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Quantitative study of below- and above-ground competitions in

mandchurican ash seedlings
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Abstract: Competition among individual trees in a stand is an important ecological and physiological feature
in term of its role on the pattern of carbon allocation and productivity. Competition happens between
above- and bellow-ground parts of trees for light and soil resources. Some species are stranger above-
ground competitors, some others are more able with their below-ground parts. Both above- and bellow-
ground competitions vary with stand densities, development stage, and the allocation of available resources
to above- and below-ground spaces. Quantitative study on the contribution of below- and above-ground
competitions to general competition among trees is challenging, and is much more important for
understanding the pattern of carbon allocation and productivity in forest stands. To quantify the
competition from above- and bellow-ground among individual plants, we conducted an experiment with
seedlings of Mandchurican ash (Fraxinus mandshurica Rupr.). Seedlings were grown in sandboxes with

three spacing (20, 30,and 40cm. respectively) for 3 years, path analysis was employed to study both
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relationship between below- and above-ground competitions . and their contribution to general competitions
among individual seedlings.

The results show that there were close relationships between root mass, shoot mass and total mass of
ash seedlings and the growing space. With wider spacing, the average increment of fine roots, coarse
roots, and shoots of the seedlings was relatively higher than that with narrow spacing, and the biomass of
each component was greater. As the distances among individual seedlings extended from 20cm to 30cm.,
and 20cm to 40cm, the fine root mass and leaf mass increased by 25.0% and 28. 9%, 28.8% and 47.1%,
respectively, suggesting that fine roots and leaves were sensitive to spacing.

The competition index, calculated by root mass, shoot mass and total mass, decreased as the spacing
increased. The index of above- and below-ground competition decreased by 14.62% and 14.24%,
respectively, as the spacing varied from 20cm to 30cm, 15.75% and 38. 80% from 20cm to 40cm. At the
same spacing level, below-ground competition was greater than above-ground competition, the
competition index were over 30% higher with below-ground competition index in all the three spacing
levels.

Significant correlation was found among below-ground, above-ground. and general competition. The
below- and above-ground competitions comprised about 95% of the general competition, involving direct
and indirect competitions. Coefficients of path analysis, in three spacing levels, showed that the direct
influence intensity of below-ground competition on general competition was from 0. 5543 to 0. 7426, and
correspondingly, 0.2851 to 0.5282 for the above ground competition. In all the three spacing levels,
below-ground competition contributed a larger proportion to general competitions. Mean direct effect of
below-ground competition was much higher than that of above-ground competition in term of their path
coefficient (i.e., 0.7405, and 0. 2883, respectively). The relatively higher ratio of fine root mass to leaf
mass in narrower spacing level suggested that more carbon be allocated to fine roots, this might be
important to understand the intraspecific competition.

Key words : Fraxinus mandshurica; below-ground competition; above-ground competition; path analysis
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Table 1  Mean mass of Manchurian ash seedlings (4 year old) in different densities in this experiments (SD in
parentheses)
Distances in Total Above-ground Below-ground Stem mass Leaf mass Coarse root Fine root  Sample
seedlings (cm)  mass (g) mass (g) mass (g) (g) (g) mass (g) mass (g) size
20 170. 94 86. 33 84. 61 51.77 34. 55 52.49 32.12 124
(86.15) (45.65) (28.27) (28.21) (20.09) (21.73) (12.97)
30
220.72 104. 99 115.73 56. 34 48. 65 72. 89 42. 84 69
(96.17) (37.47) (28.71) (24.61) 17.14) (19.11) (18.33)
40 242. 87 124.02 118. 85 58. 71 65. 31 63.73 55.12 47
(112. 36) (63.15) (54.28) (34.65) (37.94) (35.58) (21.59)
202. 36 104. 05 98. 31 55.61 44.63 60. 56 37.74 240
Mean (92.74)  (50.54) (37.68) (29.52)  (26.64)  (25.89)  (17.51)
2.2 N
[2.16]
b o
( (1,2 3 N s N
C 2, s s
s 20cm 30cm , 14.62%  14.24%,
20cm 40cm 15.75%  38.80%. )
s 20cm 35.53% , 30cm 35.82%
40cm s 30% 3 s
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Table 2 Competition index of Manchurian ash seedlings
(4 year old) in different densities in this experiment (SD
b
in parentheses)
° (cm)
s Distances in . Sample
ccedlings Ic IR r .
( 4)0 4 s seedlings size
20 8. 882 13.778 44. 636 124
, 95%
(2.82) (3.37)  A1.27)
° ( ) 30 7.583 11. 816 37. 941 69
, el (2.97)  .24)  (13.27)
. 40 7.483 8.431 27.089 47
(3.58) (3.35)  (11.75)
Mean 8. 256 11.967 39. 274 240

