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RS EIAZ B 7, FEFERSATME TEMETEREST TASREFX
HR BRI,

MRERER: ERRERNTER, FERNNFENERELENE EFES
REZE, SAmME —ENNEFRERTEBFNELE, FENEERBET
AARBHBNULERRESENTBRERME, ZRBESHERNEEREXEEZE
*; IEREAF (FRNE. BWRE. 10 min iR XEREE . FRRHN. BRHEE.
Nk, 2RE. ZEE. ZREZE) #HITTERS 9T, BR3DERSA
AR 842 WM EER; B3 NERASIAZTAMTEREFLIM, H21E
A5 (EREMEFR 10 min RAEWBRER NS EARAHA) BXWFEN
FEREETEFRFEENERRS . NFRIBIF T 5 27K FEKM ZFIE N EHE
XNEFENNEREMANERN, EREYTHRABIREEPFREREX
BRZFIENNZ B A5

NERRBIERERAMRITVWMERBERBNFEESMBE LD, KKRHE
Science of the Total Environment (IF=4.61) t.
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3) EIWEWAYIRERRENEPREVEHENRERAABEFHER

A TR ZHREEYNEE. k. BEMEMMAEYS TERE
FREREMRNTREXNEENE, B R RMRSUNERZARZ—. B,
Y TIBES DB IRUERIKENSLE, BYEMAEYESSNRIEEEI M AT
SMXNERHR AT, X FAEYTBERHAEY R TES ARSI
MR, MYIS5EYERIENMEMREENRDHAR, BfEERT
AV L IRERORB I REN FUR R R EVH BRI TR

FATREER TR RARREUT @ : MEVMBEREREMBEEEY
TEENKER AR, S25REEAIEZNMEDTIEERNTEL, KH
T RERE T RESEFMEYNREE N 2T T ZERBIEZF DI KA
TEDERAEY) LIRS MBS TR A R 551 R HAREHE IR (L RHE. B
RERB R EVENLZETER, MAEVTEEEFESMEMAS BIHEX;
REFRKNER, HMEYMITHERFERES TRMFREERN; 2R
EEMBENFEURTERAMERSERIEPEEREM TN EER
ERF; 2E5RABEAIENTEZEERAREBRMRELERNER, =&
HERBEHERFENEME X, BREFRKNERRBRBEIAEREFEIE
RS T MAEMNRIEE N AL LEBERER R B RHR BB EEZME
WERE, MEYRENE—ERE LB R MUERGEEEHRNTRE M.

U ERRBFERERMRITHMNMER BRANZES ) FARE AT E R
Bfi, % 3<%£ Soil Biology and Biochemistry (IF=4.61) I,
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4) ERTERTAEAENERBEYNRRRBRAS B
EREBUXNEMESREN B W EA T EMMAESRENEYHEK
HEERTRE. BUFRBENEIREMUF CO, Fih. RFEMYIMSHMEEL
MNEMEEYZRARB R BENR, ZIMT CO, 51 RUTREM)H
ZHMZUNZR-RRZWEEYNREANRE. B HTES5MHIEST,
CO, FHEXNAFMIRAN SR B EELE, NIIREE® T RN, 18
T SRR TOREYMB R DB EBRENBRR, TIERE. £EYEN
FEMRRAREENDREBUZMELBIIR. A, BUNEWHERER
B3, CO, fFigim i TR M2 BEEPI N IRK. N TRAM N 7K,
N TR [ Bt N TR AAR R A 0 R N HAR BRI, Mg mavm S+t
EEMIEM TREYIN 2 R AR AR BRI R T IRAN S BEERR
MR (B 1. ZMRBERT 2REURRERITZIEHRZIRARE
REMESBIERILE BT N RREENEEMREMIRANSHE, M
MM T CO. fEigxy FEM AT F A MR RGIER A T BRI MR
ROEN CO BIBMMFZHMR UM EFEREER, AHE—LRAINR
ERBUER THERBREBEIMEHR TREARIE. HXMRMR 2018 FL5R%E

S A7 A T E BRAE AN 475 Ecosphere |
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B 1l £RFTACERNERFFVNRASBEBNESRFTEER
5) ERERTEHENRITENEREEFSZHNERM
AEERRURZUERT, AXGTERTRENEETMEZZX2ES, RinT
EHB N ERESRRAEHINNEFEERZN BT L TFREREERE

=
-
A

BRI PR Rum T RAESE, AL £ARTEMEL, HYBY
NISHIHRIBE R BOKE, ERFEEMRTE N, RERE LT EE
BREMEAVEMNAERRE (B 2). R, RUEPRRTFEFGET, B
FEMESERREE LRSS, MBEOREETREEE, MMARTFNYRERLE
AFMZESTE (B 3). s, TAREEFFEAIMNEEEGRHEER.
BREFENTREREK, EYEEST 2N Rm T ENERMERSS, IEHKI M8
MBENER. I, RRARTEAERKEMHAETSRANFENMY, NiZE
MARBENFEXRFS, REESEFLRMARBESLR, REXRERN
ERRMEMAERE, MEIMAESRFB R EERERBZMKE. HIRR
2018 FEERFTEELESF =T Ecology L.
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6) HE TP E T EMEN TR SHESEYERZENXA
YIRS H MR AR LM ELESRRNINENTRE, AMEHESREH
KHIB L YR S MR R AR M A B BN B M X R )
RATET2ER . BUTNEEHENRZ IR R HE S MEXHKHR B A e
B, BE T KEIBHRER T B sk ENE S EMEA I EBEE
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(FDis)« PR T B EM LM EFR (SLA) I 7T EHF¥HREE (LDMC)

(B 4). NAZEMHREER (SEM) 30 7 KE RN LR T X E 1)
REZEME. BPRAMML ESMTAYEBNERESEEEMXR, FE 7 I
TIEN SENM EAE TAEYENEREZWE, R THRMLEN S EHhER
N EY) S I EaE Sk a it EAYE, EIR T TI1EK R &
SEEEYFEEEREELEL EEYE. BT EYIESHIEN SRR
REGEFARTEI B TR 84%, A KMIRE T AU IR XT A E R
M EEXR (B 5). KRG TEYEERIEDERY”, RREFN
BB L IET AN B A S RATNAERI RN, R T Y THARE S KA
BRI LI It A B IATER, MR EMRE RIFSERRH
TR, KRR 2018 4 FFHEFAERSF 2 Ecological indicator t .
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B 5 LR EMEMRSHESEER. TESFENEYERN XA
7) BT IRRERBE- R EENATERE &N E

HERODIREETANEBINR , T8 BREIFN 55 R S AEY £ AR
REMEZRR, R, RHIFENETHARENZ LS SEER RS RIRR
HZ BHEE. HRBR T RCEERRFMEEFEMLRLEGNES, ERT
RREEMEXMELERLRENEER (B 6). TEARRNESR, EY
SR SRFRRXN, SBRETE, S EBEMHEEGNENEE, M
migE 7 FEmilR. B, REMNGEEMES SR CEEME SRR
ERERENER, BEEBEMHEANRETISE . HXMRMRT 2018 F£X
REEPFRELSFZE Ecology and Evolution .

MALERB R T EHRFIZHMEREBFENIENRRERER (B 7)), 7
BARBEMERGEMEEAEERXME. R TRIEE BN T EEA
7310. MXMARMRT 2018 F & FEEFFAESF IS BMC Ecology Lt
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7. FELAETEEEEMHENLREK

8) FEAT T R LIEFEARXIBEK JREEEITIRE S H R X B MR Y RHE

Fo o+ S F A REIRE 22 1090.11 £450.78 kg C ha', JE4KSIFIRE &
25 H 20.65% ([ 8). MBI R ZH M TIEFIR, BERHBEFRERXRESE
SRR E T(1299.41 +£537 kg C ha™) MM R FIREEE (1338.26 +599.12 kg
C hal); 30 30%& Kk B 21 7 - EEMENR % & 33.03% (1450.78 +543.70 kg C
ha'); $RT, 138 (OTCs) JEZ> 1 IEMENE 10% (981.19 +371.34 kg C ha™), XAl
BEFETRAFLIERE 0-5cm LEEREM. o, IBMBEKFRTFERN A
NEZRTEARERYY, FFELIEKNGERNFERZ ERRE D T IEFR
EERF 4.25%, LEAAMANRZE(DOC)H pH 5LREFREE AKX (B
9), BERS5LEMEMER. MEVERIFRE BEMMEXME, XATEFEIAR
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FHIEEERRS . TIEESARENTIBETFRAFEEMNIFEERE 10), ™
EMHERMERRPLEREESXW LETRREENEFRER. o, 1158
MR R U ERBUATEZEAEYNEL, FELIBTRIIEMEK. &
EFUTRER R + 28U, BEGMEK. EBEMR[SBENEASZENERT
TIEFRASEFENERRKE, BEERWAADEE, RN SIEL LR
E—MIERR, ZAFRART 2018 FLREEFF SCI Z%75 Biogeoscience .

40 — TR 40
[ Precipitation (a)
= ] e -
£ 30 - 20 :=:
s c
o= =2
= 20 - r o E-
=3 3
S =
£ 10 L { r-20 =
) L dbd t
100 ' i L ] b B L] 49
- wo (b)
5 WL

Soil respiration rates (mg C m bl

e WONOTO (e

60 | ® woNoT1

v— WINITI T.' v
| i

9 10 11 12 1 23456 7 8 9 10 111212 3 45 6 7 8 9 10

2014 2015 2016

8. B 2014 £F 9 A X 2016 £F 10 A BRBKMEENBUFHEQ), URTE
EIRAPIRE R BRI (D) EOTLFE (c), RRKMBETEZE (d) FigiE. X
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B 9. LIEMNEELBENAEMERTKR (a). MEMERE(D). LEARERTIERE).
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= Soil moisture [~__ "'*-—\.1_\_\_‘ ‘:a 0
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*
\ 023
8 | PH
=
: 2= — =
b Soil o X 3.036.7]3 0.081, Q}Ll,
temperature RMSEA = 0.00, AIC = 54.0

10. RGBSR LB R R R L IBFRE
9) BT W RERRBENN T IRME R EH R AR5
FFEIPREHRUCERRKESRES, BR-TE-HEVRRLLE THENH
T, BEERHEREZWEETSRANINELHERE. TEHEMREETRR
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BN BEERHDFXRTE. B, MRDPRERUAERKRE X LIEH
EMSHEELEFEARNZMAFTERNASEREN . B FF R REM

RUCEHREISZPINREEY:
Artemisia halodendron (AH). JiZ & Setaria viridis (SV).

b Agriophyllum squarrosum(AS). ZBIRE
#2 Chenopodium
acuminatum (CA)F1HSC Corispermum macrocarpum (CM)xs T 154 ¥ 2 FE 4 Fn
BRI EIMEITHR, SERKB, DREMRCERNRERRT LIERES
B (B 11) . BTN LIER 7 22200 Rt TR A YIRS AN,
FEBKAMLEERSEEZNPREMAESRE T EMEN S HMHEMETE
BN EBRNERF. PREMBRUERKREIER, ABEYMNEL, BY
A TIEBAMER, BT LIENMEY S RERRENAEN, BT
FEMEYNEREEFHHEEERAN LBARF AR mIE . ZRR
2018 £ %4 3=k £ Ecology and Evolution Z%:E F.
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10) @R T RER L FBF NITRRIE AL
f#EFEFERLGENSFRic—, HRFAEELER, 258,

ROxMA. &

IR A L TFFRBERMALILEE, WHRFELEMR TIER. 51

PR AKRNFR. MFERFTREANRREY, HEASRNE~MEE, B
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B 70 FERWSIAFBAHRBEK . FEHRFIHFHTFER~HHTE
X FRIMER K T RERE RS, A REARIHBINMET, MERFEM T
EMRABENS . RIEFARERELI: ONTFE—HFSMmE, MEHRFM
HFEERBFGTREFARAER (B 12), ONFRESFAMNES, M
HRFAESCHRETHTFRONARE, AMFRB-EERN K UCPL B
A, MU S@EEA IP6KL IESHI AR 2 i@ B AV IF UCPL AREBY = = .
FEIXAFIE UCPLRFE A7 R EBFHMEREMRHRSRD, BitAE+
SEENHREX (B 13). OFREZIT IP6KL. RYRL 1 SERCA2b & EfE
GrrRimk R REEFNRIEEER (B 14). U EMRERNT FRFMHRMER
WHLH RS FRERICNBIEREAEENESEX
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REMEES

B 14. BRRHRA=R0EE

11) PERERERDRTFastclIFIZEENM AT

5| FYIL AP EX —BREYNTFRETEXMAESBENRERERE R
L. ALFEZREHR ZEATEYER, ZRAEEHTFRINRERRDEREAR
MR, MRBRERZMER, BREEEHENSR, MRYMLHE. DRREBEER
RE, MEZEMTFRE. BIALEL, BRB—RkERREMDREMastcl1,
HERBTRARMEEERARTES . MENUFRANLE, BTFRZEFAER
ER R EE 2 FFEHIS5. $IRTX— YL MERIGRBADERTR, SEERH
MFENRARMIE ST HL LR, ST T BMERNEEL. HXHR
Z5R % KT Zhang et al. 2018, Journal Plant Physiology 231: 86-95.
12) R T _BERERRZT N EEETIE

“REWEEFENAARMEREY, B BEMHEEKRLEER,
RN FRER T R E ARSI RED . BEENREREHER, EIBRRT
BERBEIMPBEKMENEEMNEE, RABREANF, RADTT ZFEHE
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HTMAMBEREER. ERRJYP, ITADPEEZREFE, HPEFE—LE
BZNBIEER . BRI NSPXEMFEH. BINTEEREFRESTLR
I, ERF. bHLHFIWRKY RIEFA X EF EMERRIER S - HITHRERAWRKY
RIEUSIAESHXEREEEE. U LERRPBERZ VN E JE2REEL DLIA
ES5HEEXEE, HEXMRER LK T Zhao et al. 2018, Plant Physiology and
Biochemistry 122:113-120.,
3) BRTERERRE+TFHEMMHNRRLZEXRET HAER
TFEM ZonTHREELRE, AAERENRESHE, £953,700

MM, 2ET32INE, S11MiE, ARSMEEZRRHEL. RIEMEXLEY,
BEREZNEFNEMNRNE. (EAEYMZSHENRARKIE Y —, FEERHK
INARTFEREYN TR ORBZ—. R, XTERS/REAXN+FER
EYRNIFT B SN LA F OB E R B ZRED B TERS
REEBFOHTFHMADM, FA—PICERENZBERNBEREREX F &R
(nrITS) TR RBEEZHMRIERER (cpDNA) HFFIZFHE, RARN
THERERKETFERNIMNRRLERR, LA T +FRMHCRERALE
ARERE N RN RS, RREDFIRCABEENRRALERAFA—E.
ERY, EF~-700DTFHBTSFIMERALERRATFTH-TRITEREN
SRHURSBIERLI, REMXAEER+FHRMNSHEEFLZz—, FEH
SMEFT BRARRRE LR EEEE RETNENE 2R E X EN BT ERE
BT EReSREFASEYYHNSHEESUURT BHE X ZERNXR, MR
SR BENAE RIS SRR EY 80 AN R T HNE
B, FORATRAINE M E £ RTRINRIEERHSE . BXMRERELFTT
Qian Chaoju et al. Journal of Systematics and Evolution. 2018. 56(3): 202-217.

14) BEMTFRFEEYRERNERESINERR

R AT EEEYRFFEEM 2 FENZENE . BN FATRSISE

ZYNEYNZMERNIBESHNERRE. MRERKP FZB42 st B IBHESE
RSB E R ERAEER . MERTEIF] 2,3-T ZEE R E RN HIE
FTFEEREER, RRHATREERMSSES S FEER. BENFATERSE

I]
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YIMEKERNERRAAR. BPET FZBA2 BEEMUFRTEYE, IEH
FZBA2 1ES TR HE g T HEMZ 1. BEaMMERATERNZA.
SEMREHE, SEAMREKNROR, HTREHEYSBLEE, HHERHNE
IR, EREMFATEEY R BESEYRENENEE. M2, M3
FHHRERNANCNETHIET T —RIIHFRER

E 16. HiR&EBEER/IRYAXE

15) PBFHAEA | +FRT ZNEBRAEEN IR R

FEIMEREE U ENZRNARAR, BEER, XREMARIEFER.
I F L5 Lower Nahal Oren g Mount Carmel f9it{k & | Z£482E 100-400 K 7
ML zE, ERIMEEREE, £RSHL, EYSHMES, ARINHREE
MRS FAFHR M TR ERE. A TRITEEYIME L EN S FESE
fifi, PRI S/N IR R S @S8E RS Eviator Nevo BeE &1, JRA
D THES | AREAEESEN T FES = NREERMRETFE. b
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BREREDWRE, ANESEZEHE 1,064 PZEFRIAH unigenes, TEH
RO IEEYEMBmMRIEEF, SIEXEREYEN. - THRERKEH. &
¥ - WEEEEERMTHEERRIE. N, Ka/Ks 2Tz 9 NS5/
ASEMENMESCNER, XERRZSE5RRERE. XRIPRE. EER
SRR, WA R AEMARERCERR N ESEBEMENEREZR. H
i, B4 NER (SPDS1, FCLY, Tic2l 1 BGLU25) 7£+F & B ZFIETTiE
WRNFENMTERZEES, KIAXEERRNISERPMESE+FES ZMNEE
MR RTRE, AR SHEYRIFE LA X B R E SN RNLIHEm D
ERHENFAERBEEZEN 3 A, TR EE, RHEERRZEITEME
BB BEFULLER, RIVPEN, AFKAENFERRREMNMIAE, X 9 MERK
DFPREARMESE Z BIELEHE, W TS EEMERMBRHTES
AT, Mit—SSEEmMAESEEMNFERELES L, RELBTAREREE
A SEENERZ RSB EARBENEL, (Rt EBIMNER. ZHRZE
RREEE AT BRERAFMLIT. BRABRERESAMUAES] Ancell Teicher iff
RESSHTE. X—ERAFRD AR Qian et al. Frontier in Genetics.2018 |
(IEHEFE).
16) fEIBHEY o-3 ZANBERMEZNESEER FHEES EMEMN M4

o-3 fEPR X 1EF1EE (FADs) FZ@ATIWHEE (C18:3) ESMARIREEH
(RBHEMMNIIYE, ERENEEFRENPERANESE ST, RFRMHITR
HE¥E WL EFI+ (Chorispora bungeana) A4y B H— Mkl -3 FAD EF
(CbFAD3), FERIHEINAE. CBFAD3 5Hlf7+7E FAD3 FEBREHEIRNM,
SAREYIME LE, B RIRRAILSE T HMAR IR TR kA CbFAD3 HY A
EMFAR RN T L FRES C18:3 &8, 4ERF 7 IEAVRENTE , 358 THEMN L.
FREMEHEMMZE. LEEEMATRE CL183 FSFRFEILR T RER
Ca’"-ATPase 5EfE, MM ZEMIBFESH Ca™ES. EUEBERRKS LHE
C18:3 KL 2IFMX, EHRAFRBHRPEEEIE. fSH 2433 CbFAD3 I3k
KRN T B8R R R E O RIA , B A#4) % C18:3.Ca’'5 ROS M.
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Mz, ChFAD3 &I C18:3 FSHIMK. Ca’'. ROS FRIHR &AM AIFT R
TIHEX BN Z M. X—EREAFKEAFKRE Journal of Experimental
Botany (Shi et al 2018).
17) HvE 1 SEARMWEE®RT

FE 1SEMNTEANEBRIEEEHEFETRRFEIEMENHRR, F1=
MNBEE—HEGERHR. OREHMNEARE, HRNER. 25 8E£5 K
RUFEE. THEEED. i RBEFELAESELSZMNEE—H. B5=
MNEEMLL, E2MMHFPEEFE2MERN, RZMREE, v8 1 SEREE
sT=MEs, 78 1 SFHPkEH 53.6cm, M=MEEHN 33.2cm; FE 1S
MHAREEZELLZMNEEGR, HAEZNEEHRK, 2SELEZMNEEE, F
B 1S peiEE 43629, M=MBEE/82069g; HE 1 SEBAFE=NEE
K, REMNBEEEH. A@&RMTREE, PE 1 SSBZEMI s TIMNES, F
B 1575 148.7mg/g &+ E, ZMBE& 7 135.3mg/g &5 ; #=E ASAZEHRE LS
ZEF=MES, #E 152 2488nmol/g & 5F, =/E &/ 100.8nmol/ g 85 ;
BEERSETA I StUsTEIMNESE, A 1S5/ 159mg/g #E, ZMEE
7 13.4mglg 818, i 1 SHZXRFEMERTF=MESE, P8 1 52 55.4mg/g
E, ZMNAEEZE57.3mg/g 8 E; AMEIERRTZMNES. 2018 F8F
BREAHRM A 1 S7HEE 50 Fik, SRk 10 51, AFSMRTHE
FEETEM (DHEXED.

A. XREATNERER
IRENEHAR 18 B (HPAS 1 &, PREBEAUNT A, AEH
SHEETFHAT TREREAL L A, HREAEAS L A), BHRR 16
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The cuticle coats the primary aerial surfaces of land plants.
It consists of cutin and waxes, which provide protection
against desiccation, pathogens and herbivores. Acyl cuticu-
lar waxes are synthesized via elongase complexes that extend
fatty acyl precursors up to 38 carbons for downstream modi-
fication pathways. The leaves of 21 barley eceriferum (cer)
mutants appear to have less or no epicuticular wax crystals,
making these mutants excellent tools for identifying elon-
gase and modification pathway Dbiosynthetic genes.
Positional cloning of the gene mutated in cer-zh identified
an elongase component, [3-ketoacyl-CoA synthase (CER-ZH/
HvKCS1) that is one of 34 homologous KCSs encoded by the
barley genome. The biochemical function of CER-ZH was
deduced from wax and cutin analyses and by heterologous
expression in yeast. Combined, these experiments revealed
that CER-ZH/HvKCS1 has a substrate specificity for C;5-C,o,
especially unsaturated, acyl chains, thus playing a major role
in total acyl chain elongation for wax biosynthesis. The con-
tribution of CER-ZH to water barrier properties of the cu-
ticle and its influence on the germination of barley powdery
mildew fungus were also assessed.

Keywords: Blumeria graminis f. sp. Hordei e Cuticular wax e
Hordeum vulgare o [B-Ketoacyl-CoA synthase o Very-long-
chain fatty acids.

Abbreviations: Bgh, Blumeria graminis f. sp. Hordei; BSTFA,
N,O-bis(trimethylsilyl)trifluoroacetamide; CDS, coding se-
quence; CER, ECERIFERUM; DMSO, dimethylsulfoxide; EmBL,
emerged leaf blade; EST, expressed sequence tag; EZ, elong-
ation zone; FID, flame ionization detection; GC, gas chroma-
tography; KCS, [B-ketoacyl-CoA synthase; MS, mass
spectrometry; NEZ, non-elongation zone; POLI, point of leaf

insertion; qPCR, quantitative real-time PCR; SC, synthetic
complete; SEM, scanning electron microscopy; TLC, thin-
layer chromatography; VLCFA, very-long-chain fatty acid.

Introduction I

The lipidic cuticle coats the primary aerial surfaces of land
plants, providing a robust water barrier that protects shoots
from desiccation, and repels water and particulates from the
epidermis. The cuticle also serves as the first line of defense
against pathogens and herbivores, and reflects harmful UV ra-
diation. It consists of two main components, cutin and cuticu-
lar wax. Cutin is a polymer of oxidized long-chain fatty acids and
glycerol linked by ester bonds. The cutin matrix embeds and
covers the outer epidermal cell walls, providing the structural
backbone of the cuticle. Cutin is permeated and overlaid with
cuticular waxes that are predominantly acyl aliphatics, includ-
ing modified very-long-chain fatty acids (VLCFAs) and polyke-
tide aliphatics. On some plant surfaces, cuticular waxes form
intricate wax crystals; these epicuticular crystals impart a glau-
cous appearance to the pertinent organ and contribute to the
reflective properties of the cuticle (Holmes and Keiller 2002).
Because of the importance of the cuticle for plant health,
cuticular waxes have been intensively studied. The cuticle add-
itionally presents a convenient means of investigating asso-
ciated processes of broad interest in plant biology such as
secretion and VLCFA synthesis. Wax-deficient ‘eceriferum’
(cer) mutants with fewer or no epicuticular crystals can be
easily selected and used to dissect the processes of cuticular
wax metabolism, regulation or secretion, and to study stress
phenomena. Barley (Hordeum vulgare) organs and Arabidopsis
(Arabidopsis thaliana) stems are two systems that have been

Plant Cell Physiol. 59(4): 806-822 (2018) doi:10.1093/pcp/pcy020, Advance Access publication on 1 February 2018,
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1 | INTRODUCTION

| Rong-Liang Jia? | Zhi-Shan Zhang®? | Peng Zhang'? | Rong Hui'?

Abstract

Biological soil crusts across the desert regions play a key role in regional ecological
security and ecological health. They are vital biotic components of desert ecosys-
tems that maintain soil stability, fix carbon and nitrogen, influence the establishment
of vascular plants, and serve as habitats for a large number of arthropods and
microorganisms, as well as influencing soil hydrological processes. Changes in tem-
perature and precipitation are expected to influence the functioning of desert
ecosystems by altering biotic components such as the species composition of bio-
logical soil crusts. However, it remains unclear how these important components will
respond to the prolonged warming and reduced precipitation that is predicted to
occur with climate change. To evaluate how the hydrological properties of these
biological soil crusts respond to these alterations, we used open-top chambers over
a 10-year period to simulate warming and reduced precipitation. Infiltration, dew
entrapment, and evaporation were measured as surrogates of the hydrological func-
tioning of biological soil crusts. It was found that the ongoing warming coupled with
reduced precipitation will more strongly affect moss in crustal communities than
lichens and cyanobacteria, which will lead to a direct alteration of the hydrological
performance of biological soil crusts. Reductions in moss abundance, surface cover,
and biomass resulted in a change in structure and function of crustal communities,
decreased dew entrapment, and increased infiltration and evaporation of biological
soil crusts in desert ecosystems, which further impacted on the desert soil water
balance.

KEYWORDS
biological soil crusts, dew entrapment, evaporation, infiltration, open-top chamber, warming
and reduced precipitation

of biological invasions (Bellard et al., 2013; Lu et al., 2013). Future

Global climate change profoundly affects the composition, structure,
and functioning of terrestrial ecosystems (Lu, Siemann, Shao, Wei, &
Ding, 2013; Maestre, Salguero-Gomez, & Quero, 2012). Such
changes can affect organisms both directly via physiological stress
(Belnap, Phillips, Flint, Money, & Caldwell, 2008; Hui et al., 2014;
Maestre et al., 2015) and indirectly via the changing relationships
among species (Harley, 2011), as well as through the increased risk

climate scenarios predict an alteration of the timing and amount of
precipitation in desert environments (Belnap, Phillips, & Miller,
2004). In addition, many climatic models have predicted increases in
drought frequency and duration, coupled with a substantial warming
in arid desert ecosystems (Dai, 2013; Trenberth et al., 2014), where
biological soil crusts (BSCs) are key biotic components (Zelikova,
Housman, Grote, Neher, & Belnap, 2014). A model from China

4960 | © 2018 John Wiley & Sons Ltd
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1 | INTRODUCTION

| Xue-Yong Zhao | Xiao-An Zuo

Abstract

Medicago sativa L. is an important cash crop in the arid region of northwest China.
Pollinator activity is an essential aspect of pollination success, but the relationships
between pollinator visitation rate and seed set still need further study of M. sativa.
We investigated the following characteristics of M. sativa in natural and managed
populations: floral traits, pollinator activity, and breeding system. Our results indi-
cated the management could affect the number of flowers produced; however, there
was no detectable effect on the seed set per flower. We found the percentage of
seeds among pollinated flowers in the managed population was significantly higher
than that in the natural population. Moreover, the increase in the proportion of pol-
linated flowers could significantly increase seed set per flower, and pollinator visita-
tion rate was the important limiting factor for seed set in both populations. Andrena
lebedevi Popov was found to be the most frequent pollinator in both populations.
Outcrossing was dominant in the breeding system and insect pollination played an
important role in outcrossing. Our study suggested that proper management (artifi-

cial selection) could promote pollination success of M. sativa.

KEYWORDS

breeding system, pollination, pollinator activity, pollinator visitation rate, seed set

In recent years, plant-pollinator interaction has been the focus
of much discussion and debate (Fenster, Armbruster, Willson,

Plants are immobile, and therefore, rely on abiotic or biotic vectors
to transport pollen for sexual reproduction (Ashman etal., 2004).
Pollination is a key biological process in terrestrial communities, and it
affects a variety of evolutionary processes, such as selection on floral
attraction and plant mating systems (Ashman & Morgan, 2004). For
many plant species, pollination is the first stage in sexual reproduc-
tion, and an essential prerequisite for the development of fruits and
seeds (Ashman et al., 2004; Kevan, Clark, & Thomas, 1990). The plant
pollination process provides important indicators for designing con-
servation and sustainability strategies for a population (Rodriguez-

Oseguera, Casas, Herrerias-Diego, & Pérez-Negrén, 2013).

Dudash, & Thomson, 2004; Gémez, Abdelaziz, Lorite, Mundz-
Pajares, & Perfectti, 2010). Plant species that depend on animal
pollinators for their reproduction have developed many different
phenotypes traits, such as floral display, flower architecture and
nectar (Arias-Coyotl, Stoner, & Casas, 2006; Nores, Lépez, Rudall,
Anton, & Galetto, 2013). Insect mediated pollination, the trans-
fer of pollen within or between flowers via insect vectors, is one
such ecosystem service that benefits human populations and agri-
culture (Fisher, Turner, & Morling, 2009). During this process, the
quantity of pollen deposited on the stigma is limited by pollinator

visitation frequency and affects pollination success rates (Ashman

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
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Pollen limitation and resource limitation ~ &
affect the reproductive success of Medicago
sativa L.

