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Effect mechanism of herbaceous competition on height growth of regenerated

seedlings of Quercus mongolica

ZHU Bingxuan, CHU Zeyi, NAN Hongwei* , MENG Jiaxin, LIU Weimin
College of Forestry, Shanxi Agricultural University, Jinzhong 030600, China

Abstract: Due to the high degree of ecological niche overlap, there is intense competition for light, nutrients, and water
between early-stage herbaceous plants and tree seedlings during forest regeneration, significantly affecting the process of
forest renewal. In this study, we focused on the seedlings of Quercus mongolica in Pangquangou Nature Reserve, Shanxi
province. We conducted a pot experiment with four herbaceous competition modes (no competition, total competition,
aboveground competition, and underground competition) , two soil nutrient gradients (4 g/m’ and 32 g/m’) , and two soil
nutrient distribution patterns (homogeneous and heterogeneous) . The results indicated that: 1) Herbaceous competition and
soil nutrient conditions had significant impact on seedling regeneration ( P<0.05). Specifically, the differences in growth
indicators of seedlings between the treatments of no competition and underground competition suggested the existence of
underground competition effects, and the same applied to aboveground competition effects. 2) Based on a linear model, for
seedling height, total leaf area, total leaf biomass, and surface area of three fine root diameter classes, the contribution

rates of the main effect of herbaceous competition were 80.66% , 67.49% , 49.39% , 40.26% , 59.09% , and 53.26%,
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respectively. Compared to soil nutrient concentration, herbaceous competition had a higher forest regeneration effect. Under
heterogeneous soil nutrient conditions, the interaction effect between herbaceous competition and soil nutrient concentration
was even significantly greater than the main effect of soil concentration. The analysis of the components of herbaceous
competition revealed that the contribution rate of underground competition effect was consistently dominant. 3) Based on
structural equation modeling, the specific pathways of the forest regeneration effects of herbaceous competition and its
underlying components could be revealed. In the treatments with no competition and full competition, the standardized
regression coefficients of seedling regeneration potential on light absorption and nutrient absorption were 0.61 and 0.46,
respectively. This indicated that herbaceous competition primarily affected the seedling regeneration process through its
impact on light absorption. In the group analysis of the intrinsic components of herbaceous competition, the standardized
coefficients corresponding to aboveground competition and belowground competition were 0.31 and 0.74, respectively. This
indicates that the latter is the primary pathway of action. This study, based on quantitative evaluation of herbaceous
competition and its intrinsic components’ effects on forest regeneration, further explored the mechanisms involved. It
deepens our understanding of their ecological effects in the early stages of forest regeneration and provides theoretical

guidance for forest regeneration practices.

Key Words: forest regeneration; herb competition; interaction effect; structural equation model; reproduction potential
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Table 1 Effects of herb competition and nutrient status on the growth of seedlings

FLRZE S Herb competition 243K 0L Nutrient status

AR AR T4 Ea Wbz RES ISR SRR SRR IR 535 B
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Fig.4 Contribution rate of seedling growth effect of each component under soil nutrient distribution
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Fig.6 Contribution rate of seedling growth effect of each component of herb competition in different nutrient conditions
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Fig.8 The influence mechanism of herb competition on seedling regeneration potential under no competition and full competition conditions
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Fig.9 The influence mechanism of herb competition intrinsic components on seedling regeneration potential
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Fig.10 The influence mechanism of herb aboveground and underground competition on seedling regeneration potential
Cmin/DF=1.42,GFI=0.88,AGF1=0.69,CFI=0.97 ; £ [ A AEBRAEL AT, e T 355 bR e AL 2800 ; B 45 -5 A [l /NG 3 S0 BEROR AR A
i 2

