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Abstract

Obeid, Yo. A., Naim, L., Shaban, N., Grigor, Z. & Karam, F. S. (2026). Optimizing saffron cultivation in Lebanon:
Effects of crop density and fertilization on yield and corm growth. Bulg. J. Agric. Sci., 32(2), 335-343

Saffron production in Lebanon is gaining attention as a profitable alternative crop, particularly in the central Bekaa Valley.
To enhance yield, a customized fertilization regimen is essential. This study evaluated four levels of KNOs (0, 5, 10, and 15
units), with or without vegetative organic matter (VOM) under two cultivation densities: 20 cm x 20 cm (30 corms/m?) and
14.3 cm x 14.3 cm (56 corms/m?). Results showed that flower production in the second year was primarily influenced by plant
density, while in the third year, fertilization had a more significant impact. Treatment T’7 (10NK) under higher crop density
produced the highest flower numbers in both years. Leaf length increased over the two years, with the longest leaves observed
in lower crop density (T4: 15NK + VOM) and higher crop density (T°4: 15NK + VOM). Corm multiplication and individual
corm weight were higher in lower-density cultivation, with T5 (ONK) and T8 (15NK) showing the highest corm multiplication,
and T2 (5NK + VOM) and T3 (10NK + VOM) producing the heaviest corms. The highest saffron yield in both years was re-
corded in T°7, followed by T’4. The strong correlations between corm number, flower production, and saffron yield underscore
the need to optimize corm density and fertilization practices. However, the inverse relationship with individual corm weight
suggests that further research is required to refine strategies for maximizing both corm and flower productivity.
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Introduction

Saffron Crocus sativus L. (Iridaceae) is among the most
valuable and expensive medicinal plants globally (Nazarian
et al., 2024), with its market expected to grow by 12.09%
from 2020 to 2027 (Kothari et al., 2021). This historical crop
has not significantly benefited from modern technology and
still relies predominantly on traditional knowledge. It re-
quires minimal water, making it a viable option for farmers
to generate relatively satisfactory income under challenging
conditions (Rashed-Mohassel, 2020). Climate, crop density,

irrigation, and other agricultural practices all impact saffron
cultivation (Al Madini et al., 2019; Rezvani-Moghaddam,
2020), but achieving the highest output and quality of saf-
fron necessitates a balanced and timely supply of fertilizer
(Ghanbari and Khajoei-Nejad, 2021).

In regions where saffron is cultivated, the absence of
specific fertilizer recommendations is notable due to vari-
ations in soil organic matter, climate, and agricultural prac-
tices (WBSIE, 2006). Some researchers argue that fertiliza-
tion may not be essential for successful saffron production
in fertile soils, as saffron corms have the capacity to store
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ample nutrients. This view is supported by the relatively low
level of nutrient absorption observed in saffron (Shahandeh,
2020). Consequently, the economic yield, particularly the
stigmas, relies more on corm nutrient reserves than on direct
soil conditions. Therefore, when evaluating saffron’s nutri-
ent requirements, it is crucial to consider both stigma and
corm yield, whether based on yield goals, mathematical re-
sponse curves, or balance sheets (Douglas et al., 2014).

To optimize saffron growth and yield, emphasis is placed
on the importance of fertilization and proper nutrition to bal-
ance vegetative and reproductive growth in the saffron plant
(Koocheki, 2004). Studies indicate that soil physicochemi-
cal and biological properties are essential indicators for de-
signing crop yield plans, guiding the selection of manure to
improve soil properties and, consequently, crop yield (Ma et
al., 2021). Soil properties have been shown to account for a
significant percentage of changes in saffron flower yield, un-
derscoring the pivotal role of soil conservation in achieving
high-quality production (Aghhavani et al., 2018; Cardone et
al., 2020).

Moreover, optimal formation of new (replacement) corms
can improve saffron flower growth and yield in subsequent
years through proper agronomic management (de Juan et al.,
2009). Integrated nutrient management, through the effective
combination of different fertilizers, ensures balanced nutri-
ent uptake at critical growth stages, ultimately enhancing
plant growth and yield (Selim, 2020; Ahmadian et al., 2024).

Therefore, in the following study, we aim to determine
the effects of crop density and different fertilization regimes
on yield and corm growth under the climate conditions of
Lebanon’s central Bekaa Valley (arid and semi-arid region).
This research seeks to contribute to a reliable long-term
strategy for addressing current challenges in saffron cultiva-
tion, specifically in Lebanon.

