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ABSTRACT

Studies were conducted to evaluate the differential Al tolerance of Suwon 205 and Olmil wheats
grown is nutrient solution and to determine the impact of NHst—N or Ca?'nutrition of the re-
sponse of the two wheat vareties to Al.

In various concentrations of Al, Olmil induced lower pH levels than Suwon 205 in nutrient
solutions and the reduction of root length and dry weight was greater in Olmil than in Suwon 205.
The uptake of Al was greater in root than in shoot of the two wheat varieties, but more increased
in root of Olmil. Also the uptake of Ca, Mg, K and P was inhibited by Al, especialy decrease of Ca
and P uptake in roots of Olmil was more pronounced than in those of Suwon 205.

In nutrient solutions that contained NH4*-N plus 9ppm Al, the ability of both varienties to raise
the pH was reduced as the level of NH.s*-N in nutrient solutions was increased, and Al-sensitive
Olmil induced lower pH than did Al-tolerant Suwon 205. Al toxicity was intensified by increasing
the concentration of NHs*-N in nutrient solution and toxic effect was greater in Olmil.

Al toxicity in the two wheat varieties was steadily increased as the Ca level of nutrient solution
was reduced, sepecialy this effect was stronger in Al-sensitive Olmil than in Al-tolerant Suwon
205.

M E

Selvtel @ Eg] iR B A EYe® Hi pH5.7H e, pHE.5013817 HE E
= 433 griKim, e al., 1982). 28t WF AQuje] HF pHe o] 6.5~6.7, 29 ] 6.0
~7.5% o]of u]x]x] &3}a1 3} (Hwang, et al., 1984).

Ab] Egpoll Al 2] Bo] HEE Y Ao dvtR7F o), b 2 2918 Al Edeg B
15 o] glt}(Foy, et al., 1967 ; Long, et al., 1973 : Lafever, ¢t al., 1977).

Al BX F4L& 259 F71, Helo Zdolo} AN Fe] A, el Z9) Darkening 9] WS
o] Vrehubl(Reid, ef al., 1971 : Polle, et al., 1978), ©1& Alo] 2AI o] £HL oJ7|A)7]7]

— 157 —



158 Korean J. Ecol. Vol. 15 No, 2

o) Eo) (K, of al., 1981).

EZ Alo] EAEE A Eo] AYIAFY FF, 53] Cazm P9 F471 @A dHClarkson,
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Qo] ZAE ZHFFE 33U YterA]A 1/5 strength Steinberg solution(Foy, et al., 1967)
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c}.
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KNO,¢ (NH,),SO, & AM8-3to) N(62ppm)& FF3tch. o] o A1&@ NH*-N3} NO;~-Nej
v & 0/100, 10/90, 30 /70 & 50 /5022 3s}%ich

2 E gA o] 27] pHE HCIlF NaOHE ARS8t 454012 2& Qo8 48417 2t o2
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3 Ca(NOs)z - 4H208 AHE-3H4 0.0, 2.0, 8.0, 16.0, 32.0, 50.0ppm Ca?t ¥x 9] o) 72 24
3t ot

FEHE 94t 1¥sgon, gt 27) pHE 4.5+£0.12 L ahA 230k
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Fig. 1. The effect of aluminum on the germination rate of Suwon 205 and Olmil.

¢ ; Suwon 205 ® ; Olmil
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Alsx g galsto] Auid 59 2059 99 wjPd e pHE wlgE 7927 H FR A3}
& 2% tHTable 1). .

