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Effect of Salicylic acid and Putrescine on Growth of
Strawberry (Fragaria ananassa Duch) Cultures Grown under
salt stress in vitro culture
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Abstract

The research was carried out in the plant tissue culture laboratory of the AL-
Mashkhab Rice Research Station in of the Agricultural Research Office / Iraqi Ministry
of Agriculture during 2017-2018 in order to study the effect of salicylic acid and
putrescine in growth properties of the strawberry plant (Fragaria ananassa Duch cv.
Festival) under the salt stress via in vitro culture technique. The study included two
stages, the first of which was the establishment of the cultures of the studied cultivar and
the second the study of the effect of the inclusion of the medium supplied with
concentrations of sodium chloride salt with salicylic acid and putrescine in the rooting
stage. The last experiment was carried out as a factorial experiment using Complete
Randomized Design (CRD) with two factors: (1) concentrations of sodium chloride salt
(0, 25, 50 mM), and (2) the combination of growth regulators Salicylic acid (0, 5, 10 mg.
Iy and Putrescine (0, 10, 20 mg. I'!) .The results showed a negative effect of sodium
chloride salt on the growth characteristics of the cultivars of the studied strawberry
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cultivar. There was a significant reduction in the percentage of plantlets live, number of
shoot, damage index of plantlets, number of leaves, height of the plantlet and its fresh
and dry weights when increasing the concentration of sodium chloride salt in the medium
of rooting as it recorded the lowest results were 50 mM comparison With the highest
results when the is 0 mM. Results showed variation in response to combinations of
growth regulators used in the medium. The combination of salicylic acid and putrescine

at 5+10 mg. I respectively was significantly superior to other combinations in the
percentage of plantlets live, number of shoot, damage index of plantlets, number of
leaves, height of the plantlet and its fresh and dry weights of vegetative part compared to
the cultures of the free growth regulator medium. The interactions between
concentrations of sodium chloride salt , salicylic acid and putrescine in the medium
showed significant differences in the studied vegetative characteristics. The interactions
between Salicylic acid, putrescine or their combinations with each concentration of NaCl
salt were significantly higher in most studied vegetative indicators. These interactions
have shown an increase in vegetative characteristics, indicating their role and
effectiveness in reducing the negative effects of sodium chloride salt.
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ol A e L) ) ) il Bl Rl 3 sl 5 L) mela Bin) 5 (2)
> auall = A Nacl e el (S13ad) das sl A e) ) 31 e

13l gl & NaCl zle 3 i
s Aad 5 il Jaes (dsesle) (SA)Llullal) (adls A 53
ST PPIE AR I 50 25 0 (Put) G yisedl s
(Sprle)
85.56 70.00 86.67 100.00 0
96.67 90.00 100.00 100.00 Put 10
88.89 80.00 86.67 100.00 Put 20
93.33 80.00 100.00 100.00 SA5
93.33 80.00 100.00 100.00 SA 10
96.67 90.00 100.00 100.00 SA 5+ Put 10
79.89 60.00 79.67 100.00 SA 10 + Put 10
93.33 100.00 80.00 100.00 SA 5+ Put 20
96.67 90.00 100.00 100.00 SA 10 + Put 20
82.22 92.56 100.00 NaCl gde 1S 5 i Jasa
5.374=Jalxll  3.103=Put+SA  1.791=NaCl L.S.D. 0.05