Min Chen ® and Xiao-An Zuo"

Abstract

Background: A large proportion of the flowers and ovules of plants do not develop into fruits and seeds. Plant
reproduction may be limited because of pollen limitation and resource limitation. Medicago sativa L. is an ecologically
important species in northwest China. We conducted a pollen supplementation experiment to determine the degree
of pollen limitation in this species and detect the possible effects of resource allocation on pollen supplementation.
We crossed two factors, pollen level (natural condition and hand pollinated) and resource level (control, water added,
and fertilizer added), to estimate the effects of pollen addition and resource limitation on the opening of flowers and
seed set. We also analyzed the floral characters, visitation frequency of pollinators and pollinator activity to estimate
the effect of pollinators on the reproduction of M. sativa.

Results: Our results indicated that addition of pollen to some flowers did not divert resources from other flowers and
that the addition of pollen boosted the seed set per flower, with no effect on flower number. The primary effect of
resource limitation was on the number of flowers produced; however, there was no significant effect on seed set per
flower. These findings showed that pollen limitation was an important limiting factor for seed set. In addition, Andrena
lebedevi Popov was identified as the most effective pollinator, and pollinator visiting and activity affected reproduc-
tion success in M. sativa.

Conclusions: We found outcrossing was dominant in the breeding system and insect pollination played an impor-
tant role in outcrossing. These findings have identified the dominant factor influencing seed set of M. sativa. This study

aspires to contribute to a better understanding of pollen limitation, resource limitation and reproductive success.
Keywords: Pollen limitation, Resource limitation, Pollinators, Seed set, Medicago

Background

Many plant species often produce more flowers and
ovules than fruits and seeds [1, 2]. Several hypoth-
eses have been presented to explain this phenomenon,
including pollen and resource limitation [3, 4]. Pollen
and resource limitation have received special attention
because inadequate pollen and an insufficient availabil-
ity of resources can reduce the reproductive success of
plants [5]. An insufficient amount of pollen and compro-
mised pollen quality have been demonstrated to result in

*Correspondence: chenmin1360@126.com; xazuo@126.com
Northwest Institute of Eco-Environment and Resources, CAS,
Lanzhou 730000, China

B BMC

reduced fruit and seed set, a phenomenon referred to as
pollen limitation [6, 7]. Many studies have also indicated
that plants are assumed to be limited by resources if the
addition of resources increases fruit or seed set [8, 9].
In most flowering plants, pollen limitation and resource
limitation are important constraints on reproduction [10,
11].

Pollination is the first stage in sexual reproduction,
and pollination traits have an important influence
on plant reproductive success [12]. Plant—pollina-
tor interactions have been viewed as a key process in
most flowering plant species [13]. In animal-polli-
nated plants, pollen delivery and the visiting frequency
and activity of pollinators are major biotic factors

© The Author(s) 2018. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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ABSTRACT

When restoring dryland ecosystems, growing biological soil crust (biocrust) may greatly change the redis-
tribution of rainfall in layered soils. However, ecohydrological modelling studies generally ignore biocrust and
thus, the ecohydrological effects of biocrust on restorations remain largely unexplored. Using a long-term re-
storation case (located in the southeast edge of the Tengger Desert, northern China), we developed an ecohy-
drological model with explicit consideration of the infiltration in three layered soils (biocrust, shallow and deep
sand layers) to investigate influences of biocrust on restoration dynamics in drylands. The proportion of in-
filtration that reaches ‘annual grass’ (including biocrust and shallow sand layers, 0-30 cm) and ‘shrub’ layers
(30-150 cm) with biocrust significantly increased and decreased relative to the values without biocrust, re-
spectively. Meanwhile, biocrust significantly decreased soil water content in deep sand layer, but not in shallow
sand layer. As more water was used by transpiration than evaporation, the ecosystem with biocrust reached a
final grass-dominated state (high grass cover of 40%, low shrub cover of 4%) rather than a shrub-dominated
state (grass cover of 3%, shrub cover of 20%). This study suggests that we need to account for the roles of
biocrust on rainfall infiltration to better understand vegetation and restoration dynamics in dryland ecosystems.

1. Introduction

Drylands cover about 41% of earth’s land surface, and are home to
about 38% of the global population (MEA, 2005). About 10%-20% of
drylands have been degraded, and more are under serious threat of
further degradation because of global environmental change and more
intensified anthropogenic influences (MEA, 2005). Degradation ad-
versely affects dryland ecosystem functions and the associated services
such as water resource supply, water quality, and carbon sequestration
(Petrie et al., 2015; Sala and Maestre, 2014; Yldnne et al., 2015).
Therefore, it is urgent to prevent further degradation and to restore the
degraded ecosystems in drylands.

Rainfall is an important factor and may be the sole water resource
for dryland ecosystems (D’Odorico et al., 2013; Li et al., 2014a;
Schlesinger et al., 1990). Therefore, the availability and redistribution
of rainfall play a significant role in influencing the dynamics of vege-
tation and restoration (D'Onofrio et al., 2015; Li et al., 2014b; Rietkerk
et al.,, 2004). Among the factors influencing the availability and

* Corresponding author.

redistribution of rainfall, biological soil crust (covering a large part of
the world’s terrestrial land surface; biocrust hereafter) may be the
dominant one in many cases (Belnap, 2006; Belnap and Lange, 2003;
Lebron et al., 2007; Li, 2012). Biocrust generally has a greater water
holding capacity (e.g., over 15%-gravimetric soil water content) than
the underlying sand (e.g., about 4%), and thus, can intercept more
rainfall relative to sand (Belnap, 2006; Li, 2012). Meanwhile, biocrust
promotes the growth of the underlying soil, which is also characterized
by a high water holding capacity (unless indicated otherwise, biocrust
also includes the subsurface soil, hereafter) (Belnap and Lange, 2003; Li
et al., 2010). Although the thickness of biocrust generally only ranges in
millimeters and centimeters, it still largely alters the redistribution of
rainfall in soil because of the relatively low amount and intensity of
rainfall events in drylands (Belnap, 2006; Chamizo et al., 2016;
Corradini et al., 2011a). Theoretical and empirical studies have dis-
cussed the role of biocrust in regulating the ecohydrological properties
of soils in drylands (Assouline et al., 2015; Belnap, 2006; Kidron and
Benenson, 2014; Rodriguez-Caballero et al., 2015; Xiao et al., 2015).
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ARTICLE INFO ABSTRACT

Handling editor: Jan Willem Van Groenigen Soil contains the majority of terrestrial carbon; however, most studies only focus on soil organic carbon (SOC) in
the first meter or even shallower layers, and soil inorganic carbon (SIC) and root-derived carbon (RDC) are often
overlooked. Here, we investigated the distribution of soil carbon at a depth of 0-3.0m over a 46-year re-
vegetation chronosequence on moving sand dunes and evaluated the potential influence of soil water content on
soil carbon. The SOC density increased significantly along the 0-3.0 m profile, and showed a faster increasing
rate in shallow layer (0-0.4m) than that of the deep layers below 0.4 m. Although the SIC density did not
increase significantly, it accounted for > 65% of the total soil carbon in shallow layer and at least 82% in deep
layer. The live and dead RDC increased significantly over the chronosequence in both shallow and deep layers.
The RDC accounted for a small amount of the total soil carbon at an average of 3.19%. The SOC was closely
linked with live RDC in both the shallow and deep layers. The soil water content was only positively correlated
with the SOC in the shallow layer. The SOC storage in the shallow layer required 57.4 years to reach the level at
the natural vegetation site, whereas the storage in the deep layers required > 100 years. Our results indicated
that soil carbon accumulation is a slow process in both shallow and deep layers after revegetation, and the most
notable increase in soil carbon was accounted by SOC. We suggest that SOC, SIC and RDC should be considered

Keywords:

Soil inorganic carbon
Root-derived carbon
Deep soil carbon
Recovery time
Tengger Desert

when assessing the effects of revegetation on soil carbon in water-limited ecosystems.

1. Introduction

Soil represents an important and effective carbon reservoir in ter-
restrial ecosystems, and it is expected to have a more substantial sink
capacity than the associated vegetation; thus, soil has a considerable
ability to sequester carbon for the mitigation of elevated atmospheric
CO5 (Schlesinger, 1990; Batjes, 1996; Lal, 2004a, 2004b; Schmidt et al.,
2011). Soil in water-limited ecosystems, which account for 47.2% of the
global terrestrial surface, is estimated to contain approximately 241 Pg
soil organic carbon (SOC) in the top one meter and an even larger soil
inorganic carbon (SIC) pool (Eswaran et al., 2000). Therefore, the soil
carbon storage in these ecosystems must be quantified and its potential
response to environmental changes, e.g. vegetation and soil changes,
should be determined.

Complete assessments of the SOC, SIC, and RDC pool are particu-
larly lacking, especially in water-limited ecosystems. Due to the faster
sequestration rate of SOC, most studies have focused on SOC, only a few
studies have documented the distribution and dynamics of SIC (Diaz-
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E-mail address: zszhang@lzb.ac.cn (Z.-S. Zhang).

https://doi.org/10.1016/j.geoderma.2018.03.024

Hernandez et al.,, 2003; Hirmas et al., 2010; Chang et al., 2012).
However, SIC is a main constituent of soil carbon in these ecosystems,
and recent studies have suggested that SIC sequestration through both
biological and non-biological processes may be underestimated
(Wohlfahrt et al., 2008; Lal, 2009; Li et al., 2015). Root system is also a
frequently neglected carbon reservoir. Actually, the cumulative con-
tribution of RDC is comparatively larger and the residence time of root
tissues in soil is longer than other plant tissues (Rasse et al., 2005;
Pierret et al., 2016). Considering the high belowground production of
root systems, which are normally large and deep in water-limited
ecosystems (Chapin et al., 1993), RDC should not be overlooked when
assessing soil carbon.

Most individual studies and large-scale investigations only focused
on the first meter of soil (Batjes, 1996), or at even shallower depths,
generally due to difficulties and costs associated with deeper sampling.
However, many previous studies have detected larger amounts of soil
carbon in deeper soil profiles in water-limited ecosystems (Harrison
et al.,, 2011; Rumpel and Kogel-Knabner, 2011; Harper and Tibbett,
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Abstract

Purpose Global warming is expected to have profound effects on terrestrial carbon (C) fluxes, consequently influencing future
climate. Biocrusts are important sources of C in the C cycle of desert ecosystems, where vascular plants are restricted by limited
soil moisture. This study was conducted in order to evaluate the expected increases in temperature on soil respiration in biocrust-
dominated areas.

Materials and methods In a field warming experiment, we evaluated the impact of increased temperature on soil respiration in
biocrust-dominated (moss-crusted and lichen-crusted) areas in Shapotou, China. In addition, the impacts of precipitation, soil
temperature, and moisture on soil respiration were investigated.

Results and discussion The effect of warming on soil respiration varied with soil water availability. Our results showed that soil
respiration in moss-crusted and lichen-crusted areas in the warming treatment was significantly lower than that in the control. The
observed inhibition of soil respiration by the increase in soil temperature was likely due to the reduction in soil moisture caused
by the increased water evaporation rate under higher soil temperature. Warming also decreased cumulative C release in moss-
crusted and lichen-crusted areas. Moreover, cumulative C release showed marked seasonal variations, with the highest C release
occurring in summer and the lowest in winter. Over the seasonal cycle, soil respiration rates were positively correlated with
precipitation, soil temperature, and volumetric soil water content.

Conclusions The results of this study indicate that warming may increase the sensitivity of soil respiration to water availability in
biocrust-dominated areas in desert ecosystems, suggesting that biocrust should be considered in projections of future C budget.

Keywords Biological soil crust - Precipitation - Seasonality - Soil respiration - Stimulated warming - Cumulative C release

1 Introduction

Responsible editor: Zucong Cai

Biological soil crusts (biocrusts) are widely distributed com-
munities comprising cyanobacteria, green algae, lichens,
mosses, and other microorganisms that live within or imme-
diately on the top of the uppermost millimeters of the soil
54 Chao Guan surface. Biocrusts develop widely on the soil surface in desert
guanchao880421@163.com regions, where no vascular plants grow, and are often a sub-

stantial component of the total terrestrial surface (Belnap and
Shapotou Desert Research and Experimental Station, Northwest Lange 2003). Due to their environmental sensitivity, biocrusts
Institute of Eco-Environment and Resources, Chinese Academy of serve as indicators of environmental changes in temperature
Sciences, Lanzhou 730000, Gansu, China and soil moisture, and they can influence ecological processes,
2 University of Chinese Academy of Sciences, Beijing 100049, China  including seed germination and plant establishment (Li et al.
School of Natural Resources, University of Missouri, 2010). Biocrusts also play an important role in carbon (C)
Columbia, MO 65201, USA cycling in terms of C uptake and release C to the atmosphere
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Abstract

Soil respiration induced by biological soil crusts (BSCs) is an important process in the car-
bon (C) cycle in arid and semi-arid ecosystems, where vascular plants are restricted by the
harsh environment, particularly the limited soil moisture. However, the interaction between
temperature and soil respiration remains uncertain because of the number of factors that
control soil respiration, including temperature and soil moisture, especially in BSC-domi-
nated areas. In this study, the soil respiration in moss-dominated crusts and lichen-domi-
nated crusts was continuously measured using an automated soil respiration system over a
one-year period from November 2015 to October 2016 in the Shapotou region of the Teng-
ger Desert, northern China. The results indicated that over daily cycles, the half-hourly soil
respiration rates in both types of BSC-covered areas were commonly related to the soil tem-
perature. The observed diel hysteresis between the half-hourly soil respiration rates and soil
temperature in the BSC-covered areas was limited by nonlinearity loops with semielliptical
shapes, and soil temperature often peaked later than the half-hourly soil respiration rates in
the BSC-covered areas. The average lag times between the half-hourly soil respiration
rates and soil temperature for both types of BSC-covered areas were two hours over the
diel cycles, and they were negatively and linearly related to the volumetric soil water content.
Our results highlight the diel hysteresis phenomenon that occurs between soil respiration
rates and soil temperatures in BSC-covered areas and the negative response of this phe-
nomenon to soil moisture, which may influence total C budget evaluations. Therefore, the
interactive effects of soil temperature and moisture on soil respiration in BSC-covered areas
should be considered in global carbon cycle models of desert ecosystems.

Introduction

Soil respiration accounts for the largest proportion of the total ecosystem respiration [1], and
its global integration is an order of magnitude larger than that of anthropogenic CO, releases
from burning fossil fuels and deforestation [1,2]. However, soil respiration processes are not
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Abstract: Water scarcity threatens the sustainability of irrigated agriculture in semi-arid regions,
and ridge-furrow planting systems (RFPS) can be a prospective rainwater harvesting approach.
In this study, we aimed to develop a promising water-saving strategy to boost maize productivity
and water use efficiency (WUE). In 2017, we carried out a field experiment to study the effects of
various RFPS with multiple irrigation levels on the yield-water relationship of maize (Zea mays L.).
Eleven treatments were set up: RFPS with film mulching on both ridges and furrows and without
water supply after seed emergence, abbreviated as QF; RFPS with film mulching on continuous ridges,
abbreviated as MD, including SMD, MMD, and LMD (S, M, and L—three water supply (irrigation
plus precipitation) levels of 650 mm, 500 mm, and 350 mm during the whole growing season);
RFPS without film mulching, abbreviated as DD, including SDD, MDD, and LDD; conventional flat
planting with no film mulching, abbreviated as GG, including SGG, MGG, and LGG; localized full
irrigation (actual amount of irrigation excessively exceeding the quantity needed), abbreviated as
NM. A positive linear relationship (R? = 0.95-1), a quadratic curve, and a negative linear relationship
were observed between the irrigation water level and actual crop evapotranspiration (ET,), grain
yield, and WUE, respectively. The ET, of QF (292 mm) was substantially lower than that of the other
treatments (p < 0.01), saving 649 mm of irrigation water and increasing the yield by 2.24% compared
with those of NM. Meanwhile, the WUE and irrigation water use efficiency (IWUE) of QF reached
maximums of 6.3 and 47.36 kg m 3, respectively, which were significantly higher than those of other
treatments (p < 0.001). The results showed that planting in an RFPS with film mulching on both
ridges and furrows (a ridge-to-furrow ratio of 50:30, with a 38 mm irrigation level) is suitable for
maize to obtain high yield and reduce irrigation water use significantly.

Keywords: ridge-furrow planting systems; evaportranspiration; crop coefficiency; yield; water
use efficiencies

1. Introduction

In arid and semi-arid regions, the annual crop evapotranspiration (ET.) greatly exceeds the total
precipitation, and approximately 50% of the total evapotranspiration occurs through the soil surface.
Farmland irrigation is obtained mainly from groundwater [1], and over-exploitation of this resource
can result in water unavailability. The total water requirement for maize (Zea mays L.), the third
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ABSTRACT

Water is not only a limiting factor, but also one
of the most important mediators of grape berry com-
positions in semi-arid land. Differences in superox-
ide dismutase (SOD), catalase (CAT), proline (Pro),
malondialdehyde (MDA), and wine grape berry
composition were investigated under water stress
with drip irrigation. Merlot vines were proposed to
the three levels of irrigation threshold (70-75%, 60-
65% and 50-55% of field capacity (FC)) at the stage
of germination, flowering and enlargement. The
sweet taste and the favorable aromatic flavor were
improved significantly from the germination to the
enlargement stage to which slight water stress (60-
65% of FC) was applied, wherein an optimal berry
composition was achieved at the flowering stage
which was mostly responsible for a positive relation-
ship with high SOD activity. Such as, sugar-acid ra-
tio, total sugar, tannins, total phenols, and anthocya-
nins of berries increased by 183.85%,
47.79%,66.67%, 100%, 57.52% in comparison to
normal irrigation threshold (70-75% of FC), respec-
tively. When Merlot vines were stressed at 50-55%
of FC from germination to flowering stage, berry
composition, diameter and cluster mass were higher
than in normal irrigation (70-75% of FC), resulted
from the linear positively correlations between berry
diameter, dry matter and Pro content, activities of
SOD, CAT observed.

KEYWORDS:
Water stress, Merlot, Antioxidant enzyme activities, Berry
composition and appearance.

INTRODUCTION

Drought stress, being defined as the absence of
adequate soil moisture, is a major limiting factor for
plants to grow normally, and seed germination,
seedling, vegetative and flowering of the plant all are
sensitive to water stress [1], therefore, the efficiency
of applied water use of plants is of vital importance.
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The by-products accumulation of normal cell
metabolism, viz. reactive oxygen species (ROS),
resulting in lipid peroxidation (in terms of MDA
content), membrane injury, and enzyme inactivation
through oxidative damage, such as superoxide
radical (O2), hydrogen peroxide (H202), hydroxyl
radical (OH"), and singlet oxygen (O), is a
biochemical change of plants subjected to water
stress [2, 3]. ROS is scavenged by the principal
antioxidant system of plants, including antioxidant
enzymes, such as, SOD, CAT [4], which were
broadly used for characterizing drought resistance,
wherein, SOD is a primary defense line because it
detoxify Oz into H20: [5]. Drought increased
osmotic solutes, such as the soluble sugars and the
Pro, have been observed previously [6-8]. The Pro
could be affected by leaf age and position, as well as
maintained the membrane integrity through reducing
oxidation of membrane lipids [7]. Thereby, the
maintenance of turgor via osmotic adjustment is
used as a mechanism of drought tolerance.

Grapevine (Vitis vinifera) is regarded as the
most vital fruit crop worldwide. Wines with high
concentration, intense color, soft tannins, fruitiness,
and low acidity are produced numerously. Grape
berry contains abundant secondary metabolites
which affect wine quality through determining its
color, aroma, and flavor [9], such as, organic acids
favorably affecting human metabolism, sugars, and
flavonoids [10]. Generally, at veraison, grape leaf
growth has practically ended and sugar starts to
accumulate quickly in berries, and is time for
treating berries with auxin prior to veraison [11].
Anthocyanins, as the predominant plant pigments
and a class of flavonoids, are responsible for grape
colors ranging from red to violet [12], wine color,
mouthfeel and astringency, as does tannin content
and composition. Besides, phenolic compounds are
vital in red wine color and taste, as well as are rich
in grape juice [13, 14].

Water is the main challenge to grape ripening
in dry lands with irregular rainfall distributions, and
remarkably affects grape berry compositions [15,
16], determines berry size, increasing with berry so-
lute content [17]. Though grapevine is a greatly
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ABSTRACT

In regions with sandy soil texture and water
scarcity, it is little to know the coupling effect of def-
icit irrigation with fertilization on soybean growth.
The three combined effects of deficit irrigation (DI)
and nitrogen fertilization (NF) on the leaf-level
physiological and morphological parameters were
identified. Irrigation was started once soil water con-
tent (SWC) was below 60% (T1), 50% (T2), 40%
(T3), or 70% (CK) of field capacity (FC), respec-
tively; meanwhile, 54 kg N ha' (T1), 67.5 kg N ha!
(T2), or 81 kg N ha (T3) was assigned at the begin-
ning of the blooming stage. The results showed that
the net photosynthetic rate (Pn) and leaf water use
efficiency (LWUE) was highest in T3. The leaf area
(LA), plant height (SH), and leaf fresh mass (LFM)
of T1, T3 increased by 32.69%, 16.05%, 29.10%,
14.93%, 62.49%, 71.43%, respectively, in compari-
son to CK. Relative water content (RWC, including
leaf and pod) was lower in T1, T3 than in CK signif-
icantly, which was negative linear relationship with
leaf water potential (yw), and decreased continu-
ously across growth stage. Ultimately, the average
pod dry mass (PDM) in T3, T1 was up to 1.93g,
1.85g, CK just was 0.26g. Our results suggested that
combination of 324mm irrigation and 54 kg N ha*
optimally elevated VG, and 81mm water combining
with 81 kg N ha? coupling most favoured RG and
dry matter accumulation (DM) in comparison to sin-
gle 405mm irrigation, maximizing the use efficiency
of water, nitrogen and increasing vegetative growth
(VG) and reproductive growth (RG).

KEYWORDS:
Gas exchange, Leaf morphology, Leaf water status,
Nitrogen, Water stress.
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INTRODUCTION

Due to its high protein, numerous mineral ele-
ments, and physiologically active substances that are
beneficial to human health, soybean (Glycine max L.
Merr.) is used as a vital source of quality protein and
edible oil [1]. Soybean is popularly cultivated in the
Horgin Sandy Land, located in the semiarid area of
southeast Inner Mongolia, which was once severely
desertified [2]. In this region, the frequency and
amount of rainfall is considered to be a primary lim-
itation to plants growth, owing to its volatility. As a
result, irrigation is greatly dependent on groundwa-
ter. But, excessive irrigation depletes groundwater
reserve. The measurement of photosynthesis can be
used as an index of metabolic response to water
stress [3], when leaf gas exchange activity is limited
due to stomatal or nonstomatal limitations [4]. An-
other response is manifested in growth development
limitations wvia inhibition of cellular expansion
needed for, leaf area development and main stem
elongation [5], as well as in reduction in yield poten-
tial [6]. An effective irrigation regime conserving
limited water could be achieved via a DI strategy,
i.e., one that applies less water than required by
plants for increasing growth and ensuring stability in
yields [7]. Reducing irrigation during drought toler-
ance periods to stabilize growth and yield is the pri-
mary objective of DI [8]. Therefore, it was an urgent
necessity to confirm the effect of DI on plant physi-
ological parameters. In previous studies, resistance
to abiotic conditions was mainly expressed in sto-
matal morphology and dynamics [9]. Although the
reduction in stomatal conductance occurred at 90
days after the plants were subjected to WS with 50%
FC, the plants remained alive [10]. Taking into ac-
count the intensity and duration of WS, a remarkable
decrease was also observed in yw and LRWC [11].
Furthermore, the decrease in photosynthetic effi-
ciency, stomatal and nonstomatal limitations, and in-
hibition of photochemical processes were strongly
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Abstract

Iron (Fe) deficiency is a frequent nutritional problem limiting apple production in calcareous soils. The utilization of root-
stock that is resistant to Fe deficiency is an effective way to solve this problem. Malus halliana is an Fe deficiency-tolerant
rootstock; however, few molecular studies have been conducted on M. halliana. In the present work, a transcriptome analysis
was combined with qRT-PCR and sugar measurements to investigate Fe deficiency responses in M. halliana roots at 0 h (T1),
12 h (T2) and 72 h (T3) after Fe deficiency stress. Total of 2473, 661, and 776 differentially expressed genes (DEGs) were
identified in the pairs of T2 vs. T1, T3 vs. T1, and T3 vs. T2, respectively. Several DEGs were enriched in the photosynthesis,
glycolysis and gluconeogenesis, tyrosine metabolism and fatty acid degradation pathways. The glycolysis and photosynthesis
pathways were upregulated under Fe deficiency. In this experiment, sucrose accumulated in Fe-deficient roots and leaves.
However, the glucose content significantly decreased in the roots, while the fructose content significantly decreased in the
leaves. Additionally, 15 genes related to glycolysis and sugar synthesis and sugar transport were selected to validate the
accuracy of the transcriptome data by qRT-PCR. Overall, these results indicated that sugar synthesis and metabolism in
the roots were affected by Fe deficiency. Sugar regulation is a way by which M. halliana responds to Fe deficiency stress.

Keywords RNA-Seq - Fe deficiency - Sugar - Glycolysis - Apple - Malus halliana

Introduction widespread agricultural problem affecting crop yields (Mori

1999). An approach to preventing this problem is to use Fe
Iron (Fe) is an essential micronutrient for plants (Briat et al. deficiency-tolerant rootstocks (Rombola and Tagliavini
2015; Zargar et al. 2015a). Low uptake of Fe alters plant ~ 2006). Malus halliana shows Fe deficiency-tolerant charac-
chloroplast structure, blocks the synthesis of chlorophyll and  teristics. The investigation of responses of Malus halliana

reduces photosynthesis (Niebur and Fehr 1981; Briat et al.  to Fe deficiency may provide new insights into its regulation
2015). Fe availability is very low in calcareous soils, which ~ and adaptation mechanisms.
is caused by high pH and poor aeration (Mcgeorge et al. Under Fe deficiency, non-graminaceous plants experience

1935). Moreover, calcareous soils account for approximately ~ changes in metabolic levels, including increases in several
30% of the world’s cultivated soils, and Fe deficiency isa  enzymes involved in the glycolytic pathway, the citrate cycle
and the pentose phosphate pathway (Abadia et al. 2002;
Zocchi 2006; Lopez-Millan et al. 2009). Transcriptomic
and proteomic studies have also reported an upregulation of

Communicated by S. Hohmann.

Electronic supplementary material The online version of this enzymes related to the glycolytic pathway and citrate cycle
article (https://doi.org/10.1007/s00438-018-1479-5) contains in roots in Fe-deficient environments (Thimm et al. 2001;
supplementary material, which is available to authorized users. Jelali et al. 2010; Anita et al. 2012). Alteration of glycolysis
54 Yan-xiu Wang seems to be an irpportant mechanism for the adaptatif)n of

wangxy @gsau.edu.cn plants to Fe deficiency (Mai and Bauer 2016). Accordingly,

Fe deficiency induces an accumulation of organic acids,
mainly malate and citrate, that can affect Fe availability
(Abadia et al. 2002). Moreover, root sugar accumulation
under Fe deficiency results from starch degradation and/or
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1. Introduction

Genetic differentiation in desert species is related to the spatial scale
of environmental heterogeneity and to the balance between selection
and gene flow (Xu et al., 2003). Genetic variation among populations of
desert species for quantitative traits is well established (Scheiner,
1993), and this variation often occurs along different climatic gradients,
such as changes in temperature and precipitation (Lovejoy and Hannah,
2005), suggesting strong local adaptation to climate (Sork et al., 2010).
Understanding the environmental parameters that drive adaptation
among populations is important in predicting how species may respond
to global climatic changes and how gene pools might be managed to
conserve adaptive genetic diversity (Bradbury et al., 2013).

Globally, desertified lands occupy approximately 3.6 x 107 km? in
area, which amounts to about 24.1% of Earth's land surface and de-
sertification affects about one-sixth of the world's population (Wang
et al.,, 2012). Land degradation and desertification have become in-
creasingly severe environmental and socio-economic problems
throughout the world, while China is one of the most seriously affected
countries (Wu and Ci, 2002). There are four large Sandy Lands in the
agro-pastoral transitional zone in northern China, from east to west are
Hulunbel Sandy Land, Horqin Sandy Land, Hunshandak Sandy Land
and Mu Us Sandy Land, area reached 10,000km? 139,300km?
21,400 km? and 40,000 km? (Wu and Ci, 2002). There are environment
gradient changes in the four Sandy Lands. There are different water and
heat conditions in every Sandy Land, from east to west, mean annual
temperature reached 0-2.5 °C, 3-7 °C, 1-3°C and 5-9 °C, mean annual
rainfall reached 280-400mm, 350-500mm, 100-200mm and
200-400 mm (Wang et al., 2014; Cheng et al., 2004; Wang, 2003; Zhao
et al., 2003). Horqgin Sandy Land, Hunshandak Sandy Land and Mu Us
Sandy Land were three of the four largest sandy areas in China and

provided a source of sand for sandstorms occurring in Northern China
(Li et al., 2005). So it is an important exploration of the genetic di-
versity level and genetic variation in typical sand-fixation plants in this
region.

