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Effects of changing organic carbon input methods on soil reactive nitrogen content

in the Maoershan forest during the freeze-thaw season
WANG Siqi, ZHANG Limin"*, LIU Yue, CHEN Yutong

Heilongjiang Province Key Laboratory of Geographical Environment Monitoring and Spatial Information Service in Cold Regions, School of Geographical
Science, Harbin Normal University, Harbin 150025, China

Abstract: The effect of changes in organic carbon input from aboveground litter and belowground roots on soil active
nitrogen content is currently a topical issue in academia. However, it is unclear about the influence of organic carbon input
methods on soil active nitrogen content during the freeze-thaw season. The root-only organic carbon input treatment ( litter
removal ) and the litter-only organic carbon input treatment (root removal) were measured, the root and litter retention
treatment was a control group. This study investigated the dynamics of soil microbial and mineral nitrogen content. The
results show that: (1) the mode of organic carbon input has a significant effect on the soil active nitrogen content. Soil
microbial biomass nitrogen content in the root-only organic carbon input method and total mineral nitrogen in the root-only
organic carbon input method are 10.5% and 12.3% higher than those in the control treatment, respectively. (2) The
duration of input changes the effect of the organic carbon input method on the soil active nitrogen content: the long-term

root-only and litter-only organic carbon input treatments decrease the soil microbial biomass nitrogen content, and the
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response rates are 0.451 and 0.422, respectively. (3) The seasonal difference is a key factor influencing the effect of
organic carbon input methods on soil active nitrogen content: the litter removal during the freeze-thaw season increases the
total mineral nitrogen content, while litter removal during the growing season decreases the total mineral nitrogen content,
and the response rates are 0.404 and 0.121, respectively. The results highlight the importance and regulation of organic

carbon inputs on soil active nitrogen content, which varies with the season and the input duration of the treatment.

Key Words: soil reactive nitrogen; freeze-thaw season; root removal, litter removal ; FAPROTAX functional prediction
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1 ST

1.1 Rt

ARWFSE R SEG0AE H B AENE JLLLBRAR A A FE oty , A6 T R e VA8 i AR T e L Ll BB AR JEAROll R 27 S5 bk 37
W24k 300 m, e EEAR 805 m, JE KRBT ME Z WM S8, B AR IR R R, &R I8 TR, ARV
3.1°C 4K R 629 mm, Ji FIRE B RARUAEMR  ARIR 2T 60 4F, T AR JZ FZA A T4 ( Ulmus japonica) 7K
MMl ( Fraxinus mandshurica ) . ¥ ¥E ( Betula platyphylla ) 55, # K JZ VL 2 5 T % ( Syinga reticulata var.
mandshurica) A %, A ZAREF AR Equisetum hyemale) ' |
12 St

AR FEAENR JULL A 25 52 B0 SRR K G 2 LIS (45°25'N,127°40'E) BHT Ak, - 2007 4F & 2018 4R K
SRR I A BB A4S ] S B L TSR b ST b SR AL (R 1) o

F1 TREMERER D
Table 1 Basic characteristics of the experimental sample sites

Mass Wi A TR

R 954 . Berm) NS
Basal area/ Canopy vegetation . .
Sample plot types Slope/ (°) ) ) . Slope orientation Age/a
(m”/hm*) composition
FAHE ( Betula platyphylla) |
T Ffi ( Ulmus j.rzponica) - N
9 23.15 JK BHAII ( Fraxinus mandshurica) | Padb-Z: 60

Short-t, ample plot
ori-ierm sample plots 1142 ( Populus davidiana) |

SABKRK ( Juglans mandshurica)

FHE ( Betula platyphylla) |
F AW (Acer mono) |
17 23.79 A (Ulmus japonica) [ Ne) 60
FK A ( Fraxinus mandshurica) |
BABEIK ( Juglans mandshurica)

