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ABSTRACT

As well as the expansion of land use due to the short period of saffron growth, its intercropping can also
enhance yields and agronomic traits, which usually happens through weed control, shading, and the reduc-
tion of soil temperature and growth climate. Therefore, the effects of cumin seed rates in an intercropping
on quantitative and qualitative characteristics of saffron were studied in a Randomized Complete Block
Design (RCBD) with three replications in Zaveh, Torbat-E Heydariyeh, Iran, during 2016-2017. Treatments
included five levels of cumin seed proportions (25, 50, 75 and 100% of the optimum density). The results of
the study indicated the significant effect of cumin seed rates on all the measured traits of saffron except the
number of flowers, daughter corms and leaves, as well as safranal value. The minimum and maximum weight
of dry stigma was associated with the ratios of 100 and 25% of cumin seed, respectively. Any increase in the
ratio of cumin seed by over 25% reduced the amount of other quantitative traits. The cumin seed ratio showed
significant effects on the number of umbels per plant, the number of seeds per plant, and seed yield. Since the
increase in the number of seeds per plant as a result of low ratios of cumin seed cannot compensate for the re-
duction of plants, therefore, lower yields would be attained. Totally, increasing shading and less competition,
due to lower ratios of seed, improves physical, chemical and biological conditions of the soil, and helps to
save more water. Such conditions improve the traits of corm, flower, and photosynthetic area, and so results
in an economical saffron yield.
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INTRODUCTION

Crocus sativus L. belongs to the Iridaceae family,
and Iran is known as its habitat [Koocheki et al. 2013].
Recently, more than 95% of the global saffron is pro-
duced in Iran, where Khorasan provinces account
for most of the production [Kafi et al. 2002, Paseban
2006]. Saffron is the most valuable agricultural and
medicinal crop applied in different industries such as
nutrition, cosmetics, medicine, dyeing, aromatization
and art. With increasing the lands under saffron culti-
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vation in Khorasan provinces and Iran, its mean yield
has been reduced to about 3.5 kg ha™' [Mollafilabi and
Shoorideh 2009]. The efficiency of saffron production
can be enhanced through intercropping. In addition to
effective ecological stability, the intercropping of saf-
fron with other plants can increase land productivity,
and hence, it results in increasing the yield [Naderi et
al. 2009]. Since saffron falls asleep within some times
of the year, intercropping can increase the yield of both
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plants through the appropriate use of environmental
factors for the whole year and the improvement of soil
conditions [Asadi et al. 2016].

The canopy structure of saffron causes water
(through evaporation) and light loss. Only its roots use
the top soil and other parts of the soil are not optimal-
ly used. Making another crop to grow with saffron as
a cover or companion plant improves their efficiency
[Khorramdel et al. 2017]. In this regard, there are some
benefits such as effective weed control, more shading,
land coolness, nitrogen fixation, and the improved use
of water and nutrition sources of the soil provided by
intercropping which enhances saffron agronomic traits
[Farhoodi et al. 2014, Asadi et al. 2016].

The weed biomass is reduced because of the cov-
er plants used in intercropping with saffron prevent its
seed germination. Moreover, like other glandular plants,
saffron acts at a specific depth of soil, and hence results
in the incomplete use of nutrition and water sources.
Saffron, with narrow leaves, which are mostly flaccid,
does not properly use the solar radiation [Fallahi and
Behdani 2016]. Impact of high temperature during the
summer on saffron flower induction as well as the de-
lay in its flowering decrease the economical production
of the crop. Yet, growing companion plants like cumin
(Cuminum cyminum) with saffron helps to stabilize the
production through the decreasing the negative effects
(Galavi et al. 2008, Khoramdel et al. 2017).

Due to the ecological and physiological traits of
saffron and its inactivity for one-half of the year, it is
considered as the best option for intercropping. In ad-
dition to improving saffron agronomic and qualitative
traits through filling in its production gaps, a compan-
ion plant with its different needs has economical yields
[Aghavani Shajari 2017].

