Staggered planting in Gladiolus:  An innovative approach for optimizing cut flower production

Abstract
Gladiolus (Gladiolus sp.) the ‘Queen of bulbous flowers’ also known as ‘Sword lily’ is native to South Africa, belong to the family Iridaceae, a popular and high-demand flower, holds immense potential for commercial cut flower production. However, maximizing its production efficiency and meeting market demands remain key challenges. This research paper aims to investigate the favourable month(s) and effectiveness of gladiolus staggered planting as an innovative cultivation technique for enhancing cut flower production. The field experiment was laid out in RBD with 12 treatments and three replications.
The findings from this research observed that gladiolus can be successfully cultivated in staggered planting ensuring continuous supply to market demands. Commercial cultivation to supply gladiolus flower demand during off-season in other regions of the country can be profitable venture. It can be concluded that October planting (T10) is most preferred as characters like length of spikes (79.73 cm), length of rachis (42.57 cm), number of florets per spike (14.80), diameter of floret (10.23 cm), flowering duration (15.07 days) and vase life (13.83 days) were observed to be maximum amongst the treatment.  Similarly, September planting (T9) can also be successfully cultivated as many of the observations were significantly at par with October planting. February planting (T2) may also be taken with compromised on vase life. However, June planting (T6) should be avoided for profitable cultivation. The findings can be particularly useful for commercial exploration of gladiolus as emerging cut flower in the northeast region of the country.
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Introduction 
Gladiolus (Gladiolus sp.) the ‘Queen of bulbous flowers’ native to South Africa, belong to the family Iridaceae. It is an important cut flower in both domestic and international market and considered as most preferable among cut flowers because it is available in different shades and hues and has excellent vase life (Bose et al., 2003). The demand for gladiolus cut flowers continues to rise, with an increasing preference for fresh, locally grown blooms. Consequently, growers face the challenge of meeting this demand while ensuring year-round availability and optimum quality.
Gladiolus is a winter crop but can be grown round the year in mild environment. Planting season is the most important feature in regulating growth of gladiolus (Ahmad et al., 2011).  The benefits of staggered planting extend beyond prolonging the flowering period. By utilizing this technique, growers can manage their resources more efficiently. Staggered planting can optimize resources allocation and reduces the risk of flower surplus and wastage, enabling growers to align their production with market demands and thereby enhance profitability.
Despite its potential advantages, there is a significant knowledge gap regarding the precise impact of staggered planting on gladiolus cut flower production. This research aims to address this gap by investigating the effects of staggered planting on various aspects of gladiolus for commercial cultivation. The findings of this research will provide valuable insights for gladiolus growers, enabling them to optimize their production practices, meet the increasing demands and ensure sustainable cut flower supply; also add beauty to the landscape for longer period. 
Materials and methods
Open field experiments were conducted at the Horticulture Farm, School of Agricultural Sciences and Rural Development, Medziphema, Nagaland. The experiment was laid out in Randomized Block Design with 3 replications and 12 treatments taking each month as treatment. Planting date was done on 15th of every month for all treatments, taking January as T1 and so on till December as T12. Healthy planting materials of fairly uniform size (4-5 cm in diameter) and showing sprouted tips were selected for each treatment. The selected corms were treated with Bavistin @ 0.2% before planting. Spacing was kept uniform at 30×20 cm between rows and corms in raised bed of 1.2 m2. Corms were procured from a reliable commercial nursery from time to time and harvested corms from the experiments along with extra corms from procured consignment were also stored in cold storage at Integrated Cold Chain Project (ICCP)– Mao, Manipur. Cultural practices like irrigation were given as and when needed. Experimental plots were kept weeds free by hand weeding. Earthing-up was done during 6th leaves stages and staking were provided at the emergence of spikes for all the treatments. Post harvest studies were conducted in postharvest laboratory of the department using distilled water for all the treatments. Observations were meticulously recorded for parameters like; days to spike emergence, length of spike, length of rachis, number of florets per spike, days to opening of florets, diameter of florets, flowering duration and vase life. The data recorded were statistically analyzed as per Panse and Sukhatame (1985) at 5% level of significance.
