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Abstract

This study was conducted to determine the effect of diurnal variability on yield and quality characteristics
of saffron (Crocus sativus L.) under the conditions of Harran Plain on research fields of Faculty of
Agriculture of Harran University during winter growing seasons in 2006-2007 and 2007-2008. The trial
was arranged in randomized complete block design with three replicates. For determining the effect of
diurnal variability, three different flower harvest times were used in the research: 07.00 hours, 12.00
hours and 17.00 hours. The following parameters including plant heights (50.47 - 50.73 cm), stigma
lengths (3.44 - 3.47 cm), stigma weights (7.55-7.57 mg), saffron yields (1958.7-1959.5 g da ™ '),
safranal ratio (%o 37.57-39.93), crocin ratio (%0192.5-200.0), picrocrocin ratio (%086.97-89.63), corm
numbers per plant (4.77 - 4.87 number plant ~ '), corm yields (3663.0-3669.0 kg da ~ ') and marketable
corm ratios (%70.90-71.67) were determined in the study. As a result, it was recommended that the
saffron should be harvested at 07:00 and at the day of full flowering under Harran Plain conditions.
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1. Introduction

Saffron (Crocus sativus L.) is a plant known since ancient times and used as a spice and sweetener in
food and beverage industry and also in medicine, cosmetic and dye industries due to its fragrance, color
and taste. Homer and Hippocrates, ancient Greek, Roman and Egyptian Civilizations reported the
common use of saffron in dyeing, perfume, medicine and as spice in foods-beverages (Giimiissuyu 2003).
In addition, it is used in the mixtures of products in food industry including cakes, cookies, biscuits,
confectionery, delight, soup, chicken, baked bakery products, sauces, desserts, cheese and butter, and
people regard it as an indispensable component of rice, soup and meat dishes and some traditional deserts
like Zerde (Leung 1980; Douglas & Mc Gimpsey 1993; Kog 2002).

In traditional and modern medicine and pharmaceutics, it is used as stimulant, appetizing, aphrodisiac,
for strengthening heart muscles, sedative, dysentery preventive, therapeutic, expectorant, crisis and pain-
relieving, freckles and acne remover, constipation agent, stomach strengthening, for the complaints of
gout, bronchitis and cough, anti-depressant, anti-spasmodic, for the treatment of gynecological diseases
and anti-tumor effects. Furthermore, it is included in the composition of medicines used against fever,
measles and splenomegaly (Baytop 1984; Sekercioglu 1999; Demirhan 2002; Ko¢ 2002). Saffron,
Crocus sativus L. has desiccated stigmata and contains fixed oil (5.9%), volatile oil (0.4-1.3%), protein
(11%), water (11.9%), carbohydrate (64.4%), fiber (3.9%), ash (5.4%) (111 mg Ca, 11 mg Fe, 252 mg P,
1724 mg K, 148 mg Na) and B2 vitamin (Riboflavin). The most important component of volatile oil is
the aldehyde known as safranal (turpenic) (47%), which gives saffron its distinctive spice scent. The
bitterness of saffron derives from colorless picrocrocin (4%). The peculiar color of saffron results from
crocin (%24-27). Crocin is a bright yellow component and allows saffron to paint 100.000-150.000 times
more than its own weight (Kog¢ 2002). The amount of this agent which enables saffron to be used as spice
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and medical plant is the most important component for the quality of saffron (Gresta et al. 2009). The
amount of this agent also determines the price of saffron in international trade. An economic saffron
production is only possible with a good quality of production. Different ecotypes of Crocus sativus L.
plant are used in saffron producer countries and there are partial quality differences among these
ecotypes. However, the main factor determining the active ingredient is the climate characteristics of the
saffron cultivation location (Gresta et al. 2009; Zougagh et al. 2006). Researchers have stated that some
factors including temperature, relative humidity, day length, light intensity etc. have important effects on
quality, and the studies conducted on different saffron cultivation locations have revealed different
analysis results considering saffron components (Cavusoglu & Erkel 2005; Ozel & Erden 2005; Ozel &
Erden 2008; Ipek et al. 2009; Molina et al. 2005). Gresta et al. (2009) and Zougagh et al. (2006) reported
that saffron cultivation location has important effects on the quality and this is caused by climate factors
of the location and also the environmental factors during harvest time are effective on saffron quality.
This situation reveals that climate factors to which saffron is subjected everyday significantly affect the
quality. However, there has been no study investigating the effects of different harvest times on quality
of saffron so far.

