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Ecophysiological Responses of Mother and Daughter Ramets
in Response to Wind Erosion and Sand Burial in the Clonal

Shrub Plant Calligonum mongolicum
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Abstract: Our goal was to investigate the effects of environmental heterogeneity through wind erosion and
sand burial on photosynthesis, morphological characteristics of assimilative branches and fruits production
in mother and clonal ramets of clonal Calligonum mongolicum. Based on plenty of field surveys, we chose
one typical mother ramet with one clonal fragment, that were exposed in the air due to strong wind ero-

sion, and another sand buried clonal fragment in a mobile sand dune. Measurements were made on chloro-
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phyll contents, net photosynthesis rate, leaf length, leaf number /cluster, cluster number /shoot, node
number/ and fruit production in mother and clonal fragments of C. mongolicum under different environ-
mental heterogeneity. The results showed: (1) under wind erosion environment, both the mother and
daughter ramets had just half of the chlorophyll contents, net photosynthesis, stomatal conductance, tran-
spiration rate, intercellular CO, concentration and water use efficiency as compared to the daughter ramets
under sand buried environment. The lower photosynthesis had restricted the leaf length, leaf number/
cluster, cluster number/ shoot and leaf node number to almost half in the assimilative branches with re-
duced fruit lengths and widths. (2) Morphological characteristics of assimilative branches in mother ramet
were best in bottom and worst in the top, by what we can preview that the dying process of mother ramte
was a stage from top to bottom. (3) Though all the root system was exposed in the air, the mother ramet
had survived and completed its life stages. The results confirmed that the direction of clonal integration
had not only passed among the sister ramets, but also from the sister to the mother ramets, or else those
would die immediately in the absence of soil.

Key words: Calligonum mongolicum ; clonal plant; assimilative branches; sand buried and wind erosion;

clonal integration
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Table 1 Description of mother and daughter ramets in C. mogolicum under environmental heterogeneity

KB Material P Height/m

jE i Crown diameter

Hi k% Death rate/ %

#:2% Basal stem/cm

£}k Mother ramet 2.2140.15 1.38 mX1.41 m 49.6741. 34 3.5630. 750
KU # Wind erosion root 0.4370. 04 0.26 mx0.27 m 50.00+1. 27 0.1640.013
Vo HEAR Sand burial root 0.56+0.08 0.42 mX0.61 m 14.29+0. 28 0.1740.002
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Table 2 The difference in photography indexes of mother and daughter ramets in C. mogolicum under

environmental heterogeneity

fatr Index Md Cs Cd
A HEE Po/(pmol » m ™2« s 1) 13.094+2.604 b 25.675+1.09 a 18.17040. 100 b
KAEE G/(mmol « m™2 « s 1) 0.08740.015 b 0.1534+0 a 0.08340.015 b
ML CO, ¥ Ci/(pmol » mol 1) 131.760410.728 b 187.630416.431 a 163.74040.999 b
ZEREHR T,/(mmol e m™ 2+ s 1) 5.818+0.987 b 10.67740.004 a 5.13740.952 b
7K 53 R 2% WUE / (pmol « mmol ™ 1) 2.14540.096 b 1.70240.009 b 5.79740.862 a
BEIE I 2R Ra/(pumol » m™2 « s71) 14.84940.232 a 7.4404+1.484 b 13.893+1.019 a

T Md AR KB ; Cs AR VDI HR; Cd AR R 434k 5 R AT AN R /NG 2 BE R R AN R AL 3R] 22 55 B 25 (P << 0.05), F[A
Note: Md means wind erosion mother ramet; Cs means sand burial daughter ramet; Cd means wind erosion daughter ramet. ;Different nor-

mal letters within the same line indicate significant differences among different treatments (P <Z 0. 05). The same as below

