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Testing of wheat genotypes for the late sown condition is limited and little 
knowledge is available, so this research was carried out to provide insights on the 
performance of different genotypes in late sown condition. A total of 49 different 
wheat genotypes acquired from the 15th High-Temperature Wheat Yield Trial and 
local check Gautam were studied for agro-morphological characters, yield, and 
yield attributing traits at the farmer’s field in Jamuniya, Nawalparasi, Nepal. The 
research was carried out from December 2016 to April 2017 in the alpha lattice 
design with two replications. Analysis of variance revealed that days to booting, 
days to heading, and thousand-grain weight were significantly different. Similarly, 
the studied genotypes showed significant differences in the number of effective 
tillers and harvest index. Non-significant differences between the genotypes 
were observed for emergence count, physiological maturity, plant height, spike 
length, number of grains per spike, biological yield, and grain yield. Based on 
correlation analysis of selected traits, all traits showed significant correlations 
with grain yield. Biological yield (0.950**), plant height (0.901**), and spike 
length (0.716**) were positively and highly correlated with grain yield. Similarly, 
the number of tillers (0.548**), thousand-grain weight (0.510**), and number of 
grains per spike (0.509**) had a positive correlation with grain yield. The study 
has indicated that biological yield, plant height, spike length, and the number 
of effective tillers per square meter could be valuable traits for the higher yield 
in late-sown conditions. 

Introduction

Wheat (Triticum aestivum L.) is an important cereal crop that belongs to the Poaceae family. With a production of 799 
million tons and a productivity of 3.62 t/ha, it is grown on nearly 220 million hectares in the world (FAOSTAT 2023). 
In terms of area and production, it is the third most important cereal crop after rice and maize in Nepal (MoALD 2023). 
In Nepal, It is cultivated on 0.71 million hectares of land, producing 2.1 million tons with a productivity of 2.99 t/ha 
(MoALD 2023). In Nepal, the Terai region occupies most of the wheat-producing area. Terai, hill, and mountain share 
66.2%, 28.5%, and 5.3% respectively out of the total wheat production area of the country (Nayava et al. 2009). When the 
wheat crop is sown late, it experiences high temperatures during the grain filling duration. Due to its wider adaptability, 
wheat can be grown under a wide range of environmental conditions. In the central terai of Nepal, the optimum time for 
sowing wheat is from the second week to the third week of November (Sah et al. 2022). Higher yield is produced in early 
sowing than in late sowing due to longer duration, and late planting also affects wheat growth, yield, and quality (Sattar 
et al. 2010). In late sown conditions, the temperature of soil could reach below 10 °C and ultimately affects the seed 
germination and stand establishment. According to (Shewry 2009) optimum range of temperature 15 to 20 °C is suitable 
for wheat anthesis and grain filling. Due to climate change, cereal production across the world is severely affected (Quin 
et al. 2002) which may alter the wheat sowing calendar worldwide.
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Depending upon the genotypes, high temperatures exceeding 30 °C during floret development can result in complete 
sterility in wheat (Kaur and Behl 2010). When the crop experiences temperatures above 24 °C during the reproductive 
phase drastically reduces grain yield and the increment in the duration of exposure to high temperatures continuously 
decreases grain yield (Prasad and Djanaguiraman 2014). During the critical growth stages, late sown wheat crop suffers 
from heat stress for grain yield production; flowering, and grain filling duration, and hence caused yield loss (Farooq et 
al. 2011). Grain yield reduction of up to 40% can occur if it is sown late (Sharma and Duveiller 2004). Delayed sowing of 
wheat also decreases growth, grain yield, grain per spike, spike length, biological yield, and harvest index (Muhsin et al. 
2021). When wheat is sown from November 17 to December 7, it is considered the main season wheat in Nepal. When it 
is sown between November 1 and November 16, it is regarded as early season, and when it is planted between December 
8 and December 30, it is late season wheat.  In Nepal, wheat improvement through selection is still in its early stages. 
The evaluation of elite varieties remains limited due to a lack of modern technologies and tools. This research aims to 
assess the field and yield performances of elite spring wheat in Jamuniya, Nawalparasi, Nepal under late-sown conditions.

