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Larch, ash, Scots pine, and farmland-induced differences on 17 soil parameters

and their comprehensive analyses
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Abstract: The main characteristics of Northeast China are large forests and agriculture. The effect of the primary
afforestation species (larch: Larix gmelinii, ash: Fraxinus mandschurica, Scots pine: Pinus sylvestris var. mongolica) and
farmland on soil fertility, physical properties, salinity, and carbon sequestration were analyzed. In the present study, four
vegetation types were selected from Xiushui Forest and Maoershan Forest Farms, and samples from 0 - 60 cm soils were

collected for measuring 17 parameters, including root density, soil pH, electrical conductance (EC), alkali-hydrolyzed
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nitrogen ( AN) , total nitrogen( TN) , available phosphorus( AP ), total phosphorus( TP ) , available potassium( AK) , total
potassium ( TK) , glomalin related soil protein (GRSP) ( including easily extracted GRSP ( EEG) and total GRSP (TG) ),
soil bulk density, soil specific gravity, soil porosity, soil specific surface area, soil organic carbon (SOC), and organic
carbon mineralization rate. The main conclusions were as follows: inter-species differences between most of the measured
indicators were consistent in different soil layers, including 13 indicators in the Xiushui Forest Farm and all 17 indicators in
the Maoershan Forest Farm samples. Although there were considerable differences in soil between different locations, the
inter-species differences were consistent. Through comprehensive analyses, standardized comprehensive scores of two forest
farm-related indicators showed that ash had the highest scores regarding its ability to maintain the physical properties of soil.
Therefore, ash had the greatest ability of all the trees and farmland to maintain the physical properties of soil, and depended
primarily on decreased soil bulk density. Ash also showed the highest scores for soil carbon sequestration, with similar
results at both locations, mainly related to its higher root density. The comprehensive soil fertility (N, P, K, and its
effective state, and fungal metabolic product GRSP) indicated inter-species differences between the different locations.
Scots pine had the highest scores for reducing the soil salinity (pH and EC). The effects of different vegetation types on the
soil were not the same in different locations and soil depths, but there was a general regularity, especially regarding the soil
physical properties and carbon sequestration. Therefore, the selection of tree species for afforestation should be planned
depending on the particular purpose of afforestation. To improve the physical properties of soil, plant species with the ability
to maintain the physical properties effectively (e.g.,ash, Scots pine) should be considered; and to enhance soil carbon
sequestration, plant species with large root densities (e.g., ash) should be considered. The findings in this paper will
enhance the evaluation of the national ecological projects of the Three-North Shelterbelt Project and Returning Farmland to

Forest Project, and forest management including tree species selections.

Key Words: differences among vegetation types; soil physical properties; soil fertilities ; soil salinity; carbon sequestration
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AT PR A AT, 2R T PP R 25 50 5 7R AN ) b S ) 2 — 350t . 9 DX s 3 1 el
(1) FAKMIG A0 F/NSLW FE R R TR T I MOl 7y, AR A5 S AR 48 128°59738"—129°00'00", JL.46
47°00'32"—47°03'17", J& KBEPENEIE 22 X%, 240 P30 1.4°C, TER W 115 RAL AE R i 7E 676—
724 mm , + ISR E T ARMB AR (2) LA, 0 T A R 5K A& A P56, 8 /NS 4k
HBRAR AT R AR 28 127°34713"—127°34'48" , JL4i 45°15'58"—45°16'28", J& KBl IR 1 22 WM, &4 -3l
2.8 °C ,AE[E/K & 723.8 mm, HIE A T wgfadgel 2B

