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Effects of soil microorganisms on chlorophyll fluorescence characteristics of

invasive Triadica sebifera with nitrogen deposition
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Abstract: Plant invasions cause damage to both function and stability of invaded ecosystems. Compared with plants from the
native origin, the invasive origin plants are different in physiological characteristics, which make them stronger in
competitive ability in resource utilization and environmental stress resistance. The chlorophyll fluorescence characteristics

are closely related to photosynthetic efficiency and play important roles in plant growth and expansion. Additionally,
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increased nitrogen deposition is an important factor of global change, while soil microorganisms are crucial for plants to
absorb and utilize soil nutrients. By application of soil microbial inhibitors to control the activities of bacterial communities
(by streptomycin) or fungi communities ( by iprodione) , study on invasive plant Triadica sebifera was carried out using pot
experiment to understand how different microbial communities affect the chlorophyll fluorescence characteristics of T.
sebifera from both the native and invasive origins under the background of simulated nitrogen deposition. The study will be
helpful in understanding the evolutionary characteristics and invasion mechanism of invasive plants, and provide a
theoretical basis for effectively preventing and controlling invasive plants, reducing their damage to the invaded ecosystems.
The study was performed using a nested design, Triadica sebifera was used as the research object with two origins, including
native and invasive origins. Under the condition of nitrogen deposition, the difference in the chlorophyll fluorescence
parameters of the two origins of T. sebifera were investigated by regulating soil bacteria and fungus. Results showed that,
nitrogen deposition significantly increased the relative chlorophyll content ( SPAD), the maximum quantum yield of
photosystem IT (F /F, ), non—photochemical quenching (NPQ), half-satiety and light intensity (I, ) of T. sebifera. The
invasive origin of 7. sebifera had lower SPAD than the native origin. The combination of nitrogen deposition and bacterial
inhibitor significantly enhanced F /F, , NPQ and I, , and significantly reduced light energy utilization () and the SPAD.
The bacterial inhibitors decreased the native T. sebifera o.. Fungi inhibitors promoted I, of the native T. sebifera and inhibited
I, of the invasive T. sebifera. Nitrogen deposition, biological inhibitor and T. sebifera origin can act together on the PSII
actual photosynthetic quantum yield Y( I ), o and potential maximum relative electron transfer rate (ETR, ). Therefore,
nitrogen deposition and fungi inhibitors had a synergistic effect on the chlorophyll fluorescence characteristics of T. sebifera.
The invasive origin of T. sebifera had no obvious response to the control of soil microorganisms, so it still had a strong

adaptability under the control of microorganisms, and thereby had strong invasion ability.

Key Words: chlorophyll fluorescence parameters; nitrogen deposition; bacteria; fungus; plant invasion
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AWTFER G S5, 30 i AL bR AS A PR - S TR A e 0t SFE 3R 2E 0y (A T LT o 5 ) |
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AR R AR DA AR PR T8 AL RS B A ORI e A . X6 RS T B AS BRA S BT A BIL
H(4.41£2.19) g/keg, AT H(1.3320.19) g/ke, # AR (NH,-N) & 54 (1.12£0.18 ) mg/kg, i & A (NO; -
N) & (1.24+0.42) me/kg, W55 54 (0.32+0.03) g/kg, pH 5.26+0.01,
1.2 SiFh - REMF |

2018 4F 75 A [ (7 1l ) FSE [ (AR HL) 203 R4E 4 ASFIEER) ZAAFNF, 3L 8 ANFIEE (R 1), FFh R
BN REE T 5—6 BRI, 2019 4F 4 F 4y BEAT Sy A FR IR 4328 | B B 0T 1A) 30 Aok 5 i 28 1R UK i - R ORI
e, AR 207N HRXT DAL AT RS A (40 d Zi4y) o SRR m AT 9 S AALT Y B AL B R R S N ) A A
(RFR 2 L 3 . 1.5 kg) ',
1.3 SLEiit

