[ Downloaded from journal-irshs.ir on 2025-09-01 ]

VFY) YV YOR slaamio Y o)led YF alo ol SLil ()58 5 psle aloea

Iranian Society for

Horticultural Science
ol Gilél pele Cpanil

JA 30 (PIPL) 3 o 3a91s8T 03 Ol 9 S39992 38 0 B2 il
Effect of Flooding on Physiology and Expression of Aquapurin 1 (PIP1)
Gene in Pepper

Pl 1 0 pgpaxe
Ol el (leiol sinio olKails (s5,5LaS 0aSails (UL 09,5
(mhaghighi@cc.iut.ac.ir) :Sog xSl g+ Jgtms 00 gs

VEVNVA 5By b QAN el s &

oS>

k4

Lot yslsST oz 5ty DT el 31 ey a5 358 oo aty) Sl o ST 5 (5 3ea sy B8 25

5 b cryslsST gl ol s s ol ol (sl o Uy ol SLalS” o B 45 o535 ilej] il gy o
5 el FA Goe oligS (yloj 90 50 i (90w dalis oL g 09 ool aBgie ] (1 ,eleST cdlad a5 LB ,e s o oLS
5 olag e Sl 18IS a5 sl S5 5 5 5 ST Sl 52, 1 gl )+ onml
Sy 5 050 a0l 5 S8)8 o 5l 5 ate cnslsST (g (GlB)8 A5 )0 a9 S o Jewlty Lol ol (65
Cl il B2 25 50 SO prmnlonl Slgiome 09 o] Do oBeS 5 5l 5 cite Gawaidy GBI 0 ady, O
Il obsS Do )3 ylsST Hga pae 10 5 S sl Gial8l el SVsbo Do )3 1 ylST jga 0 45 (g 55b @
G2l e olsS 5o 5 Gl S il )3 aymlsST s pas 5 2B (15 50 S g aday GyslsST 0 Ol 2L
JRIS Vg R UUNE) KV PSPUU TR VPSR JC S IS S PSSRV L RCICS S U KVOWG 1 Je] IS S LR S TR 1
Mg Sl olye 4 aSgig 5 Bk 5l ais Laas | olS Ol (slyine 4ijg, i b b b al8l o y0leST jga> pae
Lalyd o Jals po O Jolad Laa 5 ) sl salsST jgdm vy o0 a5 (S job -8l Gl 5 S sl

3

40RO

Skl e 3 ol b g 358 (65lol Se (GYgbo 090 Ko (sl olS (G0 yium &S wBd e ¢ (Sloy (LB
305 oo (LS 4 O jlis Coge i j0 calie 1S5 090 5 3980 JilBd slaasY samg L aS 0,5 (18 w5l i
Al 0 &S oo Jizee |y glaisl slacJlad 5l (6 )l (LS o caslio 43905 Cailons 3o, 5l i ol (Ashraf, 2003)
oS i (S canliol aygd el (LS o S p byl d o ST 09008 0 I8 o i SU LS wly
20 01 SgaeS el (55lgn pbiS 4o yg i8Il sl 005, (y5enS] aS @leu'i 3ogd oo LS Aty el pae S g
32155 g 3 ol Sl 1y il ol slasaly o5 90,5 oo ey 45,7 5 05U JUE (b oS5k Sl 55 g5
@ aS Cowl ST Jlad sloasgS adgr (OB e Ll b o g mSUN JWl pouy ol aSTels Sl 31 50,5 3 (SGcdls
sbwl oS jo lBye i Sl 50 a5 (6,508 Gl i) o el Sl slalié g b ySIgeg Sle 5l (ormg ik
Ot 3 (S A 09l co alyy ylby o DS o B, s (Kafi and Mahdavi Damghani, 2001) ol

(Ashraf, 2003) cowl 0, gl (SIS 5unST @ olS di ) (oo yiesd pAE § i ;0 eS| 2alS Loy


mailto:mhaghighi@cc.iut.ac.ir
http://www.icid.org/res_drg_soilsal.html
http://journal-irshs.ir/article-1-444-fa.html

[ Downloaded from journal-irshs.ir on 2025-09-01 ]

