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Abstract

Yield and quality characteristics were described for 60 lines derived from the Katarni variety across four different sowing
dates. A univariate analysis of variance (ANOVA), which showed 14 traits to have statistically significant (p<0.01)
genotypic variance, showed excellent genotypic divergence for the traits. Early sowing (29 May 2021) gave yields
comparable to the optimal 15 June 2021 planting, but late sowing (15 July 2021) reduced yields in photoperiod-insensitive
lines. There was a yield decrease for the late plantings (15 July 2021) for lines that are photoperiod-insensitive, whereas
several photoperiod-sensitive lines maintained comparatively higher grain yield under the same delayed sowing
conditions. The Traditional Katarni lines were remarkable for their photoperiod sensitivity, as they did not flower until
November regardless of sowing date. Across all environments, the number of grains, tillers, and 1000-g weight were
positively correlated to yield which was true for the yield trait association analysis. of the traits that showed a non-
significant positive direct effect on yield, the number of tillers. was the most important, followed by 1000 grain weight.
Flag leaf length and days to flowering were traits that had positive indirect effects, but their direct effects were different.
There was a dependable set of traits that correlated to yield irrespective of length of photoperiod. Breeding lines for
photoperiod insensitivity will likely stabilize flowering and yield. A balance of target traits such as number of grains,
productive tillers, and 1000-g weight would provide excellent breeding scope for varying sowing dates.

KEYWORDS: Aromatic rice, Correlation, Path analysis, Photoperiod sensitivity, Sowing date and Yield
components

INTRODUCTION

Rice (Oryza sativa L.) (2n=24) is the primary food source of more than half of the world population and must undergo
considerable improvements to keep up the skyrocketing demand [3]. Numerous landraces, including Katarni rice of Bihar,
are very sensitive to photoperiod changes and thus, have restricted adaptability and yield potential [4, 5, 6, 7]. Katarni
only flowers in November and results in prolonged vegetative growth, lodging, and low yield [2, 8]. New strategies in
breeding focus on photoperiod insensitivity combined with semi-dwarf stature in order to widen the potential adaptability
and increase overall yield [5, 9]. The improvement of traditional aromatic cultivars, like the rice in Myanmar, has been
achieved with the introgression of photoperiod-insensitive alleles and yield QTLs [4, 10, 11, 12].

Sowing date has a significant effect on rice growth and yield since it changes the photoperiod and temperature regimes
[13, 14]. In South Asia, yields drop for transplanting after early August, with the period of mid-July to mid-August being
the best for Aman rice [15, 16, 17]. Excessive vegetative growth and lodging can also be a problem of early planting [22].
These challenges can be overcome with photoperiod-insensitive lines and can thus provide stable and flexible planting
for all seasons [1, 10, 11, 19].

According to Zhang et al. (2023), yield is principally determined by the number of panicles, grains per panicle, and weight
of the grains. Correlation and path analysis engage in exploring the direct and indirect effects of traits. Several studies
indicate significant yield positive associations with panicle length, tillers, and grain weight. However, for lodging
resistance, breeders prefer toward the semi-dwarf early-maturing ideotypes.

There is more furniture complexity in terms of quality traits. For instance, in aromatic rices, the length to bread ratio of
grain quality may inversely correlate with yield. Thus, breeding should concentrate on enhancing grain quality while
maintaining a superior yield. This study seeks to evaluate the lines derived from Katarni which show reduced photoperiod
sensitivity over 4 sowing dates. The study aims to determine (1) Yield traits for which correlation and path analysis can
be used to identification, and (2) To evaluate the smoothness of the indirect selection standards to aid in the breeding of
photoperiod-insensitive, high-yielding Katarni while grain quality is preserved.

MATERIALS AND METHODS

The subject of study consisted of 60 rice genotypes (Katarni-derived Fs lines plus checks: Katarni, IR-64, Sabour Surbhit)
[47][48], that were assessed during four sowing dates such as 15 June 2020, 29 May 2021 (early), 15 June 2021 (optimal),
and 15 July 2021 (late) to capture the variations within the season and the year. The tests were held in the irrigated
lowlands of Bihar Agricultural University, Sabour, and were divided into an alpha-lattice with two replications [1], using
standard management (100:50:50 NPK kg/ha, irrigation, and crop protection). The agronomic and quality traits recorded
were flowering time, plant height, panicle and tiller traits, number of grains in each panicle, 1000- grain weight, size of
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the grains, length-to-breadth ratio, and others. The data was analyzed using ANOVA for each environment, correlation
estimates [51], path coefficient analysis to partition direct and indirect effects on yield (Wright, S., 1921) [26], and was
to yield trait analysis and stability of the genotypes assessed over the sowing dates.

Weather condition during crop season

Weather during the crop season was normal with monsoon rains; monthly temperature, humidity, and rainfall are shown
in Tables 1(a) &1(b), and Fig. A & B.

Results and Discussion

Genotypic Variation and Mean Performance across Environments

Most of the traits across all planting dates were significantly different in the ANOVA test. In the first planting, on June
15, 2020, 13 of the 14 traits were significantly different (with acceptable differences at p<0.01, except for plant height
which was p<0.05) [2][52]. During the other planting dates: 2 (May 29, 2021), 3 (June 15, 2021), and 4 (July 15, 2021),
all traits were significantly different, and they were mostly at p<0.01 [29, 30]. This confirms that the Katarni-derived
lines exhibit significant variation for traits concerning yield and quality.

