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Abstract: The climatic impacts of the construction of water power stations in the dry-hot valleys in China, including local
increases in air moisture and decreased precipitation, negatively affect native vegetation, and thus are a significant
ecological problem. Dodonaea viscosa, an indigenous shrub of dry-hot valleys, was used to evaluate the effects of these
climatic changes. In this paper, a growth chamber experiment was conducted to quantify the growth and development

responses of D. viscosa seedlings to different soil water and air humidity conditions, and further to explore how soil drought
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and air humidity damage this species. D. viscosa seedlings were subjected to three water (13.0, 7.0, and 1.5%, water
capacity) and three air humidity (RH 75%, 65% , and 50% ) regimes, arranged in a completely random design. Then,
seedling growth, root development, and biomass allocation were measured to evaluate climatic effects on seedling growth,
and leaf chlorophyll, Fv/Fm, and MDA were measured to detect sites damaged by soil drought and increased air humidity ;
finally, leaf soluble sugar was measured to determine whether the seedlings respond to soil drought and air humidity through
osmoregulation. Our results suggestted that soil drought dramatically decreased the height, leaf number, branch number,
and biomass of seedlings. However, these characteristics increased with air humidity from 50% RH to 65% RH, then
deceased when the humidity rose to 75% RH. In addition, soil drought decreased root length, root surface area, root
projected area, root tips, and root volume, but increased the seedlings’” RMRs ( root mass ratio) ; in contrast, higher air
humidity increased root length and decreased RMR, but maximized root surface area, root projected area, root tips, and
root volume at the moderate RH 65% level. We also found that soil drought and air humidity had no effect on chlorophyll,
but influenced Fv/Fm significantly, which indicates that its photosynthetic electron transport chain was damaged;
furthermore, MDA increased under soil drought stress, which suggests that membrane peroxidation occurs under such
conditions , but there was no significant MDA increase when air humidity increased from 50% RH to 70% RH. Soil drought
also increased leaf sugar levels, suggesting that D. viscosa responds to soil water stress through osmoregulation. Thus, we
conclude that increased air humidity can alleviate the effects of soil drought on the seedling growth of D. wviscosa, which
implies that the construction of water power stations in the dry-hot valleys of China would not have a significant negative
impact the population dynamics of D. viscosa. Our results would be useful in evaluating the impacts of water power station

construction on vegetation dynamics in dry-hot valleys in China.
Key Words; Dry-Hot Valleys in China; Dodonaea viscosa seedlings; soil drought; air humidity
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Table 1 Effects of air and soil humidity on growth of Dodonaea viscosa seedlings(n=35)
g LR i I it b bk
Relative humidity of air ca];acity/ ( \;/v) Height/cm Alive leaves Dead leaves Branches Dry mass/g
75% 13% 17.9+2.5d 19.8+2.8ab 1.7+0.4a 2.4+0.3ab 1.4+0.2¢
7% 16.4+2.4d 15.0+1.8ab 6.4+0.3b 1.5+0.2a 1.4+0.2¢
1.5% 9.7+1.6ab 11.2+0.8a 2.5+0.3a 1.0+0.0a 0.5+0.1ab
65% 13% 14.3+2.5¢d 25.6+2.7b 2.0+0.0a 4.6+0.5b 1.6£0.2¢
7% 11.9+2.3be 14.4+2.7ab 1.4+0.3a 1.6+0.1a 1.1£0.2be
1.5% 9.7+1.8ab 10.4+2.9a 4.2+0.5b 1.0+0.0a 0.4+0.1ab
50% 13% 10.4+2.7abe 13.4+2.5a 2.0+0.2a 1.6+0.3a 0.6+0.2ab
7% 10.5+2.5abe 11.6+2.2a 2.0+0.2a 1.0+0.0a 0.6+0.2ab
1.5% 7.0+0.8a 8.8+0.8a 3.0+0.3ab 1.0+0.2a 0.2+0.1a
SEWE(F
;:\;{:Efff(air) humidity 10.93 ** 1.87 ™ 3.38" 1.41 ™ 6.05""
TSR E(F
r \Jfl:e Jo(ffo(ll wz'ater capacity 12.48 523" 5.14"F 3717 10.72**
25 SRR X LIS KA (F)
F value of interaction between soil water 1.13 ™ 0.66™ 1.81™ 0.89™ 0.85™

capacity and air humidity
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Fig.1 Effects of air humidity and soil water capacity on seedlings growth of D. viscosa
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Table 2 Effects of air and soil humidity on root growth and development of D. viscosa seedlings

