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Morphological and physiological adaptation of Caragana species in the Inner

Mongolia Plateau
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1 Tianjin Key Laboratory of Cyto-Genetical and Molecular Regulation ,College of Life Science, Tianjin Normal University, Tianjin 300387, China
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Abstract: The morphological structure, osmotic adjustment, stomatal regulation and antioxidative enzymes of mesophilous,
xerophilous and super- xerophilous species of Caragana were studied, in order to understand their ecological adaptation
mechanisms. The results showed that flat leaves with few green villi were common in mesophilous species, tile-shaped
leaves with offwhite villi were common in xerophilous species and tile-shaped or tube-shaped leaves with densely vertical or
fallen silky villi were common in super-xerophilous species. Leaf thickness was greatest in super-xerophilous species, less in

xerophilous species, and least in mesophilous species. Leaf area, leaf biomass, and specific leaf area (SLA) were highest
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for mesophilous species, with xerophilous species having lower values, and super-xerophilous species having the lowest
values. The thickness-area ratio and length-width ratio in super-xerophilous species and xerophilous species were greater
than those in mesophilous species. With these morphological features, the water retention capability was highest in super-
xerophilous species, and lower and lowest in xerophilous and mesophilous species, respectively; conversely, light use
capability was highest in mesophilous species, followed by xerophilous and super-xerophilous species, respectively. The
osmotic adjustment substances content, cytoplasmic ion concentration and osmotic potential of super- xerophilous species
were the highest, with those of xerophilous species being intermediate and those of mesophilous species being the lowest.
The most obvious differences in osmotic adjustment substances content were that the soluble sugar and inorganic ion contents
decreased substantially from super- xerophilous to xerophilous and then to mesophilous species. The leaf total and free water
content, leafl water potential, as well as stomatal conductance were highest in mesophilous species, intermediate in
xerophilous species and lowest in super- xerophilous species, whereas the bound water content, ratio between bound and
free water, peroxidase (POD) and superoxide dismutase ( SOD) activity were in the reverse order. Catalase ( CAT)
activity was highest in xerophilous, intermediate in mesophilous, and lowest in super- xerophilous species. These
ecophysiological characteristics resulted in different drought resistance ability and metabolism intensity among Caragana
species. Super-xerophilous species had the strongest drought resistance, while xerophilous species had medium drought
resistance and mesophilous species had the lowest drought resistance, whereas the metabolism intensity was the highest in
mesophilous species, intermediate in xerophilous species and lowest in super-xerophilous species. The diurnal water deficit
of xerophilous and mesophilous species was low, and super-xerophilous species had gradually increasing diurnal water
deficit from dawn to dusk. Both permeability of plasma membrane and malondialdehyde ( MDA ) content were greatest in
super-xerophilous species, intermediate in xerophilous species, and least in mesophilous species. Free radical content was
highest in xerophilous species, with mesophilous and super-xerophilous species having intermediate and lowest values,
respectively. These results indicated that although the xerophilous and super-xerophilous species had evolved many
morphological and physiological characteristics to cope with the arid environment in desert, their adaptation might still be
insufficient.

From this study, we can draw two main conclusions; (1) The morphological and physiological characteristics of
Caragana species vary in accordance with the environmental conditions of their distribution areas in the Inner Mongolia
Plateau. The wide range of variation in morphological and physiological characteristics may be the biological base for the
broad distribution of Caragana species in the Inner Mongolia Plateau. With an active metabolism, fast growth and high
water consumption, mesophilous Caragana species have strong competitive ability. A low metabolism, economical water use
strategy and strong stress tolerance, especially to drought, enables xerophilous and super-xerophilous Caragana species to
thrive in harsh environmental conditions. (2) Xerophilous and super-xerophilous Caragana species adjust their cell osmotic
potential mainly through accumulating soluble sugars and inorganic ions, which are probably energy-saving adaptation

strategies in stressful environments with less productivity.

Key Words: adaptability; antioxidative enzymes; Caragana; leaf morphology; osmotic adjustment; water relations
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Gy FH R SRS TS VP P S 23 DIAEL W A 5 K B DA i 700 3 4 B 5 v B (T R R
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JURVZER XS LI B S RO 5 58 5 AR Ry 25 B XS LI P J8 , Se e X LR 1 B2 B XS LI Fr 22 UMK, R xS L
M IR . AR Bk U 2 R R AR OK (2 R iR R AR R B SRS R, R
JEE NG Sy i S A6 A > S AE B> v AR T 7 TR I A AR g, T B0 AR AR B TR LG R R AR AN 1. 63 £,
TP ARNE 6.27 £, SRR FRIT A Wy AL T AR (SLA) # /N T S AE Rl W R A RN T AR, AR
B LUORE i R R AR T A F BERAE R R A AEA R A R R A (R 2) .

x2 HBBILEEWHI R ESEESE
Table 2 Morphological characters of leaf blade of the Caragana

JE S/ R
\ y i L B R K/ T& CAN T
b 2 WE . Thickness ; .
Speci Sh Hai Thickness Area/  Avea Length/ Dry weight SLA
Species gre 3 i ;

pecies group ape airy /mm mm? 10 Width /mg /(em?/g)