A7 B ¥ £ pHE gut3 oz Zrigoy, Ale] $27t old+8 37182 3
2} 743k o

Hz7A £ %0 pHE A9 2L H&E F7HE ALY, Al HgAlde &322 pH7L
2 2058 T S ol rh ol& £ 9] oA Yol x| $i5(cation exchange capacity) ]
F9 2058 AA &4 Fo] thF A APTS F481 HT S §9F02 H&fy] g7
o2 Agdt} )

Table 1. The effect of aluminum on pH changes of nutrient solution during growing period of Suwon

205 and Olmil
pH

Al added )
(ppmy  VATiEty  0~2 2~4 4~6 6~8 8~10 10~12 12~14 14~16 16~18 18~20
Days Days Days Days Days Days Days Days Days Days
Suwon205 —0.3 +0.1 +04 +0.5 +07 +11 +L4 +1.6 +1.8 +18
0.0 Omil —02 401 402 403 +07 +12 +15 +16 +L7 +17
Suwon205 —0.1 +04 +05 +0.6 +1.0 +L2 +15 +15 +16 +16
30 olmil 400 —01 —-0.2 401 +04 +0.5 +0.8 +12 +L1 +1.4
Suwon205 —0.2 —0.2 402 +0.2 +07 +09 +1L1 +L2 +15 +15
60 Oimi ~03 00 -02 —-03 401 402 +03 +05 407 +0.9
Suwon205 —02 —02 -02 -01 ~+02 +04 +07 +1.0 +1.2 +L3
9.0 Olmil -03 -04 -01 -03 =02 -01 +03 +02 +06 -+05
, Suwwon205 —03 03 —02 01 00 +02 +05 +06 +06 +L6
12. Olmil -03 -04 —-02 -02 -01 -01 —-01 +01 00 00

4 FFAIM M2 g Al Wae 210X pHE HsiAdle 583 247 len, Al
of thaf Wgdo] 2 FFolA e FFET o £& pHE Uepdi(Foy, 1965). o|F A 2
o 9 205€ 4R Aol & FFoln, g9dA fx¥ W& pHe Al&s4 3 2414
F49& A HS A HHE 28 e AlRdEn

2, e} x| Aol B

F FEA e AL Al x99 FF et #9342 20§ YEP o (F=2.24, p<
0.05), 27359 AL Al Fxol ma} §o &< Aol A2 H(F=3.69, p<0.05), FZ kel
= #ol7t g H(Fig. 2, Fig. 3).

AlY) Fx7t gobd wal e} AR B AL P2 FAHNeH, &9 Bhg
2 7Y 2055t B ZA YepE) §3) Al 290 AR NG} e AFE HEA JA
Al A= ol A%l 71 A9A de Al Ao AFaE Campbell(1977) 2] Buste
YU x| & Holtt
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Fig. 2. Root growth of Suwon 205 and Olmil Fig. 3. Shoot growth of Suwon 205 and
in defferent Aluminum concentra- Olmil in defferent Aluminum con-
tions. Growth was presented as per- centrations, Growth was presented
cent of control (0ppm Al*") in 20 as percent of control (Oppm Al**) in
days after planting. e ; Suwon 205 20 days after planting. e ; Suwon
| ; Olmil 205 ® ; Olmil

Zt Alxg] Fxol A B al el 248 =9 2057) 3.0%~27.8%° 3P o, &1L 30.
7%~74.7%% JEFUT) olel g gl Hol= viR) Y free-Al9] B2 FEE Ave T F
Zujc} zlo] 7} g17] W&ol (Neenan, 1960 ; Lafever, e al., 1976).

Takaki et al. (1981) 3 QOadsba ef a/.(1978)2 B2l Aluminum WAI€ Hematoxylin <348
o2 ZAMst 7} Al FEoA Bl e 0 Axd 93ty WAAEE Hrstn B E
237 390 FAEA gL B 2Folgtr HWoldde el AFel ey A& AR
Ae7tA] G8E Bels A Aste dol gt RuFvh wialx] &9 Hajox A3
Al HAg2 Ale] el AEEIE JAAH 7] W Fo)th,

Fig. 4%} Fig. 5+ Al 8o Agg 5 5o B9 Agre Hy AF S ANz
vebd Aoz AP Ae o 2059 el e Aol A 24 Y=0.15X+5.56(r>=0.30, p<
0.01), Y=-—0.55X4+8.8(r==0.71, p<0.01)°]5}, &Y A& Y=-052X+24.6(r2=0.92,
p<0.01), Y=—0.81X+24.8(r2=0.90, p<0.01)o]t},

