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Abstract

The need for mechanical harvesting in cotton production has become paramount as labor costs continue to rise. Efficient machine harvesting
requires short and compact cotton plants. This study developed ten F,populations by crossing five Indian-origin cotton genotypes using a half
-diallel mating design. Field trials were conducted in two seasons, Kharif 2022 and summer 2023, at Coimbatore, India. Significant genetic
variability was observed across all plant architecture traits, with strong G x E interactions (P<0.01), highlighting clear opportunities for
breeding compact high-yielding cotton types. A consistent negative correlation between plant height and seed cotton yield in both
environments suggested that shorter plants provided greater yield stability. An ideal plant height of 75-110 cm was identified as the most
suitable for mechanized harvesting. Within this ideal range, architecture traits such as zero monopodia, internode and branch lengths showed
a consistent negative association with yield, while plant density, sympodial branch origin and number were positively linked to higher yield.
Stepwise regression identified the groups of mainstem internode (1%-4"nodes) and sympodial branch lengths (lower, middle, upper) as key
yield-influencing traits, offering targets for breeding compact, high-performing cotton types. Pooled values indicated an ideal mean mainstem
internodes lengths (MIL) of approximately 5.2 cm and sympodial branches lengths (SBL) of approximately 19.9 cm, with shorter internodes
enhancing plant sturdiness and uniformity, while reduced sympodial length improved canopy openness, light penetration and harvest
efficiency with minimal trash intake. The findings provide practical recommendations on compact plant architecture traits, particularly ideal
internode and branch lengths, to enhance yield potential and facilitate mechanical harvesting in cotton.
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Introduction favored for machine harvesting, primarily due to the challenges
posed by excessive vegetative growth and delayed maturity in
taller plants (2, 4). Several key factors, such as shorter plant
height, uniformity, shorter sympodial branch length, the lack of
monopodial branches (zero monopodia), synchronized flowering
and consistent boll bursting, all contribute to an ideal compact
plant canopy suitable for mechanical harvesting and high-density
row planting (2, 3, 5).

Plant architecture, defined as the spatial arrangement of above-
ground plant components, plays a crucial role in influencing light
interception, radiation-use efficiency, growth, biomass
production, resource partitioning and yield potential (1). Plant
architecture significantly influences agricultural practices,
particularly in cotton production, where studies have emphasized
its critical role in crop management (2, 3). Understanding and
manipulating plant architecture is vital for optimizing crop Cotton-growing regions globally emphasize optimum
management. In the case of cotton, shorter plant genotypes are plant height, with less than 120 cm for spindle-pickers and less
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than 80 cm for stripper-pickers. These recommendations are
rooted in practical field experiences and have a direct influence on
the efficiency and performance of mechanical cotton harvesting
equipment (2, 3, 6). The height of the first sympodial branch origin
from the ground of over 20 cm minimizes defoliant intake and
aids cotton picker efficiency (2, 7). Additionally, attributes such as
mainstem internode length (height-to-node ratio) and sympodial
branch length are associated with both positive and negative
effects on harvest efficiency and yield. Shorter internodes and
moderate branch lengths are generally associated with improved
harvest efficiency, whereas excessive elongation or overly long
branches are often linked to yield reduction. These observations
highlight the benefits of promoting compact plant architecture (2,
3,8,9).

However, it's important to note that within the specific
height range of 75 to less than 110 cm, limited information is
available regarding the effects of detailed architectural attributes
such as internode and fruiting branch lengths on cotton vyield.
Environmental factors, including rainfall and temperature, exert a
significant influence on cotton plant architecture. Drought
conditions tend to reduce plant height and the number of nodes
(10, 11). The considerable variations in plant architecture among
different cotton genotypes are well-documented (12). Yet, our
understanding of how weather conditions, cultivars, plant density
and agronomic management practices interact with cotton plant
architecture and its ultimate influence on yield remains limited
(13, 14). In India, labor shortages and high costs make mechanical
harvesting essential (15). Despite labor shortages, 95 % of
cultivated cotton hybrids in India are Bt hybrids, necessitating
three pickings due to unsynchronized boll openings. The Bt
hybrids have a long growth cycle (150-160 days) and grow up to
1.5 m tall. They have monopodial branches with fewer bolls on
fruiting branches and extended boll opening periods, making
them unsuitable for mechanical harvesting.