Since saffron is a crop with little need of water, and
frequent irrigation can even negatively influence its
yield, choosing a companion plant with similar needs
is of great importance [Farhoodi et al. 2004]. Cumin is
an important medicinal plant whose good adaptation to
drought has led to the increase in the area of the lands
under cultivation in Khorasan provinces so that these
provinces account for 90% of its production throughout
the country. With its limited period of growth, its inter-
cropping with other plants can improve the attraction
and consumption of sources and enhance the stability
of agronomic system yield [Zarifpour et al. 2014].
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In an experiment in Mashhad, Iran, a study on the
effects of cumin intercropped with saffron showed
that the weight of dry flower and economical yield
significantly affected by cumin seed rates. The men-
tioned study indicated that the highest economi-
cal yield of saffron (1.98 gr m™2) was related to the
treatment of 60% of cumin seed rate [Khorramdel et
al. 2017]. Other studies, also in Mashahd, Iran, in-
dicated the positive effects of marjoram [Koocheki
et al. 2013] and pea [Asadi et al. 2016] in different
densities on saffron and the improvement of the mea-
sured traits. Koocheki et al. [2013] stated that the
1 : 1 planting combination, e.g. one row of marjoram
and one row of saffron, had the highest stigma yield
per unit of area (2 gr m™>). In their study, the low-
est amount of economical yield was associated with
1 : 0 planting combination (pure stand of saffron).
According to these researchers, the increase in the
economical yield of saffron in intercropping was due
to the increased number of flowers obtained as a re-
sult of the improved soil temperature.

Asadi et al. [2016] in Mashhad, Iran concluded
that the maximum saffron fresh flower and economical
yield in mono cropping were 48.02 and 2.29 gr m, re-
spectively. However, mono cropping resulted in better
saffron traits, and an 80% of increase in the seed pea
ratio (from 20% to 100%) resulted in 142% of increase
in the weight of saffron fresh flower and stigma.

Another report showed that intercropping of cum-
in with saffron increased the number of flowers, the
weight of dry stigma, and the number of corms per the
unit of area [Koocheki et al. 2016].

Saffron intercropping with other adapted plants
can, through microclimate change, provide suitable
conditions for lowering temperature and increasing
the period of photosynthetic activity of saffron in
spring and thus increase its economic yield. The pres-
ent study was conducted under intercropping condi-
tions at Zaveh, Iran, to investigate the effects of using
different ratios of cumin on different saffron traits con-
cerning corm, leaf, flower, and economical yield.

MATERIALS AND METHODS
This experiment was conducted in a farm locat-

ed in Zaveh, Torbat-e Hedariye, Iran during 2016—
2017. Altitude, longitude and latitude of Zaveh are
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1470 m, 59°26'42" and 35°21'42", respectively.
The experiment was conducted based on a random-
ized complete block design with three replications.
The treatment consisted different cumin rates (0, 25,
50, 75 and 100% of appropriate seeding rate). Ten ki-
lograms per hectare was considered as the appropriate
seeding rate of cumin.

In the experiment, a uniform four-year saffron
farm was selected. The size of each experimental plot
was 2 X 2 m (4 m?). The saffron rows were separated
with 20 cm distance. Furthermore, distance between
the two saffron plants on one row was 5 cm (density
of 100 plants m=2). In order to control weeds, hand-
-weeding was applied. The irrigation and fertilization
were carried out based on regional routines. In order
to determine physical and chemical traits of the farm
soil, prior to cultivation of cumin, some sample was

Table 1. Results of physical and chemical soil analysis

saffron leaves was obtained for each plant. Finally, to
determine the dry weight of leaves, 1 m? area from ev-
ery plot was randomly harvested in March, 2018 and
was weighed after being dried.

To specify the qualitative properties of the flower,
the samples harvested in October, 2017 were used. Iso
method was used to qualify saffron. Picrocrocin, sa-
franal, and crocin were measured based on an absorp-
tion of 1% aqueous solution at wavelength of 254, 330
and 440 nm per dry material, respectively according
to the 259/2 national standard method [Iran National
Standard 259-2. 2010].

Upon a random harvest of 1 m? area of every
cumin plot and separating the seeds on July, 2017, its
yield was specified. In addition, after counting 1000
seeds, their weight was measured. Cumin yield attri-
butes, including the number of umbels per plant, the

Texture EC oH oC N P K Zn Fe
(dsm™) (%) (%) (ppm) (ppm) (ppm) (ppm)
Sandy Loam 0.81 7.98 0.58 0.05 16 285 1.65 5

taken from 0—20 cm depth. Table 1 shows the results
of the sample soil analysis.

