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			Abstract | Consolida ambigua, commonly known as larkspur, is a herbaceous flowering species which belongs to family Ranunculaceae. Due to its attractive, vibrant colors and plant hardiness, it is becoming increasingly prevalent in Pakistani markets as a specialty cut flower. However, limited recommendations are available for its optimal postharvest handling procedures. Therefore, a study was carried out to optimize postharvest management procedures for cut larkspurs. There were 5 experiments, viz., harvest stage, handling procedures, vase water quality, 1-MCP cards evaluation and vase preservatives. Results depicted, that larkspur stems when harvested at 25% open florets stage exhibited longest vase life (5.3 d) with greatest water uptake (127 mL). Wet handling of larkspurs, maintained, postharvest longevity when handled in (wet-dry) conditions (5.4 d) followed by (wet-wet) (5.2 d). Stems kept in distilled water were recorded greatest water uptake (99 mL) and longest vase life (5.7 d) followed by tap water (4.8 d). (1-MCP card-1) treated stems, exhibited longest vase life (4.6 d) when stored for 24 h. Lemon/lime soda (7up): distilled water (33:66) performed best with longest vase life (5.7 d), followed by Chrysal Clear Universal flower food (5.2 d). It was concluded that larkspur stems should be harvested at 25% opened floret stage, handled with wet-dry handling method, placed in distilled water containing lemon/lime soda and stored with 1-MCP card (1) for 24 h proved best for most of the tested attributes and longest postharvest life of cut stems and may be used by the stakeholders.
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			Introduction 

			Floriculture industry is continuously looking for novel specialty cut blooms to attract more consumers. However, growers’ community is reluctant to grow and market new species without awareness regarding, postharvest management (Regan and Dole, 2010). Demand for floricultural crops is quite high internationally, allowing the floral industry to flourish worldwide. Around the world, the flower industry occupies about 1.3 million hectares and makes a great contribution to national and local economies (Alarcon et al., 2024). Pakistan’s annual cut flower production amounts to approximately 10-12 thousand tons (Khan, 2011). 

			Cut flowers account for over 45% of floral commodities marketed worldwide. Pakistani farmers need sufficient guidance to meet the demands of both local consumption and exports (Ahmad et al., 2012a). Effective postharvest management of cut flowers is crucial for maintaining their quality and extending their life span in the vase (Darras, 2021; Usman et al., 2016). The majority of growers are unaware enough about the best ways to handle flowers after harvest in order to prolong their vase life and minimize postharvest losses (Macnish et al., 2009; Sun et al., 2022). 

			Harvesting cut flowers at the optimal growth stage helps guarantee their peak freshness, beauty, and vase life (Ahmad et al., 2014a). Harvesting too early or too late can significantly reduce vase life. After harvest cut flowers can be maintained wet in floral solutions or dry in boxes. It’s crucial to use proper handling techniques to extend the vase life to avoid bacterial contamination (Ahmad et al., 2012b). Water serves a crucial role in determining the overall quality and durability of the flowers. Four primary components determine the quality of water: total dissolved solids, pH level, alkalinity and hardness (Neumaier et al., 2008). The quality and postharvest longevity of flowers could be significantly compromised; by high salinity water (Jezdinsky et al., 2024). Salt sensitivity of cut flowers depends upon the cut species (Ahmad et al., 2013c).

			Floral preservatives are mixture of ingredients, including sugars, acidifiers, biocides and other chemicals. Carbohydrates, such as sugars, provide energy source and acidifiers, such as acetic or citric acids, assist in lowering solution pH and minimizing microbial populations (Ahmad et al., 2013a; Fatima et al., 2022). Water clogging is the prime factor of the imbalance at the stem ends of cut flowers. Preservatives with low microbial growth assist in keeping flowers turgid and fresh by maintaining optimal water balance (Budiarto et al., 2022).

			Ethylene stress during postharvest management of cut blooms is a prime concern, resulting in early senescence and deterioration (Naing et al., 2021). The ethylene inhibitors, as, silver thiosulphate or 1-methylcyclopropane, are commonly used to minimize detrimental results of ethylene and also prevent stem bending caused by negative gravitropism (Ahmad and Dole, 2014b). 

