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(AR 4 A 2 R e AR ) 1) BTN A TR 4

71 2-3 HA/NEAEAC S 1 b ERAB ST A SETH Y . 45 e m b [ R S 1
(RBARSR SN “EairpE” A50PH SR SR ) T rHEHeTESs

71 6-8 HA/NZAESKIRSINE i ER B 2 2 B IR KPR -

7 1 8-14 HA/WNESIN T NG IS DR A S 2R 50 E 5P AMRLE FF 5 ol gl
20 ARG 2, S P R BHBE X I 1 SR B — T R T R AE S RS
XA BRAB AL e L R ORI ST AT T IR AT, JEHE T AN S0 2

77 16-22 HiEA . EVE . S2AHSCHEAL SIS I 20 o5 i i 28 T R SR i o
e 5 IR B R

71 23-29 HE/NK, B30k, BRI . BEAERIISNE 19 REPHEYIYS RS B
N RAETBAL BEAAR I 53 2 AR AL

7126 H 2 28 HAHSRBITY 5132 P R RL A B fOlk A= A WFTE BT £ SIS it
T, BIPRIIVEHTREA S R G IR 58 U5 (8] 04 T2 ARS8 0

8 H 6-11 H F/PE BN [ 4 2442 Ecological Society of America (ESA) annual meeting
2017, 784 FRTHUN “Ecological restoration of degraded sandy land using microbial organic
compound in Horqin Sandy Land, Northern China” FJ2E AR5 .

8 H 16-18 H il 7e M (AsiaFlux ) 2017 4E4E2 A [ B I AFFT e
( ChinaFLUX ) 57 15 JAAFEBCG S0 T R J@t, [MIHESC “Evapotranspiration over
artificially planted shrub communities in the shifting sand dune area of the Tengger Desert, north
central China”3ff5 ChinaFLUX&CERN {75183 =454

8 J 24 HZA/IWNEAE “HRHBEIE R X EFAMEIIT- & @i pFit e b, FESEKE B
A A5 FR IR WL 100 2 P S AL S8 A T T 1P, DRt S b anty S A e i X /K S 1t

AT T
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8 J1 24 H-9 J1 1 HA=HoR, Ve, SIS, W A5 Kui: B vE BRSNS [l Bk
A2 2017 44z,

8 F 25-30 HZe/NEAER RIS N T 45 U P b X AR k2 5 e IR R 25, OF
5 PG N 2 25 3 AR Ay e R DX A A 9 DR A T 1T I Z B 38

977 B35 | BRSeTE SR Z IS (BRE R BPHATERAL AL ) 5+ = R4k 24 Jr kR
2 (PEBHIGTP 2 ). T T H K ( Long—term ecological research guides ecological
reconstruction and restoration in sandy areas of northern China ) FU#45, 252 1 HHt ORI,
FARHRIE L (Ziid: HhENAYD L5 M Rk AT 25 ).

9 F 25 -27 HAEH A AR T2 LA A T R B P LB T BE 2017 ARRERFAM &l
TSI, VDY ATt

10 J1 10-12 HA SR SnAess i R -3 W AR 51 B -3 Mo Fe b 5 v
BT STS H5hrfifit 4,

10 30 H-11 A 2 H 5/ K ARG TE T EREBe e A P be 20 e — <4 B 2R 4%
SE Y ZREEEARTTE 27,

11 A 10-12 H, FECY “H SRR RGBT M AKSIEE R
AIF, USROG 5L REE R S T4

12 71 28 H T EFIR AR XN REUFIMATT S TFENE 2017 ] 218 530, HtiELL
DS EdA, @ TR A SRR B B T TR,
Ju. BRSMSRTIZERKREID

3 H 9-11 HE B HRFAEOR R TR U 1 802 . A XA - E7 61 & g Bk
Loariyie s NSRS RN SR L2 2

3024 H (ARAH) LA (PSS 0B i K40k IR RS “BR” it
SC) SRE VDY AR IR TE 5L 1 e e

4 110 B ST ERCTAE I 8R4 2 JORZ 25 S Wi .

4 1 29 HIRE IR AAEE) 4 2 Aokas a2

4 79 H-5J1 10 H2MEGE R, FEPMARMARSS S ol RESes .
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4 J19 H-7 71 6 HPGALIME 28X IR EE A WO 2% 2 il T e S

5 J1 2 H o ER B B2 5 5 U5 B K d A AR B 47 7 ARk

5 H 3-6 HAS SR TS HO B BRI e ok 43 2l PR S50

5H 3 H-5H 6 HEBORS TS0 Tsunekawa Atsushi S48 Sl Z W50

579 HRSHHHEBCTAES, STk E S i Z0in

5 12-15 HIbt R g skoR Aok AR & 2 Wi

5 1 12-15 HAbRUR B ISR A S ulh PR S04

5 1 16-30 H 22 H A2l R il AR A TR S5

5 7 14 H 22 RAFF I AN BH = BRI B R L B IR 17 6 AR HEkui%E, 7
HREARZFBEN A E . WIRBERK AT 15 ARuiH %

5 119 H2EMAEPRIEIRER B E R T AT Frib s sk | SEIE P PRk
2% ( Western Michigen University ) i/ Amanda Sugan Barkman., Michael John Roberts Fl David
Antoine Shelmon 55 —17 6 AFMUPIEK I IE A TIRBFA 5%

5120 HRZE AP0 ARG, 28 SIRBUREYS . BT . (%817 16 AokR &%
pUNTIL

5121 HRDUME TR 20 R A F) 52057 ]

55 24 H-8 J1 12 HPUALIMTE IR 5K MR AR S i T e 526

5 A 28 H AP K% (UPM) Liang Juan Boo IS i 24 R AL . ]
B H . Use of naturally produced lovastatin for mitigation of enteric methane production,

6 1 2-4 Hrp B ARBE LA SRR IRIE SR, ¥ /N’ 2/ VSRR AR S ulidE
AL

6 J1 4-8 HALHIHTES 101 Tl 94 ABIZ k2], kiR EAE

6 1 9 HIMl—ErhEAR, ik, G, ATl WIrE | ARk 5 AR 2R
FHARD TG . R 2 IOk 23 SR

6 H 11-14 H HASBOC A2 R 2 0 B .

6 H 12-19 HERRYFEAEDL . Gmd. R, A5%, FIARR S,
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6 J1 17 HYEBHAVP AL T3 H S e & ERR DSk Bk R A v R

6 1 14-19 H &R R W F AL RS Sl s

6 H 26-27 HH RS K S FRIFFE T4 0L . Aokub KA Sl PR R b i dr

7 A 3 B PRI T SR PRI E 1T 6 ABIVP Ik i 4%

7 A 5 HYEH HRAH DB R R B8R

715 H o T E A TR RS A R S F

7 H 7 H R R S RR2E BT 30 A2 A AE 3 EAREAZ A O N Rk 2
WA o

7H 7 H-8 A 12 HPJLIRFE R . 8 . @B, iR, J55E. RIE. ik
A% i TR S

7 13 H 22 NR 2T 5 A 2 B 2 A 2 S/ N A —1T7 6 A BB bk

7H 13 H-8 J 3 HNZETRIFERY:, EMAR, EAZE. WA, SERSuiIFRIER

7 11 13-18 HARJIFEBR I R i —IliA: 65 AFBVDHESk i A 72k E 2 S0k

7 7 16-18 H RAIEFBE—1T 5 N RIS GAEAC i -

7 16-24 H 22 NACBAR2FIEESR . RIS Sl P RS

7 7 20 HPEPUIIRERY: R HAFSEIAIBA 2017 4EEERFAMELS " —47 20 42 A3k

71 23 HILARDA () £ AH—17 4 AZuhhik

7 H 24 B T ZE LA gl 0 G b AV R AR BRI AL T B4

71 24 B P ERPEREEI, ARSI IRATIE BRI 2017 4R R E S
UPEALBE S SR BLEPRIEUIPE” (9 20 42452 U TAE N SUBRYD Y Kl A TP AN 4 AN S0
2] o XA G [ 220 2 FEATPI TR EI R 22 5 s T L BRI | LR | R
PHive . SElTEL JBIAR. IS . RPHE 9 MEIK,

7 A 27 AL TTEE X RHIMH LU 25 £ /AR B TD Yl Sk sl 17 T2 5

7 1 30 H o ERFEBEH BRI ST IR ST 04T 10 NS0kl B T IR

7H 26 H-8 A 3 HNGEE R okt | sk | skBlH . AR ER R 2 i T S
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8 J1 9 HALGIRAA e, Senifls, BORMN], KRB RRSuIT IR,

8 H 11-12 HHh HBMABE A MBS RT, BAbK . BB o BRI Sl 2L

8 J1 13 H Rk FHI A A IR FITRARBOR —47 7 Nk 48 Tl Rl R
BHEZEIC, BRES, B BICar R EAMEEKX DG mIFK A, Mol Rk
Wi S0, i R H R K R AT 10 R AET E R G XK vk X X 2
SRR AT by 5%

8 H 13-18 H g &5 M H o A H 4155 7 AR L AR B A MR & 2 AU K
Do

8 J 16-18 HALHTHTIHE X BHEBE Phss 20 4348 IAE i gh A 7 RFAMRL 2 908

8 11 23-26 H IR IR P08 5155 6 AN BB 722 AR

8 J 27 HAET ERMBIEBE R EAG IR S I T KB e Ul &, 2 “2017
AEBTREAR FE R BV IA T BAR B IBE” 1) S 5 )AL —1 74k 30 ARSI SR i 20
%3,

8 J 29-30 H & HLIR )5 s b A 52 b0 B EAT M IR — 11 7 ABID ok ot

9 1 H BB AR LU TSR AR FERIFTE B 5 o e 3 W TR AR S R G LB 7 il 4
R SAZEIE N B R 1T 3 AW ila) 1 Vb sk

9 A 9-10 HREANAHIIMAE, Tala Awada, Rhae A Drijber (2 A\) K48 B8l

9 H 20 H BB 4o el L& 5 Bl 7 ARSI IG5 177 —47 20 B %
el LRAMG FEALEN AR A D@L eBil . PR b s
Fc R, PRBERE B HANC E2E L PRHBEK L IR Bl T RS 45

9 A 27-28 H E PRI LA R I INHEER Pk i A T AR AL i
+. LEERMN

TR 500 Z2H/E, BB 2 TOTHERIE 140 BE, WEFANEI
it ENVIS BTGl . ARSI AR AT . Alid i WL AR 4 . AL E A . HOLH Ik
TR s BNLAMURBIL . RIS = SRRHOEIERAE e . R TR
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BERSAR 2R GE . WEHR1X . Nanodrop SRR E RN . W RGRAH I, GG . SER2Ot
SERE PCR AL, SAMWERETE, WU S R (RIS B O pLSE, BNEE 2000 &7

JCo

[l e =S N R U S R R LS D TN SR WA L L D T TN R y eV A ¥ (4
T A — AR A %, RPN G uli g AR RS E T Rl i A S se R (st , S % IR
NHEFEHE FAE 252710 0 A W AR R 65

S = A A A A PR AE SR A FATATTH T, NPV B R AT H A AR
o BFERBULE LA TERAE R AL DT H], A NGRSt T H SRR RS Bl |

1B FE NG T HUR ST R 2
FN LR EUABRETTR

FF JF{E WE | Bf7
5 wH s R m oam | Re
1 TP BE ARSI 2 ¢ CST-3 eS| 400 2006 | K47
2 e 5 W R ¢ LI-7500 eS| 100 2005 | RIir
3 | ENVIS BEES S ENVIS Tl 80 2004 | RA4F
4 AR E AL — eS| 50 1998 R
5 HWOLHIL RS — ERS 50 1995 | R4
6 BOCRLEE 734 (Y $3500 eS| 50 1995 | RA4f
7| P NURERE TPG-500-TH | JRIFIIE 45 2001 R4
8 A PN A LI-6400 eS| 42 2002 | RA4F
9 A AH LAY Agilent 5 [ 40 2007 | KA
10 | AN TPREMRBHIRSE DIK-6000 H A 40 2008 | RA4F
11| ki I E R G0 LI-8100 eS| 40 2009 | RA4F
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12 1A e /A 1026 ] 35 1998 Bl 47
13 [ YRR A Waters600 2 30 2006 [Sy/a8
14 | fEERH-E Y PAM-2000 1t ] 30 2002 BT
15 1 TR B O L H-2050R 1| 45 2008 [SY/8
16 B G RS 380C ] 4.4 2008 B 47
17 He Wit AR SG403 1t ] 5.0 2008 KT
18 PCR % Biometra 7t ] 5.6 2008 [E§/a8
. Beckman ,
19 VU i O L 125 1 ] 23 2008 B iy
. Haris .
20 AR VKA Zeutfs| 5.6 2008 K
ELT-13V
21 AR VKA Thermo ES 5.0 2008 B &7
22 ABAL KA Milli-Q X H 5.0 2008 R4r
23 AL Virsonic 100 1 2.96 2008 B &7
N strategene
24 | q-Real-Time PCR X EJEs 27.0 2009 L4
MP3000
25 FEEE PCR Y ABI #f S 10.0 2008 B4
26 L3H PCR L ABI-2020 EJEs 3.0 2008 L4
27 Nanodrop 2000C F 7.0 2008 R4
28 aligk R4 UPR - 1-20T Hh 2.0 2008 [Sy/a8
29 | HRENTSAEMYIAS | HP 1500GS - B ] 3.0 2008 B4
30 2T AMAFHAY Vei — 480 ZiutEs| 23.4 2008 B 47
31 e A AU MM400 it [ 491 2008 SR/
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32 | BB RO primo R H [ 9.0 2008 =§dd
33 LK ARG 18.2MQCM L[ 3.42 2008 R4r
34 4 H 8l K MLS - 3750 H 7 3.45 2008 BT
35 PCR R 144X Ieycler e 14.40 2008 R4r
36 KR 194 C1000 E 35| 8.4 2008 [SR/ad
37 B UG R 50 Imagequant300 2 6.65 2008 [SY/a8
38 b S o] WTB-BINDER * 3.35 2008 B 47
39 B YE RS CENTRIVAP ESES 3.35 2008 [SY/5S
40 R VKA SANYO H A 4.8 2008 K4
. . BioRad
41 HEHFHIKRS *H 5.0 2008 K47
Powerpac 3000
42 e A T A Ilumine Miseq ESEs 111.6 2015 KL 4
43 JCE IR ECS4010 = RA 50 2014 =Yad
44 LTk FEI, MLA650 e 291.4 2016 LT
45 | oI ER A B 3R sp8 i ] 147 2014 BL
46 A IR I 52 AL LI-6400 FEH 96 2013 SY58
47 IR A HTAL Vario Toc 7 ] 28 2013 [RYa8
48 BRI KA Thermofisher e 14 2012 L
49 S B B Boxun Eile 4.0 2012 BT
50 AL Sigma *H 5.2 2014 R4r
51 JINR 5 T INFOS BT 23 2013 RHir
52 DR NEd ] O BD A H] C6 EgE| 34.72 2015 B
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2017 LI ERMT IS5 H R

— FEILTRPEERESER SREEBPIFR

F I b7 KD 1 3 X 3 AU DU DR VD M AR SR A HCSE Sia LR 22 LI LA R e/
VB SG RN PE X, HARIE 32 JFr B, RV RA R M AU R PRI . AR Y
VS il D 25 K A XD DX AR 2 A RO A RO AR AN 2 ST B, N T AE B
(8 TR S VIR D A I

Hh A B Sk VI T RIS 5 ARG 973 RIS H “Ha P [V i A 25
KGR . HLEAIRSE T 2017 4F 11 7 21 BIRAGE D T RHERE A R 5 H 125 1A
[RIYD X L ORI RBORE T . N AR AL AR G AR AR AR FIALEE, LR ANy 5 5E
Y5 I AR RE P Y A AR SCBELRF R R YR 1 R [0 AR - K AR B
R Z B R, R TAERGR LSRR S Bt T4 ; WA Kb PR K St 7
FRIMALSE , 7K SCI R XA ) R L S AR ) 56 2R 5 i /s 1 Rk . 3K iR /K FiAe
Wi 7 o3RI DA R A A S SR, A e i b e A SRS 2 5 Vb IX A 25 T A A
S B TEREPR B AR T TSRS E AR AR 2SO SCRIE RIS, B T
AN TR Sy T B B DR AR S SO, $R i T ARV KRR v A LA R
SCIIE3C 160 fi, il 3 %8, KBILH 730, Wi H FL 05T NG THRESR A
FEATERD, 1 AR, 1 IARUE5E . SRE TR —FR 2 HiH, BT T (EEEk
FORBUE ) (GB/T 15776-2016), J}yFEZRPATI T T Dk,

T ETRVBOR, R T FREEAMN T 2R E S ARME

T BRI EPIAEYE 23 0 AiAs S S - L IR R S A A s R ke ¢
A HERRAE YRS ORISR E R, e R s ici AR S R G E M S T 5 EE
PERGEER . R, TEARRA R (RRKRE R ) AR, AWt 0K Sh S IBEH LR &
KFR, JETFXAZKSCAPI BT R ST RN GEORE, 20 T Yk X
BERLIE K BTARA M ATRFIL , JFAELE G 25 IEREPI T2 X B /K AR | AR IR X 8 K A RefK
VERERYSERS L, B TRRG LK 38 A FH B B A i M RIS R IR | B AR 2

34



IERE KSR, Fow THEYRE . UK MRS MBS, #8R T APt T4
TG SNASAER M AR A RS A AT, R TR G K A it s BENL o T R, Tl
T KK R A I S B AR A LK I AR A # . (Wang et al., PNAS, 2017, 114(25):

