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Extended Abstract

Introduction: Iran's high export value of saffron, the world's most expensive spice, is
attributed to its cultivation in dry and semi-dry areas, which face moisture and soil
organic matter deficits. To improve saffron yield, factors such as bulb size, planting time,
fertilization, irrigation, and hormonal and organic treatments must be considered. Humic
acid, an organic fertilizer, has positive effects on soil structure and plant growth,
improving plant metabolism and resilience against drought and salinity. Salicylic acid,
an organic fertilizer, induces plant responses to adverse environmental conditions,
increasing plant growth and flexibility. This study aimed to determine the combined
effects of soil-applied humic acid and salicylic acid pre-treatment on saffron's
morphological and phenological traits.

Materials and Methods: A study was conducted at Payame Noor University's research
farm in Marvast, using high-quality saffron corms from Torbat-Heydarieh. The
experiment involved three replications over the 2019 and 2020 agricultural years.
Treatments included four levels of humic acid (0, 5, 10, and 15 kg per hectare) and three
levels of salicylic acid (0, 1, and 2 millimolar). The corms were planted manually in
August 2019, and humic acid was applied with the first irrigation. Salicylic acid was
pretreated for 8-10 hours in the dark. The study measured traits such as cormel number,
leaf length, fresh and dry weights, flower and stigma yield, and phenological traits like
sprouting and flowering times. Results showed that humic acid and salicylic acid
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treatments positively affected saffron growth and yield, indicating potential for improved
cultivation practices.

Results and Discussion: The application of humic acid and salicylic acid significantly
enhanced the total weight of corms, as well as the number and weight of cormels,
particularly when used together. The highest total corm weight observed with the
combination of 2 millimolar salicylic acid and 5 kg/ha humic acid was approximately
133% higher than the control. Similarly, the highest number of cormels was achieved
with the 2 millimolar salicylic acid and 10 kg/ha humic acid treatment in the first year,
around 108% more than the control. Increasing levels of humic acid at all salicylic acid
levels resulted in higher average corm weights. Adding 15 kg/ha humic acid to 0, 1, and
2 millimolars of salicylic acid boosted average corm weight by 30.7%, 57.3%, and
83.4%, respectively, compared to control without humic acid. Synergistic effects were
also noted on leaf traits. The greatest leaf length occurred with 2 millimolar salicylic acid
and 5 kg/ha humic acid in the first year (38% increase) and with 2 millimolar salicylic
acid and 15 kg/ha humic acid in the second year (46% increase). The highest dry leaf
weight was observed in 2 millimolar salicylic acid and 15 kg/ha humic acid in the first
year (79% increase) and in 2 millimolar salicylic acid and 10 kg/ha humic acid in the
second year (103% increase). The maximum stigma length was recorded with 1
millimolar salicylic acid and 15 kg/ha humic acid, showing a 52% increase compared to
the control. The combined treatment of 2 millimolar salicylic acid and 15 kg/ha humic
acid led to the highest fresh stigma weight in the first year (132% increase) and the
highest dry stigma weight in the second year (300% increase). Pearson correlation
analysis revealed significant relationships between qualitative and quantitative traits of
saffron. A positive correlation was observed between dry stigma weight and the weight
of both mothers (r = 0.76) and cormels (r = 0.74). Conversely, fresh style weight had a
negative correlation with time to sprouting (r = 0.56) and flowering (r = 0.43). Stepwise
regression analysis indicated that the most influential traits on dry stigma weight were
the weight of mother corms, days to flowering, and daughter corm weight. These factors
explained 76%, 82%, and 86% of the variance in saffron performance, respectively.

