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INTRODUCTION

Medicinal plants are the main and essential elements of the indigenous medical systems
worldwide (Hosseinzadeh et al., 2015). Currently, the dependence of developing countries on
the herbal medicinal sources is much higher than on the modern medicinal sources. According
to the estimates, about 80% of the population of these countries depends on the traditional
medicine and the use of medicinal sources for medical treatment and healthcare (Tareen et al.,
2016). Nowadays, the demand for the use of the medicinal plants for medicinal and medical
purposes, especially in traditional medicine in different countries, is increasing rapidly, and
this issue has increased the economic importance of the medicinal plants (Agra et al., 2007).
The prominent advantage of medicinal plants cultivation in the arid and semi-arid areas is that
some environmental stresses can stimulate the plant to produce secondary metabolites, which
may improve the crop quality, thereby pharmaceutical and economic superiority of the
medicinal plants in these regions rather than other regions (Omidbaigi, 2000).

Saffron (Crocus sativus L.) is a botanically annual and agronomically perennial plant
species belonging to the Iridaceae family, which is widely cultivated in the arid and semi-arid
regions, especially in Iran (Fallahi et al., 2021). Saffron has a variety of uses in food, industry,
and medicine, as well as cosmetics and sanitary products (Ben El Caid et al., 2020; Leone et
al., 2018; Nazari & Feizi, 2021). The value and importance of saffron are due to its significant
biochemical compounds, including sugars, minerals, fats, vitamins, and secondary
metabolites, including terpenes, flavonoids, anthocyanins, and carotenoids, among which
carotenoids are the most important because of the color and taste properties of saffron
(Gismondi et al., 2012; El Grah et al., 2022).

Soil is known as the substrate for plant growth and development, and its fertility and
quality are the most essential factors for the sustainable production of crops (Ayoub, 1999). In
the past few decades, Iranian farmers have heavily depended on chemical fertilizers to
provide the nutrient requirements of crops that, in addition to reducing the production growth
rate and the stability of crop production, has caused a decrease in the biodiversity, especially
in fauna and flora of the ecosystem, water and soil resources pollution and numerous harmful
effects on the health of many kinds of living organisms, especially humans (Esmaeilian et al.,
2022b). In such a situation, it is essential to choose a plant nutrition system that, in addition to
providing a balanced supply of nutrients, is compatible with the conditions of the agro-
ecosystem and causes the least damage to the living and non-living components of the
ecosystem. In recent years, integrated nutrient management (INM), as an environment
friendly approach characterized by a balanced mixture of the inorganic, organic and biological
compounds, has received much attention (Janssen, 1993). The purpose of INM is to achieve
the best combination of fertilizers, which, while using sufficient and balanced types of
fertilizers, increases the effectiveness of plant nutrition on the improvement of quantitative
and qualitative traits of the crops, while maintaining the health and quality of the soil (Selim,
2020). Several researches show a positive and significant response of saffron to INM systems
compared to applying fertilizer compounds alone. For example, Sarfraz et al. (2023b)
reported that the integrated nutrition systems improved saffron flower and stigma indices by
35-70% and saffron corm indices by 35-96%. Kirmani et al. (2022) conducted a large-scale
study and concluded that the highest yields of saffron flowers and corms were obtained in
farms where the integrated nutrition system was implemented. The results of another research
showed that the integrated application of organic and inorganic nitrogen sources has the
potential to improve the quality of saffron stigma (Sarfraz et al., 2023a). Studies have shown
significant and positive effects of combined application of cow manure (Turhan et al., 2007),
poultry manure (Saeidi Aboueshaghi et al., 2022), vermicompost (Feli et al., 2018), and
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biological fertilizers (Ahmadi & Nazari Alam, 2015; Alizadeh et al., 2018) with chemical
fertilizers on the growth and yield of saffron.

One of the fertilizer sources that has been considered as an alternative to chemical
fertilizers is animal waste that, if properly managed, can be an attractive option in the
sustainable agriculture and, as a good source of nutrients, can play an influential role in
improving the soil organic matter and fertility, and reduce the costs of the crop nutrition
system (Roy et al., 2013). This organic amendment also plays an essential role in improving
soil health (Adesina et al., 2020). The Organic fertilizers, unlike the chemical fertilizers,
which have high solubility and availability (Barker & Pilbeam 2007), need more time to be
mineralized and provide their elements to the plant (Tejada et al., 2014). For this reason, the
release of nutrients from these fertilizer sources is done gradually, and thereby, the process of
absorbing their elements by plants takes place over a long time. The use of organic and
biological fertilizers has positive ecological effects, especially on the physical, chemical, and
biological properties of soil, which is closely related to the food quality and safety,
environmental health, and human health maintenance (Alfa et al., 2014).

Biofertilizers, containing various microorganisms (e.g., bacteria, fungi, and algae) and
growth-promoting compounds (e.g., plant hormones and amino and organic acids) as
ecofriendly, low-cost, and effective compounds, play an essential role in the implementation
of sustainable agricultural strategies to replace chemical fertilizers and reduce off-farm inputs
in low input farming systems (Kawalekar, 2013; Al-Taey et al., 2019; Azarmi-Atajan &
Sayyari-Zohan, 2022). Microorganisms in biofertilizers cause the mineralization of organic
compounds and the conversion of inorganic compounds from non-absorbable form to
absorbable form through various biological processes (Ekta et al., 2017). By improving the
physical, chemical, and biological characteristics of the soil, these materials improve soil
fertility and, ultimately, increase the growth and quantitative and qualitative yield of crops
(Abdel-Raouf, et al., 2012; Al-Taey et al., 2019).

