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Abstract

Hourani, W., El Sebaaly, Z., Allaw, Z., Koutev, V. & Sassine, Y. N.(2025). Separate and combined effects of Super
Absorbent Polymers (SAP), organic (Seaumic), and nano-fertilizers (Lithovit®-Forte and nano-chelate Super Plus
ZFM-++) on the performance of small and medium-sized saffron (Crocus oreocreticus) corms. Bulg. J. Agric. Sci.,
31(1), 139-149

Amelioration in saffron production and quality has been reported as a result of using organic fertilizers, nanofertilizers and
Super Absorbent Polymers (SAP). The study investigated the separate and combined effects of various fertilizers (Seaumic,
nano-chelate Super Plus ZFM++, Lithovit®-Forte) and SAP on the performance of small-sized (SS: 4-6 g) and medium-sized
(MS: 6-8 g) saffron corms. Fertilizers applied with SAP hastened leaf emergence by 4.3—10.8 days for SS corms compared
to their use without SAP, and flowering date by 11.8-20.6 days in SS corms and 16.3-22.8 days in MS corms, compared with
control. Harvest was the earliest in MS/Seaumic and MS/Seaumic/SAP (20.8 and 20.0 DAP, respectively). Compared to con-
trol, leaf number of MS corms increased by 5.3 and 3.8 because of Lithovit®-Forte applied with and without SAP, respectively.

Seaumic and Lithovit®-Forte showed superior effect on leaf length than nano-chelate Super Plus ZFM, whether applied
with or without SAP. Improvement in flower number per m? reached 65.1% in MS/Seaumic/SAP compared to control. Without
SAP, Seaumic and nano-chelate Super Plus ZFM improved dry stigma yield by 43.9 and 33.7% in SS-corms and 60 and 50.7%
in MS-corms, respectively, and with SAP, they improved it by 71.4 and 72.3% in SS-corms and 90.4 and 79.6% in MS-corms,
respectively. The highest fresh stigma yield, dry stigma yield, yield of daughter corms, and number of daughter corms were
in MS/Seaumic/SAP (2.01 g/m?, 1.11 g/m?, 850 g/m?, and 73.5, respectively). The majority of treatments affected crocin and
picrocrocin contents (higher than control), but not safranal. Saffron production can be optimized by applying Seaumic or Na-
no-chelate Super Plus ZFM with SAP.

Keywords: SAP; nano and organic fertilizers; replacement corms; stigma yield; saffron derivatives; Crocus oreo-
creticus

Introduction plant, belonging to the family Iridaceae and usually culti-
vated as perennial crop (Fallahi et al., 2014; Kothari et al.,
The most expensive spice is produced from saffron (Cro- 2021). The center of origin of saffron is assumed to be Greece

cus sativus L.); a monocotyledonous herbaceous triploid and/or Iran (Shokrpour, 2019). A red spice is produced from



140 W. Hourani, Z. El Sebaaly, Z. Allaw, V. Koutev and Y. N. Sassine

the saffron flower and is primarily used in food because of its
color, flavor and aroma (José Bagur et al., 2017; Cid-Pérez et
al.,2021). The main bioactive ingredients responsible for the
color, aroma, and bitterness of saffron are crocin, safranal,
and picrocrocin, respectively (Zhang et al., 2019). Besides,
saffron has many other uses in pharmaceutical, cosmetic,
perfume, and textile dye industries (Menia et al., 2018).

Saffron growth starts with sprouting, followed by cat-
aphylls and flower appearance, plant appearance and devel-
opment, development of daughter corms, plant senescence,
and corm dormancy (Lopez-Corcoles et al., 2015). The size
of maternal corm plays a crucial role on saffron phenology
and production (Arslan et al., 2007; Nassiri Mahallati et al.,
2007; Cavusoglu et al., 2009; Koocheki & Teimouri, 2014;
Tavakkoli et al., 2014; Ghobadi et al., 2015).