35 HEMd Ocs Hcd

a 141
. 3.0t _“:o’ 127
S S_10f
2 25t a b W5 E
b= ] b e 81
I3 2.0f IE gt
ik = b b =
®E 1.5) N ET 4t
& z
S 10 2 d g 2t
@] s
357
0 1 1 6 I B a
4% Fa 4k %KD 4k Fa/b ﬁg 3.0
Chlorophyll a Chlorophyll b Chlorophyll a/b fﬁ 5 2.5
R X
o I N
AN TR R BEBR 5 S8 RE S BRI 2 53 5.3 (P<00.05) s T I 22 20 §
; - 1.5
L 5 A 45 T Vb 3 ARk e v R 43 ek R A A E 2 o §
e Bg \ X
The normal letters mean significant difference among mohter ) ‘() N § W
and daughter raments; The same as Fig. 2 and Fig. 3 Md Cs Cd
14

Fig.1 Chlorophyll content changes among mother and

daughter ramets in C. mogolicum under environmental ﬁég :é
heterogeneity Sﬁ ° gl
VAR A ALK T 2 a S RN 2E a/b 18R =2 Q 6l
S AL 23 b ) 8 G B G 25 5 (P >0, 05) BEE 4
(=% 7 IR 300 5 A T D MR Ak V0 4 <72
A LA b B A HB R 7 B bR B 4 A
A oM A B G B3 25 R (R D sl
3.2 REABTHBERURBSBENTY ﬁ‘“‘ A
DAPEL 2 AT LAt IR 55 e XU 3 95 % SES st
) A T 5 19 22 S 8 PSR T 00 4855 2323
o H e U e R o 3 B 1 BE T A 2% 2t
ORI Rt LA R 1 18 BOHR 4 5 L o 80 £ ol
40. 5% F1 55.3%,33. 120 F1 37. 5%, 11 %0 F1 124 L) BHE) Material
Ko 57. 4% F1 63. 6% . 45 R AL A B9 K BE | TR)fk kL B2 Vb b T T R S bR A S R AR B R AL
B R RO AR R VDA RR B 50 A2 A . KB A FRAE 1 AR Ak
3.3 BE4SAETHEFELHEASTINT L Fig. 2 Phenotype changes of assimilative branches of
Kl 3 T LLE a%iﬁﬁ%iﬁ%ﬁ%@@ﬁﬂi> mother and daughter ramets in C. mogolicum under

environmental heterogeneity



12 4] B S o 55+ T R R U 5 A A B R R 40 e XU o v R 1Y A A S 2495

c 167
E . L
gﬁi;
®E 10}
S 08¢t
= 0.6
S L2t
-‘50.6
= 04
25t ¢
=2E 20 a
M B
®5 10}

Cs
¥El Material
B3 Vb4 ARk bk e v B 43 bR 7E 57 0T AR B8 R 2R 5
FHAE Y A2 1L
Fig. 3 Fruit size changes of assimilative branches of
mother and daughter ramets in C. mogolicum under

environmental heterogeneity

AU Ak = KUk B AR EL VD S0 R BT AR 2R 52
N0 18T D S W 7 S Wi S 2 7 S (S D
b 73 R XUk RE AR (1] ) 22 5 N 35 (P> 0..05) . 5
Hb RS TE LU AR S SR R Y 28 SRR 2 L R W]
RELHIEAR ] 22 AR AL B MR Z ORI IE

NG R R R A B S ik U ATIR (53
KA TR A A 1 80k L I A/ s A A R DL R TR Ak
B AVECAE 3 A BB AL AR 2 B KRB, AR 2 TR B
AR CRIAR A AR A6 o HLR 855 rb 35 0 10035 a] 7
22 SEARAR 2 AR TP BRI TR () 1) 22 SR 2 ]
WRI TIREAE KT hase— @, R
30 AR B R BERR B BE TR — A N TR T 46 12 20 3 vh
il JEiE=Y ik N DPU R

4 wow

VF 22X U A R (9 T 58 AT A BLIE 25 114 10 A A
TR B A (FXU 2 BEL RS AR B 09 OE AR K Kk
B BT R BB Y 2l B S B
ARAG LA B A 1y 1) P A 512 B B P B b 9 IR A 3R
B ZHE BEAR W) (e BE VAR AR 3 R By R R BOR Y
JEAAE Y o A IO R R A8 X PRI
S5 AN DR A SIS T I A SO 4 e
LI A B X B S Al Y BN TR U v B
4 R A A AR e 2 2R 6 & & F - R I L 2 A 4

127

.A T
L ab
b

i .

