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Response of rice cultivars to nitrogen in upland conditions
Fabio Luiz Checchio MingotteRenata Kimie HanashifpDomingos Fornasieri Filho

ABSTRACT

Against the background of a growing world population, rfeeyga satival..) consumption is expected to grow
faster than its production. Therefore, an appropriate question would be: how to increase productivity in the short-
term? In this respect, it becomes important the implementation of modern agricultural production systems, such as
upland rice with supplemental sprinkler irrigatidditional information is needed to maximize the available resources,
with special attention given to research on the use of nitrogen. This study aimed to evaluate the agronomic performance
of commercial rice cultivars with different plant characteristics in upland conditions with supplemental sprinkler irrigation,
when subjected to nitrogen in topdress application at thetdge (panicle differentiation). The experiment was
arranged in a randomized block with split plot design, with 65 treatments, consisting of the combination of 13 cultivars
in the plots, and five nitrogen levels in the subplots (0, 40, 80, 120 and 166)kgvtia four replications. Genetic
variability was detected among rice cultivars and the agronomic performance in response to the applied nitrogen. The
topdressing application of nitrogen increases, in general, the production components and grain yield in rice. Cultivars
BRS Primavera, Caiap6 and IAC 202 stood out for grain yield, followed by Baldo, Carnaroli, BRS Curinga and IAC 500
with lower yields.

Key words: Oryza sativd.., nitrogen rates, sprinkler irrigation, yield components, grain yield.

RESUMO

Resposta de cultivares de arroz ao nitrogénio em condi¢cdes de terras altas

No cenario crescente da populacdo mundial, a cultura do &@wrgza(sativa..) apresenta projecdes de consumo
superiores as da sua producdo. Um questionamento oportuno seria; em curto prazo como aumentar a produtividade?
Neste aspecto, torna-se importante a implantacdo de modernos sistemas agricolas de producéo, a exemplo do arroz em
terras altas, sob condicdes de irrigacéo suplementar por aspersédo. Informacdes adicionais sdo necessarias para maximizar
0s recursos disponiveis, destacando-se as pesquisas que se relacionam com o uso do nitrogénio. Este trabalho teve
por objetivo avaliar o comportamento agronémico de cultivares comerciais de arroz, com caracteristicas distintas de
planta, em condic8es de terras altas, sob irrigacdo suplementar por aspersao, quando submetidas a doses de nitrogé-
nio aplicadas em cobertura, no estadjo(dferenciacéo da panicula). O delineamento estatistico foi o de blocos
casualizados, com parcelas subdivididas, com 65 tratamentos, constituidos pela combinacdo de 13 cultivares nas
parcelas, e cinco doses de nitrogénio nas subparcelas (0, 40, 80, 120 e 1%%0ckgrhquatro repeticdes. Observou-
se a existéncia de variabilidade genética entre os cultivares de arroz e no comportamento agronémico frente ao
nitrogénio aplicaddA aplicacao do nitrogénio em cobertura incrementa, de forma geral, os componentes produtivos e
a produtividade de graos do arroz. Quanto a produtividade de gréos, destacam-se os cultivares BRS Primavera, Caiap6
e IAC 202, seguidos por Baldo, Carnaroli, BRS Curinga e IAC 500 como os de menores produtividades.

Palavras-chaveOryza sativd.., doses de nitrogénio, irrigacéo por aspersao, componentes de rendimento, produ-
¢éo de graos.
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INTRODUCTION potential, fine-long grain, good milling yield and good
cooking behavior (Fornasieri Filho & Fornasieri, 2006), as

The world poduction of processed rice in the . .
. . well as adaptation of cultural practices that make the system
agricultural year 20010/11, around 452.4 million tons, was - . . .
... more efficient. In this respect, nitrogen, considered as the
only enough to meet the current demand of 451.2 million _. S - .
tons (USDA, 2011). Considering the world population O¥naln factor limiting the productivity of rice under
' ' g Pop conditions of adequate water availability (Fageria & Bar-

about seven billion people in 2011, with the projection tgosa Filho, 2001), deserves special attention

reach eight billion in 2020, it is estimated to be necessary | . . .
. o Nitrogen is an important component of numerous
to add to the rice market about ten million tons/year to . . . . .
. : . . organic compounds such as amino acids, nucleic acids
meet the future demand. It is unlikely that increases in the . . . .
. . . . and proteins (Epstein, 1975). It is one of the main factors
cultivated area and yield of rice will occur because of the . . . .
. o . _ involved in productivity (Fageria & Barbosa Filho, 2001)
stability of the crop maintained in the world since 1980.