E4944-E4950 ).
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& 3 KA 5 R IR AR (A) M2 2K B) E Y i
=, EREXE RS MASKSREIRER, B TR ERFRSEX SR E v
BAETIKCEME, P T ARSEX E v s et

e A I R R P - K i A 5K STRE BT 1 LK S RUBE R BRI 7K
A% Jm e AT I YRR A A 7 I R S B A L SR Iy S s o BRI A SRR, BOAE
WEAEIE | AT VT A A T A MK A AR R R i SR PR A OB . o,
B AR ) FEE T 3 I ek ) 81 2 B i 3, 1 DA ) B2 I A R )
BN LR BUR A R B, ORI BEAR RN B RSN S IS BOE A S TR, i
C T 1 AR K ST AR, B 1 3 AN ] e DX ST ] VAR B 19 A BOK SCREL . AR 2
K ST AR S AN AT LA AT 5 A 25 R e A BRI XU sk i 14 P 5285 R JiE
17 FL AT LR AR 3 B X A5 3 XA R S A e B3Rt nT s AL 94K 4E (Li et al., Ecological

Indicators, 2017, 83: 404-415 ).
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K4 BEAMYIMEE (A), #EARERE (B) FILHK (C) BEAFERK R AL AL

M., EHYAREREDR

TR ARSI R TP T MR8 K 0 e & AL , AR 5 X AR 2K S
L ARRAOFERS, 1A BUZ AR AR K 5 R B AR RS R AR 2. 2017 ARLEAEI A =
J7 ) R GEWT TR AN
1) $&m THEYIY R ARER KRR

FEAE A BOK B, RN T M IR)2 S5 A 2 ROK DI RERY B 2E Tk, R 1 Sty
IKIFRFZWITERINE ; TEBALKF- b, B TARSCIEINTEGL (A BRI S, S T 22kt
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M TERERERIMEDG , B A IS E 00T 5 5 SR AT RS G T, Sl T GDSL Wik
B FE TRV b, R TSERTER L AR, fih T R E AT AUz, i T
PRBRBGLE A ST S5 A R P VR, BT 3 R A0 P 2 B BE S A1 S5 IO A4 14 43T B
i, VEUE T A BTN S B Z EE T U P s FEEAAKT b, ZeBT TR R e R AR A
AIPRSTE, TEIE T IR TR T R IE N R P AR S (Li et al,, 2017, Plant Direct,
htps://doi.org/10.1002/pld3.25 ).
2) &7 T VI A TR R AR AR R ST

A BT o R TR T AR AT 2 % i K PR B R Rk e i e MEFE T ER Tt
G AR ATE WS HIB S SIS A 5, B0 T B ST A bR T S R A4 07 5
KA E N VAL RITE G AR B IXTa], &0 I, IR AWEIE B AU Y A= ) G ik
PR K oA M PR 295 T HE LAY (Zhou et al.,2017.Theoretical and Applied Genetics,130:
1169-1178 ),
3) s THYIH ARSI ER 5 RGARGHETIEE <

JEOR T f Bk & FRAZ 3N ABCG31 S5t ik RGPRAT UM AR G I i 2
W5, WIE T EATZ BN, 325 T ABCG31 M-SR Bt s F HLAet sy s
FAlE T ABCG31 FED s HERPE, $2H 1 vibE AR REILINAYHT 575 (Zhou et al., 2017.

Genetics and Molecular Biology, 40: 834-843 ),

I FREEXKE T FHERMYIMHRRRETRXRZ ST BOrX

TAER AT TR A R X, HAR R g e 2R, 294 ~3,700 IFp,
SMET 321 A&, 51 AR, AIREZMREERRE, SRS A, A EERATHN
(ERBHIH . 10 AP Z R PO X 2 —, G JEOA - A AR B A1 A%
O Xz — o SR, ST IR T+ AERHE ) A 0ty B S Z2 R 1) e A 55 )
W AN o E )2 SRR A T R I S R I A AERM R, R — A ROR IS AR
WA SR R D BE (el TS ) RIS RE R IBAL A 2R ASE I (epDNA ) ()37 51148 573X
B, BRARDT T B R XIS AR I R G TR AR, IRt T+ ERH AL R
A AP A& I PERR ST LA, AR TARCIME R R R TR EIA—EL [FRF, B

FT~700 ANHFHERE el TS FFIIME R G AL T R R It — LRV R R 2R B oy Bl
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R, R AT AW AR Z R 02—, I MR AR 52 5
B e S T ARSI o A5 ¥ A TR 23 [ RUBE B A bfr 135 3 D R TS A D M R ) 2 4
P AL B O A2 AR R, MRGER T B BE A R B Slx Yy 2 R S HA
J7 A SR B TR RS, R XTI R S AR AR PTIR SR PFA SR 2% (Qian C)

et al, Journal of Systematics and Evolution, 2018 ).

NN EIEY RN SRR RS R R S BB S R A 7= AR ST T AR

RPN PEARS A ST REZ RV A A AN N IE AP R A 25 A R R Y

SO e 2 S R RO BN REZ REEAI A ™ ) o BETF I, AT T /RN A& =S
SRV B SR A AR ST REZ AR | AR A A B | AR TR
ARl HORERH], RASIIENN T —AF AR A 7 g AT A B (A A s, i
T AR A Z AR AR A IR A AR I I REZ AR (FDITV ) AUEZSAES (K5, K
6 )o X —HRHE/RABIIG , B RAEY AT LA, 1E b T5 2 Lo g i B3 T
XTRIIBREL, IR N iRl Z (8] A se ram BE s, RPN ARSI E A (B17). &
7T 25 34 A 35 A AR A R L 7 I FIR R N S REZ AR AR, RN 1 —4F Al
PIRIR N IIBEZFEMEFIPRE S ([ 6, 18 7). KT T RA W I3 E R &, i
SRR M, i R — A AR AR I SO AR A 7 T o ABIRFEUESE T AEVD i it
—AEA A D RE AR A U R HAR g A 7 T O SR A U3 B — AR A AR PR3 2
PRSI SOINERURY, RAAEAR KRR L B URE R A INREZ RN | ARSI B AIEE 4™ ). 1t
S, FATHIDTFE PRI IE TSI PR AR NP E T RV T RE AR LR AL T7 1)

( Mao W et al, Frontiers in Plant Science, 2017, 8(28821). )
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K7 SRR IAA I T 5 v B s s S AP b A 2 R A2 1
£ 18R T YA [ A3 SRR AR oK AR BE S 4 el B ARAE

RN it T AR AV B A 0 E ALK A3 R e o, BT IR TS T e B T
Fro 2T ERR 3 Pl A SRR A A AR . K I INAma AL, AR A, RS2
o EAEMEE, ARV RS 225 A (P < 0.05) o [T ¥ AN B b Y SR P 2 T D i s F )
1.9 A1 1.7 £ (181 8), Wb s e AU IME 2ZE P E 3 (P < 0.05) 3§ 309X ATAaf i 7%
AW AHLZT, RIS EREC T T A . SRR YRR A
P (B 9). 7EETRUDHE R, FEK BRI A K AN, iR T
FEAH TR AR . LU T R R SR AR DR B SN Y G HE R . (Luo YQ et

il

al, Ecological Research, 2017, 32(6), 887-898 )
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I\ BIE T OB bR AR/ NS LA FE R D R R

BEBEFHRIDVM LRI, ARSI R B ok, ARG . WM e B
I, AN RS ) L&A B e i b = 8 BE R AE IR B R A S S AR B s M i A A — 3
[ E VD o G RS oA py B i WA 2 8 R AE R B ¥ 25 5, BIEE VD B Bu/ s
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The temporal dynamics of vegetation biomass are of key impor-
tance for evaluating the sustainability of arid and semiarid ecosys-
tems. In these ecosystems, biomass and soil moisture are cou-
pled stochastic variables externally driven, mainly, by the rainfall

(NW) China, we test a recently developed analytical scheme for
the description of the leaf biomass dynamics undergoing seasonal
cycles with different rainfall characteristics. The probabilistic char-
acterization of such dynamics agrees remarkably well with the

be expected in biomass for arid and semiarid ecosystems under
climate change conditions. These changes will depend—for each
season—on the forecasted rate of rainy days, mean depth of rain
in a rainy day, and duration of the season. For the site in NW
China, the current scenario of an increase of 10% in rate of rainy
days, 10% in mean rain depth in a rainy day, and no change in
the season duration leads to forecasted increases in mean leaf
biomass near 25% in both seasons.

ecohydrology | stochastic dynamics | vegetation modeling | climate change
impacts | soil moisture

I n arid and semiarid ecosystems, successful use of limited water
resources is of central importance in determining the evolution-
ary trends of vegetation. Soil moisture there is the principal lim-
iting factor for vegetation restoration and plays a key role in con-
trolling the spatiotemporal patterns of vegetation regulating the
complex dynamics of the climate—soil-vegetation system (1, 2).
Characterizing the vegetation in water-limited ecosystems,
with regard to quantity, species composition, and stability, is
a long-standing problem in restoration ecology (3). Field sur-
veys and different types of measurements have been taken for
decades (4), but they have mostly yielded only descriptive results
[e.g., links between soil moisture and accompanying biomass (5)].
Schaffer et al. (3) recently developed an analytical descrip-
tion of the transient joint behavior of plant biomass and soil
moisture induced by stochastic rainfall dynamics. These analyt-
ical results allow for predictions of ecosystem behavior under
changing climate conditions and also illuminate the sensitivities
of the dynamics to plant physiology, as well as to climate and
soil characteristics that govern the system. The objective of this

current conditions by comparing its predicted distribution for the
biomass density in both the wet and dry seasons with the statistics

China. Subsequently, using the climate change forecast of the

and its variability in the future.

Ecosystem Characteristics: Climate, Soil, and Vegetation

Long-term detailed measurements of vegetation dynamics were
carried out at the plant level in four plots located at the Shapotou
Desert Research and Experiment Station in NW China. Meteo-
rological 60-y records at the station provide an adequate charac-
terization of the rainfall dynamics at the site. The mean annual
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rainfall is 182.6 mm, of which 82% falls in the rainy season (May
1-September 30) with an observed range between 60 mm and
270 mm and a SD of 57.1 mm. The mean rainfall during the wet
season is 149.1 mm and during the dry season is 33.5 mm, with
SDs of 51.5 mm and 16.9 mm, respectively.

The arrival of rainfall events is modeled as a Poisson process
in which the rate Ao (d~!) is constant over the course of a sea-
son, but varies between seasons. After accounting for intercep-
tion (which acts as a censoring process), the rainfall arrival rate

A (2); A inherits
the seasonal characteristics of Ag, namely constant intraseason
and variable interseason values.

The temporal structure within each rainfall event is ignored,
with all water modeled as arriving in an instantaneous pulse with
random depth. For values of the arrival rate typical of water-
limited systems (such as those here), it will be rare for such a
process to produce multiple arrivals in a given day, and so the
continuous-in-time Poisson process can be correctly understood
at the discrete daily scale. In this case, Ay (d~1) represents the
probability of having rain on a given day, and the distribution of
rain depth during a pulse arrival is equivalent to the distribution
of rain depth on any rainy day (6); in particular, this distribution
is taken to be exponential with mean a
Ao and « for both seasons at the site for the period 1956-2015
are shown in Fig. S1.

etation is given in Field Site and Vegetation. Based on the analysis

The temporal dynamics of vegetation biomass are of vital
importance for evaluating the sustainability of arid and semi-
arid ecosystems. Field observations indicate that soil moisture

distribution. This allows for the study of the impact of di-
mate change scenarios on vegetation cover and plant water
resource competition. It is found that in a restored desert
ecosystem in northwest (NW) China, the growing season leaf
biomass is expected to increase by nearly 25% compared to
the present.
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Soil moisture dynamics are a determinant of the sustainable development of artificial sand-binding vegetation,
which directly prevents and controls desertification and sand hazards, such as the sand burial of farmlands and
pastures. How to maintain the stability of sand-binding vegetation is a challenge for ecologists and land man-
agers. An eco-hydrological model coupling the dynamics of sand-binding vegetation cover and soil moisture was
used to explore the effect of a stochastic daily precipitation regime on soil moisture and vegetation cover after
the establishment of sand-binding vegetation. The simulation results indicate that herbaceous vegetation cover,
woody vegetation cover and soil moisture increase nonlinearly with increasing annual rainfall. Specifically,
herbaceous vegetation cover first increased and then decreased with increasing annual rainfall. Woody vege-
tation cover increased by a power-law function within the total community cover, and soil moisture increased
exponentially. The eco-hydrological thresholds in different climatic zones and in typical revegetated sandy
desert regions of China were determined using an eco-hydrological model. These indexes will not only help to
promote dryland ecosystem management and maintain the sustainability of wind-breaks and sand-binding
benefits but will also provide a quantifiable reference standard for vegetation recovery and reconstruction in

sandy areas in the future.

1. Introduction

The main district requiring wind-sand hazard protection in northern
China is approximately 320,000 km? in size. It includes sandy land or
an agro-pasture ecotone east of Helan Mountain and transitional re-
gions with sandy deserts or desert-steppe west of Helan Mountain (Li
et al., 2014). The annual rainfall is more than 250 mm east of Helan
Mountain and less than 250 mm west of Helan Mountain (Li et al.,
2014). Introducing and establishing sand-binding vegetation is an ef-
fective method for preventing the hazard of wind-sand, controlling
desertification and promoting regional ecological restoration and re-
habilitation in sandy desert regions. Over the past 60 years, we have
established artificial sand-binding vegetation on 6000,000 ha of wind-
blown sand hazard areas of northern China, which serve as an im-
portant ecological barrier (Wang et al., 2008a; Cao et al., 2011). This
barrier effectively controls wind-sand damage, promotes sandy land
recovery and has achieved remarkable success (Cao, 2008; Wang et al.,
2008a; Wang et al., 2008b; Cao et al., 2010; Wang et al., 2010; Cao

et al., 2011; Assouline, 2013). However, many problems have arisen in
practice, such as large areas of artificial sand-binding vegetation de-
grading over the decades (Cao et al., 2011; Li et al., 2014; Ding et al.,
2015), groundwater levels beginning to decline (Li et al., 2014; Ding
et al.,, 2015) and new desertification appearing in previously re-
vegetated desert regions (Wang et al., 2008a; Li et al., 2014; Ding et al.,
2015). Consequently, maintaining artificial sand-binding vegetation
stability and the benefits of windbreaks and sand-binding sustainability
has become a large challenge in ecological restoration and re-
construction in sandy areas (Cao, 2008; Wang et al., 2010; Tan and Li,
2015).

Artificial sand-binding vegetation is different from natural sand-
binding vegetation (Hayse and Wissing, 1996; Li et al., 2000; Zeng
et al., 2007; Dou, 2008; Li et al., 2010). Natural sand-binding vegeta-
tion is the result of adaption to long-term regional or local climatic
conditions and the soil environment (Hayse and Wissing, 1996; Li et al.,
2014). Natural sand-binding vegetation can maintain high stability in
the context of small disturbances (Jonathan, 2003; Li et al., 2014).

= Corresponding authors at: Shapotou Desert Research & Experimental Station, Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000,

PR China.
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Abstract

Background and aims Despite the important role of
biological soil crusts in desert ecosystems, the responses
of the crustal composition and distribution to changes in
both climatic and edaphic factors at different spatial
scales are not well understood. The goal of our research
was to study the drivers of crustal community diversity
at different scales, determine how crustal diversity and
distribution patterns are related to abiotic and biotic
factors, and identify the characteristics of crustal com-
munities along a precipitation gradient.

Methods We investigated the distribution and character-
istics of crustal communities based on 457 soil samples
that were randomly collected from six desert regions of
northern China. These regions represent a precipitation
gradient from 450 mm in the east to 80—100 mm in the
west. The measured environmental variables included
soil moisture, pH, clay and silt content, soil organic

Electronic supplementary material The online version of this
article (https:/doi.org/10.1007/s11104-017-3385-8) contains
supplementary material, which is available to authorized users.
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carbon (SOC), total N, total P, total K, CaCO5 content,
annual and perennial plant cover and crustal variables,
including species richness, crustal cover and biomass.
An ANOVA analysis, a stepwise regression and a re-
dundancy analysis were used to analyse and interpret the
response of biological soil crusts to environmental fac-
tors at two spatial scales.

Results Our results showed that the moss distribution
and biomass were strongly related to the topsoil mois-
ture content. The highest diversity of cyanobacteria and
algae was observed at sites with relatively dry topsoil,
and lichen diversity was promoted at sites with fine-
textured soils. In addition, the cover and biomass of
moss were positively correlated with perennial plant
cover and higher topsoil moisture, which was expected
because plant cover provides shade for the moss. The
cover and biomass of lichens, cyanobacteria and algae
were positively correlated with that of annual plants
because these plants may create an ideal habitat and
provide nutrients. The physiochemical properties of
the topsoil greatly influenced the distribution pattern of
the crustal communities at the regional scale. The spe-
cies richness and biomass of the crustal mosses were
positively correlated with precipitation, whereas the
species richness and biomass of cyanobacteria and algae
were negatively correlated with precipitation at the land-
scape scale.

Conclusions Rainfall largely determined the species
richness and cover of the crustal cyanobacteria and
mosses, whereas soil properties had a greater impact
on the crustal lichens. Future changes to rainfall regimes
could result in the conversion of biological soil crusts

@ Springer
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Abstract. Knowledge of structure and function of microbial
communities in different successional stages of biological
soil crusts (BSCs) is still scarce for desert areas. In this study,
Nlumina MiSeq sequencing was used to assess the composi-
tional changes of bacterial communities in different ages of
BSCs in the revegetation of Shapotou in the Tengger Desert.
The most dominant phyla of bacterial communities shifted
with the changed types of BSCs in the successional stages,
from Firmicutes in mobile sand and physical crusts to Acti-
nobacteria and Proteobacteria in BSCs, and the most dom-
inant genera shifted from Bacillus, Enterococcus and Lac-
tococcus to RB41_norank and JG34-KF-361_norank. Al-
pha diversity and quantitative real-time polymerase chain re-
action (PCR) analysis indicated that bacterial richness and
abundance reached their highest levels after 15 years of BSC
development. Redundancy analysis showed that silt + clay
content and total K were the prime determinants of the bac-
terial communities of BSCs. The results suggested that bac-
terial communities of BSCs recovered quickly with the im-
proved soil physicochemical properties in the early stages of
BSC succession. Changes in the bacterial community struc-
ture may be an important indicator in the biogeochemical
cycling and nutrient storage in early successional stages of
BSCs in desert ecosystems.