Cumin was cultivated in relevant densities on Feb-
ruary 15, 2017. The saffron measured traits included
corm traits (number and weight of daughter corms
and mean diameter of corms), quantitative properties
of the flower (the number and weight of fresh and
dry flower and the weight of fresh and dry stigma),
leaf specification (the number and weight of leaf and
height of plant), and the flower qualitative properties
(crocin, picrocrocin and safranal values).

In order to measure the corm traits, 5 plants of each
plot were randomly selected, and the relevant traits
were specified on May, 2017. To specify flower traits,
1 m? area from every plot was harvested in October,
2017. After counting the flowers and determining
the fresh weight, the stigma was also separated and
weighed. To specify dry weight, the relevant organs
were put in an oven for 48 h at 70°C. Furthermore,
after counting the leaves of five plants, the number of
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number of seeds per umbel and the number of seeds
per plant, were determined by calculating the mean
of 5 plants.

To analyze the data (ANOWA 2-way), the SAS
software was used, furthermore, the means were com-
pared by the LSD Test.

RESULTS AND DISCUSSION

Cumin yield. The results of analysis of variance
show that seeding rate of cumin significantly influ-
enced the number of umbels per plant as well as the
number of seed per plant and seed yield (Tab. 2).

As the seed ratio was increased, the number of um-
bels per plant was decreased, and hence it reached to
17.73 at the seed ratio of 100% compared to 27.93 at
that of 25% (Tab. 3). The effect of seed ratio on the
number of seeds per plant was significant. The highest
seeds number per plant (820.9) was related to treat-
ment seed ratio set at 25% that was 85% more than
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treatment seed ratio set at 100% (Tab. 3). Seed yield in
the treatment seed ratio at 100% (941.99 kg ha™') was
54% more than treatment seed ratio at 25%. On the oth-
er hand, the seed ratio at 75% and 100% were not sig-
nificantly different. The seed ratios set at 50% and 25%
showed the minimum yield and were not significantly
different (Tab. 3). The number of seeds per plant seems
to be the most important component of yield since it
was influenced significantly by the seed ratio.

Mashayekhi et al. [2011] in their study on cumin
in Kerman, Iran showed that an increase in its plant
density from 44 to 148 per 1 m? results in a decreased
number of umbels per plant. In addition, in their study,
the plant density did not influence the weight of 1000
seeds significantly. Generally, the weight of 1000
seeds is one of the most constant components of yield,
which is controlled genetically, and hence is less likely
to be influenced by environmental conditions unless
severe stresses occur.

As seed ratio per unit of area increased, the number
of umbels per plant decreased, and so it leads to the
decrease in the number of seeds per plant due to an
increased competition among plants [Mashayekhi et
al. 2011]. Heidari Zolleh et al. [2009] in an experiment
in Kermanshah, Iran indicated that cumin seed yield is
determined mainly by the number of umbels and seeds
per plant. Therefore, any factor that enhances these
traits can increase the yield. In that experiment, the
density of 200 plants per m? on the first planting date
had the highest seed yield, which was positively cor-
related with the number of seeds per plant. However,
at low planting densities, increasing seed number per
plant could not offset the decrease in yield. Also in this
experiment the treatment seed ratio of 25% had the
lowest seed yield.

Traits of saffron

Weight, number and diameter of daughter corms.
The results of the analysis of variance indicated a sig-
nificant effect of cumin seed ratio on weight and di-
ameter of the daughter corm. However, the number
of these corms was not significantly affected by the
cumin seed ratio (Tab. 4).

The maximum weight (17.9 g) and diameter
(25.26 mm) of daughter corms were related to cumin
seed ratio of 25%, which was not significantly differ-
ent from those obtained for ratios at 0 and 50%. Also,
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the treatment cumin seed ratio of 100% had the low-
est weight (8.95 g) and diameter (17.52 mm) of the
daughter corms (Tab. 5). The observed high correla-
tion (0.7) between the weight of daughter corms and
dry weight of stigma (economical yield) at 1% level
indicates high importance of this trait (Tab. 6).

