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Effect of seed soaking with aluminum on seed germination and seedling physiology of
buckwheat

LI Chao-Su, LIU Peng” , XU Gen-Di, ZHANG Wen-Jun, CHEN Wei-Wei, WANG Bao-Yi  (Key Laboratory of Botany , Zhejiang
Normal University , Jinhua 321004, China) . Acta Ecologica Sinica ,2006,26(6) :2041 ~ 2047,

Abstract: Aluminum ( Al) toxicity is a serious agricultural problem in acid soils which account for about 40% of the world’s arable
land. Tolerance study on the Al toxicity in some resistant plants is helpful to find an economic and sustainable approach for
improving crop production on acid soils. In this research, two buckwheat ( Fagopyrum esculentum Moench) varieties’ ( Xiaobaihua
and Xigiao No.5) seeds were soaked in Al solutions (0, 10, 100, 1000 and 5000 mg'L"l AP*) for 5 hours to investigate the
effect of Al on seeds germination and seedling growth.

The result indicate 10 and 100 mg* L~" AP** soaking can decrease the seeds membrane permeability by 6.2% .34.3% in
Xiaobaihua and 54.7% .44.6% in Xigiao No.5. Accordingly, less main nutrition substance accumulated in seeds was leaked. Al
(10 ~ 5000 mg*L~"'AP’* ) soaking can not significantly change the germination percentage of two varieties, but 5000 mg- L™
AP* can restrain the germination index and the vigor index by 3.2% and 23.2% in Xiaobaihua, 46.3% and 41.6% in Xigiao
No.5. After seed germination, Al inhibited the root elongation by 7.0% ~ 50.1% in Xiaobaihua, 12.1% ~ 39.6% in Xigiao
No.5. On the seventh days after germination, 10,100.1000 mg*L~" A’* had no significant effects on the malonaldehyde ( MDA)
content in buckwheat leaves of two varieties compared with the control. However 5000 mg*L™" AP* increased the MDA content by

19.1% and 9.6% in Xiaobaihua and Xiqiao No.5 respectively. 5000 mg+L™' AI’* also promoted the activity of peroxidase
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(POD) by 53.4% in Xiaobaihua leaves and 11.6% in Xigiao No.5. Lower concentrations of Al can decrease the content of
soluble sugar (SS) and proline (Pro) in the leaves of two varieties. Higher concentrations, especially 5000 mg*L™! AP* , can
increase the content of SS and Pro by 42% and 18.1% in Xiaobaihua, 68.1% and 12.6% in Xiqiao No.5. The reaction of
catalase (CAT) to Al in two varieties was different. The CAT activity in leaves of Xiaobaihua was more sensitive to Al than that in
Xigiao No.5. The testing dates showed that buckwheat seeds and seedlings had high resistance to Al, and lower concentrations of
Al could promote germination of buckwheat seeds by decreasing the membrane permeability. The promotion of POD activity and the
increasing of SS and Pro contents in two varieties’ leaves played an important part under Al stress. And different buckwheat
varieties had different reaction to Al.
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BREECAIRETETEYAEKBFIEORAEERY . B8 R RUGHE ALY R 8 T T 1L
MEE BEOQURMRANEOR . B ERFEYRI FEES FHTHARENSEHREEURARAY
FRABIR, EMEWHEPENERERY, REF 0.2/ m® WMEICH BREF IS4MER .4 54H
T S EARM 21% . EFER, B TRWAE P EERERRG T 26 H U RBRE AR ETTRE, L Eembm
BlEHENELEREEY, FEEMHYNEENEURHEEYORENHNTRERZAER. F
% ( Fagopyrum esculentum Moench) B TER Y MFER . BI5TIESE, /N E 3R ( Brassica napus L. )% H A
WML, FEARBRMERZHES  BEFEEATHEY W EYENEEMN . Ma F0 Zheng 5 BIFE T 8
BRFAERAEIRNT B REAEDNRAS G BEBFIIE" , Peng BI5T T W BHE A R 055 £ R FH7EEM®
TERSWHERNUD Shen BIEME T BEFERANEH S RURFEETNEFEE R REKE
BT, YRSt R Y RSN BB LIE (10 pH R R AW WU R AR E A %)
MR REVNE(NMBENSRER SRESEONSRUANELREN T GEERANERY A
EJLERERIERFEMEENARBRETEME THFERZANRSUVINS R AR EFNE, X T
FEMNABBEENERIRANRNECREERHETHEARBRHRAE L, AXURBERRBLEK 2
ANFEERMAZRME B AR RIERE NS RALIE, AR TR, IR Y £ K B 38 e i
R BL, Ay 3 — 2 BT ALY T 45 9 A 38 A L b1 o 42 (it S0 AR 3
1 #E5HE
1.1 KBHH