> g sopars

Atlol b 09l oo (som slacdglio 5 Jobl 0ddgi 5 Geeds 0ild) s5lep (2 Ll sl s (5enST 9008
obis JUEl 5 iz Sl ity 4y ol 1 50 e 038 e e il 5,0 511, oS it sl 5 5T o
5 a8l Grals piwgd cud ol 4z b Jede)lS oy (halS b eizmen 5 955 0 dgae lse slagluil a4 olie
JUs! cud b saims lis uiluygls Lds IS l5ee (Araya et al., 2010) 55,5 oo olS ;0 ol amns S SgaeS s orie
eian b o GalS 11 e sss GaalSs, ks 53 (35555 5 (53megid s e 55 S 43 o sl PSIL (35,550
L a5 355 0 339555l Juds IS (iymmad JUnb (5 3hogis SaS, (b 44375 g «Dids S 0uiiS 435 (sl 5]
odalive dods Jald 69,  sipgh o (Arayaetal., 2010) coul ol (5,155 ool )53 Dl s ol jo S8 iid 042
o5 il olS SlaS 50 wad oo et LS S0 1) (liedon 5 Su3ole 8 laanl Bl ()l DB, 25 a5 0
Sl olad Gl e cod LS )0 ks (g n Gl (Jg Sl lS ety Slyie (B2 2

e 5 S Sepmlinl il 5 Lulyd o ohig saith o) el 50 sate Sl R Lapyse 90
crge daly S plyieds 5 955 o0 sy Ol Lk g 55 SelS gl o G5 Jles! Sl o5 cel alS slagyge90
Wigy oS slasl o S nlanul e yee Jili8l L (Bienert et al., 2011) o8 5 oo (i 45 oL Conlus ol
S gy omly odle (Bienert et al., 2011) 098 o Laa> slaBl 9,0 Gl Ojge (g Wsd so aug ladijs,
s 035 oz 53 45 Widlhge 4l 43 sl dilie slois I OT O BBy ela o Sl G G plsS]
slagtign (TIPS) cudlsisi (J9y0 lagaiisn (PIPS) Lawdly slic 15 slagaiign 5l wid)le &5 Wigh oo (s
IR 65575 ooy, ;53 DNA I Gl 45 SIPS) Szs8 (s3b slopatis 5 (NIPS) Y9 (lgogi and ol
s PIP2 4 PIPL aivss g0 4y &1 JUIS cudled o b JIg5 ool 1) alS Lowdly slid 15 bty p o8 oo
.(Bienertetal., 2011) a.iS

o o1 a5 &y Olighiod Jidon 5 Cand (e ol 50 (8,2 Ll o T Jml o layylyST i &5 pl2 o] )
laods Jald olS 55 sy (nyosST GRS Oliee § Sdled ooy gy nl 5 Ban W Ceol oad Bglane (St 15 o
ile 8 5 Jlasl 5158 5 ol Sl 5 0T 8 > lS Sajslinsed slagel 5

3y 99190

st 5 Jloc! byl g oleS cuiiS

ol o8, (Capsicum annuum L.) glaets Jald olS (54, Bolas als b B o el O yge s ialeyl ol
SIS o L 10 doyd £ i Cogby g (wgmades a0 VAV Y wildfailyy, los Lawgie Lulps jo Y
Ghls e 5 cou oS sl Jele Jelt bl .ol plowl olgbol  ciaio olSails (53,5laS saSails Slidss

B8 G5 g ol ol S 5 (D-ag) g2 o o ()] (aylsST coled a5 (8,8 (s o ol 5 (Dag) JUeb (251155 |
i 5 sl Jalb ola )yl Cibgie ady, s ;5 el £ St 45 050y ol b (1551 il o
L st ol bl i Sy o olSi Wad S5 Y ) i e b oY a5 S s (55l LS
3l 7l ) 5 ol VY glis) 5 V7 B 5, sl (Sedl Byl 4 ke T S o 4, JlS syt
s Jlesl (gl 0,8 polen 4230 B Do 4 @B VO yo wald o 9 (V Jgu) adly Jlasl Johnson olag Jalore
G5 ST g 5 A DlS Byl )0 atin Sy e 938 gl (Jolome (5emST Bl sl ol jo (858
CoiS Lo 43 g 0 osilingy MolS dishs oo 1o By, prhans s e Cg)ls 4 5y & b Flo kS orns 3,5
Cel Fgo Jlom oS Sufelsnied slageoly 5 Jlosl loj e a5 il 51w S 15 eolse (90 Siigyg e
4 olS S oligS— By 10 00,5 Jlesl (pgo Jolo) 55, Vo Sowaily g el TA Gow obisS ley g0 jo Sl s

