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Abstract: To investigate the density response characteristics and driving mechanisms of plant diversity and biomass in typi-
cal forest stands of the Loess Plateau, this study focused on Robinia pseudoacacia and Pinus tabuliformis plantations, estab-
lishing five density gradients for each (The density gradient 1 of Robinia pseudoacacia forests was 1 200—1 500 stems/
hm?, density gradient II was 1 500—1 800 stems/hm?, density gradient Il was 1 800-2 100 stems/hm?, density gradient
IV was 2 100-2 400 stems/hm?, and density gradient V was 2 400-2 700 stems/hm?. The density gradient I of Pinus
tabuliformis forests was 1 000-1 500 stems/hm?*, density gradient Il was 1 500-2 000 stems/hm?, density gradient
Il was 2 000-2 500 stems/hm?, density gradient IV was 2 500-3 000 stems/hm?, and density gradient V was 3 000-
3 500 stems/hm?). Through field surveys, diversity index calculations, and biomass measurements, we employed one-

way ANOVA, two-way ANOVA, and Pearson correlation analysis to identify influencing factors. The results showed,
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(1) Forest type significantly affected plant diversity and biomass, with shrub diversity and tree biomass significantly
higher in Pinus tabuliformis stands, while herbaceous diversity was greater in Robinia pseudoacacia stands. (2) In Rob-
inia pseudoacacia stands, shrub and herb diversity indices exhibited bimodal curves with density, peaking at 1 500—
1 800 stems/hm?, whereas in Pinus tabuliformis stands, shrub diversity peaked at 1 500-2 000 stems/hm?, and herb di-
versity was significantly higher at low densities (1 000-1 500 stems/hm?). Aboveground and total biomass of Robinia
pseudoacacia reached maxima at 1 800-2 100 stems/hm?, while Pinus tabuliformis biomass showed weaker density depen-
dence. (3) Correlation analysis revealed that shrub diversity indices in Robinia pseudoacacia stands were negatively cor-
related with tree height, and herb evenness indices were negatively correlated with slope. For Pinus tabuliformis stands,
diversity indices of shrubs and herbs were significantly correlated with crown width, and positively correlated with diam-
eter al breast height (DBH) and tree height. (4) Pinus tabuliformis demonstrated greater competitive advantages in
Loess Plateau ecological restoration. Moderate densities (Robinia pseudoacacia: 1 800-2 100 stems/hm?; Pinus tabuli-
Sormis: 1 500-2 000 stems/hm?) synergistically enhanced plant diversity and biomass, with DBH, crown width, and

topographic factors identified as key regulators. These findings provide a scientific basis for optimizing stand density and

improving ecological functions in the Grain for Green Project on the Loess Plateau.
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Tab. 1 Basic information about the sample plots

s MorEE ZE /(Bk-hm?) WK /m W /() m /) IS E B3 /cm W& /m 5 I8 /m

Number Forest type  Stand density Elevation Slope Slope direction TRASP DBH Tree height  Tree crown width
1114.0 30 270 FH 0.75

I RIAEERE 1 1200~1500 1059.0 30 310FH 0.41 11.04  1.40a 10.66 * 2.33a 4.01+0.63a
1118.9 26 0.15
1158.1 20 210 1.00

] R 1 1500~1 800 1127.8 28 1058 0.37 11.40 £ 0.27a 1027 + 1.68a 4.03 £0.54a
11200 30 240 [H 0.93
1140.0 19 200 FH 0.99

i} AR 2 B 1 1.800~2 100 1080.0 25 230FH 0.97 11.01 £ 0.67a 9.95 + 1.42a 3.78 + 0.20a
1158.0 26 280 fH 0.67
1109.7 25 0.25

I\ FIEEE N 2.100~2 400 1076.0 25 1308 0.59 9.08 + 1.16b 9.20 + 0.86a 3.70 + 0.13a
1096.2 18 200 fH 0.99
11482 28 270/ 0.75

A FIREZ RV 2 400~2 700 10618 20 200 FH 0.99 9.01+0.77b 8.25+0.13a 3.29 + 0.31a
1088.6 40 0.00
1123.0 28 1208 0.50

Vi MARERE 1 1000~1 500 1118.0 34 0.18 14.65 + 0.57a 8.19+0.61a 4.56 + 0.40a
1130.0 39 0.18
1350.0 38 300 Ff 0.50

VI AR T 1 500~2 000 1171.0 27 261FH 0.82 13.94 £ 1.25a 9.94 +1.15a 3.22.+0.18bc
1366.8 28 0.03
13438 30 320FA 0.33

I A I 2 000~2 500 1196.0 30 295 A 0.54 13.32 + 1.33ab 8.79 + 0.84a 3.52+0.16b
1403.0 18 270 FH 0.75
1354.0 25 0.07

X MRV 2.500~3 000 1336.2 38 180 FH 0.93 11.63+1.78bc  8.82+1.96a 3.04 + 0.25¢
1336.5 30 0.00
1368.4 20 0.15

X MAREEV 3000~3 500 12842 25 0.07 10.44 + 0.46¢ 7.90 + 1.00a 2.97 +0.09¢
1350.0 38 300 Ff 0.50

