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regulation, especially the effect of leaf nitrogen allocation on the regulation mechanism of A __ is unusually limited in desert

max

plants. In order to elucidate the mechanism of the seasonal variation in A, in a dominant desert shrub, Artemisia ordosica.

Seasonal variation in A, and the effect of leaf nitrogen allocation on A

max

. Were analyzed through season-long in-situ
measurements of the light response curve (A-PAR), CO, response curve (A-Ci), leaf nitrogen along with simultaneously
environmental measurements from May to October, 2018 in Mu Us Desert, Yanchi, Northwest China. As a result, A__ of
Artemisia ordosica varied seasonally, being larger in the middle stage of leaf expansion, with a coefficient of variation ( Cv)
of 14%. The maximum value of photosynthetic nitrogen use efficiency (PNUE) was 11.82 wmolCO, gN™" s™" in the middle
stage of leaf expansion. At this time, the distribution proportion of leaf nitrogen in the photosynthetic system was the largest,
and A, had the maximum value of 29.48 wmol CO, m~s™". At the end of complete leaf expansion, the distribution

proportion of leaf nitrogen in photosynthetic system (P,) had a minimum value of 0.21. At this phenological stage, the

plants had smaller A and lower photosynthetic capacity, and leaf nitrogen distribution was more inclined to non-

max

photosynthetic system, which was beneficial to extend the life of plant leaves. The A __ was positively related to nitrogen

content (N, ), nitrogen distribution in light capture system (P,) , and nitrogen distribution in bioenergy system (P, ). P,
had the greatest directly positive effect on A, (P<0.05), nitrogen distribution in carboxylation system ( P,) had indirect
seasonal dynamics (R*=0.49, P<

positive effect on A, mainly through P,, and P, had the greatest explanation for A

max max

0.01). A, of Artemisia ordosica was negatively correlated with leaf mass per unit area (LMA) (P<0.05), indicating that
there were higher LMA and lower photosynthetic capacity when leaf photosynthetic rate was lower, and the mechanical
toughness of leaves was stronger. The trade — offs between the seasonal variation of leaf nitrogen allocation, and leaf
photosynthetic capacity and leaf structure traits, indicated an acclimation of a desert plant to its environmental changes in
different phenological periods. The results would contribute to more realistic and accurate prediction of ecosystem response to

changing climate, and to deepen understanding of photosynthetic acclimation to biotic and abiotic factors.

Key Words: the maximum net photosynthetic rate; photosynthetic parameter; photosynthetic response curve; nitrogen

allocation ; Artemisia ordosica
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Fig.1 Seasonal variations in photosynthetic parameters in Artemisia ordosica in Mu Us Sandy land
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Table 1 Direct and indirect path coefficients of nitrogen partitioning factors on the maximum net photosynthetic rate (A, ) of Artemisia

ordosica in Mu Us sandy land

A7 FH R KL HiERR R EIEESTRAER e

Independent variable Correlation coefficient Direct path coefficient Indirect path coefficient
RAEH IR G Be L) Py 0.44 0.406 0.233(P —Py—A,,)
Nitrogen distribution in light capture system (P;) ’ ’ 0.070(P,—P,—A,,..)
RAEA Y RE A2 R He il P, 0.49 0.343 0.276(P,—P,—A,,)
Nitrogen distribution in bioenergy system (P,) ’ ’ 0.140( P,—P,—A,..)
BIERILR G Iy L) P, 0.36 0.185 0.261(P —P,—A,,,,)
Nitrogen distribution in carboxylation system (P, ) ’ ’ 0.154(P.—P,—A,..)