. . . and in improving the nutritional quality of rice grain
The Asian continent, which accounts for most Pf t_h_efMingotte etal., 2012) for positively affecting the protein

) . t?/rac:Uon of glutelin, rich in essential amino acids (Ferraz
to create new agricultural lands in the flooded syste . . . .
. . . S unior et al 1997).This nutrient, when overproduced in
where yields are relatively high (Fornasieri Filho &

o . . the vegetative stage and between the neck-node
Fornasieri, 2006). LatiAmerica stands out as the only . g. . g : . L
. . . . . . differentiation and spikelet differentiation stages,
region with potential to increase rice production and mee

the future demand. Brazil, at present, contributes 1.85% , . . L .
protein instead of carbohydrates, resulting in excessive

of world production and is the largest producer amon . .
. . : owth of shoots, affecting negatively the root system,
the SouttAmerican countries, accounting for 55% of the . . . .
degree of lodging, spikelet fertility and lowering the

g(r)oldot;clztio?i (‘okoyamiaedt alt, 1t9?92. g‘zt;;igg?r 'Eu“?r?l yeafr resistance of plants to water deficiency (Marscht@86;
, rice occupied a total are .7 hectares, 0 Matsushima, 1980).

. . o v . .
which apprquately °0% with I.owland rl'ce USING " 1he heneficial effects of nitrogen occur by influencing
controlled irrigationAs the production per unit area of . ) . )

yield components: number of panicles per unit area,

lov}’:::jd élc?r? d(.?.f:: :(f Z?zlskh |g1:; rt:]heapr:h E;ttgzjoiuzte:r;n number of spikelets per panicle, spikelet fertility and 1000
up " ' 9 Mg Y rain mass, and panicle length (Fageria & Baligao1i,;

. 0 Lo
contributed 78.4% of the total production in the Countrgageria & Barbosa Filho, 2001), which are controlled by

(12,628.2 tons) (CONAB, 2011). : :
Y T . genetic factors of the plant and environmental factors
Lowland rice is grown primarily in the Rio Grande do

. . Freitaset al, 2001).
Sul and Santa Catarina, accounting for 47.3 and 73.8%(0tr ) . . "
. . ) Genotypes of the same species have different nutritional
the cultivated area, respectivelgnd the domestic

. requirements and tolerances to mineral nutrients (Macha-
production (CONAB, 2011). These states have n d ) . (
- ; oetal, 2001; Zowet al, 2002). In rice, there are frequent
availability to create new agricultural lands for lowlan

. . S variations within species, regarding the use and
rice production. Considering the whole countoyvland . ! SP reg 9

. . . . accumulation of nitrogen and its genetic control (Ferraz
rice could be cultivated in flood plains of the Norther

: . . : rIJunioret al, 1997; Freitast al, 2001; Fageria & Baligar
Region, which, howeveimply the need for substantial g ga

001). These genotypic differences help in the adaptation
financial resources and changes in the Forest Code2 ) genotypic d P! ptati

I . ; . .
of species and cultivars to various environmental stress
force today . . o
L . conditions and form the basis for genetic improvement
Thus, the upland rice is the alternative to meet the S . . -
L rograms. The cultivation of rice genotypes with efficient
needs of Brazilian consumers and generate exportahble ™ . L . . S
. . . . NUse in combination with correct nitrogen fertilization is a
surpluses, for its potential growth exceeding 50 million

. e %romising strategy for increasing the yield of upland rice,
hectares for expansion, especially in climatically favore : . . .
reducing production costs and environmental impacts.

regions (Dcantins, northern Goias, Para, northern Mato In this context, this study aimed to evaluate the

Grosso, Maranhao). Howevar the states of Parana, Séo . I . :
. . . agronomic performance of commercial rice cultivars with
Paulo, Minas Gerais and Bahia, where the occurrence

. . ditferent plant characteristics in upland conditions under
dry periods in January and February (dry spells) is . Lo S
: . supplemental sprinkler irrigation and topdress application
common, upland rice crops would be possible onl

. . ~of nit .
through the adoption of high-technology production nitrogen
t , with I tal inkler irrigation. Thi
systems wit supp gmen a sprm er irriga _|on Ii/IATERIAL AND METHODS
system requires cultivars carrying some basic features
such as: low/intermediate height, naryetort and straight The experiment was conducted in JaboticalPaB&zil
leaves, short cycle, lodging resistance, high yieloh 2006/2007, at 21°14'05" S and 48°17'08'with 615 m
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88 Fabio Luiz Checchio Mingottet al.

of altitude. The climate, according to Kéepperhard, 15 panicles were randomly picked per splitplot, and
classification is considered as a transition zone betwestored in a cold chambdthen, the panicles of the center
regions of Cwa (mesothermal climate/altitude tropicallows were harvested.