T ARFEHERAREEZAZRRE(P<0.05).,

Note : Different letters indicate significant differences between different densities (P<0. 05).
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Tab. 2 Two-way analysis of variance on plant
diversity and tree biomass

Ei=LoN ZRIE F b
Index Variance source
AL 6.776 0.017*
BEARZHENE .
Shrub diversity HE L1752 0.178
REL x BRRE 0.414 0.797
AL 45.744 0.000**
BRZHENE . .
Herb diversity HE 3.722 0.020
PREL x B 2.972 0.045*
HREL 20.121 0.000**
5‘%7&&.%5 o o o104
Tree biomass
B x B E 0.495 0.739

R EE K (P<0. 05) , R R BEMR(P<0.01),
Note: * indicates significant correlation (P<0.05) , ** indicates

highly significant correlation (P<0. 01).

H 3% 3 AT, X 2 MR BLAE ) 2 AR TR R AR ) i
FHEZENK ., FERZHEEMFAREY R R
(¢ BYTEf1 SR T MR S AN B 22 S B 75 1), B —
H B P B i ) 43 B -2, 603 FlT-4. 486, 7% BH A Y
R Z REMERN TR R AE W) & B3 KT R (P<0.05) .
ELRZFEMERT )9 6. 763, REARIMA E AR Z LM T 3%
RTHFL(P<0.01) 6
2.2 AEAEERE ALK TEISHEETK
k]

H &1 RTAT, FERIBRAR T, 7K Shannon—Wiener 2
FEVEF R SR AU AE (HEa %S 75 1 500~1 800/
hm? (1 ) i5 2] KAH ; B 7K Shannon—Wiener 2 £ 145
RbEE R R B NSRBI 75 2 400~2 7001/
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Tab. 3 Post multiple comparisons of plant diversity and
tree biomass between two forest type

ST IR izt : P
Analytical items Index

HEARZHME _ .

Shrub diversity 2603 0.017
RIS AR . :
Robinia pseudoacacia and EZ!S%# lﬁ. 6.763 0.000**
. . . Herb diversity

Pinus tabuliformis

FAREY &

Tree biomass 4486 0.000

VR BERE (P<0.05) , R R B EME X (P<0.01),

Note: * indicates significant correlation (P<0.05) , ** indicates

highly significant correlation (P<0. 01).
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FRAREFHRTARBEETEADHSHENEEREEZ ARNEFERRIARABEE TEANMSHEEZREE (P<0.05).

Different uppercase letters indicate significant differences in shrub species diversity among different densities, while different lowercase letters in-

dicate significant differences in herbaceous species diversity among different densities (P<0. 05).

B1 FEZENENTEEDMSHENE

Fig. 1 Species diversity of understory vegetation in Robinia pseudoacacia forests with different densities
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FRAREFHRTAANBEETEADMSHENEEREEZ ARNEFERIAAEE TEANMSHEEZREE (P<0.05).

Different uppercase letters indicate significant differences in shrub species diversity among different densities , while different lowercase letters in-

dicate significant differences in herbaceous species diversity among different densities (P<0. 05).
B2 FRAZEBLRHKTEEDHSENLE

Fig. 2 Species diversity of understory vegetation in Pinus tabuliformis forests with different densities
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TR/ FRFRRA R B ERZ R 23 (P<0.05),
Different lowercase letters indicate significant differences among different densities (P<0. 05).
3 FREENBEMBRENE

Fig. 3 Biomass of Robinia pseudoacacia and Pinus tabuliformis at different densities
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(a) Robinia pseudoacacia (b) Pinus tabuliformis
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FFEER Pielou 3 5] FEHEEL; SD F¥#EK Simpson T 55 B HE 3L ; SR J ¥ K Margalef 3 5 EEHE(; HH 3 B 7K Shannon-Wiener Z £ M5 51 HI A E AR
Pielou ¥4 FEFE 50 ; HD J B 7K Simpson 3 E 550 HR I E 7K Margalef £ 5 E 8 E; AB AFAM EAYE  UB e KB T A& ; TB AFFAK
EHREME. *RTBEERX(P0.05), #FRAREBEHRK(P<0.01),

STD stands for stand density; E stands for elevation; SL stands for slope gradient; SLD stands for transformation of aspect; DBH stands for diam-
eter at breast height; TH stands for tree height; TCW stands for crown width; SH stands for the Shannon-Wiener diversity index of shrubs; SJ stands
for the Pielou evenness index of shrubs; SD stands for the Simpson dominance index of shrubs; SR stands for the Margalef richness index of shrubs;
HH stands for the Shannon-Wiener diversity index of herbs; HJ stands for the Pielou evenness index of herbs; HD stands for the Simpson dominance
index of herbs; HR stands for the Margalef richness index of herbs; AB stands for the aboveground biomass of trees; UB stands for the underground bio-
mass of trees; TB stands for the whole-plant biomass of trees. * indicates significant correlation (P<0. 05) , ** indicates highly significant correlation
(P<0.01).

4 FRMBARHATEDSHEENENESEMERMOEXE
Fig. 4 Correlation between understory plant diversity and biomass, and their influencing factors in
Robinia pseudoacacia and Pinus tabuliformis forests
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