The Impact of The Substrate Type on The Physiological and
Morphological Performance of Saffron in Soilless Cultivation System
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Abstract

The gradual rise in temperature, reduced rainfall, and soil fertility decline in recent decades have
significantly lowered saffron stigma yield. Given saffron's vital economic and social role in Iran, enhancing
traditional cultivation methods and advanciWg dndustrial cultivation technology are crucial. This study
assessed the impact of four non-soil cultivation s@bstrates ( pernlite variants - fine, medium, coarse, and a
perlite-cocopeat-cocochips mix) on saffron growth an opmehit. {/sing a completely randomized design
with five replications, the physiological and morpho al chﬂcteristics of leaf (net photosynthesis rate,
total photosynthesis, weight, qumber, and area), (weight, number, large-sized percentage), and root
(contractile root formation) ofsaffron were evaluatéd. Measuring moisture indices revealed the mixed
substrate had the most optimal moiSture-to-air ratio. Plaits grown in this substrate exhibited the highest leaf
weight, net photosynthesis rate®and |
perlite substrates, the medium-size rior moisture levels and higher plant yield compared
to the other two substgates. Corms grown in the pure perlite substrates produced contractile roots. Overall,
the study indicatd@ thafN\despite saffronfbeing a low-water geophyte, adequate water and nutrient supply
significantly enhapce physiglogical andimorphological parameters, including nutrient storage in corms,
crucial for‘efﬁcié

K chips, contractile root, hydroponic, perlite.
Objec ground: Saffron is a sterile plant that reproduces through the growth and development
of merist igsues on the mother corm's surface (corm) and the production of cormlets (cormlets). The

let production is directly related to corm weight. Enhancing the quantity and quality of the
corm leads Yo greater production of cormlets, flowers, and stigmas (Negbi, 1999; de Juan et al., 2009). Over
the past fiveddecades, stigma yield has declined by 35% (M. of Agriculture Jihad, 2022), partly due to
climate changes and a decrease in irrigation water quantity and quality. Cultivating saffron under controlled
conditions has been proposed as a viable solution (Sabet Teimouri et al., 2010). Given that the choice of
substrate significantly impacts plant growth and crop yield (Verdonck et al., 1981), evaluating different
substrates is crucial for selecting the most suitable one (Olle et al., 2012). This study aims to assess the
moisture characteristics of various substrates and determine the optimal saffron cultivation medium based on
the plant's physiological and morphological responses.
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Methods: The moisture characteristics of six substrate types were initially assessed, comprising four pure
perlites of varying size and two mixed media blends of perlite with cocopeat and cocochips. From which,
three pure perlite substrates with granulations >1mm, 3-5mm, and 7-10mm, along with a mix of 70% perlite,
15% cocopeat, and 15% cocochips, were selected for further analysis in the presence of saffron plants. The
aim was to identify the most suitable substrate for saffron cultivation based on the morphological and
physiological responses of different plant parts. The experiment followed a randomized complete design
with five replications, evaluating parameters such as net photosynthesis rate, total photosynthesis, leaf
characteristics (weight, number, and area), corm traits (weight, number, and size distribution), and the
formation of contractile roots. -

Results: The M4 substrate (70:15:15 perlite to cocopeat to cocochips mixture), with Z8% total porosity,
exhibited the best moisture to air ratio among substrates. In pure perlites, M2 substrate 3 mm granules)
showed the most suitable moisture to air ratio. Physiological and morphological pro ere influenced
by all substrate types. M1 (<1 mm granules) and M3 (3-5 mm granules) substrate sho the least plant part
functionality. Although M4 displayed higher leaf weight and net photosynthgsi compared to M2, no
significant difference was noted in leaf area and total photosynthesis v. ver, M4 had the highest
weight of large cormlets and the percentage of large-sized co petimental data indicated that
saffron leaf thickness is influenced by substrate type and moisture . The thickness is not accounted
for in leaf area calculations while it plays a crucial role in total pl osynthesis rate. Notably, saffron
plants grown in pure perlite substrates produced contractile roots, which hinders cormlet development. No
contractile roots were observed in the perlite to cocopeat to sgcochips substrate.

—_

Conclusions: Substrate characteristics are the l&factor
hydropomc systems. Despite saffron being a geophyte

ing water and nutrient supply to saffron in

ow and nutrient requirements, an optimal
af pl@ologlcal and morphological parameters,
tion in the next generations.
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Table 1. The impact of substrate constituents’ type and ratio on total porosity (TP), water holding capacity (WHC), and aeration

capacity (AC)
Mixture Substrate composition TP (%v/v) WHC (%v/v) AC (%v/v)
1 100% Perlite <1 mm 74 55 19
2 100% Perlite 1-3 mm 64 21 43
3 100% Perlite 3-5 mm 72 27 45
4 100% Perlite 7-10 mm 63 1 1‘ 52
5 70% Perlite 3-5 mm + 30% cocopeat 61 20 41
6 70% Perlite 3-5 mm + 15% cocopeat + 15% cocochips 78 43 35
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Table 2. The ionic composition of the nutrient solution used to feed the saffron plants and the ionic com f the greenhouse well water that was used to make the nutrient

Ion Ca Mg K NHs NOs;  SO4  POs Cu Zn B Mo Na HCOs Cl pH EC

AL
Well water 90 250 16 - 87 1200 gt
900

- - 19 - 3480 1923 1045 83 0.74

1 !6 25 0.5 3480 <1000 1045 58 1.53

Nutrient solution 2478 1128 3239 450 9336 1556
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Table 3. Results of analysis of variance of the effect of substrate on leaf weight (LW), leaf number (LN), leaf ar
Total Daughter corm Weight (DCW), Total Daughter corm Number (DCN), Large-sized Daughter co
Small, Medium, Large

otosynthetic rate (Pn), total photosynthetic rate (TPR),
W) and number (DCN) of daughter corms by corm size

5 el DCN DCW
Sourcesof  df Lw LN LA Pn TPR DCW D

variation A\

LDC
(7o)

Small Medium Large Small Medium  Large

S S e
Substrate
(13

w

0.01854™  0.7026™  63.7734™ 107262  341.7142" 50752" 6" %‘ 0.9066™  0.02868° 00697 2.0115™  0.6394° 7.0971™

16 0.0008 0.0922 7.6030 0.2 177357 031 0.1143 8.5 0.1252 0.0055 0.0014 0.1143 0.1226 0.1009

Error

(1) ol s
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Coefficient

variation A
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Table 4. Mean comparison of the effect of substrate type (M1, M2, M3, M4) on the total number (DCN) and total weight (DCW) of
cormlets and by their three weight groups, as well as the weight percentage of large-sized cormlets (LDC)

DCN (No. corm™) DCW (g corm™)
Treatment LDC (%)
Total >8 4-8 <4 Total >8 4-8 <4
Ml 1.91*  0.05¢ 0.29¢ 1.572 4.37°¢ 0.42¢ 1.09¢  2.85° 9.72¢
M2 1.29>  0.270  0.43% 0.60° 5.25% 2.02>  1.79%  1.4%8 38.57°
M3 1.82¢  0.03¢ 0.45% 1.352 3.97¢ 0.29¢  1.32b¢  235b 7.47¢
M4 1.89  0.20°>  0.33b% 1.36* 6.242 2,712 1.832 1.70¢ Na
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In each column, the numbers with a common letter are not significantly different (LSD, p < 0.05).
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