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Ants mediate soil water in arid desert ecosystems: Mitigating rainfall interception induced by biological
soil crusts?

Ecological restoration and recovery in the wind-blown sand hazard areas of northern China: relationship
between soil water and carrying capacity for vegetation in the Tengger Desert.

Condensation of water vapour on moss-dominated biological soil crust, NW China.
Dependence of canopy water storage on raindrop size in revegetated desert shrub.

Psammophyte Agriophyllum squarrosum (L.) Mog.: a potential food crop.

Identification of Differentially Expressed Genes in Leaf of Reaumuria soongorica under PEG-Induced
Drought Stress by Digital Gene Expression Profiling.

Drought effect on plant nitrogen and phosphorus: a meta-analysis.

Transcriptomic analysis of a psammophyte food crop, sand rice (Agriophyllumsquarrosum) and
identification of candidate genes essential for sand dune adaptation.

Effects of shrub species and microhabitats on dew formation in a revegetation-stabilized desert ecosystem
in Shapotou, northern China.

The influence of Caragana Kkorshinskii shrub on soil and hydrological properties in a
revegetation-stabilized desert ecosystem.

Photosynthesis of two moss crusts from the Tengger Desert with contrasting sensitivity to supplementary
UV-B radiation.

Carbon fixation and influencing factors of biological soil crusts in a revegetated area of the Tengger
Desert, northern China.

Soil CO, concentration in biological soil crusts and its driving factors in a revegetated area of the Tengger
Desert, Northern China.

The extrapolation of the leaf area-based transpiration of two xerophytic shrubs in a revegetated desert area
in the Tengger Desert, China.

MicroRNA399 Expression Profiles in Arabidopsis Seedlings, Callus, and Protoplasts in Response to
Phosphate Deficiency.

Biological soil crusts influence carbon release responses following rainfall in a temperate desert, northern
China.

Soil-Plant Relationships in the Hetao Irrigation Region Drainage Ditch Banks, Northern China.

Variation of albedo to soil moisture for sand dunes and biological soil crusts in arid desert ecosystems.

Carbon sequestration capacity of shifting sand dune after establishing new vegetation in the Tengger
Desert, northern China.

Degradation and reorganization of thylakoid protein complexes of Bryum argenteum in response to
dehydration and rehydration.

Micro-morphology, ultrastructure and chemical composition changes of Bryum argenteum from a desert
biological soil crust following one-year desiccation.

Effects of biological soil crusts on soil enzyme activities in revegetated areas of the Tengger Desert,
China.

The effects of urbanization on temperature trends in different economic periods and geographical
environments in northwestern China.

Soil water repellency and influencing factors of Nitraria tangutorun nebkhas at different succession stages

Converting natural vegetation to farmland alters functional structure of ground-dwelling beetles and
spiders in a desert oasis

Gravelsand mulch thickness effects on soil temperature,evaporation,water use efficiency and yield of
watermelon in semi-arid Loess Plateau, China.

Response of soil properties and C dynamics to land-use change in the west of Loess Plateau.

Shrub effects on herbaceous vegetation vary with growth stages and herb relative location.

Long-term gravel-sand mulch affects soil physicochemical properties, microbial biomass and enzyme
activities in the semi-arid Loess Plateau of North-western China.

Long-term effects of gravel-sand mulch on soil organic carbon and nitrogen in the Loess Plateau of
northwestern China.

First Report of Fusarium tricinctum Causing Stem and Root Rot on Lanzhou Lily (Lilium davidii var.
unicolor) in China.

Single and mixed viral infection reduced growth, and photosynthetic pigment content, and damaged
chloroplast ultrastructure and enhanced virus accumulication in oriental lily (Lilium auratum cv.
Sorbonne).
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Photosynthetic Pigment Content, Phenol and Flavonoid Concentration, and Defense Enzyme Activity of
Oriental Lily (Lilium auratum L. cv. Sorbonne) Infected with Lily Mottle Virus

Identification of autotoxins from root exudates of Lanzhou lily (Lilium davidii var. unicolor ).

Influence of gravel mulch stratum thickness and gravel grain size on evaporation resistance

Genetic variation in the ovine uncoupling protein 1 gene: association with carcass traits in New Zealand
(NZ) Romney sheep, but no association with growth traits in either NZ Romney or NZ Suffolk sheep.
Collagen-Like Proteins(ClpA, ClpB, CIpC, and ClpD) Are Required for Biofilm Formation and Adhesion
to Plant Roots by Bacillus amyloliquefaciens FZB42.

Scale dependence of plant species richness and vegetation-environment relationship along a gradient of
dune stabilization in Horqin Sandy Land, Northern China.

N and P resorption in a pioneer shrub (Artemisia halodendron) inhabiting severely desertified lands of
Northern China.

Artificial root exudates and soil organic carbon mineralization in degraded sandy grassland in NE China.

Soil organic carbon in relation to cultivation in arable and greenhouse cropping systems in Lanzhou, NW
China.

Photosynthetic performance and growth traits in Pennisetum centrasiaticum exposed to drought and
rewatering under different soil nutrient regimes.

Response of stomatal conductance of two tree species to vapor pressure deficit in three climate zones

Relationship between the genetic diversity of Artemisia halodendron and climatic factors.

Soil organic carbon and total nitrogen storage u nder different land uses in the Naiman Banner, a semiarid
degraded region of northern China.

Carbon and Nitrogen Cycling are Resistant to Fire in Nutrient-Poor Grassland.

Reference Gene Selection for Quantitative Real-Time PCR Normalization in Reaumuria soongorica.

TP R RISV SR R E B - E0 R B ) E R R R

Crude Oil Treatment Leads to Shift of Bacterial Communities in Soils from the Deep Active Layer and
Upper Permafrost along the China-Russia Crude Qil Pipeline Route.

Comparative Reproductive Biology and Pollen Limitation of Tamarix chinensis in Wild and Managed
Populations in Arid NW China.

Effects of sand burial on dune plants: a review.

Effects of fertilization on population density and productivity of herbaceous plants in desert steppe.
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Genomics 2014, 15:872)
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CRERHERANY” WIERAEAE, LDRbi R A CIRBNHERR” AR, WRISOR I JCHLT 5 B A AR
HME . LIPS B BRI TEMI SR 25 TRy T, AR RIS Ay 8 s R[], 20D L
Na', CI'\ Si"NF, BREHBERL K, CahF, BHEEEMEE LR, G0
ORISR, — 3 Na 7EM AR REEMISRRAR, X KAt Ol , IR T — % 1
PR YE, BZEs THEERLEE, JLEAR IR TR ERIE A . SR A AR BRI T L
FUEMEIE, FERPURPIM . 258000 Na W% T4 B3 i, Sesemidid ]
R KRR RErEm s, e e+ Si K™ M RO Rrb LR o s 1A, SRl arad
SRR ER A SINE A OAN PRI RTE Na' & it | K8 ISR A 5 1A BN
MM TR A AR ) ) RV A A S B A AR DL ] ) T - SR AR AR GBI AE, AR R,
2014, 34(4):963-972; BXWTAE, TS IXAFSE, 2014. 31(6):1086-1092 ), BOKF A IR A6 /R ER B MY X FiE
BRI SIS R, BB AR AR
11, BT TREK, R TREXMRBEER R R X SR R AR ERRE S, #ar
T WA XS KB PERR, VIR T RIBRE R - 30K -7k -3 T KR
B, WETFHEVESRREAERNEE, APXATSERNEEEETEESY,

AT XD A T DO AT VA R e 5 K A3 a8 S R R I, 02547 T
K3 7S S AR AR 2 AR TR , i VAR BN ZE R RIS R 1 O S s
F 3K I3 RF 25484k (Li et al., Science in China (C), 2014. 57: 539-548. Li et al., Applied Soil
Ecology, 2014. 78: 57-64. ); #F5¢ T FE EVPHIYI/K AR FFRIE, §8 B4 T 200 KT A0 5K
EHE N < 10%, e T R0 XA S IR KOG B R 34%-40% . VDMl KOs B

31%-38% . M HRIE HIGELN 60% /A7, BT /KIMERS Tz Z MBS R I, KX
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SRR AR B T F B B R 3 A, )R EIHChZEHUE R EAR (SEBS),
Hh JZAE O B 1 K BE RS (HYDRUS #1 CoupModel ), FJZ2BEH N —Ziftu A
R K G AEAR (FEFLOW ), R SR AR 7 (AR, i Js HEA TR O PR £ 3 ) 2%
AL, WA T XRR B AR K — R K R Kt R ARG AR s )53 1 F el 2 [ VDA
WIS ARSI X, WA T PP VbR R e M AR R B . Ak T T SR 7R
A AKFRAE, JFSEI T A A 28 FEK M — MR -HE 1 RO 48 (Huang et al., Hydrology
Research, 2014, doi: 10.2166/nh.2014.171 ), ASUMFFE 1 VDI XS EEILE Ko W BB, K S H A8 & 1Y
SR, 6 VD HRS XS BREE 44 K BT AR B A PTREAE A v SRR Sl X D 25 R Yo 1 — 4>
FEHLH (Jia et al., Journal of Hydrology, 2014, 519: 2341-2349. ), #l& T AF&E A1) + 4L
510 b RIZWIREELE K B R BN, HE T AT R U e DX W R R 45 7K 1 TE L
fil ( Wang et al., Journal of Earth System Science, 2014, 123(2): 297-305. ), #&H T HiFE S BHK 5 1
HE I E 5 R 0 AR AR AT AR SRy PEAL VD Fr 0 R BE I — A A R S AR ( Zhang et al.,
Environmental Earth Sciences, 2014, 71: 1281-1288. ). 448 1 ME 8% WA IR S Xt it A 35 Ay i
AFSEUARLE], EEIE e T LAAERF ST POk R R B — 43 ZRBFSE 77k (Pan et al,
Hydrological Sciences Journal, 2014, DOI: 10.1080/02626667.2013.862337 ).

XA R HE LA I 4 R W], FEIRAL AR S R G rh A T AN TR A T

BSCs WIFRFEMIK & o YEETE4 il e B30 BSCs 1145 35 3 FBELE iz 15 HARI ) 265 18 1) LA %
BSCs  FJE L5 AAS R4 A1 B AR AL S8 2 ) PR 06 R 18 S B R R S R i S R . ARSI e
PIETRIS FREE I8 R L B X 7K 3 35 43 T oRORIR] , S3altit i T AR A 268 5 BSCs 524
2, Bk, BSCs GEAMEYIMIN GHRE FERAMEY) EoRZ, AEPEIKIE A BT A4 1%
25 R (AR B AR T L A S BRI B 5 W 28 S £ ) 1 85 R 1958 FE REEE( Yang Zhao et all.,
Arid Land Research and Management, 2014, DOI: 10.1080/15324982.2014.962192 ).
12 BFR TR SRR BT BAREXT S L 57 4 e B, 4R 1 T T EXHE AL
B BAHMEREmILH, AR H 2B T BRI TESRGER . SRR At T
R R

TR SR . B ST R TSSO TERE AL, R meta—analysis Jri%,

B AR R KT X T T R A IR RLAFAE 22 57, ARAEBFE 45 SR T = MR R R R i e, 7257

11



SYRUKSMIASAET , TR TRWA . BT R RHE R I ALE (He et al., New Phytologist,
2014, 204: 924-931 ), RIS T HIPRALE | RSEAE L ISR A2 BT X B A
e AR RS2, G SRR R A TS AR AL BiKF 2 BOR T A s TR
PEROREYI AT RE SB35 AR PR 1 R R 2 R A R B 3R, LA I AR R A 1Y
F245355K (He et al., Scientific Reports, 2014, 4: 6932 ), BF5T 1 s A e I AL B )5 - S BRAL R o
PN SERGTE PER SR, 25T, UG IS S 1A o it S A P R 1 P 8 T R
MFEE ARG C N SEIIEER, (KSR AR K A e 2 IR R R AT T, AR
T REXS FE A SEAR P e 2 R R R S50 7 AR TR SR, SO SEAL AK 3mSR
WA MRS REYReRE . (NEBEE, NMAAERAR, 2014, 25(3): 664-670. Su et al.,
Sciences in cold and arid regions. 2014, 6(3): 0219-0225. ). 5% T AS[) A 4 +- 345 fe 78 o5 3 A0
PAE XK T AL, S5 RFRET, A L3l e Rr ) R B2l B et I L3RR A
ok, AR R, BT R X A R EEAEYEF (Hu et al,
European Journal of Soil Biology, 2014, 62: 66-73. ),
13, BN - HOKAHELENE , BT L HOKGIRSN T B ERREEL, HRY T A LA R
U R B BR IR B8 1 , i A XA IS R G S IRERAEER P O/ IR ML T EE BRI
i T BSCs LA FRFIAE A RQRAIE ) S 50K 5 IREERUR PRSI E R
FENT T 32 L HOK YIRS 1 AR .

75) N, +F5,0)- L w

>, >N,

SR RWIRERE BSC BIRRTE MM EZORIE, I H B 845 A 5 Z BIARREmI K (AngsK . B
BEKEF ) B A BT ) R TSR ah B o 1 BEAh RN 2 K AR [T ik i v LA TS 31 64.9
and 38.6 ¢ Cm™ yr', HAHARRFEIN KIS IR AYFERREE] T 1.6 and 88 g Cm™ yr'', TAHE
T BSC 7EFEHE N CHERE X BRI DIEE . [R] i i S B 3ok 7 e R AR R S 0T, B

FS(w,t,1)= FS,(t.1)-

o

AR 5 BSC ([ Rk IF e ( Huang et al., J Arid Land, 2014, 6(6): 725-734; Huang et al.,
Environ Earth Sci, 2014,72: 767-777 ).

KSR TO-BIREE RS RS CO, it (NEE), AR RGN
(Reeo )y LIFEWFIR (Ran) (9 HASMCRLAE, DARCEATHESRIHAT1 (GPP) iy LLfl. BFFEER
B, ZIRMESERARE RIS B NEE SHIE SR 2] (0 H3E-Rg R S m RSP R CO.),
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AR RAR B —MERRGRIEE, Fd AR R 6:00-9:00 247 HB— WIS &5
WefE . LLAPFMEERIESERANIEAITIL | L3RRI ARSI AR 25 RGP H AR LR —3, 3k
B B ) e A AR, TERERAY 12:00-15:00 2o R —ANBRMCAG B I, LA 36 8 g i
Bl F ISR LLRD R | IS ERFIRENEIR, | L IEPIR o5 A= 5 R G A He 9], 435K 2 9% . 21%
70%, DRIHA: 25 R GENPIR 3= BRI T L3P KA R Sl AR TR 2 R T LB, X
il WL bk e AR A R B A — 2, AHSCREGAH] 0.7, (HZ ISR DGR LN 25 SR Ay
FEEE I 25 S 1Y 54% (e 5, 2R, 2014, 35(7), DOI:10.5846/ stxh201306101636 ). il
REXSEEIELE i FIFEAR LS K R b3, WFSE T W25 5 A ) - 0 Fe ol B RS RN I G4 14 78
CHHIE . SEB R, 2284 1 e B DG B WA T 52 21 28 IR L At LA BOK AT B 52
FErboK 32 oM A ) - 3R Ah KOG G PR IR DG B DR o AR -3 AE K R MOV P i =
BB AR BETS IS AR 1 B G G MR R I AR S S IS AR . A= L3
55 17 B A R R R 2 32 BB B 5 A S0, A ) 385 B el & R R I 3 %
SRS RIS (Z=NISE, P EVE, 2014, 34(4): 998-1006. ).

K2 R R ids, XHRTPIX . 1956 (55 #% ). 1964 (47 #% ). 1981 (30 #% ). 1991
(20 %) AEERAE A N TAE B DX LA R B A R ARAE B XA T T R A oY . di Ak TR A 3
ARG EANLIKTOC), HHEAPLKEOC), FEAREY R (1 EnMRE ) DI EAA YR
e (M FESAMRMRER ). BIFE R, EUEBEEST T, TOC, SOC, MEA S RA L Y)Y 2
BN (p<0.05), HEEHFBEPEK, TOC 1 SOC RWHE R, SHIPXMEL, 55 BH#EIX K
SOC Fl TOC 4353 T 1.06 kgm 1 1.31 kgm ™, FEREVMREHEE TS 20 469, S RER
AR BRI R (3.26 X 107kgm year ), TERVMEBEENT 47 4F)5, RS RGUMAFE [ s
RIRFVERFRERIE (2.14 % 107 kgm year ). HIHEAHUIRFEEAER RGO MRE, & TOC
1) 67.6%-85.0%, SOC FZAMAE 0-20 em 2%, B + )2 09TREE S B8/ MR AR R |
BOAHL B RSYEY . EARH E IR AR R AR MR A S R G R LR L 4 B
10.09%-21.0%, 0.2%-0.6%, 0.1%-0.2%, 1.7%~12.1% ,0.9%-6.2%. 5K IX A4S RGA L,
55 I N TABE A 25 R G0 HAT BRI BRI 7 (1.02 kgm™ )o AFFREE LW, TERIP X T TR}
SF PR RS — NI  IRBE AT ik, A DA SRR S Y O AR AE R R G,
IR GE AR AE AR T — PR AT R B SR ( Yang et al., Science of total
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environment, 2014, 478: 1-11. ),
14, BAPFR SPRTRE R R 3 RO RAE (/NSPRE . PBE . RE RS ) RHE

B P RS EER. RAT/MIEFRHENENEEBER TRERRENIDHE, |
Hity EAEY BN BERT AR 3 MREREENN C S EERARE; NSRRI
WR RN SP <L, HESFIRBIRECT; ON RO <M<, 22
SrFRREIS K AN SPGB R HLER B R 0-30 om JZ B m T HRTE
LI REE B B IR (0-10 cm) R RS WL 25w T3 SN o I T A A e AT
ATl D R0t - A LA E BRI S , RO A B R C/N ANH T v Wi o o gkt A
IRk, Pitt, HE T AU R AU R ER . S e R - IR IR )
JARIRFIFE P, s BRI E R R T A AL A —E BRI

15, R TRV A SR Y Ay R R RERRRIRBTR

LT T RV b A B AR XA Yy b b AR W R e . AU RS ARG, KRBT D
AR AR T BT B AR R R . RS R SR W N (P<0.01);
FEY T8, BT B MR A R R T i shvd e 52 EE v e, REH Ay
THE ., ACTE ., SEYR . BRSO B . A R R /N T E U e R TR sl
Fros 2RREEVD | RO RS 1 SRR K T s i, it A S S /N TR )
Wi, —H MY S ahb i BT e s S AE YR 63.99% ., 79.28% . 70.86%;
VEA 2 B E VD e SV E VIR 73.15%; C3 RIAED Lo i sl P RDE . e v e
BAYIR 39.99% . 90.87% . 96.01%F1 82.67%. [HEV) - FH—FAAHYM C3 HPHAEY
i REMERTE 4 MRS P R CEREDE . EE VD AR C3 MRk S SO AU
R T CA MY U I i R AR R R U TR, ] VD AR R AT BOR Y
BRRAFIE ST, —AEAAEY) . C3 R A Y [ A7 A S DTk U e [ g R A
C3 HHYIXT C4 M AR FREEAMEER . B TREURIC VDb YD B E R B i sh b
e[ 22 Vb Fe AN 2 VD e DL R it 4 Fh AR SRR AR A i 1 A= i S HLRR . RS R S R AT,
MR ZS R GE R i TR B AR

16, AN[RI S RERF (LA A= 16 52 3 23-f0m) ROBE AR FRUBEAR g - 23 T SRy %ot R R AK 43 B i)
P

PURER MUK I (A Z3E T AR ) A RN 1, PR SC R SL %, 204 1T AR
REFE (AR TG S D30 o M) RORE VR RS R AR i e BCAR R X SRR MR R BRI, A A
TEE: DAY AR Y R B T 2R, M AEA YA B AR
CERE S TR 2)— R B K B IR BRI ZN SRS IRe S
I . RIS IS G LTS WA T — A 0 S AR i LU I AR . AR
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AR SRR IR 3 S S, ANEEURR, SR B Z2AF A A A9 454 AR 0 O Rk R R U
ARG BN R R AN S o 3) R R BSINFIK A HRECAE T R ] E i o Bt Jo - /GRS
R 3 2 2 S5 AR PR TR AB ) B0 B A e LU MR AR i O, R TR R
AW LU 4)A TR S R R0 T SRR U S LA X R A i o IC A% JR Y A2 AN Al
Al RGNS R USINAL BN s i 28 A e LU i 28 Py, MRV 2B i e 5 |
EHETK AT B R R U . AR R AR R R AR L s, (H2E AR
ST . A& B TR ISR RE . ANIRI AR 15 S R R Y R AR R N R
FK AU A—B, X — 22 5 RO R 4 A AR A EE BN, R AR S I
—AEAAE A AR SR o MOV R A B, I T ARG N, TR N R A
JETTIRSTHRESIIE N, I RAGERR A A EBUE . MR 2E . . B E AR R
AR S W T AR IR X S BRI A A 1 AR, AR AT R A AR A B AR R A
FIBTIE IS FEAIE PGS, HEFFRIEAOIES: . RIS DT I 3R TS I (AL R R R FoK
AU FIE S B SR FE RN IR B A DI 25 AT SR AN S IR PO s 1284k, 3R]
TERRSEEEN T, O T 4EF R AU S AR e, v A B B — @ MR DR, IXAhR 1Y 2h
RE R ARV TG TR ) — TR B

17, BRI HYD R SRR Y A Y B % ek

WAL ERHRIC TS D> B 2 AR TR ) AR i e SRR AR, R T R A
SN AY R B IEADE, 0-10em L)ZHI T AEYRRER, BEEDEMEE, #TF 10-20.
2040 40-60cm WREE T2 AW @ E N, MY FAEY RIS R, 200 2.20. 98.10,
131.41, 190.38 g*m-2, #i MHh FAEY)E HAKIC 1044, 1,67, 0.81, 1.18; FEEVS A RE,
RIZTHEAER 1.62 goem3 FFEE] 1.33 geem3, &5 2BV ANTD A9 & FAR k38, b
Feflficcisi )y, IR SR . BRALL . pH . LSRR ET N b M T AR R 5%
JZLHERA S . pH, SRR B IEASE, Tk, AR pH, SR, LHOKSBE
IEAG, 58 E B NAHDE (p<0.05); ¥ ek B rh s A= P i 38 n 55 2 )2 1
KL . IRV L | KO HINEYINSE, HIE-H RS T AVLNL AR, BB TR
)V o[58 2 Ab B B R BV 1) A 0 s e ol B SR BRAR R E (A AL LA, AR ST UL 5 [y
By ARV BERRRAE , o0 R SR Y A SR BRI

