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Abstract; Understory herbs make up a basic functional layer of plantation ecosystems, and have great significance for their
health, stability, and function. Aboveground biomass and species diversity of understory herbs in plantations of different
ages and their relationships with stand structure and soil nutrient availability were compared and evaluated in representative

sandy and loess hilly areas on the Loess Plateau, which is important for the rational assessment of future shelterbelts and
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ecological restoration sites. The results showed that; (1) the understory herb average aboveground biomass in sandy area
(23.64 g/m”) was significantly lower than that of loess hilly areas (44.53 g/m”). As the duration of afforestation efforts
increased, the understory herb aboveground biomass and species diversity in the sandy areas increased consistently, while in
loess hilly areas, they declined gradually. (2) Soil available nitrogen and organic carbon in sandy areas increased gradually
as duration of afforestation efforts increased, while in the loess hilly areas, they showed no obvious trend. (3) The increase
in understory herb aboveground biomass and species diversity of younger plantations in sandy areas was a direct benefit of
improvements in soil nutrient levels. In contrast, the understory herb aboveground biomass and species diversity decline of
young plantations in the loess hilly areas was mainly caused by increases in canopy density. The plantation restoration efforts
in sandy areas promoted the development of understory herbs. However, the understory herb layers of young plantations in
loess hilly areas were severely degraded. These findings imply that shelterbelt construction is necessary for sandy areas,

while natural restoration is more suitable for loess hilly areas.
Key Words: understory herb; stand structure; soil physicochemical property; biomass; species diversity
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F T AR (2011—2020 4F) 2 AHEFE A9 KD X LI X A0SR, 8 4 K IR AR BN RS M BH X A7 Tk p
AT B (37°49'—38°58'N, 108°58'—110°24'E ) , BRI RID X, 1% X @ il > T 5 KB 2 XU
i AFFRIRE 7K i 368.9 mm, AFFHSE 8.3°C , HIERA D 1 N TAKLIAG R ( Prerocarya stenoptera) s+
WA ( Pinus sylvestris ) i 32 , MR BEAH WP K 50 [CEF 5 (Stipa grandis) /R Z8MEELE ( Heteropappus altaicus) 46t
L (Leymus secalinus ) A F& B ( Setaria viridis ) 55, K Mg 87 T B 75 48 fi AR 7 o I 48 (37°39'—38°5'N,
109°49'—110°29'F ) , J& T HUAY (1) # + 157 I Fe b A AR X, 7K £ 3 26 2 5, J@ Pl 2 T R S X, 4R Y [
Mt 451.6 mm, 4P 8.5°C, L e AR + 0 N TARLIMAL (Pinus tabuliformis) MH ( Platycladus
orientalis ) N, MRT LA H WLFR R I8 2 BLEH A 1 ( Lespedeza davurica) JH%. B/R SIS,

2018 4F- 7 HEI 8 H ,#E Kb X A + X, R A SRRk >0 | 3 2o S e s 2 AR 360 [ 24 st MO Ry | e BT
SAFARRLBYAS [l 3 AR B B B A AR PR A L TR, KW XN AR — A B | = I A | IO 034 A
FLIIRE AL 38 A XN MOy — s | = IR S AR (b FURIRR L6 5 h 406) | IO SOG40 A 300 AT, 4540
B3 RE, B RE SR FIAR E R A B E 3 1 10 mx 10 m BT ARKE Ty, R IR T 358 A8 7% A RE T vh g BE X
ALIE 311 mx1 m WRARRETT FEHBIE AR WL 1,

1.2 AHE R AR AR

MO FREIE 5 KT AR B 250 2 VAT B AP AR5 A 5 DI RER SR 2R bR . AR SO TR AR A T R AR K R, 1 s H:
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Table 1 Basic conditions of the sample plots in sandy area and loess hilly area

AP IX. Sandy area # 1 [X Loess hilly area
Tree species Altitude/m  Slope/(°) postion species Altitude/m  Slope/(°) position
—I 34—41 T 1182 8.0 LA RN 1090 12.0 T
First period 34—41 L) 1150 9.0 o L/ 1089 16.0 rf
34—41 ) 1157 8.6 i RN 1085 24.8 IS
=i 19—23 (AR 1151 9.1 o R 3SHk 1040 12.8 i
Third period 19—23 (LR /N 1269 8.1 s TR AR 1036 15.9 i
19—23 RN 1272 9.7 L TR 3SHk 1045 26.0 h
T 9—18 (RN 1216 7.9 o M 1035 18.5 T
Fourth period 9—18 RN 1217 8.0 o K| 1033 19.7 =
9—18 (RN 1218 10.0 eA M 963.6 17.6 s
L 8 TS 1173 8.3 i MFa 992 22.9 i
Fifth period 8 ARV 1280 7.5 L e 947 32.4 T
8 RN 1161 10.2 L3 JLKE 960 38.0 ~

