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T gpigh (i ye § (Po s 9T SR8 e lows! dgons
Ol w3l olStily ¢(g5,0LiS 0uSitnly ¢ SUel pole (A5 () QLS (635 ety gyl
Olnl gl lonl ol e g oSS ¢(55,5LiS 0aSiils ¢ Ll pyle 09,5 ol
Ol e e RIS (5555LiS oSty ¢ Sl pgle iny ol
S.esmaeili@SsCu.ac.ir : Jgtume saiw o5

a5

)il alS b b ol RD29A-IPT cou,lys olals  Sis i 4 gl 5 ColawnSl 5T (lags 5l s gy sl
2590V 3 o olabs 85 )8 bl 3590 jlied olisly (g5yeliST euSiily (SUEL pole s (pimgf SIS 3 (e (sladiges
28T pow o (CAT) VG ¢ (POD) STy sl colawnsT T (oo 51 50 ()bl abn ¥ code g iy o (Suid (i balyis
5 CAT (o3l culld qmuls Lulul 6505 (¢ 1So0jlu3l (RECOVETY) oL 5l s g (S (25 5l i aAls o ¥ 55 (SOD) jbgenss
sl o w0 Lt @S cplag YL (St G5 balyd > Cou)l i GlalS )3 0594, POD cullad L auslis 55 4y 5 S5 SOD
oo il aipe (IPA) 03] Jezysil a9 Loy sl sl olise S2al331 L CAT 5 SOD il il slae 31 5L
ol timgd Sl g Sy Colleb a5 (i Jlorige s 4 lalS i ;3 CAT 3 SOD (glacled (ol 31 L 3> L b
Sl Sl b bl g (Suis 4 )85k ;> POD ol 4 s CAT 5 SOD (glacllad s o 55 &y .y Jinls o )lg>
SYBE gand dpuaST yygus c58 8500 ey ¢jlpnS ]y o5 51 35S (g2l

doddo

2 4y 5 4Bl 13y (SI5)o5l S o dgioma |y IS gai 5 Ay o ol ool omo (sla i ) Sy (S i
31y 5 (07) 38 oo 2515 (ROS) (53001 JUb (510t 15 3] i 1055 i 4 5] ] (33501 L (S5 Ll
hte (S L & geuly o Blis 15 eI ] slo T IS oty XU et al, 2016 cool olyan (H202) 5,
15l 43 SOD 5 CAT (APX) jlasus Ty b ysSeol Lolis il T T calad ccso 5Vl (5 0,95 Sy jl g g )b (St
(Shahidi et al., 2017) 350 oyienS] Sl cladisS o428, cpm) LB 4 joxie 4 Wl oo LIS I b sums 3 gy sine
e Gl slans] G5 5 39300 Jid9)lS 5 Jobo Ol (slyime 4 sl s (33500 dsiiz claaisS > (S i
A oSen (S i 4 ColinsS 5l slags 3l gl (DaCosta and Huang, 2006) 34 oo duiny 9 Sy Sy 4y 45
o 3l culled iges <1y .(Zhang and Kirkham, 1996)asl cglite 8 5 4565 e 5 pliil g CBb g5 ¢ a5 b g 0,90
Pl (oS il )3 (g Sl alS (K5 U s g i Gl 1) SES 8 3 (GPX) Sl 9 POD
(Tatari et al, 2018) w5 céb bagy 5l ) clsd 4> pglae yialdl

lop sl kb wlgie 090 orlisnle GRlBl 5 piSsle Som 2ml8 & b Gl by sla
S 23 Oial3l ] Toxi 3 (slyyl gy oS85 5o (SiS GA5 53 gl (5185 munlle 5 08 ity |, il 3l
055 )3 il Bl gilio 0955 (55, (o8 DMl g Wlodd 3 jate Sy CilapaS] B pudsilio (g9) 2 Oy Slo )y
(Bian and Jiang, 2009) cuua jowd  (Sid G55 bl o adsy fule