1 Introduction

Biological soil crusts (BSCs) are assemblages of cryp-
togamic species and microorganisms, such as cyanobacte-
ria, green algae, diatoms, lichens, mosses, soil microbes and
other related microorganisms that cement the surface soil
particles through their hyphae, rhizines/rhizoids and secre-
tions (Eldridge and Greene, 1994; Li, 2012; Pointing and
Belnap, 2012; Weber et al., 2016). Due to their specialized
structures and complicated assemblages of their members,
BSCs constitute one of the most important landscapes and
make up 40 % of the living cover of desert ecosystems, even
exceeding 75 % in some special habitats (Belnap and El-
dridge, 2003).

It is well known that BSCs play critical roles in the struc-
ture and function of semiarid and arid ecosystems (Eldridge
and Greene, 1994; Li, 2012). They provide ecological ser-
vices such as soil stabilization, reduction of wind and water
erosion, and facilitation of higher plant colonization (Belnap,
2003; Belnap and Lange, 2001; Maier et al., 2014; Point-
ing and Belnap, 2012). BSCs are functionally important and
variable, and may be a useful model system for diversity-
function research. Their functional attributes are relatively
well known, and estimation and manipulation of biodiversity
in experiments are feasible, at least within some groups of
BSC biota (Bowker et al., 2010). This relationship is more

primary successional stages for BSCs in desert ecosystems:
mobile sand, algal crust, lichen crust and moss crust (Lan

Published by Copernicus Publications on behalf of the European Geosciences Union.
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Microbial community structure of biological soil crusts (BSCs) in successional stages of Shapotou desert
revegetation, northwest China, was assessed using [llumina MiSeq sequencing. Bacterial diversity and
richness were highest after 15 years, while those of fungi increased along a chronosequence of stabilized
dunes. Hierarchical clustering and principal coordinate analysis showed significant differences in bac-
terial communities between biocrusts and physical crusts, whereas fungal communities clustered into

four groups. Each age of BSCs exhibited the same dominant phyla at different proportions. The recovery
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time for bacteria was more than 15 years, whereas that for fungi ranged from decades to centuries,
indicating that fungal richness might be a potential indicator for predicting the degree of BSC recovery.

© 2017 Elsevier Ltd. All rights reserved.

Biological soil crusts (BSCs) constitute one of the most impor-
tant landscapes (Belnap and Eldridge, 2003), having critical roles in
semi-arid and arid ecosystems (Eldridge and Greene, 1994; Li, 2012;
Weber et al., 2016). In general, BSCs encounter the main succes-
sional stages in desert ecosystem: mobile sand, physical crust, algal,
lichen, and moss crust (Lan et al.,, 2012; Liu et al., 2006). Recent
estimates suggest that the recovery time of cyanobacterial soil
crusts is 15—50 years, whereas that of soil lichens range from de-
cades to centuries (Pointing and Belnap, 2012). However, there is no
information about when the microbial community structure can
reach a stable state in the recovery process of BSCs in desert eco-
systems. Bacteria and fungi are the major microorganisms in BSCs
(Bates et al., 2010; Gundlapally and Garcia-Pichel, 2006). During the
BSC successional process, microbial species composition and
community structure significantly change (Gundlapally and Garcia-
Pichel, 2006; Moquin et al., 2012; Zhang et al., 2016). Most of the
research on prokaryotic diversity of BSCs has mainly focused on
cyanobacteria-dominated biocrusts in arid and semi-arid regions
(Abed et al., 2010; Garcia-Pichel et al., 2001; Nagy et al., 2005;
Steven et al.,, 2013; Yeager et al., 2004). Recent studies on the
bacterial community structure of bryophyte or lichen-dominated

* Corresponding author. Donggang West Road 320, Lanzhou 730000, China.
E-mail address: ybliu13@163.com (Y. Liu).
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crusts have indicated that lichen-associated communities encom-
pass wide taxonomically diverse bacteria (Bates et al, 2011;
Cardinale et al., 2008; Maier et al., 2014). However, studies on
fungal diversity during BSC development in desert zones are rela-
tively few (Abed et al., 2013; Grishkan et al., 2015). Thus, what are
the changes in microbial community composition and function in
different successional stages of BSCs? In addition, what is the effect
of these changes on the recovery process of BSCs in desert reveg-
etation in temperate zones?

To answer these questions, we selected BSCs in Shapotou
restored vegetation, located on the southeast fringe of Tengger
Desert, northwest China. The unirrigated vegetation system was
established in 1956 and extended in 1964, 1973, 1981, and later on
by planting shrubs (Li et al., 2007b; Liu et al., 2006). In the reveg-
etation area, BSCs varied with the ages of restored vegetation en-
closures, and bacteria and fungi were selected to study the BSC
microbial community. We hypothesized that the BSC microbial
community structure reaches a steady state after a certain devel-
opmental period, and is of particular importance to vegetation
stability and soil properties during the successional stages of
revegetation in desert ecosystems. We sampled BSCs at the
revegetation established in 1964, 1981, 1987, 2000, and 2010 in
November 2015, and named them according to fixed-sand time as
51 YR (51-year-old revegetation), 34 YR, 28 YR, 15 YR, and 5 YR,
respectively. Mobile sand (MS) was employed as a control (Fig. S1).
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This study investigated the changes in the distributions of fine roots and explored their responses to changes in
vegetation and soil properties along a 46-year revegetation chronosequence in a desert area in northwestern
China. Fine roots and soil samples at depths of 0-3.0 m soil profile were obtained from revegetated sand-binding
areas and compared with those from moving sand dunes, natural undisturbed vegetated dunes, and a desert
steppe. The soil physicochemical properties in the top 0.8 m layer were analyzed, and the soil water contents
at depths of 0-3.0 m soil profile were measured. Redundancy and regression analyses were conducted to explore
the relationships between fine roots, vegetation and soil properties. Both the cumulative fine-root length and
mass in the 0-0.4 m layer and throughout the 0-3.0 m profile increased along the revegetation chronosequence,
and those of the 1.0-3.0 m layer increased up to 29 years and then decreased. Additionally, the proportion of fine
roots in the 0-0.4 m layer increased and the proportion of fine roots from 1.0-3.0 m decreased along the reveg-
etation chronosequence. The fine-root length in 0-0.4 m layer was mainly influenced by herbaceous cover, while
the fine-root mass at depth of 0-3.0 m was affected by shrub cover and biomass. The amounts of fine soil parti-
cles, soil organic carbon, and total nitrogen were the main edaphic factors that influenced the distribution of fine
roots. The fine-root length and mass in the 0-0.4 m layer were weakly and positively correlated with soil water
contents, while those in the 1.0-3.0 m layer had strong negative relations with the soil water contents in corre-
sponding layers. Our results demonstrated that the fine-root distribution in revegetated sand dunes was regulat-
ed by the succession of the vegetation-soil system after revegetation.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

relevant aspects that influence water, carbon, and nutrient fluxes
(Jackson et al., 1997; Norby and Jackson, 2000; Schenk and Jackson,

Fine roots play a crucial role in the exchange of materials and energy
flow between plants and soil (Casper and Jackson, 1997; Waisel et al.,
2002), and the distribution of fine roots with depth is among the most

Abbreviations: BSCs, Biological soil crusts; MSD, Moving sand dunes; R20, Sand-
binding dunes revegetated in 1990 (20 years old); R29, Sand-binding dunes revegetated
in 1981 (29 years old); R46, Sand-binding dunes revegetated in 1964 (46 years old);
Ref, Undisturbed naturally vegetated sand dunes; Ste, Desert steppe; SWC, Soil water
content; FRLD, Fine-root length density per cubic meter (m m™?); FRMD, Fine-root mass
density per cubic meter (kg m™3); FRL, Fine-root length per square meter (m m~2);
FRM, Fine-root mass per square meter (m m™2).

* Corresponding author at: Shapotou Desert Research and Experimental Station,
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2002). Generally, the distribution of fine roots in a certain area results
from the combined influences of climate, vegetation and soil (Schenk
and Jackson, 2005). For instance, plants in water-limited ecosystems
often present deep rooting and have relatively large root systems
(Canadell et al., 1996; Chapin et al., 1993; Schenk and Jackson, 2002),
particularly in coarse-textured soils in which soil water and nutrients
are regularly scarce (Collins and Bras, 2007; Wilcox et al., 2004). Cur-
rently, changes in vegetation are mainly characterized by shifts between
woody and herbaceous species, and associated soil changes are ongoing
in water-limited ecosystems (Sala and Maestre, 2014). Studies of the
potential consequences of such changes under certain climate condi-
tions on root distributions are urgently needed.

Changes in plant life forms typically alter the rooting depth and
biomass of fine roots (Canadell et al., 1996; Jackson et al., 1996,
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Abstract Little is known about the impacts of climate change especially for cooling on N,O
emissions from alpine meadows on the Tibetan Plateau. Along a slope of Qilian mountains,
China, we transferred intact soil cores covering different vegetation types (graminoid, shrub,
forb, and sparse vegetation) downbhill (warming) and uphill (cooling) across a 600-m elevation
gradient to examine the responses of soil-atmosphere N,O exchange rates to climate warming
and cooling. N»>O fluxes were measured during two growing seasons from May to October in
2008 and 2009. The Tibetan alpine meadow acted as a net N,O source at an average rate of
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In this study, we determined the relationship between stemflow amount and morphological metrics of
plants. Previous studies on this issue generally neglected the influence of differential rainfall amounts on
stemflow, which somehow bias the relationship between stemflow amount and morphological metrics.
Here, field observation of stemflow in two xerophytic shrubs (Caragana korshinskii and Artemisia ordo-
sica) of varying sizes were conducted during three growing seasons in 2011—2013 to evaluate this
relationship by using a simple variable, i.e., stemflow volume per unit rainfall (SfVPR, mL mm~?). This
stemflow index directly defines the influence of rainfall depth on the morphological metrics of plants,
and it has the following advantages over the conventional stemflow coefficient that has been used to
determine the influence of tree/shrub morphological metrics on the stemflow amount: (1) it avoids the
bias caused by the influences of differential rainfall amount on stemflow yield and (2) it is suitable for use
in hydrological models. Our results showed that SfVPR can well be used to determine the relationship
between stemflow amount and shrub morphological metrics. Moreover, by using multiple regression
model, we found that projected canopy area (or canopy volume, or basal area), plant area index, and stern
diameter are the most influential factors for the stemflow amount of C. korshinskii, whereas no significant
explanatory variables were found for that of A. ordosica.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Stemflow refers to a part of rainfall that is intercepted by leaves,
twigs, and branches and eventually channeled into soil through
trunk or stem, which further could be transported and redis-
tributed into deeper soil layers through preferential pathways such
as roots. Although volumetrically minor, stemflow is an important
source of soil moisture and nutrients for plant growth, this being
particular important in arid and semiarid ecosystems (Aboal et al.,
1999; Navar and Bryan, 1990; Navar et al., 2009; Navar, 2011;
Whitford et al., 1997; Zhang et al., 2016). The hydrological and
biogeochemical importance of stemflow was systematically
reviewed by Levia and Frost (2003).

Stemflow amount is a function of canopy structure, rainfall
characteristics, and meteorological variables (Crockford and

* Corresponding author.
E-mail address: zhangyafeng1986@gmail.com (Y.-f. Zhang).

http://dx.doi.org/10.1016/j jaridenv.2017.02.002
0140-1963/© 2017 Elsevier Ltd. All rights reserved.
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Richardson, 1990; Navar, 1993; Levia and Frost, 2003). The influ-
ence of individual canopy structure metrics on stemflow amount is
difficult to determine (Germer et al., 2010; Levia et al., 2013). Simple
regressions were first performed between a conventionally used
stemflow coefficient (the total volume of stemflow during the
observation periods) and the morphological metrics of plants, and
then a multiple linear regression model was developed after
eliminating colinearity between these metrics (e.g., Aboal et al.,
1999; Martinez-Meza and Whitford, 1996; Wang et al.,, 2013;
Yang et al., 2008). However, by using the accumulated stemflow
volumes during the observational periods, the previous authors
neglected the influence of differential rainfall amount on the
stemflow amount that obscures the morphology effects because it
is well known that stemflow significantly increases with the rainfall
amount after a threshold value for stemflow generation (e.g., Li
et al,, 2008; Manfroi et al., 2004; Navar, 2011; Zhang et al., 2013,
2015). As such, the contribution of rainfalls with high depths was
probably overestimated, whereas that of rainfall with low depths
was underestimated or under-represented. In terms of accurate
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Abstract: The present study focuses on straw checkerboards established in the Shapotou Desert Research and
Experimental Station at the southeastern edge of the Tengger Desert and their effects on the species richness
and the abundance of Agriophyllum squarrosu Moq. Specifically, detailed analyses on the spatial distribution of 4.
sguarrosum and the related soil properties were carried out at a small scale in the straw checkerboards. .4
squarrosum 1s an excellent pioneer plant for revegetation in desert areas. However, the distribution pattern of 4.
sguarrosurm and the influencing factors have not been sufficiently delineated. The results showed that the species
richness and the abundance of A. squarrosum were decreased exponentially from the border to the center of the
straw checkerboards. At the micro-geomorphological scale, the soil texture, soil organic matter (SOM), soil
nutrients (nitrogen, phosphorus and potassium), and soil infiltration rate in the topsoil tended to mcrease from
the center to the border within a straw checkerboard, while soil moisture presented an opposite tendency. The
soll seed bank of 4. sguarresum, soil bulk density, electrical conductivity, sand content, CaCO; accumulation, and
pH showed no significant difference (P>0.05) between the border and the center of the straw checkerboards.
Multiple linear regression analysis indicated that the abundance of 4. sguarrosum was mainly determined by the
concentrations of SOM, nitrogen, and the infiltration rate, implying that nutrient acclimation was the optimal
competitive strategy of A, squarrosum for surviving in a barren natural environment of an arid desert region.

Keywords: .Agriophyllum squarrosum; seed banks; soil moisture; soil infiltration rate; nutrient acclimation

Citation: HUANG Lei. 2017. Spatial distribution of Agriophyllum squarrosum Moq. (Chenopodiaceae) in the straw
checkerboards at a revegetated land of the Tengger Desert, northern China. Journal of Arid Land, 9(2): 176-187. doi:
10.1007/s40333-017-0010-x

1 Introduction

Vegetation spatial patterns are considered as common and well-defined characteristics of many
landscapes (Foti and Ramirez, 2013). The spatial patterns of vegetation are the results of the
mteraction between biotic factors and abiotic factors and also the results of long-term vegetation
successions (L1 et al., 2007, 2013). Vegetation spatial patterns in arid desert regions can be either
periodic or random (Borgogno et al., 2009). For example, in the Chihuahuan Desert, covering
parts of Mexico and the United States, in the Negev Desert in southern Isracl, and in other
water-limited arcas, vegetation distributions generally exhibit multitude patterns, such as banded,

*Corresponding author: HUANG Lei (E-mail: mathecology@163.com)
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Differential intra-specific stemflow funnelling efficiencies
of Caragana korshinskii within arid desert ecosystems
Ya-feng Zhang, Xin-ping Wang, Rui Hu and Yan-xia Pan

ABSTRACT

Stemflow is known as a highly localized point input of rainwater and solutes around tree/shrub bases
where roots are concentrated, thus having considerable effects on hydrology and biogeochemistry of
vegetated ecosystems. Stemflow shows a pronounced inter-specific variation due to morphological
differences among species, while the intra-specific variation of stemflow has been poorly explored.
We systematically examined the effects of shrub morphological metrics on intra-specific funnelling
efficiencies by quantifying the stemflow of nine shrubs of Caragana korshinskii within a water-limited
arid desert ecosystem of northern China. Stemflow volume was used to compare the absolute
amount of stemflow generated by shrubs of varying size, and funnelling ratio was used to assess
their funnelling efficiencies. Both rainfall depth and shrub morphological metrics significantly
affected stemflow volume, while funnelling ratio was more associated with shrub morphology. Under
the same rainfall condition, smaller shrubs produced lower volumes of stemflow, while gaining
access to rainfall via higher funnelling ratio than larger shrubs. Our findings highlight a large variation
in funnelling efficiency among individual shrubs within the same species, and in particular, smaller
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shrubs might profit more from sporadic small rainfall events than larger shrubs.
Key words | Caragana korshinskii, desert ecosystem, funnelling ratio, morphological metrics,

stemflow

INTRODUCTION

Drylands cover about 41% of Earth’s terrestrial surface (Rey-
nolds et al. 2007; Huang et al. 2015), characterized by a two-
phase mosaic composed of vegetated patches interspersed
with bare patches (Aguiar & Sala 1999; Tongway et al.
2007; Rietkerk & Van de Koppel 2008), where precipitation
is scarce and typically unpredictable and hence a key limit-
ing factor of ecosystem functioning (e.g., Noy-Meir 1973).
Shrubs are the dominant vegetation over the vast drylands,
and play a crucial role in the hydrological and biogeochem-
ical cycles in terms of redistributing incident precipitation
(Schlesinger & Pilmanis 1998; Llorens & Domingo 2007;
Zhang et al. 2016a). Precipitation falling on the shrub
canopy either is intercepted and subsequently evaporated
(interception loss) or reaches the ground diffusely by

doi: 10.2166/nh.2017.170
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throughfall or concentrated by funnelling down the stems
in the form of stemflow.

