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Effects of Litter and Nitrogen Addition on Soil Nitrogen and Hydrolyzed Amino Acids Under

Coniferous and Broad-leaved Forest

LIAO Congmei'?, WANG Mengsi'?, MA Hongliang"?", GAO Ren'?, YIN Yunfeng'*

(1 State Key Laboratory for Subtropical Mountain Ecology of the Ministry of Science and Technology and Fujian Province,
Fujian Normal University, Fuzhou 350007, China; 2 School of Geographical Sciences, Fujian Normal University, Fuzhou
350007, China)

Abstract: In order to explore the effect of litter on forest soil nitrogen and the regulation of nitrogen deposition in the
subtropical natural broad-leaved forest and artificial coniferous forest, a simulated leaching experiment was conducted for one
year, in which four treatments were designed: soil (control), soil with litter addition (3 times litter addition), soil with nitrogen
addition (120 mg/kg), and soil with both litter and nitrogen addition (3 times litter addition and N 120 mg/kg), and then soil
soluble nitrogen in bulk soil and soil hydrolysis amino acid in different size soil fractions were analyzed. The results showed that
compared with control, the addition of broad-leaved forest litter increased soil ammonium nitrogen and free amino acids, but
reduced nitrate nitrogen. Nitrogen addition reduced ammonia nitrogen and increased nitrate nitrogen in coniferous forest soil, but
increased ammonium nitrogen and free amino acids in broad-leaved forest soil. In the presence of litter, nitrogen addition
significantly increased nitrate nitrogen in broad-leaved soil. The proportions of different size soil fractions were found quite
different. Nitrogen addition tended to reduce the proportion of the large fractions and increase that of small fractions for
coniferous forest soil, which was inverse for broad-leaved forest soils. The addition of coniferous forest litter significantly
increased soil hydrolytic amino acid contents in 2 000-250 pm, 20-2 pm and <2 um soil fractions. Nitrogen addition increased
hydrolytic amino acids in bulk soil, 2 000-250 um and 20-2 pum soil fractions for conifer forest. However, the presence of litter or

nitrogen addition, nitrogen addition or litter significantly reduced hydrolyzed amino acids in bulk soil, 250-53 pm, 53-20 pm soil
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* JHiHAEF (mhl1936@163.com)
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fractions, meanwhile the effects of litter and nitrogen addition on hydrolytic amino acids were primarily inverse for broad-leaved
forest soils. In conclusion, the responses of hydrolytic amino acids (as mineralized nitrogen) in different size soil fractions are

different to the litter and nitrogen addition, thus, it is a potential indicator to reveal the changes of soluble nitrogen in coniferous

and broad-leaved forests.

Key words: Forest soil; Soluble nitrogen; Hydrolyzed amino acid; Physical classification
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Table 1 Basic properties of soils and litters used for experiment
A FE ity EXd 2R BESA AR DON C/N
(g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)

(2N + 45 2778+0.13b  2.12+0.02b 15.05+046b 1355+031b 26.80+0.17b 13.12 £ 0.06 a
&Y 49832+ 1.62A 477+020B 2.16+023B  0.07+£0.02B  20.12+0.17A  106.69+0.62 A
B IR -3 3544+0.14a  2.65+0.03a 61.25+1.88a 4590+224a 53.35+577a 13.38+0.16 a
Y 493.16+£0.60B 9.74+032A  428+0.14A  047+0.02A 16.19+222B  50.66+1.69B

1 Fh/ING TR R SRR AN RIAR 4) L3RR 2Z I 22 5 .35 (P<0.05) , K5 - BEARIR] SRR AN [RIbR 4318 9 Mt il ) 2 5 1. 35 (P<0.05).,

BUE AP HE AR ER(0=3), TIH.