Saffron is a plant whose growth and yield are strongly affected by the environmental and
management factors among which, plant density, maternal corm properties, and plant
nutrition are critical (Temperini et al., 2009). It has been determined that to produce saffron
flowers, a minimum amount of saffron corm weight and size is required (Douglas et al.,
2014). It has been reported that planting larger maternal corms due to more reserves, not only
improves the vegetative growth of saffron and flower production in the first year, but also,
due to better growth and use of environmental resources, leads to more daughter corms
production and, ultimately, to more flower and corm vyield during the consecutive years
(Renau-Morata et al. 2012; Fallahi et al., 2017). Ebrahimi et al. (2021) reported a significant
increase in traits such as flowers number, style-stigma dry weight, number and weight of
daughter corms as a result of planting large-sized corms. The results of another research
showed that planting heaver maternal corms (>12 g) caused earlier flowering and more
extended flowering period, which resulted in the significantly higher flower and stigma
yields. Also, corm yield was significantly higher in plots with higher maternal corm weight
(Alie et al., 2023).

The important challenge facing the agricultural sector is the enhancement of per person
crop production in line with the population growth on the one hand, and the limitation of
environmental resources, especially water, on the other hand. This issue is more vital in the
arid and semi-arid areas, which has utilized the strategies of reducing water consumption or
increasing crop production per unit of water consumption in order to improve water
productivity making it an inevitable issue. This issue, in the case of saffron plant, which is
produced in the important saffron growing areas in the world, including Iran, by basin
irrigation, is especially important. Furthermore, the complexity of the saffron plant and its
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variable responses to the environmental and management factors are among the main
challenges in the main areas of saffron cultivation, especially in Iran. Saffron nutrition and
choosing the proper fertilizing system, which, like the eco-friendly agricultural system,
guarantee the achievement of the appropriate yields, have always been parts of the basic
challenges in the saffron production. On the other hand, the interaction effects of maternal
corm characteristics and other effective factors in the growth and yield of saffron are other
important questions in the saffron cultivation management. Therefore, the purpose of this
research was to compare different types of the integrated nutrition systems in terms of their
effect on the quantitative characteristics and water productivity of saffron flowers and corms
and to choose the best nutrition system according to different maternal corm weights.

MATERIALS AND METHODS

Site description

The experiment was conducted at the research farm of University of Torbat Heydarieh, Torbat
Heydarieh, Iran (59° 133’ E, 35° 20’ N, and 1450 m a.s.l.) during two consecutive growing
seasons (2016-17 and 2017-18). The experimental site location is shown in Fig. 1. According
to the Koppen climate classification, the area has an arid climate. The average annual
temperature of the area is 14.3 °C, while the minimum and maximum temperatures are -4.3
and 33.5 °C in February and August, respectively. The average long-term annual rainfall is
274.8 mm and, mainly, occurs between January and April. The average annual relative
humidity is 46%, with a minimum of 33% and a maximum of 64% during August and
February, respectively. Monthly rainfall and average maximum and minimum temperature
data of the study area during the experiment years are given in Fig. 2. The soil of the
experimental site was classified as clay loam with low organic matter. The soil with electrical
conductivity (EC)=2.19 dS m™* and pH=8.01 is classified as normal soil (Scherer et al., 1996).
Some physicochemical properties of the experimental field soil are presented in Table 1.

Razavi Khorasan Province

&bz

zaveh city

Longitude: 59° 133'E

Latitude: 35°20°'N

Fig. 1. Location of the studied area, Zaveh, Torbat Heydarieh, Razavi Khorasan province.
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Fig. 2. Regional meteorological records of the experiment site during the two growing seasons (2016-17 and
2017-18).

Table 1. Physical and chemical properties of experimental site soil.

Temperature €C)

Soil texture Sand Silt Clay CaCOs; Total Organic Available  Available pH EC
N carbon P K

% (mg kg - dSm?

Clay loam 13 53 34 175  0.049 0.51 28 360 8.01 219

Experimental design and treatments

The field experiment was conducted as split plot based on a randomized complete block
design with three replications. The main plots included four nutrition treatments described
below, and the subplots consisted of three levels of maternal corm weight groups (4-8, 8-12,
and 12-16 g).

One of the main objectives of this research was to investigate the effects of the integrated
nutrition systems on the studied characteristics of saffron and to choose and recommend the
best fertilizer combination for the saffron farming system. So, for the selection of
experimental treatments, the literature review and the opinions of experts in the agricultural
sector were used. The four levels of the nutrition programs were:

Treatment 1) Control (no fertilization).

Treatment 2) before planting (July 2016), 3400 kg ha! cow manure was incorporated into
the soil. After planting, 5 L ha™* humic acid was applied during the first irrigation (September
2016). Then, in November 2016, the amino acid (0.3 kg ha') and humic acid (5 L ha?)
fertilizers were applied with irrigation and repeated at the same rate in January, March,
September, November 2017, and January 2018.

