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Characteristics of Understory Herbaceous Vegetation in Mixed Plantations and
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Abstract: [ Objective ] The aim of this study was to reveal the species composition, community structure, and
growth characteristics of herbaceous plants in the understory of mixed plantations in loess hilly areas, and to
explore the impact of herbaceous plants on water interception in the understory, in order to provide a
theoretical basis for ecological restoration and future forest management in the region. [Methods] A
combination of field surveys and laboratory analysis was conducted in Wuqi County, Shaanxi Province. A
pure Robinia pseudoacacia forest was selected as the control group to investigate the vegetation
characteristics of the herbaceous layer and their effects on herbaceous interception under five different mixed
plantation models (R. pseudoacacia X Armeniaca sibirica, R. pseudoacacia X Prunus mongolica, R.

pseudoacacia X Pinus tabuliformis, R. pseudoacacia X Hippophae rhamnoides, R. pseudoacacia X Caragana
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korshinskii). [ Results] 1) Compared to pure R. pseudoacacia forest, mixed plantations significantly increased
the species richness of understory herbaceous plants. The R. pseudoacacia X P. tabuliformis mixed plantation
displayed the highest Margalef richness index. However, mixed plantations reduced the species evenness of
understory herbaceous plants, with the R. pseudoacacia X P. tabuliformis mixed plantation showing the
lowest Pielou evenness index. Different mixed plantations substantially increased species richness but slightly
decreased species evenness. 2) Coverage and leaf area index (LLAI) of the herbaceous layer varied
significantly among different mixed plantation models. The herbaceous interception capacity of mixed
plantations was generally lower than that of pure R. pseudoacacia plantation, with the R. pseudoacacia X P.
tabuliformis mixed plantation showing the lowest interception capacity. 3) A significant positive correlation
between herbaceous layer coverage and interception capacity was found, indicating that higher coverage
provides a more effective rainwater interception function. [Conclusion] While mixed plantation models
improve the species diversity of understory vegetation, they may have a slight negative effect on the soil and
water conservation capacity of the herbaceous layer, particularly in terms of rainwater interception by the
herbaceous layer. Pure R. pseudoacacia plantations, in contrast, exhibit greater potential for rainwater
interception, offering important management insights for the soil and water conservation functions of
plantations.

Keywords: mixed plantation; Robinia pseudoacacia plantation; herbaceous layer interception; interception

capacity ; vegetation characteristics
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Fig. 2 Heatmap of the importance values of herbaceous plants in different types of plots
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Table 2 Similarity coefficient of the vegetation community in

the herbaceous layer of different mixed plantations

WK™ REH R&A RP REM  R&I R

R&H 1.00
R&.A 0.47 1.00
R&.P 0.20 0.33 1.00

R&M 0.28 0.46 0.36 1.00
R&.1 0.31 0.31 0.20 0.32 1.00
R 0.26 0.25 0.18 0.32 0.43 1.00
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BCMD A7 AE B 3 1E A 22 (p<<0.05) , 5 Simpson $5 #{
1E A 56 ¢ 2 Bk i 2 (p<<0.01) , Pielou ¥ &) FF $5
5 Simpson #§ % & Shannon-Wiener 8 % #9 1F 41 5
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Fig. 6 Correlations between understory herbaceous
vegetation characteristics and interception
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and interception capacity

Hi P 8 3 T HY 0l M 4l bK A A A 5 A R HLA
M RZ, [FN, BEE 5 AR, AR R A
BEZ Bk, FEAZ U i 0.29~1.14 mm , | #f 4l
MR R, I35 e T A TR S 28 Y 5 B < 1l A B A R
THPA R w0y, T R A R < i )
R <5 TR R A Al 5 S < 5 R -5 R A < Vb i
AR R ZEIC S E R . EAREEREAN
[vi) 1 5 248 21T AR W Sy SR 4 bk = L <5 R AL > )
B OV I SRR <3 R = R > LU = HaI A < il Ay
AT B, B S A B R T g AR 2 55 B A A R
B (y=0.026+1.4362, R*=0.57) , 4, B4 7t B # Bk 25 &
038 0 £ b T A B B A A B A K R Y
B S, AN [ b 2 2K A B RE A A I 2 S

b b A R AR A O R R
PESHEEEPEIEMC, AR SE S E
8 W g T AR G, I T RS R AR R AR IR AT R
i3 AT A OGP SR A, T b A B R R S
UL ETRAE =S A = i S - S L S B ]
Simpson $g§ FF8 A XT #1220 .

