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Table 1. Treatments used in experiment
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Table 1. Continued
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Table 2. Physical and chemical properties of soil
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Table 3. Analysis of variance of the effect of treatments on qualitative traits of saffron
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i qilio "| A o,Shee  SSolaw A SiS 3 A § o A Job
S.0.Vv &b s Flower Dry weight of Fresh weight  Stigma length
DF . . number stigma of stigma
Dry stigma yield
Sk 2 4135.40" 72.443" 0.1938"* 0.0112 " 0.065"
Block
Slews Sk *x * ns *
11280.0 222.905 0.5246 0.3731 0.0468
Treatment
Uas
18 1147.52 16.597 0.0844 0.6852 0.0142
Error
R 15.10 10.208 5.232 3.428 4312
CV (%)

S % ww
B

Al o g 5 200 iy 5 Sy Jlaiol ok 5l gine i 4™
“"and " significant at 1 and 5% probability level, and ns no significant respectively
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Table 4. Mean Comparisons of the effect of treatments on quantitative traits of saffron

Slows J5 slass adls 5 Slos adls Jgb IS s 39
Treatment Flower number Dry stigma yield Stigma length Dry weight of stigma
(No.m?) (mg/m?) (cm) (mg)
C 24,1671 112.23¢ 2.506 ¢ 4.63°
U 46.650 244313 2.76° 5,23 ed
A 40.33 b 251.09 @ 2.783 6.232
A 49.940° 312,022 2.98°2 6.16
B: 29.83 % 149.14 % 2.64 5.00
Bz 46.167 b 284222 2.8108 6.292
A1x By 33.167 & 192.15 2.80 08 5,79 bac
A1xB; 48.16 % 260.94 ™ 2.83 ™ 5.36 %
AxxB; 37.170 %% 198.52 ¢ 2.82 M 5.33%
AxxB; 43.497 "¢ 237.90 ™ 2.73° 5.50 bde
LSD 9.574 79.61 0.204 0.683

1,5 g0 oy Y =B1 o5 55 0o jo ¥ =B2 V= 55 ,bg5 5l oo yo 1Y =A2 V=59 ,Lg5 50 auopo o/ =AL ()39 5 S 0 0,55l T =U waals =C
C=.(Control) U = (40 kg/ha N) A1= (0.1% Azotobarvar-1), A2= .2% Azotobarvar-1 B.= 2 /Nitrokara, B1=0.1% Nitrokara
25505 0ol (gl e BB 0o )3 B Jletml mhas 40 (S5l (yge5T Hai 51 S e By (gl oSl (g HB 50
In each column, means followed by the same letter do not significantly differ at P<0.05
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Table 5. Analysis of variance of the effect of treatments on qualitative traits of saffron

(MS) ©las yo (Kb
i aalio T s addels  bdels  JUSLe g SEPP plansTT
SOV o3 Sy Chlorophyll ~ Chlorophyll  Safranal Crocin Phenol ~ Flavonoid  Antioxidant
DF Leaf a b
nitrogen

sk

Block 2 0.268* 0.0406* 0.0097 79.600 90.130 1.6020 0.0064 24.8030

ocl

Sesd 0.288** 0.3913** 0.00259"™¢  158.242**  371.75* 5.5025*  0.1050* 130.161*
Treatment

EUb 18 0.0521 0.0093 0.0029 42.562 107.904  2.0465 0.0436 45.417
rror
R 12.73 6.03 15.58 13877 6676 8723 6361 13.23
CV (%)

Db god o e g S0 i 9 S Jlodk olaw 48 s e iy 4™ g T
““and " significant at 1 and 5% probability level, and ns no significant respectively
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Table 6. Mean comparison of the effect of treatments on qualitative traits of saffron

