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INTRODUCTION

Recommended production practices for new wheat plant types and, to
a large degree, for barley and triticale, are based on those for old
"standard" wheat cultivars. The need for more current agronomic data
is obvious if producers are to realize the full agronomic potentials of
semi-dwarf wheat varieties, barley, and triticale.

The three species and their cultivars differ in many physiological
and morphological traits. Those traits determine the agronomic responses
of cereals to different production practices. Seeding and nitrogen
fertilization rates are among the most easily manipulated agroromic
practices and the most important determinants of grain yield. Optimum
seed and fertilizer rates for the new wheat, barley, and triticale vari-
eties must be tailored to their unique requirements for maximum yields.

Detailed examination of plant growth and development and yield
components gives more information than measuring yield alone. We ob-
tained this detailed information for the three cereals during their most
eritical growth stage - grain filling - under different seeding and
nitrogen fertilizer rates. It is hoped that the information will assist

formulation of improved recommendations for production of these cereals.



REVIEW OF LITERATURE

Plant Growth

Most experiments examining the response of plant characters to nitro-
gen and seeding rate were conducted before the advent of short-straw wheat
and barley wvarieties and high fertilizer usage. In some investigatioms,
variation in grain yield of wheat and barley mainly reflected the effects
of applied nitrogen and seeding rates on leaf area and its duration
(Luebs et al., 1967; Lupton et al., 1974; Fischer et al., 1976; Spiertz
et al., 1978a; Pearman et al., 1978, 1979). -

Studies in Eastern Kansas and elsewhere showed that well fertilized
wheat, barley and triticale had most dry weight and high nitrogen content
at heading, and that grain production depended more on transfer of nutrients
from other parts to developing grain than on further absorption from the
soil (Miller, 1930; Daigger et al., 1976; Bidinger et al., 1977; Lal et al.,
1978; Austin et al., 1980; Karlen et al., 1980). Thus early nitrogen
applicagion and optimum seeding rates were known to contribute signifi-
cantly to yield of winter cereals provided that sufficient green area was
maintained to allow dry matter accumulation in the growing spikes (Khalifa,
1973; Fischer et al., 1976; Thorne et al., 1976; Spiertz et al., 1976).
Elsewhere, Metivier et al. (1977) reported that early application of
nitrate nitrogen to spring barley cultivars produced healthy potted
plants which demonstrated rapid uptake of nitrogen. They showed that
inadequate nitrogen supply lead to considerable reductions in absolute

and relative growth rates, particularly im the shoot. Simpson (1968) and



Williams et al. (1979) reported that maintenance of sufficient green area
above the flagleaf node before anthesis allowed full genetic expression
of kernel size and number in barley and wheat.

Intermittent drying of seed beds, late season heat, and drought fre-
quently limited winter cereal production more than agronomic practices
of geeding rates and nitrogen fertilization in the great plains (Laude
et al., 1955; Brengle, 1960; Smith, 1979, 1980). Thus, yield responses
to high nitrogen fertilization or high seeding rates were marginal or non-
existent (Laude et al., 1955; Harlod et al., 1968; Lundiquist, 1979).

When water and nitrogen rapidly failed elsewhere as in the trials of
Puckridge (1971) and Fischer et al. (1976), anthesis of wheat was pre-
ceded by maximum leaf area index that declined before grain setting.
Several workers (Watson et al., 1958; Khalifa, 1973; Evans, 1975; Mohiuddin
et al., 1980) demomstrated that the size and duration of the flagleaf
determined the yield of most wheats and barley cultivars, particularly

in semi-arid climates where the growing season is brief.

Tanner et al. (1966) in Canada reported that vertical leaves gave a
significant yield advantage to wheat, oats and barley. Angus (1972) in
Australia found that crop photosynthesis was greater with erect leaves
as was yield at high sowing densities in wheat. But, a lax-leafed cultivar
at low seeding rate produced the highest grain yield of all stands. Grafius
et al. (1980) reported that barley leaf canopy integrated over time (leaf
area duration) was significantly related to both fertile tiller number
and seeds per head and had no significant correlation with yield. Berdah
et al. (1972) in Minnesota reported that large-leafed barley lines had
higher kernel weight but comparatively lower yield than small-leafed

lines. They postulated that large leaves in barley favored higher kernel



weights and that small leaves favored more culms. Evans et al. (1970)
reported that in the course of evolution, wheat leaf and grain size
increased while the photosynthetic rate per unit area decreased. Angus
et al. (1972) reported that other effects of leaf inclination probably
counteracted benefical effects of light distribution.

Luebs et al. (1965) and Pearman et al. (1976) reported that greater
transpiring leaf area as a result of nitrogen fertilization caused dry-
land barley and winter wheat yields to decline as water stress increased
after anthesis. Several workers (Luebs, 1965; Ramig et al., 1963; Pear-
man et al., 1979) reported that Nitrogen was inefficient in producing
grain yield becuase it decreased the harvest index of dryland barley and
both short and tall straw winter wheats under dry conditions. Donald et
al. (1976) reported that harvest index of winter wheat was positively
correlated with grain but negatively correlated with weight of vegeta-
tive plant parts, particularly the stems and leaves, and with plant
height. They also found that drought decreased the harvest index of
wheat except when it decreased vegetative growth. Pearman et al. (1978a)
reported that nitrogen decreased the harvest index of both the tall and
short-straw wheat varieties, not only the tall ones as reported by Vogel
et al. (1963). Pearman et al. (1978a) found that without nitrogen, the
harvest index was less in a drought year, but with nitrogen the harvest
index increased because drought restricted luxurious vegetative growth.
Spiertz et al. (1978a) suggested that high nitrogen levels restricted
vegetative crop development and prolonged duration of root activity so
that photosynthesis and grain growth after anthesis would considerably
favor grain yield in winter wheat. However, several workers (Watson

et al., 1963; Pearman et al., 1978b; Thorne et al., 1976; Spiertz et al.,



1978b; Luebs, 1965) reported that nitrogen fertilization increased
green leaf area relatively more than grain yield in winter wheat and
barley when late-season heat and water stress was less severe. Earlier,
Pendleton (1960) reported that yield response of short and tall-straw
winter wheat to nitrogen was not correlated to varietal characteristics.
He suggested that varietal selection contrclled the agronomic character-
istics more than either nitrogen level or seeding rates. The apparent
inefficiency of grain production by wheat and barley leaves given ample
nitrogen was caused by increased leaf area at a time when photosynthetic
efficiency was already diminished by age (Khalifa, 1973; Thorme et al.,
1976; Luebs et al., 1965). Anderson et al., (1975) reported that the
decline of dry matter production in barley at higher nitrogen levels was
due to reduced grain size. Byles et al. (1978) reported that grains of
winter wheat frequently became smaller and shriveled as nitrogen level
increased. Muratal (1969) and Anderson et al. (1975) suggested that
heavy nitorgen fertilization increased the formation of, "yield containers,"
i.e., the grains, more than filling of the grains. Pearman et al. (1978a)
wondered whether small seeds in cereals given ample nitrogen were a conse-
quence or a cause of the inefficiency of leaves in grain production.
Niffenger et al. (1965) suggested that establishing an optimum
plant density from a minimum number of seed was the main objective for
seeding efficiency in wheat. Elsewhere, several workers (Fischer et al.,
1976; Willey et al., 1971) reported that low plant densities of short-
straw wheats and barley were limited by light interception and, conse-
quently, reduced dry matter production. Willey et al. (1971) reported
that rapid leaf scenmescence, increased barrenness, and consequently

decreased harvest index were associated with overcrowding of barley



plants and caused iInefficiency of high seeding rates in grain production.
Fischer et al. (1976) explained the decline in harvest index in over-
crowded short-straw wheats by the observation that maximum grain yield
was reached before most dry matter was produced. MacFadden (1970) re-
ported that higher seeding rates decreased the number of days to maturity
of winter barley. Fischer et al., (1976) observed that the delay in 50
percent anthesis helped low plant densities to reach maximum grain yield
in wheat. Kirkby (1967) reported that increasing plant density depressed
the relative growth rate of barley. Luebs et al. (1976) and Kinra (1960)
reported that selecting proper row spacing distance was important for dry-
land barley and winter wheat production. Bishnoi et al. (1974) reported
that higher seeding rates increased straw weight but not grain yield in

triticale.



