximum temperature (2C) during development period of upland rice cultivars as
function of mineral and organic fertilizer combinations, Selviria - MS, 2009/10 (a) and 2010/11 (b).
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Table 2. Deployment of the interaction regarding the number of panicles per square meter of upland rice cultivars as function of
combination of mineral and organic fertilizer, Selviria (MS), 2009/10.

Panicle per m?

Combination of mineral and organic fertilizer

Cultivars 80% M + 60% M + 40% M + 20% M +

100%M 20% O 40% O 60% O 80% O 100% 0
Caiapd 178 Bb 207 ABb 182Bb 171Bb 235Aa 212 ABa
Primavera 180 b 186 b 197 b 196 b 187 b 172b
IAC 202 231Ba 291Aa 246Ba 253 ABa 243Ba 238Ba

Averages followed by the same upper-case letter in the rows and lower-case letter in the columns do not differ by the test of Tukey at the level of 5% of probability. Mineral (M) and Organic (O).

Table 3. Average values of spikelets fertility, weight of 100 grains and productivity of grains obtained in upland rice cultivars as
function of combinations of mineral and organic fertilizer, Selviria (MS), 2009/10 and 2010/11.

Treatments Spikelets fertility Weight of 100 grains Productivity of grains

% g kg ha ™

09/10 10/11 09/10 10/11 09/10 10/11 Average
Cultivars (C)
Caiapo 82.6 83.7 ab 25b 2.8a 4,190 b 3,013 a 3,601 b
Primavera 79.3 80.5b 2.8a 24b 4,976 a 2,296 b 3,636 b
IAC 202 81.2 85.9a 2.2b 2.2c 5,162 a 3,310a 4,236 a
Combination of mineral and organic fertilizer (CF)
100% M 82.0 84.5 2.6 2.5 4,816 ab 2,721 3,769
80% M +20% O 81.7 84.7 2.5 2.4 4,744 ab 2,813 3,778
60% M +40% O 80.5 81.5 2.7 2.5 4,951 a 2,841 3,896
40% M + 60% O 82.5 82.9 2.5 2.4 5,040 a 2,769 3,905
20% M +80% O 81.2 83.6 2.6 2.4 4,872 ab 2,827 3,850
100% O 78.3 83.1 2.3 2.4 4,233 b 3,268 3,750
F Test
C 1.60™ 5.35%* 10.25** 90.59** 18.90** 18.31** 16.75**
CF 0.66™ 0.48™ 0.78"™ 0.68™ 2.90* 1.32™ 0.30™
CxCF 0.48" 0.59" 1.27"™ 0.67™ 1.25™ 037" 0.74"
C.V. (%) 7.87 6.97 17.71 6.59 12.17 20.76 11.16

Average followed by distinct letter in the columns, differ by Tukey test at 5% of probability. ns — not significant * and ** significant at 5% and 1% de probability, respectively. Mineral (M) and
Organic (0).

Table 4. Average values of yield of benefit, whole grains yield and broken grains obtained in upland rice cultivars as a function of
combinations of mineral and organic fertilizer, Selviria (MS), 2009/10 and 2010/11.

Yield of benefit Whole grains yield Broken grains
Treatments % % %

09/10 10/11 09/10 10/11 09/10 10/11
Cultivars (C)
Caiapo 71.8 67.8a 69.1a 60.1a 2.6b 6.9b
Primavera 72.5 61.7b 67.7 ab 50.6 b 4.7 a 10.8 a
IAC 202 71.7 62.9b 67.0b 52.8b 46a 10.0a
Combination of mineral and organic fertilizer (CF)
100% M 72.0 65.3 68.1 ab 56.7 3.9 8.6
80% M +20% O 71.8 62.3 68.0 ab 52.6 3.8 9.6
60% M +40% O 72.2 64.4 68.1 ab 54.4 4.0 9.2
40% M + 60% O 72.6 64.2 68.7 ab 53.2 3.9 9.4
20% M +80% O 72.6 63.5 68.8 a 53.3 3.8 10.1
100% O 70.7 65.2 66.0 b 56.7 4.6 8.5
F Test
C 153 "™ 36.53** 5.64%* 30.20%* 41.99** 40.35**
CF 2.05™ 2.16™ 2.29* 2.00™ 1.49 "™ 1.81™
CxCF 111" 0.94™ 0.90™ 1.31™ 0.85" 0.62™
C.V. (%) 2.44 4.12 3.36 8.12 22.19 17.33

Average followed by distinct letter in the columns. differ by Tukey test at 5% of probability. ns — not significant * and ** significant at 5% and 1% de probability. respectively. Mineral (M) and Organic
(0).
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Table 5. Soil chemical characteristics of the experimental area, evaluated in the 0.0 to 0.20 m depth, Selviria - MS, 2009/10.

