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Abstract

The rationalization of water use, the increase in productivity and the reduction of nutrient losses are among the current challenges
of agriculture. Recently, the upland rice cultivar BRS Esmeralda with more tolerance to drought was released. Thus, the objective of
this study was to evaluate the hydric variation and nitrogen sources in topdressing in upland rice cultivar BRS Esmeralda. The
experiment was conducted at the Education and Research Farm of UNESP located in Selviria, Mato Grosso do Sul (MS) state, in
2013/14 and 2014/15. The experiment was conducted in the field under randomized blocks with a split-plot design with three
hydric variations as plots (irrigation with a recommended water depth for rice + rainfall; irrigation with 75% of the recommended
water depth + rainfall; and without irrigation + rainfall) and four nitrogen sources as subplots (urea, ammonium sulfate, urea +
sulfate and coated urea) with four replications. The reduction in water availability delayed the flowering and ripening and reduced
the production of dry matter of upland rice. There was a decrease in the productivity of rice grains upon decrease in water
availability in the year with incidence of dry spell during the reproductive stage. On the other hand, there was no interference of
hydric variation on grain yield in the year with a 14-day water deficit during the vegetative stage. Nitrogen sources provided similar
rice productivity. In similar environmental conditions of this work, it is recommended to irrigate upland rice when drought periods
occur during the reproductive stage with the recommended depth and that N fertilization in topdressing be carried out with the
fertilizer that presents the lowest cost per kg of N.

Keywords: ammonium sulfate; coated urea; grain yield; Oryza sativa L.; sprinkler irrigation.
Abbreviations: AWC_soil available water content; ECA_water evaporation of Class A tank; ETc_Crop evapotranspiration; Kc_crop

coefficient; Kp_tank coeficiente; N_nitrogen; S_ sulphur

Introduction

In Brazil, much of the rice is grown in upland ecosystems Sprinkler irrigation in upland rice crop has several
without irrigation. This crop has a high susceptibility to advantages. It contributes to the stability of the production
water stress. In 2010, the area cropped with upland rice was and provides a higher productivity and a better product
approximately 49% of the total area of cultivated rice. quality. It is also possible to use this irrigation for other crops
However, it accounted for only 21% of the total production in subsequent harvests (Stone and Silveira, 2004).
(Ferreira and Santiago, 2012; Grisp, 2013) because the The development of drought-tolerant cultivars may be a
average productivity achieved in this system (1,824 kg ha™), solution to the water deficit caused by an irregular
which is three times lower than that obtained under flood distribution of rainfall (Guimardes et al.,, 2016) and to
irrigation conditions (Ferreira and Santiago, 2012). improve the productive potential. According to Lafitte et al.
The low productivity of upland rice is mainly because most (2006), this is the greatest challenge for plant breeders to
rainfed crops are located in areas, where the occurrence of combine a high productivity potential of modern rice
dry spells is common during the rainy season (Crusciol et al., cultivars with a high tolerance to drought. The BRS
2003a; Crusciol et al., 2003b; Guimaraes et al., 2016; Mauad Esmeralda was released recently. Its prominent features are
et al., 2011; Rodrigues et al., 2004; Vela et al., 2013). an increased tolerance to drought and a high yield potential
However, such problems can be minimized using (Castro et al., 2014).
supplemental sprinkler irrigation (Stone and Silveira, 2004). In addition to water availability and cultivars, nutrients

also interfere with rice crops. Among them, nitrogen is one
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of the most limiting nutrient for productivity of rice in the
Brazilian Cerrado region (Fageria et al., 2014). Nitrogen is a
nutrient easily lost by leaching, volatilization and
denitrification. As a result, the efficiency of its use by plants
is low, approximately 50-60% (Kluthcouski et al., 2006). The
use of N sources may significantly increase the efficiency of
the use of nitrogen fertilizers and, consequently, the
productivity of annual crops such as rice (Fageria et al.,
2003). Ammonium sulfate and urea are the two main
sources of nitrogen (N) for annual crops in Brazil (Fageria et
al., 2014).

An alternative to increase the efficiency of nitrogenous
fertilizers is utilization of slow or controlled-release
fertilizers to prevent a fast transformation of the N
contained in the fertilizer into forms less stable in the
environment (Cantarella, 2007). Among them, there is
polymer-coated urea.

The study of hydric variation and nitrogen sources in new
rice cultivars tolerant to drought is necessary, because these
factors are very important to guarantee productivity and are
related to each other. The hydric variation interferes with
the availability (release of the nutrients of the fertilizers), in
the loss and uptake of nutrients and also development and
production of crops. The rice cultivar, being more tolerant to
water stress, can be benefited by the use of nitrogen sources
of slow or controlled-release under rainfed conditions,
because there may be less loss of nitrogen, mainly by
volatilization. Thus, the aim of this study was to evaluate the
effect of hydric variation and nitrogen sources in upland rice
cultivar BRS Esmeralda under Brazilian Cerrado conditions.

