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Abstract; Grasslands cover approximately 40% of the global land surface area and play an essential role in the global
carbon cycle. In recent years, human activities such as fossil fuel combustion and livestock development have significantly
increased nitrogen deposition in the global environment. Grassland management, such as mowing, plays an important role in
mediating the effects of nitrogen deposition on grassland plants. In addition, It is important to select suitable models to fit
the process of light response and calculate the relevant parameters for studying the photosynthetic characteristics of plants.
Based on the field control experiments with the interaction of six nitrogen ( NH, NO,) gradients and two grassland
management modes ( mowing and non-mowing) in the Inner Mongolia meadow steppe, the photosynthesis-light response
process of Leymus chinensis, the dominant species of the experimental platform, was determined. Four light response
models, namely rectangular hyperbola model, non-rectangular hyperbolic model, exponential model and modified
rectangular hyperbolic model, were used to fit the light response curves of L. chinensis. The best fitting model of L. chinensis
was screened from the fitting effect of parameters and the fitting accuracy of the model, and the effects of nitrogen addition
and mowing on light response characteristics of L. chinensis were analyzed. The results showed that the exponential model
had the best fitting effect on the apparent quantum efficiency (a ), light saturation point ( LSP) and maximum net

photosynthetic rate (P, ), while the non-rectangular hyperbolic model had the highest goodness of fit. In all treatments,

nmax

L. chinensis did not show obvious photo inhibition, so it had a strongly photosynthetic potential and the ability to adapt to

environmental changes. The net photosynthetic rate (P, ), stomatal conductance (G,), P a, and LSP of L. chinensis

p—
were increased under proper nitrogen addition and mowing treatment, the utilization rate of light energy of L. chinensis was
increased and the utilization range of light intensity was widened. However, the excessive nitrogen application could not
further improve the photosynthetic capacity. In conclusion, the exponential model and non-right-angle hyperbolic model were
more suitable for fitting the light response curves of L. chinensis under the conditions of nitrogen addition and mowing.
Applying 20 g N m™ a™' and mowing was the best grassland management measure for improving photosynthetic capacity of
L. chinensis. In this paper, the effects of different nitrogen concentration and cutting treatment on dominant species of

L. chinensis were studied, and the adaptive mechanism of L. chinensis was analyzed from the angle of photosynthesis, to

provide scientific basis for future grassland management under the condition of increasing global nitrogen deposition.

Key Words: Leymus chinensis; light response model ; nitrogen addition; mowing; photosynthetic characteristic
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Table 1 The contents of ammonia nitrogen and nitrate nitrogen in soils with different nitrogen addition and mowing treatments

b3 T+ A A/ (mg/L) A A/ (mg/L) Qb B T HEABE/ (mg/L) FHEHAZ (mg/L)
Treatment Soil ammonium nitrogen Soil nitrate nitrogen Treatment Soil ammonium nitrogen Soil nitrate nitrogen

ANOO 1.187 1.954 MNOO 0.905 1.460

ANO2 0.688 2.080 MNO2 0.688 1.762

ANO5 0.693 2.589 MNO5 0.931 1.896

AN10 2.473 2.376 MN10 1.815 1.891

AN20 3.583 2.128 MN20 6.610 1.826

ANS50 9.861 4.352 MNS50 37.102 7.619

A AXE] Unmown; M:X#E] Mown; NOO: 0 g Nm™2a™; NO2: 2gNm2a'; NO5: 5gNm2a'; NIO: 10gNm™2a!; N20: 20 g N m™2
a™l; N50: 50 g Nm™2a™!

1.2 A -t i 2 e

T 2021 4F 8 H R Li-6400 SYeAVEFINIE £ 55 (Li-Cor, Inc., AT, AR NN, 26 H) #1764 -6
W 3 2R, A b PR BEAIL B U 4 R 4 FLAR R AL SE B 7 T B JCXUR A0 9:00—11 .30 Z [A]3]
FEFELAY G N o B, OGIRER B E A 2000, 1800, 1600 . 1400, 1200 , 1000 . 800 , 400,300,200, 100,50 .20
pwmol m™ s A1 0 wmol m™ s, 15 B AR AR Y68 J5 B4 SR A2 I A 24 120—300 s, AR A 500 pmol/s, I
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A e b ERIERE, e S 5E LFEAR (1),
1.4 BIAPEHY
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w1 e

