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Abstract 

 

China aster (Callistephus chinensis L.) and Snapdragon (Antirrhinum majus L.), are new specialty cut flowers, which are gaining 

popularity in several Asian floral markets. Therefore, a study was aimed to evaluate of various production protocols for cut China aster 

and snapdragon. Four experiments: 1. planting times, 2. planting methods and planting densities, 3. macro and micronutrients along 

with bio-stimulants and 4. cultivar evaluation of both species were conducted. In Expt. I, least production time (72.8 and 79.6 d) was 

recorded when China aster and snapdragon were sown on 15 October and 15 November. In Expt. II, shortest production time (79.8 and 

80 d) and tallest plants (47.8 and 81.6 cm), respectively, were recorded when China aster and snapdragon were planted on raised beds 

and spaced 22.5 × 22.5 cm. In Expt. III, tallest plants (39.5 and 101.3 cm), respectively, were recorded when plants were sprayed with 

NPK at 90:45:45 kg ha-1 + micronutrients at 2 mL L-1 and NPK at 90:45:45 kg ha-1 + isabion at 2 mL L-1 for China aster and snapdragon. 

In Expt. IV, longest stems (62.2 and 83 cm), respectively, were produced for ‘Bonita’ China aster and ‘Potomac Early Pink’ snapdragon. 

In summary, China aster and snapdragon planted on 15 October and 01 November, respectively, on raised beds with 22.5 × 22.5 cm 

spacing produced best quality cut stems. Moreover, both species supplied with NPK along with micronutrients or isabion, had better 

cut stems quality. Among tested cultivars, ‘Bonita Scarlet’ China aster and ‘Potomac Early Pink’ snapdragon proved best for subtropical 

regions and may be grown commercially as specialty cut flowers, for local and export markets. 
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Introduction 

 

Floriculture industry is a fast-growing, highly 

competitive and profitable enterprise. Compared to traditional 

production centers, cut flower production has been shifted to 

regions with favorable climates and decreased production 

costs. Around 45% of all floricultural products traded globally 

are cut flowers. Specialty cuts are gradually replacing 

traditional cut flowers (TCF) in the world's cut flower 

production. Nowadays, floriculture has gained recognition as 

a lucrative business, shifting the focus of growers towards 

high-value flower crops. Europe dominates in sales of cut 

flowers and ornamental potted plants with 31.0% share 

followed by China (18.6%), the United States (12.5%) and 

Singapore (14.18%) (Darras, 2021). The global floriculture 

production is growing at a rate of 10% per year. Almost 45 to 

50 countries are actively producing floricultural products on a 

large scale. In terms of production value, Netherlands, 

Columbia, Ecuador, Kenya, USA and China are the leading 

countries (Devrani et al., 2024). 

China aster (Callistephus chinensis L.), gaining 

popularity as specialty cut flower (SCF) available in 

vibrant colors, is also cultivated as cut flower (Swathi, et 

al., 2023). Aster cut are used in flower decors, bouquets 

and interior decors, due to its long-lasting blooms (Atal et 

al., 2019). Loose flowers are also widely used for social 

events (Biswas et al., 2021). Snapdragon (Antirrhinum 

majus L.) are available in variety of elegant colors with 

more than 60 cm height and with postharvest life of 5-7 

days. Therefore, farm revenues may be increased while 

using production procedures that can constantly supply 

quality stems and stored vertically for longer durations to 

maintain flower quality (Yang et al., 2023). Day length and 

temperature are the key factors influencing stem elongation 

and blooming time. The cut flower market in subcontinent 

is mainly focused on traditional cut flowers (TCF), 

however, the industry would gain benefit through 

diversification and introduction of new specialty cuts. In 

local marketplaces, there has been a rise in demand of 

specialty cut flowers in recent years. Availability of year-

round production processes would assist to fulfill the 

demand for new specialty cut flowers. Moreover, there is 

limited literature available on the production of specialty 

cut species in developing countries like Pakistan that yield 

high-quality cut stems with a reasonably longer vase life. 

Planting time plays a pivotal role in production of 

high-quality cut stems. Plant developmental processes are 

significantly influenced by the timing of planting (Lweis et 

al., 2022). Optimal plant spacing is required to regulate 

plant metabolic process along with abiotic factors 

influencing growing patterns. 

