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Abstract

Highway, as an important indicator of a nation’s economic capabilities and
development levels, has developed quickly with the rapid global economic progress.
In the short span of the last decade, Chinese total mileage of highway has leapt up to
the second place in the world, which has significant meaning to Chinese economic
progress and the improvement of people’s living standard. However, as a large
exploitation and construction project, its negative impacts on ecological environment
are especially prominent. So how to protect the ecological environment around
highway has become a problem which is in dire need of solution.

A large amount of dust could be unavoidable produced in highway construction
processes, such as the building of roadbed and side slopes, road paving, and etc. The
component of the dust in construction of highway is very complex, and it can be
diffused widely. Dusting could cause damage not only to the normal metabolism,
morphology, growth and development of vegetables, but even to plant communities.
Up to now, there were little studies on the responses of the stomatal conductance (Gs),
the net photosynthetic rate (Pn) and the transpiration rate (Tr) of plants’ leaves to long
term treatment of dust covering. Moreover, when choosing the greening plants, it is
always only taken into account the plant’s dust catching ability, but ignored the
physiological change under dust covering would adversely affect the dust catching
capacity of plant’s leaves.

In this research, the dusting stress in highway construction field was stimulated
and the related physiological parameters after long term treatment of dust covering
were examined in 20 sorts of plants which were chosen from native plants around the
highway and the common greening plants. It was found that the net photosynthetic
rate (Pn) and the transpiration rate (Tr) were both inhibited in most plants’ leaves.
Meanwhile the stomatal conductance (Gs) of leaves was reduced, too. The decrease in
Pn by dusting in plants such as Ginkgo biloba, Pinus thunbergii Parlatore,
Pittosporum tobira and Jasminum nudiflorum was mainly due to the inhibition of
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stomatas; but in plants as Forsythia viridissima Lindl, Berberis thunbergiicv.
artropurpurea and Jasminum mesnyi, the decrease in Pn was mainly due to the
inhibition of photosynthetic capacity in mesophyil cells. Moreover, we found the
resistance abilities of frutex vegetables to dust covering stress were generally higher
than that of arbor vegetables; plants such as Firmiana simplex, Platanus orientalis
and Rhododendron simsii, which were not only good at dusting-catching but also
resistant to dusting stress, could be applied as effective dust-catching plants. But
sensitive plants to dusting stress, such as Ligustrun lucidum Ait, Platycladus
orientalis and Koelreuteria bipinnata, should be chosen as greening plants only under
certain conditions.

Moreover, the inhibition effect on photosynthesis by mercury, which always
adhered to dust particles, was also studied in this research. The results showed that
along with the enhancement of applied mercury concentrations, the contents uptake
by leaves increased while net photosynthetic rate (Pn) and leaf’s apparent quantum
vield (AQY) decreased. Moreover, mercuric chioride also decreased the
photochemical efficiency (AF/Fm') of PS II under actinic light, electron transport rate
(ETR) but increased non-photochemical quenching of chlorophyll fluorescence
(NPQ). These results indicate that after mercuric chloride treatment the decline in net
photosynthetic rates in leaves might mainly be due to the inhibition of photosynthetic
electron transport.

This study proposed integrative examination and evaluation of greening plants
on the basis of combination the dusting-catching capacity with resistance ability to
dusting stress of plants. Our results provided a scientific basis for selection and
collocation of greening plants and a new way helping to choose the greening plant for
dust catching,

Key words: Dust; Net Photosynthesis Rate (Pn); Stomatal Conductance (Gs);
Transpiration Rate (Tr)
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SR T TARMRIE R AR, AR R EIER X R E A B A TR,
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HEABBERIBIEEZNBAUMK REEYHER IR ARHE: —/
BT RE BRI LRER DU R RE B RA Y RE RN — R Fil
TRE, BIRBEENREAMEREZRIGE. BEABERXEIEEMN
RiAMXBEEEYNEENEERBAE. BER, HTRAUMEH: A, K
X R EMA R R AT B, BEERKYE, XPEIRGMREE
REX. AAEREERE, HHEYPEFERLS. BENEKRFUR
HaRERa LA ENE.

Bk, ABFREH T FE AR TESN AU MARREFEEEYIE
REAMFE 20 7, BN ABRETRGKEMAMER, EEMRT KHL
5 RpasT EEAY F ARBRERSEOEW, BT RRMSEDN L
HRHAKTIEERS, AEEARBRERSMEYNRENEERRT a8
RKYE, RSN T REMEaxXEY5GEF R,

FRFFIIH B

(1) HET, FXEVEEEEERMARBZEREX L5 Yefriam & et st
2>, MBEHAXE ZHTENETRCEMEYIER, FEEELH TR
HAERRTERIE T AEER . A S50 8 322 B T I 2 i5 e A
fl, HRTHEPKARKLEREA REBRRNEN, ELHBRBT KX
T B THED LR,

() &5 Rk, ERTHESZMEYHRNFEN, UEHLEEE—
BEBRMIER, WA T AHRME TEMEKIERNGRENTLEENR
YW . AT REEDRT RN LS RMARTITEESB S SRE, F&
EHEMFMEAEY, ARBEABTESFRFREFRM T HEE.