WP A/ B T R AT U8 V5 4 A TR o R S
R 12.5 ghkg E(CATETD), 3 AR Y N E it
M 2.84 g, FEAMHK3.87 g HHEKIFFZAFIHEEE 60%
MR K B (60% WHC), FilE5 20 d. HRIEREHAEF
KR (1 673.3 mm)it5kiAKE, 7EREFRIINE],
ALLNHCLH Y N3, Bk KE S 110 ml, 35
TR PSR R R E S YOKIA R 0. 60, 120,
180, 220 K). 7EIEIFFRMIEE 1 RIFURE— KA .
RISHEET AR 18.85 mg., FMHHAK N 15.71 mg, Z
J& 4 Wk B RSN Y 5T AR 2.36 mg. A AR
1.96 mg, A% N 120 mg/kg. fERFFEWNE], Eid
FRE P ARRE K e, RS IR I ] B
AKEATINAKIEL, HEkE 5 W, BUORIE 2 5 15 1%
KA TR 60% WHC LU F AT, K mgEfire
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Fig. 1 Scheme of soil physical fractionation
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Fig. 2 Contents of ammonium nitrogen, nitrate nitrogen and free amino acids in coniferous forest (A) and broad-leaved forest (B) soils under
different treatments

L, NLS Ab B A & KT 10.8%, Miig&A S
I E TR 33.3%, E B A SRR i i 2 FRAIC 12.0%,
JrEMPIER 25w, X TR, SCEE XS
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JIEHIGER DR, A VEITSIN R HAC AR T
R AR L S SO A SRS S35 (P<0.05) .

F2 RAFMEFEYRMITEHAR, EHRPRETAEERNRERATES T

Table 2 Two-factor analysis of variance of different soluble nitrogen forms in coniferous forest and broad-leaved forest soils by adding nitrogen

and litter
Moy Eistan N L NxL

F P F P F P

SRR NH;-N 15.241 <0.01 1.477 ns 1.017 ns

NO;s-N 17.128 <0.01 0.373 ns 0.578 ns

B AR 3.508 ns 4331 ns 0.843 ns

i AR NH;-N 2.610 ns 1.552 ns 2.862 ns
NO;-N 41.425 <0.01 220.504 <0.01 23.051 <0.01

Ry AR 1.284 ns 3.524 ns 2.265 ns

T NFRRB; L RR &I P<0.01 7R R FX A R AT PRS2 W35, ns 27 BB R [ AT PE SRS A 25

BEEFR AR AR T IERER R R
E BRI

Xt - HEA TR, IR 95%, ik
P >2 000 pm. 2 000 ~ 250 pm 1 53 ~ 20 pm 2534
Bt Fe il s, Ylad 20%, ELIARgr 3 A 45 ki
O3AT 2SR REGR 3). RSSO T
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A <2 pm dL55 He A9 s S0 I fin i bk 1338 2 000 ~
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Table 3  Proportions of different size fractions of coniferous forest and broad-leaved forest soils
Moy JG3L] >2000 pum  2000~250 pm 250 ~ 53 pm 53 ~20 um 20 ~2 pm <2 pm
ik NLS 151+14Bc  23.0£12Ab  11.7+1.0Ad  269+26Aa  59+04Ae 17.4+13Ac
LS 290+1.2Aa  21.0£20Ab  10.7+0.6ABc  227+24Bb  64+07Ad 102+1.0Bc
NS 284+26Aa 23.6+09Ab  109+09ABc 23.8=+07ABb 44:07Bd  9.0+0.7Bc
S 278+28Aa 224+ 18Ab 97+05Bc  261+19ABa 42+0.1Bd  9.9+0.5Bc
-k NLS 229+1.5Ab  28.0+3.1Aa 122+02Ac  299+40Ba  27+02Cd 44=08Ad
LS 213+32Ab  219+1.5Bb  12.0£02Ac  30.6x17ABa 54+07Bd 7.7+0.6Ad
NS 230+ 1.8Ab  20.0+ 1.6 Bb 11.1£0.6Bc  351+1.1Aa  104=04Ac 0.4+0.02Cd
S 200+18Ab 214+15Bb  11.8+06ABc  349+20Aa  94+22Ac 25+13Bd
T Rh RS FREAR R R IR [R]— L ERAR 21 23S ) b B[] 22 57 1235 (P<0.05) , /NG SR [R) 75 [7] — A T - S DA A2 21 4[] 22 5
123 (p<0.05),
600 S0 B AR 29.6% . 39.3% F1 38.9%. 15 LS b
FHEE , 42+ NLS b BEK i 2 HER 75 i 25 A8 30.8%;
500 1E 3455 250 ~ 53 pm., 53 ~20 pm., <2 pm 535 5
g AL 41.3%., 28.1%. 44.3%; TXFF >2 000 um N
2 400 WEHIN 59.4%.
3* 0 I 4 AT LIE L, AR s LS ab
L 5 S AFRA L, 2 000 ~ 250 pm. <2 pm KRGS
F 20 F T FE 76.8% . 86.2%, HAYLH 43 ) i HE N 25.4% ~
% 210.1%; 5 NS HIF4#, NLS 4353 25 5 4> + /K
100 BHEMR 106.1%, & >2 000 um F1 250 ~ 53 um M54
AR E AR 5 S AL, 4+ . 2000
0 ~ 250 pm Al <2 pm KRR IERRTE NS ZhFR4:5 5
o FRFE 34.3%. 12.2% H133.2%; 1fii >2 000 pm, 53

