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ABSTRACT

The present study was carried out to determine the contribution of main stems and tillers to the total yield of two
wheat cultivars (Triticum aestivum L.), Cocoraque and BH-1146, under two water treatments: a) normal field
conditions, and; b) irrigation, in Londrina, PR, Brazil. The experiment was an eight replication randomized
complete block design with treatments arranged in split-plots. Data on total grain yield, main stem grain yield,
tillers grain yield, the ratio between tiller and total grain yield, yield components and other 17 traits were collected.
The cultivar BH-1146 had a higher total grain yield in relation to Cocoraque under normal field conditions; i, e.,
under water stress. Main stem grain yield responded positively and significantly to irrigation which was the main

cause of increased yield in both cultivars. Thetiller grain yield contributed little to the total yield.
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INTRODUCTION

Rain is scarce in various regions during the wheat
cultivation period. Water stress reduces wheat
grain yield (Davidson and Chevalier, 1990; Jat et
al., 1990; Sairam et al., 1990; Kobata et a., 1992;
Thompson and Chase, 1992; Ravichandran and
Mungse, 1997; Villarea et al., 1998; Guerra and
Antoninini, 1996). Tubelis and Souza (1983)
studied the effect of irrigation on whesat yield.
They found that irrigation could increase yield up
to 4.7 times in years with low rainfall during the
plant growth period.

Reduction in grain yield also depends on the
genotype cultivated and the physiological stage of
the plants under stress (Hobbs, 1953 ; Robins and
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Domingo, 1962; Singh et a., 1979; Sairam et d.,
1990; Blum et a., 1990; Thompson e Chase, 1992;
Moustafa, et a., 1996; Ravichandran e Mungse,
1997; Villareal et al., 1998; Guerra e Antonini,
1996). Souza and Soares Sobrinho (1983) found
that the BH-1146 cultivar had more stable yield
under the most adverse environmental conditions
due to its tolerance to toxic acid soils, drought,
temperature variations and different sunlight
conditions.

When the initial plant population density islow in
fields cultivated with tillering wheat cultivars,
yield is not usualy diminished. Under this
condition, plants produce more tillers than in high
plant density populations and the crop cycle
finishes with very similar numbers of ears per
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square meter, and the grain yield is not
significantly affeded. When cultivars do nd have
good tillering cgoadty and the initia plant
popuationisvery low, the aop canna completely
compensate the number of eas per square meter
andyield isreduced (Wall, 1982.

This dudy was caried ou to assssthe influence
of water on gain yield in the main stems and
tilers of the Cocorague axd BH-1146 whed
cultivars.

MATERIAL AND METHODS

The study was caried ou in Londina, Parang,
Braal, latitude 23°22' S, longtude 51°10W at an
altitude of 585 meters, with Cfa dimate acording
to Koppen. The topogaphy is gently rolling and
the soil is dructured eutrophic “terra roxa
(Hapludut).

A randamized complete block design with eight
replications and treaments arranged in split plots
was used. Each bock consisted of two 180 m x
3.00 m plots which corresponded to the irrigated
(upto field capadty) and nonirrigated treadments.
Eadch pot was divided into two sub-plots which
corresponced to the Cocoraque and BH-1146
cultivars used. ‘Cocoraque’ is a representative of
the Mexican whea gene pod having high yield
potential, good qulity, short stature aad high
tillering capadty. ‘BH-1146 is a traditional
Brazli an whea with medium-low yield paential,
poa quality, tall stature and low till ering cgpadty,
but having auminum tolerance which is an
important adaptative trait. Today, the majority of
the whed cultivars under cultivation in Brazl are
products from the combination d Brazlian by
Mexican germplasm.

The distance between bocks and between plots
was 1.5m to prevent errors due to soil moisture.
The lines were spacal at 0.18m and the sowing
density was 400 seedm2. The experiment was
sowed onApril 29 and hervested in the beginning
of September 1986

Irrigated plots were irrigated hi-weekly as
necessry to lring tota rainfall and irrigation
amourts above 25 mmweek™. The Agronamic

Ingtitute of Parand, IAPAR, provided the mean
temperature for the daly evapotranspiration
cdculation. Table 1 shows the rainfall and mean
temperature for ead 10day period from May to
August 1986 Rainfall was abundant in May at the
initial stages of plant development and from
August 10 orwards a the aop maturing stage.
There were only 22 mm of rain from the first ten
days in Jure to the first ten daysin August (seven
mm in the first ten days of June and 15mmin the
last ten days of July).

Table 1 - Rainfal and mean temperature per 10-day
period, from May to August 1986.UEL, Londina, Pr.