Imbalanced nutrition levels cause serious disorders 

and may eventually lead to decline of plant quality and 

vigor. Low fertilization causes stunted growth and can 

minimize postharvest longevity. On the other hand, over 

fertilization might result in excessive nutrient runoff, 
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environmental pollution, and economic losses (Mishra et 

al., 2024). Balanced nutritional doses containing primary, 

secondary, micronutrients and bio-stimulants are essential 

for promoting healthy plant development also minimizing 

biotic and abiotic stresses on plants (Santos et al., 2021). It 

is also required to evaluate the most desirable cultivars for 

the production of cut flowers. Flower farmers can increase 

their yields of high-quality flowers by selecting suitable 

cultivars according to their agro-climatic conditions (Islam 

et al., 2013). China aster and snapdragon are becoming 

popular specialty cut flowers in local markets. However, 

limited recommendations on their best production practices 

are available to growers and stakeholders. Therefore, a 

study was conducted to optimize planting time, method, 

plant density, nutritional regimes and cultivar selection for 

cut China aster and snapdragon in local agro-climatic 

conditions. It was hypothesized that following optimal 

planting time, method, plant density, nutritional regimes 

and use of best suited cultivars for commercial cultivation 

would help growers to produce best quality cut stems of 

China aster and snapdragon with long stout stems and 

longer vase life in the sub-tropical agro-climatic conditions 

of Punjab, Pakistan. 

 

Materials and Methods 

 

Plant material: A study was conducted at Floriculture 

Research Area, Institute of Horticultural Sciences, 

University of Agriculture, Faisalabad, Pakistan, during 

2023-24, to evaluate the influence of planting time, 

planting method and density, macro (nitrogen, phosphorus 

and potash) basic primary plant nutrients, and 

micronutrients, boron (B), chloride (Cl), copper (Cu), iron 

(Fe), manganese (Mn), molybdenum (Mo), nickel (Ni) and 

zinc (Zn) along with bio-stimulants, viz., Isabion and 

humic acid (an amino acid based bio-stimulant products 

marketed by Syngenta, which assists in nutrient uptake, 

increasing stress tolerance by improving flower quality and 

extending vase life). Bio-stimulants and micronutrients 

were applied in form of foliar spray individually, on 

selected cultivars to improve plant growth, yield, flower 

quality and vase life of cut China aster (Callistephus 

chinensis L.) and snapdragon (Antirrhinum majus L.). 

Experiments for each species were laid out in randomized 

complete block design with or without factorial 

arrangements as per experiment and replicated three times. 

Seeds of China aster and snapdragon were imported from 

Pan American Seeds, USA, and transplants were grown in 

128 cell plastic germination trays using silt, peat moss, and 

coco coir (1:1:1; v/v/v) as growing substrate. After 4-6 

weeks, healthy seedlings having 2-4 true leaves were 

transplanted to thoroughly prepared and laid out planting 

beds in open field. Soil preparation and all cultural 

practices including IPM, fertilization (except experiment 

III), irrigation and weeding were similar for all treatments 

during the entire period of study.  
 

Planting times: Seedlings of ‘Bonita’ China aster and 

‘Potomac Early Pink’ snapdragon were planted 4 times at 

15- or 16-days intervals on raised beds. Twenty plants were 

planted in each replication with 22.5 × 22.5 cm and 30 × 30 

cm spacing for China aster and snapdragon, respectively.  

Planting methods and planting densities: There were 

two factors, with two planting methods (flat beds or 

raised beds) and three planting densities (22.5 × 22.5, 

22.5 × 30, 30 × 30). Twenty plants of ‘Bonita’ China 

aster and ‘Potomac crimson’ snapdragon were planted 

in each experimental unit on 15 October and 01 

November, respectively.  

 

Macro and micronutrients along with bio-stimulants: 

Treatments included control (no additional fertilizer), N 

(90 kg ha-1), NPK (90:45:45 kg ha-1), NPK + 

micronutriments (B, Zn, and Fe) (1%, 1%, and 1%), NPK 

+ isabion (0.4%) and NPK + humic acid (0.4%). Twenty 

plants of ‘Bonita Blue’ China aster and ‘Potomac Early 

Pink’ snapdragon were planted in each experimental unit 

at 22.5 × 30 and 22.5 × 22.5 cm spacing on 15 Oct. and 01 

Nov. respectively. 