AR R FLARTEF XS HAME (Betula platyphylla) 5 T (Acer mono ) & W 4J 1 04 S FE 1 BA W& 5w, 5
AT B EETATL . A 5T RIS BRI bR 5, ROAS S8 4 PR 3 2000 A9 DTRR 3l 80.66% ,38.18% ; il
MR REPESR BRI, B T 4 A 38 R0 B ST 350 67.49% 49.39% ; F A 3 4 PR 38 A% 0 R 2R Rk
BRI DTk 40.26% ,59.09% Fil 53.26% . W HI 5 %17 (58 45 R R /R AT ( Schima superba ) I AE 5
FROrAEE T B T B R, A BRSO i i L, R ]2 3R 20 PR U I R Al 1 A K A8 s B
AR REZES XGRS R B, AW AR TE 0 52 AR SR 2l v AR KR AR AT 98 HAT 35 i 4
VER X UL A 55 4 0 250 W 4 52 MR B AR AR AR . B H SR VR BT | WA 58 4 %) 587 R &) B B
B R TTRRR T O B R X RORSE G T AR OIS A S SRR AR T SRR B T, AR
TEgR IR A AR KRB PN R R R | X AU SR AL,
AR T R [ AR 35 4 B B 40 1 A K B I TESE RN, Pagea 85 7E BAR 5 4 X A AR
( Trachycarpus fortunei) 1 KM - AE Wi s Be Y BFFEH DL R AR R el B B AR A R AT, 54
BRFCIOS RS0, AT BB 40 1A K AR BRI 25, 0 35 4 BB TR % 40 514 80.659% 70.80% 65.20% |
70.62% 71.67% 73.79% 71.51% , Zhu %% AL S B0 78 o o, AR R b 9608 A9 5 4 78 R AL 6T
FIRE E B G R X SAWFI AR — 3 TR R I TR 4RO, DU A T S A PR S 5

http ; //www.ecologica.cn



6838 xR 44 %

BRAIET TR 7, Hb N 55 G R0U0 1 BT AR XT 4 TR T 0 AR W S I M B S A X A STER RN, A
L HNAMATE BAN, 31X R W HAS T G800 - A7 7E , LM R 52 4 2500 28 43 19 ST k8 Ab T 35 A

FEH AR A TR i PR A R PR B AR B 2% BRI, X 4 BT v I IS A 2 2 8 i 42
AWIFFE 1 U A A S 4 B HESR IR I B 38 LRGN S X BB 4 B 9T B SRR 43 Barker 254 A
FEGE R FEATE 4 Ko ISR A IR0 B 38 BAE XA AR 40 B i AR 4 R B FEAE S 35 5 ) T AS B9 T LG Rl 1
HE— LA T 2 A HAE IR G SRS I ST RN, AR TSRS R TR BT A5 RN 4 43 BT R
BN FARTE G BN > 38 AU > SRR BT BN, X A U AR IZ AL BT, A BN KT R —
FRN A TTRR AR 33X Fe WX REAS 55 4 S 3B 55 40Uk B2 A8 T A0 2 DR 0 1 SR MO S Z A L &R
3.3 ET SEM MUARARGI A HUETHLER

LEM TR (SEM) & T48 ARG AR B2 o0 M Al gR S L AR B, OB REM I 37 4
W S0 B R TS 00 mT LAAE Shy B 3 4 i A A A5 A A S sz B T 5 A A s =2 [0 118 5 28 T T Ak o = A8 o ) )
B Z , T SEM 55 ELIAR 1 .

BRSO T R, S ARG T B S MO IR A AR ST — Al it SEM BRI, FE A TE AL
PR TCTEP A 5a ) WF I BETE 1 X R RE RIS i) BT UH R E0CH 061, 28 B A M 49 32 B30 2o 5 5 25 ]
GRS T B SR B A i i R AR ROR B o R 43 MR A ]G R IR A 8] A G R B 0,74, R B
FEAT MM 230 G RE ML 7 £E S | e 2 AR . T3t AMOS B 9 BELL AT BT I RE , [FIINHIE T B3 g 542555
ZME T B RASE PR A | B FASTE S B, G RE MR 55 43 W TR A 5 R B BT R R
SCREM SO 4 B SRS 7 00 D R AT, A S R 0 W AR 4 i v 1 1 TR S R, R W S R TR
W AR S TRRA FAR S P AR S B SR FL), FARE fr o B E MBI E S, X 5REI5
TS R 28 M A A XGRS 40  UR G S G g R ) 2 R AR T T RO A 251 AR D