Koocheki et al. [2016] in Mashhad, Iran found
out that the diameter and weight of saffron daughter
corms were influenced significantly by cover plants.
In their study, the weight and diameter of daughter
corms were increased by 10% as a result of using
Lathyrus sativus and Trifolium sp. as cover plants,
compared to control treatment. The growth status of
saffron corms is a function of leaves photosynthe-
sis. Each factor boosting leaves efficiency and in-
creasing photosynthesis in saffron can improve the
weight and size of its corms, and hence resulting in
an increase in its final yield [Molina et al. 2005].
It seems that covering and/or mulch provided by cov-
er plants as well as their direct and indirect effects on
the increased shading, improved physical — chemical
properties and fertility of soil, decreased leaching
and balanced temperature and moisture have led to
the development of bigger corms in saffron [Sainju
et al. 2006, Fallahi et al. 2014, Koocheki et al. 2015].
In another study, the maximum planting distance
of watermelon (Citrullus lanatus) as a cover plant
(40 cm) showed the minimum number of corms
(10.57) and minimum weight of fresh (47.18 g) and
dry (13.87 g) corm. If cover plants are appropriately
positioned in the spring, they can improve traits of
saffron daughter corms through improving soil con-
ditions during hot months and through helping saf-
fron to compete with weeds [Rouhi et al. 2012].

Number and weight of fresh and dry flower.
Weight of fresh and dry flower were influenced sig-
nificantly by the cumin seed ratio. However, the effect
of treatment on the number of flowers per 1 m? was not
significant (Tab. 4). Fresh and dry flower yield in the
treatment cumin seed ratio of 25% (Tab. 5), showing
an increase of 23.6% and 27.9%, respectively, com-
pared to the saffron mono cropping. The weight of dry
flower is positively and significantly correlated with
important traits such as the number of flowers, weight
of dry leaf, and most importantly, economical yield
(Tab. 6), and so it is of paramount importance in phys-
iological research.
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Table 2. The result of analysis of variance related to the effect of cumin seed ratios on its yield and components

Source Number Number Number Weight
. df of umbels of seeds of seeds per & Seed yield
of variation of 1000 seeds
per plant per umbel plant
Treatment 3 202.9" 16™ 271054™ 0.8™ 224914°
Replication 2 206.2" 321" 149026™ 242" 340687
Error 6 28.8 26.6 14420 0.92 65524
C. V. (%) 10.23 7.5 8.52 14.17 13.92
*, ** show the significance levels at 5% and 1%, respectively; ™ non-significant
Table 3. Effect of cumin seed ratio on its yield and components
. Number Number Number Weight .
Rat} 08 of umbels of seeds of seeds of 1000 seeds Seed yl,elld
of cumin seed (kgha™)
per plant per umbel per plant (2)
25 2793 a 29.36 a 820.9 a 3.17a 612.59 b
50 22.03b 29.03 a 573.1b 273 a 621.49b
75 18.06 b 27.6a 4264 ¢ 2.7a 803.14 ab
100 1773 b 264 a 4439c¢ 246 a 941.99 a

Means followed by at least one same letter within each column are not significantly different (p = 0.05)

Table 4. The result of analysis of variance related to the effect of cumin seed ratios on some traits of saffron corm and
flower

Weight . .
Source of each Number Diameter Number Weight Weight Number
L df of daughter of fresh of dry
of variation daughter of corm of flowers of leaves
corm flower flower
corm
Treatment 4 165.1° 4.82™ 154.28° 23839™ 702069° 18648" 1.26™
Replication 2 109.35 0.94"™ 160.53" 6950™ 403852 812™ 1.72"
Error 8 82.95 11.49 57.7 22442 358527 1566 1.19
C.V. (%) 2433 24.74 12.15 25.11 20.49 9.62 7.79
. . Weight Weight
Sou.rce.: df Weight Height Crocin Picrocrocin Safranal of wet of dry
of variation of dry leaf of plant . .
stigma stigma
Treatment 4 80494" 630.4" 125.7" 52.9" 19.7" 1894™ 7477
Replication 2 22120™ 288.6™ 22.5™ 19.6™ 12.9™ 2349™ 90.6"
Error 8 29911 310.9 27.4 23.06 15.06 4705 20.7
C.V. (%) 25.34 12.06 0.69 1.89 3.86 13.39 14.27

