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WE: [ By ] WEAERHH Populus KA 43¢ £ 5Fo ZRALBK (COy) HAMIHoh, HLBEAMBELS
[ Zk ] A, W& WetFeskAS Oryza sativa #4745 4 v RWEF- M 4 2 R RA, BBHRA TAREAL B AR
RAEMF, VA2% REHH (DET LR E) O RAHFEE LI, 25°C RRBFA THEIZR 180d. #4535 M0E LI
AKEHWAFKEN 60%, MERR LT LERAENEDZH (MBCO), AN EHZ R (MBN), MR [EEFR
(NH;-N) Fe#l &5 5 (NO5-N)]. A 5 (AP). &34 (AK) F R EHH ALK CO, Bt Zaung, [£R] D44
A M FURA N B3 e LI A A B R IR AT AU (P<<0.05). ARVGXTRE, ApbtAtAL. A AbetAe kA
AT AL I 89 L3 MBC BN H > H AT 50%. 31%. 80% F= 109%, L3E MBN HE 5> T 54%, 40%.
72% F 203%., & A E A A L3 69 NH;-N R 25 2OA K BIMRR A 3B, FEAFAR . Mot a2 | kA A
A, FEAP RESHANBAE RS, AK RESHARBFLE RS, QRRAKILY 3E CO, BHk F3H RN
HABER, PR HRE, B TRE, BAMR, RALEGIE CO, ERBXERS, BE5 TR
(P<0.05), HERAMmAMer, REKAZE£LZFEH (P<0.05), QHMEHEIMEW: EWRBFGERE LIEHAHEY
F.EERS>ACOBREALETF AR, AP LERAYANTEAYRRHGAR., 28, A2 FEMX
(P<0.05), 54 mfesk R LB % fidg4 (P<0.05); 13 CO, A&kt 5 3 MBC, MBN, NH;-N. AP = AK 3 B
% EAX (P<0.05), 125 NO:-N EMEF AA0X (P<0.01), [£Z#® ) NLERSPIRERADLELEEE, HRREH 4
PR AR B LR A0 RARAT R0, AT s, B 3 K3 A 47

XA BEAXE; Bb RERAY; MAEMWAENS; FoAzhl; BREAK

hESES: S154.1 XEkFRERE: A XEHRS: 2095-0756(2021)05-1012-11

Impacts of poplar harvesting residue additions on
soil nutrients and CO, emission

LAN Ziyu', DING Sihui'?, FANG Shengzuo'”

(1. College of Forestry, Nanjing Forestry University, Nanjing 210037, Jiangsu, China; 2. Coordination and Service
Center for Science and Technology Resources of Jiangsu Province, Nanjing 210008, Jiangsu, China; 3. Co-Innovation

Center for the Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037, Jiangsu, China)

Abstract: [Objective] Impacts of the addition of poplar harvesting residues on soil nutrients and CO, emission
were investigated in controlled conditions to provide a reference for its potential utilization. [Method] The
indoor incubation experiment was carried out by selecting logging residues of twigs, barks, and leaves from a
poplar plantation and the rice straw as research materials. Based on the litter amount in the unit area of the
poplar plantation, the fresh soil equivalent to 100 g of dry soil weight and biomass materials equivalent to 2% of

