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Tablel. Physical and chemical properties of soil
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& 8.02 0.51 0.05 28 360 17.5 13 53 34 1.73
loam sand

Om dholh s e S ol o S5 e il O
aS el SO Y 0 a8 S b o e Y Sl
Al pglaear T 0lpsl cuS 5 52y 3z g ocly
Jls o o Jol Jlo yo cunls ) LS QU ass oolaiwl
05 (Bl glome 05 (s 4 2l sl Lo
JLIg olo didw |5 olo (g0 4\-1>)»<'3~5)~> u?g-'-l-'-“’ - B’L’S
ol.‘> 9o )‘ oolaul Sy90 u—‘ uﬁ; lal:)u‘ LSC‘)) JLM: 4w
9 VAP iy 4 alags,sd Sl aeyie 4 S0
Bye dyazgi b as ol ooliiul e e jowo £/ ¥
Slde 5 @z ye olS 09l (305 S (SLBIS 5 adlate
Olyae; olS aly Oglate sleoygs (5lp ‘SQL.f o o
(Azizi-Zohan et al., 2008; Kafi et al., 2002)
By Dypar 5 Cagi O 50 1S )0 S yie B
Al Jie de )i 4 ez eSS Glils SOU dawgs
)O obL&.').w‘ 0)9.45 u] @LM 9 L.;"J'd g.)l.uaya}

b ol o) sl 39,0 gyl o ot Lol ol
9 92ld plyiear o p pbejoms ¥ (So Sl colan
Bole 5 (o uiorjgme # (Ko iSUl Colaa b O
2T obsl @3l psmsaddy 5 055k 205 (258
S bjg eSS ll a4 pS Y Gl @)
b ogSebowsil 5 L3z pgw b oSl (S
ko Tl sl O3l jygms sarly 0Bl oo (03lr yoms
5 Ok 5 Olopd Olpsh cS8 Sl 5l s
St 53 oaSadgs <80 (Sanled 5l GsSekewsil
Sl ol 5 5 ey 3l 0obol Sl g 20,5 4
3 o bl slean (OYAF g p8) b an s
P a0 @S5 peluln 05 Vo= A Lawgio (g 095
“ el Ve Ges 10 g eV 0 VD olulay Glos,S )0
(£ SLD,S o alold ol CiS AR g 0l )0 5



V.o o3l s oy 5 0 5Shans 56 0 S 3,558 5 (65l T OT CudS” 36101, 5 oK i s

ool 8590 &l (o3t Sluoguas ¥ Jgi>
Table 2. chemical properties of water used in the experiment
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EC pH S.AR Ca+Mg Na 50472 Cl Hco3
(dS/m) (meq/lit) (meq/lit) (meq/lit) (meq/lit) (meq/lit)
1.96 7.2 19 14 51 84 37 53
6.04 74 8.4 20.6 27 20 16.8 13.2
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Table3. Physical and chemical properties of nano silicon
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APS (nm) Ca(ppm) Na(ppm) Fe (ppm) density (g/cm®)
>99% 11-13 <70 <50 <20 2.4
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Table 4. Physical and chemical properties of nanocomposite superabsorbent polymer (N.S.A.P)
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Table 5. Analysis of variance (mean of squares) of effects of Salinity, Silicon and Super absorbent on yield of Saffron leaves