Achieving the desired plant architecture for mechanical
harvesting requires combining favorable genetic traits from
diverse genotypes. In this study, Indian-origin cotton varieties
were crossed using a half-diallel design to evaluate the
inheritance of key biometric traits (2). This approach enabled the
identification of superior cross combinations that can produce
compact, early maturing and high-yielding hybrids suitable for
mechanized harvesting (2). The use of a half-diallel design in this
study is supported by high variability and identified superior
combiners among five genotypes across two environments (2).
Non-additive gene action predominated, with specific combining
ability (SCA) variances exceeding general combining ability (GCA)
variances and both additive and dominant genes influenced
traits, with dominance being stronger. The selected genotypes,
chosen for their proven variability and high performance,
provided a robust basis for evaluating combining ability.

In addition, this study evaluated key plant architecture and
seed cotton yield traits to optimize cotton for high-density planting
and efficient mechanized harvesting in India. Specifically, (i)
examined essential plant architecture traits within the optimal
height range of 75 to less than 110 cm to assess their impact on
yield, (i) identified major yield-influencing traits via stepwise
regression and (i) provided practical guidance for selecting
compact, high-performing plants suited to mechanized harvesting,

Materials and Methods
Experimental location and material generation

The five cotton genotypes, namely TVH-007, Suraksha, CO-17, Nano
and NDLH-1938 were selected as parents for the experiment based
on their compact, semi-compact and robust plant types. The
hybridization process used the half-diallel method, resulting in the
creation of 10 F1 hybrids (single crosses) in summer 2022 (Fig. 1A).
The experiments were conducted in the Department of Cotton,
Centre for Plant Breeding and Genetics, Tamil Nadu Agricultural
University (TNAU), Coimbatore, following a randomized complete
block design with three replicates. Each genotype was cultivated on
18 m long ridges, arranged in eight rows with precise spacing of 90
cm (row x row) and 30 cm (plant x plant). This method adhered to
the recommended agronomic practices outlined in the TNAU crop
production guide, ensuring optimal plant growth conditions.

Evaluation and data collection

Data were collected from two field experiments conducted in
Coimbatore city: E1 - Kharif 2022 (11.0122° N, 76.9354° E and 432.0
m elevation) and E2 - summer 2023 (11.0122° N, 76.9354° E and
430.9 m elevation). The monthly weather report includes average
precipitation, air temperature and sunshine duration during the
crop growing seasons are presented in (Fig. 1B). At harvest, pre-
marked and randomly tagged five plants per row were used for
measuring plant height (PH), mainstem internodes lengths (MIL)
and sympodial branches lengths (SBL). Plant height was measured
from the cotyledonary node to the shoot apex. The MIL and SBL
were categorized into groups (3). The MIL was divided into four
groups: the 1group included the nodes from the bottom up to the
squaring stage (usually 1%-7"'node); the remaining part was evenly
divided into the 2™(8"- 12% node), 3¢ (13%- 17" node) and 4% (>17"
node) groups. Similarly, the SBL was grouped into three: the lower
sympodial branches (LSB, 1%-5" branch), middle sympodial
branches (MSB, 6"-10"branch) and upper-sympodial branches
(USB, >10" branch). The number of plants per square meter (PD),
height of the first sympodial branch origin (FSB, cm) and number of
monopodia (NMB), sympodial branches (NSB) and boll per plant
(BP) were measured in both experiments. Seed cotton yield (SCY)
was determined by hand-picking plants from the inner rows of each
plot. The evaluation method for compact plant architecture and
yield traits amenable to mechanical harvesting in cotton is depicted
inFig. 2.