Stemflow is volumetrically small (normally 5-10% of
incident precipitation) in comparison to the other com-
ponents of the canopy water balance; it is, however, of
high eco-hydrological and chemical importance due to its
very local input to nature (Johnson & Lehmann 2006;
Levia & Germer 2015). Nutrient-enriched stemflow funnels
down the shrub stems and infiltrates into deep soil layers
through preferential pathways such as roots, creating islands
of soil moisture and nutrients (e.g., Mauchamp & Janeau
1993; Navar 2011; Schwiérzel ef al. 2012; Zhang et al. 2013,
2016b). Stemflow is thus considered to be an important
biological transfer mechanism in contributing to the
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ABSTRACT

Soil respiration (SR) is a major process of carbon loss from dryland soils, and it is closcly linked to precipitation which often
occurs as a discrete episodic event. However, knowledge on the dynamic patterns of SR of biologically-crusted soils in responsc 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 scason 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

did not vary in CLCS. Total CO3 cmission 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, ratcs, as well as total carbon loss, were greater in MCS than in CLCS. Soil respiration

precipitation cvents, together with the analysis of long-term precipitation data, suggest that small-size precipitation cvents have the
9 cmission in the
watcer-limited desert ccosystem.

Key Words:  biological soil crusts, C cycling, COg cmission, desert ccosystem, 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.

INTRODUCTTION 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.,

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 CO5 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

on soil C storage and fertility, since these soils have tion of the total annual COg 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 CO2 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

drylands should focus on the implications of such eve-

*Corresponding author. E-mail: xiaojunli@lzb.ac.cn.
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Abstract

Desertification is currently a major concern, and vast regions have already been devastated
in the arid zones of many countries. Combined application of cyanobacteria with soil fixing
chemicals is a novel method of restoring desertified areas. Three cyanobacteria, Nostoc sp.
Vaucher ex Bornet & Flahault, Phormidium sp. Kitzing ex Gomont and Scytonema arcan-
geli Bornet ex Flahault were isolated and tested in this study. Tacki-Spray™ (TKS7), which
consists of bio-polysaccharides and tackifiers, was used as a soil fixing agent. In addition,
superabsorbent polymer (SAP) was applied to the soil as a water-holding material and nutri-
ent supplement. Application of cyanobacteria with superabsorbent polymer and TKS7
(CST) remarkably improved macro-aggregate stability against water and erodibility against
wind after 12 months of inoculation when compared to the control soil. The mean weight
diameter and threshold friction velocity of the CST treated soil were found to be 75% and
88% of those of the approximately 20-year-old natural cyanobacterial crust (N-BSC), re-
spectively, while these values were 68% and 73% of those of the N-BSC soil after a single
treatment of cyanobacteria alone (CY). Interestingly, biological activities of CST were similar
to those of CY. Total carbohydrate contents, cyanobacterial biomass, microbial biomass,
soil respiration, carbon fixation and effective quantum yield of CST treated soil were en-
hanced by 50—100% of the N-BSC, while those of control soil were negligible. Our results
suggest that combined application of cyanobacteria with soil fixing chemicals can rapidly
develop cyanobacterial crust formation in the field within 12 months. The physical properties
and biological activities of the inoculated cyanobacterial crust were stable during the study
period. The novel method presented herein serves as another approach for combating
desertification in arid regions.

Introduction

Desertification is a global environmental issue in which land in arid, semiarid and dry sub-
humid areas is degraded by factors such as climatic variations and anthropogenic activities [1].
Problems associated with desertification include loss of biodiversity, low soil productivity, dust
storms and economic losses. Drylands cover 41.3% of all land and are home to more than 2.5

1/20
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Abstract Metabolomics offers opportunities for studying
the systematic response of an organism to a genetic and/or
an environmental change. Here, the metabolic conse-
quences of drought stress were characterized in the highly
drought tolerant plant Caragana korshinskii. The time-of-

several hundred metabolites in extracts of the leaf, stem,
root collar, and root of plants which had been either sub-
jected to drought stress or were well-watered. Each of the
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four organs harbored a number of potential metabolite
markers for the drought response. An increased abundance
of various small carbohydrates and soluble amino acids in
each of the four organs was induced by the stress; these
compounds may act as compatible solutes or antioxidants.
Across the whole plant, there was a fall in the content of
several Krebs cycle and glycolysis intermediates, as well as
in that of the amino acids glutamic acid and aspartic acid.
Pathway analysis suggested that most of the potential
metabolite markers were involved in energy metabolism
and amino-acid metabolism. The implication was that
energy metabolism and photosynthesis are compromised
during the adaptation of C. korshinskii to drought stress.
Given the different spectrum of metabolites associated with
the drought response in the four organs, it was concluded
that each organ employs a distinct strategy to cope with
drought stress.

Keywords Metabolomics - Caragana korshinskii -
Drought stress + Metabolite markers - Organs - Energy
metabolism

Introduction

The perennial xerophytic shrub Caragana korshinskii is
widely distributed across the arid and semi-arid zones of
north-western China and Mongolia (Wang et al. 2007;
Zhang et al. 2009), where it is frequently used as a soil
stabilizer (Li et al. 2003; Wang et al. 2004). Its tolerance to
various abiotic stresses, and especially drought, makes it
attractive as a model for the study of the plant response to
stress (Li et al. 2004). Seedlings are able to maintain a level
of photosynthetic activity even when exposed to fairly
severe moisture stress (Fang et al. 2011). Mature plants
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Abstract

Purpose Changes in bioactive soil C pools and their temper-
ature sensitivities will dominate the fate of soil organic C in a
warmer future, which is not well understood in highland eco-
systems. This study was conducted in order to evaluate cli-
mate change, especially cooling effects, on soil labile organic
C (LOC) pools in a Tibetan alpine meadow.

Materials and methods A short-term reciprocal translocation
experiment was implemented to stimulate climate warming
(downward translocation) and cooling (upward translocation)
using an elevation gradient on the Tibetan Plateau. Variations
in soil microbial biomass C (MBC), dissolved organic C
(DOC) and LOC were analyzed.

Results and discussion Over the range of soil temperature
from 0.02 to 5.5 °C, warming averagely increased soil
MBC, DOC and LOC by 15.3, 17.0 and 3.7 % while cooling
decreased them by 11.0, 11.9 and 3.2 %, respectively.
Moreover, warming generally increased the proportion of
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DOC in LOC but cooling had an opposite effect, while the
response of the MBC proportion to DOC and LOC varied
depending on vegetation type. Soil MBC, DOC and LOC
pools were positively related to soil temperature and showed
a hump-shaped relationship with soil moisture with a thresh-
old of about 30-35 %. Although soil DOC was more sensitive
to warming (5.1 % °C™!) than to cooling (3.0 % °C™Yy, soil
LOC showed a symmetrical response due to regulation by soil
moisture.

Conclusions Our results indicated that climate change would
not only change the size of soil LOC pools but also their
quality. Therefore, cooling effects and regulation of soil mois-
ture should be considered to evaluate the fate of soil organic C
in Tibetan alpine meadows in a warmer future.

Keywords Alpine meadow - Climate change - Reciprocal
translocation - Soil labile organic C
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Abstract
In arid and semiarid the threats of exotic invasive are
due to human soil crusts acting as
arid may play an role in the

of exotic invasive plants. Our goal was to examine whether BSCs could inhibit the es-

of exotic plant from lo-
cated along the edge of the Desert. In our study, we
the effects of three BSC types

(intact and

lichen, and moss crusts) under two
on the of two exotic plant

(Ceratoides latens and Setaria viridis) using indoor We found both

The Funds for Creative Research Groups of and effects of BSCs on the of the two exotic plant
China, {Grant No. and the National
Natural Science Foundation of China, (Grant with the BSCs, the of C. latens
No. 41530746 and S. viridis were reduced by 54% to 87% and 89% to 93%, in intact
BSCs. In BSCs the height and
biomass of the two exotic plant (b < .05) by the soil water and nutri-
ent for the exotic plants. Our results confirm that BSCs suppress
the rapid of exotic plant by of seed with
big size or and have aweak effect on exotic plant with small and
smooth seeds. This may the threat of of exotic In the
BSCs the of a few which
the beta Our work that better the two
effects of BSCs on the of exotic plant in
stages and is for the health and
of
invasion, soil crust, biotic exotic plant,
percent
1 | and that have adapted to the stresses of high light, tem-
perature, and {Belnap & Lange, 2003; Belnap, Phillips, &
soil crusts {BSCs) are and or- Troxler, 2006; Li, Jia, Long, & Zerbe, 2005). In arid and semiarid ecosys-
ganisms that include green algae, lichens, and mosses tems, species of BSCs are pioneers
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Abstract

Biological soil crusts (BSCs) can improve the stability and health of native plant communities
in arid ecosystems. However, it is unknown whether BSCs can also inhibit invasions of
exotic vascular plants on stabilized reclaimed sand dunes. To answer this question, we con-
ducted a greenhouse experiment to test the effects of cyanobacteria-dominated BSCs on 1)
seed germination and biomass of an exotic grass (Stipa glareosa P. Smim.), and 2) individ-
ual biomass of the exotic S. glareosa growing with two native plants, Eragrostis poaeoides
Beauv. and Artemisia capillaris Thunb. Our experiment included three BSC treatments
(intact crust, disturbed crust, and bare soil) and five species trials (native E. poaeoides
alone, E. poaeoides mixed with exotic S. glareosa, native A. capillaris alone, A. capillaris
mixed with exotic S. glareosa, and S. glareosa alone). The results showed that cyanobacte-
ria-dominated crusts can significantly reduce the cumulative percent germination of the
exotic grass (P<0.001) and native plants (P<0.001). Maximum cumulative percent germina-
tions of the exotic grass and two native plants were found in bare soil, and minimum in intact
crusts. The interaction of crust treatment x species trials on shoot biomass of the two native
plants was significant (P<0.05). These results indicate that the presence of BSCs on stabi-
lized sand dunes may reduce the germination of the exotic and two native plants. The effect
of reducing exotic and native plant seeds germination would maintain more diverse plant
communities and contribute to the formation of clumped vegetation patterns. We conclude
that BSCs act as a natural regulator for vegetation patterns and thus promote ecosystem
stability and sustainability.

Introduction

Drylands, areas with a severe and fragile ecological environment, cover more than one third of
the terrestrial land surface [1,2]. Drylands are characterized by a sparse presence of vascular
plants due to low water availability, and low rates of nutrient turnover or a limited ability to
acquire resources due to extreme temperatures [3,4]. The soil surface in drylands is often

PLOS ONE | https://doi.org/10.1371/journal.pone.0185839 October 4, 2017
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Abstract
The naturally occurring wild barley mutant suffers from severe water loss due to the permeable leaf
cuticle. encodes a full ATP-binding cassette (ABC) transporter, HYABCG31, playing a role in cutin

deposition in the elongation zone of growing barley leaves. The eibi? allele has pleiotropic effects on the appearance
of leaves, plant stature, fertility, spike and grain size, and rate of germination. Comparative transcriptome profile of
the leaf elongation zone of the eibi1 mutant as well as its isogenic wild type showed that various pathogenesis-
related genes were up-regulated in the eibi7 mutant. The known cuticle-related genes that we analyzed did not show
significant expression difference between the mutant and wild type. These results suggest that the pleiotropic effects
may be a compensatory consequence of the activation of defense genes in the eibi? mutation. Furthermore, we were

able to find the mutation of the

allele by comparing transcript sequences, which indicated that the

RNA-Seq is useful not only for researches on general molecular mechanism but also for the identification of possible

mutant genes.

Keywords: ABC transporter, defense genes, desiccation tolerance, plant cuticle, RNA-Seq.
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Introduction

The cuticle covers aerial plant organs and acts as an
effective barrier against pests and pathogens (Reina-Pinto
and Yephremov, 2009; Metraux ef al., 2014). The cuticle
mainly consists of wax and cutin. Cutin is made up of poly-
esters whose monomer composition is mainly C16 and C18
o-hydroxylated fatty acid, and is typically modified by
hydroxy- or epoxy groups in mid-chain positions (Yeats
and Rose, 2013). Moreover, cutin contains glycerol and a
small amount of phenolic compounds (Nawrath, 2006;
Yeats and Rose, 2013).

A spontaneous cuticle mutant (eibi/) from wild bar-
ley (Hordeum spontaneum) genotype 23-19 has been
cloned via a map-based approach (Chen er al, 2009,
2011b,). The eibil mutant suffers from severe water loss re-
lated to a reduced cuticle thickness and a decreased amount
of cutin monomers, and shows twisted leaves, dwarf plant,

Send correspondence to Guoxiong Chen. Northwest Institute of
Eco-Environment and Resources, Chinese Academy of Sciences,
Donggang West Road 320, Lanzhou 730000, Gansu, China.
E-mail: Guoxiong@Izb.ac.cn
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low fertility, reduced spike and grain size, and germination
delay. The gene, named as Eibil/HvABCG31 is mapped to
a pericentromeric region on chromosome 3H, where a mu-
tation in an ABCG31 transporter gene is associated with the
eibil mutant phenotype. This PDR (pleiotropic drug resis-
tance) transporter family, as well as its homologs in
Arabidopsis and rice, AtABCG32 and OsABCG31, plays
an important role in cutin deposition during the develop-
ment of a functional cuticle (Bessire ef al., 2011; Chen et
al., 2011a; Garroum et al., 2016). Analysis of Eibil gene
expression shows abundant transcripts in the elongation
zone (EZ) but only traces in non-clongation zones (NEZ)
and emerged blade (EmBL) of a growing leaf, and none in
the mature root (Chen ef al., 2011b). Cutin but not wax de-
position occurs mostly in the EZ (Richardson ef al., 2007).
Cutin deposition is already established by the time the EZ is
formed, and the defect of the eibil mutant cuticle is appar-
entinthe EZ (Chen ef al., 2011b). However, gene transcrip-
tion in eibil EZ is poorly understood.

A comparative transcriptomic analysis of the second
leaves of near-isogenic eibil and the wild type lines has
been conducted using the 22-k Barleyl Affymetrix
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Abstract
Key message The barley eceriferum-b.2 (cer-b.2)

in the cuticular wax component 14,16-hentriacontan-
edione. The mutated gene maps to a 1.3-cM interval on

and MLOC_69561.

Abstract  The cuticular wax coating of leaves and stems in

many grass species is responsible for the plants’ glaucous

appearance. A major component of the wax is a group of
eceriferum-b.2 (cer-b.2)
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17,

compound 14,16-hentriacontanedione. A linkage analysis
based on 708 gametes allowed the gene responsible for the
mutant phenotype to be mapped to a 1.3-cM interval on

and _69561. The product of the wild type allele may repre-

Introduction

All aerial organs of plants are covered by the cuticle: leaf
and stem of plants are covered by the waxy cuticle, which
restricts water loss and forms a physical barrier against
pathogens (Bernard and Joubes 2013; Kunst and Samuels
2009; Riederer and Schreiber 2001 1997). Some
of the wax is deposited outside the cuticle (epicuticu-
lar wax) and some within it (intracuticular wax) (Bernard
and Joubes 2013 2004 2002; Jet-
2001). The epi- and intracuticular waxes

are responsible for the glaucous appearance of the surface
by refracting the incident light (Bianchi and Figini 1986;
2002 2001). The chemical
constitution of cuticular wax comprises very long chain
(Cyy—C54) fatty acids, primary and secondary alcohols,
aldehydes, alkanes, ketones and alkyl esters (Kunst and
Samuels 2003 2010; Yeats and Rose
2013). The precursor fatty acids of chain length C,—~Cq
are synthesized by fatty acid synthase in the plastids, from
where they are exported to the cytoplasm and elongated
in the endoplasmic reticulum (Bernard and Joubes 2013;
Kunst and Samuels 2003, 2009). The barley C,y—Cs;

features of both fatty acid elongase and polyketide syn-
thase (PKS) (Mikkelsen 1979 2016; von

@ Springer
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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,, CH4, 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 CHy4 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 CH, 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, CH, 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.

1. Introduction

changes can lead to huge impacts on desert ecosystem function and
therefore feedback into climate change (Lal and Kimble, 2000; Belnap

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

* Corresponding author.
E-mail address: rongliangjia@163.com (R. Jia).

http://dx.doi.org/10.1016/j.catena.2017.09.031

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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The extreme stress tolerance and high nutritional value of sand rice (Agriophyllum
squarrosum) make it attractive for use as an alternative crop in response to concerns
about ongoing climate change and future food security. However, a lack of genetic
information hinders understanding of the mechanisms underpinning the morphological
and physiological adaptations of sand rice. In the present study, we sequenced and
analyzed the transcriptomes of two individuals representing semi-arid [Naiman (NM)]
and arid [Shapotou (SPT)] sand rice genotypes. A total of 105,868 pairwise single

SPT and NM samples; the average SNP frequency was 0.3% (one SNP per 333
base pair). Characterization of gene annotation demonstrated that variations in genes
involved in DNA recombination were associated with the survival of the NM population
in the semi-arid environment. A set of genes predicted to be relevant to heat stress
response and agronomic traits was functionally annotated using the accumulated
knowledge from Arabidopsis and several crop plants, including rice, barley, maize,
and sorghum. Four candidate genes related to heat tolerance (heat-shock transcription
factor, HsfA1d), seed size (DA1-Related, DAR1 ELF3
and /ate elongated hypocotyl, LHY) were subjected to analysis of the genetic diversity
in 10 natural populations, representing the core germplasm resource across the area
of sand rice distribution in China. Only one SNP was detected in each of HsfA7d and
DAR1, among 60 genotypes, with two in ELF3 and four in LHY. Nucleoctide diversity
ranged from 0.00032 to 0.00118. Haplotype analysis indicated that the NM population

between NM and other populations. These four genes could be further analyzed to
determine whether they are associated with phenotype variation and identify alleles
favorable for sand rice breeding.

