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Abstract: [Objective] To clarify the response of carbon and nitrogen content and CH, emission to different

soil moisture conditions and the additions of amino acid in the dark brown soil of temperate forests, this
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study analyzed the relationship between soil pH and nitrogen, CH, emission rate and soil carbon and
nitrogen content, to assist related research on water management, carbon and nitrogen transformation, and
greenhouse gas emission in temperate forest dark brown soil. [Method] In this study, an indoor soil
incubation was conducted with 40%, 60%, and 90% of the soil water holding capacity (WHC). Additionally,
the potential effects of adding two amino acids on soil carbon and nitrogen content and CH, emissions were
explored. The Pearson correlation analysis was used to analyze the correlation between soil carbon and
nitrogen content, pH and methane emission rate. [Result] (1) Amino acid addition increased soil dissolved
organic carbon (DOC) content, and meanwhile significantly increased NH}-N content and CH, emission
rate. Leucine treatment increased the contents of DOC and NH}; -N by 21.39%—-45.10%, respectively, and the
CH, emission rate was 3.20 times higher than that of CK, methionine treatment increased the contents of
DOC and NHj-N by 21.39%—72.71%, respectively. and the CH, emission rate was 7.00 times higher than
that of CK. (2) The influence of different amino acids on soil NO;-N content was different. Leucine
treatment increased NO;-N content in soil by 8.41%, but its effect on nitrification in soil may have a lag,
while methionine can significantly inhibit nitrification in soil, and NO5 -N content was significantly reduced
by 37.90%. (3) Different soil moisture conditions had significant effects on soil DOC, NHj -N, NO3-N and
CH, emission rates. 90% WHC increased DOC content by 11.95%—19.91%, NH; -N by 19.83%—35.46%,
NO3-N by 10.05%—23.79%, and CH4 emission rate increased to 1.48—2.06 times of the other two water
conditions. Under 60% WHC condition, NH; -N increased by 13.05%, NO3 -N content increased by 24.62%.
60% WHC may be the optimum water content for nitrification in temperate dark brown soil. The 90% WHC
condition was conducive to the accumulation of DOC, and had an obvious inhibitory effect on NO3-N
production. (4) Soil pH was significantly positively correlated with NH}-N content, positively correlated
with NO3 -N content. The CH4 emission rate was significantly negatively correlated with NO-N content and
NH}-N content, and significantly positively correlated with DOC content. [Conclusion] Addition of
different types of amino acids plays different roles on the carbon and nitrogen content and CH, emissions of
dark brown soil in temperate forests. Within a certain range, the increase of soil moisture content is
beneficial to soil NH;-N, NO3-N, DOC accumulation and CH, emission, but high soil moisture content
inhibits the production of NO3-N. Therefore, the role of amino acids and changes in moisture should be
considered when studying carbon content, CH, emissions and nitrogen transformation mechanisms in
temperate forest dark brown soils.

Key words: soil moisture; amino acid nitrogen; carbon and nitrogen content; methane; temperate dark

brown soil
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Tab. 1 Physicochemical characteristics of amino acids
HILIR AR ERE e S5 DB 45 4 P 5T PR
Amino acid name  Nitrogen content/% Iso-electric point Side-chain chemistry Property
FAR 107 514 508 1R A ik
Leucine ’ ’ ' An amino group and a carboxyl group Neutral
BRI 1R 0.4 429 574 TREVRIECES) CLES
Methionine : . ’ An amino group and a carboxyl group (including sulphur)  Sulfur-containing

x2 ARREBRLEXLFEREASE. pH K CH, HEBEEH T

Tab. 2 Effects of different amino acid treatments on carbon and nitrogen content, pH and CH, emission rate in soil

JbFH Treatment Ef‘i@'ﬁﬁfﬂ?ﬁ B A . ) EESYA . - bR
DOC/(g'kg™ NH} -N/(mg-'kg ") NO;3 -N/(mg'kg ™" P CH, emission rate/(mg-kg"-d™)
CK 2.01 £0.86b 31.33 +9.48¢ 24.25+12.24b 5.36 £0.06¢ 0.05 £0.65¢
Leu 2.44 +0.96a 45.46 £ 15.39b 26.29 £ 14.17a 5.45 4+ 0.09b 0.21 +£0.72b
Met 2.44 +1.05a 54.11 £ 21.59a 15.06 + 8.00c 5.52+0.12a 0.40 +0.72a

