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Abstract— Triticale is used as a dual-purposes. In Bangladesh, dairy and poultry farms are being extended faster day by day.
Therefore, the demand of fodder and feed increases swiftly. Moreover, triticale tolerates biotic and abiotic stressors better than
wheat and durum. The trials were conducted in two consecutive years to search out a high yielding triticale line whereas two
varieties were used as check viz. BARI Triticale 1 (E1) and BARI Triticale 2 (E2) and four lines (expressed as E3, E4, E5, and
E6). In the research areas, temperature, rainfall and relative humidity were higher in 2018-19 than in 2019-20, but rainfall was
lower. As a result, days to heading (DH), days to maturity (DM), fertile spikes per meter square (FSPMS), and grain yield (GY)
were more in 2019-20 than in 2018-19. In 2018-19, thousand grain weight (TGW) correlated negatively with DH, DM, and
FSPMS. In 2019-20, a positive association was established between FSPMS and GY. Furthermore, E5 and EG6 lines had lower
plant height (PH), but higher FSPMS and TGW than the control in both seasons. In addition, E5 and E6 yielded more GY than
check and other lines. These findings suggested that E5 and E6 lines may be released as high yielding triticale variety (ies) to
boost triticale production in Bangladesh.

Keywords— Days to maturity, fertile spike, grain yield, thousand grain weight, triticale.

l. INTRODUCTION

Triticale demand is increasing globally as a dual-purpose uses like food, fodder and main composition of cattle and poultry
feeds [1]. It is also a well-known economic crop [2]. Triticale is a superior ruminant feed than other cereals because of its high
starch digestibility, and it is used to make forage, hay, and silage, among other things [2, 3]. Triticale has 71.2% digestible
organic matter in dry matter, but lathyrus, blackgram, and cowpea have lesser digestibility, with 66.6%, 66.0%, and 73.8%,
respectively [2]. Triticale can be used to make bread mixing with wheat and maize flour, and various food products, such as
whole berries, flakes, cakes, biscuits, pasta, and morning cereals. It is the best animal feed consisted of superior amino acid
balance (more lysine and protein) [4]. It contains more protein (15.9%) than wheat (11.8%), maize (11.1%), and barley (12.1%),
despite having a lower gluten in proportion [2, 3].
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The current global production of triticale is around 17 million tons, with Europe producing 90% [1, 5]. The United States and
the rest of the Americas contributed 2.1% of overall production, while Asia produced 7.4% (FAO 2020) [5]. Furthermore, food
production should be boosted by 50% over the current level, as the world’s population is predicted to rise from 600 million to
1100 million by 2050 [6].

Triticale (x Triticosecale Wittm.) is a hybrid developed by crossing between durum wheat (Triticum durum) and rye (Secale
cereale). It was initially bred by Stephen Wilson in 1873 [7]. The first triticale varieties were octoploids (AABBCCDD), but
only hexaploid types (AABBCC) have great yield potential and are widely planted globally [8]. As a result, triticale inherited
the traits of wheat (high yield potential and high quality yield) and rye (biotic and abiotic stress tolerance) [9, 10].

Triticale is grown in Bangladesh throughout the winter months (November to March) [11]. In 2009, the Wheat Research Centre
(WRC) of Bangladesh Agricultural Research Institute (BARI) released two triticale varieties, viz. BARI Triticale 1 and BARI
Triticale 2 (N.B.: In 2017, WRC-BARI was renamed Bangladesh Wheat and Maize Research Institute). Each variety produced
between 4300 and 4600 kg ha* of grain yield and 10 to 12 t ha of forage with a single cutting [12]. In Bangladesh, triticale grain can
be utilized as a substitute to wheat and maize, particularly for animal feed and in the flour sector. Some high yielding triticale lines
were created by CIMMYT, and their yield at optimal sowing time exceeded 10 t ha! [13]. Different research institutes have published
spring and winter triticale types, which are outlined in Table 1 along with their primary characteristics.