Treatment 3) before planting (July 2016), 6600 kg ha™* slaughterhouse waste was mixed
with the soil. 50 kg ha™* mono-potassium phosphate, 2 kg ha™* Fe chelated fertilizer and 4 kg
ha™! humic acid powder fertilizer was applied during the first irrigation (November 2016). In
January 2017, 15 kg ha™* mix (macro-micro) fertilizer (N, P, K, Fe, Zn, Mg, and Cu chelates)
was applied during the irrigation operation. In March 2017, 5 L ha™* humic acid fertilizer was
applied with irrigation. 25 kg ha?! 15-5-30 NPK fertilizer and 4 kg ha* humic acid powder
fertilizer were applied as incorporated within the irrigation water. In November 2016 and
January 2017, the fertilization program of the previous year was repeated. In March 2017, 5 L
ha* humic acid fertilizer was incorporated into the irrigation water.

Treatment 4) before planting (July 2016), 3400 kg ha! poultry manure was incorporated
into the soil. After planting (September 2016) 400 kg ha* ammonium nitrate and 300 kg ha*
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humic acid granular fertilizer were added to the soil before the first irrigation. In November
2016, 100 kg ha® urea, 25 kg ha 20-20-20 NPK, 1 kg ha* amino acid, and 200 kg ha* sulfur
granular fertilizers were applied as incorporated within the irrigation water. In January 2017,
1 liter per 1000-liter water of hormone biofertilizer (containing 250 ppm of auxin, gibberellin,
and cytokinin), 40-30 NP fertilizer, and micronutrients fertilizer (containing 0.3, 0.4, 0.4,
0.25, 0.8, and 0.65% of B, Cu, Fe, Mg, Mn, and Zn, respectively) were foliar sprayed two
times. Also, 3 kg ha™® humic acid powder fertilizer was applied and incorporated into the
irrigation water. This nutrition program was repeated in September and November 2017 and
January and March 2018.

The chemical properties of the organic fertilizers applied in the experiment are presented
in Table 2. Urea (150 kg ha), super phosphate triple (120 kg ha*), and potassium sulphate
(100 kg hat) were used as fertilizer source of N, P, and K fertilizer, respectively.

Experiment layout and agronomic practices

After plowing, disk, and leveling, the experimental plots were constructed manually with a
4.5 m? area (2.25 m x 2.0 m), 1.0 m distance between the adjacent plots, and 1.5 m between
the blocks. According to the nutrition program treatments, the required fertilizers were
incorporated into the soil of each plot. The saffron corms used in this experiment were
provided from Zaveh, Razavi Khorasan Province ecotype. Based on the saffron corm weight
treatments, the maternal corms were separated according to each weight group. Saffron corms
were planted as the basin method in July 2016 at 100 corms m density at 15 cm soil depth.
Therefore, no new planting was done in the second year. Irrigation of saffron was carried out
as the basin irrigation. Table 3 shows the irrigation date and volume during the saffron growth
period. Five days after the first irrigation, breaking the soil crusting was done manually.
Weeding was done manually in two stages in December and January of each experiment year.

Measurements and data collection

Saffron flowers were accounted and picked up daily. The duration of the saffron flowering
stage in the first and the second years was 5 to 30 November 2016 and 7 November to 2
December 2017, respectively. The flowers were transferred to the laboratory and weighed
using a precision digital scale (£0.0001 g), and then the fresh flower yield was calculated.
Then, saffron stigmas were separated from the flowers, weighed, and recorded as fresh stigma
yield. After drying the flowers and stigmas in the shade at room temperature, dry flower yield
and dry stigma yield were measured.

Table 2. Chemical analysis of organic fertilizers used in the experiment.

Parameter 0.C N P K Zn Cu Fe Mn EC pH
Fertilizer % mg kg * ds m? -
Cow manure 33.1 22 08 0.9 56.3 35.0 743 70.4 5.7 6.8
Poultry manure 43.7 45 14 19 2811 26.8 1174 47.6 8.5 6.4
Vermicompost 23.9 27 15 1.3 415 8.1 143 28.5 6.3 7.8
slaughterhouse waste 61.4 63 20 0.71 76.2 22,7 1038 19.9 4.9 6.1

Table 3. Irrigation dates and volumes applied during the saffron growth period.

Irrigation date

First year 2016-10-17 2016-11-23 2017-01-04 2017-02-08 2017-04-01
Second year 2017-10-19 2017-11-20 2018-01-09 2018-02-12 2018-03-28
Irrigation volume (m? hal)

First year 750 600 530 560 550
Second year 630 620 570 580 580
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At the end of each growing season (26 and 27 July 2017 and 2018, respectively), daughter
corms were harvested from the 0.5 m? area of each plot, and the related traits such as
replacement corm number, diameter, weight, and corm yield were determined. The corm
weight and diameter were determined from 10 randomly selected corms.

The dry stigma and corm water productivity were calculated using the following formula (1):

Dry stigma/corm yield (g/kg ha~1)

Dry stigma/corm WP (g/kg m—3) - Irrigation water applied (m3 ha=1) (1)
Statistical analysis

Data were subjected to analysis of variance (ANOVA) using SAS software version 9.2 (SAS,
2008), and the difference between treatment means was separated using the least significant

difference test (LSD) at a 5% probability level.