PEREHIIE 20 (B <5°) W3R LA — SRR T | DR TE AR B 2 0 ] 22 S 2 7= A IS R AR 25 S 1
FEJRE 2013 4F 8 H—9 H [BI7E 75 KM FE )L LLAR 7 35 5 RH 218 14 7% I A N TR K HT A0 TR A
NTAR AR 4 AHPERAL (R 1), RSB A A 2E 5 JURE I 20m + 20m , FESRAEHbA%BE 4 405, 2
455 1 34> 0—20cm . 20—40em 40—60cm 3 12, 100em® B JI SR ke B REHL IR AR SRR FHAE K #ER
IDRAE 4 AR BRI RO EIE AL

1.2 HHEAIE 17 F8AR A9 E 5 12

YT AR T AR DR R AR A X FE , Bl = T S Rk , A58 e 5F L e S bR (45
FLBRE | CE A R T AR ) | -3 Eh 083 (pH FIHL 5 EC) | 98857 53 ( T30k AU S ol it A sl o |
T AR =Y —Z B S ERE R R ML H GRSP) | A LT (A MLk S o fh s %) 5R 2%
FEAF 17 DHEARIEATIRAY

SRR FLE k>0 SOC B i A 5 SR B 4% MR A 28 i Tk — AN s A R R R L
PR SR D 5 B A 2R 7 SR FH R 130T 0 2 5 4l 75 1R FH NaOH 5 il — SR BT L (0 1000 i 5 Sl ol 5 o
K PR R S A I R 5 2 B AT 52 T 7252 NaOH 5 fil— KO 6 R A% K 5 R NH,0AC 24—
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1) B /el 2 IR ITAR s 7Bk a b e 4P IHECT 3 2.1 475 Y3 — R brina 2 BE i UL
AREHIE (AN ab, WIEE K (3+2)/2=2.5) ;

2) SRIGHG 4 FEARISBI AR bR AT 3 A, AN BT AR kAR 32X — T RE (3 B I e 4 AE ) 4
R [k AE S AR ERBAL BE T ) bR HEILAS 575

3) AR EAR AR A R, U IR R A - e B R | AR T e R AR RE ) | AR e B
fie )BT

IR BHRAE R R ] SPSS17.0 B4 #47 , ] Excel 2007 22l AHOCEIER .
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2.1 3R AERARS E AR 257

R ) %% FE U FELZE. 540—1800 #/ 28 WL Z 6], A% 15 11 [T 7E 15.8—18m Z 1], M A2 J [l 7E 19.3—24.6cm Z
], HAR MO I FE 24.3—31.4em 2Z [H] B4 35350 T AR LG VS AR 0.6—1.3 Z[H] W8 7E 35—50 42 1], Hrb Rk IH £
FEFE A JR LR ARARRE B, FFHRE AR T 1960—1970 4ER (£ 1),

F1 FEMHREEBHERER

Table 1 The basic conditions of different species and plots

= . fatz Az B X A PR
£ e it i e 2 - SNy ANy N ] 5
o 31} @ X Fii Diameter at ~ Ground mRLL e Tk FRLITRL A ﬂj AL
Forest Density/ Tree ) Annual ; Sample  Afforestation
farms 'ype (plants/hn?)  heigh/mt breast ~ diameter/ Base area ring/a Maltitude area/hm®  time/a sample
p & height/cm cm ratio number//}>
Bk FEMHS Larix gmelinii 540 17 2.2 29.3 0.72 36 228 20.2 1977 5
I
“3*”' . 1800 16.3 23.1 29.5 0.71 50 234 0.7 1963 5
Fraxinus mandschurica
S \ e evloctrie
Niushat T Pinus - sylvestri 1380 17 2.6 314 13 47 231 1.6 1966 5
var.mongolica
4 farmland 227 2.3 1960s 6
BRILIL MR Larix gmelinii 1140 18 20.8 26.1 0.67 36 321 2 1977 5
i
”W” . 940 15.8 21.2 26.6 0.6 4 312 0.6 1971 5
Fraxinus mandschurica
3z \ Pinus .,l JOPNLIN
Maoershan T+ 1 14 s sylwesirts 1085 16.2 19.3 2423 0.78 41 316 0.8 1972 5
var.mongolica
4 farmland 318 1.5 1970s 5

