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Abstract: Resource ( light, nitrogen and water) use efficiency of a plant is a key indicator of ecological function
acclimation to climate change and extremes. Its resource use efficiency has been widely used as the indicator to understand
plant acclimation processes to unfavorable environmental conditions. However, comprehensive understanding of relative
changes and its regulatory mechanism of resource use efficiencies (RUEs) including light use efficiency (LUE) , water use

efficiency (WUE) and nitrogen use efficiency (NUE) remain limited. Artemisia ordosica, the dominant species in the Mu

ELTH . EHREARPIEEES (32071842, 31901366, 32071843 ) ; 4o i K FE AR 55 2% & Wi ¥ 4 (2015ZCQ-SB-02)
s B #9:2021-06-01; [ £& H AR B #A :2022-04-07
# WIRAER Corresponding author.E-mail ; tianshanzha@ bjfu.edu.cn

http ://www.ecologica.cn



15 4] P AT BIR A FACR AR A B R D 3R 6197

Us Desert, was selected as the research object in this study. The study was based on season-long in-situ measurements of its
leaf photosynthesis and abiotic factors from 2017 to 2019. Measurements of specific leaf area ( SLA) and leaf nitrogen
concentration (LNC) were made in the laboratory. The study aimed to examine the relative changes in leaf-level RUEs (i.
e., LUE, WUE and NUE) and their biophysical controls in A. ordosica, which to understand the responses of A. ordosica’
RUEs to environment at leaf level. As a result, seasonal patterns of LUE and NUE were convergent, being positively
correlated (R*=0.17; P<0.01). By contrast, WUE fluctuated largely and had no relationship with LUE and NUE ( P>
0.05). Among the leaf-level RUEs, the seasonal variation was largest in WUE (CV=48%) and the lowest in NUE (CV=
39% ). Monthly mean leaf-level RUEs generally peaked in summer, reaching a maximum of 0.12 mol/mol, 104.02 pmol/
mol and 11.49 wmol g™' s™' for LUE, WUE, and NUE during the study period, respectively. The variation in leaf-level
RUEs was not affected by soil water content (SWC) when SWC > 0.09 m’/m’. However, WUE was quadratically related to
SWC when SWC < 0.09 m’/m’. SWC was observed to modify the influence of incident photosynthetically active radiation
(PAR) and soil total nitrogen (N,
LNC. The SLA was negatively related to LUE ( P<0.01) , positively related to NUE ( P<0.01) and not related to WUE. The
LUE is mainly affected by SLA and N_,, while NUE was mainly affected by SLA and SWC. The SWC and N_, also affected

LUE and NUE through SLA and LNC indirectly. Our results indicate that water and soil total nitrogen are the main abiotic

) on leaf-level RUEs. There was no significant correlation between leaf-level RUEs and

soil »

stresses limiting leaf-level resource use efficiencies and specific leaf area is the key biotic factor to regulate leaf-level
resource use efficiencies in A. ordosica. Our findings are important addition to the understandings of acclimation strategies of

desert plants to climate change and climatic extremes.

Key Words: desert plant; Artemisia ordosica; resource use efficiency; environmental regulation; leaf trait
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FER 2 (BIHE T A0 B T T AR AR AR , by sl B 10 G U 52 ) | AR S e R AR Ty PR, A U A LS B 7 o
FRic BIAR AR L EAT , & R 7—10 d.
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et KA R (P, wmol m™ s~ ) AP BLE FRCR (@, mol/mol ) ' I i B G A RFAE 2 B0 7 i 2 )
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Fig.1 Seasonal variation in environmental factors including incident photosynthetically active radiation (PAR) , soil total nitrogen (N_; ),
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Soil water content at 30 cm depth/(m?/m?)

soil water content at 30 cm depth (SWC) and precipitation ( PPT), and leaf traits including specific leaf area (SLA) and leaf nitrogen

concentration (LNC) in the study site over growing season ( May—September) during 2017—2019
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Table 1 Annual mean and standard deviation of environmental factors including incident photosynthetically active radiation (PAR) , soil total

nitrogen (N_; ), soil water content at 30 cm depth (SWC) and total precipitation ( PPT)

