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Table 1- Physical and chemical properties of field soil, vermicompost and irrigation water
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Vermicompost - - - 1.6 1.9 1.54 1.42 7.27 24.13
d)l:-!] vi
Irrigation water
ol Colua Cda Comd Sala 5o JS 5 o o O o O O O
. oF s .. .
oSty S 2w Jolee oly,s oS’ o2 250 ooy o
- E.C SAR T.D.S CcL HCO3" Ca** Mg? K Na*
P (ds.m™) o (mg.lit") (meq.lit") (meq.lit") (meqlit’)  (meq.lit") (meq.lit") (meq.lit")
7.51 0.8 3.74 512 4.37 3 1.8 2.1 0.04 5.22
oS 5 52y Pl il (S pordy (ot lhonsd 50 58 Ologuad Y g
Table 2- Physical and chemical properties of nanocomposite superabsorbent polymers (N.S.A.P)
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Source: Information provided in the product analysis brochure by the manufacturer.
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Table 3—Analysis of variance for generative and vegetative growth characteristics of saffron under year, irrigation
interval and nanocomposite superabsorbent polymers treatments
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Figure 1- Mean comparison for interaction effects of irrigation intervals and nutrition on flower yield of saffron in the first
(A) and the second (B) year.
(C.: Control sals, V.:-Vermicompost cusgeS )5, B.: Bolourab A Tl b, , T.: Terracottem 551,35 )
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Figure 2- Mean comparison for interaction effects of irrigation intervals and nutrition on dry stigma yield of saffron in the
first (A) and the second (B) year.
(C.: Control sals, V.:-Vermicompost cusgeS o5, B.: Bolourab A Tl b, , T.: Terracottem 551,35 )
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Table 4 —Analysis of variance for quantitative and qualitative characteristics of saffron under year, irrigation interval and
nanocomposite superabsorbent polymers treatments

Ol S @lie @33l a3 OmnsS OmgSeSe JUlble Srao ol 2l
S.0.V. df Crocin Picrocrocin Safranal Water use efficiency
LSS 2 4.37™ 0.87™ 0.39" 0.00000009™
Replication
s 1 9.1° 0.0003™ 0.003"™ 0.00025202™*
Year
Jlo s 2 0.55 0.08 0.001 0.00000006
Year error
S 2 0.32" 0.56" 0.58™ 0.00014147"
Irrigation
el # s 2 0.22" 0.0184™ 0.003™ 0.00001573"
Year * Irrigation
ol el 4 0.47 0.011 0.08 0.00000007
Irrigation error
Jelsys 7 0.34" 14.22" 2917 0.00002146"
Organic compoundf
Jels 5w Jl 7 1.22" 0.49 0.008™ 0.00000197™
Year * Organic
compound
S els 5w )l 14 0.48" 0.15" 0.064" 0.00000398™
Irrigation * Organic
compound
Jobs s # ol # Jl 14 0.21™ 0.037" 0.005™ 0.00000035™
Year * Irrigation * Organic compound
e sl 88 0.19 0.062 0.03 0.00000005
Sub error
SlydS o
CV. (%) - 3.6 4 7.2 55

- ns, * any are no significant and significant in probability levels 5 an ercent respectively.
*and ** gnificant and significant in probability levels 5 and 1 p t respectively
TN 570 Jla>| C)la..‘ D315 e 4l Sae b LS 4w g % IS -

- T include: vermicompost + terracottem + bolourab a.

Tl polo+ 035815 + CaumguoS (o091 Jalis -

(Rasouli et al., 2015) 53,8 )5S 1) S o (slags S,
(rmsb) r9sS 95 Sl 0550 Dl (5 o3 il
395 L (s sl 53 (shas) JUl3Lo 5 (S5)) oS
Esmaili et ) dol cowd 4 3als jlag 0 )lade opyies o
Heidari et al., ) o ,LSen g ) islejl gls (al,, 2013
Sla S ) aS cwl s opl Slopsls 35 52014