dry soil weight were mixed evenly. Then the mixed soils were loaded into a homemade polyethylene plastic
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box, and incubated in a constant temperature incubator at 25°C for 180 days in darkness. During the culture
period, the soil moisture content was controlled to 60% of the field moisture capacity. Dynamic variations in
microbial biomass carbon (MBC) and nitrogen (MBN), inorganic nitrogen (NH;-N and NO3-N), available
phosphorus (AP) and available potassium (AK) as well as CO, in the soil were measured. [Result] (1) The
addition of all four residue biomass significantly affected microbial biomass and nutrient availability in the soil
(P<<0.05). Compared with the control, the soil MBC contents treated by the residue biomass of poplar twigs,
barks, leaves and straw increased by 50%, 31%, 80% and 109% respectively, while the soil MBN contents
increased by 54%, 40%, 72% and 203%, respectively. The contents of NH,-N in the soil treated with bark and
twigs residues were higher than those in the control and rice straw treatments, whereas the NO3-N content in the
soil was in the order of control>rice straw>leaf residue>bark residue>twig residue treatments. The highest AP
content was observed in the soil treated with twigs, while the AK content in the soil treated with rice straw was
higher than that treated with other biomass residues. (2) After adding biomass residues into the soil, the daily
release rate of CO, from the soil showed a tendency with being relatively fast in the initial period, gradually
slowing down in the middle stage, and tending to be stable in the later stage of the incubation. After 180 days of
indoor incubation, the cumulative CO, emission from the soil treated with rice straw was significantly higher
than that of the other treatments (P<<0.05), followed by the soil treated with poplar leaves. (3) Correlation
analysis showed that microbial biomass, nutrient contents and CO, daily release rate in the soil were obviously
correlated to the properties of biomass residues. Of them, a significantly positive correlation of soil microbial
biomass to the contents of total nitrogen, total phosphorus and total potassium but a significantly negative
correlation to the total carbon content and C/N ratio in the biomass residues were detected (P<< 0.05).
Meanwhile, the CO, daily emission rate was positively correlated to the contents of MBC, MBN, NH,-N, AP
and AK in the soil (P<<0.05), whereas a significantly negative correlation of the CO, daily emission rate to the
contents of NO3-N was observed (P<<0.01). [Conclusion] From the views of soil nutrients and environmental
effects, application of poplar harvesting residues not only can increase the contents of soil available nutrients,
but also relatively reduce carbon emissions compared with the rice straw. [Ch, 3 fig. 3 tab. 47 ref.]

Key words: soil ecology; poplar; harvesting residues; microbial biomass; nutrient availability; greenhouse gas
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s EA B, A R I A A R S R HW AR A RN EFRITERE
W SOE S i BRI, IR AR IK B 35 53 i e 1) [m] s i 230+ 38 — 484k ik (CO,) YRR ™ A=
P E Y, AR RN T RIESR S, B — R L A CO, HERH N . A
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1 #MEE 7%

1.1
2018 4F 10 A FILINA b it B RIF M R4 RIAK 895 4% SRAKTR 43 W B i b ] Pl A FH 7K
Fio FTREM BHE R 2 . BEE . Bt KRR FFAr S, AR B ToKuESr, 70 C E IR T 5 M et
2mm i, BEEAAEH . AV FREA M W 1,
1 HAEYREMERYER

Table 1 Basic properties of biomass materials used in this study

A=Wy R pH 2f/(g kg ™) SR Ng kg™ AL SW(gkg™) SH/(g kg ™)
Wi 6.16+0.08 b 481.87+2.72 a 5.53+0.21 ¢ 87.45£3.37b 0.87+0.01 b 4.65+0.06 ¢
e 5.60+0.08 ¢ 465.50+9.15 b 3.70+0.14 d 126.26+7.51 a 0.30+0.02 d 3.10£0.04 d
e 5.49+0.12 ¢ 415.17+4.50 ¢ 14.07+0.26 a 29.46+0.29 ¢ 0.69+0.01 ¢ 6.31£0.45 b
IKAEFEFE 6.41+0.07 a 417.77+4.30 ¢ 11.90£0.36 b 35.16+0.83 ¢ 0.97+0.01 a 19.83+0.44 a

B RIS RNG FhER IR AN R A= Yy SO B 8] 22 57 3% (P<<0.05)

2019 4F 3 A FVLAE i di Nt BLRIF AR R AR “Rabk 895 47 il pk (12 4F4:) AkHlL 0~20 cm 3R
EANE, MR TOR R L, R B . SRR IR IR K NA T AT, it 2 mm B S
BT 4 C AR H . BRI M . LA N (1.4240.02) g-cm™; pH 4 7.18+0.05; [H
BT acHui Ay (31.02+0.66) cmol-kg s A BRI 4 AT RS- 3 (9.77£0.01) Fl (1.13+0.01) g-kg ™', BK
RN 9.44+0.25; LBEFN2H T 53405 514 (0.35+0.00) Fl (9.52+0.75) g-kg '

1.2 Rt

R s 5 bR 14 (IR, ck). RIEHR . (BR). M RIEL (TR). I+ A%
M (LR). TIEKFERA (SR), B 3IANELE . ENER T IES % ZIMMERMAN R =] 18 8
SEEN IR IERRIT AR B N AR BT T AE 759 (20 g-kg ") HYSEPRIE DL, 42 2% Ab B rh A= 1y ot JURL 5T
HOME %), IREWISEHEAN AR OIEEEE (M4 8 em, & 12 cm), RAFRE L HICHEKIET +
Sk = WK 60%, % EGTE 25 C HIRE IR PR 5% 180 . 53RiME], (R4F 45
KA H IR KB 1Y) 60%. M AERF 38 R A kA, 1 RS 1 R, IS 20 min,

