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Tree competition, spatial pattern, and regeneration of a Mongolian pine natural

forest in the southern geographical edge
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Abstract; Tree growth and regeneration are influenced by many biological and non—biological factors. Among these factors,
competition and point pattern analysis are important issues in ecology and forestry that affect tree growth, forest structure,
and dynamics, and thus, play an important role in population regeneration and succession. Mongolian pine natural forest in
China is mainly distributed in the northern Greater Khingan Mountains and sandy land of the Hulun Buir forest grassland
transition zone. The southernmost edge of its geographical distribution lies at the southern Hulun Buir Sandy Land. Owing to
its characteristics of cold resistance, drought resistance, and developed root system, it plays an important role in wind
protection and sand fixation, farmland protection, and is also widely used in sand afforestation in northern China. There has
been considerable research on the spatial pattern, competition, and renewal of Mongolian pine in China, especially on the

influence of fire interference on competition, spatial pattern, and regeneration. However, research on the relationship
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between competition, spatial patterns, and forest regeneration of Mongolian pine natural forests is limited. This study
selected Mongolian pine natural forest from the southern range of its geographical distribution to fully understand the
relationship between tree competition, spatial patterns, and regeneration, and clarify the interactions of these factors. We
analyzed the population structure, intraspecific competition, spatial patterns, and regeneration of saplings of Mongolian pine
stands using the Hegyi single tree competition index and point pattern analysis methods. The results showed that 1) the
natural stand in the investigation area was in a middle age, expanding population stage. 2) The relationship between the
competition index and diameter at breast height of object trees followed the equation CI = 242.24D™""*(R*= 0.91). 3) The
saplings were spatially aggregated at small scales, and mid- and large-sized trees of the population were randomly or
uniformly distributed. Saplings and mid-sized trees were significantly positively correlated, whereas mid- and large-sized
trees were negatively correlated. 4) There was a significant positive correlation between the competition index and the
density of saplings, as well as the survival saplings. The relationship between forest competition, spatial pattern, and
population regeneration needs to be fully considered in forest management. This study can provide scientific guidance for the

conservation and protection of natural forests, and construction and management of artificial forests in the future.
Key Words: Pinus sylvestris var. mongolica; competition index; point pattern analysis; population regeneration
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grandis) - ( Leymus chinensis) . H 1 ( Carex pediformis) Muffii ( Sanguisorba officinalis) S Jpf (28]

F1 HFHERBER

Table 1 General situation of sampling sites( mean + SE)

}942 DBH/ cm

b IR A7 E R/ m WHE/(°) Wera L/ (MR/hm?) Diameter at R /m
Plot Location Elevation Slope Aspect Density breast height Height
FEh A 47°38'36.35 N,119°11'24.93 E 900 10 E 3960 9.70+0.195 8.23+0.110
B B 47°39'09.62 N,119°11'19.63 E 900 6 S 3808 10.45+0.196 7.81+0.105
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Fig.1 Maps of trees distribution in sampling sites
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B 11,3 em<DBH<6 cm; 42 11,6 cm <DBH<9 cm; 42 IV,9 em <DBH<12 cm;#2B V, 12 em<DBH<15
em; B VI, 15 em<DBH<18 cm; 2/ VI, 18 em<DBH<21 cem; 2K VIIL, 21 em<DBH<24 cm; #£F 1X,24
em<DBH<27 ecm; &M X,27 em<DBH<30 cm; 72/ XI,30 em<DBH<33 cm; 42 XII,33 em<DBH<36 cm;

http ; //www.ecologica.cn



4 JAE = 39 %
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Fig.2 The distribution features of object trees’ height and DBH
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Fig.3 Relationship between radius of the round quadrats and the variation of competition intensity
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BEAMAAR B B3GR, HSe S de B0/, e 2 ol 0L, A B 1 2B B 38 38 B0 K, o 120,31, 2
T HABARB (P<0.05) ,IX 2B B9 38 G 48 BUR AR, R 5.20, 8 E K F HALZ B (P<0.05) , 1/ TV, V VI, VI
B Z B TC 3% 25 (P>0.05) . B HEH T AR B B S8 P46 8RR, O 113,65, 1.3 & T HAWAR B (P<0.05) ,
IX 2B 38 S5 KU I, M 5.20, BB KT HABAR B (P<0.05) , 1 IV .V 42 B Z 18] LA & VII, VIIL IX 42 [ 22 J6]
B TC IR 25 5 (P>0.05) o LA 45 53R BIAR B /0N B AR 40 32 30 o PN 55 4 5 BB 950K, AR B A R 1 2 1) B9 o o9 5
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x2 DHETFRRITATREE

Table 2 Intraspecific competition intensity of Pinus sylvestris var. mongolica forest

B &l BT Bh 1 B B IV 7o v B VI R Vil B VIl
Site DBH Class Class 1 Class 11 Class IIT Class TV Class V Class VI Class VII Class VIII
A 1733 53 90 62 46 51 30 23 10
HAr /% 14.40 24.46 16.85 12.50 13.86 8.15 6.25 272
TEAHERT 120.3127.37a 52.22¢1.87b  27.15:0.97¢  20.23%0.76cd  14.1240.54cd  10.45:0.51cd  8.91x0.46cd  7.20£0.56cd
B MR 20 59 37 40 54 29 28 12
HA /% 7.07 20.85 13.07 14.13 19.08 10.25 9.89 4.24

TAHEE 113.65£9.18a  50.36£2.49h  25.64:0.97c  17.85:0.6lcd  14.39:0.44cd  10.63x0.46d  8.96:0.46d  5.91x0.45d
AN FREFR A A FTE 5% kT2 5 3 (P<0.05) B IX X XL XILXIT B BRECR A, B2 G R3L, RZAR R GE T 70

323 wmHmE SRR
A FEHBISE £ R . €1=235.16D"""'(R*=0.91,P<0.001) (& 4) ; B £k CI1=254.41D""(R*=0.90, P<
0.001) (&l 4) ; T MAR X RA NG 5255 8N R C1=242.24D7"*(R* =0.91,P<0.001) , i
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Fig.4 Scatter of competition index of object trees and its DBH
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Fig.5 Spatial patterns of Pinus sylvestris var. mongolica among different life stages in sampling sites
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Fig.6 Spatial association of Pinus sylvestris var. mongolica among different life stages in sampling sites
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Table 3 The correlation between the number of saplings and the competition index in sampling sites

FEIR A2

Radius

TP ES A TE T4
B

Competition index and the

0.544 " 0.507 ** 0.544 " 0.514"* 0.621"* 0.582"* 0.596 * 0.574"*
density of all saplings
B GO RER L PR
P L

Competition index and the

0.111 0.263* 0.202 0.315*" 0.315"* 0.257* 0.315** 0.302

density of survival saplings

#* % P<0.01, * P<0.05
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