sobie 4ol ploxil absy o slaat s (6 S oslil (sl (6505 Aiged 19, 99 5 9 8,5 8 QB8 25 B yme 0 o)Ly

Ps301 -\

Ys


http://journal-irshs.ir/article-1-444-fa.html

[ Downloaded from journal-irshs.ir on 2025-09-01 ]

(VF D) FYE L 19 sloaxio ¥ ojlois FF als sl GLEL (958 5 psle alxo

Vo Soedygad,s 8 s ball o olae Jeloe olse alS L e, an bz yud 4 ol coaeail- B, i
(Young Jang et al., 2004) o laa> 25 bl yo 59,

gl (2138 Jele o li polie GlS 5 ) Joax
Table 1. Mineral compounds in Johnson's nutrient solution.

S5 N33) Seiel e Senalclle ol i) o Seal i) Jee raie sl ol
Compound R Stock Stock =l Element Final
M.W conc. CO“?- ml stock per liter final conc.
(M) (91 sol. ppm
ool Ol 101.10 1.0 101.10 6.0 N 224
KNO3;
Ol F oedS lps 236.16 1.0 236.16 4.0 K 235
Ca(NOs)2.4H20
Slind i ,oubsopsnsel  115.08 1.0 115.08 2.0 Ca 160
NH;HPO4
ATV el ges 246.49 1.0 246.49 1.0 P 62
MgS0..7H,0
S 32
(mM) Mg 24
iy IS 74.55 50 3.72 1.0 cl 1.77
KCI
sy g2l 61.84 25 1.54 1.0 B 0.27
HsBO3
] 5 58 e i 169.01 2.0 0.33 1.0 Mn 0.11
MnS0O4.H.0
STV sy iy 287.55 2.0 0.57 1.0 Zn 0.13
ZnS04.7H;0
10 o Sligu 249.71 0.5 0.12 1.0 Cu 0.03
CuS0..5H,0
Slidge S 161.97 05 0.081 1.0 Mo 0.05
H>Mo00,
oal oS 346.08 50 21.53 1.0 Fe 2.80
Fe-EDTA

O ol s 0,50l s a5 IS ol 4y o oolaiwl )], San 9 Jy0Stna sais Coli Loy, 5l ey elsST cudlad Cides (sl
.Jyostna etal., 2012) a,0,5 aslal ,1ae Jolows 4y Ygo Lo
S imded 90 s pS e (6 25 ojlul

5o Aoldl Ll s ol o olE lal el g ban,elsST cudld 5 by 56 5 o Alexandersson L 3.l
31 o= (Alexandersson et al., 2010) wi ploxl alies sl jazlis (5 Solail sl (6 mFaises (2B, iis e plesl
05 e o jlads ) 5 2lse pll 55 98l SeS a4 gt Jladle OT L beasy )« Sl Bg)b 5l GlalS (o5 7)1
g 085 )18 s slacShy yo alilaa jsb ay ala) g o)LLl (e 0l (0595 5 039 JEemmd (2935 Lawss (e
@b xS ol jshaie 4y ol (ne Jlammd 693l 5 b e 9 SAS Gugeeds a2 50 Ve gl 5o Cel FA Soe
255 313 1,3 S 3 Loy (sloo S Alisty leo slno,S 5y s Vo Sute g (FVIFI) I iepagis sagilys
SS 5 5l 5y (K 0 (6,505l (LSS YYYRS Joe) g il 918 o8t 51 oolasl L FVIFM o] 5l as 5
oBetws bawgs (IS5 2 50 Ol3 A gaemed) Iime S aw (59, OB aw ol a5l Ojse 4 W skl JL
bsg g5 o b Jedg)lS @ Lo 5o ool o 5uSilos s 9 plol (QEndSSl 23l CLAOL Jua) i b 1S
iz Gl UV-600A Jow jegidgiSiowl oSiuws 1 oolaiul b g wo,8 7l vl (g rawgd slooySs,) Ve 7 gl Pl