Results and discussion
Climate aspects and irrigation

By analyzing climate data (Fig 1A), it appears that in the year
2013/14, the average maximum temperature was 33.0°C,
the minimum was 21.02C and the average was 26.42C. The
period between 02.01.2014 and 02.12.2014 recorded the
highest frequency of high maximum temperatures (reaching
37.79C) and an average maximum temperature of 36.62C,
which coincided with the reproductive stage. According to
Yoshida (1981), high temperatures caused high percentages
of spikelet sterility. If temperatures exceed 35°C at anthesis
and last longer than one hour, there is a high percentage of
spikelet sterility. Satake and Yoshida (1978) argued that the
effect of high temperatures on spikelet sterility varies
according to cultivar. The average relative humidity was
79.9% and the period close to 02.02.2014 presented a lower
relative humidity that occurred together with the maximum
temperatures and the lack of rain. It is noteworthy that
there was a 16 days period of drought during this harvest,
from 01.28.2014 to 02.12.2014. There were only three days
with less than 1 mm of rainfall, corresponding to the crop's
reproductive stage (Figure 1A).

In the 2014/15 harvest, the average maximum, minimum
and average temperatures were 33.0, 21.1 and 26.3°C,
respectively. The maximum temperature of 39.6°C was
recorded at 01.20.2015. In the period from 01.10.2015 to
01.22.2015, the maximum temperatures were above 35.52C.
This occurred prior to the reproductive stage (approximately
30 days before flowering). The average relative humidity was
83%. In the second cultivation year, there was also a period
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of 14 days of drought, from 12.27.2014 to 01.09.2015, which
corresponded to the crop's vegetative stage.

In the first year, analysis of total volume of water (irrigation
+ rainfall) per hydric variation in (Table 1) showed that the
volume of water available to crop was higher than in the
second year, but it was poorly distributed, mainly during the
reproductive period (Figure 1). The volume of water during
the whole crop cycle was appropriate to each hydric
variation, since the need for total water for upland rice
varied from 600 to 700 mm (Fornasieri-Filho and Fornasieri,
2006).

Plants development

The emergence was occurred at seven and six days after
sowing in the years 2013/14 and 2014/15, respectively.
According to Fageria (1989), under normal soil conditions,
rice seeds germinate between 5 and 7 days.

Flowering and ripening occurred at different dates
according to the hydric variation imposed by the treatments
(Table 2). During the two years of cultivation, we observed
that the decrease in water availability increased the number
of days until flowering and ripening. Colombari-Filho and
Rangel (2015) argued that the rice cycle increases due to
stresses caused by water or nutrient deficiency in the soil,
and decreases due to a higher light incidence and a higher
temperature. Several studies reported an increase in the
crop cycle due to water deficit: Crusciol et al. (2003a),
Rodrigues et al. (2004), Crusciol et al. (2006), Heinemann
and Stone (2009), Terra et al. (2013) and Vela et al. (2013).

Leaf nitrogen content, dry matter, plant height, lodging,
number of panicles per m? and number of spikelets per
panicle

The average data of leaf nitrogen content, dry matter, plant
height, lodging, number of panicles per m? and number of
spikelets per panicle are shown in Table 3.

In the 2013/14 harvest, there was a lower leaf N content in
both irrigation depths in relation to the rainfed treatment
(Table 3). This can be attributed to the dilution effect,
according to which the concentration (content) of nutrients
is diluted due to a greater plant growth (Jarrel and Beverly,
1981). This can be confirmed by the data for dry matter of
plants, according to which irrigated plants had a higher
growth. Moreover, Mauad et al. (2011) found lower leaf
nitrogen content with the decrease in water availability.
There was no influence of nitrogen sources for this variable.
Lopes et al. (2013) and Hernandes et al. (2010), assessed
ammonium sulfonitrate with a nitrification inhibitor (Entec®),
ammonium sulfate and urea and found no differences
regarding leaf nitrogen content. There were no differences
in the hydric variation and nitrogen sources during the
second year.

Cantarella et al. (1997) considered 27-35 g kg'1 of nitrogen
contents in the leaf as suitable for rice. Thus, for the two
harvests, the contents were appropriate and there was no
limitation exerted by this nutrient to the growth and
development of plants.

The dry matter of plants in the two harvests was
influenced by hydric variation (Table 3). In the first year,
there was a lower dry mass value for rainfed compared to
treatments with irrigation.



Table 1. Accumulated volume of irrigation, rainfall and total water in upland rice crop as function of irrigation depths. Selviria/MS,
2013/14 and 2014/15.