S Sy 3955 a Judg s JUl e (g yS Jé WPl (ylansT T
Treatment  Leaf nitrogen  Chlorophyll a Safranal Crocin Phenol Flavonoid  Antioxidant
(%) (mg/g) Afim(s)  Alem(ao)  (Mglg) (mg/g) (%)
C 1.1160°¢ 1.090 f 35.887 ¢ 137.770¢ 15.750 3.15bde 46.760
U 2.11202 2.1598 2 42.923" 165.450 b2 15.180 3.10% 48.117"
A1 1.602 b 1.4351 57.460 " 177.2002 16.910 3.732 57.330 %
Az 2.1173% 2.0960 2 43.8 ¢ 145,330 % 15.747 ¢ 2.9449 50.070 ™
B 1.340 1.2862 ¢ 58.940 2 164.330 bac 19.4102 3.64 b2 62.390 2
B 1.700 b2 1.6084 © 53.720 ® 155.7 bde 16.080 3,17 bde 46.050
A1x B1 1.50 ™ 1.2220 42.580 ™ 156.180 Pdc 17.500 b2 3.4 bdac 51.08 %
A1xB> 1.61 P 1.5434 43.480 ™ 148.960 Pd¢ 16.750 ¢ 3.48 b 56.930 2
A2xB1 1.786 ™ 1.8665 " 42.220" 18597 16.080 ™ 3.09% 50.84 2
A2xB2 1743 1.7245% 52.120" 146.950 %  14.580° 3.15"° 39.420°
LSD 0.5368 0.227 15.33 17.819 2.454 0.4912 11.561

15 g5 oy =B1 o5 55 0o j0 ¥ =B2 V= 55 ,Lg5 5l auoyo 1Y =A2 V=59 ,Lg5 50 auoyo o1V =AL ()39 50 S 0 0,55l Fe =U waals =C
C=.(Control) U = (40 kg/ha N) A1= (0.1% Azotobarvar-1) , A2= .2% Azotobarvar-1 B,= 2 /. Nitrokara, B1=0.1% Nitrokara

25505 0ol (gl e BB 0o )3 B Jleiml mhas 4o (4SSl (yge5T Ha 51 S e By (gl lo il (g HB 50
In each column, means followed by the same letter do not significantly differ at P<0.05
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Table 7. Correlation between traits

Olyae) 50 oad (5 0 jluil Wlhs (py (Siwsod ol s Y Jous

Jolan s esles S oy AW Jsb ojar adedgsls  JUIRle S NV N I RV (S
Flower [ s Stigma Sy Chlorophyll a Safranal Crocin Phenol Flavono Antioxidant
number Dry stigma weight of length Leaf id
yield stigma dry nitrogen
J5 slass 1
Flower number
Sis AW 5 Sos 0.842** 1
Dry stigma yield
IS SaS 5 0.80 0.396* 1
Dry weight of stigma
IS Jsb 0.661** 0.712** 0.403* 1
Stigma length
S 1 39y 0.773** 0.765** 0.187 0.673** 1
Leaf nitrogen
a Juds k5 0.801** 0.840** 0.05 0.489* 0.706** 1
Chlorophyll a
Ju 8l 0.078 0.162 0.348 0.195 0.295 0.054 1
Safranal
9 )S -0.157 -0.131 0.164 0.222 0.007 0.074 0.486* 1
Crocin
S -0.386* -0.266 0.361 0.040 -0.392* -0.386* 0.398* 0.406* 1
Phenol
KRRV -0.378 -0.354 0.060 -0.058 -0.389* -0.131 0.426> 0.691** 0.521** 1
flavonoid
st T -0.128 -0.167 -0.002 0.185 -0.401* -0.099 0.356 0.517** 0.727** 0.511** 1

Antioxidant
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DS o Jes Yse oS ST S lgieds 1 00403

