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Changes in soil bulk density and its influencing factors after sandy grassland

afforestation with Pinus sylvestris var. mongolica
ZHANG Yansong, LEI Zeyong” , YU Dongwei, YU Deliang, ZHOU Yanping

School of Environmental and Since Engineering, Liaoning Technical University, Fuxin 123000, China

Abstract; Using a combination of field surveys and laboratory analysis, in the Zhanggutai area of Liaoning province, 20
forest plantations of Pinus sylvesiris var. mongolica in different growth stages ( including young forests, mid-aged forests,
mature forests, and over-mature forests) and 7 neighboring control grasslands were selected. In this paper, the changes in
soil bulk density and its influencing factors were studied in the 0—100 cm soil layer of different growth stages after sandy
grassland afforestation with P. sylvestris var. mongolica. The results showed that after sandy grassland afforestation, the
variance coefficient of soil bulk density was 78% in the 0—10 cm soil layer and the variance coefficient in other soil layers
ranged from 1.08% to 4.35%. As the stand age increased, the magnitude of soil bulk density decreased gradually in 0—20
and 60—100 cm soil layers, however, the magnitude decreased firstly and then increased after 37 years in 20—60 cm soil
layers, and the magnitude in over-mature forests was significantly higher than that in mature forests. In different soil layers,

the coefficients of determination of stand ages for the magnitude of soil bulk density in decreasing order were 40—60, 60—
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80, 20—40, 10—20, 0—10, and 80—100 cm soil layers. The coarse-textured soil ( particle size>0.05 mm) in the 60—
80 cm soil layer; soil total nitrogen content in 0—10, 20—40, and 60—=80 cm soil layers; soil total phosphorus content in
0—10, 20—60, and 80—100 cm soil layers; and soil total potassium content in 20—40 and 80—100 cm soil layers were
significantly negatively correlated with soil bulk density, and the impact of soil total nitrogen and soil total phosphorus
content on soil bulk density changes gradually decreased as the soil layer depth increased. However, soil moisture in the
10—20 cm soil layer and soil organic carbon content in the 20—40 ¢m soil layer were significantly positively correlated with
soil bulk density. On the whole, sandy grassland afforestation with P. sylvestris var. mongolica can improve soil structure and
quality. It is suggested that enclosure and grazing prohibition are effective to increase leaf litter accumulation and improve
soil nutrient content in P. sylvesiris var. mongolica plantations. In addition, 37 year old P. sylvesiris var. mongolica

plantations need to be regenerated gradually.

Key Words: Horqin sandy land; grassland afforestation; Pinus sylvestris var. mongolica ; soil bulk density
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Fig.1 Location map of the study area
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Table 1 The basic conditions of sampling plots of Pinus sylvestris var. mongolica plantation

25 i MR35 SR Mg Az
Plot number Stand ages/a Stand density/ ( #£/hm?) Average tree height/m Diameter at breast height/cm

1 13 975 3.36 7.17
2 13 1625 3.66 7.27
3 13 1175 3.44 6.67
4 13 625 3.33 7.43
5 13 1425 3.82 7.36
6 25 1075 8.01 12.40
7 25 1175 7.80 13.09
8 25 500 7.40 15.79
9 25 1725 6.73 11.23
10 27 1250 10.23 14.79
11 27 775 7.55 14.51
12 44 475 9.81 21.09
13 44 400 9.45 20.67
14 44 450 10.34 21.84
15 44 450 10.45 21.83
16 44 450 9.70 21.89
17 56 400 12.91 22.22
18 56 300 12.43 23.65
19 56 525 12.27 20.48
20 56 450 13.38 21.80

1.3 B3R P Ty vk
AT (BD, Bulk density) A K I (W, Water content) FHTHET H: - H0HLRAELHLR FISOEHRLIE
SIATASCIN 5 | H3EA HLEK (SOC, Soil organic carbon ) 7 &t 5% F 8% FREF 25 1 i2:-AMm#ddk: , 3 2% (TN, Total
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0—10,10—80.80—100 cm =N JZIKAIfFTE & 22573 (P<0.05) , HIEAF AL TE 0—10 cm F K, 7E 10—80
em Y45 2RI TC 1035 25 5 1T 4E 80—100 em e/, AR AL TR BE A 3E NI/ , 76 0—100 em +J2HEIN%Y 0.10
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MRIE 0—10 em T2 FIFRIR VD T B ELA 3, 10—20 em + 200N, Hifth + 25K, HIEA T AL LE 20—
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Table 2 Vertical distribution of soil bulk density variation in different age groups

+ 2 EAF LA Soil bulk density variation/(g/cm®)

+= A5 ZH %
Soil layer/cm Sk Ak JAR i AR Coefficient of variation
Young forests Mid-aged forests Mature forests Over—mature forests