andAw (megathermal climate/tropical wet), with rainy  All plants on 0.50 m of one of the center rows were
summer and relatively dry wintérhe crop was planted sampled (low cutting) to determine the dry matter of grain
in Typic Eutrustox, clayeyA moderate, oxidic kaolinic, and straw (culms and straw). Threshing was done
mesoferric soil and gently rolling relief (EMBRAP2006). mechanically and drying was under natural conditions.
The soil chemical attributes were determined in soil The evaluations performed during the experimental
samples from 0-20 cm depth as described by Raij (198ggriod are described bellow

(Table 1). _ o

The area was previously cultivated with upland rice  Phenological characteristics of the plant
and prepared by deep plowing and two diskings. The basic Plant height (cm) was determined by averaging ten
fertilization consisted of 300 kg Haof a 04-20-15 plants per experimental unit, measured from ground level
formulation with 0.3% Zn and was based on the soib the tip of the tallest panicle, during the dough stage.
analysis and fertilizer recommendation for upland rice, witlihe lodging degree was determined by visual evaluation
sprinkler irrigation for the State of S&o Paulo with expectgaerformed immediately before the final harvest, using a
yield of 4 ton ha (Cantarellaet al., 1996). grading scale, where: 1 = no lodging; 3 = up to 25% lodged

The experiment was arranged in a randomized blogkants; 5 = 25-50% lodged plants; 7 = 50-75% of lodged
split-plot design with four replications. The treatmentglants; 9 = 75 to 100% of lodged plants.
consisted of a combination of 13 rice cultivars in the plots ) .
(aromatic type: BR&roma, IAC 500Arborio type: Baldo ~ COmMponents of plant production and grain
and Carnaroli; common type: Caiapé, CIRAD 141, BRS yield (kg ha)

Primavera, BRS Curinga, BRS Colosso, IAC 25, IAC 201, The nunber of panicles per area was counted on
IAC 202 and Best 2000) and five doses of nitrogen in theach plant in 1 m of the center rows at harvest of each
splitplots (0, 40, 80, 120 and 160 kghaising ammonium experimental unit. The total number of spikelets per
nitrate as a source. Nitrogen was applied as topdressip@nicle was counted on the 15 plants collected per
at the R stage (panicle differentiation) of the Courste experimental unit at the final harvest. The number of
al. (2000) scale, referred as the spikelet differentiation (1gFains per panicle was obtained by counting the
to 2 cm long in the panicle primordial stage), according toumber of filled spikelets contained in the 15 panicles
recommendations of Matsushima (1979). per experimental unit, after separation from unfilled

Each experimental unit was represented by eight ronspikelets in an airflow sortefhe spikelet fertility was
with 6 m length, spaced by 0.4 m, and seeding rate of 2d6termined from the ratio between the number of grains
viable seeds per inusing the center six rows for per panicle and the number of spikelets per panicle
evaluations. multiplied by 100.

The weed control was made in pre-emergence, using a The 1000-seed mass (g) was determined from eight
pendimethalin-based herbicide (1.5 kg a.t)leand in post- subsamples of 100 seeds per experimental unit and
emergence with a cyhalofop butyl ether-based herbiciseeighed on a two decimal place balance (Brazil, 1992).
(270 g a.i. hd), in addition to mechanical control measuresT he result, in grams, was transformed into 13% moisture

The irrigation was applied by conventional sprinklecontent (wet basis). Panicle length (cm) was measured
system. The irrigation management was carried out lisom the base of the panicle (first node) to the apex spikelet
readings on tensiometers (gauge type) installed at deptitsfifteen panicles per experimental unit. Paddy grain yield
of 10 and 20 cm and the soil water retention curves, withias determined after harvest, threshing, blowing and
irrigation applied when the tensiometer indicated valuedrying of the material collected from the center rows of
corresponding to 0.07 MPa (Fornasieri Filho &ach experimental uniAfter weighing, data were
Fornasieri, 2006). transformed into kg ha(13% wet basis). Moisture content

At the end of the cycle, when 2/3 of caryopses, in 5094 grains was obtained by the oven method, at 105 + 3 °C
of panicles, were hard and the remaining werdiome-  for 24 hours (Brati1992).

