


Influence of Boron Levels on Morphological Traits of Acid Lime



Abstract: 
Boron, a critical micronutrient, plays a pivotal role in shaping the growth and development of acid lime, with its imbalance triggering profound morphological changes. This study investigates the impact of varying boron concentrations on the morphological traits of acid lime, focusing particularly on growth responses and stress symptoms associated with boron deficiency and toxicity. Plants deprived of boron (T1: no boron application) exhibited pronounced stunting, brittle stems, and impaired root development, which collectively diminished photosynthetic efficiency and nutrient transport. These deficiencies manifested as reduced plant height, fewer branches and leaves, culminating in weakened canopy architecture. Root systems were also adversely affected, with shortened tap roots and diminished secondary root formation, limiting the plant’s nutrient absorption capacity. Conversely, elevated boron doses (2.0 mM/L and 2.5 mM/L; (T5, T6) induced toxicity symptoms, evidenced by marked decreases in plant height, branch number, and leaf count, accompanied by significant reductions in root length, secondary root number, and root diameter. Optimal boron supplementation at concentrations between 0.5 and 1.0 mM/L (T2 and T3) was found to promote vigorous growth and root development, underscoring the crucial balance required in micronutrient management. The findings emphasize that both boron deficiency and excess detrimentally affect plant metabolism, thereby affirming the necessity for precise boron fertilization strategies to sustain healthy acid lime cultivation over successive growing seasons.	Comment by husamalsarhan2021@gmail.com: Add the full treatment with concentration 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add all treatment	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add the Morphological Traits	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add the design 	Comment by husamalsarhan2021@gmail.com: 
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Introduction
Boron (B) is a crucial micronutrient that plays a fundamental role in the growth and development of higher plants, influencing a wide array of physiological and biochemical processes such as cell wall formation, membrane integrity, carbohydrate metabolism, and reproductive development (Huang et al., 2014). The significance of boron is particularly evident in its narrow optimal range, as both deficiency and excess can lead to profound morphological and physiological disturbances in crops, ultimately affecting productivity and fruit quality. In citrus, and especially acid lime (Citrus aurantifolia Swingle), boron deficiency manifests as stunted growth, chlorosis, deformation of young leaves, premature fruit drop, and poor root development, while toxicity is characterized by chlorotic or necrotic lesions on older leaf margins and diminished vigor (Herrera-Rodríguez et al., 2010). Acid lime is an economically vital citrus species in India, prized for its flavorful fruits and wide utility in fresh consumption, processed products, and the beverage industry (Arunadevi et al., 2019, Abhilash et al.2018). This crop is predominantly cultivated in subtropical and tropical acid soils, where boron availability can be erratic due to its high solubility and mobility, resulting in periodic episodes of both deficiency and toxicity. Recent studies highlight that inadequate boron availability has become a limiting factor for acid lime productivity, with visible impacts on fruit set, seed development, and overall plant morphology (Han et al., 2009; Jiang et al., 2009). Although the physiological importance of boron is well recognized, there remains a need for detailed investigation into how varying boron levels influence the morphological attributes of acid lime under field conditions.	Comment by husamalsarhan2021@gmail.com: Add acid lime information 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: (Huang et al., 2014)	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Mention the scientific name with family	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add the problem of the research  	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Herrera-Rodríguez et al., 2010	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add that in the section reference	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com:  Abhilash et al.2018; Arunadevi et al., 2019	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add that in the section reference	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add that in the section reference	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Han et al., 2009; Jiang et al., 2009).	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add that in the section reference	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add that in the section reference	Comment by husamalsarhan2021@gmail.com: 
	The present study aims to bridge this knowledge gap by systematically evaluating the effects of different boron concentrations on the morphological traits of acid lime plants. By enhancing understanding of boron's influence on key growth parameters, this research contributes valuable insights for optimizing nutrient management strategies in citrus production and ultimately sustaining yield and fruit quality.