SR FHRE T, A BT (4 8 VS RS , AT Kb B (X I8 VS AN 0I5 ), B AR BE (IR VS,
FLRAMEIR) PR ™ 1 VS AR M) R R R S 1R 4 R, 3k 2x2x2x6x4 =192 A4, Jiti
KNO, BRI 8 ¢ N/m> BT, 43 UEA , B ANA 5 mL (F24F 0.03 g N/kg 338 ) 5 2051 190 ) 571 4 FH o
JER 3 o/kg BERF R ALY B, BRUUA S mL AR ; LRSI R R 1g/kg MR AR TR
SIPUCA B 5 mLRAK

F1 FRASEMEHESHES

Table 1 locations of native and invasive Triadica sebifera populations used in the study

ki E23 iz ki £33 4
Population Longitude Latitude Population Longitude Latitude
H1E China VLT 117.12°E 28.45°N & [E USA Georgia 81.01°W 32.01°N
1L 118.37°E 31.23°N Texas 95.03°W 29.78°N
WL 118.20°E 27.12°N Louisiana 93.15°W 30.23°N
i} 110.45°E 24.80°N Florida 82.22°W 29.35°N
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K SPAD-502 Plus M2 Z 0 5E {% (KONICA MINOLTA , Japan ) A7 4% 48 25 & B (SPAD) Wl 22 , I &
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1 pmol m™ s7") , IR B R B AR DG B LLG TRAEM B B VER s B T — D2t [ 4Ch 0.2—
1.5 P A1k o ( Saturation Pulse,SP) , IEES PSIT AR HE TR0 PQ 4308 i (R T T adBe M) , 0t
22 BTN, 432 Ak Ry i 2 22 5 RN #R i 5 6 IR B fe KAEL F,, 10 S W38 N 5 i e K96 F
@ PSIEEPREE T TR V()= @y =AF/F "= (F,'=F)/F," AU T HEOERE S, 18 PO i R
U, BT T AT . BER 45t — MR AT o, A58 b FIF S B 7 T R AIZH TR A1
MR R T SRR PO S B 2R R POGIEAE R F' i TR K o 2 BT S A 20 E
R F, TENARCIRET, R ER T T oA, L Semt o6 F e FOBAR, SE S kR T 9K
(quenching) , MHERER TG 5 TR (K FTLAEYEAE R P3G s R, tu ] DL BRI 3s m 5 12 . il
FeEVE RS B 2B KPR 2 Ak 24 8 K ( photochemical quenching, qP ¥ qL) , FHIAFERLS | A0 9¢ Y 13
KFRZ MAECAL 2P K (non—photochemical quenching, gN % NPQ) . B s G [y {28 € - #f i 22ad 78
A3 BRGNS Y5 B 4390k 1.7 .41 141,277 510,873 1377 ,1963 pumol m™> s™' (B4, A5
B AL BR S EF1E] R 10s, {1 FH PamWin- 3 84, >R Eilers Fl Peeters (1988 ) 42~ X 47 PR e g 107 it £ 1%
A PE AT .

PAR
a X PAR> + b x PAR + ¢
ARXT L FA% 38 2R (ETR) B0 : pmol m™> 8™ A A RS (PAR) , B0 ; wmol m™ ™' 5 PRI SE L 1%
IR (o) WETE BRI W TR A (ETR,, ), B0 umol m™ 7' 2PHADEIR (1) , B4 umol m ™ 57"
1.5 sk
fdiJH JMP 9.0( SAS Institute,, Cary ,NC, USA ) B A4F #4710 X Tk 5 22 43 B, K AT | 200 11 R0 L o 410 1)
) IR [ LR R A AR IR E R . 2 H HHBCR ] Tukey 253E4T 2R H] Origin 2018 2[5,

ETR =

2 H#R

2.1 AHXTAHSRE i SPAD

ST HRA L, BT SPAD HA 35 TE R0V (+7.04% ) o TERDIRESAET , S IEAH F , 405 | EC
R LA S A2 RIS BARE X SPAD ¥ HAG W25 78500 (-10.78% , —7.35% , —1.69% ) ; 24 b A1 L B 111 il 54
A& FLAF A5 LR IR AR B 3 IR0 (+6.10% ) , 5 40 B 41 i 570 AH LA IE RN (+10.19%) 78 41 T 711
HlFZAET , DTN BRI 70 0938 AR R S5 R OB L 2 35 508808 (- 10.19% ), 5 B B 410 il 570 A1 He
HA BEIERDN(+6.10%) . FEEEIMHIFRIZM T, ZUCREXT SPAD HA B3 B0 (+1.73%) , B UL A0
PRI A 22 AR T 5 A2 DT AR b B A 2 5RO (- 6.10%) , 5 4 B 40 il 77 AH b 2 A 0 3 E &80
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(+10.19%) . JE7=Ho S HAFH FE AR AR E A B ) SPAD(+15.88%) (K 1,32 2)

