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The Al-Toderance Evaluation and Anatomical Characterigics o Roots in Inbred
Lines o Maize

LI De Hua' ? ,HE Li- Yuan® L 1IU WurDing*

(* Callege o Resources and Environmental Scienoes o Huazhong Agricultural University, Wuhan 430070, Hubei ; % Department d Biology o Xiaogan University,

Xiaogan 432100, Hubei, China)
Abgract The Al-tolerance of 9 inbred linesdof meize and part of their | generations that had different reactions to acid
il were evd uated , and their norphologcal and anatomical characteri gtics were contrasted with those of Al senstive typica
inbred line, by meansdf hydroponics The resultsindicated that the eva uation of Al-tolerant inbred lines grown in nutrient
lution with aduminum kept bascaly congdent with the screening results in acid il. The Al-tolerant lines had lower
hemetoxylin dye index , higher RSRL and higher reative biomass in cormparion with AFsendtive lines  There were sgnifi-
cant correlations between the relative semind root lengh (RSRL) , hematoxylin dye index, and the Al-tolerance of the
plant. That means RSRL can be used as a Snple, convenient and accurate index for Aktolerance eval ugtion. There were
dgnificant difference of norphologicd and anatormica characteri ics between two typicd inbred lines, AFtolerant genotypes
were didinctly better than Al-sendtive ones
Key words Maize; Al-tolerance edimetion; Root norphologica and anatonrical characters
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1.2.2 1d3d
7d15d 20d 3 ,
) 3 ,
1 1d 3d ,
1.1
1.1.1 7 123 3h6h 24
1 h,3d 10d 20 d 3 5
0.1 % Hgd> 15 min, 3h6h24h 6 h
@90 mm x 20 mm) (0.2 mol/L Cad, 70 % ,
) ., 28 5d FAA ,
(IR) , ,
Magnavaca OL YMRUS (12]
(4] 0(CK) 0.1 0.2 0.3 0.4 mmol/L
KAI (S04) 2 ( pH4.0)5 2
(28 cm x 12 cm x 9 cm) 2.1
28 14 h 10 h , 10 211
mn, 3d
(FRY.) 10 ,0.1 0.2 0.3 0.4 mol/L
15 (Net  AI®* 3d,7
semina root length NSRL) (NSRL = FRS. - ISR.) 4.88 3.90 2.41  2.10 mm,
(Relative semina root length ,RSRL) 0.820.65 0.40 0.39( 1) 1 :
[RERL = NSRL (+Al)/ NSR (CK) ] 0.2 mol/L A" , 3d
9 2 Rl 0(CK) , 0.5,
0.1 0.2 mol/L KAI(S)2 3 ] ,
3d 7d NSR. R, 0.76 0.75 0.3 0.4 mnol/L A" 3d,
1.1.2 7d
200 nL 15 min, 50 L 0.2 % 9 2 R
20 min, ,0.1 mol/L AIRY
05 |, 0.2 mol/L AI** 7d,11
0, 5t , (NSRL) 5.87 4.35mm,
10 (RRL) 0.76 0.58( 2)
1.1.3 , ,  0.1mmol/L AP* 3d 7d,
: 12 3d , 0.2
(4] 15 d , mol/L AIRY
70 ( 2
(CK) 3 . 212 7d
6 ,
1.2
1.2.1 , 0.1 mmol/L APRY ,
Zn( ) Zol ) Zo( ) , Zo

