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Effects of increased nitrogen deposition and changing rainfall patterns on litter

decomposition in a desert grassland
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Abstract: The objective of this study was to examine the effects of increased nitrogen deposition and changing rainfall
patterns on litter decomposition in a desert grassland.Our treatments included three different rainfall patterns (an ambient
control, =30% and +30% ) and addition of four different levels of nitrogen (an ambient control, 30, 50, and 100 kg hm™
a”').We used a litterbag method to investigate the litter decomposition process of three dominant species ( Stipa breviflora
Artemisia frigida, and Cleistogenes songorica) and another common species ( Kochia prostrata) in the context of changing
nitrogen deposition levels and rainfall patterns in a desert grassland of Inner Mongolia.This study provides the basic data for
research on response to climate change in the material cycle of desert grassland ecosystems.The results showed that: 1)
After 270 days of decomposition, the dry matter contents of S. breviflora, A.frigida, K. prostrata,and C.songorica were
69.95%—178. 67% , 68.89%—79.89% , 64.68%—719.23% , and 66. 89%—79. 38% , respectively. The rank of the

decomposition rate was K. prostrata > C. songorica > A. frigida > S. breviflora. 2) Nitrogen deposition and rainfall significantly
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affected the decomposition rates of S.breviflora and A.frigida( P<0.05) , but their interactive effects on litter decomposition
rates were not significant ( P > 0.05 ). Nitrogen deposition, rainfall, and their interactions significantly influenced the
decomposition rates of C.songorica and K.prostrata( P<0.05). 3) The addition of single moisture or nitrogen level increased
the carbon and nitrogen contents of the microorganisms, and the interaction between moisture and nitrogen was more
significant.4) The decomposition rate of litters was affected by biotic and abiotic factors. The correlation analysis showed
that ; A.frigida, C.songorica, and K.prosirata were significantly positively correlated with soil microbial carbon( P<0.01) ;
A.frigida, K.prosirata, and S. breviflora were significantly positively correlated with soil microbial nitrogen (P <0.01) ;
K.prostrata, and S. breviflora were significantly positively correlated with soil water content (P<0.01); and A.frigida,

K.prostrata , and S.breviflora were significantly positively correlated with above-ground biomass ( P<0.01).

Key Words: desert grassland; litter decomposition; simulated nitrogen deposition; rainfall change
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1.1 P XA

WS X AL T 5T FIE X 1 22 8445 1 DU EE E R —BA (41°47'N, 111°53'E) |, 33k 1450 m, % X 58
Ab iR AT 5 TR R R X, RN 3.4°C PR K 58 280 mm, fE/K R EAEFHE 6—9
A HEFREKEER 70% L0 1 TiZ% & 2RI E 1) 7—10 £5, WF5R X S 5OR IS 1, A Pl & &l
9.02 ¢/kg, A F M 0.91 g/ke, o7 PEREL B R AR ST 2P T B o R o S AR ST 5 (S, breviflora) , 11
PP (A.frigida) FITET- BT 5 ( C.songorica)
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(5—9 A)BH —WK ., KB/ N B UIE RS FREL 1 A T 30 LK H (e AL B2 J5 ) |, ¥ 5Bl AE A5/
XA R IR RS VE K AR K A2 (10 A—34 4 1) 448 A B DNOER S5 KT 1 ( BR<2 mm) #%E 1
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F Excel 2007 ZEEHE VERE A XM M 2250 BT SAS 9.2 JRAF5E AT,