 

Cultivar evaluation: Two cultivars of asters, ‘Matsumotu, 

and ‘Bonita’ and ‘Potomac Early Pink’, ‘Maryland 

white’snapdragon, were grown and compared. Twenty 

plants were planted in each experimental unit at 22.5 × 30 

and 22.5 × 22.5 cm spacing on Oct. 15 and Nov. 01, 

respectively, for China aster and snapdragon. 

 

Measurements: Data were collected on production time 

(d), plant height (cm), leaf area (cm)2, leaf total 

chlorophyll contents (SPAD), flower/raceme diameter 

(cm), stem diameter (mm), stem fresh weight (g), stem 

dry weight (g), flower quality (1-9, with nine being best) 

and vase life (days). 

 

Statistical analyses: All experiments were set up in 

randomized complete block designs (RCBD) with three 

replications. Moreover, treatments were arranged 

factorially where appropriate. Data were subjected to 

analysis of variance (ANOVA) procedures using General 

Linear Models procedures and means were separated 

using least significance difference test (LSD) at p≤0.05 

(Steel et al., 1997). 

 

Results 

 

Planting times: China aster planted on 15 October had 

shortest production time (72.8 d) followed by 01 October 

(80.5 d), while those planted on 15 November took longest 

production time (84 d), which was likely due to reduction 

in day length as compared to October plantations (Fig. 1). 

While snapdragon planted on 15 November exhibited 

shortest production time (79.6 d) followed by 15 October 

and 01 November (81.8 d). China aster planted on 15 

October and snapdragon planted on 01 November had 

tallest plants (47.2 and 77.7 cm), widest stem diameter (7.3 

and 2.1 mm), greatest leaf total chlorophyll contents (47.3 

and 52.3 SPAD), highest stem fresh weight (54 and 70.1 

g), and stem dry weight (13.5 and 17.5 g), longest 

capitulum/flower diameter (5.8 and 7.6 cm), best stem 

quality (9 and 8.3) and longest vase life (9.6 and 6.2 d 

respectively) (Table 1). 
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Table 1. Effect of planting times on plant height (cm), leaf area (cm2), leaf total chlorophyll contents (SPAD), flower/raceme diameter, stem 

diameter (mm), stem fresh weight (g), stem dry weight (g), flower quality (1-9) and vase life (days) of China aster and snapdragon.  

All data represents means of 15 plants. 

Treatments 

Planting times 

Plant height 

(cm) 

Leaf area 

(cm2) 

Leaf total 

chlorophyll 

contents (SPAD) 

Flower/raceme 

diameter (cm) 

Stem diameter 

(mm) 

Stem fresh 

weight (g) 

Stem dry 

weight (g) 

Flower quality 

(1-9) 

Vase life 

(days) 

 China aster 

01 Oct. 31.3 bz 6.3 b 42.1 4.4 b 2.9 b 42.1 b 9.1 c 9.0 8.1 bc 

15 Oct. 47.2 a 16.5 a 47.3 5.1 a 7.3 a 47.3 ab 13.5 a 9.0 9.6 a 

01 Nov. 45.4 a 16.5 a 42.9 4.1 b 4.2 b 42.9 b 11.9 b 8.3 8.6 b 

15 Nov. 32.4 b 14.1 a 51.7 4.8 a 4.3 b 51.7 a 11.1 b 8.5 7.5 c 

Significancey 0.0001 0.0002 NS 0.0071 <0.0001 0.0007 0.0011 NS 0.0035 

 Snapdragon 

15 Oct. 47.0 bz 6.3 42.1 5.3 c 1.4 60.3 a 15.1 a 9.0 a 4.9 b 

01 Nov. 77.7 a 6.7 52.3 7.6 b 2.1 70.1 a 17.5 a 8.3 b 6.2 a 

15 Nov. 76.2 a 8.3 44.6 12.1 a 2.1 68.1 a 17 a 8.7 ab 6.3 a 

01 Dec. 47.2 b 8.5 46.7 7.6 b 2.2 48.3 b 12.1 8.5 ab 6.7 a 

Significancey 0.0003 NS NS 0.0005 NS 0.0072 0.0072 0.050 0.0008 
ZMeans separation within columns by Fisher’s LSD at p<0.05; YP values were obtained using general linear model (GLM) procedures of Statistix 

(version 8.1) for significant effect of planting times of China aster and snapdragon; NSNon-significant at p>0.05 

 
Table 2. Effect of different planting methods and planting densities on plant height (cm), leaf area (cm2), leaf total chlorophyll contents 

(SPAD), flower/raceme diameter, stem diameter (mm), stem fresh weight (g), stem dry weight (g) and vase life (days) of  

China aster and snapdragon. All data represents means of 15 plants. 

