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Abstract: Atmospheric nitrogen deposition increases ecosystem nitrogen availability, and the response of dominant species
to different levels of nitrogen input may change grassland ecosystem structure and function. In this study, four nitrogen
addition levels were set to analyze the responses of the photosynthetic physiological characteristics of Stipa grandis, a
dominant species of temperate grassland in the Inner Mongolia, to different levels of nitrogen addition. The results showed
that the nitrogen content of Stipa grandis leaves was lower, chlorophyll content and the ribulose 1, 5-diphosphate
carboxylation/oxygenase activity were not high, and the low utilization efficiency of light energy led to excess excitation
energy in photosystem II, photosynthetic organ was inhibited, resulting in a relatively low net photosynthetic rate under low

2

nitrogen treatment (0—2 g m™ a”'). Moderate nitrogen addition (5—10 g m™>a™') improved the nitrogen allocation of leaf

carboxylation system and electron transport system, which increased the activity of ribulose 1, 5-diphosphate carboxylation/

EETE : A5 IR XPHEE R LRI H (20212D0011-04) ; EZ { AR ARG EITH (41571048)
s B #7.2022-03-31; ™ £& H R B #A : 2023-03-23
# WIRAE# Corresponding author.E-mail ; jrgong@ bnu.edu.cn

http ://www.ecologica.cn



14 4] B A NS AT REORE S RO G A BRI X AN A i 5995

oxygenase and the electron transfer rate, thereby the net photosynthetic rate of Stipa grandis was increased. Under high
nitrogen treatment (25 ¢ m™ a”'), the nitrogen content in Stipa grandis leaves was higher, but the allocation ratio of
photosynthetic nitrogen decreased, which reduced the utilization efficiency of photosynthetic nitrogen. Meanwhile, the
degree of light inhibition of Stipa grandis was increased, chlorophyll content and the ribulose 1, 5-diphosphate
carboxylation/oxygenase activity decreased, which was not conducive to biomass accumulation. These results help to further
understand the physiological response mechanism of dominant species in grassland ecosystems under the global change, and

provide a certain theoretical basis for the sustainable development of grassland.

Key Words: Inner Mongolia temperate grassland ; nitrogen addition; photosynthesis; photosynthetic nitrogen allocation ;

enzyme of carbon metabolism
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1.1 WS XA

SRR IR B AR N S K2R B O R AR A R GG (44.80°—44.82°N, 116.03°—116.50°F) , ¥
PRKY 1055 m, % X g T3 AY B KRS, A 23S0 0—3°C  AE R K 350—450 mm, FBAE 7
6—8 H , L 90—115 d, HIELIZESS +°8 F b dh /D e id  +, 5245 12 15—80 om, B FZ )R, 1
HEREIR . WFSE IX AP A R K& (Stipa grandis ) FIEEE ( Leymus chinensis) .

1.2 it

WET 4 MR BIMKE, 29 AN2(2gm?a'),N5(5gm>a"),NIO(10 gm™a™") Fl N25(25 g m>
a ) X IEAL B (CK, 0 g m™a™") N2 JEARF 2010 4EE DI, N5 N10 N25 20 B e Rk 14 Fw i
AEYTRE B, N25 AR 3R T 5T M BRI AR B AR 5 AR ERR 3 SRR /NX, SR /NK BN 6 mx
6 m, FHAR/NX Z A1 B 1 m BZE 0 . R 2R AR IREE (NH,NO,) » ZURINSEER T 2014 4R TR 4G, 47 6
HHGRE BRI RS 25 L K FE /3 , P15 AE R B6 /N DX P X BE A B /N X AU K
1.3 SRS A5 Z 0SB E

2015 4F 8 H , FEREHITEIA 9:00—11:30, FERRANSE 00 /N X B 5 PRI RE BUA MY KRBT, FILHT LI-6400 fi %
FHOEAME (L (LI-COR, Lincoln, SE[E) M KEFM ML 5, B HIL 15 A EE, s
CO,MKEH 400 pmol/mol , J6E A RS (PAR) 24 1500 wmol m™ ™' FH BNAEH A (P,) ZEBHAE(T,) |
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WS RN 1, 5 TR FR MG (Rubisco) TP SR ADHG B 077 Vs (19790) 052 B A Lot P AR B2
(PEPC) 1& - 5,
1.8 R AR

i Rubisco M HLIHHE( V., ) , BIEEHA Rubisco R KRILH#E (umolCO, g™' Rubisco s~ ) fli M A AF &
ARG E ST LB (Nr) -

o Ve 0
625 x V. X N__

#H1,6.25 J& Rubisco #4L M A A9 Z %L (g Rubisco/g) [33] ; V. FE 25°C 4 20.78 pmol CO, g~ Rubisco s [34] N
STV H R