3 3t 8
3.0 RIZARH TAE M S HE R
O B0 2 W1, 40 2 RE A 9 T 2 5 R e h

fig 5w AT EAEH . LEUSCHNER %8/ 58 %
WY, TR S MR8 o 3G A ) 2 RE vk s BE VR A5, 1
A A R G0 RS M BT M FORRESTER 4§
WF 5T W], AS (6] R A 09 20 6 38 3 B 4B 25007 A g U F)
FHARLC 0 2 a1 TR TR S AR AR A Rk 85 . AR R
I e ol ol - R D N B N E o 7o =1 N W N £

http. // stbexb.alljournal.com.cn



170 KRR

%039 %

Yk F o BB R 3 5 B BOORIR SSARTE — E
FREE I 42 e FA R W 2 B (EAS () RS ol ] 1 58 4
KA FHI S E TR . LOREAU S B9 &
W Y Z S AR RE YR Z M AF7E L 2 1) H.
ARV N SE Fr OE R

R S ARAH L TR SN MR 3 4R AR B
A R0 T R 3R IR A B 2 RE A E 2 R L 42
b 22 FhoRE Py 2 25 18] A B T AR A R Ge Y AR E PR R
PRS2 RE T o JU H R 5l A i TR s R =L, '
Margalef & 5 B0y £ 1w , 28 DR 22 B X0 2803 hn
TR R 2R L A YR T R, TR 23S Ak
LA B R A Bl K 5 B R B T BRSO [F] A A
(1] A= K 5 40 0 R A O, 0 HE R AE IR 5 i A YR A A
T, Pielou ¥ 5] R BT B, 1 JE 26 £ 4 ) Fh
A RE T A K I8 o5 A 2 T M, AT ek 2 L At 4 B
(9 A= K 25 ] o
32 BEEMEANEAREEEMHERIEHMN

A1)

AW 5¥ 2 B, 0 B 20 bR i A% Bk 55 R g A4
ol AR Z M AR i S EARER ST
W58 45 AR W &, UE W88 e 04 A 4 i 5 R - T B4R
B HE % 1 2 T I K RA B 0 A 52 B N i
8 T A w5 B AN O Ak TR A ARk 4 = N AR K
T ORFFRCR o SR, AN IR 32 28 A X K B R ) 1 Y
i) & B Y5 38 AR AN [R) AR 9 ] 9 A B4R R SE 4
RIEMWMEARZEREE IO EZEFZY, Wik, K
S WIF 5% 7 HE — 25 HR A5 AT 38 3 A T TR S8 A I A b 4
AL E , DR KA OK + R FETRE
33 4R BEESHBENXR

A AR 7T R B AR 2 AR R AR
HRA, HEARAZER BB, AR
B AR 3 IR A DG, R WY A ) i O AE ) 45 A B
AL HR A AR MR . bR A= R A 8 R BE A B
T4 THAFR P % oK 43 B AR AR L R R AR R AR
Yy i AT LS SR W) X K A3 0 IR ORI AR RE T o TEN
TR B R G T b B A K AE L, 8 T
T MR 43 Y i R AR K, DL 4 TR T AR 2 Y
BB, FMAREEE S EE A R A —
H R UE A E N K R EEN . CAR R
B, WA ) 5 B RE 08 Y 3 4R R KR RE ) L TE R AT
N LK H - FE e v &, JU R AE 8+ B X %
Yy 5% 7 Z5 i W I b X, G P R R A ) A b
R KA BT B TR R OK R RO
4 % it