B Top 1 Middle I ¥ Bottom

(=]

length/cm

R K
Assimilative branche
A o ®

0.45F
0.401 B
0.35f
0.301
0.25r
0.20F

b
0.15} b
il AN
0.05

E#5 Top 1 #5 Middle
{7 Position
C a

e

k¢ Top 1 #8 Middle

R R B/
Cluster number/shoot cm

I %5 Bottom

R4k A Bl 7%
Assimilative branche
number/cluster
N W oo

I Bottom

[\
T

D

il

E# Top &% Middle R #¢ Bottom
{7 'E Position

(=]
T

K R
Node number/

assimilative branche

[ R )

NG TR IR AN [ FR A ] 2% 5 2. 3 (P<0. 05)

PR 4L e O 654 1 0 6925
The normal letters mean significant difference among
different position(P<20. 05)

Fig. 4 Phenotype changes of assimilative branches of
mother C. mogolicum ramet under different position
TR A SR (PR A A6 DA D 455 2 [R] Al A #7164k A
R T OF Uk 0 Y S BT ER B AR R R B T AR
SRR AL AT AR A — 7 T 8 A R AR H B R
SRR AR LLRC IO A R R 4 1 — A BUR A
FrAE K ST U PR R R S R i AR 2
XU 19 5 R P B XU B R XU 43 ) 5 b 2
Fr BE (U4 MO AR U W AR £, 3 1 1 e AR
N B VD PR A i I B B 0 4 v A R A R T
(EWANGY SER N S Sl R U RS 1/ B
U WU 0 5 A0 o B e B B v Ol A R UL
JE L ZEIB R M E] CO, W AU A v 38 43 Bk 1



2496 odt O % il 36 &

—¥7E . i . h THYOC A M B ek
DL E R A A7 55 BE0H L B E A R B ) 4 BREAR
Bl A B e S AR S R G R G 7 T A
LA A 52 7 E AUk A 3 v 45 AR R R O I O R
BV HLACT-HE 10 58 [ 2 R AR L TOLA R
TR S EUE A B R B R Rl A A
TR R By — 2 IR SR/ IS R B
U373 R 18 SR S R R AUy R R ) B/ S e T IR 1Y
B2z R PERC T RN gy SRSy 7 PORERES YW A D
A B = WD AR RIS IR BR B PR SR I3 Bk
R AR AR 2 e U D X e AR SO B A O 2R
). i LAl LU AN R B el o Bk L ™ A XUk
X P 53 AL A A A R BB AR — b R 3 T 3 R Y D
BRI AT A TV A s B R B AR R B

A [ B4 2 o 0 53 AT Ik 38 e B TR Y
IV RE T+ 2R AR KUy B B R 2 R 4 7K 53 ) kR
s T U Ay bk . AL 2 X ol A AR ) B 4
ZLZ BT 1 PRUEAF I AAE I v 45 I i
312 vy P IR AR B A2 2 AR I AT R B T AR
(1 I35 P MR 38 3 B AR XLt 3 e VD 3 A B B
By A~ A Wy ik A 7 el D {EL D 53 A0SR UR AT E 58
R A A 9 S 0 SR I O 358 T A R 1 T 5k A AT T AL
AR XA g AR W v 5 AN T 5 25 B BT Y A 2K
T M o 55 Ah s IERRZ 0T E R E L i TR Y
A PR K e B A ) AT B R Bl 1 DRt AT R i s
/U 3% 52 IR 23 R T R AR TR AR 0 R 2% R
BR A B BT IREE A L DT Al filf B A~ e bk 2R 47 76 Bl ok
FRIFARAF LB A A7 A

7o R Y RE b B R OF R BE T L (H R THURR AR A 7™

5% Uik -

[1] AMSBERRY L.BAKER MA,EWANEHUK PJ, etal. Clonal
integration and the expansion of Phragmites australis[J]. Ec-
ological Applications, 2000, 10; 1 110-1 118.

