$42% FE5H Fo Y N Vol. 42 No. 5
2026 £ 9 A FOREST ENGINEERING Sep.,2026

- 2 H K R#E 2 5% Construction and Protection of Forest Resources -
VO BN T AR 1 80 2 5 7 P2 s PR Y 22 S Al 52 i

M RR, ZER, BEF, kA0 R, FFF
(1. AFIHRBARKRS FTHASEE TSR, 07 L3 123000; 2. LT IEBZRKRS BALERLEMNTR, L7 &
# 123000; 3. T 54 iS5 A R RA, L7 &3 123000; 4. FEAFE ra s A £ AF5TH, A8 110016; 5. i
TIRBARKE LIRS ARBRR, L7 &3 123000)

W E: ARRBROPHERED R EZERHFHATHRIR T L ECEMNEYZERNERSCEN, UEREEX195F
EREFH (Pinus sylvestris var. mongolica) . % (Pinus tabuliformis) ¥1/\$5#%5 (Populus xiaozhuanica) AT JEFZRNT
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Abstract: To assess the differential effects of major afforestation species on soil chemical and biological properties in
windbreak and sand-fixation forests of the Horqin Sandy Land, this study examined 19-year-old plantations of Pinus syl-
vestris var. mongolica, Pinus tabuliformis, and Populus xiaozhuanica in the Zhanggutai region. Soil chemical and bio-
logical indicators were analyzed to determine interspecific variation and their correlations. The results revealed that in
the 020 em soil layer, the soil Mg®" concentration in P. xiaozhuanica was significantly higher than in P. sylvestris var.
mongolica plantations by 43. 88%. The Na" concentration was 4. 40 times and 2. 87 times that of P. sylvestris var. mon-

golica and P. tabuliformis plantations, with significant differences (P<0.05). The C:P ratio was significantly higher
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than in P. sylvestris var. mongolica plantations by 23. 39%. The B-glucosidase activity was significantly higher than in P.
sylvestris var. mongolica and P. tabuliformis plantations by 78. 17% and 89. 02%. The N-acetylglucosaminidase activity
was 2. 16 times that of P. sylvestris var. mongolica plantations, with significant differences (P<0.05). The bacterial bio-
mass was significantly higher than in P. sylvestris var. mongolica plantations by 42.30%, and the gram-negative bacte-
rial biomass was significantly higher than that in P. sylvestris var. mongolica and P. tabuliformis plantations by 69. 55%
and 61.47%, respectively. In the same layer, the soil cellulase hydrolysis activity and peroxidase activity in P. sylvestris
var. mongolica plantations were 2. 00 times and 1. 58 times that of Populus xiaozhuanica plantations, with significant dif-
ferences (P<0. 05). In the 20-60 c¢m soil layer, soil organic carbon storage and mineral-associated organic carbon stor-
age in Populus xiaozhuanica were significantly higher than in P. sylvestris var. mongolica plantations by 53.47%—
54.97% and 59. 08%—62. 55%, respectively. In the 60-100 c¢m layer, the soil organic carbon storage in P. sylvestris
var. mongolica plantations was 2. 55 times that of Populus xiaozhuanica plantations, with significant difference (P<
0.05). By delving into the differential impacts of various forest types on soil chemical and biological properties, this
study reveals that the soil C: P ratio in sandy lands serves as a critical factor explaining the functionality of soil microbial
communities. Populus xiaozhuanica plantations significantly enhance the fertility of surface soil, while P. sylvestris var.
mongolica plantations demonstrate greater advantages in long-term carbon sequestration within deeper soil layers. Differ-
ent tree species can thus be rationally allocated based on specific ecological restoration objectives.

