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ABSTRACT

Three cultivars of hexaploid triticale (X Triticosecale Wittmack.) and one

barley (Hordeum vulgare L.) cultivar were examined at three planting densities,
150, 325 and 500 plants m™? at two field sites, with low and high fertility, in a
factorial experiment arranged in a randomized complete block design at
Agricultural Research Station of Shiraz University, Shiraz, Iran. The results showed
that for most of the characters investigated, there were significant differences
between ‘Valfajr® barley and the triticales, and also among the three triticales.
Effects of plant density on number of fertile spikes m'?, number of kernels spike',
mean kernel weight, phytomass and grain yield depended on genotype and soil
fertility., Combined analysis showed that increasing plant density from 150 plants
m? to 500 plants m increased grain yield in both barley and triticale cultivars.
Number of fertile shoots per plant and kernel number spike™' showed a significant
decrease as planting density increased. The higher biological yield in barley was

mainly associated with higher grain vield. Harvest index was not significantly
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influenced by density at two sites, however, the barley plants had higher harvest
index than triticale cultivars. Further research may shed more light on potential use

of triticales in low fertility soils of southern Iran.
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INTRODUCTION

Grain vield of cereals is the result of many plant growth processes which
arc ultimately expressed in terms of yield components. i.e., productive spikes
m2, kernels spike’'. and mean kernel weight. The highest grain yicld could
be expected when all yield components are optimized for a specific
environment. The response of triticale yield and yield componcnts lo
planting density has been the subject of many investigations (c.g.. 5, 9, 10,
12). Larter et al. (12) reported that the effect of seeding rate on grain yield
diffcred among the triticale cultivars. Bishnoi (4) also concluded that each
genotype had its maximal yicld at a specific optimal seeding rate. Jedel and
Salmon (10) reported that planting density effects on grain yield of winter
cereals varied among seeding dates. They concluded that sceding rates had

no effect on grain yield exceptin 1 out of 3 years when the highest yiclds
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were at 258 seeds m™ for the early September and at the 328 seeds m™ for
the late September sowing under central Alberta conditions. Furthermore,
Yau (21) showed that biological yield of triticale was greater than that of
barley at the more favorable site, and less than that at the less fertile and the
drier site. However, in Syria, triticale has been reported to have lower yields
than the best barley cultivars (3). In some other studies (e.g., 15) triticale
produced lower grain yields than barley and oats but similar yields to wheat.
However, comparisons of triticale lines with other cereal crops for yield have
shown that some triticale lines outyielded rye and wheat (5), or barley, oats,
rye and wheat (14).

There is not enough information about the effect of planting density on
yield and yield components of triticale in Iran. Also, there is no published
data about the adaptation of commercial triticales, compared with barley, to
agroclimatic conditions of southern Iran. The objective of the present study
was to determine the effect of planting density on yield and yield components
of three high yielding triticale cultivars compared with ‘Valfajr’ barley under

low and high fertility soil conditions.

MATERIALS AND METHODS

Ficld experiments were conducted at two sites namely, Daneshkadeh soil
series (fine, mixed, mesic, Calcixerollic Xerochrepts) with very high fertility
and Ramjerdy soil series (fine, mixed., mesic, Fluentic Xerochrepts) with
very low fertility, Table 1) in the Agricultural Experiment Station of Shiraz

University at Badjgah, 1810 m above the mean sea level with a longitude
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52° 32" E and latitude 29° 36" N, during the 1995-1996 growing seasons.
The meteorological data of the experimental site is shown in Fig.1. Three
cultivars of hexaploid triticale ‘Juanillo 927, 6917 and ‘PG s’and the best
local barley cultivar, ‘Valfajr’, were used in this study. The experiment
consisted of three planting densities of 150, 325 and 500 plants m™,
conducted as a  4x3 factorial layout arranged in a randomized complete
block design with four replicates at each location. Plot size was 2x3.5 m.
Graded seeds of each cultivar were hand sown in equidistant form, i.e.,
square planting. Regulation of spacing and uniformity of sowing depth was
achieved by sowing through perforated plywood sheets with the appropriate
density of holes, using a hand dibbler to make holes of 5 cm deep. Plots at
both sites received N and P fertilizers each at the rate of 60 kg ha™' urea

and ammonium phosphate, respectively, prior to planting.
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Fig. 1. Monthly average temperature and precipitation at the experimental site for

September 21 (Mehr 1)1995 to September 20, (Shahrivar 31) 1996.
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Plots were supplemented with additional 60 kg ha™' N as urea just prior to
stem clongation [i.e., ZGS 30, see Zadoks et al. (22)]. Seeds were sown on
21 October and plots were irrigated properly when required. Plots were
regularly hand weeded and no herbicide was used. Dry weights were
determined after being oven-dried at 70°C for 48 h. At maturity, the
following characters were measured from 1 m? final harvest area of each
plot:

1) Biological yield (g m™).

