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Effects of sand burial on growth and photosynthesis and water metabolism of Pinus sylvestris
var. mongolica saplings. ZHAO Ha-lin'** | LI Jin', ZHOU Rui-lian>, QU Hao', YUN Jian-
ying' , PAN Cheng-chen' ('Cold and Arid Regions Environment and Engineering Institute, Chinese
Academy of Sciences, Lanzhou 730000, China; *>Faculty of Life Sciences, Ludong University , Yantai
264025, Shandong, China). Chinese Journal of Ecology, 2014, 33(11) ; 2973-2979.

Abstract: In order to assess the effects of sand burial on growth properties and photosynthesis
and water metabolism of Pinus sylvestris var. mongolica saplings, the survival rate, plant height,
aboveground biomass, photosynthetic rate (P ), transpiration rate ( 7,) and water use efficiency
(WUE) of 3-year-old P. sylvestris var. mongolica saplings with different sand burial depths were
measured in the Horqin Sand Land of Inner Mongolia in the spring of 2013. The results showed
that the maximum depth of the saplings to withstand sand burial should not exceed 2 ¢m above the
plant height, and all saplings died when the sand burial depth was over 2 cm above the plant
height. When the sand burial depth was below 2 ¢m above the plant height, sand burial promoted
the height growth but did not benefit the biomass accumulation of the saplings, and significantly
increased P, T

T

stomatal conductance (g,), and intercellular CO, concentration ( C,) , with a

maximum increase of P, T, g_, respectively when the sand burial depth was at 50% of the

plant height. C; was the maximum when the sand burial depth was 2 cm above the plant height.
Although the sand burial did not result in the decrease of water content in the saplings, WUE of
the saplings tended to decline with increase of the sand burial depth, with the lowest WUE when
the sand burial depth was 2 ¢m above the plant height. There was a significant and positive corre-
lation between sapling height and P, T., between P, and g, and C,, and between WUE and
plant water content and 7. The correlation was not significant between the aboveground biomass

and P, and T..
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il AH A 2 v EE VI ( Salix psam-
mophila) T 25 FEAE W) 5200 X V0 28 B ( Elymus fare-
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2005) , fHX BT R DB SR, WS M1k, A
VD BERE YRS UD IG5 7K o AR R 45 A 3t
N IR AR D WA R A
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PR VML CROSFERIZE T 9, 1961) , TR
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MO IR LI 58 (AR BOR 55 ,2005) , BT HA PR
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1.1 WFRIXARAL

WFFE XA T PN 5y 3l A0 T 2% S R N, HAb Rt
JRIDTD ML # (42°55'N—42°57'N,120°41' E—120°
45" E, MK 340 ~370 m) . %X @ 7 1 5Kk
PESGE AR YR K B 356. 9 mm), 4FE 7€ & & 1900
mm, IR 6.5 °C, =10 CAHEMIR 3190 °C, L
B151 d; 5 FHRGHE 3.4 m - s AEPRZT RS
20 ~30 d, HBER LA SRR AR 1 VD B 2 028 i o
AR FH AZ 5 3 A M ARRAIE , 358 22 R KLUD 4 370 o )
+, MR KRB D R A Y o £, £
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T ) Fh A ¥ oK R IR L 52 ( Corispermum  maro-
carpum) J& B3 (Salsola collina) 25 EVEE, /N4
X LA BT AR R B G B AE X Hb ™ 32 A (X)
B ,1996)
1.2 REsit

TR b B BT P R B 2 S VAL SR Y
KA RIS AR KA RAT R AR —
Y 3 AEAEREF AR RIS T — AR A R &
FA% 30 em, T 35 em BYTCIRAL AL, 38 0 3 B3
e RN R SRR e i, S8 M A
VP E (1 234 %, 2007 ;] £ 2K 55,2008 ) ,
R CK. A B.C.D.EF.G.H.IFJ% I
AN B 0 14 3 G v 3R B 4 03] SR vk v Y
0% 25% .50% .75% .100% Atk E LA L2 4.6.8 .
1015 em, RER A XA A, B bH 6 NEHE
BAEE 1 AR, YIS T 2013 4F
BERFATUZE KA T, YRR, #ie B
Wit , THEARITREE SR I5 4 4G 4 00 TC IS AR 7k
A DR S5 A JR AR SR, P D /N 0o R 313 Y
[ A b TR B 1T ) S e < B2 3 R B
NP .
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o A EEN) K (HEKE, AREZHEMN)3
ANEER IR IR AE 2 43 0 T HAUE S 3.2
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FERE L3RR AR R A 4 A R B R T
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W R DRI 38 o P 0 - 79 3 B i, e R

LIRS =Ny R g = BN T 2
1.4 HdEabs

Vi SPSS 13. 0 38 et 7t . R
PR 2 )7 225387 (one-way ANOVA) Flfie/N i 595
L (LSD) e A R B4 Bl i 22 57, H Pearson A 5%
FEOEM AR F A E SRR