, ** indicate significance levels at 5% and 1 %, respectively; ™ non-significant
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Koocheki et al. [2016] showed that cover plants
like Trifolium resupinatum and Vicia sp. increase saf-
fron flowering through control of received radiation
and soil physical-biological traits. In another study in
Mashhad, Iran [Koocheki et al. 2013], it was shown
that intercropping of saffron with Origanum majorana
increased the weight of fresh flower and the econom-
ical yield of saffron. In this study, with an increase in
Origanum majorana density, the weight of fresh flow-
er was increased; however, in a 7-day irrigation inter-
val, the highest density of Origanum majorana result-
ed in the minimum weight of fresh flower (5.6 g m™).
In addition, shading resulted from cover crop and bet-
ter growth of corms has led to an increase in flower
production, which are in line with the findings of the
present study [Galavi et al. 2008].

Number and weight of dry leaves and plant height
of saffron. The number of leaves at different treat-
ments was 5, which was not statistically significant
(Tab. 4). However, the effect of cumin seed ratio on
the weight of dry leaf and plant height was significant.
The control treatment (mono crop of saffron) showed
the lowest plant height (40.7 cm) — Table 5. As cumin
seed ratio was increased, an increase was also shown
in the plant height. Probably, an increased competition
as a result of shading caused by high density of cumin
caused an increase in the height of saffron plants.

The highest weight of saffron dry leaves
(351.7 g m?) was observed in cumin seed ratio set at
25%, which was not significantly different from the
saffron mono cropping and the cultivation ratio of 50%
(Tab. 5). More increase in the cumin seed ratio in in-
tercropping decreased the weight of saffron dry leaves
per unit of area due to the increase in the interspecific
competition so that the cumin seed ratio set at 100%
resulted in a decrease in the weight of dry leaves
by 44%, compared to the saffron mono cropping.
The growth status of saffron leaf is crucial in deter-
mining its yield [Bayat et al. 2016].

The weight of dry leaves as a crucial index of saf-
fron leaf specification is effective by 80% in filling up
the daughter corms and is more effective than mother
corms. Obviously, an increase in the weight of daugh-
ter corms leads to the increase in the flower traits, and
hence it boosts the economical yield of saffron [Lund-
mark et al. 2009, Andabjadid et al. 2015]. The posi-
tive and high correlation coefficient obtained for the
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weight of dry leaf and economical yield (dry weight
of stigma) of saffron (Tab. 6) supports this claim. Ac-
cording to Khorramdel et al. [2017], each factor that
improves soil fertility traits and increases its water
holding capacity improves corms and enhances pho-
tosynthetic area and yield of saffron.

The amount of crocin, picrocrocin and safranal.
Saffron crocin and picrocrocin content were influenced
significantly by cumin seed cultivation ratio (Tab. 4).
The safranal values showed no significant difference
among different treatments. The maximum values of
Crocin (270 mg g ') and Picrocrocin (93 mg g!) were
observed for cumin seed cultivation ratio of 100%
(Tab. 5). Secondary metabolites in saffron determine
the quality and each one plays a part. Crocin, Picrocro-
cin and Safranal account for the saffron color, flavor,
and odor, respectively [Lage and Cantrell 2009, Sri-
vastava et al. 2010].

In an experiment, picrocrocin value was increased
significantly through protective plowing which was at-
tributed to the improvement of soil conditions. In that
experiment, the values of safranal and crocin were
not influenced by irrigation and plowing [Feizi et al.
2014]. In line with the present study, Khorramdel et al.
[2017] found out that the safranal value was not influ-
enced significantly by the cover crop such as cumin.
Among agronomic traits, the effective role of biologic
fertilizers in significant increase of crocin, picrocrocin
and safranal values has been taken into consideration
[Omidi et al. 2009]. However, the role of agronomic
factors such as plowing and/or irrigation in increasing
picrocrocin is not clear. It is generally stated that an
increase in saffron flower induction and yield may be
effective in improving the quality of saffron.

In the present study, the further shading caused
by high density of cumin probably has balanced soil
temperature, and has improved the growth status of
leaves, which has influenced the crocin and picrocro-
cin values.