Table 1.Results of soil chemical analysis (0-20cm) for the experimental area, in Jaboticab&ragiP

P resin M.O. pH K Ca Mg H+Al SB T \%
mg dm?3 gdm?3 CacCl, mmol_dm? %
52 40 5.8 1.4 40 22 20 63.4 83.4 76
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Nitrogen (2010) also reported thefluence of nitrogen fertilization

For leaf N determination, leaves were sampled &% increasing plant height in ric&ccording to Furlgni
described by Cantareka al (1996) and, in the laboratory (2004), adequate supply of N causes changes in plant

according to Battagliat al. (1983) morphology balance of shoot/root ratio and increase in
length, width and thickness of leaves, causing, when
Satistical Analysis excessive, the excessive growth of shoots at the expense

The individual analyses of variance were performe@f roots, favoring lodging. These effects are probably
using the SatisticalAnalysis System —tats. TheTukey related to hormonal balance.
test at 5% was applied to compare means between cultivars 1 "ere was no occurrence of lodging among the
using the complex variances calculated within eacltivars. This may have occurred because the nitrogen
nitrogen rate. The t-test at 5% probability was used fips been applied at the spikelet differentiation stage, not

assess the significance of polynomial regression@,terfering with the significant growth in plant height
regarding the effects of the applied nitrogen. (Matsushima, 1979; Fornasieri Filho & Fornasieri, 2006).

Mauad et al. (2003) reported that there was no influence of
RESULTSAND DISCUSSION N on lodging ofcultivqr IAC 202, undersprinkler irrigation.

Marschner (1986) discussed that excessive doses of N

Plant height was positively influenced by theapplied at the stage when vegetative growth become

interaction rice cultivar x nitrogen fertilization. Regardlesgeproductive structures, Btage in the Coune al (2000)
of N rate, the cultivars Caiap0, IAC 25 and BRS Primavekxale, stimulates the production of phytohormones,
had the highest plant heights and BEST 2000, IAC 2Qzrticularly auxin, which induces cell division and expansion
and IAC 500, the lowest plant heights. For most cultivargnd increases the elongation of the lower culm internodes
nitrogen topdressing increased plant height linearlgnd hence plant height. Matsushima (1979) considers that
except for IAC 201, Cirad 141, BRS Curinga and IAC 500N should be supplied between 18 and 20 days before
whose greatest heights were achieved at the rates 128wering, so as not to interfere with the growth of the
124, 160 and 133 kg N tarespectivelywhereas the lower culm internodes and enable the production of plants
Arborio cultivars (Baldo and Carnaroli) showed ndn which the two or three upper leaves are short, thin and
detectable influence of nitrogen on this biometriapright, leading to an increased efficiency of utilization of
component (@ble 2) Arf et al (2003) and Boldie®t al.  solar radiation to maximize spikeletfility.

Table 2.Means and regression equations for plant height in rice cultivars as a function of nitrogen application. Jaboticabal-SP-Brazil.
2006/2007

Cultivars Plant height (cm) Equation R2@
Caiapo 86.2a Y =0.0725 X + 78.8 0.67**
BRS Primavera 80.2 ab Y =0.0481 X + 76.3 0.83*
IAC 25 79.2 ab Y =0.1031 X + 71.0 0.81**
IAC 201 72.4b Y =-0.0011 X+ 0.2476 X +61.4 0.94**
CIRAD 141 59.2¢ Y =-0.0010 X+ 0.2481 X + 49.1 0.99**
IAC 202 443 e Y =0.0725 X + 38.5 0.96**
BRS Curinga 58.4c Y =-0.0006 X+ 0.2485 X + 44.6 0.99**
BRS Colosso 57.8¢ Y =0.0602 X + 52.9 0.85**
BEST 2000 45.6 de Y =0.0425 X + 42.2 0.79**
IAC 500 435e Y =-0.0006 X+ 0.1600 X + 36.7 0.94*
BRSAroma 71.7b Y =0.1375 X + 60.7 1.00**
Baldo 57.6¢ Y =58 NS
Carnaroli 53.9 cd Y =54 NS

F Test®

Cultivars (C) 70.87**

DMS 8.5

N rates (D) 63.27**

Interaction (C x D) 1.77*

CV(%) C 12.2

CV(%) D 7.6

@ ** = significant at 1% probability by the F te§t. NS = non significant, * and ** = significant at 5 and 1% probability level by the t test,
respectively
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90 Fabio Luiz Checchio Mingottet al.

A significant interaction was found between thdotal number of spikelets per panicle and spikelet fertility
studied factors for panicle length. Cultivars BRS Primavavith exception of 1000-seed mass.
ra, CIRAD 141, BRS Curinga, BR8oma, IAC 500, IAC Cultivars Caiap0, BRS Primavera, CIRAD 141, BRS
202, BEST 2000 and Carnaroli showed linear increase @uringa, BRS Colosso, IAC 202, BEST 2000, IAC 500 and
panicle length with the use of nitrogen fertilizeshile ~ Carnaroli showed linear increase of number of panicles
cultivars Caiap6, IAC 25, IAC 201 and BRS Colosso hager area with the N rates, while IAC 25, IAC 201, BRS
the longest panicle length at the rates 153, 118, 117 aAcbma and Baldo, were not influenced by the nitrogen
118 kg N h&, respectivelybut the cultivar Baldo was not fertilization (Table 5). $oneet al (1999) evaluated the
affected (Rble 3). Buzettet al (2006) found a linear performance of different rice genotypes with supplemental
increase of panicle length and number of spikelets perigation and also observed a positive rice response to
panicle with N topdressing. nitrogen fertilization on the number of panicles péand