BRI e R W ALRGR 0 2 EE ) eI N, 5 A, BEHDE BiE ST
T AU RN A,,, RO, R RO A RE IR X S TR AR i i A R A
FHAEE P PR BC B 5 A, FIIERDC, B ARG G R GE P 1 73 Bl S L B P, 3, i 6 e Rt &
RALIER S AT ,A,, S IMA BE TS (E 6) , SR TE A = LMA B Rbk BA B R e i
RLERARBL ) BT R B TE R LMA (b A3 50 20 1 R T A S A0 R 3 m] g - B0)
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B4 Rubisco B A REATXEIA/> , AN BB A& R Ge b0 B ™) (0385 0 4 R 0 WG, 6B A, /N
(P 6) . LEXLIMI P 0 PNUE 1T G4 T4 G0 K AR AT AR )4 Fh PNUE 25 531 2k 3150 A F
G2 R BT A LA LAHEEE PNUE SRS e AR R G RO, TR I R 7 i
BB

RBFSE R T AR AR RGP TRI) PE A 7 T K TE B0, TRt T P, 5
o IR A BRI ARG A, 5 € B EHIE(P<0.05) (I 6) , it PYF A, ik KR
FLREIE LR, WL G0 A7 ST 1 LA ) TR 5 AR L R P T A 0735 2 A PR A
(P 4) BRSPS A, AT B IE [0 P A, OB T R T4 €O, e BB 35— 22 A/
Bt BRI (0 A FE PRSP T PR3, BB 21520 | DT A TE T 5606 5% ¢ 101 5 4 L i
RAESRIC RIS T P, 5 A, BT 3 A 2R B35 A (8 4) (AR R 3L P, 55 P A,
B 254 B 7 T T 5 4 T 60 B 55 T 2 o o /R ) 300, e VA 49 0 4 B
RO IR T G 2 A S LS00 A, B0/ i i 2 BRI 00 T4 7 e 22
SUEFTE A PR 7 K W01 A 576 45 6 3 2 0 SR B B L 0 BLR B, 24 e o
i, ASSCHOBFFE I T FiE SR AC T 7 S L G 9130035 VR A e 2 Il O £ TR 2 W 1 4
), 3 7 0 222 PR SRE 9 FBAC0e A  S5  BLI 2 R BSE R BR 5

http ; //www.ecologica.cn



2
He

7164 H Eire 2%

0.030

ol /H\

0.015 |

0.010

Lot
Leaf mass per unit area/(g/cm?)

e
/!
N,
id.
\
e
L
F\‘L
4.
/
9

efficiency/Maximum rate

R TGRSR AR
Maximum electron transfer

120 140 160 180 200 220 240 260
H ¥ Day of year

B 5 2018 FESRDHMEMNFILHE LMA # J ./ Ve NETEE
Fig.5 Seasonal variations in LMA and J,./V,

max cmax

i 0] 2 BRZR A 45 2 B0 0 A P4, A1) 2 R 3 O3 AN TR W 0 i A A AR B

in Artemisia ordosica in Mu Us sandy land in 2018

;m 35 - 35 r
g y=-542x+32.70 y= 0.48x+5.23
S R2=031 R =036
2 P <0.05 P<0.05
g 30 PY 30 +
% S
N~~~
2
§ B 25 + 25 +
<5
o 2
2
& 20r 20 +
]
£
g ° L ]
.5 15 1 1 1 1 15 1 1 1 1 1
= 0.012 0.016 0.020 0.024 25 30 35 40 45 50
Hert R R A
Leaf mass per unit area/(g/cm?) Leaf chlorophyll content/(pg/cm?)

6 2018 FELEDUMEMNABASKEEEA,, SLHELMA HEELE CHXR

Fig.6 Relationship between the maximum net photosynthetic rate A, and LMA and C, in Artemisia ordosica in Mu Us sandy land in 2018

4 it

(1) NI PN i8S B R e A R (A, ) TR R R I (56 182 K) A I KAH, 72 LB B, T &5 1)
HERESI R,

(2) 8 A, SEELEMN 7 &DCE PR 7 Be H B35 1E A0 G, 25 I RS A RS HO0 A, B ahs
FsZ IR, BAEHDE RGP EC B P, 5 A, R B EIEASE, P AT A, T S A BRI B IE R 20, &
Y IR TR P, 5 A, 35 IEAIOE (R =0.49,P<0.01) , A FE R AL R G P4y L] P, 32 538
R P AL A IERAER

http ; //www.ecologica.cn



17 34 RCHEE A5 R R SR O R R R A A SR IR 7165

5% 3Lk ( References) :

[1]

(2]

[3]

[4]

[5]

[6]

[7]
[8]

[9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]
[17]
[18
[19
[20

[21]
[22]

[23]

[24]

[25]

Sitch S, Smith B, Prentice I C, Areth A, Bondeau A, Cramer W, Kaplan J O, Levis S, Lucht W, Sykes M T, Thonicke K, Venevsky S.
Evaluation of ecosystem dynamics, plant geography and terrestrial carbon cycling in the LPJ dynamic global vegetation model. Global Change
Biology, 2003, 9(2): 161-185.