FERAR e e N AENLIE (M b 35 4 AL T 554 ) ARG SIS % 35 0 W i) [l )3 R 450k 0.74, iX 3R
FRI WIS R A T A X} 40 P TR T (R N TEVE FHLER . 343 Wi [RGB W e =2 el A AH 56 R Eh 0.60), 3% [H]
FERBDGREM S 23X T2 53 W™ A= 5200, AS B[R] I 46 IE 1 b R 35 4+ 55 1 [ 58 2540 T B B ATE S N TEIL
PEARRY , CYAELEHD T SE A, TR 0 6 4l SR Tk 2 B T R B SR 1 G RE M) DTk 23 R B
Rt B RAFA S RE MR A R] 5% A WS 2 ) R R 56 R BN B0 25 T IR B S2 , MAA h b S 4ist, HE T 4 <2 b
L ER A IR BZE (R RE ], Hb_E A6 6 B IR % 2R BURE T A R kD, R S b e AR A BRI H
R S SR RS ( Ulmus pumila ) STHTBFFE S5 RFR W, M AE7E L L35 it B 2 vt i R &
Ab T BRI RS RGREM IS A RE T A 2 |, 33 RV % 23 WSCZE BT 40 i R I A 4 b o 48 32 5 b 7 AR AR AR Sl
B, X S5 ABFIE 25 1E— 2,

i«
4 %

<l
>

ASBIRFER FHL AR R S50 T RERER | 3 A7 B AR 5 4 1 - SRR o IR D0 X &0y v A A RO R R, i — 3
AR AR F 2 JE RSSO o HE— PRI B AR PN 7 5 A A OGS B 401 7 RS2 483 78 AR 5 4 X 5 R
4y v T AR HIAILEE

(1) =T T7 20T R B R el | 4 THT L PR 5T WA 5 4 B b S 3R 23 IR B0 DR 3R 00 558 iy MR 4l S v 0 )
SO, K RS 5 AP R rp 2 L OS8O A ST A A TR S WA 5 4 DRV BT &0y v A BN A8 PR A A %
25t . FEANIF L IIRIPRBL T IR a1 2 A R 4512

(2) FET AN, SR AR S 48000 % 20 73 1 23, JUHOR — 38 W9 S8 B0, E i A S 4 15 1
SR LA AR 2H 73 SRR A B 2, AR T SR MR BE T 5, AR S 4 X ST MR AN SR T 0 Y B
KRS O EE B A PN R 0 ) 5 4P A A7, MR S8 40 2 0 B BTRRR AR 20 Ak T 2 S A6

(3) F Ty T AL 48 /5 GRS AT 4l HEORT T S AR AL, TR 04T , b — PR R4

http ; //www.ecologica.cn



15 4 RINEF 45 AR SE X STt MR SR 40 7 v A K A S M AL 6839

Oy (M b HUR 3ES) AR AR, SN B R A DR R A N TR AR iR 3 4 1 i i e REM A E
Iy Ve A EEOR R A - AR A PEZEL 70 R R S A ) S R B O

£ 3CHf ( References) :

[ 1] BRef, S0 Mitie. st sPEMol ik, 2005.

[2] ®AE, TEAL MRS m s BtE. BHAEZSRS R, 2002, 13(5): 615-619.

[ 3] Swamy V, Terborgh J, Dexter K G, Best B D, Alvarez P, Cornejo F. Are all seeds equal? Spatially explicit comparisons of seed fall and sapling
recruitment in a tropical forest. Ecology Letters, 2011, 14(2): 195-201.

[ 4] Valladares F, Niinemets U. Shade tolerance, a key plant feature of complex nature and consequences. Annual Review of Ecology, Evolution, and
Systematics, 2008, 39 237-257.

(5] XUk, BsCif, VAT, S8R0K, SVIRE, B, BT MaEY EADCEEIRIS20O S Bun#m. 8%, 2011, 31(20) .
5999-6004.