5y ol 5y Jsb g & b g F o Sles
o a Number of leaf Medium Leaf length Leaf width medium yield of leaf
. &dl;! . A - . o
Source of variation ¢l g2 Je pde Dl 22 e o e Joldle o e e Je Jsl Jw £33 JLu gy s
df First Second Third First Second Third First Second  Third . .
First year Second year Third year
year year year year year year year year year
| <
‘,..ML . 2 0.17 1.06 1.22 13.196 12.32 6.50 0.001 0.02 0.0006 105562.59 418615.00 13642.79
Replication
m_w_ﬂmﬁmm 1 9L.77**  394.75** 519.01* 558.45%*  575.28%*  617.68%*  5.46%* 4.23%%* 582% 4177459.08%*  3708699.22**  9043452.32*
kel el
L.r.h < 2 0.44 0.61 15.39 0.92 0.57 0.58 0.163 0.01 0.11 16513.57 1752.62 122293.35
main error
Fertilizer 355 5 5. 447 32.16%*  23.77%*%  45.508%* 49 87%* 38.70%%  0.344** Q.59 %% (.33 ** 338074.94%* 356535.85%* 922488.82%*
355 B S - 5 0.2%= 1.26* LI5** 2255+ 2.32%* 1.35%* 0.012*  0.022*%  0.008 5110.55%* 5524.98* 81733.65*
Salt stress* Fertilizer
5 gllas
s 20 0.04 0.46 0.246 0.234 0.15 0.307 0.004 0.007 0.004 1164.629 6549.867 22167.46
Sub error
(%) €V ol jsdl s 2.03 3.44 1.87 1.68 1.13 1.45 2.10 2.94 2.11 1.52 1.55 395

*, ** and ns are significant at the 5 and 1% probability levels and non-significant, respectively.
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039 &0,V U i3l aS, j5bay 00,5 ()9 Ll o
Jsl Jlo & o Linlej) pes Jlo 4o 5, Sis
Sid 59 Olme 50 e, YOI iulidl 5 ol
L olal Ll 5o g0 Jlo & S pg Jlo Sy
O35kl plg3 B ran (rpizren 0 oaaline y5 O
FONV Sl cel el Lulpd 50 Sl pse s
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Table 6. Means comparison of effects of Salinity, Silicon and Super absorbent on yield of Saffron leaves

&k [ 4 355 s alaas L ek e ,Iqh.._rm_q..ﬁ lage ML JEIUN | Py
Irrigation water quality Fertilizer Number of leaf Medium Leaf length(cm) medium Leaf width(mm) yield of leaf (kg/ha)
Js Jls P Jlo prodlo e el e Sl Jdde el sl Jsl Jlo e Jl po Jlo
First Second Third Furst Second  Third First Second Third First year Second  Third year
year year year year year year year year year year
Controlasls 11.07d 19.70¢ 27.78d  29.91e 36.24d  39.95d 2.74de 2.77d 3.16¢ 232547¢  2937.17¢  3799.37d
silicon 55l 11.40cd 22.32d 29.53bc 31.11d  3743¢  41.15be 2.86d 2.87d 3.27be 2422.70d 3077.03d  4174.73be
&y pde o .w.,.ﬁ 11.76e 23.62be 31.25ab  32.07¢  38.40b  42.12b 2.97bed 3.23¢ 3.38b 2513.03¢ 3176.40c  4410.67ab
¥ o
- nano silicon
No Salimity o
<l 12.41b 22.64cd 29.37be  33.23b  37.1lc  41.08¢  3.08abc 3.10¢ 3.23be 2641.57b  3069.50d 4141.67be
Bolourab A

-l ) o5
o sk s Sk 12.87ab 24.77ab 31.94a 3492a  41.25a 44.63a 3.19ab 3.50b 3.5%9a 2795.00a 3413.40b 4493.67a

silicon And Bolourab
= ‘Gr 3 o35k s 13.05a 25.15a 33.22a 35.36a 41.69a 45.10a 3.25a 3.65a 3.66a 2867.80a 3508.67a 4593.67a

nano silicon and Bolourab
Controlsals 7.26h 12.47h 19.36¢g 20.25; 26.58h  30.29h 1.831 2.02¢g 223 1533.93k 2186.101 2628.47g
silicon Cigukis 8.13g 14.57g 22.08f 22.48i 28.82g 32.79fg 2.01ih 2.32fF 2.42ef 1723.205 2437.27h 2082 83f
L - uu.. 8.77f 16.34f 22.31f 23.90h 30.22f 33.68f 2.19gh 2.57e 2.60e 1853.271 2584 44¢ 3374.43e
. nano silicon =
3] o 7
Salinity B .ﬂ a3t b 9.07f 16.41f 21.83f 2548z 2864z 3226 2344 2.55¢ 2.42ef 1987.73h 2404.63h 2049.13f
oloural
ol nygtal
e ook s 055l 9.95¢ 19.20e 25.70e 28.29f  34.63¢ 37.51e 2.50f 2.75d 2.87d 2144.03g 2823.37f 3754.43d
silicon And Bolourab