Despite the low fertilizer requirements of saffron, fluctu-
ations in saffron flower yield are mostly caused by soil char-
acteristics that are impacted by fertilizers and soil amend-
ments (Temperini et al., 2009; Nehvi et al., 2010). According
to Dourandish et al. (2019), the majority of fertilizers used in
saffron fields are chemical ones, and using too much of them
can harm the quality of the soil and water used for farm-
ing and limit saffron harvest. On the other hand, interest in
organic fertilization in saffron production has been growing
(Fallahi & Mahmoodi, 2018) because they are more secure
and have less adverse impact on the environment (Ebrahimi
et al., 2022). They are essential for enhancing the nutrition-
al condition of plants and the soil’s characteristics, secur-
ing long-term sustainability and fruitful economic returns
in the fields (Chen et al., 2018). For instance, the use of
animal and farmyard manure (Amiri, 2008; Kirmani et al.,
2014; Alipoor Miandehi et al., 2015; Shariatmadari et al.,
2018), vermicompost (Rezaie et al., 2019), and humic acid
(Koocheki et al., 2015; Osmani Roudi et al., 2015; Mollafila-
bi & Khorramdel, 2016; Ahmadi et al., 2017; Golzari Jahan
Abadi et al., 2017) had a favorable impact on the growth and
yield indices in saffron. Furthermore, the use of nanofertil-
izers may increase the effectiveness of nutrient use, lessen
nutrient waste, replenish soil fertility, boost crop output, and
maintain ecosystem health (Chhipa, 2017). Earlier studies
have reported a positive effect of nanofertilizers on saffron
flowering and production traits, like flower number, stigma
length, fresh and dry stigma weights, and dry stigma yield
(Azarpour et al., 2013; Baghai & Maleki Farahani, 2013;
Amirnia et al., 2014; Maleki Farahani & Aghighi Shahverdi,
2015; Seghatoleslami & Sabzekar, 2016; Mahmoodi et al.,
2021).

Super absorbent polymers (SAPs) are hydrophilic chem-
icals with significant potential for maintaining water and
nutrients for plant growth by enhancing soil water retention

and nutrient use efficiency (Fallahi et al., 2015). Consuming
SAP was reported as a method to improve saffron growth
and production traits (Wu et al., 2008; Islam et al., 2011; Fal-
lahi et al., 2014; 2016; 2017; Zarch et al., 2020) and a viable
alternative for enhancing saffron flowering in regions under
drought stress (Fallahi et al., 2017). However, the applica-
tion of SAP with nanofertilizers was less reported. Khosh-
peyk et al. (2022) observed an improvement in flower and
stigma yield of saffron because of using SAP together with
nanosilicon.

Therefore, the present study investigated the separate and
combined effects of SAP and various fertilizers (nano and
organic fertilizers) on phenology, production and quality of
saffron of different corm sizes.

Materials and Methods

Experimental site

The experiment was conducted in the village of Dou-
ma, Batroun, North Lebanon, situated at an altitude of
1100 m.a.s.l, longitude of 35.834583, and latitude of
34.219683. Douma region is characterized by a Mediterra-
nean climate, cold and rainy in winter, hot and dry in sum-
mer, with an average annual rainfall of approximately 800
mm. Prior to experiment initiation, soil analysis conducted
on soil samples collected at 0 to 30 cm depth showed that
the soil was sandy clay loam, with 5.04% organic matter,
0.4 mS.cm™ EC, 0.41% total nitrogen, 462.4 ppm available
phosphorus, 529.5 ppm available potassium, and 7.6 pH.

Experimental treatments

Sixteen treatments were the subject of study investigat-
ing the separate and combined effects of nano-chelate Su-
per Plus ZFM++, Lithovit®-Forte, Seaumic, and SAP on the
performance of small-sized (SS: 4-6 g) and medium-sized
(MS: 6-8 g) saffron corms of the species Crocus oreocre-
ticus. The experimental design was a randomized complete
block design, with five blocks, sixteen treatments per block,
with 25 replicates per treatment. Treatments were as follows:
SS/Seaumic, SS/ZFM++, SS/LIForte, SS/SAP, SS/Seaumic/
SAP, SS/ZFM++/SAP, SS/LIForte/SAP, MS/Seaumic, MS/
ZFM++, MS/LIForte, MS/SAP, MS/Seaumic/SAP, MS/
ZFM++/SAP, MS/LIForte/SAP, compared to two controls
(SS and MS: non-treated corms).

Planting and products application

Field was plowed 30 cm deep into the soil, and before
planting, weeds were removed manually, to reduce competi-
tion for water and nutrients with saffron corms. Likewise, the
rows were prepared keeping 20 cm between them. During
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the first week of August, corms were planted distant of 15 cm
in each row. Saffron irrigation used a localized drip system
with a distance of 20 cm between the irrigation lines and 15
cm between the emitters of the same line. The first irrigation
was done at the time of planting and the second irrigation
15 days later in order to facilitate the sprouting of the corms
(Zarch et al., 2020). Transmitters with a flow rate of 4 1/h
were used. Each irrigation was conducted for 1.5 h. Test-
ed fertilizers were applied by fertigation at following doses;
Lithovit®-Forte (1 kg/ha as a 0.5% suspension; 0.5 kg of Li-
thovit per 100 1 of water), Seaumic (2 1/ha) and nano-chelate
Super Plus ZFM++, (3 I/ha). Seaumic contained 67% Hu-
mic acid, 4.5% Fulvic acid, 10.5% K,O, 1.6% Alginic acid,
0.1% P,O,, 0.3% Micro elements (Cu+Zn+Fe+B+Mo), 0.2%
Mannitol, 100 ppm Betaine, 10 ppm Cytokinin, 50 ppm Gib-
erellin, and 1% Amino acid. Lithovit®-Forte was composed
of 60% Calcium Carbonate, 35% Calcium Oxide, 12% Sil-
icon Dioxide, 1% Magnesium Oxide, 1% Iron, and 0.02%
Manganese. Nano-chelate Super Plus ZFM-++ contained 8%
Zinc, 5% Iron, 3% Manganese, 1.5% Magnesium, 1% Calci-
um, 0.4% Copper, and 0.02% Boron. The SAP was applied
at the time of saffron planting below and beside of mother
corms (Fallahi et al., 2017). The used SAP was made of po-
tassium polyacrylate based polymer and was applied at a rate
of 40 kg/ha.

