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Introduction

Saffron (Crocus sativus L.) is a perennial plant of the Iridaceae family and is cultivated in Iran, Morocco,
India, Greece, Italy, and Spain. Iran is considered the main producer of saffron, with the most optimum climate
for saffron. Today, the dramatic increase in food production in the world requires high amounts of chemical
fertilizers. However, some of the adverse effects of chemical fertilizer overuse in conventional farming practices
have been well reported. In this regard, manure can be a good alternative, which can guarantee both agricultural
production and nature protection. Potassium is one of the most important nutrients for plant growth after
nitrogen. In spice plants, potassium indirectly improves nitrogen utilization and protein formation, flower size,
flower yield, oil content, color, etc. in spice plants. This study investigated the effect of different animal manures
in combination with different levels of potassium sulfate on saffron flower criteria.

Materials and Methods

The factorial experiment was carried out based on a randomized complete block design with three
replications at the agricultural lands of Jovein County, during the three cropping years of 2015-16, 2016-17, and
2017-18. The first factor includes three types of organic manure: laying poultry manure (5 and 10 ton.ha™),
broiler poultry manure (5 and 10 t.ha™) and cow manure (20 and 40 ton.ha™) and control (without the use of
organic manure) and the second factor includes different amounts of potassium sulfate fertilizer (0, 100 and 150
kg.ha™). The basis for determining the consumption of each organic fertilizer was applied based on the
recommended nitrogen and soil test. Saffron was cultivated in September 2015 in the length of 3 m and width of
1 m plots. Flower yield was determined randomly from 40 x 50 cm™ quadrates. Data analysis and figure drawing
were performed using SAS 9.1 and MS-Excel software.

Results and Discussion

The results of analysis of variance in two years showed that the effect of animal manure and potassium
sulfate and their interaction were significant on the number of flowers, total flower weight, stigma dry weight,
and style dry weight. Also, potassium sulfate and manure's main effects and interaction were significant on the
dry weight of flowers without stigma and style in the second year. However, the main effects of potassium
sulfate and manure significantly affected on the dry weight of flowers without stigma and style, but their
interaction was not significant in the third year. The highest number of flowers was obtained in the treatment of
150 kg.ha™ potassium sulfate and 40 ton.ha™ cow manure in the second year, and it was obtained in the treatment
of 150 kg.ha™ potassium sulfate ten ton.ha™ laying poultry manure in the third year. The highest total flower
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weight belonged to the treatment of 150 kg.ha™ potassium sulfate and 10 ton.ha™ was laying poultry manure in
second and three years. The hlghest stigmas dry weight was observed in 100 kg.ha™ potassium sulfate and 40
ton.ha cow manure treatment in the second year, and the highest amount of this trait was related to the
treatment of 100 kg.ha™ potassium sulfate and ten ton.ha™ broiler poultry manure in the third year. The results of
this experiment indicate that the application of animal manures and potassium sulfate combination has positive
effects on improving the yield of saffron flowers and eco-friendliness. It seems that the combination of animal
manures and chemical fertilizers can reduce the use of chemical fertilizers.

Conclusion

The results of this study showed that the best treatment for most traits was 150 kg.ha™ potassmm sulfate and
40 ton.ha™ cow manure interaction treatment in the second and third years, and then the 150 kg.ha™ potassium
sulfate and ten ton.ha™ laying poultry manure treatment could be mentioned as the superior treatment. In general,
according to the findings of this study, it seems that the simultaneous application of optimal amounts of
ecological inputs and chemical fertilizers of potassium sulfate can reduce the destructive effects caused by
excessive use of chemical fertilizers on this valuable medicinal plant while improving the properties of saffron
flowers.
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Table 1- Meteorological statistics (monthly) of Joveyn station during the experimental period in 2015-2016, 2016-2017 and

2017-2018
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2015-16 153.7 7.78 22.07 15.33
2016-17 124.7 7.37 22.43 14.72
2017-18 101.4 8.14 30.25 15.76
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Table 2- Soil chemical and physical characteristics of the experimental site

Soil texture Available nitrogen (%)

P (mg.kg™)

B EC
K (mg.kg™) pH (ds.md) OC (%)

