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Effects of simulated nitrogen deposition on lignin degradation in roots of typical

species in alpine steppe on Northern Tibet
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Abstract; Lignin is the most recalcitrant component in litter decomposition,and its degradation process serves as the rate-
limiting step in the carbon cycle of terrestrial ecosystems. However,the effects of nitrogen deposition on lignin degradation
rates in alpine steppe plant roots remain unclear. Utilizing a four-year nitrogen deposition simulation platform,we employed
the litterbag method to examine the effects of nitrogen deposition on root litter decomposition and lignin degradation in four
typical plant species of the northern Tibetan alpine steppe. The results showed that; (1) Simulated nitrogen deposition had
no significant effects on the root mass loss rate or lignin degradation rate of plants in alpine steppe of northern Tibet. (2)
The root litter mass loss rate progressively increased with decomposition time,while the lignin degradation rate exhibited a
pattern of being initially low ,increasing during the middle stage ,and decreasing in the final stage of decomposition. (3) The
root mass loss rate was regulated by the initial lignin/nitrogen ratio, with roots having a high initial lignin/nitrogen ratio

showing significantly lower mass loss rates compared to those with lower ratios. The lignin degradation rate was regulated by
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the initial lignin concentration,with high-lignin roots exhibiting faster lignin degradation rates than low-lignin roots. These
findings provide valuable insights into the effects of nitrogen deposition on root decomposition and material cycling in alpine

grassland ecosystems.

Key Words: nitrogen addition;litter bag method; litter quality ; decomposition stage
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FEEPERTT(6—8 H), LWRFWINTIES em IR SELE 6 H (15.50°C) , HAKMEAE 1 H(-8.19C) ,
THOREAE 7T H 55 (10.49%) ,1 A 5K (2.69%) (El 1), 32 X ISR RE g S A0 o FERL R (L3 Rh o 4%
PEELZE RN 8 o, AR R R KRN RS, KRR IR R A2 T 0—15 em )22 [H], T IEAHL
e 11.12 mg/g, TR N 1.03 mg/g, TIHELHE K 0.52 mg/g ',
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Fig.1 Changes of soil temperature and moisture at a depth of 5 cm in Xainza Station( mean+SE)
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S IR AR SCHRAR ZR 40 7 7, AR 95 2 43 5 TR 4 LB “F & RO R AR R A M IR g X 22474 2014
AE 8 F TERGR XIS BISR AL AR E 5P T & o IR K G K R 4 A i i AR R B L A A
PRICHIB ARSI S I SE G2, 1 SR IS R €2 A5 fiE AR R B AR o 1 BRAEAR B HAth S 4 ( iy
e MY R AR R ) ASKKIETEE AR PR MR A . A AR 65C LT
FEE i, 28 AR N TE 20 emx15 em, ERFLAE A 1 mm AIATEDI 0 f0AS , HT 156 ASFEN, , BH4S TN
10.0 g, FEHLAMEL 12 N8F 4 D TEAE YR RTE D) 53 A A TR 16 B oA, 5 0 K SR B R oKk ) AR L
SEAEHT S T T I RO BRI (7.21—7.56 mg/g) , M B/ 4 (36.37—48.32) KA i 2/ B i (40.39—
48.81) . FEAEET S M BN A A J5T 3R MR B 4K R (294.58—348.02 mg/g) K K SRR BT R R TR
flk(148.82 mg/g) (R 1), TN 144 LEHE G A GUTTRE AL FAE M R0 XS BEAE b (2 A b 3 X3 AN Hi 5 x4 A Ffx
6 YHUHE) o

F1 BELE4AWIRREED G EE T AR n=3)

Table 1 Initial element contents of root litters of four alpine steppe species( mean+SE,n=3)