P resin o.M pH K Ca Mg H+Al Al CEC BS
Year mg dm” gdm? CaCl, e LTS e e 1 R ———— (%)
2009/10* 17 13 5.2 2.9 33 14 27 0 77 65

*Same chemical analysis for the year 2010/11.

Table 6. Chemical composition, amounts of mineral and organic fertilizer, and amounts of N, P,05 and K,0 applied in the sowing of

rice in each combination, Selviria (MS), 2009/10 and 2010/11.

Treatments Mineral Organic Total
Amt N P,0s K,0 Amt N P,05 K,0 N' P,0; KO
Composition 8% 28% 16% 1.18% 2.20% 0.80% - - -
kg ha™
Combination of mineral and organic fertilizer
100% M 180 14 50 29 0 0 0 0 14 50 29
80% M +20% O 144 11 40 23 240 3 5 2 14 45 25
60% M +40% O 108 8 30 17 480 6 11 4 14 41 21
40% M + 60% O 72 6 20 11 720 8 16 6 14 36 17
20% M +80% O 36 3 10 6 960 11 21 8 14 31 14
100% O 0 0 0 0 1.200 14 26 10 14 26 10

"In topdressing was provided more 70 kg ha™ of N in all treatments, accumulating 84 kg ha™ of N.

According to Fageria et al. (1982), fertilization and cultivar
type are the main factors influencing number of panicles.
The combination containing a high amount of mineral
fertilizer provides a fast availability of the nutrient and may
have favored the high number of panicles per m? by the
cultivar IAC 202 because this cultivar is modern. Also,
according to Crusciol et al. (2012) and Pavinato et al. (2009),
modern rice cultivars become more responsive by using
fertilization. Boldieri et al. (2010) reported a high efficiency
of nitrogen use by the cultivar IAC 202 compared to cultivars
Caiap6s and BRS Primavera.

We observed that, using most combinations of mineral and
organic fertilizers, the cultivar IAC 202 presented the
greatest potential for panicle production per mz, indicating
that this cultivar has a high tillering capacity. Thus, the
genetic factors of cultivars (traditional, Caiapé; intermediate,
BRS Primavera; modern, IAC 202) influence tillering and,
consequently, panicle production. According to Alvarez et al.
(2012), traditional cultivars have a low tillering capacity,
whereas modern cultivars have a high tillering potential.
Moreover, according to Breseghello et al. (1998),
intermediate cultivars have an average tillering potential.
Gazotto (2011) also reported a high number of panicles per
m? for the cultivar IAC 202 (214) compared to Caiapd (183)
and BRS Primavera (188). They did not report any changes
after using combination of mineral and organic fertilizers
under drought conditions.

In 2010/11, we verified that the cultivar IAC 202 presented a
higher number of panicles per m?’ than the cultivar Caiapo,
confirming that this is a characteristic of that cultivar.
Modern cultivars such as IAC 202 have high tillering
potential compared to traditional cultivars such as Caiapd
(Breseghello et al., 1998, Pavinato et al., 2009). Plants with
high number of tillers provide more panicles per m?. Arf et
al. (2000), studied sowing time of upland rice cultivars
during two cultivation years and observed that the cultivar
IAC 202 had the highest number of panicles per m’
compared to cultivar Caiapo regarding the average values
for growing seasons related to the first cultivation year.
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The results for number of spikelets per panicle showed that
(Table 1) cultivar Caiapd has 18% and 19% less spikelets
(164) than the cultivars BRS Primavera (200) and IAC 202
(203), respectively, during the 2009/10 crop. During
2010/11, the number of spikelets of the cultivar IAC 202
(228) was 32% higher than the cultivar BRS Primavera (173)
and 56% higher than the cultivar Caiapé (146). Production of
spikelets per panicle is a characteristic associated with
genetic factors, indicating a high production of spikelets per
panicle by the cultivar IAC 202, a low production for the
cultivar Caiapd and an average production for the cultivar
BRS Primavera. According to Fageria (1989), one of the
factors that influence the number of spikelets per panicle is
the cultivar itself. Arf et al. (2012), studied upland rice
cultivars in the same region as of this study and verified that
the cultivar IAC 202 had a great number of spikelets per
panicle, resulting in 19% higher spikelets than the cultivar
BRS Primavera and 27% higher than the cultivar Caiapé.
Boldieri et al. (2010) observed that the cultivar IAC 202 has
22% and 35% higher number of spikelets per panicle
compared to the cultivars BRS Primavera and Caiapo,
respectively. Soratto et al. (2010) also observed a superiority
in the number of spikelets per panicle in cultivar IAC 202
(118), surpassing 49% the cultivar Caiapé (79).