Data collection

Saffron phenology was evaluated through daily obser-
vations in terms of the date of occurrence of the following
phenological events; date of leaf appearance, date of flower-
ing, and the date of harvest. The date of leaf appearance was
recorded as soon as the first leaf started to develop on saffron
corms. Also, the date of flowering corresponded to the date
when first flower developed on saffron corms. The date of
harvest corresponded to the first harvest of every treatment.
Whole, fully-open flowers were plucked by hand close to the
ground level and harvested every 1-2 days. The total num-
ber of flowers harvested from every treatment was counted
and then calculated per unit of area (m?). At the same day of
harvest, stigmas were removed from the flowers using ster-
ile tweezers, and the yellow stalk was kept behind. Collect-
ed stigmas of every treatment were weighed and their fresh
weight was calculated per unit area (m?). Thereafter, stigmas
were dried in an air-flow oven for 24 h at a constant tempera-
ture of 30°C based on the method suggested by McGimpsey
et al. (1997). The weight of dry matter collected from each
treatment corresponded to the stigma dry yield, which was
then calculated by unit of area (m?). Leaves developing on
planted corms were counted and average leaf number was
calculated per treatment. Leaf length was assessed on a sam-

ple of 15 corms per treatment (three representative corms per
block). For determination of pigments, crocins, picrocrocin,
and safranal, samples of 0.5 g dry stigma were collected per
each treatment. Samples were analyzed following the ISO
3632 standard by measuring E1% of an aqueous saffron ex-
tract at 442, 330 and 257 nm using a 1 cm pathway cell on a
Shimadzu UV-Visible 1100 spectrophotometer (Vida et al.,
2012). Moreover, after leaf withering, corms were dug up
from soil and the number and weight of daughter corms per
square meter was recorded.

Results and Discussion

Saffron phenology and leaf development

Results (Table 1) showed that treated corms of small
(46 g) and medium sizes (6—8 g) recorded significant-
ly earlier dates of leaf appearance compared to non-treat-
ed corms, except in the treatment (SS/SAP). Kumar et al.
(2008) had earlier reported a direct relationship between
the size of the mother corm and the emergence of saffron
leaves. In the current study, this was only applicable when
corms were subjected to a combined treatment of fertilizers
and SAP; recording significantly earlier dates of leaf appear-
ances in medium-sized compared with small-sized corms.
Eventually, increasing nutrient availability causes corms to
perform better than solely depending on food storage, be-
cause it helps roots to grow faster and thus encourages a
faster vegetative development (Heydari et al., 2014). Be-
sides, concerning small-sized corms, leaf emergence date
was hastened in corms by fertilizers with SAP than in those
treated by fertilizers alone; by 10.8, 4.3, and 7.7 days in SS/
Seaumic/SAP, SS/ZFM++/SAP, and SS/LIForte/SAP com-
pared to SS/Seaumic, SS/ZFM++ and SS/ LIForte, respec-
tively. The use of SAP accelerates cell division in corm by
providing more moisture. These materials can enhance leaf
growth and consequently more photo-assimilates partition-
ing to corms (Khorramdel et al., 2013; Fallahi et al., 2014).
Further, leaf emergence occurred earlier by 5.2 and 4.2 days
in the treatment MS/Seaumic compared to MS/ZFM++, and
MS/LIForte, respectively. The earliest leaf emergence oc-
curred in the treatments MS/Seaumic and MS/Seaumic/SAP
(around 20 DAP), with no significant difference between
both treatments. Heydari et al. (2014) had earlier reported on
the positive effect of organic fertilizer containing humic acid
on saffron vegetative growth.