Yield and Yield Components

Johnson et al. (1873} stated that significant increases in yield of
winter wheat from nitrogen applications above 67.5 kg per ha seldom occur
under dryland production conditions in the Great Plains. Further increases
in yield levels of winter wheat, barley, and triticale were progressively
more difficult because yield components were greatly influenced by envir-
onment, showed compensating effects, and were negatively correlated to
each other (McNeal et al., 1978; Knott et al., 1971:; Johnson et al.,
1973). Nitrogen and seeding rate were earlier known to influence the
numbers of spikes per acre, kernels per spike, and average kernel welght
in wheat, oats, and barley (Kieselbatch, 1926; Gruitard, 1961; Scheulber,
1967). Several workers (Hobbs, 1954; McNeal et al., 1963; Johnson et al.,
1973; Bishnoi et al., 1980; Zubriski, 1970) reported that nitrogen in-
creased yield of wheat, barley and triticale. Mugwira et al. (1980)
stated that the growing triticale required modifications in agronomic
practices used for wheat production. Zillinsky (1974) cited literature
which showed that triticale was generally less resp;nsive to nitrogen
than bread wheat. He reported that the response of triticale to nitrogen
varied from place to place depending on the variety and residual nitrogen
in soils. Sapra et al. (1971) reported that triticale generally yielded
less, had lower test weight, and poorer grain quality than 'scout' wheat.
Bishnoi et al. (1979) reported that the lower test Qeight of triticale
than wheat and rye was caused partly by its large seed size and greater
shriveling of the kernel. Hobbs (1959), Kinra et al. (1960}, and McNeal
(1963) reported that test weight and often kernel weight were not signi-

ficantly affected by nitrogen application in winter wheat. Conversely,



Rhode (1964) reported that nitrogen significantly decreased kernel weight
in only four of the twelve tested wheat varieties. Johnson et al. (1973)
reported that test weight resﬁonses to nitrogen fertilizer were negative and
linear in winter wheat. They reported that the test weight of 'Lancer' was
reduced from 79.1 kg/hl with no nitrogen application to 77.7 kg/hl at 135 kg
nitrogen per ha. Knott et al. (1971) reported that weight per seed was
positively correlated with grain yield but negatively correlated with the
number of kernels per plot in wheat. Van Dobben (1966) suggested that
additional dressing with small amounts of nitrogen may promote shorter

and stiffer straw and increased kernel weight in small grains. But,

Mienzan et al. (1977) reported that ripening, yield, and test weight did
not change with late nitrogen application. Bishnoi et al. (1980) reported
that nitrogen application did not influence the number of spikes per plant
and test weight of triticale. However, Isabe et al. (1977) reported that
nitrogen~-fertilized plants derived from large kernels produced more spikes
and had higher kernel weights while fertiliéed plants derived from small
seeds had relatively more protein in the grain. Ruffing et al. (1980)
reported that nitrogen up to 100 kg N per ha increased barley yields.
Higher fertilizer rates decreased plumb kernels and promoted lodging.
Several workers (Finker et al., 1971; Lupton et al., 1974) reported that
nitrogen increased spike populations in wheat and barley by promoting
tillering. Pearman et al. (1978) and Kirkby (1967} reported that nitro-
gen increased tiller size and reduced tiller mortality in winter wheat

and barley. Darwinkel (1978) reported that low plant densities promoted
tillering in wheat. ZLarter et al. (1975) reported that higher seeding
rates reduced the kernel, weight of triticale and wheat. Middleton et

al. (1963) reported that low seeding rates decreased the number of



fertile heads per unit area but increased the number of seeds per head

in winter barley. Mariam et al. (1979) reported that 1000-kernel weight,
kernel number per spike, and number of fertile spikes per plant exhibited

a highly significant linear decrease with increased plant density in

wheat and triticale. Zeven (1972) stated that plant density had no

effect on the expression of heterosis for yield and its components in
wheat, meaning that the effects of plant density could be buffered by the
genetic background of the species. Riverland et al. (1979) recommended that
seeding rates of different wheat types should compensate for kernel size
variation. They suggested using 1000-kernel weight of the seed to deter-
mine optimum seeding rate of wheat. Larter et al. (1971) reported that
plant density had no influence on protein in triticale. Hunter et al. (1973)
reported that applying nitrogen fertilizer beyond the rate required for
maximum yield increased the protein content of winter wheat. When ferti-
lizer nitrogen was applied to a growing crop near blooming time, the

grain protein content was increased but yields were not greatly affected
(Finney et al., 1957; Miezan et al., 1977). Miezen et al. (1977) and
Cochran et al. (1978) suggested that applying excessive nitrogen to

increase protein content is not economical or safe because of diseases
(e.g., Fusarium) (Smiley et al., 1972) and pollution of underground water.
Terman (1979) reported that protein concentration in winter wheat was
inversely related to grain and straw yield. Oplinger et al. (1975)

reported that the protein percentage was higher in triticale grain than

in wheat, oats, and barley. But with the higher grain yields of wheat,

oats and barley, their total protein production per unit area was greater
than for triticale. However, Morey et al. (1979) found no large differences

in total protein production among wheat, oats, barley, rye, and triticale.
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Photosynthetic efficiency and grain filling characteristics

Earlier research showed that the supply of assimilate to the grains
of wheat and barley depended on activity and duration of photosynthesis,
mainly in the leaves (Rawson et al., 1965; Friend, 1965; Welbank et al.,
1965). However, Thorne et al. (1979) found that the relationship between
grain yield and LAI at anthesis (or LAD at anthesis to maturity) was not
always as close as reported by Welbank et al. (1968). They found that
increases in LAI above 8 ga#e small increases of wheat grain yield. Although
plant breeders used leaf area duration as one of the visible yield-deter-
mining characteristics, selection for large persistent green leaf area did
not always give high vielding wheat types (Groeneugen, 1979).

Friend (1965) emphasized that grain yield of wheat was mainly deter-
mined in the post floral period by the rate and duration of grain growth.
However, Austin et al. (1980) found that pre-anthesis assimilation of 24
barley cultivars contributed about 44 percent of the grain dry weight in
1976, a drier year, but only 1 percent in 1977, a wetter, cooler year.
Similarly, Bidinger et al. (1977) in Northwest Mexico estimated an increase
in pre-—anthesis assimilation of 14 and 5 percent to final grain weight
in droughted wheat and barley, respectively.

The apparent photosynthetic efficiency of leaves was often measured
by green leaf area ratios to give yield responses of different cultivars
of wheat (Watson et al., 1963; Langer et al., 1973; Brojevic et al., 1980)
and barley (Watson et al., 1958) with the assumption that photosyunthate
production limits grain yield. Earlier work by Watson (1958) showed that
the grain-weight-to-leaf-area-duration (from anthesis to maturity) ratio
was an approximation of NAR after ear emergence in barley. However, the

contribution of NAR by the wheat leaves after flowering was difficult to



11

measure since other green parts (e.g., awns, leaf, sheaths, glumes) were
actively photosynthesizing (Watson, 1963). Brojevic (1980) found that
semidwarf wheats had greater grain weight to leaf area ratio and hence
were more efficient than tall ones in accumulating dry matter to the grain.
Langer et al. (1973) found that nitrogen increased the persistence of green
leaf area (LAD) but depressed the grain/leaf ratio. Thomas et al. (1979)
and Fischer et al. (1965) proposed that LAD was a less useful indicator

of grain yield in cases where grain yield is limited by the number of
grain set, a direct measure of sink size. Brojevic et al. (1980) found

it was difficult to determine the principles governing the effect of green
area attributes on grain yield partly because of the differences in yield
compensation with wheat cultivars and cultivar year interactions.

Many workers attributed genetypic variation in grain weight to differ-
ences in the rate of grain growth (Spiertz and van de Harr, 1978) and the
duration of grain filling (Sofield et al., 1977) in wheat. Keim et al.
(1981) found that a winter wheat, "Yamhill," cultivar was drought resis-
tant by demonstrating a high growth rate during flowering and high kermel
weight while the drought resistance of "Lancer' was related to internal
water stress by maintaining a large number of tillers through development
to harvest. Sappo et al. (1978) found that shriveled lines of triticale
exhibited a lower grain growth rate and shorter filling period than the plump
ones. De Wit (1977) postulated that extension of grain filling period by
improved crop sanitary measures (e.g., disease, weed control, etc.) accoumted
for much of the recent yield increases in Western Europe. Wiegand (1980) in
Texas found that the apparent average grain filling rate in the Northern
Piains of the U.S. was 1.1 mg/kernel/day for wheat during 1978-79. Sofield

et al. (1977} found that genetic factors dominate the rate of grain filling
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and environmental factors (e.g., temperature) dominate the duration of
grain filling. Wiegand (1980) found that higher temperatures during the
post floral period paced plant senescence in wheat and ripening of the
kernels, but shortened the duration of grain filling in wheat and thereby
caused low kernel weights. Daynard et al. (1971) found positive corre-
lations between the actual filling period duration and effective filling
period duration (i.e., final kernel weight to average f£illing rate during
the linear period of grain formation) in corn. Spiertz (1979) suggested
that selection for an extended grain filling period could increase grain
yield in wheat. However, the use of effective grain filling period con-
cept was limited by the recognition of cessation of growth rate in small
grains. Also, exceptions in crop species and cultivars indicated the
relationship between filling period and grain yield was only indirect
rather than direct. For example, cultivars with higher growth rate had a
higher yield but relatively shorter effective kernel filling period
(Austin et al,, 1976). Selection for long filling duration in small
grains meant selection for greater leaf longevity (i.e., increased time
when leaves are active) since the two variables were positively correlated
(Khalifa, 1973; Mohiuddin et al., 1980). Experience showed, however, that
genotype that remained green for a longer time often had a poor rate of
grain growth (Kramer, 1979). That made it possible for green area after
flowering to become a competitive sink (Atsmon, 1979). The physiology

