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Changes in nitrogen uptake rate of plant species in different degradation stages of
an alpine meadow on the Qinghai—Tibet Plateau
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Abstract: Nitrogen (N) is an essential element for plant growth and reproduction, and it exists in various chemical
forms in soils. The location of alpine meadows on the Tibetan Plateau is unique, where the climate is severe with
low temperature. The low temperature restricts decomposition of soil organic matter and leads to scare available N in
the soil, which further limits plant growth. Moreover, overgrazing causes grassland degradation and succession,
resulting in severe loss of available nutrients in soil and changes in the N use patterns of plants. In this study, a "N
labeling experiment was conducted in an alpine meadow in Zeku County, Qinghai Province to trace plant utilization
of ammonium nitrogen (NH, -N) and nitrate nitrogen (NO, -N) in plant communities exhibiting different

degradation stages. Six degradation stages, including lightly, moderately, and severely degraded grasslands, and
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eroded, severely eroded grasslands, and bare black soil, were selected based on prior knowledge on plant community
succession during the degradation of the alpine meadows. The uptake rates of NH,"-N and NO, -N by the dominant
sedge species Kobresia pygmaea were measured in the six degradation stages. Additionally, we also quantified the
uptake rates of NH, -N and NO, -N by forb species Ligularia sibirica and Elsholizia ciliata, the dominant species in
patches in the later degradation stages. The results showed that along the degradation stages, the uptake rate of total
inorganic nitrogen by K. pygmaea showed a fluctuating downward trend. The uptake rate of ammonium nitrogen
was consistent with the trend of total inorganic nitrogen uptake rate, while the uptake rate of nitrate nitrogen showed
a fluctuating upward trend. Except for the erosion and bare black soil stages, the uptake rate of ammonium nitrogen
by K. pygmaea is significantly higher in underground organs than in aboveground organs. Except for the severe
degradation and bare black soil stages, the uptake rate of nitrate nitrogen by K. pygmaea in underground organs was
significantly higher than that in aboveground organs in all other stages. In the later stage of degradation, there was no
significant difference in the uptake mode of nitrate nitrogen between patches dominated by K. pygmaea or patches
dominated by forb species. However, the uptake rate of ammonium nitrogen was significantly higher in the patches
dominated by the forb species than in the patches dominated by K. pygmaea. In patches, the dominant forb species,
L. sibirica and E. ciliata, have significant differences in the uptake of ammonium and nitrate nitrogen. L. sibirica
has a significantly higher uptake rate of NH, -N than NO, -N, while E. ciliata has no significant difference in the
uptake rate of the two inorganic N forms. In summary, at different stages of degradation in the alpine meadow, plant
species adopt different inorganic nitrogen acquisition strategies to adapt to soil nutrient conditions, by which
maintains plant species coexistence. A deeper understanding of the absorption and utilization of soil inorganic
nitrogen by plants at different stages of grassland degradation can provide insight into the mechanisms of species
coexistence and guide the restoration of degraded grasslands.

Key words: alpine meadow ; degradation sequence; different chemical forms of inorganic nitrogen; nitrogen uptake

rate; N tracing
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Table 1 Nitrogen content of different vegetation patches

HEVE A Y RAG & AR SR &=
Community vegetation type Total nitrogen NH, "-N content NO, -N content

content (g-kg ") (mg-kg™") (mg-kg ")
B R AL /NS B P 3 V% Light degraded K. pygmaea dominant community 4.95 17.12 1.40
o RE SR A /N B A 3 BEYE Moderate degraded K. pygmaea dominant community 7.77 13.75 2.90
T R {7 FHE B Severe degraded forb patch 6.78 21.19 1.51
IR/ FEBE R Severe degraded K. pygmaea patch 5.96 20.97 1.19
121l 2% % B¢ B Erode degraded forb patch 3.87 21.23 2.83
Rl /N FEBEE Erode degraded K. pygmaea patch 5.42 18. 34 2.19
F 2 Z8 BUBE Bk Severe erosion forb patch 5.09 22.33 1.57
JEH Rl /N FEREER Severe erosion K. pygmaea patch 5.42 23.34 1.55
BB WA BEBREER Bare forb patch 3.80 14.45 2.34
B/ ROBEER Bare K. pygmaea patch 3.69 11.35 1.94