(Silt loam) b ¢ 0.07

11.16 208 7.68 2.56 0.51
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Table 3- Chemical characteristics of used organic fertilizers
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Elements Unit Laying poultry manure  Broiler manure Cow manure
(N) <l % 3.61 457 2.26
(P) yousd % 1.99 1.86 0.64
(K) ol % 1.66 1.57 1.04
(Ca) s’ % 7.09 5.3 1.42
(M) o2 50 % 0.89 0.84 0.44
(Na) s % 0.31 0.29 0.15
(S) 3,555 % 0.61 0.6 0.40
(Zn)xs,  mgkg? 462.31 457.32 209.85
(Cu) so  mg.kg™ 124.92 121.6 54.78
(Mn) 38 mg.kg™ 528.39 428.4 238.18
(Fe) o=l mg.kg™ 1681.22 1592.3 1856.13
(OC) JT ok % 73.63 72.1 85.19
EC ds m? 46 48 19.74
pH 7.5 7.4 75
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Table 4- Amounts of organic fertilizer used (kg.m™) for three years
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Broiler poultry . Laying poultry .
Cow manure Cow manure manure Broiler poultry manure Laying poultry
(40 ton.ha™ (20 ton.ha™) (10 ton. ha') manure (5 ton.ha™®) (10 ton.ha?) manure (5 ton.ha™)
12 6 3 15 3 1.5
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Table 5- Results of analysis of variance (mean square) for the effects of potassium sulfate and animal manures on the
characteristics of saffron flowers in the second year

(Mean squares) iz po 3uibo
I 3 3 SwiS 59 SubS (339 . e e
S qbo @ J5 olass S5 P o B ol Wld g WS oy J§ Sl (359
SO.V 83150 Number of Total Fresh _ Dry weight of flowers
df flowers flower weight Stigma dry Style dry without stigma and style
' weight weight
Block <S4l 2 187.09™ 36.25™ 0.003™ 0.0003™ 0.73™
ey lilge
(A) 2 1209.75™ 142,67 0.027" 0.0028™ 067"
Potassium
sulfate
(B) b 558
Animal 6 724.01 116.21™ 0.02" 0.0008™ 1.9%
manure
AxB 12 243.03" 52.87" 0.012" 0.0008™ 0.81"
Error Js (sles 40 118.8 23.33 0.004 0.0002 0.29
Olyoss o pd
16.2 22.2 18.1 16.5 15.2
cV)

il o Y dze olds pae g o gy o yd S Jlein] e )3 b re gls )Silo i g4y NS g FF
=% % and ns significant difference at p< 0.01 and p< 0.05 and not significantly difference, respectively
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characteristics in the second year

Table 6- Means comparison for the interaction effect of potassium sulfate and animal manures on saffron flower’s

Cow manure (40 ton. ha®)

