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TEE DK (Agriophyllum squarrosum) JERERIWDTEIR 1 ALV AEMY) , T2 A TR E 4 FEV TR b b o 4 T b3 v ok
A FETERDE A ZERS R0, 2010—2011 4EFERVRID VP MG TR VDR EE R Vb R = B AE TG R DAl 2
R SIS ERUKSFIARCRNAL, 25 R R0 UK AR Tt v EE 7 . SRR RS 25% 0, VoK G T 70 SR AR o 3%
B, HR AR 50%—100% B, Hopk @ AAETE R m A TR (A 53R lMER A B, MU MRE B E e, Hodk s A
FEIE R AR TR (AP HR SR 5 266% I T3SR G H 3 S RIAAS o VIS 5 R BEE VP IR BE R3S VoK Ai G 6 i e 2218
R FEIE AR ST BRI R R e sh 2R Ak, B V3R (R A R AR BEORE B YD OR A R G e R
SFRFL T B T W PSR B R I R MR B2 T B (R A R IR St e sh AR Ak . UP3IER 15 R HDGA A ZE MR S AL
SRERK AR BRSSPI B R % T 86.7% .89.0% 90.0% F1 4.2% . AHICAMAT 2B Vb K4 i BOTE TS M S A K 5 H
A AR R HER ST E R R BEEAHE, MHEGEH R B HR SIL R 2 AR 5 EAHE B 5K F FReR
HIAHSEME AR B K, VDI G TR VKA B 17T 2T R AR A A 0 ) A (SR T v H8 36 o 90 v T 4 ) e A S T ALk 2, ok
AR KB EBMSALTE FHEBREETERN,

SR VDAY VoK VOBRAL B, AR KM A ER R

Effects of sand burial on growth, survival, photosynthetic and transpiration

properties of Agriophyllum squarrosum seedlings

ZHAO Halin" ", QU Hao', ZHOU Ruilian®, ZHAO Xueyong', YUN Jianying', LI Jin', WANG Jin’
1 Cold and Arid Regions Environment and Engineering Institute, Chinese Academy of Sciences, Lanzhou 730000, China

2 Faculty of Life Sciences, Ludong University, Yantai 264025, China

Abstract; Agriophyllum squarrosum is an annual psammophyte species and wildly distributed in all deserts and sand lands
in China. Changes of plant height, survival rate, photosynthetic rate (Pn), transpiration rate ( Tr) , stomatal conductance
(Gs) and water use efficiency (WUE) of A. squarrosum seedlings was measured in a sand burial experiment during 2010—
2011 in Horgin Sand Land of Inner Mongolia to understand effect of sand burial on the growth, photosynthesis and
transpiration of annual psammophyte seedlings. The experiment included ten burial treatments: buried to 0% (CK, no
burial) , 25% (A), 50% (B), 75% (C), 100% (D), 133% (E), 166% (F), 200% (G), 233% (H) and 266%
(I) of seedling height. The results showed that A. squarrosum had a strong ability to withstand sand burial. The survival rate
and the plant height of A. squarrosum seedlings increased significantly at 25% burial depth of the seedling height. When
subjected to sand burial at 50%—100%, the difference was not significant between the sand-buried treatments and the
none-sand buried CK although the plant height and the survival rate decreased. The survival rate and the plant height
decreased significantly only when the burial depth exceeded the height of the seedlings, but some individuals still kept
survived when the burial depth was 266% of the seedling height. Buried by sand to the fifth day, the photosynthesis rate of