B AL TAE B ALA R A S AcHs A% () LI L, S S BN 22 £ 250
() fe R L AL AR () A U7 L AR B 4 401 20 BC LU A5 (NG )

e

Nb = (2)
8.06 X J XN,
X, 8.06 AP AN E f BT N B 28005, FE 25°C 1 155.65° N, A R A& i,
M RIERDCR G B LB (ND
C.
M= X <)

K, € oM F AR A (mmol/m?) |, Cy MEE A PSI(CIE RS 1) PSITOE RS 1) il LHCH (R A9)
(4R 3 B 2.15 mmol/g ™ N, W R A B, JCA A RS LB Np S5 N Nb R NL = 3% 2 01,
A A 43 T RSB LA Nop=1-Np.,
1.9 FdEgit 50

i il SPSS 20.0(SPSS Inc, Chicago, 1L, 3 [E) B AFSEFFHARSHT . AR INAL BT 45 H5 55 Tukey
WEHEAT 7240 38 ) Origin 8.5 1EIE], 32 SPSS 24.0 GIEEHE 2 AT 36 IS I R BSOS IR
ELES FEBGR B bR AR

2 HREHS

2.1 KEFPIAFRAE XA ] S04 I B4 i) 17

KEFSERE R 7E N10 40 BE R 3k 3l 5 KA, 5 CK A EL, N5 N10 4Zb#F K4S #k 38 K T 12.40% i
26.36% ,N25 RhBRREAR T REF MR R . N2 N25 5 CK Z A2 F A 85 (£ 1; P>0.05), N5 ZLBEXTKEF
BpR I R W IR R A (3R 15 P<0.05) M RLRE N 7RI Se s K 0N, 28 NS AP R s Rk, 5
CK AHHL NS A BE N iF i BUR S T 128.19%, N5 ALBEXF K& SEHh A YA B350, NS AbBE R K4 P
LAY ERE] T RO,

*1 AERFMEETREF ST

Table 1 Morphological characteristics of S. grandis under different nitrogen addition treatments

i PR I T AR H b A P
Treatments Height/cm Leaf area/cm? Aboveground biomass/ (g/m?) Dominance/ %
CK 25.801.66a 31.64+0.80b 12.92+3.12b 4.66+0.58¢
N2 24.80+2.31a 44.54+7.59h 3.80+0.20b 1.27+0.63d
N5 29.00+1.76a 72.20+1.45a 58.14+25.27a 16.75£2.24h
N10 32.60+3.20a 55.24+3.49ab 10.92+1.72b 1.98+0.22d
N25 26.00+1.52a 62.50+2.55ab 37.60+2.40ab 23.47+2.22a

RIR)ING Fb) F R R [ A B 2[R A7 7E i 2 PE 22 5 (P<0.05) ; CK, AR ER N, N2, N5, N10 N25 FR A MRMEN 2.5.10,25 gm™2 a™!
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Fig.1 The gas exchange parameters of S. grandis under different nitrogen addition treatments
ANTF] /NG FBER R R [ b 2 (R AR 1 3 PE 25 57 (P<0.05) 5 CK S ARUS I, N2 N5 N10 N25 R A M I Ry 2.5.10.25 gm > a™';
P, 64 B net photosynthetic rate; T, : 7% % 3 R transpiration rate; G, ; ‘L fL 5 /¥ stomatal conductance; WUE ; 7K 43 Fl| I ZZ % water-

use efficiency

2.3 MR VOESBOTAS R RSN B i
NI KREFEF /F AT B0 (22, P>0.05)  PSIELER G i T 77 it ., FTHL T4 18 80 R

x2 TRBRFMLETARHFHEERASHY

Table 2 Chlorophyll fluorescence parameters of S. grandis under different nitrogen addition treatments

b ETR/
Tr:;itnts /b Prs (pmol m™2 s71) ar NPQ
CK 0.74+0.02a 0.26+0.01a 164.86+1.23a 0.63+0.01a 1.94£0.09a
N2 0.74+0.01a 0.29+0.02a 180.30+10.05a 0.67+0.01a 1.61+0.20a
N5 0.72+0.02a 0.29+0.02a 182.45+12.45a 0.61£0.04a 1.47£0.38a
N10 0.75+0.01a 0.26+0.01a 162.39+6.49a 0.70+0.03a 2.38+0.17a
N25 0.75+0.01a 0.34£0.08a 213.02+50.90a 0.72+0.06a 1.79£0.38a