Y&


http://journal-irshs.ir/article-1-444-fa.html

[ Downloaded from journal-irshs.ir on 2025-09-01 ]

> g sopars

25 dse b Geb we)S kil jo9 b hdg)lS @ Juds) IS sl ot 5 jegilh TV 5 YO FPY oo Job a0 58

(Armon, 1967) o ilg>
Carotenoids = V- - (AfY+) - ¥/YY(mg Chl. a) - V- f(mg Chl. b)/YYY

s olsd Lansgi g aBalo ol o 4 ay; g Wgy o Sy I I lod it (o 40 S 5 ey O il

S 31 Ol s Slgie (6503l (gl (TUMMEN, 1988) u_is (5 ,So3ll (SKPM1405, GBR) (sl alaioms | ,Lid

S Al 1 51 s el Cews 4 (FW) Lo 1 5059 5 050 (3365 9 1o olS dus pgas S 51 a5 5y slacSias

Sl GRS L AW) (S lacSans glodl (55 08,8 18 (So,6 0 celo Y ey s (555 5o shbie O 0 Sy

Celos FA Do 4y Gogrmardas 42,0 AD 5] )0 (i lacSlans olo 13 51 Gy el ety oyl (52595 (g 9 (7ol

Martinez et ) ws,5 awlxe o alaly 51 S O s Slgizme (LU 8 awl Cawss DW) (5 slacSins i (59

.(al., 2004

Relati t tent = 100
- "«
elative water conten

a0 YO) 361 sles o el Y oo 4y g o gt 050 ol b )b dw g augs Sy S Spaid ol
o 5 am (EC1) ai 6,:505l 5o EC Lawgs Jsloes S oS i e Cslos Y 5l ey 5 08 5 15 (Umgpandas
o3l Jolowe EC lom O Oy 3l Ay g Al oald 1,8 Tl o pugaudis a0 VY glod g A Bo Ve Lo ) ladiges
(Lutts et al., 1996) wol s 4 SRS Gl iy adaly sleslatwl b e (EC2) 0y a8 5
EL= (EC4 EC»)x100

D90 b ol 510 5 XFe iS50 (T HP-PIL20 Ja) (655 5o Koo b 5 3 gl 55 Copnds
o plxil ((pzls CANON-DS126271 Jow) osSeuss So 4 o
el 9 gy (e

Uilem 5egil DD zgeJob jo iz e dadiges dngs b eolawl Bradford g, 5l usSg g Sojlail 6l
&y (Bradford, 1976) wal cews a ;i oo 5 o)5 oo o 2 (g Cale e il iomio b dylie bl s 5 0
slocdale 51 yegidg mSowl oo 50,5 0, dlS (gl .05 oolaiwl alls dg 5o lalinl sy slo Jeloe angs
OY zae sk jo iz Gl .00 5 oy o jlailin] sovie g ol eolaiwl vals flaie 4y alls Selei 5l g gy el
F359 85 03 J3esrSan s p adiged (g Clale g 0l plonil ndiged g ) m Fegi 89 Sl olSns Lagi fogl
S o g oolainl s olS sbdiges | pawly yaie clale liw (Bates et al., 1973) 6o )5 Lo 5 dwlrs diges
Wee 50 So 50l baiges pan gy ol S ugnde a2 30 000 slos b (S5 xSl 6)s8 o sl YY
(JENWAY, PFP-7) jiegb auld olfis 5l ooliiul b culps o i sagle, yid Lo 00 aoe> Sules jo g b snlial
oKiws L Singleton & Rossi bg, 5| SJed wloS 5 ol (Hamada and El-Enany, 1994) oi (s ,.50;ll
Coss &y Aigas Joib )l o lilivl JSCE 51 ooliul b culs 1o ol (5565030l il VEO zanJsb b (5 ogishs xSl
.(Singleton and Rossi, 1965) w.!