P T HEEKE K R HIR B HR HRAAFR "
R ST fitke v e
. . Soil water Root Root surface Projected Root ;
Air humidity . ) N 3 Root tips
capacity/v/v length/cm area /cm area/cm volume/ cm

75% 13% 542.1+34.6cde 156.9+5.7bed 49.9+4.1bed 3.8+0.9a 698.2+78.7de
7% 570.3+£29.8de 190.3+6.9cd 59.9+6.8cd 5.1+0.5 a 783.3+28.9¢f
1.5% 396.5+19.3bc 96.7+4.9a 30.8+3.3ab 2.1+0.7a 579.6+37.1bcde

65% 13% 610.2+51.5¢e 271.6+8.8e 86.5+5.7e 10.8+0.4b 967.0+57.7f
7% 445.3+34.7bed 223.8+7.4de 71.2+1.4de 9.7+1.4b 664.6+82.7cde
1.5% 396.7+29.1bc 103.9+3.3ab 33.1x1.6ab 2.3+0.2a 567.8+55.4bed

50% 13% 364.8+16.2b 85.4+3.5ab 27.2+2.2ab 1.7+0.6a 415.0+£19.5ab
7% 371.1x16.1b 113.3+8.0abc 37.9+1.4c 2.9+0.5a 477.6+25.6abc
1.5% 209.3£10.5a 33.7+£3.9a 10.7+1.48a 0.5+0.1a 297.6+21.1a

fz/:»‘ﬁﬁ- F

= E.( ) . 14.10"* 16.72"* 16.16** 10.93** 23.52"*

F value of air humidity

j—?‘,/‘\7 E=N F

j;g&a KE( ) . 10.62"" 1329 13.45"" 6.49 " 8.65""

F value of soil water capacity

23S MEBE X 13 E K (F)

F value of interaction between soil water 1.25 ™ 1.635™ 1.64 ™ 1.75™ 299

capacity and air humidity

KB N I BAREDE (n=5) ; R —FUBE R A A 6“7 R A EE] 7E 0.05 K23 (Ducan)
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Fig.2 Effects of air humidity and soil water capacity on seedlings root development of D. viscosa

e AT

Projected area |

SRR 3, 2R BN R I & % FE M T B (SLA) RS MR AN 28, 2 RO R 42 5 1 4l AR
I (RMR) RS AR 25, BEOR SR RE T, RMR S SeTHS FERY 3 (1 3) | Ul ] 2 e B aod v 2 40 il A=
I AR AR 2 G 2 SR B e (LMR) (2t HE (SMR) 1Y

=
o

http ; //www.ecologica.cn

AN 2, 35 /K& X% LMR A1 RMR #9)



6 S % 36 &
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Table 3 Response of biomass allocation of D. viscosa seedlings to air and soil humidity variation

AR TR L R EF I W TR
Air humidity cap;(:ily /( § ) LMR RMR SMR SLA
75% 13% 0.61x0.04b 0.25+0.02a 0.14x0.04a 0.005420.0023a
7% 0.64+0.03b 0.24£0.02a 0.12+0.02a 0.0059+0.0010ab
1.5% 0.57+0.07ab 0.32+0.014ab 0.11+0.03a 0.0062+0.0008ahc
65% 13% 0.56+0.02ab 0.33£0.02ab 0.11+0.01a 0.0075+0.0011abe
7% 0.57+0.05ab 0.33+0.05ab 0.10+0.02a 0.0073+0.0018ahc
1.5% 0.47+0.06a 0.39£0.05b 0.14+0.03a 0.0079£0.0007 be
50% 13% 0.64x0.03b 0.24+0.04a 0.12+0.03a 0.0057+0.0011ab
7% 0.57+0.08ab 0.3020.07ab 0.13+0.02a 0.0068+0.0011ahc
1.5% 0.52+0.06ab 0.3420.02ab 0.15+0.05a 0.008320.0023¢
ZSSJRSE(F) F value of air humidity 2.56" 4.48** 0.52" 2.54
+HEEIKEE(F) F value of soil water capacity 4.44%* 4.45** 1.65™ 2.03 ™
25 RBEXHEAKRE(F)
F value of interaction between soil water 0.58 ™ 0.34" 1.78 ™ 1.52™

capacity and air humidity
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Fig.3 Effects of air humidity and soil water capacity on leaf traits and biomass allocation of D. viscosa seedling
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Table 4 Effects of air and soil humidity on leaf chlorophyll, Fv/Fm of D. viscosa seedlings