A4S/ A8 B Year/ Variables 2017 4 2018 4 2019 4
B R SFEHIE 425.93 398.86 397.37
Incident photosynthetically active radiation PAR/ ((wmol m™2 s™!) brifE 2 131.72 141.53 135.34
T AT FHME 0.13 0.17 0.06
Soil total nitrogen N/ (g/kg) bz 0.04 0.07 0.02
30cm TSR E SFHIE 0.112 0.093 0.096
Soil water content at 30 ¢cm depth SWC/(m?/m?®) brifE 2 0.020 0.024 0.023
[T Precipitation PPT/mm S 299 220.90 245.71

2.2 E R BRI AR AR LRI

TS I URR R AR AR A K e S B A0 2 R BRI 3 (P<0.01) (1 2), =4E LUE, WUE FI
NUE H {8 3070 Bl 43 51 2 0.018—0. 153 mol/mol, 31.82—192.25 wmol/mol 1 3.01—16.07 pmol g™' s™';
WUE 3 i B fc 8 (CV=48%) ,NUE %Ak (CV=39%) ., LUE 1l WUE 4EJ{E 7E 2017 45 &, 43514 0.079

mol/mol F1 74.69 wmol/mol ; WUE I NUE 4EHJ{E7E 2018 4FH Al (1K 3) .
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Fig.2 Seasonal variations in leaf-level resource use efficiencies including light use efficiency ( LUE), water use efficiency ( WUE) and

nitrogen use efficiency (NUE) in A. ordosica
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H ik (0.12 mol/mol) , I BEURFI AR S AR 43 A0 7 2B K 224 i, oA M, W I (] 5 WUE
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Fig.3 Variations in annual mean of leaf-level resource use efficiencies including light use efficiency ( LUE), water use efficiency ( WUE)

and nitrogen use efficiency (NUE) in A. ordosica
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Fig.4 Relationships between leaf-level resource use efficiencies (i.e., WUE, LUE, and NUE) during the growing season based on SMA

regression in A. ordosica

SMA : FRUEML F 54371 Standardized major axis

2.3 e R R IR RO SR T OE R

SWC>0.09 m’*/m* i, i1 i 7 B8 P A FH AR AR AN 2 H52 0 s SWC<0.09 m’/m*, WUE Fll SWC R Ky
TR A R E R AR (R =0.41) ,LUE Fl NUE 452 SWC 5200, 98 AR N, Fil PAR Y
MR 3% SWC T, SWC>0.09 m*/m’ i, Bk LUE B N, 3 i S R PEFE RSN (P<0.01) , SRR FH AR AR (L B
Z N, F1 PAR 5200 ;SWC<0.09 m*/m*, WUE Fl N_, 1 5 R WK R, 74% 19 25 5 0T LIz 5 R i ke
NUE #1 PAR 28R (P=0.02;85) .
2.4 s R B AR S SLA ALNC YRR
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Fig.5 Relationships between leaf-level resource use efficiencies and incident photosynthetically active radiation (PAR) , soil total nitrogen

(N,;) , soil water content at 30 cm depth (SWC) in A. ordosica
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Fig.6 Relationships between leaf-level resource use efficiencies and leaf nitrogen content ( LNC) , specific leaf area (SLA) in A. ordosica
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Table 2 Results of full subset regression on the relationships between leaf-level resource use efficiencies and biophysical factors in A. ordosica

R A B RUEs HER Model R? F P
SFI S LUE y=0.27SWC-0.36N,,; * —0.00053SLA ** +0.11 0.26 6.05 <0.01
JKFFHRCE WUE NA NA NA NA
AR HACE NUE y=36.11SWC * —43.52N_; ** +0.06SLA ** —0.22LNC+8.25 0.32 6.53 <0.001

RUEs : % IEF R Resource use cfficicncies;LUE;)"fﬁ"J)—H@'Z% Light resource use efficiency;WUE;ﬂ(*UH—]%l%:i Water resource use efficiency;
NUE . &M R Nitrogen resource use efficiency ; NA TR T AR A S T B S X
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Fig.7 Structural equation modelling and standardized total effect showing the effect of environmental factors and leaf traits on resource use
efficiencies in A. ordosica
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