. . 9 I o J5 SWid (459
o2 358 J5 slaxs SIS o W Sds g5y @l SS9 b
Animal ma?ure (ton.ha® Number Total_ fresh f|O\2Ner' S'Figma dry2 Style dry \gveight Dry weight of flowers
) of flowers weight (g.m™) weight (g.m™) (g.m™) without stigma and style
(@m?)
5 o ls 46.78% 15.8°0 0.277%9 0.05" 2.65"
Control
M55 (£ 30 355 LS )3 55 0 hk d d i
Laying poultry manure (5 ton. 53.32™ 18.35%¢ 0.301%¢ 0.079%¢ 3.33*
ha®)
IS (e 398 1S 3 5 Ve ¢ o b
S Laying poultry manure 71.33a-g 22.12(:_ 0.336™ 0-071c—g 3.8 -€
gx % (10 ton. ha™)
5] "é S (E0 355 S > (50 N 0 bt
_%— g Broiler poultry manure (5 ton. 72.21%9 12.449 0.225¢ 0.054¢ 3.78
R ha™)
>3
B S e 8 S N )
48 oo poultry manure 64.46% 20.88%¢ 0.356°" 0.063%¢ 3.55%¢
& (10 ton. ha)
95 395 S 3 o5 Y )
Cow manure 55.43™k 19.13%¢ 0.345%f 0.061%" 3.28%
(20 ton. ha™)
&9 058 LS > i ¥ ‘ b 4 N
Cow manure 4477 23.25 - 0.294 -9 0'0720-9 3.16-
(40 ton. ha™)
5 o ld 59.13" 14,30 0.278°9 0.07%" 2.46'
Control
~ S (e 355 1S 3 (50 ; d f f i
3 " Laying poultry manure (5 ton. 66.61%" 17.15%9 0.269' 0.075% 2.9"
% < ha)
YD 15850 £ 068 lSa y3 o Ve
X #5355 o
3% S Laying pouliry manure 79.99%¢ 27.24%¢ 0.45+ 0.109% 4,17
. o (10 ton. ha™)
LB S e e 50 i £ f b
& Broiler poultry manure (5 ton. 63.67 21.3% 0.354% 0.079%¢ 3.9”¢
33 ha)
QB S e 28 S o 5 ) beh bed b § i
A2 Broiler poultry manure (10 85.1 24.59 0.38>* 0.072%¢ 4.38%¢
g g ton. ha)
SR @SB RgT g gtk 22.34°¢ 0.347°1 0.058" 3.45%"
Cow manure (20 ton. ha™)
RILEVECENAS a-f ab a c-e a
Cow manure (40 ton. ha') 70.89 31.08 0.486 0.08 4.8
5 o anls 50.55"* 18.7%9 0.298%9 0.062°" 3.374"
Control
~ S (e 355 1S 3 (50 k ‘ 4 &h
1 " Laying poultry manure (5ton.  60.92% 22.23% 0.317%¢ 0.08%¢ 3.417
% < ha)
20D a0 e s 1S o i)
’3' S Laying poultry manure (10 77.78%¢ 32.74% 0.4-79“l 0069dh 4.6ab
z = ton. ha'")
S @ T e e 3 50 ‘ b d b
f%; & Broiler poultry manure (5 ton. 75.33% 28.59%¢ 0.462° 0.084° 3.88"°
>3 ha™)
2 E 5 e 08 S o i N bd d b
X 5 Broiler poultry manure (10 83%*¢ 23.98™ 0.388* 0.092 3.69°¢
g 8 ton. ha®)
S8 cOvdfi;i ::zgt;; *h'a,l) 61.54°% 22.37°° 0.327%9 0.105% 3.2%
G5 255 e 2 ST 89.11° 18,529 0.311%¢ 0.121° 2.81%

)5 (gl me glds Juoyd gy prdaws pd SO (glaals wix g0l L 3l S pie By G Bl il (ol o e sa p
Similar letter in each column indicate no significant difference based on Duncan multiple tests in 5% level.
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395 ay s YL SO sl colan el 5l ol g i
Ls 4 (Torkamani and Alikhani, 2008) ¢l jl5,55 55 (ol
@9l 255 | iyt 08 ol o ol silodlil Sl 4 g
po—o Jlw )3 (E0 395 Cov ol 39yt ol
blod jl (1365 (0 398 &S ipl Jud> 0 ()b jl il o (it
395 |y (GBS (Fye 395 13 Pl b hoyd g (g lgime
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{F Jgso) 252 iS55 o ye 358 3| iy (1555 (o 355

ol ol coul g SB Jlodle Coonl 4t b ol
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Uiwls-8l.(Zabihi and Pishbin, 2019) 5,5 ,l, 8 ¢,l50 LS
Slogad ol 5,8 5l coss L SLs S olyo 5
5 o st om0 o a8l S landyS, 5
25039 9 o Gl g @ s 3 SB (B plals ol
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Table 7- Results of analysis of variance (mean square) for the effects of potassium sulfate and animal manures on the
characteristics of saffron flowers in the third year

(Mean squares) iz po 3uibo
5 ol I e e - SWS 459 SWS 459 9 AW (o J5 SWiS (459
o gl ) J§ slaxs J5 U5 5 o e i e
S0.v ] Number of  Total fresh flower _ .
af flowers weight Stigma dry Style dry Dry weight of flowers
) weight weight without stigma and style
Block <5k, 2 744.39" 33.89™ 0.002" 0.0006" 76.05™
reoliy Sldlgs
(A) 2 6333.46™ 1155.06™ 0.243" 0.0184™ 20.76"
Potassium
sulfate
(B) b 558
Animal 6 5334™ 128456 0.158™ 0.0051" 14.21"
manure
AxB 12 2866.07" 701.29" 0.14™ 0.0066" 5.24™
Error Js s 40 808.55 99.58 0.026 0.0017 5.46
Olyass o b
155 14.1 14.4 18.7 22.3
(C.V)