1.2 K&t

1.2.1 FEMbBERE ARSI SE G WO DR Bl 7 25 B DL S B A3 A 7E O A B OB Ak 4 2SN S k2B
AL SF K5, BT 6 A F A IR AL B B, o0 R e R AL b R AL R AL = ™ R R ok R R RE R B
J7 5 BRI 53 bR o AN 2 2 i

1.2.2 FEFRE MR 20194F 8 H , 7615 A BB b & JE8 R fa) B L T A & D b 6 43R Ak B B 1 1B )7
G o N v R R A B B A A R AR G A e LR R L T LA B ATL o IR B X S AT b i EE AR AR R M E (R
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Table 2 Division principle of degradation sequence of alpine meadow

iR {LJ¥ %1 Degenerate sequence K143 b5 #fEE Division principle
1% iR 1k Light degraded Y B2 80% , FEBELE I I . Vegetation coverage is approximately 80 % , with the presence of a small num-

ber of rodent burrows.

rf 32 1k Moderate degraded HEWE T 55 8 KT 60 %, BRI BE AN, ¥ R JF 2L, Vegetation coverage exceeds 60 % , with an increase in rodent

burrows and the turf remaining uncracked.

¥R 1L Severe degraded R W7 55 IR 509, W FF 4 BEB B . Vegetation coverage reaches 50% , with turf cracking and patches be-

coming apparent.

{2t Erode degraded P b 0 BE B 8 0, TP 24 FE BE KT 5 em., Bare ground and patches increase,, with crack width exceeding 5 cm.

J A2 11l Severe erosion PR TR 0, KR B BE B AL, R 24N . Bare ground area increases, surpassing the area of vegetation
patches, with deepening cracks.

AW Bare Z FOFRR B 2 AR B A RS0 S RSB A YA B — . Dominated by weeds and bare ground,

minimal tall grass, and low species diversity.

Tl 2R A M B e I AL AR B I, R A R 2 AR T DA R T /N B O RN A% B A o A
PR FhAE B BE B AT 0N ARIC . RIE, Xt TOFhFET5 2R M Je T R R B R ER Ll (R 1) .
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FRICHR B N R 1 2 e AE (PNH,),SO, H ok 98. 4%, 7E Na"NO, H1 2k 98. 2% .
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{18 %t BEURE i 178 0N ML, AR A T 3 2 34 B A5 380 A 4 R R A R
1.2.4  FWGE R I 437 28 Jo0 33 (S0 75 45 SR 2R Ry 8N e AR SRR B R T E A Y AR R
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1B 1k 78 % B Bt Degradation succession stage
E1 AAESRELREERRLGRUESHESTK
Fig. 1 The total uptake rate of different forms of nitrogen changed along the degradation succession process
LD: iR fk Light degraded; ZD: 1 £ iR /£ Moderate degraded; ZHD: i iR fb Severe degraded; QS: 12 i Erode degraded; YQ: /™ {=
Severe erosion; HT: & L Bare. A [i] /NG 52 B 3 7 A W] R AL B Be 8] 22 53 i 3 (P<<0.05) . Different lowercase letters indicate significant differences

among different stages of degradation. T [i] The same below.

HT T 2 AT, /0N A NH, =N S0 25 B 422 ok R B 3t B B A, JFC A 3R Ak B B 38 3 9 A b R A e 3 T
Mo L FB 5 (P<<0.05) o /N B M b A3 R 370 NO, =N W S0 3 f I 35 22 53 A 1 i o 32 0B AL 1 S b A0 1)
B AR B B, BRI 3t 95020 W SO R 2 g 1 M b AR (P<<0..05) ¢
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AR Ak R P ) AR X U S R A o B 4 SR R W (&1 3) /N B LW W R A S o 32, Hosl 1 R 4 LA
T S AR 11 280 28 )P O 2o i 38 A R B 77 7 8 A Ak, O LR ML v B 3 Ak B B A A T 2 AR L B B /D o
Hb 1343 1 NH,-N 5 NO, -N W58 38 L 35 B AR (P<<0. 05) , I H 5 S2R 1 By BL S A6 A B 3 (P=>0.05) .
AR T4 B AR AL B B, B o B R AR B B A, oAt B B b T 58 43 0 R W L A ) B S BRI (P<<0. 05) o BRILZ ST,
i 25 5 e A R W AT 6 L (77 A ) R AR b 4%, BIDAR 5 T A B AR B B, HL il R Ak B B L {38 B 3 U/
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HT

