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Abstract: In order to clarify the photosynthetics characteristics and difference in response to nitrogen and phosphorus
additions, three dominant species ( Bothriochloa ischaemum, Stipa bungeana and Lespedeza davurica) of farm-withdrawn
grassland communities in the loess hilly-gully region were selected. A split-plot experiment including three N (0, 50, and
100 kg N hm™ a™") and three P (0, 40, and 80 kg P,O, hm™ a™') treatments was conducted to investigate the effect of N

and P addition on net photosynthetic rate, transpiration rate, water use efficiency, stomatal limitation, initial fluorescence,
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photosystem Il maximal efficiency, photosystem II potential activity, leaf N content, leaf P content, photosynthetic
nitrogen use efficiency and photosynthetic phosphorus use efficiency of the three dominant species. Results showed that net
photosynthetic rate, transpiration rate, water use efficiency, stomatal limitation, photosystem II maximal efficiency and
photosystem Il potential activity under 50 and 100 kg N hm ™ a™' treatments were significantly higher than those under no N
addition treatment of three dominant species. Nitrogen addition significantly increased photosynthetic nitrogen use efficiency
and photosynthetic phosphorus use efficiency of B. ischaemum and L. davurica. The photosynthetic phosphorus use efficiency
of S. bungeana. net photosynthetic rate, water use efficiency, stomatal limitation and photosynthetic phosphorus use
efficiency under 40 kg P,O, hm™ a™" and 80 kg P,0, hm™ a”'treatments were significantly higher than those of L. davurica
under no P addition treatment. Under 50 kg N hm™ a™'treatment, compared with no P application, net photosynthetic rate
of L. davurica and photosynthetic nitrogen use efficiency of the three dominant species increased significantly, and
photosynthetic phosphorus use efficiency of B. ischaemum decreased significantly at 40 kg P,0, hm™ a™' and 80 kg P,O,
hm™ a™' treatments ; while under 100 kg N hm™ a™'treatment, compared with no P application, net photosynthetic rate and
photosynthetic nitrogen use efficiency of L. davurica increased significantly, photosynthetic phosphorus use efficiency of
B. ischaemum and photosynthetic nitrogen use efficiency of S. bungeana only increased significantly at 40 kg P,O5 hm™ a™'
treatments. There were positive relationships between net photosynthetic rate with photosystem II maximal photochemical
efficiency and leal N contents of the three dominant species, and positive relationships between net photosynthetic rate with
photosystem Il potential activity and leaf P contents of S. bungeana and L. davurica were also found. In summary, N and P
exhibited interaction effects on the photosynthetic of dominant species of farm-withdrawn grasslands in the loess hilly-gully
region. The species traits and fertilization levels greatly affected plant photosynthetic characteristics response extent. Such
interspecific variations of nutrient use in response to N and/or P addition are favorable for maintaining the diversity and the

stability of the grassland community.

Key Words: farm-withdrawn grassland; dominant species; photosynthesis; chlorophyll fluorescence; photosynthetic

nutrient use efficiency
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BT, A P 2 K R R S R AR 4R A C R C W, 15 BRSO R 4R A CfiER, NI,
AWFFELLIX 3 T WL SR AR Gl i DU 538 3 ML SR AEAS [FIIC e BB N T 9066 AR B2 0 i 4
RIOCSBU S 7 Bl & 55 RN [RGB A B0 U S 0 ) o I3RS AIE 45 2 S, DAIDIOh o 4 b
DX R A R PR S Ao e v A I A B s B R 2 A

1 #MRERHE

1.1 W5 IXHENL

TG DA T P 45 90 22 17 22 9 DX 4R V) /N 3k, b A #5 +- Fr B V) 8% DX, Ja 8 Tl vty e 52 R i 1k 2 XL
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Photoshop ¥ [ 7 4L B 5 | 75 Image-J 715 H SEBR G A 0 T8 R, 4 2K 45 0 i1 AR E S A 6 A& 8 ( CIRAS- 2
remote control software) FEATHREE I F WA K 43 F FHRCR (WUE, |, umol/mmol ) = Pn/Tl_[m s AALBRGIME (Ls) =
1-c/c,’>,
1.3.2 MRERILHSH

Fe T 2280 R AT WRCR AL Handy PEA (3£ Hansatech A #]) , 7EM & A S S5 | k%
[Fi] — LRI A2 S RS, I P 5 B I e A I 5 B 30min ( & I - Bk sBEE I ik, 24 i R K/
BF 4 B I R I HE LR s 3 1 e [ FLIR) o DU 4R bR A& i S BRI UR 9 (Fo) e RZEHE(Fm) (PSTT i
KICAARR (Fo/ Fm) F1 PS ARG (Fo/Fo) Y BEACEE 3 REL A
133 MREA B