R EURRE SR BORE 0 o 3 A WAk v o, BORERHIE] A 35 219 0, 7. 15, 30, 60, 90, 120, 180 d.
FHE T4 A 1 DR SR UK [T =R 22 458 CO,, ELARHRAEAL TR J . FH 30 mL 41 A5 A 855 SR L iR
20 2009 15 mLARE, 1 h 5 RS 2 550K 15 mL, BT BUSAR I8 7E T 355G Hh B2 (0B ARSI R A
&, 78 3 d NI . BOREJG G SR FE S BT B RME IR BE 3540 . B R F—UCREE . BURERS R R 3R f5
B 1, 3. 5, 7. 10, 13, 16, 19, 22, 25, 30, 35, 40, 47, 54, 61, 70, 79, 88, 99, 110, 121,
134, 149, 165, 180 K.

1.3 MEFE

1.3.1 Ay At Lgamne AP RRH R 30 pHGE N pH, F1 pHy) AL pH {6, Hir
AWy ERHS B TR B R AR R 1.0:20.0, HHESFE FARREMAAILL N 1.0:2.5, S LY/T
1239-1999C Fx Ak 145 pH (RGN E YA T . AW 0 JFUREAN + 3819 4285 (TC, A1 TC,). 2% (TN, A1 TN,) K&
BRAE L (C/N; Fil Co/N,) FHICZE 41X (Vario MACRO Cube, Elementar, {2 W52 . A= 9 5 J5URHFI 121
AW (TP Fl TP,) FIA8 (TK, F1 TKy) R F R B 2 - S R T A VA B L, Forp 2l R AR BE BT Lb 235
E, RIS EOE RTINS LY/T 1232—1999C 2R Ak 4 48 48 (3 2 YA LY/T 1234-1999
CRRAR A S 2 A 2 DA T o 4% 1.0:5.0 BT R ARFR L] 2 mol- L™ & (L FI A MR B E 3 EHL AR, Hih gk
BE (NHy-N) R HIBE M i 1, A (NO3-N) SR JH A3 Ot Bk b ATl e, 2 i+ B A
GB/T 32737-2016 HIERA R RN E MG )HAT . HERRR-FRRR AR AR, FHET L Akl e
T HEA R (AP), S LY/T 1233-1999 CRRAR + 584 2w il o )47, 1 mol- L™ ZFRECERIN, JHF
WA RE I E AL ER (AK), M8 LY/T 1236—1999 CARAK 43305208 A 2 Y47, 1 mol- L™
OB B A I 5 IE 3 HEBH B 1 52 e it (CEC), S8 LY/T 1243-1999CFR K 4 38 BH 2 3¢ e i A
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SE VAT o HIERUE Y E YRR (MBC) MIBUZEY AW A (MBN) SR &5 B 25-KoSO, iR $R LR L, J
H MBC FJf] TOC {0 E , MBN FI RS A A0 E =4, 58 Mpo=(TRZ8 5 A LAk - S 2 Ay £

T 5 0 A S W A W R R B B R B T Mg =CE ZE 5 T Wy i A TR 2R A S R Y

H)/0.25, Hrb. Mpy MHCEY EY R AT (mg-kg ), 025 A EWIRRNT RS, BIv b

A VIR R R IR S AR 0.25 1%,

132 13 CO, BA#ik Ffe ABBFHZ N E  RHTAHATEYL (Agilent 78904, 3£ E) llE CO, <k

J i AL (mgrkg o AN 5% MW KE, WEE N 40 mLemin”', @ 3%4EF ECD *ﬁ?ﬁ!ﬂ%%ﬂ%&%%%gﬁ%
p

phey 273
40 1300 °C, YRR FID Rl 2 6L EE 15 5k 40 F1200 °C. 4 CO, H RS, F= 24%0

Hep: FASEHBBER (megkg'-d"); p WIRHERE T AN FRERE (@ L"); Ac WETFHRA
CO, ST B i (mg-kg™), At R BANLRTIE] (h), Ac/At F7R BAAL R [E] P 5 FR A CO, SR
SBUEAE (mg-kg ' hT); VORI AR A RS AR (L), WORRFIRANRER R (kg); TN
SR (C). WA URRBHRIE: 5= ) T ), 180, Bt s e BRI
i=1

(mg-kg"); F; WEGFREE i RIS HBHGE R s o, ARARI 553 KA (0
1.4 HESH

ARS8 F Excel 2010 F1 SPSS 20.0, £ SR /N & 2 7% (LSD, 0=0.05), KI&REL:
il FHl Excel 2010 F1 Origin 2018, %4l g F- R B AR EDR .