Mean grain yield mentioned in Table 2 was different for differing sowing dates. The earliest sowing date (May 29, 2021)
and the optimum sowing date (June 15, 2021) had the highest yields of about (25-28 g/plant). The latest sowing on July
15, 2021, had a yield of about 14 g/plant, which was a 30% drop due to a shortened duration of grain filling, and stress
[31]. The yields that were produced in Mid-June during the year 2020 were similar to the yields in Mid-June of 2021.
This shows that the climatic effects per year, were minor in comparison to the effects of sowing date. The traditional
Katarni had significant photoperiod sensitivity since it produced almost empty grains and had a low yield in late sowing.
However, photoperiod-insensitive lines had relatively stable yields whether sowing was done in May or June, with no
significant differences [1]. This shows that photoperiod insensitivity, which was bred into katarni, allows for early sowing
without risks of losing yield. This also means that there is a possibility of having extra cropping, without late-season risks.
The number of days until 50% flowering showed photoperiod sensitivity depending on the date of planting, with 133 days
from planting on the 29-05-2021, 120 days from planting in mid-June, and 114 days from planting in late July [32, 33].
With early planting, the length of the vegetative phase prolonged while with later planting, the days until flowering was
reached were shortened due to the daylengths becoming shorter. The trend was also evident in the average height of the
plants with the tallest plants in the early planting group, measuring 87.6cm, and the plants measuring 87.0cm in the mid-
June planting group. The shortest plants (~80cm) were in the late July group [34, 35]. The early planting group also
displayed more tillering but with a decrease in yield. The photoperiod-insensitive plants were shorter, flowered earlier
and did not exhibit the excessive vegetative growth phase, also referred as the “lag phase,” in which Katarni was defined,
which was also reported in Shinde et al. (2025).

The quality parameters, more specifically, the size of the kernels, amount of amylose, and the aroma, were consistent,
regardless of the environment. Although amylose and Alkali spreading value (ASV) (%) only changed marginally, it
shows that the cooking quality was not changed regardless of the sowing date. In late sowing (DOS-4) i.e.,(15-7-2021)
there was marginally lower filling of grains and a decreased weight of the grains with weight reduced to 22 g for some
lines. However, the means remained at approximately 23-24 g. The two checks (IR-64 and Sabour Surbhit) showed
relatively stable grain weight and a lower yield reduction, thus confirming the insensitivity to photoperiod buffers the
yield loss for the late sowing date under unfavourable photoperiod conditions. [19].

Correlation Analysis: Trait Associations with Yield under Different Photoperiods

Grain yield was positively linked with number of tillers per plant, Alkali spreading value and Kernal breadth across all
sowing dates, showing these three traits are the main factors for yield. Table 3. (a) to Table 3. (d) is showing phenotypic
correlation among 14 characters with yield per plant during all date of sowings.

Four sowing intervals conducted a phenotypic correlation analysis which confirmed observations regarding primary
component observations were Number of tillers per plant and 1000 Grain weight which were strong correlated positive
for all environments which confirmed the belief that these observations were primary yield determinants. In the ideal
sowing of (15 June), grains produced per panicle was the phenotypic trait that were most positively correlated with yield
atr = +0.70, p<0.01 while tiller number and grain weight were also positively correlated but moderately at r = +0.45 and
r = +0.40, respectively. Other traits such as flag leaf length and plant height also positively correlated but with weaker
associations of r = 0.2 to 0.3 with flag leaf length having a much weaker correlation of 0.02. Meanwhile, days to 50%
flowering just had a positive, but minor correlation with yield, indicating that longer flowering durations did not
significantly increase yield under these conditions. In the early sowing (29 May), yield and grains per panicle increased
positive strong correlation of r = +0.68 while tiller number also positively correlated but weaker at r ~+0.35. The decrease
of positive correlation could be the effect of unproductive tillers that are common with photoperiod sensitive genotypes.
In this study, the number of days to flowering had a small negative correlation with the overall yield produced by the
genotype. This negative correlation indicates that the genotype that flowered first had a higher yield due to being able to
maximize the growing period available. This observation is consistent with previous research done by Islam, M. S., 1986.
Despite the negative correlation with overall yield, the flowering days showed a positive correlation with the number of
grains produced and an abundance of grain weight due to the shortened growing season. This positive correlation in the
other flowering day traits produced a positive correlation overall with the skyline grains. This positive flowering trait
value was countered with the number of flowering tillers produced. There was a reduction in the overall yield produced
when the flowering day tillers, with the addition of having no significant correlation with the overall yield produced. This
reduction of flowering tillers is also consistent with a reduction of flowering days. Apparently, no other flowering
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characteristics had an overall positive correlation of flowering days. Contrary to other traits, quality characteristics
showed no associations with yield (Faysal et al., 2022; Khan et al., 2016). To suggest that the very slender grains produced
a negative correlation, fewer yields was also possible. The correlation of yield and Amylose content was absent also
indicating yield has the potential to improve without cooking quality.