VE: AN [E 7 B ER [F]— B AN [B] AL R (8] 777 2 35 22 5+ (P < 0.05) . Note: different letters indicate significant differences between varied treatments in the

same column (P < 0.05).
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CK. X1#; Leu. SR2K; Met. PARZIERR . WHC. TIRUANFRKE . AR 7 RHACTR [F) — I () A 5 b B R 77 £E 2 35 22 57 (P < 0.05); ns AR TE 2

FZEFP>005, ®ELRERMEMZ . FH. CK, control; Leu, leucine; Met, methionine. WHC, water holding capacity. Different letters

indicate significant differences between treatments at the same time (P < 0.05); ns indicates no significant differences between treatments at the same

time (P > 0.05). Error bars show standard deviation. The same below.

1 ARRARD A AR AL EE 13 DOC & B4 i

Fig. 1 Changes of soil DOC content under different water conditions and varied amino acid treatments

®3 ARKSFHNTERRSE. pH B CH, HEAE RN

Tab. 3 Effects of different water conditions on carbon and nitrogen content, pH and CH, emission rate in soil

ATV PR AR THA R FH Be o 2
WHC/% o . ! _ . pH T o
DOC/(g'kg™ NHj -N/(mg-kg™) NO3-N/(mg-'kg™) CH, emission rate/(mg-kg '"-d"")
40 2.26+0.77b 37.56 +12.48¢ 21.30 £+ 10.96b 543+0.11b 0.18+0.67b
60 2.11£1.02¢ 42.46 + 16.08b 25.14+15.01a 5.42+0.11b 0.25+0.71ab
90 2.53 +£1.08a 50.88 +23.50a 19.16 + 11.06¢ 547+0.12a 0.37£0.76a

T RPN TIME £ W . ARIFERMEER F— FIA R K 53 % A 18 472 7E 2 3 22 5: (P < 0.05) . Notes: data in the table are mean + standard

deviation. Different letters indicate significant differences between varied moisture conditions in the same column (P < 0.05).
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2 AFKG M PRI R B RR AL B 3 NH -N & B4 L

Fig. 2 Changes of soil ammonium nitrogen content under different water conditions and different amino acid treatments
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CK > Met( 8] 3). 7K %F 1 3ENO; -N # B A7 7E 2 %
520 (P < 0.05), &I N : 60%WHC > 40%WHC >
90%WHC. HUILT] 0L, NO3-N 725 %2 i & K B4k
R, H Met 7] LU 25 4011 - HENOS -N {74
(%3,
23 AREKASEZFHETREBRLEI T8 pH M
H2 2 AP, EIERRAC A 13 pH (B E &
(P<0.05). 40%WHC. 60%WHC %1 T, &% 0 K
4b, Met 403 1) 3 pH #5523 & CK(P < 0.05),
TERFFRII 2 R, 5 12 K. 5 36 K, Leu b ()
T8 pH{E 5 CKi& & 3# % 7 (P < 0.05) (K 4).
90%WHC %11 T, BR 25 0 K4b, Met. Leu &3 T 1)
3 pH ) EE 5T CK(P<0.05) (K 4), 40%WHC,
60%WHC AT, 13 pH {HEZKT 90%WHC(P <
0.05), (H = A JE &2 F (P> 0.05) (K 3).