Keywords: Horqin Sandy Land; plantation; soil; chemical properties; biological properties; organic and factions; mi-

crooragnisms; nitrogen transformation
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Tab. 1 Basic information of sample plots

oy EE i /a

A/ (R -hm™)

SFHIE/cm FHRE/m

stand type stand age density average DBH average height
AY

%¥% . . 19 550 14.58 +1.69 6.82+0.79

Pinus sylvestris var. mongolica

DeE 4 19 520 11.83 + 097 482+053

Populus xiaozhuanica

SHTAA

AR 19 617 19.34 +2.43 13.26 +0.95

Pinus tabuliformis
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PM, Pinus sylvestris var. mongolica; PX, Populus xiaozhuanica; PT, Pinus tabuliformis; Different lowercase letters indicate significant differ-

ences among tree species (P<0.05), the same below.
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Fig. 1 Characteristics of surface soil (0-20 cm) acidity, alkalinity, and exchangeable cations in different stand types
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Different uppercase letters indicate significant differences among different soil depths for the same tree species (P < 0.05) ; different lowercase

letters indicate significant differences among different tree species at the same soil depth (P <0.05), the same below.
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Fig. 2 Characteristics of soil nutrients and stoichiometric ratios in different stand types
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Fig. 3 Characteristics of soil organic carbon storage in different stand types
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Fig. 4 Characteristics of surface soil (0-20 cm) nitrogen availability and transformation rates in different stand types
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Fig. 5 Characteristics of surface soil (0-20 cm) extracellular enzyme activities in different stand types

=T /INEE A TR 39. 25% F1140. 19% , 2 57 5.3 (P<
0.05) , W /R EF PR 53 o BB (i 1] T 5 A R E AT BR B
fiiE B8 S A2 MR G+ B R I iX 5 B m A 4 R
FIR J52 28 43 i A DS BV P AE — 20, AR B AR TE B
WUGR ST R RIS b B Fa ST "R IE o
2.3 RETE(0~20m)UEEEYMFIERE
KD

MR AT — PR T A R A
FHES# St B2 MG L&A, WK 7, fEL
PRS- E R E, T pH 5 SOC R 57
%0 NH3-N Joi &8 BE R IR EE AN €1 P 218 3 (B A O (P<
0.05) , W BHTEAHF 7T X I A, 1 B fii i 19 pH B FI T
MUBRAR B AN S A AR RE T #E =5 €1 P 188 Ca™ iR
EEERIRE S SOCUTN JRESEAIC: PN P 2R FEE
FH2E (P<0. 05) , 458 Mg™ o B EE /R VK 5 SOC. TN JiR
AN P 2R Z EMER(P<0.05),5C:PEKRE
FHIEAZR (P<0.01) , RAAGRLE FH B, FEAILE Ca? F
Mg )& £ B B T E A TR - AR E R C NP
FCEE RO, SIAE R , 138 KRR B R IR 5 14
TP f i 73 U R AR 3 U SC (P<0. 01) I RK 5 P2
[B/E TR ] REAFAE— B B Sa Fr i RE AN, T Na'

[ B AR VR S T NH-N SRR B IR BRI C:N B
53 EAH R (P<0.05) , 5 C: P 24K 3% EH % (P<
0.01), Bt Na* & 88 LIBAAE LR M 0 CON A
C: P, PAE i rT RE R AR 2L il BRI B Bt

RS MNHE M 5 2 BRI & (AR R — B
., THEBCIEMS LIENIP 2 EFEMHERK(P<
0.05), 5 C:P EMEF EMK(P<0.01) , SHHIEC: P
FIN: PR & AR B BRI s A I8 kA e
T HGsm bR KIS PR fig AR B BE 25 m] F B AR A
Tk, LEPOXEM S LI C: P2 EZIEMR(P<
0.05) , RIATE BRI PR R ERERER A TE) 73
flt— R . TIENAGIETE S T NO-N FiE
IRVREE BB IEFE(P<0.05), 5 C:P NP R EE
FHFE(P<0. 05) Y L3 C PN PR I, AR 2
RS AR fREE )T, DAMETH L ZUR AN AR o

A EYE S SOC LR RREA Z RIfHE
H—PEHNET LA G RR. TEfungi EVES T
1% C:p 2 B FHIEFE(P<0. 05) , FRIATEMXT & FRFRES
T EREEEIFRS P EAEMNZRE . T bac-
terial G+ &5 T NO-N Fis B /RIKE 2 5#&IE
FHIE(P<0. 05) , 5 SOC JFRE /T EL.C: P 2T EAHR