Volume of water of the rice crop in 2013/14

Hydric Variation Irrigation (mm) Rainfall (mm) Total (mm)
Recommended 289 665 953

75% of the Recommended 225 735 960
Rainfed 0 775 775
Volume of water of the rice crop in 2014/15

Recommended 159 461 620

75% of the Recommended 127 480 606
Rainfed 0 595 595
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Fig 1. Maximum and minimum temperature, rainfall and relative humidity recorded during the experiment in (A) 2013/14 and (B)
2014/15. Selviria/MS.
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Table 2. Dates and days after emergence on which the flowering and ripening of upland rice occurred in function of hydric variation in the 2013/14 and 2014/15 harvests. Selviria/MS.

v Hydric Variation

ear Recommended 75% of the Recommended Rainfed
Flowering
2013/14 02.09.2014 (73 DAE) 02.13.2014 (77 DAE) 02.28.2014 (92 DAE)
2014/15 02.13.2015 (71 DAE) 02.17.2015 (75 DAE) 02.27.2015 (85 DAE)
Ripening (cycle)
2013/14 03.10.2014 (102 DAE) 03.15.2014 (107 DAE) 03.29.2014 (121 DAE)
2014/15 03.11.2015 (97 DAE) 03.13.2015 (97 DAE) 04.01.2015 (118 DAE)

Table 3. Average values for leaf nitrogen content (leaf N), dry matter of plants (DM), height (H), lodging (LODG), number of panicles per m’ (PAN) and number of spikelets per panicle (SPIK) in
function of hydric variation and nitrogen sources in upland rice. Selviria/MS, 2013/14 and 2014/15.

Leaf N DM H LODG’ PAN SPIK
Treatments (g kg’l) (kg ha'l) (cm) (scores) (number mz) (no. pan'l)

2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 2013/14 2014/15
HYDRIC VARIATION
Recommended 33.61b 36.52 8,727a 10,950a 86.83a 123.92a 0 4.19a 176.43 307.32a 130.53 130.31
75 % of the Recommended 32.14b 35.66 7,798a 9,529b 74.77b 123.40a 0 2.43a 158.93 319.11a 124.81 135.56
Rainfed 39.38a 34.95 6,423b 7,867c 80.77ab 106.23b 0 0.00b 173.75 256.61b 135.82 138.87
LSD 1.54 1.82 1,159 814 6.18 6.13 - 1.90 50.91 35.23 16.59 14.58
NITROGEN SOURCES
Urea 35.21 35.93 7,604 9,100 82.69a 116.89 0 2.33 173.10 287.62 131.51 138.00
Ammonium sulfate 34.80 35.79 7,350 9,145 80.50ab 117.61 0 2.25 171.90 303.10 125.20 136.25
Urea + ammonium Sulfate 34.84 35.67 7,710 10,307 78.75b 118.83 0 2.58 165.71 305.71 128.96 135.73
Coated Urea 35.33 35.45 7,934 9,243 81.22ab 118.06 0 1.67 168.90 280.95 135.87 129.68
LSD 1.18 0.99 1,037 1,464 3.03 4.18 - 1.11 38.56 34.59 13.54 16.35
F
Blocks (B) 8.64* 2.07ns 4.20ns 8.15* 2.40ns 2.31ns - 2.70ns 4.12ns 6.29* 2.60ns 1.91ns
Hydric Variation (HV) 115.86** 4.77ns 18.84** 67.55%* 17.92** 50.71%* - 12.67** 0.65ns 16.72** 2.07ns 1.64ns
CV (%) 4.05 3.50 13.97 7.95 7.06 4.80 - 54.13 27.66 11.04 11.74 9.96
N sources (N) 0.75ns 0.66ns 0.82ns 2.31ns 4.37* 0.57ns - 1.51ns 0.12ns 1.80ns 1.64ns 0.73ns
HV x N 1.28ns 0.28ns 0.95ns 1.19ns 2.33ns 0.89ns - 1.14ns 1.78ns 0.94ns 2.00ns 0.23ns
CV (%) 3.01 2.08 12.13 13.87 3.36 3.17 - 21.88 20.33 10.51 9.29 10.84
Average 35.04 35.71 7,649 9,449 80.79 117.85 0 221 169.7 294.35 130.39 134.91

**, * and ns - significant at 1% and 5% probability by the F test and not significant, respectively; Means followed by the same letter in the columns do not differ by Tukey test at 5% probability; LSD - least significant difference by Tukey test; CV - coefficient of variation. M for the statistical
analysis, data were transformed into (><+0.5)‘J
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Table 4. Average values for spikelet fertility (FERT), weight of 100 grains (W100) and productivity of grains (PROD) in function of
hydric variation and nitrogen sources for upland rice. Selviria/MS, 2013/14 and 2014/15.