Treatments 

Planting methods 

Planting 

densities 

Plant height 

(cm) 

Leaf area 

(cm)2 

Number of 

flowers 

Flower diameter/ 

raceme length (cm) 

Stem diameter 

(mm) 

Stem fresh 

weight (g) 

Stem dry 

weight (g) 

Vase life 

(days) 

 China aster 

Raised bed 

22.5 × 22.5 cm 47.8 az 34.7 ab 8.3 a 45.3 a 5.3 e 50.7 a 9.3 a 7.9 ab 

22.5 × 30 cm 47.7 ab 40.6 a 8.7 a 43.4 a 9.5 a 48.1 a 9.6 a 8.3 a 

30 × 30 cm 44.2 ab 33.1 b 6.6 b 44.2 a 8.5 b 50.1 a 9.5 a 7.9 ab 

Flat bed 

22.5 × 22.5 cm 34.5 c 29.8 b 4.3 c 29.1 b 6.3 cd 30.3 b 6.6 b 6.8 b 

22.5 × 30 cm 37.3 c 29.5 b 4.7 c 30.8 b 5.7 de 26.1 b 5.2 c 7 .0 b 

30 × 30 cm 39.5 bc 32.8 b 4.3 c 30.8 b 6.7 c 26.1 b 5.2 c 7.4 ab 

Significancey 

Planting method 0.0004 0.0122 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0075 

Planting density NS NS 0.0069 NS <0.0001 0.0799 NS NS 

PM × PD NS NS 0.0331 NS <0.0001 NS NS NS 

 Snapdragon 

Raised bed 

22.5 × 22.5 cm 81.6 az 12.6 a 1.6 a 3.6 a 2 b 57.8 a 14.4 a 4.6 a 

22.5 × 30 cm 61.3 b 10.6 ab 1.6 a 3 ab 2.5 a 53.6 ab 13.4 ab 4.3 ab 

30 × 30 cm 54.0 c 7.5 c 0.33 b 3.3 a 1.8 b 55.6 ab 13.9 ab 3.3 abc 

Flat bed 

22.5 × 22.5 cm 41.6 e 10.5 ab 0.6 ab 3.3 a 1.1 c 47 bc 11.7 bc 3.3 bc 

22.5 × 30 cm 45.0 de 9.2 bc 0.33 b 2.3 b 1.2 c 47.3 abc 11.8 abc 3 c 

30 × 30 cm 47.3 d 7.4 c 0.67 ab 2.3 b 1.3 c 42.8 c 10.7 c 3.3 bc 

Significancey 

Planting method <0.0001 0.063 0.0319 0.0273 <0.0001 0.0050 0.0050 0.0236 

Planting density 0.0002 0.0006 NS 0.0563 0.0066 NS NS NS 

PM × PD <0.0001 NS NS NS 0.0020 NS NS NS 
ZMeans separation within columns by Fisher’s LSD at p<0.05; YP values were obtained using general linear model (GLM) procedures of Statistix 

(version 8.1) for significant effects of planting methods and densities of China aster and snapdragon; NSNon-significant at p>0.05 

 
Planting methods and planting densities: The shortest 
production time (79.8 and 80 d) when plants were planted on 
raised beds along with 22.5 × 22.5 cm spacing for China 
aster and snapdragon, respectively (Fig. 2). The tallest plant 
height (47.8 and 81.6 cm) of both the species was recorded 
when planted on raised beds at 22.5 × 22.5 cm spacing, 
respectively. For China aster greatest leaf length (40.6 cm) 
was recorded when planted on raised beds along with 22.5 × 
30 cm spacing, while greatest leaf area (12.6 cm) in 
snapdragon was recorded when plants were planted on 
raised beds along with 22.5 × 22.5 cm spacing. Largest 
capitulum/flower diameter (4.5 and 3.6 cm) was recorded 
when both China aster and snapdragon were planted at raised 
beds and spaced at 22.5 × 22.5 cm. Greatest stem diameter 
(9.5 and 2.5 mm) was recorded when both the species were 
planted on raised and spaced at 22.5 × 30 cm. 