Materials and Methods

Experimental site

The experiment was carried out in Deir El Ghazel, a vil-
lage in Lebanon’s Central Bekaa Valley, over three consecu-
tive years (2019-2022). This study focuses on evaluating the
results from the second and third years. A total of 9000 corms
were initially selected from Qaa Farm in northern Lebanon,
and 6000 healthy corms, each with a diameter of 2.8 cm,
were carefully sorted for the experiment.

The pedo-climatic conditions of the experimental site

Data from the International Centre for Agricultural Re-
search in the Dry Areas (ICARDA) shows that Deir el Gha-
zel experiences a hot, dry season from May to September and

very cold weather the rest of the year. The average rainfall
is 450 mm, with 80% falling between November and March,
and no rain typically occurs in the Central Bekaa Valley from
June through September.

Soil samples were collected from the plot at depths of
0-30 cm, where most root activity occurs and tillage mixes
nutrients. Samples were taken randomly using the zigzag
method and analyzed at the Lebanese Agricultural Research
Institute (LARI), Tal Amara station. The soil is clayey (64%
clay) with moderate drainage, a bulk density of 1.41 g/cm?,
and low organic matter (<1.0%). Key characteristics in-
clude a field capacity of 29.5%, a permanent wilting point
of 16.0%, and an extractable water capacity of 190 mm for a
1 m rooting depth. The soil has a pH of 7.4, EC of 0.21 mS/
cm, and is rich in potassium (1529 ppm) and calcium (16
587 ppm), with moderate levels of organic matter (3.23%),
nitrogen (0.194%), and phosphate (274 ppm).

6000 saffron bulbs were planted at a 15 cm depth. Drip
irrigation (30—40 mm) was applied twice in September, 20
days apart, with weeds removed after the first irrigation. Ir-
rigation ceased in winter, relying solely on rainfall.

Experimental set up

The experiment investigated the individual and com-
bined effects of “Corm Density,” “Vegetal Organic Matter”
(VOM), and “Potassium Nitrogen Fertilization” (KNO,).

KNO, was applied at 4 levels 0, 5, 10, and 15 units as
follows:

— ONK: No fertilizer.

—5SNK: 5 units of KNO, (13.7-0-46.3) per 1000 m*= 6.26
kg/1000 m? or 18.78 g for a 3 m? block.

— 10NK: 10 units of KNO, per 1000 m*> = 12.52 kg/1000
m? or 37.56 g for a 3 m? block.

— 15NK: 15 units of KNO, per 1000 m*> = 18.78 kg/1000
m? or 56.34 g for a 3 m? block.

VOM was applied at a rate of 1% in its respective treat-
ments, equivalent to 5.2 kg per 3 m?.

The experimental design consisted of 16 treatments,
evenly split between two bulb density categories (30 corms/
m? and 56 corms/m?), with three replicates each, following a
Randomized Complete Block Design (RCBD). The control
treatments, TS (ONK) and T’5 (ONK), in both density catego-
ries, were not treated with KNO, or VOM.

The treatments were as follows:

— Low-density cultivation (T): T1 (ONK + VOM), T2
(5NK +VOM), T3 (10NK + VOM), T4 (15NK + VOM), T5
(ONK), T6 (5NK), T7 (10NK), and T8 (15NK).

— High-density cultivation (T”): T’1 (ONK + VOM), T°2
(5NK + VOM), T’3 (10NK + VOM), T°4 (15NK + VOM),
T°5 (ONK), T°6 (5NK), T*7 (10NK), and T’8 (15NK).
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Ultra Sol fertilizer (KNO,) and Domoflor mix 1 (VOM)
were manually applied three times: in February 2020, Janu-
ary 2021, and February 2022.

Growth indicators

Mature flowers were handpicked, and the total flower
count was recorded. The stigmas were carefully extracted
and dried in a forced-air oven at 30 °C for 24 hours. Two
months after fertilization, leaf length was measured, and at
the end of the experiment, corms were removed from the
soil. Their number and weight were recorded.

To analyze chlorophyll content, 1 gram of leaves was im-
mersed in 30 ml of methanol and refrigerated at 4°C for one
week. The leaves turned whitish, indicating complete chloro-
phyllextraction. Chlorophyll content was then measured using
a spectrophotometer at 663 nm, 645 nm, and 460 nm, with the
total chlorophyll concentration calculated using the formula:
Total Chlorophyll = (A652 x V) /34.5.