Testing mechanical cotton harvesting

The compact genotypes, alongside the standard checks KC3
(robust or more vegetative plant type), DCH-32 (robust plant type)
and Suraj (semi-compact plant type), were evaluated. These
diverse plant architecture traits were subjected to mechanical
harvesting at the Department of Cotton, TNAU, Coimbatore, India.
The evaluations were conducted using the newly designed
Shaktiman Cotton Spindle Picker (Cotton Master 1437, Shaktiman®,
Rajkot, Gujarat, India) during both seasons.

Statistical analysis

Statistical analysis was performed to assess the data collected from
the genotypes. Analysis of variance (ANOVA) was performed,
followed by Tukey's honestly significance difference (HSD) test,
implemented through the "agricolae" R-package (v.4.2.3), to identify
significant differences among the pooled trait means at p < 0.05 (16).
The Bartlett’s test was carried out test the homogeneity of error-
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Fig. 1. (A) The half-diallel crossing plan. x = direct crosses; * = parents (selfings). (B) Weather data for Coimbatore's 2022-23 cotton growing season.
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Fig. 2. A) Method of traits evaluation and desired compact plant architecture traits amenable for mechanical harvesting using cotton spindle
picker. B & C) Field view of a single compact plant of cross TVH002 x Suraksha in E1 and E2, respectively. D) Filed view of zero monopodial
compact cotton culture TVH002 plant.
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variances across locations using the "bartlett.test" R-package (17).
Correlation analysis was conducted using the "corrplot" R-package
to explore the association between plant height, other architectural
traits and yield (18). Stepwise regression analysis was carried out
with the "leaps" R-package to investigate the factors influencing
architectural traits on seed cotton yield, with entry and stay criteria
set at a significance level of 0.05 (19). Box-and-whisker plots were
generated for all traits and scatter plots were prepared to illustrate
relationships between seed cotton yield and architectural
attributes using Microsoft Excel (Microsoft Corp., Redmond, WA,
USA).

Results and Discussion
Pooled mean squares of RCBD-ANOVA

The pooled ANOVA mean squares revealed statistically significant
differences among genotypes (p < 0.01), reflecting sufficient trait
variability. Genotypic variability accounted for the largest portion of
this variability (Table 1). These findings imply that genotypes have
enough potential for improved selection outcomes in the future
breeding programmes (20). The environment also significantly
influenced most compact plant traits, except for lower sympodial
branches and bolls per plant. These findings align with previous
reports, when evaluating cotton genotypes in diverse
environments for adaptation and stability (21). Notably, the
genotypes x environment interaction (GEI) exhibited varying mean
squares among studied traits, ranging from 0.08 for number of
monopodial branches to 22878.01 for seed cotton yield, with the
lowest GEI observed in the MIL group. The impact of genotypic
variation on plant height and seed cotton yields outweighed GEI
and environmental effects. Both PH and SCY variations were
primarily influenced by genotypes, with minor contributions from
GEl and the environment. These results are consistent with
previously reported GEls in cotton (2, 22, 23). It was observed that
error variances across locations were homogeneous for studied
traits. Bartlett’s X* (chi-squared) values are given in Table 1. To
provide a comprehensive understanding of the results, the pooled
means (p< 0.05), standard-errors (SE+m), coefficients of variation
(CV %) and HSD values are given in Table 2. Additionally, for

4

enhanced clarity, individual means for experiments E1 and E2 are
depicted using boxplots and scatterplots (Supplementary Fig. S1 &
S2).