18, AFLBERFE Y D RLE

PEFH 8 PP EOKAEYLHS . . &, M F25 . i MR 2R HAR (EA> 2mm), 40 (H
< 2 mm), FRRFNEARLS, AR I ZUGHTT I 1 AR RTE Y o il si s, RIATEZ
W (0 em Fl 15 em ) AR [FIZH 53 5% B A2 FUBRIT o0 i R AR 25 57 0 TR IR A% 15 em
<0cm, BERZMAEHA: 15 em > 0 em; [A]JZ2 I YA [ 2H 5355 B A2 AR 23 3 A7 7E i 2
ZSE, FREARIA/MIE N 0em, EARBL < M < B < EKF< HE < 408 < # b
25 < HRZE, 15 em, BOKKL < A < M < TR < HIAR < Hb 25 < 4R < MK,
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FEA YRR P ORI T PP AL 53 1) S BRI A3 A6 ( 9%/d )z 0 em 20 FKRFL(3.47 )> I
(2.39) > M (2.36) >EAKE (1.38) > KR (1.03) > E2£ (0.94) > 4 (0.77) > Hf
T2 (0.72), 15em JZ2AMH (1.33) > FKKL (1.30) > #ifE (0.99) > FAE (0.47) > 4R
(0.46) > HIMR (0.42) > Hi 25 (0.41) > HF25 (0.25). ANFRASEEY C & RAE L
PR, A —, RELH CIRBEREALIN: 0 cm > 15 cme SMFEARW, 0 cm F1 15 em
AR C 5% B AR I 43 B0 : 17.79% ~ 88.10%F1 2.17% ~ 62.05% , YI{E 53 514 : 49.72%
1 30.47% , SF-H410) e ) C BUR R 50.28%F1 69.53% ., A=K ZFBEARFZE (0 cm F1 15 cm )
JAYEWIRIRI L 5r N & i AR R P S T, Br A T AR Z R (0 em AT 15 em ) X
V&Y ot N B R R AR W . AHRDZR (0 em B 15 em ) AR[FZHSF N & 2= 2Z[H]
WAFAEN BETEZESE (P < 0.001), 0 cm Fl 15 em J2AFH N 5% 8 FALTE B> 510 -
26.69% ~ 77.40%F1 14.13% ~ 66.11%, PHESTHIH: 55.69%F1 42.08%, 35453501 11 N
RNy 44.3290F0 57.92% . PP CIN TESMRRII, FRor2H3 /0 C/N ISR EH (L
AT R, 0 om MHRIELRE ), ZJSBEBITE TR REM . AR C/N SRR K R
AIAREARA AR AETSE e B T i o ARIRZ IR IRV DA R 43 C/N Z AAEN o P25 5% (P <
0.001 ), Fv& 5% B A FJE &Y BT8R TP AT Y C N UGG R, HIRYEY) C/N Ik
FAIRFR o JRTRDIIGR I J3- i R AR P ) B i AR AR P YA 1 C U 3 EAIORC R, RIRTE )
NTERFMLKER, SREY C/N BUREAC R

19, VYDA 30K S TR 22 Ao PR R A P i [

I IR S0 B A - K 3 RIR 2 A o B T AR (4 i PO BP9, 2 B K o =2
(>20mm ) 7E3G A L33 E KRR A R 2 AN BAT SR, BERR i BOAFBEI [R EL K R
FRTRZHMA TTER K . 2010-2012 4E4: KR STV H S FE# M 250K 67.48 %, 61.86 %
' 65.04 %o, VEAERNA SRR REAIPE R SR B B 5 ARG, (R SRR RIRRRS A A B3 . &
A2 DX S B0 U ) AEAE X T 4R 78 3K A3 FDE OR 2 AN T 2t B KA MR A B AE TS
IKSCIIRE , AWFTEXS T 3l v i AE RIS TR SR SR S AR SR AU i il s b R — e iR
o
20, PARAFIR ST YRR 1B

BTSSRI T NS BURICIO DK (Agriophyllum squarrosum ) FIKHE 152
(Corispermum marocarpum)TESE5 . 10, 1SRG EER | SILTEE . ZBBHE | /KRR
R, KBRS B HA R TV HRRE S, oA VoK gl S Kt s R B i e
10 em, AR HRSAEVRAE I S I 2FRIET; FEVPHIREREESG I, YRR B A
FRIWE TR, (BVPKAT BRI R NT IR RS YIS, 2R i) <AL BT iR
W), 3 3 B A I T A AN R /K 3 R TSRO IE LV 0 5 Bt VDS A AR , 2%
VI G R TR, RPN XY 6 A R BRI AR RS, vokxt
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TUPHR M EAT B EAFRDCEE N, BEE WA AR, HAoba R kI . ks
T UDHRS VS LE RIS B 2R S OGS A BRI N R, FUAR T SR BRI D A P it D A RE T e
FOLEmNL, X4 TSR IRE R —E B L

21, VRS R A A BRI B A5

R LE N SR RID T M AN RIS B R BE T UK S 0 A A R0 A AR PE YD A A 5T
RHAHEFARVD AR, YRR RE S . VDR R itk & i 133%
B, HAFER, bR Ay A4 B RA%, 8 (MDA ) FIEE M (membrane permeability)
IR G, RS VDIRIREE A3, Ry T IR R EE A IR R S B R T, AL
VI ALEE (SOD ), I E LY (POD) Eritighn, (Higid A b EnE (CAT) 2 TR, Baik
FNHEIER . B L B, BT VRIS A VD SR RE R, X TR R D A il
PIAEVDHL N B 32 At A R L W L A B R

22 FORSIEAN [F) R R A3 85 A BRAFAIE

TR N ST AR ERE R0 U MBI Ji T2 A 4l 7 52 A ] IR W 2 6 T o3 85 A BRRPAIE 79 7228
TRIIESE, BRI AR oK I8, KRS K4 i AR 1 AR B I A ™, I Bk
AR AR IR . A AEYIEALRE (SOD ), i i (POD ) Flid A L= (CAT) ¥y
B —E R ERA A B, BEE KSR, SOD Al CAT —HAENAIR, mA& IR
fi&, A POD (& PEMG s, R 5 T 2 p GRAP VR o XU T P A 28R 5 1 23 6m/s
1 18m/s NS FEP T, AR A0 BEAT P P Bl A 2 BRI AR A A5 P 19 /R . i L
RS, BT AR KGE T AR A 2y A AR AR AR FRARFIE A A2 A, X8 T s XU X
A PR PR 52 ) S i AL ) A R S P 8 B AR 25T o

23 RGBT 2 v TR AN TR 2 A T S X M

T TR R RIS O ST T BRI U L S5 R A T W19 3k B2 i K TN &)y v g u) B 2
ANERSE (2mm, 4 mm. 8 mm A ASRRERT ) MmN . 2553 N[RIRE T AL XS 2k 22
PRI 2 AN LI B AT S B0 (P<0.05 ). Smm [FK IR (20 3k 22 1 42 1) fo/ Nk R [ i
AN TR R F A BT A3k BT R B IMIUT g ;- 8mm AR > XTHE > 4 mm ZRPE > 2mm ZRPE;
T 2 B FIR R AR U2 2 mm AZRBE (2.23 em #17.15 em2.) > %R (2.03 em A1 6.21 em2) > 4mm
AbFE (1.86 cm F15.01 em2) > 8mm AMFE (1.48em H1 4.72 em2 ); FERTN Smm AYHE 2E My &
24526 g/m2) XTHER 35.49¢/m2 . 4mm AFEH 26.54g/m2 | 2mm AEFEH 15.26g/m2, 433kt
LK R AR SRR MoK R 2 B O E A DCOE R, Bl 0 U B I o (3 K 2B
BT o A A AL PRI R — 8, (Fth P AR AR H 225 W AR R
TR B A3 AR B T 983k M EAN T (b AWt o BHRID TS HAS Sk 22 & S ol ik
TERRRE . EASFIK IR R TN A7 ) XA R /SRR R A 1 R A8 o )3
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24, Wi XY — A A AR R

AL T AR RE RR 52 R 7 247K 7 (Normal ), FEFRLELEEINAS ( Double ) * AR
0 16mm I 32mm PURIHE SRS, (N-16mm. N-32mm, D-16mm. D-32mm ) FlI%}H
(CK B2 2011 4R FARRERT ) 4500 FRMRIDY M — 4B MR 28 BB, ZHEMHREL, AW
it SRR LSRR IR, R T AR S 4 R S (X VDl — AR A AR R s e . 5K R, &
AP RE AR BT AR, SLEREAE 2000 BR/m2, T7EAK L EEH, D-16mm. D-32mm
HEFFAE 400 £R/m2, 1 N=16mm ., N-32mm ZEFFAE 1600 FR/m2 , BT X BEARFE ( 1200 #f/m2 ),
8 I A W A BB DR B o LA 1 S A VD Ml — AR A AR B I - N-16mm . N-32mm. D-16mm
= A it R W AR R 0 4 i VD b — AE AR AR W AR W ARSI BEBHRHRIO VD b — 4 A Ak
(R A ) 22 E P A s T B R T A R ), T P i e 5 e R ) 23 A R L TR e 1Y
M D-16mm. D-32mm 343 i & BNV —AE AR R A7k 0 R AR . O R T i it s
AR 7K 3 N IR FE IR K T —4E AR R AR R A R A A e L, B4R AR AT 324
I, #e52, Mo PR b — 4R R i T R BN Y o

25, BURIDUHA FIASHEY) R R R EULR TR AHE

M S TR R ID VD AN [F] A= BEAA ) S i 7 BB RO SR T HRAFIE RIS, B T REE VD Ry
WI5E , AHYIEE KA T P ARk S i i B im0 gl R, BB i S R R
N A SO i R S RIS . C3 FEYI>C4 H . ERMESAE
SARMEY), S IREREY AR A S B EASE T M R A S R UTID R E R, AR
C4 SAFGRHEY) KM ik i T b, M4 244 C3L AREARMEY) K A
SEET IR W EEE R RS BRI T AR G4, ARERHEY), A
TN Z A C3, FERMEYRILERE R . Y AMEEAR . C3 fi . SARMEMIR T
b DX [ RRAS A MIAE W [T A Bl R S T 25 BRI B AR - B T R R0V sk St e
IR R OCR VD [ i R b gtk it 2e S S AR, DR IRE R RID VD s e, A58
TR A S e B

26 BHURIDVHIAEYIREE 2005 LIRFR R R

R TFERHRID VP AR TS 40 A 5 LR DGR DCA, CCA K& DCCA 3 Hrifise,
RILT DCA. CCA F1 DCCA MR HEFEE 1 A2 L3R B — 3%, Rty 22
33%, BDIERRA SR, pH, WS 5 | R SR AR RS e TS AR 2 1k, it

SN VD HAR R P ST A Ak Ry s =R I R HE P55 2 il -3 DRI A OGP
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As vital components of desert systems, the roles of ants in arid ecological processes have been well doc-
umented, while little attention has been given to their effects on soil water. We conducted a six-year
investigation in sand dune systems stabilized via revegetation, to explore the hydrological role of ants
through comparing the influence of ant nests on rainfall infiltration in different-aged revegetated dunes.
The presence of ant nests markedly enhanced infiltration due to weakening the rainfall interception by
biological soil crusts (BSCs) in revegetated dunes. The distribution of ant nest was denser in older reveg-
etated areas, due to better developed BSCs of later successional stages, compared to younger revegetated
areas. Ants prefer later to early successional BSCs because the later lichen-moss dominated crusts were
thicker and their surface was more stable than the early cyanobacteria dominated crusts. Conversely,
the crustal rainfall interception was positively correlated with BSC thickness. These findings suggest that
the occurrence of ant nests in older revegetated areas benefited to the planted shrubs with deeper root
systems and maintain a relative constant cover of shrubs in artificial sand-binding vegetation following

Keywords:

Ant disturbance
Rainfall infiltration
Revegetation

Soil water
Biological soil crusts

an increase in infiltration to deeper soil layers.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Numerous studies have predicted that the large area of woody
sand-binding vegetation will degrade or become extinct due to soil
water depletion and underground water decreasing in sandy areas
of northern China (Cao, 2008; Wang et al., 2010). However, in some
cases, sand-binding vegetation can sustainably develop even for
annual precipitation <200 mm (SDRES, 1991; Li et al., 2004; Wang
etal., 2004; Li et al., 2007a). Amongst these debates, ecologists and
land managers have become interested in the hydrological role of
biological soil crusts (BSCs) (Li et al., 2010), which are widespread
and develop in the processes of dune stabilization from revege-
tation and sand-binding vegetation succession (Li et al., 2002; Su
et al., 2007). The occurrence of BSCs in stabilized dunes, and the
conversion of early cyanobacteria to the later lichen-moss domi-
nated crusts (Li et al., 2011), markedly increases the interception

* Corresponding author at: Shapotou Desert Research and Experiment Station,
Cold and Arid Regions Environmental and Engineering Research Institute, Chinese
Academy of Sciences, Lanzhou 730000, China. Tel.: +86 931 8277921;
fax: +86 931 8273894.
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of rainfall (Belnap et al., 2005; Fischer et al., 2010). This favors
annual plants (Su et al., 2007) and disadvantages woody plants
with deeper root systems due to increasing shallow soil water and
reducing infiltration to deeper soil (Li et al., 2007a). BSCs enhance
the water-holding capacity of topsoil via increasing the clay and
silt proportion content in topsoil thus stabilizing the dune surface
and entrapping dust-fall in topsoil with the succession of artificial
sand-binding vegetation (Li et al., 2007b). Therefore, BSCs alter the
pattern of rainfall infiltration in soil (Maestre et al., 2002) and result
in deep-rooted woody species disappearing from current commu-
nities and developing of shallow-rooted herbaceous species and,
in particular, establishment of annual plants (Su et al., 2007; Li
et al., 2007a). We want to determine how artificially established
sand-binding vegetation systems respond and adapt to the changes
induced by BSCs; and whether such ecosystems can maintain sta-
bility via systematic self-adjustment such as via altering species
composition and performance, including invertebrate disturbance.

The presence and development of BSCs create safe sites for ants
(Perfecto and Vandermeer, 1996; Bestelmeyer, 1997; Retana and
Cerda, 2000) in wind erosion environments; and the distribution
of ant nests is closely related to the successional stages of BSCs in
the Tengger Desert (Li et al., 2011; Chen and Li, 2012). As ecosys-
tems engineers, ants are abundant and conspicuous components of
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The main prevention and control area for wind-blown sand hazards in northern China is about 320000 km? in size and includes
sandlands to the east of the Helan Mountain and sandy deserts and desert-steppe transitional regions to the west of the Helan
Mountain. Vegetation recovery and restoration is an important and effective approach for constraining wind-blown sand haz-
ards in these areas. After more than 50 years of long-term ecological studies in the Shapotou region of the Tengger Desert, we
found that revegetation changed the hydrological processes of the original sand dune system through the utilization and
space-time redistribution of soil water. The spatiotemporal dynamics of soil water was significantly related to the dynamics of
the replanted vegetation for a given regional precipitation condition. The long-term changes in hydrological processes in desert
areas also drive replanted vegetation succession. The soil water carrying capacity of vegetation and the model for sand fixation
by revegetation in aeolian desert areas where precipitation levels are less than 200 mm are also discussed.
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The areas suffering from wind-blown sand hazard events in
China are distributed from longitude 75°-125° and latitude
35°-50° and form a discontinuous arc-shaped desert zone
(including sandlands) from the western Tarim Basin in the
west to the western Songnen Plain in the east. It traverses
northwest, north and northeast-China with a length of 4500 km
from east to west and a width of 600 km from south to north,
crossing arid, semi-arid and sub-humid climatic zones and
covering the eight largest deserts and the four largest
sandlands in China [1,2]. The sandlands and the farm-
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ing-pastoral ecotone in eastern China, where annual precip-
itation is more than 250 mm and the desert and oasis, desert
and desert-steppe transition regions to the west of the Helan
Mountain, where annual precipitation is less than 200 mm,
cover about 320000 km”. They are the regions most seri-
ously affected by desertification and sand hazards. The
main prevention and control areas in China for wind-blown
sand hazards are also the main areas for non-irrigated vege-
tation construction and ecological barrier building [3-5].
Using revegetation as a method to control sand damage
in China has been practiced for nearly 60 years and is one of
most successful approaches to constraining wind-blown
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Condensation of water vapour on moss-dominated
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Characteristics of water vapour condensation, including the onset, duration, and amount of water vapour
condensation on moss-dominated biological soil crust (BSC) and dune sand were studied under simulated
conditions with varying air temperature and relative humidity. The simulations were performed in a
plant growth chamber using an electronic balance recording the weight of condensation. There was
a positive linear correlation between the water vapour condensation and relative humidity while the
mean temperature was negatively linearly related to amounts of water vapour condensation for both
soil surfaces. The amount of water vapour condensation on BSC and dune sand can be described by
the difference between air temperature and dew point with an exponential function, indicating that
when the difference of air temperature and dew point exceeds a value of 35.3°C, there will be zero
water vapour condensed on BSC. In contrast, when the difference of air temperature and dew point
exceeds a value of 20.4°C, the water vapour condensation will be zero for dune sand. In general, when
the air is fully saturated with water and the dew point is equal to the current air temperature, the
water vapour condensed on BSC attained its maximum value of 0.398 mm, whereas it was 0.058 mm
for dune sand. In comparison, water vapour condensed on BSC was at a relatively high temperature
and low relative humidity, while we did not detect water vapour condensation on the dune sand under
the similar conditions. Physical and chemical analyses of the samples pointed to a greater porosity, high
content of fine particles, and high salinity for BSC compared to the dune sand. These results highlight
that soil physicochemical properties are the likely factors influencing the mechanism of water vapour
condensation under specific meteorological conditions, as onset was earlier and the duration was longer
for water vapour condensation on BSC in comparison with that of dune sand. This contributed to the
greater amount of vapour absorbed on BSC compared to the dune sand under an identical meteorological
condition. The feedback of water vapour condensation on BSC formation and its contribution to sustain
the revegetation desert ecosystems was discussed.

1. Introduction ecological significance (Stone 1963). Dew, one of

the major condensed water vapour, occurs when

Water vapour exchange at the earth’s surface has  humid air condenses onto a substrate and trans-
received increasing attention in desert ecology. forms into liquid water (Beysens 1995; Veste et
Though the condensation of water vapour has a  al. 2008), and originates either from air (dewfall)
far-smaller quantitative output relative to rainfall, or from soil (Wells 1815; Aitken 1885; Monteith
it is a very common natural phenomenon and has  1957; Garratt and Segal 1988). Considering the

Keywords. Condensation; water vapour; desert ecosystem; moss; biological soil crust.
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Abstract Agriophyllum squarrosum is an annual
psammophyte adapted to mobile sand dunes in arid
and semi-arid regions of Central Asia. The species has
evolved a range of physiological, morphological, and
ecological adaptations to allow it to be a pioneer
species of unstable, nutrient-poor, drought-prone and
hot sand dunes. Local populations in the sandy desert
regions of China consume the seed of the species
during periods of food shortage, and refer to the plant
as “shami” in Chinese, which translates as “sand
rice”. The sand rice seeds have high nutritional value,
containing around 23 % protein, 9 % lipid, 45 %
carbohydrates, 8 % crude fiber and 5 % ash. The
protein fraction includes the full range of essential
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amino acids required in the human diet. The lipid
fraction comprises mostly polyunsaturated fatty acid.
The ash fraction is rich in iron. Sand rice is a good
candidate species for domestication to provide a food
crop resilient to future climate change.

Keywords Agriophyllum squarrosum -
Chenopodiaceae - Heat tolerance - Quinoa -
Sandy desert - Wild plant domestication

Introduction

Continuing global population growth, rising expecta-
tions of the standard of living, potential climate
change and ongoing degradation of soil and water
resources are conspiring to put pressure on crop
production. The global future climate is likely to be
warmer than the present one; while overall the amount
of rainfall should increase, the expectation is that its
distribution, both temporally and spatially, will
become more unpredictable, and some regions which
are already short of rainfall may well become even
drier. The negative consequences of climate change on
global food security (Wheeler and von Braun 2013)
have encouraged interest in accessing crop wild
relatives as a genetic resource for crop adaptation
(Tester and Langridge 2010; McCouch et al. 2013),
but at the same time there is also a need to identify

@ Springer
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Abstract

Reaumuria soongorica (Pall.) Maxim., a resurrection semi-shrub, is a typical constructive and dominant species in desert
ecosystems in northwestern China. However, the gene expression characteristics of R. soongorica under drought stress have
not been elucidated. Digital gene expression analysis was performed using lllumina technique to investigate differentially
expressed genes (DEGs) between control and PEG-treated samples of R. soongorica. A total of 212,338 and 211,052 distinct
tags were detected in the control and PEG-treated libraries, respectively. A total of 1,325 genes were identified as DEGs, 379
(28.6%) of which were up-regulated and 946 (71.4%) were down-regulated in response to drought stress. Functional
annotation analysis identified numerous drought-inducible genes with various functions in response to drought stress. A
number of regulatory proteins, functional proteins, and proteins induced by other stress factors in R. soongorica were
identified. Alteration in the regulatory proteins (transcription factors and protein kinase) may be involved in signal
transduction. Functional proteins, including flavonoid biosynthetic proteins, late embryogenesis abundant (LEA) proteins,
small heat shock proteins (sHSP), and aquaporin and proline transporter may play protective roles in response to drought
stress. Flavonoids, LEA proteins and sHSP function as reactive oxygen species scavenger or molecular chaperone. Aquaporin
and proline transporters regulate the distribution of water and proline throughout the whole plant. The tolerance ability of
R. soongorica may be gained through effective signal transduction and enhanced protection of functional proteins to
reestablish cellular homeostasis. DEGs obtained in this study may provide useful insights to help further understand the
drought-tolerant mechanism of R. soongorica.
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Introduction

Water deficit is one of the most significant abiotic stresses that
influence germination, growth, development, and productivity of
plants [1]. Drought stress causes stomatal closure, limited gas
exchange, and reduced photosynthesis in plants [2]. Over-
reduction of photosynthetic electron transport chain induces the
generation of reactive oxygen species (ROS), such as singlet
oxygen ('Oy), superoxide anion (Oy7), hydrogen peroxide (HyOy),
and hydroxyl radical (*OH), which damage cellular structures and
macromolecules [3]. Plants have enzymatic and non-enzymatic
systems to eliminate ROS. Moreover, plants have developed
drought-resistance strategies such as succulent leaves, formation of
osmophilic globules, stomatal movement, and reduction of leaf
water potential [4,5]. The understanding of plant responses to
water deficit have improved because of the application of
molecular techniques. The expression of numerous genes in
response to drought stress was described in previous studies [6,7].
Seki et al. [8] classified the genes expressed during stress into two
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groups: (i) genes encoding proteins involved in signal transduction
(protein kinases and transcription factors) and (i) genes with
products, such as late embryogenesis abundant (LEA) proteins,
chaperone, osmoprotectants, and detoxification enzymes, that
directly protect cells against stress. Genomic and transcriptomic
analyses revealed that various transcriptional regulatory systems
are involved in stress-responsive gene induction. Several different
sets of cus- and frans-acting factors are known to be induced by
drought stress at the molecular level [9]. A large number of
metabolites and proteins have also been reported to be up
regulated in response to drought stress [10].