Statistical analysis

Data analysis for the second and third years was conduct-
ed using IBM SPSS Statistics 20 software. A one-way ANO-
VA followed by Duncan’s Multiple Range Test (DMRT) was
employed to evaluate statistical differences, with results ex-
pressed as mean + standard error (SE), and a p-value < 0.05
considered statistically significant. Additionally, Pearson’s
correlation analysis was used to investigate the relationships

between morphological and production traits in saffron un-
der various densities and fertilization regimens.

Results

During the second year, plant density emerged as the pre-
dominant factor influencing flower production, with a statis-
tically significant impact (p < 0.01), leading to a doubling in
flower numbers in denser cultivations. In contrast, the effects
of KNO, and VOM were negligible, regardless of the dose
or combination used. However, in the third year, VOM and
KNO, significantly influenced flower production (p = 0.041),
while plant density did not have a notable effect, as treat-
ments across densities overlapped. The highest number of
flowers, 1222.5, was recorded in treatment T7’ (Figure 1).

Figure 2 highlights the development of the flower num-
ber factor over two consecutive years. In the second year,
the variation was minimal, but a slight yet significant in-
crease (p = 0.04) was observed in response to different dos-
es and combinations of KNO, and VOM, while the effect
of density was negligible. Interestingly, that the best results
were recorded in the control treatments for both densities
(T5: 149; T°5: 167). In the third year, the variation between
treatments became more pronounced, with slightly higher
values observed in denser cultivations. However, the most
significant impact on this parameter was from KNO, and
VOM (p = 0.032). Treatments with only KNO, showed
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Fig. 1. Variation of flower number during two consecutive years as affected by treatments
Fnb: Flowers number; 2: second year; 3 third year.
Source: Authors’ own elaboration
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higher results compared to the combined KNO, and VOM
treatments, similar to the second year, with the control
treatments again achieving the highest values (T5: 159.33;
T°5: 195).

Figure 3 illustrates the variation in leaf length over two
consecutive years. In the second year, KNO,, VOM, and
density all had a significant impact on leaf length, with some
overlap observed (p < 0.01). The best results were achieved
in both densities with combined KNO, and VOM treat-
ments, where leaf length increased with increased KNO,
doses, reaching a maximum of 52.8 cm in T4 and 60 cm in
T°4. In the third year, leaf length increased beyond the lev-
els observed in the second year; however, the variation was
not significantly influenced by the factors studied, with leaf
lengths ranging from 55.33 cm to 64.33 cm.

Interestingly, the chlorophyll content (p: 0.586) remained
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unaffected by any of the applied factors, fluctuating between
1.09-1.38 mg/g MF.

The final number of corms was significantly influenced
by the treatments involving VOM, KNO,, and density (p <
0.01), revealing an interesting trend. Higher corm numbers
were observed in treatments with increased density, par-
ticularly notable in the case of KNO, alone (T8’: 1044) and
combined with VOM (T7°: 924; T4’: 915; T3’: 912; T2:
910). The most substantial increase in number occurred in
cultures with lower initial density (30), as indicated by the
Corm multiplication factor. Although this factor wasn’t sta-
tistically significant (p: 0.22), it was higher in low-density
conditions, particularly in treatments with KNO, alone (T8:
23.6;T7:23.7; T6: 21.9), control (T5: 21.9), and VOM alone
(T1: 20.6). Notably, individual corm weight was signifi-
cantly affected by all factors (p: 0.022), with heavier corms
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Fig. 2. Variation in the factor of flower’s number over two consecutive years as influenced by treatments
F nbF: factor of flower’s number. 2: Second year; 3: Third year.
Source: Authors’ own elaboration
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obtained under lower density conditions, especially in treat-
ments combining VOM and KNO, (T3: 9.2g; T2: 9.1g; T4:
8.3g) (Figure. 4).

Figure 5 shows that saffron weight was influenced by dif-
ferent factors in each year. In the second year, KNO, and
VOM had no significant impact on saffron weight; however,
the weight doubled in denser cultivation, indicating a strong
influence of density (p<<0.01). In the third year, the situation
shifted, with KNO, and VOM significantly impacting saffron
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weight (p: 0.03), while the effect of density became less pro-
nounced. In lower-density cultivation, the best results were
achieved with treatments T3 (6.233g) and T4 (6g). In denser
cultivation, in addition to T3 (7.233g) and T4 (6.967g),
treatments T°7 (7.3g) and T°8 (6.833g) also showed high
results.