Month Ten-day Rainfall Mean
(mm) Temperature (°C)
May 1 17 194
May 2nd 77 20,2
May 3 40 180
Jure 1 00 155
Jure 2 00 189
Jure 3d 00 174
July 1 07 155
July 2nd 00 175
July 3 15 157
August 19 00 208
AugLst 2" 115 158
Augst 3 39 186

Plots were irrigated manualy with watering cans,
by a single person, to prevent errors in water
application. All plots were irrigated to field
cgpadty shortly after sowing. Lime and fertili zer
were gplied acording to the tednicd
recommendations based on soil analysis. Samples
were taken at harvest. All plantsin a linear meter
of the sub-plots were randamly harvested. Data
was transformed to square root when necessary for
the analysis. Means were compared by the Duncan
Test at the 5% level of significance Data were
assessd asfollows:

A. Yield: After weighing and determining o the
grain moisture, the data was made uniform to (%
moisture, and the following traits were scored: 1 —
total grain yield: the till er yield was added to the
main stem yield and transformed to kgha, 2 —
main stem grain yield: weight of sample main
stem grainsin grams; 3 —tiller grain yield: weight
of the sampletill er grainsin grams; 4 — percentage
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ratio between till er and total grain yield: quaient
between tiller grain yield / total grain yield,
multiplied by 100,

B. Yield comporents: 1 — number of plants/ linea
meter: sample number of main stem; 2 — number
of fertile tillers / linea meter: sample number of
fertile tillers (at least one grain onthe ea); 3 —
number of fertile till ers / plant: sample number of
fertile till ers divided by the sample plant number;
4 — nunber of fertile spikelets’ea on the main
stem: ten eas were randamly taken and the
number of fertile spikelets/’ea were counted onthe
main stem and then the mean was cdculated; 5 —
number of fertile spikeletsea on the till ers. same
asinitem 4 onthetill ers; 6 — number of main stem
graingea: the grains of the same sample & item 4
were ournted and the mean cdculated; 7 — nunber
of grains/ea on the till ers: the grains of the same
sample & in item 5 were ournted and then the
mean was cdculated; 8 — gain weight/main stem
ea: main stem yield by the sample number of
main stems, in gams, 9 — gan weight/tillers:
same asinitem 8 for till ers;

C. Harvest index: 1 — main stem harvest index:
grain weight divided by the sample main stem
canopy weight; 2 —till er harvest index: same ain
item 1, for thetill ers;

D. Indvidua grain weight: 1 — main stem
individual grain weight: sample hunded gains
mean weight in grams; 2 —tiller individual grain
weight: same asinitem 1 for thetill ers;

E. Hedaoliter weight: weight of a hunded liters of
whed asessd by a spedalized device using the
total yield of the sub-plot;

F. Plant height: 1 —main stem height: mean height
of the sample main stems, in centimeters; 2 —till er
height: same asinitem 1, for thetill ers;

G. Number of days to maturity: days from sowing
to harvest maturity (dry straw), acwrdingto the
Feeksand Large scde (Large, 19549).

RESULTSAND DISCUSSION

Table 2 shows the results for all the assessed traits.
Irrigation significantly increased the total and the
main stem grain yield in the two tested cultivars
(5% level of probability by the Duncan test). The
tiller yiddd and the tiller/total yield ratio orly
increased in the Cocoraque adltivar. The BH-1146
cultivar showed a better total and main stem grain
yield performance in the norvirrigated treament
than the Cocoraque. Souza and Soares Sohrinho
(1983 aso reported that the BH-1146 cultivar
adapted better to water stress Moustafa & al.
(1996 and Villared et a. (1998 showed that
certain cultivars read better under water stress
The Cocoraque alltivar highest tiller/total yield
ratio was 11.6%. These results indicae that the
tillers can orly partialy compensate for a low
initial whea popuation, even when the alltivar
has good tillering capadty like the Cocorague.
Wall (1982 did na mention limits for crop
recovering cgpadty dueto ainitial low popuation.
However, Metho et al. (1998 show that the yield
cgpadty of the tillers compared to main stems
varied widely amongcultivars.
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Table 2 - Means of 21 agronomic traits assessed in two wheat cultivars submitted to two water treatments. UEL,

Londrina, PR.
Assessed trait Cocorague EH-114é hlédia CV (%)
Itrigated MNon-irrigated  Dlean Ittigated  Mon-irrigated M édia Irrigated Mon- Plot Sub-
irrigated plot

Total gram yield 3087 dads 1217I0E 245234 [ 3.250Tak 2371 9hs  2B158A| 3173 54a 200450 931 114
Iain stem grain yield 42 41 ad 30.65BE  3953B| 5655 a4 A975hA ADIEIA|  S24%a W3l 717 108
Tiller grain yield 716 2k 202 bA 4624( 2125&B 0.72 ad 1423 B 46da 1406| 390 428
(Tiller grain yield /