Litter type Species C/(mg/g) N/(mg/g) P/(mg/g) Lignin/ (mg/g)
R &Y LN Stipa purpurea 275.25+17.14b 7.56+0.33b 0.59+0.09a 303.77+14.00a
Low quality litter FKE B Carex moorcroftii 348.70+16.35ab  7.21+0.30b 0.66+0.13a 348.02+37.58a
R YY) ¥R KN Leontopodium nanum — 407.32+7.01a 16.56+0.10a 0.68+0.03a 148.82+4.98h
High quality litter VKNI Oxytropis glacialis 302.86+47.62b  16.24%2.21a 0.57+0.11a 294.58+42.12a
LA WFh /A Tt/ W R/ KR/ A
Litter type Species C/N C/P N/P Lignin/N
SieE 2] LIS Stipa purpurea 36.37+1.37b 483.94+70.6a 13.41£2.22a 40.39£2.92a
Low quality litter HIE H Carex moorcroftii 48.32+0.24a 569.30+97.05a 11.79+2.04a 48.8126.89a
R YA Y BB KN Leontopodium nanum 24.60+0.41c 599.81+36.52a  24.36+1.25a 8.99+0.28h
High quality litter VKNS, Oxytropis glacialis 18.53+0.44d 631.42+246.18a  33.56+12.43a 18.38+1.99b

) —FA )N FRER R W) —H8 bR 1E 4 A0 2 18] 22 53 8.3 ( P<0.05)
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I SPSS 25.0 A AT E R GE 11438 , >R FH T 2 I 487 22 53 HT1 ( Repeated-measures ANOVA) BF 53 & G
A B i e e o o A ] B LS ELAE FH OGS U 5 300 Jo a4 K 38 R T 2R VAR MR Jo 3R B A 3R A s i, -k T
ISTAEAS © AR IR NS R AN AN AL BT U8 7 W 0 AR | L AT ROR S 1 LS Wt i RS R 22
SR T AR R B 2 7 22 08T (One-way ANOVA) 4341 4 YR G2 R I 22 57, (R £ 00
A I H 3 AT A U 75 40 0 e SR RO B0 3R ik 30 55 0 B e B B ( ROVR BB R TR I R/ A% ) 1 OC
% M OriginPro 2022 4 &1, 28 1 I Y AR IR R R

2 ZER5HH

2.1 JHEY O IRRE

RIS AR 2R YA 40 T B R AR R AN 35 (P>0.05) , T v 49y Jo o 4 % SR Bt A P 1] 9 22 £k
FAAERFEZES (P<0.05) (£ 2,18 2) . JTEYI o T B B O Ao b, Je et o o0 565 — A U 7 4 o i i
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0.05) , FEB Ky i JoT R Y 00 o R 4 2 0K (51.82% ) KRR & PRV W0 o i 45 2 R (38.22% ) IR (B 2) ,
A2 Wiy 245 FL W st (i) A0t 20 ALk B U8 9 00 o O R AT A B B S AU (R 2)

F2 BEMAMERREMAENREREAE ARFTRESARZEBEHZN

Table 2 Effects of N addition, time and litter quality on litter mass loss,lignin concentration and lignin degradation rate

P P B 1R %/ %0 AFEZEWE/ (mg/g) KT E R %

AN N Litter mass loss Lignin concentration Lignin degradation rate
Factor

F P F P F P

% N addition 0.94 NS 0.23 NS 0.04 NS
A [8] Time 64.39 # ok ok 32.37 # ok ox 17.58 # 8k
i Litter quality 65.39 ok 1.14 NS 9.60 ok
Jiti U x ] N additionx Time 3.05 * 1.20 NS 0.75 NS
i A< FE T i N additionXLitter quality 1.05 NS 0.68 NS 0.05 NS
A 18] < JL 52 5 & TimexLitter quality 0.34 NS 10.39 EE 7.13 LR
il 20 X 5[] x H
B B < L 0.09 NS 1.32 NS 0.79 NS

N additionxTimeXLitter quality
NS P>0.05, * P<0.05, *=* P<0.01, #** P<0.001
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2 A RERKFHE P EARER =3, * P<0.05)

Fig.2 Characteristics of litter mass loss( mean+SE ,n=3; * P<0.05)
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3 KREFRETHAFMECTHELPRIER, n=3)
Fig.3 Characteristics of lignin concentration( mean+SE ,n=3)

# P<0.05, #* P<0.01, *** P<0.001
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Fig.4 Characteristics of lignin degradation rate( mean+SE ,n=3)
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