of grain filling suffers from lack of standardized nomenclature and
operational methods apart from the little but scanty information that

was documented.
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Varieties

Triticale (X Triticosecale Wittmack) is a new plant species produced

by crossing tetraplois wheat (Triticum Durum Desf.) with diploid rye

(Secale Cereale L.) following by doubling the chromosome number of the

sterile hybrid to produce a fertile and productive polyploid type
(Jenkins, 1969). Sapra et al. (1973) reported that low grain yield in
triticale was due to its inherent cytological instability. The genetics
of high test weight in triticale is not yet understood. The frequency
of recovering lines of comparable test Weigﬁt from crosses between two
lines of high test weight is low (Cimmyt, 1977). Zillinsky (1974)
reported that visual selection for plumb kernels tended strongly to
eliminate all selections having the dwarfing genes of Norin 10 origin.
Thus, kernel shriveling may be affected by plant height. Selecting
desirable parents or identifying superior progenies is a major problem
(Salmon et al. 1977). Also, small numbers of uniform cultivars are
available compared to other crops. Interest in semidwarf character in
barley resulted from a desire to reduce lodging and increase grain yield.
Allan (1980) stated that probably 50 percent of area in the world sown
to wheat is now occupied by semidwarf wheats which trace their origin

to Japanese semidwarf sources. Several workers (Seiken et al., 1965;
Sunderman, 1964; Heyne et al., 1971) reported that poor plant establish-
ment was a serious problem associated with semidwarf wheat varieties.
Although most semidwarf wheats show some yield advantages compared with
the 'standard' cultivars, their milling and baking quality and winter

hardiness are often inferior (Powers et al., 1978). Oplinger et al. (1975)
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reported that triticale cultivars were later in maturity than wheats and

oats.

MATERIALS AND METHODS
Experiments were conducted on summer fallowed sites on a Tully silt
clay loam soil at Manhattan in Northeast Kansas and on a Harney silt loam
soild at Minneola in Southeast Kansas during the 1979 and 1980 crop years.
Soil characteristics at the respective sites were pH 6.7 and 6.1, 1.3

and 0.77% organic matter, 8.1 and 5.6 ppm available No.,-N, 6.5 and 5.3 ppm

3
available NHZ-N, 28 and 52 kg per ha available P, and 467 and 362 kg per
ha exchangeable K. A uniform application of 30 kg per ha P as triple
super-phosphate (0-46-0) was made before the experiment was initilated.

A gplit-split-plot factorial design with four cultivars as main plots,
three nitrogen fertilizer rates as subplots, and three seeding rates as
sub-subplots in four replications was used. TFour cultivars -- 'Newton’
and 'Sage' wheats, 'Kanby' barley, and '368A' triticale were seeded at
rates of 0.43, 0.87, and 1.3 hl per ha (0.5, 1.0, and 1.5 bu per acre)
for wheat; 27, 54 and 81 kg per ha (24, 48, and 72 lbs per acre) for
barley; and 31, 63, and 94 kg per ha (28, 56, and 84 1lbs per acre) for
triticale. The low, medium and high seeding rates were equivalent to
approximately 1.2, 2.4, and 3.6 million seeds per ha for each cultivar.
Nitrogen rates of 0, 50, and 100 kg N per ha (0, 45, and 90 lbs per acre)
as ammonium nitrate were topdressed during early spring. Each sub-subplot'
was 1.2m wide and 10m long and contained six rows sowed 20cm apart. We
applied 2, 4 D Amine salt at 0.34 kg a.i. per ha in 90 litres spray per
ha when plants were fully stooled during late April 1979. Bromoxynil

and 2, 4 D Amine salt were applied at 0.22 kg a.i. per ha each in 130
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litres spray per ha on 11 May 1980, at Manhattan. The experiment at Minne-
ola was destroyed by hail in 1980. Winter survival, late season weed
infestation, and lodging were determined by visual ratings. Plant heading
dates were recorded in each subplot. Mean plant height was determined
from three measurements taken randomly in each sub-subplot. An area of
9.6 m2 in each sub-subplot was harvested by a plot combine at maturity
at both locations in early July of each year. Moisture content of the
grain was determined with an electronic moisture meter. Grain yield and
test weights were adjusted to 147% moisture content. Samples for 1000-
kernel weight were dried at approximately 60 C for 7 days before 100 ker-
nels per plot sample were counted and weighed. Protein content of grain
was determined by infra-red reflectance and expressed on a 147 moisture basis.
A growth analysis study was conducted on a separate but similar, adja-
cent experiment at Manhattan in 1980. During spring, the plots were regularly
examined to determine emergence and at least weekly to assign a growth stage
on each observation date. Plant growth stages were defined according to
the "Feekes" growth stage published by Large (1954). The beginning of
flowering indicated by the phenological stage 10.5.1 on Feeds-Large Scale
was used to indicate the start of grain filling. The physiological
maturity of grain was taken as a stage 11.2, when kernels were soft but
dry (i.e., mealy ripe) with about 35 percent moisture content.
Twe individual plant samples of 0.25-m row length were harvested
with a hand sickle from two center rows of each sub-subplot 19 May, 29 May,
9 June, 19 June, and at harvest. Also, plant samples were taken at the 50%
flowering date for each tested cultivar. Total and flag leaf area was deter-

mined with a photoelectric area meter (Hartfield et al. 1976). Tillers in each
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sample were counted and leaves and stems were dried at 60 C for leaf,
spike and total dry matter determinations. Mean specific leaf weight,
SLW, was computed as gm dry weight per dmz leaf area for each harvested

plant sample.

The mean leaf area and flag leaf area indices (i.e., LAI and FLAT

respectively), were computed as described by Hunter (1979) and Radford

(1972), using formulae: LAIl_2 = ELA - 1LA cmzfcmz...........(l)
P

where lLA and 2LA were leaf areas in cm2 from effective plot area of P

cmz at .t and ot sampling dates.

1
FLAT = 2FLA - 1FLA SRR S | 14
P

where 2FLA and ,FLA are flag leaf areas obtained at ot and 1t respective

dates of sampling. The mean leaf area duration, LAD, was computed on the
basis of LAI, leaf area (dmz) and flag leaf area (dmz) to obtain compari-

sons of the magnitude of leaf area and its persistence during the crop

growth period.
LAT + 2LAI)(Zt -
2

LAD, . = (1 t)

1-2 L

= days...(3)

where, 1AL and 2LAI were leaf area indices at respective 1t and 2t samp-

ling dates.
LA + 1LA)(2t —lt)

LADA = (2 = du? days...(4)
2
where lLA and ZLA were leaf areas in dm2 atindividual lt and 2t sampling
dates.
Fran w fghoh k FDGE = 0B o 4n? days.. . ()

2

where 1 and 2 were flag leaf areas in dm2 at .t and ,t respective

1 2

sampling dates,
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The mean leaf area ratio, LAR, was computed as the ratic of total leaf
area, to whole plant dry weight i.e.:

— 2
LAR, , = (;LA/W) + (,LA/W) dn*/gm......... (6)
2

where W and 2W were respective whole plant dry weights (gm) per plot at

1
2t and lt respective sampling dates. Formulae (6) was used on assumption
that LAR is linear related to time (Ondok 1971).

The mean leaf weight ratio, LWR, was calculated to measure the degree

of leafiness for plants from each cultivar on a dry weight basis, i.e.:

LWR = (lLW/W) + (ZLW/ZW) gm/gm ........... (7
2

where 1LW and ZLW indicated leaf dry weights (gm) from plant samples at St

and ot dates of sampling. The mean crop growth rate, CGR, was used to
measure the rate of dry matter production per P m2 land area, i.e.:

—— _ 2
CGRl_2 =5X2 -1 g/ SAday. e o 5 5 e (8)

Measurement on the efficiency or relative increase of dry matter production

by plants employed the use of mean relative growth rate, RGR, formula:

—_— log W_log_ W
RGR = ez El

1-2 reported as:

£ - t
2 1 mg/gm/day...... (9)
The relative increase in leaf area percent per day was calculated as:

s 10g LA 1o LA
RILA % per day = o ge2 X 100...(10)

3t~ g

for the sampling intervals from 29 May to 19 June, 1980.

The final spike weight and kernels per O.Zm2 plot sample were obtained
from the last harvest after maturity. Kernel weight was determined directly

from threshed spikes per plot sample after oven drying the grain at 65° C.
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The spike and kernel filling rate, SFR and KFR in, was calculated as:

s WP -, WP
SFR,_, . 1 2. %
t t =

1 = mg/spike/day...... cee (1)
27 -1 NSP

where, lWP and , WP were spike dry weights per O.2m2 plot area obtained

2

at 1t and 2t sampling dates. NSP was the number of spikes per 0.2m2.