Fog3b OVY zg0 b ;o DPPH (2,2-diphenyl-1-picrylhydrazyl) og.i 4 @IWIS:JT Cad b 6 8ol jelaie 4
Gy 6 So5ll sl (YU etal, 2010) wi osliias] (LSSl 155 il UV-B00A Jow) yiogiby Sl olSss 5|
MalST ogermmnes 4250 oz sloo 5o Gsielsyes Jens S o5 ) 5T A Jsitie beosl Sy 2l )5 S el S ]
)l?hwa}!L..a ..\.MJO..\.:LM:)/\ daquH 9.\....:‘.\? @3)J91m5)9.0.5)...:l~44.w\) \a Q\.\AA.])S\)?"’ )\)9“.‘>|5.o_iv
ST il 5 05 1S5 %8 4 95 Jas ol oS o 5 a8lol ojizs ol i oo & ko Jsbs oo Bl 5 5 e
Jsilie do s as 55l sl 1 Lo Ky suile Bl gy o085 &g als 1 uie Ioaome 5 03,5 adlol bl Ll
(Diamonsic, ) wgSasjld ygiw 45 g ol 03l joue o duo < /FO Slo 5l s 090 5 o g adlal Sl ol Jgo +/) g

Y#Y


http://journal-irshs.ir/article-1-444-fa.html

[ Downloaded from journal-irshs.ir on 2025-09-01 ]

(VF D) FYE L 19 sloaxio ¥ ojlois FF als sl GLEL (958 5 psle alxo

S e 1.0l 3,55 (Unicam-Crystal-200, UK) HPLC olSiws )0 yo o F/7 jlad o o 5l YO Jobo 4 Crg, SUM
Al o lailisl 51 olanwl HgxSGs ol e 4 ag s o ) Lo Jle e L (AV-YY) Soiil anul Jeibie Lol S
il (siges rominws 6l ygul pdS b (g5 o b o ooliil Sigma S i ca-le 7AYo gl b SO ]
Ot 2l Jgemme diged ke (2,5 slaSy jo ol Codbge 5 dmie )l elulp (28,515 eolitul 950
(Flexas et al., 2006) o«
(PIP) 4 ¢ y9lo5T 003 ot (o

ogmbsaz ;o A oy 0 mle S5l 30 5 00,5 48 (LSS ) Sy g ada) S 5l pladiges (talejl (LG o
aryd A les po Sygady; eud (5,8 slaaigas JIRNA glsl (on)nlsST 05 Gl syt sl 505 (60
zl 2 RNA 5 1680 5SUI b s .0 ol (Iraizol, RNA Biotech Co, Iran) sl pl coS Josdlygiws Gl wgandes
(Alpha Biotech Ltd., Glasgow, UK) Picodrop P200 ol o b olKws SaS b ob,) 55 9 (4)) 59,81 J5 (59, 0 oo
51 oolitl b sus zl5al JS RNA 4 55 See) €DNA ats, el gl i ai3ls y RNA CoaS 5SS s 4
oy b e (Thermo Scientific, USA) oS Josll)siws 43 4> 45 L Revert Aid M-Mulv Reverse Transcriptas
L 55kl >k .as plol Real time PCR 5l eslaww! L (PIP1, accession number: JX402929.1) <y 550155 T 45 oylo
ks per product Jsb o )5 (o yiws oyl da 55T Jlgs slyls Jeoz ol (Y Jgaz) o pll Oligo 7. 1530 6 5
Sl JS olsie as(accession number: GQ339766.1) (.oST 5 51 ey5 cnl ole ile Jloy jskaie 4y .(per o JLasl
sl ,See VIA SYBR Green (Gent Bio. PRK) iy See 8 55l PCR 1 (oo Vo 2STs bgliee S o o sslial
4 gemdis a3 30 A0 Jolin oo Lyl i .o plosl ROX a1y /Y ¢ 55kl ,o 51 s Soe V (DNase / RNase free ol

a0 VY gl Yo o 4 oguedis 450 00 Al Yo Soe 0 wgaandes 45,0 A0 90 Fo T Jloo 4 aiBs V- Sow
Livak ) o dwle Cr s (g, 5l ealatul b (PIPL) oSG (1 ,50165T 045 oo o wads Jlael 4l Yo oo 4y wgannds
.(@nd Schmittgen, 2001