FERT W100 PROD
Treatments (%) (g) (kg ha™)

2013/14 2014/15 2013/14 2014/15 2013/14 2014/15
HYDRIC VARIATION
Recommended 75.18a 79.04b 2.67a 2.72b 1,964a 5,255
75 % of the Recommended 51.59b 83.62ab 2.59a 2.71b 1,373b 5,408
Rainfed Treatment 66.04ab 88.00a 2.39b 2.83a 681c 5,433
LSD 15.36 6.74 0.08 0.07 589 749
NITROGEN SOURCES
Urea 66.32 83.49 2.56 2.77 1,434 5,309
Ammonium ammonium sulfate 60.92 82.02 2.55 2.75 1,174 5,211
Urea + Sulfate 62.31 83.39 2.53 2.75 1,417 5,326
Coated Urea 67.53 85.32 2.56 2.75 1,332 5,615
LSD 11.34 443 0.12 0.07 470 753
F
Blocks 3.54ns 4.33ns 1.31ns 1.61ns 3.84ns 0.21ns
Hydric Variation (HV) 11.28** 8.32* 56.77** 15.31** 22.10%* 0.31ns
CV (%) 22.05 7.43 2.97 2.50 40.81 12.87
N sources (N) 1.16ns 1.40ns 0.24ns 0.30ns 0.96ns 0.80ns
HV x N 1.64ns 2.25ns 0.11ns 0.56ns 2.18ns 0.18ns
CV (%) 15.80 4.75 411 2.34 31.42 12.55
Average 64.27 83.55 2.55 2.75 1,339 5,365

** * and ns - significant at 1% and 5% probability by F test and not significant, respectively. Means followed by the same letter in columns do not differ by Tukey test at 5% probability. LSD - least

significant difference by Tukey test; CV - coefficient of variation.

Table 5. Chemical analysis of the soil from the experimental area at the layer 0.00-0.20 m. Selviria/MS, 2013 and 2014.

Year P resin}3 OM_3 pH K Ca Mg H;—AI Al CEC BS
mg dm gdm CacCl, mmol, dm %

2013 29 18 4.7 14 12 8 29 6 50.4 42

2014 31 16 5.6 4 23 19 28 0 74 62

Table 6. Crop coefficients (Kc) for the calculation of water replenishment in the various stages of development of upland rice crop.

E FD F
Treatments Vegetative Stage Reproductive Stage Ripening Stage
p1® P2 P3 P4 P5
-30 -11 0 +5 +15
Rec. Water Depth™” 0.40 0.70 1.00 1.00 0.70
75% Rec. Depth 0.30 0.525 0.70 0.70 0.49

E - Emergence; FD - Floral Differentiation; F - Flowering. M period (in days) of use of crop coefficients in relation to flowering. P1: period between the emergence and 30 days before flowering; P2:
between 30 and 11 days before flowering; P3: period 11 days before flowering and the flowering; P4: period between flowering and 5 days after flowering; and P5: period between 5 and 15 days

after flowering. @ Rodrigues; Soratto and Arf, 2004.

Mauad et al. (2011) also verified a lower production of dry
matter with less water availability. In the second year, the
highest value for this variable was observed for the
recommended depth. The second highest value was
observed for the 75% of the recommended depth and
followed by the lower value for the rainfed treatment. In
other words, when water availability decreased, the dry
matter of plants decreased. Crusciol et al. (2013) reported a
lower dry mass of upland rice with the induction of water
stress. According to Terra et al. (2013), plants under water
deficit decrease their photosynthetic rate, showing
consequently negative effects on the production of biomass.
In addition, water is related to various processes within the
plant, such as cell growth by cell turgor (Mauad et al., 2011).
The plant height, in 2013/14, was influenced by the hydric
variation and nitrogen sources (Table 3). The highest height
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was obtained with the recommended depth in relation to
the 75% of the recommended depth, without differences
between the rainfed treatment and the depths. This may
have occurred because of the high temperatures during the
final period of the formation of panicles of irrigated plants, a
period that may have coincided with the lengthening of the
internodes in the treatment with 75% of the recommended
depth. This event occurs before flowering and the flowering
occur one day after that period. According to Fornasieri-
Filho and Fornasieri (2006), temperatures above 30°C
decreased net photosynthesis due to increased
photorespiration and respiration. Thus, it may have
contributed to the smaller lengthening of the culms. Yoshida
(1981) argued that high temperatures may reduce plant
height. Furthermore, according to Yoshida (1981), varietal
differences affect tolerance to high temperatures at various



growth stages, since a variety can be very tolerant to high
temperatures in one growth stage but susceptible at other
growth stages. As for nitrogen sources, urea provided the
greatest height in relation to urea + ammonium sulfate,
where the availability of nitrogen from this source may have
contributed to a better growth compared to the
combination of them. However, it is important to consider
that the observed values are very close and coupled with the
low coefficient of variation, it is verified that the differences
are not sufficient to detect great differences in the
performance of rice regarding nitrogen sources.

