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Differences of foraging behavior between provenances of Pinus massoniana in

heterogeneous nutrient environment
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Research Institute of Subtropical Forestry Chinese Academy of Forestry Fuyang 311400 China
Acta Ecologica Sinica 2007 27 4 1350 ~ 1358.

Abstract Three provenances of Pinus massoniana with different phosphorus using efficiency including Xinyi of Guangdong
Wuping of Fujian and Cenxi of Guangxi were selected to investigate the foraging mechanism in heterogeneous nutrient
environments and foraging behavior differences among the three provenances. In heterogeneous environment larger seedling
height greater stem diameter enhanced photosynthesis ability and higher dry matter accumulation were observed in
comparison with homogeneous environment. These results suggested that root morphological plasticity and physiological
plasticity of Pinus massoniana play an important role in acquiring nutrients in heterogeneous environment. It was root
proliferation and effective absorption of N P K in rich nutrient patch that increase the foraging ability of Pinus massoniana
in heterogeneous nutrient environment. Foraging nutrient of Pinus massoniana in heterogeneous environment mainly
depended on the proliferation and elongation of lateral roots during initial stage of root colonization in riched-nutrient patch
and then depend on increase of new lateral roots and amount and density of fibrous root. Higher efficiency of nutrient

acquisition of root in heterogeneous nutrient environment mainly attributed to large absorption of N P K in rich nutrient
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patch. Based on synthetical comparing analysis Cenxi of Guangxi and Wuping of Fujian were superior to Xinyi of

Guangdong with higher foraging ability and competitive advantage in heterogeneous environment.

Key Words Pinus massoniana lamb  provenance heterogeneous nutrient environment foraging behavior root

morphological plasticity root physiological plasticity
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1

Table 1  Growth differences between the heterogeneous and homogeneous nutrient environments for provenances tested

1 One-year-old 2 Two-years-old
Nutrient /M i y ,
},I rien Provenance Seedling ROf)t collar Root-shoot Dry matt?r Seeflhng ROF)[ collar Root-shoot Dry manc-ar
environment . diameter . accumulation height diameter . accumulation
height cm ratio ratio
cm g cm cm g
14.1 0.164 0.217 0.490 30.9 0.373 0.239 8.35
Xinyi GD
. . 15.1 0.154 0.204 0.428 25.1 0.344 0.275 6.96
Heterogeneity Wuping FJ
. 18.5 0.181 0.168 0.596 34.5 0.388 0.256 9.12
Cenxi GX
.. 14.4 0.123 0.161 0.429 31.4 0.344 0.244 7.77
Xinyi GD
9.8 0.116 0.199 0.250 19.6 0.289 0.306 4.16
Homogeneity ~ Wuping FJ
. 14.4 0.126 0.188 0.368 29.9 0.309 0.236 5.37
Cenxi GX
p 0.041 8 <0.0001 0.701 4 0.000 4 0.019 8 <0.0001 0.8334 0.000 5
2

Table 2 Root parameter differences between heterogeneous and homogeneous nutrient environments for provenances tesed

1 One-year-old 2 Two-year-old

Density of Density of

Nutrient Number of  Total length . Number of Number of  Total length . Number of
. Provenance A fibrous roots | ) fibrous roots .
environment lateral roots of lateral No. / fibrous roots lateral roots of lateral No./ fibrous roots
No. roots cm ;1 No. No. roots cm :] No.
3cm 3cm
Xinyi GD 15.3 88.1 12.7 376.3 18.5 167.8 9.2 681.4
13.7 83.8 11.3 311.3 15.2 134.7 10.1 761.0
Heterogeneity Wuping FJ
Cenxi GX 14.3 97.2 13.1 466.3 17.1 146.4 10.8 804.1
. . . 277. 11. . . .
Xinyi GD 8.6 55.7 9.8 77.7 0 83.5 7.6 357.0
9.7 65.5 13.3 214.3 11.3 86.6 9.2 505.7
Homogeneity ~ Wuping FJ
. . 14. 243. . 7.7 7. 4.4
Cenxi GX 8.0 58.5 6 3.3 9.0 6 3 33
P <0.000 1 0.000 7 0.148 5 0.000 3 <0.000 1 <0.000 1 0.000 9 <0.000 1
2.1.2
3
3 1
1
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2 p <0.000 1
p=0.008 3 p=0.029 1

3
Table 3 Root morphological parameter differences between rich and poor-nutrient patch of heterogeneous nutrient environments for

provenances tested

1 One-year-old

Density of fibrous

Nutrient patch Provenance Number of lateral Total length of roots No. / Number of fibrous Dry weight of root
roots No. lateral roots cm :1 ' roots No. g
cm
Xinyi GD 6.8 47.8 13.6 206.0 0.052
Rich patch Wuping FJ 7.9 60.3 11.5 304.0 0.052
ich patc
Cenxi GX 7.3 60.6 14.1 248.6 0.062
Xinyi GD 4.2 26.2 11.8 120.3 0.036
P wch Wuping FJ 2.9 13.9 11.0 140.4 0.021
oor patc
Cenxi GX 2.9 24.8 12.0 109.1 0.022
p 0.000 1 0.000 1 0.799 9 <0.000 1 <0.1075
2 Two-years-old
Density of fibrous
Nutrientpatch Provenance Number of lateral Total length of m::l VN: /1 ™% Number of fibrous Dry weight of root
roots No. lateral roots cm ‘_I ’ roots No. g
3cm
Xinyi GD 8.7 75.7 12.1 417.1 0.65
Rich patch Wuping FJ 8.4 77.2 11.0 460.3 1.12
ich patc
" Cenxi GX 10.5 84.7 13.1 479.3 0.91
Xinyi GD 9.8 92.1 6.3 264.3 0.99
Wuping FJ 6.8 57.5 9.2 300.7 0.57
Poor patch
Cenxi GX 6.6 61.7 8.5 324.9 0.60
P <0.000 1 0.5222 0.008 3 0.029 1 0.190 8
2.2
2.2.1
4
»=0.1011 p=0.2342
1 <0.0001
50.59% ~355.23%
2.2.2 N P K
3
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1 N PK 5 N P K
NP K 122. 4%
122.1%  68.7%

