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Effects of herbaceous competition on high growth of regeneration
seedlings of Betula platyphylla and Acer mono

MENG Jiaxin, NAN Hongwei, GUO Jinpingz, ZHU Bingxuan & CHU Zeyi
College of Forestry, Shanxi Agricultural University, Jinzhong 030801, China

Abstract Herbaceous competition has a significant ecological effect on forest regeneration and is an important
limiting factor for the growth stage of regenerated seedlings. However, the theoretical understanding of the
mechanism of the herbaceous competitive effect remains limited. In this study, Betula platyphylla and Acer
mono were used as experimental objects in a pot experiment. Four types of competition (non-competition, full
competition, above-ground competition, and below-ground competition), four soil nutrient gradients (0, 8, 16,
and 32 g/m?), and two nutrient distribution levels (homogeneous and heterogeneity) were set up, and each
treatment was repeated eight times. Linear decomposition of the herbaceous competition effect was realized
using a linear model. The relative importance of the contribution rate of each competition effect component
was accurately measured and the mechanism of herbaceous competition on seedling height growth under
different soil nutrient conditions was revealed based on structural equation modeling. The results showed that
herbaceous competition inhibited seedling growth at all succession stages (P < 0.05). The contribution rates
of above-ground competition, underground competition, and their interaction were 40%—60%, 20%—-30%,
and 20%-30%, respectively. Different soil nutrient concentrations and distributions significantly affected the
contribution rates. Herbaceous plants mainly affected the nutrient uptake capacity of B. platyphylla seedlings
(0.62) and the photosynthetic capability of A. mono seedlings (0.74). This affected their growth. Nutrient uptake
capacity was more important than photosynthetic capacity under high concentrations or heterogeneous soil
nutrient distributions. The herbaceous competition effects of the two ecological learning tree species differed
significantly (P < 0.05). The results showed that herbaceous competition and soil nutrients profoundly affected
the height growth of regeneration seedlings by affecting soil nutrient uptake and photosynthesis of B. platyphylla
and A. mono seedlings. Notably, the mechanism of herbaceous competition on height growth of regeneration
seedlings is an important ecological mechanism for maintaining the height growth of seedlings.
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Fig. 1 Schematic diagram of the four herb competitive treatments.
NN: No neighbors; AN: All neighbors; SN: Shoots of neighbors; RN:
Root of neighbors.
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Fig. 2 Effect index model of herb competition on high growth
of renewal seedlings. NAC: Soil nutrient uptake capacity; PC:
Photosynthetic capability. CMIN: Chi-square value; DF: Degrees of
Freedom; CMIN/DF: Chi-Square/Degrees of Freedom; GFl: Goodness
of Fit Index; AGFI: Adjusted Goodness-of-Fit Index; CFIl: Comparative
Fitted Index; RMSEA: root-mean-square error of approximation. It is
generally considered that CMIN/DF < 3, GFI > 0.9, AGFI > 0.9, CFI >
0.9, RMSEA < 0.08 when the model fit is better.
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Table 1 Above-ground and underground competition effects of Betula platyphylla and Acer mono

ek Fi# Betula platyphylla T Acer mono

Index £5E AN TEFEFNN M E5E4 SN R 54 RN £TEFAN FEFEFNN H E5E4 SN MRS 4 RN
RB/g 0.15+0.02b 1.34+0.17a 0.26 + 0.043b 111+0.14a 0.98 +0.14b 294 +0.34a 1.08 £ 0.14b 2.66 +0.20a
LB/g 0.10+£0.01c 0.63 +0.08a 0.11+0.01c 0.43+0.05b 0.47 £0.08b 1.57 £ 0.16a 0.52+0.07b 145+ 0.11a
SB/g 0.09£0.01b 0.73+0.10a 0.12+0.02b 0.52+0.07a 0.41+0.08b 1.38 £0.16a 0.39 £0.06b 119+0.10a
TB/g 0.34 +0.03b 2.69+0.33a 0.48 + 0.06b 2.06 £0.25a 1.87 £0.29b 5.87 +0.64a 1.99+0.23b 5.30+0.37a
BSA/cm? 24.85+1.91c 163.52 + 18.50a 30.49 +2.64c 9914 +£11.67b  86.40+12.75b 292.59 +21.60a 9818+ 13.33b  290.11 +29.98a
SLA/cm? g’1 301.33+7.06a 24536 +4.12b 296.50+756a  285.05+6.38a 212.39+6.03a  184.97 +2.43c 20412+319ab  192.34 + 3.54bc
RL/cm 21318 +17.02c  1347.77 £132.52a  250.07+25.39c 987.58 +93.58b 13710+ 12.05b 475.38+40.04a 173.48+16.00b 461.43 +53.70a
SRL/cmg' 1657.28 +307.61a 1251.41+7706a 1315.06+82.31a 1304.18+66.18a 306.90+35.80a 184.24+1556b 260.82+27.57ab 202.78 + 16.59ab
L1/cm 160.05+11.67c  1032.59 £ 103.80a 189.36+18.87c 752.24+70.89b  73.28+7.24b  285.09+27.70a 92.43+8.77b 261.76 + 31.06a
L2/cm 42.95+4.93b 240.85 + 22.86a 50.04 £ 6.22b 177.91 £ 17.58a 34.61+4.12b 128.88 + 16.59a 4743+6.21b 126.63 £ 11.04a
L3/cm 8.09+0.87b 58.21+717a 8.28+1.11b 4577 £5.57a 16.59 + 1.36b 41.98+5.83a 19.66 + 2.10b 37.99+3.89a
SH/cm 7.95+0.45¢ 20.89 £ 1.58a 10.51+0.73c 15.59 + 1.19b 16.05 + 1.14b 31.87 £ 1.48a 16.77 £ 1.20b 2917 £1.53a