TABLE 1
SPRING AND WINTER TRITICALE VARIETIES RELEASED BY DIFFERENT ORGANIZATIONS AND COUNTRIES
SN | Genotype Important traits Cultivation location Eart())lvt\,t L Ref.
v"High yielding dual variety having
superior grains as well as green
. forage yielding ability and ;
1 BARI Triticale 1 agronomic performance Bangladesh Spring
v Leaf rust resistant and leaf spot
disease tolerant [12]
v’ Semi-dwarf triticale variety
2 | BARI Triticale 2 ¥ High yielding dual variety Bangladesh Spring
v’ Tolerant to leaf rust and leaf spot
disease
3 Karma 2000 v" Lowest drought susceptibility Turkey Spring
4 | Tacettinbey v Resistant to abiotic stress Turkey Spring
5 Presto v Resistant to abiotic stress AARI Spring
v/ T124 Spring type with FHB
. resistance
AC Ultima, Bunker, v Reduction in awn expression, and | Agriculture and Agri-Food . [14,
6 Pronghorn, Taza L . Spring
(T198) and Tyndal superior in GPC Canada, Oipc 15]
v/ Resistant to leaf rust and stem
rust, etc.
Gnu’s, Juanillo,
7 Civet, Beagle’s, and | v" Yield, diseases resistant Mexico/CIMMYT/Morocco | Spring
Wombat’s
Lasko v" High protein content Poland Spring [16]
GT2-88/89 v High yield potentiality Bulgaria Winter
10 | MT1 v'High yield potentiality Poland Winter
L v Resistant to bacterial leaf streak e .
11 | Siskiyou (BLS) disease Northern California Spring
12 | Pi 428,736 v/ Resistant to BLS Manitoba, Canada Spring
v/ Resistant to leaf rust and . .
13 | Sorento powdery mildew Beijing, China Spring [17]
14 | Pi 428,854 v’ Resistant to BLS Russia Spring
v’ Early maturing, awnless, and Resource Seeds, Inc. .
15 | CAMELOT short stature, and California, USA Spring
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v Resistant to stripe rust, leaf rust,
powdery mildew, and BYD, etc.
v Late maturing, leaves have a
waxy bloom, and Resource Seeds, Inc
16 | MERLIN v Resistant to powdery mildew, A U Spring
' California, USA
moderately resistant to leaf rust,
stripe rust, and BYD, etc.
v Awnletted, late maturing,
TRICAL BRAND - - Resource Seeds, Inc., .
17 | 102 v Resistant to stripe rust, leaf rust | cajifornia. USA Winter
and Septoria tritici leaf blotch '
TRICAL BRAND v Good lodging resistance,
105, TRICAL . -
18 | BRAND 118 and v Resistant to stripe rust, leaf rust | Resource Seeds, Inc., Spring [17]
and Septoria tritici leaf blotch, and | California, USA
TRICAL BRAND P \ '
2700 moderately susceptible to BYD
. Resource Seeds, Inc. .
‘/ L] L]
19 | ALZO Tall with good straw strength California, USA Winter
v Resistant to Septoria tritici leaf . .
20 | BEAGLE blotch, stripe rust, leaf rust and CIMI}AN\I(X In cooperation
wi
v Moderately susceptible to BYD
v Resistant to Septoria tritici leaf . .
21 | BEAGUELITA ‘S’ | blotch, stripe rust, and leaf rust, and C!MMYT In cooperation Spring
. with INIA
moderately susceptible to BYD
v/ Stiff straw and good lodging
resistance,
v’ Resistant to stripe rust, leaf rust, | oreqon Aaricultural )
22 | CELIA and Septoria tritici leaf blotch, Expgerimeﬁt Station, USA | Vinter
moderately resistant to
Pseudocercosporella foot rot and
snow mold, and
. . Resource Seeds, Inc. .
‘/ ) )
23 | LANCE Awnless, medium late maturing California, USA Spring -
Developed in Poland and
24 | MAH 3600 v’ Tall with good straw strength received for evaluation Winter
from Resource Seeds, Inc.,
California, USA
v Mid-tall with good straw Devglogefd in Pollant(_j and
25 | MAH 3800 strength, and received for evaluation Winter
from Resource Seeds, Inc.,
v’ Resistant to leaf rust and BYD California, USA
v Awns are short and purple to
black in color,
- v Resistant to Septoria tritici leaf CIMMYT and the .
26 | Siskiyou blotch, moderately susceptible to California AES Spring
stripe rust and leaf rust, and
susceptible to BYD
v Medium maturing and is tall with
27 | YUMA fair straw strength, Nutriseed, Inc. (AZ)., UK Sprin
v’ Resistant to stripe rust and utriseed, Inc. (AZ)., pring
moderately susceptible to BYD