In the 2014/15 harvest, there was an influence of hydric
variation on plant height. Irrigated treatments resulted in
higher values (Table 3). Rodrigues et al. (2004); Crusciol et al.
(2006) and Artigiani et al. (2012) also verified a smaller plant
height in rainfed treatments compared to irrigated
treatments. According to Crusciol et al. (2006), this may be
explained by the low nutrient absorption, which affects cell
division and growth.

In the first harvest, lodging was not observed (Table 3).
However, in the second harvest, there was up to 100%
lodging, which may be related to soil fertility. This is because
during the second year, rice was grown in a more fertile soil,
as shown in Table 5. It was observed that the higher water
availability using sprinkler irrigation in the recommended
depth and in the 75% of the recommended depth promoted
a higher lodging compared to the rainfed treatment, in
which there was no lodging. Crusciol et al. (2006) also
verified no lodging in rice grown in rainfed treatments,
while, lodging was observed in irrigated rice. Crusciol et al.
(2003b), studied effect of irrigation water depths (rainfed, L1
= based on 0.5 of the crop coefficient (Kc), L2 = based on the
Kc of the crop, L3 = 1.5 of Kc; and L4 = 1.95 of Kc) on the
Caiap6 cultivar (traditional group). They observed that the
higher height reflected in the highest value for lodging (75-
100% of plants lodged) in the greater water depth (L4), by
which the greater water availability induces more lodging in
taller cultivars.

The number of panicles per m? in the first year of
cultivation was not influenced by the hydric variation and
nitrogen sources (Table 3). Similarly, Crusciol et al. (2006)
reported that the number of panicles per square meter was
not influenced by the cultivation system (rainfed and
irrigated) in two experimental years. The water availability
was not a limiting factor for tillering and for the
transformation of vegetative buds into reproductive buds.
Artigiani et al. (2012) found no differences between the rice
grown in rainfed and irrigated treatments.

In the 2014/15 year, there was a difference among hydric
variations, in which the irrigated treatments produced more
panicles compared to rainfed treatments. Pinheiro et al.
(1985) reported a higher number of panicles per m™ in the
experiment with irrigation in relation to that developed
under rainfed conditions. Vela et al. (2013), applied 0, 50,
100, 150 and 200% of evapotranspiration and reported that
the treatments with irrigation resonated a quadratic
increase in the number of panicles per square meter until
the estimated depth consisted of 177%  of
evapotranspiration.

The number of spikelets per panicle in the two harvests
was not influenced by the evaluated treatments (Table 3).
Likewise, Crusciol et al. (2003b) found no differences
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between depths regarding the number of spikelets per
panicle, when evaluating the L1 (0.5 time the Kc), L2 (1.0
time the Kc), L3 (1.5 times the Kc) and L4 (Kc = 1.95) depths
and rainfed treatments with the Caiapé cultivar. The water
deficit was occurred during the vegetative stage. Artigiani et
al. (2012) also did not observe differences in the amount of
spikelets between irrigated and rainfed treatments.
Moreover, in the second year, there was lodging with the
irrigation depths, which may have resulted in loss of grains,
and consequently, in no differences between the depths and
the rainfed treatment.

Spikelet fertility, weight of 100 grains and productivity of
grains

Spikelet fertility data were influenced by hydric variations in
the two years (Table 4). In 2013/14, the recommended
depth provided higher spikelet fertility compared to the 75%
of the recommended depth, and did not differ from the
rainfed treatment. This is probably associated with a period
with high temperatures linked to a lower water availability in
the 75% of the recommended depth. According to Fageria
(1984), when rice is exposed to high temperatures, it
reduces the production and the production components,
wherein the percentage of full grains is influenced by several
factors such as climatic conditions, soil type, nutrient
contents and diseases and pests. Moreover, according to
Yoshida (1981), the percentage of full spikelets is
determined before and after the emergence of the panicle.
Unfavorable weather conditions such as low or high
temperatures close to the reduction-division and the
flowering stages may induce sterility (Yoshida, 1981).

In 2014/15, the highest spikelet fertility occurred in the
rainfed treatment in relation to the recommended depth
and it was not different from the treatment 75% of the
recommended depth (Table 4). The lower fertility of
spikelets on the recommended depth may be related to
lodging, since lodging reduces the cross section of vascular
bundles; thus, decreasing the movement of photoassimilates
and nutrients absorbed by the roots, increasing self-
shadowing and contributing to higher grain sterility (Fageria,
1989; Guimardes et al., 2002) and grain loss in the soil
(Breseghello et al., 1998). In addition, the rainfed treatment
may have benefited from the occurrence of adequate
availability of rain during flowering. On the other hand,
Crusciol et al. (2006) found spikelets with a higher fertility
for cultivation under an irrigated condition compared to
rainfed.

