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Abstract: The alpine meadows of the Qinghai-Tibet Plateau are vital ecosystems that contribute significantly to plant
productivity, multifunctionality, and carbon sequestration. However, predicting the future trajectory of these ecosystems
requires a comprehensive understanding of how they respond to multiple global change drivers, particularly enhanced
nitrogen (N) deposition and altered precipitation patterns. This study explores the combined effects of N deposition and
altered water availability on plant productivity and associated soil dynamics in an alpine meadow on the northeastern
Qinghai-Tibet Plateau. In 2017, a field experiment was established with three replicates, using a randomized block design

>a™') and precipitation manipulation ( +50% of ambient rainfall ).

with factorial treatments of N addition (10 g m~
Comprehensive measurements taken in 2024 included aboveground net primary productivity ( ANPP ), belowground net
primary productivity ( BNPP, 0—40 cm depth) , root turnover rate, ecosystem net primary productivity (NPP), and key
soil properties (pH, soil organic carbon (SOC) , total nitrogen (TN) , and total phosphorus (TP) ). The results indicated
primarily additive effects of N addition and precipitation manipulation on community ANPP, with notable variations in
responses among plant functional groups. N addition alone increased ANPP by 30.0%, driven by enhanced growth of
graminoids and forbs, while a 50% reduction in precipitation ( CK=50%) caused a 30.0% decrease in ANPP relative to
ambient conditions. Vertical stratification in soil pH was observed, with surface soil (0—10 cm) pH significantly
decreasing under most treatments, except with increased precipitation ( CK+50% ), while deep soil (10—40 cm) pH
generally increased. Despite shifts in plant productivity, SOC, TN, and TP remained statistically unchanged across all
treatments, indicating stability in bulk soil nutrient pools. However, the experimental manipulations led to significant
declines in root processes and overall ecosystem carbon fixation, with BNPP decreasing by an average of 26.1% and root
turnover rate dropping by 21.3%. Consequently, total ecosystem NPP decreased by an average of 17.3% under these altered
resource regimes. These findings suggest that N deposition and altered precipitation regimes regulate alpine meadow
productivity by influencing functional group responses and plant carbon allocation strategies. Under N enrichment and/or
water stress, ecosystems reduce investment in root growth and turnover, which may optimize short—term aboveground growth
but significantly impair long —term carbon sequestration capacity. This study highlights the crucial role of belowground
processes, particularly root production dynamics and carbon allocation, in shaping the carbon sink function of alpine
meadows. Understanding root dynamics and their sensitivity to changing environmental conditions is essential for developing

accurate models of ecosystem carbon cycling under ongoing global changes.

Key Words: alpine meadow; net primary productivity; root turnover rate; nitrogen addition; precipitation manipulation

BT T AR 2 40% Rt TE AR 4E 2R A Ol AT RREE K R R A A A BRI RE , (E M A R I -2 T
I, AR A IR IR T IR RUK G BER, PR SR A i FEAURR T 2R E T ST, RAA
BRI R0 e K A Jmy S A 3 5t T VA AR K B IR A A TR 2205 W M A 7 D R R SRR R A AR
ifif, TR AR S XA A K B DRI B AR 2 K2 R 2 B A i B 2 A R
P T HARRIB R ZR A1 W AR A AL B DL AT A0 TRASRBTRE A AR 7 J1 6 L K B
(7 5 8y o W AR, 0 R A DA 4 BRAZ AT 5T R A 2N R G IR A5 D RE A T8 S BLAT R A B S S ik
e

BUAOIFTE R I, SRS 1 5 A AR SR SR ) 1) S0 BIR o ol 5 B e A v b A 7= g HHC SR Bl i 2 52 4
AR AN REVE LB X | 3 2 it ELR s i AU A S B ) 2R R R R
T MR R AEK R 5 T, T R S S A A A b A AR R R 2 R B DA O,
FERLT SR R A AR R SRR KA BRRE A b Ay EHCER TR B AR X SR R0, R

http ; //www.ecologica.cn



12174 xR 45 4

I AR FR AR 222 5k 70 K 0 o AR AP 420 RN 35 230k o 45 3 A2 b 2 77 3 777 A 47
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2 mmPYJEIEMIAS) | HE BEA ]2 URBURT A AR R, R b 1R RN bR R 5 43010 7E 65°C A LA Hh ot +
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Table 1 F value of linear mixed-effect models of aboveground productivity and root/shoot ratio to nitrogen addition and precipitation

manipulation
o TR DEHG GRHLLA JRRE R - ;
i *g”ﬁf i";{i i %thkf"j %ﬂé&’#@f"j %}]Z&tpﬁj z%%nz&i%m&ggii#ﬁ b mﬂ:j}
ANPP,, ANPP, ANPP, ANPP,, ANPP NPP
AN 0.50 11.22*% 0.00 9.83* 0.72 10.59 ** 3.32 10.23 ** 8.81° 0.11
%7K Rain 4.52° 0.16 1.00 2.01 3.21 0.04 6.42% 3.27 4.15° 1.46
A XxP&7K NxRain 1.46 0.45 0.07 0.06 0.25 0.96 2.38 0.03 0.25 1.15

