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Table 1- Analysis of variance morphology
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Ol ek olin 4?)-” Sy deb iy Spolani  dudlani  zod oyl - P
Sources»;f va;’iation ;! Leaf Numbe  Number  Number Date of » »
df length r of of leaves  of corm  emergence Leaf Leaf pods
. width length
tillers
(Repeat) ,1,ss 0.26™ 0.41"™ 0.10™ "$0.87 50.15™ 0.004" "$0.42
—sSI(Ecotype) 160.25™ 572"  2164™  21.00™ 84.55 0.009™ 0.80™
BRI PR *
< )5S 18 7.14™ "5 24.0 1.00 "™ 112"m 18.86 ™ 0.0009™ 0.39
(Repeat* Ecotype)
S 1 2275™ 180"  ™093  ™027 646007  0.036™ " 0.08
(Drought stress)
0,85 0,331 ok ok ke ok o
e 2 375.31 6.65 28.03  116.87 12.83"™ 0.008 0.37™
(Silver nanoparticles)
S i s oS ok ok . ok .
A egdyS 9 49.99 3.05 3.44 2.96 21.82™ 0.003 "$0.33
(Ecotype * Drought stress)
D)-&; b)s};b ﬁ:‘ %595‘ K%k *k *k K%k *k *k
(Ecotype * Sjlver 18 69.5 3.77 4.36 9.44 61.1 0.004 "5 0.37
nanoparticles)
0)-9) O)be * 2 &J Kk Kk *k *k
(Drought stress* Silver 2 146.20 1.51™ 15.23 4.40 54,70 0.021 "$0.37
nanoparticles)
°)~‘U D)be # 2 W *w;l Kk *k *k *K *k *x
(Ecotype * Drought stress * 18 28.7 1.92 3.83 5.50 39.2 0.002" 0.48
Silver nanoparticles)
Ls(Error) 100 7.69 0.53 1.01 0.73 5.44 0.001 0.23
e o 63.17 66.19 35.18 45.19 16.18 97/17 28.14

(Coefficient of variation (%))
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Table 2- The main effects of morphological traits of the ecotypes
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i Sy dob Ay daxi S lass Ay dlasd Date of S ose Sy dle Job

E;:EJt e Leaf length ~ Number  Number of ~ Number of emeraence Leaf width Leaf pods

yp (cm) of tillers leaves corm ( dgy) (mm) length (cm)
;5 (Gazar) 12.11% 3.27¢ 361¢ 6.772 78.44% 0.18° 3.50%
s> po(Birjand) 17.05% 411 5.94 be 43.72 81.502 0.18° 3.05°
4esla(Hashemie) 17.27% 4222 5.11¢ 6.882 78.94 % 0.21b¢ 3.77°
v (Ghaen) 16.66 b¢ 4,662 a7.77 6.55 2 79.22% 0.18¢ 3.33%
Suwsl(Ayask) 18.16% 411 6.33° 6.112 79.77% 023 3.50%
% yu(Sarand) 20.882 3.16¢ 511 5.38 b¢ 73.55¢ 0.252 3.55%
5 o y(Ariyan shahr) 13.00% 3.11¢ 5.88¢ 5.50 b¢ 78.44% 0.213¢ 3.44%
oksl(Baghesta) 14.55% 3.33bcd 5.27bcd 4.279 78.94% 0.200¢ 3.33%®
34l 5 (Nasrabad) 11.22°¢ 4.00%¢ 4.77¢ 4.61% 78.66 ® 0.18° 3.16°
oblys(Sarayan) 16.38%¢ 3.16¢ 5.11¢ 5.44 5¢ 76.11%¢ 0.21 be 3.220
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In each column, the averages of the same letters based on the Tukey test are not significantly different at 1% probability level.
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Table 3- The effects of stress on morphological attributes of the ecotypes
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Water stress Leaf length  Number of ~ Number of  Number of err?:‘:ee%fce Leaf width Leaf pods
level (cm) tillers leaves corm (dagy) (mm) length (cm)
S gl
Jo d.) 15.372 4,032 5.562 5.562 80.15% 0.19° 3.418
Watering
G A 16.0° 3.40° 5.428 5.48° 76.36° 0.228 3.36°
Drought stress
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In each column, the averages of the same letters based on the Tukey test are not significantly different at 1% probability level.
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Table 4- The main effects of silver nanoparticles on the morphology characteristics of ecotypes
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Nanoparticle | eaf length  Number of ~ Number of  Number of err?::ee%fce Leaf width Leaf pods
concentration (cm) tillers leaves corm 9 (mm) length (cm)

of silver (day)