L HEFK WiRE o b AR ST

Air humidity Soil water capacity/ (v/v) C,+ C,/(mg/g) Fv/Fm

75% 13% 2.78+0.14a 0.84+0.01a

7% 2.44£0.15a 0.84£0.01a

1.5% 3.02+0.18a 0.84£0.01a

65% 13% 2.49+0.15a 0.85+0.01a

7% 2.58+0.13a 0.85+0.01a

1.5% 2.54+0.17a 0.83+0.03a

50% 13% 2.69+0.16a 0.85+0.01a

7% 2.64+0.16a 0.83+0.02a

1.5% 2.31£0.14a 0.77+0.05b
ZSSHRE (F) F value of air humidity 0.40 ™ 473"
+ A K (F) F value of soil water capacity 0.07 ™ 8.56 "
28 SR X A K (F) 0.58 ™ 443+

F value of interaction between soil water capacity and air humidity

BRI VIR AR RS (n=5) 5 [ — S R A AT S R 7 BRI BRI 7 0.05 7K1 {838 (Ducan)
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Fig.4 Effects of air humidity and soil water capacity on Fv/Fm

of D. viscosa
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x5 ERNLIERAETUFENRFHERSENR _BIENIIN
Table 5 Effects of air and soil humidity on leaf MDA and sugar content of D.viscosa seedlings
2T TS KA N AR
Air humidity Soil water capacity (v/v) MDA/ (107 wmol/g) Soluable sugar/ ( pmol/g)
75% 13% 5.6+0.3ab 8.4+0.1c
7% 7.6+0.4abc 6.1+0.6ab
1.5% 9.6+0.8bc 4.3+0.8ab
65% 13% 7.3+0. 6abc 4.0+0.4ab
7% 5.4+0. 2ab 3.1+0.5a
1.5% 8.5+0.9bc 4.0+0.3ab
50% 13% 1.9+0.2a 5.2+0.6ab
7% 3.8+0.1ab 4.3+0.2ab
1.5% 12.4+0.2¢ 4.6+£0.5ab
ZSSJRIE(F) F value of air humidity 0.52™ 7.27**
FIEFIKE (F) F value of soil water capacity 6.30%" 3.5
25 SR AT KR (F) L Loum
F value of interaction between soil water capacity and air humidity
RPEE N AR EE (n=5) ; Rl —FUBE o R A A R 7 R A EUE R 7E 0.05 7KF 2.3 (Ducan)
ZEE AT, AR EE T e ] LA S A e w20 5
ST 5 DR K R B SR ASR AR 2 KW B e o -

100 a

N 13%

RTUHNERMET .

32 EFR TN LRI A B 1 AL
HIIEA B8 1T B2 A8 9 7K 40 Tt i 5 2 AR PR,

RO AE R B, T30 2 SR T R TR 45, F

8% WREREM LI A HOKIMET 26.7% 0, EF T4

BRSO A RS TR RHER TS RS

XiF KA e B s . RS K A T3 (4N L

NG R R IE SR Rl S & el Al 2 0

IR HAHR ST v 4 SRR A B AR X i S 3R

W EAE Value

Z5) MDA(LYE)  HE(L3®)

VAT B, 15 4T B TG A T 2T 0 45 R i R — 5 B 5 =SEEMLTES/KEXMHE MDA FIAREESENIN

Fig.5 Effects of air humidity and soil water capacity on leaf MDA

(0 R 2R R N R R BOE R AR A AUE and sugar of D. viscosa seedlings
TR FEEEN, A BN LA R R Y
FIE Fv/Fm 5T R, DG G 11538 52 BUROK 0B i 4258 7O B8 TR A 250N | ] A 25
JERE TN A -0 42 5 T4 A R Y 2 AL