Materials and Methods	Comment by husamalsarhan2021@gmail.com: 2- Materials and Methods
	Comment by husamalsarhan2021@gmail.com: 
Study Location 	Comment by husamalsarhan2021@gmail.com: 2-1 Study Location 
	Comment by husamalsarhan2021@gmail.com: 
This study was carried out over two consecutive years (2022–2023 and 2023–2024) at the Instructional Farm of the Department of Horticulture & Postharvest Technology, Institute of Agriculture, Visva-Bharati, Sriniketan, and West Bengal. India (23°420 N and 87°4003000 E, 40m above mean sea level. The test site has a subtropical climate and the area lies under the red and lateritic zone of the semi-arid lateritic belt of West Bengal. To reduce the soil and environmental variation, the experiment was conducted under controlled greenhouse environment in pots containing acid-washed sand. The temperature and relative humidity range maintained during the entire experiment under greenhouse conditions was 30–35°C and 80–90%, respectively
Raising of Seedlings	Comment by husamalsarhan2021@gmail.com: 2-2 Raising of Seedlings
	Comment by husamalsarhan2021@gmail.com: 
The seedlings were grown in greenhouse conditions in polybags measuring 20 cm in diameter,  filled with river sand. Coarse river sand was gathered from a riverbed, sieved
(0.5–1.0mm) and meticulously washed (10% sulphuric acid followed by distilled water) to eliminate all clay and silt and all types of plant nutrients. Seedlings used for the experiment were grown from seeds extracted from uniformly sized fresh ripe fruits, with only nuclear seedlings selected for inclusion. The seedlings were cultivated in pots measuring 20 cm in diameter. Weekly, each pot received 100 ml of Modified Hoagland solution lacking boron. while watering with distilled water was performed every five days at 500 ml per pot. Standard plant protection protocols were implemented throughout the experimental duration.	Comment by husamalsarhan2021@gmail.com: Mention whether the seed was uniform verities or not	Comment by husamalsarhan2021@gmail.com: 
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Acid lime seedlings were subjected to different doses and combinations of boron treatments, were incorporated into the potting medium at six concentrations: T1 (0.0 mM/l) control (without boron application),  T2 (0.5 mM/l), T3 (1.0 mM/l), T4  (1.5 mM/l), T5 (2.0 mM/l), T6 (2.5 mM/l) including a, for evaluation of the performance under different conditions of nutrient sufficiency, deficiency and toxicity focusing on stress physiology .Boric acid H3BO3 served as the boron source, dissolved in hot water. Applications were administered at 15-day intervals beginning when the plants reached three months of age, with a volume of 100 ml per pot for each dose.	Comment by husamalsarhan2021@gmail.com: How many seedlings per treatment and per the entire experiment	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Mention how you prepare the dosage	Comment by husamalsarhan2021@gmail.com: 
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The present experiment included measurements of various plants physiological aspects To evaluate the morphological responses of acid lime seedlings to these boron treatments, various growth parameters were measured at two year (12 and 24 months after planting) of developmental stages. Parameters recorded included plant height, number of leaves, and number of branches, leaf length and width, stem girth, as well as root characteristics such as tap root length, secondary root length, number of secondary roots, and root diameter.	Comment by husamalsarhan2021@gmail.com: Mention the method of how you measure for all traits	Comment by husamalsarhan2021@gmail.com: 
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The experiment followed a Completely Randomized Design (CRD) with six treatments and three replications for both the years were statistically analysed using Analysis of Variance (ANOVA) as per standard procedure. Each replication consisted of 10 plants, and uniform irrigation and cultural practices were consistently maintained across all treatments. Treatment means were compared using the Critical difference (CD) test at 5% level of significance. Standard error of the Mean (SEm ±) was also calculated for each parameter. Statistical analyses were carried out using IBM SPSS Statistics (Version 27.0). Prior to conducting ANOVA, assumptions such as normal distribution and homogeneity of variance were verified.
RESULTS AND DISCUSSION	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 3-RESULTS AND DISCUSSION
	Comment by husamalsarhan2021@gmail.com: 
Plant Height:	Comment by husamalsarhan2021@gmail.com: 3-1 Plant Height:
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Our results showed that the plant heights over two consecutive years under boron deficient and excess levels were 26.91 cm and 57.83 cm in untreated control plants (T1) and 1.56 cm in the first year and 37.55 cm in the second year under  treatment  (T6) 2.5 mM/l H₃BO₃ respectively. By contrast, a further increase in boron concentration under optimal level of 0.5 mM/l H₃BO3 (T2) resulted in the most pronounced positive effect, with mean plant heights reaching 41.18 cm in the first year and 68.44 cm in the second year. Increase in boron concentration beyond the optimal level did not translate into greater height; instead, higher doses (notably 2 and 2.5 mM/l H₃BO₃) consistently resulted in reduced plant stature. It reveals that both B deficiency and excess treatments suppressed the plant growth. This result supported by Luo et al. (2024) found that excessive boron fertilization-induced toxicity is related to physiological and metabolic constraints in citrus.	Comment by husamalsarhan2021@gmail.com: Table 1 shows the result that	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: 21.56 cm	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Luo et al. (2024)	Comment by husamalsarhan2021@gmail.com: 
Number of Branches	Comment by husamalsarhan2021@gmail.com: 3-2 Number of Branches
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These findings illustrate a striking influence of boron stress both deficiency and excess on the branching pattern of acid lime plants across two consecutive years. Plants grown under boron-deficient conditions (untreated control, T1) developed a relatively sparse branching system, producing only 11.40 branches in the first year and 73.47 in the second year. Similarly, when exposed to excess boron levels (2.5 mM/l H₃BO₃, T6), branch proliferation was further suppressed, resulting in the lowest counts of 9.73 and 57.53 branches for the respective years. In sharp contrast, plants supplemented with an optimal boron concentration of 0.5 mM/l H₃BO₃ (T2) demonstrated vigorous branching activity, more than doubling the control’s performance, with 20.04 branches in the first year and a remarkable 102.13   branches in the second. Intermediate doses (1 and 1.5 mM/l H₃BO₃) also fostered branch formation but with less pronounced effects than the 0.5 mM/l H₃BO₃ treatment. This clearly signals how a lack or an overload of boron disrupts the plant’s natural ability to generate lateral growth, likely through impaired cell division and hormonal imbalances. Similar result by Yang et al. (2021) reported in his findings that boron deficiency impairs growth and branch formation in citrus these observations affirm the critical role of balanced boron nutrition in stimulating branch development, a key determinant of canopy density and potentially fruit yield.	Comment by husamalsarhan2021@gmail.com: Mention to the table 1	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Stress,	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Yang et al. (2021)	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add that in the section reference	Comment by husamalsarhan2021@gmail.com: 