Real time PCR 5 ool 5,50 (sla 55T -V Jgo
Table 2. Primers used in Real time PCR

0,las Gl caz) b ol b ool g Jlas! sles Nk
O o Band size (open pair) Sequence of primers Connection youl
temperature .
Gene access Primer
number name
JX402929.1 228 F 5-AGGGATTCATGCAAGGACCA-3’ 55 PIP1
R 5-TGGTGGCCAAATGAACCAAG-3’
GQ339766.1 231 F 5-GTCCTCTTCCAACCATCCAT -3’ 55 Actin

R5-TACTTTCTCTCTGGTGGTGC -3’

&bl sl
oiptinl LT 1580 o5 51 osliasl L ool culed ;o s alawl 1S5 )+ b ool SLalS” aply s alole g0 )55 Ligle;
arles 00,3 0 oz s 45 LSD ygmj] SaS 4y baools (yeSilis dunpliin g wind 5,JUT Statestix 8 (s Lol asliyy b

o g b

pos g s3> 50 o)ty 5 0js liee LBy SR 0 a5 ol (lad wdy lagasli n mlsST ogzy ol mli
) 5 g ol SlS G elsSTelid b (B8 s s i St (g9 4 o o <l 2alS o elsST s

2D ga JdglS g Sujew ol p e 25 .cdl als By 25 0 S 05 5 GoymlsS | Hea> pae

YFY


http://journal-irshs.ir/article-1-444-fa.html

[ Downloaded from journal-irshs.ir on 2025-09-01 ]

> g sopars

clla gyl gre il (K jasls g ad b ga L8g, 5 e o s corge oeaily i cbla gl g

inactivity of aquapurine.

(Y Jsa=)

onlsST jgax pac g jpa lyd o glaads Jald Sojelg b g gad), patlh p B,E i 36 Y Jguo
Table 3. The effect of flooding stress on the growth and physiological index of sweet pepper at presence and
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Table 4. The effect of flooding stress on some physiological traits of sweet pepper when the aquapurine is activated
or inactivated.
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Means with the same letters in each column are no significantly different at P-value < 0.05.
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Table 5. The effect of flooding stress on some stress indexes in sweet pepper when the aquapurine is activated or
inactivated.
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L-.;.)
1.25¢ 1.072 15.93°¢ 23.27¢% 57.43° 24.04° 29.658 o
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Means with common letters in each column are no significantly different at P-value < 0.05.
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Fig. 1. Effect of flooding stress when the aquapurine is activated or inactivated in short time and long time on

the shoot fresh weight (A), shoot dry weight (B), root fresh weight(C), and root dry weight (D) of sweet
peppers. Means with common letters in each column are no significantly different at P-value < 0.05.
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Fig. 2. Effect of flooding stress when the aquapurine is activated or inactivated in short time and long time on
chlorophyll fluorescence (A), chlorophyll index (B), chlorophyll a (C), chlorophyll b (D), and carotenoids

(E) of sweet peppers. Means with common letters in each column are no significantly different at P-value
<0.05.
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Fig. 3 Effect of flooding stress at the presence and absence of root aquapurin activity in short time and long time

on Leaf water potential (A), root water potential (B) and relative water content (C) sweet peppers. Means
with common letters in each column are no significantly different at P-value < 0.05.