Reaumuria soongorica (Pall.) Maxim. is an extreme xerophytic
semi-shrub and a typical constructive and dominant species in the
desert vegetation in China. R. soongorica forms the zonal landscape
and is widely distributed in northwest China [11]. Water supply is
one of the main limiting factors in the habitat of this species. The
unique adaptive strategies in the morphology and physiology of R.
soongorica, such as thick cuticle, hollow stomata, and accumulation
of some low-molecular-weight metabolites, are attributed to its
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CrossMark

elick for upelates



Researc

New -
—

Phytologist -

Drought effect on plant nitrogen and phosphorus: a meta-

analysis

Mingzhu He'* and Feike A. Dijkstra’*

1Shapotou Desert Research and Experiment Station, Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou, 730000, China;

2Departmem of Environmental Sciences, Centre for Carbon, Water and Food, The University of Sydney, Camden, NSW 2570, Australia

Author for correspondence:
Mingzhu He

Tel: +86 931 4967193

Email: hmzecology@Izb.ac.cn

Received: 713 May 2014
Accepted: 22 June 2014

New Phytologist (2014) 204: 924-931
doi: 10.1111/nph.12952

Key words: drought duration, drought
manipulation type, drought stress, drying—
rewetting cycle, N : P ratio, nutrient
mineralization.

Summary

¢ Climate change scenarios forecast increased aridity in large areas worldwide with potentially
important effects on nutrient availability and plant growth. Plant nitrogen and phosphorus
concentrations (plant [N] and [P]) have been used to assess nutrient limitation, but a compre-
hensive understanding of drought stress on plant [N] and [P] remains elusive.

¢ We conducted a meta-analysis to examine responses of plant [N] and [P] to drought manip-
ulation treatments and duration of drought stress.

¢ Drought stress showed negative effects on plant [N] (~3.73%) and plant [P] (-9.18%),
and a positive effect on plant N : P (+ 6.98%). Drought stress had stronger negative effects on
plant [N] and [P] in the short term (< 90 d) than in the long term (> 90 d). Drought treatments
that included drying—rewetting cycles showed no effect on plant [N] and [P], while constant,
prolonged, or intermittent drought stress had a negative effect on plant [P].

e Our results suggest that negative effects on plant [N] and [P] are alleviated with extended
duration of drought treatments and with drying—rewetting cycles. Availability of water, rather
than of N and P, may be the main driver for reduced plant growth with increased long-term

drought stress.

Introduction

Most climate change scenarios forecast that much of the global
land area will undergo increasing aridity (Handmer ez al., 2012).
Because nitrogen (N) and phosphorus (P) frequently limit plant
growth, an improved understanding of the N and P cycles within
the soil-plant system in response to drought stress is becoming
increasingly important. From a global point of view, drought
(simply defined as water deficit in soil and/or atmosphere) affects
plant survival (Bray, 1997), ecosystem production (Farooq ezal.,
2012) and function (Ledger ezal., 2013). Water availability is a
key driver of ecosystem processes, therefore drought stress will
probably alter ecosystem N and P cycles (Sardans & Pefuelas,
2012).

Plant N and P concentrations (hereafter plant [N] and [P])
are important indicators of N and P limitation (Aerts &
Chapin, 2000; Giisewell, 2004), but impacts of drought on
plant [N] and [P] remain unclear. Drought can depress plant
growth by reducing N and P uptake, transport and redistri-
bution (Rouphael eral, 2012). A majority of studies have
indicated that plants decrease N and P uptake with a
decline in soil moisture (Cramer etal, 2009; Waraich ez al,
2011; Sardans & DPefuelas, 2012). Owing to a reduction in

*These authors contributed equally to this work.
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stomatal conductance, photosynthesis and transpiration rates
also decrease, and CO, assimilation rates progressively decline
in response to drought (Farooq eral, 2012). Therefore,
drought effects on plant [N] and [P] may depend on the
reduction in N and P uptake relative to the decrease in CO,
assimilation.

Drought stress and associated reduction in soil moisture can
reduce plant nutrient uptake by reducing nutrient supply
through mineralization (Fierer & Schimel, 2002; Schimel ez al,
2007; Sanaullah ez al., 2012), but also by reducing nutrient diffu-
sion and mass flow in the soil (Chapin, 1991; Lambers etal,
2008). When drought stress is followed by rewetting, this often
results in enhanced mineralization (Austin ez al, 2004), which
has been attributed to nutrient release from dead microbial bio-
mass that has accumulated during the drying period (Borken &
Matzner, 2009).

The net effect of drought stress on nutrient supply through
mineralization may depend on the duration and intensity (or
severity) of these drying—rewetting cycles, which can be attributed
to many factors, such as frequency and occurrence of rainfall, soil
type affecting water potential, and evapotranspiration demand
(Farooq et al., 2009). Generally, negative effects on soil microbial
activity and plant nutrient uptake become larger with increased
drought stress, but frequent rewetting events after drought peri-
ods may, at least in part, compensate for the negative effects of

© 2014 The Authors
New Phytologist © 2014 New Phytologist Trust



Zhao et al. BMC Genomics 2014, 15:872

http://www.biomedcentral.com/1471-2164/15/872
p BMC

Genomics

RESEARCH ARTICLE Open Access

Transcriptomic analysis of a psammophyte food
crop, sand rice (Agriophyllum squarrosum) and
identification of candidate genes essential for
sand dune adaptation
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Abstract

Background: Sand rice (Agriophyllum squarrosum) is an annual desert plant adapted to mobile sand dunes in arid
and semi-arid regions of Central Asia. The sand rice seeds have excellent nutrition value and have been historically
consumed by local populations in the desert regions of northwest China. Sand rice is a potential food crop resilient
to ongoing climate change; however, partly due to the scarcity of genetic information, this species has undergone
only little agronomic modifications through classical breeding during recent years.

Results: We generated a deep transcriptomic sequencing of sand rice, which uncovers 67,741 unigenes. Phylogenetic
analysis based on 221 single-copy genes showed close relationship between sand rice and the recently domesticated
crop sugar beet. Transcriptomic comparisons also showed a high level of global sequence conservation between these
two species. Conservation of sand rice and sugar beet orthologs assigned to response to salt stress gene ontology term
suggests that sand rice is also a potential salt tolerant plant. Furthermore, sand rice is far more tolerant to high
temperature. A set of genes likely relevant for resistance to heat stress, was functionally annotated according to
expression levels, sequence annotation, and comparisons corresponding transcriptome profiling results in Arabidopsis.

Conclusions: The present work provides abundant genomic information for functional dissection of the important
traits in sand rice. Future screening the genetic variation among different ecotypes and constructing a draft genome
sequence will further facilitate agronomic trait improvement and final domestication of sand rice.

Keywords: Agriophyllum squarrosum, Sand rice, Salt tolerance, Heat tolerance, Comparative transcriptomics, Wild plant

domestication

Background

Food security is one of this century’s key global challenges.
Food system is precarious in the face of increasing global
human population, changing consumption patterns, on-
going climate change and soil degradation, and grow-
ing scarcity of water and land [1-5]. The pace of global
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warming is expected to accelerate; while extreme weather
events will become more frequent and the temporal and
spatial precipitation is likely to be unpredictable [2,5]. To
date, wheat, maize, rice, and soybean are the main sources
for human and livestock calories in many agricultural re-
gions around the world [1]. The time lags of these crops
in adapting to a changing environment urge scientists to
exploit crop wild relatives as a new genetic resource in
crop improvement [3,4]. Furthermore, one recent assess-
ment of national food supplies worldwide demonstrated
that the diversity of crop species is reducing and global
food homogeneity is increasing over the past 50 years,
which are potential threats to food security [6]. Thus,

© 2014 Zhao et al, licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
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Leaf nitrogen and phosphorus of
temperate desert plants in response to
climate and soil nutrient availability
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In desert ecosystems, plant growth and nutrient uptake are restricted by availability of soil nitrogen (N) and
phosphorus (P). The effects of both climate and soil nutrient conditions on N and P concentrations among
desert plant life forms (annual, perennial and shrub) remain unclear. We assessed leaf N and P levels of 54
desert plants and measured the corresponding soil N and P in shallow (0-10 cm), middle (10-40 cm) and
deep soil layers (40-100 cm), at 52 sites in a temperate desert of northwest China. Leaf P and N : P ratios
varied markedly among life forms. Leaf P was higher in annuals and perennials than in shrubs. Leaf N and P
showed a negative relationship with mean annual temperature (MAT) and no relationship with mean
annual precipitation (MAP), but a positive relationship with soil P. Leaf P of shrubs was positively related to
soil P in the deep soil. Our study indicated that leaf N and P across the three life forms were influenced by soil
P. Deep-rooted plants may enhance the availability of P in the surface soil facilitating growth of
shallow-rooted life forms in this N and P limited system, but further research is warranted on this aspect.

itrogen (N) and phosphorus (P) availability affect community structure'?, species diversity®~, and other

ecosystem functions®, such as nutrient cycling and productivity”*, and the ratio of these two elements in

leaf tissue may indicate if a system is limited by N, P or both’. Studies about ecological stoichiometry of N
and P have been performed across local'’, regional®'" and global scales'>"'*. Plant N and P levels can be influenced
by various biotic and abiotic factors, such as habitat'®, growth stages'®, and plant functional groups’.

N- and P- limitation are typically determined by plant nutrient levels and/or soil nutrient availability'”. In turn,
plant adaptations to soil nutrient levels may exert control over critical N : P values. Studies from terrestrial plant
species of China revealed that due to low soil P levels compared to the global average, overall leaf N : P ratios were
markedly higher than that of global flora®. However, it was suggested that critical leaf N : P values could not
effectively predict nutrient limitation of desert plants. Due to water and nutrient co-limitations and adaptation to
low nutrient conditions, desert plants show little plasticity in N:P stoichiometry'” and maintain low tissue
nutrient uptake'®. This unique pattern highlights the need of considering soil nutrient conditions for plant specific
adaptation and plant-soil interactions in desert environments.

In desert ecosystems, low soil moisture coupled with high soil alkalinity acts to decrease both soil N and P
availability”. Infrequent and low precipitation limits soil weathering, organic matter production, and miner-
alization®, leading to slow P release from primary material, low soil organic matter content, and N bound in
organic matter'’. A study from 224 dryland sites indicated an increased decoupling of carbon (C), N and P with
increased aridity resulting in greater P availability compared to N'®. Plant N fixation rates in arid regions have
long been considered to be low because of low soil moisture and high temperatures*. In contrast, ammonia
volatilisation of dryland soils can be high, as volatilisation rates are positively related to soil pH, total salt content
and CaCOs3, and negatively related to soil organic matter, cation-exchange capacity and clay content®. There is
also good evidence that sometimes nutrients, with limited water, can limit plant growth'’, although relationships
between plant growth and leaf N or P concentration are not always clear'.

What is the intrinsic relationship between soil nutrients and leaf nutrients of desert plants? Soil nutrients are
the main driver for leaf nutrient concentrations. Plant available soil P, primarily derived from weathering of
primary materials such as apatite, and from dissolution and diffusion of P within the soil solution, is considered
lower than that of N*'. Available forms of N and P mostly remain in the surface soil because the high temperature

| 4:6932 | DOI: 10.1038/5rep06932 41 1
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Sand burial and dew deposition are two fundamental phenomena profoundly influencing biological soil
crusts in desert areas. However, little information is available regarding the effects of sand burial on dew
deposition on biological soil crusts in desert ecosystems. In this study, we evaluated the effects of sand
burial at depths of 0 (control), 0.5, 1, 2 and 4 mm on dew formation and evaporation of three dominant
moss crusts in a revegetated area of the Tengger Desert (Northern China) in 2010. The results revealed
that sand burial significantly decreased the amount of dew deposited on the three moss crust types by
acting as a semi-insulator retarding the dew formation and evaporation rates. The changes in surface
temperature cannot fully explain the variations of the formation and evaporation rates of dew by moss
crusts buried by sand. The extension of dew retention time was reflected by the higher dew ratios (the
ratio of dew amount at a certain time to the maximum value in a daily course) in the daytime, and
may to some extent have acted as compensatory mechanisms that diminished the negative effects of
the reduction of dew amount induced by sand burial of moss crusts. The resistances to reduction of dew-
fall caused by sand burial among the three moss crusts were also compared and it was found that Bryum
argenteum crust showed the highest tolerance, followed by crusts dominated by Didymodon vinealis and
Syntrichia caninervis. This sequence corresponds well with the successional order of the three moss crusts
in the revegetated area, thereby suggesting that resistance to reduction of dewfall may act as one mech-
anism by which sand burial drives the succession of moss crusts in desert ecosystems. This side effect of
dew reduction induced by sand burial on biological soil crusts should be considered in future ecosystem
construction and management of desert area.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

(Belnap and Lange, 2003). In addition to strongly increasing the
stability and nutritional levels of upper soil layers, BSCs also pro-

The availability of water largely determines the ecological pro-
cesses of arid areas and ancillary water from sources other than
rainfall, e.g. dew, fog and atmospheric water vapor, serves as an
important additional source of moisture for organisms. Although
usually smaller in quantity, ancillary water wets and dries the
upper soil surface more frequently than rainfall in arid areas, and
strongly influences organisms that dwell on the soil surface
(Agam and Berliner, 2006; Kaseke et al., 2012).

Biological soil crusts (BSCs) are comprised mostly of crypto-
gams, such as moss, lichen, and algae. They dominant the soil sur-
face in arid areas and have critical roles in determining the
composition, structure, and function of many desert ecosystems

* Corresponding author. Tel.: +86 931 4967185; fax: +86 931 8273894.
E-mail address: rongliangjia@163.com (R.-1. Jia).
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vide a favorable micro-habitat for other organisms. However, the
functions of BSCs are very sensitive to changes in water availabil-
ity, sourced not only from rainfall (Belnap et al., 2004; Coe et al.,
2012), but also from fog and dew (Csintalan et al., 2000; Jacobs
et al., 1999; Kidron et al., 2002; Wilske et al., 2008). Considering
the poikilohydric features, small-size with low growth habit, and
overall small biomass of BSCs, dew may have very strong influ-
ences on crust biota and may further have critical roles in arid eco-
systems. Dew provides short-term amelioration of vapor-pressure
deficits, maintains a pre-activated state for subsequent rainfall
events (Wilske et al., 2008), activates photosynthesis (Jacobs
et al, 1999), and prolongs metabolic activity (eg. Lange et al.,
1998). Dew may also influence the growth (Pan et al., 2013), distri-
bution, development and succession of BSCs in the long-term
(Kidron et al., 2002; Liu et al., 2006; Prado and Sancho, 2007). Thus,



J Arid Land (2014) 6(4): 389-399
doi: 10.1007/s40333-014-0008-6
jal.xjegi.com; www.springer.com/40333

Effects of shrub species and microhabitats on dew
formation in a revegetation-stabilized desert
ecosystem in Shapotou, northern China
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Abstract: Dew is an important supplement water source in arid and semi-arid areas. In order to determine the
dew formation on different kinds of soils associated with various shrub species and microhabitats, we performed
measurement of accumulated dew formation amount and duration in October 2009 in a revegetation-stabilized arid
desert ecosystem in Shapotou area, northern China. The results indicated that the accumulated dew formation
amount was four times larger at open spaces as compared to under the canopy, and it was nearly twice as much
under living Artemisia ordosica plants (L.A.) as compared to under living Caragana korshinskii plants (L.C.). The
opposite characteristics were found for dew duration between different microhabitats. Dew amounts at different
vertical heights around the shrub stands were in the order of 50 cm above the canopy>the canopy edge>under the
canopy. Dew amount continued to increase after dawn, and the proportion of average accumulated dew amount
after dawn accounting for the average maximum amount increased from above the canopy to under the canopy.
Dew formation duration after sunrise accounted for more than 50% of the total formation duration during the day
time. Contrary to the distribution characteristics of dew amount, dew duration after dawn and total dew formation
duration during the day time were both highest under the canopy, followed by at the canopy edge and then at 50 cm
above the canopy. The portion of dew duration after dawn accounting for the total dew duration during the day time
increased from above the canopy to under the canopy. From these results, we may conclude that dew availability as
a supplemental water resource for improving the microhabitats in water-limited arid ecosystems is position de-
pendent especially for the plant microhabitats at different stands layers.

Keywords: dew amount; dew duration; shrub species; microhabitat; soil surface type
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An important component of micro-hydrology in arid Moreover, some plants can directly absorb the dew
regions is the input of non-rainfall atmospheric mois- that forms on the canopy surface through their leaves,
ture via dew (Kosmas et al., 1998; Agam and Berliner, thereby alleviating water deficit (Jacobs et al., 2000;
2006; Brown et al., 2008). Dew is an important usable Zheng et al., 2011; Zhuang and Ratcliffe, 2012), ex-

water resource in desert environments with scarce wa- tending life period, improving flowering and fruit
ter, where dew can efficiently reduce water loss quantity, promoting growth and increasing above- or
caused by soil evaporation and is crucial to maintain- below-ground biomass (Martin and Willert, 2000;

ing water balance, especially over large time scales Gouvra and Grammatikopoulos, 2003; Breshears et al.,
(Lekouch et al., 2011; Hao et al., 2012). Dew is also 2008; Simonin et al., 2009). In the semi-arid regions
beneficial to the growth and development of biological of Chile, forests are largely dependent on the deposi-
soil crusts (Agam and Berliner, 2002; Pan et al., 2010). tion of fog water (Del-Val et al., 2006). Dew is also an
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Photosynthesis of two moss crusts from the Tengger Desert with
contrasting sensitivity to supplementary UV-B radiation
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Abstract

Predicting the effects of increased ultraviolet-B (UV-B) radiation due to stratospheric ozone depletion on temperate
desert ecosystems requires better knowledge of the ecophysiological response of common moss species. The aim of the
current work was to determine whether elevated UV-B radiation affected photosynthetic performance and chloroplast
ultrastructure of two moss crusts and whether response differences were observed between the crusts. In laboratory
experiments, Bryum argenteum and Didymodon vinealis, which show microdistributions and are dominant in soil crusts
at the Tengger Desert, Northern China, were subjected to four levels of UV-B radiation of 2.75 (control), 3.08, 3.25, and
3.41 W m2 for 10 days, simulating 0, 6, 9, and 12% of stratospheric ozone at the latitude of Shapotou, respectively. The
results showed that chlorophyll a fluorescence parameters (i.e., the maximal quantum yield of PSII photochemistry, the
effective quantum yield of PSII photochemistry, and photochemical quenching coefficient), pigment contents, soluble
protein contents, and the ultrastructure were negatively influenced by elevated UV-B radiation and the degree of
detrimental effects significantly increased with the intensity of UV-B radiation. Moreover, results indicated that
B. argenteum was probably more sensitive to supplementary UV-B radiation than D. vinealis. Therefore, we propose the
use of B. argenteum crusts as a bioindicator of responses to elevated UV-B radiation.

Additional key words: biological soil crusts; chlorophyll a fluorescence; photosynthesis; ultraviolet-B.

Introduction

The depletion of stratospheric ozone by the emissions of
man-made halocarbons has increased the intensity of
UV-B radiation reaching the Earth surface (UNEP 2003).
Considerable effort has been invested in determining
plant responses to simulated ozone depletion, especially
in economically important crops (McKenzie et al. 2003,
Caldwell et al. 2007). Ozone depletion and the associated
enhancement of intensity in shortwave UV-B radiation
may influence the morphological, reproductive, physio-
logical, and metabolic properties of higher plants, such as

Received 17 April 2012, accepted 17 May 2013.

biomass and yields, pigment contents, nucleic acids,
photosystem II (PSII), thylakoid membranes, and proteins
(Reddy et al. 2003, Germ et al. 2005, Bashandy et al.
2009, Newsham and Robinson 2009, Hectors et al. 2010).

The effects of UV-B radiation on plants differ among
species and are highly dependent on experimental condi-
tions, UV-B radiation dosages, and the duration of
exposure (Bassman et a/. 2003, Bassman and Robberecht
2006). Several studies have found that elevated intensities
of UV-B radiation have detrimental effects on

*Corresponding author; phone: :+86 0931 8277921, e-mail: Ixinrong@lzb.ac.cn

Abbreviations: BSC — biological soil crusts; Car — carotenoids; Chl — chlorophyll; DE — days of exposure; Fo — the minimal
fluorescence of dark-adapted state; Fm — the maximal fluorescence of dark-adapted state; Fv/Fm — the maximal quantum yield of PSII
photochemistry; ‘OH — hydroxyl radicals; O2" — superoxide anions; PAL — phenylalanine ammonia-lyase; PSII — photosystem II; qp —
photochemical quenching coefficient; ROS — reactive oxygen species; Rubisco — ribulose-1,5-bisphosphate carboxylase/oxygenase;
TEM - transmission electron microscope; UV-B — ultraviolet-B; ®psi — the effective quantum yield of PSII photochemistry.
Acknowledgements: This study was financially supported by one of National Basic Research Program of China (No. 2013CB429906)
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Carbon fixation and influencing factors of biological soil
crusts in a revegetated area of the Tengger Desert,
northern China
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Abstract: Biological soil crusts (BSCs) are an important type of land cover in arid desert landscapes and play an
important role in the carbon source-sink exchange within a desert system. In this study, two typical BSCs, moss
crusts and algae crusts, were selected from a revegetated sandy area of the Tengger Desert in northern China, and
the experiment was carried out over a 3-year period from January 2010 to November 2012. We obtained the effec-
tive active wetting time to maintain the physiological activity of BSCs basing on continuous field measurements and
previous laboratory studies on BSCs photosynthesis and respiration rates. And then we developed a BSCs carbon
fixation model that is driven by soil moisture. The results indicated that moss crusts and algae crusts had significant
effects on soil moisture and temperature dynamics by decreasing rainfall infiltration. The mean carbon fixation rates
of moss and algae crusts were 0.21 and 0.13 g C/(m%d), respectively. The annual carbon fixations of moss crusts
and algae crusts were 64.9 and 38.6 g C/(m%a), respectively, and the carbon fixation of non-rainfall water reached
11.6 g C/(m*a) (30.2% of the total) and 8.8 g C/(m*a) (43.6% of the total), respectively. Finally, the model was
tested and verified with continuous field observations. The data of the modeled and measured CO, fluxes matched
notably well. In desert regions, the carbon fixation is higher with high-frequency rainfall even the total amount of
seasonal rainfall was the same.

