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DIFFERENTIATION OF QUANTITATIVE CHARACTERS OF
VICIA FABA CONTAMINATED WITH HEAVY METALS

Duan Changgqun Wang Huanxiao Jiang Hangiao
{Depariment of Biology and Laboratory of Evclutionary Fcology, Yumnan University, Kummng, 650091, Ching)

Abstract With the orthogonal designing method, the plants of the same variety of Broadbean
(Vicia faba L. ywere treated with heavy metal ions Pb**, Cd*t, Hg** . Zn®t in successive four
generations, Parameters of guantitative characters(PQCs) such as the percentage of survival
seedling (PSS), height of plants {HP). the relative time of first blooming (TFB), pods per
seeding (PPS) . amounts of bean every 20 pods (BEP) and weigth of 50 bean (WB) were in-
vestigated. The results showed that all PQCs except TBF went up as affected with low dose of

metal ions at the inital generation, and decreased as affected by high dose of metal ions. The
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plants responded to low dose of metal ions with a small decrease in PQCs or did not come out at
-the first generation, and then with a significant decrease in PQCs in the second generation. In
the proceeding of generations, however, the PQCs recovered to the inital. The toxical re-
sponse of the plants to high dose metal treatment, in terms of PQCs, appeared in the first gen-
eration and then got enhanced in the following one or two generations. Then, similarly, the
PQCs recovered to the inital. It might be considered that plants have potential abilities to adapt
to env&onmentq,l pollution , originating from the gene frequency change induced by pollution.
Such a gene frequency change reflected the role of pollutlon in the process of ecological differ-
entiation of the plants. -

Key words; Vicia faba L., quantitative characters, ecological differentiation, minor
polygenes, microevolution ‘

FREEUAFERNEENT HHRANNET R, RBRAEEYREEZN—HeH
éﬁﬁﬁ““.&ﬂﬁﬂﬁ%ﬁ?-H%mﬁﬁﬁ,ﬁﬁﬂﬁﬁﬁgx-ﬁ%ﬂMﬁkﬁﬁ
et EENER, IRXRAAXESFGTEYERRHEHNRXRIE, RIA
FREYER S REBFH B RNEDFERNONRE. FERPEFLYEEDRRFAES
HEUREBEGTNIR, ARV EMNEEAXEANEDETINEBRLEENHS Y
EHCY, BT EBERARBBTRLE, AMNMERENHNRELHE DSR4 Y63
Ly, EERHMENEREFHT LEEANTRDY, Y HEHBF R H#E Brad-
shaw W& WM FF M EREFHBRREY. RBERAXHETRETREY. 35K Scholz Xt
AT SO BT UL . Macnair 3t & MIE RN TR EHEA RN AR LHET RSN
SRR EEN B,

MY FRSRGEE, —BASERYAREER CEREE, AR—FH#iiEn
ZElk . ERERRE W IEETE AN —FRERER, AR TERZBUAEEHEER N —
HEYRE. SEAMTTRERSRSEADNESEEZRE RSN L 58
U, EEAERUSRFFTH4ARRUMEEIR. #RTE—HANEE Vica
faba LOTES $e 2 T RO EARM L, HTFRE R R E1E Y03 bR
BT,

1 HEfEE

1.1 #¥ Eﬂu%mﬁML)E~ﬁ%ﬁFﬁmE%&ﬁﬁw S EZMREH, FEE
Bk, BEHRARSE. ELREHETFEYN K002 EFH A", —MFl#
HTRIEEERS .

1.2 Hik

1.2.1 TRHEFNEE HTTRE-RSHEGTESRSHYNHNESEREN, X
TRFEEEREENEERS, FXBESKRERIMEN. DEREAM AR REE
FETHY HHERT: ATERRETHSREZABRYNES. EHSRYHLER
1, RFEETRIT, AHTEFEREFHEDMNES. KERELE 1.

1.2.2 E3XiF ®£H5KF 6 BFMIEXZS L 25G%, EXRIHTRAEL, ESHEN
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FiES NP ERERBE RN LS,

M1 L 25(sH)SHEAIERR T (me/km)
Table 1 Factors and thelr Levels of heavy metals concentration in the

orthogonal design of the experiment L 28(5%).