24 AEKSFHETRERGEX CH, HEFR R0

MR 2mH, REROEE ERS T L%
CH,, HEJBGHE % (P < 0.05), H Met 1€ 3 1F H 58 T
Leu(P < 0.05). 40%WHC %1, & 8 KA, &2
g Ab 38R 1Y) CH, HEHOE 26 8.2 5 T CK(P < 0.05),
FALFEEE 12 K. 5B 36 RINHEEEERP<
0.05), £ N Met > Leu > CK(H 5). 60%WHC %%
hb B 5 409%WHC K4, Z 0 AXTE T 28 12 K, 56
12 R, Met 4b 2 2 2% = T CK H1 Leu(P < 0.05),
CK Fl Leu |8 Z F A B E (P> 0.05) (K 5)., 11
FIKETE A 90%WHC, 5 8 K, HIERAGH T
1) CH, HERGHE % . 2 & F CK(P < 0.05), 5 16 K
S, B Ab B R] 35k s 35 22 R (P < 0.05), RILN Met >
Leu> CK(H 5). 90%WHC 2k 11 T 1) CH,, HERGE X
BEET 40%WHC(P < 0.05), 5 60%WHC % 7~

—o— CK —v— Leu —0— Met

80 80 80
70 _40%WHC 70 | 60%WHC 70 _90%WHC
T 60} 60} 60|
5 S0t 50| 50|
ﬁ E a0} 40l 40l
B2 30 30} 30|
S 20fa_ 20| 20}
10 10 10,

12 18 24 30 36 0 6

12 18 24 30 36 0

}5 33215} [E] Incubation time/d
K3 AR %A R AL B L IENOS -N & H AL

Fig.3 Changes of soil nitrate nitrogen content under different water conditions and varied amino acid treatments
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Fig. 4 Changes of soil pH under different water conditions and varied amino acid treatments
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Fig. 5 Changes of soil CH4 emission rate under different water conditions and varied amino acid treatments



5 Zs

B AR T ST I R VAR v ol 5 AR S R A TR HE A B2

2% (P> 0.05), H 40%WHC 5 60%WHC 2 [f] t
AFEREZEF(P>0.05 K 3.
25 TEMEASE.pH ER CH, HE A #E % A HE X
S

3% pH 5 NH] -N fF7ER 235 IEAH R KR (P <
0.001), 5 NO3-N f#4E IEH 5K 5K & (P < 0.05), 5§
CH, HFUE ZEAAFAE R %R &R (] 6). CH, HEBUE
HENO3-N AFAER R Z ARG R (P <0.001), 5
NH} -N f74E R R K R (P <0.05), 5 DOC f#4EMK
BEIEMHIRKRP<0.000)(E 6).
26 ZSEARFESH

ZRERTT Z 8RR, ARE AR 3K
5y 5 7R I [A) %¢ 1 3% DOC. NHJ-N, NO3-N % & .
pH 2 CH, H T803E 2 1 47 £ 2 25 52 Wi (P < 0.05),
DOC. NH;-N FINO3-N & & X = 52 B.AF H {0
P (P <0.05). fEAZ HAEH A, pH 22 S
BE IR TE)L 7K 43 < B 77 I TA) 1) X2 35 52 i (P < 0.05),
1M CH, HFBCE Z 0 =35 (1958 HAF FH T B Sl i B2 (P >
0.05)(% 4),
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M RE

L 1.00

DOC| DOC [ *** * ok 0.80
0.60

pH| 033 pH , * 0.40
0.20

NH,-N| 017 = 080 NH,-N | *** s 0
-0.20
NO,-N| —0.13 018 032 No;-N‘ —0.40
~0.60
CH,| 055 -007 -022 -050 CH, -0.80
~1.00

DOC pH NH,-N NO,-N CH,

CH,. CH, HEJSGHE 3R, #+* R IR 7E 0.001 /KT (XU _E B2 M 5%, *F
ANEE 0.05 ZKF-CRD B B EAR S . 20 R G IR 43 ) AR IEAR
KA, BERER, A% REEM K . n =162, CH,, methane
emission rate; *** means significantly correlated at 0.001 level
(bilateral), * means significantly correlated at 0.05 level (bilateral). Red
and blue of the ellipse represent positive and negative correlation,
respectively. The darker the color is, the larger the correlation
coefficient value is. n = 162.