2.2 FEBSERINS 17 NEIRRR I 2 R T7 220047 AR R A] LB R AN TR] TR 22 57

PNl R B 7—8 R bR 35 AUAB B ST (] 22 S L 55 /K AR 37 i 6 TR ] 22 e 3K 31 2 3% ) 9
AT 8 A MR R LA pH | M R A TG LLE A FLBEE 8 L LMK e i S R ) 2 S aA B
RFERIRAA 7 A ARRHE L5 pH SOC A% AL 20k AH(5£2),

ANTRIR JE 18] S A5 AR im 22 S K, F5 /K MR JLILARS I A B 15 AR AT 1 3 i TR 2 8] 22 5 L e Y
(]9 2 S AE AN R] 2= Z AR B — B IR R BT o5 LEIAR I : 57Kk 13 N8 4%, 1B JLIIAKIZ 238 17 N8R, 1X
BESR PRI AT R IR 52 R 4 (B A2 AR (3R 2) .
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Table 2 The influence of vegetation types and soil depths to the 17 soil parameters and their interaction

75 7K #3% Xiushui Forest Farm 1 JLILAK3% Maoershan Forest Farm

PRI7AE eSS RN ZHAEH Feml T 2R ZHAEM
Dependent variable Type Soil depth Ineraction Type Soil depth Ineraction

F Sig. F Sig. F Sig. F Sig. F Sig. F Sig.
HREAEBE root density(g/em®)  51.53  0.000 63.18 0.000 19.2  0.000 350 0.000 219 0.000 4.83  0.001
+ 33 pH soil pH 13.46  0.000  3.11  0.055 3.05  0.014 3.59  0.020 570 0.006 072 0.635
+ e FH EC(uS/cm) 4.58  0.007 3.85  0.029 0.80  0.575 141 0252 095 0393 1.60  0.167
AR SOC (g/kg) 0.85 0475 12.8  0.000 133 0.263 339 0.025 638 0.003 1.16  0.341
AL AN (mg/kg) 0.49 0.689  4.68 0.014 2.06 0.078 2.74  0.053 435 0.018 130 0274
L5 TN (g/kg) 1.0l  0.400 20.8  0.000 0.92  0.492 8.04 0.000 157  0.000 2.00  0.084
A AP (mg/kg) 578  0.002 11.8  0.000 3.10 0.013 5.99  0.001 027 0763  0.05 1.000
LT TP (g/kg) 1.93  0.140  3.55  0.037 0.95  0.470 7.41  0.000 155  0.000 0.94  0.473
HAHN Ak (mg/kg) 144 0.243 8.25  0.001 1.09  0.385 0.48 0.698 439  0.000 0.84  0.545
L4 TK (g/kg) 026 0.853 932  0.000 .12 0.369 0.07 0.978 814 0.000 055  0.77
EEG(mg/kg) 098 0413 902  0.000 0.63  0.706 174 0.171 799  0.000 0.88  0.514
TG (mg/kg) 298 0.042 584  0.000 1.14  0.356 1.05 0378 160 0000 1.67  0.15
FLHR specific gravity 9.33  0.000 14.6  0.000 111 0.372 191 0.141 158 0000 0.74  0.622
ZXTE bulk density(g/cm®) 454 0.007 505  0.000 2.94  0.017 505 0.004 21.0 0000 1.66  0.15
FLIBREE porosity (%) 10.81  0.000 68.0  0.000 145 0.218 031 0.817 49.0 0.000 1.61  0.165
;Efffmface arca (m/g) 0.60 0.622 059 0.557 1.53  0.193 2.48  0.073 556 0.007  2.56  0.031
flﬂ ﬁiﬁfjmi?iz “) 1.46  0.238 157 0.000 2.15  0.067 0.27 0.844 125 0.000  0.14  0.989
Il mean value 6.59 0.24 39.09  0.04 2,62 0.27 476  0.26 72.99  0.07 1.37 041

