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Table 1- Analysis of variance morphology

HKeY

3 . e e L. 0P S Jgb
s Aol ) Sy dob -y Spolani  duslani  zes gyl _ _
Sl & 1 R Sy Sy
Sources of variation &5l Leaf Numbe  Number  Number Date of ’ ’
df length rof of leaves  ofcorm  emergence Leaf Leaf pods
tillers width length
(Repeat) 1,5 2 0.26™ 0.41™ 0.10™ "0.87 50.15™ 0.004" °0.42
<555 I(Ecotype) 160.25~ 572 2164 2100 8455 0.009" 0.80"
RAFARS *
(Rep;; t’i 'E’C );t“ype) 18 714" "24.0 1.00™ 1.12"™ 18.86 ™ 0.0009™ 0.39
(Dfou'“‘;tﬁ:;ss) 1 2275™ 180"  ™093  ™027 646007 0036 " 0.08
048 043450 *k ok *k *ok ok
(Silver ;“; ng’;‘amcles) 2 375.31 6.65 28.03  116.87 12.83"™ 0.008 0.37™
s | isd seus eS| ok ox ok wox .
(Ecotype *%Touéﬁti tress) 9 49.99 305 344 2.96 21.82™  0.003 0.33
0585 0,59 # i) - o o - o o
Ecotype * Silver 18 69.5 3.77 4.36 9.44 61.1 0.004 ™0.37
(Ecotyp
nanoparticles)
o 0,5 # SiS AT - - - -
(Drought stress* Silver 2 146.20 151" 15.23 4.40 "4.70 0.021 "0.37
nanoparticles)
08 0,09 (SIS AT #roisS] - - - - - -
(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
ot 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

s Sy dpolas Spolas dyolas CBD;S;" Spobe Sp b

Ecotype Leaf length Number Number of ~ Number of emergence Leaf width Leaf pods

(cm) of tillers leaves corm (day) (mm) length (cm)
)5 (Gazar) 12.11% 3.27% 3.61° 6.77° 78.44%° 0.18° 3.50%
2 (Birjand) 17.05" 411°% 5.94 ™ 43.72 81.50° 0.18° 3.05°
aila(Hashemie) 17.27% 4.22° 5.11% 6.88° 78.94 ® 0.21™ 3.77%
6 (Ghaen) 16.66 ™ 4.66° 87.77 6.55 2 79.22% 0.18° 3.33%
Seil(Ayask) 18.16% 411 6.33° 6.11 % 79.77% 0.23% 3.50%
% w(Sarand) 20.88° 3.16¢ “511 5.38 ™ 73.55° 0.25% 3.55%
25 o l(Ariyan shahr) 13.00% 3.11¢ 5.88" 5.50 ™ 78.44%° 0.21%° 3.44%®
Sksl(Baghesta) 14.55% 3.33%¢ 5.27° 4.27° 78.94% 0.20™ 3.33%
sU] s (Nasrabad) 11.22°¢ 4.00%° 4.77¢ 4.61% 78.66 % 0.18° 3.16
obly(Sarayan) 16.38" 3.16¢ 5.11 % 5.44 ™ 76.11 0.21" 3.22°
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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

. IR = . SHe
o o el Sy Jsb Ay Slaw S o Sl &y dass gt &b S obe - Jsb
Water stress ~ Leaflength ~ Number of ~ Number of  Number of en?e?rtee?lfce Leaf width »
level (cm) tillers leaves corm g (mm) Leaf pods
(day) length (cm)
K b
J S0 15.37° 4,03 5.56% 5.56" 80.15% 0.19° 3.41%
Watering
S A 16.0° 3.40° 5.42° 5.48° 76.36" 0.22% 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

D)s 95U hdhl.c" s
o5 Sypdsb  dmgolaw Spolaw agslas @ EL Spee s ge

Nanoparticle | gaf length  Number of  Number of ~ Number of err?::ee%fce Leaf width Leaf pods
concentration (cm) tillers leaves corm g (mm) length (cm)

of silver (day)

