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The effects of simulated nitrogen deposition on growth and photosynthetic

physiology of three types of biocrusts
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Abstract; Increasing nitrogen (N) deposition has become a threat in many terrestrial ecosystems, and the effects of N
deposition have been widely studied.. Nitrogen deposition can increase plant biomass, decrease richness of plant species,
and alter soil microbial composition and activity. Biocrusts, which consist of communities of bacteria ( cyanobacteria) ,
fungi, algae, lichens and mosses, are important for the functioning of desert ecosystems. Biocrusts can stabilize sand
surfaces, greatly increase the threshold friction velocity. Biocrusts can also fix N, and serve as the major source of N for
plants and microbes in desert ecosystems. Both N limitation and N excess can result in stress environment for biological
activity, especially for physiological responses. However, how biocrusts respond to N physiologically is unclear. In 2010,
sixty 2 X 2 m plots were established at the study site, with six plots in each of 10 blocks. Five concentrations of N were

applied to each block of the plots in addition to a control without added N. Six simulated N deposition treatments, i.e. 0
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(NO), 0.3(N0.3), 0.5(N0.5), 1.0(N1), 1.5(N1.5) and 3.0 (N3) ¢ Nm™ a™", were applied on the biocrust plots in
the center of the Gurbantunggut desert. The N was added annually in March after the snow thaw and again in October before
the first snowfall. NH,NO,and NH, Cl were mixed at a ratio of 2;1 NH} :NO;, which approximated the composition of N
deposition in the nearby city.

The growth and physiological indicators of algal, lichen and moss crusts were determined after three year’ exposure to
N addition. Chlorophyll (a+b) contents, actual photochemical efficiency YII, soluble sugar concentration of the three
biocrust types and moss individual biomass increased and then decreased with the enhancements of N, with peak value at
different N applied rates. Carotenoid content of algal and lichen crusts were not significantly affected by N additions ( P>
0.05). However, low N additions (N0O.3—-0.5) had positive effects on the carotenoid contents. High N additions ( N3)
significantly decreased maximum photochemical efficiency Fv/Fm. N addition could non-significantly increased chl a/b of
lichen crusts at N1.5 treatments and significantly decreased at N1 treatments compared to NO, while no significant effects of
N addition were found in algal crusts. Chlorophyll/carotenoid of algal crusts increased and then decreased with increasing N
addition. Lichen and moss crusts did not show significant effects of N addition on the chlorophyll/carotenoid. The highest
value of soluble sugar content of moss occurred at NO.3 treatments, while the algal and lichen crusts occurred at N1.5
treatments. N addition had no significant effect on the proline contents of cyanobacterial and moss crusts. Lichen crusts had
relatively lower proline contents in response to higher N addition rates, with a significant decrease being observed in
response to N1.5 and N3 relative to NO.3. The soluble protein of algal and lichen crusts were not significantly affected by N
addition, but moss soluble protein increased and then decreased after a gradient of N addition. Among the three biocrusts,
moss were the most sensitive to N treatments, followed by algal and lichen crusts.. Our results suggest that low levels of N
addition do not significantly affect biocrust performance, but high N pollution negatively affects the growth. Therefore,

Chlorophyll and its fluorescence of biocrusts, could be used for the assessment of high N pollution.
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FMFRENE, A SCUA IR =R R Y + 45 BB FERT G B FERA A DURERS Tt A= 49y - 32 pe A K A 5
ik SR A AR 5% B4 T 2 A IR AR RS2 ML, IR T ik SRR I e TR A 25 R ST 2 S R ik dl