F /F, PSIL e K6k 5 F 7 it the maximum quantum efficiency of photosystem 11 ( PSID) ; @y, : PSI SEBRG A= F 7 i effective quantum
yield of PSIT; ETR: L1 1% 28 3 & electron transport rate; gp : Ak 2 K R A photochemical quenching; NPQ. JE Y64k 2% K & %0 non-

photochemical quenching
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(ETR) 7 N25 ZbHiA R e KA, B CK A LEARAFTE B EMEE R (£ 2, P>0.05), g, Ff N 38 Ad £2 i i 42
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JME 5 CK M, FEAR T 5.16% . N25 AbFEFEMR T Chla+b (8] 2; P>0.05), Car B N 7RIS K, 76 N25 b3
TR R B CK AH L, AR 2 5 (K 2; P>0.05)
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Fig.2 The pigment contents of S. grandis under different nitrogen addition treatments

Chla;M£%Z a chlorophyl a;Chlb:H£¢Z b chlorophyl b;Chl (a+b) ;4¢3 a+b chlorophyl a and chlorophyl b;Car: S % M2 carotenoid

2.5 R ASEADCE BRI AR AS [F AU 0 e L

RIS TR RS R (K 3; P<0.05) , 5 CK AL, N2 N5 N10 N25 4b 3~ REF3F N,
AR T 8.01% 14.74% 27.24% 34.94% (1K 3), N WINPT K43 PNUE (& 3; P<0.05),
PNUE 7£ N10 i5 %] T H/ME , 5 CK A EL ,N2 N5 N10 N25 Ab B R K4FSF PNUE 20 5IB#K T 19.93% 47.53% .
52.57% 40.16%
2.6 ARG INT RE 00 2o BB P AR 1
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http ; //www.ecologica.cn



6000 £ ¥ M 43 %5
1.8 36.0
a = a
15 a <300
ab b —I_ EX o 1
- o : b
£ 12 3 240 —
s lrh s
~ =) C
g 09 £ 180 d
Z €
ﬂm 2
NT R
f&(, 0.6 = 120
%
0.3 & 60
RE}
0 0
CK N2 N5 NI0O N25 CK N2 N5 NI0O N25
Kb FH Treatment

B3 FAERAMLETRHFAMHTREE(N,. ) LSRR AKZE(PNUE)
Fig.3 The N contents and photosynthetic nitrogen use efficiency of S. grandis under different nitrogen addition treatments

N oo : MR A Fr i leaf nitrogen content; PNUE ; Y6A & M L% photosynthetic nitrogen use efficiency
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HUFSKELRAE, Nr BN GRIISEROIE FRE, kTS, BE O
AR R IH N VA, S0l (M |w| (M M| |
Rubisco i N %5 K5 TR, 72 N5 F1 N10 £
HREEF A L EN LR (ORI, 1 CK ML, b 3 o e 1

KANFEAC T 15.79% F1 13.14% , WsR 7 B = TN R R 32

0
1L (PEPC) 5 Rubisco 78 fk a8 Jotts K5 % CK N2 N5 N10 N25
%, BESEREE (K 5; P<0.05), 4bFH Treatment
2.7 ANEVEG I KEF S0 th 242 LRk E4 AEGEMAETAHFHOHEAHE

i‘éf%ﬁ'ﬁ ¥§i$( AQY) %% N {;JQJ]H 'L'lj f)ﬁlT/ﬁZﬁJﬁ E/‘J Fig.4 Leaf nitrogen partitioning of S. grandis under different
’}{‘ﬂﬁ N2 ﬂ] N25 %}E—Fkﬁ‘% AQY ﬁ%ik( %:2 3 P r;:f;);:;;zi?;;e:lﬁt;r Itl}t: percentage of the total leaf N allocated
<0.05) o JEHIRIL (LSP) fEARFRIFIIA B T W 422 5%, to Rubisco; Nb: FEF1%3% R4t N 7B LA the percentage of the total
N5 FI N10 AR BE R LSP R EH K (K 3; P<0.05) o BB teaf N allocated to bioenergetioss M 4 2% F % N 41 Bl the
TNEEE 7O RME S (LCP) , A L CK, N2 N5 N10 ,N25  percentage of the total leaf N allocated to light-harvesting complex;
AMHEF LCP 43 3K T 52.38% .74.36% .78.02% 62.  Nop:AESEA#5r N 3 BE L 0] the percentage of the total leaf N
98% , ﬁﬁﬂ% ﬂ? W 1%% ( Rd ) %ﬁéﬁgiﬁiﬂ H:;’ ft j]l] E’J%% ’ allocated to non-photosynthetic fraction
N25 Ab R A B K H
2.8 ¥R