I, Kentucky bluegrass
2, Wheatgrass (Agropyron desertorum)
3 Creeping bentgrass
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9l RD29A-IPT o)y lals ady 3 Sy pd colis 51 lags 3l cded wyp Gidgh cpl plol 5 o

o 3l 5] 5 S e ) Gt bl 3 e (cladiged 5 el S b allus

i) 9 3190

dlodiz gols e sadiges 9 cou)lpl LS L Numan o Grassland 3, o> RD29A-IPT cov )y blS
) g QoS a3 €l 1y oSl (5398 oaSh s SLEL pole i sy SBS 53 il olind 015 gl
ain Y o & 5 B0b i LS ol 5l ey 9 KBS )5 9y Ve S 4 (StS e (o yme )3 (i g )]l ele S
3 ) dl>po a3 Ay 5 S slocdl > SOD 4 POD CAT (slay 5l cllad ol 3305 (3ll 0)ligd 0 pslaton;
25 5 pSeilal ol 3 (b 5 5 o

S yb o gly b (6 uSejll (1448) Zhang and Kirkham g, wlel » SOD g POD (CAT (slags 3l ol
ol Yo oo /Y (gyls (PH=Y) Y50 Lo 0+ s liand 3 1) oo & )3y 5 S slacdly Jlp )5 +/0 daysy 3l
Copo b s N85 (Sen 9y (PVP) "ogadsne Jits b (WIV) w03 V5 (EDTA) "l Sl 1,5 el 0
Cp d g Ab il e Bl Wl cas 29y Jolome wNAS Seais e worubew 43,0 ¥ clod )3 4iB> Ve Gde )04+
Dynamica ) yzegisg Sl olKzws jl oslizul L SOD 5 POD CAT (elyy yioglh 05+ o ¥V Y+ clazge Jsb o bacis
Lab ¢ pSo3lul (Halo VIS-20, UK

il sl Sas (i bls o csu,ll alS a4 ollS pla Sy 3 POD o3l culld sl lis gl

obLS b awlie o Sis i bals ;0 GC8 s GMI2 (slacSy 13 do 3 ¥/ 40 5 1o FVA dgis ()l me ]38l an )5
s i bylyd 2 POD colled (o o )d W oagas il (S (gl dize jobo s ) jpaS ¢ lone (sladiges )0 .0 odpd sl
ol cdld e (S ebar il jgals olol wiangd | POD 3l cullsd e by olis aals olalS b awlis p
I, POD w51 cullsd oy yiis GM12 9 NC14 ol 5 ol jle p3 09 cu )5 ol 5l a8 oo sladiges ;> POD

() Jodo) asls adoy o

I, Ethylenediaminetetraacetic acid (EDTA)
2, Polyvinylpyrrolidone (PVP)
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Numan 3, :N Grassland .5, :G.cul oni ols o)l 5)lbul (slas F Sk &g 4 by o3l
50l 5l el WG 5l ons alg ol S (et pe jl o Wi lalS (M a5l oas wlg olals :C