Kernel filling rate was calculated as:

WK WK

By w2 = mg/kernel/day........ {12)
Zt = lt KPA

where IWK and 9 WK were average kernel weights per spike at sampling

dates, 1t and KPS was the average number of kernels per spike at a

2t.

sampling interval t. The mean relative filling rate was calculated

» 2t 71
as.;

RFR % per day, log & WK - log . WK

. : 2 % 100........(13)

2 1

The mean effective filling period, EFP, was calculated as:

EFP = WK

s

dBWE 4 5 waiwwsmeEs ¥ § § § 5 3 yeswsneaeses (180

WK
e

)
oo

to give the relative measure of the duration of grain filling. nWK was
the final grain weight;_E_WKe was the kernel filling rate during the
linear phase of growth.dt(Danyard et al., 1971).

The apparent efficiency of the leaves after heading in providing
dry matter for the ear or the grain was estimated as (i) the increment
in dry weight of ears WP, mg/d'm2 between flowering and final harvest in
relation to green leaf arearauration LADA, dm2 days for the same period
{ AWP/LADA reported in mg/dmzfday); (ii) the grain weight to leaf area

duration from flowering to maturity W/LADA in mg/dmzfday; and (iii) the

grain weight to leaf area index at flowering.



The final spike weight and kernels per spike per plot sample were
obtained at maturity from an area of O.2m2. Analysis of variance was
computed for each character relative to nitrogen and seeding rates.
Correlations among important variables in the study were determined.

Noteworthy weather conditions were prolonged cool spring at both
locations and frequent late season rains at Manhattan in July, 1979, dry
seed beds for planting in October 1979, and late season drought and high

temperatures from May to maturity in 1980.
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RESULTS

The growth calendars for wheat, barley and triticale cultivars are
shown in Table I. All cultivars generally grew 7 to 1l days faster to
heading at Minneola and, consequently, were harvested 8 days earlier
there than at Manhattan. Statistical analysis of the data showed that
the season and 1ocaFion had greater effects than seeding rate and nitro-
gen, respectively. Since this study was to study effects of different
levels of management on growth and yield of the cereal cultivars in
semi-arid environment, less emphasis was given to climatic effects-
than to management effects.

The means for vegetative characters of the cultivars are indicated
in Table II. Kanby barley had significantly higher mean leaf area
index (LAI) during 29 May, mean leaf area ratio (LAR) but lower mean
flag leaf area (FLAI) than 368A triticale and the wheats. The triticale
had significantly higher mean green leaf area duration (LAD) from head-
ing to maturicy, crop growth rate (CGR), relative crop growth rate (RCGR),
and accumulated total dry matter (DM) during 29th May than the two wheats
and barley. No significant differences in those morphological characters
were found among the two wheats and Kanby barley. Mean relative growth
rate of leaf area per day (ETEK) was negative for all cultivars; it
declined significantly faster in the two wheats than in barley and

triticale. Mean leaf weight ratio (LWR) was similar for all cultivars.

Nitrogen fertilizer significantly increased LAI, LAD, CGR, RCGR,
DM and decreased the rate of loss of leaf area (i.e., negative RILA), but

decreased SLW in wheat and triticale. Seeding rate significantly increased

20
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Columm means for cultivars with the same letcer are not sipnitteantly divferent at P
Colunn means within each cultlvar underscored with the same ine are not signiffcantly difrerent au P

LAD = leaf acea Index duving 22th May; TAY = mean leaf area index From 19h May Lo 29¢h dune;

arca duration; EAR = mean leal area ratio; LMR = wean leaf welpht ratio; SIW = meauw specifle Leaf weight; CCR = mean crop growch rate; RCCK = wean

L05

level,

05 level.,

TAulh z VLhLCd(‘VL LhdldlLUlB of whuat, hnrl;y dnd lllllLdlL ?u](lVlrhuluderlullrnb;n dltab‘ngh _and uLLdlug Yates at Manhattan, Kansas, 1980
Specle Cultivar _lAR LWR COR RCGR RiLA LAR
h dn? [m g/ g mg /dm? gu/m2fday wg/gm/day 4 per day
Nitrogen
"]Q;ﬂﬁf —————————————————————————————————————————————————————————————————— (] e e e e b b et g
Wheat Sape 0.11 0.23 20.51 59 -4.2 2.53
: 0.13 0.24 23.83 68 -4.2 3.12
100 0.14 0.26 21.96 71 _-2.0 3,64
Mean 0.3 0.24a 2600 65 -3.5a _3:124
Wheat Neweon 0.13 0.22 21.02 59 -5.0 2.8
0.14 0.24 23.91 58 —A.UH 3.36
100 0.15 0.25 26,78 63 -3.5 2.15
Mean 0.550 0.14b G.24a _ 27,89 60L -4.24 1.36a
Barley Kauby 0.16 0,20 20.93 59 -4.0 3.20
0.17 0.3 24.53 68 -1.1 3.57
200 0.17 o.z1b 26,8y 57 -2.2 5.78
Mean 0.17a 0.254  21.68Db 62b _ -2.4h 4.004
Tritlcale o84 0.12 n.18 26.84 68 2.5 2.14
§ 0.14 0.20 29.96 0 -1.7 2.80
100 0.17 0.22 37.04 8 1.4 3.74
Mean 0.14b 0,204 LA 27a o TVa o 1.4b Z.800
Sueding
108 sceds/ha
Wheat Sage 1.3 0.45 1.52 23 0.11 0.27 22.08 63 ~1.9 1.51
2.4 0.51 1.65 22 0.12 0.22 20.47) 67 ~4.71 264
1.6 .42 Test 2 013 0,24 _29.719 _ 67 ~4.4 . 3.12
Mean 0.47ab 1.61L 22¢ 0.1 0.24a 24.10b 65b -3.5a - 3.124
Wheat Newtoa 1.2 0.56 ].79| 24 0.14 0.21 18.93 56 -3.3 3.50
2.4 o.ssl 1.88 25 0.14 0.24 21.066 64 -4.1 3.36
1.6 0.55 2.06 26 0.16] 0.251 3,10 59 4.6 3.36
Hean 0,554 1.91ab 25be 0.14b 0.24a 23.89h 60b  -4.0a __ 573b 1.36a
Bavley Kaoby 1. 0.24 2.29 28 0.16 0.33 17.78 70 -1.4 5.28
2. 2,92 29 0,16 0.22 28.19 75 -2.6 3.52
3. 2.7 27 0.17 0.20 ~ 24.97 68 -3.1 3. 40
Mewn 2.3 _0.i60 00250 349 21,681 621, ~2.4b 2 4004
Toitteale 68A 1, 2.05 0.14 0.19 11,15 78 -1.3 .06
2. 2.0&' 0.15 0.20 12,34 70 -0.8 3.00
3. 2.05 0. u. _0.20 6.9 66 -2.3 2.80
e Mean 2.04a 014 o 0.20a 31.27a 71a 174 663 2.80p

FLAY= Flag leaf area Index duriug 29rh May; LAD = lecat

velative crop prowth rate; KLGR = relative leal growth rate) DM = accumalated dey matter up to 29¢h May (mean of total dry watter Found from 19 aud

29th May samples): RITA = relacive leat prowth rate; VAP = leaf

welpht racilo.
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TAI, CGR and DM, but significantly lowered RILA. Seeding rate above 2.4
million seeds per ha gave no significant increases in LAI, LAD and DM for
wheat and barley. LAR and iﬁﬁ were nearly constant for each cultivar
over the useful life of leaves irrespective of nitrogen or seeding rate
treatment, but that observation may not hold for individual plant leaves.

The simple correlations of vegetative characters of wheat, barley
and triticale cultivars with nitrogen fertilizer and seeding rate are
shown in Table 3. Significant and positive correlations of nitrogen rate
with LAT and LAD were found in all tested species' cultivars. Positive
and significant correlations between flag leaf area duration and nitrogen
were found in wheat and triticale. Seeding rate was positively correlated
with CGR and LWR in Newton wheat and barley. WNitrogen rate was negatively
correlated with SLW in both wheats and triticale. Conversely, positive
correlation was found between SLW and seeding rate in Newton wheat and
triticale.

Grain filling characteristics and related yield components of wheat,
barley and triticale cultivars are shown in Table 4. Both barley and
triticale had significantly higher spike weight, kernels per spike and
mean spike and kermel filling rates than the two wheat cultivars during
1980. However, kernel weights of the two wheats were significantly
higher than that of triticale and similar to that of barley. The wheats
had significantly higher mean effective filling period, EKFP, than triti-
cale and barley. Barley headed three to five days earlier than wheat.
Nitrogen significantly increased mean spike filling rates of all cultivars.
However, nitrogen nor seeding rate influenced the kernel filling rate or

relative filling rate of all tested cultivars.
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Considering each cultivar, higher rate of kernel filling was usually
associated with shorter effective filling duration, EKFP, so kernel
weight at harvest was only slightly affected.

