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Evaluation of two native succulent species that can switch from C; to
CAM in salty and dry soils of Lake Urmia
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Biology Department, Payame Noor University, 19395-3697 Tehran, 1. R. of Iran

Abstract

Due to the drying trend of Urmia Lake, climate change and frequent occurrence of
droughts in the region, verification of photosynthetic flexibility in the floral elements of
Lake Urmia is important. In this work, the ability of Rosularia elymaitica and
Zygophyllum fabago species to shift from C; to Crassulacean acid metabolism (CAM),
as well as survival and productivity of these plants, were studied in both salty and dry
soils of Lake Urmia. The results showed that while salinity alone was not able to induce
functional CAM expression in both species, the drought alone induced a low level of
nocturnal acid accumulation in both species, which were similar to acid fluctuations in
CAM-cycling pathway, as an initial stage of CAM. The result indicated that Z. fabago
species have a high tolerance to combined drought (during the 30 days of water deficit
and salt around 7+0.42 dSm™') stresses in salty and dry soils of the Lake Urmia, as
compared to R. elymaitica plants. This higher tolerance was correlated with up-
regulation of phosphoenolpyruvate-carboxylase (PEPC) activity and maintenance of
higher photochemical functioning. As a result, this research introduces Z. fabago as an
important climate-resilient crop, which can switch from C; to CAM in salty and dry
soils of Lake Urmia.
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Table 1. Effects of different levels of salt stress on the percentage of yield loss (%) and maloendialdehyde (MDA)

content, and as well as on CAM expression parameters including dusk/dawn (A) titratable acidity in Rosularia
elymaitica plants. Data of each parameter followed by the same letter are not significantly different (p<0.05, Tukey

test)
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Table 2. Effects of different levels of drought stress on the percentage of yield loss (%) and maloendialdehyde

(MDA) content, and as well as on CAM expression parameters including dusk/dawn (A) titratable acidity in
Rosularia elymaitica plants. Data of each parameter followed by the same letter are not significantly different

(p<0.05, Tukey test)

Yield loss MDA A Titratable acidit % of FC
y
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Table 3. Effects of different levels of salt stress on the percentage of yield loss (%) and maloendialdehyde (MDA)
content, and as well as on CAM expression parameters including dusk/dawn (A) titratable acidity in Zygophyllum

fabago plants. Data of each parameter followed by the same letter are not significantly different (p<0.05, Tukey test).

Yield loss MDA A Titratable acidity bles
(%) (nmol g"' DW) (umol g! FW) -
ARE VIR YO/FEY/A CaVE /0N Aals
VIREIVAR YY/ALF/YP VALETVA ECY
O/YYEY /b Y¥/$LY/V0 AREIVARE EC#
WAEZAN Y/ 0£D/VP VPR A ECA
FA/V£4/)? FA/NEE/A AREVERN EC\Y
2Y/VE/VE a/v+f/v o/eVE /e FR ECYO

L a5 ol e 5lad opl 53 ST 030 e O e
asypm Sud b oy Ve Sl BT i s il
A dal ST il 53l dald (b b doya Y
S50 au el AL o i 5 s g GLS
asym s b MJ:V~L5)L:{TV_13)): #/¥)
Omb Sless Wl gl ol ply s dalie
Yo oobal el ol ol 53 CAM b

Ll g gy sl Ol w550 b o

23olE ol Shes 2alS s ys (s

S Dl a3l LS sl ol S Ll Ja
Ao ¥rasas, s b,y 3l ST
053 oMo 53 (G)lo —me i cas 0 Cd b
3y Jrol dals 4 S gl pll oS
o5 ¥ o gl 3 65LuT Jlas! (F Jgus)
Yol el L (s (Sis) we 50 Sad b
s e LS aus 8 s Slee sy



\M«;;L*_M;Lr.z‘:,byﬁ;)uw;y,;Jmuﬂ\@ﬁyuw; V¥

CohbaS s s nl SR B
3 CAM-cycling 45 G5 (6 5w 53 s 31 Jlaz]
)l a3 Ogal g oy 5y S Lyl 5
Ll ol 0o 85 Gl & B sl e e
NEIRNPER
Jlast 4 uly 53 CAM (g 556 s Wl
Mesembryanthemum crystallinum ;> s, s
Sedum s -p—>.» y(Matsuoka ef al., 2018)
ol ui)l)f (Martin et al., 2019) uniflorum
s S 5 pIS g LSl N ol
o ey 0> S ol 53 ebanlllan 25 8

LI Ol (6w g8 (6 dy Oollanil () 42

.MM@&LilJJJAaL:?d\):CAM
Cod b doys Yt 5l Sis 2 )
JURNERPS PEP RPNV ORI JOP PP
lie 5 mlin o drrl o oty Slo 2l
7 oL (3308l el S Ol s
03 55088 4ol Ik Ol b oy S
S A pylie ol bias b Lol g s S
Mesembryanthemum  crystallinum J—_5\l
D3 odal oy = (Matsuoka et al., 2018)
|, CAM-cycling r...‘:Jy.l:.a oseb s gl ol
ol oyl g Canglie S o DU 6 Sl o

S pdn Oollanl U Ole jan (658 5 SKis A5 4

)‘A_LJQJSWQ}M_{M)J)JQJA%J_pddlﬁupﬁ-uﬁab&'gbu@éié—dbwc}bdw‘j;t—? Jge
S e O &S il oS ol Sl 8 ol 5 (sl (555,800 S id) CAM Wl a3 et s 5 (s liTisn0 slle

(/A8 e 33 (S5 030 3T) LSS b (65 one Sosli5 el sl
Table 4. Effects of different levels of drought stress on the percentage of yield loss (%) and maloendialdehyde

(MDA) content, and as well as on CAM expression parameters including dusk/dawn (A) titratable acidity in
Zygophyllum fabago plants. Data of each parameter followed by the same letter are not significantly different

(p<0.05, Tukey test).
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Table 5. Effects of 30 days water stress on the percentage of yield loss (%), maloendialdehyde (MDA) content, K/Na
ratio, total chlorophyll, maximum quantum yield (Fv/Fm), and as well as on CAM expression parameters including
dusk/dawn (A) titratable acidity, and the activities of phosphoenolpyruvate carboxylase (PEPC) in Rosularia
elymaitica plants grown in natural habitats (the salinity level of 7+0.42 dS m™"). Data of each parameter followed by
the same letter are not significantly different (P < 0.05, Tukey test).
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Table 6. Effects of 30 days water stress on the percentage of yield loss (%), maloendialdehyde (MDA) content, K/Na
ratio, total chlorophyll, maximum quantum yield (Fv/Fm), and as well as on CAM expression parameters including
dusk/dawn (A) titratable acidity, and the activities of phosphoenolpyruvate carboxylase (PEPC) in Zygophyllum
fabago plants grown in natural habitats (the salinity level of 7+0.42 dS m™). Data of each parameter followed by the
same letter are not significantly different (p<0.05, Tukey test).
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