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Abstract

Phenological performance in relation to vield of wheat genotypes; BARI Gom 26,
BAW 1051, BARI Gom 27 and BARI Gom 28 were evaluated under normal and heat
stress environments. One irrigated timely sowing (ITS) and three irrigated late sowings
(ILS) were imposed to provide terminal high temperature over the tested genotypes.
The ITS was November 25 and three ILS were December 10, December 25 and
January 10. In heat stress condition, the genotypes phased a significant level of high
temperature stress which affected on phenological stage and vield compared to ITS. In
ITS situation, days to anthesis and booting decreased in heat stress condition regardless
the cultivars. The phenological characteristics under heat stressed condition led the
wheat cultivars to significantly lower grain vield as compared to normal condition. In
heat stress situations (Dec 10-Jan 10), the average grain vield was reduced by12.8 -
39.8 % in BARI Gom 26, 14.4-29.7% in BAW 1051, 11.5-26.5% in BARI Gom 27
and 17.4-25.6 % in BARI Gom 28 in both the season. It was also observed that grain
vield was found to be reduced by about 7.7-15.4% in BARI Gom 26, 9.4-15.7 % in
BAW 1051, 9.4-12.4% in BARI Gom 27 and 9.7-12.0% in BARI Gom 28 from ITS
for each 1 C rise in average mean air temperature during booting to maturity. On the
other hand, reduction percent were less for the new varieties. Grain vield reduction was
about 1.4 - 2.65% in BARI Gom 28, 0.1-6.7 % in BARI Gom 27 and 1.7-6.0% in
BAW 1051.

Introduction

Developing heat tolerant wheat variety is a demand of the hour in Bangladesh due to global
warming or climate change. It is known to all that wheat seed sowing optimum time is from 15
November to 30 November in the country whether in Northern part of Bangladesh is up to 7
December due to cool weather compared to that of other parts of the country. Generally, the
farmer of the country cultivates wheat in winter season after harvesting of T. Aman Rice. But
due to adverse weather farmers cannot transplant T. Aman rice timely, ultimately harvests
delayed. So, it is not possible for farmers to sow wheat seed timely. Most of the farmers sow
wheat seed on December, even in later i.e in January. Late sowing wheat genotypes faced high
temperature. As a result, heat stress due to late sowing beyond certain limits lowers the grain
vield significantly. Researchers have pointed out that wheat vield is considerably affected by
sowing date (Chio et al, 1992; Liszewski, 1999; Michiyama et al, 1998; Pecio and Wielgo,
1999). In fact, due to variation of sowing date the ambient temperature vary widely which
affects the phenology of any crop plant. Temperature is a modifying factor in all stages
including germination, tillering, booting, ear emergence, anthesis and maturity since it can
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influence the rate of water supply and other substrate necessary for growth (Wanjura and
Buxtor, 1972). Under the high temperature, the wheat crop completes its life cycle much faster
than under normal temperature conditions (Fischer, 1985). Plant responses to high
temperature vary with plant species, variety and phenological stages. Reproductive processes
are markedly affected by high temperatures in most plants, which ultimately affect fertilization
and post-fertilization processes leading to reduced crop vield (Wahid et al, 2007). Thus, for
crop production under high temperatures, it is important to know the developmental stages and
plant processes that are most sensitive to heat stress as well as whether high day or high night
temperatures are more injurious. In such context, Wheat Research Centre, BARI is supposed to
develop high vielding wheat variety (HYV) considering their suitability in the existing cropping
systems or environment. Accordingly, WRC developed some suitable variety (s) having heat
tolerant which can be grown after harvest of T. Aman. As plant responses to high temperature
vary with plant species, variety, location and phenological stages, it is essential to observe the
performance of the promising or advanced genotypes of wheat in respect of phonological
traits. Considering the views in mind, the trial was undertaken to find out heat tolerant suitable
variety (s) of wheat with its suitable sowing times in adverse climate condition with higher vield.