Materials and Methods

Fifty wheat genotypes obtained from the Agriculture Botany Division, Nepal Agricultural Research Council (NARC), 
Khumaltar, Nepal were included in this study. The research materials assessed were 49 elite wheat genotypes and Gautam 
as a local check. The experiment was carried out at the farmer’s field in Jamuniya, Nawalparasi, Nepal, during the year 
2016/17 following the alpha lattice design. The latitude and longitude of the experiment site were 27°28′N and 83°47′E, 
respectively, with an altitude of 115 meters above sea level. Sowing was done on December 12, 2016. Fertilizer was 
applied at the rate of 120:60:40 kg/ha nitrogen, phosphorus and potash, respectively, and the whole of phosphorus and 
potash, and half of the nitrogen were applied at the time of sowing. The remaining half dose of nitrogen is applied after 
the irrigation in the crown root initiation stage and late tillering stage. The soil of the research experiment was sandy 
loam with a pH value of 6.0.  The individual plot size was 3×1 m² having four rows. The number of emergences was 
counted on the marked 50 cm length from the middle two rows for 4 days until the number was constant and converted 
to the average value. Phenological data were recorded for days to booting; when 50% of plants on the plot were booted, 

Table 1. List of wheat genotypes used in the study

S.N. Name Genotype S.N. Name Genotype
1 Gautam Gautam (used as a check) 26 15HTWYT-25 MXI15-16 M37ES24SA15H  118
2 15HTWYT-1 MXI15-16 MULTTESTIGOS 6 27 15HTWYT-26 MXI15-16 M37ES24SA15H  128
3 15HTWYT-2 MXI15-16 MULTTESTIGOS 10 28 15HTWYT-27 MXI15-16 M37ES24SA15H  135
4 15HTWYT-3 MXI15-16 MULTTESTIGOS 11 29 15HTWYT-28 MXI15-16 M37ES24SA15H  139
5 15HTWYT-4 MXI15-16 MULTTESTIGOS 13 30 15HTWYT-29 MXI15-16 M37ES24SA15H  140
6 15HTWYT-5 MXI15-16 M37ES24SA15H  5 31 15HTWYT-30 MXI15-16 M37ES24SA15H  144
7 15HTWYT-6 MXI15-16 M37ES24SA15H  10 32 15HTWYT-31 MXI15-16 M37ES24SA15H  153
8 15HTWYT-7 MXI15-16 M37ES24SA15H  18 33 15HTWYT-32 MXI15-16 M37ES24SA15H  160
9 15HTWYT-8 MXI15-16 M37ES24SA15H  20 34 15HTWYT-33 MXI15-16 M37ES24SA15H  162
10 15HTWYT-9 MXI15-16 M37ES24SA15H  25 35 15HTWYT-34 MXI15-16 M37ES24SA15H  182
11 15HTWYT-10 MXI15-16 M37ES24SA15H  33 36 15HTWYT-35 MXI15-16 M37ES24SA15H  196
12 15HTWYT-11 MXI15-16 M37ES24SA15H  35 37 15HTWYT-36 MXI15-16 M37ES24SA15H  208
13 15HTWYT-12 MXI15-16 M37ES24SA15H  47 38 15HTWYT-37 MXI15-16 M37ES24SA15H  213
14 15HTWYT-13 MXI15-16 M37ES24SA15H  50 39 15HTWYT-38 MXI15-16 M37ES24SA15H  215
15 15HTWYT-14 MXI15-16 M37ES24SA15H  52 40 15HTWYT-39 MXI15-16 M37ES24SA15H  218
16 15HTWYT-15 MXI15-16 M37ES24SA15H  55 41 15HTWYT-40 MXI15-16 M37ES24SA15H  224
17 15HTWYT-16 MXI15-16 M37ES24SA15H  56 42 15HTWYT-41 MXI15-16 M37ES24SA15H  226
18 15HTWYT-17 MXI15-16 M37ES24SA15H  66 43 15HTWYT-42 MXI15-16 M37ES24SA15H  230
19 15HTWYT-18 MXI15-16 M37ES24SA15H  67 44 15HTWYT-43 MXI15-16 M37ES24SA15H  233
20 15HTWYT-19 MXI15-16 M37ES24SA15H  77 45 15HTWYT-44 MXI15-16 M37ES24SA15H  235
21 15HTWYT-20 MXI15-16 M37ES24SA15H  78 46 15HTWYT-45 MXI15-16 M37ES24SA15H  236
22 15HTWYT-21 MXI15-16 M37ES24SA15H  82 47 15HTWYT-46 MXI15-16 M37ES24SA15H  245
23 15HTWYT-22 MXI15-16 M37ES24SA15H  96 48 15HTWYT-47 MXI15-16 M37ES24SA15H  248
24 15HTWYT-23 MXI15-16 M37ES24SA15H  113 49 15HTWYT-48 MXI15-16 M37ES24SA15H  272
25 15HTWYT-24 MXI15-16 M37ES24SA15H  116 50 15HTWYT-49 MXI15-16 M37ES24SA15H  275
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heading; when 50% of plants in each plot were headed, and physiological maturity; when glumes had lost chlorophyll 
and turned yellow in 75% spike in each plot. Ten sample plants from the middle two rows were randomly selected for 
the measurement of plant height and spike length. Plant height was measured from the soil surface to the tip of the spike 
excluding the awn and spike length was measured from the base to the tip of the spike excluding the awn. From the middle 
two rows in each plot number of tillers was counted at the time of physiological maturity, and calculated the number of tillers 
per square meter. The number of grains per spike was counted manually threshing of five randomly selected spikes out of 
those selected for spike length measurement. After harvesting and sun drying, a random sample of 100-gram grains from 
each genotype was weighed to estimate thousand-grain weight as per the method described by the International Seed Testing 
Association (ISTA) Rules 2023 (ISTA 2023). Harvesting from the middle two rows was done separately for each genotype 
and sun-dried for 2-3 days, and biological yield was measured. Grain yield was adjusted according to the standard moisture 
content (12%) and harvest index was computed by taking the ratio between grain yield and biological yield. The moisture 
content of the grain was measured by a Wile 200 moisture meter. Obtained data were analyzed for mean performance and 
correlation coefficient with the help of R-Software version 4.3.1. 

