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BT X AL T 7 B R T Eh s AR S R G e M 9T
ui (37°53'08"N, 107°25'46" E, “F-HJiik 1530 m), /23
TR R X Z WA, BT B s NN
RiZX A O™ HIB ML, T 20 ER9H B %X S5
THBKE, ZEWH IR ZIX T A (1) 5 B R
Ho ZXERAKREERA R, FYSEN 83 C,
BRI ZER, EFERCFERZIE 25 CULE. 4517
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b BAYS), EBEFRE 69 A, 4—5 ARHRERES
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DU A ARS8 55 FE 530 53 You 17 %Al 12 %.
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WA RN, R ) T x, /N T3 (5, 263,
15 1) TR 5 KPR ] ] 4
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Fig.2 Seasonal variation of chlorophyll fluorescence parameters
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Fig.3 Diurnal variations in environmental factors and chlorophyll fluorescence parameters
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Fig.6 Wavelet power spectrum for chlorophyll fluorescence parameters
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1 PSl gt B ESHERARE LG EHERE FAIATE
Table 1 Lag time of PSII energy partitioning parameters
relative to environmental factors on daily scale h
RERSISH ba ARG
PSII energy Photosynthetically Air

partitioning  active radiation temperature
parameters (PAR) (T)
SBROLE
M 0.82+0.24
Photochemical
efficiency
TR I P L
HH 0.62+0.27
Regulated heat
dissipation
IR TG
Non-regulated
heat
dissipation

s /=3 RY o 4K
PR poms DRERE
Soil water
content
(SWCO)

Vapor pressure
difference (VPD)

3.19+1.41 4.88+0.87 12.25+6.45

3.45+1.57 4.94+2.64 11.87+4.98

0.72+0.32 3.27+£1.43 3.83+1.69 8.07+6.97

2 PSI BN SHETTRE LFRIFERFHIEE
Table 2 Lag time of PSII energy partitioning parameters relative
to environmental factors on seasonal scale d

REEMSHE JeaAMERN AREE O WAKKEE IESKE

PSII energy  Photosyntheticall Air Vapor pressure ~ Soil water

partitioning  y active radiation temperature  difference content
parameters (PAR) (Ty) (VPD) (SWC)
BRI
* . 13.64+5.54
Photochemical
efficiency
T PERAFERL
K 16.05+7.65
Regulated heat
dissipation
AR
Non-regulated
heat
dissipation

9.87+3.47 7.68+1.99 23.47£12.46

3.5242.73 9.90+5.64 17.89+14.80

14.4446.12 8.23+4.47 8.73+5.05 23.73£10.97

3 i
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P/ 1 A AR 4 A e S B B N Do FI
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P BETEY, Do NI /R A0 S 45 15 i 2
O QREEE, i PSI At RIS S S A
FEIHREMM (B 7~K 9) , X PAR 2k BUX
H2ZHES. PAR NS LI ROGRET EZFEHL
I Dy T Do 5 PAR IEAHSS, [RIF AN 0] @S] 1 @psyr
X — R AR W A & AR 0L, WS dpgy 7F 12:00 245
RAPERFK, ERMKE (K3 . RPLEEREST,
BRI e e MO RS2 B T R, {HIL PSIT
Dy SEBRIFEAT PR AR E DR, IX 5 X R R AR %
WG RA—FL, IR DLV AZ SE IR v 4 S R 0
FEE AN, HIE R AU . X TR SEMIES
S, W 2T, MSEONEA WE/N, T
BT 13 7 A R T el K P FE T . JHE PSII
Re Ml 7 B S T, M VPD 33 Ml 4.6 h (£ 1) o BF%
RW T, BARAM ) S e 2 B M, NI S AR A7)
Hea A HERAR2, iR Dy PR (] 3) , Il T, 4

FAREBAL, Wi PSIT s S AH C B RGP 52 B9, 5
. Dpsy T PAR FFEAFHAKEY, VPD #5805 5L1A
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B0 . W PSII A lCrAE 1 d i a] A BN S SWC 4
10.72 h, & T HAMMSEE T (R 1) o XU RER ]
T 7 S0 R K R U R O,

TR A A T BN T A A RO R S 2
PR 180, PSIT K 3E N ML T R B LR 2
JURF U, g O A O RIKE . AR ab
ELA5I B PSTI 45 52 28 (1 B & 458 2 el 7, FF, 2%
TEAE D) PSIT 52 [ 3e F2 P 1) SR AR b, 388 5 00 N 1E 0.75~
0.85 Z I, KA TFREMZER PSI 24005054, JhiE F/F,
A PSII GE /M B, (B YR — N ERAR K
T b (F/Fa%150.78) (E2) o BRI\ AmiEar Lt
H BB E R, A3 PSIT RS BIEF RS, #F 70 K8,
W PSI RER /AL SZMERCI, 5 AR T2, 4k
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NO217—8 H i adt i, FoAE e iG i pSII
Bth, I e A T K S R HE RS e SR, AR A
T BE MR IA B Bk, PSIT b T AW 24 fs & iy it
FEC 9 HARMME M E AR 2], HaRSE.
ol TS P A B G B BT LA SRR BRAIG,  GIR e 5 5L
Fy/Fo AR B0,

