Comparative Study of Sprouting Response in Saffron (Crocus Sativus L.) to Agronomic Treatments in Controlled and Ambient Conditions
Abstract
Saffron (Crocus sativus L.) is a high-value spice crop with a complex growth cycle and sensitivity to environmental factors. This study looks at how saffron corms respond to various agronomic treatments in two different growing environments: controlled (growth chamber) and ambient (indoor room). This experiment was conducted at advanced research station for saffron and temperate spices dassu pampore SKUAST –K. The experiment was laid out using factorial completely randomized design. The research aims to evaluate the impact of corm weight- with three levels; W1: 8-10g ,W2:10 -14g , W3: > 14 g , tunic removal- with three levels T1:0 %, T2:50 % and T3:100%  and corm lifting with three levels; C1- ist june:120days dark period, C2: 20 june- 90 days dark period ,C3:25  july – 70 days dark period on number of days to 50% sprouting. The result revealed that C3T3W3 exhibited superiority for early 50 % sprouting for both conditions over years than other treatment combinations. Meanwhile corm weight 8-10 g, 0 % tunic removal and corm lifting at 1 june having 120 days dark period takes more number of days to 50 % sprouting.
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1. Introduction

Saffron (Crocus sativus) is a geophyte perennial plant from the Iridaceae family that produces subterranean soft corms. It is a highly profitable crop grown as a spice for at least 3,500 years. The name "saffron" is derived from the Arabic word za-faran, which means "yellow" (Winterhalter and Straubinger, 2000). The stigmas make up the commercial commodity saffron, which has coloring, taste, and medicinal characteristics (Abdullaev and Frenkel, 1999). It is a highly priced spice due to its great demand and low supply. Each saffron flower contains three stigmas and produces around 5 milligrams dry weight. It takes between 150,000 and 200,000 saffron flowers and more than 400 hours of labours to produce 1 kilogram of saffron stigmas (Mzabri et al., 2019). The origins of saffron are unclear; some claim it is endemic in the eastern Mediterranean (Winterhalter and Straubinger, 2000).  While others believe it originated in Iran. Saffron is cultivated in several countries, including Afghanistan, Azerbaijan, China, Egypt, France, Greece, India, Iran, Iraq, Israel, Italy, Japan, and Pakistan. Morocco, Spain, Switzerland, Turkey, and the United Arab Emirates have been cultivating it since prehistory. (Vinning, 2005). and Australia has lately begun. (Nehvi et al., 2006). Saffron flowers in autumn, either before, during, or after leaf emergence, with corm replacement and propagation lasting until mid-spring, followed by true dormancy and summer pseudo-dormancy.(Koocheki et al., 2019). Saffron is traditionally propagated through corms, and yield is heavily influenced by corm size, with little corms weighing 9 g and large mother corms weighing 10-14 g, yielding 6-10 cormlets per season for the following cycle.(Mansotra et al., 2022).According to (Abdusamat et al., 2021). The biological cycle lasts 220 days, commencing with autumnal vegetative development following the first rains and ending with corm production. It is a perennial plant that grows up to 30 cm tall and has erect, ciliate-margined leaves. The flowers of C. sativus are said to feature two bracts at the base, a pale-violent veined calyx, yellow and white anthers, and colored and white filaments. Although saffron does not produce fruit, its dried crimson stigma is the most important and often consumed part. Saffron's quality is determined by the color and aroma of the stigma, particularly when dry. These qualitative qualities are determined by the concentrations of three primary metabolisms: crocin, safranal, and picrocrocin. Crocins (monoglycosyl or diglycosyl polyene esters) are a type of dye that dissolves quickly in water and produces a reddish orange solution. As a result, it has been widely used as a food dye. Safranal is the essential oil of terpene aldehyde that gives saffron its scent; it is the most abundant volatile component of the stigma of saffron, with concentrations of more than 60%. Picrocrocin is regarded as the primary bitter ingredient of saffron. It is a precursor of safranal monoterpene glycoside.(Eghbali et al., 2023). This study seeks to fill this gap by assessing the sprouting response of saffron corms exposed to various agronomic treatments under controlled and ambient conditions. It specifically looks at how various treatments effect sprouting percentage, sprout length, and sprouting time, providing insights into the optimal strategies for saffron growth. This study's findings can help growers choose the best combination of treatments and environmental conditions to optimize crop performance, resulting in more efficient saffron production strategies.
2. Experimental methodology