Correlations among grain filling characters are listed in Table 5.

Sage and Newton wheats showed positive and significant correlations between
nitrogen rate and spike weight. Seeding rate was negatively correlated
with mean kernel and relative filling rate of triticale. Strong negative
correlations were found between seeding rate and effective filling duration,
EKFP, in Newton wheat and barley. Similarly, nitrogen had strong negative
correlations with EKFP in Sage wheat and triticale. However, strong positive
correlations were found in all cultivars between effective filling duration,
mean and relative filling rates, MKFR and MRFR (Table 6). The kernel weight
of Sage wheat and triticale was not strongly correlated with spike weight.
Effective filling duration, EKFP, was negatively-COrrelated with spike and
kernel weight in Sage wheat and triticdle.

Apparently efficiency of leaves in providing dry matter for the grain
after heading is indicated in Table 7. Triticale had a significantly higher
increment in spike weight and leaf area duration, LADA, from flowering to
maturity, but had lower kernel and total grain weight per dm2 land area than
the two wheats. Triticale also had significantly fewer headed tillers per
m row than the wheats (Table 7). No significant differences were found among
cultivars in number of kernels per dm2 leaf area, KN/LA. The two wheats
had significantly higher grain to leaf area duration, W/LADA, and grain to
leaf area index, W/LAI, ratios in spite of their lower leaf area durations,
LADA, from flowering to maturity than barley and triticale. Barley had
significantly lower flag leaf area duration, but field observations showed
that its second uppermost leaf persisted longer than the flag leaf of the

two wheats.
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TABLE 6. Simple corrzlations among grain f£illing characters of wheat, barley and
triticale cultivars at Manhattan, Xansas, 1980,
Mean Flag
Mean Relative Zffactive Leat
Spike Kernel Filling Filling Filling Filling Area
Weight Weight Rate Rate Peried Duration Duration
Specie Cultivar FSPWT KWT MKER MRFR EKFP RED FLAD
Wheat Sage
HI 0.041 0.037 0.132 0.102 0.156 -0.321%* -0,145
FLAD -0.123 0.162 0.369* 0.107 -0.366% -0.262
KFD 0.614%* 0.617% 0.138 0.5395**  (0.393*%
EKFP -0.571* -0.104 -0.396*% 0.267
MRFR 0.719%* 0.700%% 0.42
MKFR 0.348% 0.386%
XWT 0.266
Wheat Newton
HI 0.045 0.276 0.255 0.237 0.176 0.203 0.139
FLAD 0.132 0.252 0.359* 0,248 0.135 0.141
KFD 0.401% 0.343*%  0.384%* (,912%%  (.830%*
EKT? 0.633* -0.608%* -0.655%*% ,481%=*
MRFR 0.795%%  (0,504%% [, ,325%%
MKER 0.933%% 0.475%
KWT 0.434% :
Barley Kanby
HI 0.146 0.134 0.102 0.077 0.133 -0.234 0.185
FLAD 0.129 0.120 0.203 0.028 0.021 0.134
KFD 0.477%  0.303%% Q.,425%% (O, 387% 0.479%
EKFP =0.471%% -0.469%% -0,489*% (.325%
MRFR 0.440*%*  (.339%% (,485%
MKFR 0.4532%%  (.344%
KWT 0.398*
Triticale 3684
HI 0.206 0.207 0.274 0.174 0.096 =0.3635 0.063
FLAD 0.331*% 0.303* 0.106 0.13%4 0.404 0.112
KFD 0.673%% 0,732%* -0,367* 0.249 Q.3542%*
EKF?P =0.706%*% -0.404% 0.581%% (. 7L5%*
MRFR 0.638%%  0.4091%*
MKEFR 0.750% 0.582%
KWT 0.21
+Simple correlations for resulcs from 50 Xg ¥itrogen and 2.4 X 106 seeds per ha

treatments.

*; %% - Signifiacnt, highly significanc ac P

.05

and P

.01

level, respectively.



TABLE 7.

Photosynthetic efficlency by leaves of wheat, bavley and crfictdicale cultivars under nitrogen dressings

and secding rates at Manhatvan, Kuansas, 1980.

Specie Cultivar AL KN 1LADA FLADA W LA KN/1A W/LADA LWP /LADA
mp/spike Kernelﬁ -—-dm2 days——- gmldnu2 dm2 kurncls/umz —————mg/dmgldny—————
Nirrogen cdm
_Rate
Tkg/ha e ) = = = = = e e e
Wheat Sage 0 490 111 117 28 1.9 14.5 9.2 16.2 4.2
50 578 147 159 35 2.7 25.3 5.8 16.9 3.6
100 630 166 174 40 2.8 131.8 5.2 16.1 3.6
Mean 566b 149a 150b J4b 2.5 23.9h 6.2a  106.4a 3.80
Wheat Newton 0 503 131 128 32 2.0 19.5 6.7 15.6 3.9
50 673 149 175 36 2.8 28.0 5.3 16.0 3.8
100 692 182 188 37 2.9 11.6 5.8 15.4 Y
Mcan - 623b  154a 163b 35h 2.6  26.4b 5.9 15.7a 3.814
Barley Kanby 0 487 145 159 13 1.6 35.86 5.7 16.0 3.1
50 125 176 224 16 1.8 36.8 4.8 8.0 2.6
100 590 197 236 14 1.9 40.5 4.9 8.0 2.6
Mean 567b __ 172a 706a Y4e _L.B 4.3 5.1a _B.7b 2.8b
Triticale 368A 0 696 112 184 12 1.1 25.4 7.3 8.9 3.4
50 794 140 262 43 1.6 32.8 5.2 8.7 2.9
100 799 154 287 45 1.7 36.6 4.2 7.8 2.5
Mean 763a 135 241a 40a 1.5 26.5b 5.6 8.4k 2.4,
Seeding o
(Rate we KN pAJ (LADA M, 1A, KN/LA wilay
Kg/ha mg/splke kcrnﬁls cm:/ dn” days gm/dm din kernels/dm x10
Jdm cm”
Wheat Sage 1.2 519 143 1.733 33 2.2 13.5 10.6 17
2.4 607 162 2.85 36 2.5 29.0 5.6 9
3.6 578 141 2.89 34 2.7 29.3 4.9 9 e
Mean 568b 14%a 2.135b 34b 2.5 2%.9b 6.2a 12a
Wheat Newton 1.2 564 140 1.51 6 2.2 15.3 7.6 15 -
2.4 616 155 3.01 36 2.7 30.6 5.1 9
3.6 678 167 1.27 34 2.8 33.2 5.0 9
Mean 6213b 154a  2.60b_  35b 2.6 26.4b 5.9 B tla B
Barley Kaunby 1.2 571 141 2.65 16 1.5 26.1 5.7 6
2.4 563 192 3.74 14 1.8 38.0 4.8 5
3.6 566 183 1,80 13 2.0 386 4.1 5.
Mesn 567h 1724 3.%8a l4c 1.8 34 . 3a 3.14 Sh
Triticale 368A 1.2 769 123 .77 40 1.2 18.0 6.8 7
2.4 760 136 2.50 473 1.6 24.7 5.5 6
3.6 759 147 3.1 19 1.6 6.1 4. 5
Muean 763a__ 1135h 2.59h 40a 1.5 26.13b 5.6a 6b L
Column means with the same letter are not significancly different at P 05 level.

‘2
AWP = change to spike welght (headlong to maturity) mg; KN = kence s/dm”; LADA = leafl area doration-gnthests co

maturity;

FLADA = flag leal avea duration; W = gram weight (mg/dm”); LA = leaf arca ac aonthesis (dm™); LAl = leaf

arca Index ar anthesis; W/LADA; AWP/LADA = eéstimales of grain/leaf arca duracion ratlo; W/LAL = grain/leaf arca

ratio,

29
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Nitrogen significantly prolonged longevity of total green leaf and
flag leaf areas, LADA and FLADA, and increased grain weight per dm2 land
area in Sage and Newton wheats, but reduced the grain to leaf area dura-
tion in triticale and barley. Seeding rate increaseé leaf area, LA, but
significantly reduced the grain to leaf areaz index ratio, W/LAI, in all
cultivars. Both nitrogen and seeding rate increased kernels per'dm2 land
area but decreased kernels per dm2 leaf area and grain leaf ratios (i.e.,
W/LADA and W/LAI), respectively. However, increases in either nitrogen
or seeding rate above 50 kg N or 2.4 million seeds per ha, respectively,
had no effect on kernels per leaf area and grain leaf area ratios.