(ppm)

Controlsls 18.10° 4.08° 6.00 2 6.36% 77.76° 0.222 3.45°
55 ppm 15.98° 3.63° 5.76 6.302 78.682 0.20% 3.412
110 ppm 13.11° 3.43° 4.71° 3.91° 78.322 0.19° 3.302
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In each column, the averages of the same letters based on the Tukey test are not significantly different at 1% probability level.
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Table 5- Comparison of interaction effects ecotypes x Drought stress Morphological traits

folie Ariyan Nasrab
sl oA Eaw Gazar Birjand Hashemi Ghaen Ayask Sarand shghr Baghesta ad Sarayan
Stress NG ; ; R i ; R TIY: - .
Trai_ts / evel S8 RVEgo] dowld € o S | KEJow e o1 abwslin Sl bl
unit
" . e
o Vﬁ;e‘ﬁr; 11?0 16550 17.77°¢  bed1g644  17.66™  23.00°  13.88%¢ 1411 6887  16.44°«
r
Leaf length s i c
. 15.
(Cm) Drought 13d§2 1755 1677  16.88° 1866  18.77%  12.11% 1500 Sdsfbc 16.33°c
stress
oS )l ae abe ab a b-f d-h d-h b-f b-g e-h
s Watering 4.22 4.444 4.88 5.33 3.88 3.44 3.22 4.00 3.77 3.11
Number of s is
tillers Drought 233"  377°9  355¢T  400°f  acdg33  288"h  300%" 2609 420 N3
stress
J"K LSJLSJ f abc cde ab b-e cde cde ef ef def
Spshs Watering 355" 7.00 5.55 7.55 6.00 5.44 5.77 4.88 4.88 5/00
)g.).).su
Number of Sidd i
leaves Drought ~ 366" 488" 4667 8.00% 6.66¢ 477 600" 566 = 466%  522%
stress
ol )bl ab h a ab ad af af f-h h e
< olass Watering 877 3.88¢ 7.11 6.77 6.33 5.80 5.77 4.77 3.88¢ 4.77
Number of g
corm o
Drought  6.77% 355" 6.66°%°  6.33*¢ 588"  4/80°" 52290 4.11%" 533" 6.11%°
stress
5 ol A48
z9s> Bk VJ\‘/’ate‘fi’ﬁ" 79_;"4 84.11°  80.77%¢  80.44%¢  80.22°%¢ 7444  7966*¢ 8277  80.11%°  7955%¢
Date of g
emergence < Y% 75.44P
(day) Drought o 78.88%¢  77.11%¢  78/00%¢  79.33*¢ 72669  77.22%¢ 75119  77.22%0 72661
stress
Sy VJ\‘/’;;I):; ®016  0.15° 0.20%¢ 0.20%¢ 0.22%d 0.25% 0.21%¢ 0.17%¢ 0.15¢ 0.18%¢
Leaf width Suid s
(mm) Drought ~ 0.21%¢  021%¢  022*¢  017°®  0.24% 0.25° 0.22%¢ 02274 022%¢  0.23%°
stress
sle 5 ol
Sl s jvﬁateffﬁé 3772 288 3.88° 3442 3.5580 3.44 % 3.55% 3.20% 3.11% 3.20%
Sy [
Leafpods s o5
length Drought ~ 3.22%  3.22% 3.66% 3.22@ 344 3.66% 3.33%® 3.4%® 3.22% 3.22%
(Cm) stress

In each column, the averages of the same letters based on the Tukey test are not significantly different at 1% probability level.
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Table 6- Compares the average of ecotype x silver nanoparticle morphology characteristics

T ; . .
wlfole gy S N aedl b Swl s ol obwsl sblai bl
Traits/unit Nano- Gazar  Birjand Hashemie  Ghaen Ayask  Sarand Ariyan - Baghest  Nasrab  Saraya

shahr an ad n
level

. b-f b-e abe b- c-h a i b-e ¢ 16.66%

#o(0) 1883 19.16 22.50 17.50°9  16.66 25.50 9.831  19.00 15.33 "