Conclusion: This study showed that humic acid and salicylic acid had significant effects
on the growth and flowering of saffron. Specifically, these compounds caused a notable
reduction in the vegetative growth phase and flowering time of saffron. This result meant
that the use of these compounds could lead to significant improvements in the
morphological and phenological traits of saffron, ultimately increasing the number and
quality of daughter corms and overall plant yield.
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Y*Humic %
Salicylic
»
El““ % 170 01 49 3278 79 246.19 175 6.9 102 2569.1 174 16.8 03 01 27 1502
Tror
s - 09 142 212 138 117 125 181 128 138 107 101 17 B4 LS 127 813

Abbreviation: Total weight of corm (TW.C); Number of cormel (Cormel); Total weight of cormel (TW.c); Leaf length (LL); Leaf dry weight (LDW); Leaf fresh weight (LFW); Number of flower (Fn); Flower weight

(FW); Stigma length (SL); Yield of fresh stigma (YF8); Yield of dry stigma (YDS); Style length (5tl); Yield of fresh style (YFSt); Yield of dry style (YDSt); Days to budding (DE); Days to flowering (DF).

3l o ey S g gy Sl e (3 4l eo o ee CBMER] s a3 4 6% ge s
* and ** are, respectivelysignificant at the five and one percent probability level.
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Table 2. The Total weight of cormels and the fresh weight of leaves of the saffron ecotype Torbat
Heydarieh under the treatment of humic acid and salicylic acid. For the traits listed in this table,
the effect of the first and second treatments using one-way analysis of variance (ANOVA) and
Duncan's multi-domain test at the 5% level

(Ve (shea) 2 Sl (p5) o2 cslaas g laase [ 2 25 ) S0 s
Salicylic acid (mM) TWCl (g) LFW (g/plant)
0 8.57 113.08¢
1 10.54% 126.41®
2 12.29¢ 134.89%

(kg/ha) bl Snger
0 9.19% 113.61%

5 10.2620 127.792
10 10.62=0 128.932
15 11.782 128.852

o g3 D e 13 50 glaials o pad] 13 o e S i S e By

Similar letters indicate no significant difference in Duncan's multi-range test at the 5% level.
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Table 3. Total weight of corm, length of stigma, length of Style and time of planting until the
beginning of greening of the ecotype Terbet Heydarieh saffron under the treatment of soil
application of humic acid and pretreatment of salicylic acid. For the traits listed in this table, the

effect of the first and second treatments and their interaction using one-way analysis of variance
(ANOVA) and Duncan’s multi-domain test at the 5% level

| Swdlo e
I SslS) deel S (oke) A9 Jsb  (yiake) s Job (552) 035 Sl b 35,

(h¥9e o) (iSa s (p5) 42 JS (g lawgie

Salicylic (MM)  Humic (kg/ha) TWC (gr.) S.L(mm) St.L. (mm) DB(Days)
0 12.43¢ 18.98f 29.32f 141.112

0 5 14,944 20.29¢f 38.32¢ 139.172
10 14.83d 19.36f 34.34¢% 137.122

15 16.25% 21.07¢ 38.26% 133.75%¢

0 15.419% 19.44f 31.87¢f 146.312

1 5 23.88° 26.5230¢ 40.60b° 141.892
10 17.7¢ 23.94¢cde 34.27% 126.24bcd

15 24.24% 28.762 50.162 143.892

0 15.179% 21.920ef 34.95% 137.71%

5 5 28.932 24,95bcd 41.99b¢ 120.01¢
10 25.44% 28.07%® 40.82b¢ 118.10¢

15 27.83% 24.02¢d¢ 43.64° 126.05°

sl 310)3 0 a3 S5l (glasels Wi 905l y3 4l xe IS pae (cboS liio g y>
Similar letters indicate no significant difference in Duncan's multi-range test at the 5% level.
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Table 4- The number of replacement corms, leaf length, dry weight, number and weight of flowers. wet and dry weight of stigma. wet and dry weight of Style, and planting time until the

beginning of flowering of the ecotype of Turbat Heydarieh saffron under humic acid soil treatment and pre- Salicylic acid treatment. For the traits listed in this table, the effect of the first and
second treatment and their interaction with the effect of "vear® humic acid* salicylic acid” using one-way analysis of variance (ANOVA) and Duncan's multi-domain test at the 5% level