Grains per panicle proved to be the most stable and highest correlate of yield across all photoperiod conditions, followed
by context-dependent contribution from tillers, and grain weight. Thus, with the obtained results, it is highly likely that
choosing the derived population from Katarni, with big panicles, high grain numbers, optimal productive tillering, and
stable grain weight will increase the yield across several sowing windows [36].

Path Coefficient Analysis: Direct and Indirect Effects on grain yield

The correlation analysis method that classifies variables according to their interaction with one another as either direct or
indirect is critical for understanding the different types of relationships underlying the attributes of a body of interest.
With this in mind, the impact of several significant phenotypic attributes on the crop yield per a single plant was analysed
throughout the four different dates of sowing. These sowing periods were as follows: DOS-1 was 15th June 2020, DOS-
2 was 29th May 2021, DOS-3 was 15th June 2021, and finally DOS-4 was 15th July 2021. The path coefficients were
standardized for the traits of interest, namely, number of tillers for a single plant, and weight of 1000 grains. Overall,
across the different climatic conditions given the panicle assemblage of the crop, the number of tiller positively impacted
the yield as a direct cause (approximately +0.5 to 0.6) followed, in order, by the weight of 1000 grains weight. During
the last sowing period, also known as DOS-4, the direct weight effect of the 1000 tillers was reduced significantly,
implying that during this period, there were less effective to yield contributing tillers. More often than not, this is as a
result of time and climatic variables bringing about stress in the plant.

To determine which traits directly affect yield under various sowing environments, previous research examined direct
and indirect correlations [20]. All four environments showed that the number of grains per panicle positively affected
grain yield the most, with standardized path coefficients of +0.50 to +0.60, and this showed that grain number was the
most influential variable determining yield potential. This result coincides with previous findings in rice, such as those
found in Zahid et al. (2006), of the strongest positive direct effect of grains per panicle [24, 25]. As shown in Table 4.(a)
to Table4. (d)showing phenotypic path matrix of 14 characters studied under across sowing dates, the most influential
trait was still number of tillers per plant with the 1000-grain weight and following alkali spreading value.

The impact of tiller numbers was moderately positive, ranging from 0.30 to 0.10, based on the timing of sowing. As
sowing was done later, the positive impact on the number of tillers decreased, resulting in unproductive tillers and hence,
corroborating the results of the shorter season, as reported by Rangare ef al., (2012). 1000 grain weight and number of
tiller per plant was positively impacted results from all different environments. It was also noted to positively impact the
results more significantly from more grain filling under shorter season environments (0.30). The total number of days to
50% flowering negatively impacted all environments at a correlation of -0.08 to -0.10. Although a longer duration of
flowering negatively impacted the overall yield of the crop, it positively impacted yield by indirectly influencing several
other traits such as flag leaf length, panicle length, and grain weight. Based on the overall results, a slightly positive
correlation was noted to exist between duration of flowering and yield. Plant height was noted to slightly negatively
impact the results from a correlation standpoint. It was noted however, to indirectly positively impact the results by
(grains per panicle) and panicle length. There was consensus that a greater plant height, even though it negatively
impacted results, was not detrimental and could therefore, allows more height to be removed. Similarly, flag leaves
impacted results slightly negatively as well (0.13) but positively by indirectly influencing the number of grains per panicle
and the overall 1000 weight of the grains resulting in the noted positive correlation overall with yield. Furthermore,
panicle length was noted to have slight negative as well as direct impacts from 0.05.

Traits such as grain number and weight had a direct, positive relationship with yield (0.09), while panicle length did not
affect yield (0.09), suggesting that selection should focus on grain number and not panicle length [68]. There was negative
(or negligible) direct effect on yield of quality-related traits (kernel L/B ratio, amylose content, aroma score); however, a
negative direct relationship with yield potential was observed for excessively slender grains although kernel breadth had
a small positive direct effect [22, 38]. Overall, among the environments, the number of tillers produced per plant and
1000 grain weight were the only key contributors to yield. With regards to the late-sowing condition, sink compensation
was the primary factor, with findings supporting previous studies on alternative yield strategies where fewer panicles with
more grains, as compared to many panicles filled with fewer grains, yielded better [23, 39]. While photoperiod
insensitivity was not directly included in the path model, its positive effect was captured through stable flowering, and as
observed in the high performing lines, better yield components were recorded across sowing environments [9]. Selection
on key traits with high heritability, as in grains per panicle (~99%), indicates selection for these traits will not only be
effective in improving yield, but will also be achieved with very little effort [28, 40]. In conclusion, the analysis shows
that grains per panicle is the most important direct determinant of yield as well as the most consistent factor. Tiller number
and grain weight depend on the sowing environment in their degree of contribution to yield, meaning that their
contribution is more contextual. Thus, breeding should enhance yield stability across varying sowing windows in Katarni-
derived rice by improving breeding traits, namely, maximizing grain number, maintaining productive tillers, sustaining
grain weight, and synchronizing flowering time [10, 23, 31].