%10
Hh Al

VR TR RS AT
Mesophilous :F)EJM}%EM - Eiﬁ?ﬁf 0.208¢ 95.10a 5.90c¢ 2.11¢ 5.62a 152.30a
Flat or tile-shaped Few green villi

species

= e = E

B Fh IS IR E

Xerophilous PRI Densely 0.235b 14.88b 22.68b 8.22a 2.00b 78.49b

Flat or tile-shaped

species offwhite villi
B E AL
SR AR AR FESERR RIEHE
Super-xerophilous ~ Flat or Densely vertical 0.323a 11.90b 37.02a 5.26b 1.62b 71.26b
species tubbish-shape or fallen
silky villis

FH R —FI R AR TR RS 227 8 P<0.05

2.2 R ILRHEHRK I ETRES

M1 3 B, i RS BSOS E  T R AR AR AR T AR A T E0S E A > F
ARl SHAER B T B R R 28 SR R A A A I R A LR T o i T R AR R
S TR, AT TEER I R R IR R A LR A AR ] 22 5 AN D3 AR R 0k I S 20 B Tk
JE 5 S A ey T SR SRR TR AR

£3 HBILEEVNEIESEFTYRSENZES (107 MPa) FIAMEFIRE (mS/cm)

Table 3 Osmotic potential (10>MPa) of the main osmotic adjustment substances and cytoplasmic ion concentration (mS/cm) of Caragana

AR A 20 M S 1

S . " i A IR AHLER AT THLE T &it L

F2& Species group Solubility ] . . . ) . R Cytoplasmic ion
. Free amino acids Organic acids ~ Solubility sugar  Inorganic ion Total .

protein concentration

Ff:'élgﬁl . 1.31a 71.11a 181.64b 370.63c¢ 713.89%¢ 1276¢ 48.97c

Mesophilous species

=1

T/EE)FEF . 1.20a 60. 55ab 231.4a 486. 80b 1047.82b 1807b 62.47b

Xerophilous species

=
WL 1.38a 55.86b 177.34b 644.31a 1411.92a 2286a 84.00a

Super-xerophilous species

Frp Rl —F PR R R R 2 5 8 3 P<0.05

SRR B S K AR AR T R AR R AR AL T AR BREKEARRFSN, KRS A 2R, R
PN B Kb A R > R AR S o R AE B SRAEK B B AR R RATK/ A K AR S A B > B A A > i A
il MoK RS BAE RS IR R A (R 4)

X B A L A A R L 5 B R e 45 R R B, AL 5 H I AR (234,56 mmol H,0-m ™™ ) > 54
A(211.37 mmol H,0-m™s™") > 5 FAF(152.93 mmol H,0+-m™s™") ,
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Table 4 Water states of leaf in Caragana
Ak ki ik A gk R Wale:jif:emial
Species group Water content/ % Free water/% Bound water/ % /Free water /MPa
1 A= Flt Mesophilous species 63.72a 38.23a 25.47b 0.668c -0.887b
FLERI Xerophilous species 57.61b 29.02b 28.50a 0.981b ~1.426a
Z%ififmphilous species 52.45¢ 23.70¢ 28.76a 1.229a -1.542a
Fefr i) — 91l R ) 7R 22 5 183 P<0. 05
2.3 HIAYJLIE R A K AR 8.,
TR K IR BT B i B, H IS BT 250 Bl =
SRR TR RS 70T G, A T TR #p
SRR R R R R B B 2
[AIRERY H AR 8:00 — 11:00 KAMFEEBE M, 5
11:00 RAL BT B, TR AEBR T RICIHIREA g o
Pk 235k H R SRTZOR K SRS R~ 4
S ES N Byl 2t
2.4 GRS JUR AR DL " e 11:00 1400 17:00
H 3% 5 W1, POD il SOD 3% Mo A4 Fh v T 24 Time
b, S AR Ah i T AR Ab CAT 16 52 AR > v 2R o> 5 52 E1 58U Rk S B A
AEFR R A T A R MDA B 5 S AR Al s LA R Fig.1 Diurnal changes of leaf water deficit of Caragana

SRR, B SRR B AR > AR > 5R R
AR

x5 WRBILEEMHRIPEMGERER

Table 5 Antioxidative enzymes and cell injure index of Caragana

POD {4 CAT {1k ; HF HL SR P . P
ES POD activity CAT activity SODIRHE L ve electie MDA # I F A 2 B
. . 1 SOD activity .. MDA content Free radical content
Species group /(AA470-min~'s  /(mgH,0, g /(unit/g BT conductivity /( Vg T) /( Vg T)
N ) unit/g nmol mo
g M) ¢ T min~" ) ° /% & &
s A= F Mesophilous species 135.0¢ 60. 89ab 1521¢ 13.27b 385.8b 0.703a
FA:Ff Xerophilous species 193.8b 80. 66a 1761b 14.77b 408.3b 0.775a
=
i 488.7a 41.11b 1952a 25.38a 461.5a 0.460b

Super- xerophilous species

FH R —F R AR T HRR R 2257 B3 P<0.05

3 itig

3.1 XSG LR ALY A 2 R
HRARY UK G B8R, A TR AT 5 DX AR A e SR T AR B AR 2 S
IRIIHUR I IEAAIE N T R B A B AR . AR SRR 2 O T i3S LR AR AE R 2 88 R
/T8 H S SLA #RR B 55 70 A DU SR AR — B Re s, 20 A T2 2 T R IR R AR R R 2
PR FUIR B AR ST R R R AR SLA K ISR A TR B e AT i
BREAARSS e, sk 2 K R R JBEE R, (X SRR BB 7 I 51 50 4 9 A= WD 3R 58 h RFp S P A3, A T
TR P A 3R T A A FORECE TR 8 B B sURE H E  JR SE BT AN A
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