Number of Leaves	Comment by husamalsarhan2021@gmail.com: 3-3 Number of Leaves
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The number of leaves in acid lime showed clear and significant responses to boron treatments across the two study years. Plants under xcessive boron concentration (2.5 mM/l H₃BO₃, T6) suppressed leaf development, producing the lowest leaf counts of 21.56 in year one and 37.55 in year two. Conversely, boron-deficient conditions (untreated control T1) exhibited the fewest leaves, with averages of 26.91 leaves in the first year and 57.83 leaves in the second. This dual negative impact highlights the stress imposed by both deficiency and toxicity on vegetative leaf production. In contrast, an optimal boron dose of 0.5 mM/l H₃BO₃ (T2) significantly enhanced leaf proliferation, where plants averaged 41.18 leaves in the first year and 68.44 in the second year substantially higher than both deficient and excessive treatments. These findings highlight boron’s essential role in acid lime leaf development and vegetative growth, Deficiency limits cell-wall synthesis and membrane integrity, reducing expansion, while toxicity induces cellular damage and metabolic disruption that further constrain leaf development. According to (Srivastava & Singh, NRC Citrus; Yang et al., 2021)	Comment by husamalsarhan2021@gmail.com: Mention to the table 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: excessive	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: check it 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add that in the section reference	Comment by husamalsarhan2021@gmail.com: 