926 A MK I E ENE
=~ 08 a 5., 0257 = 10
on _=g on
.'6 gg a _~6 a
(=9 L
g il %.Eno.zo g } 8 ab
2 8= 2 = b [
B == 0150 2D 6 I
224 i N e
BE 04 Bs a P I l
e =3 o10f J | ¥E 4l
w2 a ? FERS I & 8
&= 02f 25 =
- [ =3 005 2 af
= =2 &
= s =
=0 =259 = 9
PM PX PT = PM PX PT PM PX PT
RGP MSrER Moy
stand type stand type stand type
(@) (b) (0)
w5 WS ~ 15
e ) a a ) ) a inm a
g2 4 EE 4 g a
gi ? gé == 1.0 { 2
= e == 1.0}
SEREI | 58 st o =E
) 8 ) 8 [ =2
= =3 | g
B> = ]
=5 2r =5 2 | l g 1
9o @ E=87%) % >\‘0 5
55 2 522 =&
& L L = L By
B o5 ! o
= = =T
B0 Vo0 =0
el PM PX PT bl PM PX PT PM PX PT
MSr2ETY MGy A=
stand type stand type stand type
= (d) (e) 0]
o
= 201 010r a . 20p
=) g a o a
=3 N —_
B2 1s | } 0% g 15 ab
=5 | b g E £,
=2 2F 006} e b
A E 1.0F Eg %—1 1
w5 L =2 g wz oy
s =004 A EE [
5 oS i . £
=2 L = L
w09 oot | ! = °
A2 &
#'Z 2
20 0 0
5 PM PX PT PM PX PT PM PX PT
= SR A= MorER
stand type stand type stand type

(2

(h) (i)

6 FRAMIEERELTIR(0-20cm)MEMENSISE

Fig. 6 Characteristics of surface soil (0-20 cm) microbial biomass in different stand types

(P<0.01) , T3 G-AEY) 5 SOC R /T8 NOS-N Jfi
EEERIRE 2T EAHR(P<0.05), 5 C:P 2N EZ
IEAHSR(P<0.01) , IXIZBHTGIE 2 G+iR 2 G-, HAEY =
IR T B s R MR KT K 78 )R O TR S
B7E C: P& A T, G-REVE T By A BRI R
BUS. MEARFEEYRS CP X (P<0.05), &
PHEAE S AP MR M A R SR o
HETFENE, THCHC-5 NP 25 E M
2 (P<0.05) , 5 C: P 2442 A5 (P<0.01) , Bl
fE.C:P NP R OB 1R BRI R Y T3 e, G2
EAERH AR TE , B8 G+HG-TB. X S5k PX #i4y
G-EWIRE & C PR A AIEE FAE— 8, R [ER TS

J A i o R B BH 25 1 B AR . SOC TE S 43 il DA K A%
VIR S SE RS T RE LR 5T
MR SRR S AS R

O N 17 W =vinl 7 NI N wee e e GRS R S e S L
HATTUR M, WE 8. F5REN, Lkt RE L
SRAE S R 2 (A FE R AR SR, BTl B
fRRR RN 77. 84% , Horft  RDA 1 BlIfiRTE T 66. 10% 19735
5, 5 Mg (r=—0. 849)F1C: P(r=—0. 794) R ESHAH I
Z RDA2FHfARE T 11. 74% AR 5 FEASFEHERR 2SR
FR AR BER, AR R 95% ESHHIR E B T
BRI 13. 53%, 5K 19. 50%) , 7S AR Rl Fhbk 73
TE AL AR M R SR FE R 2 R



E5H MBS PHEEATIMRERENTECZSEYFFUENERUEN 927

NO;
o e i
w1 INEENEN" BCHRER
~LH ESEEERSENERC
- HEN HENSES NNENER
- IS _HESE © HENENE
o= § MRE

AN DR

F:B

bacterial
actinomy
G+/G-

RN EERRX(P<0.05) R R BEME X (P<0.01),
* indicates significant correlation (P<0. 05) ; ** indicates highly significant correlation (P<0. 01).
7 RELE(0~20cm)bZE EYUEURMFIRECFITELLHEXIXR
Fig. 7 Correlations between chemical and biological properties, nutrients, and their stoichiometric
ratios in surface soil (0-20 cm)

RDA?2 (11.74%)

RDAT (66.1%)
o /Nl AR BT
Populus xiaozhuanica Pinus tabuliformis Pinus sylvestris var. mongolica

8 EELIZ(0~20cm)WESEYFEERDA SR
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