2 HEREAH

2.1 AYRERRI T IEREYEYER R

- e S IR [ A ) 5 OB R e R E Y R W (B 1, P<0.05). B TA RIAL: fEREFRM
A WrBL, SR 14 MBC B 505 ih 2 8 T HABAN B (P<<0.05), SXFREAHLL, &4bFR4H 3 MBC Jfii
B ETHE (P<<0.05). $5FRE5TRNT, £AA0HY 15 MBC i /3505351 L BERE TN T 50.00% . 31.00% .
80.00% 1 109.00%, ULHATRIN 4 FhA:= 4 5T okl R4t =5 + 58 MBC i 7340

M B AT SXF AL, 8555745 005 4% b B4 138 MBN {3538 11 (P<<0.05), i SR f +45E
MBN i & 43 K0 2 3 T HA AR B, 4% A B 3 MBN 5B 43 K073 51 He o BRI T 54.00% . 40.00%
72.00% F11203.00%, WEHH 4 FfAE 4 0 R it 34 AE 3 i+ 1 MBN Jit 5348

FME TR (G5 2): A FER 180d J5, L4 MBC 5 TN, TP,. TK, fA7Eik i £
X (P<<0.01), 5 TC, il C//N, FE1EML B i AH G (P<<0.01); T3 MBN 5 TC,. C,/N, fE7E i & Al ¢
(P<<0.05), 5 TK, fELEM 3 1EAHDE (P<<0.01).
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Figure 1 Effects of biomass material additions on soil microbial biomass in the soil
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Table 2 Correlations between properties of biomass materials and properties of soil

o AP URHE
+ s bR
TC, N, C/N; TP, TK,

MBC —0.822%* 0.846%* —0.903%* 0.732%* 0.889%*
MBN —0.629* 0.556 —0.637* 0.655% 0.998%*
NH;-N 0.777%* —0.904** 0.825%* -0.273 -0.181
NOyN —0.826** 0.733%* —0.752%%* 0.541 0.938%*
AP -0.225 0.564 —0.692* 0.812%* 0.194
AK —0.584* 0.532 —0.632% 0.709%* 0.990%*
CO, H BE# 2R 0.851%* —0.914%* 0.927%* —0.610% —0.658*

UEAH . *3FRm A (P<0.05), **+ Rl b EAHIE(P<0.01)

2.2 EWRRERRHR YT R I 4 B R

AN TR 9y o s R - SR A e i S A AL, BRI SR AR 22 57 (81 2). 550, SR +
B NHG-N R80T Mt i s 159 PR ), ORIRIALBEAY NH-N BT 50 806 F IS TRk
Br R ah AR, N A AR B 4 HE NHG-N BT & 20 808 B /b, R EI/MKYR S BR. TR, XTI . SR,
LR(E 2A), BRXTHEAY 1498 NOS-N Joi 3 40 S Bl 155 2B [ B s 2 52 1 Tk dse, LAt 24 + 3% NO3-N Jii i
SR N EE I R, B55% 60 d B RERIERAR, BEIRah AT A G, KB/ IMKIK X R
SR. LR, BR. TR( 2B).,

HI P 2C mIAT: MG RS I A R U B R0 R R, w1 = s W LN s, REA
B B F. $5FRE5HE, TR, BR. LR AT SR Y 38 &80 o1 2 43 85000 )l LE X RSN T 202.00% . 4.73% .
192.00% #1 143.00%. [#] 2D K] ARSI R, HRCEH B i 70 B0 S e BEEARRTR /N, 45 AL 7Y +
TSR B AR A B = TR IR, SR R MR ACE T B A B 3 i T AR B (P<<0.05), BER4S
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Figure 2 Effects of biomass material additions on available nutrients in the soil
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BF, 4% 3 A A B i A O R B/IMER O SR LR, TR, BR. X,

