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Abstract

The Mexicali valley is an important region in the production of meat and milk of bovine origin
with acceptance in other countries, mainly the United States of America, Japan and Korea. For this
reason, quality forage is required to feed cattle such as triticale, used in various areas of Mexico;
however, in the Mexicali valley, there is no information on agronomic behavior. The objective of
this study was to evaluate the dry biomass and grain yield of 10 varieties of triticale in the 2014-
2015 and 2015-2016 A-W cycles, in the Mexicali valley. The experimental design was randomized
complete blocks with three replications. 10 varieties of triticale of different growth types were
evaluated, 4 spring, 2 facultative, 4 winter and oats. In the first evaluation cycle, the highest total
biomass production corresponded to the variety AN105 and AN125 with 10.7 and 10.5 t hal, in
grain yield the varieties AN105, AN38, AN125, AN31B, ABT and Eronga produced from 7.3 to
5.4 t ha'l. For the second cycle, the superior varieties in total biomass were AN31B, ABT, AN38,
AN34, AN31P and Eronga with 6 to 4.9 t ha* and in grain yield AN38, AN123, Eronga and AN125
from 4.1 to 3.1 t haX. In conclusion, the winter varieties AN31B and AN34 showed potential for
the production of total biomass, the facultative variety AN38 and the spring varieties AN125 and
Eronga, showed superiority in grain yield in the two evaluation cycles.
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Introduction

Triticale (X Triticosecale Wittmack) is used as feed for fattening cattle and milk, due to its
nutritional content in forage and grain, it is within the standards to be considered of high quality
when meeting the parameters in neutral detergent fiber content, acid detergent fiber, net energy of
lactation, digestibility of dry matter, taste and crude protein, is a crop with the potential to replace
other cereals in livestock feed (Gelelcha et al., 2007; Fras et al., 2016).

In addition to presenting greater tolerance to saline soils, high temperatures and greater
competitiveness in unfavorable environments than traditional crops such as wheat, oats, barley
and rye grass (Hewstone et al., 1977). The agroclimatic conditions previously mentioned are
characteristic of the arid regions of Mexico, where the salinity of the soils associated with high
temperatures and low precipitation are the main factors that limit the production of forage and
grain where the cultivation of triticale can be an alternative to these regions (Ballesteros et al.,
2015).

The triticale crop is classified according to its production pattern and need for vernalization in: 1)
spring, fast growing (115 days at physiological maturity) and recommended for a cut; 2) facultative,
fast growing (145 days to physiological maturity), semi prostrate, recommended for two cuts; and
3) winter, with prostrate and late growth (165 days at physiological maturity) sufficient to perform
three to five cuts (Murillo et al., 2001; Lozano del Rio et al., 2009).

Studies by Lozano del Rio et al. (2004); Mellado et al. (2005) documented green forage yields in
spring, winter and facultative triticales with 50, 52 and 46 t ha™! respectively, grain yields between
8 and 12.72 t ha't were also reported under arid zone conditions. It was also reported that the final
grain yield is determined by components such as the number of spikes per square meter, spikes
size, number of spikelets per spikes, number of grains per spikes and weight of grains per spikes
(Biscoe and Gallagher, 1977).

Which are results of the genetic potential of the variety and the environmental conditions in which
it develops (Slafer et al., 2006). The importance of obtaining high forage and grain yields in the
Mexicali valley is due to the demand for feeding cattle for meat and milk production, but the
climatic conditions of this region are limiting to supply the necessary quantity.

The production potential of dry forage in crops such as barley and oats are 5.68 and 6.13 t ha™
respectively, and in green forage from crops such as sorghum, oats and corn, they report yields of
44.3,35.9,58.6 t ha'l, as at grain yield, wheat, sorghum and corn present productions of 5.9, 4.48
and 8.9 t ha (SIAP, 2016). The objective of the present study was to evaluate the dry biomass and
grain yield of 10 varieties of triticale in the Mexicali valley.
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Materials and methods
Location

The study was carried out during the autumn-winter 2014-2015 (A-W 2014-2015) and autumn
winter 2015-2016 (A-W 2015-2016) cycles, in the experimental field of the Institute of Agricultural
Sciences of the Autonomous University of Baja California, in the common Nuevo Ledn, Mexicali,
Baja California, Mexico, located between the coordinates 32° 24’ north latitude and 115° 11” west
longitude, with an altitude of 15 m, in a clay-textured soil. The climate of the Mexicali valley is
classified as hot, very extreme arid, with an average annual temperature of 22. 9 °C, a maximum
of 48. 5 °C and a minimum during the winter of -7 °C and an average annual precipitation of 60
mm (Garcia, 1988).