ol sk g asls sil

i - 10.22¢ 19.47¢ 25.2de 28.94f  35.27¢ 37.80e 2.56¢f 2.80d 2.93d 2235.63f  2894.77¢f  3910.00dc

nano silicon and Bolourab

A5l s ys mu Jlemsl mlas o g ls mee gty STls eyl ol wasms Fnie g s a5 ol Bl et e
In each column means with same letter according to Duncan test are not significantly different at 5% level of probabulity.
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Table 7. Analysis of variance (mean of squares) of effects of Salinity, Silicon and Super absorbent on yield of Saffron corm

]
Sy . _L : Sy [ slas S gle ay laste a0 Mot
Source of variation < d m Number of doughter corm Average weight of daughter corms yield of corm
Jol Jle p poms Jl Jd Jee Jo Py Jlo Ji J pee Ju Py J
Firstyear ~ Second  Third year First Second  Third year First year Second year Third year
year year year
I
.,..V._ i 2 234716 283.82 750.81 2323 0.46 9.31 108491.2 4205359.5 193520315
Replication
”.muL o 1 22980.53%%  18554.52%*% 22872 52%*F  59.77¥* 121.51%* 24]1.18%* 623012416.0%% 728049999, 7** 3390356745
Salt stress
| glas
rw_,.u ¢ 2 173.07 129.71 11.79 1.212%* 5.01 0.95 T7644.1 2959314.7 5087218
main error
Fertilizer 28 5 526.57%% 1366.60%* 1930.93%* 2.597%F 10.66%* 10.32%* 14538697.0%% 42070136.2%* 270177206
285 g h AT ;
g . 5 31.024%% 106.65% 304.70%% 0.632% 0.92% 0.96% 181090.6* 2101782.4% 10393142 *
Salt stress® Fertilizer
3 glas
A 20 371 26.38 53.11 0.185 0.29 0.34 57537.7 560918.7 3346907
Sub error
(1) €V Sl s o o 1.24 2.5 2.52 3.58 3.02 274 1.33 1.98 2.84

LhrG...,,ur.....t pAE g duoyd SS9l ,._Vu.LmrLeu .n_u,uur....r,..u.._mfsmm#.,:ﬁ

*, ** and ns are significant at the 5 and 1% probability levels and non-significant, respectively.
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Table 8. Means comparison of effects of Salinity, Silicon and Super absorbent on yield of Saffron corm

G gl an lagme s

oleoas (gt a5 ol A bt of daueh 43,5 e
gl s Number of doughter corm (n/m2) verage MMH_.MHMAMV aughter yield of corm (ton'ha)
Hﬁ._wm__m:wﬁ Fertilizer sl Lo psd Jlo pa Jlus Jal Jl ot JLo paer Jlus sl Lo psd Lo pes JLus
waet o Second Third First Second Third . Second Third
quality First year ) i ) i ~ Firstyear )
year year year year year year year
Controlasls 170.34d 213.63e 206.74c 12.47be 18.67ed 22.55d 19.61e 39.08c 65.91d
silicon oy 178.30¢ 222.13cd 311.62b 13.07ab 19.38ed 23.33cd 20.75d 42.10b 71.63¢
nano silicon oL i 181.34bc 229.07be  320.63ab  13.08ab 19.72be 23.98be 22.26c 42.51b 75.80b
(5353 pac Bolourab _1,,L 182.96abe  223.46cd 311.16b 13.97a 19.07cd 23.47cd 22.74b 41.17b 71.95¢
No Salini il - -
oSalmity 2lshs oSl 187.88ab  238.95ab 323.11ab  13.72a  20.85ab  24.72ab  23.69a  44.40a  78.79ab
silicon And Bolourab
sl s oSl o
nano silicon and 190.56a  244.63a  326.40a  13.57a  21.26a  25.14a  23.96a  4526a  81.0la
Bolourab
Controlasls 114.451 154.97h 222.51g 9.4le 13.66f 16.42h 11.77k 28.44f 43.67h
silicon (55 123.15h  177.10g  255.64f  10.77d 1533  18.32fg  12.80f  32.03e  51.62¢g
nano silicon G55 i 130.00gh 177.65¢ 276.87¢ 10.37d 15.94¢ 18.89f 13.691 33.25e 57.46f
s Bolourab _7,L 133.83fg 180.44¢ 257.62f 10.43d 15.91e 17.35gh 14.13h 3341e 490 46¢g
Salini | - -
ty L o5k s o5 140.20ef 202.74f 281.80de 11.72¢ 17.87d 20.41e 15.07g 36.33d 61.47e
silicon And Bolourab
=T el g el oils
nano silicon and 146.56c  206.54ef 292.74cd  11.71c  18.19de  20.74e 15.61f  37.10d  64.95d
Bolourab