H & 6 nJ A, Nr SALF 3 (G,) Fl Rubisco Xf P A EHIEAEH, Hitf, G Fl Rubisco Xf P, A .35 (K 6;
P<0.05) ,Nr X} P, I B2 (K 6; P>0.05), BiIRIFRI, ¢ X P, iy i, i5 5 65% , G, A1 Rubisco
Xt PR ERBEEIRE] 90% , KN, Nr F G 38 i3 B2 Rubisco [RIFZ54IR P, , Nr il G XF Rubisco RS540 A
52%F1 50% (&l 6; P<0.05)
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Fig.5 Changes of C metabolism enzymes activities in leaves of S. grandis under different nitrogen addition treatments
Rubisco: 1, 5-— B 2 # B B & fb/)in %0 B ribulose 1, S-diphosphate carboxylation/oxygenase; PEPC . B fR 4 B X 74 Bl R & 1k B

phosphoenolpyruvate carboxylase
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3.1 REFSEILE I LR SRS FUAS I i [

JCE VR IR B A G BEER Y, 2 R AR A KR T AR i R B E PR R A ST A B, 1%
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it R N SRR IEARSCS ) AREAL LR, RS R RS AR AR TS R AAR DGR 1 A, )
THEYDCEAERT, N5 AR B 35 30 RSP HoO G AR, — 7 T, il R AN R T RS i A,
HAHY R IR o AT A I MR B G A 55— Jr T NS ARBER , LCP BN LSP 4@, R W B B
MEZHDERE, BRI A SN NS ALBEESE It A/ G, A2t CO, 1l 40 M AT B A7 8, 48 B8 5V I = 2 A9 I
FERE SEICRESF /Y P, NS ARBRER S TOLE AR, SR BER AP A RAAE Y R AR . [, REFSP 9 WUE
TE N5 AR BN IA S KAE , WUE 2 S BRGS0 R AL R 20 B 5C 38 B EE 224645, WUE $2 8 3R B KA
FFHEE 7K 5345 BUOE Z /R S . N10 AT N2S b BRI T S 5 & VR FT, 35 7T RS2 PR hy i 4 it o
BEAR, A O RO EE LU R B, B2 2 BDL M 3 ik SRS, 106 & A 2R R N25 Ak
b2 Y SEAND AR A S 7/ PPN e o S =9 Wi} AL

x3 FERFMALIE TS SN0 E &S

Table 3 The parameters of light response curves of S. grandis under different nitrogen addition treatments

pisl FW AL FRE S M IR SEES
Treatments AQY/ (mol/mol) LSP/(wmol m™2 s7") LCP/(mol m™2 1) Ry/(pmol m™2s7")
CK 0.035£0.001b 684+19.7b 401.2¢ 3.3320.10c
N2 0.049+0.001a 483£13.9¢ 84+2.4d 3.0720.09¢
N5 0.029+0.001¢ 916+26.4a 156+4.5b 4.26+0.12b
N10 0.024£0.000c¢ 922+14.9a 182+2.9a 3.92+0.06b
N25 0.051£0.002a 523£15.1c¢ 108+3.1¢ 5.05+0.15a

AQY : FMLE T3% apparent quantum yield ; LSP ; YEHfFI 8, light saturation points; LCP ; Y6 #Mz £ light compensation points ; R, : B I #% dark

respiration rate
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M2r 3R 9B T 2= RE A48 s Al G & R G fig
ARG AL, SAE YA RE R 2 B 6RE, i &
T B PAGRE L 2O, PR AP PSIT R H 0 B 32 4
B F /F ARFERAEY PSIT B ROGAL 720K, Y Al
YOLE A E A Z BB E N F /F TE 0.80—0.85
WEINPE S A, AR KE S F/F,
1&? 0.80, U‘?ﬁﬁﬁtﬁ#%%ﬂ@%ﬁ%ﬁﬁ%ﬁﬁiﬁﬁ?ﬁ'ﬁ%ﬁz Chi — square =0.31, P=0.578, df= 1, GFI = 0.993, RMSEA<0.05, n =24