Materials and Methods

The experiment was carried out in the rabi season of 2012-13 and 2013-14 in research field
of Regional Wheat Research Centre, Rajshahi of Bangladesh Agricultural Research institute.
The soil of the experimental field of Rajshahi belongs to AEZ # 11 characterized by flood free
highland, fine in texture (Sandy loam and Silty loam) and poor in organic matter content. The
experiment was laid out in split-plot design with 3 replications. Three wheat varieties and one
advanced genotypes (V1: BARI Gom 26, Vo: BAW 1051, V3: BARI Gom 27 and V4: BARI
Gom 28) and BARI Gom 26 was used as test crop. One irrigated timely sowing (ITS) and three
irrigated late sowings (ILS) were imposed to provide terminal high temperature over the tested
genotypes. The ILS was Nov 25 (D7) three ILS of were Dec 10 (Dg), Dec 25 and Jan 10 (Dy),
respectively. Sowing times were accommodated in main-plot and the test genotypes were
assigned to sub-plot. The unit plot size was 4 m x 5 m. Temperature (°C) imposed (10-day’s
average of minimum, maximum and its mean) during sowing to physiological maturity of wheat
genotypes sowing in different times (D) at is presented in Appendix-1 and average temperature
imposed on growth stages of wheat genotypes (V) by sowing times (D) is presented in Appendix
2. After well preparation of land, seeds @ 120 kg hal of each variety / lines were sown
continuously in lines 20 cm apart. Each of the plots was fertilized @ 120-27-50-20-1-5000 kg
hal N-P-K-S-B-CD. Cowdung was applied during land preparation. The source of N, P, K, S
and B were urea, TSP, MOP, gypsum and boric acid, respectively. All of TSP, MOP, gypsum
and boric acid; and two-third of urea were used as basal during final land preparation. Rest urea
was applied as top-dress at CRI stage followed by irrigation. Three irrigations were provided
(one at CRI stage, one early booting stage and one at initiation in grain filling). The plot was
kept weed free up to 30 days. No plant protection measures taken to control insects and
diseases. Each of genotypes was harvested after its maturity. Data on days to booting, heading,
anthesis, physiological maturity, vield and vield contributing characters were recorded and the
grain vield was adjusted at 12% moisture level. Recorded data were analyzed statistically and
the means were tested by the LSD at 5% level.
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Results and Discussion

The results of studied characters have been presented in the tables 1 to 9. Findings of each
character are discussed below:

Booting stage

In irrigated timely sowings (ITS) all the genotypes phased their booting stage between 63-68
days. After timely sowing i.e. in late, the days of all genotypes decreased gradually. In late
sowing conditions increased temperature (Appendix 2) resulted in less time to attain booting
stage. Similar result was also observed by Nahar, K. et al (2010). Among the variety, BARI
Gom 28 looks significantly less time. In late sowing conditions, took average 5.0 -13.3% fewer
days than timely sowing. BARI Gom 28, BARI Gom 27 and BAW 1051 required 4.8-11.1%,
3.0-7.6% and 4.6-9.2% less days respectively than timely sowing. That is, the new varieties
needed fewer days to attain booting stage as compared to BARI Gom 26. It indicated that, the
BARI Gom 28 and BARI Gom 27 possess more heat tolerance.

Table 1. Effect of terminal high temperature on days to booting of wheat genotypes (V)
imposed by late sowing times (D) during 2012-13 and 2013-14

2012-13 2013-14
Y, D, D, | Dy | Dy | Mean- | Dy D, | D3 | Dg [ Mean-
ITS ILS \Y ITS ILS Y
Vi 64 63 62 55 61 66 64 60 52 60
(1.56) (3.12) (14.1) (1.72) (4.23) (13.9
Vs 63 62 60 54 59.7 64 62 59 51 59
(1.58) (4.76) (14.2) 1.77) (5.22) (15.2)
Vs 67 65 63 57 63 68 65 61 55 623
(2.98) (5.97) (14.9 (3.21) (6.14) (16.7)
Vs 64 63 60 56 60.7 65 62 58 51 59
(1.56) (6.25) (12.5) (1.68) (5.98) (13.9
MeanD 645 632 612 555 - 65.7 632 595 522 -
(2.01) (5.11) (13.9) (2.09  (5.39) (14.8
Year LS LSD(O 05) CV (%)

D | V |[DxVI[Dxve| D | V [ DxVl [DxVe| D [ V | DxVl|DxVe
2012-13 = = w * 414 252 247 247 230 230 230 230
201314 = = * 117 1.06 212 212 210 224 224 224

Figure in the parenthesis indicates decrease day in % over ITS

Heading stage

Like booting stage, high temperature imposed by sowing times influenced on heading of all the
genotypes at both the years. In ITS all the genotypes phased their heading stage between 67-
72 days (Table 2). After ITS, days to heading of all genotypes were decreased gradually. This is
might be due to higher temperature prevailed in ILS (Table 2). Nahar, K. et a/ (2010) also
observed the similar result. Among the genotypes, BARI Gom 28 took significantly less time in
all sowing times. New wheat varieties, BARI Gom 28, BARI Gom 27, BARI Gom 26 and
BAW 1051 required 1.9-10.8%, 2.4-9.3% and 0.0-8.7% less days respectively than timely
sowing. These results implied that the performance in respect of heat tolerance of advanced
genotypes were as in order of BARI Gom 28 > BARI Gom 27 > BAW 1051>BARI Gom 26
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Table 2. Effect of terminal high temperature on days to heading of wheat genotypes (V)
imposed by late sowing times (D) during 2012-13 and 2013-14