CONCLUSION

Present study highlighted that from Katarni rice derived lines were examined for their genetic variability (p <0.01) in
terms of yield and quality traits, as well as their response to different photoperiods. It was found that traditional Katarni
rice is photoperiod-sensitive and especially unproductive if planted at non-optimal seeding dates, as it only flowers in
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short photoperiods. In contrast to traditional Katarni, several derived lines from Katarni became photoperiod-insensitive,
flowering earlier in long day photoperiods while maintaining yields that were stable across early and optimal seeding
dates. Yields were lower in all lines, however, if seeding was done very late (15 July 2021) as this reduced the flowering
duration. It was found across all lines that the yield was determined mainly by the number of grains per panicle (r = 0.6-
0.7, direct effect 0.5), followed by the number of productive tillers and the weight of the grain (thousand-grain weight),
especially in cases of late seeding stress. Path analysis showed direct negative effects of late flowering and flag leaf
length, while yield components provided an avenue for indirect positive effect of late flowering. It was evident that a
moderate duration of flowering along with a large panicle size and an adequate number of productive tillers was optimum,
especially if seeding was done late. In terms of quality traits, weakly positive yields were observed with aroma, grain
shape and amylose traits, and so traits that adversely affect yield significantly could be improved concurrently with quality
traits. Several derived lines were found to contain a Katarni-like aroma while possessing a yield that is the same as
traditional Katarni rice. This was consistent with the introgression of dwarfing genes and yield QTLs. From a practical
standpoint, photoperiod-insensitive lines deposited with at high yields when traditional lines were planted late. Breeding
for these lines should focus on grains per.

The investigated variables included panicle, productive tillers, grain weight, and screening for photoperiod insensitivity,
where traits such as grains per panicle displayed very high heritability (~99%) and hence, they served as a good candidate
for indirect selection; as a whole, photoperiod insensitive Katarni-derived lines showcased better yield potentials while
keeping the grain yield quality intact, thus coordinating photoperiod reaction genes with the critical yield determining
components for the formulation of superior cultivars for Bihar and other comparable agro-ecologies
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Table 1(a): Monthly weather data of Sabour location during May -November, 2020

Month Temp Max | Temp Min | RH 7 AM | RH 2 PM | Rainfall Sunshine :’?lléccli ty
(o] (o] o, ()
©0) (°0) (%) (%) (mm) Hours (km/h)
May-20 333 234 86.8 70.0 34.2 7.2 7.3
June-20 33.7 26.1 86.2 69.2 5.2 4.0 6.8
July-20 33.1 25.9 83.7 66.0 11.4 2.8 5.6
Aug-20 34.1 26.3 82.5 68.7 3.6 5.4 8.0
Sep-20 32.9 25.7 81.2 68.8 7.9 43 3.0
Oct-20 33.8 22.6 85.5 74.3 0.7 6.9 2.5
Nov-20 30.5 15.4 85.5 75.2 0.0 3.5 3.2
Table 1(b): Monthly weather data of Sabour location during May -November, 2021
Month Temp Max | Temp Min | RH 7 AM | RH 2 PM | Rainfall Rainy Davs Sunshine
(°C) (°C) (%) (%) (mm) YA | Hours
May-21 34.1 243 84.5 61.8 59.1 9.7 54
June-21 33.8 26.1 89.2 63.5 298.6 6.8 4.1
July-21 33.0 26.4 88.7 68.4 331.2 8.0 4.0
Aug-21 324 273 91.5 77.1 104.7 9.2 34
Sep-21 32.7 273 91.6 75.4 119.4 9.8 5.1
Oct-21 31.9 244 94.1 73.1 210.0 44 5.6
Nov-21 28.0 16.3 94.0 73.4 0.0 2.5 4.9
Table 2: Mean Value of Morphological Traits at Four Date of Sowing (DOS)
Traits DOS-1 DOS-2 DOS-3 Dos-4
(15/06/2020) (29/05/2021) (15/06/2021) (15/07/2021)
D 50% flower 119.52 133.44 120.05 113.97
Plant height 87.70 87.70 87.70 87.70
Flag leaf length 25.05 26.10 25.06 23.99
Panicle length 22.84 23.00 22.58 21.19
Number of tillers 16.77 16.04 15.31 13.08
Grains/panicle 197.29 188.05 206.33 148.55
1000 grain weight 19.18 19.01 19.16 16.27
Gelatinization temperature 3.71 3.68 3.72 3.79
Amylose 17.99 24.29 23.45 21.97
Leaf aroma score 0.91 0.91 0.91 0.91
Kernel length 8.31 8.41 8.38 8.19
Kernel breadth 1.79 1.81 1.83 1.76
Length breadth ratio 4.64 4.66 6.53 4.65
Grain yield 28.72 28.60 28.88 17.11

Note-: DOS-Date of sowing, DOS-1 (15-6-2020), DOS-2(29-5-2021), DOS-3(15-6-2021), DOS-4(15-72021)
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Table 3(a): Phenotypic correlation among 14 characters with yield per plant during DOS-1