Table 4. Mean comparison for the saffron flower indices as affected by nutrition programs and maternal corm weight.

Flower number Fresh flower Dry flower Fresh stigma yield (g Dry stigma

(no. m?) yield (g m?) yield (g m?) m-?) yield (g m?)
Treatments 2016- 2017- 2016- 2017- 2016- 2017- 2016-17  2017-18 2016- 2017-

17 18 17 18 17 18 17 18
NUtrItIOﬂ *%* *%* ** ** ** ** ** *%* ** *%*
program
(NP)
NPO 27.69  39.94 10.069 11.94¢ 1.94°  2.45° 0.93¢ 1.464 0.17¢ 0.29¢
(control)
NP1 33.1> 53.1° 13.12° 15.25¢ 238 3.01° 1.22° 1.88° 0.22> 0.36°
NP2 30.3°  74.6° 11.58° 24.45° 2.18° 475 1.05¢ 2.97° 0.20" 0.59°
NP3 43.3*  85.6° 16.46* 28.212 2.78% 548 1.622 3.35% 0.27¢  0.67*
Corm *%* *%* ** ** ** ** ** *%* ** *%*
weight
(Cw)
Cw1 30.4°  45.4¢ 11.56° 15.06° 1.92¢ 3.03° 1.06° 1.95¢ 0.20° 0.38°
CW2 33.6"° 64.5° 12.84° 20.28° 2.30°  3.89° 1.21° 2.41° 0.22% 0.48P
CW3 36.8 79.9 14.02% 24.57* 2.72% 485 1.352 2.90% 0.24* 0.58%
NPxCW NS * NS * * * NS * NS *
NPOCW1 25.7" 8.489 1.709  2.04 1.10' 0.228
NPOCW?2 43.79 11.43 1.90°% 2.11f 1.35" 0.28f
NPOCW3 50.3°f 15.91¢ 2.20¢  3.20° 1.94f 0.38°
NP1CW1 42.39 10.42 2.08%f  2.24f 1.56%" 0.27f
NP1CW?2 49.0™ 15.92¢ 2.34%  3.19¢ 1.71% 0.34¢
NP2CW3 68.0° 19.41¢ 2.74>  3.61° 2.38° 0.48¢
NP2CW1 54,3¢f 18.96¢ 1.78%  3.41° 2.32¢ 0.46¢
NP2CW?2 77.0°f 26.19° 2.22¢  4,90% 3.19° 0.64°
NP2CW3 92.3° 28.21° 2.54P¢  4,95% 3.42° 0.68°
NP3CW1 59.3¢ 22.35° 2.14%  4.43¢ 2.81¢ 0.57°
NP3CW?2 88.3" 27.56° 2.80>  5.37b¢ 3.38° 0.66"
NP3CW3 109.02 34.732 3.40*  6.65° 3.86% 0.78%
C.V (%) 10.63 9.21 9.96 7.22 9.71 8.72 13.04 6.77 11.27 6.13

*and **: Significant at p<0.05 and p<0.01, respectively. NS: Non-significant according to the LSD test.
Means within each column with same letters are not significantly different by LSD test (p<0.05).
NPO to NP3 indicate nutrition programs. CW1 to CW3 indicate maternal corm weights.
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RESULTS AND DISCUSSION

Flowering indices

All the nutrition treatments increased the flower number (FN) compared to the control
treatment. In the first year, the highest value (43.3 flowers m?) was obtained from the NP3
treatment, and the NP1 treatment was ranked next with 33.1 flowers m, that increased the
FN by 56.9 and 19.9%, respectively, compared to the control. In the second year, the NP3
treatment, achieved 85.6 flower m=, caused the highest increase than control (114.5%), and
the NP2 treatment, with a value of 74.6 flowers m (86.0% increase) was ranked in second
place (Table 4). It seems that the NP3 treatment with a suitable combination of organic,
biological and chemical fertilizers has a better balance of nutrients. For this reason, it has
provided better growth conditions for the saffron plant that, ultimately, led to more flower
production. Probably, the increase in the FN as a result of the application of the NP2
treatment is more due to the application of slaughterhouse waste in this treatment because this
organic fertilizer, not only increases the organic matter in the soil but, is also able to release
various hormones and amino acids that can increase photosynthesis and assimilates
production by the plant (Besharati & Saffari, 2022). Changing the trend from the chemical
fertilizers to organic and biological fertilizers in saffron cultivation is vital. Several studies
have shown favorable responses of saffron to the use of organic and biological fertilizers
alone or in combination with chemical fertilizers (Ahmadi & Nazari Alam, 2015; Ekta et al.,
2017; Ebrahimi et al., 2021; Esmaeilian et al., 2022b).