Alrx el el gae) A3e g2 F4TelY, 49 2050 M= A4S vepdd
T4 20590 Ale] Fxrt Eolol whet el Aol tha EXEHAC 2FR AS 4@
S F EFF EFAAN FATE Yep oW, &9 AR Aol B o 24 A

3. MM @
Frof uteh el g 2 gt AAFL 2ol & vetilon (2] F=28.2, p<0.01, 24+ ;
F=48.0, p<0.01), ¥ FFAN= Zo|7} AU 2] ; F=13.5 p<0.01, A : F=56.0,
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Fig. 4 The linear regression of root length Fig. 5. The linear regression of shoot length
and Aluminum concentrations in and Aluminum concentrations in
Suwon 205 and Olmil. — ; Suwon Suwon 205 and Olmil. - ; Suwon
205 -+ ; Olmil 205 -+ ; Olmil

p<0.01). =3 Alxze} FFo] FEzgol o Halo A4Re] YAFE o] & eyt
(B8] ; F=7.5, p<0.01, 4% ; F=21.6, p<0.01).

Ale] TFx2 o el T FF9) HAFge dugoz Bafo) UL 49 205180
Ale] G AskA Lol o & A2 E Yelon), B3 R AT BiA= FA U Fig,
6, Fig. 7).

91 20590 A Al 254 (AP ppm /OAPRT X 100) & AlE £ w2} 124.4%, 124.4%, 97.6%,
78.0%2 Al 3ppm¥} 6ppmol M & thx Z7tE o), €18 76, 1%, 57.2%, 56.3%, 41.6%=
A% #aFoh

Al-AY FF0 AR FLS durF oz glzToA B} Alx g T A i 27t oe
Alol] oj&) #e] =7} Z 7} A root-thickeningo] 4] =] 21 7] w2 o]tH(Reid, of al., 1971).

oj¢} 2 A Fo] B ABE 5 2059 Bl e Al Aol &1 ALur) g
A= AE veldd

4, A+ A Re &

T 2059014 AR AlFFEFE i FAF Alsxd e} foH o2 Z715x) ggront
g g A4, 42059 Hale FEFL FoH o ZrE0on (p<0.01), ®a o)
E—-raé: 2478t f3 wdch(Table 2).

S ot AgHoA £ 20580 ¥ B &3 S ey oh(Fig. 8).

Al-»] FHEFES Alsxo] wet £49 2059 Bl 1.0~6.2008 JEIY 0] =)Aol A]
© 14~3.8M & YHEIH oW, &9 Bal= 1.4~17.0818 AR E 21.0~6.0002) & 548
< Yedo.

ol &do] Al R1zH3te] Mejoll A F43 AlS A58 NARZ o] FA|J]A] E&) Ha)o)
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Fig. 6. The effect of Aluminum on dry
weight of root in Suwon 205 and
Olmil. e ; Suwon 205 ® ; Olmil

o o] 2HFon, 49 205& Al Aol #
Mujgdor Be v o dedos AlS &
F97 jEo g Arrdh

Ca’* o] F4FL Ale] Fx7t EolAFE F
FE 2o gAYy, &9dAM o & 24
& Vel tH(Table 2). =3 a9} 2 4372] Ca
HzAge PN o AA FAHAET ©)
B Alo] HaloX Ca*'§4g AstA W
shi XgR2e o5 wasiA geve
Paterson(1965) 2] B 19l Y33l Aot}

Po] F53E Al 98l i Ack(Table
2).

12.0ppm2] Al§AA P F5 &L 54
2059] 7% Hale} Aol A 2z} 60.5%< 52.
5%% Uetyon, &L 50.0%9 53.6%% 1t
Ebdic) 49 2059 ¥ o) PEFES oA
Hooi gdou F F5 250 B2 &
TFE A RE o ol B o] Al o)

Vol. 15 No. 2
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Fig. 7. The effect of Aluminum on dry
weight of shoot in Suwon 205 and
Olmil. e ; Suwon 205 ®; Oliml
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Fig. 8 Aluminum contents {(ppm of
oven-dry weight) in roots and shoots
of Suwon 205 and Olmil grown in dif-
ferent Aluminum concentrations.
[ : Suwon 205 & ; Olmil



