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Effects of sustained wind-sand flow on photosynthesis and transpiration rates of
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Abstract: To understand the effects of sustained wind-sand flow on the photosynthesis and transpiration rates of Pinus
sylvestris var. mongolica saplings, a field wind-sand flow experiment with a gradient of wind speed treatments (0 [ CK], 6,
9, 12, 15, and 18 m/s) was conducted in the spring of 2013 in the Horqin Sand Land of Inner Mongolia. The results
showed that; (1) wind-sand flow over 9 m/s can significantly change daily photosynthesis rate patterns, (2) wind-sand flow
over 12 m/s can significantly change daily patterns of stomatal conductance, (3) wind-sand flow of 15 m/s and 18 m/s can
significantly change the daily WUE pattern, and (4) different strengths of wind-sand flows had a lesser effect on daily
transpiration rates and intercellular CO, concentrations compared to photosynthesis rate. Compared to the CK, the daily
maximum and average photosynthetic rates increased by 12.35% and 13.8% , and 18.33% and 38.9%, at the 6 m/s and 12
m/s treatments, respectively, and decreased by 17.9% and 18.9% at the 18 m/s treatments, respectively. The daily
maximum and average transpiration rates increased by 51.9% and 16.9% , and 58.6% and 53.0% , at the 6 m/s and 15 m/s
treatments, respectively, and decreased by 22.5% and 18.5% at the 18 m/s treatment, respectively. The daily maximum

and average intercellular CO, concentrations did not significantly differ with the 6—12 m/s treatments, as compared to those
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in the CK, but increased by 86.9% and 16.5% , and 44.5% , 3.28% with the 15 m/s and 18 m/s treatments, respectively.
Compared to the CK, the daily maximum and average stomatal conductance increased by 14.1% ,26.6% , and 27.6% .45.
2% , at the 6 m/s and 15 m/s treatments, respectively, and decreased by 11.95% and 13.70% at the 18 m/s treatment,
respectively. The daily average WUE increased by 7.33%, 1.93%, 18.15%, 3.09% at 6, 9, 12, and 18 m/s respectively,
and decreased by 13.51% at 15 m/s.

Key Words: Pinus sylvestnis var. mongolica saplings, wind-sand flow, photosynthetic rate, transpiration rate, water

use efficiency

WP S AR REs R . SR KZ T TR FR AR E D TR, s SRR,
T IR i 485 VDA B8 X A ) 3 S T Y, S SO 4 R B 20 2 32 450 R A B Y A i T SO AR BE T, R T
FE D L 17 25 2 DRt XUD (v LE AR A1 , R 2B PN Re AR i XUV X 49 3 A1 3 B RN 22 1 52 )
FEEANE D AR, B PRt 2 YD X A S AR R Wk A H 25 AL, A O KU I A A i S
i o 9 58 FF 4R 32 B o6 >

A 2 KURITRCYD 70 XA 490 5 i B i 37 F 9 LA — BE 4G Anvb R BT i A W VR S5 AT AR
Tt 2R R RGP 2 Ik B 5T 32 VR RN 2 1 AT T A S KD IR SE R A HEK
FURBIFAE Ay 5 — PR 0 i, R T T 0 S IXURT R S X A 0 B ELAARAE T At — S XU X e 420 5 i 1)
W FE R , AR A A KT DA 28I RRrE " R i K H 358 A B 1 O BT A (H et 25 R 2 BRI
RIS AR ST R N TS SR 7 9% 4P A] Z27E 30s 2 20min, ifif H HAERBLG XUk 28 | ARk | bl 5 BT
M 3 XU 6 7, LT A DR 6 A5 AT J | (H ¢ K 2 KXW B8 AT 8% R BR T KR e L A o6
D RTAF ) A A S e S LA B B A 5, Y A IR R Gl TE RN AL T = VAR R R D KGR 5 J it XL
TR LRI A A5 i L R A B A 2 R 5 > (LA 5 R0 B J LR A R s A A 4, i L AR XU XL
IR ZE A7 AR XD TR TR AR AR A5 M S A 3 3 R AL AT TR i 2z 5
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Fig.1 Daily changes of photosynthetic rate at the different treatments
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Fig.2 Daily changes of transpiration rate at the different treatments
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Fig.3 Daily changes of stomatal conductance at the different treatments
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6] CO, M E H AL A A B W IE (I 4) . Hb, CK B M IE] CO, ¥k BE S/ IMELH BLAE Th 4 1200 1,
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Fig.4 Daily changes of intercellular CO, concentration at the different treatments
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Fig.5 Daily changes of WUE at the different treatments
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13.89% 1 9 .15 F1 18m/s AbFR /A% B R I T 5.38% 15.64% F 17.41% ., KB HHE T ,6.12 Fl 15m/s
AL BRI H 22 R CK A3 17.07% 2.11% 1 53.01% , 11 9 1 18m/s 7% i i R &8 CK T [% 5.37% 1
18.53% fH H A7 15 Fl 18m/s 40T CK AU ik 3] T i F /K (P<0.05)