ALl e Hd e Sglds pas 5 duoyd gy o pd S Jlain ] e )3 Iy ixe glds ks s 4y NS o * FF
=% % and ns significant difference at p< 0.01 and p< 0.05 and not significantly difference, respectively
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Figure 1- Averages of the main effects of potassium sulfate on the characteristics of saffron flowers in the third year
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Table 8- Means comparison for the interaction effect of potassium sulfate and animal manures on saffron flower’s
characteristics in the third year

ol 355 J5 alaxs S5 F o AN s (4339 als Suid 53
. 1 Number of Total fresh flower weight ~ Stigma dry weight Style dry weight
Animal manure (t. ha™) flowers (g.m?) (g.m?) (@.m?)
9 oot 2l 123.01° 46.44° 0.82' 0.157°
Control
M3 0 358 S 13 055 . . y e
Laying poultry manure (5 130.33 47.67 1.363 0.24
ton. ha)
S eSS e 08 S 0 5N de o hi eg
3 @  Laying poultry manure (10 137 55 0.91 0.197
3) S ton. ha*)
TR St e 16855 53.98" 1,027 0.163°
ii E Broiler poultry manure (5 . . . .
3\ 7 ton. ha)
g w; Uﬁ’w 395 )l;‘S\m P v ab ab e-i c-g
[ Broiler poultry manure (10 225.08 91.57 1.017 0.217
ton. ha™)
55 365 LS 55 3 de e i d-g
Cow manure (20 ton. ha) 156.33 59.33 0.81 0.187
&9 28 LS o o ¥ ab ab e-i d-g
Cow manure (40 ton. ha') 223.32 94.4 1.057 0.18
35 osk ald 152.61% 5351 0.877" 0.18%¢
Control
P el s 231.94° 96.66° 0.86" 0.217°9
17 Laying poultry manure (5 . . . .
5 8 ton. ha)
D S ‘e e - .. W
3 D BT e 08 e 0 5 ) o . . o
o Laying poultry manure (10 65.18 62.63 0.93 0.213
% \3_/ ton. ha)
SEB g 180.79"¢ 61.12°9 0.983" 0.233%f
\_& = Broiler poultry manure (5 . . . .
w > ton. ha!)
;L‘ g W; S e 231.79% 92.67%® 1.6072 0.32%
7 Broiler poultry manure (10 . . . .
5 g ton. ha)
T a &35 255, > (5 Y. de fg e-i fg
Cow manure (20 ton. ha™) 139.33 54 1.04 0.17
@9 25 LS 5 o ¥ b-d c-e ab d-g
Cow manure (40 ton. ha') 181.61 73.82 1.513 0.193
3 osk ald 162.44% 65.84%1 1.12% 0.177°%
Control
iS50 (£50 365 HiSa p> o5 0 ae . . ot
1 & Laying poultry manure (5 t. 209.33 68.33 1.19%9 0.233
5 & hal)
3 2 )lfrvf"d e 355 LS 55 o5 V- 9 a a a-C a-C
o Laying poultry manure (10 37.1 96.73 1.427 0.267
} 4 ton.ha®)
- T AT A 180.18"¢ 64.25% 1.06%" 0.247"¢
i%i — Broiler poultry manure (5 . . . :
w a ton. ha)
:_ g Uﬂz; Ué’w >9§ )L:S\m P a-C b-d b-e c-g
. ‘% Broiler poultry manure (10 205.67 80 1.28 0.203
i £ ton. ha?)
" a &35 55,8 )3 (5 Y. ac ab cf ab
Cow manure (20 ton. ha®) 207.1 914 1213 0.31
6o > S ¥ 204.91% 85.44% 1.217% 0.317°

Cow manure (40 ton. ha®)

S5 (g3 dme iglds Mo yd gy prdaw 5D 5SS (glaels sin g0l a5l S e By S Bhis gy sl o (g b
Similar letter in each column indicate no significant difference based on Duncan multiple tests in 5% level.
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Figure 2- Averages of the main effects of animal manures on the characteristics of saffron flowers in the third year
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