The experiment was conducted at advanced research station for saffron and temperate spices dassu pampore SKUAST-K, during cropping season of 2022 and 2023. The experimental site was located in a temperate area of the union territory between 33.98o/ N latitude and 74.91o/ E longitude, at an altitude of 1573 m above mean sea level. The experimental site is located in a mid-altitude temperate zone with hot summers and very cold winters. The factorial experiment was conducted with a completely randomised design under indoor conditions (Ambient and controlled). RCBD involved 3 factors with 3 levels each viz; 1. Corm lifting (C1:120 days dark period; C2:95 days dark period; C3:70 days dark period), 2.Tunic removal (T1:0%, T2: 50%, T3: 100 %), 3.Corm weight (W1: 8-10g, W2: 10-14g and W3: > 14g). The exact date of corms was recorded when the saffron corms were planted in controlled conditions. As soon as the anticipated germination time starts, begin checking for sprouts, preferably twice a week. During every inspection we count the number of corms that have sprouted. 
Subsequently, compute half of the total corms planted inside the regulated setting. Keep track of the day that 50% of the corms have sprouted. Then after that, we figure out how many days pass between the date of sowing and the time at which half of the corms have sprouted. The data obtained in respect of various observations were statistically analyzed by method described by Cochran and Cox (1963). The significance of ‘F’ and t’ was tested at 5 percent level of significance. The critical difference value was determined when ‘F’ test was significant. Analysis of the data was done by using excel software.
3. Result and discussion 
The data pertaining to 50 % sprouting presented in table 1 and illustrated in figures which illustrates the effects of corm weight, tunic removal, and photoperiod on the number of days from the placement of corms to 50% sprouting, under both controlled and ambient conditions over years. The data demonstrate that corm weight > 14 g significantly impacted the time to 50% sprouting. 100 % tunic removal i.e removal of the tunic (skin) from corms resulted in a faster sprouting time across all experimental conditions. While as corm lifting having 70 days dark period also led to a faster sprouting time under both controlled and ambient conditions. Statistical analysis indicated that all three main factors – corm lifting (C3) having 70 days dark period, tunic removal 100% (T3) and corm weight > 14g (W3) had a significant effect on the time to 50% sprouting, which was 61.0 days in 2022 and 62.0 days in 2023 under controlled conditions and 67.3 days in 2022 and 68.6 days in 2023 under ambient conditions. Which shows average of 6.45 days early sprouting in controlled conditions than ambient conditions, compared to 0% tunic removal, 8-10g corm under 70 days photoperiod (C3T1W1). Additionally, interactions between these factors were observed statistically significant. The results is attributed that The higher biomass in larger corms adds to enhanced physiological vigor, allowing for faster sprout emergence. These findings are consistent with Sarwar et al. (2024). Under controlled conditions, with temperature and humidity kept at appropriate levels, removing the tunic resulted in a considerable reduction in the number of days to 50% sprouting. In contrast, ambient conditions, which include natural changes in temperature and humidity, resulted in more variable sprouting times. This fluctuation is similar with the findings of Sabet Teimouri et al. (2010), who reported that environmental stressors might influence the physiological responses of saffron corm. Mean while Prolonged darkness changes glucose metabolism in saffron corms. Starch breakdown is improved, and soluble sugar levels rise, giving the energy required for sprouting. This finding is with accordance with Bagri et al. (2017). These results were influenced even more by environmental factors. Under controlled conditions (stable temperature and humidity), the combination of >14g corms, tunic removal, and correct dark storage consistently reduced sprouting time by half when compared to ambient conditions, where temperature and humidity changes likely delayed physiological responses. Despite using the same pre-treatment techniques in ambient conditions, sprouting was more variable and had a longer lag period, most likely due to less predictable environmental cues.










	Table 1. Effect of corm weight, tunic removal and corm lifting on number of days to 50% sprouting under controlled and ambient conditions over years

	Corm Weight
	Corm Lifting
Tunic Removal
	Controlled condition
	Ambient condition

	
	
	C1
	C2
	C3
	Mean
	C1
	C2
	C3
	Mean

	
	
	Y1
	Y2
	Y1
	Y2
	Y1
	Y2
	Y1
	Y2
	Y1
	Y2
	Y1
	Y2
	Y1
	Y2
	Y1
	Y2

	W1
	T1
	120.3
	121.3
	95.3
	96.3
	69.3
	70.3
	95.0
	96.0
	122.6
	 127.6
	100.3
	103.3
	74.3
	77.3
	    99.1
	  102.7

	
	T2
	119.0
	120.0
	94.0
	95.0
	68.0
	69.0
	93.6
	94.67
	124.0
	127.0
	 99.0
	102.0
	73.0
	76.0
	98.6
	101.6

	
	T3
	118.3
	119.3
	93.3
	94.3
	67.3
	68.3
	93.0
	94.0
	123.3
	126.3
	 98.3
	101.3
	72.3
	75.3
	98.0
	101.0

	Sub Mean
	119.2
	120.2
	94.2
	95.2
	68.2
	69.2
	93.8
	94.8
	123.3
	127.0
	 99.2
	102.2
	73.2
	76.2
	    98.5
	 101.8