i Ao Jina (o sl 35 el b 5 3 a5 (3) Jsaad) il (e ety seilipdl) ) pudali A 2
8l e peaill A 0 (A g sirall RUASYD (el 35 3) ¢ el Jaw s 8 Aalil) Festival <iia eLlal) ciliys
& Jane el pg peall 35518 mle Jsa (Lo 50 585 el 3 (SIS dass 1 (8 o o3 sl 355 el 38 58
Calisg &l (sl s 1.30 anly ) el da po BB ae) (3 a g peall 35K mle Jsa e 0 S0 Ll 1,63
Gle syl Howal da pd (A dysima (58 sy Al Jpaal) & @l miagig Jse (e 25 58Sl (e Ly sina
(o 0 Alalrall Lysima 685 3] ¢ ann i sl 5 hluallad) 280 5 Ganaall (Sl3ad) Jasll 8 slaiall Festival aia
L B laall 3L e Lagia JS11,00 _eail) da ol Jome J8) Ul Al g SA 5 +Put 10 ddalas g 44 gl
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ada Al il Ja (Jsa ) | (SA)LLL Ladls Al
Oy gl g Sllall) 50 25 0 (Put) Cams sl 5
(SYpale)
1.00 2.00 1.00 0.00 0
1.55 2.00 1.33 1.33 Put 10
1.78 1.67 2.00 1.67 Put 20
1.22 1.33 1.00 1.33 SA5
1.55 2.00 1.33 1.33 SA 10
1.00 0.67 1.00 1.33 SA 5+ Put 10
1.78 1.67 2.00 1.67 SA 10 + Put 10
1.55 1.33 2.00 1.33 SA 5+ Put 20
1.67 2.00 1.33 1.67 SA 10 + Put 20
1.63 1.44 1.30 NaCl zle 815 ili Jana
ns=dJalxal  0525=Put+SA  0.303=NaCl L.S.D. 0.05
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SA 5 +Put ) 4idsi Luld 4w 3.30 &l SA 10 3ad 55 die (5 siua (53 ) il 8 i)Y Jare il
Ol 5 Llllod) (iaals 4ad 53 s Nacl cle S5 o Jalail) il Wl o 4,23 Jaxa lef cidae) (531 (10
aad gl 0+ Nacl le dse e 038 s ) Jan 5 (ppanad (e Al Jalail) dlalaal (g sinall (58l ) sl
Oe Aailll Jalall Alalae Wl s 5,37 aly cligill ¢ 51 Jare lef cudae ) 5 s 5550l 5 L) (adla
ANl alana e 688 Al g aw 4,73 Caly Al 5 (SA 5 +HPUt10 48d ¢ + Nacl Jse (e 25) 35 55 Jal

et (e bl dag 1 ay bl bl () Al g (A a5 sl 5 UL (mala dilia) 80 (4) soa
) amall 2 A Nacl gler eaall i3l Lo 5l

3l sl & NaCl e 585
padls 8l 5 8 Jane (Jse o) (SA)LLIL acla Al 5
sy sl g clludLu) 50 25 0 (Put) G sisall s
(SYpile)
3.73 3.20 2.63 5.37 0
3.40 3.10 3.17 3.93 Put 10
3.79 3.23 4.17 3.97 Put 20
3.69 3.13 4.33 3.60 SA5
3.30 2.90 3.70 3.30 SA 10
4.23 3.90 4.73 4.07 SA 5+ Put 10
3.41 3.40 3.27 3.57 SA 10 + Put 10
3.31 2.83 3.23 3.87 SA 5+ Put 20
3.58 2.83 3.37 4,53 SA 10 + Put 20
3.41 3.62 3.78 NaCl zle S5 il Jara
1.716=Ja)xll 0.991= Put+SA 0.572=NaCl L.S.D. 0.05
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S8 el Jan g A le il seae CEMUR) s (5) Jsaall b da sall Gyl il < jelal ;B gY) e
Las sl et die TR (315 6¥) aae Jana (addl) 3 ¢ pdaill oy A dalill il (3) 5 g aae Jara (A L siaa
e 0 5 simsall (U since AT (o315 i 3855 14,15 &l psd sl 25 ke Jsm ol 50 IS i)
Gedaads M 485 18,55 aly (535 Al 31 sY) sae Jame o) ae) (5 o g geall 35S mle J e
21.11 <l Ally (SA 5 +Put 10) A& sl Festival —ial (31 )5¥) sae A (5 sina (585 3 ga 5 4ndi J g2al)
alias o1 3) (SA 10 +Put 20 5 Putl0 5 0) Wl dav sl i 5 oLy clad gl maea e M | 35
Bl e edas il e M 45,416.33 518.11 5 18.00 Glus) e Cilae) Sy Ligine Leaa
LI mala) Adgl o el Al CBldae b drsine lUA) 3pa 4kt Jeaall 3 daasal
il Jaus g (e (po Al (Al Alelas 8 55 3) Al 538 8 o gad gaall 20 5IS pele S 5y (s sisadl
485 19.00 a3 Bl s¥) 2 (AL gine g0 peall 3 ) 6IS =l J e e 5038 35 (SA 5 +Put 10) 4dd si
2,559.00 &b V5 31y sY) 23ad Jana 8l La gy cadae ) A S ) il (SA 10) Jalail) Alebaa e M