Sy JLSl i oyhe ) S S AN L g 55,5

oS 33 (pyS g 9B e ( T dlge 5l odlazul b5 4

PRI PSR UEPREA Py SR S L - =1 IRV R RVIPV PR ¥ St
4S 39 g0 odlitul 0550 dlgs g sl gl loidle
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oy il 8l LS il | 5 (Tour et al.,, 2006)
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Table 5- Mean comparison for interaction effects of treatments on quantitative and qualitative traits of saffron in the first
year (2015-16)

33 S g 3laas & dluss 55l ol I,
. ; ] : Slass o
Loy Year )bl 599 JI sy Jlo Sois RIS Number o9 ww9SeSw  JUlBle 5 g,
Treatm {rrigation organic Number of  Number of oflilowzr Crocin  Picrocrocin  Safrana  water use
ents interval compound leaf doughter (no.m?) (%) (%) 1(%) efficiency
(no.clony)  corm (no.m’) (kg.m™)
L
> 10.2! 8.8" 155.8° 8.8h 458 1.59 0.0007*
Control
oS s 12.5™ 12.9*f 24748 12.9%f 6.6% 2.6 0.0017"*
Vermicompost
Tol 25k q-t e-f mno e-f ab ab VWX
Boloutab A 133 12.2 221.9 12.2 6.6 2.7 0.0016
s ,
s 149t 12.4%f 242 4Km 12.4%f 6.5%° 2.5%¢ 0.0018""
Terracottem
i ‘J )91'! + C“"?"“S )9 0-S a-f l-o a-f abc b s~V
_ Verni +Bolon 15.5 12.6 2253 12.6 6.5 26 0.0022
. St o ‘.+ )
30 w15+ cesgeS g Vermi +Terraco 1647 13+ 280.1 13+ 6.6% 250 0.0021%
days Vermi.+Terraco
58l + T A+ .
w5+ 1ol 5 Bolour.+Terraco 18,6 12,5+ 2491 12.5¢ 6.2 2.4% 00019
Bolour.+Terraco.
rb-"'?ﬂf" +1 ‘?’] )9‘. + ""‘“’?“‘g «*)9 st e-f mno e-f a-d ab VWX
Vo +Bolour 4 Teraso. 12.3 12.2 220.5 12.2 6.4 2.8 0.0016
s Control 10.3! 9.1 120.5" 9.1 3.8M 1.49 0.0010**
oS s 11.5% 12.3¢f 213.9° 12.3¢f 5.8%f 2.5%¢ 0.0025P
Vermicompost
Tol 25k q-t c-f mno c-f abe b q-t
Boloutab A 13.9 12.3 222 123 6.5 2.6 0.0023
s
s 12.1% 12.2¢f 209.6% 12.2¢F 6.6 2.5%¢ 0.0030™"
Terracottem
Tol job + o
okt S g 12.4 13.1%f 237.2kn 13.1%f 6.5 2.6° 0.0024%*
Vermi.+Bolour.
I3 . 56515+ Caw 1.+
395 0 w3515 + CangaeS s Vermi.+Terraco 13,79 12.3¢F 240%™ 12.3¢F 6.1>" 9 geb 0.0028°
50 days Vermi.+Terraco
5515+ 10l + . ; ,
w15+ ] 1k Bolour.+Terraco 177 12,7 2258 127+ 6.5%¢ 2.4% 0.0027%
Bolour.+Terraco.
IST IR Tol 29+ CuvgreS (009 o-t a-f l-o a-f abe b r-u
Vo +Bolour 4 Terano, 145 12.5 226.9 125 6.5 2.6 0.0024
- 10.4* 10.28 128.3" 10.28 3.9¢" 1.3¢ 0.0015"™*
Control
oS s 15°% 12.3¢f 238.4kn 12.3¢f 6.6% 2.5%¢ 0.0044"
Vermicompost
Tl sk p-t f no f def be ij
Bolourab A 14.3 12 219 12 5.9 23 0.0042
s _
s 13.5% 12.2¢F 246.84 12.2¢F 6.4%¢ 2.5%¢ 0.0047%
Terracottem
ol job + o .
ol ¥ S g 14,50 12.2¢F 2566 12.2¢ 6.5%¢ 2.4% 000500
Vermi.+Bolour.
235 V* W15+ g oy Vermi FTerraco 16.3™ 12.3¢F 2057 123 6.6 2.3t 0.00431
70 days Vermi.+Terraco
w1 <l Bolour+Terraco. 18.7™ 12,6 2142° 126 6.5 2.5 0.0048°h
Bolour.+Terraco. ’ ’ ’ ’ ’ ’ ’
56515+ 10T yobs + Cow § i ; -
P Lok St s 11.7% 13.3%F 192,00 133+ 6.6 2.4 000420

Vermi.+Bolour.+ Terraco.