Keywords: sand rice, physiological adaptation, climate change, single nucleotide polymorphism, allele diversity,
natural variation, candidate genes
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Abstract

Braya humilis is a member of the Euclidieae tribe within the family Brassicaceae. This spe-
cies exhibits a broad range of adaptations to different climatic zones and latitudes as it has a
distribution that ranges from northern Asia to the arctic-alpine regions of northern North
America. In China, B. humilis is mainly found on the Qinghai—Tibetan Plateau (QTP) and in
adjacent arid regions. In this study, we sequenced a sample from an arid region adjacent to
the QTP using the lllumina platform generating a total of 46,485 highly accurate unigenes,
of which 78.41% were annotated by BLASTing versus public protein databases. The B.
humilis transcriptome is characterized by a high level of sequence conservation compared
with its close relative, Arabidopsis thaliana. We also used reciprocal blast to identify shared
orthologous genes between B. humilis and four other sequenced Brassicaceae species (i.e.
A. thaliana, A. lyrata, Capsella rubella, and Thellungiella parvula). To enable precise charac-
terization of orthologous genes, the early-diverging basal angiosperm Amborella trichopoda
was also included. A total of 6,689 orthologous genes were identified before stricter criteria
for the determination of e-values, amino acid hit lengths, and identity values was applied to
further reduce this list. This led to a final list of 381 core orthologous genes for B. humilis; 39
out of these genes are involved in salt and osmotic stress responses and estimations of non-
synonymous/synonymous substitution ratios for this species and A. thaliana orthologs show
that these genes are under purifying selection in B. humilis. Expression of six genes was
detected in B. humilis seedlings under salt and osmotic stress treatments. Comparable
expression patterns to their counterparts in Arabidopsis suggest that these orthologous
genes are both sequence and functional conservation. The results of this study demonstrate
that the environmental adaptations of B. humilis are mainly the results of preexisting genetic
components. Future work will be required to characterize the expression patterns of these
orthologous genes in natural populations and will provide further insights into the adaptive
mechanisms underlying the wide range of B. humilis adaptations.

PLOS ONE | https://doi.org/10.1371/journal.pone.0183778 August 31, 2017
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Influence of Gravel Mulch on Rainfall Interception
under Simulated Rainfall
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Abstract

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

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 (

& Eppy 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
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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 L et al. (2000).
The gravel-mulch storage capacity was determined
by the method of etal. (1967). A2 x3m
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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ARTICLE INFO ABSTRACT

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

Ru-men fern-{entatit{n ) feed whereas cattle receive supplementary feed and are sheltered at night during winters. We hypothesized that

gri(nary purine derivatives the species differ in metabolism of energy and nitrogen (N) and predicted that the differences would favour yaks
al

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.

Qaidam yellow cattle
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

* Corresponding author.
E-mail address: longrj@lzu.edu.cn (R.J. Long).
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Abstract Gravel and sand mulching is an indigenous tech-

loess area of northwest China; however, little is known about
the changes of soil bacterial community and metabolic capa-
bility under the mulching. In this study, we investigated the
soil microbial community structure and metabolic functional
diversity during mulching using Illumina MiSeq sequencing
and Biolog ECO method. Totally, 9417 OTUs were classi-

higher richness and diversity of bacterial community were
detected in mulching samples. The average abundance of
soil bacteria (such as Proteobacteria, Actinobacteria, Fir-
micutes and Nitrospirae) in mulching samples was higher
than samples without mulching. Besides, some microbial
communities (such as Rhodobacteraceae, Phenylobacte-
rium, Pseudonocardia, Nonomuraea and Aeromicrobium)
were only present in the mulched soil samples. However,

Electronic supplementary material The online version of this
article (doi:10.1007/s11274-017-2367-6) contains supplementary
material, which is available to authorized users.

P4 Ruoyu Wang
wangruoyu@1lzb.ac.cn

CAS, Donggang West Road 320, Lanzhou, Gansu, China

China
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the lower metabolic capability was observed in mulching
samples based on Biolog method, which the main reason for
the opposite result might be that the soil objects detected by

structure and metabolic capability of bacterial community
and was one reason for crop yield.

Keywords

throughput sequencing

Introduction

chemicals, and different sizes of gravel) are employed
widely to increase crop yields in many parts of the world
2006 2009 2006).

Increased crop yields due to mulching have been reported in
2006a), wheat (Chakraborty

2005 2000;

2009). In a previous study it was reported that
mulching was able to increase crop yields, because mulching

et al. 2008

2003). In addition,
mulching play a role in suppressing weed infestations and
reducing the incidence of viruses and aphid infestations in

2006b; Saucke and Déring

2004).
In China, especially in the northwest region, gravel and
sand mulching is a traditional farming practice employed
for crop production due to the similar function mentioned

1994 2001 2010). Moreover, the

@ Springer
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ABSTRACT

Keywords:

Lily symptomless virus
Cucumber mosaic virus
Lily mottle virus
Triplex IC-RT-PCR
Simultaneous detection

Viruses commonly infecting lily (Lilium spp.) include: Lily symptomless virus (LSV), Cucumber mosaic virus
(CMV) and Lily mottle virus (LMoV). These viruses usually co-infect lilies causing severe economic losses in
terms of quantity and quality of flower and bulb production around the world. Reliable and precise detection
systems need to be developed for virus identification. We describe the development of a triplex immunocapture
(IC) reverse transcription (RT) polymerase chain reaction (PCR) assay for the simultaneous detection of LSV,
CMV and LMoV. The triplex IC-RT-PCR was compared with a quadruplex RT-PCR assay. Relative to the quad-
ruplex RT-PCR, the specificity of the triplex IC-RT-PCR system for LSV, CMV and LMoV was 100% for field
samples. The sensitivity of the triplex IC-RT-PCR system was 99.4%, 81.4% and 98.7% for LSV, CMV and LMoV,
respectively. Agreement (k) between the results obtained from the two tests was 0.968, 0.844 and 0.984 for LSV,
CMV and LMoV, respectively. This is the first report of the simultaneous detection of LSV, CMV and LMoV in a
triplex IC-RT-PCR assay. In particular we believe this convenient and reliable triplex IC-RT-PCR method could be
used routinely for large-scale field surveys or crop health monitoring of lily.

1. Introduction

Lily (Lilium spp.) is an important ornamental flower crop throughout
the world. In China, Lanzhou lily (Lilium davidill var. unicolor) is also an
important edible bulb crop and a traditional medicinal plant with a
150-year cultivation history. The bulb crop is mainly grown in central
Gansu province in Northern China (Wang et al., 2010a; Zhang et al,,
2015a). Unfortunately lilies are often infected with viral diseases
causing degeneration in the quality of many elite varieties. These in-
fections can cause severe economic losses in terms of quantity and
quality of flower and bulb production (Sharma et al., 2005; Wang et al.,
2010a). More than ten different viruses have been reported to infect
lilies worldwide(Ryu et al., 2002). Among the lily-infecting viruses, Lily
symptomless virus (LSV), Cucumber mosaic virus (CMV) and Lily mottle
virus (LMoV) are considered challenging viral pathogens for many
cultivars of lily (Asjes, 2000; Kwon et al., 2013; Lim et al., 2016).

LSV (Genus Carlavirus, family Flexiviridae) is a filamentous particle,
640 nm in length and 17-18 nm in diameter. Leaves infected by the
virus show vein-clearing characterized by light green inter-veinal
striping (Fig. 1A). Many cultivars remain symptomless when infected
with only LSV. Infected plants often have diminished growth, smaller
flowers, pronounced lower bulb yield, and shorter vase life as cut
flowers than uninfected plants (Ryu et al., 2002).

CMV (Genus Cucumovirus, family Bromoviridae) has the widest host

range among plant viruses; it can infect more than 1000 plant species
(Lin et al., 2003; Nouri et al., 2014; Kim et al., 2016). Leaves of infected
CMV lily show chlorotic or yellow spotting, inter-veinal striping or
vein-clearing and sometimes malformations. Later, in the plant’s life-
cycle, grey or brown necrotic spotting may develop (Fig. 1B). A coarse
flower-breaking pattern may develop in some cultivars along with petal
malformation (Ryu et al., 2002).

LMoV (Genus Potyvirus, family Potyviridae) is flexuous, non-envel-
oped, and rod-shaped; it is 11-15nm wide and 680-900 nm long.
LMoV infected lilies exhibit symptoms of leaf mottle, leaf mosaic, red-
dish-brown necrotic spots, vein clearing, chlorosis and yellow
streaking, leaf curling and narrowing (Fig. 1C). Symptoms may be very
mild, or plants may be symptomless during early growth stages (Zhang
et al., 2016).

In the field, LSV, CMV or LMoV can occur singly or as mixed in-
fections within lily plants. In fact, mixed infections with two or three of
these viruses are present in over 60% of plants in some of the main
planting areas of Lanzhou lily (Zhang, Y. B. unpublished data), and
consequently cause more severe damage when they occur together
(Zhang et al., 2014; Lim et al., 2016).

The management of a viral disease depends on a detection protocol
that is rapid, reproducible and scalable to large number of samples
(Viswanathan et al., 2013). Several techniques (ELISA, RT-PCR, and
multiplex RT-PCR) have been developed to detect LSV, CMV or LMoV in

= Corresponding author at: Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China.
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Abstract

Background:
enzymes that catalyzed the rate-limiting steps of proline synthesis, and proline is a well-known osmoprotectant that

mulation, and their role in abiotic stress tolerance in Lilium is still lacking.

Results: We isolated and characterized a novel gene (LhSorP5CS) from Oriental hybrid lily cultivar Sorbonne. Phyloge-
netic analysis indicated that LhSorP5CS is a member of the P5CS family. The three-dimensional structure of LhSorP5CS
predicted by homology modeling showed high similarity to its correspondant human P5CS template. Further gene

expression analysis revealed that LhSorP5CS expression was up-regulated by NaCl, mannitol, and ABA, and that stress-

Conclusions: LhSorP5CS characterized in this study is involved in proline synthesis in lily, and that it might play an
important role in abiotic stress tolerance. However, there should be other P5CShomologues in the lily genome, and
some of them could be highly stress-induced and more important for proline accumulation. Future studies on P5CS
family genes would be of great importance to proline-related stress tolerance in lily.

Keywords: LhSorP5CS gene, Homology modeling, Proline, Abiotic stress, Lifium spp.

Background Stress responses in plants are often accompanied by the
Abiotic stresses such as salinity, drought, heat, and

- and Hermans 2008 -
ronmental constraints further restrict the range of sites
that are suitable for cultivation, and cause decreased 2005), a scavenger for reactive oxygen species (ROS)

agricultural productivity around the world (Zhu 2001). 2002), a maintainer of cell structure (Ver-

To protect themselves against adverse conditions, plants 2006), and a signaling molecule that primes

have evolved many physiological, cellular, and molecular 2002).
2013). One of the most well-stud-

ied protective mechanisms relates to proline metabolism. 2011 2016), and proline

was considered as a storage of both energy and reducing

potential (Szabados and Savoure 2010). Besides, proline
*Correspondence: wxhcas@lzb.ac.cn boli Iso i Ived i d cell death
! Gaolan Station of Agricultural and Ecological Experiment, Northwest metabolism was also involved in programmed ce eat
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Abstract—Pathogenesis-related (PR) proteins are generally involved in the defense of plants and are import-
ant contributors in the disease resistance of plants. Among the 17 PRs that are currently recognized, the PR4
family of proteins is divided into two classes and features a conserved barwin domain. In this study, we iso-
lated two Class I1 PR4s from the oriental hybrid lily cultivar Sorbonne using the rapid amplification of the
cDNA ends (RACE) method, and designated these two PR4s LhSorPR4a and LhSorPR4b. LhSorPR4a and
LhSorPR4b were 627 and 617 bp in length, respectively, and encoded two corresponding PR4s of 141 and
143 amino acids. These deciphered LhSorPR4a and LhSorPR4b protein sequences shared a sequence simi-
larity of 90.7%, but their theoretical isoelectric points were distinctively different (7.74 and 4.08, respectively).
The three-dimensional structures of LhSorPR4a and LhSorPR4b predicted by homology modeling showed
high similarity to their corresponding papaya barwin-like protein template. Analysis of expression by gPCR
revealed that both LhSorPR4a and LhSorPR4b were responsive to methyl jasmonate and ethephon treatments.
The LhSorPR4b expression was also significantly induced by sodium salicylate (SS); however, LhSorPR4a was
unresponsive to the SS treatment. Both LhSorPR4a and LhSorPR4b were expressed in Escherichia coli
(E. coli) and successfully purified. The PR4s characterized in this study (LASorPR4a and LhSorPR4b) are the
first two PR4 family genes isolated from the Lilium genus, and they could therefore play an important role in
lily disease resistance.

Keywords: Lilium spp., PR4, disease resistance, homology modeling, gene expression analysis, prokaryotic

expression
DOI: 10.1134/S1021443717050132

INTRODUCTION

The sessility of plants make them vulnerable targets
of biotic and abiotic stress. To adapt to changing envi-
ronments, plants must build up robust defense systems
to combat adverse conditions. Invasive pathogens and
insects, which are major threats to agricultural and
crop production, are responsible for 25% of crop loss
globally [1]. Hence, a comprehensive understanding
of molecular mechanisms that govern plant immune
systems will facilitate plant research in diverse areas
and underpin the improvement of agricultural pro-
ductivity and crop production. Plants mainly use two

! The article is published in the original.

2 These authors contributed equally to this work.
Abbreviations: CBP—chitin-binding protein; ET—ethylene;
ETH—ethephon; ETI—effector-triggered immunity; HEL—
hevein-like protein; IMAC—immobilized metal (Ni +) affinity
chromatography; JA—jasmonic acid; MeJA—methyl jasmon-
ate; PAMP—pathogen-associated molecular patterns; PR—
pathogenesisrelated; PTI—PAMP-triggered immunity;
RMSD—root mean square deviation; SA—salicylic acid;
SAR—systematic acquired resistance; SS—sodium salicylate.

central immune systems to scrutinize surrounding
microorganisms and detect potential pathogens: the
pathogen-associated molecular patterns (PAMP) trig-
gered immunity (PT1) system and the effector-trig-
gered immunity (ETI) system [2]. PTI and ET]1 acti-
vated in locally infected tissues often emanate signals
systematically to uninfected areas to “warn” them of
imminent danger. This disease resistance mechanism,
which is conferred through signals that emanate from
distally infected areas, is referred to as systematic
acquired resistance (SAR) [3]. Generally, SAR is asso-
ciated with the accumulation of pathogenesis-related
(PR) proteins, which are important contributors to
plant disease resistance. PR proteins are currently
classified into 17 family groups that are based on their
similarities in protein sequences, serological relation-
ships, and their enzymatic activity and antimicrobial
mechanisms [4]. Among these PR proteins, some are
reported to directly interact with pathogens [5] and
exhibit antimicrobial properties. PR4 family proteins
combat pathogens by direct interaction. Proteins in
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Abstract

Results:

Subcellular localization, Lilium spp.

Background: Non-expressor of pathogenesis-related genes 1 (NPR1) requlates expression of pathogenesis-related
(PR) genes by interacting with TGA family proteins during systemic acquired resistance (SAR). However, no TGA-like
proteins or their interacting partners have been characterized in lily.

(Y2H). Subcellular localization of GFP-tagged proteins targeted LhSorTGA2 to the nucleus, whereas GFP-labeled
LhSorNPR1 was observed both in the nucleus and at the cytomembrane. Sequence alignment revealed that
LhSorTGA2 was featured with a basic leucine zipper (bZIP) domain and two glutamine rich acid domains (Ql and Qll).
Further phylogenetic analysis showed that TGA family proteins can be grouped into three subclades, within which
LhSorTGA2 was clustered into subclade |, together with AtTGA2/5/6. Expression of LhSorTGA2 was investigated in

hormones (SA, MeJA, ETH and ABA) or fungal pathogen Botrytis elliptica, LhSorTGA2 expression was also induced at

Conclusions: Collectively, these results suggested that LhSorTGA2 was an interacting partner of LhSorNPR1, which
might function in regulating expression of PR genes in lily during SAR.

Keywords: Non-expressor of pathogenesis-related genes 1, TGA-like proteins, Protein interaction, Gene expression,

Background
Infections at local sites often induce resistance against
further invasions of pathogenic organisms in the distal

protects plants from further invasion of a broad spectrum
of pathogens at the whole-plant level, is referred to as
systemic acquired resistance (SAR) (Fu and Dong 2013).

2015), and induction
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of pathogenesis-related (PR) genes. PRs encode for small
proteins, of which some are endowed with direct anti-
microbial activities. Since SA level, PR accumulation, and
SAR are tightly linked, SAR-conferred resistance could
be severely compromised either by interfering the level
of SA synthesis or by disrupting signaling pathways con-
trol PR 1993). Mutation
of the non-expressor of PR genes 1 (NPR1) gene, a central
node in SA-mediated defense signaling, blocks the prim-

1997). NPR1 lacks a DNA binding
domain itself, but features with an ankyrin repeat domain
and a BTB/POZ domain, both of which mediate pro-
tein—protein interaction (Pieterse and Van Loon 2004).

© The Author(s) 2017.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,
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Abstract The non-expressor of the pathogenesis-related
genes 1 (NPRI) is a master regulator in defense signaling
of plants and plays a key role in basal and systemic
acquired resistance. In this study, we isolated a NPRI-like
gene from the oriental hybrid lily ‘Sorbonne’ (designated
as LhSorNPRI

(RACE). The open reading frame of LhSorNPRI consisted
of 1854 bp, encoding a protein of 617 amino acids. Mul-
tiple sequence alignment revealed that LhSorNPR1 shares
high similarity to NPR1-like proteins and characteristics of
the BTB/POZ domain and ankyrin repeats. A comparison
between the intron/exon organization of LhSorNPRI and
orthologs from other plant species demonstrated that NPR1
genomic fragments (including LASorNPRI) are all com-

motifs involved in hormone response and binding sites for
RAVI proteins and WRKY transcription factors through
the prediction of cis-regulatory elements in the LhSorNPRI
promoter. Our gene expression analysis showed that
LhSorNPRI

ous tissues, and that LhSorNPRI expressions were induced
by sodium salicylate, ethephon, and methyl jasmonate.
Furthermore, we transformed LhSorNPRI into Col-0 wild-
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type Arabidopsis to conduct function analysis, and we
observed enhanced resistance to the bacterial pathogen
Pseudomonas syringae pv. tomato DC3000 in the Ara-
bidopsis expressing LhSorNPRI gene. The enhanced dis-
ease resistance of LhSorNPRI expressing plants could
correlate to elevated expression levels in pathogenesis-re-
lated genes (PRI, PR2, and PR5) in vivo.

