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Seed size effect on seedling growth under different light conditions in the clonal

herb Ligularia virgaurea in Qinghai Tibet Plateau
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Abstract We studied the influence of seed size on germination seedling growth and seedling responses to light in
Ligularia virgaurea a clonal herb native to the Qinghai Tibet Plateau. 1 Under unshaded conditions large seeds had
significantly p <0.01 higher rates of germination than did small seeds. Both large and small seeds showed significantly
reduced levels of germination under shaded by shadecloth conditions. The magnitude of this effect was greater for small
seeds than for large seeds. Germination of small seeds 1.75 mg was reduced by one eighth while germination of large

2.80mg seeds was only reduced by one eleventh. 2  Seedlings from large seeds had significantly higher rates of
biomass accumulation g d~' than did seedlings from small seeds. This combined with larger initial masses gave

seedlings from large seeds significantly greater total biomass after 60 days of growth. Seedlings from large and small seeds
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also differed in biomass allocation. After 60 days of growth under both shaded and unshaded conditions  seedlings from
larger seeds had proportionally larger root mass and proportionally smaller leaf mass than did seedlings from small seeds.
3 Seedlings from small seeds have higher relative growth rates RGR g g™ d~' than do seedlings from large seeds
under both shaded and unshaded conditions. By contrast there was no significant difference between leaf area ratio
LAR  specific leaf area SLA or leaf weight ratio LWR between seedlings from small vs large seeds. RGR LAR
SLA and LWR were all significantly higher in seedlings grown under shaded conditions than in seedlings grown in full light.

Key Words QingHai Tibet Plateau Ligularia virgaurea  seed size clonal herb
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75% > 50% >
75% RLA
1
Table 1 Under different light conditions the relation of seed size and seedling characters
I )
tem RLA em* g~! LAM cm* g~! GR SH cm
. 2.119 +£0.414 2.440 +0.480 0.792 +0.127 4.004 +1.473
Full natural light  large seeds
2.304 +0.500 2.504 £0.909 0.578 +0.084 3.270 +1.380
small seeds
75%
. 2.867 +0.264 7.226 +1.742 0.761 £0.078 4.988 +1.479
75% of ambient large seeds
2.983 +0.456 7.033 £2.100 0.494 +0.185 3.774 £1.379
small seeds
S0% 2.722 +0.415 4.185 +1.195 0.694 +0.092 4.502 +1.278
50% of ambient  large seeds ’ o ’ o ’ o ' o
2.615 £0.309 4.648 £1.117 0.569 +0.158 3.572 £1.242
small seeds
+ n=27 mean +SE
2 F P
Table 2 The analysis of variance of seedling characters
RLA LAM GR SH
Item
F P F P F P F P
Seed size 1.081 0.300 0.279 0.598 25.450 0.000 "~ 67.711 0.000 ***
. 44.869 0.000 ***  163.813 0.000 **~ 3.437 0.038 " 46.360 0.000 ***
Light treatment
. . X. 2.010 0.137 0.816 0.444 1.402 0.242 2.854 0.023 "
Seed size x light
#p <0.05 =% p<0.0l %% p<0.001 the same below
75%
3.2
34 1 60 d
3
Table 3 Under different light conditions the relation of seed size and seedling biomass allocation
60 d 120 d
Item
LMR g g~! RMR g g~! R/S g g7! LMR g g~! RMR g g~! R/S g g!
. . 0.534 +0.07 0.542 +0.058 1.218 £0.291 0.317 +0.098 0.695 +£0.015  2.721 +0.271
Full natural light Large seeds
0.516 +0.113 0.485 +0.113 1.063 +0.410 0.353 +0.028 0.708 £0.015  2.828 +0.27
Small seeds
75%
) . 0.594 +0.098 0.464 £0.079 0.896 +0.329 0.250 £0.028 0.780 £0.015  3.406 +0.270
75% of ambient Large seeds
; 0.607 0. 125 0.393 +£0.125 0.723 £0.382 0.228 +0.029 0.772 £0.016  2.828 +0.270
Small seeds
50%
. 0.565 +0.101 0.496 +0.083 1.042 +0.362 0.233 +0028 0.795 +£0.015  3.922 +0.270
50% of ambient Large seeds
0.568 +0.125 0.433 +0.123 0.839 +0.411 0.233 +0.028 0.746 £0.015  3.464 +0.270
Small seeds
+ 60 d n=33 120 d n =27 mean +SE 60 days after Sowing n =33 120 days n =27 the