Al sy et Jlamel mla o g yls e Caglii S0l aes] it Sz By e gl a8 olen Sl fgm g e

In each column means with same letter according to Duncan test are not significantly different at 5% level of probability.
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Table 9. Analysis of variance (mean of squares) of effects of Salinity, Silicon and Super absorbent on yield components Saffron flower

s 4y U5 olaas a5 Jobs Jage IS5 lagie s KoSlee Sas Al s Sl
oo e i ) . ) - : ) . . .
Source of variation rM m Flower number Average stigma length Average weight of a single flower Yield of flower Yield of dry stigma
Jide el por Joo Jiddo e Jlo N poe Jlo Jot Jb o5 Jo po= Jbo difdle el pee Sl
First  Second Third First Second Third First Second Third First year Second Third year First  Second Third
year year year year year year year year year year year year year
o
h.wﬂ : 2 90.66 17.71 80.97 1.84 10.71 4.02 0.0003  0.0001 0.0002 1307.09 1261.22 1943.31 0.18 0.05 0.23
Replication
L * * * * *
G5 Il évw*m. 8252.5% ::mww.u 314.11* mmm.c_ 640.17*%  0.06**  0.054**  0.05** homomm.m 404493.9%*  935601.6 ** %.mw mh.Mm _va.w:
Salt stress 5
g
. 2 6322 11148 1.12 4.35 2.24 5.58 0.0003  0.0003  0.00003 2019.98 2090.05 1166.10 0.15 0.51 0.13
main error
- # #
Fertilizer >y 5 pm_*.m 578.4%%  1057.9%%  19.45%* Mb.*_u 52.08%* o.wvmu 0.007** (.01 ** NwEN.E 8524.01%%  139597.7%*  3.67%*  1.45%%  19.66%
255 g * *
Salt stress* 5 a.\.v.w.\. 22.5% 136.6%* 1.37°* 1.82%% 1.71%* obﬂwa o.cmcm 0.0004 *  1710.14* 574.59%* 7557.6 ** 0.22%  0.09%* 1.01=
Fertilizer
Sub error e ¢ lls 20 16.01 197 26.66 0.47 0.46 0.59 0.0001  0.0001 0.0001 589.33 102.88 760.17 0.07 0.01 0.1
(%) OV Sl it 2 44 1.94 2.53 3.74 2.82 2.8 224 1.93 2.14 5.2 1.57 2.8 5.11 1.55 2.9

* ** and ns are significant at the 5 and 1% probability levels and non-significant, respectively.
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Table 10. Means comparison of effects of Salinity, Silicon and Super absorbent on yield of Saffron flower

Olraey J5 0y5lae p Odlo paw g (aFalew (gy3ad (T O Sl dunlie - Jguo

sl DS Jebs b uema S e e s slae St Al Slee

o Ll i Flower number (n/m2) Avcrage stigma length (mm)  Average weight of a single Yield of flower (kg/ha) Yield of dry stigma (kg/ha)

W.._c n ﬁ o ghd 255 flower (g)