1) 5 30 B 2 AR A B, TR 5 2 AR R A 4 B Y

Fou R H AR X WAL A9 Margalel =F & B 48 550t =
(3.49) 5 1R 28 B AR ARCT B A F i 3 5 3 O vp ofl
B <M AR Y Pielou 357 B 48 BURAR R R 2220
ARR B ZSAE BE REE RE E RG n (E Fh E )
BEA T R

2R 3E N TR I 36 AR ) 2 RE P U AR
B S HRA R AR, AR R R R R A [ TR 3 2
T Sy R A0 bR > R <5 R AR > R R X v >
R <A = SRR < 1L Bk > AR > I A o R AS TR IR
TR TN EAZRERA R fAfEES BIORE
Yo Z RIS A B TR A AR AES DR R
U ANEIEE7/E S R S | ik - e |
TR B A 2 I R RRAE R AR AL

3) % B 7E AN [A] TR 32 28 B R by 30 B 4l A > 1 <
50 TR = S AR < 7 > SRR < = IR < 1l Bk >
SRR > Ll A 5 o T R R O AS RTR 38 28 7R Sy ofil i
2P > Al A <V > AL < A > A < T A >
SRR > LU B = SR AR >< LA oA b 1 AR 2
A T B A8 B (5396, 1.980) , i 3 i T A TR A8
IS N e E i TN AT A P R T
FLME R (y=0.35+3.12, R*=0.81) , % W i ¥k =5
JEE R0 i TR e BRI S ) A R R T YOG BRETR R

4 ) P 4 PR ) M b RN bR A W R R, X i
AEEE RO, M ARy RE ST R A
35 A 56 (p<C0.05) , iU R A= 9 i X # B g 1A B
5 A, 150 W A ) R A SR AR g ) Y
PR, AW o 3 a5 e A A 45 R R R R A
A R M AR A 1) AR AR

SE

[1] SONG X S, SHI S M, LU S, et al. Changes in soil
chemical properties following afforestation of cropland
with plateau of China [J]. Forest Ecology and Manage-
ment, 2021,487:e118993.

[2] ZHANG JJ, GUO B N, JIANG Q O, et al. Study on
microclimate characteristics and vertical variation of
potential evapotranspiration of the Robinia pseudoacacia
forest in the Loess Plateau of China [J]. Advances in
Meteorology,2013,2013(1) :e748418.

[3] LIANG H B, XUE Y Y, LI Z S, et al. Soil moisture
decline following the plantation of Robinia pseudoacacia
forests: Evidence from the Loess Plateau[ J].Forest Ecol-
ogy and Management, 2018,412:62-69.

(4] IRt , XA, X0 HH e, 55 . BT 4 28 T I IX B A A ) 1 25
BRI OGHR [T]. Bl RR2,2024,41€10):2217-2228.
SUJJ, LIUY P, LIU LY, etal. Niche and interspecific

correlation of herbaceous plants in the Altay desert region

http. // stbexb.alljournal.com.cn



3

AR A 2 b R DRSS N TR B AR 2 AR R AR B Mo e A A P ) 52 )

171

(6]

[7]

[8]

[9]

[10]

[11]

[12]

[ J].Pratacultural Science,2024,41(10):2217-2228.
ZHANG X, CHEN M, LI M, et al. Drivers of Robinia
pseudoacacia 1.. growth during stand development on the
Loess Plateau, China[J]. Dendrochronologia, 2023, 81:
el26132.

A, B, B AT b R R AL AT R A
ek R BRI RRRAE [T ] AR A 4R, 2019, 39
(21):7996-8002.

L1JJ, FANM C, SHANGGUAN Z P. Ecological stoi-
chiometry characteristics of soil carbon, nitrogen, and
phosphorus of the Robinia pseudoacacia forest on the
north-south strip of the Loess Plateau[ J]. Acta Ecologica
Sinica, 2019,39(21):7996-8002.

MESTRE L, TORO-MANRIQUEZ M, SOLER R,
et al. The influence of canopy-layer composition on
understory plant diversity in southern temperate forests
[J].Forest Ecosystems, 2017 ,4(1) :e6.