Srdsb ) ) . 2033*
Leaflength ~ ppm55  11.00M 1516  16.16%" 15507  23.33%  1883"f 16.33*"  1133" 11839 p
(Cm) . 12167
110 ppm  6.05 16.83¢h  13.16%! 17.00" 1450%' 18.83>F 12.83%  13.33%! 6.05! i
axxy ol io(0) 2.66°" 566°  4.16°* 566  3.83"T  350°T  350°T 366" 4167 4.00°f
Number of ~ ppm55  4.66%° 2.83¢f 3.66°fT  3.83F  450%¢ 3330 2.66°f 3.00%" 483  300%f
tillers 110 ppm 250 3.83F 483 4500 400" 2.66° 3.16%F  3.33>f  300%" 250
AN 5o(0) 466%"  506*¢ 616" 750 633" 583" 533" 500" 600"  6.66%¢
Number of  ppm55  3.66™ 533" 4.66% 8.66° 750% 483" 600 650  500%" 550°9
leaves 110 ppm 250! 6.00%¢  450%  7.16® 516" 466"  6.33¢ 4331 333M 316N
i ol 520(0) 6.83%¢  5.50°9 8.33° 7.66% 7.16%d 766 350"k 500" 583" 616
Number of  ppm55  7.33%¢ 36691  733%c  gee*c  7.00*¢  6.83*°  7.16*% 416" 5667 7.16%¢
corm 110 ppm  6.16"¢ 2.00%k 5.00°" 533" 416" 1.66% 5.83°F 36697  2.330k 3000k
zors &b 520(0) 7516  80.66*  75.83*  77.83*  7650%  77.00°  79.33% 8150  77.66% 76.16%
Date of ppm55  76.00%  83.00°  80.00°  78.83%  82.83%  76.66° 7500  79.83%  81.00° 73.66%
emfég;;‘:e 110ppm  81.16° 8380  8L00°  81.00°  80.00°  67.00° 8100  7550%  77.33%  78.50°
Sy 4o(0) 020  020%c  023% 0181  0.25® 0.28%  0.20%¢  0.23%¢  (.213%° 0'2}3%
Leafwidth o556 0168 02187 0181  026° 0230  025% 0218 0.168% 0.181%
(mm) 110 ppm  0.20%¢  0.181%°  0.181°  0.20°°  0.181°  0.25%  0.20®°  0.150° 0.181° 0.23%®
Spale Jb  2e(0) 3.50% 2.83° 3.83"  350% 366  3.33®  350% 383" 316  333®
Leafpods ~ ppm55  3.66% 3.33% 350  3.33%  366% 3.66°  3.33% 333  300% 333
length (Cm) 110ppm  3.33%® 3.00% 4,00 3.16% 3.16% 3.66% 3.50% 2.83° 3.33%  3,00%

5505 hliae Gls do s V Jlois] o 3 (So5 905 ebel p alie By chls (claSiko 5wy 9
In each column, the averages of the same letters based on the Tukey test are not significantly different at 1% probability level.
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Table 7- Comparison of interaction affects Drought stress x silver nanoparticles morphological traits

Traits / »‘9 [l

unit isd gl Stress level (0) yoo ppm 55 ppm 110
Sy Jsb Jo Ll (Watering) 16.13° 1573 14.26°
Leaf length (Cm) sSis a5 (Drought stress) 20.062 16.23° 11.96°
axiy S Jo Ll (Watering) 4.30% 3.86% 3.66"
Number of tillers sSis a5 (Drought stress) 4.128% 3.13¢ 3.20¢d
Sy Sl Jo ;L1 (Watering) 5.50¢ 6.03% 5.16°
Number of leaves S s (Drought stress) 6.502 5.50b¢ 4.264
o ol o s L] (Watering) 6.10 6.43 4.16°
Number of corm S s (Drought stress) 6.632 6.162 3.66°
T @b Jo Ll (Watering) 79.60% 80.33 80.53
Date O‘Egg‘;rgence LS5 i (Drought stress) ©75.93 77.03 76.13°
Sruee o5 )l (Watering) 0.19° 0.18° 0.20%
Leaf width (mm) S s (Drought stress) 0.242 0.228b 0.18°¢
Sy Gl Job o5 )l (Watering) 3.532 3.46° 3.322
Leaf pods length (Cm) S s (Drought stress) 3.362 3.362 3.362

5515 hliae BB do s V Jlots] a3 (Se5 905 olel p alie By chls (cla ke ¢ ygiw ya
In each column, the averages of the same letters based on the Tukey test are not significantly different at 1% probability level.
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Table 8- The comparison of the average interaction of the three ecotypes x Silver x Drought stress Morphological traits

X wg i Spola auslas @A Sy e sk

Treatments b loss Leafléjrf:th Number Nﬁmber Number Date of Leaf width Ifeaf pog‘:b

(cm) of tillers of leaves of corm em&jrg;/e?ce (mm) length (cm)