Genetic material

Ten varieties of triticale were evaluated: four of the spring types (AN123, AN125, AN137,
Eronga), two of the facultative type (AN105, AN38) and four of the winter type (AN31B, AN34,
AN31P, ABT). These materials were provided by the cereal program of the Autonomous Agrarian
University ‘Antonio Narro’ for the autumn winter 2014-2015 cycle. In the autumn winter 2015-
2016 cycle, the grain harvested from the previous cycle was used as seed and as a control a
commercial variety of intermediate/early forage oats (Bachiniva).

Experimental design and agronomic management

The varieties were distributed in a randomized complete block design with 10 and 11 treatments,
with three replications in each, during the 2014-2015 A-W and 2015-2016 A-W cycles,
respectively. The experimental plot consisted of 6 rows/plot and a distance between rows of 0.3 m
by 5 m long (9 m?), the useful plot was 0.5 m from a central row (0.15 m?).

The sowing of the lots was carried out under the traditional system (in plane), by means of a seeder
for fine grains model SB-2008 16D, the rows were marked at a distance of 0.3 m, later they were
sown manually, in dry soil. In the first cycle of cultivation the sowing was on January 8, 2015 and
in the second cycle on November 30, 2015 at a density of 120 kg ha™* as recommended by Lozano
et al. (2009). The plots were separated from each other by 0.30 m and between 1 m blocks, edges
were established with a length and height of 0.8 and 0.5 m respectively.

The fertilization formula used was 120-80-00, half of the nitrogen and the total of phosphorus were
applied at the time of sowing and the second half of the nitrogen was applied in the second
irrigation. The crop was developed in optimal humidity conditions, irrigation was planted at
planting and four for relief, when more than 50% of the plots reached the stages of tillering, boot
stage, flowering and filling of grain.

Identifying the stages based on the phenological scale proposed by Zadoks et al. (1974) which are
25, 32, 65 and 75 in both cycles, with a total irrigation sheet of approximately 80 cm. Weed control
was performed with manual weeding as required. No control of pests and diseases was carried out
during crop development due to low incidence.
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Variables evaluated

To estimate dry biomass, destructive sampling was performed when each variety reached the herd
stage (43, on the Zadoks scale), considering the difference in days due to their type of growth and
once they met the cutting criteria. in winter cereals proposed by Lozano del Rio et al. (2009) in
both cycles, the plants were cut at ground level in a 0.5 linear meter segment, later in the laboratory
the leaves and stems of each sample were separated.

They were dried in an oven at 60 °C for 72 h, their weight in grams per plot was recorded and the
obtained value was transformed into tons per hectare. For the estimation of the grain yield and its
components, when each variety reached the harvest stage, 2 linear meters of plants were cut at
ground level in two central rows of each plot, then the material was threshed with a stationary
machine. threshed was cleaned, its weight in kilograms was determined and it was transformed to
tons per hectare adjusted to a humidity of 12%.

The yield components were estimated from the random collection of 10 spikes of each plot, from
which the following variables were measured: length of spikes (LE) and number of spikelets/spikes
(EE). Later, the spikes were threshed individually and the complementary variables were measured,;
grains/spike (GE) and weight of grains/spike (PGE). To estimate the number of spikes m? (EM2),
the spikes present in two central rows of 1 linear m in each of the plots were counted when more
than 50% of the plants reached the stage of physiological maturity (90, in the Zadoks scale).