	W2
	T1
	119.3
	120.3
	94.3
	95.3
	68.3
	69.3
	94.0
	95.0
	124.3
	127.3
	 99.3
	102.3
	73.3
	76.3
	99.0
	102.0

	
	T2
	117.6
	118.6
	92.6
	93.6
	66.3
	67.3
	92.2
	93.2
	122.6
	125.6
	 97.6
	100.6
	71.6
	74.6
	97.3
	100.3

	
	T3
	117.0
	118.3
	92.0
	93.0
	65.3
	66.3
	91.4
	92.5
	122.0
	125.0
	 97.0
	100.0
	69.6
	70.6
	96.2
	98.5

	Sub Mean
	118.0
	119.1
	93.0
	94.0
	66.7
	67.6
	92.6
	93.5
	123.0
	126.0
	 98.0
	101.0
	71.5
	73.8
	    97.5
	  100.3

	W3
	T1
	118.3
	119.3
	93.3
	94.3
	67.3
	68.3
	93.0
	94.0
	122.3
	126.3
	 98.3
	101.3
	72.3
	75.3
	98.0
	101.0

	
	T2
	117.3
	118.3
	92.3
	93.3
	65.3
	66.3
	91.6
	92.6
	122.3
	125.3
	 97.3
	100.3
	71.3
	74.3
	97.0
	100.0

	
	T3
	115.3
	116.3
	90.3
	91.3
	61.0
	62.0
	88.8
	89.8
	120.3
	123.3
	 95.3
	98.3
	67.3
	68.6
	94.3
	96.7

	Sub Mean
	117.0
	118.0
	92.0
	93.0
	64.5
	65.5
	91.1
	92.1
	122.0
	125.0
	 97.0
	100.0
	70.3
	72.7
	   96.4
	  99.2

	    Factor Mean
	Corm lifting
	                             Y1
	Y2
	Y1
	Y2

	
	
	C1
	118.07
	119.11
	122.78
	126.00

	
	
	C2
	93.07
	94.07
	98.07
	101.07

	
	
	C3
	66.48
	67.48
	71.70
	74.30

	
	Tunic Removal
	T1
	94.00
	95.00
	98.70
	101.93

	
	
	T2
	92.52
	93.52
	97.67
	100.67

	
	
	T3
	91.11
	92.15
	96.19
	98.78

	CD (p<0.05)
	            Y1
	Y2
	Y1
	Y2

	
	
Corm Lifting (C) =0.29
Tunic Removal (T) =0.29
Corm Weight (W) =0.29
C*T = 0.51, C*W =0.51,
T*W =0.51
C*T*W=0.89

	
Corm Lifting (C) =0.30
Tunic Removal (T) =0.30
Corm Weight (W) =0.30
C*T =0.52, C*W =0.525,T*W =0.52
C*T*W=0.90 


	
Corm Lifting (C) =0.28
Tunic Removal (T) =0.28
Corm Weight (W) =0.28
C*T =0.49,C*W =0.49,
T*W =0.49
C*T*W=0.85

	
Corm Lifting (C) =0.28
Tunic Removal (T) =0.28
Corm Weight (W) =0.28
C*T =0.49,C*W =0.49
T*W =0.49
C*T*W=0.85
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Figure 1. Effect of corm weight, tunic removal and corm lifting on number of days to 50 % sprouting under controlled (a and b) and ambient (c and d) conditions over years 

Conclusion
The study shows that employing corms weighing more than 14 grams, complete tunic removal, and adopting a 120-day dark storage period after lifting on July 25 considerably reduces the number of days to 50% sprouting in saffron (Crocus sativus L.). These impacts were more consistent and apparent in controlled environments than in the field. The results emphasize the necessity of combining physiological (corm size), mechanical (tunic removal), and environmental (dark time and growing condition) elements to improve sprouting uniformity and timing. Adopting these strategies can help to make crop establishment more predictable, particularly in places with fluctuating weather conditions. Future research could concentrate on the underlying hormonal and molecular mechanisms involved in dormancy breakage under various treatment regimes.
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