Table 1 presents the correlations between various mor-
phological and production traits in saffron. The final num-
ber of corms was strongly and positively correlated with
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Fig. 4. Variation of corm parameters as affected by treatments
CmF: Corm multiplication factor; Ind CW: individual corm weight; C fnb: Corm final number
Source: Authors’ own elaboration
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both the number of flowers (R = 0.8) and saffron weight
(R = 0.8) in the second year, with high significance. Con-
versely, it showed a strong, highly significant negative cor-
relation with individual final corm weight (R =-0.7). Addi-
tionally, the final number of corms had a moderate positive
correlation, also with high significance, with the factor of
flower number in both the second year (R = 0.64) and the
third year (R = 0.59), as well as with the number of flowers
(R =10.65) and corm weight (R = 0.58) in the third year.

The flower number in the third year exhibited a strong
positive correlation, with high significance, with the flower
number (R = 0.75), saffron weight (R = 0.73), and the fac-
tor of flower number (R = 0.68) from the second year. It
also showed a positive correlation with the factor of flower
number (R = 0.7) and saffron weight (R = 0.65) in the third
year. A weak but highly significant positive correlation was
observed with the final corm weight (R = 0.46), while a
negative correlation was found with individual corm weight
(R=-0.43).

Remarkably, leaf length in the second year showed a
moderate, highly significant positive correlation with the
flower number (R = 0.56) and saffron weight (R = 0.64)
of the same year. It was also positively correlated with
both the leaf length (R = 0.53) and saffron weight (R =
0.48) in the third year. On the other hand, individual corm
weight exhibited a moderate, highly significant negative
correlation with the flower number (R =-0.62) and saffron
weight (R = -0.61) in the second year, as well as with the
factor of flower number in the third year (R = -0.54). A
strong, highly significant negative correlation was also ob-
served with the factor of flower number in the second year
(R =-0.69).

Discussion

Saffron growth and yield are significantly influenced
by various environmental and management factors, includ-
ing plant density, maternal corm characteristics, and nutri-
tion (Temperini et al., 2009). Ghanbari and Khajoei-Nejad
(2022) highlighted that a balanced and timely fertilizer sup-
ply is crucial for achieving saffron’s optimal yield and qual-
ity. However, some researchers argue that fertilization may
be unnecessary in fertile soils due to the significant nutrient
storage capacity of saffron corms. This perspective is further
supported by the relatively low nutrient absorption observed
in saffron (Shahandeh, 2020).

In the climatic conditions of Lebanon’s central Bekaa
Valley (arid and semi-arid region), the study demonstrated
that, starting with uniformly sized and weighted mother
corms, the effects of planting density and fertilizer regimes —
whether KNO, alone or in combination with VOM at varying
doses — varied across different growth and yield parameters.

Our findings indicate that the impact of fertilizers is cu-
mulative, with fertilization directly enhancing nutrient accu-
mulation in subsequent corms. This nutrient boost positively
affects both vegetative growth and productive parameters.
These statements align with the study conducted by El Hajj
et al. (2024), which reported that the triple-dose treatment
produced the most effective results in terms of saffron yield
parameters. Moreover, consistent with our observations,
previous studies have established that achieving a minimum
corm size and weight is critical for successful flower pro-
duction (Douglas et al., 2014). Likewise, Soheilivand et al.
(2007) previously reported differences in flower production
between heavy and light corms, emphasizing that heavier

Table 1. Pearson Correlation Matrix for Agro-Morphological and Production Traits in Saffron

F nb2
SW2 99** SW2
FnbF2 |.76%* .68%* F nbF2
F W3 0.17 0.18 0.14 F W3
LL3 0.23 0.28 0.09 -0.1 LL3
FnbC |.80%* 8 .64+ -0.02 0.16 FnbC
FnbF3 |.66%* 6F*F 79%** 0.13 0.03 59%* F nbF3
SW3 ATF* S 0.26 -0.16 37 37%* 0.08 SW3
F nb3 J15%* J13%* .68 * -0.08 32% 65%* J70%** 65%* F nb3
LL2 56%* 64%* 0.11 0.21 S53%* 36% 0.04 A48%* 37** LL2
CW3 A1 42x* 0.17 -0.09 0.10 58%* 0.24 .36* A6 0.26 CW3
Ind CW |[-.62*%* |-61*%* [-69*%* |-0.08 -0.09 -70%% |-54%% |.0.15 - 43%* -0.17 0.07 Ind CW
C multF [-0.21 -0.21 0.06 -31* 0.02 3% 0.06 -0.04 0.03 -4 0.16 -.33%

“Correlation is significant at the 0.01 level (2-tailed).
“Correlation is significant at the 0.05 level (2-tailed).