’ Protein competition model
2 Growth differentiation balance
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odg 5 e el el milie 1 eslitl a5 el
$ooySi, e Gl ol e S sy ls
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as sl 5l (Aires et al., 2006).055 oo Jrous 1y a5l
s bowslens Ll suden s Sy cole
Slyp g o)ls Jboand oS5 4 o L (JUIBL
a ol a5 ,> sl (ATP s NADPH) £3Y (55,1 opuels
(Loomis & Corteau, 1972)acwe atwly 59,50
T @ i (e yied o Lo 1Sl jpa a0
0395 Gl S plg oo (S b 39800 (159555
5% 0355 Canmay 033k Gl Rl Gaybo ) oy JL8
5 bl oy iwsid o S e drwgd rlaw alg
(Singh etal ., sas oo (2133l 1) Jlars lalS o Slase
5 pomaihhnil ol 055 I ekl iz 2016)
bl il e (lippa citrodora) ged 4 oLS
(Mohammadi et al., 2013) o& aals 4 cod olS

ST T Cadlad wuoyo g aigighd ( Jud
Slyze 5 IS B3 ol poesliiul 5y5e slales
Jool, B> @j0d) SlaesT ool codled 5 asgigdls
O Jgaz) ssls (P<e/0) g lo gme 536 (O3]
(Sa3 o0le 0,5 50 05 (e VAFY) 8 Gl5ee (i

05 3 pS ke VEIOA) e (pj%eS 5 Br Lo o
O a2 ol odslis Ar%xB, s o (Sts oobo

YIVY) 08 jlime (i aS iy lis aools
oS s AL Jled 0 (S s 5 2 eSS ke

A2BLl (S iy o5 » pSke YI0Y) Ol
FYINA) S SlownST bl suoyo o iy ol sonlive



ey QUMU))L@ chl a)l.o,f)v 4("@.\19- cQ‘Ja&) 6&&#}}1 4.1].&.4 VO«

A5 5 A
“onksil 2oy ¢V Bran (gedo ol mls 4 azrg L
Sz oy 9 AN 0 Shee o J5 olaws ioli8l Coge )
O, les iSlas 4y gliws Cuz cplplo o 3 DS
2oy ) leles Grizes Bl dnog BB (oS
slcadslio Guils b V- g)bgisl aoys /Y g 18,0

P e (g SV ST T ol 5 il
Gras a5 3,5 olil Wb wag S o Skes 3G
L oawglio ;0 gy Ol L SL 08 90,0 aBlas
3929 Jloixl cpl adly yo ol olas oy ply B8 ya0
QS oo oolain] Sl mlie 5l 45T g0 a5 LK o)l
hoolaiwl jo Ll oo cold) > yowl 8494 cge
oo (Castro et al., 2014).055 0 S yie b
50 ‘M U"l e Lgal.e,w..u C}]a.w aS el ﬁ)y

855 318 00l 9,90 o (5,500 Sl

Ferrara, L., Naviglio, D., Gallo, M., 2014.
Extraction of Bioactive Compounds of
Saffron (Crocus sativus L.) by Ultrasound
Assisted Extraction (UAE) and by Rapid
Solid-Liquid Dynamic Extraction
(RSLDE). European  Scientific  Journal
.10(3), 1-13.

Guijarro-Diez, M., Castro-Puyana, M., Crego,
A.L., Marina, M.L., 2017. Detection of
Saffron  adulteration with gardenia
extracts through the determination of
geniposide by liquid chromatography—
mass  spectrometry. Journal of Food
Composition and Analysis. 55, 30-37.

Gulluce, M., Sahin, F., Sokmen, M., Ozer, H.,
Daferera, D., Sokmen, A., Polissiou, M.,
Adiguzel, A.,, Ozkan, H., 2007.
Antimicrobial and antioxidant properties
of the essential oils and methanol extract
from Mentha longifolia L.  ssp.
longifolia. Food chemistry. 103(4), 1449-
1456.

Hong, L., Li, M., Luo, J., Cao, X., Qu, L., Gai,
Y., Jiang, X,, Liu, T., Janz, H., Bai, D,
Polle, A., Peng, C., Luo, ZB., 2012. N
fertilization has different effects on the
growth, carbon and nitrogen physiology,
and wood properties of slow- and
fastgrowing Populus species. Journal of
experimental botany. 63, 6173-6185.

