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Effects of neighborhood competition intensity on growth and physiological

characteristics of young and middle—aged Pinus koraiensis trees
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Abstract ; Competition was recognized as an important factor influencing the growth and development of Korean pine ( Pinus
koraiensis) trees, but the response mechanisms of young and middle-aged P. koraiensis under the canopy to competition
remained poorly understood. This study focused on 15-year-old ( young), 30-year-old (young), and 45-year-old ( mid-

aged) P. koraiensis trees in a mixed broadleaf-Korean pine forest at Maoershan Experimental Forest Farm of Northeast
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Forestry University, which is located in Shangzhi City, Heilongjiang Province, China. The Hegyi Competition Index ( HCI)
was used to quantify neighboring tree competition intensity, which was classified into five levels ( HCI ranges: 0—5, 5—
10, 10—15, 15—20 and 20—25). We analyzed the diameter and height growth, and physiological characteristics of
young-to-mid-aged P. koraiensis trees under these competition intensities and explored their ecological adaptation
mechanisms through correlation analysis. The results showed that (1) Neighborhood competition had a significant negative
effect on the diameter and height growth of young and middle-aged P. koraiensis trees, and this inhibitory effect became
more pronounced with increasing tree age. (2) Neighborhood competition intensity followed a power function relationship
with both the diameter and height growth of young and middle-aged P. koraiensis trees. (3 ) The non-structural
carbohydrates (NSC) and total nitrogen (TN) content in needles of the young and middle-aged P. koraiensis trees showed a
trend of first increase and then decrease with increasing competition intensity. The NSC and TN content in needles of the
15-year-old P. koraiensis trees peaked at competition intensity level 3 (HCI 10—15) , while those of the 30- and 45-year-
old trees peaked at level 2 (HCI 5—10). The NSC content in needles was significantly positive correlated with TN content.
The starch and total carbon content in fine roots remained relatively stable across competition intensities. (4) The
gibberellin ( GA) content in apical buds of the 15-year-old P. koraiensis trees was relatively stable, while that of the 30-
and 45-year-old P. koraiensis trees gradually decreased with increasing competition intensity. The auxin (IAA) content in
apical buds was significantly positive correlated with diameter and height growth. (5) The tolerance ranges of P. koraiensis
for neighborhood competition intensity differed among age classes: 15-year-old trees tolerated intensity levels 1—3 ( HCI
0—15), whereas 30- and 45-year-old trees tolerated only levels 1—2 ( HCI 0—10). In conclusion, to ensure the normal

growth and development of P. koraiensis trees under the canopy, the study determined that competition intensity for 15-year-

old trees should not exceed 15 (HCI) , while for 30- and 45-year-old trees, it should not exceed 10 (HCI).

Key Words: Pinus koraiensis; neighborhood competition; growth; physiological characteristics
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Table 1 Information of Korean pine-broadleaved forest plot

LLANAF e Mo B MO ER Tk THEER 58 oH
Ages of Pinus Plots Stand density/ Stand mean Soil total carbon/ Soil total nitrogen/ Soil pH
koraiensis/ years o (#k/hm?) diameter/cm (g/kg) (g/’kg) oL P
15 4 2281+1273 9.05+1.41 48.43+2.85 4.72+0.54 5.10+0.08
30 4 1725+256 10.01+0.45 51.17+4.75 4.95+0.49 5.02+0.02
45 4 2656606 10.43+1.04 54.93+2.21 5.21+0.14 5.03+0.05

1.3 et
AIRE R SRR AT Y Hegyi T2 448 KU AU AR B 32 52 4 B2 . ARG L 37 9 45 01 45 5 i AT T 22
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B NEPRA S m EFENESARRE, BT 15 EEIMMEA /N 1.3 m S, KITE Hegyi 35 4+1H
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{3171 Excel 2019 F1 SPSS 21.0 B AEX Bdla #4741 50#r . 1R IK 3R (One-way ANOVA) Fl Duncan {2 #
T EMMEZE I («=0.05) ., FF2ZEASFEF F Welch 7722431 #1 Games-Howell 2 #4755 5 L (a =
0.05) o >R Pearson ¥EXJ a5 BE  ZLAN A PRI AE R AGHR Z I HFATAHOC /347 o A Origin 12.0 FRAFER, K
T EAE A BB bR 2

2 ZER5HW
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FEZES 1 3 5 9%, 30 1 45 AELELEAM AR A3 0 R B T 40.9% F11 47.5% ,15 30 1 45 4EA= 20 AR v 20 ) R R T
36.9% 49.5% 1 51.4% (Kl 1) , 15 EALLRA AT DIAETE R K- IS 4 a B I 470, Y Se o B KT 25 B, 15 48
A= LIRS AR B SR PR REARG £ 5 10T 30 A1 45 AR A L MMNAT A e NMRAE G . EAh, X S 4ok i 5 rp 4l it
LI AR FEAR T BIEAT IS, R IR R B (BT 2)

2.2 MHSBARTES R BE XS A LIAS NSC & it (52 1R

15 AEA LU BRI Y PV R AR 5 A PR K AL G ) (NSC) & B BEAE 52 4 0 B2 i 3 ik &2 5 B TS T I
PR FESE iR B SO 3 B S e o TESe Pk B 1—3 B, 15 AFAEZDAMEF Y NSC 3 & i L
4—5 PEE iR T i 3.0%, 30 AFEAELLAA B FTEPEMEAT NSC 2 5t 45 AFAEZIAnEFIHATERY AT NSC & b A
SE AR N R LTS I RRRE S AESE R R B SR ON 2 I R, TR PR SN 1—2 1,30
AEAZIANEE M AR Y NSC P34 5 570l [ 3—5 Qe om B T il 16.19% 1 9.0% 45 A LA ITE R 5
NSC &3 B 3—5 e 4rm i Rt 15.4% M1 17.2%, 30 Fl 45 4EAE 2R A RT PR RE JER F0 NSC
B i AR AR — B, A LT AALIAR 1 VERY & S AEAN R S i AE R M B e E 22 5 (1 3) .
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Fig.1 Growth of diameter and height of young- and middle-aged Pinus koraiensis trees under different competition intensities
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Fig.2 Fitted relationships of competition intensity with trunk diameter and tree height in young and middle-aged Pinus koraiensis trees
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Fig.3 The non-structural carbohydrate content in needles and fine roots of the young- and middle-aged Pinus koraiensis trees under

different competition intensities
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Fig4 C, N and P content in needles and fine roots of the young- and middle-aged Pinus koraiensis trees under different
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Fig.5 Endogenous hormone content in apical buds of the young- and middle-aged Pinus koraiensis trees under different competition
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Fig.6 Correlation among the physiological, growth indicators and competition intensities of young- and middle-aged Pinus koraiensis trees
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