(3) AHFFUELR 20 FHIF. BASBLHRMKIEROPENI, KAE
AEYREEEWERHEE R TFAEY, AWERUBFRERRET
SEKE.
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25 REPEXEMH R SEZRAER

2.1 ERHMRNAF
2.1.1 RHH

FARWFE . WA (Ginkgo biloba)- WIHE(Platycladus orientalis) B (Pinus
thunbergii Parlatore)s 1% B ¥E ¥ (Platanus orientalis). P M ZE W (Koelreuteria
bipinnata) « % ¥ (Sabina virginiana Ant). ¥& W (Firmiana simplex)~ % ¥}
(Podocarpus macrophyilus). %+ E14 (Fraxinus hupehensis Ch'u Shang et Su). X
W4 W (Ligustrun lucidum Aif).

EAWME: B /B (Berberis thunbergiicv.artropurpurea) « ¥ #
(Pittosporum tobira). KFH(Pyracantha fortuneana). #=(Yucca filamentosa). i
% (Jasminum nudiflorum). +KINFH (Mahonia fortunei Fedde). &%¥{E(Forsythia
viridissima Lindl). ¥ B8 (Rhododendron simsii)~ 412 K (Redriowered Loropetalum)-
= MR B(Jasminum mesnyi).

ERAOFARBHE TR T KEAFIRKEAR: EANER, FHE
FREGEAN, F£—HIE. EKREHE,

2,12 #ENE

BERUIR IR T 2 503k B B B M R = i3« F 100 B 753 it a4t
kB,

REHBLAER . KBHERMAMNEY, SERSEATAYORL. 558
—&K, WBFFER, WEREEHME—K, SRFEKHEZAH1.6 mgem®.
213 SEFHMNE

MERLCEIF S, B 20 d PE—IR. FFFBES A0 858 U(LI-6400,
LI-COR, Lincoln, NEYl ;& & HYM K IS BB RAHX 2. BEs, FRE
BEHE (233 om?), RATHELERS. STHFERES 500 mL/min, IR
1000 pmol/(m%s), CO, ¥ 380 pmol/mol FIHEERE & 25C.
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Fig.2-1 The effect of dust covering on Gs in arborous leaves
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Fig.2-2 The effect of dust covering on Gs in fruticose leaves

17



BB TKERLZAIRX

f20

SARSBFYFGENEYNITF, SRFEDERBERHEL . AR
@1

5 SHSHENNEYWIASANAREE. SASEE—eBRELLEW
mmrt LR RERER T .

ME2-1. 2290 LAE H: RAELEE, HYH R HSASELEZIE.
FEEBALIA0 s, KEHHEVHSILEERE TR, MERRAREES0 %; BN
FLLERERMNK, FEDTASAREYE —EBEEmKE, $80-100 dit
HYAGsESTATRE, BFURHTXIDHMGsH T MBS0 %5k, HiH
YRGS Ly 3R 150 %-80 % SBUEYIGSTR F 1R 0T ik 3 B R M2 8 0t

e — e fENRE S, BRASFERRKE.
2.2.2 RAAMEHEWR LS EEPHHER

BRRARELEE, AYHF P EREEZZINHLE3. 24).
HELE20d/E, BREE. WM. BRRSHIES, E{KEDNPUSHEARMT
B REERELENEIMMK, SEYAPHELIAAREERKRE: F80dHE,
EHENNFHEERETRE, AXBRS50 %90 %. AINERK, W15 ALE.
ABAMNERRERMKX LB P HREGRBRNKER, RAFLHER R
TR, A%AXSERRRZWHED.
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Pn ( % of control}

Pn { % of control)

(a)

120

20 4

o ﬁ ;'g Time (d)
-v— B B
—— PR
—a— KMo

E2-3 FAAEIFFAEDF NS EEP)IIEN

Fig.2-3 The effect of dust covering on Pn in arborous leaves
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E2-4 LB EABIF S ER PRI

Fig.2-4 The effect of dust covering on Pn in fruticose leaves
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RIUE T KEF 20 3
223 ReARHEREREE(INHNHEN

WE2-5, 2-6PTLUEH, KIFEEELATE G, HYREEEE L8 TRE.
FEELLTEI0-60 d B, HANABEBZINUHBEELIBER, AE
30%-60%; 4LFE60-80d B, HMMMITHFHIKE, HEHMBETRE, BRETHN
Tr PR T 24160 %5b, KAV T REMEEKITEL0 %-40 %LLA .
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—-— 2 B Time (d)
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Bl2-5 AT R FF A Y AR A (TR