;5 Gazar 16.00P" 43327 5.0077 7.33%¢ 75.33%d 0.20%¢ 3.662
A2y Birjand 22.0%¢ 6.332 7.33%¢ 6.33%9 83.332bc 0.16% 3.002
Hashemie 4.5l 21.66%F 5.33¢bc 5.33%] 8.33%® 77.662¢ 0.203bc 4.00?
Ghaen 6 16.33%" 6.00% 7.002T 7.33%¢ 81.66°%c 0.16b° 4.002
sl Ayask Syl 14.00¢4 3.33%¢ 6.00%1 8.003abe 73.332d 0.23% 3.662
Cc())rrtr Sarand 25.33% 3.33%¢ 6.33%h 7.66%4 75.002d 0.26% 3.002
Ariyan shahr s o)1 9.00%4 3.66"f 3.3391 2.33ik 81.33¢8kc 0.16% 3.662
Nasrabad sbf 3 15.66%° 4,331 3.3391 5.00¢1 85.332 0.202c 3.662
Baghestan ;lw.cl; 8.661 &4 3.33¢%9 5.660 4.33%) 79.66%¢ 0.16" 3.002
Sarayan (bl 12.66°%4 3.00¢9 5.66" 4.33¢%] 83.332bc 0.16% 3.662
Jlj5 Gazar 12.0094 5.33¢2bc 3.66 6.33%9 77.663¢ 0.13bc 4.002
£z, Birjand 11.33"a 3.33%¢ 6.00%1 3.330 85.002 0.13% 3.00?
Hashemie 4..sls 15.66%° 4.00%f 5.66"1 7.00%f 83.66°%c 0.203c 3.662
] Ghaen 6 17.33&m 4.66%¢ 8.00%¢ 8.662 77.66°¢ 0.20%¢ 3.662
el 55 Ayask Sl 21.33*9 5.00%d 6.66%9 6.00%9 84.33% 0.23% 4.002
Watering ppm Sarand 21.33%9 4.00%f 5.00% 7.66%¢ 76.33%4 0.23% 3.662
Avriyan shahr b o)l 17.66%4 3.33¢9 6.33%" 8.33% 76.002¢ 0.23% 3.662
Nasrabad sbf ya 12.33 3.66" T 6.66%9 5.00¢1 81.66%¢ 0.20%¢ 3.332
Baghestan bl 6.330P4 4,331 6.33%h 5.330 84.33% 0.100¢ 2.662
Sarayan bl 22.00%¢ 3.66" T 6.00%1 6.66f 76.66%¢ 0.16" 3.00?
)5 Gazar 5.00¢ 3.00¢¢ 2.661 6.66%" 85.332 0.16% 3.662
A2y Birjand 16.33%" 3.66°f 7.66%¢ 2.00jk 84.00% 0.16% 2.662
Hashemie 4..5ls 16.00°" 5.33¢2bc 5.66"1 6.00a-g 81.0032bc 0.203bc 4.002
Ghaen )6 15.66¢° 5.33¢2bc 7.66%¢ 4.33e- 82.0032bc 0.23% 2.662
110 Ayask Syl 17.66%4 3.33%¢ 5.33% 5.00c-j 83.00%¢ 0.20%¢ 3.00?
ppm Sarand 22.33d 3.00¢¢ 5.00%] 2.33ijk 72.002d 0.26® 3.662
Ariyan shahr s o)l 15.00¢P 2.66%9 7.66%d 6.66a-f 81.66%¢ 0.23% 3.33
Nasrabad s\l s 14.33¢4 4.00%f 4.66%] 3.339 81.33¢2bc 0.13bc 2.662
Baghestan lu.él 5.66P4 3.66" T 2.661 2.00k 76.33%d 0.20%¢ 3.662
Sarayan bl 14.66°P 2.66%9 3.3391 3.339 78.66%¢ 0.23% 3.008
J;5 Gazar 21.66%" 1.009 4.33% 6.33%*9 75.002¢ 0.203c 3.332
Az o Birjand 16.33%" 5.00%d 5.66"1 4.66% 78.00%c 0.23% 2.662
Hashemie 4.5l 23.333c 3.00¢¢9 7.002T 8.33% 74.00%¢ 0.26 3.662
Ghaen )5 18.66) 5.333%¢ 8.00%¢ 8.00%¢ 74.00% 0.20%¢ 3.008
wls Ayask Sl 19.33%! 4,331 6.66%9 6.33%9 79.663¢ 0.26% 3.662
C%T" Sarand . 25.662 3.665T 5.33% 7.66%¢ 79.00%¢ 0.308 3.662
Avriyan shahr b o)l 10.66"9 3.33%¢ 7.33%¢ 4.66% 77.333%¢ 0.23% 3.332
Nasrabad sbf yas 22.33%d 3.00¢¢ 6.66%9 5.00¢) 77.663¢ 0.26% 4.002
Baghestan li.sl, 22.00%¢ 5.00%d 6.33%h 7.33%¢ 76.002d 0.26% 3.332
Sarayan (bl 20.66%" 5.00%¢ 7.66%¢ 8.003vc 69.00< 0.26% 3.002
Jl;5 Gazar 10.00"4 4.00%f 3.66 8.33% 74.332d 0.203bc 3.332
x>y Birjand 19.00%) 2.33¢1 4.66%) 4.00™ 81.0032kc 0.203c 3.662
Hashemie 4..sls 16.66%" 3.33¢9 3.66% 7.66%d 76.332d 0.23% 3.332
Ghaen 5 13.66%4 3.00¢¢ 9.332 4.66% 80.0032bc 0.16% 3.002
- Ayask Sl 25.33% 4.00%f 8.33% 8.00abc 81.33¢2bc 0.308 3.332
ppm Sarand . 16.33%" 2.66%9 4.66% 6.00%9 77.00%¢ 0.23% 3.662
Avriyan shahr 3 )] 15.00¢P 2.001 5.66" 6.0029 74.00%¢ 0.26% 3.002
Nasrabad sl yas 10.33"4 2.33¢ 6.33%" 3.33¢9% 78.003%¢ 0.23% 3.332
Baghestan ..l 17.33&M 5.33¢ 3.66™ 6.0029 77.66%¢ 0.23% 3.332
Sarayan bl 18.66%1 2.33¢ 5.00"] 7.66%¢ 70.66%¢ 0.203c 3.662
Jols”  Sazs Jl;5 Gazar 8/00m-d 2.001 3.00M 5.66%" 77.00%c 0.23% 3.002
Drought stress x> .y Birjand 17.33&M 4.00%f 4.33% 2.00ik 77.663c 0.203bc 3.332
Hashemie 4.5l 10.33"4 4,331 3.33%1 4.00™ 81.0032bc 0.16% 4.002
Ghaen )6 18.33%k 3.66%f 6.66%9 6.3329 80.0032bc 0.16%¢ 3.662
110 Ayask Syl 11.33"d 4.66%¢ 5.00"] 3.33¢9% 77.003%c 0.16% 3.332
ppm Sarand 14.33%4 2.33¢0 4.33% 1.00K 62.00¢ 0.23® 3.662
Avriyan shahr b o)l 10.66' 3.66°f 5.00"] 5.00¢1 80.332bc 0.16% 3.662
Nasrabad sbf ya 12.33%a 2.66%9 4.00%9 4.00™ 70.660cd 0.16%¢ 3.002
Baghestan .l 7.33™ 2.33¢1 4.0089 2.66M 78.333¢ 0.16% 3.002
Sarayan bl 9.661 2.33¢19 3.00M 2.66M« 78.3320c 0.23% 3.002