1 n
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1
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- R 2R 8L A AR P ERT & B AT R (4,101 WA s, Herh B AR XU 28 1E AR
B EH A (LSP) FDEHEME 25 (LCP) 8 B A . @R Bk H e . P, =axLSP—R >R EL A XU
AR A XU AR ) B R S, o o AR T ROR, RN PAE 5SS T (<200 pmol m™
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5 (P<0.05) , {E45 BB A A 405 (EL-5 S EAR X T, A XU B R AA R B DU AR R 4 LSP U5 B
B EARTFIME (P<0.05) , A ST ZAE IERAI Y LSP SIS EIRZEHB K (B 1), BeAk, B A B AR A A
EAXMARAL G 1) P, e TSSME(E 1), PRSI REAR 4 AL LCP A R, , 5 SN 1 T 3%
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Table 2 The measured data of photosynthesis-light response curves parameters of L. chinensis and the fitted values by models

, e wREOCE .
FMETME « WAL ISP LR LCP G P " GO R R,
S o A5 Qb B Apparent quantum  Light saturation  Light compensation Vi e . Dark respiration
Light response models Treatments efficiency point point aximum ne rate

photosynthetic rate

a /(pmol m™2 871y /(wmol m™2 s71) /ol m 57 /(mol m™2s71)
SEAE ANOO 0.030 2000 35.138 12.859 1.049
Measured value ANO2 0.050 2000 31.204 19.241 1.233
ANO5 0.042 2000 66.322 18.710 2.577
ANIO 0.048 2000 58.433 17.606 1.996
AN20 0.033 2000 27.298 19.790 1.100
ANS50 0.040 2000 42.655 20.209 1.697
MNOO 0.059 1800 34.178 15.710 1.182
MNO2 0.053 2000 22.813 12.601 0.668
MNO5 0.056 2000 33.930 19.351 1.120
MNI0 0.042 2000 45.472 16.648 1.518
MN20 0.039 2000 39.119 22.498 1.589
MN50 0.057 2000 24.131 19.071 0.876
LA XU LA ANOO 0.049 355.224 25.609 16.407 1.177
Rectangular hyperbola model ANO2 0.053 447.386 23.923 25.186 1.344
ANO5 0.039 516.397 52.356 26.843 2.695
ANI0 0.034 536.521 45.419 24.994 2.101
AN20 0.051 432,528 21.189 25.527 1.247
ANS50 0.042 483.468 33.320 27.464 1.882
MNO0O 0.046 398.428 27.085 20.673 1.400
MNO2 0.036 331.306 17.925 15.591 0.842
MNO5 0.040 591.220 30.533 27.102 1.395
MN10 0.062 490.910 34.061 22.546 1.557
MN20 0.054 549.400 32.943 31.365 1.873
MN50 0.059 482.607 21.580 25.040 1.117
Ak E AR LA ANOO 0.044 394.366 26.021 15.668 1.053
Non-rectangular hyperbola model ANO2 0.040 476.653 23.736 24.189 1.217
ANO5 0.061 565.600 54.690 25.105 2.496
AN10 0.050 591.805 47.237 23.024 1.891
AN20 0.056 470.345 20.697 24.270 1.082
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FME TR o BIFE ISP JefbEzA LCP iﬁiﬁ% W IF IR R,
S o A5 gt Apparent quantum  Light saturation  Light compensation S Dark respiration
Light response models Treatments  efficiency point point Maximum net rate
« /Cumol m s7)/(pmol m2 g1y PROwIMRetic rate L )
/(pmol m™ s77)
AN50 0.043 537.327 33.965 25.436 1.646
MNOO 0.035 450.669 27.435 19.347 1.204
MNO2 0.055 365.072 17.627 14.967 0.731
MNO5 0.046 640.960 30.188 24.648 1.183
MN10 0.051 512.154 34.395 21.874 1.480
MN20 0.038 604.936 33.127 28.585 1.601
MN50 0.029 516.333 21.000 23.806 0.978
TREE R ANOO 0.050 965.310 33.412 12.476 1.066
Exponential mode ANO2 0.043 1395.887 25.428 19.037 1.047
ANOS 0.048 1441.911 29.667 18.746 1.121
AN10 0.034 1475.788 31.885 17.716 1.098
AN20 0.033 1378.522 24.120 19.469 1.040
AN50 0.048 1467.879 25.563 20.137 1.072
MNOO 0.040 1155.102 28.805 15.572 1.065
MNO2 0.044 932.146 32.064 12.211 1.040
MNO5 0.036 1710.051 29.914 19.729 1.053
MN10 0.033 1382.268 31.945 16.519 1.071
MN20 0.049 1702.453 24.527 22.840 1.063
MN50 0.046 1480.617 26.880 18.927 1.037
BRI A IE AR ANOO 0.048 3724.457 25.586 13.269 1.134
Modified rectangular ANO2 0.035 3667.583 23.611 20.115 1.269
hyperbola model ANO5 0.041 2930.454 53.360 19.246 2.569
AN10 0.061 2839.246 46.022 18.055 1.976
AN20 0.050 3416.366 20.749 20.422 1.161
AN50 0.055 2848.847 33.297 20.625 1.749
MNOO 0.044 2747.544 26.945 16.008 1.296
MNO2 0.036 4039.637 17.731 13.062 0.807
MNO5 0.054 2817.245 29.909 19.905 1.257
MN10 0.048 4537.264 34.070 17.891 1.513
MN20 0.051 2639.008 32.582 22.966 1.691
MN50 0.040 3533.249 21.050 19.863 1.037