ot g (om0 T va.
(24 jL 493 5| pw ady, POD collad
4y, POD c s (Unit g fw) 5, POD c s
A 05 jloss QL"’L;
(Unit gt fw.) bt Suis OB 3l e
0.0130 * 0.0120.001 0.0300.003 GW
0.01+0.0 * 0.015+0.002 0.034+0.002 NW
0.03+0.002 0.023+0.006 0.032+0.001 0.028+0.003 NC1
0.09+0.001 0.043+0.004 0.196+0.054 0.03840.012 NC4
0.15+0.003 0.023+0.006 0.224+0.047 0.022+0.001 NC8
0.14+0.019 0.0300.006 0.453+0.018 0.090+0.035 NC11
0.14+0.003 0.013+0.004 0.459+0.370 0.0300.003 NC12
0.16+0.011 0.012+0.000 0.1110.027 0.027+0.009 NC13
0.27+0.014 0.044+0.003 0.283+0.028 0.087+0.011 NC14
0.17+0.006 0.007+0.002 0.247+0.094 0.032+0.007 GC3
0.17+0.006 0.042+0.010 0.139+0.017 0.043+0.002 GC4
0.75£0.348 0.015+0.002 0.197+0.032 0.024+0.006 GC5
1.15+0.0135 0.0210.008 0.1730.034 0.02620.007 GC6
1.230.022 0.028+0.001 0.715+0.061 0.017+0.004 GC8
0.070.005 0.026+0.002 0.042+0.007 0.0470.003 GC9
0.27+0.007 0.0470.002 0.369+0.130 0.125+0.001 GC16
0.19+0.010 0.016+0.000 0.1600.026 0.072+0.053 NS14
0.04+0.001 0.0300.005 0.020+0.006 0.026+0.001 NS22
0.17+0.006 0.010+0.000 0.239+0.020 0.007+0.000 GS1
1.6540.012 0.012+0.001 0.3000.097 0.007+0.002 GM12
1.48+0.014 0.021+0.007 0.2300.040 0.03540.015 GM21
1.60+0.039 0.028+0.000 0.3300.017 0.014+0.005 GM24
0.08+0.006 0.0200.000 0.0710.026 0.057+0.022 Bereshneht
0.030.002 0.058+0.014 0.339+0.047 0.0300.003 Bereshneh?
0.07+0.009 0.029+0.008 0.280+0.00 0.049£0.008  Chamsohrabkhani
0.03+0.001 0.0100.000 0.252+0.064 0.053+0.002 Delkhan1
0.04+0.004 0.0310.000 0.325+0.045 0.0330.010 Delkhan2
0.03+0.001 0.0100.002 0.1490.019 0.012+0.003 Homayjanl
0.02+0.001 0.030+0.014 0.255+0.008 0.0300.003 Homayjan2
0.01+0.001 0.0070.001 0.233+0.004 0.019+0.001 Homayjan3
0.04+0.016 0.026+0.001 0.339+0.047 0.018+0.003 Homayjan-
Bereshneh
0.08+0.006 0.035+0.003 0.589+0.041 0.042+0.009 Komehrl
0.05+0.011 0.030+0.006 0.075:0.002 0.012+0.004 Komehr2
0.03+0.003 0.023+0.000 0.144+0.020 0.052+0.003 Khosroshirin
0.07+0.012 0.0330.002 0.214+0.030 0.01620.001 Margon
0.06+0.010 0.085+0.012 0.448+0.047 0.064+0.008 Pirsabzali
0.035+0.002 0.035+0.012 0.286+0.021 0.017+0.004 Shirmohamadi
0.0410.003 0.0100.001 0.3100.040 0.017+0.006 Sheshpir
0.0300.000 0.0830.048 0.378+0.0242 0.089+0.021  Tangeh Ardakan

Qgei S p CAT o3l culsd oy iy dg Sglite blS den jlo 3 CAT cullsd e (i 5 i bulys )
cou,ly bl as Jb oo Gials cou)lpl (ls )0 S YUK cllad (o) xe jobo dy (Suid T .06 0000 [y yaidig pan
4 Sy CAT cdld o plp ¥V 9 200 aag JB )58l S sl o5Vl Sy CAT culld e sladiges yid o
B i 5l i LS b dwslie 3 595l 9 ) jpeS e sladiges 0 S CAT culled s cély GC8 g GM24 > sy
(Y Jgis) 09 late GM21 & aiyy CAT cdlad oy sYL oy )l (iolidl Cod s au pl s VY g VA g0