- Common letters in every column be indicative not significantly different according to Duncan’s test in ( P<0.01).
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Table 6- Mean comparison for interaction effects of treatments on quantitative and qualitative traits of saffron in the second
year (2016-17)

S cile;,s Jbo Spalag AR 55 slas O a8
oo ol 99 Year X 553 Number Om9S  omsSeSw JUlpl I
) irrigation Number of f Crocin  Picrocrocin  Safranal
Treatment . Number of o Water use
reamenss - grnie - TWGE T A flower (%) (%) %) effency
corm 2 g
compound (no.clony) (no.m? (no.m’) (kg.m J)
L:) Q
Coitrol 15.8" 8.9" 185.7% 8.9" 428 1.4 0.0012%
Ve:nﬁ;;ost 208" 134 399% 134 6.8" 250 0.00374™
i . '
B Olo'ur’;; A 32.7¢0 12.9%f 401.8% 12.9*f 6.6% 2.7% 0.0040%
el '
T err’;f o:tem 26.14 13.4%° 390.3¢ 13.4%° 6.5%° 2.5%¢ 0.0039!
e e 3825 13.6™ 4304%%° 136 6.8 26" 0.0040*
BIYAN Vermi.+Bolour. : : : . . . .
P - _ ' ’
dzi)ls il ng uJ.,),+¥erm1 Terraco 27ik 13.7° 401.9% 1372 6.6 2 6 0.0033™°
ermi. erraco
5515+ 10,4 Bolour+T ) , ,
ISP +]ls_0\1§b_r :T(:gacoerraco 29 5hk 13%F 426.4% 13%f 6.3%¢ 9. gabe 0.0035"™
ur. .
56515+ Tl yobs + Cw ) ) ] )
V:;:rfi +Bof§ﬁr + gniéso 35% 13.3% 4009% 133" 6.4% 2.9 0.0040%
1ls Control 19.9™ g.3" 172.6" 8.3" 3.8 1.4¢ 0.0015™
Ve;”ﬂf; gr);ost 37°f 12.9%F 4154 12.9°f 5.6 2.6% 0.0049°%
i
B Olo'ur’;; A 332k 12.6*f 417.3% 12,6t 6.5%° 2.6% 0.0050%f
s
Terr:fo);tem 42.23b 1 2.9a-f 432.6cde 1 2.9a-f 6.6ab 2.5abc 0.005 1def
Tl yob + Cow
Vel’:;i +B§1§o :"r” 40.6™  13.6% 4159 13.6%c 6.5%¢ 2.7% 0.0054%
50)5:10 KX V%;Hi)i\]izglo Terraco 43.9° 12,95 3335 12.9% 6.25" 5 g 0.0044M
ays .
5515+ 10,4 Bolour.+T ) . . .
w31 +llg_ll,9b, J(:Tour erraco 39 5bed 13.3%¢ 467.4% 13.3%¢ 6.6 9 42be 0.00534
olour. erraco.
V:fn:i ++Bof§:r + ;:jniéso 3587 131 47420 131" 6.5 2.6% 0.0055°
sls Control 15.5°% 8.6" 180.6" 8.6" 3.3 1.3¢ 0.0022¢"
Ve:n;:z ;gost 308" 129%T  4283% 129 6.6" 2.4%¢ 0.0082¢
i . , ,
Bolo'ur’;; A 26.9" 12.8+f 374.5" 12.8+f 5.8° 2.3b 0.0084°¢
Terr:f Oitem 28.91k 12.9*f 451.1% 12.9*f 6.4%¢ 2.5%¢ 0.0094%
Tl o+ o , '
Ve;’il ; +B’;‘12 :"r” 35.5%¢ 13.4%¢ 434.9%%  13.4%¢ 6.8° 2.4%%e 0.0096°
56515+ Cow Vi i.+T . )
gyve V’ﬁc";;)inglco eraco g4k qp.90t 3383 12.9°F 6.6° 2.3 0.0079¢
70 days o h
5515+ 10,4 Bolour+T )
ISP +]|3_011§b,r f{:gacoerraco 33.3feh 13 .47 469.4% 13.4%¢ 6.5%¢ 5 3be 0.0091°
ur. .
56515+ 1 ol + o . ) ]
A ok S s 2320 13.5%¢ 439 13.5%¢ 6.6 2.4%%e 0.0084°