1 HRFA*

L1 AF5EIX A AL

FFE XA Ty R PR RV RS, IRV A2 4.88x 10" km® P AYEE R VD, HAE YRR K
W70 - 150 mm, KEFHMERT 4—7 A, LFHL 20 em BEMFRERT, WIEEFHSELN 7.26 C,
BRI R ARG AT B TR ¥ 345 fe i) kB AL AR B R A G, iR ah B A EEOA A
Ho A 3 ( Microcoleus paludosus) , ELESTHE 3 (M. vaginatus) , ¥ 22 55 3R ( Xenococcus lyngbyge) , TE VD THI K& A2
Ja BB P A K MR g5 B R B gl i R F2 B4 IS A JE ( Collema tenex ) | 2116 [ 4K ( Psora
decipiens) , I B HIAK ( Xanthoria elegans) SR, 5 #E 45 B2 2L DL W IR &% ( Syntrichia canivervis) i3, 4%
RPN RE T LU/ 2FTe R R (Haloxylon ammolondren ) FI AR (H. persicum) S ARHHEFER, I k4l 4 L
( Erodium oxyrrhynchum) VR B (Carex physodes) AR B ( Ceratocarpus arenarius ) SRR Km0
1.2 st

T 2010 4F 10 H  FEVPBIHTR(44.62 N, 88.26 E) LR #-F-40 | AR 25 B K 7 80— B0 DXt a7 S S i
o, FEHH A=W A 3L B 1) 55 R 3 80% LA I, HE M\ LI WK 8% ( Ephedra distachya) N F, 35 E LN 15%, ¥
A E AR S m 19 10 AS/NXOHSE T 10 MER) AN 6 4> 2 x 2 m B/METS, A/ IME 7[R FE(E]
B 2 mo BT NI =R R A IS5 K oA (RS K LA I AR o 32) |, ELAEL W) A 4 % B R - g v I
FARLCER 1) o XA/ N EYAN [R5 G0 AN ) ) R 3R AR B i 80 S5 9330 0 0,0.3,0.5,1.0,1.5 F13.0 g N
m~a” FF5r 5L NONO.3 \NO.5 N1 N1.5 FiI N3 7R, it 510 6 2 11 il 2 R VD B G e R AR DURE R
RIS Xot 0 45 L DU W A ) AT S A, S8 X (AR BT 294 0.5 ¢ N-m™> 2™ ) i il 34 NH,
NO, Fl NH,C1, BCH A 2:1 NH, :NO, , 5 V0 JE Bl oK IR RIS H—302 . M 2010 4E 10 A IF4R , B4R LA
PR, 435I T 3 A R A (RIS ) A 10 A R A) (BRI o BUEHEANIT R AR T K b 50 e 145 e %
T, Xof FEASE S 30 [F) 6 P 7K 4, B TR /KA R (R 7K 29 0.025 mm,

R1 HMTEEAERSN

Table 1 The physicochemical characteristics in the plots

Ja M Properties ABLET OM/ B TN/ S TP/ BV TK/ pH 5 EC/
(g/kg) (g/’kg) (g/kg) (g/kg) (1:5) (ps/cm)
&/ Value 3.01+£0.21a 0.19+0.01a 0.35+0a 10.65+0.21a 7.7£0.1a 78.67+4.6b

OM: organic matter; TN ; total N; TP :total phosphorous; TK:total potassium; EC :electricity conductance

1.3 MEERIOCN &

FE 2014 423 A SRS Citi 28T ) , BEALIERE G/ X HE AT = A [6) 45 Rz 28 70 1 Az KRN A B 6
TERAFETT =B B 45 K o S B A ;S A AR Ic, B f 7 AT L3 SR L T B a4, 4R
DG FE I B 5 A 45 e 2 TR0 A B AH [, B 3 25 S 0P 486 Mg R D OB IR e . R FH9 64
(PAM 2500, Walz Inc., Effeltrich, Germany) XHRic siiE 4728 6 & | JR15 SLPRIEIb2A350% YT FiH 8 5 Kok
2EROR Fy/Fm Tl E R SECEAE . PIER Pt Fo Al K7t Fm M5B B 00 & £ B 30 min DL IF7E
G, BRI 4 A s TR DT 1
1.4 BUEEJTIE