Keywords: moss crusts; algae crusts; soil moisture dynamics; non-rainfall water; effective wetting time

Citation: Lei HUANG, ZhiShan ZHANG, XinRong LI. 2014. Carbon fixation and influencing factors of biological soil crusts in a revegetated area of
the Tengger Desert, northern China. Journal of Arid Land, 6(6): 725-734. doi: 10.1007/s40333-014-0027-3

Biological soil crusts (BSCs) are vital features of arid able photosynthetic capacities (Evans and Lange, 2001;
desert regions. BSCs are widespread communities of Wilske et al., 2009; Su et al., 2011; Li et al., 2012).
diminutive organisms, such as cyanobacteria, green For example, under the optimal conditions of hydra-
algae, lichens, mosses and other organisms that are tion and light, the photosynthetic rates of Collema
closely integrated with particles of the surface soil. tenax are in the upper range of or even higher than the
Therefore, these communities form a cohesive, thin maximal area-related leaf net photosynthesis rates of
horizontal layer over the desert landscape (Belnap and the plants that characterize the phanerogamous vege-
Lange, 2003; Li et al.,, 2004). BSCs are considered tation of the collection site (Lange et al., 1998). Bey-
desert ecosystem engineers and cover up to 40%—70% mer and Klopatek (1991) estimated that the potential
of the landscape (Bowker, 2007), especially in ex- annual carbon contribution of lichen soil crusts is
treme environments with low interference. Several 12-37 g C/(m*a). Lange et al. (1994) estimated that
studies have confirmed that BSCs are vital carbon lichen crusts in Namibia contribute 16 g C/(mz-a).
sinks in a desert ecosystem because of their consider- Therefore, the photosynthetic aspect of BSCs-related
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Abstract Biological soil crusts (BSCs) are an important
cover in arid desert landscapes, and have a profound effect
on the CO, exchange in the desert system. Although a large
number of studies have focused on the CO, flux at the soil—
air interface, relatively few studies have examined the soil
CO; concentration in individual layers of the soil profile. In
this study, the spatiotemporal dynamics of CO, concen-
tration throughout the soil profile under two typical BSCs
(algae crusts and moss crusts) and its driving factors were
examined in a revegetated sandy area of the Tengger
Desert from Mar 2010 to Oct 2012. Our results showed that
the mean values of the vertical soil CO, concentrations
under algal crusts and moss crusts were 600-1,200 pmol/
mol at the 0—40 cm soil profiles and increased linearly with
soil depth. Daily CO, concentrations showed a single-peak
curve and often had a 1-2 h time delay after the maximum
soil temperature. During the rainy season, the mean soil
CO, concentration profile was 1,200-2,000 pmol/mol,
which was 2-5 times higher as compared to the dry season
(400-800 pmol/mol). Annually, soil moisture content was
the key limiting factor of the soil CO, concentration, but at
the daily time scale, soil temperature was the main limiting
factor. Combined with infiltration depth of crusted soils,

Electronic supplementary material The online version of this
article (doi:10.1007/s12665-013-3000-0) contains supplementary
material, which is available to authorized users.
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we predicted that precipitation of 10-15 mm was the most
effective driving factor in arid desert regions.

Keywords Soil CO, concentration - Revegetated desert
area - Biological soil crusts - Driving factors

Introduction

In addition to development of the soil profile in terrestrial
ecosystems, soil CO, has become the major component in
soil air. It is one of the key pathways of subsurface CO,
concentrations that releases into the atmospheric CO, pool,
which accounts for approximately 5-20 % of the total CO,
emissions per year (Hansen and Lacis 1990). Previous
studies have shown that it is nearly 10 times greater than
the contribution of fossil fuel burning (Post et al. 1990).
Thus, even small changes or disturbances in CO, in the soil
horizons may have significant effects on atmospheric CO,
concentrations and global carbon dynamics in desert
regions, since a large portion of organic C is stored in the
deeper soil horizons (Fierer et al. 2005; Li et al. 2010a).
Biological soil crusts (BSCs) are vital landscapes in desert
areas, which occupy more than 40 % of the terrestrial
surface (Bowker 2007) and 70 % in extreme environments
with less interference. BSCs have a direct effect on the CO,
production in soil. Thus, the BSCs-related spatiotemporal
dynamics of CO, production throughout the soil profile
should be specifically examined in the surface CO, efflux
at both the local and regional scales (Li et al. 2010b). In
addition, BSCs in the revegetated desert zone have an
important ecohydrological effect on rainfall infiltration and
shallow water replenishment, which results in further pro-
found changes in the original sand water cycle and soil
CO, production.

@ Springer
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The extrapolation of the leaf area-based transpiration of
two xerophytic shrubs in a revegetated desert area in the
Tengger Desert, China

L. Huang, Z. Zhang and X. Li

ABSTRACT

Plant transpiration plays a key role in sand-binding zones, but obtaining accurate estimates at an
integrated leaf-individual-canopy scale is difficult. In this study, transpiration rates of two typical
xerophytic shrubs, Caragana korshinskii and Artemisia ordosica, were investigated during the
growing season (April-October) from 2008 to 2012 in the Tengger Desert, a revegetated desert area
in China. Gas exchange techniques, sap flow measurements, and the crop evapotranspiration minus
micro-lysimeter method were used to evaluate plant transpiration. Transpiration data were
subsequently compared with the dynamical normalized leaf area-based extrapolation. The results
indicated that at leaf level, the transpiration rates of C. korshinskii and A. ordosica were 2.67 and
4.51 mmol H,0 m~2s~", respectively. The sap flow rates were 0.071 and 0.086 g h~' cm~2 at the tree
level, and the transpiration rates were 0.42 and 0.35 mm d~" at the stand level. The total seasonal
transpiration of the two xerophytic shrubs reached 71.79 and 55.62 mm, representing approximately
48.4 and 37.5% of the total rainfall over this period. Direct measurements of plant transpiration and
upscaling transpiration from leaf level to the stand level exhibited good correspondence, which
verified that leaf area was a reliable representation of scaled transpiration, especially in arid desert
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INTRODUCTION

Artificial vegetation restoration is considered to be one of
the most effective ways to combat desertification and land
degradation in arid desert areas (Wang 2004). Xerophytic
shrubs, such as Caragana korshinskii and Artemisia ordo-
sica, have been planted at the southeastern fringe of the
Tengger Desert in Western China since 1956 (Li et al
2004). The implementation of this strategy has progressed
remarkably over the past years and has played a large role
in the control of soil erosion, land degradation, and deserti-
fication, as well as in grassland reconstruction (Li et al.
2007). However, restoration implementation still faces
a number of problems, such as poor understanding of
water requirements of desertliving plants. Furthermore,

doi: 10.2166/nh.2014.171
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inappropriate tree selection and planting could lead to a
reduction in groundwater and the death of sand-binding veg-
etation in certain regions (Li 2005; Ford et al. 2007; Xia et al.
2008). Scientists have sought to solve this problem and have
developed reliable techniques for estimating the total
amount of water transpired by plants (Kelliher ef al. 1992;
Granier et al. 1996; Kumagai ef al. 2004; Dierick & Holscher
2009). Wang et al. (2004a, 2004b) have studied the evapo-
transpiration of C. korshinskii and A. ordosica using the
auto-weighing lysimeter method, and the results have
demonstrated that cumulative precipitation and cumulative
evapotranspiration were linearly correlated. Huang et al.
(2010) have studied the sap flow rate of A. ordosica and its
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Abstract—The functions of microRNA399 (miR399) in response to phosphate (P;) deficiency have been
extensively studied in Arabidopsis; however, previous studies have focused on relatively late responses of seed-
lings. In this study, the expression profiles of five miR399 primary transcripts (pri-miR399s) and mature
miR399 were investigated in seedlings, calli, and mesophyll protoplasts. P; deficiency rapidly stimulated the
accumulation of pri-miR399s in the seedlings except pri-miR399b at 1 day; the amount of pri-miR399a
decreased at 3 and 5 days. pri-miR399c and pri-miR399¢/f showed continuously increasing patterns; the
greatest accumulation of pri-miR399d was observed at 3 days. The expression of pri-miR399b, c, and f was
significantly induced in the callus after 15 days of exposure to P; deficiency. In protoplasts, the expression pat-
terns of five pri-miR399s were comparable to those in seedlings at 1 day of P; deficiency. Mature miR399
accumulated in the treated seedlings; and more than 460-fold of induction was observed in the calli without
P;. The expression profiles of pri-miR399s suggest that these primary transcripts are temporally and tissue-
specific regulated in plant responses to P; deficiency. Moreover, fresh isolated protoplasts could be used to

study physiological perception and local signaling of P; deficiency during early stages.

Keywords: Arabidopsis, microRNA399, phosphate deficiency, expression profile, callus, protoplast
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INTRODUCTION

Phosphate (P;) availability is a limiting factor of
plant growth, development, and yield [1, 2]. To cope
with P, deficiency, plants have developed sophisticated
and tightly controlled mechanisms and thus maintain
P, homeostasis in acquisition, storage, allocation, and
recycling of plants [1, 3, 4]. Various adaptive strategies
are involved in these processes, such as reprogram-
ming their transcriptome, proteome, and metabo-
lome. Recent advances have unveiled that several
important components, including transcription fac-
tors, SPX domain-containing proteins, and proteins
involved in posttranslational modification processes,
such as phosphorylation, dephosphorylation, and
small ubiquitin-like modifier conjugation (SUMOyla-
tion), are involved in a coordinated network that
adapts plants to P; limitation [1—5]. Moreover, sugars
and phytohormones, such as gibberellins, ethylene,

! This text was submitted by the authors in English.
2 These authors contributed equally to this work.

Abbreviations: CIM—callus induction medium; IPS1—induced
by P; starvation 1; miRNA—microRNA; PHRI1—phosphate
starvation response 1; pri-miR399s—oprimary transcripts of
miR399s.

auxins, cytokinins, abscisic acid, and strigolactones,
as well as ions, such as iron, have crucial functions in
mediating gene expression profiles and in altering the
root system architecture in response to P; deficiency
[1-3]. Aside from these components, microRNAs
(miRNAs), such as miR156, miR169, miR395,
miR398, miR399, miRNA778, miR827, and
miR2111, and non-coding RNAs are uncovered as
essential for the plant strategy to cope with P; status [1,
3,6,7].

The miR399 is one of the most characterized
miRNAs in the regulation of P; homeostasis in plants
[6, 8—11]. Grafting assays have verified that mature
miR399 can be transported via phloem from the shoot
to the root, where it directs the cleavage of the tran-
scripts of an ubiquitin-conjugating E2 enzyme
UBC24/PHO2 [12, 13]. The suppression of PHOZ2
increases the transcript levels of root P; transporter
genes PHTI;8 and PHTI;9, thereby activating P;
uptake [1, 3, 11]. PHO2 regulates P; transport by ubiq-
uitin-mediated protein degradation; the appropriate
expression of PHOZ is crucial to maintain P; homeosta-
sis under P; deficiency and sufficient conditions [3].
The accumulation of miR399 upon P; limitation is
positively regulated by a MYB transcription factor,
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Abstract How soil cover types and rainfall patterns
influence carbon (C) release in temperate desert ecosys-
tems has largely been unexplored. We removed intact
crusts down to 10 cm from the Shapotou region, China,
and measured them in PVC mesocosms, immediately
after rainfall. C release rates were measured in soils with
four cover types (moss-crusted soil, algae-crusted soil,
mixed (composed of moss, algae, and lichen)-crusted
soil, and mobile dune sand). We investigated seven dif-
ferent rainfall magnitudes (0-1, 1-2, 2-5, 5-10, 10-15,
15-20, and >20 mm) under natural conditions. C re-
lease from all four BSCs increased with increasing
rainfall amount. With a rainfall increase from 0 to
45 mm, carbon release amounts increased from
0.13 + 0.09 to 15.2 + 1.35gC m 2 in moss-crusted
soil, 0.08 + 0.06 to 6.43 + 1.23 gC m ? in algae-crus-
ted soil, 0.11 + 0.08 to 8.01 + 0.51 gC m ~ in mixed-
crusted soil, and 0.06 + 0.04 to 8.47 + 0.51 gC m Zin
mobile dune sand, respectively. Immediately following
heavy rainfall events (44.9 mm), moss-crusted soils
showed significantly higher carbon release rates than
algae- and mixed-crusted soils and mobile dune sands,
which were 0.95 £ 0.02, 0.30 £ 0.03, 0.13 £ 0.04, and
0.51 + 0.02 pmol CO> m > s~ !, respectively. Changes
in rainfall patterns, especially large rain pulses
(> 10 mm) affect the contributions of different soil cover
types to carbon release amounts; moss-crusted soils
sustain higher respiration rates than other biological
crusts after short-term extreme rainfall events.
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Abbreviations

BSCs Biological soil crusts

C Carbon

EPS  Extracellular polysaccharide
MDS Mobile dune sand

Rs Soil respiration

SOC  Soil organic carbon
Introduction

Biological soil crusts (BSCs) are globally widespread
communities of diminutive organisms such as cyano-
bacteria, green algae, lichens, mosses and other organ-
isms. BSCs are closely integrated with surface soil
particles, resulting in the formation of a cohesive thin-
layer; they may constitute as much as 40 % of the living
cover in arid and semi-arid ecosystems. These soil
organisms can significantly improve soil stability and
fertility by alleviating soil erosion, contributing greatly
to carbon (C) assimilation and nitrogen fixation, and
creating favorable microhabitats for other organisms
(Belnap and Lange 2003; Bowker et al. 2006; Li 2012).

BSCs are major players in the global C cycles, in
terms of C uptake from and release to the atmosphere
(Elbert et al. 2012). The high photosynthetic C fixation
potential of BSCs, such as lichen crusts, makes them an
important C uptake pathway (C sink) in desert ecosys-
tems. Thus, researchers have recently become interested
in studying BSCs, and their role in C cycling (Zaady
et al. 2000; Huxman et al. 2004a, b; Li et al. 2012). BSCs
also contribute to C release in desert ecosystems; how-
ever, many studies neglect this role (Thomas et al. 2008;
Thomas and Hoon 2010; Gao et al. 2012; Li et al. 2012).
Castillo-Monroy et al. (2011) found that BSC-domi-
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Soil-Plant Relationships in the Hetao Irrigation
Region Drainage Ditch Banks, Northern China
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Species-environment relationships is a central issue in ecology and important to plant
reconstruction and management in degraded ecosystems. We explored how the inter-
actions among soil nutrients, salinity, and ion ratios influence vegetation distribution
in the Hetao Irrigation Region drainage ditch banks. Twoway indicator species
analysis (TWINSPAN) techniques and Canonical Correspondence Analysis
(CCA) were used to classify the vegetation and to examine the relationships between
vegetation and soil chemical properties. The plant communities of Saussurea salsa—
Phragmites australis—Sonchus arvensis and Leymus chinensis—Sonchus arvensis
occurred within 161 of a total 245 plots. Edaphic factors exerted the strongest
influence on vegetation patterns and distributions, with available soil nutrient content
being identified as the dominant factor, followed by soil salinity and soil pH.
Maintaining soil nutrient and salinity at moderate levels is an efficient approach to
prevent species loss in the drainage ditch banks.

Keywords available nutrient, CCA, ion ratios, soil salinity, vegetation
distribution

Species-environment relationships is a central issue in ecology and necessary to
vegetative reconstruction and management of degraded ecosystems (Guisan and
Zimmermann, 2000; Fallu et al., 2002; Li et al., 2009). Water availability was the
most important factor in arid and semi-arid regions and high salinity soils, control-
ling the plant species distribution (Rogel et al., 2001; Li et al., 2008). In irrigated
farmland regions, however, water limitation can be mitigated with regular irrigation
and can be beneficial to the establishment and survival of plant species. For example,
the Hetao Irrigation Region, which uses Yellow River water to supply drainage
ditches among crops during the growth season, is the oldest and largest artificial
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Abstract Surface albedo plays a crucial role in the
energy balance of soils. The surface albedo and surface soil
moisture of bare sand and biological soil crusts (BSCs)
were concurrently observed on field plots of shifting sand
dune and in revegetated desert ecosystems at Shapotou,
northwestern China, to study relationships between surface
albedo, solar elevation angle, and surface soil moisture.
Results indicated that rainfall exerted a remarkable low-
ering effect on the variation of surface albedo by increasing
surface soil moisture. Surface albedo was an exponential
function of solar elevation angle, and the normalized sur-
face albedo (solar elevation angle effect was removed)
decreased exponentially with the increase of surface soil
moisture. Sand surface had a higher albedo (0.266) than
BSCs (0.226) when the surfaces were very dry. However,
sand surface albedo became increasingly lower than that of
BSCs when the surfaces were in wet conditions and when
the soil moisture exceeded a critical value. The changes in
soil surface albedo from sand dune to BSCs after revege-
tation in shallow soil profiles associated with the variation
of the surface soil moisture can be seen as an indicator of
the degree of sand dune stabilization when compared with
the original shifting sand dune soil.
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Introduction

An important consideration when dealing with migrating
sand dune-stabilization activities in water-limited ecosys-
tems is the evolution of soil surface albedo. Knowing if and
how soil surface albedo is altered by revegetation practices
is essential to create vegetation-protective systems that
control or cease migration of sand dunes. Research in the
field of soil surface albedo has contributed to the knowl-
edge of energy balance of the soil, but the general appli-
cation of this knowledge to revegetation climatology has
not kept pace with the increasing need to understand
problems of how water use, heat transfer, and evapo-
transpiration are interacting in these dune environments.
Surface albedo is an important variable in regulating the
energy balance of the earth—atmosphere interface. For a
given surface, surface albedo is defined as the ratio of
reflected shortwave to the incoming shortwave (0.3-3 pm)
of solar radiation (e.g., Otterman 1977; Wang et al. 2005).
The term albedo is closely related to reflectance, which is
usually referred to as a given narrow spectral band and a
specific incidence angle. Albedo, then, can be described as
effective reflectance, integrating all the wavelengths of the
solar radiation over the hemisphere of all possible reflec-
tion directions (e.g., Otterman 1977; Ranson et al. 1991;
Chapin et al. 2002).

Generally, bare soil albedos are predominantly con-
trolled by soil moisture content, surface type, weather
conditions, solar elevation angle, etc. (Zuo et al. 1991;
Song 1999; Liu et al. 2008; Zhang et al. 2013). Surface
albedo and soil moisture are two important control factors

@ Springer
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HIGHLIGHTS

« Carbon sequestration capacity and potential of restoring desert system are assessed.

« The contribution of different components to TOC is quantified.

« The TOC significantly increased over time in the restoring desert areas.

« Restoring desert ecosystems may accumulate more TOC compared to natural vegetation.
» SOC represented the largest carbon pool for restored systems.
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Reconstructing vegetation in arid and semiarid areas has become an increasingly important management strat-
egy to realize habitat recovery, mitigate desertification and global climate change. To assess the carbon seques-
tration potential in areas where sand-binding vegetation has been established on shifting sand dunes by
planting xeric shrubs located near the southeastern edge of the Tengger Desert in northern China, we conducted
a field investigation of restored dune regions that were established at different times (20, 30, 47, and 55 years
ago) in the same area. We quantified the total organic carbon (TOC) in each ecosystem by summing the individ-
ual carbon contributions from the soil (soil organic carbon; SOC), shrubs, and grasses in each system. We found
that the TOC, as well as the amount of organic carbon in the soil, shrubs, and grasses, significantly increased over
time in the restored areas. The average annual rate of carbon sequestration was highest in the first 20 years
after restoration (3.26 x 1072 kg-m~2-year™ '), and reached a stable rate (2.14 x 1072 kg-m~2-year™ ') after
47 years. Organic carbon storage in soil represented the largest carbon pool for both restored systems and a
system containing native vegetation, accounting for 67.6%-85.0% of the TOC. Carbon in grass root biomass,
aboveground grass biomass, litter, aboveground shrub biomass, and shrub root biomass account for 10.0%-
21.0%, 0.2%-0.6%, 0.1%-0.2%, 1.7%-12.1% and 0.9%-6.2% of the TOC, respectively. Furthermore, we found that
the 55-year-old restored system has the capacity to accumulate more TOC (1.02 kg-m~2 more) to reach the
TOC level found in the natural vegetation system. These results suggest that restoring desert ecosystems may
be a cost-effective and environmentally friendly way to sequester CO, from the atmosphere and mitigate the
effects of global climate change.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

climatic changes and human activities (Wang, 2003; Schlesinger et al.,
1990; Puigdefabregas and Mendizabal, 1998). As a result, the vegetation

Arid and semiarid areas occupy approximately one-third of the land
surface worldwide (Reynolds, 2001; Reynolds et al., 2007; Lal, 2004a).
These areas are particularly prone to desertification as a result of
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and soil structure in these areas are degraded, which in turn decreases
the capacity of regional ecosystems to store carbon and leads to the re-
lease of carbon into the atmosphere (Helldén and Tottrup, 2008). A re-
cent estimate suggests that deserts and semi-deserts cover nearly 22%
of the Earth's land surface (Janzen, 2004). However, arid and semiarid
areas are spreading because of the desertification occurring in the
farming-pastoral transition zone that borders these areas. Historically,
it has been estimated that global desertification has caused total carbon
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ABsTrACT. We analyzed the desert moss Bryum argenteurm Hedw., a dominant moss in biological soil crusts in
northwestern China, during dehydration and rehydration. There was almost no change in chlorophyll content
between hydrated and almost completely desiccated B. argenteum samples. The amounts of thylakoid protein
complexes, including the PSI monomer, PSII supercomplex, the PSII monomer, and LHCII, gradually decreased
as the dehydration time of B. argenteum was extended. Analysis by two-dimensional sodium dodecylsulfate-urea-
polyacrylamide gel electrophoresis showed that the amount of the PSII core subunits CP47 and CP43 and the PSI
core subunits PsaA/B decreased during dehydration. The amount of thylakoid protein complexes increased
rapidly during rehydration under light conditions, but increased slowly, and to lower levels, during rehydration
in the dark. Rehydration of B. argenteum in chloramphenicol solution under light conditions resulted in a
decrease in Fy/Fy; within 10 min. An analysis of chloroplast ultrastructure showed that the number of grana
decreased during dehydration. Taken together, our results suggest that the thylakoid protein complexes of B.
argenteum degrade during dehydration and then reassemble during rehydration, and that this affects the full

recovery of photosynthesis in this species.

Keyworps. Chloroplast ultrastructure, desiccation tolerance, mosses, northwestern China, thylakoid proteins.

*

Desiccation tolerance (DT) is a characteristic of many
organisms, and has been studied for more than 300 years
(Alpert 2000; Vicré et al. 2004). In plants, DT is often a
feature of reproductive structures, including pollen,
spores and seeds (Alpert 2006; Wood 2007). However,
the ability to survive during desiccation in vegetative
tissues occurs mainly in algae, lichens and mosses
(Leprince & Buitink 2010). Phylogenetic analyses have
suggested that DT of vegetative tissues existed primi-
tively in basal land plants such as bryophytes. The fact
that DT is a rare occurrence in vascular plants suggests
that DT evolved independently in different groups of
vascular plants (Oliver et al. 2000; Wood & Oliver 2004).

