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Effects of simulated nitrogen deposition on the synthesis and decomposition of
non-structural carbohydrates in typical plants of three vegetation types in the

Changbai Mountains tundra
LI Yu,BAI Yunyu,GAO Xiang,JIN Yinghua® ,XU Jiawei,ZHANG Siqi, PENG Boyan, YANG Xueting, LEI Hong

Key Laboratory of Geographical Process and Ecological Security of Changbai Mountain, Ministry of Education, School of Geographical Science, Northeast
Normal University, Changchun 130024, China

Abstract: In recent years, herbaceous plants such as Deyeuxia angustifolia have invaded the shrub tundra of the Changbai
Mountains, forming three representative vegetation types: Rhododendron aureum, Rhododendron aureum-Deyeuxia
angustifolia coexistence, and Deyeuxia angustifolia. Non-structural carbohydrates (NSC) are important indicators of plant
carbon uptake and consumption, reflecting the overall carbon supply status and stress resistance of plants. To elucidate the
environmental adaptation mechanism of plants and empirically demonstrate the role of nitrogen deposition in vegetation
change, a nitrogen deposition simulation experiment with three different nitrogen application levels was conducted to

compare the differences in aboveground non-structural carbohydrate synthesis of Rhododendron aureum and Deyeuxia
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angustifolia in the three vegetation types on the tundra of Changbai Mountains and the differences in the decomposition of
NSC in their litter. The results showed that: (1) Nitrogen deposition drove the organ-specific allocation of NSC in plants. In
Rhododendron aureum, stem starch, soluble sugars, and total NSC content significantly increased with increasing nitrogen
application.In contrast, the corresponding components in leaves and stems of Deyeuxia angustifolia showed a downward
trend, indicating that their stems served a key role in carbon storage under nitrogen enrichment conditions. (2) Nitrogen
deposition exerted “type-dependent” effects on litter decomposition; the decomposition rates of the three litters were ranked
as Deyeuxia angustifolia > mixed > Rhododendron aureum; nitrogen deposition accelerated the decomposition of single litter
by alleviating its nitrogen limitation ( lowering C/N ratio) , but inhibited the decomposition of mixed litter. In addition,
nitrogen deposition promoted the accumulation of starch in litter, while inhibited the release of soluble sugar and NSC,
suggesting that external nitrogen input may affect the decomposition process by changing the metabolic priority of carbon
components. This study revealed that nitrogen deposition strongly mediated the carbon-nitrogen coupling cycle in tundra
ecosystems by regulating NSC allocation and litter decomposition processes. These regulatory effects were driven by
coordinated plant physiological responses and decomposition dynamics. The findings provided critical theoretical support for

predicting changes in the structure and function of high-altitude cold ecosystems under continued global nitrogen enrichment.

Key Words: alpine tundra zone; nitrogen deposition; dominant species; non-structural carbon compounds; above-ground

stems and leaves; litter decomposition
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Fig.1 The starch content of the above—ground of three vegetation types responded to nitrogen deposition
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Fig.2 The soluble sugar content of the above-ground of three vegetation types responded to nitrogen deposition
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Table 1 Initial Mass Parameters of Litter
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Types of litter Starch/ (mg/g) Soluble sugar/ ( mg/g) NSC/(mg/g)
4 J K1Y Rhododendron aureum 10.35+0.14B 150.07+2.42A 160.42+2.45A
TRA TTEY) Mixed litter 16.13+1.09AB 113.63+3.45B 129.77+4.17B
/N3 Deyeuxia angustifolia 23.73 £3.30A 77.58+4.40C 101.32+6.47C
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Fig.3 The non-structural carbohydrate content of the above-ground of three vegetation types responded to nitrogen deposition
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Table 2 Responses of mass loss to nitrogen deposition during litter decomposition in three vegetation types
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Types of litter CK MN HN
4 W B Rhododendron aureum 0.14Bc 0.28Ac 0.38Ac
IRA 7% %) Mixed litter 0.52Ab 0.53Ab 0.28Ab
/N Deyeuxia angustifolia 0.73Ca 0.94Ba 1.21Aa
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Fig.4 Responses of starch content to nitrogen deposition during litter decomposition in three vegetation types
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Table 3 The analysis results of the variance analysis of repeated measurements on the changes in starch content during the decomposition

process of three types of vegetation litter

I3 ][] < LR A

U‘f‘l?é%%@i” bR %ﬁ’%ﬁj [ Decompose timex _ ER/I -
Types of litter Index Decompose time/ ( H ) Nitrogen addition Nitrogen addition
4 W B Rhododendron aureum F 55.302 1.106 2.229