2012-13 2013-14
\Y D, D, | D3 | Dy Mean- | D D, | D3 | Dy | Mean-
ITS ILS Y ITS ILS v
Vi 71 70 65 60 66.5 72 69 64 58  65.7
(1.40) (8.45) (15.4) (1.68) (7.84) (14.8
Vo 71 70 64 58 65.7 70 68 63 57 645
(1.40) (9.85) (18.30) (1.65 (852 (16.2)
Vs 74 72 66 62 68.5 75 73 65 60 682
(2.77) (10.81) (16.2) (3.10) (9.97) (14.8
Vs 71 69 64 59 65.7 70 68 63 57 645
(2.81) (9.85  (16.9) (297) (8.87) (15.2
MeanD 71.7 702 645  59.7 - 713 695 637 58 -
Year LSD(O_05) CvV (%)
D v DxWVI | Vxve D V | DxVI | Dx\¢

2012-13 5.13 2.12 2.09 1.77 1.77 1.77 1.77 1.77
2013-14 1.74 1.37 2.75 2.75 2.65 2.48 2.48 2.48

Figure in the parenthesis indicates decrease day in % over ITS

Anthesis

Under high temperature conditions, earlier heading is advantageous in the retention of more
green leaves at anthesis, leading to a smaller reduction in vield. Growth chamber and
greenhouse studies suggest that high temperature is most deleterious when flowers are first
visible and sensitivity continues for 10-15 days. Among the reproductive phases fertilization (13
days after anthesis) is one of the most sensitive stages to high temperature in various plants. In
the present experiment, terminal high temperature imposed by sowing times had significant
influence on days to anthesis of tested wheat genotypes. There was also significant variation
among the genotypes to attain anthesis. Of the tested genotypes BARI Gom 28 took less time
(74 days) to reach the anthesis stage as compared to other genotypes in irrigated timely sowing
(ITS). After ITS, days required to anthesis of all the genotypes decreased gradually. In irrigated
late sowing (ILS) conditions, BARI Gom 28 required the shortest duration and other two
advanced genotypes needed longer duration in each location to reach the anthesis stage. In the
high temperature stress condition, the days to anthesis reduced by 6.7-14.7% in BARI Gom
28, 1.3-10.7 % in BARI Gom 27 and 2.7-9.5% in BAW 1051. Ubaidullah et a/ (2006)
reported the same findings and observed that generally late sowing imposed negative effects on
all the traits except BARI Gom 28. These results implied that in case anthesis the performance
in respect of heat tolerance of tested genotypes were as in order of BARI Gom 28> BARI
Gom 27 > BAW 1051>BARI Gom 26
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Table 3. Effect of terminal high temperature on days to anthesis of wheat genotypes (V)
imposed by late sowing times (D) during 2012-13 and 2013-14

2012-13 2013-14
\Y D, D, | D3 | D4 Mean- | Dy D, | D3 | D4 | Mean-
ITS ILS \Y ITS ILS \Y
Vi 79 78 75 72 76 77 76 74 70 74.2
(1.26) (5.06) (8.86) (1.67) (6.63) (10.8)
Vo 75 74 67 64 70 76 75 68 63 70.5
(1.33) (10.67) (14.67) (1.59) (11.4) (15.2)
Vs 78 77 67 64 715 79 77 67 64 71.7
(1.28) (14.100 (17.9) (1.32) (14.2) (185)
A 74 75 66 64 70.2 74 75 66 63 69.5
(1.31) (13.10) (15.78) (1.62) (13.8) (16.2)
Mean- 77.7 752  68.7 63.5 - 772  75.7 69 65 -
D (3.21) (11.58 (18.27) (1.55) (11.5) (15.1)
Year LSD(O 05) CV (%)
D | Vv | DxVI | Dxve D | V | DxV | Dxve
2012-13  5.13 2.12 2.09 2.09 1.77 1.77 1.77 1.77