Source: Authors’ own elaboration
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mother corms produce more flowers than lighter ones. In
our current study, the number of flowers and saffron weight
were significantly influenced by the type and dosage of fer-
tilization during the third year, even surpassing the impact
of crop density, which would typically have a greater effect.
Notably, the increase in factor of flower numbers suggests
that, under the correct fertilization regimen, the corms store
sufficient nutrients to boost production in the following sea-
son, achieving results comparable to those of more densely
cultivated plots. Furthermore, Seliem et al. (2024) found
that saffron flowering is particularly responsive to potassium
fertilization, with the effect varying based on the type and
dose of potassium fertilizer used. Esmaeilian et al. (2022a)
observed that manure, various bio- and chemical fertilizers,
and their interactions significantly influenced the number of
flowers and dry stigma yield over three consecutive years,
with each year showing consistent improvement. Similarly,
Daneshmandi et al. (2024) reported that organic amend-
ments increased flower number and stigma weight in arid
and semi-arid regions. These findings align with our results,
highlighting that, under Lebanese conditions (arid and semi-
arid region), the fertilization regime plays a pivotal role in
enhancing flower production and, consequently, stigma
yield.

However, there are contrasting data regarding the effect
of fertilization type and dosage on leaf length. Our study
showed a significant impact on leaf length during the second
year with various doses and combinations, but no significant
impact in the following year, despite higher averages com-
pared to the previous year. These outcomes align with earlier
research indicating that the use of NPK fertilizer enhances
plant growth, including the total number of leaves and leaf
length (Jahan and Jahani, 2006; Abbas and Ali, 2011; Ba-
shir et al., 2019; Hourani, 2022). Omidi et al. (2009) also
noted significant effects of different chemical and bio-ferti-
lizer sources of nitrogen on leaf length. However, Unal and
Cavusoglu (2005) previously reported no significant differ-
ences among different nitrogen fertilizer treatments regard-
ing leaf length.

Corm productivity and its characteristics are critical as-
pects of saffron production. Several studies have established
that these parameters are closely affected by the nutrient
content of the growing media and the application of amend-
ments (Hourani, 2022; Dewir et al., 2022a, 2022b; Esmacil-
ian et al., 2022b; El-Mahrouk et al., 2023). Ghanbari et al.
(2019) reported improvements in saffron flower and corm
traits over the first to third years of their experiment, not-
ing that the condition of corms directly influences vegetative
and reproductive growth. The number of corms per unit area,
and consequently corm yield, typically increases during the

growth periods of this perennial plant due to the produc-
tion of daughter corms on mother corms. This trend usually
continues until the fourth to sixth year, after which the yield
decreases due to the increased number of corms and other
environmental factors affecting plant growth (Khazaei et al.,
2013; Koocheki and Khajeh-Hosseini, 2020). The findings
of the research conducted by Midya et al. (2021) indicate
that the various nutritional approaches for saffron, which en-
hance soil properties and nutrient availability, mobility, and
dynamics, have overall improved the plant’s growth environ-
ment. These favorable conditions optimize the plant’s physi-
ological processes, ultimately boosting both vegetative and
reproductive growth. Various studies indicate that the com-
bined use of manure and chemical fertilizers can mitigate the
limitations and shortcomings of using individual fertilizers,
making it an effective agronomic method to improve soil fer-
tility and quality, leading to higher yields (Cui et al., 2018).
Some studies also show that the combined use of manure and
chemical fertilizers has a greater effect than their individual
application on different traits of saffron (Turhan et al., 2007;
Amiri, 2008).

Our findings align with previous research, showing that
after three years, the final number of corms was significantly
influenced by treatments involving vermicompost (VOM)
and potassium nitrate (KNO,). The most notable increase in
corm numbers was observed in lower-density cultures, as in-
dicated by the corm multiplication factor, although it did not
reach statistical significance (Cui et al., 2018). This factor
tended to be higher in low-density conditions, particularly
with KNO, treatments. Additionally, individual corm weight
was significantly affected by the type and dosage of fertilizer
and cultural density, with heavier corms observed under low-
er density, especially when VOM and KNO, were combined,
suggesting improved nutrient availability for corm develop-
ment in terms of both number and weight.