Highest stem fresh weight of China aster and 

snapdragon was recorded (50.7 and 57.8 g, respectively) 

when plants were planted on raised beds and spaced at 

22.5 × 22.5 cm spacing, respectively. Dry weight was 

recorded highest (9.6 and 14.4 g) when China aster and 

snapdragon were planted on raised beds with 22.5 × 30 

cm and 22.5 × 22.5 cm, respectively. Greatest number 

of capitula/ flowers/ branches were recorded (8.7 and 

1.6) in China aster and snapdragon planted on 22.5 × 30 

cm and 22.5 × 22.5 cm spacing, respectively. The 

longest vase life (8.3 and 4.6 d) was recorded when 

plants were planted on raised beds with 22.5 cm, 22.5 × 

22.5 cm spacing, for China aster and snapdragon, 

respectively (Table 2). 
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Macro and micronutrients along with bio-stimulants: 

Regarding foliar application of macro and micronutrients 

along with bio-stimulants, least production time (74.3 and 

73.4 d) (Fig. 3), tallest plant height (101.3 and 39.5 cm), 

greatest stem fresh weight (53.9 and 93.6 g), stem dry 

weight (14.2 and 23.4 g), highest number of 

capitula/flowers/branches (13.6 and 3.8), highest nitrogen 

uptake (1% and 1.51%), was recorded when plants were 

supplied with NPK at 90:45:45 kg ha-1 + micronutrients at 

2 mL L-1 for both tested species, respectively. Greatest leaf 

area (10.4 cm2) was recorded in plants sprayed with NPK 

+ isabion at 2 mL L-1 for China aster and (9.8 cm2) in plants 

sprayed with NPK + micronutrients at 2 mL L-1 and NPK, 

respectively. Highest total leaf chlorophyll contents were 

recorded (58.3 SPAD) for China aster when sprayed with 

NPK+ micronutrients at 2 mL L-1 and (66.1 SPAD) for 

snapdragon when plants sprayed with NPK + isabion at 2 

mL L-1 for snapdragon. Longest vase life (8.6 and 5.6 d) 

was recorded when plants were sprayed with NPK+ isabion 

at 2 mL L-1 for China aster and snapdragon, respectively. 

Highest phosphorus uptake (1.2%) was recorded for China 

aster plants when sprayed with NPK+ isabion at 2 mL L-1 

and (1.2%) for snapdragon when sprayed with NPK+ 

humic acid 2g L-1. Highest potassium uptake (39.1 and 

38.8%) was recorded for plants sprayed with NPK and 

NPK + micronutrients @ 2 mL L-1 for China aster and 

snapdragon, respectively (Table 3). 

 

Cultivar evaluation: Among China aster and snapdragon 

cultivars, ‘Bonita and ‘Potomac Pink’ performed best 

compared to other tested cultivars in various characters 

studied. Shortest days to flowering (68.2 d) were recorded 

for ‘Bonita’ China aster. For snapdragon ‘Maryland white’ 

cultivar exhibited shortest production time (74.3 d) (Fig. 

4). ‘Bonita’ China aster and ‘Potomac pink’ snapdragon 

had tallest plant height (62.2 and 94.2 cm), greatest 

flower/raceme diameter (4.9 and 14.6 cm), greatest leaf 

total chlorophyll contents (39.7 and 57.8 SPAD), greatest 

number of flowers/branches (14.7 and 4.1), greatest stem 

fresh weight (51.2 and 57.9 g), stem dry weight (12.1 and 

14.4 g) and longest vase life (11.1 and 6.1 d), respectively. 

However widest stem diameter (10.2 and 2.7 mm) and 

greatest leaf area (36.7 and 15.2 cm2) was recorded in 

‘Bonita’ China aster and ‘Potomac Early Pink’ snapdragon, 

respectively (Table 4). 

 

 
 

Fig. 1. Effect of different planting times on production time of 

China aster and snapdragon. All bars represent means of 15 

plants ± S.E. 

 
 

Fig. 2. Effect of different planting methods and densities on 

production time of China aster and snapdragon. All bars represent 

means of 15 plants ± S.E. 
 

 
 

Fig. 3. Effect of macro and micronutrients along with bio-

stimulants on production time of China aster and snapdragon. All 

bars represent means of 15 plants ± S.E. 

 
 

Fig. 4. Effect of types/cultivar evaluation on production time 

of China aster and snapdragon. All bars represent means of 15 

plants ± S.E. 
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Discussion 

 

Planting times: China aster and snapdragon planted on 15 

October and 15 November exhibited shortest production time. 