[ 6] Thomas S C. Asymptotic height as a predictor of growth and allometric characteristics in Malaysian rain forest trees. American Journal of Botany,
1996, 83(5) : 556-566.

[ 7] DeMalach N, Zaady E, Weiner J, Kadmon R. Size asymmetry of resource competition and the structure of plant communities. Journal of Ecology,
2016, 104(4) : 899-910.

[ 8] Wang P, Weiner J, Cahill J F Jr, Zhou D W, Bian H F, Song Y T, Sheng L X. Shoot competition, root competition and reproductive allocation in
Chenopodium acuminatum. Journal of Ecology, 2014, 102(6) : 1688-1696.

[ 9] Cahill J F, Lamb E G. Interactions between root and shoot competition and plant traits. HortScience, 2007, 42(5): 1110-1112.

[10] Zhu Y H, Weiner J, Jin Y, Yu M X, Li F M. Biomass allocation responses to root interactions in wheat cultivars support predictions of crop
evolutionary ecology theory. Frontiers in Plant Science, 2022, 13. 858636.

[11] Schwinning S, Weiner J. Mechanisms determining the degree of size asymmetry in competition among plants. Oecologia, 1998, 113(4) . 447-455.

[12] Zhang W P, Jia X, Damgaard C, Morris E C, Bai Y Y, Pan S, Wang G X. The interplay between above- and below-ground plant-plant interactions
along an environmental gradient: insights from two-layer zone-of-influence models. Oikos, 2013, 122(8): 1147-1156.

[13] VFHFiF, 255, RICH, Rashid Muhammad Haroon U, ThFEFR, SRME . T2 B 7 M B 258 S0 AR R A K B AR W i BE s AR 352
iz, 2019, 39(6) . 2071-2081.

[14]  ROCH, MR, VR, SRR, ARl RIS BEBEK - K Or SO R AR 4y i iR AR KRB A RCR RS2, A2 45273, 2020, 40
(6): 2010-2018.

[15]  3kdT, X7, 561, S, BRH. BoRKFIRASTE S ARSI AIARFHE 2 0. AR S EREE2A4R, 2021, 41(1) : 44-50.

[16] XTI, BEEM, W, dsik, PR, ARINFF. BATEP XS o A2 SO0 i i 26 4 RUE S R RS2 . 74 B ARl R 22440 (B SRR
%) : 2023, 43(6) : 19-25.

(17]  BdE, HSCHE, WG, Bazm, Mok, SR MR ROEXMIATA AR T SR 9 A Y b i R A R R M. A2 25 2741, 2018, 38(3) :
1087-1096.

[18] Dudewicz E J. Multivariate analysis in the new century. American Journal of Mathematical and Management Sciences, 1998, 18(1/2): 1-5.

[19] VFrvisE, sk, PRAlor, VAR, ZBesk. JEREAC PN S MRa i AR SOR SRR I RE . 2252440, 2009, 29(3) : 1121-1128.

[20] 2303, BUTHR. SR RARARBZ AR, Ml R, 2005, 41(1) ; 49-56.

[21] ZEmesf, ™R, tAM, 3R JERNE HIRORY X 2 HEE 2 8] 53 S PR i R R, BREERL:, 2022, 43(9) : 4858-4866.

(22] ZWIH, 2. JERIE ARG AR Z R R IR DS, i EEF AR PIFER, 2022, 41(9) : 86-90.

(23] W75, L, AN, DEE, FEK. SCHT T8 2 A2 YR MRORE RS i i 25 40 0 23 ] 2 A A= 25 % 2R 35, 2017, 28(5):
1421-1430.

[24] SWEK. PYHPESRIA ARG MR BR AR I REZ AR IERE ST, LIPUAOL R, 2012, 41(2) : 16-18.

[25] k. Ry K R ARAE ) B U . BREA LT X T AR S IRBE G 45, P95ty . NS B BR th ik, 2020.

[26] Bhadouria R, Singh R, Srivastava P, Tripathi S, Raghubanshi A S. Interactive effect of water and nutrient on survival and growth of tree seedlings
of four dry tropical tree species under grass competition. Tropical Ecology, 2017, 58(3): 611-621.

