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FHLR B TR SR 27 e WA R R
Pt (&/ke) (emol/kg) (g/kg) (Pe/ke)  (Kg/kg) (mg/kg) (P mg/kg) (K mg/kg)
6.75 20.0 17.2 1.03 0.4 13.3 60. 2 3.1 68.3
*2 WWigt (mg/kg) =, HEEAAXT XA Cd + NO 4T BE, i
Ak cd FR HIZNEXT Cd WME N A28t 4R o HA ZE
CK 0 0 s T4t E b, Cd+ NI, Cd+N2, Cd+N3 4
Cd + N0 50 0 FAH S Cd o+ NO 4 BT 167.92% |
Cd + NI 50 200 196.23% . 150.94% ; %} T4 Z%a+b, Cd + N1,
Cd +N2 50 300 Cd +N2, Cd +N3 ZbFRAL 535 kb Cd + NO 4134 T
Cd + N3 50 400 48.98% . 58.90% . 38.51% , H ¥Jik 3| & Kk
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£ Cd Wl F A2 4838 o, PR R
b, M2t &E a +b 2 5 b X B4 N B 47.22% |
72.82% . 55.11% (F£3), Mahn A [Euk B i &0 H
SEAFEM, *FHEE a, Cd+ NI, Cd+N2,
Cd + N3 ZbFRZH 43 3] b Cd + NO ZH 3% /i1 T 26.95% |
30.47% . 19.14% , Cd+N1 5 Cd + N2, Cd + N3 4b
PR ZFARE, Cd+N2 5 Cd + N3 AbPRL] 25 53 18

F (P<0.05), AFEEKFR2ZESBE, BEk

i, LAEUIEHE 300 me/ kg Z&fifE K, 200 mg/

kg IKZ, 400 mg/ke c55; Cd PHASIET, 2285

M4 b G o AR T IEUR, o2

RIEXT 28 2R 0 G 1 A — 2 By dIE T
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pag:t M43 a M2 b MHegkR a+b
CK 0.485 £0.005a 0. 195 £0.005a 0.688 £0.010a
Cd +NO 0.256 £0.002b 0. 053 £0.003b 0. 309 +0.002b
Cd+N1  0.325 £0.025¢d 0. 135 +0.003¢ 0. 460 +£0. 008¢
Cd +N2 0.334 £0.004d 0. 157 £0. 002d 0.491 £0.004d
Cd+N3 0.305 +0.005¢ 0.133 £0. 002e 0. 428 +0.002e
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M 1.43 F1 1,05 %, H & 20 AL B 4H 22 55 ) 2
T Ci Ml Gs, WAETE Cd + N2 AbF 20 35 2 B KA,
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N1 AZbFZH | 43504 Cd + NO ZH % 1.50 1 1. 21 1%,
Gs F LA PR 22 7 W& (P <0.05), *FF Ci,
Cd + N2 AR5 Cd + N1 Al Cd + N3 b ¥ 7 B
# (P<0.05), {H Cd + N1 F1 Cd + N3 AbFZH 25 5
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AR (P>0.05); XF WUE, 7£ Cd + N2 4b#
KB, A Cd+ NO 41 1.28 1%, Hkh
Cd + N3 Zb3HZ, J Cd +NO ZHAY 1.21 /%, Cd + N1
AEPEZH S Cd + N2 Fll Cd + N3 A Z R B E (P<

0.05), {H Cd + N2 1 Cd + N3 AbFf4H 25 55 K i 2%
(P>0.05), FHULATHI, AEXF Cd Mril T Pn,
Tr, Ci, Gs, WUE UG W& A — & W% %
YEH .