Total grain yield) = 100 11.58 ad 47104 21454 5.52aB 161 ad 15958 7.58a Iléb| 472 481
Ma. of plants/linear m 7388 ah TE0adk  76.19 A 7300 ah 6775 a8  T03T5A| Tidda 7il25a| 389 842
Ma. of fertile tiller/m 1358 ad 70004 1044 A 1050 ad 6.38 ad 444 12.19a 669al 280 301
Ma. of fertile tiller/plant 0.190 ad 0026 bA 0138 A  0.145 a4 0.093 ad 0119 A | 0168a 00895a| 287 281
Mo. fertile spikelets/ ear on main stems 10.24 aB 2.40 b 932B| 1233 a4 12.49 ad 1241 4| 112854 104456 | 203  2.80
Ma. fertile spikelets/ ear on tillers 2.16 ad 45304 A345 A 7.35 ak 44504 5004 7755 4906 147 181
MNa. of grainsfear on main stems 16.36 ad 041 kB 13.385B| 1931 a& 17 .45 ad 12384 178354 13930] 293 114
Mo, of grainsfear on tillers 14.58 a& 723bA 10905 A 6.93aB 590 2k 6415B8| 10.735a 65650 167 284
Main stem grain weight/ear (g) 066 ad 039wE  0.525B 0.79 ady 065 ad 0724 07234 032b| 783 108
Tillers grain weight/ear(g) 0,42 ad 019ka 03354 0.20 aB 0.13 ad 01658 0344 016b| 202 349
Main stem harvest index 0,420 a& 0304vB 0362 B| 0.333 ad 0,400 ad 03044 0404a 0352b| 301 760
Tillers harvest mdex 0.418 ad 0.244bA 0331 A| 0215 aB 0.235 a&s 0225B| 0317a 02400 133 234
Main stem individual grain weight (g) 0.0404 ady 0037504 0.03004][ 0040424 00371 ba 003384 | 004044 00373b| 073 1.08
Tillers mdividual grain weight (g) 0.0332 ad 00248 & 002904 | 0.0292a84 001794  00236B| 0.0312a 00214%| 209 139
Hectolitric weight (ke/100 1) 76.89 aB 76.25 at  TE5T B|  72.05 ah 76.65 ba 77354 T7.47a 76.450| 054 057
Mamn stem height (cm) 4588 aB 5241 0B 62.15B| 0357 ad 26 62bA  O0005SA| TOTI5a 725150 180 308
Tillers height (cm) 65.01 ad 53.91bA 046 A | T6.44a4 544304 ASA35A| T0T25a 54.17h| 352 263
Mo, of days to maturity 12625 a&s 1225004 12438 A 11763 aB 113130B  11338B| 12194a 117815b| 020 0355

! Means followed by dfferent tiny letters, in the line (compare water treaments), and dfferent capital letters, also in the line (compare ailtivars

from ead water treament), differ by the Duncan test (P<0.05)

There was no statisticdly significant differencein
plant density (number of plants per linea meter of
row) between water treaments or cultivars.
Irrigation significantly incressed the number of
fertile tillers per linea meter and the number of
fertile tillers per plant only for the Cocoraque
cultivar. Irrigation, however, increased the number
of panicles per square meter and the number of
grains per panicle (Zhanget a., 1998.

Irrigation incressed the number of fertile
spikeletsea on the main stem only in the
Cocoraque adltivar, while the number of fertile
spikelets’ear on the tillers incressed in bah
cultivars. The number of fertile spikelets'ea on
the BH-1146cultivar main stems was sgnificantly
greder than on the Cocoraque in the irrigated
treagament. On the other hand, there was no
significant difference for the number of fertile
spikelets’ear on the tillers. The number of
graindea on the main stems and till ers increased
significantly at the 5% level of probability only in
the Cocoraque alltivar. The main stem number of
grainsea was sgnificantly greaer in the BH-
1146 cultivar comparatively to the Cocorague in
the nortirrigated treament. The tiller number of
grandea was sgnificantly greaer in the
Cocorague adltivar only in the irrigated treament.

It was naticed that irrigation resulted in increase of
the weight of grain/ea of the main stem and ill ers
significantly only in the Cocoraque alltivar. The

main stem grain weight/ea was sgnificantly
greder in the BH-1146 cultivar in the non
irrigated treament, while the tiller grain
weight/ea in the Cocoraque adltivar was only
significently superior in the irrigated treament.
Irrigation also increased the harvest index of the
main stems and tillers ggnificantly only in the
Cocorague alltivar. The harvest index of thetill ers
was sgnificantly greaer in the BH-1146 cultivar
in the norirrigated treament, while the tiller
harvest index of the Cocoraque alltivar was
significantly greder only in the irrigated
tredment. Variation in water regimes causes
different respornses in the genotype harvest index
(Villared et a., 1998.