Ebrahimi et al. (2021) reported significant increases in
flower number, style-stigma dry weight, and the number
and weight of daughter corms when large-sized corms were
planted. Similarly, planting heavier maternal corms (>12 g)
led to earlier and prolonged flowering periods, significantly
boosting flower and stigma yields, as well as corm yield
(Alie et al., 2023). In our study we achieved similar results
starting from smaller corms and relying on fertilization com-
binations.

This study highlights the complex relationship between
corm development, vegetative growth, and saffron produc-
tion. The strong correlations between corm number, flower
production, and saffron yield underscore the need for care-
ful management of corm density and fertilization practices
to optimize output. However, the inverse relationships in-
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volving individual corm weight suggest further research is
needed to refine fertilization strategies and cultural practices
to enhance both corm and flower productivity.

Conclusion

This study emphasizes the importance of optimizing both
plant density and fertilization strategies for saffron cultiva-
tion. For corm production, lower plant density combined
with appropriate fertilization is more effective, while higher
plant density with the right type and dosage of fertilization
enhances dried saffron yield. The findings suggest that while
plant density significantly impacts flower production, using
KNO, and VOM can greatly improve flower numbers and
saffron weight. Future research should focus on balancing
corm multiplication with individual corm quality to maxi-
mize overall saffron production.

References

Abbas, M. K. & Ali, A. S. (2011). Effect of Foliar Application of
NPK on some Growth Characters of two Cultivars of Roselle
(Hibiscus sabdariffa L.). Amer. J. Plant Physiol., 6(4), 220 —
227.

Ahmadian, A., Nazari, N. & Esmaeilian, Y. (2024). ‘Determining
an appropriate integrated nutrition system for saffron (Crocus
sativus L.) cultivation as affected by maternal corm weight’.
Journal of Horticulture and Postharvest Research, 317 — 334.
doi: 10.22077/jhpr.2024.7242.1363.

Aghhavani, S. M., Rezvani, M. P., Ghorbani, R. & Koocheki,
A. (2018). Increasing saffron (Crocus sativus L.) corm size
through the mycorrhizal inoculation, humic acid application
and irrigation managements. J. Plant Nutr, 41(8), 1047 — 1064.

Alie, B. A., Khan, M. H., Dar, N. A., Mir, G. H., Dar, S. A.,
Lone, A. A., Khan, A., Fayaz, U., Ali, M. T. & Bhat, A.H.
(2023). Cost-effective saffron production system module for
corm weight and planting density. Journal of Innovative Ag-
riculture, 10(2), 36 — 46. http://doi.org/10.37446/jinagri/
rsa/10.2.2023.36-46.

Al Madini, A. M., Sassine, Y. N., EI-Ganainy, S. M., Hourani,
W. & Sebaaly, Z. E. (2019). Comparative study on phenology,
yield and quality of iranian saffron cultivated in lebanon and
iran. Fresenius Environmental Bulletin, 28(12A), 9655 — 9660.

Amiri, M. E. (2008). Impact of animal manures and chemical
fertilizers on yield components of saffron (Crocus sativus L.).
Am.-Eurasian J. Agric. Environ. Sci., 4,274 —279.

Bashir, M., Asif, M., Qadri, R. W. K. & Faried, N. (2019). Vari-
ous quantitative regimes of NPK influence the growth and qual-
ity of saffron (Crocus sativus L.). The Int. J. Biol.Res., 2(2),
289 —294.

Cardone, L., Castronuovo, D., Perniola, M., Scrano, L., Cicco,
N. & Candido, V. (2020). The Influence of Soil Physical and
Chemical Properties on Saffron (Crocus sativus L.) Growth,
Yield and Quality. Agronomy, 10, 1154. https://doi.org/10.3390/

agronomy10081154.

Cui, X., Zhang, Y., Gao, J., Peng, F. & Gao, P. (2018). Long-
term combined application of manure and chemical fertilizer
sustained higher nutrient status and rhizospheric bacterial di-
versity in reddish paddy soil of Central South China. Sci. Rep.,
8, 16554. https://doi.org/10.1038/s41598-018-34685-0.

Daneshmandi, M. S., Damghani, A. M., Yazdi, M. A. & Seyye-
di, S. M. (2024). The subsurface application of pistachio waste
compost and foliar spraying of organic matter can induce the
flower yield and the quality of saffron (Crocus sativus L.) corms
affected by restricted nutrient conditions. Scientia Horticultur-
ae, 326, 112768.

de Juan, J. A., Coércoles, H. L., Muiioz, R. M. & Picornell, M. R.
(2009). Yield and yield components of saffron under different
cropping systems. Industrial Crops and Products, 30, 212 —
219. https://doi.org/10.1016/j.indcrop.2009.03.011.

