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ABSTRACT

This study was conducted to understand the regulation mechanism of carbohydrate allocation and
partitioning of one-year-old seedlings of Betula schmidtii with Cd treatment, and to assess tolerance
against Cd toxicity among five half-sib families on the basis of carbon allocation and partitioning.
Seedlings were treated with CdSO, solution of 0, 0.2, 0.4, and 0.6 mM for two months. After
harvesting, carbohydrate concentrations were analyzed for leaves, stems and roots of seedlings.
Carbohydrate concentration for Cd-treated seedlings decreased in comparison with control plants,
even though Cd effects were significantly different among five families. Meanwhile, Cd treatment
decreased carbohydrate allocation in leaves and increased allocation in roots. In addition, partitioning
of glucose in leaves was increased by Cd treatment, but partitioning of sucrose and starch in leaves
decreased. In Cd-treated roots, partitioning of glucose, sucrose and starch increased. On the basis of
carbohydrate allocation patterns, “Family No. 7” (of the five families studied) was considered as the
most sensitive family to Cd toxicity because the decrease of carbohydrate concentration and the
change of carbohydrate allocation pattern after Cd treatment were relatively greater.
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Fig. 1. Effects of Cd treatment on TNC in five half-sib families

of B. schmidtii. Each bar represents the mean and standard

deviation of five replicates. The same letters are not significantly different at the 5% probability level by the Duncan's

multiple range test.
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Table 1. Effects of Cd treatment on TNC allocated in leaves, stems and roots of five half-sib families of B. schmidtii. Each
data represents the mean and standard deviation of five replicates. The same letters are not significantly different at the 5%

probability level by the Duncan's multiple range test

Cd concentration (mM)

Family No. Position
0 0.2 0.4 0.6
Leaf 40.1 £ 0.4° 40.3 =+ 0.3° 36.0 + 0.4° 414 £ 1.0°
3 Stem 29.0 + 0.3° 275 £ 1.7° 293 + 0.7 277 + LI°
Root 30.9 + 0.3° 322 £ 1.9° 347 £ 1.0° 309 £ 0.7°
Pr>F 0.0001 0.0001 0.0001 0.0001
Leaf 420 £ 2.3° 349 + 1.0° 35.0 £ 1.4° 39.1 £ 0.8
4 Stem 33.0 £ 0.5 335 £ 09° 308 + LI° 312+ 03°
Root 25.0 + 2.6° 31.6 = 1.0° 342 + 1.0 297 + 1.0
Pr>F 0.0001 0.0005 0.0003 0.0001
Leaf 40.6 + 1.1° 36.7 £ 0.3 359 £ 0.8° 375 £ 1.0°
5 Stem 35.0 + 0.6° 34.8 £ 0.9 33.6 £ 0.9 320 £ 1.3°
Root 244 £ 1.5 285 £ 1.2° 30.5 £ 0.9° 305 £ 0.7°
Pr>F 0.0001 0.0001 0.0001 0.0001
Leaf 440 + 0.7° 423+ 2.1° 381 £ 1.7 36.0 + 0.5°
7 Stem 284 + 0.8° 323 & 1.4° 311 + 1.1° 30.1 + 0.6°
Root 27.6 = 0.6° 254 % 3.0° 308 £ 1.3° 33.9 + 0.4°
Pr>F 0.0001 0.0001 0.0001 0.0001
Leaf 441 + 1.6 39.9 £ 1.0° 36.7 £ 0.7° 40.7 + 0.8
9 Stem 337+ 1.1° 314 + 1.6° 32.8 + 0.6° 354 + 0.6°
Root 222 + 0.9 293 £ 1.7 30.5 £ 0.9° 23.9 + 0.8
Pr>F 0.0001 0.0001 0.0001 0.0001

ol Wl el A 2=tHColeman ef al., 1995).
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Table 2. Effects of Cd treatment on partitioning among chemical fractions in leaves, stems and roots of five half-sib families
of B. schmidltii. Each data represents the mean and standard deviation of five replicates

