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Introduction: Saffron (Crocus sativus L.) belongs to the Iridaceae family, whose dry stigmas
are the most expensive spices in the world and are widely used in food and pharmaceutical
industries. Correct management of planting density is one of the most important factors in
the formation of saffron yield. Choosing the appropriate planting density in saffron, while
increasing the exploitation of this agriculture, increases the yield and reduces the period
between planting and economic yield. On the other hand, gibberellins are classified as a
diverse group of plant growth regulators that enhance some physiological and biochemical
pathways in plants. Gibberellins are involved in many plant development processes and the
improvement of some desirable traits, such as increasing stem length, uniform flowering,
reducing the time to flowering, and increasing flower weight. Also, considering that the study
of planting density factors and the simultaneous application of gibberellic acid hormone on
the qualitative traits of the saffron medicinal plant has not been done, the purpose of this
experiment is to investigate the effect of dense cultivation and gibberellic acid hormone on
the antioxidant activity and effective substances of saffron.

Materials and Methods: To investigate the effects of gibberellic acid and plant density on
the antioxidant activity and active ingredients of saffron, an experiment was conducted with a
factorial arrangement based on a randomized complete block design at the Agricultural
Research Station, University of Birjand during 2017-2018 growing season. Treatments
consist of gibberellic acid (0 and 20 ppm) and plant density (100, 200, and 300 corms.m)
with three replications. After the land preparation operation including initial plowing, disk,
and land leveling, plots with dimensions of 1x2 meters were created. The distance between
the plots was 50 cm and the distance between the blocks was 2 meters (including the
irrigation ditches). Since it is important to choose a quality root for planting in order to create
a high yield, healthy roots without wounds and scratches and free from any kind of disease
were prepared and planted after weighing (the average weight of each root is 8 grams).
Anthocyanin, phenol, antioxidant activity, safranal, crocin, picrocin, dry stigma yield, and
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photosynthetic pigments were measured. Data were analyzed using SAS 9.1 software and
means were compared based on the Duncan test.

Results and Discussion: The results showed that gibberellic acid had a significant effect on
different traits (P<0.05). The highest amount of phenol (629.77 mg. 100 g dry weight™?) and
antioxidant (39.53%) was obtained from the gibberellic acid treatment. Therefore, the effect
of gibberellic acid at the level of one percent on stigma anthocyanin was also significant and
the rate of this trait was 24% higher in the treatment of gibberellic acid application than the
non-application treatment. Active ingredients of saffron are influenced by gibberellic acid
treatments. The highest safranal (32.5 %), crocin (140.4 %), and picrocin (58.1%) obtained
from the use of gibberellic acid, and the lowest safranal (28/3%), crocin (125.1 %), and
picrocin (56.6 %) obtained from control. A planting density of 300 corms.m had the highest
dry stigma yield. Chlorophyll a and total were increased by application of 20 ppm of
gibberellic acid by 14% and 12%, respectively, compared to the control. Plant density
treatments were significantly affected only on some traits of active ingredients (safranal and
picrocin) at the level of one percent and the highest these were obtained from plant density
with 100 corms.m, but it had no significant effect on other traits.

Conclusion: The current study's findings revealed that the use of 20 ppm gibberellic acid had
positive effects on qualitative traits of saffron and low planting density (100 corms.m)
affected only some traits of saffron active ingredients (safranal and picrocin) and high
planting density (300 corms.m) affected the dry stigma yield.
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Table 2. Analysis of variation of plant density and Gibberellic acid on quantitative traits of saffron

abls 5 Shes

. ar® . ) . . 4 a L3 E -
D e gl Y T e LR PR sl Sl
SOV “*3' Phenol  Antioxidant Antocyanin  Safranal Crocin  Picrocin i Chiorophyll  Chlorophyll Total
e df Dry stigma a b chlorophyll
yield
JB‘Q 5
Block 2 38.889 0.960 10.581" 0.495 28.676™ 1.037m 2,435 0.305m 0.005" 1.975m
oc
cols (515
) ol . 2 72222 1.135™ 10.779 146.346™  1327.746™ 32.157" 0.023* 0.090" 0.002" 0.186™
Planting density
. "’J’—J . 1 560.667" 7.881° 356.151" 242358  3132.735"  31.556° 0.010" 0.852° 0.013 3.082°
Gibberellic acid
e e ZBIS B85 5
Planting density x 722220 0.553 47.235m 26.154 71.585™ 8.176™ 0.007" 0.124rs 0.001" 0.559
Gibberellic acid
Error U= 10 58.695 1.593 32.281 18.054 597.313 5.908 0.0001 0.156 0.007 0.334
(1) ki o
e 1.22 3.22 24.45 13.95 18.40 4.23 7.43 20.69 19.92 13.75

CV ¢y

o gas pAE g do)d o ;0 S Jleisl mla o Jls Sae oS S NS g o
* and ** are significant at 5 and 1% probability levels and ns: is non-significant, respectively
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Table 3. Mean comparison of plant density on quantitative traits of saffron

(y Jul,8l
Safranal (%)

(fparie ;5 42) cols’ o515

Planting density (corms.m-2)

(payere ;3 p5) Sis abls's Slee
Dry stigma yield (g.m?)

(1) CregsSo
Picrocin (%)

100 33.558 58.962 0.12¢
200 29.822 56.85b 0.15b
300 27.950 56.48° 0.242
S U T e SPURP P PPRP P - JCR- SN JESE. PRy - RESp A PP PR <
Means with the same letter are not significantly different at 5% probability level.
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Table 4. Mean comparison of gibberllic acid on quantitative traits of saffron
2 e sk s . oS ilagis Juel. Uy L . 1 5 Skas e 8 Jds 8 " skea) 5 g S
el s e e Ml s s s adyls e Sas O e Gosed ees
Gl 3o ks (Sizs (4s2) [ o ) 1) ) ~ ().‘4: Total
Gibberellic acid Phenol Antioxidant  Ap¢h, i ‘ . T (e Chlorophyll chlorophyll
(ppm) enol (meg. ©) thocyanin  gafiangl  Crocin Picrocin Dry stigma ~lorophiyll a ( fresl
ppm 100 g dry o (mg.100 g dry A o o ield ( ‘m_z) (mg.g fresh mg.g fis 1
weight!) weight!) B B B ¥ & weight!) weight!)
L
- 623.33% 38.77° 20.66" 28.32b 125.17° 56.66° 0.192 1.78% 3.96°
control
I Y-
Futs 629.772 39.53= 25802 32.56* 140.402 58.192 0.140 2.032 4.442
20 ppm

B R T SRRy ST ) gl Bl e B K e ol gla Rl

Means with the same letter are not significantly differentat 5% probability level.
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Table 5- Mean comparison of interaction effects of planting density and gibberellic acid on dry stigma
performance of saffron plant

(oo o 42) IS o515
Planting density (corms.m2)

Gl )0 eadee) ol S >
Gibberellic acid (ppm)

(s 5o p55) St abISo Shos
Dry stigma yield (g.m?)

100 0 0.12°
200 0 0.16°
300 0 0.30°
100 20 0.11°
200 20 0.15°
300 20 0.17°

5,105 o i gk 5o (&)l e (g lel BB S e By SO JBlas sl ls sla 1Sl
Means with the same letter are not significantly different at 5% probability level.
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