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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-.;.)
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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.
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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.

28l palS e olisS 55 5 tali¥l e wily )3 ysilsST jed pas g (B8 (i 0 S g ada; ymlsST 05 Ol

ﬁ)oyMauw)ow))asaucl3‘95)¢3ﬁw)%lsﬂdjdlﬁ&wuﬁmxbgﬁjé‘_,ius)oul
(5

Yv-


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

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

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

o 1.8 1 5 1 B

£ 16 - 2,

= i = B
3E. 12 32 st
J gy b Long time 7 S 83 - Long time
3o 1 cadls D TS e ols
G S 08 - % &Sy e o058
= © g 06 - Shorttime 5 3 8 Short time
38 £ 044 365&
\\;\ é g 02 A 3'\ % &n

5O 2 0 LN

i) by ag- B¢ s sBgag- B

Control  Flooding Flooding-aq Control Flooding Flooding-aq

5 (A) Sy 05 Ol Dawatly 5 SaedlisS & ygoa aday aynlsST Calld pos 5 jpam 0 LB, (i (LiSen  -F S
AW wo )0 B mhaw Ho dws S ie By )b a5 Sl She (giw o 0 sladds Jals (B) a,

Al s Sxe
Fig. 6. Effect of flooding stress at the presence and absence of root aquaporin activity in short time and long time
on of aquaporin leaf gene (A) and root gene (B) sweet peppers. Means with common letters in each
column are no significantly different at P-value < 0.05.

PIP (paiz collid 5 slpime mlath ) (soge 15 (St (15 SlliS 53 (090550 S e 0 Sl
oelats a5 o L 45 sl oglite S gl § Sl a5 4 PIP 5 (o sSasly 45 sl o olgiigs «Jlo ol b ol
b PIP ol ) eonl 52 odle bl o o 0508 Jsb 55 S pramtlorgnl 31 s Sidlias (gloyano Lolis PIP 5
2959 gl 50 1) 6sS o p B9l G y0 5 Sl 5 ple) Do 4 Azl b edd (e 4t JLSas Lalps o
oy 50lsST 1500 45 I 4 g axily Lial3l azgs B ysb s W PIP 55 by oS b 0 il o oaline o ]
5 il Joles P (JLsSas 5l (36 sl il )0 Canglin @y ) oS Wil o (izran oy @pld by et (g
polie OT L Lo po slo i 4 MaPIPL o b (S il 5 bglas o Jlie olgie 4 S SaS Sa5alen b csloais] b lao
el S9e 5 2lid Slocaml 5 dpd DselinS Ty Gliee 22l 5 S 40 VL (s lpme (2Bl L 5w
S 05 ol 5 obS ol cends erM 5 onnlsST (58 o o9l BLI|daasdly (nl o, dle isd oo (At (s5om]
oS e Jawsﬁ' Ol ol 45 Jb o digdioe ol ewijl sk 4y b glsST 5l can e paseiis g ] ol
2 2L G PIP o9l oo 0lais (5598 5 (St aiile oollasl (aroo Lulid b layge 90 ) al> 5o aiile ilisee
Codld 51 VU gxhans PIP2 0555 00, i PIP2 5 PIPLiotias disd 53 45 g5 oo ol JUIS el 5 o g5 ol
Grdudeai slls CAEIPIPL (59 oS b )0 a0 oo Lid jedee sloo o> g XeNopus slacSess o 1, oI JUS
Sz LB Lo wls o ATPIPL2 a5 ol 08l i g, T sl g Jeloos 5 435 el T 5 oS i
Sy S i o8 PIP cgig; a8 0ls (La3 gy 50 GayslsS T slapss (o2 00 JWSl O S 5 o
(Postaire et al., 2010) Ceul 0us walass a5 AtPIP2;5 5 AtPIPLA clisiasl ) cigd oo medid o ,05 &9 4 Yoana
05 85 el azgi Gl sl i K00 GlaplE )l a4 Cund 1) S s 50 (cmasisy S omb sk Lol ) ke
(Sl sed slacled i o b T a5 ool WSSl 0dimd L § G ols il 4o CSNIP « CsSIPoslgils )
OlS o 5 gl )] sloodls b oolgils 5 plod 5o Dglite )l wiiS (o Jos paie b (gdie olge S g Jox aiile
Johanson et ) wiS <SG ,o0 1) (5,955 | Aoz 5 5 g, Jolos ol Sae ST 0505 (Nguyen et al., 2013) el 38150
S 5 4y gl o ansl 4 ansl Ol U5l s s ke 5l ady, (Suls,oen Colia s, p oSS Lo (al., 2001
2559 pbians job 4 Wilg oo PIP g5 Ol sla JUIS a5 ams co oylid oduny (ol ol aily als G 4y loaiy, 5o
e oligS G5 3l e 95 gn 8 (S 3 il o SLT 5 g LS 4, ;0 NIPIP nsi) ccnlpl 09
45 AL o ol 1y a3 Sy Waazily b (Mahdieh et al., 2009) <ol als o515 olS ady, ,o PIPT 55 ol oles
P 6o iy JEH (gl 6 pon] oalits b a5 St 25 o owilogdly o i (aly |, (sl g (a5 wilgs oo At PIPI