The weight of 100 grains in the two harvests was affected
by hydric variation (Table 4). In 2013/14, the higher weight
of 100 grains was provided by the recommended and 75% of
the recommended depths compared to the rainfed
treatment. This allowed observing that as the availability of
water reduces there is a decrease in the weight of 100
grains. According to Guimardes et al. (2002), several factors
may influence the reduction in the mass of 100 grains of rice
during flowering, such as water deficiency, nitrogen
deficiency, low solar radiation and blast. Rodrigues et al.
(2004) observed that the treatment without irrigation
obtained values for weight of 100 grains statistically lower
than the other treatments (recommended depth and 50% of
the recommended depth). Vela et al. (2013), studied



irrigation depths based on the percentage of crop
evapotranspiration (ETc) and sprinkler irrigation (L1: without
irrigation [control], L2: 50% of ETc, L3: 100% of ETc, L4: 150%
of ETc, and L5: 200% of ETc) in cultivar BEST 2000. They
reported that data fitted a quadratic equation. The value for
maximum weight of 1,000 grains was 24.05 g, obtained at a
depth of 178.62% of the ETc. Crusciol et al. (2006) verified
that grains from the sprinkler irrigation system have a higher
mass compared with those from the rainfed system.

In 2014/15, it was observed that the rainfed treatment
provided a value for weight of 100 grains higher than the
recommended depth and the 75% of the recommended
depth (Table 4). This may be due to lodging in those
treatments, for it may have provided a lower grain filling.
According to Guimardes et al. (2002), lodging reduces the
cross section of the vascular bundles, consequently reducing
the movement of photoassimilates and nutrients absorbed
by the roots. According to Fonasieri and Fornasieri-Filho
(2006), the mass of the grain is determined during the
formation and filling periods mainly by the size of the shell,
by the number of cells in the endosperm and by the amount
of assimilates available to be transported between anthesis
and physiological ripening.

The hydric variation resulted in differences in grain yield in
2013/14 (Table 4). There was a decrease in productivity
upon decrease in water availability. The highest value was
observed for the recommended depth, followed by 75% of
the recommended depth and the rainfed treatment. This
may be associated with a lower water availability decreasing
the production of dry mass, and consequently, the
production of assimilates to fill grains and the weight of 100
grains. Therefore, the reduction in water availability
decreased the grain yield by 30% for the treatment 75% of
the recommended depth and by 65% for the rainfed
treatment in relation to recommended depth. Fageria et al.
(2011) reported that the variability in the productivity of rice
grains was 89% due to shoot dry mass. Heinemann et al.
(2011) stated that gas exchanges in plant leaves are reduced
under drought, leading to less accumulation of biomass and
a lower production of grains. Moreover, it is important to
note that, the water deficit period occurring during the
reproductive stage (Figure 1A) and high temperatures
resulted in significant reductions in the potential of rice
production.

The beginning of the high-temperature period
corresponded to 9, 13 and 28 days before flowering in the
recommended depth, 75% of the recommended depth and
the rainfed treatment, respectively. It lasted for 12 days,
therefore up to 3 days after flowering, and 1 and 16 days
before flowering, respectively, contributing to a decreased
productivity. By observing the reduced productivity of the
recommended depth in 2013/14, which was supposed to
have ideal conditions for the development of the crop in
relation to the overall average of the following year
(2014/15), a reduction of 63% was observed. It may have
been mostly due to high temperatures.

Several studies also reported a decrease in productivity by
reducing the volume of water for upland rice crops. Pinheiro
et al. (2006) observed losses in productivity under water
stress close to the period of 50% flowering in many cultivars
of rice. Cancellier et al. (2011) obtained low productivities in
an experiment developed with upland rice in the

municipality of Gurupi, Tocantins state. They attributed the
low yield to the water stress that occurred from the
differentiation stage of flower primordia, in which such
stress resulted in a high spikelet sterility, further
potentialized by the high temperatures, which occurred at
that time (exceeding 35°C). Plus, the drought was prolonged,
and intensified the panicle emission stage, also damaging
the grain filling stage.