Statistical analysis

Analysis of variance, comparison of means (Tukey 0.05) and analysis of orthogonal contrasts
between the types of growth of the varieties were performed on all variables and by cycle. In both
cycles, Pearson's linear correlation analyzes were performed between grain yield and its
components. The analyzes were performed with the statistical package SAS 9.0 (SAS, 2002).

Results and discussion

In the A-W 2014/15 cycle, the varieties developed at average temperatures of 15 to 23 °C,
minimums of 8 to 13 °C and maximums of 23 to 31 °C and with 215 hours of cold. In the A-W
cycle 2015-2016, the average temperatures were from 11 to 21 °C, minimum from 3 to 12 °C and
maximum from 20 to 29 °C and with 789 h accumulated emergency cold at physiological maturity
(Table 1).

Table 1. Climatic data in which the varieties were developed in the A-W 2014-2015 and A-W
2015-2016 cycles, common Nuevo Ledn, Mexicali, Baja California.

Cycle Month  Tmax Tmin Tmed HF ETF
2014-2015 January 234 8.08 1525 97 Emergency-tillering principle
February 274 942 179 164 Tillering-beginning of stem formation
March 29.4 1174 205 200 Stem formation-boot stage
April 304 1161 214 208 Boot stage-spike

May 317 1374 23 215  Grain filling-physiological maturity
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Cycle Month  Tmax Tmin Tmed HF ETF
2015-2016 December 20.3 3.2 11.3 367 Emergency-tillering principle
January  20.8 5.2 125 633  Tillering-beginning of stem formation
February  26.5 8.2 17.1 740 Stem formation-boot stage
March 27.9 9.4 189 780 Spike-Grain filling
April 298 121 214 789 Physiological maturity

Tmax= maximum temperature; Tmin= minimum temperature; HF= accumulated cold hours; ETF= average

phenological stage of the varieties.

Dry biomass of leaves

In the A-W 2014-2015 cycle, the results of the analysis of variance showed differences (p< 0.01)
between the varieties, the means tests showed the varieties AN137 with 8.1 t ha* and AN125,
AN34, AN105 with 7.8 t ha! statistically outstanding with respect to the rest of the varieties. In
the second cycle, differences (p< 0.01) were observed between the varieties, the means tests
showed the AN31B and AN31P varieties with 3.2 and 2.8 t ha?, respectively, that were superior
to the rest of the triticales and oats varieties with 1.3 t ha (Figure 1).

Ciclo O-12014/15

. . -1
Biomasa de tallos (t ha'l) Biomasa de hojas (t ha™)

Biomasa total (t ha'l)

Variedades

: ) -1,
Biomasa de tallos (t ha'l) Biomasa de hojas (t ha™)

Biomasa total (t ha'l)

Ciclo O-12015/16

10 4

Variedades

Figure 1. Averages of leaf biomass (BHOJ), stem biomass (BTALL) and total biomass (BTOT) for 10
varieties of triticale cut in the boot stage, evaluated in two cycles, A-W 214-2015 and A-W
2015-2016 in the Mexicali valley, Baja California. Bars with equal letters within each graph do
not differ statistically (tukey< 0.05).
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The analyzes of orthogonal contrasts in the first cycle did not find differences between the different
types of growth, unlike in the second cycle differences were observed between the types of
triticales, where the winter type was higher in (1.1 t hat) than the facultative (0.8 t hal), spring and
(1.3 t ha') and the variety of oats.

Stem dry biomass

In the first cycle, the results of the analysis of variance showed differences (p< 0.01) between the
varieties, in the means tests it was observed that four varieties of triticale ABT and AN105 with 3
t hat, AN31B with 2.8 t ha! and AN125 with 2.7 t ha'* were statistically superior. In the second
cycle, differences (p< 0.01) were observed between the varieties, the means tests showed triticales
AN38, ABT, Eronga and AN31B with yields of 3.7, 3.6, 3 and 2.8 t ha’l, respectively, higher
oatmeal (1.5 t ha™).

The orthogonal contrasts in the first cycle showed statistical differences between winter and spring
triticales (p< 0.05), the winter ones being higher in (0.6 t ha), this is attributed to the fact that
winters have greater potential to produce offspring than spring as reported by Lozano et al. (2009).
In the second cycle, differences were observed between winter and spring, with winter rates higher
(0.1thal).