P 0.002 = * 0.401 0.121
IRA V£ Mixed litter F 9.743 1.257 13.456

P 0.017* 0.385 0.041
JNMEE Deyeuxia angustifolia F 13.564 1.065 0.700

P 0.012* 0.049 0.563

# RN I% R S =R T I BEAR S R R0 B35 (P<0.05) ;5 #  FORIZ N F = Fh T M1 0E R 20 2 AR 38 (P<0.01) 5 = 5+ FoRi%A
FONF = IR I W FEA 3 R B FE 3 (P<0.001)

2.2.3  FUTRERT = v 4y nl s b o ik i i ) 2

=PI IR PR S RN A B AR RS T AT R TN YR 0
BT 1.9 A 15 A5 BRI RLIE R 2 B B AR 45 0 95 T Y Rl 5 B AN T AR i/ i 25 08 v
Pyl v pE & R RS WO, SCIRAS R R YRR UR P T I A R IR TR A, AT e Ak
TRCRZS . R A5 AT =S JR v By ] I PR AR R IIME T 20% A= BOAE RS AR 65 8 7 ) T o Pl 5 A
OMEER 9 A H et /N EEIRTE MRS 1 A H deth, X AR BER AT MR R A AT — B B il e 24
41.2% .37.5% .78.9% (¥l 5)

XUPH 2R T A T 2245 R s | S0 A i R) Xk 28 B Ak B TR /N I R 0 4 m P S A AR B Y
SN, SRITRREAOGT 2 B A S U8 7 W 70 ) ] PP 5 B AT R R, U PO S HAR I (R 4) o AR BeAtas
TG /N v T A 2 e B 0 A I TR TR SR S 38 ke T 2 AT RS U v 0 ] R e
R, RERIA RS> E RS0 B 558 BRAR FE 2 9 A>T I v Z0R iy AL LA HG A i P 55 496 i 24
15.4%F18.9% . FICEXTIR G U8 v 0 04 P VA PR Wl 55 0 TG Y0 50 M L P ) s o, RT3 P Ml 5 e o
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Fig.5 Responses of soluble sugar content to nitrogen deposition during litter decomposition in three vegetation types

*4 ESNEFEHSMN=MEERERBEYSBEEFATIERESETULNSNER
Table 4 The analysis results of the variance analysis of repeated measurements on the changes in soluble sugar content during the decomposition

process of three types of vegetation litter

SR < R

E| %%%?ﬂ izt %ﬁ@zﬂj Jia] Decompose timex ' RIS -
Types of litter Index Decompose time/ ( H ) Nitrogen addition Nitrogen addition
4 fz ¥E8Y Rhododendron aureum F 337.75 0.516 10.427

P 0.000 *** 0.689 0.045*
TRATATEY) Mixed litter F 402.434 1.059 0.492

P 0.000 # % 0.450 0.653
JNIFEE Deyeuxia angustifolia F 2120.014 2.929 0.312

P 0.000 *** 0.140 0.753

2.2.4  FUURERT =B ITE Dy AR LS PERR K A0 A5 10 50 fifk axt 2 1 52 T

=P RFE RIS NSC & 22 5 W HEP A B A RS S TR A > /N3 BE 23 M B ) 84K 2 B A B FITR &
P75 NSC & B Wrisi /b, /N2 08 7 40 W) S22 S shamli /D a3 =Mk W e v UR Y 0 O i O S e AR T
WILRME , R W NSC AL T REHCIRAS . 40 45 AR = Fhi M) EVR JR 75 ) NSC FoI A R HE 7 0 4 B AL B > TR A > /i
= AR 32.5% 17.9% 11.7% (1K 6) .