2) Grain yield (g m™).

3) Harvest index (%).

4) Mean kernel weight (mg).

5) Number of fertile spikes plant™ and m™.

6) Number of kernels spike™'.

Data were analysed using MSTATC (MSTATC Institute, Version 1.42)

microcomputer program. Mean comparisons were made using the Duncan's

new multiple range test (DNMRT).

RESULTS AND DISCUSSION

According to Table 1, the organic matter, cation exchange capacity
(CEC) and electrical conductivity (EC) were higher at Daneshkadeh site.
Therefore, the growing conditions between the two sites were particularly
affected by the variability in soil fertility. The effect of location on grain
yield and yield components is shown in Table 2. There was a highly

significant difference
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Table 1. Soil physicochemical characteristics of the experimental sites.

Characteristics Soil series
Daneshkadeh Ramjerdy
Silt (%) 44.4 51.4
Clay (%) 43 29
Sand (%) 12.6 19.6
Gravel ( %) 3.84 9.68
Soil texture ( % ) Silty clay Silty clay loam
Potassium ( mg K kg™ ) 670 420
Phosphorus (mg P kg™’ ) 15.13 8.7
Soil pH 7.9 8.1
Organic carbon ( 0.C. % ) 0.92 0.35
Calcium carbonate equivalent ( %) 17.0 32.8
Cation exchange capacity (mol kg™ ) 21.7 13.9

Electrical conductivity ( dS m™ ) 0.560 0.345

Table 2. Location effect on grain yield and yield components of triticale and

‘Valfajr’ barley.

Characters Soil series

Daneshkadeh Ramjerdy

Grain yield ( ton ha™' ) 6.1a ' 3.5b
Spikes m™ 372.5a 293.5b
Fertile shoots plant™ 1.7a 1.2b
Kernels spike’! 39.7a 30.4b
Mean kernel weight ( mg ) 43.1a 38.4b
Biological yield (ton ha')  13.6a 7.4b
Harvest index ( % ) 44.2b 46.8a

t In each row means followed by the same letter are not significantly

different at 5% level of probability using DNMRT.
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between the two sites for most of the parameters measured. For example, the
grain yield at Daneshkadeh site was 74% higher than that at Ramjerdy site.
This was the result of both higher grain number and the mean kernel weight
(Table 2). Comparing the grain yield of barley with triticales averaged over
the two sites. it was concluded that the grain yield of “Valfajr’ barley was
significantly (P<0.05) higher than that of three triticales at all planting
densities (Table 3). Increase in plant density up to 500 plants m™* increased
the grain yield both in barley and triticales, however, increasc in planting
density up to 325 plants m” was not associated with grain yield increase in

‘6917 (Table 3).

Table 3. Grain vield ( g m'?) comparison of “Valfajr’ barley and triticales at

different planting densities, averaged over the two experimental

sites.
Cultivar
Planting density  ‘Juanillo 92  “6917" ‘PG s’ ‘Valfajr’ Mean
(plants m'%)
150 B 404 b BC346b C336b A 488c 393 ¢
325 B 499 a C409b BC443a A 597b 487 ab
500 B 564.a B483a B475a A 685a 552a
Mean 489 B 413 B 418 B 590A -

t  Mecans superceeded or followed by the same letter (capital letters in rows
and small letters in columns ) are not significantly different at 5% level
of probability using DNMRT.

The difference in response of triticale cultivars to planting density has
also been reported by Larter et al (12). Bishnoi (4) reported a significant
effect of row spacing and sceding rates on grain yield of triticale, wheat

and barley and concluded that each genotype produced its maximal yield
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at a specific optimal sceding rate. In the present investigation it was found
that 325 and 500 plants m™> were within the range of supposed “optimal”
density for both barley and triticales. The only exception was “6917” which
did not respond to planting density increase from 150 to 325 plants m™
(Table 3).