0—10 0.14+0.01a -0.05+0.04a -0.10+0.04b 0.00+0.01¢ 72.88

10—20 0.09+0.00b 0.00+0.02a 0.01+0.02a -0.01+0.01¢ 2.14
20—40 0.08+0.00b 0.02+0.03a -0.02+0.03a 0.07+0.01a 1.19
40—60 0.11+0.01b 0.02+0.03a -0.05+0.03ab 0.05+0.01ab 2.01

60—80 0.11+0.01b 0.01+0.02a 0.02+0.02a 0.01+0.01c¢ 1.08
80—100 0.06+0.01¢ 0.01+0.02a -0.05+0.02ab 0.02+0.01be 4.35

ANTF/ING T F R A R 2 A [7] 0 2 1) 22 57 {2 3 (P<0.05)

M 2 TTLAE ARV B AR b, B A A N TRV MG B R FEE 0—100 em + 205 12
TREE R iz i & AR AR A, HHEZS F W AR L AE S MR AN 5] )2 22 8] 3 e R A 48 55, o 0—10,10—80
em Fl1 80—100 cm3 AN Z IR EIAFAE 22 57 (P<0.05) , H IR A B AL B AE 0—10 em H K, 7 10—80 em HI4%
JZWR BT B35 22 55, T 7E 80—100 em f5e/]y, ZE AW BEVR EE 93 N i vk /1y , 76 0—100 em 28129 0.10 g/ em’ 22
o HHRAAE 0—10 em 2/, 10—20 em 2 BREHIFEA —5,20—100 cm + 28K, AR )2 M +
R EA R EE S, BEKTE 10—20 em F 60—80 em /28K, HAx + )2/, 0—10 em )2 97
tefe/N H B F KT 10—40 em F1 60—80 em 1 )2, 10—100 em + 2 & 2RI 2L TC B 35 25 5, 1 BUbRAE
0—10 cm +ZFKIRVD B HEAR—3,10—20 em +)Z 0/, HAfth + 25K, A FH AR LTFE 20—60 cm
+ 2 B3 5 TR 80—100 em PIAMH A+ 2, Mi7E 0—20 cm M1 60—100 em + /2 TC R #2557
2.2 g A E AR EAL N

FRARUD o 5 8 AR FAMG , TR A Z 8 2 R TR R [E £ 2 N A e 2257, Ik
3ALAE H, TERE P AR 3 ,0—10 em +)2 HIESEEM SR 055 A EAE R 3% (P<0.05) Atk
B (P<0.01) BRI, Hodb Bk i K T 22 150 ; 10—20 em 2 H 3R TS 35K R T
FEEASC A 4 2 135 KR R AR S AR (B35 5 20—40 em + 2 HIEE RS A HL
PR IEAH G T AR AW 2B 60 R G, G rp 2B 190 S e 0O S 2 7 A R W 35 5 40—60 em + )2 1SR
HASEAL 5 A SR 5 2 17 AE OG5 60—80 em + )2 - 84S T AR AL 5 A SO UKL AT 4 4 A 3 A OG5 80—
100 em + )2 +HEH 250515 1 e F AR b R 3 R 5 0 SR 56 . AN IR] 4 )2 4 S 2 s AR AR 1 [l
43 Hr ] A B A LR AN, 130 0 R 5 IR AN B A OO R, Herp - 3 4 UM 4[] )
FRB A G i SR P A 4 g /)N , 15 BH SRS A M T AR b )5 e SR A T R AR (M A B A
AR M AR A L IRRLEE
2.3 MR X IR F AR

FIRVD 5 B A AR MR N T VDR AN RIS 1 - 3 R AR R I I H O A 25 5 (£ 2) , ik
— AT AN 2 LIRS T AR AL SR A MOMRIE 1 56 R B AT NE A A, G R SR AR A 1 m AR
W, I AL B 2 AR 1 S S (18] 2)  AERE T AAMOR TR AR K B, A AR b AE 20—60 em +-
JE AR (0 1 0 2 B SRR 5 T, U2 b, 38 F AR B AE 20—60 em 12 L BUAMA BT 5,
FE20—40 em + )2, 37 AFAERE I HIEA B AR /N, B -0.01 g/em’ , 7E 40—60 cm + )3 ,39 FAEREF
P AR DN, HAE R -0.04 g/em’, gy + 2 804 TR0 5 Mis 22 B 3 i Bk 6 HOG R T LA
kX RO ER | HHEAF AR PR AR L #4304 0.034,.0.019,0.020 g/cm®F1 0.014 g/cm’, 52 BEHY
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IR PE RBORT MR A X AN [ - 82 00 AR A 19 STk A el R E/NY AR U 40—60,60—80
20—40,10—20,0—10,80—100 cm %,

®3 TEAETAUZZMEFHEASH(RINHBEZEXHTERT)
Table 3 Regression analysis of influencing factors of soil bulk density change rate( Only significant related soil factors were retained )