There was a significant interaction between cultivansumber of grains per panicle.
and N rates for the total N content in the leaf-flag at The nitrogen fertilization increased the total number
flowering. BRS Primavera, IAC 201, IAC 202, BRS Curin-of spikelets per panicle, except for cultivars Baldo,
ga, BRS Colosso, BESA000, IAC 500, BR&roma and Carnaroli and IAC 500. Cultivars IAC 201, BRS Colosso
Carnaroli fit the model of positive linear equation, anénd BRSAroma had the lgrest number of spikelets per
IAC 25, CIRAD 141 and Baldo fit the quadratic equationpanicle at the rates 107, 123 and 128 kg N iespectively
with the rates 134, 107 and 96 kg Nthaspectively (&ble (Table 6).The positive dkct of nitrogen was due to its
4). Boldieriet al (2010) applied different nitrogen rates togreater availability in the period that the spikelets initiated
the cultivars BRS Primavera, IAC 202, Caiap0, BRS Carisntifferentiation in the panicle, in its early development
and Confianca, at the spikelet differentiation stage, arfBornasieri Filho & Fornasieri, 2006). The influence of N
found that, the total leaf N content increased witln the increase of this yield component was also observed
increasing nitrogen rateélthough the contents are by Boldieriet al (2010).
different among cultivars, the average is above the range The spikelet fertility of cultivars Caiapo, CIRAD 141,
considered as adequate by Cantaetlial (1996). BRS Curinga, BRS Colosso, IAC 201, IAC 202 and

There was a significant interaction between th€arnaroli was not affected by the nitrogen topdressing;
studied factors for the influence of nitrogen topdressinBaldo and 500 IAC responded positively and linearly
on the rice yield components: number of panicles per arewith increased rates. BRS Primavera, BR8ma, IAC

Table 3.Means and regression equations for panicle length of rice cultivars as a function of nitrogen application. Jaboticabal - SP
Brazil. 2006/2007

Cultivars Panicle length (cm) Equation R2@
Caiap6 22.3 cd Y =-0.0001 X+ 0.0429 X + 20.3 0.96*
BRS Primavera 22.5cd Y =0.0274 X+ 20.4 0.65**
IAC 25 20.5d Y =-0.0005 X+ 0.118 X + 15.8 0.98*
IAC 201 25.2b Y =-0.0005 X+ 0.1172 X + 20.4 0.99**
CIRAD 141 20.8 cd Y =0.0173 X +19.5 0.89**
IAC 202 21.7 cd Y =0.0555 X +17.3 0.97**
BRS Curinga 20.7 cd Y =0.0235 X + 18.8 0.97**
BRS Colosso 21.6 cd Y =-0.0003 X+ 0.0709 X + 18.8 0.72*
BEST 2000 45.6 a Y =0.0425 X + 42.2 0.79**
IAC 500 20.4d Y=0.02625 X + 18.4 0.76**
BRSAroma 23.1 bc Y =0.0648 X +17.9 0.97**
Baldo 149e Y =58 NS
Carnaroli 159e Y =0.0181 X + 14.4 0.69**
F Test®

Cultivars (C) 232.78**

DMS 24

N rates (D) 81.85*

Interaction (C x D) 2.14%

CV(%) C 9.54

CV(%) D 7.44

@ ** = gignificant at 1% probability by the F te€t. NS = non significant, * and ** = significant at 5 and 1% probability level by the t test,
respectively
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Response of rice cultivars to nitrogen in upland conditions 91

25 and BEST 2000 showed maximtertility at the rates application in agreement with the recommendations of
64, 110, 124 and 126 kg N Harespectively (@ble 7). Matsushima (1979): N should be applied, preferably after
These results demonstrate the correct time of nitrogéime spikelet differentiation, as it reduces spikelet

Table 4.Means and regression equations for total N content in leaf of rice cultivars as a function of nitrogen application. Jaboticabal
- SP - Brazil. 2006/2007