K H

Long-term sample plots

TERL SIS FE M S 4 FPOA BLBR AL (ET 1) o FAR A T A DR AT (CK) FEFEHEN IS 1 m
x1 m #EJ5 IR IAAEdr  DRUERE T RSG5 H AR T — 30, i A N B AP 55 T =4 N 2B V& ) R 5
A, SURRFA TR (NL) AEFEHABEE | mx1 m 05, AL BT 1 m A ZEEN 1 mm JE R W,
FELIE v D A i AR BN R T AR N TR R A . AR AT X (NR) FEFEHEN RS 1 mx1
m FEJ7  FERE T T 1.5 mx 1.5 m 58 X B R A2 505 R BRTE A IR =M AT 0.7—1 m &b, FFHSUZ 8kt
LR R =3 LA 1B AR AR R T AZ D T A\ i BT AP S5 AR TR R B Y A oS A (NLR) - 7E
FEHBN ST 1 mx 1 m BEJ7 , AERETT AR 1.5 mx 1.5 m 70 X3RN 423500 L BRI AR, I AR BE B Tl 1 m b iR
Je e Wb 4 0 I W A JCA BILBIR A o

TER IS 2 oA LB A LB (B 1) o (R R A (TNL) AP P05 A (TNR) , W Fh 4k 2
SR A B 2 AR N BN SR T 14 AEATIR R A 14 AE LTSI VL AR
Wb E = ANERE A EE ZMEERE 1 m DL, RS SIS BRICEE N R E Y, TR E R R A
TIRAF TR A RRE ST RE R SRAEAEHL NSO T R AR R A A BB B A 7 AR AR AR
F B3 s M Ak H R TR N AR T A2 2% TR RAIE g — Ry ) R b A 1 o8 4 — 3
1.3 HURES50E ik
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ESGORAR , T - S A et Al 2R DA S s R —
43Pk 2 PRI 1T UL e 4 A B G At 2 ot J XU, TR
PEHLES A 20 B i, F T 2 3 EAb N 7, — 3 -
80°C L-AFHH T - B4 B T AE il 22
R O D v RS A (NH-N) A
A (NO;-N) i H 3% 2L 3 8l 73 H1 { ( SKALAR San + +,
Skalar, faf 22 ) I 52 ) 3 B 5 2 25 0 00 PR B8 A R

,u’fx AR A S R W A (MBN) SR &) BRI = YRS
EIEVE B E H1 SREHEERFEE

j:f%% 7J(fj5h¢ . %{y‘[u Eﬁff . j:% é,\ 7J< % ( SM ) %ﬁﬁ ﬁi Fig.1 Location and diagram of the experimental sample sites

TR | MR ( Temp ) % ECE 300 8 1100 5t TNL: R EIUAR ZR A TNR: K300 9% 9 5 A5 CK. X 1R
10 ﬂ\j:ig‘g,fﬂﬁf Control ; NL: {X #R % #ii A Root-only organic carbon input treatment;
cm fm 32 o

NR A 75 Y% A Litter-only organic carbon input treatment; NLR ;
qF STl 22 5= B N
j:j%IEﬂ: ¥UI-1U7\E7§‘/£‘ : j:i%ﬁj‘{ﬁ‘ riﬁi}% ( DOC ) > é TRk TR A No organic carbon input treatment

A(TN) | 2Bk (TC) fifi 1 5C % 43 H7 4% ( Vario EL 1II,
Elementar , Heraeus , {5 F ) AR s BIERR A HE (C:N) H ek 5 2R 00 e ETHE S ; 23RV ik (MBC)
SR A B ZR AR O 2 Y| e W R U (MBC s MBN ) B Fy 3930 A 1 B i 5 - S Ak 0 R
FAETHE TS, 13 pH R FHBR 1192 (Mettler Toledo Delta320, Greifensee , ¥+ ) M &

PR R S B B F R R B AR AU B 5 0l AR S AT e g, LR TR L 2,

F2 AEFENBAANTX ETZELEAARBLEREZR
Table 2  Differences in soil hydrothermal and physicochemical properties between different organic carbon input methods, between

different seasons

TKIAH T LA T
Hydrothermal factors Physicochemical factors
SM/% Temp/C MBC :MBN (Ez/ck/g) C:N pH

AT Treatment  CK 140.78+53.31a 7.08+8.32a 5.13+2.79a 3463.67+2216.66a 12.29+£0.99a 5.73£0.50a

NL 176.22+113.62a 7.72+8.63a 4.87+231a 3951.33+2275.32a 12.33+0.88a 5.71+0.50a

NR 128.22+41.30a 6.83+8.26a 3.93x1.73a 3615.00+2092.84a 12.64+1.20a 5.95+0.48a

NLR 126.98+47.63a 7.12+8.94a 4.88+1.56a 3336.5+£2138.75a 12.15+1.19a 5.86+0.47a
ZE7 Season VRRhZ 182.37+43.66A -1.17+1.39B 2.59+0.29B 5463.33+417.22A 12.8+0.40A 6.2+0.02A