TRAIT NTP | NGp | 10006 AMYL
. pi | poF |FLL |[pL | NTP |3 WG | asv | AVYL | pas KL | KB [ LB | GY
PH Q130 0274 1 038 H o3 [ 91 [ otoas [ SO [ o22s0% | 913 [ 0137 [ 0128 | 0092 | 0165
35+ 8 5 9 6
por | o1 0130 | 0220 | &2 [ 9320 | 02049 | 0102 | 00737 [ 1T {0403 | 0119 [o0362 | 9O
FLL | 927 | 0aso0 W7 Loas [ 921 14 hoes | %7 | oasms [ 996 Tonie | 061 | 0040 | 0253
7 21% : 7 4 3 sk
0341 |- 0367 - - 02770 | 0284 | 0.3477¢ | 020 | 0.190 | 0.138 -
PL 0o o0 | 9 0.15 | o197 | ¢ 080 posll IRl I 0.133 | 0232
o 33 | 7 g+
Nrep | 0233 [ 9120 10232 | 0153 0191 | 02167 | 39% o128 [o0a |5 [ IS [z | 7%
5* 1 |3 N I 9
e | M 03201 0216 40,107 | 019 04459 [ 0172 [-01577 [001 [o0610 [o0360 |0455 | )
7% 14% e 4 44 Dk Dk 0% B
100G 0104 |50, |06 | 027 | a1 | ouaas 0048 | ppgy | 005 | 0452 | 0304 | 0315 | 0030
o |3 67¢ | ov
Asv | 00U fgqop | 087 (0284 0003 f o 00 04 00613 | 005 | 0032 |93 | o177 | 000
9 3 |3 |22 goer 4
g 4 63 |1 8
AMYL | 0228 | 0.187 | 0347 | o012 | - - 0.191 | 0.088 0.017
ANYL 10228 73 | 0187 1037 1002 0us7 | 0s2 | 0.6 007 |91 |0 0137 |9
7 7 3 85
LAS | 0137 | O116 | 0061 £0.206 1540 | 0014 | 00593 | 0.056 | -0.0785 - 0163 1 6115 | 0.062
6 6 2+ 0029 |3
76 |4 3 5 3
KL 0137 | 0403 | 0116 | 0170 | 006 | 010 | %27 o032 [ 01914 | 002 0248 1 0990 1 0,034
8 o |7 7 | o= 1 9 5
KB 0128 | 019 [ 061 | 9138 [ 04 Fose0 [ 9364 [ 0339 foosse | 9O | 224 0.188 | 0134
5 9 4 P 1%
LB | 0092 | 0362 | 0049 | 0133 |02 |0ass |37 foarr [oazr [oar [ 9970 | oass 0.106
9 orr |3 19 | 0w 8 55 1+ 4

Note:- PH-Plant Height, DOF: Days To 50% Flowering, FLL: Flag Leaf Length, PL: Panicle Length, NTPP: Number of
Tiller per Plant, NGPP: No of Grains per Panicle, 1000GWT: 1000Grain Weight, ASV: Alkali spreading value,
AMYLOSE: Amylose Content, LAS: Leaf aroma score, KL: Kernel Length, KB: Kernel Breadth, L/B: Length Breadth
Ratio, GY: Grain Yield per Plant.

Table 3.(b): Phenotypic correlation among 14 characters with yield per plant during DOS-2
TRAIT NTP NGP 10000G AMYL | LA
S DOF | FLL PL P P WT ASV OSE S KL KB L/B GY
(7);,‘246 2'068 0.303 2'070 0.16 0.064 | 0.0899 (1)707 0.078 E) 042 0.071 | 0.255
0.186 | 0.255 | 0.097 2'3*06 0.3747* | 0.287 | -0.1467 2707 0.454 | 0.140 | 0.416 8'029
FLL 3;346 0.186 2;3*28 0.270 (6)*1 80 -0.028 8;318 0.2076* | 0.00 | 0.026 | 0.066 | 0.010 | 0.217
2% 2% 91 5 5 7 1*
0.068 | - - p 0.3244* | 0322 | 0.2991* | 0.15 | 0.266 | 0.111 | 0.232 | -
PL s 0255 | i 0.110 | 0281 |, ol o p " 0.048
3* 3* 2
NTPP 0.303 | 0.097 | 0.270 E) 2604* 0.045 | 0.0135 0.00 8'039 2'01 ! 3'042 (5);3*1 !
g** 2% ) 3 42
NGPP 2'070 2;3*06 g*l 80 0.281 0.3894* | 0.189 E) 2061* 3'00 0.582 | 0.250 | 0.509 | 0.018
3% * . % 8% Q#* 4
1000G p - 0324 | - - 0.532 | 0.433 | 0.381 p
0.16 | 0374 2% | 0260 0.1196 | 0.01 | s o >0 | 0010
WT Jor [ 0028 |4 " o |1 4 6 3
ASV 0.064 | 0.287 (9)318 2;3*22 0.045 0.2117* | 0.05 | 0.008 3*21 ! 0.082 2'069
1* 3 68 3 3
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AMYL | 0.089 | : 0207 | 0209 | 0.013 | : 0211 0205 | 0200 |
AL 1O 016 | g2 1357 S 0206 | 01196 | 5 2 | 37 | ooss
Las | %070 10074 o009 | 9156 | 0004 | 0.002 | -0.0104 | 0.056 0018 | 0.061 | 0.073

7 7 2

1 2 8 1 9

KL 0078 | 0454 [ 0026 | 9290 | 0039 1osga | 03321 [ o008 | 02749 | 0.0

1 ot | 2 3 64

i - - o111 | oo | 0.4334% | 0211 . | oot
KB tos | 0140 | 0066 |2 : 0250 |° 0211 | 02052+ | §

2 5 g*

B | 0071 |o416 o010 | 972 | 99 Josoo | 9317 | oos2 | 02007+ | 0.06

6 s |7 g+ 3 11 9

Note-: PH-Plant Height, DOF: Days To 50% Flowering, FLL: Flag Leaf Length, PL: Panicle Length, NTPP: Number of
Tiller per Plant, NGPP: No of Grains per Panicle, 1000GWT: 1000Grain Weight, ASV: Alkali spreading value,
AMYLOSE: Amylose Content, LAS: Leaf aroma score, KL: Kernel Length, KB: Kernel Breadth, L/B: Length Breadth
Ratio, GY: Grain Yield per Plant.