BRB L BAFEAIRAFE DB L =RFES S A FERMHNAEHKRT 5%, B4FEXTF
9% , K BB TF 85% , FKE/NF 8%,

il R  BRAREE (4 F X AL (S0,),-18H,0), A4 #ist,

1.2 KB Et

BTERREA, LHKBERFEHEEF 10~20x 107U LR, KERHYBLSBRSZER, WM
R RKH,1000mg: L' WELEXFERM FHH AN E A BEEE AR E, BF 5000 mg- L' #9484
HRAMMBEEESMER ., BARARHEKRERE X :10.100.1000.5000mg- L', 1k B f B 1 10 55
EF T & 600 RIR BT A R W E WA R T (200ml) , RFBREKENR, Sh GRHFREBE, BN %S, BF
A -RREBANSEFRLS, S0 100 B, EXNER, EXEAS BRI KEFEXER, S8 MRKR4"6
KEX.,

1.3 WEHE

1.3.1 MPHAMHEFRLAKNNE MHTFEBIEFLE, UERERME 1mm B R FRE, SR 24h Git
— KM FHRFR AL BFHTFREBEANR T RS, RF SR EREHN, 87 Kat, &4
MM FRFC2MWRR, LN ESHEWFYRK EHRE(TF &), FHXE(T. &), itEEHHER".
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RHEF(%) = EFRRFRMHTEH + HlF 75 x100%
KRB = D Gt/De(Ge Fy ¢ BRI IR ZF B, De Jg A DL 2 3F KA

EHIER = RFRE < BT RS HRHEE

1.3.2 £EAABGEHNE BHBETEORMITBHESEMNTE, BORKERBEIMOEE™,
AR ERA TBA R R M THEENIE, REHEK 10 KA FREZKESHAESE 15n
BERAAKHAED, RABRSE" , WHREREFE T X, BFEEEZ2ERANH M E ST AR R, W28
(MDA) F0 7] 7 ¥ 88 (SS) B & B SR TBA 821", Wk B I AL AR (Pro) & BE SR MR =M™, 3 E 4k Py 8§ (POD)
HIE MR AR AB T S E SR (CAT KGR ARARBRAREE R,
1.4 BHELH

Sk F SPSS 12.0 etk {4 # 17 SSR B EM KK (p <0.05), KA Excel 2000 34 H & ,
2 BRMSWH
2.1 ERMMNFEMHTEEENERYREENZ W

T 40 R 425 9 B0 B AT LA R TE B & i 4R B S
ZMRMMIER#T,HEREARAERYRENE

1 BHFERMTMEENERDESROLE
Table 1  Effect of aluminum on the membrane permeability and the

Ho WE 1 ATLIE W, RHKE (10 ~ 100mg- L") K48

leakage of nutrition substance in buckwheat seeds

BRET BFEST

SRRIEETHE T RES, AR, AN mer BT gepaw pewes
PR 6.29% ~ 33.3%  BFFS SHIRIEN 44.6% ~  Vaiciesof prommior  pemeabiy oo o S
54.8%, MMM, 2 NFEEHBPBFHBWPEOFEMA  buckdhear 1 i‘::“(‘";‘:;‘ solution solution
BHES RGO RRBEREK. 5000me- L™ K4 (mgL™")  (mml-L™")
REEERMT 2ARERMHTHBREE (P < e 10 oaroie 0% 1
0.05),Fixt MAHE , /hAEMEF S SHiEL NN 100 2.340.5a 0.36 0.84
113% %0 78.3% , MEEBEHKEAERMHTHESR ;g jizizb gig 1‘5"7’
VRSB E ERARES BRMRBEARTTE  gase 0 40:05 028 e
HRESEME T RA, XTREEE NEMFEM F  XidoN.5 10 1.8£0.2b 0.21 0.95
R SR O AR om sses o1 ow
2.2 WBEMIMFEEMTEFEKEW 5000 7.2:1.3d 0.13 1.38