( 2
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1
Tablel NSRL and RSRL among various inbred lines o maize
NSRL (nm) R
) AR* (mol/L) A% (mol/L)
Inbred lines 0.0 (CK) 0.1 0.2 0.3 0.4 01 0.2 0.3 0.4
Zu (T) 9.30+0.59 6.98+0.94 6.51+0.63 3.21+0.74 2.72+0.94 0.75+0.10 0.70+0.16 0.35+0.08 0.29+0.10
Zi(T) 3.02+0.28 2.60+0.28 2.31+0.22 1.37+0.25 1.12+0.36 0.86+0.09 0.76+0.07 0.45+0.14 0.37+0.09
Z5(T) 4.53+1.03 4.12+0.72 3.71+0.59 2.40+0.45 2.34+0.48 0.91+0.16 0.82+0.13 0.53+0.10 0.52+0.11
Zg(M) 8.56+0.57 8.39+0.80 5.91+0.75 2.90+0.28 2.95+0.38 0.98+0.06 0.69+0.04 0.34+0.03 0.34+0.04
Zw(M) 3.59+0.39 3.43+0.62 2.88+0.37 2.01+0.41 1.11+0.34 0.95+0.17 0.80+0.10 0.55+0.07 0.31+0.07
Zp(9 6.68+0.67 4.88+0.37 3.21+0.39 2.26+0.29 2.29+0.34 0.73+0.11 0.48+0.05 0.34+0.04 0.34+0.05
Zu(9) 6.22+0.52 3.79+0.42 2.80+0.25 2.71+0.27 2.30+0.34 0.72+0.15 0.45+0.07 0.43+0.04 0.37+0.05
Mean 5.96 4.88 3.90 2.41 2.10 0.82 0.65 0.40 0.35
T 5.62 4.57 4.18 2.33 2.06 0.84 0.76 0.44 0.39
M 6.08 5.87 4.40 2.46 2.03 0.97 0.75 0.45 0.33
S 6.45 4.34 3.01 2.49 2.3 0.73 0.47 0.39 0.36
Notes:NSRL = net semind root lengh; RSRL = rlative semind root length. T=Al-tolerant , S= sendtive, M = medum.
2
Table2  The difference of Al-tderance among various inbred lines of maize
Al%* 7d Al%* 15d
0.1 mool/L ALY 0.2 mool/L AI%* 0.1 mmol/L AI*
Line
NSRL R NSRL R Hematoxylin dye index Relative biomass
Zy (T) 5.54 bed 0.83 4.14 bc 0.62 cde 0.83d 0.95 ab
Z(T) 4.69 cd 0.90 4.23hc 0.81 abc 1.86¢C 0.75 be
Ze(T) 8.52a 0.86 7.21a 0. 73 abcd 1.50 cd 0.97a
Z (M) 5. 48 bed 0.66 317 cd 0.38fg 3.83a 0.66 cd
Zw(M) 7.07 ahc 0.80 5.62b 0.64 bed 4.14a 0.73¢
Zp(9) 7.20 ab 0.73 4.23 he 0.43 &g 4.17 a 0.56 cd
Z (9 3.38d 0.59 1.54e 0.25¢g 3.8 a 0.45d
Zs(9 2.14 de 0.54 def 2.33hc 0.47 d
Z(9) 2.07 de 0.53 def 2.8 b
Hi(Zoy X Zop) 7.79a 0.83ab 1.83¢c 0.98a
Ho (Zos % Zog) 7.88ab 0.94 7.76 a 0.92a 1.67 cd
Mean 5.87 0.76 4.35 0.58 2.08 0.72
o 39.9 P=0.27 34.9 33.5 37.5 15.3
Kind
T 6.25 0.83 5.19 0.72 1.40 0.89
M 6.27 0.73 4.40 0.52 3.98 0.70
S 5.29 0.66 1.92 0.45 3.30 0.49
H 7.88 0.94 7.78 0.88 175 0.98
Notes: T=Al-tolerant , S= sendtive, M= medium, H= hybrid. Andysswith SAS, SSR, a =0. 05.
0.2 mmol/L AI®* , (Zog Zw) ,
(M 3.98, (Hi H)
(M) (9 , 1.75,
0.72 0.52 0.45 2 , ( 2
H, Ho, 0.8, 2.1.3
2 ,
3 y
(TM Y9 0.89 0.2 mmol/L
0.70 0.49 3 (Zor Zos Zo7) AlR* ,
, 1.40, 4
3.3, Zo 4.17 , ( 3)
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, Zo
3 , , 0.87,
, 0.58( 1)
(r 2.2.2
0.6740° 0.7304") ,0.2 mol/L APY ,
L L 2 1
, Zo
, Znp 0.8 ,
20d 86 % 3d
2.2 , 25 %, 20d
58%( 2)
2.2.1 , Zo1
1 3d Zp ( 3
3
Table3  The rdationship among reative biomass, RSRL and hematoxylin dye
NSRL RS Relaive biomass of shoots Relaive biomass o plant
0.1 mol/L AI®* - 0.2773 -0.7259 " -0.78% " -0.7980 "
Hemetoxylin dye index 0.2 mol/L AI®* - 0.4293 - 0.6976 -0.7924" " - 0.6077 "
0.1 mmol/L AI®* 0. 5670 - 0.0078 0.6825
NSRL 0.2 mol/L AI®* 0.8082 " ° 0. 5289 0.8742" "
0.1 mol/L AI®* 0. 6079 0.8071"
RSRL 0.2 mol/L AI®* 0.6740 " 0.7304 "
0.1 mmol/L AI®* 0.6211
Relative biomass of_shoots 0.2 nmol/1 AI%* 0.7780 "
Notes: n= 7,9,11 then ros=0.754, 0.666, 0.602; roo =0.874, 0.798, 0. 735.
o A0r oz, —Al W Zy+al
g 300 Zy-Al B Zp+Al £ 12 OZ W2z
= 5 10
& T+ g 08
£ 3 2 06
g \\\ 2 04
&= AN £ 02
= 00
1 3 1 3
Days of treatment {d} Days of treatment (d}
1
Fig.1  Hfectsd aluminum on root length and relative length in inbred lines o maize
12 -
10 ;E O Z,-Al
—— 7y Al 3 9F B Zy+Al 7
o 8 —l— Zy +Al P d Z,-Al 4
= = Z, —Al E 6 Za+Al '
z 6 —— 7 +Al = §§
% 4 = N
g 3 , N
«© 2 = i CE AN
. . A . 0 <Al N
0 5 10 15 20 1 3 7 15 20
Days of treatment (1) Days of treatment (d)
2 3
Fig.2  Hfects d aluminum on root biomass Fig.3  Hfects o aluminum on root voume