9 bl g (Swid (Wi 1 i bl )0 (e (sLadiged g Gl iU (sl LS S CAT e led Y Jous
c2l3b agd 51w aui, CAT cullad
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Y ik 9 ) S S
ay, CAT cls (Unit g1 fw.) s, CAT cus
_ 015 o lalS
(Unit gt fw.) =ik i G55l oy
2.73+0.34 * 4.74+1.63 6.79+0.87 GW
2.03+0.15 * 2.49+0.48 8.77+0.85 NW
8.16+0.38 13.2+2.25 26.09+£3.04 6.07+0.90 NC1
10.07+0.38 18.22+7.03 30.81+0.44 7.32+0.62 NC4
9.93+1.19 9.95+2.65 25.18+£3.71 4.87+2.21 NC8
10.23+£1.30 9.36+1.63 25.69+3.34 6.66+0.68 NC11
10.93+0.24 7.27£1.85 23.15+1.01 10.96+1.10 NC12
9.70£0.55 8.12+£1.32 27.56+2.29 10.46+0.80 NC13
6.83+£0.55 11.54+0.78 37.21+0.87 8.02+0.89 NC14
7.931+0.64 6.91+1.33 24.92+3.06 8.32+1.54 GC3
11.07+0.93 7.61+£0.78 33.71+£3.26 3.104£1.20 GC4
12.28+0.77 7.77£1.31 24.47+1.66 11.12+2.14 GC5
13.87+1.11 16.80+2.18 23.45+£2.43 4.94+1.51 GC6
11.90+0.58 14.32+0.88 46.50+1.60 5.43+0.40 GC8
13.93+0.85 9.24+2.86 20.91+2.82 4.72+1.06 GC9
15.43+0.86 8.63+£1.30 30.25+£3.52 5.89+0.711 GC1l6
18.10+1.16 6.50£1.42 31.68+0.84 2.54+0.57 NS14
10.59+0.84 5.43+£0.75 35.53+4.45 2.44+0.49 NS22
21.31+0.78 5.76%£1.32 25.74+4 .47 8.88+1.41 GS1
18.17+1.16 10.56+1.26 47.59+4.15 10.66+0.87 GM12
22.13+£0.64 10.96+0.58 38.53+3.05 5.99+0.48 GM21
21.37+0.58 18.17+£2.06 47.57+3.65 4.67+0.71 GM24
9.57+4.68 4.92+0.31 13.76+0.88 9.36+1.36 Bereshnehl
6.13+£0.27 5.31+1.38 20.56+1.45 9.80£2.38 Bereshneh2
6.33+£0.55 9.72+£1.38 22.23+4.27 9.61£0.75 Chamsohrabkhani
6.33+0.47 4.87+0.98 19.54+2.70 10.10+1.60 Delkhanl
10.15+0.37 10.86+0.40 11.68+2.19 11.54+0.78 Delkhan2
5.05+0.34 9.80+1.11 19.64+1.63 8.32+1.41 Homayjanl
7.35+0.28 6.00+1.26 20.46+3.64 12.03+1.56 Homayjan2
8.17+0.42 7.87+0.68 13.76+1.80 13.05+3.08 Homayjan3
3.88+0.33 10.30£1.51 17.06+0.35 8.32+1.62 Homayjan-
Bereshneh

15.74+0.63 7.06£2.01 22.84+0.77 8.02+0.64 Komehrl
11.50+0.44 12.64+2.81 16.85+2.36 11.47+1.19 Komehr2
6.00+0.35 5.39+1.21 12.94+3.00 15.58+1.45 Khosroshirin
9.88+0.49 14.31+2.38 20.61+0.94 11.78+2.34 Margon
6.63+0.38 16.14+0.77 13.20+1.79 8.90+0.19 Pirsabzali
6.17+0.35 9.71+0.22 10.37+1.19 5.84+0.97 Shirmohamadi
9.33+0.30 10.60+0.64 4.324+0.33 10.91+0.40 Sheshpir
10.66+0.32 13.96+2.38 12.13+1.66 8.63+£0.36 Tangeh Ardakan

Numan ., :N Grassland .5, :G.cul oai ols o)l 5)lbul (slas F Sl &g 45 by o3l
o)l pb als Wk 5l ens alg als :S qeien o 5l odd gy LS M ety jlond Wy lals :C
‘Numan’ 4 ‘Grassland’ c.ou )il ks 1 iy 4 Jopd FUAD 5 00 )d OO/FY U (gyld bzo jobo 4 SOD cllad

5 b LS 4y Cand 55Vl SOD culled w3y B coxyyly LS il il L5 5 Lhe db e b duglie
5 GM12 (GC8 4 slxie SOD b 1y iy esylyi olS oloo po S bais Sid (25 byld ) e sladises
O i Al (25 5] G dls pe 0 b Sy 4 s (6L SOD clled w5 lalS gladis; (IS )obas .09 GM24
(¥ Jsis) 59 GMI2 & slio 4y, SOD clled
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e g st j (S HIT