A. squarrosum seedlings decreased slowly, the transpiration rate and the stomatal conductance and the water use efficiency
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fluctuated greatly with the increase of sand burial depth. The photosynthesis rate and the water use efficiency decreased by
14.6% and 19.2%, and the transpiration rate, the stomatal conductance increased by 3.0% and 3.7% in the | treatment
than that in the CK, respectively. With the prolongation of sand burial time, the photosynthesis rate, the transpiration rate
and the stomatal conductance decreased significantly, but the water use efficiency was still fluctuated with increase of sand
burial depth. Buried in sand to the tenth day, the photosynthesis rate, the transpiration rate, the stomatal conductance and
the water use efficiency decreased by 89.7%, 84.4% , 85.7% and 54.0% in the I treatment than that in the CK,
respectively. Buried in sand to the fifteenth day, the photosynthesis rate, the transpiration rate, the stomatal conductance
and the water use efficiency decreased by 86.7%, 90.0%, 89.0% and 4.2% in the I treatment than that in the CK,
respectively. Correlation analysis suggested that the survival rate and the seedling height had significant and positive
correlations with the photosynthesis rate, the transpiration rate, the stomatal conductance and the water use efficiency.
There were significant positive correlations among the photosynthesis rate, the transpiration rate and the stomatal
conductance, but the correlation was not significant between them and the water use efficiency. It was concluded that
sustained severe burial by sand had a significant damage to survival and growth of A. squarrosum seedlings. The decrease of
the survival rate and the plant height in A. squarrosum seedlings were resulted not only from emergence difficult and
decrease of photosynthetic area under sand burial stress, but also from decrease of the photosynthetic rate, the transpiration

rate and the stomatal conductance.

Key Words: A. squarrosum; sand burial treatment; growth properties; photosynthetic rate ; transpiration rate
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1.1 A5 X [ RS

TFFE XA F P9 5 S T 2% 2 RS P, AR R 90 v 1 JE 1l (42°55'—42°57'N, 120°41'—120°45'E, 14k 340—370 m) ,
ZIX B IR TR RS, AF K& 356.9 mm, AF 28 & & 1 900 mm, 4FHSE 6.5 °C, =10 CAEFYE 3 190 C, LFHM
151 d, AR 3.4 m/s AR R 20—30 do HA DA (AR AR 590 B b 0T 2 ) sl O A2 685 40 A S Rk, R
AR+ w v B+, KRARAE S LA Th B AR O & A A VP OK S0 R B (Setaria viridis) \ K S ( Corispermum
marocarpum) JE B (Salsola collina) |, 2% & ( Artemisia halodendron) /N 5838 )L ( Caragana microphylla ) iK% B # K F
( Lespedeza davurica) %
1.2 REBET

g i B T E R G2 S VBB IR 5k (K 3 A 8 . K43 P A B U R/ 2 mx2 mx2 m TERE K Rt Ae
A, P IEAE KD £ WORFRFR H T 2000 48K ZE 2010 4F 4 A AR RBE T ORI, HARIEH 1 3B FUS A 3—5 d FHmE
e 1 YUK, FRRGEK R 500 mL, DMRFFD R HIBIE, HE G, A7, A KR R B S K A g, F5 A
FRR XD T Bha S X R S AR A T YDA B VD YR IR T Y M S D e, U R gl YRR R (6.020.2) em,, ARAE X
R TG S AR ) 220 2 U BRI 1T 2R 10 A4 B V0 IR BE 4371 SR K =3 1Y) 0% ( CK) .25% ( A) .50% (B) \75%
(C) . 100% (D) .133%(E) .166% (F) .200% ( G) .233% (H) F1 266% (1) , YH3E, Je 10t Pl A A 215 B ARME , SR 5 R JE AR
WEZNBE /N AU T SR, R AL A HES b3 4 AR (4 /M F) o DR BE—UGEK G A BRK, 5
H AR K A FEIE K 47
1.3 WENAES Ik
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WER WA SE e S5 ANV FRE L. FEVDHLEAOEE 5.10.15 KA SR IE XU H -+ H(E 8 200G A 4091 R 458 (L1- 6400,
LI-COR Inc., Lincoln, NE, USA) , {fi FIFF B4 52 255, 7F 9:00—11 ;00 3% L0 iEAH Y (M R e B3R (Pr) SILSE (gs) 2
TSRS (Ts) o W2 B, AEARAE PR BT ) 13 i (G EOYD 1 1, 4 B4 B PR VD ) T4 T30 AT 2 00 AN Tl ek L 1) 3—5
R B R T BUCER R E JE 5 AN B TS BIME . DA, HE 8 A RS AR KR X FLAE IS SRR S AR AR R AT
M,
1.4 BT

i FH SPSS13.1 A AT BB M GE T3 bT, SR FH LR R 7 225387 (One-Way ANOVA) FlfR/INE 222 59k (LSD)  HLFARRI%K
PR 2258, 1 Pearson #1C REGEM AR F R E LR, BEMHEKTFREN ¢=0.05,
2 ER55H
2.1 KA R AR AR 1k