Fig.2-5 The effect of dust covering on Tr in arborous leaves
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Tr { % of control)
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Tr ( % of control)
s 3 2 8

N
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—— KThY Time (d)
o

(b)

20 40 a0 80 100

0

—— T B XK Time (d)
.uo.. ﬁ W ZE

-~y &

— RN

—» ZHRE

B2-6 RALLABMEAEYEBERMNER

Fig.2-6

The effect of dust covering on Tr in fruticose leaves
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RRE T RFRL LA

224 M A XSEBASAREAS R

R #EFarquharfISharkey[f1 R /1, WEPn TR CIEREZRTE, 1Pn T
MR T AR S B O FRETISIEN: K2, WEPn T M RINCIfE
TS R ESILERIEN . WR-1IRE, BOLBEEHYT S
KAEETROFAN, BE. BH. BH. WENLEKIGCIHER A B, &
SRR K SRR TN EEERE G FARLSH TR, e
7. EH B, ZHERRATRDSHCHESETHE, BHEIeears
MG EET R G T RS S 80 FRMSIEN, b, HEER. B
0, R S, B, M A, KM R, K. 42 E AT,
M HCIRET XA, ATIRE R ENEL EAINCHEERH TR, KRB
B EERENN, BRAERNEEEERSIURGEIRN, MEELL
FERHAIMER, KEEYT A AR AR TSRS, FERYSH
A AEETROEERR. SOBENHTRBEROELHT, D80t
KIEEFE, A SR2RRG, HRESERE, XSEETE SR
P B S BE T IR, BFISOERTVELES Bk, CERLTINIE tint Ko
MM A8 ) TR SEE SRR FE, BHEN MMM KLCIEENET
TR, K UILAT G AR ML £ E R IR SIS 2R,

21 FELMWATHEYM & ERSILR ST
Table.2-1 The analysis of stomatal limitation to photosynthesis under dust covering

BRK 20d 40d 60d 80d 100d HYF 20 40d 60d 80d 100d
" - - - - - e - - - + +
B % - - - - - KMl - - - + +
I ] - - - - - B W - - + + +
R B - - - - - EEH - + + + +
a % K - - - - - Fou - + + + +
bugidst ] - - + + - H M + + - - -
Z H - + + + - $t B + + + + +
S - + + + - & # 1 + + + + +
% x - - - + + “EER + + + + +
L] H - - - + + +KIh¥ + + + + +

¥: “"RTPn FRMORNCIH TR, “+ £7PnFRENRECIT#E.
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23 ER5vE

KEVER BRAYMEMYRAH, HHEENTR 8, FEEENM
MEBERF BN HRBTHE ST RAY A RPnZEth. Bk, HYZ6F
FIER BB EAEH AR STEROEE L. BEMEYNGEERERERD
RV R EBEERNEL .,

HAi, RO THEYPNAEERANEERZMARLD, TACHEH
RAAZRZEHRELLENEYKIER, PRI R AERKBELEST
BN, ALREIMARETHGREMED, HRTHDKEZELES
JEHRAEBIBHFEREL. SGREY, EEEMAEHL20-40 dfF, KEHAEDH
REATERD, Bt GEZNEBELZLETRE, THRAA30%-60%; F80d
B, EPHAFRSLFE. BEEEELRABERRGRE; BiLi00d 1,
By & TIRRETRE.

R2-2 BT AR IS EEPn) KW

Table.2-2 The effect of dust covering on Pn in arborous and fruticose leaves

PnTFREESE F A Bk
0-10% .7 ok, ki
10%-20% EEEE, B8, A ‘Xz
20%-30% x £22%, O, AR, ELPM, Bol/NER
30%-40% R, PR, B, P EHAR
40%EL 8. Kol M ek
i 45.65% 28.56 %

MR REYESRRRITIEL RN EERL, HRRAZIFLE W
B, Bk, HEYRREPEFHERT AT LA RLL B S EM G S EE,
SR, ZABERSHER L EZERRER. RELCHE, WEXLEET R
RINE RN SA BE MRS R AMBRRER, RZ, WHHEHETHRERS.
MR22F W, EREMIOMEAEYT, PnTREI30 %A sHERNSE
e, BRFRRENES: MIOWFAEYS, PoTREIT30 %HFTFEY.
AR, RRERDKOEDEERDEER, WK, TEAEOPoT RIEETE
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RN T KFREFART

10 %L, MFAEKBZLEEE, A PASEASEBERTHBEX
FHEA, 109 FARKPRFEH TR T45.65 %, MIOHERKPLFHRTHT
28.56 %, HBRERYW, ERMNFLMEHREEERTIR. EXHDGH HE
FOMBE, HRZIMSNEEN AR, AeEERENBE D, B
BRATT R R EAEDAW A S RATFAEY, ZEEWEEE AR
BRI R R T IREAT .

