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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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Table 1. The results of analysis of variance of morphological and phenological traits of the saffron ecotype of Terbat Heydarieh under the treatment of humic acid and
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Abbreviation: Total weight of corm (T'W.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).

il o S g gy Sl e 10 s ee by e B pam w55 4 w0 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

(V3 hoe) el Skl

(25 8o slas g laga

(95 2 5 ) S A00s

Salicylic acid (mM) TWC (g) LEW (g/plant)
0 8.57¢ 113.08¢
1 10.54% 126,413
2 12,294 134.894
(k/ha) 1l Sanpn
0 9.19% 113.61°
5 10.26 127.79
10 10.62% 128.932
15 11.782 128.852

ol ey 8 a3 s ghands ams el 3 e OS] e (LS e gy

Similar letters indicate no significant difference in Duncan's multi-range test at the 526 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

el Seloudle L 009) del Sngen fa, L) Y fa Lo 4ols i55) 5 &l b
(Vye o) L5 (1) 4 JS o Lo (o sko) Jsb (oidee) 4ol Jobo (395) 025 @l b 59
Salicylic (mM)  Humic (kg/ha) TWC (gr.) S.L(mm) St.L. (mm) DB(Days)
0 12.43¢ 18.98f 29.32f 141.118
0 5 14.94¢dc 20.29¢°f 38.32¢d 139.17%
10 14.83dc 19.36f 34,34¢% 137.122
15 16.25% 21.07¢f 38.26¢% 133.758¢
0 15.41% 19.44f 31.87¢f 146.312
1 5 23.88P 26.52abc 40.60b° 141.892
10 17.7¢ 23.94cde 34.27% 126.24bcd
15 24,242 28.762 50.162 143.892
0 15.17d 21,920ef 34,950 137.71®
2 5 28.932 24,95bcd 41,99bc 120.01¢d
10 25.44® 28.07% 40.82 118.104
15 27.83® 24.02¢¢e 43.640 126.05bcd

ool 310)3 B s )3 (Sl (glately Wi (y905] 0 S ime MBS pas (sloS il g
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

begimming 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 ther mteraction with the effect of "vear® humic acid* salicylic acid"” using one-way analysis of vanance (ANOVA) and Duncan's multi-domain test at the 5% level

TR s R Dol DS b e
o gy gy b RESEN o i L 1T b e ol
Jo Dl e ORGSR s U pae esas b ss EE
(So0508) o 9 A
a0 o2 S
Year 5?};3’:;“ E‘ﬁ; Cln. LL(mm) LDW(g) FN FW(g) YFS(g)  YDS(gm?)  YFSt(gm?) YDSt(gm?)  DB(Days)
0 1708 11051 2175+ 20,625 175 313.81% 2057 0347 02131 148.01%%
0 5 1912% 131 78=4 1727 17 602k 19.77et 35037k 23 50 03651 0.2381 138 38beee
10 1.8481 123,83 23764 15.32 22 688 326.15% 26,75k 0.3651 0.2381 151,09
15 2,108 12438 21.16% 21.56% 165383 495424 28708 0,328 0.263¢ 139.28ebcds
0 1a7E= 102.958 18.754 19,4928 13.41% 354 6384 30.71% 0.288 02481 152.52%
. . 5 2,068 13970 28.87% 242652 27.62% 334.45% 39.195% 0.61% 0.203 124,508
10 117 132,104 22 7388 279702 18,1484 4365288 4585 045 0.2535% 12475 &z
15 2.8 144.71% 19,692 35.75¢ 33.61¢ 508.187¢  37.68% 053¢ 0.30% 138.93xc
0 2914 1189454 28520 2839 14.54% 497.85% 29.794 0.36%1 0.29%¢ 141.75%
) 5 239 152.88¢ 18.88 230852 14.33i% 482 18°% 50 467 0,550 0,286 113.38¢
10 353 147.35 26,1508 29,012 20.10%% 688.70% 52.16¢ 0.66% 0.378: 116.63
15 3.30% 148.77% 38.87¢ 2227k 22594 726.28¢ 67.59 0.75¢ 03365 129.54¢
0 1.06* 103.63¢ 19.48e 17.72em 13.41% 475 48 19.99= 028 02004 13427 beset
o 5 1560 125.704 21884t 2274 20,468 369.625%  25.61km 0344 0.15! 139,963
10 278 126,845 18.218 192188 20478 437378 30.848E 03781 021684 123.15%8
15 2.474¢ 123.40 ¢ 20.82e 19.54en 24,63 489.83¢ 32.108% 0.385 0.266: 12823000z
o 2715 120375 2262 & 16.545 15,4765 543208 32.235E 0309 02381 140.10%<
, 5 2.520¢ 142328 26,464t 239852 23,560 446,730 35605 0.448< 0.69% 15927
2 1 10 1492 120375t 30,867 26,930 29 543 641.76% 4238 03721 0.206 3 127.73 etz
15 3,05 130,07 15 208 2132+ 22.63% 593.31 53.61¢ 0.50%¢ 0.2381 147578
0 133 136.24% 25 655 22,58 30.14% 661229 33.9581 038eE 038 133 6455
5 5 1.67= 146308 22258 17,3688 21178 38423 2% 71920 0.43% 0376 126 43521
10 3.108< 120,045 39.53¢ 3187 21128 37278k 73.470 0.48%¢ 0310 119.57¢t
15 2,058 150.862 21.86% 27.20%¢ 17.33¢1 398.30 2 82.42¢ 0,385 0.40¢ 122.55 &