F4 ARREAEXREME T EEEX SR

Ci Gs WUE

( mol/mol) [mol/(m? -+ s)] ( pmol/mol)

5.031 =0. 100a

Pn Tr
Qb3

[ wmol/(m? + s) ] [mmol/(m? - s) ]

CK 8.251 £0.253a 1. 632 +0. 062a
Cd +NO 3.852 £0. 101b 1. 037 £0. 097b
Cd + N1 7.235 +0.207c 1.985 +£0. 105¢
Cd+N2 13.722 +0.071d 2.643 £0.053d
Cd +N3 9.364 0. 054e 2. 117 £0.027e

271.563 +2.005a
145. 872 +2. 008b
218.633 £2.270c
247.596 =1.049d

217.256 +3.754c¢

0.079 0. 005a
0. 052 +0. 005b
0. 063 +0. 004¢c
0.074 0. 004a
0. 059 +0. 003b

2.172 +0. 140b
3.813 +0. 160c
4.950 +0. 120ad
4.780 +0. 009d
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AR AL FRAE X Cd Wil B 25285 Fv/Fm
qP. NPQ. ETR “F9O GRS 25 (RS),
16 Cd WA R, Fv/Fm, ETR 435 e B84 R %
23.16% | 22.22% , WA M5, X F Fv/Fm, ETR,
YITE Cd + N2 A PRA R B KAE, 205120 Cd + NO 41

B9 1.22 F 121 £%, HUCH Cd + N1 ARERZL, 4350
Cd+NO ZH11 1.19 #1 1.10 4%; X} T qP, Cd + N1,
Cd + N2, Cd +N3 4ZbFRZH | Cd + NO 2H M BEZH 22 7 AN
B (P>0.05); XF NPQ, £ Cd MHAZKIE R Cd +
NO AbHZH L AR ZH 18 Jin 93. 88% , 7E Cd + N2 AbBHZH
SRR R R, FE Cd + NO ZHF%AK 33. 75% , Hak
b Cd +N3 AbFRZ, H Cd + NO ZHIRAIR 17. 94%
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NPQ

ETR [ wmol/(m?

-s) ]

4R Fv/Fm qP

CK 0.787 0. 040a 0.972 £0. 100a
Cd +NO 0. 639 £0.019b 1.021 £0. 101a
Cd+N1 0.772 0. 020a 0.983 £0. 100a
Cd+N2 0.779 £0.017a 0.995 0. 103a
Cd +N3 0.761 £0.010a 0.987 0. 106a

0.278 0. 020a

0. 539 +0. 020b

0. 479 0. 010c

0.403 +0.013d

0.457 0. 010c

0. 847 +0. 020a

0. 693 +0.010b

0.765 +0.005¢

0.839 +£0.011a

0.758 0. 008¢c
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Mo ErEIn, UL EEXT Cd Wrid T 25 2 R
m AR R AR A — MR MAE N, Z4 RS
Christos % " AU BF IR 45 R — 3, HAE Cd + N2 (&
NEV BE A7 300 me/ke) AbFHH IR B B KAH, B DA
300 mg/ kg Ze A7 it U P RESEIH AL Cd Bl R 452
FAR MG A, SR =R 400 mg/kg B, B4%
EHEREZ 200, 300 mg/kg B AL AL B T K,
VA 3 2 (0 B XS 2% 2 ) A B RT RE 277 e —E Y
HIVER .
3.2 i EUIE S54RI T %R AR A R
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9 Cd 5 4 T s 2 w it i I, M A UIE vk
J& 54 200 1300 mg/kg BF, M H Pn Fil Tr &4 5,
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Y, AL Pn BY3GSR AT fE 2 i T 2R
TR SRR S R, 1 P B SR AL WUE 42
o MR RN SRS IR, 5 - BiRR
fRm A B RS AR SR A (AR A
WRE L R (400 me/kg) BF, T £ 0375 SRR
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M LA R R S ALE R AL R
P R R I, e AR e 2 B R ARYE Ci AN Gs 1Y
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TEW A A0 T B2 i AL BR 3 i . AR
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3.3 JEAAC SN0 T 452 RO R R
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Z RO RT Fv/Fm (B B E B NPQ X
B 14) 2 R 6 R WAL () Y REAS BB T F A% 38 i LA
P AFEHBE L REFR 2+ 5 qP FoR PSR )
BTS2 AR A (QA ) IR JERARY, ETR &
TG FAL R ROR )