E?‘ 7['-* ’ Pb2+ (:d2+ Hg!-i- zni+ Mnl+ HK
Facrors Metal ions In control
A 1 0. 00 0. 00 0. 00 0. 00 0. Q0 TH5LR
2 .10 0.01 0. 005 1.00 0. 10 AT
3 1.c0 . 50 0. 25 10, 00 1. 00 #+
4 5.00 5. 00 2.50 100. 0 5.00 Used in random
Level 5 25. 00 20. 00 5. 00 500. ¢ 100. ¢ errors evaluation

1.2.3 HAMEERG T EREHESER—BA AN SRS TEN, Thit
FRrfE R HY K REE. TNRYILIRLN, FHa Sy MEHM 1 (<0, 002 mm SRR
37.2%); pH{E® 6. ¢, HE TR E(CEC)HY 17.9 me/100 g 1., HBMAEY 42.5%,
HULFERSSEY 2.2%, TN0.88%, TP 0.064%; HXWEEEE&M P, Cd*t, Zn*",
Hg*t. Mn & B &K% 34. 86 mg/kg, 0.122 mg/kg. 110. 04 mg/km, 0. 0102 mg/kg, 86.
27 mg/kg. TMFFHEAKRA BT, ELRME, RAFEEEN, HERERE, FEEL®
AR RN . REEREERKCH.

BrRREAESRARESOED, UBASHN. AT 2RI AFESFEE
HWBREENRE, EXLHORERYEE, EEEROERED SR BARRDZR
. A EEEY 3 0X3. 0m?, #FZ AR 50 cm BIREEY, BriLEIKEERBERE -
WERT#®. EIHELRUBIRERIENREFG o) SETHERTRELEER,
RIGHEHAIFFEFHRE 80 cm WL ERNBILLARIER T EZE ISR B2 KE (R
1), SEE TS RAHER, SEY 50 % - m-?, 1988 45, 1989 4F, 1991 4E, 1092 SEFH 4
a, WEKKKN R TFBE SRR RIGERREXH, RMREREYEDEDTER
EHESRENNTIMPHES HINER.

1.2.4 HEBAEROFHAHEELE FLRBIHITHFTREE, &E. FRFEN
. SHEETER. BUTETHEE 20153, BTHEEGOR)E. XL ER
TR A R A R AR AT, B HRIER O SE T TE M S 60 A B R
PR HEHEFT. SRS R E S FE KA HIT TR, BRFENENSET FENT. &
4R, TESRE A R RRIC 20 DR, DU RSB ER LR, BT
Hynf, EFET REHE. FEMRELXIS, BEENAZEUEX 24 h BESEIT. &
RESEBBILSEN 4 A 25 ALUMERBIRNEREF. ERURHFIES ALK
) AR ERTREGE 20188, UERTFHERGOEESSE s HAPEHEEIWRS
FolT. DB ESHHET RERERENNEMFE, SWRABEERKE
B BITRIEAA .

1.2.4.1 Z4BHAREEREST MEREREROBIEN, EAHXTARNNSHERK
AN, UEEARNERE R BEROF EHTRES T, UERARNERE
BRE., P AERETRE.
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L 1.2.4.2 A—RAMNEREST BAHTEXRITAERTRKFHERM,. RE

T RS
1.2.4.3 HEERLBEFHAFZISN ZRAHFAFBEERNREHARET
BB ELB T . SHTIER FRER.

AR BSEREBEREBFWRAMTED, BT ETEFHERRANEEZER
HT ot FHEANGITREANYM RAKEEIRE RITESAME, BEEIE
{8, B ERH T REEERGKITSRRDE 1 MR B REN
HE|GREH 100%, ATATLUAARFASRETHLRBZE, HRALEHRREEZE
UERHERAGBEENFAAAAAEEREREANHAMT I L. ETEESTA
TRUE-BASIC & H #I B F . 4ird R AH FOXGRAPH #HE .

M TFERRF Mo R E R KL B HHEKT, HBIESFERREFL F
#ik. TXSTMEESFEEREFRREEXFRE.