Triticale grows taller than wheat and durum. As a result, lodging is a major issue for triticale cultivation. A triticale variety
with a short stature/plant height (PH) is preferable for cultivation. Winter in Bangladesh is short, and temperature increases
chronologically around mid-February, when triticale crop stands on flowering stage. Again, when the crop reached at the grain
filling stage in March, high temperature and relative humidity exist resulting in the reduction of the stage. In consequence,
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small sized, shriveled and unfilled/unfertile grains are formed. Therefore, the development of short duration triticale variety in
the country has a crucial demand. According to numerous experts, FSPMS and TGW contributed more to GY production [18,
19, 20]. In Bangladesh, the discovery of a short duration and high producing triticale line has become a major concern.
Therefore, the trials were performed to identify a high yielding triticale line that may be introduced as a variety to meet up
triticale demand for multipurpose usage.

1. MATERIAL AND METHODS

2.1 Location and soil characteristics:

Experiments were carried out throughout the seasons 2018-19 and 2019-20 (4th week of November to 1st week of April) at
the research station of Bangladesh Wheat and Maize Research Institute located in 23° 11' 14.52" N, 89° 11' 11.99" E; 10.4
masl) [21]. The experiment field is located in Agro-Ecological Zone #1 (AEZ #1), which is known as the “Old Himalayan
Piedmont Plain” [22]. AEZ # 1 is classified as high land, flood-free, fine texture soil made mostly of silt and loam soils. Soils
on the research farm have medium organic matter (2.38-2.45%) and pH ranging from 4.96 to 5.29, and additional nutrients are
present in the soils shown in Table 2 (Test report).

TABLE 2
THE CHARACTERISTICS OF SOIL COMPOSITIONS OF THE RESEARCH FARM OF BANGLADESH WHEAT AND
MAIZE RESEARCH INSTITUTE

Test results of soil samples
Lab Sa,\rl':)p'e pH | oM | N p K s Zn B Ca Mg
% % pg/g | meq/100g | pg/g ne/g pg/g | meg/100g | meq/100g
36041 BW?ARI 4.96 2.45 0.14 33.18 0.32 34.08 1.96 0.11 2.18 0.75
36042 BWQARI 5.24 2.38 0.13 31.26 0.19 18.81 1.25 0.05 0.99 0.39
36043 BWQARI 5.29 244 0.12 34.69 0.22 22.38 1.19 0.04 2.23 0.78

Laboratory: Regional Laboratory, Soil Resources Development Institute, Nashipur, and Dinajpur, Ministry of Agriculture, The
Government of the People’s Republic of Bangladesh; OM: Organic matter

2.2 Plant materials and experimental design:

Experiments were conducted with four lines of triticale (x Triticosecale Wittm.) and two varieties viz. BARI Triticale 1 and
BARI Triticale 2 used as check. The trials were accommodated in randomized complete block design with three biological
replicates.

2.3 Land Preparation, fertilization, seeding, and agronomic management:

The land was plowed, cross-tilled, and leveled four times with a tractor and harrow. During the final ploughing, cowdung at
5000 kg ha* was applied to the entire ground. Fertilizers were applied at a rate of 100-27-50-20-4.5-1 kg ha™* cowdung-N-P-
K-S-Zn-B. N-P-K-S-Zn-B was obtained from urea, triple super phosphate, potash muriate, gypsum, zinc sulphate monohydrate,
and boric acid, in that order. In the sub-plot, two-thirds of the urea and all fertilizers were applied right before seed sowing.
Provax 200 WP (Carboxin 17.5% and Thirum 17.5% FF) was used as seed treatment @3g kg™ to improve germination and
protect seedlings from soil-borne fungi. Row spade was used to prepare rows. Using the continuous line sowing method, seeds
were sown with hands into 1.0-1.5 inches of soil depth in lines with row spacing of 20 cm between two lines. Each sub-plot
was made up of 10 rows having 5m row length. After the first watering at 20 days after sowing (DAS), the remaining one-third
urea was top-dressed. The first and second years of seeding were completed on December 1, 2018 and November 30, 2019,
respectively. Intercultural operations and other activities were carried out in accordance with the crop management
recommendations set by BWMRI (2018) [23].