Results and Discussion
1. Days to spike emergence
Different planting times had significant effect on days to spike emergence in gladiolus as seen in table 1. This study revealed that T5 took minimum days (61.80 days) to spike emergence which is statistically at par with T6 (62.40 days). Whereas, maximum days to spike emergence was recorded from T12 (71.87 days) followed by T1 (70.57 days). 
	The results of the present study indicate that early spikes emergence were observed from summer months planting when compared to winter months planting. May planting resulted in earliest days to spike emergence whereas, December planting recorded maximum days to spike emergence. This parameter closely correlated to days to sprouting and leaves emergence as early sprouting and leaf emergence resulted to early spike emergence and vice-versa. These findings were also confirmed by Suman et al. (2011) reported early spike emergence from early planting. Zubair et al. (2013) reported White Friendship planted on 1st November resulted in early spike emergence when compared to 1st December and 1st January planting. 
2. Length of spike 
	The data pertaining to length of spike as influenced by different treatments has been presented in table 1. It is evident from the results that there was significant difference in length of spike as influence by different planting time. The results showed that T10 (79.73 cm) yielded maximum length of spike followed by T2 (77.50 cm) and T11 (77.37 cm). Whereas, minimum length of spike was recorded in T7 (69.57 cm) followed by T6 (70.43 cm).
From the experimental results, it is evident that October planting is most ideal time with respect to length of spike, similar performance were obtained from February planting. Summer months planting resulted to shorter spike length. This finding may be attributed to the favourable environmental condition prevailing during the time of plant growth and development in October and February, as a result, plant developed better growth and development which is expressed in reproductive part like spike length. Similar findings were advocated by Kour (2009), Ramzan et al. (2014) and Thakur et al (2015) all reported maximum spike length from October planting.
3. Length of rachis
	The experimental result clearly revealed significant difference between different treatments (table 1). Results of pooled data showed maximum length of rachis yielded in T10 (42.57 cm) and followed by T2 (41.90 cm). Whereas, minimum was recorded in T6 (33.97 cm) closely followed by T7 (34.33 cm) and statistically at par.
From the inference, it is evident that planting time has significant influences on the length of rachis. This result is in close proximity with the length of spike and the attribution to this may be due to similar reasons. The finding is supported by Salvi et al. (2004) who reported superior quality of flower spike from 15th October planting. Bagde et al. (2009) also reported maximum rachis length from 13th October planting.
4. Number of florets per spike
The experimental results pertaining to number of florets per spike which showed significant difference between treatments (table 1). Result of the pooled data showed maximum number of florets per spike in T10 (14.80) followed by T2 (14.67) and statistically at par. Minimum was recorded from T7 (12.10) followed by T5 (12.20).
In the present study, it was observed that number of florets increased significantly from September planting to November planting and February and March planting. Planting from April till August yielded less number of florets per spike. This may be attributed to poor growth and development of plants in summer months planting due to higher temperature which resulted to poor performance in terms of plant height and spike length, this directly influenced the number of florets per spike. This finding was in line with the results by Nijasure and Ranpise (2005) who reported maximum number of florets from 15th October planting. Sheikh and Jhon (2005) reported early planting (March) yielded highest number of florets per spike when compared to late planting (June). Bagde et al. (2009) and Kour (2009) reported maximum florets per spike from October planting. Kamal et al. (2018) also reported in Gladiolus cv. Hunting Song, maximum number of florets per spike obtained from10th October planting.
5. Days to opening of florets
The results showed significant difference in days to opening of florets as influenced by different planting time (table 2). Pooled data analysis showed minimum from T5 (72.97 days) followed by T6 (73.23 days) which were statistically at par and maximum in T12 (84.50 days). Days to opening of 3rd floret was in parallel with that of the 1st floret and so is the 5th floret. 
This parameter is in parallel with days to spike emergence and days to colour break stages of florets as early spike emergence and days to colour break stages of florets resulted to early florets opening and vice-versa. This finding is in accordance with Al-Humaid (2004) and (Nijasure and Ranpise, 2005) who reported early flowering from early planting during winter months. Khutiya (2016) also reported that staggered planting from 13th February to 28th July at 15 days interval, earliest day to flowering were observed for 28th July planting.