FEM OB RS2 H0M 2 25 15 , R 4R R — BRAE P AH [R5 S—6 Aot o1 [ B8 Ay ml 50 sl
FIF R AT A4 48 FEERE 750D ARPLEE ECAA REIF A Image—) tHE M IEBUS K 5 BT 105°C 4t
AT 15min, 75CHEZEIET (0.0001g) . M H R MM400 1= 18 2 2H 21T 1 ( Retsch, 5[ ) BFEE | 28 H,S0,-
HCIO, 1 S5 1 4 A LG E A AL (FOSS- 8400, 7442 ) Ml Mt A & it (N, ) o R AR L 83 (UV-2600
ST WL R, BAS) Mg M i & i (P ) o MR BRI AR BE[ N, , g (N) m™ RIS 17 FR 8%
SR P,.,g(P) m 24 i B A S (N, e/kg) FIM B BES & (P, e/ke) 5 M TIFL(SLA)
A HCAE, Herp SLA Syt St i FEZ ., SBEE A HZCE] PNUE, umol (CO,) g(N) 's™ T RIGA#EFIH
RCR[ PPUE, pmol (CO,) g(P) ™ s™' 45 EA#ER (P, )5 N, M P, WHE " ) HRARS 51 H .

N,..=N,../SLA (1)
P, .=P. . /SLA (2)
PNUE=P /N,,.. (3)
PPUE=P /P, (4)

1.4 Bt

FIFH R F 7 2253 BT ( One-way ANOVA ) 3 5K 35 45 48 AR (OB SRS S50 0S8 LG A B A
FHBCR) TEA TR AR BRI AL B R 1922 5 8 P (P=0.05) . FIHIRLA 207 225047 ( Two-way ANOVA ) 43 Bil 46 16
RBEIS NN B 58 FAE IR AR SR R () 25 57 0280k . SR IR G 00 E 3 3RS PS [ R JOBik
RORM PS INEAEWE M LA B ot & R 5 A m A 7 85 M A O R . SR T SPSS 20.0 Ab %,
OriginPro 2016 24 &,

2 HREH

2.1 SGEAIRHE

A1 AT, BRI, SE RRA 5 BUSARE Y P HE ARt IR 35 T (P<0.05) . FEFREE) P,
TE N50 1 N100 b3 a] 22 3R B3 155 AR 7% P76 N100 R 52 5 T NSO AL B (P<0.05) , K125 P,
{AE N100 T & 2 5 FARMACAL S, BB T |, fGA S BSAR 1 P, AR IE i 235 0, H P40 F1 P80
Ab PRI 2% 5 1 25 . A NS0 FIN100 4B BRI R R TR P OS5, fai i &5t m Tk S
BRI P, ,N50 20T P40 F1 P8O AbFH[H] 22 5 i 3 | T N100 T P40 1 P8O AbHI[A] 22 e AN 3 . AW
T 2R B PAg A 3 e 1 Bk 2 B A G il 25 R )

FUMMRAS T 38 5 BT TR B TRt A e 25 84, 5 N100 2315 F N50 Ab 3 ( P<0.05) ; FIEH

http ; //www.ecologica.cn



5458 JAE = 41 4

RSB TALAE N100 N B3 8 TARMALALFE ( P<0.05) , 43 5 R 5 & 2.13 Fil 1.54 /%, BOMBERINT , (1
LR TG E AR, KRG L AR (1) T 78 P8O Fl P40 4bFH R 34 i FF#AK (P<0.05) . N50 F,HF
F KPS EORIE G BUSRL 0 T, X Bt il 2 G, e AR R PR Y TAE P40 T P8O A B[] 2
SEARNE WA S B A A T e A HE A 22 53 3% (P<0.05) ;N100 T, (30K 2 B A T/ T it e i 2 1
i, 5 P40 F1 P8O AbFHA] 25 5 2 (P<0.05) . ABEA XS 3 LR T 28 HAEHY B (P<0.05) (Kl 1),