Salix gordejevii Chang et Skv. (Salicaceae) is widely distributed in
the Sandy Land in northern China (Su et al., 2005; Zhang et al., 2006).
It has an important role in restoring the degraded ecosystem. In de-
sertification control, it also serves as the pioneer species for vegetation
re-establishment and moving sand fixation because it has several highly
valuable ecological traits, including high drought tolerance, anti-wind
erosion utility and sand burial-resistance (Wu, 2003; Zhang et al., 2006;
Cui et al., 2011). S. gordejevii inhabits semi-fixed and fixed dunes. In
terms of life history traits, S. gordejevii is long-lived, perennial, insect-
pollinated, reproduces by seed and cottage propagation, and has a
broad ecological amplitude (Fu, 1993). Previous studies on S. gordejevii
have focused on aspects of its root morphological characteristics and
variations (Huang et al., 2010; Liu et al., 2016), root ecology (Huang
et al., 2008; Liu et al., 2014; Cui et al., 2011), physiological adaptations
(Su et al., 2009; Ma et al., 2015; Liu et al., 2003), nutrient absorption
(Yuan et al., 2005), and water use efficiency (Niu et al., 2006; Yue et al.,
2013). The relationship between the genetic diversity of S. gordejevii
and different Sandy Lands has not yet been reported, however.

The association between genetic and environmental gradients is
well-established evidence of natural selection (Endler, 1986; Mannel
et al.,, 2010). Climate is one of the most important drivers of local
adaptation in desert species. Standing levels of genetic diversity and
structure within and among natural populations of desert species are
determined by the interplay between climatic heterogeneity and the
balance between selection and gene flow. To investigate this hypoth-
esis, we assessed S. gordejevii population genetic variation in different
Sandy Lands in Northern China using inter-simple sequence repeat
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Changes in winter snow depth affects photosynthesis and physiological
characteristics of biological soil crusts in the Tengger Desert
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Abstract

Water availability is a major limiting factor in desert ecosystems. However, a winter snowfall role in the growth of
biological soil crusts is still less investigated. Here, four snow treatments were designed to evaluate the effects of snow
depth on photosynthesis and physiological characteristics of biological soil crusts. Results showed that snow strongly
affected the chlorophyll fluorescence properties. The increased snow depth led to increased contents of photosynthetic
pigments and soluble proteins. However, all biological soil crusts also exhibited a decline in malondialdehyde and soluble
sugar contents as snow increased. Results demonstrated that different biological soil crusts exhibited different responses
to snow depth treatment due to differences in their morphological characteristics and microhabitat. In addition, interspecies
differentiation in response to snow depth treatment might affect the survival of some biological soil crusts. Further, this

influence might lead to changes in the structural composition and functional communities of biological soil crusts.

Additional key words: biological soil crusts; chlorophyll fluorescence; photosynthetic pigments; soluble sugar; water availability.

Introduction

Climate change impacts ecosystems worldwide, with
semiarid and arid ecosystems particularly vulnerable
because many fundamental aspects of their structure and
function are closely connected with variations in
temperature, CO,, and precipitation (Salguero-Gomez et
al. 2012). Water availability is a major limiting factor in
desert ecosystems; even small changes in precipitation are
expected to have a strong impact on species composition
and biodiversity in the soil profile (Sala and Lauenroth
1982). Snow is an important source of precipitation, it
influences soil temperature and moisture, insulates soil
from severe freezing, and is a protective cover for many
plants, since air temperatures in winter are often
considerably lower than soil temperatures (Mondoni et al.
2012). In addition, as available stored water is released
when snow melts, it can improve plant growth and
development (Olsen et al. 2011). However, because of
anthropogenic climate change, snow frequency, cover,
depth, and cover duration can be changed considerably.
Since global air temperatures are predicted to increase in

winter (IPCC 2007), snow cover is expected to become
thinner and melt earlier. As a result, a number of studies
have focused on a decline in snow cover and advance in
snow melt timing across a variety of arctic, subarctic, and
alpine environments (Wipf and Rixen 2010). Evans and
Fonda (1990), for example, examined community pattern
expressed as a function of snow depth and snow cover
duration, in order to look at their effect on soil moisture,
soil temperature, and the growing season, while Tan et al.
(2014) suggested that a decrease in snow cover can alter
soil microbial activities, and hence element biogeo-
chemical cycling in alpine forest ecosystems. However,
changes in snow depth and cover duration are not
consensus, as snow depth has increased in some areas
(Callaghan et al. 2011). Indeed, an increase in snow depth
can lead to enhanced ecosystem respiration during the late
winter. Bosi0 et al. (2014) analyzed the effect of increased
snow cover on plant photosynthesis, showing higher
absorption of photosynthetically active radiation on
account of increased soil moisture and nutrients.
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Abstract

A simulation experiment was conducted to explore the influence of enhanced ultraviolet-B (UV-B) radiation, water deficit,
and their combination on UV-absorbing compounds and osmotic adjustment substances of mosses Bryum argenteum and
Didymodon vinealis isolated from biological soil crusts (BSCs) growing in a revegetated area of the Tengger Desert,
China. Four levels of UV-B radiation and two gradients of water regime were employed. Compared with their controls,
amounts of total flavonoids, chlorophyll, carotenoids, soluble sugars, and soluble proteins significantly decreased
(p <0.05), but proline content significantly increased (p < 0.05), when exposed to either enhanced UV-B or water deficit.
The negative effects of enhanced UV-B were alleviated when water deficit was applied. There were increases in UV-
absorbing compounds and osmotic adjustment substances when exposed to a combination of enhanced UV-B and water
deficit compared with single stresses, except for the proline content in D. vinealis. In addition, our results also indicated
interspecific differences in response to enhanced UV-B, water deficit, and their combination. Compared with
B. argenteum, D. vinealis was more resistant to enhanced UV-B and water deficit singly and in combination. These results
suggest that the damage of enhanced UV-B on both species might be alleviated by water deficit. This alleviation is
important for understanding the response of BSCs to UV-B radiation in future global climate change. This also provides
novel insights into assessment damages of UV-B to BSC stability in arid and semiarid regions.

Keywords Biological soil crusts - Ultraviolet-B - Water deficit - Interaction - Total flavonoid - Proline

Abbreviations Car Carotenoid
BSCs Biological soil crusts Chl Chlorophyll
N Nitrogen ANOVA  Analysis of variance

UV-B Ultraviolet-B

Introduction

Responsible editor: Philippe Garrigues

Biological soil crusts (BSCs) are widely and diffusely spread
in arid and semiarid regions as an association of soil particles
and diminutive organisms, formed by fungi, bacteria,
cyanobacteria, green algae, lichens, and mosses closely inte-
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Abstract

Aims Global climate change may greatly alter the struc-
ture and stability of drylands, creating an urgent need to
recover their functions and services. Biological soil
crust (biocrust), an interface between the soil and atmo-
sphere, plays a crucial role in ecohydrological process-
es, and thus in influencing the restoration dynamics of
dryland ecosystems. Previous studies have generally
investigated the influences of biocrust on
ecohydrological processes as an exogenous factor.
However, it remains unclear how biocrusts, as an inte-
gral part of many ecosystems (i.e., as a system state
variable), will change under global climate change.
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Methods This study developed a new ecohydrological
model with biocrust cover as a system state variable, and
explored the response of dryland ecosystems to altered
rainfall regimes.

Results Biocrust cover responded with an inverted U-
shaped curve relationship to increasing annual rainfall
and linearly to increasing rainfall frequency. Vascular
plant (grass and shrub) cover showed an increasing trend
with increasing annual rainfall and a decreasing trend to
increasing rainfall frequency. Therefore, biocrust usually
dominated over vascular plants (i.e., high biocrust cover
and low vascular plant cover) under low annual rainfall.
Furthermore, an increasing rainfall frequency would am-
plify the range of environmental (rainfall) conditions
dominated by biocrust from an annual rainfall 0—
100 mm under a rainfall frequency of 0.025 day ' to 0—
500 mm under a rainfall frequency of 1 day .
Conclusions This study developed a model framework
to predict dryland dynamics for surfaces covered by
biocrust under global climate change. We suggest that
restoration efforts could target at biocrust-dominated
state in deserts, especially in a (future) drier climate.

Keywords Biological soil crust - Rainfall frequency -
Global climate change - Drylands - Ecohydrological
model - Layered soils

Introduction

Drylands are the largest terrestrial biome of the Earth
covering around 40% of the terrestrial land surface and
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The differential effects of sand burial on CO,, CH,4, and N,O fluxes from
desert biocrust-covered soils in the Tengger Desert, China
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ARTICLE INFO ABSTRACT

Biocrusts are a crucial component of desert ecosystems, playing a significant role in greenhouse gas fluxes when
they cover soils. However, little is known about whether, and how sand burial, one of the most common dis-
turbances affecting the biodiversity and ecological function of biocrusts, influences fluxes of CO,, CH,4, and N,O
from the desert biocrust-covered soils. Based on measurements of the fluxes of three greenhouses gases from soils
covered with two kinds of biocrusts separately dominated by mixed (i.e., approximately 50% algal coverage and
50% lichen coverage of Endocarpon pusillum Hedw., here cyanobacteria are classed as algae) and moss (i.e.,
100% coverage of Didymodon vinealis (Brid.) Zand.) crusts respectively, followed by zero (control), 1 mm
(shallow burial), and 10 mm (deep burial) burial depths of sand, we studied the effects of short (20 days) and
relatively long periods (one year) of sand burial on the fluxes of three greenhouse gases as well as their re-
lationships with soil temperature and moisture at Shapotou on the southeastern edge of the Tengger Desert. The
results of this study showed that sand burial had a significantly positive effect on emission fluxes of CO, and a
negative effect on uptake of CH4 by soils covered with the two types of biocrusts (P < 0.05), but had a dif-
ferential effect on N,O fluxes depending on burial depth. Shallow burial dramatically increased N,O emissions
from the biocrust-covered soils (P < 0.05), but the opposite was observed under deep burial. As burial time
increased, the increase of CO, emissions decreased, but changes in fluxes of CH4 and N,O varied with biocrust
types and burial depths, respectively. In addition, results showed that CO, fluxes from the two biocrusts were
closely related to soil temperature and moisture; thereby increased with the raised soil temperature at 5 cm
depth and soil moisture caused by sand burial. In contrast, CH4 and N,O emissions were not clearly related to
temperature or moisture. Overall, the increase in global warming potential caused by sand burial indicates that
this kind of deposition may aggravate the greenhouse effect of desert areas covered with biocrusts.

Keywords:
Biocrusts

Sand burial
Greenhouse gas
Desert

1. Introduction

The existence of global climate change is widely accepted (IPCC,
2013). Greenhouse gases, as important drivers of this change, have
recently become one key research focus of environmental sciences.
Desert regions make potentially marked contributions to the volume of
global greenhouse gases and play an important role in climate change
feedback because of their huge areas and stored amounts of soil carbon
and nitrogen (Lal and Kimble, 2000; Wohlfarth et al., 2008). A number
of studies have suggested that desert soils are the main contributors to
soil respiration and contribute significantly to N,O and CH, fluxes in
desert (Peterjohn and Schlesinger, 1990, 1991; Strieg et al., 1992;
Hartley and Schlesinger, 2000; Abed et al., 2013). However, due to
their fragility and susceptibility, desert regions are more susceptible to
climate change compared with other ecosystems. Small absolute
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changes can lead to huge impacts on desert ecosystem function and
therefore feedback into climate change (Lal and Kimble, 2000; Belnap
et al., 2003).

In many desert areas around the world, soil surfaces are often
covered with biocrusts (Li, 2012). The biological community of these
crusts comprises cyanobacterium, algae, lichen, moss, fungi, and other
bacteria in differing proportions, which may dominate living desert
cover to 70% or more (Belnap et al., 2003). Thus, desert biocrusts make
important contributions to the circulation of energy, materials, and
nutrient flows in these regions and greatly benefit ecosystem pro-
ductivity. An increasing number of studies have shown that biocrusts
comprise major pools of soil organic carbon and nitrogen in deserts
(Belnap et al., 2003; Evans and Lange, 2003; Elbert et al., 2012; Li et al.,
2012) and play dominant roles in soil respiration (Castillo-Monroy
et al., 2011) and nitrogen cycling in many such ecosystems (Evans and
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Abstract. Biocrust moss is an essential soil surface bio-
cover. It can represent the latest succession stage among
the diverse range of surface-dwelling cryptogams (e.g.,
cyanobacteria, green algae, and lichen, which are also re-
ferred to as biocrusts), and it can make a major contribution
to soil stability and fertility in many arid sandy desert ecosys-
tems. The soil surface represents a very large ecological
niche that is poikilohydric in nature. Biocrust moss is there-
fore highly susceptible to drought and sand burial, which are
two ubiquitous stressors in arid sandy deserts. However, little
information is available regarding the mechanism by which
biocrust moss can survive and flourish in these habitats when
stressed simultaneously by the two stressors. The combined
effects of drought and sand burial were evaluated in a field
experiment using the predominant biocrust moss, Bryum
argenteum Hedw., in the Tengger Desert, China. Drought
was simulated by applying distilled water in three artificial
rainfall regimes at 8-day intervals in spring and autumn: 4
and 6 mm (average rainfall, control), 2 and 3 mm (double
drought), and 1 and 1.5 mm (4-fold drought), respectively.
The effect of sand burial was determined by applying six
treatments, i.e., sand depths of O (control), 0.5, 1, 2, 4, and
10 mm. The four parameters of chlorophyll a content, PSII
photochemical efficiency, regeneration potential, and shoot
upgrowth were evaluated in the moss. It was found that the
combined effects of drought and sand burial did not ex-
acerbate the single negative effects of the four parameters
tested. Drought significantly ameliorated the negative effects
of deep-sand burial on the retention of chlorophyll a content,
PSII photochemical efficiency, and the regeneration poten-
tial of B. argenteum. Sand burial diminished and even re-

versed the negative effects of drought on the maintenance
of chlorophyll a content, PSII photochemical efficiency, and
regeneration potential. Although drought and sand burial im-
posed an additive negative effect on shoot upgrowth, which
suggested a trade-off between growth ability and stress tol-
erance, their mutually antagonistic effect on the physiolog-
ical vigor of B. argenteum provided an opportunity for the
biocrust moss to overcome the two co-occurring stressors.
In addition to providing a strong stress tolerance, drought
and sand burial may provide an important mechanism for the
biodiversity maintenance of biocrust mosses in arid sandy
ecosystems.

1 Introduction

Drought is the most common stressor constraining biolog-
ical activity in dryland ecosystems (Whitford, 2002; Hux-
man et al., 2004). The predicted increase in the frequency
and severity of droughts is likely to generate more profound
consequences for community structure and ecosystem func-
tioning in arid and semiarid ecosystems (IPCC, 2007; Smith,
2011; Weber et al., 2016). In arid sandy ecosystems, drought
generally occurs alongside another ubiquitous disturbance,
sand burial, due to the lowering of the threshold friction
velocities of the upper soil surface (Belnap and Gillette,
1998; Li, 2012). Sand burial can alter various physical fac-
tors such as moisture, temperature, aeration, and other as-
pects of the plant and soil microenvironment. It can therefore
act as a filter eliminating sensitive species, and it plays a sig-
nificant role in determining the composition and distribution
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Abstract: Quantifying the water balance within areas with sparse vegetation requires frequent
measurement of transpiration in water-limited, arid, desert ecosystems. Field experiments were
conducted in Shapotou, northwestern China, to examine the feasibility of up-scaling the transpiration
of C3 and Cy xerophytic shrubs (Reaumuria soongorica and Salsola passerina, respectively) from the leaf
to the canopy level throughout the growing season in 2015. The large weighing lysimeter method and
LI-6400XT portable photosynthesis system were used to make relatively long-term measurements of
transpiration. The results indicated that meteorological factors coupled with stomatal conductance
affected the transpiration rate of the two shrubs at the leaf level, and that the vapor pressure deficit
other than net radiation and the air temperature affected the transpiration rate of S. passerina at the
canopy level. Precipitation and vegetation characteristics determined the transpiration amount of
the C3 and Cy4 xerophytic shrubs. The leaf gas exchange measurements were arithmetically scaled
up to the canopy level based on the leaf area. The validity of the extrapolation was evaluated by
comparing the upscale values of transpiration with the calculated values obtained from lysimeter
measurement. The up-scaling approach accurately (£0.005 mm h~!, RMSE = 35%) obtained canopy
transpiration from the leaf measurements. Our study suggests that the up-scaling method based on
leaf area can be adopted to determine the canopy transpiration of C3 and C4 xerophytic shrubs in
arid desert environments.

Keywords: transpiration; Lysimeter; LI-6400XT; Reaumuria soongorica; Salsola passerina

1. Introduction

Transpiration (T) is the process whereby water is transported from the soil to the plant, via
the roots, and to the atmosphere through the plant. It serves as an important component of
evapotranspiration (ET) and is a dominant force in the global water cycle, as it accounts for 61%
(£15% s.d.) of ET at the ecosystem scale and accounts for more than two-thirds of total surface water
ET for 85% of the catchments examined [1,2]. Partitioning T from ET is essential to understanding
the links between hydrological and ecological systems, because biological water use is inexorably
coupled with ecosystem productivity, yet it is difficult and problematic to use a single method to
determine their partitioning [3]. Remarkably, the ratio of T to ET ranged from 6% to 60% due to
seasonal patterns of precipitation, the differential water use of different plant types and varying ET
contributions in a Chihuahua Desert shrub-dominated community [4]. The ability to independently
measure soil evaporation (E) and canopy T is important for the detection of sparse vegetation water
balance [5]. However, areas covered by sparse vegetation, such as the Shapotou area of Tengger
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Evapotranspiration of xerophytic shrub Salsola passerina
and Reaumuria soongorica in an arid desert ecosystem
of NW China

Yanxia Jin, Xinping Wang, Yafeng Zhang, Yanxia Pan, Haojie Xu, Rui Hu
and Wei Shi

ABSTRACT

Understanding the actual evapotranspiration (ET) variation of the sparsely distributed xerophytic
shrubs is crucial to accurately upscale community ET to ecosystem scale. Here we quantified the
actual ET of two dominant xerophytic shrubs of Tengger Desert in northwestern China, i.e. Salsola
passerina and Reaumuria soongorica, by using four large weighing lysimeters. The results showed
that with the increase in precipitation from 140 to 171 mm in the year 2015/2016, the daily mean
evaporation (E) of the bare area, and ET of the single shrub communities of S. passerina,
R. soongorica, and the associated shrub community (S. passerina + R. soongorica) increased 50, 60,
44, and 47%, respectively; correspondently, the total E and ET increased 49, 61, 44, and 47%,
respectively. The variation of soil moisture within 0-40 cm depth plays a vital important role in
regulating the E and ET. The new shoot length, as one of important parameters of the xerophytic
shrub, was significantly exponentially related to the cumulative ET. From the long- and short-term
perspective, event-based precipitation and wind speed is the dominant driving factor on changes in E
and ET, respectively. Relative humidity is the main influencing factor for E and ET after a large rainfall
event within 8 days.
Key words | arid desert ecosystem, evapotranspiration, Reaumuria soongarica, Salsola passerina,
weighing lysimeter

INTRODUCTION

Yanxia Jin

Xinping Wang (corresponding author)

Yafeng Zhang

Yanxia Pan

Haojie Xu

Rui Hu

Wei Shi

Shapotou Desert Research and Experiment
Station, Northwest Institute of Eco-Environment
and Resources,

Chinese Academy of Sciences,

Lanzhou 730000,

China

E-mail: xpwang@Izb.ac.cn

Yanxia Jin

Haojie Xu

Wei shi

University of Chinese Academy of Sciences,
Beijing 100049,

China

Evapotranspiration (ET), including soil evaporation (E) and
plant transpiration (T), is a fundamental process of ecologi-
cal, hydrological and atmospheric systems and a major
component of water balance especially in the desert area,
where ET accounts for more than 95% of precipitation.
The controlling factors of ET are various in different ecosys-
tems, and dynamic from intra-annual to decade time scales
(Wilcox et al. 2003; Huxman et al. 2005; Ryu et al. 2008).
ET is one of the most problematic components of the hydro-
logical cycle, and is one of the most difficult variables to be
accurately quantified since it exhibits high spatial and tem-
poral variability (Gebler ef al. 2015).
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Numerous methods have been acquired to measure or
estimate ET (Shuttleworth 2008). At regional or global
scales, the remote sensing approach has been increasingly
used to map the spatial distribution of ET (Kramber ef al.
2010; Mariotto et al. 2011; Anderson et al. 2012a, 2012b;
Wang et al. 2013; Xiong et al. 2015). Nevertheless, using the
remote sensing method to accurately estimate ET in arid
regions with large barren or sparsely vegetated areas is still
a challenge for the areas characterized by high spatial het-
erogeneity of aerodynamic and land surface properties
(Vinukollu et al. 2011; Tian et al. 2013). At scales smaller
than 1 km? soil water balance, Bowen ratio energy balance
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ARTICLE INFO ABSTRACT

Afforestation with xerophytic shrubs in drylands to curb desertification and land degradation has been in-
creasingly implemented worldwide. However, the effects of this restoration practice on soil nitrogen miner-
alization and availability in desert areas remain poorly understood. We investigated the seasonal patterns of soil
inorganic N pools and net N nitrification and mineralization in mobile sand dune and three shurblands (affor-
ested in 1956, 1964 and 1981, respectively) in the Tengger Desert by using the in situ incubation method. Our
results showed that afforestation significantly increased the soil inorganic N pools, and net nitrification and
mineralization rates. Annual average values of NH,*-N, NO; -N and total inorganic N were 2.64-4.06,
3.37-7.74 and 3.06-6.12 times greater in afforested sites that those in mobile sand dunes, with NO3; ™ -N being
predominated in all sites and its proportion being increased with stand age. In mobile sand dune, annual soil net
N nitrification and mineralization rates were 1.25 and 1.87 mgNm~2d ™", respectively, while those in affor-
ested sites were 5.32-11.89 and 5.98-15.16 times higher, respectively, with nitrification predominated the N
mineralization process. Marked seasonality in inorganic N pools, net N nitrification and mineralization were
observed with the highest values in summer and the lowest in winter, which were closely linked to afforestation-
induced changes in soil temperature and moisture as well as surface litter, content of clay and silt, C: N and OC of
soil. The contrasting results for soil N transformations were observed during non-growing season, that was net N
immobilization for the mobile sand dune without afforestation and the shrubland established in 1981, while net
N mineralization for the shrublands established in 1964 and 1956, the latter two sites account for 2.65% and
9.68% of their total mineralization, respectively. These results suggested that afforestation with xerophytic
shrubs has positive effects on soil nitrogen availability and cycling in desert region. It also implied that the
afforestation-triggered recovery of biogeochemical cycling of N was a long-term process, and therefore soil
habitat conservation is a vital issue in desert ecosystems.

Keywords:
Afforestation
Vegetation restoration
Net N mineralization
Soil inorganic N
Tengger Desert

1. Introduction

Soil nitrogen (N) availability is a key factor influencing plant growth
in drylands where N is the first limiting nutrient (Robertson and
Groffman, 2007; Schlesinger and Bernhardt, 2013; Delgado-Baquerizo
et al., 2014). However, N availability is actually determined by net N
mineralization which transforms organic N to inorganic N from soil
organic matter (SOM) by soil microorganisms (Chapin III et al., 2011;
Liu et al., 2017a), therefore, any modification that influences N mi-
neralization will directly affect N availability and primary productivity
in drylands (Schimel and Bennett, 2004; Schlesinger and Bernhardt,
2013), and thus impact ecosystem functioning and long-term resilience

(Heitkamp et al., 2008; Chen et al., 2009; Schlesinger and Bernhardt,
2013).

Covering about one-third of the Earth's land surface, arid and semi-
arid regions serve as the largest biome type in the world (Reynolds
et al., 2007; Delgado-Baquerizo et al., 2014). However, most of these
regions have undergone degradation and desertification due to climate
change and improper land use and management (Nosetto et al., 2006; Li
et al., 2016). Ecological restoration through afforestation is a common
and effective method to combat desertification in many arid regions of
the world (Lal, 2004; Li et al., 2007; Li et al., 2016). Globally, this
restoration practice has been found to increase vegetation cover, pri-
mary productivity and SOM accumulation in drylands (Guo and
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Soil Respiration of Biologically-Crusted Soils in Response to Simulated
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ABSTRACT

Soil respiration (SR) is a major process of carbon loss from dryland soils, and it is closely linked to precipitation which often
occurs as a discrete episodic event. However, knowledge on the dynamic patterns of SR of biologically-crusted soils in response to
precipitation pulses remains limited. In this study, we investigated CO2 emissions from a moss-crusted soil (MCS) and a cyanobacteria-
lichen-crusted soil (CLCS) after 2, 4, 8, 16, and 32 mm precipitation during the dry season in the Tengger Desert, northern China.
Results showed that 2 h after precipitation, the SR rates of both MCS and CLCS increased up to 18-fold compared with those before
rewetting, and then gradually declined to background levels; the decrease was faster at lower precipitation amount and slower at higher
precipitation amount. The peak and average SR rates over the first 2 h in MCS increased with increasing precipitation amount, but
did not vary in CLCS. Total CO2 emission during the experiment (72 h) ranged from 1.35 to 5.67 g C m~2 in MCS, and from 1.11 to
3.19 g C m~2 in CLCS. Peak and average SR rates, as well as total carbon loss, were greater in MCS than in CLCS. Soil respiration
rates of both MCS and CLCS were logarithmically correlated with gravimetric soil water content. Comparisons of SR among different
precipitation events, together with the analysis of long-term precipitation data, suggest that small-size precipitation events have the
potential for large short-term carbon losses, and that biological soil crusts might significantly contribute to soil CO2 emission in the
water-limited desert ecosystem.

Key Words:  biological soil crusts, C cycling, CO2 emission, desert ecosystem, precipitation amount, soil water content

Citation: Li X J, Zhao Y, Yang H T, Zhang P, Gao Y P. 2018. Soil respiration of biologically-crusted soils in response to simulated
precipitation pulses in the Tengger Desert, northern China. Pedosphere. 28(1): 103-113.

INTRODUCTION balance.
In arid and semiarid ecosystems, soil water availa-
Arid and semiarid ecosystems cover about 40% of bility, which is directly linked to precipitation, is the

the Earth’s land surface (Reynolds et al., 2007), and principle variable driving ecosystem processes (Noy-
store 15.5% (equivalent to 232.5 Pg C) of the world’s Meir, 1973), including C dynamics (Bowling et al.,
total soil organic carbon (SOC) (Lal, 2004). They have 2011). Precipitation in these regions often occurs as a

long been considered as carbon (C) sources in the ter- discrete episodic event. Dry soils are irregularly inter-
restrial C cycle due to the low vegetation coverage rupted by precipitation pulses that elevate water avai-
(Schlesinger, 1990; Wang et al., 1999; Conant et al., lability for short periods and drive C effluxes (Sponse-
2000; Liu et al., 2002). Soil respiration (SR) is a ma- ller, 2007; Munson et al., 2010). Previous studies have
jor process of C loss from dryland soils (Conant et al., reported that, after wetting, SR increases up to 30 ti-
2000), and changes in SR can slow or accelerate the in- mes (Sponseller, 2007), and is several times greater
crease of atmospheric COs concentrations (Raich and than that of soil kept continually moist (Fierer and
Schlesinger, 1992; Trumbore et al., 1996; Cox et al., Schimel, 2003; Thomas and Hoon, 2010). This pulse-
2000; Raich et al, 2002), and have a large impact induced CO4 emission may contribute a significant por-
on soil C storage and fertility, since these soils have tion of the total annual COs release from soil, since
relatively low organic C contents (West et al., 1994; the soil in drylands often remains relatively dry for
Castillo-Monroy et al., 2011). Thus, quantifying likely prolonged periods (Fierer and Schimel, 2003; Spon-
responses of soil COs emission to controlling factors is seller, 2007; Thomas et al., 2008; Thomas and Hoon,
critical to our understanding of C budgets in dry eco- 2010). Consequently, investigations on C cycling in
systems and their significance to global C cycling and drylands should focus on the implications of such eve-
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ARTICLE INFO ABSTRACT

Soil organic carbon (SOC) plays an important role in the global carbon cycle and in mitigating climate change.
The Horqin Grassland is one of the largest grasslands in China and has undergone serious aeolian desertification
in recent decades. We conducted the largest field inventory to date, with the highest density of soil sampling, and
explored changes in SOC in the region over the 30-year gap between the 1980s and the 2010s. Our results
indicated that the mean SOC density to a depth of 20 cm decreased from 2.58 to 2.21 kg Cm ™2, while the total
SOC storage decreased from 311.11 to 266.70 Tg C, at an average of 12.29gCm ™ ?yr~!. We ranked the SOC
densities by ecosystem as woodland > grassland > cropland > sandy land. The decreased SOC storage in the
Horqin Grassland can be ascribed to a combination of increasing temperature, decreasing precipitation, an
expansion of the areas of extremely severely desertified land and cropland, and shrinkage of the grassland area.
Our results provide an important updated regional baseline for quantifying how SOC storage will respond to
future climate change and anthropogenic activities. Our results will also help policy makers determine how to
achieve sustainable development of agriculture, forestry, and animal husbandry based on carbon sequestration.