(ppm)

Controlals 18.10°% 4,08* 6.00 6.36° 77.76° 0.22° 3.45°
55 ppm 15.98° 3.63° 5.76° 6.30° 78.68° 0.20% 3.41°
110 ppm 13.11° 3.43° 4.71° 3.91° 78.32° 0.19° 3.30°
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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

[t i3 Ariyan Nasrab
sy oA &b Gazar Birjand Hashemi Ghaen Ayask Sarand shghr Baghesta ad Sarayan
Stress K . 18 i ; ) IR TIT- i’ .
Tl’ai_ttS / evel P31 KVESY) ool € ol Loy KEJow) s o] obwsln Sy oblpw
uni
5 gl .00° .
e vJ\; atefi)ﬁé 11007 yggbed  q777%  Ddigan 1766%  2300°  1388°°  1411°° 688  16.44™
»
Leaf length i 55 ¢
(Cm) Drought 2 1755%  1677°0 1688  1se6® 1877  1211%® 1500 32 Ty
stress
S )l ae abe ab a b d-h d-h b-f b-g e-h
‘ Watsring 4.20%° 4444 4.88 5.33 3.88 3.44 3.22 4.00 3.77 3.11
Number of s i
tillers Drought 233" 377°9  3s55%T  400""  *433 288" 300" 2609 @ 422*° 32
stress
Jo5 d)Lﬁ" f abc cde ab b-e cde cde ef ef def
Sy Watering 355 7.00 5.55 7.55 6.00 5.44 5.77 4.88 4.88 5/00
»
Number of s i
leaves Drought ~ 3.66'  4.88° 4.66°" 8.00° 6.66%¢ 4.77° 6.00"* 5.66°% 466°7  5.22%f
stress
2o )k ab gh a ab ad af af f-h oh e-h
ol Waor 877 3.88 7.11 6.77 6.33 5.80 5.77 4.77 3.88 477
Number of g
corm o ab h abc a-d a-f e-h d-g gh b-f a-e
Drought ~ 6.77 3.55 6.66 6.33 5.88 4/80 5.22 4.11 5.33 6.11
stress
1 a
2o o) Uvb:tef::; A 8411t 8077 8044™  8022™ 74447 7066™  Pg277  80.01™ 7955
Date of
<is ps N
My Drought AT 788e™ 77a1%0 7800%  7933*¢ 72667 77220 75119 77220 7266
stress
K b ; ; ; ; i i
Sy vJ\; atefi)r{é ®0.16  0.15° 0.20¢  020*¢  0.22%¢ 0.25% 0.21%¢ 0.17"° 015  0.18"°
Leaf width Suid s
(mm) Drought ~ 0.21%°  021%° 022 017  024% 025°  022*%  022*® 022" 023"
stress
e e Y FCP Y 3.88° 344 3.55% 3.44°% 3.55% 3.22%® 3.11% 3.22®
Sy Watering
eafpods s (25
Leaf pod ' b b b b b ab ab ab ab ab
length Drought 3.2  3.22° 3.66% 3.22% 3.44° 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