2.4 Data recording, crop harvesting and processing:

DH, DM and PH were recorded timely as described by Alam et al. (2013a, 2013b) [24, 25]. In the Zadoks stage 9.2, when
grains were loosed in spikelet, crop was harvested [26]. All processes were furnished as the recommended guides of BWMRI
[27, 28].
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2.5 Statistical analysis:

The statistical analyses were performed with SPSS (version 23). Treatment means (xSD) for biological replications were
compared to control for significance with least significant difference at P<0.05 level. The correlation analyses among the
parameters were performed using bivariate correlation. The relationships among variables were also analyzed following linear
regression.

I11. RESULTS
3.1 Days to heading:

The DH of various lines and varieties of triticale was observed insignificant in the season of 2018-19, but significant in the
2019-20 (Fig. 1A). In the 2018-19, E2 had the highest DH, but E5 had the lowest, followed by E3. Again, in the 2019-20
season, E1 and E5 represented the lowest DH, while E3 demonstrated the greatest than them. As a result, the E1 and E5 lines
had the lowest DH both seasons. Furthermore, the DH was found to be higher in the 2019-20 season than in the 2018-19 (Figure
1A).

3.2 Days to maturity:

In both seasons, the DM of triticale genotypes was found insignificant. The line E6 had the lowest DM in the 2018-19, followed
by E5. In the same time span, E3 displayed the highest DM, followed by E1. Furthermore, in the 2019-20, E4 had the greatest
DM, followed by E1, but E2 had the lowest, followed by E5 and E6. The 2019-20 season displayed significantly higher DM
than the 2018-19 (Figure 1B).

3.3 Plant height

Lodging for triticale is the great problem to the farmers since its height is more than wheat and durum. The PH of triticale lines
was exhibited significantly difference shown in the Figure 1C. The lowest PH was depicted by E4 followed by EG6 in the 2018-
19 while the highest PH was portrayed by E2 followed by E5 same season. Moreover, in the 2019-20, the lowest PH was
demonstrated by E1 followed by E5, but the maximum PH was showed by E3 and E6. The PH scaled in the 2019-20 was
depicted comparatively shorter than the 2018-19 (Figure 1C).

m2018-19 m2019-20 B w2018-19 W2019-20
100 ¢ 160 -, . a a b a
80
o 120
E £
E 60 g
= £ 80
s 40 s
. 240
A 20 g
0 0
El E2 E3 E4 ES E6

W2018-19 m2019-20

Plant height (cm)
Les]
=

0

El E2 E3 E4 E5 E6

FIGURE 1: Days to heading (A), days to maturity (B) and plant height (cm) (C) of triticale varieties and
lines grown in the seasons of 2018-19 and 2019-20. E1 = BARI Triticale 1; E2 = BARI Triticale 2; E3 =
Triticale line 1; E4 = Triticale line 2; E5 = Triticale line 3; E6 = Triticale line 4. Data were means (xSD)
of four biological replications. Bars with different letters indicate significant difference at P<0.05
(Duncan test). BARI = Bangladesh Agricultural Research Institute.
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3.4

In the investigation, the number of FSPMS of six genotypes of triticale was found highly significant both seasons (Figure 2A).
In the 2018-19, the highest FSPMS was counted by E6 followed by E5, and the lowest one by E4. Moreover, the minimum
FSPMS was showed by E4, but the highest one by E6 in the 2019-20. In addition, comparatively more FSPMS was exhibited
in the 2019-20 than the 2018-19 (Figure 2A).

Fertile spikes m™

3.5 1000-grain weight

The TGW is one of the most vibrant factors of all yield contributing characters. The TGW of various genotypes of triticale
grown both seasons was exhibited highly significance (Figure 2B). Comparatively lower TGW was exhibited by genotypes
grown in the 2018-19 than the 2019-20. In year-wise in the trial, the highest TGW was demonstrated by E6, and the lowest
one by E4 in the 2018-19. On the other hand, the minimum TGW was showed by E2, but the maximum one by E5 in the 2019-
20 (Figure 2B).

A m2018-10 m2019-20 B m2018-19 m2019-20
400 a ab 60
350 | 3 b d d 70 b
= 300 a_b ab a b b d %r; 50 .
2 250 | 2 40
g 200 g 30
¥ 150 | 3
4 20
2 100 b E
50 | g 10
0 = 0
El E2 E3 E4 E5 Ef
C B2018-19 m2019-20
6.0
be a.h -
5.0 z
T 40
‘E" 30
[ ¥
= 2.0
g
= 10
6]
0.0
El E2 E3 E4 E5 E6

FIGURE 1: Number of fertile spike (A), thousand grain weight (g) (B) and grain yield (t ha*) (C) of
triticale varieties and lines grown in the seasons of 2018-19 and 2019-20. E1 = BARI Triticale 1; E2 =
BARI Triticale 2; E3 = Triticale line 1; E4 = Triticale line 2; E5 = Triticale line 3; E6 = Triticale line 4.
Data were means (£SD) of four biological replications. Bars with different letters indicate significant
difference at P<0.05 (Duncan test). BARI = Bangladesh Agricultural Research Institute.