el a )l ey Ll bl T A | G), 5V 230 Jara (8 G 53 gl 5 SLLWILL (aals dilia) il (5) Jsan
> auall ) Nacl wler Seaall 31320 Jass gl del )5l s

3l b gl 3 NaCl gl 385
Uaala A4y g5 58l Jase (( dsahe) (SA)ldlul (mdls dad 5
O 53 sl g SLLLIL) 50 25 0 (Put) Oa sl 5
(SYpile)
18.00 13.00 18.00 23.00 0
18.11 15.67 21.00 17.67 Put 10
14.56 12.67 12.67 18.33 Put 20
14.89 15.67 15.33 13.67 SA5
15.11 9.00 18.00 18.33 SA 10
21.11 19.00 20.00 24.33 SA 5+ Put 10
14.78 13.67 17.33 13.33 SA 10 + Put 10
15.78 15.00 13.33 19.00 SA 5+ Put 20
16.33 13.67 16.00 19.33 SA 10 + Put 20
14.15 16.85 18.55 NaCl zle 815 uili Jaa
8.390=Jalxll  4.844=Put+SA 2.797=NaCl L.S.D. 0.05
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cle e glo 50 S xie i ¢ 82,67 @i g AV 2 Ji M Y seas spdaill Jassy 8 o sadseall )51
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ALl pada Aad gl g gieall il ) dus Jsaall 3 Al sl i, Maue 4 419 S50
SA o s singlang 8 aslll clill & }é.m\d.xu\ul_m.dt)a\)\m:dmgu_ahd\laujl\uauu}}d\)
g oY) 2e Jana Ul o Maladl) i e L sine A £ 8478 Calig g 8Y) 2xe Jaa 4 5 +PuUtl0
2.45 &3 gl axe B Put 2048 5l Cidaef s (AR g 84,22 cilae) il s SAT0+PUE20 Aslaa
Jsaall & dm s pmall Cpns s sll 5 bl adls A3 55 bl 38153 G JANl G gomdy Wl My ¢
ilabee U gine o8 3 g AV e Jae ddia & JA)a OObae G il g D0 J gan ) ol A
el sl 5 LWL Gaals O + Nacl 0 dlelze s SAT0 +Put 20 dad 5y zlad) 308 55 e A Jalxil
cle e e 25 Jalaill Olalae el gua (b il e ¢ 85,675 6.33 &b g 8 asad o
LAl SAL0 b 55 2 500 peall 2y )5S mle J 50 (e 50 e il Jalaill  Jlalea 5 PUt20 5 0520 5ol 2 ) IS

Legha 2al 5 JS s £ 581,67 g Y1 aad Jane Jil Al 5

Aot )3 (e sl Ary )l ey Gllal) il el aYIaae Jana (8 (s i saall 5 Ll (aals 28] 5 (6) Jsas
@J\ (a.a.uéj\ CJ\A NaC|CJA4)@A.d\ @\M\L.w}l\‘_g

