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Introduction

Irrigation deficit and the resulting drought stress are among the most important environmental stresses
limiting plant growth, development, and yield. Water shortage affects essential physiological processes such
as cell expansion, photosynthesis, nutrient uptake, and biomass production. Young fruit tree seedlings are
particularly sensitive to water limitation because adequate water availability is essential for active shoot and
leaf development. Drought stress can cause substantial changes in plant morphology, physiology, and
biochemistry. Reduced water availability generally limits shoot growth, biomass accumulation, node
formation, and internode elongation. It can also reduce chlorophyll content and consequently impair
photosynthetic activity. At the biochemical level, plants respond to drought by accumulating compounds such
as proline and soluble carbohydrates, which contribute to osmotic adjustment and cellular protection. Water
deficit can also increase oxidative stress and membrane damage, reflected by increased malondialdehyde
(MDA) content. Seaweed extracts are increasingly used as plant biostimulants because they contain various
biologically active compounds, including minerals, polysaccharides, amino acids, and plant growth-promoting
substances. Foliar application of these extracts may improve plant growth, photosynthetic activity, and
tolerance to abiotic stresses. Therefore, this study was conducted to investigate the effect of foliar application
of seaweed extract on the tolerance of pear seedlings (cv. Beirut) to deficit irrigation stress and to evaluate its
effects on growth and biochemical responses.

Materials and Methods

A factorial experiment was conducted based on a completely randomized design with three replications.
Two experimental factors were evaluated: irrigation regime and foliar application of seaweed extract. The
irrigation regime was applied at three levels based on field capacity (FC). The control treatment received 100%
FC, representing adequate irrigation. The second treatment received 75% FC, representing moderate irrigation
deficit, while the third treatment received 50% FC, representing severe irrigation deficit. Seaweed extract was
applied as a foliar treatment at two concentrations: 0%, which served as the untreated control, and 3%. This
experimental design allowed the researchers to evaluate both the individual effects of water deficit and seaweed
extract, as well as their possible interaction. Several growth, physiological, and biochemical characteristics were
evaluated. These included relative shoot growth percentage, fresh and dry weights of aerial organs, number of
nodes, internode length, total chlorophyll content, and biochemical indicators such as proline, soluble
carbohydrates, and malondialdehyde (MDA). These parameters were selected to provide an integrated
assessment of the effects of water limitation and the potential protective role of seaweed extract.
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Results and Discussion

The results showed that increasing irrigation deficit significantly reduced several important growth
characteristics of pear seedlings. Relative shoot growth percentage, fresh and dry weights of aerial organs,
number of nodes, and internode length all decreased as water availability declined. These findings indicate that
water limitation substantially restricted vegetative growth and biomass accumulation. Total chlorophyll content
also decreased significantly with increasing irrigation deficit. The lowest chlorophyll content was observed
under the most severe irrigation deficit treatment, 50% FC, with an average of 5.42 mg g! FW. The reduction in
chlorophyll suggests that drought stress negatively affected the photosynthetic apparatus and may partly explain
the reduced growth observed under water-limited conditions. In contrast, deficit irrigation increased several
biochemical indicators associated with plant stress. The contents of proline and soluble carbohydrates increased
as irrigation became more limited. The accumulation of these compounds can represent an adaptive response that
helps plants maintain cellular water balance and protect tissues under drought conditions. Similarly, MDA
content increased, indicating enhanced lipid peroxidation and oxidative stress under water deficit. Foliar
application of seaweed extract had a beneficial effect on some of the measured characteristics. Application of 3%
seaweed extract increased total chlorophyll content by 10.45% compared with the untreated control. This result
suggests that seaweed extract may help maintain chlorophyll and photosynthetic activity under stressful
conditions. The highest relative shoot growth percentage was recorded in seedlings receiving 100% FC without
seaweed extract, with an average of 172.13%. This value was significantly higher than that recorded under 75%
FC, which was 129.35%, emphasizing the importance of adequate water availability for maintaining vegetative
growth. Although seaweed extract showed generally favorable effects, the interaction between seaweed extract
application and irrigation regime was not statistically significant for the evaluated traits. Therefore, the response
to seaweed extract did not differ sufficiently among irrigation levels to produce a significant interaction effect.