3.6 Grain Yield

In the observation, GY produced by lines/varieties of triticale both seasons was found highly significant difference (Figure
2C). The highest GY was exhibited by E6 followed by E5, but the lowest one by E3 in the 2018-19. Oppositely, in the 2019-
20 the lowest GY was portrayed by E4, but the maximum was demonstrated by E6 followed by E5 (Fig. 2C). The released
varieties E1 and E2 were depicted comparatively lower GY than the lines E5 and E6 except E3 and E4 both seasons. In the

season of 2019-20, relatively higher GY was demonstrated by lines/varieties of triticale than in the 2018-19 (Figure 2C).
3.7 Correlation among the parameters of triticale genotypes

In the 2018-19, the very low correlation was depicted between DH and DM (r? = 0.112) (Table 3). The relationship among
FSPMS with DH and DM were exhibited negative (r>=-0.103 and r?> = - 0.876, P< 0.05, respectively), but positively correlated
with PH (r?> = 0.610). Again, TGW was showed positively correlated with FSPMS (r?> = 0.747, P< 0.05), oppositely had
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negatively correlation with DH, DM and PH (r?

- 0.010, r? = - 0.733, respectively) (Table 3).

-0.245, r? = - 0.894 and r? = - 0.029, P< 0.05, respectively) (Table 3).
Moreover, GY was positively correlated with PH, FSPMS and TGW (r? = 0.341, r? = 0.698, r? = 0.651, P< 0.05, respectively)
while was negatively found with DH and DM (r?

TABLE 3
CORRELATION COEFFICIENT AMONG THE PARAMETERS OF TRITICALE GENOTYPES GROWN IN THE SEASON
OF 2018-19
DH DM PH FSPMS TGW GY
DH 1
DM 0.112 1
PH -0.034 -0.194 1
FSPMS -0.103 -0.876 0.61 1
TGW -0.245 -0.894 -0.029 0.747 1
GY -0.01 -0.733 0.341 0.698 0.651 1

*, Correlation is significant at the 0.05 level (2-tailed)
DH = Days to heading, DM = Days to maturity, PH = Plant height, FSPMS = Fertile spike per meter square, and TGW =
Thousand grain weight, GY = Grain yield.

TABLE 4
CORRELATION COEFFICIENT AMONG THE PARAMETERS OF TRITICALE GENOTYPES GROWN IN THE SEASON
OF 2019-20
DH DM PH FSPMS TGW GY
DH 1
DM 0.171 1
PH 0.915 0.263 1
FSPMS 0.041 -0.703 0.164 1
TGW -0.091 0.149 0.274 0.137 1
GY -0.395 -0.653 -0.234 0.883 0.152 1

*, Correlation is significant at the 0.05 level (2-tailed). DH = Days to heading, DM = Days to maturity, PH = Plant height,
FSPMS = Fertile spike per meter square, and TGW = Thousand grain weight, GY = Grain yield.

On the other hand, the positive relationship between DH and DM was observed in the season of 2019-20 (r? = 0.171, P< 0.05).
PH had also highly positive correlation with DH (r? = 0.915, P< 0.05), but low correlation with DM (r? = 0.263, P< 0.05)
(Table 4). FSPMS had very low positive relationship with PH (r? = 0.164), but had highly negative correlation with DM (r? =
-0.703). In addition, TGW exhibited positively correlation with DM, PH and FSPMS (r? = 0.149, r? = 0.274, r> = 0.137,
respectively), (Table 4). Moreover, GY demonstrated highly positive correlation with FSPMS (r? =0.883), and very low
correlation with TGW (r? =0.152), but negative correlation with DH, DM and PH (r? = -0.395, -0.653 and -0.234, respectively)
(Table 4).