Correlation analysis

Correlation analysis was used to assess trait relationships due to its
simplicity and interpretability. The impact of cotton plant height on
seed cotton yield potential is complex (Fig. 3). Taller plants have
more sympodial branches and fruit bearing sites, which enhances
yield (24, 25). However, vigorous/robust vegetative growth could
result in problems such as closed plant canopy, increased boll/fruit
rot and boll loss. Nevertheless, taller plants may compensate with
better growth in the upper canopy in situations of severe fruit loss in
the lower and/or middle canopy. The correlation between plant
height and seed cotton yield varies considerably in the literature,
with some studies reporting a negative association, while others
have found a positive association and still others have reported no
correlation atall (2, 3,9, 24, 26-33). These inconsistencies may arise
from differences in genetic backgrounds and production systems;
in particular, compact plant types suited for high-density planting
and mechanical harvesting often require optimized plant height to
balanceyield potential with harvest efficiency.

Collecting data from diverse seasons or environmental
conditions within the same region can provide valuable insights
into complex relationships. In this study, plant height ranged from
75 to less than 110 cm in individual experiments. When combining
two field experiments, the range narrowed to 80-101 cm. This range
is considered suitable for mechanical harvesting (2, 3, 6, 7). The
mean height and other architectural traits values varied depending
on genotypes (Table 2). The average plant height was 90.15 cm and
a highly significant (p=< 0.01) negative correlation with seed cotton
yield (1415.04 kg/ha) was observed in both environments, with
r=-0.33inEland r=-0.72in E2 (Fig. 3A & 3B). E2 exhibited a weaker
negative correlation than E1, suggesting that shorter plants with a
narrower height range may enhance boll retention (mean bolls per
plant =21.63) and contribute to more stable yields (Supplementary
Fig. 1 & 2). This can be attributed to a significant decrease in rainfall
and an extended period of sunny weather from January to March in
E2-2023 (Fig. 1B).

Table 1. Pooled mean squares for RCBD-ANOVA of plant architecture and yield traits

Replication within

Bartlett’s-K-

Traits Environment (E) the (E) Genotype (G) Gx E Pooled error squared
(Df=1) (Df=1) (Df=1) (Df=1) (Df=1) (Total =107)

PD (Sg.m) 0.51** 15.69 25.11** 0.63** 0.65 1.86
PH (cm) 132.97** 6.57 208.59** 13.40** 5.21 1.32
NMB (nos.) 0.24** 0.04 0.60** 0.08ns 0.02 1.86
FSB (cm) 5.89** 0.59 39.56** 1.67** 1.35 0.29
NSB (nos.) 11.47** 4,79 17.17* 3.28** 244 0.09
LSB (cm) 0.29ns 7.82 83.74** 2.37* 2.85 231
MSB (cm) 10.76** 2.74 53.06™* 3.96** 2.46 1.96
USB (cm) 471" 16.78 29.33** 4.22** 1.53 2.06
MIL (1-7, cm) 0.32** 0.10 0.46** 0.15** 0.03 0.71
MIL (8-12, cm) 0.87** 0.04 0.93** 0.31** 0.05 0.69
MIL (13-17,cm) 0.38** 1.33 0.40** 0.16ns 0.06 0.73
MIL (>17, cm) 0.15** 0.61 0.72** 0.15** 0.04 0.66
BP (nos.) 0.05ns 421 16.12** 7.33** 1.89 0.07
SCY (kg/ha) 10250.37** 1546.81 73794.03** 22878.01** 836.87 27.39

** Non-significant and Significant differences at p < 0.01, respectively. PD: plant density; PH: plant height; NMB: number of monopodial
branches; FSB: height of first sympodial branch origin; NSB: number of sympodial branches; LSB: lower sympodial branches length; MSB:
middle sympodial branches length. USB: upper sympodial branches length; MIL: mainstem internodes length groups 1 to >17; BP: bolls per-

