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 E: HHEAYBRROC)E BERE H S ks, Jet A WU e B o, HE AR SR e sh s . AN U
ASERI ROC BY— AR, BRI, AREEBUUTER ROC 1AM, JET I, ASBFFTm A i 357 2Rk 5825 it in 5 4 i
(N 10.0 g/(m”a))ITHAE(KNOs, NaNOs), FASZ(NHCL, (NHy),S04). HTHIR A A NHNO:)FIBE A A (Urea), W15 T A IRIZEH
RIANR AR LI ROC (5Em . 25 R . RFEZEEVE AN W85 T 13 ROC 1Y & A PERRFE EURY), 4 IR 554
73.4%~161.9% F152.3%~137.4%, HeAdr , S A A A FEG ROC & H 35 IR 5 K, NHLClFI(NH,), SO, A0 FR5 HEE /3510 133.7% F1161.9%,
SRR SRR AR S A A B . 2 A ALEEE MR R RS pH R REIRE R, HAaRI T 35.7%~38.7%.
24.9%~25.3%. 38.1%~56.9% F110.8%~11.4%. BhMcAZALIENT R EEE M AP VE 555, BRIR AT 310 13.8%. 14.6% Fl124.6%,
X ROC &t B I AH X R 1K(73.4%) o BHAS NN T30 1 S IS PR IR B, KNO; F1 NaNOs ARHR BRI 4331k 10.5% F1
24.0%, T3 ROC SN 109.6%~111.0%. %7 L, FEHEGHUNAEAG ROC X E TIN5 2RISR 2,
EHI . EAAAG WAL BHRMERES AR, AAIRIEEE; MErEmE R
RES%EE: S714; X171 SERARERD: A

Effects of Different Nitrogen Types on Soil Recalcitrant Organic Carbon Pool in Temperate Forests
ZUO Tian, ZHAO Han, MIAO Mengyu, DIAO Jingwen, ZHANG Xiaohui, GAO Zhe, GUO Peng*
(College of Food Science and Biology, Hebei University of Science and Technology, Shijiazhuang 050018, China)

Abstract: Soil recalcitrant organic carbon (ROC) is a highly stable component of soil organic carbon. It accounts for a relatively
high proportion of the soil organic carbon pool, and the change in its content indicates the dynamics of the soil organic carbon
pool. Exogenous nitrogen (N) input is a key factor affecting soil ROC. However, how different types of N components affect ROC
is still unclear. Based on this, nitrate N (KNO; and NaNQOj3), ammonium N (NH4CI and (NH,4),S0O,), mixed N (NH4NOs3), and
amide N (Urea) were fertilized with equal amounts (N 10.0 g/(m*a)) to temperate forest soils to investigate the effects of different
N fertilizers on temperate forest soil ROC. The results showed that different types of N addition significantly increased soil ROC
content and recalcitrant carbon index (RI) by 73.4%-161.9% and 52.3%—137.4%, respectively. Among them, the increase of ROC
content after ammonium N treatment was the largest, and the increase of ROC content after NH4Cl and (NH,4),SO, treatment was
133.7% and 161.9%, respectively. It was because ammonium N showed the strongest inhibition effect on the activities of lignin
peroxidase, laccase, polyphenol oxidase, and the greatest reductuion effect on pH, which decreased by 35.7%-38.7%,
24.9%-25.3%, 38.1%—-56.9%, and 10.8%—11.4%, respectively. Amide N showed the weakest inhibition on the activities of these
enzymes (declined by 13.8%, 14.6%, and 24.6%, respectively), and the increase in ROC content was correspondingly lower
(73.4%). Nitrate N addition declined most the activity of manganese peroxidase, and the decreases of KNO; and NaNOj;
treatments were 10.5%, and 24.0%, respectively, which led to an increase of ROC content by 109.6%—111.0%. In conclusion, the
impacts of N types should be considered when accurately predicting and evaluating the response of ROC to N deposition.