R2 RN AEERMEENHFIXFEMEE(FR) SHMHEERRSE(F,/F, . Y(II) NPQ .« ETR,, ) FIEXI A £ E & 2 (SPAD) B3
W75 2 53 47

Table 2 The dependence of chlorophyll fluorescence parameters (F /F,, Y(II), NPQ, «, I, ETR ) and SPAD on Triadica sebifera

population ( origin) , nitrogen deposition (N), bacteria inhibitors, fungus inhibitors and their interactions in ANOVAs

PSII 9Bk TEFE RIS
PSIL KRB TR SRET7HR - 4 LR 55 5U S SR 1Dt
- i ERIERT AR TR PRADER e
fbE F PSII maximum PSII actual . : Potential maximum  Half-saturated !
Tres ) . i - Non-chemical Light energy e . e Relative chlorophyll
reatment df quantum yield photosynthetic fine (NP e relative electron light intensity SPAD
(F/F,) quantum yied quenching (NPQ) utilization () transfer rate (1) content (SPAD)
Y(I) (ETR,,.)
0 1,240 0.01 1.59 2.08 0.85 1.65 2.87 49.04 "
P[O] 4,240 4.90** 8.12** 5.34% 19.63** 9.55** 8.52* 8.85*
N 1,240 0.25 2.68 6.72" 4.58* 1.31 468" 10.49 **
B 1,240 0.05 0.80 2.96 1.40 2.92 11.37 " 0.56
F 1,240 1.62 0.17 0.50 0.18 0.12 0.25 0.42
0*N 1,240 0.20 2.37 417" 0.70 0.60 2.08 3.30
0*B 1,240 1.36 438" 6.57" 9.61 %" 2.61 1.59 2.65
0*F 1,240 0.77 0.01 0.25 0.01 0.59 2.67 0.01
N#*B 1,240 479" 3.30 4.67* 6.31" 3.60 0.00 0.33
N#F 1,240 0.95 0.93 2.86 3.41 0.01 2.14 0.04
B#F 1,240 0.24 0.10 0.01 7.04" 0.99 2.71 2.12
0#*N#*B 1,240 248 0.11 0.13 0.61 0.04 1.37 1.35
O#*N#*F 1,240 0.01 0.01 0.43 0.23 3.11 6.25" 0.66
0*B=*F 1,240 1.48 0.01 0.67 0.23 1.92 1.61 1.29
N#B*F 1,240 0.02 2.5808 2.65 1.919 5.88" 0.89 7.85"
O*N=*Bx*F 1,240 0.10 5.49* 2.92 7.14%F 9.07** 0.65 0.04

0. fhiE 011';;in;P;ﬂ‘ﬁ}‘é Population; N AU Nitrogen deposition;B;?Eﬂ I Bacteria inhil)itnrs;F;ﬁ[iﬁfﬂﬁﬁJ bl Fungus inhibitors; # , 0.01<P<0.05, ** , P<
0.01

22 F/F_ Y(I)FINPQ

TE F /F, J5 0, 5% BEAH H, 00K 20 B8 30 500 A KB AT =2 18] A 58 A A LA il 38 IERU (+1.67%
1.41% ,0.76%) , £ NPQ J5 I, LIS A UTRFEE 2 40 A 6T NPQ 22 58 1 2 | {HU2 AR DTR 55 240 v 410 o 55
B EL AR FH A5 0 BE 200 B 390 i) 50 AN U TR AR L, BB LA 8 35 1) IE RN (+74.55% , +85.84% , +60.91%) , AL
FEXT AR E5AA NPQ 22 5 AN 03 N AS L 4546 NPQ 778 1 3 IE A (+83.49% ) . SxF BEAH L, AR S5
AU 2 RA B PR R TR T, 5= S 5 AR SAAH LA AE 35 E A (+51.37% ) (& 2,
#2).