			Limited literature is available for larkspur stems regarding stage of harvest, handling procedures, quality of water, ethylene sensitivity, and use of preservative solutions for the longest vase life. A study was conducted to scrutinize postharvest management procedures, including harvest stages, harvest procedures, vase water quality, ethylene stress sensitivity, and vase preservatives for cut larkspur stems to ensure their longest possible postharvest longevity.

			Materials and Methods

			Experimental site description

			A study was planned at Commercial Floriculture Laboratory, Institute of Horticultural Sciences, University of Agriculture, Faisalabad, Pakistan, during 2023, on cut Consolida ambigua (Larkspur) stems to determine, postharvest handling techniques. Cut larkspur stems were harvested, before 9:00 A.M, placed in wet buckets, after harvest and transferred to, the Commercial Floriculture Laboratory, during 1 h after harvesting. Stems, on arriving, were recut removing the lower 2-3 cm, kept in buckets having water for gaining turgor for 2 h. Afterwards, stems grading were done based on stem diameter, number of open florets and developmental stage; tagged, recut to uniform length of 60 cm, kept in vase water. Processed stems were kept, in a postharvest, evaluation room, with setup, temperature, at 22 ± 2°C along with 50% ±10% relative humidity, 12 h of light provided with, white, fluorescent lamps. Data were recorded daily till the end of postharvest longevity. 

			Expt. 1. Harvest stage

			Stems were harvested and processed as described earlier. There were three treatments each with five replications having two stems in each replication. Stems were kept in glass jars with 300 mL of distilled water till end of experiment. Treatments included bud stage (closed florets stage), partially opened stage (25% florets open) and fully (50% florets opened stage).

			Expt. 2. Handling procedures

			In 2nd experiment regarding handling procedures, stems were divided into two groups after harvest; half were kept in buckets containing water, while other half group was kept in cardboard boxes. After one hour, half stems from the floral box were transferred to the wet bucket, while the other half group was retained in box. Similarly, half stems from wet conditions were shifted to box leaving the other half group in the bucket for another one hour. Afterwards, stems were processed and placed in glass jars with two stems in each jar for evaluation until termination. 

			Expt. 3. Vase water quality

			After processing, stems were kept in various types of vase water, viz., distilled, tap and canal water until termination. Stems were placed in respective treatments having five replicates of two stems each.

			Expt. 4. Storage with or without 1-MCP cards

			Stem were processed and kept in floral cardboard boxes containing control (no card), 1-MCP (card -I) and 1-MCP (card -II) at 25 ± 2°C temperature, for various storage durations i.e. (24, 48 and 72 h), respectively. Respiration rate of stems was recorded before opening the box. Stems were recut, weighed and shifted to jars for determination of vase life. 

			Expt. 5. Vase preservatives

			Stems were processed as described earlier. Treatments included control (distilled water), 1% sucrose (S) + 150 mg L-1 citric acid (CA), 1% sucrose (S) + 100 mg L-1 salicylic acid (SA), 1% sucrose (S) + 100 mg L-1 aluminum sulphate (AS), lemon/lime soda (7up): distilled water (33:66), 1% sucrose (S) + 4 mL L-1 lemon juice, 1% sucrose + 4mL L-1 vinegar, 1% sucrose + 15 mL L-1 bleach and Chrysal. 