Keywords:

Soil carbon stock
Sandy grassland
Desertification
Horqin Sandy Land
Semiarid ecosystem

1. Introduction

Soil is the largest reservoir of organic carbon in terrestrial ecosys-
tems, as it holds about three times the amount stored in living vege-
tation (Lal, 2004a). It is therefore essential to understand changes in
soil organic carbon (SOC) as well as its role in the global carbon cycle
(Post and Kwon, 2000; Scharlemann et al., 2014). SOC accounts for
approximately two-thirds of the carbon involved in active exchanges
with the atmosphere in terrestrial ecosystems (Post et al., 1982). The
amount of SOC represents the long-term net balance between photo-
synthesis and total respiration (Schlesinger, 1990). Many studies
(Jobbagy and Jackson, 2000; Smith et al., 2008; Mufoz-Rojas et al.,
2015; Valtera and Samonil, 2018; Wang et al., 2018) have documented
the link between SOC dynamics and the build-up of atmospheric carbon
dioxide (CO,), and the soil's potential to act as a carbon sink for miti-
gating climate change.

The SOC pool is highly dynamic, reactive, and sensitive to land use,
climate change, and management. Deforestation, degradation of natural
ecosystems, and conversion of natural ecosystems into cultivated fields

and grazing land have generally decreased SOC (Guo and Gifford, 2002;
Smith et al., 2016), whereas afforestation and reforestation, re-estab-
lishing grasslands, and implementing conservation tillage can sequester
SOC (FAO, 2004; Cantarello et al., 2011; Deng and Shangguan, 2017;
Lu et al., 2018). Climate change can significantly affect the SOC level
through the ability of changes in temperature, rainfall patterns, and
CO,, concentrations to influence carbon inputs and outputs from soils
(Cao and Woodward, 1998; Soleimani et al., 2017).

Lal (2004b) reported that depletion of the global SOC pool, pri-
marily due to land misuse and soil mismanagement, has contributed
78 = 12Pg of C to the atmosphere since the industrial revolution,
versus global potential SOC sequestration that could reach
0.9 + 0.3PgCyr ' if we adopted restorative land use practices and
improved management practices. Kirschbaum (2000) created a model
in which a decrease of just 10% in SOC storage would be equivalent to
all the anthropogenic CO, emitted in the previous 30 years. Bellamy
et al. (2005) and Yang et al. (2009) summarized numerous findings
from small-scale laboratory incubations, field experiments, and mod-
eling studies that suggested climate warming is likely to be inducing
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ARTICLE INFO ABSTRACT

Handling Editor: Yvan Capowiez The spatial distribution of soil organic carbon (SOC) and its storage in the topmost 100 cm of the soil were

Keywords: investigated in the Horgin Grassland of northeastern China. Soil samples were collected at 1465 sites, covering
Sandy grassland 12.03 x 10*km? The region had a mean SOC density of 6.84kgCm ™2, which is lower than China's mean
Desertification (9.60 kg Cm~>) and the world's mean (10.40 kg Cm ~2). The mean SOC density was much higher in the northern

Carbon stock
Spatial pattern
Horqin Sandy Land

part of the study area (8.85 kg Cm™°) than in the southern part (4.84 kg Cm™>). The total SOC storage in the
Horgin Grassland was 862.74 Tg. SOC storage decreased with increasing soil sampling depth. The SOC stored in
the top 10, 20, 40, and 60 cm accounted for 17.7, 31.7, 53.8, and 71.3%, respectively, of the total amount in the
top 100 cm. The region's extensive desertification appears to be one of the most important factors that led to the
relatively low SOC content and the difference between the northern and southern parts of the Horqin Grassland.
Our results provide an important baseline for evaluating past losses of SOC due to desertification, and for
projecting the potential increase in SOC from the restoration of desertified land and how SOC will respond to

climate change.

1. Introduction

A large quantity of organic carbon is stored in the soil of the world's
terrestrial ecosystems. The soil organic carbon (SOC) pool in the top
100 cm totals about 1550 Pg, which is about twice the size of the at-
mospheric pool and three times the size of the biotic pool (Lal, 2004a).
Against the background of global warming, the relatively large size and
long residence time of the SOC pool make it an important sink for
carbon released into the atmosphere by anthropogenic activities (Post
et al., 1982). Changes in SOC storage are now taken into account in
international negotiations regarding climate change (Martin et al.,
2011). SOC and its potential to mitigate the build-up of atmospheric
carbon dioxide (CO,) through soil carbon sequestration have attracted
considerable scientific attention (Jobbagy and Jackson, 2000; Lal,
2004b; Smith et al., 2008; Schrumpf et al., 2011; Griineberg et al.,
2014; O'Rourke et al., 2015; Deng and Shangguan, 2017).

Accurate estimates of SOC storage and its changes are necessary to
support improved carbon management and climate change mitigation,
as well as to help parameterize the carbon cycle models that are being
used to guide climate policy (Schrumpf et al., 2011; Scharlemann et al.,

2014). Many studies have estimated SOC storage at regional (Yang
et al., 2009; Wiesmeier et al., 2015), national (Kern, 1994; Yu et al.,
2007; Martin et al., 2011), and global (Post et al., 1982; Mitra et al.,
2005; Scharlemann et al., 2014) scales. However, high uncertainty is
associated with the estimates, especially for global SOC storage, be-
cause of inconsistent methods and limited data for many regions. Most
studies have estimated global SOC at roughly 1500 Pg in the topmost
100cm of the soil, but estimates range from 504 to 3000 Pg
(Scharlemann et al., 2014). The estimates of SOC storage for the con-
tiguous United States range from 62.1 to 99.3 Pg (Kern, 1994), whereas
estimates for China's terrestrial ecosystems range from 50 to 180 Pg (Yu
etal., 2007) and estimates for global wetlands range from 202 to 535 Pg
(Mitra et al., 2005).

The inconsistencies among studies highlight the need for more de-
tailed regional-level measurements of SOC storage and its spatial dis-
tribution through in situ sampling. SOC levels depend on local climatic
conditions and other site-specific conditions, as well as on the type of
land-use and land management (Yu et al., 2007). Thus, spatially explicit
databases obtained from in situ measurements are important to help
researchers establish the relationships between the geographical
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ARTICLE INFO ABSTRACT

Biological soil crusts (BSCs), the pioneers of restoration of degraded vegetation, act as an organizing principle in
drylands largely through metabolic activities of microbial communities. However, little is known about the
microbial functional potential involved in biogeochemical processes during BSC succession in desert ecosystems.
Here, we utilized a functional gene array (GeoChip 5.0) in conjunction with determinants of microbial com-
munity compositions of BSCs along a revegetation chronosequence in the Tengger Desert, to address the fol-
lowing: (a) how the functional structure of the microbial community changes with BSC age in different soils and
(b) how genes involved in carbon (C)- and nitrogen (N)-cycling change and whether they promoted an increased
microbial metabolic potential during BSC succession in desert revegetation. The results showed that the relative
abundance of functional genes was determined by the microbial community compositions in the BSC develop-
ment process, and the significant differences in microbial functional genes were detected in 61-year-old BSCs
from other aged BSCs. Redundancy analysis indicated that the abundance of fungi and moss and soil physico-
chemical properties were the important factors determining differences in microbial functional structures.
Functional genes associated with C degradation and N denitrification were the major components involved in C
and N cycles, which were closely related to the increased fungal abundance during succession. The increased
gene abundance of 61-year-old BSCs in both C and N cycles promoted microbial metabolic potential. These
results indicated that fungi might be the key microbial mediators in C and N cycling in the later development of
BSCs, and microbial functional structure could be a potential indicator of revegetation sustainability in desert
ecosystems.

Keywords:

Biological soil crusts (BSCs)
Microbial community composition
Microbial functional structure
Carbon and nitrogen cycles

1. Introduction

In arid and semiarid areas, desertification is the main cause of land
degradation (Tang et al., 2018), and ecological restoration is regarded
as a global priority in the recovery of degraded ecosystems (Aronson
and Alexander, 2013). Biological soil crusts (BSCs), pioneers of re-
storation in degraded vegetation, act as an organizing principle in
drylands (Weber et al., 2016). BSCs are prominent surface features
composed of desiccation-tolerant biological mats of cyanobacteria, li-
chens, mosses, and other microorganisms that cement surface soil
particles in drylands (Weber et al., 2016). Formation of BSCs is a gra-
dually successional process often involving stages that vary from
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cyanobacteria-to lichen- or moss-dominated crusts associated with in-
creased soil nutrient, varied topsoil texture, and enriched microbial
communities (Liu et al., 2017a; Yair and Verrecchia, 2002). Principal
functions of BSCs include soil surface stability (Chamizo et al., 2017),
carbon (C) and nitrogen (N) fixation (Sancho et al., 2016), as well as
complex interactions with vascular plants (Li et al., 2005).

It is well known that BSCs contribute to soil fertility by increasing
nutrient availability via higher decomposition rates, such as by adding
newly fixed atmospheric C and N to underlying soils (Belnap, 2002,
2003a), or by harboring greater microbial and microfaunal populations
(Housman et al., 2007). Additionally, BSCs can significantly increase
biodiversity in dryland ecosystems, especially a rich flora of lichens and
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Abstract

Both the dominance and the mass ratio hypotheses predict that plant internal nutrient cycling in ecosystems is determined by
the dominant species within plant communities. We tested this hypothesis under conditions of extreme drought by assessing
plant nutrient (N, P and K) uptake and resorption in response to experimentally imposed precipitation reductions in two
semiarid grasslands of northern China. These two communities shared similar environmental conditions, but had different
dominant species—one was dominated by a rhizomatous grass (Leymus chinensis) and the other by a bunchgrass (Stipa
grandis). Results showed that responses of N to drought differed between the two communities with drought decreasing
green leaf N concentration and resorption in the community dominated by the rhizomatous grass, but not in the bunchgrass-
dominated community. In contrast, negative effects of drought on green leaf P and K concentrations and their resorption
efficiencies were consistent across the two communities. Additionally, in each community, the effects of extreme drought on
soil N, P and K supply did not change synchronously with that on green leaf N, P and K concentrations, and senesced leaf
N, P and K concentrations showed no response to extreme drought. Consistent with the dominance/mass ratio hypothesis,
our findings suggest that differences in dominant species and their growth form (i.e., rhizomatous vs bunch grass) play an
important nutrient-specific role in mediating plant internal nutrient cycling across communities within a single region.

Keywords Dominance/mass ratio hypothesis - Dominant species - Extreme drought - Nutrient cycling
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Differential responses of canopy nutrients to experimental drought along
a natural aridity gradient
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Abstract.  The allocation and stoichiometry of plant nutrients in leaves reflect fundamental ecosys-
tem processes, biotic interactions, and environmental drivers such as water availability. Climate change
will lead to increases in drought severity and frequency, but how canopy nutrients will respond to
drought, and how these responses may vary with community composition along aridity gradients is
poorly understood. We experimentally addressed this issue by reducing precipitation amounts by 66%
during two consecutive growing seasons at three sites located along a natural aridity gradient. This
allowed us to assess drought effects on canopy nitrogen (N) and phosphorus (P) concentrations in arid
and semiarid grasslands of northern China. Along the aridity gradient, canopy nutrient concentrations
were positively related to aridity, with this pattern was driven primarily by species turnover (i.e., an
increase in the relative biomass of N- and P-rich species with increasing aridity). In contrast, drought
imposed experimentally increased N but decreased P concentrations in plant canopies. These changes
were driven by the combined effects of species turnover and intraspecific variation in leaf nutrient con-
centrations. In addition, the sensitivity of canopy N and P concentrations to drought varied across the
three sites. Canopy nutrient concentrations were less affected by drought at drier than wetter sites,
because of the opposing effects of species turnover and intraspecific variation, as well as greater drought
tolerance for nutrient-rich species. These contrasting effects of long-term aridity vs. short-term drought
on canopy nutrient concentrations, as well as differing sensitivities among sites in the same grassland

biome, highlight the challenge of predicting ecosystem responses to future climate change.

Key words:
short-term drought, species turnover.

INTRODUCTION

Droughts are projected to increase in magnitude and fre-
quency in terrestrial ecosystems due to climate change
(IPCC, 2013). Because nitrogen (N) and phosphorus (P) are
essential nutrients for plant growth, maintenance, and repro-
duction (Reich and Oleksyn 2004, Li et al. 2017, Sardans
et al. 2017), understanding the effects of increasing drought
on the biogeochemistry of N and P is needed (Sardans and
Penuelas 2012). Patterns of plant nutrient allocation and
stoichiometry reflect the use of N and P to sustain plant
metabolism and growth (He et al. 2006, Yuan and Chen
2015). However, biogeochemical processes affecting N and P
availability can be constrained by low soil water (Farooq
et al. 2009), and in particular, the impact of drought on
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plant N and P concentrations (hereafter [N] and [P]) remains
unclear (Hartley et al. 2007, He and Dijkstra 2014).

During drought, low soil moisture and reduced microbial
activity are known to retard decomposition and mineraliza-
tion of organic matter, which in turn reduces the amount of
N and P readily available for plant uptake (Hartley et al.
2007, He and Dijkstra 2014). Drought suppression of nutri-
ent diffusion in soils, nutrient uptake by roots and nutrient
transport in plant tissues have also been well-studied (Hart-
ley et al. 2007, He and Dijkstra 2014). Plant N and P are
tightly linked to many essential plant processes (e.g., photo-
synthesis, signal transduction, energy storage, Elser et al.
2007). However, the movement of P in soils is more sensitive
to drought stress than that of N (Lambers et al. 2008, Bel-
nap 2011). Hence, shifts in plant [N] and [P] in response to
drought stress may differ in magnitude and direction.

To date, much research has focused on assessing nutri-
tional responses of individual species to drought, while such
studies at the plant canopy scale are less common. However,
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1 | INTRODUCION

Abstract

Drought impacts to plant growth can be indicated by changes in key functional traits.
However, previous research has focused on aboveground trait responses to precipita-
tion deficits, with less emphasis on concomitant belowground impacts and deep soil
drought from groundwater depletion. We assessed changes in a suite of aboveground
and belowground traits of a dominant plant, Phragmites communis, in response to an
experimental gradient of underground watertable depth. Our study occurred within
the northeastern Inner Mongolia region, where changes to groundwater tables have
been pervasive in recent years. In general, the results indicate that both aboveground
and belowground traits responded positively, yet eventually negatively, to continual
increases in watertable depth, indicative of reduced access to soil moisture as
watertable depths increased. Key adjustments include changes to the ratio of coarse
roots to fine roots, and the distribution of fine roots within the soil profile. These
changes in belowground traits had strong correlations with changes in aboveground
traits. In particular, specific root length of fine roots was positively correlated with leaf
area, height, and aboveground biomass, whereas root biomass was linked to leaf area,
specific root length of coarse roots, and root length density. Fine and coarse root pro-
duction also had positive and negative relationships with aboveground biomass,
respectively, suggestive of biomass allocation tradeoffs. We suggest that biomass pro-
duction responses of this species to changes in watertable depths may largely be
driven by interactions between the distribution of fine and coarse roots in the soil
profile and changes to leaf area.

KEYWORDS

drought, fine roots, root traits, underground watertable

belowground traits (Laliberté, 2017). Theory predicts that plants with

‘fast’ traits such as high specific leaf area (SLA: the ratio of leaf area

Plant functional traits are used to indicate the ability of plants to cap-
ture and retain essential resources (Kazakou et al., 2014; Kraft, Godoy,
& Levine, 2015; Reich et al., 2003). However, much attention has his-
torically focused on aboveground traits, leading to an increased recog-

nition about the need to better understand the dynamics of

to leaf dry mass), photosynthetic rate, and leaf nitrogen content will
rapidly acquire key resources, whereas plants with longer life span or
in resource poor habitats may exhibit opposite patterns of ‘slow’ traits
with more conservative resource use (Perez-Harguindeguy et al.,

2013). It is uncertain whether root traits fall along the same ecological

Land Degrad Dev. 2018;29:4015-4024.
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ARTICLE INFO ABSTRACT

Keywords:

Desert steppe ecotone
Niche hypervolume
Functional group
Leaf traits

Functional divergence

Quantifying niche space occupation based on assessments of multiple resource utilization traits can improve an
understanding of plant species coexistence within communities of varying resource availability. We used an
‘occupied functional niche space (OFS)’ method based on multiple leaf traits to examine how plant communities
accommodate changes in water availability within a desert-steppe ecotone spanning a limited geographic region.
Our study area (western Inner Mongolia) spanned a range of conditions from highly water-limited (desert, D) to
less water-limited (desert steppe, S), with two areas capturing the ecotonal boundary between these two ve-
getation types — partial desert (pD) and partial desert steppe (pS). We tested whether environmental filtering,
heterogeneity, or limiting similarity drove trait convergence versus divergence of OFS across a desert-steppe
ecotone. We quantified changes in plant community weighted means of both functional (specific leaf area and
leaf dry matter content) and stoichiometric (leaf nitrogen content and leaf carbon concentration) leaf traits. OFS
in the ecotonal areas (pS and pD) had larger volumes than the most mesic (S) subregion. However, divergence in
the centroid of OFS was apparent for the driest (D) subregion, relative to the other three sub-regions. Underlying
changes to OFS were changes in plant functional types, with more functional groups found in D and the fewest in
S. For community-weighted leaf traits, SLA was highest in the ecotone area (pD and pS), while lowest in D.
Further, community weighted means based on leaf dry matter content in D was the highest of all sub-regions,
while both community weighted means based on leaf nitrogen content and community weighted means based on
leaf dry matter content decreased as precipitation decreased, consistent with expectations. Our results suggest
that communities alter both the volume and the centroid of functional trait space to adjust to decreasing water
resource availability. We posit that limiting similarity (i.e. competitive exclusion) in water-resource use traits
among species, supported by changes in life histories, led to OFS divergence in the ecotonal areas (pS and pD)
and D, while environmental filtering may have led to convergence of OFS within the most mesic region (S) as
water-stress lessons. In total, our results contribute knowledge as to how plant communities alter trait space in
resource acquisition across climatic gradients, and underscores the utility of multi-trait approaches in under-
standing patterns of species coexistence in response to climatic changes.

1. Introduction

Trait-based approaches are now widely used to quantify plant
functional diversity (FD), and to elucidate rules governing the assembly
of ecological communities (Diaz et al., 2007; Mouchet et al., 2010;
Pérez-Harguindeguy et al., 2013; Villéger et al., 2008). Ecologists also
often use null models based on samples from a metacommunity species
pool to infer whether functional trait dispersion is convergent or di-
vergent within the same habitat (Coyle et al., 2014; Diaz et al., 2016).
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Functional trait convergence may arise in harsh habitats primarily as a
result of environmental filtering (Lhotsky et al., 2016), as only highly
specific traits (e.g. CAM photosynthetic pathway) may allow individual
survival and population persistence under certain conditions (Cornwell
and Ackerly, 2009). By contrast, the principle of limiting similarity
(Macarthur and Levins, 1967; Schellenberger Costa et al., 2017; Travis
and S.J., 2009) suggests that coexisting species develop different
functional strategies to minimize fitness differences and avoid inter-
specific competition, leading to functional trait divergence within a
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Abstract

Ground-dwelling arthropod communities are influenced by numerous biotic and abiotic factors. Little is known, however, about
the relative importance of vegetation structure and abiotic environmental factors on the patterns of ground-dwelling arthropod
community across a wide range of soil salinities. Here, a field survey was conducted to assess the driving forces controlling
ground-dwelling arthropod community in the salinized grasslands in the Hexi Corridor, Gansu Province, China. The data were
analyzed by variance partitioning with canonical correspondence analysis (CCA). We found that vegetation structure and edaphic
factors were at least of similar importance to the pattern of the whole ground-dwelling arthropod community. However, when all
collected ground-dwelling arthropods were categorized into three trophic guilds (predators, herbivores, and decomposers), as
these groups use different food sources, their populations were controlled by different driving forces. Predators and decomposers
were mainly determined by biotic factors such as vegetation cover and aboveground plant biomass and herbivores by plant
density and vegetation cover. Abiotic factors were also major determinants for the variation occurring in these guilds, with
predators strongly affected by soil electrical conductivity (EC) and the content of fine particles (silt + clay, CS), herbivores by soil
N:P, EC, and CS, and decomposers by soil EC and organic matter content (SOM). Since plant cover, density, and aboveground
biomass can indicate resource availability, which are mainly constrained by soil N:P, EC, CS, and SOM, we consider that the
ground-dwelling arthropod community in the salinized grasslands was mainly influenced by resource availability.

Keywords China - Grassland - Pitfall trap - Ground-dwelling arthropod trophic guilds - Variance partitioning

Introduction drive the patterns of ground-dwelling arthropod community
are formed by a wide range of factors. For example, the pat-
Ground-dwelling arthropods regulate key processes that con-  terns of ground-dwelling arthropod community are influenced

trol nutrient and energy flows in the food chain (Crawford by soil nutrient status (Liu et al. 2009; Tizado and Nufiez
1986; Greenslade 1992; Cheli et al. 2010). The forces that 2016), texture (Shapiro et al. 2000; Alekseev et al. 2006),
moisture (Mackay et al. 1986; Alekseev et al. 2006), and tem-
perature (Lessard et al. 2011), and by abiotic stresses such as
P — PE— e — soil salinity (Desender and Maelfait 1999; Mckenzie et al.
] b e o e 2003; Owoor e al. 2009 Petlon et al. 2008). Grond-
material, which is available to authorized users. dwelling arthropod community composition also depends on
plant diversity (Siemann 1998; Perner et al. 2005;

54 Qi Feng Padmavathy and Poyyamoli 2011), productivity (Siemann
gifeng@Izb.ac.cn 1998; Perner et al. 2005), and density (Yamamura 1999).
Factors influencing the patterns of ground-dwelling arthropod
community are usually achieved through combining vegeta-
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1 | INTRODUCTION

| Wang Xin-Ping | Zhang Ya-Feng | Hu Rui

Abstract

Being a potential water source in arid and semiarid regions, it is important to quantify
the amount of dew. The objective of this study was to determine the annual formation
characteristics of dew and the influence of vegetation reconstruction on dew forma-
tion in a revegetated desert area. Effects of condensing surface types associated with
different plant microhabitats were investigated. We found soil dew mainly depended
on air water vapour near soil surface, and primarily formed at 0-3 cm soil layer.
Dew formed on 128 days during a 1-year experiment period could be divided into 2
different periods; the monthly dew yield and the number of dew formation days were
highest from May to October, and the cumulative dew yield of July and August
accounted for nearly 50% of the annual dew vyield. Biological soil crusts facilitated
dew formation, with annual dew accumulation of 15.3, 11.9, and 9.6 mm on moss
crust, mixed crust, and dune sand, respectively. A longer daily dew production period
was found on moss crusts than mixed crusts and dune sand. Plant microhabitats also
influenced dew formation characteristics, less dew condense under plant canopies
than on dune sand, but the daily dew production period was longer under plant cano-
pies. The findings from this study will provide important and fundamental information
to support accurate assessment of the relative importance of dew and rainfall in
research on the hydrological cycle of this region, which will be a significant foundation

for vegetation protection and ecological restoration in drought environments.

KEYWORDS

formation characteristics, substrate surface, vegetation community, water vapour source

based atmospheric humidity (Garratt & Segal, 1988) on a radiatively

cooled substrate (Beysens et al., 2007). Atmospheric water vapour

Water is the main factor limiting plant and animal life in arid and semi-
arid regions, however, desert plants and animals widespread persist
even after long periods without rainfall, therefore, alternative water
sources must be available to the desert biome during extended dry
periods. A large number of studies have verified the importance of
dew as a supplement water source in arid and semiarid areas
(Pan, Wang, & Zhang, 2010; Temina & Kidron, 2011). Dew is usually
attached to the leaves of plants and the soil's surface or into shallow
soil and is the result of water condensing from air- (dewfall) or soil-

includes water vapour within the air near the ground surface and from
plant transpiration and respiration. Soil water vapour is found within
pores below the soil surface. The two streams of water vapour
exchange occur in opposite directions. Condensation processes
remove water vapour from the atmosphere and result in a negative
(downward) water vapour flux, whereas soil evaporation and transpira-
tion by the lower canopy result in a positive (upward) flux. The net
water vapour flux generally observed was a balance of these two
opposing fluxes (Wen et al., 2012).

Ecohydrology. 2018;11:1968.
https://doi.org/10.1002/ec0.1968
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Abstract Brassicaceae, one of the most diverse and economically valuable plant families, is distributed all over the
world. Previous studies have suggested that Brassicaceae originated and diversified in the Old World. In this study,
the phylogenetic relationships of 17 tribes of Brassicaceae from the Qinghai-Tibet Plateau (QTP) and adjacent areas
were investigated using nuclear ribosomal internal transcribed spacer (nriTS) and chloroplast DNA sequence data
(rbcL and petB-petD) with maximum likelihood, maximum parsimony, and Bayesian methods. As suggested by both
the nriTS and chloroplast DNA trees, Cardaria pubescens (C.A.Mey.) Jarm. (Lepidieae) and Draba lanceolata Royle
(Arabideae) should be classified in the Eutremeae and Cardamineae, respectively. Based on over 700 newly
sequenced and published nrITS sequences of Brassicaceae, an up-to-date comprehensive phylogeny of the family
was reconstructed using the maximum likelihood method. In the phylogenetic tree, 10 monophyletic tribes were
detected. They were used to clarify the lineage diversification and dispersal patterns of the 10 tribes. The results
showed that most of the monophyletic tribes may have originated in different regions of the world, and then
dispersed into other regions surrounding the QTP. Rapid lineage diversification rate shifts were detected in several
tribes, such as Anastaticeae, which experienced a rapid shift event ~1.38 Mya, corresponding to the rapid uplift of
the QTP, indicating that the recent uplift of the QTP could have promoted diversification in Brassicaceae across and

adjacent to the QTP.

Key words: Brassicaceae, dispersal pattern, eastern Asia, phylogenetic relationship, Qinghai-Tibet Plateau (QTP).

1 Introduction

The Brassicaceae comprise ~3700 species assigned to 321
genera in 51 tribes, including 22 species in 15 genera that have
not yet been classified into any tribe (Al-Shehbaz et al., 2006,
2014; German et al., 2014; Kiefer et al., 2014). In addition to its
species richness, the family is also of special interest for its
high economic and scientific value, including many important
vegetable crops (e.g., Brassica and Raphanus), sources of
industrial oils and spices (e.g., Brassica, Armoracia, and
Sinapis), several medicinal herbs (e.g., Rorippa and Erysimum),
and the model plant Arabidopsis thaliana (L.) Heynh. The
phylogenetic relationships in the family have been the focus of
interest of numerous scholars. Starting in the early 1990s, with
the advancement of molecular technology and the use of
additional markers for classification, some genera that were
originally based on morphology were suggested to be non-
monophyletic (Al-Shehbaz et al., 2006). Furthermore, molec-
ular markers have also suggested discordant phylogenetic
relationships within the Brassicaceae (Couvreur et al., 2010;
Liu et al,, 2011; Huang et al., 2016). For example, the tribe
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Alysseae was classified in Lineage | based on PISTILLATA first
intron sequences, but it was placed in a different lineage
(Lineage 1ll) based on trnSccy)trnGuuc) sequences (Liu et al.,
2011). Due to frequent interspecific and intergeneric hybrid-
ization within Brassicaceae, whole-genome duplications, and
rapid adaptive radiation events in their early evolutionary
history (Al-Shehbaz et al., 2006; Koch et al., 2007; Franzke
et al., 2009; Couvreur et al., 2010; Tsuda et al., 2014; Huang
et al, 2016), a clear understanding of the phylogenetic
relationships within the family has not been achieved.
Previous studies (Lysak & Koch, 2011) have documented
that crucifers are widely distributed in mountainous and
alpine regions worldwide, except in Antarctica. Based on
species diversity, it is speculated that the Brassicaceae
originated in the Irano-Turanian region, which is one of the
major diversification centers, with approximately 900 species
in approximately 150 genera (Franzke et al., 2009). The level of
diversification is also high in the Mediterranean region of
Europe, central and western Asia, and western North America
(Al-Shehbaz, 2011). As a major biodiversity hotspot, with
approximately 180 species of Brassicaceae in 76 genera, the
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As one of the hotspot regions for sympatric speciation studies, Evolution Canyon (EC)
became an ideal place for its high level of microclimatic divergence interslopes. In
this study, to highlight the genetic mechanisms of sympatric speciation, phenotypic
variation on flowering time and transcriptomic divergence were investigated between
two ecotypes of Ricotia lunaria, which inhabit the opposite temperate and tropical
slopes of EC | (Lower Nahal Oren, Mount Carmel, Israel) separated by 100 m at
the bottom of the slopes. Growth chamber results showed that flowering time of the
ecotype from south-facing slope population # 3 (SFS 3) was significantly 3 months
ahead of the north-facing slope population # 5 (NFS 5). At the same floral development
stage, transcriptome analysis showed that 1,064 unigenes were differentially expressed
between the two ecotypes, which enriched in the four main pathways involved in
abiotic and/or biotic stresses responses, including flavonoid biosynthesis, a-linolenic
acid metabolism, plant—-pathogen interaction and linoleic acid metabolism. Furthermore,
based on Ka/Ks analysis, nine genes were suggested to be involved in the ecological
divergence between the two ecotypes, whose homologs functioned in RNA editing,
ABA signaling, photoprotective response, chloroplasts protein-conducting channel, and
carbohydrate metabolism in Arabidopsis thaliana. Among them, four genes, namely,
SPDS1, FCLY, Tic21 and BGLU25, also showed adaptive divergence between R. lunaria
and A. thaliana, suggesting that these genes could play an important role in plant
speciation, at least in Brassicaceae. Based on results of both the phenotype of
flowering time and comparative transcriptome, we hypothesize that, after long-time local
adaptations to their interslope microclimatic environments, the molecular functions of
these nine genes could have been diverged between the two ecotypes. They might
differentially regulate the expression of the downstream genes and pathways that are
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Gravel mulching is a traditional method of water conservation in the semi-arid regions of China. In
this study, we investigated the soil microbial community in a field in China's Gaolan County which
has been gravel mulching for over a period of 18 yr. Compared with the non-mulch control, total
organic nitrogen (TON), microbial biomass carbon (MBC), and microbial biomass nitrogen (MBN)
were all significantly increased in the field with gravel mulching for over 13 yr. Moreover, after 18 yr,

the soil bulk density and sand content

increased significantly,

thus degrading the soil

microenvironment. Gravel mulch significantly altered the bacterial community structure and
composition, increased the abundance of Acidobacteria, Gemmatimonadetes, Bacteroidetes, and
Firmicutes, and decreased the abundance of Actinobacteria compared with the control. Gravel muich
also significantly changed the fungal community structure and composition; the soils were found to
have a greater abundance of Basidiomycota and Zygomycota and reduced abundance of Ascomycota
and Glomeromycota compared with the control soils after long-term gravel mulching. Redundancy
analysis (RDA) revealed that the bacterial genera after 18 yr of mulching were dominated by
Incertae_Sedis, Blastocatella, Desulfovibrio, Bacteroides, Gemmatimonas, Parabacteroides and
Alloprevotella, and that the composition of the bacterial community was related to soil pH, bulk
density, MBC and MBN. However, significant decreases in the diversity indices of Chao1, abundance-
based coverage estimator (Ace) and Shannon after 18 yr of mulching demonstrated negative effects

on the complexity of the soil microbial community.