Cultivars Total leaf N (g kgY) Equation R2®
Caiapo 44 cde Y =44 NS
BRS Primavera 47 be Y =0.1213 X + 37.7 0.96**
IAC 25 42 efg Y =-0.0009 X+ 0.2409 X + 31.9 0.83**
IAC 201 44 efg Y =0.0256 X + 40.4 0.83*
CIRAD 141 39¢g Y =-0.0013 X+ 0.2795 X + 29.6 0.97**
IAC 202 45 cde Y =0.09063 X + 37.3 0.97*
BRS Curinga 43 def Y =0.0563 X + 38.9 0.70**
BRS Colosso 39g¢g Y =0.1163 X +30.1 0.99**
BEST 2000 40fg Y =0.075 X + 33.8 0.97*
IAC 500 52a Y =0.0344 X + 49.7 0.79*
BRSAroma 28 h Y =0.0725 X + 22.3 0.95**
Baldo 47cd Y =-0.00203 X+ 0.3888 X + 35.3 0.84**
Camaroli 50 ab Y =0.1281 X + 40.4 0.97**
F Test®

Cultivars (C) 69.27**

DMS 3.7

N rates (D) 82.20**

Interaction (C x D) 10.64**

CV(%) C 7.64

CV(%) D 6.69

@ ** = gjgnificant at 1% probability by the F te€. NS = non significant, * and ** = significant at 5 and 1% probability level by the t test,
respectively

Table 5. Means and regression equations for number of panicles per square meter in rice cultivars as a function of nitrogen
application. Jaboticabal - SP - Brazil. 2006/2007

Cultivars Panicles per ni Equation R2@
Caiapo 282 bc Y =0.4194 X + 248 0.78**
BRS Primavera 315ab Y =0.2375 X + 296 0.43*
IAC 25 206 ef Y =206 NS
IAC 201 238 de Y =238 NS
CIRAD 141 250 cd Y =0.6044 X + 202 0.95**
IAC 202 263 cd Y =0.3819 X + 233 0.61*
BRS Curinga 271cd Y =0.5431 X + 228 0.73**
BRS Colosso 256 cd Y =0.3038 X + 231 0.84*
BEST 2000 324 a Y =0.7925 X + 260 0.93**
IAC 500 209 ef Y =0.8675 X + 139 0.97**
BRSAroma 316 ab Y =316 NS
Baldo 255cd Y =255 NS
Carnaroli 183 f Y =0.6950 X + 127 0.99**
F Test®

Cultivars (C) 32.76*

DMS 38.3

N rates (D) 41.06**

Interaction (C x D) 1.95**

CV(%) C 13.2

CV(%) D 12.0

@ ** = significant at 1% probability by the F te§t. NS = non significant, * and ** = significant at 5 and 1% probability level by the t test,
respectively
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92 Fabio Luiz Checchio Mingottet al.

sterility, because the two or three upper leaves remaifertility of BEST 2000 may be due to its larger number
erect, providing a more efficient use of the of panicles per area and larger number of spikelets per
photosynthetically active radiation. The lowestpanicle, which increases competition for

Table 6.Means and regression equations for the total number of spikelets per panicle in rice cultivars as a function of nitrogen
application. Jaboticabal - SP - Brazil. 2006/2007

Cultivars Total number of spikelets perpanicle Equation R2®@
Caiap6 171 ab Y =0.2056 X + 155 0.79**
BRS Primavera 129 ¢ Y =0.2237 X + 111 0.83**
IAC 25 98 de Y =0.2275 X + 80 0.74**
IAC 201 174 a Y =-0.0033 X + 0.7049 X + 149 0.76*
CIRAD 141 166 ab Y =0.3956 X + 134 0.93**
IAC 202 156 b Y =0.4406 X + 121 0.92**
BRS Curinga 92e Y =0.3306 X + 65 0.75%*
BRS Colosso 127 ¢ Y =-0.0043 X + 1.061 X + 84 0.93**
BEST 2000 157 b Y =0.8068 X + 92 0.93**
IAC 500 113cd Y =113 NS
BRSAroma 117 ¢ Y=-0.0035 X + 0.8999 X + 78 0.99**
Baldo 66 f Y =66 NS
Carnaroli 71f Y=71 NS

F Test®

Cultivars (C) 134.57*

DMS 16.21

N rates (D) 87.07*

Interaction (C x D) 4.37*

CV(%) C 11.49

CV(%) D 12.17

@ ** = gignificant at 1% probability by the F te§?. NS = non significant, * and ** = significant at 5 and 1% probability level by the t test,
respectively

Table 7.Means and regression equations for spikelet fertility (%) in rice cultivars as a function of nitrogen application. Jaboticabal
- SP - Brazil. 2006/2007