[2] PENNINGS SC, CALLAWAY RM. The advantages of clonal
integration under different ecological conditions: a community-
wide test[J]. Ecology, 2000, 81:709-716.

[3] MAUN MA. Adaptations enhancing survival and establish-
ment of seedlings on coastal dune systems[]]. Vegetation,
1994, 111.59-70.

[4] MAUN MA. Adaptations of Plants to burial in coastal sand
dunes[]]. Canadian Journal of Botany, 1998, 76:713-738.

[5] BALDWIN KA, MAUN MA. Microenvironment of Lake Hu-

/N B TR AU B i 25 A R A L HL R TR
RAEA AR KU B Bk A () 16 A G ik 8 00 115 bk
— PR R AT i A R RDREL AR T B A 2 AR A /)
Koo XA EFRBES A L S EUE R KA R BN EEPE
JEG ¥4 281 vl 0 81 U B % A0 A . AR R LA R SR
A A 2 25 T i DR 4 AN A D SRR R A
FE6 B RE BUT BB 23 2R O T AT 28 v 3 22 i 38 12
A HET 20 R S A] RE A A A TG O LR

VO R G RO e S BRI T A KA
RS T o B A 0 A B R AR IR
Fld BAT A2 235 % 8 SCHYIE U8 2 — ok U6 T 301 52
L S Ol A il B 1 D -3 DDA K (O R ]
ACRRBR AR AR 4 B 8% B 1 2 AP BE AR Rl i A
B R R LR RBCE IR K oy B TR SRR
RLAF U3 bR B A I  BERRAK AR BERS A7 AR KOFTT
AEAE R SE MR A R TG S PR AR L 2 4 2Rl B] 4 R W v
A e AR 5 10 7 1) AN AT LAAE S bk 18] BE AT 4% 386
i BT AN 3 MR- B ok () 2 A A5 0 . 7 D RE R 2 55—
i W7 2L IR R A O bR 2 ELIEAE T AR U
[ B 1 T T M i B — A Y SRR UE A

£ LTI AR TE MO & A HE L RAE R 25
REAIE R S A 7 B A R T e AR VD B A B
R 7 2 3 PR B 5 S J5 P ) W N L {EL I 28 BF 558
BRAL TG BL . 1R AN [ A DX A b S vy A
3 2R BUAT Fof A 3 s B A )R 8 5 NS AR BT B9
W M i 7 B R W B e A A I 4 A BE Bk — 20 T
A B A A SR 5 L R AR T U 3 AR A G XL BR
35 4 3 1 AL

ron sand dunes[J]. Canadian Journal of Botany. 1983, 61:
241-255.

[6] SYKES MT, WILSON JB. An experimental investigation into
the response of New Zealand sand dune species to different
depths of burial by sand[]J]. Acta Botanica Neerlandica ,
1990, 39:171-181.

[7] YUF H, CHEN Y F, DONG M. Clonal integration enhances
survival and performance of Potentilla anserina, suffering
from partial sand burial on Ordos plateau, Chinal J]. Ewolu-
tionary Ecology » 2002, 15 303-318.

[8] XKLL, b2, F }iE, 55, B 15 3 Vb it Jip o Y o e 2 E K 2
St Jry 6 v 38 RN [T A W AR A 2 . 2006, 30 (2) -
278-285.