For bryophytes, DT has been defined as the ability
to equilibrate internal water potential to that of
moderately dry air, and to resume normal function upon
rehydration (Alpert 2000). Although DT is a common and
characteristic feature of bryophytes, it is not universal
among members of this group (Proctor et al. 2007b;
Wood 2007). The ecological range of desiccation-tolerant
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mosses is narrow and marginal; they are found mainly in
habitats with very low levels of water availability (Alpert
2000). In many arid and semiarid ecosystems, vegetative
cover is generally sparse. The open spaces in such areas are
usually covered by desiccation-tolerant mosses, cyano-
bacteria, fungi, green algae and lichens, which are the
main components of biological soil crusts (Belnap &
Lange 2003; Li 2003). There has been a large body of
research on the ecological roles of biological soil crusts in
arid regions. Such roles include reducing soil erosion,
improving water infiltration and contributing to carbon
assimilation and nitrogen fixation (Belnap et al. 2004;
Elbert et al. 2009; Li 2012). Among the different types of
crusts, the appearance of moss crusts is considered an
indicator of a more stable and late successional stages
(Zhang et al. 2009). In the desert environment, moss
crusts are frequently subjected to cycles of dehydration,
desiccation and rewetting (Charron & Quatrano 2009;
Pressel & Duckett 2010; Xu et al. 2009).

Studies on DT plants often use some aspect of
photosynthesis as an index of dehydration and recovery.
The preservation of the photosynthetic apparatus and
chlorophylls during desiccation has been used as a
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Micro-morphology, ultrastructure and chemical composition changes
of Bryum argenteum from a desert biological soil crust following
one-year desiccation
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ABsTRACT. Biological soil crusts dominated by mosses are commonly found in arid and semiarid areas, where
mosses spend large parts of their time in a state of intense desiccation. The effective recovery of moss crusts after
long-term desiccation is vital for their survival. In this study, we analyzed the changes in micromorphology,
ultrastructure and chemical composition in Bryum argenteum samples desiccated for 1 week or 1 year. We used
non-destructive and anhydrous methods of analysis, including scanning electron microscopy, transmission
electron microscopy and Fourier transform infrared analysis. After long-term desiccation (1 year), B. argenteum
samples showed a rapid recovery of Fy/Fy, in the light after rehydration. For the 1-year desiccated samples, the
thallus remained intact but shrunken. Within the thallus, cell arrangement was disorderly, cell shapes were
irregular, and cell walls were thinner. Inside cells, chloroplasts remained intact, but some thylakoids were
degraded. In terms of the major cellular components, the lipid and carbohydrate contents increased, the
numbers of o helixes and P sheets in protein secondary structures increased, while the number of turn structures
in proteins decreased. The changes in protein secondary structure appear to be an important factor in the
tolerance of B. argenteum to long-term desiccation. The recovery mechanisms that function after rehydration

include processes for the repair of protein conformation and the re-synthesis of thylakoids.

Keyworbs. Biological soil crusts, desiccation tolerance, FTIR, micro-morphology.
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Biological soil crusts dominated by desiccation-tolerant
mosses are commonly found in arid and semiarid areas in
various geographical regions around the world. In such
areas, mosses are in a state of intense desiccation for long
periods (Belnap & Lange 2003). Many studies have focused
on the ecological roles of biological soil crusts in arid
regions. Soil crusts can reduce soil erosion, improve water
infiltration, assimilate carbon and fix nitrogen from the
atmosphere (Belnap et al. 2004; Elbert et al. 2009; Li,
2012). Among the different types of soil crusts, moss crusts
show the strongest ability to prevent wind erosion (Zhang
et al. 2009). Furthermore, mosses can improve the soil
structure and help to create conditions that favor the
growth of vascular plants (Zhang et al. 2009; Li 2012). The
appearance of moss crusts is considered to represent a
stable part of the late successional biological soil crust
progression (Zhang et al. 2009).
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Most mosses are defined as poikilohydric desicca-
tion-tolerant plants. This means that their thallus water
content tends to be in equilibrium with the water status
of their environment (Proctor & Tuba 2002). Mosses
become hydrated and active under wet conditions, and
dry and dormant under dry conditions (Alpert 2000,
2005). The mechanisms underlying the desiccation
tolerance of mosses have been studied extensively (Oliver
et al. 2005). It is generally accepted that a constitutive
protection system and rehydration-induced recovery
mechanisms are responsible for desiccation tolerance
(Farrant & Moore 2011). The degree of desiccation
tolerance, that is, tolerance to extremely dry conditions,
or extremely long dry periods, is thought to rely on the
effectiveness of cellular protection mechanisms and the
efficiency of repair processes. Tortula caninervis and
Tortula ruralis were shown to resume normal metabolic
activity after dry storage for 3 years (Oliver et al. 1993),
and Grimmia laevigata was able to grow after 10 years of
dry storage in a herbarium (Keever 1957). However,
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Biological soil crusts (BSCs) cover up to 70% of the sparsely-vegetated areas in arid and semiarid regions
throughout the world and play a vital role in dune stabilization in desert ecosystems. Soil enzyme activ-
ities could be used as significant bioindicators of soil recovery after sand burial. However, little is known
about the relationship between BSCs and soil enzyme activities. The objective of this study was to deter-
mine whether BSCs could affect soil enzyme activities in revegetated areas of the Tengger Desert. The

giegl‘;v oircd:l" soil crusts results showed that BSCs significantly promoted the activities of soil urease, invertase, catalase and
Crustgtype u dehydrogenase. The effects also varied with crust type and the elapsed time since sand dune stabi-
Elapsed time since dune stabilization lization. All Fhe .soil enzyme activities tes.ted ip this study were g.r(.eate.r under moss cru.st.s than .under
Season cyanobacteria-lichen crusts. The elapsed time since sand dune stabilization correlated positively with the
Soil depth four enzyme activities. The enzyme activities varied with soil depth and season, regardless of crust type.

Cyanobacteria-lichen and moss crusts significantly enhanced all test enzyme activities in the 0-20 cm
soil layer, but negatively correlated with soil depth. All four enzyme activities were greater in the summer
and autumn than in spring and winter due to the vigorous growth of the crusts. Our study demonstrated
that the colonization and development of BSCs could improve soil quality and promote soil recovery in
degraded areas of the Tengger Desert.

Soil enzyme activities

© 2014 Elsevier B.V. All rights reserved.

1. Introduction to soil particles by secreting gelatinous polysaccharide materials

(Belnap, 2006; Zaady et al., 2010). Smaller pigmented cyanobacte-

Biological soil crusts (BSCs) are a sub-ecosystem or a micro-
cosm (Castillo-Monroy et al., 2011) and cover up to 70% of the
interspaces between sparse vegetation in semiarid and arid regions
throughout the world (Belnap, 1995). They are a complex mosaic
of soil, green algae, lichens, mosses, micro-fungi, cyanobacteria
and other bacteria (Belnap and Lange, 2003). They all develop
on the surface of stabilized sand dunes and vary from 2 mm
thick, relatively homogeneous cyanobacteria crusts (Zaady and
Bouskila, 2002; Li et al., 2011) to complex crusts dominated by
lichens and mosses that are up to 30 mm thick (Li et al., 2002).
BSC succession generally starts with colonization by large fila-
mentous cyanobacteria (such as Microcoleus sp.), which adhere

* Corresponding author at: Tianshui Normal University; Cold and Arid Regions
Environmental and Engineering, School of Life Science and Chemistry, Tianshui,
Gansu province 741001, China. Tel.: +86 0938 2726327, fax: +86 0938 2726327.
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0929-1393/© 2014 Elsevier B.V. All rights reserved.

ria (such as Nostoc sp. and Scytonema sp.) and green algae then
invade the spaces within the filamentous cyanobacteria. Subse-
quently, lichens and mosses may grow and colonize as the soil
surface stability increases and/or moisture availability improves
(Eldridge and Greene, 1994; Kidron et al., 2008; Yu et al., 2012).
BSCs have been found to play a number of important ecological
roles in desert ecosystems, including enhancing soil aggregation
and stability (Belnap, 1996; Guo et al., 2008), adjusting soil temper-
ature and moisture (Belnap, 1995; George et al., 2003), improving
soil aeration and porosity (Harper and Marble, 1988; Belnap et al.,
2006), adjusting local hydrology (Evans and Johansen, 1999; Belnap
and Lange, 2003), promoting vascular plant colonization (Zhao
et al,, 2011) and improving soil invertebrate and microbial diver-
sity (Darby et al., 2007, 2010; Neher et al., 2009; Liu et al.,, 2011,
2013).

Soil enzyme activity changes quickly if soil conditions alter
and are, therefore, sensitive indicators of changes in soil quality
(Puglisi et al., 2006; Trasar-Cepeda et al., 2008; Lebrun et al., 2012).
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Abstract Using data collected from 22 urban and 65 rural
meteorological stations in northwestern China between 1961
and 2009, this paper presents a study concerning the effects
of urbanization on air temperature trends. To distinguish
among the potential influences that stem from the economic
development levels, population scales, and geographic envi-
ronments of the cities in this region, the 49-year study period
was divided into two periods: a period of less economic
development, from 1961 to 1978, and a period of greater
economic development, from 1979 to 2009. Each of the
cities was classified as a megalopolis, large, or medium—
small, depending on the population, and each was classified
as a plateau, plain, or oasis city, depending on the surround-
ing geography. The differences in the air temperature trends
between cities and the average of their rural counterparts
were used to examine the warming effects of urbanization.
The results of this study indicate that the magnitude of
warming effects due to urbanization depends not only on a
city’s economic level, but also on the population scale and
geographic environment of the city. The urbanization of
most cities in northwestern China resulted in considerable
negative warming effects during 1961-1978 but evidently
positive effects during 1979-2009. The population scale of a
city represents a significant factor: a city with a larger pop-
ulation has a stronger warming influence, regardless of
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whether the effect is negative or positive. Among the three
geographic environments of the cities considered, plateaus
and plains more significantly enhance warming effects than
oases. The urban population trend has a very significant
logarithm relationship with the urban temperature effect,
but no clear relationships between urban temperature effects
and city elevation were detected. The majority of the tem-
perature trends, accounting for more than 60 % of the trends
during 1961-2009, can be explained by natural factors,
although urbanization has had some obvious effects on tem-
peratures in northwestern China.

1 Introduction

Many studies have concentrated on climate change in
recent decades, with more and more of the literature
predicting that anthropogenic activities may be the most
important force driving global warming. The fourth as-
sessment report of Intergovernmental Panel on Climate Change
(IPCC) (Trenberth et al. 2007) stated that between 1906 and
2005, the global surface air temperature increases at an average
annual rate of 0.74 °C (0.56-0.92 °C/100 a) which is a higher
estimate than that of [PCC’s Third Assessment Report, which
was 0.6 °C (0.4-0.8 °C/100 a). Research results related to
temperature trends in China have appeared in a number of
studies in the past 20 years. Wang et al. (1998) observed that
the average temperature in China increased by 0.44 °C from
1880 to 1996. Ding et al. (2007) found that the rate of increase
in surface temperatures in China climbed to 0.79 °C/century
(1905-2001) and was higher, 1.1 °C/50a, in the latter half of
that period (1951-2001). Zhou et al. (2004) reported that
surface temperature warming trends ranging from —0.112 to
0.494 °C/10 a have been detected in different regions across
China. Li et al. (2012) reported that the temperature in

@ Springer
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Abstract: Soil water repellency (WR) is an important physical characteristic of soil surface. It is capable of largely
influencing the hydrological and geomorphological processes of soil, as well as affecting the ecological processes of
plants, such as growth and seed germination, and has thus been a hot topic in recent research around the world. In
this paper, the capillary rise method was used to study the soil WR characteristics of Nitraria tangutorun nebkhas.
Soil water repellencies at different succession stages of Nitraria tangutorun were investigated, and the relationships
between soil WR and soil organic matter, total N, and total P, soil texture, pH, and concentrations of CO32', HCOy4,
CI, SO,%, Na*, K*, Ca* and Mg?" were discussed. Soil WR may be demonstrated at the following nebkhas dune
evolvement stages: extremely degraded>degraded>stabilized>well developed>newly developed>quick sand. Apart
from some soil at the bottom, the WR of other soils (crest and slope of dune) was found to be largest at the topsail,
and decreased as the soil depth increased. The results showed that multiple factors affected soil WR characteristics,
e.g. WR increased significantly as the contents of soil organic matter and total N increased, but did not change as
the total P content increased. Soil texture was a key factor affecting soil WR; soil WR increased significantly as clay
content increased, and decreased significantly as sand content increased. Low pH was shown to be more suitable
for the occurrence of soil WR. Four cations (Ca?*, Mg?, K* and Na*) and two anions (CI" and SO,*) enhanced soil
WR, while CO3* decreased it. HCO, did not show any observable effect. Finally, we established a best-fit general
linear model (GLM) between soil-air-water contact angle (CA) and influencing factors (CA=5.606 sand+6.496 (clay
and silt)-2.353 pH+470.089 CO;*+11.346 Na'—407.707 Cl—14.245 SO,>+0.734 total N-519.521). It was concluded
that all soils contain subcritical WR (0°<CA<90°). The development and succession of Nitraria tangutorun nebkhas
may improve the formation of soil subcritical WR. There exist significant relationships between soils subcritical WR
and soil physical or chemical properties.

Keywords: hydrophobicity; soil-air-water contact angle; capillary rise method; Nitraria tangutorun nebkhas; vegetation succession stage
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Water repellency (WR) is a fundamental physical In general, a soil surface exhibiting a CA=0° is con-
property of soils. The term refers to the ability to re- sidered to be hydrophilic (Siebold et al., 1997). CA in
duce the affinity of soils to water where water entry is the soil surface below 90° represents a subcritical wa-
resisted or inhibited (Doerr et al., 2000; Blanco and ter repellency (slight WR but non-hydrophobic)
Lal, 2009). The degree of WR may be quantified by (Morrow, 1976; Yang and Xi, 1995; Siebold et al,,
the soil-air-water contact angle (CA), which is meas- 1997, Shirtcliffe, 2006). When CA>90°, the soils pos-
urable at the three-phase boundary (i.e. the boundary sess an extreme or severe water repellency (DeBano,
among the gas, liquid and solid phases; Letey, 1969). 2000a; Doerr et al., 2007). Almost all soils show a
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Abstract A vast area of native shrub-dominated steppe at
the margins of desert oases in arid regions of China had
been reclaimed as farmland in the last century for grain
production to feed growing human populations. This study
evaluated the consequences of this land-use change on the
activity density, taxa richness and composition of func-
tional groups (herbivores, predators and detritivores) of
ground-dwelling beetles and spiders, which include some
important ecological groups of natural enemies of insect
pests (e.g. predatory spiders and beetles), pollinators and
decomposers (e.g. detritivorous beetles). Ground-dwelling
beetles and spiders were collected using pitfall traps in
native steppe habitats and adjacent irrigated farmland of
different ages (cultivated either for 27 or at least for
90 years). It was found the conversion of native steppe to
farmland, regardless of farmland age, led to a significant
increase in activity density of predators, with a greater
increase in 90-year-old farmland than in 27-year-old
farmland, but did not affect their taxa richness. However,
native steppe conversion to farmland, regardless of
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farmland age, led to significant declines in activity density
and taxa richness of both detritivores and herbivores, with a
much greater decrease of activity or richness in detritivores
than in herbivores in both farmland types. We also
observed taxa-specific responses to the land conversion
within functional groups. The functional composition of
the beetle and spider community shifted from a community
dominated by detritivores in the native steppe sites to one
dominated by predators in the irrigated farmland sites. Our
results suggest that the different functional groups of
ground-dwelling beetles and spiders responded in a dif-
ferent way to the land conversion. The remarkable increase
in predators and the dramatic decline in detritivores by
converting natural vegetation to agricultural land are
expected to strongly affect the desert ecosystem services

such as biological pest control, pollination and
decomposition.
Keywords Agricultural expansion - Biological pest

control - Detritivorous arthropods - Ecosystem services -
Land-use change - Predatory arthropods

Introduction

Ground-dwelling arthropods, which include keystone eco-
logical groups of biological control agents (e.g. predatory
spiders and insects) against insect pests (Shelton et al.
1983; Riechert and Lockley 1984; Marc and Canard 1997,
Suenaga and Hamamura 2001), pollinators (Stanley and
Stout 2013) and decomposers (e.g. detritivorous arthro-
pods), have been shown to be important for the functioning
of agricultural systems (Landis et al. 2000; Nyffeler and
Sunderland 2003; Woltz et al. 2012; Stanley et al. 2013).
The globe is undergoing a rapid loss of ground-dwelling

@ Springer
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ABSTRACT

Mulch thickness is one of the important factors affecting soil moisture and temperature. Two field ex-
periments were conducted at Gaolan, Gansu, China, to investigate the influence of gravel-sand mixture
mulch thickness on soil temperature, evaporation, evapotranspiration, water use efficiency (WUE) and
yield. There were 5 levels of gravel-sand mulch thickness in Experiment 1 (3, 5, 7, 9 and 11 cm; without
crop) and 4 levels of gravel-sand mulch thickness plus 80% plastic film mulch in Experiment 2 (3, 5, 8
and 11 cm; cropped to watermelon). There was a close negative relationship between mulch thickness
and soil evaporation, with exponential function. Mulch decreased soil evaporation up to a thickness of
7 cm. The soil temperature from 11:00 to 18:00 was slightly lower with mulching compared to no mulch-
ing and, as a result, mulch not only decreased the temperature difference between day and night, but
also it had a lag. In addition, the peak soil temperature at 5 cm depth was reduced and the soil temper-
ature at night was raised with increased mulch thickness. Mulch had no further effect on soil tempera-
ture when thickness is greater than 7 cm. With 80% plastic film mulch, a significant effect on watermelon
yield and WUE was detected among the different treatments used in this study, with the highest yield
and WUE obtained with the 8 cm mulch thickness treatment. Therefore, 7-8 cm of mulch thickness appears
to be the most appropriate option for gravel-sand mulch to sustain high watermelon yield and WUE.
© 2014 Ecological Society of China. Published by Elsevier B.V. All rights reserved.

1. Introduction

ration. Also, gravel size impacted the porosity of mulch layer and
the process of hydraulic transfer and thermal conduction [7].

Gravel and sand mulch is a traditional water conservation tech-
nique that has been used for hundreds of years in the loess area of
northwestern China. Recently, this technique has expanded its usage,
due to the lack of water sources and high irrigation costs. In parts
of this region, irrigating fields have almost been replaced by the use
of gravel-sand mulch on dry land. Extensive research and practi-
cal experience have proved that gravel-sand mulch could marked-
ly reduce soil evaporation and increase soil temperature at night
as well as reduce soil temperature fluctuations ([1-5]). Nachtergaele
et al. (1998) determined that gravel mulch causes a significant in-
crease in the soil temperature measured at two soil depths (mean
increase of 1.0 °C and 1.5 °C at 3 and 10 cm soil depth, respective-
ly) in vineyards of southern Switzerland. Chen et al. [6] and Xie et al.
[5] studied the effect of gravel size on soil evaporation, and showed
a positive linear relationship between gravel size and soil evapo-

* Corresponding author.
E-mail address: wxhcas@lzb.ac.cn (Z. Xie).

http://dx.doi.org/10.1016/j.chnaes.2014.05.007

Besides gravel size, however, there has been little research re-
ported in the literature with respect to mulch thickness as another
important factor affecting hydraulic transfer and thermal conduc-
tion. Tsutomu et al. [8] measured the influence of mulch thickness
on soil evaporation resistance. His results showed that soil evap-
oration resistance can exponentially increase with the increase of
mulch thickness. In China, the mulch thickness effect on soil tem-
perature was only mentioned in reference to the ballast embank-
ment and revetment along the Tibet-Qing railway [9]. However, the
purpose of using mulch is totally different between the revetment
of an embankment and mulching of farm land. In addition, gravel-
sand mulch is a high-cost technique under conservation tillage (no-
tillage) and its thickness is a considerable factor when linked with
the total cost. Thus, it is essential to determine the impact of mulch
thickness on soil evaporation and temperature, in order to opti-
mize the structure of the gravel-sand layer to preserve maximum
soil temperature and moisture at the minimum cost. Therefore, the
objective of this study was to investigate the influence of mulch
thickness on soil temperature and evaporation (Experiment 1,
without crop), and to determine the relationship between mulch

1872-2032/© 2014 Ecological Society of China. Published by Elsevier B.V. All rights reserved.
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Abstract

Land-use change (LUC) is widely considered a major factor that affects soil organic carbon (SOC) seques-
tration. The impacts of four LUC types on soil properties, SOC, particulate organic carbon (POC) and labile
organic carbon (LOC) at the 0-100 cm depth were examined in the west of Loess Plateau, northwest China.
Bulk density at the 20-40 cm depth increased significantly after native grassland conversion to cropland,
while artificial grassland establishment and abandonment on former cropland caused reverse change. Soil
water content in the profile increased 60-230% after cultivation and decreased 32-49% after abandonment
(p < 0.01). The particle size distribution also showed a response to LUC. Only artificial grassland establish-
ment caused an SOC sink of 32% at the 0-10 cm depth as well as two labile fractions. SOC tended to
increase after cultivation and after abandonment, with 6% and 20% at soil surface, respectively. There were
increasing trends in POC and LOC. After afforestation on former native grassland, SOC tended to decrease
(23%) at the 0-10 cm depth while POC and LOC tended to increase (33% and 6%, respectively). Principal
component analysis was successful in separating LUC through soil property parameters. Carbon sequestra-
tion is largely ascribed to increased below-ground production and tillage elimination after perennial alfalfa
(Medicago sativa L.) plantation. Irrigation and fertilization activities contribute to SOC accumulation after
cultivation to some extent. The self-restoration dynamic depending on time since abandonment is important
to SOC change. A lower proportion of stabilized carbon results in a slow rate of SOC accumulation after
afforestation. It is necessary to investigate the long-term dynamic after LUC.

Key words: Land use change, soil organic carbon sequestration, labile organic carbon, particulate organic

carbon, semiarid region

INTRODUCTION

Stabilization of rising atmospheric carbon dioxide (CO;)
concentration is the biggest ecological interest nowadays
in the world (Kerr 2007). Globally, the soil organic
carbon (SOC) stock is 1550 Pg to a 1-m depth; it is
about three times higher than the atmospheric carbon
pool and two times higher than in the biota (Lal 2008).
Therefore, the balance between inputs and outputs of
SOC has a critical influence on the atmospheric
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concentration of CO, (Post and Kwon 2000). Land-use
change (LUC) is widely considered a major factor that
affects SOC sequestration (Lal 2008; Poeplau and Don
2013). Conversion of primary forest into perennial crops
reduced SOC stocks by 30%, and they were the highest
SOC losses related to LUC in the tropics (Don et al.
2011). The global average SOC sequestration rate was
33.2-33.8 g m™> yr! due to revegetation on cultivated
lands (Post and Kwon 2000). Therefore, monitoring
SOC for LUC is essential for estimating the SOC distri-
bution and sequestration.