June 1992 Chung & Lee : Tolerance of Aluminum in Wheats 165

Table 2. The effect of aluminum on the uptake of Al, Ca, Mg, K and P in root and shoot of Suwon

205 and Olmil

Al added V. Shoot Root

ariety

(ppm) Al{ppm) Ca(%) Mg(%) K(%) P(%) Al(ppm) Ca(%) Mg(%) K(%) P(%)
Suwon205 685 077 0.054 021 040 4870 036 012 064 043
00 Olmil 667 067 0061 020 028 3198 035 012 062 04l
Lo Swwen205 99 074 002 021 02 546 020 01l 050 041
0 Olmil 1408 064 0059 024 020 4664 016 014 050 030
Suwon 205 1424 067 0031 022 026 840 026 006 05 026
60 Ommil 215 041 0057 018 020 18475 014 007 055 0.26
Suwon205 1080 051 0035 032 021 18394 024 006 069 026
30 oimil 2119 037 0055 027 015 28514 011 005 050 021
L, Swon25 2576 038 000 035 021 3085 013 004 08l 034

Olmi} 3969 020 0.053 032 018 54329 006 006 049 0.20

Po] &sAlo) A H o] 4 v EEA R 7] W&ot} (Randall and Vose, 1962).
Mge F5%x § E54 25 HAHULH, 53] 299 Rl ihe AL
Kol F4#e 299 Bavs AQdstue AlgErt 7180 wel Sr7igleng, #ejeo K
F59 Aol= Al WA T #AI7F lukx AlEE

NH-N2| 57} Al Aol ojX= F&

Hi N o] pHE £ 52 NHi-N9| #]q] o gursitH(Fig. 9, Fig. 10),

0 NHtN-&Ho A 5 FZF 9] pHE A& 4459 5.425E 5000408 F7rg.on, A%
71t Bt Al FUMH o, £959 NHi-Ng 27} 27190 w2} pHol 27182 24U
=3

Alef] d71%k &8 o] pHE NHiNS 2E 2o Ald WAo] 733 59 20580 1] woto
o, pHY 7R E %o,

Fleming(1983)2 NHi+N& &3t Al €92 NH:-N9 E5& 98l pHE/H &S 4
AlA A EZA ] A& 23, o]l F = Al UAE EFX oL @A sA dehdo
I Ragr

2 43X NH:-No| F43FL& RAlslz] £ o1, Ald 78 &2 ¥ale] NHiN
FE0] Al WAdo] #3 9 2052 AHA NH:- Noj| v]3fl o] 22 NH-NE §F531 wj
Heo) e pHE REsIHT Atgd

Wzl A F FF9 ANFLE NHiN 5o 988 w2 o} Al 849 Ages
@stth(Table 3).

9 2059 &2 9] A 4R YA Fe NHtNS 57t F71g0 vt o4 7181 el 4
ANFe ooy, F94L s
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Fig. 9. Changes in pH of Suwon 205 grown in nutrient solutions containing various concentrations of
NH,"-N plus 9ppm Aluminum,

@ 0NH, €:10 NH,, I:30 NH,, &:50 NH,

i e

pH in nutrient solution

Time (days)

Fig. 10. Changes in pH of 0Oimil grown in nutrient solutions containing various concentrations of
NH,*-N plus 9ppm Aluminum.
@®:0NH,, ¢:10 NH,, l:30 NH,, a:50 NH,
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Table 3. The effect of aluminum NH,"-N and AlI** on the growth of Suwon 205 and Olmil in nutrient

solutions
Dry weight of roots Dry weight of shoots
NH.+ (g /10indi. ) (g /10indi.)
4
Variety (%) OA13* 9ppmAlP*  Relative dry OAl1%+ 9ppmAl** Relative dry
weight (Al /OAL) weight (Al /OAl)
0 0.184 0.158 97.8 0.238 0.229 96.2
Suwon 205 10 0.154 0.120 77.9 0.271 0.235 86.7
30 0.165 0.120 72.7 0.237 0.202 85.4
50 0.134 0.098 67.2 0.277 0.291 77.2
0 0.163 0.125 76.7 0.236 0.216 91.5
Olmil 10 0.150 0.083 55.3 0.418 0.346 82.8
m 30 0.159 0.075 47.2 0.293 0.202 69.1
50 0.133 0.054 40.6 0.388 ) 0.200 51.5

Al 8o F EFo] B MAFL 4R gE HNIHexd wef foJ3es &
A3 H(F=31.5, p<0.01.)