The aim of this study was to determine the alterations in the yield and quality of saffron (Crocus sativus
L.) due to different harvest times.

2. Materials and Methods

This study was carried out under Harran Plain conditions to determine the diurnal variability in Saffron
(Crocus sativus L.). The study material consisted of Iran ecotype of saffron bulbs with 7-10 cm of
circumference. Saffron is an annual plant demonstrating the characteristics of perennial plant under field
conditions and has a length of 20-25 cm with purple flowers. Stigmata of plants used as drug and spice
consist of three reddish orange parts of 1.5-3.5 cm length. There are 6 petals which are purple violet
colored. There are 3 stamens which are yellow. As the plant is a triploid hybrid, it does not create seed
(Tanker & Tanker 1976). This study was carried out in randomized complete block design with three
replicates for 2 years during 2006-2007 and 2007-2008 to determine some yield and quality
characteristics of saffron (Crocus sativus L.) depending on the harvest time. Flowers blooming during
harvest period were harvested at three different times in a day (morning 07.00h, noon 12.00h and evening
17.00h). The bulbs were stored at controlled conditions with 16 °C and 65% relative humidity. The field
was irrigated once before the planting and when the proper mellowness of soil was reached, deep
ploughing was made. Subsequently, the field was ploughed with a cultivator and 50 kg da™ 20.20.0 of
composed fertilizer was applied as 10 kg da™! pure nitrogen and 10 kg da™ pure phosphorus, and then the
field was cultivated with a rotator. Cultivations were made by hand with 10x10 cm density on 11-13
October 2006 for the initial year and 13-15 October 2007 for the second year. Each lot was arranged in
4 rows of 6 m length. Certain maintenance processes like irrigation, weeding etc. were made during the
trial. Flower harvest was made by hand by discarding 0.5 m both from the beginning and end of two
middle rows at suitable times according to the application on fully bloomed flowers. After stigmata were
removed from the flowers, they were dried at 40 °C for 2 hours. The dried stigmata were kept at room
temperature for a day and measurement and weighting procedures were performed. Emergence time,
emergence duration, flowering time, flowering duration, flowering period, vegetation time, plant height,
number of flower per plant, stigma length, stigma weight, saffron yield, safranal rate, crocin rate,
picrocrocin rate, number of small corms, corm yield and marketable corm rate were measured and
observed according to the methods reported by Erden (2010). Data were analyzed using the statistical
package MSTAT-C.

3. Results and Discussion

3.1 Phenological Observations

Table 1 shows the phenological observation results determined in the study carried out to determine
diurnal variability in Saffron (Crocus sativus L.). When the phenological observation values determined
according to diurnal variability in saffron were investigated, blooming dates were determined by years
as 5-7 November and 10-12 November and flowering dates were 7-9 November and 13-15 November,
respectively. The difference between flowering dates by years could be attributed to late plantation in the
second year and ecological factors. In the study, the period between blooming and flowering was
determined as 2 and 3 days by years.
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The flowering period determined for saffron considering diurnal variability changed between 26 and 27
days in the first year and 25 and 26 days in the second year. The results of the study were higher than the
findings of Ipek et al. (2009) (9-12 days), while it was quite lower than the findings (81 — 88 days)
reported by Ozel & Erden (2005) for Iran ecotype saffron planted in the middle of October. These
differences could be caused by the genotypic variations, different corm size and different ecological
conditions.

Table 1. Phenological observations on diurnal variability in saffron

Harvest Time Sprout Sprout Flowering Flowering | Flowering | Vegetation
Time Duration | Time Duration Period Duration
(day) (day) (day) (day)

2006-2007

Morning Harvest | 07.11.2006 | 26 09.11.2006 | 2 26 185
Noon Harvest 05.11.2006 | 26 07.11.2006 27 182
Evening Harvest | 07.11.2006 | 26 09.11.2006 26 185
2007-2008

Morning Harvest | 10.11.2007 | 29 13.11.2006 |3 26 180
Noon Harvest 12.11.2007 | 31 15.11.2006 |3 25 179
Evening Harvest 12.11.2007 | 31 15.11.2006 | 3 26 180

3.2 Plant Characteristics

As shown in Table 2, there was no statistically significant difference between years and applications
considering plant height, stigma height, stigma weight, saffron yield, corm number per plant, corm yield
and marketable corm rate. The combined values of two years are given in Table 2 and since insignificant
results were obtained between the treatments, no further discussion is needed.