AEETRE L, Wi PSI GEE B S T, M1 VPD
A% PAR Fl SWC %0 . Ue AR R RUBE, il PSIT
XF T, F1 VPD S AU . FA7E R VPD R 2 i Lok
PRS2, 18 60 B K6 IR S5 RF S e GBS, AR
PSIT Js W7 H O il o] 3 45 5 024 A R P kv K B
S 23T 05 PSIT RE Sy NANFI FH 9P, 38 Ak PSIT 8%
RABGEY . ST AL R, I 7S o R i iR 3
B W E S T I E Y R ¥ M0 ( Reaumuria
soongorica) 2%, FREM X BRI ZE K, WiE @R
R NBIEE, BOINEA UGS, IR R
Sk I8 A iR 2 B0 S PSITBE & /0 O Wi 5 PAR 49 14.7 d
(£2) , WENTEENEE ez aEH"AY, T
BRI AE KA A BRI, K5 PR 5 40
P — Z A AR B AR A S i T2 g B K R A I
FRANTE 25 A MIARE 40, PSTI B 20 e 7 fi SWC A A B,
Z121.6d (2, WX TRAEWRIMZME, K
It 28 AT 5 XA A R 1 S Bl

4 £ ip

D HRE L, s o] feii i i3 R0 S AFERL
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TARMWE (T, MR KR K 2 (Vapor Pressure
Difference, VPD) s, XFHIEE/KE (Soil Water
Content , SWC) BUEM:H 7 . PSII BEE S H 5 T
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Multi-time scale property of environmental responses to photosystem II of

Artemisia ordosica in Mu Us desert
Jin Chuan, Jiang Yan, Li Xinhao, Xu Mingze, Gao Shengjie, Wei Ningning, Jia Xin, Tian Yun, Zha Tianshan™

(1. Yanchi Research Station, School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China; 2. Key Laboratory
of Soil and Water Conservation of State Forestry Administration, Beijing Forestry University, Beijing 100083, China)

Abstract: Extreme weather events occur frequently in the desert region of northwest China, such as drought, high temperature,
and strong radiation. Desert vegetation is often exposed to multiple environmental stresses. Plants in deserts are at risk of rapid
degradation, particularly that those are sensitive to climate change. Therefore, it is necessary to explore the response of
vegetation to environmental fluctuations in this region, aiming to clarify the regulatory mechanisms of desert plants to the
environments, and thereby predict the succession and development of desert ecosystem communities under future climate
change. Chlorophyll fluorescence technology can rapidly collect detailed information of photosystem II (PSII) energy
distribution without damage, which is widely used for in sifu monitoring environmental stress in plants. However, there are
some lags of covariance between chlorophyll fluorescence parameters and related environmental factors by just visually
examining their time series, particularly on timescales. Wavelet analysis can be selected to analyze transient dynamics between
two-time series, providing valuable insights into the temporal dynamics of ecological time series and their environmental
controls. Unfortunately, few studies were applied wavelet techniques to chlorophyll fluorescence measurements in desert
ecosystems. In this study, an in-situ field measurement of chlorophyll fluorescence was conducted for Artemisia ordosica in
the Mu Us desert, and then the Continuous Wavelet Transform (CWT) and Wavelet Coherence (WTC) analysis were selected
to investigate how the Photosynthetically Active Radiation (PAR), air temperature, Vapor Pressure difference (VPD), and Soil
Water Content (SWC) modulated the variability of PSII energy partitioning in the time-frequency domain. The results showed
that: The CWT revealed that there were clear daily periodicities on the PSII energy partitioning parameters, such as the
photochemical efficiency, regulated heat dissipation, and non-regulated heat dissipation, indicating a strong oscillation at
intermediate scales (days to weeks). On the diurnal scale, the continuous areas of significant WTC were observed between
PSII energy partitioning parameters and environmental factors during growing seasons, 43 min, 3.3, 4.6 and 10.72 h lagged
behind PAR, air temperature, VPD and SWC, respectively (P<0.05). This can imply that the heat dissipation in the lutein cycle
and the change of stomatal conductance can be the underlying mechanisms regulating the energy partitioning of PSII on a short
timescale. On the seasonal scale, non-continuous areas of significant WTC were observed between PSII energy partitioning
parameters and environmental factors, 7.2, 8.8, 14.7, and 21.6 days lagged behind air temperature, VPD, PAR, and SWC,
respectively (P<0.05). It infers that the repairing capacity of PSII, the amount of specific protein, and chlorophyll
concentration can be the underlying mechanisms regulating the energy partitioning of PSII on a long timescale. The
fluctuations of the maximal quantum yield of PSII photochemistry and PSII energy partitioning parameters of Artemisia
ordosica were basically consistent with the vegetation phenological period. In July and August, maximal quantum yield of
PSII photochemistry and @pg;; decreased, whereas, regulated heat dissipation and non-regulated heat dissipation increased. In
May and September, non-regulated heat dissipation increased, while maximal quantum yield of PSII photochemistry decreased.
This demonstrated that the mechanisms of Artemisia ordosica regulating PSII energy partitioning depended mainly on
different time scales. It was also found that Artemisia ordosica can repair the damaged PSII by itself in the harsh environment,
especially in a desert, returning to normal physiological level in which the maximal quantum yield of PSII photochemistry
remained around 0.78, indicating that a strong tolerance to drought and high radiation. This study can provide a scientific
reference to real-time monitor the crop growth, and thereby protect the agricultural ecology system in the desert.

Keywords: arid regions; wavelet analysis; fluorescence monitoring; seasonal fluctuations
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