V. DISCUSSION

The growth and development, physiological characteristics, yield and yield contributing attributes of triticale were mostly
influenced by meteorological conditions and edaphic factors [19, 20]. Triticale could be grown in yearly rainfall from 265 to
440 mm [29]. Other findings provoked that triticale could be grown from -1 to 19 ° C and from 175 to 800 mm rainfall [30].
Therefore, temperature, rainfall and humidity have the harsh effects on the growth and development of flower initiation,
anthesis, grain formation, DM, yield and yield contributing characters of triticale [6]. In our study, minimum, mean, and
maximum temperature and %RH were higher in the season of 2019-20 than those of the season of 2018-19, and rainfall was
lower in the period of 2019-20 than the 2018-19 (Figure 3, Figure 4, Figure 5). Abiotic stress has the detrimental effects on
plant growth and development [30, 31, 32]. DH is an important physiological factor for cool loving triticale. Heading under
high temperature (<25 °C temperature) bars the anthesis process of wheat resulting in negative effect of grain formation,
described by many researchers [25, 34]. Again, long span of DH under low temperature enhanced tillering, physiology, grain
weight and yield of wheat [35].
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Season: 2018-19 ——Min. Temp. (°C) ——Mean Temp. (°C) —s—Max. Temp. (°C)

——Rainfall (mm) —e— %Relative humidity

Temperature °C

%Relative humidity

FIGURE 3: Minimum, maximum, and mean temperature, rainfall (mm) and %relative humidity during
triticale growing period (from o0l December, 2018 to 31 March, 2019) at the headquarter research farm of
BWMRI, Dinajpur, Bangladesh.

Season: 2019-20 ——Min. Temp. (°C) ——Mean Temp. (°C) —=—Max. Temp. (°C)

= TRainfall (mm) —e—%Relative humidity

400 - -4 100

Temperature °C
%Relative humidity

FIGURE 4: Minimum, maximum, and mean temperature, rainfall (mm) and %relative humidity during
triticale growing period (from 30 November, 2019 to 04 April, 2020) at the headquarter research farm of
BWMRI, Dinajpur, Bangladesh.

In the trials, long length of DH under comparatively lower temperature in the period of 2019-20 might enhance GY of triticale
(Figure 1A, Figure 2C, Figure 3, Figure 4, Figure 5). The related findings were summarized by Sarker et al. (2006) [18] and
Bezabih et al. (2019) [36]. In Bangladesh, under timely sowing of triticale, its grain formation was sophisticatedly occurred in
mid-February to mid-March [37]. But comparatively lower temperature might enhance the length of DM which was desired
for high yield of triticale (Figure 1B, Figure 2C, Figure 3, Figure 4, Figure 5, Table 3, Table 4). Since triticale grows in tall,
there is more chance to decline to lodging; PH is considered as a vital point to protect its lodging. Lodging of triticale due to
light storm or wind flow might cause more yield reduction of triticale [38]. To release a variety of triticale, tallness is considered
greatly as a better protection of lodging [39].
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Temperature °C/Rainfall (mm)

EaMin. Temp. mmmMean Temp. mmmMax. Temp. mmmRainfall (mm) ——Relative humidity

2018-19

1 88

84

80

76

%Relative humidity

72

68

2019-20

FIGURE 5: Minimum, maximum, and mean temperature, rainfall (mm) and %relative humidity in the
period of days to heading and days to maturity during triticale growing period in the seasons of 20018-19
and 2019-20 at the headquarter research farm of BWMRI, Dinajpur, Bangladesh

A +2018-19 A2019-20
6.0
- 50 Ay A
=1 e —
= 40 T P AL
T 30 . y=-0.1485x + 15.954
g8 20 y=-0.33l29x +19.145 R2=10.3697
= R?=0.5471
< 1.0
(D 00 L L 1 L L L I
66 68 70 72 74 76 78 80
Days to heading
C #2018-19 A2019-20
6.0 y =-0.1329x +19.145
- 50 Ay 2 R=0571
sS40 T o L SP—— *. o
T 30 4 ="0.0264x +8.1509 .
> 20 R?=0.0381
£ 10
6 .
00 1 L L L L 1 L ]
120 122 124 126 128 130 132 134 136
Plant height (cm)
D +2018-19 A2019-20
60
- 50t
- A AA A
240 - e - Q A
Z o TS ¥ =-0.0054x +6.5246
= 30 * * o e
o o R =0.0237
2 a0 L y=-0.1329x +19.143
g Lo R?=0.5471
o Ul
00 L 1 1 L L 1 I
310 320 330 340 350 360 370 380
Spike m2

[s=]

Grain vield t ha'!

tr

Grain vield t ha'!

