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Conservation effects of different tree species of soil and water conservation forests
on soil nitrogen on slopes in black soil region of northeastern China

Chen Guilan Bu Qingyu Wang Xiuwei Gu Huiyan
(School of Forestry, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: [Objective] This paper explores the conservation effects of different tree species of soil and
water conservation forests on slope soil nitrogen in black soil region of northeastern China, so as to provide
reference for the selection of prevention and control measures for nutrient loss on black soil slopes.
[Method] In the Keshan Farm, northwest of Heilongjiang Province of northeastern China, soil and water
conservation forest of Populus spp. and water conservation forest of Pinus sylvestris var. mongolica and
cultivated land with the similar slope, aspect, slope length, and forest age were selected as the research area.
In the three sites, we set three lines of 315, 319, and 323 m along the downhill slope from top to bottom,
respectively. Along the lines, 10 sample points were set at equal intervals with a distance of 30 m from the
top of the slope. Soil samples of 0—15 cm and 15-30 cm were collected from each sample point for the

measure of soil physical characteristics, total nitrogen, ammonium nitrogen, nitrate nitrogen, and particulate
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organic nitrogen. Cultivated land was analyzed as a control. [Result] (1) The soil physical characteristics of
soil and water conservation forests were better than those of cultivated land. (2) The total nitrogen content of
soil and water conservation forest of Populus spp. (1.28—2.54 g/kg) was higher than that of soil and water
conservation forest of Pinus sylvestris var. mongolica and cultivated land. The soil total nitrogen content of
soil and water conservation forest of Pinus sylvestris var. mongolica (1.04—1.92 g/kg) was higher than that
of cultivated land (0.62—1.63 g/kg). The distribution of ammonium nitrogen and particulate organic nitrogen
in the soil of three sites was the same as that of total nitrogen, and the content of soil and water conservation
forest of Populus spp. was the highest, while that of cultivated land was the lowest. [Conclusion] The soil
nitrogen content of 0—15 cm in the two forests is higher than that of 15-30 cm, and the soil nitrogen content
in the forests is higher than that in the cultivated land. Soil nitrogen content in the soil and water
conservation forest of Populus spp. is higher than that in the forest of Pinus sylvestris var. mongolica, and
the conservation effect of soil and water conservation forest of Populus spp. on the slope in black soil area is
better than that of Pinus sylvestris var. mongolica. From the perspective of soil nitrogen conservation,
Populus spp. should be given priority among the two kinds of soil and water conservation species.

Key words: black soil region; soil and water conservation forest; soil characteristics; nitrogen content;
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Tab. 1 Basic information of sample plots
4 SIZ AT ‘7%-" SIZ 1] SR “u_(‘tk u:/\\( B o
RE b 257 Ko T WRATEE FERE Pl R HEEOTRERA kA
Sample plot type Length/m  Width/m Intra-row Average  Average Depression Forest age or year of Soil type
ple plottyp & Spacing heightm DBH/cm density reclamation/year yp
K L AR AR
Soil and water conservation forest of 315 15 1.5mx1.5m 18 30.07 0.8 25 3+ Loam
Populus spp.
BT FA TR L LR FFAR
Soil and water conservation forest of 319 10 1.5mx2m 16 21.68 0.8 26 31 Loam
Pinus sylvestris var. mongolica
o -

Bt 323 15 60 3+ Loam

Cultivated land
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Fig. 1 Schematic diagram of sampling at the experimental site
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2.1 TIEWIREHE

2 SR R R K A AR AR TE 5 RN
pH (A L3 Z R . LI AR F -2 R
B > T RA K T ARFEAR > K R FERR,
B K AR RE PRI L3082 A 3 /N T B DL
BT HAK AR FR AR (P < 0.05); & FLERE M pH H
BRI A K AR S & 2 s T T ha KL
TREEAR AR (P < 0.05) . HIEE ., B FLKE
MEE LB AR —FEHL 0 ~ 15 cm A1 15 ~ 30 cm
PR 2 B JE 2 2 7 (P> 0.05),
2.2 AERFHK T RFR T IEFRNRFIER
22.1 RREMARR LRI LI P A R RIFER

MIE TR, 76 0 ~ 15 em 2 (B 22), ¥
KL RFEAR I AR =G AE 1.28 ~ 2.54 g/kg, fi
TIAIK L ARFFIR 2 H S BTG HILE 1.04 ~ 1.92 g/kg,
B &R & BRI 0.62 ~ 1.63 g/kg. HFKE
PRFFAR A RS SRR BT 30 R 60 m &b B 2 3% = 1
B, B K L ORFFMRAE BT 60 FT 150 m b4 %
TERE S TR KL LRFFR(P <0.05). 7£ 15~
30 cm HE(E 2b), 3 MEZ H AR T EERAL
FP>0.05. MFKERFFRE 0~15em £E L
AR EENET 15~30em LB, XAHERE N
K2 IR BB UEY R FIEDAAR R A K
AL R TNl WP B Y P S 3 =T W N o = L
222 REIMARK R LI P R &5 0 1R
HAE A

BRI T AR EEA R B
P K ARIEAR S A FAA K AR AR, B 0~ 15 ecm £
JZCE B SRS EICHE S8 6.57 ~ 19.62 mg/kg.
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®2 HIRMTIEYIERE
Tab. 2 Soil physical characteristics of the study sites