Spikelets fertility, weight of 100 grains and productivity of
grains

The fertility of spikelets (Table 3) during 2009/10 showed no
differences between cultivars and combinations of mineral
and organic fertilizers. In 2010/11, the cultivar IAC 202
presented a fertility value higher than the cultivar BRS
Primavera. The fertility of spikelets is the ratio between full
spikelets and total spikelets (Buzetti et al., 2006; Fageria,
1989). The greater spikelet fertility cause greater number of
full spikelets in the panicle. According to Hernandes et al.
(2010) and Buzetti et al. (2006), the number of full spikelets
depends on carbohydrate translocation. Hernandes et al.
(2010) reported that such translocation is influenced by
genetic factors. Thus, the fertility of spikelets depends on
the genotype (Fageria et al., 2007).



Regarding 100 grain mass (Table 3), the cultivar BRS
Primavera presented an average higher than the cultivars
Caiap6 and IAC 202 during 2009/10. However, the cultivar
Caiapo presented the highest average in 2010/11. The BRS
Primavera presented an intermediate value and the IAC 202
presented the lowest 100 grains mass. In both years, there
were no changes in 100 grains mass using mineral and
organic fertilizer combinations.

Grain mass is a stable varietal characteristic that depends on
the size of the bark. Therefore, the grain cannot be more
than the bark regardless of climatic conditions and the
nutrient supplies (Yoshida, 1981). In specific cases, the
excess of rainfalls after the grain maturation stage may lead
to a decrease in mass. During the 2010/11 harvest, there
was an excess of rainfalls (Fig 1b). This caused a delay in the
harvest and also germination of BRS Primavera grains on
panicles. The seed germination process in the mother plant
is called viviparity (Taiz and Zeiger, 2013; Cardoso, 2004;
Barbedo and Marcos Filho, 1998) and is a varietal
characteristic favored by a humid climate (Taiz and Zeiger,
2013). In the germination process there is a degradation of
reserve substances aiming the production of energy for
seedling growth. Such process may have influenced the loss
of grain mass of the cultivar BRS Primavera when comparing
both cultivation years, causing translocation of substances to
the seedling.

Baek and Chung (2014), studied two rice cultivars (Hopum
and Shindongjin) subjected to five periods of artificial
rainfalls (0, 3, 5, 7 and 10 days) at two plant stages (5 days
and 15 days before harvest) and reported that there was an
increase in the percentage of germination of pre-harvest rice
grains according to the increase in days of rainfalls (0%,
1.8%, 7.0%, 15.0% and 15.8% of the grains) for the cultivar
Hopum, 15 days before harvest. Five days before harvest,
the same cultivar presented a high germination of upper
grains during pre-harvest according to the increase in days
with rainfalls (0%, 6.3%, 7.3%, 15.3% and 25.8% of the
germinated grains for 0, 3, 5, 7 and 10 days of rainfall,
respectively). The cultivar Shindongjin did not show
differences.