(B KE F AR 2R 7l — 0B AR 4 43 AN [ b B 7] 2% 5 1 2
(P<0.05), /NEFREA 6 [A]— A B[R] - ek A5 24 43 18] 24 57
i % (P<0.05), FHEIFE)

3 AESEEHF T MK LIEYIEAS KERER
2=
Fig. 3 Hydrolyzed amino acid contents of soils and different size
fractions in coniferous forest under different treatments
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31.4% 1 60%, 43l &AL 250 ~ 53 um, 53 ~
20 pm A3 KA EEIR S i 48.5%. 23.8%; 5 NS
FHEL, NLS Ab35351) R4 1. 250 ~ 53 pm,
53 ~ 20 pum, 20 ~ 2 pm KMFEIERR & 53.8%.
50.3%. 41.9% F1 38.1%, 435tk 2 34 i 4 e 4l 5
>2000 um. <2 pm KA EER T H 1262%
45.8%, 41, NS AbFHK R & FERR & e, S
AEPRERIN T 57.3%; fEHERELA S 2 000 ~
250 um Ml 20 ~ 2 pm W55 B EE RN 50.9% F
81.7%; SR, >2000 pm. 250 ~ 53 pm Fl <2 pm H?

~ 20 pum, 20 ~ 2 pm 53500 E LT 49.2%,
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Fig. 4 Hydrolyzed amino acid contents of soils and different size
fractions in broad-leaved forest under different treatments

http://soils.issas.ac.cn



720 +

e 554 %

230.5%71 68.5%. 15 LS AHLL, NLS ib B /K fif 2 2L

764+ >2 000 pm., 2 000 ~ 250 pm fBEH N 23.1% .

33.4%F1 38.6%; MMi7E 250 ~ 53 um. 53 ~20 um., 20 ~

2 pm S35 T 65.3%. 25% 1 52.5%. 125y

Pra& HlR, HAREMIEmRA RS, HEEN

R I3 5 S AN [R] 3 B o

x4 FFFTEY RIS AR E A IRk R R
M=AEHFEZS

Table 4 Three-way analysis of variance of nitrogen and litter

addition on coniferous forest and broad-leaved forest soils
hydrolyzed amino acid

MRl F N L NxL FxN
BmAR <0.01  ns  <0.01 <0.01 <0.01 <0.01 <0.01
FrAR <001 ns  <0.01 <0.01 <0.01 <0.01 <0.01

e NFOREBRM, LRRMEWERN, FFRoxEya
435 P<0.01 F7R RN 13K i E MR 152 0 1 3%, ns RIRIAIR
PALENTE: N

FxL  FxNxL
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