Grain yield and yield components for tested wheat, barley and triti-
cale cultivars at Manhattan and Minneola were indicated in Tables 8 and 9,
respectively. Yields of the two wheats were significantly higher than
that of barley and triticale at both locations. Although triticale had a
significantly higher number of kernels per spike, days to heading and
plant height, it had significantly lower headed tillers per m row, kernel
weight, test weight and harvest index than the wheats' (Table 8). Test
weights of barley and triticale were comparable in spite of the signifi-
cantly higher 1000-kernel weight of barley than of triticale at both loca-
tions. Barley had lower percent protein and days to heading but had higher
lodging score than the wheats at both locations. The harvest indices of
Newton wheat and barley were similar but significantly higher than that of
triticale at Manhattan. Sage wheat and triticale were taller than barley
and Newton wheat at Manhattan.

A summary of the means of yield components from the analysis of vai-
ance for nitrogen and seeding rate appears in Tables 8 and 9. Nitrogen

fertilizer and seeding rate treatments significantly increased grain
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yield and headed tillers per m row in all cultivars at both locations.
Nitrogen above 50 kg per ha significantly increased plant height and per-
cent protein, but slightly decreased the harvest index of Newton wheat

and barley. Percent protein of barley was not affected by nitrogen but

the number of kernels per m row of barley increased with higher nitrogen

at Manhattan. Significant reduction in percent headed tillers were associ-
ated with nitrogen rate and seeding rate above 50 kg and 2.4 million seed
per ha, respectively, in Newton wheat and barley. However, nitrogen signi-
ficantly increased the headed tillers in Sage wheat. Nitrogen above 50 kg
per ha significantly extended the heading date two days in Sage wheat and
triticale. High seeding rate significantly increased plant survival (i.e.,
low survival scores), but slightly reduced kernels per spike in all culti-
vars at Manhattan. Kernel and test weights were influenced little by

plant density and nitrogen, although there was a trend towards relatively
smaller and lighter seeds at rates above 50 kg nitrogen and 2.4 million
seeds per ha, respectively.

Simple correlation coefficients between grain yield components and
nitrogen and seeding rate treatments are shown in Table 10 for Manhattan.
Grain yield, kernels per spike, kernels per m row, headed tillers and days
to heading were positively correlated with nitrogen and seeding rate, respec-
tively, in nearly all cultivars, Positiﬁe correlations were found between
seeding rate and grain yield and winter survival in both wheats and barley.

Correlations among yield components of wheat, barley and triticale are
shown in Tables 1la and 11b for Manhattan. Grain yileld was positively corre-
lated with spike number per m row and kernels per spike in all cultivars.
Negative correlations were observed between grain yield and percent protein

in barley. Kernel weight and test weight were negatively correlated with
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spikes and kernels per m row in Sage wheat and Kanby barley. Also corre-
lations between test weight and lodging score were strongly negative in
both wheats and triticale. Plant height was positively correlated with
lodging in all cultivars, but was negatively correlated with harvest index
in Sage wheat and triticale. Winter survival was positively correlated
with grain yield in Sage wheat, barley and tfiticale. However, negative
correlations were found between kernel weight and winter survival in Sage

wheat and triticale (Tables 1la and 11b).



DISCUSSTON

Analysis of growth:

A notable part of variation in accumulated dry matter was attributed
to the effects of nitrogen and seeding rate treatments on leaf area index
and leaf area duration. But, owing to post floral high temperatures
and rapidly falling moisture levels, neither nitrogen nor seeding rate
treatments raised the leaf area index above 4 at 50% flowering or there-
after in all cultivars. Alternatively, low values of LAI meant low leaf
transpiring area.

Since the crop growing season after heading and, consequently, leaf
area duration, were brief, accumulated dry matter was partly determined
by the contribution of nitrogen and seeding rate treatments to early growth.
The importance of pre-anthesis assimilation to the growth of the spike
components was shown by several workers in wheat (Bidinger et al., 1977)
and barley (Austin et al., 1980). Our results suggest that greater photo-
synthetic capacity can be achieved after flowering by increasing leaf
longevity since that will not increase total vegetative growth (Bingham,
1966; Spiertz, 1978).

Nitrogen fertilization increased the leaf area index after heading
by increasing the total number of headed tillers per m row and reducing
the specific leaf weight. Also, the long persistence of realtively
larger leaf areas in high nitrogen plots was mainly due to significant
reduction in the relative rate of leaf area loss, RILA, (i.e., nega-

tive relative rate of leaf area growth) and

38
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specific leaf weight (Bingham, 1966). However, low specific leaf wedghts
of leaves at higher plant densities above 2-4 million seeds per ha were
associated with small thin leaves of relatively lower leaf area per plant
in all entries. Yet, the faster relative rate of loss of leaf area per-
cent per day at high seeding rates was associated with non-significant
reduction in leaf area duration because of higher leaf area indices at
high plant densities. The greater leaf areas were found in high density
treatments after heading. However, if the photosynthetic area of the
spike was also considered, the apparent differences between treatments
would be affected.

Increases in accumulated dry matter after heading were related to
the increase in spike weight of the two wheats and barley, because the
two measurements were similar (Watson et al., 1963). High crop growth
rate and high relative growth rate percent per day accounted for increased
accumulated drvymatter with nitrogen fertilization (Brunori et al., 1980).
Conversely, the marginal differences in accumulated dry matter with
rates above 2.4 million seeds per ha were due to depressed relative
growth rates at high plant densities (Kirkby, 1967). The leaf weight
ratio indicated the proportion of photosynthetic to non-photosynthetic
tissue (Hunt, 1978). Marginal differences in leaf weight ratio were
observed, but the highest leaf weight ratios were found in the lowest
seeding rate treatments (Kirkby, 1967). That indicated the relative
increase in leaf thickness at low plant densities of Sage and Newton

wheats and Kanby barley (Darwinkle, 1978a; Kirkby, 1967).
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A wider variation in vegetative growth between wheat, barley and
triticale cultivars after heading reflected differences in the duration
of flower initiation, apical morphogenesis, leaf production and tiller-
ing. The relatively large leaf area per plant, higher crop growth rate,
and, consequently, higher accumulated dry matter per m2 indicated the
potential of triticale to produce substantial amounts of vegetative mass
and qualify as a fodder crop under intensive management. The long leaf
area duration of barley was partly caused by its early heading. The two
wheats developed relatively large leaf area index at flowering, but
formed two compact a canopy thatlead to fast senescence of lower leaves.
That consequently reduced leaf area index at the milk stage and caused

shorter LAD than in triticale.

Tillering:

Contrasting tillering performance among cultivars was attributed to
differences in tillering capacity and response to nitrogen and seeding
rate treatments. Although barley had higher maximum tillering capacity
than the wheats and triticale, it had significantly lower percent tillers
that survived to maturity. The ability of Kanby barley tec produce many
tillers and their sensitivity to stress indicated the potential to adapt
to a wide range of climatic conditions. Triticale had the lowest tiller-
ing capacity and headed tillers per m row, but it had the highest percent
of stems initiated that produced kernels. To increase yield per unit area,
continued breeding efforts of a short-straw triticale with tillering

capacity similar to that of Newton wheat might be a worthwhile objective.
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Variation in tiller number per m row indicated that the biomass
distribution was affected by late season heat and water stress. The
lower percentage headed tillers for 1980 than 1979 was due to severe
reduction in tilier number with earlier omset of high temperatures and
and water stress. Although Hurd (1971) argued that tillering may be an
unwanted luxury in dry areas by wasting soil moisture, our study indi-
cated that the final spike number per m row contributed significantly
to the final yield per ha. Hence, the ability of wheat, barley and
triticale to maintain a high number of kernel-bearing tillers until
maturity was regarded as an important trait contributing to yield under
intermittent late season heat and water stress in Kansas.

The percentage of shoots that survived and produced seeds was
highest when no nitrogen fertilizer was applied or when seeding rate
was low in all cultivars. The marginal but consistent effect of nitro-
gen fertilizer on reducing the percent headed tillers was considered an
expression of increased competition between more numerous tillers for
limited resources. Although increases in seeding rate increased the
number of headed tillers by increasing the main culms that produced
few tillers, the percent headed tillers was severely reduced by earlier
competition and prolonged gradual tiller death in wheat and barley culti-
vars until maturity. Darwinkel (1978a) assumed that at higher densities

tiller growth suffered because of increased competition for light.
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Photosynthetic efficiency:

Because of the differences in grain/leaf ratios (W/LADA and W/LATI
AWP/LADA) among species, higher grain yields of Newton and Sage wheats
were caused, at least in part, by greater production of dry matter from
the leaves during the pre or post floral periods (Watson et al., 1963;
Kirkby, 1966; Brojevic et al., 1980). However, the comparatively lower
grain leaf ratios of barley and triticale were caused by other factors.
If photosynthate production limited grain yield, low grain/leaf ratio
implied that the spikes of barley were not able to accomodate all the
carbohydrate produced from relatively larger photosynthetic areas
(Welbank, 1966: Langer et al., 1973). Like other six row barleys, the
head of Kanby was commonly reduced in size with somewhat restricted
glume capacity that probably aided in producing unacceptably small
grains (Elliot et al., 1976). The largest spike capacity (i.e., high
potential of grain size and numbers) of 368A triticale than Kanby barley
and the two wheats, did not emphasize that view in spite of its 10-14
percent infertility. However, most workers (Sapra, 1973; Kaltsikes,
1979; Thomas et al., 1981) relate the inefficiency of triticale culti-
vars in producing high grain weight relative to their large leaf area to
factors (i.e., shriveling and poor sink performance) not caused by poor
supply nor incorporation of photosynthate into kernel dry matter. No
distinction can be made between low rates of photosynthesis and a low
rate of translocation in this study.