P 2 Sy 4 Pl 1oy A FR 0145 A Sl 17 il £ 45 R , AT 2R A ) LR N 38 FRA S5 A BT 2 Bt 7 il £
FIRE Fh A O AR A B A XU 2R AR RN BT A OUH 2 A8 TE AR A g (R FL A, (L BSR40 A 53 ik
T, DR A 22 AL 17 50 K T, 4 BIORE R ) 01 A 2 SR e 2, LAy = AR A DL A RO R g, aE i
RMSE \MAE #l R*i#f—L ¥4k 4 Folamm BiER g 805 U0 B . B 3 WA R A AL ) RMSE \MAE i R* Fil
b = FRE 0 I A A B 2% 5 (P<0.05) , H RMSE Fl MAE F{E HHABART AL 25 ) R? PR A% | PRt LA
JEd 2%, AEE A B A ALY RMSE Fl MAE & 25 (0 T B0 A U 2R A0 | B AR XU 2648 IE 45580 (1) RMSE Al
MAE 55 3E A R SRR B A AU AR A TE B 5 25 5, Lk =AY RPM R 225 LA kG 4 F
PRI 0L A5 D0 Pl s SRR 20 00 1 T U AR | T A U 2 AR Ui AR A5 B 7

I F R IRDAEI AL B 4 FlR R0 ot 2 w0l b7 0145 (85 SR A4 22 5 RIS RUADL & P B mT T, 400
PIAFEBE AR A LR B L 38 BB A 2 505 RO B, JE B A U S A R g A AL 01 5
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Fig.1 Comparison between the fitting values of photosynthetic parameters for four light response models and the measured values of

L. chinensis
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Fig.2  Simulation of photosynthesis-light response curves of L. chinensis by different light response models under nitrogen and
mowing treatments
A ARRE] Unmown; M: X#] Mown; NO: 0 g Nm™2a™'; N2:2gNm?a'; N5: 5gNm?a'; NIO;: 10gNm2a™'; N20: 20gNm™2a!;
N50: 50 g N m™2a™!
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SRARSERGIN, P KNS C 1 NI, A TRE ., B 4 AR IMADNEI LT 3£ 5 WUE #56
W AR, 5 P, BN AR AL, 2EROESR TG Y (0—400 wmol m™ ™), WUE i |7}, i F PAR A /N2 i
ETRGE, BRI T PRI A B AR FIBL, 00 3 i S N i BT s ), AR RE6 A R0R  RIE
IERAEK,

T A ORI B S U A RO, AR SCR T8 B R LA B TR A SO (R 1 .R 2) . R
TR () FDEHMEE S (LCP) RERS S Mk A 35 C I RE 1 2 AEXIEI R EIAL LR o A9 77 30705 43 1
49:0.033—0.044 ,0.034—0.044 , LCP [ 7% 3l [ 4311 24 . 24.120—33.412 pumol m™ 57" 24.527—32.064 pmol
m 8™, FERTA AL B, N20 /) o 1 3 TR IAAL #E(NOO) \LCP & 3 IK T AN i & 4b 3 (P<0.05)
(% 3) , UtHA N20 Ab3 A 2F AR 5500 T MGG RE TG , 1T NOO A3 Y E 7R 5506 N LA RB J1 3855