PG ZE ARG | BRI ACE, Je P R F 45 K )2 5452 T 2 AT R8T . R S AR A Y
Ml S50 = I 4°C VKA 1,24 h N HTZE B8R . W &S AU EAR 5 em PVC & HFATHURE LAY
AR ML %, — o T TR SR AE Yy i i, LA S PR, O B 250 AR RS LA -80 C¥%
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e, I BEARE IR . (0 SR EBE R BUR IR B EEAE 65°C THLT AR E S TR BB MR R A YR RN,
1.6 ARENE

FREUZE B2 BE i (ISR ZE B 2 ¢, B8E 0.5 ¢) , EUK B A 95% K , A1 CaCO, HEATAIFES , 7
AC PERE RS T 3R — 7, W FE S AT &0, i U8, JFAF 665 nm 649 nm Fl 470 nm F#E4T O, HE 4
Lichtenthaler /A sUHE A7 (A2 BYTTAL> ) o2 22 ] FHR AR 108 28 R A 45 e v B S R 6 A A L
R
1.7 BB ARG B

ATV PR P B LE kA T I 2, 7E 625 nm B HC@ ) il 2 BR i i el Bk A Bl =B ke | 7
520 nm ZbEb s Pl R R S W O I AT I A, R A o T AR A bR o 2R 7 595 nm 4b
Ha >,
1.8 Sitabr

FIFHRUHR 2R 5 225381 (ANOVA ) K43 BT AN [R) 285 Bz 2578 R RIAb B DL R i1 58 BAE . R R 2 22
G HTRTEFRARAS [ AL 3 B W] —Ab BEOR[R) 25 B2 R AV kA7 e ik, R LSD kil 2 E ki, B gt F A
SAS13.0 %1 ( SAS institute Inc. NC, USA) #4757,

2 GREN T
21 EEAMR 2 A B

SR, B R RS B EY = I [ .
L B R AL T AR L 52 Sy T
BRI A B (B 1, P> 0.05) . NI-N3 Ab B s <—§ P2 1 1 I
AT B BRI W (P< 0.05) E ool
2.2 A BB I R T

ORIRI TR0 A Wy 3% gz 2 () SS9 5 3 (% ‘N0 N2 s NI NI N
2) |3 ik e L B RS 1 A HE B 5 T O N treatmons (o N2
AR (P 2—T6] 5) R 22 AbFE I L 5 5% B 1 5
AR RS 05 5 00 0 4 25 a+b R AT M RE R (P< B1 EREFRALETHEENE
0.05) . Fig.1 The individual biomass of Syntrichia canivervis under

s different N treatments
22.1 Gxwh RN S 254 e 9 A L B 25 571 %
BHEEAI AR R A B AT IR FRAR R R (D < o.0s)

2) . BWEARHHALE B R A RAWRE T A
AHEEE AR (P> 0.05) , mAUEIE N3 I EREIERES LA R S (P< 0.05) . AZRI Xk
FHAC 25 H A 38 N 2SR R B35 (& 2BP> 0.05) , (H RN A B S in skl N & (P< 0.
05) . HAREE Fe 2R a/b X hnme b 2A SN 5 b a4 i & #E 4 R a/b S KB AL T X IR (NO)
K AHEERMNGE /b ZRABE(E 3,P> 0.05) . AIGHI%F A S HELS 2 i M- /258 8 N K52
AN W A R S IR PER (181 3)
222 MEERTOG

TE =2 R A rp | B RE B SE PR AR A ROR (YD) Al KOG 23505 (Fv/ Fm) 50k, 24 1 35 5 T i 28
K (P< 0.05) , WRFHAZ [0 22 55 A B2 (E 4,P> 0.05) . KRR Z AR YITF Fv/Fm S50 A K, 5