2 HREH

2.1 RUTRERMEET AR 4 R85 Y+ 505k B 200 &2
F I 1 A BE S B RIS AL , YR T4 vk B R R W A . 80 270 d B9 JEAEEN ST R
FR B RN 69.95%—78.67% , 151 N 68.89%—79.89% , KHb Ik N 64.68%—79.23% , ToT-Fa FH N 66.89%—
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Fig.1 Effects of increased nitrogen deposition and changing rainfall pattern on litter dry biomass remaining
ANRIRE F AR A — R FE KRR P Fh 2 18] 5 3 2% 5 (P<0.05) s RIRIVING FhE 3R IR — PR AS TRl Al 2K 7 1 i 3 25 57+ (P<0.05) .CK-
NO; X BE-ANJifi &L , Control-no nitrogen application ; CK-N30; X B-Jifi%{ 30 kg hm™2 a™!, Control-nitrogen application 30 kg hm™2 a™!; CK-N50 ; %} F&-
Jii % 50 kg hm™ a™!, Control-nitrogen application 50 kg hm™ a™'; CK-N100; X f#-Jifi%&l 100 kg hm™ a™!, Control-nitrogen application 100 kg hm™
a”!; W-NO . 3R -ARJifi %( , Rain enhancement-no nitrogen application ; W-N30; 3 Fi-jifi % 30 kg hm™ a™', Rain enhancement-nitrogen application 30
kg hm™2 a™'; W-N50 ; 3 M -Jifi & 50 kg hm™2 a™! , Rain enhancement-nitrogen application 50 kg hm™ a™'; W-N100; 3 Fj-/ifi & 100 kg hm™2 a™' , Rain
enhancement-nitrogen application 100 kg hm™ a™' ; R-NO; J M - A Jifi &, Rain reduction-no nitrogen application; R-N30 . Js{ i -ffi%( 30 kg hm™ a™",
Rain reduction-nitrogen application 30 kg hm™ a™' ; R-N50; Ji i -iti & 50 kg hm™ a™' , Rain reduction-nitrogen application 50 kg hm™ a™' ; R-N100.

RN -t &L 100 kg hm™ a™!', Rain reduction-nitrogen application 100 kg hm™ a™!
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79.38% , FALEET 4 FHETEY T V) TR B A 3 25 5 (P<0.05) R AR ERIUN R ALE P> > o B f
TS AR [R]—0fiff Bsf [ [ — 7K oAb B, 8 AR 25 R 8 Bl 2 it S50/ 7 I 38, CKXN T RN &b B4 Joit
B B RS EAE BN, 78 NSO A MR B /N H 5 NO A 35 25 5 (P<0.05) 5 WxN Zb3-1-1) o 5k B 25 34
FAR,N50 \N100 5 NO 7 b 25 25 55 (P<0.05) o A HbuJBR R JG 1 B L B 5 it 607K ST 9 34 0, CKXIN A 319 Jot
T B SR AT 18, NSO /KSF-5 NO A .35 24 53 (P<0.05) ; WxN 1 RxN AbBR 4 i 5% B3 R Z W A%, WXN
ALFE N50 N100 5 NO A & 2253 (P<0.05) ,RxN Zb ¥ N100 5 NO A & 2 5 (P<0.05) , A DIREA R 2
FEAR IR0 o3 At o Tl — 3 fige it [a] [R] — i 0K 1 4 AP R 3 5% B8 2R 158 RXN>CKXN>W XN, N50 \N100 7K
V-4 FRPRTEY WXN F RXN 5 CKxN AbBLIAA 1 25 22 5 (P<0.05) , & WIS e 2F U8 7 40 23 fife | s R 410 1 A 7%
Yo .

PR 1 AT SRUTC A ARG R X R A A5 R v U s ) il T 38 7 A I 3652 ) ( P<0.05 ) , LA BLAR IR i
FE(P>0.05) , ZUCREFNRE R LB AE B AR R 34068 J0 1 [ R R A bk ) 95 10 o fife 30 7 A R 2 T (P <
0.05) .

®1 BEVRERIEENEEFEZSN

Table 1 Two factor variance analysis of litter mass loss

hive PFns i || BB Syl ¥ F{A T
Litter Source Type Il sum of square Mean square F value Sig.
TR FHE C.songorica R 0.2016 0.0672 4.31 0.0081
355 0.3136 0.1568 10.05 0.0002
RUTREX RN 0.0199 0.0033 0.21 0.0415
B Afrigida R 0.4316 0.1439 38.31 <0.042
[Z355] 0.2311 0.1155 30.77 <0.038
R R T 0.0636 0.0106 2.82 0.4673
JEALER S S. breviflora AU 0.2468 0.0822 78.55 <0.001
355 0.2368 0.1184 113.06 <0.001
R KRR T 0.0134 0.0022 2.14 0.9715
AHik K.prostrata AT 0.3690 0.123 97.46 <0.001
[Z355] 0.3927 0.1964 155.56 <0.001
BT <P R 0.0636 0.0106 8.4 <0.001

