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Extended Abstract

Introduction: Iran is the world's largest producer of saffron. Given the importance of increasing
saffron production and improving its quality in the face of drought conditions, it is crucial to explore
the impact of replacing some common chemical fertilizers with biological fertilizers in saffron
cultivation. This substitution should be studied in the context of its potential to enhance the nutritional
status of the plant and the quality of stigma apocarotenoids under drought stress conditions. Such a
change could have a notable effect on increasing saffron yield and preserving agricultural ecosystems

while maintaining product quality.

Materials and Methods: The research was conducted in split plots with a basic RCBD (Randomized
Complete Block Design) over two consecutive years (2020-2021 and 2021-2022) at ACECR's research
complex for medicinal plants. The experimental treatments consisted of two levels of water availability
(50% and 100% of saffron water requirement) and six levels of fertilizer (control, 100% NPK, 50%
NPK, 50% NPK with three biofertilizers, 50% NPK with four biofertilizers, and three biofertilizers).
The impact of experimental treatments on the levels of nitrogen, phosphorus, potassium, iron, and zinc
in leaves and corms, as well as the quantities of three apocarotenoids - crocin, picrocrocin, and safranal

- in saffron stigma were studied.

Results and Discussion: Due to decreaced water availability, the nitrogen levels in saffron leaves
and corms rose, with the nitrogen content in saffron leaves averaging almost 15% higher than in the
corms. Despite this, the phosphorus content in the corms remained unchanged under decreaced water

availability, whereas the phosphorus content in the leaves decreased significantly. These findings



suggest that decreaced water availability can result in reduced phosphorus levels in saffron leaves.
phosphorus content in the saffron corms was almost 61% higher compared to the leaves. Potassium
content in saffron leaves remained unchanged under decreaced water availability, but significantly
increased in corms. Additionally, potassium content in saffron leaves was almost 13% higher than in
the corms. While iron content in saffron leaves and corms was not affected by decreaced water
availability, zinc content in corms and leaves decreased with decreaced water availability. In general,
saffron leaves accumulated significantly higher amounts of nitrogen, potassium, iron, and zinc
compared to the corms, except for phosphorus. Fertilizer treatments significantly affected the levels of
nitrogen, phosphorus, and potassium in saffron leaves and stems, while iron and zinc levels remained
unaffected. The recommended amount of chemical fertilizer treatment resulted in the highest levels of
nitrogen and phosphorus in saffron leaves and stems. Since daughter corms store phosphorus effectively
from chemical fertilizers and saffron yield depends on the amount of phosphorus in daughter corms, it
is not advisable to completely replace chemical fertilizers with biological fertilizers. The level of
potassium in saffron leaves and stems was not affected by the fertilizer treatments, suggesting that the
application of fertilizer did not impact potassium absorption. Additionally, the levels of iron and zinc
in the saffron leaves and stems were not significantly different from the control across all fertilizer
treatments in the experiment. Overall, the most effective fertilizer treatment was using 100% of the
required chemical fertilizer for saffron. This was closely followed by applying 50% of the chemical
fertilizer combined with four types of biofertilizers, leading to the highest levels of nitrogen, potassium,
phosphorus, iron, and zinc in saffron leaves and corms.The levels of crocin, picrocrocin, and safranal
in saffron stigma varied between the two years of the experiment. Specifically, the levels of crocin and
picrocrocin were higher in the second year, while the level of safranal was higher in the first year.
Additionally, it was observed that drought stress did not significantly impact the levels of any of the
apocarotenoids examined in this study. The levels of crocin and safranal were not impacted by the use
of fertilizers. However, in cases where the availability of nutrients increased (due to the application of
chemical fertilizers at the recommended level, or a combination of chemical and biological fertilizers),

the levels of picrocrocin decreased.

Conclusion: The overall conclusion is that it is possible to enhance the quality of saffron and make
up for nutrient deficiencies through the concurrent application of biological and chemical fertilizers in
saffron farms even under decreaced water availability. However further research is necessary to clarify

the unknown aspects of this area.
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Table 1. Soil moisture requirements for each level of water availability based on soil moisture at field
capacity (soil bulk density of 1.4 g cm= is considered)
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Table 2. Information related to irrigation treatments.
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Table 3. Information related to the application of fertilizer treatments
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Table 4. Analysis of variance of the content of some nutrients in leaves and corms of saffron.