ray

-3k agd 51w duiy; SOD culled

4y, SOD ey ls (Unit gif.w) &5, SOD 45 el
i 0l Hlows S
(Unit gt f.w.) bt S OBl i
36.53+2.07 * 45.70+1.44 102.57+£1.79 GW
29.16+1.71 * 29.90£3.07 99.16+0.726 NW
142.67+2.60 120.81+2.67 118.74+0.60 109.67+1.80 NC1
135.67+0.88 115.24+1.53 93.4845.31 106.54+2.50 NC4
137.33£1.76 94.26+5.73 95.53+6.03 99.79+7.17 NC8
131.33£1.76 118.63£3.25 121.63£5.42 117.984£9.51 NC11
163.33£2.91 133.20+£1.86 151.08+1.37 89.08+1.35 NC12
123.71+£2.47 179.33+4.39 144.80+2.07 109.00£3.46 NC13
171.67£2.33 102.87+5.09 116.08+1.68 109.58+4.18 NC14
154.67£2.40 100.03+0.84 104.53£1.13 96.02+3.85 GC3
135.44+7.24 123.34+2.13 138.47+4.93 102.67+0.57 GC4
152.67+0.88 90.67+3.28 114.21+5.19 98.28+1.35 GC5
142.00£2.65 131.16£1.54 152.33£3.65 105.00£1.93 GC6
161.33£2.73 137.38+£2.8 197.17£1.49 97.44+6.58 GC8
162.33+£1.20 117.25+1.69 143.74£3.60 107.99+1.94 GC9
136.90£2.93 103.41+£1.03 113.94+2.02 108.27+0.58 GC16
153.15+4.87 108.67+0.88 146.19+0.403 103.88+2.16 NS14
125.70+£38.90 44.13+4.02 144.27+£7.85 110.38+1.82 NS22
151.90+£13.10 102.90£1.43 115.33£2.79 100.39£0.72 GS1
173.00£1.73 140.16£1.12 196.67+4.65 98.81+5.71 GM12
169.67+2.91 70.5743.71 143.1146.06 100.17£0.79 GM21
164.33£1.45 155.63+1.4 205.12+2.68 108.03£1.6 GM24
49.00+4.05 62.50+1.27 77.80+4.22 100.54+1.64 Bereshnehl
87.07+2.37 51.80£3.46 44.80+3.58 104.94+2.48 Bereshneh2
105.70£1.82 73.03+£1.47 110.67£1.41 101.85+7.63 Chamsohrabkhani
98.99+0.76 70.07£2.32 81.47+£1.12 106.07+1.34 Delkhanl
96.40+3.48 42.00+3.00 72.00£3.79 111.00£2.08 Delkhan?2
112.67+1.45 42.07+2.60 42.20+2.31 87.60+£2.58 Homayjanl
108.96+1.47 51.47+0.52 81.77+1.58 97.02+£1.79 Homayjan2
94.90+4.13 160.00£12 63.00+2.95 95.99+5.56 Homayjan3
106.00¢1.15  67.00+1.80  74.15+4.87 99.22+0.73 Homayjan-
Bereshneh
122.00£1.53 68.83+£3.51 110.82+£1.99 106.29%4.32 Komehrl
104.43+£1.42 30.53+£3.43 47.40+1.25 92.13+£3.13 Komehr2
107.66x3.77 42.27+5.76 72.87+2.44 112.82+1.02 Khosroshirin
115.33+1.86 32.73+2.70 83.23+0.91 101.24+1.13 Margon
100.50+1.76 42.53+2.10 73.87+1.92 116.8745.37 Pirsabzali
111.18+1.40 84.67+2.95 81.27+1.16 100.33£1.73 Shirmohamadi
105.27+£1.98 90.33+1.85 74.27+1.65 109.69+5.07 Sheshpir
112.00£1.15 88.53+1.43 39.43+£1.77 113.33+2.16 Tangeh Ardakan

Numan .5, :N Grassland .5, G.col oss o3l jlis 5 skl slas F Sile cygo 4 b 03l
25yl oblS Wl jlens g alS =S (aiun e 5l ond g Hlals My jlons Wy olals :C

9 ot 5 iS¢ 1 e bl )3 (slone (sladiged g Sl P b 5 GBS 5 SOD slacullad . Jgso

(DaCosta and el ials ¢ St aus (i3 Lulyd )3 oxijs lyyl 455 ¥ slacSyy 5 CAT 5 SOD (slacylls
Suid Lame 4 POD 4 CAT o8 b s cdly (il il Jlsiles 5 SkiS5,5 clacS, 5SOD . Jlé Huang, 2007a)
2 Said 4 oo g acslins] sl cdlé o sute (Siwwen (FU and Huang, 2001) xals olis gals S amaw 0s
laeisS e 53 ] (ySios Digih o S &y Lo casns 45 (slosg clop 3l do )3 sl 005 5,135 o 3 3 cilisieo (gloaisS
Ak Cglite L 5