)5 lolixe B wopd Y Jloss] pdaw 13 (Se5 905l bl pr aliie gy gl sla ySile ¢ ygiu b
In each column, the averages of the same letters based on the Tukey test are not significantly different at 1% probability level.
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(Krishnaraj et al., 2012) sa5 oo L jlasTy o 506
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Abstract

The present research was conducted to investigate the effect of water stress and silver
nanoparticles on morphological traits of some saffron ecotypes. The experiment was done in the
form of split plot factorial in a randomized complete block design format in three replications at the
research farm of Birjand University with two levels including full and low water irrigation on 10
ecotypes of saffron and at three levels of silver nanoparticles including control treatment (distilled
water), 55 and 110 ppm. Traits such as germination date (germination), the number of germinated
corms, the number of tillers, the number of leaves, leaf length, the pods length and leaf width were
measured. The best date of emergence and the largest number of paws in complete irrigation
treatment was observed under distilled water treatment (control). The highest number of corm
germinated was observed in irrigated conditions at 55 ppm of silver nanoparticles in the Qaen
ecotype. The highest leaf length was observed under drought stress in the treatment with distilled
water (control). The largest number of leaves and leaf width were observed under drought stress at
55 ppm of silver nanoparticles. According to the obtained results of this study, some of the traits at
the conditions of drought stress under silver nanoparticles with a concentration of 55 ppm and some
of the traits in the full irrigation and lack of use of silver nanoparticles had the best performance.
Thus, it could be said that probably, in stress dryness, the amount of ethylene increases. Some of
the obtained results of this study can be related to the effect of silver in preventing ethylene
activity.
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