+Jz T A REAHE FrifETR2E

Soil layer/cm Predictive variable Estimates Standard error P k?
0—10 TP -0.228 0.089 0.021 0.360
TN -0.082 0.027 0.008
10—20 W 0.027 0.012 0.035 0.400
20—40 TK -0.091 0.036 0.025 0.762
TN -0.035 0.011 0.005
SOC -0.026 0.008 0.006
TP -0.007 0.002 0.002
40—60 TP -0.005 0.002 0.009 0.489
60—80 Cs -0.569 0.217 0.018 0.498
TN -0.020 0.009 0.031
80—100 TK -0.117 0.045 0.020 0.612
TP -0.004 0.001 <0.001

Cs: THOH IR Coarse soil ; W T35 7K % Water content; SOC ; +- 384G HLEK Soil organic carbon; TN ; 134> Total nitrogen ; TP ; 1 48 Total
phosphorus ; TK ; 13447 Total potassium

3 iTFig
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Fig.2 Relationship between soil bulk density variation and forest ages in different soil layers
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N THAAEMEE 30—35 4F G PR EER 0 i & AR iR )5, IR AR A i B AR U S o/t (ELA 7= A AR
E Ik o s W N - 0 AS U - N R 1 = W7 N e L N R B = i ) | W e ¥ EG 1
TR S VR G ST S B A A AT AR B P A A 50 em DL E )Y SR R AR X
AR ZRACT P A KARARFL 11235043 340/ N UK AE [ K R 1 R 1) R as B U 78 + 3 LB, 20—60
em )2 S E I S T RAR T,

VI M T AR TS N TR ] + )2 325 S AR (L BEARIE A B INAFAE 22 5%, B FAARAZE 20—60 em +
J2 - 3975 AR AL MRS B 38 0 SE RS T, AR/ NBURTE B KRIA VR R 10 N2 BB 7R R AR s
A AR AL, TR 2 (5 - 3 BB & 2 T s, iR T R IEFR I L SR TS IR FAMB R TP R B K= SR
O fp A B LR G S AR MG IR AR, ISR BRI, XSS T LR A AR S R AR A i T
13 B 20—60 em + 246 TR N TAREE oA A )2 A 398 25 5 AR Ak 2 BE MRS A 385 2R 957 AR, A 9% 400 640 4 fidt R
R R AE ALY —HG 5 — 3 R G SR R A, AR W fhsi O A9 & AR A A ik B 2, 4
HEW/N, AN, FE0—10 em 1JZH180—100 em )2 AT FEAIPEE 250 (0.256 F10.206) FIFH:Al + 24 Lt
BN, 0—10 em +)2 HIER R Z S HIEHEE AR % B HA R Z R i E 80—100 em
)2 R IRIBREAE AR AR 2040 BUAR A /D (A5 A + 39 557 0 AR PR 124 )2 Uk 33 5 B AR Ak i) 32 32
MR R G 1) R 1 1 3h S B R R M AR (R 3) .

VT T AR T AR A A 0—10 em + 2 MR W B (AR RECH 78%) , X 5 s
FIRIFFE 45 AR —B, 755 AT BT R B R MRS XS [ 2 U i -t 36 2 e B W B A e B
VEFT, 22/ D AR 2D YD IX N TR SR8 2 B, B TR 18 184 M0 4% )22 Bl R 5 SR A7 A st ] L (9 7 I o, bkt
16 0—5 om +JEVRE Fe bl 0 R 0 R IR NGRS A s AR S st L, T I A A DA R v R 5 A
FA T EGE 0—10 em R)Z HIEAE | FIRRAR R AKX LA BB T4,

4 Zhig

KIRVY B R 35 A A N TS  ZERE ISR AR Z B W B, 0—10 em 12 1R B A LAY AR
SERECN 78% , Hifh + 24 7 REGE RN 1.08%—4.35% , +IER T AR 60—80 cm 25 A kL (Rifz
>0.05 mm) F it FE 0—10,20—40 cm 1 60—80 em 25 T2 A & i 7E 0—10,20—60 cm 1 80—100 cm
25 R B F 20—40 cm 1 80—100 em 215 11400 B 1 3 A ¢, H I R 28k & 5 +
A Y S SR )2 R B 3 I RS, AR AR ARAE 10—20 em 25 1 EE K E AE 20—40 cm
25 RIEA PR S R W A IEARDG Rt AT OR B B AR, CRAIERR AR S A s M AR R 4 v
T B A R, s A M, B AR ORISR 1S, 1S AR AL B AE 0—20 cm 1 60—100
em JZIZHIFEAL, 75 20—60 cm JZFEREAL, B 37 AR A4 I T, e WA A AR ) 5 1R X -+ 33 4540 1 5 i W] 48
R 37 A J5 B AR A MOV TR
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