Keywords LhSorNPRI - Lily - Systemic acquired
resistance - Gene expression analysis + Transgenic
Arabidopsis

Introduction

Signals from pathogen attacks at local infection sites are
often transmitted to uninfected distal sites to protect plants
from further invasion. This long-lasting, broad-spectrum
defense response is referred to as systemic acquired resis-
tance (SAR) (Fu and Dong 2013). The onset of SAR is
accompanied by elevated levels of in vivo salicylic acid
(SA) and induced expressions of pathogenesis-related (PR)
genes (Gaffney et al. 1993; Rochon et al. 2006). Moreover,
SA accumulation, at both infected and uninfected sites, has
led to speculation that SA is the SAR signal molecule
(Metraux et al. 1990; Rasmussen et al. 1991). Although
much effort has been made in understanding the relation-
ship between SA and SAR, there is to date no direct evi-
dence of this. However, reducing SA levels by disrupting
SA synthesis genes (Wildermuth et al. 2001) or by
expressing bacterial salicylate hydroxylase genes (Vernooij
et al. 1994) has compromised SAR phenotypes.
The non-expressor of PR genes 1 (NPRI
Arabidopsis by screening mutants that were
not sensitive to SA or its analogues (Cao et al. 1994, 1997).

@ Springer
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Abstract: Caragana microphylla
control in China’s Horgin Sandy Land. We investigated the effects of afforestation using C. microphylla

light-fraction (LF) organic matter. Compared to the values in the control areas, soil organic carbon
(SOC) storage to a depth of 100 cm increased by 88%, 74%, and 145% at 9, 15, and 31 years after shrub
planting, respectively; the corresponding values were 68%, 61%, and 195% for total nitrogen (TN)
storage, 109%, 199%, and 202% for LF organic carbon storage, and 203%, 337%, and 342% for LF

TN storage, despite the low proportion of total soil mass accounted for by the LF dry matter. Thus,
afforestation using C. microphylla was an effective way to sequester C and to restore degraded soils,
but the process was slow; it would take more than 100 years to fully restore SOC storage in active
dunes through afforestation with C. microphylla in the Horqin Sandy Land.

Keywords:

1. Introduction

The increase in atmospheric carbon dioxide (CO,) concentrations from 280 ppm in pre-industrial
times to 391 ppm in 2011 has been attributed to numerous anthropogenic activities, including
unsustainable land use, that have resulted in an increased severity and extent of soil degradation and

1,2]. Arid and semiarid
regions comprise 47.2% of the world’s land and more than two-thirds of these fragile ecosystems have

activities, and climate change [3]. Lal [4
19 to 29 Pg-C from the plant-soil continuum. However, it is increasingly accepted that restoration

of vegetation cover in the world’s arid and semiarid regions could create a high potential C sink

these areas [5,6].
Many agroforestry management practices can be employed to sequester C and counteract land

because of the durability and large mass of the woody stems, combined with the ongoing contribution
of organic matter to the soil. Afforestation is usually successful above the isohyet of 200 mm mean

Sustainability 2017, 9, 662; doi:10.3390/s5u9040662 82 www.mdpi.com/journal /sustainability
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Abstract Rising temperatures and precipitation are
important climate change processes around the world.
The responses of plants to these trends are still unclear
in semi-arid regions, especially in areas with degraded
sandy grassland. To provide insights into the response in
these regions, we investigated responses of vascular
plants to warming and increased precipitation in mobile
dunes, fixed dunes and grassland, which represent the
series of sand dune stabilization by plants in semi-arid
northeastern China. Plant biomass, especially the
aboveground biomass, varied significantly (P < 0.05)
among dune categories. Total plant density in the fixed
dunes and grassland was 1.9 and 1.7 times that in the

nificantly (P < 0.05) among the habitats. Increasing
precipitation in a drought year (65.5% of the long-term
average annual precipitation) by 30% did not signifi-

significantly decreased the belowground biomass, total
biomass, species richness and plant total density. In
summary, in semi-arid region with sandy soil, additional
precipitation slightly improved plant performance, but
increased temperature decreased plant performance. Soil
texture, which determines the balance between moisture
retention and evaporation, may be a key factor in
determining these responses when precipitation is
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unusually low.

Keywords Plant growth response - Precipitation -
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Introduction

Sandy ecosystems are dominant landscape units in many
parts of the world, and because of their large extent in
China, which was estimated to be 36.9 x 10* km” in 2000
(Wang et al. 2004), they play a significant role in carbon
sequestration (Zuo et al. 2015). However, vegetation per-
formance, the primary component of carbon balance, is
influenced by many variables, like soil texture, soil nutri-
ents, temperature, precipitation regime, etc. in these
ecosystems. The sandy ecosystem area is vulnerable to
climate change, leading to uncertainty in their contribu-
tions to regional and global carbon budgets and their re-
sponses to climate change (Li et al. 2012a, b).

Sandy land can function as a large carbon (C) sink
under beneficial conditions (Miao et al. 2015), but may
also turn into a large C source under harmful conditions
due to over-grazing (Li et al. 2012b; Zhao et al. 2011).
For example, free-grazed sandy grasslands in the Horqin
region of northeastern China have sustained heavy
damage from overgrazing, resulting in serious degrada-
tion of the vegetation and soil (Zhao et al. 2011). In
contrast, shrub planting and grazing exclusion in this
region increased the number, density, coverage, and
diversity of plant species, while also increasing total C
and total nitrogen (N) in the soil and the resulting C/N
ratio (Miao et al. 2015). Plant cover and aboveground
biomass increased by 20.3 and from 12.1 times, respec-
tively, after 26 years of grazing exclusion (Li et al.
2012a). C and N storage in the plant-soil system in-
creased by 3.1 and 1.9 times, respectively, after 25 years
of grazing exclusion (Li et al. 2012b).

Other research has shown that the sandy-land
ecosystem is sensitive to changes in ambient environ-
mental conditions. For example, a change towards a
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Abstract Vegetation recovery during succession is an
important process for ecological restoration of the soil,
especially in degraded sandy land. However, the driving
mechanisms, such as how a pioneer species competes with
other species, is uncertain. In China’s Horqin Sandy Land,
Artemisia halodendron is an important shrub that is com-

Agriophyllum
squarrosum during succession, and is an important indica-
tor species of the second stage of dune stabilization. How-
ever, how it outcompetes other species is still unclear. In
this study, we conducted a seed bank germination experi-
ment using soil from the native habitats of A. halodendron

ter of A. halodendron at a range of concentrations. Seed

by the foliage litter. Seed germination and seedling growth
=2y of the

foliage litter but severely inhibited by high concentrations
~2). Strong allelopathy, indicated by decreased
germination, increased seedling loss, and decreased plant
biomass, appeared during the later stages of germination

that as a pioneer shrub during the vegetation succession
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that occurs during dune stabilization, A. halodendron out-

foliage litter. This helps to explain the patchy distribution
and heterogeneity of vegetation communities in the Horqin
Sandy Land.

Keywords Artemisia halodendron -

Vegetation recovery

Introduction

Much of the world’s sandy land occurs in arid to semi-arid
areas, where it has been subject to considerable degrada-
2013; Zuo

et al. 2012). As a result, it has high potential for carbon
sequestration if the vegetation can recover. The ecosystems
in sandy land cover large areas, and therefore have multiple
2003), sandstorm prevention

2004 2012b).

Large amounts of C are potentially stored in the soil of
these ecosystems; soil storage may account for more than
80% of the C and N storage in some habitats of a degraded
2015). The resulting C and

=2 and 1.09 to

2006). Moreover, plants are the

major source of C for soil, and the most important organ-
isms for transforming C between organic and inorganic
forms. Carbon dioxide captured by plants via photosynthe-
sis is released by physiological activities including respira-
tion, litterfall, root turnover, and release of root exudates.
The net accumulation or emission of C by plants in sandy

@ Springer
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Abstract Plants that grow in dune ecosystems always
suffer from sand burial. Shrubs play implications on the
healthy functioning of dune ecosystems due to control
blowing sand. However, the survival and growth re-
sponses of shrubs to sand burial remain poorly under-
stood. The survival rate and seedling height of two
shrubs (Artemisia halodendron and Lespedeza
davurica) along with the soil properties under different
burial depths were examined in order to reveal the
causing ecophysiological attributes of sand burial on
shrubs in the desertified region. It was found that
A. halodendron can survive a burial depth of 6 cm
greater than its seedling height, which is a dominant
shrub in mobile dunes with intense burial, whereas a
burial depth equivalent to three fourths of its seedling
height is detrimental to L. davurica, which is dominant
in fixed dunes with less burial. The reasons for the shrub
death under sand burial were associated with the phys-
ical barrier to vertical growth and the reduction in pho-
tosynthetic area. In conclusion, A. halodendron can
facilitate the stabilization of mobile dunes because of
their high tolerance to the frequent and intensive sand
burial, while L. davurica can be beneficial for the

Electronic supplementary material The online version of this
article (doi:10.1007/s10661-017-5866-x) contains supplementary
material, which is available to authorized users.
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recovery process because of their higher survival rates
under shallow burial following restoration of mobile
dunes.

Keywords Sand burial - Horgin Sandy Land - Survival
rate - Seedling height - Dune shrubs

Introduction

Sand burial, a commonly recurring natural hazard in
dune ecosystems, influences the different growth stages
of plants (e.g., seeds, seedlings, and adult plants) in both
coastal and inland dunes (Maun 1994, 1996; Brown
1997; Szczucinski 2012). Sand burial is not considered
a primary stress but is a complex process that causes soil
conditions to change (e.g., temperature, moisture, pH
value, oxygen levels, bulk density and nutrient status),
which in turn affects the survival and growth of dune
plants included both vascular plants and cryptogams
like lichen and moss (Poulson 1999; Jia et al. 2012,
2014). There are a large number of literatures focusing
on seed germination and seedling emergence after sand
burial (Maun 1996; Wang et al. 1998; Chen and Maun
1999; Benvenuti et al. 2001; Li et al. 2006). Gilbert et al.
(2011) and Wang et al. (2016a) reported that the surviv-
al, growth, and reproduction of plants were positive to
the shallow sand burial. It was reported that the moder-
ate burial caused the leaf area to increase to compensate
for the reduced photosynthetic rate (Martinez and
Moreno—Casasola 1996; Gilbert et al. 2008) and the
shoot, stem, and leaf petioles to elongate to promote

@ Springer
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ABSTRACT

Sand activity is a common phenomenon that
occurs in inland dune ecosystems. Plants that grow
under these conditions inevitably suffer from sand
burial. Shrubs are important for the healthy function-
ing of sand dune ecosystems because they control
blowing sand. However, the survival mechanisms
and physiological responses of shrubs relative to
sand burial, particularly under different levels of
sand dune stability, remain poorly understood. The
seedlings of Artemisia halodendron and Lespedeza
davurica, two shrubs that dominate different habitats
of Horqin Sandy Land at different burial intensities,
were selected for this study. The survival rate and
physiological indices of these shrubs were studied.
Results showed that A. halodendron seedlings sur-
vived burial depth beyond 6 cm, whereas L. davurica
seedlings survived burial depth beyond 3/4 of their
height. After sand burial, most of the antioxidant en-
zyme activity and osmotic substance content of 4.
halodendron increased, whereas no physiological in-
dex of L. davurica was observed to increase signifi-
cantly after burial. Thus, compared with L. davurica,
A. halodendron can more significantly reduce the
damage caused by sand burial through increased
antioxidant enzyme activity and osmotic substance
content, such that it can tolerate deeper sand burial.

KEYWORDS :
Sand burial, Horgin sandy land, Survival rate, Antioxidant
enzyme, Osmotic substance

INTRODUCTION

Sand burial, as a commonly recurring
phenomenon in dune ecosystems, influences the

[1-3].

complex process that causes soil
conditions to change (e.g., temperature, moisture,
pH value, oxygen levels, bulk density and nutrient
status), which in turn affects the survival and growth
of dune plants [4]. The effects of

5]. Several authors
concluded that

[5]. Research on the survival, growth, or reproduc-
tion response of plants to sand burial has also been
conducted, and plant responses were found to be
positive with shallow burial. For instance,

burial -

roots However, plant burial
beyond the tolerance limit is fatal

to . And the tolerance limit of plants un-
der sand burial depth varies depending on species [2],
some researchers found that tats

tress
[7.8].

the involvement of osmolyte con-
tents and antioxidant protective enzymes of plants in
the mechanisms of their resistance to sand burial [10].

FEB
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communities have been studied with new approaches to improve an understanding
about the mechanisms underlying plant species coexistence. Yet, little is known about

and in particular how this may scale to impacts on community level FD and ecosystem
functioning. To address this uncertainty, we assessed the direct and indirect responses

species to the independent and interactive effects of nitrogen and snow addition within

these responses on plant community FD, trait overlap and biomass. Nitrogen addition
increased the biomass of the dominant annual species and as a result increased total
community biomass. This occurred despite concurrent decreases in the biomass of

trait overlap of both annual species and perennial species, and consequently increased
the degree of trait overlap in SLA at the community level. However, snow addition did

to changes in community level FD. We found that the responses of the dominant
annual species to nitrogen and snow additions were generally more sensitive than the
subordinate perennial species within the inner Mongolian grassland communities of our
study. As a consequence of this sensitivity, the responses of the dominant species
largely drove impacts to community FD, trait overlap and community biomass. In total,
our study demonstrates that the responses of dominant species in a community to
environmental change may drive the initial trajectories of change to community FD and
functioning.
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Abstract

The hydrophobic cuticle covers the surface of the most aerial organs of land plants.
The barley mutant eceriferum-zv (cer-zv), which is hypersensitive to drought, is
unable to accumulate a sufficient quantity of cutin in its leaf cuticle. The mutated
locus has been mapped to a 0.02 cM segment in the pericentromeric region of
chromosome 4H. As a map-based cloning approach to isolate the gene was there-
fore considered unlikely to be feasible, a comparison was instead made between
the transcriptomes of the mutant and the wild type. In conjunction with extant
genomic information, on the basis of predicted functionality, only two genes were
considered likely to encode a product associated with cutin formation. When eight
independent cer-zv mutant alleles were resequenced with respect to the two candi-
date genes, it was confirmed that the gene underlying the mutation in each allele
encodes a Gly-Asp-Ser-Leu (GDSL)-motif esterase/acyltransferase/lipase. The gene
was transcribed in the epidermis, and its product was exclusively deposited in cell
wall at the boundary of the cuticle in the leaf elongation zone, coinciding with the
major site of cutin deposition. CER-ZV is speculated to function in the deposition of
cutin polymer. Its homologs were found in green algae, moss, and euphyllophytes,

indicating that it is highly conserved in plant kingdom.

KEYWORDS
abiotic stress, cell walls, cuticle/waxes, drought/water stress
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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— — soil salinity (Desender and Maelfait 1999; Mckenzie et al.
e e i, e i it e 2003; Owoor t s 2009 Plon t sl 2008 Grownd-
material, which is available to authorized users. dwelling arthropod community composition also depends on
plant diversity (Siemann 1998; Perner et al. 2005;

X Qi Feng Padmavathy and Poyyamoli 2011), productivity (Siemann
gifeng@lzb.ac.cn 1998; Perner et al. 2005), and density (Yamamura 1999).
Factors influencing the pattemns of ground-dwelling arthropod
community are usually achieved through combining vegeta-
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Abstract:

sequences were investigated to analyze the effect on vegetation over the 2000-2015 growing season.
(19.1%—44.7% of the total), particularly in the southeastern part of Horqin, while showing a negative
anthropogenic activities have obscured the impacts of climate variables, with a rapid decrease in
grassland, and increase in cropland and woodland; and (3) the improved NDVI was interpreted by

expanding cropland and excessive groundwater irrigation, according to the positive effect of grain

should be more adaptive to the carrying capacity in this agro-pastoral transitional zone, particularly
with respect to water capacity.

Keywords:
sustainable restoration; path analysis; sustainable development goals (SDGs)

1. Introduction

Desertification is one of the major environmental issues, and seriously threatens water-constrained
habitat covering 40% of the global land surface [1-3]. Building on earlier efforts, the United Nations
Rio+20 have developed concrete sustainable development goals (SDGs) for worldwide prevention of
desertification, as the Target 3 of Goal 15 mentions: “By 2020, combat desertification, restore degraded
land and soil, including land affected by desertification, drought and floods, and strive to achieve
a land-degradation-neutral world” [4]. Vegetation dynamics are an important aspect of the desertification
process. However, it is controlled latitudinally and elevationally by global environmental change [5,6], or
nutrient availability and rainfall seasonality at regional scales [7]. Changes in vegetation composition and
structure influence ecosystem stabilization, and further the native access of ecosystem services [8], for

Sustainability 2017, 9, 211; doi:10.3390/5u9020211 92 www.mdpi.com/journal /sustainability
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Abstract Understanding the responses of vegetation
characteristics and soil propetties to grazing disturbance
is useful for grassland ecosystem restoration and man-
agement in semiarid areas. Here, we examined the ef-
fects of long-term grazing on vegetation characteristics,
soil properties, and their relationships across four grass-
land types (meadow, Stipa steppe, scattered tree grass-
land, and sandy grassland) in the Horqin grassland,
northern China. Our results showed that grazing greatly
decreased vegetation cover, aboveground plant biomass,
and root biomass in all four grassland types. Plant cover
and aboveground biomass of perennials were decreased
by grazing in all four grasslands, whereas grazing in-
creased the cover and biomass of shrubs in Stipa steppe
and of annuals in scattered tree grassland. Grazing de-
creased soil carbon and nitrogen content in Stipa steppe
and scattered tree grassland, whereas soil bulk density
showed the opposite trend. Long-term grazing signifi-
cantly decreased soil pH and electrical conductivity

Electronic supplementary material The online version of this
article (d0i:10.1007/s10661-017-5947-x) contains supplementary
material, which is available to authorized users.
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(EC) in annual-dominated sandy grassland. Soil mois-
ture in fenced and grazed grasslands decreased in the
following order of meadow, Stipa steppe, scattered tree
grassland, and sandy grassland. Correlation analyses
showed that aboveground plant biomass was signifi-
cantly positively associated with the soil carbon and
nitrogen content in grazed and fenced grasslands. Spe-
cies richness was significantly positively correlated with
soil bulk density, moisture, EC, and pH in fenced grass-
lands, but no relationship was detected in grazed grass-
lands. These results suggest that the soil carbon and
nitrogen content significantly maintains ecosystem
function in both fenced and grazed grasslands. Howev-
er, grazing may eliminate the association of species
richness with soil properties in semiarid grasslands.