Table 3.(c): Phenotypic correlation among 14 characters with yield per plant during DOS-3
TRAIT NTP | NGP | 1000G AMYL | LA
DOF | FLL | PL P o -~ AT | i g KL KB L/B GY
PH 0.074 2;387 (6)'*296 0.251 2'166 0.1357 8'032 0.0971 (3)409 0.197 | 0.025 | 0.190 | 0.111
6* 0* 1 g* 9
0.295 2‘086 (7);3*29 0.4606 | 0219 | -0.1737 8'91 U 0460 | 0.031 | 0438 2‘01 !
FLL 2;287 0.155 (9);3*77 0.291 (1)'*227 0.0853 2;}99 0.1917* | 0.07 | 0.017 | 0.082 | 0.000 | 0.105
9 2% 55 4 3 3 8
0.296 | - 0.377 . - 0.3040 | 0.346 | 0.3446* | 0.04 | 0.272 | 0.059 | 0.230 | -
PL P 2595 g 0252 1 0220 | & g M 04 hon 7 o (3).135
NTPP 0.251 8'086 0.291 0.1951 | 0.085 | -0.0551 | 0.04 2'0“ 0.209 2'032 gffl
6* 2% * 2 61 5%
NGPP 2"166 3;3*29 (1);327 0.176 62 sqgx | 0:03 | 0.580 | 0.079 | 0.509 | 0.025
1 : 06 6%+ 6 2k 2
1000G 0.135 | - 0.085 | 0304 | - - 0.02 | 0.526 | 0.060 | 0.444 | ~
0.460 0.195 | 0.438 0.1289 0.022
WT 7 PN 3 0** B ghs 33 7 4 g p
ASV 8'032 0.219 2;}99 gff6 0.085 | 0.176 0.1934* 0.011 ‘3)'045 0.020 ‘5)'029
6* 2 1 2 4
AMYL | 0.097 | _. 0.191 | 0344 | ° - 0296 | - 0.274
OSE . 0.173 | -, P 0.055 | 0.254 | 0.1289 o 0.105 | -0.073
7 1 9% 2
LAS 2‘093 0110 1 5975 | 9949 [ 0046 | 0.030 | 0.0233 -0.146
9 4
5 1 6
KL 0.197 | 0.460 | 0.017 2;372 2'0] U'[ 0580 2;3267 0.011 | 0.2960*
0* gk 4 6%* 2
KB 0.025 | 0.031 | 0.082 2'059 0.209 | 0.079 | 0.0604 2'045 -0.1052
1 2 3 5% 6
L/B 0.190 | 0.438 | 0.000 2'*230 2'032 0.509 2'*4448 0.020 | 0.2744* y
8* 0** 3 2k 4 58 4

Note-: PH-Plant Height, DOF: Days To 50% Flowering, FLL: Flag Leaf Length, PL: Panicle Length, NTPP: Number of Tiller per Plant, NGPP: No of
Grains per Panicle, 1000GWT: 1000Grain Weight, ASV: Alkali spreading value, AMYLOSE: Amylose Content, LAS: Leaf aroma score, KL: Kernel
Length, KB: Kernel Breadth, L/B: Length Breadth Ratio, GY: Grain Yield per Plant.

Table 3.(d): Phenoty;

pic correlation among 14 characters with yield per plant during DOS-4

TRAIT

PH

PH

1000
DOF FLL PL NTP NGP G ASV AMYL | LA KL KB L/B GY
P P OSE S
WT
0.003 | 0.263 | 0.218 0183 0.156 | 0.045 | 0.048 02118* 0.07 0079 | -0.126 | 0.038 | 0072
8 3% 5* * 9 1 5 17
7 6 1 2
2
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DOF ‘8)'003 -0.013 2’142 2'024 ‘;'047 0.409 2'040 -0.0537 2'701 0127 | 0289 | 0026 | 0297
o 1 0* 4 5xx
FLL [ 979 | o0 008 Lossr | 938 [ 0001 | 92% [ o22mx [0a2 | 083 [ 0199 | 0134 | 0234
P 29 | 7% 6* 4 5%
pL 0218 | 0.142 | 0458 0237 | o102 |oaas | 0486 | 03083% L oan | oo | oous | 9972 | 5 1a
s« |s [ 0 ; gixk | 22 7 0
Nrep [ oas3 [ 992 | 03s7 | 0237 0313 | 0022 | 0146 [ -0.0200 |01 [ o110 | 056 | 0094 ) 0188
7% ex | s 10 |4 2 31
Nepp [ 130 D0 1031 Fon0 | 0313 0282 [ 0.180 [ -0.1556 [ o005 [os21 [o0321 [ 0445 | 5O
onoc ?'045 0409 | -0.091 | 0.146 | 0022 | 0.282 g.m 01208 | 0.10 2'*6*20 8;2}9 2;:‘*39 0.070
6% 4 5% 54 5
asy | 0048 [ 0040 | 0209 [ 086 | o e | ouge | 0122 0oos 1002 [ 0000 19223 | 5ogs | 0024
5 g 7+ gk 2 52 7 4
2 g+ 7 6
avvh 1921 Looss | 9727 19528 | o020 |oass | 21 | 0096 006 | 1% | 00s0 [ 917 | 0053
7 9 6 89 g 7
LAS 0.071 1 0017 1 150 | 0112 f 4013 | -0.0s5 | 0.105 | %925 | _0.0689 0055 | 9929 | 975 | 0008
7 7 2 2 4 1
9 ! 4 3 7
KL 0079 | 0127 [ 0183 | 0087 | 310 [ o521 [ 952 | 0009 | 01496 | 005 027 0B | oaa
6 ! 7% P 7 53 8
] - - 0086 | : 0619 | 0223 0.02 | 0327 - 0.168
KB 0289 | 0199 | 0.046 0321 -0.0498 0.000
0.146 | 0; pa 4 032 Low |70 o4 | 2% 0 3
L/B 0038 | 0026 [ 0134 | 9972 | 9094 | a5 | 08 0083 |0a7as [ 007 | 308 | 0000 0.173
! 4 v4 O 6 57 g 7