FAEABE, FEAHSH FPENGFERRER, PnZMHEERR, #F
2 BB AR SR A R I B] B A

(1) 3+ AT #12.74 %) 22 (T F#21.29 %). WF(T F423.01 %)%
FREMAER. BREOHEY, BEHREERE, AEREKE, RKRHEHE
SN R

(2) WA AEAR(TRES.2S %) HBS(T M22.62 %). FEHI(TR#10.85 %)%
HKAEREESMRSHMEY, E— SRR LEEABREEANSTL, BRS
A E,

Hith, EEBESHEABRMPENSZEEDFEN, TRNEMTLRGHE.
WA KRt ENaRhhee, W EHEFRBANKHECRET. HiseAIE
. UAEEFEAHACRINZESTN, REBIEYHFELER D, T
BT HYMFLHONENBRH Y E RS LENNRRER, XEAR
£HE. BRNEBAYOHLELINFEERNIIERBEEER, 4%
BN EY. ¥ RO sHS, wEh. BEER. #HEs. aF, uin
MR RE R, AXFAEMaRntER, TLMERARNFLZAEY: Tin X
M, . AHEHSEY, BAWERIEOR, BREEFLESEM
VR ETARERZHEENS, TRIBHYNEFYRRERD, EEHE
VIEEMERKE, P RIBNEEYTELERD, AR TREABRRERL
HE, ZEHEYRESFFENESELELEY.
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REBATRFHFAHR

3 F ANFEIMH A SEZBRAHSEERALHZN

315 &

FKEREBHHNEREAE™S , EEEARETREEHZ LN KEH
LERHSERNR RERHAESRE)E, Z25MRER, EEFAIRPEH
BREMER, BAREDERENER, HEEaWesE, S35, MLl
RS M

RARHEYKBTEF LR, AEVENERI— BB EREEA.
WARY, KKRERT—EREHRBHEYNGER, BRRENRESREEY
£, BB, EETWRENTEIS, MEA AR
m[20,2]]°

FX Heg SMHEVASERAMHARCARESRE, EXHORNEIEE
MBS FESE. fiH, UELRAEEMAKIARME K E1E
HEER; ELETE L RBEYRRFRVERTRTREEL RPN
X EMELEZERE AT REREFEDHER, TERRRNSFHYEE
MR bE R RIS A AL

Bk, RATKAH HeCl HHBIRAE AN F REE N BABMHE, HR
T HeCl fHA T RE M A KSR R R RS H R, MHHT HeCl
WHIEIH RS R PLH.

32 BRI5h®

32.1 XBRHHREKFEH

&5 (Vicia faba LYSERFEXBIEFAP 2518 C, 120120, H E
B A A AR B 7B B B AL 300 pmol/(m®s) M. M REHYIK S Gt
MIEY. SREEYFEK—K. RERTHHFATELER. 253N ESEHE
B fEST BT HeCl b3, SHRF HeCl, A B4 I LKA HeClL, 728t A |k
TERO®S. FMEERNBREDRIAER, £LRIIEH 50 MK,
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REBIAFRL2ER X
322 HAS#&ZRNE

HARGERTHTATRES, L 1000W HEESIT BOLTE, BESITHOR 1A
HEFERBRNEY 2 MO RSIKEER. ERRKEL 700 pmol(m”s) T
M52 Pn.

RS A2 HT{(LI-6400R, LI-COR 47, Lincoln, NE)lE®R
SHA e SEREn), WEs, ERARETERS an’), RAETRER
BERES Co, REN CO, BRERZ. SBHEREN 500 mL/imin, X%k
700pmolim®s), CO, ¥R 4513 400 pmol/mol, HBIREFHEHIN 25C. &R
Long &1 Hallgren £ 7%, 7E45 400 pmol/mot #] CO, IE FMER G K1
EMEFHE.

323 K& BMHNE

F o B8 & % B A R 8 e i ¢ Optima 4300 DV ICP-OES (PerkinElmer Inc.
USAIEZS M ASRESE. HgCl 430 minf5, F10 mmol/L Tris-HCl
(pH7.4) E¥eHf, ER=KUREXRHHBRMIRE T, BEHEET, KE
M HREE, RETEH ), PHEZMEBA 10 mmol/L Tris-HCI(pH7.4), RAHHE
ET4C. 12000xg FE30 min, B EERHER, F022 um BidEREUERAT
Rz

