Improving Acclimatization potential of Shooting and Rooting by CPPU and Seaweed extract response in Syngonium (Syngonium podophyllum) under Micro-climate Condition.

ABSTRACT
This study investigated the effect of CPPU and seaweed extract on the growth, rooting, and acclimatization potential of Syngonium podophyllum under micro-climate conditions. Seven treatments, including control, CPPU at 1 and 2 ppm, seaweed extract at 5 and 10 ml/L, and their combinations, were evaluated in a completely randomized block design with three replications. Results showed that the combined treatment of CPPU 2 ppm and seaweed extract 10 ml/L (T6) significantly enhanced all growth parameters, including plant height (28.67 cm), number of leaves (11.07), leaf size, and foliage biomass, compared to control. Rooting parameters such as root length (9.07 cm), number of roots per cutting (16.43), root fresh and dry weights, and survival rate (91.21%) were also highest under T6: CPPU 2 ppm + Seaweed Extract 10 ml/L. Treatments T5: CPPU 1 ppm + Seaweed Extract 5 ml/L and T4: Seaweed Extract 10 ml/L followed in efficacy, while the control consistently showed the lowest values across parameters. The findings indicate that the synergistic application of CPPU and seaweed extract effectively promotes shooting, rooting, and survival of Syngonium cuttings, improving their acclimatization potential under controlled micro-climate conditions. This approach offers a promising technique for enhanced propagation and commercial cultivation of Syngonium podophyllum.
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INTRODUCTION
Syngonium podophyllum Schott, belongs to family Araceae, with chromosome number 2n = 30; commonly known as arrowhead plant or goosefoot vine, is an ornamental foliage species highly valued for its aesthetic appeal, shade tolerance, and adaptability as a houseplant [3]. Commercial propagation of Syngonium is predominantly achieved through stem cuttings and tissue culture [4,6]. However, a major bottleneck in large-scale production lies in the acclimatization phase, where in vitro or semi-hardwood cuttings often exhibit poor survival rates due to transplant shock, insufficient root development, and vulnerability to micro-environmental fluctuations [7,9].
Acclimatization is a critical transitional stage where plantlets must adjust from controlled propagation environments to ambient conditions [8]. Enhancing rooting and shooting during this stage can significantly improve plant establishment and overall survivability [3].  The application of plant growth-promoting substances such as CPPU is Forchlorfenuron, which is a synthetic plant growth regulator (PGR) belonging to the cytokinin class and seaweed extracts has emerged as a promising strategy to overcome physiological stress and promote vigorous growth[5]. CPPU (Forchlorfenuron) , often associated with the regulation of flowering and developmental transitions, has shown potential in stimulating shoot proliferation, while seaweed extracts—rich in micronutrients, cytokinins, auxins, and amino acids—have been widely recognized for enhancing root induction and stress tolerance [7].
Micro-climate regulation through shade nets, humidity chambers, and misting systems creates favorable environmental conditions for optimal physiological performance during acclimatization [9]. However, scientific data on the synergistic effects of growth regulators and controlled micro-climate conditions in Syngonium remains scarce [10].
The application of CPPU (Forchlorfenuron) , a cytokinin- plant growth regulator, stimulates cell division and elongation, thereby promoting vigorous shoot development and enhancing root initiation [11].  Concurrently, seaweed extracts, rich in natural growth hormones, minerals, and bioactive compounds, improve nutrient uptake and stress tolerance, which further supports robust root and shoot growth [5].  Under controlled micro-climate conditions, where temperature, humidity, and light intensity can be optimized, these treatments synergistically improve the rooting percentage, root length, number of roots, and survival rate of Syngonium cuttings during acclimatization [1].  This combined approach results in stronger plantlets with better morphological traits, increased biomass, and higher adaptability to ex-vitro conditions, ultimately leading to improved survival and growth performance in nursery or field conditions [3]. Therefore, integrating CPPU (Forchlorfenuron)  and seaweed extract treatments provides an effective strategy to enhance the propagation efficiency and acclimatization success of Syngonium podophyllum under micro-climate environments [2].
This study aims to evaluate the influence of CPPU (Forchlorfenuron)  and seaweed extract treatments on the rooting, shooting, and overall acclimatization potential of Syngonium podophyllum under micro-climate conditions. The results are expected to inform standardized nursery practices for high-quality plant production with improved survival and growth performance.
MATERIALS AND METHODS
The experiment was carried out during Rabi 2024-2025 was carried at the protected structure located at Medi-Caps, University, (Madhya Pradesh). 
Protected structure 
Green house configuration:
The greenhouse located at Medi-Caps, University, (Madhya Pradesh) was covered with a single layer of 200 micron (800 gauge) UV-stabilized low-density polyethylene film (LDPE) for natural ventilation and pest protection. Both sides were clad with white, insect-proof high-density polyethylene (HDPE) fabric with a 40 x 40 mesh, leaving a 1-meter LDPE-covered space from the ground. Each span included a 1-meter wide 40 mesh net on the roof for thermal buoyancy ventilation. The total naturally ventilated area was 120 m², or 33.3% of the total floor area. Additionally, rollable flaps of 200-micron thick LDPE were fitted outside to regulate temperature, humidity, and protect from rain. 
Greenhouse dimensions:
· Width: 9 meters (29.52 feet)
· Length: 24 meters (78.74 feet)
· Ridge Height: 5 meters (16.40 feet)
· Eave Height: 3.5 meters (11.48 feet)
· Gutter Height: 3 meters (9.84 feet)
Preparation of Solutions:
Forchlorfenuron (CPPU) stock solution was prepared by accurately weighing the required quantity of pure CPPU powder and dissolving it in distilled water to obtain stock concentrations. Subsequent dilutions were made to achieve the working concentrations of 1 ppm and 2 ppm. Seaweed extract solutions were freshly prepared by diluting commercially procured seaweed extract with distilled water to final concentrations of 5 ml L⁻¹ and 10 ml L⁻¹.
Application Procedure:
Foliar treatments were applied using a calibrated hand-held atomizer to ensure uniform coverage of the foliage until runoff. Spraying was performed during the early morning hours (between 7:00 and 9:00 AM) to minimize evapotranspiration losses and enhance absorption efficiency. Control plants were sprayed with distilled water following the same procedure. Treatments were administered at regular intervals of 15 days, commencing at days after planting, continuing for a total at hardening applications as per the experimental design. All equipment was thoroughly cleaned between treatments to avoid cross-contamination. The volume of spray applied per plant was standardized to maintain consistency across treatments.
Treatments and Plant growth regulators and their application: 
In this study, a total of seven treatments were applied to evaluate the individual and combined effects of CPPU (a synthetic CPPU (Forchlorfenuron) ) and seaweed extract on the shooting and rooting performance of Syngonium podophyllum under controlled micro-climate conditions. The treatments included: T₀ – Control (no application), T₁ – CPPU at 1 ppm, T₂ – CPPU at 2 ppm, T₃ – seaweed extract at 5 ml/L, T₄ – seaweed extract at 10 ml/L, T₅ – a combination of CPPU at 1 ppm and seaweed extract at 5 ml/L, and T₆ – a combination of CPPU at 2 ppm and seaweed extract at 10 ml/L. These treatments were applied as foliar sprays or stem dips, depending on the propagation stage, with the objective of enhancing early shoot emergence, root formation, and overall acclimatization success in a controlled micro-environment. The present experiment was conducted in a statistically analyzed under completely randomized design (CRD) design at 0.05% with three replication to appraise the performance of Syngonium which was selected based upon their performance for various traits. Syngonium plantlets were transplanted into individual polybags and maintained inside a micro-climate structure (shade house) to provide regulated temperature, humidity, and light intensity conducive for acclimatization. Each treatment plot contained six polybag-grown plants. Standard nursery practices were followed for irrigation, sanitation, and maintenance throughout the experiment. Observations were recorded on key parameters related to shoot initiation, root development, survival percentage, and early growth performance to assess the efficacy of the treatments under controlled environmental conditions.
RESULTS
Morphological characters
1.Plant height (cm)
The plant height of Syngonium podophyllum was significantly influenced by different treatments. The maximum plant height (28.67 cm) was recorded in T6 (CPPU 2 ppm + Seaweed Extract 10 ml/L), followed by T₅ (CPPU 1 ppm + Seaweed Extract 5 ml/L) with 26.32 cm, and T₄ (Seaweed Extract 10 ml/L) with 25.23 cm. The minimum plant height (18.20 cm) was observed in the control (T₀), which received water spray. Similar observation were reported by [12,13].
2. Number of Leaves per Plant
The number of leaves per plant showed considerable variation among the treatments. The highest number of leaves (11.07) was recorded under T₆, followed by T₅ (10.11), and T₄ (9.01). The lowest number of leaves (6.15) was observed in the untreated conol (T₀). Similar observation was reported by [10,11,14] validating the present findings on leaf area enhancement.
3. Leaf Length (cm)
Leaf length was significantly enhanced by the application of CPPU and seaweed extract. The longest leaves (10.57 cm) were observed in T₆, followed by T₅ (10.04 cm) and T₄ (9.52 cm). The shortest leaves (7.81 cm) were recorded in the control treatment (T₀). These results are in agreement with the findings of [13,14,15] who also recorded improved leaf length under similar treatments.
4. Leaf Breadth (cm)