Cultivars Spikelet fertility (%) Equation R2@
Caiapo 89 bc Y=171 NS
BRS Primavera 90 ab Y =-0.0003 %+ 0.0386 X + 90 0.92**
IAC 25 90 ab Y =-0.0003 X+ 0.0747 X + 91 0.70*
IAC 201 89 bc Y =174 NS
CIRAD 141 83d Y =166 NS
IAC 202 86 cd Y =156 NS
BRS Curinga 93a Y =92 NS
BRS Colosso 91 ab Y =127 NS
BEST 2000 70e Y =-0.0016 X + 0.4022 X + 87 0.63**
IAC 500 48 f Y =0.1087 X + 57 0.83*
BRSAroma 89 bc Y =- 0.0007 X + 0.1544 X + 94 0.54**
Baldo 89 bc Y =0.0481 X + 94 0.94**
Carnaroli 88 bc Y=71 NS

F Test®

Cultivars (C) 333.22**

DMS 3.43

N rates (D) 20.17**

Interaction (C x D) 8.36**

CV(%) C 3.61

CV(%) D 3.84

@ ** = gignificant at 1% probability by the F te§. NS = non significant, * and ** = significant at 5 and 1% probability level by the t test,
respectively
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photoassimilates, or even to the more adversmthesis, since its cycle is longer than the others. In
environmental factors in the period betweenAC 500, there was high incidence of the leaf disease
microsporogenesis (pollen grain formation) andrown spotelminthosporium oryzgeappearing from

the panicle initiation and causing spikelet sterility
Table 8.Means and regression equations for 1000-seed mass in The reduction in spikelet fertilityafter reaching the
rice cultiv_ars as a function of nitrogen application. Jaboticabab—oint of maximum in the cultivars mentioned above, may
SP - Brazil. 2006/2007 . -

have occurred by the increased competition for

Cultivars 1000-seed mass (9) photoassimilates during the fertilization and

Caiapd 28d microsporogenesis (Fornasieri Filho & Fornasieri, 2006).
BRS Primavera 25 ef Boldieri et al (2010) consider that the occurrence of
IAC 25 35¢c

reduced sterility under high N rates is an important

IAC 201 25 ef criterion in selecting rice genotypes responsive to the
CIRAD 141 26 de nutrient

IAC 202 23 f o

BRS Curinga 24 f D|ff.erences were dgtected for the lOOO-sged mass
BRS Colosso 24 f exclusively on the basis of cultivarsafile 8), with no
BEST 2000 20g influence of the nitrogen application, which agrees with
IAC 500 199 the results of ®ne et al. (1999Arf et al. (2003), Farinelli
BRSAroma 23f et al (2004) and Boldieri et al. (2010). The performance of
Baldo 39b this component can be influenced by the cultitra time
Carnaroll 4la of N application and environmental factors. Regarding
F Test® the varietal influence, cultivars Carnaroli, Baldo and IAC
Cultivars (C) 267.18 25 had the highest mass per 1 grain unit, while BEST 2000
DMS 2.1 and IAC 500 had the lowest mass per 1 grain unit. The
N rates (D) 1.06° high incid f leaf i in IAC 500 has probabl
Interaction (C x D) 108 high incidence of leaf disease in as probably
CV(%) C 7.05 interfered with gr'aln-.settlng. The perfgrmance observeq
CV(%) D 6.45 was because this yield component is a stable genetic
®'NS = non significant; ** = significant at 1% probability level by Characteristic, as it depends on the shell size (Fornasieri
the t test, espectively Filho & Fornasieri, 2006).

Table 9.Means and regression equations for grain yield in rice cultivars as a function of nitrogen application. JaboticBbatH SP
2006/2007

Cultivars Grain yield (kg ha?) Equation R2@
Caiapo 4.413 ab Y =-0.0638 X+ 23.15 X + 3.174 1.00**
BRS Primavera 4511 a Y =-0.1553 X+ 40.44 X +2.767 0.96**
IAC 25 3.830 cd Y =-0.1011 X+ 32.32 X + 2.224 0.98**
IAC 201 3.388 de Y =-0.0897 X + 24.91 X + 2.257 0.98**
CIRAD 141 3.129 ef Y =-0.1404 X+ 44.20 X + 1.941 0.99**
IAC 202 4.583 a Y =-0.0880 X+ 35.21 X + 2.609 1.00**
BRS Curinga 2.690 fg Y =-0.0997 X+ 30.78 X + 1.185 0.99**
BRS Colosso 3.140 ef Y =-0.1120 X + 31.81 X+ 1.671 0.98**
BEST 2000 3.652 cd Y =-0.0865 X+ 27.84 X + 2.254 0.99**
IAC 500 810 h Y =810 NS
BRSAroma 3.982 bc Y =-0.0770 X+ 27.35 X + 2.533 0.90**
Baldo 2.755fg Y =-0.1288 X+ 25.76 X + 1.930 0.81**
Carnaroli 2.271g Y =-0.0616 X+ 20.16 X + 1.249 0.95*
F Test®