Table 2. Mean values of plant heights (cm), stigma lenghts (cm) and stigma weights (mg), saffron yield
(g da™), corm number per plant (corm plant ~'), corm yield (kg da ') and marketable corm rate (%) of
saffron for different harvest times

Harvest Two years combined
time
Plant Stigma | Stigma Saffron Corm Corm Mark.
height length | weight yield number yield corm
per plant rate
07.00 50.67 3.45 7.56 1958.7 4.82 3665.33 71.35
12.00 50.50 3.46 7.56 1959.1 4.78 3664.83 71.00
17.00 50.60 3.46 7.56 1959.1 4.85 3664.67 71.62
Mean 50.59 3.46 7.56 1959.0 4.82 3664.94 71.32
LSD (%5) N.S. N.S. N.S. N.S. N.S. N.S. N.S.

3.3 Active Ingredient and Quality Determination

The effects of different harvest periods on safranal rate, crocin rate and picrocrocin rate were found
statistically significant, while the years did not have a significant effect. The combined values of two
years are given in Table 3.

3.4 Safranal Rate

Safranal rate in saffron by diurnal variability changed between 37.60 — 39.93% in the first year and 37.57-
39.83% in the second year, while it changed between 37.58-39.88% according to the combined values of
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two years. The highest safranal rate was obtained at morning harvest, while the lowest safranal rate was
determined at noon harvest in terms of the combined values of two years (Table 3). There was no
statistically significant difference between morning and evening harvest applications, and both
applications were classified in the same group. Safranal rate was generally found higher at morning and
evening harvests than noon harvest. The values obtained were higher than the findings (33.15-62.79%)
reported by Zougagh et al. (2006) considering lower bound and much lower considering the upper bound.
This difference could be caused by genotypic and climate factors. It was reported that climate factors and
genotype were effective on saffion yield and quality (Ozel & Erden 2005; Gresta et al. 2009).
Considering the ISO standard which states that safranal rate has to be equal to or higher than 20%, the
values obtained in all applications of the study were higher than this level (Anonymous 2003).

Table 3. Mean safranal rate (%o), crocin rate (%o) and picrocrocin rate (%o) in saffron for different
harvest times

Harvest time Two years combined
Safranal rate Crocin rate Picrocrocin rate
07.00 39.88 a 199.95a 89.62 a
12.00 37.58 b 192.52b 87.00 b
17.00 39.82a 199.80a 89.53 a
Mean 39.09 197.42 86.54
LSD (%5) 0.08 0.21 0.13

3.5 Crocin Rate

In the study, crocin rates in saffron by diurnal variability changed between 192.53-200.00%o in the first
year and 192.50-199.90%o in the second year, while it changed between 192.52-199.95%0 considering
the combined values of two years. The highest crocin rate was observed at morning harvest, while the
lowest crocin rate was determined at noon harvest considering the combined values of two years (Table
3). In addition, there was no statistically significant difference between evening and morning harvests.
In general, crocin rate was found lower at noon harvest of saffron flower compared to morning and
evening harvests. According to ISO standard, the samples with crocin rates between 150-190 %o were
classified as second class saffron, while the samples with higher crocin rates were accepted as first class
saffron. Accordingly, the saffron in all applications was categorized within the first class saffron group
considering crocin rate (Anonymous 2003).

3.6 Picrocrocin Rate

The picrocrocin rates in saffron changed between 86.97-89.60%o in the first year and 87.03-89.63%o in
the second year by diurnal variability. In addition, the highest picrocrocin rate was observed at morning
harvest of saffron flower considering the combined values of two years, while the lowest picrocrocin rate
was obtained at noon harvest (Table 3). In general, picrocrocin rate was lower at noon harvest of saffron
flower than morning and evening harvests. The values obtained were higher than the findings (50.7-
81.1%) reported by Gresta et al. (2009). This difference could be caused by different genotypic and
climate factors. In fact, genotype (Ozel & Erden 2005) and climate factors (Gresta et al. 2009) were
reported to be effective on the yield and quality of saffron. According to the ISO standard, the samples
with picrocrocin rate higher than 70 %o are classified as first class saffron. The saffron obtained in the
study was included in the first class in terms of picrocrocin rate (Anonymous 2003).

4. Conclusion

The findings obtained in the study demonstrated that morning and evening harvests of saffron flowers
resulted in higher crocin, picrocrocin and safranal rates compared to noon harvest; however, there was
no significant difference in terms of yield characteristics. In this regard, it was concluded to be more
convenient to harvest saffron flowers early in the morning.
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