The leaf breadth was found to be maximum in T₆ (5.61 cm), followed by T₅ (5.45 cm) and T₄ (5.32 cm). The minimum leaf breadth (4.20 cm) was observed in the control treatment (T₀), indicating the least performance without any growth stimulant. These results are in agreement with the findings of  [11,14,15] who also recorded improved leaf length under similar treatments.
5. Leaf Area (cm²)
The combined application of CPPU and seaweed extract significantly increased the leaf area. The largest leaf area (59.29 cm²) was observed in T₆, followed by T₅ (54.71 cm²) and T₄ (50.64 cm²). The smallest leaf area (32.80 cm²) was recorded in the control treatment (T₀). Comparable findings were observed by [8,10,11], supporting the current study’s outcomes on leaf area for Syngonium.
6. Foliage Fresh Weight (g)
Foliage fresh weight was significantly influenced by the treatments. The highest fresh weight (36.42 g) was recorded in T₆, followed by T₅ (33.54 g) and T₄ (31.07 g). The lowest fresh weight (23.52 g) was recorded in the control treatment (T₀). Similar observations were reported by [6,9,10], who found a significant increase in foliage fresh weight under foliar application of growth regulators.
7. Foliage Dry Weight (g)
The maximum dry weight of foliage (8.51 g) was obtained under T₆, followed by T₅ (7.93 g) and T₄ (7.26 g). The control treatment (T₀) showed the lowest dry weight of (5.10 g), indicating significantly lower biomass accumulation in the absence of treatment. Comparable results were documented by [11,12], indicating enhanced foliage dry weight with nutrient supplementation.
Rooting characters
8.  Root Length (cm)
The longest root length (9.07 cm) was observed in T6 (CPPU 2 ppm + Seaweed Extract 10 ml/L), followed by T5 (CPPU 1 ppm + Seaweed Extract 5 ml/L) with 8.17 cm, and T4 (Seaweed Extract 10 ml/L) with 7.33 cm. The shortest root length (5.21 cm) was recorded in T0 (Control). These findings align with the observations of [12,14], where increased root length was recorded following hormone treatment.
9.  Number of roots per cutting
The maximum number of roots per cutting (16.43) was recorded in T6 (CPPU 2 ppm + Seaweed Extract 10 ml/L), followed by T5 (CPPU 1 ppm + Seaweed Extract 5 ml/L) with (14.31) roots, and T4 (Seaweed Extract 10 ml/L) with (13.14) roots. The minimum number of roots (8.05) was observed in T0 (Control). Similar trends were observed by [12,14], who reported an increased number of roots per cutting in response to seaweed extract.
10. Root Fresh Weight (g)
The highest root fresh weight (4.26 g) was recorded under T6 (CPPU 2 ppm + Seaweed Extract 10 ml/L), followed by T5 (CPPU 1 ppm + Seaweed Extract 5 ml/L) with (3.81 g) and T4 (Seaweed Extract 10 ml/L) with (3.52 g). The minimum fresh weight (2.41 g) was in T0 (Control). These results concur with those of [6,9,10], who noted higher root fresh weight in treated plants compared to controls.
11. Root Dry Weight (g)
Root dry weight was highest in T6 (CPPU 2 ppm + Seaweed Extract 10 ml/L) at (1.61 g), followed by T5 (CPPU 1 ppm + Seaweed Extract 5 ml/L) with (1.41 g) and T4 (Seaweed Extract 10 ml/L) with (1.32 g). The minimum dry weight (0.82 g) was observed in T0 (Control). A similar increase in root dry weight was reported by Das and Roy (2022) under optimal propagation conditions.
12. Survival Rate (%) 
The survival rate was maximum in T6 (CPPU 2 ppm + Seaweed Extract 10 ml/L) at (91.21%), followed by T5 (CPPU 1 ppm + Seaweed Extract 5 ml/L) at (88.23%), and T4 (Seaweed Extract 10 ml/L) at (85.23%). The lowest survival rate (49.11%) was recorded in T0 (Control). Comparable survival rates were recorded by [14,15], supporting the effectiveness of the applied treatments.
CONCLUSION
The present study clearly demonstrated that the combined application of CPPU (CPPU (Forchlorfenuron) ) and seaweed extract significantly improved the growth, rooting, and survival of Syngonium podophyllum under micro-climate conditions. Among all treatments, T6 (CPPU 2 ppm + Seaweed Extract 10 ml/L) consistently showed the best performance across all growth and rooting parameters, including plant height, number of leaves, leaf dimensions, foliage biomass, root length, root number, root biomass, and survival rate. This was closely followed by T5 (CPPU 1 ppm + Seaweed Extract 5 ml/L) and T4 (Seaweed Extract 10 ml/L), which also demonstrated substantial improvements compared to the control. The control treatment (T0) exhibited the poorest performance in all measured parameters, highlighting the critical role of growth regulators and biostimulants in enhancing acclimatization potential. The results suggest that the synergistic effect of CPPU and seaweed extract effectively promotes both shooting and rooting processes, leading to stronger and more vigorous plantlets with better adaptability to ex-vitro conditions. Therefore, the integrated use of CPPU and seaweed extract is recommended as a practical and efficient strategy to improve propagation success and plant establishment of Syngonium podophyllum under micro-climate environments, ultimately contributing to better nursery management and commercial production.
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Table 1: Effect of CPPU and Seaweed Extract on morphological characters of Syngonium
	Treatment Code
	Treatment Details
	Plant height (cm) 
	No. of Leaves 
	Leaf Length (cm) 
	Leaf Breadth (cm) 
	Leaf Area (cm²) 
	Foliage Fresh Weight (g) 
	Foliage Dry Weight (g) 

