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Seasonal Variations of Biogenic Volatile Organic Compound Emissions
from An Alpine Meadow Ecosystem in Northwestern Yunnan
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Abstract: Biogenic volatile organic compound (BVOC) produced and emitted by plants exhibit high chemical
reactivity in the atmosphere, exerting significant influence on atmospheric chemistry and climate change. They
constitute important atmospheric trace gases. To elucidate the seasonal variation patterns and driving factors of
BVOC emissions in alpine meadows, this study employed a dynamic headspace sampling system coupled with
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GC/MS technology for in situ monitoring in alpine meadows of northwestern Yunnan from July to October
2024, concurrently recording vegetation composition and environmental factors. we detected over 130 BVOCs
belonging to 11 classes, including isoprene and monoterpenes. Total BVOC emission rates exhibited pro-
nounced seasonal variation, peaking in July [ (2485.51+847.08) pg-m “+h '] and reaching a minimum in
October [ (206.274166.11) pg-m *+h ']. Emissions from July to August were dominated by isoprene
(nearly 100% ), while emissions from September to October exhibited greater diversity, with notable increases
in green leaf volatiles, sesquiterpenes, and aldehydes. Random forest analysis indicated isoprene as the key
compound distinguishing monthly emission patterns. BVOC emissions were jointly influenced by temperature,
light intensity, and vegetation structure: high temperatures and strong light promoted isoprene release, whereas
low temperatures and plant senescence enhanced non-light-dependent BVOC emissions. Coverage of Carex
muliensis was significantly positively correlated with isoprene emissions, while co-occurring species heterogene-
ity and flowering period variations enhanced BVOC emission diversity. These findings would aid in our under-
standing of BVOC-driven atmospheric processes and climatic feedbacks within the alpine meadows of north-
western Yunnan.

Key words: Biogenic volatile organic compounds ; Alpine meadow ecosystems ; Plant phenology ; Seasonal variation
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Table 1 Relative humidity, temperature, and photosynthetically active radiation during the sampling period from July to October

H ] Date HIXHEJE Relative humidity/ % &% Temperature/C J6&47 345t Photosynthetically active radiation/(gmol-m ™ %+s™ )
TH2TH—7H28H 77.494+1.10 32.9840.83 1413.590
8H20H—8H 22 H 69.254+2.42 34.434+1.25 1338.435
9H20H—9H 21 H 70.11+1.45 35.87+0.59 1605.946
1074 17H—10H 19H 71.8941.60 28.554+1.10 1253.224

T < RN P8 P8 L T o M A I R B A SR SR s D' A AR T T Onset HOBO i 3 i R

Note: Relative humidity and temperature were obtained from the chamber’s built-in temperature and humidity sensors; photosynthetically

active radiation was obtained from the Onset’s HOBO data logger

1.3 BVOCAHFH

fifi FH 4 [ 3 BB B CUNITY 2, Markes Inter-
national , S [ ) F FF i BB , 22 5 28 A0 6435 BT i
B¢ 1% (Gas Chromatography/Mass Spectrometry,
GC/MS, Agilent 8890C-5977B GC/MSD ), 2 ) x
BVOC 24153 BEAT 70 B AU I o K6 B 5 7 250°C
JI B 10 min, He /5 2 #030, f H HP -5 8 15 14 B 40 4
(30 m><0. 25 mm; film thickness,0. 25 pum) . A% 4:
B IR AR T A 40°CAREEF 0~5 min, Z J5 LA 5°C-min !
(¥ B T+ % 210°C, B L 20°C ~min ' (Y 3 B TE 2

250°C ., #4538y K 3% Lk 3K £ Paradise ™ E 47 4t
iw R, JF T br ME R A NIST20 & 3 5 %)
BVOC B4 73 3547 % 28 F1E i

1.4 BVOCHIMERITE
ARG BVOC HE B R (pgem *-h DI}
B AR RGBVOC I 25 6] — RICE = 1
W (HEBR R E RS BVOCHED 3% F A=A .
(Cou— C)XQ
A



%7

R MO A5 < YL P I R ) A 2 R G A W TR R A ML ) (BYV OCO Y 2 79 R AIE 2571

Horp E SRy 561 87 i AR 2 W 1 HE i R
(pgem *h D, C AR T HE (ug-mL D,C EA

BRI CRA A O, TR A SR AR e Al vl S A
A, QR FRH (mL-h D, AZHER A (m®.,

H =
. — [
MRAEERL 2 A TP A0 T IS S
Temperature and humidity sensor Adsorption tube Activated carbon and ozone (O,) filters
= ® _
TR A R AU TT
Watering base Air pump Fan Air flow direction

B1 HEMERERETEE

Fig.1 Schematic representation of the dynamic headspace sampling system
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Note: The chamber consists of two parts: the upper transparent chamber and the metal frame. The air pump is powered by a portable power bank
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Fig.2 Vegetation characteristics of sample plots
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Note: (a) Species composition and species cover of 12 sample plots; (b) Variation in community species composition among sample plots based

on PCA analysis; (¢) Number of flowers per sample plot from July to October and cumulative monthly flower numbers across all sample plots. *,

40-50 flowers; **, 50-60 flowers; ***, =60 flowers
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Fig. 5 Correlation analysis between plant species and BVOC emission rates
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(b) Correlation between total flower count

and BVOC emission rates. Red and blue colors indicate positive and negative correlations, respectively, circle size represents the magnitude of the

correlation coefficient, and black rectangles highlight significant correlations (P<0. 05)
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