The date of flowering (Table 1) was earlier by 5.0 days
in control MS compared with control SS, and by 5.7 days
in MS/SAP compared with SS/SAP. Saffron is a subhyster-
anthous plant, meaning that flowers can appear after leaf
appearance (Mathew, 1977). Early studies of Mashayekhi
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Table 1. Effects of fertilizers (nano-chelate Super Plus ZFM, Lithovit®-Forte, and Seaumic) and super absorbent poly-
mers (SAP) on phenological dates and leaf development of small- and medium-sized saffron corms

Treatments DLA (DAP) DF (DAP) DH (DAP) LN LL

SS (control) 422+26a 473+23a 45.0+2a 10+1.9d 40+ 1.1f
SS/SAP 40.0+2.3 ab 42.0 + 1.4b 44.5+2.6a 10+3.4d 412+3.6f
SS/Seaumic 36.3 +1.0cd 38.7 + 1.9bc 38.2 +1.8cd 12 + 3.8 bed 56.7+23cd
SS/ZFM++ 38.3+1.7bc 38.8 +2.8bc 38.0 £3.2¢d 9.8+1.5d 40+29f
SS/LIForte 37.7+2.2bc 40.3 + 1.6b 40.5 + 2bc 13.8+ 1.7 abc 55.8+3.3 cd
SS/Seaumic/SAP 25.5+ 1.4¢g 26.7 + 3.6ef 27.7+3.2¢ 12.2 2.8 bed 56 +5.8 cd
SS/ZFM++/SAP 34 0+14e 35.5+ 1.4cd 36.8 + 3cd 11.3+1.9 bed 432+33ef
SS/LIForte/SAP 30.0+23f 343 +4.2d 36.7 +3.6d 13.3 £2.3 abed 57.2+3.7cd
MS (control) 40.0+2.1ab 42.0+24b 42.3 +2ab 105+ 1cd 413+3.1°f
MS/SAP 35.3+£0.8 de 36.3 +£2.5¢d 37.5+3.8cd 12.3 +3.4 abed 53.8+4.8d
MS/Seaumic 20.5+£3.01 20.2+3.7¢g 20.8 + 3f 13 + 1.7 abed 59+2.5bc
MS/ZFM++ 257+1.6¢g 27.7+3.5¢ 27.3+1.9¢ 10.3+£3.7 cd 435+ 4.4 ef
MS/LIForte 247+12¢g 26.5 +2.9ef 26.5+5.2¢ 143+ 1.8ab 582 +3cd
MS/Seaumic/SAP 203+1.71 19.2+£2.5¢ 20.0 + 1.8 14 + 4.4 abc 643+4.6a
MS/ZFM++/SAP 23.5+ 1.8 gh 24.0 +2.8f 25.5+ 1.6e 11+2.6 bed 46.5+32¢
MS/LIForte/SAP 22.0+ 1.8 hi 25.7 + 1.4ef 26.5+2.4¢ 158+29a 62.5+2.7 ab

SS: small-sized corms (4-6 g), MS: medium-sized corms (6-8 g), DLA: date of leaf appearance, DF: date of flowering, DH: date of harvest, DAP: days
after planting, LN: leaf number, LL: Leaf length. Means (n = 125) followed by the same letter within each column are not significantly different according

to Duncan’s multiple range tests. + Standard Deviation

et al. (2006) and Nassiri Mahallati et al. (2007) denoted
a crucial effect of corm size on saffron flowering. Experi-
ments of Cavusoglu et al. (2009), and Ghobadi et al. (2015)
showed that flowering dates were affected by corm size
where bigger corms began to flower earlier than smaller
ones. Compared with control cases, earlier flowering dates
were recorded in treatments where fertilizers were used
with SAP (earliness range of 11.8-20.6 days and 16.3-22.8
days in SS and MS corms, respectively), and in treatments
where SAP was applied alone (earliness range of 6.5-15.3
days and 10.6-17.1 days in SS and MS corms, respec-
tively).

Concerning both corm sizes, Seaumic used with SAP
caused earlier flowering dates than nano-chelate Super Plus
ZFM (ZFM++) or Lithovit®-Forte (LIForte) used with SAP.
According to Sepaskhah & Yarami (2009), saffron flower
growth and yield is most sensitive to soil water depletion.
SAP accelerates flowering of saffron by maintaining ade-
quate soil moisture throughout the growing season of saffron
(Khorramdel et al., 2013). The earliest flowering and harvest
dates (Table 1) were noted in the treatments MS/Seaumic
and MS/Seaumic/SAP (20.2 and 20.8 DAP, and 19.2 and
20.0 DAP, respectively), with no significant difference be-
tween both treatments. Seaumic and Lithovit®-Forte applied
with SAP on small-sized corms hastened the harvest date
by 10.5 and 3.8 days compared to their application without
SAP. On medium-sized corms, the use of fertilizers without

SAP caused almost similar harvest dates compared with their
use with SAP. Overall, treated corms of both weight catego-
ries recorded significantly earlier harvest dates compared to
non-treated corms, and all treated corms of 68 g had earlier
harvest dates compared with those of 4-6 g.