Stem Girth	Comment by husamalsarhan2021@gmail.com: 3-4 Stem Girth

The effect of boron nutrition on stem girth in acid lime was evident across the two years of investigation. In the first year, plants in the control treatment (T1) had a stem girth of 4.17 mm, which increased significantly to 8.05 mm in the second year. The optimal boron treatment at 0.5 mM/l H₃BO₃ (T2) exhibited the greatest stem girth, reaching 5.06 mm and 9.51 mm in the respective years. Intermediate boron concentrations (1 and 1.5 mM/l H₃BO₃) promoted girth development to moderate extents, while the highest dosages (2 mM/l H₃BO₃ and 2.5 mM/l H₃BO₃) consistently resulted in thinner stems, with T6 plants measuring only 3.77 mm and 7.46 mm. This results confirms that excessive boron levels detrimentally affect anatomical development, inducing toxicity symptoms such as cellular damage and reduced xylem vessel function, which could explain the thinner stems under higher boron concentrations (Navarro-Pérez et al., 2024; Bell and Dell, 2008).	Comment by husamalsarhan2021@gmail.com:  Bell and Dell, 2008 ; Navarro-Pérez et al., 2024	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add that in the section reference	Comment by husamalsarhan2021@gmail.com: 

Leaf length	Comment by husamalsarhan2021@gmail.com: 3-5 Leaf length
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The length of leaves in acid lime demonstrated a clear response to boron fertilization over two successive years. In the first year, untreated control plants (T1) produced leaves averaging 5.52 cm, which modestly increased to 6.06 cm in the second year. Application of boron at 0.5 mM (T2) significantly improved leaf length to 6.66 cm and further to 8.07 cm in the following year. Other boron treatments (1 mM/l H₃BO₃ and 1.5 mM/l H₃BO₃)) exhibited moderate leaf length improvements, whereas the two highest concentrations (2 and 2.5 mM/l H₃BO₃) led to shorter leaves of 5.43 cm and 5.38 cm in the first year and 5.90 cm and 5.73 cm in the second year, respectively. These observations emphasize the sensitive balance boron maintains in regulating leaf elongation and expansion in acid lime. Deficiency, as seen in control plants, limits cellular processes that drive leaf growth, while excessive boron provokes toxicity, impairing cell expansion and disrupting developmental pathways The diminished leaf lengths at the highest boron rates align with documented toxicity symptoms, which reduce not only leaf size but overall vegetative vigor (Mattos Jr. et al., 2017; IFAS UF, 2019). 	Comment by husamalsarhan2021@gmail.com: Add that in the section reference	Comment by husamalsarhan2021@gmail.com: 

Leaf Breadth	Comment by husamalsarhan2021@gmail.com: 3-6 Leaf Breadth
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Variation in leaf breadth among acid lime plants was clearly influenced by boron application rates during both years of the study. During the first year, the control group (T1) had the smallest average leaf breadth of 26.91 cm, which more than doubled to 57.83 cm in the second year. The 0.5 mM boron treatment (T2) yielded the largest leaf breadth in both years, with measurements of 41.18 cm and 68.44 cm, respectively. Treatments with, higher boron concentrations (2 and 2.5 mM/l H₃BO₃) led to reduced leaf breadth, with the lowest values observed in T6 (21.56 cm in the first year and 37.55 cm in the second). Boron deficiency restricted leaf breadth, likely due to impaired cell wall biosynthesis and cellular expansion, while excess boron led to toxicity symptoms that adversely affected leaf size. The decrease in leaf breadth observed at higher boron levels underlines the narrow threshold between boron sufficiency and toxicity in citrus plants, reinforcing the necessity for precise micronutrient management to sustain optimal vegetative growth and productivity in acid lime cultivation (Mattos Jr. et al., 2017).  	Comment by husamalsarhan2021@gmail.com: Add that in the section reference	Comment by husamalsarhan2021@gmail.com: 