Differences in grain leaf ratio among cultivars were also related
to their growth habits. Although Kanby barley produced large leaf area

per m2 and was shorter than 368A triticale and Sage wheat, early lodging
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perhaps made translocation of available photoassimilates to the grain
proportionately lower to the photosynthetic potential (Brojevic et al.,
1980). Also, the lack of lodging despite the higher plant height of
368A triticale than the wheats and barley cultivars, showed that part of
the dry matter produced from the leaves was used for supporting tissue
in the stems. Salminen et al. (1978) found that triticale showed an
increase in weight of vegetative parts during seed maturation. That
could partly explain why 368A triticale was most efficient in producing
total dry matter per plant but was least efficient in producing economic
yield. Lack of significant correlations between the final spike weight
and kernel weight and significant correlations between leaf area and crop
growth rate may also indicate the preferrential accumulation of the
photosynthate into plant organs other than the kermels. Since Kanby
barley had the lower percentage headed tillers but higher maximum tiller-
ing capacity than Newton and Sage wheats and triticale, the early rapid
tiller death may not permit enough translocation of dry matter to the
main shoot. Thus, rapid tiller removal was ancther sink for dry matter
produced by Kanby barley leaves that contributed partly to its low grain
leaf ratios. Senescence of leaves was postponed considerably more in
triticale than in wheat and barley cultivars. Itwas likely under high
temperatures and water stress that the rate of photosynthesis per unit
leaf area after flowering of triticale was diminished by age. Thorne

et al. (1975) reported low photosynthetic rates per unit leaf area in
persistent wheat leaves. Differences among cultivars in leaf area
duration and the number of headed tillers per m row may partly reflect

relative efficiency of root systems to take up water and nutrients.
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The study indicated the difficulty of showing the cause and effect relation-

ship between green leaf area and grain yield in wheat, barley and triticale.
Nitrogen iqcreased the number of kernels per dm2 land area but

decreased the number of kernels per leaf area indicating that nitrogen

did not necessarily increase sink capacity relative to photosynthetic

capacity. The increase in number of kernels per dm2 land at high seeding

rates was due to the increase in number of headed tillers per m row that

compensated for a decrease in the number of kernels per spike in wheats

and barley. Higher seeding rates above 2.4 million seeds per ha

decreased the number of kernels per dm2 leaf area, indicating the possi-

bility that early leaf shading before flowering limited the genetic

expression of kernel size and number.

Grain filling:

Qur measurements of mean kernel filling rate of 1.3 mg kernelﬁl
daj,r“1 during May and June 1980 were slightly higher than the statisti-
cally predicted average of 1.1 mg kernel"1 day—l for wheat grown in the
U. S. Great Plains during 1979 (Wiegand, 1981). Higher mean daily air
temperatures of 23 C (i.e., 28.7 C and 16.9 maximum and minimum temp.,
respectively) during May and June 1980 as compared to 20.3 C (i.e.,
26.9 C and 13.7 C maximum and minimum temp.) during 1979 for the same
period possibly caused the faster initial filling rates (N.0.A.A. 1979,
1980) and hastened ripening of kernels. Wiegand et al. (1981) in Texas

reported a 2.8 mg kernel-l decrease for one °C rise in air temperature.
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Consequently, the depressed effective filling period duration hastened
leaf senescence and prolonged gradual tiller death until maturity
accounted for the lower final yield per ha during 1980 than during
1979 in all tested cultivars.

Lack of appreciable differences in kernel filling rate and effective
filling period duration due to nitrogen fertilization or seeding rate
indicated the limited contribution of those treatments to grain filling
attributes. However, higher spike filling rates induced by high
nitrogen fertilization were usually associated with depressed effective
filling period and slightly reduced kernel weights. Since a megative
correlation between grain yield and percent protein was demonstrated
in all cultivars, it is logical that preferrential accumulation of
nitrogen relative to starch with advancing stages of seed develop-
ment slowed down the rate of dry matter accumulation in spite of higher
initial filling rates and, consequently, depressed the effective kernel
filling period duration and grain weight. Nitrogen fertilization
increased the days to heading but decreased effective filling period
duration by similar magnitudes. However, the association of low kernel
weights of the two wheats and barley with low relative dry matter incre-
ments percent per day at higher seeding rates was a reflection of early
competitive effects for substrates and nutrients. Because higher seed-
ing rates depressed the harvest indices of those cultivars, it is not
surprising that a greater proportion of the dry matter was accumulated‘

in the straw and chaff. Limited translocation of the photosynthate
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also possibly disfavored the kernels. Lack of assimilates and nutrient
uptake may not be the ultimate reason for cessation of kernel filling
for all cultivars; genetic factors were possibly more important.
Significant differences in the mean filling rate and effective
filling period duration among wheat, barley and triticale cultivars
indicated that genetic effects on grain filling attributes should be
expected. Since the cultivars differed significantly in days to 50%
flowering, they experienced different regimes of water availability,
temperature and other factors that partly contributed to the observed
differences in the rate and effective durafion in kernel filling. 1In
the late flowering triticale, the grain filling period came during a
time of high temperature that caused faster initial growth rates but
very brief effective kernel filling period duration. That limited
genetic potential for yield in triticale by further raising 1ts percent
protein (Spiertz, 1977, 1978) worsened the shirveling nature of the
grain. The high kernel filling rate of barley was caused by early
flowering and faster maturation. The shorter kernel filling period of
barley than the two wheats can be explained by its rapid rate of dry
matter accumulation. Thus, barley demonstrated that it may be advan-
tageous to fill kernels at a maximum rate after attaining maximum
spike capacity so that maturation and harvest can be completed early.
Hence early flowering, rapid grain f£illing and short filling duration
for barley may represent a better breeding objective in areas of short
growing seasons. The effective filling duration of Newton and Sage
wheats were relatively longer than those of triticale, which probably

compensated for their lower kernel filling rates than triticale.
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Comparing mean kernel filling rates and effective filling period
duration of different cultivars was complicated by differences in average
kernel size and maximum kernel weight, respectively. Differences in
the spike filling rate among cultivars were partly influenced by
kernel number per spike. A positive correlation between mean filling
rate and effective filling period duration in Newton and Sage wheats
showed the possibility of a positive interaction of the two features,
and development of wheat cultivars of high mean filling rate and longer
filling durations could be possible. However, Brunori and Mickle (1980)
suggested that high rate and 1ong filling duration may not combine
easily in wheat. Difficulty was expressed in identifying grain maturity
by Large-Feekes' scale because a frequent sampling during mealy ripe
stage would have lead to a large number of harvested samples that were
difficult to handle., Darwinkel (1980) suggested that the start of dis-
colouration of chaff might be a useful indicator of cessation of kernel
growth other than the loss of green area in other plant parts. Also,
50% flowering was found to be too early for the start of kernel filling
although there was little ambiguity in its identification. Since
effective filling period duration was a numberical function of the mean
kernel filling rate, it is no wonder that individual observations were
correlated. In correlating the means, however, some of the close numerical
relationship was expected to be removed by averaging. There was scanty

information on the physiological factors that controlled grain filling.
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From correlation analyses, it is likely that physiological functions
that determined kernmel filling characteristics were, to some extent,
independent of fumctions that controlled grain maturity. That should

not preclude some genetic linkages.

Yield and yield components:

Differences in yield components among wheat, barley and triticale
were sufficient to suggest that their tested cultivars had different
patterns of attaining maximum yield. The two wheats, Newton and Sage,
had more headed tillers per m row, higher kernel and test weight and
winter survival; Kanby barley had more kernels per spike and headed
tillers per m row but lowest percent protein; while 368A triticale had
the highest kernels per spike and percent of shoots that survived and
produced spikes.

The grain yield per ha of each cultivar highly depended on the
expression of its predominating yield compoment. Thus, the yield of
Newton and Sage wheats highly depended on the number of headed tillers
per m rvow and 1000-kernels weight, and moderately depended on kernels
per spike. Also, Pearman et al., (1978) found that semidwarf wheats
had many kernels per spikelet. Grain yield of Kanby barley was domi-
nated by the kernels per spike and kernels per m row. Yet, 368A
triticale struggled to compensate for its lower winter survival,

1000-kernel weight and consequently low grain yleld by retaining more
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of its produced shoots to produce larger spikes and higher kernel number
per m row. However, comparisons for yield potential between wheats and
triticale considered wheat as a long term end result of breeding and
selection while 368A triticale was most recent and stemmed from newly
synthesized species.