2 BREHMF :
2.1 EEMHBERBEENEW

b BoH, RRER—LBEAHT, TARSERERARBERANEZRE. MK
FRZEMNBR TR ER AREABHEKT, MHR—ARZEANERDENEKER
HERAT. REYEFERERILZER BEEKTFRE 2. FRASRETE Mo* L
, HANERAKRTLUNEIHREEIFBHER, BFRANSRABTFESARNLE
AFEGTHELER. BIEAWHARLE 1. AEPTLLEL, C&* I He HMEEHIR
HERYMmBX, BHENESRETERRMEERXS T, ERRGFARANRAEER
B8y, Rkt B R —ERETEMRARETRE AT RIS A, & He* KE

M1 E&RE AR R
Fig. 1 Effects of heavy metals on the survivel seedling ratio of Broadbean in different generations
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% 5.00 mg/kg B, T 1 4F, BEEHREERMETER 82. 2%, % 2. F 3 RARNEMIHE
MERE TR 76. 4% M 53.8%, AIPH 4 AR NEHD 70.6% ., XM Py HEEHRS5. 0
mg/kg BY, B 1R EY 92.3%; F2, BIAHKTRENR 83.5%M80.3%, 2
% ¢ AT EF2 85. 224,
2.2 BEEMABEDIhMAER

WL RER, THENEBRE-RZETEFEER, T —RZEHZR
BG 5G ZERBEHFUN HEXRBRFUHEEZRKTF. REAEFEEREADEY
BFHEKTFLE 2). ERMAEMBTFESFRALEKXTFRS THELER. BiES
HHRLE 2, AEFTLRY, ERESEAENRELELRA, HBdH 1 B 2R
RERADI S EREANE, TREEIEATLAESREX, —BEEN-AAK
Z eI AR, B 3 a5 4 RIS A N i 3 IR AL FR A W A O ) AR JL R B
B,

%2 ZRENLOHEELHORFEGERINHAENRR T ERENR"
Table 2 T-test for the avergage and unifermity quantative characters among differsmt
generations of Vida faba L. exposed to heavy metals

BEX 3. R 2 B ]
Percentage of survival seedlings Height of planls Relative time of
Gy G Ga Gy Gy G Gy Gy jeh G, Gs Gy
G 3. 141+ 298+t 346+ 2.2+t 3214+ mozott 2.86+F 2.93++ 3z 07+t
Gy 2.5%° 3.26%+ 301+ 253" 2.BOMt 3.4ttt B4t 2.Bl1F+ .91+t
Gy 317" 1.76- 2.81++ 2. B2** 1.87" 2.93Y+ 291" 245" 2.B1++
Gy 3.52°° 3.06°"' 2.12° 2.63* 2.92"" 1.65" Z.08* Z.96** Z2.17'
R BT RENWY HFRE
Pods per-seedling Beans of every 20 pods Weght of 50 beans
G, ‘G: Gy Gy G Gz Ga Gy Gy G G Gy
Z.B1*+ 2.93++ gz g5++ 2,91+ 3154+ 316+t L69—) 2.5 L BTHT
242" 2.BOt+ .92+t g, BE*- 3.01++ 3.25++ 3. g2+ .75 2.90++
2.96° " 1.9~ 2.B3*+ 2.947" Z2.R9"" 3pg¥+ 310" L 76 2.76%
.06 2.94%" 1.87" 2.B7** 3.04"° 2.EB"" 2.64%" 2,80 2.05

# THo=2.797) Thou=2.064. HRARRYMMBERE LY. » « REEBETBFEAF P00,
v Rk E B EKT(0. 01<<P<0. 05); —REXRFERR(P>0.05)
ENHERGEFESEREEY, ++RREHEFETEFERTF (P<0. 0D, +RpiEF BH AT (0.01
<P<0,05) ()RR R BIERR (P>0.05)

% = reprensents the difference reaches st very high significance (P<(0. 0124 * represents siginificance (0. 01<P<C0. 05);
— represents no siginificence (P>>0, 05} in the comprision of the difference between the average value of quantative charac-
ters in different generations,

+ + reprensents the difference reaches at very high significance (P<C0.01); + Tepresents siginificance (0. 01<CP<0. 05);
{— Jrepresents no giginificence{ P>>0. 051 in the comprision of the difference between the uniformity of quantative charsc-

ters in different generations.