			Data collection

			Data were collected on following parameters using standard procedures in each experiment: Change in fresh weight (g): Weight was measured with electric weighing machine (A & D Gulf, Model DM-305F) using formula, FW (g) = (W1- W2) Flower quality: Flower quality of stems was rated on a scale of 0-9 as 0 = bad quality, 6 = medium quality and 9 = best quality (Cooper and Spokas, 1991). Dry weight (g): at the end of trial, shade dried stems were packed in brown paper bags and dried in oven at 70°C for 72 hours. Weigt of two stems per replicate was recorded. Water uptake (mL): Volume of absorbed water during first seven days of vase life was determined by measuring the volume of vase water remaining on day 7 using following formula: Water uptake (mL) = (S0-S7). Ion leakage (%): Petals were rubbed with sand for 4-5 min., then placed in test tubes after rinsing with distilled water. Test tube was also filled with 15 mL distilled water, tied with thin polythene film, kept on orbital shaker for 10 min. and EC1 was recorded. EC2 was recorded after again keeping on orbital shaker for further 100 min. Ion leakage (%) = EC2/EC1×100 (for harvest stage, handling procedures, water quality, pulsing and vase preservative experiments only). Electrical conductivity EC (µS.cm-1) and pH change: Solution EC and pH was recorded on day 0 of the experiments and when 50% of stems were terminated using electrical conductivity meter (Hanna, HI9811-5). Their differences were recorded, and means were worked out. Vase life (days): Vase life was recorded till each stem exhibited >50% termination symptoms (Ahmad et al., 2013c). Termination symptoms: Termination symptoms (%) viz. petal necrosis (PN), bent neck (BN), and stem end decay (SED), were recorded on stems showing ≥50% of symptoms affected stems. Stems with indication of symptoms were labeled as (1-0) as 1= Yes and 0 = No and percentage data was recorded.

			Statistical analysis

			Data were worked out using Fisher’s least significant difference (LSD), test at P≤0.05, to calculate means and conduct analysis of variance (ANOVA) procedures using General Linear Models (Steel et al., 1997).

			Results and Discussion

			Harvest stage

			Larkspur stems were harvested, at the half-bloomed stage, extended postharvest life (5.3 d) followed, by bud stage (5.1 d) (Figure 1). 
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			Figure 1: Effect of harvest stages on vase life of larkspur stems. Bars denote mean values of 10 stems ± Standard Error.

			Highest change in fresh weight (0.8 g) was recorded in fully opened (50-60% open florets) stage stems. Highest change in EC (74 µS cm-1), pH (2.4) and

			Table 1: Effect of different harvest stages on fresh weight change, solution EC change, water uptake, pH change, flower quality change, ion leakage and petal necrosis of cut larkspur stems. n=10.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Treatments (Harvest stages)

						
							
							Fresh weight change (g)

						
							
							Solution EC change (µS cm-1)

						
							
							Water uptake (mL)

						
							
							Solution pH change

						
							
							Flower quality change

						
							
							Ion leakage (%) 

						
							
							Petal necrosis (%)

						
					

					
							
							Closed bud stage 

						
							
							0.7 abz

						
							
							56 b

						
							
							78 b

						
							
							0.9 b

						
							
							3.2 b

						
							
							117.5 ab

						
							
							50 a

						
					

					
							
							Partially (25%) opened stage

						
							
							0.5 b

						
							
							40 c

						
							
							127 a

						
							
							1.0 b

						
							
							0.6 c

						
							
							127.6 a

						
							
							0 b

						
					

					
							
							Fully opened stage

						
							
							0.8 a

						
							
							74 a

						
							
							149 a

						
							
							2.4 a

						
							
							5.8 a

						
							
							109.1 b

						
							
							0 b

						
					

					
							
							Significancey

						
							
							0.050

						
							
							0.0003

						
							
							0.0007

						
							
							0.0011

						
							
							≤0.0001

						
							
							0.0067

						
							
							0.0028

						
					

				
			

			zMeans separation within columns by Fisher’s LSD at P≤0.05.

			yP values were obtained using general linear models (GLM) procedures of statistix (version 8.1, analytical software) for significant effects of different harvest stages on cut larkspur stems.

			Table 2: Effect of various handling procedures on fresh weight change, solution EC change, water uptake, pH change and dry weight of cut larkspur stems. n=10.

			
				
					
					
					
					
					
					
				
				
					
							
							Treatments (Handling procedures)

						
							
							Fresh weight change (g)

						
							
							Solution EC change (µS cm-1)

						
							
							Water uptake (mL)

						
							
							pH change

						
							
							Dry weight (g)

						
					

					
							
							Wet-Wet

						
							
							0.5

						
							
							36 az

						
							
							112 a

						
							
							0.1 a

						
							
							3.3 

						
					

					
							
							Wet-Dry

						
							
							0.7

						
							
							8 b

						
							
							72 b

						
							
							0.8 ab

						
							
							3.2 

						
					

					
							
							Dry-Wet

						
							
							0.7

						
							
							14 b

						
							
							66 b

						
							
							0.6 bc

						
							
							3.2 

						
					

					
							
							Dry-Dry

						
							
							1.1

						
							
							30 a

						
							
							73 b

						
							
							0.5 c

						
							
							3.1 

						
					

					
							
							Significancey

						
							
							NS

						
							
							0.0028

						
							
							0.0011

						
							
							0.0029

						
							
							NS

						
					

				
			

			zMeans separation within columns by Fisher’s LSD at P≤0.05.

			yP values were obtained using general linear models (GLM) procedures of statistix (version 8.1, analytical software) for significant effects of different handling procedures on cut larkspur stems. 