32.4 MR RBME

CAFF R AR 05 (LI-6400R, LI-COR 27, Lincoln, NE)I{EE
RFEMERER EHBRENTOE. BEERM F, PE Fo M Fm. 4HA7E
700 pmol/(m?s) MR F A AERLFRAN, WE FmB Ft . #E Fm' K,
exnt KL 0.8s MRAIA K (3000 pmol(m?s)). PSI HALFEHZE Fv/Fm
AF/Fm's BT H R (ETR) M RIEAMFEH RINPQIZ B T 5 A HATHHH

AF/Fm' = (Fm'- Ft) / Fm',
ETR = (Fm"- Ft) / Fm' x 0.42 x PPFD,
NPQ = (Fm- Fm") / Fm'.
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33 HR5ah

33.1 FRKRE HeCL MEEH R ARKENEN

BEEMTELEIH A RRERMA®, SHERLFBHYEERYAA
KEEREM. B 3-1 &0, BE¥F HeCL BHMRERNMK, HANBHESE
AT . 24 HeCL R 0.5 mg/L B, H RS BHMRENT 17.22 %,
EHREDBEKE: 4 HeClL REHMA 500 mg/L B, HAEMKRSEN
52.5ug/(g ), ARXTEA 8 BE. R, MAKTREIFEME HeCl KE
£ b AR LI N . 24 HeCLRAFHEIT 500 me/L J5, BI{F#S ik FF 4k 419
K3 2000 mg/L, MAFREEBEERBMN, BRE 60 ng/(gHE)VES.

Hg content (ng/(g-FW))

0 S0 1000 1500 2000 2600
HgCl, concentration (mg/L)

3-1 ARIRE HeCl MG H AR S EBMEW
Fig.3-1 Effects of different concentrations of HgCl; on leaf mercury contents in
broad bean leaves Each dot was repeated represents the mean of 3-5 leaves
with bar as SE.
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HEHE TR ¥R

332 ARRE HeCL BRI AR AAEENE N

DAAFREER HeCl, WHURHKEEM A 30 min J&, WETEBRANA
700umol/(m’-s) FH K BN &38R, SERKY HeCh REBMHIZ T M 1) P,
T _EL I HE R B I HE 0 (Y 8 I T K (B8 3-2) M HeCL R KT 2mg/L
B, AMBEFOLAEAE EEMWE: JIREHD 10 mg/L 7, LEFHHH Po
SxtlMt, BEBRET 6%. bEF HeClh ISR, X Pn VIRt
Bl 4 HeClL RN 2000 mg/L /&, fMISIERAREAN 36 %,

100

80

60

Pn (% of Control)

40

20t

0 0.5 5 10 20 200 2000
HgCl; concentration (mg/L)

Bl 3-2 AREKE HeCl, & EM A A &R BN
Fig.3-2 Effects of different concentrations of HgCl; on net photosynthetic rate in
broad bean leaves Each column represents the mean of 6-14 leaves with bar as SE.
The significant levels of difference between control and treatment
are indicated by asterisk *** for p<0.001.
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RGBT #3483

& 3-1 AEWRE HeCl, MEEM At RMXSH %
Table.3-1 Effects of different concentrations of HgCl, on photosynthetic related

variables in broad bean leaves

HgCh KE - i8] CO, ¥ B Ci (uL/L) K FLBH Gs (mmol H,0 /(m*s))
(mg/L) oyl b8 oyl e

0.5 260.75+0.25 290.25+0.25 252.01+0.11 414.113+0.91

5 262.38+1.88 267.41£4.75  273.12+2341  449.50+28.41

10 257.7540.63 263.3310.25 227.224+0.42 224.5110.61

20 268.79+0.26 277791021 32221+1.71 325.814+1.62
200 279.13+6.38 276.63+6.57  255.82+421.13  230.21+28.01
2000 271.45+5.49 260.02+£5.57  27551%2251  163.22+1531

Each value in the table represents the mean + SE of 3-5 leaves. Pn, Gs and Ci were
measured at light of 700 pmol/(m*s).

AERELBLERER, 0.5 mg/L R 5 mg/L HeCl, A B E M B 1A
[A] CO, B BE: 10 mg/L A 20 mg/L HgCl, 7 BE ¥ mH A #2l8 CO,
WENFRNSSLIEMNERARE; 200 mg/L HgCl, XM K HIHaa CO, K
MEWMAKR, HEERKTSILSE; 2000 mg/L HgCl, FlR 535 K T H /)
fRiE CO, IERSILEHE(E 3-1). #B1E Farquhar A Sharkey!”l, LI FERE
HA 10-200 mg/L HgCL 31 &1 A1 E R ot H S ALZRE, R HTF
R TH ARSI IER.

333 FRERE HgCL METH F RAX SR TFHENOEWR

RUNEBTFRERNGERTAREUBRRUEN—MER, BEAY
AR KDPIRE. HAKLTARE, N TE5BREAMEMELETHERE
BEEEMNRE L. MEHFEXTEEFEPPFDIA 200 210 pumol/(m™s) F 49
JeEHEE, ¥ Pn 5ABMNAEMHTEIH, MBELZHAZLETFREAQY).