Results

Phenological traits
Highly significant differences were observed from the analysis of variance for days to booting and days to heading while 
emergence count, plant height, and physiological maturity showed non-significant differences (Table 2). The emergence 
count was found highest in 15HTWYT-41 and the lowest in 15HTWYT-17 with an average value of 7.14±3.61. The 
15HTWYT-35 booted earlier and the 15HTWYT-1 booted late with the average days to booting being 69.37±0.60, while 
the check variety Gautam booted in 65.12 days. The average days to heading was 72.71±1.21 with the earliest headed in 
Gautam and 15HTWYT-3 and late in 15HTWYT-1, 15HTWYT-26, 15HTWYT-45, and 15HTWYT-49. 15HTWYT-8, 
15HTWYT-24, and 15HTWYT-25 matured earlier and 15HTWYT-10 matured late with the mean days to physiological 
maturity being 108.49±1.09.

Yield attributing traits

Thousand-grain weight showed highly significant differences, similarly, the number of effective tillers and harvest index 
showed significant differences for the studied genotypes(Table 2). Grain yield, biological yield, spike length, and number of 
grains per spike revealed non-significant differences between the genotypes (Table 2).  15HTWYT-7 had the highest plant 
height with the lowest in 15HTWYT-33, and 59.15±4.75cm of average plant height was found. 15HTWYT-7 had the longest 
spike length and 15HTWYT-49 had the shortest spike length with an average length of 7.01±0.63cm.  Effective tillers per 
meter square were found to be highest in 15HTWYT-15 and lowest in 15HTWYT-27 with a mean number of 234.10±25.85. 
The number of grains per spike had an average value of 26.44±2.42 with the lowest value in 15HTWYT-18 and the highest 
value in 15HTWYT-8. The heaviest thousand-grain weight was in 15HTWYT-35 and lightest in 15HTWYT-21 with a mean 
weight of 36.09±2.24 gm. The average value of the harvest index was found to be 0.41±0.021 with the highest value in 
15HTWYT-37 and the lowest value in 15HTWYT-26. 15HTWYT-41 had the highest biological yield while 15HTWYT-1 had 
the lightest with a mean value of 2.79±0.71 t/ha. Grain yield was found higher in 15HTWYT-35 and lowest in 15HTWYT-1 
with an average grain yield of 1.22±0.30t/ha (Table 2).