in inbred lines o maize
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2.2.3 :
3h Zo (NSRL) ,
24 h -D) RSRL
3d Zo ,
: : : ( (3] NSRL
-1J) Zy : Magnavaca
( -B.,F) , , (0.185 mmol/L AIPT)
3d , ( ) (ISR)
: , NSR , RSRL
( -6 (8] , RSRL
3
[14 15]
) 40 % AI%*
[1,9] .
) Morimura  (1978) 1 nol/L Alds
2 h 8h
[8] '
; 3h
24 h ; 3d ,
(2] : Zon 3d
) 1
AlIY ,
Magnavaca(1982) , [16]
6 3% ,
my/L, [17]
, [1] ’
,0.2 mmol/L AP (5.4 mg/L)
1 1 [18]
(NSR) (RRL)
7d
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FHEF EAETRWA BTN RRAN SR SE BRI
LI De-Hua ef al.; The Al-Tolerance Evalution and Anatomical Characteristics of Roots in Inbred

Lines of Maize Plate |

B R % M

AWB.C.D: $ARIEIE 24 b A A L0 AW ER , »160)
AT B EE Zy) CKiB:Zy + AL MR 2B M B R E CAB MR A XR 2y CKiD:Zp + AL MM AHBZEFIL,
EFH.LJ: 4T3 d MBI A B PO X 60,0: ¢ 100).
ExZy CKiFeZy + AL 22 B AR RS s H: Zy CKiT ) 2 + AL SR BB IR 2 0 URE L H2 2 MR ARTE .
G HHE AR 7o MOSRE R A (FRALTE 3 d STECie i, x24).
e o — P2 T AT 40 B o ) B R IR, A e IR R
Explanation of Plate
A,B,C,D: The mitvsis of coll in root tip afier 24 h by Al treatment(squash method, % 160) .
A+ Zgy { Al-tolerant inbred line) CK; B: Zg, + Al, Cell fission was inhibited slightly; C: Zg { Al'sensitive inbred line)CK; D Zg + Al, Cell fission have

stopped completaly .
E,F,H.1,]: The anatomical churacteristies of oot tip sfier 3 d by Al trestment( paraffin section, E,F,H,[: x 60, J; x 100).
E: ZgCK; F: Zoy + Al Roal growth was inkibited alightlys H: Ze CKi 1,J:Zg + AL, Root tip expanded, epidermis desq 1, cell ja of cortex.

G+ The whole dye by ruthenium red in oot of Zy; (after 3 d by Al treatment, x 24).
Root tip was surmounded with mucilage, which could be dyed by muthenivm red and bad similar characteristics with pectin.
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