SoeST il s oS Wl uly el (S g
Ohapded aldS HLasl jo bl cde 4 daaSeigdls
ol 2 edle (Gulluce et al., 2007) sl o Ll
cdld g S U8 e Cute (Seen 092y
OIS Slrege 5 Doy 5l (S 0 GlarST ]
o o suzee (Pyo et al, 2004) ool ouss
0)5).“.» @L‘m );YL d..é:)c aS cewl ool QL.M) um 5

QL@L,S 5 ‘) olﬂ Jli.{é‘) )lm e J:Ls )9-‘94?
3 owizea (Meda et al., 2005) aas o als

3,10 352y e (Siwmed 45l sacdglie g ooy
(Herms & Mattson, 2005)

&bw

Aires, A., Rosa, E., Carvalho, R., 2006. Effect
of nitrogen and sulfur fertilizationon
glucosinolates in the leaves and roots of
broccoli sprouts (Brassica oleracea var
italica.). Journal of the Science of Food
and Agriculture. 86,1512-1516.

Arnon, A.N., 1967. Metod of extraction of
chlorophyll in the plants. Agronomy
journal. 23, 112-121.

Aseri, G.K., Jain, N., Panwar, J., Rao, A.V.,
Meghwal, P.R., 2008. Biofertilizers
improve plant growth, fruit vyield,
nutrition, metabolism and rhizosphere
enzyme activities of Pomegranate (Punica
granatum L.) in Indian Thar Desert.
Scientia Horticulturae. 117, 130-135.

Castro, S.A., Escobedo, V.M., Aranda, J.,
Carvallo, G.0., 2014. Evaluating
Darwin’s naturalization hypothesis in
experimental plant assemblages:
phylogenetic  relationships do  not
determine colonization success. Public
Library of Science one. 9(8)105535.

Chang, C., Yang, M., Wen, H., Chern, J., 2002.
Estimation of total flavonoid content in
propolis by two  complementary
colorimetric methods. Journal of Food
and Drug Analysis. 10,178-182.

Fageria, N.K., 2007. Yield physiology of rice.
Journal of Plant Nutrition. 30, 843-879.



VOV .oy oS Slho poysl 5 055, oS Cus ¢G5 Jom slan S L5610 5 Lyl

Mehraj, S.S., Kamili, A.N., Nazir, R., Hag, E.,
Balkhi, H.M., 2016. Comparative
evaluation of extraction methods for total
proteins from Crocus sativus
L.(Saffron). Saudi Journal of Biological
Sciences.

Miliauskas, G., Venskutonis, P.R., Vanbeek,
T.A., 2004. Screening of radical
scavenging activity of some medicinal and
aromatic plant extracts. Food Chemistry.
85, 231-237.

Mohammadi, M., Tobeh, A., Vahidipour, H.R.,
Fakhari, R., 2013. Effects of biological
fertilizers on essential oil components and
guantitative and qualitative yield of lemon
verbena (Lippia citriodora). International
Journal of Agriculture and Crop
Sciences. 5(12), 1374-1380.

Naik, S.K., Barman, D., 2006. Response of
foliar application of nitrogen on flowering
in  Cymbidium  hybrid. Journal  of
Ornamental Horticulture. 9(4), 270-273.

Nybakken, L., Selds, V., Ohlson, M., 2013.
Increased growth and phenolic
compounds in  bilberry  (Vaccinium
myrtillus L.) following forest clear-
cutting. Scandinavian journal of forest
research. 28(4), 319-330.

Omidi, H., Naghdibadi, H.A., Golzad, A.,
Torbati, H., Fotookian, M.H., 2009. Effect
of chemical and bio-fertilizer nitrogen on
gualitative and quantitative vyield of
saffron (Crocus sativus L.). J. Med Plants.
30(2), 98-109. [in Persian with English
Summary].

Osman, M.E.H., El-Sheekh, M.M., EI-Naggar,
A.H., Saly, F., Gheda, S.F., 2010. Effect of
two species of cyanobacteria as
biofertilizers on some metabolic activities,
growth, and yield of pea plant. Biology
and Fertility of Soils. 46, 861-875.