Sig.<0.05 43 .3 5 ; Sig.<0.01 A% & 0

2.2 FUTREAIRE AR AT e P ik A 5 )

FH 3 2 AJH, CKXN RN Fl WxN b3 R -+ S A= ) i e 1 7 24 195.93—236.56 mg/kg ., 194.63—
221.78 mg/kg Ml 206.26—259.63 mg/ kg, [Al—53ff it [H] [A] — 7K 73 A B, CKXN Fil RxN &b 3R N50 5 Hi A 4k
PG 2 257 (P<0.05) , WxN ZbBE T N100 5 HAB AL BEA % 22 5% (P<0.05), HIEH/EY A S S
23.44—27.97 mg/kg.25.81—28.65 mg/kg Hl 26.47—30.56 mg/kg, CKxN AbFEF N50 5 HAb A HA %% H
(P<0.05) ,WxN 4bFEF N50 \N100 5 HAth4b FA 1 35 25 5 (P<0.05) o [7]— 43 fifk sk i) [r] — i 80K, 4= 4587
A R % i WXN>CKXNSRXN, UK 7S i & 1 SR E Wik /0 & &, MK J S AR T 3 45
A R A
2.3 ABY RS Y KAREY R TR R

M2 3 Fion, 4 FRVE Y 5 380 Pyt i U 2 EAH DG P e T B R HB TR 5 R Pk
e B3 IEAHDE (P<0.01) 73 ARHLIE JEAEE 2 S E Y A B R IEAIE(P<0.01) s KM FE A 56 5
THEE K R AR EIEASE(P<0.01) ;¥ KRHLK JEAEEH S S Hh b AR Py S A 2 TEAH DG (P<0.01)
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Table 2 Effects of increased nitrogen deposition and changing rainfall pattern on the content of soil microbial biomass carbon and nitrogen

3R Yy i B SMBC 3R Y SMBN A + e A Pk SMBC R YA SMBN
JGBL T 0 pag:it oL AT
Soil microbial biomass Soil microbial biomass Soil microbial biomass Soil microbial biomass
Treatment K Treatment K
carbon /( mg/kg) nitrogen /( mg/kg) carbon /( mg/kg) nitrogen /( mg/kg)

CK-NO 228.37+4.69Ba 25.67+0.17Aa R-N50 221.78+8.24Aa 27.52+0.19Ab
CK-N30 231.52+7.48Bb 26.45+0.19Aa R-N100 194.63+4.82Bb 28.65+0.33Ab
CK-N50 236.56+2.18Aa 23.44+0.35Bc¢ W-NO 238.92+0.56Ba 26.47+0.23Ba
CK-N100 195.93+13.06Bb 27.97+0.58Ab W-N30 239.22+3.16Ba 27.9+0.49Ba
R-NO 204.46+2.52Ba 25.81+0.36Aa W-N50 259.63+7.30Ba 29.67+0.23Aa
R-N30 220.71+4.79Bb 26.7+£0.19Aa W-N100 206.26+7.30Aa 30.56+0.22Aa

RIR) K G Fhh F R 7] — 7K A A R[] 8 2 K- 1 22 5 5250 (P<0.05) 5 R IRIING T8 3R [a] — S E AP A TR K oAb B A 22 57 18 35 (P<
0.05) .CK-NO . 5t i - Rjifii & , Control-no nitrogen application ; CK-N30. %t ##-Jifi % 30 kg hm™ a™", Control-nitrogen application 30 kg hm™? a™' ; CK-N50.
X} BE-ifi % 50 kg hm™2 a™", Control-nitrogen application 50 kg hm™2 a™' ; CK-N100 ; %} #&-jii %&( 100 kg hm™2 a™", Control-nitrogen application 100 kg hm™>
a~!; W-NO . B4 -AJifi %&(, Rain enhancement-no nitrogen application ; W-N30; 3 Ffj-jifi &l 30 kg hm™ a™', Rain enhancement-nitrogen application 30 kg
hm™2 a™! ; W-N50. 3 Ffj-Jifi & 50 kg hm™2 a™', Rain enhancement-nitrogen application 50 kg hm™ a™'; W-N100: 3 F§-jii & 100 kg hm™ a™!, Rain
enhancement-nitrogen application 100 kg hm™2 a™' ; R-NO . Jdi - Jiti%( , Rain reduction-no nitrogen application ; R-N30: J i -Jiti & 30 kg hm ™ a™!, Rain
reduction-nitrogen application 30 kg hm™2 a™" ; R-N50 : Ji F -ifi %( 50 kg hm™? a™' , Rain reduction-nitrogen application 50 kg hm™ a™' ; R-N100 ; Ji ] -ifi &