2.3 ESMABEFERTEALER
FHEEEEXREHT, ¥TFREFE, AARFN 4. EEEEMOERT,
R —BUSATRANERLE 2. FRNETRFEMENHEFEYERHEATIE

£ OO0 http://www.cqvip.com|



http://www.cqvip.com

138 o & £ M 17 #%

¥ BEEAY, BR SN T FERERGRE, BEREAKGRM, FEENE
RERE B, BE—HLBREAT S, FENEERTILAN. BEHLITRENN
K. BEREGEKR, BHEXRFEFRLE G FENEBE. HKELEN, FHEMAEXR
FAF TR TR R R AT R B LB R T R B AL A AN AR LY A O R (LB 3D,

Hz E&RMESHMGEMRLRES
Fig.2 Effects of heavy metals on the relative height of Broadbean in different generations

2.4 BEERMEBEITHEERNRER

BB THAERNREEREG 56, R. G 56, RZAREBEER, G, £5G,
RZAEBEER, HAGRZANERAERELBERAT(E D, FRASERM
B ERETEN BERKT. ERSBAINEREN, RANE SR ISRt
BB wRREN. He 0 EEBERA, H@KKY Ce, Pb, Zn™, A—TRER
REHERN, FETLENTRIAREAALSANEREOLE ¢, EERENRTH
AR, ZREERE LR ED, BRAKSEN, FEERH —SOBERN, B
& X R IEH T A5l TR e YR — TR AR e B A 2 g B, (BB
BRI . B ke B R S AP X R
2.5 BERMEITIRNENEN :

ERBHENEFEEEAN. UEESKRAMELA A BERKTE E .
TiHX AL, ERANSRMERAFEERANERE. MTF PV RE, RS 1 ATHS,
SREFREQAR, TRHEBEEME, 7 25 mg/kg &4 T QAP 50%, EFRH
BRI, X FPA L BRI T ER &Y M 25 me/ke WARREA, KK,
G A, TUKEZEY &4 86%. He' A S Pb MR, EEKREN, SRY
BN, (BN H, A TR B AR K R SR X 16 TE 1 5 A
1(F 5),
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T T L0 B @ 000 501 LB 500 2000
TEIE Concentration (mg/ky) ¥ Conceniration  (mi/kg)

ve Lime
e

{ et Relati

500 0.00 500 1000 100,00 %00, 00
FEECum:mrninn (mg/%g) BEIE Concontration (mg/kg?
— =0 — -=-G SR

B3 R&MAE ST IR 6 oG {08 W
Fig. 3 Effects of heavy metals on the relative flowering time of Broadbean in different generations

© 2.6 ESRMETHTFERNER

EXEHRRP, FTHERELERIZESAERY 1 T HEER. XFTERREG,
RE G HARZH, G RE G RZAMHTFERNWHERFTEENER; G RE G, RZEW
EZRIMUER BERH KT RKEERBAMARRALEGC RE5G. GRUKG 5G. )
2. AMumie, RRSRENEFENEREOHMEE. G REG. RZEARER

FHEER: GREGR. GRIEURS G RZMHNEFEXRARED BHEHEKT.
BRFE &MU BBRYEMEFERRMEELR AR TR RE A (E s, |
TR ARTS EaRraRT — WM.

3 g

31 IRPESRERNSRRREEATEEI R BRI TS

3101 HESRESTESRANELEANA LN ELMPELEL NS RRT
HYp ESRERTHR, FELEIY RIS REUTHEERET Y 0H 2 RE.
XS, SEATTEH, —RERSRNESRETREILANAGTRAYE: ZR-L
BEWMESMETHUEATINER, NTHBEFEEW. Eﬁ'ﬁ‘:‘ﬁiiﬂﬁ‘]%ﬂ

LR FENEDFESAZARER.

RTEEMELMFHHARRAETHELHRENITARRS, EEEXFEH
R AN, XEHRRY, ERE. BLROLRP, RERFLRMORR, FARP

£ OO0 http://www.cqvip.com|



http://www.cqvip.com

140 £ = = # 17 &

£ OO0 http://www.cqvip.com|

HEEREMIEHEL R ERAEMEY. FEAG TESRELISE102/5, HH 85K
BEWEETROEL20OF, MAFERFEEELBOHHMERD0, IEE Tk, B
HEERBERTHIE, HRERTEREL, ORI LS, Y XS Ry

M4 B EDhRSETRSNE AR
Fig.4 Effects of heavy metals on pods per plant of Broadbean in different generations