: Cd concentration (mM
Family Position Sugars ) ] Source (Pr>F)
No. 0 0.2 0.4 0.6
Glucose 54+ 0.7 51 %09 65 % 04 82 4 0.8 Sugar**
Leaf Sucrose 154+ 11 165109 113109 134+13 Cd***
Starch 193+£06 18701 18208 199+ 05 Sugar X Cd***
Glucose 3108 39+£05 33+05 4110  Sugar***
2 Stem Sucrose 98+ 1.1 6714 86+07 69x19 Cd™
Starch 161 £05 16905 174+04 168 £0.6 Sugar X Cd¥**
Glucose 36+£05 43+03 40+06 36+ 04  Sugar**
Root Sucrose 1.1 +07 125%21 151212 11.0x14 Cd**
Starch 163 +03 154209 157+£03 162105 Sugar X Cd***
Glucose 85%£02 89+ 03 92 4+ 0.5 88 £ 0.3 Sugar***
Leaf Sucrose 124 + 1.9 65 %09 79 £ 1.8 9.1 £ 0.8 Cd***
Starch 212£05 195+03 180+ 1.1 212+03 Sugar X Cd***
Glucose 34+ 05 3.7+ 04 24 +05 3.6+ 02 Sugar***
4 Stem Sucrose 115£09 116x14 105+13 92 + 05 Cd**
Starch 181 £07 188+ 03 179+05 184 + 04 Sugar X Cd*#*
Glucose 3.6+ 06 44 + 0.4 35+ 04 3.6 = 0.5 Sugar***
Root Sucrose 92+ 1.1 14511 143+15 88+ 15 Crrx
Starch 122 +22 12715 164£06 172 %03 Sugar X Cd***
Glucose 102 £ 02 88 + 1.0 96 + 1.0 9.7 + 0.8 Sugar***
Leaf Sucrose 117+ 1.6 91+19 72+ 1.5 9.5 + 0.7 Cd***
Starch 187 £ 07 188+ 08 191 +04 182 £ 05 Sugar X Cd***
Glucose 37410 29+ 11 34+08 44+13  Sugar***
5 Stem Sucrose 153+ 12 135+20 114 +20 8.8 £ 2.7 Cd™*
Starch 160+ 07 184407 186=04 188 + 07 Sugar X Cd***
Glucose 3003  40+12 44+05  41+03  Sugar**
Root Sucrose 6212 102+12 90+ 16 9.8 + 0.9 Cd*#*
Starch 155+08 14310 17.1£03 167+ 04 Sugar X Cd#**
Glucose 79 £ 0.9 7.1 £ 0.6 91+ 1.9 9.1 £ 1.1 Sugar***
Leaf Sucrose 16.1 =14 125+ 13 8.7 + 3.9 78 + 1.6 Cax*+*
Starch 200+ 04 227+08 20208 192+05 Sugar X Cd#**
Glucose 1.4 + 0.5 23 %07 22+ 04 1.8 £ 03 Sugar***
7 Stem Sucrose 3.0 1.8 103%06 94+ 12 93 + 06 Cd**
Starch 140+ 10 197209 195+£08 190+ 03 Sugar X Cd***
Glucose 32+04 42£07 38+05 4307  Sugar*
Root Sucrose 84107 11.0x21 116+12 123£1.0 Cdx**
Starch 16001 104£3.1 155+12 173+02 Sugar X Cd***
) Glucose 77 £ 14 6.6 = 04 64 + 04 7304 Sugar***
Leaf Sucrose 167225 146+12 123+04 140+ 14 Cd#**
Starch 198 +05 181+07 180£06 194+ 06 Sugar X Cd*
Glucose 42+ 04 3804 43 + 0.7 44 £ 03 Sugar***
9 Stem Sucrose 121+£07 102+21 109+13 12710 Cd**
Starch 175+ 05 17404 176+04 183 + 0.7 Suga X Cd™*
Glucose 27 £0.5 3.0 + 0.7 42 £ 0.2 35t 04 Sugar***
Root Sucrose 62407 101 £23 110+ 07 72+ 1.0 Cdrxx
Starch 133+09 162+02 154+04 132+08 Sugar X Cd***

*RE - R* and *represent significant difference at P<0.001, 0.01 and 0.05; “*not significant.
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H, s, 7H A 9le) ZEdd xpge] Hlge] ¥
AsHAl Halsladt. 53] 0.6mM Cd AH2lFolAE

2 58 HIE vEhE Fele] xxge] ¥
TS 3.6%, SH 7HAE 4.1%5 2t ARFo=
E o Cd Hel= Yol 2o FgES IR
A, AP o] FEE AR, 27160
EeFH Aol FERe gxTR Sk v, A}
T s, HeloMe 25T, A1, HE BT
Cd A2 SRt 4 W 84 drike 5% &5
7 AASo oM B FFS WO H(Stit,
1987; Rufty et al, 1988), 2E#|Z2ol g} vk
A A\ 713 F218HA YERATH(Coleman et al.,
1995). ‘

B A od HelE e o W 25T )
£o| ST A& AFEAQ HEo| RefElo] 784
Foz HEd Z=AZ B 4 /oM (Coleman et al,
1995), EEo2 kst EZQl  L-ascorbate®}
glucose 6-phosphate®] 72 EA FikshEde] &
& #4387 Y8l AL8ElE NADPHO o] =7
7ol Cd A2 Qg T ks 2B
sk A vlg oz B 4 lth(Robinson and
Rowland, 1996; Han et al, 2002).

Cd A Qo] i o] Zadle 21 IRk
Ql &goz o9} FARRE Hil= ENNE(Trifolium
repens)?t BIUAUT-(Pinus taeda)yM= R3LE bl
ATHBlum er al, 1982; Friend er al, 1992). &
W AR HIgo] Zske A 2EHAR Qe &4
H 2AE By s AFEEQ] FEo] goluvt
o2 3=z ASEUA7]) WEo]thTingey, 1974;
Meier et al, 1990, Bucker and Ballach, 1992).
ey cwt AR S5 QoA o] 2E
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R] oFokAlgE Qle] o] ZhAdtHA o WjellA¢]
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Fo] Z71e Aoz H9d £t
H o
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