Studying traditional (Caiapd) and modern (Maravilha)
cultivars, Alvarez et al. (2012) observed that the 1,000 grains
mass was higher for the cultivar Caiapé than for the cultivar
Maravilha. According to the authors, this result is attributed
to the type of grain of the cultivars. The cultivar Caiapd has
long grains and the cultivar Maravilha has long-fine grains.
Soratto et al. (2010) reported a greater 1,000 grains mass for
the cultivar Caiapé than for the cultivar IAC 202. Gazotto
(2011) reported a high grain mass for the cultivar Caiapd
compared to the cultivar BRS Primavera. During a two years
experiment, Boldieri et al. (2010), and Arf et al. (2012)
observed a higher 100 grains mass for the cultivar Caiapd,
followed by the cultivars BRS Primavera and IAC 202, which
had a lower 100 grains mass.

Regarding grain yield in the 2009/10 crop, the cultivar IAC
202 yielded 5,162 kg ha™ and the BRS Primavera yielded
4,976 kg ha™, both higher than the cultivar Caiapé which
yielded only 4,190 kg ha™. Observing the Table 1, it can be
seen that the cultivar Caiapd had a high plant height, and
consequently a high lodging. This characteristic is attributed
to traditional plants (Caiapd). Due to plant lodging, there are
grain losses at the time of harvest, culminating in a low grain
yield. According to the average of the two years study, there
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was superiority for the cultivar IAC 202 over cultivars Caiapo
and BRS Primavera. This shows that cultivar IAC 202 was
more stable under different climatic conditions.

Gazotto (2011) observed a 32% higher yield for the cultivar
IAC 202 over Caiapd, which may also be related to grain loss
caused by lodging of Caiapd cultivar. Nascente et al. (2013),
studied upland rice using a no-tillage system and found that
the productivity of the cultivar BRS Primavera exceeded the
productivity of the cultivar Caiapdé by 16%. Although the
authors did not evaluate plant lodging, this could have been
the probable cause for the low grain yield observed for the
Caiap6 cultivar, which was 7 cm taller than the cultivar BRS
Primavera. According to Alves et al. (2015), growth regulator
studies are conducted on rice cultivation aiming to decrease
plant height, and consequently lodging, obtaining a better
use of grain yield.

In 2010/11, the cultivar IAC 202 had the highest grain yield
(3,310 kg ha'l), but was similar to the cultivar Caiapd (3,013
kg ha'l). Both cultivars presented productivity higher than
the cultivar BRS Primavera (2,296 kg ha'l). The viviparity of
the cultivar BRS Primavera provided a 17% decrease in 100
grains mass, comparing 2009/10 with 2010/11. This affected
the grain yield, allowing the cultivars Caiap6 and IAC 202 to
present 31% and 44% more productivity, respectively.
Boldieri et al. (2010) and Arf et al. (2012) also reported
higher grain yield for cultivar IAC 202 than the cultivar BRS
Primavera. For Arf et al. (2012), this can be attributed to the
lodging of plants of the cultivar BRS Primavera, which caused
grain losses at the time of harvest. Fidelis et al. (2013),
studied upland rice cultivars in function of two levels of
fertilization with phosphorus (low and high) and reported
that, on average, the cultivar Caiapd had a grain yield 38%
higher than the cultivar BRS Primavera. Arf et al. (2000),
studied sowing times and upland rice cultivars and observed
that the grain yield of the cultivars Caiapé and BRS
Primavera were similar for both cultivation years.

In relation to mineral and organic fertilizer combinations
during 2009/10, the combinations of 60% mineral + 40%
organic and 40% mineral + 60% organic resulted in an
increase of 17% and 19% in productivity, respectively, values
higher than application of 100% organic fertilization. The
spikelet fertility was 2.8% and 5.4% higher by combination of
60% mineral + 40% organic and 40% mineral + 60% organic,
respectively, compared to 100% organic fertilizer. These
treatments also increased the 100 grains mass by 17.4% and
8.7%, respectively. Thus, intermediate combinations of
mineral and organic fertilizers promoted an increase in
spikelet fertility and 100 grains mass compared to 100%
organic fertilizer, culminating in a high grain yield.

Possibly, the use of mineral and organic fertilizers at the
combinations of 60% + 40% and 40% + 60% provided
nutrients for rice plants in a balanced way (Table 6). While
the mineral fertilizer presents a fast nutrient availability for
crops, the organic fertilizer becomes available in a slower
way (Raij et al., 1997; Magro et al., 2010; Quadros et al.,
2012) because it depends on the mineralization of the
organic matter. Thus, intermediate combinations of mineral
and organic fertilizers provided a better use of nutrients on
irrigated upland rice cultivation.