6. Diameter of florets
The results revealed significant difference in diameter of florets as influenced by different planting time (table 2). Result from the experiment showed minimum diameter of 1st floret from T7 (9.13 cm) followed by T6 (9.20 cm) and T5 (9.29 cm) which were statistically at par and maximum with T10 (10.23 cm) and statistically at par with T2 (10.18 cm). Minimum diameter of 3rd floret was observed from T7 (8.88 cm) and maximum was recorded from T10 (10.03 cm). Diameter of 5th floret also follows the 1st and 3rd floret patterns. 
The results of the present study indicate that winter and early spring crops performed superior with regards to diameter of florets. From the obtained experimental results, it is observed that the diameter of florets steadily decreases with the advancement of florets towards tip with uniformity irrespective of planting time. July planting resulted minimum diameter of florets, whereas, October planting recorded maximum diameter of florets. This variation in diameter of florets may be attributed to the environmental factors prevailing during the growing season. October and February months planting received more congenial environment conditions compared to summer months for gladiolus. These finding are in conformity with the results by Salvi et al. (2004), (Nijasure and Ranpise, 2005), Bagde et al. (2009) and Kour (2009) who all reported October planting as the best time with regards to flowering parameter particularly, diameter of florets. Also, Khutiya (2016) who all reported early spring performed better when compared to summer months.
7. Flowering duration 
The experimental result for flowering duration has been presented in table 1 which shows significant difference as influence by different planting time. Minimum flowering duration was obtained from T4 (12.40 days) and maximum flowering duration was recorded from T10 (15.07 days) followed by T11 (14.67 days) and T9 (14.37 days).
Further perusal of the experimental results revealed that comparatively longer flowering duration were observed from winter months planting when compared with summer months planting. The most ideal planting time with reference to flowering duration of gladiolus spikes under Nagaland condition as per the present investigation would be October followed by September and November planting. However, for summer months planting, the duration of flowering would be compromised significantly. This finding may be attributed to the prevailing environmental conditions during the crop seasons as per their treatments. Congenial environmental factors during growth and development of the plants would result into better performance of the plant including longer flowering duration. Similar findings by Ramzan et al. (2014) reported maximum duration of flowering in field from October planting in gladiolus. 
8. Vase life 
The result of vase life studies shows significant difference as influenced by different planting time (table 1) with maximum vase life observed from T10 (13.83 days) and minimum from T4 (10.17 days) followed by T5 (10.33 days) and T6 (10.50 days) which were statistically at par.
This may be attributed to the prevailing environmental conditions during growth and development periods of the crop as parameters like number of florets, spike weight, spike length, all these gives to more stored food materials in the spike leading to longer vase life of the spikes. Also, the temperature and relative humidity during the postharvest studies effected the vase life largely. October planting received more congenial environment conditions during postharvest studies in the month of December (11-24°C and 60-95% RH) compared to April and May plantings when postharvest studies was conducted in July (25-33°C and 70-90% RH) and August (24-33°C and 70-90% RH) respectively where the temperature is extreme for the delicate flowers to last. This finding is supported by Salvi et al. (2004) who reported superior flower quality from October planting in gladiolus. Kamal et al. (2018) also reported maximum vase life from October planting in gladiolus.
Conclusion
The present investigation expressed the influence of staggered planting on flowering characters of the gladiolus which shows significant variation among treatments. Based on the results of the present experiments, it has been found that October planting time is most favourable. Also, February planting can be done with little compromise on vase life ensuring frequent irrigation. Moreover, September planting can be taken without much compromise on the performance and qualities. However, June planting should be avoided as it was found inferior in performance under foothill condition of Nagaland.
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Table 1: Effect of planting dates on flowering parameters
	parameters
	Days to spike emergence
	Length of spike (cm)
	Length of rachis (cm)
	Number of florets per spike
	Flowering duration (days)
	Vase life (days)