Correlation analysis
Analysis revealed that most of the studied traits showed significant correlations with grain yield. Biological yield (0.950**), 
plant height (0.901**), and spike length (0.716**) had positive and highly significant correlations with grain yield (Table 3). 
Similarly, grain yield had a positive and significant correlation with the number of tillers (0.548*), thousand-grain weight 
(0.510*), and number of grains per spike (0.509*). Likewise, physiological maturity (0.495), harvest index (0.338), and 
emergence count (0.216) had a positive correlation with grain yield. While, negative correlations were observed for days 
to booting (-0.327), and days to heading (-0.271) with grain yield (Table 3). The highest positive correlation was found 
between grain yield and biological yield (0.950**), followed by between days to heading and booting (0.907**), grain yield 
and plant height (0.901**), plant height and biological yield (0.882**), spike length and plant height (0.794**), biological 
yield and spike length (0.687**), number of tillers and biological yield (0.594**) (Table 3).
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Table 2. Phenological characters, yield attributing traits, and grain yield of elite spring wheat genotypes in Nawalparasi (2016/2017)

Genotype EM DB DH PM PH SL NOT NGPS TGW HI BY GY
Gautam 12.90 65.12hi 68.0f 106.5 58.5 6.2 237abcdef 20.5 43.33abc 0.415bcdef 2.41 1.06
15HTWYT-1 8.40 70.62a 77.0a 108.5 51.6 5.9 169def 23.0 30.07hijk 0.385cdef 1.32 0.52
15HTWYT-2 14.56 66.02fghi 70.0def 107.0 59.3 7.7 257abcdef 26.0 37.31bcdefghij 0.455bcdef 2.55 1.16
15HTWYT-3 4.56 65.02hi 68.0f 107.0 59.7 7.1 201cdef 31.0 37.49bcdefghij 0.475bcd 2.53 1.21
15HTWYT-4 3.40 67.12defgh 72.5abcdef 108.5 61.6 8.3 195cdef 29.0 39.02bcdefghi 0.435bcdef 3.40 1.49
15HTWYT-5 6.06 66.52efghi 72.5abcdef 109.5 56.2 7.4 185cdef 27.0 29.12jk 0.440bcdef 2.22 0.98
15HTWYT-6 7.56 65.52efghi 70.0def 106.0 54.6 6.8 221bcdef 30.0 33.69defghijk 0.460bcde 2.38 1.07
15HTWYT-7 9.06 67.02defgh 71.0cdef 106.5 75.7 9.6 265abcdef 28.5 36.90bcdefghij 0.460bcde 3.60 1.67
15HTWYT-8 4.90 64.62i 68.5f 105.5 66.7 8.0 215bcdef 33.5 36.07cdefghij 0.485bc 3.09 1.50
15HTWYT-9 14.40 68.62abcde 76.0ab 111.0 68.6 7.7 222bcdef 27.0 37.35bcdefghij 0.465bcde 3.31 1.55
15HTWYT-10 2.56 69.02abcd 75.0abc 112.0 72.5 8.1 232abcdef 29.5 37.69bcdefghij 0.410bcdef 4.32 1.75
15HTWYT-11 2.90 69.12abcd 76.0ab 110.0 62.3 6.7 270abcde 25.5 38.25bcdefghij 0.370def 3.21 1.26
15HTWYT-12 3.56 66.02fghi 70.0def 107.5 57.9 6.6 328ab 27.5 29.93ijk 0.430bcdef 3.13 1.34
15HTWYT-13 7.90 67.62cdefg 75.0abc 110.0 73.1 7.3 296abc 25.0 38.03bcdefghij 0.460bcde 3.83 1.75
15HTWYT-14 8.06 68.02bcdef 75.0abc 110.5 60.5 6.8 203cdef 26.5 38.06bcdefghij 0.430bcdef 2.73 1.21
15HTWYT-15 3.40 67.12defgh 72.5abcdef 109.0 64.2 7.5 345a 27.5 37.75bcdefghij 0.425bcdef 4.29 1.86
15HTWYT-16 4.90 66.62efghi 72.5abcdef 107.5 58.4 6.7 291abc 23.5 32.55efghijk 0.425bcdef 2.84 1.21
15HTWYT-17 0.56 70.02ab 76.0ab 109.0 53.9 5.8 249abcdef 26.5 33.64defghijk 0.400bcdef 2.14 0.87
15HTWYT-18 10.06 69.52abc 76.0ab 110.5 64.2 7.6 231bcdef 19.5 36.24cdefghij 0.430bcdef 3.41 1.49
15HTWYT-19 2.90 68.12bcdef 73.5abcde 107.5 47.6 6.1 198cdef 21.0 34.33cdefghijk 0.435bcdef 1.41 0.62