According to Tavakkoli et al. (2014), planting large
corms will cause an increase in the number and length of
saffron leaves. However, current results (Table 1) showed
no significant difference in terms of both indicators among
untreated corms of small- and medium size. Compared to
control cases, average leaf number (Table 1) increased by
3.8 following the application of Lithovit®-Forte without SAP
on small- and medium-sized corms, and by 5.3 following the
use of the same product with SAP on medium-sized corms.

Compared with the nano-chelate Super Plus ZFM, Litho-
vit®-Forte showed superior effect on the leaf number of both
corm weights when products were used without SAP, as well
as on the leaf number of medium-sized corms when the three
products were used with SAP. On the contrary, Gresta et al.
(2017) had earlier reported a significant increase in the leaf
number per corm as a result of subjecting bigger corms to
nitrogen fertilization.

The use of Seaumic and Lithovit®-Forte on small-and
medium-sized corms caused significantly higher averages of
leaf length (Table 1) compared with nano-chelate Super Plus
ZFM, whether the products were used with or without SAP.
Also, same products used with SAP induced a significant in-
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crease in leaf length compared to their use without SAP on
medium-sized corms (by 5.3 and 4.3 cm, respectively); with
the highest values of leaf length recorded in MS/Seaumic/
SAP and MS/LIForte/SAP, with no significant difference be-
tween both treatments.

The number and length of saffron leaves have a great
effect on determining the photosynthetic capacity of the
plant; improving leaf traits means increasing the photosyn-
thesis in the plant (Kafi et al., 2006). Lithovit®-Forte could
increase leaf number and length even when applied with-
out SAP. Eventually, the product can significantly boost the
rate of photosynthesis, and with its highly energized par-
ticles, plants are able to keep the stomata closed longer in
case of water stress, leading to a lower water requirement.
The product contains also trace elements and micronutri-
ents including manganese, copper, and zinc, earlier stud-
ies of Baghai & Maleki Farahani (2013) and Rostami et
al. (2019) have proved the positive role of which on saf-
fron leaf length. Seaumic contains humic acid, seaweed
extracts, and is rich in all kinds of nutritive elements and
plant growth regulators, thus it causes a greater root devel-
opment and a greater microbial activity in the soil, which
in turn may have led to increased nutrient availability and
better growth of saffron leaves. According to Golzari Jahan
Abadi et al. (2017), the use of biofertilizers based on humic
acid had a significant effect on leaf number. Increased leaf
length was also reported by Kamel (2018) as a result of
using micronutrient fertilizer containing seaweed extract.

The number of flowers is one of the most economical-
ly important attributes of saffron (Agayev et al., 2009).
According to Temperini et al. (2009), about 16 to 80% of
flower yield changes depend on soil variables. The use of
SAP alone caused a significant improvement (by 14%) in
flowers number per m? of medium-sized corms compared
with control (Table 2), matching the percent increase of
this indicator obtained by Fallahi et al. (2017). However,
same authors obtained higher number of flowers per m? fol-
lowing the application a similar rate of SAP (40 kg/ha).
Further, Azizi et al. (2020) noted a 32.0% increase in flow-
ers number following the application of micronutrients. In
the current experiment, products rich with micronutrients,
such as nano-chelate Super Plus ZFM and Lithovit®-Forte,
tested without SAP, had significantly improved this indica-
tor compared with non-treated corms (by 15.4 and 10.9%,
respectively for lighter corms and by 17.8 and 10.1%, re-
spectively for heavier corms). Nano-chelate Super Plus
ZFM tested without SAP on both corm sizes had superior
effect on flower number per m? compared with Seaumic,
which may be attributed to the higher iron and zinc content
in the first product compared to the second. Iron and zinc

application could affect saffron flowering (Koocheki &
Seyyedi, 2016). Azarpour et al. (2013) obtained the highest
amount of fresh flower yield after foliar spraying of na-
no-iron fertilizers. On the other hand, combining fertilizers
with SAP improved flower number per m? compared with
the use of fertilizers alone, except in SS/LIForte/SAP. In
all treatments where fertilizers were tested in combination
with SAP, this indicator recorded the highest value with
Seaumic, with a 65.1% improvement in MS/Seaumic/SAP
compared with control MS. According to Osmani Roudi
et al. (2015) and Mollafilabi & Khorramdel (2016), humic
acid application was found to have a good influence on the
quantity of saffron flowers and to improve saffron yield.
Also, a combined use of organic fertilizer with SAP caused
the highest number of saffron flower in the study of Ra-
mezani et al. (2020).

One other important yield components on which the
economic value of the saffron product depends is the stigma
yield (Baghai & Maleki Farahani, 2013). Enhancement in
the mother corm weight had caused significant increases in
stigma yield (de Juan et al., 2009; Aghhavani-Shajari et al.,
2015). However, results of the current experiment came in
contradiction; dry stigma yield (g/m?) obtained of non-treat-
ed SS corms was of 0.137 g/m?, and that of non-treated MS
corms was of 0.1058 g/m* Koocheki & Teimouri (2014)
reported higher flower and stigma yields resulting of an in-
crease of corm weight from 4 g to 8—12 grams.