Zobw 5 . i .
saly/ Oliw $U S e aedl @ Swl S ol - plusl bl ol
Traits/unit Gazar  Birjand Hf;shemie Ghaen Ayask Sarand Ariyan  Baghest  Nasrab  Saraya
’\I'an(i' shahr an ad n
eve
. b-f b-e abc b-g ch a ii b-e a1 16.66
4s(0)  18.83 19.16 22.50 17.50 16.66 25.50 9.83 19.00"¢ 1533 n
Sy s ) ’ - >
Leaflongth  Ppm55  11.00"  1516%"  1616%" 15507 2333 18837 1633%" 1133 11839 203
9
(Cm) ) ) ¢
110ppm 605 1683°" 1316% 17.00°" 1450 18837 12837 1333 o5 1218
aoiy s (o) 2.66°" 5660 416"  566°  3.83°T 350" 350°"  366°" 416 4.00°f
Number of  ppm55  4.66® 283" 366"  383"" 450°¢ 333" 266  3.00% 483"  3.00%
tillers 110 ppm  2.50° 3837 483" 45070 400" 266 3167 333" 300" 250
S ol 4ao(0) 466" 506 616" 750" 633" 583" 533"  500""  6.00"° 6.66"°
Numberof ~ ppm55 366"  533°" 466" 866 750" 483" 600 650" 500°" 5509
leaves 110 ppm  2.50' 6.00°¢ 450" 7.16®° 516" 466" 633" 433 333" 316"
& Sl (o) 6.83"°  550°¢ 833" 766®  7.16%¢  766®  350™  500°" 583"" 6.16°°
Numberof — ppm55  7.33°  366%7 733" 666 7.00°" 683° 7.16* 416" 566" 7.16*°
corm 110 ppm  6.16"° 2,00  500°"  533%" 416" 166 5837 36697 233"  300%
To> &b 40(0)  75.16®  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° 8283  76.66° 75.00°  79.83%  81.00° 73.66°
emfég;;ce 110ppm  81.16°  83.80° 8100  81.00°  80.00*°  67.00° 8100 7550 77.33 7850
ab
Sposs  Ae0) 020 020 023 0181  025® 028  020% o023 o 0213
'-earfn‘:"nidth ppm55  0.168™ 0168 0218™ 0.181°  026° 023 025" 0218% 0168" 0.181™
(mm) 110 ppm  0.20™°  0.181° 0.181° 020 0.181™ 025®  020™  0.150° 0.181° 0.23%*
EVERAR Je (o) 3.50% 2.83° 383" 350 366 333 350 383° 316® 333%®
Sy ppm55  3.66° 333"  350® 333"  366®  366®° 333 333" 300 333"
Ie';%at‘;p(‘(’:d;) 110 ppm  3.33%  3.00% 4.00° 3.16%  316® 366  3.50% 283" 333 300"
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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 7- Comparison of interaction affects Drought stress x silver nanoparticles morphological traits

Traits / »‘3 [l

unit i g Stress level (0) oo ppm 55 ppm 110
Sy Jsb JelS (s)l] (Watering) 16.13° 15.73° 14.26"
Leaf length (Cm) sSias a5 (Drought stress) 20.06° 16.23" 11.96°
aoiy s JelS (s)l] (Watering) 4.30° 3.86° 3.66™
Number of tillers Szs i (Drought stress) 4.12® 3.13¢ 3.20%
oS olass ol (5,1 (Watering) 5.50™ 6.03" 5.16°
Number of leaves S s (Drought stress) 6.50° 550 4.26¢
i ol o5 s L] (Watering) 6.10° 6.43° 4.16"
Number of corm Suis s (Drought stress) 6.63% 6.162 3.66"
@9 &b JolS ;! (Watering) 79.60% 80.33" 80.53%
Date O‘Ejggrge”ce Suis s (Drought stress) ©75.93 77.03% 76.13°
Spops o' s L] (Watering) 0.19° 0.18° 0.20™
Leaf width (mm) Sus i (Drought stress) 0.24% 0.22%0 0.18¢
Sy oM Job o5 s L] (Watering) 3.53° 3.46% 3.32°
Leaf pods length (Cm) S s (Drought stress) 3.36° 3.36° 3.36%

515 lsliee M3 doyd Y Jlein] gaws )3 (S 0] (el g alie Bgpe (lyls (sl 1Sl ¢ gt oy
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

< woyolal Spola duslas EAEN Spse s e

Treatments oy Leafléjrf:th Number Nﬁmber Number Date of Leaf width feaf poc‘i"‘s#

(cm) of tillers of leaves of corm emgag;?ce (mm) length (cm)