15HTWYT-20 10.40 66.12fghi 70.0def 106.5 61.8 7.3 249abcdef 23.0 40.83abcde 0.410bcdef 2.91 1.17
15HTWYT-21 3.06 67.02defgh 72.5abcdef 108.0 51.4 6.9 214bcdef 29.0 26.39k 0.405bcdef 1.81 0.72
15HTWYT-22 9.56 66.02fghi 70.0def 107.0 60.1 6.9 260abcdef 31.0 35.20cdefghijk 0.460bcde 3.43 1.56
15HTWYT-23 13.06 69.02abcd 76.0ab 108.5 53.7 7.6 267abcdef 30.5 32.79efghijk 0.415bcdef 2.77 1.16
15HTWYT-24 11.90 65.12hi 70.0def 105.5 51.3 5.8 283abcd 26.0 34.26cdefghijk 0.425bcdef 2.11 0.90
15HTWYT-25 10.10 65.87fghi 69.0ef 105.5 53.0 5.9 226bcdef 24.0 36.44bcdefghij 0.450bcdef 2.35 1.04
15HTWYT-26 4.10 69.87ab 77.0a 107.5 54.3 6.3 175def 24.0 33.61defghijk 0.350f 1.71 0.60
15HTWYT-27 5.44 67.47cdefg 72.5abcdef 107.0 52.9 5.9 154f 24.5 39.28bcdefgh 0.415bcdef 1.60 0.66
15HTWYT-28 5.44 66.97defgh 71.5bcdef 108.0 60.5 7.5 256abcdef 25.5 30.91ghijk 0.430bcdef 2.92 1.25
15HTWYT-29 10.94 67.97bcdef 72.5abcdef 108.5 47.9 5.6 203cdef 22.0 35.67cdefghij 0.385cdef 1.62 0.64
15HTWYT-30 7.60 66.87defgh 74.0abcd 108.0 61.3 6.3 240abcdef 27.0 33.86defghijk 0.485bc 2.70 1.33
15HTWYT-31 6.60 66.87defgh 72.5abcdef 109.0 59.9 6.8 200cdef 20.5 40.25abcdef 0.430bcdef 2.64 1.13
15HTWYT-32 6.94 66.97defgh 72.5abcdef 108.0 54.7 6.9 223bcdef 25.0 33.28defghijk 0.435bcdef 1.79 0.77
15HTWYT-33 1.44 69.47abc 76.0ab 109.5 47.3 6.8 160ef 25.0 29.68jk 0.395bcdef 1.33 0.56
15HTWYT-34 2.94 66.97defgh 72.5abcdef 111.0 63.1 7.3 255abcdef 26.5 42.43abcd 0.430bcdef 3.38 1.44
15HTWYT-35 4.10 64.37i 69.0ef 108.5 65.7 7.2 253abcdef 27.5 48.14a 0.490bc 4.02 1.98
15HTWYT-36 8.94 68.97abcd 75.0abc 110.5 57.6 6.5 274abcde 28.0 32.69efghijk 0.455bcdef 2.84 1.34
15HTWYT-37 2.60 68.37abcde 75.0abc 111.0 67.0 8.1 183cdef 32.5 36.87bcdefghij 0.590a 3.22 1.67
15HTWYT-38 18.10 65.37ghi 69.0ef 109.5 58.3 6.8 208cdef 30.0 39.44abcdefg 0.490bc 2.85 1.40
15HTWYT-39 9.44 64.97hi 69.0ef 110.0 64.4 7.6 226bcdef 27.5 36.64bcdefghij 0.435bcdef 3.73 1.62
15HTWYT-40 6.44 64.97hi 70.0def 110.5 63.2 7.5 227bcdef 28.5 45.62ab 0.485bc 3.84 1.86
15HTWYT-41 19.10 66.87defgh 72.5abcdef 108.0 63.2 6.8 290abc 31.5 36.31cdefghij 0.360ef 5.08 1.66
15HTWYT-42 6.10 66.87defgh 72.5abcdef 109.0 64.4 7.6 264abcdef 33.0 37.67bcdefghij 0.455bcdef 3.91 1.77
15HTWYT-43 4.10 67.37cdefg 72.5abcdef 108.5 65.3 8.3 218bcdef 25.0 42.16abcd 0.470bcd 3.01 1.41
15HTWYT-44 6.94 65.97fghi 72.5abcdef 107.0 63.3 7.5 256abcdef 21.0 34.14cdefghijk 0.410bcdef 3.28 1.36
15HTWYT-45 4.44 69.47abc 77.0a 108.5 50.6 6.5 205cdef 25.5 31.94efghijk 0.400bcdef 1.73 0.72
15HTWYT-46 6.60 66.37efghi 72.5abcdef 109.5 54.2 7.3 155f 28.5 40.68abcdef 0.495b 1.97 0.98
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Genotype EM DB DH PM PH SL NOT NGPS TGW HI BY GY
15HTWYT-47 2.94 67.47cdefg 72.5abcdef 109.5 58.8 7.2 224bcdef 24.0 37.08bcdefghij 0.390bcdef 3.02 1.16
15HTWYT-48 4.94 69.97ab 76.0ab 109.0 53.8 6.8 297abc 23.5 31.41fghijk 0.430bcdef 2.55 1.10
15HTWYT-49 10.10 69.37abc 77.0a 108.5 47.7 5.5 250abcdef 25.0 32.04efghijk 0.390bcdef 1.61 0.64
Mean 7.14 67.26 72.71 108.49 59.15 7.01 234.10 26.44 36.09 0.43 2.79 1.22
SEM± 3.61 0.60 1.21 1.09 4.75 0.63 25.85 2.42 2.24 0.021 0.71 0.30
CV% 90.4 1.38 2.59 1.78 13.78 15.33 19.64 15.59 10.35 10.13 42.52 42.93
F-Statics NS *** *** NS NS NS * NS *** * NS NS
LSD5% 12.97 1.91 3.74 3.88 16.40 2.16 92.52 8.29 7.51 0.088 2.39 1.05