	T0
	Control (water spray)
	18.20 
	6.15 
	7.81 
	4.20 
	32.80 
	23.52 
	5.10 

	T1
	CPPU 1 ppm
	21.4
	7.24 
	8.46 
	4.51 
	38.15 
	26.23 
	6.01 

	T2
	CPPU 2 ppm
	24.7
	8.32 
	9.12 
	5.07 
	46.23 
	29.61 
	6.92 

	T3
	Seaweed Extract 5 ml/L
	22.8
	7.11 
	8.66 
	4.84 
	41.91 
	27.84 
	6.41 

	T4
	Seaweed Extract 10 ml/L
	25.23 
	9.01 
	9.52 
	5.32 
	50.64 
	31.07 
	7.26 

	T5
	CPPU 1 ppm + Seaweed 5 ml/L
	26.32 
	10.11 
	10.04 
	5.45 
	54.71 
	33.54 
	7.93 

	T6
	CPPU 2 ppm + Seaweed 10 ml/L
	28.67 
	11.07 
	10.57 
	5.61 
	59.29 
	36.42 
	8.51 

	
	SE (m) ±
	0.45
	0.68
	0.49
	0.28 
	0.66
	0.98
	0.78

	
	C.D. at 5%
	1.30
	2.26
	1.19
	0.64
	1.46
	2.22
	1.45





	
	Treatments
	Root Length (cm) 
	Roots/ Cutting 
	Root Fresh Wt (g) 
	Root Dry Wt (g) 
	Survival Rate (%) 

	T0
	  Control (water spray)
	5.21 
	8.05 
	2.41 
	0.82 
	49.11 

	T1
	(CPPU 1 ppm)
	6.12 
	10.17 
	2.92 
	1.04 
	78.23

	T2
	(CPPU 2 ppm)
	7.01 
	12.21 
	3.34 
	1.27 
	83.12

	T3
	(Seaweed 5 ml/L)
	6.54 
	11.27 
	3.05 
	1.16 
	80.12

	T4
	(Seaweed 10 ml/L)
	7.33 
	13.14 
	3.52 
	1.32 
	85.23

	T5
	(CPPU 1 ppm + Seaweed 5 ml/L)
	8.17 
	14.31 
	3.81 
	1.41 
	88.23

	T6
	(CPPU 2 ppm + Seaweed 10 ml/L)
	9.07 
	16.43 
	4.26 
	1.61 
	91.21

	
	SE (m) ±
	0.73
	1.53
	0.35
	0.15
	1.69

	
	C.D. at 5%
	1.59
	3.33
	0.75
	0.33
	2.05


Table 2: Effect of CPPU and Seaweed Extract on Rooting characters of Syngonium