Note-: PH-Plant Height, DOF: Days To 50% Flowering, FLL: Flag Leaf Length, PL: Panicle Length, NTPP: Number of Tiller per Plant, NGPP: No of
Grains per Panicle, 1000GWT: 1000Grain Weight, ASV: Alkali spreading value, AMYLOSE: Amylose Content, LAS: Leaf aroma score, KL: Kernel
Length, KB: Kernel Breadth, L/B: Length Breadth Ratio, GY: Grain Yield per Plant.

Table 4.(c): Phenotypic path matrix of 14 characters studied under DOS-3

TRAI | PH DOF FLL | PL | NT | NG [ 1000 | ASV [ AM | LAS | KL | KB |L/B | GY
PP | PP | GW YL
TS
T
PH 6 0492 0 0036 | 001 | 0.01 gfl 0.00 | 0.006 | 0.001 | 0.004 | 0.004 8'700 ‘])'200 gfo 0.111
: : 42 46 82 7 6 8 6 9
- - 0.00 | 0.00 | - 0.005 | 0.002 | 0.002 | - 0.00 | 0.00 | 0.00 | 0.011
DOF 0.0009 | 0.0126 | 20 37 0.0010.00 | ¢ 8 2 0.001 1 5¢ 04 55 4
11 42 4
FLL 6 0022 | 0-0012 | 0.00 | 0.00 2'200 0.00 | 0.000 | 0.001 | 0.001 (6)'000 8'100 8'600 8330 0.105
: 76 29 17 7 5 5 8
- - - 0.01 | 0.01 | . - - - - p p p
PL 0.0227 | 00226 | 0.02 | 0.07 | o7 €9 0.023 | 0.026 | 0.026 | 0.003 | 0.02 | 0.00 | 0.01 | 0.135
: 89 64 2 5 3 1 08 46 76 3
NTPP E) 0g47 | 00292 | 0.09 | 0.08 2733 0.07 | 0.065 | 0.028 | 0.018 | 0.015 2800 0.07 %“ gff'
: 80 50 29 7 7 5 5 05
0.01 | - - 0.07 | - - - - - - - -
NGPP | 0.0129 | 0.0255 | 0.01 | 0.01 | -2 0.033 | 0.013 | 0.019 | 0.002 | 0.04 | 0.00 | 0.03 | 0.025
71 67 9 6 7 4 49 61 94 2
1000G - 0.01 | 0.04 | - 0.150 | © 0.019 | 0.003 | 0.07 | 0.00 | 0.06 | -
WT 00204 1 6602 | 28 57 0.02 1006 | 0.006 | 4 5 92 91 69 0.022
93 60 2 6
ASV 0.0031 ;) 0208 2'901 (2)'903 0.00 | 0.01 | 0.003 8'094 2'018 0.001 | 0.00 2'300 0.00 (5)'029
: 81 67 9 1 11 19
AMYL - - - - - - - -
OSE ;) 0003 | 0-0006 | 0.00 | 0.00 8'200 8'900 0.000 | 0.000 | 0.003 (5)'000 0.00 8f° 0.00 | 0.073
: 07 12 5 7 5 11 10 0
- - 0.00 | - 0.00 | 0.00 | - 0.000 | 0.010 | - 0.00 | - 0.00 | -
LAS 0.0068 | 0.0081 | 55 2'900 34 22 2'001 9 6 8'072 40 8'900 55 2‘085
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- - - 0.00 | 0.00 | - 0.002 | © 0.001 | - 0.00 | 0.00 | 0.00 | -
KL 0.0010 | 0.0024 | 900 | 14 01 0.00 1 ¢ 0.000 | s 0.000 | 5, 04 49 0.063
01 30 1 3 4
- - - 0.00 | - 0.009 | 0.007 | ~ 0.001 | 0.01 | 0.15 | 0.00 | 0.089
KB 0.01 0.03 | 0.01 0.016
0.0040 | 0.0050 | 3 95 34 o 6 2 g 9 23 95 58 3
L/B 0.0236 | 0.0541 8600 0.02 | 0.00 (2)'906 0.055 (5)'002 0.033 2'009 0.11 | 0.00 | 0.12 | 0.074
85 41 0 9 59 45 36 4
Partial - 0.00 | 0.01 | 0.09 | - 0.002 | 0.000 | 0.006 | 0.01 | 0.00
R? 00055+ 0001 | 08 03 48 (1)'900 2'003 8 3 2 g'3°° 43 92