Keywords Horqin grassland - Vegetation
characteristics - Soil properties - Grazing

Introduction

Grassland is one of the most widespread biomes in
China, accounting for 41% of the total national land
area. Disturbance or unreasonable human activities lead
to the degradation of the temperate grassland ecosystem
(L1 et al. 2007; Jiao et al. 2011; Limb et al. 2011) and
subsequent desertification (Li et al. 2000; Reynolds
et al. 2007). Grassland desertification characterized by
vegetation and soil degradation is commonly caused by
the continuous over-grazing (Golluscio et al. 2009;
Zhou et al. 2010). Grazing affects semiarid and arid
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HIGHLIGHTS

- We associate climatic impacts on vege-
tation growth in Central Eurasia.

= Central Eurasian vegetation has a non-
linear response to changing climate.

= The response of vegetation to climatic
factors varies in different seasons.

* The diverse vegetation responses to cli-
mate are related to different vegetation
characteristics and climatic conditions.

= Ecosystem functions regulate the rela-
tionships between vegetation and cli-
mate.
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GRAPHICAL ABSTRACT

ABSTRACT

Central Eurasian vegetation is critical for the regional ecological security and the global carbon cycle. However,
climatic impacts on vegetation growth in Central Eurasia are uncertain. The reason for this uncertainty lies in
the fact that the response of vegetation to climate change showed nonlinearity, seasonality and differences
among plant functional types. Based on remotely sensed vegetation index and in-situ meteorological data for
the years 1982-2013, in conjunction with the latest land cover type product, we analyzed how vegetation
growth trend varied across different seasons and evaluated vegetation response to climate variables at regional,
biome and pixel scales. We found a persistent increase in the growing season NDVI over Central Eurasia during
1982-1994, whereas this greening trend has stalled since the mid-1990s in response to increased water deficit.
The stalled trend in the growing season NDVI was largely attributed by summer and autumn NDVI changes. En-
hanced spring vegetation growth after 2002 was caused by rapid spring warming. The response of vegetation to
climatic factors varied in different seasons. Precipitation was the main climate driver for the growing season and
summer vegetation growth. Changes in temperature and precipitation during winter and spring controlled the
spring vegetation growth. Autumn vegetation growth was mainly dependent on the vegetation growth in sum-
mer., We found diverse responses of different vegetation types to climate drivers in Central Eurasia. Forests were
more responsive to temperature than to precipitation. Grassland and desert vegetation responded more strongly
to precipitation than to temperature in summer but more strongly to temperature than to precipitation in spring.
In addition, the growth of desert vegetation was more dependent on winter precipitation than that of grasslands.
This study has important implications for improving the performance of terrestrial ecosystem models to predict
future vegetation response to climate change.

© 2016 Elsevier B.V. All rights reserved.
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Abstract: Precipitation is the main water source for vegetation survival in arid and semi-arid areas.
However, previous studies always focus on the effects of precipitation in different time scales, but
ignore the effects of precipitation in different spatial scales. To further study the effects of precipitation

and spatial change based on data from eighteen meteorological stations during 1961-2015 in Horqin
region. Results showed that: (1) from the overall tendency of precipitation changes, the precipitation
inter-annual variations in Horqin region had the tendency of gradually decreasing from the southeast
(District IV) to the northwest; (2) the precipitation anomalies of District I-IV between 1960 and 1980
were small and approximate to the normal value; (3) in the time scale of 23-32 years, the cyclical

from a period of low precipitation to a period of high precipitation; and (4) as results of analyzing
the spatial wavelet variance of sub-region, the main cycle of precipitation in District I, District I and
District III was between 10 and 11 years, while the main cycle of precipitation in District IV was
25 years. The main conclusions include the following. (1) This region tended to be arid, and the
precipitation gradually decreased from the southeast (District IV) to northwest (District I). (2) The

from 25 years to 10 years. (3) Predicated from the cyclical changing law that the annual precipitation
decreases from high to low, the Horqin region will remain in a period of low precipitation between
2016 and 2020.

Keywords: precipitation pulse; wavelet analysis; changing period; Horqin sandy land

1. Introduction

Precipitation is the main water source for vegetation survival in arid and semi-arid areas. It is also
the main driving factor of various ecological processes of different ecological scales [1-5]. For a certain

occurrence, duration period, strength and other characteristic parameters are all greatly differentiated.

scale [6,7

Sustainability 2017, 9, 111; doi:10.3390/5u9010111 96 www.mdpi.com/journal /sustainability
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Abstract: Afforestation is conducive to soil carbon (C) sequestration in semi-arid regions. However, little
1s known about the effects of afforestation on sequestrations of total and labile soil organic carbon (SOC)
fractions in semi-arid sandy lands. In the present study, we examined the effects of Caragana microphylla
Lam. plantations with different ages (12- and 25-year-old) on sequestrations of total SOC as well as labile
SOC fractions such as light fraction organic carbon (LFOC) and microbial biomass carbon (MBC). The
analyzed samples were taken from scil depths of 0—5 and 5-15 cm under two shrub-related scenarios:
under shrubs and between shrubs with moving sand dunes as control sites in the Horgin Sandy Land of
northern China. The results showed that the concentrations and storages of total SOC at soil depths of
0-5 and 5-15 cm were higher in 12- and 25-year-old C. microphylla plantations than in moving sand dunes
(i.e., control sites), with the highest value observed under shrubs in 25-year-old C. mzcrop hyila plantations.
Furthermore, the concentrations and storages of LFOC and MBC showed similar patterns with those of
total SOC at the same soil depth. The 12-year-old C. wmicrophylla plantations had higher percentages of
LFOC concentration to SOC concentration and MBC concentration to SOC concentration than the
25-year-old C. microphylla plantations and moving sand dunes at both soil depths. A significant positive
correlation existed among SOC, LFOC, and MBC, implying that restoring the total and labile SOC
fractions is possible by afforestation with C. zicrophylla shrubs in the Horqin Sandy Land. At soil depth of
0—15 e¢m, the accumulation rate of total SOC under shrubs was higher in young C. microphylla plantations
(18.53 g C/(m?a); 0-12 vears) than in old C. microphylla plantations (16.24 g C/(m?-a);, 12-25 years), and
the accumulation rates of LFOC and MBC under shrubs and between shrubs were also higher in young C.
wicrophylla plantations than in old C. microphylla plantations. It can be concluded that the establishment of
C. miergphylla i the Horqin Sandy Land may be a good mitigation strategy for SOC sequestration in the
surface soils.

Keywotds: Caragana microphylla plantation; soil organic carbon; light fraction organic carbon; microbial biomass
carbon; catbon accumulation rate; Horgin Sandy Land
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ABSTRACT

In the field of phylogenetic analyses, the rbcL gene encoded large subunit Ribulose-1,5-biphosphate carbox-
ylase/oxygenase (Rubisco, EC4.1.1.39), which plays a crucial role in the process of photosynthesis for most terrestrial
plants, has been considered to be conserved; however, recent controversy regarding rbcL conservation has appeared since
it was proposed to be under natural selection within all principal lineages of land plants. In this study, by examining the
variation of DNA and protein sequences among 17 species in the family Tamaricaceae, three nonsynonymous mutations
were identified to be under positive selection. The favored sites were located in the alph-helix domains of Rubisco, with
decreased hydrophobicity and increased entropy, which could facilitate CO, penetration into the active site of Rubisco. We
also found that the expression level of rbcL in different genotypes of Reaumuria soongarica shifted in response to various
stresses such as drought, temperature, salt, and light. This study not only sheds light on the functional/structural features of
Rubisco in the evolution scenarios from C;-like into C, in Tamaricaceae but also provides useful information on directing
genetic performance to enhance photosynthesis efficiency of desert plants for sustaining fragile desert ecosystems; fur-
thermore, it promotes the ability to cope with desert aridification and global warming.

Keywords: rbcL gene; Reaumuria soongarica; Tamaricaceae; adaptive evolution

accumulation for growth and development.

Photosynthesis is not only the most important
chemical reaction to transform inorganic matter into
organic matter through fixing solar energy on the earth
but also the crucial source for plant carbon or biomass

99

productivity is tightly linked to the delicate balance
between carboxylation and oxygenation. As a bifunc-
tional enzyme catalyzing both the carboxylation of
D-ribulose-1,5-bisphosphate (RuBP) that initiates
photosynthetic CO, fixation and the oxygenation of
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Alpine soil carbon is vulnerable to rapid microbial
decomposition under climate cooling
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Surgery, University of Chicago, Chicago, IL, USA and **Earth and Environmental Sciences, Lawrence Berkeley
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As climate cooling is increasingly regarded as important natural variability of long-term global
warming trends, there is a resurging interest in understanding its impact on biodiversity and
ecosystem functioning. Here, we report a soil transplant experiment from lower to higher elevations
in a Tibetan alpine grassland to simulate the impact of cooling on ecosystem community structure
and function. Three years of cooling resulted in reduced plant productivity and microbial functional
potential (for example, carbon respiration and nutrient cycling). Microbial genetic markers associated
with chemically recalcitrant carbon decomposition remained unchanged despite a decrease in genes
associated with chemically labile carbon decomposition. As a consequence, cooling-associated
changes correlated with a decrease in soil organic carbon (SOC). Extrapolation of these results
suggests that for every 1 °C decrease in annual average air temperature, 0.1 Pg (0.3%) of SOC would
be lost from the Tibetan plateau. These results demonstrate that microbial feedbacks to cooling have
the potential to differentially impact chemically labile and recalcitrant carbon turnover, which could
lead to strong, adverse consequences on soil C storage. Our findings are alarming, considering the
frequency of short-term cooling and its scale to disrupt ecosystems and biogeochemical cycling.

The ISME Journal advance online publication, 23 May 2017; doi:10.1038/ismej.2017.75

Introduction

Global climate change science has predominantly
targeted climate warming (Luo, 2007; Frey et al.,
2013; Nie et al., 2013), but this focus is changing, as
it is increasingly recognized that temporary, local
cooling events are common amidst long-term global
warming trends (Alley et al., 2003; Ji et al., 2014).
There has been significant cooling in the Antarctic
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Peninsula as the late 1990s, arising from natural
variability of the regional atmospheric circulation
(Turner et al., 2016). It has been projected that the
climate in the 21st century is likely to produce
periods as long as one or two decade(s) of cooling
(Easterling and Wehner, 2009; Lyubushin and
Klyashtorin, 2012), which is alarming because
historic evidence shows that cooling may perturb
ecosystems and biogeochemical cycling at a scale
comparable to what is known for warming
(McAnena et al., 2013). For instance, cooling on
the Antarctic continent between 1966 and 2000 led
to a rapid decrease in the primary productivity of
lakes (6—9% per year) as well as the number of soil
invertebrates (more than 10% loss per year) (Doran
et al., 2002). Therefore, further understanding of the
tull range of possible climate change scenarios and
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Abstract Such activities as mining, metal ore smelting and
the discharging of mining wastes lead to heavy metal
contamination. Phytoremediation, including phytoextrac-
tion and phytostabilization, has been considered for a long
time to be effective in remediating metal-polluted soils.
This research assessed the chance of 40 plants (35 species)
distributing on mining-influenced sites for phytoremedia-
tion purposes. The results showed that total soil Ni, Cu, Cd,
Cr and Co concentrations were in the ranges of 107-3045,
116-2580, 7.1-22.7, 115-897 and 23.2-144.3 mg kg™,
respectively, whereas heavy metal contents in plants were
in the ranges of 0.60-435.61, 2.41-298.31, 0.03-32.10,
0.08-88.20 and 0.11-28.52 mg kg ™', respectively. There-
fore, no species can be used for phytoextraction purposes
because no hyperaccumulator was identified. Salsola
passerine, Stipa capillata, Cynanchum Chinense and
Halogeton glomeratus with translocation factor (TF) > 1
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for all five metals were considered to be accumulators. All
plants were observed to hold a bioconcentration factor
(BCF) < 1, except for Caragana korshinskii, which had a
BCF for Cd > 1, reflecting its low metal accumulation
potential. Among the species studied, Oxytropis aciphylla,
Salix matsudana, Tamarix hispida, Robinia pseudoacacia,
Picea crassifolia, Lycium barbarum and Phragmites com-
munis had both a BCF and TF < 1 for all five metals and
were considered the most suitable for the phytostabilization
of metal-polluted sites.

Keywords Heavy metals - Metal uptake -
Phytoremediation - Phytostabilization

Mine tailings -

Introduction

Such activities as mining, metal ore smelting and the dis-
charging of mining wastes have all conduced accumulated
heavy metal levels in the surroundings (Alloway 1994).
Heavy metal toxicity leads to most environmental prob-
lems where, for example, containing land surfaces are
destroyed and agricultural fields are polluted (Bhuiyan
et al. 2010). Direct results include the loss of cultivated
land, grazing land or forest and production, whereas indi-
rect effects contain water and air pollution and river sil-
tation, which eventually leads to loss of biodiversity,
esthetic and economic benefit (Bradshaw 1993). In China,
mining areas have eroded approximately 40,000 km? of
land and simultaneously abandoned mining land is
increasing by 330 km? annually (Zou et al. 2012).
Several technologies can be suitable for the restoration
of soils that are polluted by heavy metals. Nevertheless,
many of them may be high cost or rarely result in long-
lasting or amenity effects (Mulligan et al. 2001; Cao et al.

@ Springer



Journal of Arid Environments xxx (2017) 1-9

Contents lists available at ScienceDirect

Journal of Arid Environments

journal homepage: www.elsevier.com/locate/jaridenv

Effects of plant restoration on soil microbial biomass in an arid desert

in northern China

Xiao-hong Jia # P, Yuan-shou Li ©*, Bo Wu 2, Yu-yan Zhou P, Xin-rong Li P

@ Institute of Desert Studies, Chinese Academy of Forestry, 100091 Beijing, China

b Shapotou Desert Research and Experiment State Key Station, Cold and Arid Regions Environmental & Engineering Research Institute, Chinese Academy of

Sciences, 730000 Lanzhou, China
¢ Chinese Academy of Meteorological Sciences, 100081 Beijing, China

ARTICLE INFO ABSTRACT

Article history:

Received 23 March 2016
Received in revised form
26 April 2017

Accepted 27 April 2017
Available online xxx

Keywords:

Plant restoration

Arid desert

Microbial biomass carbon
Microbial biomass nitrogen

Soil microbial biomass acts as both a source and sink of organic carbon and available nutrients, conse-
quently affecting plant growth and production. However, our understanding regarding the effects of
plant restoration practices on the patterns of soil microbial biomass remains limited. In this study, we
established a 54-year chronosequence comprising moving sand dunes and adjacent sites that had been
stabilized through different periods (10, 20, 29, 46, and 54 years) of plant restoration in the southeastern
fringe of the Tengger Desert, China. Microbial biomass carbon (MBC), microbial biomass nitrogen (MBN),
and their relationship with soil physicochemical properties were analyzed. The results showed that plant
restoration significantly increased MBC and MBN in the arid desert. In all stabilized sites, MBC and MBN
decreased with increasing soil depth, while they increased along the chronosequence with decreasing
plant cover and successional biological soil crusts. MBC and MBN in moving dunes remained lower than
those in stabilized sites and slightly increased from topsoil to subsoil. Both MBC and MBN were positively
correlated with silt and clay contents, soil organic carbon (SOC), total nitrogen (TN), and MBC/SOC and
MBN/TN ratios, whereas they were negatively correlated with sand content. Higher MBC and MBC/SOC
were found in the later successional stages, suggesting a great potential for carbon sequestration and
higher nutrient turnover for stand biomass. This study indicated that plant restoration plays an impor-

tant part in the recovery of the biological functioning of soil in an arid desert.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Arid and semi-arid lands contain 16% of the global soil carbon
pool. Over two-thirds of lands in arid and semi-arid regions have
been destroyed by desertification, leading to carbon loss (Lal, 2001).
Many measures have been taken to prevent environmental dete-
rioration and restore degraded soil in arid and semi-arid lands
(Luna et al., 2016; Yang et al., 2014; Xiao et al., 2016a). The avail-
ability of basic information on ecological processes that occur
during the course of ecosystem recovery is critical for proper
planning and management of rehabilitation programs in disturbed
ecosystems (Liu et al., 2015; Garris et al., 2016).

Soil organic carbon (SOC) is a key factor in soil fertility and an

* Corresponding author. Chinese Academy of Meteorological Sciences, P.O. No. 46,
Zhongguancun South Street, Haidian District, 100081 Beijing, China.
E-mail address: liysh@cma.gov.cn (Y--s. Li).

http://dx.doi.org/10.1016/j.jaridenv.2017.04.014
0140-1963/© 2017 Elsevier Ltd. All rights reserved.

important destination of atmospheric CO; fixed by plants (Lal,
2001). Evaluating the SOC can contribute to our understanding
and prediction of the effects of changes in soil quality and man-
agement practices on soil biological conditions and the carbon
cycle. Reasonable and efficient plant restoration measures have
been reported to increase SOC stocks and improve soil quality in
desert regions (Yu et al., 2016; Huang et al., 2012; Yang et al., 2014).
However, restoration of degraded land through planting vegetation
does not contribute more SOC than native forests, as shown by a
meta-analysis of various factors such as plant species, site prepa-
ration, and study region on the basis of limited studies (Liao et al.,
2010). Currently, the role of plant restoration on SOC remains un-
clear under different conditions. This emphasizes the necessity for
more experimental studies on ecosystem carbon cycle for
plantations.