	Treatment
	1st Year 
	2nd Year
	Pooled 
	1st Year 
	2nd Year
	Pooled 
	1st Year 
	2nd Year
	Pooled
	1st Year 
	2nd Year
	Pooled
	1st Year 
	2nd Year
	Pooled
	1st Year 
	2nd Year
	Pooled

	T1
	69.7
	71.5
	70.6
	74.3
	75.2
	74.7
	39.1
	37.8
	38.5
	13.9
	13.8
	13.9
	13.9
	14.1
	14.0
	12.3
	12.0
	12.2

	T2
	68.2
	68.7
	68.4
	78.1
	76.9
	77.5
	41.0
	42.8
	41.9
	14.6
	14.7
	14.7
	13.3
	13.6
	13.4
	12.0
	12.0
	12.0

	T3
	66.5
	65.4
	66.0
	76.3
	76.1
	76.2
	36.9
	36.1
	36.5
	14.1
	13.9
	14.0
	12.7
	13.1
	12.9
	11.3
	11.0
	11.2

	T4
	63.7
	62.5
	63.1
	72.4
	72.8
	72.6
	35.7
	36.2
	35.9
	12.3
	12.8
	12.6
	12.1
	12.7
	12.4
	10.3
	10.0
	10.2

	T5
	62.8
	60.8
	61.8
	72.7
	71.9
	72.3
	34.9
	35.1
	35.0
	12.3
	12.1
	12.2
	12.7
	12.8
	12.7
	10.3
	10.3
	10.3

	T6
	63.0
	61.8
	62.4
	70.5
	70.3
	70.4
	34.3
	33.6
	34.0
	12.5
	12.4
	12.5
	12.9
	13.0
	13.0
	10.7
	10.3
	10.5

	T7
	63.2
	64.7
	64.0
	68.7
	70.5
	69.6
	35.1
	33.5
	34.3
	12.3
	11.9
	12.1
	13.5
	13.5
	13.5
	11.7
	11.3
	11.5

	T8
	64.5
	65.1
	64.8
	72.4
	72.9
	72.7
	37.0
	37.9
	37.5
	12.4
	12.5
	12.5
	13.7
	13.9
	13.8
	12.3
	12.0
	12.2

	T9
	65.8
	67.1
	66.5
	74.9
	75.9
	75.4
	40.5
	41.1
	40.8
	14.5
	14.0
	14.3
	14.1
	14.6
	14.4
	13.3
	13.0
	13.2

	T10
	66.9
	68.1
	67.5
	78.9
	80.6
	79.7
	42.4
	42.7
	42.6
	14.9
	14.7
	14.8
	15.0
	15.1
	15.1
	14.0
	13.7
	13.8

	T11
	68.7
	69.7
	69.2
	76.4
	78.3
	77.4
	39.8
	40.9
	40.3
	14.1
	14.1
	14.1
	14.5
	14.8
	14.7
	13.3
	13.0
	13.2

	T12
	70.7
	73.1
	71.9
	75.2
	76.3
	75.7
	37.8
	39.5
	38.6
	14.1
	12.8
	13.4
	14.1
	14.1
	14.1
	12.3
	12.3
	12.3

	Sem±
	0.4
	0.4
	0.3
	0.4
	0.4
	0.3
	0.3
	0.6
	0.3
	0.2
	0.2
	0.1
	0.1
	0.1
	0.1
	0.3
	0.3
	0.2

	CD at 5%
	1.3
	1.0
	0.8
	1.1
	1.1
	0.8
	0.8
	1.6
	0.9
	0.6
	0.5
	0.4
	0.2
	0.3
	0.2
	0.9
	0.8
	0.6