Key Words: bacterial genera, fungal community, gravel mulching, soil bulk density, soil microbial community

Abbreviations: ACE — abundance-based coverage estimator, BD — bulk density, MBC — microbial biomass carbon, MBN —
microbial biomass nitrogen, OTU — operational taxonomic unit, PCoA — principal coordinate analysis, QIIME — Quantitative

INTRODUCTION

Gravel mulch is a traditional method of water
conservation that has been used for hundreds of years in
the Loess region of northwestern China, which lies in the
transitional zone between the arid and semi-arid regions.
In the Loess region, the mean annual precipitation is
between 250 and 350 mm, of which nearly 70% occurs
between June and September (Li and Gong 2002). The
annual pan evaporation ranges from 1500 to 2000 mm.
The gravel mulch used in the Loess region is a porous
layer of gravel that is approximately 10 cm thick that lies
on the soil surface. Mulch reduces the risk of crop failure,
which frequently occurs due to a combination of low
precipitation and high evaporation that creates severe
deficits in soil moisture. This mulching technique has
been promoted and widely adopted due to the lack of
sufficient water and high cost of irrigation in the Gansu

province. In the 1990s, 118 000 ha of mulched watermelon

fields were established in Gansu Province (Li 2003).
Gravel mulch effectively reduces water evaporation
and runoff, increases the soil temperature in crop fields,
retains soil moisture and affects the microenvironment (Li
2003; Wang et al. 2008; Ma and Li 2011). The efficiency of
mulching varies widely, depending on the characteristics
(position, thickness, particle size, coverage degree and
roughness) of the gravel mulch (Yuan et al. 2009; Xie et al.
2006, 2010). Yuan et al. (2009) reported that gravel
mulches reduced evaporation by 49.1-83.6% compared
with the bare soil. In a study conducted in the semi-arid
Loess region of northwestern China, the soil temperature
at a depth of 10 cm was 0.54.5 °C warmer than that at a
comparable depth below bare topsoil when the topsoil
was covered with gravel mulch (Li 2003). In addition, Ma
and Li (2011) found that gravel-sand mulches conserved
soil water compared with the bare soil and that the soil
water content increased with increasing mulch thickness.
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Abstract

Qiu Y., Xie Z., Wang Y. (2018): Influence of gravel mulch on rainfall interception under simulated rainfall. Soil &

Water Res.

To understand the hydrological outcomes of interception by gravel mulches, rainfall simulation experiments

were conducted in the loess regions of northwestern China. The rainfall interception decreased with gravel size

but increased with the thickness of the gravel mulch layer, following two exponential functions. Interception
was 15.1% of the gross rainfall at 1 cm thickness, followed by 17.2, 20.9, 30.5 and 45.6 % at 3, 5, 7 and 10 cm
thickness, respectively. For the equivalent gravel grain size of 3.43 mm, relative interception was 45.6%, which
was about 1.1, 1.2, 1.4 and 2.3 times higher than that for the equivalent grain size of 11.01, 19.31, 32.8 and

43.72 mm, respectively.

Keywords: gravel; interception; loess plateau; rainfall simulation

Rainfall intercepted, stored and subsequently evapo-
rated from gravel mulch can be termed as intercep-
tion of gravel mulch (L1 et al. 2000). Gravel mulch is
a traditional water-conservation technique that has
been used for over 300 years in the Loess Plateau
region of northwestern China. Many studies showed
a gravel mulch to be effective in reducing evapora-
tion and increasing soil temperature (LIGHTFOOT
& EpDY 1994; YUAN et al. 2009; XIE et al. 2010; MA
& L1 2011; QiU et al. 2014). YUAN et al. (2009) re-
ported that gravel mulches reduced evaporation by
49.1 to 83.6% compared with the bare soil. However,
little work has been carried out on rainfall intercep-
tion loss by a gravel mulch layer itself. A field study
of rainfall interception during naturally occurring
rainfall events revealed that rainfall interception
by a gravel mulch accounts for 14-36% of rainfall
(L1 et al. 2005). This highlights the importance of
estimates of interception losses by gravel mulches.
However, the interception losses by gravel mulches
are difficult to measure precisely in the field during
naturally occurring rainfall events, because the ignored

100

evaporation during the natural rainfall events would
bring deviation and the rainfall intensity effects were
not considered. The objective of this research is to
quantify the interception losses by gravel mulches in
response to varying gravel size, thickness and rainfall
intensity under simulated rainfall.

MATERIAL AND METHODS

This study was conducted at the Gaolan Research
Station of Ecology and Agriculture, Chinese Academy
of Sciences (36°13'N, 103°47'E). Measurements of
rainfall interception by gravel mulches were done
according to methods proposed by L1 et al. (2000).
The gravel-mulch storage capacity was determined
by the method of LEYTON et al. (1967). A 2 x 3 m
steel tank with its longer sides parallel to the slope
(15 %) was used to measure runoff. In our study, we
used equivalent grain size (d,) to describe the gravel
samples, assuming the gravels are all spheroid, and
the d, is the diameter of the corresponding equiva-
lent sphere.
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1 | INTRODUCTION
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Abstract

Rainfall is considered as the dominant water replenishment in desert ecosystems,
and the conversion of rainfall into soil water availability plays a central role in
sustaining the ecosystem function. In this study, the role of biological soil crusts
(BSCs), typically formed in the revegetated desert ecosystem in the Tengger Desert
of China, in converting rainfall into soil water, especially for the underlying soil
moisture dynamics, was clarified by taking into account the synthetic effects of
BSCs, rainfall characteristics, and antecedent soil water content on natural rainfall
conditions at point scale. Our results showed that BSCs retard the infiltration
process due to its higher water holding capacity during the initial stage of infiltra-
tion, such negative effect could be offset by the initial wet condition of BSCs.
The influence of BSCs on infiltration amount was dependent on rainfall regime
and soil depth. BSCs promoted a higher infiltration through the way of prolonged
water containing duration in the ground surface and exhibited a lower infiltration
at deep soil layer, which were much more obvious under small and medium rainfall
events for the BSCs area compared with the sand area. Generally, the higher
infiltration at top soil layer only increased soil moisture at 0.03 m depth; in conse-
quence, there was no water recharge for the deep soil, and thus, BSCs had a
negative effect on soil water effectiveness, which may be a potential challenge
for the sustainability of the local deep-rooted vegetation under the site specific

rainfall conditions in northwestern China.

KEYWORDS

biological soil crusts, infiltration dynamics, natural rainfall, soil moisture, soil water effectiveness

Zhang, Zhao, Liu, Fang, & Feng, 2016). Therefore, the reasonable

management of limited rainfall into soil water has always been the

Soil moisture is a fundamental hydrological state variable that controls
various critical zone processes including plant transpiration and photo-
synthesis, energy balance, and nutrient cycling (Austin et al., 2004;
Seneviratne et al., 2010; Q. Zhu, Nie, et al., 2014). Desert ecosystem
is characterized as a water-limited ecosystem with low water input
(Noy-Meir, 1973). In desert ecosystems, soil moisture, especially soil
water availability, is of critical importance in sustaining ecological
processes and vegetation dynamics (Loik, Breshears, Lauenroth, &
Belnap, 2004; Ratzmann, Gangkofner, Tietjen, & Fensholt, 2016;

central issue in arid desert areas.

Biological soil crusts (BSCs), composed of associations of
cyanobacteria, microfungi, lichens and mosses with soil particles, cover
the first millimetres of topsoil (Lichner et al., 2013) and are ubiquitous
cover types in desert ecosystems (Aguilar, Huber-Sannwald, Belnap,
Smart, & Moreno, 2009). The existence of BSCs significantly change
the surface soil characteristics, such as increasing C and N stocks,
changing soil texture and aggregate stability, which contribute to

enhancement in soil stability and improvement in soil fertility

Hydrological Processes. 2018;32:1363-1374.
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Abstract

w-3 fatty acid desaturases (FADs) are thought to contribute to plant stress tolerance mainly through linolenic acid
(C18:3)-induced membrane stabilization, but a comprehensive analysis of their roles in stress adaptation is lacking.
Here, we isolated a microsomal w-3 FAD gene (CbFAD3) from a cryophyte (Chorispora bungeana) and elucidated its
functions in stress tolerance. CbFAD3, exhibiting a high identity to Arabidopsis AtFAD3, was up-regulated by abiotic
stresses. Its functionality was verified by heterogonous expression in yeast. Overexpression of CbFAD3 in tobacco
constitutively increased C18:3 in both leaves and roots, which maintained the membrane fluidity, and enhanced plant
tolerance to cold, drought, and salt stresses. Notably, the constitutively increased C18:3 induced a sustained activa-
tion of plasma membrane Ca?*'-ATPase, thereby, changing the stress-induced Ca?* signaling. The reactive oxygen
species (ROS) scavenging system, which was positively correlated with the level of C18:3, was also activated in the
transgenic lines. Microarray analysis showed that CbFAD3-overexpressing plants increased the expression of stress-
responsive genes, most of which are affected by C18:3, Ca®*, or ROS. Together, CbFAD3 confers tolerance to multiple
stresses in tobacco through the C18:3-induced integrated regulation of membrane, Ca?, ROS, and stress-responsive
genes. This is in contrast with previous observations that simply attribute stress tolerance to membrane stabilization.

Keywords: ®-3 FAD gene, Ca®* signaling, Chorispora bungeana, multiple-stress tolerance, ROS, stress-responsive gene.

Introduction

Environmental stresses, such as low temperature, drought, and
salinity, severely limit plant growth and productivity. To with-
stand these abiotic stresses, plants have evolved both constitu-
tive and inducible mechanisms that prevent or reduce adverse
effects. As the outer boundary of plant cells, the cell membrane
is the primary sensor of environmental stresses, and its stabi-
lization is required for the survival of the plant (Zhang et al.,
2005; Shi et al., 2008). Membrane stabilization, especially the
maintenance of its integrity and function, is affected by lipid

composition and the degree of fatty acid desaturation (Mikami
and Murata, 2003; Shi et al., 2008). Therefore, fatty acid desat-
uration caused by fatty acid desaturases (FADs), represented
mainly by an increase in linolenic acid (C18:3),is considered as
one of the factors involved in the tolerance of plants to many
environmental stresses (Zhang ef al., 2005; Upchurch, 2008).
Three w-3 FADs that catalyse the conversion of linoleic
acid (C18:2) to C18:3 have been identified in Arabidopsis:
two are plastidial desaturases, FAD7 and FADS, and one is

© The Author(s) 2018. Published by Oxford University Press on behalf of the Society for Experimental Biology.
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 reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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Abstract

Plant species affect soil bacterial diversity and compositions. However, little is
known about the role of dominant plant species in shaping the soil bacterial com-
munity during the restoration of sandy grasslands in Horgin Sandy Land, northern
China. We established a mesocosm pots experiment to investigate short-term re-
sponses of soil bacterial diversity and composition, and the related soil properties in
degraded soils without vegetation (bare sand as the control, CK) to restoration with
five plant species that dominate across restoration stages: Agriophyllum squarrosum
(AS), Artemisia halodendron (AH), Setaria viridis (SV), Chenopodium acuminatum (CA),
and Corispermum macrocarpum (CM). We used redundancy analysis (RDA) to analyze
the association between soil bacterial composition and soil properties in different
plant species. Our results indicated that soil bacterial diversity was significantly
lower in vegetated soils independent of plant species than in the CK. Specifically, soil
bacterial species richness and diversity were lower under the shrub AH and the her-
baceous plants AS, SV, and CA, and soil bacterial abundance was lower under AH
compared with the CK. A field investigation confirmed the same trends where soil
bacteria diversity was lower under AS and AH than in bare sand. The high-sequence
annotation analysis showed that Proteobacteria, Actinobacteria, and Bacteroidetes
were the most common phyla in sandy land irrespective of soil plant cover. The
OTUs (operational taxonomic units) indicated that some bacterial species were spe-
cific to the host plants. Relative to bare sand (CK), soils with vegetative cover exhib-
ited lower soil water content and temperature, and higher soil carbon and nitrogen
contents. The RDA result indicated that, in addition to plant species, soil water and
nitrogen contents were the most important factors shaping soil bacterial composi-
tion in semiarid sandy land. Our study from the pot and field investigations clearly
demonstrated that planting dominant species in bare sand impacts bacterial diver-
sity. In semiarid ecosystems, changes in the dominant plant species during vegeta-
tion restoration efforts can affect the soil bacterial diversity and composition through
the direct effects of plants and the indirect effects of soil properties that are driven

by plant species.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
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The agro-pastoral ecotone of northern China is one of the areas most sensitive to global temperature
change. To analyze the temporal and spatial trends of extreme temperature events in this area,

we calculated the values of 16 extreme-temperature indices from 1960 to 2016 based on data from

45 national meteorological stations. We found that the coldest-temperature indices decreased
significantly and the warmest-temperature indices increased significantly. The warming of night
temperatures contributed more than warming of day temperatures to the overall warming trend.

In addition, the warm-temperature indices appeared to be increasing since the late 1980s and early
1990s. Overall, though the four extremal indices showed an increasing trend, the rate of change in

the minimum temperature was greater than that of the maximum temperature; thus, the minimum
temperature contributed most strongly to the overall temperature increases. The growing season is
being prolonged in higher-elevation areas, but vegetation maturation in lower-elevation areas has been
accelerated by the high temperatures, potentially leading to a shorter growing season at low altitudes.
However, the impacts of land-use changes caused by human activities on the temperature increases will
require additional study.

Climate change and human land-use activities are interacting strongly, in unprecedented ways, with rapid
changes in living conditions and in the structure and function of ecosystems'. According to the third assessment
report by IPCC, the global average temperature has risen by 0.6 £ 0.2 °C over the past 100 years, with the temper-
ature in China rising slightly more (by 0.5 to 0.8°C) than the global rate?. Simultaneously, extreme climate events
have become more and more frequent, with heat waves, storms, outbreaks of pests, and other disasters caused by
extreme weather becoming commonplace in recent years’. & ese events have had huge impacts on the world’s
ecosystems and social systems. & erefore, researchers have increasingly focused on how to deal with the impacts
of climate change, and especially extreme climate events, on ecosystems and human livelihoods, with the goal of
promoting sustainable development of society and ecosystems*1°.

In China, both the frequency and the intensity of extreme climate events have changed significantly since the
1960s, but the trends have differed among regions!!. Since the northern agro-pastoral ecotone, a key area for China’s
food security, is situated in a transition zone between areas with semi-arid and arid climates, this region is very
sensitive to climate change. & e transition zone includes lands that have undergone erratic but often unsustainable
land use due to decades of alternations and upheavals caused by agriculture and animal husbandry. Owing to climate
warming, regional drying, and increasing population pressure, the cultivated area has gradually expanded and the
pastoral areas have shrunk. Variations of land use patterns and the intensity of the land uses would change the hydro-
logic and thermal balances of the land in this region'?. For example, land-use changes are primary driving forces for
changes in the near-surface climate!’. In addition, these changes will profoundly affect disease incidence, such as the
spread of malaria in tropical Africa, beginning well before 2050'. In developed countries such as the United States,
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Abstract

The spatial pattern of soil organic carbon (SOC) and total nitrogen (TN) densities plays a
profound important role in estimating carbon and nitrogen budgets. Naiman Banner located
in northern China was chosen as research site, a total of 332 soil samples were takenin a
depth of 100 cm from the low hilly land in the southern part, sandy land in the middle part
and an alluvial plain in the northern part of the county. The results showed that SOC and TN
density initially decreased and then increased from the north to the south, The highest densi-
ties, were generally in the south, with the lowest generally in the middle part. The SOC and
TN densities in cropland were significantly greater than those in woodland and grassland in
the alluvial plains and for Naiman as a whole. The woodland SOC and TN density were
higher than those of grassland in the low hilly land, and higher densities of SOC and TN in
grassland than woodland in the sandy land and low hilly land. There were significant differ-
ences in SOC and TN densities among the five soil types of Cambisols, Arenosols, Gley-
sols, Argosols, and Kastanozems. In addition, SOC and TN contents generally decreased
with increasing soil depth, but increased below a depth of 40 cm in the Cambisols and
became roughly constant at this depth in the Kastanozems. There is considerable potential
to sequester carbon and nitrogen in the soil via the conversion of degraded sandy land into
woodland and grassland in alluvial plain, and more grassland should be established in
sandy land and low hilly land.

Introduction

Soil is a huge C pool and plays an important role in global warming due to greenhouse gas
emission and mutual impact on nitrogen cycle. For example, soil emission of carbon dioxide
into the atmosphere is estimated to be six times the amount derived from fossil fuels [1, 2].
The global soil carbon pool (2500 Gt) is three times the size of the atmospheric carbon pool
(760 Gt), 4.5 times of the biotic pool (560 Gt) [3]. In addition, restored SOC and TN are
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1 | INTRODUCTION

Abstract

Echinops gmelini Turcz. is an annual Asteraceae species widely distributed in the
desert habitats of northern China. However, little is known about how this species
adapts to harsh desert habitats. In this study, E. gmelini germination behaviors were
observed in a natural population at the southeastern edge of the Tengger Desert. In
addition, the effects of temperature, light, hydration—dehydration (H-D) cycles and
different storage conditions on seed germination were tested in the laboratory.
E. gmelini behaves as a winter annual, and its seeds germinate during the summer
and early autumn in the field. Fresh seeds have non-deep physiological dormancy
(PD). A 15-day dry storage treatment under laboratory conditions was required to
break PD. Non-dormant seeds can germinate rapidly and at a high rate in light at
30/20°C. Dry storage with seasonal temperature changes had little effect on seed
germination and dormancy. However, under natural field conditions, greater and
faster germination at a wide range of temperatures was observed after seeds were
stored for 1-2 months, which allows seeds to germinate during short periods of
moisture availability; seeds were induced into secondary dormancy after storage
for 3 months which may prevent germination in autumn. Furthermore, seed germi-
nation was reduced and became faster after exposure to four or more H-D cycles.
Our results suggest that precipitation is the key factor in determining E. gmelini
seed germination time in natural habitats, and they provide information about the
strategies that annual plants need to adapt to climatically unpredictable environ-
ments in temperate deserts.

KEYWORDS

dormancy, Echinops gmelini Turcz., germination, temperate desert, winter annual

for germination and seedling survival (Adondakis & Ven-
able, 2004; Baskin & Baskin, 2000; Cohen, 1966; Venable,

Seed dormancy and germination are critical elements of the
plant life cycle, and the responses of these processes to envi-
ronmental conditions are crucial for successful recruitment
(Commander, Golos, Miller, & Merritt, 2017). This is partic-
ularly true for annual plants, for which seeds provide the
only link to future years. Many species have mechanisms
that allow seeds to remain dormant to overcome climate con-
straints (Baskin & Baskin, 2000). This strategy likely allows
for dispersal of the germination risk over time and ensures
that some seeds germinate when the conditions are favorable

2007). Thus, dormancy is crucial in the formation of soil
seed banks, and long-lived seed banks maintained by annual
desert plants are often regarded as evolutionary bet-hedging
strategies against unpredictable environmental variations or
harsh climatic regions (Gutiérrez & Meserve, 2003; Mott,
1974; Venable, 1985; Went, 1948). For instance, the avail-
able rainfall varies substantially among years in both amount
and timing and acts as the primary limiting factor for seed
germination in desert areas (Gutterman, 1993). The tempera-
ture s factor determining

another environmental
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ARTICLE INFO ABSTRACT

Improving our understanding of present and future impacts of drought on the vegetation in northern China is
heightened by expectations that drought would increase its vulnerability and subsequently accelerate land de-
gradation. The response of vegetation activity to drought and the underlying mechanisms are not well known. By
using the third-generation Normalized Difference Vegetation Index (NDVI) and the Standardized Precipitation
Evapotranspiration Index (SPEI), we investigated the relationship between NDVI and SPEI, across different
climate regimes and land cover types, and determined the dominant time-scales at which different biome types
respond to drought during the period of 1981-2014. Our results showed that biome response is coupled with
drought trends in most regions of northern China. The highest correlation between monthly NDVI and SPEI at
different time scales (1-48 months) assessed the impact of drought on vegetation, and the time scales resulting in
the highest correlation were an effective indicator of drought resistance, which was related to the interactive
roles of mean water balance and divergent drought survival traits and strategies. Diverse responses of vegetation
to drought were critically dependent on characteristic drought time-scales and different growing environments.
This study highlighted the most susceptible ecosystem types to drought occurrence under current climate, in-
cluding temperate steppes, temperate desert steppes, warm shrubs and dry forests. Given that drought will be
more frequent and severe under future climate scenarios, it may threaten the survival of mesic ecosystems, such
as temperate meadows, alpine grasslands, dwarf shrubs, and moist forests not normally considered at drought
risk. We propose that future research should be focused on arid and semi-arid ecosystems, where the strongest
impact of drought on vegetation is occurring and the need for an early warning drought system is increasingly
urgent.

Keywords:

Climatic extremes
Dryland ecosystems
Landscape vulnerability
Functional diversity
Water balance

1. Introduction Ahlstrom et al., 2015; Huang et al., 2016). Therefore, understanding the

response of dryland ecosystems to drought is important for assessing

More frequent and severe drought has been forecast in the 21st
century, particularly in the mid-latitudes (Sheffield and Wood, 2008).
Increases in drought are driven primarily by decreased precipitation
with increased evapotranspiration from higher temperatures (Trenberth
et al.,, 2014). Drought is recognized as the world’s most costly and
pressing natural hazard that influences water resource systems, agri-
cultural production and natural ecosystems (Mishra and Singh, 2010).
Water availability acts as the main driver of vegetation distribution and
productivity in arid and semi-arid regions (Neilson, 1995; Churkina and
Running, 1998). Evidence is accumulating that semi-arid ecosystems
dominate the trend and inter-annual variability in the land CO, sink,
and are highly sensitive to drought trends (Zhao and Running, 2010;
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vegetation vulnerability to climate extreme events (Smith et al., 2014)
and has strong implications for enhancing drought mitigation and
preparedness (Wilhite et al., 2007).

Northern China is located in the mid-latitude East Asia with arid,
semi-arid and dry sub-humid regions accounting for approximately
34%, 27% and 16% of its total land area, respectively. The Taklimakan
and Gobi Deserts constitute two major dust sources over East Asia
(Tanaka and Chiba, 2006). The vegetation in northern China plays a
pivotal role in the prevention and control of land degradation (Wang
et al., 2015), which has a significant effect on the national ecological
security (Miao et al., 2015). Soil water availability is a primary con-
straint on the survival of sand-binding vegetation (Li et al., 2013).
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ABSTRACT

Background: Tamarix ramosissima is a desert forest tree species that is widely distributed in the drought-stricken
areas to sustain the fragile ecosystem. Owing to its wide usage in the desert restoration of Asia, it can be used as
an ecophysiological model plant. To obtain reliable and accurate results, a set of reference genes should be
screened before gene expression. However, up to date, systematical evaluation of reference genes has not been
conducted in T. ramosissima.

Results: In this study, we used eigenvalues derived from principal component analysis to identify stable
expressed genes from 72,035 unigenes from diurnal transcriptomes under natural field conditions. With
combined criteria of read counts above 900 and CV of FPKM below 0.3, a total of 7385 unigenes could be
qualified as candidate reference genes in T. ramosissima. By using three statistical algorithm packages, geNorm,
NormFinder, and BestKeeper, the stabilities of these novel reference genes were further compared with a panel
of traditional reference genes. The expression patterns of three aquaporins (AQPs) suggested that at least UBQ
(high expression), EIF4A2 (low expression), and GAPDH (moderate expression) could be qualified as ideal
reference genes in both RT-PCR and RNA-seq analysis of T. ramosissima.

Conclusions: This work will not only facilitate future studies on gene expression and functional analysis of genetic
resources of desert plants but also improve our understanding of the molecular regulation of water transport in
this plant, which could provide a new clue to further investigate the drought adaptation mechanism of desert
plant species under harsh environments.

How to cite: Yan X, Qian C, Yin X, et al. A whole-transcriptome approach to evaluating reference genes for
quantitative diurnal gene expression studies under natural field in Tamarix ramosissima leaves. Electron ]
Biotechnol 2018;35. https://doi.org/10.1016/j.ejbt.2018.08.004.

© 2018 Pontificia Universidad Catélica de Valparaiso. Production and hosting by Elsevier B.V. All rights reserved.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

activities and physiological output [1,2]. Most transcripts were
diurnally expressed following those signals in plants. In the dicot

Gene expression analysis is increasingly important in many fields of
biological research. Understanding gene expression patterns is
expected to provide insights into complex regulatory networks and
helps to identify genes that are relevant to new biological processes.
Plants fluctuate diurnally for approximately 24 h under diurnal signals
such as light-dark or temperature cycles with diverse biological
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E-mail address: maxiaofei@lzb.ac.cn (X.-F. Ma).
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model Arabidopsis thaliana, this number amounts to approximately
80% [3,4,5,6]. In rice, poplar, maize, tomato, and soybean, similar
results were observed [7,8,9,10]. In addition to rhythmic changes,
complex and noise environmental signals also affect gene expression.
Many studies have dissected these signals under artificial constant
conditions to further investigate the contribution of environmental
factors to the molecular mechanism in plants [2,11,12]. However,
many results showed discrepancy with those obtained under natural
field conditions, which is even more serious in transgenic crop
plants [13,14,15,16]. Natural conditions are increasingly taken into

0717-3458/© 2018 Pontificia Universidad Catélica de Valparaiso. Production and hosting by Elsevier B.V. All rights reserved. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ARTICLE INFO ABSTRACT

Handling editor: Bryan Griffiths Human activities disturb Biological soil crusts (biocrusts) in desert areas throughout the world. To assess the
effects of trampling on biocrusts and its consequence on sandy soil quality, soil beneath trampling to early-
successional cyanobacteria-lichen crusts and late-successional moss crusts was served as the research object in
vegetation areas of the Tengger Desert. Trampling intensity was divided into non-trampling, medium trampling
and severe trampling of biocrusts. We analyzed changes in soil microbial biomass, enzyme activities and ne-
matode communities one year after trampling biocrust. The results showed that trampling biocrusts reduced soil
microbial biomass carbon (C) and nitrogen (N), lowered soil urease, invertase, catalase and dehydrogenase
activity, as well as reduced soil nematode abundance, generic richness, Shannon-Weaver index (H”) and
Maturity index (MI) in the study areas, and severely-trampled biocrusts caused a strong decline in these para-
meters (p < 0.05). The declined soil available phosphorus (P), available N, total N and P may be the major
factors that cause the observed reduction in soil microbial and nematode parameters. Impact was correlated with
trampling intensity or successional stages of biocrusts. The studied soil microbial and nematode parameters were
negatively correlated with trampling intensity. Furthermore, soil microbial biomass, the four enzyme activities,
nematode abundance and generic richness were significantly greater underneath trampled/untrampled moss
crusts than corresponding trampled/untrampled cyanobacteria-lichen crusts, indicating late-successional crusts
have a higher tolerance to trampling disturbance compared to early-successional crusts. Overall, these results
suggest that trampling biocrusts lead to a degradation of sandy soil quality in desert ecosystems.

Keywords:

Biocrusts

Human trampling
Trampling intensity
Soil nematodes

Soil microbial biomass
Soil enzyme activities

1. Introduction surface disturbance by footprints, hoof prints and vehicle tracks may

cause significant damage to biocrust communities [25], which are

Biological soil crusts (biocrusts) are associations of soil organisms
(mainly cyanobacteria, bryophytes, algae, lichens, microfungi and
bacteria) and soil particles [1]. They are ubiquitous and extremely
important in arid and semiarid areas, which occupy more than one-
third of the earth's terrestrial surface [9,53]. Biocrusts constitute up to
70% of the living cover on arid soils [19] due to their ability to with-
stand high temperatures, strong radiation, low nutrient conditions, low
water potential and to remain dormant for long dry periods in drylands
[44]. Stabilizing soil and enhancing soil fertility are the most important
ecological functions of biocrusts in many drylands [8,21]. However, soil

highly susceptible to soil surface disturbances [9,14,54], leading to the
degradation of biocrusts' ecosystem functions [13]. A number of studies
have reported that trampling disturbance reduces biocrust biomass,
coverage and species diversity, transforming late-successional crusts to
early-successional crusts, which leads to accelerated soil erosion, re-
duced water infiltration, soil C and N loss, and alteration of soil tem-
perature and aeration [3,6,7,9,17,19,22,23,26].