In the second year, there was no interference of irrigation
levels on productivity, which can be related to a good rainfall
at flowering and to grain filling in addition to the water
deficit which occurred during the crop’s vegetative stage.
The absence of difference between the depths for the
cultivar BRS Esmeralda may also be related to lodging,
whereas in irrigation depths a better development was
noted at rainfed treatment. Because of the lodging, there
was grain fall in the field. A work by O'Toole and Moya
(1981) also reported a relative lack of sensitivity to water
stress during vegetative stage, and a high sensitivity during
the reproductive stage. All crops that were under water
deficit during the vegetative stage had a fair production
despite the high level and the duration of the drought
(O'Toole and Moya, 1981). On the other hand, when the
deficit occurred during the reproductive stage, the
sensitivity characteristic to water deficit was observed. The
main characteristic in decreased productivity was due to the
increased panicle sterility and the decrease in grain weight.
Colombari-Filho and Rangel (2015) stated that when there is
some adversity in the crop during the vegetative stage, the
rice cycle may be longer, enabling the recovery of plants. In
contrary, if the adversity occurs during the reproductive and
grain ripening stages, plants will have less chance of
recovery from stresses. Yoshida (1981) reports that water
stress, at any growth stage, may reduce yield. The rice plant
is more sensitive to water deficit from the stage of
reduction-division until anthesis. At three days of drought in
11 days and 3 days before anthesis, the yield is reduced
significantly, causing a high percentage of sterility. If sterility
occurs, there is no way to compensate it. On the other hand,
water stress during the growing season may reduce plant
height, number of tillers and leaf area, but the yield will not
be affected by the delayed growth if water is supplied in
sufficient time to allow a recovery before flowering (Yoshida,
1981).

The evaluated nitrogen sources did not affect grain yield in
the two years of cultivation (Table 4). Probably, the absence
of difference among nitrogen sources, particularly the
coated fertilizer, may be related to the high temperatures
that occurred during the experiment, which is common in
the Cerrado region. According to IPNI (no publication year),
this may be because many coated fertilizers release
nutrients faster with the increase of moisture and soil
temperature. Several studies show the absence of
differences among different nitrogen sources regarding crop
productivity. Lopes et al. (2013) and Hernandes et al. (2010),
analyzed the influence of urea, ammonium sulfate and
ammonium sulfonitrate sources with a nitrification inhibitor
on productivity of upland rice irrigated by sprinkling and
observed no differences among them.
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Materials and Methods
Description of the area: location, soil and climate

The experiment was developed during the 2013/14 and
2014/15 harvest seasons in the experimental area of the
Teaching, Research and Extension Farm at the Engineering
Faculty of UNESP, Ilha Solteira, located in Selviria/MS. Its
geographical coordinates are approximately 51°24' W and
20°20'S. The altitude is 340 meters. The soil of the area is a
Dystrophic RED LATOSOL (Oxisol) with a clayey texture
according to the classification of Santos et al. (2013).

Before the experiment, soil samples of the area were
collected at the layer 0.00-0.20 m for chemical analysis
according to the methodology described by Raij et al. (2001).
The soil characteristics are shown in Table 5. According to
the Koppen classification, the climate of the region is Aw:
humid tropical, rainy in the summer and dry in the winter.
The average annual rainfall is 1,313 mm. The average annual
of minimum temperature is 19°C, the maximum is 31°C and
the average is 25°C (Portugal et al., 2015).

The minimum and maximum temperature, rainfall and
relative humidity recorded during the experiment were
obtained from the agro-meteorological station located near
the experimental area (Figure 1).

Experimental design and treatments

The experimental design consisted of randomized blocks
with 12 treatments arranged in a split-plot design with four
replications to evaluate three hydric variations as plots (1)
Irrigation with the recommended water depth + rainfall,
"Recommended"; (2) Irrigation with 75% of the
recommended water depth + rainfall, "75% of the
recommended"; (3) No irrigation + rainfall, "Rainfed" and
four nitrogen sources as subplots (urea, ammonium sulfate,
urea + ammonium sulfate and polymer-coated urea).

The plots consisted of 5 rows, 5 m in length each. The useful
area had three central rows, in which 0.50 m at both
extremities were ignored.

Plant material

The cultivar BRS Esmeralda has main characteristics such as
high productivity, vigorous plants with a good architecture,
delayed senescence ("stay green") (Castro et al., 2014),
increased tolerance to drought stress and hardiness
(Embrapa, 2013). The plant height is usually between 95 and
108 cm. The average sowing-to-flowering cycle is 77 days
(Castro et al., 2014) and the total cycle is between 105 and
110 days (Embrapa, 2013).

Nitrogen sources

Urea ((NH,),CO) is the most concentrated form of solid
nitrogen fertilizer available, which contains 46% nitrogen. It
is formed by the reaction of ammonia with carbon dioxide
(2NH; + CO,) (Troeh and Thompson, 2007).