YFA


http://journal-irshs.ir/article-1-444-fa.html

[ Downloaded from journal-irshs.ir on 2025-09-01 ]

(VF-T) FYE L 109 (slodmio 1 oylas TF als 5lnl Ll 5338 5 pple dlo

Dot Dk (Vb (15 50 5 05r aald 5 8,8 )8 5 1 ey ysilsST g pae 5 QB8 R 0 ey Ol
ooy 5 (a1 T Syl (F JS5) ol 5Lad (6l cine S gy Lol 0y (ysalsST jpda pas jo Das oS |
GBI oSt il cad)l o )0k 4 85 18 25 by 53U ced Ll et gl (pre Dol b les o 0
O3l (2L Dae 50 (nyalsST g0 (DB 1 0 g Gialidl By i e g Gl SBse i e i ey e
Jga> pde g jeax 0 Sy 15 s Jeid liee bl gyl e (ol i obsS D (o el e Lol Bl
8 U2 sy tlsST e G5 ST L 3 855 ke s 41 5 <3l i3l gl

80 ~ B 50 f a A
T 70 - =
% 60 A . 40 - u A_J.\A.XJA
_ 8 501 ‘ o 30 - ab ab Long time
_}3 ; 40 | Long time 33 %D ab o ol
\3 § 30 4 ke oligS %’ 20 A Short time
5 E 20 4 Short time s 10
2 i
) = 10 - 'é:j bb
;: 0 - 0
S B2 aq- By Aol By aq- B¢
Control ~ Flooding Flooding-aq Control  Flooding Flooding-aq
25 1 C .06~ a a D
= = ab
B 20 A - ol :T_‘ 0.5 -
&0 : 0 _
x g 15 A Long time 2 %" 04 Long time
3 E e o iz 037 ERVNR
= 10 4 Short time S 02 4
2 ) - Short time
Ta‘ 5 1 201
~ =
0 - S 0
B aq- By ol B aq- B¢
Control Flooding Flooding-aq Control  Flooding Flooding-aq
o 35 1 E 18 - a F
] a = 16 A a
a 30 21l @ 2
[ 25 A 100 12 4 i m Sdediy
T 20 + Long time 3 ¢ 10 - a Long time
¥ E 15 A e oS tE 8- o oS
é 10 A Short time g g : Short time
8 54 g 2
] w2
~ 0 - 0 -
b2 aq- By Al s aq- By
Control Flooding Flooding-aq Control  Flooding Flooding-aq

J5 0T (ST UA) Jgid 2 Sovonids 5 SraolisS’ & pgmts asy alyST Sullad pae 5 90 53 S8, (A3 GiSom  -F S8
W5l pixe M s )0 B maw jo wiis
Fig. 4. Effect of flooding stress at the presence and absence of root aquapurin activity in short time and long time

on phenol (A), total antioxidants (B), proline (C), total protein (D), potassium (E), sodium (F) sweet
peppers. Means with common letters in each column are no significantly different at P-value < 0.05.
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Fig. 5. Effect of flooding stress at the presence and absence of root aquaporin activity in short time and long time
on Abscisic acid content of sweet peppers. Means with common letters in each column are no significantly
different at P-value < 0.05.
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Fig 7. The effect of long time flooding on opening of status a) Control b) D-aq c) D-aq
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Effect of Flooding on Physiology and Expression of Aquapurin 1 (PIP1)
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Flooding stress causes a lack of oxygen and impaired root activity, part of which is related
to the possible effects of aquaporins.The factorial experiment was performed in a CRD design
with treatments including the flooded plants with active aquaporin and the flooded plant with
active aquaporin at two or 10 days after stress. With the loss of aquaporin activity, the fresh
and dry weight of the shoots and roots decreased and the duration of the stress did not affect it.
The potential of leaf and root water in aquaporin’s-free flood stress was more negative than in
flood and control, and the potential of root water under long-term flood stress was more
negative than the short-term stress. The content of abscisic acid in flood stress increased so that
in the presence of aquaporin for a long time it increased the abscisic acid and in the absence of
aquaporin increased in a short time. Expression of the root and leaf agquaporin gene increased
in flooding stress and the absence of aquaporin in the long term decreased in the short term. In
general, the antioxidant index was more affected by the duration of stress. The amount of
potassium and abscisic acid in the plant increased in the absence of aquaporin to maintain the
water content of the plant by closing the stomata. On the other hand, carotenoids as a precursor
to the production of abscisic acid increased. In general, the presence of root aquapurins seems
to play an important role in maintaining water balance in pepper in flooded conditions.
Keywords: Abscisic acid, PIP gene expression, Water potential, Water relations, Stomata
status.
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