6 THERE G R pH X CH, HEHGE R AR

Fig. 6 Correlations between soil carbon and nitrogen content, pH and

methane emission rate conditions

x4 SER. 1K, BERFENIERESE. pH K CH, HIEEZMAN T E 5

Tab.4 ANOVA analysis for the effects of amino acids, soil moisture, and incubation time on soil carbon and nitrogen content,

pH, and CH, emission rate

AL LR SR HEESEA H R e
[% & Factor DOC NH} -N NO3-N P CH, emission rate
F P F P F P F P F P
ZAEME Amino acid 164.02 0.000 22906.28  0.000 498.88  0.000 136.26  0.000 16.32 0.000
7K43 Moisture 120.15 0.000 7860.17  0.000 128.37  0.000 15.29  0.000 3.41 0.038
7RI A] Time 1161.09 0.000 19 664.03 0.000 917.56  0.000 57.33 0.000 106.20 0.000
5 HL g p3
a*j@z X.7kn\ . 14.34 0.000 1130.46  0.000 12.58  0.000 1.20  0.317 0.14 0.968
Amino acid x moisture
SRS x B2 IEm) A
Q%M X. ”?ﬁ.ﬁn 17.67 0.000 681.05  0.000 42.84  0.000 4.89  0.000 0.80 0.603
Amino acid % time
4y x B3
173;]7 * D?%.ﬂj 46.48 0.000 1064.08  0.000 2532 0.000 3.54  0.000 0.40 0919
oisture X time
SIS x KA x BEFEAt (A
R > A} > TR TF] 22.184  0.000 65.55  0.000 4.68  0.000 042  0.986 0.07 1.000

Amino acid X moisture X time

39 b
31 REKS E# T EEBLE T DOC £ B
il

DOC fEAy - s it R 5432 30 b A
NEFRBPEM IR, 5T 15 DOC 4 Bk
(RO L 75 578 HH RO T 22 57 e 2
IR, WA RS B4 14 DOC 4 B . JE
HA ORI, WS R TG R 0
DOC #r ik & F > . AT AR, MR
DOC Hyf B, S TR R 115 o 45 A 1 2

SR, 2O E R LA SR E RN
ZESE R o AT LE 5 £ R AL P — 5, B
RAFER A HAE £ DOC & & B % T+ & (P < 0.05)
(F 20, FHJFERH, 1R 7T AE 2 T2 BRI 2
THRUEDI R R IR, 8T LA i,
M RE T & HE TR (1 20 fi, T2 33T DOC & &7t
s HR, K o T 2 nad R e AL
VIR P A TR B 32 R T SR AR 4, 8 e T v MR I
(A T Ak, S FREYTT &, DOC A # &
(R R 4 7 7K 43 2R A T A AR A i T R A, R
il DOC & 71 F F&E0, X s B 17 A A A8 7
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11 90%WHC N ) DOC & & &3 = T 534 AN K 4
(& 3),
32 AEKSEHTEEBLETRAZIENTN

it RS B RS RSB, R A R AL
e, BARRICAEIEES K& &S . NHf-N Al
NO;-N /2 7 & LI AL m 6 /1 i — A EE 5 .
Gao 5P T R B, AR T LIEA R M AR
F, A A LU JE LU A, AT 19 0 - 338 NH] -
N & & RGP A6 44 (Larix principis-
rupprechtii) W50 R I, T %0 2 38 1 4 At &
A R AR AR L 2 L HERNH] -N & &, £ 0 ~ 10 cm
TR RRTERH R AR5 MR, ZAAE
A WUE AT E WAL S5 T 22 E AL
JINH-N (#7372, G50 SR IR 10 4 0 45 5] T 38
TEAAE IR, BTSN, -N FUER(GE 2)(P <
0.05), #& s 1 L3R i A B BE R B /g, BT ARORAE
Ko W R I, IR A AE 3% pH B E T &
(£ 2)(P<0.05), I HZFEPW AR R AR HE IR
EHOEE K pH FHE I FEEE . 52 L, A5 R
KA A2 NH -N [ 2 R ol H, BLAE LI
Wb, BB T A B K B, M NHY +
OH —H,0 + NH;1, M7= AR A S AR I m B,
A N ) A2 AT, i 3 pH B TP
% pH 5 LI E0 A H M AAE % VIEC R, pH THiE
—EFRE ol SRR R, SRS E A
A FRE G (0 i3 12, R T NHE-N A 2R B, [
AW FEAH G o M 45 R B OR, pH MINHE-N & &
[ AE AR 2 EA KR R (B 6 LHIK % 1FE
e T A AOIRES, R g mr A v R
(4 OIS e, SO AR DR T A R RrE Y, (R
e U NH-N & & o A7, 5 40%WHC il
60%WHC i Lt, 90%WHC 2% ft T~ NH; -N & & & 3
FFE (P <005 3), XARNERAXMT
(90%WHOC), b AE 32 IR, H. 3% rp [5] i 47 7E 7
A 1 T TR #h 38 R 7 B [z 2 (DNRAD, 1] DNRA X
NO; -N i J5 ) 5Tk 2 A 3% 16.7% ~ 92.9%, Ho% AT
T, SO AR A W) e TEUCRs L 4% 3% 45 NOS -N B
NO; -N, i i+ HENH, -N K& A7,