Vermi.+Bolour.+ Terraco.

- Common letters in every column be indicative not significantly different according to Duncan’s test in ( P< 0.01).
ool 20 Y Jlazs] zaws j3 (Sl g0l olul o 4ls me BB 3939 pae 51 (Sl (gt b jd S yide gy —



1V lg Voled Al ol ieg s yslid g caelyy asyts VP

bl (8,5 5 ai )3 L g ggeime )3 ol il JLio
2 prS g8 Feer) CmgeS oy I 258 20 ool
(Lo o p 5o ls £ o) T ol oy Bla il ey L (1S
bl g> Jlosl Ly g Loty S’ g )3 ¢S 5 &y
sl algice qlyte olS 5 009 Jsbo 53 09y 0« bawsie
5 (migy 38y 3 Shos 35t 9 (B yae O LS 581

23,5 olS il;

References

Abedini, A., and Abedi-Koupai, J. 2016. The effect
of application of three types of superabsorbent
polymers on production performance and
saffron (Crocus sativus L.) growth indices and
water use utilization. 2" Iranian National
Congress on Irrigation and Drainage. Esfahan
Industrial University, Iran, 24-26 August 2016.
(In Persian).

Abedi-Koupai, J., and Mesforoush, M. 2009.
Evaluation of application of superabsorbent
polymer on yield, water use efficiency, storage
of nutrients in greenhouse cucumber. Journal
irrigation and drainage of Iran 2 (3): 100-111.
(In Persian).

Behdani, M.A., Koocheki, A., Nasiri Mahallati,
M., and Rezvani Moghaddam, P. 2005.
Evaluation of quantitative relationships
between saffron yield and nutrition (on farm
trial). Iranian Journal of Field Crop Research 3
(1): 1-14.(In Persian with English Summary).

Esmaili, V., Moradi, P., and Ansari, K.H. 2013.
Changes amount of picrocrocin, crocin and
safranal in saffron (Crocus sativus L.) under
affective kind of vermicompost and bio-
fertilizers. 2™ Iranian Congress Saffron.
Torbate-hydarieh, Iran. 28 Octber 2013. (In
Persian).

S5 00 S Mool dlge 3,8 sl Jloy65 45 (53L 5 Coonl
st O 3 oSl el Ll gy sgutp el
Oieli9l 0LS 5L 3,00 (590 (i polie (el g Lais
slogl el «SB slod faws G5l 5l g (g udy D985 o i
L)»)‘)JI ).ol u;‘dsow OL§9M9.\.~0) dl): d).u}Ua.o L:J‘)m
oy NS 3 Shes g S g Jels otaly a5, slo sl

Fallahi, H.R., Zamani, GH., Mehrabani, M.,
Aghhavani-Shajari, M., and Samadzadeh, A.
2016. Influence of superabsorbent polymer
rates on growth of saffron (Crocus sativus L.)
replacement corms. Journal of Crop Science
Biotechnology 19 (J): 77-84.

Ghasemi, M., and Khoshkhoi, M. 2007. Effects of
superabsorbent polymer on irrigation interval
and growth and development of
Chrysanthemum (Dendranthema grandiflorum
KITAM). Journal Science and Technology
Horticulture of Iran 8 (2): 65-82.

Heidari, Z., Besharati, H., and Maleki Farahani, S.
2014. Effect of some chemical fertilizer and
bio-fertilizer on quantitative and qualitative
characteristics of Saffron. Saffron Agronomy
and Technology 2 (3): 177-189. (In Persian
with English Summary).

