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Figure 1. Different irrigation level on Boll weight(g) - Irrigation W0, W1, W2 and W3
respectively (Rainfed, 30%, 60% and 100% FC)
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Figure 2. Comparison chart of the mean interaction effect of row spacing on irrigation level for
leaf temperature - Sowing row (ultra -narrow and expanding) and irrigation (Rainfed, 30%, 60%
and 100% FC)
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Table 1. Analysis of variance of yield and component yield- Sowing row (ultra -narrow and

expanding) and irrigation (Rainfed, 30%, 60% and 100% FC)
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Table 2. Results of comparison of mean interaction effects(U*W) yield and component yield

(U1[Narrow spacing] and conventional spacing [UO] [Mean* SE)
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Table 3. Analysis of variance of leaf temperature and epicuticle wax of leaves- Sowing row (ultra -
narrow and expanding) and irrigation (Rainfed, 30%, 60% and 100% FC)
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Figure 3. Comparison chart of the mean interaction effect of row spacing on irrigation level for Wax of leaf -
Sowing row (ultra -narrow and expanding) and irrigation (Rainfed, 30%, 60% and 100% FC)
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Introduction

Cotton (Gossypium hirsutum L.) is one of the world’s most important industrial
crops and plays a vital role in agricultural economies and the textile industry
(USDA, Y+ Y1), However, climate change, increasing temperatures, irregular
precipitation patterns, and the growing scarcity of irrigation water threaten the
sustainability of cotton production, particularly in arid and semi-arid regions.
Under such conditions, the development of appropriate agronomic practices
that maintain yield while improving resource-use efficiency is essential.
Irrigation management is one of the most important factors determining
cotton growth, physiological performance, boll development, and final
yield. In addition, row spacing can alter plant density, canopy structure, light
interception, soil-water depletion, and competition among plants (Zhang et
al., 2016). Narrow-row cultivation may promote faster canopy closure and
greater light interception; nevertheless, increased plant density may intensify

competition for water and nutrients, especially under water-deficit conditions.
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Therefore, the interaction between irrigation regime and row spacing should
be considered when developing sustainable cotton production systems.
The present study investigated the effects of narrow and conventional row
spacing under different irrigation levels on cotton physiological responses,
yield components, and seed cotton yield.

Materials and Methods

The experiment was conducted at the Hashemabad Cotton Research Station in
Golestan Province, Iran. A split-plot experiment based on a randomized
complete block design with three replications was used. The treatments
consisted of two planting arrangements: narrow-row spacing (20 x 20
cm) and conventional row spacing (20 x 80 cm). Four water regimes were
evaluated: rainfed conditions and irrigation at 30%, 60%, and 100% of
field capacity.Leaf temperature was measured during the flowering stage
using a thermometer to evaluate the thermal response of the crop canopy to
irrigation and planting arrangement. Fully developed leaves were sampled
from the middle third of the canopy to determine cuticular wax concentration
according to the method described by Ebercon et al. (1977). At physiological
maturity, 30 representative bolls were collected from each experimental
unit. Individual boll weight and total boll weight were then determined. The
number of bolls per unit area, first-pick yield, and total seed cotton yield were
also measured. The collected data were subjected to analysis of variance,
and treatment means were compared to determine the effects of row spacing,
irrigation regime, and their interaction.

Results and Discussion

Row spacing and irrigation regime significantly affected cotton growth,
physiological responses, yield components, and final seed cotton yield.
Narrow-row cultivation resulted in faster canopy closure and greater
interception of incoming radiation. Consequently, light-use efficiency
under narrow-row spacing was approximately 18% greater than that under
conventional spacing. Faster canopy development could potentially reduce

radiation reaching the soil surface and improve the utilization of available
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environmental resources. However, the higher plant population associated
with narrow-row cultivation increased competition among plants. Individual
boll weight under narrow-row spacing was approximately 15% lower than
that recorded under conventional spacing.

The highest seed cotton yield, approximately 3200 kg hall', was obtained under
conventional row spacing combined with irrigation at 60% of field capacity.
In contrast, the lowest yield, approximately 1800 kg hall', was observed
under narrow-row spacing combined with irrigation at 30% of field capacity.
These findings demonstrate that the yield response to row spacing depended
strongly on water availability. Although narrow-row cultivation improved
canopy establishment and light interception, its potential advantages did
not result in a higher final yield under restricted water supply. The greater
competition for limited soil moisture under high plant density may have
reduced boll growth and retention, thereby limiting yield.

Cuticular wax concentration increased by up to 40% under the combined conditions
of water stress and high plant density. Increased wax deposition may
represent an adaptive response that restricts non-stomatal water loss, reduces
transpiration, and contributes to the maintenance of leaf tissue hydration
during drought. Nevertheless, the increase in protective wax deposition was
not sufficient to prevent yield reduction under severe water limitation.

Under water stress and high plant density, leaf temperature increased by
approximately 3-5°C, indicating reduced transpirational cooling due to
limited water availability. Although narrow-row spacing increased boll
number per square metre by about 20%, it reduced individual boll weight.
Therefore, improved reproductive density did not necessarily increase total
yield, as yield components were strongly dependent on the interaction
between row spacing and irrigation regime.

Conclusions

Narrow-row cotton cultivation promoted faster canopy closure, improved light
interception, increased light-use efficiency, and produced more bolls per

unit area. However, these benefits were offset by increased competition
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among plants, reduced individual boll weight, higher leaf temperature,
and greater sensitivity to water deficit. The adverse effects were especially
pronounced when narrow-row cultivation was combined with irrigation at
30% of field capacity. Conventional row spacing combined with irrigation
at 60% of field capacity provided the most favorable balance between
physiological performance, yield formation, seed cotton yield, and water-use
efficiency. These findings indicate that row spacing should not be optimized
independently of irrigation management. Under water-limited conditions,
moderate irrigation combined with conventional row spacing may provide
a more stable and sustainable cotton production strategy than high-density,

narrow-row cultivation.
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