2013-14 1.74 1.37 2.75 2.75 2.65 2.48 2.48 2.48

Figure in the parenthesis indicates decrease day in % over ITS

Physiological maturity

It is generally known that the duration of maturity of any crop is reduced by stress condition.
High temperature in the post anthesis period shortens the duration of grain-filling (Wiegand
and Cuellar, 1981). In our study, terminal high temperature imposed by sowing times had also
considerable influence on days to physiological maturity of tested wheat genotypes. There was
also significant variation among the genotypes to attain maturity. In irrigated timely sowing
conditions (ITS), BARI Gom 27 took significantly the highest time for physiological maturation
(108 days) and which was followed by & BAW 1051 (106 days) while it was the lowest in BARI
Gom 28. BARI Gom 28 also took the lowest days (106 days) among other two advanced
genotypes (105 days) for maturation (Table 4). After ITS, days required to maturity of all the
genotypes decreased gradually. In irrigated late sowing (ILS) conditions, BARI Gom 28 required
the shortest duration and other two advanced genotypes needed longer duration to attain
physiological maturity. In this experiment, in respect of sowing times and genotypes the
temperature during the physiological maturing period was 24.4-25.8 C in case of ITS, and it
was 23.3-29.2 C in ILS conditions. In late sowings, temperatures prevailed higher during
physiological maturity stage of wheat than ITS. In this condition, the days to maturity reduced
by 0.9-12.6% in BARI Gom 28, 1.0-9.5 % in BARI Gom 27 and 1.9-12.4% in BAW 1051.
That is why, due to higher temperature all the tested genotypes matured earlier in ILS
condition as compared to ITS. There is a similarity between the result of the present study and
that of Ubaidullah et al (2006) and Nahar et al (2010). These results implied that in case
maturity the performance in respect of heat tolerance of tested genotypes were as in order of
BARI Gom 28> BAW 1051 > BARI Gom 26> BARI Gom 27.
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Table 4. Effect of terminal high temperature on days to physiological maturity of wheat
genotypes (V) imposed by late sowing times (D) during 2012-13 and 2013-14

2012-13 2013-14
\Y D, D, | Dy | Dy Mean- | Dy D, | D3 | Ds | Mean
ITS ILS \Y ITS ILS \Y
Vi 107 104 95 83 97.2 106 104 94 82 96.5
(2.80) (11.2) (22.4) 2.78) (12.1) (21.8
Vo 106 103 94 83 96.5 105 103 93 81 95.5
(2.83) (11.32) (21.69) (2.97) (11.9) (22.3)
Vs 108 104 96 85 982 109 105 95 84 98.2
(3.70)  (11.1)  (21.2) (3.52) (10.8) (19.8
Vs 106 103 95 84 97 107 104 94 82 96.7
(2.83)  (10.3)  (20.7) 2.4) (11.3) (21.3)
Mean 106. 103.5 95 83.7 - 106. 104 94 82.2 -
D 7 (2.99) (10.96) (21.5) 7 (291) (115 (21.3
Year LSD(O 05) CV (%)
D [V | DxVI | DxVe D [V | DxVI | DxVe
2012-13 543 3.12 2.12 2.12 1.21 1.21 1.21 1.21
201314 124 0.72 1.24 1.24 3.03 1.07 1.07 1.07
Plant height

Effect of terminal high temperature imposed by sowing times on plant height at maturity was
statistically significantamong the tested genotypes and also interaction effect between sowing
times and genotypes (Table 5). BAW 1120 and BAW 1051 produced numerically the taller
plants (99 cm) while BARI Gom 28 produced the shortest plant (93.7 cm) in ITS condition. In
ILS conditions, maximum plant height (94.5 cm) was recorded from BARI Gom 27 followed by
BARI Gom 28 (94.3 cm) and BAW 1051 (91.8 cm) sowing on Dec 10. In case of Dec 25
sowing, BAW 1051 and BARI Gom 27 produced the plant of same height (93.5 c¢cm) and
BARI Gom 28 gave the shortest plant (92.5 cm). In the late sowing on Jan 10, BAW 1051
gave the maximum plant (94.8 cm) followed by BARI Gom 27 (93 cm) while BARI Gom 28
resulted shortest plant height (92.7 cm). These results implied that performance of advanced
genotypes in respect of taller plant height was in order of BARI Gom 26 BARI Gom 27>
BARI Gom 28>BAW 1051.

Table 5. Effect of terminal high temperature on plant height (cm) of wheat genotypes (V)
imposed by late sowing times (D) during 2012-13 and 2013-14

2012-13 2013-14
\Y D, Do [ Dy [ D4 | Mean- D; Do | D3 | D4 | Mean-
ITS ILS Y ITS ILS Y,
V; 1098 1027 962 822 977 1101 1064 958 832 9838
Vo, 1037 978 94 814 948 1054 1023 954 823 963
Vs 1031 1022 972 792 955 1052 1034 96.7 805  96.1
V, 1031 1004 985 81.1 958 1048 1023 99.7 817 97.1
Mean- 1049 100.7 97.1 809 - 106.3 1036 969 819 -
D
Year LSD(g 05 CV (%)
D [ Vv | DxVI | Dxve D [ v | DxV DxVe
2012-13 7.79 1.79 4.60 4.60 2.82 2.82 2.82 2.82
2013-14 3.03 2.62 2.49 2.49 1.77 1.54 1.54 1.54