Walker A P, Beckerman A P, Gu L H, Kattge J, Cernusak L A, Domingues T F, Scales J C, Wohlfahrt G, Wullschleger S D, Woodward F 1.
max and J
study. Ecology and Evolution, 2014, 4(16) : 3218-3235.

The relationship of leaf photosynthetic traits-V, max - to leaf nitrogen, leaf phosphorus, and specific leaf area: a meta-analysis and modeling
Grassi G, Magnani F. Stomatal, mesophyll conductance and biochemical limitations to photosynthesis as affected by drought and leaf ontogeny in ash
and oak trees. Plant, Cell & Environment, 2005, 28(7) : 834-849.

BEESE, PR, T, FSCE, BI0T, AR 0 SRR RO AE 1 2R AR X 2 £l Boof BRI IR - B iR 7. A AR 224, 2019,

43(10) : 889-898.

FETA, AR, BT, RAEE, KU, BRE. MEDLE S RE TS AL A SR AR KR, AEEFRE, 2017, 36
(4):916-924.

Nemani R R, Keeling C D, Hashimoto H, Jolly W M, Piper S C, Tucker C J, Myneni R B, Running S W. Climate-driven increases in global
terrestrial net primary production from 1982 to 1999. Science, 2003, 300(5625) ; 1560-1563.

EIR, KA, SO, Tithk, TR MY RIJCRMER SR G R AR RE. MR, 2014, 38(6) : 640-652.

Hou W F, Trinkner M, LuJ W, YanJ Y, Huang S Y, Ren T, Cong R H, Li X K. Interactive effects of nitrogen and potassium on photosynthesis
and photosynthetic nitrogen allocation of rice leaves. BMC Plant Biology, 2019, 19(1) : 302.

REPUE, RRUE, T2k, RIER, REIE, &BA SO ROL SR ATBEM i i A8 b S S R I REVIR B9 SE R A3 2 40k,
2017, 36(11) : 3160-3167.

Tang J C, Sun B D, Cheng R M, Shi Z M, Luo D, Liu S R, Centritto M. Seedling leaves allocate lower fractions of nitrogen to photosynthetic
apparatus in nitrogen fixing trees than in non-nitrogen fixing trees in subtropical China. PLoS One, 2019, 14(3) . ¢0208971.

Hikosaka K, Hanba Y T, Hirose T, Terashima I. Photosynthetic nitrogen-use efficiency in leaves of woody and herbaceous species. Functional
Ecology, 1998, 12(6) : 896-905.

Onoda Y, Wright 1 J, Evans ] R, Hikosaka K, Kitajima K, Niinemets U, Poorter H, Tosens T, Westoby M. Physiological and structural tradeoffs
underlying the leaf economics spectrum. New Phytologist, 2017, 214(4) : 1447-1463.

Wright I J, Reich P B, Westoby M, Ackerly D D, Baruch Z, Bongers I, Cavender-Bares J, Chapin T, Cornelissen ] H C, Diemer M, Flexas J,
Garnier E, Groom P K, Gulias J, Hikosaka K, Lamont B B, Lee T, Lee W, Lusk C, Midgley J J, Navas M L, Niinemets U, Oleksyn J, Osada
N, Poorter H, Poot P, Prior L, Pyankov V I, Roumet C, Thomas S C, Tjoelker M G, Veneklaas E J, Villar R. The worldwide leaf economics
spectrum. Nature, 2004, 428(6985) : 821-827.

X BRI BB S5 IS e G AR AR RE LG [ D], L Aol K, 2018.

Feng Y L, Auge H, Ebeling S K. Invasive Buddleja davidii allocates more nitrogen to its photosynthetic machinery than five native woody species.
Oecologia,, 2007, 153(3) : 501-510.