			NSNon-significant at P>0.05.

			flower quality (5.8) was exhibited in stem harvested at fully opened stage (Table 1). These findings are similar with a study on harvest stage of chrysanthemums found out that stems harvesting at standard stage extended vase life compared to stems picked later (Yoo and Roh, 2015). Larkspur stems harvested at closed bud stage exhibited least water uptake (78 mL) followed by partially opened stage (127 mL) and fully opened stage (149 mL). Petal necrosis (PN) was only observed in bud stage (50%). Highest ion leakage (127.6%) was recorded in partially opened stage followed by closed bud stage (117.5%). Data regarding stem end rotting (SER) had no significant differences and averaged (43%) in all tested treatments. These results are in accordance with the findings on Paeonia lactiflora harvested at tight bud stage, which exhibited longest vase life (7.6 d) (Sun et al., 2022). Tuberose stems when harvested at two florets opened stage had the greater vase life and minimal abscised florets (Asif et al., 2016). Moreover, cut blooms, harvested early at bud stage, had longer vase life compared to those harvested at fully bloomed flower stage (Ahmad et al., 2014b).
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			Figure 2: Effect of handling procedures on vase life of cut larkspur stems. Bars denote mean values of 10 stems ± standard error.

			Handling procedures

			Larkspur stems handled in wet-dry method remained fresh for 5.4 days followed by wet-wet handling with 5.2 days vase life (Figure 2). 

			Wet storage maintained good stem turgor to allow closed florets to open more quickly and kept stems fresh for longer periods. There were no significant differences for change in fresh weight or dry weight, which averaged 0.81 g and 3.2 g, respectively (Table 2). Wet stored stems absorbed more water (112 mL) 
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			Figure 3: Effect of vase water quality on vase life of cut larkspur stems. Bars denote mean values of 10 stems ± Standard Error.

			Table 3: Effect of vase water quality on solution EC change, water uptake, solution pH change, flower quality change, ion leakage and bacterial count of cut larkspur stems. n=10.

			
				
					
					
					
					
					
					
					
				
				
					
							
							 Treatments (Vase water quality)

						
							
							Solution EC change (µS cm-1)

						
							
							Water uptake (mL)

						
							
							Solution pH change

						
							
							Flower quality change

						
							
							Ion leakage (%) 

						
							
							Bacterial count (cfu/mL)

						
					

					
							
							Distilled water

						
							
							28.3 bz

						
							
							99.2 a

						
							
							-0.65

						
							
							3.5 b

						
							
							110.9 a

						
							
							40 c

						
					

					
							
							Tap water 

						
							
							101.6 a

						
							
							65.0 ab

						
							
							0.73 a

						
							
							3.8 b

						
							
							100.6 ab

						
							
							164 a

						
					

					
							
							Canal water

						
							
							103.3 a

						
							
							46.6 b

						
							
							-0.03 b

						
							
							6.0 a

						
							
							 92.9 b

						
							
							139 b

						
					

					
							
							Significancey

						
							
							0.050

						
							
							0.050

						
							
							0.0077

						
							
							0.011

						
							
							0.0067

						
							
							<0.0001

						
					

				
			

			zMeans separation within columns by Fisher’s LSD at P≤0.05.

			yP values were obtained using general linear models (GLM) procedures of statistix (version 8.1, analytical software) for significant effects of vase water quality on cut larkspur stems. 

			and maintain turgor for more days compared to dry storage (73 mL). These findings are similar to the results with gerbera stems stored in wet paper towel or in water for 1-2 hours improved vase life and overall flower quality compared to dry storage. Dry stored larkspur stems had shorter vase life (3.2 days) when stored for longer durations. Longer dry storage durations resulted in reduction of vase life and quality for most flowers (Zhao et al., 2018). Highest change in EC (36 µS cm-1) was recorded in wet (from field to jars) treatment. Meanwhile, greatest change in pH (0.8) was recorded in stems handled wet-dry (wet from field to lab but dry from lab to jars) treatment.