Total dry biomass

In the first cycle, the results of the analysis of variance showed differences (p< 0.01) between the
evaluated varieties, the means tests showed that AN105 and AN125 were superior than the other
varieties with productions of 10.7 and 10.5 t ha™l, respectively, in a study by Colin et al. (2009)
reported a yield of 7 t hal in triticale under irrigation conditions in the state of Coahuila. In the
second cycle, differences were observed (p< 0.01)

Among the varieties evaluated, the means tests showed the triticales AN31B (6.0), ABT (5.1),
AN38 (5.1), AN34 (5.1), AN31P (5.1) and Eronga (4.9) with the highest yields and superior to the
oats (2.8 t hal), similar to that reported by Lozano del Rio et al. (2009) with yields of 4.1 and
maximums of 5.8 t ha! in a triticale study carried out in the states of Coahuila, Nuevo Leén and
Chihuahua. Based on the results in this study, triticale may be an option for the conditions of the
Mexicali valley.

In the orthogonal contrast analyzes (Table 2), in the first cycle the facultative triticales were
superior to the winter and spring triticales in 1.1 and 1.4 t ha, respectively. These results are
similar to those documented by Lozano et al. (2009) indicating that physicians have the potential
to produce sprouts and leaves in semi-arid environments.

Table 2. Comparison of means for dry biomass, by orthogonal contrasts by triticales growth

types.
Cycle Group BHOJ (t hal) BTALL (t ha?) BTOT (t hal)
A-W 2014-2015 PV vs FC 7 7.5ns 15 2.3ns 8.5 9.9™
FC vs INV 7.5 6.7 ns 2.3 2.1ns 9.9 8.8"”
INV vs PV 6.7 7ns 2.1 1.5 8.8 8.5™
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Cycle Group BHOJ (t hat) BTALL (t ha?) BTOT (t hal)
A-W 2015-2016 PV vs FC 1.7 1.4ns 2.5 2.7 4.3 4.2™
FC vs INV 14 257 2.7 2.8 ns 4.2 5.3"

INV vs PV 2.5 1.7 2.8 257 5.3 43"

PV vs BC 1.7 1.2ns 2.5 157 4.3 2.7

FCvs BC 14 1.2ns 2.7 1.5ns 4.2 2.7ns
INV vs BC 2.5 1.2 2.8 1.5ns 5.3 2.7
TCL vs BC 2 1.2ns 2.7 1.5ns 4.7 2.7ns

Groups= triticales growth types; PV= spring; FC= facultative; INV= winter; TCL= triticales; BC= oats
variety Bachiniva; A-W 2014-2015= Autumn Winter 2014-2015 cycle; A-W 2014-2015= Autumn Winter
2015-2016 cycle; BHOJ= leaf biomass; BTALL= biomass of stems; BTOT= total biomass; NSF= level of
significance; ns= not significant; “= significant at 0.05; *"= significant at 0.01.

Therefore, facultative triticales may be potential for the production of cut dry forage in the boot
stage. In the second cycle the winters were higher than the facultative ones and the spring ones in
(1.1t ha't), finally the spring and winter ones were superior to the oats in (1.5 and 2.6 t hal).

Spike length

In both cycles, the analysis of variance did not show differences between varieties, in the first cycle
the values were from 10.4 to 12.9 cm and in the second from 9.5 to 11.5 cm. Mendoza et al. (2014)
report values between 16.6 and 17.2 cm in triticale varieties evaluated for seed production with
50% chemical fertilization and 50% biofertilizer. The orthogonal contrasts in the first cycle did not
find differences between the growth types of triticales, in the second cycle the spring ones were
higher than the facultative ones with 1.1 cm and the winter ones were higher than the spring ones
with 0.1 cm.

Spikelets per spike

The analysis of variance showed differences (p< 0.01) between the varieties, the means tests
(Tables 3 and 4) showed the varieties AN105, AN31B, AN34, AN31P, AN38 and Eronga, superior
with values between 29.6 and 32. In statistical differences were observed in the second cycle (p<
0.01), varieties ABT, AN31P, AN31B, AN34 and AN38 were the ones with the highest values
ranging from 24.8 to 28.8 spikelets per spikes.

