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The response of net primary productivity of two different vegetation types to

climatic factors and root turnover analysis on the Qinghai-Tibet Plateau
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PENG Cuoji'?, SU Kai'*, CAO Guangmin', DU Yangong" "
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Abstract: Based on nine years ({from 2008 to 2016) of monitoring data of net primary productivity (NPP) and climatic
factors at Haibei Station, the interannual NPP dynamics of alpine Kobresia pygmaea meadow and alpine Potentilla fruticosa
shrubs were analyzed. In addition, the effects of climatic factors on NPP and the characteristics of root turnover across

different soil layers were also assessed. The results showed that (1) on an interannual scale, the aboveground net primary
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productivity (ANPP) of Kobresia pygmaea meadow showed a significant increasing trend (7.02 g m™ a™'), but the ANPP
of Potentilla fruticosa shrubs remained relatively stable. Both belowground net primary productivity ( BNPP) and total net
primary productivity (NPP) of the two vegetation types showed a slight increase ( P>0.05). The average ANPP, BNPP,
and NPP for the Kobresia pygmaea meadow were (217.55+9.95) g¢/m”, (1882.75+161.33) g/m’ and (2100.30+163.38)
g/m’ | respectively. The average ANPP, BNPP, and NPP for Potentilla fruticosa shrubs were (256.27 + 11.4) g/m’,
(1614.31 + 173.03) g/m’, and (1870.58+177.93) g/m’, respectively. (2) The ANPP of the vegetation types responded
differently to climatic factors. The mean annual air temperature had a significant effect on ANPP for Potentilla fruticosa
shrubs, but no significant impact on the ANPP of Kobresia pygmaea meadow. Furthermore, precipitation was not a key
factor limiting the NPP of grassland in alpine ecosystems; temperature exerted a stronger effect on the ANPP of alpine
ecosystems compared with precipitation. (3) The mean annual air temperature and mean annual precipitation showed no
notable effect on the BNPP, indicating that the BNPP was less affected by external climatic factors than the ANPP. (4)
Root turnover increased with soil depth and the root turnover of Potentilla fruticosa shrubs was higher than that of Kobresia
pygmaea meadow. Our study implies that the ANPP of Potentilla fruticosa shrubs will increase with climate change, but no

significant change is expected for the ANPP of Kobresia pygmaea meadow.

Key Words: Qinghai-Tibet plateau; alpine Potentilla fruticosa shrubs; Kobresia pygmaea; net primary productivity;

climate factors
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Y¥ ( Veronica polita Fries) , 1 3EIERINKEIRFEIRAEIE £ (Mar Cry—gelic Cambisols) , TIEIEFEZ1M 60 cm, EEY)
ML N ARAR SRR ; G E AU T2 22 G 824 (Potentilla fruticosa)) , 5V 35 B 2 50%—90% , FEA:
i AR5 5 ( Kobresia humilis) 2k M5 % ( Kobresia capillifolia) Ji& 3647 ( Helictot richon tibeticum) 435 F-35
( Festuca rubra) 155 11 JHFARL( Thalictrum alpinum) T 2Bz 3% ( Potent illanivea ) 55, EEYIFh L2 K2,
T2 X e SR Ry R FE R ARTE + (Mat—cryosod Soil ) , L2 EEZ A 50 em, PR HR R E B E 0—
40 em +)ZE 9 BAR AR T ILER 1,

x1 WHEEAELERELERSHIE
Table 1 The soil nutrient properties of different soil layers among the two vegetation types

+ IR FFE Soil nutrient characteristics

FEREAL +RRE
Vegopetation types Soil depth/cm AL e e ER: iy e TR
SOM/ (g/kg) AP/ (mg/kg) AK/ (mg/kg) AN /(mg/kg) TN /(g/kg)
/N T ] 0—10 149.01+3.04 10.94+2.43 261.84+14.63 19.35+1.83 6.7620.42
Kobresia pygmaea meadow 10—20 101.57+2.62 7.66+1.93 150.64+11.37 15.26+1.60 5.05+0.29
20—30 71.37£2.78 4.57+1.13 121.36+9.25 13.38+1.66 3.64+0.24
30—40 48.59+3.31 2.30+0.78 94.52+11.61 9.84+2.22 2.37+0.27
G R RN 0—10 138.61+6.98 8.46+1.86 292.78+22.43 24.60+2.85 6.22+0.53
Potentilla fruticosa shrubs 10—20 112.21%5.69 5.82+1.49 156.20+12.92 18.78+1.81 4.97+0.49
20—30 91.27+5.30 4.41£1.21 99.69+6.09 15.33+1.87 4.17+0.39
30—40 73.61£4.29 3.35+1.19 91.27+10.03 13.14x1.61 3.51£0.34

SOM: Soil organic carbon; AP: Available phosphorus; AK: Available potassium; AN: Available nitrogen; TN: Total nitrogen
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Fig.1 The interannual variation of mean annual air temperature and mean annual precipitation
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Fig.2 The seasonal dynamic of above-belowground biomass among two vegetation types
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Fig.3 The interannual dynamic of aboveground net primary production ( ANPP), belowground net primary production ( BNPP) and

total net primary production (NPP) among two vegetation types
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Fig.4 The interannual dynamic of root turnover across two vegetation types
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Fig.5 The comparison of net primary productivity among two vegetation types
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Fig.6 The relationship between aboveground net primary production (ANPP) and climate factors among two vegetation types
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Fig.7 The relationship between belowground net primary production ( BNPP) and climate factors among two vegetation types
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Table 2 Belowground net primary and root turnover of Potentilla fruticosa shrubs across different soil layers

S I |

TR N i R/ME Ji#eE
. N ) Belowground net o
Soil depth/cm Maximum/ (g/m~) Minimum/ ( g/m*) . N Turnover/a
primary/ ( g/m?)

0—10 2384.16 1543.10 841.06 0.35
10—20 946.54 560.33 386.21 0.40
20—30 594.29 325.71 268.57 0.43
30—40 307.45 188.98 118.47 0.37

0—40 4232.44 2618.12 1614.31 0.38
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Table 3 Belowground net primary and root turnover of Kobresia pygmaea meadow across different soil layers

IR A

T2 RKRIE R/ME JFe(H
. ) o Belowground net ~
Soil depth/cm Maximum/ (g/m?) Minimum/ ( g/m?) . 2 Turnover/a”"
primary/ ( g/m")

0—10 5318.60 4062.93 1255.67 0.23

10—20 1033.44 635.12 398.31 0.37

20—30 374.80 213.31 161.48 0.42

30—40 141.82 74.53 67.29 0.47

0—40 6868.66 4985.89 1882.75 0.27
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