Soil microbes drive many ecological processes in soil, such as mi-
neral weathering, organic matter decomposition and nutrient cycling,
and so doing they can respond rapidly to environmental changes and
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An experiment was conducted to investigate the effect of precipitation and N deposition on N,O and CH, fluxes
and soil respiration (R,) in the Gurbantunggut Desert from September 2014 to August 2015. The desert was a
weak sink for CHs4 (—0.92kg Cha™'yr~!) and a small source of N,O (+0.13kgNha~'yr~!) and the annual
rate of Ry was 874 kg Cha™'. Our work confirmed a relatively strong sink for CH, in desert soils. Significant
impacts on N,O, CHy4 fluxes and Rs were found by increasing precipitation, with pulses of CH4 uptake and Rg
accounting for 79.1% and 33.2% of annual CH, uptake and R, respectively. N,O and CH,4 fluxes were sig-
nificantly enhanced by 7.8-109.6% by N addition, but it had no significant effect on R,. Statistical significant

interactions of precipitation and N addition on N,O and CH, fluxes were found, and on R was lower than any
single factor. Our results indicate that the Gurbantunggut Desert is a weak sink for CH4 and a small source of
N0, and is sensitive to elevated precipitation and N deposition.

Desert soils, as a net sink of greenhouse gases (GHGs) (Zhuang et al.,
2013), are profoundly affected by precipitation patterns and nitrogen
(N) deposition (Huang et al., 2015). However, the impacts of pre-
cipitation and N deposition on N,0O, CH,4 and soil respiration (Rs) are
uncertain largely in desert soils. Previous studies (Zhang et al., 2008;
Huang et al., 2015) investigating precipitation and N addition impacts
on GHGs have primarily focused on the effect of single factor in
grassland and forest, while the interaction effects in desert soils are very
scarce.

Temperate desert, covering approximately one third of the global
land area, is dynamically sensitive to precipitation and N deposition (Li
et al., 2015). Climate change in Northwest China is for an increase in
precipitation of 30%, with an increases of 3-5mm yr ' since 1979 (Li
et al., 2015), and N deposition has increased significantly since 1980 to
total deposition of 35.2 kg Nha™* yr ! (Song, 2015). These changes are
important for soil biological processes because of the extreme limits of
soil N and water in such deserts (Huang et al., 2015). However, in-
formation on the responses of N,O, CH, fluxes and R to precipitation
and N deposition in this ecosystem is scarce and merits research.

We therefore conducted an experiment from September 2014 to
August 2015 in the Gurbantunggut Desert (44°26’-43°65'N,

* Corresponding author.
E-mail address: liu310@cau.edu.cn (X. Liu).
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84°31’-90°00’E). Weather and soil conditions are shown in Fig. 1(a, b).
N addition rates were 0 (NO), 30 (N1) and 60 (N2) ngha_lyr_l.
Precipitation was ‘natural’ (WO0) and ‘natural’ plus 60 mmyr~ !
(equivalent to 30% of annual precipitation) (W1). There were six
treatments: WO NO (the control), WON1, WO N2, W1 NO, W1 N1 and
W1 N2. Four plots were established for each treatment, each plot
10m X 10 m with a 5m-wide buffer zone; a total of 24 plots. The en-
hanced precipitation was sprayed onto the plots as an extra 10% (i.e.
20 mm) in Autumn (September), Spring (April), and Summer (July) in
four doses of 5mm per week in September, April and July using a
petrol-driven, single-nozzle spray. Nitrogen was applied as NH4;NO3
directly (in WON1 and WO N2) or just after the extra precipitation (in
W1 N1, W1 N2) in all treatments.

N,0, CH, fluxes and Rs; were measured using static chambers in all
24 plots. Gas samples were collected from the headspace of each static
chamber at 0, 10, 20 and 30 min after closing the chamber between
10:00 and 12:00 (GMT + 8). Gas samples were collected once or twice
a week. Samples were measured using a gas chromatograph (GC;
Agilent 7890A, Agilent Technologies, Santa Clara, CA). Fluxes were
calculated according to Chen et al. (2013). Effects of precipitation and
N deposition on Ry, N,O and CH, fluxes were analyzed by two-way
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Abstract. Soil respiration (Ry) is the most important source
of carbon dioxide emissions from soil to atmosphere. How-
ever, it is unclear what the interactive response of Ry would
be to environmental changes such as elevated precipitation,
nitrogen (N) deposition and warming, especially in unique
temperate desert ecosystems. To investigate this an in situ
field experiment was conducted in the Gurbantunggut Desert,
northwest China, from September 2014 to October 2016. The
results showed that precipitation and N deposition signifi-
cantly increased R, but warming decreased R, except in
extreme precipitation events, which was mainly through its
impact on the variation of soil moisture at 5 cm depth. In ad-
dition, the interactive response of Ry to combinations of the
factors was much less than that of any single-factor, and the
main response was a positive effect, except for the response
from the interaction of increased precipitation and high N
deposition (60kgNha~!yr=!). Although R, was found to
show a unimodal change pattern with the variation of soil
moisture, soil temperature and soil NHI—N content, and it
was significantly positively correlated to soil dissolved or-
ganic carbon (DOC) and pH, a structural equation model
found that soil temperature was the most important control-
ling factor. Those results indicated that Ry was mainly in-
teractively controlled by the soil multi-environmental factors
and soil nutrients, and was very sensitive to elevated precipi-
tation, N deposition and warming. However, the interactions
of multiple factors largely reduced between-year variation of

R more than any single-factor, suggesting that the carbon
cycle in temperate deserts could be profoundly influenced by
positive carbon—climate feedback.

1 Introduction

Global climate warming, changes in precipitation patterns
and increased atmospheric nitrogen (N) deposition have all
occurred since the Industrial Revolution, especially in tem-
perate regions (IPCC, 2013), which will be expected to sig-
nificantly change soil respiration (R;), the most important
source of carbon dioxide (CO;) from soil to atmosphere (Wu
et al., 2011): the annual CO; flux from R; was 10-fold that
of fossil fuel emissions (Eswaran et al., 1993; Batjes, 1996;
Gougoulias et al., 2014). Therefore, even a small change in
Ry will profoundly affect greenhouse gas balance and cli-
mate (Heimann and Reichstein, 2008). Although a number
of experiments of the effects of warming, precipitation and N
deposition on Ry have been conducted in alpine grasslands,
tundra regions, peatlands and temperate forests (Lafleur and
Humphreys, 2008; Strong et al., 2017; Yang et al., 2017;
Zhao et al., 2017), studies in temperate desert ecosystems are
scarce, especially those on the impact of these changes’ inter-
actions on R;. A field study of multi-factor interactive effects
on Ry was therefore conducted in a temperate desert ecosys-
tem to help in understanding the response of R to climate

Published by Copernicus Publications on behalf of the European Geosciences Union.
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Abstract Agriophyllum squarrosum (sand rice), a
member of the Amaranthaceae family adapted to arid
to semi-arid conditions in central Asia, produces
highly nutritious seed. Three ecotypes collected from
sand dunes in the western Chinese arid desert region
(Linze, Minqin and Shapotou) and three from the
semi-arid desert region (Duolun, Naiman, and Aerx-
iang) were grown in loess soil at an experimental
station (Gaolan) to characterize their performance
with respect to plant architecture and seed yield-
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associated traits. The ecotypes originating from the
more arid sites developed into taller, more strongly
branching plants, formed thicker stems and a greater
number of spikes. Those collected from the semi-arid
sites developed larger seeds and were of shorter
duration. The highest seed yields were obtained from
the Aerxiang ecotype (129.55 g/m?). The same eco-
type also exhibited both the highest emergence rate
and the most favorable harvest index. The study
represents the first assessment of the agronomic
performance of sand rice and shows what needs to
be done to domesticate and improve the species before
it can be considered as a viable crop species.
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Keywords: Sand rice (Agriophyllum squarrosum), a diploid Amaranthaceae species within the order Caryophyllalles, has
Agriophyllum squarrosum potential as a crop in response to concerns about ongoing climate change and future food security. Modifying the
Trichome

weedy traits, such as dense trichomes, is important for the domestication of sand rice. In this study, an ethyl
methanesulfonate (EMS) induced Agriophyllum squarrosum trichomeless mutant (astcl1) was isolated and genetic
analysis revealed that this mutant was controlled by a single recessive locus. RNA sequencing was employed to
analyze sequence variations between the mutant and wild-type individuals based on allele frequencies. Synteny-
based mapping against two closely related and sequenced species finally delimited the causal mutations into an
approximately 18.97 mega base pair (Mb) interval on the top portion of the chromosome 6 (Bv6) of sugar beet
(Beta vulgaris) and two intervals (5.56 and 2.69 Mb) on the chromosomes 14 (CqA14) and 6 (CqgB06) of quinoa
(Chenopodium quinoa). These two quinoa intervals were located in the orthologous chromosomal regions against
sugar beet Bv6. Differential expression analysis revealed that the astcll mutation only affects the expression of a
small subset of genes. Most significantly, 17 lipid transport and metabolism related genes, such as GDSL esterases
and very-long-chain 3-oxoacyl-CoA reductase 1, and two R2R3 MYB genes, MYB39 and RAX3, were down-regu-
lated in astcll mutants. These results imply that the Astcll protein coordinately regulates trichome initiation and
cuticle biosynthesis in sand rice.

Synteny-based mapping
Allele frequencies
Bulked-segregant analysis
Potential crop

1. Introduction encoded by GLABRA1 (GL1), MYB23, and MYB5 (Kirik et al., 2005,

2001; Li et al., 2009; Oppenheimer et al., 1991; Tominaga-Wada et al.,

Trichomes, unicellular, or multicellular epidermal appendages, are
found on the aerial tissues of nearly all land plants, and their structures
are generally divided into two categories: secretory glandular or non-
glandular (Hulskamp et al., 1998; Serna and Martin, 2006). One of the
diverse functions of trichomes is as a biophysical barrier that can create
a complex three-dimensional network to protect plants against abiotic
damage and biotic challenges, including extreme temperature, UV ir-
radiation, insects, pathogens, and herbivores (Hauser, 2014; Liu et al.,
2017).

In Arabidopsis thaliana, a number of positive and negative regulators
have been revealed to play a pivotal role in unicellular trichome for-
mation (Hulskamp et al., 1994; Ishida et al., 2008; Pattanaik et al.,
2014; Schellmann and Hulskamp, 2005). The core positive regulators
consist of three protein classes: R2R3 MYB transcription factors (TFs)

2012); basic helix-loop-helix (bHLH) proteins encoded by GLABRA3
(GL3), ENHANCER OF GLABRA3 (EGL3), TRANSPARENT TESTA (TT8),
and MYC1 (Payne et al., 2000; Zhang et al., 2003; Zhao et al., 2012);
and the WD-repeat protein TRANSPARENT TESTA GLABRA1 (TTG1)
(Galway et al., 1994; Walker et al., 1999). These three groups of TFs
form a MYB-bHLH-WD40 (MBW) complex to activate the expression of
a homeodomain protein gene, GLABRA2 (GL2), which, in turn, initiates
trichome formation (Rerie et al., 1994). The negative regulators are
single-repeat R3 MYB TFs encoded by a group of seven functionally
redundant genes including CAPRICE (CPC; Wada et al., 1997), TRIPT-
YCHON (TRY; Schellmann et al., 2002; Schnittger et al., 1999), ENH-
ANCER OF TRY AND CPC1 (ETC1I; Esch et al., 2004; Kirik et al., 2004a),
ETC2 (Kirik et al., 2004b), ETC3 (Simon et al., 2007; Tominaga et al.,
2008; Wang et al., 2008; Wester et al., 2009), TRICHOMELESS1 (TCL1;
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Throughfall were monitored at 10-min
intervals at different radial directions
beneath shrub canopies.

Temporal heterogeneity of rainfall
clearly affected the timing of throughfall
inputs.

Throughfall differed markedly among
different radial directions beneath
shrub canopies.

Principal Components Analysis was per-
formed on meteorological variables.
Three principal components were intro-
duced into a multiple regression model
to predict throughfall.
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Numerous field experiments had demonstrated great spatial variability and temporal stability of throughfall
under tree canopies within forested ecosystems. Nonetheless, no known studies have investigated the intrastorm
spatial-temporal variability of throughfall beneath xerophytic shrub canopies within arid desert ecosystems
where water is typically the principal limiting factor determining the structure and dynamics of ecosystems.
Here we investigated the spatial-temporal pattern of throughfall at intrastorm scale, and systematically exam-
ined the effects of meteorological variables on throughfall based on the principal components analysis (PCA)
and a multiple regression model. Throughfall was monitored at 10-min intervals by placing tipping-bucket
rain gauges at different radial directions beneath 3 shrubs of Caragana korshinskii during the growing season of
2016 within a water-limited arid desert ecosystem of northern China. We found the temporal heterogeneity of
rainfall clearly affected the timing of throughfall beneath shrub canopies within discrete rainfall events.
Throughfall also differed markedly among different radial directions beneath shrub canopies, which was found
to be well associated with wind directions during rainfall events. PCA on meteorological variables indicated
that three principal components accounted for 84.2% of the total variance, and we found that the second principal
component (loaded strongly on rainfall amount and maximum 10-min rainfall intensity) was the dominant com-
ponent controlling throughfall and its spatial variability after introducing three principal components into a mul-
tiple linear regression model. Our findings highlight the spatial-temporal variability of throughfall at the
intrastorm scale, and are expected to be helpful for an improved process-based characterization and modelling
of throughfall in vast arid desert ecosystems.

© 2017 Elsevier B.V. All rights reserved.
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A study of viral coat protein accumulation in lily chloroplasts
from mixed virus infections of Lily mottle virus and
Cucumber mosaic virus
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Two viruses that frequently occur in many Lilium species are Lily mottle virus (LMoV) and Cucumber mosaic virus
(CMV), which usually co-infect lilies causing severe disease symptoms. Recent reports have revealed that the viral coat
protein (CP) affects chloroplast ultrastructure and symptom development. This study used western blot analysis to con-
firm that in leaves infected by mixed virus infections of LMoV and CMV, CPs of both viruses were accumulated in lily
chloroplasts. Immunogold labelling further demonstrated that both the LMoV CP and CMV CP were localized in the
stroma and the thylakoid membranes of the chloroplasts. In addition, it was found that CPs of both viruses were
rapidly transported into isolated, intact chloroplasts (in vitro), and their transport efficiencies were positively related to
CP concentrations. The lowest transmembrane concentration of CMV CP decreased from 38 pg mL™" recorded in the
single CMV CP import system to 10 pg mL ™' in the mixed import system of LMoV CP and CMV CP. CPs of both
viruses exhibited species selection in their transmembrane transport into chloroplasts. This is the first report that the
CPs from two viruses (LMoV and CMV) are simultaneously present in lily chloroplasts. Accumulation of high levels of
LMoV CP and CMV CP inside the chloroplast appears to contribute to a synergistic interaction inducing the develop-
ment of mosaic symptoms.

Keywords: chloroplast, coat protein, Cucumber mosaic virus, Lilium spp., Lily mottle virus, mixed virus infections

Introduction

have been confirmed in various lily species, resulting in
more severe disease symptoms than those produced by
single infections (Zhang et al., 2014; Lim et al., 2016).
Most plant viruses usually cause plants to exhibit
mosaic symptoms. Studies have revealed that viral fac-
tors, especially the coat protein (CP), affect chloroplast
ultrastructure and symptom development (Zhao et al.,
2016). Many hypotheses have been proposed about the
pathogenesis of mosaic viruses, the most popular of
which is that the interaction between the viral CP and
chloroplasts is a major cause of the mottled symptoms of

Lily (Lilium spp.) is an important economic crop in the
floricultural industry. Additional value is obtained from
growing Lilium davidii var. unicolor bulbs, which are
edible and have medicinal properties. Almost all lilies are
propagated vegetatively, and virus-infected bulbs used
for forcing may propagate diseases from one generation
to the next. Viruses cause quantitative and qualitative
yield reduction of lily worldwide. Two frequently occur-
ring viruses in many Lilium species are Lily mottle virus
(LMoV; genus Potyvirus, family Potyviridae) and
Cucumber mosaic virus (CMV; genus Cucumovirus, fam-
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ily Bromoviridae). Generally, lilies infected with LMoV
exhibit symptoms of leaf mottle, leaf mosaic, reddish-
brown necrotic spots, vein clearing, chlorosis and yellow
streaking, leaf curling and narrowing (Zhang et al.,
2016). Leaves infected with CMV initially display
chlorotic, or yellow spotting, interveinal striping or vein-
clearing, occasional leaf malformation, followed by the
development of grey or brown necrotic spots (Ryu et al.,
2002). In the field, mixed infections of LMoV and CMV

*E-mail: wxhcas@lzb.ac.cn
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the host (Reinero & Beachy, 1989; Xu et al., 2017). Ear-
lier research confirmed that Tobacco mosaic virus
(TMV) CP and CMV CP accumulate in the respective
chloroplasts of systemically infected tobacco and cucum-
ber leaves, and the severity of the symptoms is positively
related to the amount of CPs in the host chloroplasts
(Reinero & Beachy, 1989; Zhu & Francki, 1992). Subse-
quently, CPs of Turnip mosaic virus (TuMV), Potato
virus Y (PVY), Potato virus X (PVX) and Rice stripe
virus (RSV) were similarly found to accumulate in the
chloroplasts of host plants (Fu et al., 2004; Feki et al.,
20055 Qiao et al., 2009; Cheng et al., 2011).

Plants infected with LMoV and CMV exhibit symp-
toms of leaf mosaic. However, to date there is a lack of
knowledge about the pathogenesis in the mixed
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ABSTRACT

Field surveys were conducted during 2015-16 to document the occurrence of multiple virus infections and to
record predominant viruses infecting Lanzhou lily (Lilium davidii var. unicolor) in the major area of cultivation,
northwest China. Specimens were randomly collected from crops in eight different regions and tested for Lily
symptomless virus (LSV), Cucumber mosaic virus (CMV) and Lily mottle virus (LMoV) using a quadruplex RT-PCR
assay. Results indicated a high level of LSV (98.2%), a high level of CMV (42.5%), and a low level of LMoV
(1.5%). In addition, a high level of mixed infections of LSV + CMV was confirmed in Lanzhou lily; in Huangyu,
north Yuzhong and Yongjing, incidence of mixed infections of LSV + CMV occurred in over 50% of plants.
Interestingly, 99% of CMV-infected plants were in combination with LSV. The sequence homology of LMoV
isolate from this study (GenBank: MF781080) was similar to that previously reported in this region from Lilium

oriental. Approaches to disease control using improved virus detection methods are also discussed.

1. Introduction

Lanzhou lily (Lilium davidii var. unicolor) is a popular edible vege-
table bulb, as well as a traditional medicinal plant with a 150-year
cultivation history. Lanzhou lily is mostly grown in the central area of
Gansu province in north-western China, and it is mainly propagated via
bulbs (Fig. 1). Nearly 25% of the cultivated area at elevations of
1800-2600 m has been planted with this crop (Wang et al., 2010). In
recent years it has also been successfully introduced to NingXia Hui
Autonomous Region in the south, and Xinjiang Uyghur Autonomous
Region in the north. Currently the area of Lanzhou lily cultivation is
approximately 11,000 ha and its production is valued at RMB 2.5 bil-
lion (US$ 375M). The economic importance of Lanzhou lily bulb pro-
duction has increased during the past decade because of a rapid in-
crease in demand in both domestic and international markets. Currently
Lanzhou lily bulbs are exported to Hong Kong, Japan, Southeast Asia,
and Europe. A Lanzhou lily processing production chain has been es-
tablished to the benefit of many farmers. Marketable Lanzhou lily bulbs
are graded for size, weight and shape according to informal regional
quality standards.

In recent years, virus infected plants exhibiting symptoms of plant
stunting, have become a major problem. These infections have con-
tributed to a deterioration in bulb quality and a reduction in yield of
over 50% from 23,000 to 11,000 kg per hectare (Zhang et al., 2015a).

More than ten different viruses have been reported to infect lilies
worldwide (Ryu et al., 2002). Among these lily-infecting viruses, Lily
symptomless virus (LSV; Genus Carlavirus, family Flexiviridae), Cucumber
mosaic virus (CMV; Genus Cucumovirus, family Bromoviridae), and Lily
mottle virus (LMoV; Genus Potyvirus, family Potyviridae), are the most
commonly recorded viruses in many cultivars of lily and in particular
Lanzhou lily (Asjes, 2000; Wang et al., 2010; Lim et al., 2016). All three
viruses may be transmitted vegetatively and mechanically, as well as by
aphids. Few studies of viral diseases in Lanzhou lily have been under-
taken, in particular those induced by multiple virus infections. In view
of the recently increased area of Lanzhou lily, a preliminary survey was
conducted to determine the occurrence of multiple infections and to
record the predominant viruses infecting Lanzhou lily in China.

2. Materials and methods
2.1. Survey area and specimen collection

Surveys of Lanzhou lily were conducted during the growing seasons
of 2015 and 2016 in northwest China over an area of approximately
2200 ha in eight major areas of cultivation in Gansu Province and
NingXia Hui Autonomous Region. These included the western zone
(Yongjing), the central zone (Huangyu and Xiguoyuan), the southern
zone (Lintao), and the eastern zone (south Yuzhong, and north
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ARTICLE INFO ABSTRACT

Brachypodium distachyon is a model plant that has recently emerged in grass research. Although the growth and
photochemical efficiency of this species respond strongly to phosphate (Pi) availability, its Pi starvation response
mechanism, which controls the Pi homeostasis, remains largely unknown. This study presents the transcriptomic
response profiles of Pi-deficient roots at growth stages during which the plants were starved but obvious growth
defects were absent. The results identify several phosphate transporters (i.e., PHO1), purple acid phosphatases,
and SYG1/PHO81/XPR1 (SPX) domain-containing proteins out of a total of 1740 differentially expressed genes
(DEGs). In particular, the transcription factor ethylene response factor (ERF), basic helix-loop-helix (bHLH), and
WRKY family genes were the three most abundant DEG groups and the latter was significantly enriched.
Comparative transcriptome analysis of Brachypodium versus Arabidopsis and rice revealed the presence of several
common components in response to Pi fluctuations. Most significantly, jasmonic acid (JA) signaling-related
genes were overrepresented in gene ontology (GO) enrichment tests. The presence of a possible link between low
Pi response, inositol polyphosphates, and JA signaling is therefore discussed.

Keywords:

Brachypodium distachyon
Low phosphate
Jasmonic acid

Inositol polyphosphates
Transcriptome responses

1. Introduction

Because phosphorus (P) is an essential macronutrient for plant
lifecycles, the availability of inorganic phosphate (Pi) often limits
growth, development, and yields in both natural and agricultural eco-
systems (Zhang et al., 2014). As a result, plants have evolved a range of
physiological and biochemical adaptations in order to cope with Pi
deficiency, including the enhanced proliferation of lateral roots and the
growth of root hairs, compromised shoot and primary root growth, and
the secretion of protons, organic acids, phosphatases, and nucleases to
enhance the acquisition of Pi from both inorganic and organic sources
(Chiou and Lin, 2011; Plaxton and Tran, 2011). Advances in molecular
biology in recent decades have revealed the central role of the PHOS-
PHATE STARVATION RESPONSE1 (PHR1) in transcriptional responses
related to Pi deficiency as well as a number of other components in-
volved in phosphorylation, dephosphorylation, and the SUMOylation of
proteins. It is also understood that SYG1/PHO81/XPR1 (SPX) domain-

containing proteins are essential for plant Pi sensing and homeostasis
(Chiou and Lin, 2011; Puga et al., 2014; Wang et al., 2014; Zhang et al.,
2014; Wild et al., 2016). In addition, a number of microRNA-mediated
modules, including miR399-PHOSPHATE2 (PHO2) and miR827-NI-
TROGEN LIMITATION ADAPTATION (NLA), have also been shown to
govern effective Pi transportation via ubiquitin-mediated protein de-
gradation (Liu et al., 2014).

Throughout evolution, the expression of many thousands of genes
have changed in a spatio-temporal manner in response to deficiencies in
Pi, which in turn has fine-tuned the allocation and recycling of Pi
(Zhang et al., 2014). Thus, in order to better understand these pro-
cesses, numerous transcriptome analyses have been carried out on
Arabidopsis thaliana (Misson et al., 2005; Morcuende et al., 2007; Woo
et al., 2012) and on a range of crop plants, including rice (Oryza sativa;
Secco et al., 2013a); and soybean (Zeng et al., 2016). These studies have
led to significant improvements in our understanding of the sophisti-
cated mechanisms underlying acclimation responses to Pi deficiencies

Abbreviations: bHLH, basic helix-loop-helix; CV, coefficient of variance; DEGs, differentially expressed genes; ERF, ethylene response factor; InsPs, inositol polyphosphates; JA, jasmonic
acid; JAZs, jasmonate-zim-domain proteins; P, phosphorus; PAPs, purple acid phosphatases; PHR1, phosphate starvation responsel; Pi, phosphate; PP2C, protein phosphatase 2C family;
PSRs, phosphate starvation responsive genes; RBH, reciprocal best hit; SPXs, SYG1/PHO81/XPR1 domain-containing proteins
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Winter snowfall is an important source of moisture that may influence the growth and development of biological
soil crusts (BSCs) in temperate desert regions of China. Yet there is still limited empirical knowledge about the
effect of snowfall on BSCs. In this study, moss crusts from the Gurbantunggut Desert were exposed to five snow
depths to evaluate how snowfall affected the physical-chemical properties (pH; electric conductivity, EC; soil
organic carbon, SOC; total nitrogen, TN; available nitrogen, AN; available phosphorus, AP; available potassium,
AK) and microbial biomass (soil microbial biomass carbon, SMBC; soil microbial biomass nitrogen, SMBN; soil
microbial biomass phosphorus, SMBP) of soil in the BSCs, before (in October 2016: representing three con-
secutive years of snow manipulation) and after winter (in April 2017). Results showed that the soil water content
increased significantly as snowfall depth increased (p < 0.05) in October 2016 and April 2017. Most of the soil
physical-chemical features (EC, SOC, TN, AN, AP, and AK) and microbial biomass (SMBC and SMBN) showed an
increase with an increase of snowfall depth after three consecutive years of snow manipulation. Moreover, for
most experimental treatments, after a winter of melting snow (in April 2017) most of the soil properties were
significantly higher (p < 0.05) than found in October 2016. Together, these results showed that the dynamics of
soil nutrients and microbial biomass in moss BSCs were affected by snowfall depth in Gurbantunggut Desert.
Different snowfall depths can have different effects on the dynamics of soil nutrients and microbial biomass of
moss crusts, an impact that may alter the future growth and development of BSCs. Thus, we suggest that the
potential influence of snowfall depth on soil nutrients and microbial biomass dynamics in BSCs require con-
sideration when discussing the effects of moisture on ecological functions of BSCs in arid and semi-arid regions.

1. Introduction

Biological soil crusts (BSCs) occur extensively in arid and semi-arid
lands worldwide, where they play a large role in structuring desert
ecosystems (Kidron and Vonshak, 2012; Li et al., 2005). BSCs are a
complex association of soil particles and organisms found within the
uppermost millimeters of the soil surface, which consist of cyano-
bacteria, bacteria, algae, fungi, lichens, liverworts, and mosses
(Eldridge and Greene, 1994; Li, 2012). Development of BSCs can
roughen the soil surface, improve soil stability and fertility, change soil

hydrological processes, influence the establishment and growth of
vascular plants, and supply habitats for other microorganisms and
protozoa (Liu et al., 2006; Li et al., 2011; Mendoza-Aguilar et al., 2014).
However, poikilohydric organisms are especially resilient to changes in
the abiotic conditions, especially those altering the availability of en-
vironmental water (Proctor et al., 2007).

It is widely believed that soil physical-chemical properties con-
siderably affect the formation and development of BSCs, and that BSCs
in turn affect soil physical-chemical properties—such as soil moisture
and nutrient dynamics (Chamizo et al., 2012). Thus, BSCs may not only

Abbreviations: BSCs, biological soil crusts; EC, electric conductivity; SWC, soil water content; SOC, soil organic carbon; TN, total nitrogen; AN, available nitrogen; AP, available
phosphorus; AK, available potassium; SMBC, soil microbial biomass carbon; SMBN, soil microbial biomass nitrogen; SMBP, soil microbial biomass phosphorus; ANOVA, analysis of

variance
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ARTICLE INFO ABSTRACT

The future trend of water and sediment variation is closely related to the governance of the Yellow River. The
increasingly frequent occurrence of extreme rainfall events has rendered the future water and sediment situation
of the Yellow River uncertain. Understanding the characteristics of flood and sediment yield of the river basin
under extreme rainfall conditions at different times is a prerequisite and foundation for accurate prediction of
water and sediment situation in the Yellow River in the future period. We here used the July 26 extraordinary
rainstorm event in 2017 in the Wuding River as a starting point for revealing the law of flood and sediment yields
changes under extreme rainfall conditions around the year 2000. The results indicated that, during the period
from 1960 to 2016, the average proportion of extreme rainfall depth in the middle Yellow River region over the
total precipitation depth increased by 5.1%. Areas where extreme rainfall events frequently occur showed a
trend of developing from localized regions in the Toudaoguai-Longmen reach to the majority of the middle
reaches. There were obvious changes in the rainfall-flood and rainfall-sediment relations under extreme rainfall
conditions. Compared with historical extreme rainfall events, the decline in flood and sediment yield in the river
basin after 2000 under similar rainfall and intensity conditions was obvious. Among these results, flood de-
creased by 30.4-78.2%, sediment yield was decreased by 53.0-88.2% and sediment content in flood was de-
creased by > 47.2% on average when compared with the same rainfall conditions in the previous century.
Comparative watershed studies showed that, during extreme rainfall events, areas under soil and water loss
management programs suffer 57.2% and 75.7% less flood runoff modulus and sediment transport modulus,
respectively, than non-managed areas. This indicates that soil and water loss management is the major driving
factor for changes in rainfall-flood and rainfall-sediment relations under extreme rainfall conditions. This study
highlights the importance of soil and water loss management in the flood control and sediment reduction. We
concluded that, with the implementation of soil and water conservation measures, the probability of large flood
and sediment events will greatly decrease and the amount of sediment entering the Yellow River under extreme
rainfall will further decrease in the next 30 years.