plant; SCY: seed cotton yield.
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The range of plant densities observed varied, ranging from
6.42 in KC3 to 12.50 plants m?in TVH002 x C017, with an average
value of 9.37 plants m?, This study indicates that these densities can
accommodate a higher number of plants per unit area, it suggests
that the studied genotypes were suitable for high-density cotton
planting system with a recommended spacing of 90/60 (rows) x
30/15/10 cm (plants) (5). All genotypes showed a highly significant
(p= 0.01) negative correlation between plant height and plant
density in both environments (r=-0.70 in E1; r =-0.71 in E2), while
plant density exhibited a moderate and significant positive
correlation with seed cotton yield in E1 (r = 0.51**), but weak
correlation in E2 with r = 0.08* (Fig. 3A, B; Supplementary Fig. S2).
Compared to higher plant densities, the positive correlation
between plant density and seed cotton yield decreased, while it
increased with plant height. The mean number of monopodial
branches was 0.95, ranging from 0.46 in TVH002 to 1.30 in KC3 and
showed a significant negative correlation with yield (r=-0.36* in E1
and r =-0.23* in E2). This study suggests that excessive vegetative
growth can lead to boll loss, directly impacting yield. This also
suggests that an increase in monopodia causes a reduction in yield
and an increase in plant robustness poses a variety of challenges in
cultural practices for cotton cultivation (3-7).

Asignificant positive correlation was observed between the
height of first sympodial branch origin and seed cotton yield, with r
=0.63**in E1 and r = 0.30* in E2, indicating that a higher position of
the first sympodial branch may contribute to improved yield
performance by promoting better canopy structure and efficient
resource utilization. The average height of the first sympodial
branch origin was 21.65 cm, an optimal height that minimizes
residual defoliant or trash intake along with the harvested produce
in the harvester cabin and is best suited for stripper cotton pickers
(2, 3, 7). This study focused on identifying suitable genotypes
possessing optimal range of plant height (~120 cm) and first
sympodial height from the ground at 15 cm or above, shorter
sympodial branches and uniformity in bursting for mechanical
harvesting. Earlier research suggested varying height preferences
and recommended heights below 80 cm for stripper-pickers and
below 120 c¢m for spindle-pickers (6, 7). Conversely, a few studies
have indicated that plant heights of 80-120 cm are considered
suitable for spindle pickers, whereas heights of 75-110 cm are more
appropriate for stripper mechanical harvesters (2, 3). Through
extensive testing of different genotypes at various plant heights in
both seasons, the study found that a range of 75 to less than 110 cm
is more appropriate for mechanical harvesting when employing a
row-to-row spacing of 90 x 90 cm and with 30 cm between plants. In
some situations, extreme environmental factors can cause plants to
grow taller and robust, which may be managed by harvester
adjustments, though such modifications are generally not
recommended by technicians. The result was encouraging and had
few drawbacks like trash accumulation and the designers are
considering developing a separate motorized cleaner to remove
thetrashimmediately after harvest.

This study also emphasizes the importance of the height of
first sympodial branch origin from base of the ground and its
suitability to machine harvesting. The height of first sympodial
branch origin over 20 cm minimizes residual-defoliant intake and
this height was best suited for spindle and stripper-pickers for
picking cotton effectively with minimal trash accumulation (2, 3, 6,
7). The testing of mechanical harvester revealed the optimum
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height of 20 cm from ground level. Except the genotype NDLH1938
and three standard checks, other genotypes were found more
suitable with ~20 cm height at which first sympodial branch
originates from the base of the plant or ground level.

On the other hand, the number of sympodial branches
exhibited a positive association with yield in both environments. This
indicates that increased sympodial branches number results in more
fruit bearing sites and enhances the plant's ability to compensate for a
higher fruit yield. The average number of sympodial branches ranged
from 16.33 in NDLH1938 to 22.77 in TVH002 x Nano, with an overall
mean of 19.29. The length of sympodial branch groups and mainstem
internodes length groups showed a significant negative correlation
with yield and a positive correlation with plant height in E1 and E2.
These results suggest that longer mainstem internodes and sympodial
branch length contribute to robust and taller plants. However, such
plant architecture poses several challenges in cotton agronomic
practices, including increased lodging risk, difficulty in intercultural
operations due to longer branches, reduced plant accommodation
per unit area, higher incidence of sucking pests, poor light penetration
within the canopy and a greater likelihood of premature boll drop,
along with reduced suitability for mechanical harvesting (25). This
study identified optimal trait lengths that contributed to increased
plant compactness and stable yield across environments, a
combination considered preferable for mechanized harvesting(2, 3).