A number of studies have been performed on the effect
of LUCs on SOC concentration at global (Post and
Kwon 2000; Don et al. 2011), country (Wu et al.
2003; Poeplau and Don 2013), regional (Wang et al.
2011; Schulp ef al. 2013) and site (Raiesi 2012;
Shimoda and Koga 2013) scales. LUC in semiarid and
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SHRUB EFFECTS ON HERBACEOUS VEGETATION VARY WITH
GROWTH STAGES AND HERB RELATIVE LOCATION

ABSTRACT: In arid and semi-arid ecosys-
tems, shrubs have an important effect on neigh-
boring plants. However, little is known about the
interaction of herb growth stages and shrub loca-
tion on herb performance. We selected Reaumuria
soongorica, (Pall.) Maxim a shrub dominant in the
semiarid region of northwest China, to determine
whether (1) shrubs facilitate or have negative ef-
fects on neighbouring herbaceous vegetation, and
(2) such effects vary with herb growth stage and
with shrub orientation relative to herbs. The pres-
ence of herbaceous plant species, plant density,
plant height, and percent cover were determined
along 2 m long transects spreading in four direc-
tions from the base of shrub - east (transect E),
west (transect W), south (transect S), and north
(transect N); this was repeated for three growth
stages (in May, June and July). Results indicated
that the effects of R. soongorica on neighbor-
ing herbs in different growth stages were similar.
Species number of herb-layer plants tended to
increase from beneath the canopy to the open-
ing, but plant density, cover and plant height de-
creased with distance away from shrub base. The
presence of R. soongorica had positive effects on
density, cover, and plant height, and negative on
the number of herbaceous species during the en-
tire growing season. Herbaceous plants growing
on transect N under the shrub canopy had signifi-
cantly higher density and percent cover than those
growing in other directions. Biomass of herbs on
transect N grown under the shrub canopy was
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higher than that of herbs on other transects. We
concluded that shrub effects on neighbouring
herbaceous vegetation were closely related to the
shrub orientation relative to the herbs. Therefore,
using shrubs as nurse plants for grass-growing
must consider the relative placement of shrubs.

KEY WORDS: shrub effects, Reaumuria
soongorica, herbaceous plants, relative location,
growth stage, microhabitats, northwest China

1. INTRODUCTION

In arid and semi-arid ecosystems, shrubs
exert important effects on the neighbor-
ing plants. Shrubs can influence the growth
of other plants, and the structure and func-
tion of the herbaceous vegetation in these
ecosystems (Armas and Pugnaire 2005,
Cavieres and Badano 2009). Research re-
vealed both positive and negative effects of
shrubs on neighbouring plants in arid and
semiarid ecosystems, the type of outcome
commonly related to specific environmental
conditions and studied species. Research has
focused on shrub effects in relation to soil
properties and soil moisture (Rossi and Vil-
lagra 2003, Li et al. 2010). Shrub effects in
different stress gradients and about different
shrub species are especially well documented
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Long-term gravel-sand mulch affects soil physicochemical properties,
microbial biomass and enzyme activities in the semi-arid Loess Plateau

of North-western China
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The use of gravel-sand mulch is a traditional water-conservation technique in the semi-arid Loess Plateau of
North-western China. In this study, we investigated the 16-year effects of this mulch on soil physicochemical
properties (total organic C, N and P; bulk density; Ca, Cu, Fe, Mg, Mn and Zn; soil texture; pH), microbial
biomass C, N and P and enzymatic activities (peroxidase, dehydrogenase, invertase, f-glucosidase, alkaline
phosphomonoesterase and urease) in a field trial in China’s Gaolan County. We examined how these
parameters changed after 7, 11 and 16 years of mulching. After 16 years, soil bulk density and sand content
increased significantly. Soil Ca and Cu contents did not change significantly during the study period, but
Fe, Mg, Mn and Zn contents all decreased significantly after 16 years. The total N increased significantly after
11 years, but total C and N both decreased dramatically and significantly after 16 years (by 22% and 13%,
respectively, compared to the control). The mulch significantly increased microbial biomass C (by 29% after
11 years), with similar results for N and P, but these positive effects were lost after 16 years. Enzyme activities
revealed changes in the soil microbial community over time; the mulch increased enzyme activities until
11 years, followed by a significant decrease that suggested degradation of soil quality after long-term mulching.
The positive effects of the mulch (increasing soil temperature) could explain the high microbial biomass and
enzyme activities after 11 years. However, long-term increases in soil bulk density and sand content (caused by
mixing of the mulch layer with the surface soil) and a lack of inputs of organic matter (caused by the barrier
created by the mulch layer) led to degradation of the soil after 16 years.

Keywords: gravel-sand mulch; mulching; soil enzymatic activity; soil microbial biomass; total organic carbon;

total nitrogen

Introduction

Gravel-sand mulch is a traditional water-conserva-
tion technique that has been used for hundreds of
years in the loess area of North-western China. The
mulch is a mixture of particles >2 mm in diameter,
about 10 cm thick, that is used to reduce the risk of
crop failure, which frequently occurs due to low
rainfall and high rates of evaporation in this region.
The porous mulch layer is built on the soil surface to
change the processes of heat conduction and
hydraulic transfer. Fields mulched with gravel and
sand are mainly distributed in the North-western
part of the Loess Plateau, which lies in the

transitional zone between the arid and semi-arid
regions. In this region, the mean annual precipita-
tion is between 250 and 350 mm, of which nearly
70% occurs between June and September (Li &
Gong 2002). In the 1990s, 118 000 ha of such fields
had been established in Gansu Province.
Gravel-sand mulch effectively reduces evaporation
and run-off, increases soil temperature and retains
soil moisture (Lightfoot & Eddy 1994; Li 2003;
Wang et al. 2008; Yuan et al. 2009; Ma & Li 2011).
The efficiency of the mulch varies widely, depending
on its characteristics, position, thickness and par-
ticle-size distribution (Poesen et al. 1990; Kemper
et al. 1994; Pérez 1998, 2000; Yuan et al. 2009; Xie
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Abstract: Gravel-sand mulch has been used for centuries to conserve water in the Loess Plateau of north-
western China. In this study, we assessed the influence of long-term (1996-2012) gravel-sand mulching of cultiv-
ated soils on total organic carbon (TOC), light fraction organic carbon (LFOC), microbial biomass carbon (MBC),
total organic nitrogen (TON), particulate organic carbon (POC), mineral-associated organic carbon (MOC), perma-
nganate-oxidizable carbon (KMnO,4-C), and non-KMnQO,-C at 0—60 cm depths. Mulching durations were 7, 11 and
16 years, with a non-mulched control. Compared to the control, there was no significant and consistently positive
effect of the mulch on TOC, POC, MOC, KMnO,-C and non-KMnQO,-C before 11 years of mulching, and these or-
ganic C fractions generally decreased significantly by 16 years. LFOC, TON and MBC to at a 0-20 cm depth in-
creased with increasing mulching duration until 11 years, and then these fractions decreased significantly between
11 and 16 years, reaching values comparable to or lower than those in the control. KMnO,-C was most strongly
correlated with the labile soil C fractions. Our findings suggest that although gravel-sand mulch may conserve soil
moisture, it may also lead to long-term decreases in labile soil organic C fractions and total organic N in the study
area. The addition of manure or composted manure would be a good choice to reverse the soil deterioration that
occurs after 11 years by increasing the inputs of organic matter.

Keywords: gravel mulch; mulching duration; permanganate-oxidizable carbon; light fraction organic carbon; microbial biomass carbon
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The use of gravel-sand mulch is a traditional water-
conservation technique that has been used for centu-
ries in the loess region of northwestern China (Li,
2003). A porous layer of gravel and sand about 10 cm
thick that lies on the soil surface could reduce the risk
of crop failure, which frequently occurs due to a com-
bination of low precipitation and high evaporation that
creates severe soil moisture deficits. This technique
has been promoted and widely adopted due to the lack
of sufficient water or high irrigation costs (Wang et al.,
2011). In the Loess Plateau, the mean annual precipi-
tation is between 250 and 350 mm, of which nearly
70% occurs between June and September (Xie et al.,
2006). The gravel-sand mulch could effectively re-
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duce evaporation and runoff, and increase the soil
temperature and retain soil moisture (Nachtergaele et
al., 1998; Wang et al., 2008, 2010; Xie et al., 2010;
Ma and Li, 2011). However, the efficiency of the
mulch varies widely, depending on mulch character-
istics such as its color, thickness, particle size distribu-
tion and gravel texture (Fairbourn, 1973; Poesen et al.,
1990; Kemper et al., 1994; Pérez, 1998, 2000; Yuan et
al., 2009).

Soil organic matter (SOM) is key component of soil
fertility and vegetation productivity because of its
importance for soil physical, chemical and biological
properties (Johnston, 1986; Stevenson, 1986; Reeves,
1997; Zhang et al., 2012). However, two soils with the

© Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Science Press and Springer-Verlag Berlin Heidelberg 2015
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First Report of Fusarium tricinctum Causing Stem and Root
Rot on Lanzhou Lily (Lilium davidii var. unicolor) in China

Q. H. Shang and X. Zhao, Cold and Arid Regions Environmental and Engineering Research
Institute, Chinese Academy of Sciences, Lanzhou 730000, China, and University of Chinese
Academy of Sciences, Beijing 100049, China; Y. Y. Li, School of Life Sciences, Lanzhou
University, Lanzhou 730000, China; andZ. K. Xie and R. Y. Wang, Cold and Arid Regions
Environmental and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou
730000, China

Lanzhou lily (Lilium davidii var. unicolor Cotton) is an important bulb edible crop which mostly distributes
in middle area of Gansu Province in China (2). Recently, plants of Lanzhou lily developed symptoms of
severe wilting. In early autumn of 2012 to 2013, a survey of Lanzhou lily disease was carried out in
Yuanjiawan, Caoyuan, Xiguoyuan, and Hutan villages of Lanzhou City and Xuding and Guanshan villages
of Linxia Prefecture. Disease symptoms included stem and root rot, vessels showed a brown to dark
brown discoloration, plus a progressive yellowing and wilting of leaves from the base. Small pieces of
symptomatic leaves, stems, and roots were surface disinfected with 75% ethanol for 30 s, 3% sodium
hypochlorite for 5 min, and then washed three times in sterile distilled water. The tissues were placed on
Martin Agar at 25°C for 7 days. Three isolates were consistently isolated from diseased tissues and all
isolates with morphology similar toFusarium spp. Isolates were transferred to potato dextrose agar (PDA)
and carnation leaf agar (CLA) and incubated at 25°C in darkness. These isolates grew rapidly on PDA and
formed abundant dense aerial mycelium, initially white, that became deep pink with age and formed red
pigments in the medium. On CLA, macroconidia with 3 to 5 septa were abundant, relatively slender, and
curved to lunate. Microconidia were abundant, oval and O to 1 septa. Chlamydospores were globose with
a smooth outer wall in chains. The rDNA internal transcribed spacer (ITS) region comprising ITS1, ITS2,
and 5.8S rDNA was amplified using primers ITS-1 and ITS-4 (3) and sequenced. On the basis of a
comparison of 563 bp, all the three isolates had the identical sequence (GenBank Accession No.
KF728675). BLASTn analysis of the sequence showed 100% match with the ITS sequences of those F.
tricinctum sequences in GenBank (Accession Nos. FJ233196, AY188923, and JF776663). Pathogenicity
test was performed by transplanting 2-month-old tissue culture seedlings to plastic pots in a sterile
mixture of vermiculite and torf substrate at 1:3 (v/v). Seedlings were inoculated with 6 ml of the conidial
suspension (10*conidia/ml) on the roots of plant in each pot, three plants per pot, and three replicates for
each treatment. Seedlings treated with sterile water served as controls. The seedlings were placed in a
plant growth chamber maintained at 22 + 3°C, relative humidity >70%, 16 h light per day, and irrigated
with sterile water. After 4 weeks, inoculated plants exhibited wilting foliage that with symptoms similar
to those observed in the field, while the control plants remained healthy. F. tricinctumwas re-isolated
from all inoculated plants. The disease has been reported previously in ornamental lily in China (1).

However, to the best of our knowledge, this is the first report of F. tricinctum causing wilt on edible
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Portion of the Ph.D. dissertation of Yu bao Zhang, under the supervision of Zhongkui Xie.

Both single- and mixed-infection experiments were performed to study the effects of Lily mottle virus
(LMoV) and Cucumber mosaic virus (CMV) on the growth, photosynthetic pigment content, chloroplast
structure and virus accumulation in oriental lily (Lilium auratum L. cv. Sorbonne). Virus infection with
LM,V significantly reduced plant height and leaf length and width. Mixed infection with LM,V and CMV
caused significantly more severe effects on growth than single infection by LMV. In leaves exposed
to mixed infection, there was a decrease in content of chlorophyll a (chl a), chlorophyll b (chl b), and
carotenoids (car) as well as in the chl a/b and chl (a+b)/ car ratios. In addition, mixed infection greatly
damaged the chloroplast ultrastructure. Plants infected with both viruses exhibited a significantly
greater accumulation of LMoV coat protein (CP) gene compared with the single infection by LMyV.
These results clearly indicated that mixed infection by LMV and CMV brought about more damage to
the growth and photosynthetic apparatus of lily plant compared with single infection by LM,V.

Key Words: Lily mottle virus (LMyV), Cucumber mosaic virus (CMV), mixed viral infection, oriental lily, Lilium
auratum L. cv. Sorbonne, real-time PCR assay

Abbreviations: 18S rRNA — 18S ribosomal Ribonucleic acid, car — carotenoids, chl a+b — total chlorophyll, chl a —
chlorophyll a, chl  — chlorophyll b, CP — coat protein, CMV — Cucumber mosaic virus, Ct — threshold cycle value,
LM,V — Lily mottle virus, real-time PCR — real-time polymerase chain reaction, RNA — ribonucleic acid

INTRODUCTION the Lily mottle virus (LMV) and Cucumber mosaic
virus (CMV) (Asjes 2000). LM,V is a member of

Lily (Lilium spp.) is a worldwide floricultural crop  the potyvirus genus within the potyviridae family.
and ranks seventh in terms of the economic value of LM,V-infected plants exhibit mosaic patterns and
cut flower production (Lian et al. 2003; Wang et al.  necrotic spots on leaves which may also be
2007). In China, oriental lily (Lilium auratum 1.) is  elongated and distorted. Other symptoms include
commonly cultivated in regions with a mild climate =~ dwarfing, flower breaking and failure to bloom
in both the northern and the southern parts of the (Kong et al. 2009). CMV is a member of the genus
country. Gansu Province is an important location for ~ Cucumovirus ~ (family =~ Bromoviridae). Leaves
the production of oriental lily in northwestern infected with CMV initially display chlorotic,
China. yellow spots or stripes, or vein-clearing, followed
One of the main limitations to lily cultivation is by the development of grey or brown necrotic spots.

the susceptibility of this species to viral diseases A coarse breaking pattern in the flowers occurs in
(Sharma et al. 2005). More than 10 viruses have some cultivars, and leaves and petals may curl and
been reported to infect lilies worldwide (Ryu et al.  become malformed (Ryu et al. 2002). Mixed
2002), and the two frequently occurring viruses are  infection by both LM,V and CMV has been
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The effects of Lily mottle virus (LMoV) infection were determined on the photosynthetic pigment
content, total phenol and flavonoid concentration, and the activities of defense enzymes including
peroxidase (POD), polyphenol oxidase (PPO), superoxide dismutase (SOD) and phenylalanine
ammonia lyase (PAL) of oriental lily (Lilium auratum L. cv. Sorbonne). Compared with the healthy
control, the chlorophyll content varied in the LMoV-infected plants. The levels of chlorophyll a (Chl a),
chlorophyll b (Chl b) and total chlorophyll (Chl a+b) in the LMoV-infected plants were either not
significantly different from the control, or were significantly decreased. The effect of LMoV infection
on carotenoid levels was rather variable. Moreover, total phenol and flavonoid concentration were
significantly enhanced after LMoV infection, and significantly higher POD activity was observed in all
the LMoV-infected plants. Significantly higher PPO, SOD and PAL activity was noted only in partly
LMoV-infected plants. Furthermore, when the LMoV CP gene copies ranged between negative and
1.24%10°°, a quadratic relationship was confirmed between the values for the LMoV CP gene copies
and the photosynthetic pigment content, total phenol and flavonoid concentration. Our results
indicate that the reduced proliferation of viral gene copies decreased the damage of disease to some
extent.

Key Words: Lilium species, Lily mottle virus, phenol and flavonoid concentration, photosynthetic pigment content,
defense enzyme activity, LMoV CP gene copies

Abbreviations: 18S rRNA — 18S ribosomal RNA, Chl a+b — total chlorophyll, Chl a — chlorophyll a, Chl » —
chlorophyll b, CP — coat protein, LMoV — Lily mottle virus, NBT — nitro-blue tetrazolium, PAL — phenylalanine
ammonia lyase, POD — peroxidase, PPO — polyphenol oxidase, RNA — ribonucleic acid, SOD — superoxide dismutase,
TBV — Tulip breaking virus

INTRODUCTION inoculation, grafting and aphids, and is disseminated
when lily bulbs are transported (Brunt et al. 1996), so that
Lilies are in demand in the floriculture industry both as ~ a number of avenues exist for the spread of LMoV during
cut and potted flowers and are one of the top 10 flowers ~ propagation (Kong et al. 2009). LMoV-infected leaves
in China and for the export market worldwide. In China,  are light to yellowish green, appear in a mottled or
oriental lily (Lilium auratum L.) is commonly cultivated ~ mosaic pattern, and become twisted or tapered. Diseased
in regions with a mild climate in both the northern and ~ plants are often shorter than healthy plants, die
the southern regions across the country. Gansu Province ~ prematurely and have a shorter vase life as cut flowers
is an important location for the production of oriental lily ~ (Ryu et al. 2002).
in northwestern China. Biochemical parameters play a vital role to impart
One of the main limitations to the cultivation of lily ~ Tesistance against many diseases (Arora et al. 2009).
is its susceptibility to viral diseases (Sharma et al. 2005). ~ Multiplication of virus particles in the infected plant cell
Over 10 viruses have been reported to infect lilies  alters the amounts of the biochemical compounds such as
worldwide, and the Lily mottle virus (LMoV) is one of  chlorophyll, B-carotene, phenolic compounds, flavonoid
the most prevalent (Ryu et al. 2002). LMoV is closely  and the activity of defense enzymes, e.g., polyphenol
related to the Tulip breaking virus (TBV) (Alper et al.  oxidase (PPO), peroxidase (POD), superoxide dismutase
1982; Maeda et al. 1984), and is a member of the (SOD), phenylalanine ammonia-lyase (PAL) and nucleic
Potyvirus; its particles are 750 to 770 nm long (King et  acids (Devi and Radha 2012). POD participates in a
al. 2011). LMoV can be transmitted by mechanical  variety of plant defense mechanisms in which H,0, is
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Identification of autotoxins from root exudates of Lanzhou
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ABSTRACT

Replant problem is a serious production constraint in continuously cropped
Lanzhou lily ( Lilium davidii var. unicolor ), an edible bulb lily. However, relatively
little is known about the autotoxins that cause replant problems of lily. Autotoxins
from root exudates of lily were collected using XAD-4 resin, analyzed by GC-MS and
quantified in soil by HPLC. Radicle growth of lettuce was significantly inhibited by
lily root exudates and the degree of inhibition increased with increasing concentration
of exudates. In the most phytotoxic fraction, most of the compounds were phenolic
and aliphatic acids and phthalic acid was dominant. The identified phytotoxic
allelochemicals were phthalic, adipic, palmitic, oleic and stearic acids. In in vitro
tissue culture assay of lily, phthalic and adipic acids were very autotoxic to lily. As the
number of years of continuous lily monoculture increased, so did the concentrations of
phthalic acid in soil (from 9.73 to 27.73 pg-g "' dry soil, after 3 years cropping). It was
concluded that phthalic acid was released in large quantities from roots and
accumulated in soil with the increase in duration of monoculture. Phthalic acid may be
one of the major factors causing replant problem in lily.

Key words: Allelochemicals, autotoxins, autotoxicity, continuous cropping,
Lanzhou lily, Lilium davidii, monoculture, phthalic acid, replant
problem, root exudates.

INTRODUCTION

Lanzhou lily (Lilium davidii var. unicolor), bulbs are consumed as food and is
major crop in central Gansu province, China. The unique climate in the region gives
edible lily a special sweet taste and quality, hence, it is popular in southern China, Korea
and Japan. However, due to its perennial habit and limited area in which it can be grown,
lily is cultivated in continuous monoculture resulting in serious soil replant problem or
soil sickness, which significantly decreases the yield and quality.

Replant problems occurs in many crops (1,6,8,10,11,12) mainly in glasshouse
cropping systems. There are many factors causing replant problems, viz., soil nutrients
depletion, build up of plant diseases and autotoxicity (8). In natural or manipulated
ecosystems, plant species possessing the autotoxic phenomenon regulates their
populations over space and time, avoid intra-competition, self-perpetuation and have

“Correspondence author. “College of Agriculture and Bioresources, University of Saskatchewan, Saskatoon SK
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SUMMARY

In the Loess Plateau of northwestern China, a system for dry farming has evolved based on the employ of
gravel mulch. A couple of lab experiments were conducted to study the influences of mulch stratum
thickness and gravel grain size on water vapor flow, with a focus on resistance to evaporation in gravel
mulch stratum. In Experiment 1, six treatments included mulching with gravel of different thickness
(2cm, 4cm, 6 cm, 8 cm and 10 cm) plus no mulching (control) were studied. In Experiment 2, the
10 cm thick mulch layer consisted of different grain size gravel [2-5 (A), 5-20 (B), 20-40 (C), 40-60
(D) and 60-80 (E) mm], plus three mixture treatments. Compared to bare soil, mulched soils had signif-
icantly lower accumulated evaporation, and gravel mulch significantly increased resistance to evapora-
tion. The aerodynamic resistance to evaporation in bare soil is higher than that in mulched treatments
and the relationship between equivalent grain size and aerodynamic resistance in mulched surface can
be described by a line function. The relationships between mulch resistance and mulch stratum thickness
or grain size of gravel, were represented by logistic curves. The findings showed that equivalent grain size
and specific surface area of gravel were sensitive indicators of mulch resistance. Based on the results of
laboratory experiments, we put forward a new calculated model of mulch resistance, but further research

Water vapor transfer

is needed for verification and exact parameterization of this model under field conditions.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

In the northwestern Loess Plateau, the mean annual precipita-
tion ranges between 250 and 350 mm, and over 70% of the precip-
itation occurs between June and September (Li et al., 2001). The
rainy seasons usually do not coincide with growth stages for most
crops and the mean annual pan evaporation ranges from 1500 to
2000 mm. Farm fields mulched with gravel has been used for more
than three hundred years in this region due to its effectiveness in
reducing evaporation, improving infiltration and increasing soil
temperature (Nachtergaele et al., 1998; Xie et al., 2006, 2010). A
porous layer of gravel about 10 cm thick that lies on the soil sur-
face lessens the risk of crop failure, which frequently occurs due
to a combination of low precipitation and high evaporation that
creates severe soil moisture deficits. This technique has been
promoted and widely adopted due to the lack of sufficient water
or high irrigation costs. The gravel mulched fields are mainly dis-
tributed in the west of the Loess Plateau, which first developed
in the middle part of Gansu Province and gradually introduced into

* Corresponding author. Tel.: +86 931 4967198; fax: +86 931 8273894.
E-mail address: wxhcas@lzb.ac.cn (Z. Xie).

http://dx.doi.org/10.1016/j.jhydrol.2014.09.085
0022-1694/© 2014 Elsevier B.V. All rights reserved.

neighboring provinces such as Ningxia Hui Autonomous Region
and Qinghai Province. By the late 1990s, 118,000 ha of fields with
gravel mulch were distributed in Gansu Province and 66,000 ha of
such fields were distributed in Ningxia Hui Autonomous Region.
The effect on the resistance to evaporation is the most important
function of gravel mulch. Although previous studies (Mellouli
et al., 2000; Rasiah et al., 2001; Ma and Li, 2011) have reported a
lot of determinations or comparisons about evaporation and
pointed out that gravel mulch can reduce evaporation markedly
compared to un-mulched soil, they did not find suitable parame-
ters and a reliable model to calculate or simulate the evaporation
in gravel mulch fields. Yamanaka et al. (2004) defined r; as the
gross resistance to evaporation from evaporating surface to an
arbitrary level in the air, and evaporation rate is computed by an
analogy of Ohm’s law. They confirmed the gross resistance over
soil surface to evaporation did not rely on gradient of temperature
(i.e. atmospheric stability condition) and increased exponentially
with the effective mulch thickness (i.e. the depth from the soil sur-
face). However, previous results were difficult to be applied in
practice due to a lack of attention about other parameters and
studies about resistance to evaporation in the mulch stratum
received little attention. To understand the mechanisms of the
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Introduction

Summary

The uncoupling protein 1 (UCP1) plays an important role in the regula-
tion of lipolysis and thermogenesis in adipose tissues. Genetic variation
within three regions (the promoter, intron 2 and exon 5) of the ovine
UCP1 gene (UCPI) was investigated using polymerase chain reaction-sin-
gle-strand conformational polymorphism (PCR-SSCP) analyses. These
revealed three promoter variants (designated A, B and C) and two intron 2
variants (a and b). The association of this genetic variation with variation
in lamb carcass traits and postweaning growth was investigated in New
Zealand (NZ) Romney and Suffolk sheep. The presence of B in a lamb’s
genotype was associated with decreased subcutaneous carcass fat depth
(V-GR) (p = 0.004) and proportion of total lean meat yield of loin meat
(p = 0.005), and an increased proportion of total lean meat yield of hind-
leg meat (p = 0.018). In contrast, having two copies of C was associated
with increased V-GR (p < 0.001) and proportion of total lean meat yield
of shoulder meat (p = 0.009), and a decreased hind-leg yield (p = 0.032).
No associations were found with postweaning growth. These results sug-
gest that ovine UCPI is a potential gene marker for carcass traits.