RREOEE R (P, ) I0R THYEEE R T ACA AR, Rk TR R IOCEH N R
NEVLEE R P, LA 12.476—20.137 pmol m™ ™', X B ALY KT P, WIFSHIEE, R 12.211—
22.840 wmol m™ 7', MLAM, HAA N20 AbBEAYEF P, B E R TAIAELIE(P<0.05) (£ 3),
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Fig.4 Photosynthesis light response curves of L. chinensis under different nitrogen and mowing treatments
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Table 3 Comparison of light response curve parameters of L. chinensis under nitrogen addition and mowing
AR, M, RGO E AR I e
Wi TEE  CRRR LR AR W
’ Light saturation Light compensation Maximum net L.
Qb3 Apparent quantum . . . Dark respiration rate
T fFici point point photosynthetic rate R/
reatments ethiciency 1SP/ LCP/ anax/ d
e (pmol m™2 s71)

(pwmol m™2 s71)

(pmol m™2 s71)

(mwmol m™2 s71)

A& Mowing

BRI

Nitrogen addition

A

M

NOO
NO2
NO5
N10
N20
N50

0.040+0.004a
0.038+0.004a
0.036+0.003b
0.038+0.006ab
0.038+0.002ab
0.035+0.001b
0.044+0.001a
0.041+0.002ab

1354.216+194.404a
1393.773+307.588a
1060.206+134.203b
1164.017+327.915ab
1575.981+189.604a
1429.028+66.128ab
1540.487+229.053ab
1474.248+9.007ab

28.346+3.848a
29.022+2.947a
31.108+3.258a
28.746+4.692ab
29.790+0.174ab
31.915+0.042a
24.323+0.287b
26.221+0.931ab

17.930+2.790a
17.633+3.690a
14.024+2.189b
15.624+4.827ab
19.237+0.695ab
17.117+0.847ab
21.155+2.384a
19.532+0.856ab

1.074+0.031a
1.055+0.014a
1.065+0.001a
1.044+0.004a
1.087+0.048a
1.084+0.019a
1.052+0.016a
1.054+0.024a

ANEINE Fh: R AL B 8] 22 5 .38 (P<0.05)
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JEAFN A (LSP ) S Ay i A A FHSROGRE J1 i — 4845 L ORIFIRIAS X F b B ) 3 55 LSP ¥ R I B A
I I0 e S B B () A F ELA ) b P (932.146—1710.051 pmol m™ s™") 1Y LSP 7 3315 il kb AR A1) %) b
(965.310—1475.788 wmol m™ s™") [ %, N20 kbFHAYLET LSP AHEL NO A W45 (P<0.05) (£ 3),

WP R (R, ) 2 /8 A 4 1E B A2 BTG 2h dh 4R L A9 b 2R 100 AR R EIALER R R, B9 VR ST LR
1.040—1.121 pmol m™ s~ XIFILLFE T R, AIFEFEFE R 1.037—1.071 wmol m™ ™", HT U A1 &b Fi f) 2 % 38
TP IHAER O E G T D BRI R R Z A ML

3 it

R VE R i 17 il 24 A8 e 30 1 2 SR Ao & R Z R SE R 7 R FH i
BRI A S HOUR M G A RCR IR TR Y6 A 1R FAma B HLH 0 S22 F B FE AR AR | i 0 248
T 8B R RN A LA U LA TR — S0 W (B A R 2, TC 1 AR g M B0 3 % R A I B e
PEAT IR N S E A B, B B P BA AR TS  LSP U4 /N TS A A 50 5 imint—F e h
T LS A R B B e iy e A B2 T B AU B IR I B AT DL B R LSP, B AT E 4 E
B LA O 206 TR BRI AR A 1% BUS A 14 RIS RE ) SR i S B il 2 LA ROR BT
HAdRIARL  HAEABFFE 4 RIS I 2045 ROR R - 8 BOBR A > 15 A U S48 R A8 > A 1 A7 3T
2B > 1 A XU R AR R e ok, R F RMSE \MAE Fl R*XF 4 RS RS UE AT 400 A0 B Lu s 2 B0, A 1A XU
LA RIS AR E AL BT 1 2 e 3 i R B IRCR e i, 2 R A BT, SR RO R B
AR BRI IR . AT SETEXT 5 T K 22 (Magnolia sinostellata ) FIBFFEHH K B, S EUSRIXT P, (LSP SRAFAL
YER , LCP SR T A AU RAG IEASE R (4 40045 &5 SR A0y, 1 LA AU 2R B AL R, RO e fE ) 2R 3846
XS BER A A ) D' i) W AR TR UL b Ase rh R B, LA U 248 IE A R0 5 11 LSP A5 SR A i LI L ) WUt S A5 7Y
AR RE R frei Y DRI, 6 T RS IIRIA 50 A TR 0 21 B R A Y6 i 1o f 2 400 B, T A% 4 R R A T )
g,