MF 3-2 ATLAEH, HgCl, A 30 min 56685 B4 K4 AQY. £
it 20 mg/L HeCl, LG, ZREMARUEB FTREMRKT 12 AL, X
HeClhL M3 200 mg/L BF, HEMH A HIETRELE SRR, LEITR
B 79 %A A4; 3 HeClh BIRAE 42518 N5 2000 mg/L B, HHEHEHAFE
TREEXMBEERIK, BRAN 47 %ES.
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& 3-2 ARKE HeCl, MESH A RUEBTFREMEW
Table.3-2 Effects of different concentrations of HgCl; on apparent photosynthetic
quantum yield in broad bean leaves

RMETFHE (AQY) (mol CO, /mol photons)

w B (mg/l) Xt & control & F treatment
20 0.047+£0.005 0.041 10.004*#
200 0.04610.006 0.0361+0.003**

2000 0.046+0.005 0.02410.002%**

The levels of significance of difference between control and treatment are indicated
by asterisk *, ** and *** for p<0.05, p<0.01 and p<0.001, respectively.

3.3.4 FRIRE HgCL METH FHERIEHEMN

M ERANNERAANRUEDHE LB RS ABEFHAEH
AR AU SRR, ATFRARAI (PSI) RIOL& R FERBIIR G
T[T, TH XHeCLHEX P SR RSN ERHORER L. BT H
— B HITHeCLP L S E AN, BAIME THCLAREEEH AHEE
KA. WR3-3F7R, 420 mg/L. 200 mg/L HgCl, B S, FEHPSI
B R EFFm)IEX BT T3 %4 %, BHREDEEKFE, T4
2000mg/L HeCL# WL B/E, M A Fv/FmA0.714, IR EZM TR TS %ES.
220 mg/L~ 200 mg/LF 2000 mg/L HeCLEMR ARG, M H BIPSIELFRLAes %
M#E (AF/Fm') S T 1E i E ZETR) S 5 L BB T 2910 %. 17 %F128 %; [
I e 2B ANPQA X RAR L 2 I T5 % 8 %HN31 %Ak H.
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% 3-3 TERE HgCL X BEEMH A ZERASHAIE W
Table.3-3 Effects of different concentrations of HgCl; on chlorophyll fluorescence

parameters in leaves of broad bean

WE

(mgl) Control HegCl, AE/X (%)
Fv/Fm 0.77520.005 0.750+0,010 96.77
AF/Fm' 0.495+0.006 0.446+0.005 90.10**
20 NPQ 0.282+0.003 0.296+0.005 104.96
ETR (umol m?s™) 145.62841.604  131.036+1.444 89.98%*
FviFm 0.764£0.010 0.731+0.010 95.68
200 AF/Fm’ 0.486+0.006 0.4040,004 83.13%*
NPQ 0.290+0.007 0.314+0.005 108.28*
ETR (umol m?s™) 142.982+1.799  118.678+1.251 83.00%++
Fv/Fm 0.748+0,009 0.71420.006 95.45%
2000 AF/Fm’ 0.459:0.011 0.331£0.010 T2.11%8»
NPQ 0.289:£0.004 0.3810.008 131.83#*+
ETR (pmol m?s™) 134.848+3.113  97.314+2.984 7217888

Each value in the table represents the mean + SE of 4 leaves. The levels of
significance of difference between control and treatment are indicated by asterisk *,
** and *** for p<0.05, p<0.01 and p<0.001, respectively.

34 1 i

—fBRH, KEPHREEDEAKRYEERRF, THEDMEFREKA
REEAR. FEZEHTALEPREFZIUTEEHHA: 1P E
BRANBEHRANFEIRES RESEHLEY, AEWMRNEIE: L
PR HRER TS EERSE, BASEERANFTE. bTHEDREE
EYIBER/D, REBBC el fELA SR, BTOURSI TIRIE™, x)@EpfhEK
KPR EIRE, FRT AANLENELRAOTR, SERW, HETOR
704 %-90.7 % KRBT K=, NH 9.3 %-29.6% BT HEAITRR.