2 SRS
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LA TR R A4k, A CK Ab B —FE Fir A 2 W4
ARG . EASFRAAAIE R R, N F 2 T b3,
TRz AT+, MWE 1B AfLIEH, M CK 3] C 4b
PR AN SARUE I 2.7, U I A 3 C 4b
FHH AN B KSR CK — R Ry B T D Ab B
RKABUETT 4 W] R B (P<0.05) , 2 E 2L 3 H
BUERE R 2.0, BT HAK S — i (h %) N F 3] T 4
P PR LT 2554 H A 7 TS I R A
2.2 N[FIVDSHLL B R AR A A PR s A b A
Yt

ME 2A AT LA H, N A 3 D A3 AP bk
FTIZE A B 2 5 4l v L 4b 2 CK OB S 36 Jm (P <
0.05), Horb, Bk LA &b 3 i & K
(22.6% ) ,EACFRIG I BE B/ N (6. 2% ) 5 TRZFAK

120 - p
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CK A B o D E
YmAL

E1 AEDVIELETEFROROFEER(A)FAKE(B)
Fig.1 Survival rate (A) and growth status (B) in differ-
ent sand burial treatments
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Fig.2 Plant height and bud length (A) and above-ground
biomass (B) in different sand burial treatments

DL B Ab B fN0E B B K (54, T% ), F AL B3 i e
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o, E B AR A Yy at i R AR A S
W RFET 58.04% 93.77% F180.31% .,
2.3 OR[A VD3 Ah R RE RS 00 A ol R 2K
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FIZE s S R 35 12 IS s T B A [l T 1 A8 Ak
A A A R R R Y TR
CK,HH A C.D.EAFENAEHEERE CK WEFK
KEN I EKF B .C.DE ALFEZE B R S CK 1Y
2% (P<0.05), Hrb, Dl B AL G 3R
75 1B B 0 E B & K, e R 113, 1% i
247.6% . Ot A A BN E LD D AL B g
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FHL ] CO, vk B2 22 AR K (El4) =, WA FIE

Fig.3 Photosynthetic rate (A) and transpiration rate (B)
in different sand burial treatments
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Fig.4 Stomatal conductance ( A) and intercellular CO,
concentration (B) in different sand burial treatments
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Table 1 Correlation analysis among different factors in different sand burial treatments

WiH M ZAape MAEPE BAEYE S OLGEE ZEBER JKOGRIHReE ZEEkE MEKE
Phiss 1

E-VR7his 0.542* 1

A it 0.377 0.799 * * 1

MR 0.456 0.912%* 0.975** 1

Dliagl 0.606* * 0.369 0.096 0.201 1

TR R 0.541* 0.240 -0.130 0. 000 0.869 " * 1

KATFIRBCE  0.624% % 0.119 -0.215 -0.102 0.233 0.533 " 1

ZEEKE 0.915** 0.497* 0.286 0.378 0.548 * 0.496 * 0.656 " * 1

K 0.513* 0.494* 0.207 0.322 0.289 0.235 0.415 0.707 * * 1
K 0.786* * 0.527** 0.261 0.372 0. 460 0.407 0.593** 0.936** 0.911**

* P<0.05; * % P<0.01,

FRE KM 0. 908 mol H,O -
T 254.4%
2.5 AN[FEVHSAL T AR A D B K K A
FIHRE

ANFEVP AL A &K A kA T W] AR
fE(EISA) , Hid )N A B E AL ERE 9 25 0 5 7K
¥m THE VD CK A3 {H 4% b 3] 22 S5 KT8 31 i
EKF(P>0.05) , M ATtk Sk EH DL E Ab B
i, D AEEAR o D AP S CK 22 3k 5) B 3%
IKF-(P<0.05) , 45 4B 7K 53 F) FH 350R AR fb i 34
SRS AR (8 5B) , A B E 4bFE
Bt 5 /0 SV B i S 2 R R (P<0.05) , = E
AR BRI 7K 53 FIFHASCRAL R CK 1 45.4%
ory DEE EIA WK

65 ala

m~” - s B CK B

[

daa

2 8aa Taa

He

IKAF Fi%% # (wmol - mmol™)
[\)

CK A B o D E
VAL

ES5 AEDVELETHEMSKE(A)MKSFARLE
(B)

Fig.5 Plant water contents ( A) and water use efficiency
(B) in different sand burial treatments
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PR G Bk i 5 2R K 8 2 B3 IEA C (P<
0.05) , HoAth K Z [8] B AH DG HE A TA 3 8 27K (P>
0.05) .