Pandey, R.K., Maranville, JW., Admou, A.,
2000. Deficit irrigation and nitrogen

effects on maize in a Sahelian
environment: |. Grain yield and vyield
components. Agricultural Water

Management. 46(1), 1-13.

Pyo, Y.H., Lee, T.C., Logendra, L., Rosen, R.T.,
2004. Antioxidant activity and phenolic
compounds of Swiss chard (Beta vulgaris
subspecies cycla) extracts. Food
chemistry. 85(1), 19-26.

Sanches-Govin, E., Rodrigues-Gonzales, H. and
Carballo-Guerra, C.2005. Influencia de
los abonos organicos y biofertilizantes en

Herms, D.A., Mattson, W. J., 1992. The
dilemma of plants: to growth or defend.
Quarterly Review of Biolology. 67, 283—
335.

Ibrahim, M.H., Jaafar, H.Z., Rahmat, A,
Rahman, Z.A., 2010. The relationship
between  phenolics and  flavonoids
production with total nonstructural
carbohydrate and photosynthetic rate in
Labisia pumila Benth. under high CO2
and nitrogen fertilization. Molecules.
16(1), 162-174.

ISO/TS 3632-1/2., 2003.Technical
Specification. Crocus sativus L. Saffron.
Ed. ISO, Geneva, Switzerland.

J-Mattson, W., Julkunen-Tiitto, R., Herms,
D.A., 2005. CO2 enrichment and carbon
partitioning to phenolics: do plant
responses accord better with the protein
competition or the growth differentiation
balance models. 111(2), 337-347.

Kapoor, R., Giri, B., Mukerji, K.G., 2004.
Improved growth and essential oil yield
and quality in Foeniculum vulgare Mill.
on mycorrhizal inoculation supplemented
with P-fertilizer. Bioresource Technololgy.
93, 307 — 11.

Kalra, Y., 1998. Hanbook of reference methods
for plant analysis. CRC Press.

Kopsell, D.A., Kopsell, D.E.,
Curran- Celentano, J., 2007. Carotenoid
pigments in kale are influenced by
nitrogen concentration and form. Journal
of the Science of Food and
Agriculture. 87(5), 900-907.

Lee, K.B., de Backer, P., Aono, T., Liu, C.T.,
Suzuki, S., Suzuki, T., Kaneko, T., Yamada,
M., Tabat, S., Kupfer, D.M., Najar, F.Z.,
Wiley, G.B., Roe, B., Binnewies, T.T.,
Ussery, D.W., Haeze, W.D., Herder, J.D.,
Gevers, D., Vereecke, .D., Holsters, M.,
Oyaizu, H., 2008. The genome of the
versatile nitrogen fixer Azorhizobium
caulinodans ORS571. BMC Genomics.
281, 28981-28992.

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

Meda, A., Lamien, C.E., Romito, M., Millogo,
J., Nacoulma, O.G., 2005. Determination
of the total phenolic, flavonoid and pralin
contents in Burkina Fasan honey, as well
as their scavenging activity. Food
Chemistry. 91, 571-577.



\Yay Q\;‘..“.:U j)\.@;. ch‘ a)Lo.je 4(.‘% M cQ‘Jj&j 6&&.&3}: 4.1].‘1..’ VOY

Society of Agricultural Sciences. 15(2),
171-178.

Tajik, S., Niknam, V., 2015. Effects of Salicylic
Acid on Carotenoids and Antioxidant
Activity of Saffron (Crocus sativus
L.). Applied Food Biotechnology. 2(4). 33-
3.

Wani, S.A., Chand, S., Wani, M.A., Ramzan, M.,
Hakeem, K.R.,, 2016. Azotobacter
chroococcum-A Potential Biofertilizer in
Agriculture: An Overview. In Soil Science:
Agricultural and Environmental
Prospectives (pp. 333- 8). Springer
International Publishing. pp. 8-333.