JHMH _._.M“mq Fertilizer Jd Sl e Jlo peeJo Jdle el el Jdlle ol pee Jsl JLe o Jls prorJle e e el sl
First Second Thard First Second  Third  First Second Third First year Second  Third First Second Third
year year year year year year  year year year year year year year year

aals Control 92.25¢ 148.79¢ 207.29 1841c  2447c 27.98e 0.51cd 0.47de 0.48gh 469.74d 678.64d 988.10fg 5.39d 7.93d 11.46f
sl
r_ o 101.46b 159.34b  217.81b  2046b 26.21b  31.35¢ 0.52bc  0.4%d  0.50de 530.96¢ 751.86bc  1095.02d 6.06c 8.80bc 12.74d
sHicon
o - ‘w»m 102.24b  163.41ab  224.56ab  20.61b  27.17ab  32.92be  0.54b 0.4%¢ 0.52d 540.48¢ 777.93b 1156.37¢ 6.29¢ 9.13b 13.4%7¢
b pae nano silicon
ity B ”{ Lu” A 113.32a 156.36b  218.60b  22.33a 26.07b 29.53d 0.54b 0.53b 0.54c 616.76b 734.70¢ 1066.52de 7.07b  8.56c 12.42de
oloural
2 oskes pstele 11120a 169782 227.82a 23.03a 28.18a 34.16ab 059 0552 057>  650.73ab  862.82a  1294.10b [ 101da  15.09b
silicon And Bolourab b
[_ el . g
) ‘L. 3 o5 S 114.03a 170.60a 231.06a 23.28a 28.37a 34.73a 0.59a 0.57a 0.59%a 670.21a 885.08a 1352.67a 7.65a 10.43a 15.80a
nano silicon and Bolourab
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1 .l;~ DR+ 1
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Table 11. Analysis of variance (mean of squares) of effects of Salinity, Silicon and Super absorbent on qualitative yield of Saffron

A bty S b gl sy JUi s aSe
. Az Chlorophyll a Chlorophyll b Crocin Safranal Picrocrocin
= petd e -
Source of variation U g e s Ju o Jdt J s Jlo pe J il s Jo pe J Jd U ps Jl ey Jo Ji J e Jle o Jo
df First Second Third year  First year Second Third First Second Third First Second Third First Second Third
year year year year year year year year year year year vear year
K<
2 . 2 0.025 0.0240 0.0054 0.022 0.014 0.017 1.06 1.25 0.7 0.08 0.028 0.04 0.07 0.02 0.92
Replication
Salt stressz 3% 25 1 0.703* 0.672* 0.871 * 0.241%* 0.21%* 0.405%*  14.2%  17.11*%  46.31*%* 313 * 4.15* 2.11* 2046%*  18.7**  13.88%*
! sl
“"L,’ ol 2 0.078 0.0537 0.011 0.0013 0.004 0.001 3.48 4.04 0.11 0.12 0.09 0.03 0.11 0.07 0.43
main error
Fertilizer s, 5 0.034*%*  0.0557**  0.0573 **  0.0079**  0.009**  0.014**  [.34% 1.22%* 0.88*  0.03**  0.08 ** 0.24 5 0.97**  0.86**  1.06 **
2 iy "H' 0.0034m  0.0041%* 0.005 ** 0.0002 0.0006**  0.0005%* 0.22m 0.05% 0.53 1¢ 0.02* 0.0010 0.07 == 0.13n 0.07 * 0.05
Salt stress* Fertilizer
cllas
‘;;“b 20 0.0019 0.0008 0.0013 0.00016 0.0001 0.0001 0.12 0.06 0.22 0.007 0.002 0.1 0.062 0.03 0.14
uD error
(%) OV 2l peds o 2 3.19 2.01 2.53 2.59 2.52 2.25 3.17 2.17 4.15 4.38 2.02 13.29 4.84 312 7.2

* *% and ns are significant at the 5 and 1% probability levels and non-significant, respectively
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Table 12. Means comparison of effects of salinity, Silicon and Super absorbent on qualitative yield of Saffron

