%546 B 4 W K A AR R 1R Vol.46, No.4
E 8 H Research of Soil and Water Conservation Aug., 2026

INE S ZREER A TR {¢ st 3
=T T IR AT 520

KR, B E, WER, Ao F

(FRAbMOI K2 bR B, PRIETT WA R IE 150040)

B OE: [HAY]WEIE R R RN B A LA L T4 M RS )R AR B SR 4 A e g R
(R, 43 T I8 85 PR % N T &0y 8 b 1 S 7 I ) 52 00, A48 7R A /0 B8 Ay 0 5 Rl O £ 3 1) I R A 5 1 R A g
WK B RS TAE IR AR 1 G R T 22 RAET . (D7 k] 2024 4F 5—10 H CRRLR AL BE -+ et b
F 2022 4F P ), falf e 44 20 S A UL 2R 48 L1-870, 7E 35 55 M AR ST L A 3% 43 50 %ot 8 J3E v 5 A o R
A A - TR A /0N B A R0 R R 0 N TP B I 2 1 0 B /N DX (45 /N IXC T RS A 4 mX 7 mO) ) A S8 07 g
AT HF AN JFUAL 7 SE W, X Eb 2 AT AN ()R AH AR T R N B A SR R A TR R R 25 L 5
BET Pearson A5G40 BT TUA 43 1 (RDAD DL K it 5 /Iy — 3fe vk B AR M ) PLS-PM #R 98 HAE AL . [ 4528 ]
R 2 | R AR R A8 A FH A R ) R I R (p<70.001) . AR /N B A AR AR T
PR 1 AN [ 3R R Y B R 0 e e B E A RO Y TR AR AR e KE I IRAE 7 RS H . /R
Fr 2R TR BT BRZHL (1 - ¥ - 9 0P W o 6 34 i P AR A R B A 0 S R AR (p<0.05) . 7E 45 1R Ak 1+ B
Hh S TR A 19 1 2 BT I R (2,31 pmol/(m? 8D JCLL COL D B A b T/ B A7 A A Hl 1 F- 2
NI A (1.96 pmol/(m?-s) ) BTG E5 R W], 5 om L8R 5 1 0T 0 R 5L T 35 4R BOR O
K F o T HENT R T AR R K b T A O R H 3 B I R A T AR AN (5] A ) - SN
(p=<<0.05), Pearson t5&Hr R M R 5 5 cm + R B 0 e 0 S A 08 3 IE A 26 (p<<0.01) . RDA F I 4 1
WPl R 5 4 o R AKORE A B AL L5 om R TR IR R B K G B IE A 2 (p<<0.05) . MR/ R E
AR R TR 8 SR W A R S - AR AR R 4 T DL R R L N R R L [ 4h598 ] FlE/N R A
FNE TR N bR 10 25 42 = AR Ak b b BT R (p<0.05) , BlR 22 RN AR 42 B R b 5739
- R 2 TN BR A N TR (p<T0.05) o A 4IRS ) I I 3 A8 b ) AR A SRR, HoE e S
eSO RS, B TR 2 A AT R R 2 | R TR X A PR Y R

KR BUEL; MNEG; LR, LETR,; BESEYE,; THEEE

XERARIRAD: A T EHS: 1000-288X(2026)04-0286-11 hESES. S154.1, S714.2

NERSE: KR, E, XEE, B NER SRR MO IR Al i 2 2R R RO s e [T ] K PR
Wiz, 2026,46(4) : 286-296. Zhang Shuang, Yang Jia, Liu Qinghua, et al. Effects of Populus X xiaohei and
Amorpha fruticosa plantations on soil respiration in degraded typical black soils [J]. Bulletin of Soil and Water
Conservation, 2026,46(4) : 286-296.

DOI:10.13961/j.cnki.stbcth.2026.04.037 CSTR:32312.14.stbctb.2026.04.037

Effects of Populus X xiaohei and Amorpha fruticosa plantations on
soil respiration in degraded typical black soils
Zhang Shuang, Yang Jia, Liu Qinghua, Gu Huiyan
(College of Forestry, Northeast Forestry University, Harbin, Heilongjiang 150040, China)