Root morphology
Tap root length (cm)	Comment by husamalsarhan2021@gmail.com: 3-7 Tap root length (cm)
	Comment by husamalsarhan2021@gmail.com: 
Boron application exerted a strong influence on tap root length in acid lime throughout both years of study. In year one, the shortest tap roots were observed under control T1 (8.85 cm) and excess boron 2.5mM/ H3BO3 (6.01 cm) treatments, with these values increasing to 15.04 cm and 8.81 cm in the second year, respectively. The longest roots were produced at moderate boron concentrations, reaching a maximum of 15.56 cm in the first year and 24.83 cm in the second year for the 1mM/ H3BO3 treatment (T3), while the 0.5 mM/ H3BO3 dose (T2) also resulted in pronounced tap root elongation (12.95 cm and 20.20 cm for years one and two). In contrast, higher boron doses (2 and 2.5 mM/ H3BO3) repeatedly limited root extension.	Comment by husamalsarhan2021@gmail.com: Discuss the result with reference	Comment by husamalsarhan2021@gmail.com: 
Secondary root length (cm)	Comment by husamalsarhan2021@gmail.com: 3-8 Secondary root length (cm)
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Secondary root length in acid lime plants changed markedly in response to boron treatments over two years. In the first year, the lowest values were observed in plants receiving the highest boron concentration 2.5 mM/l H₃BO₃ (25.91 cm) and the control (28.93 cm), while the longest secondary roots appeared at toptimal boron application rates, particularly 1 mM/ H3BO3 (41.18 cm) followed by 1.5 mM/ H3BO3 (35.58 cm). These patterns were amplified in the second year, with the maximum root length at 1 mM/l H₃BO₃ boron (54.29 cm), followed by 1.5 mM/l H₃BO₃ (49.83 cm), and the lowest again with excess boron 2.5 mM/l H₃BO₃ (36.16 cm) and the control (40.98 cm). 
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The number of secondary roots in acid lime was notably affected by boron treatment levels during the two-year study. Both boron deficiency (control, T1) and excess boron (2.5 mM/l H₃BO₃, T6) resulted in fewer secondary roots compared to the optimal treatment. Specifically, control plants had 27.06 secondary roots in the first year and 33.05 in the second year, while excess boron plants produced only 18.57 and 30.61 roots respectively. In contrast, the optimal boron concentration of 1 mM/l H₃BO₃ (T3) significantly enhanced secondary root proliferation, yielding 45.33 and 64.09 roots during the first and second years, respectively.

Root diameter (mm)	Comment by husamalsarhan2021@gmail.com: 3-10 Root diameter (mm)
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The data revealed that both boron deficiency and excess caused a reduction in root diameter in acid lime plants compared to the optimal boron concentration. Plants under boron-deficient conditions (control, T1) showed a root diameter of 3.55 mm in the first year and 7.22 mm in the second year. Similarly, those exposed to elevated boron concentration (2.5 mM/l H₃BO₃, T6) recorded the thinnest root diameters of 3.08 mm and 5.44 mm in the respective years. In contrast, the optimal boron dose of 1 mM/l H₃BO₃ (T3) significantly enhanced root girth, achieving the largest diameters of 4.47 mm in year one and 8.55 mm in year two.
Consistent with these findings, Shah et al. (2017) reported that plants subjected to boron deprivation stress developed shorter root lengths and fewer lateral roots compared to adequately nourished controls.	Comment by husamalsarhan2021@gmail.com: Shah et al. (2017)	Comment by husamalsarhan2021@gmail.com: 
	Boron deficiency and excess concentrations negatively affected root development in acid lime, resulting in smaller root diameters and reduced secondary root numbers compared to the optimal boron level of 1 mM/l H₃BO₃ Plants subjected to boron deficiency displayed inhibited cell wall formation and weaker root tissue structure, while exposure to excess boron induced toxicity symptoms that disrupted root elongation and lateral root initiation. In contrast, the 1 mM/l H₃BO₃ boron treatment supported the most robust root growth, promoting cell division, strengthening vascular tissues, and enhancing overall root system architecture. This optimal boron supply optimizes nutrient uptake and supports plant vigour by maintaining balanced physiological functions, consistent with findings in citrus species reported by Wu et al. (2017) and Yang et al. (2021). These results underscore the importance of precise boron management to avoid both deficiency and toxicity and to maximize root system development in acid lime orchards. A. Shah et al.2017	Comment by husamalsarhan2021@gmail.com: Add that in the section reference	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add that in the section reference	Comment by husamalsarhan2021@gmail.com: 