R SQUARE =0.1383, RESIDUAL EFFECT = 0.9283
Note-: PH: Plant Height, DOF: Days To 50% Flowering, FLL: Flag Leaf Length, PL: Panicle Length, NTPP: Number of Tiller per Plant, NGPP: Grains
per Panicle, 1000GWT: Thousand Grain Weight, ASV: Alkali spreading value, AMYLOSE: Amylose Content, LAS: Leaf aroma score, KL: Kernel
Length, KB: Kernel Breadth, L/B: Length Breadth Ratio, GY: Grain Yield per Plant.

Table 4.(d): Phenotypic path matrix of 14 characters studied under DOS-4

TRAI |PH [DO |FL |[PL | NT [ NG |[1000 | AS | AMYL | LA | KL | KB | L/ GY
TS F L PP | PP | GWT |V OSE S B
0.05 | 0.00 | 0.01 | 0.01 | - 0.00 | 0.002 | 0.00 0.00 | - - - -
PH 0.00 0.0114 0.00 | 0.00 | 0.00
4 02 42 18 99 85 4 26 39 |43 79 N 0.0722
DOF 0.00 | 0.44 (5"800 0.06 | 0.01 | 0.02 3'182 0.01 | 0.0239 | 0.00 2'505 2'512 ‘1)'701 0.2975
17 47 34 09 12 81 79 o
FLL 0.06 2‘300 0.25 | 0.11 23)9 0 08 2'023 0.05 | -0.058 ?ﬁ” 2'904 (1)'05 2'303 0.2345
73 55 71 : 36 o
0.00 | 0.00 | 0.01 | 0.03 | - 0.005 | 0.01 0.00 | 0.00 | 0.00 | 0.00 | -
PL g 5 68 66 0.00 | 0.00 | 5 o 0.0146 | ;| b9 7 o 0.1843
87 38 *
NTPP | 0.03 2‘00 0.06 | 0.03 2'16 0.05 | 0.003 | 0.02 0 0034 | 0-00 8'201 2'201 ‘5)'501 8'1881
01 35 89 14 7 4 : 21
NGPP (7);?3 (1);‘01 2?7 0.02 | 0.07 gf 0.067 | 0.04 60371 0.01 | 0.12 | 0.07 | 0.10 | 0.0432
44 46 3 31 : 31 42 66 61
1000G | 0.18 | 0.04 | - 0.01 | 0.12 | - - - 0.04 | - - p -
0.02 0.06 0.450 | 0.05 027 | 027 | 0.19
WT 03 44 1 jos 01 72 ) 5 0.0584 | 74 94 &7 5 0.0705
ASV gfo 2'600 (3)'502 2'605 0.01 | 0.02 (7)'013 g'll "1 00108 (z)goo 0.00 (5)'102 0.00 | 0.0244
64 03 11 94
AMYL - - - - -
0.01 0.01 | 0.01 0.006 | 0.00 0.00 0.00 | -
OSE 0.00 0.00 | 0.00 0.0498 | 0.00 0.00
06 | 55 13 98 , 78 5 48 34 75 25 87 0.0537
LAS 0.00 | 0.00 2‘100 0.00 gfo ?;0 (5)'003 0.00 | 0.0023 | 0.03 ?;0 0.00 (2)'500 0.0081
24 06 37 08 3 1
032 | 051|074 | - 211 | - 0.03 | - 022 | b ' -
KL 0.35 | 0.47 2.516 405 | 132 | 3.82
27 54 5 3 38 36 5 93 0.6066 | 42 5 o - 0.1148
KB 024 | 047 | 0.32 (5)'707 2'114 0.52 }'018 (7)'936 -0.082 gf“ 2'153 }"664 0.00 | 0.1683
01 53 82 88 14
L/B 0.14 | 0.10 | 0.52 (3)'328 ‘7)'936 1.73 2.712 0.32 | 0.679 0.29 2'67 0.00 2'889 E) 1737
84 | 26 35 3 55 47 32 :
Partial | 0.13 | 0.05 | ~ 0.03 | 0.01 | 0.031 | 0.00 | - - 046 | 027 | -
0.00 0.00 0.00 0.67
2
R 39 23 99 o 09 03 8 27 0.0027 | 56 67 65

R SQUARE =0.3201, RESIDUAL EFFECT = 0.8245
Note-: PH: Plant Height, DOF: Days To 50% Flowering, FLL: Flag Leaf Length, PL: Panicle Length, NTPP: Number of
Tiller per Plant, NGPP: Grains per Panicle, 1000GWT: Thousand Grain Weight, ASV: Alkali spreading value,
AMYLOSE: Amylose Content, LAS: Leaf aroma score, KL: Kernel Length, KB: Kernel Breadth, L/B: Length Breadth
Ratio, GY: Grain Yield per Plant.
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Fig: A and B Weather parameters during crop growing period [May-November, 2020 and2021, respectively.]
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