Figure in the parenthesis indicates decrease day in % over ITS
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Spike density

Spike density is one the important vield contributing factor for wheat. It may be varied due to
different stress situation. In this study, both the main effect of terminal high temperature forced
by sowing times and genotypes was significant on spike density in each location. Interaction
effect between sowing time and genotypes was significant. Spike density decreased with the
delay in sowings (Table 6). The genotype BARI Gom 28 produced second highest number
(380) of spike m™? and the value was statistically identical to the value (351) noted from BAW
1051. In the latest sowing of Jan 10, the advanced genotypes produced higher spikes per unit
area than the released variety, BARI Gom 26. That is, among the advanced genotypes, BARI
Gom 27 and BARI Gom 28 performed better both in ITS and ILS condition. On the other
hand, the same two genotypes performed better in ILS condition.

Table 6. Effect of terminal high temperature on spike density (Number m2) of wheat genotypes
(V) imposed by late sowing times (D) during 2012-13 and 2013-14

2012-13 2013-14
\Y D, D, | D3 | Dy | Mean- | Dy D, | D3 | Ds | Mean-V
ITS ILS Y ITS ILS

Vi 388 341 319 299 336.7 362 324 314 311 327.7
Vo 372 349 319 306 336.5 342 329 322 317 327.5
V3 458 423 348 299 382 412 419 398 402 407.7
V4 456 348 315 306 356.2 398 351 319 302 342.5

Mean-D 4185 3652 325.2 3025 - 389.7 355.7 3382 333 -
Year LSD(O 05) CV (%)
D [ VvV [ DxVl [ DxVe D [ Vv | DxVI | Dxve

2012-13 21.45 21.45 11.42 11.42 7.04 9.96 11.65 11.65
2013-14 27.10 15.40 51.25 50.71 8.69 8.69 8.39 8.39

Figure in the parenthesis indicates decrease day in % over ITS

Grains spike'1

Number of grains spike! is also one of the major criteria to influence grain vield of wheat. Heat
stress, singly or in combination with drought, it is common constraint during anthesis and grain
filling stages in many cereal crops of temperate region (Nahar et al, 2010). In this study,
terminal high temperature imposed by late sowings had significant effect on number of grains
spike’l (Table 7). On the other hand, interaction effect between sowing times and genotypes
was significant. The significant interaction effect between sowing times and genotypes indicated
that tested genotypes performed differently in different sowing times. Here, BAW 1051
produced numerically the maximum number of grains (48.3) spike’! from the late sowing of
Dec 10. Statistically identical numbers of grain spike! were also recorded from timely sowing
of Nov 30 and late sowings of Dec 25 and January 10. This implied that, this genotype could
be sown in timely sowing time and even very late i.e. up to Jan 1 for getting higher number of
grain spikel. High temperature prevailed in reproductive stage due to late sowing could not
affect grain formation indicating that this genotype could be identified as a good heat tolerant
genotype, if data is authentic. Next minimum numbers of grain (48.0) spike’! was recorded
from BARI Gom 28 in late sowing of Dec 10 and it was identical to the number noted from the
delayed sowing of Jan 10. On the contrary, late sowing Dec 25 and timely sowing Nov 25 of
the same genotype produced e significantly minimum numbers of grains. During reproductive
stage, the mean temperature was higher (in late sowing conditions (20.9-29.0 9C for Dec 10
sowing, 22.5-29.4 OC for Dec 25 sowing and 24.0-28.0 OC for Jan sowing) than timely
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sowing (17.0 -25.7 9C). The data on temperature and result in respect of grain spike! might
be inconsistent.

Table 7. Effect of terminal high temperature on grains spike’! of wheat genotypes (V) imposed
by late sowing times (D) during 2012-13 and 2013-14

2012-13 2013-14
\Y D, D, | Dy | Dy | Mean- | Dy D, | Dy | Dy Mean- V
ITS ILS \Y ITS ILS

Vi 51.0 54.3 490 403 48.6 50 523 492 412 48.1
Vs 49.0 573 420 40.0 47.1 50.3 553 432 392 47.0
V3 43.3 380 41.0 443 41.6 46.5 483 422 444 45.3
Vg 456 483 416 446 45.0 46.5 492 438 41.2 45.1

MeanD 47.2 494 434 423 - 483 512 446 415 -
Year I_.SD(0.0{)) CV (%)
D | Vv [ DxVI | Dxve D | v [ DxVI | Dxve

2012-13 2.19 4.50 5.67 5.67 14.19 10.12 10.12 10.12

2013-14 1.46 1.95 3.90 3.90 3.96 6.27 6.27 6.27
Figure in the parenthesis indicates decrease day in % over ITS