Conclusions

The findings demonstrate that deficit irrigation, particularly severe water limitation at 50% FC, adversely
affected the growth and physiological performance of pear seedlings (cv. Beirut). Increasing water deficit
reduced relative shoot growth, aerial fresh and dry weights, node number, internode length, and total
chlorophyll content. At the same time, it increased proline, soluble carbohydrates, and MDA, indicating the
activation of physiological and biochemical responses to drought stress. Foliar application of 3% seaweed
extract produced a generally positive response, most notably through a 10.45% increase in total chlorophyll
content compared with the control. Under severe irrigation deficit, seaweed application was also associated
with lower mean values of biochemical stress indicators and higher mean values of growth-related traits.
These findings suggest that seaweed extract may contribute to improving the physiological tolerance of pear
seedlings to water limitation. Overall, the application of 3% seaweed extract may be a useful biostimulant for
improving the tolerance of pear seedlings to deficit irrigation and for helping maintain growth and
physiological performance under water-limited conditions. However, because the interaction between
seaweed extract and irrigation regime was not statistically significant, the beneficial effects should be
interpreted with some caution. Further experiments under field conditions and with different extract
concentrations and formulations are needed to confirm these findings and determine the most effective
application strategy for water-saving management in pear cultivation.
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Table 1. Physical and chemical properties of experimental Soil

Sandy loam Soil texture
7.19 pH
3.19 @dS.m 1 EC
0.11% @) N
1.17% %) 0.C
2.63% %)0.M
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Table 2. Mean comparisons effect of different levels of drought stress and seaweed extract application on some growth traits of pear
seedling (cv. Beirut)

Mean (£SE)
Treatmen Fresh leaf Dry leaf Node Igitst;nn%(ie Freshshoot  Dryshoot Relative shoot
t weight (g)  weight () Number (cm) weight (g) weight (g) growth (%)
FC%
Drought 100 11.76+0.49a 4.25+0.31a 11.66+0.55a 4.19+0.09a 46.48+1.77a 21.0050+1.0la 172.13+6.97a
stress (control)
Levels 75 8.79+0.435h 3.03+0.15b  8.66+0.80b 3.55+0.12b 34.54+2.27h 16.01+0.97b  129.35+4.78b
50 7.04£0.64c 2.47+0.21b  6.1620.70c  3.06+0.15¢c 27.98+2.67c 12.82+1.27c  109.86+7.66¢
Application 8.60+0.84a 2.99+0.28a 8.0020.95b 3.46+0.21a 33.81+3.40a 15.39+1.52a 129.77+11.31a
of seaweed  (control)
extract 3% 9.79+0.70a 3.52+0.33a  9.66+0.88a 3.74+0.15a 38.86+2.80a 17.84+1.28a 144.46+9.05a

Different Latin letters indicate significant differences between treatments
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Table 3. Mean comparisons effect of different levels of drought stress and seaweed extract application on leaf chlorophyll content of

pear seedling (cv. Beirut)

Mean (+SE)
Total chlorophyll ~ Chlorophyll a Chlorophyll b
Treatment " (mgig Fw) (mglg FW) (mglg FW)
FC 100%
«control) 9.48+0.38a 5.72+0.34a 3.75+0.05a
Drought stress
levels 75 7.96+0.25b 4.97+0.21a 2.99+0.06b
50 5.42+0.37c 3.46x0.34b 1.96+0.04c
0
Application of (control) 7.20+0.65b 4.37+0.42b 2.82+0.25b
seaweed extract
3% 8.04+0.61a 5.06+0.36a 2.98+0.27a

Different Latin letters indicate significant differences between treatments
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Table 4. Mean comparisons effect of different levels of drought stress and seaweed extract application on some biochemical traits of
pear seedling (cv. Beirut)

Mean (£SE)
Treatment MDA Proline Soluble carbohydrates
(nmol/g FW) (nmol/g FW) (mg/g FW)
FC 100% 0.05+0.0074 1.33+0.14 14.10+0.21

.050. c .33+0.14c¢ .10+0.21c

Drought stress (Gontrol)
Levels 75 0.13+0.01b 1.61+0.09b 15.49+0.49b
50 0.16+0.01a 1.90+0.03a 17.76+0.33a

0
Application of (control) 0.13+0.01a 1.77+0.07a 16.28+0.61a
seaweed extract

3% 0.10+0.01b 1.46+0.11b 15.28+0.54b

Different Latin letters indicate significant differences between treatments
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