R %1 FEBELRE  BEAKE

\ I
Bpil|
,Tf - Soil bulk density/ Non-capillary Capillary I_P;H{?
ype depth/cm (grem™) porosity/% porosity/% ptivalue
. 0~15 1.31£0.03Aa  2.02+1.30Aa 43.84 +3.05Ab 5.66+0.07Bc
HFHb Cultivated land
15~30 1.34£0.07Aa  1.51 £0.90Ab 45.24 +2.97Ab 5.76 + 0.05Ac
WK AR AR 1.16 £0.07Ab  2.24+£0.79Aa 50.48 +4.47Aa 6.13 £0.06Ba
Soil and water conservation forest of Populus spp. 15~30  LI5£0.07Ac 3.11+1.32Aa  52.25+3.46Aa 6.21+0.05Aa
BRI AR 126+0.10Aa  143+0.98Aa 44.27+7.49Ab 6.02+0.06Bb
Soil and water conservation forest of Pinus sylvestris var. mongolica 15 ~ 3( 1.24+0.09Ab 1.99+ 1.86Aab 43.98 + 9.86Ab 6.13 + 0.07Ab

AR AP BE £ b E . RS RE FRERE — B AR 2 2 8 R 25, WA E NS 5 RRE — L2 A F R ) 8 2 2 5
(P < 0.05), Notes: values are mean + standard deviation. Different uppercase letters in the same column represent significant differences between
different soil layers in the same sample plot, and different lowercase letters in the same column represent significant differences among different sample

plots in the same soil layer (P < 0.05).
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Fig. 2 Soil total nitrogen contents in different soil layers of each sample site
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Fig. 3 Soil ammonium nitrogen contents in different soil layers of each sample site
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RIS R S EIEEA 1.04 ~ 7.18 mg/kg, #FHAK
TARFFMIE SRS EVEEN 0.58 ~ 6.11 mg/kg, #fHb
SRS EUWEN 3.73 ~9.91 mg/kg. 7E[F—FEH
ANELZEZIE, 0~ 15 cm RIS E S ESEE
F15~30cm LEKSE.

MBS EWEE, £ 0~ 15 cm L (H 52),
PR K DR RE AR RIORL A G WL & B AE B T 30 A
150 m Kb 235 & TRk Hh, T K SRR ARTE B3 T
90. 150. 180. 210 270 A1 300 m Kb Fiki G HLE &
B m TR K LR (P < 0.05) . MR
E, BRASAIE S ERIN: HRK L ORERR > &
TRaK EARFEAR > Bidth . 76 15 ~30 cm )2 (E 5b),
WA 7K AR ARLE B3 T 150 m Ab O 0RE S HLA
R, B TAK L ORFFARAE B BT 240 m bRk
BAENEE Efs, PHE RN 120 m AR S H
MUR S B . BTk BB S E RS
AL BT 60 A1 240 m 4b 23 = TR (P < 0.05).
223 REBRGOHM

R TR B (36 3N 4 AN ERIERR AT =



57

I 22 25« A [ R A 7 e (R ot B e DX 3 - 3 U R R 31

—_
foe}

ra0~15cm

,:
A
Nitrate nitrogen content/(mg-kg™")

120 150 180 210 240 270 300
WK Slope length/m

BE= #k#b Cultivated land

30 60 90

A
Nitrate nitrogen content/(mg-kg™)

16 - b15~30cm

120 150 180 210 240 270 300
WK Slope length/m

30 60 90

I 174 7K {45k Soil and water conservation forest of Populus spp.
[N 1 TR K 45454k Soil and water conservation forest of Pinus sylvestris var. mongolica

4 FFSAR LR EESEA SR

Fig. 4 Soil nitrate nitrogen contents in different soil layers of each sample site
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Fig. 5 Soil particulate organic nitrogen contents in different soil layers of each sample site
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Tab.3 Principal component analysis of soil nitrogen components

A Load value FETRE  BTORE
EEEAN AR A TR G HLA S PIURFFEE Variance Cumulative
Index Ammonium Nitrate Particulate Total Initial eigenvalue contribution contribution
nitrogen nitrogen organic nitrogen nitrogen rate/% rate/%
ERrIe
iﬁy‘ﬁ 0.507 —0.320 0.580 0.551 2.306 57.657 57.657
Principal compontent 1
IﬁEﬁZ 0.007 0.927 0.208 0.312 0.865 21.632 79.289
Principal compontent 2
NN
EmA3 0.853 0.190 —0.238 —0.424 0.554 13.844 93.133

Principal compontent 3
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BWATEMEXE R, HONIEE. 25 3 4, @S
BIILIHE R R o LA 3 AN 543 BT $8 4w 2 fer B
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BIX 4 MR TR bR, IS AN BEA. PR ESH

WU e e i T AR A 500
3 3t 7w
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B S B ALY S 7Y M A b
i AR AT 2 P10, e T DA BT 1 K
R P, AR R SR K AR A R AR RN
TR AR AR R B4 B 7 485 S 5 35K AR bR R 10
o BN E RIS T ok 5 F S 5.
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