1.3 HdEabr
MR FARY Fh 2R BTk
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Margalef F= & FEFRE(M) . M = (S-1)/InN

Simpson [EHETERL(D) - D=1- 3P
Shannon-Wiener YR ZHEMAEE(H) . H =~ 2 PiInP,
Piclou B5IEHRHC(,) Ju =
[, PSS i AR RO AIR AR, S S WIFECE N TR YR A S

K H SPSS 20.0 Giit F A Al Excel 2010 X %4l #E47 S8 3+ 50, HI SPSS 20.0 #EAT $LIN 3 J7 22 70 #r,
Duncan’s multiple range test 635 XD X FIHE - IXAS [R]85 AR B BOMK T BLASEE 5 RRAE | 1 B8 7 23 RS- 2548 1Y) i
FVEZES(P=0.05) , 8l e/ .25 22 505 (LSD) XA RIH T W] L2 A9 T3 b AT B PER I (P =
0.05) ., fdi 1 Pearson FHICIM TR FG/RART BAMS EAEY i WIRh 2RV S AR SR M 332 0 R . R
Sigmaplot 12.5 FIF4 K,

2 HRE5SH

2.1 AR TR T

FERID X, = RS R AR A B 2w T HAA N T AR (P<0.05) ,— 34540 A DU 0 B 1 R B A 2 S 5 0 1
FIIRE TR (P<0.05) , — WA o 2 e T LA N TAR (P<0.05) , = IS 7 A Ak i fak 285 1 1 DU 00
WIRETH (P<0.05) , — IAAZ R AN = 098P sl s S 35 1 T DU RN AR 1 (P<0.05) o AN [N TR AR A3
W A TR (P>0.05) R - IX, — IR b R T LA TAK(P<0.05) , =
SR A AR 5 3 T DU A T ( P<0.05) , = HIR SSMOE IR T35/ T HABI A TAK (P<0.05) , —1b]
TS 68 8 S 35 1 T DO U T (P<0.05 ), —3UI3Hi2 | DO 300 A0 o 300 (A B4 bR 04 B W 3 T T = IR AT Ak
(P<0.05;%2),

F2 RPRFMELTXAIHE RS EN

Table 2 Stand structure of the plantation plots in sandy area and loess hilly area

bk A NBR i
s i e s i St e
Sites Periods Canopy density/% Tree height/m Crown width/m B/
KX — R 33.17+3.35b 9.67+0.90a 3.12+0.26a 683.3£60.1a
Sandy area =T 59.00+0.71a 6.46+0.26b 3.16+0.87a 625.00+94.6a
USR]y TN 27.50+0.50b 4.02+0.13¢ 2.07+0.38b 600.00+100.0a
TFHIRE T 18.71+0.42¢ 2.65+0.19¢ 1.30+0.16b 557.10+48.1a
X — S 79.11£1.62a 6.94+0.28a 2.23+0.13b 1822.22+159.67a
Loess hilly area SR AR 62.83+1.85b 5.87+0.41b 3.44+0.12a 950.00+£56.27h
U B Aa 56.44+4.80b 2.78+0.13c¢ 1.74+0.07¢ 1633.33+139.44a
TG 52.11+4.65b 2.62+0.06¢ 1.70£0.11¢ 1622.22+102.44a

AR FAEAR R [R]— Hit X R R )N AR 22 e 477 i 3% 22 5% (P<0.05)

2.2 RN AR YRy

D IX = I TR 28 T AE 0—80 em W3R T HABMIA TAK(P<0.05) , — MM ) e 75 T AF
0—20 cm i % T PO AN T IR A (P<0.05) , [ 200m Ab , 2+ X — AR 1A R TE 0—40 om BEE T
HABHIA T IR (P<0.05; 181 1), BEETEARAEBRAGHEIN K0 X B9 - S 20 U0 M WL 2 AR T a4, — 39
IR T L3 ARV LS LB S 2505 T A A T AR (P<0.05) o 7531 IX , = IR A bk e R i
e FHABIH A TAR(P<0.05) , =IHTRACHR) T3 LA 3 5 T—3HamAn A i3 mAG ( P<0.05; &1 2)
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Fig.1 Soil bulk density of different period plantations in sandy area and loess hilly area
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2.5 N TMATFRAA Y S0 450f LSRR
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Fig.5 Pearson’s correlations between aboveground biomass of understory herb and soil nutrient, stand structure in sandy area and loess
hilly area
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