Furthermore, saffron yield can considerably be affect-
ed by changes of nutrient uptake and fertilizer applications
(Rostami et al., 2019). Both the vegetative and reproductive
growth phases (Amiri, 2008) as well as biomass partitioning
(Gholami et al., 2017) in saffron have a near relation with
good water and nutrient availability. Compared with control,
Seaumic and Nano-chelate Super Plus ZFM applied without
SAP increased the dry stigma yield (DSY) by around 43.9
and 33.7% in SS-corms and by 60 and 50.7% in MS-corms
respectively, and Lithovit®-Forte increased DSY by 60.1%
in MS-corms. Further, DSY were significantly higher in SS/
Seaumic and SS/ZFM-++ than in SS-LIForte (by 0.13 and
0.09 g/m?, respectively).

Richness of Seaumic and Nano-chelate Super Plus ZFM
with micronutrients could have played an important role
on the saffron yield. Maleki Farahani & Aghighi Shahver-
di (2015) reported significant enhancement in saffron yield
because of nano-iron application. In the study of Segha-
toleslami & Sabzekar (2016), the application of nano-zinc
and ordinary zinc increased stigma dry weight by 9 and 6%
respectively compared to control.

Both FSY and DSY were significantly higher in MS/SAP
compared with SS/SAP. The use of SAP alone increased
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Table 2. Effects of fertilizers (nano-chelate Super Plus ZFM, Lithovit®-Forte, and Seaumic) and super absorbent poly-

mers (SAP) on productive traits of small- and medium-sized saffron corms

Treatments FN FSY (g/m?) DSY (g/m?) YDC (g/m?) NDC

SS (control) 34+2k 2033+ .014 h 13717 +.017fg 560 +2.4n 59 +3.2h
SS/SAP 342+ 1.7k 1967 +.017h .097 +£.003g 571.5+4.11 58.7 +2.8h
SS/Seaumic 36 +2.5ijk 4283 £ .017def 2443 +.027cd 647.8 +4.4h 62.3 +2.9¢h
SS/ZFM++ 40.2 +2.5 fgh 4+.017ef 2067 + .023de 566.2 +2.8m 65 +2.1defg
SS/LIForte 38.2 + 3.6 ghij 2950 +.029¢ 115+ .011fg 656.8 +2.5g 68.7 + 4.2bcde
SS/Seaumic/SAP 60.7+3.6¢ .8367 +.034b 48 £.023b 675.7+3.1e 69 + 4.2bcd
SS/ZFM++/SAP 553+23d .6583 +.016¢ 495 +.027b 588 £3.8k 65.2 + 3.5defg
SS/LIForte/SAP 37.2 +£2.6 hijk 2983 +.023g 1118 +£.013fg 6622+ 1.7f 64.5 +3.4fg
MS (control) 35.5+2.4jk 2067 +.016h 1058 +.01g 617.5+2.9j 62.5 + 2.4gh
MS/SAP 413 +4 efg 2867+ .01g .16500 £ .015ef 632 +1.31 64.7 £ 3efg
MS/Seaumic 38 + 3.8 ghij 4617 +.026d 2666 +.012¢ 697.8 £2.1d 70.5 + 3.3abc
MS/ZFM++ 432+ 1.2 ef 4683 +.047d 215 +.024cde 658.8 + 1.7fg 68.2 +2.9cdef
MS/LIForte 39.5 + 3.2 fghi .39 +.025F 235+ .021cd 759.3 £ 3.6¢ 72.2 +2.8ab
MS/Seaumic/SAP 101.7+3.5a 2.0150 +.12a 1.1116 = .164a 850+ 4.7a 73.5+3.2a
MS/ZFM-++/SAP 65.5+42b 8467 +.023b .52 £.026b 6752+ 1.9¢ 67 +2.5cdef
MS/LIForte/SAP 442+ 1.7¢ 4417 £ .025de 22+ .014cde 774.8 +3.5b 74 £2.8a

SS: small-sized corms (4-6 g), MS: medium-sized corms (6-8 g), FN: flower number, FSY: fresh stigma yield (g/m?), DSY: dry stigma yield (g/m?), YDC:
yield of daughter corms, NDC: number of daughter corms. Means (n = 125) followed by the same letter within each column are not significantly different

according to Duncan’s multiple range tests

FSY and DSY of MS corms by 27.9% and 35.8%, respec-
tively compared with control MS. A 24% increase in both
indicators was found by Fallahi et al. (2017) using a similar
rate of SAP.