Hs EMABRC AT RTRENEEBER
Fig. 5 Effects of heavy metals on the relative beans every 20 pods of Broadbean in different generations
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Hs EEAUEEHFTERNSMEES
Fig. 6 Effects of heavy metals on the relative weight of Broadbean in different generatons

BIET, EXATREAT, SUSRAEMNI RGBS MEL FRREET N
g,

EERAHBHNE TS HA L SR S BUE R P . E 4
AL R L MFHES AT HRSHMR, R MP S M T HEELE
BHANBEFAFET IR EU S, RBEAWKBEFEIN, W FAM A0 Ea
W, RHCAMER O EMTE, EETBAGTH LB ASTHES, TMETLE
HESM. WOHMKEEE, XRTLHEES AN ARE N A N, RFhiRaT
RS —FF, R HRIE T W E T RITRS RE TR R0

EALREHT. FRLRAFTENEFRMALRENESRE T, HTHFRE
£GHHA. B TFEHBA2 MU EFAFRGRHREEARS HH G5B, BIE L= g
ot RS, B R B RTET . AU RERRALEARNERENES
RAHETSESAFEENER, '
3.1.2 ESAEATETIHRERMTLSE BLRAMBTHELEROEWERE
B, MBS, AERR—E5S. BERESRASET, BYES 1 R—HEHE
—BHAME R, R E L — B R TRRSE TR, HEF 2 A, BREBEF RN
ik, ERFRHENER, XEFALSRAERE"FRE LA, BkEER, &
21 RAEMRE ST RERN, XENERERTHE S TN, BE—ENREN

1) FIME. B Mo LR FRE L F S RERFFUES). SR KFEEYE. 198458~ 146
2 FEM¥RERINRITEHES. EFLNFITSETHONE, 1983 F 11 B, 61~74.
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EAEME, #4515 2 5, RN AE¥ R TROREY EKXE.

EXBPFREA LB RER, RESTEBRESEBEROREBEN LGS,
REREEFRAMMHERESE: AEE—ERERFARRERBEREFPHLE
BE: AENERERNANEERESREG THYRREKIERERE. BN ER
. XFEEREREEMARN BB, ERNARANE: SERRBEREKMAE
HEE; ERUEAFFHERRBAGKGERIEERAFES . FRAHESMIIE
EOWRAERTLAFRRYAR. He R TEIS R L ERERK, HEBEHRNR
%, RIEKWR Cd* ., Pb™, T Zo™ B {F I 45 SA7E R BT A 9K BE 44 T A9 76 BT LA B BR
ANESMEFHAXD, BEIRENBIHHEREN,. RRASELRERVUE TR,
i SR —E B TR R RN, XMAME SN T Zn™ B—mERTK, W Heg .
Cd"* # Po"* BH BT R, ARBENFRKY Hg“>Cd“”>P1:-’+ XA EE N8
B2 B4 N S — B

AEHESMINERSHRELSHTREFER, ALRRHBH S LERNER
EARRAN. MH EHREEPMREMHERESE, CI M ERGE RS R EHERK, ANE
MEEERRFHEL=ETHEAEW, LG NEAT, ATFERLRALIXS

BB, et R =L fER KB % He' ) %6 2.5 mg/kg R T, REFE-

B ] 3 R Cd* f P M & B b A M AN EREERGT . BAARKE
Em, 5528 Aesn, xpanEmEt. 3R, RESHEREEXTR
FUHF, REEFIHARFHKE, MEXFLENEEERTRENLER. IA—EBE
L, REMisRYESRKEERNEW, &5 X 3200 F IR 25
3.2 HEWTESEES A T TS Y 5 Rt kiR

ESRAEMAT, BEEMERRETHALYHEL, XEFAERHELBEAETE
BHBARR, BESEEFHD —SHALREM, UEEHANAXTROES"
FELA, TFRERERSE, ER 4 RHASXRATHE": HTFERBENHSR,
BEIUBETEESRENER. IEARTHEFUAMNES, HRAZFEHANR
. ARFEVEFRATE. —REASMERTRRQBAGRS, LT HE: —R
TP EEMA KBS R EHE G0 & MR A LRI, Wb
WUHRB _HEEMTEE. BEERAHEHNERY, TRFERREROFIE
M. BYHE RAE S BOREEN R E S AFRBRHERNERET R, &
B E SN RESEEREESN ER”, EhH 24 FREES M LB %I R HE
~EEMPABREMEHER? XRERERETMIL?