There was a decrease in productivity from one agricultural
year to another. A possible explanation would be the intense
rainfalls that occurred soon after sowing and the intense
rainfalls during the harvesting phase. After sowing, there



was sedimentation of the sowing furrow and an uneven
germination of seedlings, leading to problems. During the
maturation and harvesting phases, there was a delay in
harvest leading to the beginning of panicle germination, a
fact observed for the cultivar BRS Primavera.

Grain quality: Yield of benefit, whole grains yield and
broken grains

Regarding the yield of benefit (Table 4), the cultivars and the
fertilization did not present differences in 2009/10. In
2010/11, the Caiapd cultivar (67.8%) stood out, differing
from the cultivars IAC 202 and BRS Primavera (62.9% and
61.7%, respectively). According to Embrapa (1992), the yield
of benefit (intact plus broken grains) varied according to
cultivar, moisture content, grain shape and size, harvesting
and drying methods, and climatic conditions after flowering.
Gazotto (2011), studied the same cultivars and the same
combinations of mineral and organic fertilizers on
unirrigated rice and reported that the cultivars Caiapé and
IAC 202 have values for yield of benefit (61.7% and 61.9%,
respectively) higher than the cultivar BRS Primavera (58.3%).
Regarding the whole grains yield (Table 4), the cultivar
Caiapo had the highest average (69.1%) in 2009/10, differing
from the cultivar IAC 202 (67.0%). In 2010/11, the cultivar
Caiap6 had a higher average (60.1%) than the cultivars BRS
Primavera (50.6%) and IAC 202 (52.8%). It can be inferred
that whole grain yield varies according to genotype. The
cultivar Caiapé always stood out and presented the highest
values. Arf et al. (2000), studied six sowing times and nine
cultivars and observed a whole grains yield for the cultivar
Caiapd higher than the cultivar IAC 202 during two
consecutive cultivation years. Soares et al. (2003) observed
similar values for yield of benefit (70%) for the cultivars
Caiapo, BRS Primavera and IAC 202. However, the authors
verified that the whole grains yield was higher for the
cultivar Caiapd (62%), average for the cultivar IAC 202 (57%)
and low for the cultivar BRS Primavera (44%). Ribeiro et al.
(2004) reported a high grain yield for the cultivar Caiapd
(64%), an intermediate value for the cultivar BRS Primavera
(61%) and a low value for the cultivar IAC 202 (53%).

In 2009/10, it was verified that the whole grain yield was
higher under the combination of 20% mineral + 80% organic
fertilizers and lower applying 100% organic fertilizer. There
was low spikelet fertility (Table 3) and a low yield of benefit
using 100% organic fertilizer. This result indicates that
amount of straw was higher than other treatments. It
resulted in a decrease in whole grain yield, using 100%
organic fertilizer. According to Freitas et al. (2007), whole
grain yield correlates positively with fertility of spikelets, by
interfering one variable that influences the others.

In both of two cultivation years, the treatments presented
an excellent quality of grains, with a whole grains yield
higher than 50%, that is higher than that required for the
commercialization of the product at a national level, where
values for whole grains yields higher than 40% or more are
considered adequate (Fornasieri Filho and Fornasieri, 2006;
Vieira and Carvalho, 1999).

Regarding broken grains (Table 4), the cultivar Caiap6 had
the lowest value in both cultivation years, differing from the
other cultivars. It should be emphasized that the superiority
in yield of benefit and whole grains yield and the lowest
percentage of broken grains of the cultivar Caiapd all
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indicate a high industrial quality. According to Morais et al.
(2006) and Soares et al. (1993), the grains of the cultivar
Caiapo had an excellent acceptance in the market due to a
high whole grains yield and a good culinary quality. Soares et
al. (2003), studied twenty upland rice samples (cultivars and
lineages) and verified the superior industrial grain quality of
Caiapé cultivar. They reported a low percentage of broken
grains for this cultivar during two years of study.