XUH 2 5 5 M oy 25 45 R R, A I (R0 A= B A RS TR G D E TR R NSC & A AR B R
) , TR ASONT 2 B A RS 1 9% 0 4 e ) NSC 3 it A i 255, R IR 28 BRI (R 5) o AR e AERS TR A /D
WE P P54 NSC B 5 Bl o i T3 i/ . S ET— BB L, /N BT Y NSC & BRSO S H 13
A HEETE 43 1R 11 S H IR, NSC & R0 e sh PR, RUTRE W38 5 4 fz LB NSC
ERRY MR 3 10 A AR BRI NSC o HO A BRI 24 25.29% , Ui T ST IRE AT M) T8
NSC B, AUTRERHE G MY NSC & #1520 5 it A A ¢, RECH h AE 3k, S &gz, S5x A,
G311 A I EAE PR A A V5 ) NSC & i REARZY 9.4% , 1N 2 A AL FRAF IR & 4 & 9) NSC & 1 19 n 24
9.6% (I 6) .
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Fig.6 Responses of non-structural carbohydrate content to nitrogen deposition during litter decomposition in three vegetation types

R5 EENEAESHMN=MERZAZYIBEIRFEFAEBRKUENEETUNIRER
Table 5 The analysis results of the variance analysis of repeated measurements on the changes in non-structural carbohydrate content during

the decomposition process of three types of vegetation litter

J3 ik 18] x A

i /&%%@L‘J izt ﬁfn@znj [i1] Decompose timex ' A -
Types of litter Index Decompose time/ ( H ) Nitrogen addition Nitrogen addition
4 Je LB Rhododendron aureum F 102.197 0.867 11.127

P 0.000 *** 0.529 0.041"
IRA 7% Mixed litter F 52.980 2.099 0.947

P 0.000 *** 0.180 0.480
/N2 Deyeuxia angustifolia F 21.592 1.189 0.717

P 0.004 ** 0.408 0.556

3 it

3.1 RI[RIAE B b A B FE B R/ 2R B AR SE R AR K A A B B i A

AHFFEFM K 1L & T R A E R A B MRS A NSC & B3 8 T AR B A Y/ N3 | H24b kA 22
Pt P AT I P B (% B S NSC R LR, 43R 76.7% F1 82.5% ) ¥4 1 25 v T/, AE I 2R
A R A MR N P (AR ) AR DL MR K I B SR R A 4 R AR S A
PR ] B A I A VK B LR R AR R SR PR X — WL S e RS i T
MEAAT RSB RE . MR /N EEE AR & TR 1 2484 FAS R n] i Mo & I, (R Ve ) it
2 GRS S AT, AT RRYR T AR AR S 25 5 /N FE R R A AR (M LA AR T | BTl v
WHABAFE T 25 (M N 22) ISR AR 7, AT Iy AR K A8 R 5 B9 ik oK

HEH NSC FEA R 7% B FP A0 43 B A 2 RSS2 i JEL ok B850 0 358 1oy S ™ 2F lz AR RS 55/ 35 i 25 NSC 4
BCA AR ANIR] - 28 B2 AL RS T i NSC & it B 35 3 125, /NP 525 NSC Frig i ik, X — 2= Rl fRglE T —
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Y5 HR RS PR R BT VR I, A3 G L ORSF BU A A SRS . T S 5 e S L &5 Tl IR 5 0 2%
SN, NSC AEM F Fr R e A7 LA 2 B A 008 75 R | Wi I a8 1o 490 B R R 48 1) 25 Wiz g 2./ hek s AR
AR E A W 2 B HEZEH = NSC & i 5 1Y iR & VARG . & 7 Wi e F T 65 451
PASERpP AR 0 [l & R 253 R G0 (R T 28) il St A2 NSC B Fa e . X Rl U -0 3
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