Table 2: effect of planting dates on flowering parameters
	parameters
	Days to opening of 1st floret
	Days to opening of 3rd floret
	Days to opening of 5th floret
	Diameter of 1st floret (cm)
	Diameter of 3rd floret (cm)
	Diameter of 5th floret (cm)

	Treatment
	1st Year 
	2nd Year
	Pooled 
	1st Year 
	2nd Year
	Pooled 
	1st Year 
	2nd Year
	Pooled
	1st Year 
	2nd Year
	Pooled
	1st Year 
	2nd Year
	Pooled
	1st Year 
	2nd Year
	Pooled

	T1
	81.4
	83.1
	82.2
	82.2
	83.8
	83.0
	83.0
	84.6
	83.8
	10.0
	10.1
	10.0
	9.6
	9.9
	9.7
	9.3
	9.6
	9.5

	T2
	78.9
	79.9
	79.4
	79.7
	80.6
	80.1
	80.5
	81.4
	80.9
	10.2
	10.2
	10.2
	9.9
	10.0
	10.0
	9.6
	9.8
	9.7

	T3
	77.3
	76.2
	76.8
	78.2
	77.1
	77.6
	79.1
	77.9
	78.5
	9.9
	10.0
	10.0
	9.7
	9.8
	9.7
	9.4
	9.5
	9.4

	T4
	74.4
	73.5
	73.9
	75.2
	74.2
	74.7
	76.0
	75.0
	75.5
	9.5
	9.8
	9.7
	9.4
	9.7
	9.6
	9.1
	9.3
	9.2

	T5
	73.5
	72.4
	73.0
	74.3
	73.3
	73.8
	75.1
	74.1
	74.6
	9.5
	9.1
	9.3
	9.3
	8.9
	9.1
	8.9
	8.5
	8.7

	T6
	73.7
	72.8
	73.2
	74.4
	73.9
	74.1
	75.2
	74.7
	74.9
	9.2
	9.2
	9.2
	9.0
	9.0
	9.0
	8.6
	8.6
	8.6

	T7
	73.9
	75.5
	74.7
	74.7
	76.3
	75.5
	75.5
	77.1
	76.3
	9.2
	9.1
	9.1
	8.9
	8.9
	8.9
	8.6
	8.5
	8.5

	T8
	75.2
	75.0
	75.1
	76.0
	75.8
	75.9
	76.8
	76.6
	76.7
	9.6
	9.6
	9.6
	9.3
	9.2
	9.3
	9.0
	8.9
	9.0

	T9
	76.5
	77.7
	77.1
	77.3
	78.5
	77.9
	78.1
	79.3
	78.7
	9.7
	10.0
	9.9
	9.5
	9.2
	9.3
	9.2
	8.9
	9.0

	T10
	78.1
	79.2
	78.6
	78.9
	80.1
	79.5
	79.7
	80.9
	80.3
	10.2
	10.3
	10.2
	10.0
	10.1
	10.0
	9.7
	9.8
	9.8

	T11
	80.0
	81.3
	80.7
	80.9
	82.3
	81.6
	81.9
	83.1
	82.5
	10.1
	10.1
	10.1
	9.9
	9.8
	9.8
	9.6
	9.5
	9.6

	T12
	83.7
	85.3
	84.5
	84.4
	85.7
	85.1
	85.4
	86.5
	86.0
	10.0
	10.0
	10.0
	9.7
	9.6
	9.7
	9.4
	9.3
	9.4

	Sem±
	0.4
	0.4
	0.3
	0.4
	0.4
	0.3
	0.4
	0.4
	0.3
	0.1
	0.0
	0.1
	0.1
	0.2
	0.1
	0.1
	0.2
	0.1

	CD at 5%
	1.2
	1.2
	0.8
	1.3
	1.1
	0.8
	1.2
	1.1
	0.8
	0.4
	0.1
	0.2
	0.4
	0.6
	0.3
	0.4
	0.6
	0.3