2.3 A AMFEHPEEIR 17 DMEIRIY 25 7 2 5 s

(1) PRI 22 SRR R R AR 52 i 5 20 % 22 5 K/

SRR AR RS A A] 22 5 R PR 3 pH AR SR FKARY . pH iR EMRAIK OO TSR R
H A K (3R 3) s /K IR 0 H e 30 B 2 i TR AL VR AN Y 1.25 A5 A4 (3R 3) o R JLILAkR
. pH 1w BMRARUCR K MM J& A AR AL (3R 3) 5 HL AR [ AN M2 ) B 22 5 (R 2 R
3),

WATINAE LW A B A B A EEG TG 25 8 M8 FRIR I 1 25 7 1] + P )1 4 4 g
HIES . F5KMI - A F 3R & i 9.47 me kg™, 35w THUE = MAIAME 0 2.37 f5( £ 3) ;TG
H e B YR TS P R R4 DKM (3R 3) s Bl AL A 2 HAEE 2 EEG 6 MMHEARTEAN ]
PERRIRN A 3 25 5 (6 2 .36 3) o MEJLILARIZ KA 4 50 i 3 v T e = AR AL A Y 2.07 f5 A
A (3R 3) s A = BRAR UK A A V% s TP (32 3) KM 2 B B 3 & T E =4
RIUMEAY 1.7 52540 (32 3) s DR AL 4280 EEG TG 5 MEFRTEA IR R AG 25 (£ 2.5 3) .,

BT RE AL A 3 PR S ), FRATIA e T A T LB R R R 4 RS (£ 2,K 3)
75 /K3 . 25 bR s BV AR T VR s K R0 AR A 5 7K A0 ) L B B e v, 2 SR (IR AEL V% P A Y 1.7
REZEAT 5 T R Y B T S 2K = A28 st R MRS R AR A 25 5 0 8L ILMRY . 25 5 s 2K
WUGER R &Ry KM (K 3) 5 e ALBRRE | HEERTIAR 3 DMEPRA IR R A 22 57 .

- S h AR A B A ) 2 5 EEERIAEAR R SOC A LR bl %, 75K Mg . oK i Ml AR 32 %%
B T HE AN AIER 2.52 £5 (32 3) ;SOC AL (L R 2 AN HEFR7EAS R AP IR A 22 5 (3R
2,72 3), MEJLILMS oK IR A AR 22 5 B 2 o T e = AR 2.23 £ 4540 (3R 3) 5;S0C & it i s 2]
TRARYCR A D A B JE IS BT s A AR (LR A A R R RIS A 25 5% (R 2.3 3) .
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Table 3 The pattern and magnitudes of vegetation-induced differences on various parameters
757K k3% Xiushui Forest Farm W8 JL LAY Maoershan Forest Farm
gV A H K (N SN AR H 7K i (SR
Larch Farmland Ash Scots pine Larch Farmland Ash Scots pine
TE WG 1 Y AT B B AR 2 R (0] 22 48R Parameters with inter-species differences at two sites
MR root density (g/cm®) 0.02b 0.0lc 0.05a 0.02b 0.021b 0.01¢ 0.04a 0.018bc
2 bulk density( g/cm®) 1.29a 1.38a 1.25b 1.24b 1.51a 1.54a 1.37b 1.53a
R AP (mg/kg) 3.71b 9.47a 4.35b 3.91b 3.65b 3.66b 9.96a 3.24b
+3 pH soil pH 6.52b 5.74a 5.52a 5.71a 5.54a 5.52a 5.85b 5.52a
TR — M S BAT B RS TRA] 2% 57 Parameters with inter-species differences at one site at least
I SFFEEC(uS - em™) 28.36a 33.8b 37.0b 27.9a 23.6a 27.9a 28.6a 27.7a
HHLK SOC (g/kg) 24.70a 23.3a 20.2a 17.5a 10.4b 12.2b 19.1a 9.19b
2R TN (g/kg) 1.22a 1.08a 1.02a 0.90a 0.50b 0.56b 1.06a 0.48b
2T TPg/ kg 0.47a 0.65a 0.50a 0.48a 0.40b 0.35b 0.64a 0.35b
TG(mg/g) 11.0a 9.90ab 8.49h 9.28b 6.87a 6.76a 7.68a 7.09a
LLH specific gravity 1.74b 2.11a 2.22a 2.17a 2.14a 2.21a 2.01a 2.27a
FLBREE porosity (%) 24 8¢ 32.9h 41.4a 40.9a 26.7a 29.1a 29.2a 30.0a
T b 1 X5 JO A B 2 78 (8] 22 5748 4% Parameters without inter-species differences at two sites
EEG(mg/g) 0.95a 0.94a 1.00a 1.06a 0.66a 0.73a 0.82a 0.71a
240 TK (g/kg) 66.7a 69.4a 68.6a 65.16a 93.3a 93.2a 91.9a 92.4a
BB Ak (mg/kg) 92.3a 138a 76.5a 106a 137a 130a 129a 109a
WA AN(mg/kg) 69.1a 60.3a 76.8a 69.2a 36.4a 43.8a 59.2a 33.1a
::fjf irface area (m?/g) 33.3a 32.7a 36.2a 24.7a 30.8a 42.8a 33.1a 29.2a
AHLERE L2 SOC
mineralization rate/ 0.63a 0.67a 0.64a 0.64a 0.69a 0.67a 0.67a 0.66a
(pmol m™ s7™")
(2) I LR A