J;5 Gazar 16.00°" 4337 5.00"7 7.33%° 75.33%" 0.20™™ 3.66°
x> Birjand 22.0*¢ 6.33% 7.33*¢ 6.33%9 83.33*¢ 0.16* 3.00%
Hashemie 4.c.sls 21.66*" 5.33%°¢ 5.33%) 8.33% 77.66%° 0.20*° 4.00°
Ghaen 6 16.33*" 6.00% 7.00*" 7.33*¢ 81.66*° 0.16b° 4.00°
2als Ayask S 14.00%¢ 3.33%¢ 6.00*" 8.00** 73.33*¢ 0.23%* 3.66%
C%Ttr Sarand %, 25.33% 3.33%9 6.33*" 7.66%¢ 75.00*¢ 0.26% 3.00%
Ariyan shahr e o)1 9.00% ¢ 3.66°7 3.33% 2.33% 81.33*°¢ 0.16™ 3.66%
Nasrabad sl a3 15.66°° 4.33%7 3.33%1 5.00%) 85.33% 0.20** 3.66%
Baghestan .l 8.661 %1 3.33%¢ 5.66"" 4.33%) 79.66%° 0.16" 3.00%
Sarayan bl 12.66%¢ 3.00%9 5.66"" 4.33%) 83.33*¢ 0.16* 3.66%
;5 Gazar 12.009¢ 5.33%¢ 3.66™ 6.33%9 77.66*° 0.13 4.00°
x5, Birjand 11.33™¢ 3.33%¢ 6.00*" 3.33% 85.00° 0.13 3.00%
Hashemie 4..sls 15.66°° 4.00%" 5.66"" 7.00*7 83.66*° 0.20™° 3.66%
] Ghaen 6 17.33%™ 4.66%¢ 8.00%° 8.66° 77.66*° 0.20*° 3.66°
el 55 Ayask Sl 21.33%9 5.00*° 6.66%9 6.00*¢ 84.33% 0.23% 4.00°
Watering ppm Sarand . 21.33%9 4.00°T 500"  7.66*°  76.33"° 0.23% 3.66°
Avriyan shahr s )l 17.66*1 3.33%9 6.33*" 8.33% 76.00*° 0.23% 3.66%
Nasrabad sl yas 12.33™ 3.66°7 6.669 5.00¢ 81.66*° 0.20*° 3.33°
Baghestan .l 6.33° 4.33%7 6.33*" 5.33™" 84.33% 0.100° 2.66%
Sarayan bl 22.00*¢ 3.66"" 6.00%" 6.66" 76.66%¢ 0.16™ 3.00%
J;5 Gazar 5.001 3.00%9 2.66" 6.66%" 85.33% 0.16* 3.66%
x> Birjand 16.33*" 3.66°" 7.66%° 2.00jk 84.00* 0.16™ 2.66°
Hashemie 4.c.sls 16.00°" 5.33%°¢ 5.66"" 6.00a-g 81.00*° 0.20*° 4.00°
Ghaen 8 15.66° 5.33%¢ 7.66%° 4.33e-j 82.00%¢ 0.23* 2.66°
110 Ayask Sl 17.66%¢ 3.33%¢ 5.33" 5.00c-j 83.00™° 0.20*° 3.00°%
ppm Sarand .y 22.33%¢ 3.00%9 5.00*! 2.33ijk 72.00*° 0.26% 3.66%
Ariyan shahr ,es o)l 15.00°P 2.66%9 7.66*¢ 6.66a-f 81.66* 0.23* 3.33
Nasrabad sl a3 14.33%¢ 4.00%7 4.66%) 3.33% 81.33*° 0.13* 2.66%
Baghestan ;lu.cl, 5.66P¢ 3.66°7 2.66" 2.00% 76.33*¢ 0.20*° 3.66°
Sarayan bl 14.66°° 2.66%9 3.33% 3.33% 78.66*° 0.23% 3.00%
J;5 Gazar 21.66*" 1.00¢ 4.33" 6.33%9 75.00%¢ 0.20*° 3.33°
x>, Birjand 16.33*" 5.00*° 5.66"" 4.66™ 78.00*° 0.23% 2.66%