6.0
5.0
4.0
3.0
2.0
1.0
0.0

6.0
5.0
4.0
3.0
2.0
1.0
0.0

+2018-19 4A2019-20

’-0».,_.__ *

£
y=-0.1329x + 19.145

R?=0.5471

y=-0.1254x +20.49
R?=10.4535

114 118 122 126

110

Days to maturity
+2018-19 A2019-20
y=-0.0035x +4.7261
R2=0.0012

»>
-
[

y=-0.1329x +19.145
R?=10.5471

44 46 48 50 52
Thousand grain weight (g)

FIGURE 6: The relationship of grain yield with days to heading (A), days to maturity (B), plant height (C),
fertile spike m? (D) and thousand grains weight (E) of triticale, each in two growing seasons (2018-19 and
2019-20)

Page | 9



International Journal of Environmental & Agriculture Research (IJOEAR) ISSN:[2454-1850] [Vol-9, Issue-10, October- 2023]

In the season of 2018-19, the low relationship between PH and GY was observed (r? = 0.337) (Table 3; Figure 6C), but
negatively very low relationship found between PH and GY (r? = -0.234) in the season of 2019-20 (Table 4; Figure 6C). GY
of wheat was the combined results of phenotypic, physiological and yield contributing characters [40]. FSPMS is one of the
characters. Optimum number of FSPMS generally contributes to produce higher grain yield in triticale. FSPMS produced in
the season of 2019-20 was higher than that of the season of 2018-19 might be influenced by lower temperature and more
rainfall existed in the season of 2019-20 (Figure 2A, Figure 3, Figure 4, Figure 5), similar findings evidenced by Alam et al.
(2013b) [25], Mazurenko et al. (2020) [41] and Hossain et al. (2019, 2021) [42, 43]. Positive correlation observed between
FSPMS and GY in the study was also other evidence of higher yield in the season of 2019-20 (r? = 0.169) (Table 3 and Figure
6D). After physiological maturity, number of FSPMS lasted with fertile grain in plants; GY production also depended on,
described by Feledyn-Szewczyk et al. (2020) [44]. TGW had a great influence on the yield of triticale (Figure 2B). It had also
crucial influences on yield of wheat crop increment or reduction, evidenced by Al-Tabbal (2016) [45] and Alam et al. (2013)
[25]. In the study, moderately correlation was observed between TGW and GY in the season of 2018-19 (r? = 0.657) (Table
3). In addition, very low correlation between TGW and GY was depicted in the period of 2019-20 (r?> = 0.152) (Table 4, Figure
6E). TGW of triticale was varied in different genotypes, evidenced by Tratwal and Bocianowski (2021) [46] and Feledyn-
Szewczyk et al. (2020) [44]. In both seasons, the more GY was produced by E5 and E6 compared to other genotypes (Figure
2C). GY of triticale was influenced by meteorological conditions, location, and yield contributing characters [16, 39, 44]. GY
exhibited more in the season of 2019-20 than the season of 2018-19 might be influenced by lower temperature and more rainfall
prevailed in that growing period (Figure 2C, Figure 3, Figure 4, Figure 5). Higher FSPMS in the season of 2019-20 might be
other important reason for higher yield in same season. Same findings were resolved by Sarker et al. (2006) [18], Bezabih et
al. (2019) [36], and Panek et al. (2020) [47]. In the investigation, in both seasons, relatively more GY demonstrated by E5 and
E6 might be due to their high genetically inheriting capability and adaptability into multi-environmental factors, such as
temperature, rainfall, and relative humidity, and edaphic factors [48].

V. CONCLUSIONS AND THE FUTURE SCOPE

Long span of DH and DM, and more number of FSPMS obtained in comparatively lower temperature were observed in the
2019-20 than the 2018-19. GY was exhibited more in the 2019-20 than the 2018-19, evidencing TGW exhibited negatively
correlated with DH, DM and FSPMS same season (2018-19). Positive correlation observed between FSPMS and GY was also
other evidence of higher yield in the 2019-20. Moreover, comparatively lower PH, but more FSPMS and TGW were exhibited
by E5 and EG6 than check varieties both seasons. Moreover, the relatively more grain yield was also depicted by E5 and E6 than
check varieties. The summarized results provoked that the lines E5 and E6 may be released as high yielding variety (ies) to
increase triticale yield production in Bangladesh.
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