ERHESREEINEA, EHERICHERERS T, —RuEMIIENR
B R e, BIERENE, BAARRREER, —RABREMRESY, AKR
HEMLRER, BER LB EEEREY, TRASHHERSESA AL
A, XLXAREH"DEFSFEERSEY: B, ERREFRRBR—EI 107~
107%), LRATEERASBEAAMREREMEEHFHERER. BE, CHBERNT
REEERAREMEECNEE, Fam @y ARt ERAGEN. ATRATRAE
HeBE T —HBNLA LS b M PR A T30, FRWR BB T TR 2HEER, BN
FHEVER L, EERMERTRERRR SRR PMRGRBIEG A, £
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Fiit, R RS DA R G EEREDNKT ERBS RN —FE R, GRE
P, SRESTEERENFAEEREREEL,

LEFEHRAERETR O, EFXNIIHEREZDHEREHRETRS
PFILANE - -

() ENERGET, AHPEPFEE—E BT ARR” SHEHE. B KIMURU B“H
PRE, R EBEE-REAGTESREREA AEBESIE, RERAED. £
MM ERSE = EERO BN, BESRAGTSHAA N SHERENER. BF
BhMEARRLESHEDHEERE, AR R R ERES A FTHRE
REFXARE. XHEHE, TR RRESE E— RNy RTHERRAR T K BE DNA
M JEF) ), MacNair #1 Tomssett 25 AU i & BITHER TN, BRBEHHE
d, BEESHANERE, X BTk S EENIEE. RESEHOTREY,
ARBENSEFEENBBROEY, HDONA BEBERE, CXRKTF LoRE SRS
AFBREU-, B, SF5REHTHYRESREKTEDEARE, UERESRE
SRERZELTEROEE, FOUMYE: SEMXORLERGLEETLEE™Y, X
ERENEEFRTEIHRRE.

(2) S HRAXTIE, EMAGTESWRER S — 545 & " e 00 38 Bl 15 2 8 B
B A% ERASEH, FAEENERREREBSFENRHYN, B,
“WEA TR O TR —REH, EXFETENGE2AMNE, BE XY
£R, LATFREERBERN, ATENNDEERORFEEREAR, R EOHEKLE
#—, PERHAS"HENE, BESSHMAmMERAET, SNUERERER Y
¥.

(3) M Bk ERUREMBEEEN KNS RAFHNEHEES, E5htER
#F, £ R PERATAXTENEREE, NIRRT EIMREMESROB R
#, B FEBRERE, KERR, REENFE, ATTEDBREERSEHRTRAM
AR LTS, EHNPRER, HYESREAGT, BERE—IRBROTERE. &
B, BROLE. BASHYREAR SESREEESENER, ERkeRiEEa
R4 TRAHRERBREHTHL),

SRMEHERE. SRONERE, EEEZRELNFRAREBERA, NTSHTE
HRES RANS TETHRERHREEL,

EXRLRFTTLUED, ShEF THROEFEEXTFHERGETHEFE; ME R
KM, PR HEBERNT L, BERNEFERETRAOT L. X&
EE R A FHORHRE S, THEREDUBMFRRETRES L, SHTMHL
B, EFLREARSFHE—ITRESER, YBEH—SHE. BLLHHEL, XEF
BESAFERTAZ, £—SBE LRMSMEASE—REBEE, BERAHIIE
THRGEEGXRAMRGTE, XEERTRETELHN, CITRENNEER. XE
BROBERTESRESERTE, ERT —miEaicy. sgX5 B AR
FE A A AR R, AN R T — RS R ERE K, AR RSN
BFTE g . TN BN,

W MR, BRERAMREXEAFEH Y — bR, EXHTHEEREH
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R TEMNEBARKETRESLNBEE,. EFEN. RESBRBOYHFA, BES
REHEER . BARE EATESHFRSBEERSROATXR, TRERWESRE
FRHRT, MAXFESFRNERTER, KRSE5RAXEHHAKMEES, LIKS
HOIRENIS R AR R REREE RS . BXRAFTEH TN, FHFR.
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