Islam, M.R., Xue, X., Mao, S., Ren, C., Eneji, A.E.
2011. Effects of water-saving superabsorbent
polymer on antioxidant enzyme activities and
lipid peroxidation in oat (Avena sativa L.)
Under drought stress. Journal Science Food
Agriculture 91: 680-686.

Kafi, M., Rashed-Mohassel, M.H., Koocheki, A.,
and Mollafilabi, A. 2006. Saffron, Production
and Processing. Ferdowsi University of



VYo o Sles pcaS 5 50, 08 ol sloyesls 5 (T 395 028 b el e 36 i3yl e (Km0 g (Sliaa,

Mashhad Press, Iran. (In Persian).

Khorramdel, S., Gheshm, R., Amin Ghafori, A.,
and Esmaielpour, B. 2014. Evaluation of soil
texture and superabsorbent polymer impacts on
agronomical characteristics and yield of saffron
(Crocus sativus L.). Journal Saffron Researches
1: 120-135. (In Persian with English Summary).

Koocheki, A., and Sabet Taimouri, M. 2014. Effect
of farm's age, corm weight, and manure on the
yield of corm and stigma of saffron (Crocus
sativus L.) in Mashhad conditions. Journal
Agronomy 105: 148-157. (In Persian).

Koohestani, S., Askari, N., and Maghsoudi, K.
2009. Assesment effects of superabsorbent
hydrogels on corn yield (Zea mays L. ) under
drought stress conditions. Iran. Water Research
Journal 5: 71-78. (In Persian with English
Summary).

Kumar, R., Singh, V., Devi, K., Sharma, M.,
Singh, M.K., and Ahuja, P.S. 2009. State of art
of saffron (Crocus sativus L.) agronomy: A
comprehensive review. Food Reviews
International 25: 44-85.

Kuntal, D., Raman, D., Thippenahalli, N.S., and
Sekeroglu, N. 2007. Influence of bio-fertilizers
on the biomass yield and nutrient content in
Stevia rebaudiana. Journal of Medicinal Plants
Research 1 (1): 5-8.

Loomis, W.D., and Corteau, R. 1972. Essential oil
biosynthesis. Journal of Recent Advance in
Phytochemistry 6: 147-185.

Lozano, P., Castellar, M., Simancas, M., and
Iborra, L. 1999. Quantitative high-performance
liquid chromatographic method to analyze
commercial saffron (Crocus sativus L.)
products. Journal of Chromatogramphy 830:
477-483.

Mohammadpour, J., Ghodsi, M.R., and Esmi, A.R.
2013. Evaluation of effects irrigation interval
and different fertilizers on some morphological
traits and yield of saffron (Crocus sativus L.).
2" Iranian Congress Saffron. Torbate-hydarieh,
Iran. 28 Octber 2013. (In Persian).

Poggi, L.M., Portela, J.A., Pontin, M.A., and
Molina, R.V. 2009. Corm size and incubation
effects on time to flowering and threads yield
and quality, in saffron production in Argentina.
3™ International Symposium on Saffron
Biology and Technology, Kosani, Greece. pp,
51.

Rasouli, Z., MalekiFarahani, S., and Besharati, H.
2015. Some vegetative characteristics of saffron
(Crocus sativus L.) as affected by wvarious
fertilizers. Iranian Journal of Soil Research 27:
35-36. (In Persian with English Summary).

Rezvani Moghaddam, P., Khorramdel, S., and
Filabi, A. 2015. Evaluation of soil physical and
chemical characteristics impacts on
morphological criteria and yield of saffron
(Crocus sativus L.). Journal of Saffron
Research 3 (2): 188-203. (In Persian with
English Summary).

Sabet Taimouri, M., Kafi, M., Orsagi, Z., and
Orougi, K. 2010. The effect of drought stress,
corm tunic and size on  morpho-
ecophysiologicaly characteristics of saffron
(Crocus sativus L.) in the greenhouse
conditions. Journal of Agroecology 2 (2): 323-
334.