Keywords:

Extreme rainfall

Middle reaches of the Yellow River
Flood waters

Sediment transport

Soil and water conservation

1. Introduction

Global warming and the frequent occurrence of extreme meteor-
ological and hydrological events caused by it results in great impact on
society, economy, and ecosystems (Coskun et al., 2010). It has drawn a
great deal of attention from various governments and international
organizations (Ren et al., 2014; Jiang et al., 2016). This is particularly
so for extreme rainfall events because their frequency and intensity
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have increased, resulting in changes in flood runoff and serious da-
mages to economic production and people's lives. Due to the severity of
extreme rainfall events and the disaster chain it causes, research on its
variation characteristics and effects has attracted widespread attention
(Huang et al., 2014; Hibino et al., 2016).

The Yellow River being the second largest river in China is famous
for its highest sediment content in the world and disastrous floods (Mu,
2010). It only accounts for 2% of the total water volume of China, but
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ARTICLE INFO ABSTRACT

Keywords: Tibetan sheep are indigenous to the Qinghai-Tibetan Plateau and are raised at an altitude be-
Apparent digestibility tween 3000-5000 m. In contrast, the crossbred fine-wool sheep were introduced to the plateau
Rumen fermentation and are raised at an altitude between 2600 to 3500 m. Tibetan sheep graze grassland all year

Urinary purine derivatives
Tibetan sheep
The Qinghai-Tibetan Plateau

round while fine-wool sheep require feed supplements during the long cold season. Tibetan sheep
were able to utilize dietary nutrients more efficiently than fine-wool sheep when offered ade-
quate energy and protein diets. We questioned whether the responses would still favour Tibetan
sheep with limited energy and protein intakes, as is often the case on the Qinghai-Tibetan
Plateau. To answer this query, apparent nutrients digestibilities, rumen fermentation char-
acteristics and urinary purine derivatives (PD) were compared between Tibetan and fine-wool
sheep when fed oat hay at below maintenance levels: 0.3, 0.5, 0.7 and 0.9 voluntary intake. Five
wethers of each breed of similar age and body weight (BW) were used in two concurrent 4 X 4
Latin square designs. Dry matter (DM), organic matter (OM) and neutral detergent fiber (NDF)
digestibilities were higher in Tibetan than fine-wool sheep (P < 0.05), but were not affected by
the level of oat hay intake (P > 0.10). As feed intake increased, ruminal pH decreased
(P < 0.01) and total volatile fatty acid (VFA) concentration increased, both linearly
(P < 0.001). Moreover, ruminal total VFA concentration (P < 0.05), ruminal soluble protein
nitrogen (N) and saliva urea-N concentrations (P < 0.01) were higher in Tibetan than fine-wool
sheep. Urinary total PD and its fractions increased linearly with feeding level (P < 0.01).
Estimated microbial N synthesis was greater in Tibetan than fine-wool sheep (P < 0.05) and
increased linearly with the level of oat hay intake (P < 0.001). It was concluded that both
energy and protein metabolism were used more efficiently in Tibetan than in fine-wool sheep
when offered below maintenance intakes, which would allow Tibetan sheep to cope better with
the harsh, winter foraging conditions of the Qinghai-Tibetan Plateau.

Abbreviations: ADF, acid detergent fiber; ADG, average daily gain; BW, body weight; CP, crude protein; DE, digestible energy; DM, dry matter; N, nitrogen; NDF,
neutral detergent fiber; OM, organic matter; PD, purine derivatives; VFA, volatile fatty acid; VI, voluntary intake
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Keywords: Yaks (Bos grunniens) and Qaidam yellow cattle (Bos taurus) are indigenous to the Qinghai-Tibetan Plateau and
Apparent digestibility graze natural pasture all year. Yaks are raised at higher elevations than cattle and are not offered supplementary
Rumen fermentation feed whereas cattle receive supplementary feed and are sheltered at night during winters. We hypothesized that

Urinary purine derivatives
Yak

Qaidam yellow cattle

The Qinghai-Tibetan Plateau

the species differ in metabolism of energy and nitrogen (N) and predicted that the differences would favour yaks
to the harsh conditions of the plateau. To test our prediction, we examined nutrient digestibility, rumen fer-
mentation, digestive enzymes and urinary purine derivatives (PD) in yaks and cattle offered forage-concentrate
diets differing in N concentration. Four castrated yaks and 4 castrated cattle of similar ages (2.5 years) and body
weights (200 kg) were used in two concurrent 4 X 4 Latin square designs. There was no difference (P > 0.05)
between yaks and cattle in apparent digestibilities of dietary nutrients, concentrations of ruminal N components
and activities of digestive enzymes (P > 0.05). Crude protein and acid detergent fiber digestibilities increased
linearly (P < 0.001) while neutral detergent fiber digestibility decreased linearly (P < 0.05) with increased
dietary N intake for both species. Ruminal concentration of total VFA was greater in yaks than in cattle across
diets (P < 0.05), but pH was similar between species (P > 0.05), and both variables were not affected by dietary
N content (P > 0.05). As dietary N increased, ruminal concentrations of ammonia, urea and amino acids in-
creased linearly (all P < 0.001), peptides tended to increase (P < 0.10), but soluble protein remained constant
(P > 0.10) for both species. The activity of carboxymethylcellulase decreased linearly (P < 0.01) while activities
of deaminase and urease increased linearly (P < 0.001) with increased dietary N. Urinary PD and components
did not differ between species (P > 0.10); however, the PD nitrogen index (PNI) was greater in yaks than in
cattle for the lowest N diets (linear dietary N X species, P < 0.01). With an increase in dietary N, urinary total
PD, allantoin and uric acid increased linearly (P < 0.001), as did microbial N synthesis (P < 0.001), whereas PNI
decreased linearly (P < 0.001). In addition, microbial N production was greater in yaks than in cattle (P < 0.05).
We concluded that energy and nitrogen metabolism were more efficient in yaks than in Qaidam cattle, which
enable yaks to better cope with the harsh foraging conditions of the Qinghai-Tibetan Plateau.

1. Introduction (Long, 2007). Due to the extremely harsh environment, namely high
altitude, severe cold, hypoxia, strong ultraviolet light and short forage

The Qinghai-Tibetan Plateau, known as ‘the third pole’ of the earth, growing season, feed availability is often deficient for herbivores during
possesses the highest (average altitude > 4000 m), the largest (1.29 X the long, cold period of the year (November - June), especially when
10® ha) and the only year-round grazing alpine grassland in the world raised under traditional grazing management (Weiner et al., 2003; Long
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1 INTRODUCTION

| Zhongkui Xie! | Yubao Zhang' |
| Yang Qiu’ | Le Wang'

Continuous cropping of lily (Lilium davidii var. unicolor) or any other crop seriously
affects yield and quality. In this study, we compared continuous cropping with lily/maize
intercropping. We also examined the lily rhizosphere microbes community in both sole lily
cropping and lily/maize intercropping systems, by the llumina Miseq platform. Here we
refer to data of recent years field experimentation of a lily/maize intercrop system in
different planting configurations in the Gaolan Ecological and Agricultural Research
Station. Treatments included sole crops of lily and maize, an intercrop consisting of strips
of four lily rows alternating with one maize rows. The land equivalent ratio (LER) of
intercrops was 1.294. The results showed that compared to sole cropping, the yield of lily in
the first year of planting increased when lily was intercropped with maize. The species
annotation of the high-throughput sequencing experiment showed that there was no
difference in the diversity of the lily rhizosphere soil microbes on phylum taxonomic level,
but the relative abundance of some genus changed obviously. The relative abundance of
harmful fungus Fusarium spp. and, Funneliformis spp., decreased, and the relative
abundance of beneficial bacteria Sphingomonas spp. and, Nitrospira spp., increased. In
addition, we found that Lecanicillium spp., appeared only in the intercropping lily
rhizosphere soil and sole cropping maize rhizosphere soil. In conclusion, the findings
indicated that lily/maize intercropping could change soil microenvironment, and affect the
diversity and structure of microorganism community in lily rhizosphere, with further
beneficial effect on the yield of lily.
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has high value in edibility, medicine, health protection, and
ornamental. Lilium davidii var. unicolor is a variant of Lilium

Lily (Lilium davidii var. unicolor) is the top grade, and the
only sweet lily in China. It is renowned at home and abroad
because of its large bulbs, white color, and delicate taste. It

Lijing Zhou and Yajun Wang contributed equally to this work.

davidii Duchartre, and is a perennial bulbs herbaceous plant,
Its underground stems are stacked together with dozens of
scales, its planting in Gansu province began in the Qing
Dynasty, has been more than 130 years ago [1]. With the
improvement of people's living standards, the increasing
demand for edible lilies, especially Lilium davidii var.
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Abstract. Global change-induced litter decomposition strongly affects the carbon (C) and nitrogen (N)
dynamics in grassland ecosystems. However, few studies show the interactive effects of global change fac-
tors on litter and root decomposition. We conducted a four-year grassland field experiment to examine the
quality and decomposition of litter and root in a three-factorial experiment with elevated CO,, increased N
deposition, and plant species richness. We found that elevated CO, decreased the litter N content and root
lignin content. N addition increased the root N content and decreased the litter lignin content. Increasing
plant richness decreased the N and lignin contents in litter and root. In contrast to the quality changes, ele-
vated CO, had no effect on decomposition of litter and root. N addition increased the C loss of the litter by
4.8%, but did not affect C and N loss in root. Increasing plant richness affected the C and N loss in litter
and root. ANCOVAs showed that tissue quality and root biomass affected the C and N loss in litter and
root, and soil C and N affected the N loss of litter and root. However, changes in tissue quality, biomass,
and soil as covariates did not significantly change the effects of CO,, N, and plant richness on decomposi-
tion. The structural equation model showed that elevated CO, indirectly decreased litter N loss and
increased root N loss, while N addition indirectly increased the C and N loss in litter and root, via their
effects on tissue quality. Increasing plant richness increased litter C and N loss, but indirectly decreased
root C and N loss. N deposition can accelerate litter and root decomposition, thus modifying the limitation
of elevated CO, on soil N availability. Biodiversity loss greatly alters litter and root decomposition, poten-
tially driving any changes in C and N cycling. Our study clearly demonstrates a relative certainty of a pre-
dicted increase in the C loss and N release in litter and root decomposition with increased N deposition,
whereas the effects of elevated CO, and plant diversity changes on decomposition strongly differ between
litter and root in grassland ecosystems.

Key words: biodiversity; decomposition rate; direct or indirect effect; global change; nitrogen addition; tissue quality.

Received 6 January 2018; accepted 10 January 2018. Corresponding Editor: Debra P. C. Peters.

Copyright: © 2018 Zuo and Knops. This is an open access article under the terms of the Creative Commons Attribution
License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited.
1 E-mail: jknops2@unl.edu

INTRODUCTION

Litter decomposition may accelerate or deceler-
ate global climate changes, because changes in lit-
ter quantity and quality can change both the
cycling rates and the pools of carbon (C) and
nutrients within an ecosystem (Dijkstra et al.
2004, Sierra et al. 2011, van Groenigen et al. 2014).
Litter decomposition in terrestrial ecosystems is

ECOSPHERE % www.esajournals.org

mainly driven by the litter chemical components
and climatic factors (Cotteaux et al. 1995, Garcia-
Palacios et al. 2013a, 2017). Global climate
changes can strongly affect litter decomposition
due to the changes in physical decomposition
environment induced by temperature or precipi-
tation and the indirect roles through their effects
on productivity and litter quality (Zhang et al.
2008, Boyero et al. 2011). Global changes, such as
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ARTICLE INFO ABSTRACT

The trait-based plant functional diversity is associated with ecosystem functioning. However, few studies show
the effects of plant functional diversity induced by grazing disturbance and environmental changes on above-
ground plant biomass (AGB) and belowground root biomass (BGB) in semiarid grasslands. We examined the
effects of long-term grazing on plant functional diversity across four grassland types (meadow, steppe, scattered
tree grassland and sandy grassland) in Horqin grassland, Northern China. The structural equation model (SEM)
was used to evaluate the direct or indirect effects of long-term grazing, soil properties and functional diversity
reflected by the single-trait (community-weighted mean) and multi-trait (functional dispersion, FDis) on AGB
and BGB across four grassland types. We found that long-term grazing significantly decreased plant height and
FDis, while the responses of leaf traits to grazing differed among four grassland types. The correlation analyses
showed that AGB and BGB were negatively associated with grazing and positively associated with plant height,
FDis, soil carbon (C) and nitrogen (N). The SEM results indicated that AGB was directly affected by grazing, soil
N, plant height and perennial richness, and BGB was directly affected by grazing, soil N, soil water content and
elevation. Grazing and soil N also indirectly affected AGB through their effects on plant height and FDis. Effect of
plant height on aboveground plant biomass was direct rather than indirect, while FDis acted indirectly through
its effect on perennial richness, thereby lending more support to the mass ratio hypothesis. Our results clearly
highlight the critical role of plant functional diversity induced by grazing and soil properties in affecting AGB in
a semiarid grassland ecosystem. So, we recommend considering the linkages of plant functional diversity with
ecosystem function in assessing the effects of grazing and soil changes on grassland ecosystems.

Keywords:

Ecosystem function
Functional trait

Grassland degradation
Structural equation modelling
Horqin grassland

1. Introduction essential to explore the effects of plant functional diversity controlled

by long-term grazing and related soil properties on ecosystem func-

Grazing is one of the main drivers of plant community structure and
ecosystem function in arid and semiarid grassland ecosystems (Zheng
et al., 2010; Wu et al., 2015; Eldridge et al., 2016; Zhang et al., 2017a).
Long-term grazing or overgrazing is thought to be an important cause
for the grassland degradation (Bai et al., 2012; Li et al., 2011). Long-
term grazing can affect plant community compositions by altering the
plant functional traits (Niu et al., 2015). Long-term grazing can also
result in the greater changes in soil properties (Medina-Roldan et al.,
2012; Deng et al., 2017), and changes in soils are likely to induce the
coordinate responses of different plant functional traits (Jager et al.,
2015). A number of studies have revealed that the trait-based plant
functional diversity has a strong effect on plant community assembly
and ecosystem function (Lavorel, 2013; Milcu et al., 2016). So, it is

tioning, thus giving guidelines for the improvement of grassland man-
agement practices.

Numerous studies have reported that long-term grazing decreases
the species richness and community biomass in semiarid grasslands (Bai
et al., 2012; Zhang et al., 2004). Grazing-induced habitat changes affect
plant community compositions by reducing plant diversity or altering
dominant species (Kohyani et al., 2011), and changes in community
compositions have the direct impacts on aboveground biomass
(Eldridge et al., 2016; Milcu et al., 2016). Aboveground plant biomass
(AGB) and belowground root biomass (BGB) responses to long-term
grazing are very important for understanding the effects of grazing
regime on ecosystem function (Zeng et al., 2015). In many grassland
ecosystems, there is more biomass in belowground than aboveground
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ARTICLE INFO ABSTRACT

Tiantishan Grottoes, a famous site well known for its historical status in the spread of Buddhism art in ancient
China, were selected for a comparison and analysis of microbial taxonomic characteristics on the wall paintings
under different preservation conditions: in situ and ex situ conservation. A total of 12 samples were collected from
three different cave wall paintings preserved in situ or ex situ. The 16/18S rRNA gene-based sequences revealed a
high bacterial diversity and a relative low fungal abundance, including bacterial groups Firmicutes,
Actinobacteria, Proteobacteria, Bacteroidetes, Cyanobacteria, Acidobacteria, Deinococcus-Thermus and
Fusobacteria; and fungal groups Ascomycota and Basidiomycota. Among them, two bacterial genera of the
Promicromonospora and Planomicrobium and fungal order of the Sordariales and the family of Trichocomaceae
were dominant in the samples preserved ex situ. Some of them have been reported at other cultural heritage sites
and associated with the biodeterioration of cultural relics. The over-growth of these microbes led to the
abundant filaments formed visible on the surface of the ex situ wall paintings, which preserved under museum
conditions. Application of preservation materials including animal glue and wet gypsum to take them off from
grottoes and strengthen, and subsequent long-term preservation under poor conditions in museums were mainly
responsible for the microbial outbreaks. To avoid similar problems in the future, reasonable intervention
measures and strict micro-environmental control must be implemented to the ex situ preservation of wall
paintings. Our results have profound significance for clarify the occurrence of microbial invasions and me-
chanisms on the wall paintings; it is helpful to development a reasonable artificial intervention measures for
conservation work of the wall paintings in the future.

Keywords:

Wall paintings

Tiantishan grottoes

Illumina MiSeq sequencing
In-situ & ex-situ conservation
Salvageable conservation

1. Introduction

Microorganisms, including bacteria, fungi, archaea and cyano-
bacteria, are capable of colonizing on surfaces of a wide range of ma-
terials and could result in the biodeterioration of the substratum ma-
terials, particularly for historical objects exposed to changing
environmental conditions, such as temperature, relative humidity, pH
and sun light (Miichaelsen et al., 2006). These organisms dwelling on
wall paintings may induce aesthetic and structural damage such as
pigment discoloration, contamination and biofilm formation on the
painted surface leading to cracking and disintegration of paint layers

and degradation of binders resulting in detachment of the painted layer
from the underlying support (Capodicasa et al., 2010; Ciferri, 1999;
Felice et al., 2010; Pepe et al., 2010). Knowledge about microflora on
the historical objects is of utmost importance to assessment and de-
velopment of effective conservation strategies for management of mi-
crobial induced biodeterioration.

Conventionally, culture-dependent method was commonly utilized
to isolate and identify the members in the microbial communities, but
only less than 1% of the whole population can be detected by the
techniques (Schloss and Handelsman, 2003). A vast majority of mi-
croorganisms (=99%) in environmental samples cannot be cultured
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Figs. 3B and 4B appear identical in the online publication of this
article. The corrected Fig. 4B is shown below.
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Fig. 4B. Relative abundance of fungal community at the family levels (non-
fungal amplicons sequenced were also included).

Additional information for the 18S rDNA high throughput
sequences that affiliated to non-fungal Eukaryota

In recent years, the use of high-throughput sequencing technologies

with the 16S rRNA gene for characterization of bacterial or archaeal
communities has become more popular. However, the adoption of such

DOI of original article: https://doi.org/10.1016/j.ibiod.2018.02.013

techniques for eukaryotes has been relatively slow, despite their sig-
nificance in both natural and engineered systems. This situation is
primarily a result of the large variation in copy numbers of targeted
genes among different species, and multiple hypervariable regions that
are typically longer than early DNA sequencing platforms could handle
(Bradley et al., 2016).

In the article “Differences of Microbial Community on the wall
paintings preserved in situ and ex situ of the Tiantishan Grottoes,
China” published on the journal of International Biodeterioration &
Biodegradation, we employed a typical fungal primer SSU-0817F,
5-TTAGCATGGAATAARRAAG-3’, and SSU-1196R, 5’-TCTGGACCTG
GTGAGTTTCC-3’, targeting the V5-V7 regions of the 18S rRNA genes.
These primers were chosen as they flank a conserved region of the 18S
gene that differs among fungal families, but they are similar enough to
be aligned in multiple sequence alignments. This 18S region is often
considered to be more conserved than the ITS regions; the use of 18S
region may lower diversity estimates and make the obtained data to be
at the family level (Kivlin et al., 2014). Thus, the universal primers
817F/1196R for fungi was used for the amplification and then MiSeq
sequencing of the PCR products in our research.

Of course, many reports show that it also has a slightly but in-
evitable weakness for successful detection of fungi. Our results show
that the most of the reads belonged to the fungal phyla of Ascomycota
(197,465, 90.45% for reads and relative abundance, respectively) and
Basidiomycota (11,289, 5.17%). Meanwhile, very tiny fractions of reads
were classified as non-fungal Eukaryota, but they are typically detected
at relatively low abundances (ca. 2.73%); most of them were affiliated
with the Vertebrata, Ciliophora, Arthropoda and Bicosoecida (Duan
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ABSTRACT

The genetic diversity of Artemisia halodendron (Asteraceae), a constructive and dominant species in Horqin Sandy Land,
was investigated to examine the genetic relationships with different hydrothermal regions in Horqin Sandy Land. We se-
quenced chloroplast DNA (cpDNA) fragments (trnL—F) of 243 plants from 10 populations across the Horqin Sandy Land.
The analyses of cpDNA variation identified seven haplotypes. A low level of haplotype diversity (H,=0.706) and nucle-
otide diversity (7=0.0013) was detected. Haplotypes clustered into two tentative clades. Low genetic differentiation among
regions was consistently indicated by hierarchical analyses of molecular variance (AMOVA). Across the sampled popula-

tions, the haplotype distributions were differentiated with hydrothermal gradients.
Keywords: Artemisia halodendron; population genetics; chloroplast DNA; #7nL-F; Horqin Sandy Land

1 Introduction

Artemisia halodendron Turcz. ex Bess. (Aster-
aceae, Anthemideae, Subgen. Dracunculus) is one of
the most common semishrub species in the Horqin
Sandy Land in Northeast China. It is important for ve-
getation rehabilitation in Horqin Sandy Land because
of its high ecological value, including that (1) it is the
key species of the plant communities and landscapes
studies in Horqin Sandy Land (Li, 1991); (2) it plays a
key role in the vegetation-restoration process due to

128

its high drought tolerance, anti-wind erosion proper-
ties, and sand-burial resistance (Dong et al., 2000; Li
et al.,2002; Zhao et al., 2006). Previous studies on A.
halodendron focused on aspects of population-distri-
bution patterns (Chao et al., 1999; Cao et al., 2008),
biomass allocation (Li et al., 2005), breeding distribu-
tion (Li et al., 2005), morphological characteristics
and physiological adaptations (Zhou et al., 1999), root
longevity (Huang et al., 2009), genetic diversity
(Huang et al., 2011, 2014), and establishment (Li et
al., 2002) in Horqin Sandy Land. However, systemat-
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Effects of intercropping on rhizosphere soil microorganisms
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ABSTRACT

Both yield and quality of Lanzhou lily (Lilium davidii var. unicolor) are seriously affected by continuous cropping. We at-
tempted to understand the effects of intercropping on the obstacles associated with continuous cropping of Lanzhou lily
(Lilium davidii var. unicolor). The changes of rhizosphere microbial biomass and diversity in interplanting and monocul-
turing systems were studied by using the Illumina HiSeq sequencing technique. The contents and composition of lily root
exudates were measured by gas chromatography—mass spectrometer (GC-MS). The intercropping results of Lanzhou lily
showed: (1) There was no difference in the composition of the rhizosphere soil microbes at the phylum level, but the relat-
ive abundance of the microbes decreased; and the relative abundance of harmful fungi such as Fusarium sp. increased. The
relative abundance of Pleosporales sp. and other beneficial bacteria were reduced. After OTU (operational taxonomic unit)
clustering, there were some beneficial bacteria, such as Chaetomium sp., in the lily rhizosphere soil in the interplanting sys-
tem that had not existed in the single-cropping system. We did not find harmful bacteria that had existed in the single-crop-
ping systm in the rhizosphere soil of interplanting system. The above results indicated that the changes of relative abund-
ance of soil fungi and bacteria in lily rhizosphere soil was not conducive to improving the ecological structure of rhizo-
sphere soil microbes. At the same time, the microbial composition change is very complex—beneficial and yet inadequate
at the same time. (2) Root exudates provide a matrix for the growth of microorganisms. Combined with the detection of
root exudates, the decrease in the composition of the root exudates of the lily was probably the reason for the decrease of
the relative abundance of microbes after intercropping. At the same time, the decrease of the relative content of phenolic
compounds, which inhibit the growth of microorganisms, did not increase the relative content of rhizosphere soil microor-
ganisms. Changes in amino acids and total sugars may be responsible for the growth of Fusarium sp.. The results showed
that the intercropping pattern did not noticeably alleviate the obstacle to continuous cropping of Lanzhou lily, and the
change of microbial biomass and diversity was even unfavorable. However, the emergence of some beneficial bacteria, the
disappearance of harmful fungi, and other changes with intercropping are in favor of alleviation of obstacles to continuous
cropping of Lanzhou lily.

Keywords: continuous cropping obstacle; Lanzhou lily (Lilium davidii var. unicolor); rhizosphere microbial

1 Introduction of economic crops have a negative impact on the yield
and quality of crops. Lanzhou lily is a variant of Lilium
The soil-related obstacles to continuous cropping davidii Duchartre, a perennial herbaceous bulb plant.
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Despite evidence from experimental grasslands that plant diversity
increases biomass production and soil organic carbon (SOC) storage, it
remains unclear whether this is true in natural ecosystems, especially
under climatic variations and human disturbances. Based on field
observations from 6,098 forest, shrubland, and grassland sites across
China and predictions from an integrative model combining multiple
theories, we systematically examined the direct effects of climate,
soils, and human impacts on SOC storage versus the indirect effects
mediated by species richness (SR), aboveground net primary pro-
ductivity (ANPP), and belowground biomass (BB). We found that
favorable climates (high temperature and precipitation) had a consis-
tent negative effect on SOC storage in forests and shrublands, but not
in grasslands. Climate favorability, particularly high precipitation, was
associated with both higher SR and higher BB, which had consistent
positive effects on SOC storage, thus offsetting the direct negative
effect of favorable climate on SOC. The indirect effects of climate on
SOC storage depended on the relationships of SR with ANPP and BB,
which were consistently positive in all biome types. In addition,
human disturbance and soil pH had both direct and indirect effects on
SOC storage, with the indirect effects mediated by changes in SR,
ANPP, and BB. High soil pH had a consistently negative effect on SOC
storage. Our findings have important implications for improving
global carbon cycling models and ecosystem management: Maintain-
ing high levels of diversity can enhance soil carbon sequestration and
help sustain the benefits of plant diversity and productivity.

soil carbon storage | species richness | aboveground net primary
productivity | belowground biomass | human disturbance

Soils represent the largest carbon stocks in Earth’s terrestrial
ecosystems, and compelling evidence indicates that large
amounts of soil carbon in natural ecosystems have been lost in
recent decades because of the effects of climate change and human
disturbance (1-3). Therefore, soil carbon sequestration plays an
important role in mitigating the positive feedback between ter-
restrial carbon and climate (2, 4). A central issue to understanding
the mechanisms controlling soil carbon sequestration and a much-
debated subject is how plant diversity and productivity are related
to soil carbon storage (5, 6). Soil organic carbon (SOC) storage, in
general, represents the balance of two main processes: carbon in-
puts (e.g., net carbon gain by plants) and losses (e.g., microbial de-
composition) (2, 5, 7). Theoretical and experimental studies suggest

www.pnas.org/cgi/doi/10.1073/pnas.1700298114

that biodiversity has the potential to influence ecosystem carbon
sequestration by modifying both processes (7-9). Recent experi-
mental studies at small spatial scales have shown that high plant
diversity increases SOC storage by elevating carbon inputs (partic-
ularly belowground carbon inputs) and increasing soil microbial
community diversity and activity, and/or by suppressing carbon losses
from decomposition (6, 10). However, many studies at large spatial
scales have reported that the patterns of SOC storage are controlled
by climate, vegetation, and soil conditions (11-13). Thus, it remains
unclear whether plant diversity has important positive effects on

Significance

Soil carbon sequestration plays an important role in mitigating an-
thropogenic increases in atmospheric CO, concentrations. Recent
studies have shown that biodiversity increases soil organic carbon
(SOCQ) storage in experimental grasslands. However, the effects of
species diversity on SOC storage in natural ecosystems have rarely
been studied, and the potential mechanisms are yet to be un-
derstood. The results presented here show that favorable climate
conditions, particularly high precipitation, tend to increase both
species richness and belowground biomass, which had a consistent
positive effect on SOC storage in forests, shrublands, and grasslands.
Nitrogen deposition and soil pH generally have a direct negative
effect on SOC storage. Ecosystem management that maintains high
levels of plant diversity can enhance SOC storage and other eco-
system services that depend on plant diversity.
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Shifts in the dynamics of productivity signal ecosystem state
transitions at the biome-scale

Zhongmin Hu,"?3

Qun Guo,>3*

Shenggong Li,>** Shilong Piao,*
Alan K. Knapp,® Philippe Ciais,®
Xinrong Li’ and Guirui Yu*?