			Vase water quality

			Larkspur stems held in distilled water had greatest water intake (99 mL) and longer vase life (5.7 d) followed by tap water (4.8 d) (Figure 3).

			Highest change in EC was recorded for stems kept in canal water (103.3 µS cm-1) followed by tap water (101.6 µS cm-1). Meanwhile, change in EC was lowest (28.3 µS cm-1) for stems placed in distilled water (Table 3). Water with low pH is more easily absorbed by the cut stems. Lower pH slows down the growth of microbes and assists in proper hydration of stems to maintain turgor. Least flower quality change (3.5) was noted, in stems held in distilled water followed by tap water (3.8) and highest change (6.0) in canal water. Stems kept in tap water exhibited highest microbial colonies (164 cfu mL-1) followed by canal water (139 cfu mL-1). Least number of microbial colonies (40 cfu mL-1) was recorded in distilled water. Change in fresh weight, stem end rottening (SER), bent neck (BN) and petal necrosis (PN) were not significantly different and averaged 1.02 g, 88.3%, 38.6% and 53.3%, respectively (data not presented). Various sources of water can have a wide range of quality, including high salinity, varying pH levels, and microbial contamination (van Doorn and van Meeteren, 2023).

			Storage with or without 1-MCP cards

			Larkspur cut stems stored along with, 1-MCP cards had better flower quality and vase life. Longest postharvest life was noted in stems stored with 1-MCP (card-I) (4.6 days) followed by 1-MCP (card-II) (3.6 days) for 24 h, 25±2°C (Figure 4). Stems stored without 1-MCP card (control) exhibited shortest vase life 2.6 days after 24 h, 2.0 days after 48 h and 1.6 days after 72 h, with more petal shattering compared to stems treated with 1-MCP cards. Larkspur cut stems are highly sensitive to ethylene causing petal shattering abscission if exposed to ethylene during storage or 
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			Figure 4: Effect of storage with or without 1-MCP cards on vase life of cut larkspur stems. Bars denote mean values of 10 stems ± Standard Error.

			Table 4: Effect of various storage methods (with or without 1-MCP cards) along with different storage durations on solution EC change, solution pH change, fresh weight change, flower quality change, water uptake, dry weight and respiration rate of cut larkspur stems. n=10.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							Treatments 1-MCP-card 

						
							
							Storage durations (h) 

						
							
							Solution EC change (µS cm-1)

						
							
							Solution pH change

						
							
							Fresh weight change (g)

						
							
							Flower quality change (1-9)

						
							
							Water uptake (mL)

						
							
							Dry weight (g)

						
							
							Respiration rate (%)

						
					

					
							
							Control (No 1-MCP card)

						
							
							24

						
							
							8.3 dz

						
							
							0.5 c

						
							
							1.7 bc

						
							
							5.5 a

						
							
							30 bc

						
							
							3.3 c

						
							
							0.02 cd

						
					

					
							
							
							48

						
							
							43.3 bc

						
							
							1.0 b

						
							
							3.0 a

						
							
							5.1 a

						
							
							20 bc

						
							
							4.5 ab

						
							
							0.02 cd

						
					

					
							
							
							72

						
							
							13.3 cd

						
							
							-0.1 e

						
							
							1.5 c

						
							
							5.1 a

						
							
							16 c

						
							
							4.9 a

						
							
							0.04 a

						
					

					
							
							1-MCP (card-I)

						
							
							24

						
							
							1.6 d

						
							
							0.4 cd

						
							
							2.5 ab

						
							
							2.1 b

						
							
							36 b

						
							
							3.5 c

						
							
							0.01 bcd

						
					

					
							
							
							48

						
							
							66.6 ab

						
							
							1.5 a

						
							
							1.7 bc

						
							
							5.2 a

						
							
							56 a

						
							