Soil microbial biomass (SMB), the living component of soil
organic matter, acts as the source and sink of carbon and available
nutrients (Singh et al., 1989). SMB regulates biogeochemical

Please cite this article in press as: Jia, X.-h., et al., Effects of plant restoration on soil microbial biomass in an arid desert in northern China, Journal
of Arid Environments (2017), http://dx.doi.org/10.1016/ jjaridenv.20}-%(4?4.014
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Soil microbes, as an important biological component of soils, have a function in the formation of soils and
soil-remediation processes. This paper aims to analyze effects of biocrusts on soil microbial activities in
desert ecosystems. Two sets of samples were collected under biocrusts in April, July, October, 2013, and
January, 2014, in natural and revegetated areas of the Tengger Desert. The results showed that biocrusts
significantly improved soil physicochemical properties, basal respiration and the quantity of soil alkaline
phosphatase, protease, and cellulose, and decreased qCO, in vegetated areas. Impact of biocrusts on soil
microbial activities also varied, depending on the successional stage of crusts and the restoration age. Soil
basal respiration and enzyme activity were obviously higher, but gCO, were significantly lower in moss-
dominated crusts than those dominated by cyanobacteria-lichen. Soil basal respiration and enzyme
activity positively correlated with the restoration age, but gCO, negatively correlated with the restoration
age. Soil basal respiration and enzyme activity were the highest in summer, followed by autumn, and the
lowest in spring and winter; whereas, gCO; displayed an opposite trend. The study suggests that bio-
crusts have the ability to improve soil quality and promote soil recovery in vegetated areas of the Tengger

Desert.

© 2017 Published by Elsevier Ltd.

1. Introduction

Arid and semiarid lands account for as much as 33—40% of
Earth’s terrestrial surface, and are expanding rapidly (Billings et al.,
2003). Vegetation cover in these areas is patchy and discontinuous
due to combined impacts of harsh environmental factors such as
prolonged drought, high temperatures and high soil erosion rates.
Nevertheless, biocrusts are able to adapt successfully to these
adverse environments, colonize the bare disaggregated geological
substrate (Li, 2012) and cover as much as 70% of the interspaces
between the sparse vegetation in these areas (Steven et al., 2014).
Numerous studies have examined the ecosystem functions of

* Corresponding author. Key Laboratory of Utilization of Agricultural Solid Waste
Resources in Gansu Province, Key Laboratory of Agricultural Microorganisms of
Universities in Gansu Province, School of Biological Engineering and Technology,
Tianshui Normal University, Tianshui 741001, China.
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0140-1963/© 2017 Published by Elsevier Ltd.

biocrusts in desert ecosystems, such as fixing of C and N, improving
soil structure, enhancing soil stability, modifying soil temperature,
moisture and local hydrology, reinforcing plant colonization and
promoting soil invertebrate and microbial diversity (Belnap and
Lange, 2003; Bowker et al., 2013; Darby et al., 2010; Liu et al,,
2013; Neher et al., 2009).

Soil microbes, as an important biological component of soils,
have a function in soil formation and soil remediation processes,
through the decomposition of organic matter, formation of humus,
and nutrient cycling. Soil basal respiration is mostly associated with
activity of microbes, therefore it indicates the potential minerali-
zation rate of soil organic matter by soil microbes from a desert
ecosystem (Pell et al., 2006). The ratio of basal respiration to mi-
crobial biomass carbon (metabolic quotient: gCO;), provides a
method to relate both the amount and activity of soil microbes
(Anderson and Domsch, 1990). Soil basal respiration, gCO; and
enzyme activity provide a measure of microbial activity, which is a
sensitive indicator of soil quality changes in response to

Please cite this article in press as: Liu, Y., et al., Effect of biological soil crusts on microbial activity in soils of the Tengger Desert (China), Journal of

Arid Environments (2017), http://dx.doi.org/10.1016/ j.jaridenv.2017.% 003
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The composition and vertical distribution characteristics of soil seed banks in soil

coverage with biocrusts in the Shapotou Region
CHEN Mengchen'"?, ZHANG Jingguang™ , FENG Li', TENG Jialing'

1 Shapotou Desert Research and Experiment Station, Northwest Institute of Eco-invironment and Resources, Chinese Academy of Sciences, Lanzhou
730000, China

2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Using random sampling in the field and observing the emergence of seedlings, we studied the structure, the
density and vertical distribution of soil seed banks in moss crusts, lichen crusts, and bare sands in the artificially re—
vegetated region of Shapotou. We found that the soil seed banks of this region were mainly composed of annual herbs and
had a simple species composition and a significantly higher seed density in soil covered by biocrusts than in bare sands ( P <
0.01) . However, the existence of biocrusts decreased the species diversity of soil seed banks and the similarity of soil seed
banks with corresponding ground vegetation. Furthermore, although the total density of soil seed was not significantly
different between the two types of crusts, there were differences in the distribution within the different soil layers.

Specifically, the soil seed density in the 0—2 cm soil layer of lichen crusts was significantly higher than in the
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Responses of soil respiration with biocrust cover to water and temperature in the southeast-
ern edge of Tengger Desert, Northwest China

GUAN Chao?, ZHANG Peng'”, and LI Xin-Rong'

Shapotou Desert Research and Experimental Station, Northwest Institute of Eco-environment and Resources, Chinese Academy of Sciences, Lanzhou 730000,
China; and*University of Chinese Academy of Sciences, Beifing 100049, China

Abstract

Aims  Soil respiration of the lands covered by biocrusts is an important component in the carbon cycle of arid,
semi-arid and dry-subhumid ecosystems (drylands hereafter), and one of the key processes in the carbon cycle of
drylands. However, the responses of the rate of soil respiration with biocrusts to water and temperature are uncer-
tain in the investigations of the effects of experimental warming and precipitation patterns on CO, fluxes in
biocrust dominated ecosystems. The objectives of this study were to investigate the relationships of carbon release
from the biocrust-soil systems with water and temperature in drylands.

Methods Intact soil columns with two types of biocrusts, including moss and algae-lichen crusts, were collected
i a natural vegetation areca in the southeastern fringe of the Tengger Desert. Open top chambers were used to
simulate climate warming, and the soil respiration rate was measured under warming and non-warming treatments
using an automated soil respiration system (LI-8150).

Important findings Over the whole observational period (from April 2016 to July 2016), soil respiration rates
varied from —0.16 to 4.69 ymol-m s~ for the moss crust-covered soils and from —0.21 to 5.72 ymol-m s for
the algae-lichen crust-covered soils, respectively, under different rainfall events (the precipitations between
0.3-30.0 mm). The mean soil respiration rate of the moss crust-covered soils is 1.09 pmol-m s, which is higher
than that of the algae-lichen crust-covered soils of 0.94 umol'm >'s™'. The soil respiration rate of the two types of
biocrust-covered soils showed different dynamics and spatial heterogeneities with rainfall events, and were
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Impact of sand burial on bacterial community structure and diversity within

biocrusts dominated by Bryum arg

TENG Jialing'*, JIA Rongliang"*, ZHAO Yun'"’

1 Sha potou Desert Research and Experimental Station, Cold and Arid Regions and Engineering Research Institute, Chinese
Academy of Sciences, Lanzhou 730000, China

2 Uniwversity of Chinese Academy of Sciences, Beijing 100049, China

Abstract. Bacteria, as a key component of biocrusts, which constitute up to or more than 70% of the living cover in
arid and semiarid lands worldwide, play the primary role in carbon and nitrogen inputs in deserts. Thus, changes in
bacterial community structure and diversity can significantly alter their ecological processes and the functions of
biocrusts. Sand burial is a common environmental stress of the biocrusts in arid and semiarid areas, yet little
information is available regarding the effects of sand burial on bacterial community structure and diversity within
biocrusts. Therefore, we adopted the high-throughput sequencing techniques to investigate the effects of sand burial

on bacterial community structure and diversity of biocrusts dominated by Bryum argenieum following sand burial of
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Effects of snowfall on physiological and biochemical characteristics of Bryum

argenteum distributed in desert moss crusts

XIE Min"?, HUI Rong’, LIU Lichao™" , GAO Yanhong®, LI Gang’, WANG Yanli'*, WEI Wenfei'”

1 University of Chinese Academy of Sciences, Beijing 100049, China

2 Shapotou Desert Research and Experiment Station, Cold and Arid Regions Environment and Engineering Research Institute, Chinese Academy of Sciences,
Lanzhou 730000, China

3 Key Laboratory of Degraded and Unused Land Consolidation Engineering, Ministry of Land and Resources of China, Xi‘an 710075, China

Abstract: Biological soil crusts ( BSCs) endure the most extreme habitats in the world. They grow on the soil surface in
desert regions and withstand extreme temperature, drought and intense radiation. BSCs comprise many kinds of micro—
organisms, such as bacteria, algae, lichen and moss. Water is the main limiting factor in the growth of BSCs, and winter
snowfall is likely to be one of their important water resources. However, few studies have explored the effects of snowfall on
BSCs untill now. In this study, moss crust ( Bryum argenteum) was sampled from a revegetated area in Shapotou, at the
southeastern fringe of the Tengger Desert. The effects of snowfall on the content of photosynthetic pigment, water-soluble
sugar, watersoluble protein, proline and malondialdehyde ( MDA) in B. argenteum were measured. Four snowfall
treatments were applied: non-snowfall ( control, 0S) , half of the ambient conditions ( 0.5S) , ambient snowfall ( 1S) , and
double ambient conditions ( 2S) . The 0S samples were each covered with a euphotic plastic disc of 10 em diameter to
exclude all snowfall. The remaining treatments accepted natural snowfall, then half of the natural snowfall was removed from

0.5S samples and an additional mass of snowfall equivalent to natural snowfall was added to the 28 samples. The results
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Response of biological soil crust coverage to wind-blown sand burial during the
succession of artificial sand-fixing vegetation in the Tengger Desert, Northern

China
ZHAO Yun'?, JIA Rongliang"” , TENG Jialing'**, JIA Wenxiong’, GAO YanHong'

1 Shapotou Desert Research and Experiment Station, Northwest Institute of Eco-invironment and Resources, Chinese Academy of Sciences, Lanzhou

*

730000, China
2 University of Chinese Academy of Sciences, Beijing 100049, China

3 College of Geography and Environment Science, Northwest Normal University , Lanzhou 730000, China

Abstract: In artificially constructed desert ecosystems, the formation and development of biological soil crust ( hereafter

crust) is one of the key indicators of successful construction of artificial sand-fixing vegetation. Importantly, with the
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Characteristics of normalized difference vegetation index of biological soil crust during the
succession process of artificial sand-fixing vegetation in the Tengger Desert, Northern China

ZHAO Yun'”, JIA Rong-Liang'*, GAO Yan-Hong', ZHOU Yuan-Yuan', and TENG Jia-Ling"*

Shapotou Desert Research and Experiment Station, Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000,
China ; and *University of Chinese Academy of Sciences, Beijing 100049, China

Abstract

Aims Biological soil crust (hereafter crust) affects normalized difference vegetation index (NDVI) values in arid
desert ecosystems. This study aimed to demonstrate the feasibility of combining crust NDVI values with meteoro-
logical data to distinguish the crust successional stage at the regional scale. Meanwhile, the characteristics of crust
NDVI could provide the basis for the error analysis of NDVI-based surface ecological parameters estimation in
desert ecosystems. We also suggested the optimum periods for crust observation based on the multi-temporal re-
mote sensing images.

Methods NDVI values of five types of dominant crusts, three typical sand-fixing shrubs and bare sand were col-
lected by spectrometer in the field. Crusts and shrubs were randomly selected in revegetated areas established in
1956, 1964, and 1973 at Shapotou, which is on the southeastern edge of the Tengger Desert. We used the
space-for-time method to study the characteristics of crust NDVI values and their responses to precipitation and
temperature during the succession process of artificial sand-fixing vegetation. Additionally, we evaluated the con-
tribution of crust NDVI values to the whole ecosystem NDVI values by comparing the NDVI values of crusts,
shrubs and bare sand.
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Assessment of the space neighborhood effect on nature reserves based on
temporal and spatial changes of artificial objects: a case study on Shapo-
tou National Nature Reserve

Fangzheng Liu', Peng Zhang®, Yubo Zhang', Bing Chen', Jinhong Du', Wei Wang'”, Junsheng Li'

1 Biodiversity Research Center, Chinese Research Academy of Environmental Sciences, Beijing 100012
2 Shapotou Desert Research and Experiment Station, Northwest Institute of Eco-Environment and Resources, Chinese

Academy of Sciences, Lanzhou 730000

Abstract: It has been shown that the established nature reserves will affect the surrounding ecological envi-
ronment, that is, the space neighborhood effect on nature reserves. At present, the ecological environment of
the surrounding areas of some nature reserves has changed greatly, especially in the temporal and spatial
changes of artificial objects. To study the space neighborhood effect on nature reserves based on temporal
and spatial changes of artificial objects will do significant help to maintain the survival and safety of nature
reserve and its protected objects. To analyze the variation intervals of the space neighborhood effect and the
distance scale, and to identify the driving factors, we chose Ningxia Shapotou National Nature Reserve as a
case study. We divided the study area within a range of 20 km around the nature reserve, extracted the artifi-
cial objects from the remote image analysis between 1990 and 2015, and used Mann-Kendall trend analysis
and driving factor correlation test analysis, to assess the space neighborhood effect of nature reserves based
on temporal and spatial changes in artificial objects. Results showed that the arcas and patterns of artificial
objects were expanding, which meant the impacts of human activities were increasing over time. In addition,
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Characteristics of the plant-root system and its relationships with soil organic carbon and

total nitrogen in a degraded sandy grassland
LUO Yong-Qing, ZHAO Xue-Yong, WANG Tao, LI Yu-Qiang

Northwest Institute of Eco-Environment and Resources . Chinese Academy of Sciences, Lanzhou 730000, China

Abstract: Plants are the key component of ecosystems in terms of matter exchange and energy flux, The
aboveground and belowground biomasses affect carbon and nitrogen feedback processes differently in the plant-
soil system. In this study, the plant characteristics, soil organic carbon (SOC), soil total nitrogen (TN), and
their relationships were investigated in four different habitats in the Horqin Sandy Land; mobile dune, semi-
fixed dune, fixed dune, and fenced grassland. These four habitats represent four consecutive stages of the res-
toration process. The results showed that plant aboveground biomass and belowground biomass varied among
the habitats, Aboveground biomass initially increased and then decreased during the restoration process, while
the belowground biomass showed an exponential increase during restoration. The root to shoot ratio was signif-

icantly higher in fenced grassland than in the other three habitats. Similarly to biomass, the length and surface
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Plant root decomposition and its responses to biotic and abiotic factors
LUO Yong Qing' , ZHAO Xue Yong', WANG Tao', LI YuQiang', ZUQO Xiao-An', DING Jie Ping®"*
1. Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, Chinas 2. Gansu Acad-

emy of Environmental Sciences, Lanzhou 730020, China; 3. College of Earth and Environmenial Sciences, Lanzhou University ,

Lanzhou 730000, China

Abstract: The plant root system plays an important role in ecosystem matter exchange and energy flux, and
root decomposition is one of the main contributors to these processes. Matter accumulates in roots and is then
released back into the roots” surroundings, including the atmosphere and soil, via the decomposition process.
Root decomposition is affected by multiple bictic and abiotic factors. In terms of biotic factors, the chemical
characteristics of roots are among the main factors affecting their decomposition. Other factors such as root li-
fespan, size/diameter, and the abundance and types of fungi and other microbes in soil also affect plant root de-
composition, and their effects can be explained by their ability to alter the chemical characteristics of plant
roots. Root exudates and changes in the abundance and activities of soil microorganisms that degrade plant
roots affect the root decomposition rate, In terms of abiotic factors, water and temperature are the main {actors
affecting root decomposition. Other factors related to climate change, for example, nitrogen deposition and
carbon dioxide concentrations, will affect the root decomposition rate to different degrees, the extent of which

is currently unknown, In this study, we reviewed the process of matter release during plant root decomposi-
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The characteristics of net ecosystem carbon exchange and the contribution of soil respira—
tion during the growing season in sandy grassland. NIU Ya~yi', LI Yu-giang'  , GONG
Xiang-wen'?, WANG Xu-yang'*, LUO Yong—ing', ZHANG Jian-peng'” (' Northwest Institute
of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China; *Uni-

versity of Chinese Academy of Sciences, Beijing 100049, China) .

Abstract: Based on the eddy covariance system and LI-8150 automatic soil respiration observa—
tion system, this present study investigated the characteristics of net ecosystem CO, exchange
( NEE) , the contribution of soil respiration ( R.) to ecosystem respiration ( R ) , and the gross
primary productivity ( GPP) in Horqin sandy grassland of China. The resulls showed that the av-
erage monthly diurnal variations of NEE changed apparently with a single peak curve; the highest
absorption rate ( =5.62 pumol * m™ * s™') and the highest release rate { 3.14 pmol * m™ » s7")

were observed in July. The sandy grassland ecosystem was a carbon sink, with a sequestration
amount of 25.85 ¢ C * m™” during the growing season. The contribution of R, to R, accounted for
78.39%; the GPP was 275.51 ¢ C * m™ and the contribution of R to GPP accounted for
90.62%.

Key words: sandy grassland; carbon flux; soil respiration; ecosystem respiration; gross primary

productivity.
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