Douglas, M. H., Smallfield, B. M., Wallace, A. R. & McGimpsey,
J. A. (2014). Saffron (Crocus sativus L.): the effect of mother
corm size on progeny multiplication, flower and stigma produc-
tion. Sci. Hortic, 166, 50 — 58.

Dewir, Y. H., Alsadon, A., Ibrahim, A. & El-Mahrouk, M.
(2022a). Effects of growing substrate, mode of nutrient sup-
ply, and saffron corm size on flowering, growth, photosynthet-
ic competence, and cormlet formation in hydroponics. Hort
Technology, 32(2), 234 — 240. https://doi.org/10.21273/HORT-
TECH04980-21.

Dewir, Y. H., Alsadon, A., Al-Aizari, A. A. & Al-Mohidib, M.
(2022b). In vitro floral emergence and improved formation
of saffron daughter corms. Horticulturae, 8, 973. https://doi.
org/10.3390/horticulturae8100973.

Ebrahimi, M., Pouyan, M., Shahi, T., Fallahi, H. R., Hoseini,
S., Ragh Ara, H. & Branca, F. (2021). Effects of organic fer-
tilisers and mother corm weight on yield, apocarotenoid con-
centration and accumulation of metal contaminants in saffron
(Crocus sativus L.). Biological Agriculture & Horticulture,
38(2), 73 - 93.
https://doi.org/10.1080/01448765.2021.1987987.

El Hajj, A.K., Chamandy, A., Sayour, F., Jaber, S. & Oueidat,
N. (2024). Optimizing saffron (Crocus sativus) yield and quali-
ty through nutrient inputs and timing. ltalian Journal of Agron-
omy, 19(2), 100009.

El-Mahrouk, M. E., Dewir, Y. H., EI-Ramady, H. & Seliem, M.
K. (2023). Vegetative growth and productivity of potted Cro-
cus sativus in different growing media. Horticulturae, 9, 377.
https://doi.org/10.3390/horticulturae9030377.

Esmaeilian, Y., Amiri, M. B., Tavassoli, A., Caballero-Calvo,
A. & Rodrigo-Comino, J. (2022a). Replacing chemical fertil-
izers with organic and biological ones in transition to organic
farming systems in saffron (Crocus sativus) cultivation. Che-
mosphere, 307(Part 1), 135537. https://doi.org/10.1016/j.che-
mosphere.2022.135537.

Esmaeilian, Y., Amiri, M. B. & Neamatollahi, E. (2022b). High
density planting and manure affect flower yield, corm charac-
teristics, and volatile compounds of saffron (Crocus sativus L.).
Industrial Crops and Products, 176, 114363.

Ghanbari, J., Khajoei-Nejad, G. R., van Ruth, S. M. & Aghighi,
S. (2019). The possibility for improvement of flowering, corm



Optimizing saffron cultivation in Lebanon: Effects of crop density and fertilization on yield and corm growth 343

properties, bioactive compounds, and antioxidant activity in
saffron (Crocus sativus L.) by different nutritional regimes. /nd.
Crop. Prod., 135,301 — 310.

Ghanbari, J. & Khajoei-Nejad, G. (2021). Integrated nutrient
management to improve some soil characteristics and biomass
production of saffron. Industrial Crops and Products, 166,
113447.

Ghanbari, J. & Khajoei-Nejad, G. (2022). Relationships between
growth indices, dry matter production, and nutrient use efficien-
cy in saffron: Integrative effect of mycorrhizal inoculation and
nutrient resources. Journal of Plant Nutrition, 1 — 19.

Hourani, W. (2022). Effect of fertilizers on growth and productivi-
ty of saffron: a review. Agron. Res, 20. https://doi.org/10.15159/
AR.22.082.

Jahan, M. & Jahani, M. (2006). The effects of chemical and or-
ganic fertilizers on saffron flowering. In: 2nd International
Symposium on Saffron Biology and Technology, 739, 81 — 86.

Khazaei, M., Monfared, M., Kamgar Haghighi, A. A. & Se-
paskhah, A. R. (2013). The trend of change for weight and
number of saffron corms as affected by irrigation frequency and
method in different years. J. Saffron Res, 1, 48 — 56.

Koocheki, A. (2004). Indigenous knowledge in agriculture with
particular reference to saffron production in Iran. In: / Interna-
tional Symposium on Saffron Biology and Biotechnology, 650,
175 — 182.