B EEBIHREEEREASDPHRS. EYWT RS H A STLEEE
AR MR SRR B A KSR MR M R B 3%

ShRACBVHEARYIAN, BSEEYEESEREH AL RN, g
RGRTER, HYSHHAH. £, BEFS2TRRERBANSMEER, ™
ENSIEM A RGENEE. LSRR, EYARNEERNE
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RHE TR FAR

RHERMOFBEFER, IRATRIAEDOEERBEEN, HYRARELY
ERIZEFEEERKNE, FNEZ/LFRTNLFRESAARACEETEAK
FHREASRRER, XM FEERERDHEBOAIRRE, 22—
TEMAERARR. Bih, UAEDRENSRBRERRER. KNHER
KEFERILRAGREE. LE&EHEEDNERYARE, XHRETEA+5
BUR, REEHHORDETEAEYRAHEERSE EAIEN FFELE
ERORT L. FERERHFHSHYT?, gEPERES 0S4
AMELEIEERR, B ENmNESBRHM/AEL. Hif s RTR RS
FAERMEmRARINBHRT —AERHNANNTERE, DEaEYT
EHEERTRN—FRAIEE.

EEKBILREFIT T RMEESEAPNE, 4RR\TEENE CO, M
Bl B RLPSDATR M OERILL R iE Fd-NADP-E LT B Hi%
#EC8, AT S5 PSIFEMEAIREMED?); SRIETT LAMIEIE R4 II(PS )75 #1441,

PR WRGFEFTEEQNE: HEXLETBRALRFFAKIEKMEEK
AFEGEN 1 DX EYNER, KRKHRME RS MRS EDERRE TR
BNEEE, wEEHEEY ] hEt, maP, Rm, ENE HeChL &
B R EHYEENY 5 S ERANEZWE R LA HCHRE. SFEa A
YiEN, S3|EEYRESENBHERERN, St RNEEYZTS EYml
JESLBP R SR A4k, o CAEE BhRRAT)E AL S R B A 7 A B W R R A E
Rk, BELAENRMEKSSEBRAYEERBERN, XMHBEERIMUR
BT SHEYBBRAN S, BT HEALATRNEL,

HK, DEERELEFE L EEHEEEMIIRSERARBETRE
HHgMEZFFEYINLIER, ZAXAHFRT, EYNTSABTEMIRERE
WEZEEW, RAEHFHg A SERARMEZRERPE. FHRIEERE, Hg 4=
A6 A4 R s sk 5 B TR AR SR a5 01 0 JEHg H 3T e S VA R 2 wa
[100,1013

B, hET HeClL A B BEEFEAT A A SERNEE. RYIKERAL
AFNUE, AR HeCl, EEGBHKARSH A L, EEHBILBEEMAT
T"EM A A ERARNHZER T ZERHCRE THRIERE A
VKA RERA, HREHFABRMEER. AIRRHESBREFHENEY
4 A it 8 5 B AR SR s\ A B R R AR RIUY, 3RATTAD ICP-OES W T2
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FIE HeCh MBEHHAMNEER, SRRERETHIHEAN THYHANA
%, MAE—EHEN, BEER HeCL IKEMN, EIHAAMNKSBEHEE
Z (@ 3-1). 24 HeCl MR AT 500 mg/L B, BEH K P HKIKFEATH
FI1E 60 pgig W E). 8 M itk HeCl SR BB SI7E 2 mL, RETFHMH
F AR R I KATE 0.4 %-13.5 %2 [0, SHEHEEMKERR, WHlthE
EEMN. NBITHERRE: EHANRESE HeCLIRET, EHH 3 He
AT AR A s T ZEARNTRARIREE T, #Yr % Hg MR R AR LA
Stratton, Huber F1 Corke!"HRi& >4 HeCL WK E N 2 my/L b, &IEKHEER
(Anabaena inaequalis)*F HgCl, IR BERIEE] 96 %. ik, BAIAGEBAN{E
KEPEHEERBRESER, HYHHFERREARRNEEL., RELAEWR
YRR A EERR, EZENT, FAAREMN Hg TN
SEYRERENTER.

BATREE], 2t 30 min HHBJE, BEEHFE Pn BEFREEHERE,
PR T IMGE R E. FrS HeCh M AN mA®)E, M
MERXETREEEWK. 25 20 mg/L HgCly» 200 mg/L 4 2000 mg/L ¥
MRS, BRIMREENETRENFIFET 12 %. 20 %M 47 %k, hEhk
RGBT R Bk A B T4 DL R BB e A B AR LU, Bk, |t HeCl
s RMETN A RAE TREMNEERRGEE3-2)RT R B FEERE
ABRALTE I T .

Fv/FmEPSIR A KRR, NERINMIEERE, KKREQ0 mgL,
200 mg/L)HgCL¥MFvFmE —E KM HI{EH @ %-5 %), BEREFEEEZKE: &
(2000 mg/L)HgCLAFv/Fm#A R BEHMEHEA(ER 3-3), XHHgCLAERE
—EEE LPHE RS DR AR BENRRES.