100 kg hm™ a™! | Rain reduction-nitrogen application 100 kg hm™2 a™!

x3 RAEVSBEXRSEYREEMEFEBEXRY

Table 3 The correlation coefficient between the decomposition rate of litter and biological and non-biological factors

S B T T ENCINS ST
Impact factor A.frigida C.songorica K.prostrata. S. breviflora
+ 358 My Soil microbial biomass carbon 0.5879 ** 0.4819 0.7480 " 0.3365
I RUE YA Soil microbial biomass nitrogen 0.4072** 0.3931 0.5826** 0.5317**
HHEA P Soil organic matter 0.0626 0.081 0.6956 = 0.0687
+ 485 /K4 Soil moisture 0.2518 0.311 0.4834 " 0.4309 **
454 Soil animals individual 0.1868 0.2519 0.0753 0.0344
+EEH I FEHERL Soil animals group number 0.0685 0.131 0.0579 0.0336
i A= 47E Above ground biomass 0.5337** 0.326 0.5217** 0.5211**
T A9 & Below ground biomass 0.095 0.0815 0.2553 0.2843
BEVE P Community density 0.0353 0.0084 0.0105 0.1169
HEY% 35 Community coverage -0.1662 -0.0946 -0.0442 -0.0435

# FRAHICPETE P<0.05 KT W35, + + FORAHICHETE P<0.01 KT .35

3.1 FUTRERTRE N AR AT R V5 0 o ik ) 5 i)

AT LI, VRt 270 d WG, ARET 2P R R MR TG e T B R B R 4 0
69.95%—78.67% . 68.89%—79.89% .64.68%—79.23% .66.89%—79.38% , % AbFH T 4 FhIEAEY T4 Rk &3
B W E 2T (P<0.05) BN LN RIAEET 58 >3 >0 B RS> AR MU | 70 fff 0% R AR H R > TE 15 e - > 0%
EESHARE S, DO TR EIR T P R B 0 A 2 2 R R R 0 104 e T A T) X 2R 8 R T A 1 1 i )i
TR 3Bl K Al A= W AS TR b U 7 40 5 T S [T LA 3 fif i RS [0

5T K& BN, [R5 fff o) ][] — 7K 3 AL 38R SRS [ RR BEAIE 1 R 9% P 1 o3 At , S A 5T S0 RN 5 #E CKXIN
A RXN AbFE e 51 FH B 00 e ) 338 o S 384 560 S D55, W N Ak BERLARE 1 A7 P I 2600 % P o T 1 i 5 K
HiJR AN TE P2 B FEAE CKXN AR FR et VE P Bl 20190 8 2 19 189 in S 386 58 J5 055, WxN AT RN A R R4 FH B
RUCKE R r 3 hnmisg s . HErA S R IR E08 3 4 20 i 00 S R 2 1) DR 22 v 0 AU & ik, B s R 7%
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WL I R R PR T A 0 5 2) R AR B NG BE T &Y CO, R NO, PRI I AR 4R TR 95 W0 0 431
3) A& B T A = A AR U A T A W R R R A R G U RN T 75
Yot B ARG AE T MR SE 45 SR — B, wh S SVT AR ARG IA R A TR YA Y o e T
BA R SO B TSR UL XoF 2% 2 7 A PRI 5 400 43 ik O 2 i 6 B, AR SR 2 AR T R 7 0 1 40, s R0 241 ol
P& o ik X AT RE 5 TR D Rl BFEERER R TR B B A G

[Fi] — 3~ ) 1) ) — e e/ T, 48 W 2 0 0 9 40 2 e, U 0 ) 0 95 400 2 e, oS R R W i v T RN
TR TR B KR AR L BGE T U B AR AT IR R T R AR EE Ty, AR IR T R IR A A
X R A AFFEMIRL, Sternberger %521 ABFFT I, TN 258 i W T 5 A5 52 0 A V% 400 43+, Al T 208 i
AR T i, AT A B | RS S5 AN [ A U 9 43 A R R RS [

RUCRERFETR 2 HAER T, W-N100 J8 7% 41 et , LA /K B BAE AT, &l ATk A — 2 i # Mz
YER , — 7 P ARSI R BROK A SR 52 ) | T 7K 4 BE AP IR T R RN D) KM 3E T A8 R G BRI S A
R, et TSR oAk . I 1 3R 1 IR, DR RN RN 28 B AR FH 4G AT 250 R & V& 1 o
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