R/ (kgP,Oshm2a') CJP0 [ P40 M P8O

H¥H Ktk ik HERT
35 [ N#*%(203.9) [ N*H(60.5) [ N**%(63.1)
L 30 PrE L P*(9.5) L Prr(134.4) "
e NXP**(17.0) NXPns e NXPin.s B 3
‘E@‘ g (I\lm 57 I Aab Aa Aa I
Z&g g 20t Ab i Bb Ba
s E» S | Ac L b
80 151 4
ol = ce
£E 10¢ L
% < 5t L
0
20 1 (125 4) [ N®%(76.1) [ N**5(73.4)
P*¥%(19.2) Puns. i P¥¥%(21.6) aa
o 15 | NXPH*(104) P NXPEEY) ‘e | NXPRR(16.0)
57 Aa Ab Ba
M oea B Ab Ac 5 Ca
7&(% g 10} A i - Be = F A pe ABe <
B3
i ] g Ab Ab Ac
<
o m | |
[_‘ ~
0
4.5 NERE r sk r g
(17.4) N¥¥%(29.2) Nns.
PFR¥(15.3) P***(16.0) P*¥%(27.2)
2 N><P***(42 N NXPns. NXP¥(5.4)
@.é g 301 oa s L A
E5E . B A ¥ ab
= 9 = Aa Aa Aa
&2 § 15} O I v o - B =
®¥ET Ab Ce
=
0
0.7 r N***(SS 9) P***(76 1) r N***(] 1 .7) r N*(4'6)
0.6 | NXP***(68.0) 7 L Pns. L ;;;* .
i A3 Aa Ba Ba I NXP*(3.3) | Aa @
Aa
m .S Aa - Aab
=5 L Aa L Ab
=S Aa A Aa Ab Ab
= E AabA? Ab - Bb
=5 r Bb i
NS
rs L L
g
= L L

N100 NO N50 N100 NO N50 N100

Ab¥E Treatment

B1 AREEBERMAET=MABEYH SRS ER FBEE KSHRARNEMSFLRGE
Fig.1 Leaf net photosynthetic rate (P, ), transpiration rate (7, ), water use efficiency (WUE) and stomatal limiting value (Ls) of the
three dominant species under different N and P addition treatments
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Fig.2 Relationships between net photosynthetic rate with Leaf N and P contents of the three dominant species
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Fig.3 Initial fluorescence, PS II maximum photochemical efficiency and PS Il potential activity of the three dominant species under

different N and P addition treatments
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http ; //www.ecologica.cn



B
e

5462 2 SO Eire 41 %

3 e

SRS S BTG A A A I FEAFAE ) Herp PR SRAERI Y A VR R /NG B A, A
YT AR i A S AR AN AR PR M R P RBE S IR R R O ARG R B A AR IINR, 12
FOFIIA L BUSHAL 78 N50 F N100 0BT 1 P, 35 8 2508 TR AL X B, HL 1 SE 500 P, 78 P> A4S Ak 2 )
ZEFARRE R TERLR) P AUAE N100 ARFEH 2 /5 TR XS iR, SRR AR C, ) 2 A AR AR
TFHIAA RS RE P, X ] BER 1SR CO, & AR ML HH A 48 A9 Rubisco 16 MR ATEC ™, N50 1 N100
AEFETR 3RS AT P, RN LA AL B R 22 57 B 3 X T RE R AR IR MO T HOE A R S A
BE L= (18 5y, BB AR I T  A0A S SR TR P, BN, UL ELA [ EURE AT 038 1 LA T R
AN AU BB R T RAR GRG0 P, BRa IS 0T T S RMEYI P, X 5 PR
RER YA R A SR AR AL BRI A T RTRI R B P, 5 R U R 2 TR A A S A A 22
ST ORISR EW R P S N, RIEHE KR REE P A, RS AR R P
N AP, PR B EIEAHCER (E 2) , LB S i s B s, 38 o 2 = AR SR i 5 s i i 5 s 1 m
TP, HEREM PSP, T X TR B TN C Y 2 LA T ) Rubisco BERCR N 41
A PPUE, 43 B0 BB TCA 4l R BT PA e hy P00 AL PR RS B TR P, 5
P, AR | 3 0] B T 05 R RRNS AL U8 1 B A 7 45 98 R B vR AR g 1 RUBA R, B T B R
A RES™