Sl v gll & NaCl zle S 53
padls il 58 8 Janae (Jse o) (SA)LLI acla Al 5
sy sl g clludLu) (Put) Gee isadls
50 25 0 (SVaxle)
3.45 1.67 3.00 5.67 0
2.67 2.33 3.00 2.67 Put 10
2.45 2.00 1.67 3.67 Put 20
3.11 2.66 3.67 3.00 SA5
2.89 1.67 3.33 3.67 SA 10
4.78 5.33 4.67 4.33 SA 5+ Put 10
3.56 2.67 3.67 4.33 SA 10 + Put 10
3.55 3.33 3.33 4.00 SA 5+ Put 20
4.22 2.33 4.00 6.33 SA 10 + Put 20
2.67 3.37 4.19 NaCl gela 38155 il Jana
2.082=Jalxll  1.202=Put+SA  0.694=NaCl L.S.D. 0.05
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Oe diline 50 50 pdaill Jawy Cpeal gl (7) Jsos @il (e Jaadly 1 Al (5 padl) £ ganall (g hall 35l
Jama Jleb o a2 Festival < LIl el 4 sl ¢ 330 (g okl ()50 Jae (B a s saall 35S =l
sic Lgl 5 a2 704.2 &l 3 s seall 35518 mle U e 25 58 i Jlaniasd S &y il ¢ 43 (5 5kl 550
Jsanl g S s 58 sl 5 Shludlid) ialn Al 55 5005 Gty ey 2 503 seall 23 5510 b g (Lo 5055 5
il &g i) g 830 okl G sl Jae (& e yignll s Llullall Gasls 2ad 5l (5 ina 55 asa s pae 4
Alelaay 4l ptle 908.2 &l s 350 dame el Lty (SAB+PULL0) Alebaall e (815 bl
Sludladl Gasls il 8 COlelae il 3 Jalaill Ll aale 536.0 L Jane Jil s i (SAL0+PUt10)
b Liina Tl eday ald 4 Jsaall (8 pudaill Jass M ddliaall o gad geall 21 e 380 S35 Chane i gl
bl asea g (g odall () o) Jama

LA i (sl sl pmnall 5 I 5551 Jin 3 sl LAY i Tind S (7)

3l sl 8 NaCl e S 5

padls 8l 5 8 Jane (Jse o) (SA)LLIL acla A3l 5
sy sl g clludLu) 50 25 0 (Put) G sisall s
(Sple)
820.1 436.3 883.8 1140.2 0
676.2 578.0 1015.0 435.5 Put 10
590.0 500.7 484.9 784.3 Put 20
604.1 747.7 644.1 420.6 SA5
574.1 405.7 648.7 668.0 SA 10
908.2 932.4 1011.3 780.9 SA 5+ Put 10
536.0 530.0 420.2 657.8 SA 10 + Put 10
541.8 674.1 513.7 437.5 SA 5+ Put 20
735.6 702.5 715.7 788.6 SA 10 + Put 20
612.0 704.2 679.3 NaCl gle 185 il Jana
n.s=Jdalall n.s=Put+SA n.s=NaCl L.S.D. 0.05
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T s W 23 gmaall 5 5 bo AilaY (5 sine il 3 pm 5 (8) Upaad) s (i 1 g wadd) @ gaanall ciladl 351
Calae | a8 bl 38 55 8 5ol 3 pe WiV are (sl 38153 3 & pemdll o saill aladl )55l Jaxa 8 A 30
pide 110.1 &by el (550 Jane il a s geall 20,5518 mle Jga e 50 alall 3850 8 Aleaall e ) )
162.1 & Gsine Lena cdlial il o s suall 2518 mxda Jga o 0 5858 A L el 055l Janas 45l
OOV e Jae Jlef chael s (SAB+PULL0) dlaaal (5 5ine 55 5a s 4ndi Jgoall o Jaadlyy aile
Yl J8 calaef S5 (SAL10+PUt10 5 SAL0 5 Put20) wileban Ao 5 il 5 axle] 77.8 oy calall
o Lsina caliad o} a i) e aale 122.9 5 118.3 5 129.7 s obilall ot g 549 ilal) o35l
Adlae (5% Ay puadll Ol saill Gilall ¢y 5 sl Jama & bbbl (g Jadail) 5ils Lm il cpasi s dlalaal) 4
(SAB+PULL0) A 5is a5 seall 255l le 3o o 0 5 Lpdaill J38) T gl) (pansd Al Jasil
s s (panal (pe Al Jalaill e aen o aide 190.7 &b &y paaldl ol gaill Ciladl ¢35l Jane 8 1 sina
Aad s elialy Cpm sl s I Gaels A maan s asseall 2558 mle dge (Le50 5:S i ndatl