B2 ZFHEEMRAEESEREZH b TREGER
Fig. 2 Comparison of aboveground and underground uptake rates of different forms of inorganic nitrogen with different

succession stages
A A NG R AR W] — R A B B R b 4 5 R 8 4 25 5 B 35 (P<C0.05) o Different lowercase letters represent significant differences between

aboveground and underground under the same succession stage (P<<0.05).

6 —

=)}

b F Aboveground

R Underground

[ BU4K Total

LD 7ZD ZHD QS YQ HT LD zD ZHD QS YQ HT

B B 5 He A EUBCE  HUA
Ln (NO, -N uptake rate/NH, -N uptake rate)
IS

B 1k 75 ¥ B Bt Degradation succession stage
B3 RUFEZHEPEVENEESRET
Fig.3 Relative N form preference of plant with the process of degradation succession
A NG B AR 2 OR A GR kB Bt T 45 35 A5 7] 2% 5% 1 3% (P<<0.05) . Different lowercase letters represent significant differences among different
degradation stages (P<C0.05).

2.2 HEFE G KRB YA AR RATHE LR F 6Bk bk

AR BT R A B B ™ AR el B B /N e A i o O BB RN 2 s A BB rh xR R S TS
MR FE MR 22 5 (B 4) . S5 R 78 5 BRIk 5 ™ 512 Bl B, R I8 2 /I i 5 NHL T -N IR 3%, 38 2
HR AR A3 NH, =N I 3 38 84 3% 91 oy 2% e oy D0 3 B B 2 35 T i A S DR BB (P<<0. 05) o X T NO, -N ki,
B B2 IR AL B B B3 43/ i B NO, =N I OSGH 3 A i 1 (O A B e b B 3 v T R R DR A BB (P<<0. 05) 8,
oAb 25 T /N R NO, ™ -N W AT 3 A o R AN 44 5 I 34 BE B o p 34 08 B8 35 25 5 (P=>0. 05) 6
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Fig. 4 Comparison of nitrogen uptake rate of K. pygmaea under different types of patches
AR NG AR 3 W] — B Ak By BEOR W] BE £ ] 22 5 1 3% (P<<0.05) . Different lowercase letters represent significant differences between different patchs
under the same degradation stage (P<<0.05).
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Fig.5 Comparison of nitrogen uptake rate of dominant species in the later stage of degradation

Fla, b ORI /NG Pk 308 R IR A 28 A 22 5 835 (P<<0.05) o K e, d TRIFE/NE Fad R 7] — J FOE AR 7 F8 AL ] 22 5 8.3 (P<<0.05) . In
figure a and b, different lowercase letters indicate significant differences between different nitrogen forms (P<20.05). In figure ¢ and d, different lowercase

letters indicate significant differences between different positions of the same nitrogen form (P<20.05).
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FEE0F NH, =N W R 5 3% 5 T NO, =N, Hih NH, -N 5 NO, -N (435 F W i s 55 535 5 T bl
R (P<0. 05) ; & 7 A NH, -NFINO, -N By 8 0% #2200 35 22 5 NH, -N (b b 0% 50 5 10 2% & 1 4 T 0%
WEHR T NO, -N B b R W s G 3 25 5

AWEGE 53 1 AR Ak B B AR 3R Pk A% B SIS AR W) ST 5 R AR T R B AN BRI S A W I R i 22 S (BT 5) o AR R
B, 32 50 NH, =N AW i %R 58 2 5 T NO, -N(P<<0.05) , Hp i T #543 %F NH, -N 5 NO, -N % 1 i 3 2 15
2 T b AR B W G K (P<<0. 05) 5 B 28 X NH, -N I NO, -N i s W bE %0 . % 22 % (P>0.05) , 4 |-
43 % NH, N A% W2 00 3 2% b 25 /&5 T 1l T 35 0 08 W WA 32 (P<<0. 05) , T b R #8435 1l 1358 43 X NO, - -N A IR I
BRI 35 22 7 (P>>0.05)
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