The higher grain yield in triticales and ‘Valfajr’ barley in response to
increased population density at both sites was mainly the results of increased
grain number with only a slight change in mean kernel weight (Tables 4
and 5). This was consistent with the results reported by other researchers
(e.g. 2, 7, 11, 13, 16, 17,18, 19). Indeed, the triticales had significantly
(P<0.05) lower fertile shoots per plant (Table 6) as well as lower spikes m™2
than ‘Valfajr’ barley (Table 7). Ellen (7) also reported that the number of
shoots m™® in triticale was lower than that of barley. Furthermore, Stapper
and Fischer (18) indicated that triticales had lower fertile shoot density as
compared to wheats. They also concluded that the number of fertile shoots
per plant reduced as the planting density increased. Sethi and Singh (17)
studied the interrelationship of quantitative traits with grain vield in
triticale and concluded that the number of spikes plant' was the only
effective yield-contributing character.

Mean kernel weight (MKW) of ‘6917 triticale was less than that of
other cultivars at both sites (Tables 4 and 5). Mean kernel weight of barley
and triticale cultivars did not show a consistent trend with increased
planting density at both sites. Therefore, it appeared that MKW was related
to both genotypc and environment. Some researchers like Larter ef al. (123

have found that kernel weight decreased oniy when seeding rates increased
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beyond an optimum. Jedel and Salmon (9) reported that seeding rates up to
307 seeds m2 of spring triticale did not affect MKW. Frthermore, Liska and
Varga (13) showed that sowing rates up to 500 seeds m™ in triticale had no
effect on mean kernel weight. Similar results were obtained in the present
experiment. However, Ahmad ef al. (1) showed that in 40 promising lines of
triticale yield per plant revealed positive genetic association with 1000-

kernel weight.

Table 4. The effects of plating density on grain yield and its components of

‘Valfajr” barley and triticales at Daneshkadeh soil series.

Grain yield (g m™?)

Plants m™ ‘Juanille 92° ‘6917’ ‘PG s’ ‘Valfajr’

150 b 532.0 B' b458.8B b445.8 B b 665.9 A

325 a654.9 A ab 5253 C a575.9 BC ab 730.5 A

500 a686.4B a579.0C a6l104BC a80l.7A
Mean kernel weight (mg )

150 a64.38 A a37.7B ad45.82 A ad4534 A

325 ab 46.11 A a37.02C ad45.5 A ab 4415 B

500 b 44.51 A a36.83 B ad4.4]1 A b 43.23 A
Kernels spike”’

150 a41.56B 249.78A 240.63B  a43.67B

325 ab36.62B b43.09A a38.44AB a38.95AB

500 b32.66BC bd1. 424 al7.84AB b31.74C
Biological yield (g m?)

150 b 1203 AB b 1125 B b 1075 B b 1365 A

325 a 1469 A ab 1265 B alisi A ab 1465 A

500 a 1562 AB ald404 B a 1447 AB al645 A
Harvest index (% )

150 ad4 19 B ad40.71 C a41.45C a48.66 A

325 ad44.60B a41.52C a42.54 BC a50.10 A

500 a43.88B a41.29B a42.19 B ad8.75 A

¥ Means followed by the same capital letters in each row or superceeded by
small letters in each column for each character are not significantly

different at 5% level using DNMRT .
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Table 5. : The effects of planting density on grain yield and its components

of ‘Valfajr’ barley and triticales at Ramjerdy soil series.

Plants m™> Cultivar
‘Juanillo 92° ‘6917’ ‘PG s’ ‘Valfajr’
Grain yield (g m™)
150 b275.9A7 b2336A b226.2 A c310.3 A
325 b3433 B b292.4B ab 309.0 B bd464.2 A
500 a441.2 B a 386.2 BC 23393 C a568.1 A
Mean kernel weight (mg)
150 a40.82 A a33.70B a4l1.56 A a4l.50 A
325 a 40.66 A a33.63B ab 39.24 A a40.35 A
500 al9.85 A a33.62B b36.66 AB a39.20 A
Kernels spike™
150 a35.36B ad5.96A a34.96B a32.35B
325 ab32.08B b40.24A ab30.89B ab29.96B
500 b28.49A c31.24A b25.38A b26.17A
Biological yield (g m™)
150 b 613 A b 557 A b 504 B b 598 A
325 b 743 AB b 600 B ab 716 AB a 851 A
500 a 978 AB a 885 AB a795 B a l067A
Harvest index (% )
150 a45.06 A a4l1.86 A a 44.72 A a51.82A
325 a 46.33 AB a 48.74 AB a 43.19B a54.77 A
500 a45.33 AB a 43.70 AB a472.55 B as53.26 A

+ Mans followed by the same capital letters in each row and superceeded by
small letters in each column for each character are not significantly

different at 5% level using DNMRT.