FvFmiZEAL (U RBRE R 48 11 REF) LB L R B B K 71, (BTELER
BEAMT, HYIMFEH A A RE R = B8R R AF / Fm' (LRt RESE
BXE). ERBTHAERENASERALHGT, PSIRAXRT U ERN
RIfE 1. 2idHgCLA TG, O M HHIAF /FmBIETREEMK, T EEEKE
M20 mg/L G NE(2000 mg/L, FEEKITEREMNLI10 %MERT %AkG . RAHE
HREY, HeCLElRETM AN EEENFRMBIEEATFEMH T EHF
it 2.

L1k —3(, HeCl, MM T JEXAER K, NPQ RMIKE PSI K&
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KPR R AR T b & 7152 W0 LUARIT BRI 4, 5088 HeCh 4k
BERELHRREETILLENRERART.

HeCl B BAMIEK T PS I 9SCBRbILE MR (AF / Fi'), M B T3k
HAZERKNPQ), K ik HeCl, HIALER S i s & R B R R B T RE M
YR ORI G BHED LA R PS T BT RS FEHOG REATIG .
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45 LHitS5KRE

4.1 TR

AL T RELBELEE R BiLK OAREREEYRE DL
PAIE20%, BEXAREIRGEEREED, FERRAT KPLEE
RBXEYEFH AT HRAXSHNE®, WRT ARBREY L5 3
FHEETIYERSS, LREREM:

(1) & patdE, J9H RS SELEZIE. BELCERp
arEgins, SEpHFSASESE -EEERKE.

Q) EiEEpaLtRRE, HYH A RS ERTIRZIHNGE . EE SR
PrER BN, SEWKEEEEREHRASRERBIKE.

() LERMALESE, HYH R NABEEEEZ DG MESS R
anEfne, BEY R RBERSE —EERRKE.

(%) AERaLETERE. BR. BE. @ENLSRNTREAEE
ETHENTERARBTSAZETRE: mEHhE. R/ E. ciEEM
TAUGHIHR N EEEREEETREOTH AHRES A TRMIERN.
sAh, EEAER. FHRM. 0. BE. FO. A, KMk, K
Wi LZHELERMELHETY, #ASERNOBEEERASILREGIRE,
BEA LS RAMAR BRI, FEHABAGERTROTERARLSRD
BB T H WA .

(5) BAXEISRME NPT ERT A,

(6) HRAFEMEh, N, EEER. 8. WES, HLRtaehR,
Bt phabitesg, of BMEARM M LELEY . mwAH 2. WHE. M
HERMEEY, BRWERNIER, BERHLERFHEYNSHERERRE
BB EME, EHFEENERENTEAD,

BN R A HgCLE MR TR IE Ay RIEE I R A B 9 5 e, DY AL AEHCL Bl
ATEEM SR ZRRASHOETL, TUBHUTHER:

(1) FEEHeCLIEWIRERIER, HAARIR T ERMAREM. A, H
F&RE B AFBEAHClL #RAE R i sk EL B S Y .
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() RETHMF ARARWRI G K704 %-13.5 %2 [8], SHERBIKIR
BEARF, thFtFEERN. EHEMNREMMEHgCLIRE T, HEYr 5 XHg%
KRN BHK: TMEAMBKET, #HYH A XHe MR AT R .

(3) YHgCLRE X10 mg/LA, fu8tBEMHITEH 5P, TEMBIEE
WA S E RN TR, AREREHgCLARE, M A BIRECOHE
CHERBERAK, EERHHYEM: RANSASHEERREERENYE,
FHHgCL ¥ & E A BMHIFHIER B TH A ALZRE, MEHTHRETHA
HAEEPEA R A TMEHER .

(4) 20 mg/L HgCL 4k 2 B 4% B & I i AQY, HADHIFRRE BEE S Hlvs v
W AT A, ¥WHeCLEIBEEM FPnfB KB EFEMEI TR
AR FHEETE.

(5) HeCL# AL B E1HIH i M LFFPS IR LN EAFFm) R BT
B IRE(ETR), AMREIEALZEHFRNPQ), XK HHCLII RS E R T4
3 M 2t TR M E R P 08 R R D LR PS I R8s
gIm.

4.2 RE

EXFRMER L, SEMLTIETUBRSLLT LM R

() #E—SathkEIM FHEERNE. HEETE. XREEHSFEM
TRIRRIREM, AR KR X EY 0 F S 6.

Q) EEFRRID BN KL Bt E R L, BHFEANF
BEYRHERNFENRE, UGE—PHEEYN S R eNit R Y
.

(3) FFHFEH, BRI LTGRO RS T HRANS, 2
SR EHP R SEYEE AR X R, URZE5EY
PRSI R

@) H— BRI LR S EYXT R Ma R AR,

(5) HEFETIEML, REAFRARZN T LS RBESEDOGE.

(6) H—HBRNFR Hg EMMNE, FETAXIEIRRMT S He
ERHTEIRSS, ARG D SURFME R RS F He MiERYHHR SR Z HKIE.
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