Table 3. Average grain yield and its components for 10 varieties of triticale, evaluated in the
Mexicali valley, Baja California (A-W 2014-2015).

Varieties RG (t ha) EM2 LE (cm) EE GPE PGE (g)
AN123 4.3 bed 335a 104 a 256 b 62.3a 2.5ab
AN125 6.1 ab 450 a 105a 26.3b 59a 2.3b
AN137 4.5 bed 285b 12 a 28b 67.6 a 3ab
Eronga 5.4 abcd 444 a 118a 29.6 ab 63 a 2.5ab
AN105 7.3a 390 a 118a 32ab 62 a 24D
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Varieties RG (t hal) EM2 LE (cm) EE GPE PGE (9)
AN38 6.9a 425 a 10.8 a 29.6ab 73.3a 2.6 ab
AN31B 5.7 abc 38la 11.3a 3lab 59.6 a 2.2b
AN34 4cd 318.3a 12a 3lab 60.3 a 24 b
AN31P 3.6d 284.3 a 116a 3lab 56.3 a 2Db
ABT 5.7 abc 286 a 129 a 36.0a 73.3a 35a
CV% 12.1 24.4 9.1 7.9 11.1 14
DMS 1.9 257.8 3.1 6.9 20.8 1
Spring 5.1 378.8 11.2 27.4 63 2.6
Facultative 7.1 407.7 11.3 31 67.7 2.5
Winter 4.8 317.5 12 32.2 62.4 2.6

Within each column, means with equal literals are not statistically different (Tukey a= 0.05); CV= coefficient of
variation in %; DMS= Minimal significant difference; A-W 2014-2015= Autumn Winter 2014-2015 cycle; A-W 2015-
2016= Autumn Winter 2015-2016 cycle; LE= spike length; EE= spikelets per spike; GPE= grains per spike; PGE=
weight of grains per spike; EM2= spikes per square meter; RG= grain yield.

Table 4. Average grain yield and its components for 10 varieties of triticale, evaluated in the

Mexicali valley, Baja California (A-W 2015-2016).

Varieties RG (t ha?) EM2 LE (cm) EE GPE PGE (g)
AN123 3.5ab 238.6 b 11.3a 24.7 bc 66.6 a 2.3a
AN125 3.1abc 326 ab 10.3 a 24.6 bc 54.6 abc 19a
AN137 2.8 bed 284.6 ab 10.7 a 22.8¢ 62.2 ab 19a
Eronga 3.3 abc 271.3 ab 10.4 a 23¢c 51.4 bc 2.3a
AN105 2.5 bede 274 ab 95a 22 C 48.1c 1l6a
AN38 41a 376 a 98a 24.8abc  56.1 abc 18a
AN31B 1.4 ef 315.6 ab 109 a 27.3 ab 50.5 bc 1.6°
AN34 1.5 def 248 b 10.1a 25.7 abc 50.8 bc l4a
AN31P 1.2f 274.3 ab 10.8 a 28 ab 53.5 abc l4a

ABT 2.2 cdef 268.6 ab 115a 28.8a 65.1a 24 a
CV% 17.1 13.9 6.7 5.4 8 22
DMS 1.2 117.8 2.1 4.0 13.1 1.2
Spring 3.2 280.2 10.7 23.8 58.7 2.1
Facultative 3.3 325.2 9.6 23.4 52.1 1.7
Winter 1.6 276.7 10.8 27.5 55 1.8

Within each column, means with equal literals are not statistically different (Tukey a= 0.05); CV= Coefficient of
variation in (%); DMS= minimum significant difference; A-W 2014-2015= Autumn Winter 2014-2015 cycle; A-W
2015-2016= Autumn Winter 2015-2016 cycle; LE= spike length; EE= spikelets per spike; GPE= grains per spike;
PGE= weight of grains per spike; EM2= spikes per square meter; RG= grain yield.
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The number of spikelets per spike found in both cycles are similar to those documented by
Mohammed et al. (2011) who recorded 25 to 30 spikelets per spike, this author notes that the
number of spikelets per spike is determined by genetic heritability rather than by climatic
conditions.