A A RSN BE TR AL G A FNZEIE BOR | UE T2 IRAR ) WUE, > ARHIFSE i, BB I R R
A EEIAC T T AT P RS/, 512 WUE, B 22T A 2F 5 WUE fU/E NS0 A3 R B 242 T+, N100
AP AR WUE, BRAGIE T 28 M R IR R . 2R INF , AR R S 1Y WUE, 2 i T AR B & P S
AAXTEEARAY T FTE, HoA MK 7.5 C RE e i i i A BEL A ASCFLBH 0 5600 BB S i 3k 1% BLE A 7
WUE, {9 8 E R FHEHE T P a3 EE s (B 1) . BRI, = A E3AF A Ls B0 B4 0 F AL A 2 F A 1
HEAKCT Ls B30 FBEA I F = MEHRh P T G — A8 L M A | 26 B U VS 0 1k 52 ) 25 19 3 SR T
AFLIR N Z s e A RE

RIS INAE B A6 A VE 0 R Bsf S 0 A = A 5 o B gE R 3 BB R I A B PS
I 207 s YA 23 R AR TR P B R, B Fo FRAIAN Fo/Fm 5 Fo/Fo WIBEIN' , ASBF 7 oy, BAoph 2 ok i
WINE AXAEFRY Fo W E BT Fo/Fm F1 Fo/Fo {H¥ 5 35N K 22 FERA & BUSHAL 1Y Fo/Fm Bl Fo/
Fo BINMHYIAN G2 AW C R F 25 PS I SR O X B A8 I A UM 3 T CoR R P ik 1
BT X ATRER T C, M C BRI b 2 B AF e 25 55 L 2R RO P40 Ab 3
T Fo/Fm Fl Fo/Fo 5 PO 257 B3 HY5 PO 22 5 A W3, U it w0 /= vT BEXT 1 =F BOGRE R (L A {3
RES = HIER ™ . P, 5 Fo/Fm il Fo/Fo RIAZS R E I (& 3) 18 BRI B 3 T 4L 85 PSTI
JR H O AR RO RN TG T 3R TR EEH ) AR BB EIR IR =i fh P, PS TG4
FAEFL WUE, = T B & om0 B 0 7 S0 S [R) Vs ot o' & 2 BRARAE S 806 58 HAE
(EL 1), AR BE IE R AN A48 5 =R & A4 BARAE S 80 000 T s sl asom >

PNUE Fl PPUE J&: 3R AEAH M A A BRARAE AU A B A B A S0 A PR B T i1k &
WA BE 7, MU B2 v AR R B 88 (003 S0 AR HIF 28 ) NS0 T N100 Kb 3R P 2 B 1A 12 BLBIAS 1Y
PNUE #1 PPUE /i1, H H=F51#) PNUE #1 PPUE 7E PR A AL BE T 23 1) ik 2 BB AL 719 1.58 ,2.17 #01
1.88 .1.92 1%, Uk A 4 A A I 5 T WAL SAFIOE A EUR FHZCR A ik 1 BB AL 7, 156 7 A T AL
RS SFECHLE S NS0 A N100 Ab3E R K501 PNUE 5B A%, 2 T3 P AHIL T N, 30iE RN, 5]
RAFE C, 1 C AP BB RIS AEAE 25 5 ISR BC T 2R THYOLE R, Kt R T 2

http ; //www.ecologica.cn



13 1 BB 2. 2 b DGRBS s RS DU i 0l 45 A BEOGH U 5 I ) i 5463

ROBETICA RGLUSNS T (Andniare) ) BRI F OGS 2 B # A% F /9 PNUE 1 PPUE 7£ P8O Zb# 4
FU T oA it AR Ak B G 3 38 A, 3 USRS IS s 2 LSRRG P, N s TR 0 45 1 A Rl
PNUE # PPUE 22 5% 3R], (I E RO 3 BB AL PR B Z A R B EDE A RGN, MK R T2 AR
BT A R G SNBSS0 R g IR R A o>

FUBERCHE T, NSO KLFER , bifi 2 bt W Fe 335 i = AN OE 38 Fh PNUE 32888 A, ELIIAS R AR 4 18 hin e 5 K T
TRHEYIA S R T Hh R R A EE B PNUE 76 N50P80 4bFE R & 35 i KA ; N100 AbFE T, =4
PG A RESIAH EE T NSO AbBE R 2R &34 , H A £ 7R 2 1) PNUE 7€ P8O AbFE R B FRE(E 5) ., M
YA RETI MFRAT ISR K S ,NSOPSO & 4 i L SRl A BE 1 3R 40 R FIRCR M S AR 4L A . R it AR ) A
WA R B SR W B R A 5 = AN Ao U A 22 S AT OG5k Tl 2 S5 e e B 5 3 8 D B
FRA R E Y A B TS SR AR R I T T % R, U 3 R o A ) T B s A
WA