U T B R B, it R 3 3 0 T L ENOS -
N & &P, Rl R RS RS2 —
(R 2, HAERIZ, MR TR PNO; N & &
AR S HEAT WL I, Hh PR R IR A PR AE B 57
AT X NOS -N & &= 5 /N, AXTE SR 36 KA il
T NOZ -N & I A (E 3D, Bl A
BE R K - B A AE 0 R WA A7 AR — 8 IR .

Wolf &7 4 i, R PE AR AR L3 b & A /EH o5 &
S, Jones W FLIE— 0P, BER. K. =
PRE A INH] -N (3 F2 2 T 1), {HBE 5 NH -N [
NO3 -N M AL I P FE X 2218 . 5 R R A
7], Met 4b 2 5 HINOZ -N 7 & i 3 K (P < 0.05)
(£2). CHMFAERY, ZAMEH B LIRS G EHEB
HEAL, CLFE 4% S B CAMODPY, T Met 2243 fi#t J&i 7]
FAE TRALER (CS,), CS, K AMO 3% 2 — 5 #l ]
PR, A 4E 42 NH] -N [A]NO3 -N (15 4k, AT 47
LI AR Y, RILCANOS -N & & B FEAS, X
Pr & Met 75— € FEE AT LRSI AE F =475
G E A IABEIG X o F AT DL, AN [R] 2 S5 2 A R )
NO;J -N & & [ 22 7 P R 0 1] e 5 20 il =0 A %, 18
BIF 5008 V& 40 43 ok L B 3R Bh A SRR E 1 I 5 R
I, B E R ORVE H A R, G S A AR AR
YA R R R AP RIER . BRERIA SN, H
AV T 1 3 AL AR R I 52 7K 73 B 3
AT, K> A I AR R SR, 5 A P
T G W T v, TR) 4 R e i Ak 0 R . Sy S A Y
NN, KIS N 60%9WHC ~ 65%WHC I /2 5 i
HAHAAE F K 3 IRAS, o R K & AR A FI
AE R A . ARt 5 2 AT, LIENO;-
N 7E 60%WHC I} #1 215 i £, H K2 40%WHC.
90%WHC(P < 0.05)(5& 3), JEE A LL T M — 42
i TNO3 -N it fi B4y, 5 90%WHC AHEE, 40%9WHC
FAF T LR INOT-N A G 1R B FACH ik —
72 90%WHC AHX PRAE, S HER 2 B, BUE A=)
LR AN SRS A A B 3 5, {942 NOS -N BLU A4
T A, S EOUI R NOS -N & BRI,
33 AREKSEHTREERLIE T 1E CH, HEM K
=