The orthogonal contrasts in the first cycle showed that the winter ones are superior to the facultative
ones and the spring ones in 1.2 and 4.8. In the second cycle the springs were higher than the
facultative ones in 0.4 and the upper winters of the facultative ones in 4.1 spikelets per spike.

Grains per spike

In the first cycle, no differences were found between the varieties with values between 56 and 73.
In contrast, in the second cycle, statistical differences (p< 0.01) were observed between the
varieties, the means tests (Tables 3 and 4) showed varieties AN123, ABT, AN137, AN38 and
AN31B, with the highest values between 53 and 66 grains per spikes. This behavior could be due
to the fact that during the development of the grain the environmental conditions allowed a good
pollination and grain formation for all the varieties.

Grain weight per spike

The analysis of variance showed differences (p< 0.01) between the varieties, the means tests
(Tables 3 and 4) showed the varieties ABT, AN137, AN38, AN123 and Eronga, with the highest
grain weights per spike ranging from 2.5 to 3.5 g. In the second cycle, no differences were observed
between the varieties with values from 2 to 3.5. These results are similar to what Ballesteros et al.
(2015) with values of 2.24 to 3.6 g per spikes, which is determined by the amount of nitrogen
applied and the climatic conditions of the crop cycle.

Spikes per square meter

In the analysis of variance no differences were observed between the varieties, the observed values
were from 284 to 450. Unlike the second cycle, where statistical differences (p< 0.01) were
observed between varieties, AN38, AN125, AN31B, AN137, AN31P, AN105, Eronga, and ABT
presented the highest values between 268 to 376 spikes per m? (Tables 3 and 4).

The orthogonal contrasts in the first cycle did not show differences between types of triticales, in
the second cycle the facultative triticales were differentiated from the spring triticales with 45 more
spikes per m?. These values are higher than that reported by Paccapelo et al. (2017) from 235 to
314 spikes per m?,

Grain yield

In the first cycle, the analysis of variance showed differences (p< 0.01) between the varieties, the
means tests (Tables 3 and 4) showed the varieties AN105, AN38, AN125, AN31B, ABT and
Eronga, with higher yields of 7.3, 6.9, 6.1, 5.7, 5.7 and 5.4 t ha®, respectively. These values are
similar to those reported by Mendoza et al. (2011) with 6.61 t ha, Castro et al. (2011) 5.5 t ha*
and Goyal et al. (2011) 5.6 t ha'*, who document that the fertilization, date and planting density of
the triticale crop influence the final grain yield.
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In the second cycle, statistical differences (p< 0.01) were observed between varieties, presenting
AN38, AN123, Eronga and AN125 the highest yields with values of 4.1, 3.5, 3.3 and 3.1 t ha,
respectively (Tables 3 and 4). The higher grain yield of the varieties observed in the A-W 2014-
2015 cycle, was possibly due to the presence of cool days (average daily temperatures, 18 to 22
°C) during the spike and anthesis stages, which favored the good development of the spikes and
filled with grain.

Unlike the A-W 2015-2016 cycle, the wide variation in daily temperatures during the stages of
enchanting (8 to 19 °C) and spike (12 to 21 °C), possibly affected the grain yield. In the orthogonal
contrast analyzes (Table 5), in the first cycle the facultative triticales were differentiated from
the spring grain yield exceeding them by 2 t ha! and the spring from the winter with a superiority
of 0.3 t ha?, in the second cycle, the physicians differed from the spring and winter with 0.1 and
1.7 thal,

Table 5. Comparison of means for grain yield and its components, by orthogonal contrasts by
triticales growth types.