DISCLAIMER (ARTIFICIAL INTELLIGENCE)
Author(s)  hereby  declare  that  NO  generative  AI technologies  such  as  Large  Language  Models (ChatGPT,   COPILOT,   etc.)   and   text-to-image generators have been used during the  writing or editing of this manuscript


REFERENCES

Huang, J.-H., Cai, Z.-J., Wen, S.-X., Guo, P., Ye, X., Lin, G.-Z., & Chen, L.-S. (2014).   Effects of boron toxicity on root and leaf anatomy in two Citrus species differing in boron tolerance. Trees, 28(6), 1653–1666. https://doi.org/10.1007/s00468-014-1075-1

Luo, Z., Zhang, L., Hu, W., Wang, Y., Tao, J., Jia, Y., Miao, R., Chen, L.-S., & Guo, J. (2024). Excessive boron fertilization-induced toxicity is related to boron transport in field-grown pomelo trees. Frontiers in Plant Science, 15, 438664. https://doi.org/10.3389/fpls.2024.1438664

Mattos Jr., D., Hippler, F. W. R., Boaretto, R. M., Stuchi, E. S., & Quaggio, J. A. (Year). Soil boron fertilization: The role of nutrient sources and rootstocks in citrus production. Journal Name, Volume(Issue), page numbers. 	Comment by husamalsarhan2021@gmail.com: Chack the year	Comment by husamalsarhan2021@gmail.com: 

Mesquita, G. L., Zambrosi, F. C. B., Tanaka, F. A. O., Boaretto, R. M., Quaggio, J. A., Ribeiro, R. V., & Mattos-Jr., D. (2016). Anatomical and physiological responses of citrus trees to varying boron availability are dependent on rootstock. Frontiers in Plant Science, 7, 224. https://doi.org/10.3389/fpls.2016.00224	Comment by husamalsarhan2021@gmail.com: Not found	Comment by husamalsarhan2021@gmail.com: 

Navarro-Pérez, V., Simón, I., Cámara-Zapata, J. M., Muñoz-Acero, J., Alfosea-Simón, M., Garcia-Sánchez, F., & Simón-Grao, S. (2024). Effects of high boron concentration in irrigation water on the relative tolerance and metabolic responses of different citrus varieties: Lemon, orange and mandarin. Scientia Horticulturae, 338, 113660. https://doi.org/10.1016/j.scienta.2024.113660

Oustric, J., Morillon, R., Luro, F., Herbette, S., Martin, P., Giannettini, J., Berti, L., & Santini, J. (2019). Nutrient deficiency tolerance in citrus is dependent on genotype or ploidy level. Frontiers in Plant Science, 10, 127. https://doi.org/10.3389/fpls.2019.00127	Comment by husamalsarhan2021@gmail.com: Not found	Comment by husamalsarhan2021@gmail.com: 

Rajamanickam, C., Muralidharan, B., & Mahadevan, A. (Year). Effect of micronutrients in acid lime (Citrus aurantifolia Swingle) var. PKM-1. Madras Agricultural Journal, 10, Article 000663. https://doi.org/10.29321/MAJ.10.000663	Comment by husamalsarhan2021@gmail.com: Not found 	Comment by husamalsarhan2021@gmail.com: 

Srivastava, A. K., & Singh, S. (2006). Boron nutrition in citrus - current status and future strategies: A review. Journal of Plant Nutrition, 29(5), 827-855.	Comment by husamalsarhan2021@gmail.com: Chek that 	Comment by husamalsarhan2021@gmail.com: 

Wu, X. W., Riaz, M., Yan, L., Du, C. Q., Liu, Y. L., & Jiang, C. C. (2017). Boron deficiency in trifoliate orange induces changes in pectin composition and architecture of components in root cell walls. Frontiers in Plant Science, 8, 1882. https://doi.org/10.3389/fpls.2017.01882

Yang, L.-T., Pan, J.-F., Hu, N.-J., Chen, H.-H., Jiang, H.-X., Lu, Y.-B., & Chen, L.-S. (2021). Citrus physiological and molecular response to boron stresses. Frontiers in Plant Science, 12, 787774. https://doi.org/10.3389/fpls.2021.787774


