4 #ig

FEWEAS IS |3 A PC SR iE o 1 et 7 Skl 5 e, AL T ALY RE A PS ILTE A, B 1O A RE
71, Horp HR R RO A USSR S BOM I 5% 3OS B0 RS A R B v TR s & LR 1, 0K
B AR O G U SS S RO WS N A SRR B2 w8 T AR P3RS I B R o &
B TR FEE A e R A B BT A A R B SR T R ORI S R E, GE A
SR Z P T AR 5 B T BB B IR DL =AU R DG S B A IR, =Ry &
A BRI 6T SR AE A 00 6y o -5 49y o R A R JIEL AP 56 . NSOP8O 24t i L RO & 8 1 AR 20 M IR 11
AR A, BIRSERIERIA E SR A TP w5 R MR D3R Bt 5 BB T, 00t M £ ey
Mo A=y i ) AR BRI 5 AP DL SR G A PR A X SRURA A o 7 2 S5 2 R BRI A8 A AN (] 201 14 A P 3
B, AN TR TE G5 A BRI 7 1 14 22 S 1 2 BUOOT IR B e i Pk 52 o e P 4B E TS AR PR AR E 1 B
AEEFL,

£ 3L Hf ( References)

[ 1] Zhang LY, Tian M, Peng C, Fu C, Li T Z, Chen Y, Qiu Y, Huang Y M, Wang H B, Li Z, Yang F M. Nitrogen wet deposition in the Three
Gorges Reservoir area; Characteristics, fluxes, and contributions to the aquatic environment. Science of the Total Environment, 2020,
738 140309.
[2] Liang T, Tong Y A, Xu W, Wei Y, Lin W, Pang Y, Liu F, Liu X J. Atmospheric nitrogen deposition in the Loess area of China. Atmospheric
Pollution Research, 2016, 7(3) : 447-453.
[3] LiY, NiuSL, YuG R. Aggravated phosphorus limitation on biomass production under increasing nitrogen loading: a meta-analysis. Global Change
Biology, 2016, 22(2) : 934-943.
1 VRIRAE, R AR SO IR AT TS . B AR A AR, 2004, 15(3) : 511-516.
] Holford I C R. Soil phosphorus: its measurement, and its uptake by plants. Australian Journal of Soil Research, 1997, 35(2) : 227-240.
(6] I, XUER, FHE, 87, XIRA. TR R T A IR X R B AL, AEA854R, 2019, 39(22) : 8615-8629.
] RGAE, BER, PRI, MR, FEWRE, WU, XUE, Ein. FASI P 5 IR R R S RO AR I S R A A A S
2017, 41(2) : 196-208.
[ 8] Naeem M, Khan M M A, Moinuddin, Idrees M, Aftab T. Phosphorus ameliorates crop productivity, photosynthetic efficiency, nitrogen-fixation,
activities of the enzymes and content of nutraceuticals of Lablab purpureus L. Scientia Horticulturae, 2010, 126(2) : 205-214.
(9] hse, #HbE, 220, WO, SR, sk RIS FE 5 A AR Y 2h AR EO AR A& M RO SZ . 25272k, 2019, 38(5):
1276-1284.
[10] MRz, B, A8k, 413, EN. EBEE A AL =€ 5 ) 4 SR MHE A T I RHME Y Rs2 . LR, 2010, 29(6) @ 512-517.
[11] Ghannoum O, Evans J R, Chow W S, Andrews T J, Conroy J P, von Caemmerer S. Faster Rubisco is the key to superior nitrogen-use efficiency in

NADP-malic enzyme relative to NAD-malic enzyme C, grasses. Plant Physiology, 2005, 137(2) . 638-650.

http ; //www.ecologica.cn



5464 JAE = 41 4

[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]

[26]

[27]
[28]

[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]

[37]

[38]

Schmitt M R, Edwards G E. Photosynthetic capacity and nitrogen use efficiency of maize, wheat, and rice; a comparison between C; and C,
photosynthesis. Journal of Experimental Botany, 1981, 32(3) ; 459-446.

g, MR &, RS, B, BFE, T8, WAL b B XA BRI DR Ah oty D AR MR X A A I (o ma . R AR 2
1%, 2019, 30(11) ; 3697-3706.

Hidaka A, Kitayama K. Divergent patterns of photosynthetic phosphorus-use efficiency versus nitrogen-use efficiency of tree leaves along nutrient-
availability gradients. Journal of Ecology, 2009, 97(5) ; 984-991.