12 1

B S o 55+ T R R U 5 A A B R R 40 e XU o v R 1Y A A S

2497

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

LIU F H, YE X H, YU F H, et al. Clonal integration modi-
fies responses of Hedysarum laeve to local sand burial in Mu
Us sand land[J]. Chinese Journal of Plant Ecology, 2006,
30(2):278-285.
YU F H, WANG N, HE W M, et al. Adaptation of rhizome
connections in drylands: Increasing tolerance of clones to wind
erosion[ J]. Annals of Botany. 2008,102. 571-577.
SRFEAT AR, Vb B R A A BT 5 B XUk L R 5 BF
El)]. TR EE S HEE. 1992, 6(4) . 56-62.
ZHANG X R, XU X Y. Comparative test in resistances to
drought and wind erosion between Calligonum species[]].
Journal of Arid Land Resources Environment . 1992, 6(4)
56-62.
ROILOA SR, RETUERTO R. Small-scale heterogeneity in
soil quality influences photosynthetic efficiency and habitat
selection in a clonal plant[J]. Annals of Botany, 2006, 98
(5): 1043 -1 052.
ARNON D. Copper enzymes in chloroplast, poly phenoloxi-
dase in Beta vulgaris[J]. Plant Physiol., 1949, 24 ;1-25
o L BT K A KU v X B R T v
L0 G R K Sy FUOG G E R B2 m (], AL A S 2% 3. 2014,
38(5): 491-498.
MA'Y., WANG X Q, ZHANG B, et al. Effects of wind ero-
sion and sand burial on water relations and photosynthesis in-
Alhagi sparsifoliain the southern edge of the Taklimakan
Desert[ J]. Chinese Journal of Plant Ecology, 2014, 38(5):
491-498.
BRIAN W. Clonal plants in a spatially heterogeneous envi-
ronment: effects of integration on Serengeti grassland re-
sponse to defoliation and urine-hits from grazing mammals
[1]. Plant Ecology, 2002, 159:15-22.
GIVNISH TJ. Ecological const raint s on the evolution of
plasticity in plants. (Special issue: Developmental plasticity
in plants[J]. Ewolutionary Ecology, 2002, 16(3) :213-242.
KA A S KAWL . R I LA TR s AR
PPEMOE A A A SRR LT A8, 2011, 31(3): 611-
619.

[17]

[18]

[19]

[20]

[21]

[22]

ZHU ] T, L1 X Y.ZHANG X M, et al. Photosynthetically
and ecophysiological characteristics of Calligonum roboro-
wasikii in different altitudes on the northern slope of Kunlun
Mountain[J]. Acta Ecological Sinica, 2011, 31(3): 611-619.
A, DL KT . AL B MR (Quercus liaotungensis) 4§
PR RO R 0 I A K LR SR A R LT )L A AR, 2007,3
(27):930-936.

QIJ, MA K M, ZHANG Y X. The altitudinal variation of
leaf traits of Quercus liaotungensis and associated environ-
mental explanations[ J]. Acta Ecological Sinica., 2007, 3
(27):930-936.

PENG F, XUE X, YOU Q G, ZHOU X H, WANG T. War-
ming effects on carbon release in a permafrost area of Qinghai
Tibet Plateau[ J]. Environmental Earth Sciences, 2014, 73
(1) :57-66.

AR L BN BRI, A R U 5 VA D Y R 1
ARG EFEEL) ] A2 252741, 2005, 25(8) 11 908-1 913.
ZHAO C M, WEI X P, YU Q' S, etal. Photosynthetic char-
acteristics of Nitraria tangutorum and Haloxylon ammoden-
dron in the ecotone between oasis and desert in Minqin, Re-
gion, Country[ J]. Acta Ecological Sinica, 2005, 25(8):
1 908-1 913.

LAMBERS H, CHAPIN III FS, PONS TL. Plant physio-
logical Ecology[M]. Springer Science Business Media, New
York, Second Edition, 2008.:101-107.

R, B M, EWE. R E SRR YRS PR
[J]. A= 2s2F4, 2010,30(11): 3 028-3 036.

TANG ] B, XIAO Y, AN S Q. Advance of studies on rhizo-
matous clonal plants ecology [J]. Acta Ecological Sinica,
2010, 30(11). 3 028-3 036.

LI DZ, TAKALLASHI S. Particularities of clonal Plant spe-
cies induced by Physiological integration[ J]. Grassland Sci-
ence 2003, 49(4):395-402.

(% % . % #1 4L