Step wise regression analysis

Plant height influences canopy size, while mainstem internode
length and sympodial branch length also impact the even
distribution of canopy, sufficient light penetration and ultimately
affect cotton yield (26). In this study, we investigated how these
plant architecture traits influence seed cotton yield within a specific
plant height range (75 to less than 110 cm) using stepwise
regression analysis. Regarding sympodial branches, the average
length of lower sympodial branch was 24.39 cm, slightly longer than
that of the middle sympodial branch at 23.46 cm, while upper
sympodial branch had an average length of 17.77 cm (Table 2;
Supplementary Fig. 1). In terms of mainstem internode length (MIL),
the mean length of internodes in the 1% MIL group (1-7) was the
shortest at 3.69 cm. The internodes in the 2™ (8-12) and 3™ (13-17)
groups were approximately twice as long as those in the first group,
measuring 6.61 cm and 6.51 cm, respectively. The internode length
in the 4% group was of medium length, averaging 5.70 cm.

Stepwise regression analysis revealed that in E1 (Kharif
2022), PD, PH, FSB length, LSB length, MSB length and the 1%, 2™
and 4% mainstem internode length groups significantly influenced
seed cotton yield. When evaluated individually, their coefficients of
determination (R?) were 2.1 %, 5.17 %, 3.8 %, 16.2 %, 13.2 %, 5.63 %,
9.39 % and 0.11 %, respectively. The optimized model showed that
these traits collectively explained 52 % (R?) of yield variance (Table
3). These results indicate that higher PD, shorter PH and longer FSB
length were beneficial for yield and suitable for mechanical
harvesters. Such traits allow higher plant accommodation,
maintain compact and uniform stands and enable smoother
operation of harvesting machinery. A longer FSB further minimizes
trash intake by preventing picker contact with the ground.

Longer LSB and MSB had a slight negative impact. Shorter
internodes in the 1% mainstem group, longer internodes in the 2™
and intermediate length in 4"mainstem group may increase yield
potential. This could be attributed to the shorter internode length in
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Table 3. Regression models between plant architecture and yield traits in two seasons

Year/Season Equation R? Adjusted R? Residual SE
Y =2972.30-29.71X1-3.07X2+33.56X3-
) 53.31X4+43.24X5+1 218.04X6+463.85X7-1 558.07X8
EL-Kharif , _ . . , 0.52 0.41 70.01
2022 Where, X1, Plant density; X2, Plant height; X3, height of first sympodial branch
origin; X4 and X5, Lower and middle sympodial branches length; X6-X8,
internodes length of 1%, 2"¥and 4t groups.
Y =2904.93-8.19X1-6.05X2-2.65X3+58.83X4-92.36X5-
E2-Summer- 28.85X6
0.67 0.55 61.38
2023 Where, X1, Plant height; X2-X4, Lower, middle and upper sympodial branches

length; X5-X7, internodes length of 1%, 2" and 3™ groups.

the 1% group, which is often accompanied by the establishment of
larger aerial roots during early crop growth stage, leading to
improved water and nutrient uptake from soil (34, 35).
Furthermore, the low mainstem internode length (1% group) value
before squaring reflected the spring temperatures, which did not
impose limitations on yield since the crucial leaves responsible for
supplying assimilates to bolls were not yet fully developed or had
premature bolls (36).