KAV, 220 3, A, MR, 4 2. BT B v o R 5 AR SRMEY M AT EC. P AEZSAER, 2010, 34(9) ¢ 1025-1032.
Zheng F L. Effect of vegetation changes on soil erosion on the Loess Plateau. Pedosphere, 2006, 16(4) : 420-427.

Sasaki T, Lauenroth W K. Dominant species, rather than diversity, regulates temporal stability of plant communities. Oecologia, 2011, 166(3) .
761-768.

XuB C, Xu W Z, Wang Z, Chen Z F, Palta J A, Chen Y L. Accumulation of N and P in the legume Lespedeza davurica in controlled mixtures with
the grass Bothriochloa ischaemum under varying water and fertilization conditions. Frontiers in Plant Science, 2018, 9: 165.

Chen Z F, Xiong P F, Zhou J J, Yang Q, Wang Z, Xu B C. Grassland productivity and diversity changes in responses to N and P addition depend
primarily on tall clonal and annual species in semiarid Loess Plateau. Ecological Engineering, 2020, 145; 105727.

A, SRR IE, SO, T, HSCIE. Pedb R VA AR X IR T L [ SRR R R A 4 G R S B 4 25, AR S SR, 2008, 28 (7).
2981-2997.

XN, Sk RE, FRlE. EBEAINR AN R IR B R AR REE 2 LA RRIE A . K - ARIFAEHR, 2017, 31(2) : 333-338.
FoH, XNEB. EWRK RN RS ATFEHE R, KB RE, 2000, 11(1) @ 99-104.

CSCHT, BRTE, M. KoM TR R R A IS FUREAESALIR . A A B2, 1995, 31(4) : 293-297.

TRSFATL MR POCE NS E X e, FYEEA, 1999, 16(4) ; 444-448.

e, RFEE, L5, e, M, WeAHE. BBt i 20N AR 2 R R 4l A 2 TR AR SRR A S A SRR,
2016, 36(21) : 6777-6785.

FAM], FEMR, BRI, EAE, WIRE, ZEE SC KA TR L ORI O AR SR RS SRR O S s b A2
Bl A, 2017, 25(2) ; 239-246.

R, FHR, NG, SPRE. BBEILA X I AN 2R B il PR R VOERDG G 3R M. Mol R, 2005, 41(4) @ 31-36.
THE, MehE, Ry, B, IREE, rigAR, THSE, L2, SUniE A A £ ARKCOE X R M R AU S R OB S R
Wi A A5 2R 2Rk 2019, 38(3) : 710-718.

Hidaka A, Kitayama K. Relationship between photosynthetic phosphorus-use efficiency and foliar phosphorus fractions in tropical tree species.
Ecology and evolution, 2013, 3(15) ; 4872-4880.

BT, BAEFE, BGUR, R, k. YK R RCR XTI E T AT . TP EVE, 2009, 29(4) : 648-655.

Farquhar G D, Sharkey T D. Stomatal conductance and photosynthesis. Annual Review of Plant Physiology, 1982, 33( 1) ; 317-345.

EEE, R, T, RS ASIRIREK B S IR HE T B AL 4 AREOR S5O A A B AR S RHMIE S A R I . SRR, 2013, 33
(14) ; 4226-4236.

Shangguan Z P, Shao M A, Dyckmans J. Effects of nitrogen nutrition and water deficit on net photosynthetic rate and chlorophyll fluorescence in
winter wheat. Journal of Plant Physiology, 2000, 156(1) ; 46-51.

Guidi L, Lo Piccolo E, Landi M. Chlorophyll fluorescence, photoinhibition and abiotic stress: does it make any difference the fact to be a C; or C,
species?. Frontiers in Plant Science, 2019, 10; 174

Marklein A R, Houlton B Z. Nitrogen inputs accelerate phosphorus cycling rates across a wide variety of terrestrial ecosystems. New Phytologist,
2012, 193(3) : 696-704.

Fujita Y, Robroek B J M, de Ruiter P C, Heil G W, Wassen M J. Increased N affects P uptake of eight grassland species: the role of root surface
phosphatase activity. Oikos, 2010, 119(10) ; 1665-1673.

EIG, SRR, TR, X7, A4, B, K. BUUATIERMBER I AR A S AR . A S5k, 2019, 38
(2): 368-375.

Ik, mE, A, Jetim. RVEEIEE A E HRRDEE AR BRI, MY %, 2018, 42(6) : 672-680.

http ; //www.ecologica.cn