RB: i R A

LB: W S A6 SB: B PR A & TB: Mibk S & BSA: YRR AL SLA: HERFIIA: RL: SR SRL: R

L1: 0-0.5mmiE42FARIRK: s L2: 0.5-1mmIEARZIRIR K L3: 1-2mmiE/A ZARMRK s SH: Wik, FFIAR 7R R ZEFEE (P < 0.05).

RB: Total root biomass; LB: Total leaf biomass; SB: Total stem biomass; TB: Total biomass of seedlings; BSA: Total leaf surface area; SLA:
Specific leaf area; RL: Total root length; SRL: Longer than the root; L1: 0-0.5 mm sub-diameter root length; L2: 0.5-1 mm sub-diameter root length;
L3: 1-2 mm sub-diameter root length; SH: Seedling height. Different letters in the same column indicate significant differences (P < 0.05).
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Table 2 Updated seedlings above-ground and underground
competition and their interaction effect contribution rate

TL M Acer mono

14 Betula platyphylla

NC CEC HO HE HO HE

ACE -47.3% -57.4% -64.7%  —43.4%

0 g/m? UCE -27.0% -40.1% -31.3%  -21.2%
IE -25.8% 2.5% 4.0% -35.4%

ACE -32.8% -56.6% -49.5%  -55.2%

8 g/m? UCE -9.3% -29.0% -291%  -40.6%
IE -58.0% 14.4% -21.4% -4.2%

ACE -46.4% -25.6% -52.0% —36.2%

16 g/m*>  UCE -26.6% -24.0% -20.8%  -37.4%
IE -27.0% -50.4% 27.2%  -26.4%

ACE -38.9% -45.7% -56.6%  -49.9%

32 g/m? UCE -10.3% -8.8% -18.8%  -33.1%
IE -50.8% -45.6% -246%  -17.0%

NC: 25 %; CEC: a4+ N 2H4r. ACE: Hb L35 4+ 2(8%; UCE: Hi F5%
G s |E: A2 B, HO: H)it; HE: S:JR.

NC: Nutrient concentration; CEC: Competitive effect component. ACE:
Above-ground competition effect; UCE: Underground competitive
effects; |IE: Interaction effects. HO: Homogeneous; HE: Heterogeneous.
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RE 70 R -39 57 73 WKL RE ) 2 18] (1 45 4 75 R PR AR 7.
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AR AH Sk 70 W K 2 R 25 4 7 RE AR AR R, SR UL 5 4R
HO BRI BEAT LA APEAR, A S RE AR, HX R
BERGEAT 2 M IE, BEEBRIRAHBENME SR, £WE3
Fit 7 TS K s _E 307N 5 5 58 7 PP AN 4R BB AL R, 68 PR AR R
(7 I 00 285 4 7 RE R R R AT ZRE AL LU, LA FEFE bR K
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Table 3 Correlation coefficients between different biomass and morphological indicators

59 /

5 Index RB LB SB B SH BSA SLA RL SRL FRSA
RB 1
LB 0.85** 1
SB 0.88** 0.90** 1
B 0.97** 0.94** 0.96** 1
SH 0.79** 0.79** 0.84** 0.84** 1
BSA 0.84** 0.98* 0.90** 0.93** 0.80** 1
SLA -0.29* -0.31** -0.26** -0.30* -0.31** -0.23* 1
RL 0.44* 0.39** 0.48** 0.46** 0.48** 0.46** 0.02 1
SRL -0.21** -0.20** -0.16** -0.20** -0.23** -0.18** 0.35** 0.11* 1
FRSA 0.64** 0.60** 0.66** 0.66** 0.64** 0.66** -0.09 0.95* 0.02 1

RB: A &AM

LB: M ey

: SB: AR E: TB: Mk S AR, SH: 15, BSA: M4 B &M, SLA: @M RL: MIRK; SRL:

LEAR K. ** P < 0.010, ARG B35 * P < 0.051f, ARG 35,
RB: Total root biomass; LB: Total leaf biomass; SB: Total stem biomass; TB: Total biomass of seedlings; SH: Sseedling height; BSA: Total
leaf surface area; SLA: Specific leaf area; RL: Total root length; SRL: Longer than the root. ** P < 0.01, showing that the correlation is extreme
significant; * P < 0.05, showing that the correlation is significant.