same below
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Table 4 The analysis of variance of seedling biomass allocation
60 d 60 days after sowing 120 d 120 days after sowing
ltem LMR RMR R/S LMR RMR R/S
F P F P F P F P F P F P
Seed size 0.008 0.93 20.386  0.000 *** 11.92  0.001 " 0.035 0.853 1.348 0.247 0. 006 0.941
Light treatment 8.559 0.000 *** 12.199  0.000 *** 14.21 0.000 *** 8.251 0.000 *** 14.996 0.000 ***  7.035 0.001 **
x
Seed size x 0.376 0.687 0.074  0.929 0.070  0.932 0.536 0.586 2.097 0.126 1.295 0.277
light
* 2 the same as table 2
56 1 60 d
TB BLR SB RB
P =0.000 2 120
d R/S
75% RB
60 d TB SB RB
60 d 50% TB SB
RB 75%
3.3
7 LAR LAR
75%
SLA 7 8
SLA
SLA LWR
LWR
— LWR
60 d RGR 7
RGR RGR
4.1
trade-off ' " 2
4000
2.30 mg 0.11
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Table 7 Under different light conditions the relation of seed size and seedling relative growth

ltem

LAR dm’ SLA dm? LWR g g~! RGR g g7 ! d™!
0.984 +0.132 1.825 +0.201 0.693 +0.053 1.117 £0. 116
Full natural light large seeds * * 03 = *
1.058 £0.135 1.827 £0.205 0.696 +0.053 1.264 £0.112
small seeds
5% 3.350 0. 130 3.939 +0.192 0.926 +0.052 0.519 +0.112
75% of ambient large seeds ’ o o o ’ o ' o
3.325+0.135 3.862 £0.205 0.915 +0.054 0.411 +£0.116
small seeds
50%
. 1.928 +0.132 2.484 +0.201 0.833 +0.053 0.485 +0.116
50% of ambient large seeds
2.344 +0.132 2.751 +£0.201 0.939 +0.053 0.443 +0.016
small seeds
+ n =33 mean +SE
8 FP
Table 8 The analysis of variance of seedling biomass relative growth
LAR SLA LWR RGR
Item
F P F P F P P
. 2.050 0.154 0.153 0.697 0.567 0.452 0.992
Seed size
. 152.34 0.000 *** 53.87 0.000 *** 10. 46 0.000 *** 0.000 ***
Light treatment
. ><' 1.534 0.219 0.403 0. 669 0.724 0.486 0.512
Seed size x light
2 the same as table 2
4.2 60 d  —
120 d
60 d
120 d
75%
4.3
60 d
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Table S Under different light conditions the relation of seed size and seedling biomass accumulation

60 d 60 days after sowing

120 d 120 days after sowing

[tem
TB BLA SB RB TB BLA SB RB
. 0.101 +0.004 505.85 +21.80 0.052 +0.002 0.04 +0.0136 0.332 +0.021 767.7 £258.5 0.117 £0.098 0.217 £0.013
Full natural light large seeds
1 seed 0.057 +£0.004 320.74 +21.81 0.029 +0.002 0.02 +0.0142 0.251 +0.139 588.3 +195.4 0.092 +0.016 0.179 +0.013
small seeds
5%
. 0.031 +0.003 493.10 +21.80 0.016 +0.004 0.016 +0.006 0.083 +0.039 635.0 £167. 1 0.021 +0.016 0.062 +0.013
75% of ambient large seeds
1 seed 0.018 +0.004 325.45 +21.80 0.010 +0.002 0.007 +0.004 0.056 +0.019 370.2 +115.8 0.012 +0.004 0.043 £0.012
small seeds
50%
. 0.064 +0.004 545.96 +21.81 0.026 +0.010 0.023 +0.010 0.150 +0.044 672.0+£149.6 0.039 +0.016 0.134 £0.013
50% of ambient large seeds
1 seed 0.029 +0.012 358.32 +21.82 0.016 +0.007 0.013 +0.007 0.092 +0.029 420.3 +165.9 0.022 +0.014 0.070 +£0.011
small seeds
3 the same as table 3
6 FP
Table 6 The analysis of variance of seedling biomass accumulation
60 d 60 days after sowing 120 d 120 days after sowing
Item BLA SB RB TB BLA SB RB
F F P F P F P P F P F P F P
Seed size 100.93  0.000 ***  102.33 0.000 *** 83.53 0.000 """ 75.34 0.000 """ 10.96  0.001 ** 28.41 0.000 *** 3.20 0.076 15.36  0.000 **~
size
. 104.39 0.000 *** 2.36 0.047 " 132.34 0.000 """ 133.27 0.000 """ 64.84 0.000 """ 5.94  0.003 " 32.83  0.000 """ 68.35  0.000 """
Light treatment
X 8.516  0.000 *** 0.12 0.883 14.52  0.000 "~ 7.35  0.001 " 0.898 0.409 0.376 0.687 0.253 0.777 1.635 0.198

Seed size x light
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