R2E2NFEBMBRME R AR, A
JUEHARREREM 2 M FERHNRLRF
EMS0HRRXBEMARE ., MEKEME (10 ~
100mg- L™ ") IRE T 2 1MFRE & MR F I, EFxt

FR-@mFHAFALBRPEFEARAEAREER XD EE KT

(p<0.05), TR The differences between the treatments (of same variety)

without the same small letters were significant (p < 0.05), the same below

MZEZRABE(p>0.05),5000 mg- L' B EREE T RFWEP, L/ PMALKEK 3%, 185 5 SRKE
46.3% , XM BMAEBEHRER(p<0.05), B 2 MFEERFHNE BB WAR,EEERENEME IR
ARG R R BE, /NATEFIEFE S 54 9I7E 100mg- L' F1 1000mg- L' B 15 B 5 K {8, 0 x¢ BB A8 by 3 48
4374 20.1% 1 49.8%
2.3 EEMMFZSIHERBNER

RIRMTARKENERMERZNHERE REMEFENTANE, BRETUSH, SXFEHBR
MEKEWHER, BEESIKRE T SMHERAREE K, 100mg: L' AR 2 M EE SRR B K fxE
BEREEBERESR(p <0.05),5000mg: L' FIRL IR X 5 3 S AR M K MM 4 76 FR B K, LB /N I B AR 35 5 S
HRR DA CREEET 50.0% 7 39.6% . FWE(5000mg- L' ) WHBAEFEEERBAEERANEYERE
<0.05) {HERAER 2 MFE MM EFIEPBNEPAEE(p >0.05),
2.4 EEMXIFERELHEM FF MDA FBRKNE W
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H B (MDA)RMAMERIEANFIET YL — —RRBERTELBE URELSE W EER N EERN
5, B 1 4R ER, 0mg L' A 100mg- L' WEBRMEREREMEFEZNE A MDA WS &, KHh/hBEREIE
£1.3%~2.1%,BF 5 SHMHEE6.7% ~9.6% , BN BABRA XD EZEER(p>0.05), 5000mg-L™'H

e mEEd A MDA SE, I BALEFS SWIE9.6%,/NAERHIE19.1%,

£2 BUNFERTFEAFHOER
Table 2 Effect of aluminum on the germination of buckwheat seeds

(=} b
\aii:i:::f Concenﬂafo;*tf aluminum Gemﬁmfo?pjjrcenmge Ziﬁ%ﬁ ?ﬁj]*‘é‘ﬁ 55()0;0 Zﬁfwﬁ
buckwheat (mg-L™1) (%) Germination index Vigor index days(d)
/MBI FE Xiaobaihua 0 89.6+1.67a 49.1:8.84a 0.782756 2
10 87.4+3.51a 53.3£6.78a 0.858239 2
100 88.0%1.87a 55.8+5.67a 0.939922 2
1000 86.4%5.13a 54.3+5.51a 0.837258 2
5000 85.6+4.83a 47.6+4.28a 0.601408 2
®$ 5 2 Xigiao No.5 0 97.8+1.79a 82.5+12.30a 1.094685 1
10 98.6+0.89 84.5+6.68a 1.116243 1
100 98.2+1.48a 85.0+7.63a 1.383209 1
1000 99.0+ 1.00a 80.2+ 10.08a 1.639408 1
5000 97.6+1.82a 44.3+ 5.40b 0.42092 2
#3 ANFELEKENHER
Table 3 Effect of aluminum on the growth potential of buckwheat seedlings
8 %%’JI% BKRK *R%Ziﬁﬁi. *R%‘ﬁﬂ:i. %%‘ﬁjﬁib %%Zﬁﬂ:?
Varicties of Concent{atlon of Length of the Average fresh weight  Average dry weight  Average fresh weight Average dry weight
buckwheat Aluminum longest root of each root of each root of each stem of each stem
(mg-L™") (em) (mg) (mg) (mg) (mg)
N=Y 4 0 9.77%1.22a 15.94 £ 0.38a 1.49 £0.19a 62.45:4.11a 13.4421.12a
Xiaobaihua 10 9.09  0.99%b 16.11£ 1.08a 1.48+0.09a 63.9116.32a 14.071.50a
100 8.81+1.21b 16.86 + 1.06a 1.43£0.14a 67.23£8.27a 14.48 £ 0.93a
1000 8.93 £ 0.55b 15.43£0.67a 1.42£0.19a 70.99 £ 5.53a 13.06+0.92a
5000 4.88 +0.80c 12.65+0.83b 1.06 + 0.08b 63.18 £ 4.64a 14.08  1.00a
BIHS5S 0 9.4011.29a 13.27+0.51a 1.32+0.09a 81.8514.19a 10.29 + 1.84ab
Xigiao No.5 10 9.43+1.14a 13.2121.10a 1.32£0.08a 82.30+3.59a 9.49+0.93a
100 8.26+ 1.55b 16.27+1.37a 1.36£0.17a 84.56 + 10.36a 11.46 % 1.443b
1000 8.44 1 1.58b 20.45 +2.88b 1.68 +0.26b 79.23 £ 9.40a 11.90+1.23b
5000 5.68+0.75¢ 9.49 = 2 24c 0.910.15¢ 73.3146.60a 10.83+ 0.31ab
2.5 FPRMIFXNETANELREHNEZH o 00 §10 m100 & 1000 M 5000
AT A A PO 1 PR 05 P S So¥r ; ;
BN, WA MM R I B R (0 POD A CAD AL w3525y
WP RN Pro F SHOMFREMRE R, B B3 0[|
MRMHAHBE A ERENEL, HR4TUE B2 2ol | |
G518 AL FRBE G5 A1/ £ 76 B PY CAT O35 1 , 8 0 ERl | Ll
128.6% ~553% , MIMBHEBESHER(p<0.05),8 8 /NEFE Xiaobaihua  FFSF Xigiao No.5
5T 5000mg'L_l!fE|5L|‘IE—F NETEH P POD BEHEA B F53 WFk Varieties of buck wheat
EARE L HES3.4% MIMBHBEEEZER(p<0.05), B1 muFEn N s RO
%Xﬁ&% 5 %M_ W CAT ﬂ POD ?‘ﬁﬁ@’ﬂﬁ% ﬂ[ﬁ]%‘BZ: Hﬂ_\ﬁ Fig.1 Effect of aluminum on the content of MDA in buckwheat leaves
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(p>0.05), BEE 4B, 2 FhFE5 MK Pro M SS K& BAE e M R/E M MK %, 3F H7E 5000mg- L' 48
AR K ERANBBEREEEZR (p <0.05),