FE Y (T0) J5 11, F2 252 AN TR] AR Fp R, 40 B 400 i 590 R0 R I 00 52 B T, 000 200 B0 RIT 20 11 390 o1 390 R e U
B S AR B (P 3,26 2) o 40 B 0 T 410 ) 390 ) I 7 M X A EL A 00 385 T 38807, 400 B 400 it 5] AR SR B 1)
2 A FHOT T il S b ELA S 0000
2.3 MR L (o 1 F1 ETR,,)

S50 HRAH E , BT AR 57 e AT 138 AR R 13 B B ESUY (+9.85% ,+15.52% ,+25.95% ) .
TERTIREAET ARG 1A 03 ERUV (+14.65% ) s TEANBEAMHIR A0 T AOTREAL B 1 HA i
EIERV (+6.02%) (K1 4,3 2) , S5XFREAA LG, AR SAAAH LA Hb A% 1 BAT 3 IE 00 (+4.06%) 5 7™
MR SR TR X L RA B35 IEROV (+21.92% , +11.85% ) 5 J507™ 4S5 A 75 T 1741 1) 590 7 1
X LA 0 IERUN (+27.81% ) (B AR EAATE BN G RIVE R R X 1 B 3 N (—9.28% ) 5 J T b
AR ZHATE R DR S E R IR 38 AR R 1 389 5 B3 R0V (+12.79% , +11.21%) , TER VIR
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Fig.1 The dependence of relative chlorophyll content (SPAD) (meanzse) on nitrogen deposition, nitrogen, bacteria and fungus, Triadica
sebifera origin( meanztse)
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A s RN E TR R AT B 25 5 (P>0.05)

PR B 5 AR AR X 1A B IR RO (+4.75% ) o TEELEAMEIRISAE T , AR AR 5 1
RN 1 2AT 1 25 500 (-26.14% ) s TERDTRE 5 B EMEIF 22 AR, 577 1 5 AR SAAAHE L 1R A
EER(K4,32),

FE o Jr T, EELAZAN R AR, TR 20 BRI i 390 R R %) 52 B AR T, R0 A0 0 o 390 119 28 B
FH 20 08 AL A 3R i 32 BLVE R, S0 | 4 D R0 L B 00 o) 0 RN A R 22 VR RS2 (T8 5, 3R 2) o AT RN
LRI R0 19 5 EL A FHOGT D b S i B S S0, TR 5 40 B 40 ) 7] %) 52 B AR X D b S A R
S RN AR B0 R AR A AT S IR

TE ETR,, 7T, 2B 52 AN A S AAFP | 000 R | 40 T R 5 B 00 1 590 0 5 A T, A DR RO R A4 B 5
PRI 70 22 BAE FH B0 (P 6,36 2) o AT = i M B B 8 BR300, B T 310 A 39 ) AR L 4 L
A 2 AR

3 itit54iR

3.1 RULFEXT LA 2r PR AL A R

HULRERS DA 7 NPQ 1, .o [ETR,, FI SPAD S HAT 35 IEALN (% 2) o B4a 45 il i A A 0T 44
I/ SPAD 5 By 45 70 3 5 e 26 T 484 i BE it - SPAD KB AAED S o it et B i S A SPAD,
AR R B XU RIS R IR B WA S gt Bt SR S i B (RS AR SPAD (AN T
o AU LR E RIS AAm 7 NPQ 1, .« Fl ETR,,,,, , X AT e IR A A Y 28 5 & bt i 4y
BBt T RE R ROCE A I, SESRXDECHI ORI SROCRITH 32 T, e HE O BE B A AR AU A fi AR ) H % 188 3
R, RUTREXT A YD) A 35 22 5, B0 DK 45 Y X AR H 35 i e 26, BUTRERT Y (1) JC 3 2%
St GRS AR &, (EURTRAERAE S S I IR S AR IR /N S K I n RIS R R A2
FrY(I) o PRt SR XA Y (1) B52 0 T e AR i) S AR E AN - S SR O L R A G
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Fig.3 Effect of different treatments on Y (II) of Triadica sebifera ( meanzse)
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