Lo Cypas i sl Sl sl

GLLall bl (arde)dy juadl) il saill Caladl )5 sl Jama 8 G 53 sl 5 Sllullill (caals dila) 505 (8) Jsaa
> asall = s Nacl zley Seaall 3adl Jas o)) 8 de) )3l (e aolasl da )i 22

Il gl 3 NaCl e 35
Caala g8 il Jana (I sbo) (SA)LLL) aals A8 53
SIWG PP PREAMIW] 50 25 0 (Put) Crm risill s
(pile)
145.3 77.4 175.8 182.7 0
139.9 109.0 144.5 166.2 Put 10
129.7 94.1 116.8 178.2 Put 20
134.1 128.2 124.1 149.9 SA5
118.3 72.2 153.1 129.6 SA 10
177.8 159.7 183.0 190.7 SA 5+ Put 10
122.9 114.9 108.3 145.5 SA 10 + Put 10
132.2 116.3 108.1 172.2 SA 5+ Put 20
147.2 119.4 178.6 143.5 SA 10 + Put 20
110.1 143.6 162.1 NaCl gela 3815 il Jana
115.33=Jalall  66.58= Put+SA 38.44=NaCl L.S.D. 0.05
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salll Clia JS 8 Jualall (alaaiy) s o g uadll gl ciliual i) Juadl cadacf 301 45 jlial) dlabaay
303 3 Laind da slall st o3 bl 5 s0¥) il 5 o5 s 3V LD L1 0 gey 28 aldl) dlgal) Jrdy 5 sl
138 oty o LIAN ) JAlal) elall 43aS 5 Jane (bl Cuan UIAN gai (A i 4adld o o3 peall 2 ) IS e S 53
e S5y saill Jan o) Slall agaldl sl (8 1A s Al (g5 se 3V Jasall 8 5305 e Lo e i)
) o3a 5 [23] sl clilladl) dalel ) sa5 Lae 4080 Al hial) e iy 53 g a0 guall mﬂxs
u\_).\.\\_\]\ LA\ ol gan 8y dualdll _).\S\).\S\ aJ\_U.\L;)H\ u_)JM Uaddl) 3 Glicaaal) L.A‘; [24]&;}\.‘)@
Lee 3080 2l Jasall Juling S0l o5 sal) 8 OMAY) s clall WA 8 e 331 il Jayds (i 5 bl
Lasy5[27526] 00 IS 4l Jom sile o guiliil) o2 (3855 [25] Leilwinal 5 LA g Lol ATy o las di gl & iy
Sl V) any oS) 53y AUl 4 0¥ Lpandl () oo geal) 35518 pele 30 55 80 Slall )0 Galiail 2 g
G paall saill Ciliia alhee b (Rl IR G g2y 285 A sl alga) 5l a0 seall 5 ) SISIS Al
343 b b g geall ) IS e 3 55 ol By Leiad A shal) 4 (3 obadl 5 01 800 5 (55 5 530 ) )
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Ay Aladll 1l gall & (g5l laally Juai¥l G ignl) GadVlhs (¥ 2aaie Ta Lo ) oLial dglEwy)
@1l sl Aleny Cpal) Glaseia o g8 Ml y (s glall Jlaadly i ) HyO, glil) 8 bl 81 e (il
Aaali sl ll (sS538 | g hall )l (8 3aby s Lo i (Al elall GuSleall 8l (e Jalil ) (055 iy g [41]
sae S all Jard () oS WS [42] Ll 5 AN aludi] Cpnt YA (o saill 3 LS pall oda il e