Thousand grain weight (TGW)

Like number of grains spikel, TGW was also influenced by the terminal high temperature
imposed sowing times (averaged over genotypes) and genotypes (averaged over sowing times.
Interaction effect between genotypes and sowing times was significant (Table 8). TGW
averaged over genotypes also decreased with delay in sowing. The maximum TGW of 48.4 g
was recorded from irrigated timely sowing (Nov 30) and it was statistically identical to the
weight noted from late sowings of Dec 15-30. Last sowing (Jan 15) resulted in the minimum
TGW (23.3 g). Here, BARI Gom 28 succeeded to generate significantly the maximum TGW.
Other genotypes performed similarly. This result implied that, all the tested genotypes were
found to be better for normal and late sowings up to Dec 30. All the genotypes also resulted in
lower TGW in late sowings of Dec 25 and Jan 10. On the contrary, higher TGW was noted
from Nov 25 and Dec 10 sowings.

Table 8. Effect of terminal high temperature on TGW (g) of wheat genotypes (V) imposed by
late sowing times (D) at Rajshahi during 2012-13 and 2013-14

2012-13 2013-14
Y, D, Do | Dy | Ds | Mean- | Dy D, | Dy | D4 Mean-
ITS ILS \Y ITS ILS \Y

Vi 446 36.6 32.0 29.3 35.6 45.3 44 .8 33.8 30.4 38.5
Vo 43.0 37.0 34.3 34.0 39.5 447 43.5 34.2 324 38.7
V3 35.0 30.6 23.3 23.3 28.1 38.5 37.9 29.5 24.3 32.5
Vg 49.0 393 34.0 35.0 39.3 48.7 45.5 35.2 33.4 40.7

MeanD 452 422 328 304 - 443 429 331 300 -
Year LSD(O 05) CV (%)
D | Vv [ DxVl | DxVe D | Vv [ DxVI | DxVe

2012-13 5.45 3.04 8.81 8.81 10.18 14.19 14.19 14.19
2013-14 2.04 2.48 4.96 4.96 4.95 7.15 7.15 7.15

Figure in the parenthesis indicates decrease day in % over ITS
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Grain Yield

Interaction between of terminal high temperature imposed by sowing times and genotypes
wheat had significant effect on grain vield (Table 9). This meant that grain yield of each
genotype was different in each sowing times.

In irrigated timely sowing conditions (ITS), all the genotypes resulted in significantly higher grain
vield and thereafter vield decreased with the delay of sowing times. That is, vield recorded from
ITS was significantly higher than all sowings of ILS conditions. Under ILS conditions, the
advanced genotype BAW 1141 generated significantly the highest grain yield (5.31 t ha'l). This
vield was statistically identical to the yield noted from other advanced genotypes. Just after 15-
days of ITS, (Dec 10) there was no significant yield variation among the genotypes but after 15
days (Dec 25) significant yield variation among the genotypes. In this sowing, vield reduction of
the genotypes BARI Gom 26, BAW 1051, BARI Gom 27 and BARI Gom 28 was 26.3%,
22.8%, 18.9% and 21.3%, respectively as compared to ITS condition. In late sowing of Jan
10, BARI Gom 28 also produced significantly the highest vield (3.65 t ha'l). Other two
advanced genotypes performed identically resulting in a yield more than 2 t ha'l. At that time
percent of vield reduction was remarkable and it was 39.8%, 29.7%, 26.4% and 25.6.2 % in
BARI Gom 26, BAW 1051, BARI Gom 27 and BARI Gom 28, respectively. Considering the
vield performance, the variety BARI Gom 28 performed better than other genotypes in all
sowing times though there was significant vield reduction over timely sowing. This line
produced more than 4.18 tha'! grain vield up to Dec 25 sowing and it also produced 3.65 tha-
1 grain vield in January 10 sowing. This indicates that among the tested genotypes, it is better
in heat stress condition. In late sowing conditions (Dec 25 —Jan 10), the grain yield was reduced
by12.8-38.8% in BARI Gom 26, 14.4-30.2% in BAW 1051, 11.5-26.4% in BARI Gom 27
and 17.4-25.6% in BARI Gom 28.