Sadeghi, B., Hossieni, M., Masrouri, M., and
Mollafilabi, A. 2014. The effect of nutrition on
corm-bed for enlargement of saffron corms.
Research Project of Institute of Food Science
and Technology, Khorasan Razavi, Iran. 23p.
(In Persian).

Sharif, M., Khattak, R.A., and Sarir, M.S. 2002.
Effect of different levels of lignitic coal drived
humic acid on growth of maize plants.
Communication in Soil Science and Plant
Analysis 33: 3567-3580.

Temperini,O., Rea, R., Temperini, A., Colla, G.,
and Rouphael, Y. 2009. Evaluation of saffron
(Crocus sativus L.) production in Italy: Effects
of the age of saffron fields and plant density.
Journal of Food, Agriculture and Environment
7 (1): 19-23.



1¥A9 le Vojled A al> oo ie; 5,0lid 5 celyy it VA

Tour, R.K., Geoffrey, P., and Savagea, A.H. 2006.
Influence of different types of fertilizers on the
major antioxidant components of tomatoes.
Journal of Food Composition and Analysis 19:
20-27.

Wu, L., Liu, M.Z., and Liang, R. 2008. Preparation

and properties of a double-coated slow-release
NPK compound fertilizer with superabsorbent
and water-retention. Bioresource Technology
99: 547-554.



Saffron Agronomy & Technology Vol. 8, No. 1, Spring 2020, P. 3-18 1

Assessing the Effects of Irrigation Management on Economic Yield and
Production of Active Ingredients of Saffron Medicinal Plant (Crocus
sativus L.) by Application of Organic Fertilizer and Nanocomposite

Superabsorbent Polymers

Amin Ramezani', Hossein Aroiee?*, Majid Azizi® and Ahmad Ahmadian*
Submitted: 12 June 2018 Accepted: 4 February 2019

Ramezani,A., Aroiee, H., Azizi, M., and Ahmadian, A. 2020. Assessing the Effects of Irrigation
Management on Economic Yield and Production of Active Ingredients of Saffron Medicinal Plant (Crocus
sativus L.) by Application of Organic Fertilizer and Nanocomposite Superabsorbent Polymers, Saffron
Agronomy & Technology, 8(1): 3-18.

Abstract

A split-plot experiment including three irrigation intervals of 30, 50 and 70 days as main plots and three
factors of vermicompost, Terracottem and Bolourab A, as well as control, as sub plots was carried out for
three years (2014-2017) at the Saffron Research Institute, Torbate Heydarieh University in order to find and
recommend a method for improving vegetative and reproductive traits and economic yield of saffron using
organic compounds of soil amendment. The results showed that the effects of treatments on all quantitative
and qualitative traits, were significant (p <0.01). The highest leaf number (43.9 leaves in colony) and
daughter corm (346.7 m?) were obtained in the treatment of 50-day irrigation intervals and combined use of
vermicompost, Terracottem and Bolourab A. Moreover, the highest average yield of reproductive growth
including flower number (474.2 m?) was observed in the treatment of 50-day irrigation interval and combined
application of Bolourab A, vermicompost and Terracottem, and fresh flower yield (2509.2 kg.ha™).
Moreover, economic yield of dry stigma (24.8 kg.ha™) in the treatment of 30-day irrigation intervals and
combined use of Bolourab A and vermicompost in the third year. The highest yield of crocin (13.7%) and
picrocrocin (6.7%) active ingredients were obtained at irrigation intervals of 30 and 70 days, respectively,
with combined application of vermicompost and Bolourab A. The highest content of safranal (2.9%) active
ingredient was obtained in the treatment of 30-day irrigation and combined application of vermicompost,
Bolourab A, and Terracottem in the third year. The highest water use efficiency of 0.0096 kg.m™ was related
to the treatment of 70-day irrigation intervals and combined use of Bolourab A and vermicompost in the third
year. The lowest yield in all of the studied traits was observed in the control treatment. Generally, soil
amendment organic compounds can be used in combination with 50-day irrigation interval to increase the
efficiency of existing water resources and improve qualitative and quantitative yield of saffron plant in semi-
arid regions.
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