Planting heavier maternal corms increased the emergence of saffron flowers so that in the
first year, the CW2 (8-12 g) and CW3 (12-16 g) treatments increased the FN by 10.4 and
21.05%, respectively, and 42.0 and 75.9% in the second year, respectively, compared with the
small corms (4-8 g). The interaction effect of the experimental factors on the FN in the second
year was significant so that the highest value (109.0 flowers m?) was obtained from the
NP3CWS3 treatment and followed by the NP3CW2 treatment with 88.3 flowers m. Table 4
also shows that the nutrition treatments had more effect on the flowering of small corms than
on the large ones, which was more evident in the case of the smallest corms (4-8 g). In a
situation where one of the main obstacles and limitations in the crop production in the arid
and semi-arid regions is the organic matter content as well as the poor nutrients in the soil
(Reynolds, 2017), the integrated use of chemical, organic and biological fertilizers along with
the cultivation of appropriate maternal corms can significantly increase the probability of
success in saffron cultivation.

The fresh flower yield (FFY) significantly responded to the experimental treatments. The
NP3 treatment with the FFY of 8.2 and 28.2 g m obtained the highest value in the first and
second year, respectively. While the lowest values (5.0 and 11.9 g m, respectively) belonged
to the control (Table 4). The combined use of nitrogen chemical fertilizer with poultry manure
in this treatment, in addition to lowering the ratio of C/N, has prevented the lack of nitrogen
required by the plant during the early growth period and through the acceleration in
mineralization and release of minerals from organic fertilizer has provided the nutritional
requirements of the plant (Salehi et al., 2014). Increasing the maternal corms weight led to an
increase in the FFY, gradually. This increase in the second (medium-weighted corms) and
third (big corms) levels compared to the first level (small corms), was 11.1 and 21.3%,
respectively, and in the second year was 34.7 and 63.1%, respectively (Table 4). The saffron
corm characteristics can determine the growth status of this plant in the following years. It has
been found that the corm properties have a high effect on the emergence of flowers and the
flower yield of saffron (Esmaeilian et al., 2022a). A comparison of the mean values of the
interaction effect treatments showed that the NP3CW3 treatment achieved the highest FFY
(34.7 g m?) and the NP2CW3 treatment, with a value of 28.2 g m ranked in the second place
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(Table 4). As mentioned above, the growth and yield of saffron are highly dependent on the
growth situation of replacement corms in the previous year. Therefore, planting corms with
appropriate size and weight and optimum reservoir status can improve the regrowth and
flower yield of saffron in the following year (Renau-Morata et al., 2012; Koocheki &
Seyyedi, 2015).

The dry flower yield (DFY) was significantly influenced by the experimental treatments
in all the experiment years. The data in Table 4 clearly show that the nutrition program
treatments had different effects on this trait. The highest DFY obtained in the first year (1.39
g m?) belonged to the NP3 treatment, and the NP1 (1.19 g m) and NP2 (1.09 g m?)
treatments were ranked in second and third place, respectively. The NP3 treatment in the
second year also had the highest effect on the improvement of this trait by obtaining a DFY of
5.48 g m2. The NP2 and NP1 treatments were placed in the following places with values of
4.75 and 3.01 g m?, respectively. Optimum formation of saffron replacement corms can
improve the growth characteristics and production of saffron flowers in the following year,
due to the proper agronomic management operations (de Juan et al., 2009). The results of this
research show that the integrated nutrient management by means of the effective and
homogeneous combination of different types of fertilizers leads to their adequate and
balanced use in terms of the quantity and quality, that results in the nutrient uptake at the right
time and during the plant growth stages. This ultimately, can lead to better growth and higher
yields (Selim, 2020). Planting corms with higher weight improved the DFY. By increasing the
maternal corm weight from the first level to the second and third level, the values of this trait
increased by 20.8 and 41.7% in the first year and 29.0 and 60.1% in the second year,
respectively (Table 2). The mean comparison of the interaction treatments (Table 4) showed
that in both years of the experiment, the plants that were treated with the fourth nutrition
program and had the highest weight of the maternal corm (NP3CW3 treatment) achieved the
highest DFY (1.70 and 6.65 g m in the first and second year, respectively). A more effect of
the fertilizer treatments on the small than large corms was also observed regarding DFY
(Table 4). Koocheki and Seyyedi (2015) stated that although the amount of nutrient reserve of
maternal corm has a determining role in the growth and production of saffron flowers, the soil
nutrient content, especially from the second year of growth, when the reserves of maternal
corms decreased and the growth of replacement corms increased, is more critical.

The variation in the fresh stigmas yield (FSY) as a result of the implementation of
different nutrition programs and plantation of corm with different weight groups was also
significant. In the first year, the NP3 treatment achieved the highest value (1.62 g m), and
the NP1 treatment, with a value of 1.22 g m, was in second place. In the second year, the
NP3 treatment also obtained the highest value (3.35 g m), while the NP2 treatment, with a
value of 2.97 g m?2, was in second place (Table 4). Numerous researchers have emphasized
that the growth and yield of saffron are greatly influenced by the plant environment and
nutritional condition of the corms (Lage & Cantrell, 2009; Siracusa et al., 2011; Ghorbani et
al., 2019). The use of humic acid fertilizer in the integrated nutrition systems can be
considered an essential factor in achieving these results. It has been reported that humic acid,
as a growth stimulating fertilizer, directly or indirectly increases the nutrients uptake and
improves plant physiological processes (Nourihoseini et al., 2016). By increasing the maternal
corm weight from the first to the second and third levels, the FSY increased by 14.1 and
27.4% in the first year and by 23.6 and 48.7% in the second year, respectively (Table 4). The
mean comparison of interaction effect treatment in the second year also showed that the
NP3CWS3 treatment had the highest value (3.86 g m), and the second place (3.42 g m) was
related to the NP2CW3 treatment (Table 4).