Koocheki, A. R. & Khajeh-Hosseini, M. (2020). Saffron Science,
Technology and Health, first ed. Woodhead Publishing, Elsevi-
er, Netherlands.

Kothari, D., Thakur, M., Joshi, R., Kumar, A. & Kumar, R.
(2021). Agro-Climatic Suitability Evaluation for Saffron Pro-
duction in Areas of Western Himalaya. Front. Plant Sci., 12,
657819.

Ma, D., Yin, L., Ju, W., Li, X., Liu, X., Deng, X. & Wang, S.
(2021). Meta-analysis of green manure effects on soil proper-
ties and crop yield in northern China. Field Crop. Res., 266,
108146. https://doi.org/10.1016/j.fcr.2021.108146.

Midya, A., Saren, B. K., Dey, J. K., Maitra, S., Praharaj, S.,
Gaikwad, D. J., Gaber, A., Alsanie, W. F., Hossain, A. (2021).
Crop establishment methods and integrated nutrient manage-
ment improve: Part I. Crop performance, water productivity and
profitability of rice (Oryza sativa L.) in the Lower Indo-Gan-
getic Plain, India. Agronomy, 11, 1860. https://doi.org/10.3390/
agronomy11091860.

Nazarian, R., Mahalati, M. N., Sahabi, H. & Feizi, H. (2024).
Comparison quality parameters of saf- fron (Crocus sativus L.)

produced in Herat, Afghanistan and Torbat Heydarieh, Iran.
Adv. Hort. Sci., 38(1), 75 — 81.

Omidi, H., Naghdi, Badi, H., Golzad, A., Torabi, H. & Footou-
kian, M. (2009). The Effect of Chemical and Bio-fertilizer
Source of Nitrogen on Qualitative and Quantitative Yield of
Saffron (Crocus sativus L.). J. Med. Plants, 8(30), 98 — 109.
URL: http://jmp.ir/article-1-370-en.html.

Rashed-Mohassel, M.-H. (2020). Evolution and botany of saf-
fron (Crocus sativus L.) and allied species. Saffron, 37 — 57.
doi:10.1016/b978-0-12-818638-1.00004-6.

Rezvani-Moghaddam, P. (2020). Ecophysiology of saffron. In
Saffron (pp. 119-137). Woodhead Publishing.

Seliem, M. K., Dewir, Y. H., El-Mahrouk, M. E., EI-Ramady,
H. & Fathy Elbehiry, F. (2024). The effects of potassium fer-
tilizers on flowering, vegetative growth, and daughter corm
yield of potted saffron. Applied ecology and environmental
research, 22(2), 1829 — 1847. http://dx.doi.org/10.15666/
aeer/2202_18291847.

Selim, M. M. (2020). Introduction to the integrated nutrient man-
agement strategies and their contribution to yield and soil prop-
erties. International Journal of Agronomy, 1 — 14. https://doi.
org/10.1155/2020/2821678.

Shahandeh, H. (2020). Soil conditions for sustainable saffron
production. Saffron, 59-66. doi:10.1016/b978-0-12-818638-
1.00005-8.

Soheilivand, S., Agayev, Y. M., Shakib, A. M., Fathi, M. & Rez-
vani, E. (2007).Comparison of diversity in flowering rate of
two saffron (Crocussativus) populations of Iran. In: Proceed-
ings of 2nd International Symposium on Saffron Biology and
Technology, 317 —321.

Temperini, O., Rea, R., Temperini, A., Colla, G. & Rouphael, Y.
(2009). Evaluation of saffron (Crocus sativus L.) production in
Italy: Effects of the age of saffron fields and plant density. Jour-
nal of Food, Agriculture and Environment, 7, 19 — 23.

Turhan, H., Kahriman, F., Egesel, C. O. & Kemal, M. (2007).
The effects of different growing media on flowering and corm
formation of saffron (Crocus sativus L.). Afi: J. Biotechnol.,
6(2), 2328 —2332.

Unal, M. & Cavusoglu, A. (2005). The effect of various nitrogen
fertilizers on saffron (Crocus sativus L.) yield. Akdeniz iiniver-
sitesi ziraat fakiiltesi dergisi, 18(2), 257 — 260.

White Book Saffron in Europe (WBSIE). Problems and strate-
gies for improving the quality and strengthen competitiveness.
2006. Available from: http://www.europeansaffron.eu/archivos/
White%20book%?20english.

Received: November, 18, 2024; Approved: January, 17, 2025; Published: April, 2026