Theindvidua grain weight of the main stems also
incressed significantly and tillers in the two
cultivars, but there were no dff erences within any
water treament. Supdementary irrigation duing
the plant development only increased significantly
the heaoliter weight in the aultivar BH-1146 The
BH-1146 cultivar was superior to the ‘ Cocoraque’
only in the irrigated treament. The hedoliter
weight was generally low becaise of rain at
maturity (see Table 1). The value established for
wheda commerciadizaion is 78 kghedoliter and
the mills pay 1% more for whea for ead
percentage point abowe 78 kg (Guerra ad
Antonini, 1996.
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The main stem and till er heights of bath cultivars
deaeased under water stress Differences between
the two water treaments could be explained by the
fad that the lower cdl turgidity caused by water
stress deaeases growth by lengthening (Hsiao,
1973 Tyree ad Jarvis, 1982 Kramer and Boyer,
1995. The BH-1146 cultivar was sgnificantly
superior to the Cocoraque bath in the irrigated and
in the norrirrigated treament for the main stem
height. There were no significant differences
among the tested cultivars for tiller height, either
in the irrigated or norvirrigated treagment. The
higher BH-1146 cultivar plant height resulted in
lodgng problems under irrigation.

The plant cycle was sgnificantly longer in the
irrigated treaments for both cultivars. The
Cocoragque adltivar was tardier than the BH-1146
both under irrigation and withou irrigation. Grains
from whed plants grown under goodwater suppy
(irrigation)  condtions ready  physiologicd
maturity up to 20 dys later than those from plants
submitted to water stress(Vill ared et al, 1998.

In the two cultivars used, irrigation increased the
total and the main stem grain yield, the number of
fertile spikelets’ea on the tillers, the main stem
and tiller grain weight, the main stem and till er
height and the number of days to maturity.
Irrigation also increased the tiller grain yield, the
percentage ratio between till er grain yield and total
grain yield, the number of fertile till ers per linea
meter, the number of fertile tillers per plant, the
number of fertile spikelets/ea in the mean stems,
the number of grains per ea in the main stems and
tillers, the main stem and tiller grain weight per
eda, and the main stem and till er harvest index of
the Cocoraque adltivar, which has the gredest
till ering capadty.

The Cocoraque alltivar was superior to the ‘BH-
1146 under irrigation for tiller grain vyield,
percentage ratio between tiller and total grain
yield, tiller number of grains per ea, tiller grain
weight per ea, tiller harvest index and nunber of
days to maturity. Under irrigation, the BH-1146
cultivar was superior to the Cocoraque for main
stem number of fertile spikeletsea, hedoliter
weight and main stem height.

In the nonvirrigated treament, the BH-1146
cultivar was auperior to the Cocoraque for total
grain yield, main stem grain yield, number of
grains per main stem ea, grain weight per main
stem ea, main stem harvest index and main stem
height. The Cocoraque adltivar was tardier than

the BH-1146 cultivar in the norirrigated
treament. The traits ases®d in the tillers had a
greder variation coefficient than those in the main
stems, possbly becaise of the lower values
observed in thetill ers.

CONCLUSIONS

1. Irrigation increased the total grain yield of the
whea crop in environments under water stress

2. Lesswater avail ability deaeased the main stem
and tiller heights and the number of days to
maturity in whed.

3. The BH-1146 cultivar had more stable total
grain yield comparatively to the Cocoraque
cultivar.

4. Thetiller grain yield had littl e influence in the
grain yield, representing at most 11.6% of the total
yield.

5. The increase in the tiller grain yield due to the
incresse in water availability was cultivar
dependent. The Cocorague alltivar was more
resporsive than ‘BH-1146.
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RESUMO

No pesente trabalho, determinouse a
contribuicdo dos dfilhos e perfilhos na
produividade total de dois cultivares de trigo
(Triticum aestivum L.), Cocoraque e BH-1146
submetidos a dais regimes hidricos, um exposto as
cond¢des normais de canpo e outro sobre regime
deirrigac®, em Londina, PR, Brasil. Utilizou-se
0 delineamento bocos completamente
casudlizados, com parcdas aubdvididas, com oito
repeticdes. As caaderistices avaliadas foram
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produividade total de grdos, produividade de
grdos dos dfilhos e perfilhos, relagd da
produividade de grédos dos perfilhos pela
produividade total de grdos, comporentes de
produividade e outros dezesste caaderes. Os
resultados mostraram que o cultivar BH-1146
apresentou maior produividade total de gréos, em
cond¢des de déficit hidrico, em relagé ao cultivar
Cocorague. A produtividade dos afilhos responceu
positiva e significaivamente a irrigagd®, sendo
esta aprincipal causado aumento de produividade
dos dais cultivares testados. A produividade de
graos dos perfilhos powco representou M
produividade total de gréos.
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