el s o L s Dl SRR s e 115 36 s
. oo, clvar sl JRE AT o 5 X AR o
Jo Wipgg  Rer GRS gk T s sy _ bSO S i T
(5 050)  oom 9 5
&y o 2
Ye S?}gll)m (I:'ﬁf) cln. LL(mm) LDW(g) TN FW(g) YFS(z)  YDS(gm!)  YFSt{gm?) YDSt{gm?)  DB(Days)
0 170+ 11051 21758 20,625 11,75 31381 2097 034 0213 148,013
o 5 1912k 131784 17.27 17.602k 19.77¢k 350,37 23.50m 0.3621 0.238 138.38bed
10 1.84n1 123 835 23 765 1532 22,688 326.15% 26,79k 0.36%4 0.2384 151.09:
15 2128 12438 21,167 21.56% 16,5381 495.42% 2870 0,32 0.263¢ 139 2gsbec:
0 147 102,997 18.758 19.498 1341F 354,638 3071 0280 0.24¢7 15252
. . 5 2.06% 13970 28 870 24265 27628 334,455 39.19 0.61% 0.203% 124 5045
10 117 132104 22,73k 27970 18 148 436,525 45 850 0.45¢% 0.253%% 124.75 defz
15 228 144715 19,69k 35758 33618 508.187%  37.68h 053¢ 0308 138.93beds
0 20154 118.94%2 28525 28 3904 14 540 497.85% 29,79+ 03621 029 141 7585
) 5 2392z 152,882 18.88u 23.08:% 14,338 482.18% 50.46% 0.55% 0.286%% 11338
10 3.531 147358 2615 29 013 20.10%% 683.70% 5216 0.66% 0,37 116.63
15 3308 148.77% 38.872 2227 22,99 726.282 67.59b 0.75 03366 129542
0 1.062 103.63¢ 19,482 17.7288 1341F 475.48%% 19.99= 028! 02009 134 72 velst
0 5 156 125704 21.98 4% 22,74 2046t 36962k 2561km 0344 0191 139 968:
10 278 126 845 18218 19212k 20476 437328 3084k 0372 0216 123158
15 2478 123.40 =4 20,808 19,548k 24.63¢4 489.83% 32.108% 0.38zd 0.266%x 128 23068
0 2715 1203754 22620% 16,94 15.476% 543 20% 32.236% 0,305 0.2387 140,108
] 5 2,528 14232 26,460t 23.98¢% 23569 446.73% 35.69% 0441 0.69% 15927¢
2 1 10 1.4gk= 1203754 20.86° 26.935F 29,543 641.76% 4238+ 03721 0.206 127.73 cietz
15 3,099 130075 19 208 21328 22 636 59331 < 5361 0.500 0.234 1475750
0 133 136.24% 25 69 2298 30.14% 661220 33.9953 0.38e* 038 133 645
) 5 167w 146.30% 222564 17.368 21178 384238k 71920 0.43% 0.376 ¢ 126,438
10 3.1 120,044 39.532 31.87% 2128 37278k 73470 0.488f 031 119574
15 2,05t 150 86¢ 21 86% 27.20%% 1733 398.30 =4 8242 0,38z 0.40¢ 122,55 deiz
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Similar letters indicate no significant difference in Duncan's multi-range test at the 5% level.
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Table 5. Results of Pearson's correlation between traits in the ecotype of saffron, Heidarieh
Torbat, under the treatment of humic acid and salicylic acid.