LARR, REHE, BEE, Bk, X1 A A AR R R R T IS R AR, 2015, 35(18) : 5909-5919.

T IhE MR AR SR RS SR D], L. jtﬁ%ﬂkj(%, 2019.

PR R A ML I HT R 1 a2 B ROAE [ DL EBH . BRI R, 2016.

R, G TL T I 4 Fh A RS A AR AR ZS AR AR A9 TR XS U WFSE [ D] HEZE . 01l R, 2019.

Kattge J, Knorr W, Raddatz T, Wirth C. Quantifying photosynthetic capacity and its relationship to leaf nitrogen content for global-scale terrestrial
biosphere models. Global Change Biology, 2009, 15(4): 976-991.

Song G M, Wang Q, Jin J. Leaf photosynthetic capacity of sunlit and shaded mature leaves in a deciduous forest. Forests, 2020, 11(3): 318.

Quebbeman J A, Ramirez J A. Optimal allocation of leaf - level nitrogen: implications for covariation of V. and J . and photosynthetic
downregulation. Journal of Geophysical Research: Biogeosciences, 2016, 121(9) ; 2464-2475.

T, ZEh, . W R KoL A R B AR K R N . 0P R AE ], HARBREAR . 1-9. [2020- 11-13]. https://
doi.org/10.13451/j.sxu.ns.2020091.
A, BRI, AR, RO, DWF, PMe, 2, PRI RBHAR SIS AN RO G R AR R N AR A 2RI, 2011, 22

(6) . 1457-1464.
aRERL, SR e M R B R A 8 R G PR TR e AT . AR AR, 2012, 32(18) : 5907-5917.

http ; //www.ecologica.cn



7166 A E = 2%

[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]

[36]

[37]

[38]

[39]

. AR EFMNRECEEM G AR A RAEmALH [ D], fa: Bl K, 2011,

WATAS, BRI, BUsER, ORI, HORMS, ERE B TR AR I TOE R, RAAT R, 2016, 12(4) : 261-267.

. T RKIMEDLAAEBSHFEEAID]. duat: dEattfil k2%, 2015.

MR, Brilbhe, 22, BRAENE. C AW LB XT CO, M AT AR N . AR AR AR, 2018, 42(10) ; 1000- 1008.
MR, TR — A TERDGI N 5 R SRR AL, TR AR R4, 2007, 38(6) : 771-775.

3. SEATE RIS GH CO, MR R AT (RIS . AR 25254k, 2010, 34(6) : 727-740.

Duursma R A. Plantecophys - An R package for analysing and modelling leaf gas exchange data. PLoS One, 2015, 10(11) : e0143346.
FEEMR, EOKE, BUER, FAE. FT FvCB BRI e G A B R K i MR YR, A AR, 2017, 37(19) @ 6633-6645.
R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria; R Foundation for Statistical Computing, 2020.
Farquhar G D, von Caemmerer S, Berry J A. A biochemical model of photosynthetic CO, assimilation in leaves of C; species. Planta, 1980, 149
(1): 78-90.

Medlyn B E, Dreyer E, Ellsworth D, Forstreuter M, Harley P C, Kirschbaum M U F, Roux X L, Montpied P, Strassemeyer J, Walcroft A, Wang
K, Loustau D. Temperature response of parameters of a biochemically based model of photosynthesis. II. A review of experimental data. Plant, Cell
& Environment, 2002, 25(9) : 1167-1179.

Niinemets U, Tenhunen J D. A model separating leaf structural and physiological effects on carbon gain along light gradients for the shade-tolerant
species Acer saccharum. Plant, Cell & Environment, 1997, 20(7) . 845-866.

Luo X Z, Keenan T F, Chen J M, Croft H, Prentice I C, Smith N G, Walker A P, Wang Han, Wang R, Xu C G, Zhang Y. Global variation in
the fraction of leaf nitrogen allocated to photosynthesis. Nature Communications, 2021, 12 4866.

Takashima T, Hikosaka K, Hirose T. Photosynthesis or persistence: nitrogen allocation in leaves of evergreen and deciduous Quercus species.

Plant, Cell & Environment, 2004, 27(8) : 1047-1054.

http ; //www.ecologica.cn