Wil VIR BE BN, R S T AP TR R AR = X RPN e T m e TR (B 1), For, A B3R 2h B 7708 SRR =5 49 01 48
CK #2135 36.3% F1 13.3% , 5 CK By 2= 53k F B E K (P < 0.05) ,B AL % F AR HAFIH R4 CK 4 T FI¥E, (15 CK &Rk
KB EKT(P>0.05) , G ALFRE] T AbH , FAFTE SRR T B, BT CK(P < 0.05), M BACEEZ D AbHE, VR bk
FREE CK G PR (A 22 R IA B B E K (P>0.05) E ARFEZE [ AMBRAN PR B KT CK(P < 0.05) , Horp 1 Ab Bk B 4%
CK W 41.3%,

100 30 —
80 - 25 |-
& g
2 60 [ 520~
M= 2
T 1 215 -
EE a0} ®2
5 ERUNS
) a
20 s L
0 ! I ! ! I ! ! ! ! I 0 ! ! ! ! ! ! ! ! ! J
CK A B C D E F G H I CK A B C D E F G H 1
b3 AP Sand burial treatment VhHALFE Sand burial treatment
E1 AEDESETHEFEERMKSHLLR
Fig.1 Comparison in survival rate and seedling height among different treatments
CK.A B.C.D.E.F .G H AT AR B AR 0% 25% 50% 100% 133% ,166% ,200% ,233% Fl 266%

22 JBAERNAL

& 2 FAFVH AN T2 5 K 56 10 KA 15 RUPKRHEE RN, ATLUE H BEE VD HRERE R3S, 3 il
HIREEO LA R 2R S Hh WS 5 RFOLE E AR A LSRRI, Z J5 2292 T 1, A\ G Ab 38 R 1,
SMAAR AR BRI, B/ MBS BT e 24.6% , YIRS S5 10 KA 15 K, Vb KA (04 4 3 4 45 B 0 MR 138 186 i . 3%
TE&(P < 0.05) ,F1 CK A EL T ARBRAG 46 A3 R0 W TR T 89.9% 1 86.7% , Hirb ) A B AbHRZE G 4bBH VP HIEE 15 RAGHHEH
RN R R S AR TAE 10 K fi7E H R T ARH 35 2 [A) 22 5 R 3% (P>0.05) .
23 MAESEASENEL

&l 3 S U A 3R AS ] A R0 R S AL S BE A AR (L B 2R . TTLUE Y B VDS UR BE A3 0, 3 A Ak IR PR K22 57
Hor VPSS 5 RO A M E F ANV RN SILRE B FRE(P < 0.05) 11 G A E T b3S AL SOR IR B [l 7, fil
25 CK MZEFARF(P>0.05), WL 10 KA 15 KAYSILS BRI ML, 34902 B 25 VD 38 R B 3 i 1 38 R R (P <
0.05) , 7 VP HAFL R E B FRE T 86%HF191% , ARIZALZAE B ALFEE D 403, 56 10 RIGSFLFEE T BEIE 2 B LT
%15 K(P < 0.05) , 378 C LbFAH —A/Nig R T,
2.4 fHYZEMEEREAE

i 4 AT LR B VAR 5 R VDR 128 1 o R B 2 VDS IR B A 3 I 2 BT R R A A i o 7E A AL FER R F
K (H 9.48 mmol H,0 - m™s™) ,#E B & F LI — HAERFTE MUK, N G 4B AT B s [l T, V3R AY5E 10 KAISE 15 K,
UPOR GV 19 2 1 S R G PR A 35 0 i B8 I, &8 1 AL PR A JL AR I 1R 430 A 1.46 1 0.93 mmol H,0 - m™s™, 43l 8%t
IBTFIT 82.5%M188.5%, L& 3 &MLl LUEIL, &40 H4E 10 KA 15 RIWZEBHERZERATE (P >0.05) HREMETH
5 RINZEBHEZE(P < 0.05),

http : //www.ecologica.cn



18 4 RAPAAR A VDSV RGN B AR AETE BB 25 R i 5 5577
0.5 —
25 — r— SR —n— 55
—o— 10K ~ 04 —o— 10K
=2 w 3 a T
g"'e sl 'ﬁ%g 03 |
7 [ —_— 02 -
%\3 10 Jlr’é
S 5L 3 o1 |
0 | | | | | | | | | | 0 | | | | | | | | | |
CK A B C D E F G H 1 CK A B C D E F G H 1
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H2 REDELETSHKEREMLE B3 FRDELETSASEMLS