Hashemie 4..5ls 23.33%° 3.00%9 7.00*" 8.33% 74.00*° 0.26* 3.66°
Ghaen 6 18.66% 5.33%°¢ 8.00*° 8.00™ 74.00*° 0.20*° 3.00%
wls Ayask Syl 19.33*" 4.33%7 6.66%9 6.33%¢ 79.66%° 0.26% 3.66%
C%Ttr Sarand .y 25.66° 3.66"" 5.33" 7.66% 79.00%* 0.30% 3.66%
Avriyan shahr s )l 10.66"1 3.33%¢ 7.33%¢ 4.66™ 77.33%*¢ 0.23%* 3.33%
Nasrabad sbl .z 22.33*° 3.009 6.66%9 5.00¢ 77.66%° 0.26% 4.00*
Baghestan ..l 22.00*¢ 5.00*° 6.33*" 7.33*¢ 76.00*° 0.26% 3.33°
Sarayan bl 20.66%" 5.00*° 7.66%° 8.00™* 69.00% 0.26% 3.00%
Jl;5 Gazar 10.00"4 4.00%7 3.66™ 8.33% 74.33*° 0.20*° 3.33°
x>,y Birjand 19.00* 2.33°9 4.66% 4.00™ 81.00* 0.20** 3.66°
Hashemie 4..5ls 16.66*" 3.33%9 3.66™ 7.66%° 76.33*¢ 0.23% 3.33°
Ghaen 6 13.66"9 3.00%¢ 9.33% 4.66™ 80.00*° 0.16* 3.00%
55 Ayask Syl 25.33% 4.00%7 8.33% 8.00™ 81.33*° 0.30% 3.33°
ppm Sarand . 16.33*" 2.66%9 4.66%) 6.00%¢ 77.00% 0.23%* 3.66°
Avriyan shahr s )l 15.00°° 2.00" 5.66"" 6.00*9 74.00*° 0.26% 3.00%
Nasrabad s e 10.33" 2.33% 6.33%" 3.33% 78.00%° 0.23%* 3.33%
Baghestan ...l 17.33*™ 5.33%* 3.66" 6.00%9 77.66%° 0.23% 3.33%
Sarayan bl 18.66%7 2.33% 5.00”} 7.66%¢ 70.66%° 0.20* 3.66%
Jols” Szs Jl;5 Gazar 8/00™¢ 2.00" 3.00™ 5.66%" 77.00%° 0.23%* 3.00%
Drought stress xix 5 Birjand 17.33*™ 4.00*7 4.33% 2.00% 77.66%° 0.20** 3.33%
Hashemie 4..5ls 10.33" 4.33%7 3.33%1 4.00™ 81.00*° 0.16* 4.00%
Ghaen 6 18.33% 3.66°7 6.66%9 6.33%9 80.00%° 0.16* 3.66%
110 Ayask Sl 11.33™ 4.66%° 5.00" 3.33% 77.00%° 0.16* 3.33°
ppm Sarand 14.33% 2.33°9 4.33% 1.00" 62.00° 0.23% 3.66%
Avriyan shahr s )l 10.66"4 3.66°" 5.00*! 5.00%) 80.33*¢ 0.16* 3.66%
Nasrabad sbl yai 12.33™ 2.66%9 4.00%9 4.00™ 70.66°° 0.16* 3.00%
Baghestan .l 7.33™ 2.33°9 4.00%9 2.66™¢ 78.33*¢ 0.16* 3.00°
Sarayan (bl 9.66"1 2.33°9 3.00™ 2.66™ 78.33%° 0.23% 3.00%

555 loliee BMS) noyd Y Jlein] gaws )3 (S5 90l (il p aliie gyl (gla Sl g m p
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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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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