YV


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

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

> g sopars

3 oS 5l il sl o slr 4 o SamSlss b I sloaal doasd JyplS asle loJsSl5e JUisl asle
5 4525 210 (S aenSTisd Jl e 5 3imagid lime 58l 4ty 5 dgie culam 4 PIP S 5l JlSas
OassS| Ol gl (1al8 a5 weo e LS s 5 Ol Ll yd 50 (gl 5 @ 95U LS S5 (il el
(Flexas et al., 2006) ols yials |} ©d> o> 5l jiw (o a5 Jb j0 il @lls ) SaSTes 0l S pw cumw
S (Vo (1550 e e (las |y Gl 5 Vb Sleclas (T plej S 5 5 g5 & a ST (P slap B3
5 oads ploxil wlalllas L (Bienert et al., 2011) 353 o o] SgeaS ol s 45 0 osmlive by ysrsST YL ol
amals Falite olo oliee (i 55 cow PIPL o5 slap,danl VY ol lis o enagonl T ol o3, O (s,
Chaves and ) o135 oo olS jiwgid § ol Comdg p & il el Sos obisS ias .(Alexandersson et al., 2010)
- S S o e 9oy T g 7550 953 oLS 10 0 55alsS T slays ol e 455 LB jzals L lawl (Oliveira, 2004
oligS 10 pdle (St S G W (asede O] 0gueS )0 alan Sl am Glo polie (il T Cdlaie § ae SYsb
Ol St el aidls Gali¥l Glo Gliae Do obigS-(698 (St (i St &S (590 ,0 b el (e (e e
PIP S5 50 05 Ol Sae (Ysb - (i (15 Coni 3)lge (B0 )0 9 Sl oad Jlogine Sy o (Sas s 150 o)
JUEE! als coge Wil o0 Do (Ysb —(Sid 25 51 )3 lacn ynleS T ple adgl (ralSiols ats) (o b il o)
@ olS eyiwd j0 ol aS Sloj wuad 15 50 el g olS Ol Lia> 10 45 04l slag, Colon g ol (K8, cuns 5l g
Johanson et al., 2001; ) 545 o ol JES § 0da sl slid (5 p0dea iul8l Comgo PIP iy Lo dus,y oo J8lo>
olS a4 90 0 aib oo ouls Jlesl iiS £45 5 p,895] £9,50 Cow by alsST Lo )l ((YoOung Jang et al., 2004
o5 ok by wwyr b -dang et al, 2004) cowl plicn S 4 Cad adn, 0 PIPLL by ol alls i Cos
bhoge Sis s cou oS SblS.dang etal., 2004) asb oo ads ) 5l ien S 50 olo oliee (s Cod gy yelsS |
o JUET sl iy ol G2 s & ol (S 85 il oo G351 53 055 b Ol 3 s 53 Bk b5 o
ol Lmals cel wig co gl slas o T by> alidl LB s b (Luu and Maurel, 2005) ol
Visser and ) o3lul jlas 4y 1, bl 608y 398 Sblze eizman 5 09 Ay po Ol U8 5 Joor (Sily 5 oisay1s T
Sl Yol a8 098 s 4368 ol Wilgh co Do iy g 0ligST Sley i g0 w5 ple 4o Delad ol (VOESENEK, 2005
sl elel s @ Wlgs oo b Gial33l Ll el slans b O als 5l eaisS (6 8 sl il S s @ Wil oo Gl
o PIPL (5 b (66531 ol as Jloel b o ovaline (g’ ol 40 ol Cows s 0l mesw ol 5l
ssbs Sl lo p bales 0ol 638 Sl owims las Slss cpload Jloel la s <o ()3 Gl Olies (ssn b5
ol (s 4l az i Ll ailoe O Gy 5 ol by GRS g0 eaims i 0 Gl Ol el L Gl IS
Do (b ol S (JsSge Wy, yeis Sy Alae () 45 0l oamline Sglite Bae aily 5 obsS (Slej e e o ol
5 9 D0 olisS 5l eS Sae wily (B2 50 4ijey (F9585 e wliee ol gy 5 15 Jlosl line slapls;
4 D-ag Dag wals jo Sasatly SBy2 (5 )0 aijg, (S0515 a0 aSh sk 05 2eS onalsST Collab pac Ll
A g Y USE) 095 00,0 Y 5 VT g0 i )5 ay Do oligS 8,6 S 0 0o, 0 YO 5 7 £O ol s

)

D-aq (C Daq (k_J aals (qu 43)'5) OO )L: ga._«’.uos » CAM..\».L: ‘5»'.5).(: LJ’“’“’ )J‘ -y Jg.w
Fig 7. The effect of long time flooding on opening of status a) Control b) D-aq c) D-aq
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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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