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Effects of precipitation and nitrogen deposition on litter decomposition of two

perennial grasses in a desert steppe
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Abstract; Abstract; Litter decomposition is an important process of ecosystem nutrient cycling, which plays an important
role in biogeochemical cycling. Global change is an important factor affecting litter decomposition, but there are many
uncertainties in its impact on ecosystem nutrient cycling. Studies on the response and feedback of litter decomposition of
desert steppe to the increased nitrogen deposition and precipitation change will provide the scientific basis for revealing these
uncertainties and protecting the structure and function of grassland ecosystem. In this study, taking S. breviflora desert
steppe in Siziwang Banner, Inner Mongolia as the research object, two kinds of plant litter, the dominant species S.
breviflora and C. songorica , were selected to carry out a 4-year decomposition experiment, to explore the litter decomposition
characteristics and nutrient release patterns of the two kinds of plants. The experiment used split-pot design, with

precipitation as the whole-plot factor and N as the split-pot factor. Precipitation treatments include addition 30% (W),
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removal 30% (R), and ambient precipitation ( C). Nitrogen was added at 0 (NO), 30 (N30), 50 (N50) and 100
(N100) kg hm™ a™'. The results show that; (1) Increased precipitation and nitrogen deposition promoted litter
decomposition in the desert steppe. Furthermore, the precipitation effects were different between the two kinds of litter,
while the effect of nitrogen deposition does not depend on species; (2) Nitrogen deposition shortened the litter
decomposition duration by 5.12%—14.82% , and the interaction between precipitation enhancement and nitrogen deposition
shortened the litter decomposition duration by 3.69%—28.75% ; (3) Precipitation was always beneficial to the release of
carbon, cellulose and lignin from litter, but nitrogen deposition had no significant effect on it in the later stage of litter
decomposition, and the late stage of litter decomposition is mainly controlled by the decomposition rate of lignin. In
conclusion, the main factor affecting the decomposition of litter in the desert steppe is precipitation, followed by nitrogen,

and the two factors have a synergistic effect on decomposition of litter.

Key Words: litter decomposition; nitrogen deposition; precipitation change; desert steppe
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x1 AEMMAVBREEDERRE
Table 1 Initial litter substrate quality between species

Y AR

i e 25 . O AL NGEVE FY R/ A
Speci TC/(w/kg)  TN/(/ke) Cellulose/ Lignin/ /N Lignin/N Cellulose/N
ecles g 12111, ellulose,

P g #rE (&/kg) (&/kg) #
WAEEN S S, breviflora 448.60+2.70a  16.70£0.35a  315.80+3.94a  54.70+0.94b  26.88+0.40b 3.28+0.02b 18.92+0.20h

Tt BaFHE C. songorica 438.48+6.57b  11.21+0.53b  295.96+5.03b 109.56+3.47a 39.49+1.79a  10.05+0.61a 26.95+1.15a
TC . 4%k Total carbon; TN ; % Total nitrogen;ﬁﬂ Iﬂmm?ﬁﬁ%%gﬁ%(kaOS)
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Fig.1 Decomposition mass remaining of S. breviflora litter
R-NO: Ji i A i L Removable precipitation without nitrogen application ; R-N30: J Fi 5 i & 30 kg hm™2 a™' 28 H. ; R-N50 . Jd F 5 it 0 50 kg hm™
™' ZZH ;R-N100 : T 5 % 100 kg hm™ a™' 38 H ; C-NO: FARFEFTANHE %L ; C-N30: 1SR FETH St 30 kg hm™ a™' 38 H ; C-N50: FI4RFEMT
% 50 kg hm™ a™' 28 H; C-N100; F SR 5iti & 100 kg hm™ a™ 38 H ; W-NO . 3 B R Jiti & ; W-N30. 3R 5 20 30 kg hm™ a™' %8 H.; W-
N50; BT 5 & 50 kg hm™2 a™' 22 H.; W-N100 . 3 Fi 5t & 100 kg hm™2 a™' %8 H.
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Fig.2 Decomposition mass remaining of C. songorica litter
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TS M 0—6 D H I, A ETE W3t 14.5%—26.7% ,F-2145 H 50 2.4%—4.5% , 53 AT Be e . i
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Table 2  Multivariate analysis of variance on the effect of water and nitrogen change on mass residue rate

A DS [t 5% 2% Mass remaining
Influence factor F I3
FiK Precipitation 162.73** <0.0001
AL Nitrogen deposition 27.98 ** <0.0001
Fif ] Times 646.75"" <0.0001
P)Fh Species 16.76 ** <0.0001
[ 7K x 2 TF% PrecipitationxNitrogen deposition 4.79** <0.0001
[& 7K xHf ] PrecipitationX Times 1.31 0.1762
7K xHFl PrecipitationXSpecies 11.56 ** <0.0001
[k x B TR x I 1] PrecipitationXNitrogen depositionXTimes 0.12 1.0000
WK < BT RE X IR PrecipitationXNitrogen depositionXSpecies 0.69 0.6599
[E 7Kk xBf ] x4l PrecipitationX TimesXSpecies 0.99 0.4668
AT Nitrogen depositionXSpecies 0.08 0.9684
ZUTI%XHTE] Nitrogen depositionxTimes 0.08 1.0000
AT XIN 1] xRl Nitrogen depositionxTimesXSpecies 0.09 1.0000
Bif ] x ) Fh TimesxSpecies 1.33 0.2167
W 7K < BT R XIS TR] x ) F- PrecipitationXNitrogen depositionxTimesXSpecies 0.13 1.0000