Surwit et al. 1998; Bachmanov efal. 2001). In
humans, several studies have reported that synony-

The uncoupling protein 1 (UCP1) belongs to a family
of mitochondrial membrane carrier proteins (MCPs).
It is predominantly expressed in brown adipose tissue
and plays a pivotal role in thermogenesis, the regula-
tion of energy expenditure and protection against oxi-
dative stress (Ricquier & Bouillaud 2000; Cannon &
Nedergaard 2004). UCP1 has been reported to be asso-
ciated with the pathogenesis of type 2 diabetes mell-
itus and obesity, and it is considered to be an
antiobesity factor (Nedergaard et al. 2005).

Impaired fat metabolism has been observed in UCPI
‘knockout’ mice, and these mice have a higher risk of
becoming obese, than normal mice (West et al. 1992;

© 2014 Blackwell Verlag GmbH e J. Anim. Breed. Genet. 131 (2014) 437-444

mous substitutions in the promoter of UCPI and non-
synonymous substitutions in exon 2 (Ala64Thr) and
exon 5 (Met299Leu) are associated with obesity risk
and/or type 2 diabetes mellitus risk (Brondani et al.
2012).

Recently, ovine UCPI (GenBank Accession Number
JN604985.1) has been cloned and sequenced (Yuan
et al. 2012). It is approximately 6.7 kb in length, with
a coding sequence of about 1621 bp. It is composed of
six exons and five introns. Ten SNPs were described in
the exon 2, exon 5 and the 3'UTR regions, and this
variation appears to affect the UCPI mRNA level in
different tissues. Whether this variation is associated

doi:10.1111/jbg.12097
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Abstract: Ecological patterns and processes in dune ecosystems have been a research focus in recent years,
however the information on how dune stabilization influences the spatial scale dependence of plant diversity is still
lacking. In this study, we measured the plant species richness, soil properties and altitude across four spatial scales
(1, 10, 100 and 1,000 m?) at three different dune stabilization stages (mobile dune, semi-fixed dune and fixed dune)
in Horgin Sandy Land, Northern China. We also examined the relationships between plant species richness,
community composition and environmental factors along the gradient of dune stabilization. Our results showed that
plant species richness increased with the increase of spatial scales in each dune stabilization stage, as well as with
the increase of dune stabilization degrees. Canonical correspondence analysis (CCA) showed that plant distribu-
tions in the processes of dune stabilization were determined by the combined environmental gradient in relation to
soil organic carbon (SOC), total nitrogen (TN), carbon/nitrogen (C/N), pH, electrical conductivity (EC), soil water
content (SWC), fine sand (FS), very fine sand (VFS), silt and clay (SC), and altitude. Plant species richness was
significantly and positively correlated to SOC and TN in mobile dune, and significantly and positively correlated to
SOC, TN, C/N, VFS and SC in semi-fixed dune. However, no significant correlation between plant species richness
and environmental factors was observed in fixed dune. In addition, plant species richness in different dune stabili-
zation stages was also determined by the combined gradient of soil properties and altitude. These results suggest
that plant species richness has obvious scale dependence along the gradient of dune stabilization. Soil resources
depending on dune habitats and environmental gradients caused by dune stabilization are important factors to de-
termine the scale dependence of species diversity in sand dune ecosystems.

Keywords: CCA; environmental gradient; sandy land ecosystem; spatial scale dependence; species diversity
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Species richness in arid and semi-arid ecosystems is
spatial scale dependent (Crawley and Harral, 2001; He
et al., 2006; Palmer, 2006). Understanding how spe-
cies richness varies with spatial scales is very impor-
tant to improve our ability to conserve biodiversity
and to manage ecosystems (Palmer and White, 1994;
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Turner and Tjorve, 2005; He et al., 2006). Spe-
cies-area relationships are one of the most studied
ecological patterns in assessing the response of plants
to environmental stress (Cantero et al., 1998; Weiher
and Howe, 2003; Palmer, 2006). The study of ecosys-
tems has always been highly influenced by the spatial
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Abstract: Nutrient resorption is an important conservation mechanism for plants to overcome nutrient limitation in
the less fertile area of desertified land. In the semi-arid Horgin Sandy Land of Northern China, the shrub Artemisia
halodendron usually colonizes into the bare ground of severely desertified land as a pioneer species. It is, therefore,
expected that A. halodendron will be less dependent on current nutrient uptake through efficient and proficient re-
sorption of nutrients. In this study, we found that averaged nitrogen (N) and phosphorus (P) concentrations in se-
nesced leaves significantly varied from 12.3 and 1.2 mg/g in the shifting sand dune to 15.9 and 1.9 mg/g in the fixed
sand dune, respectively, suggesting that foliar N and P resorption of A. halodendron were more proficient in the
shifting sand dune. In particular, positive relationships between nutrient concentrations in senesced leaves and soil
nutrient availability indicate that A. halodendron in infertile habitats is more likely to manage with a low level of nu-
trients in senesced leaves, giving this species an advantage in infertile soil. Moreover, foliar N- and P-resorption
efficiencies and proficiencies showed limited inter-annual variability although annual precipitation varied greatly
among 2007-2009. However, N and P resorption of A. halodendron were not more efficient and proficient than
those previously reported for other shrubs, indicating that the pioneer shrub in sand dune environments does not
rely more heavily than other plants on the process of resorption to conserve nutrients. Incomplete resorption of
nutrients in A. halodendron suggests that senesced-leaf fall would return litter with high quality to the soil, and
thereby would indirectly improve soil nutrient availability. The restoration of desertified land, therefore, may be ac-
celerated after A. halodendron pioneers into shifting sand dunes.

Keywords: foliar nutrient concentration; nutrient-resorption efficiency; nutrient-resorption proficiency; senesced vs. green leaves;
desertification; soil nutrient availability
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Land desertification, a human-induced land degrada- there are some common perennial shrubs which are
tion process, is one of the most serious environmental able to pioneer by growing in the less fertile bare
and socioeconomic issues (Lal, 2000; Wang, 2000), sandy areas in North China (Zhao et al., 2007). These
and has resulted in large areas of shifting sand lands plant species, with an ability of invading bare sandy
with bare sandy soils in the semi-arid regions of areas, must possess some kind of strategies adapting
Northern China. The bare sandy soil is generally low to poor soil nutrient availability, especially when suf-
in soil nutrients and tends to inhibit the establishment ficient soil moisture is available (Su et al., 2005).

of new seedlings as well as the growth of herbaceous Withdrawal of nutrient before leaf death and ab-

plants (Liu et al., 1996; Yan and Liu, 2010). However, scission is one of the strategies employed by plants to
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Abstract: Plant root exudates contain various organic and inorganic components that include glucose, citric and
oxalic acid. These components affect rhizosphere microbial and microfaunal activities, but the mechanisms are not
fully known. Studies concerned from degraded grassland ecosystems with low soil carbon (C) contents are rare, in
spite of the global distribution of grasslands in need of restoration. All these have a high potential for carbon se-
questration, with a reduced carbon content due to overutilization. An exudate component that rapidly decomposes
will increase soil respiration and CO, emission, while a component that reduces decomposition of native soil carbon
can reduce CO, emission and actually help sequestering carbon in soil. Therefore, to investigate root exudate ef-
fects on rhizosphere activity, citric acid, glucose and oxalic acid (0.6 g C/kg dry soil) were added to soils from three
biotopes (grassland, fixed dune and mobile dune) located in Naiman, Horgin Sandy Land, Inner Mongolia, China)
and subjected to a 24-day incubation experiment together with a control. The soils were also analyzed for general
soil properties. The results show that total respiration without exudate addition was highest in grassland soil, in-
termediate in fixed dune and lowest in mobile dune soil. However, the proportion of native soil carbon mineralized
was highest in mobile dune soll, reflecting the low C/N ratio found there. The exudate effects on CO,-C emissions
and other variables differed somewhat between biotopes, but total respiration (including that from the added sub-
strates) was significantly increased in all combinations compared with the control, except for oxalic acid addition to
mobile dune soil, which reduced CO,-C emissions from native soil carbon. A small but statistically significant in-
crease in pH by the exudate additions in grassland and fixed dune soil was observed, but there was a major de-
crease from acid additions to mobile dune soil. In contrast, electrical conductivity decreased in grassland and fixed
dune soil and increased in mobile dune. Thus, discrete components of root exudates affected soil environmental
conditions differently, and responses to root exudates in soils with low carbon contents can differ from those in
normal soils. The results indicate a potential for, e.g., acid root exudates to decrease decomposition rate of soil
organic matter in low carbon soils, which is of interest for both soil restoration and carbon sequestration.

Keywords: artificial root exudates; carbon mineralization; pH variation; deteriorated grassland ecosystem; Inner Mongolia
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The major pathway of carbon (C) inputs to soil is rectly linked to changes in atmospheric CO, concen-
through plant litter-fall and roots, and the correspond- tration. Low molecular weight compounds (LMWC)
ing loss of carbon mainly occurs through microbial that rapidly can be assimilated by the microbial com-
breakdown of soil organic matter. Since soil organic munity appear to be a main source in the total CO,
carbon (SOC) is the largest carbon sink in the terres- flux from soils, in spite of their low concentration at
trial ecosystem, changes in the SOC pool size are di- any given moment (van Hees et al., 2005; Glanville et
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Soil organic carbon (SOC) is a major source/sink in atmospheric carbon balances. Farmland usually has a high
potential for carbon dioxide (CO,) uptake from the atmosphere, but also for emission. Data from different areas
are valuable for global SOC calculations and model development, and a survey of 108 agricultural fields in
Lanzhou, China was performed. The fields were grouped by: cropping inzensity (3 levels), cropping methodology
(3), and crop species (10). Intensive cropping (two or more crops per year, typically vegetables), moderate
(annuals in monoculture: wheat, maize, potato, melons), and extensive (orchards, lily [Lilium brownii) fields,
fallow) were the inzensity classes; and open field, greenhouse field, and sand-covered field (10-20 cm added on top
of the topsoil) were the three methodologies. SOC concentration, pH, electrical conductivity, and soil bulk
density were measured, and SOC mass (g'm~2 0-20 cm depth) was calculated. SOC concentration was high in
cauliflower, wheat, leaf vegetables, and fruit vegerables; moderate in potaro, fallow (3-5 years), tree orchards, and
melons; while low in Zly and maize fields, and differences in SOC mass followed the same pattern. SOC
concentration and mass were lowest in the extensive fields while moderate and intensive fields showed higher
values. Soil bulk density in open fields was significantly lower than those in greenhouse and sand-covered fields.
The climate-induced soil activity factor . oim Was calculated, compared with European conditions, and was
fairly similar to those in central Sweden. Other factors behind the measured results, such as the influence of

initial SOC content, manure addition, crops, etc., are discussed.

Keywords: agriculture; soil organic carbon; Gansu province; land use; 7e clim

Introduction

Soil organic matter levels are crucial for the physical,
chemical, and biological properties of soil; and soil
organic carbon (SOC) is the largest C sink in
terrestrial ecosystems. Thus, changes in the SOC
pool size are directly linked to changes in atmo-
spheric carbon dioxide (CO,) concentration. China
has 122 million hectares of farmland, and arable soil
carbon data from N'W China are scarce.

At a given moment, the SOC level in an agricul-
tural soil depends on preagricultural SOC content
and the inputs and outputs after first cultivation.
The balance is affected by a number of climatic,
edaphic, and crop-related factors such as temperat-
ure, precipitation, potential evapotranspiration,

topography, crop yield, root/shoot ratio, etc. Since
the agricultural ecosystem by definition is mana-
ged, cultivation, fertilization, manure addition,
and irrigation are major determinants (Andrén &
Katterer 2008).

Intensity of the management is a major factor in
SOC dynamics in agricultural ecosystems, and
manure addition and fertilization will increase crop
yields and SOC in soil (Bolinder et al. 2012),
whereas cultivation and irrigation often will increase
SOC decomposition rates and decrease SOC mass,
but not always (Angers & Eriksen-Hamel 2008).
A productive crop, and even several harvests per
year, will give more residues to the soil and also
transpire more water, thereby reducing SOC decom-
position rates.
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Abstract Responses of plants exposed to drought and
rewatering have been well documented; however, little is
known concerning strategies of psammophyte to drought
and rewatering under different soil nutrient regimes. For
this study, Pennisetum centrasiaticum under two soil
nutrient regimes was subjected to progressive drought and
subsequent rewatering. Soil water status, gas exchange
characteristics, chlorophyll a fluorescence characteristics
as well as biomass traits were measured to investigate
ecophysiological responses. Net photosynthesis rate (P,),
stomatal conductance (g;), water use efficiency, maximum
quantum efficiency of photosynthesis system II (PSII, F\/
F\p), electron transport flux per cross section (ET/CSy),
and performance index on cross section basis (Plcg) were
suppressed during drought periods for both nutrient
regimes. Meanwhile, leaf intercellular CO, concentration
(C;), minimal fluorescence intensity (F,), and dissipated
energy flux per cross section (DIy/CSg) increased.
Reversible downregulation of PSII photochemistry and
enhanced thermal dissipation of excess excitation energy
(DIy/CSy) contributed to enhanced photo-protection in
drought-stressed plants. Thus, the results indicate that P.
centrasiaticum is capable of withstanding and surviving
extreme drought events, and the recovery pattern of stres-
sed P. centrasiaticum under both nutrient regimes was
similar. However, fertilization increased the biomass and
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the variation in gas exchange and chlorophyll a fluores-
cence characteristics during drought periods. Additionally,
fertilization accelerated the process of drought and aggra-
vated stress under extreme drought events. Thus, the fer-
tilization strategy used in P. centrasiaticum restoration
should be carefully selected—fertilization may not always
be beneficial.

Keywords Pennisetum centrasiaticum - Drought
and rewatering - Nutrient - Photosynthesis -
Chlorophyll a fluorescence

Introduction

Water and nutrients are critical resources for plant life and
associated physiological processes. The supply of water
and nutrients in arid and semi-arid ecosystems usually is so
low that plants repeatedly suffer from water and nutrient
deficiency (Chen et al. 2005; Miyashita et al. 2005).
Additionally, desertification processes usually result in
significant decreases in soil nutrient levels (Zhou et al.
2008; Zhao et al. 2009).

Water is the crucial limiting factor for plant recruitment,
photosynthesis, growth, and net ecosystem productivity in
arid ecosystems. Hence, arid ecosystems rapidly respond to
precipitation events (Xu et al. 2007). The responses of
crops and trees to soil drought and rewatering are well
documented (Ortuno et al. 2005; Galle et al. 2007; Perez-
Perez et al. 2007; Santesteban et al. 2009), but little is
known about the specialized strategies of psammophytes
dealing with drought and rewatering. It is known that
vegetative growth of stressed plants can recover after re-
watering (Galle et al. 2007; Luo et al. 2011), suggesting a
reversibility of physiological changes generated by water

@ Springer
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Response of stomatal conductance of two tree species to
vapor pressure deficit in three climate zones

Jing LI, XiaoMing LI"
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Abstract: Stomatal behavior is a central topic of plant ecophysiological research under global environmental
change. However, the physiological mechanism controlling the response of stomata to vapor pressure deficit (VPD)
or relative humidity (RH) has been inadequately understood till now. In this study, responses of stomatal conduc-
tance (gs) to VPD in two species of trees (Fraxinus chinensis Roxb., Populus alba L. var. pyramidalis Bge.) in three
different climate zones (Jinan with typical warm humid/semi-humid climate, Urumgi with temperate continental arid
climate and Turpan with extreme arid desert climate) were measured. Levels of two phytohormones (abscisic acid,
ABA; indole-3-acetic acid, 1AA) in the leaves of the two tree species at these three sites were also measured by
high performance liquid chromatography. The results showed that the responses of gs to an increasing VPD in
these two tree species at the three sites had peak curves which could be fitted with a Log Normal Model
(g=a-exp(-0.5(In(D/c)/b)?). The VPD/RH values corresponding to the maximum g, can be calculated using the
fitting models for the two tree species in the three sites. We found that the calculated gs ma-VPD correlated nega-
tively with relative air humidity in the three sites during the plant growth period (April to October 2010), which
showed the values of gs.max-VPD were related to the climate conditions. The prevailing empirical stomatal model
(Leuning model) and optimal stomatal behavior model could not properly simulate our measured data. The water
use efficiency in the two tree species did not show obvious differences under three very different climatic conditions,
but the highest g, photosynthetic and transpiration rates occurred in P. alba var. of Turpan. The sensitivity in re-
sponse of gs to VPD in leaves of the two trees showed positive correlations with the concentration of ABA, which
implied that ABA level could be used as an indicator of the sensitivity of stomatal response to VPD. Our results
confirmed that the prediction of the response of g to VPD might be incomplete in the two current popular models.
Therefore, an improved gs model which is able to integrate the results is needed. Also, the stomatal response
mechanism of single peak curves of g to VPD should be considered.

Keywords: abscisic acid; relative humidity; stomatal conductance; stomatal model; vapor pressure deficit

Citation: Jing LI, XiaoMing LI. 2014. Response of stomatal conductance of two tree species to vapor pressure deficit in three climate zones. Journal
of Arid Land, 6(6): 771-781. doi: 10.1007/s40333-014-0030-8

Stomatal conductance plays a fundamental role in ac- strategies and mechanisms through evolution to adapt
quiring both carbon and limiting water, which is a local and global environmental changes by compro-
critically influential factor in tree growth. Stomatal mising photosynthesis and transpiration, and they also
conductance is influenced by light, temperature and affect and promote local and global environmental
water supply, and stomatal opening or closing is regu- changes (Hetherington and Woodward, 2003).

lated by phytohormones. Stomatal behavior under A number of studies have been done on the re-
global environmental change is a key to predicting sponse of stomatal conductance to environmental
vegetation function. Plants have developed advanced factors. A number of models on stomatal conductance
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Horqin Sandy Land

Artemisia halodendron (Asteraceae) is a dominant sand-fixing semi-shrub species native to the Horqin
Sandy Land of northeastern China. In this study, we evaluated levels of genetic variation within and
among sampled A. halodendron populations from two different hydrothermal regions of the Horqin
Sandy Land using inter-simple sequence repeat (ISSR) markers. We also investigated possible relation-
ships between genetic diversity of this species and climatic factors. Our analysis revealed that
A. halodendron is highly genetically diverse, with populations from a low hydrothermal level region
having higher genetic diversity index values than those from a high hydrothermal level region. An
analysis of molecular variation (AMOVA) revealed relatively high levels (>89.83%) of within-population
genetic variation. Based on cluster analysis, the 13 studied A. halodendron populations can be clustered
into two clades. Genetic diversities of all populations have been influenced by many climatic factors, and
Nei’s genetic diversity (h) is strongly correlated with annual temperature range (ART). These results have
important implications for restoration and management of degraded ecosystems in arid and semi-arid

dareas.

Crown Copyright © 2013 Published by Elsevier Masson SAS. All rights reserved.

1. Introduction

Artemisia halodendron (Asteraceae) is a climax and dominant
sand-fixing semi-shrub species native to the Horqin Sandy Land
of northeastern China. It is an important component of vegetation
rehabilitation efforts in the Horqin Sandy Land because of several
highly valuable ecological traits, which include its high drought
tolerance, anti-wind erosion utility, sand burial-resistance (Dong
et al,, 2000; Li et al., 2002; H.L. Zhao et al., 2006), and status as
a key species for plant community establishment and landscape
formation (Li, 1991). A. halodendron is distributed in mobile, semi-
mobile and fixed dunes, and lowlands. A special combination of
conditions with respect to water fertility and heat in Inner
Mongolia, and the Horqin Sandy Land characterizes the main part
of the distribution range (Fu, 1993). The life history traits of
A. halodendron include long-lived, perennial, wind-pollinated,

* Corresponding author. Naiman Desertification Research Station, Cold and Arid
Regions Environmental and Engineering Research Institute, Chinese Academy of
Sciences, Lanzhou, Gansu 730000, China. Tel.: +86 931 4967178; fax: +86 931
4967219.

E-mail address: huangwenda2008@163.com (W. Huang).

seed reproduction, vegetative propagation and broad ecological
amplitude (Fu, 1993). Previous studies on A. halodendron have
focused on its population distribution patterns (Chao et al., 1999;
Cao et al,, 2008), biomass allocation (Li et al., 2005), breeding
distribution (Li et al., 2005), morphological characteristics and
physiological adaptations (Zhou et al., 1999), root longevity
(Huang et al., 2009), and establishment (Li et al., 2002) in the
Horqin Sandy Land. The relationship between A. halodendron
genetic diversity and climatic factors has not yet been reported,
however.