Ammonium sulfate ((NH4),SO,) is produced from ammonia
by reaction with sulfuric acid (2NH; + H,SO,). It contains 21%
nitrogen and 24% sulfur (Troeh and Thompson, 2007).
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The addition of polymers in the envelope layer of fertilizer
can alter the release characteristics of nutrients to
approximate crop needs (Troeh and Thompson, 2007). The
Kimberlit company, based in Olimpia, Sao Paulo state in
Brazil, has developed a new technology called Kimcoat®. This
technology is composed of three layers of additives
(polymers) that protect the nitrogen fertilizer (urea) from
the main losses that occur in the fertilization process, such
as volatilization, nitrification and denitrification (Reis-Junior,
2007). This polymer-coated urea (KimcoatQ) has 43%
nitrogen.

Irrigation

The irrigation of rice was performed using a fixed
conventional sprinkler system with an average precipitation
of 3.3 mm h'l, operating pressure of 0.25 MPaanda 6 mx 6
m spacing between sprinklers.

The volume of water to be irrigated was determined using
the class A tank method, in which water evaporation (ECA)
was daily obtained from a Class A tank installed at the
Meteorological Station close to the experimental area. The
Class A tank coefficient (Kp) was used as proposed by
Doorenbos and Pruitt (1976), which takes the surrounding
area, wind speed and relative humidity into account.

In the water management, for the recommended depth,
the crop coefficients (Kc) proposed by Rodrigues et al.
(2004) were used; for the 75% of the recommended depth,
Kc, were calculated from the Kc, of the recommended depth
(Table 6). The water supply was performed when the
accumulated crop evapotranspiration (ETc) reached values
close to soil available water content (AWC).

Installation and conducting of field experiment

The preparation of the area was made using a chisel plow,
followed by two harrowing using a light harrow. This was
done to harrow and level the ground in two years of
cultivation. The last harrowing was performed at the eve of
the sowing.

The sowing of rice was performed mechanically on
11.21.2013 in the first year and on 11.28.2014 in the second
year using a row spacing of 0.35 m and an amount of seeds
sufficient to obtain 230 plants m™ (70kg ha™).

The basic mineral fertilizer in the sowing furrows was
calculated according to the chemical characteristics of the
soil (Table 5) and considered the recommendations by
Cantarella et al. (1997) aiming a productivity of 3.0-4.0 t ha.
In the 2013/14 harvest, 300 kg ha™ of the formulation 4-14-8
(with 11.82% S) was used. In the 2014/15 harvest, 150 kg ha”
! of the formulation 8-28-16 (with 4.24% S) was used.

The nitrogen fertilization in topdressing was performed at 29
days after emergence (DAE) (12.27.2013) and at 30 DAE
(01.03.2015) in the first and the second year, respectively,
on the soil surface (between the crop rows) using 60 kg ha'
of N. Regarding the sources used, urea had 46% of N,
polymer-coated urea (Kimcoatw) contained 43% of nitrogen
and ammonium sulfate had 20% of nitrogen. Regarding the
treatment with the combination of urea + ammonium
sulfate, 50% of the dose was applied as urea (corresponding
to 30 kg ha™ of N) and the other 50% of the dose as
ammonium sulfate (also corresponding to 30 kg ha' N). The



application of nitrogen in topdressing was performed based
on probability of rainfall shortly after application of the
nitrogen fertilizer, simulating the practical conditions of
farmers.

The control of pests, weeds and diseases was performed
according to the needs of the crop.

The harvest of rice was manually performed using cleavers
to cut plants at the height of the panicles, when in 90% of
panicles, the grains of the upper two thirds of the panicles
became hard and the grains from the lower third medium-
hard.

Variables analyzed

The following variables were analyzed: seedling emergence,
flowering, ripening (cycle), leaf nitrogen content, dry matter
of rice plants, plant height, degree of lodging (visual
observations during the ripening stage, using the following
score scale: 0 - no lodging; 1 - up to 5%, 2 - 5-25%, 3 - 25-
50%, 4 - 50-75%, and 5- 75-100% of lodged plants), number
of panicles per square meter, number of spikelets per
panicle, spikelet fertility, weight of 100 grains and grain yield
(corrected to 13% moisture, wet basis).

Statistical analysis

Data were evaluated by analysis of variance using the F-test.
When the F-value was significant at 5% probability, the
Tukey test was applied to compare means using the
statistical software SISVAR (Ferreira, 2011).

Conclusion

In the year with dry spell and high temperatures during the
reproductive stage, there was a decrease in BRS Esmeralda
rice grain yield upon decrease in water availability. The 14-
day water deficit during the vegetative stage did not affect
the grains yield of BRS Esmeralda. Nitrogen sources (urea,
ammonium sulfate, urea + ammonium sulfate and coated
urea) provided similar leaf nitrogen content, dry matter of
plants, production components and grain yield of upland rice
grown in a rainfed condition or with sprinkler irrigation.
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