Economical yield of saffron (weight of wet and dry
stigma). The effect of cumin seed ratio on the weight of
fresh and dry stigma (economical yield) was significant
(Tab. 4). The maximum weight of fresh and dry stigma
(75.06 and 14.88 kg ha™!, respectively) was obtained
for the seed cultivation ratio of 25% and the minimum
values (39.8 and 8.03 kg ha™!, respectively) were found
for the cumin cultivation ratio of 100%. The weight of
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Table 5. Effect of cumin seed ratios on some traits of saffron corm and flower

Cumin Weight Number Diameter Number Weight Weight Number
. of' each of daughter of fresh
seed ratio of corm of flowers of dry flower  of leaves per
%) daughter corm corms per (mm) per 1 m’ ﬂower1 (kg ha ') plant
(2) plant (kgha™)
0 13.86 abc 4.88 a 23.41 ab 2122 a 1062 ab 148.2 be 51a
25 17.39 a 5.69a 2526a 287.8 a 1313.1a 189.6 a 54a
50 15.36 ab 5.18 a 2521 a 2359a 11633 a 169.1 ab 4.7a
75 10.07 be 434 a 19.02 be 183 a 987b 134.1¢ 4.6a
100 895¢ 4.12a 17.52 ¢ 1792 a 664.5b 85.6d 4.7 a
. . Weight .
Cumlq Weight Plant height Crocin Picrocrocin Safranal of fresh Welght
seed ratio of dry leaves ] ) -1 . of dry stigma
%) (@m?) (cm) (mgg) (mgg ) (mgg ) stigma (ke ha 1)
(kg ha™)
0 261.9 ab 40.7b 261.3 ¢ 873D 37a 59b 11.64b
25 351.7a 49.8 ab 263.6 be 89.6b 263 a 75.06 a 14.88 a
50 270.7 ab 51.2 ab 266.3 b 89.3b 356a 555b 11.57b
75 175.5 be 59a 266 b 88.6b 343a 543b 10.18 be
100 146.4 c 573 a 270 a 93 a 34a 398 ¢ 8.03 ¢
Means followed by at least one same letter within each column are not significantly different (p = 0.05)
Table 6. Correlation coefficient among some important traits of saffron
Weight Weight Number Weight Number Weight . . .
of daughter  of dry of dry of dry Crocin  Picrocrocin  Safranal
of flowers . of leaves
corm flower stigma leaves
Weight of 1 047" 0.35™ 0.7" 0.51° 082" -2 0.03™ 0.38"™
daughter corm
Weight of dry 1 0.59° 0.64” 0.4™ 072" 066" 04" 0.32"
flower
Number of 1 074" 0.69” 06 028"  —0.08™ 0"
flowers
Weight of dry 1 0.86™ 0.86™  —033™  0.15® -0.03™
stigma
Number of 1 076"  —031™ 0.01™ 0.06™
leaves
Weight of dry I —046™ 019" 03"
leaves
Crocin 1 0.66™ -0.36™
Picrocrocin 1 -0.25™
Safranal 1

* ** show the significance levels at 5% and 1%, respectively; " non-significant
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fresh and dry stigma in the cumin cultivation ratio of
25% showed an increase of 27% and 28% respectively,
compared to saffron mono cropping (Tab. 5).

Different ratios of cumin-saffron intercropping in
the study by Khorramdel et al. [2017] in Mashhad,
Iran influenced significantly on the weight of dry flow-
er, which can influence economical yield so that the
average density of cover crop brings maximum eco-
nomical yield of saffron (1.98 g m™2). In addition, in
the study by Koocheki et al. [2013] in Mashhad, Iran,
a farm with alternate rows of Origanum majorana
and saffron resulted in the maximum yield of stigma
per unit of area (0.2 g m?). In this study, the lowest
economical yield was associated with pure stand of
saffron. According to these researchers, the increase
in the saffron economical yield by intercropping was
due to the increase in the number of flowers as a result
of soil temperature improvement. Because of the soil
temperature adjustment, daughter corms grow well
and hence boosting economic yield due to the increase
in flowering. In this study, the weight of dry stigma
was significantly and positively correlated with all the
important quantitative traits (Tab. 6).

CONCLUSION

Generally, the results indicated that, using cumin
low densities in the saffron intercropping, compared to
the saffron mono cropping, results in the improvement
of yield and growth traits of saffron probably through
the improvement of micro climate conditions of farm.
On the other hand, all of the densities used in the in-
tercropping of saffron with cumin, compared to mono
cropping of saffron, improved saffron qualitative
traits. Therefore, it is recommended that saffron can
be intercropped with average densities of cumin plant.
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