(3.05) (4.33)  (13.63)

[18]
b
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Table 3 Correlation coefficients of Manchurian ash (4 year old) among competition index.among biomass in different

densities in this experiment

“ompetition Above-ground Below-ground
© i:dex ’ m c IR Mass Total mass ’ maiso Omfiso
IT 1.0000" 1. 0000
1. 0000® Total mass 1.0000*
1. 0000 1. 0000
1. 0000 1. 0000
0.7881* " 1. 0000 0.9529* 1. 0000
c 0.9744" 1. 0000 Above-ground 0. 8294 " * 1. 0000
0.8667" " 1. 0000 mass 0.9630" " 1. 0000
0.8909" * 1. 0000 0.8742" 1. 0000
0.9357* ¢ 0.6773" " 1. 0000 0.8718* * 0.6821** 1. 0000
IR 0.9909" * 0.9390* " 1. 0000 Below-ground 0.8088" * 0.7559* " 1. 0000
0.8768" " 0.6106" * 1. 0000 mass 0.9495* * 0.8299" " 1. 0000
0.9751" 0.8136" ~ 1. 0000 0.8024* " 0.7327** 1. 0000
(D, (2.3 (D 20cm, 30cm,40cm

The parenthesis numbers, (1),(2),(3)and (4)in Table 3,are correlation coefficients among the
competition index, among the biomass components of Manchurian ash seedlings in three planting distances, 20cm, 30cm
and 40cm, and total means respectively; % * Shown the correlation coefficients are significant differences

at p=0.01

4 s (4 ) N
Table 4 Regression models of Manchurian ash (4 year old) total competition index with both above-and belowground

Competition index in different densities in this experiments

. . P ar) Pac)
Distances in . R? .
. Regression models P g, value Pc) value Sample size
seedlings (cm)

20 IT=1.0926+2.1962IR+1.4980IC 0. 9335 P1r<C0. 0000 P1c<<0. 0000 124

30 IT=1.6348+1.9369IR+1.76851C 0. 9600 P1r<C0. 0000 P1c<C0. 0000 69

40 IT=0.9378+2.5899IR+0. 9083IC 0.9871 P1r<<0. 0000 P1c<<0. 0000 47

IT=0.5947+2.3367IR+1.2979IC 0.9651 P1r<C0. 0000 P1c<<0. 0000 240

Mean distances
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Table 5 Path coefficient analysis of Mandchurian ash (4 year old) with both above- and below-ground competitions in

different densities in this experiments

(em) (em)
Distance in seedlings e IR T Distance in seedlings e IR T
20 e 0. 2851 0.5030 0.7881 40 e 0.5282 0. 3385 0. 8667
IR 0.1931 0.7426 0. 9357 IR 0.3225 0.5543 0. 8768
30 IC 0. 3717 0. 6027 0. 9744 c 0.2883 0. 6025 0. 8900
IR 0. 3490 0. 6419 0. 9909 Mean IR 0.2346 0. 7405 0.9751
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