Ca, Mg, K 2 P9 45 g5 Al7t NHNo| o8] ZA Atk (Table 4). FUIF
F4€ Al £ HNH-H €90 45 EFo)A vt Al HNFHS2 Xejd 44 4%
3 ZEA UL ZAHAEH ol &9 NHiN Fx 9 Z7171 Al 248 o 24 871

# o]} (Fleming, 1983).

Kirkby(1968)2 NHi:-N-&dol A A2 Azle 449 F 5 Zdaded, ol 234 &
¥ NHEN &) cpe] H+7} vjgol o2 W& s o] wolzl pHal A FFdF] &7t o
A= A7) o)zt Rt

Table 4. The effect of NH,*-N and Al** on the uptake and distribution of nutrients in Suwon 205 and
Olmil
Treatment Ca(%) Mg(%) K(%) P(%)

Variety NH,*-N  A]3+ Total Percent Total Percent Total Percent Total Percent
(%) (ppm) wuptake inroot uptake inroot uptake inroot uptake inroot

0 2.39 28 0.25 36 4.49 44 1.26 32

0 9 1.91 29 0.21 27 4.51 53 0.82 45

Suwon 0 2.32 31 0.28 56 2.60 35 0.97 36
205 30 9 1.61 25 0.26 33 2.46 34 0.72 35

0 2.15 25 0.31 53 4.23 42 1.38 35

0 9 1.32 21 0.23 59 4.15 23 1.19 44

Olmil 0 1.86 18 0.26 49 2.90 20 0.74 38

30 9 1.10 9 0.18 21 2.40 11 0.55 12
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Ca*2| s} A9 Yol ojX&= HE
HET E& Al 9ppm M2 &folX Cazte] FE7t Z7Hgel el T F59 HAFe =
T Z7HicH(Table 5.)

Table 5. The effect of calcium on dry weight of shoot and root in Suwon 205 and Olmil grown in nu-
trient solutions containing various onncentration of Ca?* plus 9ppm alumium

Shoot dry weight (g /10indi.) Root dry weight (g /10indi.)
Variety Catt OA13t 9ppmAl*t  Relative dry OA1%* 9ppmAl3+  Telative dry
(ppm) weight weight
(A1 /0AD (A1/0A1)

0.0 0.75 0.31 0.42 0.17 0.11 0.65
2.0 0.64 0.34 0.53 0.16 0.11 0.69
8.0 0.97 0.44 0.45 0.21 0.13 0.62
Suwom 205 16.0 0.84 0.46 0.55 0.26 0.18 0.63
32.0 0.89 0.61 0.69 0.24 0.20 0.83
50.0 0.87 0.64 0.73 0.26 0.22 0.85
0.0 0.78 0.26 0.33 0.21 0.10 0.52
2.0 0.79 0.23 0.29 0.22 0.13 0.59
8.0 0.81 0.30 0.37 0.22 0.11 0.50
Olmil 16.0 0.86 0.37 0.43 0.23 0.14 0.61
32.0 0.83 0.45 0.54 0.24 0.16 0.67
50.0 0.86 0.58 0.67 0.26 0.18 0.69

Al o)A Mol M e Catyrrrzt Z7HE wal felH o g F7H o (F=6.7, p<
0.05), A|7d3o] ¥hg-2& g3t}

50ppme] Cazto] H7tg Al SRl x =9 2052 WA FHE Cazrol H7tEA] ¢4 Al &N
A Btk ;oA 100%, ARAA 106%7F F7HE e, &9 el x e 80%, A3+l
M 123%71F S 7= ek