In general, comparison of the years 2009/10 and 2010/11
shows a decrease in the yield of benefit and in whole grains
yield and an increase in broken grains. As already
mentioned, there was an excess of rainfalls at the time of
harvest, causing a delay in harvesting procedure. The whole
grain yield is an important parameter for the determination
of the commercial value of rice, by which the yield of benefit
are negatively influenced by the moisture of grains at
harvest (Vieira and Rabelo, 2006; Fornasieri Filho and
Fornasieri, 2006; Marchezan, 1991). The late harvesting of
rice decreases the whole grain yield by increasing grain
exposure to climatic conditions (Binotti et al., 2007) such as
rainfalls. Thus, excessive grain moisture at this stage may
have caused cracks. At the time of determination of yield the
cracks may have caused a low whole grains yield and a high
amount of broken grains. According to Fornasieri Filho and
Fornasieri (2006), the alternative drying and wetting process
results in internal grain crushing and mechanical injuries
during the threshing phase, resulting in a decrease in whole
grains yield.

Materials and Methods
Description of the area: location, soil and climate

We conducted the experiment during the years of 2009/10
and 2010/11 at an experimental area of the Faculty of
Engineering, UNESP, llha Solteira campus, located in the
municipality of Selviria, MS, approximately at 51222' W and
20222' S at an altitude of 335 meters. The soil of the
experimental area, according to Santos et al. (2013), is a
typical clayey dystroferric Red Latosol. The chemical
attributes of the soil, at the 0-20 c¢cm layer, are shown in
Table 5.

The average annual rainfall is 1,330 mm. The average
minimum temperature is 192C and the average maximum
temperature is 31°C (Portugal et al., 2015). The mean
relative air humidity is 66%. During the experimental period,
climatic data for rainfalls (mm) and maximum and minimum
temperatures were collected. They are shown in Fig 1 (a and
b).

The soil preparation was carried out using a scarifier and two
harrows for soil disintegration and leveling. The latter was
performed on the eve of sowing.

Experimental design and treatments

The experimental design was randomized blocks in a 3 x 6
factorial design with four replications. The plots consisted of
five rows each five meters long, spaced 0.35 m apart. The
measurement area was the three main rows, ignoring 0.50
m at both ends.

The treatments consisted of three different types of rice
cultivars (Caiapd, traditional type; Primavera, intermediate
type; and IAC 202, modern type) and six combinations of



mineral and organic fertilizers (100% mineral fertilizer, 80%
mineral fertilizer + 20% organic fertilizer, 60% mineral
fertilizer + 40% organic fertilizer, 40% mineral fertilizer +
60% organic fertilizer, 20% mineral fertilizer + 80% organic
fertilizer and 100% organic fertilizer).

Plant materials

We used the cultivars Caiapd, BRS Primavera and IAC 202,
which are traditional, intermediate and modern types,
respectively. The cultivar Caiapd had a medium size (110-130
cm), a medium cycle (128 days), a period between
emergence and flowering of 95-100 days, long grains, and is
moderately susceptible to plant lodging (Soares et al., 1993).
The cultivar BRS Primavera had a medium size (100-120 cm),
a short cycle (112 days), a period between emergence and
flowering of 80 days, long and fine grains (needles), and is
moderately susceptible to lodging (Breseghello et al., 1998).
The cultivar IAC 202 had a low size (87 cm), a short cycle
(120 days), a period between emergence and flowering of 87
days, long and fine grains and is resistant to lodging (Bastos,
2000).

Fertilizers

The volume of sowing fertilizer, for the two years, was 180
kg ha™ using the formulation 08-28-16 (mineral fertilizer).
The volume of organic fertilizer based on slaughterhouse
waste was 1.2 t ha® (organic fertilizer), whose analysis
shows approximately 35% of organic matter, 2.20% of
phosphorus (P,0s), 1.18% of nitrogen (N), 0.80% of
potassium (K,0) and a carbon/nitrogen ratio equal to 11/1.
We determined mineral and organic fertilizer combinations
based on the nitrogen supply. All treatments had the same
dose of N. The amounts of nutrients used, according to each
treatment (combinations), are shown in Table 6.