11



2019 /(ale Gulll) daad) - die adbud) alaal) (gale Agalad) ¢3S daaly Aaa

Go salll iat e LS el o3 Jead O 1Sy [43] sadll iy (53 (s Sl jaasS (e i) Jie 3aY)
eSS addld aa (el Yie S0 GlinlS gilad) g il pall g cliS oY) Jia dla0all &l jesall d0eS 30l ) DA
[455 44] sail) Gauady Aal) Alaial g aludil juéas iy ABA clup) (ada Jie Glhadiall 4l
Jaall als A [47] s2a5 Loy Matthiola incana seill Gl (8 [46] o2y Lo e L) 226 il

. Dianthus caryophyllus L.

J.ALAAM

Dol - il g il o & pae abae S 6 Sl 3 puaall Ll Zlal 2000 A2 G patl e sl -]

.3 - Jaa sall
COb - - SNy Aalud) Aaplall calie VU (g laill 1983 el Ay -2

Cigm Aadall il JY) Akl Baay Lo cilally lie YU 5l 1990, deal ¢gpall (uadi -3

ok

dalall dgll - el )30 Z3al¥ly del )30 Bl 55 - (451) b)) 3,85 — adll 2002, i) el Y -4

ijus@ud\ QJ;.\B_)\J\—:\_\Q\JJ\M\Q_I}MM

A auall 7 s ALl sl Citrus spp. Slecaeall Jpal ars afi 2013, aub ale pia ¢ AL5

Ol 4 ) seen, A8 Sl dadla Aol N AIS, Hiale Al ),

2,5 =L Vitis vinifera L. ciad) e Calical &30 Jaad anii 2009, (o 50 2 s ablS 2e | 5 5lanpall -6

Bl Ay seen A8 SN Aaals Ao )N S Hitiale Al Al sl 2 HA 4 500 gaall

7- Chatzissavvidis,C. ; C. Antonopoulou,; I. Therios, and Dimassi, K. .2014. Responses of
trifoliate orange (Poncirus trifoliate L.) to continuously and gradually increasing NacCl
concentration. Acta Botanica Croatia, 73 (1) : 275-280.

8- Ghaleb,W.Sh. : J.S. Sawwan,; M.W. Akash,. and AL-Abdallat, A.M.2010. In vitro
response of two Citrus rootstocks to salt stress. International Journal of Fruit
Science,10(1) : 40-53.

9- Habibi , F. and Amiri , M. E. (2013) Influence of in vitro salinity on growth,mineral
uptake and physiological responses of two citrus rootstocks.International Journal of
Agronomy and Plant Production, 4 (6) : 1320-1326.

10- Farahbakhsh, H. and M.S. Saiid.2011. Effects of foliar application of Salicylic acid on
vegetative growth of maize under saline conditions Afr. J. Plant Sci. 5(10):575-578

11- Vazirimehr , M.R. and K. Rigi .2014. Effect of Salicylic acid in agriculture: Review
article .Int.J.plant, Anim.Environ. Sci.,4(2) : 291- 296 .

12- Miura, K., and Y.Tada. 2014. Regulation of water, salinity, and cold stress responses by
salicylic acid. Front. Plant Sci. 5:4. doi: 10.3389.

13- Rahdari , P. and S. M. Hoseini .2013. Roll of Poly Amines (Spermidine and Putrescine)
on Protein, Chlorophyll and Phenolic Compounds in Wheat (Triticum aestivum L.)
under Salinity Stress . J. Nov . Appl. Sci., 2 (12): 746-751.

14- Tarenghi, E. and J. Martin-Tanguy. 1995. Polyamines, floral induction and floral
development of strawberry (Fragaria ananassa Duch.). Plant Growth Regul. 17:157-
165.