0.89

CMIN = 16.040; DF =12; CMIN/DF = 1.337
GFI1=0.990; AGFI=0.952; CFI=0.999 : RMSEA =0.028

B3 EARENIAEREMBREFNESERNZIIERARE . LR ET L F R IE R R KA & B HT LR R IR R B RECR B,
Fig. 3 Effect index model of herb competition on high growth of renewal seedlings in different succession stages. The solid arrow
indicates the non-standard regression coefficient is significant; the dotted arrow indicates the non-standard regression coefficient is not significant.

x4 BEAZEINYESERKNFIIEBIER T EIEE M BN B8 2 AR
Table 4 A multi-group comparison of plant species at different succession stages in the model of effect index of herbaceous
competition on seedling height growth

128 Model ADF ACMIN P ANFI AlFI ARFI ATFI
R R A%
Assume model path coefficients are all equal 6 46.583 0.000 Bz 0.011 0.061 0.061
TRV
B2 Ay D07y 0 %2 5% 9 120.582 0.000 0.029 0.029 0.064 0.064

Assume model structural covariances are all equal
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CMIN = 121.618; DF =32; CMIN/DF = 3.801
GFl=0.953; AGFI=0.781; CFI=0.985; RMSEA =0.079
El4 FEIHRFDRETEAZFHARSESE KO MEHIRE.

Fig. 4 Effects of herbaceous competition on height growth of Betula platyphylla seedlings under different soil nutrient concentrations.

CMIN =58.723; DF =32; CMIN/DF = 1.835
GF1=0.939: AGFI=0.786;: CFl=0.988;: RMSEA =0.048
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Fig. 5 Effects of herbaceous competition on height growth of Acer mono seedlings under different soil nutrient concentrations.
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Table 5 Multi-group comparison of the influence index model of Betula platyphylla herbaceous competition under different nutrient

concentrations

1574 Model ADF ACMIN P ANFI AlFI ARFI ATFI
e AE R4 5%
Assume model path coefficients are all equal 1 e 0.000 0.039 0.038 0.022 0.023
B =y ARl 7 A
B S Ayt )y 7 %2 5% 27 172.018 0.000 0.079 0.078 0.057 0.059

Assume model structural covariances are all equal

#6 FTRILEADRETAANEAZFHNEMERIER NS AR

Table 6 Multi-group comparison of the influence index model of Acer mono herbaceous competition under different nutrient concentrations

1% Model ADF ACMIN P ANFI AIFI ARFI ATFI
112, LA
fBe i e 2 2 25 o 18 81.926 0.000 0.036 0.036 0.040 0.042
Assume model path coefficients are all equal
s At )y 2 25 27 174.510 0.000 0.077 0.077 0.083 0.087

Assume model structural covariances are all equal

0.89

El6 FRFS DB NEARFI O ESE KNI HRE.

CMIN = 37.935; DF =16; CMIN/DF = 2.371
GFI1=0.953; AGFI=0.837; CFI=0.990; RMSEA =0.083

Fig. 6 Effectindex model of herbaceous competition on height growth of Betula platyphylla seedlings under different nutrient distribution.

0.84

0.80

B7 FRFADHERRATEAZT SR AN ESEKIF SRR,

CMIN =47.343; DF =20: CMIN/DF =2.367
GF1=0.952;: AGFI=0.865; CFI=0.987; RMSEA =0.038

Fig. 7 Effect index model of herbaceous competition on height growth of Acer mono seedlings under different nutrient distribution.
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Table 7 Multi-group comparison of the influence index model of Betula platyphylla herbaceous competition under different nutrient

distributions

A Model ADF ACMIN P ANFI AlFI ARFI ATFI
Rk REAE S
Assume model path coefficients are all equal e LA o i L L 0.018
(R B 2 Ty 22 455 9 86.904 0.000 0.040 0.041 0.051 0.053

Assume model structural covariances are all equal

®8 FRIFHNH TAANE AT FHFIIERIRBN S RFALLR

Table 8 Multi-group comparison of the influence index model of Acer mono herbaceous competition under different nutrient distributions

178 Model ADF ACMIN P ANFI AlFI ARFI ATFI
B %R R4S
Assume model path coefficients are all equal 6 SRS 0.000 A 0.017 0.023 0.024
ot g T 2
B 22 Ay P07y 72 %2 5% 9 73.067 0.000 0.035 0.035 0.049 0.050

Assume model structural covariances are all equal
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