ghAFR 20 L NH-N 5 TC, Al C/Ny 20 3% IEHI2E (P<0.01), 5 TN, 4K W 3 it ¢
(P<<0.01); 13 NO3-N 5 TN, 24 I #F 1EAH5& (P<<0.01), 5 TC, Al C,/N; M i & 71406 (P<<0.01),
R, 48 AP, AK 7055 TP, . TK, FAAEM 5 IEAH I (P<<0.01). 58 BH A= 9 o JEUR Ay it FH X 38 0L
R AREEABSE AR R . iR 3 T BEFRIAME (0. 7. 30, 90 Fi1 180 d), HIEMRH]
FH—ERMEE, o, +HE AP, AK #5055 13 MBC. MBN I NH;-N fA7EM B 3 1IEASE (P<<0.01),

®3 ERAEYRERTESEREXE

Table 3 Correlations between properties of soil with biomass material additions

+HeE R MBC MBN NH;-N NOxN AP AK
MBN 0.630%*
NH;-N 0.364%* 0.203
NOyN —0.243* -0.152 0.265*
AP 0.400%* 0.377%* 0.577%* -0.120
AK 0.737%* 0.867%* 0.412%* -0.204 0.419%*
CO, H BEGHE S 0.504%* 0.284* 0.267* —0.256* 0.680%* 0.318**

PEHT . * R B EME(P<<0.05), **Famm ik EHHE(P<<0.01)

2.3 EWRERERMX L% Co, Bk

TR INAS R A ) kLS 3 CO, H R 32 1y A8 Al i IR A AR A (18] 3), 3EFR4E 1 R il ol
B, BRI 3G g T R . K595 30 d J5 TR, BR FIXTHEAY -4 CO, H BEGHE R B Wi e THE . 55
FRIHT 47d 9, SR, LR [+ CO, H B R R, 3% 61 d 5 THRUE (B 3A),

ME 3B, HiFREEH (180 d) B, A[RIALEER) 3 CO, RFUR I E MR E/IMKR A SR, LR, TR,
BR. XM, S5XFHEA L, TR, BR, LR, SR A+ CO, BRI &4 2 5 T 38.92%. 36.43%,
209.88% #1 291.36%.
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Figure 3  Effects of biomass material additions on CO, daily emission rate (A) and cumulative emission (B) in the soil during the incubation period
+3E CO, HBMUE R TC, Ml C/Ny S FIEMSE (P<0.01), 5 TN, 2B EFASE (P<0.01,

#2), 5HHEMBC. AP, AK 2R E FEMC (P<0.01, 3 3), UL T HEIFTE 5 A Yy ot SRk i fis 05
PRI SRR, HA2 2RO A
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B, RIS e Y AR Y R A W E RN, ORI ME AR A, RIS R, RFT
RS s (AR 4 FA P R A LA R, BUEYN T AR A KA I RO A, Tl - 4
TR, BRI E A R, IO o AN, 5 R A0 FZR G Y (45
R—3, EXRFRPEM, MERIEEFE, BUEYNG IR, ML TR e BREE, MY
TALR LSRR, BIEH A= EA BT, 75—, R E YA B0 R R RE IR
TR Y R A R AR R T i A TR A Y B R AR BT, SRR AR SE R W] M EOK
Zea mays T FFIE 24 9 000 kg-hm ™ B, ZZ M HUEEY A w48 &, T —HEYE T+E
FIRRIR . ABFTE AL SXTREAH LG, bR it F B 38 n T 3R E g E sk A R, ARG
SPBTAIL: H3EMBC, MBN 549 FURHEA BB R, UL R AR A T LA R A= o i
ROREE LR A S . WY, EEA SR AR AR S TCHLEARRL, YR SRR S i
BT RE, MW RE SRS AR R B0 X AR R U, B LR B A DGR, AR
FEANERPII B R e, R WO R A A, 3RS, BB AR T AR
HR R8O ETF, 5 SAGGER %557 il DIETER 2588 A s —2% .

AR5 A5 Ak B HE A A S IR E A W R o L X R, (H AR AR L
FERUIN, TR AT R 148 A SO B o B, BB R s s A TR R T2 A . B AER At
SR PH - 38 [P 0 5 S o o SR B TR R R Y SR R M O . AR O s (iR, A
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SRR T+ S A RO BT i AN 5, it T AR B RV R 8RO T RS FF FRT BR . X T4 i
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