Table 9. Effect of terminal high temperature on grain vield (t hal) of wheat genotypes (V)
imposed by late sowing times (D) during 2012-13 and 2013-14

2012-13 2013-14
\Y D; D, | D3 | Dy Mean- | Dy D, | D3 | Dy Mean-
ITS ILS \Y ITS ILS Y

V; 515 516 450 2.78 439 523 509 442 293 441
0.97) (12.6) (46.0) (2.67) (13.1) (33.7)

Vo 475 466 356 2.61 424 457 442 369 277 386
(1.89) (12.4)  (34.5) (3.28) (16.5) (24.9)

Vs 447 425  3.83 2.68 381 441 432 394 343 4.02
(4.92) (14.3)  (40.0) (2.04) (8.79) (12.9)

Vs 536 508 425 3.75 461 527 504 411 357 447
(5.22)  (20.7)  (30.0) (4.36) (18.4) (13.8)

Mean- 4.93 478  4.18 3.15 - 487 471 404 317 -

D (3.24) (15.21) (36.10) (3.08) (14.1) (21.3)

Year LSDyg g5 CV (%)
D [ Vv | DxV [ DxVe D [ Vv | DxVI | Dxve

2012-13 0.78 3.03 0.77 0.77 9.34 10.18 10.18 10.18
2013-14 0.47 0.14 0.29 0.29 10.21 9.13 9.13 9.13

Figure in the parenthesis indicates decrease day in % over ITS
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Table 10. Yield of wheat genotypes (V) decrease in percentage over irrigated timely sowing
condition (TIS) for 19C rise in average mean temperature from booting to maturity at
Rajshahi during 2012-13 and 2013-14

Genotypes 2012-13 2013-14
Dy D, | D3 | Dy Dy D, | D3 | Dy
ITS ILS ITS ILS
Vq - 1.1 7.3 14.2 - 1.3 8.2 16.7
Vo - 1.7 8.3 12.5 - 2.1 10.5 18.9
V3 - 3.9 9.3 12.7 - 4.1 9.5 12.2
Vg - 4.8 9.6 10.6 - 3.5 9.8 13.4

It was also observed that that grain vield was found to be reduced by about by 7.7-15.4% in
BARI Gom 26, 9.4-15.7 % in BAW 1051, 9.4-12.4% in BARI Gom 27 and 9.7-12.0% in
BARI Gom 28 from irrigated timely sowing condition (ITS) for each 1 C rise in average mean
air temperature during booting to maturity in both the season (Table 10). On the other hand,
reduction percent were less for the advanced lines and new varieties. Grain vield reduction was
about (-) 1.4-2.65% in BARI Gom 28, 0.1-6.7 % in BARI Gom 27 and 1.7-6.0% in BAW
1051.

Conclusion

From the above study, it can be concluded that terminal high temperature imposed by late
sowing significantly changes the studied phenology of advanced genotypes and the yield.
Generally due to high temperature stress the stages of life cycle reduce their duration or length.
The performance of all genotypes is better in all respect in irrigated timely sowings as
compared to irrigated late sowings conditions. The advanced variety BARI Gom 28 is the best
performing one in heat stress condition as the deviation of phenological stages reduced by the
lowest percentage and the vield is the highest among all the varieties. BARI Gom 27 could take
place after BARI Gom 28 followed by BAW 1051.
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Appendix 1.Temperature (°C) imposed (10-day’s average of minimum, maximum and its mean)

during sowing to physiological maturity of wheat genotypes sowing in different
times (D) in 2012-13 and 2013-14

2012-2013
10-days Minimum Maximum Mean
(#) D; | D | D3 | Dy Di | D | D3 | D4 D; | D | D3 | Dy
1 148 119 125 107 285 219 252 226 21.7 169 188 16.7
2 15.6 9.2 134 9.9 247 205 232 237 202 148 183 16.8
3 9.2 129 100 10.2 203 253 227 267 147 190 164 185
4 125 12.8 9.1 128 252 229 249 272 188 178 17.0 199
5 134 10.0 108 129 232 228 266 30. 183 165 187 21.7
6 10.1 9.2 134 153 227 251 288 329 164 172 211 241
7 9.1 109 136 163 249 267 316 31.8 170 188 226 241
8 10.8 139 165 19.1 266 294 328 355 187 139 247 273
9 134 134 184 21.1 288 316 330 347 211 225 257 278
10 136 169 20.7 - 316 326 372 - 226 247 288 -
11 16.7 21.3 - - 33.7 354 - - 253 259 - -
2013-2014
10-days Minimum Maximum Mean
(#) D; | D | D3 | D4 D; | D | D3 | D4 D; [ D | D3 | Dy
01 11.6 139 9.6 90 272 241 223 241 194 190 16.0 185
02 25.2 10.8 8.1 90 252 183 202 233 191 145 141 16.1
03 12.2 98 109 126 206 225 254 272 164 161 181 199
04 96 8.18 88 129 223 231 239 265 160 156 164 197
05 8.1 94 127 143 202 234 278 296 141 164 20.2 213
06 109 11.8 139 153 254 274 265 319 181 196 20.2 236
07 88 131 176 190 231 263 338 342 164 19.7 257 266
08 127 144 145 200 278 288 30.7 353 202 21.0 220 27.7
09 139 167 191 205 265 31.8 343 379 202 234 267 29.2
10 176 189 205 235 338 341 361 367 257 265 283 30.1
11 145 196 219 229 30.7 352 390 343 220 274 305 286
12 191 206 222 228 343 375 334 345 267 290 278 286
13 20.0 233 36.7 37.1 283 30.2
14 219 227 39.0 341 30.5 284
15 22.2 334 27.