Jiti Cd AbFRHZEZEEE Fv/Fm, P, NPQ, ETR %
PECSHAIREAR, VEI] Cd X PSR I .0 A B SR AR
o AR Rt i AS [/ B2 (200, 300, 400 mg/kg)
MRMG, K268 TR RIZMm, LH
300 mg/kg FYZRUIE MR B Ab BRALC R fie o B3, iR
HEAE Cd 75 % 2440 T xb PS I f2 7 Hhcs LA R 304
i, S5 5E Cd s ™ R RS = Bk 22 R0%

M S RS Cd T5 YR )y A4t Tk
AR ZEL (qN), IS PS TSz i i
TALBRIE VERG R, PR, PS I4b T & BR
BPIRAS, TRWDGH FAZ AR ETR SO #E K
FE (qP) IHTCH B RIEEE AR L, 55X HRZHAR L
TR, WHEIELE Cd 15 5L 4 R AL
P R R AT e T PS IDIRZS TR BRI ZE SR, &
e N 400 mg/kg B}, Fv/Fm, qP. NPQ, ETR %
BB 300 mg/kg AR, 1BXF Fv/Fm, qP 2%
FARE, UHIZHE I E NI IA X PS I sy rh
I, PRGN 7 IFERL, FEIRRILHE
RO, IR XA 2R B N E

g5 LA, i ZAE AR i AL X Cd JirE T 45
PR R A RO E R I 22 5 B DA i
RILRENS A R ZZ i Cd M X &5 28 it oA &R
S, fEEEYPRERI R, 7E Cd T,
Tt FAL P A S G2 R A5 2 37 Cd Wi i RR BE it
200, 300 mg/kg Y RNEHE BE X255 vt |6 A fRE
F1300, 400 mg/kg FAC R BE X 2 e Rtk B B
TR B ZEARAE 1, LA 300 mg/kg FORUNE e 1 22 it
Ve Bk i 2
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Effects of nitrogen fertilizer on photosynthetic and fluorescent characteristics of Zoysia japonica under cadmium stress
WEI Hua-duo', LI Yue', CHEN Zhong-lin', XU Su-nan', YU Ning’, ZHANG Li-hong'* (1. College of Environmental
Sciences, Liaoning University, Shenyang Liaoning 110036; 2. Liaoning Province Environmental Monitoring Experiment Cen-
tre, Shenyang Liaoning 110161)

Abstract: The method of pot culture was used to investigate the proper application rate of the nitrogen fertilizer during the peri-
od of under cadmium stress (50 mg/kg) plant growth. The study was carried out to examine the effects of different dosages ni-
trogen fertilizer [0, 200, 300 and 400 mg/kg CO(NH,),] on photosynthesis and fluorescence characteristics of Zoysia ja-
ponica under cadmium stress. The results showed that different dosages nitrogen fertilizer enhanced chlorophyll contents, net
photosynthetic rate, stomatal conduction, intercellular CO, concentration, transpiration rate, photochemical quenching, max-
imum photo quantum yield, and the electron transfer rate and decreased non-photochemical quenching ( NPQ) under Cd
stress, which demonstated that N fertilizer could release the effect of Cd stress on Zoysia japonica. For the effects of different
nitrogen concentration on chlorophyll content of Zoysia (Chl a, Chl b, Chla + b), stomatal conductance (Gs), intercellu-
lar carbon dioxide concentration ( Ci), leaf maximum quantum yield of PSII (Fv / Fm) and the electron transfer rate
(ETR), it showed that treatment with 300 mg/kg nitrogen was the best, then 200 and 400 mg/kg. For the effects of different
nitrogen concentration on net photosynthetic rate (Pn), transpiration rate (Tr), water use efficiency (WUE) and non-photo-
chemical quenching (NPQ), the result was that treatment with 300 mg/kg nitrogen was better than that of 400 and 200 mg/kg.
However photochemical quenching (qP) was not significantly affected (P >0.05) by nitrogen concentration. It was concluded
that 300 mg/kg nitrogen concentration had the greatest effect on Zoysia japonica under cadmium stress in this study.

Key words: Zoysia japonica; nitrogen fertilizer; cadmium stress; photosynthetic characteristics; fluorescent characteristics