http ; //www.ecologica.cn



113 JAbers A AR AN 2R A W + 348 B A R ADE A AR B 5
C%x A wk [ a#
3r a 240
. e ab ab b ab a
2r ¢ c 160 | ab b
) L C
e F %2 ’_}
*® L T
%2 0T S
= a a aa 2., = g a a
6 003+, a a a a %« § a a
0.02 b S a a
a a
0.01 a a
0.00 L L
NO NO0.3 NO.5 N1 N1.5 N3 NO NO.3 NO.5 N1 N1.5 N3
EALFE N treatment/(g N-m2-a™")
B2 3#MEYTELEERARLETHERE atb (A)MEHE MNE(B)SE
Fig.2 Chlorophyll (a+b) (B) and carotenoid content (B) of three biocrusts under different N treatments
AN ING R R R ] — 2B A W) 45 Bz AE AN T) AR B ) 22 57 b 3 (P < 0.05)
Cwx  Awx [[us
3 30
a ab
E M= a0l a
= '8 a a
z L ]
%‘% p S 2 abe 4 be T
R ~ a
:}Eﬁ 3?6 10T a ; 3
0
NO NO0.3  NO.5 N1 NL.5 N3
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3 3IMEYTEERERRRLETEMNEE o/b (A)MHEE/PE ME(B)
Fig.3 Chlorophyll a/b (A) and Chlorophyll/ Carotenoid (B) of three biocrusts under different N treatments
ARG TR AR R — SR M 25 B AE AR R U BILIRI 22 52 B3 (P < 0.05) s A JRR S 7B R 7] — SUAL AR [R) 45 g R [R] 22 53 .3 (P <

0.05)
F2 "SMEREBRZLEEIERONEZFTESH(FE)
Table 2 Biocrust types, N treatment and their effects on the physiological characteristics ( F value)

S o M4k % a+b ESVIE N M2k E a/b E-SVEIE N

& Chla+b Carotenoid Chl a/b Chl/ carotenoid
%5 {7 Biocrusts 2 381* 375.12** 54.76 % 4.35"
Ab3E N treatments 5 3.19* 1.41 1.79 1.46
2k b
T&XUE 10 3.06"* 1.33 0.79 1.21
BiocrustsX N treatments

. AR R AR

P YII Fv/F
IR v Soluble sugar Proline Soluble protein
ZE 17 Biocrusts 81.30 " 40.52*" 160.81 " 122.02 " 65.28 "
AbF N treatments 8.68 %" 2.85 ** 279" 0.54 1.33
23 b3
i 0.68 1.16 2.8% 0.53 1.33

Biocrustsx N treatments

* P<0.05, * * P<0.01
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Fig.4 Actual photochemical efficiency YII ( A) and maximum photochemical efficiency Fv/Fm (B) of three biocrusts under different
N treatments
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Fig.5 Soluble sugar(A) , proline(B) and soluble protein (C) content of three biocrusts under different N treatments
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B OR HIRUEADCTY . B i ER R a/b 1Y SEREARS 10 Y Lo AR 1k, 1 o 5 03R4 5
ZREE I TOCRSE 1, 7EBRNMARLT B B B A A 28R b, 2K a/b i DUABR T &4
U AN AN & RV (25 M A2 A SRV BERGS JFL 2 AN A 25 U0 X X A A 245 e D' T PR 25 H S A
Ko KW NRAEBWHIOLEE, I B2 R 2 BDCHEM AR . @A B EEEE b RS R RS
HARPIIREWLE , A T HBERDCEMAAT, SR, DORIEEE B iy M2 K AW I 3K A AR L0 2 A8 Ak
FHAE T EUKFHE I, B 4 49 R DU A R T8 J0R E 2 iRE s 4y e A

FrEiR DX g T JBE A9 SRU DR | K 2 RO e e ) E 2 B O D RE . TR AN [R R T AR W 46 B oy | 8 BT SR I R R
T o 7 e R, LU BRI A NI, Bl AR DR RSN, 7 B84 B iR T2 BRI, 35 8 S i
R, ATRED N 5 BEAMASE T e T, & AR R AS B SR A R S IR PR S R, R 2 O — R AR
J, AT 2 32 B AR DU RE IR, R T8 SEAE YD, SRR AC S 5 B A5 A B B O A ER IR
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— LR, WS TR R (Nostoc sp) , REHE ™ LEHIAM W %0 I REASAR AL ARG S VD RE O B RAC S 1 o
AR BEE WA I B 0 A R 2R T RE S I A 22 W B0 1 o, T T i R R R A 226 B ORI PR (R
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