The Horqin Sandy Land is located in an agro-pastoral transition
zone between the Inner Mongolian Plateau and the Northeast
Plains (42°41'—45°45'N, 118°35'—123°30’E). It covers an area of
approximately 139,300 km?, of which about 71,884 km? is deser-
tified (Wang, 2003; Zhao et al., 2003). The landscape in this area is
characterized by sand dunes alternating with gently undulating
lowland areas (Li et al., 2005). The region, which is located in the
continental temperate zone, experiences a semi-arid monsoon
climate with a mean annual temperature of 3—7 °C and mean
annual rainfall of 350-500 mm (Zhao et al., 2003). Over
recent decades, this region has undergone severe desertification (Li
et al., 2000, 2004), a northward-moving phenomenon affecting

1146-609X/$ — see front matter Crown Copyright © 2013 Published by Elsevier Masson SAS. All rights reserved.
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Li, Y., Han, J., Wang, S., Brandle, J., Lian, J., Luo, Y. and Zhang, F. 2014. Soil organic carbon and total nitrogen storage
under different land uses in the Naiman Banner, a semiarid degraded region of northern China. Can. J. Soil Sci. 94: 9-20.
Accurate investigation of soil organic carbon (SOC) and total nitrogen (TN) storage at a regional level is important
for detecting changes in the C and N sequestration and emission potentials induced by land-use and cover type changes.
In a degraded semiarid region of northern China’s Horqin Sandy Land, we selected 208 locations and calculated SOC and
TN storage to a depth of 100 cm for the main land-use and cover types. The productive cropland on former grassland had
the highest level of SOC and TN storage (6613 g C m 2 and 709 g N m ~2). The corresponding storage values were 3758 g
Cm 2 and 402 ¢ N m 2 in degraded grassland, 3449 ¢ C m 2 and 373 ¢ N m 2 in afforested dunes, 2674 g C m 2 and
320 ¢ N 'm 2 in unproductive cropland on former dunes, and 1109 g C m 2 and 129 ¢ N m 2 in sand dunes (from mobile
to fixed). The average soil bulk density was highest in sand dunes, with a value of 1.59 g cm ~ 2, and lowest in productive
cropland on former grassland, with a value of 1.39 g cm ~>. The conversion of severely degraded sandy land into other
land-use and cover types therefore has considerable potential to partially offset the SOC and TN loss during the past
century that has resulted from desertification in the Horqin Sandy Land.

Key words: Land use, soil C and N storage, desertification, Horqin Sandy Grassland

Li, Y., Han, J., Wang, S., Brandle, J., Lian, J., Luo, Y. et Zhang, F. 2014. Stockage du carbone organique et de ’azote total
dans le sol sous différentes vocations des terres dans la ceinture de Naiman, zone semi-aride et dégradée du nord de la Chine.
Can. J. Soil Sci. 94: 9-20. Il est important d’établir avec précision la capacité de stockage du carbone organique (CO)
et de I'azote total (AT) dans le sol a I’échelon régional si on veut déceler les modifications au potentiel de séquestration
et de dégagement du C et du N attribuables 4 un changement dans la vocation des terres ou la couverture végétale. Dans
les terres sablonneuses de la région semi-aride de Horqin, dans le nord de la Chine, les auteurs ont sé¢lectionné 208
emplacements et calculé la quantité de CO et d’AT stockée a 100 cm de profondeur en fonction des principaux types de
couverture végétale et de vocation des terres. Les cultures poussant sur d’anciennes prairies jouissent du plus fort potentiel
de stockage du CO et de 'AT (6613 g de C et 709 g de N par m?). Les valeurs correspondantes s’établissent & 3758 g de C
et 402 g de N par m” pour les prairies dégradées, 4 3449 g de C et 373 g de N par m” dans les dunes boisées, 4 2674 g de C
et 320 g de N par m? dans les friches agricoles sur les anciennes dunes, et & 1109 g de C et 129 g de N par m* dans les dunes
(mobiles et fixes). La masse volumique apparente moyenne du sol atteint son maximum dans les dunes (1,59 g par cm®) et
son point le plus bas dans les anciennes prairies cultivées (1,39 g par cm?). Le passage des terres sablonneuses trés
dégradées a une autre vocation ou a un type de couverture végétale différent présente donc le potentiel considérable de
compenser partiellement les pertes de CO et d’AT survenues au cours du siécle dernier consécutivement a la désertification
des terres sablonneuses de Horqin.

Mots clés: vocation des terres, stockage du C et du N dans le sol, désertification, prairies sablonneuses de Horqin

The biogeochemical cycles of carbon (C) and nitrogen
(N) in terrestrial ecosystems have received increasing
research attention over the past decade because global
atmospheric concentrations of carbon dioxide (CO,)
and nitrous oxide (N,O) have increased markedly as a
result of human activities since 1750, and these increases
have contributed greatly to global warming [Intergo-
vernmental Panel on Climate Change (IPCC) 2007].
Human practices such as agriculture and forestry, which

Can. J. Soil Sci. (2014) 94: 9-20 doi:10.4141/CJSS2013-074
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lead to land-use and cover type change, are changing the
natural rate of exchange of C between the atmosphere
and the terrestrial biosphere. Therefore, it is essential to
investigate how C stocks change in response to chang-
ing land-use activities (IPCC 2000). On the one hand,
emissions of CO, due to land uses and land-use change

Abbreviations: SOC, soil organic carbon; TN, total nitrogen
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We used a long-term experiment with four different fire frequencies, annu-
al burns (B1), biennial burns (B2), burn every 4 yr (B4), and no burn (BC)
over a 27-yr period. We quantified temporal changes in vegetation dynam-
ics, aboveground and belowground carbon (C) and nitrogen (N) pools, and
we examined the cumulative effects of fires on N cycling in a nutrient-poor,
old field grassland at Cedar Creek, MN. Compared with fires in fertile grass-
lands with high productivity, fire in this nutrient-poor and low-productivity
old field grassland caused only minor shifts in plant functional groups and
did not change net primary productivity (NPP) or N cycling rates. We also
found that fire frequency did not affect ecosystem C pools or N pools, and
the soil C was accumulating at 28 times of the rate of N accumulation for
the period 2000 to 2010. This N accumulation in the soil, combined with the
low-productivity and the dominant C, grasses, which have relative low litter
N concentration and thereby low fire-induced N losses, makes this succes-
sional grassland resistant to fire-induced N cycling and C and N pool changes
for at least decades after agricultural abandonment.

Abbreviations: NPP, net primary productivity; SOM, soil organic matter.

ire is a common disturbance and can have significant effects on plant com-

munity structure, composition, dynamics (Collins and Wallace, 1990,
Magnan et al.,, 2012), NPP, and carbon (C) and nitrogen (N) cycling
(Ojima et al., 1994, Reich et al., 2001, Wardle et al., 2003). Fire frequency and in-
tensity are increasing with global warming and with more frequent extreme climate

events worldwide (Pifol et al., 1998). However, in many fire adapted grasslands

like the North American prairies, fire frequency has decreased, because of human

fire suppression and the fragmented nature of the remaining prairies (Collins and

Wallace, 1990).

We used a 27-yr experiment in a grassland at Cedar Creek Ecosystem Science

Reserve in Minnesota, USA, with four different fire frequencies to examine the

impacts of fire frequency on the structure and functioning of this nutrient-poor

old field ecosystem. Several approaches, such as manipulated fire experiments

(Shay et al., 2001), observational or gradient studies (Reich et al., 2001), repeated
sampling from permanent plots (Dijkstra et al., 2006, Knops, 2006, Li et al., 2013),
and modeling studies (Ojima ct al.,, 1994, Thornley and Cannell, 2004) have been
used to study ecosystem fire effects. However, ecosystem effects are inconsistent

and have shown increases in N mineralization and NPP with decreases in fire

frequency (Buis et al., 2009), or no changes in N mineralization (Blair, 1997,
Turner et al., 1997, Zhou et al., 2009). Frequent fire can result in lower C and N
pools due to elevated N losses (Fynn et al., 2003). However, a meta study showed

Soil Sci. Soc. Am. J. 78:825-831
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Abstract

Despite its superiority for evaluating gene expression, real-time quantitative polymerase chain reaction (qPCR) results can
be significantly biased by the use of inappropriate reference genes under different experimental conditions. Reaumuria
soongorica is a dominant species of desert ecosystems in arid central Asia. Given the increasing interest in ecological
engineering and potential genetic resources for arid agronomy, it is important to analyze gene function. However,
systematic evaluation of stable reference genes should be performed prior to such analyses. In this study, the stabilities of
10 candidate reference genes were analyzed under 4 kinds of abiotic stresses (drought, salt, dark, and heat) within 4
accessions (HGO10, HG020, XGG030, and XGG040) from 2 different habitats using 3 algorithms (geNorm, NormFinder, and
BestKeeper). After validation of the ribulose-1,5-bisphosphate carboxylase/oxygenase large unite (rbcl) expression pattern,
our data suggested that histone H2A (H2A) and eukaryotic initiation factor 4A-2 (EIF4A2) were the most stable reference
genes, cyclophilin (CYCL) was moderate, and elongation factor 1a (EFT1a) was the worst choice. This first systematic analysis
for stably expressed genes will facilitate future functional analyses and deep mining of genetic resources in R. soongorica
and other species of the Reaumuria genus.
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Introduction expression levels among different tissues, experimental conditions
. o ) ) ) [7-12], or species [7,11-16]. Systematic validations of reference
Gene expression analysis is increasingly important in many genes have mainly focused on models and important crop species,

fields of . biological rescarck.l. [.Jm.icrst:%nding gene expression such as Arabidopsis [17], rice [6], poplar [18], soybean [19],
patterns is expected to provide insight into complex regulatory wheat [14], barley [20], tomato [21], grape [22], and potato [5].

networks and will help to identify which genes are relevant to new However, with the increasing importance of agronomy and
biological processes. Recently developed methods to measure ecology, greater numbers of non-model plants are being assessed
transcript abundance have been frequently applied in many model with molecular functional analyses, and it is crucial to identify
biological systems; however, these approaches require the same proper reference genes for new species. To date, reference gene
normalization procedures as traditional mRNA quantification selection has been performed for some non-model plants like
methods. Real-time quantitative polymerase chain reaction bamboo [23], peach [15], Caragana intermedia [12], and eggplant
(qPCR) is one of the most common technologies used for gene [24], but seldom in desert plants.

expression and transcriptome analysis and is characterized by high Reaumuria (Tamaricaceae) plants are perennial xeric shrubs
sensitivity and specificity, good reproducibility, a widely dynamic widely distributed in arid regions in North Africa, Asia, and
quantification range, and high-throughput capacity for a limited southern Europe. R. soongorica (2n=22, 778 Mb genome size)
number of target genes [1-3]. Despite its superiority over other [25] is a constructive and dominant species of desert ecosystems in
methods available for evaluating gene expression, qPCR remains central Asia [26]. It has evolved typical phenotypes of desert
underused due in part to conflicting results and weak repeatability. plants, such as an extremely thick cuticle; hollow stomata;
Traditional reference genes, such as actin (ACT), ubiquitin (UBQ), specialized leaf shape; and a root system that reduces the
alpha-tubulin (TUA), eukaryotic initiation factor 4A-2 (EIF4A2), transpiration rate, increases water use efficiency, and maintains

60S ribosomal protein L2 (L2), TIP4l-like protein (TTP41I), stem vigor to survive desiccation [27,28]. Thus, R. soongorica is a
elongation factor l-alpha (EFla), cyclophilin (CYCL), histone good species to study the molecular mechanisms of drought
H2A (H2A) and DNAJ-like protein (DNAJ), are mostly used in adaptation. Many studies have attempted to elucidate the
model plants and crops [4—6] and do not always maintain stable mechanisms of the adaptation and tolerance of R. soongorica
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Abstract

The buried China-Russia Crude Oil Pipeline (CRCOP) across the permafrost-associated cold ecosystem in northeastern China
carries a risk of contamination to the deep active layers and upper permafrost in case of accidental rupture of the
embedded pipeline or migration of oil spills. As many soil microbes are capable of degrading petroleum, knowledge about
the intrinsic degraders and the microbial dynamics in the deep subsurface could extend our understanding of the
application of in-situ bioremediation. In this study, an experiment was conducted to investigate the bacterial communities
in response to simulated contamination to deep soil samples by using 454 pyrosequencing amplicons. The result showed
that bacterial diversity was reduced after 8-weeks contamination. A shift in bacterial community composition was apparent
in crude oil-amended soils with Proteobacteria (esp. a-subdivision) being the dominant phylum, together with
Actinobacteria and Firmicutes. The contamination led to enrichment of indigenous bacterial taxa like Novosphingobium,
Sphingobium, Caulobacter, Phenylobacterium, Alicylobacillus and Arthrobacter, which are generally capable of degrading
polycyclic aromatic hydrocarbons (PAHs). The community shift highlighted the resilience of PAH degraders and their
potential for in-situ degradation of crude oil under favorable conditions in the deep soils.
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Introduction

Increasing human activities related to petroleum extraction and
transport in cold regions can result in the release of crude oil and
petroleum products in the environment, and have severe
ecological and socioeconomic consequences. Thus, pipeline
leakage has been reported to be the main contamination source
[1]. For example, over 100,000 tons of crude oil was released to
Usinsk (65°N) in the Kolva River Basin from pipeline systems,
leading to a massive local biodiversity loss as well as some other
long-term environmental impacts [1,2]. Moreover, relatively small
amount of oil released by pipeline systems occurs frequently in
cold regions, and are generally invisible or difficult to measure [3].
Thus, these contaminants will be present in the cold environment
and be subject to n-situ degradation by the indigenous microor-
ganisms [4].

Spilled oil can migrate in the active layer when it is unfrozen or
thawing. During freeze-thaw cycles, hydrocarbons can migrate
ahead of the freezing front and accumulate in the permafrost
interface [5]. Even the permafrost is not an impermeable barrier.
Thus, hydrocarbons can move through active layer into frozen soil
via cracks or fissures or unfrozen pore water [6,7] and oil
components were even observed to penetrate into completely ice-
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saturated soils [5]. Hydrocarbons which are limited to the bottom
of active layer can move further downward if the top part of
permafrost is thawing. Therefore, this migration is more likely to
happen in thermally unstable permafrost area due to climate
warming. However, minimal attention has been given to the
attenuation of petroleum spillage in permafrost table, owing to the
belief that the permafrost is an impermeable barrier, which
constrains contaminant transport downward [8].

Wherever petroleum is found in freezing and frozen soils, they
can be degraded by hydrocarbon-degrading microorganisms [9—
11]. Cold-adapted intrinsic bacteria can be still active in cold
regions and have potential to in-situ break down petroleum
pollutants, even though they are influenced by environmental
limitation [11]. Most research has considered hydrocarbon
degradation in the active layer, while a substantial number of
hydrocarbon degraders have also been detected in permafrost soils
[12]. These degraders could use hydrocarbon contaminants which
migrate downward in the deep subsurface soils, sustain and
enhance number and proportion of hydrocarbon-degrading
microbes [4,12-14].

Recently, the China-Russia Crude Oil Pipeline (CRCOP) was
built in the permafrost regions in northeastern China. This buried
pipeline goes through permafrost-affected forests, wetlands and

May 2014 | Volume 9 | Issue 5 | €96552
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Abstract

Tamarix chinensis is ecologically im-
portant species in the arid regions of Northwest
China. In order to understand its reproductive
biology and pollen limitation, flowering dynam-
ics, pollen viability, floral visitors and their be-
haviors, pollen limitation and breeding system
were studied. It was observed that the species
show four reproductive characteristics. First, the
flower production period and flowering peak
were different between wild and managed pop-
ulations, being longer in the managed. Second,
T. chinensis can be pollen-limited, pollen limita-
tion appeared to be proportionally more intense
in wild populations than in managed. Third, for
the wild, Apis mellifera being the effective polli-
nators; for the managed, Megachile
(Amegachile) kagiana were found to be the most
frequent flower visitor. Finally, the pollen ovule
rate was 352.3£62.7. We found that out-crossing
is dominant in both populations and that self-
pollination just played an assistant role to assure
production in the breeding system, an informa-
tive characteristic that can be used in future re-
productive analyses of the both populations.
Keywords: Tamarix chinensis, Pollination, Floral
visitor, Fruit set, Breeding system

Introduction

The genus Tamarix has a Mediterranean
origin (Baum 1978). Tamarix chinensis is ecologi-
cally important plants which are widely distribut-
ed in arid and semi-arid regions. They play an
important role in the establishment of dryland
vegetation due to their lateral spreading root
systems and deep taproots which enable them
to be very efficient in absorbing water and nutri-
ents from deep soil (Li et al 1990).

For many plant species, pollination is
necessary for sexual reproduction. Therefore,
pollination affects a variety of evolutionary pro-

cesses, such as selection on floral attraction and
plant mating system (Ashman et al 2004, Ash-
man and Morgan 2004).

Pollen limitation occurs when plant re-
production is limited by the quantity or quality
of pollen received (Byers 1995, Aizen and Harder
2007). The potential consequences of pollen lim-
itation for plant populations have been exten-
sively studied over the last decades (Burd 1994,
Larson and Barrett 2000, Knight et al 2006, Gar-
cta-Camacho and Totland 2009). To access pol-
len limitation most studies have added extra
pollen on some plants and comparing the fruit
or seed sets with those from control plants ex-
posed to natural pollination methods. In this
paper, we improve our understanding of the dy-
namic interaction between pollen deposition
and resource allocation.

Previous studies on Tamarix have fo-
cused mostly on geographical distribution, bio-
logical characteristics, physiological stress and
molecular biology (Glenn and Nagler 2005, Mil-
brath and DelLoach 2006, Whiteman 2006,
Hudgeons et al. 2007, Moran et al. 2009, Orabi et
al 2009). This study aimed to investigate the
reproductive biology and pollen limitation of
two species of Tamarix in Northwest Gansu
province. In particular, we studied the floral mor-
phology, biology, pollen limitation and breeding
system of both populations. First, we examined
how the activity of floral visitors in both popula-
tions affected pollination. Second, we tested
whether pollen limitation is proportionally more
intense in wild populations than in managed.
Finally, we tested whether out-crossing is domi-
nant in both populations, requiring floral visi-
tors, most probably bees.

Materials and Methods
Species
T. chinensis is endemic to China where it
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ABSTRACT

Burial of different growth stages of plants (e.g., adult plants, seedlings and seeds) is frequent in dune ecosystems. The soil
micro-environment, which differs from surface conditions, influences the survival and growth of dune plants. To sum up
knowledge about the survival mechanisms of plants under sand burial and to promote practical rehabilitation of dune
vegetation, we reviewed relevant published literature and concluded that: (1) Focus in recent years has been on impacts of
sand burial on seed germination and seedling emergence. Generally, shallow burial increased seed germination and seed-
ling emergence, but deeper burial was negative. Buried at the same depth, large seeds showed higher germination and
seedling emergence rates, attributed to larger energy reserves. (2) Survival, growth and reproduction rates of dune plants
show plasticity in response to sand burial. Long-term deep burial is fatal because it creates a physical barrier which
overcomes the vertical growth of plants, reduces photosynthetic leaf area, and limits oxygen availability to roots. Modest
burial, on the other hand, is advantageous for growth and reproduction of many dune plants, due to protection from ex-
cessive temperature and drought. (3) There are few reports concerning effects of sand burial on plant physiology, but a
limited number of studies indicate that partial burial increases water use efficiency, chlorophyll content, transpiration rate
and net photosynthetic rates. The antioxidant protective enzyme system and osmolyte balance were reported to be involved
in the mechanisms of dune plant resistance to burial.

Keywords: sand burial; dune plants; survival; growth and reproduction; physiological response

1 Introduction

Sand movement is frequent in inland and coastal
dune ecosystems (Maun, 1994; Brown, 1997; Yu et
al., 2004). As a consequence, seeds, seedlings and
adult plants growing in dune ecosystems will suffer
from varying degrees of sand burial (Maun, 1998; Yu
et al., 2004). Sand burial will generate a number of
soil conditions which may influence survival and
growth of dune plants. For example, temperature,
moisture, acidity, oxygen levels, bulk density and nu-
trient status of soil may change due to wind- or wa-

84

ter-induced sand burial (Poulson, 1999). As a conse-
quence, species will be eliminated when sand burial
exceeds their threshold of survival, and sand burial
has been recognized as a major selective force in the
evolution of different growth stages of dune plants
(Maun, 1994; Poulson, 1999; Huang and Gutterman,
2000). Therefore, to find effective ways to protect
crops and plants in dune ecosystems, it is necessary to
understand the effects of sand burial on dune plants
and clarify their mechanisms of survival, growth and
reproduction strategies under sand burial. Note that
we here simply define dune plants and plants growing
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ABSTRACT

In order to investigate the impacts of fertilization on population density and productivity on herbaceous plants in desert
steppe, nitrogen (N), phosphorus (P), and N-P addition experiments were performed. Each fertilizer treatment included
four addition levels, i.e., 0, 5, 10, and 20 g/m? The results indicated that population density decreased as fertilization levels
increased regardless of the sort of fertilizer. More specifically, total density as well as density of Artemisia capillaris, Al-
lium polyrhizum, and Enneapogon brachystachyus decreased significantly in 20 g/m? treated plots, as compared with the
control plots. Fertilization effects on aboveground and root biomasses were extremely similar to that found in population
density; that is, both total aboveground biomass and aboveground biomasses for A. capillaris, A. polyrhizum, and E.
brachystachyus were negatively correlated with increasing fertilization levels, with all determination coefficients (R?)
greater than 0.80. Therefore, in the case of desert regions (annual precipitation <180 mm), fertilization would inhibit
population density and productivity of herbaceous plants.

Keywords: desert steppe; herbaceous vegetation; nitrogen fertilizer; phosphorus fertilizer; biomass

1 Introduction Recently, community composition and productiv-
ity of herbaceous vegetation are experiencing impacts
Water and nutrients can co-limit plant growth and from altering soil nutrients, and the plant response is

reproduction in desert ecosystems (Harpole et al., more sensitive for herbaceous vegetation relative to
2007). Usually, water is believed to be the first factor woody plants (Boyer and Zedler, 1998, 1999). N and
limiting plant growth in desert ecosystem. However, P fertilizers can promote plant growth and increase

nitrogen (N) as well as phosphorus (P) has been community productivity in desert ecosystems through
shown to impact plant growth in consistent ways, due either individual (Chen et al., 2004; Qiu et al., 2004;
to the increasingly anthropogenic inputs on nutrients Ma et al., 2007; Zheng et al., 2007) or combined ways
to the Earth’s ecosystems (Austin et al., 2004; Elser et (James et al., 2005; Harpole et al., 2007). However,

al., 2007). Herbaceous plants, as an important com- the plant response to fertilizer additions is known to
ponent and primary producer of the desert ecosystem, differ both between and within plant communities
is of importance to prevent desertification and protect (Wesche et al., 2007; Xia and Wan, 2008).

biodiversity (Hall et al., 2011; Waseem et al., 2011). It is well known that plant productivity is largely
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