325



Ahmadian et al./J. HORTIC. POSTHARVEST RES., 7(4), DECEMBER 2024

The response of dry stigma yield (DSY) to the experimental treatments was also almost
similar to the FSY, although its increase was higher than the FSY. Applying the second to
fourth nutrition programs in the first year caused 29.4, 17.6, and 58.8%, and in the second
year, 24.1, 103.4, and 130.0% increase, respectively, compared to the control (Table 4). This
increase in the case of corm weight treatments from the second and third levels compared to
the first level was 7.3 and 16.7% in the first year and 26.3 and 52.7% in the second year,
respectively (Table 4). Our results also indicated that applying the NP3CW3 treatment
obtained the highest DSY (0.78 g m?), and the NP2CW3 treatment placed in the next rank
(0.68 g m?). Temperini et al. (2009) stated that corm weight and nutrition management are
two determining factors for saffron yield. Khorramdel et al. (2015) concluded that maternal
corm characteristics have more importance than other agronomic factors affecting saffron
production. The results indicate that the selection of appropriate maternal corm and
implementation of integrated nutrition that provides sufficient and balanced macro and micro
elements required by the saffron plant are key factors in saffron production.

Corm indices

Replacement corm number (RCN) in both years of the experiment showed a significant
response to the nutrition program treatments. In the first year, the NP3 treatment showed the
highest value (163.4 corm m), although it didn’t show a significant difference from the NP1
treatment. In the second year, different results were obtained, so the highest value (319.6
corm m?) belonged to the NP2 treatment, and the NP1 treatment ranked second with 314.8
corm m (Table 5). Although the saffron plant is considered an adaptable and low-input plant
in terms of the need for fertilization and supply of nutrients (Gresta et al., 2008), the results of
numerous researches show a reasonable response of this crop to the use of chemical and
biological fertilizers (Koocheki & Seyyedi, 2015; Ghanbari et al., 2019; Esmaeilian et al.,
2022a,b). As shown in Table 5, the variation in the weight of maternal corms hadn’t any
significant effect on the RCN in the first year while, in the second year, the CW2 and CW3
treatments without statistically significant differences with values of 313.6 and 322.7 corm m”
2, respectively obtained higher values than control (278.8 corm m™). It seems that planting
corms with more weight due to more nutrition reserves and producing an extensive root
system that can absorb more water and nutrients resulted in the production of more
replacement corms by more buds (Renau-Morata et al., 2012; Koocheki et al., 2014).

Replacement corm diameter (RCD) significantly responded to the nutrition program
treatments. As Table 5 shows, all the nutrition treatments increased the RCN than the control;
however, the highest value in the first and second year (3.74 and 8.54 cm, respectively) was
obtained from NP3 treatment, which showed a 70 and 78% increase, respectively compared to
control. Planting heavier corms increased the RCN, so a 56.5 and 39.5% increase in RCN in
the first and second year of the experiment, respectively, was achieved due to planting 12-16
g maternal corms (Table 5). Among the interaction treatments, the highest values in two years
of the experiment (5.09 and 5.15 cm, respectively) were obtained due to planting 12-16 g
maternal corms under the third nutrition program (Table 5).

Replacement corm weight (RCW) was also significantly influenced by the experimental
treatments. The highest value in the first year (5.42 g) was obtained due to the implementation
of the fourth nutrition program. However, it didn’t show a significant difference with the third
nutrition program (4.97 g). Similar results were obtained in the second year, and the NP3 and
NP2 treatments without any significant difference had the highest effect on the increase in the
RCW by obtaining values of 6.86 and 6.65 g, respectively (Table 5). The difference in the
RCW was very evident regarding the levels of maternal corm weight so that the increase in
corm weight from the first to the second and third levels led to 28.2 and 53.7% increases in
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the first year and 24.7 and 48.7% in the second year, respectively (Table 5). Amirnia et al.
(2014), by comparing the effects of maternal corm weight on saffron characteristics,
concluded that corms with a weight of 10 grams and above are the most suitable corms to
obtain more replacement corms with a higher weight, while corms with a weight of 6 grams
and below are not recommended for cultivation. The results of our experiment also indicated
that planting the heaviest maternal corms and applying the fourth nutrition program in both
years of the experiment had the most significant effect (6.73 and 8.82 g, respectively) in
improving this trait. The second rank in both years of the experiment (5.89 and 7.78 g,
respectively) belonged to the third nutrition program and the third level of maternal corm
weight (Table 5).

The corm yield (CY) was also significantly affected by the experimental treatments. The
NP3 treatment achieved the highest CY in both years of the experiment however; its effect
was more noticeable in the second year so that the CY as a result of the implementation of the
fourth nutrition program was 15.5% in the first year and 26.3% in the second year (Table 5).
Rasouli et al. (2014) also compared different types of nutrient systems on the characteristics
of saffron and, concluded that the integrated nutrition system consisting of organic, biological
and chemical fertilizers had the highest effect on the corm yield. Planting the maternal corms
with higher weight resulted in higher CY values, so the CW2 and CW3 treatments showed 8.6
and 15.2% increase in the first year, respectively, and 7.2 and 13.2% increase in the second
year, respectively, compared to the CW1 treatment (Table 5).