! Festuca arundinacea Scherb.
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vay ik 9 ) S S

08 Y o (IPT) jhauilys Jusgil «opiS golw 0allS 5w (5 S 5l Gl ol comdn sloingly @l Gulul

oablS 4 o 003 gl 10 SAGL2 yuiy cod IPT 5 sl i (lo g oo (S 4y Jood 9150850 (peaS g0l prdaus

e T 3 Slage 3l calld I3 oS 08 (S8 5 bl 3 (ROS) y5en] b slokigS ol et b
.(Xu and Huang, 2017) 35 ol yos cou )l U lalS b auslde 43 (DH) iy eSuls inslis'es, g APX CAT SOD

duslie 0 LS pl o Sis 4 Joou daty 4 yoxie a5 Dy yidin 0535 g lIPT cou )l s saSy 0 CAT (piigp
2 STy ol b awlio 1> SOD § CAT slaculled cpils w)yp ,o (Merewitz et al., 2011) wi cow)lpb LS b

b Sis a5 blys 3 SOD g CAT clags il YL clacyllsd ingy 5YL cou)ly ls ) opoa Suis i bylys
e 3l cdled wsls L (YY) ohen o HU (6,505 Gidgh ) cawl s peiPA o35 ba il gule flime 5o Livl33)
8l il (o ok 4 ()98 IS 9y Yl e c8)lpL dllusis ol (61 APX 5 POD SOD
S8 puile ialisl boas wimd ialisl 1) e lgs) culled wlg o b oS gole 15,5 olo (Y+V5) o), Ken 4 Chang
5 i 15 085 (glg)l QLS 3 LSis Jesd Liliil &) e oSy 3 ROS o ialS b 5 coul layo lacilages] o]
slood gl 3 ROS g JI (slaJgSge 9 So5lgm (slalisé & camml oo Wl oo &5 295 g0 yiuir (5 Ly 53 ROS oo
I35 A 5533, o 5122 ¢ T ot gl o 3 2 g o285 T Ly 9 & 85 i g 5l
o5l 5T cullad g wile ccaliste (ldpunslSa b b piolS gl (Choudhury et al., 2017) k545 0 RNA 3 DNA (cla
Iy ROS o5 CAT 5 SOD iges sly laenST 5] sloves 351 cdlad yiol8l b 5lasnST op5l5 d5g05 (¢l ROS lawgs o
(Honig et al., 2018; Arnaud et al., 2017) ks> o )3 ,ib cov

(i 095 6ltl wim Y ) ey Jloys el 4 (LS j2iy )3 CAT 5 SOD (slacyllud ol ()Lt gl ol (S psboay
e 5 a1y b @ £ SOD 5 CAT (lacld tuwy o Jlas 4yl (lS b3 Sl G Sl collid e )5

a5 SLL g (S 4
&
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Abstract

To study the change in antioxidant enzymes in response to drought stress, RD29A-IPT transgenic
perennial ryegrass plants with non-transgenic plants and local accessions were evaluated at the Research
Greenhouse Horticultural Science Department, School of Agriculture, Shiraz University, Iran. After ten days
under drought stress, the plants were clipped and rewatered for two weeks. Antioxidant enzymes such as
peroxidase (POD), Catalase (CAT), and superoxide dismutase (SOD) were measured at three stages: before
stress, during stress, and after recovery. The results showed that leaf and root CAT and SOD activities were
higher than POD activity under stress, especially in transgenic plants. These results suggest that higher SOD
and CAT antioxidant enzyme activities under drought stress are associated with increased endogenous CK
content, especially isopentenyl adenine (IPA). The results also indicated that CAT and SOD activities in most
plants did not back to their normal levels; however, POD activity was decreased after two weeks of rewatering.
It appears that CAT and SOD are more active than POD for drought adaptation and recovery.
Keywords: Leaf, Peroxidase, Root, Turfgrass, Superoxide dismutase, Catalase.
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