							4.5 ab

						
							
							0.03 abc

						
					

					
							
							
							72

						
							
							10.0 cd

						
							
							-0.1 e

						
							
							1.6 bc

						
							
							4.6 a

						
							
							26 bc

						
							
							3.9 bc

						
							
							0.03 abcd

						
					

					
							
							1-MCP (card-II)

						
							
							24

						
							
							5.0 d

						
							
							0.6 bc

						
							
							2.3 abc

						
							
							3.0 b

						
							
							63 a

						
							
							3.4 c

						
							
							0.01 d

						
					

					
							
							
							48

						
							
							80.0 a

						
							
							0.5 cd

						
							
							2.3 abc

						
							
							5.3 a

						
							
							16 c

						
							
							3.7 c

						
							
							0.02 abcd

						
					

					
							
							
							72

						
							
							16.6 cd

						
							
							0.1 de

						
							
							1.56 c

						
							
							4.5 a

						
							
							16 c

						
							
							5.1 a

						
							
							0.03 ab

						
					

					
							
							Significancey

						
							
							
							
							
							
							
							
							
					

					
							
							Storage method (SM)

						
							
							
							NS

						
							
							NS

						
							
							NS

						
							
							0.0041

						
							
							0.0113

						
							
							NS

						
							
							NS

						
					

					
							
							Storage duration (SD)

						
							
							
							<0.0001

						
							
							<0.0001

						
							
							0.0146

						
							
							0.0004

						
							
							0.0013

						
							
							0.0002

						
							
							0.028

						
					

					
							
							SM × SD

						
							
							
							NS

						
							
							0.0028

						
							
							0.0464

						
							
							0.0069

						
							
							0.0013

						
							
							0.0309

						
							
							NS

						
					

					
							
							
							
							
							
							
							
							
							
					

				
			

			zMeans separation within columns by Fisher’s LSD at P≤0.05.

			yP values were obtained using general linear models (GLM) procedures of statistix (version 8.1, analytical software) for significant effects of 1-MCP cards and storage durations on cut larkspur stems.

			NSNon-significant at P>0.05.

			transportation. Cut flowers are highly perishable commodities and are highly sensitive to ethylene (Naing et al., 2021). Anti-ethylene compound like 1-methylcyclopropene (1-MCP) is being primarily used to prevent the deleterious impacts of ethylene (Ahmad and Dole, 2014b).

			Cut carnations and delphinium stems treated with 1-MCP cards doubled vase life of carnations and significantly improved vase life of delphinium as compared to untreated control flowers (Ichimura et al., 2002). Flower quality change (2.1) was noted, with 1-MCP cards when stored for 24 h compared to control (5.5). Greatest water uptake (63 mL) was recorded in stems treated with 1-MCP card (II) for 24 h, followed by 1-MCP card (I) (57 mL) for 48 h. (Table 4). The production of ethylene closely correlates with the state of freshness or senescence. Cut stems when treated with anti-ethylene agents resulted in suppressing ethylene production by lowering respiration rate (Wang et al., 2020). Storage method has no effect (P>0.05) on change in EC, pH and fresh or dry weights. Moreover, storage duration had a significant effect on all tested parameters. Ethylene induction causes early petal senescence and petal bleaching in cut blooms.

			Use of MCP cards had no significant effect (P>0.05) on change in EC, change in pH and change in fresh or dry weights. Moreover, storage duration had a significant effect on all tested parameters. 1-MCP cards significantly prolonged the vase life of gladioli by minimizing, ethylene production (Darras and Kargakou, 2019; Wongjunta et al., 2021). Respiration rate was highest with no 1-MCP cards (control) 0.02% for 24 and 72 h and lowest with 1-MCP cards 0.01, 0.02 and 0.03% for 24, 48 and 72 h, respectively. 1-Methylcyclopropane, a gaseous inhibitor, of ethylene action, assists in preventing the deleterious effects of ethylene by reducing respiration rate (Thakur, 2020). 