Table 5. Mean comparison for the saffron corm indices as affected by nutrition programs and maternal corm weight.

Corm number Corm diameter Corm weight Corm yield

(no. m?) (cm) C)] (@m?
Treatments 2016-  2017- 2016- 2017- 2016- 2017- 2016-  2017-

17 18 17 18 17 18 17 18
NUtrItIOﬂ * * **% **% **% **% *%* **
program (NP)
NPO (control) 143.4°> 278.1° 2.20°¢ 2.79¢ 3.37 4.11° 533.8° 1239.3¢
NP1 160.4*  314.8%® 2.77° 2.92¢ 3.97° 5.37° 580.1°¢  1310.5¢
NP2 157.0® 319.6% 3.08° 3.21° 4972 6.652 599.5°  1441.5°
NP3 163.4*  312.1%® 3.742 4.27° 5.422 6.86° 639.72  1565.42
Corm WEIght NS ** **% **% **% **% *%* **
(CwW)
Ccw1i 282.2° 2.30°¢ 2.67¢ 3.48° 4.62° 549.6°  1298.5°
CW2 313.67 2.95° 3.20° 4.46° 5.75° 597.2°  1392.5°
CW3 322.77 3.602 3.722 5.352 6.872 632.92  1476.5%
NPxCW NS NS * *x * * * *
NPOCW1 1.63¢ 1.61" 2.78" 3.37f 509.3F  1156.2"
NPOCW2 2.34¢% 2.53¢ 3.570 423 554.3%  1256.49
NPOCW3 2.64 2.89¢°f 3.76%0h  4.72¢ 597.6% 1305.2
NP1CW1 2.38¢ 2.651 2.919 4.63° 533.9¢"  1219.19
NP1CW2 2.85% 2.99¢f 3.96¢ 5.34¢% 599.8%  1307.5
NP2CW3 3.11° 3.13¢% 5.04%¢  6,14% 606.5  1405.0¢
NP2CW1 2.65% 3.71° 4.35%F  524% 568.8% 1373.0°
NP2CW2 3.05° 3.13¢% 4.68%%¢ 6,95 611.3 1466.6%
NP2CW3 3.57° 3.71° 5.89% 7.78° 618.5° 1484.9°
NP3CW1 2.56% 3.48% 3.89¢"  5.26% 586.4%  1445.7%
NP3CW2 3.58° 4.16° 5.65 6.51¢ 623.5°  1539.6°
NP3CW3 5.092 5.152 6.73? 8.822 709.32  1710.9%
C.V (%) 5.67 6.75 3.42 2.71 10.35 8.16

* and **: Significant at p<0.05 and p<0.01, respectively. NS: Non-significant according to the LSD test.
Means within each column with same letters are not significantly different by LSD test (p<0.05).
NPO to NP3 indicate nutrition programs. CW1 to CW3 indicate maternal corm weights.
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Stigma and corm water productivity

Considering water shortage and poor soils in dry areas such as the experiment area where
saffron occupies a major proportion of the land under cultivation of crops, one of the effective
approaches for water conservation is the implementation of a suitable nutrition program for
saffron growing. Increasing the saffron water use efficiency can play a significant role in the
sustainable production of saffron (Koocheki & Seyyedi, 2020). The dry stigma water
productivity (DSWP) significantly responded to the experimental treatments. Among the
nutrition program treatments, the NP3 treatment by achieving the values of 0.885 and 1.942 g
m-3 for the first and second year of the experiment, respectively, had the highest effect on the
improvement of this index. The NP1 treatment in the first year (0.721 g m) and the NP2
treatment in the second year (1.720 g m) were in second place in terms of the effect on
increasing DSWP (Table 6). Numerous researches revealed the significant effects of
integrated nutrient management by organic, inorganic, and biological fertilizers on the WP of
crops (Singh et al., 2019; Faloye et al., 2019; Midya et al., 2021). The DSWP increased as a
result of planting maternal corms with more weight. The CW3 treatment, by obtaining the
values of 0.754 and 1.680 g m™ for the first and second year of the experiment, respectively,
showed the highest DSWP. The CW?2 treatment with 0.718 and 1.390 g m=3, respectively, was
in the next place (Table 6). Koocheki and Seyyedi (2020) found that farms with larger corms
had more water use efficiency compared to smaller corms. They also stated that farms that
received manure had higher water use efficiency compared to farms that were fertilized with
chemical fertilizers.

The interaction effect of the experimental factors on the DSWP in the second year of the
experiment was significant. The NP3CW3 treatment and, after it, the NP2CW3 treatment
(2.260 and 1.971 g m=, respectively) caused the highest increase in the DSWP, while the
lowest value (0.640 g m3) was observed in the NPOCW1 treatment (Table 6). The results of
this research show that the integrated nutrition of saffron through the improvement of soil
properties and the nutrient availability, mobility in soil and dynamics (Midya et al., 2021) and
in overall improvement of the plant's growth environment has provided the conditions that the
physiological processes of the plant done in a better manner that finally improved the
vegetative and reproductive growth of the plant.