3 i i
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BiEFAEVS A Y ( Benvenuti et al. ,2001 ; #X P& R
45.2014) o AN, SRR BN RS 66% I, AE TS
AR LR B AN B AT R B R T B HAE K A B
il 24V R B 4 AR R 1009% B, L4l i 43Rt T
(ROSCEFIXIAE R ,2002) ARV A T 42 2 A
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FBITIE 2005 ;4 Z 3445 2007 ; 25 3014 2010) L, {H
Vb A A ) 22 LU 40 B A RE T 52 2009% & i 22 A4 1Y
YOI GRS PR, 2014 ) o BIFFER WL, He 1 Fa 2 A A
UVPIRREE S PR 5 100% B 3598055 , (H R ) 305t
TAEAR, YUDERREE O RS LA E 2 em IAFTE T
Wi, At 2 em D) A ARDAR D02 34 A B ToUARE 2 1 i 1
g2 XU I LR B A6 Tiid 52 1) V0 JHL R B2 AN R e i A
A2 em, Holg Kt HERE 1A TV A AR ) AR



2978

ARG BB E B

VR AR Y Z 6], A, U0 3R B O bR 25% ~
100% I, A5 F-HA BB Bk e A G AR THZF I BE 1 W 25
T CK, Uh I — 7 B8 B2 (VD B BB A (i AT A 2 AR 1Y)
AR, IXFINET A SV X e 4 2 (B
A5 2007) K5k (BT A I, 2005 ) B R
AT AE R —E, (HIE, & VD IR N A T AA 2 A
(b1 A R 50% Vo3 B 25 R A Ak AR
JEVPIR B A ) R bR A ) 2 0 T R,
UL VP HXS AR T A AR AR W R B AT I R e . X
R A Fy 4% (%45 T RIS T, 2005 ) | TE- 48 4
(BRI 55 2007 ) A YDA Py 1t 52 Wi (Y AF 92 45
A, X UL, 32 BV EE JE AR A SR R
SR T3 N D SR B 38 TR SE 22 W) 5T RE i RS & R R
1, DIk VORI, A A 40 o ) AR 2R AN
BEAHENE T GEIR BK,2013)

TR R TN gh B 19065 7K AR 7 4
FRisRE , Horb R ERIR R e (pkE L 2
em) , HOGH B ZE 1 HOR AL T Y ] B 1Y
I, L 50% VDG AR FEE AR AL R
PR R, X UEH, — o B A VD AT D) s
TSI R AL T SRR BT A O A ok 3R
AR HCHITR] CO, ¥ J32 Fifi b 18 J32 1 hin iy 4 fin -t
UESE 13X — s o H, BE VD 3G 0 - K 43 R H]
BRI TR, Ul B VD 300 0) 7 1 0 A< 1 52 Wi 24K T
A HR FEUEY K 73 I FIRCR AR, X seg5 R
STk Bt N N L S EN R P e & AW i)
e A AR K] i an, T 5B E T, 8242 ( Haloxy-
lon ammodendron ) F1 > 3 & ( Calligortum mongoli-
cum) BRI EHR(P) TS ERS TG
A2 RO AR, 2R B DR DA ) (T B AR I 4
2006) , 1M A0 ( Sabina vulgar ) 76+ 5 Wi~ fLH
MBI IAT , 7% 1 R A (i [k 45, 2003 ) o R sk
IHIETF  SEROGE HR N ZE NS R A BT B, 7Ky
F B NAT B It (B2 45 ,2009) e il a
N, 5% ( Populus euphratica ) Y& H R ML E
B /0 (ERIIR) CO, ¥R B O oK Bl 1G5 5 Al
AL BT (BRI SE ,2009) , EATZ
() Z Jf LA AE B 35 22 57, — 5 T i) e 52 3 1y 38
TERXAMRK R, T 5 Rl SRR T )
W SZ BN SRR A B, 7K 535 S BUE Y6 Al
NN R TR M) AT A TEAR K 43R 4515
THADCEE, B T K o A SR (il
JEE 2003 5 S35 A I3 186, 2006 5 RS 45,2009 ;

BEALAREE 2009) 10 VD SHLE F AT DABS A AR R )2
TS K, WA 2 S B Y K 5377 B (Maun &
Lapierre 1984 ; TiE4% 2012) . ARWFFEH, £ V0 H# 4L
T R AN ZE K 5 A B AR AR SE T X
— i 7 AT DR 7 S T A R R
2 EAEE R, TV IR AR SR R 2
5 R A Y I EE T, T SO ) 7 T R o
JERTOGE A58 g B2, 7K 53 ) B8R AR (&
MR, 2013 5 XA ARAE 2014)

AP R VDI AE T R AA SR ik =
AL 32 1 T 2A AR Y R DA 2R R AEY)
KR AR ZERAE i P RE  R AR Y Bk Y
HOm, VA KOE A 78 1 SR R, B m A KA
Fl, WEFRIR RN AL M) CO, ik B2 F1 2 s
RS IAA R TR R OEEER, LS B
FEAFREE MilE) CO, VR EE R 2 /DR E/E RS,
TS T 25 1 AR ) M (BRI NG 45, 2009 5 B A7 A
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