Early sowing in China aster produced good quality flowers 

with longest vase life while for snapdragon early planted 

stems took more days to flower, shorter plant height with 

shorter vase life. These findings confirmed findings on zinnia 

(Zinnia violacea Cav.), where seed sowing in mid-March 

exhibited best results compared to later planting times for 

plant height, leaf area, lateral shoots/plant, flower diameter, 

and seed viability (Asghar et al., 2022) and similar results 

were reported on early sown sunflower (Helianthus annuus 

L.) in April, which had higher yield compared to later sowing 

dates in the season (Ahmed et al., 2020). Early or late 

transplanting may cause delayed harvest with poor quality 

stems, yielding reduction in marketability (Lewis et al., 2022). 

Late planting of China aster on November 15 and snapdragon 

on December 01 produced shortest plant height (32.4 and 47.2 

cm), poor stem quality and reduced vase life. These results 

confirm that if soil temperature is high or low, plants may start 

showing stunted growth or early flowering with poor quality 

and petal pigmentation (Puangkrit et al., 2018). Optimal 

temperature and day length regulates both plant growth and 

flowering. Plants like China aster require low temperature 

with 1000-3000 lux light period to grow vegetatively at 

standard height. Reduction in day length and increase in 

temperature affect drastically growth and vase life.  

Tested cultivars of China aster and snapdragon when 

planted late November 15 and December 01, produced 

stems with stunted growth having shorter vase life. These 

results are aligned with research findings on stock where 

delayed sowing resulted in reduced crop time, however, 

with poor quality stems having shorter vase life (Abdullah 

et al., 2020). Vase life of China aster and snapdragon had 

also significant differences regardless of planting time. 

Similar findings on zinnia by Kalinowski et al., (2021) 

were reported that late sown plants exhibited reduction in 

vase life, indicating various sessional effects. Every plant 

species has a specific range of temperatures that are 

tolerable and allow plant growth, but extreme temperatures 

may reduce inflorescence quality by increasing production 

time and reducing stem quality. 

 

Planting methods and planting densities: Least time to 

harvest occurred in both tested species when planted on 

raised beds with 22.5 × 22.5 cm spacing. Shortest 

production time (79.8 and 80 d) and tallest plants (47.8 and 

81.6 cm), respectively, were recorded when China aster 

and snapdragon were planted on raised beds and spaced at 

22.5 × 22.5 cm. These results agreed with findings on cut 

lilies planted on raised beds, which performed better 

regarding higher quality flowers, reduction in production 

time and improved growth, with less bulb rot and plant 

disease incidence compared to the flat bed method 

(Rodriguez and Perez-Garcia, 2017). Widest stem diameter 

was observed in China aster and snapdragon when planted 

on raised beds with 22.5 × 30 cm. Cut snapdragon when 

planted on raised beds produced highest flower yield and 

quality. Planting on flat bed method produced lowest yield 

and quality, due to poor drainage and water logging which 

may cause stem lodging. 

Plant spacing and mineral nutrition greatly affect plant 

growth and development. However, concentrations of iron, 

manganese and magnesium enhanced when planting 

spacing was wider (Saeidi et al., 2021). Similar results 

were found on cut sunflower when planted at dense plant 

spacing (25 cm × 25 cm), which exhibited tallest stems 

with smaller flower diameter. High density spacing had the 

most significant impact on flower diameter (Mladenovic et 

al., 2020). Husna et al., (2022) reported that spacing of 30 

× 25 cm in lisianthus production positively affected growth 

and flowering attributes, however, when chrysanthemums 

grown at a planting arrangement of 28 × 43 cm exhibited 

enhanced vegetative growth (Sahu et al., 2021). 

 

Macro and micronutrients along with bio-stimulants: 

Mineral fertilizers and bio-stimulants have been used as a 

supplement to improve the quality of flowers under 

protected conditions (Harshavardhan et al., 2016; Ahmad 

et al., 2025). Tallest plant height, lowest production time, 

larger leaf area, highest chlorophyll contents, highest stem 

fresh weight and stem dry weight were recorded when 

plants were sprayed with NPK+ micronutrients at 2 mL L-

1 for China aster and snapdragon, respectively. These 

findings were in line with studies reporting cut flower 

crops that application of macro and micronutrients 

improved growth and productivity of tested species (Kashif 

et al., 2014). Largest leaf area and capitulum/flower 

diameter was highest in China aster and snapdragon when 

supplied with NPK and NPK+ isabion at 2 mL L-1. 