Appendix 2. Average temperature imposed on growth stages of wheat genotypes (V) by sowing
times (D) in 2012-13 and 2013-14

Booting 2012-13

\VJ Sowing time
ITS Irrigated Late Sowing (ILS)
Dy Do D3 Dy
Min I Max | Mean Min I Max | Mean Min | Max I Mean Min I Max I Mean

vVl 95 243 169 8.4 243 164 16.0 33.0 245 16.2 326 244
V2 91 250 171 8.0 255 16.8 146 320 233 158 325 242
V3 95 254 175 134 290 212 134 30.7 221 17.3 340 257
V4 94 247 17.0 8.5 262 173 142 324 233 164 325 244




25

Effect of Terminal High Temperature Imposed by Late Sowing on Phenological Traits of Wheat

\VJ Sowing time
ITS Irrigated Late Sowing (ILS)
Dy Do D3 Dy
Min | Max | Mean Min | Max | Mean Min | Max | Mean Min | Max [ Mean

Booting 2013-14

vVl 1069 2343 17.06 10.8 2338 17.08 109 2469 1781 11.72 2636 189

V2 1030 23.30 17.05 1096 2369 17.33 10.78 2450 1764 11.8 2646 19.11

Vv3 1061 2348 17.05 109 2352 17.12 11.17 2517 1808 12.01 26.80 19.40

V4 1069 2343 17.06 10.8 23.38 17.08 109 2469 1781 11.8 26.69 19.30
Heading 2012-13

V1 9.6 26.5 18.1 184 294 239 145 315 230 17.7 29.0 234

V2 8.5 254 17.0 124 293 20.9 13.2 312 222 150 306 228

v3 11.0 245 17.7 16.5 30.2 234 114 29.2 203 182 322 252

v4 10.6 24.7 17.6 155 298 22.6 123 305 214 16.7 314 241
Heading 2013-14

V1l 10.68 2364 17.16 11.09 2367 17.38 11.11 2499 1805 12.22 27.13 19.68

V2 1068 2364 17.16 11.09 2367 17.38 11.24 2527 1816 12.07 2690 19.38
V3 1076 23.87 1731 11.11 23.75 1743 11.17 2515 1815 1243 27.38 1981
V4  10.68 2364 17.16 17.73 24.00 1759 11.24 2527 1816 12.13 2699 19.46
Anthesis 2012-13

V1 10.2 28.0 19.1 10.7 284 19.6 13.7 326 232 150 328 239

V2 125 28.0 20.2 134  30.7 22.1 156 344 250 20.3 315 259
V3 8.5 254 17.0 124 293 20.9 13.0 32.0 225 175 305 240
V4 8.2 249 16.5 129 304 21.6 13.7 324 230 179 312 245
Anthesis 2013-14

vVl 10.89 2406 1748 11.35 2414 17.67 11.67 2592 1872 133 282 20.7

V2 1082 2395 17.39 11.18 23.75 1746 11.23 2520 1813 126 275 199

V3 109 2401 1746 11.28 24.06 17,59 11.23 2520 1813 126 275 199

V4 1085 2398 1742 112 23.86 17,53 11.19 25.13 18.08 126 275 199
Maturity 2012-13

vVl 186 33.0 258 224 360 29.2 214 353 284 233 350 29.2

V2 162 32.6 244 137 328 23.3 226 384 305 215 364 290

v3 173 34.0 257 214 36.6 29.0 205 383 294 195 356 276

v4a 172 34.2 253 211 332 271 212 375 293 193 342 26.7
Maturity 2013-14

Vi 11.89 2557 1868 13.02 2637 1981 1346 2806 20.70 145 295 220

Vo 11.84 2548 1861 1274 2630 1946 1336 2797 2061 145 295 220

V3 12.05 2566 1875 13.02 26.37 1981 1353 2817 2082 145 296 221
\A 11.84 2548 1861 13.02 26.37 1981 1346 28.06 20.70 145 295 220

ITS: Irrigated Timely Sowing, D1: Nov 25, Dy:

Dec 10, D3: Dec 25 and D4: Jan 10