Fig.2 Comparison in net photosynthesis rate among different Fig.3 Comparison in stomatal conductance ( Gs) among different

treatments treatments

2.5 KAFIHRCRAL

IRJEER 5 KRG VOSBRI 34N VPR GG 7K 43 AR (WUE ) 20k sh AR (18]S, AR KR B 5/ 45 Ab 32
[B] ) 25 SRR IR B B K F- (P >0.05) o VPSS 10 K, HoK /3Rl FHACR BEE VPR BE R 3G I e 2248 T FE, & G AbBE SR —A
KA SR G FEUCT | (BSR4 AL B 22 S R GR B i 20K F- (P >0.05) o VRIS RS 15 K, KAR 3 Vb HILAL 3 7K 43 ) AL
FHB CK A i E, Hoh 53] I 22 5k 81 525K A B.D.G 55 4 MEF(P < 0.05), 7340, B S W LG b
VIR ] A HE A KA 7K o3 R FHAICR R S TR SR 5 SO B R T BT 357K 0 R FHAICR AR 15 K>5 5 K>5 10 K,

10 - 8 -

—— 5K - —— 5K
_ —o— 10 Q —o— 10K
w8l —o— 1SR o6l —O—HISK
o ]
! £
%g 6 § £
= =) =R 4
%6 4l o
g TE
& % E
g2r =
m
=)
0 | L L L L L L L L ! = 0 | | | | | | | | | |
CK A B C D E F G H 1 CK A B C D E F G H 1
YbH4EEE Sand burial treatment yhYRALBE Sand burial treatment
B4 FRDZMETHBERMLR B 5 R IBAIRE AR FARE LB
Fig.4 Comparison in transpiration rate ( 7r) among different Fig.5 Comparison in water use efficiency (WUE) among different
treatments treatments

2.6 UORAFIGR ki DGA RIS 7 A AR G
M T AT WA 5 K FUA BRSO B AR AR 2RI RACR AR A IR B 22 7K (P < 0.05) , PR 10 KX

*1 HEYREERE MRS NEEBEETEBEXME
Table 1 Correlation between survival rate, plant height, photosynthesis and transpiration
%5 5 K Fifth day 25 10 X Tenth day %5 15 K Fifteen day
WiH KA RIL EB KSR ks RAL EEB OkaR ke AL EB K53
ltems B JE R HReR R [ R MR Emx RE #E FHRCR
Pn Gs Tr WUE Pn Gs Tr WUE Pn Gs Tr WUE

JAHR Gs 0.212 1 0.755 * 1 0.878 " 1
FEE R Tr 0.473 0.637% 1 0767 0838 1 0.843 " 0.941°" 1
KA IR WUE 0.068 -0479  _ogn*" 1 0.202 -0.121  -0.031 1 0.150 -0.109  -0.280 1
FH1E R Survive 0.550 -0.602 -0.210  0.497 0.713* 0.807°" 0.776 " -0.125 0.902 " 0.785 " 0.672* 0.098
Bk Height 0.693* -0.331 -0.183  0.663* 0.734" 0.8737° 0.744" -0.064 0.702* 0.667*  0.672* 0.095

#* P<0.05; ** P<0.01
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FIEE 15 RIPKRAE S RS SO0 E 3R SIS B MZEB RS B EAHC(P < 0.05), DOLELEKGREE, D
HSH 5 K, HA 21 RS AL PR B3 IEAROC, K T AR 528 R 2 0 % U C (P < 0.05) , YRS 10
KA 15 K, HOGEHR G RE EMEE U SMEBERE S R EY R B IEMHC(P < 0.05),