« MK N P<0.05, " BT P<0.01;“x” AR HAE T AR
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TR, 6—42 A RS TR BETN AL AR SR YT C R, W-N100 Ab 3 4ficsk B 58 i K T3
BALFE(P<0.05) , 11T R-NO ZbFH4 sk B 520 i 3 & T HAR AL FE (P<0.05) . 0—30 1~ € F R A BB A
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56.2%—68.8% ) C Bl EIRIE

£3 HIEHFTHER

Table 3 Negative exponential decay model

Rby JIACE FIRVED S. breviflora litter TR FEIEY C. songorica litter

Treatment S Decomposition model Tos/H  Toos/ A SH#KEH Decomposition model Tos/A Toes/A
R-NO y=10.98¢70-2534489,06¢ 00125 41.05 233.05  y=10.64e™03135489.37¢ 700127 40.79 229.44
R-N30 y=12.61e70270187 43¢ 00130 3835 22322 y=11.38e70-3922488,63¢ 001 37.57 212.18
R-N50 y=87.08¢ 00142041 9 ¢~04%2r 36.34 20314 y=12.57¢ 03589187 440014 35.24 202.67
R-N100 y=88.65¢0-0130v4 | ]38 0-2030x 36.76 22523 y=89.13¢ 01374 10.88¢ O3 37.22 209.47
C-NO y=15.10 70189144 84,89, 00130 34.39 223.68  y=10.94e™0-33154+89 08¢ 00141 36.37 206.62
C-N30 y=13.93¢70-267:1.86 (8 00143 33.25 202.81  y=10.80e™0-3526v489.21 0015 33.49 190.52
C-N50 y=17.23¢70-286004 8 79700144 31.29 199.25  y=83.03¢ 0014417,02¢ 027" 30.03 201.02
C-N100 y=16.03¢ 018367483 93700137 31.61 21222 y=12.53¢70-30347487.50¢ 00145 34.03 200.42
W-NO y=18.57¢70-196271 8] 29 00141 29.42 204.46  y=13.49¢ 702654186 5100146 32.61 199.00
W-N30 y=20.25¢70-23187179 G4 ~0-0143¢ 28.65 199.61  y=16.32¢70-3%87483 67 00142 31.59 203.34
W-N50 y=18.68e 03707448 3000102 21.37 17571y =15.61e™"337%"+84.40¢ 0015 30.33 185.70
W-N100 y=18.94¢ 067275481 06e 0017 25.85 15937 y=84.05¢ 01624 15.96¢~0-3258 28.56 177.76

FPMRBIR R2=0.99; To s J 25 11 (TR 0 5 2 A% 50% BT IE] ) ; T o520 20k JEV 5 B0 (R V5 400 5 S 0 4% 59 (9T ) 5 R-NO . 38 9 AN Jifi 0 Removable
precipitation without nitrogen application; R-N30: J& Fi 5t 30 kg hm™2 a™'2¢H. Interaction between removable precipitation and nitrogen application of 30 kg hm™a™"; R-
N50 . I F 57t % 50 kg hm ™2 a™'3¢ 1. Interaction between removable precipitation and nitrogen application of 50 kg hm™ a™'; R-N100; i Fi 5t %&( 100 kg hm™2 a™'%¢ .
Interaction between removable precipitation and nitrogen application of 100 kg hm™2a™"; C-NO; H 2RI A & Ambient precipitation without nitrogen application; C-N30: £
IR 5% 30 kg hm ™ a™' 28 H. Interaction between ambient precipitation and nitrogen application of 30 kg hm™2 a™"; C-N50; H Sk S5 & 50 kg hm™2 a7 '8 5.
Interaction between ambient precipitation and nitrogen application of 50 kg hm™2a™";C-N100; [ #XF# i 5iti % 100 kg hm™ a™'2¢ 1. Interaction between ambient precipitation
and nitrogen application of 100 kg hm™2 a™'; W-NO, 3 Fij i & Increase precipitation without nitrogen application; W-N30. 3 Fi 5 i %l 30 kg hm™ a™' ¢ . Interaction
between increase precipitation and nitrogen application of 30 kg hm ™ a™"; W-N50. 347 57 % 50 kg hm™ a™ '3 . Interaction between increase precipitation and nitrogen

application of 50 kg hm™2a™!; W-N100 ;3 5 i % 100 kg hm ™2 a™'ZH. Interaction between increase precipitation and nitrogen application of 100 kg hm™2a™!
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Fig.3 Change of total carbon residue rate during decomposition of S. breviflora litter
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Fig.4 Change of total carbon residue rate during decomposition of C. songorica litter
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Fig.5 Change of cellulose residue rate during decomposition of S. breviflora litter
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Fig.6 Change of cellulose residue rate during decomposition of C. songorica litter
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Fig.7 Change of Lignin residue rate during decomposition of S. breviflora litter
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Fig.8 Change of Lignin residue rate during decomposition of C. songorica litter
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Table 4 Multivariate analysis of variance for the effects of water and nitrogen on the residual rate of litter
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