15- Parida, A.K. and A.B. DAS .2005. Salt tolerance and salinity effects on , plants: a
review. Ecotoxicology and Environmental Safety. V.60 : 324-349.

16- Karlidag , H. ; E. Yildirim and M. Turan .2009. Salicylic acid ameliorates the adverse
effect of salt stress on strawberry .Sci. Agric. 66(2) : 180-187.

8y - Aieall B il - Al ) 5 as Al 8l 2013, s Cpusa Gps 5 slellue oo e 8 J1-17

LGl A sean - Ae) N

18- Khodary, S.E.A. 2004. Effect of salicylic acid on the growth, photosynthesis and

carbohydrate metabolism in salt-stressed maize plants. Int. J. Agric. Biol., 6: 5-8.

12



2019 /(ale Gulll) daad) - die adbud) alaal) (gale Agalad) ¢3S daaly Aaa

19- Nezhadahmadi , A ; S. Salehin ; Z. Hossain and M. Osman .2013 . Genotypic
variability and evaluation of agronomical and physiological characteristics of
strawberry genotypes under different growing conditions . Pensee J. 75(9) : 324- 331.

20- Murashige, T. and Skoog, F. 1962. A revised medium for rapid growth and bioassays
with tobacco tissue cultures. Physiol. Plant., 15, 473-497.

5 el el 3 ) 5 bl dilad 5 asenal 8 Glinki (1990 A2 Aap S s 5 Caae ( Saalull 2]

(Bad) — dang daals — sl Canyl)

22- Sivritepe, M. and Eris, A. 1999. Determination of salt tolerance in some grapevine
cultivars (Vitis vinifera) under in vitro conditions. Turkish J. Biol., 23: 473-485.

23- Smith, M.A.L. ; Spomer, L.A. ; Shibli, R.A. and Knight, S.L. 1992. Effect of NacCl
salinity on miniature dwarf tomato , shoot and root growth responses , fruit production
and osmotic adjustment. J. Plant Nutr., 15 : 2329- 2341.

Aa slall A plie il HUS) 8 Al AV Ao 48 Jlaaind 2008 35250 2 m KU de (2 akall 24

Bl — 5 peadl Aadls — Aol 30 AS ool o da gl sl JUE ) el (e

25- Orcutt, D.M. and Nilsen, E.T. 2000. The Physiology of Plants under Stress : Soil and
Biotic Factors . John Wiley & Sons, Inc. : USA

26- Anjum, M. A. (2010). Response of cleopatra mandarin seedlings to a polyamine-
biosynthesis inhibitor under salt stress. Acta Physiologiae Plantarum, 32: 951-959.

27- Balal, R.M. ; Ashraf, M.Y. ; Khan, M.M. ; Jaskani, M.J. and Ashfag, M.( 2011).
Influence of salt stress on growth and biochemical parameter of Citrus rootstocks.
Pakistan Journal of Botany, 43(4): 2135-2141.

28- Zhang-F; Yang,Y.L.; He, W.L.; Zhao,X. and Zhang,L.X. 2004. Effect of Salinity on
Growth and Compatible Solutes of Callus Induced from Populus euphratica. In Vitro
Cellular & Developmental Biology — Plant. 40(5) : 491-494.

29- Wei, T. and Newton, R.J. 2005. Polyamines reduce salt-induced oxidative damage by
increasing the activites of antioxidant enzyme and decreasing lipid peroxidation in
Virginia pine. Plant Growth Regul. , 46: 31-43.

30- Hayat, S. and Ahmad, A. 2007 Salicylic acid: A plant hormone. Springer, Netherland.

31- Sajid, Z.A. and Faheem, A. 2012. Role of salicylic acid in amelioration of salt tolerance
in Potato (Solanum tuberosum L.) under in vitro conditions. Pak. J. Bor., 44:37-42,
Special Issue.

32- Joseph , B.; Jini, D and Sujatha, S.( 2010 ). Insight into the role of exogenous salicylic
acid on plant growth under salt environment . Asian Journal Crop Science, 2 (4 ) :
2226 — 2235 .