			Vase solutions

			Cut larkspur stems when placed in lemon/lime soda (7up): distilled water (33:66) exhibited longest vase life (5.7 d) followed by Chrysal Clear Universal Flower Food (4.9 d). Use of 1% S along with 150 mg L-1 CA or 100 mg L-1 AS, were statistically similar with 4.4 and 4 d vase life, respectively. Stem treated with distilled water only (control) had shortest vase life (3.2 d) with highest leaf wilt (LW) (60%) and petal necrosis (PN) (20%) (Figure 5).
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			Figure 5: Effect of various vase preservatives on vase life of cut larkspur stems. Bars denote mean values of 10 stems ± Standard Error. (S = Sucrose, CA = 150 mg L-1 Citric acid, DW = Distilled water, SA = 100 mg L-1 Salicylic acid, AS =100 mg L-1 Aluminum sulphate, Lj = 4 mL L-1 Lemon juice, Vin = 4 mL L-1 vinegar, BL = 15 mL L-1 bleach, Chrysal = Chrysal Clear Professional flower food).

			Table 5: Effect of different vase preservatives on water uptake, solution pH change, solution EC change, leaf wilt and petal necrosis of cut larkspur stems. n=10.

			
				
					
					
					
					
					
					
				
				
					
							
							Treatments (Vase solutions)

						
							
							Water uptake (mL)

						
							
							Solution pH change 

						
							
							Solution EC change (µS cm-1)

						
							
							Leaf wilt (%)

						
							
							Petal necrosis (%)

						
					

					
							
							Distilled water (Control)

						
							
							184 az

						
							
							-2.7 e

						
							
							24 e

						
							
							60 b

						
							
							20 ab

						
					

					
							
							1% S + 150 mg L-1 CA

						
							
							100 ef

						
							
							-0.8 bcd

						
							
							70 d

						
							
							0 c

						
							
							0 b

						
					

					
							
							1% S + 100 mg L-1 SA

						
							
							114 de

						
							
							-0.12 ab

						
							
							126 c

						
							
							0 c

						
							
							0 b

						
					

					
							
							1% sucrose+ 100 mg L-1 AS

						
							
							166 b

						
							
							-0.56 bc

						
							
							448 a

						
							
							0 c

						
							
							40 ab

						
					

					
							
							Lemon/lime soda: distilled water (33:66)

						
							
							142 c

						
							
							-0.82 cd

						
							
							384 b

						
							
							0 c

						
							
							0 b

						
					

					
							
							1% sucrose+ 4 mL L-1 lemon juice 

						
							
							176 ab

						
							
							-1.42 d

						
							
							16 e

						
							
							0 c

						
							
							60 a

						
					

					
							
							1% sucrose + 4mL L-1 vinegar 

						
							
							128 cd

						
							
							0.47 a

						
							
							-28 f

						
							
							100 a

						
							
							20 ab

						
					

					
							
							1% sucrose + 15 mL L-1 bleach 

						
							
							90 f

						
							
							-2.88 e

						
							
							-174 g

						
							
							100 a

						
							
							0 b

						
					

					
							
							Chrysal Clear Professional flower food

						
							
							60 g

						
							
							-6.36 b

						
							
							122 c

						
							
							100 a

						
							
							0 b

						
					

					
							
							Significancey

						
							
							<0.0001

						
							
							<0.0001

						
							
							<0.0001

						
							
							<0.0001

						
							
							0.05

						
					

				
			

			zMeans separation within columns by Fisher’s LSD at P≤0.05.

			yP values were obtained using general linear models (GLM) procedures of statistix (version 8.1, analytical software) for significant effects of vase solutions on cut larkspur stems. 

			Highest change in EC (448 µS cm-1) was recorded in stems kept in 1% S + 100 mg L-1 AS followed by lemon/lime soda (7 up): distilled water (33:66) (384 µS cm-1). Highest leaf wilting was recorded in stems kept in 1% S along with 4 mL L-1 vinegar or 15 mL L-1 bleach (Table 5). Treating stems with carbohydrates is required to assist in bud opening and improving flower quality (Ahmad et al., 2014b). The longevity of cut roses can be extended using different preservatives. Cut spikes of tuberose with 50 mg L-1 SA with or without 10% sucrose (S) proved effective for extending vase life (Asif et al., 2016). Deionized water or 4% sucrose had larger petal area and flower diameters compared to all other preservatives (Ahmad et al., 2013b). Commercial floral preservative Chrysal Clear Professional flower food has beneficial effect on the vase life of cut flower species, but these preservatives are not available in developing countries like Pakistan. (Fatima et al., 2022). Various homemade folk preservatives can be used including lemon/lime soda, lemon juice, vinegar bleach and aspirin tablets as folk preservative solutions for extending longevity of cut stems (Ahmad and Dole, 2014a). 