£4 ARNFEHEHARALREHORR
Table 4 Effect of aluminum on the antioxidant defense system in buckwheat leaves

FEE G BRE A Y B i E AL RS WRHRERSTE AEHEaR
Varieties of Concentration of Aluminum Activity of POD Activity of CAT Content of Pro Content of SS
buckwheat (mg'L™") (M470min~ '+ g~'Pr)  (mgH,0,.min"' .mg™'Pr) (pg g 'FW) (mmol - g~ FW)
MAaTE 0 94.9+4.5a 1.08 +0.04a 9.39+2.51a 0.31£0.0la
Xiaobaihua 10 86.7+9.8a 1.52+0.09b 7.52£1.69 0.29 + 0.04ab
100 89.1+14.3a 1.39+0.26ab 8.02+2.15a 0.26+ 0.04b
1000 100.9 £ 15.9a 1.630.22b 13.31 £ 0.43b 0.25+0.03b
5000 204.1+8.9b 1.68+0.03b 13.47 £ 1.39b 0.37 1 0.06¢
®IFs5 S 0 91.9:+4.1a 1.65+0.35a 8.23+£2.28a 0.30£0.0la
Xigiao No.5 10 86.9%8.9a 1.72£0.41a 4.9510.92b 0.25 £ 0.07ab
100 85.1+0.4a 1.66+0.45a 10.28 +0.33a 0.24 +£0.03b
1000 92.6+25.5a 1.70£0.27a 9.73+1.29a 0.25 1 0.04ab
5000 104.0 22 .4a 1.38+0.18a 13.84 £ 4.28b 0.34 £ 0.06c
3 WHig

AERETEPEVERBENRWE T, LB AKBERPIEESBEE 10% ~20% L L&, KREHHE Y
SBHPEAL MARZR S, — EWREBBERBFLEAT LB INFFEM TR FHREIE IR %
FTHEMNE,BHHENEFE, UERARANEEFNESIRLSREERD SIS EDHTFHHEY,
Xt ERAARH.,10 ~ 1000mg- L' 630 B T /NAER F MR EHEMK 6.2% ~33.3% , EF 5 ST 44.6% ~
54.8%, FHZE 10~ 100mg- L ' {B4HE 2 /M FESRHNBMBEPEARMITASEBESEREAFREERN
Fefik. HAMER M EE SRR THRE XMEENABS, BMCEY RN BAEEHER", dik
ZH,EXHYBRRE—FEE R, BEENERMEEREEYH FH AN MEEE, B EFRY RN
R, FE>BEEENFAR, ATEETFHFHEL,