Key words: Ammonium nitrogen; Nitrate nitrogen; Amide nitrogen; Recalcitrant organic carbon; Oxidoreductase; Recalcitrant

carbon index
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FarE b, TEABRERIEIR T BB R hERRAIE I
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5 ROC i, AL BRI E BT LA S B PR RS20, L
R AN RIS RSN R IS IR il AR bR 1 ROC Y
TESZUR SO 252 AL, RS E T S DT X + 38
HLBR R 520 i BB AR I , ARk AR S R ST K
SR RS BER A

1 MRS

1.1 HREHR

IR AL T e R B IR S E R R A
[ (38°42' N, 113°48' E), ZHIX4F¥3 14.3 'C, 4F
R/ 295 800 mm, HAT AL b X LAY Y IR AT AR
ERRG, W EMR(HME Betula platyphylla
Sukaczev. 1% Populus davidiana Dode ., ## Tilia
tuan Szyszyl. W Acer miyabei Maxim, 4§). %0
MGMHS Pinus tabuliformis Carriére . 41 Platycladus
orientalis (L.) Franco., fEJt7%M#A Larix gmelinii var.
principis-rupprechtii (Mayr) Pilger, %), &1 R3S .
HEO | FLA SRR A R AT R 20
N 2.8 g/(m*a)l's, +IELIFHE N T, +EEE,
1.2 it

HPAMATE T 2019 4F 1 AT, 1ERTTE XN B
ST AR [R] Y AR A IR0 A L 16 R FH B AL 58
BT, BCE A Z(NHLCL FI(NH,),S0,) . S
A (KNO; il NaNOs) . £ 1RA A (NHNO;) FIBERE A
A (Urea) WAMINEIRALRE, I LIASE F AL B 25 X
M(CK), 3L 7 AAbH, REAARB 3 RER . KHTr
(10.0 mx10.0 m)FfAL /A Fil gk . i /AL PRAT
K AR AL TE 2 000 mL JTCEKH, Y
A MU FEAE 7 T ESRTET , TR TS R it A
MTEHIK . S5 ZHW5R B AR 2~4 1,
Jiti & N 5~15 g/(m*a) U7 A6 v B b 45t 2
%, e3P AMAREN N2.S gm’, 4 RIEE
4 N 10.0 g/(m*a),
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JERNHAT 15 em (9 45, RAREDTBEPLRAE 59K, 3k
1233251 000 g TFE. Brfif HAERBRZLST, i 2 mm
i, BEAIRL A BHA8E M 000 %, —HR il E R
KA R, I e . &, B pH SE{L
PET; 75— o0 AE 4 C R TIRRARAE, HFIE +
SRR
1.3 HIEERNE

15 pH SR AIKER AL E (oK T
1:25); 2% (TN)R LK E &2 0 E (KDN-08
A(04 A), il SIRIBVEERFHER R AR AR
(AN) Il 25 & (NN)K ] AMS Alliance FUTURA 3 %
LW I E 3 A BB (AP)R HIBR IR S 5k 4 -
BB HL kI e

R T R S AU A il (LAP) 1 M R 2 7 i 4R
PR AR SE , HIRPELL 1 g T30 b AL 2 e
A AR P I AR PO A i A (MInP) T R
R B TR, DL 1 g R B A AL
Mn®" A Mn®* B R R PO B (Lac) 16 1 R
ABTS 5, HIGPERL 1 g H 4500 ah A4k 2,21
R - -3- 2 FE 75 T M -6t R (ABTS) 4= i, ABTS
H R EFRRPY . ZE ARG (PPO)E MR 1L 452
=Wy ke, HIEHELL 1 g AR NI AT A
SEE R OEE T RERRP, B (Pase)il
PR A RS SR B R, DL 1 g A
AN R 1 mg SR IR B 1 1 R