L OCREFABCRIR DB 8 B 2 2SI , BEARH 5 6 BT
¥$_%/5\E$[40741] . NS ALI\IE Hj‘ , (Dpsu ﬂ] ETR ij( , 27%7/{ Fig.6 Path analysis model

T LB, PS T O 5 FF OB FE DAL 2% Nr: JRAL R SE N ML) the percentage of the total leaf N allocated
. N ‘ e N . to Rubisco; G, ;"TFLFHE stomatal conductance ; Rubisco: 1, 5- R
RO, BRI RIS AR TR s b i mstoebe e ativiy of o 1, S<iphosphate
qp RGP K AR, AR IR P A 1 52 P carboxylation/oxygenase; P, : ¥t 6 % H# % net photosynthetic rate;
JRAATR QB BAIE FREA 5 48055 ¢, BEEHCERY)  rrmmapiesmn soodness of fit index; RMSEA ; 3 {bL{i 19 14 J7 R
XA A e J1 L g 1E N25 A HE R GA BB K 122 root-mean-square error of the approximation; i E ¥E; % , % * |
{8, X UL H AU FOLA A B Z 8, Z /A PSTT * + = PlIt&R P< 0.05,P< 0.01,P< 0.001; ns, A5 5
e A R RO TR P, o TR XA
il KA WA T ORGP HLE 8 38 = R RUR G 2 UK BE 3 K T NPQ, T Car i M B RIEH 2 5
TREF S M FEBALH, UL, B ZUEHE T Car S IR,
3.2 REFSFM R E ST BN EAS 0 e

FY R R R G PAEM 5 R B RO 1O SRR Ss T — 2L i m S
FEDEARE , 2 5 ERMER L MY E KPS AR5 b & 2R FZCE (PNUE) RDEA A4y
P AR A — 3, B it 28 A S ROB o/, AR GRUAR B, I R RS R AR, (DA AU IS e B s,
FOCA EA IR (PNUE) A BIRAMEH, Hd D RFE AR, X3 T REF ORI AE T) B
AL RGARA R G5 BE LU AR, AR TOGG RGH T4 3 iR CREA RS B4 &R, 80K
EEE BN R AR TR G ORI NS ARBER, REEEA RSB A LT DA RGN A R Kk R
T OCR G A ECRER, 1535 RGEAR R GRS L LU 135 K, v 1% 3% 38 F0 Rubisco (197 14
FEHER, REF S HOGRER ISR &, W 0GE T RE P ERY . N25 b B, KEF G R L
RN AR, X R PS I OGE oL AL FIR AL RE I AR, AT 58 W MRAZER S ( RuBP ) 19-F1A42 32 3 FR 1,
CO, [RRCREAR , i 249 FE 28 R AR SCHG IR, Xt Sl A5 1 FH 1 i fr T2 i . v RUAL B KA PR A A8
(2R | SR AR B Z IR A% ) 1) BT C F B3 O, it R AR IR KT €O, B IRb A7 s i BE S, 50 PNUE
TR,
3.3 REFZEM R AT AN 0 B e 1

WARHHA T E R A KA AL R CK AT N2 AR B K4 2 Rubisco B HEEAR, X2 Tk
oA KAz s N BRE, iR/ S S 8AK, BRI T Rubisco B9 & & ANE M, [FET, BALM ¢, & 33 CO, LN A
JE G TR ORISR, KEEE IO S (F /F KT 0.8) , 4RI B CO, . O, 1 EL B FEAIK , 76—
FRRE [ 2 KEFFMERTI , Rubisco 7T 8 32 B ARSI & AE FH , 35 0 B AIGAR ( C) [RARE Bt 5 it 0 o Fr) 484
K, KEFFH Rubisco BTG MHZ WG K, 78 NS AR iR B KA, OGRS G ik 3] 1 R fE, 40N CO, &
IR, R A SRR R G LB igm, SR AR T C Fe, AR TEYENRE, &N
AbFRR KA SF Z BDEHN ] , Rubisco Tl PEREAL, SEIF IR 25 AR E 1Y C, AR T REF P M EE, KEF
PEPC IS A & 781k, UEHH PEPC FUEFEY T R A R L &R SERB MR C B2RMERDY,

http ; //www.ecologica.cn



14 4] B A NS AT REORE S RO G A BRI X AN A i 6003

4 Zig

RIS K ET I SN FERAE , (REAL BT, REFZE M H A& A8, W TS, EiRA
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