UG R T) A VR B 1] HL AT 8038 (1 22 53 (17 3R AR Y 15 A4) (BRI R ) 22 53438 3 B 3
FITERRAE T—8 A, TEIX 7T—8 bR, LS AR A TR 4 A MR R L3 pH Bk AE (£ 3) .
R 22 58 B 2 B A 7K I > 8 A > B P > A% HL 5 pH (B ZE R JL LK A0 7 e 280 1 75 7K Mk K i A 2%
S AR IE T SR A 75 /K AR vy, 1R M L D 2 K phb A5 v 7 . 7 b 2 B kg K A 8 I Ak
S A ik, B SR EE A HAE M R , R ZBHRARFE 0—60cm [A] 2 AU 0] 22 53 7 R[] + 2 22 (B &
B—(13—17 MEbR) (KA BEWZHEEM, WL 2) .,

ERTRE UL, IS bR 22 S 03K 3 B 35 AR B 2 pHL, T 388 S R0 AE T /Kb 22 S W3 7R L LLbk
YR AN IR S AERERE F KU, P AR A 2 R ) 2 S 24 0k 31 W 2 B 8 A e el e, O LA
4 ANFEAR (A4 B AL D EEG) E I R g 2R R E) 22 R B LT S AR AR B A —
FEAE R BRI 22 5 BRI UL, TSR3 B8 A7 A 0 3 2 S R AR R % 18, T A WL 1 o 3R A 7
ARG R B S T[] 25 S R R 3 0 D 3 M I ok U, A R 380 7 A A S ) 2 5 () D 25 F T L
F R AR R R ) 22 R R B2
2.4 HHEIEFIHERFRE S bR AL 43 AR AR KA H R] EL 4 oA

N T H4ERRRE T 5 TR . 75 /KRG NE ) 4ERRRE 145 53 F A i = A HL RS A8 (26) 5 8 LI AR AE ) 4k
FFRE A543 LA A/ I (27) o P I P60, AN ) 5 B A T 24 43 A Al R ) 22 S R — 50, o LAY S
- HEAE S AR5 7 LA R

T KT - N S 4R RE 1153 LA R AR FH (26.5) FITEIHFA (26) |, A543 FLHAR A 2 7K it 490 A
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