e Sy 3 0 a3 S50 glazals dzm el o ls mme SIS pie glieF i a0 alie Bap
Simular letters mndicate no sigruficant difference i 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.

@ JS 0i9 ey sl JS g Qi Fojy e gy b aSles 3Skes el b 5 Shee 3 Skes By, B g,

S nod EFE by Sy b Sis Sp S A ol A NS ol Al als il aa8
&y Sy Sias St

TW.C Cln. TWel. 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 0.59”" 0.19 1
LFW 0.68™ 056" 071" 0.43" 0.49 1

Fn 0.38 0.26 0.48° 037 040 042" 1
FW 0.26 0.04 0.42° 049" 027 021 0.36 1
SL 0.63™ 0.21 0.63" 0.55” 0.35 0.70" 0.71" 0.58™ 1

YFS 0.31 0.39 030 037 032 025 023 033 0.12 1

YDS 0.76™ 0.37 0.74" 06" 045 072" 0.37 0.13 0.63" 0.20 1

StL 0.54™ 0.44" 0.61" 0.62" 0.08 0.65" 0.42" 0.42" 0.63" 0.22 045 1

YFSt 0.68™ 0.58™ 0.60" 0.69" 0.49° 0.73" 042" 0.37 057" 044" 055" 0.73" 1

YDSt 0.58™ 0.29 0.53" 0.60" 0.28 0.36 0.37 0.17 043" 036 0.68" 027 041" 1

DB -0.40 -0.40 -0.44" -0.44" -0.35 -0.44" -0.35 -0.321 -0.24 -0.39 -0.29 -0.51" -0.56" -0.25 1

DF -0.34 -0.18 -0.25 -047° -0.22 -0.37 -0.32 -0.08 -0.35 -0.22 -0.53" -0.27 -0.43" -0.31 0.48 1

S g (LDW) Sy St i3 (L) S0 Job {TW.C) boysS IS 035 5(COMMEN) Joys slass S(TW.C) iy S 59 1] cundle
035 asls 033U 5(Stl) asls Jgbo (YDS) Sis aMS 5 ,Shae {(YFS) 036 aMS 0351 (SL) AIMS™ Jgbo {(FW) S (359 (FN) JS sl (LFW)
(DF) (245 L (slajs, {DB) o3j alex b slajg, (YDST) Sis aals 03L ¢(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) plapls’ (s (ygam 5 3IUT 31 Joolo (ol s AN i (33 3 S Slio o yiten & Jsor
Table 6. The most important traits affecting dry weight of saffron stigma obtained from Stepwise linear
regression analysis.

(Regression results) ;g 5, mbs

g L g . ks R?
(1) S5y care 053] SorS) s oo 2 o by . b e
. - . . . Adjusted
Regression coefficient test Beta Regression (R) variables in each model R? Models
coefficient
0.22** -0.97 (constant)cub .
0.76 . 0.76 1*
8.75 2.13 (cormel weight) ¢ slo 4 139
-2.46* - 66.02 (constant)culs
8.32%* 0.66 1.84 (corm weight) ¢ sle 45 39 0.82 2¢
2.99* -0.31 -0.46 (days to flowering) i b jq, sl
-3.92 - 48.74 (constant)c.ols
7.93* 0.38 1.05 (corm weight) ¢ le 45 359 086 3
3.78* -0.31 -0.45 (days to flowering) i b jq, sliss '
2.77° 0.38 3.11 (weight of cormels) ¢,alss (sladys 59

el (A S8 (55) lyde; 2, 8kos a2 i SbsS rsass R Cal B pgofl ol 2 o Jao 51 S5 o (gl sino (sbsS =*
*: 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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