33- AL- Taey, D. K.A.(2009). Effect of spraying acetyl salicylic acid to reduce the
damaging effects of salt water stress on orange plants (Citrus sinensis L.). Scientific
Journal of Kerbala University , 7 (2) 192-202.

aalay Gl il (12012). s alla 615 5 alsl de oala dife 5 SLE dsena caalll 2o 234

. Citrus aurantium L. (sall iUl @A 4 o jall Glall ey A bl 5 el ) Sy

55-43:(2) 1 cae) )5l Gl J8 (o3 dlas

Osiol il ald) Jeadl) & elbndladl paals il (2010) . el 3 Lia )l 2 Jles | 4z J1-35

Spadl dxals de) )3 IS Hiiale Alu ) | g iuall g (g ) puadll dua (Olea europaea L.) 4xdll

Sl A seen

36- Velikova, V., Yordannw I. and Edreva A., 2000. Oxidative stress and some axodant
system in acid rain-treated bean plants. Protective role of exogenous polyamine. Plant
Sci., 115: 59-66.

37- Yamaguchi, T. and Blumwad, E. (2005). Developing salt tolerance crop plants:
challenges and opportunities. Trends in Plant Science, 10 (12) : 615-620.

13



2019 /(ale Gulll) daad) - die adbud) alaal) (gale Agalad) ¢3S daaly Aaa

38- Minguet, E.G. ; Vera-Sirera, F. ; Marina, A. ; Carbonell, J. and Blazquez,
M.A.(2008).Evolutionary diversification in polyamine biosynthesis. Molecular Biology
and Evolution, 25(10):2119-2128.

39- Gupta,K ; Dey, A. and Gupta, B.(2013) Plant polyamines in abiotic stress responses.
Acta Physiologiae Plantarum, 35(7): 127-157.

40- Amri, E. ; Mirzaei, M. ; Moradi, M. and Zare, K. (2011). The effects of spermidine
and putrescine polyamines on growth of pomegranate (Punica granatum L. cv
‘Rabbab’) in salinity circumstance. International Journal of Plant Physiology and
Biochemistry, 3(3):43-49.

41- Ne'meth, M. ; Janda, T. ; Horva'th, E. ; Pa’ldi, E. and Szalai, G. (2002). Exogenous
salicylic acid increases polyamine content but may decrease drough tolerance in maize.
Plant Science, 162 : 569-574.

42- Cohen, S.S.(1998). A Guide to the Polyamines. Oxford University Press. New York.

43- Smith, T.A., 1982. The function and metabolism of polyamines in higher plants. In;
Wareing P.F. (ed.), Plant Growth Substances, p. 683. Academic Press, New York.

44- El-Bassiouny, H.M.S., Bekheta M.A., 2005. Effect of salt stress on relative water
content, lipid peroxidation, polyamines, amino acids and ethylene of two wheat
cultivars. Int. J. Agric. Biol., 7: 363-368.

45- El-Bassiouny, H.M.S., Mostafa H.A., EI-Khawas S.A., Hassanein R.A., Khalil S.I. and
Abd EI-Monem A.A., 2008. Physiological responses of wheat plant to foliar treatments
with arginine or putrescine. Austr. J. of Basic and Applied Sci., 2(4): 1390-1403

46- Youssef, A.A., Mahgoub M.H. and Talaat I.M., 2004. Physiological and biochemical
aspects of Matthiola incana plants under the effect of putrescine and kinetin treatments.
Egypt. J. Appl. Sci., 19(9B): 492-510.

47- Mahgoub, M.H., Abd EIl Aziz, N.G and Mazhar, M.A., 2011. Response of Dahlia
pinnata L. plant to foliar spray with Putrescine and Thiamine on growth, flowering and
photosynthetic pigments. American-Eurasian J. Agric. and Environ, Sci., 10(5): 769-
775.

14