Application of NPK on celosia plants significantly 

increased plant height and leaf number. Bio-stimulants can 

also play a beneficial role in plant metabolism, growth and 

flowering attributes of French marigold (Zelikovic et al., 

2023). The role of bio-stimulants is to control and 

accelerate the life processes of plants, increase the 

resistance to stress and stimulate development (Zulfiqar et 

al., 2020). Bio-stimulants and macro-nutrients stimulated 

vegetative growth and enhanced tuberose plant yield and 

flower quality (Karim et al., 2017). 

Longest vase life was shown in plants sprayed with 

NPK + isabion at 2 mL L-1 for both the species. Application 

of bio-stimulants on lisianthus and stock plants supported 

the present finding that plants when supplied with NPK + 

Isabion and humic acid (commercially used bio-stimulants) 

improved plant height, flower quality and vase life (Ahmad 

et al., 2025). Plants showing best flower quality with 

longer vase life may be due to high nutrient use efficiency, 

tolerance to abiotic stresses (Paradikovic et al., 2019). 

Plants with no fertilizer and bio-stimulant application 

(control) exhibited stunted growth with poor quality 

flowers. Improper feeding causes stunted growth, shorter 

stem length and may reduce postharvest longevity (Mishra 

et al., 2024) Nitrogen (N), potassium (K) and phosphorus 

(P) are the most highly prized necessary nutrients, for 

flowering and plant growth on account of their function in 

enhancing flower quality when added in combination with 

growth substances as bio-stimulants (Alziyituni, 2023). 

 

Cultivar evaluation: Cultivar comparison of China aster 

and snapdragon exhibited that ‘Bonita’ China aster and 

‘Potomac’ snapdragon performed better than other cultivar 

in most of the attributes. The production time was the 
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shortest in ‘Bonita’ China aster and ‘Potomac’ snapdragon 

(68.2 and 74.3 d), tallest plants (62.2 and 94.2 cm), greatest 

capitulum/flower diameter (4.9 and 14.6 cm), stem fresh 

weight (51.2 and 57.9 g), stem dry weight (12.1 and 14.4 

g), number of flowers/branches compared to other tested 

cultivars of both tested species. Similar outcomes were 

recorded on 10 exotic cultivars of chrysanthemums when 

tested morphologically under subtropical conditions 

regarding their vegetative & floral attributes and 

postharvest longevity (Hussain et al., 2025). Varietal 

evaluation of tuberose ‘Prajwal’ performed best for growth 

and yield attributes (Dalvi et al., 2021). Based on 

vegetative and floral traits of Celosia cristata ‘Amigo 

Orange’ was better than ‘Amigo Red’ (Miano et al., 2017). 

Lisianthus cultivars when tested, ‘Minuet Dark Purple’ 

performed better with higher number of flowers per stem, 

bud diameter, while ‘Art Marine’ had the greatest flower 

diameter and flower length (Anitha et al., 2015).  

Greatest leaf area and widest stem diameter was 

recorded in var. ‘Matsumoto’ China aster and var. 

‘Potomac ‘snapdragon. Among 15 cultivars of lisianthus 

‘Echo Lavender’ produced the greatest number of leaves 

and leaf area (Namratha et al., 2021). Longest vase life was 

recorded in China aster ‘Bonita’ and snapdragon 

‘Potomac’ among tested cultivars. These findings are in 

accordance with tested cultivars of gerbera (Gerbera 

jamesonii L.), where longest vase life was recorded in 

‘Dune’ with tallest stems (Singh et al., 2017). 
 

Conclusion 
 

Both tested species performed best in local agro-

climatic conditions and proved suitable for commercial 

cultivation. It is recommended to plant China aster and 

snapdragon on 15 October and 15 November, respectively, 

along with planting on raised beds spaced at 22.5 cm × 22.5 

cm and 22.5 cm × 30 cm, respectively to produce tallest 

stems. Application of NPK (90:45:45 kg ha-1) + 

micronutrients (B. Zn, Fe) (1%, 1%, and 1%) proved 

beneficial for China aster and snapdragon followed by 

NPK (90:45:45 kg ha-1) + isabion (0.4%) for most of the 

tested growth attributes. Among cultivars, ‘Bonita’ China 

aster and ‘Potomac’ snapdragon had longest vase life 

compared to other tested cultivars and may be used for 

commercial cultivation in plains of Pakistan. 
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