Increase in grain yeild of both barley and triticales as a result of
increased population density was associated with increased biological yield
at both Danecshkadeh (Table 4) and Ramjerdy soil series (Table 5) with no
significant change in harvest index. The biological yield of *Valfajr’ barley
was significantly higher than *6917" at all planting densities at Daneshkadeh
site (Table 4). This was mainly the result of higher fertile shoots plant" in

barley {(Table 6) which was discussed before.
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Table 6: Effect of planting density on number of fertile shoots plant™ at

Daneshkadeh and Ramjerdy soil series (sites).

planting Cultivar

density
Site (plants m?)  ‘Juanillo 92’ ‘6917 ‘PG s°  “Vallajr’
a ) Daneshkadch site 150 B26a B24a B24a A38a
planting densiy 325 Bl4b B09b B0OS8b A24b
( plants m?) 500 A09b ADS5b A0S5Sb Allc
b ) Ramjerdy site 150 Bl8a BCld4a Cl2a A32a
planting density 325 BIl.1lb B 07b BO8b AlY9Db
(plants m™?) 500 A0Sc A05b A0Sb AD9c
Averaged over two
sites and three B1l.4 C 1.1 C 1.0 A22

planting densities

+ Means superceeded or followed by the same letter (capital letters in rows
and small letters in column) arc not significantly different at 5% level of

probabiiity using DNMRT.

Table 7. Spike number (spikes m’?) comparison of ‘Valfajr’ barley and

triticales at different planting densities, averaged over the two

sites.
Planting density Cultivar
( plants m™?) “Juanillo 92°  “6917 ‘PG s’ ‘Valfajr’
150 "B2403c B1Y82c B19%.1b A3ll3c
325 B341.7b C273360b B333.4a A4174bD
500 B4133a B38l.la B3548a AS5248a

t Means superceeded  or followed by the same letter (capital letters in Tows
and small

probability using DNMRT.

letters in columns) arc not significantly different at 5% level of

Although harvest index was not influenced by density at any of the two
sites, the ‘Valfajr’ barley had higher grain efficiency, based on harvest index

(Tables 4 and 5). Indeed, the mean harvest index of the Daneshkadeh site
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(44.2%), as a high fertility site, was lower than that of the Ramjerdy sitc
(46.8%), as a low fertility site. The difference may be related to the higher
biological yield at the Dancshkadeh site (1364.8 g m™?) than at the Ramjerdy
site (742.4 g m™, Table 2), with perhaps higher competition between
vegetative and reproductive parts in favor of the wvegetative parts at
Daneshkadeh site. All triticales had significantly (P<0.05) lower harvest
index than ‘Valfajr’ barley at Daneshkadeh site. Harvest index of “Juanillo
92" in 150 plants m™? was more than that of ‘PG s* and ‘6917 and in 325
plants m™” was more than that of “6917" at Daneshkadeh site (Table 4). There
was no significant difference in harvest index among triticales at the
Ramjerdy site (Table 5).

Results of this study also demonstrated that in both sites the number of
fertile shoots per plant iii triticale cultivars appeared to pose a limitation Lo
increase in grain yield. The yield components of the triticales and *Valfajr’
barlcy had different responses in each environment. For example, the results
indicated that MKW of ‘Juanillo 92" and ‘Valfajr’ barley was significantly
reduced with increased planting density under the high fertility conditions
(Table 4), while it was not affected at low fertility site (Table 5). Also the
present investigation showed that the higher grain yields could be achieved
under high fertility conditions. Since some important variations between the
yield and major yield components of triticale cultivars were evident in the
present investigation, the releasc of higher grain yielding triticales might be
possible, so that the yields of the triticales can reach parity to the barley.
Ford et al. (8) reported that the triticale breeding lines with RAt/ dwarfing

gene produced higher phytomass than those with RAf3 gene. There is an
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increasing interest towards production of triticale under acid soils conditions

(20). Thus, further comparisons of the performance of these two cereals

under these conditions might be useful. It would be of great interest to

examine, in more detail, how the triticales could maintain their significant

yield advantage over barley in terms of yield structure.
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