RESA MY ISR Rubisco B MO A BN EZEICE, B WMAMYE & 4 M B EER 7,
AWFFELE R B 755 A 0—400 wmol m™ s~ 'Bf il PAR 340 P 34 , XA FF CO, [k, Fe i 2 T4
B, H G T F WUE 5 P, #ym i 25401, 32 PO AR Y REAR A AR AR 1 B IR GO FE CRFF 1E 8 AR S Zh A48 T
T RSLA T AR, G HME P G Z ORI WUE R84k, 18 51 e 22 i ik [ 2 1 5 5D 7K
Oy AR LIGE AR FR B S AR ) TR, C R A S G MR, UERH P, RS AN B A2 AR R ALIN £
ARSI, 33X 5 N AR FE 45 SR — 30 BEESR A E— 2B, 45 HE b Bt i o7 1o 7 DR it S B T S B AR
Thv, P, INBR AR /N AR A Rl — KO, SEEZE A A FIE R, T RE i T 2 S S B Z W= iy B

RO, A L ROGE AR R AR B AN Tk — PR TR 1. XIFIY K T E5 P, AU 86 [,
JEHOEAE MN20 AbHE R 225 P, G AT T AR AR EI AL BRI &, T RE R 7RSSR AR I INT N8 25 Bk T b 1346
g1, AR AR AR XS S 0 B W, U2 T e LA R TR SO RE R ACE

FEME THOR () B T HIYIAESS G Wl S e fR] G RERE 11 L BFoT R MH 7618 H 41 —fieh
W) a 7£ 0.03—0.05 Z[H]"* | 5T ABFFTFRI KRS BRI AL R o 72 FER IR 43514 0.020—
0.045,0.028—0.043 Fi1 0.049—0.069" %) | AWF5E K& BEH K o 78 0.033—0.044 2 [0], PR 55 25
FIFERER FARCR AR R oo Bt 2605 B i 35 hn , BRA RS N8 A 1 S R Bl , 4 =F RO & VR FH 32 il
MIFRRBEA TR, S BOR WAL 5506 N Wl Fe A fm FOCREMBE AR 80427, £5E P, FEAE AR &t i 3gn
BHE G T PGS XIS AR IA R TR RO E IR AR T ARk 3
TAHERRPDEATERE, 75 MN20 A FRE , ZAS AN E] 0938 BAE TR 1 2500 s G RE T, il A DL BE
JIA FTEETE, LSP I LCP AR THEMIM L&A R ) B9 A& B0, Bl 00 v 82 38 o, 26 2 14 it B R g A
it 55 G HE 1B W EE T, B NO Ab3HfY 33.412—965.310 wmol m™> s~ #H 2| N50 Zb 3 25.563—1467.879 pmol
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17 4] LZE: 52 AR I EP S S NS S AU DR it e R VR 7305

m™? 7' XIFIEE ST T RS INAL BT (A A 8O L MN20 #9 O 5 A RGHE FE 24.527—1702.453
pmol m™ s™' R, BEAVRBETF g S BL A7 84k, 2 W3 RTE IR 0 B I o S80I T8 e 9 P IR ) 57 73
THFEAR B AEAFRE S . R RO B IV PRI AL (LB 38 N RE 8 , e B il IR,

SE VRIS AN SHOFAIEMSLAFAERY AP 2 AZ B08] B I R] F A L0 BRI AL A, APRAIE IE AR
Koo A Bt G A I EXIEIGE S R R OGS PERERS B 52 T, MIN20 A B R % 2% J Ja 3 A e ALK 70 A1)
PSRRI LT 7K 73 FERI, 1R 5 B v AL B OCBEM AT 0 I RO il 17 5 Pl A i A 0l o e i 7 )
JeE AT AT b B Pk B R A

4 g

L LTI AE B A DU 2 AR RS G AN Ak B S i S i 07 A £ 4 40045 D0 B i, 418 50 R )
SR A ROR Bl o WX 3 RO 157 i 2 DL 2 B el A B R SRS I RE e 2 R ROE B RE T HId
JERISINIFBA #E— LR mOCERE T o XIFIRESH SECIR A 2508 , S THLRER H AR I A8 5771,
AT S0 T JE O R U (N20) B8R R A RE it — 22T . I FEAR SR A O UR DR i 1
MBI T AR TN S FEE R R AR RO T, I ELA I X FOGE R R 52 0 52 B0 B9S2, F
FEARAUA B Tnai 5 T R TR A 5t e Js AR 25 R AR I 5 A9 UGIR 30 A B T AR R BRE AL 57 T i
25 ARG B ) E
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