[27] McPhee C S, Aarssen L. W. The separation of above- and below-ground competition in plants a review and critique of methodology. Plant Ecology,
2001, 152(2): 119-136.

(28] XA, #hnfy, TAE, Vb, FEAL WARRER AN B 1 SARIIPA RIS RS . MY, 2010, 34(11) : 1336-1343.

[29] Pregitzer K S, DeForest J L, Burton A J, Allen M F, Ruess R W, Hendrick R L. Fine root architecture of nine North American trees. Ecological

http ; //www.ecologica.cn



6840 JAE = 44 %

[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]

[47]
[48]

Monographs, 2002, 72(2) : 293.

Bt BB S5, dbat: ER R, 2009.

U, T, MR, RNET, SRR HET/NDOUIN A3 ok TR K AR HLBERIT5Y. /K AR Az, 2023, 43(1) : 32-43.

Tabri N, Elliott C M. Principles and practice of structural equation modeling. Canadian Graduate Journal of Sociology and Criminology, 2012; 1
(1): 59-60.

HRIR, MR, ST, R, AR, ROARTE A FORE DA R B4 B A A . T S R AR WA A 1-18[ 2024-03-08 ].
DOI: 10.19675/j.cnki.1006-687x.2022.12028.

Y. FARTEGR AT R R FER LRI [ D], e gk R, 2022,

ST, TR, Bwes, SN SC THE OGRS IR A X 25 P RA L B SN AT, AR AR, 2024,44(1) ¢ 306-316
TE, EAH, BB, BT, SR, S, AR R TAAMRRISH 3 R ST AR A T 4, 2013, 33
(5): 1020-1026.

W, R, W, RS, A PRI T AR o0t 3 A AAAN I T W PR R R R BERCR IS A2 4R, 2018,
38(5): 1780-1788.

AR ORISR, BIARZE, SRR, TR, VI AN R B L 0 A2 AR R R4 T RE IR B . AR AR R, 2021, 41(21)
8556-8567.

oV, BRE, JFEE, SRAE. MYHL EE R ST SE TSR, AR, 2007, 27(8) « 3489-3499.

w0, OB, EHAE, EL, GOV HIYITE R 3 FESHIN B AL AR, MALE A4, 2005, 29(5) @ 724-729.

SR AR ZAZ L X BRSSP IE R PERFE[ D] P iPERl R 2021,

de Alencar Paget A B, de Deus Ribeiro Lima O, Diniz D C, da Silva L. S, Detert M E, Gehring C. Belowground competition and niche partitioning
between the Babassu palm and Urochloa grass in eastern Amazonian pastures. Ecosphere, 2023, 14(11) : e4687.

Zhu J T, Jiang L, Zhang Y J, Jiang Y B, Tao J, Tian L, Zhang T, Xi Y. Below-ground competition drives the self-thinning process of Stipa
purpurea populations in northern Tibet. Journal of Vegetation Science, 2015, 26(1) : 166-174.

Barker H L., Smith D, Stanosz G, Lindroth R L. Host genetics and environment shape fungal pathogen incidence on a foundation forest tree species,
Populus tremuloides. Canadian Journal of Forest Research, 2016, 46(9) . 1167-1172.

Anderson J C, Gerbing D W. Structural equation modeling in practice: a review and recommended two-step approach. Psychological Bulletin,

1988, 103(3): 411-423.

FEETE, FERBL, MK, skarZE. P K S it & A KRR YRR R, RIS, 2012, 32(3) : 354-359
AT, XMaEs, LIl BRIFHE, PR, MR, PR BRI Z AR FM T R, S WA R 2# 4, 2022, 30(2) : 291-300.

Tang Y, Jiang D M, Chen Z, Toshio O. M 3% 4 5 1 F 3% 4 X BLK W0 0 A A 4 15 AR 4 i 2 w7 T AR 35 % i, 2011, 22(8) .
1955-1960.

http ; //www.ecologica.cn