3% CH, I WSRO 3% vh ™ CHy 1A
Al CH, AT FE I 45 4 45 3, B T 77 CH, B Al
CH, A 1S M AP ARt st 45 R BoR, &
TR ALY BB T CH, BEAL H Met fO1E A
B (P < 0.05)(FK 2). — 5, AR A T2
T NH}-N ] K& BB (P < 0.05)(F% 2), H1NHj-
N E b=, St CH, B b B A B FEE,
(B2 7 X CHy MR, (2 3E CH, B ™,
CH,, HEHH % 5 NH -N 5[5t 2 8 35 f k1 56 (P <
0.05) (K 6)5 55— J7TH, 1= CHy B & ™A% KA AN B
Met S AW 3 it Ja 722 20, T8 RO S R 85,
FIT CHy HEAR . ARHE 50 45 3, A B T NHJ -N X
CH,, A AL B H M HIE F, Met 43 @ % I 7™ CH,
Pl B PRAEIAES, 75 DA FRIZE A 3 4 3 S A
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3K o S A i SR S AR A R R DA R
WIS M, B2 S CH, i FE A CH, & AL i F2 9,
Castro ZU W SR B, 13587k 43 2 F % CH,, HERGE
FAFERE R, H CH, HEBUR 26728 5514 78% H +-
K 73 P5E « 40%WHC. 60%WHC 414 T, HAH
EAHX T, 17 CH, B & M™% A B, 7225
g R R B AT T, EAR G I AR AR AR AR I I B T
IR FR BE ) CH, HETS 31X 517 N TE B 40 IR 500 1) 25
W8, R LA 5 A EE CH, F
JTE A SR R, PR TE SRS A, R i B Y AN AN 3
BYIRI 7K 43 % 38 5 25w 0 4 N S 1 3 0 FL B K
e, IBHALRE, IR AMKX”, TR
CH, HE, R FE IR AR, R TR i #E v, i
FANGE 5 A RAE K 5 3851 — 80, Nk A7 £ F T
CH, HEBU I IR A BE o 25-F S5 U U4 1, K
43 %A M 60%WHC T 5 3 100%9WHC Xt CH, HEji
T, IR ACIRAS A B E R T CHy I HE
o ARBFFLEE RS ZANF], 1EK 5 A8 90%WHC
fF, BE ] & 2R 3 CH, HE (P < 0.05) (3 3), X 1]
Ae 5 L HER A 2 G Ok, 2SS I B AL
XPRPIE L, AR, RIEAE 100%WHC 2644 T,
BTy AT ORAIE R 4 (38 S, 7 CH, B AT CH, AL
B 35 1 5 60%WHC #4146 57, 1& s CHy HE
T e T B R AL, 1T ARG BT S AR I,
B BEA R, 90%9WHC 211 F3 & B 7 CH,
HEAEAL, I8 T B — B AR AR T, SR T AR R
J ) DOC & 7= CH, B A A 16 s i &= 4, AT
[ BEAEHE T CH, HOHERCS,

4 % ®

AN [7) 1 o 2 6 TR A Ui iy AR AR R e B L & B
CH, HE8 R AR IVE AR AR A o S22 BR AN F A 2
FMR YT i +3% DOC & & NH; -N & & & CH, ff
TR 28 2 25 T, 5 H B 2 R 6 NH -N 75 = Al
CH, HEsE 2 ) (e g /E S5 . — & %) T~ HI%NO; -
N & & R AA7E B i 22 5 . a R T LA ik
VB F I 5 0] Re A7 R o M, FRBR 2 R R B B 7 410
) B AR SRR A A i . 3K o) SRR T4
B & & B S CHy HE A ¥ 1 /B FAS o] 240,
90%WHC #+F|T DOC #12R, A ERME, T4E
KA = ERARIE N T 14 DOC % i, {H [F]Hf 7] &
1% % R P AR E 1t T B, NH -N 25 5l 387K 43
BRI R TR, 60%WHC W] fg 2 5 W i
B AGAE I BOE &K &, &8 7K &= KR HINOS -
N B4 R iE CH, MR 278 BRTIR, BRa R
JRASTR A, 38 A oAt PR 2% 30 2 5 i 2 25 PR 7 1 38 ik

RANA N CHy HETSCT A T, G0 2 5 1R 1 2 e
Yoo FERRMREE AR hal il il 90 b K 7 2 1k
A R IER AR
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