“oan VI w7 R R EMIKE P<0.01 F1 P<0.05; N : A H N Nitrogen addition ; Rain: /K27 Precipitation manipulation; Coverage : #i%f 25 J¥ Relative coverage;
Height; it K & Maxima height; ANPP . ; R #1512 257 1 Aboveground net primary productivity of graminoids; ANPP: V5553 b #4144 £ 7 /7 Aboveground net
primary productivity of sedges; ANPP, ; S RH b ¥ 4144 2 7 /1 Aboveground net primary productivity of legumes; ANPP ; 72K 55 b 15 4) 4 1 7 11 Aboveground net
primary productivity of forbs; ANPP; £ 9% b [ 1+ 40) 2% £E /** 71 Aboveground net primary productivity; R/S: # 7 [t Root/shoot ratio; NPP 18 ) ¥t ) 9 4 7 J Net

primary productivity

° i 0O ANPP i O NPP
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g H—a— =l
[ [
CK+50 |- Fer CK+50 e
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Wi R b Response ratio

B BEEFAERMER KELHMALL, REBAREE
Fig.1 Response ratios of community primary productivity to the changes in nitrogen and precipitation. Error bars are standard deviations
ANPP . BE75 i [ 15 9] 2% 4 7= 71 Aboveground net primary productivity; BGB: 8 2 4= #) & Belowground biomass; BNPP; 3 1§+ %) g A= 7= H
Belowground net primary productivity; R/S: # 5 [t Root/shoot ratio; NPP 8 4 1§ #] 2% 2L 7 71 Net primary productivity; 7 # R J& % H % Root
turnover rate ; CK—50% ; F&/K i /> 50% Rainfall reduction ; CK+50% ; F&/K 34 /il 50% Rainfall enrichment; N &8 Nitrogen addition ; N-50% : &
IRIMEE7K I8P 50% Nitrogen addition and rainfall reduction ; N+50% ; ZL S MR 7K 34 il 50% Nitrogen addition and rainfall enrichment

2.2 ISR AP T R R

TR RR R AT SRR 7S S R A7 R Y2 O, o Nav TN TP Fil 7 (AR AR AR B 35 1
JZUBN (£ 2) , FEEZREI, FBKMAS B 250 0—10 cm F1 10—20 ¢cm SOC (P<0.02) , N AbFE{fi 0—
10 em Al 10—20 em A9 SOC #; CK-50% (N-50% ) AbBR I 375 18.5% (P<0.05) , [AlHHf# 20—30 em 4 Pav
A CK BN 44.5% (P=0.01), pH 3Z% KA TR MY 5520 ( P<0.05) , Bk CK+50%41 , Hog AL B ()
0—10 cm pH “FH R 0.6 847 (P<0.05) |, 1fii 10—20 em ,20—30 cm 1 30—40 em B pH 23317+ 0.7.0.3
F10.1 AL (P<0.05)
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CK 9 BGB .BNPP il 7 735124 (2237.26+141.68) . (1266.31£398.65) g/m>F1(0.56+0.14) ¥K/a (FI{H+
bR, TIE) . NACFEARY 30—40 cm BGB il 10—20 cm BNPP % CK 4374 & 2 BFAK 48.2% F1 45.2% ( P<
0.001) , R/S7E CK-50% b ¥ F e K (8.34+1.77, B 1), B3 m T HEAH (P<0.05), & KL TFEH
BNPP NPP il 7 23 5l R[4 (26.1+0.1)% , (17.3+0.1)% F1(21.3+0.1) %, {H Zb Bl [0] 22 S5 Kk 45 i o & v
(1), PERMANOVA Z5 XU AL FEH] BGB Fl BNPP AYEE 140 A A & 2E B 28 (P>0.41) .