4
Table 4  Differences of chlorophyll soluble protein content and photosynthetic rate between heterogeneous and homogeneous nutrient

environments for provenances tested

Nutsient environment Provenne Chlorophzfl]lcontent Solubleirl)rotein Ph‘otosynfl]letic me.
mg g~ FW mg ¢! FW pgCOy ¢~ FW s

Xinyi GD 2.056 11.91 114.56

Heterogeneity Wuping FJ 2.174 9.92 102. 04
Cenxi GX 2.243 8.99 206. 54

Xinyi GD 2.307 10.27 44.30

Homogeneity Wuping FJ 2.420 12.51 67.76

Cenxi GX 2.235 10.90 45.34

p 0.101 1 <0.000 1 0.2342

5 1 NPK

Table 5 N P K absorption efficiency of one-year-old leaf and root in heterogeneous and homogeneous nutrient environments for provenances

tested
Xinyi GD Wuping FJ Cenxi GX
Provenance
Heterogeneity Homogeneity Heterogeneity Homogeneity Heterogeneity Homogeneity

N mg ind. ~! 9.540 2 8.053 6 11. 1511 10.2838 10. 2837 11.1511
Leaves P mg ind. 7! 0.1819 0.2272 0.2506 0.2272 0.1030 0.2341

K mg ind. ~! 0.5619 0.5994 0.4894 0.5398 0.5399 0.5826

N mg ind. ~! 9.9121 4.2126 13.0095 4.9589 9.0447 5.2034
Roots P mg ind. ! 0.2591 0.1125 0.4187 0. 1599 0.2412 0.1413

K mg ind. ~' 0.1834 0.2009 0.6077 0.2983 0.4245 0.2213

2.2.3 N P K
6 1
N P K 2.04 1.67 1.32 2
1.17 1.56 1.64 N P K
1 K
N P K 2
NP K
P K
NP K 7 1 N P K
6.7% ~17.5% 4.4% ~44.2% 17.9% -30.6% N P K
2 P K
P P p=0.1697
3.09% ~25.40% N K
K 14.75% ~22.34% N
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p=0.5622 P K

6 NPK

Table 6 Absorption efficiency of N P K of root in rich and poor nutrient patch of heterogeneous nutrient environments for provenances tested

N mg ind. 7! P mg ind. ! K mg ind. !
Provenance Rich nutrient P trient / Rich nutrient P trient / Rich nutrient P trient /
4 e y 1ch nulrien T nutrien 1ch nulrien r nuirien 1ch nulrienl T nutrien
¢ murient Foor UHIENt - pich/ Poor ¢ purient Foor NUMIENL - pich/ Poor ¢ et Foor nue Rich/Poor
patch patch patch patch patch patch
o 6.8145 3.0975 2.20 0.1585 0. 1006 1.58 0.0307 0.1527 0.20
1 Xinyi GD
One-
ne . 8.5491 4.4604 1.92 0.2506 0. 1681 1.49 0.3857 0.2220 1.74
years-  Wuping FJ
old
L 6.0712 2.9736 2.04 0. 1654 0.0758 2.18 0.2759 0. 1486 1.86
Cenxi GX
Mean 7.1449 3.5105 2.04 0.1915 0.1148 1.67 0.2308 0.1744 1.32
o 184.08 217.008 0.85 1213.42 1624.788 0.75 390.975 518.958 0.75
2 Xinyi GD
Two-
e L 233.296 131.043 1.78 1496.32 738.72 2.03 633. 808 275.025 2.30
years-  Wuping FJ
old
L 139.412 160. 680 0.87 1737.19 913.38 1.90 612.885 330.300 1.86
Cenxi GX
Mean 185.596 169.577 1.17 1482.31 1092. 296 1.56 545.889 374.761 1.64
7 NP K
Table7 N P K content of root in rich and poor nutrinet patch of heterogeneou nutrient environments for provenances tested
1 One-years-old 2 Two-years-old
Treatment Provenance N mg g7! P mg g! K mg g7! N mg g~! P mg g! K mg g!
Xinyi GD 3.896 10.323 6.263 2.832 18. 668 6.015
. . Wuping FJ 3.997 11.586 5.901 2.083 13.360 5.659
Rich nutrient patch
Cenxi GX 3.193 10.278 6.463 1.532 19.090 6.735
Xinyi GD 3.316 9.205 5.311 2.192 16.412 5.242
. Wuping FJ 3.422 11.093 4.519 2.299 12.960 4.825
Poor nutrient patch
Cenxi GX 2.993 7.127 5.249 2.678 15.223 5.505
p 0.006 2 0.073 8 0.058 3 5.622 0.169 7 0.030 8
3
13
Huante
“ " Mou
Liquidambar styraciflua Pinus taeda
15
George Picea abies Pinus sylvestris
Pseudotsuga menziesit
16
3
3 2a
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1 2 44.53% 41.21%
1
2
N P K
68.7% ~122.4% N PK
1 2
1.17 ~2.04
3
P
K
34
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