The organic fertilizer presented a granule shape, similar to
the mineral fertilizer. It is also easy to handle. It is a product
coming from  agroindustrial  residues, such as:
slaughterhouse (bone meal, blood meal, sludge from
decantation in anaerobic lagoons and ruminated bolus) of
cattle, poultry and swine, besides manure from feedlots and
byproducts of sugar/ethanol factory produced by
Olganossolvi® company, located in Coroados, Sdo Paulo
state in Brazil (Nakao et al., 2016)

Installation and conducting of field experiment

The experimental area was grooved at a spacing of 0.35 m.
Soon after, the fertilization was performed using different
mineral and organic fertilizer combinations. The sowing was
performed mechanically on 11/21/2009 and on 11/08/2010.
According to Arf et al. (2000), this month was the most
suitable for sowing irrigated rice by spraying in the region. It
resulted in high productivity. The seeds were treated with
imidacloprid and thiodicarb at doses of 120 g a.i. and 360 g
a.i. per 100 kg of seeds in both years, respectively.

Soon after sowing, the herbicide pendimethalin (1,400 g ha™
of a.i.) were applied at pre-emergence using a traction
sprayer with a flow rate of 200 L ha™ in both cultivation
years. During the first cultivation year, herbicide bentazon
(720 g ha™ a.i.) was applied as post-emergence at 18 days
after emergence (DAE). A second post-emergence
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application was performed using the 2,4-D herbicide (1,005
g ha™ a.i.) at 39 DAE. In both post-emergence applications, a
manual backpack sprayer was used with a flow rate of
approximately 160 L ha™. During the second year, the weeds
were not controlled by the pre-emergence herbicide but
controlled manually using weeding a hoe.

Cover fertilization was made at 32 and 35 DAE for the first
and the second cultivation years, respectively, using 70 kg
ha™ of N as ammonium sulfate, applying a water blade of
approximately 10 mm for the incorporation of the fertilizer.
Irrigationwas performed using a fixed sprinkler irrigation
system with a mean water volume of 3.3 mm hour'l,
whenever necessary. Three crop coefficients (Kc) were
considered for water management. The water management
was distributed over four periods between emergence and
harvest. For the vegetative phase, the value of 0.4 was used.
Two crop coefficients (Kc) were used for the reproductive
phase, an initial of 0.70 and a final of 1.00. For the
maturation phase, these values were inverted, by which the
initial was 1.00 and the final was 0.70. Rainfall was collected
in a Ville de Paris rain gauge installed at the Experimental
Farm.

Variables analyzed

We evaluated the average height of 10 random plants in the
useful area of each plot by measuring the distance from the
soil surface to the upper end of the highest panicle. We
evaluated the lodging of plants by observation during the
maturation phase using the following score: 0= without
lodging, 1= up to 5%, 2= 5-25%, 3= 25-50%, 4= 50-75% and
5= 75-100% of lodged plants. We evaluated the number of
panicles per m’ by counting the number of panicles in 1.0 m
row of plants within the useful area of the plots, and
subsequently we calculated such value per square meter.
We obtained the number of spikelets per panicle by
counting the number of grains of 20 panicles collected at the
time of harvest in each plot. The fertility of spikelets was
calculated based on the percentage of unfilled spikelets
compared to the total number of spikelets. The 100 grains
mass was evaluated by random sampling and by weighing
two samples of 100 grains from each plot (13% wet basis).
The grain yield was evaluated by weighing grains with husks
collected from the useful area of the plots, correcting
humidity to 13% and converting the results into kg ha™. The
yield of benefit was evaluated using one sample of 100 g of
rice grains with husks from each plot. The sample was
processed in test equipment for 1 minute. Then, the
polished grains were weighed and the resulting value was
considered as the vyield of benefit. The results were
expressed as percentage. Later, the polished grains were
placed in a "Trieur" n2 2 and grain separation was performed
for 30 seconds. The grains that remained in the "Trieur"
were weighed, obtaining the yield of intact grains and
broken grains, both expressed as percentage.

Statistical analysis

Data were subjected to analysis of variance by F test (p<0.01
and <0.05) and means were compared by Tukey test
(p<0.05). The statistical software Sisvar was used for
analyses (Ferreira, 2011).



Conclusion

The cultivar IAC 202 presents a productive potential greater
than the cultivars Caiapéd and BRS Primavera. The
combination of 60% mineral + 40% organic and 40% mineral
+ 60% organic fertilizers resulted in a grain yield greater than
the that of 100% organic fertilizer. The cultivar Caiap6 stood
out by presenting the highest grain quality. The organic
fertilizer based on slaughterhouse waste can be used for
upland rice cultivation.
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