F2 WEMAMBEXALEXNFARARENTEFSMVAEFSNERPEEREUNEEW F E

Table 2 F value of linear mixed-effect models of soil nutrient factors root productivity along depths to nitrogen addition and precipitation

changes
+i% T3 T +i% T3 - T T o
HF . - , L% pH F L ES
Factor LIRS BAHA 2R A £ Hp YR MR ., ¢
SOC Nav TN Pav TP P BGB BNPP
AN 3.37 2.57 0.61 4.24* 0.02 0.02 497" 2.07 0.29
F&7K Rain 3.94" 0.25 1.83 0.29 2.87 551" 0.09 0.72 0.38
JZK Depth 207.53 %" 194.48 %" 202.33 "7 14247 """ 22.877%" 26696 " 239.41 """ 24.03 " 51.28 "
A xFE/K NxRain 0.08 0.49 0.01 520" 1.23 0.87 2.15 3.89" 0.25
RAXJZIK NxDepth 0.12 1.24 0.54 2.08 1.66 35.34 7" 1.05 0.59 1.30
[ /K XJZUK RainxDepth 1.95 0.16 0.35 310" 1.62 820" 1.28 0.44 1.04
FXFEIKXZIR )
o F% kil 0.77 0.60 0.57 0.67 1.15 2367 0.54 1.15 0.85
NxRainxDepth

o " VI x " 2R BEMKTE P < 0.001,P < 0.01 FlP < 0.05; SOC; :3EA B Soil organic carbon; Nav; THEHLE Available soil nitrogen; TN : -3
2R Total soil nilr()gen;Pa\';i%i%%(ﬁ% Available soil phosphorus;TP:i%%% Total soil phosphorus

2.3 FEW AT e I A R A R Sk

Wil 07 L AH A BT 2 BH , Nav 1E 1] I8 45 fie K 8 BRI R 52 ANPP {HAI I S8 ANPP (R*>0.80, P<0.05), TN
FIPHE ANPP 2 IEAHSE (R =0.77, P=0.04) , TP 524355 ANPP X 35 B AN 74 9 i 25 A 5 (R >
0.67, P<0.05), pH 5 BGB BEIFME(R =0.64, P=0.02, [ 2), &% ANPP {25 SOC S Bl FriEAH &
B (R*=0.64, P=0.06) ,(H S5EHINRERE R T MTSE ANPP S 1EAHSE, BNPP Fil NPP K 7 5 HE N 71
WAT I ARG

TUARSIHT(RDA ) 255 B AR R A7 0 K AR Ak e o B A S 38 2 o 5 (1B 3) o RIS A4 Andt
i FE 58.9% (M T 2= S S5 Horh s — 35 T BGB (92.1%) 11 BNPP (89.5%) 1) 348 S (5 H. | BTk &
H11K 99.0% . FTA T3 FR 53 HR O HE Y 45 3R B 52 e 38 B 8 K P (P<0.001) , HiHt Pav SOC  Nav #l TN
AR DTHR R R (4524 20% ) o 2540 7 RRASE R I AN It 3 R B RIYD B ANPP 0| 2B ANPP, 95 HER1 2%
JH ANPP 58K AE (CK-50%—CK—CK+50% ) IEAH S, R} ANPP X} 0—10 em 1 30—40 cm BNPP H
A 1E [ EEAE i 10—20 em F1 20—30 cm BNPP 433152 12 BNPP iF[a52m (& 4) .

3 itig

3.1 e dER M AR S RS R R

vy ) SR 1o A 52 AR BR A, i =2 AR B UROR SR 19 A BB R AR B R ST A HERR 2K
R RO T ANPP X ZUUR I TE R S B D RERE Ay S (R 1, B 4) X 5 E AR —
s BRI R o U SRS A ST S G A A AR L GHORI SRR (Nav R B ANPP
TEARSE, B 2) $EFCAPERE ™ 7 AR 1B s A0 e T RR A 40 (B R R JEE S R B ANPP IEAH DG, 18] 2)
DO RO S BB BIAN @ P R G U AR AR AL TR R AL, R ANPP 1 G
(1, B 4) T2 TRAS a7 AR IR oA I 00 e B P s R R A3 AR S Al T e e Y BRI 2
KRR IR R B, H ANPP X F/K SO XU (% 1, &1 4)
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o 0o (@) X (@) 1B @) < 1B X < 88 <% @ X << X
0.8
Litter | 0.96 019.l‘><.‘><llll‘><.i.‘
ANPP; | 0.32 091 047.‘.;(.><><l.><"‘><><‘ 0.6
ANPPs 071 0.69 0.83 081.“.><><"><“.><"
ANPP_  -0.03 -0.93 -0.25 -0.94 -0.68 . >< ‘ >< >< ‘ ‘ >< ‘ . ‘ >< >< >< L 04
ANPPr 098 0.21 0.97 0.49 0.80 -0.21 . l >< l >< l >< ‘ >< ‘ l . l
ANPP  0.53 0.82 0.66 0.97 091 -0.85 0.68 . >< )i ‘ . >< ‘ ‘ ‘ >< :‘ ‘ L 02
BNPP -0.31 -0.10 -0.10 -0.15 -0.04 -0.11 -0.33 -0.19 .><i><l><><><‘><‘ =
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Fig.3 Redundancy analysis of root productivity with soil nutrient factors
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Fig.4 Structural equation models for the responses of plant net primary productivity to the changes of nitrogen (N) and precipitation
(Rain)
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