AHRFET AYENEEEEANESHEERHEFENEEBETHEREN, 2SB4EYEETE
AEEREA BEARTHEURASREZMESHAE ENMREEN, BWTHEYEEEERZARLR™, &
Wik 5 10 ~ 1000mg- L' 4R AL BEXT 2 FEF ShFh it 4 MDA & B KRB 8,1 5000 mg- L' 4340 B R /DA
M MDA S EIE19.1% X BEEENZRF(p <0.05),BFF S SH AN MDA & BB IEWiX9.6% , 1M MDA
EEHEEGEEETEROER= " WNELEE S FE MBS HNEE R RN ES
BEERARER, AREMETHREZIANGELCRARANEEHES B ESA X, HAYEERD#HL
SRPUAAMER T BREMEBRERAALRPRERANERARANEEE BEANAREROGE,
M 2B X E AL B8 M H ™ X R % 40 POD A CAT BITE#E B 8fL LA & SS #1 Pro W& B K3
B PODFETHYHRKMMAMAES, T LUSBRAKRNEK HO0,, FREEIBEAEMRHG. 5000 mg- L' 4845
i, #&FF 5 S0 POD {EHEIIN 11.6% ,/NEIERT Y POD TEE3E N 53.4% , M BBAE B EH2E R (p <0.05),
M H 2 A& F 0 POD {EH:H MDA & BE A THREEMX(ES), XILHAEEMAET,FEEKKN POD EHM
AR TFREFENHWEEAEEEM, Po TS —HEMNSBEMA -OH "0, , 35 H 7 LI fin 41 iy
MARKEE, ERAREES  BEEARMEED . ZKIAEH, 7 5000 mg- L™ B4 He, /DEEMRFES S
R AR 2% 68.1% , M BZ B EBEEZR(p<0.05), AIBEHBIENARBELATHNEEY
B BEERMANEK,FEHHNRENB GRS, TR, EBET 5248 LLE SRS AN
POD 1544 /M Pro 71 SS F BRI B FE BB . FIET Pro & 8 A 7+ o 7T LUE i 40 B P {7 5 RIS 1 19
FHE B SEE M AR R E AR R E — M RER . CAT R M YTE S8 F —
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MEENRPE, EXEFETRAEK SELYKRS ZBREFE,TUE—-%HNER 10, BER-RFRAR
2 NFEE G A CAT BHSHERNEBREARR , XTEERVEEARERNAUFEZN AR ABRHBX
i NG

ﬂ%ﬁi,fﬂlj\i\m%%ﬁﬂﬂﬂi%*ﬂ[:{3,5()“[“0] %5 A ESHMGERERZENBEXMEDR
oL S Gh I 52 AR 2 2 51 40 0 #E B B /M) | fif4g  TableS The correlation analysis between MDA and other physiologica
PERE . AWHE T, 5000mg- 17" LRI 372 R leaw;DA-POD MDA-CAT MDA-Pro MDA-SS
MEFHEEMENERBRABRTRE, BHE o som - 05 o076 o095
RYHRBENBAHBEEELLER MRAEERE  BFS5S XigisoNo.5  0.989"°  0.88  0.669  0.908"
RSB T MR R F B & AU X B H B 40% * * Very significance(p <0.01), * significance(p <0.05)
ER, BTHEE,10~1000 mg' LB EBMFERFHAKEAZI —SmH BEMBRENADE
FWMAHE (p<0.05), T H A At MDA BB AN BURABENEER (p<0.05), XUH—HIELTFHFE
R—MAWEEY. AREFERREEREER 2ANZREANFEZIFHNENRLNAE —~EWNEFE. 5000mg- L'
BAEKN/NEER FRRFRBANENRBEORREENTRFTE S S, A FHRE/NEEBRERKZNEEM
A MDA S EMMBARKRTRFES S, MA/DOEN N CATEEXN BN EBREBR TRIFS S, Peng thif
RIELARFEHRFHEEHATERIWERARY . X R BRFEER—FWEEY, AR R R E
MR BLA —E R E R,
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