			Conclusions and Recommendations

			Larkspur stems must be harvested. at 25% florets opened, handled in wet baskets, from harvest to packing, kept in distilled or at least tap water, during processing and may be stored for 24-48 h with 1-MCP (card-1). Moreover, lemon/lime soda: distilled water (33:66) may be used to extend postharvest longevity and quality of cut stems and may be used by florists, and other marketing stakeholders for handling.
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			Novelty Statement

			Larkspur is relatively new cut flower crop and its demand is increasing day by day in the region. Optimal postharvest handling protocols of cut flowers are yet not available to growers and stakeholders and these findings will minimize postharvest losses by minimal change in visual quality of cut larkspur stems.
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Abstract | Consolida ambigua, commonly known as larkspur, is a herbaceous flowering species which belongs
to family Ranunculaceae. Due to its attractive, vibrant colors and plant hardiness, it is becoming increasingly
prevalent in Pakistani markets as a specialty cut flower. However, limited recommendations are available
for its optimal postharvest handling procedures. Therefore, a study was carried out to optimize postharvest
management procedures for cut larkspurs. There were 5 experiments, viz., harvest stage, handling procedures,
vase water quality, 1-MCP cards evaluation and vase preservatives. Results depicted, that larkspur stems when
harvested at 25% open florets stage exhibited longest vase life (5.3 d) with greatest water uptake (127 mL).
Wet handling of larkspurs, maintained, postharvest longevity when handled in (wet-dry) conditions (5.4 d)
followed by (wet-wet) (5.2 d). Stems kept in distilled water were recorded greatest water uptake (99 mL) and
longest vase life (5.7 d) followed by tap water (4.8 d). (1-MCP card-1) treated stems, exhibited longest vase
life (4.6 d) when stored for 24 h. Lemon/lime soda (7up): distilled water (33:66) performed best with longest
vase life (5.7 d), followed by Chrysal Clear Universal flower food (5.2 d). It was concluded that larkspur stems
should be harvested at 25% opened floret stage, handled with wet-dry handling method, placed in distilled
water containing lemon/lime soda and stored with 1-MCP card (1) for 24 h proved best for most of the tested
attributes and longest postharvest life of cut stems and may be used by the stakeholders.

Received | May 10, 2025; Accepted | April 27,2026; Published | July 08,2026

*Correspondence | Tazkia Hussain, Iftikhar Ahmad, Institute of Horticultural Sciences, University of Agriculture, Faisalabad-38040, Pakistan;
Email: iftikharahmadhashmi@gmail.com

Citation | Hussain, T., I. Ahmad, H. Hameed and M. Asif. 2026. Optimal postharvest handling protocols for Consolida ambigua -A novel specialty
cut flower. Sarhad Journal of Agriculture, 42(3): 1119-1128.

DOI | https://dx.doi.org/10.17582/journal.sja/2026/42.3.1119.1128

Keywords | Chrysal, Ion leakage, Microbial count, Termination symptoms, Postharvest longevity

Copyright: 2026 by the authors. Licensee ResearchersLinks Ltd, England, UK.
This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://
creativecommons.org/licenses/by/4.0/).

Introduction flourish worldwide. Around the world, the flower

industry occupies about 1.3 million hectares and

loriculture industry is continuously looking

for novel specialty cut blooms to attract more
consumers. However, growers’ community is reluctant
to grow and market new species without awareness
regarding, postharvest management (Regan and
Dole, 2010). Demand for floricultural crops is quite
high internationally, allowing the floral industry to

makes a great contribution to national and local
economies (Alarcon e al., 2024). Pakistan’s annual

cut flower production amounts to approximately 10-
12 thousand tons (Khan, 2011).

Cut flowers account for over 45% of floral
commodities marketed worldwide. Pakistani farmers
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