[ ik S A S AR I R E S E R 0 2w A, A 2 BT R A, AR R AT P R 2 5 R Y
i AR T, MDA 1 iR 5o AR I 280y , L5 15t 22 /0 ] LS B A ) PR e R A R FE ) DR, MDA 5%
B PP R T R A BIAE PR . ABEIER I, S KR RO AR 42 58 14l v i R
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i A BIVE AR B35 25 5% h e MDA ELAG Fifl 38 5 /K i 1 T B T 184 o i) sk 34, 0 B 22 & 7 e 9 I &R
Gi O, 2 A AR, 5 X0 Bt 75 A5 X VD T RN A 2 BT VD ) R 9 5 SR — 50 5 i R AR B AR A e MDA
VAT 2520 10 B A B T R IR O Y 3 BRSO S Ak, S5V IR A v ) R AN B (/N A2
I i S B 25 AN — 2 AT R SR AR IS S0 KR A SR B R S, T BB PR T AR5
F R AR A 2] RH100% )5 A

WS 508 B W 0/ TP 03, AR IR 7K 43 Toib 36 F 3 1 0 by, R0 s i 1 S T A B A
RS AT ST R, ZE ST G I R A RV M B K R A, S T A A g G R
— 3, Ul B H LA 5 N S S DL PR K S K A WM R 3E N RE T, ASBIFGT A SRR R I it R b A
s HA RS SR A R i R X BAR S BB, BT Fv/Fm MBS & B2 OB AR
AR, L, BB A T ER T ARG ROEERET], AT R FBOL T M & i m R A
33 5

TR I E I R AR R E T2 SRR T S e AR KR AR &, IR R S B 4
TNREREER /3 M T R A0, TR IR K RO A s R BUE R P A KR T 20, H850K5r
oy RN AT B T i AN ) & Tl B (A SR R i, TG A i A& B 52 5t S I i R G ad A& /K 43 Tk a
1Y FEEHLH, R 42572 B TR R TP T8 1A Y 1Y RE

Bk, =M TR REER TR KA BRI, VIR, 2006, 35(1) @ 12-17.
WeFAE, FEEE, IKE, XK, 2R, M2, 45 TR 15050 A R KR AR BE R . PR Al 24, 2010, 23(5) :
1471- 1476.

£ 2% X Hk ( References) ;
[ 1] SRSRHL BEWTILIX TR 2. dbot . Bl iEn, 1992,
[ 2] W ETHREAR PR X RB AU, )Y, 1999, 19(1) : 1-14.
[3] FuBP, Zhu C G. The effects of Xinanjiang reservoir on precipitation. GeoJournal, 1984, 8(3) ; 229-234,
[ 4] BREEH, sk, nPBEFS, BISEW], BLETL, ARNENE. =0fE X e AR AR b, KT IR 52085, 2009, 18(1) ; 47-51.
[5] b, sk, Z2ERIR. =k PRXT DX S A2 e (R BEAAU 3B R TR BB S5 PR58 , 2010, 19(9) : 1044-1052.
[ 6] k3B, WA GRE IT 45 AERULIENT MR K SR AR AE. SRR, 2008, (18) : 301-303.
[ 7] JA%, E5a8, Mm. KRR TCHET RO A K 78 & M52 m. SRR, 2006, (15): 191-194.
[ 8] Dhffupl. TG A MBrEA. BWI. =Rk, 2001.
]
]

[11]  RBE, Ihde, B4, §12%, Pese. ARFREAMN BRI, Fi7, 2013, 32(1) : 12-14, 19-19.

[12] R, BEde, DA, WL, A . KoM Pha TP AT R (2558 1) WA RPIRL:, 2004, 33(2) : 77-80.
[13]  MKARAME, SAszil, 255 R3OK M0 X 2Lab A i ANARE A5 MDD BERRAE (5. K AR, 2014, 34(6) : 36-42.

[14] X4 F, Wellis, B, TR EL. K A:Mhia T Wb b 42 s S8 SRmE i mT 9B PR Y . Bl 223, 2015, 24(3) : 226-232.

[15] Torre S, Fjeld T, Geslersd H R, Moe R. Leaf anatomy and stomatal morphology of greenhouse roses grown at moderate or high air humidity. Journal

of the American Society of Horticulture Science, 2003, 128(4) : 598-602.

[16] Z=#r. JUMMEHIM v AL S SHEYME N RME R [ D], 5. 1R, 2014,

[17] E3CA, oM, BRIG, HHITRY, UH. AR ) OB 242 3 A T 8 SRR IR T B R . Mlk B4, 2012, 48(1) : 77-85.

(18]  3ill, sREESE, SO, BOF. RAGRE S FL AKX & /N2 S BOK A FUHARCR I . o A SR 2241, 2011, 19(2)
253-257.