In E2 (summer 2023), PH, LSB length, MSB length, USB
length and the 1%, 2™ and 3 mainstem intermodal length groups
were identified as significant factors for seed cotton yield.
Individually, their R? values of 3.67 %, 10.2 %, 17.2 %, 5.10 %, 11.30
%, 3.9% and 0.08 %, respectively. The optimized regression model
indicated that these seven traits accounted for 67 % (R?) of yield
variance (Table 3). Shorter PH and shorter lengths of LSB, MSB and
USB enhanced light penetration to the crop base, promoting early
boll retention and filling (37). Longer internodes in the 2™ and 3¢
mainstem groups and shorter ones in the 1% group increased yield.
The results suggested that elongation of the 2™group's internodes
during early squaring to early bloom, a period of rapid growth, led
to more fruit sites and avoided premature senescence (2, 3, 34, 36).
However, excessive elongation of internodes in the 39group during
peak squaring to peak bloom could divert assimilates toward
vegetative growth, leading to a reductioninyield (3, 38).

The combined findings of this study indicate that within the
plant height range of 75 to less than 110 cm for mechanical
harvesting, particular attention should be given to the internode
length of the mainstem groups (MIL, 1% to 4") and the length of the
sympodial groups (LSB, MSB and USB). Optimal ranges for these
architectural attributes have been identified as follows: 3.32 to 3.97
cm for MIL 1-7 (with shorter lengths being more favorable); 6.38 to
7.06 cm for MIL 8-12; 6.13 to 6.87 cm for MIL 13-17; 5.36 to 6.05 cm
for MIL >17 (again, shorter lengths are preferred) and 8.99 to 31.71
cm for LSB, 19.56 t0 29.95 cm for MSB and 13.62 to 22.43 cm for USB
(where shorter lengths than the given range are optimal for
compact sympodia branch).

Trait-environment association

Across environments, pooled weather data indicated distinct
seasonal differences. E1 (Kharif 2022) received the highest
precipitation (~ 875 mm) under moderate temperatures (26 °C-28 °C)
and sunshine (~ 6 hr), whereas E2 (summer 2023) was comparatively
drier (~157 mm rainfall) with moderate temperatures (24 °C -30 °C)
and longer sunshine duration (5-7 hr). These environmental
variations were reflected in the performance of cotton compact
traits (Supplementary Fig. S1). In E1, favourable rainfall along with
higher temperature and solar radiation promoted better expression
of compact traits such as plant height (91.33 cm), sympodial branch

length (21.87 cm) and internode length (6.05 cm), which collectively
supported higher seed cotton yield (1459.83 kg ha?). Conversely, in
E2, although plant height (89.66 cm), branch length (22.52 cm) and
internode length (6.27 c¢m) were marginally higher, the drastic
reduction in precipitation limited yield potential (1415.04 kg ha?).
Overall, the results highlight that favourable weather during E1
(Kharif 2022) enhanced compact trait efficiency and yield, whereas
moisture stress in E2 (summer 2023) constrained yield realization
despite comparable vegetative growth. This indicates that rainfall
remains a critical determinant of productivity in compact cotton
genotypes under rainfed conditions.

Conclusion

In summary, plant architecture attributes are key factors
influencing cotton yield enhancement and suitability for
mechanical harvesting. This study explored how plant architecture
traits affect seed cotton yield within a specific plant-height range (75
to less than 110 cm). Significant (p< 0.05) genetic variation was
observed in all traits, facilitating selective improvement in
genotypes. Genotype, environment and their interactions (p< 0.01)
collectively shaped trait development. Notably, plant height
recorded a negative correlation with seed cotton yield in both
environments, yielding stable results. Key plant architecture traits
influencing yield within the 75 to less than 110 cm height range
were identified. Shorter plants exhibited higher yield, whereas
increased plant density, absence of monopodia and more
sympodial branches showed positive associations with yield.
Stepwise regression analysis pinpointed groups of mainstem
internode lengths (MIL: 1%, 2™, 39and 4*) and sympodial branch
lengths (SBL, lower, middle and upper) as significant factors
impacting yield. The study also defined optimal ranges for these
traits, providing breeders with actionable targets for selecting
genotypes with compact internodes and shorter sympodia that can
enhance yield, improve canopy structure and increase efficiency in
high-density planting and mechanized harvesting,
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