Investigating the response of corm water productivity (CWP) to different nutrition
programs and different corm weight groups showed a significant variation of this index in
response to the experimental treatments. As shown in Table 6, there was a significant
difference among the nutrition treatments in terms of the effect on the CWP, so the highest
value in the first and second years (2.10 and 4.45 kg m™, respectively) belonged to the NP3
treatment. The NP2 treatment, with values of 1.97 and 4.08 kg m3, respectively, and the NP1
treatment, with values of 1.90 and 3.77 kg m=, respectively, were ranked in the second and
third place. The lowest value (1.81 and 3.65 kg m3, respectively) belonged to the control.
Because of the limitation in arable lands and water resources, especially in arid and semi-arid
regions, development of the agricultural sector will be possible only by increasing the
resource use efficiency with minimal harmful effects on the agroecosystem through the use of
modern and adaptable technologies (Amirnia et al., 2014). Soil fertility management by
improving soil physicochemical and biological properties and enhancing quantitative and
qualitative yields of crops plays an essential role in improving crop water productivity
(Rockstrom et al., 2010).

Planting corms with more weight resulted in higher CWP, so the CW3 treatment had the
highest value (2.07 and 4.18 kg m? in the first and second years of the experiment,
respectively). The CW2 treatment ranked next with values of 1.96 and 3.99 kg m,
respectively, while the lowest values (1.80 and 3.67 kg m, respectively) belonged to the
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CW1 treatment (Table 6). The mean comparison of interaction effects showed that the
NP3CW3 treatment, with values of 2.33 and 4.86 kg m= in the first and second year of the
experiment, respectively, caused the highest increase in the CWP. The NP3CW2 and
NP2CW3 treatments with values of 2.04 and 2.02 kg m™ in the first year and 4.37 and 4.21 kg
m in the second year, respectively, ranked in the next place. The lowest values (1.67 and
3.25 kg m™ in the first and second year, respectively) belonged to the NPOCW1 treatment
(Table 6).

Table 6. Mean comparison for the dry stigma and corm water productivity as
affected by nutrition programs and maternal corm weight.

Treatments Dry stigma WP (g m®) Corm WP (kg m™®)
2016-17 2017-18 2016-17 2017-18
Nutrition program ** ** ** **
(NP)
NPO (control) 0.557¢ 0.850¢ 1.81¢ 3.65¢
NP1 0.721° 1.053° 1.90° 3.77°
NP2 0.656 1.720° 1.97b 4.08"
NP3 0.885° 1.942° 2.10° 4.45°
Corm weight (CW)  ** *x *x ol
Cw1 0.669° 1.101° 1.80° 3.67°
CW2 0.718° 1.391° 1.96° 3.99°
cw3 0.754° 1.681° 2.07° 4.18°
NPXCW NS = * >
NPOCW1 0.640" 1.67°¢ 3.25P
NPOCW2 0.8109" 1.81b¢ 3.54P
NPOCW3 1.101°¢ 1.95° 3.69%
NP1CW1 0.780¢%" 1.75b¢ 3.43P
NP1CW2 9809 1.97° 3.89%
NP2CW3 1.391¢% 1.99% 3.97%®
NP2CW1 1.333¢% 1.86° 3.88%
NP2CW2 1.855b¢ 2.00% 4.15%
NP2CW3 1.971° 2.022% 4.21%
NP3CW1 1.652° 1.92° 4.09%
NP3CW2 1.913° 2.04% 4.37%
NP3CW3 2.2612 2.332 4.86%
C.V (%) 11.14 6.50 10.05 7.94

*and **: Significant at p<0.05 and p<0.01, respectively. NS: Non-significant according to
the LSD test. Means within each column with same letters are not significantly different by
LSD test (p<0.05). NPO to NP3 indicate nutrition programs. CW1 to CW3 indicate maternal
corm weights.

CONCLUSION

The results of our research indicate a highly significant response of saffron to all types of
nutrition systems. Based on the obtained results, the best nutrition program to improve the
saffron flower indices (flower number, fresh and dry flower yield, fresh and dry stigma yield)
and corm indices except for corm number (corm diameter, corm weight, and corm yield) was
the NP3 treatment, in which the integrated nutrition system included various chemical and
organic fertilizers in different forms was applied. Furthermore, the NP2 treatment (mineral
fertilizers containing macro- and micronutrients and humic acid) was associated with the
second-highest values of most of the mentioned saffron traits. The NP3 treatment led to the
highest dry stigma and corm water productivity, significantly followed by the NP2 treatment.
Additionally, the research results indicate the highly significant effects of maternal corm
weight on the flower and corm properties of saffron. Planting corms with a higher weight
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group resulted in the improvement of all studied traits of saffron so the highest values were
obtained as a result of planting corms with a weight group of 12-16 g, while the lowest values
were obtained due to planting corms with a weight group of 4-8 g. Mean comparisons of the
nutrition system and maternal corm weight interactions revealed that the best treatment for
improving the saffron studied traits was the NP3CWa3 treatment.
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