The use of fertilizers with SAP increased FSY compared
to control cases. Also, Seaumic and Nano-chelate Super
Plus ZFM used with SAP improved DSY by around 71.4
and 72.3% in SS-corms and 90.4 and 79.6% in MS-corms,
respectively. The highest FSY and DSY recorded in MS/
Seaumic/SAP (2.01 and 1.11 g/m?). Humic acid and sea-
weed extracts contained in Seaumic may have contributed
to superior yields obtained in the latter treatment. Early stud-
ies of Ahmadi et al. (2018), Gerdakaneh et al. (2020) and
Khorramdel et al. (2022) found that humic acid application
has improved saffron yield. Armak et al. (2021) stigma dry
weight was improved by 86.49% relative to control follow-
ing the application of Super Humic treatment. According
to MacDonald et al. (2012), seaweed extract improves soil
ventilation, growth, and production in many plants, which is
related to the content of amino acids that stimulate different
growth attributes.

Further, Seaumic or the Nano-chelate Super Plus ZFM
applied with SAP caused significantly higher FSYM and
DSYM compared with the use of both fertilizers without
SAP. The availability of adequate moisture will lead to a bet-
ter growth and flowering of saffron (Khorramdel et al., 2013;
Fallahi et al., 2014). An advantage of using SAP is that it

may decrease water need and increase WUE (water-use effi-
ciency) of saffron by reducing the amount of water consump-
tion during its life cycle. Therefore, consuming SAP is a vi-
able alternative for enhancing saffron flowering in regions
under drought stress (Fallahi et al., 2016). In a close context,
Khoshpeyk et al. (2022) reported that the use of nanosilicon
together with SAP in saline conditions caused improvement
in flower and stigma yield of saffron over three consecutive
years.

Saffron can grow like a perennial plant on the field for
several years and multiplies by increasing the number of
daughter corms (Koocheki et al., 2015). According to Arslan
et al. (2007), corm weight has a positive effect on the pro-
duction and growth of daughter corms. In the current study,
Yield of daughter corms (YDC) obtained from medium-sized
corms was higher than that of small-sized corms (respective
ranges of 617.5-850.0 g/m? and 560.0-675.7 g/m?). Com-
pared with control cases, YDC increased in all treatments,
and mostly in treatments where fertilizers were used with
SAP; it improved by 17.1, 15.4, and 4.76% in SS/Seaumic/
SAP, SS/LIForte/SAP, and SS/ZFM++/SAP and by 27.3,
20.3, and 8.54% in MS/Seaumic/SAP, MS/LIForte/SAP,
and MS/ZFM++/SAP, respectively. The highest number of
daughter corms (NDC) was in the treatments MS/LIForte/
SAP and MS/Seaumic/SAP, with around 15% improvement
compared with MS (control), and around 20% improvement
compared with SS (control).
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According to Islam et al. (2011), the formation of daugh-
ter corms is significantly affected by both the availability of
water and soil nutrients. The use of SAP provides suitable
conditions for the production of daughter corms, by increas-
ing the water retention capacity soil, improving porosity,
increasing ventilation, and providing essential nutrients re-
quired by the plant in the rhizosphere environment (Wu et
al., 2008; Ramezani et al., 2020). Also, humic acid stimu-
lates corm growth by improving the nutrient conditions of
the planted corms, which ultimately determines the potential
yield of saffron. Golzari Jahan Abadi et al. (2017) found 56.7
and 61.6% increase in the number of daughter corms and
fresh weight of mother corms respectively compared to con-
trol following humic acid treatment.

The value of saffron (dry stigma) is due to its qualita-
tive properties and the presence of three main secondary
metabolites: crocin, picrogrosin, safranal, and their deriva-
tives (Moraga et al., 2009). The main carotenoid of saffron
is crocin and is responsible for the spice colour, whereas,
picrocrocin is the molecule responsible for its bitter taste
and safranal is one of the many molecules imparting the
characteristic spice aroma (José Bagur et al., 2017). Picro-
crocin content (Table 3) increased significantly compared
to control cases in all treatments except, SS/SAP, MS/SAP,
SS/LIForte/SAP and MS/LIForte/SAP. Treatments with
Seaumic and Nano-chelate Super Plus ZFM, applied with
or without SAP, resulted in significantly higher picrocro-
cin content compared to treatments with LIForte. The first

two products had superior effect on picrocrocin content
when used with SAP than without it; improvement by 6.3
and 7.5% in SS/Seaumic/SAP and SS/ZFM++/SAP com-
pared to SS/SAP, and by 6.9 and 8.3% in MS/Seaumic/SAP
and MS/ZFM++/SAP compared to MS/SAP. Results also
showed that crocin content was significantly higher than
control cases in all treatments, except in SS/SAP, MS/SAP,
and MS/LIForte/SAP, with the highest crocin content ob-
tained in MS/ZFM++ (180.7%) and SS/ZFM++ (178.5%),
with no significant difference between both treatments.
Seaumic and Nano-chelate Super Plus ZFM applied alone
improved crocin content of smaller corms by 9.8 and
12.6%, respectively, and that of bigger corms by 8.3 and
12.4%, respectively. On the contrary, LIForte applied alone
improved crocin content of smaller corms by 6%. Besides,
crocin content decreased significantly when Nano-chelate
Super Plus ZFM was combined with SAP; by 5.2% in SS-
corms and by 5.5% in MS-corms. Akbarian et al. (2012)
reported that increasing concentrations of K, Fe, and Zn
elements could increase picocrocin content, but decrease
the crocin content.