EM= emergence count, DB= days to booting, DH= days to heading, PM= days to physiological maturity, PH= plant height, SL= 
spike length, NOT= number of effective tillers per meter square, NGPS= number of grains per spike, TGW= thousand grain weight, 
HI= harvest index, BY= biological yield, GY= grain yield, SEM=Standard effort of the mean, CV= coefficient of variation and LSD= 
least significant difference.

Negative correlations of emergence count were observed with days to booting, and days to heading, while, a positive 
correlations were observed with an effective number of tillers, grain yield, plant height, and biological yield (Table 3). 
Days to physiological maturity and days to heading were positively correlated with days to booting, while, days to booting 
were negatively correlated with the remaining traits (Table 3). Days to heading were negatively correlated with all the traits 
except days to booting and physiological maturity. Days to physiological maturity had a positive correlation with most of 
the traits. All the studied traits were positively correlated with plant height and spike length except with days to booting and 
days to heading (Table 3).
Table 3. The correlation coefficient among parameters measured during the field study of elite spring wheat genotypes in Nawalparasi, 
Nepal (2016/2017). In table, emergence count (EM), days to booting (DB), days to heading (DH), days to physiological maturity 
(PM), plant height(PH), spike length (SL), NOT= number of effective tillers per meter square (NOT), number of grains per spike 
(NGPS), thousand-grain weight (TGW), harvest index (HI), biological yield (BY), and grain yield (GY).