Group  RG (thal) EM2 LE (cm) EE GE PGE (g)

A-W 2014-2015
PvvsFc 5.1 7.17 3788 407.7ns 11.2 11.3ns 27.4 31ns 63 67.7ns 2.6 2.5ns

Fcvsinv 7.1 4.8ns 407.7 3175ns 11.3 12ns 31 32.2" 67.7 62.4ns 2.5 2.6ns
InvvsPv 4.8 5.1 3175 378.8ns 12 11.2ns 32.2 27.4™ 624 63ns 2.6 2.6ns

A-W 2015-2016
PvvsFc 3.2 337 2802 3252° 107 9.67 23.8 234" 587 52.1ns 2.1 1.7ns

Fcvsinv 3.3 167 3252 276.7ns 9.6 10.8ns 23.4 275" 521 55ns 1.7 1.8ns

InvvsPv 1.6 3.2ns 276.7 280.2ns 10.8 10.77 275 23.8ns 55 58.7ns 1.8 2.1ns

Groups= triticales growth types; Pv= spring; Fc= facultative; Inv= winter; A-W 2014-2015= Autumn Winter 2014-
2015 cycle; A-W 2014-2015= Autumn Winter 2015-2016 cycle; RG= grain yield; EM2= spikes per square meter; LE=
spike length; EE= spikelets per spike; GPE= grains per spike; PGE= weight of grains per spike; ns= not significant; "=
significant at 0.05; "= significant at 0.01.

The superiority of the facultatives may be due to the temperatures in the flowering and grain
filling period, which possibly ensured optimal pollination with minimum, maximum and
average temperatures of 11, 30 and 21 °C and adequate grain filling with temperatures
minimum, maximum and average of 13, 31 and 23 °C, these values are within the range reported
by Felix et al. (2009) with optimal temperatures in flowering of 10 to 24 °C and from 12 to 26
°C in grain filling.

So the variations in temperatures between highs and lows during the day influenced grain yield

in the varieties, which accumulated cold hours from planting to harvest, since in the 2014-2015
cycle the accumulated cold hours were 215 and in the 2015-2016 cycle there were 789.
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Grain yield correlation and its components

Correlation analyzes for both cycles (Table 6), showed that spikes per m? and grain weights
per spikes are more correlated with grain yield (r= 0.57), than the rest of the components.
Grains per spike, spikelets per spike and spike length had a lower correlation of r= 0.49, r=
0.46 and r= 0.32, respectively, which is in agreement with that reported by Paccapelo et al.
(2004); Abeledo et al. (2003); Castro et al. (2011).

Table 6. Correlation coefficients of grain yield and its components, for 10 varieties of triticale
evaluated in the Mexicali valley, Baja California. (A-W 2014-2015 and A-W 2015-

2016).
EM2 EE GE LE PGE
EE 0.08
GPE 0.05 0.57"
LE -0.04 0.76™" 0.66™"
PGE 0.08 0.49™" 0.72"™" 0.56™"
RG 0.57" 0.46™ 0.49" 0.32" 0.57""

LE= spike length; EE= spikelets per spike; GPE= grains per spike; PGE= weight of grains per spike; EM2= spikes per
square meter; RG= grain yield; *= significant at 0.05; "= significant at 0.01; *“=significant at 0.001.

Therefore, the greatest increases in grain yield in triticale would be possible if the production of
spikes per unit area, weight of grains per spike, grains per spike and spikelets per spike is increased
as reported by Solis et al. (2004).

Conclusions

For the agroecological conditions prevailing in the present study, the winter varieties AN31B
and AN34 showed potential for the production of total biomass, the facultative variety AN38
and the spring varieties AN125 and Eronga, showed superiority in grain yield in the two
evaluation cycles. The grain yield of the triticales evaluated was explained by the components
spikes per square meter, weight of grains per spikes, grains per spikes and spikelets per spikes
were also affected by the variation in maximum and minimum temperatures during the
development of the crop.

The oat variety (Bachiniva) had a lower yield of total biomass, leaf biomass and stem biomass than
the triticale varieties. The triticales of winter types presented the highest productive potential in
total dry biomass, those of the facultative and spring type in grain yield. For the dual-purpose
production of forage and grain, the facultative type AN38 variety of triticale can be an option for
the Mexicali valley, being competitive in forage with respect to oats and grain with respect to
wheat.
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