Cultivars (C) 107.42**

DMS 507.4

N rates (D) 365.75*

Interaction (C x D) 6.01**

CV(%) C 13.6

CV(%) D 10.1

@ ** = significant at 1% probability by the F te§t. NS = non significant, * and ** = significant at 5 and 1% probability level by the t test,
respectively
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Table 10.Means and regression equations for harvest index in rice cultivars as a function of nitrogen application. Jaboticabal - SP
Brazil. 2006/2007

Cultivars Harvest index Equation R2@
Caiapo 27.4 becde Y =274 NS
BRS Primavera 30.4 abc Y =-0.0014 X+ 0.2705 X + 19.7 0.73**
IAC 25 32.3ab Y =-0.0012 X+ 0.2348 X + 25.3 0.83*
IAC 201 26.0 cde Y =0.0698 X + 20.4 0.72**
CIRAD 141 229e Y =-0.0009 X+ 0.2380 X + 12.9 0.91**
IAC 202 35.2a Y =35.2 NS
BRS Curinga 219e Y =0.0674 X + 16.5 0.84**
BRS Colosso 29.2 bed Y =29.2 NS
BEST 2000 35.05a Y =0.0768 X + 28.9 0.53**
IAC 500 129f Y =129 NS
BRSAroma 30.4 abc Y =-0.0013 X+ 0.2711 X + 21.1 0.48*
Baldo 32.0ab Y =-0.0020 X+ 0.2528 X + 30.7 0.70**
Carnaroli 24.4 de Y =-0.0009 X+ 0.1827 X + 18.4 0.63*
F Test®

Cultivars (C) 30.36**

DMS 5.6

N rates (D) 23.83**

Interaction (C x D) 3.16**

CV(%) C 18.1

CV(%) D 16.9

M ** = gignificant at 1% probability by the F te€. NS = non significant, * and ** = significant at 5 and 1% probability level by the t test,
respectively

Overall, the cultivars BRS Primavera, Caiap6 antnbalance between the production of total dry matter
IAC 202 stood out with the highest yields; IAC 500and grain. Donald & Hamblim (1976) discussed that the
with reduced grain yield (caused by the high incidendacrease in the yield potential of modern cereal cultivars
of brown spot); and thérborio types (Baldo and (rice, corn, wheat, sorghum and oat) is related to their
Carnaroli) with intermediate yield&ll cultivars, except higher HI, with little variation in biological productivity
IAC 500, showed a quadratic response to nitrogen comparison with the traditional cultivars. The HI of
topdressing, with the highest yields with N rates aboweaditional rice cultivars is around 30% and that of the
130 kg h&, except for Baldo, with 100 kg N #igTable modern cultivars is around 50% (Mae, 1997). The
9). Grainyield is controlled by a large number of gendsarvest index represents the conversion efficiency of
and depends on the interaction of the yield componerggnthesized products into economically important
and panicle length @&hida, 1981).®neet al (1999), materials, in this case, the grains, and is determined by
working with nitrogen topdressing and supplementdioth the genotype and the environment (Pereira & Ma-
sprinkler irrigation, obtained the maximum rice yield ofchado, 1987).

5523 kg ha with 113 kg N h&. In general, the increase
in yield with increasing nitrogen rates occurred becaugg ONCLUSIONS

of the increased number of panicles per unit area, _ _ o
number of spikelets per panicle and spikelet fertility ~The cultivars BRS Primavera, Caiap6 and IAC 202

which was also reported by Buzedtial. (2006). stood out with the highest grain yields, while Baldo,
The harvest indices (HI) ranged between 12.9 dgarnaroli, BRS Curinga and IAC 500 had the lowest yields.

(IAC 500, with high sterility rate) and 35% (BEST 2000 The cultivars IAC 202 and BEST 2000 showed the
and IAC 202, both plants of the modern type). Thaighest harvest indices, which was reduced with increasing
nitrogen increased linearly this physiologicahitrogen fertilization.

componentin IAC 201, BRS MG Curinga and Best 2000. Tond d nit . di L th icl
The topdressed nitrogen influenced negatively this opdressed nitrogen increased, in generay, the panicle

component in the cultivars Baldo, IAC 25, Carnaroli!ehst?’tpamde r'lulmbecri pgrk ulnltf aﬁ_?’ the number of
BRSAroma, BRS Primavera and CIRAD 141, startingSpl €Iels perpanicie and spikelet fertiity
from the rates 63, 99, 101, 104, 118 and 132 kg'N ha The 1000-seed mass was influenced by genotype; but

respectively (@ble 10).This performance reflects the N fertilization did not affect this variable.
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