P F AT BR 12ms AEFERIR] CO, MR EEES CK A BT RS, HA XU A A L [H) CO, ¥R BE 314 CK A
g, A LA 15ms A BRI AR BE B KON 16.24% , 3 HLAE 12 F1 15m/s A0 B[] 9 22 53 34 3 1. 2% /K 7 (P<O.
05) . HISSLGRERY AL FIZE S R AR, A2 6 .12 1 15m/s AL A= T CK,9 1 18m/s AL BRAE T CK,
{HHA 15 F118m/s AHLE CK Z [ F 22 535 5] T 8 E /K- (P<0.05) . H /KA FIHBCE A 15m/s LLFRIAE
T CK,6.9.12 Fl 18m/s AbFEY H 7K FIHROR 53 314 CK #2185 7.72% ,2.32% ,10.04% F1 3.09% , {H £ 4b B
[i] f) 22 S ¥ AR 3R B i 25K - (P>0.05)
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Fig.6 Comparison of the average daily value of different properties among different treatments
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B, 7E om/s KMIPIIREE T, Hol & i H AR AT AR oy wlide fh 2, AR5 2 e {7 4 At i) B2 17 210/ 1400 B,
MRGEKT 6m/s LUG , 4 AL G % H AR (UG8 y g ih 28, 55 2 W 2% SR pMEAR S AT 3T 5
M FRD A AT A R —8, 734, HOGE R H BOR A H HE R 6m/s il 12m/s 431 B E KT CK,
15m/s Al 18m/s AbHE Nt 2 /NF CK, 1 9m/s AbFRE CK 25 5 R i 23X RIS RAE ) A S KUk 28 /i
HAXG LA R A RS 25 R — B, X — D7 T UL, 6m/s IR KGH XU U IR Z8 XA T A G Sl 1 H R SE
WS/ )N, AT Y A A G AR A T 5 DXV i R 0 HI 5 3 AR S M B, AN S5OH: 2 f R
RS T ELA PR 1 0 5 55— D T BT, 6m/s T 12my/s XU XUV 30 W 28 AT LA w5 HOG A 3 2R T ot XL
IR N 2 B EFEIOL S . DAY CO, M H,0 Fe b AT L Ry i, 5 XD it e 2% i
SHEUE A TR TR H AT B RS SR KT RESZ 2 e B P oA I s i AR
IR AR T R LG, SO FRBE 0 T AL T & 28I 15 B0 i IR 15 15, Mk 28 T Hok &
RIS IIE G BT REE T XU it o B W - S BCH I 1 i B AR IR, 52 ) 38 R SRR AL g 17, s ] B IR T
ot KU T AR SCFL IR R T HOL A 805 2 IR A L,

TR, WD TR ZE XA AR AR RIE] CO, ¥R BE H ERR 2 M4SN WA s L B A AL B fH 6—12m/
s WP ZE 5 BOL H I CO, MR BEFRAIR, 15m/s Rl 18m/s D T Z A A T4 25 3 H ) co, vk,
CAWFTER, M) CO, M B2 A AR A0 T ] 2 8 5 D6 5 3o 4<% Al ) = i DR A 73 DRy AL PR 3R ) o 2 AR
P, T CORIEATEIBRIEL IR Y, CO, e BE T i il 2% S BOL A HURA I, 8L KD I 8
T OCE ARG CO, R 5 BB R (LR, HRBRAR 2= 551 BFSE I b SR T A BRI H] CO, ik
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B RSL TR H AR R 2R 5 7% I 3R H AR Tk 2R A UK A L 2K | 15m/s B DU KU e Z8 T H 7%
it A 5 AL B RS BN, T 18m/s XU T 78 3 5 S AL BE [R5 T B X SRR I XD i e 28 1 I
ZE I HR AR AL A L R Y M A s H ARk 2R R B il £ BERH R T ALY A, A
AR RN, S351, S VE PRI ZE 1 T30 XUV I R 78 5 8 A8 A i 7 ) R 34O TR) , (3 I8 T AR 4Rk
Wi 18, — 7 T8 AT BE A T RS B R [R) A A A2 380 W ae A R R [R) A0 XU T et | vl R OR A2 B 45 , 5%
PR A CE ZEM AL 25 3 LA IS B X IR I3 5y A Nk b I I P R s T XL
VIR T o ML 7™ 5, S ALICHAT , g R 1) o it R 2 25 5 /D | i Se 3 2 P B A 2B 1R
FHURES > 5 57— T 2% R A 2 BN FLIT DA AR B A 5, Bl XU 37 180 8 < FL 5 B A A e i 1 5 3L
i TR AR L AR 7 1 KD IR R T HG A BRI AR BB T AL A, il IR Z BIAE KL E i 29, i
BT Y6A s HRAR L S R R AR AR —RE A AR L R i 50

HEHI 7K A3 ) SRRV A ) A KOl E R B A 255 AR A S48 5 , B S0 R e T A RE K 5 T4
HFEZ BRSO P ) BRI, 6—12m/s WK ZREA BUE RS F A4 WUE H ZBfE R, I 15m/s Al
18m/s SR KR ZEXIHE TR WUE H AS L MU 5 2 50 i, S 83CH: H AR fR A phy Bl 2625 0 B 48 T IR
Wo 7358, 12m/s ZILLUTF WD ik ZE 0T DUge @ A4 89 WUE, 1 15ms Fl 18ms 58 XU 3 28 0 25 I 3%
FEACH WUE, 7EFRE T 22T 2K, KA Ak = 70 i = B8R B, 768 BR K R A T I &
R RIRKRS B2 BRI G A RE S TR FEK BN, REARAE Y K S RIS, DTS K 43 BR 178 H
AR A 0 2

4 %t

AL L E XA SESE R AT IS AR B LU 4518 1) XD R4 - A8 2 W 2 19 A8 F i 1) CO, ik B2 H
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FRINZE G R i KD R T BCHOL B s R M R R 25 R A1 5 3) MK 9—12m/s KPR ZE i<
FL S BRI, i R i W AT S IO AL BE R EE T e, 1 T 8] CO, MM AR 2 5 4) B 15m/s KPMAT IR
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