Abstract

Understanding ecosystem dynamics and predicting directional changes in ecosystem in response to
global changes are ongoing challenges in ecology. Here we present a framework that links produc-
tivity dynamics and ecosystem state transitions based on a spatially continuous dataset of above-
ground net primary productivity (ANPP) from the temperate grassland of China. Across a
regional precipitation gradient, we quantified spatial patterns in ANPP dynamics (variability,
asymmetry and sensitivity to rainfall) and related these to transitions from desert to semi-arid to
mesic steppe. We show that these three indices of ANPP dynamics displayed distinct spatial pat-
terns, with peaks signalling transitions between grassland types. Thus, monitoring shifts in ANPP
dynamics has the potential for predicting ecosystem state transitions in the future. Current ecosys-
tem models fail to capture these dynamics, highlighting the need to incorporate more nuanced

ecological controls of productivity in models to forecast future ecosystem shifts.

Keywords

Climate change, grassland, resilience, state transition, tipping point, variability.

Ecology Letters (2018)

INTRODUCTION

With rapidly increasing global environmental changes, ecosys-
tems are at risk of shifts in structural and functional states
(Lenton 2011; IPCC 2014). Such changes may negatively
impact ecosystem services and thus, human well-being (Cost-
anza et al. 1998). System dynamics theory predicts that as an
ecosystem approaches an alternative state (or tipping point),
recovery from perturbations require more time (van Nes &
Scheffer 2007). This phenomenon, known as a critical slowing
down (CSD), leads to increased temporal autocorrelation,
skewness and variability in state and functional variables prior
to the system undergoing a regime shift (Scheffer er al. 2009).
These statistical indicators have been argued to be useful
proxies of system resilience and thus can serve as early warn-
ing signals of transitions (Scheffer ez al. 2009; Dakos et al.
2012). Examples of these indicators predicting regime shifts
have been documented for lake eutrophication (Dakos et al.
2010; Donangelo et al. 2010; Wang et al. 2012), reductions in
marine fish populations (Litzow et al. 2008; Carpenter et al.
2011; Batt et al. 2013; Cline et al. 2014) and the collapse of
coral reef ecosystems (Fung et al. 2013; Hughes et al. 2013;
van Woesik 2013). However, with the exceptions of a few

studies in deserts (Rietkerk et al. 2004; Kefi et al. 2007), stud-
ies that link these CSD-based indicators to state transitions in
terrestrial ecosystems are rare (e.g. Eby et al. 2017).

Net primary productivity (NPP), as a core ecosystem func-
tion, determines energy flow and mediates biogeochemical
cycles within ecosystems (McNaughton et al. 1989; Chase
et al. 2000). Furthermore, understanding determinants of the
dynamics of NPP [e.g. interannual variability (IAV), climatic
sensitivity, asymmetric response to climate fluctuations] has
been a longstanding goal of ecosystem ecology. These indices
of NPP dynamics have also been used as indicators of ecosys-
tem stability and more broadly of resilience, reflecting the vul-
nerability of ecosystems to global change drivers (Isbell et al.
2009; Seddon et al. 2016; Smith et al. 2017). For example
IAV of productivity has been studied at regional and global
scales to quantify ecosystem responses to climatic variability
(Knapp et al. 2002; Zscheischler et al. 2014; Gherardi & Sala
2015; Xia et al. 2015; Niu et al. 2017). Similarly, asymmetry
in responses of NPP to precipitation variability and shifts in
the sensitivity of NPP to climate, have been used to investi-
gate ecosystem responses to changes in precipitation regimes
(Knapp & Smith 2001; Huxman et al. 2004; Wang et al. 2014;
Seddon et al. 2016; Haverd et al. 2017, Knapp et al. 2017;
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T8 B DS VDR B DIk X R IFSE X 8, R FHJE AL (Phantom 3A)HAHE AR HUHE 2 ¥ Fl
A WIERAR, i ENVIEEE BT BRI 2T | S, i (m E0EA AR 500 H JORT AR e 7 5 B 1 T T4
FEHT T AT DG B 2 AR A 0 — bR 2 AR R A — e Sk 2 TR AL SRR 4
28 LU B 50 S DR IX S A Bl 7 55 32 [ AR, PR 5 e P SR TR Y, I 114 B MF A ) X3 A )
i PR 1) T A LR A5 (A R e 7 2 B 33 R AR A7 5 18 RN T A ML A 114 A B 5 25 64 T B XS,
SIE S AR AR () IE AP . 2 SRR A TC AL AT D I B R B P A e 5l SR Tl O B 2 5
FEBEFE B SISO B B, BEAR A (AR R 5 R X 4, A e VA 4 7 i A e i 0 ) o TS
P S TE B AL TR, 57 28 T S M e R (R AL RN ) BAR . X6 H AT 5k P O v A e 7
BRI L PR, SR TR L B AR [T SR 4 R, eIt A S 7 25 1 ) ST AR R S ]
DGR B2 AR B0 = YR, gy =—200.06X*+706.763x*~430.779x+17.916, HEAR I s 1] 375 76
MBI 55 B W BSR4, A5 Tl 25 R GE R Bl B RS SRR A i R S8
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Extraction of desert vegetation coverage based on visible light band
information of unmanned aerial vehicle:a case study of
Shapotou region

Gao Yong-ping*, Kang Mao-dong"?, He Ming-zhu', Sun Yan!, Xu Hua"?
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Abstract: On the edge of the southeast Tengger Desert, visible-light images were collected by using un-
manned aerial vehicle (Phantom 3 advanced). Based on ENVI software, red, green, and blue band infor-
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WERIANWRE TR, BokEEEs 15 COH R RMH T, (4) 15 CO i 5 R B+ 55 /KB Bl
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PIRIFAEICR, HACREGE FICMA G 0 IAIR R 38 3K AR A A E R/ H 43 5 T ke 4% CO, HERL) 95.0%
1 85.5%, EARTRINE I, ISR AY 1388 B /K SR R Y L B IRL B 43 T BE % A B 1218 COL HERLY 63.6%071 48.0%; 4 135
KK T 4.87%. THEREERNT 25.94 ‘CH, 138 CO, Rttt Bl = /K 5 . IR EEAIG TG I s 15 RRITRR OR 498 5 K P2
B BB TR -5 ] e 38 COL HERLLY 61.6%0F11 43.7%.
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GONG Xiangwen, LI Yugiang, WANG Xuyang, NIU Yayi, LIAN Jie, LUO Y ongqing. 2018. Characteristics of soil CO, emission in
relation to hydrothermal factors during the growing season in Horgin sandy Land [J]. Ecology and Environmental Sciences, 27(4):
634-642.
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Temporal-spatial dynamic changes of net primary

productivity in Horqin region, China

GONG Xiangwen'?, LI Yugiang', WANG Xuyang'?, NIU Yayi'?,
LIAN Jie', LUO Yongging', YU Peidong’
(1.Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences. Lanzhou 730000, Gansu. China;
2.University of Chinese Academy of Sciences, Beijing 100049, China;

3.School of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730000, Gansu, China)
Abstract: Net primary productivity (NPP) is one of the key areas in research on regional carbon budget and cli-
mate change. Based on NPP, vegetation type maps and meteorological data (air temperature and precipitation) ,
evolution of spatio-temporal patterns of NPP, and driving factors in Horgin region from 2000 to 2010 were ana-
lyzed using trend analysis, partial correlation analysis, and regression analysis. The results showed that the av-
erage annual NPP of Horgin region from 2000 to 2010 was 121.32 g + (m® + a)~ ', and increased at a rate of
0.53 g+ (m® » a) ! in an arca covering 48.77 % of the region. The arcas in which NPP increased were mainly lo-

cated in Horqin district [7.46 g « (m* « a) ' Jand Kulun [5.09 g « (m? « a) '], and areas with decreasing NPP
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Luo Y Q, Yue X F, Li Y Q, et al. Effect of precipitation patterns on litter decomposition in three annual herb species in the Horgin Sandy Land.

Acta Prataculturae Sinica, 2018, 27(2). 206—212.
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Effect of precipitation patterns on litter decomposition in three annual herb species in

the Horqin Sandy Land

LUO Yong-qing', YUE Xiang-fei*, LI Yu-qgiang', ZHAQO Xue-yong', DING Jie-ping’, YAN Zhi-qgiang®

1. Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China; 2. Institute o f
Karst Geology , Chinese Academy of Geological Sciences ., Guilin 541004, China; 3. Gansu Academy of Environmental Sciences ,

Lanzhou 730020, China; 4. School of Environmental & Municipal Engineering s Lanzhou Jiaotong University s Lanzhou 730070,
China

Abstract: The effect of precipitation patterns on both aboveground and belowground litter decomposition in
three annual herb species in the Horqin Sandy L.and was investigated by the litter-bag method. Precipitation
patterns, which were designed according to historical precipitation characteristics, included high-, medium-,
and low-frequency precipitation, but the total amount was the same in each treatment. The results showed that
precipitation patterns and depth of litter burial were the two main factors affecting the litter decomposition
rate. The aboveground litter decomposition rate was significantly slower than the belowground litter decompo-
sition rate. The belowground litter decomposition rate was faster at deeper depths than at shallower depths, es-
pecially for Setaria viridis. The decomposition rate of S. wviridis litter belowground was significantly (P <C

0.01) faster at the 10—20 cm depth than at the 0—10 cm depth. The aboveground litter decomposition rate
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2013 412015 F 8 AW A AR FER BRY EMPREM FTFRET 3 KPR
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AR AT B BT —F AR RBEHF T, ZF LM
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FEWHENENEER B FLMEMX, PR MCEBHBTRE S PR #HEL R
RBEFNHASTM, KRBT DM HEENENESEHEEME s, PR
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KR HEAKR; EWE; KEFR; DM, £HEXA

Temporal changes of vegetation characteristics during the long-term grazing exclusion in
Horqin Sandy Land. LV Peng'®, ZUO Xiao-an'*", YUE Xi-yuan'*®, ZHANG Jing'*>?,
ZHAO Sheng-long'-** | CHENG Qing-ping" > ('Urat Desert-grassland Research Station, North-
west Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000,
China; > Naiman Desertification Research Station, Northwest Institute of Eco-Environment and
Resources, Chinese Academy of Sciences, Lanzhou 730000, China; * University of Chinese Academy
of Sciences, Beijing 100049, China).

Abstract; To reveal the variation of vegetation characteristics during the enclosure restoration of
degraded vegetation in Horqin Sandy Land, we investigated the vegetation characteristics in
mobile dune, semi-fixed dune, fixed dune, and sandy grassland after grazing exclusion, in mid-
August of 2011, 2013 and 2015. The results showed that during 2011-2015, the dominance of
dominant species Agriophyllum squarrosum in mobile dunes was gradually decreased, while that
of the dominant species Artemisia halodendrom in semi-fixed dunes undulately decreased and that
of therophytes increased. The dominance of therophytes was decreased and the perennials
increased in fixed dunes and grasslands. Along with enclosure restoration, vegetation cover, spe-
cies richness, litter biomass, aboveground biomass and belowground biomass were significantly
increased. During 2011 -2015, the mean litter biomass in the four habitats and the vegetation
coverage in semi-fixed dunes were significantly increased, while species richness and
aboveground biomass were changed undulately and there was no significant difference in the
belowground biomass among the three years. Vegetaion coverage, aboveground biomass, litter
biomass, belowground biomass and total plant biomass were positively related to species richness
during the enclosure restoration. Changes of plant community composition and dominant species
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Niu Y Y, Li Y Q, Wang X Y, et al. Characteristics of annual variation in net carbon dioxide flux in a sandy grassland ecosystem during dry years. Ac-
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*Characteristics of annual variation in net carbon dioxide flux in a sandy grassland

ecosystem during dry years
NIU Yavyi'?, LI Yugiang'* , WANG Xuyang'?, GONG Xiang-wen'?, LUO Yong-qing', TIAN De-yu'*
1.Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China; 2.University

of Chinese Academy of Science, Beijing 100049, China

Abstract;: Grassland ecosystems are a major component of terrestrial ecosystems in arid and semi-arid regions
and play an important role in regional carbon balances. Continuous observation (from 2015 to 2016) of carbon
dioxide flux was conducted using the eddy covariance technique in the ‘Horqin Sandy Land’ grassland ecosys-
tem. The study period coincided with the drought in the study area and the annual rainfall during the study was
60% of the historical average. Key results were: 1) The maximum daily absorption rates were — 6.68 and
—9.58 g+ m * «d ', respectively, in 2015 and 2016, while the release rate was 5.69 and 5.21 g+ m % « d "',
2) The amount of CO, absorption was —120.54 and —139.83 g * m * during growing season and the emission

was 230.33 and 212.82 g + m ™~ * during the non-growing season. 3) The Horqin sandy grassland ecosystem was a

2

carbon source when considered from an annual perspective. The net carbon release in 2015 (109.79 g m™*
yr ') was slightly greater than that in 2016 (72.99 g« m ? « yr '). 4) There were significant correlations be-

tween net ecosystem exchange (NEE) and air temperature, soil temperature, and soil moisture. However, the

* :2017-05-08; :2017-09-11
(2016 YFC0500901) , (Y551821) (31640012,31560161)
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* Corresponding author. E-mail: liyq@Ilzb.ac.cn

141



§38% 3 S LI € R Vol. 38 No.3
2018 /£ 5 H JOURNAL OF DESERT RESEARCH May 2018

FEENREED T EE R AT EERFIENZI

ZHA, B RS, XAt B0, THA

AL AR I =B, TR B 4710025 2. JEBHARL KAF R2FBE, 10T PEBH 1108665 3. Hf IRk % B Ph b A: A IR BT B2 U8

WH5ERE VBB vE . H 22 730000)

. W) HIRES B (BSOS IZ 0 ATE T 5 2 T 5 XA S R G RE 5 B 8 . WP
TSRS EAS BV BRI S B  HACRIBEE LS B i s KOS R OB R (N B (MDA) Il R A & i
SN . S5 R - 25 BOG S AR PR PE X PS5 B RO IR AT 0 35 22 5. TS B BRI R 3 A Bz PSTL R bty . 515
e @R TEEE A G TR MDA & A i b T S B R M R G BO A i T Z OB G R AT

PR S O MDA 5 5 T AL R S . i

RE I PO A0 S o =5 PR E  (EAR S 20 T AL 5 TR A ST

A TR T 02 B HAT — 5 IR A T RS 2 B B

KEEWR: Ko AL RS MEERVOL; A BR

XEHE: 1000-694X(2018)03-0560-08
FESES: Q44.52

0 5|5

JeA A A YA HLY AR S A At R BLAR
N — DA i Sl B JE Al XA AE KR 2R H
L RO R RAE YA A AR R B
KA E R A R W R R RS . RZHOR
BAES ARG AW I T R IR R R E L T HE K
o3 PR B BRI 3t 3R AN BE S AR 08 2 H AR X3 — i 4
ARV 07041 BERAR I A0 g A2 ) - S
(BSO) 14 58 % 5 $& At 1 2 ) R B A S
BSC J2 A [R) T 2A 14 1 58 | e 15 8 i A L B2
SRR AR S A Ay A o B 220 L[
AR 18 W) 55 5 M 32 T2 ORI 45 8 IR & &
PRE 0 B S BRI TP FE A5 BB IR
AR IR B K S U T R R AR 2R
MRERAE RS, BSC J& F“ A8 K #E 4 ” (poikilo-
hydric plants) AN 7K 73 5 f BEFPR T K 230K B0 1T A2
B, A L R AN A T A BRI AT BB
PR PRt O A 2R AR P 5 B /K R D AR DG
NIE R K AR AR Y BSC R4 A
DRI —E W AR T BT A A
ST KA AR AT BSC A B MR G R . A AR
FARERE 25 F T BB T 1 Fr9 484 N 8 S 45 B MR 25 7K
I HETDEA R SR T e G A B

WA EHA: 2016 -12-06; BEIEHF:2017 - 03 -07

DOI: 10. 7522/j. issn. 1000-694X. 2017. 00013
XkFRER: A

Bt #ERZE AR UK S . B ELRTRR R P K
BB LA AR T BRI TR
PR EKEE PIEO T AR K, LR E
ZMETF S BEREE Fz CO, Y78 Ao 2 AR UL R K 12 1
it in 5 e AR Ak B BSC 7R 5l K 43 25 A4 T R
W RO A R R I s et fe A DK R e
LG 5 2 B B 0 XoF 7K 43 il 72 G Sk o 5 -
TEZY 5 mm YRR S F R 4R — g .

Wi 5 4 278 R (14 TR I 4% 2 K 2 R o e
s, PEAFESEGTE 1 C A RREKY
9. 7%, B EEI R T RN Z A8, A
5 25 KBS, SR IX A K o () 2
SRR, [ Bl AL BERS I 5 5K &L O BSC #4467k
43 TR AR T TR A A A R S ELAT R
Y INRE ST AR KRR RE 1 BHLRR T 45 fe e R A HE
I X HHER A R A AR AR Y. Su Y K
L W14 TR A RS AL BEAE K BSC Y6A 16 MR
], B2 Bz A i R . AR AR g R
Rt 5 RARS T 07 P IR A 1) K 2 W 3 R BE S 5 AR F
TSRS AER.

22 RN LA X B4R BSC () 324K
[ Y RS0 i e i Rt Gl WS A B 2 e SR 1 T N
[Fi) oA = A BT S 2K L i I DS 28 7 1) e A
Rtk A E— 5T B A1 BSC st 5 i fy 2

BRETIE : ERARFIEELSTH (41701104,41771105) 5 o ERL 32 B2 U HB 267 #1350 H
EE RS2 7SR (1964 ) Lo TTRG T & AL BIAUEE 2 0T 5E . Ermails ssxvipl00@126. com



5538 B 7 W *+ &~ £ it Vol.38,No.7
2018 4F 4 A ACTA ECOLOGICA SINICA Apr.,2018

DOI; 10.5846/5txb201703290549
PNE ATBAER , 57 K 8% X R AR RV M 2 R A A ) B () B2 A 25 24417, 2018,38(7)

Sun Y, He M Z, Wang L.Effects of precipitation control on plant diversity and biomass in a desert region.Acta Ecologica Sinica,2018,38(7) .
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Effects of precipitation control on plant diversity and biomass in a desert region

SUN Yan', HE Mingzhu®, WANG Li"*
1 College of Forestry, Gansu Agricultural University, Lanzhou 730070, China
2 Shapotou Desert Research and Experiment Station, Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou

730000, China

Abstract: In the context of global climate change, drought and extreme precipitation events will have far —reaching
influences on species diversity and productivity of desert plant communities. Studying response mechanisms of plant
communities to precipitation fluctuations is of great significance for the scientific management of desert ecosystems. By using
rain shelters and drip irrigation systems to control precipitation input, this study evaluated the effects of extreme drought
( decreasing precipitation by 50% , D1 treatment ), drought ( decreasing precipitation by 25%, D2 treatment) and
increasing precipitation (increasing precipitation by 50% , W1 treatment; increasing precipitation by 25% , W2 treatment )
on species diversity and biomass of desert plant communities. After one-year precipitation control experiments, we found that
there was no significant difference in shrub and grass diversity indices, nor shrub biomass, under D1, D2, W1 and W2
treatments. The above-ground biomass of grass layers was sensitive to the precipitation changes. Grass biomass was (10.54+
2.36) g/m’ under DI treatment, in contrast, grass biomass reached (105.69+28.60) g/m’ with 50% precipitation
enhancement (W1 treatment ). Grass biomass showed a linear increasing trend with precipitation enhancement and was
significantly correlated with soil water content of the shallow layer (40cm depth, P<0.05). Therefore, biomass of grass

layers were closely related to short-term (one year) precipitation fluctuations. Based on long-term location experiments, this
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Wang X Y, Chen X S, Ding Q P, Zhao X Y, Wang X J, Ma Z W, Lian J.Vegetation and soil environmental factor characteristics, and their relationship at
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TR T AR S E R R, S5REY . (1) ME BN LR, DR T b SRS L R R R AR R A, KU
R R R R AR R (N AR Y S IR0 ) shAS R R R T BR O AR E S AL S SR R I L E R
B R AR 2 S A AR PRI FR I W B R BRRRAE 5 (2) RHEREE R T A AR R A 4 R Ak B Bkt
L A 2SRRI ) S A AR B 36 W 3B /KT (P<0.05) , KU oy b B 7F 52 | vl 8 A 2 B B A A AR IR AR AR Y = S 3K Bl
T HABH 51 Z B0 BB Be 5 A8 AE S REAR G PEA 35 (3) AR L HAB T AL B B, v BE B B P A o A 2SR AiE ) L 2R
358 DR (18 o o7 B R, IO R S AR B I B A DG T B B
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Vegetation and soil environmental factor characteristics, and their relationship at

different desertification stages. a case study in the Minqin desert-oasis ecotone
WANG Xinyuan'?, CHEN Xiangshun', DING Qianping', ZHAO Xueyong’, WANG Xiaojun', MA Zhongwu',
LIAN Jie>”

1 Ecological Environmental Supervision and Administration Bureau of Gansu Province, Lanzhou 730020, China

2 Naiman Desertification Research Station, Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China

Abstract: The desert oasis ecotone is a ecological zone influenced by desertification and oasisization, and is a major
research focus for restoration ecology. Based on the fifth national desertification monitoring, our research used variance
analysis and redundancy analysis to study the relationships between vegetation ecological characteristics and soil
environmental factors at four different desertification developmental stages in the Mingin Desert Oasis Transition Zone. The
results showed that (1) with the development of desertification, all the soil environmental factors, such as occupancy rate of
wind erosion, topsoil gravel content, and saline-alkali spots, showed an increased dynamic trend, while the effective soil
thickness showed a decreased dynamic trend. Among the vegetation factors, species richness, total vegetation coverage,
shrub coverage, herb coverage, dominant species coverage, plant height, and abundance decreased significantly, whereas

the ratio of dominant species coverage to total vegetation coverage increased gradually; (2) among the soil environmental
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(b Rk B YL AR A PRI IR S B

1

FEET FAR £ A FTRT RHX

, 22 730000; > H EBREBE R, JEET 100049)

o R

W E AEMRMHLIERAGZEEZNY A ERE 2 — EAARE XA L
BERBE PR EEFERNDEAERAURRNDHRID E BEd EfmEd oyt &, @
HEZMEINEKFRAENE, AEGARERKERE, AXDHAESRATE EFWN A
HEERMENGASRLABEE T EREA . FRAREHFERED K NMRKG KD E
(9.0l g - m)<EED E(67.46 g m2)<EH(119.55 g - m ). JH %4 B B4 750 A % 50 W
P EEVEFERTNENE &, ERFREMEW A BL AEDEFNT I XA
AU B S, E4fI ABNFEEBRKEMIBENEED EMERBENEA RS
MEE, MM AREREFGTRAENEFREMY NN TEE AREY RV HAERSRA
AKFA—9OA)AENEASHEERXK.

KA ﬂ’ﬁ‘hh?’/bi{@; _&._f%; B E

Inter- and intra-annual dynamics of vegetation litter at different habitats in Horqin Sandy
Land, China. WANG Xu-yang'*, LI Yu-qiang'*, LUO Yong-qing', LIAN Jie', NIU Ya-yi'?,
CONG Xiang-wen"?, YANG Hudn (' Northwest Instztute of Eco-Environment and Resources, Chi-

nese Academy of Sciences, Lanzhou 730000, China; *University of Chinese Academy of Sciences, Bei-
Jing 100049, China).

Abstract: As one of the important pathways of material and energy flow between plant and soil sys-
tem, litterfall plays a key role in the process of vegetation and soil restoration in ecologically fragile
region. To explore the inter- and intra-annual dynamics of litter production and related regulatory
factors at different habitats in sandy land ecosystem, we investigated the litter production during
nine continuous growing seasons, while the air temperature and precipitation were measured over
mobile dune, fixed dune, and grassland in Horqin Sandy Land. The results showed that annual lit-
ter production at different habitants were in the order of mobile dune (9.01 g - m™) < fixed dune
(67.46 g - m™) < grassland (119.55 g - m™*). The inter-annual dynamics of litterfall fluctuated
significantly, with a double-peak curve in fixed dune and “W” curve in grassland. The intra-annual
variation of litterfall exhibited a “U” curve at all the three habitats, with peaks appearing in April
and September, respectively. Pre(npltation and temperature had significant effects on the intra-annul
dynamics of litterfall production in fixed sand dune and grassland, but had no significant effect on
the inter-annual dynamics of litter production at three habitats. Temperature was the major factor
affecting the dynamics of the litter fall during the growing season in Horqin Sandy Land.

Key words: Horqin Sandy Land; habitat; litter.
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(B 7K 50%) , T 5 A0 B (U B K 25%) | AT AR EE T (3 P4 7K 509%) . 3 FR AL EE 1T (3% Jin 4 K
25%) . [ SRFA TN A IEA . A A T das il Bk i i 3 0sL, IF o s ok (R G . JE R | 1 %1k
AN DRPERERRNEG | IREG | 27 2 2% WRN R ) XS 2T | R B AR A A B A [ R 2K Ak B M 1
GESRF]: R AT AN YRR, MRS T SRR, R M I A S 4 S
ZIKAGTFEMA AN 8 2 2 A, At A SR T 4 34 B o K S S T2 T e e R mERE E AZ 1 IR R Y
WA AFE 25 5, R 1 R R T X+ SR P AR (b AR e 25 2 S =2 A0, L LRI T R 2435 31 T
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Response of soil enzyme activities to precipitation regulation in arid
desert areas

Xu Hua“? He Ming-zhu?, Sun Yan?

1. University of Chinese Academy of Sciences, Beijing 100049, China
2. Shapotou Desert Research and Experiment Station, Northwest Institute of Eco-environment and
Resources, Chinese Academy of Sciences, Lanzhou 730000, China

Abstract: By using the rain-shelter and drip irrigation system to control precipitation input in the field
experimental platform, precipitation gradients were designed in this study, including extreme drought
treatment (-50%), drought treatment (—25%), precipitation increase I (+50%), precipitation increase Il
(+25%) and natural rainfall. Response of soil enzyme (proteinase, amylase, catalase, alk-phosphatase,
urease, cellulase, invertase) activities to season, soil depth and different precipitation treatments were
studied. Activities of proteinase, alk- phosphatase, urease, cellulase, and invertase were significantly
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KAED2 RAAY AED? RE#Y

b R B G AL A A IR AT ST, H R A e X R X B A AR S R S, 221 730000
2 [E A Bk, B 100049

WE RLBRRZEE Y LA R B A ST R — FRHAL I BARESI TR . R B BAE R B J 2 AN IR 85 [ 4
W E R BRI, AMEN B R KT BAEEE X, HIERA RSN EM G0 E. T L, B
A [FIAEL A PP AN B I T AR B B R SR IE I, AR SR s ) IR 42 R BB AR KO A (70 1L 7 T AR Rk F o %
ERIR TR BRI FUERE, IR T AR BB R TS ) KN T R ANE

XRIF KB, WEREE, KA, ZEE, 2Tl

gRaks, BAA, B, BREEE (2018). MR L EMALE. MY 53, 726-737.

TR BB R R Bk, &4 KIEHEY)
RIZHL ) — Rk 4 # (Balkunde et al., 2010; &
LA, 2011). AEMR L BIREZ M LZRE, BV,
BIVAEE [] — P bt P T B[R] IR A7 AE T LA AN [RI SR, LI
HEIR. ACR SRR, BRAEE iR SE . R BT
PAR AR B, L mT L 2 A0 i A A
B BRI EG A AR, AR TR,
W3 B T ) R /N A0 B2 TR AR AR R i BRI BT Ak Az
BN E M S (5 B AT, 2015; Redonda et al.,
2016; Andrade et al., 2017). X872 BAE NIEY)F
BEEY DR ZAEVERT SO ER A 1 Fe A, T HAE
LD 1) 2 AN o3 2R bt HAT B 221 FR 7R /F H (Atalay
et al., 2016).

TR BADOS B 5 A EEERIER, T
Hi AR N A EMEFAME .. Ly BA
SIMERIIRE, BT LG B A AE AN 23l 22 P AR
WY, BIEENER. 2. EA. 2. LY
s 254k & 904 (Schilmiller et al., 2010; Maes et al.,
2011; Bryant et al., 2016; Wang et al., 2016a; Akh-
tar et al., 2017; Champagne and Boutry, 2017). X
LS VIR T 1Y) — RO R, TR RO
LS NI 7/ I A N = o 7/ 1IN 5 =S N =
AERBEME. Fik, YR LB NER
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P8 RARP= 4 9 /N B4k 1) (Tiwari, 2016; Cham-
pagne and Boutry, 2017). 11, M 4EE (Artemisia
annua) H I PUIE AT & %=, | (Mentha
spp.) 3K B A I 1af B AT KR (Cannabis sativa)
A RO KR R = R B B A ), X it
TE AR B A R = A 28 57 4 RN 245 F AN (Tiward, 2016
Akhtar et al., 2017). #4b, #ift(Gossypium spp.)
Fih 7 1) 3R B R g7 43 Tl B B2 1) R AR SRR AR 4 4
Wang<5(2013)f1Guan45(2014) i 7L R B, #5 4F 4 5
[N 2 5 3R B R RIS HE YA K. Patel5s
(2015)HF F R B, MRAEm: A2 3R Bk 2 R ECR
SEIRAE S, IR AR 4E e & . LigE(2005)HF 5T
T, BB IR I B (Pteris vittata) i % 5 B B A
WAt A7 e SR A 1 RE ), IXOAIE IR E SR
TS 7T R
TR BIWT T RS A5 1 . AR 22 DR

AP ) T R AR L 77 T 3 A T — L8
i (Balkunde et al., 2010; Dai et al., 2010; Kang et
al., 2010b; Ma et al., 2016). HITE X TBILEHEH
TR R i B o T, RO —MR
17 1) 5 20 R G R T 7 40 i 23 46 1 % (Yanagisawa et
al., 2015; ¥4, 2016; Zou et al., 2016). /L
T, ERIR BRGNS D7 AR T
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