Humic acid can chelate elements such as nitrogen, phos-
phorus, potassium, and iron, increase their absorption, and
ameliorate the activity of enzymes involved in the center
attributed organic compounds in plants (de Santiago et al.,
2008). Furthermore, Seaumic and ZFM++ applied alone had
a superior effect on qualitative indicators (higher picrocro-
cin and crocine contents) compared to their use in combina-

Table 3. Effects of fertilizers (nano-chelate Super Plus ZFM, Lithovit®-Forte, and Seaumic) and super absorbent poly-

mers (SAP) on saffron quality

Picrocrocin Safranal Crocin

SS (control) 73.3+49] 24.1+1.9b 165.9 £ 1.51
SS/SAP 74 +£2.9 ij 24.3 £ 2ab 168 £ 2.2hi
SS/Seaumic 85.3 + 4.7abed 26.9 + 3.3ab 175.7 £ 2.4bcd
SS/ZFM++ 87.1+29ab 27.9 £+ 3ab 178.5 + 3ab
SS/LIForte 78 +£1.3fghi 25 +4.7ab 171.9 +2.2defg
SS/Seaumic/SAP 80.3 + 5.8efg 25.6+ 1.1ab 172.6 + 6def
SS/ZFM++/SAP 81.5 + 1.8def 25.9 + 1.6ab 173.3 + 3.8cdef
SS/LIForte/SAP 76.1 £ 2.3hij 24.7 + 3.8ab 170.9 £ 2.2fgh
MS (control) 75.4 £ 4hij 24.6 + 2.3ab 168.3 + 2.8ghi
MS/SAP 75.3 £ 2.2hij 24.5+1.8ab 169.7 £ 2.2fgh
MS/Seaumic 85.5 + 1.8abc 273 +3.7ab 176.6 £ 2.4bc
MS/ZFM-++ 88.1 £2a 28.2+1.8a 180.7 £ 2a
MS/LIForte 78.3 £ 2.4fgh 25+ 3.1ab 172.2 + 4.1defg
MS/Seaumic/SAP 82.8 + 3.6cde 26 + 2ab 174.9 £ 2.1bcde
MS/ZFM++/SAP 83.6 + 1.3bcde 26.2 + 3ab 175.2 £2.9bcd
MS/LIForte/SAP 76.5 £ 2ghij 24.81 +2.8ab 171.2 = 3efgh

SS: small-sized corms (4-6 g), MS: medium-sized corms (68 g); Means followed by the same letter within each column are not signifi-

cantly different according to Duncan’s multiple range tests
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tion with SAP, while they had superior effect on dry stigma
yield when combined with SAP compared to their use alone.
According to Heydari et al. (2014), in heavier stigmas, we
should expect a lower percentage of safranal, crocin and pi-
crocrocin and therefore a reduction in the aroma and taste
of the stigma. Therefore, it is possible that the plant growth
speed is higher than the speed and amount of essential oil
production by the plant and it causes its concentration to
decrease in the stigma. On the contrary, Khoshpeyk et al.
(2022) concluded that if a product leads to the improvement
of the quantitative performance of one or more traits, it
might be effective in increasing the qualitative performance
of other substances such as secondary metabolites.

Safranal content did not significantly differ between
treated and non-treated corms of both sizes, except a signif-
icant improvement in the treatment MS/ZFM++ compared
with control SS-corms.

According to Ahmadi et al. (2017), because the biosyn-
thesis of safranal start from cleavage of zeaxanthin to pro-
duce cyclic carotenoid (safranal and picrocrocin), it seems
that decrease in safranal with increase in picrocrocin are due
to competition.

Conclusion

Obtained results suggests that the use of the products
Seaumic and Nano-chelate Super Plus ZFM without SAP
may compensate the low weight of planted corms; improve-
ments of 30% of smaller corms’ dry stigma yield is of a great
economic importance. The positive effects of both products
on saffron yield may be optimized, reaching more than 70%
improvement, when combined with the application of SAP
in the rate proposed by the current study. Such a combina-
tion may be recommended in regions with drought stress
or saline conditions. Furthermore, these products are more
recommended than Lithovit®-Forte when targeting a higher
saffron quality. The latter product might be more efficient on
corms of > 6 g weight.
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