@ J5 iy sl slas IS 0 ok Fois e Foiy b aSles 0Sles wols Jobo aSles 0 Sles by, B,
Koo ERE bay Sy b Sis Sx F AN ol M NS ol dsls als  Sjalley IS
_ < <
S Sy

TW.C Cin. TWcl. LL LDW LFW Fn FW SL YFS YDS StL  YFSt YDSt DB DF

TW.C 1

Cln. 0.54™ 1
TW.cl 0.73" 0.51" 1
LL 0.69™ 0.28 0.53™ 1

LDW 0.43" 0.38 059" 0.9 1
LFW 0.68™ 056 071" 043" 049" 1

Fn 0.38 0.26 048" 037 040 042" 1

FW 0.26 0.04 0.42° 049" 027 021 0.36 1

SL 0.63™ 0.21 0.63™ 055 035 0.70™ 0.71™ 0.58™ 1

YFS 0.31 0.39 030 037 032 025 023 033 012 1

YDS 0.76™ 0.37 0.74" 06" 045 0727 037 013 0.3 0.20 1

StL 0.54™ 044" 061" 062" 0.08 065" 042" 042" 0.63" 022 045 1

YFSt 0.68™ 058" 0.60™ 0.69™ 049" 0.73" 042" 037 057" 044" 055" 0.73" 1

YDSt 0.58" 0.29 053" 0.60™ 028 036 037 0.17 043" 036 068" 027 041" 1

DB -0.40 -040 -0.44" -044" -035 -044" -035 -0.321 -024 -039 -029 -051" -056" -0.25 1

DF -0.34 -0.18 -0.25 -047" -022 -037 -032 -0.08 -0.35 -0.22 -053" -0.27 -0.43" -0.31 0.48" 1

S $0js (LDW) Sy Sizs g f(LL) Sy Jobo {TW.C) Joys IS (39 5(COMEN) Joyg8” slaws 5(TW.C) 4y JS (s 2 )bl candle
o) asls o33 5(Stl) asls Jgb (YDS) i M 5 Shas {(YFS) o3l MS 03jL §(SL) NS Jgbo (FW) S )55 4(FN) JS slass (LFW)
(DF) (235 b slajs, {DB) 3; ailgs b (slajg, (YDSH) Sis aols 03, ((YFSE)
Abbreviation: Total weight of corm (TW.C); Number of cormel (Cormel); Total weight of cormel (TW.c); Leaf length (LL); Leaf dry weight
(LDW); Leaf fresh weight (LFW); Number of flower (Fn); Flower weight (FW); Stigma length (SL); Yield of fresh stigma (YFS); Yield of dry
stigma (YDS); Style length (Stl); Yield of fresh style (YFSt); Yield of dry style (YDSt); Days to budding (DB); Days to flowering (DF).

(Stepwise) plSapls’ has (yguuw 5 5T 51 Jol> ol he ) NS s (339 32 550 Slio (it .7 Joor
Table 6. The most important traits affecting dry weight of saffron stigma obtained from Stepwise linear
regression analysis.

(Regression results) ;o 3, zbs

-~ R2
(®) @'9_.*.”)5) w)jo‘_asnﬂ S)S) capd _ Je » P b yite gj;Zd b s
Regression coefficient test Beta Regression (R) variables in each model R? Models
coefficient
0.22# -0.97 (constant)cub K
8.75 0.76 2.13 (cormel weight) 5l 4 59 0.76 o
-2.46" -- 66.02 (constant) .
8.30¢* 0.66 1.84 (corm weight) ¢ sle 4 54 0.82 2*
2.99* -0.31 -0.46 (days to flowering) .5 b j9, slas
-3.92 - 48.74 (constant) .ot
7.93% 0.38 1.05 (corm weight) ¢ slo 4 (59 0.86 go
3.78¢ -0.31 -0.45 (days to flowering) ».5 b j4, slas '
2,77 0.38 3.11 (weight of cormels) ¢ yalg5 (slads 53q

el (M S8 55) e 25Skes 2 lise sbsS 1 ks R? (sl F (g0l olsl 2 o Jao 51 S5 o g ime (sbS
*: indicates the significance of each model based on the F test; Adjusted R?: It shows the degree of confirmation
of saffron yield (dry weight of stigma).
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