Abstract: [Objective] Soil respiration rates (R,)) of young plantations of Populus X xiaohei and Amorpha

fruticosa established on black soils with different degradation degrees were measured and compared, and the
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effects of environmental factors on soil respiration of young plantations were analyzed, in order to clarily the
differential roles of these tree-type and shrub-type restoration measures in soil carbon emission from degraded
black soils. [Methods] From May to October 2024 (soil sample plots with different degradation degrees
established in 2022) , soil respiration rates were continuously measured in situ using a portable soil carbon flux
system (LLI-870) at Keshan Farm, Qiqihar. Lightly, moderately, and severely degraded black soils were planted
with P. X xiaohei and A. fruticosa young plantations, with corresponding bare control plots. All plots had an area
of 4 m X 7 m. Soil respiration rates of the two plantations and the controls were compared among degradation
degrees, and the underlying mechanisms were further explored using Pearson correlation analysis, redundancy
analysis (RDA), and partial least squares path modeling (PLS-PM). [ Results] Vegetation type, soil degradation
degree, and their interaction had highly significant effects on soil respiration rate (»p<C0.001). For both
plantations, soil respiration on all three degradation degrees showed pronounced seasonal dynamics, with
maximum values in July and August. The average soil respiration rates of P. X xiaohei, A. fruticosa, and the
control all decreased significantly with increasing degradation degree (p<Z0.05). Across degradation degrees, the
average soil respiration rate in A. fruticosa plantations [2.31 pmol/(m*+s), calculated using CO,) was generally
higher than that in P. X xiaohei plantations [1.96 umol/(m*:s) ). Model fitting results showed that soil temperature
at 5 cm depth was exponentially and significantly related to soil respiration rate, whereas soil volumetric water
content alone was not significantly correlated with soil respiration rate, but its interaction significantly affected soil
respiration in the plantations of different species (p<C0.05). Pearson correlation analysis showed a highly significant
positive correlation (p<20.01) between R, and 5 cm soil temperature and alkali-hydrolyzable nitrogen. RDA indicated
that soil respiration rate was significantly and positively correlated with total nitrogen, available phosphorus, total
phosphorus, alkali-hydrolyzable nitrogen, 5 cm soil temperature, and volumetric water content (»<Z0.05). PLS-PM
results further showed that plant species and soil degradation degree affected soil respiration rate both directly and
indirectly. [ Conclusion] Establishing young plantations of P. X xiaohei and A. fruticosa significantly increases soil
respiration rates of degraded black soils compared with bare controls (»<C0.05), and in mildly degraded soils the
average soil respiration under A. fruticosa plantations is significantly higher than under P. X ziaohei (p<<0.05). Soil
temperature 1s the key factor driving the temporal variation of soil respiration, and through its coupling with soil
nutrients, it directly or indirectly mediates the effects of plant species and soil degradation degree on soil respiration.

Keywords: degraded black soil; Populus X xiaohei; Amorpha fruticosa; soil respiration; temperature sensi-

tivity; soil temperature
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Table 1 Soil physicochemical properties of experimental sample plots

g B

H B pH{H TC SOC SOM TN AN C:N BD AP
LD 6.41£0.03" 30.414+0.65% 21.45+0.23% 36.99+-0.4" 1.39+0.04" 164.774+6.26" 21.95+0.87* 1.25+0.04" 118.074+4.65"
Pxh  MD  6.58+0.17" 24.68+1.43" 15.884+0.15" 27.37+0.27" 1.17+0.04" 112.64+15.24" 21.05+0.86" 1.37+0.03*  66.36-+4.14"
SD  6.63+0.03% 24.04+2.3% 1557+0.42" 26.84+0.73" 1.18+0.11  91.59+11.03" 20.46+0.65" 1.32+0.01%  116.2+32.6""
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Table 2 Effects of month, soil degradation degree, vegetation type, and their interactions on

soil respiration rate, 5 cm soil temperature, and soil volumetric water content
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Fig.1 Monthly dynamics of soil respiration rate (R,), 5 cm soil temperature (T), and soil
volumetric water content (W) in black soils with different degradation degrees
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water content (W) in black soils with different degradation degrees
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Table 3 Relationship between soil respiration rate and soil Table 4 Two-factor composite model of soil respiration
5 cm temperature in black soils with different rate with soil 5 cm temperature and volumetric
degradation degrees water content in black soils with different
T e T degradation degrees
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Table 5 Pearson correlation analysis between soil respiration rate and soil physicochemical properties

Tt H R, T w TC SOM TN AN TP AP TK AK pH{E BD
R, 1

T 0.486” 1

W 0.087 0.223" 1

TC 0.023 —0.064  —0.009 1
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TN 0.005  —0.017 0.023 0.2557  0.197 1
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pHME —0.129 0.089 0.060 —0.632" —0.804" —0.415" —0.585" —0.558" —0.180 —0.114 0.032 1

BD —0.246" 0.074 0.082 0.182" —0.262" —0.007 —0.563"  0.058 —0.469" 0.176°  —0.149 0.303" 1
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Fig.4 Redundancy analysis of effects of soil physicochemical
properties on soil respiration rate
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Fig.5 Relationship between soil respiration rate and soil physicochemical properties
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