RUS SRR PERVRELIENPIY UYL VNI ST p-stpUlt N ICE W IR | g PRES

oleas a L3, 15 b L ls i3S Jul,d 9595
L o asT Chlorophyll a (mg.g) Chlorophyll b (mg.g) Crocin (%) Safranal (%) Picrocrocin (%)
Irrigation Fertilizer Ji Jbe ps Jlo Py Sl Jt Jle e Jo par Jlo Jo pso Jlo powe Jlo Jl Jle ped Jlo poe Jlo Jol e e Jho powr Jlo
water First Second Third First Second Third First year Second Third First Second Third Fiust  Second  Third
quality year year year year year year year year year year year year year year
asLs Control 1.41bed 1.43cde 147¢ 0.50bc  0.48bc 0.52d 11.16abed 11.2labed 10.48¢  2.06b 221e 2.27d 5.09¢ 5.22d 5.29d
oSk silicon 1.42bed  1.49bed 1.5lbe  0.52ab  0.51ab 0.54¢ 11.80abc  11.60abe  10.81bc 2.19ab  2.32bc 2.32ed 560b  5.67c 5.65b
= a% s H
g .wﬁ 147bc  1.54abe 1.57b 0.55ab  0.53ab 0.58b 11.00bed  11.72ab 10.83b  2.26ab  2.4lab 2.43be 572b  5.89%bc 5.92b
nano silicon
i Tl
No Bol B ..._.u A 1.52ab 1.53abe 1.56b 0.54ab 0.52ab 0.56be 11.74abe 11.83ab 10.53de 2.25ab 2.39ab 2.38cd 6.36a 6.01b 5.74b
Salinity . o_,ma.m
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silicon And Bolourab
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sl Control 1.09f  1.0%h 106f 032  0.30f 027 942 9.51c 928h  170c 152 257 382 395z 402
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5 '|_H ¥
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olsks Cas5ck—
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ailise sz sl ala s
In each column means with same letter according to Duncan test are not significantly different at 5% level of probability.
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Abstract

Our country due to relying on Faryab agriculture, extremely exposed to salinization of land and
water resources. Salinity generally has a significant effect on all morphological, physiological,
biochemical, anatomical traits of most plants and It has a negative effect on growth, survival and
plant production. In order to study the effect of irrigation water quality and application of silicon,
nanosilicon and superabsorbent polymer on the yield and amount of active ingredients of Saffron
(Crocus sativus L.). Experiment as split plots in a randomized complete block design, in three
replications and three cropping years was done in a farm located in Ziauddin section of Torbat
Heydariyeh city. The main factor of irrigation water quality in two levels (Includes water with
electrical conductivity of 2 dS/m as a control and water with an electrical conductivity of 6 dS/m)
and sub-factor of application of silicon and adsorbent polymer in six levels, (Includes non-
consumption as a control, Silicon, nanosilicon each with a concentration of 1.5 per thousand,
Bolourab A (0.4 g/kg dry weight of soil). Silicon with Bolourab A and Nano Silicon with Bolourab
A.). The study included morphological characteristics such as number of leaves, corm, flowers and
stigmas per hectare, leaf yield, corm, flowers and stigmas per hectare, Leaf length and width, average
weight of corm and flowers, stigma length and Physiological characteristics included chlorophyill,
safranal, crocin and picrocrocin. The results showed that salinity reduced and consumed silicon and
super absorbent in both salinity treatments and lack of salinity stress significantly increases
important traits of reproductive growth, Includes, Flower number, average stigma length, average
weight of a single, yield of flower, yield of stigma and the amount of active ingredients in the stigma
(Crocin, Safranal, Picrocrocin) it was tested every 3 years. The effect of treatments on vegetative
growth traits of saffron leaves, includes leaf number, leaf yield, chlorophyll A and B content, also on
the characteristics of produced female corms including total number of female corms, average corm
weight, dry matter and yield of corm. The use of nanosilicon together with superabsorbent in saline
conditions increases the flower and stigma yield of saffron in the second year by 46.8% and 54.3%,
respectively, compared to the first year, and also increases the flower and stigma yield by 60.1% and
57.8% in the third year compared to the second year. The experimental results showed that the
combined application of nano silicon and super absorbent increased the quantitative and qualitative
yield of saffron in salinity conditions.

Keywords: Bolourab A, Saffron, Salinity stress.
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