Rk 99.2+3.10B 15.33£0.65A 7.66+0.27A 1464.00+337.53B 11.78+1.22A 5.26+0.20B

SM.: 7K it Soil moisture ; Temp 3 Temperature; MBC :MBN: + S /E 1 it & Lt Microbial biomass carbon/nitrogen; DOC : W ¥ #:45 #Lik Dissolved organic
carbon; C :N: B ¥ Ratio C/N;CK ;%[ 1% Control ;NL: {{fR 4l A Root-only organic carbon input treatment; NR : {{JHl74¥)%i A Litter-only organic carbon input treatment;
NLR : T4 A No organic carbon input treatment; & A J T B B 2 hRifli s R RVING FREFR AR 0K B 12 0.05 K F F 2R 8 , KRR KSFE
BERR AR 45 R AR FRAGH F7E 0.05 AT T 25 3%

ST W S RE TR 75 v« Ad ] HE BUR ) £ (PowerSoil DNA Isolation Kit, MoBio) M 0.25 g + 3 rf 2 H
DNA, F] FH 41 3 )7 5 % 35 R 1 16 S RNA JE [ V4—V5 X, F & 1 51 ¥ ( 515F5'-GTGCCAG
CMGCCGCGGTAA-3") F1(926R5'-CCGTCAATTCMTTTGAGTTT-3") #EATH 18 . 1 [ iERK 5 A4k W) B2 2F R A FR
A F) 58 Mlumina MiSeq 2x300BP & 38 I J5 FAE )5 B 240>, ARIE AN B A 4325 B IC (OTUs ) MR =
JE B AR AR B A FAPROTAX HICHE 2 100 -+ 3 e A= e 0, L3R4S 49 Fhohe s, o5 235110 39.2% ,
PP F BN T 0.5% B DIRe 28 0 Ry Al Dy fg , BARTE VLK 2,
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Fig.2 Relative abundance of soil bacterial function groups predicted with the FAPROTAX tool
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Fig.3 Soil active nitrogen content under different organic carbon input modes
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Fig.4 Response rate of soil active nitrogen content to organic carbon input methods under different seasons and input durations
IESS AR RS 135 PR R e ksl A AR JCBUE & S5 Ry, o 3 ARJLIIRR A A J7 s 35 Ry, 14 AR A AT SN 285 R
AR N 5 5 R e SR VR il 2 g 6

5 MBC:MBN £ i Z FAHC iS5 DOC pH 2 8 AH5E 5 MBC . MBN £ W 3 IEAH G 0 BT Al 5 K34
W F IO E MR (F3) .
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Table 3 Pearson correlation coefficient between soil reactive nitrogen and hydrothermal and physicochemical factors

KA T e
Hydrothermal factors Physicochemical factors
SM Temp DOC MBC :MBN C:N pH
MBN 0.775"* -0.612"" 0.688 " -0.653"" 0.208 0.616""
Mineral-N 0.191 0.304 -0.198 0.330 -0.007 -0.247
NH;-N 0.826 " -0.683"" 0.726 " -0.709 0.320 0.666 "
NO3-N -0.642"" 0.889 " -0.848 7" 0.934"* -0.301 -0.828 "

MBN . i 4= 9 5 % Microbial biomass nitrogen ; Mineral-N ; B 5 & Mineral nitrogen ; NHZ -N: ¥ Z5 % Ammonium nitrogen ; NO3-N; A%l Nitrate
nitrogen; * f£ 0.05 KB EMIE, = + 7£ 0.01 KF LA B EHR

TP E YRR L MRS BB RN R . B OG0 A e I S P R R S A T A
FASCUREIATE , T e 5 A A A P S 3 GG S AR AR P DR 3R ik D) RE ARG 2 2 22t 3 I ARG 5 4%
ARG RE A 35 OO, 5 R R I PR 2 0k 1 28 TE ARG A S S RO AR 2 1 3 1
HASE, 5 PR 35 AR O 7 I S A R D RE R G B A (TR 5)
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Fig.5 Correlation between soil active nitrogen content and the relative abundance of bacterial function groups
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