Slayo eSSk
MS
5 @l MS)
S.0.vV a0 ) i
R O3l e b Ol ey e o8l e 95 Ol
&=l Nitrogen content Phosphorus content Potassium content Iron content Zinc content
df
S a Sy a Sy a Sy b Sy a
Leaf Corm Leaf Corm Leaf Corm Leaf Corm Leaf Corm
Sk 0.0033 0.0555 10742.3
Block 2 0.0172ns  0.3258 ns Tw 0.0050 ns Tw 0.043 ns i ' 33386ns 51.73ns  122.87ns
;'f! ‘So_ml)_é
decreaced
water 1 o00636ns 01103* 2098 00037ns  00002ns  0.094ns 232;?51'8 2209.8ns 50097 *  184.37 *
availability
©)
‘_-“J"pl 2 0.0035 0.1008 0.0041 0.0003 0.0126 0.021 7643.2 4920.2 157.24 18.54
Main-Plot
Error
> 0.5608 2 0.00 0.0 0.03
Fertilizer 5 'i* 2'1*24 '**12 '*1*25 '**48 0.032*  6219.0ns 18529ns  27.83ns  39.68ns
F
Jlize I
S*F 5 0.0402ns  0.2726ns  0.0003ns  0.0016ns  0.0058 ns 0.01* 6436.4ns 1688.4ns  44.75ns 41.00 ns
».:)L LgUa}
ey 20 0.0271 0.1775 0.0001 0.0021 0.0040 0.014 5802.3 2423.4 93.80 42.14
Sub-Plot
Error
oy
(1) &l g 5.9106 17.31 5.1230 12.7250 5.1056 10.916 22.35 43.23 26.31 21.31
CV (%)

Ao, S gt Jdol mdaw 10 (5518 s (g )ld gime pac sdims i oS 5 4 sk g % NS
In each column, *, ** and ns, indicates significant difference at 5%, 1% and non-significant, respectively.
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Table 5. Mean comparisons of the effect of water availability and fertilizers on the content of some
nutrients in leaves and corms of saffron

SR Ph)m ﬁlﬂ" f;“t’b Olee ol olye 3 e
" . osphorus otassium :
Sloss Nitrogen content content content Iron content Zinc content
treatment Fe Iy Sy a Sy ay Sy ay Sy a
Leaf Corm Leaf Corm Leaf Corm Leaf Corm Leaf Corm
% % % Ppm ppm

S1
u;.‘—l )L.: S0 Voo 2.7448 22576  0.2344 0.3573  1.2377 1.046 366.18 106.02 40.54 32.72
100% of water requirement

S2
u’_.,’l )L.J KW O 2.8288 2.6088 0.2201 0.3777 1.2429 1.149 315.34 121.69 33.08 28.20
50% of water requirement

LSD 0.1145 0.2930 0.0081 0.0325 0.0440 0.083 52.96 34.22 6.73 451

F1
)| solawl ﬁd;) ol
(§3x0 00bo ¥ o
Control (no use of any
(nutrient material

F2
3L35,50 NPK Y < 07 3.1963 3.6053 0.2477 0.4381 1.2188 1.176 305.04 120.37 34.42 34.16

100% of required NPK
F3

3L35,50 NPK &+ /. 29174 23985 0.2339 0.3837 12241 1.130 316.77 96.40 37.94 30.08

50% of required NPK
F4

¥ 5 5Lis,5e NPK -7,

24330 1.8450 02127 03377 1.3418  1.067 318.95 11362  35.79 30.10

) S5 2.8108 2.3007 0.2288 0.3317 1.1849  1.009 379.84 14530  40.47 28.16

50% of required NPK
and 3 biofertilizers
F5
¥ 5 3Li5,00 NPK O+ 7.

g &95 2.9412 25358 0.2323 0.3946 1.1497 1.175 347.35 102.49 35.49 32.73
50% of required NPK
and 4 biofertilizers

F6
oy 095 ¥ 24222 1.8450 02082 03193 1.3225 1.028 376.60 104.97  36.73 27.52
3 biofertilizers

LSD 0.1984 0.5075 0.0140 0.0563 0.0763 0.144 91.73 59.28 11.66 7.81

F1: Control (no use of any nutrient material)

F2:100% of required NPK (urea, triple superphosphate, potassium sulfate)

F3: 50% of required NPK (urea, triple superphosphate, potassium sulfate)

F4: 50% of required NPK (urea, triple superphosphate, potassium sulfate), Bacteria strain O4 Pantoea agglomerans
(nitrogen fixer), Bacteria Pseudomonas putida strain P13 and Pantoea agglomerans strain P5 (phosphate solubilizer,
Bacteria Pseudomonas koreensis strain S14 and Pseudomonas vancouverensis strain S19 (potassium solubilizer)

F5: 50% of required NPK (urea, triple superphosphate, potassium sulfate), Bacteria strain O4 Pantoea agglomerans
(nitrogen fixer), Bacteria Pseudomonas putida strain P13 and Pantoea agglomerans strain P5 (phosphate solubilizer),