3 THigFgie

WFFTEE KR A [F R R DB RV R A B A0 e R AR K A WA AR R 22 5 o JLrh, 259% ke e (9 B VR X V0 K 4l i 1) 1
AR A K B AR T, 509%—1009% k5 (R VDS VDK &)y v 14 4730 s AR A A 1 52 ), ARG R A e AR A Y
RS 5 IR B 1) 200% F1 1339% M54 2 35 R e, (FUR  BEURMIR =5 266% LT b - s AF i . BRI B 60 X ia Ak
a0 i) i v 2T A Zhang ST 2 A R 45 R AR OR [ BT X s A ( Bromus inermis) . /N #8338 )L ( Caragana
microphylla) 814838 )L ( Caragana intermedia) FrE( Caragana korshinskii) 348 ( Hedysarum laeve ) 55 A8 9 WA V0 HILIHF 55 45 S 3¢
B, BRTE VD SIS I ik B A AR R ) (R A0 SRR o R AL 2 A7 g o, (E > 33K Bk 5 1009 Fof FE 4y i W) 4 SE T, 3 —
D5 TIE R A [R]85 v S XA A A 306 AR A A 1 B A AR RS (], G e A V30T R 22 B VB A ) (0 7 16 AN A IR T B —
SE B HEVE T (E 58 4200 LN ] 5 X AR 40 9 77306 AR K O™ B 3 5 ) — 7 I e B, R [ R i it Vb R RE D A AR R 25 5 v
AR YRR SR8 , — MR ICTR TN 32 52 AV b L, 190 HE AL W) BA S T YD B ), BV V0 B B 5 3 45 8 35 B 100% Fiof —
RS 20 A6 A K3 U 52, B H R B K B B 55 266 % AT AT BB 3 B A3 o X T REARL VDK BEAE A K TR 3l
BT H, IC A2 N AS L | PR B AS LR VDA A AR A R T e R v — A R

WFFEEE SRR I R A E DG G 28R E A W, B VDS B ARSI, VoK S il & R 25 18 R A
AL BRI TR KSR IR S P sh UG8 TR, Horh DA BRI FREIR 250 10 K>H5 15 K5 5 K, M1
R ALK BRI T B R RS 15 K> 10 R>48 5 K, X A AU A 5 58 60 X4 2 85 ( Leymus
chinensis) G ZEBEHAR KoK 3 ISR M BT 45258 — 80, JGEEF AR AL KT AR & 1y = SR IR AN o 26 7 1 BE 4l
M ZE W VE I SURAE Y WS TCHLER FIZ Fii /K 4310 2 50 07, 36 7T ReARAE ) A4 9 1R B i i 72 5806 #- AT G MR AT AR B0z
FO YA R VORGSR AR I S KR R [ AR R HOG A 2 R G 2 A0, B L T A
HE I FNRE AL ALRCR IS , X AR S AR K AEAERAE A MU A7, B 12 M R A G VR IR ZE B VR
HRLAKBIRE A 3 77, PSR ARAH ], 7 [y AH B, (6] I AT 1) A S et B2, T SALAE S SRSy 1D, 35 AR DG & 3R
LM R e T A KOE B RIHRER T L AR R YDA 10 KIS 15 K WO A E B L 5 7K
AR SALF R, DL ZE IS R A AL B AR A B 2 BN 3 E AR G, 5K A R TSGR AR AR S B A ik B i 2
KOV 33k B U585 U0 M S E (486 o, S5 S e 3R T SR A 3 A D R 1R AR s BB VDS a R Uk LI
FEARELT Eshi 1y, BRAR T AIL TR, i FAR Z S VR FH LAskE Sk P K A0 A st BEEROR o Rl T i 26 1 A S 1 AL T 5
W ( Zenia insignis) \A4R1E (L onicera maackii) S5 A ( Cornus controversa) o6 78 MK 43R FHRCR IR FT 45 - — 34,

DI RYRIFFEEE SRR T, YO R AT LIRS AR BR 398 5 K b, AR Sl B | DRI 2 v 380 ] DAAIE 3 4 e A7 0% AR G (R SR b 1
JELRE i K 25 S BOE P4 v JE T 22 YRR R e AT A AE T, GG IR MR BE R R, AT 5 B A7 R R AR
FA RS2 AR ST 5 S, VP OR AN i A KRG i 5 e & MR 28 I R L AR AL 5 2 AR G
M A2 VDR AL R B OGS s AR AR A, R 2 PR TR A K2 MR Z R 2 —
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