EM DB DH PM PH SL NOT NGPS TGW HI BY
DB -0.241
DH -0.242 0.907**
PM -0.085 0.360 0.379
PH 0.225 -0.25 -0.202 0.459
SL 0.139 -0.21 -0.211 0.393 0.794**
NOT 0.326 -0.184 -0.188 0.097 0.437 0.237
NGPS 0.174 -0.273 -0.218 0.196 0.440 0.420 0.180
TGW 0.049 -0.311 -0.291 0.269 0.482 0.278 0.093 0.159
HI -0.063 -0.251 -0.202 0.123 0.259 0.297 -0.031 0.229 0.233
BY 0.292 -0.289 -0.248 0.459 0.882** 0.687* 0.594* 0.503* 0.461 0.092
GY 0.216 -0.327  -0.271 0.495 0.901** 0.716** 0.548* 0.509* 0.510* 0.338 0.950**

Discussion

The present study successfully differentiated wheat genotypes based on phenotypic and agronomic traits under late-sown 
conditions in Nawalparasi, Nepal. Significant variation was observed among genotypes for days to booting and days to 
heading, consistent with the findings from the late sown wheat experiment of Khanal et al. (2019). Similarly, the number 
of tillers per square meter and the harvest index also differed significantly among genotypes, corroborating the results 
reported by Khanal et al. (2019) from their experiment in late-sown spring wheat. Our findings of thousand-grain weight 
were in agreement with previous works (Khanal et al. 2019, Nawaz et al. 2013, Rahman et al. 2009) on wheat crops where 
highly significant differences among the studied genotypes for thousand-grain were reported. The differences between 
the genotypes for thousand-grain weight and the number of tillers per meter square were also reported by Sattar et al. 
(2010). Wheat grain yield observed under late sown conditions showed non-significant differences between genotypes, 
Rahman et al. (2009) supported this finding from their experiment in late sown wheat in Bangladesh. There was a non-
significant difference between the genotypes for biological yield, a similar finding was reported by Sattar et al. (2010) 
by doing the experiment both in normal and late sown conditions.

Due to low-temperature exposure of wheat crops up to the booting stage coupled with the hotter reproductive phase might 
have a direct impact on the lower grain yield (Khanal et al. 2019, Singh et al. 2011). Ambient temperature variation during 
the growing season had attributed to lower biological yield and grain yield, Tyagi et al. (2003) reported a similar finding.
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Biomass yield, thousand-grain weight, number of grains per spike, and plant height had positive significant correlations 
with grain yield; a similar result was obtained by Younus et al. (2024), Muhsin et al. (2021), Khanal et al. (2020), and 
Malik et al. (2018) from their experiment in late sown condition. Significant and positive correlations of grain yield with 
harvest index, biological yield, and number of grains per spike were also found in their late-sown wheat (Muhsin et al. 
2021, Khanal et al. 2020, Nagarajan and Rane 2002). Days to physiological maturity, effective tillers per square meter 
and spike length had significant and positive correlations with grain yield, Malik et al. (2018) and Younus et al. (2024) 
reported a similar finding. From their experiment, Khairnar et al. (2018) also reported positive and significant correlations 
of grain yield with days to physiological maturity, number of effective tillers per square meter, and biomass yield. Days 
to booting and days to heading had a negative and significant correlation with grain yield, a similar result was reported 
by Khanal et al. (2020). Biomass yield and days to physiological maturity had a positive and significant correlation with 
grain yield, Rahman et al. (2009) also reported a similar finding. 

Among all the traits, the highest and most positive correlation was observed between grain yield and biomass yield, a 
similar finding was reported by Khairnar et al. (2018) in similar late-sown conditions. This indicates higher biological 
yield was linked with higher yield and biological yield was a good trait for higher productivity (Tyagi et al. 2003). A low 
harvest index was observed in our study, which implied reduction in grain yield was higher as compared to biological 
yield due to planting of wheat in late sown condition, Tyagi et al. (2003) reported a similar finding.

Conclusion

This study demonstrated significant genotypic variation in spring wheat under late-sown conditions in Nawalparasi, Nepal, 
particularly for days to booting, days to heading, number of tillers per unit area, thousand-grain weight, and harvest index. 
These findings underscore the potential for selecting and promoting specific genotypes, for instance, 15HTWYT-35, 
15HTWYT-40, and 15HTWYT-15 showed better adaptation to late sowing. The observed variability can be exploited 
in wheat breeding programs aimed at improving performance under suboptimal planting windows. Future research 
should focus on multi-location and multi-year evaluations to validate these results and identify stable, high-performing 
genotypes for wider recommendation.
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