Table 1 : Effect of Boron Levels on Plant Height, Number of Branches, and Number of Leaves in Acid Lime Seedlings
	Boron Treatment
(mM/L H₃BO₃)
	Plant Height (cm)
	Number of Branches (cm)	Comment by husamalsarhan2021@gmail.com: Check it	Comment by husamalsarhan2021@gmail.com: 
	Number of Leaves(cm	Comment by husamalsarhan2021@gmail.com: Check it 	Comment by husamalsarhan2021@gmail.com: 

	
	1st year
	2nd year
	1st year
	2nd year
	1st year
	2nd year

	T1
 (control)
	26.91
	57.83
	11.40
	73.47
	26.91
	57.83

	T2
0.5 mM/l 
	41.18
	68.44
	20.04
	102.13
	41.18
	68.44

	T3
1 mM/l 
	37.25
	64.33
	17.13
	87.00
	37.25
	64.33

	T4
1.5 mM/l 
	32.43
	60.22
	13.47
	81.27
	32.43
	60.22

	T5
2 mM/l
	22.91
	42.22
	11.17
	67.93
	22.91
	42.22

	T6
2.5 mM/l 
	21.56
	37.55
	9.73
	57.53
	21.56
	37.55

	SEM

	2.41
	2.23
	0.94
	3.11
	2.41
	2.23

	CD 5%

	7.44
	6.87
	2.88
	9.58
	7.44
	6.87












Table 2: Effect of boron levels on stem girth (mm), leaf length (cm), and leaf breadth (cm) in acid lime seedlings.
	Boron
Treatment
(mM/L H₃BO₃)
	Stem Girth (mm)

	Leaf length (cm)
	Leaf Breadth( cm)

	
	1st year
	2nd year
	1st year
	2nd year
	1st year
	2nd year

	T1
 (control)
	4.17
	8.05
	5.52
	6.06
	26.91
	57.83

	T2
0.5 mM/l 
	5.06
	9.51
	6.66
	8.07
	41.18
	68.44

	T3
1 mM/l 
	4.56
	9.28
	6.52
	6.77
	37.25
	64.33

	T4
1.5 mM/l 
	4.41
	8.58
	6.38
	6.47
	32.43
	60.22

	T5
2 mM/l
	3.82
	7.82
	5.43
	5.90
	22.91
	42.22

	T6
2.5 mM/l 
	3.77
	7.46
	5.38
	5.73
	21.56
	37.55

	SEM

	0.25
	0.20
	0.22
	0.21
	2.41
	2.23

	CD 5%

	0.76
	0.63
	0.67
	0.66
	7.44
	6.87













Table 3: Effect of boron levels on root morphology of acid lime seedlings.
	Boron
Treatment
	Tap root length (cm)
	Secondary root length (cm)
	No of secondary root
	Root diameter
(mm)

	
	1st year
	2nd year
	1st 
year
	2nd year
	1st 
year
	2nd year
	1st 
year
	2nd year

	T1
 (control)
	8. 85
	15.04
	28.93
	40.98
	27.06
	33.05
	3.55
	7.22

	T2
0.5 mM/l 
	12.95
	20.20
	33.88
	46.69
	34.83
	46.48
	4.20
	8.20

	T3
1 mM/l 
	15.56
	24.83
	41.18
	54.29
	45.33
	64.09
	4.47
	8.55

	T4
1.5 mM/l 
	10.91
	16.83
	35.58
	49.83
	30.16
	39.69
	3.83
	7.64

	T5
2 mM/l
	6.95
	9.98
	29.14
	38.79
	19.45
	31.73
	3.35
	6.27

	T6
2.5 mM/l 
	6.01
	8.81
	25.91
	36.16
	18.57
	30.61
	3.08
	5.44

	SEM

	0.18
	0.73
	0.28
	1.76
	0.96
	1.97
	0.09
	0.17

	CD 5%

	0.56
	2.24
	0.87
	5.41
	2.95
	5.62
	0.27
	0.73