Zhang, N., Wang, D., Liu, Y., Li, S., Shen, Q.,
Zhang, R., 2013. Effects of different plant
root exudates and their organic acid
components on chemotaxis, biofilm
formation and colonization by beneficial
rhizosphere-associated bacterial strains.
Plant and Soil. 374, 689-700.

la calidad de las especies medicinales
calendula officinalis ly Matricaria recutita
L. Revista Cubana .de Plantas
Medicinales10 (1): 1.

Shahi, T., Assadpour, E., Jafari, S.M., 2016.
Main chemical compounds and
pharmacological activities of stigmas and
tepals of ‘red gold’; Saffron. Trends in
Food Science & Technology. 58,69-78.

Sharaf-Eldin, M. A., Elkholy, S., Fernandez,
JA., Junge, H. Cheetham, R.D,
Guardiola, J.L., Weathers, P.J., 2008. The
effect of Bacillus subtilis FZB24 on
flowers quantity and quality of Saffron
(Crocus sativus L.). Planta Medica.
74,1316-1320.

Singh, M., Khan, M.M.A., Naeem, M., 2016.
Effect of nitrogen on growth, nutrient
assimilation, essential oil content, yield
and quality attributes in  Zingiber
officinale Rosc. Journal of the Saudi



Journal of Saffron Research (semi-annual)
Vol.6, No.1, Spring & Summer, 2018
p. 141-153 University of Birjand
http://dx.doi.org/10.22077/jsr.2017.891.1039

The effect of nitrogen-fixing biofertilizers and urea on quantitative and
gualitative traits of saffron (Crocus sativus L.)

Hajar Parsal, Azizollah Kheiry*?, Mohsen Sani Khani?, Farhang Razavi?
1- M.Sc. Student, Physiology and Medicinal Plants Breeding, Faculty of Agriculture, Zanjan
University, Zanjan, Iran
2- Assistant Professor, Department of Horticulture, Faculty of Agriculture, Zanjan University,
Zanjan, lran
*Corresponding Author Email: Kheiry@znu.ac.ir

Received 26 July 2017; Accepted 27 November 2017

Abstract

In order to investigate the effect of different nitrogen sources on some quantitative and biochemical
characteristics of Saffron, an experiment was conducted based on randomized complete block design with
three replications at the Research Farm of Zanjan University. The treatments were Azotobarvar-1 bio-
fertilizer (containing free-living nitrogen-fixing bacteria Azotobacter vinelandii) at two levels (0.1 and 0.2 %),
Nitrokara (containing symbiotic and free-living nitrogen-fixing bacteria Azorhizobium caulinodan) at two
levels (1 and 2 %), and combination of both at four levels (1% Nitrokara + 0.1 % Azotobarvar-1, 1 %
Nitrokara + 0.2 % Azotobarvar-1, 2 % Nitrokara + 0.1 % Azotobarvar-1, 2 % Nitrokara + 0.2 % Azotobarvar-
1) compared to control and one nitrogen level (40 kg/ha) in the form of urea. The results showed that the
highest number of flowers, performance of stigma and the maximum length of stigma was Obtain from plants
inoculated with 0.2 % Azotobacter. The highest leaf nitrogen content and chlorophyll a obtained in 0.2 %
Azotobacter and 40 kg/ha nitrogen. Also 0.1% Azotobacter and 2 % Azorhizobium treatments resulted in
highest dry weight of stigma. The highest amounts of antioxidant and total phenol of stigmas were achieved
with 1 % Azorhizobium and the highest amount of flavonoids was observed with 0.1 % Azotobacter. The
Highest amounts of crocin and safranal were obtained with 0.1 % Azotobacter and 1 % Azorhizobium
treatments respectively. In general, to obtain higher production of saffron 0.2 % Azotobacter, and to achieve
higher content of active substances 0.1 % Azorhizobium are recommended.

Keywords: Antioxidant activity, Crocin, Flavonoid, Phenol, Safranal.