Cazto] H7bs A 2 Al Ao o] WAl FL Al £z 7ol vlal =9 2059] *e] e 27
o A Z+z} 35.3%, 57.5%7F A AL, SN = 52.4%. 66.7%7F F2H U

AlEAR e gMFo Carty 27t Z7Hg ol wal Zaste] Carte] 50ppm FEol A AFA
T Zxo| A FL Oppme] hETF A FEG F7HE Ao, Alell ¥17HeE &2 9] a]e] A
Ze YAo] #a £ 2059 MAZH e Fro FES JYEdAE @Rtk ol I
wx 9 Cart 717} Al 24S 7241714 (Foy, 1969), 50ppme Catt sy E& AlSA S 4A3
A AR £ 7] wjFoleti s dr)

Al g9 Cart5% 9] F7}& Ca, Mg 2! Pe] 48 27k A Hp=0.05)

7} CartFENAM FFIAFY ANEFELS 20oA 0% ZA Yebytes (Table 6, Table
7), ol Cazto] AYPF F5o @ AH A8 g a7 o Ardh

)
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Table 6. The effect of AI** on the uptake of Ca, Mg, K and P in Suwon 205
Ca(%) Mg(%) K(%) P(%)

Treatment (ppm) Total Relative Total Relative Total Relative Total Relative
Cazt APt uptake uptake uptake uptake uptake uptake uptake uptake

(A1/0A1) (A1/0A1) (Al1/0A1) (A1/0A1)
0 0.44 0.12 0.72 0.57
0 72.7 91.7 72.2 66.7
9 0.32 0.11 0.52 0.38
0 0.45 0.14 0.80 0.60
2 77.8 714 75.0 66.7
0.35 0.10 0.60 0.40
0 0.56 0.12 0.69 0.56
8 73.2 100.0 81.2 80.4
0.41 0.12 0.56 0.45
0 0.58 0.16 0.74 0.55
16 80.1 87.5 75.7 90.9
9 0.47 0.41 0.56 0.50
0 0.61 0.14 0.77 0.58
32 83.6 107.1 72.7 93.1
0 0.51 0.15 0.56 0.54
0 1.05 0.17 0.72 0.65
50 73.3 111.8 84.7 103.1
9 0.77 0.19 0.61 0.67

Table 7. The effect of Ca?* and Al3* on the uptake of Ca, Mg, K and P in Olmil

Ca(%) Mg(%) K(%) P{(%)

Treatment (ppm) Total Relative Total Relative Total Relative Total Relative
Ca?t APt uptake uptake uptake uptake uptake uptake uptake uptake

(A1 /0Al1) (A1/0Al) (A1/0A1) (A1 /0A1)
0 0.55 0.15 0.75 0.57
0 27.3 60.0 52.0 35.1
9 0.15 0.09 0.39 0.20
0 0.53 0.16 0.71 0.59
2 43.4 68.8 67.6 47.5
9 0.23 0.11 0.48 0.28
0 0.57 0.18 0.78 0.56
8 52.6 66.7 70.5 64.3

9 0.30 0.12 0.55 0.36
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Table 7. Continued

Ca(%) Mg(%) K(%) P(%)

Treatment (ppm) Total Relative Total Relative Total Relative Total Relative
Ca?t APt  uptake uptake uptake uptake uptake uptake uptake uptake

(A1/0A1) (A1/0Al) (A1/0A1) (Al /OAl)

0 0.59 0.16 0.82 0.60

16 44.1 62.5 65.9 53.3
9 0.26 0.10 0.54 0.32
0 0.67 0.19 0.88 0.72

32 49.3 73.7 61.4 51.4
9 0.33 0.14 0.54 0.37
1.10 0.19 0.73 0.53

50 42.7 89.5 76.7 79.2
9 0.47 0.17 0.56 0.42

e <

o] £ T2 ¢ 2059 229 Alej th & WA} xjol 9} ool ti g NHiN# Cazte] &3
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2. NH+NE Ale] 248 0% Z7HA1AH, o& Alo] Aol & +¢ 2055t} Alell oA¥l
3 2oy 6§ dA A Vet
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