[19] BBRE%E. mm TR RS REMGIREZ A T OF5E [ D], Jbat: bRtk %%, 2005: 66-73.

[20] B, BiE, 3, UERE, R, BIOK, WAL SUNLTHITA R AR A KR L SRR T IR, POk E R,
2005, 18(4) : 459-464.

[21] Walters M B, Reich P B. Low-light carbon balance and shade tolerance in the seedlings of woody plants: Do winter deciduous and broad-leaved
evergreen species differ? New Phytologist, 1999, 143(1) . 143-154.

[22] REE, BRE, K, AT, VI8 SMNE 6-BA IHMITIRIHA T FAT RO EME R 2R IS B GRE M B M52 . A ) A B2
%, 2013, 49(11) . 1181-1188.

[23] KRR, RBARHE, 205 EYABASCGiR S, JUat. mSEE A, 2003.

http ; //www.ecologica.cn



10 ZSO O ¢ 36 4

[24] JBKSE, B0, ZRE 08, ZRBAE. ORIE 3K 43 Wa R VBRI AR S AR M R I A FCRRAE . AR 382443k, 2006, 25(1) : 7 -12.

[25] e, EEZR, HI/NSC K Ia % PR SE B AR 4 A4 S K R RO 2. ROl4#4H, 2011, 20(4) : 293-298.

[26] FEFH, E30&, IMERI, Bk, REE, RER. TRPHANKEZRAREEEGHR. KR, 2012, 31(6) : 924-926.

[27] ZE3CWE, kP, TXE, W, TR FEIEEERRIEE B E5KAFRANKER. AE¥4, 2010, 30(19) : 5140-5150.

[28] Huston M, Smith T. Plant succession: Life history and competition. The American Naturalist, 1987, 130(2) . 168-198.

[29] Tilman D. Plant Strategies and the Dynamics and Structure of Plant Communities. Princeton: Princeton University Press, 1988: 52-97.

[30] Kupper P, Sober J, Sellin A, Lohmus K, Tullus A, Rédim O, Lubenets K, Tulva I, Uri V, Zobel M, Kull O, Sgber A. An experimental facility
for free air humidity manipulation (FAHM) can alter water flux through deciduous tree canopy. Environmental and Experimental Botany, 2011, 72
(3) . 432-438.

[31] del Amor F M, Marcelis L. F M. Differential effect of transpiration and Ca supply on growth and Ca concentration of tomato plants. Scientia
Horticulturae, 2006, 111(1): 17-23.

[32] BeHEg. 2 REX R 4 (Lonicera Caerulea L.) A B A SRR MESE WA AR AL BFGE [ M. /RS . ZRALARNRA%, 2010.

[33] Mortensen L. M. Effects of air humidity on growth, flowering, keeping quality and water relations of four short-day greenhouse species. Scientia
Horticulturae, 2000, 86(4) : 299-310.

[34] F/PJE, BAET, PRVRE, FIRFY, RBENZE. VLOUT /N 22 ) 25 SOMIRER B T i 7= s R0z, b EROE R 2, 2014, 47(19) .
3769-3779.

[35] iRER, Esallh, XUEIF. Hril G A4 R T 166 EA L 8OK RO R R, #ivesol R4, 2010, 30(3) : 20-23.

[36] BRbhzE, oK S s ARt P R FRAREAT Y. PHRIMR A BeA i, 1997, 17(4) : 9-15.

[37] WwWERN, S, REME, BIFA. JOERXK M0 AL A RO . ARl K221, 2007, 35(6) @ 10-12.

[38]  ULHe, BN, T XA E M4 R & i KA T BRIG . TR AR 2B AE R, 2004, 25(2) : 26-28.

[39] K%, BTZE, Dk, BREE K SEMRTLARRP BRI LIANET I 28R 5 4 282 1 520 AE#IF5T , 2008, 28(3) : 330-335.

[40]  XUEGF, Bbh, wi. SRR A Hrb AN ] R K o A0 T IR S R GURTN R AR Ak, B2, 2006, 21(2) : 87-90.

(417 SRKMG, B DG ASEIRK S HhaE X84 2R e A KR F IS, P 25240, 1992, 19(4) : 296-300.

[42] SREHM, FMEw, B30, MR, ZREE. KA aa X WA AT v AR L R MR I 2R e Al R . TRl KA AR

2007, 30(2); 5-8.

http ; //www.ecologica.cn