Bacteria Pseudomonas koreensis strain S14 and Pseudomonas vancouverensis strain S19 (potassium solubilizer), Bacteria
Pseudomonas japonica strain FZ.29-1 and strain FZ.21-1 (iron solubilizer and siderophore producer)

F6: 50% of required NPK (urea, triple superphosphate, potassium sulfate) Bacteria strain O4 Pantoea agglomerans (nitrogen
fixer) Bacteria Pseudomonas putida strain P13 and Pantoea agglomerans strain P5 (phosphate solubilizery Bacteria

Pseudomonas koreensis strain S14 and Pseudomonas vancouverensis strain S19 (potassium solubilizer)
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Figure 1. Comparison of Nitrogen, Phosphorous and Potash (a), Iron and Zinc (b) in leaf and corm of
saffron.
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Table 6. Results of the homogeneity of variances test (Bartlett's test)

_ & g
og\.&d)ﬁfo)“.\i‘ LSQ‘)‘ az o &re Lglf
Measured df Chi—Square
. S.0VvV
traits
. Lw
9 J 1 0.3521 ns
Crocin year
. Lw
GewsSote 1 0.1182 ns
Picrocrocin year
(e Lw
Ju J 1 1.0678 s
Safranal year
O (S Olao G po (il Hlg 4y Y Jga
Table 7. Combined analysis of variance of quality traits of saffron.
Slas o 2Slee
S gl (MS)
S0V -
soljl a0 C9)S 95 955 Julle
df Crocin Picrocrocin Safranal
Jl
1 882.00** 249.3 ** 93.38 **
year
Jue oo L 4 7.44 7.44 236
r(year)
o ;
j %#w'fﬁ_ 1 1.38 ns 2.72ns 1.38 ns
water availability (S)
ol 8 s
?lomslp 1 20.38 ns 5.55 ns 1.38 ns
year* water availability
dgs sl 4 15.30 5.64 222
type a error
35
7 5 24.65 ns 9.32* 0.93 ns
fertilizer
> % J 5 6.83 ns 152 ns 0.48 s
year * fertilizer
o el 51.62 ns 7.85ns 1.02 ns
water availability * fertilizer
268 # Ol cenl s Jlo
year * water availability * 5 28.28 ns 7.35ns 1.68 ns
fertilizer
bes s 40 32.01 3.49 1.01
type b error
(D) Slydd o 5 ; 251 219 4.00

CV (%)

Ao, Sy g g Jeio] mas 10 (5510 S (g ld gime pac sdims i oS 5 4y sk g % NS

In each column, *, ** and ns, indicates significant difference at 5%, 1% and non-significant, respectively.
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Table 8. Mean comparisons of the effect of year, water stress and yield-related traits of saffron.

Cre9 S
Crocin

9,5 9555
Picrocrocin

Jul 3l
Safranal

2oy S5 o Jglme i ST
sl FE- ool 0

doy0 S5 ol Jolme iz iSTas
Fasls YOV e Jsb o

oy S o Jolme i ST
JEKES L B SR

e Maximum absorption of Maximum absorption of Maximum absorption of
treatment one percent aqueous one percent aqueous one percent aqueous
solution at 440 nanometers  solution at 257 nanometers  solution at 330 nanometers
wavelength wavelength wavelength
Y1
ol Liag, Jgl Jle 22161 83.30 26.22
First year of saffron growing
Y2
e Liag, pes Je 228.61 87.02 23.94
Second year of saffron growing
LSD 2.44 1.78 1.00
S1
NNV 224.97 84.97 24.94
100% of water requirement
S2
NN\ 225.25 85.36 25.22
50% of water requirement
LSD 2.56 1.55 0.97
F1
g5, 5l colail puc) wals
(die oole 225.41 85.66 2491
Control (no use of any nutrient
(material
F2
5L55,50 NPK Y+ -7, 22334 83.83 25.08
100% of required NPK
F3
3L35,50 NPK &+ /. 227.66 86.25 25.58
50% of required NPK
F4
355 ¥V g 5L3s,90 NPK O+ 7.
) 224.91 84.75 24.75
50% of required NPK and 3
biofertilizers
F5
345 F g 5L55,90 NPK &+
s} 224.50 84.75 25.08
50% of required NPK and 4
biofertilizers
F6
Sy 355 Y 224.83 85.75 25.08
3 biofertilizers
LSD 4.66 154 0.82
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Table 9. Correlation between leaf elements, corm elements, and stigma apocarotenoids content of saffron
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*, ** and ns, indicates significant difference at 5%, 1% and non-significant, respectively
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