SHIRIMA D D, PFEIFER M, PLATTS P J, et al.
Interactions between canopy structure and herbaceous bio-
mass along environmental gradients in moist forest and
dry miombo woodland of Tanzania[ J].PLoS One, 2015,
10(11)>:e0142784.

KOVALENKO I, KYRYLCHUK K, KLYMENKO
H, et al. Influence of tree-crown density on dominant
plant species of the herb-shrub stratum in the zone of
mixed forests [J]. Biosystems Diversity, 2023, 31 (3) :
382-387.
R0, G, S5 IR SRR AR Y4 1 2 B
T S FOR SRR [T ] K D452, 2024, 38(6) : 152-160.
CAO Z T, DENG Y X, TIAN J, etal Accumulation
characteristics and hydrological effects of litter in mixed
Robinia pseudoacacia plantations [J]. Journal of Soiland
W ater Conservation, 2024, 38(6) :152-160.

220 I S 7 L AN B N ) & N Y R
FELD ] BRPY 470« PE AL R MR K2, 2024,

TIAN J. Hydrological effects of mixed transformation of
Robinia pseudoacacia plantation in loess hilly region[D].
Yangling, Shaanxi: Northwest A&.F University, 2024.
HERE S K AR AR T 0L App 5 80T 2 BRI A
AT AR A 00 FE B 5 [T ). b 52 0§ R 2% 2 i CH AR B2
Ji),2023,59(1):125-135.

HONG C Q, QU Y H. Comparison of smartphone APP
and digital hemispherical photography for estimating leaf

area index [J]. Journal of Beijing Normal University

[13]

[14]

[16]

[20]

(Natural Science),2023,59(1):125-135.

(70 S W[ SR B 7 N A N R LT S NS N
A JZ AW 2 R R AR W e 50 [T ). P AU AR B 22 4
2023,38(2):61-68.

YANG Y F, WU LY, MA Y L, et al. Diversity and
biomass of herbaceous layer plants under different types
of Platycladus orientalis plantations[J].Journal of North-
west Forestry University, 2023,38(2):61-68.
LEUSCHNER C, MEIER I C, HERTEL D. On the
niche breadth of Fagus sylvatica: Soil nutrient status in
50 Central European beech stands on a broad range of
bedrock types [J]. Annals of Forest Science, 63 (4) :
355-368.

FORRESTER D I, BAUHUS J, COWIE A L. Carbon
allocation i a mixed-species plantation of Eucalyptus
globulus and Acacia mearnsii [J]. Forest Ecology and
Management, 2006, 233(2/3) :275-284.

LOREAU M, HECTOR A. Partitioning selection and
complementarity in biodiversity experiments[J]. Nature,
2001,412(6842):72-76.

TARH , T E MR B SChR S B e ORI N AR A
FE X AR R W 22 A PR AR AR G 2 m [T 0 AR A A AR
2023,34(2):305-314.

WANG Y R, WANG Y H, DUAN W B, et al. Effects
of canopy density on understory plant diversity in Robinia
pseudoacacia plantations on the Loess Plateau of
China [J]. Chinese Journal of Applied Ecology, 2023,
34(2):305-314.

WANG Q, GUO J P. Rainfall interception loss as a func-
tion of leaf area index and rainfall by soybean[J]. Theo-
retical and Applied Climatology, 2024 ,155(1):289-297.
HOOPER D U, CHAPIN III F S, EWEL J J, et al.
Effects of biodiversity on ecosystem functioning: A con-
sensus of current knowledge[J].Ecological Monographs,
2005,75(1):3-35.

I SESEN SR I P YN R K /S ]
HE TP A B pg A . LR I A B2 Bl 2 22 B o
BILT] K AR FRE R, 2022, 42(1) :122-129.

ZHANG H D, ZHAO C P, DATI'Y T, et al. Construc-
tion of evaluation model for soil and water conservation
function of vegetation at community scale-taking Jinzhai
County, Anhui Province at northern foot of Dabie Moun-
tains as an example[ J].Bulletin of Soil and Water Conser-
vation, 2022,42(1):122-129.

http. // stbexb.alljournal.com.cn