Close examination, however, showed that Sage wheat was less suc-
cessful than Newton wheat at Manhattan because it was unable to maintain
higher 1000-kernels and test weight of its large number of kernels per
épike under the experimental conditions. As the growing season was
more limiting late in the season, late determined yield compogénts of
percent headed tillers, 1000-kernels weight and test weight were strongly
expressed in grain vield per ha apart from the early determined kernels
per sﬁike. The consistency in grain yield per ha of Newton and Sage
wheat at Manhattan was possibly facilitated by their large and presistent
flag leaves (i.e., considerably longer flag leaf area duration) and
.relatively longer effective kernel filling period duration because the
yield components of 1000-kernel weight and test weight were likely to be
influenced by the level and rate of dry matter supply. 1000-kernel weight
and kernel number per spike were sometimes regarded as good characters
for indirect selection for grain yield in wheat,

The realtively shorter straw and large grain weight contributed
to large harvest indices of Newton wheat. However, the large harvest
index of Kanby barley was mainly due to its shorter straw and large but

compact head. The low grain yield of Kanby barley despite its high
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harvest index was mainly caused by early lodging. Negative correlatiomns
between test weight and lodging were found in Sage wheat, barley and
triticale. Since the total dry matter did not change appreciably, it
was possible for the developing spike to compete with the extending
stem for assimilates and, consequently, produce large compact spikes
on a less supporting, materially exhausted stem. Significant higher
harvest indices of semidwarf wheat and barley suggested that they were
better able to withstand disadvantageous changes in the environment.
The harvest index was positively correlated with grain yield and
test weight for Newton wheat. The negative correlations between
harvest index and plant height and lodgine, respectively, in 368A
triticale and Kanby barley suggested that selection for stiff straw
in Kanby barley and short in straw in 368A triticale may improve their
grain straw ratios. The highest percent protein of the whole kermel of
368A triticale indicated its potential value as a feed grain irrespec-
tive of its characteristic shrunken kernels. In that regard, Thomas
et al. (1980) suggested that maximum grain yield per ha was the most
important breeding goal in triticale. That objective may be reached
by increasing the number of headed tillers per m row, spikelet fertility
and reduction in plant height of 368A triticale. However, Sage and
Newton wheat may have produced higher total protein per ha because of
their relatively higher number of kernels per m row and grain yield per
ha than 368A triticale. The lower kernel weight and protein content of

barley than the tested wheat cultivars suggested improvement of the
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feeding quality of the grain. While the notable increase in protein
percent of Kanby barley with nitrogen fertilization would make it valu-
able for feeding ruminants. Although nitrogen increased the protein in
wheat, barley and triticale cultivars, profitable use of nitrogen
fertilizer may also require a price premium for portein.

Nitorgen had a strong positive association with grain yield, plant
height and days to heading. Such associations were undesirable because
correlations between grain yield and days to heading and plant height,
respectively, were negative particularly in Newton wheat and 368A
triticale. Lodging was negatively correlated to test weight and some-
what to kernel weight in all species' cultivars. Thus, nitrogen produced
much kernels per m row of high protein percent but lower test weight
especially in wheat and triticale. The fact that nitrogen increased
the proportion of poorly filled grains in wheat was demonstrated by
Bayles et al. (1978). The general effect of nitrogen fertilization
in this study was to increase the number of headed tillers per m row
and kernels per spike and to somewhat decrease the weight of the kermels
in all entries especially during a more dry year, 1980. Increasing
seeding rate from 2.4 to 3.6 million seeds per ha, however, resulted
in little change in grain yield in spite of 3.6 million seeds per ha
treatment produced the most dry matter per ha in all entries. That
indicated the optimum grain yield was reached at seeding rates less
than 3.6 million seeds per ha in all tested species' cultivars. Also,

there was a trend towards smaller kernels at high seeding rates.
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Generally seeding rate increased grain yield per.ha by mainly increasing
the number of headed tillers per m row in all species' cultivars.
However, tillering was less important.in 36SA triticale than wheat and
barley. The higher harvest index at low seeding rate did not suffi-
ciently compensate for the low headed tillers per m row and grain yield
per ha was low at low seeding rates.

Plant population differences resulting from the seeding rate treat-
ments were not largely eliminated by the differences in plant survival
in all species cultivars. Generally, Newton and Sage wheats had a
higher yield potential than Kanby barley and triticale. Like other
semidwarf wheats, however, Newton yielded grain of variable quality

(test weight range 76.9 - 78.2, pretine percentage 12.2 - 13.1}).
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ABSTRACT

Production practices for new wheat plant types and, to a large
degree, for barley and triticale, are modifications of practices used
for old, "standard" wheat cultivars. We compared agronomic potential
and requirements of tall and semi-dwarf wheat cultivars, barley and
triticale under different nitrogen fertilizer levels and seeding rates.
Separate analyses of plant and kernel growth and yield components
suggested ways to improve cultivars of the three species. Field studies
were conducted on summer-fallowed sites on a tully silt clay loam soil
at Manhattan in Northeast Kansas and on a harney silt loam soil at Minne-
ola in Southeast Kansas during the 1979 and 1980 crop years. A split-
plot factorial design with four cultivars as main plots, three nitrogen
fertilizer rates as subplots, and three seeding rates as sub~subﬁ10ts in
four replications was used. Four cultivars —— 'Newton' and 'Sage' wheats,
'Kanby' barley and '368A' triticale -- were seeded at rates of 1.2, 2.4
and 3.6 million seeds per ha for each cultivar. WNitrogen rates of 0, 50,
and 100 Kg N per ha as ammonium nitrate were top-dressed during early
spring. Samples for yield and yield component determinations were taken
at harvest. A growth analysis study was conducted on a separate but
similar adjacent experiment at Manhattan during 1980. Samples for plant
growth analysis and kernel filling rate determinations were collected
at ll-day intervals from the onset of flowering during May until harvest
in late June.

Nitrogen fertilization and seeding rate increased total accumulated

dry matter per m2 in wheat, barley and triticale cultivars. Early



nitrogen fertilization and seeding rate, respectively, increased the
number of headed tillers per m row and hence the spike density for
wheat, barley and triticale cultivars. Leaf area index, LAI, and ker-
nels per m row were increased by nitrogen fertilization and seeding
rates above 2.4 million seeds per ha in all cultivars. Nitrogen ferti-
lizatien above 50 kg N per ha prolonged duration of green leaf area,

LAD, and reduced specific leaf weight, SLW, and the relative rate of

leaf area loss, RILA, in wheat, barley and triticale. Seeding rate
above 2.4 million seeds per ha gave thin but relatively smaller leavgs
and reduced the specific leaf weight, SLW, particularly in the two
wheats and barley. Seeding rates above 2.4 million seeds per ha accel-
erated leaf area loss (i.e., more negative RILA) in the two wheats and
barley. Heavy seeding rates significantly increased survival of barley
and triticale. Tillering was less important as yield determinant in
triticale than in the other species. The percent of shoots that produced
spikes was highest when no nitrogen fertilizer was applied or when seed-
ing rate was low, but those did not compensate for low accumulated dry
matter per m2 and grain yield per ha. Barley and triticale had lower
grain/leaf ratios and thus w;re less efficient in accumulating dry matter
than the two wheats. TIncreases in nitrogen fertilizer or seeding rates
depressed the grain/leaf ratios by significantly increasing gree; leaf
area duration after anthesis or LAI at anthesis in the two wheats,

barley and triticale. Differences among species in earliness of head
emergence partly caused variation in effective kernel filling period
duration. Nitrogen fertilization increased days to heading but decreased
the effective filling duration period of the two wheats, barley and

triticale. Higher spike filling rates induced by high nitrogen



fertilization were associated with restricted effective filling period
duration and slightly reduced kernel weights in barley and triticale.
Triticale exhibited kernel shriveling, taller plant height and, conse-
quently, lower harvest index than the two wheats and barley. The two
wheats had relatively higher kernel weights and longer effective filling
period duration than barley and triticale. Higher mean kernel filling
rate of the late maturing triticale was compensated by depressed effec-
tive duration of kernel growth. Number of kernels per spike dominated
the grain yield of barley and triticale. Shorter straw and large but
compact spikes caused high harvest indices of barley and Newton wheat.
Severe lodging probably contributed to low grain yield per ha of barley.
High percent protein of triticale grain indicated its potentlal as a
feed grain. Barley had the lowest protein percent. Differential grain
yield per ha responses among species ko nitrogen and seeding rate depended
on number of headed tillers per m row and ability to withstand competitive
gtresses that limited the spike size and late yield components (mainly
1000~kernel weight) later in the season. High kernel filling rates and
early emergence of spikes may extend the useful life of green leaf area
and kernel filling period fo; higher yield in areas of short growing
season. Marked improvements in winter survival and kernel weight and
response to management practices will be essential for triticale to
compete successfully with wheat. Increased seed size, plumbness of
kernels, and lodging resistance will improve the grain yielding ability

of barley.