ROC R FHBK . R 2 ¢ T+,
1 6 mol/L HCI £ 115 ‘C FiH7& 16 h, FekEiRH)E
MZERKE R M, T, RSl ] S R 4 k-
I3ICIC AN E R HLER S BRI ROC & i, A
HLEK (TOC) i FH 4% I B A A4 ot B vkl e
A, K ROC 5 TOC Y H{EE ST P 4R L
RO, FF VTS 3 MR R e 1
1.4 HFELESSH

i RIEH (R 4.2.3) X 8 17481t ot A
LI 2 7 2253 BT (One-way  ANOVA) /N it 3 2 5
15 (LSD) LB [ Ab BH R A FEAR A 22 5, 38 KT
BEE R P<0.05. f#FH Mantel #5670 #7145 L35 hr 2
[AOCER, [RIE, AL AL AR AR AL 73 A 2% P %o
ROC ZZALHIZ T AT HE R o Al P AY 2 2 A
& Ime4 . AICcmodavg ., reshape2. ggpubr, ggsignif,
dplyr . agricolae . linkET . tidyverse . rfPermute .
randomForest, ggplot2 %,

2 HEREHN

2.1 TEEARBUER

M2 1 AT, AS R 20 B+ S B A o R A
T BERW(P<0.05), MER/E, T3 pH BT T
8.4%~11.4%, Hr AR A pH FERE K, JoHIE
(NH4),SO4 2B, IR N 11.4%., HihnisSAS, AP
T PRI EE R, o KNO; A PR IR N 60.3%,
NaNO; AbBRFE IR A 57.7%; [R]E N/P 36 g B i, KNO5
H1 NaNO; kb B4 1 73550k 198.1% F1 164.1%.

F1 FEIRZERN L EBAE RN

Table 1 Effects of different nitrogen types on soil physicochemical properties
1447 25 IR AR GHRA A wAK Pk 25
(CK) KNO; NaNO; NH,NO; NH,CI (NH,4),S04 Urea
TN (g/kg) 1.50+0.04¢ 1.87+0.10b 2.01£0.03a 1.73+0.03cd 1.79+0.01bc 1.64+0.04d 1.73+0.01cd
AP (mg/kg) 3.08+0.64a 1.22+0.02¢ 1.68+0.15bc 1.31£0.11bc 2.02+0.28¢ 1.98+0.40b 1.88+0.42b
NN (mg/kg) 0.03+0.00f 0.06+0.00e 0.08+0.00d 0.16+£0.01a 0.09+0.00c 0.08+0.00d 0.10+0.00b
AN (mg/kg) 0.25+0.00c 0.26+0.01c 0.27+0.00bc 0.25+0.01c 0.29+0.01ab 0.29+0.01a 0.29+0.02a
AN+NN(mg/kg)  0.28+0.00¢ 0.324+0.01d 0.34+£0.00c 0.42+0.00a 0.37+0.01b 0.37+0.01b 0.39+0.02b
N/P (10°%) 0.55+0.13d 1.5340.10¢ 1.20+0.09b 1.33£0.10ab 0.90+0.13a 0.46+0.11d 0.52+0.13d
C/P(10°%) 15.71+£3.74a  46.42+2.95¢  32.29+3.48bc 37.49+3.27bc 26.29+4.66b 26.93+6.18b 29.77+8.40bc
C/N 31.00+£0.70a  30.37£0.53a  26.86=1.55¢ 28.11+1.29bc 28.96+1.02ab 30.66+0.61a 30.37+0.66a
pH 7.43+0.01a 6.76+0.02bc 6.80+0.01b 6.72+0.01c 6.63+0.01d 6.58+0.05¢ 6.77+0.01bc

W TN, 2% AP, A%, NN, A% AN, #5%0; AN+NN, A% ; N/P, 14 TN 5 AP Hfi; C/P, +4¢ TOC 5 AP
AA; C/N, £33 TOC 5 TN [hfH. FHREITARE/NG FREFR R A E Z A AR B R 24 57 1 3 (P<0.05). FIH.

22 TEBEUHEVREREREN
A, 13 ROC &M RI il FFT

73.4%~161.9% Fl 52.3%~137.4%(P<0.05, [ 1), AKIFljfi
RACBERB 22 7R Horfr, ROC S fERAS
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Fig. 1 Effects of different nitrogen types on soil recalcitrant organic carbon pool
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Fig. 2 Effect of different nitrogen types on soil enzyme activities
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Fig. 3 Mantel test of correlation between ROC content and soil physicochemical properties and enzyme activities under different N types
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